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1. (10%)
1.1 {4%) Will the following lines of C++ code compile?
a. (2%) int &* al; Yes / No

b. (2%) int *& a2; Yes / No

1.2 (6%) Circle the outcome of the following lines of code with const int* cip.

a. (2%) const int** b1 = &cip; Compiles / Invalid syntax / Violates const-ness
b. (2%) int* const * b2 = &cip; Compiles / Invalid syntax / Violates const-ness
c. (2%) int ** const b3 = &cip; Compiles / invalid syntax / Violate const-ness

2. (15%) Consider the following C++ classes. The code below causes no compiler errors.
#include <iostream>

using namespace std;

class A {
public:
void f1{) { £2(}; cout <<"A::f1, ";
virtual void f2() { cout << "A::f2,"; }
private:

intm_=333; };

class B : public A {
public:
void f1() { cout <<"B:fl, "; }
virtual void £3() { cout <<"B::f3, ",
private:
intn =451;};

class C : public B {
public:
virtual void f1(} { cout << "C::f1, "; }
void £2() { £3(); cout << "C::f2, "; }};
a. (3%) List out in order all functions (including constructors and destructors) that are called during the
execution of the code below. Make sure to use the full Class::Function names.
A* ap = new B;
delete ap;
b. (12%) Assume we have objects and pointers as defined in the five lines of code below. Then, for each

row of the table below, fill in the result on the right, which should either be the corresponding stdout
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output, “compiler error”, or “runtime error”,

Line 1 B b; // object instances

Line 2 Cc

line 3 A *apl=_&c; // pointer

Line 4 B *bpl = &b;

Line 5 B *bp2 = &¢;
bpl->£1 () ; (EH)
bpl->£2 () ; ()
bp2->£2 () ; (=)
bp2->£3 () ; (T)
apl->£1(); (Jﬁ)
apl->£31() ; (EI)

3. (9%} To find the articulation points in the graph below, start with constructing a depth-first spanning
tree by doing a depth-first search of the graph. Instead of choosing an arbitrary vertex to start, your first
vertex must be set to vertex A, and select the smallest vertex in alphabetical order first when

performing the depth-first search,

3.1(2%)( )} What are the edges of the depth-first spanning tree?
(@) (A, B), (B, D), (D, E), (A, C), (C,F),(C,G)
(b) (A, B), (A, D), (D, E), (A, C), (C, F), (F, G)
(c) (A, B), (B, D), (B, E), (A C),(CF),(C G)
(d) (A, B), (A, C), (A D), (D, E), (C, F), (C,G)
(e} (A, B), (8, D), (D,E), (A C)(CF)(FG)
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(f}  None of the above

3.2(2%)( ) What are the depth-first numbers (dfn) of each vertex (in the order of A, B, C, D, E, F, G),
when performing the depth-first search on the graph above?

{a) (1,2,3,4,5,6,7)

{b) (1,5,2,6,7,3,4)

(c) (1,2,5,3,4,6,7)

(d) (1,4,5,2,3,7,6)

{e) (1,3,2,7,6,5,4)

{f} None of the above

3.3(3%){ ) What are the output value of the low function {i.e., fow(v} ) for each vertex (in the order of A,
B, C, D, E, F, G) based on (3.1) and (3.2)?

(@) (1,2,1,2,2,5,5)

{b) (1,2,5,1,2,5,5)

(c) (1,1,5,1,1,5,5)

{d) (1,1,5,1,4,6,7)

(e} (1,2,5,2,2,5,5)

(f} None of the above

3.4 (2%)( ) What are the articulation points in the graph?
(a) (A, C)
(b) {
(
)

(c

B, C)

) (A)

{d} (A, B, C)
(e} (A E, G)
{f} None of the above

4. {(3%)( ) Given the in-order traversal (A, B, G, E, D, |, J, F, H, C) and the post-order traversal
(G,E, LI, H, F D, C, B, A), find the binary tree. What is the pre-order traversal sequence of this binary
tree?

(a) (B,A,C,D,E G,FH,JI

(h) {A,B,C,H,G,ED,1,FJ)

(c} (A,B,C,D,E,G,F 1] H)

{d) (A,C,F 1,),G,E, H,D,B)

(e) (A,B,G,C,E H,DIFJ

(f} None of the above
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5. (8%) Given a weighted directed graph with negative edges, please answer the following questions.

5.1(3%) ( ) Please perform Dijkstra’s algorithm running on the graph above from vertex A, What are the
vertices in the order they are selected by Dijkstra’s algorithm?
{a) {A,B,D,F C, G, E)
(b) (A,B,D,F, CE,G)
{c) (A,B,C,E D,F,G)
{d) (A, B,D,F, G, C, E)
(e) (A, B, CEG,D,F)
(f} None of the above

5.2(3%)( ) What is the cost of the shortest path from vertex A to each vertex {in the order of A, B, C, D,
E, F, G), after performing Dijkstra’s algorithm?

(@) (0,2,7,2,9,6,2)

(b} {0,2,7,2,9,4,2)

{c) (0,2,7,2,9, 4, 8)

(d} (0, 2,7,2,12,6, 10}

{e) (0,2,7,4,9,6, 2}

{f) None of the above

5.3 (2%)( ) What is the resulting shortest path from vertex A to vertex D after performing Dijkstra’s
algorithm?

(a) A->B->D

{b) A->C->D

(c} A->E->G->D

(d) A->C->E->G->D

{e) None of the above
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6. {5%){ ) Consider the following failure function and a string “acacabacacabacacac” with 18 characters
What are the values of f{0), f(3}, f(5), f(10), f(13), f(17)?

£ = {largest k < jsuchthat pop; ... Px = Pj-kPj-k+1 --P; if suchak = Qexists
B -1,  otherwige

(@ (-1,1,-1,4,7,3)
by (-1,-1,0,1,2,3)
} (1,1,3,5,8,-1)
d) (-1,-1,-1,4,7,-1)
) (-1.2,4,0,3,7)
(f) None of the above

7. {4%) Use substitution method to find a tight asymptotic upper bound for this recurrence:
T(n)=T(nA)}+T(n/5)+6n

8. (4%) Use substitution method to find a tight asymptotic lower bound for this recurrence:
T(n}=4T(n/2)+n?

9. (3%) Prove or disprove with a counter example that every comparison based sorting algorithm has time

complexity Q(nlgn).

10. {3%) If a dynamic programming problem satisfies the property of optimal substructure, justify if a locally,

optimal solution is also globally optimal. A simple yes/no answer will not get any point.

11. (5%) Let G = (V, E} be an acyclic directed graph with negative-weight edges, argue if Johnson’s
reweighting approach can solve a single source shortest path probiem in G faster than the Bellman-Ford

algorithm. A simple yes/no answer will not get any point.

12. {6%) In the knapsack problem, given k items whose weight wi and the corresponding value v; has the
relationship: wi>wa>ws>. >wy and vi<ve<va<..<vi. If we want to develop an efficient algorithm to find
the optimal solution for such problem, determine if the two types of knapsack, (a) fractional knapsack,
and (b} 0-1 knapsack, have the following properties: (1} optimal substructure; (2) greedy choice; (3)

overlapping subproblems
13. (10%) Please correct errors in the following program. You need to explain your corrections.

#include <stdio.h>
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void main()

{
int X;
scanf("%d", X);

i { X&2==0){

printf{"%d is an even numberin”, X);
1
else {

printf("%d is an odd number\n", X);

14. (10%) Please write a function to find a key in a BST (Binary Search Tree). Return the
address of the matched node if there is a match. Otherwise, return NULL;
The data structure for a tree node contains a key and two pointers. The key is a string.

You need to declare the data structure of the tree node before the function code.

15. (5%) Please describe the following two string functions: You need to describe its
functionality as well as the data type of the parameters and the return value.
a) (2%) stremp()
b) {3%) strdup()




