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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 do NOT need
to justify them.

(1) T(n)=T(n/2)tclogn

(2) T(n=T(n-1)+1/n

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

(4) Performing a breadth-first search on a graph G = (¥, E) where |V] = n and |E| = m.

Problem 2 [8%, each 2%]

Mark by T (=true) or F (=false) each of the following:

(1) If a problem is NP-complete, this implies that such a problem is no solution at all.

(2) There are no graphs for which Prim’s algorithm can run faster than Kruskal’s algorithm.

(3) Suppose problem P; can be reduced to problem P; in linear time. Then, if P; is NP-hard
then P; is NP-hard.

(4) The best asymptotic running time for determining the shortest path between a given pair c

vertices in a directed graph with positive weights is O(m log n), given |V] = n and |E| = m.

Problem 3 [8%, each 4%]
Answer the following questions about heap-based priority queues. Assume a maximum-

oriented priority queue.

(1) Please give the two major algorithms to fix the heap: top-down and bottom-up
heapifying. Your algorithms should run in O(log n) time.

(2) Give the algorithms that implement the two major operations of a heap-based priority

queue: insert, and remove the maximum.

Problem 4 [6%]
Let T be a binary tree rooted at r with vertex set ¥ and edge set E. Suppose it is represented

using adjacency list format. If node  is an ancestor of v, there is a path from 7 to v passing
through u. Consider the function ancestor(u, v) which returns TRUE if u is an ancestor of v
and FALSE otherwise. In order to have this function run in O(1) time, we are asked to design
an algorithm to preprocess the tree. Please provide a linear time, i.e., O(|VIHE]) time,

algorithm for this preprocessing.

Problem 5 [30%, each 3%)]
Given the program below in C. Please trace the program and fill the 5-1~5-10 blanks with the

printf output of each statement.

Problem Answer
5-1
5-2
5-3
5-4
5-5
5-6
5-7
5-8
5-9
5-10

Please copy the above answer table to your answer sheet.
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#include<stdio.h>
#include<string.h>
int test01(int n){

if(n<=1)return 1;

else return n * test01(n - 1);
}
int test02(){

enum {CLUBS, DIAMONDS,
HEARTS, SPADES} s;

int i = DIAMONDS;

s = HEARTS,; }
gtt: int test08(){
i=1i+s+ SPADES; inti=0;
return i; return i++;
} }
int test03(int n){ int test09(int n){
int rem; inti=1;
do { while (i <n) i *=2;
n/=10; return i;
rem=n % 10; }
if (rem != 0) break; int test10(int n){
} while (n > 0); int div;
return rem; if (n <= Dreturn 0;
} for (div =2; div * div <=n; div++)
int test04(){ if (n % div == 0) return 0;
char str1[10], str2[10]; return 1;
strepy(strl, "abc"); }
strepy(str2, "abce"); int main(){
strcat(strl, strcat(str2, "ghi")); printf("%d\n", test01(3));  // Problem 5-1
return stremp(strl, str2); printf("%d\n", test02()); // Problem 5-2
} printf("%d\n", test03(123)); // Problem 5-3
int test05(){ printf("%d\n", test04()); // Problem 5-4
inta[] ={1, 2, 3,4, 5}; printf("%d\n", test05()); // Problem 5-5
int *p, *q; printf("%d\n", test06()); // Problem 5-6
p = &a[8]; printf("%d\n", test07());  // Problem 5-7
q=p-3; printf("%d\n", test08()); // Problem 5-8
p-—=6; printf("%d\n", test09(100)); // Problem 5-9
return p - q; printf("%d\n",test10(7));  // Problem 5-10
} return 0;
int test06(){ }
int v = 0xFF;
v&=1;
vI=0;
v <<=3;
v>>=1;
return v;
}

int test07(){

int grade =4, ans = 0;

switch (grade) {
case 4: ans+=4;
case 3: ans+=3;
case 2: ans+=2;
case 1: ans+=1;
default: ans = 0;

}

return ans > 0 7 ans : 0;

Problem 6 [18%, each 3%)]

Given the program below in C++. Please trace the program and fill the 6-1~6-6 blanks with

the cout output of each statement.

#include <iostream>
using namespace std;
class Number {
public:
Number(int x, int y): real(x){
plmaginary = new int(y);
}
Number(Number &cn) {
int n= (*cn.pImaginary)+1;
real = cn.real + 1;
pImaginary = new int(n);
}
int getNumber() {
return real+(*pImaginary);
}
void addImaginary(int n) {

plmaginary += n;

void newImaginary(int n) {
delete pImaginary;
plmaginary = new int[n];
setlmaginary(n);

}

int getReal() { return real; }

int getImaginary(int i) {
return pImaginaryl[i];

}

void compute() {
plmaginary = &real;

}

void compute(Number *cn) {
cn = new Number(3, 4);

}

void compute(Number &cn) {
cn = Number(5, 6);

}

Number compute(Number cn, int n) {
cn.real += n; return cn;

}

void deleteImaginary() {
delete pImaginary;

) :

private:

void setlmaginary(int n) {
for (inti=0;1<n;itt+)
plmaginary[i] = 1*2+1;

}
int real;
int *pImaginary;

¥

int main() {
Number cnl(1, 2);
cout<<cnl.getNumber()<<endl; //Problem 6-1
Number cn2(3, 4);
cn2.compute();
cout<<cn2.getNumber()<<endl; //Problem 6-2
Number cn3(5, 6);
cn3.newlmaginary(3);
cout<<cn3.getReal()<<endl,;
Number cn4(7, 8);
cn4.newlmaginary(5);
cout<<cn4.getImaginary(3)<<endl;//Problem 6-4
Number cn5(9, 10);
cn5.newlmaginary(7);
cn5.addImaginary(1);
cout<<cn5.getNumber()<<endl; //Problem 6-5
Number cn6(11, 12);
cout<<cn6.compute(cn6, 1).getNumber()<<endl;

//Problem 6-6

//Problem 6-3

return 0;

Problem

Answer

6-1

6-2

6-3

6-4

6-5

6-6

Please copy the above answer table to your answer sheet




TProblem 7 [18%, each 3%]

=R #=R

“The following C++ program is specifically designed to implement a "Door Alter System".
Please trace this program and answer problems 7-1~7-6 with the correct statements. The

output of this program is: "HELP! OK! Urgent! OK!".

r#include <iostream>
#include <string>
using namespace std;
class Alert{
public:
Alert() { warning = 0;}
void sendAlert(int code) {
warning = code;
if (code==2) cout<<"Urgent! ";
else if (code==1) cout<<"HELP! ";
}
bool (O { // problem 7-1
if (warning==0) return false;
return true;
i
prvate:
int warning;
55
class Door{
public:
Door() { status.assign("CLOSE"); }
string getStatus() { return status;}
void setStatus(string s) {
status.assign(s);

private:
string status;

class IMonitor{

public:
virtual ; // problem 7-2
|
class Monitor:public IMonitor{
public:

Monitor(Door *d) { door=d; }
int execute() {
string s = door->getStatus();
if (s.compare("BROKEN")==0)

return 2;
else if (s.compare("OPEN")==0)
return ;  // problem 7-3

else return 0;

}

private:

Door *door;
3
class Server {
private: :
IMonitor ; // problem 7-4
Alert *alert;

public:
Server(Alert* a) {
alert = a;
}

void monitor() {
int code = doorMonitor->execute();
if (code>0)
alert-> ; // problem 7-5
}
void setMonitor(IMonitor *dm) {
doorMonitor = ___; //problem 7-6

}
b
void testAlert(string msg) {
Door *door = new Door();

Alert *alert =new Alert();
IMonitor *monitor = new
Monitor(door);

Server *server = new Server(alert);
server->setMonitor(monitor);
door->setStatus(msg);
server->monitor();
if (lalert->wasAlertSend())
cout<<"OK! ";
}
int main() {
testAlert("OPEN");
testAlert("CLOSE");
testAlert("BROKEN");
testAlert("HELP");
return 0;

Problem

Answer

7-1

7-2

7-3

7-4

7-5

7-6

Please copy the above answer table to your answer sheet

Problem 8 [4%]

Complete the below class diagram for Problem 7 program.

Server

+ monitor()
+ setMonitor(IMonitor)

Alert
- warning
+ sendAlert(int)
+ wasAlertSend()

- status —1

<<interface>>
IMonitor

+ execute()

Door

- status

Monitor
O—

+ execute()

+ getStatus()
+ setStatus(string)







