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Overall Situation

Expected Hardness
GI < BHJ < F < AD < CEK
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G. Gapped Copies 
Description

You’re given a string s. Let ti be the string after remove position i from s.
Find i →= j such that lcp(ti, tj) is maximized.

Solving Situation
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G. Gapped Copies 
Solution

Note that the answer is at least n− 2 by choosing i = n− 1 and j = n− 2.
Meanwhile, the answer is at most n− 1 since the length of any substring is
at most n− 1.
Checking whether the answer can be n− 1 is equivalent to checking
whether there are two identical adjacent letters in the string.
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I. I Will Be the Champion 
Description

You are given, for each of three contestants, their leaving time from the
contest and the set of problems they need to solve.
Your task is to determine whether there exists a schedule such that each
contestant can finish all of their required problems before leaving, and the
total penalty time is strictly less than that of the current champion.
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I. I Will Be the Champion
Solution

We consider the schedule in reverse time and decide, for each moment,
which problem each contestant should solve. One can easily observe that,
in order to minimize the total penalty time, each contestant must solve
their longest problem last.
If we sum up the time costs of all problems, we obtain the total duration
of the contest. Then, reasoning backwards is equivalent to letting the
three contestants enter the contest one by one in reverse time. Each time
a contestant “enters,”we choose, from the set of problems that are still
unsolved and belong to the contestants currently present, the one with the
largest time cost and mark it as solved. This selection process can be
efficiently maintained using a heap.

6/36



J. Just the Right Shift 
Description

Given a sequence, consider all of its cyclic shifts. For each shift, take the
sequence of prefix maximums. Your task is to find the cyclic shift whose
prefix-maximum sequence is lexicographically largest.
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J. Just the Right Shift 
Solution

For each element in the sequence, we connect it to the first element after
it (in cyclic order) that is strictly larger than it. This is equivalent to
linking each value to the next value that appears in the corresponding
prefix-maximum sequence.
It can be observed that the resulting graph is a tree, and any path along
this tree will not wrap around the original cyclic sequence more than once.
Once we have this tree, we perform hashing on it: the hash of each node
is defined as the concatenation of

the hash of its parent, and
the hash of a pair (value,length),

where value is the value of the node, and length is the distance in the
original sequence between the node and its parent. Intuitively, this length
represents how many times the current value appears consecutively in the
prefix-maximum sequence.
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J. Just the Right Shift 
Solution

Next, we apply binary lifting on this tree to precompute “jump hashes”
for powers of two.
For any two prefix-maximum sequences (corresponding to two cyclic
shifts), we can locate their starting nodes in the tree, and then use binary
lifting on the hashes to find the length of their longest common prefix.
This tells us the first position at which they differ.
At this first mismatching position, there are two possible cases:

The values differ. Then we can directly compare these values to
determine which sequence is lexicographically smaller.
The values are the same, but the lengths differ. In this case, we take
the position with the shorter length, jump from that node to its
parent, and then continue comparing the values from there.

Using this procedure, we can compare any two prefix-maximum sequences
in O(log n), leading to an overall time complexity of O(n log n).
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H. How Many Trees? 
Description

Given m dfs orders of the same tree. Determined how many distinct trees
can produce all m dfs orders.
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H. How Many Trees? 
Solution

A necessary and sufficient condition for an interval in the first permutation
to be a valid subtree is that its elements form a contiguous block in every
permutation and share the same first element across all of them. We refer
to such intervals as valid intervals, and all of them can be precomputed in
O(n2m) time.
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H. How Many Trees? 
Solution

Let fl,r be the number of trees that can produce the interval [l, r] of the
first permutation, gl,r be the number of continuous several subtrees that
can produce interval [l, r]. then:

fl,r =
{

gl+1,r if [l, r] is valid
0 Otherwise

gl,r =
r∑

k=l+1

fl,k−1 × gk,r

The answer is f1,n. Overall it’s O(n2m + n3).
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B. Best Coupon Tour 
Description

Given a tree with weight on each edge. You should find a path start from
node 1, visiting every node, and go back to node 1. Each edge can be
passed at most twice.
The cost of each move is the weight of the passed edge, and you can make
k consecutive moves free. For each k from 0 to 2n− 2, find the mininum
total cost.
Solving Situation
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B. Best Coupon Tour 
Solution

Consider to choose the path that is free, containing exactly k moves.
Because we can pass an edge at most twice, once we pass an edge for the
second time, all nodes on its subtree should be visited.
That means if we want to make an edge free twice, we should make all
edges on its subtree free twice.
Hence, all the edges that are made free exactly once always form a simple
path p. The edges that are made free twice is chosen from complete
subtrees of such edges (u, v), which u is on path p and v is a child of u.
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B. Best Coupon Tour 
Solution

Let fi,j,k indicates the maximum total weight if we made j moves free in
the subtree of i, with k (0 ≤ k ≤ 2) path made free once, starting from i
and terminating at a descendent of i.
This value can be calculated in O(n2) using Dynamic Programming.
The answer of k is 2

∑
1≤i<n wi −max1≤x≤n(fx,k,2) .
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F. Facing Floodlights 
Description

Given a watering system. Each watering machine can water left or right
and have the same water range L. You should find the minimal L so that
we can water every pot in [l, r].

Solving Situation
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F. Facing Floodlights 
Solution

The operations are equivalent to
Watering Left: set ai = min(ai, x− i), i ≤ x
Watering Right: set ai = min(ai, i− x), i ≥ x

lemma
There’s at most O(log n) intervals need to be updated in a single
modification.
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F. Facing Floodlights 
Solution

proof
Considering all the same-direction watering machines, it is clear that
updates will only occur between the newly inserted watering machine and
the next same-direction watering machine. For a reverse-direction
machine, if it intersects with the newly inserted machine, the next
intersecting machine must be at least twice the distance away. So there’s
at most O(log n) intervals needs to be updated.

Use a segment tree to maintain the minimal value and maximal value of
ai − i and ai + i. We can find the next interval in O(log n). Overall it’s
O(n log2 n).

bonus
Prove the solution is O(n log n) when q = O(n).
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A. Airport Assignments
Description

Given a bipartite graph, for every interval of right part, find it’s maximal
match with the whole left part.
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A. Airport Assignments 
Solution

lemma
The set of right vertices that can have a perfect match with left part is a
linear matroid.
Proof: Let n dimension vector vi be:

vi,j =

{
xi,j if (i, j) ∈ E
0 Otherwise

Which xi,j be an element in polynomial field. Then vi is the matroid we
want.
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A. Airport Assignments 
Solution

We process the right-part vertices by scanning from r = 1 to r = n,
maintaining a set of currently matched vertices. For each new vertex r, we
first attempt to find an augmenting path to increase the size of the
maximum matching. If successful, r is added to the matched set.
Otherwise, we check whether r can replace the smallest-index matched
vertex while preserving the matching property. This can be done by finding
the smallest vertex in augment tree.
The answer for a fixed r is the number of matched vertices within the
interval [l, r] after processing vertex r.
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D. Digital Signal Cascade
Description

Given an integer sequence ,you can perform the following operation
exactly once:

Choose a permutation p1, p2, . . . , pn of 1, 2, . . . , n.
Then, in order from i = 1 to n, execute:

api ← api + api−1 + api+1

where a0 = 0 and an+1 = 0.
Maximize the sum of all elements.
Solving Situation
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D. Digital Signal Cascade 
Solution

Let qi be the inverse of p. i.e qpi = i. One can find that the answer is only
related by the relative order of qi and qi−1.
Moreover, consider a fixed number ai. Which positions it can ”spread”
only depends on a continuous increasing or decresing qi start from i. So we
can come up with a O(n2) dp: precompute si =

∑i
j=1 aj,s′i =

∑i
j=1 aj · j.

let fi,0/1 be the answer where qi > qi−1 or qi < qi−1. Enumerate j < i :






fi,1 ← fj,0 + 2 ∗ (s′i−1 − s′j−1)− (si−1 − sj−1) · (2j− 3)− aj + ai
·(i− j + 1) + ai+1 · (i− j)
fi,0 ← fj,1 + (si − sj) · (2i + 3)− 2 · (s′i − s′j) + aj · (i− j) + aj−1 · (i− j)

Optimize this dp by Li-Chao tree or Line Container.
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C. Counting Stone Configurations 
Solution

lemma
Let S =

∑ ai, bi be the final sequence, then it’s valid if and only if:
bi mod n < ai , or n−max bi mod n +

∑ bi mod n ≤ S
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C. Counting Stone Configurations 
Solution

Assuming all bi mod n are known, the number of possible schemes is the
number of ways to partition ) (S−

∑
(bi mod n))

n * = M into n + 1 piles (the
last pile is the remainder), which equals

{M+n
n

)
.

Note that if M →= 0, there are no restrictions on bi. Categorize the
discussion as follows:
If M →= 0, the constraint is: ∑

(bi mod n) ≤ S− n Consider
f(x) =

(
1−xn
1−x

)n
, then: ans = ∑S−n

i=0 [xi]f(x) ·
{ S−i

n +n
n

)

Enumerate intervals where the combinatorial numbers are the same, and
use inclusion–exclusion to compute the coefficients.
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C. Counting Stone Configurations 
Solution

If M = 0, the constraint is:
S− n <

∑
(bi mod n) ≤ S− n + max(bi mod n)

Let g[i](x) =
(
1−xi
1−x

)n
, with g[0] = 0. Define f[i] = g[i + 1]− g[i], which is

the generating function where the maximum value is exactly i. Then, for
each f[i], the answer is: ∑S−n+i

j=S−n[xj]f[i] = ∑n−1
i=0

∑S−n+i
j=S−n[xj](g[i + 1]− g[i])

Considering that [xj]g[i] has a coefficient of +1 at (i− 1, j) and −1 at (i, j),
contributions only occur at j = i + S− n (for 0 ≤ i < n− 1) and at i = n.
The contribution at i = n can be computed brute-force in O(n2 log n).
Now consider how to compute: ∑n−1

i=0 [xi+S−n]g[i]
Compute h =

∑ g[i] · xn−i, i.e.: h =
∑

(1−xi)n·xn−i

(1−x)n Both the numerator and
denominator can be computed in O(n2).

26/36



C. Counting Stone Configurations 
Solution

Second case: Similarly, let S =
∑ ai. Consider when

n−max(bi mod n) > S−∑
(bi mod n), i.e.:

S <
∑

(bi mod n) + n−max(bi mod n) Assume max(bi mod n) is
enumerated.
The constraint becomes: S− n + max(bi mod n) < ∑

(bi mod n)
Let max(bi) = P. Note that ∑(bi mod n) clearly should not exceed S, so
we only care about the coefficients in the interval [S− n + 1, S]. Consider
the polynomial f[i] as the generating function for ai − (bi mod n) in the
i-th pile. From the inequality: 0 ≤ bi mod n ≤ min(ai,P) we know the
number taken ci satisfies: ai −min(ai,P) ≤ ci ≤ ai
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C. Counting Stone Configurations 
Solution

Now, sort ai. Then, for a certain prefix of ai, 0 ≤ ci ≤ ai, and for the
remaining suffix, ai − P ≤ ci ≤ ai. Note that since there are only n terms,
brute-force convolution is equivalent to computing prefix sums, with a
complexity of O(n) per operation. Therefore, any brute-force method is
acceptable.
Additionally, if there are x terms in the latter part, each brute-force
convolution will require x operations. After this, the lowest-degree
coefficient of the polynomial increases by at least x (since P decreases by
1, the lowest term increases). The prefix part only requires a total of n
convolutions, so the overall complexity of this part is O(n2).
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K. Knot Equivalence
Description

You are given two integer sequences A and B of lengths 2n and 2m
respectively, where each absolute value from 1 to n (for A) or 1 to m (for
B) appears exactly twice.
You can perform the following operations on A:

Cyclic shift
Delete a prefix pair (x,−x)
Insert a new pair (x,−x) at the front (where x does not appear in the
current sequence)
Reverse the sequence and negate all elements
Rearrange across a cut (two cases depending on whether the chosen
pair has same or opposite signs)

Two sequences are equivalent if there exists a sign-preserving bijection f
with f(−x) = −f(x) that maps one sequence to the other.
Determine if A can be transformed into a sequence equivalent to B using
these operations.
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K. Knot Equivalence 
Solution

We model each sequence as an edge-labelled polygon that defines a closed
surface.
Consider A of length 2n:

Take a 2n-gon.
Label its vertices 0, 1, . . . , 2n− 1 in cyclic order.
The j-th edge is the directed edge from vertex j to vertex
(j + 1) mod 2n. Put label aj on it.
If aj = +i, the orientation of this edge matches the boundary (from j
to j + 1).
If aj = −i, the orientation is opposite to the boundary (from j + 1 to
j).

Each absolute value i ∈ {1, . . . , n} appears exactly twice, so there are
exactly two edges with labels i. We identify (glue) these two edges
together to form a single real edge, preserving their arrow directions:

Suppose one edge is u → v and the other is u′  → v′ ;
When we glue them, we identify u ∼ u′  and v ∼ v′ .
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K. Knot Equivalence
Solution

After all pairs are glued, we obtain a connected closed surface (no
boundary). The mapping f only renames edge labels and does not change
which edges are glued, so it does not change the resulting surface.
All the given operations (cyclic shift, insert/delete (x,−x) at the front,
reverse-and-negate, cut-and-rearrange) are classical ”cut-and-paste” moves
on the polygon; they do not change the topological type of the resulting
surface.
Therefore, The problem is equivalent to asking whether the two sequences
A and B define homeomorphic closed surfaces.
From the classification theorem of connected closed surfaces, such a
surface is uniquely determined by:

1 Whether it is orientable;
2 Its Euler characteristic χ.

Thus, we only need to compute for A and B:

(orientableA,χA) and (orientableB,χB)

and compare them. 31/36



K. Knot Equivalence 
Solution

In this ”polygon with each label appearing twice” model, there is a
classical criterion:

The resulting surface is orientable if and only if, for every i, the
two occurrences of ±i are exactly one +i and one −i.

Intuitively, if a pair appears as (+i,+i) or (−i,−i), then the corresponding
edge is glued in the same direction on both sides, creating a Möbius-type
twist and making the surface non-orientable.
All operations in the problem preserve the pattern of signs for each
absolute value. The renaming map f only changes names, not sign
patterns. Hence, the orientability is a true invariant.
In practice:

For each i, count how many times +i and −i appear.
If, for all i, we have exactly one +i and one −i, then the surface is
orientable.
Otherwise, it is non-orientable.

We do this once for A and once for B.
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K. Knot Equivalence 
Solution

For any closed surface we have:

χ = V− E + F
where V is the number of vertices, E is the number of edges, and F is the
number of faces.
In our construction:

We started from one 2n-gon, so after identification there is still
exactly one face: F = 1.
Each absolute value i creates one real edge, so E = n.
The only non-trivial part is the number of vertices V after gluing.

We can count V via DSU.
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E. Edge Resource Allocation 
Description

Given a bipartite graph. Answering several questions (a, b, k).
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E. Edge Resource Allocation  
Solution

For every S and N(S), we regard (|S|, |N(S)|) as a point in 2d plane. Let
the total sum of p in left part be x, and the sum of p in the right part be
y. (x, y) lies in the convex hull of all (|S|, |N(S)|). Moreover, each question
is equivalent to using a line with negative slope to cut the convex hull.
So if we can find out the lower convex hull of the point set, we can answer
each question in O(log n). Note the the upper convex hull is not solvable
since it’s a NPC problem.
Finding every possible (|S|, |N(S)|) is also a NPC problem. But we can
find the lower convex hull but finding a positive slope line’s tangent with
the convex hull.
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E. Edge Resource Allocation  
Solution

Consider a line Ax + By + C where A,B > 0. Finding the tangent C is
equivalent to finding the Maximum Weight Closed Subgraph, where each
left part vertex weights A and right part vertex weights −B.
So we can find a tangent point in O(dinic). Let’s show how to find the
whole convex hull in O(size× dinic). initially there’s two points (0, 0) and
(n, n) in convex hull. Each time we choose two adajcent point in the
convex hull and find the tangent of the convex hull and the line pass
through the two points. If a new point is found, keep doing this procedure.
Otherwise we find an edge of the convex hull.
After finding the lower convex hull, the problem can be solved in
O(q log n). Overall it’s O(n 2

3 × flow(n,m)).
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