HKOI2002 Heat Event  (Senior Group)


All program segments in the following questions are assumed to be compiled with Turbo Pascal 7.0 compiler.  Assume that all variables without declaration shown have already been declared properly.

Please refer to the following description for questions 1 to 3:

The fibonacci sequence {an} is defined as an = an-1 + an-2 for n = 2, 3, 4, …, and a0 = a1 = 1. A teacher asked 3 of his students to write a program to find a10. Here are their programs:
Student 1
	program fibonacci_A;

const n=10;

function a(n: integer): longint;

begin

  if n<2 then

    a:=1

  else

    a:=a(n-1)+a(n-2);
end;

begin

  writeln(a(n));

end.


Student 2
	program fibonacci_B;

const n=10;

var a: array[0..n] of integer;

    i: integer;

begin

  a[0]:=1;

  a[1]:=1;

  for i:=2 to n do

    a[i]:=a[i-1]+a[i-2];

  writeln(a[n]);

end.


Student 3
	program fibonacci_C;

const n=10;

var a,b,c,i: longint;

begin

  a:=1;

  b:=1;

  for i:=2 to n do

  begin

    c:=a+b;

    a:=b;

    b:=c;

  end;

  writeln(c);

end.


1.
Which of his student(s) get the correct answer?

A.
Student 2 only

B.
Student 1 and 2 only

C.
Student 2 and 3 only

D.
All of them

2.
Now the teacher wants to find a1 with these 3 programs. He simply changes the line "const n=10;" to "const n=1;", then re-compiles and runs the programs. Which of the above programs give(s) the correct answer?

A.
Student 1 only

B.
Student 1 and 2 only

C.
Student 2 and 3 only

D.
All of them

3.
Furthermore, the teacher wants to check the programs with a40. He knows that the answer is 165580141. He changes the line "const n=10;" to "const n=40;", then re-compiles and runs the programs. Which of the above programs give(s) the correct answer?

A.
Student 1 only

B.
Student 2 only

C.
Student 3 only

D. Student 1 and 3 only

4.
What is the output of the following program segment?
	var

  s,t: string;

  i: integer;

begin

  s:='HKOI2002';

  t:='';

  for i:=length(s) downto 3 do

    t:=s[i]+t;

  writeln(t);

end.


A.
HKOI2002
B.
OI2002
C.
2002IO
D.
02IOKH
Please read the following description to answer questions 5 to 6.

This program is to put six integers 1 to 6 into the six boxes in the triangle below.  Each integer can be used once only.  The sums of the integers in the three boxes on each side of the triangle should be the same.
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	var

  a:array[1..6] of integer;

  b:array[1..3] of integer;

  i,j,s:integer;  ok:boolean;

begin

  randomize;

  for s:=1 to 1000 do

  begin

    for i:=1 to 6 do begin

      ok:=true;

      repeat

        a[i]:=random(6)+1;

        for j:=1 to i-1 do if missing 1 then ok:=false;

      until ok;

    end;

    b[1]:=a[6]+a[1]+a[2];

    b[2]:=a[2]+a[3]+a[4];

    b[3]:=a[4]+a[5]+a[6];

    if missing 2 then

    begin

      for i:=1 to 6 do

        write(a[i],' ');

      writeln;

    end;

  end;

end.


5.
What should be missing 1 ?

A.
a[i]=a[j]
B.
a[i]<>a[j]
C.
a[j]=a[j-1]
D.
a[j]<>a[j-1]
6.
What should be missing 2 ?

A.
a[1]+a[2]+a[3]+a[4]+a[5]+a[6] = b[1]+b[2]+b[3]

B.
a[1]+a[2]+a[3]+a[4]+a[5]+a[6] <> b[1]+b[2]+b[3]

C.
(b[1] = b[2]) and (b[2] = b[3]) and (b[3] = b[1])

D.
(b[1] <> b[2]) or (b[2] <> b[3]) or (b[3] <> b[1])

7.
Which of the following variable type cannot be used as cases in a  ‘case’ statement?

A.
integer

B.
char

C.
string

D.
boolean

8.
How many distinct 3-digit integers can be generated by the following digits?



0, 2, 2, 3, 6
A.
26
B.
33
C.
40
D.
48

9.
What should the missing statement be such that the values of a and b are swapped after the execution of the program segment?

	inc(a,b);

 missing_   
dec(a,b);


A.
b:=a;
B.
b:=a-b;
C.
inc(b,a);
D.
dec(b,a);
Please refer to this description to answer questions 10 to 11.

The following is a graph.  Each dot in the graph is called a node, and the line is called an edge.
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10.
A bipartite graph is a graph whose nodes can be assigned a colour either red or blue, such that no edge joins two nodes of the same colour.  What is the minimum number of edges to be removed from the above graph so that it becomes a bipartite graph?

A.
1

B.
2

C.
3

D.
4

11.
What is the minimum number of edges to be removed so that the above graph  becomes a Euler Graph?  (That is to travel all the edges without repeating).

A.
0

B.
1

C.
2

D.
3

12.
Which of the following statement is invalid?
A.
ww : array [65535..65536] of longint;
B.
xx : array ['a'..'c'] of char;
C.
yy : array [-200..200] of integer;
D.
zz : array [false..true] of boolean;
13.
What is the minimum number of comparisons needed to find out the largest number in an array of n unsorted integers?

A.
1
B.
n
C.
n – 1

D.
n(n – 1)/2

14.
Which of the following input can terminate the program segment?
	var n: integer;

begin

  repeat

    readln(n);

  until n<0;

end.


A.
0

B.
1000

C.
40000

D.
None of the above

15.
If the output is 11001001, what is the input?

	readln(n);

while n>0 do begin

   write(n mod 2);

   n:=n div 2;

end;


A.
73
B.
100
C.
147
D.
201
16.
A man wants to drive from City A to City B, but he does not know how to go. The following figure shows all the roads between City A and B. What is the longest time to take him from City A to City B? (The number next to each line refers to the time needed to travel along the road.)

	



A.
21

B.
28

C.
32

D.
34

17.
Suppose an is the number of bit strings of length n that do not have two consecutive 0s. For example, the following is bit strings of length 2: 00, 01, 10, 11.  Among them, only three do not have two consecutive 0s.  Therefore, it is defined a2 = 3.  Which of the following is the general representation of an  for n ( 3?

A.
an = 3an – 1 – 2an – 2
B.
an = 2an – 1 – an – 2
C.
an = an – 1 + an – 2
D.
an = –an – 1 + 2an – 2
18.
For a given value of X (X > 1), what is the minimum number of multiplication operations to obtain X62?

A.
7

B.
8

C.
9

D.
10

19.
In mathematics, a graph is a collection of vertices and edges. For example, the dots in the following diagram are vertices and the lines joining the dots are edges. The diagram below is a graph.




The edges have different lengths. We label the vertices from v1 to vN where N is the number of vertices in the graph. We define D(k, i, j) to be the shortest length of all paths from vi to vj that uses only v1 to vk as intermediates. Which of the following is correct?

A.
D(k, i, j) = minimum of D(k – 1, i, j) and D(k – 1, i, k) + D(k – 1, k , j)

B.
D(k, i, j) = minimum of D(k – 1, i, r) + minimum of D(k – 1, r, j)

C.
D(k, i, j) = minimum of [D(k – 1, i, k) + D(k – 1, k, j)]

D.
D(k, i, j) = D(k – 1, i, j) + minimum of D(k – 1, j, k)

20.
The following table shows the length of connections between different points.

	To

	From
	
	A
	B
	C
	D
	E
	F
	G

	
	A
	0
	2
	0
	1
	0
	0
	0

	
	B
	0
	0
	0
	3
	10
	0
	0

	
	C
	4
	11
	0
	0
	0
	5
	0

	
	D
	0
	0
	2
	0
	2
	8
	4

	
	E
	0
	0
	0
	12
	0
	0
	6

	
	F
	0
	0
	0
	0
	0
	0
	0

	
	G
	0
	13
	0
	0
	0
	1
	0



A ‘0’ in the table means that there is no direct connection from one point to another point.  For example, the length from A to B is 2, but there is no direct connection from B to A.


What is the shortest path length from A to F?

A.
3

B.
6

C.
9

D.
12

Questions 21–25:

We define H expression as follows:

1.  A string without parentheses (), brackets [] and bracelets {} is an H expression.

2.  If strings E and F are H expressions, then EF is an H expression.

3.  If a string E is an H expression, then (E), [E] and {E} are H expressions.

That means ‘3’, ‘()’, ‘[{4}[5]]’, ‘{[()()][()()]((()))}’ are H expressions while ‘(’, ‘([)]’, ‘{)’ are not.

The following program segment is used to check whether a string is an H expression.

	{$R+}

type

  rec = record

    category : (NOT_QUOTE, OPEN_QUOTE, CLOSE_QUOTE);

    quoteType : integer;

  end;

var

  lookup : missing 1;

  arr : array[1..1000] of integer;

  i, arrTop : integer;

  s : string;

procedure push(i : integer);

begin

  inc(arrTop);

  arr[arrTop] := i;

end;

function pop : integer; 

begin

  pop := arr[arrTop];

  dec(arrTop);

end;

function top : integer; 

begin

  top := arr[arrTop];

end;

function isHExpression(s : string) : boolean;

begin

  isHExpression := false;

  arrTop := 0;

  for i := 1 to length(s) do

  begin

    if lookup[s[i]].category = OPEN_QUOTE then

      push(lookup[s[i]].quoteType)

    else if lookup[s[i]].category = CLOSE_QUOTE then

      if lookup[s[i]].quoteType = top then

        pop

      else

        exit;

  end;

  { check if still have unmatched quotes }

  if missing 2 then exit;

  isHExpression := true;

end;

begin

  lookup['{'].category := OPEN_QUOTE;

  lookup['{'].quoteType := 1;

  lookup['}'].category := CLOSE_QUOTE;

  lookup['}'].quoteType := 1;

  lookup['['].category := OPEN_QUOTE;

  lookup['['].quoteType := 2;

  lookup[']'].category := CLOSE_QUOTE;

  lookup[']'].quoteType := 2;

  lookup['(').category := OPEN_QUOTE;

  lookup['(').quoteType := 3;

  lookup[')'].category := CLOSE_QUOTE;

  lookup[')'].quoteType := 3;

  readln(s);

  writeln(isHExpression(s));

end.


21.
What data structure is the array arr implementing?

A.
Stack

B.
Set

C.
Queue

D.
Heap

22.
In Pascal, the data type of category in record rec is

A.
Object type.

B.
Enumerated type.

C.
Pointer type.

D.
Subrange type.

23.
What should be filled in missing 1?

A.
array['{'..']'] of rec
B.
array['['..')'] of rec
C.
array['('..'}'] of rec
D.
None of the above

24.
What should be filled in missing 2?

A.
arrTop <> 1
B.
arrTop <> 0
C.
top <> 1
D.
top <> 0
25.
What makes this program segment not giving the correct answers all the time?

A.
Some non-H expressions are misreported as H expressions.

B.
Some H expressions are misreported as non-H expressions.

C.
A runtime error may occur.

D.
None of the above

26.
Which of the following is/are reason(s) for choosing linked list instead of array to store a set of integers?

(I)
A linked list can grow in size easily.

(II)
A linked list supports faster deletion.

(III)
A linked list supports faster searching.

A.
I only

B.
I and II only

C.
II and III only

D.
I, II and III

27.
Which of the following is/are reason(s) for storing an array of sorted integers rather than an unsorted one?

(I)
A sorted array can be searched faster.

(II)
A sorted array supports faster insertion.

(III)
A sorted array supports faster deletion.

A.
I only

B.
I and II only

C.
II and III only

D.
I, II and III

28.
Which of the following statements is true?

A.
A doubly linked list uses more memory than a singly linked list.

B.
A circular linked list uses more memory than a non-circular one.

C.
Searching a node in a doubly linked list is faster than that in a singly linked list.

D.
Searching a node in a circular linked list is faster than that in a non-circular linked list.

29.
Which of the following about a queue is correct?

A.
A queue can be implemented by a stack.

B.
A stack can be implemented by a queue.

C.
A queue can be implemented by an array.

D.
A queue can be implemented by a binary tree.

For Question 30 and 31, please refer to the diagram below:
	1
	2
	15
	3
	22

	16
	27
	5
	13
	18

	8
	11
	9
	4
	9

	20
	4
	15
	10
	14

	22
	5
	12
	12
	6


A person is originally at the top-left cell. For each step, he can only either move down or move right by one cell.

30.
How many possible routes are there for him to reach the bottom right cell?

A.
25
B.
35

C.
55

D.
70

31.
Given that the integer in each cell represents the cost for traveling in the cell, what is the minimum cost among the possible routes above?


A.
61


B.
64


C.
70


D.
76

For Question 32–34, please refer to the following procedure where fac(2,n) is to factorize an integer n:
	procedure fac(t, n:integer);

{precondition: n has no factors < t, except 1}

{postcondition: prints n in factorized form}

begin

  if missing 1 then writeln(t) else

  if missing 2 then

  begin

    write(t, '*');

    fac(t, n div t);

  end else missing 3;

end;


32.
What should the statement missing 1 be?

A.
t=1
B.
n=1
C.
t=n
D.
t>n
33.
What should the statement missing 2 be?

A.
(t mod n)<> 0
B.
(t mod n)= 0
C.
(n mod t)<> 0
D.
(n mod t)= 0
34.
What should the statement missing 3 be?

A.
fac(t, n-1)
B.
fac(t+1, n)
C.
fac(t*n, n)
D.
fac(t, n div t)
35.
What is the maximum sum that can be formed by adding some consecutive numbers selected from the list below?


-1,  3,  2,  -4,  6,  -3,  4,  5,  2,  -7,  4,  -5,  -2,  1,  3,  -5,  2,  -6

A.
11

B.
14

C.
15

D.
17

36.


	var

  p,i: integer;

  s: string;

begin

  p:=0;

  readln(s);

  for i:=1 to length(s) do p:=sqr(p-ord(s[i])+48);

  writeln(p);

end.


The input of the program segment above must contain 0’s and 1’s only.  If the output is 1, which of the following must be true?

A.
Length of string S is 1.

B.
Length of string S is an odd number.

C.
There is only one ‘1’ in string S.

D.
There are odd numbers of ‘1’ in string S.

37.
What is the effect of the following statement, assuming B has been declared as a boolean variable?

B := B xor B;

A.
It always sets B to false.

B.
It always sets B to true.

C.
It always changes the value of B.

D.
Run-time error occurs.

38.
What is the output of the program segment?
	var i,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.
39
C.
40

D.
None of the above
39. In the following program , which of the line(s) can caused compilation error?

	var

  x,y,z: integer;

function gcd(var x,y:integer):integer;

begin

  if (x=0) or (y=0) then

     gcd := x+y;






{I}

  else

     gcd := gcd(y, x mod y);



{II}

end;

begin

  z:=gcd(x,y);






{III}

end.


A.
I only

B.
II only

C.
I and II only

D.
I, II and III

40. Given a function Power to compute the nth power of x recursively.  The value of power(3.0, 4) is 81 and the value of power(2.0, 3) is 8. The function Power is defined as follow:

	function Power(x : real; n : integer) : real;

begin

  if  n = 0 then

    Power := 1

  else

    Power := x * missing;
end;



What should be filled in missing in the above function?

A.
Power(x, n)
B.
Power(x, n+1)
C.
Power(x-1, n)
D.
Power(x, n-1)
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