Pacific Northwest Regional Programming Contest
Division 2
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 N

Scaling Recipe
Time Limit: 1 sec
You’ve got a recipe which specifies a number of ingredients, the amount of each ingredient you

will need, and the number of portions it produces. But, the number of portions you need is not the
same as the number of portions specified in the recipe! How can you scale it?

Input

The first line of input contains three integers n (1 < n < 40), x and y (1 < z,y < 40,000), where
n 1s the number of ingredients in the recipe, x is the number of portions that the recipe produces,
and y is the number of portions you need.

Each of the next n lines contains a single integer a (1 < a < 40,000). These are the amounts of
each ingredient needed for the recipe.

The inputs will be chosen so that the amount of each ingredient needed for y portions will be an
integer.

Output

Output 7 lines. On each line output a single integer, which is the amount of that ingredient needed
to produce y portions of the recipe. Output these values in the order of the input.

Sample Input 1 Sample Output 1
2 4 10 20

8 30

12

Sample Input 2 Sample Output 2
3 37627 38021 34933

34571 38407

38009 34547

34189

Pacific Northwest 2021—Division 2 Problem N: Scaling Recipe 3
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Problem O

Shortest Missing Subsequences

Time Limit: 10 sec

Given a string s we say that string ¢ is a Subsequence of s if ¢ can be obtained from s by deleting
zero or more characters of s. Note that ¢ is not necessarily a substring of s—that is, ¢ is not
necessarily contiguous in s, but the characters of ¢ 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 v 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| < 10°, s only contains letters from v). This is
the target string to be queried.

The next line contains an integer n (1 < n < 10°). This is the number of queries.

Each of the next n lines contains a string ¢ (1 < |g| < 10°, ¢ only contains letters from v). These
are the query strings. The sum of the lengths of all query strings will not exceed 10°.

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.

Pacific Northwest 2021—Division 2 Problem O: Shortest Missing Subsequences 5
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Sample Input 1 Sample Output 1
abc 1

abcccabac 0

3 0

cbb

cbba

cba

Pacific Northwest 2021—Division 2 Problem O: Shortest Missing Subsequences 6
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Problem P
Black and White

Time Limit: 2 sec

Black and White is a Chinese children’s game played in rounds. During each round, the children
who are playing all put their hands in either face-up (“White”) or face-down (“Black™). If all the
children but one make the same choice, then the “odd one out” sits out for the rest of the game.
Play continues until there are only two children left.

Each child independently chooses whether to put their hand face-up with their own fixed probabil-
ity. What is the expected number of rounds that such a game will last?

Input

The first line contains a single integer n (2 < n < 20), which is the number of children.

Each of the next n lines contains a single real number p (0.1 < p < 0.9). These are the probabilities
for each child that they will put their hand in face-up. The probabilities will have at most three
digits after the decimal point.

Output

Output a single real number, which is the expected number of rounds. The result must be accurate
to within an absolute or relative error of 1079.

Sample Input 1 Sample Output 1
3 1.3333333

0.5

0.5

0.5

Sample Input 2 Sample Output 2
3 1.5873015

0.3

0.3

0.3

Pacific Northwest 2021—Division 2 Problem P: Black and White 7
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Sample Input 3 Sample Output 3
7.4752846

O O O O O W
O J o1 W

Pacific Northwest 202 1—Division 2 Problem P: Black and White 8
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Problem Q

Tetris Generation

Time Limit: 1 sec

The classic game Tetris involves arranging falling tetrominoes on a board. There are seven different
tetrominoes, each named after a letter that resembles their shape: J, L, S, Z, I, O, and T.

J| [L S Z I ) T

In the original Tetris, the player would receive one tetromino at a time, and each tetromino would
be chosen from among the seven possibilities independently and uniformly at random. This meant
that any sequence of tetrominoes could appear in a game, such as numerous I tetrominoes in a row.
Modern versions of Tetris remove these streaks by generating tetrominoes in groups of seven: The
first seven tetrominoes in a game will be one of each of the seven different tetrominoes in a random
order. The next seven tetrominoes will also be one of each of the seven different tetrominoes in
a random order (possibly but not necessarily different from the ordering of the first seven). Same
goes for the next seven, and so on and so forth. With this generator, it is still possible to get two of
the same tetromino in a row (for example, the seventh and eighth tetrominoes in the game can be
the same as each other), but it is not possible to get three of the same type in a row.

Given a sequence of tetrominoes, determine whether it is possible for a modern Tetris generator to
produce that sequence at some point in a game.

Input

The first line of input contains an integer ¢ (1 < t < 10°), which is the number of test cases.

Each of the next ¢ lines contains a single string s (1 < |s| < 1,000, s € {J,L, S, 2, I,0,T}*). This
string represents a sequence of tetrominoes, and is a single test case.

The sum of the lengths of all input test cases will not exceed 10°.
Output

For each test case, output a single line with a single integer, which is 1 if the sequence can be
generated by a modern Tetris generator, and 0 otherwise.

Pacific Northwest 2021—Division 2 Problem Q: Tetris Generation 9
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Sample Input 1 Sample Output 1
2 1

JJTO 0

JJITT

Pacific Northwest 2021—Division 2 Problem Q: Tetris Generation 10
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Problem R

Double Password

Time Limit: 1 sec

A computer at ICPC headquarters is protected by a four-digit password—in order to log in, you
normally need to guess the four digits exactly. However, the programmer who implemented the
password check left a backdoor in the computer—there is a second four-digit password. If the
programmer enters a four-digit sequence, and for each digit position the digit entered matches at
least one of the two passwords in that same position, then that four-digit sequence will log the
programmer into the computer.

Given the two passwords, count the number of distinct four-digit sequences that can be entered to

log into the computer.

Input

The input consists of exactly two lines. Each of the two lines contains a string s (|s| = 4,s € {0-9}%).

These are the two passwords.

Output

Output a single integer, which is the number of distinct four-digit sequences that will log the
programmer into the system.

Sample Input 1 Sample Output 1
1111 8

1234

Sample Input 2 Sample Output 2
2718 1

2718

Pacific Northwest 2021—Division 2 Problem R: Double Password 11
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Problem S

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 ¢ (1 < ¢ < 10°), which is the number of test cases.

Each of the next ¢ lines contains a single integer n (1 < n < 10'°%09), Each is a single test case.
e Note: that is not a typo. The integer can be up to 10° digits long.
The sum of the lengths of all input test cases will not exceed 10°.

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 29000

29041 56555

56577

Pacific Northwest 2021—Division 2 Problem S: Rise and Fall 13
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Problem T

Square Bounce

Time Limit: 7 sec

Given a square in the plane with corners at (—1,—1), (—1,1), (1,1) and (1, —1), we fire a ray
from point (—1, 0) into the interior of the square on a path with a given slope. The ray bounces off
of the sides of the square with an angle of reflection which is the same as the angle of incidence to
the side at the point of intersection.

After a number of bounces, the ray intersects one of the square’s sides again at some point which
has rational coordinates. Find those rational coordinates in reduced form.

Input

The single line of input contains three integers a, band n (1 < a,b,n < 10, ged(a, b) = 1), where
the slope of the ray’s initial path is a/b, and there are n bounces. Note that a and b are relatively
prime. The slope will be chosen so that the ray never bounces at a corner of the square.

Output

Output a single line with four space-separated integers p, ¢, s and ¢, where (p/q, s/t) is the final

point where the ray hits a side of the square, p/q and s/t are in reduced form, and the denominators
(¢ and t) are positive. If one of the coordinates has value 0, outputitas 0 1.

Pacific Northwest 2021—Division 2 Problem T: Square Bounce 15
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The following is a picture of the first sample:

Bounce 1
(—1,1) (0,1) (1,1)
1 ,0’..’ ...‘00
—— ¢ "
Slope -= 1

,"‘ ."0
GJ "0 0..
p o
ge) R ‘* c
uc_| ('110) ‘ o* (110) g
} ‘e ( 0 y 0 ) .0’ o
pu ‘.’ 0’. N
© .‘0 Of
- ., Of
n ’,’ ‘0’

..0 0“
0’. ’,’
- *
0’..‘ .." o
K
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Bounce 3

Sample Input 1

Sample Output 1

113 -1101
Sample Input 2 Sample Output 2
17 4 -1167
Sample Input 3 Sample Output 3
355 113 123456 11 -58 113

Pacific Northwest 202 1—Division 2 Problem T: Square Bounce
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Problem U
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 ¢ is a substring
of that rotation of s.

For example, if s is fatcat, then atc and at £ 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 ¢ of s, the reverse of ¢ 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

Pacific Northwest 2021—Division 2 Problem U: Reversibly Cyclic Strings 17
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Problem V

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:

e 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.

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

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

1 2 1 2
AN
1 1| 1 1 l 1
|
! N,
0 L 1 0 ‘2 1
3 1 3 1
AN
1 1 1/ 1

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.

Pacific Northwest 2021—Division 2 Problem V: Diagonals 19
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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 AAVARN

+1+2++ \N/\\/

1++11+ AN

+3+2++ /7] 7\

02+++1 //\NA\N\

++3+1+

+1+++1

Sample Input 2 Sample Output 2
3 /\/

++++ ///

+1+1 /N\/

+31+

+0+0

Sample Input 3 Sample Output 3
4 \//\

+++++ \\//

+3+42 AN/

++3++ /\//

+3+3+

++2+0

Pacific Northwest 2021—Division 2 Problem V: Diagonals 20
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Problem W
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 £ (2 < k£ < 100), where n is the
number of students in the class, and £ 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 % 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 FTT

FEX

XEF

FXF

Pacific Northwest 2021—Division 2 Problem W: Fail Them All! 21
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Sample Input 2 Sample Output 2

33 FFF
FTX
XFT
TXF

Sample Input 3 Sample Output 3

4 3 -1
TTX
XTT
TXT
FFF

Pacific Northwest 2021—Division 2 Problem W: Fail Them All! 22
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Problem X

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:

e 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.

e 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 < 10%), where n is the
number of rounds of the tournament, and £ is the rating difference that makes a game “close.”

Each of the next 2" lines contains a single integer 7 (1 < r < 10%) 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.

Pacific Northwest 2021—Division 2 Problem X: Tournament Seeding 23
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Sample Input 1 Sample Output 1
2 2 1

9

1

6

4

Sample Input 2 Sample Output 2
25 3

9

1

6

4

Pacific Northwest 2021—Division 2 Problem X: Tournament Seeding 24
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Problem Y

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!

(5,5)

(2,3) (8,3)

(3,1) (7,1)
Door

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 < 2-10°), which is the number of vertices
describing the convex polygon.

Each of the next n lines contains two space-separated integers z and 3y (—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.

Pacific Northwest 2021—Division 2 Problem Y: Dorm Room Divide 25
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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 1075, Output z first, then y.

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

Sample Input 1 Sample Output 1
3.5 4

w N U1 o J U
= w o w

Sample Input 2 Sample Output 2

3 8 5.5
2 2

10 3
6 8

Pacific Northwest 2021—Division 2 Problem Y: Dorm Room Divide 26
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Problem Z
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 ¢ (1 < ¢ < 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.

Pacific Northwest 2021—Division 2 Problem Z: Tree Hopping 27
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Sample Input 1 Sample Output 1
2 1
5 0
12

2 3

3 4

4 5

1

3

2

5

4

5

12

2 3

3 4

4 5

1

5

2

3

4

Pacific Northwest 2021—Division 2 Problem Z: Tree Hopping 28



