HKOI 2007 Heat Event (Senior Group) Suggested Solution
Section A
	Q
	A
	Explanation

	1
	B
	
[image: image1]
The number inside each circle shows the number of ways to go to that circle from X.

	2
	B
	If q is a power of 2, then p and q are not relatively prime implies 2 is a common divisor of p and q. Thus, p is even, which is a contradiction.

	3
	B
	(i) works because every square is checked. (ii) does not work because empty squares may not be adjacent to each other.

	4
	B
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	5
	A
	The loop calculate s=n*a. So, we know that f(n)=n*f(n-1) with f(1)=1

	6
	B
	Shell sort swaps elements far apart.

	7
	B
	From 1 to 1000, there are (1000/3( multiples of 3, (1000/5( multiples of 5, (1000/7( multiples of 7, (1000/15( multiples of 15, (1000/21( multiples of 21, (1000/35( multiples of 35, and (1000/105( multiples of 105. So, the number of integers not divisible by 3, 5 and 7 = 333+200+142-66-47-28+9=543

	8
	D
	For (iii), the loop stops when b>0 or underflows.

	9
	B
	Since 0 ≤ random(70) ≤ 69
and random(2)*2 – 1 = (1
We have -69+50 ≤ random(70)*(random(2) * 2 - 1)+50 ≤ 69+50

	10
	C
	The average time bubble sort takes to sort an n-element array ~ n2

	11
	D
	35=243

	12
	C
	Floating point variable can have precision error.


	13
	D
	Fill [7L]. Pour [7L] [5L]. Empty [5L]. Pour [7L] [5L]. Fill [7L]. Pour [7L] [5L].

	14
	A
	(i) does not satisfy (b) and (c).
(ii) obviously satisfies (a), (b) and (c).
(iii) does not satisfy (c).
(iv) does not satisfy (a), (b) and (c).

	15
	A
	For each i, number of ‘*’s outputted equals A[i+1]-A[i]+1.
So, (1≤i≤n-1 (A[i+1]-A[i]+1) = A[n]-A[1]+(n-1) = 2n-2

	16
	A
	When k≠0, P ( (x1,y1)=(kx2,ky2) ( x1y2=(kx2)(y1/k)=x2y1 ( Q
When k=0, P ( Q is trivial.
When x1=y1=1, x2=y2=0, Q is true but P is false.

	17
	B
	(i) is false when x is non-integer. (e.g. (-0.5( = -1 ≠ 0 = -(0.5()
When 0 ≤ x-(x(  < 0.5, (2x( = 2(x( = (x( + (x+0.5(. 

When 0.5 ≤ x-(x( < 1, (2x( = 2(x( + 1 = (x( + (x+0.5(.

	18
	D
	There can be 1 student getting all 30 prizes.

	19
	D
	Observe that A(B = not A or B.
So, U ( (V and U) = not U or (V. and U) = not U or V

	20
	C
	Pascal: 12 mod -10 = 12 mod 10 = 2 C:12 % -10 = 12 % 10 =2

	21
	C
	If we treat the two ‘0’s  different, we get 8! permutation. Withstanding double counting, we get 8!/2=20160. (Equivalently, we have multinomial 8!/1!1!1!1!1!1!2!)

	22
	B
	Binary search cannot be performed if the array is unsorted.

	23
	B
	
[image: image2]

	24
	B
	[1] and [2] cross the bridge. [1] comes back. Then, [5] and [10] cross the bridge. [2] comes back. Finally, [1] and [2] cross the bridge.

	25
	A
	Swap 18 with 42. Then, swap 13 with 42. Finally, swap 18 with 97.

	26
	B
	(ii) cannot find the maximum of an array of negative numbers.

	27
	D
	This is due to precision error of floating point numbers.

	28
	D
	The program replaces all ‘A’s with ‘U’s and ‘T’s with ‘A’s. Then, it replaces all ‘C’s with ‘G’s.

	29
	A
	The purpose of the function is to reverse the decimal representation of x.
(ii) is not false because f(10)=f(1)

	30
	A
	In (i), denote the (a,b) as the ath point on the bth row.
We have (1,1)→(2,1)→(2,2)→(3,2)→(2,1)→(3,1)→(3,2)→(3,3)→(4,3)→(3,2)→(4,2)→(3,1)→(4,1)→(4,2)→(4,3)→(4,4)→(3,3)→(2,2)→(1,1)
In (ii), since there are 4 vertices with odd degree, it does not contain an Euler path.


Section B
	Q
	Suggested Solutions
	Explanation

	
	Pascal Version
	C Version
	

	A
	hamming:=0
	return 0
	If n is not divisible by 2, 3 or 5, it is not a hamming number.

	B
	hamming:=hamming(n div i)
	return hamming(n/i);
	n is a hamming number if and only if n/i is a hamming number.

	C
	i -1 + (i+1) mod3
i div 3 * 3 + 2 * i mod 3
	i-1+(i+1)%3
i/3*3+2*i%3
	This exploits the periodicity of modulo.

	D
	n := n div 2;
	n/=2;
	Since odd factors in n! do not contributes to k, if we denote f(x) as the maximum integer k satisfying 2km=n! for some integer m, we have f(n!)=f(2*4*6*…*(2(n/2())=f(2(n/2( (n/2(!)=(n/2(+f((n/2(!)

	E
	6
	Remove AD, AE, BC, BD, BE and CE.

	F
	25
	

	G

H
	s→f→g→t

s→a→c→d→t

s→a→c→g→t
	Shortest distance = 16

	I
	s→f→g→e→c→a→b→d→t
	Longest distance = 37

	J
	(A[j].height<A[j+1].height) or (A[j].height=A[j+1].height) and (A[j].width<A[j+1].width)
	A[j].height<A[j+1].height || A[j].height==A[j+1].height && A[j].width<A[j+1].width
	In bubble sort, we swap A[j] and A[j+1] if they are out of order.
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