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sort
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binary_search
lower_bound
upper_bound
equal_range
copy
copy_n
swap
replace
fill
reverse
rotate
find
find_end
unique
count
equal
merge
includes
L S=ViEPS
set_union
set_intersection
set_difference
set_symmetric_difference
FHIFFEREL
next_permutation
prev_permutation
STL
AR
use
iterator
pair
pairEX
pairifla)
tuple
tuple®EX
tuplef{E
array
arrayieX.
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string
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string B AR ERIE
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complexiz&
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vector
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priority_queue
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stack
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unordered
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: Answer Coarse, fl % H2 %

: Compile Easily, £ #if i 4 %

: Perfect Compile 52 3¢ 19 12

: Wonderful Answer, i % &

: Run Excellently, 5¢ 3£ 1&17

|0l : Time Limit Enough, 5 [5] 78 #48

: Memory Limit Enough, W AE 7245

: Output Limit Enough, fitH 7%

: Unbelievably Keep Enough Score, #f UL & {5 M {5 /£ 5 1 70 5
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Kk

#include <bits/stdc++.h>
#include <unordered_map>
#include <unordered_set>
#define end]l '\n'
#define 11 Tong Tong
#define 111 _int128
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#define ull unsigned Tong long
#define db double

#define pb push_back

#define inf 0x3f3f3f3f

#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 = 1led4 + 10;
const int mod = 998244353;
using namespace std;

void solve() {}

int mainQ)

{

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

int t;

cin >> t;

while (t--) solve();

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-Tm™)
#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")
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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
#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
GCC
GCC

optimize("-fcaller-saves")
optimize("-fcrossjumping™)
optimize("-fthread-jumps™")
optimize("-funroll-Toops™)
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("inTine-functions-called-once™)
optimize("-fdelete-null-pointer-checks")

i FeRaRts
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Rty
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EE/

&&

azbic) G B EE E U=

A=) (T=2) (===) >=

ks

maxFImin

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

sort

/ /i
sort(begin, end);
// B SUHEF

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

sort(arr, arr + n, cmp);
//Lambda#ix =X

sort(arr, arr + n,

—HEHK

%=

&=

ot W Rt = W Ob BF

W At =

ot

ot i At = of YAt =

Rt B Of =

ot 1 At =

[JGnt x1, int x2){ return x1 < x2; });

Bnic

AT

MNEER

ZiES

NEER

MNaEL

fei
dio
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binary_search

bool flag = binary_search(arr + 1, arr + r, val); //#&[1, r),#&345% Ntrue, #HN
HNfalse
//binary_search# Kt 2454

lower_bound

Tower_bound(arr + 1, arr + r, val) //#&ZI[1, r)&E P RKFEFval i
/ /el o 5 B E bk, 0 #Ek 2

upper_bound

upper_bound(arr + 1, arr + r, val) //#ZEI[1, r)&E— Ak Tval i
/ /AR E AL G SR e R bk Dk 5

equal_range

equal_rangeZz& T lower_boundfupper_bound

pair<T, T> = equal_range(arr + 1, arr + r, val); //iRk[lpairil
//% M F{lower_bound(arr + 1, arr + r, val) ,upper_bound(Carr + 1, arr + r, val)}

copy

copy(arrl + 1, arrl + r, arr2); //4arrl[1, r)iEs=ZhFlarr2
copy_n

copy_n(arrl + 1, x, arr2); //#arrl[1, 1 + x5S 2larr2
swap

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

replace

replace(arr + 1, arr + r, oldv, newv); //#:[1, r)X[afoTdvailE i ynewv
fill
fillCarr + 1, arr + r, val); //#E[1, r)X[ERKE Aval

reverse

reverse(arr + 1, arr + r); //i0[1, r)XIa s

rotate
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rotateCarr + 1, arr + mid, arr + r); //&shEE , arr + midR RS, AL, ) XEE
JLE

find

findCarr + 1, arr + r, val); //WHTxEFEHAER
/ /iR 0 iR B R ik D7k 3

find_end

find_end(arrl + 1, arrl + r, arr2 + 1, arr2 + r); //&larrlf @54 F454larr2
/ /iR Bk Gn SR [A] R 93k 2

unique
uniqueRIERRE"ER B EBTENEE TR
EXRER—NMuZEbR, ESBESRNTHEMEIERRE, MEEEREXERDRIEIBLE
A uniquestIIRIZEBMITER, LS TIRFEELAVEEER R, SESRMR, FRITHITHERF

unique(a.begin(), a.endQ)); //Xk&E, KBEEICZITTASE
count

auto cnt = count(arr + 1, arr + r, val); //&it[1, r)dvaliii-4e

equal

bool flag = equal(arrl + 1, arrl + r, arr2); //arrli[1, r)XZ&Sarr2455%
//HENGE R Ntrue, HAE N Afalse

merge

merge(arrl, arrl + n, arr2, arr2 + m, arr3); //farrl,arr2fF5Narr3, HIFEF

includes

includes(arrl + 1, arrl + r, arr2 + 1, arr2 + r); //&Eiflarrl & 54 7 F45arr?
/ JABSEFR AN 5 D 2R e T e i [

g£atax
set_union

HIFBRKAINEEHHE, EEREXRBANAINESGLRZEEFH

int len = set_union(arrl, arrl + nl, arr2, arr2 + n2, arr3) - arr3;
/ /IR BET A RN
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set_intersection

HIFBRKXANEEHRE, ERERBANAINESGLRERFH

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

set_difference

HIEBRKANEEHE (A-B) , EEEXRBANANESGLRZEEFH

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

set_symmetric_difference
HIEARKMNMNESHINTRESE A 2B=(A—B)U(B—A) , BEREERBANRNMEEGVREERFN

int len = set_symmetric_difference(arrl, arrl + nl, arr2, arr2 + n2, arr3) -
arr3;
//RIEGHTEEA RN

FHFRE
next_permutation

next_permutation(arr ,arr + n); //H2 ATy

prev_permutation

prev_permutation(arr ,arr + n); //#53 Ay

STL
BHARRE

use
STLEZE{EFRIHL
vector deque list set multiset map multimap
RN ke PUL Wi L) I L) S
FIREHIAFRL = =2 = = = Fkeyfi=: AR &
TEIESEE & 18 FEIR [ES ® TkeyMi=: R Xfkeyfi=:

TOERIAERERR =i SR HIfE
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vectorftSEFIASR : FLANGfHA RIRFORAVZE, BRIOSESESHTICE, N E—RENcE, EDRINCR, BNASEREND
5, BENiCRESTHmEmA,

dequefItEAER: HINHIBAMZEZRSS, WHIBAEIIEERT LA Adeque, SELRRIMIEIS, REWAIMIERID, WEFAvector, T
Stk , SEAAENHE, FEE.

vector5dequeffIbt::
—: vector.at()tbdeque.at()3{ZES, thillvector.at(0)2REIER, dequefIFHANE AMEFRERER.
T MNBEASPIRIENTE, vectordERIRTEIE/D, R T ENIAZRTIIA X,

listHIERIAR: A IRERTFE, BITeIEEmRE MNE, TRNENASSE TR IREN.
setfISEFAR: N FHFRAI N ABSICRAVEHE, FHEERNSSIHESBINSHEF,

mapfERAER: UIRIDSFHE A MNEF, BEREERY I DERMNIIER. —WRIEERREE, XEHEIHET. WEE
vectorFas, BIANIER FrlsiRiRh e A BRI,

iterator
=S Ik ik
ENIECER TRIEERN RIETR HiE, S+, == | =
SItHik(CER RHIEEN R SR RE, %+
HiIELELER RIESRE, HetmanEhErs 5, i+, == 1 =
pEleRe= RIGSESRME, FEEmRTmISIRE EE, i+ -,

REALGIEhEER RIS, FRLBRN SRS RIESEIE, EURESEIEE BE, 35+ - ) <<= s S

/ /54

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

auto iter = vec.beginQ);

//HH

begin();//F itk

endQ; //RHhE

rbegin(Q;  //W/FHE bk

rendQ; / /37 Rk

advance(iter, n); //&&iter,ffiter/5f =17, vectordZMFiter += n,setF M Fnik
++iter

distance(first, last); //3E [first,last) U ANWEICEIANE
next(iter, n); //Ae&iter,REJEnMECHE, 20 n = 1
prev(iter, n); //Aditer, BEIFINNMEREE, BN n = 1

pair
pairREERM N TTER, ALUEERRER N TSR
pairiEX

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

pairij|a

LI |

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

tuple
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HLUBtuplelEfZpairfly B, tupler] LAFBE_54H, tHaJLAEBES A
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{E
get<idx>(t); //ViRZidx/ Mok, Fiah0IFes, 1dx A e E
get<idx>(t) = newv; ///&L

tuple_size<decltype(t)>::value; //i[Eltuple K/
tie(tl, t2, t3,...,tn) = t; //tupleZEdHMERIIRT tiey2 i

array

array@CH1131ERNRRR, MERSEBEIEEEL/L, thvectorXES, BERINT —LAREE.
MEEERAR, arrayBRHIA/NZEER, TENSHY REEE, RtifhRmsEEHEiEnes

arrayieX

array<T, N> arr; //Z5BA1KN

array<T, N> arr{tl, t2, t3,...,tn}; //¥iHk
array<T, N> arr = {tl, t2, t3,...,tn}; //¥hifk
arrayi{E

arr[index]; //'5iF# %0kt
get<idx>(arr); //viHEidx N ItE, TAaMOTFES, 1dxARE VAR &
get<idx>(arr) = newv; //I5%

array R ikEE

begin();//Fuk

end(); //EHuhk

rbegin();/ /7 ikl

rendQ); //)7EHbE

size(Q); //REIZE#HFIUEMNE, A TG arrayB 5 —MERS N
max_size(); //REIZ#FICEIBRANE, HEHET Y barray 2005 AR 25N
empty Q) ; //HIbizi 48 2 15 A=

at(n); //REIZEZSFnfrELATTRMGIH

frontQ; //REIZEHFE—ANTCRIERETH

back(Q); //REIZEFRE—ICR A EEESH

dataQ; //RE—AMERIESE NIRRT

FI1T); //4IE J9x

A arrayigBiEfes, RBEREE
string

stringEiE28
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stringthEiRk 4]

stringQ; //8I&— M2 MF8 #ln: string str;
string(const string& str); //{ffH—/stringt 40410 —~stringtf %

string(const char* s); //fHTF e sHIAH

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

string B A{EIRE

string& operator=(const char* s);
string& operator=(const string &s);
string& operator=(char c);

string& assign(const char *s);
string& assign(const char *s, int n);
string& assign(const string &s);
string& assign(int n, char c);

//char* A FRF A4 20T ) 777
/ /RETRE H WS Tl O 75 B

[/ FAEIRAE S 2R 74 R

[ /AETHT B SIRGE 24 il 4 B

//IETFRF R SHITRTNAS T RFRES 24 1 1K) 745 £
/ /AETRE s WG 2 71 HR

/ /AR5 G 2174

string& assign(const string &s, int start, int n); //¥sMstartIJFibEn 7 IEs 745

i

stringFEFRHR(E

char& operator[](int n); //i#it[]77\H

char& at(int n); //i@Eidatyid kBT 4F

stringHHEIR(E

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

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

string& append(const string &s);

o Sy

T

/) ER =R

/) EAR = HRAERT

/| A=A

/A S B 5 M A o 4

[ AR R S BN SR B 24 B 1

//Foperator+=()

string& append(const string &s, int pos, int n); //#EF5HsH M posH LGN F 17 iERE 2

YHT T 4 R
string& append(int n, char c);

string Bk FNIEIR

/ /AR B S RSN T C
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int find(const string& str, int pos = 0) const; /B strE—R B E , MposTHTih
A

int find(const char* s, int pos = 0) const; //ERSHE AL E |, posTTiaTET
24

int find(const char* s, int pos, int n) const; // M posthi & Bk s KRN 7555 — Ik
(A

int find(const char c, int pos = 0) const; //BERFRFCE IR E

int rfind(const string& str, int pos = npos) const; //#ikstriw/a kAL E , hposTTahis
#®

int rfind(const char* s, int pos = npos) const; [/ B sk G — IR BIALE , MposTTah
Ak

int rfind(const char* s, int pos, int n) const; // M pos ks HTn A7 5585 fg — IR AL
B

int rfind(const char c, int pos = 0) const; [/ BERF G — I B
string& replace(int pos, int n, const string& str); //#iMposIFian N7 7 idistr
string& replace(int pos, int n, const char* s); / /B H M pos HIEHIN DN F 1/ N T4 H s

stringF&h

string substr(int pos = 0, int n = npos) const; //iR[alHposTFifmrIn>F5F24H hl it 745 H

stringiB NFIRIER

string& insert(int pos, const char® s); //#li N\

string& insert(int pos, const string& str); //{fANTFFrH
string& insert(int pos, int n, char c); //#E4&EMEMHANDNFRC
string& erase(int pos, int n = npos); //MIFEMPosTTIGIINA£5F

stringf&Achar(]

string::c_str(Q);

stringfy 9 El
A boostit XiRfERE, FF—MRAAA

Boost::splitERELE c++HigGstring RS IR Vstrii. G & L3 4#include
<boost/algorithm/string.hpp>

vector<string> vStr;

string repNetList = "addf | adfa|zklil1";
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)

{
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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);
3
}
complex
complextIi&ERE]

complex<T> a;// FAH—ANRANTHESa, TH Nint, float, double, Tong double, HZ &
string&E M
complex <T> a(x,y);//  FWH—ASLHEAX, EHAYRIEHa. EAHE - NSH, R BRI

0.

complex <T> (x,y);// #i& DS, EHNYIEE, FHH TG

complexiz&
—TTEER: + (IES) | - (AS) EELHEER
ZIUsERF

= (WE) | += =, *=, /- EECSEEN (SERTSEEHRINEERR)
+, -, %/, ==, | =RIALHEHYR], REKR—OLHE—NEHEHEE—XKE (2

doubleZk)

complexIIgEEREL
double realpPart = c.real(); // FRELSZH
double imagPart = c.imag(); // FFRHUEAR
exp(std::complex);//complex base e exponential
log(std::complex);//complex natural logarithm with the branch cuts along the
negative real axis
Togl0O(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
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vectorgiLfes

vectorsIEIBINA/, AA—EEREEZREEHTEENTERIERTZ R EHEIEER
TE), MR—REANAETETE, ARKREEENHTE, FRRUR=E. Eit, Xvectorfy
HIRiE, —B5IETRNERRE, IEARvectorfIFTEIEEEMERNT. XERFREZIL

B—MEIR, S0,

vectorfdi& &y
vector<T> V; / /RPN SRS I, BRI I BRI 2
vector(v.begin(), v.end()); //fvlbegin(), end)XHHHLRE NLEAL,
vector(n, elem); / /Mg R E s n N e Temis TUA A & .

vector(const vector &vec); //¥VIKjikEREL.

vectorZS[EHE(E

size(Q); //REIFEEET LRI

empty Q) ; //FIWI A& 2B AT

resize(int num);

/ /BRI Anum, FRAAK, MBRIEHEARAE 33708, RESE B AR KER T E WM
resize(int num, T elem);

/ /R E R A A num, 54K, Dlelem(EIE R # A7 B . 2885, KM A 8 K 1 n R B ,
capacityQ; [/ BRI

reserve(int len); //A#BWElenNMoRKE, MOLEAYIIEL, RAA Vi

vectorZiiET{FHY

at(int idx);//R&EZR5]Hdx PR AR , Wk dxiEg st i tHout_of_range 7%
operator[]; //iREIZ5]1dXFTEIIEEE , BT, 217 B4R

frontO; VUSR-S ik S  C T IvE
back(); / /BB R — MR TR

vectoriE N FIRIER

insert(const iterator pos, elem); //%EMRIHIRIANLIEposiliAuRelem, RIFHHHE ML
insert(const iterator pos, int count, elem); //iEfRZ4R114 Epostdi Acounti~Iczelem
push_back(elem); //J2ilEAIczelem

pop_back(Q) ; / /M RE— AT &R

erase(const iterator start, const iterator end); //MIFziECEEMstartBlend. W05
erase(const iterator pos); //MIiE(RAHE LR

clear(Q); /MR AT A T
queue
queue;ZFEIEMRES

BABIE s AU SRLE
queuelf{BES#IA

queue<T> queT; //queueRHIBHRZESLIL, queued FIERINMIETE
queue(const queue &que); //+%ULKyiE R %L
queue& operator=(const queue &que); //H#H L SHEAERT
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queuelsiAiRE]

push(elem); //fERNEHINICER

popQ); [/ AL BB BREE — A i3
back(Q; /IR G — AN TR
front(); /IR —AN i3
emptyQ); /7 FIWTBA B2 15 A=

size(Q); //iREIBAFIHIK N

deque

dequelgBIEMRES
XiBAF

deque2H—R—RBRINEEANELTEMN., —BEYEEdequenlingE BintEIIFHRI=E, #

BCE—RIESEENZTIA), SiEEdequelISkingiE B,

Tz F+KX

ele | ele | ele

ele | ele | ele

AN

dequetdiSERE]

deque<T> deqT; //EZRIHiEiEat

deque(beg, end);//Hi&E¥l [beg, end) Xia b c & NAA 5.
deque(n, elem); / /KRR n A e lem$s 4 A &
deque(const deque &deq);//#% UIHJi&E A%

dequelli{EiR{F

assign(beg, end); //#[beg, end) X[ ¥ Hdss TR L A K
assign(n, elem); //Kin/ielem$s NIRIEHL AL .

deque& operator=(const deque &deq); //HH G SEAERT
swap(deq) ;// ¥deq5 Ao Hift

dequeZS[EIHF(E

deque.size();//RFIFE T TR IAEL

deque.empty ) ;//FINradit i vz

deque.resize(num);

/) BEHHRE AR Anum, AR, MPEREE AN B . IRA AR,
EX)]59

deque.resize(num, elem);

A e Hh A A BE A T

[/ EF R E RS Anum, HRFLR, WblelemEH7E M & , R AR, NARRE N ARKER T

EXIES
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dequelfi NFNRHER

/ /X

push_back(elem) ; //7£ 4 % R i s In— %l
push_front(elem) ; / /{578 as kith A — 4 Ed

pop_back ) ; //MFx7s s b5 Jo — A Hdls

pop_front () ; //MIERE &5 — A Ed

/ /B

insert(pos, elem); //fEposthi Bl N—"elemyt & I UL, iR R (1 14 2
insert(pos, n, elem); //fEposiiEifiAnielem¥, ik [E{E
insert(pos, beg, end); //ffposhiEifiA [beg,end) X5, TR AI{E
clear(); / /BRI A B

erase(beg, end);//Mi% [beg,end) X K%, & [0l F—EdE 6 B
erase(pos); / /M posti B K& , iR BT —AN s A E

dequeZiifE{=EY

at(idx) ; //REIZ 5] 1dx e EdE, mHidx&s, #ftout_of_range.
front Q) ; / /iR 55— 4.

back(); //&RkRE—MEdE

operator([]; //REIZRII1dxFiaIIEHE, WRidx ST, AIHFE, BHREHE.

priority_queue

priority_queue;&BEiE 28
RFEBAFI, ARAKIRHE

priority_queuel5iXiFE]

q.topQ; //ViHBVEITER 0(1)

q.pushQ;//AB 0(logN)

q.pop(Q); //HBL 0(TogN)

q.size(Q);//BFILEA% 0(1)

q.emptyQ;//ZEN%

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

priority_queue<T, vector<T>, less<T>>q;//  IEHE, 20 Tpriority_queue<T>

A priority_queuef{XgEi@iTtop()ial; FEIZEBclear()
//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
stackiRBIER R
HESTLHSCIN— Mol EH, EHtHIIE:S
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stackR BSR4

stack<T> staT; //stackRHBHRESLI, stackit REIAIEE R
stack(const stack &sta); //+#% Uit es%L
stack& operator=(const stack &sta); //H#ZE ST

stackFF L&

push(elem); //fEARTIZINTCER

popQ) ; // MWARTIRS F— AN 0 %%
topQ); / /BB T TR
empty Q) ; //FIBTE T s
size(Q); / /IR [BIE KN

list

listE1kes

ListA=RE— AR

o RAMSHEHEDE, FRIEMAFREMZH
o HERWTIRNOIMPRR(E+DTIE, ESUEHE, ARERNKETR
o WRRE, (BRTEFIIERIMEZERA

list{gis Ry

Tist<T> 1stT; //1istRARABMRELI, X RNBIAYIE L.
Tist(beg,end) ;//HiE %k [beg, end) XIAIFIICEE NAA L.
Tist(n,elem); //Hi&kECkEntelemds NS AL,

Tist(const list &lst); //#5UIkis L.

listE{EIR/E

assign(beg, end); //H[beg, end)IXIar ii¥dhss VUKEL A5
assign(n, elem); //¥nAel em¥s DUBIE 45 4 & .

Tist& operator=(const list &lst);//FEEHEG TEAERT
swap(Ist); //H1stS5AGMoos Lk,

listEGHEIEEAN

frontQ);//REIZE—ITER
back(Q); //R&PFlRE—1ITER

list=S[EE(E

size(Q); //REIEHF TR

emptyQ); [/ HIBT RS RS AT

resize(num) ; //=FHifE 2 A w MK num

[/ F A W CABR B S 708 7 B an SR AR 480 R, TR 288 HE 25 4 K I e 3R e )
resize(num, elem);//H Wi E % 4 MK ynum

[/ HERHLK, W PleTem{EE 7AW E ; WA ALK, WA A 3K B 1 o = g M .
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listiE N\ FORES

push_back(elem); [ /BB RHIMAN— 058

pop_back(Q); //MErzahmls—A i

push_front(elem);  //{E4&IT kN —Ioa

pop_front(); [/ NESHRBRE 1R

insert(pos,elem); //{fposfiBifielemycZE I I, R A1 B
insert(pos,n,elem); //{fEposftiEifiAnielem¥d, Fikn{EH
insert(pos,beg,end);//#postiEidEA [beg,end) X [HI%HE, TR
clearQ);//BBR225 M ATA B

erase(beg,end); //Mi%[beg,end) X &%, i&ET—EdRK A E
erase(pos); //MERIEA Ssposhr BRI EHE, 1R [B R — R Az B
remove(elem);  //MFRZES A SelemEILACH TR

listREEHER=

reverse(); //RiLHEE
sort(); //1istfF

bitset
bitsetigBIEEE
A bitsetEBERIHzEoperator
bitset{Ji184%
bitset<N>b;

bitset<N>b(0xce);/ /i F#AYIMAL
bitset<N>b(“01101001"); //{L 745 H: #144t
bitset<N>b(str);//ffHstring¥liiit

BN AELIE, B1F: std:bitset<16> baz2("01101001"); //0000000001101001
THRMWBEE, BT HEEIZRR, HlF: bit(001); //bit[0] ==
bitsetfi5ia)

b[idx]; //operator[]

bitset)5iXiEF%L

size(); //kElbitset K/

count(Q); //%iittrueffi M4

set(); //AHW{ENtrue

set(idx, bool flag); //idxIifE Nflag(Bhiltrue)
reset(); //&HB{ENtrue

reset(idx); //idxfilkftiquifalse
flipQ; //&MRE

flip(idx); //idxii/xss

al1Q; //4~trueikliltrue

any(Q); //E0F —AbithiNtrueiklEltrue
none();//4 falseiklFltrue

test(idx); //i&[Flbit[idx]
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setfImultiset

setfimultisetEiEt2E
sethFIETTRSHHIF, setRRIFRm N TER
multisetf R iZflsete@i8RE, E—RENET TR TEER

setiE{{zE

C++ STL AR set BesBCEANEMRZISEEL AN AENREE. XEKRE, RiR p ALEEAEAEE, T
HEBGHIT ++p. p++. —p. p-. *p(E, FE 2 MNEERSEZEMELE, BRELER ==& =
setFImultisetfyEEsCI 24T 2%

setiBMIistRLAERMR, JNFRTRTRHITBNRFSEMIRRENIHE, BIEZR0RT
BRNACRE, ERERZBRAER, SBREVEB N TTRANER IR — M5

setiiEERE]
set<T> st; //setERI NI k2L
mulitset<T> mst; //muTtisetBR\y i ek £

set(const set &st); //#%UIHyid %L

setlf{EIR/E

set& operator=(const set &st); //HE#ZESEAMLT
swap(st); //ZCHMNEE A

setZSEHE(E
size(Q); //RMEEZFICEMEH
empty ) ; //HIiE# 2B NE

setiiEA\FNRER

insert(elem);//fER% AN ICE, RFpair<std: :set<T>: :iterator, bool>
//iENKMbool false

clearQ;//iBkIT A THR

erase(pos) ; //MikkposiE AR IKIILE , Bl F — IR %3S

erase(beg, end);//MikIX[a [beg,end) (i Tt , R E N —PIcRMEIER R
erase(elem);//MEr7# R {E Nelem L ER

emplace() #1 emplace_hint() @ C++ 11 FRAENAE set Z5&kaY, BELEBREINEER
insert() J37%, SohREEFAVES, emplace() #1 emplace_hint() BIEERSES.

setEHIR(E

find(key); //&#itkey R BAEME, HAFLE, IRENZHI TR B ; B AAEE IR [F
set.end(),0(Togn)

count(key); //E#iEkeyHItH=AH

Tower_bound(keyElem) ;//ik[r 55—/ key>=keyETemyt Z i CHs
upper_bound(keyElem) ; //iklHZE—"key>keyETemyo & (£ CH
equal_range(keyElem) ; //ik 1% 3 key SkeyETemtH %5 ERIRIGLT, r)BiAEfCE
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mapFlmultimap

mapFlmultimapEikftes

mapFTETTESEHIF, mapfiBiTREsEpair BFAAESEIIEE, pairfIE—TTRWMA%E
B, BITHERFENALE, mapAaiFmE N tRaERNEE

multimapfF R BiZflmapseiiE, BE-HENTET AR MNMEERR, ASZFoperator[]
mapFimultimapf/EESCIL 24T 2

mapABEHIistELABARAIMER, SXBRPRITTRATRENSFEERIR R FRRR, BIEZR
FTERIANRS, TERIFRRZBrkABRL, WMBREIAR N TR AR— M5

maptaiEE Ll

map<Tl, T2> mapTT; //mapBRil ik e 4L
map(const map &mp); //4+% DK R 4L

mapli{ERE

=

map& operator=(const map &mp); //E 55 EAERT
swap(mp); //AcHi /MG

mapZEEE{E

sizeQ; //REBIAGHHITRNEH
empty Q ; // AW R &R BN

mapiEAEIETTR

map.insert(...); //fE&E#BEANTTR, Rlopair<iterator,bool>
map<key, val> mapStu;

// #—F Eidpai vty aE A 5

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

// FF didpairit i IEAKT R
mapStu.inset(make_pair(key, val));

// F=F JEidvalue_typel 7 =Udi A X4
mapStu.insert(map<key, val>::value_type(key, val));

// SRR didEeH 177 i E

mapStul[key] = val;

A multimapA3z#Foperator[key]
mapfllBREIE

clear(Q); //IBRETE e &

erase(pos); //MBzpositREFTIEIILER, BRIEIT—AIeRMIERE.
erase(beg, end);//MBEXE [beg,end) T LE , RKE T —DIoRAIEA RS,
erase(keyElem) ; //Mix7 4 Hkey vkeyETemfix 4.
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mapEHIR(F

find(key); //&#Ekey REAEIE, HAFLE, R ENZE TR KBRS ; B AMFE, &FEImap.end()
count(keyElem); //iRlEzE#Hkey vkeyETlemfxtH A%, Simapdeii , B4 20, B4 £L, ffmultimap
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%%keyS5keyETemM&M ERIREILT, r) AR

unordered
[EEBIE RIS R+
unordered_setflunordered_mapfFEtRIT @R BINFHN, HPFETEAFASEHF

EXT

pb_ds FE£7R Policy-Based Data Structures,

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

B8
use

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

tree
BisnE

template <
typename Key, //fffFHITeERER
typename Mapped, / /5 AL
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&7FAITEREE, 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) KBS, WIREIETKEKBHE &G, KUTFHETR
£ stduset BB, EAMEN null_type, {RARAS g++ E4LJ9 null_mapped_type; SNREFERRK
BXAeEE HENES, RUUTFEFMETTERAE stdimap #,  IHAMENZE(TF std::map<Key,
Value> fY Value 581

o Cmp_Fn: XEEFEVERF, 40 std::less

o Tag iEIFERATNEEEIEEEEE, 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: FHFEFHTEAIRES, 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|EJECeE3EAY

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 LA Cmp_Fn Lb&IHEL, THRMOTT4A
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, ATIRLPBM IR —FE, x AR ER
split(x,b): L cmp_Fn i, NFETF x WETL00H, ERMET b #
empty () : REZEAHT

size(): R[ER/N

trie
BEERx

template <
typename Key, //WhZiCAstring
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 rfi B — AR RRIRIEREY, AR IEEARES, W BT AR BT SRR T

hash
=73

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

FARTiE

pushQ: [EFHEN—ANTE, RENZICENEWIENRES

pop(): KRN

top): REHEGE

size() REICHEANH

empty ) IR[ERAIES

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

erase(point_iterator): LA E 1 EAE e HEERR

join(__gnu_pbds::priority_queue &other): 8 other & F| *this ! other &=

taght R
EAR tag RE T B MR ENHBEERE:
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push pop modify erase join

BAO(n)  BHO(n)  BAO(n)

pairing_heap_tag o(1) 195 3} b3} O(1)
©(log(n)) ©(log(n)) ©(log(n))
=R O(n) = O(n)
binary_heap_tag B )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))
595 ©(1)
rc_binomial_heap_tag o(1) O(log(n)) O(log(n)) O(log(n)) O(log(n))
BRO(n) B 845 0(n)
thin_heap_tag 0(1) hE ©(log(n)) 1958 O(n)

©(log(n)) i 0(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): 7EAEfiAx

append(x): fEREFMAX

insert(pos, Xx): fEposibifi Ax

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

size(): REFAKSE (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): MpositIFtaEHIx N TESsh
at(x): VWExNITE, Frplx]

rope RERRLIAHERSIIN, FBRIRESFF O(1) 6, MEASZIAIRE (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) ///™#/hTx
{
return prev(tr.lower_bound({x, 0}))->fi;
}
int get_next(int x) //"k K Tx
{
return tr.upper_bound({x, inf})->fi;
}

T
e
RO

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

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

> 5 S5 S
Lo
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=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%ETE
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; // ics88us/N e
}
for (int j = 1; j <= pripos & pri[j] * i <= n; j++)
{

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

break;
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E3Eabagii

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

REISZERE O(v/n), &t O(logn)

int cnt[N];
void factor(11 n)
{
for (int i =2; 1 <=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)
BESTRUEE: WFSEMp, 22 = 1(modp) Rz =1orz=p—1
IREERERAONE, BB 37 RBREEITTHIE 2% 5 18446744073709551616 SBERY
T LUEBZM R R FIEBREEIMEREL 0.75, BEUL/REEHUE 8 N EHMERMAER /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; // %¢#
for (int i = 0; i < tl; i++)
{
if (x == p[i]) return 1; // 4%
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
Vv <<= 1;
y = product(y, y, X);
3
}
if (lok) return 0;
}
return 1;
}
Pollard-Rho

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

THBRE n FESENETF D, BARIELEREE, E2EEET, URRIERO(VD) A
0,n — 1] s, SEERNE D B4R, tHMERRIIMNEER O(VD) N, BB
LERRAEISIRT) D ZANEF, T n MISRINERF < n, FEUEIIEIEHE n"* MidEmEERE
n AT

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

A, FEAITURRLE®E O(ni) HIRFIE R B MIE i, j, 1B v = z; mod m, {F8
x #x; Ny =y, XEKRE nt |z — x| Am | |z — z;|, BATTLUEE ged(n, |z — z;|) 3K
B n B— N EERETF

NN ERRAER, BRE: EBENM 21,22, REFRS 21 = f(f(21)). 22 = f(z2),
ERFE—LKI ged(n, |21 — x2|) € [2,n — 1] BliRME], RIELX, MRF(VELZEIRF D, BB
LHNHEFE VD &
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(RAE ged = FTBESR ged AOTFES, RIZEUSAOMRR: MEEESAIEISERSE— LS, B8
SRS EERERMRE SRR AIMAEE, BATTLER 1,2,4,8..2" 3 |7, — 25| R
FESRA—IR ged, ERTLAE 127 3 128 SRIM—R ged

const int tl1 = 12;
const 1int p[] = {2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37};
inTine 11 product(11 x, 11y, 11 n) // Fife

{
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);
}
inTine 11 power(11 x, 11 a, 11 mod) // Pkl 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; i < t1; i++)
{
if (x == p[i]) return 1; // B/
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;
3
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);

sTow
}
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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IEFIRECKRT
VAFOREN: 1+%+%+...+%
—NEEEORE, KRR Y, L In(n+ 1)+

=
Hrh v BRIAIEEL, v~ 0.5772156...

BRI
¢(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 i =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++)
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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];

T RLLSHR

p ARECSHRE, X

1 n=1
p(n) = {0 n SH/THRET
(-1)

ko kg n B AN R 5 B8

B 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 it Zdh‘ p(d) =3 0, L%J p(d)

Zd|gcd(i,j) pu(d) = [ged(s, 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]] = 0;
break;
3
muli * pri[j]] = -muli];
}

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

ab mod ¢(m) ged(a,m) =1
d={a ged(a,m) # 1,b < p(m) (mod m)
a0 med e Htm)  ged(a,m) £ 1,6 > p(m)

VBRI b gk 3L

e Kind 1: X (num), SRIGkAVEE, B (num), = (subnumy),(mod n)
WU? 8765431() = 431() (mod 4)

e Kind 2: XJ (num), EEK{BVEUEFD, B (num), = (O subnumy,),(modn)
BIF: 12345610 = 1219 + 3419 + 5610 (mod 99)

e Kind 3: 3 (num), EEKNMATEIERE, B
(num)y = (32,_; subnumy * (—1)%),(mod n)
BIF: 12345 = —12 + 345 (mod 5)

iE: (num)y, 7 bIABIEL, (subnumy, ), RREKAIAT b #HHIZS
« WEE k2 %4 bF mod n = 0 RALUERIZSZE;
EBR: B2 b9 mod n = 0(d > 0), FRAEEM EOSEIATREEE, EEEEE k &,
o kf—EsRA: 2% 0F mod n = 1 MELUSERZSE;

iERR: & zb® = 2b* = & (mod n)(d > 0), FEERS My 1, k—ERNSEHRN; T
EERERRZE, RIS 13586k —1;

o k —ERETH: B mod n = n — 1 WATLUSEZSE:

Bt

EX

EEET}]T’EEIEE%H, WacZ, meN*, & (a,m) =1, M g#lm) =1 (:m(ui m).

FHtFEERRT o™ =1 (mod m) ME/NEEEE n 71, X1 n FME o 8 m BT, iC1E dm(a) % ordm(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

—E o FEFRIRSEN m = 2,4,p%,2p%, Hrp p ASFFE, 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.

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

M 2 FHAKEEE, REEIFIET ¢\P — 1) = 1(mod P)EEHEMISECN P — 1 HORHRMSL, TH
FTIRR—AREARK, 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%, FLNER 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)); // BUNEL W2, 4kEey
}
11 tower(11 a, 11 k, 11 p) // REKERFE || k28 KHE R
{

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, ECHTERANERL, HER f(f(z) =z XTF
AT f RIESUERRY = AL,

B n=0,1,2,.. MTENES ENERIHBLHBEBEERR:
a(0) = a(1) =1
a(n) =an—1)+ (n—1) xa(n—2),srn>1

f A=A FP(f) = |z € Alf(z) = =|

fHIRUER w(f) = ofPV), Hrh o BIATEEH

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

gin) =axgn—1)+(n—1)*xg(n—2), g(0) =1, g(1) = a
RiE=
EHEIEZRE 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%E ged(a, b) = azx + by B9—"MEN 1 = yo,y1 = 0 — [a/blyo
®: d, =b/gcd(a,b), dy, =a/gcd(a,b)
//ax+by=gcd(a,b)//(eg_res = x, eg_temp = y)

//i&lElged(a,b), eg_res = akTHibH¥isc
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;
}

REXNEBRFHX

’kﬂf(a’bac%n): L

EHEIEZRE O(logn)

int floor_sum(int a, int b, int c, int n)//fBFWikMa=2,n=n/2 ; & EICRAE & Eb=1; K
xBy=z, % Ha=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=(a*n+b)/c;
if(m == 0) return res;
res += n * m - floor_sum(c, c - b -1, a, m - 1);
return res;

H5INER

SHEHPHE: Vo1 a,a? ! =1 (mod p)
ZOEEYTT
TRT TR TR TR EREL

3K b IR

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;

HEFIREECRT

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:
aitBm= 1,
b. I8 m; TR n; BN THY m;t;
Cit8 i = mim; (FREX n; BR) .
3. IRRETERE n BN FROE—RAN: « = 38 aie; (mod n),
AL
VAR ERU LB KIS TTRREL

/ /b exged ik
//11 modul[N], remain[N];//BikHis%y
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);//#/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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[GRE:
#a, b, p, Hrpged(a,p) = 1, RHRE
a* = b(mod p)
Big:
®x =A,/p —BHPA c [1,,/p],B € [0,/p], BRI

a®v?~B = b(mod p)
a®vP = baP(mod p)

HIEHEB, BHENba® mod p, FHunordered_mapfFiesg, BHEEA, iHEHa?P, Funordered mapsEigERIE, 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;
Xx =x * (L.5F - (M * x * x));//iteration ...
return 1 / Xx;
3

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

{
non_pri[i * pri[j]] = 1;
int *temp = k[i * pri[j]];
temp[0] = k[i][0] * pri[j], temp[1] = k[i][1], temp[2] = k[i][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[j1[i] = _gcd[i1[j] = _gcd[i % j1[3];

EF (B GCDKF
WO R R Til 2": ged(ai, aj)

i=1 j=i+1
BFERITINREERIMMKgdBEERENTH, MEHIEERMaAREIER/, EHERaBEF
AR/, MR ERIgcd BRI AAHEF. BT LAE BRI XERAEE N, R
MNFEMmR o; s, BHEMBEF, REZH#HE (GinRiEFRN * XERIZEFRIN
#) B0,

ERFMEECERIREESEN: RUSEFR2, A2 * XER2NEFMERERRN, EHBE2
XMREFELRASBIXNETF. gcd@FMERIRALHEETF, UG EF2RSE X EFLERH
i, FEASEFEEREE. ik, 2XPMEFRILRNMERZ2ME. 3thERE, 389LRME
FEMF1RERMNME, TeRISERMEFRERZET. 2. 3ERME. BT EE—1REFms, B
MM EREFEREEE A ASHRIEFRIEIRNE.

void init() //TiskTiibH

{
for(int i = 1; i<=100000; ++i)
{
factor[i].push_back(i);
val[il=i;
}
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][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

g(uHEFEDerangement

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

RiEZ#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

HnisthEgstirling

LinXce: IRAGHCKARILLT , BERAEEHmE=AtRE&.
SE—HRISHE (HTHSMECIRE) |, |, tBENCH s(n, k), "B n MRARARNTE, MDAk
PMEAX SRR R,

—MRIRFE— N EREENHHT., BT E—1M8E (4, B,C, D), HERIIAR
[A4,B,C,D] = [B,C,D,A] = [C,D, A, B] = [D, A, B,C], B, BAAJLUBSIedmEHEERREHR

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] = (n == k);
return stil[n][k] = (stirlingl(n - 1, k - 1) + (n - 1) * stirlingl(n - 1, k)
% mod) % mod;
}


af://n645

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; i < 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[i1 * g[i]) % mod;
NTT(f, 0, n);
for (int i = 05 i < Tim; ++i) f[i] = (F[i] * invn) % mod;
for (int i = Tim; 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[i] = 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] = 0; // EEES
11 *r ='s, *rr = p;
int n = 1;
for (; n < Tlen; n <<= 1);
rr[0] = powM(f[0]);
for (int len = 2; Ten <= 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) // SEkAIKSEKE (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[il = {k + i, k}; F#C0 ~ n-k)

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

IREEERERACAN AR, WETEES:

:’} (71)nfkmi

TEESEEEAEERE
RIEFRINTR o = = =TTl k).

WETLAR B T EMESFIUS S ERRU A TRES:

n__ n ke
!

MRETHEERCAEES, WETENESN:

*hFE:

)

REgBell
B, BE¥A n NEASNRISTHENEE. £58 S N— 1M ISRENN S lRRAEIZNIESF
E1E, SNNFHE S. Bl Bs =5 EH 3 MNoENES a,b,c B 5 HARNRISHE:

{{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

BOGRIT:

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

BTHENENRE. JLFIBX =R REHEKE R

{a22FEBernoulli

FESHICEX
BEFEBRSHNEERRENX :

BUSHMEEIEntringer

BUTIIEE

B4R (Entringer number, ) E(n, k) BEERTRFEN 0 R nitnt 1 1M
MBI
 BinReE k;
s BT EETEAN, PMIEBI— M EXR, B aElE— 1 s
I\ EE*Q"BE%EI’JX!’J\%,“%i’ajﬁftn_ﬁﬁﬁﬂﬂo
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 FREiZigzag
—\" zigzag B (zigzag permutation) 2— M ENATHS e, Ble,, FEER— 1 TTERCGRIAN
AN T e — 1#e; + 1208,
B zigzag BIRENEI BB zigzag B, TTLAFIRESNS, FRLAMIAAIEEL,
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.

RUSIMEES zigzag HEIRFH

RIBRUSHISEIIEN, BASHIBEL E(n, k) BETTEN kB9 0 Bl n (IRRE BRI, BELLRIFHK
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, SEIR R ziszag FbER [TELIE T, B [as 8 . G%&:
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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ErfiiZfEulerian
ANFEX SRS SFHIHIEAGS

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

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)-A(n—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)

pLo1[0] = 1;
for (Gint i = 1; i <= n; ++i)
for (int j = 1; j <= k; ++3)
if (i - § >= 0) /*pli-J1[JIFAHARTLY/
pLill31 = CpLi - JI[3] + pli - 1103 - 11D % mod;//pli-11[j-11% A4~
A5 AL

Ferrers

Ferrers B: o RIEN RS AREMNITRS. BITRNNEDX MR IR,

REDIFIEN, Ferrers P ARRNTREREMAVRFHEN. &IKITHERLMH.
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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.

RATREsLEm, FEEne ().

KRR o1 + @2 + -+ - + 2 = n WIEREERAIALEL.
B NREREEC—T, EHRFATIE?
BRI FERER T, FAFURHIRSRIRFRE—TEENER, FERFTE.

A RRIERM R AABIRFEIREE—, JofE kM TEER, EX e+ k NusEEaE
n+ k- 1 MNEEEER, BN

("))

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

= NRBIE—F, BEXNTE i H, ELESH a;, > a; < n P mEE?
FEEK z + 22 +--- + o = n BUENEE, HP z; > a;.
KL FTRFINER, BAWE X a; MNoEIE, RIS i BEPVESE a; 1. HHES

!

T; =T; — a4y

BEIFLRE:

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

=
n—Y a;+k—
n—Y a;

MFLERER: Kz1 + 22 + -+ - + 2, = n, Hfz, <= o,FEE, SEFFEEEX
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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

%Eﬁ/l\l\@ﬁi i—isi{nl'ﬂl,n2'G2,"':nk'ak,}§éﬂ_'\EE nl/l\alf ng’l\az, weny nk’hakﬁﬁﬁi

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,
AELBEIHETY

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

HEPUES R | —LRsUHES

o HIE_T (¢=1-Dp)
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R U FresEB n MARRENE, M5 | MR P, AEEN P csanEs s, B4

b3
Us:| =X 18- 1sin S+ > 18N 8;N 8| —---
=1 i 1<j 1<j<k

m

FED™ Y | Saf 4o+ ()PS0 Sl

Ai<adiyl i=1

PIF: m BRRNK, BF ofil MERVNK, A\ n T, EREBMEFELE—NMINLGEE

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)

BLLSHISRK
S SETRE R R BB
1% f(i) TR ged = i BIBREE, 9(i)F ged = i REEINIBRAE
% ged # 1, AILABEITERRRE ged SEMAIZ ged = 1
AILIAREE f(1) = 275, u(i)g(i)
BAEER BAK T
Ik ged = 1 BOEEAIEREE, BILEBEREE
Wik ged = 2 BOfSEEIE A
W2 ged = 3 BIEEHIBEREEL
Nk ged = 6 HUFSEREIIE USSR, B0 6 BER 2 BOSELE 3 BB, ged = 6 WHERR
Wi ged = T BSOS RS
(RKILSEHE, ged > 1 IEREBRAENRIORNET, FIARERTIIME ged = 1 WIERE
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FEH, ZERFRILUNAE] lem SEFE
18 f(i) TR lem = § RMSRAES, g(i) 35 lom = i AORSEEOTE AR
ATLARREE] (1) = 2, x u(X/i)g(i)
FAAIEERRE EIATF:
Ik lem = X EHHIBIREE, BIEERBEREE
W2 lem = X /2 BEEEEREE
W2 lem = X /3 NEHEREE
ML lem = X /6 RUBEAIERSEEL, E0 6 BER 2 BMEENE 3 BIEE, HRERIR
W2 lem = X /7 BEHEYERSE
KIESEHE, lem < X BIBEREMAERNRIRZET, FILARER THHMZ lem = X AUERE

ZHES!

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

{
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

FRHiEE

p—HR&7E 1eb le6 £

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)tEnf LLACINn] [m] FiAb# & AT
return lucas(n / p, m / p, p) * C(n % p, m% p, p) % p;
}
-
HEA-RHIEE
RigEE

BT pTERE, BARNIEERTHEI TREN DR

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

// @#bert, gpow,inv, exgcdif
// nUHHEXEE T LR
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);


af://n749
af://n752

L LEN
PR

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

{
double det = 1;
for (int i = 0; 1 < 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]l[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)

BENIEEENEE 1 ENR SIS ENEI A ER S MR aiE S, BRENA T 4EsEniTesn, 25— ERE
—PESHERAR, IR, MR T SIS ER AT B R .

o

Zit, FWINCEER FESHEEEeHR, — M oRfm R ek a8 s
cosl —sinf AN cost ) (731’1&9) B (.1- * cosl + y * 7.sir:9>
(sing cosf ) (y) o (sinﬂ') Y\ ecost | z * sinf + y * cosl

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—PMEMAERES axx + by + oz = doy , FATTLISHEMER (REGERE coefficient matrix #1556 Augmented
a3z + b3y + e3z = ds

Matrix) , @ TFEFRf.

HEEs Exuaks 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, BERIFRESMA T EIX =SS RR R AEE RN =AF
(=) . BRIEHR=RmATIMEA,

(M) . fEFEEEEEE (Algorithm for Back Substitution) SRS,

/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 = ¢; i <= n; i+4) swap(alrllil, altl[i1); // HAREAT R
for (int i = r + 1; i < n; i++) // FEEATH T IEPTARIS1HE KO
if (alillcD)
for (int j =n; j >=c; j--)
a[il1[j1 A= a[rl[jl;

r++;

}

if (r < n)

{
for (int i = r; i < n; i++) if (a[illn]) return 2; // Lf#
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 gauss() // miEon, FZEAFAFalilln]®, 0 <=1 < n
{

int ¢, 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]l) > fabs(a[t]l[cl)) t = i;
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 (int i =r + 1; i < n; i++) // MK TP B5)H KO

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[i1[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; 1 <= 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[kl[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; ++j)
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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0

[feibon feibonﬂ} X 11

= [feibonH feibon+2]

n—1

01 = [feibo,1 feibonH]

[feibol feibog] X 11

ZIEE
A ERE S —AR,

11 bas[N], tmp[N]; // bas[i] ikl e R A

bool flag0; // SEHEERET RO
void ins(11 x) // FEAX
{

for (int i = N - 1; ~i; i--)
if (x>> 1 & 1) // FExH) ikl m e R
if (Ibas[i]) // KiEHRFILA0

{
bas[i] = x; // NTErx,FLEEIMAN—NHTR
return;

}

else

X A= bas[i];
flag0 = true; // BHEx=0MZ I 28 0] PLR IR JE X, XAX A 15210

}
bool check(11 x) // HIWrZIEHREET R RX
{
for (int i = N - 1; ~i; i--)
if (x> 1 & 1)
if (!bas[i])
return false; // &PERLFERRFEIAL
else
X A= bas[i];
return true;
}
11 gmax() // ERLHEERERRIHAME
{
11 res = 0;
for (int i = N - 1; ~i; i--)
res = max(res, res A bas[i]); // FiresHEifiN0uFokbas 1], & WA EE
return res;
}
11 gminQ // BHEMERRER IR R/ME
{
if (flag0)
return 0; // Ofh
for (int i = 0; i < N; i++)
if (bas[i]) // R&vEHAIRME
return bas[i];
return -1; // &A=
}

11 query(11 k) // #E#ZIEERER R K/ME
{
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11 res = 0;
int cnt = 0;
k -= flag0; // HFrHREEERRO
it (k)
return 0; // OHI&E/)
for (int i = 0; i < N; i++)

{
for (int j =1 - 1; ~j; j--)
if (bas[i] >> j & 1)
bas[i] A= bas[j]; // FitbZettEE: ar—+2n) AR
if (bas[i])
tmp[cnt++] = bas[i];
}

if (k >= (111 << cnt))
return -1; // UEREAERTTRIR H2Acnt M
for (int i = 0; i < cnt; i++)
if (k> 1 & 1) // Zithil#Fsrk
res A= tmp[i];
return res;

ZIa,
IRz Efib
STzt

f¥9 R FH9 SHEL (polynomial) , RIFEAOA

F={fo, fis fos- -5 fa)  (fo, frs fas-- -5

S AIE
HF—AST f(z), FEBBRIRENESTRA E (degree) , HHRURE, TAE deg f
EQUEN: V]

ZIR f(z) SERNRRN R(z) RSN 9(z) HENTRR,
f(z) = R(z) (mod g(z))

EPMERAEEERE, WF2IK g(z) B9EE—ME o, KA f(z) F1R(z) #, BEISEER.
Bp:

f(zo) = R(z0)

REMANERTUNATERE. — N TRIERE, TLEREFNSTIVBE T, M—1ERI
RZImzRER. BN

l+z+a®+2* +...=1+z+...+2"" (mod z")

BIARIRAIFTEIERN =" R, EUER =" RSN T (8] | S5 TRIRREEREIR n
I, ERBESUAEEEX.
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RS S X THI%TT

SIS h(z) BT, BRE f(z) BRGEELT. WTHERRE f(z) OESIESEHR
h(z) BEIROS,

MFEW f(z), EFE g(z) HBRE:
f(z)g(z) =1 (mod h(z))

WFR g(x) A f(x) EH& h(z) EXTH #75T (inverse element) . HZIMAR1LEERIFRS, HTEF
EHBE ged(f,9) = 1,

SIRIRIR
BRI :

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

{
int bit = _1g(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())
siz <<= 1;
_a.resize(siz);
init(_a.size());
for (int i = 0; 1 < _a.size(); i++)
if (i < r[i)
swap(_alil, _alr[i]l);
for (int mid = 1; mid < _a.size(); mid <<= 1)
{
// FAIR
comp Wn(cos(Pi / mid), opt * sin(Pi / mid));
for (int j = 0; j < _a.size(); j += mid << 1)
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// mid<<1 i B A i

Comp w(1l, 0);
for (int k = 0; k < mid; ++k, w = w * wn) // Mg/l
{

Comp x = _a[j + k], y =w * _a[j + mid + k];
_alj + k]l = x +y;
_afj + mid + k] = x - y;

}
class Poly
{
pubTic:
vector<int> a;
Poly( {}
Poly(vector<int> _a) : a(,a) {}
Poly(int *_a, int _n)

{
a.resize(_n);
for (int i = 0; i < _n; ++1)
ali] = _a[il;
3
inline size_t size() const
{
return a.size(Q);
}
void formalize()
{
size_t siz = 1 << _1g(a.size());
if (siz < a.size())
siz <<= 1;
a.resize(siz);
3
void resize(size_t siz)
{
a.resize(siz);
}
Poly operator+(const Poly &g) const
{
vector<int> res;
res.resize(max(this->size(), g.size()));
for (size_t i = 0; i < this->size(); ++1i)
res[i] = this->a[i];
for (size_t i = 0; i < g.size(); ++i)
res[i] += g.a[i];
return Poly(res);
3
Poly operator-(const Poly &g) const
{

vector<int> res;

res.resize(max(this->size(), g.size()));

for (size_t i = 0; i < this->size(); ++1i1)
res[i] = this->a[i];

for (size_t i = 0; i < g.size(); ++i)
res[i] -= g.a[i];

return Poly(res);



}

Poly operator*(const Poly &b) const

{
int Tim = 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 (int i = 0; i < Tim; ++1)
f.a[i] = f.a[i] * g.a[i];
f.NTT(-1);
for CGint i = 0; i < Tim; ++1)
f.ali] /= Tim;
return f;
}
void NTT(int opt) // HEE TR
{
formalize();
vector<ull> f(a.begin(), a.end());
init(f.size());
for (int i = 0; i < f.size(); ++1)
if (r[i] < 1)
swap(f[il, fLr[il1);
for (int mid = 2; mid <= f.size(); mid <<= 1)
{
int k = mid >> 1;
int gn = inv(3, (P - 1) / mid);
for (int i =0; i < f.sizeQ); i += mid)
{
int g = 1;
for (int j =0; j <k; ++j, g =111 * g * gn % P)
{
int tmp = 111 * f[i + j + k] * g % P;
fli + 3+ k]l = (f[i + 3] - tmp + P) % P;
fli + j] = (F[i + j1 + tmp) % P;
3
3
3
int tmp = (opt == 1 ? 1 : inv(f.size(), P - 2));
for (int i = 0; 1 < a.size(); i++)
a[i] = f[i] * tmp % P;
}
void Pinv(Poly &f)
{

if (f.size() == 1)
return f.a[0] = inv(f.a[0], P - 2), void(Q;
int Ten = f.a.size(Q);
f.formalize(Q);
int n = f.a.size(Q;
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++)
f.al[i] = ((g.a[i] << 1) % P - (11)g.a[i] * g.a[i] % P * f.a[i] %
P+ P) % P;



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

RIRI:

struct Complex

{

18

double a, b;
inTine 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};

}

inline 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,

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 < n; i++)

rev[i] = (rev[i >> 1] >> 1) | (i & 1)

for (int i 0; i < n; i++)
if (i < rev[il)
swap(al[i], alrev[ill);
for (int 1 =1; 1T <n; 1T <<=1)
{

*w.a - a* w.b) / s};

*(n > 1));

complex w = {cos(pi / 1), f * sin(pi / 1D};

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

=X -y;

{
Complex wk = {1, 0};
for (int i =0; i < 1; i++)
{
Complex x = a[i + jl, vy =wk * a[i + j + 17;
af[i + j1 = x + vy, a[i + 3j + 1]
wk = wk * w;
3
3

}
const int mod = 998244353;

int gpow(int a, int b)



int ans = 1;
while (b)
{
if (b & 1)
ans = (11)ans
a=((THa * a % mod;
b >>= 1;

&=

a % mod;

}

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; 1 < n; i++)
rev[i] = (rev[i >> 1] >> 1) | (G & 1) * (n > 1)),
iv[i + 1] = (A1) (mod - mod / (i + 1)) * div[mod % (i + 1)] % mod;
}
struct poly : vector<int>
{
friend inline void formalize(poly &a)
{
int n = 1;
while (n < a.size())
n <<= 1;
a.resize(n);
return;
3
friend void NTT(poly &a, int ty)
{

int n = a.size();
vector<ull> f(a.begin(), a.end());
for (Gint i = 0; i < n; i++)
if (i < rev[il])
std::swap(f[i], fl[rev[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; i < len; i++)
wk[i] = (ODwk[i - 1] * w % mod;
for (int j = 0; j <n; j += (len << 1))
for (int i = 0; i1 < len; i++)
{
inty = f[i + Jj + len] * wk[i] % mod;
f[i + j + len] = f[i + j] - y + mod;
fli + 31 +=y;
h;
if (len == 1 << 11)
for (int i =0; i < n; i++)
f[i] = f[i] % mod;
3

int j=ty=171:1v[n];
for (int i = 0; i < n; i++)



af[i] = f[i]l * j % mod;
}
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++)
al[i]l = (a[i]l + b[i]) % mod;
return a;
}
friend void operator+=(poly &a, poly b)
{
int lTen = 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;
}
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++)
ali] = (a[i]l - b[i] + mod) % mod;
}
friend void operator*=(poly &a, const int b)
{
for (int i = 0; i < a.size(); i++)
ali]l = (ADali]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(Ca, 1), NTT(b, 1);
for (int i = 0; 1 < a.size(); i++)
ali]l = (1ali]l * 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(a, 1), NTT(b, 1);
for (int i = 0; 1 < a.size(); i++)
ali]l = (A1Dali] * b[i] % mod;
NTT(Ca, -1), a.resize(len);
}
friend poly operator/(poly &a, poly b)
{
if (a.size() < b.size())
{
a.resize(1);
al[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());
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 -= ¢, a.resize(b.size() - 1);
return a;
}
friend void inv(poly &a)
{

if (a.size() == 1)
return a[0] = qpow(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; 1 < 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--)
al[il = (ADali - 11 * iv[i] % mod;
a[0] = 0;



}
friend void Tn(poly &a)
{
formalize(a);
int n = a.size(Q);
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, void(Q;
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; 1 < n; i++)
alil = a[i]l + (i == 0) + mod - c[i]) % mod;
a *= b;
a.resize(n);
}
friend void pow(poly &a, int k)
{
TnCa);
for (int i = 0; i < a.size(); i++)
ali]l = (ADali]l * k % mod;
exp(a);
}
friend void sqrt(poly &) { pow(a, (mod + 1) >> 1); }
friend void sin(poly &a)
{
a *= 1im;
exp(a);
poly b = a;
inv(b);
a -= b;
a *= (1D (mod + 1) >> 1) * im % mod * im % mod * 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] = (ID)b[i] * b[i] % mod;
NTT(b, -1), b.resize(n >> 1), b *= mod - 1, b[0]++;
sqrt(b), inv(b), a *= b, inter(a), a.resize(n >> 1);

3

friend void atan(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]l = (ADb[i] * b[i] % mod;

NTT(b, -1), b.resize(n >> 1), b[0]++;
inv(b), a *= b, inter(a), a.resize(n >> 1);

3

3
}
iR

namespace Poly

{
int n, m, a[N], b[N], c[N], s[N], ss[N], d[N], e[N];
int f[N], g[N], h[N], F[N], tmpl[N], tmp2[N], tmp3[N];
int rev[N], inv[N], fac[N], ifac[N], G[19][N], Tim;
inTine void init(int n, int mode = 1)

{
if (mode)
{
int 1 = 0;
for (Tim = 1; 1im < n; 1im <<= 1)
T++;
for Cint i = 1; i < Tim; i++)
rev[i] = (rev[i >> 1] >> 1) | (0 & 1) << (1 - 1));
3
else
{
for (Tim = 1; 1im < n; 1im <<= 1);
3
}
inTine int gpow(int x, int y)
{
int res = 1;
while (y)
{
if (y & 1)

res = 111 * res * x % mod;
x =111 * x * x % mod;
y >>=1;
3

return res;



inTine void Prefix(int n)

{
inv[1l] = 1;
for (int i = 2; i <= n; i++)
inv[i] = 11T * (mod - mod / i) * inv[mod % i] % mod;
fac[0] = 1;
for (int i = 1; i <= n; i++)
fac[i] = 111 * fac[i - 1] * i % mod;
ifac[n] = gpow(fac[n], mod - 2);
for (int i = n; i >=1; i--)
ifac[i - 1] = 111 * difac[i] * i % mod;
for (int i =1, p=1; i <= 18; i++, p <<= 1)
{
G[i][0] = 1;
G[i][1] = gpow(3, mod - 1 >> i);
for (int j = 2; j < p; j++)
G[iI[31 = 111 * G[i1[j - 11 * G[i1[1] % mod;
}
}
inline void NTT(Cint *a, int t)
{
for (int i = 0; i < 1im; i++)
if (i < rev[il)
swap(al[i], alrev[ill);
for (int i =1, t =1; i < 1im; 1 <<= 1, t++)
{
for (int j =0; j < 1im; j +=1 << 1)
{
int tl, t2;
for (int k = 0; k < i; k++)
{
tl = al[j + k];
t2 = 111 * G[t][k] * a[i + j + k] % mod;
al[j + k] = (t1 + t2) % mod;
af[i + j + k] = (t1 - t2 + mod) % mod;
b
3
3
if (t == 1)
return;
int Inv = gpow(1lim, mod - 2);
reverse(a + 1, a + Tim);
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;

}

Inv(a, b, n + 1 >> 1);

init(n << 1);

for (int i = 0; i < nj; i++)
clil = alil;

for (Gint i =n; i < Tim; i++)
c[i]l = 0;



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

b[i] = 111 = (2 - 111 * c[i] * b[i] % mod + mod) % mod *

NTT(b, -1);
for (int i =n; 1 < 1im; i++)
b[i]l = 0;
}
inline void Mul(int *a, int *b, int n)
{
init(n << 1);
memset(c, 0, 1im << 2);
memcpy(c, b, n << 2);
NTT(a, 1), NTT(c, 1);
for Cint i =0; i < 1im; i++)
ali] = 111 * a[i] * c[i] % mod;
NTT(Ca, -1);
}
inline void Der(int *a, int *b, int n)
{
for (int i = 1; 1 < n; i++)
b[i - 1] = 111 * i * a[i] % mod;
b[n - 1] = 0;
}
inline void Int(int *a, int *b, int n)
{
for (int i =1; i < n; i++)
b[i] = 11T * a[i - 1] * inv[i] % mod;
b[0] = 0;
}
inline void polyln(int *a, int *b, int n)
{
static int p[N];
memset(p, 0, n << 3);
memset(d, 0, n << 3);
pDer(a, p, n);
Inv(a, d, n);
Mul(p, d, n);
Int(p, b, n);
}
inline void Log(int n, int *f, int *g)
{
init(n);
polyln(f, g, 1im);
for (int i =n; i < Tim; i++)
gli] = 0;
}
inTine void polyexp(int n, int *a, int *b)
{
if (n == 1)
{
b[0] = 1;
return;
3

polyexp(n + 1 >> 1, a, b);
Log(n, b, s);
for (int i = 0; i < nj; i++)
s[i] = a[i] >= s[i] ? a[i] - s[i] : a[i] + mod - s[i];

for CGint i = n; i < Tim; i++)

b[i] % mod;



b[i] = s[i] = 0;
s[0]++;
NTT(s, 1), NTT(b, 1);
for (int i = 0; i < Tim; i++)
b[i] = 111 * b[i] * s[i] % mod;

NTT(b, -1);
for (int i = n; i < 1im; i++)
b[i]l = 0;

}
inline void Exp(int n, int *a, int *b)
{

polyexp(n, a, b);
}

FFTIRE(EEM iR

PRSI (Fast Fourier Transform, FFT)

EEMTH (Fourier Transform) 2—MoiTES8AE, BAUoESHAD . BRI BIXLER
DERES. FSREETENESHNKS, BEMTRAIEZRIENESHIRS .

1% f(t) RATRIE ¢ BORREL, NUIEEHERRATLMGNINER o BIFEITE f(t) HIARE:

F@) =¥ = [ 10 “a

10 = FF@I = 5= [ P

B
TR SIETRIFERM, 98 2r ST ISR EE.

EEM T RE S TR SRS AR 2r NSEHREHTESNAR. EERBIEA—R
A,

BENTHREENNEINER, TLUSHEIIGTRE oI, aILUSsisiSERE s
Btk AY3EFH,

FFTIBIIRRA (B complexdistd3EEY)

AYIEIEZ¥E(O(nlogn))

BEASETRE

EARBRMER, FARKNEES » IXNBEUINAT, E8n=2"kc N,

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

HATHRRT: IDFT (BEMRZER) BER, RIEETSHRNRERIHRRRET . M DFT A52
NLMRR, JLEERNKBEGZIESFRE, k—MEFERIZMENRE, LIEIERUSER
RAZTANIE:
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S ] 1 1 1 1 1 " ]
0 0
1 wh w2 wp wh !
Y1 aj
1 W2 wh W R A
Y2 n n n n as
= 3(n—1
Y3 1w w8 w) e wJ ) as
- _ 2(n—1 3(n—1 —1)? Qp—
[ Yn—1 | (1 W 1 wn(n ) wn(n ) wgln ) | Lan 14

MAERNBLERSFMONERT, FEl ¢ BEEFRSIANRERTHERE—XINAY, L, 1]
TERERFRIERATR, B REEF PO ASRIEAR N ARERF RO AERE AT T .

RATFIXMEFFRTTRIEREYTR, SRR EERIARNMR, s INEE, B RLZERIGKE n
. FREISEIERERERE.

FRIAREIIER ali] 17 (int)(ali]/a. size() + 0.5) SREEEE

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

const int MAX_N = 1 << 20;

Comp tmp[MAX_N];

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

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

{
if (n == 1) return;
for (int i = 0; i < n; ++i) tmp[i] = f[i];
// ABEURA D, AR A
for (int i = 0; i < n; ++1)
if (& 1)
fln/ 2+ 1 /2] = tmp[i];
else
fli / 2] = tmp[i];
Comp *g =f, *h=Ff + n / 2;
// #JH DFT
DFT(g, n / 2, rev), DFTCh, n / 2, rev);
// cur BHEHRMAER, T k = 0 M5, EXNNARAER omegarO_n = 1.
// step AMAEAAIERKZE, BHL omegaAk_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(omegaAk_n) = G(omegaAk*{n/2}) + omegaAk*n\*H(omegaAk*{n/2})
tmp[k] = g[k] + cur * h[k];
// F(omegaA{k+n/23}*n) = G(omegaAk*{n/2}) - omegaAk_n*H(omegaAk\_{n/2})
tmp[k + n / 2] = g[k] - cur * h[k];
cur *= step;
}
for (int i = 0; 1 < n; ++i) f[i] = tmp[i];
}

void solve()
{
int n, m, 1im = 1;
cin >> n >> m;
while (Tim <= n + m)
Tim <<= 1;
for (int i = 0; i < n; ++1)
cin >> a[i]l;



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

B EEEE, BLESEE std :: complex IBI%

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.imag, a.real * b.imag + a.imag * b.real); }

b.real - a.imag *

NTTiRIEELE IR
HRHRI

inline void NTT ( const int n, int* A, const int tp ) {
for (int i =0; i <n; ++ 1 ) if (i < rev[i] ) A[i] A= Al[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) / 1 );
// GHJEM, gkpow(a,b) Nalbik /7 HMODM 45 .
if (! ~tp ) w=qgkpow ( w, MOD - 2 );
for (int j =0; j<n; j+=1) {
for (int r =1, k=73j; k< j + stp; ++ k, r=111 * r * w % MOD ) {
int ev = A[k], ov = 111 * r * A[k + stp] % MOD;
Alk] = C ev + ov ) % MOD, A[k + stp] = ( ev - ov + MOD ) % MOD;

}
}
}
if ( 1~tp) {
int invn = gkpow ( n, MOD - 2 ); // invnn[fi¥isc.
for (int i =0; i <n; ++ 1 ) A[i] = 111 * A[i] * invn % MOD;
3

HESE
S
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SRS AR(E (multi-point evaluation) BPEH—NEI f(z) Fl n N 21, 2,
*

f{$1)3 f('T'E).ﬂ LERE f{'zn)
ZIEAYHE(E (interpolation) BDLSHE n+ 1R

(;170: y(l)1 (:El: 311)1 “-ey (I'n.: y'n.)

K— n RSB f(z) FEEX n + 1 NRETE f(2) L.

G+ FRRYSCIN
[ G 20 82, FREREFINT

ZRR(E

typedef vector<int> Poly; //Fibiikk
namespace Evaluation
{
#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 Cint i = 0; i < 1im; 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;
inline void build(int rt, int 1, int r)

{
if (1 = r)
{
Tlrt] = (Poly){1, dec(0, Q[1D};
return;
}
int mid =1+ r > 1;
build(1s, 1, mid), build(rs, mid + 1, r);
T[rt] = T[1s] * T[rs];
}
inTline void solve(int rt, int 1, int r, Poly F)
{
if (1 = r)
{

ans[1] = F[0];
return;
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}
int mid =1+ r > 1;
solve(ls, 1, mid, MulT(F, T[rsl));
solve(rs, mid + 1, r, MulT(F, T[1s]1));
}
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);
solve(l, 0, n - 1, MulT(F, Inv(T[11)));
ans.resize(m);
return ans;

LagrangelfiiEix

ZSHEHEEEAT

FhERAARBARIEE | BIAERE: 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.sizeQ); ++j)
if (4 != )
{
tmp *= (x - f[j]l.first);
tmp /= (f[i].first - f[j].first);
3
res += tmp * f[i].second;
}

return res;

TR RIESEES M Lagrangel®(E | BFNEEZE: O(n)
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REK n RZEMAA f(z), FMNEM f(1),---,f(r+1) 1<i<n+1) , FRAALENEE

N

[EENZEFALS FREOIERE, TESREISFA:
n+1

11 (z—3)

j=1

r—1i

Y i — j BIRFTLAR BB kA !

(- (i —1) - (n4+1—19)!

BRIREEMIRAL 2. ..., n+ 1 BEREN:

Ry iy, I (@ —j)
Z zfl)'(nvtl—i)!(a:fi)

MM M(z) = [1;i,(z — i), HBEXENETE]

Rt ZI=#HRR N

typedef vector<int> Poly; //FilEk):
namespace Interpolation
{
#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 < 1im; i++)
G[i]l = 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;



PO]y TRIN], T[N];
Poly Q, QY, ans;
inTline void build(int rt, int 1, int r)

{
if (1 =r)
{
TRrt] = (Poly){1, dec(0, Q[11D};
T[rt] = TR[rt], reverse(T[rt].begin(), T[lrt]l.end());
return;
}
intmid =1+ r > 1;
build(ls, 1, mid), build(rs, mid + 1, r);
TRLrt] = TR[1s] * TR[rs];
T[rt] = TR[rt], reverse(T[rt].begin(), T[rt].end());
}
inTine 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, TR[rs]));
solve(rs, mid + 1, r, MulT(F, TR[1s]));
}
inTine 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(1, 0, n - 1);
Poly F = Deriv(T[1]);
ans.resize(n), F.resize(n * 2);
solve(l, 0, n - 1, MulT(F, Inv(TR[11)));
return solve(l, 0, n - 1);
}

Newtoni{fi{Hix

n

f(z) = am;(=)

j=0

Erh nj(z) := [[1_g(z — =;) FRJ Newton & (Newton basis) .
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A a;, WOIER f(z) BMEEZSIN. BILOTARNENX AIAZER (forward divided

differences) :

[YK] :=

[yk'v KR yk”r)'] = )
Thij — Tk

() = [yol + [yo, yal(x — o) +--- + [0, - - - , Yn](z — 0) - - - (T — Zn—1)

= Z[’yi)y ooy Yilmg(x)

=0

ANAEIREE | BHAERE: O(n?)

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

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

Hermite}H(Ei%

BIRRFEE: RENEN—REREHEREIHET R, BN T RIHGERZET RS,
(EIRERSFISIERMEIEE R, WHETREL TESHNEX, BETFRNSHEDERS,
BEEEREH SEHBREF.

Hermite {&EZINT 4
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P ERZIHREE
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Lo(@) = wily(@)
=0

T

Ti—Tj1 Zj-1 <z< T
li(x) = ¢ 2% ) )
J( ) pp—— z; <x<Tjp

0 Aty

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 +

11.first)
res += f[i].second * (x - f[i + 1].first) / (f[il.first - f[i +

1].first);
}

return res;

FimEN
FImEL At

&r 2f(z) = 0B9R, &Rz ERraWIaIrIE, NEAIRTLAE S (2o, f(z0) ) HMERE
y = f(z)0tlg L E0ME S Soire s, BIIEE LSRR

L:y=f(zo) + f (0)(z — z0)BATRMS Sz AA, = 20 — ;’,‘(";”J) AL

(z1, fz1))BEAS (x5, Rl Scintvses, BEUDIRESIf(x, ) FRETTORD
o, BEhESEnranEatse:

53
TRIERRS

double rint(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 = aj;
for (int i = 1; i <= n; i++)
{
X = X + h;
sum = sum + (*f) (x)*h;
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}

p = fabs(sum - last_sum);
last_sum = sum;
n += n;
h /= 2.0;
}

return last_sum;

TREHRD

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 = aj;
for (int i = 1; i <= n; i++)
{
sum = sum + ((*F)X) + (*FHX + h)) * h / 2;
X = X + h;
3
p = fabs(sum - last_sum);
Tast_sum = sum;
n += n;
h /= 2.0;
}
return last_sum;
}

SimpsonFEEFHFIRS

—. 4 - FHERATN (RROIEFAR) ¢

f f(z)dz — F(b) - F(a)

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

BRIRT

f(double x)
{
// TODO: SEHLRTR k%L
3
double simpson(double 1, double r) // FEEHEH AR
{
auto mid = (1 + r) / 2;
return (r - 1) * (f(1) + 4 * f(mid) + f(r)) / 6;
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}

double asr(double 1, double r, double s) // Hi&MN |w

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

}//s = simpson(1, r);

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 = (01 + 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

LYK ()R

LML

18 Jo FRAESBIN .,k ABRTEERE, RAVEIFRA

Jn.,k = (J-n—l,k + k) mod n

?Amﬁﬂﬁ 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; i <= n; ++i) res = (res + k) % 1i;
return res;
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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; // £&V:5ivk
int res = josephus(n - n / k, k);
res -= n % k;
if (res < 0) res += n; // mod n
else res += res / (k - 1); // LA E
return res;
}

it&ENM
BA2H
IEREEE
IESXEH
TE=/AR AABCH, Hf A, B,C FiXiA% 814 a,b,c, MT:
si:;A - siI:JB - SirfC' = 2R

He, R/ AABC RSMEEFZ,

RILEE

E=/ AABCH, HA A, B,C Fiiis5lA a,b,c, NA:

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

S=mxax*b

C=m% /2% (a® +b*) (1t 1)

32 a—>b

C=rm*(a+b)*x(1+ ———): A\=——
( )% 10+m)( a+b

) (s s )
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sind || x
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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 vec;
[/ =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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tILtEXEEE Chebyshev

TENX

EIHCBKIER (Chebyshev distance) RABSEFN—MER, ~HAZENESE HEE
IREENSREXE.

ETgE=ER, AMRZENTIEEEXRIEEATE(1ES IR ERNETNE SHLIRZ ZREITENR
KE. 8= A(z1,y1), B(z2,y2), W A, B ZEYILLEXRIEERANILAFRTRA:

d(A, B) = max(|z, — x3|, [y1 — y2|)

IILEE 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, B
—fetts, BATENFELRS A(z1,91), B(w2,ys) ZIAH Ly, BEEH

d(Lm) = (JT1 — T2|™ + |91 — y2|™) =

RIRRY, L. IEEBERULEBIES, L EEHESRmIER.

PickZEIE

BT AT BRI O 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 ZIIx
o R BRRIAL (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 gets() // fZMisladiin e j5 i 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 (Gint 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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=HNg
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++)
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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.u(Q)) * p.normal() /
p.normal().mQ; 3

SR

inline double dist(vect v, line f) { return ((f.v - f.u) / (v - f.u)).mQ / (f.v
- f.uw).mQ; 3

inTine 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&/JmiaE*/
struct facet

{

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

int id, vistime /*vjl A&/ ;

bool isdel;

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; }
s

/LM% /
struct edge
{
int netid, facetid;
};
JEAEfE A T * /
vector<facet> FAC;
struct ConvexHulls3d
{
int index /*#%4lli*/;
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 0;



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[11);
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 [aE* /5
queue<int> que;
vector<int> resfnew /*{RAFHIHEMIH*/, resfdel /*LRAFMIKRMTHE*/;
vector<vect> respt /*{RAFHHZESHLII A%/ ;
inTine ConvexHulls3d quickHul13d(vect point[], int totp)
{
convexHulls3d hull = getStart(point, totp);
/* AT AR B ALY I T I B A /
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);
/AT IR, Bl /
if (FAC[nf].isdel)
continue;
/¥ AT A S RCR A, Beid =/
if (pts[nf].size() == 0)
{
snew = nf; /*HifRIi&REFIES/
continue;
}
/* BUE B I I () J %/
vect p = pts[nf][0];
for (int i = 1; i < (int)pts[nf].size(); ++i)
if (gtr(dist(pts[nf]l[i], FAC[nf].p), dist(p, FAC[nf].p)))
p = pts[nfl[il;
/FRSPZR, T DURIESS B T 2R D = AN e/
++TIME;
resfdel.clear();
/AT — € MR, B EE ST dfs*/
int s = hull.getHorizon(nf, p, vistime, e[0], e[1], resfdel);
/w2 (Ge—RD , WIEHm*/
[ FAE SR ZG I FRATT T2 A5 S0 5 2% 121 10 A 2 A MU A T, R 5 2 B i /
resfnew.clear();
++TIME;
int from = 0 /* L—Au5inigsi*/, Tastf = 0 /* L—ASpEnm*/, fstf = 0 /*%—
AT/
while (vistime[s] != TIME)
{
/% F T DS M il s Ay 1) %/
vistime[s] = TIME;
int net /* F—"/*/;
int £ /%P4 BTN GEE W=/, fnew /*¥ii=*/;
/TR [ 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 AN SAEAT B ] b s (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 s s i EHHES * /
if ((ptl + 1) % 3 != pt2)
ptl A= pt2 A= ptl A= pt2; /*5cfi*/
/¥ IEFERL G BT A2 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 B/
FAC[fnew] .n[0] = f, FAC[f].n[ptl] = fnew;
if (lastf)
{
/AN BE TR S R A2 MR A3 7 s 2 198 B 3 7 % /
JFYEF TR I TR (R 4R 45 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; /*EARFigE*/
Tastf = fnew;
from = s;
S = net;
}
/* TR Sk R AE I S 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] = Tastf, FAC[lastf].n[1l] = fstf;
/F AR I 7 B BO ) Sk /
respt.clear();
for (int i = 0; i < (int)resfdel.size(); ++1i)

{
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[i], p))
continue; /*Bkict FH T B g imi i %/
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; /*MifrkSASHEELSFA*/
b
}

/* W HT T i N BAF* /
for (int i = 0; 1 < (int)resfnew.size(); ++1i)
que.push(resfnew[i]);



}

hull.index = snew;
return hull;

}
inline void precConvexHulls()
{
/%0 Drff R *
pts.push_back(vector<vect>());
FAC.push_back(facet());
}
[Bommmoscsossccossssssossoossoos MR Reseessessrescseossoossossseosot /

vect point[N];
int mainQ)

{
preConvexHulls();
int n;
scanf("%d", &n);
for (int i = 1; i <= n; ++1i)
{
double x, vy, z;
scanf("%1f%1t%1f", &, &y, &z);
point[i] = vect(x, y, 2);
point[i].id = 1i;
}
ConvexHull1s3d hull = quickHul13d(point, n);
printf("%.31f", hull.getSurfaceArea());
}
hEdE ==

lie¥s 55 (Rotating Calipers, t#R [hefeF~RI ) &, EOSFINEM L, BIfZEOLEE
R—RONEREFEMTEENR, EBELHNEAXBENORER. sIERESESNOEN

FRABRAYRIE.



af://n918

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
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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: BT EERER I Fmm:

A: while dequelfimFE- T FHEAIZE RIE LA FESN: HbkdequelfunAd4-Fm.
B: while dequelfF ™ FERIZ AT FEIM: Hibkdeque BRI F@.

C: BFLarEFminAdequeliis,

Step 4: fliEkdequeiRatia iR T2 F@E:
A: while dequellimF- N FHRIZERTEREE TS MkRdequellunAd-4-m.
B: while deque/ R M- FHEMNZE ATEIREBEFHsl: HibkdequeERAI-EF.

Step 5: fZIfFKkEldequerth TR FEAIZEA, BEIn - FEAZHINOSINNE,

w1

using typedef pair<double, double> PDD;
#define define x first
#define define y second
struct Line // H#
{
PDD st, ed; // HZLLHIWANA
}Tine[N];
int q[N1; // XiPAF
int sign(double x) // 5 E%

{
if (fabs(x) < eps) return 0; // x40, W3[0
if (x < 0) return -1; // xA6%, WHikE-1
return 1; // xNIEH, MERFAL

}

int demp(double x, double y) // L& ME AN

{

if (fabs(x - y) < eps) return 0; // x ==y, k[0
if (x <y) return -1; // x <y, i&H-1
return 1; // x > vy, R[F1L



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 Sy, BBIFNBRR I RRTEE.

XS RY T = MaJRR:
1. TN REBES: PRI RS

2. BPRDBIES1 71 S2 RIS
3. BN REBE S PRI XS

1,2 IBIREEEA/N 2 A LIRHRR, XERRBERDATETEHRITR: Sl 2 SHXEFHE
B, 758, DIaEHRLL mid 74, 1 abs(z — mid) < d FIRIIAFESES Q. Bk y AX
gy, mRAIEPEHEE, SHBRE Q. v — Q.y; < dIIBXRANEREHMETE. (JLULRE
KNS 2d * d BIBEFZ X RAYRAEIT6)
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=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; // Z%EEX

vector<pt> a; // A0

double mindist;

void upd_ans(const pt &a, const pt &b)

{
double 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
F. z; AR RKBFHFR multiset, MTE—ME ¢, BAPUTLATERIE:

1 BFERRE zi — z; >= dRIRMNESTHR. BIFASBNERARE.
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 ALY O(n)

iR o i - 1 PRSINVEREER, MAS i MR, NRERENSE ENHALAE. S,
MEFNR/NESEREERES i 1.

PRELASE « AR (¥R 0) , EELUUETRERIINGE j MR, &% j MRERS, N
INBERVEZITSE j .

ESU SR, (AABRSFEE=ARKRREXM/NESE, FUEE=R)

BHEAERZE, EENEREEERERER/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; ++i) swap(p[rand() % n], plrand() % n]l);
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;
y = (plil.y + plil.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 < i) continue;
ret.push_back(std: :make_pair(p[i].id, p[it->id].id));

}

return ret;

I8

TR RIS

const double eps = 1le-10;
const double pi = acos(-1);
const int inf = O0x3f3f3f3f;

int sign(double x)

{
if (fabs(x) <= eps) return 0;
return x < 0 ? -1 : 1;
}
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); }

doubTe 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); }
5
class Line
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{
public:

double a, b, c;
double k, d;

Line() {}
Line(Point x, Point y)

{

3

y.y - X.y;
X.X - Y.X;
Yy.X ¥ X.¥Y - X.X ¥ y.y;

Line(double x, double y)

{

}

Y;
-1, ¢ = d;

~ X
T Qo
Il

Line(double x, double y, double z)

{

a=Xx,b=y, c=2z;
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; // by
else if (p < -eps) return 1; // T/
return 0; // B

3

Point intersectL(Line m)

{

double D = a * m.b - m.a * b;
if (D == 0) return Point(inf, inf); // “Fir
return Point(b * m.c - m.b * ¢, m.a * ¢ - a * m.c);

}

double distanceP(Point m) { return fabs(a *

+b * b);
I8

3

class Vvector

{
public:

double x, vy;
vector() {}

Vector(Point n) { x = n.x, y
vector(double n, double m) {

n.y; }
=n, y=m}

X

Vector(Point n, Point m) { x = 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
double
double
vector
Vector
Vector
vector
double
double
NI AR
s

vabs() { return sqrt(x * x +y * y); }

m.x + b *my+ c) / sqrt(a * a

cosV(vector m) { return *this * m / this->vabs() / m.vabs(Q); }

angle() { return atan2(y, x); } // Get_pPolar_Angle
operator-() const { return {-x, -y}; }

operator+(const Vector &m) const { return {x + m.Xx,
operator-(const Vector &m) const return {x - m.x,
operator*(const Vector &m) const return x * m.x +

operatorA(const Vector &m) const

{

operator*(const double &m) const { return {x * m, y *
{
{

return x * m.y -

class vecline

+m.y}; }
-m.y}; }

m}; }

*m.y; }
*m.x; ¥ //IEH



{
pubTic:
Vector u;
Point a, b;
vecline() {}
vecline(Point n, Pointm) { a=n, b=m, u= {n, m}; }

Vecline(vector n, pointm) { 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, z}, a
x}, b ={y, z}; }
int straddle(vecline m) // W& Lschs| | 26 EIE

{
if (m.relationP(a) * m.relationP(b) <= 0)
if (this->relationP(m.a) * this->relationP(m.b) <= 0)
return 1; // &b
return 0; // A
}

int rejection(vecline m) // PRdHEwSE5: | | LBIE | | At BUAH

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; // Hil
return 0; // bJi
}

int relationL(vecline m) { return rejection(m) && straddle(m); }
Point intersectL(Vecline m)

{
vector v(m.a, a);
double t = (v Am.u) / (u A m.u);
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)); }
3
class Circle
{
pubTic:
Point o;
double r;
CircleO{};

circle(Point x) { o = x; }

Circle(double y) { r =vy; }

Circle(Point x, double y) { o = x, r =y; }

Circle(pPoint a, Point b) { o = {(a.x + b.x) / 2, (a.y + b.y) / 2}, r =
a.distance(b) / 2; }

circle(Point a, Point b, Point c)

{w,



vecline x(vector{a.y - b.y, b.x - a.x}, Point{(a.x + b.x) / 2, (a.y +
b.y) / 21);

vecline y(vector{a.y - c.y, c.x - a.x}, Point{(a.x + c.x) / 2, (a.y +
c.y) / 21);

0 = X.intersectL(y);

r = o.distance(a);
}
int relation(double p)
{
if (r - p > eps) return 1; // H| |7
else if (p - r > eps) return -1; // 4N | HZ
return 0; // EE| | Y]
}
int relationC(Circle m)
{
double d = m.o.distance(o);
if (d - (r + m.r) > eps) return 0; // #M&
else if (fabs(d - (r + m.r)) < eps) return 1; // 4MJ
else if (fabs(d - fabs(r - m.r)) < eps) return 2; // WV
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)); }
double 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; }
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(vVecline 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());
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(Q);
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); // 2445MNA1I%
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}); // LFEAADIL

else if (sign(d - radd) > 0) // 2%MNA%

{
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;

class Polygon

}
bE
{
public:

vector<Point> p;

Polygon() {}

Polygon(vector<Point> poi) { p = poi; }
double getSQ)//HMiakays i &t-H 7 Ja 15

{

double res = 0;
for (int i = 0; i < p.size(); ++i) res += Vector(p[i]) A Vector(p[(i +

1 % p.size(1);

Ths

}

return fabs(res / 2);

void andrew() // "tk

{

int tp = 0;
sort(p.begin(), p.end()); // F AT HEE
vector<int> stk(p.size() + 5), used(p.size() + 5); // stk[] %M, TEfit

stk[++tp] = 0;
// BRWBIME R, HAER used, 15 1 78530 AL 6 B AR 508
for (int i = 1; i < p.size(Q); ++1)
{
while (tp >= 2 && (vector(p[stk[tpl], p[stk[tp - 111) A vector(p[i],

plstkltp]])) <= 0)

used[stk[tp--]] = O;
used[i] = 1; // used FRTEMFE L
stk[++tp] = i;
}
int tmp = tp; // tmp Emx FiMh5e R/
for (int i = p.size() - 1; i >= 0; --1)
if (lused[i]) // IR EMFERAEm RN
{
while (tp > tmp && (vVector(p[stk[tpl]l, p[stk[tp - 1]1]1) A

vector(p[i], p[stk[tpll)) <= 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[i11);// E#lZH %L 2=
newp.pop_back(); //RMKERERLIXAT | | 55— 547 T IHIX
this->p = newp;

ZF

STEFF, LFIFHE! All My People !
BEHLEL

/ /=R B

srand(time(NULL));

rand(Q) ;

double getrand() { return (double)rand() / RAND_MAX; } //Ht[0,1]
std::random_shuffle(a + 1, a + 1 + n);

//random_device{} ) &1 (H CHAELHZA D , L alEH time (0)

mt19937 eng(random_device{}()); //RIEZunsigned int, X[ayuiFE N[0 ,4e9],H!
UINT32_MAX

mt19937_64 eng64(random_device{}()); //&l{ti/tunsigned long Tlong, [ & Kk,
UINT64_MAX

uniform_int_distribution<int> myrand1(1,r); //i&EI[T, r] %%, SRilint, (RUE 15040, Af
N

uniform_real_distribution<double> myrand2(1,r); //il[1,r)#sest, 2hikdouble, fiFy
S50 AT, AT AL

myrangel(myrand), myrange2(myrand); //fiif 5=

double myrand() { return (double)mrand() / UINT32_MAX; } //H¢[0,1]

SFE T SRS

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);

EHIFiE
SIF— NBAEROEIE (1, n] AORTISCERLSE, fEAL |/ 2 MBS MR

RIELE X
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SCRA—EEERE: NRFRASHRERUEEESR, SNA—EMREZIINE.

BAENZAREA T, FE ' 5EARE s FSHENRSEERENNAREER) ZE
AIRER (f5) ZH AF (AE>0) , WERERE®ERE (IE&INE) A

1, S’ is better than S,
P(AE) = { _AE .
e 7 , otherwise.
R BRIAERATESINFESRE, SERNBXERRE, NARLEEEERINENIAZIR
BEHUAS, =EEEEARE (AERESEMIRKAEM) .

BRELRXEIEAIE =28 YIRIRE To, EERH d, RILRE T.. He To 2 —MHEBIKRY
., d2—NEREEA 1 B2V 1898, T B—MER 0 RUIESL

BGILRE T = Ty, ARRREAPERHTXERSN, BLT=d-T. 3T < T, H&EHIR
KPR, BRIRUER AR EHRIUE.

ERATEERENER, RINBEFERNSAFENTE, MEERXIETLEFBRINRE
ERIRIUE.

BAuH

(1T EEARSERE, FEREERHENSERIERSH2T BBt S 3P Xs
;
2R TSR KRR ;

3. EEIRSHFERER;

4 RFEF T RED;

5. NERBNEENR/N, BUAHREREFIS, ERESEIIRRE;
6. AILARED IR

78T EENEAL AN,

/ /TG AR BRBR K] || MAX_TIMEN H OB E RIS /N TI fREE (B fiims) || clock O HAims
const double begT= 10000, endT= le-12, delT= 0.99; //ChangeT 45 HnyE
while ((doubTe)clock()/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),h. ... 999 AT IRELIH . . . . 998IH %

//simulateAnnealid . (BARmin )
const double begT = 10000, endT = le-12, delT = 0.999, MAX_TIME = 0.985s; //
ChangeT— il # & H nife
double nowx = ansx, nowy = ansy;
while ((double)clock() / CLOCKS_PER_SEC < MAX_TIME) // && begT > endT(CHIEHIZ AL
AN, AR AR PR TR]D
{
double nxtx = nowx + begT * (Rand(-1, 1)); //MiZ&HEMIMEMG, BhEREREAFEHL
double nxty = nowy + begT * (Rand(-1, 1));
double delta = cal(nxtx, nxty) - cal(nowx, nowy); //#Hii 5 4nifEt2, cal K4
//fEcal (x,y) " HE#Hans: if (res < ans) ansx = x, ansy = y; //#HEEN, BOIE | &
eHmin
if (exp(-delta / begT) > Rand(0, 1)) //IRESECHEAELN , BESHSZ AR S AR PT AR AH



nowx = nxtx, nowy = nxty; //#ZAEEAE, HAE Hans

begT *= delT; //I#ii
}
for (int i = 1; 1 <= 1e5; ++1) //UCUEIfS 200 2 RBEVURE, 22015 205 00 1 #
{

doubTe nxtx = ansx + t * (Rand(-1, 1));

doubTe nxty = ansy + t * (Rand(-1, 1));

cal(nxtx, nxty);

(=R
GCC_ builtinf%4

%1 gecHbuiltinEA R 1EH

HEEIR ThagE

__builtin_clz(x) HEEISH ML, x=0RERAEN
__builtin_ctz(x) TECRRO M, x=0RESRAREN
__builtin_ffs(x) EExFERE—MNA1RIEEN EEEIIEEILA, 0

__builtin_ffs(0x789)=1, __builtin_ffs(0x78c)=3
__builtin_popcount(x) IHEx+H 18944
__builtin_parity(x) THExR 1SS EE
__builtin_nearbyint(x) ITEZ&HxETNEHMNEHIE
__builtin_floor(x) FFEEE, BRRUA T xHImASES
__builtin_ceil(x) P ERE, BREES xR RN
__builtin_trunc(x) BEA NS EEERE, EREE

__builtin_sqrt(x) RxBTFEAIR, RESR

AND

o ITAfE: A&B =B&A

o ZE51E: (A&B)&C = A&(B&C)

o S5(EEE: 0<=A&B <=min(A, B)

o FEENEANZELESHHED: (A+B)&C 1= A&C +B&C  (A*B)&C = A&C * B&C

a50xaaaaaaaar] AR a7 EBEAI ERY1, a50x555555550] AR afy I b
BFEUI_EAIT

Oxaaaaaaaa B9 HHIFZ=9: 10101010 10101010 10101010 10101010

0x55555555 By &IAZ=/9: 01010101 01010101 01010101 01010101

n&(n-1) —RIZEHMBZH TN THFIFR 1320
int modPowerofTwo(int x, int mod) { return x & (mod - 1); 3} //3Rxf 2=kt a5 s
1
bool isPowerofTwo(int x) { return x > 0 & (x & (x - 1)) == 0; } //HAWM— A2
2HAE S B R R R
ISR
%ai&ai,l =00<aqa; <2™

MR EASEIFESIEE: Line; = [fib;, fibi1|™ (SRNE)


af://n980
af://n981
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OR

o MEE: A|B=B|A

o AR (A|B)|C=A|(B|C)

o EYESBE: max(A, B)<=A|B <= A+B

o FEEMEXNZELESSE: (A+B)|CI=A|C+B|C  (A*B)|C!=A&C*B|C

[/ Z e NG 7 B R B A R R

int mark = 0;

forCauto i : str) mark |= 1 << (i - 'a');

/ /R EAA M FE TR (mark & other){E1z0

if(!(mark & other)) cout << "WHMFEIFE" << endl;
else if(mark & other) cout << "HHEFH" << endl;

XOR

o YAfE: ANB=BAA

o ZEETE: (AMBY\C = ANBAC)

o BHRIE: ANBAB=A

o SEYETBE: abs(A - B) <= AAB <= A+B

o FESNENZEESHEL: (A+B)AC!=AAC+BAC  (A*B)AC I= AAC * BAC
o WNRaFIbEBEXAI"HHIFE, MarbtBEXPITHEIFE

/ /REA hE— BL A HOX I (E X

int exor(int array[],int length)

{
int eor = 0;
for(int i = 0; i < length; ++i) eorA=array[i];
return eor;

}

/ /3 RECH = AT AR K Ha, b
int exor(int array[],int length)
{
int eor = 0, a = 0, b;
for(int i = 0; i < length; ++i) eorA=array[i];
/*HNa, bEEAME, FillaAbi EANO, FilleorEEf —Aihl, EEX—0, HEHSE, a,
bJ& T AR/
int ¢ = ((-eor)&(eor));
for(int i = 0; i < length; ++i) if((array[i]&c)) a A= array[i];

b = aAeor;
return 0;

}

/[ BG4 RS

int n, aln]; //ali]l = i;i:[0~n-1]
for(int i = 0; i < (N&(-n)); ++1) //#2#((n&(-n)) - 1)H[0~n-1]14H%)
for(int j = 0; j < n; ++3)

cout << (a[j] A i) << ;

bitset

#define Fusu_Bitset
#ifdef Fusu_Bitset
#include <cstddef> //size_t used
#include <cstring>


af://n1001
af://n1013
af://n1029

#include <string>
#include <algorithm>
#endif
namespace Fusu
{
template <size_t _len>
struct Bitset
{
#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 :
1;
ull _Ary[_Size];
ull _upceil;
const static ull _INF = (lull << 63) - 1 + (Qull << 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 &_Vv)
{
for (rg int i = 0; (i + _v) < _Size; ++i)
this->_Ary[i] = this->_Ary[i + _v];
for (rg int i = _Size - _v; i < _Size; ++1)
this->_Ary[i] = 0;
3
Bitset &operator<<=(int _v)
{
if (v < 0)
{
*this >>= -_v;

return *this;
3
this->1ftmve(_v / _BitNum);
_V %= _BitNum;
ull _tp = 0, _Pos = _BitNum -
for (rg int i =1; i <= _v; ++1)
_tp |= 1ull << (BitNum - 1i);
ull _Lstv = 0;

Vs



for (rg int i = _Size - 1; ~i; --1)

{
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>>=(int _v)
{
if (v < 0)
{
*this <<= -_v;
return *this;
3
this->rtmve(_v / _BitNum);
_V %= _BitNum;
ull _tp = (Qull << _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;

3

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];
}

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];
}
return _ret;
3
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;
}

// member functions
inline void __GetPos(const ull & _pos, int & __Pos, int &_v)

{

__Pos = _Size - _pos / _BitNum - 1;
_V = _pos % _BitNum;

3

void set()

{
for (rg int i = 0; i < _Size; ++i)

this->_Ary[i] = _INF;
}

void set(const ull & _pos, const bool val = true)

{

int _Pos, _v;

__GetPos(_pos, __Pos, _V);
if (val)
{
this->_Ary[__Pos] |= (Lull << (v));
3
else
{
this->_Ary[__Pos] |= (Lull << (Vv));
this->_Ary[__Pos] A= (1ull << (v));
3
}
int test(const ull &_pos)
{
int _Pos, _v;
__GetPos(_pos, __Pos, _V);
return this->_Ary[__Pos] & (lull << (v)) ? 1 : 0O;
3
bool any()
{

for (rg int i = _Size - 1; ~i; --1)
if (this->_Ary[i])
return true;
return false;



}

bool none()

{
return !this->any();
3
ull conut()
{
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
2]
return _cnt;
3
void flip(Q
{
*(this) = ~(*this);
}
void flip(const ull &_pos)
{
if (this->test(_pos))
this->set(_pos, false);
else
this->set(_pos, true);
}

// 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] & (1ull << j)) ? '1'" : '0';
3
return _ret;
}
unsigned int to_ulong()
{
return this->_Ary[_Size - 1];
}

e

} // namespace

T

void printBit(int n, int x) //#Hx—@kHinfr
{
for (int i = n - 1; ~i; --1) //@&fERT, 1R0AE)G
cout << ((x >> i) & 1);
cout << endl;


af://n1031

7 bt o ) LA

void printBit(int 1)

{
for (int bit =1 & -i; bit;)
{
cout << bit << endl;
inty =1 & ~((bit << 1) - 1);
bit =y & -y;
3
}
“i#Hl014AS
void bitCombin(int n, int k) //—iEHInfi, HAHkDNLEHAHE
{
for (int i = (1 <<k) -1; i < (@ << n);)
{
printBit(n, 1i);
int x =1 & -1, y =1 + x;
i=00&~y) /x> 1D |vy;
}
3
— A
“HHIES

Hailazlasl. .. la, <=z, WNFFAB a; (1 <=1i<=n), —EFETERET bitEnum , £5 q;
HEHETFE

void bitEnum(int x)

{
printBit(30, x);
while (x)
{
int Towb = x & -x;
x -= lowb; //lowbitfi&%
printBit(30, x | (lowb - 1)); //TowbitZ GMfi4 &1
}
}
WaEFERFEE
A O(3")

AR, KiBE A C B C SHE/RY < A, B >HIML

B8R A ESTENG b 5%, WFAMEEN k, BFE C(n,k) - 27F 4, B C(n, k) ErtesEDN A, 2"F EREET
=SS, Eras A,

FEN =7 ,C(n,k)-2"F =30 C(n,k)-1%.2"7F — (1 4 2)" = 3"

RS B thig—#, B C(n,k) - 1"7F . 2F

for (int U =0; U <1 << n; ++U) // MHTHU
for (int T=U& (U-1); T; --T & U) // WMZBUKTHET
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DP
ERAKFERH

1T calc(int n)

{
11 res = a[l], sum = 0;
for (int i = 1; i <= n; ++1)
{
if (sum > 0) sum += a[il;
else sum = a[i];
res = max(sum, res);
}
return res;
}

LIS(Ri< EHAFFFS)

TP

int a[N], dp[N], len;
int LIS(int n) //0(nlogn)

{
for (int i = 1; 1 <= n; ++1)
{
int *p = upper_bound(dp, dp + 1 + len, a[il); //JIF™i&ki#i
//int *p = lower_bound(dp, dp + 1 + Tlen, a[il); // ™%ty
*p = alil;
Ten += (p - dp == Ten + 1);
}
return len;
}

LCS(RISRHEF )

int a[N], b[M], dp[N][M1;//—fBfEiL
int LCS(int n, int m) //0(nm)
{
for(int i = 1; i <= n; ++i)
for(int j = 1; j <= m; ++J)
if(ali] == b[j]) dp[il[j] = dp[i - 1]1[j - 1] + 1;
else dp[il[j] = max(dp[i - 1][3], dp[il[j - 11);
return dp[n][m];


af://n1045
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/ /B K A LT

II><

int i n, j =m;
while(i && j)
{
if(alil == b[jD
{
pubstr += a[i];
i--, j--3
}
else
dpli - 11031 > dp[illj - 1] ? i-- : j--;

3
reverse(pubstr.begin(), pubstr.end());

-+ ==
o FFIKIER
EAENFFERL nf2HE7, BAmPMFrIcEEREER, hEfERRENERAERT, BARI]
Ed— P mapHBRE ARSI NHFE BRI BRVER ~HE—

° EASKAHFFIIRRMUARBLLNE, FRllaFES M TREDFFIR(ISINREE, MikBbrRAX
AHEAPEE N MBS EBRE, cTUEEMALCS——amtaLlEzsmnlognsk FsRiCREiHT S
HImapgiAhRg** LI S**,

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;
}

1B58(REKXIE)
. MBI biERaEE, bItEE, U W, >= W,
. MEFEMRabBRaBEEE, bRESE, WV, >=V;

FRLASD T NVNEIRHE, —E=RT [1, 2] MImOTERIEE, & [z + 1,n] A%
EANMERARTIEE

pair<int, 11> wv[N]; //fi N, se i
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; ///MEHi4Edvalk
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
FSERRTRRORBABK FRANMKFS) WRAHIRNE, 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 EFXE [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 ESEIR S/ 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;//Ad¥&fUr, BIXIAMFL
long long f[N];A

vector<int> B[N]; // R NTIIX R - rA7i1 5t/ / E5EE R N et R A2 i 5
Tong long BaseConstruct(int n, int m)

{
A[++n] = 0; [/ AT HERIEAESR, T4 Aln + 1] =
B[n].push_back(-n); // SRJGERUHH [n + 1, n + 1]
B[n].push_back(n);
int now = 0;
for (int i =1, j =1; i <= n; i++)
{
// MAREH AR, WimAmsh i BT [, 1] BBIFHERXN
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-ADEEWME >= 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];
}

X[Edp

RENIEETE

PIRR: LSEREANRIEE, RBiRE—FIUEH: ((n,n)— > n+1), KATLGHERKAE.
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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; ++3)
{
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 B
/ /KRB E O
#(sidp

HdpBENEMRNER, MELRANEMIBE, SKE [, r| X XEREIHELIREEE
B, #iA (1, rRRAORNEE - KiE[1,] - 1ARLIRNEE

PR EERBORRDEREWD: (1, 2| FHRORNEE, &[0, | PRHRLRIIE
B (DOFRERTEE)

REREF RS A— ML

AL, WML AL B, B (branatdl, tEEiE0 ~ 9) e SiEn

—MuE

RS RERILA:

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 ? a[pos] : 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) flpos][sum] = res; // id4, a[&H
return res;

3
//dfs(len, 1, 0);

IREdp
R TS RATRITRAR, 4001101 > 13 S0 T AR 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 FRRBISAT

» T WERTEEEEA;
o SN RELEES T iET 50 (BUX = SG R0) ;
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]iCRESTHELMMATIR FTrEMAHE R, 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#cnt
cnt[U][u] = cnt[Uu A 1 << jI[ul + alfu + 11[j + 11;
}
for (int U =0; U <1 << n; ++U) // MzEETHEU
{
if((u & 3) '= 3 & (u & 3) != 0) continue;
dp[U] = 1; // WIUEAEEULBES I EE
for (int T=U& (U-1); T; --T & U) // MZUMNTHT
{
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]1[i]1] % mod; // TH|SkE{Hkil
if (S>> 1 & 1)
coef = (11)coef * (twoP[cnt[T][i]l] - 1) % mod; // SETH/bif—
v 34l
}
//dp [T REBEA T, RS gE—FE L
dp[u] = (dp[u]l + (11)coef * dp[S] % mod) % mod;
}
}
cout << (twoP[m] - dp[(1 << n) - 1] + mod) % mod << endl;
}

M RIER



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,

5/RaIKE

SRERMR: BZRHECARS, SEMARRERZN, MRMELRIRE, BBAMMTESE
BYBRIMS BRI AR LT,

g nAn-1NE—MHE E@ERBA) |, Bn-TASRIRZRE, BBAnBIAT—ZIBIRFIR
A, OZEn-1ASKRIERRE. HELRXRE: EFn1zl (BHRE) BETE (BHR
&) (IMREETHESA (SHRE) MXTHEL (BHRE) ERES. BREERET
—Z (n) FHNRERSZRIFZ (n-1) X, SRR (0£n-1) X,

MR NEIIRER A ASHR BRHR S .

RS

13

e

— X HEF

BEANTRNFEASE, RELF BERAGHAATSTSES, BALT
A SFSHNEIRRI O(logn) RERE, HEHBEREZEMAS 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 1 = 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->1child = (*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 (h !'= 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_query(Ch, 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

{
//FEREL LT
int 1, r;
//keyRIR AT M I ESEE  val R eREUE TR
int key, val;
/R SATEE I T 2 e SR XA 2045
int cnt, size;

} triN];

[/EARWT RS AdXRRENN AN S

int root, n, idx;

void push_up(int p)

{
trlpl.size = tr[tr[p].1].size + tr[tr[p]l.r].size + tr[p].cnt;
}
void zig(int &p) //HiE
{
int q = trlp].1;
tripl.1 = trlql.r;
trfgl.r = p, p = q;
push_up(trlpl.r), push_up(p);
3
void zag(int &p) ///LjiE
{
int g = trlp]l.r;
trpl.r = trlql.1;
trfql.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 (tr[p].key == key)
{
trpl.cnt++;
push_up(p);
return;
}
if (trlp]l.key > key)
{
insert(tr[p]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 (tr[pl.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[p].T1, key);

}
else { p=0; }

}

else if (tr[p].key > key)
erase(tr[p].1, key);

else
erase(tr[p].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);
}
int get_prev(int p, int key)
{
if (1p) { return -inf; }
if (tr[p]l.key >= key) { return get_prev(tr[p].1, key); }
return max(tr[p].key, get_prev(tr[p]l.r, key));
}
int get_next(int p, int key)
{
if (1p) { return inf; }
if (tr[p].key <= key) { return get_next(tr[p].r, key); }
return min(tr[p].key, get_next(tr[p].T1, key));
}
Trie

struct Trie

{
vector<Trie *> child;
Trie() : child(vector<Trie *>(2, NULL)) {}
3
void add(11 x, Trie *root)
{

for (int i = 31; i >= 0; i--)
{
1T bit = (x >> 1) & 111;
if (!root->child[bit])
root->child[bit] = new Trie();
root = root->child[bit];
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}

//search(~x, root) //&iHZ/DAAILE | | 2S5y LA E (75 P 578l i KAl
//(x A search(~x, root)) //#53|5E 5 — 1

11 search(11 x, Trie *root) //&iffi = /A7 ILHL

{
11 ans = 0;
for (int i = 31; i >= 0; i--)
{
11 bit = (x >> i) & 111;
ans <<= 1;
if (root->child[bit]) //VLECHLR AL E vl
ans |= 1, root = root->child[bit]; //ans |= bit;
else
root = root->child[!bit]; //ans |= !bit;
}
return ans;
}

PREIE

PHREBLEATIR

struct treearray

{

int tr[N], n;
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int Towbit(int x) { return x & (-x); }
void add(int i, int k)

{
for (; i <= n; i += lowbit(i))
tr[i] += k;
}
int ask(int 1)
{
int ans = 0;
for (; i; 1 -= Towbit(i))
ans += tr[i]l;
return ans;
}

15

BrE, XEEH

int n, a[N], tr[N]; //trx]7# [x-2Ak,x]8 [x-Towbit(x),x]HA, FirM1IFLE
int Towbit(int x) { return x & -x; }
void add(int x,int v) //4xhiB+v, B0 S EA rE
{
for(int i = X; i <= n; 1 += lowbit(i)) tr[i] += v;
}
/7R NGB alx] = b,k ¢ = s[x] - s[x-1],H add(x, b-c)
int ask(int x)//&H1~xH74H

{
int res = 0;
for(int i = x; i; 1 -= lowbit(i)) res += tr[i];
return res;

3

inline void build() { for(int i = 1; i <= n; i++) add(G, a[il); }

RIEfENR, RRES
TR 22, RMBEDEHRSANESHED, AERBRREEESETbRER

MTFREERAE, BNRESNESEEITIRIERD, FINXAEL R+ IBLAFRINRZZEHFEHEHadd(L k),add(R+1,k), X2
ESHENER
fyes

STRAEIREIE, KHbEARNSIER, EAax=-255EEb1+bR2]+  +bXIFEIEH, XEESHANERL—
X8

£RE

A BREN, XiEES M XEER, XEEsREEEER (— MEmark, — M)
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int Teaf[N], sum[N << 21, mi[N << 2], ma[N << 21; //VUfs /B ik ibk 7
void pushup(int k)

{
sum[k] = sum[k << 1] + sum[k << 1 | 1];
mi[k] = min(mi[k << 1], mi[k << 1 | 11);
malk] = max(mal[k << 1], mal[k << 1 | 1]);
}

void buildCint k, int 1, int r) // KFERHHIGAMHS, 1, roviig s R IX E
{
if (0 ==r) // HESRATTH R

{
sum[k] = malk] = mi[k] = Teaf[1]; // XJRIIX A &5/ IME 5 H1 b B0 A
return;

}

int mid =1 + r > 1;

build(k << 1, 1, mid); // g TR

build(k << 1 | 1, mid + 1, r); // K& TR

pushup(k); // %Hr
}
/RSB, KR A/
void change(int k, int 1, int r, int x, int v) // xANEFHAAME, vAESRE
{

if (r < x || 1> x) return; // RTINS R AL B e e TR HE
if (1 ==r& 1 ==1x) // AR SN ST 4
{
sum[k] = ma[k] = mi[k] = tree[1] = v; // {&B745 5
return;
}
int mid =1 + r > 1;
change(k << 1, 1, mid, x, v); // 1BEUE XA

change(k << 1 | 1, mid + 1, r, x, Vv); // B FIX A
pushup(k); // HHi

int queryA(int k, int 1, int r, int x, int y) // XA : XA, AHERid

if ¢y <1 || x > r) return 0;
if (1 >= x && r <= y) return sum[k]; // &ifEfEiEs—F
int mid =1+ r > 1;
return queryA(k << 1, 1, mid, x, y) + queryA(k << 1 | 1, mid + 1, r, X, y);
// return min(queryACk << 1, T, mid, x, y), queryA(k << 1 | 1, mid + 1, r, x,
¥));
// return max(queryA(Ck << 1, 1, mid, x, y), queryA(k << 1 | 1, mid + 1, r, x,
¥));
}
JEIXIEENS, X2/
int mark[N << 27;
void add(int k, int 1, int r, int v) // AXE[1, ]300 Ev

{
mark[k] += v; // AT
sumlk] += (r - 1 + 1) * v; // 4eX[aA
mil[k] += v;
mal[k] += v;
}
void pushdown(int k, int 1, int r, int mid) // tpicd N
{
if (Imark[k]) return; // BEHPRENA S
add(k << 1, 1, mid, mark[k]); // BARRILE R

add(k << 1 | 1, mid + 1, r, mark[k]); // TAE2I4 T4



GECRA] = O // EE
3
void modify(int k, int 1, int r, int x, int y, int v) // @EX[E[x,y]rfaEn
{

if (x > y) return;

if (x <=1 && r <= y) return add(k, 1, r, v);

int mid =1 + r > 1;

pushdown(k, 1, r, mid); // ZIAGE &5 T EbRD

if (x <= mid) modify(k << 1, 1, mid, x, y, v);

if (mid <y) modify(k << 1 | 1, mid + 1, r, x, y, V);

pushup(k); // s EAETH

b

int queryB(int k, int 1, int r, int x, int y) // X&) [x,y] KA, mric

if (x <=1 && r <= y) return sum[k];

int mid=1+r > 1, res = 0;

pushdown(k, 1, r, mid); // Ftehrid

// BEREAEBSR—T, idfires = +-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 : FRCKAUSE
EFEEBIR REHKNERAHEX BRI, tLIIXEE.
#define Tson now << 1

#define rson now << 1 | 1
struct node

{
int 1, r;
11 res, lz;
};
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 (tree[now].]l == 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)

{



3

// X BRABSCT U IR LS A RS, A S ST b AR
tree[now].res += x * (r - 1 + 1);
if (1 <= tree[now].1 && tree[now].r <= r)

{

tree[now].1z += X;
return;
}
// FEEFIXEIFRA 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 //FEA XMW H T
update(lson, 1, mid, x), update(rson, mid + 1,
// EERIXEIEEE push_upQ

// sum ig3ERE S TEIE bR IC 52N
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);
// EREXHEIFEA 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

r, x);

return query(lson, 1, mid, sum + tree[now].1z) +
query(rson, mid + 1, r, sum + tree[now].12z);

RCRKANHNXENERERFSE, —Mil L, ERRNESEEIXE, FBIHERNXBELARXIER
LIRS

void update(int now, int 1, int r, 11 x)

{

tree[now].res += x * (min(r, treelnow].r) - max(l, treel[now].1) + 1);

if (1 <= tree[now].1 && tree[now].r <= r)
{
tree[now].l1z += X;
return;
}
int mid = (tree[now].1 + tree[now].r) >> 1;
if (1 <= mid)
update(lson, 1, r, x);
else if (mid < r)
update(rson, 1, r, x);

XEEANA—MEx



11 query(int now, int 1, int r)
{
if (1 <= tree[now].T && tree[now].r <= r)
return treel[now].res;
int mid =1 + r > 1;
11 res = 0;
if (1 <= mid)
res += query(lson, 1, r);
if (r > mid)
res += query(rson, 1, r);
res += treel[now].lz * (min(r, tree[now].r) - max(l, tree[now].1) + 1);
return res;

T FITXEA, EFRIME C FIEEITE

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])
sum[k] += sum[k << 1 | 1];
}
void add(int k, int 1, int r, int v)
{
mark[k] += v;
mi[k] += v;
}
int query(int k, int 1, int r, int x, int y)
{
if X<=18&& r <=y)
return mi[k] == C ? sum[k] : O;
intmid=1+r > 1, res = 0;
pushdown(k, 1, 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;
}

RELERM

RUELERINR— MR AR A LR CROSIREY, BLCRIEARREDEETXERIAEFERIE.
BESEBRMEXONRE, NELRNEFIERSEFEZRINEMES:

o ERLRMTPENRNERREF—RRENEKESCHE;
o NELRMEMEREFIIE— M XIERTEHIAYIRE.

R MUBELRMIEKK:
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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 trtrip].1].sum;;
intmid =1+ r > 1;
if (Isum >= k)
return queryK(tr[p]l.1, 1, mid, k);
else
return queryk(tr[p]l.r, mid + 1, r, k - Tsum);

AL L ER N

11 tree[N], sum[N << 2], mark[N << 2], murk[N << 2];
void build(int k, int 1, int r) // KERMUEGE SIS, 1, roa2arg s iR IX A
{

murk[k] = 1;
if (1 ==r) // 4iid s 74 s
{
sum[k] = tree[1]; // XX [AIFSEME AT FH 0 NAR
return;
3
int mid =1+ r > 1;
build(k << 1, 1, mid); // KGR
build(k << 1 | 1, mid + 1, r); // MIEL TR
sum[k] = (sum[k << 1] + sum[k << 1 | 1]1) % mod; // i
}
void add(int k, int 1, int r, int v) // 4XE[1,r]1rEEN Ev
{
mark[k] = (mark[k] + v) % mod; // FIkric
}
void mulCint k, int 1, int r, int v) // 4XE[1,r]E%TE Fv
{
murk[k] = murk[k] * v % mod; // #Ifric
mark[k] = mark[k] * v % mod;
3
void pushdown(int k, int 1, int r, int mid) // #rid F%
{
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(k << 1 | 1, mid + 1, r, murk[k]);
add(k << 1, 1, mid, mark[k]);
add(k << 1 | 1, mid + 1, r, mark[k]);
mark[k] = 0;
murk[k] = 1;
3

void modify_mul(int k, int 1, int r, int x, int y, int v) // 4&ZEXIE[x,y] ifee -
v
{
if X<=1&& r <=y)
{
sum[k] = sum[k] * v % mod;
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return mul(k, 1, r, v);
}
int mid =1 + r > 1;
pushdown(k, 1, r, mid); // ZlikfE A5 S #E= FLbsL
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) // 45X [x,y] it ¥ -
v

{
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); // BAE 45 R#E T EArid
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 | 1]) % mod;
}

11 query(int k, int 1, int r, int x, int y) // WHXE[x,y] I, dEsid
{
if (x<=18&& r <=y)
return sum[k];
11 mid =1+ r >> 1, res = 0;
pushdown(k, 1, r, mid); // Fiehrid
// BlREESL— T, idfdres = +-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;

TR

Z4B e @

FELRMZ—MBTHIPFEERLITRRERXRIEIESE. CREARGEZIF—MEXNER: SE— I TFEERETER, X
FESIEA—SRER, BENE—MIE (X, +oo) BTEREINESN—FRER (BHRE—5EE8, DXRBEEEMEERNR
[0k

R ERINHEIRRIEXIBFE mid (UENRELER, X8R (z inf TARLESE
int lastans = 0;

doubTle h = -1inf;
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; }
// B A iposhi &My H

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) wupdate(Mid + 1, cutr, rt << 1 | 1, rhs);
}
}
inTine void ask(int rt, int 1, int r, int x)
{
doubTe 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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ATHEEZASERE, FHNITUAZHERLRNNES, MEERYAE—MITR, RFRBMX
B, SHREHALRMIERFRENFREN, BEIARXNFRENTR. RAXMITEERR
RTINS,

EI—AREERMAR, aISTFREERINRAEN 2 x n KIHIEA.

BEARSHERERMEERER, E—FRRE: IEERNTD, /S kFERNEGILFIR
k<<l k<<l1l, hiSHRLERNTD, WS pERNEEILFDRIR trlpl. L trp|.7

int a[N], 1idx;
struct seg
{
int 1, r; // EAILTHRT
11 leaf, sum, mark;
} trN << 115 //2*n K/l
void add(int &p, int 1, int r, 11 v)

{
it (1p)
p = ++idx;
trp].mark += v;
tripl.sum += (r - 1T + 1) * v;
}
void pushup(int p)
{
trpl.sum = trltr[p]l.1].sum + tr[tr[p].r].sum;
}
void pushdown(int p, int 1, int r, int mid)
{
if ('trlp].mark)
return;
add(Ctr[p].T, 1, mid, tr[p].mark);
add(Ctr[p]l.r, mid + 1, r, tr[p].mark);
trp].mark = 0;
3
void build(int &p, int 1, int r)
{
if (1p)
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 <=Yy)

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) //%5ApM&BM E&ER[x, yIHXIEME
{
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); //BUHZBH
}
build(rt, 1, n); //FERLBEMN
}

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].murk = (tr[p].murk * v) % mod;
trlp].mark = (tr[p].mark * v) % mod;
}

void pushdown(int &p, int 1, int r, int mid) // ksid F%&



if (ltrlpl.1)
tripl.1 = ++idx;
if (ltrlpl.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(Ctrp]l.r, mid + 1, r, trip].murk);
add(Ctr[p]l.T, 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 + trltrp].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)
{

trip].sum = (trlp]l.sum + (r - 1 + 1) * val) % mod;
return add(p, 1, r, val);
}

int mid =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) ;

}
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;
intmid=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

BERRAHTEEN, BENSRNAHE—, HESRE O(mlogn)

() (s
) O = & O 4+
O OG O O

LN HRR RN — D XAE HRBIREN— LR, SREXEXERRERNAEH
BXETR

LN EFFTSSR IR ERR . THERRXER, XRAEHEM.
BHAAEENT: AMEERENTR pMq, GHEXE (I, r]

s HEpMqgB—ENO, NWB—ENR.

o Hl==r, WRIMYE, &E p

o BF pWEILFH ¢ WEILF, &F p IBILFN ¢ IBILF.
o REFBXNMERERN, XME p

A LERNEGHMD R RINERRS, ATLUSLRNEEAR TR

/BN TT LB AR /
void merge(int &p, int q) // ¥qi&Hitphs

{
it Clp [ ')
{
p |=a;
return;
}
/ /485 SN IE A 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) //FFEECM X078 55 A7 4E 1) X (8]
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triq]l = tripl; //4&15 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)
trlgl.r = split(trlp]l.r, mid + 1, r, x, y);
pushup(q), pushup(p);
}
return q;

AT R LR

[ERSAIRF AR (ERH) —MRFF32(2K

ARFANERIS, BINERT n RIEREHNERSESIEE) 2n — 1 + n([logy n] + 1)
SRS, BRGSO AR

o XFP RN TR R E

FhEERH

int root[N], cnt;
11 SUM, XSUM;
struct node
{

int Teft;

int right;
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11 sum, Xxsum;
} 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)
{
//ERRNCRESR
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[pre];
// 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].Teft].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
// BHIx, ylHEk/Mi:alquery(l, n, root[x - 1], rootl[y]l, k) - 11;
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));
}
EERXIEEE

KX ERERAFE—HERRA

//X[EElargument: [left, right]{Eik, preBishrA, lastii—A, curXmiiR4s, [1, rlH
B X (8]
//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 <= left && 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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ERMXEIENR
INFREREANEAER, FRRERRT R A HRIE
I R F A R NS BAITie

8IX pushdown g7, ZBHE ERIZEAIMER) L FEREANMWRIHEN, NRENZECEFTRE
pushdown, XtFELLERAIVEFHZEH LIRA.

A

T2, EER—TEFE-IEERRN, HRudolf BayerfiGig, HMHAMRAFEHE _XBR (B

SLATRMARME—1FB-tree) , [F3K4#Leo ). Guibas#IRobert Sedgewick{EX/9"£LEMR"
35
TARME— R FE_XIEERN, HPhFERRERAR.
2 BRI ENEE,
3IRTRERE.

AN T REBEIRIMET AN, BRRKBLLEMTAE—XN, BINULLT S, STR)EEEN.

5EMEBETRIRNFOREERE. (REER, NI FERINAEERE LA REER MNESRILL
BTR)

6. MR REIBNMHFRFMEBREHESERSENEETR (XIMHEUMESE)

template <typename T>
class redblacktree
{
protected:
struct Node;
Node *_root; // MiiRifiE
Node *_hot; // i 4Ed/ s
void init(T);
void connect34(Node *, Node *, Node *, Node *, Node *, Node *, Node *);
void SsolvebDoubleRed(Node *); // WAfEIE
void SolvebDoubleBlack(Node *); // XIE{ZIE
Node *find(T, const int); // RYFEHE KA
Node *rfind(T, const int); // NRFEL AR
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

template <typename T>
struct redblacktree<T>::Node

{

T val;
bool RBc;
Node *ftr;
Node *1c;
Node *rc;
int s;
Node(T v =

// HEEER
// HE
/] Sk
// KILF
// BT
/// 8

T, bool RB = true,

Node *f = NULL, Node *1 =

: val(v), RBc(RB), ftr(f), 1c(l),

NULL, Node

Node *succ() // MIER™Y s A2 AT A

{

Node *ptn = rc;
while (ptn->T1c != NULL)

{

}

==({
ptn

ptn->s);
= ptn->lc;

return ptn;

Node *left_node() // TFiizniiK

{

Node *ptn = this;

*r =

rc(r), s(ss) {}

while (ptn->ftr && ptn->ftr->1c == ptn)

if (1)
{
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->ftr;

ptn)

NULL,

Sith, #oNtrue, NI ARed; BN A ABTack.

int ss

D



}
else
{
ptn = ptn->rc;
while (ptn->T1c)
ptn = ptn->lc;

}
return ptn;
}
void maintain() // 4iis
{
s = 1;
if (o)
s += lc->s;
if (ro)
S += rc->s;
}

B
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)) {}
jterator(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; // MR SIUFIGEHL

_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->T1c != 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(nhn->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 (isT1c(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 (isTc(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;
b
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->lc;

}

if (_hot->val < v)
ptn = _hot;

else

ptn = _hot->1eft_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 (_hot->val > v)
ptn = _hot;

else

ptn = _hot->right_node();

return iterator(ptn);
3
// FREKKITGE
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 ('(ptn->T1c))
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->1c = NULL;
else

ptn->ftr->rc = NULL;
delete ptn;

return true;

{T2Efddebug

#ifdef _REDBLACK_DEBUG
int blackheight(0);
template <typename T> // Jo/Fi)j
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

HER

BREMIERERRIEmMuUltiset
FmultisetpE=EER, (BIZI0ES3E

struct node
{
int 1, r;
multiset<int> s;
r[N * 4]7;
void build(int u, int 1, int r) //uli*5A, Nl
{
trful] = {1, r};
trfu].s.insert(inf); tr[u].s.insert(-inf);
for (int i = 1; 1 <= r; ++i) trlul].s.insert(num[i]);
if (1 == r) return;
intmid=1+r > 1;
build(u << 1, 1, mid); build(u << 1 | 1, mid + 1, r);
}
void modify(int u, int p, int x) //FKnum[plEiix
{
trful].s.erase(trfu].s.find(num[p]l));
trfu].s.insert(x);
if (trfu].1 == tr[u].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) //&[T, rlxiEE™ 595

if (trful.1 >= 1 && trful.r <= r)
{
auto it = tr[u].s.Tower_bound(x);
return *(it);
}
int mid = trfu].1 + trful.r >> 1, res = 1inf;
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;

LERIEsplayiy

struct node {
int s[2], p, Vv;
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int size;
void init(int _v, int _p) {
V.=_V, p=_p;
size = 1;
}
}tr[N<<4];
int L[N<<4], R[N<<4], T[N<<4], w[N<<4], 1idx; //wiFiiaa%u
[/ BAHFFR—
void pushup(int u)

{
trfu].size = tr[trfu].s[0]].size + tr[tr[u].s[1]].size + 1;
}
void rotate(int x)
{
inty = tr[x].p, z = trly]l.p;
int k = trly].s[1] == x;
trlz]l.s[trlz].s[1] == y] = x; trix].p = z;
trly].s[k] = tr[x].s[k A 1]; tr[tr[x].s[k A 1]].p = vy;
trix].s[k A 1] = y; 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 = trly]l.p;
if (z 1= K
if (Ctrly].s[1] == x) A (tr[z].s[1l] == 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 = trfu].s[trfu].v < v];
u = ++idx;
if (p) trlpl.s[trlp]l.v < v] = u;
trfu].init(v, p);
splay(root, u, 0);
}

int get_k(int root, int x) //&EH P rootIxiiHE4/*0(1ogA2(n))*/

int u = root, res = 0;

while (u)
if (trful.v < x) res += tr[trfu]l.s[0]].size + 1, u = tr[u].s[1];
else u = tr[u].s[0];

return res;

3
void update(int &root, int x, int y)
{

int u = root;

while (u)

{

if (trfu]l.v == x) break;
u = trfu].s[trful]l.v < x];



splay(root, u, 0);

int 1 = tr[ul].s[0], r = trfu].s[1];
while (tr[1].s[1]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);

}
void build(int u, int 1, int r) //uliE¥is, —fhl
{
L[ul] = 1; R[u] = r;
insert(T[u], -inf); insert(T[u], inf);
for Cint i = 1; i <= r; i++) insert(T[ul, wl[il);
if (1 == r) return;
intmid =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) //&EXELT, r]EBExf/NFxaEm ™%

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) //&@XME[T, r]RHLNkEE/*0(TogA3(n))*/

int 1 =0, r = l1le8;
while (1 < r)

{
intmid=1T+r + 1> 1;
if (query(u, a, b, mid) + 1 <= k) 1 = mid;
else r = mid - 1;

}

return r;

3
void modify(int u, int p, int x) //&wlp] i x/*0(1ogA2(n))*/
{

update(T[ul, wlpl, x);

if (L[u]l == 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;
whiTle(u)
if (trful.v > x) res = min(Cres, trlful.v), u = trlu].s[0];
else u = trfu].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 = tr[u].s[1];



else u = tr[u].s[0];
return res;

}
int query_pre(int u, int 1, int r, int x) //&EHXHETIK G2/ Tx Hix
K)/*0(TogA2(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) //&ixi)E4 =k K FxHix
/N)/*0(TogA2(n))*/

{
if (L[u] >= 1 & R[u] <= r) return get_suc(T[ul, x);
int mid = L[u] + R[u] >> 1, res = 1inf;
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;
}

RIS
s s R

int lowbit(int x) { return x&-x; }
void add(int x, int y, int v)

{
while(x <= n)
{
int ty = vy;
while(ty <= n) tree[x][ty] += v, ty += Towbit(ty);
X += Towbit(x);
}
}
int ask(int x, int y)
{
int res = 0;
whiTe(x)
{
int ty = vy;
whiTle(ty) res += tree[x][ty],ty -= lowbit(ty);
X -= Towbit(x);
}
return res;
}

XEfEH+BRER

void add(int x,int y,int v)
{
whiTe(x <= n)
{
int ty = vy;
while(ty <= n) tree[x][ty] += v,ty += lowbit(ty);
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X += Towbit(x);

}
}
void real_add(int x1, int yl, int x2, int y2, int v)
{
add(x1, yl, v);
add(x1, y2 + 1, -v);
add(x2 + 1, y1, -v);
add(x2 + 1, y2 + 1, v);
3
int ask(int x, int y)
{
int res=0;
while(x)
{
int ty = vy;

while(ty) res += tree[x][ty], ty -= Towbit(ty);
X -= Towbit(x);

}

return res;

PRERIREA
45+ MM BP0
A BRBISEE: —AXREEIR—y, B—YAILSRE A, FREhEsEy

(f51: add (1,

2, 1) Badd (1, 3, 1) ZERAY, LS x[1]1=20r 3)

const int N = 2e5 + 10;

const int M = sqrt(N) + 5;

int subn, size, cnt, id[N], L[N], R[N], T[M][N], posx[N];
int Tb(int x) { return x & -x; }

void build(int
{

n)

size = sqrt(subn);

subn = n;
cnt = subn
for (int 1
{
L[] =
R[] =
}
if (R[cnt]
{
++Cnt;
L[cnt]
R[cnt]
}
for (int j

/ size;

=1; i <= cnt; ++1)
R[i - 1] + 1;

i * size;

< subn)

= Rlecnt - 1] + 1;

= subn;

=1; j <= cnt; ++J)

for (int i = L[j]; i <= R[j1; ++1)
id[i] = J;

}

void add(int p, int v, int d)

{

posx[p]l = v

’


af://n1227

for

(int i = id[pl; i <= cnt; i += 1b(i))
for (int j = v; j <= subn; j += 1b(3j))
T[i1[j] += d;

int getsum(int p, int v)

if (Ip)

int
int
for

for

return 0;

res = 0;

idx = id[p];

(int i = L[idx]; i <= p; ++1)

if (posx[i] <= v)
++res;

¢Gint i = ddx - 1; i; i -= Tb())

for (int j =v; j; § -= 1b(3))
res += T[i]1[j];

return res;

3

int query(int 1x, int rx, int ly, int ry)

{

int res = getsum(rx, ry) - getsum(rx, ly - 1) - getsum(lx - 1, ry) +
getsum(lx - 1, 1y - 1);
return res;

ZHrREat

BiEl, XiEEa

11 MAX[N<<2][N<<2], MIN[N<<2][N<<2], minv = inf, maxv
11 a[N<<2] [N<<21;//#IaH 0
11 SUM[N<<2][N<<2], sumv;//4t4sRAl

int n;
void pushupX(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<<1l][rt] + SuUM[deep<<1l|1][rt];
3
void pushupY(int deep, int rt)
{
MAX[deep] [rt] = max(MAX[deep][rt << 1], MAX[deep][rt << 1 | 1]);
MIN[deep][rt] = min(MIN[deep][rt << 1], MIN[deep][rt << 1 | 1]);
SUM[deep] [rt] = SUM[deep][rt<<l] + SuUM[deep][rt<<1l]|1];
}
void buildy(int 1y, int ry, int deep, int rt, int flag)
{
//yHiEEy, ry;deep, rt;tricflag
it (ly == ry)
{
if (flag!=-1) MAX[deep][rt] = MIN[deep][rt]
[lyl;
else pushupx(deep, rt);
return;
}
intm= Cy + ry) > 1;

buildy(ly, m, deep, rt << 1, flag);

= -inf; // #PHMHE

SuM[deep] [rt]

a[flag]
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buildy(m + 1, ry, deep, rt << 1 | 1, flag);
pushupy(deep, rt);

}
void buildx(int Ix, int rx, int deep)
{
/ /B xEVEE X, rx;deep
if (Ix == rx)
{
buildy(l, n, deep, 1, 1x);
return;
}
intm= (Ix + rx) > 1;
buildx(1x, m, deep << 1);
buildx(m + 1, rx, deep << 1 | 1);
buildy(l, n, deep, 1, -1);
3

void updatey(int v, int val, int Ty, int ry, int deep, int rt, int flag)
{
/ /By AR BT val ; MR EY TEE Ty, ry; deep, rt; fridflag
it (ly == ry)
{
if (flag) //HFEEEREE, FBR&ESESUELZ 8 SnE
MAX[deep] [rt] = MIN[deep][rt] = SuM[deep][rt] = val;
else pushupx(deep, rt);
return;
}
intm= Cly + 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)
{
J /S E WG EX, y; EfEval ; SRR EXKITEE X, rx; deep
if (Ox == 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)
{
/R X R yRITE R Y1, y2 5 4aiEEy EE 1y, ry ; deep, rt
if (Yl <= 1y && ry <= Yr)

{
minv = min(MIN[deep][rt], minv);
maxV = max(MAX[deep][rt], maxVv);
sumV += SUM[deep][rt];
return;

}

intm= (Cly + ry) > 1;
if (Y1 <= m) queryY(Yl, Yr, ly, m, deep, rt << 1);
if (m < vyr) 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)
{
J /W XA JEEIXL, x2, y1,y2 ; YATHElEXTEE X, rx;
if (X1 <= 1x && rx <= Xr)
{
queryY(Yl, vyr, 1, n, rt, 1);
return;
}
intm= (Ix + rx) > 1;
if (X1 <= m) queryx(X1, Xr, 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(x1l, x2, yl, y2, 1, n, 1);
3
inline void modify(int x, int y, 11 val)
{
a[x]ly] = val; // HREEAER, GRS SUEIT & 5 s g
updatex(x, y, val, 1, n, 1);
}
Al
*EPF L ERi
A PGB EIM SRS ER, FNENER
3132770

“HERNETERT FESMEM. K HERN, REHMERKERE (HXEmM) , #2"4%,
KIEMBEFKESE (SEFXEN) | WFHEEREN, —#RREENEN, MEPKERE, ENE
H73ERTHERMQ, BRETHERMQASHFEISER, ATA—4EERINMERBREI.

R —HERNC R SRR, BPAEEKE MNEMERXTL, AR g T .

—HERRME—R XN, W EBNMERRT —MXEN—ME, IEMFER—E8 BNLFER, L FES
R B XEREAT, HEARXERFA XA, HFERINERREKER, BRUKE; BURRTH

TRHE, BNRERIERILIEE A1) LFEREH.
TR X, WESMIRRT —MERAI—ME, I FER—EE T8l NIFER, LT

ERFRTH INMEFRRERT, FEAREREFTH B, HFERETRIEIAKES N, SRR T HERR
iR, SARERNETEY I L FERSH,

—MAx3FURERZ, TLARENRIMIAERERT, SRR TARNRE S TER.

N NR YIS RHRENTEITEIRIntervalMAX, BiEER;
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/M n*m: 1le6, 2e4RIX[AMEI, 2e4IKIX[AIEH], 02#1950ms
struct dataInfo // mfif5E

{

int posx, posy, val;

datainfo() : posx(-1), posy(-1), val(-1) {}

datainfo(int _x, int _y, 11 _v) : posx(_x), posy(_y), val(_v) {}
i

// KRB SER

struct treeNode

{
dataInfo maxv, minv;
inline void reset()

{
maxv = dataiInfo(0, 0, -inf);
minv = dataInfo(0, 0, inf);
}
inline void nonexist() { maxv = minv = dataInfo(-1, -1, -1); }
inTine int modify(int _val) { return maxv.val = minv.val = _val; }

} node[N * N << 1];

int lazy[N * N << 1]; //memset(lazy, 0x3f, sizeof(lazy)); //MHicEWIIHIL
// EE, XEFERETEE, KNGS RN AN T B

struct Interval

{
int 1, r;
Interval () {}
Interval(int _1, int _r) : 11D, rCr) {}
inline int midQ) { return (1 + r) >> 1; } // XIS
inline int len() { return r - 1 + 1; } // XK
inTine Interval left() { return Interval(l, mid()); } // X
inline Interval right() { return Interval(mid(Q) + 1, r); } // #¥XI
// XL
inTine bool isIntersect(Interval &tarI) { return !(1 > tarI.r || r <
tarr.1); }
// XIS
inTline bool isInclude(Interval &tarI) { return 1 <= tarI.l && tarI.r <= r; }
inTine bool in(int v) { return 1 <= v & v <= r; }
};

inline int son(int p, int x) { return p * 4 - 2 + x; }
inTine void push_down(int p, Interval xI, Interval yI)

{
Tlazy[son(p, 0)] = node[son(p, 0)].modify(Tazy[pl);
if (xI.right().7en() > 0 && yI.left().len() > 0)
Tazy[son(p, 1)] = node[son(p, 1)].modify(lazy[pl);
if (xI.left().1len() > 0 && yI.right().len() > 0)
Tazy[son(p, 2)] = node[son(p, 2)].modify(lazy[pl);
if (xI.right().Ten() > 0 && yI.right().Ten() > 0)
Tazy[son(p, 3)] = node[son(p, 3)].modify(lazy[pl);
lazy[p] = inf;
}
int build_segtree(int p, Interval xI, Interval yI)
{

if (xI.7en() <= 0 || yI.Ten() <= 0) return 0; // =¥
treeNode *now = &node[p];

if (xI.len() == 1 && yI.len() == 1)

{

now->maxv = now->minv = dataInfo(xI.1, yI.1, 0);
return 1;
Y // HAFEE



int isvalid[4];

isvalid[0] = build_segtree(son(p, 0), xI.left(), yI.left());
isvalid[1] = build_segtree(son(p, 1), xI.right(), yI.left());
isvalid[2] build_segtree(son(p, 2), xI.left(), yI.right(Q);
isvalid[3] = build_segtree(son(p, 3), xI.right(), yI.right();
now->reset(); // %SGtk

for (int i =0; i < 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 (ltarXI.isIntersect(xI) || !tarYI.isIntersect(yI)) return 1;
treeNode *now = &node[p];
if (tarXI.isInclude(xI) && tarYI.isInclude(yI))
{
datainfo tmp(xI.T, yI.1, val);
now->maxv = now->minv = tmp;
lazy[p] = val;
return 1;
}
if (lazy[p] != inf) push_down(p, XxI, yI);
int isvalid[4];
isvalid[0] = insert_segtree(son(p, 0), xI.left(), yI.left(), tarxI, tarYI,
val);

isvalid[1l] = insert_segtree(son(p, 1), xI.right(), yI.left(), tarXI, tarvIl,
val);

isvalid[2]
val);

isvalid[3] = insert_segtree(son(p, 3), xI.right(), yI.right(), tarXI, tarYIl,
val);

now->reset();

for (int i =0; i < 4; i++)

insert_segtree(son(p, 2), xI.left(), yI.right(), tarxI, tarvYl,

{
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;

}
void query_segtree(int p, Interval xI, Interval yI, Interval tarXI, Interval
tarYI, treeNode &ans)
{
if (xI.Ten() <= 0 || yI.len() <= 0) return;
if (!'tarXI.isIntersect(xI) || !tarYI.isIntersect(yI)) return;
treeNode *now = &node[p];



if (ans.minv.val <= now->minv.val &% ans.maxv.val >= now->maxv.val) return;

// wAEARAL
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 : how->maxv;
return;

}

if (Tlazy[p] != inf) push_down(p, xI, yI);

query_segtree(son(p, 0), xI.Teft(), yI.left(), tarXI, tarYI, ans);
query_segtree(son(p, 1), xI.right(), yI.left(), tarXI, tarYI, ans);
query_segtree(son(p, 2), xI.left(), yI.right(), tarXI, tarYI, ans);
query_segtree(son(p, 3), xI.right(), yI.right(), tarXI, tarYI, ans);

sNSH R e LR

A FEMEEERINRINETHREE R, REWER

int idx;
struct segDim
{
int son[4];
int mx, mark;
} seg[N << 4];
struct Dimpoint

{
int 1x, rx, dy, uy;
bE
void pushup(int p)
{
seg[p].mx = max({seg[seg[p].son[0]].mx, seg[seg[p].son[1]].mx,
seg[seg[p].son[2]].mx, seg[seg[p].son[3]].mx});
}
void add(int &p, 11 v)
{
if (Ip)
p = ++idx;
seg[p].mark += v;
seg[p].mx += v;
}
void pushdown(int p)
{
if (!seg[p].mark)
return;
add(seg[p].son[0], seg[p].mark);
add(seg[p].son[1], seg[p].mark);
add(seg[p].son[2], seg[p].mark);
add(seg[p].son[3], seg[p].mark);
seg[p].mark = 0;
}
void modify(int &p, Dimpoint dom, Dimpoint rg, int val)
{
if (lp)
p = ++idx;

if (rg.1x <= dom.1x && dom.rx <= rg.rx & & rg.dy <= dom.dy && dom.uy <=
rg.uy)
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add(p, val);
return;

}

pushdown(p) ;

int midx = dom.1x + dom.rx >> 1;
int midy = dom.dy + dom.uy >> 1;
if (rg.1x <= midx && rg.dy <= midy)
modify(seg[p].son[0], {dom.1x, midx, dom.dy, midy}, rg, val);
if (rg.1x <= midx && midy < rg.uy)
modify(seg[p].son[1], {dom.1x, 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 0;
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.Ix + 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.1x, 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},
rg));

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;

FZFifChtholly
XEBZEWN (BEF)
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fta R RFR?
AR E— ML T RANFZFHEE SN SIEAE, ARSBTEIERE T I RAOEERIRE, S/RKANTESE

HEEA. o(nlog?n)éR3!

HIAFIRRIREE?
RESPRAKARERMENE, RTREARMAE TR XEEamEE

ft4ER TR REAFNTAER?
HAFNE—FMEENEH, fNRERRUERKENATHMEL, IKERE BANEGEH —AREESENFTARERESR
15, BEARINTAHERMRE

HaFIRIsetseR, — MXEGEH [I, 7, val], DHIFRFXEARR, XEGims, FXEFEFY
=8

setICHL:

struct chtholly //[1, r]HIX[H

{
11 1, r;
mutable 11 v;
Chtholly(1T L, 1T R = -1, 11 v =0) : T(L), rR), v(v) {}
bool operator < (const Chtholly &x)const{ return 1 < x.1; } //4#/cui A7
};
using It = set<Chtholly>::iterator;
set<Chtholly>tr;
It split(int pos) ///HIXIH
{

It it = tr.lower_bound(chtholly(pos)); //#3jiiHpos kit s

if(it I= tr.endQ) && it->1 == pos) return it; //GEEXMERIENTRARFFHER
pos, JEMIIEE R EIEAT

-—it; //ARMEE S E AR B

1T 1T =4t->1, r = it->r, v = it->v;

tr.erase(it);

tr.insert(chtholly(1, pos - 1, v)); //#H4FEHAXIA[T, pos),[pos, r] //[pos,
r 1 A2 A X [R]

return tr.insert(chtholly(pos, r, v)).first; //#[6Llpos Tkt X [alf)ift 2%

}

void emerge(int 1, int r, 11 x) //&HXIN| | XEEHK

{
It itr = split(r + 1), itl = split(1); //%HKBNIr+1IFERAAE, FHERFEAIRAE
tr.erase(itl, itr); //Misx—BOE(Ra
tr.insert(chtholly(1, r, x)); //@E¥Hid A X[

3

void deltaCint 1, int r, 11 x) //XEMENE,0(m) ,mA [T, r] N X a/NE
{
It itr = split(r + 1), it]l = split(1);

for(;itl != itr; ++it1) itl->v += x;
}
11 query(1T 1, 11 r, 11 pos) //H. /i
{
It it = tr.Tlower_bound(Chtholly(pos));
if(it != tr.end() && it->1 == pos) return it->v;
return (--it)->v;
}

11 query_k(11 1, 11 r, 11 k) //E#WIXE[T, r]HEAEXKEE,0mTogm) ,mA [T, r] i XIEA %
{



It itr = split(r + 1), itl = split(1);

vector<pair<ll, 11>> tmp;

for (; itl != itr; ++it1l) tmp.pb(make_pair(itl->v, itl->r - itl->T1 + 1));
sort(tmp.begin(), tmp.end());

for (auto it : tmp) if ((k -= it.se) <= 0) return it.fi;

return -1; //&kNE0RE-1

HSFIRAIXEFXEIESE, AKENGRRAR—EAN T —IMRENERS, RIS — X
BERICAH (I, val], FAFRFXERNARRFXERMEFINE.

XEE, BT EZEREREEEREmap, MF—1XE, )G [iEmapEfkeyE, 5 val i85
mapEfvalued, XEGERERS, KIBEHE/N,

map3CHL:

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)); //#&EI v /A5 IXH]
mp[x] = it->second; //WILHHIXIE], FFK B —ANDX IR A R B 45 AR X [R]
}
void assign(int 1, int r, int v) // &, XErEXIA RS +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) // HAb#fE
{
split(1);
split(r);
auto it = mp.find(1);
while (it->first !=r) {
// MRS E A4
it = next(it);
}
}

I8

KD-Tree
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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
g ®
(] L
H L)
. query point
. .
— ] L B
3 2
[ I
10
® - 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)



doubTle 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].x;

}

double vl = tmpl - tmp2 * tmp2; // iF5IX4EEH) ) %

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 5 %

split = vl >v2 ? 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].Xx;
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;
}
3
doubTe Distance(point a, point b)
{
doubTe 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. WTNERERM A
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;///hTuliit
NET
else pSearch = pSearch->right;
else
if (target.y <= pSearch->dom_elt.y) pSearch = pSearch->left; ///)Tiif
HENEET
else pSearch = pSearch->right;
}

// Eiiisearch_pathi/c —Mit%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 E (BREGEER) , R Adi stiE S4B FHMAES, At ERkE RS —ur+
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) /* targetfiFpBacklf/ 1=
|, 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) /* targetfi J-pBackii/i 7=
|, BERIGFAE */
pSearch = pBack->right;
else pSearch = pBack->1left;
if (pSearch != NULL) search_path.push(pSearch); // pSearchli
NZ|searchH

}

nearestpoint.x = nearest.Xx;
nearestpoint.y = nearest.y;
distance = dist;



HMEER

FiEL:

FRdfsEim, B—RKARFNSR d, ARBRLL dRFRHEITE 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);
}

HREL

EX: FBNFHPEANFRTREED, BARTSMEXRMPED, WEECRE, ERHSE
R I HEEAE,

TR

o WHELOWMRAKE—, WESERW, BXENEOHESL.

o LUNBIEC/IRRS, R FIRBIA/ BB RN/ —F,

o WPMERIENRERF, FEONESMESRN, WRERIELD, BAZIE(]
RUEERSFI—E,

o IEEIENEIT —RIDEESEI RN, BRAFRINIE OEEEFERMIFAVE ORI
gL,

o R ERINEMIBR— T, BAECREORS RABa—FBMIES.

xi&

£ DFS SpitEENFRRIAN, IEF [AET] AFREARN, FMARRE - SR (XEAYFH
TEERNASFR) BOAIMER Bl RFRIAIRN, AEMAILUKIEEXEKEEDT .
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J*RE AL EE * /
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:

ABREOZEEZRY, FrlsiZBHRBTEEH, FEBEMECR T FRA/N

vector<int> tr[N];

int siz[N], wtcen, tot; // wtcenicsMIE Ly, totidskMr A/
//int del[N]; //fE 5 70ia P EH]

void dfs(int u, int f)

{
int mx = 0;
siz[u] = 1;
for (auto v : trl[ul)
if (v 1= ) //if(v 1= f & !del[v]) //#ERmaH
{
dfs(v, uw);
if (wtcen) return; //#KE(FE.LHHEH
siz[u] += siz[v];
mx = max(mx, siz[v]);
}
mx = max(mx, tot - siz[ul);
if (mx <= tot / 2)
wtcen = u;
}

IRoTRsLIE

big NEILF, hig ARILF, depth ATTRRE, ht ATRBE, siz AFRAN, L AFR dfs 7
XBEiwR, RAFH dfs FXEGIHRR, rmk A dfs FUNDRFS, fo RERIPRAE

vector<int> tr[N];
int big[N], hig[N], depth[N], ht[N], siz[N], L[N], R[N], rnk[N], fa[N], 1idx;
void dfs(int u, int f)
{
siz[u] = 1;
LLul = ++idx; // 23 FRdfnX a2 b
rnk[idx] = u; // ic3dfnXt Ry A
fafu] = f;
depth[u] = depth[f] + 1;
htful = 1; // ®mEEDSAL
for (auto v : tr[ul)
if (v 1= )
{
dfs(v, u);
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siz[u] += siz[v];
if ('biglu] || siz[big[ul]l < siz[v])
big[ul = v;
}

ht[f] = maxCht[f], ht[u] + 1);
RLul = ddx; // i Fmdfnix a4 o
// WK ILT
for (auto v : tr[ul)

if (v i=
{
dfs(v, u);
if (Thig[u]l || ht[hig[u]l]l < ht[v])
hig[ul = v;
}

}
// for (int i = L[v]; i <= R[V]; ++i); //dfs/5H T

LCA
£ RIERHE%
{HIBLCA

BHEISZE O(nlogn)

vector<int> tr[N];
int depth[N], fa[N][22]; //falil[jl1#~ dep[il-depl[ul = 2Aj Ak u
void bfs(int root) // WiAibFfEIEEAH
{
memset (depth, 0x3f, sizeof depth);
depth[0] = 0, depth[root] = 1; // depthfifi&i e =%
queue<int> q;
g.push(root);
while (!q.empty())
{
int fro = q.front(Q;
q.popQ;
for (auto i : tr[frol)
{
if (depth[i] > depth[fro] + 1)
{
depth[i] = depth[fro] + 1;
g.push(i);
fa[i]1[0] = fro; // JHEE KB
for (int k = 1; k <= 20; k++)
fa[i][k] = fa[fa[il[k - 11]1[k - 1];

}
int lca(int a, int b) // R&lFlafiibisiz A3t

if (depth[a] < depth[b])
swap(a, b);
for (int k = 20; k >= 0; k--)
if (depth[fal[a][k]] >= depth[b])
a = falal[k];
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if (a == b)
return a;

for (int k = 20; k >= 0; k--)
if (falal[k] !'= fa[b][k])

{
a = fa[a][k];
b = fal[b][k]I;
}
return fal[a][0];
}
PIHERISILCA

RHEEZE 0(0.37nlogn)

int lca(int u, int v)

{
while (top[u] !'= top[v])
depth[top[u]] > depth[top[v]] ? u = fa[top[ul] : v = fa[top[v]];
return depth[u] > depth[v] ? v : u;
}
EXhIFFLCA

FRAMERTEIEZRE O(nlogn), EEREIERE O(1)

BEA dfs NEHIZES k!
1-2->54—-7-4—+8—-4—+2—-5—-2—-1—-3—>6—>3—>1
X2 F

RIRFAIEK LCA(3,7)
BBEASCIBRUL A 3, 7 SB—IRHIAYGIE TRk
LCA(3,7) LEERAIFRAIR) 3, 7 ZIFERMR, #ME 1

TR, WAL stk MR, #t6E O(1) 2
1 LR

R

SRR ) LF R FRIFE S MU NTF SRS
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dfsu=3 last=0 now=2

delta = 2

/FRERECH S/
void dfs(int u, int fa)
{
add(u);
int Tast = query(u - 1);
for (int v : glul)
{
if (v I= fa)
{
dfs(v, u;
int now = query(u - 1);
cnt[u] += now - Tast;
last = now;

1 — n HI79RAN_EAGE RSN

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
EEdfsFEHITED

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; i <= n; i++) sub[i] += sub[i - 1];
for (int i = 1; i <= n; 1i++) cout << sub[dfn[i]] << " "
}

muEsl o

sl BRI O SIETRENER, DEEPH EREINGER.

Bk, BERMEIDAETERIE, FEEASREtED, ASAREMIIEIESIERER.

RISEEIS (WE/5ER) BEMA, o BRI, KRN FRMT Link/cut Tree (RIS (8T
WHME (SRS ), ASBIERT (LEBNEN) . W] @Hig [EEs)] .

E it

BRSO TSR EAEE—RBENOBAEE O(logn) FiELAIHE, SRELNRREET
HE (BREERALN—FKE, #ERMERRY LCA HI—NRR)

BB DR RIER D HAVEREE FRYTI AR DFS FRiEsR, ELERILAS @it — L4 RS REER
21 (INSRERN) SR4EPN EERENER.

1
L 11 & .E:FE}‘J—E
- > 415 QO BFFm
2 — i
1 3 5 17 — 2
8 19 16
@) \® \ ‘ \® £[0) D D] |Dms
d‘ ; 18 1 5E
5 )\ L 14 7 10
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J*E LT FAb B/
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; //ickEEERL
if(biglul)
dfs(biglul, u, t); //H%EX&EJLF#4TDFS, W LMRIE R —%=H
for(int v : tr[ul])
if(v I= £ && v != big[u])
dfs(v, u, v);

3

B

i 1) SDFS i S:

KH&aln
KEHS AR ERE B —HHIH B,

EX BEFPR REEFORPFRNEERANFER. NMRES N FRHEANFER, BE—.

MFRBEFLR, REEFHS.

EN BFER RSN FEA.

THE—

FTETHKERNTIZO (n) KRBT,
IEBA: FrBRERNE—REHZH, KERASWITER, BAKINSFRE0 (n) R3I89,
HR=

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=

HA— P RE LBKERE AR A SEBIE n — /n iR
IR IR x N—FERE TR —FER L, AKX FERIRKEAS/NTZAII

BRKE., ERMIERT, EKESEIN 1,230 — /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 BRAOREGHEERANR, NREBTNRESWEF logn R, BA— T RERE
FIERERIRATANEDERME.

/FE TS T RdEnX ) */

int cnt[N];
void dsu(int u, int f, bool keep)
{

for (int v : tr[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; ++1)
cnt[depth[rnk[i]]]--;

2R
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,

RIIEISZRE O(mlogn), B m AXERE, n AERE.

MRESR T TXHERE + LCAIEIA

/¥ catitz*/
/ /AT LK LAE Dy RE R AR YT i 77 45 AR
int dfn[N];
vector<int> kp, a, Vt[N]; // kpfeftikini, affffmrslds, vemsadmn
void build_virtual_tree()
{
auto cmp = [&](int a, int b) -> bool
{ return dfn[a] < dfn[b]; };
sort(kp.begin(), kp.end(), cmp); // HEXEAGLE dfn FPHET
if(lkp.empty()) a.push_back(kp.front());
for (int i = 1; i < kp.size(); ++i)
{
a.push_back(Ckp[il);
a.push_back(lcaCkp[i - 11, kp[il)); // #fiA lca
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sort(a.begin(), a.end());
a.erase(unique(a.begin(), a.end()), a.end());
// EER

for (int i = 1; i < a.size(); ++1)

{
int Tc = lcaCali - 11, a[il);
vt[1c].push_back(al[i]);
vtl[a[i]].push_back(1c);

}

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); // LA ARSI A LCA
if (lc !'= s.topQ) // A, VEEHAH RN YRR 18E L
{
int last = s.topQ;
s.popQ);
while (dfn[1c] < dfn[s.topQ1) // K1 HHIDfn AT LCAIDfN
{
conn(s.top(), Tast);
last = s.top(Q);
s.popQ;
3 // BT SR A B G B I HL
L

if (dfn[1c] > dfn[s.top]) // WWLCARH — RNk, 15T HAMEL, &L
JEE AR TCE, K LCANER

{
//vt[1c]l.clear(Q);
conn(lc, last);
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—%EEEE T



conn(last, s.top());
Tast = s.top(Q);

s.popQ);
}
}
maia

miaakELElS (Centroid Decomposition) EMDiARI—F, EENE—LR FEREAE,

AT HEESHFREE, BABIAGEEE. YTFE R, BNO3EFEEEXNM[RENFES
BARIERE, ITEIE, FH—lEdfs; XMTEE, BMMRzRE, MEEFR@EIathaERe,

BIREGEEFNECEATFHENR, BBASREHALURIEA O(nlogn)
A RETEEIBEIFRIAE, FHEEHEX

vector<int> tr[N];
int siz[N], del[N], wtcen, tot; // wtcenidEMIIE L, totidFM I/
void getwt(int u, int f) // EL
{

int mx = 0;

siz[u] = 1;

for (auto v : tr[ul)

if (v '= f && 'del[v])

{
getwt(v, u);
if (wtcen)
return; // HIEL0EHE
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 U E G HERE /
for (int v : tr[ul)
if (v '= f && !del[v])
calc(v, u);
}
void CenDec(int rt)
{

for (int v : trlrt]) // HJ54H5H
if (ldel[v])
calc(v, rt);
dellrt] = 1; // MY
for (int v : trlrt])
if (ldel[v])
{
tot = siz[v];
wtcen = 0;
getwt(v, 0);
CenbDec (wtcen);
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4 LBEibFE

LE—RERN, WHNENMER EE—MED, ER—IZENSFHRBNRIRRER L, D
TENEIRES R EAYHAEEEE,

R f(u) AR v EREFHERLER p, NEEES, NE:

wlu,pa) + Y (w(w,v) + F(v) + F(w)

veESson,

d(u)
DFRNBEESNEEEENTRES, FEEOREAEN T FEABATEAEERATEAR
G £ 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[NI;
void dfsl(int u, int p)
{
flul = G[ul.size(Q);
for (Cauto v : G[ul)

{
if (v == p)
continue;
dfsli(v, u);

flul += flvl;
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}
void dfs2(int u, int p)

{
if (u !'= root)
glul = glpl + flpl - flul;
for (auto v : G[ul)
{
if (v == p)
continue;
dfs2(v, u);
}
}

Eie
HETLRIRE

typedef struct Edge

{
int to;
int next;
int val;
};

Edge edge[N];
int head[N], cnt = 1;
void creat_sta(int begin, int end, int val)//@laa a7

{
edge[cnt].to = end;
edge[cnt].next = head[begin];
edge[cnt].val = val;
head[begin] = cnt++;
}
void putout(int node)// vk aim 25 A
{
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;
}
=/
Kruskal

RIEISEZE O(mlogm)

SEN: BRI EH THE

SE2: WIRMFIXEDRE NRRAME— NEBREH, BPAVERA HEE Q BUnionREIB i IS HE—MNEBRER(HHE
{EfEiIERNEREH), WRBENHEEEE, HASFHXFL, FEBXFA.

SE3: —BITSER2, MESLSSTERRNRERE, BHRBXMRRRESHENSSEET; MBLHFETIR
RHERZE, BPAREXLHHNER.

int n, m, idx;//niE S8, mEinE, 1 dxoe A R 2 Rl %
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int p[N];//FFEAmA SEH
struct Edge//&iHiEEdH 17D
{
int a, b, w;
bool operator< (const Edge & w)const { return w < _w.w; }
tedges[M], tree[N1; //TFHrMOJT4G
int find(int x)//J &4

{
if (p[x] !'= x) pIx] = find(p[x1);
return p[x];
}
int kruskal(Q)
{
sort(edges, edges + m);// Akl HET
for (int i = 1; i <= n; i++) pl[il = 1;//¥miirEs
int res = 0, cnt = 0;//iBUAn, A%
for (int i = 0; i < m; i++)
{
int a = edges[i].a, b = edges[i].b, w = edges[i].w;
= find(a), b = find(b);
if (a != b)//MRWAEEYA G , WPRX A E s A I
{
plal = b;
res += w;
tree[idx++] = edges[i];
cnt++;
3
}
if (cnt < n - 1) return inf;//Z¥UNTFn-13HAE
return res;
3
Prim

ERTRZECH=E
RHEISZYE O(n? + m)

int n;//ng#
int gINI[ND;//AREHERE, FRTHIL
int dist[N];/ /A A 30 24 1 fe/ N A o 1 2 55
bool st[N];//frfittA A FE‘ED//XTiESZWFF
int primQ)//in R EIAEE, MR A nf, 75 0 R [8] 5/ B A A = 2
{
memset(dist, Ox3f, sizeof dist);//WIELA SR g AIE LT
int res = 0;
for (int i = 0; i < n; i++)

{
int t = -1;
for (int j = 1; j <= n; J++)//BRIRIRBIATE 00T Sob b (1 25 BB 1 5 i P
if (Ist[j] && (t == -1 || dist[t] > dist[j])) t = J;

if (i && dist[t] == inf) return inf;
if (i) res += dist[t];
stt] = true;//HEZsUNAL B
for (int j = 1; j <= n; j ++ ) dist[j] = min(dist[j], g[t]1[j1);//HiZAH
B A R B A BN R BE RS (FEAE AT e T E )
}

return res;
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mAEREL
Floyd

ESEIEZREE O(n? ) ZSIEIEZRE O(n?)
KIEETRARGI, RETERR

memset(d, Ox3f, sizeof(d));//WIbtia iuMIETT
for (int i = 1; 1 <= n; i++) d[i1[i] = 0;//BEMAMO, A HIEDMIE AL
void floyd()//d[a][b]&~aZlbi ik

{
for (int k = 1; k <= n; k++)//%&itk
for (int i = 1; i <= n; i++)//ikes
for (int j = 1; j <= n; j++)//j%xN
d[11[3] = minCd[i103], d[i10K] + dLKI[31)5//1->F B L0k i 54
5!
}

Bellman-Ford

EHEISEZRE O(nm)

}EANHERIRER, IXREBAMFEREE T

REGRBAFTEIEERFARIR, HEIMEREFERIN, BY—MBERRR, AFETHRE—FRION
0858, BRIERARRIET, AIREENEY b FONGER (F0 DRXERNEREHMRNIENAN
1EEREX)

struct edge {
int v, w;
3
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; //Hlki—4eAEIAId R 2 M Kk A A stb A
for (int i = 1; 1 <= n; i++)//EI NN ZAREES , HHnk 2 5 A 02 dislb]
<=dis[a]+w

{
flag = false;
for (int u = 1; U <= n; u++)
{

if (dis[u] == inf) continue;//&iEHKEAInTH S 5] H KT A A RE KR AP i #AF
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 sineEEs (R it iE)
flag = true;
3
}

3
if (1flag) break;/ /A R Lk it iR wifs iR 553%k
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}
return flag;// % n RIEARURATIRA I UER] s AT DARIA — AN Ff
Y//45 0 dis [ed]>inf/2 ¥t BAS AT &

SPFA:bellman-ford{jift

EHEISZEFS O(km), &K O(mn), AREHRR, —RRATHRIRE

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)//sHifEiEBEHAF/ERIFRFIfalse

{
memset(dis,0x3f, sizeof dis);//#HtkrAHEE IETS
dis[s] = 0, vis[s] = 1;///&5E%0
q-push(s);/ /ISR &
while (!q.empty())
{
int u = q.front();
q.popQ;
vis[u] = 0;
for (auto ed : el[ul)
{
int v = ed.v, w = ed.w;
if (dis[v] > dis[ul + w)//BiEA/ N AN BA
{
dis[v] = dis[u] + w;
cntv] = cntlu] + 1; //icStEdassaid s
if (cnt[v] >= n) return false; //HBJEEL%idn-1410, &N—w&id T
B2
if (lvis[v]) q.push(v), visl[v] = 1; //MRAFIHEAFAEY, WA EZR vE
=K N
}
}
}

return true;
} /4R dis[ed]>inf /23 AT R

Dijkstra

RIEIEZE O(n?)
RPN ER R, EATHEE

struct edge { int v, w; };

vector<edge> e[N];

int dis[N], vis[N]; //AFfEEA s m i 2 s A e
void dijkstra(int n, int s) //RiLSABFTH &A%

{
memset(dis, O0x3f, sizeof dis ); //¥uHtbl's SbEE N, How s g kLS
dis[s] = 0;
for (int i = 1; i <= n; i++)
{

int u = 0, mind = inf;
for (int j = 1; j <= n; j++)
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if (lvis[j] && dis[j] < mind) u

s, SRER /N R

j, mind = dis[j]; //fEERHHERHLE

vis[ul = true; //#iE % lnfiEEs

for (auto ed :

{

eful)

int v = ed.v, w = ed.w;

if (dis[v] > dis[u]l + w) dis[v]

}

} //dis[ed]==infuiBiAn]iA

Dijkstraffi5cBAFUAE

RIEISEZE O(mlogm)

disful + w; //HEHHAh G

KRFAFANERRRIGE, ESHEE

typedef pair<int, int> pii;

struct edge
{
int v, w;
};
vector<edge> g[N];
11 dis[N];
bool vis[N];
void dijkstra(int s)
{

memset(dis, Ox3f, sizeof dis); //memset(dis, Ox3f, sizeof(int) * (n + 1));
//memset(path,-1,sizeof(path));//itxEAEVIEaL

dis[s] = 0;

priority_queue<pii, vector<pii>, greater<pii>> pq;///MHE
pq.push({0, s});//firstfifitii®, secondfF- i w5

while (!pg.empty())

glul)

= ed.w;

if (dis[v] > dis[u]l + w)

dis[v] = dis[u] + w;
pg.push({dis[v], v});
//path[v] = u;//iCRKEATHTIK

{
int u = pqg.top().se;
pg.pop(O;
if (vis[u]) continue;
vis[u] = true;
for (auto ed :
{
int v = ed.v, w
{
}
3
}

}//dis[ed]==infiiHA R A
// for (int i = 0; i <= n; ++i)

// dis[i]

inf;
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Dijkstrafi=tBiFR 2+ 5BATIIL

AIEIEZYE O(mlogn)

struct edge{//{ifitil
int u, v, w, next;//ufiES, VLS, wWABUE, nextHHigk
5
edge e[N];
int head[N],dis[N],n,m,s,cnt;//head it LRI, disEmAuiagaE, nvsdl, miiad, sk
A, entidFAaTa M HE
booTl vis[N];
struct node
{
int w, to;//wR/sRMMEUE, toFmBifH )y
bool operator < (const node &x)const{ return w>x.w; }
bE
priority_queue<node>q;
void add(int u, int v, int w)//#armaE Onid)

{
++ent; / /i R
elent].u = u;//fFiEs
elent].v = v;// /1545
efcnt].w = w;//TFRUE
e[cnt].next = head[ul;//{FHi4k
head[ul = cnt;//H iR LIPS
3
void dijkstraQ)
{

memset(dis,0x3f,sizeof(dis));//¥iath, FdisEAM— MK, J5 s H 5
dis[s] = 0;//& % H N0
q.push(node{0,s});//IENIAS]
while(!q.empty () //BAFIA 4

{
node x = g.topQ);//MWHBFIE—4T0R
q.popQ);/ /3
int u = x.to;//>RHjs
if(vis[ul]) continue;
vis[u] = true;//tric il
for(int i = head[u]; i; i = e[i].next)
{
int v = e[i].v;//M2s& 5
if(dis[vl>dis[ul+e[i].w)//#HEem L, ik
{
dis[v] = dis[u] + e[i].w;
g.push(node{dis[v],v});//EANI\ZI
}
}
}
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IR EFTEN RS

HATTLLEN —preft, MEpreliiCRAIE E—MIBRW— MR, LARHRHERNIETHRNMA -1, REERINEERIE
FHERET—T E—ATRGE, FESEAIXHEENARE, ARREIINMIHEERABRITE, BAFHSHEIT, XN EE
FREEATFDikstra, MEWEATEMSEIREX, MSPFA. bellman_ford. Floyd&E

BBAm ek — MTENRE]

int path[N];
void print(int x) //xA~%

{
if(x == -1) return;
print(path[x1); //4TH)
printf("%d->", x);
}
Tarjan

EFREMAERN, BFREERNEEEDERNEE.

Tarjan §i%

[FEARE— kosaraju &%, EAREMHAR, EXEHRIEINET,

XEFAA dinlil FREEH | BT dfs BHERTINEDINT, H2—1 dfs B, (BRI EEE)
F low[i] F=5 | DRREE RO T REERIARNFHRNEARRAT SNFHIARE. (Y8 lowl] = dfn[i])
XBEE 1-MER: BAE dfs FdEh SRt —ISgRn, ML EENTSSE din RS,
MEER—ELEN T EREPHECHERT S, ITAREHRHR low BIE.

%F low {ES dfn (B
1. R TEM low BMF din {H, BAFREERFEHNFANESELEIECEFHTSA.

2, ME—T<H] low (EFF din {H, VRPRTANTRFHENRLLGTSE, BARDARE— M REES BEERAPR.
3. B2 u BIFHTERAMKSH u b FR—MIEESE, BiREEY (BEAERD) .

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 (tdfn[i])
{
tarjan(i);
Tow[u] = min(low[u], Tow[i]);
}
else if (in_stk[i])
Tow[u] = min(low[u], dfn[i]);
}
if (dfn[u] == low[u])
{
++scc_cnt;
int y;
do

{
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y = stk.top(Q);
stk.popQ);
in_stk[y] = false;
id[y] = scc_cnt;

} while (y != u);

HRETE it T T tarjan

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

BRI

if ('dfn[i]) tarjan(i);

set<int> newgra[N];
void tarjan_graph(int n)

{

vector<int> scc[N]; //#iE#E% &)
vector<int> shr[N]; //4i & E

for (int i = 1; i <= n; ++1)
for (int iter : graflil])
if (id[i] != id[iter])
newgral[id[i]].insert(id[iter]);

int vis[N];
for (int 1 = 1; i1 <= n; ++1)

scc[id[i]].push_back(i);

for (int i = 1; i1 <= scc_cnt; ++i)

K&

for (int u : scc[il])
for (int v : gralul)
if (i != did[v] && vis[v] != 1)
shr[i].push_back(id[v]), vis[v] = 1i;

vector<int> g[N];

int Tow[N], dfn[N], 1idx;

int dot[N]; // AfEE s
map<pii, int> edge; // fifitEil

void Tarjan(int u, int p, int root)

{

int child = 0;
Tow[u] = dfn[u] = ++idx;
for (int i = 0; i < glul.size(Q); ++i)
{

int v = glul[i];

if (v=1p)

continue;
if (ldnf[v])
{



Tarjan(v, u, root);
Tow[u] = min(Tow[u]l, Tow[v]);
if (u == root)

child++;
else if (low[v] >= dnf[ul)
dot[u] = 1;
if (Qow[v] > dfn[ul)
{
int x = minCu, Vv);
int y = max(u, v);
edge[make_pair(x, y)] = 1;
3
3
else

Tow[u] = min(low[u], dfn[v]);
}
if (u == root && child >= 2)
dot[root] = 1;

—9E: Bipartite Graph

E—KET, MREBCEBNROE MRS B, RIERNEERENRE EEL , E5esii Rk
FRNMEEGZE, XKEHE—DE

“HEEREHN TRE 8 (FEERSARRRE, (E—HRTSEMER)

FBIE

ER: Fr— M EREN—5E

ErRENE, BR S BXAMAENEFRRE HEISTEREE—ES)  — 1 REAREERE
EamMame, 58, HEMAR—SE

int n, color[N];
vector<int> g[N];
bool dfs(int u, int c)

{
color[ul] = c; // HGuiSie
for (int v : glul)
{
if (color[vl]) // W& YA T
return color[v] != c;
else if (ldfs(v, 3 - @) // ZETFTIEA MTREEZERCA
return false;
// TEEHE R G RS RS B
}
return true;
}
bool checkBG()
{

memset(color, 0, sizeof color); // 0 — Ryth, 1 — M4, 2 — [
for (int i = 1; 1 <= n; i++)
if (color[i] == 0) // —BHAEEEM, dfsEie
if (Mdfs(i, 1))
return false; // fwiffE[EfalseBREM, HEARZ K
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return true;
// ENtrue

GFHRE
XER KM B3, FILAFERTIE) O(nm) ISRk =S EIR BAIRSEEITE,
FE AR (EERME:

AMRERE— R, BRPRZETEERBA—RXR (—I SRR 68 5—58
FA—P R BAEEN) | ESHXFUEMRXK - FERRATE

BER: BoBPHRNEEEHBENTZE, #iThR. RRRBHBEES, BEE—TE
SHIVE, (IREFRNTECERE, PBAXNERBLELERNSELR— AL, DR

BEIBRFTEE]

int n, m, e, ans, g[N]J[N], ask[N], matched[N];
inline bool found(int x) // dfsfkif %

{
for (int i =1; i <=m; i++)
if (gIxI[i1)
{
if (ask[i])
continue;
ask[i] = 1;
if (!matched[i] || found(matched[i]))
{
matched[i] = x;
return true;
}
3
return false;
}
inTine void match(Q)
{
int cnt = 0; // cnt/2il%ss
for (int i = 1; i <= n; i++)
if (found(i))
cnt++; // KRBT HUNL
ans = cnt;
b

Ed

Ie S E]

BYERFEINR—RBX—RAEIRFR IR IEE.

iR

il Lﬁﬂ
[t
IRl
+H
=
at
=
T
>
m

0
>3
=
[0
%
=
o
op

5
S
g
5

BARZIERTMAEAIRE MR ERR SIS E.
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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 MES, BIEEERI TR, BHIET (0,b) , Fxa50FE (B
F a5 bETARNES) . RAENEIEGEE—ITTR, AMEE—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, WFE ciIf
fit, EETRE LBKTEE, REIRASH—FOHErE, UEEIRhc.

RERIIEETRE:

BB R RS
g R R O
&

; C) &%@%MEﬁﬁﬁé,m&ﬁQi/// .

o | o = 4
\ O\O
C) EHLAE, EEERTATRBNT A (:i::: -

B0


af://n1434
af://n1438
af://n1439

BIRECEE
AR TR B3 AR SR AR5,

SFFFIRIBIEER, TSN A @ FiERNERTR pre;, suf;, EHA
pre; — i, pre; — 1, suf; — i, suf; + 1, XEAFTEERIRK (1, B, BEE pre; 1BERT], E5E
H,

SFH_EARGE, BRI, ERGERER,
ZERmEE
ERIGH. BEEDE. 2-SAT. MERFENCHEMF, WEBRNAT] O(n2) BE O(n3), FAATEEZ
[ESZREARIFTE, ERMCEERLIEARRIRERAIER MEHNEEDIE.,
STRFLA T PR -
wsGED u— LR L] ol (1,71 — 12, r2)iEn
o EBRA:

XA FERIZERN, ATLUBXIERM logn MEERMN LKAl SoiZIREERMIEEHFRNS : SMAFIRIE
. YTAEEA—TXEREE, BOEINGN, XNEEEA—IMAXERGAEZIINaRA
&, ERILUENNKE] MFEN—MXEREHARE, BOMNRREMEY, XARE—M\KETE
ZIHNAIATIASE, ATLAEHAXERA.

ATERIDR, FIMNENEGRSA 1 FHE, RENERSM 4n TR, BYDREWSMN 8n Fie, BE
SrRRITFEE,

X5 XEEEZR FEHIER O(log’n) &8, TILGRERNTRU—FKIEE, BRgBEEXE
Bk, AERNXEISEEEF—MUREN, SNIRENKEEEHEEIRS— TR, XERRE
O(logn) 858, BEECKIRE 10n £4, RUBEE O(mlogn) K5I,

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, BUERRMBERIXE, AERTAE,

HTRERZEER, MTIRTR, AEIEXESCHRXXE, AITEXERETXE, BheE
KA T RUREARSIAE, F vis tRic. HERENUER, USEITHRE dis; I0mAN, &R
FERPRITE R, LMERHPERIA (5, k) BB w , A dis; + w BHEIXRITREY 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] = T1; //icsgMt1715 s R A E
return;
}
int mid =1+ r > 1;
build(k << 1, 1, mid);
build(k << 1 | 1, mid + 1, r);
}

//EHAD: op == O SR MIERY, op == 1l FAESE N
void conPI(int k, int 1, int r, int x, int y, int u, 11 w, int op)
{
if X<=18&& r <=y)
return op ? g[k].pb({node[u], w}) : g[nodel[u]].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) //ff bzl
{
if (lvis[k])
st.push(k), vis[k] = true;
if (k == 1)
return;
upRange(k >> 1);
}
void downRange(int k) //ml {2l
{
dis[k] = min(dis[k], dis[k >> 1]1);
if (Ivis[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())
{
1T w = pg.top().fi, u = pq.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—XRBTBRAETRREIBEFRABANEE (MFREMAIEER)
o EIEFMBERIEHF—RXRBITIEMNMATR=AYEIEEFRORKALE
o EBRMIEIEFRARKNIE (Eulerian graph)
o BEMALBIREARERAIEEAIEFRAFEMIE (semi-Eulerian graph)
o BURIEIRERAIIRER, BAEREA—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);

PILE i

PI4%&network
W& (network) EIE—MFHNEBERE G = (V,E), E5—RKERNENARZAETFEREN
PN =

o EHHIEHEA (u,v) BE—MIFRATE (capacity) BIRE, 1IBfF c(u,v) « ZH (u,v) ¢ E
B, AJLMRRE c(u,v) =0
o VHhEMMFIARIR: JRR (source) s FLCA (sink) t(s # t)

MFRE G = (V,E), it (flow) B—PNEE E BIEEEESSLHERNRE, ERELUTS
.

1. BERE: WFEHKL, RL/ZANREMSGBLZLNEE, B0 < f(u,v) < c(u,v);
2. wsriEt: BRIRLCRIN, ERERu E’J:%umgjj 0. H, HMEX u FRES
( ) - ZzeV f(ua $) ZxGV f(ma u)
XFWLE G = (V, E) fIELRIR f, HAIENX fRUIRE |f| B s WERE f(s). (EARTEM
MRS, XUET t WERERIHERE —f(t)
MNFWEG = (V,E), MR{S, T} RVHKZ (BMSUT=VESNT=0) , B#&H2
scSteT, WEAWR{S, T} RGH—1s—t& (cut) . FMEX s —t & {S, T} NEE
ﬂﬂ HS7 T|| - ZueS ZvET C(ua U)
= a3

o RAMERR: KX f

o F/NEIEIRR: KEN||S, T

o RNERRAR: ENE G = (V,E) £, WBHHEE—MUE w(u,v), FRAER (cost) |,
BNERRERY (u,v) FIEENRN. WF G FrEaelsR, BIMEPSERR/IY
—ENRNERREKXR.

RARRNEIER

The Maxflow-Mincut Theorem:

X—EEEL, YTHEENE G = (V, E), EEN&EXR fsE {S, T} S2%E |f| = ||S,T||
XFEERREB

RIS HISHNEE (BFEHRO0) FHERS, FAEINLREERFEENMANERFLESEIIN
SR, AL, HANTLULRHESHR DRSS i D 1 MRS ENRELIIXER.

RIS : frvectorZEINER T, CIEEMIK, iR e(u,v) RIAXA e(v, u)  glv] PRI
=,
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void build_graph()

{
int m, u, v, w, idu, idv;
for(int i = 1; i <= m; ++1)

{
cin >> u >> Vv >> w;
idu = glu].size(), idv = g[v].size();
glul.pb({v, w, idv});
glvl.pb({u, 0, idu});
}

BXTE
EXEARASRER:
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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 0.1565 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
11 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 0.1565 0.203s
14 0.500s TLE 0.328s 0.109s 0.218s
15 0.2965 TLE 0.171s 0.109s 0.2965
16 0.562s TLE 0.234s 0.125s 0.2965s
17 4.687s TLE 0.140s 0.093s 0.343s
18 2.921s TLE 0.031s 0.1565s 0.296s
19 2.359s TLE 0.040s 0.078s 0.312s
20 4.6565 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
SRS 46.428s 0o 7.037s 2.553s 6.754s

Ford_Fulkerson
L AFNRFFEL L, FRdfsSCEl, EEIEEREEFF LA

FFEZRIR DE T REFEMESIEI IEE.
FEREESINRBEE, FELNEN, ERAEE—FON0RIAL. MRERBNSERN, RFANE
MLEFENEE.
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RHRISRE O(ef) 6731_%( fj:!lx—xléﬁﬁ’]umo XEE AR REEZRER O(

lu\l)lbi

) T 252

int s, t; // SAFN, TN
bool vis[N];
struct edge
{
int v, w, revid; // &Iailid
3
vector<edge> g[N];
int dfs(int u = s, int flow = inf)

{
if (u == t)
return flow; // FAL S, IRELX A B0 =
vis[u] = true;
for (int i = 0; i < glul.size(); ++i)
{
int v = glul[i].v, vol = g[ul[i].w, glul[i].revid, c;
// R[S ARER AR A ﬁ?O‘*%MLWﬁM&F%MuLﬁ”ﬁ( A S
// 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 EBAITLIMN s & BFS Bl ¢, NIFA KRBT Hra0E 8.,

o WFIEE p, FANTEH p SIALARREENRIME A = min(u vep ¢f(u,v), EfilEp £
NERIDEINLE A RE, HATMNNRMELEERE A RE, SRAREMNT A,

o FERENUERTRE, FMLFNIEERN G, BIVEFN G J:EEJ:LQ&, EHEE BT
7, WREAHEEN.

FHEISZE O(ve?), Heb v HETRSE, el
ER5P BFS B HRRIEZRER O(|E|), BRI LR Z 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[ul[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; 1 !'=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

BEBE:
Z RIS RIS G M BFS DE, RIBER u BRR s BEES d(uv) IBERORETE. 8T uly
RERERABN T —ENER v, B v BESIRSHESSE/NNIERNHIA, BITR G FTEES

NERE (Level Graph) , Féztitits, BAFR G = (V, Er) Gy = (V, Ey) WERE, HF
Ep ={(w,v) | (v,v) € By, d(u) +1=d(v)}

MEHRNERRE G, LB EARAUETR fr, BBYNE G LEATTREKHEARRIE mAY, W
AR £, B G BIBEZER (Blocking Flow)

EXEXEMBEERE, Dinic BiEATREINT,

1.#£ G; £ BFS HEXE G
2.7£ G £ DFS HEZER f,
3.5 fo FRNRSCHIR f P, BDf < f+ fo
4. EELA EEERERIAGFEMN s B ¢ RORRE

LLERTRY f BRI,

fEdfsth, JMTFENMER u, B4R o BHIARFE-FEBVESNIHA. IR E, FAIFRERRY
XAMEEA=REN, FRXAMEEA SR L.

REISZE O(v’e), B v HEMNTRAE, erninsl
ERES BFS B RIRNAISZER O(|V]), I ReHr LRE O(|V]E|)

int s, t, dep[N], cur[N];
struct edge
{

int v, w, revid; // &Iaikid
s
vector<edge> g[N];
inTine 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; i < glu]l.size(Q); ++i)
{
int v = glul[i].v;
if (depl[v] == -1 && g[ul[i].w)
{
dep[v] = dep[u] + 1;
g.push(v);
3
3
}
memset(cur, 0, sizeof(cur));
return (dep[t] !'= -1);
}
int dfs(int u, int Tim)
{

if (u == 1)
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return 1im;
for (int i = curful; i < glul.size(); ++i)

{
curful = 1; // Harilfeie
int v = glul[i].v, c;
if (dep[v] == dep[u] + 1 && g[ul[i].w)
{
= dfs(v, min(g[ul[i].w, 1im));
if (o
{
glullil.w -= ¢;
glvl[glul[i]l.revid].w += c;
return c;
}
else
dep[v] = -
}
}
return 0;
3
inline int Dinic()
{
int maxflow = 0, flow;
while (bfs(Q))
while (flow = dfs(s, inf))
maxflow += flow;
return maxflow;
}
=2\ ][
BNEFEKRE—NE (S, T) FEEINEE (S, T) &)\
MR s EFREART 0 898, HEIATE s RERA.
void dfs(int u)
{
vis[u] = 1;
for(auto nxt : g[ul)
if (vis[nxt.v] && nxt.w) dfs(nxt.v);
}
ZRIR
HESE

int p[N];//AEREEA AU SRS A
int find(int x)/ /& BIXPIAH RS AR I B8 AT He 4
{
if (p[x] != x) p[x] = Find(p[x1);//BAREAEIEAL : ) EARBRTT ml5 , ¥4 L
[EFEREN=Y
return p[x];
}
void merge(int a, int b){ p[find(b)] = find(a); } //aSbiifrEsHItF

PIT A R EL#E AR
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af://n1746

Wit CoN)

void merge(int a, int b)

{
int fa[] = {find(a), find(b)};
siz[fa[0]] += siz[fa[l1l]l];
p[fa[1]] = fa[0];
}
FRCIEL
int pre[N];

int rank[N];
void init(int n)

{
for(int i = 0; i < n; i++){
pre[i] = 1i;
rank[i] = 1;
}
}

int find(int x)
R IR B B T 2 KK PR A
{
if(pre[x] == x) return x;
return pre[x] = find(pre[x]);
pre[x]=rootx

}
bool join(int x,int y)
{
X = find(x);
y = find(y);
if(x == y) return false;
if(rank[x] > rank[y]) prel[yl=x;
else
{
if(rank[x]==rank[y]) rank[y]++;
pre[x]=y;
}
return true;
}
WirHEE
faihHEE

BARINEFRETA: HE— M ERTHRENHEINFE,

1255
NIRRT

2 HEIFBAERNAE, BASH.,

3. WNSHEUH—rRu, WAL,

4. EETHEERs, FERRTELs AERRT,
5 E52~4, HISH=E,

int inde[N], n; //ANEFFS

/[ FEREREA G T BR S, 5
/ /PR
[/ VIR B RN n NS S BE T RIAR 1L

[/EAE S ERAHE A O
[ /A GE GRS 1

[ /B BRIV ERERAR RS, F xH LR E R NIR

//EAEBE: X EGN xA R, Bl xRS A
//BARRSAR 2 T BIR A 5 rootx, AJn

//5#% xmRET
/734Ky TG

/7R BTy, M4 yH RGO x
/70

/7R xHIEEEA yR AR, W4 yRImEE N1
//ikE xB GOy

//IRFE true, FREGIFEI)
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vector<int> vex[N]; //ABE4EGE
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; ++1) if(inde[i]) { res.clear(); break; }
return res; //iR[fflemptyFR AL
} /&R NS

KIEIRSAOEN]
o AOERIBIMERR:

(1) RAEERRAAENSHRER, NZIRREHERGIFMURISITENF 8EF A,
(2) REENERRINEFNrAERIENEHELER, ZRRAMIRISEHAERE.

o RPCRIRETEREL: B4 (IR) NRR. RRRERE,;
o RFPXEEENEEREL: BR (2) &R, R4 RN,

struct node { int to, val; };
int inde[N], outde[N], ve[N], Vv1[N], n;
vector<node> gra[N], dgra[N]; // EARIEE
void AOE(Q) // BAC&RTHE
{

queue<int> qu, subqu;

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

if (linde[i])

{
qu.push(i);
vel[i] = 0;
}
while (!lqu.empty())
{
int fro = qu.front(; qu.popQ);
for (auto it : gra[fro])
{
qu.push(it.to);
ve[it.to] = max(ve[it.to], ve[fro] + it.val);
}
}

/7 IRBEERVT, BB S AL ]
memset(vl, Ox3f, sizeof(vl));
for (int i = 1; i <= n; ++1)
if (loutde[i])
{
subqu.push(i);
v1[i] = vel[il;


af://n1753

}
whiTle (!subqu.empty())

{
int fro = subqu.front(); subqu.pop();
for (auto it : dgra[fro])
{
subqu.push(it.to);
vi[it.to] = min(vl[it.to], vI[fro] - it.val);
3
}

RYE EIAKEHAY ve. v1 #24H, FHAIFTLISHARIER RS, FrE vi[il-ve[i]-—e FUREXEEA MM
IRYE ve F1 vl, BT bfs KKHFEIRIZ

=t

&R I

//aANBIEEE, FARL~n; Ten B 8k 5 520 (G 2ok

sort(a + 1, a+ 1+ n);

Ten = unique(a + 1, a + n + 1) - a - 1;//RHEEEEAREERIANE
Tower_bound(a + 1, a + Ten + 1, x) - a;//EMxEHAMEXNLNH S, FIxMNIIT6

&R I
vectorhR A
R a[N] = [1,10, 3,4, 8] become to : b|N] =[1,5,2,3,4]

vector<int>a, b;
b = a;//bRaf— A
sort(a.begin(), a.end());
a.erase(unique(a.begin(), a.end()), a.endQ); //fFEEH
for (int i = 0; 1 < n; ++1i)
b[i] = lower_bound(a.begin(), a.end(), b[i]) - a.begin(); //&itl, Nhr0T 4

RRI

58 a[N] = [1,10, 3,4, 8] become to : b[N] =[1,5,2,3,4]

struct Node {
int val, id;
bool operator<(const Node &A) const {
if(val == A.val) return id < A.id;
return val < A.val;

B
Node a[N];
void solve()

{

int n, cnt 0;

cin >> n;

for (int i = 1; 1 <= 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) ->
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// bool { return x.val < y.val; });

// EEL

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

{
if(i == 1 || a[i].val A a[i - 1].val) b[a[i].id] = ++cnt;
else b[a[i].id] = b[a[i - 1].id];

XESH
By
FERE—IMNE— M FHRF, ENE—IAAEIRCcur,
B=MiER:
1ELEIAER: FEXEend <= HFjllend (BFLE, &HEIER2)
2. 5X4EIRARAS : AMEX E)start <= HETRend HAEEXEIRend

3.545IAMER: FhEXEend > Hailiend FIBEX(EHHEIM, result+1

HIRST

BHEIEZYE O(nlogn)

R afi] REKRXBISEREG], F[i. j) 2NE i MGRES 2 j MIFPRIRKE (DPAPIRT)
fign: a#gFU: 3245681297, MF[L, 0] FrsE L NMEE, KEH2- 0= 1 RKE
FHEBAITTUSZER F[i. 0| $iZT afi] (DPHIFIMAE)

KRB Z: 1B Fi. j] BISMAEE (A Fli. j)| —=2@8NE) | MiBli- 2! — 18—
B, i+ 27 B 2 — 1B (KEZR2I)
EEstREE: STEMGMMEX ARETH, MEMSESEaTESRmHEREaEaLlE
ASTESHIRT, TESTHNENET, TUNEISERNSHREHTESEEH, BRS
KE. BIME. BANKE. BINMEEL AL, RALSETEIXN R,

RFI:

/XN mx[11[0] = a[i];
void RMQCint 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[i1[3] = max(mx[i1[j - 11, mx[i + (1 << (G - DOI[] - 1D;
mi[il1[3] = min(mi[i1[j - 11, mi[i + (1 << (G - DOI[] - 1D;
}
}
int getmin(int x, int y) //#&
{

int k = 0;
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while((1l << k + 1) <= (y - x + 1)) k++;
return min(mi[x][k], mily + 1 - (1 << k)1[k]1); //Rmaxeestir

RFI:

/ /WX 6] i)
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 & (G - 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[i][j] = max(stmax[i][j - 1], stmax[i + (1 << (3 - IDI[F -
11);
stmin[i][j] = min(stmin[i][j - 1], stmin[i + (1 << (G - 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]);
}
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]);
}

HCRIERSE
AHERtzBI

map<11, multiset<11> *> tr;
void Lmerge() //#xJyi/NRIIA mEIFRI0N
{
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)

{
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cin >> x >> vy;
if (tr[x] == nullptr)

tr(x] = new multiset<ll1>;
tr[x]->insert(y);

Lehi = =p=1:2 Rl

template <typename K, typename V>
class Lmap

{

public:
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); }

inTine int hash(const K &key)

{
return (int) ((01)key % hashmod * key % hashmod);

inline void insert(const K &key, const V &val)
{
kv[hash(key)].insert({key, val});

inline Vv query(const K &key)

{
return kv[hash(key)][key];

inline void modify(const K &key, const Vv &val)

{
kv[hash(key)][key] += val;

inTine bool find(const K &key)

{
int tmp = hash(key);
return kv[tmp].find(Ckey) !'= kv[tmp].end(Q);

inTine bool find(const K &key, const VvV &val)
{
int tmp = hash(key);
return kv[tmp].find({key, val}) != kv[tmp].end(Q);

15

=45
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w5

“HRFILEER: SEEIMEIE (o b, BEAESDIR (2 y BB <=a y<=b.

JFRERECAS R /
struct point

{
int x, y, type; //(x, y) bR, typeNOFIRal, ALEREH
bool operator<(const point &) const
{
return x < a.x || (x == a.x & y < a.y);
}
bE

vector<point> p, q; // pAAtE, gl
vector<int> TwoDimPO()

{
vector<int> res;
vector<point> list(p.size() + q.size());
sort(p.begin(), p.end());
sort(q.begin(), g.end());
merge(p.begin(), p.end(), q.begin(), q.end(), res.begin());
for (auto it : Tist)
{
if (it.type)
res.pb(ask(it.y));
else
add(it.y, 1);
}
}

XEREFESEHRUT [LE—MRER n NFY, SRitE—EEERNSRT (3, 5) E8E/HE—3
R (i,7) EE—LRHHESK] .

CDQ g RX R ABNFEREAN T :

1. FREIXAFFIF A mid;

2. 5ERY (4,7) Mok 3!
a.1<i<mid, 1< j< mid URRT;
b.1 <i < mid,mid +1 < j < n BIEXT;
c.mid+1<i<nmid+1<j<nfaxX,

3.9 (1, n) XM FHFIREBEANES (1, mid) #0 (mid + 1,n), LA —38mMFISE =R &R
XBNFFZS;

4, BT EX R S AR
5. IRiESL IS 25 AN,
BILAEZ CDQ &g AR 2R BB AN A o e A T XE,

ER— RS solve(l,r) BB I<i<rl<j<rBN. BAREER

fESCORR EBRY, FRfiEE
fEhpEIFER s EEET solve(l,mid) 5 solve(mid,r) EsCHIRY, FTHIE_HKAXTNEE
MR EIERR,
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=4 {mF:

/F AR B AR * /
struct point3d

{

int a, b, c, w, cnt; //wid MR AN, entid sk miin E A i 45 R

bool operator==(const point3d &x) const { return a == x.a & b == x.b && c
== X.C; };
};

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); //BRIANEAARRE A, AR &SR ELE
tot = n;
[/ BB, totRREEFKE
for (int i = 1; i <= n; ++1)
tmp[i]l = p[il;
for (int i =1, j =1; i <= n; ++1)
{
plil = tmp[jl;
while (j <= n && p[i] == tmp[j])
{
plil.w++;
J++;
}
if (3 ==n+ 1)
{
tot = 1;
break;

}
function<void(int, int)> subCcQD = [&subcqQD](int 1, int r) -> void
{
if (1 =r)
return;
int mid = (1 + r) > 1;
subcQb (1, mid);
subcQD(mid + 1, r);
sort(p + 1, p + mid + 1, cmpb); //% 47
sort(p + mid + 1, p + r + 1, cmpb);
inti =1, j =mid + 1;
while (j <= r)
{
while (p[i]l.b <= p[j].b && i <= mid)
add(p[il.c, p[il.w), j++;
pljl.cnt += ask(p[j].c);
J++;
}
for CGint i =1; 1 < j; i++)
add(p[il.c, -pl[i]l.w);
};
subcqeDp(1l, tot);



RI\F&

int pos[N], Tlen; // ¥, HHei&pE

int n, m; // nAEdE, mASE A
int ans[N]; // B A SR
int a[N]; // HA

int res; // HEIERE
struct query// HWKXI[EILT, r]

{

int 1; // K
int r; // A
int id; // SR
} qlN];
void init(Q) // 7k
{
len = sqrt(n);
for (int i = 1; i <= n; i++)
pos[i] = (i + 1len - 1) / len;

}
bool cmp(const query &a, const query &b)
{
if (pos[a.1] != pos[b.11) // Ziimi ATER—HP, Al S eHE s
return pos[a.1] < pos[b.1];
// e AT AN R
if (pos[a.1] % 2)
return a.r < b.r; // 7o BOREET, A s AN EICHE R
return a.r > b.r; [/ AREON, A K BN
}

inline void add(int val) // WHEBINERAE GRIREEILAEHE)
{

if(cnt[val]l] == 0) ++res;

cntval]++;
}
inline void del(int val) // ®HUSERAIERAE (L IR Ol 20 HLE )
{

cnt[vall--;

if(ent[val] == 0) --res;
}
void moqueue()
{

int 1 =1, r =0, now = 0; // 4uiZumm, A, KT T LB
sort(q + 1, g + 1 + m, cmp);
for (int i = 1; i <= m; i++)
{
[/ FEINSERAERAE
while (1 > q[i].1)
add(a[--11);
while (r < q[i].r)
add(Ca[++r]);
while (1 < q[i].1)
del(al[1++]1);
while (r > q[i].r)
delCalr--1);
ans[q[i].id] = res; // %%
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RS
SGE

SRR — T RILAFS G R ANIRAFR = 2= B A5 -

(1) BB AZCAFEA

(2) PASEERH TEMEAUERTRIT, SR, BRI LA AT =R Pt —F

(3) MFHPEBMEE—REHRE, SIENRFPEaREATXMEENES, Motk

PEOHEFREG), SMMFEBRERIEE -mkGk, SREEQLINMER TSmO AL, MSZiRELX, X
AE— T AILLF S GRRECR AR RAYAIR,

S F R SR R :

(2) PILHT R FRIALBURE s B R
(3) MBsIHLrs RBEE RSt e
NASGHREET  ME— TmexRl, Fre/ MIRETRMESIEAFREL], Hillmex{0,1,3,4}=2,mex{1, 2, 3}=0;

HE— eI L FIS GER A R RINIRRER AT LUMS A — e R, SGEREIZAT M nERE R SRR,  (SG(x)=01tFEx
AW, SG (x) I=0fRFR i)

HFEEFEANTHREERE, EXNSC (x) =mex{SG(y) | yRxBIF4E)

BESMER ERESHNSGE—ER0, MW TF—MGHESGX)=0,MTxHIFrEEH (ST — /S EARIARNAZE) y—EBSG (y) =028
B, XF—TGEESG(X)! =0,MFFFxIATEEHyIIESG (y) ==0.

TRESGEmMEN

WSG (x) =kiF, FAAXFTHHA—P0<=i<k FF XNy ESGy)=i,

THEHEAHEREFCHEEGE:

BRI ER 2 E RS MR TR, FHTESPFIPETHSGE, BRRUMEFIFESCERNRE

ST ATz MNRERIS:, AL SG(1) © SG(2) # 1 RITkHE

int f[N], sg[N], vis[N];
//fL1ds%n] LT B3RAE (i BGE 2 A0 1)
//sg[1iEFK MR sgld
//vis[x]HFhrid BB i x 1 )G 48 s g
void SG(int n)

{
memset(sg, 0, sizeof sqg); //0RZKILIRE (LM , Frblsg[0]—& N0
for(int i = 1; i <= n; ++1)
{
memset(vis, 0, sizeof vis);
/ /T 13 1R HAT — A FT LA R FPIRES
for(int j = 1; f[j] <= i; ++j) vis[sglf[jl]1] = 1;
//Kmex
for(int j = 0; vis[jl; ++3)
sglil = J + 1;
/) HAE
//for(sglil = 0; vis[sg[ill; ++sg[il);
}
}
Multi-SG

o Multi-SG iEHE, FERFSHRINENRIEHET, — NRE—FRH Bk oTLLA S/ E—iEE
e Multi-SGEAMBHINI-SSGiFEAER.

TEEXEEDFE B S5 SRk
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NTF—PMREHKIR, FRDTTESTES NI ARNES, ME—NE4k4aT
— N ERRSHISGIERP A BRI S RIRT A R EH
ZNSHISGEBP A EHIRSHSGEFARBIIHIH/IME

MEXiRE]

mex(S)EX : RESHENMRBHILTRIERE.

X[amex: HEEARIYEFEERR

EFEIUEF :

XA (1, 1] F—BERRR, &R EMFIRRRX MEHRNRARS E

JIFHIXIESRIMELL [ )\, RB—EREREEXE (I, r] RHINL.

const int 1im = le6 + 1; //H¥EHEEE

int n, g, a[N];

int Ts[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;
if (1 ==r)

{

mi[rt] = val;

return;
}
intmid =1+ r > 1;
if (index <= mid)

update(1s[rt], 1s[pre], 1, mid, index, val);
else

update(rs[rt], rs[pre], mid + 1, r, index, val);
if (mi[1s[rt]] && mi[rs[rtl]l)

milrt] = min(mi[1s[rt]], milrs[rt]l]);

}
int ask(int &rt, int 1, int r, int L)
{
if (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 >> al[il;
for (int i = 1; i <= n; i++)
update(root[i], root[i - 1], 0, 1im, a[il, i);
int q;
cin >> q;
while (g--)

BES

BEMRIATTE
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int 1, r;
cin >> 1 >> r;
cout << ask(root[r], O, 1im, 1) << endl;

NIM

FEYERFRE AT :
anitaF, HESBRE . a) B RRERELTF, BANIEMTEEERHENG T EREETFIIEIRE.

BB E MR BRI RASE, B
(FEXZRIE T — T B+ RIP-positionfIN-position)
EE:
£1a,0a,0a30...0a,! =0NIFEFHE, LthATEN-position
Habaydasd...da==0McF LM EEFHE, LHATEP-position
. UEBBFRB AT REFN 0N FcF
HUERR:
1. RIERZBERMEEHE A0, 5F 0, FLEIEEEAIRERHREIXE,
2. NRBHAESAIA, WE—HEFHIAN (FARLAZEI()

3RAVELABREA T, HitaFREFngox, SEREANRAk, N A1 xor x=k, {BA1ZERAT xor k,
ABARFEIIHIAZ (A1 xor k) xor x=0,

ZMEIF:11001 xor 11100=101, M7 (11001 xor 101) xor 11100=0

4. MEMENFEHFIBEN0T (FHREER) | BBAELFEREEFEAFES0

5.8F, FEAMRIES 45154 : WREFRAFAN0, JLi—SbitEFNBERAFEMNA0;, MRAFHH
A0, BRAREREHFFFI0

K-NIM
K-NIM: 8RaILAERE 1 ~ kAT, EEFRENETFEHE, KR EER

Hig: e BHRNSHY a; BTHEIFRR, 18 si R a1 ~ ap FTHEITS « 71 AN,
si = si'(modk + 1), ERTERY si" #8790, WX MRENGHCRTS, BUAGIIRE.

IERR: BTRZREEEE K AT, AL TEREA— P THEI, 1AM EESKE K
NBRFEE k+1 FUEEEUS, FTLABEEZ R PARIRESR k+1 ROEEEUS
HIE P RS F—IRIBEREROAR N R

ANTI-NIM

EX
BRAMUSNImEL, RESEEE TR AL

i

TR
©: FERNETSY-1, BEEE,
BOE—MNETH>1, BETFHISEAH,
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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,

FitsENIM

FrEBEENIM

EX: G, S8TWELHREET I AT, WOkREE, BXULUSETD (REEN0) &7
EE#E), Feeka) (BRRTERIGFEMEmE) r—75 0%,

O

BT LSRR ERRBHEITIEHS, EREBREERSET, BRURNSRF, 251106
FEFHE, FNRAFEESBRASHENGFBETBHESHE, TLURESRSTHE
HHEFTHERERT, ABHENGTEBTT, BALHER (B—EHliaF, A7F
EFEIAR)
MTEHHENAFNS, BTHERNIEHE, HMNUTUBFERCEFEE (BHEET
AN AR Z B TBHERSIIRN) | BBAMENTINIMTENTHENE T,
HITNIMIEZE, HIETUREESHENGFHEx, BABESYHSHNEENEREEHE
BET, BHELEINBE
Fie: AFRELH, RENFHENGF MR TNmER, BHSERRNE, FIF0, KFK
.

REMEENIM

BIEE: B N #a7F, BRTHEH, SHEaFMEESAOTI—HNET . BARREFS
RPN R FHREEEE AT, BRERLRFENARBGENSERBEaTY
TR, [P FEEH.

AL AEENIM: iR ali] T8 | WETFHMNK, cli) Fw ali] — ali — 1 WERIISHATIUENA

FEEDA cli], BEAWESE i 2T = M, cli] BRT cli] — =, cli + 1] BRKT cli +1] +z,

EATFRINCEEPT2NETERRT i + 1 #, BUAREMNESNImIEE.
Fibonacci-NIM

B n a7+, WAEERE 70 TN T
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Mirko 5EBY—)X, Slavko BER—IR, #AfE Mirko BEl—IR, RMAREGTF, LA,
Mirko TESE—XEAFIALREERSA,;

,,,,, R EERIEE LR

i
7.|
8
>T
i
&
i
=
i
>
o
Y
&
&
&
i
T
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=
ray
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N
o
IS

AART B LRISRIIATHE.
BERE—RAEFRITSIRL.

W EBL AR RIS G
0 MR n HERFPLRE, NFAFLM.

UEBR: Z585F8E K (Zeckendorf) TEHE,

Alpha-BetaBits;

Alpha-BetaBIixEiZR—HMEANEE, TRMRE—EHREIRME, EEEARENEREE— 2
BEATRIUARRIR.

“alpha"FR~ZRIT RATHEEARIERIR/IME, "beta"FTmHRIT RFTREBRIEAIRKIE,

FEITIR, XNMEERERTUAZTNEZE. BKR, GFEEEEvalREPiRE=pIBEENT
HEHES. MTFarEREESECEIEOIIBER, NEREIEL, MmdTFaEBENFEIESHIIE
B, NIR[EGREL,

int Eval(Q{ /* ToDO valuation(fiff) */ }
int MakeMove(){ /* TODO IiZi%fE */ }

int UnmakeMove(){ /* TODO &4#/F */ }
template <typename T> // TODO f#{F2&
vector<T> moves;

int Search(int depth, int alpha, int beta)

{
if (depth == 0)
return Eval(Q);
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
EREEERIGEANRE, MRE, ERREZSRFEAGE.

BN, FAINZEFFEOEIETF, IENEFHTEN, FTEEENNANSE. EERNERES, &
{iIRA T Alpha-BetaBiHY/B4E,

F3
FRRIAE
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Hash = Z base™ ‘a;

=1

B L, FE— KRR

0 < ai < base <mod, gcd(base, mod) ==1;
FRIERBNEFBRIFRFER ailg si-'a’ + 1
XEREIERE N T iR PR eT gett
baseTJLAEN1318513331, 43/

KEATTLAR 27064(BIull BRI E), BASEFie
AERIFRARE, FILAE1e9+9

B E ERNUEEAMERR MEES — N FR R EMERRE, RIETERREE, XATLAE!

T REIPIEBRIA
SR LU ERESRE)

BRI S = s152835485 FIFFFER, RIBEN, FRELH HashfEWN T (FAIJSGBREMOD, F5{RIERR) -

hash[0] =0

hash[1] = s;

hash[2] = s; * Base + s2

hash[3] = s, * Base® + 52 x Base + s3

hash[4] = s, * Base® 1 52  Base? + s3 * Base 1 s4

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;
}

A
A

=<

o

ull getSectionHash(int 1, int r) {return (has[r] + mod - has[1-1] * power[r-T+1]

% mod)%mod; }

Hasht&5Z%4
Ry :

1. FIRPRIG N EFE R SEL
2. BN EFEH/NTRI— N RS
3. B HFE R AR B RIRARI2H92)KT5
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TFR(DEC)

32 (25)

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 (2M15)
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 (230)

FUERIEIS

[FIa7Efreversel3 A& E—FE

LPR(DEC)

64 (2°6)

128 (2A7)

256 (2/8)

512 (2A9)

1,024 (2710)

2,048 (2711)

4,096 (2112)

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 (223)
16,777,216 (2/24)
33,554,432 (2/25)
67,108,864 (2/26)
134,217,728 (2/27)
268,435,456 (2128)
536,870,912 (2A29)
1,073,741,824 (2A30)

2,147,483,648 (2/\31)

XEHHIHRZE(%)
10

1

[B3¥3(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 AERKE, m AFEKE

pmt FARENS N RRIFHZRNFFERETS, BEAKERNHERRES. FnmnR
pmt[j] = k, T j ZBINFREPERARKEN k FERBISEE.

char txt[N], str[N]; //0-Index,txtdH,strH
int pmt[N]; //P[0]~P[i] FfHmigiffiborderk/iE
void getpmt()

{
int len = strlen(str);
pmt[0] = O;
for(int i =1, j = 0; i < len; ++i)
{
while(j && str[i] != str[j]) j = pmt[j - 1];
if(str[i] == str[jl) ++3j;
pmt[i]l = j;
}
3
void KMP(Q)
{
int lenl = strlen(txt), len2 = strlen(str);
for(int i = 0, j = 0; i < Tenl; ++1i)
{
while(j && txt[i] != str[jl) j = pmt[j - 1];
if(txt[i] == str[jl) ++j;
if(j == Ten2)
{
//RVEEILER j = pmt[j - 1];
j=0; //ARITFESILAE
cout << i - len2 + 1 << "\n";
}
}
}
ShiEManacher

EHEISEZE O(n)
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STFEBZFEAINIE, manacherRABMRIEFTEHERINA L, FEEFZFERIGESINARERZ
5, BALEESR, tbal=frER“abbecbba”, IEINFERFRETR “@#a#tb#b#c#cH#b#bHa# .
BANKEFHE S, S[...r| 88 S hREA [I,7] BFHR, FAIA d[i) TRUE « NMFRFRPORE
HR,

¥ I
int Manacher(string &s)
{
vector<int> d(s.size() * 2 + 3);
string str("@");
for (char ch : s)
str += "#", str += ch;
str += "#$";
// BATHmid, rkded st 15
// lend KBS 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
dii] = 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[i] - 1); // BHrEKEISCTHKKE
}
return len;
}
I
char ma[Mm]; // BRI AT
int p[M]; // LA O Rm KRS K E=p[i]-1
int manacher(string a) // RsHymtl 1K
{

int 1 = 0;

mal[l++] = '$'; // Wil sif@iK
mall++] = "#';

for (int i = 0; 1 < a.size(Q); i++)

{

alil;
"#'; // kR

mall++]
ma[1++]

}
ma[1] = 0; // #HA LR, i 1=2*a.size()+2
int res = 0;
for (Gint i =0, mx =0, id = 0; 1 < 1; ++1) // UMRFRHEDSGAEGFRAHO
{
pl[il = (mx > i) ? min(p[2 * id - i1, mx - i) : 1; // fEEARSCHEAHHUA
while (ma[i + p[i]] == ma[i - p[il])
plil++; // FRFE R
if (G o+ pli]l > mx)



i+ plils // SEFEcH B
i; [/ BEHOFRH O

mx
id

}
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

IR
it

tempTlate<typename T>inline void read(T &x){
char c¢ = getchar(Q;x = 0;
for(;!isdigit(c);c = getchar());
for(;isdigit(c);c = getchar()) x = ((x<<3)+(x<<1)+(cA48));

}

//EEHL

inline int Read()

{
int x=0, f=1; char c=getchar();
while(c>'9"||c<'0") {if(c=="-") f=-1;c=getchar();}
whiTle(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 i N

/ /N

__intl28 write_intl128()

{
__intl28 ans = 0, f = 1;
char c¢ = getchar(Q);
while (!isdigit(c))


af://n2038
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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");
}
FTm

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) //#w5X A
alpl[il.1] += p[il.v, alpl[il.r + 1] -= p[i].v;
for(int i = 1; i <= n; ++i) 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://n2046
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if(j > 0) s.insert(j);
else s.erase(-j);
/TR I INAE X

R AERISFI
ARG RN R

SFRFE0 < i < 2", KIS, a;

[/ THE->HE
for(int j = 0; j < n; ++j)
for(Cint i = 0; i <1 << n; ++i)
if(i >> j & 1) f[i] += f[i A (1 << jO]1;
//HE->T5E
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;//0A EBCEE %53 1=mi dEAZZSEEI, XA [T, r] gkl o6k
[T,mid-1]#1[mid,r]
if (check(mid)) 1 = mid;//midfEL, MIAFAEA N, midif 2 , WS gEfEmid
else r = mid - 1;//midfE4 2, WA FRTEL 2, mid AL, L w2 Emid-1
Y/ /B =r AT — SRR A R

B¥NE

while (1 < r)

{
int mid = 1 + r > 1;//XE[T, r]#0I0 LT, mid] A [mid+1, r]
if (check(mid)) r = mid;//midfEA, ML ARAEE 2, midiFd , AT gErEmid
else 1 = mid + 1;//midfEA 2, ML FRTIEL L, midAH L, R EDEmid+1

Y/ /B l=r AR —#EA = 8 R

PR3

const db eps = le-8;//Hi/E LLE R =L
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


af://n2052
af://n2057
af://n2058
af://n2063

=5

while (r - 1 > eps)
{

mid = (1 + r) / 2;

double f1 = f(mid - eps), fr = f(mid + eps);

if (f1 < fr) 1 = mid; // XEASEmid-eps, Pjib L1535 ; ol e 45 i i AE , (HAE R ZEVE I LY
FrLA& R &

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; ++i)

{
if (res.empty())
{
res.push_back(inr[i]);
continue;
}

if (res.back().second >= inr[i].first)
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://n2065
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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) //opIdxA k-1, FRHXHTX A EEERF

{

(*p)->val = expr[opIdx];

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

3

bool checkif(char &c) { return ('0' <= c & c <= '9")

'z || (A" <= c&& c <= "'2"); }

('a'" <= c && c <=

bool checkop(char &c) { return c == '+' || c = "'"-" || c == "*" || c=="/";
}
bool checkopLow(char &c) { return c == '"+' || c == '-"; }
// R BB
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;
[/ AnTs B gEm T &, IntES
bool addif = (p->val == "*" || p->val == "/");
bool addL = (p->1son && addif && (p->1son->val == "+" || p->1son->val ==
"))
bool addR = (p->rson && addif & & (p->rson->val == "+" || p->rson->val ==
"_"));

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;

}

18

AR EREIIRESE

HAA: High Accuracy Algorithm
ENL: BIT ##l, Eindex {5

#define 11 Tong long
const 11 BIT = lel; //BITikfil
const int IDX = 1; //BIT = 10AIDX
class HAA
{
public:
vector<l1l> num;
bool flag = 0;
HAAQ {}
HAA(bool y) { flag = y; }
HAA(vector<ll> y) { num = y; }
HAA(vector<1l> y, bool z) { num =y, flag = z; }
HAAQIT y) // THERNEZEN
{
num.clear(Q);
string temp = to_string(y);
reverse(temp.begin(), temp.end());
11 Ten = temp.size() - 1;

if (temp[len] == '-') flag = 1, len--, temp.pop_back();
for (11 i = 0; i <= len; i += IDX)
{

11 k = (G + 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
+ 31 - '0")*bit;

num.push_back(temp11);

}
}
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 +
31 - '0")*bit;

num.push_back(templ1);

}
HAA habs(HAA z) { return HAA(z.num, 0); }
friend istream &operator>>(istream &is, HAA &a);
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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
{
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
false;
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;
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 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(); i++)
{
t += num[i]; // ZAAiN
if (i < x.num.size()) t += x.num[i]; // AELEFEE
res.num.push_back(t % BIT);
t /= BIT; // &+t~
3
if (t) res.num.push_back(t);
return res;
}
HAA 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));
3

if (HAA(num, 0) < HAA(x.num, 0)) return HAA(x.operator-(*this)
1flag);

.hum,



HAA res(flag);

int t = 0;

for (int i = 0; i < num.size(); i++)

{
t = num[i] - t; // WML
if (i < x.num.size()) t -= x.num[il; // ZLCAHIK, ALAE O
res.num.push_back((t + BIT) % BIT);
t<0?t=1:1t=0; // ABENAIE—{

}
while (res.num.size() > 1 && res.num.back() == 0) res.num.pop_back();
return res;

}

HAA 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(); 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(); //
EHIATF0
return res;
}
HAA operator/(const HAA &x) const //IDXx<=2ffi}H
{
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 -
11);
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(); //
EHIHTF0
return res;
}
HAA 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(); ++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();
3
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; 1 >= 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 = (intdnum.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
}
};

// N T HiostreambriE FEAEA , R 7 bR B E 2L
istream &operator>>(istream &is, HAA &x)
{
string temp;
is >> temp;
x.num.clear();
reverse(temp.begin(), temp.end());
11 len = temp.size() - 1;
if (temp[len] == '-') x.flag = 1, len--, temp.pop_back();
for (11 i = 0; i <= len; i += IDX)



11T k = (i + IDX - 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

{
// HERBEHFFER
friend wWFloat operator+(const WFloat &, const WFloat &); // JiE#
friend WFloat operator-(const WFloat &, const WFloat &); // JlikEL
friend WFloat operator*(const WFloat &, const WFloat &); // JEiEE#
friend wWFloat operator/(const WFloat &, const WFloat &); // Wik
friend WFloat operator-(const WFloat &); // T EE
// HWEEEK
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 @4
friend bool operator>(const WFloat &, const WFloat &); // KTH#
friend bool operator>=(const WFloat &, const WFloat &); // K T2 T &k
// VRBHFEK
friend wFloat operator+=(WFloat &, const WFloat &); // IN*GeE#;
friend WFloat operator-=(WFloat &, const WFloat &); // 25
friend wFloat operator*=(WFloat &, const WFloat &); // Fe&Eif
friend wFloat operator/=(WFloat &, const WFloat &); // &%
// N E R
friend ostream &operator<<(ostream &, const WFloat &); // it &E#;
friend istream &operator>>(istream &, WFloat &); // FINEE
public:
WFloat(Q);
wFToat(int); // M= E
wFloat (double); // B s
wFloat(const string &); // H— R

WFToat(const WFloat &); // H—A e e ik
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wWFloat(WFloat &&) noexcept;
WFloat operator=(const WFloat &);

// G
// B pR £

WFloat operator=(WFloat &&) noexcept; // #zhlkfl

WFloat abs() const; // WL
WFloat pow(int n) const; // Wizfi
[/ BT

string toString(size_t decimalNum

H, TR0 /NG 7 4 i H

[/ 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;
3
static const WFloat &ONEQ)
{
static WFloat one{l};
return one;
it
static const WFloat &TENQ)
{
static WFloat ten{10};
return ten;

121

0) const; // decimalNum FH-F-F % )N B fr

T
static void setAccuracy(int accuracy)
{
WFToat: :ACCURACY = accuracy;
}

#define WFLOAT_ZERO WFloat: :ZERO()
#define WFLOAT_ONE WFloat::ONE(Q)
#define WFLOAT_TEN WFloat::TENQ)
private:

I8

inTine static int ACCURACY{100};
vector<char> integer;
vector<char> decimal;

void trimQ);

bool tag;

inTine void wFloat::trim(Q)

{

//
//
/7
//
//

b
M
NS

REZN ISP

FkFIRIES, trueNiE

[/ BUSIRATRS FAFAER, T AEEE R R RN BT RE S 2 RO
.i

auto 1iter =
/] FHEEEGR

nteger.rbegin();

while (!integer.empty() && (*iter) == 0)

{

integer.pop_back(); // IR HEMA0, M2
iter = integer.rbegin(); // HKIRFEH
// G R A

}

i, 4n00515.4249001) 7% H 10

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); // fRlAA N HEEH0, M2
/7 NGRS w R AR AL, B A FEAN0
}

if (decimal.size() == 0) // Wi/ E#670 /240
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) // JH#Myiiik
{
if (num >= 0) // HWriE
tag = true;
else
{
tag = false;
num *= (-1);
}
do
{
integer.push_back((char) (num % 10)); // f&0i{8)5 5 NEEGHR 5
num /= 10;
} while (num != 0);
decimal.push_back(0); // BINHIHEAURAE, NEGH 740
}
inTine WFloat::wWFloat(double num)
{
*this = WFloat(std::to_string(num));
}

inline WFloat::WFloat(const string &num) // T H4IaEML, #K0Ea"-123.456", "1.0"

{
/7 FTF AN SRS R

bool type = num.find('.') == std::string::npos ? false : true;
// BRUCRIEHL, 3E) - AR A
tag = true;

// WEER
for (auto iter = num.crbegin(); iter < num.crend(); iter++)

{

char ch = (*iter);

if (ch == '.") // @&BNECTINIFGE I BEEET 0 5N
{
type = false;
iter++;
}
if (iter == num.rend() - 1) // UEfAY
{

if (ch == "+")
break;
if (ch == '-")



tag = false;
break;

}
// PRI EARS, ARG 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 WFloat::WFloat(WFloat &&num) noexcept // Izl
{
integer.swap(num.integer);
decimal.swap(num.decimal);
tag = num.tag;
}
inline WFloat WFloat::operator=(const WFloat &num) // Wi{H (F%D1) #:fE
{

integer num.integer;
decimal 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 // H{4E%HH
{

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 // ¥t ihfloat
{
return stof(tostring());
}
inTine double wFloat::toDouble() const // 4 double
{
return stod(tostring());
}

inline long double WFloat::toLongbouble() const // ##iylong double
{

return stold(tostring());

}
inline wWFloat operator-(const WFloat &num) // HUfif{f
{
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++)
// Gy
out << (char)((*iter) + '0');
out << '.';
for (auto iter = num.decimal.rbegin(); iter != num.decimal.rend(); iter++)
// NG 4
out << (char)((*iter) + '0');
return out;
}
inline istream &operator>>(istream &in, WFloat &num) // Hii NEZ
{
string str;
in >> str;
num = WFloat(str);
return in;
}
inTine wFloat operator+=(WFloat &iuml, const WFloat &num2) // &1 &4
{
if (numl.tag == num2.tag) // RACBEFEFFSHE, 55 d-ikab
{
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(); // /NEG4K s
num2.decimal.size();

char carry = 0; // HEAL
if (numl_decimal_size < num2_decimal_size) // ninum2/NECH 8K
{

iterl = numl.decimal.begin();

iter2 = num2.decimal.begin();

iter2 = iter2 - (numl_decimal_size - num2_decimal_size); // F4am %
Bl ——XF M7 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 != it)
{
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) // WinumL/NEGEr 5K, [F
i

iterl = numl.decimal.begin();

iterl = iterl + (numl_decimal_size - num2_decimal_size);
// FaTR IR —— X R A B

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

// PR EEEE 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()) // I#E K
{
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.trimQ;
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;
}

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
{
it (numl < num2) // Ha@Evh
{
WFToat temp(num2 - numl);
numl = -temp;
numl.trim(Q);
return numl;
3
}
else
{
if (-numl > -num2) // WREDAA,  BAREZE X ER
return numl = -((-numl) - (-num2));
else
return numl = (-num2) - (-numl);
}

// FHZFENIE, HIEEUNrE o

// 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; // KHilm
itl = itl + numl_decimal_size; // B
}
else

{ // WRRER/NEGER 7r EAC, T RE A ek E b O

int number = num2_decimal_size - numl_decimal_size;

while (number != 0)

{
numl.decimal.insert(numl.decimal.begin(), 0); // ®/bHILE4M0
number--;

3

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++;
}
// BEEG Y
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 ((*iterl) < 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; // C2R10%EHE
return numl;
}
else
{
// RS
if (numl > WFLOAT_ZERO)

{
wWFloat temp(-num2);
return numl += temp;
}
else
{

WFToat temp(-numl);
return numl = -(nhum2 + temp);



inline WFloat operator*=(WFloat &nhuml, const WFloat &num2) // &+ H%
{
wFloat result(0); // e 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)) // wWifyigesif NG, fiA/NEL
{

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 (Fiter2 != 0)
{
deque<char> temp(temp_numl.begin(), temp_numl.end());
char carry = 0; // it
auto iterl = temp.begin();
while (iterl != temp.end()) // a5 —1ra%

{
(*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(); // il54EAr
while (num_of_zeros--)
temp.push_front(0); // ef345 551140

WFloat temp2;

temp2.integer.clear();
temp2.integer.insert(temp2.integer.end(), temp.begin(),

temp.end());
temp2.trim();



result = result + temp2;

}

iter2++;

3

result.tag = ((huml.tag & num2.tag) || (!numl.tag && !'num2.tag));
// HTERATENEFREEE e, R i e NS A

if (size != 0)

{
if (size >= result.integer.size()) // UWiWd 24 ar 50
{
size_t n = size - result.integer.size();
for (size_t i = 0; i <= n; i++)
result.integer.insert(result.integer.end(), 0);
}

result.decimal.clear();

result.decimal.insert(result.decimal.begin(),
result.integer.begin(), result.integer.begin() + size);

result.integer.erase(result.integer.begin(),
+ size);

}

numl = result;
numl.trimQ);
return numl;

3

result.integer.begin()

inTine wWFloat operator/=(WFloat &iuml, const WFloat &num2) // 55T Hif

{
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;
// RIS R RN
temp_numl.tag = true;
temp_num2.tag = true;
size_t Integer_Size = 0;  // HEEGB N N ILAL
bool Integer_zero = false; // #E 0 G NE

if ((temp_num2.decimal.size() == 1) && (*(temp_num2.decimal.begin()) == 0))

{
[/ BRERECEAA ANEE Ty, 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) // WiFEEUNTEEEL NiZs20. 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); // 7

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++) // “i@”
{
WFloat BF(i);
compare = temp_num2 * BF;
if (compare > temp_numl)
break;
3
compare -= temp_num2;
temp_numl -= compare;
WFloat index(i - 1);
qguotient = quotient + index;
}
}
if (Integer_zero) // WiHE/NEBRCIREL, 45980 . xxx
{

vector<char> temp(quotient.integer.begin(), quotient.integer.end());
quotient.integer.clear();
quotient.integer.push_back(0); // #%# 0

quotient.decimal.clear();
// TN RErs0
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 SR, B A S E B AN 3L
int t = Integer_Size - quotient.integer.size();
while (t--)
{
quotient = quotient * WFLOAT_TEN;
3
}
}
quotient.tag = ((numl.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) // i
{

=
=H
=

I

WFloat temp(numl);
temp *= num2;
return temp;

inline WFloat operator/(const WFloat &nhuml, const WFloat &num2) // fH/=
{

WFloat temp(numl);

temp /= num2;

return temp;
}
inline bool operator<(const WFloat &nhuml, const WFloat &nhum2) // /N1 HE#
{

bool sign; // RFEME

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()) // WS EHZ A EK
{
if (numl.tag) // WRFEVIE, WEEGE KA
{
sign = numl.integer.size() < num2.integer.size();
return sign;
}
else
{
// RN, NPEEHE K AN
sign = numl.integer.size() > num2.integer.size();
return sign;
3
3
[/ HREEHER S
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 7
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++;
}
// 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 &nhuml, const WFloat &num2) // %%
{
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();
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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