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A. Equal Sum Sets
Problem statement

Easiest problem of the contest

Calculate dpn,k,sum — number of ways to select k integers from 1 to
n to get sum.

Two transition from each state: (n, k , sum)→ (n + 1, k , sum) or
(n + 1, k + 1, sum + n).
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B. The Last Ant
Problem statement

Ants move to the left or to the right inside the tunnel.

If two ants meet at an integer point, they both change the direction.

What is the last ant to leave the tunnel at either end?
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B. The Last Ant
Solution

The time is bounded by l .

We can simulate the movements of the ants step by step.

Each turn, move ants in the corresponding direction, if there are 2
ants at the same location, turn them.

Works in O(ln) per test case.
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C. Count the Regions
Problem statement

Given a set of rectangles (li , ti )− (bi , ti ).

Find the number of regioned partitioned by these rectangles.
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C. Count the Regions
Solution

Number of rectangles is small (≤ 50), any polynomial solution will do.

Sort all x-coordinates and y -coordinates separately, remove duplicates.

Suppose that there are n unique x-coordinates and m unique
y -coordinates.

Create an (n + 1)× (m + 1) grid and do a DFS to find connected
components

Two neighboring cells are connected if the sets of rectangles they are
inside are equal.
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D. Clock Hands
Problem statement

An analog clock with H hours.

Find the next moment in time that clock hands do not overlap and
the second hand forms equal angles with other hands.
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D. Clock Hands
Solution

Let us have M = 2 · 60 · 60 · H small time intervals, then the speed of
second hand is vs = 2 · 60 ·H, the speed of minute hand is vm = 2 ·H
and the speed of hour hand is vh = 2.

Current time is T = 3600 · h + 60 ·m + s, then the positions of heads
are: xs = vs · T mod M, xm = vm · T mod M and xh = vh · T .

The position of bisector is xb = xm+xh
2 and the speed of the bisector is

vb = vh+vm
2 .

We check what time it takes to reach from xs to xb, xb + M
2 , xb + M

and xb + 3M
2 with speed vs − vb, also, checking that minute hand and

hour hand do not coincide.
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F. Directional Resemblance
Problem statement

Given n + m vectors, find the pair of vectors with the smallest
non-zero angle.
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F. Directional Resemblance
Solution

First, normalize all vectors and remove duplicates.

Now, find the closest pair of points in 3D.

Divide-and-conquer algorithm: divide into 2 parts by z-coordinate.

Solve recursively for 2 parts and combine.

Suppose the answer is k , then the problem for points in k-thick slab
is essentially a 2D-closest pair problem.

Artem Vasilev, Vitaly Aksenov (ITMO University)Asia Regional Contest @ Aizu, 2013
ETH Zurich Training Week, April 2017 10

/ 1



F. Directional Resemblance
Conquer step

Problem is sparse, so there’s O(1) points in each k-sided square.

We can find all pairs of points with distance < k , and check them in
3D.

T (n, d) = 2T (n/2, d) + T (n, d − 1) + O(n)

T (n, d) = O(n logd−1(n))
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G. Longest Chain
Problem statement

Given n + m triples (xi , yi , zi ), find the longest chain.

a < b ⇔ xa < xb ∧ ya < yb ∧ za < zb
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G. Longest Chain
Solution

Sort all points by z-coordinate and consider all points with the same
z at once.

Store a DPi value: longest chain ending at point i .

Since we process all the points in order of increasing z , we only need
to consider x and y .

Do a 2-dimentional max(0..xi , 0..yi ) query on some data structure.

Can be Fenwick tree of Fenwick trees ⇒ O(log2(n)) per query.
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