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Notes

Ve ry | m pO rtantl Please read the following:

« Your solution will be checked by running it against several hidden test cases. You will
not have access to these cases, but a correct solution is expected to handle them
correctly.

< The output grader is very strict. Strictly follow these guidelines:

— It is space sensitive. Do not output extra leading or trailing spaces. Do not
output extra blank lines unless explicitly stated.

— Itis case sensitive. So, for example, if the problem asks for the output in lower-
case, follow it.

— Do not print any tabs. (No tabs will be required in the output.)

— Do not output anything else aside from what's asked for in the Output section.
So, no printing of “Please input n” or something.

— Not following the output format strictly and exactly may result in a Wrong an-
swer verdict.

* Many problems have large input file sizes, so we suggest using fast 1/0.
— InJava, we suggest using Bu CerkdReader and PrintWriter.
— In C/C++, we suggest using scanf and printf.
— Itisrecommended to learn and test these functions during the Practice Session.

¢ Good luck and have fun!
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Problem A
Quantum Superposition and the Copenhagen Interpretation
Time Limit: 2 seconds

Quantum mechanics has brought surprise and frustration among physicists. One moment,
you thought you knew everything there is to know about the world, and the next thing you
know someone tells you it is possible that a cat can both be dead and alive at the same time.

Let's explore a variation of the Schrodinger's cat experiment. We place a cat inside a box, and
inside is a mechanism that releases a substance at certain times. The substance is either a
poison or an antidote. (This is a mind experiment — no animals were harmed in the making
of this problem).

The experiment goes like this: the cat is placed in the box with a “poison value”, p, initially
0. At time i, a substance is released. If poison was released, then p increases by a;j. On the
other hand, if the antidote was released instead, then P decreases by a;. The value of P can
even be negative, meaning the cat has stored some of the antidote. This happens from time
1 to n, after which the experiment is concluded. The box is then opened, and p is recorded.

However, if we don't open the box, then the state of the cat is the combination of all possible
states at the same time! Let S be the sum of all p taken from all possible distinct outputs of
the mechanism. Your task is to find S.

Input

The first line of input contains a single integer N. The second line contains N space-separated

Output
Output a single line containing a single integer S denoting the answer.

Constraints

1 n 20

1 a 107
Sample Input Sample Output
2 0
12
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Problem B
ABCD Paths
Time Limit; 6 seconds

Alice is playing a game she made herself. There are N squares arranged in a playing field
numbered 1 to n, and there are a unidirectional arrows, each connecting one square to
another. Each arrow is given a corresponding letter. You play the game by starting at any
square. You can then follow an arrow to another square while saying the corresponding
corresponding letter. You can repeat this as many times as you can, but the rule is that the
sequence of letters followed must be alphabetically nondecreasing. The goal is to see
who can play the game the longest.

Bob wants to compete with Alice, so Alice needs to know how far the game can be played by
following the rules. As a friend of Bob, your task is to output the longest sequence of moves
that can be played. If the game can be played indefinitely, output INFINITE instead.

Input

The first line of input contains a single integer t denoting the number of test cases.

The first line of each test case contains two space-separated integers N and a denoting the
number of squares and the number of arrows, respectively. The next a lines describe the
arrows. Each of them contains three space-separated tokens, X, Y, C, where X and Yy are
integers and C is a letter, describing an arrow that goes from square X to square Y and with
a corresponding letter C.

Output

For each test case, output a single line containing the longest nondecreasing string that can
be created. If there are multiple of them, output the lexicographically smallest one. If the
game can be played indefinitely, output INFINITE instead.

Constraints

1 t 2

1 ma 2 10°

1 x5y n

C is an uppercase letter.

XEy

There may be multiple arrows connecting the same pair of squares.
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Sample Input Sample Output

2 ADDER
57 INFINITE
238B

31E

12A

12R

240D

35E

4 3D

33

13N

12U

31N
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Problem C
Best Grill Contest
Time Limit: 2 seconds

In the forum based social media website Revvit, there exists a community whose members
love everything to do with barbecuing. At this time of the year, the users of the barbecu-
ing subrevvit have gathered to determine the One True Best Grill in their annual Best Grill
Contest. In this contest you will find people making impassioned speeches about why their
preferred grill is superior to all other grills.

This contest has a peculiar format. The contest runs for N rounds with 2" grills numbered 1
to 2" from left to right. For example, for N = 3, we have:

& £ 5 m £ i i A
7 £ i % T %’ 15O %
** i & = =

+ = | h

5

In the first round, grills will be grouped into pairs such that grill 1 is paired with grill 2, grill
3 is paired with grill 4, grill 5 is paired with grill 6, so on. Grill i receives Vj votes in the first
round.

During each round, for each pair, we eliminate the grill that recieved the least votes. In the
following round, the remaining grills will be paired up in a similar fashion to the first round.
We describe the voting behavior of the consecutive rounds as follows. Let's say that grill A
went up against grill B in the previous round, and won. For the current round, grill A is facing
grill C. The supporters of grill A in the previous round will vote for grill A again. However, the
supporters of grill B, out of spite, will vote for grill C.

In the case of a tie, a fair coin toss determines the winner. We repeat this process until only
one grill remains. This grill will be crowned as this year’s One True Best Grill.

You, being a big fan of grills, want to see your favourite grill win. To make sure of it, you invite
your friends to help boost your favourite grill's votes. Let aj be the number of additional
votes needed to ensure that grill I is crowned the winner.

Problem C: Best Grill Contest 6



You're still undecided as to which grill is your One True Best Grill, so you want to find a; for
all grills from 1 to 2".

Input

The first line of input contains a single integer N. The second line of input contains N space-

Constraints

1 n 18
0 v 10°

Sample Input Sample Output

2 6 026
6942
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Problem D
Extraordinary Machine
Time Limit: 5 seconds

You've found a blueprint of an extraordinary machine! This machine is composed of N gears
labeled 1 to N. According to the blueprint, the ith gear has radius rj and radial speed S;.

There are a total of € pairs of gears that are connected to each other. If gear i is connected
to gear |, then their relative speeds are defined by the formula riS; = rjSj.

However, the blueprint being extraordinarily ancient, the actual radii and radial speeds of
the gears are written in an unknown numerical system. The only thing you can decipher is,
for each connection, either their relative radii or their relative speeds, but not both. In other
words, for every connected pair (i; j) you are given exactly one of the following:

. r|:rJ
. SIZSJ

Your task is to confirm if such an extraordinary machine can truly exist. In other words, you
must confirm whether there exists an assignment of positive real numbers for all values r;j
and Sj such that the constraints of all connections are satisfied.

Input

The first line of input contains a single integer T denoting the number of test cases.

The first line of each test case contains two space-separated integers N, €. Each of the next e
lines describes a connection and contains five space-separated tokens i; j;t; u;Vv:

« iand j are integers denoting gear labels.
« tis an uppercase letter which is either R or S.
e U=V is the ratio (U and V are integers).

- Iftis R, then this represents ri=rj.

— Iftis S, then this represents Si=Sj.
Output

For each test case, output a single line containing either REAL if it is possible or MYTH if it
is impossible.

Constraints

1 T 104
1 n 10°
1 e 210°

The sum of the Ns in a single fileis ~ 10°
The sum of the es in a single fileis 2 10°
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1 i;j n

16 j

Each unordered pair fi; jg appears at most once.
Forevery given ratiou=v, 1 u;v  10°

Sample Input Sample Output

REAL
MYTH

O 0
o ©
(23]

PNPFPWFEPNREPWDN
0
w
w

WWNWWWNW

w
w
w
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Problem E
NCIS 2 Experts 1 Keyboard
Time Limit: 4 seconds

Hackers have launched a DDoS attack against the servers of the Superior Academic Infor-
mation System (SAIS). Hopeless against this, the University of Prerogia, the (undisputed) top
university in Prerogia, has contracted your agency, the National agency for Cyber- and Infor-
mation Security (NCIS), to help them survive this clearly malicious attack. Because of your
established reputation in handling these kinds of requests, the agency has decided to send
you and your partner to handle this.

You and your partner are famous for working together with only a single keyboard, since you
can't aard more. Upon investigating, you and your partner find that the servers are setup
in a peculiar manner. There are N servers in the network, numbered 1 to N, in which C pairs
of them are directly connected to each other. They are connected in such a manner that for
any two servers X and Y, there is exactly one path of servers that connects them, i.e., there is
exactly one sequence of servers such that

* it begins at server X,

* itends at server,

e consecutive pairs of servers are directly connected, and
* no server appears twice.

When a server receives a request from the outside world, it forwards the request to all other
servers it is directly connected to, and those servers similarly forward it to their neighbors,
excluding the server that sent the request and those that have already received the request
previously. (Since the servers are connected, all servers will eventually receive the request.)

The university's IT sta[f&ll you that the hackers only target a single server at any given
time. The hackers change the targeted server every few minutes, probably to keep system
administrators on their toes. The university sta [fdied simply disabling the targeted server
(by just unplugging the power cord), but that caused a system outage in one campus which
resulted in unfavorable reactions. Clearly, blindly disabling servers is not a good idea.

You thus decide to assign a danger value Vi to each server K. You then define the danger
index di of each server K as follows. For each path in the network that includes server K,
find the maximum danger value in the path. Once you have done this, the danger index dy
is the sum of those maximum danger values.

Your challenge now is to find the danger index of whatever server is being targeted in real
time. You must do this for the next a attacks.

Input

The first line of input contains a single integer t denoting the number of test cases.

The first line of each test case contains three space-separated integers N, C, and a.
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that is targeted in the ith attack.

The next C lines descibe the pairs of servers that are directly connected. The ith one contains
two space-separated integers Xj; Yj denoting a direct connection between servers Xj and Y;j.

Output

For each test case, output a single line containing a single integer, defined as the following
sum modulo 998244353:

a
Yidi=1di+2 di +:::+a di:
=

Constraints

1 t 3

1 nayv; 10°
0 ¢ 210°
1 xiyiki n
Xi & Yj

Each unordered pair X;;Yig appears at most once.

Sample Input Sample Output

1 741189
4 3 3
16 24 69 105
1

ArOWELEDN
NNDN DM

Explanation

1. The danger index of server ky = 2 is dy, = 501.

2. The danger index of server ko = 4 is dy, = 420.

3. The danger index of server k3 = 1is dy, = 214.
Therefore, the output is

1 df +2 df, +3 df = 251001+ 352800+ 137388 = 741189

which is also 741189 modulo 998244353.

Problem E: NCIS 2 Experts 1 Keyboard 11



Problem F
Biko
Time Limit; 2 seconds

Francis is terribly homesick after having been working and living abroad in the strange coun-
try of Reciproca for a few years. It does not help that everything in this country seems so
upside-down! People walk with their hands all the time, they put the doors of their homes
in the roofs of their houses. Worst of all, they only eat something when it has split o [0d a
specific way! Try as hard as he might, Francis cannot adapt to this, so he tries to keep a low
profile. Francis’ native co-workers give him weird looks, but they tolerate him and his upright
ways because he is a foreigner.

Francis writes often about his problems to his lola, a wonderful woman who has taken care
of Francis since his childhood. Understanding what he has been going through, his lola
sends him boxes of his favorite sweet, Biko, to cheer him up. Francis is super happy, until
he realizes his lola gave him too much - he can only eat so much Biko! In particular, Francis
received a single box of Biko, but he can only eat p=(Q of the box (P << (). Thus he is left with
some Biko leftover, and he's too full to eat.

Now, Francis came to you, a seasoned problem-solver, for help as he needs to give away
the Biko left. But remember, all of his co-workers are Reciprocans! They might take it as an
insult if Francis just gives them his Biko nonchalantly, so he needs to divide it in the traditional
Reciprocan way. The Reciprocan way of dividing food to eat is by making sure that all pieces
are unit fractions of the whole box, that is of the form 1=X boxes, where X is an integer. He
asked you for a way to divide his remaining Biko in a way that will appease his Reciprocan
co-workers.

He has limits though: he doesn't have the sharpest knives, so he wants you to limit the
number of pieces to a reasonable amount (at most 100000), and not too tiny (pieces must
be larger than or equal to 1=100000 of the box). Of course, he also wants to impress his
co-workers, so he wants you to make sure that there are at most 120 pieces of any given
size, to show that he has a unique side to him too. Try to help Francis share his Biko!

Input

The first line of input contains a single integer t denoting the number of test cases.

Each test case consists of a single line containing two space-separated integers p and (. /
Output

For each test case, output a single line containing either:
« CAN DO ITifitis possible to do the task mentioned in the statement, or
« CANNOT DO ITifitisimpossible.

In addition, if it is possible, output two more lines. The first line must contain a single integer
k denoting the number of pieces Francis should cut the remaining Biko into. The second line

Problem F: Biko 12



ith portion.

There may be multiple possible valid ways to divide the remaining biko; any one will be
accepted.

Constraints

1 t 30
1 p<qg 600
Sample Input Sample Output
1 CAN DO IT
7 12 3

8 6 8
Explanation

The sole sample input has p =7 and = 12.

The sample output says that he should cut the remaining Biko into K = 3 pieces, each with
sizes 1=8, 1=6 and 1=8 (of the original whole). You may verify that, all in all, they add up
exactly to the remaining portion of the Biko.

Problem F: Biko 13



Problem G
Frozen
Time Limit: 6 seconds

After finally accepting that her powers are not evil, Elsa has begun training to gain more
control over her winter magic.

Although she cannot walk on liquid water, she can turn an area of water into ice by shooting
magic from her hands. Since she can walk on ice, she can use this ability to be able to
traverse bodies of water.

But this time it isn't that easy. She is trying to walk on water on a stormy night and the water
is turbulent. The ice sheets were unstable, making her runs slower, so she must make the
most stable ice sheets to step on. She is very bothered by this!

We can model the watery region in which Elsa is training on as an C grid, with I rows
and C columns. The cell on the ith row and jth column will be denoted (i; j). Each cell is
currently either:

« “#” denoting ice, or
e “~"denoting water.

Elsa performs a total of € actions. Each of her actions is one of three types, “#”, “~" or “?”,
defined as follows:

« “#1 J”. Elsa turns cell (i; ) into ice.
» “~1J”. Elsa turns cell (i; j) into water.

« “? s Js ig Jq” Elsa attempts to walk from cell (is; Js) to cell (ig; jg) without changing
any cells along the way. It may or may not be possible for her to do this.

For each action of type ?, determine if it is possible for Elsa to walk from cell (is; js) to cell
(ig; Jg) without changing any cells along the way.

Input

The first line of input contains three space-separated integers I, C and €.

The next I lines describe the grid. The ith of them contains a string of length C describing
the ith row. Each character is either # (ice) or ~ (water).

The next € lines describe the actions in chronological order. Each of them is in one of the
three forms described in the problem statement.

Output
For each ? action, output one line containing either LET I TGO (without spaces) if it is pos-

sible to reach (ig; jg) from (is; js), or LET ITSNOW (without spaces) if it is impossible to do
so.
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Constraints

1 r 10°

1 ¢ 10

1 e 40000

1 iigig r

1 Jsila ¢

For every ? action, cell (is; js) will contain ice.

Sample Input

Sample Output

9 10 11

~f e~~~
HHH~~~HHH~
~H~~f~~H~~
T =
HHHHH R~
..._..._.._..._..._#.._..._#.._
~~~~~~ Ht~~
#8 9
?76787
# 8 6
?276787
~65
7?6166
?21310
# 7 6

~ 22

~ 28
?1232

LETITGO
LETITGO
LETITSNOW
LETITSNOW
LETITSNOW

Problem G: Frozen
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