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Contest Information

Rules

Contestants will be disqualified if they violate any one of the following rules.

1. No machine-readable materials (e.g., source codes, templates, etc.) are allowed. However,
paper-based materials, such as textbooks, dictionaries, printed notes, etc., are allowed.

2. Contestants are only allowed to contact his/her teammates during the contest. Contes-
tants shall not discuss with his/her coach and other teams.

3. Contestants shall only access the internet for downloading the problem description, sub-
mitting source codes, requesting problem clarification and checking the scoreboard. Any
other type of internet access is prohibited.

4. A team shall not simultaneously use more than one computer to write programs during
the contest. Contestant shall not use any other type of electronic devices, except extra
monitors and printers.

5. All malicious actions interfering the contest are prohibited.

The coach has to submit a photo of the team taken during the contest and declare that the
team abides by the rules during the contest.

Scoring and Ranking

1. Disqualified teams will be removed from the ranking.

2. Only C, C++, Java, Python are provided in this contest. The judge system only accepts
programs which can be properly compiled and executed. A problem is solved if the
submitted program terminates and outputs correctly in time. The responses of the judge
system are listed as follows.

• CE: The program cannot be properly compiled or executed.
• TLE: The program uses too much time.
• RE: Run-time error. The program cannot terminate normally.
• MLE: The program uses too much memory.
• WA: The output is incorrect.
• AC: The program is accepted by the judge system, and the problem is solved.

3. Teams are ranked according to the most problems solved. Teams who solve the same
number of problems are ranked by least total time. The total time is the sum of the
time consumed for each problem solved. The time consumed for a solved problem is the
time elapsed from the beginning of the contest to the submittal of the accepted run plus
20 penalty minutes for every rejected run for that problem regardless of submittal time.
There is no time consumed for a problem that is not solved.

4. Breaking ties in ranking, if necessary, is according to the following order:
(a) the less total number of submissions of the solved problems;
(b) the shorter elapsed time of the first solved problem;
(c) the shorter elapsed time of the second solved problem, and so on.
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Problem A
Alan Turing

Time limit: 1 second
Memory limit: 256 megabytes

Problem Description
Alan Mathison Turing was a British computer scientist and mathematician. He was a pioneer
in theoretical computer science who proposed the Turing machine, an abstract machine defined
by a mathematical model of computation.

Here is how a Turing Machine works. It has a certain number of states, a tape of infinite length,
on it can a certain set of symbols be written, and it runs within a certain set of transition rules.
Starting from an initial state, and a head that points at a certain location, it can decide which
direction it wants its head to move towards or to halt, and which symbol it wants to write back
to the tape, according to the transition rules which account the current state and the current
symbol the head is pointing at on the tape.

A interesting question (halting problem) is if it is possible to determine if a certain Turing
machine will eventually halt on a given input (which is the initial symbols on the tape) or just
run forever. That is proven to be impossible to determine. However, there are still some good
news! It is totally possible to prove if a Turing Machine will halt within 10 steps. And as a
challenge to you, we would like you to tell us the answer.

Input Format
The first line of the input will be a single integer T (T ≤ 20) denoting the number of test cases.

In each test case first the description of a Turing Machine will be given. It starts with an integer
n (1 ≤ n ≤ 10) on a line representing the number of states there are in this Turing Machine. In
which state 1 is the starting state and state n is the only halting state, i.e., the Turung Machine
will halt after entering it.

The next n − 1 lines will be the transition rules of state 1 to n − 1, note that since state n is
the halting state, it does not have any transition rule. To simplify the problem, there will only
be three symbols used in the Turing Machines of this problem, namely 0, 1 and 2. Each line
of the transition rule contains 3 tuples in the form of (x, y, z) separated by a blank, in which x
represents the next state the Turing Machine will transition to, y represents the direction the
head is going, 1 as right and −1 as left, and finally z represents what should be written back
onto the tape. Note that the head will first write back the symbol, then move. For line i in
these n− 1 lines, the three 3-tuples will represent the transition of state i when it reads symbol
0, 1 and 2 respectively. For instance that the second 3-tuple of the fifth line will represent the
transition rule of state 5 if the head is pointing at a symbol 1.

After that is an integer m (m ≤ 100) on a line indicating the number of queries there are. Each
query will be written on a single line in which the first number x (0 ≤ x ≤ 10) is the number
of symbols in this input, after that x symbols would follow. The symbols will be written one
after the other on the tape with the initial head position pointing at the first symbol. There
will only be symbol 0 and 1 in the input as symbol 2 is actually representing a blank symbol
in the Turing Machine. And because of that, you may assume that every symbol on the tape
before the input and after the input is 2. For instance, an input 3 1 0 0 will actually look like
this on the tape : “... 2 2 2 1 0 0 2 2 2 ...”, where the head will point at the symbol 1
initially and that the symbol 2 and the start and the beginning will extend infinitely on both
ends.
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Output Format
For each test case, first print “Machine #N:”, where N is the number of test case. Then for
each query, print “yes” on a line if the machine does halt in 10 steps and “no” if not.

Sample Input
3
3
(2, 1, 0) (2, 1, 1) (2, 1, 2)
(3, 1, 0) (1, -1, 0) (1, -1, 2)
3
3 1 0 0
2 1 1
1 1
4
(2, 1, 1) (3, 1, 0) (1, -1, 2)
(1, -1, 0) (1, -1, 1) (1, -1, 2)
(2, 1, 1) (2, 1, 0) (4, -1, 2)
2
3 0 0 0
5 0 0 0 0 0
2
(1, -1, 2) (2, -1, 0) (1, 1, 2)
2
2 0 0
1 1

Sample Output
Machine #1:
yes
yes
no
Machine #2:
yes
no
Machine #3:
no
yes
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Problem B
László Babai

Time limit: 1 second
Memory limit: 256 megabytes

Problem Description
László Babai is a Hungarian computer scientist and mathematician. He is a Gödel
prize winner and an outstanding researcher in the fields of the theory of compu-
tation, algorithms, combinatorics, and group theory. Last year, he proposed a
subexponential-time algorithm solving Graph Isomorphism in exp((logn)O(1))-time,
and the best previous result is an exp(O(

√
n logn))-time algorithm.

Graph Isomorphism is a famous NP problem in theoretical computer science, however, you
may wonder what it is. Let us explain for a bit. Given two undirected graphs A = (VA, EA)
and B = (VB, EB), where A’s vertex set is VA = {a1, a2, a3, . . . , anA}, and B’s vertex set is
VB = {b1, b2, b3, . . . , bnB}. Graph A and B are isomorphic if and only if

1. A and B have the same amount of vertices and edges,

2. There exists a bijective (one-to-one and onto) function f : VA → VB such that {u, v} ∈ EA

if and only if {f(u), f(v)} ∈ EB.

In other words, we can relabel the vertex set of graph A to obtain graph B.

Graph Isomorphism is still neither known to be in P nor NP -complete. As up and coming
computer scientists, we must be ambitious and never be afraid to dream big! Therefore, let
us take on the challenge of testing if two 3-vertex undirected simple graphs G1 and G2 are
isomorphic and show the world that we too can accomplish something.

Input Format
The first line of the input will be a single integer T (T ≤ 100) representing the number of test
cases that will follow.

Every test case then starts with the number of edges m (0 ≤ m ≤ 3) in the first undirected
simple graph of 3 vertices (numbered from 1 to 3), followed by m lines each containing two
distinct integers u, v (u ̸= v, u, v ∈ {1, 2, 3}) indicating that there exists an edge between vertex
u and v. You may assume that there is at most one edge between any pair of vertices. After
that the description of the second graph follows in the same format.

Output Format
If the two graphs are isomorphic than output “yes” on one line. If not, output “no” instead.
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Sample Input
3
3
1 2
2 3
3 1
3
1 3
2 1
3 2
2
1 2
1 3
0
1
2 3
1
1 2

Sample Output
yes
no
yes
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Problem C
Stephen Cook

Time limit: 3 seconds
Memory limit: 256 megabytes

Problem Description
Stephen Arthur Cook is a computer scientist and a mathematician who specializes
in hard stuffs such as complexity theory. He gave a precise statement of the P versus
NP problem in his paper “The complexity of theorem-proving procedures”, and one
of his most famous contribution is proving that Boolean satisfiability problem, a.k.a.
SAT, is NP-hard.

Cook won the Turing Award in 1982. Yes, that Turing. If you don’t know what I am talking
about, go back to problem A. Because you are a nerd also named Cook, so you challenge your
equally nerdy friend Levin to play a nerdy game inspired by Stephen Cook together. Here is
how it works, you are going to prepare a boolean formula (actually we will prepare it for you).
And then, you and Levin will take turns in deciding the value of one variable (true or false).
Once the value of every variable is decided, if the formula is satisfied, you win! Otherwise,
Levin will win. So, are you nerdy enough to tell me if you can win this game if you pick first?
Assuming that Levin plays optimally of course.

Input Format
The first line of the input will be a single integer T (T ≤ 20) indicating the number of test
cases. Each test case will consist of two lines.

The first line contains an integer n (1 ≤ n ≤ 10) indicating the number of variables in the
boolean formula. The i-th variable will be represented by the i-th English alphabet in upper
cases. That is, the first variable is A, and the third variable is C.

For each test case, one boolean formula will be given in its second line which has length no
more than 256 characters. A boolean formula must be in one of the following five forms.

• var: var is a variable.

• ( formula1 ): formula1 is a boolean formula.

• not formula1: formula1 is a boolean formula.

• formula1 or formula2: both of formula1 and formula2 are boolean formulas.

• formula1 and formula2: both of formula1 and formula2 are boolean formulas.

You may assume that there are blanks to separate the variables and operators in the input file.

There are four kinds of boolean operators: and, or, not, and brackets (). Note that the first
three kinds of operator are in lower cases. The operator precedence given from high to low as
follows: () > not > and > or.

Output Format
Output the winner’s name (“Cook” or “Levin”).
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Sample Input
3
1
A and not A
1
A or not A
3
( A or C ) and B

Sample Output
Levin
Cook
Cook
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Problem D
Edsger Dijkstra

Time limit: 2 seconds
Memory limit: 256 megabytes

Problem Description
The Turing award winner Edsger Wybe Dijkstra is a dutch computer scientist who has an an-
noyingly confusing name that Asians have trouble pronouncing. In 1960s, He gave the following
quote.

For a number of years I have been familiar with the observation that the quality of
programmers is a decreasing function of the density of go to statements in the pro-
grams they produce. More recently I discovered why the use of the go to statement
has such disastrous effects, and I became convinced that the go to statement should
be abolished from all “higher level” programming languages.

You don’t want to produce low quality codes, do you? However, your source code contains no
loop statements. The only kind of flow control statements in your source code is the if-goto.
To decrease the density, you have to try and eliminate all the if-goto statements in your
source code written in a C-like language and replace them with do-while loops in the following
manner.

• Assume the if-goto statement looks like “if (boolean_expression) goto some_label;”.

• Insert a copy of “do {” right after where some_label is declared.

• Replace ‘if’ by ‘} while’.

• Remove ‘goto some_label’.

For example, the following code

int main() {
int score;
get_score:
scanf("%d",&score);
if (score < 0 || score > 100) goto get_score;
if (score < 60) goto fail;
fail:
puts("you are failed!");
return 0;

}

will be modified into

int main() {
int score;

get_score: do {
scanf("%d",&score);
} while (score < 0 || score > 100) ;
} while (score < 60) ;
fail: do {
puts("you are failed!");
return 0;

}
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It is not too surprising that the code above cannot be compiled. Here is your new task: given a
sequences of statements, please determine whether all if-goto statements can be replaced by
do-while loops without changing the output of your code. For simplicity, you may assume all
statements are either in the following two forms.

• Form 1: “line_x: puts("x");” where x is corresponding line number of this statement
and “puts("x");” prints the line number x.

• Form 2: “if (expr_x()) goto line_y;” where x is the corresponding line number of
this statement and line_y is a valid label in the program. “expr_x()” will return true
on first x invocations, and it will return false afterward.

Note that the output of the program should be considered as different from the original output
if the modification makes the code unable to be compiled.

Input Format
In the first line of input, there will be a single integer T (T ≤ 20) on a line representing the
number of test cases.

Each test case is consists of a sequence of statements. Each statements will be on a single line,
which starts on line 1. There can be three kinds of lines: statements in form 1, statements in
form 2, and “END”. “END” will indicate the end of a test case. It can only be the last line of a
test case, and it should not be considered as a part of the program. There are at most 10000
statements in a single test case (END’s are excluded).

Output Format
Print “good” on a single line if replacing all if-goto statements with do-while will not change
the output of the program. Otherwise print “bad”. Note: you should output “bad” if the
program becomes no longer compilable.

Sample Input
3
line_1: puts("1");
if (expr_2()) goto line_1;
END
line_1: puts("1");
line_2: puts("2");
line_3: puts("3");
if (expr_4()) goto line_2;
line_5: puts("5");
if (expr_6()) goto line_2;
END
line_1: puts("1");
if (expr_2()) goto line_5;
line_3: puts("3");
line_4: puts("4");
line_5: puts("5");
END

Sample Output
good
good
bad
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Problem E
Jack Edmonds

Time limit: 2 seconds
Memory limit: 256 megabytes

Problem Description
Jack Edmonds is an American computer science. Probably known most by the ACM-
ICPC community as the co-inventor of Edmonds-Karp algorithm which solves the
maximum flow problem in O(|V ||E|2). However, his most important contribution
to the field is perhaps Cobhan-Edmonds hypothesis which defines the concept of
polynomial time as a way of telling if an algorithm is practical or not. Nowadays,
we consider that the problems in P (the class of deterministic polynomial time) and
the problems in NP (the class of nondeterminisitc polynomial time) are efficiently
solvable and efficiently verifiable, respectively. The “P versus NP problem” is to
ask whether P equals NP , and this is the major open problem in computer science
and one of the seven Millennium Prize Problems. Most computer scientists believe
P ̸= NP but they still cannot provide a correctness proof. On the other hands,
many people tried to prove P = NP by showing that some NP -hard problem (at
least as hard as any NP problem) is in P , but they all failed.

A famous problem called the traveling salesperson problem is an example of a NP -hard problem.
The problem goes as follows. Given a list of destinations and the distance between each pair of
destinations, which is the shortest possible route from an origin that visits every destinations,
and returns to the origin? Now, as a brilliant programmer, I’m sure you can solve this problem
in no time. Only one problem though. To make the problem more challenging, we are not
providing you with the map! Instead, you will be given the coordinates of each destination, and
no roads have been built yet. It is obviously no way to visit all destinations if some destination
is not connected to all the others.

Assume there are n destinations. Their coordinates are (x1, y1), · · · , (xn, yn), and (x1, y1) is
the origin. The city mayor is going to help you. He will build the roads for you. However,
he is stupid and lazy. Since he is stupid, he can only build a road to directly connect two
destinations (xi, yi) and (xj , yj) using only horizontal and vertical segments. Therefore, its
length is |xi − xj | + |yi − yj |. Because he is lazy, he will not build more than n − 1 roads for
you. His consultant told him that n− 1 roads are enough for you to travel to all destinations.
It’s your call to build which roads. Can you tell me how long is the shortest route to visit every
destination and return to the origin?

Input Format
There is a single integer T (T ≤ 20) on a line indicating the number of test cases in this problem.
Next, on the first line of each test case, there is another integer n(n ≤ 10, 000) representing
the number of destinations. The next n lines contain two integers x, y(−1, 000 ≤ x, y ≤ 1, 000),
representing the coordinate of the destinations.

Output Format
For every test case print how long is the shortest route to visit every destination and return to
the origin?
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Sample Input
3
3
1 1
2 2
3 3
4
2 1
-1 2
-2 -1
1 -2
6
1 2
2 3
2 2
3 4
4 3
3 1

Sample Output
8
24
16
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Problem F
Robert Floyd

Time limit: 1.2 seconds
Memory limit: 256 megabytes

Problem Description
Robert W Floyd was an American computer scientist who was also awarded the Turing Award.
In the ACM-ICPC community, his most known work is probably the Floyd-Warshall algorithm
which can find all-pairs shortest paths and transitive closure efficiently. It has many applications
and many of them is very useful, but the following is not one of them.

Stitches is the terror of Darkshire. He emits a putrid bile along his path that is stinky, disgusting
and slows you by 35% percent when walking in it. So in short, you don’t want to stand in them.
With Stitches’s movement, he can potentially cut the map into several separated areas. Two
areas are separated if there is no way one can reach the other without crossing Stitches’s bile.
Stitches always walks along a single direction (up, down, left or right) for a unit of length and
then decides whether to change his direction or not. In order to bring peace to Darkshire, the
heroes will kill him as soon as possible. You may assume that Stitches only emits bile for at
most 2048 units of length, since the heroes will not allow him to walk more.

Unfortunately, Stitches’ bile does not disappear after his death. As the mayor of Darkshire, you
want to determine how many separated areas there are after Stitches walks through. So how
can we solve this with the Floyd-Marshall algorithm and why is it not useful? Well, because of
how Stitches move, we can imagine he is walking on the edges of a square grid of 4098× 4098
cells. Stitches begins his walk at the center of the grid, thus he will never touch its boundary.
Thus easily transform the map into a graph where neighboring blocks on the grid are connected
if Stitches did not walk on its connecting edge. After running the Floyd-Marshall algorithm, we
can easily determine whether two blocks are in the same area. Then, just simply counting the
number of areas by using a data structure for storing disjoint sets. However, since Darkshire is
not a small town and there can be more than 16 millions of blocks on the grid, this method will
simply not be fast enough. Unless you have the help of bronze dragon Chromie, the Keeper of
Time. Please find a better way to solve this problem. Again, cheating with the bronze dragon
is not allowed.

Input Format
On the first line there is a single integer T (T ≤ 30) indicating the number of test cases. For
every test case, the sequence of Stitches’ movement will be given on a line with ‘U’ as up, ‘D’ as
down, ‘L’ as left and ‘R’ as right. The length of the sequence will not exceed 2048.

Output Format
Output the number of separated areas on one line.

Sample Input
4
LURD
LUDR
LDRDRURRDLUURURD
LLUURRDDRULLLLUR
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Sample Output
2
1
2
5
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Problem G
Kurt Gödel

Time limit: 10 seconds
Memory limit: 512 megabytes

Problem Description
Kurt Friedrich Gödel was an Austrian mathematician and philosopher. He was
influenced by previous scientist philosophers such as Isaac Newton and Immanuel
Kant. And then later he also influenced mathematicians and philosophers such as
Bertrand Russell. He utilized something known as the Gödel numbering in the
proof of his famous “Incompleteness theorem”, a theorem that tests the boundary
and limit of mathematics and logic itself. This makes him one of the most important
logician in the history among the likes of Aristotle.

Let’s see how this Gödel numbering system works. It assigns a number to each symbol, in this
case we use capital alphabets (A to Z) and assign them to natural numbers 1 to 26. So that A
is assigned to 1, B is assigned to 2 and so on. So a word such as KURT will become a sequence
(11, 21, 18, 20). Then, we represent it as product of prime powers. A sequence (a1, a2, . . . , an)
should be encoded into 2a1 · 3a2 · · · · · pa+n

n where pi is the i-th prime number. I.e., the Gödel
number of KURT is 211 · 321 · 518 · 720 = 6520744440162926921184290648437500000000000.

The Gödel number of a long word might be very large. Your friend Albert would like to leave
a message for you by using Gödel numbers, but he is lazy to write all the digits. Albert uses a
triple (ℓ, r, p) to represent a Gödel number g where ℓ is the length of the corresponding word,
p is a prime, and r ≡ g(mod p). However, Albert doesn’t notice that two words can generate
the same triple. For instance, the Gödel numbers EA and JA are 96 and 3072 respectively, but
Albert may use (2, 3, 31) to represent both of them. Let’s try to decode Albert’s message!

Input Format
There will be at most 30 test cases. Each test case will be given on a line containing three
integers. The first integer ℓ (1 ≤ ℓ ≤ 8) is the length of this word. The second integer r
represents the remainder of the result. The third integer is the prime number p used in modulo
operation. We guarantee that 0 ≤ r < p < 231. The input will be terminated with three zeros
on a line.

Output Format
Output the word that generates this triple if it is unique. Output “ambiguous” if more than
one possibility exists. Output “not a word” if there exists no word that can produce this triple.

Sample Input
1 2 3
3 11385 13339
7 123123123 2089141547
7 0 2089141547
0 0 0

Sample Output
ambiguous
COW
ambiguous
not a word
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Problem H
Richard Hamming

Time limit: 1 second
Memory limit: 256 megabytes

Problem Description
The Hamming distance dH(v⃗, u⃗) between two n-dimensional vectors v⃗ = (v1, . . . , vn) and u⃗ =
(u1, . . . , un) is defined as dH(v⃗, u⃗) = |{i : vi ̸= ui and i ∈ {1, . . . , n}}|, i.e., the number of po-
sitions at which the corresponding entries are different. For example, the Hamming distance
between (1, 2, 3, 4, 5) and (1, 0, 0, 4, 5) is 2, since these two vectors differ only at the second and
the third positions. Please write a program to compute the Hamming distance between two
n-dimensional vectors.

Input Format
On the first line there is a single integer T (T ≤ 100) indicating the number of test cases. Each
test case consists of three lines. The first line of each test case contains an integer n (0 < n ≤ 50)
indicating the dimension of the vectors. The second line contains n integers v1, . . . , vn, and
the third line contains n integers u1, . . . , un. You may assume that v1, . . . , vn, u1, . . . , un ∈
{0, 1, . . . , 99}.

Output Format
For each test case, output the Hamming distance between (v1, . . . , vn) and (u1, . . . , un).

Sample Input
2
3
1 2 3
3 2 1
4
1 0 1 0
1 0 1 1

Sample Output
2
1

Postscript
Richard Hamming won the Turing award in 1968 for his contribution on numerical methods,
error detecting codes, and error correcting codes.
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Problem I
Oracle

Time limit: 3 seconds
Memory limit: 256 megabytes

Problem Description
Oracle is a concept in computer science that serves as a black box which can solve some sort
of problem in a single operation. It is a tool used to study decision problems. The origin of
oracle goes back to ancient Greece. The most famous of them is probably Pythia, the oracle of
Delphi, priestess to Apollo. Pythia is not the name of one person, but a title given to the oracle
of Delphi. They are active and continued to be consulted by Greeks from 7 century BC until
the 4th century AD. And Phemonoe, the first oracle of Delphi, possibly the daughter of Apollo
himself, is the main character in this problem. Why, you might ask, does this problem not
feature a computer scientist whose name started with I? Well we simply cannot find a computer
scientist whose name started with I that has anything to do with this problem, so get over it.

Phemonoe is in a series of n games. The games happen sequentially. You cannot go back to play
in a previous game that is already done, as time travel is not in the realm of Apollo’s powers.
She can choose not to participate in a game though. In these games, she can place bets on each
of them and receive money that is some multiple of the bet she placed. Usually you shouldn’t
know the result of each game. But since she is an oracle of Delphi, Apollo already told her what
would happen exactly. However, Apollo did warn her to not be too greedy. Being too suspicious
and win too much is certainly not a good idea. Zeus might not be so happy if he finds out what
Apollo did, you see. Unfortunately, after a few glasses of good quality Greek wine, Phemonoe’s
judgment is not be as good as she needs it to be. As her confidence grows, she also starts to
raise her bets. As her adviser, your job is to maximize her profit. Note that she will not listen
to you in terms of the total number of games she wants to play and the amount she is going to
bet, but she will listen to your advice as to which games to participate.

Input Format
On the first line, there is a single integer T (T ≤ 20) indicating the number of test cases.
For every test case, the first line will contain a single integer representing the total number of
games n (n ≤ 50000). On the second line, there are n integers p1, p2, . . . , pn, representing the
multiplier for each game. Phemonoe’s winning of each game will be the product of her bet and
the multiplier. Negative multipliers mean losing. For every i ∈ {1, . . . , n}, you may assume
|pi| ≤ 50000. The third line contains two non-negative integers a and b (a, b ≤ 100), indicating
that Phemonoe will bet j2 + aj + b where a2 ≥ 4b on the j-th game she participates.

Output Format
For every test cases. Output n integers on a line. Representing the maximum profit if Phemonoe
decided to participate in 1, 2, . . . , n games respectively.
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Sample Input
2
3
1 2 3
0 0
5
1 -1 1 -1 1
3 2

Sample Output
3 14 36
6 18 38 44 26
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2016 ACM-ICPC Asia Taiwan Online Programming Contest
競賽資訊

競賽規則
違反下列規則，將導致參賽者失去參賽資格。
⼀、 不得使⽤任何機器可讀的資料，如預先寫好存放於電腦中的程式碼。但可以使⽤紙本資

料，如教科書、字典、筆記以及列印好的紙本程式碼。
⼆、 在⽐賽過程中，參賽者只能與隊友討論。競賽期間與教練或其他隊伍聯繫均屬違規⾏為。
三、 參賽者只能夠透過網路下載題⽬敘述、上傳解答程式碼、提問澄清疑點與查看計分板。

使⽤網路存取其他資訊均屬違規。
四、 每個隊伍僅可使⽤⼀台電腦撰寫程式與上傳程式碼。於競賽期間除使⽤印表機列印題⽬

與程式碼以及透過額外的螢幕閱讀題⽬之外，不得使⽤任何其他電⼦裝置。
五、 不得做出任何意圖妨礙⽐賽進⾏及影響⽐賽公平性的惡意⾏為。
賽後教練需上傳⼀張競賽時照⽚並保證該隊伍遵照規則進⾏⽐賽。

計分與排名
⼀、 違反競賽規則以致失去參賽資格者，不予計分與排名。
⼆、 本次競賽僅提供 C、C++、Java、Python ，不接受其他程式語⾔。程式需能正常執⾏，

且在時間限制內計算完畢輸出正確答案，才算答對。以下為裁判系統常⾒回應：
• CE: 語法有錯誤或其他因素以致於無法編譯或執⾏。
• TLE: 未能在時間限制內執⾏完畢。
• RE: 執⾏時錯誤，程式無法正常執⾏完畢。
• MLE: 未能在記憶體限制內執⾏完畢。
• WA: 在時限內執⾏完畢但輸出錯誤。
• AC: 答對。

三、 隊伍以解題數量多者排名較前，解題數量相同時，以總消耗時間少者排名較前。答對的
題⽬的消耗時間計算⽅式為⽐賽開始⾄解出題⽬所消耗的分鐘數。如解出前有答錯，每
答錯⼀次需要另加 20 分鐘。總消耗時間為所有答對題⽬的消耗時間加總。未答對的題⽬
不計消耗時間。

四、 如果在前述計分規則無法分出勝負，則依序以下列規則決定排名：
(a) 總提交次出少者排名較前
(b) 最先解出的題⽬消耗時間較短者
(c) 次先解出的題⽬消耗時間較短者，如再相同則類推
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Problem A
Alan Turing

Time limit: 1 second
Memory limit: 256 megabytes

Problem Description
艾倫．⿆席森．圖靈 (Alan Mathison Turing) 是位偉⼤的英國際算機科學家、數學家。作為研
究計算機科學的先鋒，提出了⼀個影響重⼤的數學抽象模型：圖靈機。
以下將簡單介紹⼀下圖靈機是如何運作的。圖靈機有⼀定數量的狀態、⼀條無窮⻑且能紀錄特
定符號的帶⼦，依據⼀組特定的規則進⾏狀態間的轉移。起始時，圖靈機會處於⼀個特定的起
始狀態，其讀寫頭會指在⼀個特定的位置。圖靈機會依據當下的狀態以及讀寫頭位置上的符
號，來決定接下來將往哪⼀個⽅向移動讀寫頭或是停機、要將什麼符號寫回資料帶上、以及下
⼀個狀態將會是哪⼀個。
「有沒有辦法判斷特定的圖靈機在給定特定的資料帶時，最終會停機還是無⽌境的持續執⾏？」
便是所謂的「停機問題」，是圖靈機相關理論中的⼀個有趣問題，可已經被證明是無法判斷的
了。然⽽，停機問題仍有些正⾯的結果。「特定圖靈機在給定特定的資料帶時，是否能在 10 步
內停機」是完全可以判斷的。這個版本的問題，就請你寫個程式來回答吧！
Input Format
測資輸⼊的第⼀⾏，有⼀個整數 T (T ≤ 20) 代表測試資料的筆數。
每⼀筆測試資料會先描述圖靈機。測試資料的第⼀⾏，會有⼀個整數 n (1 ≤ n ≤ 10) 代表這臺
圖靈機有 n 個狀態。其中狀態 1 是起始狀態，⽽狀態 n 為唯⼀的停⽌狀態：⼀進⼊該狀態，
圖靈機便停機。
接下來的 n − 1 ⾏會依序描述圖靈機狀態 1, . . . , n − 1 的轉移規則。請注意狀態 n 為停⽌狀
態，因此不會有任何的狀態轉移規則。為簡化這個問題，在資料帶上會出現的符號僅有 0, 1, 2
三種。我們將使⽤三個以⼀個空⽩隔開三元組 (3-tuple) 描述轉移規則。每個三元組 (x, y, z) 代
表圖靈機將轉移到狀態 x 、y = 1 時讀寫頭將往右移、y = −1 時讀寫頭將往左移、z 則是寫
回資料帶的符號。在本題的設定中，圖靈機將先將符號寫回資料帶，再進⾏讀寫頭的移動。這
n − 1 ⾏中的第 i ⾏的三個三元組，分別代表了在狀態 i 讀寫頭讀到符號 0、i、2 的三種狀態
轉移。舉例來說，第五⾏的第⼆個三元組如果是狀態 5 讀到符號 1 時該進⾏的狀態轉移。
接下來的測試資料會有⼀個整數 m 代表這組測試資料有 m 筆查詢。每筆查詢會有幾個數字
寫在單獨⼀⾏。其中第⼀個數字 x (0 ≤ x ≤ 10) 代表這筆查詢有連續 x 個符號預先寫在資
料帶上。接下來共有 x 個數字，就代表寫在讀寫頭起始位置起，往右⽅延續的符號。這 x 個
數字只會有 0 跟 1，符號 2 其實是空⽩。因此當輸⼊為 3 1 0 0 時，其實資料帶看起來是
... 2 2 2 1 0 0 2 2 2 ... ，且初始時讀寫頭指在 1 的位置，在開頭前⽅與結尾後⽅都有無
窮多個空⽩ (符號 2)。
Output Format
對第 N 組測試資料請先印出 Machine #N:。隊每⼀筆查詢，如果能在 10 步內停機，則印出
yes 否則印出 no。
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Sample Input
3
3
(2, 1, 0) (2, 1, 1) (2, 1, 2)
(3, 1, 0) (1, -1, 0) (1, -1, 2)
3
3 1 0 0
2 1 1
1 1
4
(2, 1, 1) (3, 1, 0) (1, -1, 2)
(1, -1, 0) (1, -1, 1) (1, -1, 2)
(2, 1, 1) (2, 1, 0) (4, -1, 2)
2
3 0 0 0
5 0 0 0 0 0
2
(1, -1, 2) (2, -1, 0) (1, 1, 2)
2
2 0 0
1 1

Sample Output
Machine #1:
yes
yes
no
Machine #2:
yes
no
Machine #3:
no
yes
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Problem B
László Babai

Time limit: 1 second
Memory limit: 256 megabytes

Problem Description
László Babai 是位匈⽛利計算機科學家以及數學家。他曾獲得哥德爾獎 (Gödel
prize)，在計算理論、演算法、組合數學與群論等領域，他都有傑出的研究成果。
去年，他提出了⼀個能在次指數時間內解決圖形同構問題的演算法。在那之前，
最佳的結果是⼀個 exp(O(

√
n logn)) 時間的演算法，⽽ Babai 的新結果推進到了

exp((logn)O(1))。
圖形同構 (Graph Isomorphism) 是計算機科學領域中的⼀個著名 NP 問題。或許你不知道那是
什麼，讓我簡單解釋給你聽。給定兩個圖形 A = (VA, EA) 、B = (VB, EB)，其中 A 的點集合
VA = {a1, a2, a3, . . . , anA} 且 B 的點集合 VB = {b1, b2, b3, . . . , bnB}。A 和 B「同構」等價於下
列兩個條件同時成⽴：

1. A 和 B 有相同數量的點與邊。
2. 存在⼀個對射 (⼀對⼀且映成)函數 f : VA → VB 使得 {u, v} ∈ EA若且唯若 {f(u), f(v)} ∈

EB.

換句話說，我們能夠將 A 的點集重新編號，便可做出 B 來。
圖形同構問題仍然還不知道是否為 NP -complete 。作為下⼀代的電腦科學家，我們必須胸有
⼤志，永遠不怕發⼤夢！就讓我們挑戰⼀下，判斷兩個僅有三點的無向簡單圖形，是否同構
吧！告訴這個世界，我們也能有所成就！
Input Format
測試資料的第⼀⾏有⼀個整數 T (T ≤ 100) 代表有 T 筆測試資料。
每⼀筆測試資料會以⼀個整數 m (0 ≤ m ≤ 3) 開始，代表圖形 A 有 m 條邊。接下來 m ⾏，
每⼀⾏都有兩個相異整數 u, v (u ̸= v, u, v ∈ {1, 2, 3}) 來描述有⼀條邊連接 u, v 兩個點。你可
以假定任兩點間最多只有⼀條邊。測試資料中，剩餘的部份⽤相同的格式描述圖形 B。
Output Format
對每⼀筆測試資料，如果兩圖形同構，則輸出 yes ，否則輸出 no 。
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Sample Input
3
3
1 2
2 3
3 1
3
1 3
2 1
3 2
2
1 2
1 3
0
1
2 3
1
1 2

Sample Output
yes
no
yes
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Problem C
Stephen Cook

Time limit: 3 seconds
Memory limit: 256 megabytes

Problem Description
史提芬．亞瑟．庫克 (Stephen Arthur Cook) 是個計算機科學家，專⻑領域是艱
澀的計算複雜度理論。他在論⽂ “The complexity of theorem-proving procedures”
中提出了精確的 P 對 NP 問題的經確定義，⽽他最重要的貢獻之⼀，是證明了
Boolean satisfiability (SAT) 問題為 NP -hard。

庫克為 1982 年圖靈獎得主。是的，就是 Problem A 的那位圖靈。恰好你也是個叫做庫克的宅
宅，你的宅宅好朋友列⽂ (Levin) 跟你挑戰⼀起玩個由庫克定理啟發宅宅的遊戲。這遊戲是這
樣進⾏的，⾸先你們準備了⼀個 Boolean formula (實際上是出題者準備的)，然後你跟列⽂輪
流，每⼀個回合，挑選⼀個變數 (variable) 並決定其真假值。直到所有的變數值被設定時，遊
戲就結束。如果最後 Boolean formula 運算出來的值為真，則你獲勝，反之列⽂獲勝。假定你
先⼿，且列⽂總是⽤最佳策略進⾏遊戲。你有宅到可以告訴我，究竟誰會勝利嗎？
Input Format
輸⼊資料的第⼀⾏有⼀個整數 T (T ≤ 20) 代表有多少組測試資料。
每⼀組測試資料有兩⾏，第⼀⾏有⼀個整數 n (1 ≤ n ≤ 10) 代表 Boolean formula 有多少個變
數，其中第 i 個變數會⽤第 i 個英⽂字⺟的⼤寫代表。即第⼀個變數為A、第三個變數為C。
第⼆⾏有⼀個⾄多有 256 個字元的 Boolean formula。⼀個 Boolean fomula 必須為下列五種形
式之⼀：

• var: var 是⼀個變數。
• ( formula1 ): formula1 是⼀個 Boolean formula。
• not formula1: formula1 是⼀個 Boolean formula。
• formula1 or formula2: formula1 和 formula2 都是 Boolean formula。
• formula1 and formula2: formula1 和 formula2 都是 Boolean formula。

你可以假定變數跟運算⼦之間都有空⽩隔開。
本題只有似種運算⼦：and、or、not、括號()。前三種都⽤⼩寫字⺟。運算優先順序為：() >
not > and > or。
Output Format
請輸出⼀⾏是誰贏了。請輸出 “Cook” 或 “Levin”。
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Sample Input
3
1
A and not A
1
A or not A
3
( A or C ) and B

Sample Output
Levin
Cook
Cook
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Problem D
Edsger Dijkstra

Time limit: 2 seconds
Memory limit: 256 megabytes

Problem Description
圖靈獎得主艾茲赫爾．⾱伯．戴克斯特拉 (Edsger Wybe Dijkstra) 是荷蘭計算機科學家，他的
名字的發⾳總是讓許多亞洲⼈感到困擾。在 1960 年代，他給出了以下的評論：

For a number of years I have been familiar with the observation that the quality of
programmers is a decreasing function of the density of go to statements in the pro-
grams they produce. More recently I discovered why the use of the go to statement
has such disastrous effects, and I became convinced that the go to statement should
be abolished from all “higher level” programming languages.

你不想產出低品質的程式碼，對吧？然⽽你發現你的程式碼裡⾯⼀個迴圈敘述都沒有。唯⼀的
流程控制程式碼，就只有if-goto。為了降低goto 的密度，你得試著消除掉⼀份類 C 程式碼
裡所有的if-goto 敘述，⽤do-while 迴圈以下⾯的⽅式取代：

• 假定if-goto 看起來像是 “if (boolean_expression) goto some_label;”.

• 在some_label 宣告處後⽅插⼊⼀份 “do {”。
• ⽤ ‘} while’ 取代 ‘if’。
• 移除 ‘goto some_label’。

舉例來說，就是將以下程式碼
int main() {

int score;
get_score:
scanf("%d",&score);
if (score < 0 || score > 100) goto get_score;
if (score < 60) goto fail;
fail:
puts("you are failed!");
return 0;

}

轉換為下⾯這樣：
int main() {
int score;

get_score: do {
scanf("%d",&score);
} while (score < 0 || score > 100) ;
} while (score < 60) ;
fail: do {
puts("you are failed!");
return 0;

}

以上的程式碼無法通過編譯，並不是⼀個令⼈意外的結果。你的新任務是：給定⼀連串的敘
述，請判斷是否所有的if-goto 敘述，可以⽤do-while 迴圈，以前述的⽅式取代，並且不影
響到程式的輸出。為了簡單起⾒，你可以假定程式碼中的敘述只有下列兩種格式：

7
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• 格式⼀：“line_x: puts("x");” 其中 x 是此敘述對應的⾏號且 “puts("x");” 會印出⾏
號 x。

• 格式⼆：“if (expr_x()) goto line_y;” 其中 x 是該敘述對應的⾏號，line_y 是程
式中合法的標籤 (Label)。“expr_x()” 在前 x 次呼叫時，將會回傳 true，之後會回傳
false。

請留意如果程式碼無法通過編譯，將被視為與原先的程式碼輸出不同。
Input Format
輸⼊資料的第⼀⾏有⼀個整數 T (T ≤ 20) 代表有多少組測試資料。每⼀組測試資料由⼀連串
的敘述所構成，每⾏有⼀個敘述。⽽構成測試資料的敘述有三種：格式⼀、格式⼆以及END。
END 代表該組測試資料結束，只會出現在每筆測試資料的最後⼀⾏，不⽤把它看作程式碼的⼀
部分。單⼀筆測試資料，⾄多有 10000 個敘述 (不含END)。
Output Format
如果將所有的if-goto 敘述換成do-while 迴圈不會改變輸出的話，請印出 “good”，反之印出
“bad”。如果程式碼將無法編譯，請輸出 “bad”。
Sample Input
3
line_1: puts("1");
if (expr_2()) goto line_1;
END
line_1: puts("1");
line_2: puts("2");
line_3: puts("3");
if (expr_4()) goto line_2;
line_5: puts("5");
if (expr_6()) goto line_2;
END
line_1: puts("1");
if (expr_2()) goto line_5;
line_3: puts("3");
line_4: puts("4");
line_5: puts("5");
END

Sample Output
good
good
bad
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Problem E
Jack Edmonds

Time limit: 2 seconds
Memory limit: 256 megabytes

Problem Description
傑克．愛德蒙 (Jack Edmonds)是為美國計算機科學家。或許他最為 ACM-ICPC社
群所知研究成果的是在 O(|V ||E|2) 時間內解決網路最⼤流量問題的 Edmonds-Karp
演算法，但他最重⼤的影響可能是 Cobhan-Edmonds 假說：⽤多項式時間來定義
演算法能被實踐。如今我們把決定性多項式時間 (P ) 當作是可以有效率「解答」的
問題類別，⽽⾮決定性多項式時間 (NP ) 當作是可有效率「驗證答案」正確性的類
別。所謂的 P 對 NP 問題，就是在問「這兩個問題類別，是否相等？」，這是⽬前
計算機科學界尚未知曉答案的問題，也是七個千禧年⼤獎之⼀。多數的計算機科學
家相信 P ̸= NP，但仍缺乏正確性的證明。另⼀⽅⾯，許多⼈試著利⽤證明「特
定 NP -hard 問題 (⾄少跟任⼀ NP 問題⼀樣難) 可在多項式時間內解答」來推論
P = NP，但也都失敗告終。

旅⾏推銷員問題，是⼀個知名的 NP -hard 問題。該問題是：「給定⼀個⽬的地清單以及任兩個
⽬的地之間的最短距離，要如何從⼀個起點拜訪所有⽬的地，並回到起點」。我相信像你這樣
優秀的程式設計失，你⼀定可以很快搞定這個⼩問題。為了讓這問題困難點，我們將不提供你
地圖，你只會得到每個⽬的地所在的座標點，⽽且⼀開始這些⽬的地之間，還沒有興建任何道
路。顯然的，當有⼀些⽬的地與其他⽬的地連通時，你無法拜訪所有的⽬的地。
假定有 n 個⽬的地，座標分別為 (x1, y1), · · · , (xn, yn) 且 (x1, y1) 是起點。市⻑願意協助你，
替你興建⼀些道路，讓你可以拜訪所有⽬的地。然⽽，市⻑⼜笨⼜懶。因為笨，他只能興建
由垂直與⽔平路段所構成，直接連通兩個⽬的地 (xi, yi)、(xj , yj) 的道路。這道路的⻑度為
|xi − xj | + |yi − yj |。因為懶，他只會替你興建 n − 1 道路，他的顧問告訴他，n − 1 條道路就
⾜以讓你到達所有⽬的地。你可以決定興建哪些道路，請你告訴我從起點出發，拜訪所有⽬的
地後回到原點的最短路徑⻑度是多少。
Input Format
測試輸⼊的第⼀⾏有⼀個整數 T (T ≤ 20) 代表有多少組測試資料。每⼀組測試資料的第⼀⾏，
會有⼀整數 n (n ≤ 10, 000) 代表有多少⽬的地。接下來的 n ⾏，每⼀⾏都會有兩個整數 x, y
(−1, 000 ≤ x, y ≤ 1, 000)，代表對應的⽬的地之座標。
Output Format
對每⼀組測試資料，印出從起點出發，拜訪所有⽬的地後回到原點的最短路徑⻑度是多少。
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Sample Input
3
3
1 1
2 2
3 3
4
2 1
-1 2
-2 -1
1 -2
6
1 2
2 3
2 2
3 4
4 3
3 1

Sample Output
8
24
16
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Problem F
Robert Floyd

Time limit: 1.2 seconds
Memory limit: 256 megabytes

Problem Description
羅伯特．W．弗洛伊德 (Robert W Floyd) 是個美國計算機科學家，也是個圖靈獎得主。在
ACM-ICPC 社群中，他最為⼈知的成果，可能是 Floyd-Warshall 演算法，可⽤於求出任兩點
間最短路徑以及傳遞閉包 (Transitive closure)。此演算法有相當多應⽤，但或許無法⽤於解決
本問題。
縫合怪引起了夜⾊鎮的恐慌。縫合怪會沿著⾏進路徑分泌出腐敗的膽汁，不但⼜臭⼜噁⼼還會
讓你在上⾯⾏⾛的移動速度下降 35%。簡⽽⾔之，你不想要踩在那上⾯。隨著縫合怪的移動，
他可能將整個地圖切成好幾個被分開的區域。兩個區域被分開的意思是說，如果有⼈要從⼀個
區域⾛到另外⼀個，⾮得踩過縫合怪的膽汁不可。
縫合怪總是沿著單⼀⽅向前進 (上下左右)，⽽且⼀步只⾛⼀單位⻑，⾛完之後再來決定他要不
要改變他⾏進的⽅向。為了帶給夜⾊鎮平靜的⽣活，英雄們將盡快的殺死縫合怪。可以假定縫
合怪最多流出 2048 單位⻑的膽汁，因為英雄們不會允許他在夜⾊鎮⾛更多步了。
但不幸的，縫合怪的臭膽汁並不會隨著他的死亡⽽消失。作為夜⾊鎮的鎮⻑，你想要算出夜⾊
鎮被切成多少個分開的區域。我們該怎樣⽤ Floyd-Warshall 演算法解決這個問題？⼜該如何得
出這個問題⽤ Floyd-Warshall 演算法沒有太⼤幫助的結論呢？因為縫合怪⾏進的⽅式，我們可
以想像他在⼀個 4098 × 4098 的⽅格圖上⾏⾛，⼀開始他在中⼼，⽽且他到死之前都不會碰到
⽅格圖的邊界。我們可以簡單的把地圖轉化成圖形 (Graph)，把⽅格當作點，⽽縫合怪沒有⾛
過得邊界，轉換成邊。接下來執⾏ Floyd-Warshall 演算法，變可以得知任兩個⽅格，是不是在
同⼀個區域，接下來套⽤互斥集合 (Disjoint sets) 的資料結構，便能算出有多少個分開的區域
了。然⽽，夜⾊鎮太⼤了，⽽上⾯這個作法要處理⼀千六百多萬個格⼦，在實務上這⽅法不夠
快。請找出更好的⽅法解決這個問題。
Input Format
測試輸⼊的第⼀⾏只有⼀個整數 T (T ≤ 30) 代表有多少組測試資料。每筆測試資料只有⼀⾏，
有⼀個描述縫合怪移動的序列，U 代表往畫⾯上⽅、D 代表下⽅、L 代表左⽅、R 代表右⽅，序
列⻑度不會超過 2048。
Output Format
對每筆測試資料，輸出有多少個分開的區域。
Sample Input
4
LURD
LUDR
LDRDRURRDLUURURD
LLUURRDDRULLLLUR

Sample Output
2
1
2
5
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Problem G
Kurt Gödel

Time limit: 10 seconds
Memory limit: 512 megabytes

Problem Description
庫爾特．哥德爾是個奧地利數學家、哲學家。他受了艾薩克．⽜頓與伊曼努爾．康
德等科學家哲學家的影響，也影響了其他數學家與哲學家，如伯特蘭．羅素。他運
⽤了「哥德爾數」的概念來證明著名的「哥德爾不完備定理」，探討了數學與邏輯本
⾝的疆界與極限，這個成就讓他得與亞⾥斯多德同列於歷史上最重要的邏輯學家之
林。

讓我們說明⼀下哥德爾數的系統如何運作。⾸先，將所有的符號賦予⼀個數字。在本題當中，
我們只考慮⼤寫英⽂字⺟ (A到Z)，且給予這些字⺟，1到 26的編號。將A編為 1、B編為 2，並
以此類推。舉例來說，KURT 將以 (11, 21, 18, 20) 這個數列表⽰。接下來，將這個數列⽤質數的
乘積來替代：將數列 (a1, a2, . . . , an)以 2a1 ·3a2 · · · · ·pa+n

n 表⽰，其中 pi 是第 i個質數。KURT所
對應的哥德爾數，即是：211 ·321 ·518 ·720 = 6520744440162926921184290648437500000000000。
對應⼀個⻑單字的哥德爾數可能⾮常⼤。你朋友阿爾博特想要⽤哥德爾數留⼀個訊息給你，但
他懶得寫下所有的位數。阿爾博特⽤了使⽤三個數 (ℓ, r, p) 來表⽰⼀個哥德爾數 g，其中 ℓ 是
訊息的英⽂字⺟數，p 是個質數，且 r ≡ g(mod p)。然⽽，阿爾博特並沒有注意到，兩個相異
的字，可能可以產⽣出相同的 (ℓ, r, p)。舉例來說，EA 跟JA 的哥德爾數分別是 96 與 3072，但
阿爾博特可以⽤ (2, 3, 31) 來表達這兩個數字。請試著解開阿爾博特留給你的訊息吧。
Input Format
輸⼊資料最多有 30 組測試資料。每組測試資料只有⼀⾏。該⾏有三個整數。第⼀個是 ℓ
(1 ≤ ℓ ≤ 8) 代表訊息的單字數量。第⼆個是 r、第三個是 p，要表⽰的哥德爾數對 p 取餘數得
結果為 r，且保證 0 ≤ r < p < 231。當讀到⼀⾏有 0 代表輸⼊結束。
Output Format
如果 (ℓ, r, p) 所代表的英⽂單字是唯⼀的，請輸出該單字。如果能代表的英⽂單字超過⼀個，
則輸出 “ambiguous”。如果完全沒有辦法代表任何英⽂單字，則輸出 “not a word”。
Sample Input
1 2 3
3 11385 13339
7 123123123 2089141547
7 0 2089141547
0 0 0

Sample Output
ambiguous
COW
ambiguous
not a word
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Problem H
Richard Hamming

Time limit: 1 second
Memory limit: 256 megabytes

Problem Description
兩個 n 維向量 v⃗ = (v1, . . . , vn)、u⃗ = (u1, . . . , un) 的漢明距離 dH(v⃗, u⃗) 定義為：

dH(v⃗, u⃗) = |{i : vi ̸= ui and i ∈ {1, . . . , n}}|

即兩個向量相異處的數量。舉例來說，(1, 2, 3, 4, 5) 與 (1, 0, 0, 4, 5) 的漢明距離是 2，因為僅在
第⼆與第三個位置是相異的。請撰寫⼀個程式來計算兩個 n 維向量的漢明距離。
Input Format
測試輸⼊第⼀⾏有⼀個整數 T (T ≤ 100) 代表有多少組測試資料。每⼀組測試資料有三⾏。其
中第⼀⾏有⼀個整數 n (0 < n ≤ 50) 代表向量的維度。第⼆⾏有 n 個整數 v1, . . . , vn，第三⾏
有 n 個整數 u1, . . . , un。可以假定 v1, . . . , vn, u1, . . . , un ∈ {0, 1, . . . , 99}。
Output Format
針對每⼀組測試資料，輸出 (v1, . . . , vn) 與 (u1, . . . , un) 之間的漢明距離。
Sample Input
2
3
1 2 3
3 2 1
4
1 0 1 0
1 0 1 1

Sample Output
2
1

附註
理察．漢明是 1968 年圖靈獎得主，因數值⽅法、錯誤偵測碼與錯誤更正碼等領域的卓著貢獻，
於 1968 年獲得圖靈獎。
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Problem I
Oracle

Time limit: 3 seconds
Memory limit: 256 megabytes

Problem Description
預⾔者 (Oracle) 是⼀種計算機科學的概念：⼀個⿊盒⼦ (不知道內部運作原理的東西)，能夠以
單⼀個操作回答特定問題，主要⽤於分析決定型問題的計算複雜度。⽽預⾔者的起源，可以追
溯⾄古希臘。其中最著名的，可能是德爾菲的預⾔者⽪提亞，太陽神阿波羅的祭司。⽪提亞不
是⼀個⼈的名字，⽽是德爾菲預⾔者的稱號。⾃西元前七世紀⾄西元四世紀為⽌，希臘⼈都向
⽪提亞求預⾔、進⾏諮詢。阿波羅⾃⼰的⼥兒費莫奴 (Phemonoe)，可能是第⼀個德爾菲的預
⾔者，是這個問題的主⾓。你可能會問「為什麼這問題沒有⽤姓 I 的計算機科學家做為主題？」
嗯，命題組無法找到⼀個姓 I 的計算機科學家可以跟這問題扯上關係，請你認命吧。
費莫奴正在⼀連串 n 場的賭局中。這些賭局依序進⾏，不能夠回到過去的賭注下注，因為阿波
羅的神⼒無法進⾏時間旅⾏。但費莫奴可以選擇不要參加特定賭局。每⼀場賭局她可以下注，
並依據賭局的結果，獲得下注⾦額倍數的報酬或損失。⼀般⽽⾔，賭客並不會事前知道賭局結
果是什麼，可費莫奴是德爾菲的預⾔者呢！阿波羅早把所有賭局的結果會是什麼了，但也警告
費莫奴不要太貪⼼，可疑的贏了太多並不是好主意。眾神之王宙斯可能會因為阿波羅洩漏結果
⽽感到不快。
不幸的，在幾杯上好希臘紅酒下肚後，費莫奴的判斷⼒變得不那好了。隨著他的信⼼增⻑，他
也開始加⾼他的賭注。作為她的顧問，你的⼯作是最⼤化費莫奴的獲利。但要注意的是，他可
能不會聽從你的意⾒太多，他會⾃⼰決定要參與賭局的總數，你只能建議她該從所有 n 場賭局
中，選出哪些場參加。
Input Format
第⼀⾏僅有⼀個數字 T (T ≤ 20) 代表有幾組測試資料。每組測試資料的第⼀⾏，會有⼀個正
整數 n (n ≤ 50000) 代表有多少場賭局可以參加。每組測資的第⼆⾏會有 n 個 p1, . . . , pn 個整
數，代表每場賭局的倍率。費莫奴在參加第 i 場時，將可獲得下注⾦額乘上 pi 的報酬，負數
代表賠錢。你可以假定 |pi| ≤ 50000 對所有的 i ∈ {1, . . . , n} 都成⽴。每組測試資料的第三⾏有
兩個⾮負整數 a 和 b，這將描述費莫奴下注的⾦額如何隨著信⼼上升⽽提昇。費莫奴將會在她
參與的第 j 場下注 j2 + aj + b，且保證 a2 ≥ 4b。
Output Format
針對每筆測試資料，輸出 n 個整數，代表費莫奴參與 1, . . . , n 場賭局各⾃能獲得的最⾼收益。
Sample Input
2
3
1 2 3
0 0
5
1 -1 1 -1 1
3 2

Sample Output
3 14 36
6 18 38 44 26
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