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A: Harmony
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Listing 1 CH+ 12 & 2544

1 #include <bits/stdc++.h>
2 using namespace std;

3 int main() {

4 long long A, B;

5 cin >> A >> B;

6 if(A% 2 !=B 7Y% 2) {

7 cout << "IMPOSSIBLE" << endl;
8 } else {

9 cout << (A + B) / 2 << endl;
0 ¥

11 return 0O;

12 }




B: 0 or 1 Swap
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Listing 2 CH+ 12 & 5 9224

#include<bits/stdc++.h>
using namespace std;

#define rep(i, n) for(int i = 0; i < (int)n; i++)

int main() {
int n;
cin >> n;

vector<int> p(n);
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rep(i, n) cin >> plil;

int k = 0;

rep(i, n) if(pl[i] != i + 1) k++;
if(k <= 2) cout << "VYES'" << endl;
else cout << "NO" << endl;
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return O;
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C: City Savers

1 ZHHOHIZ 1 FHOBHFIIH->TH5) LorHh ERA, £-oT, 1 FHOEHIZ 1 HFHOHDOEV A
& —% 4 )T min(Ay, By) BEIL, -7 1T 2 HHOHEDE Y A Y — %242 J)T min(As, By —min(A1, By))
HETORRETT, $2&, 2BHOEIIESHEVAY—I1Z 2 BRHOBEEZETLPHETILNTEEIEA,
INEBOBRTIETEZEZRDDL I ENTEET,

ERESRND & fiy ZBE i D j OBV A —%2BITHELET, T2, AilT

N

Z(fii + fiti+1))

=1
HROEVAY—%FETIEICRDET, INERKAETZ2HEL LTEROAERS D, ZOHEIHE> TEE
HT5E,

fi1 = min(A;, By)
fitirry = min(Ai1, By — fii) (1 <i < N)
fio = min(A; — fi_1);, Bi) (2<i<N)

75 BT ko TGRSR O(N) CTRtRTE %7,
N, $4b0 INPHRKICHEZ ZEDFHIERDOLEED TT, £9. IOMEIZRD X9 B E
B SIE2 T ENTEET (s 2¥source, t ¥ sink, MDOEAVKFRTT),

FH i DK OH j OHMIONSiEZ L THRTE S fi; L T2 L. WEPICEMAEZIZLTHET,
EHIT, BRY I 7ICBOTHRENFET 2 ETHURMED HITFET 570, WMABERFELEEA, Lo
T, INDBRKTT,

L2257, ZOMEERRARMEICHE S TR 2L TEZHICAZETA, Dinic D7V 3) XLk
ETIEIRTEAEIEN % ) £ BRE L 2w LRERHEHREES O(N?) L4 b, HicAdwELA,



D: Digits Parade
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Listing 3 C++ TOEEH]

1 static const ull MOD = 1000000007LL;

2

3 int n;

4 char s[100005];

5 uint64_t dp[100005] [13];
6

7 uint64_t solve () {

8 int i, j, ki;

9 uint64_t res = 0;

10

11 scanf ("%s", s);

12 n = strlen(s);

13

14 dp[o][0] = 1;

15 for (i = 0; 1 < n; i++) {

16 int c;

17 if (s[i] == '?') ¢ = -1;

18 else ¢ = s[i] - '0';

19

20 for (j = 0; j < 10; j++) {

21 if (¢ != -1 && c != j) continue;

22 for (ki = 0; ki < 13; ki++) {

23 dpli + 11[(ki * 10 + j) % 13] += dp[i] [ki];
24 }

25 }

26 for (j = 0; j < 13; j++) dp[i + 11[j] %= MoD;
27}

28 res = dp[n] [5];

29

30  printf("/llul\n", res);

31 return O;
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F: Strings of Eternity
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A: Harmony

If the parities of A and B are differemt, For any integer K, the parities of |A — K| and |B — K| are
different. In such cases, the answer is IMPOSSIBLE.

Next, let’s think about the cases when the parities of A and B are the same. In such cases, K = AJFTB,
then K is an integer. Also, |[A — K| = |452| and |B — K| = |552| holds, so these are the equals,
according to the definition of absolute value. Therefore, this is the answer.

The following is an example code in C++.

Listing 1 An implementation example in C++

1 #include <bits/stdc++.h>
2 using namespace std;

3 int main() {

4 long long A, B;

5 cin >> A >> B;

6 if(a % 2 '=B % 2) {

7 cout << "IMPOSSIBLE" << endl;
8 Y else {

9 cout << (A + B) / 2 << endl;
10 F

11 return O;

12 }




B: 0 or 1 Swap

Let k be the number of elements p; such that p; # i. To come to the point, you can sort p in ascending
order by performing at most 1 operation of swap only if £ < 2. If £ = 0, it means that p is already sorted
in ascending order. It is impossible that k = 1. If k = 2, you can swap the two elements such that p; # ¢
only one time so that p is sorted in ascending order. In one swap, the value of K can be decreased by at
most 2, so if k < 3, you cannot sort p in ascending order by performing at most one swap.

The value of k can be obtained in linear time. Here the problem was solved in O(N). By the way, the
problem that ”can p be sorted in ascending order by performing at most M (M < N) swaps?” can also
be solved in O(N) time.

Listing 2 An implementation example in C++

#include<bits/stdc++.h>

—

2 using namespace std;

3 #define rep(i, n) for(int i = 0; i < (int)n; i++)
4

5 int main() {

6 int n;

7 cin >> n;

8 vector<int> p(n);

9 rep(i, n) cin >> plil;

10 int k = 0;

11 rep(i, n) if(pl[i] != i + 1) k++;
12 if(k <= 2) cout << "VYES'" << endl;
13 else cout << "NO" << endl;

14 return O;

15 }




C: City Savers

Only the first hero can save the first town. So, it is optimal that the first hero do the best to defeat
min(A;, By) monsters in the first town, and then do the best to defeat min(As, By — min(Ay, By))
monsters in the second town. Then, the monsters remaining in the second town can only be defeated by
the second hero. You can find the answer repeating this procedure.

To be precise, let f;; be the number of the monsters in the town j that are defeated by the hero 3.

Then, in total
N

Z(fu + fi(iv1))

i=1
monsters would be defeated. One of the way to maximize this is the procedures mentioned above, and

with the procedures, it can be calculated in time complexity O(N) with the steps like:

f]-l = min(Ala Bl)
fitiqry =min(Ag1, Bi — fu) (1 <i<N)
fio = min(A; — fi—1);, Bi) (2<i<N).

The validity that the sum mentioned above is the maximum can be proved like this: First, this problem
can be attributed to the following maximum flow problem (here, s denotes source, t denotes sink and

the weight of edges are the capacities).

If the flow from the vertex of hero ¢ to the vertex of town j is f;;, it meets the conditions. Moreover,
if there exists a flow augmenting path in the residual network, it contradicts to the way of construction,
for there doesn’t exist a flow augmenting path. Therefore, this is the maximum.

By the way, it seems that this problem can be solved by attributing to a maximum flow problem, but



if you use Dinic’s algorithm etc., the worst time complexity will be O(N?) and it will not finish in time,

if you don’t configure a proper priorities.
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D: Digits Parade

You can build the following relation:

dpli][j] :== Thenumberofallthepossiblefirstidigitssuchthatremainderof13isj

If you see the dp table in an increasing order of i, by trying all the possible reaminder by 13 of the
first ¢ — 1 digits (5 of dp[i — 1][j]) and s[i], you can determine the values of dp[i][0] ~ dp[i][12].

The following is a sample answer.

Listing 3 An implementation example in C++

—

static const ull MOD = 1000000007LL;

2
3 int n;

4 char s[100005];

5 uint64_t dp[100005] [13];

6

7 uint64_t solve () {

8 int i, j, ki;

9 uint64_t res = 0;

10

11 scanf ("%s", s);

12 n = strlen(s);

13

14 dp[o][0] = 1;

15 for (i = 0; 1 < n; i++) {

16 int c;

17 if (s[i] == '?') ¢ = -1;

18 else ¢ = s[i] - '0';

19

20 for (j = 0; j < 10; j++) {

21 if (¢ != -1 && c != j) continue;
22 for (ki = 0; ki < 13; ki++) {

23 dpli + 11[(ki * 10 + j) % 13] += dp[i] [ki];
24 }

25 }

26 for (j = 0; j < 13; j++) dp[i + 11[j] %= MoD;
27}

28 res = dp[n] [5];

29

30  printf("/llul\n", res);

31 return O;

32 }
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E: Golf

For simplicity, you can assume that X > Y > 0 (you can apply some appropriate transformations to
achieve this).
If K is even and X + Y is odd, it’s impossible. Otherwise, you can construct the answer by either of

the following two ways:

Type A:
Kn—X+Y
0 2
Kn—X-Y
2
X
Type B (alyaws n = 3):
K+X-Y
2
0 K-X+Y
K-x

K+ X-Y
X 4 EX=Y

Let ¢ := (K — (X +Ymod K))mod K. If X 4+Y < K and X +Y is odd, type B can be applied;
otherwise type A can be applied by determining n with the following steps:

e f X+Y <K and X +Y iseven, n = 2.
e If X +Y > K and c is even, n = [X£X].
e If X+Y >K and cis odd, n = [££X] + 1.

It is easy to prove that the construction procedures are rightful.
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F: Strings of Eternity

In the notes in the problem statement, the first letter of a string is regarded as the first letter, but here
let it O-th letter. An intuitive restatement of the problem statement is: what is the maximum number
of consecutive appearances of ¢ in s’, where s’ is an infinitely repetition of the string s?

Here, for each integer i from 0 through |s| — 1, suppose that it’s already known whether the substring
of s’ from i-th letter through i + |[t| — 1-th letter is equal to ¢ (let this truth values be match;). Then you
can find the answer in O(|s|) by simulation, because s’ is periodic. In graph-theory terms, the answer is

the longest path of the following directed graph such that:

e the graph has |s| vertices, each of which is indexed 0,1,...,|s| — 1.

e the graph has a directed edge i — (i + [¢|) mod |s| if match; = true. There are no edges otherwise.

The remaining task is to find all the matcho, ..., matchj_; in time. Of course, if you compare s’ and
t naively, it will need a time of O((|s| + |t|) x |t|) at worst, so it won’t finish in time. B However, this is
a very classic problem and many algorithms are invented to solve it fast. The following two algorithms

are some of the ways to find all the matchy, ..., matchj,_; in a linear time.

e KNP algorithm (a link to Wikipedia article)
e / algorithm (A link to GeekstorGeeks article)

Otherwise you can also use rolling hash algorithms by regarding the string as non-decimal numbers,

264

but we prepared an input case such that collision would happen if you use mod in order to avoid the

modulo operations.

*1 If the input is random, the match would fail in most case so the expected time complexity is linear, but if the string
has many repetition, such as s = aaa...aa,t = aaa...ab, it will take long time until the match fails
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