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There are 4 questions.  Answer ALL of them.

	QUESTION
	MAXIMUM
	SCORE

	1
	14
	

	2
	28
	

	3
	14
	

	4
	44
	

	TOTAL:
	100
	


Remarks:

Question 1. (14 points)

There is a list of numbers that we wish to hash using a table of length 7.  The hash function being used is as below:

int hashfunction (int keyval) { return keyval % 7 ; }

The following is the typical recursive structure used to store the linked list of numbers:

struct integer_list { int data; integer_list *np; };


integer_list *hashtable[7]; 
Collisions are to be handled simply by maintaining a linked list of all the data items sharing that hash table index.  

1.a.  Show how the hashtable would look diagrammatically (using linked list notation, see sample below) using the table below after the arrival of the following data:  35, 13, 10, 23, 40, 18, 8, 7  
(8 points) 

	hashtable[i]


	hashtable[0]    (  35  (       7

	hashtable[1]    (    8

	hashtable[2]    (  23

	hashtable[3]    (  10

	hashtable[4]    (  18

	hashtable[5]    (  40

	hashtable[6]    (  13


1.b.  Write the body of the function “find_index” which takes an integer (the key) as parameter, and returns an integer as the result, which is the bucket number where the key value is found.  If the key is NOT found, return –1.  Use the hashtable and hashfunction, as declared above, to perform the search. (6 points)
int find_index (int key)

{



int index = hashfunction(key);

integer_list *p = hashtable[index];

while (p != NULL)

{

if (p->data == key) return index;

p = p->np;

}

return –1;

}
Question 2: (28 points)

class Vehicle

{


private:



string serial;



int price;



//optional anti-lock brakes (Anti_lock_brakes defined elsewhere)



Anti_lock_brakes *ab;

};      
In all the declarations, to get full points, you must indicate ALL required information for the declaration to be correct (e.g., types of variables and parameters, necessary additional qualifiers  – such as static, virtual, const, etc. -- and access restrictions such as public, protected, private).

a. Declare the complete prototype for a member function “mystery”, with no parameters, for which you want dynamic binding, and which you would like non-member functions like “main” to be able to use through instances of Vehicle.  (2 points)
public: virtual void mystery();  
b. Declare the complete prototype for a member function “enigma” with a parameter of type Anti_lock_brakes, which is not to be modified by the function enigma, and returns void.  This function is to be made available to members of Vehicle, and any of its derived classes. (2 points)
protected: void enigma (const Anti_lock_brakes &); 
c. Declare the complete prototype for a member function “riddle” with a parameter of type Anti_lock_brakes which is to be modified by the function riddle, and returns void.  This function is to be available to members of Vehicle only. (2 points)
private: void riddle (Anti_lock_brakes &);  
d. Declare the complete prototype for a member function that is to be usable through objects of type Vehicle anywhere in the program called “get_brakes”, which returns the value of the data member “ab” to the caller in a safe manner. (2 points)
public: const Anti_lock_brakes *get_brakes ();   
e. Declare an integer variable in the Vehicle class to keep track of the maximum allowable weight of a Vehicle.  This variable should not accessible outside the class Vehicle. (2 points)
private: static int max_weight;   
f. Declare a function “get_maximum_weight” that is usable anywhere where Vehicle is visible and returns the maximum allowable weight from part e.  (2 points)
public:  static int get_maximum_weight ();   
g. In the function “main”, show how you would print out (using “cout”) the maximum weight by calling “get_maximum_weight” of the Vehicle class. (2 points)

cout << Vehicle::get_maximum_weight();   
h. You are to declare a class called “TukTuk” that is derived from “Vehicle”.   The designer of the class TukTuk wants to ensure that public functions of Vehicle are usable through objects of type TukTuk in non-member functions like “main”.  (Don’t worry about other properties of TukTuk in this question). (2 points)
class TukTuk : public Vehicle {};  
i. Declare a class called “Rickshaw” derived from Vehicle.  The designer of the class wants to ensure that non-member functions like “main” have no access to the public functions of Vehicle through objects of type Rickshaw, and to block off access of Vehicle members to further derived classes of Rickshaw. (2 points)
class Rickshaw : private Vehicle {}; 
j. Declare a class called “Jutka” derived from Vehicle.  The designer of the class would like to ensure that non-member functions like “main” have no access to the public functions of Vehicle through objects of type Jutka.  He would like to allow further derived class members to be able to access Vehicle members. (2 points)
Class Jutka : protected Vehicle {}; 
k. When you make an object by using the syntax:  Jutka *p = new Jutka(…);  

Which constructors are called and in what order? (2 points)
First Vehicle, then Jutka.  
l. Is the order of constructors affected by the type of derivation used in the Jutka class?  Explain. (2 points)
No – constructors are not impacted by the kind of derivation.
m. Supposing you were also implementing Anti_lock_brakes class.   Explain the considerations that determine whether you make this class a nested class of Vehicle. (4 points)
If Anti_lock_brakes is used or needed OUTSIDE the Vehicle class, then it makes sense NOT to nest it.

If Anti_lock_brakes is used or needed ONLY INSIDE the Vehicle class, then it must be nested.
Question 3: (14 points)

class Vehicle

{ public:

  Vehicle  (long num) { serial = num; }

  long get_serial () { return serial; }

  virtual int mystery (int w, int x) { return serial + x + w; }

   private:

  long serial;

};

class Truck : public Vehicle

{

   public:

  int mystery(int a, int b) {  return Vehicle::mystery(a, b)  + 2 ; }

  Truck (long n , string t) : Vehicle (n)  { type = t ; }

   private:

             string type;

};

main ()

{

Vehicle *p;

Truck X(10, "Toyota”);

cout << "Value: " << X.mystery(3,4) << endl;              //                Line # 1
p = new Truck(15, “Chevy”);

cout <<"Value: " <<  p->mystery(2,6) << endl;             //                Line # 2
}
In the context of the program above.  

a) What is the output of Line # 1 ? (3 Points)
Value: 19     
b) What is the output of Line # 2 ? (4 Points)
Value: 25  
Supposing I delete the word "virtual" from the declaration of "mystery" in the class Vehicle. Make it:

int mystery (int w, int x) { return serial + x + w; }

In  the changed program, answer the following questions:

c) What is the output of Line # 1 ? (3 Points)
Value: 19  
d) What is the output of Line # 2 ? (4 Points)
Value: 23  

Question 4.  (44 Points)

Consider the following definition of class RGBColor, TextBox1, TextBox2: 

class RGBColor 

{ 

public: 


// constructor to initialize red, green, blue respectively

RGBColor(int r, int g, int b);  

private: 

int red, green, blue; 

};

class TextBox1

{


RGBColor back, fore;


// other parts of the class omitted…

};

class TextBox2

{


RGBColor *back, *fore;


// other parts of the class omitted…

};
a) Which of the above classes do NOT require an overloaded assignment operator and copy constructor and which ones do require an overloaded assignment operator and copy constructor?  Explain your answer. (3 points)
TextBox2 does require assignment operator and copy constructor because it has pointer


data members
b) Which of the above classes would you call a case of composition?   (2 points)
TextBox1  only;     
c) Which of the above classes requires a destructor?   (2 points)

TextBox2 requires a destructor; 
d) For one of the classes of c., declare the prototype for the destructor below. (2 points)
~TextBox2();   
e) For the selected class of d., show the full definition of the destructor function. (3 points)
TextBox2::~TextBox2()

{


if (fore) delete fore;


if (back) delete back;

}
f) Which of the above classes will require a constructor that has a member initialization list?  Explain your answer, briefly. (3 points)
TextBox1 has internal data members of type RGBColor.  So, these objects have to be initialized.  

g) Write the prototype declaration for ONE of the constructors that requires a member initialization list from f. Assume that no initialization is required beyond what is indicated in the declarations shown. (3 points)
TextBox1 (int back_r, int back_g, int back_b, int fore_r, int fore_g, int fore_b);

h) Write the full definition for the constructor from d., assuming that nothing requires initialization beyond what is indicated in the declarations shown. (4 points)
TextBox1:: TextBox1 (int back_r, int back_g, int back_b, int fore_r, int fore_g, int fore_b)


: fore(fore_r, fore_g, fore_b), back(back_r, back_g, back_b) {}

i) For any of the classes that requires an assignment operator, declare the prototype of the assignment operator.  Can this operator be overloaded as a non-member?  Explain your answer. (3 points)
Member function: TextBox2 & operator= (const TextBox2 &);


No non-member overloading is possible; C++ requires assignment to be a member

j) Write the full definition of the selected assignment operator from c. (4 points)
TextBox2 & TextBox2::operator= (const TextBox2 & obj)

{


if (fore) delete fore;


if (back) delete back;


fore = new RGBColor(obj.fore);


back = new RGBColor(obj.back);


return *this;

}
k) For any of the classes that requires a copy constructor, declare the prototype of the copy constructor. (3 points)
Public function of TextBox2: 

TextBox2 (const TextBox &)  
l) Write the full definition of the selected copy constructor from e.  (4 points)
TextBox2::TextBox2 (const TextBox2 & obj)  

{


fore = new RGBColor(obj.fore);


back = new RGBColor(obj.back);

}
m) When the following variable is instantiated, explain which constructors are called automatically and precisely in which order.  (3 points)
TextBox1 foobar;

RGB constructor for “back”, RGB constructor for “fore”,

TextBox1 constructor    
n) When the following variable is instantiated, explain which constructors are called automatically and precisely in which order. (3 points)
TextBox2 foobar;




TextBox2 constructor ONLY  
o) Supposing one needs to overload the operator “<<” for TextBox1, describe whether this operator can be added as a member function of the class TextBox1.  Why or why not? 

(2 points)
<< Cannot be overloaded as a member function of class TextBox1.  This is because the “<<” operator can only be overloaded as part of “ostream” because of the order of the parameters that C++ specifies.
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