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Problem 1 [8%, each 2%]
Please give the best asymptotic running time for each of the problems or bound for each of the
recurrences shown below using the “big oh™ notation. It is assumed that 7(1)=d for some
constant d and ¢ is a constant in all the recurrences. Just state the answer - you de NOT need
to justify them.

(1) T()=2T(n/2)+cn’

) T@) =+nTGn)+n

(3) Finding the median in an unsorted set of size n.

(4) In a directed, weighted graph G = (V, E) with positive weights and || = n and |E| = m,

determine the shortest path between a given pair of vertices.



Problem 2 [8%, each 2%]
Mark each of the following by T (=true) or F (=false):
(1) If any NP-complete problem is not in P, then no NP-complete problem isin P.
(2) Suppose problem P; can be reduced to problem P; in linear time. Theﬁ, if P> is NP-hard
then P; is NP-hard.
(3) If algorithm A solves problem L in O(n 1og n) time, then no instance of problem L can,
when given to 4 as input, make A take n” time.
(4) If problem P has an Q(n°) lower bound then there can not exist an algorithm A that
solves P in O(n log n) time.
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Problem 3 [12%, each 4%]
" "Consider the edge-weighted connected graph G = (¥, E) in the following figure where V' is the
vertex set and E is the edge set of G respectively.

(1) Please find the shortest path from vertex s to ¢ by usmg the Dijkstra's algorithm. Show
your work step by step.

(2) Does the Dijkstra's algorithm allow the edges having negative Wweight in the input
graph? Please give the reasons to support your conclusion.

(3) Give an algorithm that determines whether or not a given undirected graph G=(V, E)
contains a cycle. Your algorithm should run in O(|V]) time, independent of |E].




Problem 4 [21%, each 3%]
Given the program below in C. Please trace the program and fill the 4-1~4~7 b]anks with the

printf output of each statement. .
,%f

#include <stdio.h>

void test0l(int a, int b, int ¢) {

float result;

result = (atb/c—a%b)/4.0;

printf("%. 1f\n”, result): /*  Problem 4~1 */
}

void test02(int a, int b){
int shift;
if (1(0<= a && b<=100))
shift = a>>1 | b¢<1;
else
shift = ad<l | b>>1;
printf ("%d\n”, shift); /¥  Problem 4-2 */
}

void test03(int afl, int size) {

int x=0, 1, 3j;

for (i=0:; i<size; i+ {

for (§=0; j<i; j+o
xt=aljl;

}

printf ("%d\n", x); /*  Problem 4-3 %/
}

void test04(int al], int size) {
enum GRADE {FRESHMAN=1, SOPHOMORE, JUNIOR, SENIOR};
int suw=0, i, level;
for(i=0; i<size; i++) {
switch (alil){
case FRESHMAN: level=l;
case SOPHOMORE: level=2;
break;
case SENIOR: level=3;
case JUNIOR: level=4;
break;
default: level=0;
break;
1
sum = sumt level;
}
printf ("%d\n”, sum); /*  Problem 4-4 */
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void test05(int *p, int *q, int *r) {
int *#pp=kp, **kqg=&q, *rrr&r;
aq = &p; *rr = q;
printf ("%d\n”, *kqq + *¥rr); /% Problem 4-5 #%/
}

void test06{char *1ist[], int size) {
int i=0, first=0;
while(i<size) {
if (stremp(1ist[i], list[first]) < O)
first = 1;
1++;

}
printf ("%s\n”, list[first]); /¥  Problem 4-6 */

int test07(int n) {
int ans;
if {me=1)
ans=0;
else
ans = 1 + test07(n/2);
return (ans);

int main(int arge, char *argv[]) {
int a=9, b=b, ¢=3, arrayl[l=1{1,2, 3, 4,5};
char *s[]={"happy”, “birthday”, "new year”, “memorial day”, “festival”};
test0l(a, b, c);
test02{(a, b);
test03{array, 3);
test04{array, 5);
test05 (karray[0], &arrayll], &array[2]);
test06(s, 5);
printf ("%d\n", test07(5)); /%  Problem 47 %/
return 0;

Problem Answer
4-1
4.2
4-3

= 4-4

4-5

4-6

4-7

Please copy the above answer table to your answer sheet.




Preblem 5 [15%, each 3%]

Please trace the following C++ program and provide the results of the cout statements.

#include <{iostream>
using namespace std; -
class Animal { e
public:
virtual void speak()=0:

. v

b
class Bird : public Animal {

public:
} virtual void speak( { cout << "twitter” <<endl; }
class Mammal : public Animal {

public:

virtual void speak{ ) { cout << "can’t speak” <<endl; }
} void bark( ) { cout << "can’ t bark” <<endl; }.
class Cat : public Mammal {

public: _

void speak( )} { cout < "meow!”; }
| virtual void purr( ) { cout << “"purrrrr” <<endl; }
class Dog : public Mammal {
public:

virtual void speak( ) { cout << "woof!” <<endl; }
} void bark( )} { cout << "wooooof!” <<endl: }
int main(int argc, char *argv[}) {

Dog * d = new Dog( );

Mammal * m = d;

m->bark ( ) ; // problem 5-1
Animal * a = m;
a~>speak ( ) // problem 5-2
Mammal mm = *d;
mm. speak { ) ; // problem 5-3
mm. bark () ; // problem 54

Animal * aa = new Cat( ):
Bird *b = dynamic_cast<Bird *> (aa);
char cast_result[25];

if(b) strepy(cast_result, “Variable was a Bird”);
else strcpy (cast: result, "It was not a Bird”):
cout << cast_result << endl; // problem 5-5
return 0;
}
Problem Answer

5-1

5-2

5-3

5-4

5-5

Please copy the above answer table to your answer sheet.
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Problem 6 {12%, each 3%}

The picture below shows the output result of the following main() program in which the
printUp(int) fumction prints the upper half of the picture and the printDown(int) function prints
the lower half. Please answer problems 6-1~6-4 with the correct statements.

Input Output Input | Output
3 5
10 Error! (1, 3, ...~

#include <stdio.h>
#include <stdlib.h>
void printUp(int num) {
int i=0, k=0;
for(k = 0 ; k < num ; k++{
for (i=1;i< pum—k; i+
printf (. ") :
for (i=0; i<=k; i++)
printf{"%d”, y:
for (i=0; i<k; i++)
printf("%d”, num-k+i+l):
for(i=1; i< num-k; i++
printf{(".");
printf{"\n"});

IACRY

}
void printDown{int num) {
int i=0, k=0;
for (k=0; k< k) {
for(i = i <= k; ivd
prlntf(”.”):
for{i=0; i<pum-k-1; i++)
printf("%d”, ):
for{i = 0 ; i < numrk-2; i+H
printf {("%d", ) ;
for(i =0 ; i <= k; i++)
printf(".");
printf£("\n");
} v

//(6-2)

//(6-3)
//(6-4)

int main(} {
int ¢=0, num=0;
scanf ("%d”, &num) ;
if am<t | | nue>9| | num%2==0) {
printf ("Brror! (1,3,5 7,9 \n");
1
else {
printUp (num) ;
printDown (num) ;

}

return 0;

Problem Answer

6-1

6-2

6-3

6-4

Please copy the above answer table to
your answer sheet.




Problem 7 [12%, each 3%]

In mathematical numeral systems, the base is the number of ynique digits to.represent
numbers. For example, the base is 10 for the decimal system because it usg$ the ten digits
from 0 through 9. Consider the following C program that can transform ‘4"numeral system
into another. The inputs and outputs of this program are given below.

Input Qutput Note

11112 10 1111 (2}=15 (10) (1111), = (15)0
15102 15 (10)=1111 {2) (15, =(1111}
2345 234 (5)=1000101 (2) (234)s = (1000101)2

Please trace this C program and answer problems 7-1~7-4 with the correct statements.
#include <stdio.h> :
#include <math.h>
// Transfer x_(basel=10) to result(baseZ)
// Transfer x_(basel) to result{base2=10)
int transformlQ (int x, int basel, int base2) {
int remainder=0;
int result=0;
int index=l;

while (x> > /1 (11
remainder = x % ; /! (7-2)
result = result + remainder ; // (7-3)
index = index * ; /7 (-4
% = x / baseZ;

}

return result;
}
int transform(int x, int basel, int base2) {
int temp=transformi0{x, basel, 10);
return transformlO{(temp, 10, base2);

int main{) {
int x;
int basel=0, base2=0;
scanf ("%d %d %d”, &x, &basel, &base2);
printf ("%d_(%d) =%d_{%d)\n", x, basel, transform(x, basel,base?), base?):
return 0;

Problem Answer
7-1
7-2
7-3
7-4

Please copy the above answer table to your answer sheet.
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Problem 8 [12%, each 2%]
Consider the following C-++ program that implements a binary tree structure. Please trace this
C++ program and answer problems 8-1~8-6 with the correct statements. The output of this

program is: 579 10 16 28

#iinclude (Gostream>
using namespace std;
class Node {
private:
int _data;
public:
Node* leff, * right;
Node (int data) {
_data = data;
left = right = NULL;

}
"Node ) { }
int getData() { return _data; }
b
class Tree |
Node* root;
void destroy(Node *leaf);
void insert (int key, Node *leaf);
public:
Tree{) ;
void insert{int key):
void destroy() { destroy(root) ;}
void print(};
}:

Tree::Tree() { root=NULL; }
Tree:: Tree() { destroy(); }
void Tree::destroy(Node *leaf) {
if(leaf!=NULL) {
destroy (Jeaf—>left) ;
destroy (leaf—>right) ;
delete leaf’;
}
}
void Tree::insert(int key, Node #p) {

if (key< y // (8~1a)
if (p->left!=NULL)
insert (key, p—>left);
else {
p—oleft=nsw ; /7 (8-2a)

pﬁ)lef£;>left=NULL;
p>left->right=NULL;
e

else if(key >= y { /(@1
if (p—>right !=NULL)
insert(key, p—>right):
else {
p—rright=new R
prright->left=NULL;
p=>right->right=NULL;
}
}
}
void Tree::insert({int key) {
if (root !=NiLL)
insert( )
else {
root=new Node (key) :
root—>left=root->right=
1
]
void Tree::print() {
Node *p = root;
Node * stack[20];
int top=-1;
while (1) {
if (p==NULL) {
if (top<0) break;
p = stack| 1, /(8B
cout{<p—rgethata()<<” ”;
p = p—oright;

// (8-2b)

//(8-3)

 //(8-4)

}

else {

stack] I=p;
p = p—rleft;

//(8-6)

}
}
int main() {
~ int datall = {5, 16, 7, 28, 9, 10};
Tree t;
for (int i=0;i<6;i++) t.insert(datalil);
t.print();
-t, destroy();
return 0;




Problem Answer
8-1a -~ 8-1b
8-2a -~ 8-2b
8-3
8-4
8-5
8-6
Please copy the above answer table to your answer sheet.




