Our village of honest men originally consisted of only eight people.

We all picked up and moved to a mountain in the east. Two years of honest and
boring daily life passed us by.

One day, one of us found a little hole by a peach tree.

Yes, after that we wandered into this paradise.

And right away, | quit being human.

— Dolls in Pseudo Paradise

FR AT BB

REFERENCE DOCUMENT for Dolls in Pseudo Paradise

International Collegiate
Programming Contest

event
sponsor

Coach Contestant
XS 1 BT T Xk KL BRI
Wenbo Zhao Siyu Qiu Wentao Ding Pengkai Zhang Yuhang Chen

Harbin Institute of Technology
2024-2025



Harbin Institute of Technology— Dolls in Pseudo Paradise 2 IRt Page 1 of 25

HFE 6 MHE 12 9 tELfE 21
) ) 6.1 ZRMARE ... ... 12 9.1 HEBEFE ... 21
1 EhESHL 1 62 KB 12 9.2 Delaunay =35 . . ... ... ... ... 21
o ML 1 6.3 MBS ... 12 9.3 &M (R o 22
91 T 1 6.4 WERSKEHE ... ... 13 9.4 FHEA ... 22
00 FURFR . 5 6.5 IKFISEERISA . . .. .. ... 13 9.5 THELREY ... ... 22
9.3 THHE 9 6.6 HERERRJLEE . ... . ... ... ... ... 13 9.6 Voronoi & . . ... .. ... ... ... .. 23
9.4 KD K 5 6.7 VRENMJLES ... ... ... 14 0.7 THEEEE ... 23
25 Link Cut B . . . . . ... ... ... 3 6.8 PORBECNE .o 14 10 Efth 23
2.6 ERERBY ... 4 6.9 B ... 14 10.1 5B/ 923
o 6.10 PiMERAEME(E . . ... ... 14 ' Lo
2.7 *Eﬁﬁ?%%*@ ................. 5 611 I;Lin_max ﬁﬁr " 10.2 CDQ ﬁ\(é‘x ................... 23
A1 minmax ZF . . . oo e
3 e 5 6.12 Barrett BUBL . . ... ... 14 183 E}'jf‘;_f‘ """""""""" zj
31 B L L 5 6.13 Pollard’s Rho . . . . .. ..o 15 0 i ﬂsl E&Ej """"""""" o
39 WATS ... 6 6.14 polya FH . . . . ... 15 10'6 Ikyﬂi?f;lt """"""""" y
3.3 Prufer A . . ... 6 6.15 min25 9 . . . . ... 16 10'7 gg{}g;&i* """"""""" o)
34 RBR 6 6.16 FEE® . .. . 16 ' FAR
617 “URTE . 17 10.8 XHAMIA . .. 24
4 i@_#ﬂ‘ﬁ& 7 618 SRR . . . 17 10.9 PBEHLAERL ... 2
4.1 —=JuhTTrE . ... . 7
43 25
4.2 PUFCERHER ... 7 7 I 17 It
43 KEB .. 8 71 BNETE L 17 1 shASFX
4.4 TOEEBCRUEE . ... 8 72 NTT&FW. . ................ 17 St 4 4+
/N
15 —MERATE . . S 73 RREOSENREE ... ... 15 o2 HUREH
46 2SAT . o oo 8 T4 FWT 2% . ... 18 2.1 FEH
AT B 9 75 EREEECNTT . ... 18 2.1.1 FCHE Treap
4.8 JOXUEBDE ... ... 9 o i”iiéé‘;?%l: ','\44("1 {22?2?%‘_(:,)')"
19 RUWEEAE .. g 8 FEE 1o rraan i
400 BEESE ... 9 81 ACHZM ... 19 4] const int SIZ = 1e6 + 1e5 + 3;
82 FRBKMP. ... ... ... .. ... 19 5| int F[SIz], c[s1z], S[SIz], w[sIiz], X[SIz
5 &R 9 83 EUNETME ... 19 u6l[ﬁ]['SI§Z];;
51 BFER . .. ... 9 84 [mIxxEEMNL . ... .. ... ... ... ... 19 7| int newnode(int w){
59 BANEIE 10 S5 REECL (ERD 1 8 Whe szl = w Clszl = slszl =, Hlsz] =
53 KWL . . 11 8.6 ITNEHREFMNL (BL ... ... ... 20 9 }return’sz;
5 V= > 10
54 FRFEHHER .. ... . 11 8.7 I'YEHEEMINL (L) ... .. ... .. 20 111 void pushup(int x){
55 FFRRERR .. ... 11 88 JEZRHEFML ... ... ... 20 12 S[x] = c[x] + S[X[x1[01] + S[X[x1[111;




13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

Harbin Institute of Technology— Dolls in Pseudo Paradise

2 IRt

Page 2 of 25

}
pair<int, int> split(int u, int x){
if(u = 0)
return make_pair(0, 0);
if(Wlul > x){
auto [a, b] = split(x[ul[0],
X[ul[@] = b, pushup(u);
return make_pair(a, u);
} else {
auto [a, b] = split(X[ull1],
X[ul[1] = a, pushup(u);
return make_pair(u, b);
}
}
int merge(int a, int b){
ifla=10 1l b 0)
return a | b;

X);

if(H[al < H[bD){
X[al[1] = merge(X[al[11, b), pushup(a);
return a;

} else {
X[bl[0] = merge(a, X[bl[01), pushup(b);

return b;
}
}

void insert(int Sroot, int w){

auto [p, q] = split(root, w);
auto [a, b] = split(p, w - 1);
if(b # 0){

+ S[b], + C[b];
} else b = newnode(w);

p = merge(a, b), root = merge(p, q);

}

void erase(int &root, int w){

auto [p, ql = split(root, w);
auto [a, b] = split(p, w - 1);
-- C[b], -- s[bl;
p =C[b] = 0 ? a : merge(a, b);
root = merge(p, q);
t
int find_rank(int &root, int w){
int x = root, o = X, a = 0;
for(;x;){
if(w < W[x1)
0 =X, X = X[X][@];
else {
a += S[X[x][0]];
if(w = W[x]){ o = x; break; }
a += C[x];
o =x, x = X[x][1];
}

I3
return a + 1;
}
int find_kth(int &root, int w){
int x = root, o = x, a = 0;
for(;x;){
if(w < S[X[x][0]])
o =x, x = X[x][0];
else {
= S[X[x1[o]l];
if(w < C[x]){ o = x; break; }
= C[x];
X[x1[1];

0 =X, X =

}

return W[x];
}
int find_pre(int &root, int w){
return find_kth(root, find_rank(root, w) - 1);
}
int find_suc(int &root, int w){
return find_kth(root, find_rank(root, w + 1));

}
}

2.2  HZFi

#include "../header.cpp"
namespace ODT {
// <pos_type, value_type>
map <int, long long> M;
/l a %% [1, p) [p, +inf),
auto split(int p) {
auto it = prev(M.upper_bound(p));
return M.insert(
it,
make_pair(p, it — second)

REEHLERE

}
// XA
void assign(int 1, int r, int v) {
auto it = split(l);
split(r + 1);
while (it — first == r + 1) {
it = M.erase(it);
}
M[1] =

}

/] /] AT E

// void perform(int 1, int r) {
// auto it = split(l);

25
26
27
28
29
30
31

COoONOOOGOHLWNM

DS WN =

//
//
//
//
//
//
b

split(r + 1);

while (it — first == r + 1) {
// Do something ...
it = next(it);

}
}

2.3

A FFiE

#include

.. /header.cpp"

namespace LeftHeap{

co

int w[s1z],D[SIZ],

bo

nst int SIZ

ol E[SIZ];

le5 + 3;

L[Ss1z], R[SIz], F[SIzZ],s;

int merge(int u, int v){

if(u = 0 |

v = 0)

return u | v;

if(Wlul > wlvl I (W[ul = w[v] & u > v))
swap(u, Vv);

int &§lc = L[u], &rc = R[ul;

rc = merge(rc, v);

if(D[lc] < D[rc])
D[u] = min(D[lc],
if(lc == 0) F[1lc]
if(rc = 0) Flrc]

return u;

swap(lc, rc);
Dlrc]) + 1;
u;

u;

void pop(int &root){

}

int root@ = merge(L[root], R[root]);
F[root@] = F[root] = root0;
E[root] = true, root = root0;

int top(int &root){ return W[root]; }
int getfa(int u){

}

return u

F

[u] 2 u: Flul = getfa(F[ul);

int newnode(int w){
=w, F[s] = s, D[s] =

}
}

+ s, W[s]
return s;

2.4

KD #x

#include "../header.cpp"

cons

t int LG =

struct pt { // x:

int x[2], v, sum, 1, r,
} t[MAXNT],

int

rt[LG],

18; // Z#t#H 446
ékl?ﬁ:; Vi }fx{ﬁy 17 r: }L%
Ll21, RrR[2];
// L, h: B E /AT A

1, h;
b[MAXN], cnt;
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7|void update(int p) { 52 t[+ nl = {{x, v}, A}; 29| void rotate(int x){
8| t[pl.sum = t[tl{pl.1].sum + t[t[p]l.r].sum + t| 53 blcnt = 1] = n; 30 int y = F[x], z = Flyl;

[pl.v; 54 for (int sz = 0;; ++sz) // — # 4| 4 3t 31 bool f = is_rson(x);
9| for (int k: {0, 1}) { 55 if (lrtlsz]) { 32 bool g = is_rson(y);
10 t[pl.L[k] = tlp]l.R[k] = t[pl.x[k]; 56 rtl[sz] = build(1, cnt); break; 33 if(is_root(y)){
11 if(tlpl. 1) 57 } else append(rt[sz]l); 34 FIx] = z, Fly] = x;
12|t[pl.L[k] = min(t[pl.L[k], t[t[pl.1].L[kI), 58 } else if (op = 2) { 35 XLyI[ f1 = X[xI['f], FIX[xI[!'f1] = vy;
13|t[p]l.R[k] = max(t[p].R[k], tlt[pl.1].R[k]); 59 cin > 1.x[0] > 1.x[1] > h.x[0] > h.x| 36 X[xI['f] = y;
14 if(tlpl.r) [1]; 37 } else {
15[t[p]l.L[k] = min(t[p].L[k], tltlp]l.rl.L[k]), 60 int ans = 0; 38 FIx] = z, Flyl = x;
16|t[p].R[k] = max(t[p].R[k], t[tlpl.r].R[Kk]); 61 for(int 1 = 0; i < LG; ++1) ans += query| 39 x[z][ gl = x;
17| } (rt[il); 40 XLyl[ f1 = XO[xI[!f1, FIX[xI[HFI] = y;
18|} 62 cout << ans << "\n"; 41 X[xI[!f] = vy;
19|int build(int 1, int r, int dep = 0){ // &4 | 63 } else break; 42 }
20| int p{(l1 + r) > 1}; 64| } 43 push_up(y), push_up(x);
21| nth_element(b + 1, b + p, b + r + 1, [dep]( | 65| return 0; 44| }

int x, int y) { return t[x].x[dep] < t[y].| 66|} 45| void splay(int x){ // iz sk

x[depl; 1); 46 :pd?te(xg; ] ] o
22| int x{b[pl}; . 47 or(int f = F[x];f = F[x], !is_root(x);
23| if(1 < p) tix].1 = build(l, p - 1, dep ~ 1);| 2.5 Link Cut i r‘i’,ﬁate(")) ) ( ()
24| if(p < r) t[x].r = build(p + 1, r, dep " 1); - " m 48 if(!is_root rotate(is_rson(x) =
gg update(x); ; :;r::l:gﬁe L"iﬁll:gig?ié?{)p sl 3 Is_rson(f) 2 £ : x);

return x; . N .

271} 3| SniFIsIzl. Cle1z]. Sieizl, wisizl, afsrz], | 50| imt access(imt x){ // i fE x %% i

28|void append(int &p) { // W& p THEHFEY R 51 int p;
29| if(!p) return; X[S1z1[21, size; 52 for(p = 0;x;p = x, x = F[x1){

30| bl++cnt] = p; 2 ggg} 1£Si§g%(int x){ return X[F[x]][0] #* x 53 splay(x), X[x][1] = p, push_up(x);
31 ) append(t[p]l.1), append(tlp].r), p = 0; s6 X[FIx11[1] % x;} gg } .
32 . . ! _ return p;
33 |int ql(Jerx)/(int p) /7 Ew o TaEEns| || "% is_rson(int x){ return X[F[x]][1] = x s 3 et ) b
34| if (!p) return 0; ! . R . . void make_root(int X X K BT A M
35| bool flag = false; g 1"E+ 2?26?0de(1"t W)l // % x, LE%S 58 x = access(x);
36| for (int k : {0, 1}) flag I= (!(l.x[k] < t[ 10 W[size]'= w, C[size] = S[size] = 1: 59 TIx] ~= 1, swap(X[x][0], X[x1[1]1);
pl.LLk] &6 tlpl.R[k] < h.x[k1)); 1 Alsize] = w. F[size] = 0: ' 60| }
37| if (!flag) return t[pl.sum; 12 X[sizel[0] ! X[size][1] ! 0 61| dint find_root(int x){ // &4 x Fr & #f & 4
38| for (int k : {0, 1}) 13 return size: ! 62 access(x), splay(x), push_down(x);
39 if (tlpl.R[k] < T.x[k] Il h.x[k] < tlpl.L[| 14 } ! 63 while(X[x]1[0]) x = X[x][0], push_down(x);
. kI) return o; 15| void push_up(int x){ 64 splay(x);
4| Frog e falens 16 S[x] = COx] + SIXIX][0]] + SIX[x][1]); | G2}  weturn x;
42| for (int k : {0, 1}) flag I= (1(L.xIk] < t[| pg| 4 A3 = Whd D ADDALOIIZADDIIIL b vosa vink(int x, dnt y)t 77 s
pl.x[k]l & t[pl.x[k]l < h.x[kl)); 19| void push_down(int x){ 68 make_root(x), splay(x), F[x] = vy;
43| if (!flag) ans = t[p]l.v; 20 ifF(1T[x]) return; 69| 1}
44| return ans += query(t[pl.1) + query(tlpl.r);| 5, int lc = X[x1[0], rc = X[x][1]; 70| void cut(int x, int p){ // # &
45 } . 29 iF(LO)T[le] = 1: swap(x[lc][eﬁ,x[lc][l]); 71 make_root(x), access(p), splay(p), X[pl[o]
46|int main() { » 23 if(rc)Tlrc]l ~= 1, swap(X[rcl[0],X[rc][1]); = Flx] = 0;
47| dnt n; cin > n; n = 0; // n: Y KDT KN | 5 T[x] = false: 72| }
48| while (true) { 25 } ! 73| void modify(int x, int w){// & % & #
49 @nt op; cin >> op; 26| void update(int x){ 74 splay(x), W[x] = w, push_up(x);
50 if (op = 1) { 27 if(!is_root(x))update(F[x]); push_down(x); 75|}

51 int x, y, A; cin > x > y > A; 28| } 76|}
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2.6 ZREGW
2.6.1 Z={Bi

#include "../../header.cpp”

struct Line{ int id; double k,
default;};

namespace LCSeg{
const int SIZ = 2e5 + 3;
struct Line T[SIZ];
#tdefine lc(t) (t << 1)
#tdefine rc(t) (t << 1 | 1)
bool cmp(int p, Line x, Line y){

b; Line() =

double wl = x.k * p + x.b;
double w2 = y.k * p + y.b;
double d = wl - w2;
if(fabs(d) < 1e-8) return x.id > y.id;
return d < 0;
void merge(int t, int a, int b, Line x, Line
y){
int c = a + b > 1;

if(cmp(c, x, y)) swap(x, y);
if(cmp(a, y, x)){
T[t] = x; if(a = b) merge(rc(t), c + 1,
b, Tlrc(t)1, v);
} else {
T[t] = x; if(a = b) merge(lc(t), a, c,
} T[lc(t)1, v);

}
/] wANE&E (L, f(L) — (r, f(r))
void modify(int t, int a, int b, int 1, int
r, Line x){
if(L € a & b
X);
else {
int c =a+ b > 1;

<

~

r) merge(t, a, b, T[t],

if(L € c¢) modify(lc(t), a, c, 1, r, x);
if(r > c¢) modify(rc(t), c + 1, b, 1, r,
X);
}
}
/G%ﬁx=pﬁ§%%%%&(ﬁ%%ﬁ%%%
void query(int t, int a, int b, int p, Line
&x){
if(emp(p, x, T[t])) x = T[tl;
if(a = b){
int c =a+ b > 1;
if(p < c) query(lc(t), a, ¢, p, x);

if(p > c¢) query(rc(t), c + 1, b, p, x);

40|
41|
42‘

}
}
}

2.6.2 L£RERWY 3

BIRE  ZBH—DNKER n IEE A, FIRE SC— MBI
H B, B 65 A eME, B RETT m REME,
BRVEE HARA $ DU E HY

e 1 1 r ki WFFEM icl,r], ¥ A MLk (kAT
PLAAED

e 2 1 r v: NFFAM i
min(A;,v)o

e 31 r: KXY, A

o 4 1 r: WTAEN i c(l,r], R A BRAE,

o 51 r: MFAAEMNc[l,r], R B FEKE,

TEfg— R, BATEAT—REH, Ik B, «
max(B;, A;)o

€ [Lr], B A ZWK

A WN =

(=)&)
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#include "../../header.cpp"
int A[MAXN];
struct Node{
i64 sum; int len, max1l, max2, max_cnt,
his_mx;
Node():
sum(0), max1(-INF), max2(-INF), max_cnt(0)
, his_mx(-INF), len(0) {}
Node(int w):
sum(w), max1( w), max2(-INF), max_cnt(1)
, his_mx( w), len(1) {}
bool update(int w1, int w2, int h1, int h2){
his_mx = max({his_mx, maxl + hi1});
maxl += wl, max2 += w2;
sum += 111 * wl * max_cnt + 111 * w2 * (
len - max_cnt);
return maxl > max2;
t
b
struct Tag{

int max_add, max_his_add, umx_add,
umx_his_add; bool have;
void update(int wl, int w2, int hi1, int h2){
max_his_add = max(max_his_add, max_add +
h1);
umx_his_add =
h2);

max(umx_his_add, umx_add +

21
22
23
24
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26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

58
59

60
61
62
63
64
65
66

b

max_add += wl, umx_add += w2, have =

void clear(){
max_add =
umx_his_add = have =

}

?

true;

max_his_add = umx_add =
0.

struct Node operator +(Node a, Node b){

}

Node t;
t.max1l =
if(t.max1l % a.max1){
if(a.maxl > t.max2) t.ma
} else{
if(a.max2 > t.max2) t.ma
t.max_cnt += a.max_cnt;
}
if(t.max1l = b.max1){
if(b.max1l > t.max2) t.ma
} else{
if(b.max2 > t.max2) t.ma
t.max_cnt += b.max_cnt;

max(a.max1l, b.max1);

X2

X2

X2

x2

en

a.

.maxl;

.max2;

.maxl;

.max2;

len + b.len

}
t.sum = a.sum + b.sum, t.1
H
t.his_mx = max(a.his_mx, b.his_mx);
return t;

namespace Seg{

const int SIZ = 2e6 + 3;

struct Node W[SIZ]; struct Tag T[SIZ];

#tdefine lc(t) (t << 1)
#tidefine rc(t) (t << 1 | 1)

void push_up(int t, int a, int b){

Wlt] = Wllc(t)] + Wlrc(t

)1

void push_down(int t, int a, int b){

if(a = b) T[t].clear();
1if(T[t].have){
int ¢ =
in% w
int wl

umx_his_add;
if(w = W[x].max1l)
W[x].update(wl, w2,
T[x].update(wl, w2,
else
W[x].update(w2, w2,
T[x].update(w2, w2,
if(w = w[y].max1)

w3,
w3,

wh,
wh,

a+b>1, x=1c(t), v = rc(t)

max(W[x].max1, W[y]l.max1);
T[t].max_add, w2 = T[t].umx_add
, w3 = T[t].max_his_add, w&

= T[t].

wh),
wh);

wk),
wh);
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wly].
Tlyl.
else
Wly].update(w2,
Tly].update(w2,
T[t]l.clear();
}
}
void build(int t, int a, int b){
if(a = b){w[t] = Node(A[al), T[t].clear()
i} else {
int ¢ = a+ b > 1; T[t].clear();
build(lc(t), a, c);
build(rc(t), ¢ + 1, b);

w2, w3, wk4),
w2, w3, wh4);

update(wl,
update(wi,

w2, wh, wk),
w2, wh, wk);

push_up(t, a, b);
}
}
void modiadd(int t, int a, int b, int 1, int
r, int w){

if(l € a &8 b < r){
T[t].update(w, w, w, w);
wlt].update(w, w, w, w);
} else {
int ¢ = a + b > 1; push_down(t, a, b);
if(1 < c¢) modiadd(lc(t), a, ¢, 1, r,
w);
if(r > c¢) modiadd(rc(t), ¢ + 1, b, 1, r
H
push_up(t, a, b);
}
t
void modimin(int t, int a, int b, int 1, int
r, int w){

if(L € a8 b < r)
if(w = W[t].max1) return;
if(w > W[t].max2){

int k = w - W[t].max1;

T[t].update(k, 0, k, 0);

else

wlt].update(k, 0, k, 0);
} else {
int c = a + b > 1;

push_down(t, a, b);

modimin(lc(t), a, c, 1, r, w);

modimin(rc(t), ¢ + 1, b, 1, r, w);
push_up(t, a, b);

}

} else {

int ¢ = a + b > 1; push_down(t, a, b);

if(1 <€ c¢) modimin(lc(t), a, ¢, 1, r,
w);

if(r > c¢) modimin(rc(t), ¢ + 1, b, 1, r

112
113
114
115

116
117

118

119

120
121
122
123
124
125
126
127
128
129
130
131
132

133
134
135

136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152

C

y W)
push_up(t, a, b);
}
Node query(int t, int a, int b, int 1, int r
)
if(L € a8 b < r) return W[t];
int ¢ = a + b > 1; Node ret; push_down(t,
a, b);
if(L € c) ret = ret + query(lc(t), a,
, L, r);
if(r > c¢) ret = ret + query(rc(t), c + 1,
b, 1, r);
return ret;
}
}

int qread();
int main(){

int n = qread(), m = qread();
for(int i = 1;i < n;+ 1)
A[i] = gread();
Seg :: build(1, 1, n);
for(int i = 1;1 < m;+ 1){
int op = qread();
if(op = 1){
int 1 = gqread(), r = gqread(), w = gread
0);
Seg :: modiadd(1, 1, n, 1, r, w);
} else if(op = 2){
int 1 = qread(), r = qread(), w = qread
0);
Seg :: modimin(1, 1, n, 1, r, w);
} else if(op = 3){
int 1 = qread(), r = qread();
auto p = Seg :: query(1l, 1, n, 1, r);
printf("%lld\n", p.sum);
} else if(op = 4){
int 1 = gqread(), r = qread();
auto p = Seg :: query(1l, 1, n, 1, r);
printf("%d\n", p.max1);
} else if(op = 5){
int 1 = gread(), r = qread();
auto p = Seg :: query(1, 1, n, 1, r);
printf("%d\n", p.his_mx);
}
}
return 0;
}

LCoOoO~NOOOAH,WN-=

2.7 RBESHIEEM
3 Mg

3.1 =om
3.1.1 @&

Z57E n D RARBIR, SR vie m NMRIE, 2H
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o 0 x k EIHIEE « NEE k BPTE S RACZH;
e 0 x y KRz BREBUBEON yo

#include "../header.cpp"
vector<int> E[MAXN];
namespace LCA{
const int MAXH = 18 + 3;
int D[MAXN], F[MAXN];
int P[MAXN], Q[MAXN], o, h = 18;
void dfs(int u, int f){

+ 0;

P[u]l = o, Q[o] = u;

F[ul = f, D[u] = D[f] + 1;

for(auto &v : E[u]) if(v == f)
dfs(v, u);

}

int ST[MAXN][MAXHI];

int cmp(int a, int b){
return D[a] < D[b] ? a : b;

int T[MAXN], n;

void init(int _n); // #tf ST %

int lca(int a, int b){

if(a = b) return a;
int 1 = P[al, r = P[bl;
if(1 > r) swap(l, r);
+=+ 1;

int d = T[r - 1+ 1];
return F[cmp(ST[1]1[d], ST[r - (1 << d) +
11[dD1;

int dis(int a, int b);
}

namespace BIT{

void add(int D[], int n, int p, int w){
+= p;
while(p < n) D[p] +=w, p += p & -p;

int pre(int D[], int n, int p){
if(p < 0) return 0;
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p = min(n, p + 1);
int r = 0;
while(p > @) r += D[pl, p -= p & -p;
return r;
}
}

namespace PTree{
vector<int> EE[MAXN];
bool V[MAXN];
int S[MAXN], L[MAXN], *D1[MAXN], *D2[MAXNI];

using LCA :: dis, BIT :: add, BIT :: pre;
void dfsi(int s, int &g, int u, int f){
S[ul = 1;
int maxsize = 0;
for(auto &v : E[u]) if(v = f & 'V[v]){
dfsi(s, g, v, u);
maxsize = max(maxsize, S[v]);
S[u] += S[v];
}
maxsize = max(maxsize, s - S[ul);
if(maxsize < s / 2) g = u;
}
int n;
void build(int s, int &g, int u, int f){

dfsi(s, g, u, f);

Vlg] = true, L[g] = s;

for(auto &su : E[g]) if(!V[ul){
int h = 0;
if(S[ul < S[gl) build(S[ul, h, u, 0);
else build(s - S[gl, h, u, 0);
EE[g].push_back(h);
EE[h].push_back(g);

}

}
int F[MAXN];

void dfs2(int u, int f){
Flul = f;
for(auto &v : EE[u]) if(v %= f){
dfs2(v, u);
}

}
void build(int _n){ // ## (F w4 % LCA
)
n= _n;
int s = n, g = 0;
dfsi(s, g, 1, 0);
V[g] = true, L[g] = s;
for(auto su : E[g]){
int h = 0;
if(S[ul < S[gl) build(S[ul, h, u, 0);
else build(s - s[gl, h, u, 0);
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EE[g].push_back(h);
EE[h].push_back(g);

}
dfs2(g, 0);
for(int i = 1;1 < n;+ 1){
L[1] += 2;
D1[i] = new int[L[i] + 31;
D2[i] = new int[L[i] + 31;
for(int j = 0;j < L[1] + 3;+ J)
} D1[i][j] = D2[il[j] = o;
}
void modify(int x, int w){ // & % & #
int u = x;
while(1){
add(D1[x], L[x], dis(u, x), w);
int y = F[x];
if(y #= 0){
int e = LCA :: dis(x, y);
add(D2[x], L[x], dis(u, y), w);
X =y;
} else break;
}
}
int query(int x, int d){
int ans = 0, u = Xx;
while(1){
ans += pre(D1[x], L[x], d - dis(u, x));
int y = F[x];
if(y #= 0){
int e = dis(x, vy);
ans-= pre(D2[x], L[x1, d - dis(u, y));
X =Y,
} else break;
}
return ans;
}
}

3.2 WRHE
3.2.1 %
GRS HEN TG RE, LRI T2 i,

#include " ../header.cpp"
u64 xor_shift(ués x);
u6s4 H[MAXN];
vector <int> E[MAXN];
void dfs(int u, int f){
H{ul = 1;
for(auto &v: E[u]) if(v == f)

8
9
10‘

dfs(v, u), H[ul += H[v];

H[ul = xor_shift(H[ul); // !important

}

3.3 Prufer F%5

[y
CLVwoO~NOOOCOTsWNM

NN N b b et b ot o ot e et
N=HOWOWONOODWN -

#include " ../hea

der.cpp”

int D[MAXN], F[MAXN], P[MAXN];
vector<int> tree2prufer(int n){

vector <int> P
for(int i = 1,
while(D[j])

P[i] = F[j];

(n);

j=1;1 <

+ J;

n - 2;+

while(i< n - 2 & !'--D[P[i]] &&
FIPL[il], 1 ++;

P[1i + 1] =

return P;

}

vector<int> prufer2tree(int n){

vector <int> F
for(int i = 1,
while(D[J])

F[31 = P[il;

(n);

j=1;1 <

+ J;

n - 1;+

while(i< n - 1 & !'--D[P[i]] &6
FIP[i]1] = P[1 + 1], 1 ++;

}

return F;

}

i, + )

P[i] < 3)

i, + 3

PL[i] < J)

3.4 [E

A WN =

~N o

10
11
12
13
14
15
16
17
18

#include "../hea

der.cpp”

vector<pair<int, int> > E[MAXN];

namespace LCA{
const int SIZ

= 5e5 + 3;

int D[SIZ], H[SIz], F[SIz], P[siz], Q[sIizl,

0;
void dfs(int u

, int f){

Plul = + o, Q[o] = u, F[u]l = f, D[ul = D[

fl + 1;
for(auto &[v

}

}
const int MAXH
int h = 18;

, wl : E[u]) if(v % f){
H[v] = H[u] + w, dfs(v, u);

= 18 + 3;

int ST[SIZ][MAXHI;

int cmp(int a,

return D[a] < D[b] ? a :

int T[SIZ], n;

int b){

b;
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void init(int _n, int root); Ho EXE O(mym). BEE: NELM, BRT7ERZE 45| } \
int lealint 3, dnt b); TEAE, WA= R R R, For(auto L3, wl =z GLiDinljl = outli] ]

} ' ' I TSRS, BEEASRAE T . ) } ' |

bool cmp(int a, int b){ - - - 48 return ans;
return LCA :: P[a] < LCA :: P[b]; ;?;ncﬁlt;?% - /header.cpp 49‘} |

} H K

. 3|11 solve1(){ N

ngloi[géﬁﬁllEl[MAXN] Vi: 4 11 n, m; cin >> n >> m; 4.2 MroiFiti

void solve(vector <int> &V){ S ey hdges(m; o FEE: KO, HTRAFHESIOETE, T
using Lof i rcai using LCA = D; 7| vector<ll> deg(n + 2); B, PHET =AML,
sort(V.begin(), V.end(), cmp); 8| for (auto 6[1, j] : Edges) . BEE: HUOBE, B KM= TR R
< h&l)' vt L 9 cin > i > j, +deg[il, ++deg[jl; . . \’ . . -
S-push(1); 10| for (aute [1, 31} tdges) 1 IO AREDAMIE K% R FOA IR 16
forgal’]to’ﬁu : Vg I[[(J] = trl)u{e; 11 lfj§d8e-8g[i]>>J§j)eg£\za]p(l:lL (;1)13‘%[1] = deg[ SERE M5t E O(M), iﬁﬁiﬁ?ﬁfﬁ%ﬁ, IVEEN
for(auto &u : V) if(u #= 1 4 ST 2 R R,

int f = lcau, S.top()); E , G[i].emplace_back(j); 7
1- = _1; . . " "
while(Blv = 5.top()] > DLFI){ 1e|  ysetor<ils val(n + 2); 2 e 3 /eader-cep
lfg[\ﬁ _ﬁgh back(1l); 16 for (11 i =1; i < n; +i) { 3] 1l n, m; cin > n > m;
" sh.EacIZI o 'S ob(); 17 for (auto j : G[il]) +valljl; 4| vector<pair<ll, 11>> Edges(m);
} -push_backlL = v/, >-PopL/; 18 for (auto j : G[il) 5| vector<vector<ll>> G(n + 2), iG(n + 2);
if(1 %= -1) 19 for (auto k : G[j]) ans += vall[k]; 6| vector<ll> deg(n + 2);
E1[f] h_back(1); 20 for (auto j : G[i]) vall[j] = 0; 7| for (auto &§[i, j] : Edges)
LFCF gui —(‘;‘g S, hush(f): 21 } 8 cin > i > j, +deg[i], ++deg[jl;
; ﬁ )j op -pus ' 22 return ans; 9| for (auto [i, j] : Edges) {
! -PUShU/; 23|} 10 if (deg[il > deg[j]1 Il (deg[i] = degl[j]
1= -1 24|// A A & i > j)) swap(i, j); '
whi'le(!S.em?'gy()){ 32 11 s%{vEZ(%i[ Gin s 1 11 G[1-].emp1ace_back(3), iG[j].emplace_back(i
v = S.top(); 27 vectc'>r<' i : ’ ’
. . pair<1l, 11>> Edges(m); 12
\1/11:(1 :#h Bl)l E%[\_/].[))usg_baclg()p, 28 vector<vector<pair<ll, 11>>> G(n + 2); 13| 11 ans = 0;
} -push_backit = vJ), >.poplJ; 29 vector<1l> deg(n + 2); 14| vector<1l> vi(n + 2), v2(n + 2);
. 30 for (auto &[i, j] : Edges) 15| for (11 i =1; i < n; +1) {
é/ ?fsil'aw)j \//{)SOLVE HERE o 31 cin > 1 > j, ++deg[i], ++degl[jl; 16 for (auto j : G[il])
ogla[\u]o lu '() I[u] = false: 32 for (auto [i, j] : Edges) { 17 for (auto k : G[j]) +vi[k];
Vi 1” .E)(?ar ! ul = Tatse; 33 11 flg = 0; 18 for (auto j : iG[il])
! -cteart/; 34 if (deg[i] > deg[j] Il (deg[i] = deg[| 19 for (auto k : G[j])
jl & i > j)) swap(i, j), flg = 1; 20 ans += vi[k], +v2[k];
35 G[i].emplace_back(j, flg); 21 for (auto j : G[i])
. 36 22 for (auto k : G[j])
4 1’3 37 vector<11l> in(n + 2), out(n + 2); 23 ans += vi[k] * (vi[k] - 1) / 2, vi[k]
. 38 11 ans = 0; = 0;
4.1 =it 39 for (11 i =1; i € n; +1) { 24 for (auto j : iG[i]) for (auto k : G[j1) {
o | e . w 40 for(auto [j, w] : G[i]) 25 if (degl[k] > deg[i] |l (deg[k] = deg[il]
TEE: FE/MIEREEMNMERT, 5% 44 w ? (++in[j]) : (+out[jl); & k > 1)) ans += v2[k] * (v2[k] - 1)
BIaER, HAMERTImFERHMEEER, 58— 42 ] foz‘(auto[l[j, W%] : C[-i[%%){ [|/<]2;
v v " 43 or (auto [k, w2] : G[j 26 v2 = 0;
I, REBIEHE A, THOS— N, B, o Paan st v 7 inik] : | o
IRIARES, G100, REEIE, B AR O(y/m) out[kl; 28| }
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return ans; 46| } 6|int getfa(int x){
} 47| for(int i = n;i;i —-){ 7| return x = F[x] ? x : F[x] = getfa(F[x]);
48 sz[i] += 1; 8|}
49 if(i > 1) sz[ind[idom[i]]] += sz[i]; 9|int lca(int x, int y){
4.3 Zfowd 50| } ( y 10| for(++ tmp;;x = pre[mat[x]], swap(x, y))
- 51| for(int i = 1;1 < n;+ 1 11 if(vis[x = getfa(x)] = tmp) return x;
ﬁnzzgeﬂ?s\lﬁvgder.cpp" :; } cout << sz[i] << "_\n"[i = n]; g } else vis[x] = x ? tmp : 0;
e om ] g  LMAXT: 54|~ return o; 14|void flower(int x, int y, int 2){
vector<int> E[MAXN], rE[MAXN], buc[MAXNI; 55|} 15| while(getfa(x) # 2){
void dfs(int u, int f) { 16 pre[x] = P Y= matlx], Flx] = Fly] = z;
ind[dfn[u] = +dn] = u, F[u] = f; 4.4 —HEBRAITHE }; ifECE{([%[)]/],: .
for(auto &v: E[u]) if(!dfn[v]) dfs(v, u); y
} 1|#include "../header.cpp" 19 Q.push(y), colly] =
struct dsu { 2 vector[<inti G[MAXNT; 5(1] }
M 4 3 sdom & /Ny R B 4 E 3|bool V[MAXN]; .
éﬁt F[%n/iiw], M[nmm]z e 4lint ML[MAXN], MR[MAXNI; 22|bool aug(int u){ _
int find(int x) { 5|bool kuhn(int u){ 23| for(int i = 1;i < nj++ 1)
if(F[x] = x) return F[x]; 6|  VIu] = true; 24| colli] = pre[i] = 0, F[i] = i;
int f = F[x]; 7 for(auto &v: G[u]) if(MR[v] = 0){ 25| Q= queue<int>({ u }), collu] =
FIx] = find(f); 8 ML[ul = v, MR[v] = 26| while(!Q.empty()){
if(sdom[M[f]] < sdom[M[x11) M[x] = M[f]; 9 return true; 27 auto x = Q.front(); Q.pop();
return F[x]; 10 } 28 for(auto &v: E[x]){
} 11 for(a;;;c? &v: G[ul) if(!V[MR[v]] &6 kuhn(MR gg 1:? yIE \]/ 2;2) o
int get(int x return find(x), M[x]; [v] iricotllyl = continue;
}otr; get( ) Oy MDxd; ) 12 ML[u] = v, MR[v] = 31 if(colly] = 1) {
int main() { 13 return true; 32 z = lca(x, vy);
cin > n > m; 14 } 33 flower(x, vy, z), flower(y, x, z);
for(int i = 1; i < m; i+) { 15 return false; 34 } else
int u, v; cin > u > v; 16|} 35 if(!mat[y]){
E[u].push_back(v), rE[v].push_back(u); 17|void solve(ir)t L, int R){ ' 36 for(prely]l = x; y; )1
18 for(int i = 1;i < L;+ i){ 37 mat[y] = x = pre[y], swap(y,mat[x]);
dfs(1, @), sdom[@] = n + 1; 19 shuffle(G[i] begin(), G[i].end(), MT); | 38
for(int i = 1; i < n; i+) tr.F[i] = 20 Y /OmEATH 8 M 39 return true;
for(int i = n; i; - 1){ 21 while(1){ 40 } else {
int u = ind[il; 22 bool ok = false; 41 pre[y] = x, collyl = 2;
for(auto &v: buc[i]) idom[v] = tr.get(v); | 23 memset(V, false, sizeof(V)); 42 Q.push(mat[y]), collmat[y]] =
if(i = 1) break; 24 for(int i = ;i < L+ 1? 43
sdom[u] = i 25 ok |=IML[i] &6 kuhn(i); 44 }
for(auto &v: rE[ul) { 26 if(!ok) break; 45
sdom[u] = min(sdom[ul, dfn[v] < i ? dfn| 27 46| return false;
[v] : sdom[tr.get(v)]); 28|} a7}
tr.M[u] = u, tr.Flu]l = F[ul; 4.5 —BERAITHE 4.6 2-SAT
buc[sdom[u]].push_back(u); 461 IS
} 1|#include "../header.cpp" ’
for(int i = 2{ :]L < n; in) { 2|int n; : : n NMER m MR, TBUHE v =a W y; = b, $HE
int u = ind[i]; 3|vector <int> E[MAXN]; . P S
if(sdom[idom[u]] # sdom[u]) 4|queue <int> Q; ‘EEE‘ S AT T i 5 T
idom[u] = idom[idom[u]]; 5|int vis[MAXN], F[MAXN], col[MAXN], pre[MAXN], 1|#include "tarjan-scc.cpp"
else idom[u] = sdom[ul; mat[MAXN], tmp; 2|const int MAXN = 1e6 + 3;
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int X[MAXNI[2], o; 15| } 16 while(S.top() # v)i
int main(){ 16| 1} 17 int t = S.top(); S.pop();
ios :: sync_with_stdio(false); 17| // Clul #Ex7iZ &£ 4% XK 18 T.push_back(t), I[t] = false;
int n, m; 18| if(u =g 5 s > 1) Clul = true; 19
cin > n > m; 19‘} 20 T.push_back(v), S.pop(), I[v] = false;
for(int i = 1;1i < n;+ 1) 21 T.push_back(u);
x[i][0] = + o, X[il[1] = + o; 22 A.push_back(T);
for(int i = 1;i < m;+ 1i){ 4.8 BEBEDE 23 }
int a, x, b, y; 1|#include "../header.cpp" 24 }
cin >> a >> x >> b >> y; 2|vector <vector<int>> A; 25| }
SCC :: add(X[a]l[!x], X[b]llyl); 3|vector <pair<int, int>> V[MAXN]; 26| if(f =0 & s = 0)
SCC :: add(X[bl['yl, x[allx1); 4|stack <int> S; 27 A.push_back({u}); // 9 & % #
L _ _ 5(int D[MAXN], L[MAXN], o; bool I[MAXNI; 28|}
foy;zn'gcé = 1;?5 0j+ 1) 6|void dfs(int u, int 1){
1f(! o 1 7| D[ul = L[u] = + o; I[u] = true, S.push(u); 3 =]
SCC :: dfs(i); 8| int s = 0; ' ' 4.10 EREENE
bool-ok = true; _ 9| for(auto 8[v, gl : V[ul]) if(g == 1) { 1|#include "../header.cpp"
foy(lnt i=1;1 < nj+ i){ _ 10 if(D[v]){ 2 |namespace SCC {
if(scc :: C[X[il[0]] = scC :: CIX[il[111)| 11 if(1[v]) L[ul = min(L[ul, DIv]); 3| vector <int> V[MAXNI;
ok = false; 12 } else { 4| stack <int> S;
t 13 dfs(v, g), L[ul = min(L[ul, L[v]), + s;| 5| dint D[MAXN], L[MAXN], C[MAXN], o, s;
if(ok){ bOSSIBLE i 14 6| bool F[MAXN], I[MAXNI;
cout << " " << endl; : : : .
. . . N 15| } 7| void add(int u, int v){ V[ul].push_back(v); }
for(int i ;cclz;l Sc[thi[éﬁ 16| if(D[u]l = L[uD){ 8| void dfs(int u){
int a = ” 1 i 17 vector <int> T; 9 L[u] = D[u] = + o, S.push(u), I[u] = F[u]
int b = SCC :: CIX[1l[1]]; 18 while(S.top() # u){ = true; : ’
cout << (a = b) <«< " 19 int v = S.top(); S.pop(); 10 for(auto &v : V[ul){
} 20 T.push_back(v), I[v] = false; 11 if(FLv]){
L e 1 endl; 21|} 12 if(I[v]) Llul = min(Llul, DIV]);
else
" " . 22 T.push_back(u), S.pop(), I[u] = false; 13 } else { '
! cout << "IMPOSSIBLE" << endl; 23 A.push_back(T); ' ' 14 dfs(v), L[ul = min(L[ul, L[V]);
. 24| } 15
return 0; 25} 16 }
} 17| if(L[u] = plul){
18 int ¢ = + s;
A7 & 4.9 SXEBEDE 19 while(S.top() # u){
. o 1|#include " ../header.cpp" ;2 ;?t]v_= SltOP(); S-pop();
#include " ../header.cpp" 2|vector <vector<int>> A; o C[V] : Se;
vector<int> V[MAXN]; 3|vector <int> V[MAXN]; 5 } vl o=
int n, m, o, DIMAXN], L[MAXNI; 4|stack <int> S; 3 - false, C[u] = c:
bool F[MAXN], C[MAXN]; 5/int D[MAXN], L[MAXN], o; bool I[MAXN]; 24 S.pop(), I[u] = false, C[u] = c;
/] %Gk EHE A dfs(i, 1) 6|void dfs(int u, int f){ 25
void dfs(int u, int g){ 71 D[ul = L[u] = + o; I[u] = true, S.push(u); | 26 }
L[u]l = D[u] = + o, F[u] = true; int s = 0; 8| int s = 0; 27|}
for(auto &v : V[ul){ 9| for(auto &v : V[ul]) if(v == f){
if('FLvI 10 if(DLvI){ 3Zs
dfs(v, g), + s; 11 if(Ilvl)  L[ul = min(L[ul, DIv]1); 5 MR
Llul = min(L[ul, LIvD); 12 } else { N
if(u %= g 6 L[vl > D[ul) C[u] = true; | 13 dfs(v, u), L[ul = min(L[ul, LIv]), + s ‘5'1 B
} else { 14 if(L[v]l = D[ul){ 1|#include " ../header.cpp”
L[u]l = min(L[ul, D[v]); 15 vector <int> T; 2|namespace MCMF{
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int H[MAXN], V[MAXM], N[MAXM], W[MAXM], F[
MAXM], o = 1, n;
void add(int u, int v, int f, int c){

V[+ o] = v, N[o] = H[ul, H[ul = o, F[o] =
f, Wlo] = c¢;

V[H O] = u, N[O] = H[V]r H[V] = 0, F[O] =
0, Wo] = -c;

n = max({n, u, v});

void clear(){
for(int 1 = 1;i < n;+ i) H[i] = o;
n==0, o-=1,;

}

bool I[MAXN]; 164 D[MAXN];

bool spfa(int s, int t){
queue <int> Q;

Q.push(s), I[s] = true;

for(int i = 1;1 < n;+ 1)
D[i] = INFL;

D[s] = o;

while(!Q.empty()){

int u = Q.front();Q.pop(), I[u] = false;
for(int i = H[ul;i;i = N[i]){
int &v = V[i], &f = F[i], &w = W[i];
if(f & D[u]l + w < D[vI){
D[v] = D[u] + w;
if('I[v]) Q.push(v), I[v] = true;
}
return D[t] s INFL;

t
int C[MAXN]; bool T[MAXN];
pair<i64, i64> dfs(int s, int t, int u, 164
maxf){
if(u = t)
return make_pair(maxf, 0);
i64 totf = 0, totc = 0;

T[u] = true;
for(int &1 = Clul;i;i = N[i]1){
int v = V[i], &f = F[i], &w = W[i];

if(f & D[v] = D[u] + w & !T[v]){
auto [f, c] = dfs(s, t, v, min(1ll * F
[i], maxf));

F[i 1 -=f, F[1 " 1] += f;
totf += f, maxf -= f;
totc += 111 * f = W[i] + c;
if(maxf = 0){

T[u] = false;

return make_pair(totf, totc);

}

49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

O~NOOOOTHEWN =

(=]

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

}

}

T[u] = false;
return make_pair(totf, totc);
}
pair<i64, i64> mcmf(int s, int t){
i64 ansl = 0, ans2 = 0;
while(spfa(s, t)){
memcpy(C, H, sizeof(int) * (n + 3));
auto [f, c] = dfs(s, t, s, INFL);
ansl += f, ans2 += c;
}
return make_pair(ansl, ans2);

}

5.2 w/EN
5.2.1 F%

g ol B R H R/ NEIR, A w T o FE S A8 AR

B/NEDRS B w B v BRI & IMES

#include
namespace Dinic{

.. /header.cpp"

const i64 INF
const int SIZ
int n, m;
int H[SIz], V[SIz], N[SIz], F[SIz], t = 1;
int add(int u, int v, int f){
V[i+ t] = v, N[t] = H[u], F[t]
t;
Vi+ t]
t;
= max(n, u);
= max(n, v);
return t - 1;

1e18;
le5 + 3;

f, H[u] =

= u, N[t] = H[v], F[t] = 0, H[v] =

n
n
void clear(){

for(int 1 = 1;1 <
n=m==o, t=1;

n;+ 1) H[il

"
S

int D[SIZ];
bool bfs(int s, int t){
queue <int> Q;
for(int i = 1;1 <
Q.push(s), D[s] =
while(!Q.empty()){
int u = Q.front(); Q.pop();
for(int i = H[ul;i;i = N[1]){
const int &v = V[i], &f = F[i];
if(f %= 0 & 'D[v])

n;+ i) D[1i]
1;

n
S

28
29
30
31
32

34
35
36

38
39
40
41
42

43
44
45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61

62
63
64
65

67
68
69
70
71
72
73
74

75

D[v] = D[ul + 1, Q.push(v);

return D[t] #* 0;
}
int C[SIZ];
i64 dfs(int s, int t, int u, 164 maxf){
if(u = t)
return maxf;
i64 totf = 0;
for(int &i = Clul;i;i =
const int &v = V[i];
const int &§f = F[i];
if(D[v] = D[u] + 1){
i64 ff = dfs(s, t, v, min(maxf, 111 =
));
totf +=
F[i] -=
if(maxf

N[11){

ff, maxf -= ff;
ff, F[1 " 1] += ff;
0) return totf;

}
}

return totf;

i64 dinic(int s, int t){
i64 ans = 0;
while(bfs(s, t)){
memcpy(C, H, sizeof(int) * (n + 3));
ans += dfs(s, t, s, INF);
}
return ans;
}
}
namespace GHTree{
const int INF = 1e9;
int n, m, U[MAXM], V[MAXM], W[MAXM], A[MAXM

1, BIMAXM];

void add(int u, int v, int w){
-i—l—m;
Ulm] = u, viml = v, Wlm] = w;
A[m] = Dinic :: add(u, v, w);
B[m] = Dinic :: add(v, u, w);
n = max({n, u, v});

vector <pair<int, int> > E[MAXN];
void build(vector <int> N){

int s = N.front(), t = N.back();
if(s = t) return;
for(int i = 1;i < m;+ 1i){
int a = A[i]; Dinic Flal] = w[i],
Dinic Fla * 1] = 0;
int b = B[i]; Dinic F[b]l = w[il],




76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95

97
98

100
101
102
103
104
105
106

A WN =
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Dinic F[b ~ 1] =

}
int w = Dinic :: dinic(s, t);
E[s].push_back(make_pair(t, w));
E[t].push_back(make_pair(s, w));
vector <int> P, Q;
for(auto &Su : N){
if(Dinic :: D[u] # 0)
P.push_back(u);
else
Q.push_back(u);

}
build(P), build(Q);
1
int D[MAXN];
int cut(int s, int t){
queue <int> Q; Q.push(s);
for(int i = 1;i < n;+ 1)
D[i] = -
D[s] = INF;
while(!Q.empty()){
int u = Q.front(); Q.pop();
for(auto &[v, w] : E[ul){
if(D[v] = -1){
D[v] = min(D[ul, w);
Q.push(v);

}

return D[t];

5.3 =AM

#include "../header.cpp"
namespace Dinic{
const 164 INF =
int n, H[MAXN],
:1;
void add(int u, int v, int f){
V[++ t] = v, N[t] = H[ul, F[t]
t;
VIi+ t]
t;
max({n, u, v});

1lel8;

V[IMAXMT, F[MAXM],

prs

N[MAXM],

f, H[ul

FLt]

= u, N[t] 0, Hlv] =

HLv],
n =

void clear(){
for(int i = 1;i <
H[i] = 0;
n==20,=t-=

n;+ 1)

1;

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

38

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

}
i64 D[MAXN];
bool bfs(int s, int t){
queue <int> Q;
for(int i = 1;1 < n + 1) D[i] = 0;
Q.push(s), D[s] =
while(!Q. empty()){
int u = Q.front(); Q.pop();
for(int i = H[ul;i;i = N[1]){
const int &v = V[i], &f = F[i];
if(f = 0 & !'D[v])
D[v] = D[ul + 1, Q.push(v);
}
}
return D[t] 5 0;
}
int C[MAXN];
i64 dfs(int s, int t, int u, 164 maxf){
if(u = t) return maxf;
i64 totf = 0;
for(int &1 = Clul;i;i = N[1i]){
const int &§v = V[i], &f = F[i];
if(f & D[v] = D[u] + 1){
i64 f = dfs(s, t, v, min(11l * f, maxf
));
F[i] -= f, F[1 "~ 1] += f, totf += f,
maxf -= f;
if(maxf = 0)
return totf;
}
}
return totf;
i64 dinic(int s, int t){
i64 ans = 0;
while(bfs(s, t)){
memcpy(C, H, sizeof(int) % (n + 3));
ans += dfs(s, t, s, INFL);
}
return ans;
}
}
54 LFTRERR
5.4.1 F%

e add(u, v, 1, r, c):
2 v RN ¢ B938;
e solve(): WHEIIHIL&R/NEEHAIITIR;

—RBELE [I,r] M u

-
SCwoo~NOOO,WNH

P DWWWWWWWWWWNDNDNDNDNNDNNNDN e e e o ot o
HOOONOOBA,WNEROOOONOOA,WNEROOOONOOAE WN =

o solve(s, t): HHEAIRILE/NHEK,.

#idefine add addo
#include "flow-cost.cpp"
#undef add
namespace MCMF{
i64 cost@; int G[MAXNI];
void add(int u, int v, int 1, int r, int c){
G[v] += 1, G[u] -= 1;
costd += 111 » 1 * c;
addo(u, v, r - 1, c);

i64 solve(){
int s = + n,
i64 sum = 0;
for(int 1 = 1;1 <
if(G[i] < 0)
addo(i, t, -G[il, 0);
else
addo(s, i,
}

auto res = memf(s, t);
if(res.first = sum)
return -1;
return res.second + costo;
}
i64 solve(int s0, int t0){
addo(to, s0, INF, 0);
int s = ;
int t =

t=+n;

n - 2;+ 1){

G[i]l, 0), sum += G[i];

addo(1i,
else
addo(s, i,
}

auto res = memf(s, t);

if(res.first = sum)
return -1;

return res.second + cost0;

G[i], @), sum += G[i];

5.5 ETRKXRM
5.5.1 F&
e add(u, v, 1,
F| v HL;

o solve(): KER

r, c): BE—FKREELE [I,r] M u

AT A AT
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e solve(s, t): HEHRILCHEK,

#define add addo
#include "flow-max.cpp"
t#tundef add
namespace Dinic{
int G[MAXNI;
void add(int u, int v, int 1, int r){
G[v] += 1, G[u] -= 1;
addo(u, v, r - 1);
void clear(){
for(int i = 1;i < t;+ i){
N[i] = F[i] = V[i] = o;
}
for(int 1 = 1;1 < n;+ 1){
H[i] = G[i] = C[i] = o;
}
t =1, n= 0;
}
bool solve(){ // 4 Z k7= # #
int s = + n, t = + n;
i64 sum = 0;
for(int 1 = 1;1 < n - 2;+ 1){
if(G[i] < 0)
addo(i, t, -G[il);
else
addo(s, i, G[i]), sum += G[i];
}
return sum = dinic(s, t);
}
i64 solve(int s0, int t0){
addo(to, s0, INF);
int s = + n, t = ++ n;
i64 sum = 0;
for(int 1 = 1;1 < n - 2;+ 1){
if(G[i] < 0)
addo(i, t, -G[i]);
else
addo(s, i, G[i]), sum += G[i];
}
return dinic(s, t) = sum ? dinic(s0, t0)
-1
}
}

6.1 LM

6.1.1 175

[y
SCLVWwooO~NOOOA,WNH

-
N =

13
14
15
16
17
18
19
20
21
22
23
24
25

26
27
28
29
30
31
32
33
34
35

36
37
38
39
40
41

43

#include "../../header.cpp"
struct Mat{
int n, m, W[MAXN][MAXN];
Mat(int _n = @, int _m = 0){
ns= _n,ms=_m;
for(int 1 = 1;1 < n;+ 1)
for(int j = 1;j < m;+ j)
wWlil[j] = o;
}
b
int mat_det(Mat a){
int ans = 1;
const int &n = a.n;
for(int i = 1;1 < n;+ 1){
int f = -1;
for(int j = i;5 < n;+ j) if(a.w[jI[i]){
f = j; break;
}
if(f = -1) return 0;
if(f %= 1){
for(int j = 1;j < n;+ Jj)
swap(a.W[il[j1, a.W[f1[j]);
ans = MOD - ans;
}
for(int j = i + 1;j < n;+ j) if(a.w[jl[i
A
while(a.W[jI[i]){
int u = a.W[il[i], v = a.W[jl[i];
if(u > v){
for(int k = 1;k < n;+ k)
swap(a.W[il[k], a.W[jI1[k]);
ans = MOD - ans, swap(u, v);
}
int rate = v / u;
for(int k = 1;k < n;+ k){
a.W[jI[k] = (a.W[jI[k] - 111 * rate
* a.W[i][k] % MOD + MOD) % MOD;
}
I3
}
}
for(int 1 = 1;1 < n;+ 1)
ans = 111 * ans * a.W[i][i] % MOD;
return ans;
}

CoO~NOOOTHA,WNM

NN bt et o ot ok ot e et e
HFOWVWONOOUDRWNMROO

6.2 KFT/©hF
6.2.1 R

YH5E a,p R x (1§ o® =y (mod p), HA p HR
i&o

#include "../header.cpp"
namespace BSGS {

unordered_map <int, int> M;

int solve(int a, int y, int p){

M.clear();
int B = sqrt(p);
int wl = vy, ul = power(a, p - 2, p);
int w2 = 1, u2 = power(a, B, p);
for(int i = 0;i < B;+ i){
M{wl] = 1i;
wl = 111 » wl * ul % p;
}
for(int i = 0;i < p / B;+ i){
if(M.count(w2)){
return i * B + M[w2];
}
w2 = 111 * w2 * u2 % p;
}
return -1;

, }// a”®x =y (mod p)

6.3 WEIITEL
6.3.1 LGV TERR

B G R—KERMILHE, BN, S0 RERE
MR BEEMES A = {a1,a9, - ,a,}, ZRES B =
{b1,ba, - ,bn}o

o —ERIKIZ p:ug =W v W2 ug — - =Wk BT
fE: w(p) = [Twio
o XTI (a,b) FBUA: e(a,b) =3, w(P)o

BERERE M AR
e(ar,b1)  e(ay,bs) e(ay, by)
| et e(ag., by) e(agz, )
e(an.,bl) e(an.,bg) e(an.,b)
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M A F| B 52— NAHEZEEH p = (p1,p2,  Pn)s
HPM a; B8 by, m 22—, EX o(r) 2 7 HF
A HIEL

it LGV HIRUA R

det(M) = Z

p:A—B

(17 [T«

A DL A EIL R, AR A e(a, b) BRAT DARE 9 A
a B b WARIEEETT R
6.3.2 FEPEWIEIE

NFTmE,

o ENEBIERE D, ; = [i = j]deg(i);
o TESMAMEIENE B = By 2 i B j BN G
o EXHNENHFEE L =D - E,

Xt T 1) [ RE R AR E BEAGAR AN T :
t(G) = det(Ll) = %AlAg s >\n—1

Hrb L, 2% L MRS 758 « F15 200+

XN AAE, KEIT IR EE KRR, R,
BEEFEFE D Dovt B, [RINE AR R L =
D* — B Lo _ |,

(G, k) = det(Ly)
t"°(G, k) = det(L3™)

Hrr fleaf(@ k) FRRPA k IR AR, t7o0t(G, k)
FORPA k IARAIAR AR
6.3.3 BEST TIE

F—MERRNE G, 188 i HER out,, [N
G WARMAERM NN To T ATLMERIEBUR, W G 1
AR JFAR [ Rz [ NSO -

T H(outi -1

i

OCoO~NOOOCTHE WN =

e Y e
ONODEWN O

6.3.4 BEEEFEH
n NEE, EANEES, 8B DR N s, T E—1
e Sul Yt (MPESGIOpE=5'E

k
Ans =nF=2. H S;

i=1
6.4 FERREE
6.4.1 T
T ERIETTHE:
x=a; (mod my)
z=ay (mod mg)
x=a, (modm,)

MR o; FRER, 7135 2« (08 = L (mod M), H
oM = [T, M L BT RAH:

L= (Z aim; x ((M/m;)~" mod m,»)) mod M

#include "../header.cpp"
i64 A[MAXN], B[MAXN], M = 1;
i64 exgcd(i64 a, i64 b, 164 &x, 164 &y);
int main(){
int n; cin > n;
for(int 1 = 1;1 < n;+ 1){
cin > B[i] > A[i], M %= B[il;
}
i64 L =
for(int ;1 < onp+ 1)9
i64 m B[i], b, k;
exgcd(m, il, b, k);
L= (L + (__int128)A[i]l * m % b) % M;
}
L=(L%M+M) %M;
cout << L << endl;
return 0;

0;
i

=1
M/
B[

}

6.5 IFEEFILZRM

CoOoO~NOOOT s WN -

#include "../header.cpp"
unsigned A[MAXN];
int p, P[MAXN]; bool V[MAXN];
void solve(int n){
for(int i = 2;1 < n;+ 1){
if(v[i]){
P[++ pl = i;
for(int j = 1;5 < n / i;+ j){
Alj = i] += A[j];
y Y /7 w8 A
for(int j = 1;j < p&P[j] < n / i;+ )
V[i % P[j]] = true;
if(i % P[j] = 0) break;
I3
}
}

6.6 HEERKJLES
6.6.1 ERKLER (FERKJLER)
#@W%ﬁﬂ,ﬁy:YM;BJﬁﬁmﬁhim@
SBHFIES, HE] O(log V) BAME. Hb A > C HEH
IR, 2B EED A/C] Bk, A< C 57
Y o,y S, ST T — A FECAT,
SRR A M, (AT DU,
REGHFM (0,0) EZF] (n, |(An + B)/C)), BXT
A B,C > 0,C # 0 CREREAE/EIMIL) , U R %
R EATRAG, ORI, RSB EITE
UPRR, HORREN log HEULAT DRI R A MRS, 52T
EIR 2 SERF log,

Matrix solve(1l n, 11 A, 11 B, 11 C, Matrix R,
Matrix U) { // (0, @) # 2z (n, (An+B)/C)
if (A > C) return solve(n, A% C, B, C, U
.gpow(A / C) * R, U);
111=B/C,r=(Axn+8B)/C;
if (1 = r) return R.gpow(n) * U.gpow(1l);
// 1=r >1=rorA=20o0rn=a0.
Mlp=((C*r-B-1)/ A+ 1;
return R.gpow(n - p) * U * solve(r - 1 -
1, C, C-B%C+A-1, A, U, R) = U.
qpow(1);
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6.7 ¥ ERKJLER
6.7.1 KRB
87 a,b, KM ax + by = ged(a,b) H—H z,y.
1|int exgcd(int a, int b, int &x, int &y){
2| if(a = 0){
3 X =0,y =1; return b;
4| 1} else {
5 int x0 = 0, y0 = 0;
6 int d = exgcd(b % a, a, x0, y0);
7 x=y0 - (b / a) * x0, y = x0;
8 return d;
9| 1}
10|}
6.8 [RIRESEITER
6.8.1 F%
HEIFIR g DARAEEL M, T AN « BT
BHIE OM?/3 4+ TlogM),
1|#include " ../header.cpp"
2 |namespace BSGS {
3| unordered_map <int, int> M;
4| int B, U, P, g;
5| void init(int g, int PO, int BO);
6| int solve(int y);
7|}
8|const int MAXN = 1le5 + 3;
9|int H[MAXN], P[MAXN], Ho, p, h, g, M;
10 |bool V[MAXNIT;
11|int solve(int x){
12| if(x < h) return H[x];
13| intv=M/ x, r =M% X;
14| if(r < x - r) return ((HO + solve(r)) % (M -
1) - H[vl + M - 1) % (M - 1);
15| else return (solve(x - r) - H[v +
11 + M- 1) % (M - 1);
16|}
17 |int main(){
18| ios :: sync_with_stdio(false);
19| cin.tie(nullptr);
20| cin >> g > M;
21| h = sqrt(M) + 1;
22| BSGS :: init(g, M, sqrt(1l1l = M % sqrt(m) /
log10(M)));
23| HO = BSGS :: solve(M - 1);
24| H[1] = 0;
25| for(int 1 = 2;i < h;+ 1i){
26 if(v[i]){

27
28
29
30
31
32

34
35
36
37
38

40
41
42
43

CoO~NOOOH WN =

e et
OB WN O

P[+ pl = i;
H[i] = BSGS :: solve(i);
}
for(int j = 1;j < p8&6P[J] < h / i;+ j){
int &p = P[jl;
H[i * p] = (H[i] + H[p]) % (M - 1);
V[i * p] = true;
if(i % p = 0) break;
}
; .
int T; cin > T;
while(T --){
int x; cin > x;
cout << solve(x) << "\n";
}
return 0;
}
6.9 EiR
#include "../header.cpp"
int getphi(int x); // ¥ ## phi

vector <int> getprime(int x); // KR E K
bool test(int g, int m, int mm,vector<int>&P){
for(auto &p: P)
if(power(g, mm / p, m) = 1)
return false;
return true;
}
int get_genshin(int m){
int mm = getphi(m);
vector <int> P = getprime(mm);
for(int i = 1;;+ 1)
if(test(i, m, mm, P)) return i;

6.10 HItKFABEEE

6.10.1 T

87 n MR AFI R (24, 15),
Nn—1ZmRar:

A DAME— B —

- IIj (@ —z5)
f(x)zzm'yi

i=1

GO WN =

(=)}

6.11 min-max &F
6.11.1 T

max{w;} = ;}SH)'T'* min{z;}
minfri} = > (=177 max{a;}

TCS
PR SR B URIRARAT
HANE maxt FORE £ KIICE, TR M =X
¥

min{a; }

(e = 3 -0 (7

TCS

HAMEEGE ER] DS 2

(_1)\T\—1
lem{a;} = T];[S <§gd{xj})
6.11.2 A

NFHE “n DNEVEEHIIR RN A [, 858
DNEMESE — BN EZ ¢, FrsREPN max(t;), #H
min-max &FENIHE min(t;)o

Eean n ANMESZY)EL, BRS¢ IERE pi, W]
W2 DU T E Y. AR2SEAT DA ming FR
YR ES S NYITIEE, RTRASE:

max = Z (—1)lsi=1 min = Z (=111, _ L

SCU SCU Zzespw
6.12 Barrett BX#&E
6.12.1 F%

VA init HHEH S M1 X, B{EIHE [2/P] = (2 x
X)/260+5, Mfitt® 2 mod P =2 — P x |2/P],

#include "../header.cpp"
i64 S =0, X = 0;
void init(int MOD){
while((1 << (S + 1)) < MOD) S ++;
X = ((i80)1 << 60 + S) / MOD + ! (((i80)1 <<
60 + S) % MOD);
cerr << S <«< "" «< X << endl;
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}
int power(i64 x, int y, int MOD){
i64 r = 1;
while(y){
if(y & 1){
r=r * Xx;
r=r - MOD * ((i80)r * X > 60 + S);

X X

* X;
- MOD * ((i80)x * X >> 60 + S);
1;

A
n x X

y >>

}

return r;

}

6.13 Pollard’s Rho
6.13.1 R%
o JAH test(n) Hllbr n BEEIEL
o VA rho(n) & n HEFRABIGHIGER, TRIE
FHRAF

#include "../header.cpp"

i64 step(i64 a, 164 c, i64 m){
return ((i80)a * a + c) % m;

}

i64 multi(i6s a, i64 b, 164 m){
return (i80) a * b % m;

}
i64 power(i6s4 a, i64 b, 164 m){
i64 r = 1;
while(b){
if(b § 1) r = multi(r, a, m);
b >=1, a = multi(a, a, m);
}
return r;
}

mt19937_64 MT;

bool test(i64 n){
if(n <3 |l n%2 = 0) return n
i64 u=n-1, t = 0;
while(u %2 = 0) u &~ 2, t += 1;
int test_time = 20;

2;

for(int i = 1; i < test_time;+ 1i){
i64 a = MT() % (n - 2) + 2;
i64 v = power(a, u, n);
if(v = 1) continue;
int s;
for(s = 0;s < t;+ s)i
if(v = n - 1) break;

29
30
31
32
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v = multi(v, v, n);
}
if(s = t) return false;
return true;
}
basic_string<i64> rho(i64 n){
if(n = 1) return { };
if(test(n)) return {n};
i64 a = MT() % (n - 1) + 1;
i64 x1 = MT() % (n - 1), x2 = x1;
for(int 1 = 1;;1 <<= 1){
i64 tot = 1;
for(int j = 1;) < i;+ j){
x2 = step(x2, a, n);
tot = multi(tot, 1labs(x1l - x2), n);
if(j % 127 = 0){
i64 d = __gcd(tot, n);
if(d > 1)
return rho(d) + rho(n / d);
}
}
i64 d = __gcd(tot, n);
if(d > 1)
return rho(d) + rho(n / d);
x1 = Xx2;
}
}

6.14 polya FIE
6.14.1 Burnside 5|3

ICATAERETTEZNEEN X, HP DN RETTEN o,
—FAIIRIE g € X TERTHRETTE 2 € X _EATPUSH
HAM—FhRE o

KRTENFRIRIEENES G, VA Ge = {gz | g € G}
25 « XEHEENEERENES, HAMHFRN « 1
BB, St ARG TR, Rt A REE

Burnside 5|HBHAI R

1
X/Gl = — XY
|X/G| |(;|;§;| |
Hrp X9 FORTE g € G IERT, AohmlES, Tl
WENH = gr B9 xo

N

(&)

cwvwo~NOo

6.14.2 Polya T

NFEENREE, X JUAEE-DMKEN n 1
JFA, B TR 1 5 m BEEE, ATDUK n BIETHEL m
EVEBIEEL, Polya EFAURMR:

X/61= g 3 Som)

geG geG

HAr o(g) R =D oliEedelE g AR %>
NEIRIF,

SRIT, BEIN T FRAI (ELAnZsR AR LA Z D),
FICTE BN Polya @, FFEHM| ] Burnside 53t
1T BRI EAR 7T
6.14.3 [

L5 n DR on FRKIURIR, BER n MEiE, S8
TS, A 2/ DR R GETTH,

TR X BRMATERTE 1 8 n ZEKEN n BT,
G BT RIRER IRTER 7T, H4A n Rl 58 i FT RS
1 B i, TR:

1 n
- c(g:)
ans = i ;m 9
= L3 puedtim)
n “
=1
1 n n
d .
P32 Yl =

= > nlp(n/d)
d|n

#include "../header.cpp"

vector <tuple<int, int> > P;

void solve(int step, int n, int d, int f, int
&ans){

if(step = P.size()){
ans = (ans + 111 * power(n, n / d) = f) %
MOD;
} else {

auto [w, c] = P[step];
int dd = 1, ff = 1;
for(int i = 0;1 < c;+ 1){
solve(step + 1, n, d = dd, f = ff, ans);




11 ff = ff x (w - (i = 0)), dd = dd * w;

12 }

13| }

14|}

15|int main(){

16| dint T; cin > T;

17| while(T --){

18 int n, t; cin > n; t = n;

19 for(int 1 = 2;1 € n/ i;+ 1) if(n % 1 =
0){ .

20 intw=1, c = 0;

21 while(t % 1 = 0) t &~ 1, c ++;

22 P.push_back({ w, c });

23 }

24 if(t = 1) P.push_back({ t, 1 });

25 int ans = 0;

26 solve(@, n, 1, 1, ans);

27 ans = 111 % ans * power(n, MOD - 2) % MOD;

28 cout << ans << endl;

29 P.clear();

30| 1}

31 return 0;

32|}
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6.15 min25 7

WA IFUEREL f(n), T f(pF) ATDAPIESK, &
R —MEFEALER f(n) HSH g(n), WREEZS
RN, I H e SRR ZRANER o] AR, A JE IS 5E — &R
o g TEFRELE IR, MNiEY T152] f £
AEBERIRTZER, REFHE, e =557, K f RIS
il

1. Gi(n) = Y1 [mindiv(é)
(po D, WHE Gin) =
(Gr—1(n/pr) — Gr—1(pr—1)), BIKIE O(n®*/logn

2. Fy(n) = Y. [mindiv(i) > pulf()) = X[h
kpp < nlY[e > 1pitt < nl(f(p5)Frii(n/pf)
fp C-‘_1))"‘Fpr1me( ) — Forime(Pr—1), fEn <10 A
PUERHE Z4E O(n3/*/logn)s

> pg or isprime(4)]g(i
Gr-1(n) — g(pk)

)
X
)o
2
+

LA e

o HITF ni@HEZ 100 2| 10" %, S n =48 int,
2 208 long long, 1 HEESHBAREGEM, A

O~NOOOBWN =

11
12
13
14
15
16
17
18
19

20
21

22
23
24
25
26
27
28
29
30
31
32
33
34

35

36
37

Sk, FAZ/ D,

o I&s=|vn|, BT FBANSER £, SVl
# s MNERKIREEEN— R, eSS
T n e Nt [n+1,2n] FEED—DERE, i
MR FEGHE] 25 BIAT,

o TEEAME f(1)o

/) AL, 1 P B B
namespace init {
11 init_n, sqrt_n;
vector<1ll> np, p, idil, id2, val;
11 cnt;
void main(1l n) {
init_n = n, sqrt_n = sqrt(n);
1L M= sqrt_n*2; // &4 — /) > floor
(sqrt(n)) & & éf( WhE ST H YR
np.resize(M + 1), p.resize(M + 1);
for (11 i =2; 1 € M; +1) {
if (tnp[i]) pl[+plo]] = i;
for (11 j = 1; j < plol;
if (i » p[j] >
np[i * p[jl] =
if (i % plj] =

#HET

++j) {
) break;

0) break;
t
}
p[o] = 1;
idl.resize(sqrt_n + 1), id2.resize(
sqrt_n + 1);
val.resize(1);
for (11 1 =1,
1) {
v=n/1,1r=n/v;
if (v < sqrt_n) idi[v] = +cnt;
else id2[init_n / v] = +cnt;
val.emplace_back(v);

r, v; 1 <

}

I3
11 id(1l n) {
if (n < sqrt_n) return idi[n];
else return id2[init_n / n];
}
}
using namespace init;
Nvﬂk@,%ﬁ%ﬂAﬂ£g$k2%%mmﬂﬁ
g
auto calcG = [§] (auto&6 sum, auto&6 g) —
vector<1l> {
vector<11> G(cnt + 1);

for (int i = 1; i < cnt; +1) G[i] = sum(

38

40
41
42
43

44
45
46
47

48
49
50

51

52
53

54
55
56
57

58

59
60
61
62

val[i]
11 pre =

for (int i =

for

pre

for (int 1 =

1 % MD

)i

0;

p[i] * p[i] < n; +1i) {

(int J =1; j < cnt; +j) {

if (p[i] * p[il] > vall[jl) break;

11 tmp = id(valljl / p[il);

G[j1 = (G[j] - g(pl[il) * (G[tmp] -
pre)) % MD;

= (pre + g(p[i])) % MD;

1; 1 < ++1i) G[i] = (G[i

+ MD) % MD;

cnt;

return G;

b
// tE Fy,
v PC
function<11(
) A
if (plk]
11 ans =
MD;

for (int h = k; p[h] * p[h] <

1l p
whil

}

return a

b

7% pcv

HEHE, TA iﬂ’flﬂc
#4 f(plh] *
11, int)> calcF =

\'Fp\ R Fprlme
c) BEH .
[&] (11 m, int k

> m) return 0;
(fplid(m)] - fplid(p[k - 11)]1) %

m; ++h) {

c = plh]l, c = 1;

e (pc x p[h] < m) {

ans = (ans + calcF(m / pc, h + 1)
* f(p[hl * c)) % MD;

+c, pc = pc * p[h], ans =
f(plhl * ¢)) % MD;

(ans +

ns;

6.16 HHIE

6.16.1 F%

XFRUEREE £, $REN 5 RATERMBIRIPERREL g, b i

B h= g, HEBBERIE S0) = Y0, £():
=Yg x S| Z))
d=1

6.16.2 IR

o« NT f=
=pu, g=1h=¢

. HF f

o, K g=1,h=id;
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6.17 ZXEIR
6.17.1 FA%

Z U], FIREISETRE p AKX y, TE O(logp)
BIREHE o {15 22 =0 (mod p) BHE T,

#include " ../header.cpp"
/l BE X EE p EXTREFAZKAAEL
bool check(int x, int p){

return power(x, (p - 1) / 2,
}

struct Node { int real, imag; };

Node mul(const Node a, const Node b, int p,
int v){
int nreal

+ 111 =

p) = 1;

(111 * a.
.imag * b.

real * b.real
imag % p * v) % p;
int nimag = (111 * a.real * b.imag

+ 111 % a.imag * b.real) % p;
return { (nreal), nimag };

n o n

}
Node power(Node a, int b, int p, int v){

Node r = { 1, 0 };
while(b){
mul(r, a, p, v);

if(b 6§ 1) r
b >=1, a=ml(a, a, p, v);

}

return r;

S

mt19937 MT;
// T x1 = x2 = -1, —f x1 = x2
void solve(int n, int p, int &x1, int &x2){
if(n = 0){ x1 = x2 = 0; return; }
if(!check(n, p)){ x1 = x2 = -1; return; }
i64 a, t;
do {
a = MT() % p;
twhile(check(t = (a *a -n+p) % p, p));
Node u = { a, 1 };
= power(u, (p + 1) / 2,
= (p - x1) % p;
if(x1 > x2) swap(x1, x2);

p, t).real;

}

6.18 EBR{UR&RE

6.18.1 FIiE
25 B R B T AH R

[d]n]=

Z

=0

O~NOHWN =

—
o o

11
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O WO NOOOEWNM

-

7 I
7.1 =NZWR
#include "../header.cpp"

vector<int> bm(const vector<int> &a) {
vector<int> v, 1s;

int k = -1, delta = 0;
for (int 1 = 0; i < a.size();i +) {
int tmp = 0;

for (int j = 0;j < v.size();j +)

tmp = (tmp + (LV)ali - j - 11 * v[j]) %
MD;
if (a[i] = tmp) continue;
if (k < 0) { k = 1; delta = (a[i] - tmp +
MD) % MD; v = vector<int>(i + 1);

continue; }
vector<int> u =
int val = (11)(a[1] - tmp + MD) * gpow(
delta, MD - 2) % MD;
v.resize(max(v.size(), ls.size()+ 1 - k));
(v[i - k - 1] += val) %= MD;
for (int j = 0; j < (int)ls.size(); j+){
vii -k + 3] = (v[i -k + j] - (11)val *
1s[31) % MmD;
if(v[i - k + j] < @) v[i - k + j] += MD;

}

if (u.size() + k < 1s.size() + 1){
1s = u; k = i, delta = a[i] - tmp;
if (delta < 0) delta += MD;

}

}

for (auto &x : v) x = (MD - x) % MD;

v.insert(v.begin(), 1);
return v,
} // Vi, E;nzo Ai—;V; = 0
7.2 NTT ©X&
#include "../header.cpp"
using Poly = vector<ll>;
#idefine 1g(x) ((x) = 0 2 -1 : __1g(x))
#idefine Size(x) int(x.size())
namespace NTT_ns {
const long long G = 3, invG = inv(G);

vector<int> rev;
void NTT(1l* F, int len, int sgn) {
rev.resize(len);
for (int 1 = 1; i < len; +1i) {
rev[i] = (rev[i >> 1] > 1) | ((1 &§ 1) *
(len >> 1));
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if (i < rev[il) swap(F[il, Fl[rev[ill);

}
for (int tmp = 1; tmp < len; tmp <<= 1) {
11 wl = gpow(sgn ? G : invG,
(MD - 1) / (tmp << 1));
for (int 1 = 0; i < len; i += tmp << 1){

for(1l j = 0, w = 1; j < tmp; ++j,
w=w=*wl % MD) {
1l x = F[1 + j1;
1ly = F[i + j + tmp] * w % MD;
F[i + j] = (x + y) % MD;
F[i + j + tmp] = (x - y + MD) % MD;
}
}
}
if (sgn = 0) {
11 inv_len = in v(len),

for (int i = 0; i < len; ++i)
F[i] = F[i] * inv_len % MD;
}
}
} .
using NTT_ns::NTT;

Poly operator * (Poly F, Poly G) {

int siz = Size(F) + Size(G) - 1;
int len = 1 << (lg(siz - 1) + 1);
if (siz < 300) {

Poly H(siz);

for (int i = Size(F) - 1; ~i; --1)

for (int j = Size(G) - 1; ~j; --3)
H[i + j] =(H[i + j] + F[i] * G[j])%MD;
return H;

G.resize(len);
NTT(F.data(), len, 1),NTT(G.data(),
for (int i = 0; i < len; ++1i)

F[i] = F[1] * G[1] % MD;
NTT(F.data(), len, @), F.resize(siz);
return F;

F.resize(len),
len, 1);

}

Poly operator + (Poly F, Poly G) {
int siz = max(Size(F), Size(G));
F.resize(siz), G.resize(siz);
for (int i = 0; i < siz; ++1i)

F[i] = (F[i] + G[i]) % MD;

return F;

}

Poly operator - (Poly F, Poly G) {
int siz = max(Size(F), Size(G));
F.resize(siz), G.resize(siz);
for (int i = 0; i < siz; ++i)
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F[i] = (F[i] - G[i] + MD) % MD;
return F;
}
Poly lsh(Poly F, int k) {

F.resize(Size(F) + k);

for (int i = Size(F) - 1; i = k; --i)
F[il = F[i - kI;

for (int i = 0; 1 < k; +1i) F[i] = o;

return F;

}

Poly rsh(Poly F, int k) {
int siz = Size(F) - k;
for (int 1 = 0; 1 < siz;+1)F[i] =
return F.resize(siz), F;

F[i + k1;

}
Poly cut(Poly F, int len) {
return F.resize(len), F

}

Poly der(Poly F) {
int siz = Size(F) - 1;
for (int i = 0; i < siz; ++1i)
F[il = F[i + 11 » (1 + 1) % MD;
return F.pop_back(), F;
}
Poly inte(Poly F) {
F.emplace_back(0);
for (int i = Size(F) - 1; ~i; --1)
F[i] = F[i - 1] * 1nv(1) % MD;
return F[0] = F;

Poly inv(Poly F) {
int siz = Size(F); Poly G{inv(F[0])};
for (int 1 = 2; (i > 1) < siz; 1 «=1) {
G=G+G-G=*G * cut(F, 1), G.resize(i);
}
return G.resize(siz), G;
}
Poly 1n(Poly F) {
return cut(inte(cut(der(F) = inv(F), Size(F)
)), Size(F));
}

Poly exp(Poly F) {
int siz = Size(F); Poly G{1};
for (int 1 = 2; (1 > 1) < siz; 1 <«<=1) {
G =G * (Poly{1} - 1n(cut(G, i)) + cut(F,
i)), G.resize(i);
}

return G.resize(siz), G;

}

OCoO~NOOT B WN =

7.3 E%%&%E%Iﬁiﬁ% R
0 PRI F, = ij 5, (w;) FEAESE, FEH

kﬁ¢,ae@ﬂ%,ﬂﬁ%ﬁmmﬁﬁﬁ%ﬂ@%,*
REKIFA,

FERA, BRE O2F((n+m)k+2™(m+logV))),

OB E R NRRF AN O(nk2k +m2m+k) | Ffais
log V 2 MRERE, AIRL O(n2k) PkbEE 4.

#include "poly-fwt.cpp"
#idefine vv vector
int main() {
ios::sync_with_stdio(false);
cin.tie(nullptr);
1l n, k, m;
cin > n > m, k = 3;
vw<11> w(k);
for(auto &1 : w) cin > 1i;
vv<vv<11>> a(n, vv<11>(k));
for(auto &i : a) for(auto &j :
1l uk =1 << k, V=1 << m;
vv<vv<11>> c(V, vv<11>(uk));
vv<1l> val(uk);
for (11 i = 0; 1 < uk; +1) {
for (11 p = 0; p < k; +p)
if ((1 > p) &§ 1)
val[i] = (val[il - w[p] + MD) % MD;
else val[i] = (val[i] + w[pl) % MmD;
vw<1l> f(V);
for (11 j =
11 z = 0;
for (11 p = 0; p < k; +p)
if ((i > p) &§ 1) z = aljllpl;
++f[z];

i) cin >»> j;

0; j <n; +j){

}

FWT(f.data(), v, 1, 1, 1, MD - 1);

} for (11 j = 0; j < V; +j) c[jI[i] = f[i];

for (11 1 =0; 1 <V; +1i) FwT(c[i].data(),
uk, inv2, inv2, inv2, MD - inv2);

vv<11> Ans(V, 1);

for (11 i =0; i < V; ++1i)

for (11 j = 0; j < uk; +3)
Ans[i] = Ans[i] » gpow(valljl, c[il[j])
% MD;
FWT(Ans.data(), Vv, inv2, inv2, inv2, MD -
inv2);

for (11 i =0; i < V; ++1i)
cout << Ans[i] << "_\n"[i

vV - 11;

38|
39|

return 0;

}

74 FWT ©3§

0
I e«B (J: k) Aj, CxiCaj = Cuimj

k=n

v

1|#include "../header.cpp"
2|void FWT(1l *F, 11 len, 11 c00, 11 c01, 11 c10
, 11 c11) {
3] for (11 t = 1; t < len; t <<= 1) {
4 for (11 1i=10; i< 1en, i+4=t*x2) 1
5 for (11 j =0; j < t; ++j) {
6 11 x = F[1 + j],
7 1y =F[i+3]+tl;
8 F[i + j] = (x * c00 + y * c01) % MD;
9 F[i + j +t] = (x *cl0 +y % cll) % MD;
10 }
11 }
12 }
13|}
7.5 {EEEH NTT
1|#include "../header.cpp"
2|using cp = complex<ld>;
3|vector<int> rev;
4|vector<cp> om; // exp(sgn % pi * k / len)
5|void FFT(cpx F, int len, int sgn) {
6| rev.resize(len);
7| for (int i = 1; i < len; +1i) {
8 rev[i] = (rev[i > 1] > 1)
9 | ((1 & 1) (len > 1));
10 if (i < rev[i]) swap(F[i], Flrev[ill);
11 }
12| const 1d pi = std::acos(ld(-1));
13| om.resize(len);
14| for (int i = 0; 1 < len; +1i) {
15 om[i] = polar(ld(1), sgn * i * pi / len);
16
17| for (int tmp = 1; tmp < len; tmp <<= 1)1
18 for (int i = 0; i < len; 1 += tmp << 1){
19 int K = len / tmp, pos = 0;
20 for (int j = 0; j < tmp; +j, pos += K){
21 cp x = F[i + jl;
22 cpy = F[i+ j+ tmp] * om[pos];
23 F[i + 31 = x + vy;
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F[i + j + tmp] = x - y;

}

if (sgn = -1) {
cp inv_len(ld(1) / len);
for (int i = 0; i < len; ++1i)
F[i] = F[i] * inv_len;
}
}

1L MD, M; // AN MD J&, FE&E M % sqrt(MD
)

using Poly = vector<ll>;
Poly polyMul(Poly F, Poly G, int tmp = 0) { //
tmp AT HAERES, F#
for (auto &k : F) k %= MD;
for (auto &k : G) k %= MD;
int n = (int)F.size() - 1, m = (int)G.size()
- 1;
if (tmp = 0) tmp = n + m + 1;
int len = 1;
while (len < tmp) len <<= 1;
vector<cp> P(len), tP(len), Q(len);
for (int i = 0; i < n; ++1i)
P[i] = cp(F[i] / ™, F[i] % m),
tP[i] = cp(F[i] / M, -(F[i] % M));
for (int i = 0; i < m; +1i)
Q[i]l = cp(G[i] / M, G[i] % M);
for(auto &§X: {&P, &Q, &tP})
FFT(X — data(), len, 1);
for (int i = 0; i < len; +1i)
P[i] *= Q[i], tP[i] *= Q[il;
FFT(P.data(), len, -1);
FFT(tP.data(), len, -1);
vector<1ll> H(n + m + 1);
for (int i = 0; i < tmp; +1i) {
H[i] = 11((P[i].real() + tP[i].real()) / 2
+0.5) %MD * M % MD * M % MD
+ 1L(P[1].imag() + ©.5) % MD *x M % MD
+ 1U((tP[1i].real() - P[i].real()) / 2 +
0.5) % MD;
H[i] = (H[i] + MD) % MD;

return H;

8.1 AC Brnitll

.. /header.cpp" \

- O WO~ DL WN =

—

N =

namespace ACAM{
int C[MAXN][MAXM], F[MAXN], o;
void insert(char *S){
int p = 0, len = 0;
for(int i = 0;S[i];+ 1){

int e = S[i] - 'a';
if(Clpllel) p = Clpllel;

else p = Clplle] = + o;
+ len;

}

}
void build(){
queue <int> Q; Q.push(0);
while(!Q.empty()){
int u = Q.front(); Q.pop();
for(int i = 0;1 < 26;+ 1){
int p = F[ul, v = C[ullil;
if(v = 0) continue;
while(!C[p][i] & p #* 0) p =
if(C[pl[il &6 C[pl[il = v)
Flvl = Cl[pllil;
Q.push(v);
I3
}

Flpl;

}
}

8.2 ¥ E KMP
8.2.1 ENX

#include "../header.cpp"
int Z[MAXN];
void exkmp(char A[]){
int 1 =0, r = 0; Z[1] = 0;
for(int 1 = 2;A[i];+ 1){
Z[il =1 < r ? min(r - 1 + 1, zZ[1i - 1 +
11) : o;
while(A[Z[i] + 1] = A[i + Zz[i]]) + Z[il];
if(i + z[1] - 1 > r)
r=1+ z[i] - 1, 1 = i;
}

}

8.3 BR/I\RTE

#include "../header.cpp"
int min_pos(const vector<int> &a) {

3| int n = a.size(), i =10, j =1, k = 0;

4| while (i < n & j <n & k <n) {

5 int u = a[(i + k) % nl,v = a[(j + k) % nl;
6 intt=u>v?21:(u<v?-1:0);

7 if (t = 0) k +; else {

8 if (t >0) 1 +=k + 1; else j += k + 1;
9 if (i = j) j+;

10 k = 0;

11 }

12 }

13| return min(i, j);

14|}

8.4 [EIX BT

1|#include " ../header.cpp"

2 |namespace PAM{

3| const int SIZ = 5e5 + 3;

4| int n, s, F[SIz], L[SIz], D[SIZ];

5 int M[SIZ][MAXM];

6| char S[SIZ];

7| wvoid init(){

8 s[e] = '#', n = 1;

9 F[s = 0] = -1, L[o] = -1, D[0] = 0;
10 F[s = 1] = o, L[1] = o, D[1] = 0;
11
12| void extend(int &last, char c){

13 S[+ n] = ¢;

14 int e = ¢ - 'a', a = last;

15 while(c % S[n - 1 - L[al]) a = F[al;
16 if(M[alle]l){

17 last = M[a][e];

18 } else {

19 int cur = M[a][e] = + s;

20 Llcur] = L[a] + 2;

21 if(a = 0){

22 Flcur] = 1;

23 } else {

24 int b = F[al;

25 while(c = S[n - 1 - L[bl])

26 b = F[bl;

27 Flcur] = M[b][el;

28

29 Dlcur] = D[F[cur]] + 1, last = cur;
30 }

31| }

32|}

8.5 [EZEA (fF1E)

1\#inc1ude " .. /header.cpp"
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int n, m, A[MAXN], B[MAXN], C[MAXN], R[MAXN],
P[MAXN], Q[MAXN];
char S[MAXN];
int main(){
scanf("%s", S), n = strlen(S), m = 256;
for(int 1 = 0;1 < n;+ i) R[1] = S[i];
for (int k = 1;k < n;k <<= 1){
for(int 1 = 0;1 < n;+ 1){
Q[i]l = ((i + k >n -1) 2 0 : R[1 + Kk]);
P[i] = R[i];
m = max(m, R[i]);
#define fun(a, b, c) \
memset(C, 0, sizeof(int) * (m + 1)); \
for(int i = 0;1 < n;+ 1) Cl[a] += 1; \
for(int i = 1;i < m;+ i) C[i] += c[i - 11; \
for(int i = n - 1;i = 0;-- i) c[-- C[al] = b;
fun(Q[ i1, i, B)
fun(P[B[i]], B[il, A)
f#tlundef fun
int p = 1; R[A[Q]] = 1;
for(int i = 1;1 < n - 1;+ 1){
bool f1 = P[A[i]] = P[A[i - 1]];
bool f2 = Q[A[i]] = Q[A[i - 11];
R[A[i]] = f1 & f2 ? R[A[1i - 1]] : + p;
}
if (m = n) break;
}
for(int 1 = 0;1 < n;+ 1)
printf("%u,", A[i] + 1);
return 0;
}

8.6 [ XEZBEmW (BL)

#include "../header.cpp"
namespace SAM{
const int SIZ = 2e6 + 3;
int M[SIZ][MAXM], L[SIz], F[S1z], S[Siz], s
=0, h = 25;

void init(){ F[o] = -1, s = 0; }
void extend(int &last, char c){
int e = c - 'a';
int cur = + s;
Llcur] = L[last] + 1;

int p = last;

while(p %= -1 & 'M[p]llel])
M[pl[e]l = cur, p = Flpl;
if(p = -1){
Flcur] = 0;
} else {
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10
11
12

int q = M[pl[el;
if(L[p] + 1 = LIql){
Flcur]l = qg;
} else {
int clone =
L[clone] = L
for(int i =

[ Flql;
0
M[clone][i]
1
C
1

1, Fl[clone] =

while(p #= -
M[p]lle] =
Flcur] = Flq
}
}

last = cur;
}
}
namespace Trie{
int M[MAXN][MAXM], O[MAXN], s, h = 25;
void insert(char =*S);
void build_sam(){
queue <int> Q; Q.push(0);
while(!Q.empty()){
int u = Q.front(); Q.pop();
for(int i = 0;1 < h;+ 1){
char c = i + 'a';
if(MLul[i]){
int v = M[ul[i];
o[v] = o[ul;
SAM :: extend(O[v], c);
Q.push(v);

8.7 ' XE&BmHl (%)

#include "../header.cpp"
namespace SAM{
int M[MAXN][MAXM], L[MAXN], F[MAXN], S[MAXN

1, s =0, h =25;
void init(){

Flo] = -1, s = 0;
}

/] FRENFTFHENHE last FZX
void extend(int &last, char c){
int e = c - 'a';
if(M[last]le]){
int p = last;
int q = M[last][e];
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if(L[gq] = L[last] + 1){
last = q;
} else {
int clone =
Llclone] = L[
for(int 1 = 0;1
M[clone][1] [
while(p #%= -1 66 M
M[pl[el = clone,
Flq] clone;
last clone;
}
} else {
int cur = + s;
Llcur] = L[last] + 1;
int p = last;
while(p % -1 & 'M[p][el)
M[plle]l = cur, p = Flpl;
if(p = -1){
Flcur] = 0;
} else {
int q = M[pl[el;
if(L[p] + 1 = LIqD){
Flcur] = q;
} else {
int clone =
L[clone] = L[
for(int 1 = 0
M[clone][1i]
1
c
1

Flql;

while(p # -
Mlpllel =
Flcur] = Flgqg
}

}

last =
}
}

cur;

}

8.8 EZBETHH

#include "../header.cpp"
namespace SAM{
int M[MAXN][MAXM], L[MAXN], F[MAXN], S[MAXN
], last = 0, s = 0, h = 25;
void init(){

F[0] = -1, last = s = 0;

}

void extend(char c){
int cur = + s, e = c - 'a';
L[cur] = L[last] + 1, S[cur] = 1;
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int p = last;
while(p %% -1 & !M[p][el)
M[plle]l = cur, p = F[pl;
if(p = -1){
Flcur] = 0;
} else {
int q = M[pllel;
if(L[p] + 1 = LIqD{
Flcur] = q;
} else {
int clone = + s;
L[clone] = [ 1 + 1, Flclonel = Flql;
S[clone] = 0;
for(int i = 0;1 < h;+ 1)
M[clonel[i] = M[ql[il;
while(p % -1 §& M[plle] = q)
M[plle]l = clone, p = Flpl;
Flcur] = F[q] = clone;
}
}
last = cur;
}
}
9 ItEJLMA
9.1 4R
#include "2d.cpp"
struct circ: pp { db r; }; // EH ¥
circ circ_i(pp a, pp b, pp c) {
db A = dis(a,b), B = dis(a,c), C = dis(a,b);
return {
(a*A+b*B+cxC)/ (A+B+C),
abs((b - a) » (c -a))/ (A+B+C)
b
YO/ ZABEAN
circ circ_2pp(pp a, pp b){

return {(a + b) / 2, dis(a, b) / 2};

Y O/ WABmEAER
circ circ_3pp(pp a, pp b, pp c) {
pp bc = c -b, ca=a-c¢c, ab=>b- a;
pp o = (b + ¢ - r90(bc) * (ca % ab) / (ca *
ab)) / 2;
return {o, (a - 0).abs()};
Y O/ ZAEBmEAR

circ m1n1ma1(vector <pp> VI{ // m AN EH E Z
shuffle(Vv.begin(), V.end(), MT);
circ c(v[e], 0);
for(int 1 = 0;1i < V.size();+ 1) {
if (dis((pp)C, V[i]) < C.r) continue;

23 C = circ_2pp(V[i], Vv[0]);

24 for(int j = 0;j < i;+ j) {

25 if (dis((pp)C, V[jl) < C.r) continue;

26 C = circ_2pp(V[il, V[il);

27 for(int k = 0;k < j;+ k) {

28 if (dis((pp)C, V[k]) < C.r) continue;

29 C = circ_3pp(Vv[il, V[3jl, VIk]l);

30 }

31 }

32| 1}

33| return C;

34|}

9.2 Delaunay =fZ|5

1|// From Let it Rot. Z % #H %L 7 [ # T A

2|#tinclude "2d.cpp"

3|using Q = struct Quad x;

4|const pp arb(LLONG_MAX, LLONG_MAX);

5|struct Quad {

6| Q rot, o; pp p = arb; bool mark;

7| pp& F() { return r() - p; }

8| Q5 r() { return rot—rot; }

9| Q prev() { return rot—o—rot; }

10| Q next() { return r()—prev(); }

11|} *H;

12|11 cross(pp a, pp b, pp c) {

13| return (b - a) * (c - a);

14|}

15|// p % # a, b, c ShEHEFP

16 |bool incirc(pp p, pp a, pp b, pp c) {

17| 180 p2 = p.norm(), A = a.norm() - p2, B = b.
norm() - p2, C = c.norm() - p2;

18| a=a-p,b=b-p, c=c-p;

19| return (a * b) » C+ (b *c) * A+ (c *a) *

B > 0;

20}

21|Q link(pp orig, pp dest) {

22| Qr =H7?H: new Quad{new Quad{new Quad{new
Quad{0}}}};

23] H=r s 0;r > 1) = r() =

24| for(int 1 = 0;i < 4;+ 1)

25 r=r = rot, r - p = arb,

26 r >0=16861?2r:r - r();

27| r - p = orig, r = F() = dest;

28 return r;

29|}

30|void splice(Q a, Q b) {

31| swap(a > o = rot - o, b > 0o = rot —o);

32| swap(a = o, b = 0);

33|}

34
35
36
37

39
40
41
42
43

44
45
46
47
48

49
50
51
52
53
54
55

56
57
58
59
60
61
62

63
64
65
66
67
68
69
70
71
72

73

75
76
7
78

Q conn(Q a, Q b) {
Q g = link(a —» F(), b = p);
splice(q, a — next());
splice(q = r(), b);
return q;
}
pair<Q, Q> rec(const vector<pp> &s){
int N = size(s);
if(N < 3) {
Q a = link(s[0], s[1]),
back());
if(N = 2) return {a, a = r()};
splice(a = r(), b);
11 side = cross(s[0], s[11, s[21);
Q ¢ = side ? conn(b, a) : 0;
return { side <0 ?2 ¢ » r() : a,
?2c:b—>r()};

b = link(s[1], s.

side < 0

#define H(e) e - F(), e > p
#define valid(e) (cross(e—F(),
int half = N / 2;
auto [ra, Al=rec({s.begin(), s.end()-half});
auto [B, rbl=rec({s.end() - half, s.end()});
while((cross(B — p, H(A)) < 0 &8 (A=A >
next())) Il (cross(A — p, H(B)) > 0 & (B
=B = r() = 0)));
Q base = conn(B — r(), A);
if(A > p = ra - p) ra = base = r();
if(B > p = rb — p) rb = base;
#define DEL(e, init, dir) \
Q e = init — dir; \
if(valid(e)) \
for(;incirc(e — dir — F(),
FO));) { N\
Qt=-e — dir; \
splice(e, e = prev()); \
splice(e = r(), e = r() - prev()); \
e >0=H, H=1e, e =1t; \

H(base)) > 0)

H(base), e —

}
for(;;) {
DEL(LC, base — r(), o0);
DEL(RC, base, prev());
if(!valid(LC) && !valid(RC)) break;
if(!tvalid(Lc) || (valid(RC) &5 incirc(H(RC

), H(LC))))
base = conn(RC, base — r());
else
base = conn(base — r(), LC = r());

}

return {ra, rb};

}
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/] EEEFHAHA =AW
vector<pp> deluanay(vector<pp> a){
if((int)size(a) < 2) return {};
sort(a.begin(), a.end()); // unique
Q e = rec(a).first;
vector<Q> q = {e};
while(cross(e = o = F(), e > F(), e = p)
<0)e=e > o;
#tdefine ADD { Q ¢ = e; do { ¢ —» mark = 1; a
.push_back(c — p); g.push_back(c — r()),
c = c = next(); } while(c = e); }
ADD; a.clear();
for(int gi = 0;qi < size(q);)
if(!'(e = qlgqi++]) — mark) ADD;
return a;
}
9.3 IE™ME (FXZHFHIFR)
#include "2d.cpp"
struct Hull {
set<pp> S;
using Iter = set<pp>::iterator;
long long ans = 0;
long long area(pp a, pp b, pp c) {
return 1labs((b - a) * (c - a));
}
Iter remove_dir(Iter it, bool dir, pp x){
Iter nxt;
while (dir ? (it = S.begin() & (nxt =

prev(it), 1)) : ((nxt = next(it)) = S.

end())) {
if (((*it - *nxt) * (x - *it) < 0) =
dir) break;
ans += area(*nxt, *it, x), S.erase(it),
it = nxt;
}

return it;

void insert(pp x){

if (S.empty()){ S.insert(x); return; }

auto r = S.lower_bound(x);

if (r = S.end()) {
remove_dir(prev(r), 1, x);
S.insert(x);

} else if (r = S.begin()) {
remove_dir(r, 0, x);
S.insert(x);

} else {
auto 1 = prev(r);
if (((xr - *1) * (x - *1)) < 0)

29
30
31
32
33
34
35
36

OCOoO~NOOOTHEWN =

NOOGOTA, WN =

return; // #& ™ 4 4l

ans += area(*l, *r, x);

1 = remove_dir(l, 1, x);
r = remove_dir(r, 0, x);
S.insert(x);
}
}
b
9.4 FFER

// From Let it Rot
#include "2d-lines.cpp"
vector<pp> HPI(vector<line> vs) {
auto cmp = [](line a, line b) {
return paraS(a, b) ? dis(a) < dis(b)
:zemp(pp(a), pp(b));

sort(vs.begin(), vs.end(), cmp);
int ah = 0, at = 0, n = size(vs);
vector<line> deq(n + 1);
vector<pp> ans(n);

deq[0] = vs[o];
for(int i = 1;1 < n;+1i) {
line o = i < n ? vs[i] : deql[ah];
if(paraS(vs[i - 1], o)) continue;
// maybe <
while(ah < at &6 check(deq[at - 1], deqglat
1, 0) < 0)
- at;
if(i % n)
while(ah < at &6 check(deq[ah], deql[ah +
1], o) < 0)
+ ah;

if(!is_parallel(o, deqglat])) {
ans[at] = o & deq[at], deq[++at] = o;
I3
t
if(at - ah < 2) return {};
return {ans.begin() + ah, ans.begin() + at};

}

9.5 THELRER

// From Let it Rot

#include "2d.cpp"

struct line : pp {
db z; // axx+bx*xy+c(=or>0
line() = default;
line(db a, db b, db c): pp{a, b}, z(c){}
// HAHETH a > b AMKH

8| line(pp a, pp b): pp(r9e(b - a)), z(a * b){}

9| db operator()(pp a) const { // ax + by + c

10 return a % pp(xthis) + z;

11 }

12| 1line vertical() const {

13 return {y, -x, 0};

14| }// 2 0 yEHAL

15| line parallel(pp o) {

16 return {x, y, z - this — operator()(o)};

17| } // 2% 0 ¥4

18|};

19|pp operator & (line x, line y) { // k=%

20| return pp{

21 pp{x.z, x.y} * pply.z, y.y},

22 pp{x.x, x.z} = ppf{y.x, y.z}

23|}/ -(pp(x) * pp(y));

24|} /) AEWRAKEREZR A, res.y FEREHE

25|pp project(pp x, line L){ // # ¥

26| return x - pp(1) * (1(x) / l.norm());

271}

28 |pp reflact(pp x, line V){ // *f#&

29| return x - pp(l) * (1(x) / Ll.norm()) * 2;

30|}

31|db dis(line 1, pp x = {0, o}){ // A @ AEH

32| return 1(x) / l.abs();

33|}

34|bool is_parallel(line x, line y){ // * ¥ F 47

35| return equal(pp(x) * pp(y), 0);

36|}

37|bool is_vertical(line x, line y){ // #l# % &

38| return equal(pp(x) % pp(y), 0);

39|}

40 |bool online(pp x, line 1) { /] H B A&

41| return equal(l(x), 0);

421}

43|int ccw(pp a, pp b, pp c) {

44| int s = sign((b - a) = (c - a));

45| if(s = 0) {

46 if(sign((b - a) % (c - a)) = -1)

47 return 2;

48 if((c - a).norm() > (b - a).norm() + EPS)

49 return -2;

50| 1}

51 return s;

52|}

53|db det(line a, line b, line c) {

54| pp A=a, B=~5b, C=c;

55| return c.z * (A * B) + a.z * (B * C) + b.z *
(C * A);

56|}

57|db check(line a, line b, line c¢) { // sgn same
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as c(a & b), @ if error
return sign(det(a, b, c)) * sign(pp(a) * pp(
b));
}

bool paraS(line a, line b) { // # %4 F #
return is_parallel(a, b) & pp(a)%pp(b) > 0;
}

9.6 Voronoi

// From Let it Rot
#include "2d-lines.cpp"
vector<line> cut(const vector<line> & o, line
1) {
vector<line> res;
int n = size(o);
for(int 1 = 0;1 < n;+1) {
line a = o[i], b = o[(di + 1) % nl,
i+2)%nl;
int va = check(a, b, 1), vb =
1);
if(va > 0 ||
0))
res.push_back(b);
if(va =2 0 8 vb < 0)
res.push_back(1l);
}

return res.size() <
Y/ A
line bisector(pp a, pp b) {return line(a.x - b
.X, a.y - b.y, (b.norm() - a.norm()) / 2); }
vector<vector<line>> voronoi(vector<pp> p) {

c = ol(

check(b, c,

vb > 0 || (va 0 § vb =

2 ? vector<line>{}:res;

int n = p.size(); auto b = p;
shuffle(b.begin(), b.end(), MT);
const db V = 1e5; // #4E A/, #E
vector<vector<line>> a(n, {
{v,0,Vv=xv} {0, Vv, V*V}
{_Vl 01 vV o*x V}r {01 _Vr vV ox V}y
1)
for(int 1 = 0;1 < n;+1) {
for(pp x : b) if((x - pl[i]).abs() > EPS){
a[i] = cut(alil, bisector(pl[il, x));
}
}
return a;
}
9.7 iEEM
#include "../header.cpp"
const db EPS = 1e-9, PI = acos(-1);

3|bool equal(db a, db b){ return fabs(a - b) <
EPS; }

4lint sign(db a){ if(equal(a, 0)) return 0;
return a > 0 ? 1 : -1;}

5/db sqr(db x) { return x * x; }

6|struct v2{ // — 4 H &

7 db x, vy;

8| v2(db _x =0, db _y = 0) : x(_x), y(_y){}

9| db norm() const {return (x * x + y % y);}

10| db abs() const {return sqrt(x * x + y * y);}

11| db arg() const {return atan2(y, x); }

12|};

13 |bool operator =(v2 a, v2 b){

14| return a.x = b.x & a.y = b.y;

15}

16 |bool operator < (v2 a, v2 b){

17 return a.x = b.x ? a.y < b.y : a.x < b.x;

18|}

19|v2 r90(v2 x) { return {-x.y, x.x}; }

20|v2 operator +(v2 a, v2 b){

21| vreturn {a.x + b.x, a.y + b.y}; }

22|v2 operator -(v2 a, v2 b){

23| return {a.x - b.x, a.y - b.y}; }

24|v2 operator *(v2 a, db w){

25| return {a.x * w, a.y * w}; }

26|v2 operator /(v2 a, db w){

27| return {a.x / w, a.y / w}; }

28|db operator *(v2 a, v2 b){ // X, b >a %
g

29| vreturn a.x * b.y - a.y * b.x; }

30|db operator %(v2 a, v2 b){ // %k

31| return a.x * b.x + a.y * b.y; }

32|bool equal(v2 a, v2 b){

33| return equal(a.x, b.x) & equal(a.y, b.y);

34|}

35|using pp = v2;

36 |pp rotate(pp a, db t){

37| db ¢ = cos(t), s = sin(t);

38| return pp(a.x * ¢ - a.y * S, a.y * C + a.X *

s);

39|}

40|db dis(pp a, pp b){

41| return (a - b).abs();

42|}

43|int half(pp x){ // # 1 N arg = \pi

44| return x.y < 0 || (x.y = 0 & x.x < 0);

45|}

46|// int half(pp x){return x.y < -EPS || (std::
fabs(x.y) < EPS & x.x < EPS);}

47 |bool cmp(pp a, pp b) { // arg a < arg b

48| return half(a) = half(b) 2 a * b > 0 : half

\ (b);
49\}
10 Hfth
10.1 HFRERK
1|#include "../header.cpp"
2|// Li: ZJ)L¥F; Ri: AL T
3|/int n, L[MAXN], R[MAXN], A[MAXNI;
4|void build(){
5| stack <int> S; A[n + 1] = -1e9;
6| for(int 1 = 1;i < n + 1;+ i){
7 int v = 0;
8 while(!S.empty() & A[S.top()] > A[i]){
9 auto u = S.top();
10 R[ul = v, v = u, S.pop();
11 }
12 L[i] = v, S.push(i);
13| 1}
14|}
10.2 CDQ 98
10.2.1 3R
%iiﬁ%ﬁﬂ@mww,ﬁﬁf@::Zﬂﬁf
ai/\bj Sbi/\cj Sci]o
1|#include "../header.cpp"
2 |struct Node{int id, a, b, C;}A[MAXN], B[MAXN];
3|bool cmp(Node a, Node b){
4 return a.a = b.a ? (a.b = b.b ? (a.c = b.
c? < b.c : a.id < b.id) : a.b < b.b)
b a;
5}
6|int K[MAXN], H[MAXN], n, m, D[MAXM];
7 |namespace BIT{
8| void modify(int x, int w); // fuZ m
9| void query(int x, int &r);
10|}
11|using BIT :: modify, BIT :: query;
12|void cdq(int 1, int r){
13| if(l == r){
14 intt=1+7r > 1;
15 cdq(l, t), cdg(t + 1, r);
16 intp=1,qg=t+1, u=71;
17 while(p € t &6 q < r){
18 if(A[pl.b < Alql.b)
19 |modify(Alpl.c, 1), B[u +1 = Alp +1;
20 else
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21 quer§(A[q].c, K[A[ql.id]), B[u +] = Alq +1];
22
23 while(p < t) modify(A[pl.c, 1), Blu +] =
Alp +1;
24 while(q < r) query(Alql.c, K[A[q].id]l), B
[u +] = Alq +1;
25 up(l, t, 1) modify(A[i].c, -1);
26 up(l, r, i) A[i] = B[i];
27| 1}
28|}
29 |int main(){
30| n = gread(), m = gread();
31| up(1, n, i) A[il.id = i, A[il.a = qread(), A
[i].b = gread(), A[il.c = qgread();
32| sort(A + 1, A+ 1+ n, cmp), cdq(l, n);
33| sort(A+ 1, A+ 1+ n, cmp);
34| dn(n, 1, 1){
35 if(A[i].a = A[1 + 1].a & A[i]l.b = A[1 +
1].b & A[il.c = A[i + 1].c)
36 K[A[i].id] = K[A[i + 1].id];
37 HIK[A[1].1id]] ++;
38 }
39| wup(0, n - 1, i) printf("%d\n", H[i]);
40 return 0;
41|}
10.3 HEARR
11// "ot 1 # 1 H 1848137 %20XK
2|int getday(int y, int m, int d) {
3] if(m< 3) — vy, m += 12;
4| return (365 *x y +y / 4 -y / 100 + y / 400
+ (153 * (m -3) +2) /5 +d - 307);
5/}
6|// ~t 1 #£ 1 A1 EBEEFEHN REFH—K
7|void date(int n, int &y, int &m, int &d) {
8| n += 429 + ((4 * n + 1227) / 146097 + 1) * 3
/ 4
9 y = (4 *n - 489) / 1461, n -= y % 1461 / 4;
10| m=(5%n-1)/153, d=n-m=* 153 / 5;
11 if (-—-m > 12) m -= 12, ++vy;
12|}
10.4 pbds E
1|#include " ../header.cpp"
2 |#include <ext/pb_ds/assoc_container.hpp>
3 |#include <ext/pb_ds/tree_policy.hpp> /] #
4|#include <ext/pb_ds/priority_queue.hpp> // #
5|using namespace __gnu_pbds;
6|// insert, erase, order_of_key, find_by_order,
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35

// [lower|upper]_bound, join, split, size

__gnu_pbds:: tree<int, null_type, less<int>,
rb_tree_tag,
tree_order_statistics_node_update> T;

// push, pop, top, size, empty, modify, erase,

// join H & modify &tk % # #, join 4 i3

// ¥ P\ A rc_binomial_heap_tag

__gnu_pbds::priority_queue<int, less<int>,
pairing_heap_tag> Q1, Q2;

10.5 Python #I5

import random
random.normalvariate(0.5, 0.1) # F & 4
1 = [str(i) for i in range(9)] # 7| %
sorted(1l), min(1l), max(l), len(l)
random.shuffle(l)
1.sort(key=lambda x:x 1,reverse=True)
from functools import cmp_to_key
1.sort(key=cmp_to_key(lambda x,y:(y"1)-(x"1)))
from itertools import *
for i in product('ABCD', repeat=2):
pass # AA AB AC AD BA BB BC BD CA CB CC CD
DA DB DC DD
for i in permutations('ABCD', repeat=2):
pass # AB AC AD BA BC BD CA CB CD DA DB DC
for i in combinations('ABCD', repeat=2):
pass # AB AC AD BC BD CD
for i in combinations_with_replacement('ABCD',
repeat=2):
pass # AA AB AC AD BB BC BD CC CD DD
from fractions import Fraction
a.numerator, a.denominator, str(a)
a = Fraction(0.233).1limit_denominator(1000)
from decimal import Decimal, getcontext,
FloatOperation
getcontext().prec = 100
getcontext().rounding = getattr(decimal, '
ROUND_HALF_EVEN"')
# default; other: FLOOR, CELILING, DOWN,
getcontext().traps[FloatOperation] = True
Decimal((o, (1, 4, 1, 4), -3)) # 1.414
a = Decimal(1<<31) / Decimal(100000)
print(f"{a:.9f}") # 21474.83648
print(a.sqrt(), a.ln(), a.logle(), a.exp(), a
** 2)
a = 1-2j
print(a.real, a.imag, a.conjugate())
import sys, atexit, io
_INPUT_LINES = sys.stdin.read().splitlines()
input = iter(_INPUT_LINES).__next__
_OUTPUT_BUFFER = io0.StringIO()

N

36
37

sys.stdout = _OUTPUT_BUFFER
Matexit.register

38 |def write():

39

S ON
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~

10
11
12
13

A WN =

\ sys.__stdout__.write(_OUTPUT_BUFFER.

‘ getvalue())

10.6 FEMIA

export CXXFLAGS='-g -Wall -fsanitize=address,

undefined -Dzwb -std=gnu++20'
mk() { g+ -02 -Dzwb -std=gnu++20 l.cpp—ol; }
ulimit -s 1048576
ulimit -v 1048576

10.7 BENFIZZH

#include "../header.cpp"
db simpson(db (*f)(db), db 1, db r){
return (r - 1) / 6 *
(f(L) + 4 % f((L +r) /2) + f(r));
}
db adapt_simpson(db (xf)(db), db 1, db r, db
EPS, int step){
db mid = (L + r) / 2;
db wo = simpson(f, 1, r), wl = simpson(f, 1,
mid), w2 = simpson(f, mid, r);
return fabs(wd - wl - w2) < EPS &6 step < 0?
wl + w2 :
adapt_simpson(f, 1, mid, EPS, step - 1) +
adapt_simpson(f, mid, r, EPS, step - 1);
}

10.8 FHAMZS

while true; do
./gen > 1.in; ./naive < 1.in > std.out;
< 1.in > 1l.out
if diff 1.out std.out; then echo ac; else
echo wa; break fi
done

./a

10.9 fAREINAER

#include "../header.cpp"

u32 xorshift32(u32 &x){ return
X = x «< 13, x = x >»> 17, x

ub4 xorshift64(u6s &§x){ return
X = X <13, x = x> 7, x =

= x << 5; }

X << 17; }
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n < | 10 | 100 | 10* | 10* | 10° | 10° | 107 1% | 10 | 10 | 10" 10'? 10" 10" | 10" | 10 | 10" | 10"
max w(n) 2 3 4 5 6 7 8 8 9 10 10 11 12 12 13 13 14 15
max d(n) 4 12 32 64 128 240 448 768 1344 2304 4032 6720 10752 17280 26880 41472 | 64512 | 103680
(n) 4 25 | 168 | 1229 | 9592 | 78498 | 664579 | 5761455 | 5.08¢7 | 4.55¢8 | 4.12¢9 | 3.7¢10 n/In(n)
n= 2 | 3 | 4 | 5 | 6 | 7 | 8 9 10 11 12 15 20 25 | 30 | 40 | 50 | 114
log,ym 0.301 | 0.477 | 0.602 | 0.698 | 0.778 | 0.845 0.903 0.954 1 1.041 1.079 1.176 1.301 1.398 1.477
C(n,n/2) 2 3 6 10 20 35 70 126 252 462 924 6435 184756 5200300 155117520
LCM(1...n) 2 6 12 60 60 420 840 2520 2520 27720 | 27720 | 360360 | 232792560 | 26771144400 1.444e14
P, 2 3 5 7 11 15 22 30 42 56 7 176 627 1958 5604 37338 | 204226 10°
o JHEL: 918733,940649, 923641, 992402371, 903936311, 977499077, 908370375016605079, 973150773996892879, 990191901472122599, 1018 + 3;
o NTT #&£k: 167772161, 1004535809, 2024438830427668481 = 174310137655 x 224 + 1,
IR R Rk RTH, (T BGF; XETAT, S0 o7, 5K IR R
> n k k e n k z k
n - nlz" 2" (In(l—x) nlz"  x¥ e’ -1
By _ (n+l , reRY(sERY _(rEsl Z[k}n!_k!< x ) ’Z{k‘}n!_k!< x )
m m+1 m n m+n-+1 n=0 n=0
k=0 k=0
N " U AVES,
LA KR

ka — fufur1, Zkfk—nfn+2 fura 42 3 Fefuct = S0 = Df+ 2y

k=0

frtk = Fafiosr + fa1fre (S0 fack = fafi1 — faor1fo

def fib(n): # F(n), F(n + 1)
if not n: return (0, 1)
a, b="Ffib(n > 1); c=ax (2 *b-a);d=axa+b=xb
return (d, ¢ + d) if n § 1 else (c, d)
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k=0
DIRER (1, 1, 2, 5, 15, 52, 203, 877, 4140)
n PNICREG XTI FZEL

S s

>
k=0
I
KRR n RSV TN E R R 7 SH0N p(n),

n
(k‘) By, Bpmin =mBy, + Bpy1  (mod p),

(" )1 wren

B(x) = e 1

def penta(k):
return kx(3xk-1)//2
def compute_partition(goal):
= [1]
for n in range(1,goal+1):
p.append(0)
for k in range(1,n+1):
= (-1)**(k+1)
for t in [penta(k), penta(-k)]:
if (n-t) = 0: p[n] = p[n] + cxp[n-t]
return p
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