Ukrainian Programming Cup 5, 16/08/2026
Contest 8, Division 2

Problem C. Clara’s Clock

1 Problem Analysis

We are given a target time on a digital alarm clock in the format HH:MM:SS. The clock accepts any
two-digit inputs from 00 to 99 for the hours (H H), minutes (M M), and seconds (SS).

The clock applies the following modular transformations:

Actual Hours = HH (mod 24)
Actual Minutes = MM (mod 60)
Actual Seconds =SS (mod 60)

We need to type a sequence representing the target time that minimizes the total movement time
(Manhattan distance) of a finger on a specified keypad layout.

2 Keypad Geometry

The keypad is represented as a 4 x 3 grid with the following coordinate assignments (y, z) representing
(row, column):

1(L,1) [2(1,2) ] 3(1,3)
1(2,1)[5(22)]6(23)
7(3,1) [8(3,2) ] 9(3,3)
1 (4,1) [ 0(4,2) | R (4,3)

The distance between any two keys A and B is the Manhattan distance:

dist(A4, B) = |ya —yB| + |xa — 2]

3 Search Space Optimization

Because the range of valid inputs for each of the three fields is strictly limited to [00,99], the total number
of candidate sequences is extremely small.

Let the target time components be Ty, Ty, and Tg:

e Candidates for HH: values of h € [0,99] such that h = Ty (mod 24). There are at most 5 such
values: {TH, Ty +24, Ty +48, Ty + 72, Ty + 96}.

e Candidates for M M: values of m € [0,99] such that m = T (mod 60). There are at most 2 such
values: {Tys, Tas + 60}.

e Candidates for SS: values of s € [0,99] such that s = Ts (mod 60). There are at most 2 such values:
{Ts, Ts + 60}.

The total combination of candidate triplets (HH, M M,SS) is at most 5 x 2 x 2 = 20.

4 Algorithm

Given the extremely small search space (20 candidates), we can perform a complete brute-force search:
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1. Generate all valid HH, MM, and SS candidate strings formatted to two digits (e.g., prefixing with
a 0 if the value is less than 10).

2. For each candidate combination, construct the full string of keypresses K = HH : MM : SSR.

3. Calculate the total movement cost:

8
Total Cost = Zdist(Ki, K1)

=1

Note that the distance to the first pressed key K is not counted, but the movement to the final key
K9 =R is included.

4. Find the candidate string that minimizes this cost. In case of ties, select the lexicographically smaller
candidate string (this behaves as a natural tie-breaker in C++’s std: :min comparisons).

5 Complexity

e Time Complexity: O(1) per test case. We evaluate at most 20 strings of fixed length 9.

e Space Complexity: O(1) auxiliary storage.

Problem D. Dealer’s Foresight

This is the classic “Best Time to Buy and Sell Stock” problem. Since we want to find two days ¢ and j
(i < j) such that the price difference p; — p; is maximized:

We can iterate through the prices while keeping track of the minimum price observed so far (pricemiy). For
each day’s price p, the maximum profit we could make if we sold on this day is p—pricem:n. We update our
global maximum profit (mazprofit) with this value if it is greater than the previous maximum. Finally,
we update pricen;, with p if p is smaller than the current price,,in.

This approach processes the prices in a single pass, requiring O(N) time complexity and O(1) auxiliary
space per test case.

Problem E. Ethical Bridges

1.1 Step 1: Finding the Minimum Spanning Tree (MST)

First, we compute the MST using Kruskal’s algorithm.

1. We sort all M edges in non-decreasing order of their weights.

2. Using a Disjoint Set Union (DSU) structure, we iterate through the sorted edges and add them to
our MST if they do not create a cycle.

3. If we successfully select N — 1 edges, the graph is connected. Otherwise, it is disconnected, and we
output Impossible.

Let the total weight of this MST be denoted as Wysgr.
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1.2 Step 2: Preparing for Edge Replacement

Any spanning tree other than the MST can be formed by taking the MST, adding a non-MST edge
e = (u,v) with weight w, and removing one edge along the cycle created in the MST.

To maintain a valid tree structure:

e Adding e = (u,v) creates a cycle consisting of e and the unique path between u and v within the
MST.

e We must remove some edge € on the MST path between u and v.

e To minimize the cost of the new tree, we should choose the edge ¢ with the maximum weight on
the path between u and v. Let this maximum weight be M,,.

The cost of this new spanning tree T” is:

W(T") = Wyst — Myy +w

Because we want the cost to be strictly greater than Wjyssr, we require:

W(T/) > Wystr = w > My,

1.3 Step 3: Calculating Pairwise Maximum Edges

Since N < 1000, we can precompute the maximum edge weight between all pairs of vertices in the MST.
For each vertex i € {1,..., N}, we perform a Depth First Search (DFS) restricted only to the edges of
the MST. During the DFS, we maintain the maximum edge weight seen so far from the start node ¢. This
takes O(N) time per starting node, resulting in an overall time complexity of O(N?) to populate a 2D
table max_edge[i] [j].

1.4 Step 4: Evaluating the Second Best Tree
We iterate through all non-MST edges e = (u,v) with weight w:
1. Find My, = max_edge[u] [v].

2. If w > M,,, calculate the candidate cost: Wyygr — My, + w.

3. Find the minimum candidate cost over all such non-MST edges.

If no such edge exists (either because M = N — 1 or all alternative edges yield the same cost), we output
A1l minimal.

2 Complexity Analysis

e Sorting edges: O(M log M)
e Kruskal’s Algorithm: O(M«(N)) where « is the inverse Ackermann function.
e All-Pairs DFS on MST: O(N?) because the MST contains exactly N — 1 edges.

e Testing non-MST edges: O(M)
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The overall time complexity per testcase is O(M log M + N2). With N < 1000 and M < 100000, this
easily runs within the 1-second time limit.

The space complexity is O(N? + M) to store the pairwise maximum matrix and the adjacency list
representations.

Problem K. Kid's Games

1 Introduction

The problem asks us to find the number of students who have a chance to be inside or on the boundary of
at least one triangle that contains the maximum possible number of students. The vertices of the triangles
must be chosen from the set of points where students are standing, and they must be non-collinear. Since
multiple students can stand at the same coordinate, we must handle duplicate coordinates by grouping
them and assigning weights.

2 Mathematical Preliminaries

2.1 Cross Product and Collinearity

Given three points A(za,y4), B(zp,yn), and C(xc,yc), the 2D cross product of vectors AB and AC is
given by:
AB x AC = (vp — a)(yc — ya) — (yB — ya)(zc — x4)

If the cross product is equal to 0, the three points A, B, and C are collinear and cannot form a valid
triangle.

2.2 Point-in-Triangle Test

To determine if a query point P lies inside or on the boundary of triangle ABC, we compute three cross
products:

di = AB x AP
dy = BC x BP
ds = CAx CP

The point P is inside or on the boundary of the triangle if and only if these three cross products do not
have opposing signs. That is:

(d1ZO/\dQZO/\ngO)\/(dlSO/\dQSO/\ngO)

3 Algorithm Design

Since the maximum number of students N is small (N < 100), the number of unique student locations
K satisfies K < N < 100. This allows us to use an exhaustive search.

3.1 Step 1: Coordinate Compression

We group identical coordinates together. Let the set of unique coordinates be U = { Py, Py, ..., Px}. For
each unique point F;, we maintain its weight W;, which represents the count of students standing at P;.
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3.2 Step 2: Brute-force Triangle Combinations

We iterate through all combinations of three unique points (P, Pj, P;) such that 1 <i < j <l < K:

1. Check if P;, Pj, P, are collinear. If they are, skip this combination.

2. Otherwise, calculate the score of this triangle by checking every unique point P, € U. If P, is inside
or on the boundary of AP;P;F;, add its weight W), to the score.

3. Keep track of the maximum score achieved so far. If a triangle achieves a new maximum, clear the
list of optimal triangles and store this one. If it matches the current maximum, append it to the list.

3.3 Step 3: Union of Optimal Regions

After checking all combinations, we identify all unique points P, that lie inside or on the boundary of
at least one of the stored optimal triangles. The final output is the sum of the weights of these marked
points.

4 Complexity Analysis

e Number of unique points: K < 100.
e Generating triplets: ([3() < M = 161, 700 iterations.
e Testing all points per triplet: O(K) tests.

e Total time complexity: O(K*) ~ 1.6 x 107 operations per testcase, which easily runs within the
3-second limit.
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