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B : Sorting a Segment

X [i,0+ K) X[ [,/ + K) (i <j) Z2Y—FLERRBELCICHR S I L2, 4,5 5 equivalent TH %
EMESZ EIZLET, MU, 4,5 2 equivalent IZ72 35OV TEZET,

i,j 2% equivalent TH 2 —2DHEIE, KM [i,i+ K) & [j,j+K) 2L 6 bbb ERIEICTEATHS
BHTY,

ZITRCEREEZET, £9. [i,i+K) & [j,j+ K) BIERT 2 FORENH 5 LEH 5T,
koT, j<i+ K ERBEEETT, £, KM [i,5) & X [i,i+ k) ZAMICEOB 2 72H L THEL
RO EXRbPY ET, Zud, X [i,7) O LD ERIEIEATED, »OEDfEb [j,i +k) OF
ICHBEDMELDHPNIVI EZFRLTVEY, FRICLT, K i+ K,j+ K) OfEix, b &b EFIMHEIC
WATED, »OEDMED [j,i+ K) DHICH B EDHEID b REVI LI FT,

T2E, 4,5 ¥ equivalent B 5, D x (1 <z <) IZDWT, z 3 4,j & equivalent TH 2 Z &b
»HET, R, ¢ & i+ 1 % equivalent T,

ZORETRDWEZIX, THA0,1,--- ,N-K D77 77T, i,j » equivalent TH 551D &K i,5 M
WilZE RS T2 b DD, HERAOBE LD FT, BBROBLELD [i,i+ K) 25b &b LRIHICTA TL AW
LOIWIBALTIE, 4,i+ 1 OOV TOAREZIUTELS D T, i,i +1 2% equivalent THZ0E ) »
E. [i,i+ K+ 1) QRO RBZNZN P, Piig THZPEIDPTHETEET,

274 FivMEZHwiuE O(N) KT, 2T i 122V T i,i+ 1 2% equivalent TH 20 HETE LT,
ZDMDWERH O(N) TTESDT, IOMEIREAET ON) THRIF T, (BB, stduset 2 iLidgEse
ZmLTE, FHEEIR O(NlogN) 122 ) $IBINTHHEETT)

A


https://atcoder.jp/contests/agc038/submissions/7633603

C: LCMs
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D : Unique Path
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E: Gachapon
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F : Two Permutations
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A : 01 Matrix

We can always satisfy the conditions by constructing a grid as follows:

A W-A
B 0 1
H-B 1 0

Sample Code


https://atcoder.jp/contests/agc038/submissions/7633582

B : Sorting a Segment

Let us say ¢ and j are equivalent when sorting the interval [¢,7 + K) and sorting the interval [j, j + K)
(i < j) give the same result. Let us consider when i and j will be equivalent.

One case where ¢ and j will be equivalent is the case where the intervals [i,i + K) and [j,j + K) are
both already arranged in ascending order.

Let us consider the other cases. First, it is obviously necessary that [i,i + K) and [j, j + K) intersect.
Thus, j < i+ K is a necessary condition. We also see that sorting the interval [i,i + k) does not change
the interval [, j). This means that the interval [i,j) is already arranged in ascending order, and every
element in this interval is smaller than every element in [j,7 + k). Similarly, the interval [i + K, j + K) is
also already arranged in ascending order, and every element in this interval is larger than every element
in [j,i+ k).

We then see that, if i and j are equivalent, for any x (i < x < j), « is equivalent to 7 and j. Particularly,
i and 7 + 1 are equivalent.

The answer to this problem is the number of connected segments in the graph with vertices 0,1,--- , N—
K where there is an edge between ¢ and j if and only if ¢ and j are equivalent. From the observation
above, we only need to consider edges between ¢ and i + 1 for the case where [,7 + K) are not initially
arranged in ascending order. We can determine whether ¢ and ¢ + 1 are equivalent by checking if the
minimum and maximum elements in [¢,7 + K + 1) are P; and P;, P;; g, respectively.

Thus, by applying sliding window minimum algorithm, we can determine whether 7 and ¢ + 1 are
equivalent for all ¢ in O(NNV) time. The other computations can also be done in O(N), so the problem can
be solved in a total of O(NNV) time. (With std::set, the implementation will be easier but the complexity
becomes O(NlogN), though this is still fast enough.)

Sample Code
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C: LCMs

Let V(= 1000000) be the maximum possible value of a given integer. Consider a sequence of rational

numbers wy, ws, - - -, wy that satisfies the following condition:
e Forevery 1 <i<V, Zd‘iwd =1/i.

We can determine these numbers in ascending order of i, that is, when we have already determined
wy, Wa, -+, Wk—1, We have wy, = 1/k — Zdli,d<iwd' The complexity of finding these numbers has the
same order as that of the total number of divisors of 1,2,--- |V that is, O(ViogV).

We know that lem(z,y) = xy/ged(z,y), which can be transformed as follows:

wy/ged(z,y) =zy x [ > wa|=ayx | D wa

d|ged(z,y) dlz,dly
Thus, the sum in question is equal to:
N-2 N—1 N-2 N—1
lem(A;, Aj) E E AjAj X E Wy
=0 j=i+1 =0 j=i+1 d|A;,d|A;

Let us focus on d here and rewrite the formula. Then, we have:

Z wq Z A7Aj

1<d<V d|A;,d)A;,i<j

Now, focus on the part ZdlA%d‘Amq A;A;. This is the sum of the products of all possible pairs of
two distinct divisors of d. We can compute it in O(The number of divisors of d not greater than V') time
by pre-calculating the number of i such that A; = z for each z (1 <z < V). By doing this for all d, the
total complexity will be O(ViogV).

Therefore, the problem is solved in O(N + ViogV') time.

Sample Code
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D : Unique Path

If M = N — 1, Snuke got a tree from his mother. In that case, there is one simple path between every
pair of vertices. Below, we will consider the case where M > N.

Let us call the graph Snuke received G, and consider the bridges in G.

Let H be the graph obtained from G by removing all the edges except the bridges. First, a pair of
vertices a,b with only one simple path between them must belong to the same connected component
in H. (If not, there exists a a,b path in G that traverses non-bridge edges. Here, if we remove a non-
bridge edge on that path, G will be still connected, so there exists another a,b path, and contradiction
is reached.) Also, a pair of vertices a,b with two or more simple paths between them must belong
to different connected components in H. (If not, we can choose an edge in the connected component
containing a and b so that a and b will be connected, and contradiction is reached.)

Therefore, we see the following: Let I be the graph where an edge is only spun between pairs of vertices
with only one simple path between them. Then, a pair of vertices with two or more simple paths between
them must belong to different connected components in 1.

Let us fix the number of connected components in H and call it k. In G, consider edges spun between
different connected components x and y of H. First, a pair of  and y must not have two or more edges
spun between them. Thus, the maximum possible number of edges in G is (the number of edges in H)
+ k(k—1)/2=N-k+k(k—1)/2 = N+ k(k —3)/2. Also, we can see that the minimum possible
number of edges in G is N. (We can choose one vertex from each connected component of H and make
a cycle connecting these vertices.) Additionally, for every N < i < N + k(k — 3)/2, we can obviously
have exactly i edges in G.

Thus, k, that is, the number of connected components in H should be as large as possible, and we can
see that it should be the number of connected components of I itself. Now, we only need to determine
it M <N+k(K-3)/2.

Sample Code
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E : Gachapon

Let A} = A;/S.

After applying inclusion-exclusion principle, we need to solve the following problem:

For all non-empty subset s = {iq,%1,--- ,is—1} of {0,1,---, N — 1}, solve the following problem,
and find the sum of those answered multiplied by —1 or 1 depending on the parity of |s]|.

e Find the expected number of turns in which, for every j (0 < j < |s| — 1), i; has appeared

less than B;; times.

Let us consider the case where the subset s is fixed.

For an integer sequence xo, 1, - ,7|s—1 (0 < x; < B;;), we will represent the state where i; has
appeared exactly z; times by state x. Consider the expected number of turns until state x is reached.
Let P be the probability that the generator generates a number contained in |s|. After state x is reached
for the first time, the expected number of turns it will last is 1/P. Thus, we just need to compute the

probability that state x is reached, which can be found by the following formula (here, X = Z‘::lal x;):

ls|—1 A )
I (F)

We want to find the sum of the value above over all possible integer sequence x. This can be done by
DP. (The “keys” in DP should be the number of elements we have already decided from the beginning,
and the sum of those elements).

Finally, consider doing the above computation for all possible |s|. This can be done by adding a new
key to the above DP, which is the sum of A; for all ¢ that we have decided to add to s.

The total complexity of the DP is O ((ZZ]\SI Ai> (Zf;l Bi)2), which is fast enough.

Sample Codé
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F : Two Permutations

Consider a graph with edges i — P;. This graph consists of some number of cycles. When we make A,
for each cycle, we have two options: have A; = i for all ¢ contained in the cycle, or have A; = P; for all
i. Let us make the first option correspond to allocating 1 to the cycle, and the second option correspond
to allocating 0 to the cycle. Also, let (i) denote the cycle that contains Vertex ¢ in this graph.

Consider another graph with edges i — ;. Similarly to the above, we will make the process of making
B correspond to allocating 0 and 1 to the cycle. This time, however, 0 corresponds to B; = ¢ and 1
corresponds to B; = Q;. Also, let y(i) denote the cycle that contains Vertex i in this graph.

For a index i, whether A; = B; is determined by the value allocated to z(i) and y(7), more specifically,

determined as follows (v(c) means the value allocated to cycle c):

If R = Qz =1 always Az = Bl
If none of the above applies and P; =i: A; = B; < v(y(i)) =0
1

If none of the above applies and Q; =i: A; = B; < v(z(i)) =
o If none of the above applies and P; # Q;: A; = B; < v(z(i)) =1 and v(y(i)) =0
e If none of the above applies: A; = B; < (v(z(i)) = 1 and v(y(¢)) = 0) or (v(z(i)) =0 and v(y(i)) = 1)

This can be formulated as project selection problem. Now, we need to find the maximum flow in a
graph with O(N) vertices and O(N) edges, each with capacity 1. With Dinic’s algorithm, this can be
done in O(NV/N) time, which is fast enough.
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