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= ~ When you are asked to derive the running time of a program (or an algorithm) in the form of
O(f(n)), the function f(n) should be expressed in the simplest and tightest form. For example, if
running time 7T'(n) = 5n* +4n, you should write T'(n) = O(n*). In other words, you will get 0

points if you write T'(n) = O(#n’) or T(n) = O(5n* +4n).

1. (a) [5 points] Given the size n of the input data, where » is a positive integer, we assume that the

running time of a program is O( f(n)). State the formal definition of O(f(n)).
(b) [5 points] Let 7;(n) = % + % + % Foet 1 = Z" ll. Tell us the value of lim 7] (7). Note that you
n = x ‘ n—e

will get 0 points if you just provide the answer. In other words, you must show your reasons.

(c) [5 points] Given the size » of the input data, where 7 is a positive integer, we assume that a
program requires the running time 7;(n) = O( f(n)). Derive the function f(n).

(d) [5 points] Let n be the radius of a circle C and A(n) be the area of C. Let
T,(n) =|sin 6| xlog A(n) = O(f (n)) . Derive the function f(n).

of n positive integers and an initially-empty stack S as input parameters:

int F(A: array, S: stack) {

for (i=0; n-1; i++) {
if (A[i1%2==0)
push (S, A[il]):
else
while (S is not empty)
t =t + pop(8):
} // end of for-loop
while (S is not empty)
t = t + pop(8);
return t;

}

What is the output (returned value) of the function F for the array A = {2, 14, 4, 7, 11,
18, 10, 15, 6, 23, 12, 8}?

2. [5 points] Consider the following function F written in a C-like pseudo-code, which takes an array A
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3. Consider the following weighted graph G(V,E) presented by the adjacency matrix.

4 B C D E F

A0 40 o o 7 21]
Bl40 0 5 12 o 11
_Cf ©w 5 0 10 o o
G"D w 12 10 0 18 14
E|7 o o 18 0 33
Fl21 11 « 14 33 0|

(1) [10 points] Please find the vertex sequence derived by DFS and BFS respectively. Note that we
assume that node 4 is the root.

(2) [10 points] Please apply Kruskal’s algorithm to drive the minimum cost spanning tree. Note that
you must show your actions step by step.

4. The array A shown below is used to represent the complete binary tree.

i 1 2 3 4 5 6
Alil] 23 15 9 6 11 2

Please answer the following three questions:

(1) [5 points] Draw the corresponding binary tree 7.

(2) [5 points] Is T'a max heap? Is T a min heap? Explain your reasons.

(3) [15 points] Perform the following three heap operations sequentially: INSERT (18),
INSERT (27), DELETE on 7. Draw the resultant tree after each operation.

5. (a) [5 points] Given an unsorted integer array of size », does the binary search algorithm outperform
the sequential search algorithm? Use the big-O notation to justify your answer.

(b) [S points] Given an integer array A of size », the following pseudo-code shows the quick-sort
algorithm. Note that we assume that all array elements in A are distinct and the function medium(a)
will return the value x in A such that the number of integers that are larger than x is equal to the
number of integers that are smaller than x. Besides, we assume that the running time of the function
medium(a) is O(n). Derive the worst case running time of quicksort (A) in terms of big-O
notation. (Note that you will get 0 points if you just give the answer directly.)

void quicksort(A: array) {
if (length(a)==0)
return;

x = medium(A);
S={y | yeA and y < x };
L=1{2z | zeA and z > x };

quicksort(S);
print x;
quicksort (L) ;
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(¢) [5 points] The following enhanced_quicksort algorithm written in a C-like pseudo-code
tries to first split the array A into three partitions and then recursively sorts the arrays S, M, and L.
Note that we carefully design two selection functions, first selection function(a)and
second selection function (A), to guarantee that min (A) <x <y <max (a), where
min (A) and max (&) denote the minimum element and the maximum element in array A,
respectively. Moreover, we assume that the running time of each selection functions is O(»). Please
tell us whether the enhanced quicksort algorithm is more efficient than the quicksort
algorithm? Use the big-O notation to justify your answer.

void enhanced quicksort (A: array) {
if (length(A)==0) '
return;
= first selection function(a);
= second selection function(a);
The above two selection functions together guarantee that
min(ad) < x < y < max(a). */

x
Y
/*

S ={a| acA and a < x };
M={Db | becAa and x < b <y };
L={c | ceAaand c >y };
enhanced qguicksort (8);

print x;

enhanced quicksort (M) ;

print y;

enhanced quicksort(L);

}

6. (1) [5 points] Please convert the infix expression shown below into postfix form.
Ax(BIC-D)+E)xxF -G

(2) [10 points] Tell us the results of preorder and postorder traversals for the following binary tree.

(B)
(H) &)
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