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COMP104: Programming Fundamentals and Methodology

Fall 2001, Lecture Section 1, 2, 3, 4

Midterm Examination
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Instructions:
1. This is a closed-book, closed-notes examination.

2. Check that you have all 16 pages (including this cover page).

3. Write your name, student ID, lecture section, lab section/TA name on this page.
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5. Answer all questions in the space provided. Rough work should be done on the back pages.
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Question 1: Basic expressions (6 marks: 2 each)

Transform the following mathematical expressions into valid C++ expressions:
a) A Boolean expression: 
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b) An arithmetic expression (including predefined mathematical functions): 
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c) An arithmetic expression: 
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Key: 

a) 2<x && x<10

b) pow(x+y,m+n+1)

c) (-b+sqrt(b*b-4*a*c))/(2*a)

Question 2: Arithmetic Operators (4 marks)
The following expressions evaluate to a boolean constant (true or false). What are they?

(a) true !=! true




Answer: true

(b) true || false && false







Answer: true

(c) 0 == 5 >= 6







Answer: true

(d) 8 * - 3 / 4 >= 11 * (5 - 2) % 3



Answer: false 

Question 3: Arithmetic Operators (5 marks)
What is the output of the following C++ statements?

(a) cout << 2.5 + 8 / 3;

Answer: 4.5

(b) cout << double(11/4) + int(3.5 – 1);

Answer: 4

(c)

int x=1, y=2, z=3;


x += y *= z++;

cout << x << " " << y << " " << z << endl;

Answer: 7 6 4

(Because we did not cover multiple assignments in lecture, full marks for any written answer, but zero marks if no written answer)

Question 4: If statements (4 marks: 2 each)
(a) What is wrong with the following code? (Hint: it is a syntax error.)

int n;

cin >> n;

if(n > 0) cout << "profit";

else if(n==0)

cout << "break even";

else(n<0)



cout << "negative";

Answer:  should be:

else



cout << "negative";

(b) What will the output be if the mark is 85?

if (mark>60)


cout<<"The grade is D"<<endl;

else if (mark >70)


cout<<"The grade is C"<<endl;

else if(mark>80)


cout<<"The grade is B"<<endl;

else if (mark>90)


cout<<"The grade is A"<<endl;

else 


cout<<"The grade is F"<<endl;

Answer: The grade is D

Question 5: Dangling-else (2 marks)
What is the output of the following C++ statements?

int n, m, k, result;


n=10; 
m=-5;
k=2; 
result=0;

if(n) if (m) if(result)



result=n*m*k;

else


result=m*n;

else 

result = n;

cout << result;

Answer: -50

Question 6: Switch and loop statements (2 marks)
What is the output of following C++ statements?

int number, n;

number=10;

n=1;

do {


switch (number){



case 1: n++; break;




case 2: n=n+3;



case 3: n--; break;
 



case 4: n+=2; break;




default:
break;


}




number--;

}while (number>0);

cout << n;

Answer: 5

Question 7: While and for loops (8 marks: 4 marks each)

(a) Transform the following into a for-statement to perform the same operation. 

int n;

cout << "Enter n (must be non-negative): ";

cin >> n;

int loop = 0;

while(loop < n) {

     cout << loop*4 << endl;

     loop += 2;

}

Answer:

for(int loop=0; loop<n; loop+=2)

cout << loop*4 << endl;

(b) Transform the following into a do-while-statement to perform the same operation. 

int n;

cout << "Enter n (must be non-negative): ";

cin >> n;

int loop = 0;

while(loop < n) {

     cout << loop*4 << endl;

     loop += 2;

}

Answer:

int loop=0; 

do{ 

if(n<=0)

break;

cout << loop*4 << endl;

loop += 2;

}while(loop<n);

another solution:

int loop=0; 

if(n>0){


//or: if(loop < n){

  do{

cout << loop*4 << endl;

loop += 2;

  }while (loop < n);

}
Question 8: Iterative constructs (for, while, do…while) (5 marks)  

(a) What is the output of following C++ code segment?


int i, k;


k=10;


for ( i=1;i<k; i++)



if ( k%i ==0)




cout<< i << ", ";

Answer: 1, 2, 5,

(b) What is n after executing the following C++ code segment?


int n=10;


do{



if (n%3==0)




n--;



else




n=n-2;


}while (n>0);

Answer: 0

(c) What is n after executing the following C++ code segment?


int n=1;


while( n<8){



if (n<=2)




n*=4;



else if 
(n>6)




n-=2;



else




n=13-n;


}

Answer: 9

Question 9: Array subscripts (6 marks)
What is the content of the array after executing the following C++ statements?

int entry[6]={2,5, 3, 1,1, 3};

for (int i=0; i<6; i++)


entry[entry[i]]=entry[i];

Answer: {2, 1, 2, 1, 1, 5}

Question 10: Pass by value and reference (3 marks)

What is the output of the following program?

#include<iostream>

using namespace std;

void pow(int x, int& result) {  


x = x*x*x;


cout<<"The value of x is: "<<x<<endl;


result=x;

}         

void main( ) {

int x=2;

int cal=0;

pow(x,cal);

cout<< "The value of x is: "<<x<<endl;

cout<< "The value of cal is: "<<cal<<endl;

}

Answer:

The value of x is: 8

The value of x is: 2

The value of cal is: 8

Question 11: Parameter passing and scopes of variables (8 marks)

What is the output of running the following program?
#include <iostream>

using namespace std;

int A=9,B=8,C=7,D=6;

void Three (int& C, int& D, int& A) {

     C = 8; D = 9; A = 10;

     cout <<A<< " " <<B<< " " <<C<< " " <<D<< endl;

}

void Two(int A, int& B, int& C) {

     int D;

     B = 20; D = 21;

     cout <<A<< " " <<B<< " " <<C<< " " <<D<< endl;

     Three(C,A,D);

}

void One(int A, int& B, int D) {

     A = 11; B = 12; C = 13; D = 14;

     cout <<A<< " " <<B<< " " <<C<< " " <<D<< endl;

     Two(D,B,A);

}

void main() {

     int B;

     A = 4; B = 3; C = 2; D = 1;

     One(B,C,D);

     cout <<A<< " " <<B<< " " <<C<< " " <<D<< endl;

}

Answer:  

11 13 13 14

14 20 11 21

10 8 8 9

4 3 20 1

0.5 marks each (total 8 marks)

Question 12: Increment operators (6 marks)
What is the output of the following program:

#include <iostream>

using namespace std;

void main( ) {

int i=2;


int k=3;


int  j=i*(++k);  


cout<<"i: "<<i<<" k: "<<k<<" j: "<<j<<endl; 


i=2;


k=3;


j=i*(k++);  


cout<<"i: "<<i<<" k: "<<k<<" j: "<<j<<endl; 


i=2;


k=3;


k+=(i++);  


cout<<"i: "<<i<<" k: "<<k<<" j: "<<j<<endl;


i=2;


k=3;


k+=(++i);  


cout<<"i: "<<i<<" k: "<<k<<" j: "<<j<<endl;

}

Answer:

i:2  k:4  j:8

i:2  k:4  j:6

i:3  k:5  j:6

i:3  k:6  j:6

(.5 marks each)
Question 13: Array and function (12 marks)

We represent a polynomial by a one-dimensional array. For example

double p[5] = {5, 4, -3.5, 0, 5}; 
// p(x) = 
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Write a function to multiply two polynomials p and q, assuming the following function prototype. 

void multiply_polynomial(double p[], double q[], double r[],

int np, int nq);

Here is how the function would be called:


void main() {

double p[5] = {5, 4, -3.5, 0, 5};
 

double q[3] = {6, 0, -2.8};

double r[8]; // result of multiplying p and q

multiply_polynomial(p,q,r,5,3);

for(int i=0; i<8; i++) 


cout << r[i] << "  ";


}

For instance, assuming the above declarations in the main program, its output is:

30  24  -35  -11.2  39.8  0  -14  0

Answer:

void multiply_polynomial(double p[], double q[], 

    double r[], int np, int nq) // 1 mark

{

  int i, j;




  for(i=0; i<np+nq; i++) 


    r[i] = 0;

  for(i=0; i<np; i++)    

 

    for(j=0; j<nq; j++)



      r[i+j] += p[i] * q[j];


}

1 mark for function header (marked as "P")

1 mark for declaration (marked as "D")

2 marks for initialization (marked as "I")

2 marks for the nested for-loop (marked as "N")

6 marks for the main algorithm (marked as "M"):

  2 for correct indexing

  2 for correct accumulation of products

 
  2 for correct cross multication

Question 14: Switch and if-statements (7 marks)

Rewrite the following piece of code using a switch statement:

char ch;

cin>>ch;

if (ch=='a'||ch=='A') cout<<"vowel a"<<endl;

else if (ch=='e'||ch=='E'||ch=='i'||ch=='I'||

   ch=='o'||ch=='O'||ch=='u'||ch=='U') 

cout<<"another vowel "<<endl;

else cout<<"not a vowel"<<endl;

Answer:

char ch;

cin>>ch;
switch(ch){





// 1 mark


case 'a': case'A':

cout<<"vowel a"<<endl;

// 3 marks

break;


case 'e': case'E':


case 'i': case'I':
 


case 'o': case'O':


case 'u': case'U':


// 2 marks

cout<<"another vowel"<<endl; 

break;


default :cout<<"not a vowel"<<endl;
// 1 mark

}

Question 15: Counting in 2D array (6 marks)

Complete the following program so that it computes the number of 1’s of the two dimensional Array A and stores the result to the integer variable count:

void main() {

int A[2][3]={{1,2,3},{1,1,7}};

int count=0;  //keeps the number of 1's

//!!! Write your code here !!!

cout<<"The number of 1's in A is: " << count<<endl;;

}

The output of the program should be :

The number of 1's in A is: 3

Answer:


for(int i=0; i<2; ++i){

// 2 marks




for(int j=0; j<3; ++j)
// 2 marks




if(A[i][j]==1) 
// 1 mark

count++;
// 1 mark


}

Question 16: find the position of a given number in a 2D array (10 marks)
Given an integer array of dimension 2, A[M][N], M=20, N=30,and an integer value val, we want to find the position of this integer val in the array A, i.e. a pair of indices  a and b such that A[a][b] equals val. If the value val is not present in the array A[][], the pair of indices is given as –1 and –1. Please finish the following program to accomplish this question. 

You can assume all elements in the given integer array are distinct.

#include <iostream>

using namespace std;

int main() {

   const int M=20, N=30;

   int A[M][N];

   int val;

   int i, j;

   int a, b; // position

   // input the whole array

   for(i=0; i<M; i++)

      for(j=0; j<N; j++) 

cin >> A[i][j];

   // input the value for val

   cin >> val;

   // !!! add your code here to finish this question !!!

   cout << "the position of the value " << val << " is at " 

     << a << " and " << b << endl;

   return 0;

}

Key:  
a = b = -1;



// 2 marks

for(i=0; i<M; i++)


// 2 marks

for(j=0; j<N; j++) 

// 2 marks

if(A[i][j]==val){
// 2 marks

a = i; 

// 1 mark

b = j;

// 1 mark

}





// note: -1 for each additional small bug

// note: it is okay for solution without break statement

Question 17: Compute distance using functions (6 marks)
We want to compute the distance between two points using functions. Each point is given by its two coordinates px and py. We have three different ways of doing so. Please complete the following three function definitions so that they produce the same output, given the same input px1, py1, px2, py2.

// the first solution using a double function

#include <iostream>

#include <cmath>

using namespace std;

double distance(double, double, double, double);

int main() {

   double px1,py1,px2,py2;

   cout << "Please enter px1 and py1 " << endl;

   cin >> px1; 

   cin >> py1;

   cout << "Please enter px2 and py2 " << endl;

   cin >> px2; 

   cin >> py2;

   cout << "The distance of the two points is " 

        << distance(px1,py1,px2,py2) << endl;

   return 0;

}

double distance(double x1, double y1, double x2, double y2) //!!!add your code here to finish the definition!!!

{

}

// the second solution using call-by-reference

#include <iostream>

#include <cmath>

using namespace std;

void distance(double, double, double, double, double&);

int main() {

   double px1,py1,px2,py2;

   double dist;

   cout << "Please enter px1 and py1 " << endl;

   cin >> px1; 

   cin >> py1;

   cout << "Please enter px2 and py2 " << endl;

   cin >> px2; 

   cin >> py2;

   distance(px1,py1,px2,py2,dist);

   cout << "The distance of the two points is " 

        << dist << endl;

   return 0;

}

void distance(double x1, double y1, double x2, double y2, double& result) {

// !!!add your code here to finish the definition!!!

}

// the third solution using a global variable

#include <iostream>

#include <cmath>

using namespace std;

double DISTANCE;

void distance(double, double, double, double);

int main() {

   double px1,py1,px2,py2;

   cout << "Please enter px1 and py1 " << endl;

   cin >> px1; 

   cin >> py1;

   cout << "Please enter px2 and py2 " << endl;

   cin >> px2; 

   cin >> py2;

   distance(px1,py1,px2,py2);

   cout << "The distance of the two points is " 

        << DISTANCE << endl;

   return 0;

}

void distance(double x1, double y1, double x2, double y2)

//   !!!add your code here to finish the definition!!!

{

}

Key:  
2 marks each:

// the first solution using a double function

double distance(double x1, double y1, double x2, double y2) {

   double d;

   d=sqrt((x1-x2)*(x1-x2)+(y1-y2)*(y1-y2));

   return d;

}

// the second solution using a call-by-reference

void distance(double x1, double y1, double x2, double y2, double& result) {

    result=sqrt((x1-x2)*(x1-x2)+(y1-y2)*(y1-y2));

}

// the third solution using a global variable

void distance(double x1, double y1, double x2, double y2) {

   DISTANCE=sqrt((x1-x2)*(x1-x2)+(y1-y2)*(y1-y2));

}
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