HKOI2004 Heat Event (Senior Group)


Assume that all variables without declaration shown in the following program segments have already been declared properly. Integers and long integers in problem statements are 16-bit signed variables and 32-bit signed variables respectively.

Section A

For each question, choose the most appropriate answer and write the letter (A, B, C, D) in the corresponding space on the answer sheet.

1.
What is the output of the following program?
Pascal Version

program SectA_Q1;

var i: integer;

procedure f(a : integer);

begin

  if a div 10=0 then

    write(a) 

  else
  begin

    write(a mod 10);

    f(a div 10);

  end;

end;

begin

  f(12345);

end.


C Version

#include <stdio.h>

int i;

void f(int a) {

  if (a/10==0)

    printf("%d",a);

  else {

    printf("%d",a%10);

    f(a/10);

  }

}

int main() {

  f(12345);

  return 0;

}

A.
12345

B.
54321

C.
135

D.
None of the above

2.
Suppose A, B, C and D are 4 sets of numbers. If A is a subset of B, B is a subset of C and D is a subset of B, which of the following statements MUST be true?


(i)
A is a subset of D


(ii)
D is a subset of C

A.
(i) only

B.
(ii) only

C.
(i) and (ii)

D.
None of them

Please refer to the following diagram for questions 3-4
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Given 6 isolated islands represented by circles. The dotted lines are bridges that can be built between the islands. The cost of constructing a bridge is represented by the number next to the dotted line.

3.
What is the minimum number of bridges required to connect the 6 islands so that there exists at least one route to travel between any pair of islands?

A.
5

B.
6

C.
7

D.
8

4.
What is the minimum construction cost to connect the islands?

A.
41

B.
42

C.
43

D.
44

Read the following paragraph and programs, then answer questions 5-7.

A Pythagorean triple is an ordered set of three integers (a,b,c) such that a2 + b2 = c2. For example (3,4,5) and (4,3,5) are two different Pythagorean triples. A teacher asks three of his students to write a program to display all Pythagorean triples such that a, b, c are positive integers not greater than 100. Here are their programs:

Program X

Pascal Version

program Prog_X;

const N: longint=100;

var a,b,c: longint;

begin

  for a := 1 to N do

    for b := 1 to N do

      for c := 1 to N do

        if a*a+b*b=c*c then

          writeln(a,' ',b,' ',c);

end.


C Version

#include <stdio.h>

const long N=100;

long a,b,c;

int main() {

 for (a=1; a<=N; a++)

   for (b=1; b<=N; b++)

     for (c=1; c<=N; c++)

      if (a*a+b*b==c*c)

        printf("%ld %ld %ld\n",a,b,c);

 return 0;

}

Program Y

Pascal Version

program Prog_Y;

const N: longint=100;

var

  a,b: longint;

  c: real;

begin

  for a:=1 to N do

    for b:=1 to N do

    begin

      c:=sqrt(a*a+b*b);

      if c=trunc(c) then

        writeln(a,' ',b,' ',c:0:0);

    end;

end.


C Version

#include <stdio.h>

#include <math.h>

const long N=100;

long a,b;

float c;

int main() {

  for (a=1; a<=N; a++)

    for (b=1; b<=N; b++) {

      c=sqrt(a*a+b*b);

      if (c==floor(c))

       printf("%ld %ld %.0f\n",a,b,c);

    }

  return 0;

}

Program Z

Pascal Version

program Prog_Z;

const N: longint=100;

var

  a,c: longint;

  b: real;

begin

  for a:=1 to N do

    for c:=a+1 to N do

    begin

      b:=sqrt(c*c-a*a);

      if b=trunc(b) then

        writeln(a,' ',b:0:0,' ',c);

    end;

end.


C Version

#include <stdio.h>

#include <math.h>

const long N=100;

long a,c;

float b;

int main() {

  for (a=1; a<=N; a++)

    for (c=a+1; c<=N; c++) {

      b=sqrt(c*c-a*a);

      if (b==floor(b))

       printf("%ld %.0f %ld\n",a,b,c);

    }

  return 0;

}

5.
Which of the programs fulfill the teacher’s requirements?

A.
Program X and Program Y only

B.
Program Y and Program Z only

C.
Program X and Program Z only

D.
All of them

6.
The teacher wants to extend the range of a, b and c from 100 to 3000, so he changes the line "const N: longint=100;" ("const long N=100;" in C Version) to "const N: longint=3000;" ("const long N=3000;" in C Version), then re-compiles and runs the programs. He notices that the execution times of the programs differ significantly. Arrange the execution times of the programs in ascending order. (Disregard the fact that some program may not fulfill the teacher’s requirement)

A.
Program X < Program Y < Program Z

B.
Program Y < Program Z < Program X

C.
Program X < Program Z < Program Y

D.
Program Z < Program Y < Program X

7.
Furthermore, the teacher wants to extend the range to include the triple (30000,40000,50000). He changes the line "const N: longint=100;" ("const long N=100;" in C Version) to "const N: longint=50000;" ("const long N=50000;" in C Version), then re-compiles and runs the programs. Which program(s) can output the line "30000 40000 50000"?

A.
None of them

B.
Program X only

C.
Program X and Program Y only

D.
Program X and Program Z only 

8.
f(n) is a function which takes a positive integer parameter. Now we have another function F(n) = f(1)+f(2)+f(3)+...+f(n). Which of the following expressions is equivalent to the expression f(n)+f(n-1), where n>3?

A.
F(n+1)-F(n)
B.
F(n+1)-F(n-1)
C.
F(n)-F(n-1)
D.
F(n)-F(n-2)
9.
The following is the truth table for "A nand B":

	A
	B
	A nand B

	T
	T
	F

	T
	F
	T

	F
	T
	T

	F
	F
	T



Which of the following expressions is equivalent to the expression "(A nand B) nand (B nand A)"?

A.
A or B

B.
A and B

C.
(not A) or (not B)

D.
(not A) and (not B)

10.
Consider the following program segment. Suppose a[0..n-1] (a[n] in C Version) is an array of distinct integers.

Pascal Version

for i:=0 to n-1 do

begin

  k:=(2*i) mod n;

  t:=a[i];

  a[i]:=a[k];

  a[k]:=t;

end;


C Version

for (i=0; i<n; i++) {

  k=(2*i)%n;

  t=a[i];

  a[i]=a[k];

  a[k]=t;

}

If the content of all elements in a[] remains unchanged after the execution of the above program segment, which of the following numbers is a possible value for n?

A.
2

B.
3

C.
4

D.
None of the above

11.
Swap is an operation that exchanges the positions of any two numbers. Given two lists, List A: 3,2,5,1,4 and List B: 1,2,3,4,5. What is the minimum number of swaps needed to convert List A into List B, using swaps only?

A.
2

B.
3

C.
4

D.
5

12
There are 2003 baskets and we have put 2004 apples into these baskets. Which of the following statements MUST be true?

(i)
Exactly one basket contains two apples.

(ii)
Each basket contains at least one apple.

A.
(i) only

B.
(ii) only

C.
(i) and (ii) 

D.
None of them 

13.
Which of the following expressions generates a random number between -99 and 99 inclusive?

Pascal Version

A.
random(199)-99

B.
random(200)-99

C.
random(100)*(random(2)-1)

D.
random(99)-random(99)


C Version

A.
rand()%199-99

B.
rand()%200-99
C.
rand()%100*(rand()%2-1)
D.
rand()%99-rand()%99
14.
Given two real numbers A and B such that A < B. Which of the following expressions MUST be true?

A.
cos A < cos B

B.
A2 < B2

C.
10A < 10B
D.
None of the above

15.
Let a[1..n] (a[n] in C Version) be an array of n floating point numbers. Which of the following program segments calculate the mean of the numbers MOST precisely?

Pascal Version

A.

sum:=0.0;

for i:=1 to n do

  sum:=sum+a[i];

mean:=sum/n;

B.

mean:=0.0;

for i:=1 to n do

  mean:=mean+a[i]/n;

C.

mean:=0.0;

for i:=1 to n do

  mean:=(mean*(i-1)+a[i])/i;

D.
All of the above program segments will give the same precision.


C Version

A.

sum=0.0;

for (i=0; i<n; i++)

  sum+=a[i];

mean=sum/n;

B.

mean=0.0;

for (i=0; i<n; i++)

  mean+=a[i]/n;

C.

mean=0.0;

for (i=0; i<n; i++)

  mean=(mean*i+a[i])/(i+1);

D.
All of the above program segments will give the same precision.

16.
Suppose m and n are integer variables and their product is within the integer variable range. Which of the following program segments can always output the product of m and n?

Pascal Version

(i)

writeln(m*n);

(ii)

k:=0;

for i:=1 to m do

  k:=k+n;

writeln(k);

(iii)

k:=0;

for i:=1 to m do

  for j:=1 to n do

    k:=k+1;

writeln(k);


C Version

(i)

printf("%d\n",m*n);

(ii)

k=0;

for (i=0; i<m; i++)

  k+=n;

printf("%d\n",k);

(iii)

k=0;

for (i=0; i<m; i++)

  for (j=0; j<n; j++)

    k++;

printf("%d\n",k);

A.
(i) only

B.
(i) and (ii) only

C.
(i) and (iii) only

D.
(i), (ii) and (iii)

17.
Suppose a, b and c are integer variables. Which of the following program segments can always swap the contents of a and b?

Pascal Version

(i)

c:=a;

a:=b;

b:=c;

(ii)
a:=a+b;

b:=a-b;

a:=a-b;

(iii)
a:=a*b;

b:=a div b;

a:=a div b;


C Version

(i)


c=a;

a=b;

b=c;

(ii)

a=a+b;

b=a-b;

a=a-b;

(iii)

a=a*b;

b=a/b;

a=a/b;

A.
(i) only

B.
(i) and (ii) only

C.
(i) and (iii) only

D.
(i), (ii) and (iii)

18.
A Hamming number is a positive integer with no prime factors other than 2, 3 or 5. For example, 12 (=2x2x3) is a Hamming number while 14 (=2x7) is not. Note that 1 is defined as a Hamming number. Which of the following statements MUST be true?

(i)
if m is a Hamming number and m is divisible by 2, then (m/2) is also a Hamming number.

(ii)
if m is a Hamming number and m is divisible by 6, then (m/6) is also a Hamming number.

A.
(i) only

B.
(ii) only

C.
(i) and (ii)

D.
None of them

19.
Which of the following conditions MUST be met if we want to use Binary Search to determine whether a number exists in an array of numbers?


(i)
All numbers in the array must be unique


(ii)
The array must be sorted (in ascending order or in descending order)

A.
(i) only

B.
(ii) only

C.
(i) and (ii)

D.
None of them

20.
Suppose r is a floating point variable. Which of the following expressions truncates r to 2 decimal places?

Pascal Version

A.
trunc(r,2)

B.
trunc(r*100)*0.01

C.
trunc(r*100+0.5)*0.01

D.
(trunc(r*100)+0.5)*0.01


C Version


A.
floor(r,2)


B.
floor(r*100)*0.01

C.
floor(r*100+0.5)*0.01

D.
(floor(r*100)+0.5)*0.01
21.
Consider the following program segment:
Pascal Version

if n<50 then

  writeln('H')

else if n>50 then

  writeln('K')

else if n<100 then

  writeln('O')

else

  writeln('I');


C Version

if (n<50)

  printf("H\n");

else if (n>50)

  printf("K\n");

else if (n<100)

  printf("O\n");

else

  printf("I\n");

Which of the following is NOT a possible output of the above segment?

A.
H
B.
K
C.
O
D.
I

22.
What is the output of the following program?

Pascal Version

program SectA_Q22;

var i,j,k: integer;

begin

  k:=0;

  for i:=1 to 10 do

    for j:=1 to i do

      if i mod j=0 then

        k:=k+1;

  writeln(k);

end.


C Version

#include <stdio.h>

int i,j,k;

int main() {

  k=0;

  for (i=1; i<=10; i++)

    for (j=1; j<=i; j++)

      if (i%j==0)

        k++;

  printf("%d\n",k);

  return 0;

}

A.
25
B.
26
C.
27
D.
28

23.
What is the output of the following program?

Pascal Version

program SectA_Q23;

var a,b: integer;

begin

  b:=7;

  a:=3;

  while a<=b do

  begin

    if a mod 2=0 then b:=b+1;

    a:=a+1;

  end;

  writeln(b);

end.


C Version

#include <stdio.h>

int a,b;

int main() {

  b=7;

  a=3;

  while (a<=b) {

    if (a%2==0) b++;

    a++;

  }

  printf("%d\n",b);

  return 0;

}

A.
8
B.
9
C.
10
D.
11
24.
What is the output of the following program?

Pascal Version

program SectA_Q24;

var a,b: integer;

function f(a: integer): integer;

begin
  a:=-a;

  f:=a;

end;

begin
  a:=2004;

  b:=f(a);

  writeln(a,' ',b);
end.

C Version

#include <stdio.h>

int a,b;

int f(int a) {

  a=-a;

  return a;

}

int main() {

  a=2004;

  b=f(a);

  printf("%d %d\n",a,b);

  return 0;

}

A.
2004 2004
B.
2004 -2004
C.
-2004 2004

D.
-2004 -2004
END OF SECTION A

Section B

The blanks are named from A to R. Please fill in the blanks on the answer sheet.

1.
The following program reverses a string. For example, “ABCD” is reversed to “DCBA” by the program. Fill in the blanks.

Pascal Version

program SectB_Q1;

var

  s: string;

  i,len: integer;

  temp: char;

begin

  readln(s);

  len:=length(s);

  for i:=1 to len      A      do

  begin

    temp:=s[i];

    s[i]:=s[     B     ]; 

    s[     C     ]:=temp;

  end;

  writeln(s);

end.


C Version

#include <stdio.h>

#include <string.h>

char s[256];

int i,len;

char temp;

int main() {

  gets(s);

  len=strlen(s);

  for (i=0; i<len      A     ; i++) {

    temp=s[i];

    s[i]=s[     B     ];

    s[     C     ]=temp;

  }

  printf("%s\n",s);

  return 0;

}

2.
Suppose there are n candies and some boxes. Each box can hold at most m candies. Complete the following program so that it outputs the minimum number of boxes required to put all candies into the boxes.

Pascal Version

program SectB_Q2;

var n,m: integer;

begin

  readln(n,m);

  writeln(     D     ,' boxes needed');

end.


C Version

#include <stdio.h>

int n,m;

int main() {

  scanf("%d %d",&n,&m);

  printf("%d boxes needed\n",   D   );

  return 0;

}

3.
Write down the values (true/false) of boolean variables A, B, C and D such that all of the following five boolean expressions are true. (     E     )

1.
A or (not B)

2.
(not A) or D

3.
B or C

4.
(not C) or (not D)

5.
D or A

4.
Consider the following program segment:

Pascal Version

writeln('X.....X');

writeln('.X...X.');

writeln('..X.X..');

writeln('...X...');

writeln('..X.X..');

writeln('.X...X.');

writeln('X.....X');

C Version

printf("%s\n", "X.....X");

printf("%s\n", ".X...X.");

printf("%s\n", "..X.X..");

printf("%s\n", "...X...");

printf("%s\n", "..X.X..");

printf("%s\n", ".X...X.");

printf("%s\n", "X.....X");


What should be filled in the blank so that the following program segment does exactly what the above statements do?

Pascal Version

for i := 1 to 7 do
begin

  for j := 1 to 7 do

    if      F      then

      write('X')

    else

      write('.');

  writeln;

end;


C Version

for (i=1; i<=7; i++) {

  for (j=1; j<=7; j++)

    if (     F     ) 

      printf("X");

    else

      printf(".");

  printf("\n");

}

5.
The following program checks whether the input number is a power of 3. Fill in the blanks.

Pascal Version

program SectB_Q5;

var n: integer;

begin

  readln(n);

  if n<=0 then

    writeln('Not a power of 3.')

  else

  begin

    while n mod 3=0 do

      n:=     G     ;

    if      H      then

      writeln('A power of 3.')

    else

      writeln('Not a power of 3.');

  end;

end.


C Version

#include <stdio.h>

int n;

int main() {

  scanf("%d",&n);

  if (n<=0)

    printf("Not a power of 3.\n");

  else {

    while (n%3==0)

      n=     G     ;

    if (     H     )

      printf("A power of 3.\n");

    else

      printf("Not a power of 3.\n");

  }

  return 0;

}

6.
Write down the output of the following program. (     I     )

Pascal Version

program SectB_Q6;

function f(n :integer): integer;

begin

  if(n<=1) then

    f:=1

  else

    f:=f(n-1)+f(n-2);

end;

begin

  writeln(f(10));

end.


C Version

#include <stdio.h>

int f(int n) {

  if (n<=1)

    return 1;

  else

    return f(n-1)+f(n-2);

}

int main() {

  printf("%d\n",f(10));

  return 0;

}

7.
Given n distinct integers. What is the minimum number of comparisons needed to find the smallest integer if each comparison involves only two integers? Express your answer in terms of n. (     J     )

8.
The following program segment reverses a linked list. The linked list terminates when next=nil (next==NULL in C Version). Fill in the blanks.

Pascal Version

type

  pNode=^Node;

  Node =record

           data: integer;

           next: pNode;

         end;

function reverse(src: pNode): pNode;

var dst,temp: pNode;

begin

  dst:=nil;

  while src<>nil do

  begin

    temp:=src^.next;

    src^.next:=     K     ;

dst:=     L     ;

src:=temp;

  end;

  reverse:=dst;

end;


C Version

typedef struct Node *pNode;

struct Node {

  int data;

  pNode next;

};

pNode reverse(pNode src) {

  pNode dst,temp;

  dst=NULL;

  while (src!=NULL) {

    temp=src->next;

    src->next=     K     ;

dst=     L     ;

src=temp;

  }

  return dst;

}

9.
Write down the output of the following program. (     M     )

Pascal Version

program SectB_Q9;

procedure r(x: integer);

begin

  if (x<=1) then

    write(x)

  else

  begin

    r(x-1);

    r(x-2);

  end;

end;

begin

  r(4);

end.


C Version

#include <stdio.h>

void r(int x) {

  if (x<=1)

    printf("%d",x);

  else {

    r(x-1);

    r(x-2);

  }

}

int main() {

  r(4);

  return 0;

}

10.
The purpose of the following program is to read a string from standard input, replace ALL occurrences of "HKOI2003" in the string with "HKOI2004" and output the updated string to standard output. However, it does not always work as expected. Write down an input string such that the program fails to produce a correct output.

(     N     )

Pascal Version

program SectB_Q10;

var s: string;

     k: integer;

begin

  readln(s);

  k:=pos('HKOI2003',s);

  if k<>0 then

    s[k+7]:='4';

  writeln(s);

end.


C Version

#include <stdio.h>

#include <string.h>

char s[256], *k;

int main() {

  gets(s);

  k=strstr(s,"HKOI2003");

  if (k!=NULL)

    *(k+7)='4';

  printf("%s\n",s);

  return 0;

}

11.
Given the following 4x4 board. Starting from the top-left corner of the board, you can move to any adjacent cell if the number in that cell is greater than the number in the current cell. The sum of all numbers in the cells you have visited is your score. What is the highest possible score you can achieve? (     O     )

	1
	2
	5
	6

	16
	17
	3
	8

	13
	30
	12
	10

	2
	4
	13
	19


12.
Among all 5-digit integers composed of the digits '1', '2', '3', '4' and '5', each digit appearing exactly once, how many of them are smaller than 53412? (     P     )

END OF PAPER
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