HKOI2003 Final Event (Senior Group)


Question 0
Enumeration (50 Marks)

	Program Name:
PROGRAM0.EXE

Input File:
INPUT0.TXT

Output File:
OUTPUT0.TXT

Maximum Execution Time:
1 second


Write a program to read an integer N and output all integers from 1 to N 2.

Input Format

The input file contains an integer N (1  N  10).

Output Format

The output file consists of N lines.  The ith line contains (2i − 1) integers (1  i  N) separated by a single space.  These integers are 1 to N2 in ascending order.  An integer is always greater than the one on its left and all numbers in the line above, if applicable.

Sample Input File

	4


Sample Output File

	1

2 3 4

5 6 7 8 9

10 11 12 13 14 15 16


Question 1
DownMan (100 Marks)

	Program Name:
PROGRAM1.EXE

Input File:
INPUT1.TXT

Output File:
OUTPUT1.TXT

Maximum Execution Time:
1 second


DownMan is a download manager, which makes use of multiple Internet connections at the same time to download a single file.  Each connection is responsible for downloading a different part of the file until all parts have been downloaded.  You are required to find out the pattern of downloading a file with the given algorithm of DownMan.

The file is known to be m MB (megabytes) in size and it is logically split into parts of 1MB, namely part 1 to part m.  Given there are n Internet connections, namely connection 1 to connection n.  The number of seconds required for connection i (1  i  n) to download one part is given to be T(i).  When DownMan begins downloading a file, it starts at part number (i − 1) × (m div n) + 1.

A connection is downloading a specific part of the file at a moment, say part k (1  k  m).  Once part k has finished being downloaded (assuming no two connections finish their parts at the same time), the connection will process the next part (i.e. part k + 1).  If the next part has already been downloaded, is being downloaded or the end of the file has been reached, then the connection will process the remaining largest (assume there is only one) contiguous block of parts that have never started downloading, say with p parts, and start downloading at the ((p + 1) div 2)th part of this contiguous block.  If the size p of this largest block is only 1, then this connection will stop downloading while other connections will continue downloading their own currently downloading part.

Input Format

The first line of the input file contains two numbers, n and m (1  n  10, n  m  100), which are the number of Internet connections available and the size of the file respectively.  There are n following lines of each contains one number.  In line i+1 of the file, the number T(i) (1 T(i)  100) represents the speed of connection i.

Output Format

The output file lists out the time each part is downloaded.  Each line of this file has 3 integers, representing the time, the connection number and the part number that has just been downloaded.  The lines are sorted in chronological order.

Sample Input File

	2 14

7

13


Sample Output File

	7 1 1

13 2 8

14 1 2

21 1 3

26 2 9

28 1 4

35 1 5

39 2 10

42 1 6

49 1 7

52 2 11

56 1 13

63 1 14

65 2 12


Explanation of Sample Output File

	7 1 1
	In the first 7 seconds, connection 1 has downloaded part 1

	13 2 8
	In the first 13 seconds, connection 2 has downloaded part 8
[ (2 − 1)  14 div 2 + 1) = 8 ]

	14 1 2
	In the 8th to 14th seconds, connection 1 has downloaded part 2

	. . .


	

	49 1 7

52 2 11

56 1 13
	After the 49th second, connection 1 has finished parts 1 to 7.  Since part 8 is already downloaded, connection 1 will process the block with parts 12 to 14; part 12 will be left for connection 2.  Connection 1 will start at part 13.

	63 1 14

65 2 12
	After connection 1 has finished part 14, there is only one outstanding part which is being downloaded by connection 2, connection 1 will stop downloading.


Question 2
Project (100 Marks)

	Program Name:
PROGRAM2.EXE

Input File:
INPUT2.TXT

Output File:
OUTPUT2.TXT

Maximum Execution Time:
3 seconds


A project consists of several processes, which may or may not take place simultaneously.  The duration of the processes varies, though they must be in the unit of week.  The average cost per week for each process is provided.  As the project manager, you are required to find out the largest possible amount to be spent in a single week during the whole project.

Input Format

The input file contains the schedule of the processes.  The first line of the input file contains an integer n (1  n  1000), indicating the number of processes included in the project.  On each of the following n lines, there are 3 integers a, b, c (1  a  1000, 1  b  c  1000), indicating the cost per week, the starting and ending week (inclusive) of the respective process.

Output Format

The output file should contain a line with an integer indicating the largest possible amount to be spent in a single week during the whole project.

Sample Input File

	5

2 1 5

3 2 6

5 3 5

1 4 9

4 5 8


Sample Output File

	15


Question 3
Orienteering (100 Marks)

	Program Name:
PROGRAM3.EXE

Input File:
INPUT3.TXT

Output File:
OUTPUT3.TXT

Maximum Execution Time:
30 seconds


Orienteering is a game in which participants play courses by visiting a number of check- points in the shortest possible time.  Participants are divided into groups according to their sex and age.  Each group will start the game at a specific time (starting time) and each participant of this group will depart at a fixed time interval (departure time interval).  The Event Controller shall design the departure order of different groups.

Oliver Ivan is the Event Controller of the next Orienteering Competition.  He is in trouble of deciding the departure list of the competitors.  Please write a program to help him solve the problem.

Requirement of the Departure List

1. The departure time interval of the competitors in the same group should be equal.

2. The unit of the starting time and departure time interval is minute.

3. The departure time interval of each group should be greater than 1.

4. Competitors in the same group should play the same course.  Different groups may or may not play the same course.

5. Competitors in the same course could not depart at the same time.

6. All the competitors should depart within 240 minutes.

7. If there is more than one possible solution, find the solution using the minimum time for all competitors to depart.  If there is more than one minimal solution, use anyone of them.

Input Format

The first line of the input file contains 1 positive integer N (1  N  10), the numbers of group in the game.  The following N lines describe the information of these groups.  Each line has a single uppercase character C ("A"-"Z") and a positive integer P (0  P  241), separated by a single space.  The uppercase character C in the (i + 1)th line means the course code of the ith group.  And P is the number of competitors in the ith group.

Output Format

The output file contains only one line.  If there are possible solutions, output the total time used to depart all competitors.  Otherwise, output "-1" (excluding the double quotes).

Sample Input File 1

	3

A 10

A 5

A 3


Sample Output File 1

	18


Explanation of Sample 1

The departure list could be:

12121212121313131X1

A 1 means a competitor in GROUP 1 departs.

An X means no competitor departs.

The total time uses is 18 minutes.

Sample Input File 2

	3

A 241

A 1

B 10


Sample Output File 2

	-1


Explanation of Sample 2

There is no possible solution.  Output -1.

Question 4
Largest Continuous Region (100 Marks)

	Program Name:
PROGRAM4.EXE

Input File:
INPUT4.TXT

Output File:
OUTPUT4.TXT

Maximum Execution Time:
10 seconds


In image manipulation software, "continuous region selection tool" is a useful tool for selecting a continuous region in a given image with similar colors.  For the sake of simplicity, we only consider gray-scale images for this task.

The given gray-scale image consists of h × w (1  h, w  110) pixels, with h and w representing its height and width respectively.  The pixel in the rth row and in the cth column is named as pr,c, and its gray-scale pixel value is marked as gr,c (0  gr,c  100000).  In fact, the pixel value is a measurement of the "brightness" at that pixel of the image.

If we apply the "continuous region selection tool" at a reference point in the given image, a continuous region containing the reference point and points with similar colors to the reference point will be selected.  Here, "similar colors" means that the difference in pixel values between the reference point and any point in the selected region is less than or equal to a given critical value gcritical (0  gcritical  200).

The following example should help you figure out how the tool actually works:
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	1
	141
	128
	116
	107
	101
	100
	101
	107
	116
	128
	141
	156

	2
	128
	113
	100
	89
	82
	80
	82
	89
	100
	113
	128
	144

	3
	116
	100
	84
	72
	63
	60
	63
	72
	84
	100
	116
	134

	4
	107
	89
	72
	56
	44
	40
	44
	56
	72
	89
	107
	126

	5
	101
	82
	63
	44
	28
	20
	28
	44
	63
	82
	101
	121

	6
	100
	80
	60
	40
	20
	0
	20
	40
	60
	80
	100
	120

	7
	101
	82
	63
	44
	28
	20
	28
	44
	63
	82
	101
	121

	8
	107
	89
	72
	56
	44
	40
	44
	56
	72
	89
	107
	126

	9
	116
	100
	84
	72
	63
	60
	63
	72
	84
	100
	116
	134

	10
	128
	113
	100
	89
	82
	80
	82
	89
	100
	113
	128
	144

	11
	141
	128
	116
	107
	101
	100
	101
	107
	116
	128
	141
	128

	12
	156
	144
	134
	126
	121
	120
	121
	126
	134
	144
	128
	113

	Fig. 1: pixel values of a 12 × 12 gray-scale image


The above figure shows a 12 × 12 gray-scale image.  If we apply the "continuous region selection tool" at the point p6,3 with a critical value gcritical of 20, the following region will be selected:

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	1
	141
	128
	116
	107
	101
	100
	101
	107
	116
	128
	141
	156

	2
	128
	113
	100
	89
	82
	80
	82
	89
	100
	113
	128
	144

	3
	116
	100
	84
	72
	63
	60
	63
	72
	84
	100
	116
	134

	4
	107
	89
	72
	56
	44
	40
	44
	56
	72
	89
	107
	126

	5
	101
	82
	63
	44
	28
	20
	28
	44
	63
	82
	101
	121

	6
	100
	80
	60
	40
	20
	0
	20
	40
	60
	80
	100
	120

	7
	101
	82
	63
	44
	28
	20
	28
	44
	63
	82
	101
	121

	8
	107
	89
	72
	56
	44
	40
	44
	56
	72
	89
	107
	126

	9
	116
	100
	84
	72
	63
	60
	63
	72
	84
	100
	116
	134

	10
	128
	113
	100
	89
	82
	80
	82
	89
	100
	113
	128
	144

	11
	141
	128
	116
	107
	101
	100
	101
	107
	116
	128
	141
	128

	12
	156
	144
	134
	126
	121
	120
	121
	126
	134
	144
	128
	113

	Fig. 2: region selected at p6,3, gcritical = 20


The selected region is shaded and the reference point p6,3 is outlined by the solid lines.  With the above selected region, we can define the size of the selected region to be the number of pixels inside the region.  So the above selected region has a size of 40.

Now, we consider applying the tool with the same critical value at a different point.  If we apply the tool at p1,5 with the same critical value gcritical = 20, we will have the following region selected:

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	1
	141
	128
	116
	107
	101
	100
	101
	107
	116
	128
	141
	156

	2
	128
	113
	100
	89
	82
	80
	82
	89
	100
	113
	128
	144

	3
	116
	100
	84
	72
	63
	60
	63
	72
	84
	100
	116
	134

	4
	107
	89
	72
	56
	44
	40
	44
	56
	72
	89
	107
	126

	5
	101
	82
	63
	44
	28
	20
	28
	44
	63
	82
	101
	121

	6
	100
	80
	60
	40
	20
	0
	20
	40
	60
	80
	100
	120

	7
	101
	82
	63
	44
	28
	20
	28
	44
	63
	82
	101
	121

	8
	107
	89
	72
	56
	44
	40
	44
	56
	72
	89
	107
	126

	9
	116
	100
	84
	72
	63
	60
	63
	72
	84
	100
	116
	134

	10
	128
	113
	100
	89
	82
	80
	82
	89
	100
	113
	128
	144

	11
	141
	128
	116
	107
	101
	100
	101
	107
	116
	128
	141
	128

	12
	156
	144
	134
	126
	121
	120
	121
	126
	134
	144
	128
	113

	Fig. 3: region selected at p1,5, gcritical = 20


The size of the above selected region is 66.  And this is the largest possible size by applying "continuous region selection tool" with critical value gcritical = 20 in this given image.

Given a point pgiven and a critical value gcritical, you are required to write a program that can determine the reference point that, when applying the "continuous region selection tool" at that point, a maximum region containing a given point pgiven will be selected, with the given critical value gcritical.

Using the above example, if we want to select a maximum region containing the point p2,4 with critical value gcritical = 20, the reference point should be p1,5.

Input Format

The first line of the input file contains three integers h, w and gcritical separated by white spaces.  In the following h lines, there are exactly w integers, separated by white spaces, on each line.  These h × w integers are the gray-scale pixel values of the given image.  The last line of the input file contains two integers, which represent the row value and column value, respectively, of the given point pgiven that is to be included in the selected region.

It is guaranteed that the maximum pixel value will not be larger than the minimum pixel value by more than 30000, i.e. max{gr,c} − min{gr,c}  30000.

Output Format

The output contains only one line with three integers separated by exactly one space.  The three integers are, respectively, the row and column of the reference point of the largest possible continuous region containing the given point, and the size of the selected region.

If there are more than one reference points that can yield the largest possible continuous region, you should output the one with smallest row value.  If two or more reference points on the same row can give the largest region, the one with smallest column value should form the output.

Sample Input File

	12 12 20

141 128 116 107 101 100 101 107 116 128 141 156

128 113 100  89  82  80  82  89 100 113 128 144

116 100  84  72  63  60  63  72  84 100 116 134

107  89  72  56  44  40  44  56  72  89 107 126

101  82  63  44  28  20  28  44  63  82 101 121

100  80  60  40  20   0  20  40  60  80 100 120

101  82  63  44  28  20  28  44  63  82 101 121

107  89  72  56  44  40  44  56  72  89 107 126

116 100  84  72  63  60  63  72  84 100 116 134

128 113 100  89  82  80  82  89 100 113 128 144

141 128 116 107 101 100 101 107 116 128 141 128

156 144 134 126 121 120 121 126 134 144 128 113

2 4


	1 5 66


Sample Output File
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