Cornell Programming Competition

Fall 1998

Last semester, I decided to write problems that were all related to each other in some way. Everyone seemed to like my little “story”, so I decided to do it again.

Also last semester, I started posting correct solutions as written by contestants. I will do that again this semester. Proper credit will be given to the author.

You may use Java or C++. You do not need to use the same language on all problems. This is the first semester we are allowing Java, so grading of Java programs may be slower than of C++ programs.

All programs must be console applications. You are to read input from standard input and write output to standard output. The first line of input will always be a single non-negative integer. This integer will indicate the number of data sets that follow. You are to perform the same processing on each data set. Data sets are independent. It is not necessary to read in all the data sets before writing any output.
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Fall 1998

Problem 1 – Making Change

Last summer, Cornell astronomer Philip Nicholson, among others, discovered two new moons of Uranus, which have been named Caliban and Sycorax. Even though we just discovered them, they have existed for millennia. There are some people, however, who have known about the moons for quite some time: the residents of Uranus, called the Uranoids. The Uranoids have a very advanced civilization. All of the problems will deal with some aspect of Uranoid life.

Description

The most valuable element on Uranus, of course, is uranium. As a result, it is used as money in the Uranoid society. As it happens, all of the coins are the same size, and thus the same weight. When a Uranoid receives change from a purchase, it is customary to give as few coins as possible, to minimize the weight of the change.

You are to read the values of coins, and an amount of change to be given. You will determine which coins should be used to make change, to minimize the total number of coins. There will always be a coin with value 1. You have an infinite supply of all coins; you don’t have to worry about running out.

Incidentally, the Uranoids use the symbol U as we use the symbol $. So, U1 is a coin with a value of one Uranoid dollar.

Input / Output

The first line of input will indicate the number of data sets. This number will be non-negative.

The first line of each data set contains two positive integers; call them m and n. Both are positive. m is the number of coins in the data set. The second line contains m positive integers, in strictly increasing order. These are the coin values. The first coin always has value 1. The next n lines each contain a single positive integer. For each of these integers, call it c, you are to determine how many of each coin are to be given so the total value of all coins is c, and the total number of coins is minimized. The output should be given as described in Sample Output, below.

If there is more than one way to make change while using the minimum number of coins, any answer is acceptable.

There are at most 16 coins in any data set (i.e., m ( 16). You will be asked to determine change for no more than U5000 (i.e., c ( 5000).

Example

Suppose there are 3 coin values, of U1, U4, and U5. To make change for U7, you should use two U1 coins and one U5 coin. To make change for U8, you should use two U4 coins.

Once again, suppose there are 3 coin values, of U1, U2, and U3. There are two ways to make change for U4 using a minimum number of coins: U1 and U3, or two U2. Either answer is acceptable.

Sample

Sample Input

The comments to the right are not part of the actual input. They are included to help you understand the input format.

2
Number of data sets.

3 2
Beginning of first data set. m = 3 and n = 2.

1 4 5
These are the three coin values.

7
Determine how to make change for U7 using the three coins.

8
Determine how to make change for U8.

6 4
Beginning of second data set. m = 6 and n = 4.

1 2 4 8 16 32
These are the six coin values.

9
Determine how to make change for U9 using the six coins.

10
Determine how to make change for U10.

11
Determine how to make change for U11.

4999
Determine how to make change for U4999.

Sample Output

At the beginning of each data set, print a message indicating the data set number. For each amount that you are to determine change for, print out the amount, then print out the n integers, where the first integer is the number of the first coin, the second is the number of the second coin, etc. Follow the format shown below.

The output corresponding to the above input is given below. Once again, the comments to the right are not part of the actual output.

Data set 1:
Beginning of data set 1.

U7 = 2 0 1
U7 = two U1 and one U5

U8 = 0 2 0
U8 = two U4

Data set 2:
Beginning of data set 2.

U9 = 1 0 0 1 0 0
U9 = one U1 and one U8

U10 = 0 1 0 1 0 0
U10 = one U2 and one U8

U11 = 1 1 0 1 0 0
U11 = one U1, one U2, and one U8

U4999 = 1 1 1 0 0 156
U11 = one U1, one U2, and one U8
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Problem 2 – The Urabomber

Description

The most notorious criminal on Uranus is the Urabomber. The Uranoid police have records of the coordinates of all of his bombings. Due to the public transit system on Uranus, the Urabomber must live very close to the bombing sites. The police are going to completely surround the bombing sites, certain that the Urabomber must live within the surrounded area. Your job is to determine the perimeter of the surrounded area. Of course, the police have a limited budget, and will make the perimeter as small as possible, while still surrounding all the bombing sites.

Example

Suppose there are four bombing sites, at the coordinates (0,0), (3,0), (0,3), and (1,1). These are shown below on the left. On the right, we see the area that the police have surrounded. It has perimeter 10.243.

Input / Output

The first line of input will indicate the number of data sets. This number will be non-negative.

The first line of each data set contains one integer; call it n, which is 3 or greater. This is the number of bombing sites. The next n lines contain the 2-dimensional coordinates of the bombing sites, one per line.

For each data set, print the perimeter of the shape which contains all the bombing sites. The shape should have the smallest perimeter possible, while still containing all the bombing sites. Print the perimeter with 3 places after the decimal. Follow the format shown in Sample Output, below.

Sample

Sample Input

The comments to the right are not part of the actual input data.

2
There are two data sets.

4
The first data set has 4 bombing sites.

0 0
The first bombing site is at (0,0).

3 0


0 3


1 1


7
The second data set has 7 bombing sites.

0 0
The first bombing site is at (0,0).

1 0


2 0


-1 2


0 2


2 2


1 3


Sample Output

Data set 1: 10.243

Data set 2: 9.886
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Problem 3 – Generation Gap

Description

The Uranoids have a very interesting life cycle. Every Uranoid is hatched on the first day of the year, and lives for exactly one year. They all die on the last day of the year. The next day, which is the first day of the following year, the next generation of Uranoids hatch, continuing the species. (A year might seem like a very short life span, but remember that one Uranian is over 84 Earth years.)

The population of Uranoids does not grow exponentially, as many other non-predated populations do. They grow according to the formula:

[image: image1.wmf]0

1

2

16

16

14

16

5

16

10

A5E

´

+

´

+

´

=


Uranoid scientists are worried that their species will eventually die out. Given the population in year 1, you are to determine the first year in which the Uranoid population is zero.

Input / Output

The first line of input will indicate the number of data sets. This number will be non-negative.

Each data set is a single positive integer. This is the Uranoid population in year 1. You are to output the message “Data set n: year m”, where n is the data set number and m is the first year in which the Uranoid population is zero.

You are guaranteed that the Uranoid population will die out on or before year 30000.

Example

Suppose that in year 1, the Uranoid population is 3. The Uranoid population is zero in year 9.

Year
1
2
3
4
5
6
7
8
9

Population
3
10
5
16
8
4
2
1
0

Sample

Sample Input

5

1

2

3

49

806

Sample Output

Data set 1: year 2

Data set 2: year 3

Data set 3: year 9

Data set 4: year 26

Data set 5: year 22
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Problem 4 – Campus Routes

Description

The largest school on Uranus is the College of Uranus, abbreviated CU. The CU campus is connected with sidewalks. Some of the sidewalks allow students to ride their hovercrafts on them; others allow only pedestrian traffic. Students with hovercrafts must walk with them on pedestrian-only sidewalks.

For example, a map of the CU engineering quad is given on the next page. Pedestrian-only sidewalks are shown with a dashed line; hovercraft sidewalks are shown with a solid line. All sidewalks are two-way.

CU students walk at 5 m/s, and hovercrafts travel at 9 m/s. It takes 7 seconds to mount or dismount the hovercraft. (We really shouldn’t be surprised that the Uranoids use the metric system. After all, everybody except the US does.)

CU undergraduates are notoriously late for class. Your job is to determine the fastest route between two points. The students must remain on the sidewalks, and are not allowed to ride their hovercraft on a pedestrian-only sidewalk. The students must begin and end dismounted.

Input

The first line of input will indicate the number of data sets. This number will be non-negative.

The first line of each data set contains three positive integers; call them m, n, and p. m is the number of points in the map, n is the number of paths, and p is the number of routes that you need to determine. The points on the map are labeled beginning with ‘A’, and proceed consecutively through the alphabet. There are at most 26 points, 50 paths, and 10 routes to be determined.

The next n lines of the data set list the n paths. Each path is given by a pair of points, a length, and a character indicating whether it is a pedestrian-only sidewalk. For example, the lines

A B 25 P

C D 52 H

indicate that there is a path between points A and B, with length 25 meters, and is pedestrian-only; there is also a path between points C and D, with length 52 meters, which allows hovercrafts. Lengths are always positive real numbers.

The next p lines of the data set list the p routes that you need to determine. Each route is given by a pair of points. You are to determine the fastest route between the two points.

Map of CU engineering quad

Output

At the beginning of each data set, print a message with the data set number.

For each route, print a message with the route number. Then, print the paths to be taken for the route and whether the students is walking or riding, one per line. At the end of the route, print the total time used by the route, with 1 decimal place.

Example

Given the map on the previous page, the fastest route between points A and E is to mount the hovercraft (7 seconds), riding to point B (5 seconds), riding to point F (3.75 seconds), riding to point C (2.5 seconds), riding to point D (5 seconds), dismounting (7 seconds), and walking to point E (10 seconds). The entire route uses 40.25 seconds.

Sample

Sample Input

The comments to the right are not part of the actual input data.

1
Number of data sets.

8 9 2
Beginning of first data set, m = 8, n = 9, p = 2.

A B 40 H
First of 8 paths. Path between A and B is 40 m and allows hovercrafts.

B C 40 P
Second of 8 paths. Path between B and C is 40 m and is pedestrian-only.

B F 30 H


F C 20 H


C D 40 H


D E 50 P


E G 15 P


E H 30 P


H G 20 H
Eighth of 8 paths.

A E
First of 2 routes. What is quickest rout between A and E?

G H
Second of 2 routes.

Sample Output

Data set 1:

Route 1:

  A B riding

  B F riding

  F C riding

  C D riding

  D E walking

Total time 40.3 seconds

Route 2:

  G E walking

  E H walking

Total time 9.0 seconds
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Problem 5 – A Base-ic Problem

Description

We humans use base 10 in our counting primarily because we all have 10 fingers. If we’d had 12 fingers, then we would probably use base 12. Imagine the confusion if half the population had 10 fingers, and the other half had 12. How would we decide which base to use?

The Uranoids have an even worse problem. Each Uranoid is hatched with between 1 and 31 fingers on each hand. Thus, each Uranoid has between 2 and 62 fingers. Furthermore, Uranoids are very independent, and refuse to agree on a common base to use. So each Uranoid uses a base equal to the number of fingers that he possesses. When two Uranoids are talking about numbers, each must convert from the base of the other to his own base.

Your problem is to read a number n1 in base b1, and convert it into base b2. When writing a number in base b2, use the digits 0 through 9, then the characters A through Z, then a through z. So, 0 has value 0, 1 has value 1, …, A has value 10, B has value 11, …, Z has value 35, a has value 36, b has value 37, …, and z has value 61.

Example
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Suppose we wish to convert the number 2654 from base 10 to base 16. The base 16 representation is A5E, because

Recall that A has value 10 and E has value 14.
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Now suppose we wish to convert the number 2654 from base 10 to base 62. The base 16 representation is go, because

Recall that g has value 42 and o has value 50.

Input / Output

The first line of input is the number of data sets. This number will be non-negative.

Each data set consists of three “integers”, n1, b1, and b2. You are to output the message


n1 base b1 = n2 base b2
where n1, b1, and b2 are given above, and n2 is the base b2 representation of n1 in base b1. The numbers n1 and n2 must be written with the most significant digit first.

n1 and n2 will have, at most, 20 digits. b1 and b2 will always be in the range 2 to 62, inclusive, represented in base 10.

Sample

Sample Input

3

2654 10 16

2654 10 62

11100100110110001010 2 9

Sample Output

2654 base 10 = A5E base 16

2654 base 10 = go base 62

11100100110110001010 base 2 = 1677724 base 9
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