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ICOM 4035: Exam1: Name:__________________________________________


Department of Electrical and Computer Engineering

University of Puerto Rico

Mayaguez Campus

ICOM 4035 – Data Structures (CS2)

Fall 2002

Midterm Exam # 1

	Name:


	_______________________________________________

	Student Number:


	_______________________________________________

	Section:


	_______________________________________________


Instructions:

1. Write your name on all pages of this exam now!

2. You have two hours to complete this exam. Use your time wisely. Do not spend too much time on a problem, when you can work on others.

3. There are six problems for a maximum score of 110 points, but your score will be averaged using 100 points. Complete as many problems as you can, and earn as many points as possible

4. Read each question carefully, and show all the work you used to generate your answer.

5. To receive partial credit, you must show all the work you used to generate your answer.

GOOD LUCK!
Scores

	1
	/20

	2
	/15

	3
	/15

	4
	/10

	5
	/20

	6
	/30

	Total
	/100


Problem 1. (20 points) True or False about general concepts

Determine whether each of the following statements is true or false. For those that you declare as false, your must explain your answer.

a) (5 pts) A member function can access any of the private member variables of a class, but a non-member function can only access private members that are arrays.
b) (5 pts) In the following class Integer, after the call to the constructor is finished, the private variable val will store a value equal to that of the parameter X.

class Integer {


public:



Integer(int X = 0);



int get_value() const {return val);


private:



int val; // value of the integer;

}


//constructor

Integer::Integer(int X) {



val = X;



(*this).val = 100;


}

Problem 1 (continuation)
c) (5 pts) Consider the operation degree() from Project 1 of this course. The following implementation of that method has a complexity of O(1).
int polynomial::degree() const {


int res = 0;


res = poly_terms[0].get_exponent();


return res;

}

d) (5 pts) If we have a C++ function that returns a value by reference, then it is a mistake to return a reference to a local variable since the variable will be destroyed once the function terminates, thus making the returned reference illegal.
Problem 2. (15 points) Running Times and Big-O Notation
Use Big-O notation to provide a bound on the running time complexity of the following functions. Justify your answer.
a) (5 pts)

// data - an array of integer

// len - the number of elements in data

void array_mover(int data[], int len){


int i  = 0;


while( i < (len/2){



data[i++] = data[len-0];


}

}

b) (5 pts)
// elements – array of long
// len – length of the array elements
// start – initial number of iteration

// X – initial value for result

long sum(long elements[], int len, int start, int X){

long result = (long) X;


int k = 1000;

for (int n=start; n < k; ++n){


if (n < len)



result+= elements[n]- 100;


else




result+= n;




}


return result;

}
Problem 2. (continuation)
c) (5 pts)

void polynomial_coefficients(const polynomial& P){

int i=0, j = 0, len = P.size();


for (i = 0; i < len; ++i){



cout << P[i].get_coefficient() << endl;


}


j = P.size() - 1


while (j >= 0){



cout << P[j--].get_coefficient() << endl;


}


j = 200;


for (int k = 0; k < j; ++k){



cout << P[0].get_coefficient() << endl;


}

}

Problem 3 (15 points) Tracing Operations on a Class
Trace the following operations on an instance of a bag container class as implemented in the lectures (see Chapter 3 of textbook). Show what happens to the data array of the bag. Draw an arrow to show the slot that is the next free position. Write your answer on the next page of this exam.
Bag b1(7);

b1.add(7);
b1.add(4);

b1.add(7);

b1+=b1;

cout << B1.count(7) << endl;

b1.erase(7);

b1.add(4);

b1.erase_all(4);

b1.add(8);

b1.add(7);

cout << B1.size() << endl;

b1.erase(0);

b1.erase(8);

b1.add(8);
Problem 4. (10 points) Understanding of Parameter passing and return values
Extend the functionality of the bag class by adding a member function clone() which copies the contents of a Bag b1 into another Bag b2. The Bag b2 is passed as a parameter by reference. The function clone() must first eliminate all the elements in b2, and then copy everything in b1 into b2.  The function clone() has no return value.  The function clone()will be called as follows: b1.clone(b2) (10 pts)
Problem 5 (20 Points) Understanding of the Polynomial class from Project 1

Extend the functionality of the polynomial class implemented in project 1 by completing the following tasks:

a) Implement a constant member function min_coefficient()that returns the smallest coefficient in the polynomial. For example, if
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 then the answer should be 4. (10pts)
Problem 5. (continuation)
b) Implement a non-member function get_derivatives() which returns the first n derivates of a polynomial P. The result should be stored in an array of polynomials. The function will receive an integer parameter n that indicates the number of derivatives to return. For example, if 
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, then a call to get_derivatives(P,2) should return an array containing the first 2 derivatives: 
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. Thus, it first takes the derivate of P, and the second time it takes the derivative of the derivative. Similarly, a call to get_derivatives(P,4) should return: 
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. (10 pts)
// Find the first n derivatives of P
polynomial[] get_derivatives(const polynomial& P, int n) {
Problem 6. (30 points) Understanding of member functions and array manipulation.

A university is running a student registration application which stores student names on a file. When names must be accessed, they are read from the file and stored in memory on a data structure called SortedArray. This data structure keeps the names in alphabetical order. Consider the following declaration of the class SortedArray:
class SortedArray:


public:



typedef std::size_t size_type; 



static const size_type CAPACITY = 40; 



SortedArray(){




curr_size = 0; // set initial size to 0



}



void insert(const string& name); // add a new name


bool erase(const string& name);//erase 1st copy of name 



string get(int pos); // get the name at position pos


// merge array A with this array, keeping the order



const SortedArray& operator+=(const SortedArray& A); 


private:



string elements[CAPACITY]; // array of the names


size_type curr_size; // number of entries in use
};

Using this declaration, answer the following three questions. In all cases, you must write any auxiliary function that you use. 
Problem 6 (continuation)

a) Implement the member function insert(), which adds a new name into the SortedArray, and keeps the alphabetical order. The function must assert that there is room to add the new entry.  You must write any auxiliary function that you use. The following diagram illustrates how insert() should work on a given array A. (10pts)


	Jil
	Lee
	Ned

	Jil
	John
	Lee
	Ned



void SortedArray::insert(const string &name){
Problem 6. (continuation)
b) Implement the member function erase(), which removes the first copy of a name from the SortedArray, and keeps the alphabetical order.  The function must return true if the name is removed or false otherwise. You must write any auxiliary function that you use. The following diagram illustrates how erase() should work on a given array A. (10pts)


	Jil
	John
	Lee
	Ned

	John
	Lee
	Ned




bool SortedArray::erase(const string &name){
Problem 6. (continuation)
c) Overload the operator += so that is implements a merge operation. This operation will combine the contents of one array (the array whose operator += got activated) with the contents of a second array (the one passed as parameter).  The resulting array will be in alphabetical order, and will become the new value of the array whose operator += was activated. You must write any auxiliary function that you use. The following diagram illustrates the behavior of operator += .  (10 pts)

	Jil
	John
	Lee
	Ned

	Ben
	John
	Ron






	Ben
	Jil
	John
	John
	Lee
	Ned
	Ron



	Ben
	John
	Ron



Write you answer on the next page of this exam.

Hint: Recall how the polynomial addition was implemented!
Problem 6. (continuation)
// merge the contents of this sorted array with 
// the sorted array P
const polynomial& operator+=(const polynomial& P) {
A.insert(John);
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