Té CHUC THE GIFTED BATTLEFIELD TGB CONTEST #1
DU AN INTELLECTUAL SHOWDOWN NAM HOC 2023 - 2024

Ngay thi: 17/09/2023
Thoi gian lam bai: 180 phat (khéng ké thdi gian phat dé)
Huéng din gidi gdbm 11 trang, 06 bai

Téng quan dé thi

Tén bai Han ché Han ché

thdi gian bd nhé

Bai 1 | Dém bit 2 gidy 256 MB
Bai 2 | Sip xép sich 1 giay 256 MB
Bai 3 | Tia céy 2 gidy 256 MB
Bai 4 | CSC 3 gidy 512 MB
Bai 5 | Jelly Bear 2 giay 256 MB
Bai 6 | Decrease XOR 15 gidy 256 MB

Nhap xuét theo kiéu chuan - standardIO, khong st dung nhap xuét file.

I. Huéng dan chung

1. Bai thi ctia thi sinh duge chdm thi bing phan mém cham thi tryc tuyén (online judge) trén website
https://oj.giftedbat.edu.vn/, sit dung bo test ctia T chiic The Gifted Battlefield — Ban Tin hoc,
ding v6i dap an va biéu diém dugc néu trong huéng dan cham thi.

2. Diém bai thi dugc xuat tit phan mém cham thi.

Bai 1. D&m bit (100 diém)
Téng quan
e Day 1a mot bai toan dé néi gi lam nay. .

e V6i méi bit i(0 < i < 29), ta sé ding méng dém dé luu lai s6 1an bit i dude bat & cAc phan tit trong mang
A. Sau d6, ta chi can di qua titg vi trf bit (tit 0 dén 29) dé dém sb vi tri bit c6 tan suat xuat hién la 1é.

Do phuc tap : O(n*logn).

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

1 int n;
5 int cnt [30];

7 int main() {

8 cin >> n;

9 for (int i = 1; i <= n; i++) {

10 int a;

11 cin >> a;

12 for (int j = 0; j < 30; j++) {

13 if ((a >> j) & 1) cnt[jl++; //néu bit thd j cta s6 alil dudc bat
14 }

15 }
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17 int res = 0;
18 for (int i = 0; i < 30; i++) res += (cntl[i]l % 2);
19 cout << res;
20 return O;
2

e Thit thach : Ban c6 thé téi wu code xudng O(n) khong?

Bai 2. Sip xép sach (200 diém)

Y tudng

Goi ent, 13 téng s6 cudn sach ciia mon z nim trén ké va trén ban. Sort céc gia tri ent, theo thi tu tir 16n dén
bé, lan Iugt 1ay cac bo mon c6 sb6 sach nhiéu nhat cho dén khi s6 sach dang c6 dat it nhat N.

Giai thich

e Ta nhan xét rang diéu kieén “khong duge dit len ké nhitng cuén siach da lay xudng trude d6” khong anh
hudng dén két qua bai toan. Vi thé, cac cudn séch trén ké va trén ban luon c6 thé hoan déi vi tri cho
nhau. Khi d6, cach sip xép sach t6i wu sé la tham lam lay nhiéu cudn sach ciing 1 bo mon nhat c6 thé
dé giam thiéu s6 bo mon xuat hien trén ke sach.

e Dé dém s6 sach mdi bo mon, ta cé thé sit dung cau tric dit lieu map<int, int>, hodc normalize cic gia
tri vé khoang tit 1 dén N + M (vi chi ¢6 t6i da N + M gia tri phan bigt).

| #include <bits/stdc++.h>
2

3/ using namespace std;

4

5, const int N = 2e5;

7 int n, m;
s int a[N+5], b[N+5];

10 int main() {
11 ios_base::sync_with_stdio(false);
12 cin.tie (NULL) ;

14 cin >> n >> m;

16 map<int, int> cnt;

17 for (int i = 1; i <= n; i++) {
18 cin >> alil;

19 ++cnt[al[il];

0 T

1

2 for (int i = 1; i <= m; i++) {
3 cin >> bl[il;

5 }

2
2
2
2
24 ++cnt [b[i]];
2
2
27 vector<int> val;
2
2

9 for (auto [u, v] : cnt) val.push_back(v);
31 sort(val.begin(), val.end());
3 int res = 0, sum = 0;
34 for (int i = val.size() - 1; i >= 0; i--) {
5 res++;

36 sum += vall[il;
37 if (sum >= n) break;

10 cout << res;
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41 return O;

42| }

Bai 3. Tia cay (300 diém)
Y tudng
e Ta sé diing thuat toan Tham Lam dé giai bai toan nay.

e V6i mot do xau T cho trudc, ta sé tim chi phi thip nhat dé diéu chinh chiéu cao ctia hang cay sao cho
chénh léch do cao gitta 2 cay lien tiép khong qua T (Ja; — a;—1| < T, Vi: 2 <i < n):

- Budc 1: Duyét qua tat ci cac cay 1 lan dé diéu chinh lai chiéu cao cac cay cé chiéu cao 16n hon T’
so v6i cay ding truéc no. No6i cach khac, véi mdi i sao cho 2 < i < n, néu a; — a;—1 > T thi ta sé
gidm a; xudng thanh a;_; + T va tinh chi phi can dé thuyc hién thao tac trén. Tuy nhién, lic nay,
khi xét t6i cay thit 7, sé c6 truong hgp ma ta can phai gidm cay thi 4 — 1 (dong nghia phai diéu
chinh chiéu cao clia cac cay truée dé 1 1an nita), nhu hinh dudi:

T=2 T=2

i

=2 =1 |
Cay thir i-1 khéng cén thay dbi gi Cay thir i-1 can giam di 5m, diéu
nay kéo theo hé luy cay tha i-2

giam di 1m

- Buéc 2: Dé giai quyét van dé trén, ta duyét théem 1 lan tit ca cac cay, theo chiéu tit n — 1. V6i
mdii (n—1>14>1), néua; —a;q1 > T, ta sé diéu chinh a; va tinh chi phi cho thao tac nay, tuong
ty nhu bude 1.

- Dé chiing minh chi can thuc hién 2 budc trén, ta sé dam bao chénh léch chiéu cao ciia cac cay luon
bé hon hoidic bang T cho trude, ta c6 cdc nhan xét sau:

+ Sau lan duyét dau, ta dé dang thay ring vé6i 2 cay bat ky lien tiép nhau, néu cay thit i cao hon
caly th ¢ — 1 thi do chénh léch gitta 2 cay ludén khong qua 7T

+ O 1an th 2 sau khi duyét nguge vé, ta dam bao duge néu cay thit i cao hon cay thit i 4+ 1 thi
chénh léch chiéu cao giita 2 cay luon khong qua T'; dong thoi, cac cip da thoéa 6 lan duyét dau
tién ciing sé khong bi anh huéng.

e Ngoai ra, dé t6i uu hoa bai toan, ta sé sit dung thuat toan Tim kiém nhi phan (Binary search) dé chat
nhi phan do xau ciia cay. V6i mdi lan chiit nhi phan, ta kiém tra véi do xau T, ¢6 thé ding 1 s6 tién < Q
dé chit cac cay khong.
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| #include <bits/stdc++.h>
3/using namespace std;
5, const int N = 2e5;

7/int n, p, q, C;
s int a[N + 5], h[N + 5];

10/ bool check(long long val) {

11 //Copy cac giad tri tit d& ra mang riéng vi trong ham cé thay ddi méng

12 for (int i = 1; i <= n; i++) h[i] = alil;
13

14 int cost = 0;

15 //Duyét budc 1: ti 2 -> n

16 for (int i = 2; i <= n; i++) {

17 if (h[i] - h[i - 1] > val) {
18 cost += h[i] - (h[i - 1] + val);
19 h[i]l = h[i - 1] + val;

20 }

21

22 if (cost > c) return false;

23 }

24

25 //Duyét budc 2: ti n - 1 -> 1

26 for (int i = n - 1; i >= 1; i--) {
27 if (h[i]l] - h[i + 1] > val) {
28 cost += h[i] - (h[i + 1] + val);
29 h[i]l] = h[i + 1] + val;

30 }

31

32 if (cost > c) return false;

33 }

34

35 return true;

36| }

37

38 long long binSearch() {

39 long long 1 = 0, r = 1el18, res = -1;
40 while (1 <= r) {

11 long long mid = (1 + r) >> 1;
12 if (check(mid)) {

43 r = mid - 1;

14 res = mid;

15 } else {

46 1l = mid + 1;

17 }

48 }

49

50 return res;

51}

52

535 int main() {

54 cin >> n >> p >> q;

55 for (int i = 1; i <= n; i++) {

56 cin >> alil;

57 }

58

59 c = q/p;

60 cout << binSearch();

62 return O0;
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Bai 4. CSC (400 diém)
Note

e Bai nay c6 mot edge case khi [ = r, lic nay dép an ludn 1a YES.

Subtask 1: n < 1000, g < 1000

e O subtask nay, véi mdi query, ta chi can thuc hien dang nhu yeu cau ciia dé bai. Do phic tap: O(gxn logn),
luu y: ¢ day gia s ban doc st dung thuat toan sort vgi do phiic tap 1la O(nlogn).

Subtask 2: z < 1 v6i moi truy van

e O subtask nay, ta nhan xét ring ching ta khong thé nao thuc hién brute force nhu & trén. Nhan thay
chi ¢6 2 gia tri 0 va 1. Ta hay thit chia thanh timg trudng hop dé kiém tra.

e V6i x = 0: Lic nay, ta can kiém tra u; = u;—1 + 0 = u;—1. N6i cach khac, ta can kiém tra xem céc phan
tit tit [ dén 7 c6 bing nhau hay khong. Dé kiém tra diéu kién nay, ta c6 nhiéu huéng tiép can. Tac gia
Iita chon cach tiép can kiém tra: max(a;, aji1, ..., ar) = min(ag, aj11, . . ., a,). Dé lay maz va min, ta cé
thé stt dung cac cau trac dit lieu

RMQ dé truy van. Do phiic tap sé la: O(q)/O(qlogn) tuy vio ciu tric dit licu st dung.
e V6i = 1: Lic nay, ta can kiém tra u; = u;—1 + 1. Ta c6 nhan xét sau:

- Goi mazx(ay, ajy1, - .. ,a,) = Max, min(a;, aj1, - - .,a,) = Min.

- Néu mang ta can kiém tra c6 do dai n, ta luoén cé biéu thic Max — Min = n — 1. Ta ciing sé s
dung RMQ dé kiém tra biéu thiic nay.

- Tuy nhién, ta ciing phai kiém tra xem céc phan ti¥ phai khac nhau déi moét. Ta c6 thé giai bai
toan nay offline.

- Két hgp hai dieu kien, ta sé gidi dugc bai toan véi x = 1.
- Do phiic tap: O(qlogn).

Subtask 3: Khong c6 rang budc gi thém

e Lic nay, ta can tong quat hoa bai todn & subtask thit 2. Ta c6 thé chiing minh dudc, v6i mdi mang
uf] dudc sidp xép khéng gidm c6 do dai n, ta luon c6 biéu thic sau: u, = u; + (n — 1) * t véi

t =uy —u; = ug —ug = ... D& thay, didu kién nay c6 thé sit dung RMQ dé kiém tra.

e Ngoai ra, goi g; = ged(ug, ui—1),1 < i < n. Ta ciing sé kiém tra ged(gi 41, giv2,- - -, gr) Xem c6 biang = hay
khong. Ly do: ta nhan xét dudc vdi cac cap phan tit trong mang u, ta ludn cé hiéu ciia ching chia hét
cho .

e Cac két hgp cac diéu kién vira duge mé rong & subtask 3 va nhitng cai da chiing minh & subtask 2. Ta sé
gidi duge bai toan nay véi do phic tap la O(qlogn).

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

3
1, const int N = 4e5 + b5;
)

6 int mx[N][21], mn[N][21], g[N][21];
7/ int n, q, alN], b[N], bit[N];

s vector<array<int, 3>> queryl[N];

9 bool ans[N];

11 int get_max(int 1, int r) {

12 int k = 31 - __builtin_clz(r - 1 + 1);

13 return max(mx[1][k], mx[r - (1 << k) + 11[k]);
14| }
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16/ int get_min(int 1, int r) {

17 int k = 31 - __builtin_clz(r - 1 + 1);
18 return min(mn[1][k], mn[r - (1 << k) + 1]1[k]);
19| }

2

21 int get_gcd(int 1, int r) {

22 int k = 31 - __builtin_clz(r - 1 + 1);
23 return __gecd(gl[ll1[k], glr - (1 << k) + 1]1[k]);
24| }

26/ int get (int x) {

27 int s = 0;

28 for (; x; x -= x & -x) {

29 s += bit[x];

30 }

31 return s;

32| }

33

34, void upd(int p, int x) {

35 for (; p <= n; p += p & -p) {

36 bit [p]l += x;

37 }

38| }

0 int main() {

11 ios::sync_with_stdio(false);
42 cin.tie(nullptr);

13 cin >> n >> q;

45 for (int i = 1; i <= n; ++i) {
16 cin >> alil;
A7 query[i].clear () ;

18 bit [i] = 0;
19 }
5(
51 for (int i = 1; i < n; ++i) {
52 b[i] = abs(ali + 1] - alil);
53 }
54
55 for (int i = 1; i <= n; ++i) {
56 mx[1]1[0] = alil;
57 mn[i] [0] = al[il;
58 T
5¢
60 for (int j = 1; (1 << j) <= n; ++j) {
61 for (int i = 1; i + (1 << j) - 1 <= n; ++i) {
62 mx[i][j] = max(mx[il[j - 1], mx[i + (1 << (j - 1))1[j - 11);
63 mnl[il[j] = min(mn[il[j - 11, mn[i + (1 << (3 - 1))1[j - 11);
64 ¥
65 }
66
67 for (int i = 1; i < n; ++i) {
68 glil[o]l = bl[il;
69 }
7(
71 for (int j = 1; (1 << j) < n; ++j) {
72 for (int i = 1; i + (1 << j) - 1 < n; ++i) {
73 glil[j] = __gcd(glil[j - 11, gli + (1 << (j - 1))I[j - 11);
74 }
75 }
7€
77 for (int i = 1; i <= q; ++i) {
78 int 1, r, x;
79 cin >> 1 >> r >> x;
80 query [1].push_back ({r, x, i});
81 }
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83 map<int, int> last;

84 for (int i = n; i >= 1; --i) {
85 if (last.count(al[il])) {

86 upd(last[al[il]l, -1);

87 }

38 last[a[il] = i;

89 upd (i, 1);

90 for (array<int, 3> it : queryl[i]) {
91 int r = it[0], x = it[1], id = it [2];

92 int distinct = r - i + 1;

93 if (i == r) {

94 ans [id] = 1;

95 continue;

96 }

97 int Max = get_max(i, r), Min = get_min(i, r);
98 if (x == 0) {

99 ans [id] = Max == Min;

100 } else {

101 int cnt = get(r), len = r - i;

102 if ((Max - Min) % len || cnt !'= distinct) {
103 ans [id] = false;

104 } else {

105 int tmp = (Max - Min) / 1len;

106 int gcd = get_gcd(i, r - 1);

107 ans[id] = (tmp == x && gcd == x);
108 }

109 }

110 i3

111 }

112

113 for (int i = 1; i <= q; ++i) {

114 cout << (ans[i] ? "YES" : "NO") << ’\n’;

115 }

116| }

Bai 5. Jelly Bear (500 diém)

Note
e Ta sé gidi bai toan mot cach doc lap véi mdi thanh phan lien thong G = (V, E).
e Néu |V| 1&, bai toan khong c6 nghiém (vi tong bac ctia moi do thi la chin).

e Néu |V| chén, G luon ton tai do thi con ma moi dinh déu c6 bac 1é.

— Claim: Moi do thi cay c6 2k(k > 0) dinh luon ton tai mot do thi con sao cho moi dinh c6 bac 18.
— Proof:
1. Claim hién nhién ding véi k = 0.
2. V6i x > 0, gia st claim dang v6i moi k < x:
* V6i moi cay T' ¢6 2z dinh:
- Néu cay T khong ton tai dinh bac chin, T' ton tai do thi con ma moi dinh déu bac 18
(chinh T).
- Néu cay T ton tai dinh « bac chin, vi n chdn nén sé ton tai dinh v ké v ma c6 thé cit
canh (u,v) dé chia T thanh 2 cay con T}, Ty sao cho s6 dinh trong T} va s6 dinh trong Tb
déu chén va bé hon 2z. Quy nap lai, 7' ton tai do thi con ma moi dinh déu bac 18.
* Vay claim cling ding véi k = .
— Vi G lién thong nén G ton tai do thi con ma moi dinh déu bac 1é (d6 thi con théa man ctia spanning
tree cta G).

— Thuat toan: Tt G 14y spanning tree clia n6 ra. X6a moi canh trong cay nay chia cay thanh 2 phan
déu chén dinh. D6 thi thu duge sé ¢6 mdi dinh déu bac 18.
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Complexity: O(n)

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

1 void dfs(vector<vector<int>> &adj, vector<bool> &vis, vector<int> &siz, vector<vector<
int>> &favor, int u) {

5 vis[u] = true;

6 siz[u] = 1;

7 for (auto v : adjlul) {
8 if (lvis[vl) {

9 dfs(adj, vis, siz, favor, v);
10 favor [u] . push_back(v) ;
11 siz[u] += sizl[v];

16 void solve () {

17 int n, m;

18 cin >> n >> m;

19 vector<vector<int>> adj(n);

21 for (int i = 0; i < m; i++) {
22 int u, v;
23 cin >> u >> v;

24 u--;
25 T==g

26 adj [ul] . push_back(v);

27 adj [v].push_back(u);

28 }

29

30 string answer = "YES";

31 vector<bool> vis(n, false);

32 vector<int> siz(n);
33 vector<vector<int>> st_adj(n); // spanning forest’s adjacency 1list

35 for (int root = 0; root < n; root++) {
36 if (vis[root]) {
37 continue;
38 }
39 dfs(adj, vis, siz, st_adj, root);
40 if (siz[root] % 2 == 1) {
11 answer = "NO";
42 break;
43 }
14 }
15
46 cout << answer << ’\n’;
17 if (answer == "YES") {
18 vector<array<int, 2>> sub_edges;
49 for (int u = 0; u < n; u++) {
50 for (auto v : st_adjl[ul) {
51 if (sizl[v] % 2 == 1) {
592 sub_edges .push_back({ u, v });
53 }
54 }
55 }
5¢
57 cout << sub_edges.size() << ’\n’;
58 for (auto e : sub_edges) {
59 cout << e[0] + 1 << ? ? << e[1] + 1 << ’\n’;
60 3
61 }
62| }
63
64 int main () {
65 ios::sync_with_stdio(false);
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66 cin.tie(nullptr);

68 int t;

69 cin >> t;

70 while (t--) {
71 solve () ;
72 }

73}

Bai 6. Decrease XOR (600 diém)
Subtask 2

Tt gio, ta sé diing @ dé dai dién cho toan tii XOR.
Goi f(a) = téng @ clia mang a.
Ta s& luu dp(i, j, sum): S6 cach thyc hién j thao tac trén i phan tit dau tién cia mang a dé f(a) = sum.

Cu thé hon, gia sit ta duge thuc hién j — i thao téc trong ¢ — 1 phan tit dau tien, tiép theo, ta thao tac trén
a;,t 1an ta co:

o f(a) = f(a) ®a; ® (a; — 1)
e Co6 (g) cach chon vi tri thao téc.
Vay ta c6 cong thitc truy hoi la:
dp(i, j, sum) = > (i) X dp(i—1,5 —t,sum @ a; ® (a; —t)
Do phiic tap: O(n2°k?)
Subtask 3
Thuat toan
Goi S = f(a) v6i mang a ban dau.

Ta dinh nghia lai mang dp mot chiat: dp;, j, sum 14 s6 cach thyc hién j thao tac trén ¢ phan tit dau tién ctia
mang a dé S @ f(a) = sum.

V6i dinh nghia méi nay, ta chi can quan tam t6i tong XOR clia cac a; @ (a; — t). Mic dit do phiic tap van
khong thay doéi, nhung lic nay ta sé c6 mot s6 nhan xét méi dé cai thien thuat toan.

Goi g(z) = [logy(maz(z,x ® 1,2 B 2,...,x D k))|

Ro rang, g(a;) ciing chinh 14 s6 bit (t6i da) ma thao tac trén a; c6 thé dnh huéng dén sum.

Ta sé thyc hién (thuat toan) sau: Sort a theo g(a;) ting dan. Véi mdi a;, ta chi duyet qua sum < 29(ai)
Do phiic tap clia thuat toan trén da giam mot cach dang ké, nhung dang ké 1a bao nhiéu?

Ching minh
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Van nhéc lai, mang a chi gom céc phan t phan biét, ta gid st trudng hop té nhat khi n = 2¢ — k, hay, moi
phan tit > k déu xuat hién trong méang a.

Trude hét, dé thay g(a;) > logy k. Vay ta chi xét cac g(a;) = v voilogy k < k < c.

Nhan xét quan trong: S6 gia tri p sao cho g(p) > v 1a O(2¢-v*tlog2k]) (Chitng minh khé dé&, nhuong lai cho
ban doc hoiic ban doc ¢6 thé tu code vét dé kiém chiing).

— S6 gia tri p sao cho g(p) = v la O(20~v+Los2kl=1),

Vay, v6i do phiic tap khi quy hoach dong qua tat ca cac gia tri a; ¢6 g(a;) = v sé la:
O(2¢-v+loga kl=159v212) — O(26+1082kE2) = O(243).

Vay do phiic tap tong thé clia thuat toan la: O(c2°k3)

I #include <bits/stdc++.h>
2| #define endl °’\n’

using namespace std;
6 const int MOD = 998244353;

8 const int N = 2eb5 + b5;

9/ const long long INF = 1el18 + 7;
10, const int MAXA = 1e9;

11, const int B = sqrt(N) + 5;

13 vector <int> v[20];
14 int dp[2]1[20][1 << 161, a[N], fact[N];
15/ int C[20] [20];

17 int Comb(int n, int k){
18 if (n < k) return O;
19 return Div(fact[n], prod(fact[k], factln - k]));

20 }
21
22 void solve ()
23| {
24 int n, k, ¢, sumxor = 0; cin >> n >> k >> c;
25 for(int i = 1; i <= n; ++i){
26 cin >> al[il;
27 sumxor ~= alil;
28
29 int ma = 0;
30 for(int j = 0; j <= k; ++j){
31 int eff = ali]l ~ (alil - j);
32 ma = max(ma, eff);
33 ¥
34
35 int ct = 0, tmp = 1;
36 while (tmp <= ma) tmp <<= 1, ++ct;
37 v[ct].push_back(alil);
38 }
39
10 fact[0] = 1;
11 for(int i = 1; i < N; ++i) fact[i] = prod(fact[i - 1], i);
12
13 for(int i = 0; i <= k; ++i){
14 for(int j = 0; j <= i; ++j) C[i]l[j]l = Comb(i, j);
15 }
16
17 int tmp = 0;
18 dp [0] [0] [0] = 1;
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for(int p = 1; p <= c; ++p){
for(int val : v[pl){
tmp “= 1;
for(int step = 1; step <= k; ++step){
int eff = val -~ (val - step);

for(int i = 0; i + step <= k; ++i){

for(int j = 0; j < (1 << p); ++j){
add (dp[tmp]l[i + stepl[j ~ effl], prod(dpltmp -~ 11[il[j],

Ilstepl));

}

for(int i = 0; i <= k; ++i){
for(int j = 0; j < (1 << p); ++j){

add (dp [tmp] [i1[j]1, dpltmp =~ 11[i][j1);

dp[tmp ~ 11[il1[j] = O;

}
}
}
}
int sum = O0;
for(int j = 0; j < (1 << ¢); ++j) add(sum, dpl[tmpl[k][j1);
for(int j = 0; j < (1 << ¢); ++j){
cout << Div(dp[tmp]l[k][j ~ sumxor], sum) <<
}
}
signed main ()
{
ios_base::sync_with_stdio (0);
cin.tie (0);
cout.tie (0);
// freopen("codeforces.inp","r",stdin);
// freopen("codeforces.out","w",stdout);
int t = 1; // cin >> t;
while (t--)
{
solve () ;
}
}
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