AGCO036 fi##i

writer : maroonrk

2019 7H 21 H

For International Readers: English editorial starts on page 8.

A : Triangle

X1=0,Y1=0 LFEELTERXTCAHET, T2LEMBOMME [XoxYs—Yax X3|/21CRDET, ko
T, Xox Yz =Yy x Xy =8 %iili7ed Xo,Ys, X3,Y3 Z RO st ittid +49 7,

TITESI, Xo=10°0Yo =1 EHEELTHET, HElE, 100xYs— X3 =9 Ziircd X3,Y3 2HD
FHIERWTT, Z4Ud S % 10° THLFHERDDPORDBIENTEET T, FHLLBHEHZSHL T
(ZE W0,

]


https://atcoder.jp/contests/agc036/submissions/6433451

B : Do Not Duplicate

Xo=X; 2WieTRAD i >0%2E2FET, (ZDEI R iDPR0IldbdbhETH LhHATHD LK
ELET) $2E, Xo, Xy, , Xy ZRBLZZBPET, s 32RICh->T0ET, RIZ, X = X; 2T
RND j>i+1 2BAB L, X; UL BRETY s 3TT,

T, B (0<i < NxK—-1)IK2nT, RICX; = X; R2RDD § >0 BEET LW, X; %
BT ZIERTT s BERS . X; ZUPLL 2HEE, 2F) X0 2T ZHEES s B%ETT, 2T,
y(i) = (X; = X; BBBRAND j>i( ZDXIH % j BFELBEVES 00))+1—i EERLET, T2 L@
I3, ROEIHICEZSNET,

o fll, BB a=0%F>Tw3,
e 27 v 7 1:a+yla) <K THEWY, a:=a+y(a) EESHAHT S,
e AT v 72 ATy T 1BbokE, i=a,a+1,--- ,NxK—11Z2wT, BECHOREEZTT).

ATy 71T LERRET, NxK—-1<a2RYZDILBBEZICHRTEET, BDT, A7y 7
2 DEFFIFMHHTT,

ATy 71 REBICOEL £, X OWED» S, y(i) =y(i mod N) TH2 I b ET, 2T,
7V 7% LET, £ k(0<k<loga(NxK)),i(0<i<N—-1) 20T, gp(i) = (i :=g(i) +14 L&
EMZ 2HEE 2P MfTolch D i) — i LEBLET, HEIFIHILTHL g 2EZIE. ATy 71
TT2BEED a bbb T,

27w 71 DFEFHZ O(Nlog(NK)) ) £3, A7 v 7 2 1% O(NlogN) TEITHHETT, k>TID
X O(Nlog(NK)) TET £ 7,

[RIZA


https://atcoder.jp/contests/agc036/submissions/6420041

C:GP2
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D : Negative Cycle
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E : ABC string
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F : Square Constraints
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A : Triangle

Let us fix (X1,Y7) to (0,0). Then, the area of the triangle will be |Xs x Y3 — Y5 x X3|/2. Thus, we
can solve the problem if we find X5, Y5, X3, Y3 such that Xo x Y3 — Y5 x X3 =S.

Here, let us also fix (X2, Y3) to (10%,1). Now we just need to find X3, Y3 such that 10 x Y3 — X3 = S,
which can be found from the quotient and remainder when dividing S by 10°. For more detail, see the
sample code below:

Link to sample code¢
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B : Do Not Duplicate

Let us consider the minimum ¢ > 0 such that Xy = X;. (There may be no such i, but for now we
assume there is.) When we have processed Xy, Xi,---,X;, s will be empty. Then, let us consider the
minimum j > % 4 1 such that X;; = X;. Again, when we have processed X}, s will be empty.

Generally, for each ¢ (0 < ¢ < N x K — 1), when the minimum j > ¢ such that X; = X; exists, if s is
empty just before X; is processed, s will also be empty just after X; is processed, or, just before X; is
processed. Let us define y(¢) = (the minimum j > ¢ such that X; = X, or oo if such j does not exist) +

1 — 4. Then, the problem can be rephrased as follows:

e Initially, we have an integer a = 0.
e Step 1: Aslong as a + y(a) < K, we repeatedly assign a := a + y(a).
e Step 2: Then, for each i =a,a+1,--- N x K — 1, perform the operation in the statement.

We can easily verify that, when Step 1 is done, N x (K — 1) < a holds, so it is easy to execute Step 2.

Now, let us think of a way to run Step 1 fast. We can see that y(i) = y(¢ mod N) from the properties of
X. Let us use the binary lifting method. For each pair of k(0 < k < log,(NxK)) and i(0 < i < N—1), let
us define g, (i) = (The value of i when the operation of assigning i := g(i) + i is performed 2* times)—i,
which will allow us to know the value of a when Step 1 is finished.

Step 1 takes O(Nlog(NK)) time to execute, and Step 2 takes O(Nlog N)) time, so we have solved
the problem in a total of O(N log(NK)) time.

Link to sample code¢
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C:GP2

A sequence of non-negative integers pg,p1,- - ,pny_1 can occur as the result of M operations if and

only if all the following conditions are satisfied:

e po+pr+--+pnv-1=3M
L4 maX(pOapla"' 7pN—1) S 2M

e There are at most M values of i such that p; is odd.

The necessity of these conditions is obvious, and we can show the sufficiency by induction. When
M = 1, the conditions are obviously sufficient. Now, let us assume that the conditions are sufficient
when M = k, and there is a sequence p satisfying the condition for the case M = k + 1. Then, if we
choose two indices 4, j properly and replace p; with p; —2 and p; with p; — 1, we can obtain a sequence p
satisfying the condition for the case M = k, which can be proved by cases. We will omit the detail, but
we can prove it by paying attention to max(po,p1,--- ,pn—1) and the number of ¢ such that p; is odd.

Let us count the number of p satisfying the three conditions. For now, let us ignore the second condition
and count it. Assume that there are a values of 7 such that p; is odd. There are nyC, choices for such
i. Then, we need to count the number of sequences of N even numbers totaling to 3M — a, which is
equal to the number of sequences of N integers totaling to (3M — a)/2. There are (3p7—q)/24N-1CN—1
such sequences. We can compute each binomial coefficient in O(1) time with proper pre-calculation.
The pre-calculation takes O(N + M) time, and there are O(min(N, M)) values of a, so we can find the
answer in a total of O(N + M) time.

We have solved the problem without the second condition, so what remains is to count the number of
p violating the second condition. p totals to 3M, so there is at most one value of ¢ such that p; > 2M.
If we find the number of p such that pg > 2M, we can multiply it by N and find the answer. Thus, we

want to solve the following problem:

Count the number of sequences of N non-negative integers, ¢, that satisfy all of the following

conditions:

e pt+tqpt--tgn1=M
e There are at most M values of ¢ such that ¢; is odd.

e g >0

)

If we ignore the third condition here, the problem will be the same as the one we solved above and we

can immediately solve it. Now, let us count the number of ¢ violating the third condition. This is also
equivalent to the problem above after replacing N with N — 1.
Therefore, the problem can be solved in a total of O(N + M) time.

Link to sample code
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D : Negative Cycle

Let us consider the situation where we have deleted some edges and have no negative cycle. Now, we

can assign an integer p; to each vertex so that the following condition is satisfied:
o For each edge e = (i = j), p; < p; + weight(e) holds.

This can be achieved by, for example, letting p; = (the shortest distance from Vertex 0 to Vertex 7). On
the other hand, we can see that, if we can assign p; to the vertices so that this condition is satisfied, the
graph contains no negative cycle. (If we assume there is a negative cycle, adding p; — p; < +weight(e)
along it would lead to contradiction.)

Let us confirm what conditions p; must satisfy. First, for each ¢ (0 <i < N —2), p; > p;+1 must hold,
which corresponds to the originally present edge (i — i+ 1) of weight 0. Here, let us define ¢; = p; —p;+1,
which is a non-negative integer since p; > p;y1.

Then, considering the edge (i — j) of weight 1, p; < p; + 1 must hold, which can be represented as
¢+ qj+1+ -+ ¢-1 <1 with ¢.

Similarly, considering the edge (¢ — j) of weight —1, ¢; + ¢;41 + - - - + ¢j—1 > 1 must hold.

Let us consider the problem of whether we can set the values of ¢ so that the condition is satisfied.
Then, we can see that we only need to consider 0 and 1 as the elements of q.

Thus, what we have to do is to solve the following problem:

We will set up a sequence g consisting of 0 and 1, and delete the edges whose conditions are not

satisfied for this ¢. Minimize the total cost of deleting these edges.

We can solve it with the DP as follows:

e dpli][j] = the minimum total cost of the edges that are confirmed to be deleted when we have
chosen the values from ¢y through ¢; and the positions of the last 1 and the second last 1 are ¢

and j, respectively.

Let us consider the transition dp[i|[j] — dp[z][i]. The additional edges of weight 1 we additionally
need to delete are the edges b — a such that j < a <4, z < b, and the additional edges of weight —1
we additionally need to delete are the edges a — b such that i < a < b < z. With prefix sums, this
transition can be calculated faster in O(N3) time, which is fast enough.

Link to sample code
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E : ABC string

If S has adjacent equal characters, we can treat them as just one character. Thus, below we assume
that any two adjacent characters in S are different.

Let a, b, c be the number of occurrences of A, B, C in S, respectively. Without loss of generality, we
assume a < b,a < c.

Now, assuming that the set of As to use is already fixed, let us determine if we can choose Bs and Cs
to delete so that we can obtain a subsequence satisfying the condition.

First, let us delete all the unused As. After this, the string may have adjacent equal characters, but
we will combine each series as one character. Let ¢ be the string obtained this way, and p, q,r be the
number of occurrences of A, B, C in t, respectively. Each deletion of A reduces the number of Bs or Cs by
at most one, so p < ¢ and p < r hold.

If ¢ = r at this point, we can obtain a subsequence satisfying the condition by properly choosing Bs and
Cs to delete. Specifically, we can repeatedly delete a substring BC or CB from the string as long as p < ¢
without making a pair of adjacent As. This can be seen from the fact that: Consider the situation where
the deletion of BC or CB is no longer possible. That is, the situation where any substring sandwiched
between two As has a length of at most 2, and there is at most one B or C at the beginning and the end
of the string. In this situation, 2p > ¢ + r already holds.

Let us consider the case g # r. We assume ¢ < r without loss of generality. ¢ is divided into p + 1
substrings (some of them may be empty) by As in it. Let us call such a substring of length 1 sandwiched
between two As (that is, not at the beginning or the end of t) a unit string. Among those p+ 1 substrings,
let « be the number of strings containing B, and y be the number of unit strings consisting of C. If z < y,
the number of Bs and Cs will never be equal after deleting Bs and Cs any number of times. On the other
hand, if > y, we can make the number of Bs and Cs equal by properly choosing the Cs to delete. This
can be seen from the fact that, for a string containing 'B’ we can make the number of Bs greater than
the number of Cs by 1, and for a unit string consisting of C we can only make the number of Cs greater
than the number of Bs by 1.

Now, let us get back to the original problem. From the observations above, we can see that the problem

is to choose which As to use so that the substrings separated by As satisfy the following conditions:

e the number of unit strings consisting of B is at most the number of strings containing Cs.

e the number of unit strings consisting of C is at most the number of strings containing Bs.
First, assume that we use all the As, and define b1, b2, c1, ¢2 as follows:

e bl = the number of strings containing Bs
e H2 = the number of unit strings consisting of B
e cl = the number of strings containing Cs

e ¢2 = the number of unit strings consisting of C

If 52 < ¢l and 2 < bl, we can go with all the As used. Below, we assume b2 > cl without loss of

12



generality. If we decide not to use a certain A, the two substrings around it will be concatenated into
one string, reduing each of b1, 62, cl, ¢2 by at most 1. Also, when we delete an A adjacent to a unit string
consisting of B, b2 decreases by 1 and c¢1 does not change. Thus, we have to delete an A at least b2 — ¢l
times, and after deleting an A as above b2 — ¢l times, we have b2 = cl, from which ¢2 < bl obviously
holds. Therefore, we can satisfy the conditions by deleting an A b2 — ¢l times, and this generates one
longest subsequence that satisfies the condition.

By directly implementing these methods, we can solve the whole problem in O(N) time.

Link to sample code
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F : Square Constraints

Let us use the inclusion-exclusion principle. For each k& (0 < k < N), we want to solve the following

problem:

We will choose k indices 0 < g < 1 < --- < wp_1 < N — 1. For each possible choice, count the
number of permutations satisfying xf + Pfi <N2forall0<i<k-—1andi%+ Pf < (2]\7)2 for all
0 <i<2N —1, and find the sum of these counts for all possible choices.

For each i (0 <i < N—1), let us define f(i) = (the maximum a (a < 2N —1) such that a®>+i? < N?)+
1. Also, for each i (0 < i < 2N —1), let us define g(i) = (the maximum a (a < 2N —1) such that a®+i? <
(2N)?) + 1.

This problem would be easily solved if the choice of x, the k indices, is fixed. For each ¢, assume that
the condition can be written as P; < h(i) = f(i) or g(i). Let h(, hi,- -+, hhn_; be the sorted list of h(4)
in ascending order. Then, the number of permutations satisfying the condition is (h{ — 0) x (h] — 1) X
X (W — (2N — 1)),

Now, let us consider the problem when x is not fixed. First, let Ag, Ay,---, Asny_1 be the sorted list of
f(@) (0<i< N-—1)and g(i) (0 <i<2N —1) all together in ascending order. We assign a label to each
element of A as follows: a if it derives from f(i) (0 <4 < N —1), b if it derives from ¢(i) (0 <7 < N —1),
and c if it derives from g(i) (IV < i < 2N —1). As a whole, the labels assigned to the elements will look as
this: aaccacac...bbbb... (thisis just an illustration). More formally, all as and cs will come before all
bs. For each i, let fpos(i), gpos(i) be the positions of f(i),g(i) in A, respectively. Since f (i), g(¢) are both
non-increasing, we have fpos(0) > fpos(l) > --- > fpos(N —1), gpos(0) > gpos(1) > -+ > gpos(N —1)
(more strictly, these will hold if we properly do tie-breaks).

What remains is to solve the following problem:

For each i (0 <i < N —1), we keep either A,y or Agpos(;) to make a sequence hg, by, -, hy_,
of length 2N. For each sequence that can be obtained this way when we choose to keep A4 for
k of the indices 7, find the value (hy — 0) x (b} — 1) x -+ x (Ryy_; — (2N — 1)), and compute the

sum of these values for all such sequences.

We can solve it with the DP as follows:

o dp[i][j] = the sum of the already fixed parts in (hy —0) x (h] —1) x --- x (hyy_; — (2N — 1)) for
all possible cases when we have decided whether we keep each of the first 7 elements in A and we

have decided to keep Aj,o,(;) for j indices.

Since we will keep k of the elements A,,4(;), when we choose to keep Agp,05(;), We can determine its
position in ’. Thus, we can calculate each transition in this DP in O(1) time, for a total of O(N?) time.
The whole problem can be solved in O(N3) time by performing this DP for each value of k.

Link to sample code¢
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https://atcoder.jp/contests/agc036/submissions/6404637

