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Solution 1.2: Computational Complexity

Solution 1

1. n2 is O(0.001 n3)



if c = 1000  
This expression is correct if n  no = 1

2. 2n+10 is O(2n)



if c = 210  
This expression is correct for n  no = 1

3. n10 is O(3n)


for c = 1, we can verify:

3.1. The value of n for which the inequality is not valid
3.2. That the inequality is valid for any value greater than this value (n0).

3.1. 

Minimum n:

 








Minimum n:

 

The equation is solved numerically (method: n=f(n)) and finds the equality to be 31.363. This means that n0 = 32.

3.2. 
The derivative of the two functions (considering that the function log is natural logarithm):


(1) 

(2) 
These two functions are increasing monotonic functions. The first function increases faster than the second.

		Thus, n10 is O(3n) with c = 1 and n  no = 32.


Solution 2

a. 2 definitions outside the loop, 4 comparisons (the last one can exit the loop), 3 multiplications, 3 additions and 6 definitions inside the loop. Therefore, the execution time is 18µs.

b. n

c. 2 definition, every n-1 times around the loop there is one multiplication, one addition, two definitions and one comparison, and then there is one comparison to exit the loop. Therefore, T(n) = 3 + (n-1)*5 = 5n - 2 µs.

d. T(82) = 408 µs.


Solution 3

a. n
b. 2 definitions,  times around the loop and one comparison with one multiplication to exit the loop. To study the complexity, we are looking for the worst case scenario. The worst case scenario occurs with the first number since it must travel around the entire loop until the finish. The loop contains one multiplication, two comparisons, one remainder operation, one addition and one definition. For the sake of simplicity, we assume the definition by the “if” command is never executed. The execution of the body of the loop always lasts 6 µs and therefore, T(n) = 2 + ( ) * 6 + 2 = 6 µs.
c. T(n) is O()
d. 








Solution 4

· Dimensioning is based on n = 3 independent variables that can take m = 2 values. Thus, the number of possible solutions (S) is S = nm

Consequently, we obtain: S(n=3)= 23 = 8 possible solutions.

· If the computation of one solution takes 1 second, then we will need 8 seconds for 8 solutions.

· If the number of variables is 30 (n = 30), then the number of solutions (S) is:

S(n=30)= 230 = 1.07∙109 possible solutions!

Therefore, we need 1.07∙109 seconds or approximately 34 years!


Remark: In this exercise, the complexity of the problem is O(f(n))= 2n (exponential time). Thus, we cannot evaluate all solutions for a great number of variables.


Solution 5

a. Find the value of c: 0.1 = c • 6  c = 0.017 
f(100) = c •100  f(100) = 1.7s 

b. Find the value of c: 0.1 = c • log(6)  c = 0.128 
f(100) = c •log(100)  f(100) = 0.256s 

c. Find the value of c: 0.1 = c • 63  c = 4.63x10-4 
f(100) = c •1003  f(100) = 463s

d. Find the value of c: 0.1 = c • 36  c = 1.37x10-4
F(100) = c •3100  f(100) = 7x1043s
				 
				  = 2.2x1036 years

e. Find the value of c: 0.1 = c • log(6)  c = 0.128
f(106) = c • log(106)  f(106) = 0.768s

f. Using the value of c found in question e: c = 0.128
f(108) = c • log(108)  f(108) = 1.024s
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