
Pacific Northwest Regional Programming Contest
Division 1

5 March 2022

• The languages supported are C, C++ 17 (with Gnu extensions), Java, Python 3 (with pypy3),
and Kotlin.

• Python 2 and C# are not supported this year.

• For all problems, read the input data from standard input and write the results to standard
output.

• In general, when there is more than one integer or word on an input line, they will be sep-
arated from each other by exactly one space. No input lines will have leading or trailing
spaces, and tabs will never appear in any input.

• Submit only a single source file for each problem.

• Python may not have sufficient performance for many of the problems; use it at your discre-
tion.
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Problem A
Circle Bounce

Time Limit: 1 sec

You are standing by the wall in a large, perfectly circular arena and you throw a tennis ball hard
against some other part of the arena. After a given number of bounces, where does the tennis ball
next strike the wall?

Map the arena as a unit circle centered at the origin, with you standing at the point (−1, 0). You
throw the ball with a direction given by a slope in the coordinate plane of a rational fraction a/b.
Each bounce is perfect, losing no energy and bouncing from the wall with the same angle of
reflection as the angle of incidence to a tangent to the wall at the point of impact.

After n bounces, the ball strikes the circle again at some point p which has rational coordinates that
can be expressed as (r/s, t/u). Output the fraction r/s modulo the prime M = 1,000,000,007.

It can be shown that the x coordinate can be expressed as an irreducible fraction r/s, where r and
s are integers and s 6≡ 0 (mod M). Output the integer equal to r · s−1 (mod M). In other words,
output an integer k such that 0 ≤ k < M and k · s ≡ r (mod M).

For example, if we throw the ball with slope 1/2 and it bounces once, it first strikes the wall at
coordinates (3/5, 4/5). After bouncing, it next strikes the wall at coordinates (7/25,−24/25).
The modular inverse of 25 with respect to the prime M is 280,000,002, and the final result is thus
7 · 280,000,002 (mod M) = 960,000,007.

Input

The single line of input will contain three integers a, b (1 ≤ a, b ≤ 109, gcd(a, b) = 1) and n
(1 ≤ n ≤ 1012), where a/b is the slope of your throw, and n is the number of bounces. Note that a
and b are relatively prime.
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Output

Output a single integer value as described above.

Note that Sample 2 corresponds to the example in the problem description.

Sample Input 1 Sample Output 1

1 1 3 1000000006

Sample Input 2 Sample Output 2

1 2 1 960000007

Sample Input 3 Sample Output 3

11 63 44 22

Sample Input 4 Sample Output 4

163 713 980 0
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Problem B
Shortest Missing Subsequences

Time Limit: 10 sec

Given a string s we say that string t is a Subsequence of s if t can be obtained from s by deleting
zero or more characters of s. Note that t is not necessarily a substring of s—that is, t is not
necessarily contiguous in s, but the characters of t appear in the same order as they do in s.

For a given subset, v, of the lowercase English alphabet characters from ‘a’ to ‘z’, we say
that string u is a Missing Subsequence of another string s if u is not a Subsequence of s, but all
characters in u and all the characters of s are in the set v. A Shortest Missing Subsequence of s is
a Missing Subsequence of s with the smallest length among all Missing Subsequences of s.

Given a set of English alphabetic characters, a target string made up of characters from that set, and
a list of query strings made up of characters from that set, determine if each of the query strings is
a Shortest Missing Subsequence of the target string.

Input

The first line of input contains a string v (1 ≤ |v| ≤ 26) of lowercase letters, in lexicographical
order. Each letter appears at most once. This is the set of alphabetic characters.

The next line of input contains a string s (1 ≤ |s| ≤ 106, s only contains letters from v). This is
the target string to be queried.

The next line contains an integer n (1 ≤ n ≤ 106). This is the number of queries.

Each of the next n lines contains a string q (1 ≤ |q| ≤ 106, q only contains letters from v). These
are the query strings. The sum of the lengths of all query strings will not exceed 106.

Output

Output n lines, one for each query. On each line, output either 1 if the query string is a Shortest
Missing Subsequence of the target string, or 0 if it is not. The outputs must be in the order of the
input queries.
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Sample Input 1 Sample Output 1

abc
abcccabac
3
cbb
cbba
cba

1
0
0
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Problem C
XOR Island

Time Limit: 3 sec

On an island populated entirely with perfect logicians, each islander is wearing a hat that displays
a positive integer. Each islander can see all other islanders’ hats, but they cannot see their own hat.
An islander has no information about the number on their own hat, other than the fact that it is a
positive integer.

One day, a mysterious message appears in the sky and says “There exist three distinct islanders
such that the XOR of the integers on two of their hats is the integer on the hat of the third”. After
this message appears, the islanders schedule meetings for several days in a row, one meeting per
day. At each meeting any islander who knows for sure that they are part of some triple that satisfies
the message will raise their hand.

Assuming that no islanders lie or make mistakes, and each will raise their hand as soon as it is
possible for them to know that they are part of a triple, how many days will it take for at least one
islander to raise their hand at a meeting?

Input

The first line of input contains a single integer n (3 ≤ n ≤ 25), the number of islanders.

Each of the next n lines contains a single integer a (1 ≤ a < 225), which are the positive integers
on the islanders’ hats.

It is guaranteed that the input is chosen such that the message in the sky is true; there is at least
one triple among the islanders’ hats such that one hat’s integer is equal to the XOR of the integers
on the other two hats.

Output

Output a single integer, which is the number of daily meetings it will take for some islander to
figure out that their hat is part of some XOR triple. It can be proven that at least one person will
eventually raise their hand.
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Sample Input 1 Sample Output 1

3
1
2
3

1

Sample Input 2 Sample Output 2

11
9
1
14
2
11
7
6
7
6
5
3

3
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Problem D
Archery Accuracy

Time Limit: 7 sec

You are managing an archery team for a competition. Each team member has their own fixed
probability of hitting a target.

The tournament works in a series of rounds. Your team has the same number of members as there
are rounds in the tournament. In each round, exactly one of your team members will participate.
Each team member will participate in exactly one round. You, being the manager, get to decide in
what order the team members will compete. You must submit the order to the judges before the
first round starts.

The competition has a scoreboard, which shows the total number of hits minus misses. The score-
board starts at zero at the beginning of the competition, and is cumulative; it does not get reset
across rounds. A hit will increase the score by 1 while a miss will decrease it by 1. The scoreboard
can go below zero.

The competition organizers have specified a list of strictly increasing positive thresholds, one per
round. In each round, the chosen team member will repeatedly shoot at a target until the scoreboard
has absolute value equal to the threshold. Remember that the scoreboard does not get reset across
rounds.

Given that you know the thresholds as well as all of your team members’ abilities, find the maxi-
mum possible probability that you will end the tournament with a positive number of hits.

Input

The first line of input contains a single integer n (2 ≤ n ≤ 17), which is both the number of team
members on your team, and the number of rounds of the tournament.

Each of the next n lines contains a single real number p (0.0 < p < 1.0), which is the probability
that the given team member will hit a target. The probabilities will have at most two digits after
the decimal point.

Each of the next n lines contains a single integer s (1 ≤ s ≤ 100), which is the threshold score
chosen by the competition organizers for the given round. These values are in strictly increasing
order.
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Output

Output a single real number, which is the maximum probability that you will end the tournament
with a positive number of hits. This value must be accurate to within an absolute or relative error
of 10−6.

Sample Input 1 Sample Output 1

4
0.7
0.6
0.4
0.3
2
4
6
8

0.9277221
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Problem E
Problem Set Construction

Time Limit: 1 sec

You are a judge, constructing a problem set for a contest. You have a pool of candidate problems.
For each problem, you’ve found the probability that a team is able to solve the problem, and the
time it will take them to implement the solution if they are able to solve it. All implementation
times are distinct.

You know the strategy that all teams will take when confronted with a problem set. First, they will
determine the set of problems they can solve (assume they can do this instantly at the beginning
of the contest). Then, they will solve as many of those problems as they can under the time limit.
If there are many subsets of problems they can solve under the time limit, they will first break ties
by the number of problems they can solve, next they will break ties by minimizing the total time it
will take to solve all of those problems.

Define the Difficulty of a problem to be the probability that a team will solve the problem if it is
included in a problem set of size k along with k − 1 other problems chosen uniformly at random
from the pool. Find the Difficulties of all the problems.

Input

The first line of input contains three integers n, k (1 ≤ k ≤ n ≤ 50) and t (1 ≤ t ≤ 2500), where
n is the number of problems in the pool, k is the number of problems to be chosen for the set, and
t is the time limit of the contest.

Each of the next n lines contains a real number p (0.0 ≤ p ≤ 1.0) and an integer s (1 ≤ s ≤ t)
describing a problem, where p is the probability that a team is able to solve it, and s is the time to
solve. The probabilities will have at most four decimal digits. All times to solve will be distinct.

Output

Output n lines, each containing a real number which is the Difficulty of the given problem in the
order of the input. Each value must be accurate to within an absolute or relative error of 10−6.
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Sample Input 1 Sample Output 1

3 1 100
0.3432 99
0.1231 100
0.5878 1

0.343200
0.123100
0.587800

Sample Input 2 Sample Output 2

3 2 100
0.3432 99
0.1231 100
0.5878 2

0.242334
0.065797
0.587800
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Problem F
Rise and Fall

Time Limit: 1 sec

A number is said to Rise and Fall if the decimal representation can be broken up into two parts
(possibly empty) where the first part has digits in nondecreasing order and the second part has
digits in nonincreasing order.

Compute the largest number less than or equal to an input number that rises and falls.

Input

The first line of input contains an integer t (1 ≤ t ≤ 105), which is the number of test cases.

Each of the next t lines contains a single integer n (1 ≤ n < 10100,000). Each is a single test case.

• Note: that is not a typo. The integer can be up to 105 digits long.

The sum of the lengths of all input test cases will not exceed 105.

Output

For each test case, output a single line with a single integer, which is the largest number less than
or equal to the n for that test case that rises and falls.

Sample Input 1 Sample Output 1

2
29041
56577

29000
56555
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Problem G
Hopscotch 500

Time Limit: 2 sec

Do you remember the new art installation from NAC 2020? Well, that artist is at it again, on a
grander scale this time, and the new artwork still inspires you—to play a childish game. The art
installation consists of a floor with a square matrix of tiles. Each tile holds a single number from 1
to k.

You want to play hopscotch on it! You want to start on some tile numbered 1, then hop to a tile
numbered 2, then 3, and so on, until you reach a tile numbered k.

Instead of the usual Euclidean distance, define the distance between the tile at (x1, y1) and the tile
at (x2, y2) as:

min
[
(x1 − x2)

2, (y1 − y2)
2
]

You want to hop the shortest total distance overall, using this new distance metric. Note that a path
with no hops is still a path, and has length 0. What is the length of the shortest path?

Input

The first line of input contains two space-separated integers n (1 ≤ n ≤ 500) and k (1 ≤ k ≤ n2),
where the art installation consists of an n×n matrix with tiles having numbers from 1 to k.

Each of the next n lines contains n space-separated integers x (1 ≤ x ≤ k). These are the numbers
in the art installation.

Output

Output a single integer, which is the total length of the shortest path from any 1 tile to any k tile
using our distance metric, or −1 if no such path exists.
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Sample Input 1 Sample Output 1

10 5
5 1 3 4 2 4 2 1 2 1
4 5 3 4 1 5 3 1 1 4
4 2 4 1 5 4 5 2 4 1
5 2 1 5 5 3 5 2 3 2
5 5 2 3 2 3 1 5 5 5
3 4 2 4 2 2 4 4 2 3
1 5 1 1 2 5 4 1 5 3
2 2 4 1 2 5 1 4 3 5
5 3 2 1 4 3 5 2 3 1
3 4 2 5 2 5 3 4 4 2

0

Sample Input 2 Sample Output 2

10 30
18 13 30 15 18 16 14 1 5 5
17 18 7 30 14 30 13 14 1 28
28 24 7 23 9 10 5 12 21 6
11 16 6 2 27 14 1 26 7 21
16 2 9 26 6 24 22 12 8 16
17 28 29 19 4 6 21 19 6 22
11 27 11 26 13 23 10 3 18 6
14 19 9 8 17 6 16 22 24 1
12 19 10 21 1 8 20 24 29 21
21 29 1 23 23 24 6 20 25 17

19
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Problem H
Reversibly Cyclic Strings

Time Limit: 1 sec

A string t is a Cyclic Substring of a string s if there is some rotation of s such that t is a substring
of that rotation of s.

For example, if s is fatcat, then atc and atf are both Cyclic Substrings of s. However, act
is not a Cyclic Substring of s.

A string s is Internally Reversibly Cyclic if, for every proper substring t of s, the reverse of t is a
Cyclic Substring of s.

Given a string, determine if it is Internally Reversibly Cyclic.

Input

The single line of input contains a string s (1 ≤ |s| ≤ 1,000, s ∈ {a− z}∗)

Output

Output a single integer, which is 1 if s is Internally Reversibly Cyclic, 0 otherwise.

Sample Input 1 Sample Output 1

ccca 1

Sample Input 2 Sample Output 2

eeaafbddfaa 0
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Problem I
Diagonals
Time Limit: 15 sec

Diagonals is a pencil puzzle which is played on a square grid. The player must draw a diagonal
line corner to corner in every cell in the grid, either top left to bottom right, or bottom left to top
right. There are two constraints:

• Some intersections of gridlines have a number from 0 to 4 inclusive on them, which is the
exact number of diagonals that must touch that point.

• No set of diagonals may form a loop of any size or shape.

The following is a 5×5 example, with its unique solution:

1

1 1

1

1

1 1

1

0 2

3 2

2

3

1

1 1

1

1

1 1

1

0 2

3 2

2

3

Given the numbers at the intersections of a grid, solve the puzzle.

Input

The first line of input contains an integer n (1 ≤ n ≤ 8), which is the size of the grid.

Each of the next n+1 lines contains a string s (|s| = n+1, s ∈ {0,1,2,3,4,+}∗). These are the
intersections of the grid, with ‘+’ indicating that there is no number at that intersection.

The input data will be such that the puzzle has exactly one solution.
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Output

Output exactly n lines, each with exactly n characters, representing the solution to the puzzle.
Each character must be either ‘/’ or ‘\’.

Note that Sample 1 corresponds to the example in the problem description.

Sample Input 1 Sample Output 1

5
+1+2++
1++11+
+3+2++
02+++1
++3+1+
+1+++1

\\/\\
\/\\/
\\\\\
////\
//\\\

Sample Input 2 Sample Output 2

3
++++
+1+1
+31+
+0+0

/\/
///
/\/

Sample Input 3 Sample Output 3

4
+++++
+3++2
++3++
+3+3+
++2+0

\//\
\\//
\\\/
/\//
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Problem J
Fail Them All!

Time Limit: 2 sec

You are an instructor for an algorithms course, and your students have been saying mean things
about you on social media. Those jerks! Being a vengeful and dishonest instructor, you are going
to make them pay.

You have given your students a True/False exam. For each question, each student is allowed to
either answer the question or leave the question blank. Each student has answered at least two
questions. You want to make sure that every student fails the test, so you are going to alter the
answer key so that no student gets more than one answer correct.

Is there an answer key such that every person has at most one submitted answer that is correct? If
so, compute the lexicographically minimal such answer key.

Input

The first line of input contains two integers n (1 ≤ n ≤ 100) and k (2 ≤ k ≤ 100), where n is the
number of students in the class, and k is the number of questions on the test.

Each of the next n lines contains a string s (|s| = k, s ∈ {T,F,X}∗), which are the answers to the
questions, in order, for each student, where ‘T’ means True, ‘F’ means False, and ‘X’ means
the student didn’t answer the question. Every student’s answers will have at least two which are
not ‘X’.

Output

If such an answer key can be constructed, output a string of length k consisting of only the charac-
ters ‘T’ and ‘F’, which is the answer key. If more than one such key is possible, output the one
which comes first alphabetically (‘F’ < ‘T’). If no such key exists, instead output -1.

Sample Input 1 Sample Output 1

3 3
FFX
XFF
FXF

FTT
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Sample Input 2 Sample Output 2

3 3
FTX
XFT
TXF

FFF

Sample Input 3 Sample Output 3

4 3
TTX
XTT
TXT
FFF

-1
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Problem K
Tournament Seeding

Time Limit: 1 sec

You are tasked with seeding a single-elimination tournament for a one-on-one game. The number
of players who have registered for the tournament is exactly a power of two, and there will be
exactly enough rounds in this tournament to decide a winner. Furthermore, each player has a
unique numeric rating in the game known to you; when two players play against each other in
a game, the player with the higher rating always wins. As the organizer of the tournament, you
would like to make the tournament as exciting for players and spectators as possible. To do that,
you wish the tournament to have the following properties:

• The top two (highest rated) players are present in the final round of the tournament, the top
four players are present in the semi-final round of the tournament, the top eight players are
present in the quarter-final round, and so on. This saves the highest rated games for last.

• Subject to the above, as many games as possible are “close.” We define a game to be “close”
if the difference between the two players’ ratings is less than or equal to some threshold.

Given the number of rounds, the threshold for “close” games and the ratings of the players, what
is the maximum number of “close” games that can happen subject to the above constraints?

Input

The first line of input contains two integers n (1 ≤ n ≤ 18) and k (1 ≤ k ≤ 109), where n is the
number of rounds of the tournament, and k is the rating difference that makes a game “close.”

Each of the next 2n lines contains a single integer r (1 ≤ r ≤ 109) denoting the rating of each
player. The ratings are guaranteed to be distinct.

Output

Output a single line with a single integer, which is the maximum number of “close” games possible
in a tournament among these players satisfying the constraints described above.
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Sample Input 1 Sample Output 1

2 2
9
1
6
4

1

Sample Input 2 Sample Output 2

2 5
9
1
6
4

3
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Problem L
Dorm Room Divide

Time Limit: 1 sec

Bob and Alice are roommates at the International College of Polygonal Chambers (ICPC). To
avoid conflict, they’ve agreed to divide their dorm room in half—as closely as possible. However,
the room is shaped so irregularly that they need your help!

(7,1)
Door

(3.5,4)

(3,1)

(2,3)

(5,5)

(8,3)
Bob

Alice

Each dorm room is a convex polygon, with a single entrance. You need to figure out how to divide
this room in half (by area) using a single straight line starting at the door, and terminating on a wall
or corner of the room.

Input

The first line of input contains a single integer n (3 ≤ n ≤ 2 · 105), which is the number of vertices
describing the convex polygon.

Each of the next n lines contains two space-separated integers x and y (−107 ≤ x, y ≤ 107). These
are the coordinates of the vertices of the convex polygon, in counterclockwise order. All points
will be distinct.

The door is considered to be a single point located at the first vertex given in the input.
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Output

Output two space-separated real numbers, which are the x and y coordinates of the other endpoint
of the dividing line, such that the area of the room is divided in half. Each coordinate value must
be accurate to within an absolute or relative error of 10−6. Output x first, then y.

Note that Sample 1 corresponds to the example in the problem description.

Sample Input 1 Sample Output 1

5
7 1
8 3
5 5
2 3
3 1

3.5 4

Sample Input 2 Sample Output 2

3
2 2
10 3
6 8

8 5.5
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Problem M
Tree Hopping

Time Limit: 2 sec

You are given a tree and a permutation of its vertices. It can be proven that for any tree and any
pair of source/destination nodes, there is some permutation of the nodes where the first node is the
source, the last node is the destination, and the distance between adjacent nodes in the permutation
is less than or equal to three.

Your job will be to write a verifier for this property. Given such a permutation and the tree, validate
whether the distance between adjacent nodes in the permutation is less than or equal to three.

Input

The first line of input contains an integer t (1 ≤ t ≤ 50,000), which is the number of test cases.

In each test case, the first line of input contains an integer n (2 ≤ n ≤ 100,000), which is the
number of nodes in the tree. The nodes are numbered from 1 to n.

Each of the next n − 1 lines contains a pair of integers a and b (1 ≤ a < b ≤ n), representing an
edge in the tree between nodes a and b.

Each of the next n lines contains an integer p (1 ≤ p ≤ n, all values distinct). This is the
permutation of the nodes.

The sum of the values of n over all test cases will not exceed 100,000.

Output

For each test case, output a single line with a single integer, which is 1 if the given permutation
satisfies the constraint that every pair of adjacent nodes in the permutation has distance less than
or equal to three in the tree. Output 0 if the given permutation does not satisfy this constraint.
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Sample Input 1 Sample Output 1

2
5
1 2
2 3
3 4
4 5
1
3
2
5
4
5
1 2
2 3
3 4
4 5
1
5
2
3
4

1
0
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