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authored and prepared the problems.
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and Tiberiu Stefan Cozma for testing the round and providing valuable
feedback.

e Alexandru Vasiluta, developer of kilonova, platform on which the contest
was held on.

e Marius Dumitran and Paul Diac for making sure all requirements are met
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2 Problem Maximum Distance

AUTHOR: LUCA VALENTIN MURESAN

To solve the problem, we must notice that at least one of the two subarrays
will end on the position n;, position.

To prove this claim, suppose the optimal solution uses subarrays {1 71 and [
ro respectively, such that 1y < n and ro < n. Then, a valid solution would be
to increase both r1 and r, by 1, and, of course, the answer can only increase.

Thus, we can take two cases: the subarray in the first array finishes on
position n and the subarray in the second array finishes on position n,
respectively. Now, we can set the right end of the other array at any position,
and iterate through the left ends decreasingly, keeping the current distance,
and trying it for our answer. The time complexity will be O(N?).



3 Problem The floor is lava

AUTHOR: LUCA VALENTIN MURESAN

Let’s try to look at one of the K people. We can notice that we can reach any
point in the room with at most n 4+ m moves.

We can fix r, the number of moves we make. By making at most r moves we
can reach in a diamond of radius r centred in the starting position. If we make
at most 7 steps, it’s obvious that we want to get as high as possible. That is,
we want to get to the highest element in that diamond.

To do this, we can use range minimum queries on the diagonals of a matrix.
To ease the implementation, we can rotate the matrix by 45 degrees, and
instead of having to do range minimum queries on diagonals, we can do range
minimum queries on rows and columns.

Time complexity: O(n?logyn + K - n)

4 Problem Basketball

AUTHOR: STEFAN COSMIN DASCALESCU
First of all, if n = 1, we have no solutions and have to output —1.

If n is a multiple of 3, it is optimal to use only 3-throws, since they guarantee
reaching the desired result as quickly as possible.

If n is congruent to 1 modulo 3, we will need at least two 2-throws to match
the result. After using two 2-throws, we will be left with having to minimize
the number of throws to reach n — 4, which is a multiple of 3, so we can apply
the idea at case 1.

If n is congruent to 2 modulo 3, we will need to use at least one 2-throw (else,
the result we would get would be a multiple of 3). After using one 2-throw, we
will reach the number n — 2, which is a multiple of 3, so we can apply the idea
at case 1.

Time complexity: O(1)

5 Problem Edenland

AUTHOR: ANDREI PAUL IORGULESCU

To solve this problem, we must really understand how going on a track works.
At the beginning of it, without any exception, Bob will wait for Alice. Then,
after some time of going without a pause, he will again have to wait. He will
do this several times, until he finishes the track.



Now, let’s notice something: for some position p, if we know that Bob waits at
position p, there is a predetermined next position where Bob will wait for
Alice. Let’s call that nxzt[p]. We can suppose that nat[p] = n + 1 if Bob does
not wait again after position p.

If we can precalculate the values of nxt, then we can solve this problem by
binary lifting: remember, for every position p, the i*" waiting time after
position p for every i power of 2 less than n. To solve a query, we can find the
last time Bob waits before position r (let that be position k), and then
compute the difference of arrivals time with prefix sums on a and b, as the sum
of b from k to r minus the sum of a from k + 1 to r.

Now, we are left with finding the values of nxt for every position p. Let’s
notice that Bob will start moving at the moment Alice has started game p + 1.
Suppose k is the first position Bob will wait again. That means that the sum of
a from p 4+ 1 to k must be greater than the sum of b from p to k — 1. Let pali]
be the prefix sum of a to position i, and pb[i] the prefix sum of b to position i.

Rewrite the formula:
palk] — pa[p] > pblk — 1] — pblp — 1] < pa[k] — pb[k — 1] > pa[p] — pb[p — 1]

If we consider a new array, dif[i] = pali] — pb[i — 1], we can say that k satisfies
the property that it is the first position greater than p such that

dif[k] > dif[p]. This can be easily calculate, for example, using a stack in
O(N), as it is a very classical problem called ”"next greater element”.

Time complexity: O(NlogN + QlogN)

6 Problem Fiboxor

AUTHOR: ANDREI PAUL IORGULESCU

First of all, we can compute the sum of f[i] between [ and r as the sum of f[i]
for ¢ <= r minus the sum of f[i] for ¢ < l.

To compute the sum of f[i] for 1 <i < k, we must first prove something:

f[i] = 2¢=1/2. The demonstration is quite simple, inductively:

e The base cases, i = 1 and i = 2 are trivial.

e For i >= 3, i is congruent to 1 modulo 2, f[i — 1] = f[i — 2] = 2073)/2 50
f[z] =0 2(i—3)/2+1 — 2('&—1)/2.

e For i >= 4, iis congruent 0 modulo 2, f[i — 1] = 20=1/2 and
fli] = 2(i=3)/2 g0 fli] = 2(i=3)/2 (2(2'*1)/2 + 2(%’*3)/2) — o(i-1)/2

Thus, we basically need to be able to compute 20 420 + 21 4 . 4 2(;-=1/2_ If [
is not divisible by 2, we can add 2*=1/2 separately and assume k is even. If k



is even, we actually have to compute 2 * (20 + 2! 4 ... + 2¥/2=1) That sum is
equal cu 2% (2¥/2 — 1), which we can calculate with logarithmic exponentiation.

The time complexity will be O(logM AX) per testcase, where M AX is the
maximum possible value of r.

7 Problem Suceava

AUTHOR: ANDREI CHERTES

First, we can notice that we can solve the problem for each gang
independently. The graph for each gang is a forest and during the T' days an
edge may be either added or removed from the forest. For each query we need
to find the maximum diameter from each tree in this dynamic forest.

Now we can solve this problem using Dynamic connectivity technique, storing
in the Disjoint set union| data structure the two endpoints of the diameter.
Although a tree can have multiple diameters we can store only one (consider
two diameters, root the tree in one of the endpoints and then simulate the tree
diameter algorithm).

When merging two trees from the forest we have to consider six cases for the
resultant diameter. Let (e1 1, €1 2) the diameter’s endpoints for the first tree
and (eg,1, e22) the diameter’s endpoints for the second tree. The candidates
endpoints for the resultant tree will be:

(61,1, 61,2); (62,1, 62,2); (61,1, 62,1); (61,1, 62,2); (61,2, 62,1); (61,27 62,2)- Now we can
simply check all of them and choose the best one.

The complexity will be O((N + T)log® N).

8 Problem Minimize Sum

AUTOR: LUCA VALENTIN MURESAN

First, we can notice that the ny, element in the array (a,) will never be added
to T. Now, we will only use the first n — 1 elements.

It’s easy to see that we will add all a; with ¢ from 1 to n — 1 except one of
them. Since we want to minimize 7" we would like to exclude the maximum
element.

To do this, let’s say that p is the position of the maximum element in the
array. Then, we can push p at the front of the deque and all the other
elements at the end of the deque.

Also, a greedy solution where we just push a; to the front if deque. front is less
than deque.back and to the back otherwise would work because of the proof
above.


https://codeforces.com/edu/course/2/lesson/7/3
https://codeforces.com/edu/course/2/lesson/7/1

Time complexity: O(n)

9 Problem AI Thoughts

AUTHOR: ANDREI PAUL IORGULESCU

Let’s do dynamic programming. Let dpli][0/1/2/3/4] be the maximum length
to form the thought until position i(0), eventually +-x +- y where (x,y) are
the coordonates of the final chosen point.

The reason why it works to try all transitions is that —x— = max(x,-x), so
the Manhattan distance between two points p and ¢ is maximum when we
consider the signs of differences correctly.

Now, let’s consider the transitions. For instance, for ending on
+x,+y(dpli][1]), we have the following cases:

e If we come from dpli - 1][1], it will be dp[i - 1][1] - x - y + x + y, which is
equal to dpl[i - 1][1].

o If we come from dpli - 1][2], it will be dp[i - 1][2] - x + y + x + ¥, and, as
we want to maximize it, we want to maximize +y.

e If we come from dpli - 1][3], it will be dp[i - 1][3] + x -y + x + ¥, and, as
we want to maximize it, we want to maximize +x.

o If we cone from dpli - 1][4], it will be dp[i - 1][4] + 2 * (x + y), so we
want to maximize x + y.

Writing all transitions, we notice that we only care, for every value, about the
neurons which have one of the following properties: maximum x, maximum -X,
maximum y, maximum -y, maximum X + y, maximum x - y, maximum -X + Y,
maximum -X - y.

Thus, we can retain this 8 neurons for every value, and do the dp above, or
just a simpler dp d[i][j] = the maximum length to generate the thought
consisting of the first i values and ending in the j-th of the 8 candidate
neurons. We can write the transitions in 8 * 8.

The complexity will be O(n + sum(m)) with a high constant factor.

10 Problem KSumtT

AUTOR: LUCA VALENTIN MURESAN

If we have ay -ag ---- - a; =as-as----auy1, then we have a; = ay41. In the
same way, we get that a1 = ar41 = G2.441 = a3.441 = .. -}

A2 = Q¢42 = A2.¢42 = ... A3 = Q43 = 02443 = - .-



We can imagine this equalities as groups. Let by = a1 (the value of the first
group), by = ay (the value of the secound group), b;—1 = a; (the value of the
ith group, 1 < t). Then, a; +as+az+---+a; =S5 &
bo-(x+1)+bi-(z+1)+---+bp-(x+1)+bpp1 - +bpyo-z+---+b_1-x=5.
Where x = % (the number of times, all groups will appear at least once) and
p =k mod t (the first p groups will appear = + 1 times, the other z times).

Now the equality written aboves becomes
(@+1)-(bo+bi+-+bp) +x- (bpt1+bprat-- +b-1)=S5.

Now, we can fix a = by + by + ... by, then byr1 +bpyo+ -+ by :w.

So we reduced the problem to finding the number of ways to write a number a
as sum of p + 1 numbers greater than 0 (similar for the other side). This is a
classic stars and bars problem.

11 Problem Parallelogram

AUTHOR: LUCA VALENTIN MURESAN

We know that a quadrilateral is a paralellogram if and only if two pairs of
opposite sides are equal in length. Thus, we have two cases:

1. There are two lengths = # y such that both = and y appear at least twice.
2. There is one length = such that = appears at least four times.

We can easily check these by making a frequency array.

12 Problem Blabla

AUTHOR: ANDREI PAUL IORGULESCU, LUCA VALENTIN MURESAN

To solve this problem, we can use divide and conquer. To solve for the interval
[I,7], we can add the number of subarrays included in [I, mid] and in

[mid + 1,7], and we are left with calculating the number of good subarrays
with | <= mid and mid + 1 <= r, where mid is the middle of [l,r].

To do this, we can take the following four cases: both the minimum and
maximum of the subarray are on the left side, both are on the right side, the
minimum is on the left and the maximum on the right, the maximum is on the
left side and the minimum on the right side.

Let’s treat the first to cases first, since they are easier. We will present the
solution for the first case, since the second one is symmetrical. We can iterate
over the left end, st, from mid to . Since we can find the maximal and
minimal value on the suffix of the left side starting from st, we will need dr to
respect the following properties:



e The maximum on the prefix of the right side until dr is less than or
equal to the maximum on the left side.

e The minimum on the prefix of the right side until dr is greater than or
equal to the minimum on the left side.

e dr <= mx — mn + st where mx and mn are the maximums and
minimums respectively.

Clearly, only a prefix of dr will work, and to find it we can use two pointers or
binary search, making the complexity of this part O(nlog) or O(nlog?).

Case 2 is similar, however do note that you must not overcount or undercount.
An idea used for this in the main solution is to consider the minimum as the
leftmost element with the minimum value, and the maximum - the leftmost
element with maximum value.

Now, let’s take the third and fourth cases. We will focus on the third one,
since they are, again, pretty much the same. Again, let’s iterate over st from
mid to [. We know we want the minimum to be on the left side, which bounds
that dr is lest than or equal to a value which you can find by two pointers or
binary search. We also want the maximum to be on the right side, which
indicates that dr is greater than or equal to some value which, again, we can
binary search or find by two pointers.

We can also rewrite the formula: ma — dr <= mn — st. We know the value of
mn — st, and we can calculate for every dr the value of mx — dr where mz is
the maximum on the prefix of the right side until dr. We have reduced our
problems to queries of the form: ”on some interval, what is the number of
elements less than or equal to some value”. This is a very classical problem
and can be solved by sorting the queries and values and using a binary
indexed tree.

The time complexity for every divide step will be O(nlog), so the total time
complexity will be O(nlog?).

13 Problem Dush

First we will check for each person which timeslot could bit a good fit. We
store it in a matrix fit[i][j] = the j** timeslot (in order) which is a good fit for
the " person.

A clearly correct solution (although it is not fast enough to pass the time
limit) would be a backtracking approach for the order of people that go take a
shower. Now, if we know the order of people, suppose after the i*" person the
best time for that order was 7' time. Then for the i 4+ 1** person we can just
check what is the first time he/she could fit in an interval after time 7. We
can find this first interval by either binary searching for it in fit[(i + 1)**



person in order].

How can we improve this solution? Notice that for a subset of people we do
not really care for the order in regards to the result, we just want the best
result for all orders of this subset. Therefore, we can change our backtracking
into a dp[mask] = the best time for any order of the people that are equal to
the subset present in mask, where mask is a binary mask representing for
each person whether it is present or not (already took his shower). Then we
can just iterate the masks starting from 0 to 2™ — 1 and iterate the next
person added to the mask (as a bit).

AUTHOR: CASIAN PATRASCANU

14 Problem Dragons

AUTHOR: ANDREI CHERTES

First, lets see that the heights which affect the power P of the dragon should
for a non-decreasing subset, containing all the maximum values from the path
(u,v). Moreover using a simple induction we can conclude that if P reaches a
value below 0 before encountering the maximum height on the path, it cannot
become 0 in the end.

Let A1 < hg < hg--- < hy the heights which affect the power P of the dragon.
If dx such that P..; — h, < 0 the new power will be P,c, = hy — Py and
Yy >x & hy > hy = hy > Ppew = Ppew — hy # 0.

Now, the problem is reduced to subset sum problem, with the additional
condition that if P becomes 0 when there is an even number of maximum
values left to process, then P will be 0 in the end. Otherwise, there is no way
we can make P equal to 0.

To solve the subset sum problem on chains, we will use [Mo’s algorithm on
trees, combined with knapsack dynamic programming which must also support
5. Removing existing elements.

The complexity will be O(v/QN P) with a low constant factor.

Another way to solve the subset sum problem is to use P2. Bitset knapsack
after we compute all the heights from the path (u,v). To speed this up we will
use 3. log trick or 3k trickl

The complexity will be O(QP?log N) with &; constant factor.


https://codeforces.com/blog/entry/43230
https://codeforces.com/blog/entry/43230
https://codeforces.com/blog/entry/100910
https://codeforces.com/blog/entry/73558
https://codeforces.com/blog/entry/100910
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