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KEESK

#include <bits/stdc++.h>
#include <unordered_map>
#include <unordered_set>
#define endl '\n'

#define 11 Tong Tong

#define 111 _int128

#define ull unsigned Tong long
#define db double
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#define pb push_back

#define inf O0x3f3f3f3f
#define fi first

#define se second

#define Please return

#define Psycho -1

#define AC O

const long double eps = le-12;
const double pi = acos(-1);
const int N = 2e5 + 10, M = 1le4 + 10;
const int mod = 998244353;
using namespace std;

void solve() {}

int main(Q)

{

ios::sync_with_stdio(false), cin.tie(0), cout.tie(0);
cout << fixed << setprecision(12);

int t;

cin >> t;

while (t--) solve(Q);

Please AC;

#pragma GCC optimize(2)

#pragma GCC optimize(3)

#pragma GCC optimize("ofast")

#pragma GCC optimize("inline")

#pragma GCC optimize("-fgcse")

#pragma GCC optimize("-fgcse-1m")
#pragma GCC optimize("-fipa-sra")
#pragma GCC optimize("-ftree-pre™)
#pragma GCC optimize("-ftree-vrp")
#pragma GCC optimize("-fpeephole2™)
#pragma GCC optimize("-ffast-math")
#pragma GCC optimize("-fsched-spec™)
#pragma GCC optimize("unroll-Toops")
#pragma GCC optimize("-falign-jumps™)
#pragma GCC optimize("-falign-Toops")
#pragma GCC optimize("-falign-Tabels")
#pragma GCC optimize("-fdevirtualize")
#pragma GCC optimize("-fcaller-saves")
#pragma GCC optimize("-fcrossjumping")
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#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma

GCC
GCC
GCC
GCC
GCC
GCC
GCC
GCC
GCC
GCC
GCC
GCC
GCC
GCC
GCC
GCC
GCC
GCC
GCC
GCC
GCC
GCC
GCC
GCC
GCC
GCC
GCC
GCC

optimize("-fthread-jumps")
optimize("-funroll-loops™)
optimize("-fwhole-program™)
optimize("-freorder-blocks™)
optimize("-fschedule-insns™)
optimize("inline-functions™)
optimize("-ftree-tail-merge™)
optimize("-fschedule-insns2")
optimize("-fstrict-aliasing™)
optimize("-fstrict-overflow™)
optimize("-falign-functions™)
optimize("-fcse-skip-blocks™)
optimize("-fcse-follow-jumps™)
optimize("-fsched-interblock™)
optimize("-fpartial-inlining")
optimize("no-stack-protector™)
optimize("-freorder-functions™)
optimize("-findirect-inlining")
optimize("-fhoist-adjacent-Toads")
optimize("-frerun-cse-after-Toop™)
optimize("inline-small-functions™)
optimize("-finline-small-functions™)
optimize("-ftree-switch-conversion™)
optimize("-foptimize-sibling-calls™)
optimize("-fexpensive-optimizations™)
optimize("-funsafe-loop-optimizations")
optimize("inline-functions-called-once™)
optimize("-fdelete-null-pointer-checks™)

o=t
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maxFImin

max(a, b); minCa, b); max({a, b, c}); min({a, b, c});

sort

/ /&

sort(begin, end);

// B e LA F?

bool cmp(int x1,int x2) { return x1 < x2; }

sort(arr, arr + n, cmp);

//Lambdazkix s

sort(arr, arr + n, [J(int x1, int x2){ return x1 < x2; });

—nEik
binary_search

bool flag = binary_search(arr + 1, arr + r, val); //#&[1, r),&E45 htrue, HEHN
Hfalse
//binary_search# &84

lower_bound

Tower_boundCarr + 1, arr + r, val) //4&I[T, r)E K TETvaliii
/ /iR BIHE, W SR B b, T 4R 2]

upper_bound

upper_bound(arr + 1, arr + r, val) //#II[T, r)& A=A Tval i
/ /R E sk o G B E bk, a2

equal_range

equal_rangeZz& T lower_boundflupper_bound

pair<T, T> = equal_range(arr + 1, arr + r, val); //iklnlpairdsh!
//%5 M F{1lower_bound(arr + 1, arr + r, val) ,upper_bound(arr + 1, arr + r, val)}

copy

copy(arrl + 1, arrl + r, arr2); //itarrl[1, r)KEHEHFarr2

copy_n

copy_n(arrl + 1, x, arr2); //#arrl[1, 1 + x)H#HSEHFlarr2

swap
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swap(a, b); //%#ra, b

replace

replace(arr + 1, arr + r, oldv, newv); //#[1, r)XalfHoldveiHEg i unewv
fill

fillcarr + 1, arr + r, val); //#01, r)XERKEHval

reverse

reverse(arr + 1, arr + r); //iC071, r)[Xal ek

rotate

rotate(arr + 1, arr + mid, arr + r); //&sh%4,arr + midEEIES, BOHRILT, r) XEE
JLER

find

find(arr + 1, arr + r, val); //WH T TEFEH A
/ /R E sk an G [B] E bk, D3k )

find_end

find_end(arrl + 1, arrl + r, arr2 + 1, arr2 + r); //&larrld @54 F454larr2
/ /R Bl 4n SR B] R b Tk 3

unique
uniqueRIFRE"EiIR BRHHEBTENESE TR
EXRER—NMuZEbR, ESBESNTHRMNEISRAE, MEEEREERDRIEBLE
A uniquestIIRIZBMITER, ML TIRFEELAVEEERR, SESHRMR, FTRITHITHERF

unique(a.begin(), a.endQ); //£HE, BERLHRKAERRE
count

auto cnt = count(arr + 1, arr + r, val); //&il[1, r)rhvalii/i4L
equal

bool flag = equal(Carrl + 1, arrl + r, arr2); //arrlffi[1, r)IX[ERZE S5arr24H5%
//BNGE R ytrue, BAN Nfalse
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merge

merge(arrl, arrl + n, arr2, arr2 + m, arr3); //farrl,arr24)v& Nare3, HIEHET

includes

includes(arrl + 1, arrl + r, arr2 + 1, arr2 + r); //&iflarrld 54 17 4arr?
/ /BN FE B R e T B B 7

SatEx

set_union

HIEBRKANESRHE, EEREXRBANAINESLRZEEFH

int Ten = set_union(arrl, arrl + nl, arr2, arr2 + n2, arr3) - arr3;
/ /IR HEA RN

set_intersection
HIEARKMNEGHIRE, EEREKRBANENESLIREEGFHN

int Ten = set_intersection(arrl, arrl + nl, arr2, arr2 + n2, arr3) - arr3;
/ /IR EEA K/

set_difference
HIFARKMNMNESHE (A-B) , EREEXRGMANBRINEGVAEEFN

int len = set_difference(arrl, arrl + nl, arr2, arr2 + n2, arr3) - arr3;
/ /IR BIETEE RN

set_symmetric_difference

BFRRKRANESHINTRESR A 2B=(A—B)U(B—A) , (BEREKBANRNMESUAEEFH

int len = set_symmetric_difference(arrl, arrl + nl, arr2, arr2 + n2, arr3) -
arr3;
/ /IREGHT A KN

FHFEL
next_permutation

next_permutation(arr ,arr + n); //{33 FP—AFiy
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prev_permutation
prev_permutation(arr ,arr + n); //#3%] EA— Ay

function

function<void(pii, pii)> f = [&](pii a, pii b) { return a.se > b.se; }; //&%H 4
function<void(pii, pii)> f
[/ B

STL
B8

[&] (pii a, pii b) -> void { return a.se > b.se; };

use
STLEZR{EFRIN
vector deque list set multiset map multimap
BRI L2 G| WinEiE W 4 T Wi S
FIREHIAFRY 2 = = = = Fkeyfi=: AR &
TEESEE i 18 FER #* S XkeyMi=: 1R Xkey=: &
TOERLIRER = LR HafuE

vectorfWSEFIASR . LLANEHARIRFORIVZRE, BRONSESEEHTI0E, W E—REcE, EDRENCR, BOASEREND
®, BANCRRELAEA.

dequeIfEREIHS: HUOHIAMSAS, MHAZRTMELI¥Hdeque, STRELRAIRIERIR, RimAIRIERI. MEKHvector, N
LRI, SEaIEIEE, FEE.

vector5dequeAJLLER :

—: vector.at()tkdeque.at()ZES, thillvector.at(0)EREIEMN, dequelIITiAIE MEAEREMN.
= WRGASERBUREINS, vector{EMIRTEIE/D, XER —HETIMEIIG X,

—: dequeFrEFRVMUEIE N SHUERERR, X2dequelIiini,

listIERAR: HINAZIERENTE, BITelsEERE ME, SRBNENASETRITRERIEN.
setfIfERAR: AN FHFEI ™ ABSICRIVEE, FEERASS IHES BINRREE,

mapfIEEAAR: HAZIDEFEHAMHF, BERREET I DERE MM, WIS, XEHEIEE . MRE
vectorFas, BIANUER FralgiEiEh R AR R,

iterator
e Ik ik
HINEEE RIS EER RIEihE Hig, S+, ==, | =
s tEs RIEEN R SR A5, 5+
BiEREARER IRAGREERE, FreEmpnEihk (R S, S+, ==, | =
I ENERER RAGREHRE, FreEmEHEEERE EE, S+ -,

FEAf A AR RESEE, FESkRRI AN AR, EIRERSEE R S, 3 - ) e < <= o 3=
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/ /554

vector<int>::iterator iter = vec.begin(Q);
auto iter = vec.begin();

// % H

begin(Q);//E il

endQ; //RHhk

rbeginQ;  //H7E ik

rend(Q; / /3%y Rk

advance(iter, n); //M&iter,ffiiter5E=147,vectort i Titer += n,setP M Fnik
++iter

distance(first, last); //3H [first,last) JUEANGOE
next(iter, n); //ARiZiter,REfEn kAR, Bk n = 1
prev(iter, n); //AAiter, RERTnNENAL, B0 n = 1

TEERII L

pair
pairAABMN TR, JUBERREM N THEIIEEK
pairEX

pair<Tl,T2> p(tl, t2);
pair<Tl,T2> p = make_pair(tl, t2);

pairifla

LI |

cout << p.first << << p.second;

tuple
AILAEtuplel®f# gpairt3 &, tupleRJLARBA5TE, tHRJLARAZITA
tuplefgX

tuple<Tl,T2> t = make_pair(tl, t2);
tuple<Tl,T2,T3> t = make_tuple(tl, t2, t3);
tuple<Tl,T2,T3,...,Tn> t(tl, t2, t3,...,tn);

tuplef®{F

get<idx>(t); //ViklEidx Mo, FHRM0TF, 1dx AR N
get<idx>(t) = newv; //1E&

tuple_size<decltype(t)>::value; //i[Etuple /)

tie(tl, t2, t3,...,tn) = t; //tupleZEFHEKIIKEIt] ef2r &

array
array2C++11#1EHNERE, VWEREZBHUEEEL/L, thvectortERE R, BEHFINT —LRREE,
MEEEHRAE, arrayBmfIA/NEEER, TiEsSHY Beds, RAmnRsEEinFiEnxs
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arrayiEX
array<T, N> arr; //ZE8A1AN

array<T, N> arr{tl, t2, t3,...,tn}; //¥it
array<T, N> arr = {tl, t2, t3,...,tn}; //¥lisfk

arrayi®({E
arr[index]; //'51Ew%E4—#¢

get<idx>(arr); //ViHEidxANIeE, FrMOTFAE, 1dx RN &
get<idx>(arr) = newv; //f&¢

array’5 L

begin();// ikl

end(); //REudlL

rbegin() ;/ /i 7 ikl

rend(Q); //)7 Rk

sizeQ); //RIIE#RF IR, HES TYIhbar ray 251055 A B SHN

max_size(); //REIEIEHICERKBRAANE, HEESETHIIaar ray K125 — MERS KN
empty Q ; //HIWI i &2 5T

at(n); //REIESHDnALELITTRNTIH

frontQ; //REIEGPHE IR ERZTH

backQ; //REIF&HFRE—NITROEZS M
dataQ; //REl—MEARSENITREH

FI1100; // &R {E X

A arrayigBixfiss, REREE
string
stringBIkEs

stringthi& K5y

stringQ; //8I#—NEWFERFE Pl string strj

string(const string& str); //fEf—/stringtf &AM —Sstringtf %
string(const char* s); //fEHF4HsHIARL

string(int n, char c); //fHAnN5EfFcviahil

string B HEIRIE

string&

operator=(const char* s);

//char JE Ry W4 ST 1

string& operator=(const string &s); / /TR STRGA Al 155 5

string& operator=(char c); / /TR 280 177 o

string& assign(const char *s); //HEE T H SR AR 2 11 (1 45 o

string& assign(const char *s, int n); //{EFFFEHsHFEINAD TGS 571757

string& assign(const string &s); //HEF R STRES M AT 15 o

string& assign(int n, char c); / /BN 5F A 2 i 15 5

string& assign(const string &s, int start, int n); //¥sMstartHiEn 7 RIRELS 757

H
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stringZENEHEE

char& operator[](int n); //ifid [1757 HF4F
char& at(int n); //i@idat k3R s

stringHHEIR(E

string& operator+=(const string& str);

/| BBl

string& operator+=(const char* str);
string& operator+=(const char c);
string& append(const char *s);
string& append(const char *s, int n);

/) EAR = AR
/| EA =R

/A5 S B W A o

/ /AR R S HRINA RPEBEE 4 3

B

string& append(const string &s);
string& append(const string &s, int pos, int n);

AT T H SR

string& append(int n, char c);

string =R FIEIR

int find(const string& str, int pos = 0) const;

FEE 29

int find(const char* s, int pos

#

int find(const char* s, int pos, int n) const;

(A

int find(const char c, int pos
int rfind(const string& str, int pos = npos) const; //&#stri/m —XILHE , \posTTiftr

&

int rfind(const char* s, int pos = npos) const;

#HkR

int rfind(const char* s, int pos, int n) const;

[=n]

=

int rfind(const char c, int pos = 0) const;
string& replace(int pos, int n, const string& str);
string& replace(int pos, int n, const char* s);

stringF&h

string substr(int pos = 0, int n = npos) const; //i&[A fposTFARIIN/FFFLL B 515 s

stringii A\ FIRIER

//HEEHT TR

= 0) const;

= 0) const;

string& insert(int pos, const char* s); //ifiNFiFH
string& insert(int pos, const string& str); //ifANTIFH

//Foperator+=()
//3EFFF R s M pos TR HINn

//ERstrEf— X BALE , MposTTih

[/ ERSHE I E , MposTTifi&

// M posti & B s RTINS 5F

[/ BT R — IR B E

//EsE R LILE , MposTTih

//MpostIK sHIRT NN T4 e Ja — IRAL

[/ BER TR e — R B E
/ /B M posHHEN N IF N E i str

/ /BB posTHG N T4 71T s

string& insert(int pos, int n, char c); //{EHEMNEHANDTRFC
string& erase(int pos, int n = npos); //MExMPosTFuEHIN 745
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stringf&Achar(]

string::c_str(Q);

stringf9493> £l
A boostit X¥RfERE, FF—MRAAIA

Boost::splitERE R c++HigGstring RS IR vVstrii. G & L34 #include
<boost/algorithm/string.hpp>

vector<string> vStr;

string repNetList = "addf | adfa|zkli11";
boost::split(vStr, repNetList, boost::is_any_of("|"),
boost: :token_compress_on) ;

stringFSsplit

using std::string, std::vector;
void split(const string &inpS, const string &seperateStr, vector<string> &outV)
{

string::size_type startPos = 0;

string::size_type sepPos = inpS.find(seperateStr, startPos);

while (sepPos != string::npos)
{
string singleStr = inpS.substr(startPos, sepPos - startPos);
if (singlestr.size() > 0)
{
outV.push_back(singlestr);
}
startPos = sepPos + seperateStr.size();
sepPos = inpS.find(seperateStr, startPos);

}
if (startPos + seperateStr.size() <= inpS.size())
{
string singleStr = inpS.substr(startPos, inpS.size());
outV.push_back(singlestr);
}
}
complex
complextIi& R L]

complex<T> a;// FAHI—ARENTHIE$a, T Nint, float, double, Tong double, HZER
string&E M

complex <T> a(x,y);//  FUH—AWHAx, EBHyHEHa. WEAE S, BRI ER N
0.

complex <T> (X,y);// Wi&E— DI Ax, EFAYRER, % HTRE.
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complexiz&

—TEEM: + (IES) , - (AS) EELHEER
IR
= (WE) , +=, = *=, /- EELHEEH (BT SEERINSEHRE)
+, - %, 1, ==, | =IASEHEHIIE, RER—OLHE—LSHERHE—KE (H2
double%)
complexINEERE]

double realpPart = c.real(); // #HHLE

double imagPart = c.imag(Q); // FRHUESS

exp(std::complex);//complex base e exponential

log(std: :complex);//complex natural logarithm with the branch cuts along the
negative real axis

logl0(std: :complex);//complex common logarithm with the branch cuts along the
negative real axis

pow(std: :complex);//complex power, one or both arguments may be a complex number
sqrt(std::complex);//complex square root in the range of the right half-plane
sin(std::complex);

cos(std::complex);

tan(std::complex);

asin(std::complex);

acos(std::complex);

atan(std::complex);

vector

vectorgiLf{es

vectorsIIEINA)N, HA—ERRT B2 ESETB(RAALAHRERZ B2 EEE R ERN
TE), ME—HREXNAETE, AEREREEENFTE, HEREZE. lltI: Xtvectorfly
HEE, —B5lEaNEHMEE, IERRvectorfIFTBIEREEMEIRN T . XEEFREZIC
H—MEIR, FSH/IV0,

vectori3i&iFHEL
vector<T> v; / /R SE ISR, BRI I B2
vector(v.begin(Q), v.endQ)); //¥vlbegin(), end)) X cEiE NAEAKE.,
vector(n, elem); // s R ECEn A e lem$E N4 A &

vector(const vector &vec); //# UHjiEm%.

vectorZS[EHE(E

size(Q); //REIZEHEF TR

empty Q) ; //FIB 7 a5 s

resize(int num);

/ /BT E BRI Anum, A, W DUERMESH AR B . 350, R R A AR B i e s i B
resize(int num, T elem);

/ /BRI ynum, FRAK, DlelemEH AL E . 3308 , KBS H AR KR T Z Mk
capacity(Q); /)RR A

reserve(int len); //&&fiflen Nt K KE, WAL EAWILGL, AR
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vectorZiETFHY

at(int idx);//iR[EZE 517 dxFraEdE , a3 dxt s, i out_of_range i
operator[]; //iR[IZ51dxFTiEIEGEE , AN, BT EEHRES

front(); /BRI T DM EIRITTR
back(); / /RIS i a — N R TR

vectoriE N FIRIBER

insert(const iterator pos, elem); //%EMRZHIRIALIEposiliAnRelem, RFIHHHE 1L
insert(const iterator pos, int count, elem); //iEfCZ4f5F17 Epostfi Acounti~Iczelem
push_back(elem); //E#ifiAtEzelem

pop_back(Q) ; / /MR — AT HR

erase(const iterator start, const iterator end); //MGikfCeiMstartflend [alffwts
erase(const iterator pos); //MIERERETRAITER

clear(Q); / /B2 R TG o R
queue
queueiZBFIEES

BABIE—Fhsei o H AU SRLE
queuelf{BES#IA

queue<T> queT; //queueRHBNRESLIL, queueX] FHIEIAMIETE
queue(const queue &que); //% UIHyid k%L
queue& operator=(const queue &que); //HEESEALT

queuefTiEFLL

push(elem); //4HEBARAHINITE

pop(Q); /I MWL BREE — A&
back(); / /R E G — AT R
front(Q; / /IR —ATE R

empty Q) ; / /WA 2 5 A
size(Q; //REIBAFIIIK/N

deque
dequeiRBIEES

XiiPAG

dequeRH—R—RAVEERRIELZ AR, —BB Y EEdequenlinaiE BintEINFAIZE, #
BCE—RIESEERNZTAE), SiEEdequelIskinaiE B,
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Tz FFR

ele | ele | ele

ele [ ele | ele | ele | ele

AN

dequetdiEERE]

deque<T> deqT; //ZRiAHyiEiE

deque(beg, end);//HiEE%k [beg, end) XIEIFFHILEE NAAY.,
deque(n, elem); / /G R n AN e Temds LA A 5 .
deque(const deque &deq);//+% UlHyik pR%L.

dequel{EiRE

assign(beg, end); //#[beg, end) X [i iFi%dse MR L AL .
assign(n, elem); //fin/elems IUR{ELAL .

deque& operator=(const deque &deq); //H I G FEAERF
swap(deq) ;// Fideq5A & e & O

dequeZ[EHE(E

deque.size();/ /R4 H LR KN EL
deque.empty ) ; //FIlrEds & o=
deque.resize(num);

[/ BF R E RS Anum, FRFARK, WEABOAMEEEH A E . RS, WK R AR KEN T
EXIES

deque.resize(num, elem);
//EHE AP E num, HEBLK, W lelem{EIRFTHAE , R AL, WAKREEAERKER T
TR

dequelB \FNRHIER

/ /i

push_back(elem) ; //{E 7545 2 H A — K

push_front(elem) ; //1E% 4 K #4E N —Hids

pop_back ) ; / /M4 ds i 5 — A Eidls

pop_front ) ;//MFr7 45— A

/ /AR

insert(pos, elem); //{Eposhfi Bifi N —"elemmt & I N1, ik (LA AR 2%
insert(pos, n, elem); //TEposhi BIEAnelem# i , ik [FI{E
insert(pos, beg, end); //fEposfi&ifiN[beg,end) XA r%EdE, Joik AI{E
clearQ; / /RS BRA AR I T i dhs

erase(beg, end);//M [beg,end) X[ % , iR [H R —AEd 6 8
erase(pos); //MBEposHr B AR , ik B~ —A el 1 67 &
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dequeZiifE=EY

at(idx) ; //REIZ 5] 1dx g EdE, mHidxs, fitiout_of_range.
frontQ;//RFIE—NHd.
backQ; //REHE
operator[]; //IREIZR51dxpra %, wRidxest, A5

e

ERR .

priority_queue

priority_queue;ZBIEEs
R5FERAT, RERAKIRE
priority_queuelsikifE]

.topQ; //VilBAE TR 0(1)

.pushQ;//NEL 0(logN)

.pop(); //HiBA 0(TogN)

.s1zeQ;//BFICHEANE 0(1)

.emptyQ;//EE N

priority_queue<T, vector<T>, greater<T>>q;///MiiH

priority_queue<T, vector<T>, less<T>>q;//  IRHE, ZM Tpriority_queue<T>

o 0 o o o

A priority_queue{Xgei@iZtop()ialal; EFEIZBCclear()

//EHpriority_queue
auto cmp = []J(const pii &a, const pii &) -> const bool { return a.se > b.se; };
priority_queue<pii, vector<pii>, decltype(cmp)> pq(cmp);

stack

stacki@fikias

HESTLRSIIR— e, EHEHES
stacklf{ES IR

stack<T> staT; //stack KR, stackrf R MBRINFIETE
stack(const stack &sta); //#% UKk k%l
stack& operator=(const stack &sta); //F S5 SEIER

stack’5 LS

push(elem); //AATA NG

pop(Q); // MWERTRS B — AN Je %
top(); //IREIRR TG 2R
empty Q) ; [/ FIWTHR S oA
size(); / /IR EIAR KN

list

listBIEEs

ListEaRE— AR
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o RANMSHEEDE, FRIEMAFRENZH
o FERHUTIENMBMEE+2751E, EBUSHEIT, FREEBIKETER
o RRE, (BERTAMRERIMEZERA

listfIiSEREL

Tist<T> 1stT; //11stCRHRABRIESZI, X RITER A TE X
Tist(beg,end) ;//ti& K%k [beg, end) XIAIHEITTHRSE NHEA L.
Tist(n,elem); //Hi&RECkn elemds IS AL,

Tist(const Tist &lst); //# VIKIER%L.

listif{EIRIE

assign(beg, end); //#i[beg, end) X il {%Ha s VURIEL A 5
assign(n, elem); //¥nA~el emds NUR{E 25 4 5 .

Tist& operator=(const Tlist &lst);//HHE S HER
swap(Ist); //¥1stS5AGHuE B,

listE44EisEEY

front Q) ;//RIEH—ANIi R
back(Q; //RFEE—AICHE

listZS[EHE{E

size(Q); //RFEIZEEEF IR

emptyQ; [/ FIWT B ARRTR N

resize(num) ; //FHifE 2 A # MK num

/7 H A W CABR B SE 7B 7 B an SR A 4570 R, DA 2 8 HE 5 i K P I e 3 e ) e
resize(num, elem);//FHi4RE % & HIKE num

[/ FRAAEK, M Llelem(E3H A HA B ; WA ALK, AR BB H A8 K E e =M.

listiE N\ FOES

push_back(elem); [/ ERBRHIMA— N I6ER

pop_back(); //MFrzashms—A i

push_front(elem); //fEAZIFRIMAA—ILR

pop_front(); [/ NESHFRBRE -1 x

insert(pos,elem); //{EposfiEifielemscZMI#% U1, & =3 i b B
insert(pos,n,elem); //7posfiBffiAnielem$ls, JiR[A{E
insert(pos,beg,end);//#posti EidA [beg,end) X[HI%HE, TR FEIMH
clearQ); / /BB 1FTA £

erase(beg,end); //Mik[beg,end) X%, i&ETF— MM E
erase(pos); //MIERIEA S pos i B R, IR BITF —/NEdE AL E
remove(elem);  //MFRZES A SelemEILACH TR

list REEHER=

reverse(); //RiL#EE
sort(Q); //1istfF

bitset
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bitsetiRBIEN R
A bitsetEEERIOzEoperator

bitset{Jia{t

bitset<N>b;

bitset<N>b(0xce) ;//{f F# A yIia1k
bitset<N>b(*01101001”); / /ML 15 & 4l4fifL
bitset<N>b(str);//ffHstring#ihitt

BB ELIE, BIF: std:bitset<16> baz2("01101001"); //0000000001101001
THRNAEL, BT #EEIZRR, FlF: bit(001); //bit[0] ==
bitsetfi5ia)

b[idx]; //operator[]

bitsetF ;L&)

size(Q); //&Flbitset A/

count(Q); //4iittrueff 4L

set(); //%&HBIR{E Ntrue

set(idx, flag); //idxItfiAnflag(Eiltrue)

reset(); //&HIK{E Ntrue

reset(idx); //idxfili{fEquifalse

flipQ; //4&i i

flipGidx); //idxfis

al1Q; //%&Ntrueiklaltrue

anyQ; //ZEVFH—Abitf NtrueiklFltrue
none();//4Nfalseik[Fltrue

test(idx); //&[FEbit[idx]

to_ulongQ); //RFIEHHAunsigned Tonghi4ha, LS v B U RS
to_ullong(); //RIEI'E##H Nunsigned Tong Tongfi4h i
to_string(Q; //RFIEHHAIstringfgs R

bitsetfli{t
&iEme
bitset<N> bit[N];
for (int i =1; i <= n; i++)
for (int j = 1; j <= n; j++)

if (bit[j].test(i))
bit[j] [= bit[i];

setfimultiset

setfmultisetBik2
settPFrETTESWHIF, setRARFm N T=ER
multisetfFtE N FiEflsetT@tERm, B—EIETARFRATTEER
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setiE{{z

CH++ STLFREEFER set RRECERNE RSB AN AIA RS, XE®RE, RiR p ALRERNERER, U
HRBEHIT ++p. p++. -p. p—. *pEfE, FHE 2 MNUEERB[ZEMIELER, BREEFER ==& =

setflmultisetfdEELINE 4T A

setiBMIistRLAERIMR, JNFRTRTRHITBNRFSEMIRRENIHE, BIEZR0RT
BRIACRE, ERERZBRAER, SBRAVEB N TTRANERERLIRZE— M5

settiS AN
set<T> st; //setER )ik ek %L
mulitset<T> mst; //muTtisetBR\Ny i ek 4

set(const set &st); //#UIHyi&R%L

setlf{EIR/E

set& operator=(const set &st); //H#H G SEAERF
swap(st); //ZCHMNESHRA

setZSENE(E
sizeQ; //BEERTHMLHE
emptyQ); //FIMiEGERLG A

setiE AFIRHER

insert(elem);//fER#HifAILER,Rlpair<std: :set<T>::iterator, bool>
//iENKMbool false

clear();//iBkTH TR

erase(pos) ;//MBrposiERERFTIE L, B F — Ao R AR A

erase(beg, end);//MiXIa [beg,end) MG LE, REI T —ATC R IR
erase(elem);//MEr7#H{E e lemfIiER

set_union(A->begin(), A->end(), B->begin(), B->end(), inserter(C, C.begin()));
//RAFIBI H-HEC

emplace() #1 emplace_hint() & C++ 11 FREIIANE set K&, {ELLEBREINEER
insert() 737%, SohKEIEFAVESS, emplace() #1 emplace_hint() BESES.

setEIIRIE

find(key); //#&bEkeyRBAAE, HALAE, R ENZENTCRIVERE ; BHALEE, R [
set.end(),0(Togn)

count(key); //E#BEkey ItEAN%

Tower_bound (keyElem) ; //iz A5 —/key>=keyETemtz 1L LH
upper_bound(keyETem) ; //ik[8 5 —" key>keyETemJt z 1AL
equal_range(keyElem);//iz[FI %4 key SkeyETemt 2 E FIRIILT, r) A IERES
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multisetfflBRIE/E

extract(key); //HMbr—"ME vkeyinER

map#Fmultimap

mapFImultimapfiEes

mapFTETTRSEHIF, mapfiBRTREREpair BFAASEIIEE, pairfIE—TTREM %
B, FREENALE, mapARiFRNTREEENEE

multimapfFER AiEFImapTeiEE, BEZRENTETRFRMNMNEERR. AszdFoperator(]
mapFImultimapf/EELI 24T 2R

mapABHIistRELABARAIMER, SXBRPHITTRATRENSFEE R R FRORR, BIEZR
FRERIERES, ER(FeZRkABRN, HMRIVEB N TTRATERSIUAZE— M5

maptaiEE Ll

map<Tl, T2> mapTT; //mapiRilfik k%L
map(const map &mp); //+% VLK R 4L

mapli{ERE

map& operator=(const map &mp); // k5% A
swap(mp); //ZHPiMESES

map=SEHEE

size(Q); //RBIZEZHTICEIIEHE
empty Q) ; //FIRT R ERE T N =S

mapiEAEIETT=

map.insert(...); //HA#IEATLE, Rllpair<iterator,bool>
map<key, val> mapStu;

// F—F i pai rif iy IEAKT R

mapStu.insert(pair<key, val>(key, val));

// FA mdpai et EAK S
mapStu.insert(make_pair(key, val));

// F=F JEidvalue_typel 7 =i A X 5
mapStu.insert(map<key, val>::value_type(key, val));

// FEWUFRR aidEeH 77 i E

mapStul[key] = val;

A multimapA3z#Foperator[key]
mapilERiEE

clear(Q); //MERITA TR

erase(pos); //MikrposiE CEATiERItER, R F—A IR FIIERLS.
erase(beg, end);//MiIX[d [beg,end) A TTE , REIT—PITEMIEMRE,
erase(keyElem) ; //MIBr 74 Hkey NkeyETem %} 2.,
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mapEHIR(F

find(key); //&#Ekey REAFIE, HAFLE, R ENZE TR KBRS ; HAMFE, &RFEImap.end()
count(keyElem); //RFRIZE#ZFkey AkeyElemfxIHNE, SmapRid,, 24 £&0, B4 ZL, Xfmultimap
i, Al e R F1L

Tower_bound(keyElem); //ik[l%i—/key>=keyElemitz= 1115105

upper_bound(keyElem); //ik[n5—"key>keyETemyt = 1k

equal_range(keyElem); //iRZ%E%keyS5keyETemM%M ERIREILT, r) AR

unordered
[EEBIE RIS R+
unordered_setflunordered_mapfFE TR EIRBINFN, HFFETEFAEHF

EXT

pb_ds FE£7R Policy-Based Data Structures,

pb_ds FEEPE TIRSEIREH, tHANIE (Hash) [, FEXR, =R (Triefd) , #E (LG
5) &,

% it
use

#include <bits/extc++.h>
using namespace __gnu_cxx;
using namespace __gnu_pbds;

tree
BisnE

template <
typename Key, //fffFHITeERER
typename Mapped, / /5 A
typename Cmp_Fn = std::less<Key>,
typename Tag = rb_tree_tag,
template<
typename Const_Node_Iterator,
typename Node_Iterator,
typename Cmp_Fn_,
typename Allocator_>
class Node_uUpdate = null_tree_node_update,
typename Allocator = std::allocator<char>
> class tree;

o Key: i&7FHITEREE, NREEFHEZSIMERE Key 7o, WEEFERSHT std::pair §1
struct B9757%, FHECSEEA lower_bound #1 upper_bound R R ERETHITER
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e Mapped: BETHIN (Mapped-Policy) KB, WIREIETKEKDHE &G, XUTFHETR
£ stduset BB, EAMEN null_type, {RARAS g++ E4LJ9 null_mapped_type; SNREFERRK
BXAEEE HENES, RUUTFTEFMETTERAE stdimap F,  IHAMENZE(TF std::map<Key,
Value> fY Value 581

o Cmp_Fn: XEEFEVRERF, 40 std::less

o Tag iEIFERMATNEEEIEEEEE, E0AR rb_tree_tag, _ gnu_pbds I2EARE=FF
&, PBIR:

rb_tree_tag: LIBHY, [—RRBEFIXN, ERRERIMBE—RAWLLER, BHHE
splay_tree_tag: splay #

ov_tree_tag: BFMAEER, RE—1H vector SLMAVEFLEN, HKUTFHEFR vector 3k
SCERSEN, MEREBUA T EUREAE IR

e Node_Update: HFEFHTHEAIRES, EMAER null_node_update, BE(FEMH
order_of_key # find_by_order 75i%, FEZE{FF tree_order_statistics_node_update(iz/5
ARESRITFIEsize)

e Allocator: ZS|E]ECeE3EHY

insert(x): MMFH{A—IILEK x, KA std::pair<point_iterator, bool>
erase(x): MMHHBR—/ICHE/IEREE X, BRE—A bool FRUZ MR
order_of_key(x): i&[Al x EL Cmp_Fn Lb&IHEL, TARMO0TT4A
find_by_order(x): &\ Cmp_Fn LLEHIHEL BTt B oC & s 08E
Tower_bound(x): L Cmp_Fn L& Tower_bound, iR [HEfCH
upper_bound(x): L Cmp_Fn L& upper_bound, iR [EiE/CH

join(x): ¥ x BIIFENLHIR, ATIRZFBM IR —FE, x R ER
split(x,b): BL Cmp_Fn #, /NTET x BET 40, HRWET b &
empty () : REZEAHT

size(): R[ER/N

trie
BEERx

template <
typename Key, //WZiNstring
typename Mapped, //#fnull_type
//"Ftrie_string_access_traits<>
typename _ATraits = typename detail::default_trie_access_traits<Key>::type,
typename Tag = __gnu_pbds::pat_trie_tag,
template <
class Node_CItr,
class Node_Itr,
class _ATraits_,
class _Alloc_
> class Node_Update = __gnu_pbds::null_node_update,
typename _Alloc = std::allocator<char>
> class trie;
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tr.insert(s); //#fi\s

tr.erase(s); //is

tr.join(b); //#bIfAtr

pair//pairf{E T

pair<tr::iterator,tr::iterator> range = base.prefix_range(x);
for(tr::iterator it = range.first; it != range.second; it++) cout << *it <<
<< endl;

//pai rfifE— AR RRIRIEREY, AR IEERES, W BT LR BT R T

hash
Ed::p=pr3

cc_hash_table<int, bool> h; // +ifki:
gp_hash_table<int, bool> h; // #%vkGERE)

priority_queue
BiEH=E

template <
typename _Tv, //uzEH!
typename Cmp_Fn = std::less<_Tv>,
typename Tag = __gnu_pbds::pairing_heap_tag,
typename _Alloc = std::allocator<char>
> class priority_queue

FARFiE

pushQ: mHEFEN—ATCER, RIENZICHEAME WIERR

pop(): KRN

top(): RIEHETICE

size() RFILEAH

empty ) IR[ERAIES

modify(point_iterator, const key): {EEMRIAIEN key BBCHENN key, FHXREMHALM
HATHEF

erase(point_iterator): LI E HIHEE MIE R

join(__gnu_pbds::priority_queue &other): ! other &JF| *this ! other &=

taghk=
(RN tag IRE T NRERR IS 2
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push pop modify erase join

FROM)  BROM)  EReM)
pairing_heap_tag O(1) o 3} 3} O(1)
O(log(n)) O(log(n)) O(log(n))

BEO(n)  BAO(n)

binary_heap_tag P} i O(n) O(n) O(n)
©(log(n)) ©(log(n))
=22\

binomial_heap_tag O(log(n)) O(log(n)) O(log(n)) O(log(n)) O(log(n))
1956 ©(1)

rc_binomial_heap_tag O(1) O(log(n)) O(log(n)) O(log(n)) O(log(n))

BROM) B 85 0(n)
thin_heap_tag o(1) P} O(log(n)) B3} O(n)

O(log(n)) i (1) O(log(n))

rope
3214

#include <ext/rope>
using namespace __gnu_cxx;

BisnE

<typename _CharT, typename _Alloc = allocator < _CharT >> rope
// EX: rope<int> rp;

push_back(x): 7EAEiAX

append(x): 7TEREFMAX

insert(pos, Xx): fEposibifi Ax

erase(pos, x): fEposibMErxA~ItE
TengthQ): REHAKSE

size(): REFHKSE (R L)

replace(pos, x): ¥posibit&K & H x
substr(pos, X, s): MpositFFiHIREIX M ITER
substr(liter, riter): M[1, r)iEEUCE
copy(pos, X, s): MposiIFtaEHIx M TESlsh
at(x): VWExNITE, Frplx]

rope RERRLRIAHERSIIIN, FBRIRESFF O(1) 6, MEASTARE (rope &R, TR
EIURTRT). EIATLARSREATRFA A,

FEHERE

rope<int> *his[100000];
his[i] = new rope<int> (*his[i - 1]1);
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{EH
Tt
HEE

#include <bits/extc++.h>
using namespace std;
using namespace __gnu_pbds;
typedef pair<int, int> pii;
struct pbdsTree
{
tree<pii, null_type, less<pii>, rb_tree_tag,
tree_order_statistics_node_update> tr;
int cnt;
pbdsTree() : cnt(0){};
void insert(int x)

{
tr.insert({x, ++cnt});
}
void erase(int x)
{
auto iter = tr.Tlower_bound({x, 0});
if (iter !'= tr.end() && iter->fi == x)
tr.erase(iter);
}
int get_rank(int x)
{
return tr.order_of_key({x, 0}) + 1;
}
int get_val(int rank)
{
return tr.find_by_order(rank - 1)->f1i;
}
int get_prev(int x) //™&/NTx
{
return prev(tr.lower_bound({x, 0}))->fi;
}
int get_next(int x) ///™i&K+x
{
return tr.upper_bound({x, inf})->fi;
}

T
e
A

1000, prinum = 168;
10000, prinum = 1226;

= 100000, prinum = 9592;
1000000, prinum = 78498;

> 5 S5 S
Lo


af://n2730
af://n2731
af://n2734
af://n2735
af://n2736

=HHE
HRIE:

bool is_prime(Cint x) // A%
{
if (x < 2) return false;
for (int 1 =2; 1 <=x/1; 1 ++)
if (x %1 == 0)
return false;
return true;

RECHS

AIEIEZE O(nloglogn)

int noPri[N];
void prime(int n)

{
for(int i = 2; i <= n; ++1)
if(lnoPri[il)
for(‘intj:'i; j<=n/1'; ++j)
noPril[j * i] = 1;

3
HH%IETE
ESIEIEZE O(n)
=MiER

%z SNERFAY, Be=ixy

1.z € prime: 2.t mod y = 0,
3.2mod y # 0,

int pri[N], pripos, non_pri[N]; // int mind[N];
void linear_prime(int n)

{
for (int i = 2; 1 <= n; i++)
{
if ('non_prif[i])
{
pri[++pripos] = i;
// mind[i] = i; // ics8us /e
}
for (int j = 1; j <= pripos & pri[j] * i <= n; j++)
{

non_prif[pri[j] * i] = 1;
// mind[pri[j1 * i1 = pril[jl; // & NER/NiEE
if (i % pri[j] == 0)

break;
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E3Eab i

vector<int> factor(11 n)

{
vector<int> fact;
for (int i =1; i <= n / i; ++1)
{
if (n % i == 0)
{
fact.push_back(i);
if (i * i !=n)
fact.push_back(n / i);
}
}
return fact;
}

RS

FEERERE O(vn), &t O(logn)

int cnt[N];
void factor(11 n)
{
for (int i =2; i <=n / i; ++1)
{
while (n % i == 0)
{
cnt[i]++;
n/=1j;
}
}
if(n !'= 1) cnt[n]++; //KFsqrt(n) iK1
}
Miller-Rabin

EFHINER: NTFEK p, B! = 1(modp), EH a Z 0(mod p)
BESTRIFUEE: WTFEEp, 22 = 1(modp) BNz =1orz=p—1
IREERERAONE, BB 37 RBREEITTHIE 2% & 18446744073709551616 SBERY
TLUEBBZ R R FIEBREEIMEREL 0.75, BEUL/REEHUE 8 N EHMERMAERE /N T

const int tl1 = 12;
const 1int p[] = {2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37};
auto product(auto x, auto y, auto mod) // Bk sk
{
return (__intl28)x * y % mod;
}

auto power(auto x, auto a, auto mod) // ik’

{
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if (a == 0)
return 1;
auto res = power(x, a >> 1, mod);
res = product(res, res, mod);
if ((@ & 1) == 1) res = product(res, x, mod);
return res;

}
bool Miller_Rabin(auto x)
{
if (x == 1)
return 0; // %4
for (int i = 0; i < tl; i++)
{
if (x == p[i]) return 1; // &%
bool ok = 0;
auto v = x - 1;
while ((v & 1) == 0) v >>= 1;
auto y = power(p[il, v, X);
if (y == 1) ok = 1;
else
{
while (v < x - 1)
{
if (y ==x-1)
{
ok = 1;
break;
3
v <<= 1;
y = product(y, y, X);
3
}
if (lok) return 0;
}

return 1;

Pollard-Rho

e O(n%logn) MEZE, BELIRNz{THIE IR, BHULTARESD
BREBR:

THRE n FERENETF D, BARIELERES, E2EEET, URRIERO(VD) A
0,n — 1] iy, SEERNE D B4R, tHMERRIIMEER O(VD) N, BPAEIE
LERREEISIRT) D ZAEF, M n MISRNRRF < n, EUEIIEIEHE n"* Wit EmaERE
n AT

EE—HEHBRET: f(z) = (22 + C) mod n, ERAECE—MER:
Vz =y (mod p), f(z) = f(y) (mod p), HEHp|n

Eitt, BATETLEERE O(n7 ) AOBHAIPIHKEIRIAMIR i, 5, By = 2 mod m, {348
T £z Ny =y, XBWREnT |z — x| Am | |z — x|, FHATATLUES ged(n, |z; — z;|) K
B n — PN FEREF

NBENERRAER, BRE: RN 21,22, REFRS 21 = f(f(21)). 22 = f(z2),
MRFE—LKI ged(n, |21 — x2|) € [2,n — 1] BliRME], RIELX, MRF(EHZIRF D, BB
LHNHEFE VD &
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(A ged =TT ged ROTFES, RIZEUSAOMR: MEEESAIEISERSE— ALEY, BB
SRS EERE RV SRR ALIMAIEE, BATTLER 1,2,4,8..2" 3 |7, — 2| R
IR ged, ERTLAE 127 8 128 SRIM—R ged

const int tl = 12;
const 1int p[] = {2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37};
inTine 11 product(11 x, 11y, 11 n) // Bifie

{
register 11 ans = x * y - (11)((long db)x * y / n + 0.5) * n; // 75N
return ans < 0 ? ans + n : ans;
}
11 gcd(11 a, 11 b)
{
return (b == 0) ? a : gcd(b, a % b);
}
inTline 11 power(11 x, 11 a, 11 mod) // Pl % M5k
{
11 res;
for (res = 1; a !'= 0; a >>= 1)
{
if (@& 1) !'=0)
res = product(res, x, mod);
X = product(x, x, mod);
}
return res;
3
inline bool Miller_Rabin(11 x)
{
if (x <= 2) return x == 2; // ¥
11 vl = x - 1;
whiTle ((vl & 1) == 0) vl >>= 1;
for (int i = 0; 1 < t1; i++)
{
if (x == p[i]) return 1; // %
bool ok = 0;
11 v = v1;
11 y = power(p[i]l, v, X);
if (y == 1) ok = 1;
else
{
while (v < x - 1)
{
if (y ==x-1
{
ok = 1;
break;
3
Vv <<= 1;
y = product(y, y, X);
}
3
if (lok) return 0;
}
return 1;
3

inline 11 big_rand(Q)
{



static 11 sd = 19260817;
sd A= sd << 13;
sd A= sd >> 17;
return abs(sd A= sd << 5);
}
11 seed, step;
inTine 11 f£(11 a, 11 mod)
{
return (product(a, a, mod) + seed) % mod;
}
inline 11 floyd(11 n) // %%
{
seed = big_rand() % n;
11 fast, slow, res = 1;
fast = slow = big_rand() % n;
fast = f(fast, n); // EE JHAAELBEMN L
for (register int i = 0; fast != slow; i++)
{
res = product(res, fast - slow + n, n); // Btk
if (lres) res = fast - slow + n;
if (i % step == 0)
{
11 g = gcd(res, n);
if (g '= 1) return g;
res = 1;
}
fast = f(f(fast, n), n);
f(slow, n);

slow
}
return gcd(res, n);
}
void pPollard_rho(11 n, map<l11, int> &fac) // factili K+ MK F45
{
if (n == 1)
return;
if (Miller_Rabin(n))
{
fac[n]++;
return;
}
11 k = 1;
step Tog(n);
step = step << 1 | 1;
while (k == 1) k = floyd(n);
pPollard_rho(k, fac);
pollard_rho(n / k, fac);

B F sk iE

void factor() //0(nlnn)
{
for (int i = 1; i <= 100000; i++)
for (int j = i; j <= 100000; j += 1)
factor[j].push_back(i);
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EAFNREEKkAN
RS 1+ 1+ 1+ 4+ L
—NRBFS, KA Y0, T =n(n+1)+~v

=
Hrh v JIRFAIEE, v~ 0.5772156...

EXHIET A
¢(pn) = (p — 1)¢(n)(p € Prime, p { n)
o(N) =N« [J(1 - 1/p) (PREN HRFEED

b(z) = i[gcd(i, n) = 1]

11 euler_phi(11 n)

{
11 ans = n;
for (11 1 =2; i <=n / i; i++)
if (n % i == 0)
{
ans =ans /i * (i - 1);
while (n % i ==0) n /= 1;
3
if (n > 1) ans = ans * (n - 1) / n;
return ans;
}

SR ERRRIERET
BT e M7 M T e M HE HH BT R 2R
int pri[N], phi[N], pripos;

bool non_pri[N];
void linear_phi(int n)

{
phi[l] = 1;
for (int i = 2; i <= n; i++)
{

if ('non_pri[i]) pril[++pripos] = i, phi[i]l =1 - 1;
for (int j = 1; j <= pripos & pri[j] * i <= n; j++)


af://n2772
af://n2776
af://n2781

non_pri[pri[j] * i] = 1;

it (i % pri[j] == 0)

{
phil[i * pri[jl] = phi[i]l * pri[jl;
break;

b

phil[i * pri[j1] = phi[il * phi[pri[jl];

TR SHR

n ARECSHRE, X

1 n=1
p(n) = {0 n &H T IHET
(—1)

ko kg n B R AN R 5 A8

B0 Y g i(d) =€(n), pxl=e¢

HRIE_IMNEE, Bz FREEL=081»=1ER 18R 0, XEEFIERT
z,u.(d) =n=1=¢en) AR pxl=¢

dln

D i1 Zdh‘ p(d) =304 L%J p(d)

Zd|gcd(i,j) pu(d) = [ged(i, 5) = 1]

S ST lged(iy5) = 1] = S0 p(d) « [ 2] + | 2]

int pri[N], pripos, mu[N];
bool non_pri[N];
void Tinear_mu(int n)
{
mull] = 1;
for (int i = 2; 1 <= n; ++1)
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if ('non_pri[i]) pril[++pripos] = i, mu[i] = -1;
for (int j = 1; j <= pripos & i * pri[j] <= n; ++j)

{
non_pri[i * pri[j]] = 1;
if (i % pri[j] == 0)
{
muli * pri[j]l] = 0;
break;
3
muli * pri[j]] = -muli];
}

ERHIEIE
SHEER N EEE a,n, MBHMEER, B4 o*™ = 1(modn).

ab mod ¢(m) ged(a,m) =1
ab ={ a ged(a,m) # 1,b < ¢o(m) ( mod m)
alb w08 S 90 ged(a,m) 1, > p(m)

BURAYET 3 1N

e Kind 1: X (num), BRIGKBVEUE, B (num), = (subnumy),(mod n)
WU? 87654310 = 4310 (mod 4)

o Kind 2: 33 (num), SELEKAIHIEER, B (num), = (3 subnumy ), (modn)
BIF: 12345619 = 1219 + 3419 + 5619 (mod 99)

e Kind 3: X (num), ELKAAIEERE, B
(num)y = (3°,_; subnumy, * (—1)*),(mod n)
fIF: 12345 = —125 + 343(mod 5)

i (num), TR bEHIE, (subnumy, ), FVEKAIAY b #EHIER
« WEE k2 24 bF mod n = 0 BRELUERIZSZE;
iR B0 mod n = 0(d > 0), FRUESAEASEITREES, EELEE k 0,
o kf—ERA: % 0F mod n = 1 MELUSERZSE;

iEEg: & zb® = zb* = 2 (mod n)(d > 0), FREREHK My 1, k—BfMSEREN; F
EERRERREN, BMEE 1 H#E - 1;

o k —EsRErTR: 240 mod n = n — 1 METLUEEZISE:

HHERAIEEAlH], W acZ, meN*, & (a,m)=1, M a?™ =1 (mod m).

H#HERRT a® = 1 (mod m) FE/NEZEH n FE, X1 n FE a # m BT, iCE dm(a) 3R ordpm(a).
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TR 1

a,a?,.-.,a’) & m FHEARER,
-3

#a"=1 (mod m), T dm(a)|n.
{5k 3
&meN*, a,beZ, (a,m)=(b,m)=1, M
brm(ab) = 8(a)8m(D)
NRDVEFHR

(dm(a),dm(b)) =1
TR &

WkeN, meN*, acZ, (a,m)=1, M

BmeN*, geZ & (g,m) =1, Hd,(g) = p(m), WFR g FEE m FIEHE,

B g i8R 6m(g) = |Z7,| = (m). 2 m 2EREAES, FAIIE ¢ mod m, 0 < i < m FEEREAHE.

JRIRTNEY
E—N m BRIR, WERIRANEN e(p(m)).
JRIRFEEE

FIRTFEERE

— M m FAEFIRSENY m = 2,4,p%,2p%, Hp p ASFH, o e N-

B/ NFEARRS RIS
7570 Burgess EBA T HE p BIR/INFIR 9, = O (p°%+), Hep e > 0.
Fridlander*f]] Salié“\iEBA T £%] p RIR/NRIR g, = Q(logp).

XERIET HNBHAR—HNSNRIR, SRERTLIESZ.

BEm HER g, XNFER,5 € [0,0(m) — 1], B p' # p/(mod m)
KIFHR:

M 2 FHAREEE, RERIFIET ¢\P — 1) = 1(mod P)EEHEMISEN P — 1 HORHRMSL, TH
FIRR—AREAK, ATLARTLARSEE!.
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11 generator(11 p)

{
vector<11> fact; // pHIH+
11 phi = p - 1, n = phi;
for (11 res = 2; res <= p; ++res)
{
bool ok = true;
for (11 factor : fact)
{
if (gpow(res, phi / factor, p) == 1)
{
ok = false;
break;
3
3
if (ok)
return res;
}
return -1;
}
g

RENTREREEEE
EN ag = 1,a, = 2%, FLUER b, = a, mod p EE—TEEHER—ME

A AL EI—RR1R)
mEE:

a® modm

bool check(11 a, 11 k, 11 p)

{
if (a >= p) return true; // JE#a>=p
if (k == 0) return p <= 1; // 0Z&EEREL
return check(a, k - 1, log(p) / log(a)); // BUGHL, WZ—2, 4kelH
}
11 tower(11 a, 11 k, 11 p) // BREKZEHEE || kL8 Rs2LTom
{

if (p == 1) return 0; //mod 1 ==

if (k <= 1) return gpow(a, k, p);

if (gcd(a, p) == 1) return gpow(a, tower(a, k - 1, phil[pl), p); // Bxfic2E

if (check(a, k - 1, phi[p])) return gpow(a, tower(a, k - 1, phi[p]) +
philpl, p); // #HRERKHLEFLIEHL2

return gpow(a, tower(a, k - 1, philpl), p); // JhJERCHLE B3

R2AIFHEEINTS :
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11 euler(11 p)

{
if (p == 1D
return 0;
return gpow(2, euler(phi[pl) + philpl, p);
}
o=

ME, HAWAAE, MG (nvolution)BdEEE, ECHTERANEL, HER f(f(z) =z XTF
AT f RIESUERRY = AL,

B n=0,1,2,.. MENES ENERIHBLHEBEERR:
a(0) = a(1) =1
a(n) =a(n— 1)+ (n—1) x a(n — 2),5 rn > 1

f AR wm08 FP(f) = |z € Alf(z) = =

fHIRUER w(f) = of V), Hrha RIATEEH

X1,2,...,n ERIERE & AIRER:

gn) =axgn—1)+(n—1)*xg(n—2), g(0) =1, g(1) = a
RiE=
YRS ZE O(logn)

11 gpow(11 base, 11 pow, 11 mod)
{
11 res = 1;
base %= mod;
whiTe (pow)
{
if (pow & 1) res = res * base % mod;
base = base * base % mod;
pow >>= 1;
}

return res;

1] s8
HMREELES
IEFTHRH—EH(x, y), Fax + by = ged(a, b)Bkaz, XEBHIHy F—ERESBATER0sREL,

EETEE: W EHTESa, bAIIN SALLEH A ged(a,b), HXETx, yi&MARax + by = cHEHE, LENZHE
ged(a, b)RfEH. FBEEEEHNLETSSME.

BI75#2 ged(a, b) = ax + by B9—NMER 1 = yo,y1 = o — |a/byo
®: d, = b/gcd(a,b), dy, =a/gcd(a,b)
//ax+by=gcd(a,b)//(eg_res = x, eg_temp = y)

//i&lgcd(a,b), eg_res = as:=THibHIiliT
11 exgcd(11 a, 11 b, 11 &eg_res, 11 &eg_temp)
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if (b == 0)
{
eg_res = 1, eg_temp = 0;
return a;
}
11 exi = exgcd(b, a % b, eg_temp, eg_res);
eg_temp -= a / b * eg_res;

return exi;
}
11 getInv(int a,int mod)//RafEimod FIH¥isc, AFLENICIRIAI-1
{
11 x, y;
11 d = exgcd(a, mod, x, y);
return d == 1 ? (x % mod + mod) % mod : -1;
}

REXNEBRHX

sz fla,be,n) = |
BHEISEZRE O(logn)

int floor_sum(int a, int b, int c, int n)//{B%IkMa=2,n=n/2; &R A& Eb=1; K
x%y=z , % Ba=y,b=z,c=1,n=(n-2)/y
{
int res = 0;
if(a >= o)
{
res +=n * (n + 1) * (a / c) / 2;
a %= c;
}
if(b >= ©
{
res += (n + 1) * (b / ©);
b %= c;
}
intm=(*n+b)/ c;
if(m == 0) return res;
res += n * m - floor_sum(c, c - b - 1, a, m - 1);
return res;

#BEE

IREPFHE: Vpta,a? ! =1 (mod p)
HBEER®T
FELTTRTTETRMERREL
K b AL

inline 11 inv(11 a, 11 b) { return gpow(a, b - 2, b); }
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Zi%sT

1T dinv[N];
void get_inv(Q)
{

inv[l] = 1;

for (int i = 2; i <= n; ++i) inv[i]l = (p - p / i) * inv[p % il % p;

BisRei¥sT

1 ¢l n, 11 m)
{

if(n < m) return 0;
return fact[n] * inv[m] % mod * inv[n - m] % mod;

AEFIREECRT

FhERISER (Chinese Remainder Theorem, CRT) B KABUN PN —Tc&MRERSEE (He
ni,Ng, -, Nk PMREJR) :

a1 (mod n;)
as (mod na)

T ar (mod npg)

LER AN FERE et RRSEARN— L.

Uiz

1. HHEREREAIA n;
2. X4F5B i POEE:
a.itBm =1,
b. I8 m; TR n; BN THY m;t;
Cit8 i = mim; (FREX n; BR) .
3. IRRATERE n B FROE—RAN: « = 38 aie; (mod n),
AL
VAR ERU LB KIS TTRREL

/ /b exged ik
//11 modul[N], remain[N];//#EEFI4%
11 crt(11 k, 11 *remain, 11 *modul)
{
11 n =1, ans = 0;
for (int i = 1; i <= k; i++) n =n * modul[i];
for (int i = 1; i <= k; i++)
{
1T m=n / modul[i], b, y;
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exgcd(m, modul[il, b, y);//HH/ERJLIARI T
ans = (ans + remain[i] * m * b % n) % n;

3

return (ans % n + n) % n;

IaRPERREE

XIEECRT, tREAERER

11 modul[N], remain[N];
11 excrt(int number)

{

11 1cm = modul[1], sum = remain[1l], x, y, gcd;

bool fail = false;

for (int i = 2; 1 <= number; ++1)

{
remain[i] = ((remain[i] - sum) % modul[i] + modul[i]) % modul[i];
gcd = exgcd(lem, modul[il, x, y);//#H/EEJLER
if (remain[i] % gcd == 0) x = x * (remain[i] / gcd) % modul[i];
else
{

fail = true;
break;

}
sum += x * lcm;
Tcm = 1cm / gcd * modul[i];
sum = (sum % Tcm + Tcm) % Tcm;

}

return fail ? -1 : sum;

}
RURBEE
REFIRIEE

1.2.3:4.--(P-1)
P

p—1)!=1:(p—1) = —1(modp)

=x%=(P-1)

FEZSKER
ZeckendorfEIg : {HAIEEEEERT LA R E T INNELAISE R BRERE 2 0.

BSGS (K&h&P)
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[ :
#a, b, p, Hrpged(a,p) = 1, RHRE
a* = b(mod p)
hiE
Bx=Ap -BEPA € [1,,/p],B €0,,/p], BRI

a®v?~B = b(mod p)
a®vP = baP(mod p)

B, BHE M Nba® mod p, Funordered_mapfFiesE, BHEA, iHEHa P, fFunordered mapsEiaERIE, X
HA, BHigEIaTER—IE=, §2E0(,/p), WRMmaphsiE, mE—NMog.

unordered_map<11, 11> mp;
11 bsgs(11 a, 11 b, 11 p)

{

if (@ % p == 0) return -1;

mp.clear();

11 k = ceil(sqrt(p));

//HEB

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

{
mp[b] = 1;
b=Db*a%p;

}

11 suba = gpow(a, k, p), A = suba;

/ /A

for (int i = 1; i <= k; i++)

{
if (mp[suba]) return 111 * i * k - mp[a] + 1;
suba = suba * A % p;

}

return -1;

}
SQRT

AL SKsqrt, WMSERFHIsqrtFER (E{ ope+" ITEISZE)

double Q_sqrt(float x)//John Carmack

{
float M = x * 0.5F;
int i = *(int *)&x;
i = 0X5f3759ce - (i >> 1);
x = *(float *)&i;
X =x * (L.5F - (M * x * x));//iteration ...
return 1 / Xx;
}

GCD
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11 gcd(11 a, 11 b) //HAHREAIA

{
if (a == 0) return b;
if (b == 0) return a;
if (1@ & 1) && !(b & 1)) return gcd(a>>1, b>>1)<<1;
else if (! (b & 1)) return gcd(a, b>>1);
else if (!(a & 1)) return gcd(a>>1, b);
else return gcd(abs(a - b), min(a, b));
}

inline 11 gcd(11 a, 11 b) //#&HAHER| | WL E A
{

while(b) b A= a A= b A= a %= b;

return a,;

inline int gcd(int a, int b) //Binary GCD(fHintiik,
A)110(0.37Togn)

TR IBHEAHO | | (452 AR A5

{
if (!(a & b)) return a | b;
int sufa = __builtin_ctz(a), sufb = __builtin_ctz(b), t;
int suf = sufa < sufb ? sufa : sufb;
b >>= sufb;
while (a)
{
a >>= sufa;
t=a- b;
b=a<b?a: b;
a=t>07¢t: -t;
sufa = __builtin_ctz(t);
}
return b << suf;
}

B (ElkyatiEeCD

gcdRIEIIEZRE O(1)
EHEISZE O(V), VAEEEE

int pri[N], pripos, non_pri[N], k[N][3], subn; // sqg
vector<vector<int>> _gcd; // {ElemmarfdiE K/ ;
inline int gcd(int a, int b)

{
int g = 1;
for (int temp, i = 0; i < 3; i++, b /= temp, g *
if (k[a][i] > subn) temp = b % k[a][i] ? 1 :
else temp = _gcd[k[al[i]l]1[b % k[al[i]l];
return g;
}

void lemma(int n) // {E3CEHEE RN AN/ GRS
{
k[1]1[0] = k[11[1] = k[1]1[2] = non_pri[l] = 1;
for (int i = 2; 1 <= n; i++)
{
if ('non_pri[i]) pril[++pripos] = k[i][2] = i

rt(N) , £ Temmarb #4614k, ;

= temp)
k[all[il; // Ao R o<

, k[i1[1] = k[i][0] = 1;


af://n2886

for (int j = 1; pril[j] * i <= n; j++)

{
non_pri[i * pri[j]] = 1;
int *temp = k[i * pri[j]];
temp[0] = k[i1[0] * pri[j], temp[l] = k[i1[1], temp[2] = k[il[2];
sort(temp, temp + 3);
if (i % pri[j] == 0) break;
}

}
subn = sqrt(n);
_gcd.resize(subn + 10);
for (auto &it : _gcd) it.resize(subn + 10);
for (int i = 1; i <= subn; i++) _gcd[i][0] = _gcd[0][i] = 1}
for (int i = 1; i <= subn; i++)

for (int j = 1; j <= 1i; j++)

—gcd[jI[i] = _gcd[i1[j] = _gcd[i % j1[3];

B &l GCDRN

—_

n— n

ok gcd(ai, aj)
j=itl

Pt
&
I
—_

i

BEFREANRBANFAFAKgdEERMTHI, WREIEEAMEBRIEIER), BatEikarIEFT
RN TR ERIgcdtbF2AMNNEANHEF. BIALERSHKERMEETFRINE, RfE
MFEMERS o; S, BHEMBRETF, XEZHMHE (AR:REEFA/N * XERZEFIT
) RBIBED.

ERFMEECERIREESEN: RUSEFR2, A2 * XER2NEFMERERRN, EHBE2
XNMREFELRASBIXNEF. gcd@FMERIRALHEETF, UG EF 2RSS IX TR
i, FEASEFEEREE. ik, 2XPMEFRILRNMERZ2ME. 3thERE, 389LRME
FEMF1RERMNME, TeRISERMEFRERZET. 2. 3ERME. BT EE—1REFms, B
MM EREFEREEE A ASHRIEFRIEIRNE.

void init() //TTskTiib

{
for(int i = 1; i<=100000; ++i)
{
factor[i].push_back(i);
val[il=1i;
}
for(int i = 1; i<=100000; ++1i)
for(int j = 2*i; j<=100000;j+=1)
{
factor[j].push_back(i);
val[jl-=vallil;
}
}

HEEZF
SENTMR, (CHESFTE.

HIFIHSHXE
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HEFEIPermutation
HESIEHE AT :

n!

AV =n(n—1)(n—-2)---(n—m+1) =

(n —m)!

11 fact[N];
void init(int n)
{

fact[0] = 1;

for(int i = 1; 1 <= n; ++1)
fact[i] = fact[i - 1] * i % mod;

11 fact[N], inv[N];
void init(int n)

{
fact[0] = 1;
for (int i = 1; i <= n; ++1)
fact[i] = fact[i - 1] * i % mod;
inv[n] = gpow(fact[n], mod - 2, mod);
for (int i = n - 1; ~i; --1)
inv[i] = inv[i + 1] * (i + 1) % mod;
}
HE%Combination

HEHTEAT

n Al n!
m, m! m!(n —m)!

WIE=FAXE

11 c[2023]1[2023]; //c[n][m];n>=m;
inTine void build_cQO

{
c[0][0] = c[1][0] = c[1][1] = 1;
for (int i = 2; i <= 2000; i++)
{
c[i1[0] = 1;
for (int j =1; j <= 1; j++)
clilli] = (cli - 1103 - 11 + c[i - 1I1[J1) % mod;
}
}

RENMEGE (B modp)
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11 c1 n, 11 m, 17 p)

{
if (n < m) return 0;
ifm>n-m)m=n - m;
1T a=1, b =1;
for (int i = 0; i < m; i++)

{
a=(a* (n-1)) %p;
b=(C0m"*{+ 1) %p;
}
return a * inv(b, p) % p;
}
EHE%Circular

EIHES

n PAZERERR—E, FrERIHIEICA Q;. FEETEEAHFR—E, MNARMERF, X
FRARIRIRATY. FRLAE

n

A
Q:: xXn = A:: = Q'ﬂ. - L= ('n- = 1)1
n . :

FRLEATATER S EIRFFIRI A

#(iiHEFEDerangement

Dy = (n—1)(Dn_1 + Dy_s)

XEHEHA—MNEHERR:

D, =nD; ;1 + (_1)”

n!

BEETTREEREN, FASERHFIRIEEER P a6

D 1
P=lim — ==

n—oo n' e

KiEZ#Catalan
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1B T

ZEHER R AR -

*F Catalan HIERL AR :

H. — Z?:l H; \H, ; n> 2,n e N_|_
" 1 n=20,1

H, 4 (4’!’1. — 2)
a n+1

BnisthEgstirling

LinXce: IRAGHCKARILLY , BERASE#ImE=AtRE&.
SE—HRSHE (HTSMECIRE) ||, tBENCH s(n, k), "B n MRARARNTE, MDAk
PMEAX SRR R,

—MRIRFE— N EREENHHT., BT E—1M8E (4, B,C, D), HERIIAR
[A,B,C,D] = [B,C,D,A] = [C,D, A, B] = [D, A, B,C], B, BAAJLUBISIedmEEERREHR

RFMI. R, BOPAABNTIUELBEMEESEIREREN, B
[A,B,C, D] # [D,C, B, Al

BEHET,

AT,

11 stil[5010][5010]; //0(n)Z—iitr=4L
11 stirlingl(11 n, 11 k)
{
if (stil[n][k]) return stil[n][k];
if (k <= 0 || n < k) return stil[n][k] = (nh == k);
return stil[n][k] = (stirlingl(n - 1, k - 1) + (n - 1) * stirlingl(n - 1, k)
% mod) % mod;
}
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S KERISHE (HRSHTER) {:} HIETEM S(n, k), TS n NETRRMIER, H9N
k ANERRS ST AT R,

R R

=]

11 sti2[5010][5010];//0(n) 5 — 324k
11 stirling2(11 n, 11 k)
{
if (sti2[n][k]) return sti2[n][k];
if (k <= 0 || n < k) return sti2[n][k] = (n == k);
return sti2[n][k] = (stirling2(n - 1, k - 1) + k * stirling2(n - 1, k) %
mod) % mod;
}

BIIREBANFERERFIEL

/*qpowh* /
11 fact[N], inv[N];
void bulid_A(int n)

{
fact[0] = inv[0] = 1;
for (int i = 1; i <= n; ++1)
fact[i] = fact[i - 1] * i % mod;
for (int i = 1; i1 <= n; ++1)
inv[i] = gpow(fact[i], mod - 2, mod);
}
11 stirling2(int n, int m)
{
11 ans = 0;

for (int i = 0; i <= m; ++1)
ans = (ans + gpow(-1,m-i, mod) * gpow(i,n,mod)%mod * inv[i]%mod * inv[m-
i1%mod)%mod;
return (ans + mod) % mod;

}
BE—FIEFHEL O(nlogn) (NTT)

11 dnvn, invG, G = 3, mod = 998244353; // modHUEA R (NTT)
11 fac[N], inv[N], r[N << 2];
11 powm(11 a, 11 t = mod - 2)
{
11 ans = 1, buf = a;
while (t)



if (t & 1) ans = (ans * buf) % mod;
buf = (buf * buf) % mod;

t >>= 1;
}
return ans;
}
void NTT(11 *f, bool op, int n)
{

for (int i = 0; i < n; i++) if (r[i] < i) swap(f[r[il]l, fl[iD);
for (int len = 1; Ten < n; len <<= 1)
{

int w = powM(op == 1 ? G : invG, (mod - 1) / len / 2);

for (int p =0; p <n; p += len + len)

{
11 buf = 1;
for (int i =p; i <p + len; i++)
{

int sav = f[i + len] * buf % mod;

fli + Ten] = f[i] - sav;

if (f[i + len] < 0) f[i + len] += mod;

f[i] = f[i] + sav;

if (f[i] >= mod) f[i] -= mod;

buf = buf * w % mod;

} // F(X)=FL(XA2)+x*FR(xA2) // F(WAK)=FL (wAk)+WAK*FR(wAk) //

F(WA{k+n/23})=FL(wAk) -WAk*FR (wAk)

}

}
}
11 g[N << 2];
void rev(11l *f, int len)
{

for (int i = 0; 1 < Ten; i++) g[i]l = f[i];

for (int i = 0; i < len; i++) f[len - i - 1] = g[i];
}

// %f=f*g (mod xAlim)
void times(11 *f, 11 *gg, int Ten, int Tim)

{
int m = len + len, n;
for (int i = 0; i < len; i++) g[i] = gg[il;
for (n =1; n<m n<<=1);
invn = powMm(n);
for (int i = len; i < n; i++) g[i] = 0;
for (int i = 0; 1 <n; i++) r[i]l = (r[i > 1] > 1) | (G & 1) ? n> 1 :
0);
NTT(f, 1, n);
NTT(g, 1, n);
for (int i = 0; i < n; ++1) f[i] = (f[i] * g[i]) % mod;
NTT(f, 0, n);
for (int i = 05 i < Tim; ++i) f[i] = (F[i] * invn) % mod;
for (int i = lim; i < n; ++i) f[i] = 0;
}
void Init(Cint Tim)
{

inv[1l] = inv[0] = fac[0] = 1;

for (int 1 = 1; 1 <= Tim; i++) fac[il] = fac[i - 11 * i % mod;

for (int i = 2; 1 <= 1im; i++) inv[i] invimod % i] * (mod - mod / i) %
mod;



for (int i = 2; 1 <= 1im; i++) inv[i] inv[i - 1] * inv[i] % mod;
for (int i = 1; i <= 1im; i++) inv[i] = powMm(fac[i]);

}
11 p[N << 2];
// RHEF(x-c)
void fminus(11 *s, 11 *f, int len, int c)
{
c = mod - c;
for (int i = 0; i < len; i++) pl[len - i - 1] = f[i] * fac[i] % mod;
11 buf = 1;
for (int i = 0; i < len; 1i++, buf = buf * ¢ % mod) s[i] = buf * inv[i] %
mod;
times(p, s, len, len);
for (int i = 0; i < len; i++) s[len - i - 1] = p[i] * inv[len - i - 1] %
mod;
for (int i = len; i < Ten + len; 1i++) s[i] = 0;
}

11 fIN << 2], s[N << 2];
void solve(11 *f, int n)

{
if (n == 1) f[0] = 0, f[1] = 1;
else if (n & 1)
{
solve(f, n - 1);
fln] = 0;
// L (x-n+)EilE T
for (int i =n; i > 0; i--) f[i] = (f[i - 1] + (mod - n + 1) * f[i]) %
mod;
f[0] = f[0] * (mod - n + 1) % mod;
}
else
{
solve(f, n / 2);
// S(x)=F(x+n/2)
fminus(s, f, n /2 +1, n/ 2);
times(f, s, n /2 + 1, n + 1);
}
}
void invp(11 *f, int len, int k)
{
for (int i =0; i <k + 1; i++) s[i] = p[i]l = 0; // #FEEHEZ
11 *r ='s, *rr = p;
int n = 1;
for (; n < Tlen; n <<= 1);
rr[0] = powM(f[0]);
for (int len = 2; Tlen <= n; len <<= 1)
{
for (int i = 0; i < len; i++) r[i] = rr[i] * 2 % mod;
times(rr, rr, len / 2, len);
times(rr, f, len, Ten);
for (int i = 0; i < len; i++) rr[i] = (r[i] - rr[i] + mod) % mod;
}
for (int i = 0; i < len; i++) f[i] = rr[il;
}
void stirow(int n, int k) // EkFIHEHME (n >= k)
{

invG = powM(G);
Init(k);



solve(f, k + 1);

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

rev(f, k + 1);

for (int i =n-k+1; i <k+ 1; i++) f[i] = 0;

for (int i =k+1; i <n-k+1; i++) f[i] = 0;
f

invp(f, n - k + 1, k); // f[i]l = {k + i, k}; F#C0 ~ n-k)

THESEERNEERE
BATCERAMTERE < = [[}i(z + k).
NIET LRI FEMIES G s EEE:

IREEERERACAN AR, WETEES:

:’} (71)nfkmi

TEESEEEAEERE
RITEFRINTR o = = T} k).

WETLAR B FEMESFTUS S BRI TES:

g

MRETRERERCAEER, WETENES:

*hFE:

)

&iBell
B, BEHA n NESHRISHENEE. £8 SH— 1 IDEENH S NEEAEZEIESF
£0ER, BINFERE S, BN Bs = 5 B 3 NoEMIES a,b, ¢ B 5 ARKIST5%:

{{a}, {0}, {c}}
{{a}, {b;c}}

n

N

{{6} {a,c}}
{{c};{a,b}}
{{a,b,c}}

By & 1 EAZKRIESFS 1 S T5A.
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/RENESIBHEAT, :

WIR=fH
R TEEEE— N =AEEF (F{EUmE=RfF) :
® ago =1,

o WFn>1, BafTERFFL—THRE, Bao=2a.141;
= iff:.]: m,n 2 11 % n 'T-.l_-% m Iﬁ%?ﬁ&iﬂ*ﬂEt%ﬁﬁﬁZ*ﬂ, Eﬂ Apm — Qngn—1 aF An—1,m—1

B LR

1

1 2
2 3 5

5 7 10 15

15 20 27 37 52

52 67 87 114 151 203
203 255 322 409 523 674

BTHUEIRN/RE. ALFIBX N =ARREHEREH UREL

{a22FEBernoulli

FESHICEX
BEFEBRSHNEERRENX :

EUSMMSELEntringer

BUTIIEE

B4R (Entringer number, ) E(n, k) BEERTRFEN 0 R nitnt 1 1M
HEHEE :
 BHinae k;
s BN T REEEREN, BT rnRE— M nEsEXR, BN aiEte— N tEs
I\.... JREHESBIT R A NK R EIX AT
BISFMEEESR:
E(0,0) =1
E(n,0) =0

E(n,k)=E(n,k— 1)+ E(n—1,n—k)
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2 FREizZigzag
— zigzag B¥ (zigzag permutation) E2— M EInAIHESc, Ble,, FEER—ITTRGRIAR/N
AN T e — 1#e; + 1208,
B zigzag BIRENEI BB zigzag Bife, TTLAFIRESNTS, FRLAMIANEEL,
HFAF 18, iB:

XM A, FR/9 zigzag £ (Euler zigzag number, ) , Mn=0F188:

1,1,1,2,5,16, 61,272, - - -

XJ T zigzag EHRAY NN Zn ( ) . Mn=0Fa%H:

1,1,2,4,10, 32,122,544, - - -

BiBfERR

n

n
2‘4.-ﬂ-+1 — Z (k) Ak44-r1.—k
0 \

A-n.+1 _
(n+41)!

2(n+1)

S n A0 HANRERNEHL, #)E A0 A, #E L.

EUEMRR S zigzag HHUXE

RIERUSHIBEIIEN, BASHIBEL E(n, k) BETHEA kB9 0 Bl n (RREER NI, FELRIFHK
85 zigzag HEL EB/XER:

A, = E(n,n)

18 A, #RR [zigzag 81| thBREA: iC E. EKFHEL (Euler number) , B, 2/BSFIEL

W HEEES, SEIN R ziszag FHER [ELIE T, & [as 8 . B%&:
21-71.+1(2ﬂ-+1 — I)Bﬂ+1

2 n JIBHET, (BHON TR zigzag MBAR [IERM 5, S [zig#] . BXRE:
Aln = ?'.ﬂEn

RESE—E:

z? z8 zt
secx +tanx — Ay + Az + AQE e Agy L A.,E

1Rk, zigzag EEYEPEFLL.
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ErfiiZzfEulerian
ANFEX SRS AT SFHIH IS S

AT PRIERIEEEE Eulerian number, 25 Euler number, LA Euler's number (3§5KR
RIBRHEIEFEEGIIN vy e ) EXD.

ErRAGS, EXE# (Eulerian Number) M 1 2l n RIEFHRE m DTEATRI— TR
(BE m A [LE7] B9H3) SAa9HR M. BXO8:

. n
A(n,m) = <m B 1>

0 m>norn=>0
A(n,m) =11 m=20

(n—m)-An—1,m—1)+(m+1)- A(n — 1,m) otherwise

int eulerianNum(int n, int m)

{

if (m >=n || n == 0) return 0;

if (m == 0) return 1;

return (((n-m) * eulerianNum(n-1, m-1)) + ((m+1) * eulerianNum(n-1, m)));
3

PiFEIPartition
DiF: BERE  SREEEESAINET,
n—=r1+r2+...+ 7Tk
=P NEEEFRA— RS
PIFEC pn. BARE n HFHEES.
k BB HFEL
6 n SRIE K MBSIIHIR, TR k BHIFREL TTHE pln, K).

p(n, k) =p(n—1,k—1) +pn—k, k)

p[0][0] = 1;
for (int i = 1; i <= n; ++1)
for (int j = 1; j <= k; ++3)
if (i -3 >=0) /*pli-j1[J1rAEH» K1/
pLil[3] = (pLi - 31031 + p[i - 1103 - 11D % mod;//plLi-11[J-1] %447

Ferrers

Ferrers B: FoRINEN TS AREMNITERS. BITRENEAX MR IR,

REDIFIEN, Ferrers EPARANTRREMANRFHEN. &IK(THERLMH.
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BSOIFE

BEEDIFE: pd.. B » BSZHHLEMEENSRSIZE. (Different)

FRE, ENER kSIS pd(n, k), TRBAIRH F NEHNESHIR, BIX RIS
n=ri+ret+...47 T1>r93>...>1:>1

pd(n, k) = pd(n —k,k— 1) +pd(n — k, k)

FE—: WA o B TR, BEXEERSN kE, REBEELF— R, #5350
MiE?

EBE k- 1 BIRFEAR n NTHERMAEZHE » — 1 MNEEH.

EATRRseEm, FLEEne ().

KRR o1 + @2 + -+ - + 2 = n WIEERERAIAEL.
B NRERENC—T, BHERFATIR?
SRS FERER T, BAFURHIRSRIRFRI—TEmENER, FERFTE.

A RRIERM R AABIRFEIREE—, JofE kM TEER, EX e+ k NusEEaE
n+k— 1 MEEEER, EFA

)= ()

REEK ©) + 2y + -+ + zp = n FHFRBEREEL (AKX 2, >0) .

= MRBT R—F, BEXNTHiH, ELEDH 0, ) a; < n NITEE?
AREK 1 + 22+ - + a3 = n NENEE, HP 2; > a;,
RECFTPRHBFNESR, FIHE X a; NoHEIE, RIS « EEPHEDE o; D, HHES

!

T; =T; — a4y

BEIFLRE:

(@h +a1) + (23 +az2) + -+ (2 +ax) =
x’l—i—m;—}—---—}—m;zn—al—ag—---—ak
! ! !
x1+m2+-—-+azk:n—2ai
RIBAR=mAE W TR, ERBEREATUSEIERN

=
n—Y a;+k—
n—Y a;

SHFEREI: Koy + 20 + -+ -+ 2, = n, HPx, <= o;fBHEE, SFERERX
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ZEENESH

B’ S={n1-a1,n2-a2,---,np - a3} ToH n1 a1, na Naz, ..., np > ax ERPNSEE. A
XFEE r(r < n;,Vi € [1,k]), M S HEFEr NMuarBE— I ZSEENSGERIGIE SEENES
. XNEEENT =1 + 20 + --- + 2 = r PIERESENEE, JLIBERERR, B

r+k—1
|

ZEENHEEGH 2

ERIXMAE: 1% S = {n1-a1,n2-as,---,nk - ax, } TH n1 a1, n2 Nag, ..., ne 1 ar 86K

REEE, BATTIERH r, N S FiEE r MoREN— N SEENL R
XEFHPRE) T BHTRAVEAI ML B, BAITLUBX N o IREIR L IR

k
Vie [LE, 2 <ni, Y mi=r

i=1

k =l —
Ans = Z(—l)pz (k+ !
p=0 A

Hrh A RIS TR, BE 4| —p, A < A,
AELBATHEDY

1~ n 3 MEPRECFI kN, 3 e NBERERT N Eas (M)

HESUES BT | —LRsUHES

o HIE— (¢=1-p)
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R U FresE n MARRENE, M5 | MR P, AEREN P csanEis s, B4

n
Us:| =X 18- 1sin S+ > 18N 8;N 8| —---
i=1 i i<j i<j<k

m

FED™ Y | Saf 4o+ ()PS0 Sl

Ai<adiyl i=1

n m
m—1 =
et Y s

aj<ai |i=1

PIF: m BRRNK, B8R ofil MERVNK, A\ n T, EREBMEFELE—MINLGEE

EBRIAERAERE 2N EFATHER, BN TIEa[i| MRBE T — 20 8F%4h, HEHC(n —
z +ali] —1,n -z — 1), RiEREEE, GAEFIEIEENTEREZE[], C(n —i+
alj] — L,n—i—1), XEEINEFEERSN, BIEARNETRE, ARNLAR, TERE
waEgE tx—C(n, i), B4, BPETHISHNSTRMNZE

C(n, i)+ [[[L;C(n—i+alj] —1,n—i—1)
BEETIX—%, BEAFHEEFHRE T RME—ERT, PBARENELHZE:

S (DO, ) T, Cln+ alf] —i— Ln—i— 1)

RItSHER
B SHRREIEARENE R
% f(i) T ged = i IBRREEL, 9(i)FR ged = i BIEEHIBERDEL
Hged # 1, FILAUBEERRRIE ged SEMLIE! ged = 1
AIEREE £(1) = 2272 n(i)g(i)
FAAEER BATF:
Ik ged = 1 BEHAIBEREE, BILIPBEREE
W2 ged = 2 BBERIIBEIREEL
25 ged = 3 BIEEHIBEIREE]
INE ged = 6 BIBEERIIBERSE, E 6 BER 2 AUSENE 3 BEEL, gcd = 6 HWHERIX
W2 ged = T BEHEIIBREE]
IKIERHE, ged > 1 NIEREMAERNRRIRZE T, FTLARERITHIEE gcd = 1 BIERE


af://n2984
af://n2988

FEH, ZERFRILUNAE] lem SEFE
18 (i) Fw lem = i BIERAE, (i) F5 lom = i RORSERBOIE AR
AILARREE] (1) = 2, x (X /i)g(i)
FARIERE EIARF:
Ik lem = X fEHAIBIREE, BIEERBEREE
W2 lem = X /2 BEEEEREE]
W2 lem = X /3 EEREE
Ik lem = X /6 RUEERIBRSEL, E)D 6 B2 2 RUSHNE 3 RUSEL, HREMIX
W2 lem = X /7 BEHEYERSE
KIESEHE, lem < X (IBERERAERNRIRET , FILARERTHHMZ lcm = X AUBRE

ZHES!

void Perm(int* br, int k, int m)/*briCREIITEHFIFEAUL, kemfRFRIXAHAL 2T 4 HEF
HrHITaE*/

{
if (k == m)
{
for (int i = 0; i <= m; ++1) cout << br[i] << " ';
cout << endl;
}
else
{
for (int j = k; j <= m; ++3)
{
swap(br[j], br[k]);
Perm(br, k + 1, m);
swap(br[jl, br[kl);
}
}
}

//st1i i ¥next_permutation(a.begin(), a.end());tal LiMrsé

FRHEE

p—HRR7E 1eb leb6 £

Lucas EEFERTAESEHEER,

fibaOLEie RiEE: MBS p AEMES, Cf modp = C;fl?)',ij% % Cpih modp  *EmEmAs)
cr = C,]jn“ . Cgf . C;’j cee Cgf (mod p)= H:{_o ijj (mod p)

(mod p)FRRREEEPAIRM TAAZ

Hrepn = ag +a;p +ap? + -+ + axpm = by + byp +bap? + - -+ + by p*
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/ /PN
11 Tucas(11 n, 11 m, 11 p)

{
if (m == 0) return 1; // c(n,m)tEnfLLACINn] [m] FiAb# & AT
return lucas(n / p, m / p, p) * C(n % p, m% p, p) % p;
}
ey
HEA-RHIEE
RigEE

BT pTERE, BARNIEERTHEI TREN DR

BanEaE—Ip ZEAMMER, RERIIEHEACE mod p' &R, HUURTERACESHEIIRENESR.

// #bert,gpow,inv, exgcdig
// nUHHE X L kR
11 fac(11 n, 11 x, 11 P) // P = x A k;

{
if (!'n)
return 1;
11 s = 1;
for (11 i =1; i <=P; i++) if (A ¥ x) s =5 * 1 % P;
s = qpow(s, n / P, P);
for (1Ti=n/P*P+1;1<=n; i++) if (i $x) s =1 %P * s % P;
return s * fac(n / x, x, P) % P;
}
11 mullucas(11 n, 11 m, 11 x, 11 P)
{
int cnt = 0;
for (AT i =n; i; 1 /=x) cnt += 1 / x;
for (1T i =m; i; 1 /=x) cnt -=1 / x;
for (11 i =n-m; i; i /=x) cnt -=1 / X;
return gpow(x, cnt, P) % P * fac(n, x, P) % P * dinv(fac(m, x, P), P) %
P * inv(fac(n - m, x, P), P) % P;
}
11 exlucas(11 n, 11 m, 11 P)
{

int cnt = 0;
11 p[20], a[20];
for (11 1 =2; i * i <= P; i++)

{
if (P % i ==0)
{
p[++cnt] = 1;
while (P % i == 0) plcnt] = p[cnt] = i, P /= 1;
alcnt] = mullucas(n, m, i, plcnt]);
}
}

if (P > 1) p[++cnt] = P, alent] = mullucas(n, m, P, P);
return crt(cnt, a, p);
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L LEN
PR

const double EPS = 1E-9;
doubTe det(vector<vector<double>> &a, int n)

{
double det = 1;
for (int i = 0; i < n; ++1)
{
int k = 1;
for (int j =1 + 1; j < n; ++3)
if (abs(al[jl[i]) > abs(alk][i1))
k =73;
if (abs(a[k][i]) < EPS)
{
det = 0;
break;
}
swap(alil, a[kl);
if (1= k)
det = -det;
det *= a[i][i];
for (int j =1 + 1; j < n; ++3)
alil[jl /= alillil;
for (int j = 0; j < n; ++3)
if (j !'= 1 && abs(a[j][i]) > EPS)
for (int k =1 + 1; k < n; ++k)
a[jllk] -= a[illk] * a[j1[il;
}
return det;
}
FEPERIZTESE
| sERERYEEIETE IR

Z—PMEME— M EHEEEN, Bt eieE (LSRR mEMEEHEEEEA T —MNasl) | EEEEA r— T
a3l (Gef, W) . MEEST—TAS

XSRS ERHEA T R 00, AR — M AaESIEIHGEEAR, SR —NER R 7 90T

()G G ()= (i)

EEMIEEEN RS ENR RIS BB A E RS Meaiva S, ERENA T 4E=sEmniTasin, 25— ERE
—PESHERAR, IR, MR T SIS ER AT B R .

o

ZFit, RNSEEE F ORHEENEcHIR, — M oRimSheka TS M.
cosl —sinf AN cost ) (731'"9) B (.1- * cosl + y * 7.sir:9)
(sin() cosf ) (y) - (sinﬁ) Y cosh | z * sinf + y * cosf

RSr—IXRAE
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B —RARE, S RO IREAZIN TR
JsL =3

Az + By+Cz=d—
Axz + By = kgcd(A, B)
kged(A,B)+Cz=d

=HETT

ar+bhytaz=d

WF—MEMTEE S a2 + by + o2 = dy , BAITITLISHAMER (FREFERE coefficient matrix FIE/%55F Augmented
a3 + by + ec3z = ds

Matrix) , ¥ TFEFf.

HEEs 8ok 18rsaks
az+bhytcz=d a; by oy arbic|dy
{022 +boy +caz=d> = asbrco Aad |:a2b252 |d‘2:|
a3z + by +caz=ds azbycy azbycy|ds

BHiEELR

EETEEETRERLAS LT LS

(—) . "SGR, RVREGEME A INLFEHAE b, HBHE (Ab).

(D) | BT, BERUIFREHMA T EIX =SS RR R AEE RN =R
(=) . BRIEHR=RmATIMEA,

(M) . fEFREEIEE: (Algorithm for Back Substitution) SRAE/S.

/RIEMRAS
int gauss() // ®minEG, &G Falillnl¥, 0 <= i < n
{
int ¢, r;
for (c =0, r=0; c < n; c++)
{
int t = r;

for (int i = r; i < n; i++) if @[11[lcD) t = 1i; // #IEFIT
if (la[t]l[c]) continue;
for (int 1 = ¢; 1 <= n; i++) swap(alrllil, altl[i1); // HAFEATHal I
for (Gint i =r + 1; i < n; i++) // JASHATR T PTA 50 KO
if (al[illcl)
for (int j =n; j >=c; j--)
alil[j]l A= alrl[jl;

r++;

}

if (r < n)

{
for (int i = r; i < n; i++) if (a[illn]) return 2; // Lfi#
return 1; // HZ4M#

}

for (int i =n - 1; i >=0; i--)
for (int j =1 + 1; j <n; j++)
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alil[n] A= a[il[j]1 * al[jl[n];
return 0; // AME—f#

}
FREGRA

int gaussQ) // &inEsG, EFEAFTalillnld, 0 <=1 < n
{

int c, r;

for (c =0, r=0; c < n; c++)

{

int t = r;

for (int i =r; i < n; i++) // HRAEMERKWAT

if (fabs(a[il[c]) > fabs(a[t][c])) t = 1i;
if (fabs(a[t][c]) < eps) continue;
for (int i = ¢; 1 <= n; i++) swap(al[t]l[i]l, alrl[il); // JG&xHEm RIAT

Bl T

for (int i = n; i >= c; i--) alrll[i] /= alrllcl; // HHEITEEAAKL
for (Gint i =r + 1; i < n; i++) // HAE0TH T HPTE 517 O

if (fabs(a[i][c]) > eps)

for (int j =n; j >=c¢; j--)
alil[j] -= alr]l[3]1 * al[illc];

r++;
}
if (r < n)
{
for (int 1 = r; i < n; i++) if (fabs(a[i]l[n]) > eps) return 2; // L%
return 1; // AL ZH#
}

for (int i =n - 1; i >=0; 1i--)
for (int j =1 + 1; j < n; j++)
alilln] -= alil[j]l * aljlln];
return 0; // AME—f#

IEPHE(FEE
SREMINE, HE T RER. FEA. F

class mat
{
public:
int n, m;
vector<vector<int>> a;
mat(int n, int m) : n(n), m(m) { a.resize(n + 1, vector<int>(m + 1)); }
mat operator+(const mat &T) const

{

mat res(n, m);

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

for (int j =1; j <= m; ++3)
res.a[i][j] = (alil[3j] + T.a[il[31) % mod;

return res;
}
mat operator-(const mat &T) const
{

mat res(n, m);
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for (int i = 1; i <= n; ++1)
for (int j = 1; j <= m; ++3)
res.ali][j] = (a[il[3j] - T.al[il[j1) % mod;
return res;

}
mat operator*(const mat &T) const
{
mat res(n, T.m);
int r;
for (int i = 1; i1 <= n; ++1)
for (int k = 1; k <= m; ++k)
{
r = alillk];
for (int j = 1; j <= T.m; ++3)
res.a[i][j] += T.a[kI[j] * r, res.a[i]l[j] %= mod;
3
return res;
}
mat operatorA(int x) const
{
mat res(n, n), bas(n, m); // n ==m
for (int i = 1; i <= n; ++1)
res.al[i][i] = 1;
for (int i = 1; i1 <= n; ++1)
for (int j = 1; j <= m; ++3)
bas.al[i][j] = a[il[j] % mod;
while (x)
{
if (x & 1)
res = res * bas;
bas = bas * bas;
X >>= 1;
}
return res;
}
5
istream &operator>>(istream &is, mat &x)
{
for (int i = 1; 1 <= x.n; ++i)
for (int j = 1; j <= x.m; ++J)
is >> x.al[il[j];
return is;
}
ostream &operator<<(ostream &os, const mat &x)
{
for (int i = 1; i <= x.n; ++1)
{
for (int j = 1; j <= x.m; ++3j)
os << x.a[il[j] << " ";
0s << endl;
}
return os;
}

AEPEAEEIRSEIRBRERENT]
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[feibon feibonﬂ} X = [feibonﬂ feibonﬁ}

n—1

01 = [feibo,1 feibonH]

[feibol feiboz] X 11

ZIEE
SLMERLMTRN—EE.
SMERHNENFIERN— RS, BEEGLITREER:
1. MR PERERE - LHNREEMRNES, FTRFPERISE LSBT OmAY

PAN
%I:Io

2. M ERHRE DIARMRIRIES.
BT LEXEFEMER, HAWETLUSHINTLEHRELS:

1. RFPFIRETEL, EHILRLEEF—LHFEFREE (AER 1 BEEH)

2. HMEPAFE—RY, FEEMNNFRHENO WRFEz0y® 2=0, ERFNT
@y =z, WALMMEAEEREEERE, EETHR2)

3. GMEEPAFERERESRS, FEEINSTIES (FRMEXE M ESRIE—ENSEE
S 0 BIEES)

BRI

11 bas[N], tmp[N]; // bas[i] _i#l& &6 %A N

bool flag0; // IR FRIRO
void ins(11 x) // HAX
{

for (int i =N-1; ~i; i--)
if (x> 1 & 1) // HEXE 3 &EA AL
if (lbas[i]) // LR 6RO

{
bas[i] = x; // AT RRX, HLHEIEIMAN—AFCEHR
return;

}

else

X A= bas[i];
flag0 = true; // iBHK x=0MZHIE O 24 n] DIRIR EX , xAX A #4520

}
bool check(11 x) // A RGeS FRIRxX
{
for (int i = N - 1; ~i; i--)
if (x> 1 & 1)
if ('bas[i])
return false; // MEIIERRFHIN
else
x A= bas[i];
return true;
3
11 gmax() // EilLEIEREFR R AR AE
{

11 res = 0;
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for (int i = N - 1; ~i; i--)
res = max(res, res A bas[i]); // #&restifi N0mtFakbas [1], & WA EAE
return res;

}
11 gminQ) // EWEHIERR R &/ IME
{
if (flag0)
return 0; // Ofw/h
for (int i = 0; i < N; i++)
if (bas[i]) // #R&VEHEARIHRME
return bas[i];
return -1; // &M RNT
}
11 query(11 k) // EHLMHERER R K/ME
{
11 res = 0;
int cnt = 0;
k -= flag0; // FHEELRTRO
it (1k)
return 0; // ORl&/h
for (int i = 0; i < N; i++)
{
for (int j =1 - 1; ~3; 3--)
if (bas[i] >> j & 1)
bas[i] A= bas[j]; // iSRRI 4T 2 1 BE IR
if (bas[i])
tmp[cnt++] = bas[i];
}
if (k >= (111 << cnt))
return -1; // HEEMHEIERTRRH2Acnt ML
for (int i = 0; i < cnt; i++)
if (k> 1 & 1) // RSk
res A= tmp[i];
return res;
}
BRI

struct 1b // linear basis?

{
11 d[64];
Tb() { memset(d, 0, sizeof(d)); }
void operator+=(11 x)

{
for (int i = 62; i >= 0; i--)
{
if (P(x & (AT11 << 1))
continue;
if (d[i])
x A= d[i];
else
{
dli] = x;
break;
}
}



11 &operator[](int x)

{
return d[x];
}
void operator+=(Clb &x)
{
for (int i = 62; i >= 0; i--)
if (x[iDD
*this += x[i];
}
friend 1b operator+(lb &x, 1b &y)
{
Tb z = x;
for (int i = 62; i >= 0; i--)
if (y[iD
z += y[il;
return z;
}
11 calc() // calculate maximum possible
{
11 res = 0;
for (int i = 62; i >= 0; i--)
if ((res A d[i]) > res)
res A= d[i];
return res;
}

I8

ZIR,
IRk
STzt

F#RA R ENSBEL (polynomial) , BJFmA

f: ’::ft]_efl_ef:'-h'"_\fn-:" {fﬂ_\fl:fﬁ!:"'a

SIRRIE
HF—AEWS, f(2), MESRBRTHORENZSTIL B (degree) , FRREL, 1BfF deg f
SRR

ZWE f(z) SERRI R(z) EREMI 9(z) BB TER.
f(z) = R(z) (mod g(z))

XPMERAEEERE, WF2IWN g(z) B9EE—ME 0, KA f(z) FAR(z) #, BEIBISERER.
B:

f(zo) = R(z0)

REMANERIUNATERE. — N LRIERE, TLEREFNSTIVBE T, M— 18RI
RZImz(RER. Fan:

l+z+a*+2* +...=1+z+...+2"" (mod z")
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BIARIRAIFTEIER N =" B, EUER =" RREENT (8] | SRS TRIRREEREIR »
I, ERBESUAEEEX.

RS S X TRI%TT

SRR h(z) BT, BRE f(x) BREELT, WTRamRs f(z) RS
h(z) BRI,

SFEW f(x), BFEg(x) HE:

f(z)g(z) =1 (mod h(z))

R g(x) 7 f(z) EHR h(z) EXTHI #ETT (inverse element) . SZME LRSI, #TiF
AEZHBXH ged(f,9) = 1.

EQUER
PR :

// using namespace LPoly;
namespace LPoly
{
typedef std::complex<double> Comp;
vector<int> r; // rev
11 qpow(11 base, 11 pow, 11 P)
{
11 res = 1;
base %= P;
while (pow)
{
if (pow & 1)
res = res * base % P;
base = base * base % P;
pow >>= 1;
}
return res;
}
const double Pi = acos(-1);
const int P = 998244353;
const int G = 3;
inline 11 inv(11 a) { return gpow(a, P - 2, P); }
const int IG = inv(G);
const comp I(0, 1);
void init(int n)

{

int bit = _1g(n);

r.resize(n);

for (int i = 0; 1 < n; i++)

rfi] = (r[i >> 1] >> 1) | (G & 1) << (bit - 1));

}
void FFT(vector<Comp> &a, int opt) // opt=1,DFT; opt=-1,IDFT
{

size_t siz = 1 << __1g(a.size());
if (siz < a.size(Q))
siz <<= 1;
a.resize(siz);
init(a.size());
for (int i = 0; 1 < a.size(); i++)
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if (A < rli])
swap(al[il, alr[i]]);

for (int mid = 1; mid < a.size(); mid <<= 1)

for (int k = 0; k < mid; ++k, w = w * wn) // Mg/l

alj + mid + k];

{
// BRI
comp wWn(cos(Pi / mid), opt * sin(Pi / mid));
for (int j = 0; j < a.sizeQ); j += mid << 1)
{
// mid<<1oh 2l Ab F A S A
Comp w(1l, 0);
{
Comp x = al[j + k], y =w *
alj + k]l = x + y;
alj + mid + k] = x - y;
3
3
}
}
struct Poly : vector<int>
{
Poly() {}

Poly(vector<int> a) : vector(a) {}
void formalize()

{
size_t siz = 1 << _1g(size());
if (siz < size())
siz <<= 1;
resize(siz);
3

Poly operator+(const Poly &g) const
{

Poly res = *this;

res.resize(max(this->size(), g.size()));
for (size_t i = 0; i < g.size(); ++i)

res[i] = (res[i] + g[i]) % P;
return res;

}

Poly operator-(const Poly &g) const
{

Poly res = *this;

res.resize(max(this->size(), g.size()));
for (size_t i = 0; i < g.size(); ++i)
res[i] = (res[i] - g[i]l + P) % P;

return res;
}
Poly operator*(const Poly &b) const
{
int 1im = 1;
Poly f = *this, g = b;
while (Tim < f.size() + g.size())
Tim <<= 1;
f.resize(lim), g.resize(lim);
f.NTT(1), g.NTT(1);
for (Gint i =0; i < Tim; ++1)
flil = ADFLI] * gli]l % P;
f.NTT(-1);
for (int i = 0; i < 1im; ++1)



f[i] /= 1im;
return f;

void NTT(int opt) // M T4

formalize();
Poly &f = *this;
init(f.size());
for (int i = 0; i < f.size(); ++1)
if (i < r[i])
std::swap(f[i], flr[il]);
for (int mid = 1; mid < f.size(); mid <<= 1)

int gn = gpow(opt == 1 7? G : IG, (mod - 1) /
for (int i =0; i < f.sizeQ); i += mid << 1)

{

for (int j =0, g =1; j < mid; ++j, g

(mid << 1), P);

(11)g * gn % P)

{
int tmp = (ADF[i + j + mid] * g % P;
fli + j + mid] = (f[i + j]1 - tmp + P) % P;
fli + 31 = (F[i + j1 + tmp) % P;

}

3
int tmp = (opt == 1 ? 1 : inv(f.size()));
for (int i = 0; 1 < size(Q); i++)
flil = ADFLHT * tmp % P;
*this = f;

friend void Pinv(Poly &f)

}
{
}
{

P’
}

e
}
TRIRII:

if (f.size() == 1)
return f[0] = inv(f[0]), void(;
int len = f.size();
f.formalize(Q);
int n = f.size();
Poly g = f;
g.resize(n >> 1), Pinv(g);
init(n << 1);
g.resize(n << 1), g.NTT(1);
f.resize(n << 1), f.NTT(1);
for (int i =0; i < (n << 1); i++)

fli]l = ((g[i] << D % P - (ADg[i] * g[i] % P * f[i] % P + P) %

f.NTT(-1), f.resize(len);

struct Complex

{

double a, b;
inline Complex operator+(const Complex &w)

{

return Complex{a + w.a, b + w.b};



}

inline Complex operator-(const Complex &w)

{
return Complex{a - w.a, b - w.b};
}
inTine Complex operator*(const Complex &w)
{
return Complex{a * w.a - b * w.b, a * w.b + b * w.a};
}
inline Complex operator/(const Complex &w)
{
double s = w.a * w.a + w.b * w.b;
return Complex{(a * w.a + b * w.b) /s, (b * w.a - a * w.b) / s};
}
};
namespace Poly
{

vector<int> rev, 1iv;
void FFT(vector<Complex> &a, const int f)

{
int n = a.size();
vector<int> rev(n);
for (int i = 0; i < nj; i++)
rev[i] = (rev[i >> 1] >> 1) | (0 & 1) * (n >> 1));
for (int i =0; 1 < n; i++)
if (i < rev[il)
swap(a[il, alrev[ill);
for (int 1 =1; 1T <n; 1T <<=1)
{
complex w = {cos(pi / 1), f * sin(pi / 1D};
for (int j =0; j <n; j+= Q << 1))
{
Complex wk = {1, 0};
for (int i = 0; i < 1; i++)
{
Complex x = a[i + jl, y =wk * a[i + j + 1];
ali + jl =x+vy, al[i+3+1] =x -y;
wk = wk * w;
b
3
3
}

const int mod = 998244353;
int gpow(int a, int b)
{
int ans = 1;
while (b)
{
if (b & 1)
ans = (11)ans *
a=(C(M1a * a % mod;
b >>= 1;

a % mod;

3

return ans;
}
const int g = 3, ig = gpow(g, mod - 2), im = gpow(g, (mod - 1) >> 2);
void init(int n)

{



rev.resize(n), iv.resize(n);
iv[l] = 1;
for (int i =1; i < n; i++)
rev[i] = (rev[i >> 1] >> 1) | (G & 1) * (n >> 1)),
ivii + 1] = (D mod - mod / (i + 1)) * divimod % (i + 1)] % mod;
}
struct poly : vector<int>
{
friend inline void formalize(poly &a)
{
int n = 1;
while (n < a.size(Q))
n <<= 1;
a.resize(n);
return;
}
friend void NTT(poly &a, int ty)
{
int n = a.size(Q);
vector<ull> f(a.begin(), a.end());
for (int i =0; i < n; i++)
if (i < rev[il)
std::swap(f[i], f[lrev[ill);
for (int len = 1; Ten < n; len <<= 1)
{
int w = gpow(ty == 1 ? g : ig, (mod - 1) / (len << 1));
vector<int> wk(len);
wk[0] = 1;
for (int i =1; 1 < len; i++)
wk[i]l = (ODwk[i - 1] * w % mod;
for (int j = 0; j <n; j += (len << 1))
for (int i = 0; i < len; i++)
{
inty = f[i + j + Ten] * wk[i] % mod;
fli + j + Ten] = f[i + j] - y + mod;
fli + 31 +=y;

if (len == 1 << 11)
for (int i = 0; i < n; i++)
f[i] = f[il % mod;

int j=ty=171:1v[n];
for (int i =0; i < n; i++)
a[i] = f[i] * j % mod;
3
friend poly operator+(poly &a, poly b)
{
int len = max(a.size(), b.size());
a.resize(len), b.resize(len);
for (int i = 0; i < len; i++)
ali]l = (a[i]l + b[i]) % mod;
return a;
}
friend void operator+=(poly &a, poly b)
{
int Ten = max(a.size(), b.size());
a.resize(len), b.resize(len);



for (int i = 0; i < len; i++)
ali] = (a[il + b[i]) % mod;

}
friend void operator-=(poly &a, poly b)
{
int len = max(a.size(), b.size());
a.resize(len), b.resize(len);
for (int i = 0; i < len; i++)
al[i] = (a[i]l - b[i] + mod) % mod;
}
friend void operator*=(poly &a, const int b)
{
for (int i = 0; 1 < a.size(); i++)
ali]l = (dDali]l] * b % mod;
}
friend poly operator*(poly &a, poly b)
{
int len = a.size() + b.size() - 1;
a.resize(len), b.resize(len);
formalize(a), formalize(b);
init(a.size());
NTT(a, 1), NTT(b, 1);
for (int i = 0; 1 < a.size(); i++)
alil = (ADaf[il * b[i] % mod;
NTT(a, -1), a.resize(len);
return a;
}
friend void operator*=(poly &a, poly b)
{
int len = a.size() + b.size() - 1;
a.resize(len), b.resize(len);
formalize(a), formalize(b);
init(a.size());
NTT(Ca, 1), NTT(b, 1);
for (int i = 0; 1 < a.size(); i++)
ali] = (Aa[i]l * b[i] % mod;
NTT(a, -1), a.resize(len);
}
friend poly operator/(poly &a, poly b)
{
if (a.size() < b.size())
{
a.resize(1);
a[0] = 0;
return a;
3
int len = a.size() - b.size() + 1;
reverse(a.begin(), a.end()), reverse(b.begin(), b.end());
a.resize(len), b.resize(len);
inv(b), a *= b, a.resize(len);
reverse(a.begin(), a.end());
return a;
}
friend void operator/=(poly &a, poly b)
{

if (a.size() < b.size())
{

a.resize(l);



a[0] = 0;
return;
3
int len = a.size() - b.size() + 1;
reverse(a.begin(), a.end()), reverse(b.begin(), b.end());
a.resize(len), b.resize(len);
inv(b), a *= b, a.resize(len);
reverse(a.begin(), a.end());

}
friend poly operator%(poly &a, poly b)
{
poly c = a;
c /=b, c *= b;
a -=c, a.resize(b.size() - 1);
return a;
}
friend void inv(poly &a)
{

if (a.size() == 1)
return a[0] = gqpow(a[0], mod - 2), void(Q);
int len = a.size();
formalize(a);
int n = a.size();
poly b = a;
b.resize(n >> 1), inv(b);
init(n << 1);
b.resize(n << 1), NTT(b, 1);
a.resize(n << 1), NTT(a, 1);
for (int i =0; i < (n << 1); i++)
ali]l = ((b[i] << 1) % mod - (11)b[i] * b[i] % mod * a[i] % mod +
mod) % mod;
NTT(a, -1), a.resize(len);

}
friend void devar(poly &a)
{
for (int i = 1; i < a.size(); i++)
ali - 11 = (D1 * a[i] % mod;
a.back() = 0;
}
friend void inter(poly &a)
{
for (int i = a.size() - 1; i; i--)
ali]l = (ADali - 1] * div[i] % mod;
a[0] = 0;
}
friend void Tn(poly &a)
{
formalize(a);
int n = a.size();
poly b = a;
devar(b), inv(a);
a *= b;
a.resize(n);
inter(a);
}
friend void exp(poly &a)
{

if (a.size() == 1)



return a[0] = 1, voidQ;

formalize(a);

int n = a.size();

poly b = a, c;

b.resize(n >> 1), exp(b),

c = b, c.resize(n), In(c);

for (int i =0; i < n; i++)

ali] = (a[i]l + (A == 0) + mod - c[i]) % mod;

a *= b;

a.resize(n);
}
friend void pow(poly &a, int k)
{

n(@;

for (int i = 0; 1 < a.size(); i++)
alil = (ADali]l * k % mod;

exp(a);
}

friend void sqrt(poly &a) { pow(a,

friend void sin(poly &a)
{

a *= im;

exp(a);

poly b = a;

inv(b);

a -= b;

a *= (11D (mod + 1) >> 1) * im % mod *

}
friend void cos(poly &a)
{
a *= 1im;
exp(a);
poly b = a;
inv(b);
a += b;
a *= (11)((mod + 1) >> 1);
}
friend void asin(poly &a)
{
int n = a.size() << 1;
poly b = a;
devar(a);
b.resize(n);
formalize(b);
init(b.size()), NTT(b, 1);

for (int i = 0; 1 < b.size(); i++)
b[i] = (ODb[i] * b[i] % mod;
NTT(b, -1), b.resize(n >> 1), b *

(mod + 1) >> 1); }

im % mod * im % mod;

mod - 1, b[0]++;

sqrt(b), inv(b), a *= b, inter(a), a.resize(n >> 1);

}
friend void atan(poly &a)
{
int n = a.size() << 1;
poly b = a;
devar(a);
b.resize(n);
formalize(b);
init(b.size());



RARI :

NTT(b, 1);
for (int i

b[i] = (1D)b[il]

0; i < b.size(); i++)

* b[i] % mod;

NTT(b, -1), b.resize(n >> 1), b[0]++;

inv(b), a

namespace Poly

{

int n, m, a[N], b[N], c[N],
int f[N], g[N], h[N], F[NI,
int rev[N], inv[N], fac[N],
inline void init(int n, int

{

if (mode)
{
int 1 = 0;
for (Tim =
T++;
for (int i
rev[i]
}
else
{

for (Tim = 1; Tim <

1-

*= b, inter(a), a.resize(n >> 1);

s[N], ss[N], d[N], e[N];
tmpl[N], tmp2[N], tmp3[N];
ifac[N],
mode = 1)

G[19][N], Tim;

Tim < n; 1im <<= 1)

1; i < T1im; i++)
(rev[i >> 1] > 1) | (G & 1) << (O - 1));

inTine int gpow(int x, int y)

{

}

int res = 1;

while (y)
{
if (y & 1)
res = 111 *

Xx =111 * x * x % mod;

y >>=1;
3

return res;

inline void Prefix(int n)

{

inv[l] = 1;
for (int 1

inv[i]
fac[0] = 1;

11

]

2; 1 <= n; i++)

n; Tim <<= 1);

res * x % mod;

* (mod - mod / i) * inv[mod % i] % mod;

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

fac[il] 11

for (int i = n;

ifac[i 1]
for (int 1 1,
{

G[i][0] =1

]

.i

* fac[i - 1] *
ifac[n] = gpow(fac[n], mod - 2);

>=1; i--)
111 * difac[i]
=1; i <= 18;

i % mod;

* i % mod;

it++, p <<= 1)



G[i][1] = qpow(3, mod - 1 >> 1i);
for (int j = 2; j < p; j++)
G[i1[3] = 111 * G[i1[j - 1] * G[i1[1l] % mod;

}
}
inline void NTT(Cint *a, int t)
{
for (int i =0; i < Tim; i++)
if (i < rev[il)
swap(al[i], al[rev[ill);
for (int i =1, t=1; i < 1im; i <<= 1, t++)
{
for (int j =0; j < 1im; j += 1 << 1)
{
int tl, t2;
for (int k = 0; k < 1i; k++)
{
tl = a[j + k];
t2 = 111 * G[t]1[k] * a[i + j + k] % mod;
a[j + k]l = (t1 + t2) % mod;
ali + j + k] = (t1 - t2 + mod) % mod;
h
3
3
if (t == 1)
return;
int Inv = gpow(1lim, mod - 2);
reverse(a + 1, a + 1lim);
for (int i = 0; i < 1im; i++)
a[i] = 111 * a[i] * Inv % mod;
}
inline void Inv(int *a, int *b, int n)
{
if (n == 1)
{
b[0] = gpow(a[0], mod - 2);
return;
3
Inv(a, b, n + 1 >> 1);
init(n << 1);
for (int i = 0; i < n; i++)
clil = a[il;
for CGint i =n; i < Tim; i++)
clil = 0;
NTT(c, 1), NTT(b, 1);
for CGint i = 0; i < Tim; i++)
b[i] = 11T * (2 - 111 * c[i] * b[i] % mod + mod) % mod * b[i] % mod;
NTT(b, -1);
for (int i =n; i < Tim; i++)
b[i] = 0;
}
inline void mMul(int *a, int *b, int n)
{

init(n << 1);

memset(c, 0, 1im << 2);
memcpy(c, b, n << 2);

NTTCa, 1), NTT(c, 1);

for (int i = 0; i < 1im; i++)



ali] = 111

NTT(a, -1);

3

inTine void Der(int

{

for (int i = 1; i < n; i+e)
11 = 111 * i * a[i] % mod;

b[i -
bln - 1]
}

inline void Int(int

{

for (int i =1; i < n; i++)
b[i]l = 111 =

b[0] = 0;
3

0

*ali] * c[i] % mod;

*a, int *b, int n)

*a, int *b, int n)

inTine void polyIn(int *a, int *b, int n)

{

static int p[N];

memset(p,

memset(d,

pDer(a, p,

Inv(a, d,

Mul(p, d,

Int(p, b,
}

inTine void Log(int n, int *f, int *g)

{

init(n);

0, n << 3);
0, n << 3);
n;
n;
n;
n);

polyln(f, g, Tim);
for (int i =n; i < Tim; i++)
gli]l = 0;

3

inline void polyexp(int n, int *a, 1int

{
if (n ==
{

1

)

b[0] = 1;
return;

}

polyexp(n + 1 >> 1, a, b);
Log(n, b, s);

for (int
s[i]

for (int
b[i]

s[0]++;

.i

.i

=0; 1 <n; i+

-kb)

ali] >= s[i] ? a[i] - s[i]

=n; 1 < 1im; i++)

s[i] = 0;

NTT(s, 1), NTT(b, 1);
for (int i =0; i < Tim; i++)

bli]l = 111

NTT(b, -1);

for (int
b[i]
}

.i

inline void Exp(int n, int

{

polyexp(n, a, b);

z':a’

n; i < lim; i++)

int

* b[i] * s[i] % mod;

¥ b)

af[i - 1] * inv[i] % mod;

:alil] + mod - s[i];



FFTIRE(SEM 3R

MUEEZITESE (Fast Fourier Transform, FFT)

EEMIHE (Fourier Transform) 2—MoiHES8VAE, BRUSESHAS . BRI HIXLERR
DERES. FESEEAENEESHRS, BEMIREIEZEIENESHMS .

R f(t) RXTAIE ¢ BOREL, MEREHITRATLUGIIRE o BIEEATE f(t) HIASERE

F@) =¥ = [ 1 et

ERITERE

10 = FFW)I = 5 [ Fedo

TR SIERRIFERM, 98 2r 87 2SR ENE.

BEENTRES TR SRS AR 2r NEERREHTESNAR. E3HRBIEA— R
A,

BENTHEEENNEINER, ALUSHIRINEGTIRE iR, talLUSsisiISTRE s
Atk A 3EFH,

FFTIBIFRRA (& complexdistd3EEY)

AYEIEZ¥E(O(nlogn))

BIIAARBIETRIE

EARBRMER, FAREKNEES n MANEUNAT, E8n=2"kc N7,

int 1im = 1;
while (Tim <= n + m) Tim <<= 1;

HATHRRT: IDFT (BEMRZER) BFR, RIEERSHRNRERIRRERET . M DFT A52
NEMER, AJLERRERS IR SFRE, mR— e SRIRRENRE, LIRIERAUSR
RANSTRRIRE:

_ y - M1 1 1 1 - 1 1 - -
0 0
" 1 wl w2 wl cee @l ay
1 W2 wh wb e wz(nfl)
Yo n n n n as
= 3 6 9 3(n—1)
Ys 1 Wn Wn Wn Tt Wn as
- _ 2(n—1 3(n—1 1) Qp—
| Yn—1 (1 W 1 wn(n ) wn(n ) wgn ) | Lan 14

MERNCLBRRMONERT, FEl « BEEFSIHNRERTHEE—XINAY, L, 18]
TERERERIEREANR, T I REEF RIS EAR N A BRI BT 1.

BT XMERFRITTRIFERTA, SRR ERIARMR, 21 BNEE, B RUZRKE »
. HLREIEEIERERERE.

FRIAEENIER ali] #17 (int)(a[i]/a. size() + 0.5) SEHIENEE

typedef std::complex<double> Comp; // STL complex
const Comp 1(0, 1); // i


af://n3088

const int MAX_N = 1 << 20;

Comp tmp[MAX_N];

// rev=1l,DFT; rev=-1,IDFT

void DFT(Comp *f, int n, int rev)

{
if (n == 1) return;
for (int i = 0; 1 < n; ++1) tmp[i] = f[i];
// ABRBUSA T, FESAHL
for (int i = 0; i < n; ++i)
if (3 & 1)
fln/ 2 +1 / 2] = tmp[i];
else
fli / 2] = tmp[il;
Comp *g = f, *h = f +n / 2;
// #J4 DFT
DFT(g, n / 2, rev), DFTCh, n / 2, rev);
// cur EHATRAER, XF k = 0 WE, EXNNARLER omegaAO_n = 1.
// step RMANHAEMNZE, Ak E omegark_n = step*omegaA{k-1}*n,
// EXEMT exp(I*(2*M_PI/n*rev))
Comp cur(l, 0), step(cos(2 * M_PI / n), sin(2 * M_PI * rev / n));
for (int k = 0; k <n / 2; ++k)
{ // F(omegark_n) = G(omegaAk*{n/2}) + omegaAk¥*n\*H(omegark*{n/2})
tmp[k] = g[k] + cur * h[k];
// F(omegaAr{k+n/2}*n) = G(omegark*{n/2}) - omegaAk_n*H(omegaArk\_{n/2})
tmp[k + n / 2] = g[k] - cur * h[k];
cur *= step;
}
for (int i = 0; i < n; ++1) f[i] = tmp[i];
}

void solve()

{
int n, m, Tim = 1;
cin >> n >> m;
whiTle (Tim <= n + m)
Tim <<= 1;
for (int i = 0; 1 < n; ++i)
cin >> a[il;
for (int i = 0; i < m; ++i)
cin >> b[i]l;
DFT(a, 1im, 1), DFT(b, 1im, 1);
for (int i = 0; i <= Tim; ++1)
ali] = a[i] * b[il;
DFT(a, 1lim, -1);
for (int i =0; i < Tim; ++i)
ans[i] = (Cint)(al[i]l.real() / 1im + 0.5);
}

BEIEEEEEN, FHLESSE std :: complex JBFE



struct comp
{

double real, imag;

comp(double X = 0, double Y = 0) { real = X; imag = Y; }
} a[N1, b[NI;
inline comp operator+(comp a, comp b) { return comp(a.real + b.real, a.imag +
b.imag); }
inline comp operator-(comp a, comp b) { return comp(a.real - b.real, a.imag -
b.imag); }
inline comp operator*(comp a, comp b) { return comp(a.real * b.real - a.imag *
b.imag, a.real * b.imag + a.imag * b.real); }

NTTIRIZEELC TR
HRLEIT

inline void NTT ( const int n, int* A, const int tp ) {
for (int i =0; i <n; ++ i) if (i < rev[i] ) A[i] A= A[rev[i]] A= A[i]
A= Alrev[il];
for (int i =2, stp=1, w; i <=n; i <<=1, stp <<=1) {
w = gkpow (G, (MOD - 1) / i );
// GHJER, gkpow(a,b) Nalbik 77 HIMOD 45 R .
if (! ~tp ) w = gkpow ( w, MOD - 2 );
for (int j =0; j<n; j+=1) {
for (int r=1, k=3; k< 3j+stp; ++ k, r=111 * r * w % MOD ) {
int ev = A[k], ov = 111 * r * A[k + stp] % MOD;
Alk]l] = C ev + ov ) % MOD, A[k + stp] = ( ev - ov + MOD ) % MOD;

}
}
}
if ( 1~tp) {
int invn = gkpow ( n, MOD - 2 ); // invnAnffi¥ic.
for (int i =0; i <n; ++ 1 ) A[i] = 111 * A[i] * invn % MOD;
}

MEFE
jR{E

ZIMAMS AR(E (multi-point evaluation) BISH—NEIAR, f(z) Ml n N 21,29, . - -, 20,
P14

f{£1): f('r"l).ﬂ LERE f{'l'n)
ZIELAYHE(E (interpolation) BDLSHE n+14PR

(zo, y(l)1 (Zl?l, 311)1 ceey (-'E-n.: y-n.)

F— n REZWR, f(z) FEIX n + 1 NEEME f(z) L.

G+ FRRYSEI
B 0 20 8, IRARRERINT FE, HBIRT R AR,
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ZRR(E

typedef vector<int> Poly; //FibEk):
namespace Evaluation
{
#define 1s (rt << 1)
#define rs (rt << 1 | 1)
inline Poly MulT(const Poly &a, const Poly &b)

{
Poly F = a, G = b;
int n = a.size(), m = b.size();
reverse(G.begin(), G.end());
init(n);
F.resize(lim), G.resize(lim);
NTTCF, 1), NTT(G, 1);
for (int i =0; i < Tim; i++)
G[i] = 111 * F[i] * G[i] % mod;
NTT(G, -1);
for (int i =m - 1; i < n; i++)
F[i - m+ 1] = G[i];
F.resize(max(0, n - m + 1));
return F;
}
Poly T[N];
Poly Q, ans;
inTline void build(int rt, int 1, int r)
{
if (1 =r)
{
TLrt] = (Poly){1l, dec(0, Q[11)};
return;
}
intmid =1+ r > 1;
build(ls, 1, mid), build(rs, mid + 1, r);
TLlrt] = T[1s] * T[rs];
}
inline void solve(int rt, int 1, int r, Poly F)
{
if (1 =r)
{
ans[1] = F[0];
return;
}
intmid =1+ r > 1;
solve(ls, 1, mid, MulT(F, T[rsl));
solve(rs, mid + 1, r, MulT(F, T[1s]));
}
inTine Poly solve(Poly F, Poly Qr)
{
Q = Qr;
int n = F.size(), m = Q.size();
if (n < m)
F.resize(n = m);
if (m < n)

Q.resize(n);
build(l, 0, n - 1);
ans.resize(n), F.resize(n * 2);
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solve(l, 0, n - 1, MulT(F, Inv(T[11)));
ans.resize(m);
return ans;

Lagrangelfii&ix

Z SRR HRENT

FERIMSBARIRE | BAISRE: O(n?)

double Lagrange(double x, vector<pair<double, double>> &f)

{
double res = 0;
for (int i = 0; i < f.size(); ++1)
{
double tmp = 1;
for (int j = 0; j < f.size(); ++3)
if (A != )
{
tmp *= (x - f[jl.first);
tmp /= (f[i].first - f[j].first);
}
res += tmp * f[i].second;
}
return res;
}

TR RIESEES M Lagrangel®(E | FNEEZE: O(n)

IREK n REZMIA f(x), TOEM f(1),---, f(rn+1) Q1<i<n+1) , FRANLARYEE
/N
n+l
flz) = Z: Yi )
i=1

n+1 .

= ulli—
i=1 ’

J#i J

[EERNZEFALS FHESIER, TGRS FA:

n+1

I1 (= —3)

=1

5=
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DAY i — j RIEATLURBRERM ok EL :

(—)™ G — 1) - (m 41— )

BRIBEBARAL 2. ... n+ L HEEAR:
- I (2 —j)

fla) = 2 0" (i—D!(n+1—0)(z—q)

1=1

IRSAALRIRIRE | RRSZE: O(nlog’n)
ICEWR M(z) = [IiL, (z — =), EBENAENETA

[](z:i — ;) = lim Mjale—zy) M'(z;)

=E T—T; &L — Iy

Rt ZABRTN

typedef vector<int> Poly; //Hifiks
namespace Interpolation
{
#define 1s (rt << 1)
#define rs (rt << 1 | 1)
inTine Poly MulT(const Poly &a, const Poly &b)

{
Poly F = a, G = b;
int n = a.size(), m = b.size();
reverse(G.begin(), G.end());
init(n);
F.resize(lim), G.resize(lim);
NTT(F, 1), NTT(G, 1);
for (int i =0; i < Tim; i++)
G[i] = 111 * F[i] * G[i] % mod;
NTT(G, -1);
for (int i =m-1; i <n; i++)
F[i - m+ 1] = G[i];
F.resize(max(0, n - m + 1));
return F;
}

Poly TR[N], T[N];
Poly Q, QY, ans;
inline void build(int rt, int 1, int r)
{
if (1 == r)
{
TR[rt] = (Poly){1l, dec(0, Q[1]1)};
T[rt] = TR[rt], reverse(T[rt].begin(), T[rt]l.end());
return;
}
int mid =1 + r >> 1;
build(ls, 1, mid), build(rs, mid + 1, r);
TR[rt] = TR[1s] * TR[rs];
T[rt] = TR[rt], reverse(T[rt].begin(), T[rt]l.end());



inline void solve(int rt, int 1, int r, Poly F)

{
if (1 = r)
{
ans[1] = F[0];
return;
}
int mid =1+ r > 1;
solve(ls, 1, mid, MulT(F, TR[rs]));
solve(rs, mid + 1, r, MulT(F, TR[1s]));
}
inTline Poly solve(int rt, int 1, int r)
{
if (1 = r)
return (Poly){111 * QY[1] * qpow(ans[1], mod - 2) % mod};
int mid =1+ r > 1;
Poly L = solve(ls, 1, mid), R = solve(rs, mid + 1, r);
return L * T[rs] + R * T[1s];
}
inline Poly solve(Poly X, Poly Y)
{
Q =X, QY = V;
int n = X.size(Q);
build(l, 0, n - 1);
Poly F = Deriv(T[1]);
ans.resize(n), F.resize(n * 2);
solve(l, 0, n - 1, MulT(F, Inv(TR[1]1)));
return solve(l, 0, n - 1);
}

Newtonifi{Eix

R o, WEER f(o) NBEZIIA. BANRMOTARNENX RIAER (forward divided

differences) :

[yk] == Y,
[yk+17 < 7'y}i‘-+ﬂ - [y}1 e Jy}3+j_1]

[Yky - - - » Ykl ==
Tktj — Tk

(=) = [yol + [yo, yal(z — zo) +--- + [Yo,- - - , Ynl (T — T0) - - - (T — % 1)

n
— Z[yoa e :yJ]?I'J ('T)
=0

AR | EESRE: O(n?)

double Newton(double x, vector<pair<double, double>> f)
{

double res = 0;
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for (int i = 0; 1 < f.size(); ++i)

{
double tmp[2];
for (int j = (int)f.size() - 1; j > i; --3)
{
tmp[1] = f[j].first - f[j - i - 1].first;
f[j]l.second = (f[j].second - f[j - 1].second) / tmp[1l];
}
tmp[0] = f[i].second;
for (int k = 0; k < 1; ++k)
tmp[0] *= x - f[k].first;
res += tmp[0];
3
return res;
}
Hermiteli(EiE
RIRANHRE: REDEN—REREHEERIIEETR, BANTRFREREED LGB,

(EIRERSFISERMEIEE R, WHETREL TESHNEX, BETFRNSHEDERSE,
BEEEREHN SHBEF.

Hermite }HEZIAN A
H(z) = hi [(z; — z) (205 — ) + vi]
=0
n T — 2 n 1
h; = , .=
Z H(%—%) “ ;ﬂ?z‘—ma’
J#i £
SEREEHEHEZE
Lo(@) = uily(@)
=0
qj__a;jjl zj1 <z <
li(z) = ;7_9;:11 z; <@ < mjg
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double Linear(double x, vector<pair<double, double>> &f)

{
double res = 0;
for (int i = 0; 1 < (int)f.size(); ++1)
{
if (i && f[i - 1].first <= x && x <= f[i].first)
res += f[i].second * (x - f[i - 1].first) / (f[i].first - f[i -
1].first);

else if (i + 1 != (int)f.size() & f[i].first < x & x <= f[i +
1].first)
res += f[i].second * (x - f[i + 1].first) / (f[i].first - f[i +
1].first);
3

return res;

it
FImELazt

i Bf(z) = OBR, ¥BlzofERrioIaEIUE, NEATALLSA (20, f(z0)) e

y = f(z)B0UNE LRSS Srivass, BIBMSLASES

L:y=f(zo) + f (zo)(x — 20 ) BATRIE SibzeshT, = zo — Jf,‘(”;“)) BfiELL
(21, flz1) RS () )HE1E, KESomises, BELHIRESf (2, ) IREEFOR
o], HSn RIS ATR

(2b
FRIERRS

double rint(double a, double b, double (*f)(double))
{
int n = 1;
double x = a, h =b - a, Tast_sum = (*f)(a)*h, sum, p = eps + 1;
while (p >= eps)
{
sum = 0.0;
X = a;
for (int i = 1; i <= n; i++)
{
X = X + h;
sum = sum + (*f)(xX)*h;
}
p = fabs(sum - Tast_sum);
last_sum = sum;
n += n;
h /= 2.0;
}

return last_sum;
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TREARD

doubTle tint(double a, double b, double (*f)(double))

{
int n = 1;
double x = a, h = b - a, last_sum = (*f)(a)*h, sum, p = eps + 1;
while (p >= eps)
{
sum = 0.0;
X = a;
for (int i = 1; i <= n; i++)
{
sum = sum + ((*F)X) + *FHHX + h)) * h / 2;
X = X + h;
3
p = fabs(sum - Tast_sum);
Tast_sum = sum;
n += n;
h /= 2.0;
}
return last_sum;
}

SimpsonFELFHFIRD

—. 4 - FHERATN (RROIEFAR) ¢

[ f@ds=F®) - Fa)

Hrh, BEIF(x) BIEEREf(x)EX 8 a,b] LR,
Z. ¥E&# (Simpson) RZAI

1.SimpsonfAS ARNER K AR RFIK B R =N ISR ER="1m, MUORMZEERNAR B CEREHERS A
. LAKSERS BEUETR.

f;f(a:)dm O r@=ar(2) + 50

6 2
BRI :

f(double x)
{

// TODO: SZHHTR K A%
}
double simpson(double 1, double r) // FEEHEAH AR
{

auto mid = (1 + r) / 2;

return (r - 1) * (f(1) + 4 * f(mid) + f(r)) / 6;
}
double asr(double 1, double r, double s) // Hi&EMN |w
{

auto mid = (01 + r) / 2;
auto left = simpson(1l, mid), right = simpson(mid, r);
if (fabs(left + right - s) < eps) return left + right;
return asr(1l, mid, left) + asr(mid, r, right);

}//s = simpson(l, r);
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RIRIL:

double integral(double 1, double r, double (*f)(double))

{
auto simpson = [&f](double 1, double r) -> double
{
auto mid = (1 + r) / 2;
return (r - 1) * (f(1) + 4 * f(mid) + f(r)) / 6;
};

function<double(double, double, double)> calc = [&](double 1, double r,
double s) -> double

{
auto mid = (1 + r) / 2;
auto left = simpson(1l, mid), right = simpson(mid, r);
if (fabs(left + right - s) < eps)
return left + right;
return calc(l, mid, left) + calc(mid, r, right);
5

return calc(l, r, simpson(l, r));

BFE%F

A EEES ]

LML

18 Jo FRAESBIN .,k ABRTEERE, RAVEIFRA

Jn.,k = (J-n—l,k + k) mod n

?Amﬁﬁﬁ R 0 FFEaEL k4, B k- 1 PAHBERT n - 141A, RHEHER -14
AFIENERR, BI—MENRR b ERIHENER. RTMEZENSREBAR o(n) A,

int josephus(int n, int k) //0(n)

{
int res = 0;
for (int i = 1; 1 <= n; ++i) res = (res + k) % 1;
return res;

}

int josephus(int n, int k) //0(klogn)

if (n == 1) return 0;

if (k == 1) return n - 1;

if (k > n) return (josephus(n - 1, k) + k) % n; // P57k
int res = josephus(n - n / k, k);

res -= n % k;

if (res < 0) res += n; // mod n

else res += res / (k - 1); // i&EME

return res;
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it&ENM
=¥, /N
IEREEE
IES%EH
TE=/ARK AABCH, Hf A, B,C FiXiA% 314 a,b,c, WE:
si;:A - sijB N SirfC = 2R

Hr, R/ AABC RSMEEFZ,

RILEE

E=f, AABCH, A A, B,C Fiils 54 a,b,c, NA:

a® = b% + ¢* — 2bccos A
b2 = a® + ¢ — 2accos B
c® =a®+b%—2abcosC

S=mxaxb

C=mx \/mmm i)

3\ a—>b

C=7m*x(a+b)x(1+ —M—). A= ——
Ut v A et

NGRS
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z,® +ys® wy oy, 1
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CSDN @Operatory

A RERMNEEAN SNINETE TN AISIZREE 2R, 1OXEW AR Sieetg —MERte, JJEARIER.

PIRRhEsE
— AR RITRE R —MAEESIISE R, NE— A MR R Z B LA R0 T
A
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A
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- {)\
A A X
" C
\
B | ’QE
0 \il: -7 ~
0 D “X
tH_EERE:

x =0OB+BC v =AE-CE
=0Dcos@+ ADsiné =ADcos@—-0ODsiné
=xc0s0+ ysind =ycos@—xsmnd

mEIRATEiErEaI%E

M

cosé@
—sin@

sind || x
cos@ || v
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E PR IERERIER
x| |cos@ —smé | x
Ll'Lme cme}y
ANMERAE

const double eps=le-9;
const double pi=acos(-1.0);
class Point;
typedef Point Vvec;
[/ =35 BRAEE A P 1]
int dcmp(double x){
if(fabs(x)<eps) return 0;
return x<07-1:1;
}
struct Point{
double x,y;
Point(double _x=0,double _y=0):x(_x),y(_y){}
// RS ER R A S
Vec operator*(double p) {return vec(x*p,y*p);}
Vec operator/(double p) {return vec(x/p,y/p);}
Vec operator-(Vec obj) {return vec(x-obj.x,y-obj.y);}
Vec operator+(vVec obj) {return Vec(x+obj.x,y+obj.y);} //iif
double operator*(vec obj) {return x*obj.x+y*obj.y;} //X
double operatorA(vec obj) {return x*obj.y-y*obj.x;}
J/PA R A*B=|A|*|B|*cos(th)
double Angle(vec B) {return acos((*this)*B/(*this).len()/B.len());}
/ /W5 5% I AT DY 31 B THi AR
double Area(vec B) {return fabs((*this)AB);}

/ /e B ligks
/ /g A
// NX (cos -sin) x
// Ny (sin cos) y

Vec Rotate(double rad) {return Vvec(x*cos(rad)-
y*sin(rad) ,x*sin(rad)+y*cos(rad));}

//RERERER R, BIEpi/2

vec Normal() {return vec(-y,x);}

/ /3% e ) A B, B m R S 5 AR R

double 1en() {return hypot(x,y);}

double 1en2() {return x¥*x+y*y;} //i[nl 2 1) (e B

double dis(Point obj)  {return hypot(x-obj.x,y-obj.y);} //hypot % B M=
ISk BRI, R BRI K

//HERNR A atan2(y,x)

bool operator==(Point obj) {return dcmp(x-obj.x)==0&&dcmp(y-obj.y)==0;}

bool operator<(Point obj) {return x<obj.x||(x==0bj.x&&y<obj.y);}
it
struct Circle{

Point c; double r;

circle(Point c,double r):c(c),r(r){}

Point getpoint(double a){return Point(c.x+cos(a)*r,c.y+sin(a)*r);}
55
/¥ SREIMAIZ =/
int getTan(Circle A,Circle B,Point* va,Point* vb){

int cnt=0;

if(A.r<B.r){swap(A,B);swap(va,vb);}
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doubTe d=(A.c-B.c).1len();

double rdif=A.r-B.r,rsum=A.r+B.r;

/IWE, BEAIIL

if(dcmp(d-rdif)<0)return 0;

//AL, AR AT

double base=atan2(B.c.y-A.c.y,B.C.X-A.C.X);

if(dcmp(d)==0&&dcmp(A.r-B.r)==0)return -1;

if(demp(d-rdif)==0){
va[cnt]=A.getpoint(base);vb[cnt]=B.getpoint(base);cnt++;
return cnt;

}

/] EAMFINATI

double th=acos((A.r-B.r)/d);

val[cnt]=A.getpoint(base+th);vb[cnt]=B.getpoint(base+th);cnt++;

va[cnt]=A.getpoint(base-th);vb[cnt]=B.getpoint(base-th);cnt++;

//FTREH — R AL

if(dcmp(d-rsum)==0) {
va[cnt]=A.getpoint(base);vb[cnt]=B.getpoint(base+pi);cnt++;

}

else if(dcmp(d-rsum)>0)

{
double th2=acos((A.r+B.r)/d);
va[cnt]=A.getpoint(base+th2);vb[cnt]=B.getpoint(base+th2+pi);cnt++;
va[cnt]=A.getpoint(base-th2);vb[cnt]=B.getpoint(base-th2+pi);cnt++;

}

return cnt;

- -

A(z11,Z12, -+, T1n), B(T21, T2, T2m), B

e 2 2 2
| AB| (11 —®21)" + (T12 — 22) " + - - - + (T1n — Ton)

n

Z(-’L'li — @g;)2

i=1

MECIEEEAREA, EHEHBNRSR. RMERITEERKESN, FHEEER
E—EIRE.

ZI5tHEEManhattan
ENX

EETEA, APMRZENSEIIER (Manhattan distance) AEIIEALIRZZRVBIHESH
MR ENEIHEZH. &R A(z1,v1), B(za, 42), W A, B ZARISISIRIEH A AT LIFRR
v

d(A,B) = |x1 — z2| + |y1 — 2|
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tIttEXEEE Chebyshev

TENX

EJHCBKEEE (Chebyshev distance) RABSEFN—MER, —/ A2 ENEEE EE
IREENSREXE.

ETH=ER, ATRZENTIEEEXRIEEAE(1ES IR ERNEINE SHLIRZ ZEREITENR
K{E. 8= A(z1,31), B(z2,y2), W A, B ZEYILLEXRIEERAEILAFRTRA:

d(A, B) = max(|z1 — 2|, [y1 — y2[)

tILEE XS IIRRYEEL

SRTAMFREEIL ERAITRITEE 45° 5, B/ —LETm.

o B (2,y) SRR (2 + po — v) JT, RAGTRPS IS TS ST AR R RO
b B pE.
-ﬁ—ﬁﬁ@unm%ﬁgﬁ(wgﬂm;ynﬁ,E&ﬁg¢mmw%xﬁ%%$ﬁgﬁg¢m
I3RS,

LmiEE
L. iEE
—fetts, BATENFE LS A(z1,91), B(za,ys) ZIA Ly, BEEH

d(Lum) = (|21 — @a|™ + |11 — y2|™)

RARY, Lo IEEEERRULEBIEE, L EEHNESRMIES.

PickZEE

BT AT A ERRR A s R

Pick B BTN RSNGSESION, HesEmiHE TR A MPHEa%E i ok
HERRE DIORR: A= it L.

EELUTH S

o BEANEREFNERA—BA, EFHTHLEER, EreeBkAmI, ERTEE=A
Figm, BaEENE A=2xi+b—2,

o MTAEBNZON P, RRERE A =i+ % — x(P), B x(P) & P K ERAFIEE.

o SUEMEr: Ehrhart ZI0x
o RN BRRIAS (V- E -+ F =2) Fi.
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BSTHNG
MBS aREE
R T :

class Point

{

public:
doubTle x, y;
Point() {}

Point(double a, double b) { x = a, y = b; }

friend Point operator+(const Point &a, const Point &b) { return Point(a.x +
b.x, a.y + b.y); }

friend Point operator-(const Point &a, const Point &b) { return Point(a.x -
b.x, a.y - b.y); }

friend double operatorA(Point a, Point b) { return a.x * b.y - a.y * b.x; }

bool operator<(const Point &m) const { return x < m.x || (X == m.x && y <
m.y); }

double distance(Point m) { return sqrt((m.x - x) * (m.x - x) + (m.y - y) *
(m.y - y)); }

doubTe manhattan(Point m) { return fabs(m.x - x) + fabs(m.y - y); }

s

class vector

{

public:
double x, y;
vector() {}
vector(Point n) { x = n.x, y = n.y; }
Vector(double n, double m) { x =n, y =m; }
Vector(Point n, Point m) { Xx = m.x - n.x, y = m.y - n.y; }
Vector(double a, double b, double c, double d) { x =c - a, y=d - b; }
doubTe vabs() { return sqrt(x * x +y * y); }
double cosv(vector m) { return *this * m / this->vabs() / m.vabs(Q; }
doubTe angle() { return atan2(y, x); } // Get_Polar_Angle
Vector operator-() const { return {-x, -y}; }
Vector operator+(const Vector &m) const { return {x + m.x, y + m.y}; }
Vector operator-(const Vector &m) const { return {x - m.x, y - m.y}; }
Vector operator*(const double &m) const { return {x * m, y * m}; }
doubTe operator*(const Vector &m) const { return x * m.x +y * m.y; }
double operatorA(const Vector &m) const { return x * m.y - y * m.x; }

3

class Polygon

{

public:

vector<Point> p;

polygon() {}

Polygon(vector<Point> poi) { p = poi; }
double getsQ) // WH&IBLEN &HHET 51 H

{
double res = 0;
for (int i = 0; i < p.sizeQ); ++i)
res += Vector(p[i]) A vector(p[(i + 1) % p.size()1);
return fabs(res / 2);
}
void andrew() // "4tk
{

int tp = 0;
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sort(p.begin(), p.end()); // R AT HES
vector<int> stk(p.size() + 5), used(p.size() + 5); // stk[] AR, {FrZE
TR
stk[++tp] = 0;
// BABIE—NER, HAER used, (115 1 &5 53 ™00 ISt Xy By H 52587
for (int i = 1; i < p.size(); ++i)
{
while (tp >= 2 && (vector(p[stk[tp]l], p[stk[tp - 1]1]1) A vector(p[i],
plstkltpl])) <= 0)
used[stk[tp--]1] = 0;
used[i] = 1; // used FR#EM%E
stk[++tp] = 1;
3
int tmp = tp; // tmp Fx Fih5e R/
for (int i = p.size() - 1; i >= 0; --1)
if (lused[i1) // IR EMSERAGEHT NG
{
while (tp > tmp && (vector(p[stk[tpl]l, p[stk[tp - 1]11) A
vector(p[il, plstk[tpl])) <= 0)
used[stk[tp--1] = 0;
used[i] = 1;
stk[++tp] = 1;
3
vector<Point> newp;
for (int i = 1; i <= tp; ++1i)
newp.push_back(p[stk[i11); // SfilZlEAdl+ %
newp.pop_back(Q); //RFEAKAI LLAERRFIXAT | | 55— A7 T K
this->p = newp;

18

RARIL:

using typedef pair<double, double> PDD;
#define define x first

#define define y second

int stk[N], top;

PDD q[N];

bool used[N];

PDD operator- (PDD a, PDD b) // [al&jkik

{
return {a.x - b.x, a.y - b.y};
}
double operator* (PDD a, PDD b) // XFi. 4MH
{
return a.x * b.y - a.y * b.x;
}
double operator& (PDD a, PDD b) // WA, A
{
return a.x * b.x + a.y * b.y;
}

double area(PDD a, PDD b, PDD c) // Vla, b, cHTLANA M —=MfEHH
{
return (b - a) * (c - a);
}
double get_len(PDD a) // KAEKSE
{



return sqrt(a & a);

3
double get_dist(PDD a, PDD b) // >R/ 2 [a) (i 2
{
return get_len(b - a);
3

void andrew() // AndrewHi%, AT mign S REAE T stkd, THRMOFLG
{

sort(q, q + n);

for (int i =0; 1 <n; i ++)

{
while (top >= 2 && area(q[stk[top - 2]], q[stk[top - 111, q[i]) <= 0)
{
if (area(q[stk[top - 2]], q[stk[top - 111, q[i]l) < 0)
used[stk[ -- top]] = false;
else
top -- ;
}
stk[top ++ ] = 1i;
used[i] = true;
}
used[0] = false;
for (int i =n-1; i >=0; i --)
{
if (used[i]) continue;
while (top >= 2 && area(q[stk[top - 2]1], qlstk[top - 1]], ql[i]) <= 0)
top -- ;
stk[top ++ ] = 1i;
}
top -- ; // EAEEHNT IR, BHEER

SM= 40

struct Point

{
doubTle x, y;
Point(double _x = 0, double _y = 0) { x = _x; y =_y; }
friend Point operator+(const Point &a, const Point &b)
{
return Point(a.x + b.x, a.y + b.y);
}
friend Point operator-(const Point &a, const Point &b)
{
return Point(a.x - b.x, a.y - b.y);
}
friend double operatorA(const Point &a, const Point &b)
{
return a.x * b.y - a.y * b.x;
}
friend bool operator==(const Point &a, const Point &b)
{
return fabs(a.x - b.x) < eps & fabs(a.y - b.y) < eps;
}
5
struct Vv

{
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15

Point start, end;

V(Point _start = Point(0, 0), Point _end = Point(0, 0))

{
start = _start;
end = _end;

Point Basic, str[N];
set<Point> Set;

Point (0.0,

int n;
double Distance(Point a, Point b)
{
return sqrt((a.x - b.x) * (a.x - b.x) + (a.y - b.y) * (a.y - b.y));
}
bool operator<(Point a, Point b)
{
a = a - Basic;
b = b - Basic;
double Angl = atan2(a.y, a.x), Ang2 = atan2(b.y, b.x);
double Lenl = Distance(a, Point(0.0, 0.0)), Len2 = Distance(b,
0.0));
if (fabs(Angl - Ang2) < eps) return Lenl < Len2;
return Angl < Ang2;
}
set<Point>::iterator Pre(set<Point>::iterator it)
{
if (it == Set.begin()) it = Set.end();
return --it;
}
set<Point>::iterator Nxt(set<Point>::iterator it)
{
++it;
return it == Set.end() ? Set.begin() : it;
}
int Query(Point p) //#if)Spairarymm (LA, ONAE)
{
set<Point>::iterator it = Set.lower_bound(p);
if (it == set.end()) it = Set.begin(Q);
return ((p - *(Pre(it))) A (*(Gt) - *(Pre(it)))) < eps;
}
void Insert(Point p)
{
if (Query(p)) return;
Set.insert(p);
set<Point>::iterator it = Nxt(Set.find(p));
while (Set.size() > 3 && ((p - *(Nxt(it))) A (*(Git) - *(Nxt(it)))) < eps)
{
Set.erase(it);
it = Nxt(Set.find(p));
}
it = Pre(Set.find(p));
while (set.size() > 3 && ((p - *(At)) A (*(it) - *(Pre(it)))) > -eps)
{
Set.erase(it);
it = Pre(Set.find(p));
}
}

void Build(Q)



for (int i = 1; i <= 3; ++1) Basic = Basic + str[i];
Basic.x /= 3; Basic.y /= 3;

for (int i 1; i <= 3; ++1) Set.insert(str[i]);

for (int 1 4; i <= n; ++i) Set.Insert(str[i]);

) o) 2 {2

const 11 is_query = -(111 << 62);
struct Line

{
11 m, b;
mutable function<const Line *()> succ;
bool operator<(const Line &rhs) const
{
if (rhs.b != is_query) return m < rhs.m;
const Line *s = succ();
if (!s) return false;
11 x = rhs.m;
return b - s->b < (s->m - m) * x;
}
s
struct HullDynamic : public multiset<Line>
{
bool bad(iterator y)
{
auto z = next(y);
if (y == begin())
{
if (z == end()) return false;
return y->m == z->m && y->b <= z->b;
}
auto x = prev(y);
if (z == end()) return y->m == x->m && y->b <= x->b;
return (x->b - y->b) * (z->m - y->m) >= (y->b - z->b) * (y->m - x->m);
}
void insert_1ine(11T m, 11 b)
{
auto y = insert({m, b});
y->succ = [=] { return next(y) == end() ? nullptr : &*next(y); };
if (bad(y))
{
erase(y);
return;
3
while (next(y) != end() && bad(next(y))) erase(next(y));
while (y != begin() && bad(prev(y))) erase(prev(y));
}
11 eval (11 x)
{
auto 1 = *Tower_bound((Line){x, is_query});
return T.m * x + 1.b;
}
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=#HNe
BRI :

int n, cnt, vis[N][N];
double ans;
double Rand() { return rand() / (double)RAND_MAX; }
doubTe reps() { return (Rand() - 0.5) * eps; }
struct Node
{
double x, vy, z;
void shake()
{
X += reps(Q);
y += repsQ;
z += reps(Q);
}
doubTe 1en() { return sqrt(x * X +y *y + z * z); }
Node operator-(Node A) { return {x - A.x, y - A.y, z - A.z}; }
Node operator*(Node A)
{
return {y * A.z - z * ALy, z ¥ A.X - X ¥ A.Z, X * ALy -y * A.x};
}
double operator&(Node A) { return x * A.Xx +y * A.y + z * A.z; }
} A[NT;
struct Face
{
int v[3];
Node Normal() { return (A[v[1]] - A[v[0]]) * (A[v[2]] - A[v[O0]lD); }
double area() { return Normal().len() / 2.0; }
} fINI, CINI;
int see(Face a, Node b) { return ((b - A[a.v[0]]) & a.Normal()) > 0; }
void Convex_3D()

{
fl++cnt] = {1, 2, 3}; fl++cnt] = {3, 2, 1};
for (int i =4, cc = 0; i <= n; i++)
{
for (int j =1, v; j <= cnt; j++)
{
if (I(v = see(f[j]1, A[i1))) Cl++cc]l = f[j];
for (int k = 0; k < 3; k++) vis[f[jl.v[k]I[f[jl.v[(k + 1) % 311 = v;
}
for (int j = 1; j <= cnt; j++)
for (int k = 0; k < 3; k++)
{
int x = f[jl.v[k], v = f[jl.v[(k + 1) % 3];
if (vis[x][y] && !vis[y][x]) C[++cc] = {x, vy, i};
}
for (int j = 1; j <= cc; j++) f[j]1 = Cc[j];
cnt = cc;
cc = 0;
3
3
int input()
{
cin >> n;

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


af://n3204

cin >> A[i].x >> A[i].y >> A[i]l.z, A[i].shake();
Convex_3D(Q);
for (int i = 1; i <= cnt; i++) ans += f[i].area();
printf("%.3f\n", ans); //IMEEMH
return 0;

IRIR I :

/7 HNIBA AT B R AR
#include <cstdio>
#include <cmath>
#include <vector>
#include <Tist>
#include <queue>
using std::1list;
using std::max;

using std::pair;
using std::queue;
using std::vector;
typedef pair<int, int> pad;
const int N = 2500;

const double eps = le-8;
struct vect
{
double x, vy, z;
int id;
vect() {}
vect(double xx, double yy, double zz) : x(xx), y(yy), z(zz) {}
vect operator-(vect v) { return vect(x - v.x, y - v.y, z - v.z); }
vect operator/(vect v) { return vect(y * v.z - z * V.y, Z * V.X - X * v.Z, X
vy -y Fvex); o}
double operator*(vect v) { return x * v.x + y * v.y + z *
double m() { return sqrt(x * x +y *y + 2z * z); }

v.z; }

3
struct Tine
{
vect u, Vv;
Tine {}
Tline(vect uu, vect vv) : uCuu), v(vv) {}
};
struct plane
{
vect vec[3];
plane() {}
plane(vect uu, vect vv, vect ww) { vec[0] = uu, vec[l] = vv, vec[2] = ww; }
vect normal() { return (vec[l] - vec[0]) / (vec[2] - vec[0]); }
vect u() { return vec[0]; }
};

inline bool gtr(double a, double b) { return a - b > eps; }

inline bool eq(double a, double b) { return (a - b > -eps & a - b < eps); }
inline bool eq(vect u, vect v) { return (eq(u.x, v.x) & eq(u.y, v.y) && eq(u.z,
v.z)); }

inline double Abs(double x) { return gtr(0, x) ? -x : x; }

JFRR S R/



inline double dist(vect v, plane p) { return (v - p.uQ) * p.normal() /
p.normal().mQ; }

ARG/

inline double dist(vect v, line f) { return ((f.v - f.u) / (v - f.w)).mO / (f.v
- f.w).mO; 1}

inline double dist(vect u, vect v) { return (u - v).mQ; }

inline bool isabove(vect v, plane p) { return gtr((v - p.uQ)) * p.normal(), 0);

int TIME = 0; /*4&JaifRE*/
struct facet

{

int n[3]; /*neighbor, F&XN (u->v, v->w, w->u)*/

int id, vistime /*ujil[mfEER/;

bool 1isdel;

plane p;

facet() { vistime = isdel = 0; }

facet(plane pp) : p(pp) { vistime = isdel = 0; }

facet(int idd, plane pp) : id(idd), p(pp) { vistime = isdel = 0; }

void in(Cint nl, int n2, int n3) { n[0] = nl1, n[1] = n2, n[2] = n3; }
5

/LR i /
struct edge
{
int netid, facetid;
b
ARG T /
vector<facet> FAC;
struct ConvexHulls3d
{
int index /*#%4|li*/;
doubTle surfacearea;
convexHulls3d(int indd) : index(indd) { surfacearea = 0; }

void dfsArea(int nf)
{
if (FAC[nf].vistime == TIME)
return;
FAC[nf].vistime = TIME;
surfacearea += FAC[nf].p.normal().m(Q) / 2;
for (int i = 0; i < 3; ++1)
dfsArea(FAC[nf].n[i]);

double getsurfaceArea()
{
if (gtr(surfacearea, 0))
return surfacearea;
++TIME;
dfsArea(index);
return surfacearea;

int getHorizon(int f, vect &p, int vistime[], edge el[], edge e2[],
vector<int> &resfdel)
{
if (!isabove(p, FAC[f].p))
return O;



if (FAC[f].vistime == TIME)
return -1;
FAC[f].vistime = TIME;
FAC[f].isdel = 1; /*IREFRiCHIRIE*/
resfdel.push_back(FAC[f].id);

int ret = -2;
for (int i = 0; 1 < 3; ++1)
{
int res = getHorizon(FAC[f].n[i], p, vistime, el, e2, resfdel);
if (res == 0)
{
int pt[2];
pt[0] = FAC[f].p.vec[i].id, pt[1l] = FAC[f].p.vec[(i + 1) %
3].1d;
for (int j = 0; j < 2; ++3)
{
if (vistime[pt[j]] != TIME)
{
vistime[pt[j]] = TIME;
el[pt[jl].netid = pt[(F + 1) % 2];
el[pt[j]].facetid = FAC[f].n[i];
3
else
{
e2[pt[jl1].netid = pt[(§ + 1) % 21;
e2[pt[jl].facetid = FAC[f].n[i];
3
b
ret = pt[0];
3
else if (res != -1 && res != -2 /*gy[EAEPIA]TH™/)
ret = res;
}
return ret;
}
5
[Bommmmmcmssssssssssssscssssssosssssssssssssssssssosssssessssssss=t /
VA= 1=%

vector<vector<vect>> pts;
/*RIEYIGR A /
inline ConvexHulls3d getStart(vect point[], int totp)
{
vect pt[6], s[4];
for (int i = 0; 1 < 6; ++1i)
pt[il = point[1];
/* B ARl R K R/
for (int i = 2; i <= totp; ++i)
{
if (gtr(point[i].x, pt[0].x))
pt[0] = point[i];
if (gtr(pt[1l].x, point[i].x))
pt[1] = point[il;
if (gtr(point[i].y, pt[2].y))
pt[2] = point[i];
if (gtr(pt[3].y, point[i].y))
pt[3] = point[il;
if (gtr(point[i].z, pt[4].2))
pt[4] = point[i];



if (gtr(pt[5].z, point[i].z))
pt[5] = point[i];
}
s[0] = pt[0], s[1] = pt[0], s[2] = pt[0], s[3] = pt[0];
/¥ B B B K AN %/
for (int i = 0; i < 6; ++1)
for (int j =1+ 1; j < 6; ++j)
if (gtr(dist(pt[il, pt[j1), dist(s[0], s[11)))
s[0] = pt[i], s[1] = pt[jl;
/F B S LA RURTIE B B  B 1 p/
for (int i = 0; 1 < 6; ++1)
if (gtr(dist(pt[i], 1ine(s[0], s[1])), dist(s[2], 1ine(s[0], s[11))))
s[2] = pt[il;
/* BT RUEE P B % T Rz 1) e/
for (int i = 1; i <= totp; ++i) /*!11%/
if (gtr(Abs(dist(point[i], plane(s[0], s[1], s[2]1))), Abs(dist(s[3],

plane(s[0], s[1], s[21)))))

s[3] = point[i];
/ORI SR A 3 (14 T 2 B Al A ) * /
if (gtr(0, dist(s[3], plane(s[0], s[1], s[21))))
{
vect tmp = s[1];
s[1] = s[2];
s[2] = tmp;
}
JEHIGE Al /
int f[4];
for (int 1 = 0; 1 < 4; ++1i)
FAC.push_back(facet()), f[i] = FAC.size() - 1, FAC[f[i]].id = f[i];
FAC[f[0]].p = plane(s[0], s[2], s[1]), /*Jifi*/
FAC[f[1]].p = plane(s[0], s[1], s[31),
FAC[f[2]].p = plane(s[1l], s[2], s[31),
FAC[f[3]].p = plane(s[2], s[0], s[31);
FAC[f[0]].in(f[3], f[2], f[1D);
FAC[f[1]].in(f[0], f[2], f[31);
FAC[f[2]].in(f[0], f[31, f[11);
FAC[f[3]].in(f[0], f[1], f[21);
/25 DUANTH 43 T AR 2 () /
for (int i = 0; i < 4; ++1)
pts.push_back(vector<vect>());
/45 DY T 43 e s/
for (int i = 1; i <= totp; ++i)
{
it (eq(point[i], s[0]) || eq(point[i], s[1]) || eq(point[il, s[2]) ||

eq(point[i], s[31))

}

continue;
for (int j = 0; j < 4; ++3)
if (isabove(point[i], FAC[f[j1].p))
{
pts[f[j]].push_back(point[i]);
break;
I
}
JFREIPIGE AT, D—NHEARTI*/
return ConvexHulls3d(f[0]);

edge e[2][N] /*ihA&mEERE /;



int vistime[N] /*&A> sy I g/ ;
queue<int> que;
vector<int> resfnew /*{RAFHIHLEMIE*/, resfdel /*LRAFMIERITE*/;
vector<vect> respt /*{RAFEZESILIIA*/;
inTine ConvexHulls3d quickHul13d(vect point[], int totp)
{
convexHulls3d hull = getStart(point, totp);
/*REAITAR FR ALY BT N BRI /
que.pushChull.index);
for (int i = 0; i < 3; ++1)
que.push(FAC[hull.index].n[i]);
/*snew RAFIE IR B ELI 2R 51 T * /
int snew = 0;
while (que.size())
{
int nf = que.front();
que.pop(Q);
/T MR, Bkl /
if (FAC[nf].isdel)
continue;
/¥ AT A ST BCR T, Bhid =/
if (pts[nf].size() == 0)
{
snew = nf; /*HifRIEHJEFES/
continue;
}
/* BUE B I T () J %/
vect p = pts[nf][0];
for (int i = 1; i < (int)pts[nf].size(); ++i)
if (gtr(dist(pts[nf][i], FAC[nf].p), dist(p, FAC[nf]l.p)))
p = pts[nfl[il;
/O RSPZR, T DURIESS B T 2R 2D = AN e/
++TIME;
resfdel.clear();
JEYATH —E MR, FUEEEMA G dfs*/
int s = hull.getHorizon(nf, p, vistime, e[0], e[1], resfdel);
/W (Ge—RD , WIEFmE*/
[ FAE RIS 22 B FRATT G245 S0 5 2% 120 2 10 I 42 A MUY A T, R 5 2 B W /
resfnew.clear();
++TIME;
int from = 0 /* L—A U5 igsi*/, Tastf = 0 /* L—ASpadnm*/, fstf = 0 /*%—
ANHTERITE ™/
while (vistime[s] != TIME)
{
/% F TR DS M il s A 1) %/
vistime[s] = TIME;
int net /* T4 si*/;
int £ /%P4 BTN GEE W=/, fnew /*¥ii=*/;
/W ORI 77 1) IR /
if (e[0][s].netid == from)
net = e[1][s].netid, f = e[1][s].facetid;
else
net = e[0][s].netid, f = e[0][s].facetid;
/¥R IR PN S AEATEZ b s i (5 2% /
int ptl = -1, pt2 = -1;
for (int i = 0; i < 3; ++1)
{
if (eq(point[s], FAC[f].p.vec[i]))



ptl = 1i;
if (eq(point[net], FAC[f].p.vec[i]))
pt2 = 1i;
3
JEMOR ptl->pt2 &4l i sl i i EHHES * /
if ((ptl + 1) % 3 != pt2)
ptl A= pt2 A= ptl A= pt2; /*5cfi*/
/¥ IR G BT A2 B LA * /
FAC.push_back(facet(plane(FAC[f].p.vec[pt2], FAC[f].p.vec[ptl],
P)));
fnew = FAC.size() - 1, FAC[fnew].id = fnew;
pts.push_back(vector<vect>());
resfnew.push_back(fnew) ;
/U AT RS e/
FAC[fnew] .n[0] = f, FAC[f].n[ptl] = fnew;
if (lastf)
{
/AN BE TR S R 2 NS A3 7 s 2 198 3 7 % /
JFHEFET R I T 1A (R 4R 425 B/
if (eq(FAC[fnew].p.vec[1l], FAC[lastf].p.vec[0]))
FAC[fnew].n[1] lastf, FAC[lastf].n[2] = fnew;
else
FAC[fnew] .n[2] = Tastf, FAC[lastf].n[1l] = fnew;

3
else
fstf = fnew; /*ibARFzmH*/
lastf = fnew;
from = s;
S = net;
3
/* TR R Sk R AE I SRS B/
if (eq(FAC[fstf].p.vec[1l], FAC[lastf].p.vec[0]))
FAC[fstf].n[1] Tlastf, FAC[lastf].n[2] = fstf;

else
FAC[fstf].n[2] = lastf, FAC[lastf].n[1] = fstf;
/IR BB s/
respt.clear();
for (int i = 0; i < (int)resfdel.size(); ++i)

{
for (int j = 0; j < (int)pts[resfdel[i]].size(); ++j)
respt.push_back(pts[resfdel[i]]1[j]1);
pts[resfdel[i]].clear();
}
JFor B/
for (int i = 0; i < (int)respt.size(); ++i)
{
if (eq(respt[il, p))
continue; /*Bkict FHT-Hr gm0 %/
for (int j = 0; j < (int)resfnew.size(); ++j)
if (isabove(respt[i], FAC[resfnew[j]].p))
{
pts[resfnew[j]].push_back(respt[il);
break; /*WifRAASHEE >/
b
}

/KT I BB * /
for (int i = 0; i < (int)resfnew.size(); ++1i)
que.push(resfnew[i]);



}

hull.index = snew;
return hull;

}
inline void precConvexHulls()
{
/%0 LR *
pts.push_back(vector<vect>());
FAC.push_back(facet());
}
[Bommmoscsossscossssssossoossoos MR Reseessesssessseossosssossseosot /

vect point[N];
int main(Q)

{
preConvexHulls();
int n;
scanf("%d", &n);
for (int i = 1; i <= n; ++1i)
{
double x, vy, z;
scanf("%1f%1t%1f", &x, &y, &z);
point[i] = vect(x, y, 2);
point[i].id = 1i;
}
convexHull1s3d hull = quickHul13d(point, n);
printf("%.31f", hull.getSurfaceArea());
}
hERER=

lie¥s 55 (Rotating Calipers, t#R [hefeF~RI ) &, EOSFINEM L, BIfZEOLEE
R—RONEREFEMTEENR, EBELHNEAXBENORER. sIERESESNOEN

FRABRAYRIE.
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KETREF, MTERL, #BEE j+ 18 (6,4 + 1) NIEEERZ j EX, MREHE 510
—, BNRE j REBNRLR. AlEREaEEE/NTAT LR RS SIS HRE S =AANmEmiR
(W@, =, ERTER=ANER) FEREIR.

BRI T

struct Point
{

double x, y;

Point() {}

Point(double a, double b) { x = a, y = b; }

friend Point operator+(const Point &a, const Point &b) { return Point(a.x +
b.x, a.y + b.y); }

friend Point operator-(const Point &a, const Point &) { return Point(a.x -
b.x, a.y - b.y); }

friend double operatorA(Point a, Point b) { return a.x * b.y - a.y * b.x; }

double distance(Point m) { return sqrt((m.x - x) * (m.x - x) + (m.y - y) *

(m.y - y)); }
e
double RotatecCalipers(vector<Point> ch) //#Z Mk
{
double ans = 0;
int g =1, n = ch.size(Q);
ch.pb(ch[0]);
if(n <= 2)

return ch[0].distance(ch[1]);
for (int i = 0; 1 < n; ++i)
{
while(((ch[g]-ch[i+1])A(Cch[i]l-ch[i+1])) <= ((ch[g+1]-ch[i+1])A(ch[i]-
chl[i+1]1)))
a=(0+ 1) %n;
ans = max(ans, max(ch[q].distance(ch[i]), ch[q].distance(ch[i + 1])));

3

return ans;

RARI:



struct P //fi2E
{
db x,y;//%b5
PO{}//Bii& kL
P(db _x,db _y):x(x),y(_y){}/ /Ml
P operator+(P p){return {x+p.x,y+p.y};3}// AN
P operator-(P p){return {x-p.x,y-p.y};3}// A0y
P operator*(db d){return {x*d,y*d};}//%cE
P operator/(db d){return {x/d,y/d};}//&L—"1 %
bool operator<(P p)const{//E &/ T 5, Wkt 7 i
int c=cmp(x,p.x);
if(c)return c==-1;
return cmp(y,p.y)==-1;
}
bool operator==(P o)const{//E#H%T 5, M7 i
return cmp(x,o0.x)==0&&cmp(y,0.y)==0;
}
db dot(P p){return x*p.x+y*p.y;}//sif>00<=theta<P1/2,=0MItheta=P1/2, <0
PI/2<theta<=PI
db det(P p){return x*p.y-y*p.x;}//X#>000<theta<PIElarEbrmint &ty \ , =00
theta=05-PIRlafibitZk , <O -PI<theta<ORlarEb )i il 4l 7 ]
db distTo(P p){return (*this-p).abs();}
db alpha(Q{return atan2(y,x);}//tf
void read(){cin >> x >> y;}
void write(){cout << '"(' << x << ","' <<y << ")' << endl;}
db abs({return sqrt(abs2());}
db abs2(){return x*x+y*y;}
P rot90(){return P(-y,x);}
P unit({return *this/abs(Q;}
int quad(Qconst{return sign(y)==1||(sign(y)==0&&sign(x)>=0);}
P rot(db an){return {x*cos(an)-y*sin(an),x*sin(an)+y*cos(an)};}/ /e fijieht—/>
i
};
db convexDiameter(vector<P> ps) // fE NSRRI
{
int n = ps.size();
if (n <= 1) return 0;
int is = 0, js = 0;
for (int k = 1; k < n; k++) is = ps[k] < ps[is] ? k : is, js = ps[js] <
ps[k] ? k : js;
int i = 1s, j = js;
db ret = ps[i].distTo(ps[jl);
do
{
if ((ps[(i + 1) % n] - ps[il).det(ps[(J + 1) % n] - ps[i]) >= 0) // fa&
CERANRE LA st
(++3) %= n;
else (++1) %= n;
ret = max(ret, ps[i].distTo(ps[j1));
} while (G !=ds || j != js); // MEESGAIL
return ret; // iR AR AEEE

Y PES


af://n3216

EALE#ARSEFE— I RENAUNE, HER FESERRE.

_Al‘.I‘ Jr Bly Jr (-' >0
Asz + Bay +

SR

MR REFHREZOE LER—RINELS ZORRERMMRER, BBAX N RESFRAZA
R,

IESLRIEFRAE B EEHENF XL R ESIAT AR R FERZME SO
BY#.

HFrgEakor rmi--EEsR:

Step 1: BATEMNY-FHZRNARF, HFoBEEE Tl TmiE.

Step 2: ERA— AT Ideque, TIARARIETH,

Step 3: FRRERER— NI Fm:

A: while dequelfimFE- M FHEAIZE AL LA FERSN: MibkdequelfunAd4-Fm.
B: while dequeEBFI- ™ FHIZ AR FES: MbkdequelLEfHY4FH.

C: BFLarEFminAdequeliis,

Step 4: MiBEdequeimitihHAIRT T2 FE:
A: while dequellimF- N FHRIZERTEREE TS MkRdequellunAd-4-m.
B: while deque/ R M- FHEMNZE ATEIREBEFHsl: HibkdequeERAI-EF.

Step 5: T RkEldequeth FAR MR FEAIZEA, SEIn i FRERAHANNEIDNE,

1

using typedef pair<double, double> PDD;
#define define x first
#define define y second
struct Line // H#
{
PDD st, ed; // HZLLHIWANA
}1ine[N];
int q[N]; // XUsBA%
int sign(double x) // %5 %L

{
if (fabs(x) < eps) return 0; // xA~0, N[0
if (x < 0) return -1; // x k%%, NiRE-1
return 1; // xNIEE, WAL

}

int demp(double x, double y) // L& ME AN

{

if (fabs(x - y) < eps) return 0; // x ==y, &[0
if (x <y) return -1; // x <y, &H-1
return 1; // x >y, k[l



PDD operator+ (PDD a, PDD b) // [l /i:

{
return {a.x + b.x, a.y + b.y};
}
PDD operator-(PDD a, PDD b) // [k
{
return {a.x - b.x, a.y - b.y};
}
double operator* (PDD a, PDD b) // #MH. XFH
{
return a.x * b.y - a.y * b.x;
}
PDD operator* (PDD a, double t) // &%k
{
return {a.x * t, a.y * t};
}

double area(PbpD a, PDD b, PDD c) // Vla, b, cATLMA A = MfHH
{
return (b - a) * (c - a);
}
PDD get_line_intersection(PDD p, PDD v, PDD q, PDD w) //WEZ7Ap + vt,q + wt
{

auto u = p - q;

auto t =w *u / (v * w);
return p + v * t;
}
PDD get_line_intersection(Line a, Line b) // RWELA N
{
return get_line_intersection(a.st, a.ed - a.st, b.st, b.ed - b.st);
}

bool on_right(Line& a, Line& b, Line& c) // b=z st mreal i
{

auto o = get_line_intersection(b, c);

return sign(area(a.st, a.ed, 0)) <= 0;

3
double get_angle(const Line& a) // RELZEMIMEAM KN
{

return atan2(a.ed.y - a.st.y, a.ed.x - a.st.x);
}

bool cmp(const Line& a, const Line& b) // K E&iutlifmifr
{
double A = get_angle(a), B = get_angle(b);
if (!dcmp(A, B)) return area(a.st, a.ed, b.ed) < 0;
return A < B;
}
void half_plane_intersection() // Vs, ZHEMLBREHGFFAETql]H
{
sort(line, line + cnt, cmp);
int hh = 0, tt = -1;
for (int i = 0; 1 < cnt; i++)

{
if (i && !'dcmp(get_angle(line[i]), get_angle(line[i - 1]))) continue;
while (hh + 1 <= tt && on_right(line[i], Tine[q[tt - 1]1], line[q[tt]]))
tt--;
while (hh + 1 <= tt & on_right(line[i], Tine[q[hh]], 1ine[q[hh + 1]1]1))
hh++;

ql++tt] = 1;



while (hh + 1 <= tt && on_right(line[q[hh]], Tine[q[tt - 111, line[q[tt]l]))
tt--;

while (hh + 1 <= tt && on_right(line[q[tt]], 1line[q[hh]], Tline[q[hh + 1]11))
hh++;

ql++tt] = ql[hh];

// R AE T []

// TODO: KFIA G, M4 H B KRR E 5

wRF2

//WCTAE R HE A A A E R4, f3E (Point start, end; double ang;)
struct Point
{ // sHRER
double x, y;
Point(double _x = 0, double _y =0) { x = x; y=_y; }
friend Point operator+(const Point &a, const Point &b) { return Point(a.x +
b.x, a.y + b.y); }
friend Point operator-(const Point &a, const Point &b) { return Point(a.x -
b.x, a.y - b.y); }
} poi[N], convex[N]; //poilfiZilift i, convexZ % itk
struct vV // HENER
{
Point start, end;
double ang; // #J%[-180,180]
V(Point _start = Point(0, 0), Point _end = Point(0, 0))

{

start = _start;

end = _end;

ang = atan2(end.y - start.y, end.x - start.x);
}

} TIN], st[NI;
int n, ccnt;
double DotMul(V a, V b)// A

{
a.end = a.end - a.start;
b.end = b.end - b.start;
return a.end.x * b.end.x + a.end.y * b.end.y;
}
double CroMul(Vv a, Vv b)// XF! axb
{
a.end = a.end - a.start;
b.end = b.end - b.start;
return a.end.x * b.end.y - b.end.x * a.end.y;
}
int IsLineInter(v 11, v 12)// M=%
{

if (max(1l.start.x, 1l.end.x) >= min(12.start.x, 12.end.x) &&
max(12.start.x, 12.end.x) >= min(ll.start.x, 1l.end.x) &&
max(1l.start.y, 1l.end.y) >= min(l12.start.y, 12.end.y) &&
max(12.start.y, 12.end.y) >= min(Il.start.y, 1l.end.y))
if (Cromul(12, v(l12.start, 11l.start)) * Cromul(12, v(12.start, 11l.end))
<= 0 &
Ccromul (11, v(ll.start, 12.start)) * Ccromul(11l, v(ll.start, 12.end))
<= 0)
return 1;
return 0;



}
Point LineInterDot(Vv 11, v 12)// %k

{
Point p;
double s1 = Ccromul(v(ll.start, 12.end), V(ll.start, 12.start));
double s2 = cromul(v(1l.end, 12.start), v(ll.end, 12.end));
p.x = (1l.start.x * S2 + 1l.end.x * s1) / (S1 + S2);
p.y = (1l.start.y * S2 + 1l.end.y * S1) / (S1 + S2);
return p;
}
int Judgeout(const V &x, const Point &p) // si{ELki7-1
{
return CroMul(v(x.start, p), X) > eps; // AAEAMEZH0, 470 |01
}

int Parellel(const V &, const V &y) { return fabs(CroMul(x, y)) < eps; } //Tir
/ /IR FI1 AT
void ChangeDirection() //UIH#liisi jy 4l

{
for(int i=1;i<n;++1)
swap(1[i].start,1[i].end);
3
double checkbirection()
{
double ans=0;
for(int 1=0;i<n;++1)// LW e 2L 4
ans+=CroMul (V(Point(0,0),T1[i].start),v(Point(0,0),1[i].end));
return ans;//ans>0iil4r, sum<OJfit 4t
3
int cmp(Vv a, V b)
{
if (fabs(a.ang - b.ang) < eps)
// SHEEARIERS, AS[E AR R AL E
[/ FIORALE SR IALE, XFERE, AT R E B HE s RT DL AH [F] A R e
return CroMul(v(b.end - a.start), V(a.end - b.start)) > eps;
// FIAWIALERTH A E, AT T R E AN .
return a.ang < b.ang;
}
double HplaneIntersection()
{

if(Checkbirection() < 0) changeDirection();/ /M4
int top = 1, bot = 0;
sort(1, 1 + n, cmp); // FhrMOJ 4
int tmp = 1;
for (int i = 1; 1 < n; ++i)
if (1[i].ang - 1[i - 1].ang > eps)
Tltmp++] = 1[i]; // K5, WRAZDAETH LT, W20,
n = tmp, st[0] = 1[0], st[1] = 1[1];
for (int i = 2; i < n; ++i)
{
if (Parellel(st[top], st[top - 1]1) || Parellel(st[bot], st[bot + 1]))
return 0;
while (bot < top && Judgeout(1[i], LineInterDot(st[top], st[top - 1]1)))
--top;
while (bot < top && Judgeout(1[i], LineInterDot(st[bot], st[bot + 1])))
++bot;
st[++top] = 1[i];



while (bot < top && Judgeout(st[bot], LineInterDot(st[top], st[top - 1]1))) -
-top;

while (bot < top && JudgeOut(st[top], LineInterDot(st[bot], st[bot + 1])))
++bot;

if (top <= bot + 1) return 0.00;

st[++top] = st[bot], ccnt = 0;

for (int i = bot; i < top; ++i) convex[ccnt++] = LineInterDot(st[i], st[i +
11);

J/FETER, P EsE fidEconvex [0, cent - 1]

double ans = 0;

convex[ccnt] = convex[0];

for (int i = 0; 1 < ccnt; ++1i)

ans += CroMmul(vV(Point(0, 0), convex[i]), V(Point(0, 0), convex[i + 1]1));
return ans / 2;

FHEHFERN

ERpianiE SEMNDEEE—H, BIMWXIE » PTRNESHD RN AMERRNES
Sim Sz, IBIFRIRREIL RSB,

XS RY T = MaJRR:
1. AN REBES: PRI RS

2. PRI BIES1 71 S2RIRTT
3. BN REBTE S PRI XS

1,2 BIREEEA/IN 2 A LIRHRR, XERRBERDATETEHRITR: Sl 2 SHXEFHE
B, 758, DIaEHRLL mid i, & abs(z — mid) < d FIRIIAFHESES Q. Bk y AX
B, mRAIEPEHEE, SHBE Q. v — Q.y; < dIIBXRANEREHMETE. (FLULRE
KNS 2d * d BIEFZ X RNAYRAEIT6)

X =|mid
AT By AR B A
* FRLLO(r - NiEHEAKE * BitEQyi | Qyj< diIm 2d * dRIBASSE 6 A
EHihd
- : . =
- . d
- R . @
X e
. Qyi ¢ ERERES AN Z R dE
‘ ], ° N ) B ABERISLHIRITIES A
¥gabs(mid - p.x) £ dBIIIAESEQ B E—E S aiEE— > d
=AE—EEEEd AR

FfESZE O(nlogn)
mesiEl HREEZHKIEEEREL—R

struct Point
{
double x, y;
bE
typedef vector<Point>::iterator Iter;
bool cmpx(const Point a, const Point b) { return a.x < b.x; }
bool cmpy(const Point a, const Point b) { return a.y < b.y; }
double dis(const Point a, const Point b)
{
return sqrt((a.x - b.x) * (a.x - b.x) + (a.y - b.y) * (a.y - b.y));
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}

void slv(const Iter 1, const Iter r, double &d)

{
if (r - 1 <= 1) return;
vector<Point> Q;
Itert =1+ (r-1) / 2;
double w = t->x;
siv(l, t, d), slv(t, r, d), inplace_merge(l, t, r, cmpy);
for (Iter x = 1; x !=r; ++x) if (abs(w - x->x) <= d) Q.push_back(*x);
for (Iter x = Q.begin(), vy = x; x != Q.end(); ++x)
{
while (y !'= Q.end() && y->y <= x->y + d) ++y;
for (Iter z = x + 1; z l=y; ++z) d = min(d, dis(*x, *z));
}
}

vector<Point> Poi; int n;
doubTle preparata()

{
double ans = 1el8;
sort(Poi.begin(),Poi.end(), cmpx);
slv(Poi.begin(),Poi.end(), ans);
return ans;

}

DAL LB —MERERBEA—R

struct pt

{
double x, vy;
int id;

bE

bool cmpx(const pt a, const pt b) { return a.x < b.x; }
bool cmpy(const pt a, const pt b) { return a.y < b.y; }
int n, ansa, ansb; // & %X

vector<pt> a; // A0

double mindist;

void upd_ans(const pt &a, const pt &b)

{
doubTle dist = sqrt((a.x - b.x) * (a.x - b.x) + (a.y - b.y) * (a.y - b.y));
if (dist < mindist)
mindist = dist, ansa = a.id, ansb = b.id;
}
void rec(int 1, int r)
{
if (r -1 <=3) //88UNT3EERR
{
for (int i =1; 1 <= r; ++1)
for (int j =1 + 1; j <= r; ++3)
upd_ans(alil, al[jl);
sort(a.begin() + 1, a.begin() + r + 1, cmpy);
return;
}

intm= (1 +r) > 1;

double midx = a[m].x;

rec(l, m), rec(m + 1, r);

/ /AR

inplace_merge(a.begin() + 1, a.begin() + m + 1, a.begin() + r + 1, cmpy);



static pt t[N]; // ZeffHd
int tsz = 0;
for (int i =1; 1 <= r; ++i)
if (abs(al[il.x - midx) < mindist) //nlfE2 i Aot
{
for (int j = tsz - 1; j >= 0 & a[il.y - t[jl.y < mindist; --3j)
upd_ans(ali]l, t[j1);
tltsz++] = a[il;

}
}
void preparata()
{
sort(a.begin(), a.end(), cmpx);
mindist = (11)1el8;
rec(0, n - 1);
}

IEmia: B8 (EAERSTLEEK)

Hx, |7 EERENSEEE TR —MHASRERERE O(nlogn) MIEDIAHEIE.
HAATLIER—ME LRI FINRE: MTFE8— xR, BelelEamaxElEmmA
HERP, FERLRAXREREA LERXREE.

Bifit, HNMEMBRER «: AE—XKRF. v "E_XEFHF, ALy BB KR
. z; ABTREFHEFR multiset, WTFE—MUE ¢, FAPUTLATERCE:

1. FTERE zi — z; >= dIRMESTHIR. BIIFSBNERERE.
2. WFEARHBE |vi — v;| < d AR, Fitei1#0 p. BIESE,
3. 45 p: ARG,

int n;
double ans = 1e20;
struct Point
{

double x, y;

Point(double x = 0, double y = 0) : x(x), y(y) {}
};
struct cmp_y { bool operator() (const Point &, const Point &b) const { return
a.y <b.y; } };
void upd_ans(const Point &, const Point &b)
{

double dist = sqrt(pow((a.x - b.x), 2) + pow((a.y - b.y), 2));

if (ans > dist) ans = dist;
}
Point a[N];// FHr0JF4G
multiset<Point, cmp_y> s;
void preparata()
{

sort(a, a + n, [&](Point a, Point b) -> bool { return a.x < b.x || (a.x ==
b.x & a.y < b.y); });

for (int i =0, 1 =0; i <n; i++)

{

while (1 < i & a[i]l.x - a[l].x >= ans) s.erase(s.find(a[1++]));
for (auto it=s.lower_bound({a[i].x, a[i]l.y - ans}); it != s.end() && it-

>y - a[i]l.y < ans; it++)



upd_ans(*it, al[il);
s.insert(al[i]);

mVEEE (FEHIEEX)
B TEL/SERRRT IS LY O(n)

RigE o Al i - 1 PRRINVEREER, MAS i MR, NREREANSE ENGALAY. T,
MEFNR/NESEREERES i 1.

PRAELASE « AR (¥R 0) , EELUELTRERIINGS j MR, &% j MRERESN, g
INBERVEZTSE j .

BEU SR, (AABRSTE=ASKRREX M /NESE, FUEE=R)

EhEAERZE, MEEINEREEERERER/NE.
SREIER
BFHEARSRE3NARETSIVESE, Bltn MEhE M AS SHER/ NESENEERAT S

R, S—REREREA LR T— BRI AT
BAREEN=MERERES AT (n), Ta(n), T3(n), WA:

Ti(n) = O(n) + Z %Tz(i)
1,(n) = O(n) + 3 2139
T3(n) = O(n)

TS, Ti(n) = Ty(n) = T3(n) = O(n)

const double zero = le-9;
class Point

{
public:
double x, vy;
point() {}
Point(double a, double b) { x =a, y = b; }
doubTe distance(Point m) { return sqrt((m.x - x) * (m.x - x) + (m.y - y) *
(m.y - y)); }
s

doubTe squ(double x) { return x * x; }

{
double al, a2, bl, b2, cl, c2;
Point ans;
al =2 * (b.x - a.x), bl
cl squ(b.x) - squ(a.x)
a2 =2 * (c.x - a.x), b2
c2 = squ(c.x) - squ(a.x) squ(c.y) - squ(a.y);
if (fabs(al) < zero) ans {(c2 - cl1 /bl * b2) / a2, cl1 / bl};
else if (fabs(bl) < zero) ans = {cl / al, (c2 - c1 / al * a2) / b2};

2 * (b.y - a.y),
squ(b.y) - squ(a.y);
2 * (c.y - a.y),

n +

n +
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else ans = {(c2 * bl - c1 * b2) / (a2 * bl - al * b2), (c2 * al - cl1 * a2) /
(b2 * al - bl * a2)};
return ans;

}
void RandIncAlg(vector<Point> p, Point &o, double &r)
{
int n = p.size();
for (int i = 0; i < n; ++1) swap(p[rand() % n], plrand() % nl);
o = p[0];
for (int i = 0; i < n; ++1)
{
if (o.distance(p[i]) < r || fabs(o.distance(p[i]) - r) < zero) continue;
o.x = (p[il.x + p[0].x) / 2;
o.y = (plil.y + p[0].y) / 2;
r = p[0].distance(p[i]) / 2;
for (int j =1; j < 1i; ++3)
{
if (o.distance(p[jl) < r || fabs(o.distance(p[j]) - r) < zero)
continue;
= (plil.x + pli1.x) / 2;
2y = (plil.y + pl[il.y) / 2;
r = p[i].distance(p[jl) / 2;
for (int k = 0; k < j; ++k)
{
if (o.distance(p[k]) < r || fabs(o.distance(p[k]) - r) < zero)
continue;
o = geto(p[il, p[jl, plkD);
r = o.distance(p[il);
3
}
}
}
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1. BiER: DURERAN=RER=A, BE%R (ZHFNL) EFE32.
2. 1 CARERTHAEE, REBB/I—HNER (RETIENRTELER) .

3. Bfitt: (EER MEPB=AMARA ORI AN R LGNS, BBARN=/AFEAN
TABFRIMNIEREELWL.

4. AN INRE=RAEIS PN = RS/ INEETHFRSI, N Delaunay =& HIHE
FIERIREIER A,

5. XXl #iE. #IfR. BAAE—NTRRSFEMEN=H.
6. REMILIRIINE: =RalI9ERINENDRER— MO .

Voronoi

Voronoi B —EMIEEMBREENIEE T LENANESSHAR, BE o MEELEAE
TR, BFEEDE » MXE, FEFIRKERNNRAEIERERERNMFRIESHEREEX
P F AR R,

Voronoi B2 Delaunay =&A3ISAIXHBE, nILUFERAEE Delaunay =/A3ISHSEEIERHE=
Ak, BEAREEE L RHEHBESITE O(nlogn) BT EIEZE T4 Voronoi &,

const int E = le3;
struct Point

{
double x, y;
int 1id;
Point(double a = 0, double b = 0, int c = -1) : x(a), y(b), id(c) {}
bool operator<(const Point &) const { return x < a.x || (fabs(x - a.x) <

eps & y < a.y); }
bool operator==(const Point &) const { return fabs(x - a.x) < eps && fabs(y
- a.y) < eps; }
double dist2(const Point &) { return (x - b.x) * (x - b.x) + (y - b.y) * (y
- b.y); }
b
struct Point3D
{
double x, vy, z;
Point3D(double a = 0, double b = 0, double c = 0) : x(a), y(b), z(c) {}
Point3D(const Point &) { X = p.X, Y = p.y, Z = p.X * p.X + p.y * p.y; }
Point3D operator-(const Point3D &) const { return Point3D(x - a.x, y - a.y,
z - a.z); }
double dot(const Point3D &) { return x * a.x +y * a.y + z * a.z; }

3
struct Edge
{
int id;
std::Tist<Edge>::iterator c;
Edge(int id = 0) { this->id = id; }
};

int cmp(double v) { return fabs(v) > eps ? (v>07?1:-1) : 0; }
double cross(const Point &, const Point &a, const Point &b)
{

return (a.x - 0.x) * (b.y - 0.y) - (a.y - 0.y) * (b.x - 0.X);



Point3D cross(const Point3D &a, const Point3D &b)

return Point3D(a.y * b.z - a.z * b.y, -a.x * b.z + a.z * b.x,
a.Xx * b.y - a.y * b.x);

int inCircle(const Point &, Point b, Point c, const Point &p)//Hl¥niiiHlik:

if (cross(a, b, c) < 0) std::swap(b, c);

Point3D a3(a), b3(b), c3(c), p3(p);

b3 = b3 - a3, c3 = c3 - a3, p3 = p3 - a3;

Point3D f = cross(b3, c3);

return cmp(p3.dot(f)); // check same direction, in: < 0, on: = 0, out: > 0
}
int intersection(const Point &a, const Point &b, const Point &c, const Point &d)
{ // seg(a, b) and seg(c, d)

return cmp(cross(a, c, b)) * cmp(cross(a, b, d)) > 0 &

cmp(cross(c, a, d)) * cmp(cross(c, d, b)) > 0;

}
class Delaunay
{
public:

std::Tist<Edge> head[E]; // graph

Point p[E];

int n, renamel[E];

void init(Point p[], int n)

{
memcpy (this->p, p, sizeof(Point) * n);
std::sort(this->p, this->p + n);
for (int i = 0; i < n; i++) rename[p[i].id] = i;
this->n = n;
divide(0, n - 1);
}
void addeEdge(int u, 1int v) //1+F1ist
{
head[u] .push_front(Edge(v));
head[v].push_front(Edge(u));
head[u] .begin()->c = head[v].begin();
head[v].begin()->c = head[u].begin();
}
void divide(int 1, int r)
{
if (r - 1 <= 2) // #point <= 3
{
for (Gint i =1; 1 <= r; i++)
for (int j =1 + 1; j <= r; j++)
addedge(i, 3);
return;
}

int mid =1 + r > 1;

divide(l, mid);

divide(mid + 1, r);

std::Tist<Edge>::iterator it;

int nowl = 1, nowr = r;

for (int update = 1; update;)

{
// find left and right convex, lower common tangent
update = 0;
Point ptL = p[nowl], ptR = p[nowr];



for (it = head[nowl].begin(); it != head[nowl].end(); it++)
{
Point t = p[it->id];
double v = cross(ptR, ptL, t);
if (cmp(v) > 0 || (cmp(v) == 0 && ptR.dist2(t) <
ptR.dist2(ptL)))
{
nowl = it->id, update = 1;
break;

3
if (update) continue;
for (it = head[nowr].begin(); it != head[nowr].end(); it++)
{
Point t = p[it->id];
double v = cross(ptL, ptR, t);
if (cmp(v) < 0 || (cmp(v) == 0 && ptL.dist2(t) <
ptL.dist2(ptR)))
{
nowr = it->id, update = 1;
break;

}
addedge(nowl, nowr); // add tangent
for (int update = 1; true;)
{
update = 0;
Point ptL = p[nowl], ptR = p[nowr];
int ch = -1, side = 0;
for (it = head[nowl].begin(); it != head[nowl].end(); it++)
if (cmp(cross(ptL, ptR, p[it->id])) > 0 &&
(ch == -1 || inCircle(ptL, ptR, p[ch], p[it->id]) < 0))
ch = it->id, side = -1;
for (it = head[nowr].begin(); it != head[nowr].end(); it++)
if (cmp(cross(ptR, p[it->id], ptL)) > 0 &&

(ch == -1 || inCircle(ptL, ptR, p[ch], p[it->id]) < 0))
ch = it->id, side = 1;
if (ch == -1) break; // upper common tangent
if (side == -1)
{
for (it = head[nowl].begin(); it != head[nowl].end();)
{
if (intersection(ptL, p[it->id], ptR, p[ch]l))
{
head[it->id].erase(it->c);
head[nowl] .erase(it++);
3
else it++;
}
nowl = ch;
addedge(nowl, nowr);
3
else
{

for (it = head[nowr].begin(); it != head[nowr].end();)
{
if (intersection(ptR, p[it->id], ptL, p[ch]))



head[it->id].erase(it->c);
head[nowr] .erase(it++);
3
else it++;
3
nowr = ch;
addedge(nowl, nowr);

}
std::vector<std::pair<int, int>> getEdge()
{
std::vector<std::pair<int, int>> ret;
ret.reserve(n);
std::Tist<Edge>::iterator it;
for (int i =0; i < n; i++)
{
for (it = head[i].begin(); it != head[i].end(); it++)
{
if (it->id < 1) continue;
ret.push_back(std: :make_pair(p[i].id, p[it->id].id));

}

return ret;

I8

IR RHEREH

EREX: WMERA BRIRAIKETEMC={a+tb|aEAbEB}
Bf—=: NERAEBFARSBNE— T REEE, BEXBGE I RERS), ENREMNENFER
R REFEM (BE32iRE)

Polygon minkovski(Polygon x) // mZSfmiA2iIE Ml
{
vector<Point> &b = x.p;
int i[2] = {0, 0}, Ten[2] = {(int)p.size(), (int)b.size()};
p.push_back(p.front());
b.push_back(b.front());
vector<Point> ret;
ret.push_back(p[0] + b[0]);
do
{ // WNBUETSIEIERR, F4eH)
int d = sign((b[i[1] + 1] - b[i[1]11) A (p[i[0] + 1] - p[i[011)) >= O;
if(d)
ret.push_back(b[i[d] + 1] - b[i[d]] + ret.back());
else
ret.push_back(p[i[d] + 1] - p[i[d]] + ret.back());
ild] = (Gi[d] + 1) % len[d];
} while (i[0] [I [11);
p.pop_back();
return ret; // ZiRAE N

TR RIS
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const double eps = 1le-10;
const double pi = acos(-1);
const int inf = Ox3f3f3f3f;

int sign(double x)

{
if (fabs(x) <= eps) return 0;
return x < 0 ? -1 : 1;
3
class Point
{
public:
double x, y;
Point() {}

Point(double a, double b) { x = a, y = b; }

friend Point operator+(const Point &a, const Point &b) { return Point(a.x +
b.x, a.y + b.y); }

friend Point operator-(const Point &a, const Point &) { return Point(a.x -
b.x, a.y - b.y); }

friend double operatorA(Point a, Point b) { return a.x * b.y - a.y * b.x; }

bool operator<(const Point &m) const { return x < m.x || (X == m.x && y <
m.y); }

double distance(Point m) { return sqrt((m.x - x) * (m.x - x) + (m.y - y) *
(m.y - y)); }

double manhattan(Point m) { return fabs(m.x - x) + fabs(m.y - y); }

};
class Line
{
public:
double a, b, c;
double k, d;
Line() {}
Line(Point x, Point y)
{
a=y.y - X.y;
b =x.x - y.x;
= y.X ¥ X.¥Y - X.X * y.y;
}
Line(double x, double y)
{
k =x, d=y;
=k, b=-1, c =d;
}
Line(double x, double y, double z)
{
a=x,b=y, c=z;
if (b !'=0) k=-a /b, d=-c/ b;
}
int relationP(Point m)
{
double p=a *m.x + b * m.y + c;
if (p > eps) return -1; // bJj
else if (p < -eps) return 1; // ~Ji
return 0; // BHZ b
}

Point intersectL(Line m)

{



double D = a * m.b - m.a * b;

if (D == 0) return Point(inf, inf); // V47

return Point(b * m.c - m.b * ¢, m.a * ¢ - a * m.c);
}

double distanceP(Point m) { return fabs(a * m.x + b * m.y + ¢) / sqrt(a * a

+b *b); }

15

class Vvector

{

public:

doubTle x, y;

vector() {}

Vector(Point n) { x = n.x, y n.y; }
vector(double n, double m) { =n, y=m; }

vector(Point n, Point m) { Xx = m.x - n.x, y = m.y - n.y; }

Vector(double a, double b, double c, double d) { x =c -a, y=d - b; }
double vabs() { return sqrt(x * x +y * y); }

double cosv(vector m) { return *this * m / this->vabs() / m.vabs(); }
double angle() { return atan2(y, x); } // Get_Polar_Angle

Vector operator-() const { return {-x, -y}; }

Vector operator+(const Vector &m) const { return {x + m.x, y + m.y}; }
Vector operator-(const Vector &m) const
Vector operator*(const double &m) const
doubTle operator*(const Vector &m) const
doubTe operatorA(const Vector &m) const

X

return {x - m.x, y - m.y}; }
return {x * m, y * m}; }
return X * m.x + *m.y; }

{
{
{
{ *m.x; } //1E%

< <

return x * m.y -

PSP UL KT W]

};
class vecline
{
public:
vector uj;
Point a, b;
vecline() {}
vecline(Point n, Pointm) { a=n, b=m, u=4{n, m}¥; }
vecline(vector n, Point m) { a=m, b = {n.x + m.x, n.y + m.y}, u=n; }
Vecline(double w, double x, double y, double z) { u = {w, x, y, 2z}, a = {w,
x}, b ={y, z}; }

int straddle(vecline m) // ¥ rs2u| | 2B

{
if (m.relationP(a) * m.relationP(b) <= 0)
if (this->relationP(m.a) * this->relationP(m.b) <= 0)
return 1; // ik
return 0; // Adink
}

int rejection(vecline m) // PHHEFSE | | LRI | | A BIAH 25

return min(a.x, b.x) <= max(m.a.x, m.b.x) &&
min(m.a.x, m.b.x) <= max(a.x, b.x) &&
min(a.y, b.y) <= max(m.a.y, m.b.y) &&
min(m.a.y, m.b.y) <= max(a.y, b.y);

int relationP(Point m)

double temp = u A vector(a, m);

if (temp > eps) return -1; // kil

else if (temp < -eps) return 1; // 4l
return 0; // EJi



int relationL(vecline m) { return rejection(m) && straddle(m); }
Point intersectL(vecline m)

{
vector v(m.a, a);
double t = (v Am.u) / (uAmu);
vector e = u * t;
return Point(a.x - e.x, a.y - e.y);
}
double distanceP(Point m)
{
vector v(a, m);
double ¢ = v.cosv(u);
return v.vabs() * sqrt(l - c * c);
}
operator Line() { return static_cast<Line>(Line(a, b)); }
};
class Circle
{
public:
Point o;
double r;
CircleO{};

circle(Point x) { o = x; }
Circle(double y) { r =y; }
Circle(pPoint x, double y) { o =x, r=y; }
Circle(pPoint a, Point b) { o = {(a.x + b.x) / 2, (a.y + b.y) / 2},
a.distance(b) / 2; }
Circle(Point a, Point b, Point c)
{
Vecline x(vector{a.y - b.y, b.x - a.x}, Point{(a.x + b.x) / 2,
b.y) / 2});
vecline y(vector{a.y - c.y, c.x - a.x}, Point{(a.x + c.x) / 2,
c.y) / 21);
0 = X.intersectL(y);
r = o.distance(a);

}

int relation(double p)

{
if (r - p > eps) return 1; // Hifi| |2
else if (p - r > eps) return -1; // 4N | |
return 0; // B D)

}

int relationC(Circle m)

{
double d = m.o.distance(o);
if (d - (r + m.r) > eps) return 0; // 4%
else if (fabs(d - (r + m.r)) < eps) return 1; // 4
else if (fabs(d - fabs(r - m.r)) < eps) return 2; // W
else if (fabs(r - m.r) - d > eps) return 3; // W&
else return 4; // %

}

int relationP(Point m) { return relation(m.distance(o)); }

int relationL(Line m) { return relation(m.distanceP(0)); }

int relationL(vecline m) { return relation(m.distanceP(0)); }
doubTe distanceP(Point m) { return m.distance(o) - r; }

double distanceL(Line m) { return m.distanceP(o) - r; }

double distancec(Circle m) { return m.o.distance(o) - r - m.r; }

r =

(a.y +

(a.y +



Point getPoint(double m) { return Point(o.x + r * cos(m), o.y + r * sin(m));
Y /7 R TT R
Point getPoint(vector m) { return Point(o.x + r * cos(m.angle()), o.y + r *
sin(m.angle())); }
vector<Point> intersectL(Vecline m)
{
int rel = this->relationL(m);
vector<Point> poi;
Vector v = {-m.u.y, m.u.x};
double d = m.distanceP(0);
if (m.relationP(o) < 0) v = -v;
v=v*d®* (1.0 / v.vabs(Q));
if (rel == 0) poi.push_back({o.x + v.x, 0.y + v.y});
else if (rel == 1)
{
double temp = sqrt(r * r - d * d) / m.u.vabs();
vector e = m.u * temp + v;
poi.push_back({o.x + e.x, 0.y + e.y});
poi.push_back({o.x - e.x, 0.y - e.y});
}
return poi;
}
vector<Vecline> GCCI(Circle A) // Get_Circle_Circle_Intersection
{
vector<vecline> res;
circle B = *this;
if (A.r < B.r) swap(A, B);
Vvector u = {A.0, B.o};
double d = u.vabs(), rdec = A.r - B.r, radd = A.r + B.r;
if (sign(d - rdec) < 0) return res; // W&
if (sign(d) == 0 & A.r == B.r) return res; // B4, L%
double ua = u.angle();
if (sign(d - rdec) == 0) // W
{
res.push_back({A.getPoint(ua), B.getPoint(ua)});
return res;
}
double da = acos((A.r - B.r) / d); // 2%4hab)sk
res.push_back({A.getPoint(ua + da), B.getPoint(ua + da)});
res.push_back({A.getPoint(ua - da), B.getPoint(ua - da)});
if (sign(d - radd) == 0) res.push_back({A.getPoint(ua), B.getPoint(ua +
pid}); // LEZFHNAYIZ
else if (sign(d - radd) > 0) // 2&WN AV

{
da = acos((A.r + B.r) / d);
res.push_back({A.getPoint(ua + da), B.getPoint(ua + da + pi)});
res.push_back({A.getPoint(ua - da), B.getPoint(ua - da + pi)});
}
return res;
}
bE
class Polygon
{
public:

vector<Point> p;

Polygon() {}
Polygon(vector<Point> poi) { p = poi; }
double getS(Q)// &My i - HEJ7 f5 {8 A



double res = 0;

for (int i = 0; i < p.size(); ++i) res += Vector(p[i]) A Vector(p[(i +
1) % p.sizeO1);

return fabs(res / 2);

3
void andrew() // 4tk
{
int tp = 0;
sort(p.begin(), p.end()); // X EEATHET
vector<int> stk(p.size() + 5), used(p.size() + 5); // stk[] %M, TEfit
IR

stk[++tp] = 0;
// BN AR, HAER used, (618 1 78 53 M A ISt s+ 58 5T
for (int i = 1; i < p.size(Q); ++i)
{
while (tp >= 2 && (vector(p[stk[tpl]l, p[stk[tp - 111) A vector(p[i],
plstk[tpll)) <= 0)
used[stk[tp--]] = O;
used[i] = 1; // used F/xfEM%E L
stk[++tp] = 1;
}
int tmp = tp; // tmp Fmx Fih5e R/
for (int i = p.size() - 1; i >= 0; --1)
if (lused[i1) // IR Lz g sk
{
while (tp > tmp && (vector(p[stk[tpl]l, p[stk[tp - 1]1]1) A
vector(p[il, p[stk[tp]])) <= 0)
used[stk[tp--1] = 0;
used[i] = 1;
stk[++tp] = 1;
}
vector<Point> newp;
for (int i = 1; 1 <= tp; ++i) newp.push_back(p[stk[i]]);// EflzlEsrp 2k
newp.pop_back(); //RMKIEBERIXAT | | 55— 547 T IHIX
this->p = newp;

}
Polygon minkovski(Polygon x) // #754delsiA-2iaig it
{

vector<Point> &b = x.p;
int i[2] = {0, 0}, 1en[2] = {(int)p.size(), (int)b.size()};
p.push_back(p.front());
b.push_back(b.front());
vector<Point> ret;
ret.push_back(p[0] + b[0]);
do
{ // HNBIK SBEIEIR, FRREH)
int d = sign((b[i[1] + 1] - b[i[111) A (p[i[0] + 11 - p[i[011)) >=

if(d)
ret.push_back(b[i[d] + 1] - b[i[d]] + ret.back());
else
ret.push_back(p[i[d] + 1] - p[i[d]] + ret.back());
ild] = (Gi[d] + 1) % len[d];
} while (i[0] [] 4i[11);
p.pop_back();
return ret; // SiRARE™HEME



ZF

FUTEFF, LFIZGE! All My People !
BEHNEY

/ / BEG AT AL

srand(time(NULL));

rand();

double getrand() { return (double)rand() / RAND_MAX; } //H([0,1]
std::random_shuffle(a + 1, a + 1 + n);
//random_device{} O ZFl¥ (H CHAFEA ) , e Htime (0)

mt19937 eng(random_device{}()); //iRkIFME 2unsigned int, X[AVE[#E N[0 ,4e9],E!
UINT32_MAX

mt19937_64 eng64(random_device{}()); //&lo{f /tunsigned long Tlong, [ % Kk,
UINT64_MAX

uniform_int_distribution<int> myrandl1(l,r); //R&ZFI[T,r] 85, SN nt, GRUESI 2] 9045, nf
AL

uniform_real_distribution<double> myrand2(1,r); //iRIE[1,r) 524, BRildouble, fRiEYy
S50, TN G

myrangel(myrand), myrange2(myrand); //fiifJ7:{

double myrand() { return (double)mrand() / UINT32_MAX; } //HL[0,1]

SFE T NS

mt19937 rnd(std::chrono: :duration_cast<std::chrono: :nanoseconds>
(std::chrono::system_clock: :now() .time_since_epoch()).count());
int randint(int L, int R) {

uniform_int_distribution<int> dist(L, R);

return dist(rnd);

EHIFE
RAF— NEBBHE (1, n] MBEHAERISE, AL | /™ NSRS NER
IRILR X
SER—iEEE: MRFRSORERVERER, FUL—EEEEIRRE,

BATENLENRER T, TS 5 SEORE 5 FRSHENRSETRENAARES) Zi8
MHER ({8) £=H AE (AE>0) , WEERSES (ERRNR) MR

1, S’ is better than S,

P(AE) = { L

e 7 , otherwise.

IR BMBNATHEINBESRE, STERNEXERRE, LSAEEESAIEAZIR
BEVVIAS:, SRSEIEMAIE (HEESEIIRXAEN) .



af://n3258
af://n3261
af://n3263
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BRELRXEEAIE =28 YIRIRE T, EERE d, BILEE T.. He To 8—PMHEKRY
., d2—NEEEA 1 B2/ 1898, T 2—MER 0 RUIEEL

BGILRE T = Ty, ARRREASEHT XERSN, BLT=d-T. 3T < T, HRR
KEREEER, BRIRIER AREHIRIUE.

ARATEERENER, RINBEETEENSAIFHENETR, MERERNIRETLFBRINRE
ERIRIE.

BAuH

(1T EEARSERE, FEREERHENSERDERSH2T BBt B3R X
;
(2T ANE N RS ;

ERNSHNTEEER;

(4. RBFHTEREND,;

(5. 79 BPANBER/N, BUHXREREHAR, EESERVIRRE,;
(6. ATLARADIR;

(7.2 BIERIEL AL LDEN,

/ /TG AR BR BRI ] | | MAX_TIMEN H OB E R /N TI IREE (B fiims) || clock O HAims
const double begT= 10000, endT= le-12, delT= 0.99; //ChangeT—BHiE4 8 Hnyse
while ((doubTe)cTock()/CLOCKS_PER_SEC < MAX_TIME && BegT > EndT) { begT *= delT;

double begT = 1le5, endT = 1le-9, delT = 0.999; //cnt == 32221

double begT = 1le5, endT = le-12, delT = 0.9999; //cnt == 391420
double begT = 1e9, endT = 1le-9, delT = 0.99998; //cnt == 2072306
double begT = 1e9, endT = 1le-9, delT = 0.99999; //cnt == 4144633
//cnt(0.xxxxx9) == 2 * cnt(0.xxxxx8), k. ...9990 AT IRELI N . .. . Q98I W%

//simulateAnnealid 2 (BARmin i)
const double begT = 10000, endT = le-12, delT = 0.999, MAX_TIME = 0.985; //
ChangeT— AR ¥EE H nik e
double nowx = ansx, nowy = ansy;
while ((double)clock() / CLOCKS_PER_SEC < MAX_TIME) // && begT > endT(CHIEHIZ A LL
AN, AR BRE A
{
double nxtx = nowx + begT * (Rand(-1, 1)); //HEHEIREMFFK, BEEAHOREBARIHL
doubTe nxty = nowy + begT * (Rand(-1, 1));
double delta = cal(nxtx, nxty) - cal(nowx, nowy); //#ih 54t , cal K4
//fEcal (x,y) " HE#Hans: if (res < ans) ansx = x, ansy = y; //#HEEN, BOIE | &
ZHmin
if (exp(-delta / begT) > Rand(0, 1)) //IRESECHEAERN , BESEHSZ AR SR PT AR AH
nowx = nxtx, nowy = nxty; //#ZAEmilE, HAE Hans
begT *= delT; //F#ii
3
for (int i = 1; 1 <= 1le5; ++1) //PUUEISBIRAMIIE 2 KBEVUIRES, 2243 2 AR A7
{
double nxtx = ansx + t * (Rand(-1, 1));
doubTe nxty = ansy + t * (Rand(-1, 1));
cal(nxtx, nxty);
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(LizE
GCC_ builtingfi%4

#1 gecHRbuiltinERE R /ER

BREEIR ThEgEN
__builtin_clz(x) HEEISHIEL, =0 ERAENL
__builtin_ctz(x) HECERE M. x=0RERAEN

IRExFRE— NI 1IRIEMN SRR, o
__builtin_ffs(0x789)=1, __ builtin_ffs{0x78c)=3

__builtin_ffs(x)

__builtin_popcount(x) iTExR1I1EL

__builtin_parity(x) HExP 1 NERIEEE
__builtin_nearbyint(x) iTEZHxEHIINEHANEHE
__builtin_floor(x) S, BRI xEIm s
__builtin_ceil(x) a P, EREEANT a9/
__builtin_trune(x) ASEE i NERR S BiEEE, IEREE

__builtin_sqrt(x) FxFFFERR, RESR

AND

o ITiAfE: A&B =B&A

o &1 (A&B)&C = A&(B&C)

o S5(EEE: 0<=A&B <=min(A, B)

o FEEMIEARZEESHED: (A+B)&C = A&C +B&C  (A*B)&C = A&C * B&C

a50xaaaaaaaan] LARERaf9 i HIA_ HBEMI A9, a50x555555557] LURERafI — Iz _E
BFEU LAY

Oxaaaaaaaa H9Z#H&IFZ=L9: 10101010 10101010 10101010 10101010

0x55555555 B9 Iz /9: 01010101 01010101 01010101 01010101

n&(n-1) —RIZEHHEZEFHEN ZHFIFRAL13ERK0
int modPowerofTwo(int x, int mod) { return x & (mod - 1); 3} //sRx|2HaE o7 5 i s i
:io'l isPowerofTwo(int x) { return x > 0 && (x & (x - 1)) == 0; } //HlK—NEEAZ
210 BB

UESiSN

Za;&a;1=00<a; <2™

MHR BASRMHFSIEE: Line; = [fib;, fibi 1™ (BIRAIE)
OR

o XHE{E: A|B=BJ|A

o ZEB&1E: (A|B)|C=A|(B|C)

o FESEE: max(A B)<=A|B<=A+B

o FEEAIEAZEHESDEL: (A+B)|C!=A|C+B|C  (A*B)|C!=A&C*B|C
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[/ e NG R R B A R R

int mark = 0;

forCauto i : str) mark |= 1 << (i - 'a');
//IREAME B (mark & other) {70

if(!(mark & other)) cout << "WWHMFEIFH" << endl;
else if(mark & other) cout << "HHMFEFHR" << endl;

XOR

o MfE: ANB=BrA

o ZEBTE: (ANBY\C = ANBAC)

o BxME: ANBAB=A

o SEYETBE: abs(A- B) <= AAB <= A+B

o FESNEARNZEESHEL: (A+B)AC!=AAC+BAC  (A*B)AC I= AAC * BAC
o UWNRaMbEPEXBITHFIFE, MWarbtBEXHITHGHIFE&E

/ /KRB P — B FF B AR x
int exor(int array[],int length)

{
int eor = 0;
for(int i = 0; i < length; ++i) eorA=array[i];
return eor;

3

//RECA P — I AR EUR M Ea, b
int exor(int array[],int Tength)
{
int eor = 0, a = 0, b;
for(int i = 0; i < length; ++i) eorA=array[i];
/¥ ha, b EAESE, iblaAbiE A N0, ibleord @A —fhl, Midix—~Ar, KHHDZE, a,
bJg T AN FEf2E*/

int ¢ = ((-eor)&(eor));
for(int i = 0; i < length; ++i) if((array[i]l&c)) a A= array[i];
b = aAeor;
return 0;
}
/[ B S A R

int n, a[n]; //a[i] = i;i:[0~n-1]
for(int i = 0; i < (N&(-n)); ++1) //#2#((n&(-n)) - 1)HA[0~n-1]14H%)
for(int j = 0; j < n; ++j)

cout << (a[j] A i) << :

bitset

#define Fusu_Bitset
#ifdef Fusu_Bitset
#include <cstddef> //size_t used
#include <cstring>
#include <string>
#include <algorithm>
#endif
namespace Fusu
{
template <size_t _len>
struct Bitset

{


af://n3307
af://n3323

#define rg register
#define ci const int
#define c1 const Tong Tong

typedef long long int 11;

typedef unsigned long long int ull;

const static int _BitNum = 64;

const static int _Size = _len / _BitNum + ((_len % _BitNum) == 0 ? 0 :
D;

ull _Ary[_Size]l;

ull _upceil;

const static ull _INF = (lull << 63) - 1 + (1ull << 63);

Bitset()

{ // constructed function of std::string is left out because i dont know
how to implement it

memset(_Ary, 0, sizeof _Ary);

int _firstsize = _len % _BitNum;

for (rg int i = 0; i < _firstsize; ++i)
_upceil |[= 1ull << i;

if (I_firstsize)
_upceil = _INF;

}

void reset() { *this = Bitset(); }
// operators

void rtmve(const int &_v)

{
for (rg int i = _Size - 1; i >= _v; --1)
this->_Ary[i] = this->_Ary[i - _v];
for (rg int i = _v - 1; ~i; --1)
this->_Ary[i] = 0;
3
void 1ftmve(const int &_v)
{
for (rg int i = 0; (i + _v) < _Size; ++i)
this->_Ary[i] = this->_Ary[i + _v];
for (rg int i = _Size - _v; i < _Size; ++i)
this->_Ary[i] = 0;
}
Bitset &operator<<=(int _v)
{
if (v < 0)
{
*this >>= -_v;

return *this;
3
this->1ftmve(_v / _BitNum);
_V %= _BitNum;
ull _tp = 0, _Pos = _BitNum - _v;
for (rg int i = 1; i <= _v; ++i)
_tp |= 1ull << (BitNum - 1i);
ull _Lstv = 0;
for (rg int i = _Size - 1; ~i; --1)

ull _Tp_Lstv = (_Ary[i] & _tp) >> _Pos;
_Ary[i] <<= _v;
_Ary[i] |= _Lstv;
_Lstv = _Tp_Lstv;
}
this->_Ary[0] &= _upceil;



return *this;

}
Bitset &operator>>=(int _v)
{
if (v < 0)
{
*this <<= -_v;
return *this;
3
this->rtmve(_v / _BitNum);
_V %= _BitNum;
ull _tp = (lull << _v) - 1;
ull _Lstv = 0, __Pos = _BitNum - _v;
for (rg int i = 0; i < _Size; ++i)
{
ull _Tp_Lstv = (_Ary[i] & _tp) << __Pos;
_Ary[i] >>= _v;
_Ary[i] |= _Lstv;
_Lstv = _Tp_Lstv;
3
this->_Ary[0] &= _upceil;
return *this;
}

Bitset operator&(const Bitset & others) const
{
Bitset _ret;
for (rg int i = _Size - 1; ~i; --1)
{
_ret._Ary[i] = this->_Ary[i] & _others._Ary[i];
3
return _ret;
}
Bitset operator|(const Bitset & others) const
{
Bitset _ret;
for (rg int i = _Size - 1; ~i; --1)
{
_ret._Ary[i] = this->_Ary[i] | _others._Ary[i];
3
return _ret;
}
Bitset operatorA(const Bitset & others) const

{
Bitset _ret;

for (rg int i = _Size - 1; ~i; --1)
{
_ret._Ary[i] = this->_Ary[i] A _others._Ary[i];
3
return _ret;
}
Bitset operator~() const
{
Bitset _ret;
for (rg int i = _Size - 1; ~i; --1)
{

_ret._Ary[i] = ~this->_Ary[i];
3

return _ret;



}

Bitset operator<<(const int &.v) const

{
Bitset x = *this;
X <<= _V;
return x;
}
Bitset operator>>(const int &_v) const
{
Bitset x = *this;
X >>= _V;
return X;
3

// member functions
inline void __GetPos(const ull &_pos, int & __Pos, int &_v)

{

__Pos = _Size - _pos / _BitNum - 1;
_V = _pos % _BitNum;

}

void set()

{
for (rg int i = 0; i < _Size; ++1)

this->_Ary[i] = _INF;
3

void set(const ull & _pos, const bool val = true)

{

int _Pos, _v;

__GetPos(_pos, __Pos, _Vv);
if (val)
{
this->_Ary[__Pos] |= (1ull << (Lv));
3
else
{
this->_Ary[__Pos] |= (Lull << (v));
this->_Ary[__Pos] A= (1ull << (LVv));
3
3
int test(const ull &_pos)
{
int _Pos, _v;
__GetPos(_pos, __Pos, _v);
return this->_Ary[__Pos] & (lull << (v)) ? 1 : 0;
3
bool any(Q
{
for (rg int i = _Size - 1; ~i; --1)
if (this->_Ary[i])
return true;
return false;
}
bool none()
{
return !this->any();
}
ull conutQ
{

ull _cnt = 0;



for (rg int i = _Size - 1; ~i; --1)
_cnt += __builtin_popcount(this->_Ary[i]);
/ *
*if u cant used double_underlined functions,
*u can set a val to maintain the num of true
*and change it in other operators which would change the num of true
*/

return _cnt;

3
void flip(Q
{
*(this) = ~(*this);
3
void flip(const ull &_pos)
{
if (this->test(_pos))
this->set(_pos, false);
else
this->set(_pos, true);
3

// changing functions
std::string to_string()

{
std::string _ret;
_ret.clear();
for (rg int i = 0; i < _Size; ++i)
{
for (rg int j = _BitNum - 1; ~j; --3)
_ret += (this->_Ary[i] & (Lull << j)) ? "1'" : '0";
3
return _ret;
}
unsigned int to_ulong()
{
return this->_Ary[_Size - 1];
}

e

} // namespace

T

void printBit(int n, int x) //#iHx—dtHnfr

{
for (int i =n - 1; ~i; --1) //&0fEar, KOTSRS
cout << ((x >> i) & 1);
cout << endl;
3

g i O
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void printBit(int 1)

{
for (int bit =1 & -i; bit;)
{
cout << bit << endl;
inty =1 & ~((bit << 1) - 1);
bit =y & -y;
}
3
o1
void bitCombin(int n, int k) //—it#Inf, HaakN1HPIH S
{
for (int i = (1 << k) -1; i < (1 <<n);)
{
printBit(n, 1i);
int x =1& -1, y=1+ x;
i= (0 &~y) /x)>1D |y;
}
}
— Y A
“iHHIES

Hailaglasl. .. la, <=z, WXFFB a; (1 <=1i<=n), —EFETERBT bitEnum , {5 q;
HEETE

void bitEnum(int x)

{
printBit(30, x);
while (x)
{
int Towb = x & -x;
x -= Towb; //Towbitfi&=%
printBit(30, x | (lowb - 1)); //Towbitz GHifi4&1
}
}
WEFERNTFE
REISZE O(3")

FeaiLiE A, KiBE A C B C SHIBRY < A, B >H9MEL

12 A PITENS k 92, WF—1EEN k. BRE C(n,k) - 2" F 4, Bk C(n, k) EosstEd A, 2" ZREmT
BREDE, E2E8 A,

FEN =7 ,Cn,k)- 2" =57 C(n,k)-1%. 2" F — (1 4 2)" = 3"

Ridsksers B thE—H8, B C(n,k)- 177 2"

for (int U =0; U < 1 << n; ++U) // MHTEU
for (int T=U& (U-1; T; --T & U) // BZSUNTET

DP
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ERAKFERF

11 calc(int n)

{
11 res = a[l], sum = 0;
for (int i = 1; i <= n; ++i)
{
if (sum > 0) sum += a[i];
else sum = a[i];
res = max(sum, res);
}
return res;
3
LIS(RIKEFHFFEF)
E | e

int a[N], dp[N], Ten;
int LIS(int n) //0(nlogn)

{
for (int i = 1; i <= n; ++1)
{
int *p = upper_bound(dp, dp + 1 + Tlen, al[il); //JE™i%ixtE
//int *p = lower_bound(dp, dp + 1 + Tlen, a[i]); ///™#ifiHy
*p = alil;
Ten += (p - dp == len + 1);
}
return len;
}

LCS(RIKAHFF)

int a[N], b[ml, dp[N][M™MI;// At
int LCS(int n, int m) //0(nm)
{
for(int i = 1; i <= n; ++1)
for(int j = 1; j <= m; ++])
if(ali] == b[j1) dp[i][j] = dp[i - 11[j - 1] + 1;
else dp[i][j] = max(dp[i - 1]1[j], dp[il[j - 11);
return dp[n][m];
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/R AT A

II)&

int i n, j =m;
while(i && j)
{
if(alil == b[jD
{
pubstr += a[i];
i--, j--3
}
else
dp[i - 11031 > dp[ill[j - 11 7 i-- : j--;

3
reverse(pubstr.begin(), pubstr.end());

-+ ==
o 4FIKIER
EAENFFERL nf2HE7, BAmPMFrIcEEREER, hEfERRENERAERT, BARI]
Ed— P mapHBRE ARSI NHFE BRI BRVER ~HE—

° EASKAHFFIIRRMUARBLLNE, FRllaFES M TREDFFIR(ISINREE, MikBbrRAX
AMHE2PHZMHEEEBRE, cTULEEMALCS——BastalLlEEmnlognk ARiC SIS
HImapgiAahRg** L1 5%+,

int a[N], b[N], dp[N], pos[N], len;//(1 ~ n)4&HEsM bk
int LCS(int n) //0(nlogn)

{
for (int i = 1; i <= n; ++i) pos[b[i]] =
for (int i = 1; i <= n; ++i)
{
int *p = upper_bound(dp, dp + 1 + len, pos[a[il]);
*p = pos[a[ill;
Ten += (p - dp == len + 1);
}
return len;
}

15 8((REKIXEDR)
. MBS biERaEEE, bgEE, U W, >= W,
. MEFENRabBRaBEEE, bRESE, WV, >= 1

FRLASD R NVINEIRHE, —E=RT (1, 2] MImOTERIEE, & [z + 1,n] A%
EANMERARTIEE

pair<int, 11> wv[N]; //fi N, se il
11 valk[N], dp[N][M]; //valkfzE[i ~ n]MkA9H R EAD
11 begForFreek(int n, int m, int k)
{
11 res = 0;
sort(wv + 1, wv + 1 + n); //#ACihHEF
priority_queue<l1l, vector<ll>, greater<l1l1>> maxk; ///MEHidEdyvalk
for (int i =n; i >n - k; --1)
{
valk[n - k + 1] += wv[i].se;
maxk.push(wv[i].se);
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if (Imaxk.empty()) ///MEHE4ESvalk

for (int i =n - k; i > 0; --1)
if (maxk.top() < wv[i].se)
{

valk[i] = valk[i + 1] + wv[i].se - maxk.top(Q);
maxk.pop(Q);
maxk.push(wv[i].se);
3
for (int i = 1; i <= n - k; ++1)
for (int j = 0; j <= m; ++3)
if (G <wv[il.fi) dp[i1[j] = dp[i - 11[j1;
else dp[i][j] = max(dp[i - 11[j]1, dpl[i - 11[j - wv[i]l.fi] +
wv[i].se);
for (int i = 0; i <= n - k; ++i) res = max(res, valk[i + 1] + dp[il[m]); //#
20 Ft RxCR Bl
return res;

¥
nAykiFsH
FSEERTRRORBABK FRAMKRS) BIRAHIENE, BRFENRHEFES

int dp[N][N];
int split(int n, int k)

{
for (int i = 1; i <= n; i++)
{
for (int j = 1; j <= k; j++)
{
if({A==11]]3==21
dpl[il1[3]1 = 1;
else if (i < j)
dp[i][j] = dp[iI[i];
else if (i == j)
dpl[il[j] = dp[il[j - 11 + 1;
else
dp[i][j] = dp[il[j - 1] + dp[i - j1[31;
3
}
return dp[n][k];
}

HiFEMAdp
SEUTY, B, L.

SN T EIAEHEARNNEREFENNE, BENFEZREE/MMY, BERARYEFREA
S FALBENEAERER/IME, REERHTER.

/S E D EPXE [T - k, i1&ME || mindhdg. front()
whiTe(!dq.empty(O&&dq.front().idx < i-k) dq.pop_front();
while(!dq.empty()&-&dq.back().val>=s[i]) dq.pop_back();
dq.push_back({s[i],i});
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XA RS/ MR
BERXERDRE— R, R/

#5p f(i) TRREEEAMIE, BE i MIBSARRERENEAA. ERE—NRIRERIOUE ],

f(i) = min (5) + a;

5%l dp 572

HTHREEREMNKAEHELEE—NES, Fit[j + 1,7 — 1) ZEFSEE—IM=Z2HXE., B, YFE
1<i<n, BNHHE p BE [pi, 1| 2EFFE—NTEOXE, BpREREN, Wj>pi — 1. B p BET LA

WigEHERH (RAMR I, r] BEFE—N=ENXE, B4 [V <[, > 7 BEEEEFE— I =EOXE,
AOERHE)

i dp FTLAFE BiERASI (AR O(n).

int A[NI, LIM[N], q[N], head = 1, tail = 1;//A@d¥AUr, BIXIAFKL
long long f[N];A

vector<int> B[N]; // H¥Rm N BN Bi-rAg i 5/ /5 s R et v 2230 5
Tong long BaseConstruct(int n, int m)

{
A[++n] = 0; /] AT HERBIRAESR, T4 Aln + 1] =
B[n].push_back(-n); // SRJGERUHHE [n + 1, n + 1]
B[n].push_back(n);
int now = 0;
for (int i =1, j =1; i <= n; i++)
{
// MARE A s —, Wit sh i BT [, 7] BBIFHERXMN
for (int x : B[i]) if (x > 0 && X >= j) now++;
while (now > 0 && j <= 1)
{
// MHRE LA sh—8, Wb Amah § BT [, 1] BEAFERXIE
for (int x : B[j]) if (x < 0 & -x <= i) now--;
J++;
3
assert(now == 0);//MOLtiRRIXFPEER, JHTE A IR B
LIM[i] =
}
f[0] = 0, f[1] = A[1];
qltail++] = 0;
qgqltail++] = 1;
for (int i = 2; 1 <= n; i++)
{
int Tim = LIM[i - 1] - 1;// ZERE-ANEEWME >= p_{i - 1} - 1
while (q[head] < Tim) head++;
f[i] = flqlhead]] + A[i];
while (head < tail && f[q[tail - 1]] >= f[i]) tail--;
gqltail++] = 1;
}
return f[n];
}

Kigdp

RENIEETE

PIRR: LSERKEANRIEE, RiRE—HTIUEH: ((n,n)— > n+1), XATLGHERKAE.
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BAVENf[i][j] EEBFNERDRMAA], BEAFHIXMEFNAiRRRIE

BARSERSENT:
fIENF] = £l — 1[f [ — 1][4]]
for (int i = 1; i <= n; ++i) dpl[a[ill[i] = 1 + 1; //#ithtk @HB (O <= a[i] <= 40)

for (int i = 1; i <= 58; ++i)
{
for (int j = 1; j <= n; ++j)
{
if (Mdplil[j1) dplill[j] = dp[i - 11[dp[i - 11[j1]1;
if (dp[il[j]) ans = std::max(ans, i);
}
}
fifzdp
FheinE EmERIREIFHY
//Rdfs)¢
[/ RIRE
/ /R E AR
/ /3R B E O
#(sidp

HAdpBNERNER, HMELRANEMBE, SK@E ||, r| XM XENEIHELIRIEEE
B, #iA (1, rRRAORNEE - KiE[1,] - 1ARLIRNEE

PR EERBORRDEREWD: (1, 2| FHRORNEE, 2E(0, | PROBRLRIIE
B (DOFRERTEE)

REREF RS A— ML

AL, WML AL B, B (branatdl, tEEiE0 ~ 9) e SiEn

—MuE

SRR

e a[l---len|: EKHBARES (—EHHHMSETHE) | AREEE, oi|EroE
R4z

. TSI ESlen, BEA AT allen], BRG]

. HONHEAISFA32], SAaES, oy = 4,03 = 3,03 = 2,0; = 1
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LITRIBIZ SRR d f sROBIRERNR S

« pos: IntBTE, FTRYUAIKEFHOME, —RASEIE
limit: boolBTTE, TTNZENFEposiE2RZEIRE,
» AtrueFBTIHIEAREAT a[pos|, MREE[pos + 1, len|fIE HESHEES T a5
Z(EA Jgtrue
» BURTLRIGEERS, TLAERZI0, R — 1], EARBHHTHEIRSHEZINHE
R-1
last: intBFE, FrE—fI (Fpos + 1) HENE
o FERTAURTESBHEZENXRNEE
lead0: boolBiZrE, XREFEASE, BlfElen — (pos + 1) XEMNEEFELLENSE
« EFER, RIIFERA—EEISE, DHMESRSAIAEER0, BIFA2EH000123,
me573123
- RESESENRE, Feeit&E0a5mt.
» BARISEARREREGX?
 FETORIHIUREL
- EMBHFHEE
- LIESADoiemREn=BiL
« sum: IntBTE, FTrHFilen — (pos + 1)R9EIMN
« r: IntBIFE, FREMEIRBIERE MIMAIRE
s ZBHRRSBEE: YORPHI T EEHEMER
o BT LRRAEIAIEIERIER
- st IntBTE, APRESESE
o W—MESHETEEI L REIVRHHE EMEERN, ATHFIF XA LERRS ML
g EM

11 dfs(int pos, bool Timit, int sum) //%

{

if(!pos) return sum; //ifiT5¢

if(11imit && ~f[pos][sum]) return f[pos][sum]l; //¥%415F Hdpfh szt

int up = Timit ? afpos] : 9; // a[]l : (12345 -> a[5] =1, a[4] = 2..... a[l]
=5)

11 res = 0;

for(int i = 0; i <= up; i++) res = (res + dfs(pos - 1, Timit & i == up, sum

+ 1)) % mod;
if(!1imit) fl[pos][sum] = res; // 4%, A/ &/
return res;

3
//dfs(len, 1, 0);

IREdp
R TS RATITRAR, 41001101 > 13 S0 TR 1,3, 4 (L,
PIRET -

AEEE

BE—n s m S8 DAG, WTFEED (u,v) FHREu < v, 1,2 8585 ak, SXaLLE
DAG ERUh#Ea—Eiask, TaemailliE, RS 2™ MO FEF, RIEBX I FELEFVBIAE

IR EakALES.
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R BESRE O(n + 3")

IRIEEZNOES, SEMRRLE(CSIASE SC # 0, MRBIETIY, FUSE SG H
SG(1) xor SG(2). #IHIELEFLMIER, WSG(1) = SG(2).

AT, XE T SE5+0R SG &9k 0, m S £5+P09= SG &9 1, SARXENEE, &4
BN T PRBIFA

» T WERTEEEEA;
o ST RECEES T miE7—F0 (EUXT=0SG A0) ;
o T PRIEEER S i35,

int n, m, a[NJ[N]; // ABHHERE

int twoP[N * N], dp[1l << N], cnt[1l << N][N];

// dp[I]iERESTHELMMATIR TG MAHE TR, ent[1][j1icx] 8% 41 b
void solve()

{
cin >> n >> m;
twoP[0] = 1;
for (int i = 1; i <= m; ++1)
twoP[i] = 2 * twoP[i - 1] % mod;
for (int i =1, x, y; 1 <= m; ++1)
{
cin >> x >> y;
alx]ly] = 1;
}
for (int U= 1; U< 1 << n; ++U)
{
int j = _builtin_ffs(u) - 1; // &5 MIWEE
for (int u =0; u < n; ++u) // Tikt#Hcnt
cnt[U][u] = cnt[Uu A 1 << jI[ul + alfu + 11[j + 11;
}
for (int U = 0; U < 1 << n; ++U) // MzEE 74U
{
if((u & 3) '= 3 & (u & 3) != 0) continue;
dp[U] = 1; // WIUEAEEULBES I EE
for (int T=U& (U -1); T; --T & V) // HEEUITHT
{
if ((T&D) = (T>>1&1)) // 1,28EMAET
continue;
int S=UAT, coef =1; // SiEU - T
for (int i = 0; i < n; ++1)
{
if (T>> 1 & 1)
coef = (11)coef * twoP[cnt[S][i]] % mod; // TZISPKE{H kil
if (S>> 1 & 1)
coef = (11)coef * (twoP[cnt[T][i]l] - 1) % mod; // SETH/bif—
v 34l
}
//dp[TIREBEA T, RA g —FE L
dp[u] = (dp[u]l + (11)coef * dp[S] % mod) % mod;
}
}
cout << (twoP[m] - dp[(1 << n) - 1] + mod) % mod << endl;
}

M RIE



FEFZSHDP: S {[S| EFRUEES WRHEL2 < S) THNANSHFEN, HE1,2856
BEESHNEOHEHN.

FEnERIMET b SH—F&, =15\ T HSGE2 00F7E, A [T &85,

Lk FENEL2c THER, MF 1,2 S\ THBR, ©HE1,2809S6&500, 1T 489
ENSAEE T, BEE.

TN eEEEeE, ATSE O(3V N) mediaasE,

= VICIF St

SRERMR: BZRECARS, SEMARRERZN, MRMELRIRE, BBAMNTESE
RIERIME R SRIIARSAL T,

B nAn-10E—ME (SFRREMA) |, En-1ASRNZRE, BBAnRIAT—ZIRIRIR
&, OZn-1ASKRIERRES. HELXRE: EFn1zl (BHRE) BETE (MR
&) (MRESETHE:A (FHRE) MXTEL (BHRE) ERES. BRIEENET
—Z (n) FHNRERSZRIFZ (n-1) X, SRR (0£n-1) X,

MR NEIIREREH A ASHR BIRHR S .

RS

e

— X HEF

EEANTRNFEISE, RELF BERAGHAATST S5, BALT
A SFSHEIRRI O(logn) REKE, HEHHBEREZENS O(n)

typedef struct BSTNode

{
int data;
struct BSTNode *1child = nullptr;
struct BSTNode *rchild = nullptr;
} *BSTree;
void BST_insert(BSTree *h, int &num)
{
if ((*h) == nullptr)
{
*h = new BSTNode;
(*h)->data = num;
return;
}
if (num < (*h)->data)
BST_insert(&(*h)->1child, num);
else
BST_insert(&(*h)->rchild, num);
}
/ /1B VAA )
bool BST_Recursion_query(BSTree h, int &num)
{

if (h == nullptr)
return false;
if (num < h->data)
return BST_Recursion_query(Ch->Tchild, num);
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else if (num > h->data)
return BST_Recursion_query(Ch->rchild, num);
else
return true;
}
//TER AW (A1HR1L/5)
bool BST_Loop_query(BSTree h, int &num)
{
while (h !'= nullptr)

{
if (num < h->data)
h = h->1child;
else if (num > h->data)
h = h->rchild;
else
return true;
}

return true;
}
//HE R X
BSTree BST_summon()

{
BSTree BST_h = nullptr;
for (int i = 1; 1 <= M; ++1)
BST_insert(&ST_h, num[il);
return BST_h;
}
AVL
// AVLTree
typedef struct AVLNode
{
int data, BF = 0;
struct AVLNode *1child = nullptr;
struct AVLNode *rchild = nullptr;
} *AVLTree;
inline void L_rotate(AVLTree *p)
{
AVLTree L = new AVLNode;
L = (*p)->rchild;
(*p)->rchild = L->Tchild;
L->T1child = (*p);
“p =L
}
inline void R_rotate(AVLTree *p)
{
AVLTree R;
R = (*p)->1child;
(*p)->1child = R->rchild;
R->rchild = (¥p);
*p = R;
}
void LeftBalance(AVLTree *h)
{

AVLTree L, Lr;
L = (*h)->1child;
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3

if (L->BF == 1)

{
(*h)->BF = L->BF = 0;
R_rotate(h);
}
else if (L->BF == -1)
{
Lr = L->rchild;
if (Lr->BF == 1)
{
(*h)->BF = -1;
L->BF = 0;
3
else if (Lr->BF == 0)
(*h)->BF = L->BF = 0;
else if (Lr->BF == -1)
{
(*h)->BF = 0;
L->BF = 1;
3
Lr->BF = 0;
L_rotate(&(*h)->Tchild);
R_rotate(h);
}

void RightBalance(AVLTree *h)

{

}

AVLTree R, Rrj;

R = (*h)->rchild;
if (R->BF == -1)
{
(*h)->BF = R->BF = 0;
L_rotate(h);
}
else if (R->BF == 1)
{
Rr = R->1child;
if (Rr->BF == 1)
R->BF = -1;
else if (Rr->BF == 0)
R->BF = 0;
else if (Rr->BF == -1)
R->BF = 1;
(*h)->BF = Rr->BF = 0;
R_rotate(&(*h)->rchild);
L_rotate(Ch);
}

bool AVL_insert(AVLTree *h, int num, 1int

{

if ((*h) == nullptr)

{

*h = new AVLNode;
(*h)->data = num;
(*h)->BF = 0;
*flag = true;
return true;

*flag)



if (num < (*h)->data)

{
if ('AVL_insert(&(*h)->1child, num, flag))
return false;
if (*flag)
{
if ((*h)->BF == 1)
LeftBalance(h);
else if ((*h)->BF == 0)
(*h)->BF = 1;
else if ((*h)->BF == -1)
(*h)->BF = 0;
}
}
else if ((num > (*h)->data))
{
if ('AVL_insert(&(*h)->rchild, num, flag))
return false;
if (*flag)
{
if ((*h)->BF == 1)
(*h)->BF = 0;
else if ((*h)->BF == 0)
(*h)->BF = -1;
else if ((*h)->BF == -1)
RightBalance(h);
}
}
else
*flag = false;
return num != (*h)->data;
}
11 AVL_query(AVLTree h, int option)
{

function<bool (AVLTree, int)> AVL_Recursion_query = [&AVL_Recursion_query]
(AVLTree h, int num)
{
AvVLcnt++;
if (h == nullptr)
return false;
if (num < h->data)
return AVL_Recursion_query(Ch->Tchild, num);
else if (num > h->data)
return AVL_Recursion_query(Ch->rchild, num);
else
return true;
5
function<bool (AVLTree, int)> AVL_Loop_query = [](AVLTree h, int num)
{
while Ch !'= nullptr)
{
AvVLCNnt++;
if (num < h->data)
h = h->1child;
else if (num > h->data)
h = h->rchild;
else
return true;



3
return true;
3
clock_t start = clock(Q);
if (option == 1)
for (int i = 1; i <= M; ++1)
AVL_Recursion_queryCh, query[i]);
else
for (int i =1; i <= M; ++1)
AVL_Loop_queryCh, query[i]);
return clock() - start;

}
AVLTree AVL_summon()
{
AVLTree AVL_h = nullptr;
for (int i = 1; i <= N; ++i)N
{
int flag = 0;
AVL_insert(&AVL_h, num[i], &flag);
}
return AVL_h;
}

Splay
FhERSTHL:

struct Node

{
[/ FREL LT
int 1, r;
//keyRIR AT M I ESEE  val R eREUE TR
int key, val;
/RS SATEE I T 2 eSS ETX A 2 A5
int cnt, size;

} trN];

[/EARWT RS AdXRRENN AN S

int root, n, idx;

void push_up(int p)

{
trlpl.size = tr[trlp].1].size + tr[tr[p].r].size + tr[p].cnt;
}
void zig(int &p) //HiE
{
int q = trlp]l.1;
tripl.1 = trlql.r;
trfgl.r = p, p = q;
push_up(trlpl.r), push_up(p);
}
void zag(int &p) //%iE
{
int g = trlp]l.r;
trpl.r = trlql.1;
trlql.1 =p, p = q;
push_up(tr[p].1), push_up(p);
}

// &Y R
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int get_node(int key)

{
tr[++idx] .key = key;
tr[idx].val = rand(Q;
tr[idx].size = tr[idx].cnt = 1;
return idx;
}
/ /WIBEA AT R
void build()
{
get_node(inf), get_node(-inf);
root = 1, tr[root].1 = 2;
push_up(root);
if (tr[1].val < tr[2].val)
zig(root); //4ij
}
void insert(int &p, int key)
{
/BT EABTR
if (Ip)
{
p = get_node(key);
return;
}
if (trlp].key == key)
{
trip]l.cnt++;
push_up(p);
return;
}
if (trlp]l.key > key)
{
insert(trp]l.1, key);
if (trltrlp]l.1].val > tr[p].val)
zig(p);
}
else
{
insert(tr[p]l.r, key);
if (trltrlp].r].val > tr[p].val)
zag(p);
}
push_up(p) ;
}
void erase(int &p, int key)
{

if ('p) { return; }
if (tr[p]l.key == key)
{
if (trlp]l.cnt > 1)
tr[p].cnt--;
else if (trlpl.1 || trlpl.r)
{
if ('trlpl.r || trltrlp]l.1].val > trltrlp]l.r]l.val)
{
zig(p);
erase(tr[p]l.r, key);



else
{
zag(p);
erase(tr[pl.1, key);
I
3
else { p=0; }
}
else if (tr[p].key > key)
erase(tr[p].1, key);

else
erase(tr[p]l.r, key);
push_up(p);
}
int get_rank_by_key(int p, int key)
{
if ('p) { return 1; }
if (tr[p].key == key) { return tr[tr[p].1].size + 1; }
if (tr[p]l.key > key) { return get_rank_by_key(tr[p].1, key); }
return tr[trp].1].size + tr[p]l.cnt + get_rank_by_key(tr[p].r, key);
3
int get_key_by_rank(int p, int rank)
{
if (!'p) { return inf; }
if (tr[tr[p].1].size >= rank) { return get_key_by_rank(tr[p].1, rank); }
if (tr[trp]l.1].size + tr[p].cnt >= rank) { return tr[p].key; }
return get_key_by_rank(tr[p].r, rank - tr[tr[p].1].size - tr[p].cnt);
3
int get_prev(int p, int key)
{
if (1p) { return -inf; }
if (tr[p].key >= key) { return get_prev(tr[p].1, key); }
return max(tr[p].key, get_prev(tr[p].r, key));
}
int get_next(int p, int key)
{
if (!'p) { return inf; }
if (tr[p].key <= key) { return get_next(tr[p].r, key); }
return min(tr[p].key, get_next(tr[p]l.1, key));
}
Treap

Treap (#tE) 2—7h 5548 B ZSUEHEM. SFMHEFRIHAESRERRE O(logn)

Treap RUGERBR THRUEFRI BUE (val) Z56, EMIINT —BENAT &R (priority) . Hb, RUEH
BRERMMER, LA RBBHENR (IMRYERCAIRSE)

Hep, —XEZRMAIMRERS:

* EFTREMUELLR TR/,
s AFTREIRELRTRAK.

HRIMERE:
o FRRMNFARERXTRARE/N (BURTZ2IMEHERZAIRYE) .
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O i
HERRMEL (priority)

1 Mol (va)

by TTZYTT

struct Node

{

Node *ch[2];
int val, prio, cnt, siz;
Node(int _val) : val(.val), cnt(l), siz(l)
{
ch[0] = ch[1] = nullptr;
prio = rand(Q);
b
Node(Node *_node)
{
val = _node->val, prio = _node->prio, cnt = _node->cnt, siz = _node-
>Siz;
}
void upd_siz(Q)
{
siz = cnt;
if (ch[0] '= nullptr)
siz += ch[0]->siz;
if (ch[1] !'= nullptr)
siz += ch[1l]->siz;

B
struct none_rot_treap
{

Node *root;

pair<Node *, Node *> split(Node *cur, int key)

{

if (cur == nullptr)
return {nullptr, nullptr};



3

if (cur->val <= key)

{
auto temp = split(cur->ch[1], key);
cur->ch[1] = temp.first;
cur->upd_siz(Q);
return {cur, temp.second};

}

else

{
auto temp = split(cur->ch[0], key);
cur->ch[0] = temp.second;
cur->upd_sizQ);
return {temp.first, cur};

}

tuple<Node *, Node *, Node *> split_by_rk(Node *cur, int rk)

{

3

if (cur == nullptr)

return {nullptr, nullptr, nullptr};
int Is_siz = cur->ch[0] == nullptr ? 0

if (rk <= 1s_siz)

{

3

Node *1, *mid, *r;

: cur->ch[0]->siz;

tie(1, mid, r) = split_by_rk(cur->ch[0], rk);

cur->ch[0] = r;
cur->upd_sizQ;
return {1, mid, cur};

else if (rk <= 1s_siz + cur->cnt)

{

Node *1t = cur->ch[0];
Node *rt = cur->ch[1];

cur->ch[0] = cur->ch[1] = nullptr;

return {1t, cur, rt};

else

Node *1, *mid, *r;

tie(1, mid, r) = split_by_rk(cur->ch[1],

cur->ch[1] = 1;
cur->upd_siz(Q);
return {cur, mid, r};

Node *merge(Node *u, Node *v)

{

if (u == nullptr && v == nullptr)

return nullptr;

if (u != nullptr & v == nullptr)

return uj;

if (v != nullptr & u == nullptr)

return v;

if (u->prio < v->prio)
{
u->ch[1] = merge(u->ch[1], Vv);

u->upd_siz(Q;
return uj;

rk - Ts_siz - cur->cnt);



else

{
v->ch[0] = merge(u, v->ch[0]);
v->upd_siz(Q);
return v;

}
void insert(int val)
{
auto temp = split(root, val);
auto 1_tr split(temp.first, val - 1);
Node *new_node;
if (1_tr.second == nullptr)
{

new_node = new Node(val);
}
else
{
1_tr.second->cnt++;
T_tr.second->upd_siz();
}

Node *1_tr_combined =

merge(l_tr.first, T_tr.second == nullptr ? new_node :

root = merge(l_tr_combined, temp.second);
}
void del(int val)
{
auto temp = split(root, val);
auto 1_tr = split(temp.first, val - 1);
if (1_tr.second->cnt > 1)
{
1_tr.second->cnt--;
T_tr.second->upd_siz();

T_tr.first = merge(1_tr.first, 1_tr.second);

}
else
{
if (temp.first == 1_tr.second)
{
temp.first = nullptr;
3
delete 1_tr.second;
1_tr.second = nullptr;
}
root = merge(l_tr.first, temp.second);
}
int qrank_by_val(Node *cur, int val)
{

auto temp = split(cur, val - 1);

1_tr.second);

int ret = (temp.first == nullptr ? 0 : temp.first->siz) + 1;

root = merge(temp.first, temp.second);
return ret;

}

int qval_by_rank(Node *cur, int rk)

{
Node *1, *mid, *r;
tie(1, mid, r) = split_by_rk(cur, rk);
int ret = mid->val;



root = merge(merge(l, mid), r);
return ret;

}

int qprev(int val)

{
auto temp = split(root, val - 1);
int ret = qval_by_rank(temp.first, temp.first->siz);
root = merge(temp.first, temp.second);
return ret;

}

int gnex(int val)

{
auto temp = split(root, val);
int ret = qval_by_rank(temp.second, 1);
root = merge(temp.first, temp.second);
return ret;

}

B
Trie

Triefid, XIU=Bafd. BISERT (Prefix Tree) . ERiFEINHY 5k B, B—Fhs L5,
TrieROEAR MR :

LRTRAEEFM, RRTRIMIE— D FEREBEE— T,
2. MR REIR—IPR, BELZTNFIRERRER, NZHRYNAYFRES,
3. M LRI F O RESNFREARERE,

const int ALPHABET_SIZE = 26;
typedef struct trie_node

{
int count; [/ EIIZ AR I A AN
trie_node *children[ALPHABET_SIZE]; // #AF1isk
} *trie;
trie_node *create_trie_node()
{
trie_node *pNode = new trie_node();
pNode->count = 0;
for (int i = 0; i1 < ALPHABET_SIZE; ++1i)
pNode->children[i] = NULL;
return pNode;
}
void trie_insert(trie root, char *key)
{

trie_node *node = root;
char *p = key;

while (*p)
{
if (node->children[*p - "a'] == NULL)
{
node->children[*p - 'a'] = create_trie_node();
}
node = node->children[*p - 'a'];
++P;
}

node->count += 1;
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}
// B AAFAEIREIO, 775 ] H B R AL
int trie_search(trie root, char *key)

{
trie_node *node = root;
char *p = key;
while (*p &% node != NULL)
{
node = node->children[*p - 'a'];
++p;
}
if (node == NULL)
return 0O;
else
return node->count;
}
01Trie
01Trie

O1trie 2557 {0,1} B9 trie

O1trie ATLARSRUEF —L8FROSEAN, STFHEXR (MB% + B3IEN) . Fi=Bm— (BD: iLER4ER
FTEEIEISIE 1, AR ER—FSIRIUESURIE)

struct Trie

{
vector<Trie *> child;
Trie() : child(vector<Trie *>(2, NULL)) {}
};
void add(11 x, Trie *root)
{
for (int i = 31; i >= 0; i--)
{
11 bit = (x >> i) & 111;
if (root->child[bit])
root->child[bit] = new Trie();
root = root->child[bit];
}
}

//search(~x, root) //&iH %/ DAAVLE | | A58 1AL E (9 P S5 B0 R AE)
//(x A search(~x, root)) //#33|5Fuf % —"¥
11 search(11 x, Trie *root) //&iffi Z/ALILH

{
11 ans = 0;
for (int i = 31; i >= 0; i--)
{

1T bit = (x >> 1) & 111;
ans <<= 1;
if (root->child[bit]) //ILECstHixfrixE N1
ans |= 1, root = root->child[bit]; //ans |= bit;
else
root = root->child[!bit]; //ans |= !bit;
}

return ans;
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+1FE

EREI"HHENINEREAEIN, &EA+1, AEMECIFE—ESRY 1 8130, 3k ulIES
IWF, REEE)LF, &E%/LF, WKk +13EERT, EAMETTE, FrARBeERRM

trie,

SHHNSR

struct Trie
{
int siz;
vector<Trie *> child;
Trie() : child(vector<Trie *>(2, NULL)) {}
} rtiN];
const int HIGH = 31;
void pushup(Trie *a)

{
a->siz = 0;
if (a->child[0])
a->siz += a->child[0]->siz;
if (a->child[1])
a->siz += a->child[1]->siz;
}
void add(11 x, Trie *root)
{
for (int i = HIGH; i >= 0; i--)
{
1T bit = (x >> 1) & 111;
if ('root->child[bit])
{
root->child[bit] = new Trie();
root->siz = 1;
3
root = root->child[bit];
pushup(root) ;
}
}
// b&Itita
void merge(Trie *a, Trie *b)
{
if (la || 'b)
{
if (la)
a = b;
return;
}
merge(a->child[0], b->child[0]);
merge(a->child[1], b->child[1]);
pushup(a);
}

// rElEalisizenk, bFES A4 ER
void split(Trie *a, Trie *b, int k)
{
if (la)
return;
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int siz = 0;

if (a->child[0])
siz = a->child[0]->siz;

if (siz >= k)

{
b->child[1] = a->child[1];
a->child[1] = nullptr;
split(a->child[0], b->child[0], k);

}
else
{
b->child[0] = a->child[0];
split(a->child[1], b->child[1], k - siz);
}

AR

t [x] {RAELA = AR b= SR A | o
000

ans+=t[4]

c=lowpAt

ans+=t[6

PHREUEBLEAIR

struct treearray

{
int tr[N], n;
int Towbit(int x) { return x & (-x); }
void add(int i, int k)
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for (; i <= n; i += lowbit(i))

tr[i] += k;
}
int ask(int 1)
{
int ans = 0;
for (; i; i -= lowbit(i))
ans += tr[i]l;
return ans;
}

18

B, XEEE

int n, a[N], trN]; //trix]{HiEIx-2Ak, xTEI [x-Towbit(x),x] WA, TheM1H 46
int Towbit(int x) { return x & -x; }
void add(int x,int v) //4xhiB+v,Be0Z S8 ERr1E
{
for(int i = x; i <= n; i += Towbit(i)) tr[i] += v;
}
/7RG EM alx] = b,%R ¢ = s[x] - s[x-1],H add(x, b-c)
int ask(int x)//# i 1~xHIZE A

{
int res = 0;
for(int i = x; i; i -= Towbit(i)) res += tr[i];
return res;

}

inline void build() { for(int i = 1; i <= n; i++) add(i, a[il); }

RENER, BRES
TR, RIBEHEHRSANZS S, AR RIS bHER

M FREHERANE, BARSEXZSEUATIRIER, FIan3d XEL Rl+k BBAFMNRZEEHEFEEHadd(L k),addR+1,k), XE
=S AR,
£

3T AN, SkiibEUARIBISERIEN], B halx]=E 5 EUED[1]1+b[2]+ . +bXIFATSERN, XEESEENERE —
A% ]

RIMEEE AL

IS EEIRRENARIS. ERRANFEERENBMIREE, HiAESEAER. FEItEER
tag fxic, FHESRIT R DX ERRTE (EDEL—>K%%&%RQH*&¢E1§%) BRI RS FITX MU E
tag FRRIRSIEANZRIRTEIE SR, MATLFENX MIENZZ 0 A2 EERRIE.



ZRE

A BN, XEEH M XEEN, XEEENREGER (—MEmark, —M )

int leaf[N], sum[N << 2], mi[N << 2], ma[N << 21; //VUfs /N ik
void pushup(int k)

{
sum[k] = sum[k << 1] + sum[k << 1 | 1];
mi[k] = min(mi[k << 1], mi[k << 1 | 1]1);
malk] = max(ma[k << 1], mal[k << 1 | 1]);
3

void build(int k, int 1, int r) // kKERHEE ST, T, rZAaiss sprERRIX R
{
if Q== r) // AWESRANTH R

{
sum[k] = mal[k] = mi[k] = Teaf[11; // XFMiXTa] R AME IR P51 0 NAE
return;

}

int mid =1 + r > 1;

build(k << 1, 1, mid); // iR

build(k << 1 | 1, mid + 1, r); // KA TR

pushup(k); //
}
JEH MBS, XIE A/
void change(int k, int 1, int r, int x, int v) // xNEFHAAME, vAESEE
{

if (r <x || 1> x) return; // XA 5 R A (AL B e A TR AR
if (1 ==r&1==x) // ARG 5N N 4 A
{
sum[k] = ma[k] = mi[k] = tree[1] = v; // B 7454
return;
}
int mid = 1 + r >> 1;
change(k << 1, 1, mid, x, v); // BT IX A

change(k << 1 | 1, mid + 1, r, x, V); // BT IX ]
pushup(k); // S

int queryA(int k, int 1, int r, int x, int y) // XIa&i: XaH, Aibsic

if (y <1 || x> r) return 0;
if (1 >= x & r <= y) return sum[k]; // &ifisfEs —F
intmid =1+ r > 1;
return queryA(k << 1, 1, mid, x, y) + queryA(k << 1 | 1, mid + 1, r, X, y);
// return min(queryA(Ck << 1, 1, mid, x, y), queryA(k << 1 | 1, mid + 1, r, x,
¥));
// return max(queryA(Ck << 1, T, mid, x, y), queryA(k << 1 | 1, mid + 1, r, x,
¥));
}
/FIXAMEMY, XA */
int mark[N << 2];
void add(int k, int 1, int r, int v) // 4GX[E[1,r]rEEN LV
{
mark[k] += v; // FThmie
sum[k] += (r - 1 + 1) * v; // XA
mi[k] += v;
malk] += v;
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void pushdown(int k, int 1, int r, int mid) // krid B%

{
if (Imark[k]) return; // BAERRCIASH 2% &
add(k << 1, 1, mid, mark[k]); // TAERLETFR
add(k << 1 | 1, mid + 1, r, mark[k]l); // &34 TH
mark[k] = 0; /] EE

}

void modify(int k, int 1, int r, int x, int y, int v) // ZEXIA[x,y]iaEn v
{

if (x > y) return;

if (X <=1 && r <= y) return add(k, 1, r, v);

intmid =1+ r > 1;

pushdown(k, 1, r, mid); // BiksE—25 s f LN AR

if (x <= mid) modify(k << 1, 1, mid, x, y, Vv);

if (mid <y) modify(k << 1 | 1, mid + 1, r, X, y, V);

pushup(k); // s EAL S0

int queryB(int k, int 1, int r, int x, int y) // #WIEXE[x,y] K, 3 FR 0

if (x <= 1 && r <= y) return sum[k];

intmid=1+r > 1, res = 0;

pushdown(k, 1, r, mid); // TFtehsid

// BhsEES T, iifHres = +-inf;

if (x <= mid) res += queryB(k << 1, 1, mid, x, y);

if (mid <y) res += queryB(k << 1 | 1, mid + 1, r, x, y);
return res;

BRI : RS KAUEE
ERCEAIR REHKRAREX BREIEZ, tLINXEnE.
#define 1son now << 1

#define rson now << 1 | 1
struct node

{
int 1, r;
11 res, 1z;
it
node tree[N << 2];
int n, m;
int a[N];
void push_up(int now)
{
tree[now].res = tree[lson].res + tree[rson].res;
}
void build(int now, int 1, int r)
{

tree[now].]1 1;
tree[now].r = r;
if (treel[now].1 == treel[now].r)
{
tree[now].res = a[l];
return;
}
int mid = (tree[now].1 + tree[now].r) >> 1;
build(lson, 1, mid);



}

build(rson, mid + 1, r);
push_up(now) ;

void update(int now, int 1, int r, 11 x)

{

}

// X B RAB O R 4 s B, AR SRS T FAE
tree[now].res += x * (r - 1 + 1);
if (1 <= tree[now].1 && tree[now].r <= r)
{
tree[now].lz += Xx;
return;
}
// EEFIXEIFARA push_down()
int mid = (tree[now].1 + tree[now].r) >> 1;
if (r <= mid)
update(lson, 1, r, x);
else if (1 > mid)
update(rson, 1, r, x);
else //FEEEHIXEHEY HE T
update(lson, 1, mid, x), update(rson, mid + 1, r, x);
// EERIXEIEE push_up

// sum o3RS I bR IC 152
11 query(int now, int 1, int r, 11 sum)

{

if (1 <= tree[now].1l && tree[now].r <= r)

return tree[now].res + sum * (r - 1 + 1);
// EERIXEIFEAE push_down()
int mid = (tree[now].1 + tree[now].r) >> 1;
if (r <= mid)

return query(lson, 1, r, sum + tree[now].1z);
else if (1 > mid)

return query(rson, 1, r, sum + tree[now].1z);
else

return query(lson, 1, mid, sum + tree[now].lz) +

query(rson, mid + 1, r, sum + tree[now].1z);

RCKAHHIREIENERMEL, —FflL, ERiNesEERXE, PrHENAIXELSRIXER
AR

void update(int now, int 1, int r, 11 x)

{

tree[now].res += x * (min(r, treel[now].r) - max(l, tree[now].1) + 1);
if (1 <= tree[now].1l &% tree[now].r <= r)

{
tree[now].lz += X;
return;
}
int mid = (tree[now].1 + tree[now].r) >> 1;
it (1 <= mid)

update(lson, 1, r, x);
else if (mid < r)
update(rson, 1, r, x);



XEEINS—EIE

11 query(int now, int 1, int r)
{
if (1 <= tree[now].1l && tree[now].r <= r)
return treel[now].res;
intmid=1+r > 1;
11 res = 0;
if (1 <= mid)
res += query(lson, 1, r);
if (r > mid)
res += query(rson, 1, r);
res += tree[now].l1z * (min(r, tree[now].r) - max(1, treel[now].1) + 1);
return res;

Tl U XER, BENSIME C FUERITE

void pushup(int k)

{
sum[k] = 0;
mi[k] = min(mi[k << 1], mi[k << 1 | 11);
if (mi[k] == mi[k << 1])
sum[k] += sum[k << 1];
if (mi[k] == mi[k << 1 | 1]1)
sum[k] += sum[k << 1 | 1];
}
void add(int k, int 1, int r, int v)
{
mark[k] += v;
mil[k] += v;
}
int query(int k, int 1, int r, int x, int y)
{
if x<=18&& r <=vy)
return mi[k] == C ? sum[k] : O;
int mid=1+r > 1, res = 0;
pushdown(k, T, r, mid);
if (x <= mid)
res += query(k << 1, 1, mid, x, y);
if (mid < y)
res += query(k << 1 | 1, mid + 1, r, x, y);
return res;
}

RUELERR

RUBLERMR— MR R LRI CRIEHREN, R CHERRIENEET X XERILEFERE,
BEELERNERDHRRE, NELRNEFIERSEALRNEMER:

o EARZRNPENENEAREF —RKENSAERSHE,
o NELRMEMERHEFIIE— M XIERTEHIAYIRE.

BB MUBELRIEKK:
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11 queryK(int p, int 1, int r, int k)
{
if (trlp].sum < k)
return -1;
if (1 =r)
return 1;
11 Tsum = tr[tr[p].1].sum;;
intmid=1+r > 1;
if (Isum >= k)
return querykK(tr[p]l.1, 1, mid, k);
else
return queryk(tr[p]l.r, mid + 1, r, k - Tsum);

AL L ER M

11 tree[N], sum[N << 2], mark[N << 2], murk[N << 27;
void build(int k, int 1, int r) // kKERUWESRgmS, 1, ro8 s s AR RIX A
{

murk[k] = 1;
if (0 == r) // 4Hi4isimtv45 5
{
suml[k] = tree[1]1; // XX [A)) e/ ME A JE P 5 H X6 NAE
return;
3
int mid =1+ r > 1;
build(k << 1, 1, mid); // HiE R
build(k << 1 | 1, mid + 1, r); // HIEL TR
sum[k] = (sum[k << 1] + sum[k << 1 | 1]) % mod; // i
}
void add(int k, int 1, int r, int v) // 4XE[1,r]1rEEMN Ev
{
mark[k] = (mark[k] + v) % mod; // FIkric
}
void mul(int k, int 1, int r, int v) // &XIA[1, r]iaEeE Ly
{
murk[k] = murk[k] * v % mod; // #Ifzic
mark[k] = mark[k] * v % mod;
3
void pushdown(int k, int 1, int r, int mid) // tsid Ff&
{
sum[k << 1] = (sum[k << 1] * murk[k] + mark[k] * (mid - 1 + 1)) % mod;
sum[k << 1 | 1] = (sum[k << 1 | 1] * murk[k] + mark[k] * (r - mid)) % mod;
mul(k << 1, 1, mid, murk[k]);
mul(Ck << 1 | 1, mid + 1, r, murk[k]);
add(k << 1, T, mid, mark[k]);
add(k << 1 | 1, mid + 1, r, mark[k]);
mark[k] = 0;
murk[k] = 1;
}

void modify_mul(int k, int 1, int r, int x, int y, int v) // %&ZEXE[x,y] ifEee -
v
{

if X<=18&& r <=y)

{

sum[k] = sum[k] * v % mod;
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3

return mulCk, 1, r, v);
}
intmid =1+ r > 1;
pushdown(k, 1, r, mid); // Elik&— 45 mHE T fehrid
if (x <= mid)

modify_mul(k << 1, 1, mid, x, y, Vv);
if (mid < y)

modify_mul(k << 1 | 1, mid + 1, r, x, y, V);
sum[k] = (sum[k << 1] + sum[k << 1 | 1]) % mod;

void modify_add(int k, int 1, int r, int x, int y, int v) // %EXE[x,y]FraEon -

\%

{

}

if (x <=18 r <=y)
{
sum[k] = (sum[k] + (r = 1 + 1) * v) % mod;
return add(k, 1, r, v);
}
int mid =1 + r > 1;
pushdown(k, 1, r, mid); // Bl AhE#eE Fiebrid
if (x <= mid)
modify_add(k << 1, 1, mid, x, y, v);
if (mid < y)
modify_add(k << 1 | 1, mid + 1, r, x, y, V);
sum[k] = (sum[k << 1] + sum[k << 1 | 11) % mod;

11 query(int k, int 1, int r, int x, int y) // #REIXIE[x,y] 08, R0

{

if (X <=18&&% r <=vy)
return sum[k];
11 mid =1+ r >> 1, res = 0;
pushdown(k, 1, r, mid); // Fiehrid
// BREES— T, iifires = +-inf;
if (x <= mid)
res += query(k << 1, 1, mid, x, y);
if (mid < y)
res += query(k << 1 | 1, mid + 1, r, x, y);
return res % mod;

TN

Z4B Lo Q

FRERNE—METHEPTEERLTRAISERXRNMIESSE, CERARMERE—MERNEE: SE— N FRERLTR, X
FESIEA—SRER, BENE—MIE (X, +oo) BTEREINESN—FRER (BHRE—5EE8, DXRBEEEMEERNR
=i 33

FIBLRIMUEFIIRXBEHE mid (ERIRBLR, BEXEE (2. inf) TABRLSER

int lastans = 0;
double h = -inf;
struct Line

{

double k, b;
int 1, r, flag, 1idx;
Line() {}

Line(double k, double b, int 1, int r, int flag, int idx)
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this->k = k, this->b = b, this->1 = 1, this->r = r, this->flag = flag,

this->idx = idx;

}

double calc(int pos) { return k * pos + b; }
// BHZHHposhi & yHE

int cross(const Line &rhs) const { return floor((b - rhs.b) / (rhs.k - k));
} /7 KBS R AR
} seg[N << 1];
inline void build(int rt, int 1, int r)

{
seg[rt] = (Line){0.0, 0.0, 1, r, 0, 0};
if (1 == r) return;
build(rt << 1, T, (1 + r) >> 1);
build(rt << 1 | 1, (1 + r) >> 1) + 1, r);
}
inline void update(int cutl, int cutr, int rt, Line rhs)
{

if (rhs.1 <= cutl && rhs.r >= cutr)
{
if (!seg[rt].flag) seg[rt] = rhs, seg[rt].flag = 1;
else if (rhs.calc(cutl)-seg[rt].calc(cutl)>eps && rhs.calc(cutr)-
seg[rt].calc(cutr)>eps)
seg[rt] = rhs;
else if (rhs.calc(cutl)-seg[rt].calc(cutl)>eps || rhs.calc(cutr)-
seg[rt].calc(cutr)>eps)
{
int Mid = (cutl + cutr) >> 1;
if (rhs.calc(Mid) - seg[rt].calc(Mid) > eps)
swap(rhs, seg[rt]);
if (rhs.cross(seg[rt]) - Mid < -eps)
update(cutl, Mid, rt << 1, rhs);
else
update(Mid + 1, cutr, rt << 1 | 1, rhs);

}
}
else
{
int Mid = (cutl + cutr) >> 1;
if (rhs.1 <= Mid) update(cutl, Mid, rt << 1, rhs);
if (rhs.r > Mid) update(Mid + 1, cutr, rt << 1 | 1, rhs);
}
}
inTine void ask(int rt, int 1, int r, int x)
{
double tmp = seg[rt].calc(x);
if (tmp - h > eps) lastans = seg[rt].idx, h = tmp;
else if (fabs(h - tmp) < eps) lastans = min(lastans, seg[rt].idx);
if (1 == r) return;
int mid =1 + r >> 1;
if (x <= mid) ask(rt << 1, 1, mid, x);
if (x > mid) ask(rt << 1 | 1, mid + 1, r, x);
}

sNSF R LR
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ATHEZEERE, BAITLUARZHBREARNIEN, MEERIREYL—MET 5,ﬁ$¥¢8
B, SHREHALRMIERFRENFREN, BEIARXNFRENTR. RAXMITEERR
S ERIIFR AT RIS RN,

EI—AREERAR, aISTFREERINRAEN 2 x n KIHIEEA.

EARSHRERMEEER, BE—FARERE: IRERNT, RSk ERINEAILFIIIR
k<<l k<<l1l, hSHRLRNP, &S pERNEGILFHHIR trlp).l. trlp.r

int a[N], 1idx;
struct seg
{
int 1, r; // EAILTHS
11 leaf, sum, mark;
} trN << 11; //2*nk/NEw
void add(int &p, int 1, int r, 11 v)

{
if (Ip)
p = ++idx;
trip].mark += v;
trip]l.sum += (r - 1 + 1) * v
}
void pushup(int p)
{
trip]l.sum = tr[trlp]l.1].sum + tr[tr[p].r].sum;
}
void pushdown(int p, int 1, int r, int mid)
{
if ('trlp].mark)
return;
add(tr[p]l.1, 1, mid, tr[p].mark);
add(tr[p]l.r, mid + 1, r, tr[p]l.mark);
trp].mark = 0;
3
void build(int &p, int 1, int r)
{
if (p)
p = ++idx;
if (1 == r)
{
// TODO init val
trlp].leaf = tr[p]l.sum = a[1];
return;
}
int mid =1+ r > 1;
build(tr[p]l.1, 1, mid);
build(tr[p]l.r, mid + 1, r);
pushup(p) ;
}
void modify(int &p, int 1, int r, int x, int y, int val)
{
if (Ip)
p = ++idx;

if (X <=18&& r <=vy)

return add(p, 1, r, val);
int mid =1+ r > 1;
pushdown(p, 1, r, mid);



if (x <= mid)
modify(tr[p].T, 1, mid, x, y, val);
if (mid < y)
modify(tr[p].r, mid + 1, r, x, vy, val);
pushup(p) ;
}
11 query(int p, int 1, int r, int x, int y) //%5ApMILBM L& [x, yIXIEE
{
if (Ip)
return 0;
if X<=18&& r <=y)
return tr[p].sum;
int mid =1+ r > 1;
pushdown(p, 1, r, mid);
11 res = 0;
if (x <= mid)
res += query(tr[p]l.1, 1, mid, x, y);
if (mid < y)
res += query(tr[p]l.r, mid + 1, r, X, y);
return res;

}
void solve() //#&# 77k
{
int n, rt = 0;
cin >> n;
for(int i = 1; i <= n; ++i)
{
cin >> a[i]l;
//modify(rt, 1, n, i, i, a[il); //FxRLEM
//modify(rt, 1, n, a[il, al[il, 1); //BUAZBH
}
build(rt, 1, n); //FERLBEW
}

FGETNETT REER

int idx;
struct seg
{
int 1, r; // ERILTHS
11 sum, mark, murk;
seg() : sum(0), murk(l) {};
} trN << 11; // 2*nk/MNEm
void add(int &p, int 1, int r, 11 v)

{
if (Ip)
p = ++idx;
trlp].mark = (tr[p].mark + v) % mod;
}
void mul(int &p, int 1, int r, 1T v)
{
if (Ip)
p = ++idx;
trip]l.murk = (tr[p].murk * v) % mod;
trlp].mark = (tr[p].mark * v) % mod;
}

void pushdown(int &p, int 1, int r, int mid) // bricd T1&



if (ltrlpl.1)
tripl.1 = ++idx;
if (ltrlp]l.r)
tripl.r = ++idx;
trtrlp]l.1].sum = (tr[trlp]l.1].sum * tr[p].murk + tr[p]l.mark * (mid - T +
1)) % mod;
tritrip]l.r]l.sum = (trltrlp]l.r].sum * tr[p].murk + tr[p]l.mark * (r - mid)) %
mod;

mul(Ctrpl.1, 1, mid, trlp]l.murk);
mul(trp]l.r, mid + 1, r, trip].murk);
add(tr[p]l.1, 1, mid, tr[p].mark);
add(tr[p]l.r, mid + 1, r, tr[p]l.mark);
tr[p].mark = 0;
trip].murk = 1;

}

void pushup(int p)

{
trip].sum = (trltrp]l.1].sum + tr[tr[p].r].sum) % mod;

3

void modify_add(int &p, int 1, int r, int x, int y, int val)
{

it (!'p)

p = ++idx;
if X<=18&& r <=y)
{

trlp]l.sum = (trlp]l.sum + (r - 1 + 1) * val) % mod;
return add(p, 1, r, val);

}

intmid=1+r > 1;

pushdown(p, 1, r, mid);

if (x <= mid)

modify_add(tr[p].1, 1, mid, x, y, val);
if (mid < y)

modify_add(tr[p]l.r, mid + 1, r, x, y, val);
pushup(p) ;

3
void modify_mul(int &p, int 1, int r, int x, int y, int val)
{

if (!p)

p = ++idx;
if X<=18&& r <=Yy)
{

trp].sum = tr[p].sum * val % mod;
return mul(p, 1, r, val);
}
intmid =1+ r > 1;
pushdown(p, 1, r, mid);
if (x <= mid)
modify_mul(tr[p]l.1, 1, mid, x, y, val);
if (mid < y)
modify_mul(tr[p]l.r, mid + 1, r, x, y, val);
pushup(p);
}
11 query(int p, int 1, int r, int x, int y)
{
if (Ip)
return 0;



if (X <=18&& r <=vy)
return tr[p].sum;
int mid =1+ r > 1;
pushdown(p, 1, r, mid);
11 res = 0;
if (x <= mid)
res += query(tr[p].1, 1, mid, x, y);
if (mid < y)
res = (res + query(tr[p]l.r, mid + 1, r, x, y)) % mod;
return res;

ZEMEHS PR
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void merge(int &p, int q) // qi&Fitphs

{
it Clp [ ')
{
p |=a;
return;
}
/ /485 SN IE S I
trip].sum += tr[q].sum;
trp].mark += tr[q].mark;
merge(tr[p]l.1, triql.1);
merge(tr[p]l.r, trlql.r);
}

int split(int &, int 1, int r, int x, int y) //[1,r]RE&BEm4E 1, [x,y] &Ea
SR I 1X (8]
{

int q = ++idx;

if (x <=1 && r <=y) //7F&EEIW XA 55 A7 4E 1) X (8]
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triql = tripl; //4&1 S
p = 0; //MBxriE

}
else
{
int mid =1+ r > 1;
if (x <= mid)
trlql.1 = split(trlpl.1, 1, mid, x, y);
if (mid < y)
trlgql.r = split(trlp]l.r, mid + 1, r, x, y);
pushup(a), pushup(p);
}
return q;

AT R LR

[BREAIF AR (ERH) —MRFF32(2K

AIRFANEERRT, SRAERT n RIEERNEREEAAE 2n — 1+ n([logy n] +1)
SURINGE, BRIy QIR

o XFP RN TR R E

FhRERH

int root[N], cnt;
11 SUM, XSUM;
struct node
{

int Teft;

int right;
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11 sum, xsum;
} hjt[N << 5];
void insert(int left, int right, int pre, int &cur, int pos, int val)
{

hjt[++cnt] = hjt[prel;

cur = cnt;
if (left == right)
{

hjt[cur].sum = hjt[cur].xsum = val;

return;
}
int mid = left + right >> 1;
if (pos <= mid)

insert(left, mid, hjt[pre].left, hjt[cur].left, pos, val);
else

insert(mid + 1, right, hjt[pre].right, hjt[cur].right, pos, val);
hjt[cur].sum = Chjt[hjt[cur].left].sum + hjt[hjt[cur].right].sum) % mod;
hjtlcur].xsum = hjt[hjt[cur].left].xsum A hjt[hjt[cur].right].xsum;

}
void query(int cur, int Tleft, int right, int 1, int r)
{
if(lcur) return;
if (1 <= Teft && right <= r)
{
//EHANCAEEE
SUM = (SUM + hjt[cur].sum) % mod;
XSUM A= hjt[cur].xsum;
return;
}
int mid = left + right >> 1;
if (1 <= mid)
queryChjt[cur].left, left, mid, 1, r);
if (mid < r)
queryChjt[cur].right, mid + 1, right, 1, r);
}

BUEERERH

int a[N], root[N], cnt, n;
vector<int> v;
struct node
{
int left;
int right;
int sum;
} hjt[N << 5];
int getid(int x) { return Tower_bound(v.begin(),v.end(),x) - v.begin() + 1; }
// Note that cur 1is used with &cur, for it will change
void insert(int left, int right, int pre, int &cur, int val)
{
hjt[++cnt] = hjt[prel;
// Assign position of the Teft and right subtrees to new segment tree
cur = cnt;
hjt[cur].sum++; // insert operation, total record +1
if (left == right) return;
int mid = left + right >> 1;
if (val <= mid) insert(left, mid, hjt[pre].left, hjt[cur].left, val);
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else insert(mid + 1, right, hjt[pre].right, hjt[cur].right, val);

int query(int left, int right, int L, int R, int k)

if (left == right) return left;
int mid = left + right >> 1;
int t = hjt[hjt[R].Tleft].sum - hjt[hjt[L].Teft].sum;
if (t >= k)
return query(left, mid, hjt[L].Teft, hjt[R].Teft, k);
// find kth smallest number in the Teft subtree
else
return query(mid + 1, right, hjt[L].right, hjt[R].right, k - t);
// Otherwise go to the right subtree and Took for (k-t)th smallest number
}//The query function returns the index
// BERIx, ylfgEkhEalquery(1l, n, root[x - 1], root[y], k) - 1];
void build()

{
for (int i = 1; i <= n; ++i) v.push_back(a[i]);
sort(v.begin(), v.end());
v.erase(unique(v.begin(), v.end()), v.end();
for (int i = 1; i <= n; 1i++) insert(l, n, root[i - 1], root[i],
getid(alil));
}
ERERXE 5

B XERERAFE—H LR

//XiEElargument: [left, right]{Eik, preH#slEA, lastil—i4<, curnii4a, [1, rlH
P X []
//backdating(1l, n, root[order], root[tally], root[tally + 1], T, r);
void backdating(int Teft, int right, int pre, int last, int &cur, int 1, int r)
{

if (1 <= Teft && right <= r)

{
hjt[++cnt] = hjt[pre];
cur = cnt;
return;

}

hjt[++cnt] = hjt[last];

cur = cnt;

int mid = left + right >> 1;

if (1 <= mid)
backdating(left, mid, hjt[pre].left, hjt[last].left, hjt[cur].left, 1,

r);
if (mid < r)

backdating(mid + 1, right, hjt[pre]l.right, hjt[last].right,
hjt[cur].right, 1, r);
hjtlcur].sum = hjt[hjt[cur].left].sum + hjt[hjt[cur].right].sum;
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6. MR REIBNMHFRFMEBREHESERMENEETR (XIMHEUMESE)

template <typename T>
class redblacktree
{
protected:
struct Node;
Node *_root; // MiiinifiE
Node *_hot; // i 4Ed/ s
void init(T);
void connect34(Node *, Node *, Node *, Node *, Node *, Node *, Node *);
void SsolvebDoubleRed(Node *); // WAfEIE
void SolveDoubleBlack(Node *); // XUEIZIE
Node *find(T, const int); // RYFEHE KA
Node *rfind(T, const int); // ARTEENER
Node *findkth(int, Node *);
int find_rank(T, Node *);
#ifdef _REDBLACK_DEBUG
void checkconnect(Node *);

void previs(Node *, int);
void invis(Node *, int);
void postvis(Node *, int);
#endif
public:

struct iterator;

redblacktree() : _root(NuLL), _hot(NuLL) {}
int get_rank(T);

iterator insert(T);

bool remove(T);

int size(Q);

bool empty();

iterator kth(int);
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jterator Tower_bound(T);
iterator upper_bound(T);
#ifdef _REDBLACK_DEBUG
void vis(Q);
void correctlyconnected();
#endif
5
template <typename T>
struct redblacktree<T>: :Node
{
T val; // HREER
bool RBc; // Wrigith, & Ntrue, WA S ARed; A7 B lack.
Node *ftr; // %
Node *1c; // /LT
Node *rc; // 4L T
int s; /// 8

Node(T v = T(), bool RB = true,
Node *f = NULL, Node *1 = NULL, Node *r = NULL, int ss = 1)
: val(v), RBc(RB), ftr(f), 1c(1), rc(r), s(ss) {}

Node *succ() // MIBRTY R 2 B AL
{
Node *ptn = rc;
while (ptn->1c != NULL)
{
--(ptn->s);
ptn = ptn->lc;
}

return ptn;

Node *Teft_node() // FLfZmIlK
{
Node *ptn = this;
it (11o)
{
while (ptn->ftr && ptn->ftr->1c == ptn)
ptn = ptn->ftr;
ptn = ptn->ftr;
3
else
{
ptn = ptn->lc;
while (ptn->rc)
ptn = ptn->rc;
}

return ptn;

Node *right_node() // HE#)4k
{
Node *ptn = this;
if (lrc)
{
while (ptn->ftr && ptn->ftr->rc == ptn)
ptn = ptn->ftr;
ptn = ptn->ftr;



}
else
{
ptn = ptn->rc;
while (ptn->T1c)
ptn = ptn->lc;

}
return ptn;
}
void maintain() // 4ifis
{
s = 1;
if (o)
s += lc->s;
if (ro)
S += rc->s;
}

i
template <typename T>
struct redblacktree<T>::iterator

{
private:
Node *_real__node;
public:
iterator &operator++()
{
_real__node = _real__node->right_node();
return *this;
}
iterator &operator--()
{
_real__node = _real__node->Teft_node();
return *this;
}
T operator*()
{
return _real__node->val;
}
iterator(Node *node_nn = NULL) : _real__node(node_nn) {}
jterator(T const &val_vv) : _real__node(rfind(val_vv, 0)) {}
iterator(iterator const &iter) : _real__node(iter._real__node) {}
5

template <typename T>
typename redblacktree<T>::iterator redblacktree<T>::insert(T v)
{
Node *ptn = find(v, 1);
if (_hot == NULL)
{
init(v);
return iterator(_root);
}
ptn = new Node(v, true, _hot, NULL, NULL, 1);
if (Chot->val <= v)



_hot->rc
else

_hot->Tc = ptn;
SolveDoubleRed(ptn);
return iterator(ptn);

ptn;

template <typename T>
void redblacktree<T>::init(T v)
{
_root = new Node(v, false, NULL, NULL, NULL
#ifdef __REDBLACK_DEBUG
++blackheight;
#endif
}
// Find B ACHL, MERN-1, @A A0
template <typename T>
typename redblacktree<T>::Node *redblacktree<T>
{
Node *ptn = _root; // MHT SIFah Ak

_hot = NULL; [/ BTSSR
while (ptn != NULL)
{

_hot = ptn;

ptn->s += op;
if (ptn->val > v)
ptn = ptn->lc;
else
ptn = ptn->rc;
}

return ptn;

template <typename T>
typename redblacktree<T>::Node *redblacktree<T>

{

Node *ptn = _root;
_hot = NULL;
while (ptn != NULL && ptn->val != v)
{
_hot = ptn;

ptn->s += op;
if (ptn->val > v)
ptn = ptn->lc;
else
ptn = ptn->rc;
}
return ptn;
}
// WAABIE
template <typename T>
void redblacktree<T>::SolveDoubleRed(Node *nn)
{
auto islc = [J(Node *p) -> bool
{
return p->ftr->lc == p;
it
auto bro = []J(Node *p) -> Node *

, ;

::find(T v, const int op)

::rfind(T v, const int op)



if (p->ftr->1c != p)
return p->ftr->lc;
else
return p->ftr->rc;

s
while ((!(nn->ftr)) || nn->ftr->RBc)
{

if (nn == _root)

{

_root->RBc = false;
#ifdef _REDBLACK_DEBUG

++bTlackheight;
#endif
return;
}
Node *pftr = nn->ftr;
if (! (pftr->RBC))
return; // No double-red
Node *uncle = bro(nn->ftr);
Node *grdftr = nn->ftr->ftr;
if (uncle != NULL && uncle->RBc)
{ // RR-2
grdftr->RBc = true;
uncle->RBc = false;
pftr->RBc = false;
nn = grdftr;
}
else
{ // RR-1
if (islc(pftr))
{
if (islc(nn))
{
pftr->ftr = grdftr->ftr;
if (grdftr == _root)
_root = pftr;
else if (grdftr->ftr->1c == grdftr)
grdftr->ftr->1c = pftr;
else
grdftr->ftr->rc = pftr;
connect34(pftr, nn, grdftr, nn->1c, nn->rc, pftr->rc,
uncle);
pftr->RBc = false;
grdftr->RBc = true;
3
else
{
nn->ftr = grdftr->ftr;
if (grdftr == _root)
_root = nn;
else if (grdftr->ftr->1c == grdftr)
grdftr->ftr->1c = nn;
else
grdftr->ftr->rc = nn;
connect34(nn, pftr, grdftr, pftr->lc, nn->1lc, nn->rc,
uncle);

nn->RBc = false;



grdftr->RBc = true;

3
else
{
if (islc(nn))
{
nn->ftr = grdftr->ftr;
if (grdftr == _root)
_root = nn;
else if (grdftr->ftr->1c == grdftr)
grdftr->ftr->1c = nn;
else
grdftr->ftr->rc = nn;
connect34(nn, grdftr, pftr, uncle, nn->lc, nn->rc, pftr-
>rc);
nn->RBc = false;
grdftr->RBc = true;

else

pftr->ftr = grdftr->ftr;
if (grdftr == _root)
_root = pftr;
else if (grdftr->ftr->1c == grdftr)
grdftr->ftr->1c = pftr;
else
grdftr->ftr->rc = pftr;
connect34(pftr, grdftr, nn, uncle, pftr->1c, nn->T1c, nn-
>rc);
pftr->RBc = false;
grdftr->RBc = true;

}

return;

3

// WEBEIE

template <typename T>

void redblacktree<T>::SolveDoubleBlack(Node *nn)

{
while (nn != _root) // BB-1
{
Node *pftr = nn->ftr;
Node *bthr = bro(nn);
if (bthr->RBc)
{
bthr->RBc = false;
pftr->RBc = true;
if (_root == pftr)
_root = bthr;
if (pftr->ftr)
{

if (pftr->ftr->1c == pftr)
pftr->ftr->1c = bthr;

else
pftr->ftr->rc

bthr;



3
bthr->ftr = pftr->ftr;
if (is1c(nn))
connect34(bthr, pftr, bthr->rc, nn, bthr->1c, bthr->rc->lc,
bthr->rc->rc);
else
connect34(bthr, bthr->1c, pftr, bthr->lc->1c, bthr->lc->rc,
bthr->rc, nn);

bthr = bro(nn);

pftr = nn->ftr;
}
if (bthr->1c && bthr->1c->RBc) // BB-3
{

bool oldRBc = pftr->RBc;
pftr->RBc = false;
if (pftr->1c == nn)

{
if (pftr->ftr)
{
if (pftr->ftr->1c == pftr)
pftr->ftr->1c = bthr->1c;
else
pftr->ftr->rc = bthr->1c;
3

bthr->1c->ftr = pftr->ftr;
if (_root == pftr)
_root = bthr->1c;
connect34(bthr->1c, pftr, bthr, pftr->lc, bthr->1c->1c, bthr-
>lc->rc, bthr->rc);
3
else
{
bthr->1c->RBc = false;
if (pftr->ftr)

{
if (pftr->ftr->1c == pftr)
pftr->ftr->1c = bthr;
else
pftr->ftr->rc = bthr;
3
bthr->ftr = pftr->ftr;
if (_root == pftr)

_root = bthr;
connect34(bthr, bthr->1c, pftr, bthr->lc->1c, bthr->lc->rc,
bthr->rc, pftr->rc);

3

pftr->ftr->RBc = o0l1dRBc;

return;
}
else if (bthr->rc && bthr->rc->rRBc) // BB-3
{

bool oldRBc = pftr->RBc;
pftr->RBc = false;
if (pftr->1c == nn)
{
bthr->rc->RBc = false;
if (pftr->ftr)
{



if (pftr->ftr->1c == pftr)
pftr->ftr->1c = bthr;
else
pftr->ftr->rc = bthr;

3

bthr->ftr = pftr->ftr;

if (_root == pftr)
_root = bthr;

connect34(bthr, pftr, bthr->rc, pftr->lc, bthr->1c, bthr->rc-

>1c, bthr->rc->rc);

3
else
{
if (pftr->ftr)
{
if (pftr->ftr->1c == pftr)
pftr->ftr->1c = bthr->rc;
else
pftr->ftr->rc = bthr->rc;
3

bthr->rc->ftr = pftr->ftr;
if (_root == pftr)
_root = bthr->rc;

connect34(bthr->rc, bthr, pftr, bthr->1c, bthr->rc->1c, bthr-

>rc->rc, pftr->rc);

3
pftr->ftr->RBc = 01dRBc;
return;
}
if (pftr->RBc) // BB-2R
{
pftr->RBc = false;
bthr->RBc = true;
return;
}
else // BB-2B
{
bthr->RBc = true;
nn = pftr;
}
}
#ifdef _REDBLACK_DEBUG
--blackheight;
#endif
}
// G EV

template <typename T>

Node *ntreel, Node
*ntree4)
{
nlc->1c = ntreel;
if (ntreel != NULL)
ntreel->ftr = nlc;
nlc->rc = ntree2;
if (ntree2 != NULL)
ntree2->ftr = nlc;
nrc->1c = ntree3;

void redblacktree<T>::connect34(Node *nroot, Node *nlc, Node *nrc,

*ntree2, Node *ntree3, Node



if (ntree3 != NULL)
ntree3->ftr = nrc;
nrc->rc = ntree4;
if (ntreed4 != NULL)
ntree4->ftr = nrc;
nroot->1c = nlc;
nlc->ftr = nroot;
nroot->rc = nrc;
nrc->ftr = nroot;
nlc->maintain();
nrc->maintain();
nroot->maintain();
3
template <typename T>
typename redblacktree<T>::iterator redblacktree<T>::Tower_bound(T v)

{

Node *ptn = _root;
while (ptn)
{

_hot = ptn;

if (ptn->val < v)
ptn = ptn->rc;
else
ptn = ptn->1c;

}

if (_hot->val < v)
ptn = _hot;

else

ptn = _hot->left_node();
return iterator(ptn);

template <typename T>
typename redblacktree<T>::iterator redblacktree<T>: :upper_bound(T v)

{

Node *ptn = _root;
while (ptn)
{

_hot = ptn;

if (ptn->val > v)
ptn = ptn->lc;
else
ptn = ptn->rc;
}
if (Lhot->val > v)
ptn = _hot;
else
ptn = _hot->right_node();
return iterator(ptn);
3
// FREKKIGER
template <typename T>
typename redblacktree<T>::iterator redblacktree<T>::kth(int rank)
{
return iterator(findkth(rank, _root));
}
template <typename T>
typename redblacktree<T>::Node *redblacktree<T>::findkth(int rank, Node *ptn)



if (1 (ptn->T1c))

{
if (rank == 1)
return ptn;
else
return findkth(rank - 1, ptn->rc);
}
else
{
if (ptn->1c->s == rank - 1)
return ptn;
else if (ptn->1c->s >= rank)
return findkth(rank, ptn->1c);
else
return findkth(rank - (ptn->Tc->s) - 1, ptn->rc);
}

}

// KETEA IR

template <typename T>

int redblacktree<T>::get_rank(T v)
{

return find_rank(v, _root);

template <typename T>
int redblacktree<T>::find_rank(T v, Node *ptn)

{
if (!ptn)
return 1;
else if (ptn->val >= v)
return find_rank(v, ptn->1c);
else
return (1 + ((ptn->1c) ? (ptn->Tc->s) : 0) + find_rank(v, ptn->rc));
}

// HAhFEr
template <typename T>
int redblacktree<T>::size()
{
return _root->s;
}
template <typename T>
bool redblacktree<T>::empty()
{
return !_root;
}
template <typename T>
bool redblacktree<T>::remove(T v)
{
Node *ptn = rfind(v, -1);
if (!ptn)
return false;
Node *node_suc;
while (ptn->1c || ptn->rc) // (G HKIAE%%
{
if (1 (ptn->1c))
node_suc = ptn->rc;
else if (! (ptn->rc))



node_suc = ptn->lc;
else

node_suc = ptn->succ();
--(ptn->s);

ptn->val = node_suc->val;
ptn = node_suc;
}
if (! (ptn->RBc))
{
--(ptn->s);
SolveDoubleBlack(ptn);
}
if (ptn == _root)
{
_root = NULL;
delete ptn;
return true;
}
if (ptn->ftr->1c == ptn)

ptn->ftr->Tc NULL;

else

ptn->ftr->rc = NULL;
delete ptn;
return true;

{T2Efddebug

#ifdef __REDBLACK_DEBUG
int blackheight(0);
template <typename T> // Zo/5iE/H
void redblacktree<T>::previs(Node *ptn, int cnt)
{
if (ptn == NULL)
{
if (blackheight == -1)
blackheight = cnt;
assert(blackheight == cnt);
return;
}
printf("%d %s %d \n", ptn->val, ptn->RBc ? "Red" : "Black", ptn->s);
if (! (ptn->RBC))
++Cnt;
previs(ptn->1c, cnt);
previs(ptn->rc, cnt);

template <typename T> // "7}
void redblacktree<T>::invis(Node *ptn, int cnt)
{
if (ptn == NULL)
{
if (blackheight == -1)
blackheight = cnt;
assert(blackheight == cnt);
return;
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if (! (ptn->RBC))

++Cnt;
invis(ptn->T1c, cnt);
printf("%d %s %d \n", ptn->val, ptn->RBc ? "Red" : "Black", ptn->s);

invis(ptn->rc, cnt);

template <typename T> // Jilvili))
void redblacktree<T>::postvis(Node *ptn, int cnt)
{
if (ptn == NULL)
{
if (blackheight == -1)
blackheight = cnt;
assert(blackheight == cnt);
return;
}
if (! (ptn->RBc))
++Cnt;
postvis(ptn->1c, cnt);
postvis(ptn->rc, cnt);
printf("%d %s %d \n", ptn->val, ptn->RBc ? "Red" : "Black", ptn->s);

template <typename T> // %A v i i 42
void redblacktree<T>::vis()

{
printf("BlackHeight:\t%d\n", blackheight);
printf("'------ pre-vis------ \n");
previs(_root, 0);
printf("------ in-vis------ \n");
invis(_root, 0);
printf("'------ post-vis------ \n");
postvis(_root, 0);

}

template <typename T> // SUERTA T A SACEREE G IER . s B4 EH
void redblacktree<T>::checkconnect(Node *ptn)
{
if (!ptn)
return;
assert(ptn->s > 0);
if (ptn->T1c && ptn->1c->ftr != ptn)
printf("oops! %d has a 1c %d, but it failed to point its ftr!\n", ptn-
>val, ptn->lc->val);
if (ptn->rc && ptn->rc->ftr != ptn)
printf("oops! %d has a rc %d, but it failed to point its ftr!\n", ptn-
>val, ptn->rc->val);
int sss = ptn->s;
if (ptn->T1c)

Sss -= ptn->Tc->s;
if (ptn->rc)

sss -= ptn->rc->s;
if (sss - 1)

{

printf("Damn! %d's size is %d, but the sum of its children's size is
%d!\n", ptn->val, ptn->s, ptn->s - sss);

3



checkconnect(ptn->1c);
checkconnect(ptn->rc);

template <typename T>
void redblacktree<T>::correctlyconnected()

{

checkconnect(_root);
3
#endif

=R
B (E R ERfEmultiset

FmultisetP#E=S[AER, (EIEINRYASHRE

struct node
{
int 1, r;
multiset<int> s;
r[N * 47;
void build(int u, int 1, int r) //utR55, —HoN1
{
trful = {1, r};
trfu].s.insert(inf); tr[u].s.insert(-inf);
for (int i = 1; i <= r; ++1) tr[u].s.insert(num[i]);
if (1 == r) return;
int mid =1+ r > 1;
build(u << 1, 1, mid); build(u << 1 | 1, mid + 1, r);
}
void modify(int u, int p, int x) //#num[pli&iiix
{
trfu].s.erase(tr[u].s.find(num[p]l));
trfu].s.insert(x);
if (trfu]l.1l == trlul.r) return;
int mid = trfu].1 + trful.r >> 1;
if (p <= mid) modify(u << 1, p, x);
else modify(u << 1 | 1, p, x);

int query(int u, int 1, int r, int x) //&#[1, r]txB3E™g G425

if (tr[u].1 >= 1 && tr[u].r <= r)
{
auto it = tr[u].s.Tower_bound(x);
return *(it);
}
int mid = trfu].1 + trfu]l.r >> 1, res = inf;
if (mid >= 1) res = min(res, query(u << 1, 1, r, x));
if (mid < r) res = min(res, query(u << 1 | 1, 1, r, x));
return res;

LRI ESsplayiy

struct node {
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int s[2], p, Vv;
int size;
void init(int _v, int _p) {
V.=_V; p=_p;
size = 1;
}
HtrN<<4];
int L[N<<4], R[N<<4], T[N<<4], w[N<<4], idx; //wiEiiyitaEid
J/BAETTR— R
void pushup(int u)

{
trfu].size = tr[tr[u].s[0]].size + tr[tr[u].s[1]].size + 1;
}
void rotate(int x)
{
int y = tr[x].p, z = trly]l.p;
int k = trly].s[1] == x;
trlz].s[tr[z].s[1] == y] = x; tr[x].p = z;
trly].s[k] = tr[x].s[k A 1]; tr[trix].s[k A 1]].p = vy;
trix].s[k A 1] =vy; trlyl.p = x;
pushup(y); pushup(x);
}
void splay(int &root, int x, int k)
{
while (tr[x].p !'= k)
{
int y = tr[x].p, z = trlyl.p;
if (z 1= K
if ((trly].s[1] == x) A (tr[z].s[1] == y)) rotate(x);
else rotate(y);
rotate(x);
}
if ('k) root = x;
}
void insert(int& root, int v)
{
int u = root, p = 0;
while (u) p = u, u = trful.s[trfu].v < v];
u = ++idx;
if (p) tr[p]l.s[trlp]l.v < v] = u;
trful.init(v, p);
splay(root, u, 0);
}
int get_k(int root, int x) //&H P rootiIxiHE4/*0(1ogA2(n))*/
{
int u = root, res = 0;
while (u)
if (trful.v < x) res += tr[tr[u].s[0]].size + 1, u = tr[u].s[1];
else u = trfu].s[0];
return res;
}
void update(int &root, int x, int y)
{
int u = root;
while (u)
{

if (trfu]l.v == x) break;
u = trful].s[trfu].v < x];



}

splay(root, u, 0);

int 1T = trful.s[0], r = trlul.s[1];
while (tr[1].s[1]) 1 = tr[1].s[1];
while (tr[r].s[0]) r = tr[r].s[0];
splay(root, 1, 0); splay(root, r, 1);
tr[r].s[0] = 0;

pushup(r); pushup(1);

insert(root, y);

3
void build(int u, int 1, int r) //uAWA58, —#Ho81
{
L[ul = T; RMu] = r;
insert(T[u], -inf); insert(T[u], inf);
for (int i = 1; i <= r; i++) insert(T[ul, w[il);
if (1 == r) return;
int mid =1+ r > 1;
build(u << 1, 1, mid); build(u << 1 | 1, mid + 1, r);
}

int query(int u, int 1, int r, int x) //&WKXE[T, r]ExE/NFxEEAN%

if (L[u] >= 1 && R[u] <= r) return get_k(T[ul, x) - 1;
int res = 0, mid = L[u] + R[u] >> 1;

if (1 <= mid) res += query(u << 1, 1, r, x);

if (r > mid) res += query(u << 1 | 1, 1, r, x);

return res;

int query_k(int u, int a, int b, int k) //E#XE[T, r]1EHHNKEE/*0(10gA3(n))*/

int 1 =0, r = 1le8;
while (1 < r)

{
intmid=1+r + 1> 1;
if (query(u, a, b, mid) + 1 <= k) 1 = mid;
else r = mid - 1;

}

return r;

}
void modify(int u, int p, int x) //Bfwlp]lHME Ax/*0(TogA2(n))*/
{

update(T[ul, wlpl, x);

if (L[u] == R[u]) return;

int mid = L[u] + R[u] >> 1;

if (p <= mid) modify(u << 1, p, X);

else modify(u << 1 | 1, p, x);

}
int get_suc(int root, int x)
{
int u = root, res = 1inf;
while(u)
if (trfu].v > x) res = min(res, tr[u]l.v), u = tr[u].s[0];
else u = trlu].s[1];
return res;
}
int get_pre(int root, int x)
{

int u = root, res = -inf;
while(u)



if (trful.v < x) res = max(res, tr[ul.v), u = trlu].s[1];
else u = tr[u].s[0];
return res;
}
int query_pre(int u, int 1, int r, int x) //EUHXAETIK G2/ Tx HE
K)/*0(logA2(n))*/

{
if (L[u] >= 1 && R[u] <= r) return get_pre(T[ul, x);
int mid = L[u] + R[u] >> 1, res = -inf;
if (1 <= mid) res = max(res, query_pre(u << 1, 1, r, x));
if (r > mid) res = max(res, query_pre(u << 1 | 1, 1, r, x));
return res;
}

int query_suc(int u, int 1, int r, int x) //®&HxHJE 4k G2 KT x Hix
/N)/*0(logA2(n))*/

{
if (L[u] >= 1 & R[u] <= r) return get_suc(T[ul, x);
int mid = L[u] + R[u] >> 1, res = inf;
if (1 <= mid) res = min(res, query_suc(u << 1, 1, r, x));
if (r > mid) res = min(res, query_suc(u << 1 | 1, 1, r, x));
return res;
}

ZiERINENEE
FRER XA

int Towbit(int x) { return x&-x; }
void add(int x, int y, int v)

{
while(x <= n)
{
int ty = y;
while(ty <= n) tree[x][ty] += v, ty += Towbit(ty);
X += Towbit(x);
}
}
int ask(int x, int y)
{
int res = 0;
while(x)
{
int ty = y;
whiTe(ty) res += tree[x][ty],ty -= lTowbit(ty);
x -= lowbit(x);
}
return res;
}

XEEK+EB LI

void add(int x,int y,int v)
{
while(x <= n)
{
int ty = y;
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while(ty <= n) tree[x][ty] += v,ty += lowbit(ty);
X += Towbit(x);

}
}
void real_add(int x1, int yl, int x2, int y2, int v)
{
add(x1, y1, v);
add(x1, y2 + 1, -v);
add(x2 + 1, y1, -v);
add(x2 + 1, y2 + 1, v);
}
int ask(int x, int y)
{
int res=0;
whiTe(x)
{
int ty = vy;
while(ty) res += tree[x][ty], ty -= lowbit(ty);
X -= Towbit(x);
}
return res;
}

XiEHEK+XEEiA

11 t1[NJ[N], t2[NJ[N], t3[NI[N], t4[N][NI;
void add(11 x, 11 y, 11 z)

{
for (int X = X; X <= n; X += Towbit(X))
for (int Y =y; Y <=m; Y += lTowbit(Y))
{
t1[X][Y] += z;
t2[X1LY] += z * x; // FE&E z * x WAL z * X, JamEzE
t3[X]1LY] += z * y;
t4[X][Y] += z * x * y;
3
3

void range_add(11 xa, 11 ya, 11 xb, 11 yb, 11 2)
{ //(xa, ya) #| (xb, yb) FHikF

add(xa, vya, z);

add(xa, yb + 1, -2);

add(xb + 1, ya, -2);

add(xb + 1, yb + 1, 2);

}
11 ask(11 x, 11 y)
{

11 res = 0;

for (int i = x; i; i -= Towbit(i))

for (int j =vy; j; j -= Towbit(j))
res += (x + 1) * (y + 1) * t1[i1[3]1 - (y + 1) * t2[i]1[]] -
<+ 1 * t3[11[31 + t4[i1[]1;

return res;
}
11 range_ask(11 xa, 11 ya, 11 xb, 11 yb)
{

return ask(xb, yb) - ask(xb, ya - 1) - ask(xa - 1, yb) + ask(xa - 1, ya -
L



FREMINEE
it —HERERE X (B AR

A BRFIFEM: —IXREEIN— y, B— y JLUNE =, RREEN.

add(1, 2, 1) B add(1. 3. 1) ZHERAY, EALES z[1] =20r3)
REERE: EEfHENNINASERES O(y/n + log(y/n) logn)

const int N
const int M

2e5 + 10;
sqrt(N) + 5;

int subn, siz, cnt, id[N], L[N], R[N], T[M][N], posx[N];
int Tb(int x) { return x & -x; }
void build(int n)

{

subn = n;

siz
cnt
for

{

}

= sqrt(subn);
= subn / siz;
Gint i = 1; 1 <= cnt; ++1)

L[i] = R[1 - 1] + 1;
R[i] =1 * siz;

if (R[cnt] < subn)

{

3

for

3

++Cnt;
L[cnt] Rlcnt - 1] + 1;
R[cnt] = subn;

(int j = 1; j <= cnt; ++3)
for (int i = L[j]; i <= R[j]; ++i)
id[i] = J;

void add(int p, int v, int d)

{

posx[p] = v;

for

3

(int i = id[p]l; i <= cnt; i += 1b(i))
for (int j = v; j <= subn; j += 1b(3))
TI41[5] += d;

int getsum(int p, int v)

{

if (Ip)

int
int
for

for

return 0;
res = 0;
idx = id[p];
Gint i = L[idx]; i <= p; ++1)
if (posx[i] <= V)
++res; //iEEres HARNZIN 4, HALERIANL
(int i = idx - 1; i; i -= 1b(i))
for (int j = v; j; § -= 1b(3))
res += T[i]1[j];

return res;

}

int query(int 1x, int rx, int ly, int ry)

{

(151
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int res = getsum(rx, ry) - getsum(rx, ly - 1) - getsum(lx - 1, ry) +

getsum(Ix - 1, Ty - 1);
return res;

kEIHETreap

int n, m;

mt19937 rng(chrono::steady_clock: :now().time_since_epoch().count());

// Treap
struct Treap
{
struct node
{
node *1, *r;
int sz, rnd, v;
node(int _v) : 1(NULL), r(NULL), sz(1), rnd(rngQ), v(_v) {}
I

int get_size(node *&p) { return p ? p->sz : 0; }
void push_up(node *&p)
{
if (Ip)
return;
p->sz = get_size(p->1) + get_size(p->r) + 1;
}
node *root;
node *merge(node *a, node *b)
{
if (la)
return b;
if (!b)
return a;
if (a->rnd < b->rnd)
{
a->r = merge(a->r, b);
push_up(a);
return a;
}
else
{
b->1 = merge(a, b->1);
push_up(b);
return b;

}
//3EAE 5 4
void split_val(node *p, const int &k, node *&a, node *&b)
{
it (Ip)
a =b = NULL;
else
{
if (p—>v <= k)
{
a = p;
split_val(p->r, k, a->r, b);
push_up(a);
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}

else
{
b =p;
split_val(p->1, k, a, b->1);
push_up(b) ;
3
}
}
//HE RNy 2

void split_size(node *p, int k, node *&a, node *&b)

{

if (Ip)
a =b = NULL;
else
{
if (get_size(p->1) <= k)
{
a = p;
split_size(p->r, k - get_size(p->1), a->r, b);
push_up(a);
3
else
{
b = p;
split_size(p->1, k, a, b->1);
push_up(b);
3
}
}
void ins(int val)
{
node *a, *b;
split_val(root, val, a, b);
a = merge(a, new node(val));
root = merge(a, b);
}
void del(int val)
{
node *a, *b, *c, *d;
split_val(root, val, a, b);
split_val(a, val - 1, c, d);
delete d;
root = merge(c, b);
}
int qry(int val) //&ifHE%
{
node *a, *b;
split_val(root, val, a, b);
int res = get_size(a);
root = merge(a, b);
return res;
}
int qry(Cint 1, int r) { return qry(r) - qry(l - 1); }
bE
// Fenwick Tree
Treap T[N];

int 1b(int x) { return x & -x; }



void ins(int x, int v)

{
for (; x <= n; x += Tbh(x))
T[x].ins(v);
}
void del(int x, int v)
{
for (; x <= n; x += 1b(x))
T[x].del(v);
3
int qry(int x, int mi, int ma)
{
int res = 0;
for (; x; x -= Tb(x))
res += T[x].qry(mi, ma);
return res;
}

YRR
BAIEY, XN

11 MAX[N<<2][N<<2], MIN[N<<2][N<<2], minv = inf, maxv = -inf; // 498
11 a[N<<2][N<<2];//WIuE%H %

11 SUM[N<<2][N<<2], sumvV;//4&4m kA0

int n;

void pushupXx(int deep, int rt)

{

MAX[deep] [rt] = max(MAX[deep << 1][rt], MAX[deep << 1 | 1][rt]);
MIN[deep] [rt] min(MIN[deep << 1][rt], MIN[deep << 1 | 1][rt]);
SuM[deep] [rt] SUM[deep<<1][rt] + SUM[deep<<1l|1l][rt];

}
void pushupY(int deep, int rt)
{
MAX[deep] [rt] = max(MAX[deep][rt << 1], MAX[deep][rt << 1 | 11);
MIN[deep][rt] = min(MIN[deep][rt << 1], MIN[deep][rt << 1 | 11);
SuM[deep][rt] = SuM[deep][rt<<l] + SuM[deep][rt<<1|1];
}
void buildy(int 1y, 1int ry, int deep, int rt, int flag)
{
//yiiiEHEy, ry;deep, rt;fricflag
if (ly == ry)
{
if (flag!=-1) MAX[deep][rt] = MIN[deep][rt] = SuM[deep][rt] = a[flag]
[yl;
else pushupx(deep, rt);
return;
}
intm= Cly + ry) > 1;
buildy(ly, m, deep, rt << 1, flag);
buildy(m + 1, ry, deep, rt << 1 | 1, flag);
pushupYy(deep, rt);
}
void buildx(int 1x, int rx, int deep)
{

//EMXETEE X, rx;deep
if (Ix == rx)
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buildy(l, n, deep, 1, 1x);
return;
}
intm= (Ix + rx) >> 1;
buildx(1x, m, deep << 1);
buildx(m + 1, rx, deep << 1 | 1);
buildy(1l, n, deep, 1, -1);
}
void updatey(int Y, int val, int Ty, int ry, int deep, int rt, int flag)
{
//H Sy bR BOEEval ; ST Ey RIVER Ty, ry ; deep, rt; fridflag
it (ly == ry)
{
if (flag) //HFEEEEEE, B2 ESESUELR 8 SnE
MAX[deep] [rt] = MIN[deep][rt] = SuM[deep][rt] = val;
else pushupx(deep, rt);
return;
}
intm= Cy + ry) > 1;
if (Y <= m) updatey(y, val, ly, m, deep, rt << 1, flag);
else updatey(y, val, m + 1, ry, deep, rt << 1 | 1, flag);
pushupY(deep, rt);
}
void updatex(int X, int Y, int val, int Ix, int rx, int deep)
{
/ /SR EX, v ErEval ; SRR EXITEE X, rx; deep
if (Ix == rx)
{
updatey(y, val, 1, n, deep, 1, 1);
return;
}
intm= (Ix + rx) >> 1;
if (X <= m) updatex(X, Y, val, 1x, m, deep << 1);
else updatex(X, Y, val, m + 1, rx, deep << 1 | 1);
updatey(y, val, 1, n, deep, 1, 0);
}
void queryY(int Y1, int Yr, int Ty, int ry, int deep, int rt)
{
// WX EyRTEEy1, y2 s MRiEEy fERE 1y, ry; deep, rt
if (Yl <= 1y && ry <= Yr)

{
minv = min(MIN[deep][rt], minv);
maxV = max(MAX[deep][rt], maxv);
sumV += SUM[deep][rt];
return;

}

intm= Cy + ry) > 1;
if (Y1 <= m) queryY(Yl, Yr, ly, m, deep, rt << 1);
if (m < yr) queryY(yl, Yr, m + 1, ry, deep, rt << 1 | 1);
}
void queryX(int X1, int Xr, int Y1, int Yr, int 1x, int rx, int rt)
{
/ /e X JE XL, x2,y1,y2 ; HRiEREXTEE X, rx;
if (X1 <= 1x && rx <= Xr)
{
queryY(Yl, vyr, 1, n, rt, 1);
return;



}

intm= (Ix + rx) >> 1;

if (X1 <= m) queryx(X1, xXr, Y1, Yr, Ix, m, rt << 1);

if (m < Xr) queryx(X1, xXr, Y1, Yr, m+ 1, rx, rt << 1 | 1);

3
inline void query(int x1, int x2, int yl, int y2)
{
minv = inf, maxv = -inf, sumv = 0;
queryX(xl, x2, yl, y2, 1, n, 1);
}
inline void modify(int x, int y, 11 val)
{
alx]ly] = val; // FEEEERERE, A BsUid 25 5nfE
updatex(x, y, val, 1, n, 1);
}
L
*EpFLEa Ry
A PGB NEIM SRS ER, FNENER

132770
TSRS FERTFESHIEA, FE—4EERER, RERNHERXERE (BXEM) [ HRTY,
KEMBERTXKERE (SREEKEN) , WTFEEXKEN, ZHRREEENSH, METKERE, ENEN
HIAEETH4RMQ, BETHRMQASISEIAEH, il _HEBRiA R R b,
ME—HHLERIN LB R, BAEERE TEMERNT, HAILURARR — 4EERER 7,

—HERNE—R TN, MESNMERERT T REN—MEE, IFHFER—ER BPNILFER, ILFER
R B RERZEAT, HEARXERFN XA, HFERIERREKER1, BSRUKE; SURRTH

EREEE, S8MREANEAILIEY BN LFEREE.
THARIMER I, W ESNMERRT —MNERA—ME, I FER—E8 8l MLFER, LT

ERFRTH MMERZERT, FEAREREFTN B, HFERETRIEIKED N, SRR T HERR
R, SARERNETLIEY I LFERSH,

—PAx3FUERZ, TLARENRIMZERET, SRR EARNRES TIER.

ERINR SRS RRENTEIEAIntervalMAX, EREFIHK

//ER n*m: 1le6, 2edRIX[EMEHM, 2e4XX[AIE ], 0211950ms
struct dataInfo // H{Ef5E
{
int posx, posy, val;
datainfo() : posx(-1), posy(-1), val(-1) {}
datainfo(int _x, int _y, 11 _v) : posx(_x), posy(_y), val(v) {}
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bE

// BB RER

struct treeNode

{
dataInfo maxv, minv;
inline void reset()

{
maxv = dataInfo(0, 0, -inf);
minv = dataInfo(0, 0, inf);
}
inline void nonexist() { maxv = minv = dataInfo(-1, -1, -1); }
inline int modify(int _val) { return maxv.val = minv.val = _val; }

} node[N * N << 1];

int lazy[N * N << 1]; //memset(lazy, Ox3f, sizeof(lazy)); //ffHicEwIUEML
// EE, EEFEREFRE, FONESAEH FERNXAN G T IE

struct Interval

{
int 1, r;
Interval() {}
Interval(int _1, int _r) : 11D, rCr) {}
inTine int mid(Q) { return (1 + r) >> 1; } // XA
inline int len() { return r - 1 + 1; } // XIAKE
inTine Interval left() { return Interval(l, mid()); } // FEEXE
inline Interval right() { return Interval(mid(Q + 1, r); } // #FIX[H
// XIEHZE
inTine bool isIntersect(Interval &tarI) { return !(1 > tarI.r || r <
tarI.1); }
// XIaHEE
inTline bool isInclude(Interval &tarI) { return 1 <= tarI.l && tarI.r <= r; }
inline bool in(int v) { return 1 <= v & v <= r; }
};

inline int son(int p, int x) { return p * 4 - 2 + x; }
inline void push_down(int p, Interval xI, Interval yI)

{
lazy[son(p, 0)] = node[son(p, 0)].modify(Tazy[pl);
if (xI.right(Q).7len() > 0 && yI.left().len() > 0)
Tazy[son(p, 1)] = node[son(p, 1)].modify(lazy[p]l);
if (xI.TeftQ.1en() > 0 && yI.right().len() > 0)
Tazy[son(p, 2)] = node[son(p, 2)].modify(lazy[pl);
if (xI.right().7en() > 0 && yI.right().Ten() > 0)
Tazy[son(p, 3)] = node[son(p, 3)].modify(lazy[pl);
lazy[p] = 1inf;
}
int build_segtree(int p, Interval xI, Interval yI)
{

if (xx.7en() <= 0 || yI.len() <= 0) return 0; // ZHIE
treeNode *now = &node[p];

if (xI.7en() == 1 & yI.len() == 1)

{

now->maxv = now->minv = dataInfo(xI.1, yI.1, 0);

return 1;
Y // HAHEIE
int isvalid[4];
isvalid[0] = build_segtree(son(p, 0), xI.left(), yI.left());
isvalid[1l] = build_segtree(son(p, 1), xI.right(Q), yI.left());
isvalid[2] = build_segtree(son(p, 2), xI.left(), yI.right();
isvalid[3] = build_segtree(son(p, 3), xI.right(), yI.right();
now->reset(); // &ifiviintt



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

{
if (lisvalid[i]) continue;
treeNode *sonNode = &node[son(p, i)];
now->maxv = sonNode->maxv.val > now->maxv.val ? sonNode->maxv : now-
>maxv ;
now->minv = sonNode->minv.val < now->minv.val ? sonNode->minv : now-
>minv;
}
return 1;

}
int insert_segtree(int p, Interval xI, Interval yI, Interval tarXI, Interval
taryi, 11 val)
{
if (xI.Ten() <= 0 || yI.len() <= 0) return 0;
if ('tarXI.isIntersect(xI) || !tarYI.isIntersect(yI)) return 1;
treeNode *now = &node[p];
if (tarXI.isInclude(xI) && tarYI.isInclude(yI))

{
datainfo tmp(xI.1, yI.1, val);
now->maxv = now->minv = tmp;
lazy[p] = val;
return 1;

}

if (lazy[p] != inf) push_down(p, xI, yI);

int isvalid[4];

isvalid[0] = insert_segtree(son(p, 0), xI.left(), yI.left(), tarXI, tarvYIl,
val);

isvalid[1]
val);

isvalid[2] = insert_segtree(son(p, 2), xI.left(), yI.right(), tarXI, tarYIl,
val);

isvalid[3]
val);

now->reset();

for (int i = 0; i < 4; i++)

insert_segtree(son(p, 1), xI.right(), yI.Tleft(), tarXI, tarvIl,

insert_segtree(son(p, 3), xI.right(), yI.right(), tarxXI, tarYl,

{
if (lisvalid[i]) continue;
treeNode *sonNode = &node[son(p, i)];
now->maxv = sonNode->maxv.val > now->maxv.val ? sonNode->maxv : now-
>maxyv;
now->minv = sonNode->minv.val < now->minv.val ? sonNode->minv : now-
>minv;
}
return 1;

3
void query_segtree(int p, Interval xI, Interval yI, Interval tarXI, Interval
tarYI, treeNode &ans)
{
if (xI.Ten() <= 0 || yI.len() <= 0) return;
if (ltarXI.isIntersect(xI) || !tarYI.isIntersect(yI)) return;
treeNode *now = &node[p];
if (ans.minv.val <= now->minv.val &% ans.maxv.val >= now->maxv.val) return;
// wAEkAL
if (tarXI.isInclude(xI) && tarYI.isInclude(yI))
{
ans.minv = ans.minv.val < now->minv.val ? ans.minv : now->minv;
ans.maxv = ans.maxv.val > now->maxv.val ? ans.maxv : now->maxv;



return;
}
if (lazyl[p]
query_segtree(son(p, 0),
query_segtree(son(p, 1),
query_segtree(son(p, 2),
query_segtree(son(p, 3),

SN RFERELEER

A TR BN RIS THRS SR,

int idx;
struct segDim
{
int son[4];
int mx, mark;
} seg[N << 4];
struct Dimpoint

{
int 1x, rx, dy, uy;
};
void pushup(int p)
{
seg[p].mx =
}

void add(Cint &p, 11 v)
{
if (Ip)
p = ++idx;
seg[p].mark += v;
seg[p].mx += v;

max({seg[seg[p].son[0]].mx,
seg[seg[p].son[2]].mx,

I= inf) push_down(p, xI, yI);

xI.left(), yI.left(), tarxXxi, tarYI, ans);

xI.right(), yI.left(), tarxi, tarYI, ans);
xI.left(), yI.right(), tarxi, tarYI, ans);
xI.right(), yI.right(), tarxXxi, tarYI, ans);

AN fER

seg[seg[p].son[1]].mx,
seg[seg[p].son[3]].mx});

seg[p].mark);
seg[p].mark);
seg[p].mark);
seg[p].mark);

void modify(int &p, Dimpoint dom, Dimpoint rg, int val)

if (rg.1x <= dom.1x && dom.rx <= rg.rx &% rg.dy <= dom.dy && dom.uy <=

}
void pushdown(int p)
{
if (!seg[p].mark)
return;
add(seg[p].son[0],
add(seg[p].son[1],
add(seg[p].son[2],
add(seg[p].son[3],
seg[p].mark = 0;
}
{
if (1p)
p = ++idx;
rg.uy)
{
add(p, val);
return;
}
pushdown(p) ;

int midx = dom.1x + dom.rx >> 1;
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int midy = dom.dy + dom.uy >> 1;
if (rg.1x <= midx && rg.dy <= midy)
modify(seg[p].son[0], {dom.Tx, midx, dom.dy, midy}, rg, val);
if (rg.1x <= midx && midy < rg.uy)
modify(seg[p].son[1], {dom.Tx, midx, midy + 1, dom.uy}, rg, val);
if (midx < rg.rx && rg.dy <= midy)
modify(seg[p].son[2], {midx + 1, dom.rx, dom.dy, midy}, rg, val);
if (midx < rg.rx && midy < rg.uy)
modify(seg[p].son[3], {midx + 1, dom.rx, midy + 1, dom.uy}, rg, val);

pushup(p) ;
}
int query(int p, Dimpoint dom, Dimpoint rg)
{
if (1p)
return 0O;

if (rg.1x <= dom.1x && dom.rx <= rg.rx & & rg.dy <= dom.dy && dom.uy <=
rg.uy)
return seg[p].mx;
pushdown(p) ;
int midx = dom.1x + dom.rx >> 1;
int midy = dom.dy + dom.uy >> 1;
int res = -inf;
if (rg.1x <= midx && rg.dy <= midy)
res = max(res, query(seg[p].son[0], {dom.Tx, midx, dom.dy, midy}, rg));
if (rg.1x <= midx && midy < rg.uy)
res = max(res, query(seg[p].son[1l], {dom.Tx, midx, midy + 1, dom.uy},
rg));
if (midx < rg.rx && rg.dy <= midy)
res = max(res, query(seg[p].son[2], {midx + 1, dom.rx, dom.dy, midy},
rad);
if (midx < rg.rx && midy < rg.uy)
res = max(res, query(seg[p].son[3], {midx + 1, dom.rx, midy + 1,
dom.uy}, rg));
pushup(p) ;
return res;

I ZFitChtholly
REZZENW (FEF)

fTaSHFmg?
maFE—MULFRANFEFEREEEN— M EUESR, AR EETSEHra T T REEEETNRE, M EENTELSRE
HEN.

o(nlog?n) 431

B AFIRIRORIE?
AESPRAKERERFEOR, R ARHAARGEN X TREEaMEE

HAER T RE RN AR E?
HAARE—MRENR, LORERRUARANATHREL, DRAME, BANRGEH ARECEHNTTERAMEAR
fF, AN SRR SR

FrAmaFnER BT EREREEEE, BEEEEAMINIE

HAFRIsetSLI, —MRIEWKISH (I, 7, val], DRIFRFKELRR, XBAKSR, FMXEATEEFN
=8

set=CHL:
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struct chtholly //[1, r]HIX][d

{

11 1, r;

mutable 11 v;

Chtholly(11 L, TT R = -1, 11 v =0) : 1(L), r(R), v(v) {}

bool operator<(const Chtholly &x) const { return 1 < x.1; } // f&/ ¥ sib7
bE

using It = set<Chtholly>::iterator;
set<Chtholly> odt;
It split(int pos) // #r#IX[Al
{

It it = odt.lower_bound(Chtholly(pos)); // #ZIF fposiikitas

if (it !'= odt.end() && it->1 == pos)

return it; // BEXMERBITEARTERpos, & MEE R AT

--it; [/ ARG UL E R AR R — > HL

11 1T = it->1, r = it->r, v = it->v;

odt.erase(it);

odt.insert(chtholly(1, pos - 1, v)); // PR RRAXIE [T, pos), [pos,
rl //[pos, rlieHX][a

return odt.insert(Chtholly(pos, r, v)).first; // IR[ELLpos kKX i) ikt 25

3

void emerge(int 1, int r, 11 x) // &KX | | XAEEk

{
It itr = split(r + 1), it1 = split(1); // kB r+ 1RSI E, 4T AR E
odt.erase(itl, itr); // WX — Bk A
odt.insert(Chtholly(1, r, x)); // EFENATRIX A

}

void delta(int 1, int r, 11 x) // XIEMEME,0(m) ,mN[T, r] M X a5
{
It itr = split(r + 1), it]l = split(1);
for (; itl !'= itr; ++itl)
itl->v += Xx;

}

void assign(int 1, int r, int v) // XIAR{E

{
auto itr = split(r + 1), itl = split(1);
odt.erase(itl, 1itr);
odt.insert(Chtholly(l, r, v));

}

11 query(1T 1, 11 r, 11 pos) // HfH i

{
It it = odt.lower_bound(Chtholly(pos));
if (it !'= odt.end() && it->1 == pos)

return it->v;

return (--it)->v;

}

11 query_k(1 1, 11 r, 11 k) // EWXE[T, r]H H2 A%, 0(mlogm) ,mM[1, r]H X A4
%
{
It itr = split(r + 1), it]l = split(1);
vector<pair<ll, 11>> tmp;
for (; itl !'= itr; ++itl)
tmp.pb(make_pairCitl->v, itl->r - itl->1 + 1));
sort(tmp.begin(), tmp.end());
for (auto it : tmp)
if ((k -= it.se) <= 0)
return it.fi;



return -1; // &kMEuRF-1

WAFIRAIXEMXERESEN, AXKENGRR—EN T —IMRENERR, RIS — X
BfEEICA (I, val], DRIFRFXERILRAFMXERTEFIE.

XEE, BT AEERNEEEmap, XWF—1KXE, i1 [icAmapEaTkeyld, # val iB/
mapEfivalueld, XEFEEEXRESE, KBEHLE/.

mapsCI:

struct oDT {
const int n;
map<int, int> mp;
oDT(int n) : n(n) { mp[-1] = 0 }
void split(int x)

{
auto it = prev(mp.upper_bound(x)); //#EN/u ri/h 25T xH X 8]
mp[x] = it->second; //W LA, HKE b—AN X R A7 R B B il 45 AR IX (]
}
void assign(int 1, int r, int v) // JE&, XEErZ XA S +1
{
split(1);
split(r);
auto it = mp.find(1);
while (it->first != r)
it = mp.erase(it);
mp[1] = v;
}
void update(int 1, int r, int c) // HAhie
{
split(1);
split(r);
auto it = mp.find(1);
while (it->first != r) {
// MRARREH 75 et 4
it = next(it);
}
}
3
KD-Tree

tree) ,

Kd-tree 2
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Mk-dif T3 SRR EUE SRR A AT LU L2k 2 — T EREFIERIRE. T2k-dRihE.

N FESEData-setinEFER=EIRange
B Kd, S5819k-d tree
1.If Data-set8%, MLREIZ=HkKd tree
2. BT RERER
3 HarEsplit: MFERMEATEREGGIEES), FeiESMELNEUER=. LISURFEFIEAf, MR T 644, nlitE64
TaE. hatiskdE, SaEsSspitmiE, BIENE A RS E_ ENBIESESHETT, ExX1 AR L#
TEIBS BB RIT D=,
4. ENode-datalil: BUEREData-sett @ EE splitAHERHEF. AT EREINAR IR A% ANode-data, IHhATHFfData-set
= Data-sef\Node-data ([&EEHNode-datalX—=3) .
5. dataleft = {dE T Data-set’ && d[split] £ Node-data[split]}
Left_Range = {Range && dataleft}
dataright = {dJg T Data-set’ && d[split] > Node-data[split]}
Right_Range = {Range && dataright}
6 left = B (dataleft, Left_Range) #ZVHk-d tree, AN createKDTree (dataleft, Left_Range) ., FigElefifiparentis;
JIKd;
right = B (dataright, Right_Range) #&#V/k-d tree, BlfMcreateKDTree (dataleft, Lefi_Range) . FfiZZrightfiparentis
JIKd,

kdHE— TN, BT HaErs—PZEEE. FEREHNECINE D S P EEQ A EUESA,

& b5t ik
Node-data HiEES MIBSEHTEMURSR, EndEE (XEhREKEE)
Range =REE ZH R ERN=REEE
split s EETHEBFENSEEFS
Left le-diR BT &T mn B8 PR AT = E A AT SRR k-0
Right k-dix BT S5 BB FERa TS EA TS EIERRTaakik-diR
parent k-diR LA
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(] L
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— ] L B
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[ I
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® - find closest points in 2d tree
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, to green query point

[ /BYEEFEIRYE, X2 T ERR
struct point { double x = 0, y = 0; };
struct Tnode

{
int split;
struct point dom_elt;
struct Tnode *left, *right;
};

bool cmpx(point a, point b) { return a.x < b.x; }

bool cmpy(point a, point b) { return a.y < b.y; }

bool equal(point a, point b) { return (a.x == b.x & a.y == b.y); }

void ChooseSplit(point exm_set[], int size, int &split, point &SplitChoice)



double tmpl, tmp2;

tmpl = tmp2 = 0;

for (int i = 0; 1 < size; ++i)

{
tmpl += 1.0 / (double)size * exm_set[i].x * exm_set[i].x;
tmp2 += 1.0 / (double)size * exm_set[i].Xx;

}

double vl = tmpl - tmp2 * tmp2; // TF5IX4EE) %

tmpl = tmp2 = 0;

for (int i = 0; 1 < size; ++i)

{
tmpl += 1.0 / (double)size * exm_set[i].y * exm_set[i].y;
tmp2 += 1.0 / (double)size * exm_set[i].y;

}

double v2 = tmpl - tmp2 * tmp2; // iF5EY4EE %

split = vl >v2 ?2 0 : 1; // set the split dimension

if (!split) sort(exm_set, exm_set + size, cmpx);

else sort(exm_set, exm_set + size, cmpy);

SplitChoice.x = exm_set[size / 2].x;

SplitChoice.y = exm_set[size / 2].y;

}
Tnode *build_kdtree(point exm_set[], int size, Tnode *T)
{
if (size == 0) return NULL;
else
{
int split;
point dom_elt;
ChoosespTlit(exm_set, size, split, dom_elt);
point exm_set_right[N];
point exm_set_Tleft[N];
int sizeleft, sizeright;
sizeleft = sizeright = 0;
if (Isplit)
{
for (int i = 0; i < size; ++i)
{
if (lequal(exm_set[i], dom_elt) && exm_set[i].x <= dom_elt.x)
{
exm_set_left[sizeleft].x = exm_set[i].X;
exm_set_left[sizeleft].y = exm_set[i].y;
sizeleft++;
3
else if (lequal(exm_set[i], dom_elt) && exm_set[i].x >
dom_elt.x)
{
exm_set_right[sizeright].x = exm_set[i].x;
exm_set_right[sizeright].y = exm_set[i].y;
sizeright++;
3
3
}
else
{

for (int i = 0; i < size; ++i)

{



if (lequal(exm_set[i], dom_elt) && exm_set[i].y <= dom_elt.y)

{
exm_set_left[sizeleft].x = exm_set[i].x;
exm_set_left[sizeleft].y = exm_set[i].y;
sizeleft++;

}

else if (lequal(exm_set[i], dom_elt) && exm_set[i].y >

dom_elt.y)

{
exm_set_right[sizeright].x = exm_set[i].x;
exm_set_right[sizeright].y = exm_set[i].y;
sizeright++;

b

3
}

T = new Thode;

T->dom_elt.x = dom_elt.x;

T->dom_elt.y = dom_elt.y;

T->split = split;

T->Teft = build_kdtree(exm_set_left, sizeleft, T->Teft);
T->right = build_kdtree(exm_set_right, sizeright, T->right);

return T;
}
}
doubTe Distance(point a, point b)
{
double tmp = (a.x - b.x) * (a.x - b.x) + (a.y - b.y) * (a.y - b.y);
return sqrt(tmp);
}

void searchNearest(Tnode *Kd, point target, point &nearestpoint, double
&distance)

{
// 1. WRKdZZH, Widist g5 Kik
// 2. W NERBERM LR
stack<Tnode *> search_path;
Tnode *pSearch = Kd;
point nearest;
double dist;
while (pSearch != NULL)
{
// pSearchjinAZ%|search_patht;
search_path.push(pSearch);
if (pSearch->split == 0)
if (target.x <= pSearch->dom_elt.x) pSearch = pSearch->left;///hTuiit
NFEF
else pSearch = pSearch->right;
else
if (target.y <= pSearch->dom_elt.y) pSearch = pSearch->left; ///)Tiif
HENET
else pSearch = pSearch->right;
}

// Hiisearch_pathiji— k% nearest
nearest.x = search_path.top()->dom_elt.x;
nearest.y = search_path.top()->dom_elt.y;
search_path.pop();

dist = Distance(nearest, target);

//3 . B R AT



Tnode *pBack;
while (search_path.size() != 0)
{
// Wilisearch_pathii /i — 4 Slt4pBack
pBack = search_path.top(Q);
search_path.pop();
if (pBack->left == NULL && pBack->right == NULL) /* fiipBackAm1454 */
if (Distance(nearest, target) > Distance(pBack->dom_elt, target))

{
nearest = pBack->dom_elt;
dist = Distance(pBack->dom_elt, target);
3
else
{
int s = pBack->split;
if (Is)
{

/% WRLtarget AL IE (BREGEER) , R AdistiE SRS, A ERkE S —un -+
Tl LEE */
if (fabs(pBack->dom_elt.x - target.x) < dist)

{
if (Distance(nearest, target) > Distance(pBack->dom_elt,
target))
{
nearest = pBack->dom_elt;
dist = Distance(pBack->dom_elt, target);
3

if (target.x <= pBack->dom_elt.x) /* targetfiJpBackii =
|, BERAGFE */
pSearch = pBack->right;
else pSearch = pBack->1left;
if (pSearch != NULL) search_path.push(pSearch);// pSearchliA

Flsearch
3
3
else
{
if (fabs(pBack->dom_elt.y - target.y) < dist)
{
if (Distance(nearest, target) > Distance(pBack->dom_elt,
target))
{
nearest = pBack->dom_elt;
dist = Distance(pBack->dom_elt, target);
3

if (target.y <= pBack->dom_elt.y) /* targetfiJpBackii =
|, BERIGFAE */
pSearch = pBack->right;
else pSearch = pBack->1left;
if (pSearch != NULL) search_path.push(pSearch); // pSearchli
AZ|search

}

nearestpoint.x = nearest.Xx;
nearestpoint.y = nearest.y;
distance = dist;



HMEER

FiEL:

FRdfsEim, B—RKIASEFNSR d, ARBRLL dRFHRHITE R, KIS R=HMER
FHSEI—im.

HiEL:

HANCRE 1 AMAURE, SN TR/IEATFRNARET, FrESEERNRIKEERKE d SRKEE
(SEKBEEAHD) KE 4, BAEEHENTE—TR, %A di + d2 SEREIRNEFHERKX

{&.
7 DP AILIEFE AR ER FREBHRINER.

int d, d1[N], d2[N];
vector<int> tr[N];
void dfs(int u, int f)

{
d1l[u] = d2[u] = 0;
for (int v : tr[ul)
if (v I= )
{
dfs(v, u);
int t = d1[v] + 1;
if (t > diful)
d2[u] = d1[u], d1l[u] = t;
else if (t > d2[u])
d2[u] = t;
3
d = max(d, d1[u] + d2[ul);
}

S :REL

EX: FBNFHPEANFRTREED, BARTSMEXRMPED, WEECRE, ERHSE
R I EEEAE,

TR

o WHELOWMRAHE—, WESERW, BXENEOHEL.

o LUNBIECIIRRS, A FIRBIA/ BB RN A/ —F,

o WPMERIENRERF, FEOESMESRN, WRERIELD, BAZE(]
RURERSFI—E,

o BB —RIDEESEI RN, BRAFRINIE OIEEEFERMIFAVE ORI
gL,

o R ERINEMIBR— T, BACREORS RABa—FOMIES.

xi&

£ DFS SpitEENFRRIAN, IEF [AET] AFREARN, FMARRE - SR (XEAYFH
EERRASFR) ROAIMER Bl AOFRIAIRN, REMALUKIEE X EEEDT .
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/R AL * /
int weight[N];
int getweight(int n)

{
for(int i = 1; i <= n; ++i)
{
for(int v @ tr[il)
weight[i] = max(siz[v], weight[i]);
weight[i] = max(n - siz[i], weight[i]);
}
return min_element(weight + 1, weight + 1 + n) - weight;
}
BiESKE:

ABREOZEERRY, FLisiZVBHIRB7TEEH, 768

vector<int> tr[N];

BEMECR T FRA/N

int siz[N], wtcen, tot; // wtcenicsMIE Ly, totidskMr A/

//int del[N]; //fEm g i
void dfs(int u, int f)

{
int mx = 0;
siz[u] = 1;
for (auto v : trl[ul)
if (v I= f) //if(v 1= f && !del[v]) //fES50i6
{
dfs(v, uw;
if (wtcen) return; //#KE(FE.LHHEH
siz[u] += siz[v];
mx = max(mx, siz[v]);
}
mx = max(mx, tot - siz[u]);
if (mx <= tot / 2)
wtcen = u;
}

IRoTRsLIE

g

big NEILF, hig BIKILF, depth ATRRE, ht ADRBE, siz AFRARN, LAFH dfs 7
XiaAimm, RAFH dfs FRAERIRS, rnk B dfs FXINDRFS, fo REAITRRE

vector<int> tr[N];

int big[N], hig[N], depth[N], ht[N], siz[N], L[N], R[N], rnk[N], fa[N], idx;

void dfs(int u, int f)
{
siz[u] = 1;
LLul = ++idx; // 23 FRdfnX a2 b
rnk[idx] = u; // ic3dfnXt Ry A
falu] = f;
depth[u] = depth[f] + 1;
htful = 1; // mEEDAL
for (auto v : tr[ul)
if (v 1= )
{
dfs(v, u);
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siz[u] += siz[v];
if ('big[ul || siz[big[ul]l < siz[v])

biglu] = v;
if (thig[ul || ht[hig[ul]l < ht[v])
higlul = v;

}
ht[f] = maxCht[f], ht[u] + 1);
R[ul = idx; // idZETHdfnX 64 s
}
// for (int i = L[v]; i <= R[v]; ++1); //dfs/yilr

LCA
£ RAA AR
fSi8LCA

EHEIEZYE O(nlogn)

vector<int> tr[N];
int depth[N], fa[N][22]; //fal[ill[jl& s dep[il-depl[u] = 2Aj [tk u
void bfs(int root) // TiAbsfsHE%4
{
memset (depth, Ox3f, sizeof depth);
depth[0] = 0, depth[root] = 1; // depthf#fii Srie /=4
queue<int> q;
q.push(root);
while (!qg.empty())
{
int fro = q.front();
q.popQO;
for (auto i : tr[frol)
{
if (depth[i] > depth[fro] + 1)
{
depth[il]
g.push(i);
fa[i][0] = fro; // JIRZE —UCRAAH
for (int k = 1; k <= 20; k++)
fal[i][k] = fa[fa[il[k - 1]]1[k - 1];

depth[fro] + 1;

}
int lca(int a, int b) // &lnlafiibifmiz ALt

if (depth[a] < depth[b])
swap(a, b);
for (int k = 20; k >= 0; k--)
if (depth[fal[al[k]] >= depth[b])
a = fala][k];
if (a == b)
return a;
for (int k = 20; k >= 0; k--)
if (fal[al[k] !'= fa[b]l[k])
{
a = falal[k];
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b = fa[b][k];

}
return fal[a][0];
}
RIHERI S LCA

EHEIEZYE O(0.37nlogn)

int lca(int u, int v)

{
while (top[u] != top[v])
depth[top[u]] > depth[top[v]] ? u = fa[top[u]] : v = fa[top[v]];
return depth[u] > depth[v] ? v : u;
3
EXRLRFLCA

FaLIERSEIEZRE O(nlogn), EERNEIEZE O(1)

BEA dfs FEIIEEE k.
1-2—-4—-7—-+4—-8—+4—+2—-5—-2—-1—-3—-6—>3—1
XL F

B TER LCA(3,7)
BREA 1SEIBRRRI R 3, 7 Sk RO FrHsk
LCA(3,7) BRIl 3,7 ZIBRESIME, #E 1

HRTFRUIFEAZ, IRIETLAR stk 19754k, #tag O(1) &=
iR

IR

KURT R L FAENFHPE S DN N T ERIT R
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dfsu=3 last=0 now=2

delta = 2

J*ROIREH AR/
void dfs(int u, int fa)
{
add(u) ;
int last = query(u - 1);
for (int v : glul)
{
if (v I= fa)
{
dfs(v, u);
int now = query(u - 1);
cnt[u] += now - Tast;
Tast = now;

1 — n SRI79RAN_EAGEFRS RN

BigttRATR 1, KEFEPES w, ZEvRE:

s EwlFTR s BFHFP, BEF ent MrSMF wiliTBRY, WwlRESX (88 w) FAF
RuBf(u)+ = ent. ATHEHER, TLOTLEBRf(u)+ = ent, BX s FRFPHIR
flu)— = ent

o EwHRESSZ, EA cnt MFES/NFw TRy, W wlFHPRER v B f(u)+ = ent
EEIfSFHITED

void dfs(int u, int fa)
{
add(u);
dfn[u] = ++cur;
int last = query(u - 1), Tower = u - 1;
for (int v : g[ul)
{
if (v I= fa)
{
dfs(v, uw;
int now = query(u - 1);
int delta = now - last;
last = now;
lower -= delta;
sub[1] += delta; //I5il—



sub[dfn[v]] -= delta;
sub[cur + 1] += delta;
}
}
J/TER ., SRS ST U R T Tower, X247 f1dfnlX [+ 1ower
sub[dfn[u]] += lower;

sub[cur + 1] -= Tower;
}
void work()
{
for (int i = 1; i1 <= n; i++) sub[i] += sub[i - 1];
for (int i = 1; i <= n; 1i++) cout << sub[dfn[i]] << " "
3

S b g
KA LT TURTRALIE,
RISERIS BT AR BIRE TAREIOTYR, PN LRSS,

Bifskin, SERNIIoAETERE HEASHEMEE, ARARMIIEIRESHEPER.

HEEEIS (RIEl/4EE) A, W EWElE, KRS AT Link/cut Tree {9815 (BRS
WIME [LH8l] ) , ASHIBERT (REREHHE) |, [Eslo] 38 [E6ss] .

E it

EREIS I LUSH ERMER—RBE DB O(logn) FIELATIHE, SR LNRREER
HE (MREERALN—FE, # TSR LCA i i—NmmR)

SO EEERIER S HAVESEE FRYTI AR DFS FRiESR, ELERILAS (@it F— L4 R 5 ROEHR
21 (NEER) R4 LIRENER.

1

L 11 S .E:F"I'ﬂ"}f—i

> 16 O BFH=
2 2 4 - Eif

1 3 5 17 — 23

/Q/ \@ \ﬂ \ /N & 1o 38k
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P9 olé ©C ol g/, [© |=m
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J*E LT Rab
int dfn[N], rnk[N], top[N], idx;
void dfs(int u, int f, int t) //t4R00 S EEm =k
{
dfnfu] = ++idx;
rnk[idx] = u;
top[ul] = t; //iCEBERk
if(biglul)
dfs(biglul, u, t); //tREXEJLFE#4TDFS, A AMRIER—%HEE 1) SDFS)7idEs:
for(int v : trlul)
if(v I= £ && v != big[u])
dfs(Cv, u, v);

KH&aln
KEHS AR ERE B —HHIH B,

EX BEFPR REEFORPFRNEERANFER. NMRES N FRHEANFER, BE—.

MFRBEFLR, REEFHS.

EN BFER RSN FEA.

THE—

FrETHKERNTIZO (n) RAIRY,
IEBA: FrBREENE—REHZH, KERASWITER, BAKINSFRE0 (n) R3I89,
HER=

R R0k RABSTy TR IR E A TFT L
IERR: RUNYATERVIKHERIIKE/ N Tk, BBACATENHE—EARAREN, Ey-x XEBRBAREMN, Bay
FRERNEIHSEE Dk, Rz, BUYFTLAERIHKER TS Tk .
HER=

HAI— P mE LBERE AR A SEBIE n — /n iR
IR INR— PR x N—FERE TR —FER L, IBARKENXFERIRKEAS/NTZAIH

BRKE., ERMIERT, ERKESSIN 1.23,..n — /n, EHEESHERN — /iR, NXRE
PALAEL, WNRBIKHEED FERFMRZERIEANRLCARRE, SRERMUT RS,

MEERNEH

WEERASH (EEHLIDSU On Tree, (BESLHIDSUAISRBRIBIAKRER) , B2—FARL
W LELEENEEL, THERATER "WEMR, BEXTHEHFHNELER" XFniE

B
&,

BERNEXH LNENTR p K anslp] . BIXA ans|p| AILABE & p FHRINELE
RIS, —ASRRFAITLIBAMEZDPRRER. BIR "FHRNFEEER" fOERA, ERak
FZDPIERTIEIFN=E) L& FTREI@E. FRLAEAIFREFREEIT T RVER, MEELNFEHERE
A.
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BRI FREEENEHEE)LFRIEE LNMERIBECHER, AR EM—RINEANEH
R BRAOWREHEERANR, NREBTNRESWEF logn R, BA—1 RERE
FIERERIRATANEDERME.

/FE TS T RdEnX ) */

int cnt[N];
void dsu(int u, int f, bool keep)
{

for (int v : trl[ul)
if (v I= f && v != big[ul)
dsu(v, u, false);
if (biglul)
dsu(big[u], u, true);
for (int v : tr[ul)
if (v != f & v != big[ul)
for (int i = L[v]; 1 <= R[v]; ++1)

cnt[depth[rnk[i]]]++;
cnt[depth[ul]++;
/*getAns()*/ //ILFKER
if (!keep)
for (int i = L[ul; i <= R[ul; ++i)
cnt[depth[rnk[i]]]--;

2t
RIS

BN, ENTARAENTSEN n 0N T, WiE—ARRN T' 58 aim B8 SIEENENAT St
HILCA,

MR R

RIFBER, AT TiaESEE S wigia 788 O(|S|(logn + log|S|) + £(|S]) MR, Hep f(z) 5
SXF 13 2 NERINRE X N RS, TES), KAEREEA LTI logn LWNS n F
7. BEE, NTSENENELSTRIE SRR — SN O(n) S2E T,

RIIEISEZRE O(mlogn), B m AXERE, n AERE.

MRESR T TXHERE + LCAIEIA

/¥ catitz*/
//FTEKs AR R AR YT i 77 4 AR
int dfn[N];
vector<int> kp, a, vt[N]; // kpfififictdn, afffsmiToladia, venHEEm
void build_virtual_tree()
{
auto cmp = [&](int a, int b) -> bool
{ return dfn[a] < dfn[b]; };
sort(kp.begin(), kp.end(), cmp); // HEXHE AL dfn FHT
if('kp.empty()) a.push_back(kp.front());
for (int i = 1; i1 < kp.size(Q); ++1i)
{
a.push_back(kp[il);
a.push_back(1caCkp[i - 11, kp[i1)); // #iA Tlca
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sort(a.begin(), a.end());
a.erase(unique(a.begin(), a.end()), a.end());

// RN
for (int i = 1; i < a.size(Q); ++i)
{

int 1c = lcaCal[i - 1], a[il);
vt[1c].push_back(al[i]);
vt[a[i]].push_back(lc);

MEFE: BiEk

/*1 calbitR*/

int dfn[N];

vector<int> kp, Vt[N]; // kpfef#rai b
void build_virtual_tree()

{
auto cmp = [&](int a, int b) -> bool
{ return dfn[a] < dfn[b]; };
auto conn = [&](int a, int b) -> void
{ vt[a].push_back(b), vt[b].push_back(a); };
sort(kp.begin(), kp.end(), cmp);
stack<int> s;
s.push(1);
//vtl1]l.clearQ; //EEMEMMHILGEL
for (auto i : kp) // WISRLET S 2 Mt AN EZ RN
if (1= 1D
{
int Tc = Tca(i, s.topQ); // LM A SHKRITE A LCA
if (lc !'= s.topQ) // A, VEEHAH RN YRR 18E L
{
int last = s.topQ;
s.popQ);
while (dfn[1c] < dfn[s.topQ1) // MK SHIDFn KT LCARIDN
{
conn(s.top(), last);
last = s.top();
s.popQ;
3 // OS5 HET ST RN A R IE R T
L

if (dfn[1c] > dfn[s.top]) // WWLCARH — RNk, 15T HAMEL, &L
JE AR TR, 6 LCANE:

{
//vt[1c]l.clear(Q);
conn(lc, Tast);
s.push(1c);

3

else // VLBHLCAMLZ KT i, BEEMHRTUTE
conn(lc, Tast);

3

//vt[i]l.clear();

s.push(i);

3

int Tast = s.top(Q);
s.pop(Q);
while (!s.empty()) // RIRWEJG—FEEEE T



conn(last, s.top());
Tlast = s.top(Q);

s.popQ);
}
}
=aia

miaakELElS (Centroid Decomposition) EMDiARI—F, EENE—LR FEREAE,

ATHEESHFREE, BABIAGEEE. YTEIR, BMNOFEEEXNM[BRENFES
BARIERE, ITEIE, FH—lEdfs; XMTEE, BMMRzRE, MEEFR@EIathaERe,

BIRENEEFNECEAFHENR, BBASRERALURIER O(nlogn)
A RETEEIBEIFRIAE, FHEEHEX

vector<int> tr[N];
int siz[N], del[N], wtcen, tot; // wtcenidEMIIE L, totid T/
void getwt(int u, int f) // EL
{

int mx = 0;

siz[u] = 1;

for (auto v : tr[ul)

if (v I= f && !del[v])

{
getwt(v, u);
if (wtcen)
return; // HINHEL0EH
siz[u] += siz[v];
mx = max(mx, siz[v]);
3

mx = max(mx, tot - siz[ul]);
if (mx <= tot / 2)
wtcen = u, siz[f] = tot - siz[ul;

}
void calc(int u, int f)
{

/F TR G THERAE /

for (int v : tr[ul)

if (v = f && !del[v])
calc(v, u);

}
void CenDec(int rt)
{

for (int v : trlrt]) // EH4uik
if (ldel[v])
calc(v, rt);
dellrt] = 1; // MR
for (int v : trlrt])
if (ldel[v])
{
tot = siz[v];
wtcen = 0;
getwt(v, 0);
CenbDec (wtcen);
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4 LREiRFE

LE—RERN, WHNENMER EE—MED, ER—IZENSFHRBNRIRRER L, D
BB RS R ERIRIEEIEE.

R f(u) AR v EREFHERLER p, NEEES, NE:

wlu,pa) + Y (w(w,v) + F(v) + F(w)

veESson,

d(u)
DTSSR EEEENTRES, FEEOREAEHN T FTEABATEAEERATEAR
G 9 d(u) RENES u ERETEBE A=A,

e T

w(u,py) + Y (w(u,v) + f(v) + f(u))

;. d(u)
w(e,pa) + Y (w(u,v) + £(v)) + (d(w) — 1)f(u)

) d(u)
= w(u,pu) + Y (w(u,) + f(v))

veson,,

= Y wwd+ Y, fv)

(ut)cE vESON,

S _ERRBEINAaNES e 1 8F, ECRIEA:

fu)=d(w)+ Y f(v)

veson,

BD v IR EERBEESF, D o FRK/MIRE -1 (BPMEREREXENLESEERE
—%, ffu 5 p, ZENBRE 1 AEHNIEES, SFRL0SF4E 2 EHMEE) .
% g(uv) £F p. EREIETES v BUEAEEE, M5!
’w(‘Pu, u) + (w(p-u.appu.) + Q(p-u) + g(u)) + E (‘w(pm 5) + f(g) + g(u'))

sesibling,

d(pu)

- Q(Pu) + f(pu) — f(u)
ISR g(root) = 0,

vector<int> G[N];
int f[N], g[N];
void dfsl(int u, int p)
{
flul = G[ul.size(Q);
for (Cauto v : G[ul)
{
if (v ==p)
continue;
dfsli(v, u);
flul += flv];


af://n3692

3
void dfs2(int u, int p)

{
if (u !'= root)
glul = glp]l + flp] - flul;
for (auto v : G[ul)
{
if (v == p)
continue;
dfs2(v, u);
}
}

Eie
HETLRIRE

struct Edge
{
int to, next, val;
I
Edge edge[N];
int head[N], cnt = 1;
void creat_sta(int begin, int end, int val)//@l&EnrmE

{
edge[cnt].to = end;
edge[cnt] .next = head[begin];
edge[cnt].val = val;
head[begin] = cnt++;
}
void putout(int node)/ /vl AT m) 5 A 1 &
{
multiset<int>out;
cout << node << " ->";
for (int i = head[node]; i; i = edge[i].next)
out.insert(edge[i].to);
for (auto iter : out)
cout << " ' << iter;
cout << endl;
}
m=/MVERHY
Kruskal

EHEIEZYE O(mlogm)

TR SEPEISRIBUERHTHER

HE2: ANRHENXFBIIE NRRAAE— NEERER, BPANRIA HE5%EQ fUnionREUEIEHE—NEBRER(HHE
EftER NERNER), MRBE—HEREE, RIIMSFEFL, FoEXKA.

$E3: —BEITEER2, MELDEETERSIEERE, BHRBX N RESHE— " SEEH T MRDHAFTI
REEEE, BARBRENHAESE,

int n, m, idx;//n& S0, m2 A, 1 dxaAd B 2R IL %L
int p[N];//FFEERAT s
struct Edge//Z5tREZA 474
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int a, b, w;

bool operator< (const Edge & w)const { return w < _w.w; }
Yedges[M], tree[N]; // FhsiOJF4A
int find(int x)//J&4%

{
if (p[x] !'= x) plx] = find(p[x1);
return p[x];
}
int kruskal(Q)
{
sort(edges, edges + m);//H;fr A LI ORHET
for (int i = 1; 1 <= n; i++) pl[il]l = 1;//¥WiEtkIHEs%E
int res = 0, cnt = 0;//1LBUR, A%
for (int i = 0; 1 < m; i++)
{
int a = edges[i].a, b = edges[i].b, w = edges[i].w;
= find(a), b = find(b);
1f(a'—bN7m%MA¢%%T 3, KX PN bliiRZ Ny
{
plal = b;
res += w;
tree[idx++] = edges[i];
cnt++;
}
}
if (ent < n - 1) return inf;//B¥NTn-1i A%
return res;
}
Prim

ERTREEAETEE
RHBIEZE O(n® + m)

int n;//n&%
int g[NIIN];//SBHERE, £ 1L
int distN];/ /A7 s 2022 F e/ A2 R IR E RS
bool st[N];//AFi&fEA~ fUR T CEATEA: W
int primQ)//WREAER , WHRETnf, 75006 [ A SR iR A E 2
{
memset(dist, 0x3f, sizeof dist);//VIEiLAra S A ELS
int res = 0;
for (int i =0; i < n; i++)
{
int t = -1;
for (int j = 1; j <= n; J++)/ /T RIRBIAAE 2104 b v (1 s B (1) di R PR g
if (Ist[j] && (t == -1 || dist[t] > dist[j])) t = J;
if (i && dist[t] == inf) return inf;
if (i) res += dist[t];
st[t] = true;//dCiZ SN A
for (int j = 1; j <= n; j ++ ) dist[j] = min(dist[j], gl[tl[j1);///HiZ:
W7 A A B A R PR RS (FEEE BT RE TR )
}

return res;
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mAEREL
Floyd

ESEIEZREE O(n? ) ZSEIEZRE O(n?)
KIEETRARGI, RETERR

memset(d, Ox3f, sizeof(d));//WEtia iuMIETT
for (int i = 1; i <= n; i++) d[i1[i] = 0;//BEILUO, A EIELIRAE AL
void floyd()//d[a][b]&/maZlbi ki

{
for (int k = 1; k <= n; k++)//%&itks
for (int 1 = 1; 1 <= n; i++)//iH
for (int j = 1; j <= n; j++)//j%& A
d[i1[3] = minCd[i][j]1, d[i]1[k] + d[kI[31);//i->jZ &tk aih i
{51
}

Bellman-Ford

EHEIEZRE O(nm)

KEANHERIRER, IXREBNMFERENE THT

REGRBAFTEIEERFARIR, HEIEREFERIN, BY—MBERRR, AFETHRE—FRIIN
0858, BRIERARRIET, AIREENEY b FONGER (B0 DRNERNEREHMRNIENAN
1EEREX)

struct edge {
int v, w;
bE
vector<edge> e[N];
int dis[N];
bool bellmanford(int n, int s)//ni%, sk, R [Als S AE G HEIE — R
{
memset(dis,0x3f, sizeof dis);
dis[s] = 0;
bool flag; //HIbi—4eAEIRIdFE & 1 K A A st A
for (int i = 1; 1 <= n; i++)//EI NN ZARREES , HHnk 2 5 A 02 dislb]
<=dis[a]+w

{
flag = false;
for (int u = 1; U <= n; u++)
{
if (dis[u] == inf) continue;//&fa KA1 n T A5 HIAANTT 8 & A Fa st b E
for (auto ed : el[ul)
{
int v = ed.v, w = ed.w;
if (dis[v] > dis[u] + w)
{
dis[v] = dis[ul + w;//5¥7 rineEEs (haibdfiE)
flag = true;
3
}
3
if (1flag) break;/ /¥4 7T LAbs ot FII2 F A45 1E AR
}

return flag;// % n RAGHIRATDIFAGBII LT s AT DURIE— MR
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Y/ /745t dis [ed]>inf/ 2t BIA R A

SPFA:bellman-fordffift,
IESZEYY O(km), &K O(mn), T8 &, —RAFHHIAE

struct edge { int v, w; };

vector<edge> e[N];

int dis[N], cnt[N], vis[N];

queue<int> q;

bool spfa(int n, int s)//siifEiEilEfFTE AR false

{
memset(dis,0x3f, sizeof dis);//WIALHTA S IEIET5
dis[s] = 0, vis[s] = 1;//&AE%0
g.push(s) ;//EAFIHENGE
while (!q.empty())
{
int u = q.front(Q;
a.popQ;
vis[u] = 0;
for (auto ed : el[ul)
{
int v = ed.v, w = ed.w;
if (dis[v] > dis[ul + w)//BEA/NIRABL
{
dis[v] = dis[u] + w;
cntv] = cntlul + 1; //idRMEBa KA
if (cnt[v] >= n) return false; //HBlEHEZLdn-1400, HN—g&ildT
Uik2N
if (lvis[vl) q.push(v), vis[v] = 1; //WERBASIF COAFAEY, WA T K vE
RPN
}
3
}

return true;

} //85%ndis[ed]>inf/ 22U AT ik

Dijkstra

EAEZE O(n?)
R E G, EAREE

struct edge { int v, w; };

vector<edge> e[N];

int dis[N], vis[N]; //fFfffDifmf e CamE
void dijkstra(int n, int s) //Ri2AZFTH S

{
memset(dis, O0x3f, sizeof dis ); //#uHtb1l'5 g v, Hoe mghi g iE LS
dis[s] =
for (int i = 1; i <= n; i++)
{

int u = 0, mind = inf;
for (int j = 1; j <= n; j++)
if (lvis[j] && dis[j] < mind) u = j, mind = dis[j]; ///Eib e k%
SR SRR R /N A
vis[ul = true; //HiEi%sHEHEE
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for (auto ed : el[ul])
{
int v = ed.v, w = ed.w;
if (dis[v] > dis[u]l + w) dis[v] = dis[ul + w; //SHHAMAIERE
3
}
} //dis[ed]==infUlBH ATk

Dijkstraffi5cBAFIIL

RIEIEZ~E O(mlogm)
KRN ERRRGEE, ESTENR

typedef pair<int, int> pii;
struct edge
{
int v, w;
ke
vector<edge> g[N];
11 dis[N];
bool vis[N];
void dijkstra(int s)
{
memset(dis, O0x3f, sizeof dis); //memset(dis, 0x3f, sizeof(int) * (n + 1));
//memset(path,-1,sizeof(path));//icEHEvIaE1k
dis[s] = 0;
priority_queue<pii, vector<pii>, greater<pii>> pq;///MEHE
pq.push({0, s});//firstfFfitiEEs , secondfFi T midw s
while (!pq.empty())

{
int u = pg.top().se;
pg.pop();
if (vis[ul]) continue;
vis[u] = true;
for (auto ed : g[ul)
{
int v =ed.v, w=ed.w;
if (dis[v] > dis[u] + w)
{
dis[v] = dis[u] + w;
pg.push({dis[v], v});
//path[v] = u;//idRKEEIEHTIK
3
}
}

}//dis[ed]==infii I R ik
// for (int i = 0; i <= n; ++i)

DijkstrafitzUBIFR £+
AIEEZE O(mlogn)
struct edge{//{iitil

int u, v, w, next;//ufNiLh, VALS, wABUE, next T4k
B
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edge e[N];
int head[N],dis[N],n,m,s,cnt;//head & LM, disRRUAIESR, nhRE, mAlE, sh
AL, entid AL HE
bool vis[N];
struct node
{
int w, to;//w&RRIMMEUE, toR RmEKHLTs
bool operator < (const node &x)const{ return w>x.w; }
it
priority_queue<node>q;
void add(int u, int v, int w)//8=\piAAE i)
{
++ent; / /3l i EcE
efcnt].u = u;//fFiE0
elent].v = v;//1F4 5
elent].w = w;//fFRUE
e[cnt].next = head[u];//{FaT4k
head[u] = cnt;//EHiik EHKF S

3
void dijkstra(Q)
{
memset(dis,0x3f,sizeof(dis));//Winth, FdisHLAM—MRKAE, J5 G TH T
dis[s] = 0;//#EA2/HHEENO
g.push(node{0,s});//IEAPLFI
while(!q.empty Q) //B\IIANZE
{
node x = q.topQ);//WHiBAIE—4T0 R
q.popQ);/ /3
int u = x.to;//RiiEs
if(vis[u]) continue;
vis[u] = true;//tricCiji
for(int i = head[u]; i; i = e[i].next)
{
int v = e[i].v;//B24& 0
if(dis[v]l>dis[ul+e[i].w)// & jaift, ik
{
dis[v] = dis[u] + e[i].w;
q.push(node{dis[v],v});//ENI\%I

IR ETEN RS

BATILLEN —preffd, #apre[iliCRME L—MIBEW—Fa, LARTRIRHERISETVIATA -1, ARERONIRIEN
FHEREF— F LTS, FELIEAMXHEHEAEE, AERETTEMIHEEABITFIE, BPAFHBIRIT, XN 5E
FREEMTFDikstra, MBMERTEMREREL, WSPF A, bellman_ford., Floyd&EE

BB AR — T TEDREY
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int path[N];
void print(int x) //xHNZ&

{
if(x == -1) return;
print(path[x1); //i&JH4TE]
printf("%d->", x);
}
Tarjan

EFREMRCERN, BFREERNESHERBYEE.
Tarjan §i%
[FARE— kosaraju Ei%, FENREHAR, FXERAEINET.
XEFHIFE dinli] Fr&E7 | NTIAE dfs MZRPNERINE, He— dfs F. (e lyaEE)
F tow[i] F= | DA E T T raFaERA R RSP T SFHIARE. (Y5 lowli] = dfn[i])
XEE 1-MER: BAE dfs HEH SRl — IS8R, fLUEE EEN TS din SRS,
MEER— T RENEHTEENPHECHEFETR, BAFEHH low BIE.

XF low {85 dfn B
1. MR—PT AN low BMF dfin {, BLAFHEERSCHFASSELEIECEFNTS.

2, WMRE—M=0 low (EEFTF din {#, MRPRTANTSREEIRLAR S, BAZTSRE— M aEESBEEREHBLIE.
3. BE u IFHRESRARLSH u A FR—MEEBESE, BiRFEET (BEAERB) .

int dfn[N], Tow[N], id[N], in_stk[N];

int timestamp, scc_cnt;

vector<int> gra[N];

stack<int> stk;

void tarjan(int u)

{
dfnfu] = low[u] = ++timestamp;
stk.push(u), in_stk[u] = true;
for (auto i : gralul)

{
if (Mdfn[i])
{
tarjan(i);
Tow[u] = minClow[u], Tow[i]);
3
else if (in_stk[i])
Tow[u] = min(low[u], dfn[i]);
}
if (dfn[u] == low[u])
{
++scc_cnt;
int y;
do
{
y = stk.topQ);
stk.pop(Q);
in_stk[y] = false;
id[y] = scc_cnt;
} while (y != u);
}
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HRETE M7 T tarjan

for (int i=1; i<=n; ++i)
if ('dfn[i]) tarjan(i);

set<int> newgra[N];
void tarjan_graph(int n)

{
for (int i = 1; i <= n; ++1)
for (int iter : gral[i])
if (id[i] !'= id[iter])
newgral[id[i]].insert(id[iter]);
}
=il

vector<int> scc[N]; //swiEisr&mtE
vector<int> shr[N]; //4i5)5101E
int vis[N];
for (int i = 1; i <= n; ++1)
scc[id[i]].push_back(i);
for (int i = 1; i <= scc_ent; ++1)
for (int u : scc[il])
for (int v : gralul)
if (3 !'= id[v] && vis[v] != 1)

shr[i].push_back(id[v]), vis[v] = i;

gl =Ein
AR

vector<int> g[N];

int Tow[N], dfn[N], idx;

int dot[N]; // At
map<pii, int> edge; // fifitEIL

void tarjan(int u, int p)
{
int child = 0;
Tow[u] = dfn[u] = ++idx;
for (int i = 0; i < glul.size(Q); ++i)
{
int v = glu][i];
if (v=p)
continue;
if (ldfn[v])
{
tarjan(v, uw;
Tow[u]l = minClow[u], Tow[v]);
if (u == p)
child++;
else if (low[v] >= dfn[ul)
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dot[u] = 1; // ZREA: M TEEALET, AR ZERE
if (Qow[v] > dfn[ul)

{
int x = minCu, Vv);
int y = max(u, v);
edge[make_pair(x, y)] = 1;
3

}
else //(XHERT ST & continuedi 7)) WA SR EH ARISE, HHRERIM /AN T mds
Tow[u] = min(low[u], dfn[v]);

}
if (u == p && child >= 2)
dot[p] = 1;
}
/%
for(int i = 1; i <= n; ++i)
if (ldfn[i])
tarjan(i, 1i);

=
1&hR2

vector<int> g[N];
int Tow[N], dfn[N], 1idx;
int dot[N]; [/ AEAEE RS

void tarjan(int u, int p)
{
int child = 0;
TJow[u] = dfn[u] = ++idx;
for (int i = 0; i < glul.size(Q); ++i)

{
int v = glu][i];
if (v == p)
continue;
if (ldfn[v])
{
tarjan(v, u);
child++;
Tow[u]l = minClow[u], Tow[v]);
if (u '= p && Tow[v] >= dfn[u])
dot[u] = 1;
}
else if (v != p)
Tow[u]l = min(Clow[u], dfn[v]);
}
if (u == p && child >= 2)

dot[u] = 1;
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for(int i = 1; i <= m; ++i)

{
int u, Vv;
cin >> u >> v;
g[u].push_back(v);
glv].push_back(u);
}

for(int i = 1; i <= n; ++i)
if (tdfn[i])
tarjan(i, 1i);

g (XED)
MEREAS, REX—4b: lowlv] > dfnlul AT, MEARESBIRIRIITHE,

int Tow[MAXN], dfn[MAXN], idx;
bool1 isbridge[MAXN];
vector<int> G[MAXN];

int cnt_bridge;

int father[MAXN];

void tarjan(int u, int fa)

{
father[u] = fa;
Tow[u] = dfn[u] = ++idx;
for (const auto &v : G[u])
{
if (ldfn[v])
{
tarjan(v, u);
Tow[u] = min(low[u], Tow[v]);
if (Qow[v] > dfn[ul)
{
isbridge[v] = true;
++cnt_bridge;
3
}
else if (v != fa)
Tow[u] = min(low[u], dfn[v]);
}
}

gih (BER)
ERTE DA BT EE ERAAR. EAREAETERIIE R0, WS

SEM.

—MEREEESH fa BONINIESRIANGRS (BRIANHS—E) A, BS [FRKXTREH]
BN [ FRRRIESAER] .

B—MEERNERRR—MRCAESEE —FURART R, MEBhIRIRTRINIEREE
%‘ﬁﬂ

int Tow[MAXN], dfn[MAXN], 1idx;
bool isbridge[MAXN];
vector<int> G[MAXN];
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int cnt_bridge;
int father[MAXN];

void tarjan(int u, int fa)

{
bool flag = false;
father[u] = fa;
Tow[u] = dfn[u] = ++idx;
for (const auto &v : G[ul)
{
if (ldfn[v])
{
tarjan(v, u);
Tow[u]l = min(Tow[u], Tow[v]);
if (low[v] > dfn[ul)
{
isbridge[v] = true;
++cnt_bridge;
}
}
else
{
if (v I= fa || flag)
Tow[u]l = min(Clow[u], dfn[v]);
else
flag = true;
}
}
}

— 5B : Bipartite Graph

E—KES, MREBELTNROE WIES ., RIERIEERIIRE HIL , Ehass REE
TRNEGZE, XKEME—DE

“HEERHY THE I (SLEESRSERE, E—#E-SEER)
REZ
{EF: FIF— EREHN_HE

BEREHZE, BRS BXAMEEMEFTRRE BITERAR—ES) . — 1M REAFER
EEmMEe, 58, tENAR—5E

int n, color[N];
vector<int> g[N];
bool dfs(int u, int c)
{
color[u]l = c; // HHimseikt
for (int v : g[ul)
{
if (color[v]) // WREZp Gt T
return color[v] != c;
else if (ldfs(v, 3 - ) // EHET 4R, MTMHEERCA
return false;
// [EIR A E e R D 5 AR IS S
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}

return true;

}
bool checkBG()
{
memset(color, 0, sizeof color); // 0 — Rth, 1 — M4, 2 — [
for (int i = 1; i <= n; i++)
if (color[i] == 0) // —HFEA SR, dfskiE
if (Mdfs(i, 1))
return false; // tn¥AtlnlfalseBREM, HEAE K
return true;
// ®ltrue
}

BFFRE
SUHRSD KMIEGR, 895%, RTLAZERTIA) O(nm) ISR =S ER BAIRSEEIT,
FE RATLAE MEEHE:

ANESAE— R, BRI RZBEEIRBA—RXR (— M ESHNRS 58 5—%58%
FA—P R BAGEN) | ESHXFUEMRXK "I ERIRKTE

BERK: B-oBPHRNESEHBENZE, #iThR. RRRBHBEES, BEE—TE
SHIVE, INREFHNZECERE, BBANENELELERIBER— AL, SRR

BB AEE]

int n, m, e, ans, g[N]J[N], ask[N], matched[N];
inline bool found(int x) // dfs#kis) i

{
for (int i =1; i <= m; i++)
if (gIxI[i1)
{
if (ask[i])
continue;
ask[i] = 1;
if (Imatched[i] || found(matched[i]))
{
matched[i] = x;
return true;
}
}
return false;
}
inTine void match()
{

int cnt = 0; // cnt@&il#a:
for (int i = 1; i <= n; i++)
if (found(i))
cnt++; // $RE N1

ans = cnt;
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KMEZ

EREI S EFRANESTHRARNSERR, ATHENA KM BiEER S ERNERANLE, FE%
RN RN ESHRECLRDRIHNR, EEMRUREER, BEAFERNANERN0, XS
T, FREREEIRACKR A FEREEE, MMEERA KM Bk,

FFFIPlus BiZ, FILUIERTE O(nt) AW RitizZHEN—ESATE, (HSTEBIHESTNSEK.

o ERFHEEFT, MBMNENCHBHREESKICELY, BEAEDFSHIITES, FEHaENTs
M, LIRATIHEXYT AmEEhs, HEEER—F.
IR E— NS T R, A FHaBE Rt m(EARERERLN T), FER EE1,
3, 5, .. EHOIEPRIFICEGS, %52, 4, 6, . ERLEHEICELL. FEI, SRR,
o MMRIRCE: E=NES, BHi(l <=i <= n)PESPTR—PEHE]], F
i1 <= j <= n)NEETR—NELUED]j]. RGERE: Vi. j. lali] + b[j] >= wli[j], H
wli] [f]REENEERT RIS AT R BRI (EEILNEHEARTSS) | XLEHE
lafi]. Ib[5]FRIT5 RBYTRATR.

—HSBERRET SR M #Rlali] + b[j] = wi] [j]BBHEENTFE, FRAZHERESFE.
EE:
EESEFEFFERSLA, NXNEEHE S B H IR AITE.,

EREFER, SETROINZAETS (ol + b)), BFEREZM. EATIREE
Vi. j. lafi] + 1b]j] > w(i. j), FRAERATSES, (HI—AERZ A ERaEA TR
O,

KMEZNVEARIEHZ, STEREY:. J. lafi] + b[j] > wl[IAIRHET, S8 REEHE—NIR
tr, RERBES KRBT AMESFERNME, EERSFFEF S, fia, HITLIERE
lali] = maz(wli][j]). 1b[j] =0

XNTF—MEEFFE, BNBYTFHEERCHIRALE. ERALEATE, Wk—E8— 1 Asw
FAPCECR, 1% RPCECRMATARIR DFSTZAL 7 —1RacsEMY, 1ICAT.

BANEREESFEPRISTELE, T AMREES FETDRESEE SR, AUATRIIENTR
TR, (EERSFFEIEEN F.

XS TR R A TS RS -

la[i]l + 1b[3]1 = wlil[FIMIILACIE CRRMGFFAFRE— ), HAx T ILEC A TA T ZE LI
B, W UMEAR A2 ba, AT ina
la[i] + 1b[3]1 > wlil[FIARILACY CBEONTIARAMIA/NTRUE, BrelReER KT , FATIE {2 f
RN INTIAR AN, M8 A fE

ABAGNATERANE?

SnFamin(lali] + blj) — wli][f]), wei, >HAETCEES, BPARPRICEHRS AICEAN, HHT—RIEE
HLEERETERNES KD, MR EEFEHL,

#define N 110
int wN][N]; // U
int Ta[N], 1b[N]; // %, AEBATAR
bool va[N], vb[Nl; // Z. Ai#Bm2 S e s
int match[N]; // A5 R UTHL A
int n, delta;
bool dfs(int u)
{
vaful = true; // 7EXEM
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for (int v = 1; v <= n; v++)
if (lvb[v])
if (Taful + Tb[v] - wl[ul[v] == 0)
{
vb[v] = true; // HAZEH
if (!match[v] || dfs(match[v]))

{
match[v] =
return true; // BB
b
3
else// #iFdelta, [FIN®E G ARDCEL A At NS B, PRUEIEDC AL R A e 3 s AR I
N
delta = min(delta, Ta[u]l + Tb[v] - w[ullv]);
return false;
}
int KMQ)
{
memset(match, 0, sizeof(match)), memset(lb, 0, sizeof(lb));
for (int i =1; i <= n; i++)
{
la[i]l = w[il[1];
for (int j = 2; j <= n; j++)
Tali] = max(1a[i], w[il[j1);
}
for (int i = 1; i <= n; i++)
while (true) // HF#LFIUCE
{
memset(va, 0, sizeof(va)), memset(vb, 0, sizeof(vb));
delta = 1 << 30; // inf
if (dfs(i))
break;
for (int j = 1; j <= n; j++) // &80k, ¥ Mg rRE
{
if (valiD
Tla[j] -= delta;
if (vb[jD)
1b[j] += delta;
3
}
int ans = 0;
for (int i = 1; i <= n; i++)
ans += w[lmatch[i]1][i];
return ans;
}

Ed

I B E]

BB — R ER— KB AIA AR,
S ERAT A TR R — A EREFROAIA B IR,
IR REREEROIAT

BTSRRI TR ST BRSO R o A BT,

{0 fﬁd

\
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1% G B n(n > 2) NEMGEE, BWTF G PEBAREIBYIRA vi,v;, 195 dv) + d(v;) >n 1
, Tl G I EISRITEE,

iR 1: R G B n(n > 3) NERERE, ENTF ¢ PESFEPHNNR vi,v;, 88
d(vi) + d(v;) = n, W G PFEREMEER, MM G AIRERE.

8 2: 18 G R nln > 3) WERMEE, BNTF ¢ MERRA v, 195 dw) > 3, W G PHE
IREREES AT G IR,

2-sat

2-SAT, EERRORHMELE n MRS, BIEEERI TR, BHIET (0,b) , FXa50FE (B
F a5 bETARNES) . RAENEIMEGEE—ITTR, AMREE—HiE n MNERAFERITTE.
BAIURESMNERNR, —RETFRFERB—FEIA,

EHETarjan R AR ESFETE

//7B: color N4E s Ja 4341
bool solve()

{
for (int i =0; 1 <2 * n; i++)
if ('dfn[i]) tarjan(i);
for (int i =0; i <2 *n; i+=2)
if (color[edge[i].id] == color[edge[i].anti])
return 0;
return 1;
}
= %]
{ACEE
EiEE
NFENZEELETANEICAR, EEMERR, RNORNEE, =FHOrEIaREE,

FERATRRRERE®R,
IS9P RIRE REZE A LML R H 2R A
A ERHSERE—EIREATRIE

BIRE: B nMRMmFE, BROGHMEE, E2TNKREERE  —MEe, WFEET crIf
fit, EETERE LBKTERE, REIRASH—FOHErE, UEEIR M c.

RERIIEETRE:

BB R RS
g R R O
&

; C) &%@%MEﬁﬁﬁé,m&ﬁQi/// .

o | o = 4
\ O\O
C) EHLAE, EEERTATRBNT A (:i::: -

B0
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BIRECEE
AR TR B3 AR SR AR5,

SFFAIRIEESR, STLAIEBNT R iR NERIT R pre;, suf;, EBHA
pre; — i, pre; — 1, suf; — i, suf; + 1, XEAFTEERR (1, i, EEE pre; 1BERD], EEE
I,

SFH_EARGE, BRI, ERGERER,
ZERmEE
ERIG. BEEDE. 2-SAT. MERFENCHEMF, WEBRNAT] O(n2) BE O(n3), FAATEEZ
[ESZREARIFTE, ERMCEERLIEARRIRERAIER MEHNEEDIE.,
STRFLA T PR -
s En u— [LrEa L] - (1Ll — (12, r2)iEs
o EBhRA:

XA FERIZERN, ATLUBXIER logn MEERMN LKAl SoiZiREERMEEHFRNS : SMAFIRIE
. YTAEEA—TXEREE, BOEINGN, XNEEEA—IMAXERGAEZIINaRA
&, ERILUENNKE] MTFAEN—MKEREHAURE, BOMNRREMEY, XARE—M\KETE
ZIHNAIATIASE, ATLAEHAXERA.

ATERIDR, FIMENEGRSA 1 FHE, RENEIRSM 4n TR, BYDREWSMN 8n Fie, BE
SrRRITFEE,

X85 XEEERR EEHER O(log®n) 81, SRR RU—SRIOEE, BRREEXS
Bk, AERNXEISEEEF—MUREN, SNIRENKEEEHEEIRS— TR, XERRE
O(logn) 598, BEREKHHE 10n £, SUBERE O(mlogn) K51,

Ky N AN

o LinXcefRAN:
BRIRB v — viEl, u— [I,r] &8, [I,r] - viEH, =MiEss.

XA EBRREERD, LUEARNIRSIEATRRS. RITSRARNKAENRE, S3rXEEE
XA [1, 7] B, BUERRMZERIXE, AERTAE,

HTREREEN, WTIFTRi, BEERESCNRKE, I TEXCRREFXE, BEeE
KA TRUREARSIAE, Fvis tric. HERENUER, DSETHRE dis; I0mAN, &R
BRI R, LMEHPERIA (5, k) BB w , A dis; + w BHEIXARITREY disy.

typedef pair<ll, int> pli;
struct edge { 11 v, w; };
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stack<int> st;

vector<edge> ¢g[N << 2];

11 dis[N << 2];

int node[N], Teaf[N << 2];

bool vis[N << 2];

void build(int k, int 1, int r)

{
if (1 = r)
{
node[1] = k;
Teaf[k] = 1; //ics&m—545 SR E
return;
}
int mid =1 + r >> 1;
build(k << 1, 1, mid);
build(k << 1 | 1, mid + 1, r);
}
//ERAD: op == OHAURMIERY, op == 1M FAESE N
void conPI(int k, int 1, int r, int x, int y, int u, 11 w, int op)
{
if X<=18&& r <=Yy)
return op ? g[k].pb({node[u], w}) : g[node[ul].pb({k, w});
intmid=1+r > 1;
if (x <= mid)
conPI(k << 1, 1, mid, x, y, u, w, op);
if (mid < y)
conPI(k << 1 | 1, mid + 1, r, x, y, u, w, op);
}
void upRange(int k) //Ia b %l
{
if (lvis[k])
st.push(k), vis[k] = true;
if (k == 1)
return;
upRange(k >> 1);
}
void downRange(int k) //In F#Zik
{
dis[k] = min(dis[k], dis[k >> 1]1);
if (lvis[k])
st.push(k), vis[k] = true;
if (leaf[k])
return;
downRange(k << 1);
downRange(k << 1 | 1);
}
void dijkstra(int s, int n)
{

memset(dis, Ox3f, sizeof dis);
dis[node[s]] = 0;
priority_queue<pli, vector<pli>, greater<pli>> pq;
pq.push({0, node[s]});
while (!pq.empty())
{
11 w = pg.top(Q).fi, u = pg.top().se;
pg.pop();
upRange (u) ;
downRange (u) ;



while (!st.empty())

{
int e = st.top();
st.popQ;
for (auto ed : g[el)
{
11 v = ed.v, w = ed.w;
if (dis[v] > dis[u]l + w)
{
dis[v] = dis[u] + w;
pg.push({dis[v], v});
3
}
}
}
3
EX$1 o] 3
EX:
o BEEFMENIGHF—IXRBTBAETRREIBEFRABALNEE (MFREMAIEER)
o BEIEYFMBELIEHF—RXRBITIEMMATR=AIEIEEFRIRKAE]
o EBRMIERIEFRARKKIE (Eulerian graph)
o BEARNIEIREAREBRUAIEEAIERR/IFEfIE (semi-Eulerian graph)
o BURIEIERERAIIRE, BAEEEA—E RIS
Fleurydi B3 E %

map<pii, int> vis;
stack<int> st;
vector<int> seq, g[N];
void dfs(int u)

{
sta.push(u);
for (int v : g[ul)
{
if (vis.find({minCu, v), max(u, v)}) != vis.end())
continue;
vis[{minCu, v), max(u, v)}] = 1;
dfs(v);
break;
}
}
void fleury(int r)
{

sta.push(r);
while (!sta.empty())
{
int u = sta.top(), to = 0;
sta.pop(Q);
for (int v : glul)
{
if (vis.find({minCu, v), max(u, v)}) != vis.end())
continue;
to = 1;
break;
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}
to ? dfs(u) : seq.pb(u);

PILEiT

PI4%&network

K48 (network) EfE—MFHAVEMEE G = (V,E), ES5—RERENARZLETEEEM
R,

* EFHIEHEA (u,v) BE—MIFRASTE (capacity) BIRE, 1IBfF c(u,v) « ZH (u,v) ¢ E
B, BILAMRRE c(u,v) =0
o VHEMMFIARIR: JRR (source) s FLCA (sink) t(s # t)

MFME G = (V,E), it (flow) B2—PNEE E BIEEEESSLHERNIRE, ERELUTS
.

1. BERH: WFe5K8, RE ﬁLE’J:ﬁET SHBITIZINBE, B0 < f(u,v) < c(u,v);
2. mriEtE: BRRCR, SR v BEREN 0. HA, TN u NEREN
( ) - ZzeV f(U, LE) o ZxGV f(mau)

XFWLE G = (V, E) fIELRIR f, FHAIENX fRIRE |f| B s WERE f(s). (EARTEM
MRS, XET t WERERIERE —f(t)

WL G = (V,E), R {S, T} RVEHS BSUT=VESNT=2) , BHE
seS,teT, WERIFR{S, T} EGH—s—tE (cut) . BATEN s — t 2 {S, T} WAE
ﬂﬂ HS7T|| - ZuGS ZvET C(u7 U)

DU

o RAMERA: K&K f

o H/NEIBIRR: K&/ ||S, T

o SNEEREAM: EMNE G = (V,E) £, XEFBLEE—INE w(u,v), FRAZER (cost) ,
BURBIREET (u, v) FFIEENRMN. XT?GFE’ET’QEE’\J%*%E, AR E PSRRI\
—ENENEBRKAR.

AR EIER

The Maxflow-Mincut Theorem:

R—EEBE, WTEEME G = (V,E), HESAR fAs/NE (S, T} REHE |f] = IS, T
XFEERMAB

RIS HISHNEE (BFEHRO0) FHERS, FAEINLREERFEENMANERFALESEIIN
RSTEM. ML, BAITLUASRSHRY  BMRSH i D 1 FBRRRFEARAEBIRE,

RIS : frvectorZEINBERT, SIREMIK, iR e(u,v) RIAXA e(v, u) # glv] PRI
=,

struct edge
{
int v, w, revid; // Jxlilid
e
vector<edge> g[N];
void build_graph()
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{
int m, u, v, w, idu, idv;
for (int i = 1; i <=m; ++1)

{
cin >> u >> v >> w;
idu = glu].size(), idv = g[v].size();
g[u].pb(edge{v, w, idv});
glv].pb(edge{u, 0, idu});

3

(]

B

BREZENESRELR:
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FS Dinic FF EK £2HR{HLPP ISAP

1 0.625s TLE 0.171s 0.125s 0.265s
2 0.562s TLE 0.156s 0.093s 0.265s
3 0.828s TLE 0.625s 0.093s 0.390s
4 0.578s TLE 0.312s 0.093s 0.328s
5 2.468s 24.000s 0.046s 0.078s 0.218s
6 5.5465 TLE 0.078s 0.140s 0.203s
7 5.218s 10.984s 0.109s 0.125s 0.328s
8 7.812s 49.953s 0.218s 0.109s 0.265s
9 1.281s TLE 0.375s 0.078s 0.375s

10 0.781s TLE 0.156s 0.062s 0.187s
1M 0.312s TLE 0.046s 0.093s 0.203s
12 0.875s TLE 2.703s 0.078s 0.328s
13 0.703s TLE 0.156s 0.156s 0.203s
14 0.500s TLE 0.328s 0.109s 0.218s
15 0.296s TLE 0.171s 0.109s 0.296s
16 0.562s TLE 0.234s 0.125s 0.296s
17 4.687s TLE 0.140s 0.093s 0.343s
18 2.921s TLE 0.031s 0.156s 0.296s
19 2.350s TLE 0.040s 0.078s 0.312s
20 4.656s TLE 0.078s 0.062s 0.390s
21 0.500s TLE 0.312s 0.093s 0.218s
22 1.000s TLE 0.203s 0.109s 0.234s
23 0.343s TLE 0.062s 0.156s 0.265s
24 1.015s TLE 0.281s 0.140s 0.328s
I5y=210) 46.428s 00 7.037s 2.553s 6.754s

Ford_Fulkerson
L AFNRFFEL L, FRdfsSCEl, EEIEEREEFF LA

FFEERIZOE T REFRSE SR EE.
FEREESINRBEE, FELNEN, ERAEE—FON0RIAL. MRERBNSERN, RFANE
MLEFENSE.
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RHRISRE O(ef) 6731_%( fleX—xléﬁﬁ’Jumo XEEARIE RIESERER O(

lu\l)lbi

) T 252

int s, t; // SEFS, tRZIN
bool vis[N];
struct edge
{
int v, w, revid; // &Iailid
5
vector<edge> g[N];
int dfs(int u = s, int flow = inf)

{
if (u == t)
return flow; // FAZ R, IRELX A B0
vis[u] = true;
for (int i = 0; i < glul.size(); ++i)
{
int v = glu][i].v, vol = g[ul[i]l.w, r = g[ul[i].revid, c;
// REIR SRR AR AR R T0. AU % sl A% TR DUk 228 0 G A Sz
// BB T AR ERANARES SRR E S MR/IME
if (vol > 0 && !vis[v] && (c = dfs(v, min(vol, flow))) != -1)
{
glul[i]l.w -= c;
glvllr]l.w += c;
// 3%k AT A R U 113 Y — P 8 5 1 7
// 2EENEATentE N1, HELRIUE R )k A IE W) AT
return c;
}
}
return -1; // TiEEIEL SN
}
inTine int Ford_Fulkerson()
{
int ans = 0, c;
while ((c = dfsQ) !'= -1)
{
memset(vis, 0, sizeof(vis));
ans += c;
}
return ans;
}

Edmonds_Karp
BiKmENT:

o WNERTE G EEAIATLIMN s & BFS Bl ¢, NIFA KRBT Ha0E 8.,

o WFIEEE p, FANTEH p SIAGLARIREEAIRIME A = ming, ), ¢f(u,v), EfilEp £
NBFLEINLE A RE, HEE(INRALEER A RE, SEAREMNT A,

o FAFAMEKTRE, FRLAFRAMERIFR G, HIEH G LEE Lidie, BEREIE BAE
7, WmEASEEm.

RHESZE O(ve?), Hh v HERTRSEL, elinE
BA%g BFS 1B HIRTRISERER O(|E|), B 28 #HNERZE O(|V||E|)

int s, t, vis[N], flow[N];
pii Tast[N];
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struct edge
{
int v, w, revid; // Jxliikid
B
vector<edge> g[N];
inTine bool bfs()

{
memset(vis, 0, sizeof(vis));
queue<int> q;
q.push(s);
vis[s] = 1;
flow[s] = 1inf;
while (!q.empty())
{
int u = q.frontQ);
a.popQ;
for (int i = 0; i < glul.size(); ++i)
{
int v = glu][i].v, vol = g[ul[i]l.w, r = g[u]l[i].revid;
/IR R AR R TOH ARV T (BrbllastffiFfE-1)
if (vol > 0 && !vis[v])
{
g.push(v);
vis[v] = 1;
flow[v] = min(flow[u], vol);
/ /BTG RTIEA R R JUAS s ki >k 1)
last[v].first = u;
VIATE =1 B S =V-Y I Sult ek 3]
last[v].second = 1i;
if(v == t)
return true;
3
}
}
return false;
}
inTine int EKQ
{

int maxflow = 0;
while (bfs(Q))

{
maxflow += flow[t];
/7 NI R B IR [ B e o 5
for (int i = t; i !=s; i = last[i].first)
{
auto &pre = g[last[i].first][last[i].second];
pre.w -= flow[t];
glil[pre.revid].w += flow[t];
3
}

return maxflow;



Dinic

BixREEa:
ESICIES RIS G M BFS O, HRIBER u BRMA s IR d(uv) BEROHETE. €8T uly
RERERE T —ENER v, B v AEHIFSHESEENIGR[RIIHEE, BAWR Gy ®TAYERD

NERE (Level Graph) , Féatitits, BAFR G = (V, Er) Gy = (V, Ey) NERE, HF
Ep ={(u,v) | (v,v) € Ey,d(u) +1=d(v)}

MRBEAVERRE G EHRE—NRARBETR fr, H5NXE G ERAATREKHEARANE AT, U
AR fr, B G BIPEZER (Blocking Flow)

EXEXEMBEERE, Dinic BiEATREINT,

1.7 G £ BFS HEXE G1
2.7 G Lt DFS HEER f
3. f, HEIRGHR f, BB f<— f+ 1
4. BEEL EISEBEEIARFEM s 2l t BUEER

ILERSRY f BIJ9ERAKTR.

fedfsth, WFENMER v, FI4EHP « WHDRFE—FEELESXHD, IR E, FOIFREERRY
XMEFAZEREEN, RXMEEA SR,

REISZHE O(v’e), B v HENTRAE, efnins)
ER%0 BFS B RAISZRER O(|V]), 1B BHHr LRE O(|V]|E])

int s, t, dep[N], cur[N];
struct edge
{

int v, w, revid; // &lailid
s
vector<edge> g[N];
inline bool bfs()

{
memset(dep, -1, sizeof dep);
queue<int> q;
g.push(s);
dep[s] = 0;
while (!q.empty())
{
int u = q.frontQ;
q.popQO;
for (int i = 0; 1 < glul.size(); ++i)
{
int v = glul[i].v;
if (depl[v] == -1 && g[ul[i].w)
{
dep[v] = dep[u] + 1;
g.push(v);
}
}
}
memset(cur, 0, sizeof(cur));
return (dep[t] !'= -1);
}
int dfs(int u, int Tim)
{

if (u ==t
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return lim;
for (int i = curful; i < glul.size(); ++i)

{
curful = 1; // Hnrift
int v = glul[i].v, c;
if (dep[v] == depl[u] + 1 && g[ul[i]l.w)
{
c = dfs(v, min(g[ul[i]l.w, Tim));
if (o)
{
glullil.w -= c;
glvl[g[ul[i].revid].w += c;
return c;
}
else
dep[v] = -1;
}
}
return 0;
}
inline int Dinic()
{
int maxflow = 0, flow;
while (bfsQ))
while (flow = dfs(s, inf))
maxflow += flow;
return maxflow;
}

fifehi: BRI, —RIMERIR. REERE: O(n'm)

int n, m, s, t; // S#IGHEES TS
struct edge
{
int u, v, c; // u->v,&EC
bE
int dis[N], cur[N];
vector<edge> e, edges;
vector<int> id[N];
bool bfs(Q)
{
memset(dis, Ox3f, sizeof dis);
queue<int> q;
q.push(s);
dis[s] = 0;
while (!q.empty())
{
int p = q.front(Q;
q.popQ);
for (int i : id[pl)
if (edges[i].c && dis[edges[i].v] == inf)
{
dis[edges[i].v] = dis[p] + 1;
g.push(edges[i].v);

3

return dis[t] != 1inf;



3
int dfs(int p, int a)

{
if (p==t || 'a)
return a;
int sf = 0, flw;
for (int & = cur[p]l; i < id[p]l.size(); ++i)
{
edge &E = edges[id[p][il];
if (dis[E.v] == dis[p] + 1 && (flw = dfs(E.v, min(a, E.c))))
{
E.c -= flw;
edges[id[p][i] A 1].c += flw;
a -= flw;
st += flw;
if (la)
break;
}
}
return sf;
}
int dinicQ
{
int res = 0;
while (bfs(Q))
{
memset(cur, 0, sizeof cur);
res += dfs(s, inf);
}
return res;
3
int Flexible()
{

sort(e.begin(), e.end(), [](edge &x, edge &y)
{ return x.c > y.c; });
int ans = 0;
for (int tp : {0, 1})
for (int p=1<<30, i =0; p; p>>=1, ans += dinicQ))
while (i < m && e[i].c >= p)

{
if (tp)
id[e[i].v].push_back(i * 2 + 1);
else
{
edges.pb({e[i].u, e[i]l.v, e[i]l.c});
edges.pb({e[i].v, e[i].u, 0});
id[e[i].u].pb(edges.size() - 2);
3
T++;
3

return ans;



ISAP

N—

ETgiE:
1. M ZsiE—igbfs, tReRE (NTAZRNEISIE? EESH)

2. \sEltigdfs, FDiniccl, REI— I RiEs/E, MR E— P REiTkadflowttizmAaIused
K (WFZRIERRGRERR, ZREZFRUGHEEERRT) , WEBEREM, WREM
e (ENFRERER) , EREE

3UNRBEIRBERE L, ESERIF2

int n, m, s, t, dep[N], gap[N];
struct edge
{
int v, w, revid; // kIaikid
bE
vector<edge> g[N];
// MBS A RIBIGEIR
void bfs()
{
memset(dep, -1, sizeof(dep));
memset(gap, 0, sizeof(gap));
dep[t] = 0;
gap[0] = 1;
queue<int> q;
g.push(t);
while (!q.empty())
{
int u = q.front();
q.popQ;
for (int i = 0; i < glul.size(); ++i)
{
int v = glul[i].v;
if (dep[v] !'= -1)
continue;
q.push(v);
dep[v] = dep[u] + 1;
gap[dep[v]]++;

3

return;
int dfs(int u, int flow)

if (u == t)
return flow;
int used = 0;
for (int i = 0; i < glul.size(Q); ++i)
{
int v = glul[i].v;
if (g[ul[i]l.w && dep[v] + 1 == dep[ul)

{
int ¢ = dfs(v, min(g[u]l[i].w, flow - used));
if (o)
{

glullil.w -= ¢;
glvl[g[ul[i].revid].w += c;
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used += c;
}
if (used == flow)
return used;
3
}
--gap[dep[ul];
if (gapldep[u]] == 0)
dep[s] = n + 1; // HBlKR, Likdiker

dep[ul++; /] JE++
gap[dep[u]J++; [/ JEECR AN B+
return used;

}

int ISAPQ)

{
int maxflow = 0;
bfs(Q;
while (dep[s] < n)

maxflow += dfs(s, inf);

return maxflow;

}

HLPP

IRESTRRIEHEE (XWHLPP) , ELERH O(n?/m)

1. BER R SRR IMYT R R ETR VBT,

23— R EFERNBER(CIES SR BRI T RS RERFR Y X

3. B RBRE AR AN AR AE — RERE BT R RS F AR (RHEXLS
o, BEHEEGR, —BEEXETLE. ATHIEXMERRRNEBAE, RSB NHBRI0LE
BE, FAAEETRENESRENEREHT.

4 EMIRE D —RNAPR NEZH, LEHETRTHOREE, IXEFERENBER, &
MNXzNARER I EXMERESX M T RIEE, LHERA T —MTRT, aEX
MRNBETRE, WEANIFRKMEEWRE,

BTXIVMES, AT LUGHLPPD AEANERD T

1.bfsTRAMETS B E (AL SEIDinicAY% Ebfs),

2.pushiSEFHTHEH LRSS B8R, RAOXBEHRIERRMN, g LR
B{7A9),

3.relabel EMGHREKIZS TS B E (AU SAPRTHE - BRZR 5 r B0 EERAHE BURE).,

4 HLPPEIFFER R KA.
¢——'j"’—"(:)~\\~\“i\~\\\ :::::::€>. -""i“‘——A"‘\\\“i‘-s\.
HLPP(1,4)
@ —H 3R @

1chiFEE:INF 5 5
2EE:0 6 THiRE:INF 6
C) 20 "

3hEE:0
3chiE:0

sama \|, w7 e T
2 © : — © z
\\~\\\‘~“‘-(:) --"""'€> \\\\~\‘~\\\h‘<:)

1HRFREINF 5 THRELINE
2rhifiE:3 6 2058 6
© s ©

ELF ]

4IRS0 AT
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T_ B RAEEF, AR5
RiE (BIMLECRIREREEIR) |

struct edge
{

int v, w, rid; // KkiZid
};
// q:B\F, H:&fE, Extra:
int ans, n, m, s,
vector<int> ¢, H, Extra, Heap[N],
Tist<int> Gap[N];
vector<edge> g[N];
vector<list<int>::iterator> Gpos;
inline void InitLabel()

cnt;
AT TR v P
vectorfiill
4 B o A7 + ) e

//
/7
//

RISEHEEARHR

BEA ST AIE, Set:.
t, max_H, now_H;

tEl\

AR AN

qu'L\L"QATP‘—)ﬂg )ﬁ, ﬁ'ﬁEE_}:_ | ,\\\E’Juwi#fk
Eéﬁﬁ ﬁﬂgiﬁﬁd&?&ﬁfa’ ' :E,‘“T— 11% E’J I)Ihi?t%mggﬂijcl)lbo

ZMSFHLPP ELIHE, =EMEE—

{
Gpos.resize(n + 1); // index:[1, n]
cnt.assign(n + 1, 0), cnt[0] = n - 1;
Extra.assign(n + 1, 0), Extra[s] = inf, Extra[t] = -inf;
g.clear(), qgq.resize(n + 1);
H.assign(n + 1, n + 1);
int1 =1, r = 1;
H[t] =
qalr++] = t; // AT GEEARD MRS
while (1 < r)
{
int fro = q[1++]; // HBUHPAE
for (auto k = g[fro].begin(); k != g[fro]l.end(); ++k)
if (H[k->v] == n + 1 & g[k->v][k->rid].w)
H[k->v] = H[fro] + 1, ++cnt[H[k->v]], qlr++] = k->v;
}
// HIs] =
for (int i = 0; 1 <= n; ++1)
if (H[i] <= n)
{
Gpos[i] = Gap[H[i]].insert(Gap[H[i]].begin(), 1i);
(Extral[i] > 0) ? Heap[H[i]].push_back(i) : void(Q);
3
max_H = now_H = H[q[r - 111; // ¥, &5 PoxE EmERK
}
inline void Push(int x, edge &e) // HMEH KFpushi®, IFFIRTTE?
{
int now_flow = min(Extral[x], e.w);
Extra[x] -= now_flow, e.w -= now_flow, Extral[e.v] += now_flow, g[e.Vv]

[e.rid].w += now_flow;

if (Extrale.v] > 0 && Extral[e.v] <= now_flow)
Heap[H[e.v]].push_back(e.v);

}

inTine void Relabel(int x)

{

int x_h = n, r = H[x];

for (auto k =
if (k->w > 0) // Wl LLji
{

if (H[k->v] == H[x] -
{

Push(x, *k);

if (leExtral[x])

D

g[x].begin(); k != g[x].end(); ++k)



return;

3
else
Xx_h = min(x_h, H[k->v] + 1);
3
if (ent[H[x]] <= 1)
{
for (int i = r; i1 <= max_H; Gap[il.clear(), ++i) // XA gapfiforiiELto(n)
75
for (auto k = Gap[i].begin(); k !'= Gap[i]l.end(); ++k)
cnt[H[*k]]--, H[*k] = n + 1;
max_H = r - 1; /*WiZLL LR 17/
return;
}

--cnt[r], Gpos[x] = Gap[r].erase(Gpos[x]);
H[x] = x_h;
[/ BEMBRZERAE, 2T AR Bk B e
if (x_h == n + 1)
return;
// HEEHT
++cnt[x_h], Gpos[x] = Gap[x_h].insert(Gap[x_h].begin(), x);
max_H = max(now_H = x_h, max_H), Heap[x_h].push_back(x);

}
inline int HLPP(Q)
{
InitLabel();
while (~now_H)
if (Heap[now_H].empty())
now_H--; // ‘i, SCHLHERROR
else
{
int bac = Heap[now_H].back();
Heap [now_H] .pop_back();
Relabel (bac);
3
return Extral[t] + inf;
}
BV
BNEIFEKE—NE (S, T) HEEINSE (S, T) &I\
KeAgES

NIRR s EREAT 01918, HEIFRE s RERRIA.

void dfs(int u)
{
vis[u] = 1;
forCauto nxt : g[ul)
if (!vis[nxt.v] && nxt.w) dfs(nxt.v);
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BE—INE G = (V,E), BFRORTETERS c(u,v), EE—TRARENZEA vy, v).
2 (u,v) UREA f(u,v) BT, TEREE f(u,v) x w(u,v) BEEHA.
w HEE BRI, B w(u,v) = —w(v,u),

Mz %sh e 2 B/ NI B A AAR 9 RMVEERIRKIR, BITERKM X, )i £(5, v) BIRTR F&R/
3 woyer f(u,v) x w(u,v),

SSP (Successive Shortest Path) ELEAR— 1M RADNEL. CHRKRESXSHBANZERR/E K
BHTIEr, BB EAREEE R,

INRE LFERMUZERARKE, SSP BT EIERKHIZMEHIR/NEREAR. WIRELERH
BIELHEE LRIRE.

HFER EK EiES, Dinic EiATHIE IANITRE, S AREIRE ZSHRUZERR/\GUES AP,
(ESCRt 2B bfsiapspfa)

EFEK
I ERNERFER KR
SKIBRAZERENR, ABBREWEE (SPFA/Dijkstra) Y &/IMLEER MUY BAWZER"RIAT:

o B{AIENT:

1.4 dist #aA -inf, IERYIEAIES O,
2. f£ SPFA |R, 1ZHeB&{H dist[e.v] < dist[u] + e.cost,
o XFHAHARLAMERADIjkstra

o HREMEPRYBIN (Z:A) 2883IER
IEFINZEBRAIE, RELNZERAR, BEEXREEELIERERNAEERL, REBIRE
EREZRRERAF.
BANREEMKPEIN T 5228, Dijkstra iAZ27.

o mAZEARASIHIE
"BRRERFRIESER, BREBIR B RRANNE . REFRIEPEREMETEERA (A2
TRERFNOFRIG ) |, Dijkstra ﬂLlFﬁ%?ﬁ%k%ﬁﬁﬂ%m

//ﬁL/JBI Nidiih o

int s, t;
struct edge
{

int v, cap, cost, revid;
B
vector<edge> g[N];
int dist[N], pre[N], preedge[N]; //fiE. Arokil. wys-d
bool ing[N];

void add_edge(int u, int v, int cap, int cost)

{
int idu = g[u].size(), idv = g[v].size();
glu].pb(edge{v, cap, cost, idv});
glv].pb(edge{u, 0, -cost, idu});

}

// SPFA R
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bool spfa(int n)
{
fill(dist, dist + n + 1, inf);
memset(ing, 0, sizeof(ing));
queue<int> q;
dist[s] = 0;
g.push(s);
inq[s] = true;
while (!q.empty())
{
int u = q.front(Q;
q.popQ);
inq[u] = false;
for (int i = 0; i < glul.size(); ++i)
{
edge &e = g[ul[il;
if (e.cap > 0 && dist[e.v] > dist[u] + e.cost)
{
dist[e.v] = dist[u] + e.cost;
pre[e.v] = u;
preedgel[e.v] = 1i;
if (ling[e.v])
{
g.push(e.v);
ingle.v] = true;

}
return dist[t] != 1inf;

// R FR R/N2R F
pair<int, int> minCostMaxFlow(int n)

{
int flow = 0, cost = 0;
while (spfa(n))
{
int f = inf;
for (int u=t; u!=s; u=preful)
{
f = min(f, g[prel[ul][preEdge[ul].cap);
[/ GBS, M EIX AR BT AR N R A R, RIS RIS R K
mE
}
for (int u=t; u!=s; u = preful)
{
edge &e = g[pre[u]][preEdgel[ul];
e.cap -= f;
g[ul[e.revid].cap += f;
cost += f * e.cost;
}
flow += f;
}

return {flow, cost};
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int p[N];/ /A s ST A
int find(int x)//&EIX 5SS AR B AT 4
{
if (p[x] !'= x) p[x] = Find(p[x1);//EAEgatii : a EHR R SUF , 512 LATE Rl E R
] AR A
return p[x];
}
void merge(int a, int b){ p[find(b)] = find(a); } //aSbii{fEE&HIt
[ /TEEE RN
void merge(int a, int b)

{
int fa[] = {find(a), find(b)};
siz[fa[0]] += siz[fa[l1l]l];
plfa[1]] = fa[0];
}
FRICIEAL
int pre[N]; / /AFREREANGE AT IR S
int rank[N]; / /R
void init(int n) / /IR R ET, KSR nANEE S HE T YR
{
for(int i = 0; i < n; i++){
pre[i] = 1; //BANGE SR B E
rank[i] = 1; /A SRR R A 1
}
}
int find(int x) //BGEERE: SERERRIESE, B xS E R R
R IS 1 v 2 R OK AR
{
if(pre[x] == x) return x; /AR O xB EEN x A S, BT xR

return pre[x] = find(pre[x]); //HAVSHLTRHKIME S rootx, A5
pre[x]=rootx

}
bool join(int x,int y)
{
x = find(x); /73 xmIRET
y = find(y); /73 yrETT
if(x == y) return false;
if(rank[x] > rank[y]) prelyl=x; J/nER xPEERT y, W4y Egh x
else / /&0
{
if(rank[x]==rank[y]) rank[yl++; //# xW=ER yr&EEME, W4 yrmEmnL
pre[x]=y; //ik xI BN y
}
return true; //iRE true, FoREIFI
}

MM HER
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iR
BARIFIFTETRA: HE—MERTHRENHRINFS.

=g
RSN T

2. BBIFFANERONA, BAST,

3 WSHEH—mu, BALH,

4. TTEHERs, FRETELLs ARSI,
5. EH2~-4, HISHZ,

int inde[N], n; //ANJERTS
vector<int> vex[N]; //4B:fitik
vector<int> toposort()
{
queue<int> qu;
vector<int> res;
for (int i = 1; i <= n; ++i) if (!inde[i]) qu.push(i), res.push_back(i);
while (!'qu.empty())
{
auto fro = qu.front(); qu.popQ;
for (auto it : vex[fro]) if (!(--inde[it])) qu.push(it),
res.push_back(it);
}
for (int i = 1; i1 <= n; ++i) if(inde[i]) { res.clear(); break; }
return res; //iR[EIfemptyR/ IF1EH
} /7GRN RS L

KIS EAOER]

o AOERIRIMERE:

(1) RAEEERARNEHRES, NZIRRRHERGIFMRISINEN A 8EF A,
(2) REEARRRSFNFrARIENESCEER, ZIRAT RISt A sERE.

o RPARIREFEREL: B4 (M=) NRR. RRRERE);
o RFXFENFEREL: B (8) NRE. RRREREZR.

struct node { int to, val; };
int inde[N], outde[N], ve[N], Vv1[N], n;
vector<node> gra[N], dgra[N]; // KE#<zRE
void AOE(Q) // BRNCE R THE
{
queue<int> qu, subqu;
for (int i = 1; i <= n; ++1)
if (linde[i])
{
qu.push(i);
vel[i] = 0;
3
while (!qu.empty())
{
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int fro = qu.front(); qu.pop();

for (auto it : gra[fro])
{
qu.push(it.to);
ve[it.to] =
3

}

// REBEERVT, Sk AR E]

memset(vl, 0x3f, sizeof(vl));

for (int 1 = 1; i1 <= n; ++1)
if (loutde[i])

max(ve[it.to], ve[fro] + it.val);

min(vl[it.to], vI[fro] - it.val);

{
subqu.push(i);
vl[i] = vel[il;
}
while (!subqu.empty())
{
int fro = subqu.front(); subqu.pop(Q);
for (auto it : dgra[frol)
{
subqu.push(it.to);
vi[it.to] =
3
}

RIE DAREAY ve. v1 B4, BATHTLUSHXRIBE ERYR, BB vi[il-velil=--e FUREXEEEZE LAR

TRIE ve FO vl, BT bfs RKKHEIRER

St

18R I

//ONVIGREA, FhrLl~n; 1en B a2 i A A0

sort(a +1, a+ 1+ n);

Ten = unique(a + 1, a + n + 1) - a - 1;//RHEHAEAREIN %L
Tower_bound(a + 1, a + len + 1, x) - a;//&WxEHUbE AN 4%, T hs W14

&R I
vectorhRzA
R a[N] = [1,10, 3,4, 8] become to : b[N]

vector<int>a, b;
b = a;//biali—/EIA
sort(a.begin(), a.end());
a.erase(unique(a.begin(), a.end()),
for (int 1 0; i < n; ++1)

b[i] = lower_bound(a.begin(), a.

1R I

#£8 o[N] = [1, 10, 3, 4, 8] become to : b[N]

struct Node {

=[1,5,2,3,4]

a.endQ)); //HFEEE

end(), b[i]) - a.begin(Q; //&#it, FhsMOFiH

=[1,5,2,3,4]
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int val, id;

bool operator<(const Node &A) const {
if(val == A.val) return id < A.id;
return val < A.val;

}
};
Node a[N];
void solve()
{
int n, cnt = 0;
cin >> n;
for (int i = 1; i <= n; i++) cin >> a[i].val, a[i].id = 1i;
sort(a + 1, a+ 1+ n);
// sort(a + 1, a + 1 + n, [](const Node &x, const Node &y) ->
// bool { return x.val < y.val; });
// EE
for (Gint i = 1; i <= n; i++)
{
if(i == 1 || a[i]l.val A a[i - 1].val) b[a[i].id] = ++cnt;
else bl[a[i].id] = b[a[i - 1].id];
}
}

XESH
B
SERE-TNE— N, SRS EHRcur,
B=HER:
1ELBIRAE: FBEREend <= Hgifend (FHAE, SHIIER2)
2. S4FIHERS : A4ER Estart <= 4§end JHEE431Tend

3.54EIMAER:: FBXiEend > HEillend FAIBXIEIAXEIT, result+1

RS T

ASAIEZE O(nlogn)
% oi] EERKASEOKG), Fli j) e MUSESR 2 j MIFISAE (DPEIRT)
Bltn: a¥UA: 3245681297, MF[L 0] %78 1 NGE, KEA 2 0- 1 (UBAME
FEBATTUSSNOBESY Fli. 0] T afi] (DPRWIAR)

RAEEREHIZ: 1B F[i. j] PSR (EA Fli. j] —E2@8ANE) , NiBli 20 — 18—
BR, i+ 21 B 2 — 1A (KEZHR )
EEStERL: STEMBHMER RETE, lESasaRRTESRmiSEEaLaLME
ASTESM#T. TESRMNEVET, TUNFEIREFRASHREHTSESHT, BRS
KE., B/ME. BANLE. SINNMEEL B, RASEB XN,

RFI:
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/RN mx[11[0] = a[i];
void RMQ(Cint num) //Ti4b#->0(nTogn)

{
for(int j = 1; j < 20; ++3)
for(int i = 1; i <= num; ++i)
if(i + (1 << j) - 1 <= num)
{
mx[i]1[j] = max(mx[i][j - 1], mx[i + (1 << (3 - IDI[] - 11D;
mi[il1[3] = min(mi[i]1[j - 11, mi[i + (1 << (G - DOI[] - 1D;
}
}
int getmin(int x, int y) //#&i
{
int k = 0;
while((1l << k + 1) <= (y - x + 1)) k++;
return min(mi[x][k], mily + 1 - (1 << K)1[k1); //Kmaxedotir
3
RFI:

/ /X A1 2A
int stmax[N][22], stmin[N][22], mn[N], a[N], n;
void init(Q)

{
mn[0] = -1;
for (int i = 1; i <= n; i++)
{
mn[i] = (G & (3 - 1)) =0) ? mn[i - 1] + 1 : mn[i - 1];
stmax[i][0] = stmin[i][0] = a[il;
}
for (int j = 1; j <= mn[n]; j++)
for (int i =1; i + (1 << 3j) -1 <=n; i++)
{
stmax[i1][j] = max(stmax[i][j - 1], stmax[i + (1 << (3 - I)DI[F -
11);
stmin[i][j] = min(stmin[i][j - 1], stmin[i + (1 << (3 - I))I1[F -
11);
}
3
inline int rmg_max(int L, int R)
{
int kK = mn[R - L + 1];
return max(stmax[L][k], stmax[R - (1 << k) + 1][k]);
3
inline int rmg_min(int L, int R)
{
int k = mn[R - L + 1];
return min(stmin[L][k], stmin[R - (1 << k) + 1][k]);
}

—iEaiR
1EERAERZ S nl° N nl ™ x nO7 BgtR,
ﬁfj\ﬁz n0.75 /I\ n0.75 X n0.5 ﬂ:l n0,5 X n0.75 E{Ji;&o

Bomn AN n’° x n’° [k,
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0.75

0.75 n0-5 < n0.5

MTEPREEOIER, ATHERS, FEEGHERARGIELN.
EEsER: O(vn)El, O(1)&iE

const int Bl = 5688, B2 = 316, Al = 25, A2 = 350, Ad = 18, N = 500005;
namespace blk2d

{
int n, Tk[A1][A1l], sk[A2][A2], hk[A2][Al], wk[Al][A2];
void ins(int u, int v)

{
for (int i =u / Bl + 1; i < Al; i++)
for (int j =v /Bl + 1; j < ALl; j++)
Tk[i103]++;
for (int i =u/B2+1; i< /BlL+1) *Ad; i++)
for (int j =v /Bl + 1; j < Al; j++)
hk[11[31++;
for (int i =u /Bl + 1; i < Al; i++4)
for (int j=v /B2+1; j< (v /BlL+ 1) *Ad; j++)
wk[11[31++;
for (int i =u/B2+1; i< @/BlL+ 1) *Ad; i++)
for (int j=v /B2+1; j< (v /BlL+ 1) *Ad; j++)
sk[i1[jI++;
}
void del(int u, int v)
{

for (int i =u /Bl + 1; i < Al; i++)
for (int j =v /Bl +1; j < Al; j++)



Tk[i1031--;
for (int i =u /B2 +1; i< (u/BL+ 1) * Ad; i++)
for (int j =v /Bl +1; j < Al; j++)
hk[i1[31--;
for (int i =u / Bl + 1; i < Al; i++)
for (int j=v /B2 +1; j< (v /BlL+ 1) *Ad; j++)
wk[i1[31--3
for (int i =u/B2+1; i< @/BL+ 1) *Ad; i++)
for (int j=v /B2+1; j<(v/BlL+ 1) * Ad; j++)

sk[i1[31--;
}
int getsum(int u, int v)
{

return 1k[u / B1][v / B1] + hk[u / B2][v / B1] + wk[u / B1][v / B2] +
sk[u / B2][v / B2];

}
void LooseBlock()
{
// TODO
J /s A X A X RN, y BB, B
JENTEA TR, WA &Y HACYE & T XA TR ALE
H%AHE HIXANIJCRFTE nA0.5xnA0. SEA E AN E
SR T LB RO I sqre(n) AT REATARII, 0 R B Bk /
}

3

using namespace blk2d;

HCrIERSA
AHiERH2BI

map<11, multiset<ll> *> tr;
void Lmerge() //#xJys/NRIIA mEIFERIN

{
if (tr.size() <= 1)
return;
if (tr.begin()->se->size() > next(tr.begin())->se->size())
swap(tr.begin()->se, next(tr.begin())->se);
auto to = next(tr.begin())->se;
for (auto it : *tr.begin()->se)
to->insert(it);
tr.erase(tr.begin());
}
void build()
{
for (int i = 1; i <= n; ++1)
{
cin >> x >> vy;
if (tr[x] == nullptr)
tr[x] = new multiset<l1>;
tr[x]->insert(y);
}
}

EFE<RAI
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Bif&map

template <typename K, typename V>
class Lmap
{
pubTic:
int hashmod;
vector<map<K, V>> kv;

Lmap() : hashmod(1572869) { kv.resize(1572869); }

Lmap(int _n) : hashmod(min(_n, 1572869)) { kv.resize(_n); }
Lmap(int _n, int _mod) : hashmod(_mod) { kv.resize(_n); }
~Lmap() { kv.clear(Q); }

inline int hash(const K &key)

{
return (int) ((1T1)key % hashmod * key % hashmod);
}
inTine void insert(const K &key, const V &val)
{
kv[hash(key)].insert({key, val});
}
inTine V query(const K &key)
{
return kv[hash(key)][key];
}
inline void modify(const K &key, const V &val)
{
kv[hash(key)][key] += val;
}
inTine bool find(const K &key)
{
int tmp = hash(key);
return kv[tmp].findCkey) != kv[tmp].end(Q);
}
inline bool find(const K &key, const Vv &val)
{
int tmp = hash(key);
return kv[tmp].find({key, val}) !'= kv[tmp].end(Q);
}

I8

=45

- =3
“HREFOLEER: BTEEIMIR (a. b, BRESO MR (2 HBErz<=a y<=0b,
JERPR BT * /

struct point

{
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int x, y, type; //(x, y)RHFR, type N0, NIRRT
bool operator<(const point &a) const
{
return x < a.x || (x == a.x & y < a.y);
}
i
vector<point> p, q; // phsf, qr&Eil
vector<int> TwoDimPO()

{
vector<int> res;
vector<point> Tist(p.size() + q.size());
sort(p.begin(), p.endQ);
sort(qg.begin(), gq.end());
merge(p.begin(), p.end(), g.begin(), q.end(), res.begin0);
for (auto it : 1ist)
{
if (it.type)
res.pb(ask(it.y));
else
add(it.y, 1);
}
}

XRREZHERIUT [BE—MKER n NEFS, SitE—E4ERNT (4, 5) NEE/HEI—3X
R (i,5) EE—LRMHERK] .

CDQ SiaRRIXRREIIREREN T :

1. HEXNFFIN PR mid;
2. BFrARX (5, 5) "9 70 3 2
< mid BIRAXT;
< i < mid,mid +1 <

cmid+1<i<nmid+1<;j<:

3.48 (1, n) RTFAIFREEFE AN FS (1, mid) 1 (mid + 1,n), WIS —SERMHISE =R EBE
XBIFEIZF;

&4, RTINS pa R
5. IZEAMEE S mNd,

AJLAEEI CDQ Fiaf BB MRS BT B RS AR K.

TESCRRR ARRT, AT
PR ER
MR FIERIR.

BER—EE solve(l,r) BHEI<i<rl<j<rfmY, EIREER
I solve(l,mid) 5 solve(mid,r) RLHRH. FTHBEXR[AWUFR

18
13

=4 {mF:

/*BEREH B * /
struct point3d

{
int a, b, c, w, cnt; //wid MR SN, entidsk 2 ui i E g R
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bool operator==(const point3d &x) const { return a == x.a & b == x.b && c
== X.C; };
3
bool cmpb(const point3d &x, const point3d &y) { return x.b < y.b || (x.b == y.b
&& x.c < y.c); };
bool cmpa(const point3d &x, const point3d &y) { return x.a <y.a || (x.a ==y.a
&& cmpb); };
point3d p[N];
void ¢bQ(int n)

{
sort(p + 1, p + 1 + n, cmpa); //BCNBCHMIFER, AHFEMHELE
tot = n;
[/ EERY, totFREFEFKE
for (int i = 1; i <= n; ++1)
tmp[i] = p[il;
for (int i =1, j =1; i <= n; ++i)
{
plil = tmp[j];
while (j <= n && p[i] == tmp[jl)
{
plil.w++;
J++;
3
if (3 ==n+ 1)
{
tot = 1;
break;
}
}
function<void(int, int)> subcQD = [&subcQD](int 1, int r) -> void
{
if (1 =r)
return;
int mid = (1 + r) > 1;
subcqQb (1, mid);
subcQp(mid + 1, r);
sort(p + 1, p + mid + 1, cmpb); //% —4iHiy
sort(p + mid + 1, p + r + 1, cmpb);
inti=1, j=mid+ 1;
while (j <= r)
{
while (p[i]l.b <= p[j]l.b && i <= mid)
add(p[i].c, p[i]l.w), j++;
pl[jl.cnt += ask(p[jl.c);
J++;
}
for (int i =1; 1 < 3j; i++)
add(p[il.c, -p[i]l.w);
};
subcQD(1, tot);
}

RI\Ei&

int pos[N], len; // ¥, HHRmKAE
int n, m; // nAEdE, mAN
int ans[N]; // B A A
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int a[N]; // B

int res; // HETER
struct query// HXE[T, r]
{
int 1, r, did;  // KIS, A, 5L
} alNI;
void init(Q) // 4
{

len = sqrt(n);
for (int i = 1; i <= n; i++)
pos[i] = (i + 1len - 1) / Ten;

}
bool cmp(const query &a, const query &b)
{
if (pos[a.1] != pos[b.11) // ZiwmiAER—HN, %750 m i P T
return pos[a.1l] < pos[b.1];
// s AT R A g
if (pos[a.1] % 2)
return a.r < b.r; // KimmiaOna T, A NN BIRHE T
return a.r > b.r; [/ EES, A AR BN
}
inline void add(int val) // W®HEBINEAE GRS E)
{
if(cnt[val] == 0) ++res;
cntval]++;
}
inline void del(int val) // ®HUSLBAIEERNE GEIRIE IS E)
{
cnt[val]l--;
if(cnt[val] == 0) --res;
3
void moqueue()
{
int 1 =1, r =0, now = 0; // Hui/Zkus, Aumsl, AKBEHT T JLIRIE
sort(q + 1, g + 1 + m, cmp);
for (int i =1; 1 <= m; i++)
{
// HRSERAERAE
while (1 > q[i].1) add(a[--11);
while (r < q[i].r) add(a[++r]);
while (1 < q[i].1) delCal[T++]1);
while (r > q[i].r) del(alr--1);
ans[q[i].id] = res; // id3&%
}
}
BIERERA

BRIREIREARIDRANZ b

o XIFE. GHAER—MRIMGEE, FIUE O(b) BRI

o XITEIEE, EREATHERRANINE, TINEEaRERg, B e
£ 0(n), MAEHSEREENHETRED b, ENE 2 MR, FILSERER O(mb+ %), B
b= L Bif, BESRER O(ny/m).

const int N = 1le5 + 20, M = 1020;
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int n, m, sqn, T, raw[N], val[N], t, cnt[N], cnt_[N];
int belo[N], L[M], R[M];

Tong Tong ans[N], Max, a[N];

struct query

{
int 1, r, 1id;
} alN];
inTine void discrete(void)
{
copy(a+ 1, a+1+n, raw + 1);
sort(raw + 1, raw + t + 1);
t = unique(raw + 1, raw + t + 1) - (raw + 1);
for (int i = 1; i <= n; i++)
val[i] = lower_bound(raw + 1, raw + t + 1, a[i]l) - raw;
}
inTine void setblocks(void)
{
sgn = sqrt(n), T = n / sqgn;
for (int i = 1; 1 <= T; i++)
{
if (i * sgn > n)
break;
L[i] = (G - 1) * sgn + 1;
R[i] = 1 * sqgn;
}
if (R[T] < n)
T++, L[T] = R[T - 1] + 1, R[T] = n;
for (int i = 1; i <= T; i++)
for (int j = L[i]; j <= R[i]; j++)
belo[j] = i;
3
inline bool compare(query pl, query p2)
{
if (belo[pl.1] A belo[p2.1]1)
return belo[pl.1] < belo[p2.1];
else
return pl.r < p2.r;
}
// s
inline void insert(int p, long long &Maxval)
{
cntlval[p]]l++;
Maxval = max(Maxval, 1LL * cnt[val[p]] * al[pl);
}
// s
inline void resume(int p)
{
cntlval[pll--;
}
inline void CaptainMo(void)
{

sort(q + 1, g + m + 1, compare);

int 1 =1, r = 0, lastblock = 0;

for (int i =1; i <= m; i++)

{
// AEERIE—H i) A
if (belo[q[i].1] == belo[q[i]l.rl)
{



}

for (int j = q[i].1; j <= ql[il.r; j++)
cnt_[val[j]]++;

Tong Tong temp = 0;

for (int j = q[i].1; j <= ql[il.r; j++)

temp = max(temp, 1LL * cnt_[val[j]] *

for (int j = q[i].1; j <= ql[il.r; j++)
cnt_[val[j]]--;
ans[q[i].id] = temp;
continue;
}
// WEBHR] TN, B A g R
if (Tastblock A belo[q[i].1])

{
while (r > R[belo[q[i].111)
resume(r--);
while (1 < R[belo[q[i].1]1]1 + 1)
resume(1++) ;
Max = 0, lastblock = belo[q[i].1];
}

// SRS B A v

while (r < q[i]l.r)
insert(++r, Max);

// BBl v el i)

Tong Tong temp = Max;

int 1_ = 1;

while (1_ > q[i].1)
insert(--1_, temp);

// &

while (1_ < 1)
resume(l_++);

ans[q[i].id] = temp;

void work()

{

discrete();
setblocks();
CaptainMo();

EFe

SGEFE]

aljil);
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SRR —TALIESGRMERIER R =R RS

(1) BEREAZCRA

(2) WASTEHTREANPAERNRT, BRF, RFErl ISR S EIR P it —f

(3) TR MR E, SENRMEEARIAFRTEENES, MSRFEETX

MEOHETE, SMAMFEEREAILEE-mROLk, BREECINMEHEGRTERISHES RO, M5BT, X
R PTLR FES GERECRAR A I,

I A B PR TR RO TR -

(2) BILAHT— RIS FEIA AR s E RS
(3) MUBAIMTAR HEEERBARE AR
THASGEEIRIS S ME— Fmexedll, Forne/ MINE T MESHIIFREELT, hiimex{0,1,3,4)=2,mex{1, 2, 3}=0;

fHE— eI AFSGRREE R RIERER e LAUMS A — NME MIERRE, SGHREERTAXEmERRRMHEHEIEN. (SG(x)=0{zEx
AR, SG (x) I=0FRxCAREE)

HFEEFEANTHREERE, EXSG (x) =mex{SG(y) | yRxRIF4E}

BEZMER ERERNSGE—ERL, WT—MGHESGX)=0,MSTxHEEEH (ST — /R ErRARNAZ) y—EBSG (y) =02
B, STF—PBESGX)! =0, TFxIFraEHkyIIESG (y) ==0,

TREASGERIEN :

WSG (x) =kAT, FIAXFTHHI—P0<=i<k FEFEER—NaibyimESGly)=i,

THEEHERBEICHEEGL:

BRI SRR =R SRS MR FRE, eSS/ TR THSGE, BEREMEFIENSCENRE

SFAAEHESIA —MNEE S, TLIBRA SG(1) @ SG(2) # 1 B3Rk

int f[N], sg[N], vis[N];

//f L1l n] LT RI3RAE (HtnBGE 2 A 6A 1)
//sg[ 1K BMARA M sgld
//vis[x]HFArc b It i x i 4% 1 s gl
void SG(int n)

{
memset(sg, 0, sizeof sg); //0R&ZIRE (LMD , Frblsg[0]—E N0
for(int i = 1; i <= n; ++1)
{
memset(vis, 0, sizeof vis);
/ /T L3 1R 34T — URAE 7T LARA PIRES
for(int j = 1; f[j] <= i; ++j) vis[sgl[f[jl]] = 1;
//Kmex
for(int j = 0; vis[jl; ++3)
sglil = j + 1;
/[ BAbE ik
//for(sgli]l = 0; vis[sg[ill; ++sg[il);
}
}
Multi-SG

o Multi-SG iiFMHE, FERSHINRURIBIRT, —MEBE—FXkRY B FTLUN S0 E—iik
o Multi-SGEAHINI-SSGizHARE.

ITREXEED TR B 5 S8
MNTF—PMREHKIR, FRIDTGESES I ARNGEY, ME—NESPIERES MRAY
—MNEHIRSHISGERN ARSI A R EF
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IZIRSHISGERIARHRSHISGEFREIIAI&/IME

MEXF£%

mex(S)EX: EASHRISEHIMITHERE.

KlEmex: #EEAR D4R

SRR

S 1,4 FF—EERERRS, SERW EHFBaRRX MEHINSAZRE I NE

HAt T PR AN K ERIVE, BANT—ER 1, r], BiIRE rilr] XIgm e, mekx
I FHRIESR/IMELL LR/, RB—EEESEERE (I, 7] RN,

const int Tim = le6 + 1; //iRIEEdEE ke

int n, q, a[N];

int 1s[N << 5], rs[N << 5], mi[N << 5], root[N << 5], 1id;

void update(int &rt, int pre, int 1, int r, int index, int val)

{

rt = ++id;

Is[rt] = 1s[prel], rs[rt] = rs[prel;
it (1 ==r)

{

mi[rt] = val;

return;
}
intmid =1+ r > 1;
if (index <= mid)

update(1s[rt], 1s[prel, 1, mid, index, val);
else

update(rs[rt], rs[pre], mid + 1, r, index, val);
if (mi[1s[rt]] && mi[rs[rtl])

milrt] = min(mi[1s[rt]l], milrs[rt]l]);

}
int ask(int &rt, int 1, int r, int L)
{
it (1 ==r)
return 1;
intmid=1+r > 1;
if (mi[1s[rt]] < L)
return ask(1s[rt], 1, mid, L);
else
return ask(rs[rt], mid + 1, r, L);
}
int solve()
{

cin >> n;

for (int i =1; i <= n; i++)
cin >> a[i]l;

for (int i = 1; i1 <= n; i++)
update(root[i], root[i - 1], 0, 1im, a[i], i);

int q;

cin >> q;

while (gq--)

{
int 1, r;
cin >> 1 >> r;


af://n4243

cout << ask(root[r], O, 1im, 1) << endl;

NIM

FEtRinFE AR :
BnifaF, HEDHIEE e, a) BT RERRELTF, BANEE—HHEEERHEENAF S2RE— A FRIIRZERE.

A MR RS E, B EREE

(TBXZRIE T F— T EHFE+HIP-positionfIN-position)

EE:

FEa@a,dazd...da,! =0NI5EFEE, IHATEN-position

Ha @aybazd...da==0NFcF LB 2EFHE, LtETEP-position

B TS AT RS0 FSE

JERR:
1. RIERZERMEEHEN0, F Ve, FLEIIFEEAIEEREIREIXE,
2. NRBHVESAA, WE—HEFHIAN (FRAERLSEI()

3. 1A TEL AR F, Bt FEERFANE X, BEEFNEAK, T A1 xor x=k, IBA1ZERLAT xor K,
ABARFEITAINE (A1 xor k) xor x=0,

FAMEIF:11001 xor 11100=101, WFE (11001 xor 101) xor 11100=0
4 MFEMENFHAEELEA0T (FAREER) |, PBATAERSEFNEALE 0
5.4, FAMRIES 415 MRKFRIAAN0, JLUA—PILEFHNRRAREA0; MRAFFE
A0, BRARFSFAFAII0
K-NIM
K-NIM: 8REJLAERE 1 ~ kT, EEEENETFHE, SR FEER

HFig: &g KIS o, BTHEIFRTR, R si Txar ~ ap PTHFITE 4 1 AIDEL,
si = si'(modk + 1), ERTERY si" #8790, WX MREAGHCRES, BUAGIHRE,

UERR: BT RZREEEEE kK AT, AL TERE—PTHEIN, 1 BMEESBE K
NBRFLDEDY k1 FUEBEE, FRLASGEEZ [RWUARATREDR k1 RUBBENS
HE P RS T—IRIBERIEROARE N RS

ANTI-NIM

EX
ERAMUSNIMEL, RESEEATHGENALL

&ie

ST BRI
©: FERIETE-1, BEEE.
EVE—METE1, BETHRIRO,
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VEBA

—. LFREHNEFEIS R
(1) : BFREFA()=0, EIEBELUE. HATEREFHRE.
(2) : t#0, EDETEUE. HATEASKFLML,
=, 45— HNEFEC1, B0
(1) : BEEFHEET, WHE-1MERNE1MaF, LREEEA—. (2) |, SFUE.
(2) : REELERT, WIHE>-103MHEGE, RESEA—. (2) SF0.
. LEFEHR LR TS 18T
(1) : t=0, BPAFTREREALALA TR FIRE:
@: EOFHERLENGaFE>18t20, BlEER=. (2) .
@: EP—HRTH>1, BTAHIERE,
(2) : t#0, TREENIMBFILANIERR, AILMSRISE—MAERLA=. (1) K&
ME=FNEH, =. (2) gB=. (1) PAXE, MUEMREHHER=. (2) TUMS. FILAS=. (2) IEFLE.
S F, FrEHNATEIY=1Bt=0E I E—MENATE> 1 B0, SFUM,

FiENIM

FrEBEENIM

EX: G, S8TWELHREET I AT, WOkREE, BXULUSETD (REEN0) &7
B, Fecka) (BRRTERIGFEMEmE) r—75 0%,

O

BT LSRR ERRBHEITIEHS, EREBREERSET, BRURNSRF, 251106
FEFHE, FNRAFENSBRASHENGFEETBHENEHE, TLURESRSTHE
HHEFTHERERT, ABHENGTEBTT, BALHER (B—EHliaF, A7F
EREIHRAR)
MTEHHENAFNS, BTHERNIEHE, HMNUTUBFERCEFEE (BHEET
AN ARG Z RIS TBEHERSIIRN) |, BBARMENTINIMTENTHENE T,
HITNIMIEZE, HIETUREESHENGFHEx, BABESYHSHNEENEREEHE
BET, UHELENEE
Fie: AFRELH, RENFHENGF MR TNmER, BHSERRNE, FIF0, KFK
RE.

REMEENIM

BIEE: B N #a7F, BRTHE—H, SHEaFMEESAOTI—HNET . BARREFS
KRN FHREIESAT, ERERIERFRNAREIRNNFBERER T
TR, [P FEEH.

AL AMEENIM: iR ali] T8 | WETFHNK, cli) Fx ali] — ali — 1 WERIISHATUENA

FEEDA cli], HEAWESE i 2T = MF, cli] BRT cli] — =, cli + 1] BRKT cli +1] +z,

EATFRANCEHEPT2NETERIT i + 1 1, BUARENMNESNImIEE.
Fibonacci-NIM

B n a7+, WLEERE 7 TN T
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Mirko 5EBY—)X, Slavko BER—IR, #AfE Mirko BEl—IR, RMAREGTF, LA,
Mirko TESE—XEAFI A LREERSA,;

,,,,, R EERIEE LR

i
7.|
8
>T
i
&
i
=
i
>
o
Y
&
&
&
i
T
S5
=
ray
s
i
“r
N
o
IS

AARTEIZ LRISRIIATFHE.
BERE—RAEFRITSIRL.

W EBLARIRISEN G
0 MR n HIERFPLREL, NFAFLM.

UEBR: Z585F8E K (Zeckendorf) TEHE,

Alpha-BetaBits;

Alpha-BetaBiixEiZR—MEANEE, TRMRE—EHREIRME, BEEARENIEREE— 2
BEATRIUARRIR.

“alpha"FR~ZRIT RATHEEARIERIR/IME, "beta"FTmHRIT RFTREBRIEAIRKIE,

FEITIR, XNMEZERERTIAZTNEZE. BIKR, GFEEEvalREPiRE=SpIBEENT
HEHES. MTFarEREESECEIEOIIBER, NEREIEL, MmdTFaEBENFEIESHIIE
i, ROREIRE,

int Eval(Q{ /* ToDO valuation(fiff) */ }
int MakeMove(){ /* TODO IuZxifE */ }

int UnmakeMove(){ /* TODO H&s#{E */ }
template <typename T> // TODO #:{F3S
vector<T> moves;

int Search(int depth, int alpha, int beta)

{
if (depth == 0)
return Eval();
int best = -inf;
for (int i = 0; i < moves.size(); i++)
{
MakeMove (moves[i]);
int score = -Search(depth - 1, -beta, -alpha);
UnmakeMove (moves[i]);
best = max(best, score);
alpha = max(alpha, score);
if (alpha >= beta)
break;
}
return best;
}

//alpha = -inf, beta = inf;

£ EEAMCISH, FAMERBENAIEZMETER. A8 —BEERT, HITREISHERR
ERGESAERANRE, MRE, BERERRSFIREAGE.

BN, BAWERATRIET, ME8NEFHITEN, FtEHENNASH. EERIEED, &
IR T Alpha-BetaBii%HIE1E,

F3
PRI
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Hash = Z base™ a;

=1
BFFTERER L, FR—DREFREH
0 < ai < base <mod, gcd(base, mod) ==1;
HRNBRENEFEINFRIERY aiilg/si - 'a’ + 1
IXLPRBIER R T iR s aT sett
basem LABY1315;13331, #1358/
AEARATLABY 2/64(BIull BARH), RASEFE
REEIFRAAREE, FJLAE1e9+9
BEEANUEENMERAR MES S — N FREITTERERSRE, REFERIREE, XALMEETEE
I REIFELERR
SR LA IARIERE S5
BRIRE— S = s152835485 HIFRTER, HRIBEN, IREVHE Hash{BAIH (FASEBREMOD, J51RIER) -
hash|[0] =0
hash[l] = s;
hash[2] = s; * Base + s2
hash[3] = s, * Base® + 52 x Base + s3
hash[4] = s, * Base® + 52 x Base® + s3 x Base + 54

hash[5] = s, * Base! + 52 x Base® + s x Base? + s, x Base + s5

typedef unsigned long long ull;
const int N=1le6+1;

const ull base=131;

const ull mod=1e9+9;

ull has[N], power[N];

void init(Q)

{
power[0] = 1;
for (int i = 1; i < N; ++1)
power[i] = power[i - 1] * base % mod;
}
void Hash(string s)
{
s=""4+s;
int Ten = s.length(Q);
has[0] = 0;
for (int i = 1; i <= Ten; ++1)
has[i] = (has[i - 1] * base + s[i] - '"a' + 1) % mod;
}

ull getSectionHash(int 1, int r) {return (has[r] + mod - has[1-1] * power[r-T+1]
% mod)%mod; }

Hasht&5Z%4
Ry :

1. FIRPHIG N EFE R SEL
2. BN EFEH/NTRI— N RS
3. BN HFE R A BB RIRARI2892/K 5
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TBR(DEC)

32 (245)

64 (276)

128 (2A7)

256 (2/8)

512 (279)

1,024 (270)

2,048 (2A11)

4,096 (2712)

8,192 (2713)
16,384 (2714)
32,768 (2A15)
65,536 (2716)
131,072 (2M7)
262,144 (2718)
524,288 (2719)
1,048,576 (2/20)
2,097,152 (2A21)
4,194,304 (2/22)
8,388,608 (223)
16,777,216 (2724)
33,554,432 (2/25)
67,108,864 (2/26)
134,217,728 (227)
268,435,456 (2/28)
536,870,912 (2A29)

1,073,741,824 (2°30)

FIEhOI S &R

[FIa7Efreversel3 & E—FE

LPFR(DEC)

64 (2°6)

128 (2A7)

256 (2/8)

512 (2A9)

1,024 (2710)

2,048 (2711)

4,096 (2712)

8,192 (2713)
16,384 (2714)
32,768 (2A15)
65,536 (2A16)
131,072 (2M7)
262,144 (2718)
524,288 (2719)
1,0485,76 (2/20)
2,097,152 (2A21)
4,194,304 (2/22)
8,388,608 (2/23)
16,777,216 (2/24)
33,554,432 (2/25)
67,108,864 (2/26)
134,217,728 (2/27)
268,435,456 (2A28)
536,870,912 (2A29)
1,073,741,824 (2A30)

2,147,483,648 (2°31)

XEHIHRZE(%)
10

1

B3 (DEC)
53

97

193

389

769

1543

3079

6151
12289
24593
49157
98317
196613
393241
786433
1572869
3145739
6291469
12582917
25165843
50331653
100663319
201326611
402653189
805306457

1610612741
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ull rev[N];
void Hash(string s)

{
has[0]=0;
rev[0]=0;
for(int i=l;i<=len;++i)
{
has[i]=(has[i-1]*base+s[i]-"a'+1)%mod;
rev[i]=(rev[i-1]*base+s[len+1-i]-"a'+1)%mod;
}
}

ull getRevSectionHash(int 1,int r) { return (rev[n-1+1]+mod-has[n-r]*power[r-
1+1]%mod)%mod; }

KMP
EHESEZRE O(n + m)
n AEEKE, m AFEKE

pmt FARENS N RERIFFHZRNFFFERETS, BEAKERNHERRES. FnnR
pmt[j] = k, & j ZBINFREPERARKEN k FERBISEE.

char txt[N], str[N]; //0-Index,txt} & ,str1 &
int pmt[N]; //P[0]~P[i] FfHmigiffiborderk/iE
void getpmt()

{
int len = strlen(str);
pmt[0] = 0;
for(int i =1, j = 0; i < len; ++i)
{
while(j && str[i] != str[j]l) j = pmt[j - 1];
if(str[i] == str[jl) ++j;
pmt[i] = j;
}
3
void KMP()
{
int lenl = strlen(txt), len2 = strlen(str);
for(int i = 0, j = 0; i < Tenl; ++1i)
{
while(j && txt[i] != str[j]l) j = pmt[j - 11;
if(txt[i] == str[jl) ++j;
if(j == len2)
{
//RVEEILER j = pmt[j - 1];
j=0; //ARVELILKE
cout << i - len2 + 1 << "\n";
}
}
}
ShiEManacher

EHESEZE O(n)
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SIFFEFFFEALIE, manacherRBNRIEBEFRISHERNG L, FEEEFEMiGESIIARRRZE
%, BLEER, trin=E abbecbba”, IS ESEL “@#a#tb#b#cH#c#bitbH#a# ",

BB FRE S, S[...r|R8 SHKEA [I,7] B9FH, FHAIMA d[i] RRLE « MFFAHORIE]
SR,

RF I

int Manacher(string &s)

{
vector<int> d(s.size() * 2 + 3);
string str("@");
for (char ch : s)
str += "#", str += ch;
str += "#3$";
// BATHmid, rkded st 15
// lensd KBS+ 5 K
int r = 0, n = (int)str.size() - 1, Ten = 0, mid = 0;
for (int i = 1; i < n; ++1)
{
// FWr R B B S XA A
if (A <=1r)
d[i] = min(d[(mid << 1) - i], r - i + 1);
else
dli] = 1;
// ey EiERd ]
while (str[i + d[i]] == str[i - d[i]])
++d[i];
if (i + d[i] - 1> r) // EHEckbor
mid =i, r =1 + d[i] - 1;
len = max(len, d[il - 1); // HEHFRKESCTHRKE
}
return len;
}
I
char ma[Mm]; // BRI AT
int p[M]; // VAR OERKESCKE=p[i]-1
int manacher(string a) // RsHymtl 1K
{
int 1 = 0;
mall++] = '$'; // HHikrib@tR
ma[l++] = "#';
for (int i = 0; 1 < a.size(Q); i++)
{
mal[1++] = al[i];
ma[l++] = "#'; // ddk&iR
}

ma[1] = 0; // #HA LR, i 1=2*a.size()+2
int res = 0;
for (int i =0, mx =0, id = 0; i < 1; ++i) // VABBHRTAT R BEA SUAEARXSFR AL
{
p[i]l = (mx > i) ? min(p[2 * id - i1, mx - i) : 1; // FescA alSCH A b s DAY
while (ma[i + p[i]] == ma[i - p[il])
plil++; // FREET R
if GG+ pli]l > mx)



mx = i + pl[il; // SEHEA R SCA R
id = i; [/ BEHRFRATL

}
res = max(res, p[i] - 1); // BEHRKECTHKE
}

return res;

HEF
S

bool cmpy(const int a, const int b) { return a < b; }
void slv(const int *1, const int *r)

{

int *t =1+ (r - 1) / 2;

if (r - 1 <= 1) return;

siv(l, t), slv(t, r), inplace_merge(l, t, r, cmpy);
3

ARIn
it

template<typename T>inline void read(T &x){
char c = getchar();x = 0;
for(;!isdigit(c);c = getchar());
for(;isdigit(c);c = getchar()) x = ((x<<3)+(x<<1)+(cA48));

}

/B

inline int Read()

{
int x=0, f=1; char c=getchar();
while(c>'9"||c<'0") {if(c=="-") f=-1;c=getchar();}
whiTe(c>="'0'&&c<="9") {x=x*10+c-'0"; c=getchar();}
return x*f;

}

inline void out(int x)

{
if(x>=10) out(x/10);
putchar(x%10+'0");

}

_int 128 @A

/ /N

__intl28 write_intl128()

{
__intl28 ans = 0, f = 1;
char c¢ = getchar(Q);
while (!isdigit(c))
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if (c = "'-") f=-1;
c = getchar();
}
while (isdigit(c))
{
ans = ans * 10 + c - '0';
c = getchar(Q);
}
return ans * f;
}
/ /it
void print_int128(_intl128 x)
{
if (x < 0) x = -x, putchar('-");
if (x > 9) print_intl28(x / 10);
putchar(x % 10 + '0");
}

rn e
-1 uzlfi

stringstream s;
s << fixed << setprecision(0) << pow(2, n);
string str = s.str();

ToString

template <typename T>
std::string to_string_with_precision(const T a_value, const int n = 6)
{

int nn=n;

std::ostringstream out;

out << std::fixed << std::setprecision(nn) << a_value;

return out.str(Q);

BUSHF

/ /R E
int pre[N], a[N];
for(int i = 1; i <= n; ++1i) pre[i] = pre[i - 1] + a[i];
/ /X A& B8 5 v
int pre[N], a[N];
struct range{ int 1, r, v; }p[M™M];
for(int i = 1; i <= m; ++i) //#w5 XA
alpl[il.1] += p[il.v, alpl[il.r + 1] -= p[i].v;
for(int i = 1; i <= n; ++1i) pre[i] = pre[i - 1] + a[i];
//X e set 5, RAICRIEH
set<int>s;
vector<int>Vv[N];
for(int i = 1; i <= m; ++i)
v[1].push_back(i), v[r + 1].push_back(-1i);
for(int i = 1; i <= n; ++1)
for(int j : v[il)


af://n4474
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if(j > 0) s.insert(j);
else s.erase(-j);
/TR I INAE X

R AERISFI
IR RN R

SIFATERI0 <i <27, KEEY ., a;

[/ THE->HE
for(int j = 0; j < n; ++3)
for(Cint i = 0; i <1 << n; ++i)
if(i >> j & 1) f[i] += f[i A (A << DI
//HE->THE
for(int j = 0; j < n; ++j)
for(int i = 0; i < 1 << nj; ++1)
iG> § & 1)) fLi] += [T | (1 << §)]1;

-
BH— S
E¥RE

while (1T < r)
{
int mid =1 + r + 1 >> 1;//A RBCEEE G 58 T =mi dEABIEMER, XA [T, r] 8% 55
[T,mid-1]#1[mid,r]
if (check(mid)) 1 = mid;//midfEL, MIAFAEA N, midif 2 , WS gEfEmid
else r = mid - 1;//midfE4 s, WD ARAEL 2, midAN 2, LA R Z fEmid-1
Y/ /M T=r AR fE Ny o 45

B¥NE

while (1 < r)

{
int mid = 1 + r >> 1;//XELT, r]#R4 & 0T, mid] A [mid+1, r]
if (check(mid)) r = mid;//midfEA, ML ARAEE 2, midiFd , AT gErEmid
else 1T = mid + 1;//midfEL ¥, MEDRAEAF, mid AL, DA ZEDAEMId+1

Y/ /B 1 =r AT — R A A5 R

FRE"H

const db eps = le-8;//f&/HLESR G PIfL
while (r - 1 > eps)//BfEH—E XkE& L
{

db mid = (1 + r) / 2;

if (check(mid)) r = mid;

else T = mid;
Y/ /W e AT —H# R o 2
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=5

while (r - 1 > eps)
{
mid = (1 +r) / 2;
double f1 = f(mid - eps), fr = f(mid + eps);

if (F1 < fr) 1 = mid; // XEAEHmid-eps, PilLLIEH; /e

BT AR &
else r = mid;

XE&H
RIS ZE O(nlogn)

pair<int, int> inr[N];
vector<pair<int, int>> merge_inr(int n)
{
vector<pair<int, int>> res;
sort(inr + 1, inr + 1 + n);
for (int i = 1; i <= n; ++1)

{
if (res.empty())
{
res.push_back(inr[i]);
continue;
}

if (res.back().second >= inr[i].first)

-H:
'H

TEARAR , (AL 1R 22 0 B DA Y

prev(res.end())->second = max(prev(res.end())->second,

inr[i].second);
else
res.push_back(inr[i]);
}

return res;

NS EEE — SIAHE(EESE

class expression
{
pubTic:
std::string expr;
struct node
{
node *1son = nullptr, *rson = nullptr;
std::string val;
};
node *root = nullptr;
typedef std::pair<int, int> pii;
expression(){};
expression(node *x) : root(x){};
expression(std::string x) : expr(x){};
/TR B SO
void init() { creatTr(0, expr.length(), &root); }
void creatTr(int 1, int r, node **p)


af://n4493
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int st = 0, opIdx = -1, opSt = 0x3f3f3f3f;
for CGint i =1; 1 < r; ++1)
{
st += (expr[i] == "(");
st -= (expr[i] == ")")
/[ /BIE S AN E s A
if (checkop(expr[i]) &% (st < opSt || (st == opSt &&
checkopLow(expr[il))))
opIdx = i, opSt = st;

}

*p = new node;
if (~opIdx) //opIdxAK-1, FWIMHETIX A4 &S HFF

{

(*p)->val = exprlopIdx];

creatTr(1, opIdx, &(*p)->1son);

creatTr(opIdx + 1, r, &(*p)->rson);
}
else
{

pii tmp = findNum(l, r);

if (~tmp.first)

(*p)->val = expr.substr(tmp.first, tmp.second - tmp.first);

3

}
bool checkif(char &c) { return ('0' <=c && c <= '9") || ('a' <= c && C <=
'z") || ("A' <= c & c <= "'Z"); }

bool checkop(char &c) { return c == '+' || c == "-" || c=="*" || c == "/";
}
bool checkopLow(char &c) { return c == '"+' || c == '-"; }
// FHRE T B
pii findNum(int be, int en)
{
int i, 1 = -1;
for (i = be; i < en; ++1)
{
if (1 == -1 && checkif(expr[il)) 1 = 1i;
if (~1 && !checkif(expr[i])) break;
}
return std::make_pair(l, i);
}
void toStringwork(node *p, std::string &s)
{
if (!'p) return;
[/ As BRI S Em T %, InfES
bool addif = (p->val == "*" || p->val == "/");
bool addL = (p->1son && addif && (p->1son->val == "+" || p->1son->val ==
=)D e
bool addR = (p->rson && addif & & (p->rson->val == "+" || p->rson->val ==
=)D e

if (addL) s += "(";
toStringwork(p->1son, s);
if (addL) s += ")";

s += p->val;

if (addrR) s += "(";
toStringwork(p->rson, s);
if (addrR) s += ")";



[/ =X
std::string toString()

{
std::string res;
toStringwork(root, res);
return res;

}
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AR EREIIRESE

HAA: High Accuracy Algorithm
EML: BIT ##l, Eindex {5

#define 11 Tong long
const 11 BIT = lel; //BITiHl
const int IDX = 1; //BIT = 10AIDX
class HAA
{
public:
vector<l1> num;
bool flag = 0;
HAAQ {}
HAA(bool y) { flag = y; }
HAA(vector<11> y) { num = y; }
HAA(vector<ll> y, bool z) { num =y, flag = z; }
HAAQIT y) // THERNEZEN
{
num.clear();
string temp = to_string(y);
reverse(temp.begin(), temp.end());
11 len = temp.size() - 1;

if (temp[len] == '-') flag = 1, len--, temp.pop_back();
for (11 i = 0; i <= len; i += IDX)
{

11 k = (i + IDX - 1) / IDX, templl = 0; //variable k is not used

for (11 j=0,bit=1; j<IDX && i+j<=len; ++j, bit*=10) templl+=(temp[i
+ 3] - '0")*bit;

num.push_back(templ1);

}
}
HAA(string y) // stringH4%E1%
{

num.clear();
reverse(y.begin(), y.end());
11 len = y.size() - 1;

if (y[len] == '-') flag = 1, len--, y.pop_back();
for (11 i = 0; i <= len; i 4= IDX)
{

11 k = (i + IDX - 1) / 1IDX, templl = 0; //variable k is not used

for (11 j=0,bit=1; j<IDX && i+j<=len; ++j, bit*=10) templl += (y[i +
i1 - "0)*bit;

num.push_back(temp11);

}
HAA habs(HAA z) { return HAA(z.num, 0); }
friend istream &operator>>(istream &is, HAA &a);


af://n4500

friend ostream &operator<<(ostream &os, const HAA &a);
bool operator!() const

{

}

if (num.size() != 1 || num[0]) return false;
return true;

bool operator==(const HAA &x) const

{

false;

}

if (num.size() !'= x.num.size() || flag != x.flag) return false;
for (int i = num.size() - 1; i >= 0; i--) if (num[i] != x.num[i]) return

return true;

bool operator<(const HAA &x) const

{

if (flag != x.flag) return flag > x.flag;
if (num.size() != x.num.size()) return num.size() < x.num.size() A flag;
for (int i = num.size()-1; i >= 0; i--) if (num[i] !'= x.num[i]) return

num[i] < x.num[i] A flag;

3

return false;

bool operator<=(const HAA &x) const

{

}

if (operator==(x)) return true;
return operator<(x);

bool operator!=(const HAA &x) const { return !operator==(x); }
bool operator>(const HAA &x) const { return x < *this; }
bool operator>=(const HAA &x) const { return x <= *this; }

HAA
{

HAA

1flag);

operator+(const HAA &x) const

if (flag A x.flag)
{
if (flag) return x.operator-(HAA(num, 0));
return operator-(HAA(X.num, 0));
}
if (num.size() < x.num.size()) return x.operator+(*this);
HAA res(flag);
int t = 0; // #fr
for (int i = 0; i < num.size(Q); i++)

{
t += num[il; // ZLCARN
if (i < x.num.size()) t += x.num[i]; // AEMEEE
res.num.push_back(t % BIT);
t /= BIT; // & iki—
}

if (t) res.num.push_back(t);
return res;

operator-(const HAA &x) const // this >= x

if (flag A x.flag)

{
if (flag) return HAA(x.num, 1).operator+(*this);
return operator+(HAA(Xx.num, 0));

}

if (HAA(num, 0) < HAA(x.num, 0)) return HAA(x.operator-(*this).num,



HAA

LR F0
3

HAA
{

11);

KA F0

3
HAA

{

HAA res(flag);

int t = 0;

for (int i = 0; 1 < num.size(); i++)

{
t = num[i] - t; // JfEAz
if (i < x.num.size()) t -= x.num[i]; // B0, AR EEO
res.num.push_back((t + BIT) % BIT);
t<0?t=1:1t=0; // AEN\IfE—~A

}

while (res.num.size() > 1 && res.num.back() == 0) res.num.pop_back();

return res;

operator*(const HAA &x) const

HAA res(bool(flag A x.flag));
res.num.resize(num.size() + x.num.size());
for (int i = 0; 1 < num.size(); i++)
for (int j = 0; j < x.num.size(Q); j++)
res.num[i + j] += num[i] * x.num[j];
for (11 i =0, t =0; i < res.num.size(); i++) // i=C.size()-1ift—E<10

t += res.num[i];
res.num[i] = t % BIT;
t /= BIT;

}

while (res.num.size() > 1 && res.num.back() == 0) res.num.pop_back(); //
return res;
operator/(const HAA &x) const //IDX<=2f}]

HAA res(bool(flag A x.flag)), r, subx = HAA(x.num, false);
if (HAA(num, 0) < subx)

{
res.num.push_back(0);
r.num.assign(num.begin(), num.end());
return res;

}

int j = subx.num.size();
r.num.assign(num.end() - j, num.end());
for (11T k = 0; j <= num.size(); ++j, k = 0)

{
while (r >= subx) r = r - subx, k++;
res.num.push_back (k) ;
if (j < num.size()) r.num.insert(r.num.begin(), num[num.size() - j -
if (r.num.size() > 1 && r.num.back() == 0) r.num.pop_back();
}

reverse(res.num.begin(), res.num.end());
while (res.num.size() > 1 && res.num.back() == 0) res.num.pop_back(); //

return res;
operator%(const HAA &x) const
HAA r(flag), subx = HAA(x.num, false);

if (HAA(num, 0) < subx)
{



r.num.assign(num.begin(), num.end());
return r;
}
int j = x.num.size(Q);
r.num.assign(num.end() - j, num.end());
for (11 k = 0; j <= num.size(Q); ++j, k = 0)

{
while (r >=x) r = r - x, k++; //variable k is not used
if (j < num.size()) r.num.insert(r.num.begin(), num[num.size() - j -
11);
if (r.num.size() > 1 && r.num.back() == 0) r.num.pop_back();
}
return r;
}
HAA operator=(const HAA &x)
{
num = x.num, flag = x.flag;
return *this;
}
void operator+=(const HAA &x) { *this = *this + x; }
void operator-=(Cconst HAA &) { *this = *this - x; }
void operator*=(Cconst HAA &) { *this = *this * x; }
void operator/=(const HAA &) { *this = *this / x; }
void operator%=(const HAA &x) { *this = *this % x; }
operator 110
{
11 tolong = 0;
HAA temp = *this % (HAA)(11)1el8;
int lTen = temp.num.size() - 1;
for (int i = len; i >= 0; i--)
{
tolong *= BIT;
tolong += temp.num[i];
3
if (flag) tolong = -tolong;
return static_cast<l1>(tolong);
}
inTine void div(l1l x)
{
for (11 i = (int)num.size() - 1, r = 0; i >= 0; --1)
{
r=r * BIT + num[i];
num[i] = r / X;
r %= X;
3
while (num.size() > 1 & num.back() == 0) num.pop_back(); // 30
}
};

// AT Hiostreambrdk A , JE L BRBE
istream &operator>>(istream &is, HAA &x)
{
string temp;
is >> temp;
x.num.clear();
reverse(temp.begin(), temp.end());
11 Ten = temp.size() - 1;
if (temp[len] == '-') x.flag = 1, Ten--, temp.pop_back(Q);
for (11 i = 0; i <= Ten; i += IDX)



11 k= (i + I0X - 1) / IDX, templl = 0;

for (11 j=0, bit=1; j < IDX & i+j <= len; ++j, bit *= 10) templl +=
(temp[i + j1 - '0") * bit;

x.num.push_back(temp11);

}
return is;
}
ostream &operator<<(ostream &os, const HAA &x)
{
int len = x.num.size() - 1;
if (x.flag && HAA(x.num, 0) != (HAA)O011) cout << '-';
0s << X.num[Ten--];
for (int i = len; i >= 0; i--) o0s << setw(IDX) << setfill('0") << x.num[i];
return os;
}

EREZFRIRES

class DividedByzeroException : std::exception

{
public:
char const *what() const noexcept override
{
return "Divided By Zero Exception!";
}
s

// ERERETF Ak
class WFloat

{
[/ HERZBEITER
friend wWFloat operator+(const WFloat &, const WFloat &); // IikiE#k
friend WFloat operator-(const WFloat &, const WFloat &); // JlikEL
friend WFloat operator*(const WFloat &, const WFloat &); // JEikE#
friend wWFloat operator/(const WFloat &, const WFloat &); // Wik
friend wWFloat operator-(const WFloat &); // TS EE
// HWEEE
friend bool operator==(const WFloat &, const WFloat &); // T H%
friend bool operator!=(const WFloat &, const WFloat &); // A& T #H#
friend bool operator<(const WFloat &, const WFloat &); // /NTHE#
friend bool operator<=(const WFloat &, const WFloat &); // /NT2:T @4k
friend bool operator>(const WFloat &, const WFloat &); // KT H#
friend bool operator>=(const WFloat &, const WFloat &); // K T2 T &k
// VRIBHFER
friend wFloat operator+=(WFloat &, const WFloat &); // IN*GeE#;
friend wWFloat operator-=(wWFloat &, const WFloat &); // Jls5&E#
friend wFloat operator*=(WFloat &, const WFloat &); // Fe&Eif
friend wFloat operator/=(WFloat &, const WFloat &); // &%
// NG E R
friend ostream &operator<<(ostream &, const WFloat &); // it &E#;
friend istream &operator>>(istream &, WFloat &); // BINEE
public:
WFloat(Q);
wFToat(int); [/ M= B G
wFloat (double); // B s
wWFloat(const string &); // A—"FRrE G

WFToat(const WFloat &); // H—A e e ik
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wWFloat(WFloat &&) noexcept;
WFloat operator=(const WFloat &);

// BEhi
// B PR £

WFloat operator=(WFloat &&) noexcept; // #zhlkfl

wFloat abs() const; // BT
WFloat pow(int n) const; // Wizl
/] BEHNTI

string toString(size_t decimalNum

B, IR OIS /INECHS 734 s i L

[/ RS B AR
int toInt() const;
Tong toLong() const;
long long toLongLong() const;
float toFloat() const;
double tobDouble() const;
Tong double toLongbDouble() const;
~WFloat() = default;
static const WFloat &ZERO()
{
static WFloat zero{0};
return zero;
I
static const WFloat &ONEQ)
{
static WFloat one{l};
return one;
b
static const WFloat &TENQ)
{
static WFloat ten{10};
return ten;

121

0) const; // dec

I
static void setAccuracy(int accuracy)
{
WFToat: :ACCURACY = accuracy;
}

#define WFLOAT_ZERO WFloat: :ZERO()
#define WFLOAT_ONE WFloat::ONE(Q)
#define WFLOAT_TEN WFloat::TEN(Q)
private:

18

inTine static int ACCURACY{100};
vector<char> integer;
vector<char> decimal;

void trimQ);

bool tag;

inTine void wFloat::trim(Q)

{

//
//
/7
/7
//

FRIER
S
NS

PREZNINESIFS

imalNum ATl N H o

FkFIRIES, trueNiE

[/ BRI, BT AR B AN R T R 2 R 1IN0

auto iter = integer.rbegin();
// SRR

while (!integer.empty() && (*iter) == 0)

{

integer.pop_back(); // fREAR RS HEHAR0, WE
iter = integer.rbeginQ); // HXARHEHS
// G R B B

}

Az, 4100515.424900f17F1~0

if (integer.size() == 0 && decimal.size() == 0) // Wi, N4

tag = true;



if (integer.size() == 0) // WRMHHHS L0
integer.push_back(0);

auto it = decimal.begin();

// NGRSy

while (!decimal.empty() && (*it) == 0)

{
it = decimal.erase(it); // f&IIA N HE#E N0, M2
/7 NGRS w R AR AL, B A FEAN0
}

if (decimal.size() == 0) // S /NEEE2E0
decimal.push_back(0);

}
inline wWFloat::WFloat() // BRIk g%L
{
tag = true;
integer.push_back(0);
decimal.push_back(0);
}
inline WFloat: :WFloat(int num) // HIZEAE1k
{
if (num >= 0) // HWriE
tag = true;
else
{
tag = false;
num *= (-1);
}
do
{
integer.push_back((char) (num % 10)); // FafrfalF 5 NEEE
num /= 10;
} while (num != 0);
decimal.push_back(0); // BINHIHEAURAE, NEGH 740
}
inTine WFloat::wFloat(double num)
{
*this = WFloat(std::to_string(num));
}

inTine wFloat::WFloat(const string &num) // HFFrHwIuGi, K08 W"-123.456", "1.0"

{
/7 FTF AN SRS R

bool type = num.find('.') == std::string::npos ? false : true;
// BRUCRIEHL, 3E) - AR A
tag = true;

// HAER
for (auto iter = num.crbegin(); iter < num.crend(); iter++)

{

char ch = (*iter);

if (ch == '.") // @&BNEETINTFGE I BECET 5N
{
type = false;
iter++;
3
if (iter == num.rend() - 1) // wlEfRAY
{

if (ch = "+")
break;
if (ch == '-")



tag = false;
break;

}
// FIHBEEERES, EBEANMEARET AN
if (type)
decimal.push_back((char) ((*iter) - '0'));
else
integer.push_back((char) ((*iter) - '0"'));
}
if (decimal.empty())
decimal.push_back(0);
}
inTine wWFloat::WFloat(const WFloat &num) // FIH ks 2Eu)ih1L
{
integer = num.integer;
decimal = num.decimal;
tag = num.tag;
3
inline wWFloat::WFloat(WFloat &&num) noexcept // Wzt
{
integer.swap(num.integer);
decimal.swap(num.decimal);
tag = num.tag;
}
inline WFloat WFloat::operator=(const WFloat &num) // Wi{H (F%D1) #:fE
{
integer
decimal

num.integer;
num.decimal;
tag = num.tag;
return (*this);

}
inline WFloat WFloat::operator=(WFloat &&num) noexcept
{
integer.swap(num.integer);
decimal.swap(num.decimal);
tag = num.tag;
return *this;

}
inTine WFloat WFloat::abs() const // HU4%HE
{

return tag ? (*this) : -(*this);
}
inline WFloat WFloat::pow(int n) const
{

WFloat ans = *this;

for (int i = 1; i < nj; i++)

ans *= *this;

return ans;

}

inline string WFloat::toString(size_t decimalNum) const
{
string ans = "";
WFloat temp = *this;
if (!'tag)
ans += '-';
if (decimalNum > 0)



[/ WRNECT A LB R AL, AT IS A
if (decimal.size() > decimalNum)

{
auto min = decimal[decimal.size() - decimalNum - 1];
if (min >= 5)
{
WFloat addNum("0.1");
addNum = addNum.pow(decimalNum) ;
temp += addNum;
3
}
}
else
decimalNum = decimal.size();
for (auto iter = temp.integer.rbegin(); iter != temp.integer.rend(); iter++)
ans += (char) ((*iter) + '0");
ans += '."';
for (auto iter = temp.decimal.rbegin(); (iter != temp.decimal.rend()) &&
(decimalNum >= 0); ++iter, --decimalNum)

ans += (char)((*iter) + '0');
return ans;

}
inTine int wWFloat::toInt() const // ##:int
{
return stoi(tostring());
}
inline long WFloat::toLong() const // #:4#:/Tong
{
return stol(toString());
}

inline Tong long WFloat::toLongLong() const // %1 ylong Tong

{
return stoll(tostring());

}
inline float WFloat::toFloat() const // ¥ ifloat
{
return stof(tostring());
}
inline double wWFloat::tobouble() const // ##iAdouble
{
return stod(tostring());
}

inline long double WFloat::toLongbouble() const // ##iylong double
{

return stold(tostring());

}
inline wFloat operator-(const WFloat &num) // HUfiiffE
{
WFloat temp(num);
temp.tag = !temp.tag;
return temp;
}

A

inline ostream &operator<<(ostream &out, const WFloat &num) // %t E %L

{
if (!num.tag) // 1%

non

out << H



for (auto iter = num.integer.rbegin(); iter != num.integer.rend(); iter++)
// i EEEG Sy
out << (char)((*iter) + '0');
out << '.';
for (auto iter = num.decimal.rbegin(); iter != num.decimal.rend(); iter++)
// NG 4
out << (char)((*iter) + '0');
return out;
}
inTine istream &operator>>(istream &in, WFloat &num) // Hii \NEZL
{
string str;
in >> str;
num = WFloat(str);
return in;
}
inTine wWFloat operator+=(WFloat &iuml, const WFloat &num2) // JIN&:T #EE
{
if (numl.tag == num2.tag) // WACHEFTSH, R h -k
{
vector<char>::iterator iterl;
vector<char>::const_iterator iter2, it;
// SR B NEGR 4y
int numl_decimal_size
int num2_decimal_size

numl.decimal.size(); // /NEE K
num2.decimal.size();

char carry = 0; // HEAL
if (numl_decimal_size < num2_decimal_size) // nfnum2/NEGHSr
{

iterl = numl.decimal.begin();

iter2 = num2.decimal.begin();

iter2 = iter2 - (numl_decimal_size - num2_decimal_size); // F4am %
Bl ——XF B2 7 B
while (iterl != numl.decimal.end() && iter2 != num2.decimal.end())

{
(*iterl) = (*iterl) + (*iter2) + carry;
carry = ((*iterl) > 9); // W KT9Micarry=1
(*iterl) = (*iterl) % 10;
iterl++;
iter2++;

3

it = num2.decimal.begin();
iter2 = num2.decimal.end();
iter2 = iter2 - numl_decimal_size - 1; // #EIAKHH
while (iter2 != 1it)
{
numl.decimal.insert(numl.decimal.begin(), *iter2);
iter2--;
3
numl.decimal.insert(numl.decimal.begin(), *iter2);
iterl = numl.decimal.begin();
}
else if (numl_decimal_size > num2_decimal_size) // nfnuml/NEisrdK, [FH
i

iterl = numl.decimal.begin();

iterl = iterl + (numl_decimal_size - num2_decimal_size);
/7 FAR ) R B — o L

iter2 = num2.decimal.begin();



while (iterl != numl.decimal.end() && iter2 != num2.decimal.end())
{

(*iterl) = (*iterl) + (*iter2) + carry;

carry = ((*iterl) > 9); // tmH KT carry=1

(*iterl) = (*iterl) % 10;
iterl++;
iter2++;
3
}
else
{
iterl = numl.decimal.begin(); // Wi —#HEK
iter2 = num2.decimal.begin();
while (iterl != numl.decimal.end() && iter2 != num2.decimal.end())
{
(*iterl) = (*iterl) + (*iter2) + carry;
carry = ((*iterl) > 9); // W KT9IMlcarry=1
(*iterl) = (*iterl) % 10;
iterl++;
iter2++;
3
3

// TR EEEEG oy
iterl = numl.integer.begin();
iter2 = num2.integer.begin();
// MWASBLIFGE AR N
while (iterl != numl.integer.end() && iter2 != num2.integer.end())
{
(*iterl) = (*iterl) + (*iter2) + carry;
carry = ((*iterl) > 9); // W KTF9INcarry=1
(*iterl) = (*iterl) % 10;
iterl++;
iter2++;
3
/] Bef—A%Elikend
while (iterl != numl.integer.end()) // WIRHIINECEK, AbFEIEAL
{
(*iterl) = (*iterl) + carry;
carry = ((*iterl) > 9); // WARKTIMcarry=1
(*iterl) = (*iterl) % 10;

iterl++;
}
while (iter2 != num2.integer.end()) // ¥ #EK
{
char val = (*iter2) + carry;
carry = (val > 9);
val %= 10;
numl.integer.push_back(val);
iter2++;
}
if (carry !'= 0) // WH&A B, B 250 —~0r
{
numl.integer.push_back(carry);
}

numl.trim(Q);
return numl;



else

{ // RS
if (numl.tag) // WERBNECONIE, MG, M2 TFRET
{
WFToat temp(-num2);
return numl -= temp;
}
else
{
WFloat temp(-numl);
return numl = num2 - temp;
3

inTine WFloat operator-=(WFloat &numl, const WFloat &num2) // k&1 FHiL

{
if (numl.tag == num2.tag) // WAHI[FES, 55 d+hnikab

{
if (numl.tag) // WiRFAIE
{
if (numl < num2) // H#EEN
{
WFToat temp(num2 - numl);
numl = -temp;
numl.trim(Q);
return numl;
3
}
else
{
if (-numl > -num2) // WRFEAF, HAEERESLEMER
return numl = -((-numl) - (-num2));
else
return numl = (-num2) - (-numl);
}

// NHZFDNIE, HgECN SR

// NEGER

char borrow = 0; // f&fi

int numl_decimal_size = numl.decimal.size();
int num2_decimal_size = num2.decimal.size();
auto itl = numl.decimal.begin();

auto it2 = num2.decimal.begin(Q);

if (numl_decimal_size > num2_decimal_size) // 5l ubl % a7 5

{
numl_decimal_size -= num2_decimal_size; // K5
itl = itl + numl_decimal_size; // B
}
else

{ // WRyE /NGRS, )RR A Bl e A O

int number = num2_decimal_size - numl_decimal_size;

while (number != 0)

{
numl.decimal.insert(numl.decimal.begin(), 0); // ®/bHILE4M0
number--;

}

itl = numl.decimal.begin(); // N5 R



it2 = num2.decimal.begin();
}
while ((itl != numl.decimal.end()) && (it2 != num2.decimal.end()))
{
(*itl) = (*itl) - (*it2) - borrow;
borrow = 0;
if ((%itl) < 0)
{
borrow = 1;
(*itl) += 10;
3
itl++;
it2++;
}
// B
auto iterl = numl.integer.begin();
auto iter2 = num2.integer.begin();
while (iterl != numl.integer.end() && iter2 != num2.integer.end())
{
(*iterl) = (*iterl) - (*iter2) - borrow;
borrow = 0;
if ((fiterl) < 0)

{
borrow = 1;
(*iterl) += 10;
3
iterl++;
iter2++;
}
while (iterl != numl.integer.end())
{
(*iterl) = (*iterl) - borrow;
borrow = 0;
if ((*iterl) < 0)
{
borrow = 1;
(*iterl) += 10;
3
else
break;
iterl++;
}

numl.trimQ); // 2 RM0%LH
return numl;

}

else

{
// RS
if (numl > WFLOAT_ZERO)
{

wWFloat temp(-num2);
return numl += temp;
}
else
{
WFloat temp(-numl);
return numl = -(num2 + temp);



inTine wWFloat operator*=(wWFloat &iuml, const WFloat &num2) // 55T Hif
{
WFloat result(0); // fEfreE R
if (numl == WFLOAT_ZERO || num2 == WFLOAT_ZERO) // HOf{iZe4130
result = WFLOAT_ZERO;
else
{
size_t size = 0;
vector<char> temp_numl(numl.integer.begin(), numl.integer.end());
// — A AR, TG 5N GRS A I

if (numl.decimal.size() != 1 || (numl.decimal.size() == 1 &&
(*numl.decimal.beginQ)) != 0)) // WCRBSRECA/NIGHDY, NN
{

temp_numl.insert(temp_numl.begin(), numl.decimal.begin(),
numl.decimal.end());
size += numl.decimal.size();
}
vector<char> temp_num2(num2.integer.begin(), num2.integer.end());
/) —AEe AR, TS BEG S 5N 56

if (num2.decimal.size() != 1 || (num2.decimal.size() == 1 &&
(*num2.decimal.begin()) !'= 0)) // Wi yiaesca /NGy, il
{

temp_num2.insert(temp_num2.begin(), num2.decimal.begin(),
num2.decimal.end());
size += num2.decimal.size();
}
// TriETRE
auto iter2 = temp_num2.begin();
while (iter2 != temp_num2.end())
{
if (*iter2 !'= 0)
{
deque<char> temp(temp_numl.begin(), temp_numl.end());
char carry = 0; // it
auto iterl = temp.begin();
while (iterl != temp.end()) // #izfesiaelht {734y

{
(*iterl) *= (*iter2);
(*iterl) += carry;
carry = (*iterl) / 10;
(*iterl) %= 10;
iterl++;

3

if (carry != 0)

{
temp.push_back(carry);

b

int num_of_zeros = iter2 - temp_num2.begin(); // 54l
while (num_of_zeros--)
temp.push_front(0); // FEfHE 0570

WFloat temp2;

temp2.integer.clear();
temp2.integer.insert(temp2.integer.end(), temp.begin(),

temp.end());
temp2.trim();



result = result + temp2;
3
iter2++;
}
result.tag = ((huml.tag & num2.tag) || (!numl.tag && !'num2.tag));
// T RO NG IAE I, PRI AT N OR EEA
if (size !'= 0)

{
if (size >= result.integer.size()) // UiW#HEFTF0
{
size_t n = size - result.integer.size();
for (size_t i = 0; i <= n; i++)
result.integer.insert(result.integer.end(), 0);
3

result.decimal.clear();
result.decimal.insert(result.decimal.begin(),

result.integer.begin(), result.integer.begin() + size);

result.integer.erase(result.integer.begin(), result.integer.begin()

+ size);

3

}
}
numl = result;
numl.trimQ);
return numl;

inline WFloat operator/=(WFloat &nhuml, const WFloat &num2) // [&%+ &

{

if (num2 == WFLOAT_ZERO)
throw DividedByzeroException();
if (numl == WFLOAT_ZERO)
return numl;
if (numl == num2)
return (numl WFLOAT_ONE) ;
WFToat temp_numl numl;
WFToat temp_num2 = num2;
// BT BRI R A
temp_numl.tag = true;
temp_num2.tag = true;
size_t Integer_Size = 0; // ¥ E0RiA) AL
bool Integer_zero = false; // BHHnZEHNE

if ((temp_num2.decimal.size() == 1) && (*(temp_num2.decimal.begin()) == 0))
{
[/ BRERECEA NEE Sy, AR

}
else
{
[/ ENHEERECRIRE RN YR, BERIRECVES (AXIntegeriisria i)
size_t t = temp_num2.decimal.size();
while (t--)
{
temp_numl = temp_numl * WFLOAT_TEN;
temp_num2 = temp_num2 * WFLOAT_TEN;
}
}
if (temp_numl < temp_num2) // #5EUNTEREL NAZAE0. xxx
{

Integer_Zero = true;



while (temp_numl < temp_num2)

{
temp_numl *= WFLOAT_TEN;
Integer_Size++;

}

}
else
{

while (temp_numl > temp_num2)

{
temp_numl.decimal.push_back(*temp_numl.integer.begin());
temp_numl.integer.erase(temp_numl.integer.begin());
Integer_Size++;

}

}

int k = WFloat: :ACCURACY;
WFloat quotient(0); // @

while (k--)
{
if (temp_numl < temp_num2)
{
temp_numl = temp_numl * WFLOAT_TEN;
quotient = quotient * WFLOAT_TEN;
}
else
{
int 1i;
WFloat compare;
for (i = 1; i <= 10; i++) // “iki”
{
WFloat BF(i);
compare = temp_nhum2 * BF;
if (compare > temp_numl)
break;
3
compare -= temp_num2;
temp_numl -= compare;
WFloat index(i - 1);
qguotient = quotient + index;
}
}
if (Integer_zero) // W& /INEFRCLREL 459080 . xxx
{

vector<char> temp(quotient.integer.begin(), quotient.integer.end());
quotient.integer.clear();
quotient.integer.push_back(0); // #%# 0

quotient.decimal.clear();
// TFHEARATF0
while (--Integer_Size)
{
quotient.decimal.insert(quotient.decimal.begin(), 0);
}
quotient.decimal.insert(quotient.decimal.begin(), temp.begin(),
temp.end());
}

else

{



if (quotient.integer.size() > Integer_Size)

{
vector<char> temp(quotient.integer.begin(), quotient.integer.end());
quotient.integer.clear(); // iXxH I FAGE S SA R
quotient.integer.assign(temp.end() - Integer_Size, temp.end());

quotient.decimal.clear(); // [A#HFEES

quotient.decimal.insert(quotient.decimal.begin(), temp.begin(),
temp.end() - Integer_Size);

}
else
{
[/ X E S, Ak B AN 5
int t = Integer_Size - quotient.integer.size();
while (t--)
{
quotient = quotient * WFLOAT_TEN;
3
}
}
quotient.tag = ((nhuml.tag && num2.tag) || (!numl.tag && !'num2.tag));

numl = quotient;

numl.trimQ;

return numl;
}
inline WFloat operator+(const WFloat &numl, const WFloat &num2) // fAH+=
{

WFToat temp(numl);

temp += num2;

return temp;
}
inline WFloat operator-(const WFloat &numl, const WFloat &num2) // ifiH-=
{

wWFloat temp(numl);

temp -= num2;

return temp;
}
inline WFloat operator*(const WFloat &numl, const WFloat &num2) // if*=
{

WFToat temp(numl);

temp *= num2;

return temp;

inTine wWFloat operator/(const WFloat &nhuml, const WFloat &num2) // /=
{

WFloat temp(numl);

temp /= num2;

return temp;
}
inline bool operator<(const WFloat &nhuml, const WFloat &num2) // /T E#;
{

bool sign; // RIEMH

if (numl.tag != num2.tag) // W35S

{



sign = !'numl.tag; // @fnumliE, WA/NT; k2, NW/NF
return sign;

}
else
{
// WRES, SR LR N
if (numl.integer.size() != num2.integer.size()) // nFHEHL D AR
{
if (numl.tag) // WURFENIE, MIEEGE KK
{
sign = numl.integer.size() < num2.integer.size();
return sign;
}
else
{
// RN, NG AN
sign = numl.integer.size() > num2.integer.size();
return sign;
3
3
// WHEEHGR K
auto iterl = numl.integer.rbegin();
auto iter2 = num2.integer.rbegin();
while (iterl != numl.integer.rend())
{
if (numl.tag && *iterl < *iter2)
return true;
if (numl.tag && *iterl > *iter2)
return false;
if ('numl.tag && *iterl > *iter2)
return true;
if (!'numl.tag && *iterl < *iter2)
return false;
iterl++;
iter2++;
}
// R NG 5
auto itl = numl.decimal.rbegin();
auto it2 = num2.decimal.rbegin();
while (itl != numl.decimal.rend() && it2 != num2.decimal.rend())
{
if (numl.tag && *itl < *it2)
return true;
if (numl.tag && *itl > *it2)
return false;
if (!'numl.tag && *itl > *it2)
return true;
if ('numl.tag && *itl < *it2)
return false;
itl++;
it2++;
3
// WHEEHGRS, M/ANBERE I ERT A, A FUER) NI 2
return (numl.tag &% it2 != num2.decimal.rend()) || (!'numl.tag && itl !=
numl.decimal.rend());
}

}
inline bool operator>(const WFloat &numl, const WFloat &nhum2) // KT H#



bool tag = !(numl <= num2);
return tag;
}
inTine bool operator==(const WFloat &numl, const WFloat &num2) // Z& %
{
if (numl.tag != num2.tag)
return false;

if (numl.integer.size() != num2.integer.size())
return false;
if (numl.decimal.size() != num2.decimal.size())

return false;
// WRKERFFSHE, B N Ehr
auto iterl = numl.decimal.begin();
auto iter2 = num2.decimal.begin();
while (iterl != numl.decimal.end())

{
if (*iterl != *iter2)
return false;
iterl++;
iter2++;
}

iterl = numl.integer.begin(Q);
iter2 = num2.integer.begin();
while (iterl !'= numl.integer.end())

{
if (*iterl != *iter2)
return false;
iterl++;
iter2++;
}

return true;
}
inline bool operator!=(const WFloat &numl, const WFloat &num2)
{

return ! (numl == num2);
}
inline bool operator>=(const WFloat &numl, const WFloat &num2)
{

bool tag = (numl > num2) || (numl == num2);

return tag;
}
inline bool operator<=(const WFloat &numl, const WFloat &num2)
{

bool tag = (numl < num2) || (numl == num2);

return tag;
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