Problem A: (More) Multiplication

Educators are always coming up with new ways to teach math to students. In 2011, an educational
software company, All Computer Math (ACM), developed an application to display products in a
traditional grade school math format. ACM is now working on an updated version of the software that
will display results in a lattice format that some students find to be easier when multiplying larger
numbers.
An example would be when multiplying 345 * 56 = 19320 as given below, using a lattice grid with
2 rows and 3 columns, which appears inside a surrounding frame:
+---------------+
|
3
4
5
|
| +---+---+---+ |
| |1 /|2 /|2 /| |
| | / | / | / |5|
|1|/ 5|/ 0|/ 5| |
| +---+---+---+ |
|/|1 /|2 /|3 /| |
| | / | / | / |6|
|9|/ 8|/ 4|/ 0| |
| +---+---+---+ |
|/ 3 / 2 / 0
|
+---------------+

The first operand, 345, is displayed above the top of the grid with each digit centered horizontally above
its column of the grid, and the second operand, 56, is displayed along the righthand side with each digit
centered vertically at the center of its row in the grid. A single cell of the grid, such as
+---+
|3 /|
| / |
|/ 0|
+---+

represents the product of the digit of the first operand that is above its column and the digit of the second
operand that is to the right of its row. In our example, this cell represents the product 5 times 6 = 30 that
results when multiplying the 5 in 345 and the 6 in 56. Note that the 10's digit of that product is placed in
the upper left portion of this cell and the 1's digit in the lower right.
The overall product is then computed by summing along the diagonals in the lattice that represent the
same place values in the result. For example, in our first problem the product 19320 was computed as:
1's digit
=0
10's digit
= 5 + 3 + 4 = 12, thus 2 with a carry of 1
= (1 carry) + 2 + 0 + 2 + 8 = 13, thus 3 with a carry of
100's digit
1
1000's digit = (1 carry) + 2 + 5 + 1 = 9
10000's
=1
digit
The resulting product is placed with the one's digit below the grid at the far right and, depending on its
length, with the most significant digits wrapped around the left side of the grid. Each digit of the final
product appears perfectly aligned with the corresponding diagonal summands.

To provide an aesthetic view, we use a series of minus (-) characters for horizontal lines, pipe (|)
characters for vertical lines, and slash (/) characters for diagonal lines. Furthermore, we use a plus (+)
character wherever a horizontal and vertical line meet. Each multiplication lattice is subsequently "boxed"
by an outer border. There is a row containing the first operand which is between the topmost border and
the top line of the grid, and a row between the bottom of the grid and the bottom border, which contains
some portion of the resulting product. There is one column between the leading | and the left edge of the
inner grid, which may contain a portion of the resulting product, and one column after the right edge of
the inner grid but before the rightmost | border, which contains the second operand. If the product is not
long enough to wrap around the bottom-left corner, the column between the left border and the left edge
of the grid will containing only spaces. (See the later example of 3 x 3.)
Leading zeros should be displayed within lattice grid cells, but leading zeros should never be displayed in
the product, nor should there ever be a slash (/) character prior to the leading digit of the product. For
example, consider the product of 12 * 27 = 324 below:
+-----------+
|
1
2
|
| +---+---+ |
| |0 /|0 /| |
| | / | / |2|
| |/ 2|/ 4| |
| +---+---+ |
| |0 /|1 /| |
| | / | / |7|
|3|/ 7|/ 4| |
| +---+---+ |
|/ 2 / 4
|
+-----------+

Note that in the top-right grid of the lattice, the product 2 * 2 = 04 is displayed with the zero for the tens
digit. However, there is no thousands digit displayed in the product 324, nor is there any slash displayed
above the digit 3 in that product.
Input: The input contains one or more tests. Each test contains two positive integers, A and B, such that
1 ≤ A ≤ 9999 and 1 ≤ B ≤ 9999. The last data set will be followed by a line containing 0 0.
Output: For each data set, produce the grid that illustrates how to multiply the two numbers using the
lattice multiplication technique.
Note: The tables must be formatted precisely as outlined by the rules and examples provided. Mistakes
that involve solely errant whitespace will be categorized as Presentation Error; all other errors
will be reported as Wrong Answer.
Example
Input:
345 56
12 27
1 68
9999 7
3 3
0 0

Example Output:
+---------------+
|
3
4
5
|
| +---+---+---+ |
| |1 /|2 /|2 /| |
| | / | / | / |5|
|1|/ 5|/ 0|/ 5| |
| +---+---+---+ |
|/|1 /|2 /|3 /| |
| | / | / | / |6|
|9|/ 8|/ 4|/ 0| |
| +---+---+---+ |
|/ 3 / 2 / 0
|
+---------------+

Example
Input:

Example Output:
+-----------+
|
1
2
|
| +---+---+ |
| |0 /|0 /| |
| | / | / |2|
| |/ 2|/ 4| |
| +---+---+ |
| |0 /|1 /| |
| | / | / |7|
|3|/ 7|/ 4| |
| +---+---+ |
|/ 2 / 4
|
+-----------+
+-------+
|
1
|
| +---+ |
| |0 /| |
| | / |6|
| |/ 6| |
| +---+ |
| |0 /| |
| | / |8|
|6|/ 8| |
| +---+ |
|/ 8
|
+-------+
+-------------------+
|
9
9
9
9
|
| +---+---+---+---+ |
| |6 /|6 /|6 /|6 /| |
| | / | / | / | / |7|
|6|/ 3|/ 3|/ 3|/ 3| |
| +---+---+---+---+ |
|/ 9 / 9 / 9 / 3
|
+-------------------+
+-------+
|
3
|
| +---+ |
| |0 /| |
| | / |3|
| |/ 9| |
| +---+ |
| 9
|
+-------+

Problem B: Fun House

American Carnival Makers Inc. (ACM) has a long history of designing rides and attractions. One of their
more popular attractions is a fun house that includes a room of mirrors. Their trademark is to set up the
room so that when looking forward from the entry door, the exit door appears to be directly ahead.
However, the room has double-sided mirrors placed throughout at 45 degree angles. So, the exit door can
be on any of the walls of the room. The set designer always places the entry and mirrors, but can never
seem to be bothered to place the exit door. One of your jobs as part of the construction crew is to
determine the placement of the exit door for the room given an original design.
The final diagram for a sample room is given below. The asterisk (*) marks the entry way, lower case x's
mark the walls, the mirrors are given by the forward and backward slash characters (/ and \), open
spaces with no visual obstructions are marked by periods (.), and the desired placement of the exit is
marked with an ampersand (&). In the input diagram, there is an 'x' in place of the '&', since the exit has
not yet been located. You need to alter the input diagram by replacing the proper 'x' with an '&' to identify
the exit. Note that entrances and exits can appear on any of the walls (although never a corner), and that it
is physically impossible for the exit to be the same as the entrance. (You don't need to understand why
this is so, although it may be fun to think about.)
xxxxxxxxxxx
x../..\...x
x..../....x
*../......x
x.........x
xxxxxx&xxxx
Input: Each room will be preceded by two integers, W and L, where 5 ≤ W ≤ 20 is the width of the room
including the border walls and 5 ≤ L ≤ 20 is the length of the room including the border walls. Following
the specification of W and L are L additional lines containing the room diagram, with each line having W
characters from the alphabet: { * , x , . , / , \ }. The perimeter will always be comprised of walls, except
for one asterisk (*) which marks the entrance; the exit is not (yet) marked. A line with two zeros indicates
the end of input data.
Output: For each test case, the first line will contain the word, HOUSE, followed by a space and then an
integer that identifies the given fun house sequentially. Following that should be a room diagram which
includes the proper placement of the exit door, as marked by an ampersand (&).
Note: In both Java and C++ the backslash character (\) has special meaning as an escape character
within character and string literals. You must use the combination \\ to express a single backslash within
a character or string literal within source code.

Example Input:

Example
Output:

11 6
xxxxxxxxxxx
x../..\...x
x..../....x
*../......x
x.........x
xxxxxxxxxxx
5 5
xxxxx
*...x
x...x
x...x
xxxxx
5 5
xxxxx
x./\x
*./.x
x..\x
xxxxx
6 6
xxx*xx
x/...x
x....x
x/./.x
x\./.x
xxxxxx
10 10
xxxxxxxxxx
x.../\...x
x........x
x........x
x.../\..\x
*...\/../x
x........x
x........x
x...\/...x
xxxxxxxxxx
0 0

HOUSE 1
xxxxxxxxxxx
x../..\...x
x..../....x
*../......x
x.........x
xxxxxx&xxxx
HOUSE 2
xxxxx
*...&
x...x
x...x
xxxxx
HOUSE 3
xxxxx
x./\x
*./.x
x..\&
xxxxx
HOUSE 4
xxx*xx
x/...x
x....x
x/./.&
x\./.x
xxxxxx
HOUSE 5
xxxxxxxxxx
x.../\...x
x........x
x........x
&.../\..\x
*...\/../x
x........x
x........x
x...\/...x
xxxxxxxxxx
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Problem C: Lexicography

An anagram of a string is any string that can be formed using the same letters as the original. (We
consider the original string an anagram of itself as well.) For example, the string ACM has the following 6
anagrams, as given in alphabetical order:
ACM
AMC
CAM
CMA
MAC
MCA

As another example, the string ICPC has the following 12 anagrams (in alphabetical order):
CCIP
CCPI
CICP
CIPC
CPCI
CPIC
ICCP
ICPC
IPCC
PCCI
PCIC
PICC

Given a string and a rank K, you are to determine the Kth such anagram according to alphabetical order.
Input: Each test case will be designated on a single line containing the original word followed by the
desired rank K. Words will use uppercase letters (i.e., A through Z) and will have length at most 16. The
value of K will be in the range from 1 to the number of distinct anagrams of the given word. A line of the
form "# 0" designates the end of the input.
Warning: The value of K could be almost 245 in the largest tests, so you should use type long in Java, or
type long long in C++ to store K.
Output: For each test, display the Kth anagram of the original string.
Example
Input:
ACM 5
ICPC 12
REGION 274
# 0

Example
Output:
MAC
PICC
IGNORE

Problem D: The Leprechaun Hunt

In Irish mythology, a Leprechaun is a small sprite who stores all his treasure in a hidden pot of gold at the
end of the rainbow. If someone is able to catch the Leprechaun, he must give that person his pot of gold.
In this problem, we explore the difficulty of capturing a Leprechaun.
We model a search with V villagers trying to catch a single Leprechaun as a game on a simple undirected
graph having N ≥ 1+V nodes. To begin the game, the villagers position themselves at a subset of V
distinct nodes. After that, the Leprechaun chooses a remaining node as a starting position. In each round
of the game that follows, one villager moves from his or her current node to an adjacent node that is
unoccupied by another villager. If that node has the Leprechaun, the villagers win the pot of gold.
Otherwise, the Leprechaun now has the option of either staying at his current node, or moving to an
adjacent, unoccupied node. Given a specific graph, and a fixed number of villagers, we are interested in
the minimum number of turns the villagers need to capture the most clever of Leprechauns.
As examples, consider the two figures below. For the graph in Figure 1, a single villager can never
capture a Leprechaun, as the Leprechaun can easily stay away from the villager. However, two villagers
can capture the Leprechaun after at most 2 turns. For example, the villagers might begin at nodes A and D,
in which case a clever Leprechaun will start at node F. But after the villager at A moves to G the villagers
can capture the Leprechaun on their second turn, no matter whether the Leprechaun moves to E or
remains at F.
For the graph in Figure 2, a single villager is unable to catch a clever Leprechaun. To see why this is the
case, we describe a possible strategy of the Leprechaun, which is to always stay within the square made
by BCDE, and opposite of the villager if the villager is in that square. If the villager were ever to go to A,
the Leprechaun can remain still. In contrast, two villagers are able to capture the Leprechaun on their first
move by picking initial positions such as B and E.

Figure 1
Figure 2
Input: Each tests begins with a line containing three integers: V N E. The value of V denotes the number
of villagers such that 1 ≤ V ≤ 7. The number of nodes N in the graph will satisfy 1 + V ≤ N ≤ 15. The
value 1 ≤ E ≤ 45 designates the number of edges in the graph. Following the initial line of parameters will
be one or more lines describing the edges of the graph, with up to 15 edges per line. Nodes of the graph
are implicitly denoted with the first N uppercase letters (A, B, C, ...), and edges are explicitly denoted as
two-character strings; for example the string AC denotes an edge connecting nodes A and C to each other.
The E edges will be distinct, each edge connects two distinct nodes, and any node will have at most
6 incident edges. A line with the single value 0 designates the end of the input.
Output: For each test case, output a line, prefaced with the case number as shown in the example output

below, followed by the minimum number of moves that the villagers need to guarantee capture of the
Leprechaun, or the word NEVER if the villagers are unable to capture the Leprechaun.
Example Input:
1 7 7
AB BC CD DE
2 7 7
AB BC CD DE
1 5 6
AB AC BC BD
2 5 6
AB AC BC BD
2 10 15
AB BC CD DE
3 10 15
AB BC CD DE
3 14 10
AB BC CD EF
4 14 10
AB BC CD EF
0

Example Output:
EF FG GA
EF FG GA
DE EC
DE EC
EA AF BG CH DI EJ FH HJ JG GI IF
EA AF BG CH DI EJ FH HJ JG GI IF
FG GH IJ JK LM MN
FG GH IJ JK LM MN
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CASE
CASE
CASE
CASE
CASE
CASE
CASE
CASE

1:
2:
3:
4:
5:
6:
7:
8:

NEVER
2
NEVER
1
NEVER
1
NEVER
2

Problem E: Word Cloud

A word cloud (or tag cloud) is a visual representation of textual data based on a weighted metric. In the
above cloud (which is based on this year's list of Mid-Central teams), the font size of each word is based
on its number of occurrences in the data set. Tagg Johnson is a man obsessed with counting words that
appear in online documents. On his computer, he keeps a spreadsheet of all the sites he visits, along with
a list of words that appear on each site and the number of times such word appears. Tagg would like to
generate word clouds based on the data he has collected.
Before describing the algorithm Tagg uses for generating clouds, we digress for a quick lesson in
typography. The basic unit of measure is known as a point (typically abbreviated as pt). A font's size is
described based on the vertical number of points from one line to the next, including any interline
spacing. For example, with a 12pt font, the vertical space from the top of one character to the top of a
character below it is 12 points. We assume that a character's height is precisely equal to the font's point
size (regardless of whether the character is upper or lower case).
For this problem, we focus on a fixed-width font, such as Courier, in which each character of the alphabet
is also given the same amount of width. The character width for such a font depends on the font size and
the aspect ratio. For Courier, a word with t characters rendered in a font of size P has a total width of
⌈916⋅t⋅P⌉ when measured in points. Note well the use of the ceiling operator, which converts any
noninteger to the next highest integer. For example, a 5-letter word in a 20pt font would be rendered with
a height of 20 points and a width equal to ⌈90016⌉=⌈56.25⌉=57 points.
Now we can describe Tagg's algorithm for creating a word cloud. He pre-sorts his word list into
alphabetical order and removes words that do not occur at least five times. For each word w, he computes
a point size based on the formula P=8+⌈40(cw−4)(cmax−4)⌉, where cw is the number of occurrences
of the word, and cmax is the number of occurrences of the most frequent word in the data set. Note that
by this formula, every word will be rendered with anywhere from a 9pt font to a 48pt font. He then places
the words in rows, with a 10pt horizontal space between adjacent words, placing as many words as fit in
the row, subject to a maximum width W for his entire cloud. The height of a given row is equal to the
maximum font size of any word rendered in that row.
As a tangible example, consider the following data set and word cloud.

word
count
apple
10
banana
5
grape
20
kiwi
18
orange
12
strawberry
10
In this example, apple is rendered with 23pt font using width 65pt, banana is rendered with 11pt font
using width 38pt, and grape is rendered with 48pt font and width 135pt. If the overall word cloud is
constrained to have width at most 260, those three words fit in a row and the overall height of that row is
48pt (due to grape). On the second row kiwi is rendered with height 43pt and width 97pt, and
orange is rendered with height 28pt and width 95pt. A third row has strawberry with height 23pt
and width 130pt. The overall height of this word cloud is 114pt.
Input: Each data set begins with a line containing two integers: W and N. The value W denotes the
maximum width of the cloud; W ≤ 5000 will be at least as wide as any word at its desired font size. The
value 1 ≤ N ≤ 100 denotes the number of words that appear in the cloud. Following the first line are N
additional lines, each having a string S that is the word (with no whitespace), and an integer C that is a
count of the number of occurrences of that word in the original data set, with 5 ≤ C ≤ 1000. Words will be
given in the same order that they are to be displayed within the cloud.
Output: For each data set, output the word CLOUD followed by a space, a serial number indicating the
data set, a colon, another space, and the integer height of the cloud, measured in font points.
Example Input:
260 6
apple 10
banana 5
grape 20
kiwi 18
orange 12
strawberry 10
250 6
apple 10
banana 5
grape 20
kiwi 18
orange 12
strawberry 10
610 6
apple 10
banana 5
grape 20
kiwi 18
orange 12
strawberry 10
0 0

Example Output:

CLOUD 1: 114
CLOUD 2: 99
CLOUD 3: 48
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Problem F: The Maze Makers

The Maze Makers is a publisher of puzzle books. One of their most popular series is maze books. They
have a program that generates rectangular two-dimensional mazes like the one shown in Figure 1. The
rules for these mazes are: (1) A maze has exactly two exterior cell walls missing, opening to two distinct
terminal cells, (2) starting from any one cell, all other cells are reachable, (3) between any two cells in the
maze there is exactly one simple path. Formally, a path is a sequence of cells where each cell and its
successor on the path share an edge without a wall. A simple path is a path that never repeats a cell.
The Maze Maker program uses hexadecimal digits to encode the walls and passages of a maze. For each
cell in the maze there is a corresponding hex digit. As shown in Figure 2, the 1's and 0's in the 4 digit
binary representation of a hex digit correspond to the walls (1's) and passages (0's) for each cell in the
maze. For example, the binary encoding for the hex digit B is 1011. Starting at the top of the cell and
moving clockwise around it, this digit represents a cell with a wall at the top, a passage to the right and
walls at the bottom and to the left. A path between two maze cells successively moves one cell up, down,
left or right, going through passages only.

Figure 1: Sample Maze

Figure 2: Hex Code for Walls
and Passageways

Figure 3: Maze with Cell
Labels

Figure 3 shows the sample maze with the hexadecimal labels in each cell. For example, the hexadecimal
digit E in the top-right cell indicates that it has a wall above it, to its right, below it, yet a passageway to
its left. The hexadecimal digit 8 to its left indicates that its cell has only a wall above it. The inputs will
always be self-consistent, in that the hexadecimal digits in neighboring cells will agree on whether they
share a wall or passageway, and each input will always have precisely two terminal cells, each with one
missing exterior wall.
Our sample maze is a legitimate maze in that all cells are reachable and there is a unique simple path
between any pairs of cells in the maze. Your goal is to write a program that reads the hexadecimal
descriptions of a potential maze and tests to determine if it is legitimate. If there is a problem, your
program must report only the first problem, as detailed below in the section titled "Output".

Input: The input consists of the descriptions of one or more candidate mazes. Each maze description will
start with two integers, H and W, indicating the height and width of the maze, respectively, such that 1 ≤
H ≤ 50 and 2 ≤ W ≤ 50. Following this first line will be H rows of hexadecimal digits, with each row
consisting of W digits. The input is terminated with a line displaying a pair of zeros.

Output: For each candidate maze, the program should output the first one of the following statements
that applies:
NO SOLUTION
UNREACHABLE CELL
MULTIPLE PATHS
MAZE OK
The classification statements are defined formally as follows:
NO SOLUTION - There is no path through the interior of the maze between the two exterior
openings.
UNREACHABLE CELL - There is at least one cell in the maze that is not reachable by
following passageways from either of the openings in the exterior walls of the maze.
MULTIPLE PATHS - There exists a pair of cells in the maze that have more than one simple
path between them. Two simple paths are considered to be distinct if any part of the paths
differ.
MAZE OK - None of the above problems exist.
Note well that for the second case given in the following examples, there is no path between the start and
finish and there is an unreachable cell; the correct output should simply be NO SOLUTION, because that
error message is listed first in the above list. Similarly, in the fourth example given,
UNREACHABLE CELL is reported because that error has priority over the multiple paths.
Sample input and output is given on the following page.

Example
Input:
6 7
9A8C98E
2E5753C
980A496
553C53C
53C75D5
3E3E363
3 3
F9A
D3E
3AC
1 8
3AAA8AAE
6 3
9AC
3C5
A24
9A6
5BC
3C7
5 4
8A8E
592C
5186
161C
3A63
5 4
8AAE
59AC
5386
1E1C
3A63
0 0

Example Output:

MAZE OK
NO SOLUTION
MAZE OK
UNREACHABLE CELL
MULTIPLE PATHS
MULTIPLE PATHS
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Maze Diagrams:

Problem G: Reverse Rot

A very simplistic scheme, which was used at one time to encode information, is to rotate the characters
within an alphabet and rewrite them. ROT13 is the variant in which the characters A-Z are rotated 13
places, and it was a commonly used insecure scheme that attempted to "hide" data in many applications
from the late 1990's and into the early 2000's.
It has been decided by Insecure Inc. to develop a product that "improves" upon this scheme by first
reversing the entire string and then rotating it. As an example, if we apply this scheme to string ABCD
with a reversal and rotation of 1, after the reversal we would have DCBA and then after rotating that by 1
position we have the result EDCB.
Your task is to implement this encoding scheme for strings that contain only capital letters, underscores,
and periods. Rotations are to be performed using the alphabet order:
ABCDEFGHIJKLMNOPQRSTUVWXYZ_.

Note that underscore follows Z, and the period follows the underscore. Thus a forward rotation of 1
means 'A' is shifted to 'B', that is, 'A'→'B', 'B'→'C', ..., 'Z'→'_', '_'→'.', and '.'→'A'. Likewise a rotation of
3 means 'A'→'D', 'B'→'E', ..., '.'→'C'.
Input: Each input line will consist of an integer N, followed by a string. N is the amount of forward
rotation, such that 1 ≤ N ≤ 27. The string is the message to be encrypted, and will consist of 1 to 40
characters, using only capital letters, underscores, and periods. The end of the input will be denoted by a
final line with only the number 0.
Output: For each test case, display the "encrypted" message that results after being reversed and then
shifted.
Example Input:
1 ABCD
3 YO_THERE.
1 .DOT
14 ROAD
9 SHIFTING_AND_ROTATING_IS_NOT_ENC
RYPTING
2 STRING_TO_BE_CONVERTED
1 SNQZDRQDUDQ
0
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Example Output:
EDCB
CHUHKWBR.
UPEA
ROAD
PWRAYF_LWNHAXWH.RHPWRAJAX_HMWJHPWRA
ORQ.
FGVTGXPQEAGDAQVAIPKTVU
REVERSE_ROT

Problem H: Shrine Maintenance

A religious sect has holy sites with shrines placed around a circle of radius 1000. The circle is split into
N equal length arcs and the endpoints are numbered in order, 1 through N. The first figure shows a circle
where N is 12, with 12 gray tick marks like on a 12-hour analog clock. We can imagine the marks
numbered, as on a clock, with 12 at the top. Each circle has one or more sacred numbers associated with
it. The sacred numbers for the circle in the first figure are 2 and 3. A shrine, indicated by a black dot in
the figure, is placed at each mark whose number is a multiple of at least one of the sacred numbers, so in
this case the shrines are at positions 2, 3, 4, 6, 8, 9, 10, and 12.

Figure 1

Figure 2

Figure 3

When it comes time to inspect and repair the shrines at a given site, the area is closed and a team of
workers simultaneously fan out from a maintenance shed, located in the center of the circle, so that each
shrine is visited by at least one worker. Once all workers have returned to the shed, the site is reopened to
the public. Because these sites are in great demand, it is important that they be closed as briefly as
possible. In order to minimize this time, they must figure out how to apportion the shrines among the
current number of workers, so the maximum distance traveled by any one worker is as small as possible.
Figure 1 shows one choice for the optimal solution paths for 3 workers. The lower left path has darker
lines, to indicate that it is one with the longest length, which in this case is approximately 3517.6.
This sect has many circular sites with multiple shrines. The number of available workers at a site, W, the
value of the number equal arcs, N, and the sacred numbers vary between sites. The sacred numbers are
always divisors of N. Your job is to help figure out how much time is required for maintenance. Figures
2 and 3 show optimal solutions for other sites.

Input: The input consists of one or more data sets. Each data set is on a single line and consists entirely
of positive integers. The first three entries are W, the number of workers, N, the number of equal arcs
around the circle, and D, the number of sacred divisors of N. At the end come the D divisors of N. W is
no more than the total number of shrines; N ≤ 8600, and D ≤ 6; each listed divisor of N is smaller than N.
A single zero, 0, will be placed on the last line to indicate the end of the input.

Output: The output is a single line for each dataset: the maximum distance a worker must travel with
an optimal assignment of the shrines. This number is displayed so that it is rounded to one decimal place,
and always shows that decimal place, even if it is 0. To ensure unique answers with double arithmetic,
the datasets are chosen so that if your answer is anywhere within .005 of the exact minimum distance,
then the answer rounded to one decimal place will be the same.
The first three sample datasets correspond to the three figures.
Caution: Be careful with your algorithm so it finishes rapidly.
Example Input:

Example
Output:

3 12 2 2 3
7 70 3 14 10 35
2 84 3 3 4 14
4 35 2 7 5
3 20 2 5 4
3611
4611
1611
8600 8600 3 1 10 100
0

3517.6
2624.3
4987.7
3224.9
3488.4
3000.0
3000.0
7000.0
2000.0
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I - Card Trick
I am learning magic tricks to impress my girlfriend Alice. My latest trick is a probabilistic one,
i.e. it does work in most cases, but not in every case. To perform the trick, I first shuffle a
set of many playing cards and put them all in one line with faces up on the table. Then Alice
secretly selects one of the first ten cards (i.e. she chooses x 0 , a secret number between 1 and
10 inclusive) and skips cards repeatedly as follows: after having selected a card at position x i
with a number c(x i ) on its face, she will select the card at position x i+1 = x i + c(x i ). Jack (J),
Queen (Q), and King (K) count as 10, Ace (A) counts as 11. You may assume that there are at
least ten cards on the table.
Alice stops this procedure as soon as there is no card at position x i + c(x i ). I then perform
the same procedure from a randomly selected starting position that may be different from the
position selected by Alice. It turns out that often, I end up at the same position. Alice is very
impressed by this trick.
However, I am more interested in the underlying math. Given my randomly selected starting
position and the card faces of every selected card (including my final one), can you compute
the probability that Alice chose a starting position ending up on the same final card? You
may assume that her starting position is randomly chosen with uniform probability (between
1 and 10 inclusive). I forgot to note the cards that I skipped, so these cards are unknown.
You may assume that the card face of every single of the unknown cards is independent of
the other card faces and random with uniform probability out of the possible card faces (i.e.
2-10, J, Q, K, and A).
?

2

?

3

?

?

5

?

?

?

?

3

?

?

Q

...

Figure 1 – Illustration of first sample input: my starting position is 2, so I start selecting that card. Then
I keep skipping cards depending on the card’s face. This process iterates until there are not
enough cards to skip (in this sample: Q). The final Q card is followed by 0 to 9 unknown cards,
since Q counts as 10.

Input
For each test case:
• A line containing two integers n (1 ≤ n ≤ 100) and m (1 ≤ m ≤ 10) where n is the
number of selected cards and m is the 1-based position of my first selected card.
• A line with n tokens that specify the n selected card faces (in order, including the final
card). Each card face is given either as an integer x (2 ≤ x ≤ 10) or as a single character
(J, Q, K, or A as specified above).
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Output
For each test case, print one line containing the probability that Alice chooses a starting
position that leads to the same final card. Your output should have an absolute error of at
most 10−7 .

Example
input

output

5 2
2 3 5 3 Q
1 1
A
1 2
A
1 10
A
6 1
2 2 2 2 2 2
7 1
2 2 2 2 2 2 2
3 10
10 J K

0.4871377757023325348071573
0.1000000000000000000000000
0.1000000000000000000000000
0.1748923357025314239697490
0.5830713210321767445117468
0.6279229611115749556280350
0.3346565827603272001891974
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J - Diagrams & Tableaux
A Young diagram is an arrangement of boxes in rows and columns conforming to the following
rules:
• the boxes in each row and each column are contiguous,
• the left borders of all rows are aligned, and
• each row is not longer than the one above.
Here are some examples of Young diagrams:

A semi-standard Young tableau for a given number N is a Young diagram that has its boxes
filled according to the following rules:
• Each box contains a single integer between 1 and N , inclusive,
• each integer is greater than or equal to the integer in the box to its left, and
• each integer is strictly greater than the integer in the box above.
Here is a list of all semi-standard Young tableaux for N = 3, based on a particular Young
diagram:
1 1
2

1 1
3

1 2
2

1 3
2

1 2
3

1 3
3

2 2
3

2 3
3

Your task is to count how many semi-standard Young tableaux are possible, based on a given
Young diagram, with a given N .

Input
Each test case consists of two lines. The first line of each test case specifies the Young diagram.
This line starts with the number k satisfying 1 ≤ k ≤ 7, the number of rows, followed by k
positive integers l1 , l2 , . . . , l k . These integers specify the number of boxes on each row of the
Young diagram, and they satisfy 7 ≥ l1 ≥ l2 ≥ · · · ≥ l k ≥ 1. The second line contains the
integer N , satisfying k ≤ N ≤ 7.

Output
For each test case, print one line containing the number of semi-standard Young tableaux
based on the given Young diagram, with the given N .
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Example
input

output

1
1
1
2
2
4
4
4

1
2
20
20

1
1
2 1
3 2 1 1
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K - Exponential Towers
K
The number 729 can be written as a power in several ways: 36 , 93 and 272 . It can be written
as 7291 , of course, but that does not count as a power. We want to go some steps further. To
do so, it is convenient to use ‘^’ for exponentiation, so we define a^ b = a b . The number 256
then can be also written as 2^2^3, or as 4^2^2. Recall that ‘^’ is right associative, so 2^2^3
means 2^(2^3).
We define a tower of powers of height k to be an expression of the form a1 ^a2 ^a3 ^ . . . ^ak , with
k > 1, and integers ai > 1.
Given a tower of powers of height 3, representing some integer n, how many towers of powers
of height at least 3 represent n?

Input
The input file contains several test cases, each on a separate line. Each test case has the form
a^ b^c , where a, b and c are integers, 1 < a, b, c ≤ 9585.

Output
For each test case, print the number of ways the number n = a^ b^c can be represented as a
tower of powers of height at least three.
The magic number 9585 is carefully chosen such that the output is always less than 263 .

Example
input

output

4^2^2
8^12^2
8192^8192^8192
2^900^576

2
10
1258112
342025379
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L - Grachten
Damn! I did not only oversleep (and today is the contest day!) but I also got stuck somewhere
in Delft on my way from the hotel to the contest site. Everywhere around me are grachten,
these city-canals that are part of many cities in the Netherlands. I am in a bit of hurry, because
the NWERC contest starts in a few minutes.
To make matters even worse, some bridges in Delft are closed due to a cycling race through
the city. Thus, I decided to jump over some of the grachten instead of searching for open
bridges.
Everyone knows that computer scientists like me are good at algorithms but not very good
athletes. Besides, I am a bit faint-hearted and don’t want to get wet. So I need your help to
calculate the distance I have to jump over a gracht.
Luckily, I did attend the excursion in Delft city center yesterday, where I learned that all paving
stones in Delft are squares and have the same size. This way, I can do some measurements on
my side of the gracht (my units are paving stones):

Figure 1 – Illustration of first sample input.
I walked from point C to point D via points A and B while counting the paving stones.
Points A and C are always on the edge of the gracht. Points B and D have the same distance
to the gracht. The target point T is always on the edge of the other side of the canal; it is
the intersection point of the line through B and A, and the line through D and C . The angle
between AT and AC is 90 degrees, and the two edges of the canal are parallel lines.
Please calculate the distance between A and T (necessary jump distance) for me.

Input
For each test case, the input consists of one line containing three positive integers that specify
the distances between A and B , A and C , and B and D.
You may safely assume that no distance is larger than 1000 and the distance between B and
D is larger than the distance between A and C .
15

Output
For each test case, print one line of output: the distance between A and T as a reduced
fraction (i.e. remove all common factors of numerator and denominator).

Example
input

output

5 3 7
5 3 8
1 2 3
23 42 47
500 500 1000
1 1 1000

15/4
3/1
2/1
966/5
500/1
1/999
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