The 23 rd Annual

ACM International Collegiate

Programming Contest

WORLD FINALS

Problem A

Bee Breeding

Input: bees.in

Professor B. Heif is conducting experiments with a species of So uth American bees that he fo und during an expedition to the Brazilian rain forest. T he honey produced bythese bees is o f superior qualityco mpared to the honey fro mEuropean and North American ho neybees. Unfortunately, the bees do not breed well in captivity. Professor Heif thinks the reaso n is that the placement o f the different maggots ( for workers, queens, etc.) within the honeycomb depends on enviro nmental co nditions, which are different in his laboratoryand the rain forest.

As a first step to validate his theor y, Professor Heif wants to quantifythe difference in maggot placement. For this he measures the distance between the cells o f the co mb into which the maggots are placed. To this end, the professor has labeled the cells b ymarking an arbitrar ycell as number 1, and then labeling the remaining cells in a clock wise fashion, as sho wn in the follo wing figure.

__ __ __ __

__/ \__/ \__/ \__/ \__

__/ \__/ \__/53\__/ \__/ \__

/ \__/ \__/52\__/54\__/ \__/ \

\__/ \__/51\__/31\__/55\__/ \__/

/ \__/50\__/30\__/32\__/56\__/ \

\__/49\__/29\__/15\__/33\__/57\__/

/ \__/28\__/14\__/16\__/34\__/ \

\__/48\__/13\__/ 5\__/17\__/58\__/

/ ..\__/27\__/ 4\__/ 6\__/35\__/ \

\__/47\__/12\__/ 1\__/18\__/59\__/

/ ..\__/26\__/ 3\__/ 7\__/36\__/ \

\__/46\__/11\__/ 2\__/19\__/60\__/

/ ..\__/25\__/10\__/ 8\__/37\__/ \

\__/45\__/24\__/ 9\__/20\__/61\__/

/ ..\__/44\__/23\__/21\__/38\__/ \

\__/70\__/43\__/22\__/39\__/62\__/

/ \__/69\__/42\__/40\__/63\__/ \

\__/ \__/68\__/41\__/64\__/ \__/

/ \__/ \__/67\__/65\__/ \__/ \

\__/ \__/ \__/66\__/ \__/ \__/

\__/ \__/ \__/ \__/ \__/

\__/ \__/ \__/ \__/

For example, two maggots in cells 19 and 30 are 5 cells apart. One of the shortest paths connecting the two cells is via the cells 19 - 7 - 6 - 5 - 15 - 30, so you must mo ve five times to adjacent cells to get fro m19 to 30.

Professor Heif needs yo ur help to write a programthat co mputes the distance, defined as the number of cells in a shortest path, between any pair of cells.

Input

T he input consists o f several lines, each containing two integers a and b ( a , b £ 10000), denoting numbers of cells. T he integers are always positive, except in the last line where a = b =0 holds. T his last line ter minates the inp ut and should not be processed.

Output

For each pair of numbers ( a , b ) in the inp ut file, output the distance between the cells labeled a and b . The distance is the minimum number of mo ves to get fro m a to b .

Sample Input Output for the Sample Input

19 30

0 0

The distance between cells 19 and 30 is 5.

The 23 rd Annual

ACM International Collegiate

Programming Contest

WORLD FINALS

Problem B

Bullet Hole

Input: bullet.in

( 0 , 0 , 0 )

( d , d , d ) x

y

z

( x 1 , y 1 , z 1 )

( x 2 , y 2 , z 2 )

( I n t h i s e x a m p l e , n = 3 )

A cube is suspended in space. A Cartesian coordinate system is defined with its origin at one o f the botto mcorners o f the cube, as sho wn in the figure. T he cube has side dimension d , so its opposite corners are at coordinates (0, 0, 0) and

( d , d , d ). T he positive z -direction o f the coordinate system is ^up ~ with respect to gravity.

T he interior of the cube contains partitio ns with unifor mspacing in each dimension, so that the cube is partitioned into n 3 mini-cubes o f equal size. T he partitions are thin and watertight, and each mini-cube is filled with water. T he total volume of water in all the minicubes is d 3 .

A gun fires a bullet which may hit the cube. T he muzzle of the gun is at the point ( x

1

, y

1

, z

1

). T he point ( x

2

, y

2

, z

2

) is a point on the bullet´s path that defines the direction o f the bullet. T he bullet does not shatter the cube, but wherever the bullet touches a side or interior partition of the cube, it makes a small hole. Bullet holes may be made in the sides, edges, or corners of the interior mini-cubes. Water, influenced bygravity, mayleak through these small holes. All the water that leaks out of the lar ge cube is collected and measured.

Input

T he input data set consists of several trials. Each trial is described byeight integers. T he first integer is n ( n £ 50), as described above. T he second integer is d ( d £ 100). T he remaining six integers˙ x

1

, y

1

, z

1

, x

2

, y

2

, z

2

˙represent the origin and a point on the path o f the b ullet (-100 £ x

1

, y

1

, z

1

, x

2

, y

2

, z

2

£ 100). T he origin and the point on the path of the bullet are not the same. After the last trial, the integer 0 terminates the data set.

Output

Your programmust co mp ute the total volume of water that leaks out of the large cube. For each trial, print the trial number, the notation

Volume = , and the total volume o f water accurate to two digits to the right of the decimal point.

Print a blank line between trials.

Note

In this problem, two real numbers are considered equal if they are less than 10 -6 apart.

Sample Input Output for the Sample Input

5 25 5 15 0 5 15 100

3 30 0 -35 0 3 -25 3

10 16 8 17 11 12 19 6

0

Trial 1, Volume = 2500.00

Trial 2, Volume = 1995.00

Trial 3, Volume = 0.00

The 23 rd Annual

ACM International Collegiate

Programming Contest

WORLD FINALS

Problem C

A Dicey Problem

Input: dicemaze.in

T he three-b y-three arrayin Figure 1 is a maze. A standard six-sided die is needed to traverse the maze (the layout of a standard six-sided die is sho wn in Figure 2). Each maze has an initial position and an initial die configuration. In Figure

1, the starting position is ro w1, column 2˙the ^2~ in the top ro wof the maze˙and the initial die configuration has the

^5~ on top of the die and the ^1~ facing the player (assume the player is viewing the maze fro mthe botto medge of the figure).

Figure 1: Sample Dice M aze Figure 2: Standard L ayout of Six-Sided Die

T o mo ve through the maze you must tip the die over on an ed ge to land on an adjacent square, effecting horizontal or vertical mo vement fro mone square to another. Ho wever, you can o nlymove o nto a square that co ntains the same number as the number displayed on the top of the die before the mo ve, or onto a ^wild~ sq uare which contains a star.

Movement onto a wild sq uare is always allo wed regardless of the number currentlydisplayed on the top of the die. T he goal of the maze is to mo ve the die off the starting square and to then find a way back to that same square.

For example, at the beginning of the maze there are two possible mo ves. Since the 5 is on top of the die, it is possible to mo ve do wn one square, and since the square to the left of the starting position is wild it is also possible to mo ve left. If the first mo ve chosen is to move do wn, this brings the 6 to the top of the die and mo ves are no w possible both to the right and do wn. I f the first move chosen is instead to the left, this brings the 3 to the top of the die and no further mo ves are possible.

If we consider maze locatio ns as ordered pairs of rowand column numbers ( row , column ) with ro windexes starting at 1 for the top ro wand increasing to ward the botto m, and column indexes starting at 1 for the left column and increasing to the right, the solution to this simp le example maze can be specified as: (1,2), (2,2), (2,3), (3,3), (3,2), (3,1), (2,1), (1,1),

(1,2). A bit more challenging example maze is sho wn in Figure 3.

T he goal of this problemis to wr ite a programto solve dice mazes. T he input file will contain several mazes for which the programshould search for solutions. Each maze will have either a unique solutio n or no solution at all. T hat is, each maze in the input mayor may not have a solution, but those with a solution are guaranteed to have only one uniq ue solutio n. For each input maze, either a solution or a message indicating no solution is possible will be sent to the output.

Figure 3: Start at (2,6) w ith the 3 on top and the 6 facing you.

Input

T he input file begins with a line containing a string of no more than 20 non-blank characters that names the first maze.

T he next line contains six integers delimited b ysingle spaces. T hese integers are, in order, the number of ro ws in the maze (an integer fro m1 to 10, call this value R ), the number of columns in the maze (an integer fro m1 to 10, call this value C ), the starting ro w, the starting column, the number that should be on top of the die at the starting position, and finallythe number that sho uld be facing yo u on the die at the starting position. T he next R lines contain C integers each, again delimited b ysingle spaces. T his R ´ C arrayo f integers defines the maze. A value of zero indicates an empty location in the maze (such as the two emptysquares in the center column of the maze in Figure 3), and a value of -1 indicates a wild sq uare. T his input sequence is repeated for each maze in the input. An input line containing only the word ^ END ~ ( without the quotes) as the name o f the maze marks the end of the input.

Output

T he output sho uld contain the name of each maze follo wed by its solution or the string ^No Solutio n Possible~ (witho ut the quotes). All lines in the output file except for the maze names should be indented exactly two spaces. Maze names should start in the leftmo st column. Solutions sho uld be output as a co mma-delimited sequence of the consecutive positions traver sed in the solutio n, starting and ending with the same sq uare (the starting square as specified in the input).

Positions should be specified as ordered pairs enclosed in parentheses. T he solutio n should list 9 positions per line ( with the exceptio n of the last line of the solution for which there may not be a full 9 positions to list), and no spaces should be present within or between positio ns.

Sample Input Output for the Sample Input

DICEMAZE1

3 3 1 2 5 1

-1 2 4

5 5 6

6 -1 -1

DICEMAZE2

4 7 2 6 3 6

6 4 6 0 2 6 4

1 2 -1 5 3 6 1

5 3 4 5 6 4 2

4 1 2 0 3 -1 6

DICEMAZE3

3 3 1 1 2 4

2 2 3

4 5 6

-1 -1 -1

END

DICEMAZE1

(1,2),(2,2),(2,3),(3,3),(3,2),(3,1),(2,1),(1,1),(1,2)

DICEMAZE2

(2,6),(2,5),(2,4),(2,3),(2,2),(3,2),(4,2),(4,1),(3,1),

(2,1),(2,2),(2,3),(2,4),(2,5),(1,5),(1,6),(1,7),(2,7),

(3,7),(4,7),(4,6),(3,6),(2,6)

DICEMAZE3

No Solution Possible

The 23 rd Annual

ACM International Collegiate

Programming Contest

WORLD FINALS

Problem D

T he Fortified Forest

Input: forest.in

Once upon a time, in a faraway land, there lived a king. T his king o wned a small collection of rare and valuable trees, which had been gathered b yhis ancestors on their travels. T o protect his trees fro mthieves, the king ordered that a high fence be built around them. His wizard was put in char ge of the operation.

Alas, the wizard quicklynoticed that the onlysuitable material available to build the fence was the wood fro mthe trees themselves. In other words, it was necessar yto cut do wn some trees in order to build a fence around the remaining trees.

Of course, to prevent his head fro mbeing chopped off, the wizard wanted to minimize the value of the trees that had to be cut. T he wizard went to his to wer and stayed there until he had fo und the best possible solution to the problem. T he fence was then built and ever yone lived happilyever after.

You are to write a programthat solves the problemthe wizard faced.

Input

T he input contains several test cases, each of which describes a hypothetical forest. Each test case begins with a line containing a single integer n , 2 £ n £ 15, the number of trees in the forest. T he trees are identified b yconsecutive integers

1 to n . Each of the subsequent n lines contains 4 integer s x i

, y i

, v i

, l i

that describe a single tree. ( x i

, y i

) is the position of the tree in the plane, v i

is its value, and l i

is the length of fence that can be built using the wood of the tree. v i

and l i

are between 0 and 10,000.

T he input ends with an empty test case ( n = 0).

Output

(QT�GCEJ�VGUV�ECUG�EQORWVG�C�UWDUGV�QH�VJG�VTGGU�UWEJ�VJCV�WUKPI�VJG�YQQF�HTQO�VJCV�UWDUGV�VJG�TGOCKPKPI�VTGGU�ECP�DG