HKOI 2005 Heat Event (Senior Group) Suggested Answer

Section A

	Q
	A
	Explanation

	1
	D
	(i) and (ii) are obviously true.
For (iii), it is possible that A is heavier than B while B is taller than A. In this case, none of them dominates each other.

	2
	C
	In Option A, Q and R are describing the both person, but their conclusion contradicts each other. So they cannot both tell lies. Option B and D also leads to similar contradictions. Only Option C is possible in this problem.

	3
	C
	To minimize the total number of operations, we have to retain the maximum number of characters. Although there are 4 common characters in the strings (A,B,D and H), they are not in the desired order and therefore we can retain at most 3 of them (D, H, plus either A or B). By deleting all other characters and inserting new characters at appropriate places, we can obtain the new string. 

	4
	B
	(i) is false because both 2 and 5 are hamming numbers but 7 (= 2+5) is not.
(ii) and (iii) are both true because multiplication and division does not introduce new prime factors. 

	5
	A
	(i) is true because if there is a shorter route than B(C(E for B to E, there must be a shorter route for A to E, by first going from A to B and then taking the shorter route. This leads to a contradiction.
(ii) is not always true. Although the route pass through more cities, it does not necessarily imply the router is longer. 

	6
	B
	Mathematically, the program should terminate because after executing the loop 10 times, the value of r should be 0. However, it is not the case here because computers do not handle floating point numbers accurately. There is often a small and un-noticeable error (e.g. 10-10) after each operation. After 10 subtractions, the number is very close but not exactly equal to zero.

	7
	A
	Actually, all three of the suggested modifications are correct if only one of them is applied. From the given choices, only Option A applies one modification.

	8
	A
	Without loss of generality, assume A is positive and B is negative.

A is in [1, 32767] while B is in [-32768, -1].

The sum of A and B should be in [-32767, 32766], which is in Integer range.

	9
	B
	It takes a least 7 highways to connect all 8 towns. So at least 5 more is needed.

	10
	C
	If we have more than one stack/queue, we can simulate the other data structure by using one of the stack/queue as a temporary storage of elements.

	11
	C
	When the values in the array is (-32768, 32767, -32768, 32767, -32768, 32767, -32768, 32767, -32768, 32767), the output would be 327680.

	12
	C
	When the array is non-increasing, there is no way the second for-loop is executed, so the output is 0. Note that it is impossible to have negative outputs because there is no way to decrement the value of k in our program. 

	13
	B
	See Question 15

	14
	A
	See Question 15

	15
	C
	The purpose of this program is to find the smallest positive integer n such that 2N ≥ 100N. The answer is 10. 

	16
	A
	When all elements in the array are equal, the statement is never executed.

	17
	C
	When all elements in the array are distinct, the statement will execute n-1 times when a[i] is the largest number, n-2 times when a[i] is the 2nd largest, etc.

	18
	B
	The problem involves simple coordinate transformation.

	19
	D
	Reversing an array can be done by swapping the first element with the last element, then the second element with the second-last element etc. If the array contains n elements, only n/2 swaps are required. Among the answers, only Option D swaps n/2 times.

	20
	A
	For (iii), filling a 16-bit signed integer variable with all 1-bits is equivalent to assigning -1 to the variable. However, since each 16-bit signed integer consists of two bytes, the whole array is 20000 bytes in size. By filling the first 10000 bytes, only the first 5000 elements are initialized to -1.

Actually, the safest way to use fillchar()/memset() is to determine the array size with sizeof(), e.g. fillchar(x, sizeof(x), 255) / memset(x, 255, sizeof(x))

	21
	B
	The program converts a 10-bit unsigned binary number to decimal number.

	22
	C
	This is the Josephus’ Problem. The solution can be found by simulating the process. Actually there exists a more efficient solution. Please search for this topic on the Internet if you are interested. 

	23
	D
	Consider the small cube, called X, at the center of the large cube. When we apply a cut to the large cube, at most one face of X is cut and exposed. So, we need at least 6 cuts to have X entirely exposed.

	24
	D
	The program always output the difference between the maximum and minimum value among a, b and c. Therefore, this value can never be negative. 

The program outputs zero when a = b = c.

	25
	C
	The value of an element in A is the sum of all elements before it. The answer can be found by finding the value of each element one by one. Alternatively, it can be proved that the value of A[n] is 2(n-1) for n > 0.

	26
	C
	For (ii), it is possible to apply bubble sort on linked list because we only need to compare the values between adjacent elements and access the elements one by one. 

	27
	B
	Here is the value of i after the first few iterations:
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Observe the pattern. There is a cycle of length = 8. Therefore the value after the nth iteration should equal to the value after the (n mod 8)th iteration.

	28
	D
	The number of writeln()/printf() statements executed is N2, so it is obvious that the amount of time needed for execution is approximately proportional to N2. When N is tripled, the amount of time needed should be 9 times the original value.

	29
	B
	We may apply a technique similar to the one used in Question 27:
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Again, it is easy to observe the pattern.

	30
	B
	The problem may be solved by following the recursive formula directly.

Alternatively, we can try to simplify the formula. For instance, it is easy to observe that when both a and b are non-zero, f(a, b) = f(a, 0) + b. This observation can save a few steps in calculation.


Section B

	Q
	Possible Answers (not exhaustive)
	Explanation

	
	Pascal Version
	C/C++ Version
	

	A
	MAX
	MAX
	This program implements the Sieve of Eratosthenes. It works by continually crossing out multiples of primes.

	B
	i
	i
	

	C
	N-2 (or N-1)
	N-2 (or N-1)
	This program implements Selection Sort. The idea is to find the smallest element and swap it to the first place, then the 2nd smallest element to the 2nd place etc.

In this problem we simplify the process of finding the minimum number by using FindMin().

	D
	i
	i
	

	E
	i
	i
	

	F
	(i-j) mod 4 = 0
i mod 4 = j mod 4
	(i - j) % 4 == 0
i % 4 = j % 4
	This problem tests students’ ability in identify patterns and their properties.

Apart from the two solutions listed on the left, there are many other possible solutions, some invented by our intelligent students.

	G
	1231412
	The following diagram illustrates how the recursive procedure produces the output. Procedure calls that do not produce any outputs are ignored.

Output is produced from left to right.
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	H
	3
	There are 3 possible ways to produce the output.

(i) The output consists of 6 integers, 6, 6, 6, 6, 6, and 7. This is produced by having x = 44, y = 49.

(ii) The output consists of 3 integers, 66, 66 and 67. This is produced by having x = 467, y = 469

(iii) The output consists of two integers, 666 and 667. This is produced by having x = 4668, y = 4669

Note that x = y = 4666669 is not a solution because it is out of our range.

	I
	(4668, 4669)
	

	J
	maximum(a,b)
	maximum(a,b)
	minimum(a,b) + maximum(a,b) = a + b

	K
	2 * b – a
	2 * b – a
	Let the original values in a and b be a’ and b’. After the 2nd statement is executed, we have a = 2a’ – b and b = a’. The problem becomes how to combine a and b to give the value a’ in the final statement.

	L
	(i + 2) mod 5
	(i + 2) % 5
	The next tip in clockwise direction to tip i is always tip (i+1) mod 5. So the 2nd-next and 3rd-next tips are (i+2) mod 5 and (i+3) mod 5 respectively.

P.S. The next tip of tip i in anti-clockwise is NOT (i-1) mod 5, because when i = 0, this formula gives -1. The correct formula should be (i+4) mod 5.

	M
	(i + 3) mod 5
	(i + 3) % 5
	

	N
	n – 1
	n – 1
	Note that n is incorrect because it will compare a[n] with a[n+1], which is out of the bounds of the array.

	O
	A[i] <> A[i+1]
	A[i] != A[i+1]
	To make sure every printed number is unique, we print the number only when it appears for the first time. This can be done simply by comparing it with the number before it, because the array is sorted in ascending order.
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