Midterm - CS201 – Spring 2005

Your Name: ___________________   

Univ. ID: ______________________

Instructions

· This is a closed-book exam.

· This exam has 10 questions. The full mark is 100. 

· No score will be given if you mark the same choice for every question. 

1. (4 points) Define a set S recursively as following:

I. Base: 1 and 0 are in S

II. Recursion: if X is in S, then


a. 0X is in S 
b. X11 is in S

III. Restriction: Nothing is in S other than objects defined in I and II above.

Which of the following is not in S?

a. 111

b. 001

c. 0011

d. 1011

Ans: d

2. (4 points) Fill in the following truth table

	p
	q
	p ( p  q ) 

	T
	T
	T

	T
	F
	F

	F
	T
	T

	F
	F
	T


3. (5 points) Please list the following in the increasing order of growth rates

O(2n), O(n3), O(nlog(n)), O(n2), O(1), O(1/n), O(nlog(log(n))), O(log(n)+n4), 

O(n2 log(n)), O(log(n))

Ans:

O(1/n), O(1), O(log(n)), O(nlog(log(n))), O(nlog(n)), O(n2), O(n2 log(n)), O(n3), O(log(n)+n4), O(2n)
4. (15 points) Let P, Q, and R be following statements:

P: Pepper is hot.
Q: Roses are red.

R: Coal is black.

Please write propositions for the following compound statements: 

a. (5 points) Pepper is not hot, only if either rose are not red and coal is not black.

      Ans:
P (Q  R)

b. (5 points) Coal is black or roses are not red if and only if pepper is hot.

Ans:
P R  Q)
c. (5 points) “Roses are red” is a necessary condition for “Pepper is hot”.

Ans:
P Q
5. (15 points) Let 

G(x) be “x is greater than 5”,


L(x) be “x is less than 5”, 


E(x) be “x is equal to 5”, 
      if the universe of x is the set of all integers, 

a. (10 points) Translate the following sentences to a WFF:

(i)  Some integers are greater than 5 and some are less than 5 

Ans: 
(x G(x)  (y L(y) 
(ii) If an integer is not greater than 5 then it is less than 5 or it is equal to 5”

Ans:
(x [(G(x) ( (E(x)  L(x))] 
b. (5 points) What is the result of the argument form:


(x (E(x) ( (G(x)L(x)).


(G(a) (L(a), a is a particular integer.


( 

Ans: E(a)
6. (6 points) Recursive function num(int n) is defined as following: 
int num(int n)

{ if (n < 3 && n>=0)

      return n;


else  return num(n-3)+ num(n-1);

}

How many recursive calls are there for num(6) (the first call to num(6) is not counted)?

Ans: 10
7. (8 points)What is the output of the recursive function printStuff(4)?

static void printStuff(int level) {

            if (level == 0) {

               System.out.print("^");

            }

            else {

               System.out.print("(");

               printStuff(level - 2);

               System.out.print("/");

               printStuff(level - 2);

               System.out.print(")");

            }

        }

Ans: ((^/^)/(^/^))
8. (8 points) Trace through the function Func to compute the value of Func(3) and Func(20). 

int Func(int x) {

if (x >20)



return x-10;

else



return Func( Func( x + 11) );

}

Answer: Func(3) = Func(20) = 11

9. (25 points) Give the tight complexity (Big-Oh) of the following loops (in terms of n)
a. (5 points)
      
i=1;

      
while (i<n)

     
{


   i=i*2;

     
}

Ans:
log(n)
b. (5 points)

      
int g = 2n;

int s = 1;
while (g > 1)

{ 

h = 1;

while (h < g)



{ 


h++;

}


s++;


g = g / 2;

  }

Ans:
2n
c. (5 points)
int sum =0;

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

{


for (j=1; j<I; j++)

{


sum++;


}

}

Ans:
n2
d. (5 points)


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

for ( int j = 0; j <= n - i; j++ )

int a = i;


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

for (int j = 0; j < n*n*n ; j++ )

sum++;

Ans: n4
e. (5 points)
int sum = 0;

for (int i = 0; i < n*n; i ++ )

for (int j = 0; j < n ; j++ )

sum++;

Ans: n3

10. (10 points) Given the following recurrence relation,


T(n) = 2T(n-1) + 1


T(1) = 3,

use mathematical induction to prove that its closed form is: 



T(n) = 2n+1– 1
Ans: Base Step: 
T(1) = 21+1- 1 = 4 -1  = 3, which is the same as the recursive definition for T(1). 
Inductive Step: 

Assume T(k) = 2k+1– 1 = 2T(k-1) + 1
We must show that this implies that T(k+1) = 2k+1+1– 1 = 2k+2– 1 = 2T(k) + 1
2T(k) + 1 
= 2 [2k+1– 1] + 1 by the inductive hypothesis 
= 2*2k+! – 2 + 1 
= 2k+2– 1
