Engg. Data Structures
Hints to solve  Review problems  for Exam I

1.   Develop an iterative algorithm to  count the number of digits in a given integer.
Algorithm:

1.Let n  be the given integer. Set count = 0.

2. while n > 0 do steps 3 to 4

3. n = n /10 ( integer division)

4. Add 1 to count 

5. print count.

2. Find the number of multiplication operations in the following pseudo code segments:

a) 
t = 1;


for j = 1 to  N { 



for i = 1 to k  




s = t * j;

 
}

 Nk, as there is one multiplication in each loop

b)  
s= 5; 


t = 10;


k = 2;


for j = 1 to  40 { 



for  i = 1 to t 




s = s + t * i * 8;


 }

b) Use summations to replace for loops to show that total operations are 

 2 x 40 x t = 80 t

c)  
s= 5; 


for j = 1 to  40 { 



s = s * 2;



for  i = 1 to 20  




s = t * j * 8;


 }

c)  Use summations to show that it is 1640.

3. a) Express the number of operations involved in the following code in terms of summations. Assume each statement on lines 2,4,5,6 and 7 needs 1 operation.

b) Evaluate the summations.

1.
for i = 1 to n – 1 
{

2.

min = i; 

3.

for j = i+1 to n 

4.


if A[j] < A[min] 
min = j; 

5.

temp = A[i];

6.

A[i]= A[min];

7.

A[min] = temp;



8.
 }
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4.  Find the closed forms for:
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      30                  
   ( 2p 
     k=8              
Here the variable p is not the same as the loop variable k, so it is to be treated as a constant. The summation has to be split in two parts, one going from 1 to 30 and the other going from 1 to 7.

5.  Evaluate the following postfix expressions using a stack. Show  the contents of the stack at the indicated point in the Postfix string (point A, B or C).

.


             A        B      C

a)
6   7   9       +       –     

	
	
	
	
	

	9
	
	
	
	

	7
	
	16
	
	

	6
	
	6
	
	-10

	A
	
	B
	
	C



       A

   B


C

b)
6   7   9   +      –   2    /       11   2   2    /   +          *     


	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	16
	
	
	
	12

	6
	
	-5
	
	-5

	A
	
	B
	
	C


6.  Consider the following expressions with the infix notation. Transform  into  postfix expressions. Trace the state of the operator stack as each character of the infix expression is processed. Show the contents of the operator stack at the indicated points in the infix expressions (points A, B and C). 

        


     A
         B
                   C

X    *    Y    –     ( P   +  Q       )    *       (  R   /  S           )

	
	
	
	
	

	
	
	
	
	/

	+
	
	
	
	(

	(
	
	*
	
	*

	-
	
	-
	
	-

	A
	
	B
	
	C


Resulting Postfix Expression :         XY*PQ+RS/*-

        

  A
                B
                C

E    –     F     *       G   /    ( P   +       Q       )   +         T
	
	
	
	
	

	
	
	+
	
	

	
	
	(
	
	

	*
	
	/
	
	

	-
	
	-
	
	+

	A
	
	B
	
	C


Resulting Postfix Expression :         EFG  *PQ + / -  T  +

7. Consider the recursive function :

int foo(int a, int b) {

     if (a <= 0)

          return 1;

     else

          return (b*foo(a-1,b+1));

}

What do the following function calls evaluate to?

a) foo(1, 5)  
b) foo(3, 3)
foo(1, 5)
= 5 * foo(0,6)

= 5 * 1

Foo(3,3)

= 3 * foo(2,4)

= 3 * 4 * foo( 1,5)

= 12 * 5 * foo (0,6)

= 60 * 1

= 60



8. Solve the recurrence relation

T(n) = T(n – 1 ) + 2






T(1) = 1
T(n) = T(n – 1 ) + 2




..(1)

In turn T(n-1) operations can expressed as a sum of T(n-2) and 2 operations
T(n – 1 )  =  T(n – 2 ) + 2



…(2)

Substituting for T(n – 1 )  from relation (2) in relation(1) yields

T(n )  =   T(n – 2 ) + 2. (2)



…(3)

Also we note that 

T(n – 2 ) =
T(n – 3 ) + 2



…(4)

Substituting  for T(n – 2 ) from relation(4) in relation (3) yields

T(n  )  = T(n – 3 ) + 3.(2)




… (5)

Following the pattern in relations (1) , (3) and (5), we can write a generalized relation 

T(n ) =  T(n – k ) + k.(2)




…(6)

To solve the generalized relation (6), we have to find the value of k.  
Looking at the boundary condition T(1) = 1
, we try to reduce the right hand side to T(1).






Thus we set 

n – k = 1

solving for k,

 k = n – 1 

Substituting this value of k in relation (6), we get

T(n) = T(1) +2( n – 1 )

Now substitute the value of T(1) to yield the solution 

T(n) = 2n– 1




..(8)

9.  Write a recursive algorithm called PrintOdd, that prints all the odd numbers from 1 to n in increasing order.  The  value of n may be either even or odd.

void PrintOdd(n)


{



realPrint(1, n);


}

void  realPrint(current, n)

{



if (current > n)




return;



else



{






System.out.println(current);






realPrint(current+2, n);



}

}

10. Write a recursive function to count number of odd integers in the array dd containing k elements.
int count(int dd[], int k) 

{ 


if (k = 0) return 0; 


else 



if (dd[k-1] % 2 == 0) 




return count(dd, k -1); 



else 




return 1 + count (dd,k – 1);

} 

11. The Binomial  function C(n,k) is usually defined in terms of factorials  as follows:

 C(n,k) = n ! / ( k!  (n – k )! )

This involves lot of computations as it needs to find factorials of 3 numbers. 

It can be shown that it is also possible to compute C(n,k) through simpler functions:

C(n,k) =  C(n – 1, k – 1 ) + C(n – 1, k )

C(n,n ) = 1

C(n,1) =  1

Write a recursive function to compute C(n,k) using the above relations.

binomial( n,k)

{


If (k==0 || k == n)



return 1; 


else 



return (binomial(n-1,k-1) + binomial(n-1,k); 

}

13.   Write a RECURSIVE function which takes a  positive integer and returns the sum of its digits. For example calling digitsum(2304) should return 2+3+0+4, which is 9.

Get the last digit (digit in One’s place ) and add to it the digit sum of remaining digits. The remaining digits can be found by carrying out  an integer division of the number by 10.

int digitsum(int n)

{

    if(n==0)

        return 0;

    else

        return (  n%10 + digitsum(n/10) );

}

14.  Write a recursive routine to print out characters of a string in the  reverse order, one character in each line . 

     The function gets the name of the string and its length. Thus for a string ALPHA, the function is called through

printReverse(ALPHA, ALPHA.length)
public static void printReverse(String str, int index){

                 if(index==0)

                                return;

                 else{

                         System.out.println(str.charAt(index-1));

                         printReverse(str, index-1);

                 }

         }

15.  What is the sum of the maximum contiguous sub sequence of the following:

3  4    1   2   -15   16  5

The MCSS for this sequence is 21.
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