
2018 ICPC South Central USA Regional Contest

Problem A
Turning Trominos

L-trominos, replicated.

The L-tromino is composed of three unit squares arranged as shown in
part A of the illustration to the right. The L-tromino is also an example of
a rep-tile because four L-trominos can be arranged to make a replica of
itself that is twice as tall and twice as wide, as shown in B. Rep-tiles are
interesting because, once they can tile themselves, they can recursively
tile as much of the plane as we want, as suggested in C and D. Part C is
made from four copies of B, and D is made from four copies of C. Figure
A.1 shows the first quadrant of the plane completely tiled by L-trominos
by repeating the same procedure.

For this problem, you will be given a square in the first quadrant, and your task is to find the orientation of
the L-tromino covering that square. The unit squares of the first quadrant are numbered 0, 1, 2, . . . in the x-
and y-directions, as shown. The dots, in order from left to right, correspond to the first four sample inputs.

Figure A.1: L-trominos tiling the first quadrant.

Figure A.2: L-tromino orientations.

Input

The first line contains an integer n (1 ≤ n ≤ 10 000), indicating the number of cases that follow. Each case
consists of a single line. Each of the next n lines contains two integers x and y, separated by a space, with
0 ≤ x, y ≤ 260, indicating a particular square in the first quadrant.
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Output

For each case, output the orientation of the L-tromino that covers the given square, one line per case, where
the orientations are shown in Figure A.2.

Sample Input 1 Sample Output 1

5
0 0
1 3
2 7
7 12
100 100

0
1
2
3
0
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Problem B
Minor Setback

Photo by Xato

You are developing a smartphone app that converts audio recorded from
an instrument into sheet music. You already have the code to record the
audio and convert it into sequence of frequency values. What is left is to
translate those frequencies into pitch names more easily recognizable to
musicians.

Some Music Theory Musical pitches are described by frequencies us-
ing a logarithmic scale. The frequency 440 Hz corresponds to the pitch
named A. Multiplying a pitch’s frequency by 12

√
2 produces the next

higher pitch. Table 1 lists pitches used in Western music and their fre-
quencies.

Table 1: Frequencies and corresponding pitch names of various notes.
frequency (Hz) pitch name frequency (Hz) pitch name

440 A 440 · 26/12 ≈ 622.25 D], E[

440 · 21/12 ≈ 466.16 A], B[ 440 · 27/12 ≈ 659.26 E
440 · 22/12 ≈ 493.88 B 440 · 28/12 ≈ 698.46 F
440 · 23/12 ≈ 523.25 C 440 · 29/12 ≈ 739.99 F], G[

440 · 24/12 ≈ 554.37 C], D[ 440 · 210/12 ≈ 783.99 G
440 · 25/12 ≈ 587.33 D 440 · 211/12 ≈ 830.61 G], A[

880 A

Doubling any pitch’s frequency yields the same pitch, but one octave higher (note that both 440 and 880 Hz
correspond to pitch A). This rule generalizes: multiplying 554.37 Hz by a power of two yields another C].
Some pitches have multiple names, as shown in the table.

Your Task

You have a song, represented as a sequence of frequencies. Songs in a musical key typically contain only a
subset of the possible pitches. Assume that the given song is in one of the common keys listed in Table 2.
First, determine what key the song is in. Then, translate the song into a sequence of pitch names.

Input

The first line of input contains a single integer 1 ≤ N ≤ 100 000, the number of frequencies in the song.
The next N lines each contain a real number 20 ≤ f ≤ 4 000, representing one pitch frequency, with at
most 8 digits after the decimal point. You may assume that the song was played using an instrument that is
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Table 2: A few musical keys and the pitches they use.
key name allowed pitches key name allowed pitches
G major G, A, B, C, D, E, and F] F] minor F], G], A, B, C], D, and E
C major C, D, E, F, G, A, and B G minor G, A, B[, C, D, E[, and F
E[ major E[, F, G, A[, B[, C, and D

in tune, so that each frequency represents a valid pitch: each frequency approximates 440 · 2a/12 for some
integer a with absolute error at most 10−4.

Output

On the first line, output the name of the key that the song was played in: G major, F# minor, etc. See
below for instructions for how to format pitch names. If the song does not fit any of the keys in Table 2, or
if multiple possible keys could fit the song, print cannot determine key.

If the key could not be determined, print no further output. Otherwise, print N lines, each containing one
pitch name (in the order of the input sequence). Each pitch name should be a letter A through G followed
optionally by a second character, either # or b, indicating a sharp or flat. Note that although pitches can have
multiple names, only one of these names is listed in the allowed-pitches table for any given key, and this is
the name you should use. For example, print C#, and not Db, when writing pitches for the key F] minor.

Sample Input 1 Sample Output 1

7
783.9908720
783.9908720
587.3295358
587.3295358
659.2551138
659.2551138
587.3295358

cannot determine key

Sample Input 2 Sample Output 2

5
523.2511306
391.9954360
440.0
329.6275569
369.9944227

G major
C
G
A
E
F#
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Problem C
Substring Switcheroo

Photo by lylamerle

You and your young daughter have been playing a game to help teach her
how to read. She of course loves learning her letters, rearranging them,
and asking with each rearrangement, ‘what does this spell?’ Much of the
time the letters are nonsense, but sometimes they form a real word.

She is interested in forming really long words, and as such, you have
been constructing very long strings of run-together words. She then takes
them and adds some letters, removes others, and generally rearranges the
letters so that they form something that may be completely different.

You start writing down the strings before and after your daughter has
changed them. The question is: what is the largest portion of the original string that was preserved after she
edited it, allowing rearrangement of the letters?

For example, if the original string you wrote was fourscoreandsevenyearsago, she might have
shuffled all of the letters to make ogasraeynevesdnaerocsruof. The second string is just a rear-
rangement of the first, so the entire original string was in some way preserved.

However, if she removes the y and adds a z and rearranges the letters again, the string might become
reedcuraanonzovresafoegss, and the longest substring of the original that is still a (rearranged)
substring in the result is ears (which is rearranged to resa in her version).

Write a program that takes as input two strings: the original one you constructed A, and your daughter’s
edited version B. Find and report the longest substring of A that is a permutation of some substring of B. If
there are multiple substrings of A that satisfy this criterion with the same length, output the one that appears
first in A.

Input

Input starts with a line containing an integer 1 ≤ n ≤ 10, indicating the number of test cases. Following
this are 2n lines, each pair representing one test case. The first line of each test case is A, the second is B.
Each string contains between 1 and 1 000 characters, and uses only the lowercase letters a–z. Within each
test case, the two strings have the same length.

Output

Output the longest substring of A that is a permutation of some substring of B. If there are multiple longest
matches, print the one that occurs earliest in A. If there are none, print NONE.
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Sample Input 1 Sample Output 1

4
fourscoreandsevenyearsago
ogasraeynevesdnaerocsruof
fourscoreandsevenyearsago
reedcuraanonyovresafoegss
fourscoreandsevenyearsago
reedcuraanonzovresafoegss
abcdef
ghijkl

fourscoreandsevenyearsago
fourscoreandsevenyearsago
ears
NONE
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Problem D
DJ Gigs

Photo by Zierros

Doug James is an up-and-coming DJ from Graphland who’s had a tough
time making it big. This all changed with the release of his latest EP
Wiggly Waves, which is the first album in history to go both Platinum and
Uranium. With his newfound popularity, Doug (a.k.a. DJ Polygon) needs
help with a problem most artists would be lucky to face: deciding which
of his many gig offers to take.

There are K venues in Graphland, connected by R roads. The venues are
numbered 1 to K. Doug’s house is venue 1, and he is ready to leave or
perform at time t = 0.

Doug has G gig offers. The i-th gig is at venue Vi, runs during the time interval [Si, Ei) (inclusive start,
exclusive end), and pays out Mi cryptocents. Doug can’t take multiple gigs at the same time, and he can’t
take gigs while he’s traveling between venues.

Doug is overwhelmed by his newfound fame and many gig requests, and wants your help making as much
money as possible.

Input

The first line of the input contains three integers G, K, and R: the number of gigs Doug has been offered,
the number of venues in Graphland, and the number of roads connecting these venues.

These integers satisfy 1 ≤ G ≤ 200 000, 1 ≤ K ≤ 100, and 0 ≤ R ≤ min (4 000,K(K − 1)/2).

Then follow R lines, each of which has three integers Ai, Bi, and Ti, specifying the i-th (bidirectional)
road. The i-th road connects venues Ai and Bi and it takes time Ti to travel the road in either direction. The
values satisfy 1 ≤ Ai, Bi ≤ K, Ai 6= Bi, and 1 ≤ Ti ≤ 1 000 000. Every road has two distinct endpoints,
and there is at most one road between any pair of venues.

Then follow G lines, each of which has four integers Vi, Si, Ei, and Mi. This means the i-th gig runs from
time Si (inclusive) to Ei (exclusive) at venue Vi, and pays Mi cryptocents. These values satisfy the bounds
0 ≤ Si < Ei ≤ 1 000 000 000 and 1 ≤Mi ≤ 1 000 000.

Output

Output a single integer: the maximum number of cryptocents that DJ Polygon can make by taking on the
right gigs.
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Sample Explanation

In the first sample, There are two gigs at venue 1 and one gig at venue 2. Doug can either play both gigs at
venue 1 for 11 cryptocents, or spend the first 10 units of time traveling to venue 2 and play that gig for 33
cryptocents. He chooses the latter.

In the second sample, Doug makes the most by staying at venue 1 and playing both of those gigs to earn 70
cryptocents.

Sample Input 1 Sample Output 1

3 2 1
1 2 10
1 4 6 6
1 6 10 5
2 10 30 33

33

Sample Input 2 Sample Output 2

3 2 1
1 2 10
1 4 6 30
1 6 10 40
2 10 30 50

70
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Problem E
Communications Satellite

Illustration of the sample input solution (beams in blue).

The Johnson Space Center has hired you to design NASA’s new commu-
nications satellite! The satellite, consisting of a set of dish antennas held
together with titanium beams, must meet NASA’s exacting specifications,
but a lot of the design is up to you.

Specifically, the design can be represented by a set of circles of various
radii (representing the dish antennas) and line segments (the beams) in the
2D plane. A valid satellite design must meet all of the following criteria:

• The necessary size and location of each dish on the xy plane was
computed by NASA, and you are not allowed to reposition any of
the dishes.

• You may add any number of titanium beams to the design, con-
necting one point on the circumference of one dish antenna to another point on the circumference of
a different dish. Treat each beam as a straight line segment (of negligible width).

• Beams are not allowed to cross each other, or attach to each other.
Beams are also not allowed to occlude (cover up) any part of the
interior of any dish antenna.

• Your final design must consist of a single connected structure.

• Two dishes might exactly touch (in which case they are already
connected to each other); but NASA guarantees that no two dish
antennas overlap.

Titanium isn’t cheap these days, so you want to compute the cheapest possible compliant design: the one
that minimizes the sum of the beam lengths.

Input

The first line of the input contains a single integer 1 ≤ N ≤ 2 000, the number of dish antennas attached to
the satellite.

Then follow N lines, each of which contains three integers X , Y , and R specifying the location and radius
of one dish antenna. These integers satisfy the bounds −1 000 ≤ X,Y ≤ 1 000 and 1 ≤ R ≤ 100.

Output

Compute the satellite design that minimizes the sum of beam lengths, while obeying the above specifications,
and print that sum. The answer is considered correct if the absolute or relative error is less than 10−6.
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Sample Input 1 Sample Output 1

4
3 4 3
0 0 2
4 -2 2
9 4 1

2.47213595
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Problem F
Warehouse

Photo by Random Retail

Elvira is processing shipments for the Christmas season! There are vari-
ous shipments of toys coming into her warehouse throughout the day, and
her boss wants a summary report at the end. Each shipment consists of
some number of a single kind of toy.

The summary report is an aggregated list of all the toys that arrived at the
warehouse over the day. The boss is most interested in the biggest sellers,
so toys should be sorted in decreasing order of count. If the warehouse
received the same number of two kinds of toys, sort them in alphabetical
order1.

Input

The first line of input contains the number of test cases, T (1 ≤ T ≤ 100).

Each test case begins with a line containing an integer, N (1 ≤ N ≤ 100). This indicates that N shipments
are coming in for processing. Each of the next N lines describes a single shipment. The line contains a
string and an integer, the name of the toy and how many of that toy are in the given shipment. The name of
a toy is a string of at most 10 lowercase letters (a–z) and between 1 and 10 toys arrive in a given shipment.

Output

For each test case, output K, the number of unique toys that have arrived in the warehouse.

Then output K lines, each containing the name of a toy and how many of that toy that have arrived, summed
up over all the shipments. Output toys in decreasing order of count, breaking ties alphabetically.

1To determine which of two strings comes first in alphabetical order, their first letters are compared. If they differ, then the
string whose first letter comes earlier in the alphabet comes before the other string. If the first letters are the same, then the second
letters are compared, and so on. If a position is reached where one string has no more letters to compare while the other does, then
the shorter string is deemed to come first in alphabetical order.
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Sample Input 1 Sample Output 1

2
4
furby 4
elmo 5
furby 1
kirby 10
2
funfungame 1
funfun 1

3
kirby 10
elmo 5
furby 5
2
funfun 1
funfungame 1
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Problem G
Last Factorial Digit

Factorials on the complex plane, by Dmitrii
Kouznetsov

The factorial of N , written as N !, is defined as the product of all the integers
from 1 to N . For example, 3! = 1× 2× 3 = 6.

This number can be very large, so instead of computing the entire product, just
compute the last digit of N ! (when N ! is written in base 10).

Input

The first line of input contains a positive integer 1 ≤ T ≤ 10, the number of
test cases. Each of the next T lines contains a single positive integer N . N is
at most 10.

Output

For each value of N , print the last digit of N !.

Sample Input 1 Sample Output 1

3
1
2
3

1
2
6

Sample Input 2 Sample Output 2

2
5
2

0
2
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Problem H
Great Fireball

Photo by the U.S. Air Force

In a land far away, lost to time, a lone village fights to defend itself against
hordes of invading orcs. There are N orcs scattered throughout the land.
The i-th orc is at position (xi, yi) on the Cartesian plane.

The heroic village is at position (0, 0). Fortunately a great and powerful
magician lives in the village and is willing to defend it with a massive
fireball. Like all great powers, this too comes with great limitations. The
fireball must have the village on its circumference (but it does not damage
the village). The larger the radius of the fireball, the more energy the
wizard must expend.

You think the land would be safe if a fireball can remove at least K of the N orcs. The wizard needs to
know what radius of fireball to create. Orcs are removed if they are within the fireball or just on its edge.

Input

Input starts with a line containing two space separated integers N and K, the total number of orcs and the
number of orcs the fireball needs to cover. Following that are N lines giving the integer coordinates xi and
yi of each orc. No two orcs are at the same position, and no orc is in the village (at (0, 0)). The limits on the
input are 1 ≤ N ≤ 100 000, 1 ≤ K ≤ N , and |xi|, |yi| ≤ 1 000.

Output

If it is impossible for any fireball of finite radius to cover K orcs, print −1. Otherwise, print a single real
number, the minimum radius of a fireball that contains (0, 0) on its circumference that also covers at least
K orcs. Your answer is considered correct if it has an absolute or relative error of at most 10−4.

Sample Input 1 Sample Output 1

3 2
1 0
0 1
3 3

0.7071068
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Problem I
Unique Dice

A very large collection of dice.

You are about to leave home for your weekly game of Pumpkins and
Flagons (P&F) when a text comes in asking you to bring a large collection
of identical P&F dice. They have asked the right person, for you have
a very large collection of P&F dice which, unfortunately, is currently
unsorted.

These dice are ordinary cubes with a number on each of the six faces.
The numbers are in the range 1–6, but they do not need to be distinct.
For example, {1, 2, 3, 4, 5, 6}, {1, 1, 1, 1, 1, 1} and {2, 2, 2, 4, 4, 5} are all
valid sets of numbers for the six faces. For this problem you want to find
the size of the largest set of identical dice you can create from your very large collection. Two dice are
considered identical to each other if it is possible to rotate one of the dice so that their top numbers are the
same, their bottom numbers are the same, and so on for all six faces.

Figure I.1: The six faces of a die.

Input

The first line contains an integer n (1 ≤ n ≤ 500 000), indicating the number of dice in your collection. The
next n lines each contains six integers in the range 1–6, separated by spaces, giving, in order, the numbers
that appears on the top, bottom, front, back, left and right faces (see Figure I.1).

Output

Print a single integer giving the size of the largest set of identical dice that can be made from given collection.

Sample Input 1 Sample Output 1

2
1 6 2 5 4 3
1 6 3 4 2 5

2
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Sample Input 2 Sample Output 2

2
1 6 2 5 3 4
1 6 3 4 2 5

1

Sample Input 3 Sample Output 3

5
1 1 2 2 2 2
1 2 1 2 2 2
1 2 2 1 2 2
1 2 2 2 1 2
1 2 2 2 2 1

4
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Problem J
Raging River

Photo by Bradley Huchteman

Sally and her friends are trying to cross safely from one bank of a raging
river to another. Boulders are scattered within the river, with log planks
connecting the banks of the river to some of the boulders, and some pairs
of boulders to each other.

Sally begins by trying to cross the river first. She starts at the left bank
and crosses one plank at a time, with the goal of reaching the right bank.
Walking across a plank takes Sally one second. Each time she crosses a
plank, that plank becomes unstable and collapses into the river (so that
neither Sally nor her friends can use that plank again). After Sally has safely reached the right bank, another
friend tries to cross the river, and so on, until everyone who is able to make it has crossed the river.

Given the graph of banks/boulders and planks and the number of people who need the cross the river, what
is the smallest amount of total time (in seconds) required for everyone to cross the river safely? If it is
impossible for all people to cross, compute the minimum number of people n who must be left behind and
print n people left behind.

Input

The first line of the input contains three integers P , R, and L: the number of people P who must cross the
river, the number of boulders R in the river, and the number of logs L spanning boulders/river banks. These
integers satisfy 1 ≤ P ≤ 10 and 0 ≤ R ≤ 1 000 and 0 ≤ L ≤ 1 000.

Then follows L lines, each of which contains two integers E1 and E2 specifying the endpoints on one log.
The values for E1 and E2 are in the range [−2, R − 1], where −2 signifies the left river bank, −1 signifies
the right river bank, and all other values indicate one of the boulders in the river.

You may assume that every log has two distinct endpoints, and that no two logs span the same pair of
boulders/river banks. There is no guarantee that every boulder, or even the right river bank, is reachable
from the left river bank.

Output

If it is possible for all P people to reach the right bank, print a single integer, the minimum total time (in
seconds) required for all people to cross.

If some people must be left behind at the left bank, instead print n people left behind, where the
integer n is the least number of people who must be left behind.
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Sample Input 1 Sample Output 1

2 4 7
-2 0
0 -1
-2 1
1 0
2 1
2 3
3 -1

6

Sample Input 2 Sample Output 2

3 2 5
-2 0
-2 1
0 1
1 -1
0 -1

1 people left behind
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Problem K
Relocation

Photo by Cory Doctorow

In the faraway country of Lineland, tech companies are starting to take
over! Every week, it seems that tech companies sprout from the ground,
merge, get acquired, or go under. For software engineers looking for
new jobs in Lineland, it can be difficult to even find the companies where
they’re interviewing.

To solve this issue, you’re going to make a new tech company! The prod-
uct is simple: using deep neural blockchains in the cloud, your app finds
the distance between any two tech companies in Lineland. This is supremely useful, as companies change
offices all the time and it’s difficult to stay completely up to date. By centralizing this information, your
company is going to make the world a better place.

Since Lineland is organized around a single line, the location of a company can be given by a single coordi-
nate. The distance between any two companies is equal to the distance between their two coordinates.

Your job is to handle two kinds of user requests to the company’s flagship app. One kind of request updates
the address of a company, the other requests the shortest distance between two companies.

Input

The first line has two positive space-separated integers N and Q: the number of companies the app tracks
(2 ≤ N ≤ 100 000), and the number of requests to process (1 ≤ Q ≤ 100 000). The next line has N
space-separated integers 1 ≤ Xi ≤ 109, which are the initial locations of the N companies, given in order
from i = 1 to i = N .

Each of the next Q lines has 3 space-separated integers, taking one of the following forms:

• 1 C X , which means that company C moves its location to X , or

• 2 A B, which is a query for the distance between companies A and B.

It is guaranteed that 1 ≤ A,B,C ≤ N and 1 ≤ X ≤ 109. It is possible two companies can share the same
location. It is also guaranteed there is at least one query of type 2.

Output

For each query of type 2, print the distance between companies A and B.
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Sample Explanation

In the first query, Company 2 moves to location 10. Then the app is asked for the distance between company
4 and company 5, which is 3. The next query is the distance between companies 1 and 3, which is also 3. A
number of updates and queries follow.

Sample Input 1 Sample Output 1

5 10
5 2 8 1 4
1 2 10
2 4 5
2 1 3
1 4 3
2 1 5
2 5 2
1 4 1
2 2 4
1 3 15
2 4 1

3
3
1
6
9
4
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Problem L
Unterwave Distance

The first sample input.

The year is 2312, and Humanity’s Rush to the
Stars is now 200 years old. The problem of real-
time communication between star systems remains,
however, and the key is the unterwave.

Unterwave (UW) communication works as follows: direct UW links have been set up between certain pairs
of star systems, and two systems without a direct link communicate by hopping along existing links through
intermediary systems. Although no system has more than 20 direct links to other systems, any two systems
can communicate, either directly or indirectly.

You have been asked to select two star systems for your company’s new home offices—one in a human
system, and one in an alien system. (Oh yeah, there are aliens.) You are to select them so that the UW
distance (a measure of communication latency) is minimized.

Every star system has a gravity value that affects UW communication. Just as no two snowflakes on earth
have the same crystalline structure, no two star systems in the universe have the same gravity. If a com-
munication path from from one system to another encounters the sequence G = g1, g2, . . . , gn of gravity
values, including the source and destination of the message, then three sequences of n − 1 terms each may
be defined, relating to physical characteristics of UW communication:

cap(G) = g2 + g1, g3 + g2, . . . , gn + gn−1 (Capacitance)

pot(G) = g2 − g1, g3 − g2, . . . , gn − gn−1 (Potential)

ind(G) = g2 · g1, g3 · g2, . . . , gn · gn−1 (Inductance)

For two sequences A = a1, a2, . . . , am and B = b1, b2, . . . , bm we define:

A ·B = a1 · b1, a2 · b2, . . . , am · bm A−B = a1 − b1, a2 − b2, . . . , am − bm

Finally, the UW distance is given by the absolute value of the sum of the values of the sequence

pot(G) · ([cap(G) · cap(G)]− ind(G)) .

The UW distance can be quite large. Fortunately, your company has a gravity dispersal device, which may
be placed in any single system (and remain there). It reduces by 1 the gravity of that system, but increases
by 1 the gravities of all systems directly linked to it. Use of this device is optional.

Input

The first line has a single integer 2 ≤ n ≤ 50 000, giving the number of star systems. The next n lines
describe the star systems, numbered 1 to n. Each line has the form g d where g is the gravity value of that
system (1 ≤ g ≤ 1 000 000) and d is either ‘h’ or ‘a’, designating the system as human or alien (there is at
least one system of each type). All values of g are distinct. The next line has a positive integer e giving the
number of direct links between systems. Each of the next e lines contains two integers separated by a single
space, which are the numbers of two systems that are directly linked. Links are bidirectional, and no link
appears more than once in the input. No system links directly to more than 20 other systems.
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Output

Output the minimum UW distance that can be achieved between an alien and human system.

Sample Input 1 Sample Output 1

9
377 a
455 h
180 a
211 a
134 a
46 h
111 h
213 h
17 a
15
1 2
1 4
1 6
2 3
2 4
2 5
3 5
4 6
4 7
4 9
5 7
5 8
6 9
7 9
7 8

85293

Sample Input 2 Sample Output 2

3
20 h
21 h
19 a
3
1 2
2 3
3 1

0
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