HKOI2003 Heat Event (Senior Group)


Section A

For each question, choose the most appropriate answer and write it on corresponding space on the answer sheet.

1.
What is the output of the following program?

program SectA_Q1;

const

  a: array[1..10] of integer = (3,10,7,5,9,2,4,8,6,11);

var

  i : integer;

  b : array[1..100] of integer;

begin
  for i := 1 to 100 do

    b[i] := 0;

  for i := 1 to 10 do

    b[a[i]] := b[a[i]] + 1;

  for i := 1 to 10 do

    while b[i] <> 0 do

      begin

        write(i, ' ');

        b[i] := b[i] - 1;

      end;

end.

A.
1 2 3 4 5 6 7 8 10
B.
1 2 3 4 5 6 7 8 9 10 11
C.
2 3 4 5 6 7 8 9 10
D.
2 3 4 5 6 7 8 9 10 11
2.
Assuming that all variables below are integer variables, which of the following statements may cause a runtime error?
A.
a := 1;
B.
c := a mod b;
C.
c := a div 2 + a div 3;
D.
x + y := y + z;
3.
Peter wants to design a new coding system for his mobile phone to represent 36 symbols (‘A’–‘Z’ and ‘0’–‘9’). What is the minimum number of bits required to represent a symbol in this coding system?
A.
5

B.
6

C.
7

D.
8

4.
Consider the following program:

program SectA_Q4;

var

  i, j, k : integer;

function f(x : integer) : integer;

begin

  f := random(x);

end;

begin

  i := f(100);

  j := i;

  k := f(100);

  writeln(i, ' ', j, ' ', k);

end.


Given the value of i at the end of running the program is 30, which of the following best illustrates the possible values of j and k?

	
	j
	k

	A.
	Always 30
	Always 30

	B.
	Any integer between 0 and 99 inclusive
	Always 30

	C.
	Always 30
	Any integer between 0 and 99 inclusive

	D.
	Any integer between 0 and 99 inclusive
	Any integer between 0 and 99 inclusive


5.
The following function is used to determine whether the input array is in ascending order or not. What is the missing expression?

const

  SIZE = 100;

type

  arr = array[1..SIZE] of integer;

function sorted(a : arr) : boolean; 

begin

  sorted := true;

  for i := 1 to SIZE – 1 do

    if _______ then sorted := false;

end;
A.
a[i] > a[i+1]
B.
a[i] >= a[i+1]
C.
a[i] < a[i+1]
D.
a[i] <= a[i+1]
6.
What is the output of the following program?

program SectA_Q6;

function sum(a : integer) : integer;

begin

  if a < 1 then

    sum := a

  else

    sum := a + sum(a - 1);

end;

begin

  writeln(sum(10) + sum(-10));

end.
A.
0
B.
45
C.
55
D.
110
7.
Which of the following expressions can randomly select a number from the set {4.5, 5, 5.5, 6, 6.5, 7, 7.5}?

A.
4.5 + random(3)
B.
4.5 + random(4)
C.
4.5 + random(7) / 2
D.
4.5 + random * 3
8.
What is the output of the following program?

program SectA_Q8;

var

  a, b: integer;

begin

  a := 0;

  while a < 10 do

  begin

    b := a;

    repeat
      b := b + 1;

    until b > 10;

    a := a + 1;

  end;

  writeln(a, b);

end.
A.
1010
B.
1011
C.
1110
D.
1111
9.
Which of the following variable declarations uses the largest amount of memory?
A.
a : string;
B.
b : array[0..127] of char;
C.
c : array[0..31] of longint;
D.
d : array[-100..100] of boolean;
10.
Consider the following program segment:

if mark > 50 then

  if mark > 70 then

    writeln('Excellent')

      else

        if mark < 30 then

          writeln('Fair')

            else

              writeln('Satisfactory');


Which of the following will NEVER be the output for any value of the integer mark?
A.
Excellent
B.
Fair
C.
Satisfactory
D.
All of the above can be the output of the program segment.

11.
What is the output of the following program?

program SectA_Q11;

var

  i : integer;

  s1, s2 : string;

begin

  s2 := '';

  for i := 1 to 9 do

  begin

    str(i, s1);

    s2 := s2 + s1;

  end;

  writeln(s1);

end.

A.
123456789
B.
987654321
C.
10
D.
9
12.
How many ‘*’ will be printed out by the following program?

program SectA_Q12;

var

  i, j, k, l : integer;

begin

  for i := 1 to 10 do;

    for j := 1 to 10 do;

      for k := 1 to 10 do;

        for l := 1 to 10 do;

          if i < 10 then writeln('*');

end.

A.
9000

B.
1000

C.
1

D.
0

13.
What is the output of the following program?

program SectA_Q13;

var

  cnt, i : integer;

begin

  cnt := 0;

  for i := 1 to 100 do

    if i mod 2 = 0 then

      cnt := cnt + 1

    else if i mod 3 = 0 then

      cnt := cnt + 1

    else if i mod 4 = 0 then

      cnt := cnt + 1;

  writeln(cnt);

end.

A.
108
B.
83
C.
67
D.
54
14.
What is the output of the following program?

program SectA_Q14;

var

  i : integer;

begin

  for i := 1 to 10 do

    if i = 2 or 3 then

      write(i);

end.

A.
2

B.
3

C.
23

D.
It has a compilation error

15.
In the following program, if the output is ‘K’, what are the missing expressions?

program SectA_Q15;

var

  x, y : boolean;

begin

  x :=    (1)   ;
  y :=    (2)   ;
  if (x and y) or not (x or y) then

  begin

    while x do write('H');

    repeat write('K') until y;

  end else begin

    while not x do write('H');

    repeat write('K') until not y;

  end;

end.



 (1)
(2)

A.
true
true
B.
false
false
C.
true
false
D.
false
true
16.
Consider the following program segment:

while expression do

begin

  statement;

end;


When the loop has been completed and the statement has been called n times, how many times has the expression been evaluated?
A.
1

B.
n
C.
n – 1

D.
n + 1

17.
The following program intends to output whether the first inputted date is earlier than the second inputted date, assuming the two dates are different.

program SectA_Q17;

var

  year1, month1, day1, year2, month2, day2 : longint;

begin

  readln(year1, month1, day1, year2, month2, day2);

  if _______ Then

    writeln('The first date is earlier.')
  else

    writeln('The second date is earlier.');
end.


Which of the following expressions DO NOT guarantee a correct result if inserted in the blank above?

A.
year1 * 10000 + month1 * 100 + day1 < year2 * 10000 + month2 * 100 + day2
B.
year1 * 12 * 31 + month1 * 31 + day1 < year2 * 12 * 31 + month2 * 31 + day2
C.
year1 * 366 + month1 * 31 + day1 < year2 * 366 + month2 * 31 + day2
D.
None of the above
18.
Given the input sequence to the following program during execution is 30, 30, 50, 51, 52, 55, 60, 65, 77, 80, 95, 99, 100, 100, 100, what is the output?

program SectA_Q18;

var

  i, max, min, marks : integer;

begin

  max := 0;

  min := 32767;

  for i := 1 to 15 do

  begin

    readln(marks);

    if marks >= max then

      max := marks

    else if marks <= min then

      min := marks;

  end;

  writeln(max, ' ', min);

end. 

A.
0 30
B.
100 30
C.
0 32767
D.
100 32767
19.
You are required to find the largest and the smallest values among four integers. What is the minimum number of comparisons the computer has to make to get the correct answer?
A.
3

B.
4

C.
5

D.
6

20.
In city X, there are 9 malls (represented by alphabets) which are interconnected with skywalks as shown below.
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What is the maximum number of malls one can go in a single path without revisiting any mall?
A.
3

B.
6

C.
7

D.
9

21.
Which of the following loops will terminate properly?
A.

for i := 1 to 5 do

  for i := 5 downto 1 do

    writeln('Hi!');

B.

for i := 1 to 5 do

  for i := 20 downto 4 do

    writeln('Hi!');

C.

for i := 3 to 9 do

  for i := 4 downto 6 do

    writeln('Hi!');

D.
None of the above

22.
In the following program, how many times will the statement in the repeat-until loop be executed?

program SectA_Q22;

var

  b : byte;

begin
  b := 0;

  repeat


b := b – 1;

  until b < 0;

end.

A.
0
B.
1
C.
255
D.
Infinitely many times
23.
What is the output of the following program?

program SectA_Q23;

var
  i: byte;
  n: integer;

begin

  n := 0;

  for i := 1 to 100 do

    if not i > 40 then

      n := n + 1;

  writeln(n);

end.

A.
0
B.
40
C.
60
D.
100
24.
Consider the following program:
program SectA_Q24;

var

  r : real;

begin

  while true do readln(r);

end.


Which of the following input sequences will terminate the program?
A.
a ENTER
B.
3.0E4 ENTER
C.
ENTER
D.
None of the above

25.
What is the output of the following program?

program SectA_Q25;

procedure w(num : integer);

begin

  if num >= 16 then

    w(num div 16);

  write(num);

end;

begin

  w(2623);

end.

A.
A3F
B.
10315
C.
101632623
D.
AA3A3F
Read the following paragraph and programs, then answer questions 26 to 28:

A teacher asked each of his 3 students to write a program to find 210. All the 3 programs can output the correct value of 210. Here are their programs:

Program A
program proga;

var

  i, n : integer;

  temp : longint;

begin

  n := 10;

  temp := 1;

  for i := 1 to n do

    temp := temp * 2;

  writeln(temp);

end.

Program B

program progb;

var
  n : integer;

begin

  n := 10;

  writeln(1 shl n);

end.

Remarks: The left shift operator shl is an operator which takes the binary representation of a value and moves the bits to the left. With a left shift of n over an integer i (i.e. i shl n), n zeros are added onto the right of the binary representation of the number i and the leftmost n bits are removed. This effectively multiplies the number i by 2n.
Program C

program progc;
{ Find a to the power b }

function power(a, b : integer) : longint;

var
  temp : longint;

begin

  if b = 0 then

    power := 1

  else begin

    temp := power(a, b div 2);

    if b mod 2 = 1 then

      power := temp * temp * a

    else

      power := temp * temp;

  end;

end;

var
  n: integer;

begin

  n := 10;

  writeln(power(2, n));

end;

26.
Which of the above programs is the most efficient (the fastest) one?
A.
Program A

B.
Program B

C.
Program C

D.
All of them have the same efficiency

27.
The teacher wants to find 230 with these 3 programs. He changes the programs by replacing the line ‘n := 10’ with ‘n := 30’, then re-compiles and runs the modified programs. Which of the modified programs do NOT output the correct value?
A.
Program A

B.
Program B

C.
Program C

D.
All of them output the correct answer
28.
The teacher wants to find 21000. He changes program A by replacing the line ‘n := 10’ with ‘n := 1000’, then tries to re-compile and run the modified program. What is the result?

A.
He gets the correct value

B.
Out of memory error occurs

C.
Overflow error occurs

D.
Compilation error occurs

29.
In the following tic-tac-toe game, the next turn is ‘O’. Which of the following positions ‘O’ should NOT play to guarantee winning, assuming both players would not make mistake afterwards?
	1
	X
	3

	4
	O
	6

	7
	8
	9


A.
1

B.
4

C.
7

D.
8

30. Given there are n numbers stored in an array a[1..n] of integer. Consider the following sorting algorithm:

1
All numbers are in the unsorted section.

2
Do the following steps for n - 1 times:


2.1
For each number in the unsorted section, swap it with the first number in the unsorted section if the former is smaller than the latter.

2.2
Extend the sorted section to include the first number of the unsorted section.

3
At the end all the numbers are in the sorted section. The sorting is completed.


Which of the following code segments is a correct implementation of the algorithm described above, assuming i, j are integers and swap is a function to swap two integers?
A.
for i := 1 to n - 1 do

  for j := i to n do

    if a[i] > a[j] then
      swap(a[i], a[j]);
B.
for i := 1 to n - 1 do

  for j := i to n do

    if a[j] > a[i] then

      swap(a[i], a[j]);
C.
for i := 2 to n do

  for j := i to n do

    if a[i] > a[j] then

      swap(a[i], a[j]);
D.
for i := 2 to n do

  for j := i to n do

    if a[j] > a[i] then

      swap(a[i], a[j]);

Section B

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

1.
Suppose max(x, y) is a function to find, in array x, the largest element less than or equal to y. Assuming all elements in the array are distinct, greater than or equal to –32768 and less than 32768, what should be filled in the blank to print out the second largest number in array z?

program SectB_Q1;

type

  arraytype = array[1..100] of integer;

function max(x : arraytype; y : integer) : integer;

begin

  ...

end;

var

  z : arraytype;

begin

  ...

  writeln(   A   );

end;
2.
Given the definition of function f:


f(x, y) = f(x, y - 1) * x + f(x - 1, y) * y
    f(x, 0) = f(0, y) = 1


The following cases have been evaluated:


f(2, 5) = 380


f(3, 4) = 1554


f(4, 4) = 12432


f(5, 3) = 6562


What is the value of f(5, 5)? (   B   )

3.
Consider n people sitting around a table. Each person is assigned a code from 1 to n in sequence. If the code of the person to the left of person i is i mod n + 1, write ONE expression to represent the code of the person to the right of person i. (   C   )


[image: image2]
4.
Sometimes we have to generate permutations of strings. Taking ‘abc’ as an example, there are six possible permutations: ‘abc’, ‘acb’, ‘bac’, ‘bca’, ‘cab’ and ‘cba’. However, if some letters in the string are duplicated, some permutations may be repeated and the repeated one(s) should be discarded. Find all the permutations of the string ‘aabb’. List your answer in alphabetical order. (   D   )

5.
Consider the following 8 statements:

fill(i-1, j-1);

fill(i-1, j  );

fill(i-1, j+1);

fill(i  , j-1);

fill(i  , j+1);

fill(i+1, j-1);

fill(i+1, j  );

fill(i+1, j+1);

What should be filled in the blank so that the following program segment does exactly what these 8 statements do for any integers i and j?

for x1 := i-1 to i+1 do

  for x2 := j-1 to j+1 do

    if    E    then

      fill(x1, x2);

6.
The following program is used to read all data in ‘input.txt’ and write to ‘output.txt’ line by line. Fill in the blanks.

program SectB_Q6;

var

  fi, fo : text;

  s : string;

begin

  assign(fi, 'input.txt');

  assign(fo, 'output.txt');

  reset(fi);

      F    ;

  while     G     do
  begin

    readln(fi, s);

    writeln(fo, s);

  end;

  close(fi);

  close(fo);

end.

7.
The following program prints the first 25 prime numbers. Fill in the blanks.

program SectB_Q7;

var
  i, j, primecount : integer;

  isprime : boolean;

begin

  primecount := 0;

  i := 2;

  while primecount <    H    do

  begin

    isprime := true;

    for j := 2 to trunc(sqrt(i)) do

      if i mod j = 0 then

        isprime := false;

    if isprime then

    begin

      writeln(i);

      primecount := primecount + 1;

    end;

    i :=    I   ;

  end;

end.
8.
Consider the following program segment:

function a(n : integer) : integer;

var

  i, acc : integer;

begin

  acc := 1;

  for i := 2 to n do
  begin

    acc := acc * i;
    {#}

  end;

  a := acc;

end;

Write a mathematical expression to indicate the value of acc at {#} in terms of only the loop counter i. (   J   )

9.
The following program is used to find the minimum number of coins required to pay a bill, given the coin denominations are $100, $50, $20, $10, $5, $2 and $1. Fill in the blanks.

program SectB_Q9;

const

  coin: array[1..7] of integer = (100,50,20,10,5,2,1);

var

  bill : integer;

  i, count : integer;

begin

  count := 0;

  readln(bill);

  for i := 1 to 7 do

  begin

    count := count +    K   ;

    bill := bill mod coin[i]; 

  end;

  writeln(   L   );

end.
10.
The following program demonstrates a binary search algorithm. Fill in the blanks.

program SectB_Q10;

var

  a : array[1..100] of integer;

  i, n, t, s, e : integer;

begin

  write('How many numbers? ');

  readln(n);

  writeln('Please input numbers in ascending order:');

  for i := 1 to n do

    readln(a[i]);

  write('Input the number you want to search: ');

  readln(t);

  i :=    M    div 2;

  s := 1;

  e := n;

  while (s < e) and (a[i] <> t) do

  begin

    if a[i]    N    t then

      e := i - 1

    else

      s := i + 1;

    i := (s + e)    O    2;

  end;

  if a[i] = t then

    writeln('Found at ', i)

  else

    writeln('Not found');

end.
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