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1. A dlrccted graph oonslsts of three types of vm-tlces and one type of edg;: The vertlces are classxﬁed as Blue veruces Red vertlces
and Green vertices. The class for a vertex is defined as follows:

Class Veartex {
integer vertexiD; // the unique id to identify a vertex
Color vertexType; // could be Blue, Red, or Green

Vertex(Integer ID, Color Type) {...} i/ tha constructor

Integer getiD{) {retum vertexiD;}

Color getVertexType() {return vertexType;}

Void setVartexType(Color newType) {vertexType=newType;}
}

The programmers may use three member functions of Graph G as follows:;
® Boolean addVertex(Vertex v): The function adds Vertex v in G, If v exists, return false; otherwise add v and return true;
®  Boolean addEdge(Vertex source, Vertex destination): The function adds an edge e from Vertex source to Vertex -
' destination in G. If e exists, return JSalse; otherwise add ¢ and retarn frue;
®  Void evolve(): .
Step 1: For each edge <x,)> in G,
Case I: If x is Red and y has any Color, then create a new edge <px> in G and make y Red
Case 2: If x is Green and y is Green or Blue, then create a new edge <p,x> in G and make y Green
Case 3: If x is Green and y is Red, then create a new edge <y,x> inG
Step 2: Repeat Step 1 until nothing changes in G

1.1 Please write down the pseudocode of Class Graph using either Am or I'écto (15%)
1.2 Given the following Graph Ga, What is the result graph of Ga after Ga.evolve() has been executed‘? (5%)

2. Let the function Integer size(character c, List x) return the total number of character ¢ in List x. Given a list L conasisting of ‘17, ‘2>,
and ‘3’, use Stack to design an algorithm which checks if the following equation is true. (5%)
5 * size(*1’, L) = 2* size(*2’, L) + 3* size(*3’ L

3. Given the postorder traversal as ACEGFDBIH and the inorder traversal as ABCDEFGHI for a binary tree, please answer the
following questions.

3.1 Can we uniquely identify the binary tree? Draw all possible binary trees with such postorder and inorder traversals. (8%)

3.2 Please a.lso give the preorder traversal of those trees in 3.1, (2%)

4. Recursion vs. Iteration ' :
4.1 Fill in the following code to make a recursive function which computes Fibonacci numbers. (4%)

unsigned long Fib(int n)
{

if (n <= 2)

}9139 . . ' ' | 7 ﬂ

4.2 The following code is the iterative equivalent which computes Fibonacci numbers.
.
R RARE

w»;

Which of the Fibonacci functions runs faster? (2%) Briefly explain why, {3%)
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unsigned long Fib{int n) ‘
{ _ *$ﬂ#ﬂ#mﬁ#s
unsigned long f0, fl, temp:
if (n <= 2)
return 1;
else {
for (f0 = £f1 = 1, i = 3; i <= n; i++) |
temp = f0 + £1;
fo = f1;
£l = temp;
}
return f£1;

}
}

4.3 Give two advantages and two disadvantages of recursion. (6%)

5. Given three sets of integers X, ¥, and Z, and another integer &, we want to know if there exist three numbers x, y, and z, such that x €
X,y € ¥,z € Z, and x + y+ z = k. Design an algorithm to solve this problem. A naive method by checking all possible sums of triples
(x + y+ z) will take ®(LX|x|YIx[Z]) time. Your algorithm must be more efficient than it. Analyze the time complexity of your algorithm.
(15%)

6. Given a weighted tree 7" with n nodes, we want to solve the all-pairs-shortest-distance problem on T. That is, we want to compute the

- distance between any two vertices on I. We may apply Floyd-Warshall algorithm or Dijkstra’s algorithm » times to solve this
problem and we need O(r’) or O(rlog n) time to solve this problem. As a matter of fact, the problem can be solved in O(n?) time.
And such an algorithm is optimal since O(n?) time is needed for giving the output. Describe such an optimal algorithm by giving a
pseudo-code. (Hint: For any two vertices u and v of 7, there is one and only one path from u to v.) (10%) :

7. Below is the algorithm LCS_LENGTH to find the length of the longest common subsequence of two sequences X = <x|,x2,...,.xy>
and Y= <y,».....y»> of m and »n symbols, respectively. Note that a subsequence of X is derived by deleting 0 or more symbols (not
necessarily consecutive) from X. Design an algorithm by taking LCS_LENGTH as a subroutine call to figure out the length of the
longest non-decreasing subsequence of a given sequence Z = <21,23,...,2> with the assumption that symbols have a total ordering.
For ‘example, the algorithm should retumn 6 for the input sequence Z=<1, 2, 2, 4, 1, 2, 3, 8>, whose longest non-decreasing
subsequence is <1, 2, 2, 2, 3, 8> of length 6. (13%)

LCS_LENGTH(X, Y} : :

1l m « lengthlX]

2 n « length[Yl

3 for i « 1 tom

4 do ci{i, 0] « 0

3 for j « 1 te n

6 do c[0, j] « 0

7 for i «~ 1 to m do

8 for F « 1 to nn de

9 if X = yy

10 then c[i, jl « cli-1, j-1]+1
11 else if cli-1, ] 2 cl[i, j-1)

12 then c(i, 7] + cli-1, 7]
13 ' alse cli, j] « cl[i, j-1]

14 return c(m, n}

8. Below is Dijkstra’s algorithm for finding the costs of the shortest paths going from a given source node v to all the other nodes in a
given directed, weighted graph G=(V, E), where each edge (4, v) is associated with a cost (or weight) c(u, v). When some edges of
the graph are negatively weighted, Dijkstra’s algorithm may fail to retum correct results. Show an example of a directed, weighted

graph that will lead to such a failure. You should explain the reason why Dijkstra’s algorithm fails for the graph. (12%)
Dijkstra (G, vp) :
2 dlwvg] « 0

3 for each v € V-{v]} do
jk4 if (vo, V) € E
Z s then d(v] « c(vy, V)
6 - else d[v] ¢« o
% 7 while S=V do : ~
8 choose u from V-S such that d[u] is minimum - B« dk g ofo b an
9 add u into $§ ' : & Ak ‘Sﬁ.ﬁ\
)ﬂ 10 for each w € V-5 do '
11 diw] <« min (d{w], d{ul+c(u, w))

B 12 return 4
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