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F: Paper Cutting

F9, AATEDVWTERATAEL LD, TNTNORARI ICfREA Y > b INdhE LT HIENRE X
SNETH, ZOFFTHHERNAESTEET, 4 FHRONRDLDIZ, ETFOREEN (i,5) THD X5 HkR
MAT Y NENIEBEEFLOTHRIDILEEZXET,

HSMZ, ZOES QR IE =4 & y=j TUILMIIFEL EEA., TLT, ZOHRED LS Lz
LTHIDES BRMAIEHIZ 1 DETEEL T, MFMEL D BARIIZ 4,5 OMEITHS FH UEEZ T A
aTICHEELEY,

LWL, i=0DHEL j=0 DBEIEXPSUONTVWREEZRDLZLFHELDT, HEDITUTHR
5ZrizUET,

H+W KD>H K REJEBFIZU 2 HENMBODEIZNPEZATCAHAELEID, ZNE H+W £TO
BB O RBIEHND S bl K HOGAOEEEZNEEIL. %5 (H+W — K) il OIEFZLHL T
(H+ W)/ (H+W - K) @) ebhb T, KAHHY 2 I N5 RO EE KD, Bz 517
DA EPFTEZETAITOMERDZZ N TEET, K BHETOHBEIIZOVWTOUTOMREE
Z2%5ET., K+ 1 BHUBRLIENIZR>TWSEEZTHHOER A,

i £0,jA0DEE, 2 =iDRIZy =] MBENDZEE. 237 y = j BMEEICEEND IS
DT, hxktEHELEST, Z0OLSBHERKOMEIL, 1/(H+W)x(t—1)/(H+W —1) T, 2372
K+1—t#H5LFET, y=j ORIZ e =i WBIENZBEBRALTT., Z0L57% (i,7) Oflix HW @0
HOET,

i=0,j A0 F~Fi#£0,j=00t &, t HHIC0TRVWATY S LT, ZOMRIX 1/(H+W) T
HoT, AATICK+1—-tHFELET, 2OX57% (4,5) Ok H+W @0 TT,

1=0,y=00Dc &, HOPOHFETLIOTHIZ K HFHGLET,

PLET O(K) T2 OREMRIT £ LT,



KEYENCE Programming Contest 2019 Editorial

IH19980412, satashun

2019/01/13

A: Beginning

Check if all of 1,4,7,9 appear in the input.
Example: https://atcoder.jp/contests/keyence2019/submissions/3974382

B: KEYENCE String

Try all substrings.
Example: https://atcoder.jp/contests/keyence2019/submissions /3974383



C: Exam and Wizard

Obviously, if A; < B; holds, we cannot make A; equal to C;, so we are to minimize the number of
indices which satisfy A; > B; and A; # C;.

Let S be the sum of B; — A; where A; < B; holds. We should choose as few indices as possible where
A; > B; and make the sum of A; — B; greater than or equal to S.

Therefore, calculate S, sort A; — B; in decreasing order, and pick them up until the sum gets greater
than or equal to S for the first time. If we choose num elements, the answer is (number of positions
where A; < B;) +num.

When the sum of A; — B; is less than S, output -1.



D: Double Landscape

If some value appears multiple times either in A or in B, the answer is 0. We assume that each in A

and in B, all elements are distinct. Let’s put values in decreasing order. When we are looking at x:

e when x appears both in A and in B

The position of z can be decided uniquely.
e when x appears either in A or in B

Assume that x is in A by symmetry. x can be in (the number of j where B; > x holds) positions.
e when z is neither in A nor in B

x can be in (the number of ¢ where A; > z holds) x (the number of j where B; > z holds)

positions. Among them, values bigger than z already occupy N x M — x positions.

Just multiply these values to know the answer. This works in O(NM) time.



E: Connecting Cities

We want to compute the MST of the graph, but a straightforward algorithm doesn’t work because
there are O(N?) edges. We first enumerate candidates of MST edges, and then compute the MST of the
graph with only those edges. There are two ways to find candidates:

Divide and conquer.

Let’s divide the array into two halves. Only consider edges between the two halves. When are we
interested in the edge between ¢ and j such that 0 < ¢ < N/2 and N/2 < j < N?

The cost of the edges can be written as f (i) +¢g(j), where f(i) = A;—Di and g(j) = A;+Dj. Let ig, jo
be the indices that minimize the values of f(ip), g(jo). We claim that the edge between ¢ and j can be a
candidate only when i = iy or j = jg. Otherwise, the three edges (i, jo), (40, 7), (i0, jo) are cheaper than
the edge (i,7), so this edge can’t be included in the MST. Thus, we limit the number of edges between
the two halves to O(N).

If we apply divide-and-conquer with the observation above, the total number of candidate edges will
be O(NlogN), and this solution works in O(Nlog®N).

Sort by A;.

For simplicity, assume that the values of A; are pairwise distinct.
Consider a particular city (call it ). We can prove the following sbout the edges that connect this

city and smaller city (cities that satisfy A; < A;):

e Among edges that connects x and all smaller cities to the left of x, we should only consider the
cheapest edge.
e Among edges that connects z and all smaller cities to the right of x, we should only consider the

cheapest edge.

Let’s prove the first claim. Suppose that among edges that connects x and all smaller cities to the
left of x, the chapest one is (x,y). Then, for each other z that satisfies z < z and A, < A,, both edges
(x,y) and (y, z) are cheaper than (z, z). Thus, (z, z) never becomes the MST edge. The second claim is
similar.

This way, the candidates will be O(N), and this solution works in O(NlogN).



F: Paper Cutting

We'll compute the expected score when we choose K cuts uniformly at random. (The answer is this
expected value times N(N —1)...(N — K + 1), where N = H + W).

First, let’s find a simpler way to compute the score. For each point (i,5), we count the number of
times a rectangle is counted whose lower-left corner is at (¢, 7). Call this number f(7,j). The score is the
sum of f(¢,7) for all (4,5)(0 <i<W,0<j < H).

How to compute the expected value of f(i,7)? For simplicity, assume that i # 0,5 # 0.

In order for f(4,7) to be nonzero, the cuts at x = 7 and y = j must be made (otherwise (¢, j) can’t be a
lower-left corner). Once these two cuts are made, each time we make a cut, the value of f(4, j) increases
by one.

Let N = H + W. The probability that both of the two cuts are made is:

)
o) .

and for each line except for the two lines made above (call this line L), the probability that both of

wza

the two cuts and the cut at L are made, and L is the last cut of these three cut is (this means that the

value f(7,7) is increased by one by line L):

Thus the expected value of f(i, ) is:

K K
(), () 1
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() () 3
Similarly, we can compute the values of f(i,7) for cases ¢ = 0 and j = 0. (These cases should be
handled separately because the lines = i or y = j may exist from the beginning in these cases.)

The bottleneck is the computation of N(N — 1)...(N — K + 1), and this solution works in O(K) time.



