HKOI2007 Heat Event (Junior Group)


Assume that all variables without declaration shown in the following program segments have already been declared properly. Integers (integer/int) and long integers (longint/long) in problem statements are 16-bit signed variables and 32-bit signed variables respectively. Assume all the programs are compiled properly without using any compiler flag (except the "-o" option in C).
Notations

For any real number x,

(1) 
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 denotes the largest integer not greater than x.

(2) 
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 denotes the smallest integer not less than x.

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.    Which of the following Boolean expressions MUST evaluate to true?

(i)
(A and B) or (not A and not B)

(ii)
(A or B) and (not A or not B)

(iii)
(A and not A) or (B and not B)

(iv)
(A or not A) and (B or not B)

A. (iii) only
B. (iv) only
C. (i) and (iv) only
D. (ii) and (iii) only
2.    Suppose a and b are non-negative integers and function max(a, b) and function min(a, b) return the maximum 
and minimum among a and b respectively. Which of the following statements MUST be true?

(i)
min(max(a - b, b), min(a, b - a)) always returns a negative value.

(ii)
max(a + b, a - b) returns the value of (a + b).

(iii)
(a - b) must be non-negative after the execution of the following program segment:
Pascal Version

a := max(a, b);

b := min(a, b);

C Version

a = max(a, b);

b = min(a, b);

A. (i) only

B. (iii) only

C. (i) and (ii) only

D. (ii) and (iii) only
3.    Assuming that one can only travel to the right or upwards, how many ways are there to go from (0,0) to (3,3) ? (The 
bold line below represents one possible way.)
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A. 9

B. 64

C. 20

D. 720
4.    Consider the following program:

Pascal Version
program SectA_Q4;

var

  i : integer;

begin

  while true do

  begin

    readln(i);

    if i = -1 then

      break;

  end;

end.

C Version

#include <stdio.h>

int main() {

  int i;

  while (true) {

    scanf("%d", &i);

    if (i == -1)

      break;

  }

  return 0;

} 

Which of the following inputs will cause the program to exit?

(i)
-1
(ii)
32768
(iii)
65535
A. (i) only

B. (i) and (ii) only
C. (i) and (iii) only
D. (i), (ii) and (iii)
5.    Consider the following program segment:

Pascal Version

i := 0;

j := 0;

while i < 20 do

  begin

    writeln('*');

    inc(j);

    if j > i then

      begin

        j := 0;

        i := i+1;

      end;

  end;


C Version

i = 0;

j = 0;

while (i < 20) {

  printf("%c\n", '*');

  ++j;

  if (j > i){

    j = 0;

    ++i;

  }

}
How many ‘*’’s will be outputted?

A. 190

B. 200

C. 210

D. 220

6.    Suppose p is an integer greater than 1. Which of the following statements does NOT imply p is prime?

A. p is not divisible by any prime numbers less than p.

B. p is odd and p is not divisible by any odd integer n where 
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C. p is not divisible by any integer n where 
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D. p is not divisible by any integer n where 
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7.    Suppose x, a, b and c are integers. Which of the following statements is/are error free?
Pascal Version

(i)
x := a + b – c;
(ii)
x := a * b div c;
(iii)
x := a + b * trunc(sqrt(c));

C Version

(i)
x = a + b – c;
(ii)
x = a * b / c;
(iii)
x = a + b * (int) sqrt(c);
A. (i) only

B. (ii) only

C. (iii) only

D. (i) and (ii) only

8.    What is the output of the following program?

Pascal Version

program SectA_Q8;

var

  n, r, i : integer;

  a : array[1..10] of integer;

begin

  n := 10;

  r := 2;

  a[1] := 1;

  for i := 2 to n do

    a[i] := r * a[i-1];

  writeln(a[n]);

end.


C Version

#include <stdio.h>

int main(){

  int n, r, i, a[10];

  n = 10;

  r = 2;

  a[0] = 1;

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

    a[i] = r * a[i-1];

  printf("%d\n", a[n-1]); 

  return 0;

}

A. 128
B. 256
C. 512
D. 1024
9.    What is the output of the following program? (Given the ASCII value of 'A' is 65.)
Pascal Version

program SectA_Q9;

var

  s : string;

  i : integer;

begin

  s := 'HKOIHKOI';
  for i := 1 to length(s) do

    s[i] := chr(64 + 27 - ord(s[i]) + 64);

  writeln(s);

end.

C Version

#include <stdio.h>
#include <string.h>
int main(){

  char s[] = "HKOIHKOI";

  int i;

  for (i = 0; i < strlen(s); ++i)

    s[i] = 64 + 27 - s[i] + 64;

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

  return 0;

}

A. SPLRSPLR
B. UXBVUXBV
C. BEICBEIC
D. YVRXYVRX
10.   An ant is on the number line at position zero. For each second, it will move one unit to the left or to the right with 
equal chance. What is the probability that it is at position zero after 7 seconds?

A. 0

B. 
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11.   Given that c is a character, which of the following evaluate(s) to true if and only if c is an upper case letter?

Pascal Version

(i)
(c >= 'A') and (c <= 'Z')
(ii)
NOT((c < 'A') and (c > 'Z'))
(iii)
(ord(c)-ord('A')) * (ord(c)-ord('Z')) <= 0

 C Version

(i)
c >= 'A' && c <= 'Z'
(ii)
!(c < 'A' && c > 'Z')
(iii)
(c-'A') * (c-'Z') <= 0

A) (i) only

B) (i) and (ii) only

C) (i) and (iii) only

D) (ii) and (iii) only

12.   Suppose n = 210210120120(3). What is the remainder when n is divided by 7(10)?

A. 0(10)
B. 1(10)
C. 2(10)
D. 3(10)
13.   30 prizes are distributed to 29 students. Which of the following MUST be true?

(i)
At least one student gets exactly two prizes.

(ii)
Each student gets at least one prize.

A. (i) only

B. (ii) only

C. (i) and (ii)

D. None of them

14.   A display unit is designed to show a character which can be any of the 26 alphabets. What is the minimum number of 
bits required to represent one character?

A. 3

B. 4

C. 5

D. 6

15.  Furthermore, if the character shown by the display unit can either be one alphabet or one digit (i.e. 0 to 9), what will be the minimum number of bits required to represent the character?

A. 5
B. 6
C. 7
D. 8
16.  Consider a Boolean operator “(”with the following truth table:

	A
	B
	A(B

	F
	F
	T

	F
	T
	T

	T
	F
	F

	T
	T
	T


Which of the following expressions is equivalent to U((V and U)?

A. not V or U
B. V and not U
C. not V and U
D. V or not U
17.  What is the output of the following program segment?
Pascal Version

writeln(12 mod -10);


C Version 

printf("%d\n", 12 % -10);

A. -2
B. 0
C. 2
D. Runtime error occurs.

18.  How many distinct strings can be formed by rearranging characters in "HKOI2007"?

A. 40320

B. 5040

C. 20160

D. 12007

19.  Which of the following may NOT be done on an array of integers?

A. Finding the kth element without scanning other elements

B. Using binary search to find an integer without changing any elements of the array
C. Removing any element of the array

D. Exchanging the values of two elements

20.   In the following diagram, each circle should be filled with a colour such that no adjacent circles have the same colour.              What is the minimum number of colours required? (Two circles are adjacent if and only if they are the endpoints of a line.)
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A. 2

B. 3

C. 4

D. 5

21.   Four people would like to cross a bridge. However, it was dark and they only had one flashlight. Only two people can 
be on the bridge at any moment. They decided that every time two people would cross the bridge and then one person 

would bring the flashlight back if someone is still on the other side. The time it takes for two people to cross the
 bridge is the maximum of the time each of them takes to cross the bridge. Suppose the four people require 1 minute,
 2 minutes, 5 minutes and 10 minutes to cross the bridge respectively. What is the minimum time required for all of
 them to reach the other side?

A. 15 minutes

B. 17 minutes

C. 18 minutes

D. 19 minutes

22.  What is the minimum number of swaps required to sort the numbers (13, 18, 36, 42, 97) in ascending order of the 
unit digit?

A. 3

B. 4

C. 5

D. 6

23.  Suppose a is an array of n numbers. Which of the following program segments find the maximum number in a?

Pascal Version 

(i)

  max := a[n];

  for i := n downto 1 do

    if a[i] > max then 

      max := a[i];

(ii)

  max := 0;

  for i := 1 to n do

    if a[i] > max then 

      max := a[i];

(iii)

  max := a[1];

  for i := 2 to n do

    if a[i] > max then 

      max := a[i];


C Version

(i)

  max = a[n-1];

  for (i = n-1; i >= 0; --i)

    if (a[i] > max)

      max = a[i];

(ii)

  max = 0;

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

    if (a[i] > max)

      max = a[i];

(iii)

  max = a[0];

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

    if (a[i] > max)

      max = a[i];

A. (i) and (ii) only

B. (i) and (iii) only

C. (ii) and (iii) only

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

24.  Consider the following program segment:

Pascal Version

r := 0.7;

while r <> 109.2 do

  r := 5 * r + 0.7; { # }


C Version

r = 0.7;

while (r != 109.2)

  r = 5 * r + 0.7; /* # */
How many times will the line ‘#’ be executed?

A. 2

B. 3

C. 4

D. Infinite loop may occur and hence possibly infinite many times.

25.  What is the output of the following program?

Pascal Version

program SectA_Q25;

var

  s : string;

begin

  s := 'TGGGCTAACAAGCAAATGA';

  while pos('A', s) > 0 do

    s[pos('A', s)] := 'U';

  while pos('T', s) > 0 do

    s[pos('T', s)] := 'A';

  while pos('G', s) > 0 do

    s[pos('G', s)] := 'C';

  while pos('C', s) > 0 do

    s[pos('C', s)] := 'G';

  writeln(s);

end.

C Version

#include <stdio.h>

#include <string.h>
int main() {

  char s[] = "TGGGCTAACAAGCAAATGA";

  while (strchr(s, 'A') != NULL)

    s[strchr(s, 'A') - s] = 'U';

  while (strchr(s, 'T') != NULL)

    s[strchr(s, 'T') - s] = 'A';

  while (strchr(s, 'G') != NULL)

    s[strchr(s,'G') - s] = 'C';

  while (strchr(s, 'C') != NULL)

    s[strchr(s, 'C') - s] = 'G';

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

  return 0;

}

A) ACCCGATTGTTCGTTTACT
B) ACCCCAUUCUUCCUUUACU
C) ACCCCATTCTTCCTTTACT
D) AGGGGAUUGUUGGUUUAGU
26.   Consider the following function:

Pascal Version

function f(x : integer) : integer;

var

  t:integer;

begin
  t := 0;
  while x <> 0 do

  begin

    t := t*10 + x mod 10;

    x := x div 10;

  end;
  f := t;
end;


C Version

int f(int x) {

  int t = 0;

  while (x) {

    t = t*10 + x%10;

    x /= 10;

  }
  return t;

}
Suppose 0 ( x < 10000, which of the following MUST be true?

(i)
If x ( 0, f(x) ( 0.
(ii)
If x ( y, f(x) ( f(y).
A. (i) only

B. (ii) only

C. (i) and (ii)
D. None of them

27.   An Euler path is a path which goes through every edge in a graph exactly once. Which of the following graphs 
contain(s) an Euler path?

	(i)
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	(ii)
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A. (i) only

B. (ii) only

C. (i) and (ii)
D. None of them

28.  Suppose random(n) yields a random integer from 0 to n-1 inclusive, which of the following expressions yields a 
random integer from -19 to 119 inclusive?
A. random(70) - random(69) + 50

B. random(70) * (random(2) * 2 - 1) + 50

C. random(138) - 19

D. random(139) - 20

29.  Suppose 1 = A[1] ( A[2] ( A[3] ( ... ( A[n] = n.

Consider the following program segment:

Pascal Version

for i := 1 to n-1 do

  for j := A[i] to A[i+1] do

    write('*');


C Version

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

  for (j = A[i]; j <= A[i+1]; ++j)

    printf("*");

How many ‘*’’s will be outputted?

A. 2n-2

B. 2n-1

C. n(n-1)

D. Uncertain as A's value is unknown
30.   A staircase has 10 steps. A person wants to get to the top from the ground. Each time the person can go up either 2 or 
3 steps. In how many different ways can he reach the top?

A. 7

B. 11

C. 15

D. 19

END OF SECTION A

Section B
The blanks are labeled from A to J. Please fill in the blanks on the answer sheet.
(You can write only one character on each box on the answer sheet. No answer with length greater than the designated number of boxes will be accepted.)
Note:

(1) You must not use the ?: operator in C.

(2) You must not use any library function unless the appropriate library(s) is/are included.

1.    A Hamming number is a positive integer with no prime factors other than 2, 3 or 5.

For example, 12 (2 ( 2 ( 3) is a Hamming number while 14 (2 ( 7) is not.

The following program prints all hamming numbers between 1 and n inclusive. (1 ( n ( 1000). Fill in the blanks.

Pascal Version

program SectB_Q1;

var
  n, i, j : integer;

  hamming : array[1..5000] of boolean;

  a : array[1..3] of integer = (2,3,5); begin

  readln(n);

  for i := 1 to n do
    hamming[i] := false;

  hamming[1] := true;

  for i := 1 to n div 2 do

    if     A     then

      for j := 1 to 3 do

        hamming[    B    ] := true;

  for i := 1 to n do

    if hamming[i] then

      writeln(i);

end.

C Version

#include <stdio.h>

int main() {

  char hamming[5001];

  int a[]= {2, 3, 5};

  int n, i, j;
  scanf("%d", &n);

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

    hamming[i] = 0;

  hamming[1] = 1;

  for (i = 1; i <= n/2; ++i)

    if (    A    )

    for (j = 0; j < 3; ++j)

      hamming[    B    ] = 1;

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

    if (hamming[i])

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

  return 0;

}
2. 
....*....

...***...

..*****..

.*******.

*********

...***...

...***...

...***...

...***...

The following program segment outputs the above pattern. Fill in the blanks.

Pascal Version

for i := 0 to 8 do

begin

  for j := 0 to 8 do

    if (i <= 4) and ( ___C ___) then

      write('*')

    else if (i > 4) and ( __ D ___) then

      write('*')

    else

      write('.');
  writeln;
end;

C Version

for (i = 0; i < 9; ++i) {

  for (j = 0; j < 9; ++j)

    if (i <= 4 && (    C    ))

      printf("*");

    else if (i > 4 && (    D    ))

      printf("*");

    else

      printf(".");

  printf("\n");

}
3.    The following program segment attempts to expand an array A of n integers into an array B such that for every 
element m in A, there are m corresponding elements in B with values m, m-1, m-2, ... , 2, 1 in sequence. For example,
 if A= {1, 4, 2}, B={1, 4, 3, 2, 1, 2, 1}. Fill in the blanks. (Assume B can accommodate all the elements.)

Pascal Version

k := 1;

for i := 1 to n do

  for j :=1 to A[i] do 

  begin

    B[k] :=     E    ;

        F    ;

  end;


C Version

k = 0;

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

  for (j = 1; j <= A[i]; ++j) {

    B[k] =     E    ;

        F    ;

}

4.     Assume A is an array of n distinct integers in ascending order and x is an element of A. After the execution of the
 following program segment, A[m] = x and the value of x is unchanged. Fill in the blanks.

Pascal Version

lo := 1;

hi := n;

repeat
  m := (lo + hi) div 2;

  if A[m] > x then

        G    

  else

        H    ;

until A[m] = x;


C Version

lo = 0;

hi = n-1;

do {

  m = (lo + hi) / 2;

  if (A[m] > x) 

        G    ;

  else 

        H    ;

} while (A[m] != x);
5.    In the following graph, vertices are marked by A, B, C, D and E, and the lengths of the edges are indicated next to the 
edge. Also, AC =2, AD = 3, CE = 6, BD = 3 and BE = 4.
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A graph is connected if and only if there is a path between every pair of vertices.

What is the maximum number of edges that can be removed such that the remaining graph is still connected?
    I    .
What is the maximum total lengh of edges that can be removed such that the remaining graph is still connected?
    J    .
END OF PAPER
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