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#include <string.h>

#define MAXN 10000



int lastdigit(char* buf){
const int mod[20]={1,1,2,6,4,2,2,4,2,8,4,4,8,4,6,8,8,6,8,2};
int len=strlen(buf),a[MAXN],i,c,ret=1;
if (len==1)
return mod[buf[0]-'0;
for (i=0;i<len;i++)
a[i]=buf[len-1-i]-'0";
for (;len;len-=!a[len-1]){
ret=ret*mod[a[1]%2*10+a[0]]%5;
for (c=0,i=len-1;i>=0;i--)
c=c*10+a[i],a[i]=c/5,c%=5;
}
return ret+ret%2*5;
}
2. PRENETTHE(H)
#ifdef WIN32
typedef _ int64 i64;
#else
typedef long long i64;
#endif
/17 F& Euclid 3K f# gcd(a,b)=ax+by
int ext_gcd(int a,int b,int& X,int& y){
int t,ret;
if ('b){
x=1,y=0;
return a;
}
ret=ext_gcd(b,a%b,x,y);
t=x,x=y,y=t-a/b*y;
return ret;

IITH5 m7a, O(loga), A&ttt M, XML 7% -P
int exponent(int m,int a){
int ret=1;
for (;a;a>>=1,m*=m)
if (a&1)
ret*=m;
return ret;

I1TH BV ab mod n, O(logb)
int modular_exponent(int a,int b,int n){ //a*b mod n

4



int ret=1;
for (;b;b>>=1,a=(int)((i64)a)*a%n)
if (b&1)
ret=(int)((i64)ret)*a%n;
return ret;

}

KRR N J7 72 ax=b (mod n)
11 [ i (A H i ORAFAE sol [T+
IFESR >0, HE i 0..n-1
int modular_linear(int a,int b,int n,int* sol){
intd,ex,y,i;
d=ext_gcd(a,n,x,y);
if (b%d)
return O;
e=(x*(b/d)%n+n)%n;
for (i=0;i<d;i++)
sol[i]=(e+i*(n/d))%n;
return d;

}

ISR AR AAE T RE2H (b B AR HUE 2E)
/I x=Db[0] (mod w[0])
/I x=b[1] (mod w[1])
..
/I x = b[k-1] (mod w[k-1])
23R wli]>0w[i]5 W] E BT, f 5 1..n,n=w[0]*W[1]*...*w[k-1]
int modular_linear_system(int b[],int w[],int k){
int d,x,y,a=0,m,n=1,i;
for (i=0;i<k;i++)
n*=wli];
for (i=0;i<k;i++){
m=n/w[i];
d=ext_gcd(w[i],m,x,y);
a=(a+y*m*bli])%n;

}

return (a+n)%n;
¥
3. RHK

I 2R AR A € =356 TR A initprime
int plist[10000],pcount=0;

int prime(int n){
inti;



if (n'=2&&!(n%2))||(n!=3&&!(n%3))||(n!=5&&!(n%?5))||(n!=7&&!(n%7)))
return O;

for (i=0;plist[i]*plist[i]<=n;i++)
if ('(n%plist[i]))

return O;
return n>1,;
}
void initprime(){
inti;
for (plist[pcount++]=2,i=3;i<50000;i++)
if (prime(i))
plist[pcount++]=i;
}
4. FHUBEHLHE (miller_rabin)
/Imiller rabin

IPHIWT AR 3 n R 5 R 24

Itime 78 5y 2 TR 32 8IS, — A 10 %1 50
#include <stdlib.h>

#ifdef WIN32

typedef _ int64 i64;

#else

typedef long long i64;

#endif

int modular_exponent(int a,int b,int n){ //a*b mod n
int ret;
for (;b;b>>=1,a=(int)((i64)a)*a%n)
if (b&1)
ret=(int)((i64)ret)*a%n;
return ret;

/I Carmicheal number: 561,41041,825265,321197185
int miller_rabin(int n,int time=10){
if (n==1]|(n!=2&&!(n%2))||(n!=3&&!(n%3))||(n!=5&&!(n%5))||(n!'=7&&!(n%7)))
return O;
while (time--)
if
(modular_exponent(((rand()&0x7fff<<16)+rand()&O0x7fff+rand()&0x7fff)%(n-1)+1,n-1,n)!=1)
return O;
return 1;
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1153 ff o R 4

Iprime_factor()f& A\ n, IR [EIAS[H] 5 RIS £k
I AETBUT R, nf A7 T06F 2 5 PR A5
15 A initprime(), L HEE A initprime() P

#include<iostream>
#include<cstdio>
#include<cmath>
using namespace std;
#define MAXN 2001000
#define PSIZE 100000
int plist[PSI1ZE], pcount=0;
int prime(int n){
inti;
if (N'=2&&!(n%2))||(n!=3&&!(n%3))||(n!'=5&&!(n%5))||(n!=7&&!(n%7)))
return O;
for (i=0;plist[i]*plist[i]<=n;++i)
if (1(n%plist[i]))

return 0;
return n>1;
}
void initprime(){
inti;
for (plist[pcount++]=2,i=3;i<100000;++i)
if (prime(i))
plist[pcount++]=i;
}
int prime_factor(int n, int* f, int *nf) {
intcnt=0;
int n2 = sqgrt((double)n);
for(inti=0; n>1 && plist[i] <= n2; ++i)
if (n % plist[i] == 0) {
for (nf[cnt] = 0; n % plist[i] == 0; ++nf[cnt], n /= plist[i]);
flent++] = plist][i];
}
if (n > 1) nf[cnt] = 1, flent++] = n;
return cnt;
}
/*

17742 MAXN PLN I T A & 5L
/Inote: 2863311530 &t /& 10101010101010101010101010101010
I T 2 B BURYIE



#include <cmath>
#include <iostream>
using namespace std;
#define MAXN 100000000
unsigned int plist{6000000],pcount;
unsigned int isprime[(MAXN>>5)+1];
#define setbitzero(a) (isprime[(a)>>5]&=(~(1<<((a)&31))))
#define setbitone(a) (isprime[(a)>>5]|=(1<<((a)&31)))
#define ISPRIME(a) (isprime[(a)>>5]&(1<<((a)&31)))
void initprime(){
inti,j,m;
int t=(MAXN>>5)+1;
for(i=0;i<t;++i)isprime[i]=2863311530;
plist[0]=2;setbitone(2);setbitzero(1);
m=(int)sqrt(MAXN);
for(pcount=1,i=3;i<=m;i+=2)
if(ISPRIME(i))
for(plist[pcount++]=i,j=i<<1;j<=MAXN;j+=i)
setbitzero(j);
if(1(i&1))++i;
for(;i<=MAXN;i+=2)if(ISPRIME(i))plist[pcount++]=i;
}
5 NN AT (A
int gcd(int a,int b){
return b?gcd(b,a%b):a;

inline int Icm(int a,int b){
return a/gcd(a,b)*b;

113K 1.n-1 H5 n B 50 A2
int eular(int n){
int ret=1,i;
for (i=2;i*i<=n;i++)
if (N%i==0){
n/=i,ret*=i-1;
while (n%i==0)
n/=i,ret*=i;
}
if (n>1)
ret*=n-1;
return ret;



—. Eit_tid
1. 5 EECKUGHEL (hungary 2822 T L)
11—y B R UL AL hungary 323, AR E:R 20, 2 42 % O(m*e)
11 18] g5 R VG BEER AR N =70 R/ mon AIAR %R list(A /5 —12)
/Imatchl,match2 1 [a]—A™ i K VLHEL, A PLHEC T £ mateh {5 4-1
#include <string.h>
#define MAXN 310
#define _clr(x) memset(x,0xff,sizeof(int)*MAXN)
struct edge_t{

int from,to;

edge_t* next;

int hungary(int m,int n,edge_t* list[],int* match1,int* match2){
int SIMAXN],t{[MAXN],p,q,ret=0,i,j,k;edge_t* e;
for (_clr(matchl),_clr(match?2),i=0;i<m;ret+=(match1[i++]>=0))
for (_clr(t),s[p=q=0]=i;p<=g&&matchl[i]<0;p++)
for (e=list[k=s[p]];e&&match1[i]<0;e=e->next)
if (t[j=e->to]<0){
s[++q]=match2[j],t[j]=k;
if (s[a]<0)
for (p=j;p>=0;j=p)
match2[j]=k=t[j],p=match1[k],match1[K]=j;

return ret;
}
2. 4y B ECRUGHS (hungary R4 20, AR B a4 1)
1143 B K ULHEE hungary 5%, AR 8eaR AR EeRE Rz 11, B 24 & O(m*e)s
113 18] 5 KU C L A8 N 43 BRI myn FIAT 2R
/Imatchl,match2 & [8] — M R VLHS, A VL BC T A match 8 9-1

#include <string.h>

#include <vector>

#define MAXN 310

#define _clr(x) memset(x,0xff,sizeof(int)*MAXN)

int hungary(int m,int n,int mat[][[MAXN],int* matchl,int* match2){
int SIMAXN],t{MAXN],p,q,ret=0,i,j,k,r;
vector<int> e[MAXN];
I AR R (A i —12)
for(i=0;i<m;++i)
for(j=0;j<n;++j)
if (mat[i][j]) e[i].push_backg(j);
for (_clr(matchl),_clr(match2),i=0;i<m;ret+=(match1[i++]>=0))

9



for (_clr(t),s[p=q=0]=i;p<=g&&matchl[i]<0;p++)
for(r=0,k=s[p];r<e[K].size()&&match1[i]<0;++r)
if (t=e[k][r]]<0){
s[++qg]=match2[j],t[j1=k;
if (s[a]<0)
for (p=j;p>=0;j=p)
match2[j]=k=t[j],p=match1[k],match1[k]=j;

return ret;
}
3. B KULHL (hungary SRH:RETE )
11—y B8 R UL AL hungary 923, AREERE T 20, 2 42 % O(m*m™*n)
IR 18] 5 R VG HEHL A N =70 R/ mon AIAR RS mat, IEE TR Ko il
//matchl,match2 i& [a] — ™ R UL S, AR VL AC T 5 match {8 9-1
#include <string.h>
#define MAXN 310
#define _clr(x) memset(x,0xff,sizeof(int)*MAXN)

int hungary(int m,int n,int mat[J[MAXN],int* match1,int* match2){
int sSIMAXN],t{[MAXN],p,q,ret=0,i,j,k;
for (_clr(matchl),_clr(match?2),i=0;i<m;ret+=(match1[i++]>=0))
for (_clr(t),s[p=q=0]=i;p<=q&&matchl[i]<0;p++)
for (k=s[p],j=0;j<n&&matchl[i]<0;j++)
if (mat[k][j]&&t[j]1<0){
s[++q]=match2[j],t[j]=k;
if (s[a]<0)
for (p=j;p>=0;j=p)
match2[j]=k=t[j],p=match1[k],match1[K]=j;

return ret;
}
4, 5y B KULEE (hungary 1E R #E )
11— 4y B R UL AL hungary 5323, 1E [ 3R 20, 2 42 FE O(m*e)
IR 18] 55 KULECEL, A N 73 R/ mon AIE R list,buf(R 7 —14)
/Imatchl,match2 i [a]—> 5 K VL AL, AR VLECTH A match {E -1
#include <string.h>
#define MAXN 310
#define _clr(x) memset(x,0xff,sizeof(int)*MAXN)

int hungary(int m,int n,int* list,int* buf,int* matchZ,int* match2){
int SIMAXN],t{fMAXN],p,q,ret=0,i,j,k,I;
for (_clr(matchl),_clr(match2),i=0;i<m;ret+=(match1[i++]>=0))
for (_clr(t),s[p=g=0]=i;p<=g&&match1[i]<0;p++)
for (I=list[k=s[p]];I<list[k+1]&&matchl[i]<0;l++)

10



if (t[j=buf[]]<0){
s[++qg]=match2[j],t[j1=k;
if (s[a]<0)
for (p=j;p>=0;j=p)
match2[j]=k=t[j],p=match1[k],match1[k]=j;

return ret;
}
5. % B A UL AL (kuhn_munkras 4882 F5 )
=4y B 5 A£ VL AL kuhn munkras 509%, A0 EEREE 20, R 22 B O(m*m*n)
3R 1B S AR VL RCAE, A2 N =75 BRIy mon FNSEHEERE mat, /s A
/Imatchl,match2 1 [a]—A™ A VL AL, A DL AC T £ mateh {5 5-1
I = m<=n, 5 WIEATCIE L L
I /NG E P K AU AR FBOR e 2
#include <string.h>
#define MAXN 310
#define inf 1000000000
#define _clr(x) memset(x,0xff,sizeof(int)*n)

int kuhn_munkras(int m,int n,int mat[][MAXN],int* matchZl,int* match2){
int SIMAXN]{{MAXN],I1I[MAXN],I2[MAXN],p.q,ret=0,i,j.k;
for (i=0;i<m;i++)
for (I1[i]=-inf,j=0;j<n;j++)
I1[i]=mat[i][j]>11[i]?mat[i][j]:11]i];
for (i=0;i<n;12[i++]=0);
for (_clr(matchl),_clr(match2),i=0;i<m;i++){
for (_clr(t),s[p=q=0]=i;p<=g&&matchl[i]<0;p++)
for (k=s[p],j=0;j<n&&matchl[i]<0;j++)
if (11[K]+12[j]==mat[K][[]&&t[j]<0){
s[++q]=match2[j],t[j]=k;
if (s[q]<0)
for (p=j;p>=0;j=p)
match2[j]=k=t[j],p=match1[k],match1[K]=j;
}
if (matchl[i]<0){
for (i--,p=inf,k=0;k<=q;k++)
for (j=0;j<n;j++)
if (t[j]<0&&I1[s[K]]+I2[j]-mat[s[K]][i1<p)
p=I1[s[K]]+12[j]-mat[s[K]][i];
for (j=0;j<n;12[j]+=t[j]<0?0:p,j++);
for (k=0;k<=q;I1[s[k++]]-=p);
}
}

for (i=0;i<m;i++)

1



ret+=mat[i][match1[i]];

return ret;
}
6. —MREIILIE(2FHERIER)
IR B R VLIS, R T 20 228 O(n*e)
113 18] UL M T 0% £, match 3 8] UL S, AR VG BC T s match {8 -1
1A N BT K n AIERFER list
#define MAXN 100
struct edge_t{

int from,to;

edge_t* next;

2

int aug(int n,edge_t* list[],int* match,int* v,int now){
int t,ret=0;edge_t* ¢;
v[now]=1,;
for (e=list[now];e;e=e->next)
if (Iv[t=e->to]){
if (match[t]<0)
match[now]=t,match[t]=now,ret=1;
else{
v[t]=1;
if (aug(n,list,match,v,match[t]))
match[now]=t,match[t]=now,ret=1,;

V[t]=0;
}
if (ret)
break;
}
v[now]=0;
return ret;

int graph_match(int n,edge_t* list[],int* match){
int VIMAXN],ij;
for (i=0;i<n;i++)
v[i]=0,matchl[i]=-1;
for (i=0,j=n;i<n&&j>=2;)
if (match[i]<0&&aug(n,list,match,v,i))
i=0,j-=2;
else
i++;
for (i=j=0;i<n;i++)
j+=(match[i]>=0);

12



return j/2;
}
7. — AR (RR R 2 AR 3R 42 1)
IR BB R VLIS, AR R 20, E 4 JE O(n*e)
113 1R VU BE T 06 25, match 3 [ E S, A VU BC T A5 match 8 J9-1
114 N BT K n AIER R list
#include <vector>
#define MAXN 100

int aug(int n,vector<int> list[],int* match,int* v,int now){
int t,ret=0,r;
v[now]=1,;
/I for (e=list[now];e;e=e->next)
for (r=0;r<list[now].size();++r)
if (v[t=listinow][r]]{
if (match[t]<0)
match[now]=t,match[t]=now,ret=1,;
else{
v[t]=1;
if (aug(n,list,match,v,match[t]))
match[now]=t,match[t]=now,ret=1;

v[t]=0;
}
if (ret)
break;
}
v[now]=0;
return ret;

int graph_match(int n,int mat[J[MAXN],int* match){
int VIMAXN],ij;
vector<int> list MAXN];
for (i=0;i<n;i++)
for (j=0;j<n;j++)
if (mat[i][j]) list[i].push_back(j);
for (i=0;i<n;i++)
v[i]=0,matchl[i]=-1;
for (i=0,j=n;i<n&&j>=2;)
if (match[i]<0&&aug(n,list,match,v,i))
i=0,j-=2;
else
i++;
for (i=j=0;i<n;i++)

13



j+=(match[i]>=0);

return j/2;
}
8. — MR EIILAC (2RI IE )
I P B B R VLIS, <2 I 20, R 2% B O(n”3)
113 1R VU BE T 06 25, match 3 [ E S, A VU BC T A5 match 8 J9-1
1A N TI R K n MIAT#ERE mat
#define MAXN 100

int aug(int n,int mat[J[MAXN],int* match,int* v,int now){
int i,ret=0;
v[now]=1,;
for (i=0;i<n;i++)
if ('v[i]&&mat[now][i]){
if (match[i]<0)
match[now]=i,match[i]=now,ret=1;
else{
v[i]=1;
if (aug(n,mat,match,v,match[i]))
match[now]=i,match[i]=now,ret=1;

v[i]=0;
}
if (ret)
break;
}
v[now]=0;
return ret;

}

int graph_match(int n,int mat[J[MAXN],int* match){
int VIMAXN],ij;
for (i=0;i<n;i++)
v[i]=0,matchl[i]=-1;
for (i=0,j=n;i<n&&j>=2;)
if (match[i]<0&&aug(n,mat,match,v,i))
i=0,j-=2;
else
i++;
for (i=j=0;i<n;i++)
j+=(match[i]>=0);
return j/2;
}
9. —KEIILEL(IE M F T )
IR B B R VLIS, AE [7) R T 20 2R 2 O(n*e)

14



1R (B T RE T %) 25, match iz [R] DGR, A DL EC T0 A5 match B -1
1M N T S % n FIE [ 38 list,buf
#define MAXN 100

int aug(int n,int* list,int* buf,int* match,int* v,int now){
int i,t,ret=0;
v[now]=1,;
for (i=list[now];i<list[now+1];i++)
if (Iv[t=buf[i]]){
if (match[t]<0)
match[now]=t,match[t]=now,ret=1;
else{
v[t]=1;
if (aug(n,list,buf,match,v,match[t]))
match[now]=t,match[t]=now,ret=1;

v[t]=0;
}
if (ret)
break;
}
v[now]=0;
return ret;

}

int graph_match(int n,int* list,int* buf,int* match){
int VIMAXN],ij;
for (i=0;i<n;i++)
v[i]=0,matchl[i]=-1;
for (i=0,j=n;i<n&&j>=2;)
if (match[i]<0&&aug(n,list,buf,match,v,i))
i=0,j-=2;
else
i++;
for (i=j=0;i<n;i++)
j+=(match[i]>=0);
return j/2;
}
=. B _A
1. /A AR (kruskal S8 FE R 0)
I17G 1A B fe /A2 BT kruskal 535, AT R 20, 52 2 B O(mlogm)
113 1] 5 /N A B R B2 A% N BT R /s n R ER st
11T B8 SO AL 2R A edge 1 [ 203 [RI B i 4 i, i SRR
T80 SR P AN T %o 5 22308 7 SR 36 i /N A RS 1% [ e A B2

#include <string.h>
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#define MAXN 200
#define inf 2000000000
typedef double elem _t;
struct edge_t{
int from,to;
elem_tlen;
edge_t* next;

2

#define _ufind_run(x) for(;p[t=x];x=p[X],p[t]=(P[X]?p[X]:X))
#define _run_both _ufind_run(i);_ufind_run(j)
struct ufind{
int p[MAXN].t;
void init(){memset(p,0,sizeof(p));}
void set_friend(int i,int j){_run_both;p[i]=(i==j?0:j);}
int is_friend(int i,int j){_run_both;return i==j&&i;}
j

#define _cp(a,b) ((a).len<(b).len)
struct heap_t{int a,b;elem_t len;};
struct minheap{
heap_t ([MAXN*MAXN];
intn,p,c;
void init(){n=0;}
void ins(heap_t e){
for (p=++n;p>1&&_cp(e,h[p>>1]);h[p]=h[p>>1],p>>=1);
hp]=e;
}
int del(heap_t& e){
if ('n) return O;
for
(e=h[p=1],c=2;c<n&&_cp(h[c+=(c<n-1&&_cp(h[c+1],h[c]))],h[n]);h[p]=h[c],p=c,c<<=1);
h[p]=h[n--];return 1;

h

elem_t kruskal(int n,edge_t* list[],int edge[][2]){
ufind u;minheap h;
edge_t*t;heap_te;
elem_t ret=0;int i,m=0;
u.init(),h.init();
for (i=0;i<n;i++)
for (t=list[i];t;t=t->next)
if (i<t->to)
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e.a=i,e.b=t->to,e.len=t->len,h.ins(e);
while (m<n-1&&h.del(e))
if (lu.is_friend(e.a+1,e.b+1))
edge[m][0]=e.a,edge[m][1]=e.b,ret+=e.len,u.set_friend(e.a+1,e.b+1);

return ret;
}
2. F/MER (kruskal 1E [ # ER)
175 ) B fse /N A 1B kruskal 559, 1E [ & T2 3, . 24 O(mlogm)
I3 [5 5 /NAE BSAs FR) K B2 A N IR R/ n AE ] 3% list,buf
I17A] B8 A 257 edge [ 2] [m1 b4 i Fa i, I 4R R
110 SR P AN 0 T %o #4308 4 S 3 /I A2 S 3% B e K B
#include <string.h>
#define MAXN 200
#define inf 2000000000
typedef double elem _t;
struct edge_t{

int to;

elem_tlen;

#define _ufind_run(x) for(;p[t=x];x=p[X],p[t]1=(P[X]?p[X]:X))
#define _run_both _ufind_run(i);_ufind_run(j)
struct ufind{
int p[MAXN].t;
void init(){memset(p,0,sizeof(p));}
void set_friend(int i,int j){_run_both;p[i]=(i==j?0:j);}
intis_friend(int i,int j){_run_both;return i==j&&i;}

#define _cp(a,b) ((a).len<(b).len)
struct heap_t{int a,b;elem_t len;};
struct minheap{
heap_t h(IMAXN*MAXN];
intn,p,c;
void init(){n=0;}
void ins(heap_t e){
for (p=++n;p>1&&_cp(e,h[p>>1]);h[p]=h[p>>1],p>>=1);
hp]=e;
}
int del(heap_t& e){
if ('n) return 0;
for
(e=h[p=1],c=2;c<n&&_cp(h[c+=(c<n-1&&_cp(h[c+1],h[c]))].h[n]);h[p]=h[c].p=C,c<<=1);
h[p]=h[n--];return 1,
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elem_t kruskal(int n,int* list,edge_t* buf,int edge[][2]){

}

ufind u;minheap h;
heap_t e;elem_t ret=0;
int i,j,m=0;
u.init(),h.init();
for (i=0;i<n;i++)
for (j=list[i];j<list[i+1];j++)
if (i<buf[j].to)
e.a=i,e.b=buf[j].to,e.len=buf[j].len,h.ins(e);
while (m<n-1&&h.del(e))
if ('u.is_friend(e.a+1,e.b+1))
edge[m][0]=e.a,edge[m][1]=e.b,ret+=e.len,u.set_friend(e.a+1,e.b+1);
return ret;

3. /N (prim+binary_heap AF#: % TER)

G 0] B e VAR OB primn B092+ — 70 M AR 3T 20, 52 A% 2 O(mlogm)

IR 18] 5 A O A T A N BT R ORI n ISR H3R st

H17] 58 BSOA AL SR pre [ [R1 B i Ay adt, FH A 45 )i AR s (B8 — 1 )pre fH 41
112 ZRRAE ] PR T2 368 )

#define MAXN 200

#define inf 2000000000

typedef double elem _t;

struct edge_t{

int from,to;
elem_tlen;
edge_t* next;

#define _cp(a,b) ((a).d<(b).d)
struct heap_t{elem_t d;int v;};
struct heap{

heap_t ([MAXN*MAXN];
int n,p,c;
void init(){n=0;}
void ins(heap_t e){
for (p=++n;p>1&&_cp(e,h[p>>1]);h[p]=h[p>>1],p>>=1);
hlp]=e;
}
int del(heap_t& e){
if ('n) return 0;
for
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(e=h[p=1],c=2;c<n&& cp(h[c+=(c<n-1&& cp(h[c+1],h[c]))].h[n]);h[p]=h[c],p=C,c<<=1);
h[p]=h[n--];return 1;

elem_t prim(int n,edge_t* list[],int* pre){

heap h;

elem_t min[MAXN],ret=0;

edge_t* t;heap te;

int VIMAXN],i;

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

min[i]=inf,v[i]=0,pre[i]=-1;
h.init();e.v=0,e.d=0,h.ins(e);
while (h.del(e))
if ('v[e.v])
for (v[e.v]=1,ret+=e.d t=list[e.v];t;t=t->next)
if (v[t->t0] &&t->len<min[t->to])
pre[t->to]=t->from,min[e.v=t->to]=e.d=t->len,h.ins(e);

return ret;
}
4. f/NE A (prim+binary_heap IE & E )
H1E 1) Bl e /N A A prim B39+ — 7 HE 1E ) B 3K, 2 2% 2 O(mlogm)
11 1] 5 /N A B B B2 A% N TR K/ n AE ] 3% list,buf
117] S AR IS pre (3R [9) B e, ] A 45 ) 3 iR s (B —1M)pre {B9-1
AL ZBORATE P AR )
#define MAXN 200
#define inf 2000000000
typedef double elem _t;
struct edge_t{

int to;

elem_tlen;

#define _cp(a,b) ((a).d<(b).d)
struct heap_t{elem_t d;int v;};
struct heap{
heap_t ([MAXN*MAXN];
intn,p,c;
void init(){n=0;}
void ins(heap_t e){
for (p=++n;p>1&&_cp(e,h[p>>1]);h[p]=h[p>>1],p>>=1);
hp]=e;
}
int del(heap_t& e){
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if ('n) return O;
for
(e=h[p=1],c=2;c<n&& cp(h[c+=(c<n-1&& cp(h[c+1],h[c]))].h[n]);h[p]=h[c],p=C,c<<=1);
h[p]=h[n--];return 1;
}
2

elem_t prim(int n,int* list,edge_t* buf,int* pre){

heap h;heap_te;

elem_t min[MAXN],ret=0;

int VIMAXN], i j;

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

min[i]=inf,v[i]=0,pre[i]=-1;
h.init();e.v=0,e.d=0,h.ins(e);
while (h.del(e))
if (v[i=e.v])
for (v[i]=1,ret+=e.d,j=list[i];j<list[i+1];j++)
if ('v[buf[j].to]&&buf[j].len<min[bufj].to])
pre[buf[j].to]=i,min[e.v=bufj].to]=e.d=buf[j].len,h.ins(e);

return ret;
}
5. /N (prim+mapped_heap 28F2 KL )
G 0] B e /N A OB prin B35+ LBt — 70 3, AR 43812 20, 4% & O(mlogn)
113 18] f5 A A A A N IR R/ n PSR H3R st
117] S AR S pre (3R [9) B e, ] A 45 ) s iR s (35— )pre {B -1
112 ZRARAE ] PR T2 368 (1)
#define MAXN 200
#define inf 2000000000
typedef double elem _t;
struct edge_t{

int from,to;

elem_tlen;

edge_t* next;

h

#define _cp(a,b) ((a)<(b))
struct heap{
elem_t h[MAXN+1];
int ind[MAXN+1],map[MAXN+1],n,p,c;
void init(){n=0;}
void ins(int i,elem_t e){
for (p=++n;p>1&&_cp(e,h[p>>1]);h[map[ind[p]=ind[p>>1]]=p]=h[p>>1],p>>=1);
h[map[ind[p]=i]=p]=e;
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int del(int i,elem_t& e){
i=map[i];if (i<1||i>n) return O;
for (e=h[p=i];p>1;h[map[ind[p]=ind[p>>1]]=p]=h[p>>1],p>>=1);
for
(c=2;c<n&& cp(h[c+=(c<n-1&& _cp(h[c+1],h[c])],h[n]);h[map[ind[p]=ind[c]]=p]=h[c],p=c,c<<
=1);
h[map[ind[p]=ind[n]]=p]=h[n];n--;return 1,
}
int delmin(int& i,elem_t& e){
if (n<1) return 0;i=ind[1];

for
(e=h[p=1],c=2;c<n&& cp(h[c+=(c<n-1&& cp(h[c+1],h[c]))],h[n]);h[map[ind[p]=ind[c]]=p]=h[c
],p=c,c<<=1);
h[map[ind[p]=ind[n]]=p]=h[n];n--;return 1;
}
¥
elem_t prim(int n,edge_t* list[],int* pre){
heap h;
elem_t min[MAXN],ret=0,¢;
edge_t*t;
int vIMAXN],i;

for (h.init(),i=0;i<n;i++)
min[i]=(i?inf:0),v[i]=0,pre[i]=-1,h.ins(i,min[i]);
while (h.delmin(i,e))
for (v[i]=1, ret+=e,t=list[i];t;t=t->next)
if (Iv[t->to] &&t->len<min[t->to])
pre[t->to]=t->from,h.del(t->to,e),h.ins(t->to,min[t->to]=t->len);
return ret;
}
6. /N A (prim+mapped_heap 1F [ & T 1)
H1E 1i) Pl e /N A B prim SRE925+ Wk — 2 HE, I ) 262 3K, 2 2% 2 O(milogn)
113 1] 5 /N A B B B2 A% N BT K/ n A ] 3% list,buf
117] S AR S Y pre (3R [9) B a3, ] A 45 i s iR s (B —1M)pre {B -1
AL ZBORATE P PR )
#define MAXN 200
#define inf 2000000000
typedef double elem_t;
struct edge_t{
int to;
elem _tlen;

%

#define _cp(a,b) ((a)<(b))
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struct heap{
elem_t h[MAXN+1];
int ind[MAXN+1],map[MAXN+1],n,p,c;
void init(){n=0;}
void ins(int i,elem_t e){
for (p=++n;p>1&&_cp(e,h[p>>1]);h[map[ind[p]=ind[p>>1]]=p]=h[p>>1] p>>=1);
h[map[ind[p]=i]=p]=e;
}
int del(int i,elem_t& e){
i=mapli];if (i<l||i>n) return O;
for (e=h[p=i];p>1;h[map[ind[p]=ind[p>>1]]=p]=h[p>>1] p>>=1);
for
(c=2;c<n&& cp(h[c+=(c<n-1&& _cp(h[c+1],h[c]))],h[n]);h[map[ind[p]=ind[c]]=p]=h[c],p=c,c<<
=1);
h[mapl[ind[p]=ind[n]]=p]=h[n];n--;return 1;
}
int delmin(int& i,elem_t& e){
if (n<1) return O;i=ind[1];
for
(e=h[p=1],c=2;c<n&&_cp(h[c+=(c<n-1&&_cp(h[c+1],h[c]))],h[n]);h[map[ind[p]=ind[c]]=p]=h[c
lp=c,c<<=1);
h[mapl[ind[p]=ind[n]]=p]=h[n];n--;return 1;
}
3

elem_t prim(int n,int* list,edge_t* buf,int* pre){
heap h;
elem_t min[MAXN],ret=0,¢;
int VIMAXN],ij;
for (h.init(),i=0;i<n;i++)
min[i]=(i?inf:0),v[i]=0,pre[i]=-1,h.ins(i,min[i]);
while (h.delmin(i,e))
for (v[i]=1, ret+=e,j=list[i];j<list[i+1];j++)
if (Iv[buf[j].to]&&buf[j].len<min[buf[j].to])
pre[buf[j].to]=i,h.del(buffj].to,e),h.ins(buf[j].to,min[buf[j].to]=buf[j].len);
return ret;
}
7. F/INAE A (prim A8 2R )
I 1) Bl e /N A BGRB9S B T 2K, B2 2% B2 O(n2)
1133 [ 5 /N A B RO B2 A% N BT ER R/ n A2 B maat, ASAH AT R34 inf
117] S AR S Y pre 3R [9) B R ] A 45 ) 3 iR s (B —1M)pre {B -1
1AL ZBORATE P PR 3 )
#define MAXN 200
#define inf 2000000000
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typedef double elem _t;

elem_t prim(int n,elem_t mat[][MAXN],int* pre){
elem_t min[MAXN],ret=0;
int VIMAXN],i,j,k;
for (i=0;i<n;i++)
min[i]=inf,v[i]=0,pre[i]=-1;
for (min[j=0]=0;j<n;j++){
for (k=-1,i=0;i<n;i++)
if (Iv[i]&&(k==-1||min[i]<min[k]))
k=i;
for (v[k]=1,ret+=min[K],i=0;i<n;i++)
if ('v[i]&&mat[k][i]<min[i])
min[i]=mat[pre[i]=K][i];
}
return ret;
}
8. /ML IR (RB3%EFETE )
1225 5 /M T 1 ,edmonds 5%, 4R3[4 TR 20, B % % O(n”3)
I3 1] 5 /N A= B FAD R B2 A 3 R IR [ 47 4
I NI/ n A0SR RS mat, ASAH D £ inf
H17] 52 SOAAL ISR  pre [ [RI B i Ay s, FH AL 45 L3RR
I NI pre[J8UZHIE 2%, H-1 5 I
#include <string.h>
#define MAXN 120
#define inf 2000000000
typedef int elem_t;

elem_t edmonds(int n,elem_t mat[][MAXN*2],int* pre){
elem_t ret=0;
int c[MAXN*2][MAXN*2],I[IMAXN*2],p[MAXN*2],m=n,t,i,j,k;
for (i=0;i<n;I[i]=i,i++);
do{
memset(c,0,sizeof(c)),memset(p,0xff,sizeof(p));
for (t=m,i=0;i<m;c[i][i]=1,i++);
for (i=0;i<t;i++)
if (I[i]==i&&pre[i]'=-1){
for (j=0;j<m;j++)
if (I[j]==j&&i'=j&&mat[j][i]<inf&&(p[i]==-1||mat[j][i]<mat[p[i]][i]))
plil=i;
if ((pre[i]=p[i])==-1)
return -1;
if (c[i[p[iITH
for (j=0;j<=m;mat[j][m]=mat[m][j]=inf j++);

23



}

for (k=i;I[k]'=m;I[k]=m,k=p[K])
for (j=0;j<m;j++)
if (I061==){
if (mat[j][K]-mat[p[K]][K]<mat[j][m])
mat[j][m]=mat[j][K]-mat[p[K]][K];
if (mat[K][j]<mat[m][j])
mat[m][j]=mat[K][il;

}
c[m][m]=1,1[m]=m,m++;
}
for (j=0;j<m;j++)
if ([0
for (k=pl[i];k!=-1&&I[K]==k;c[K][j]=1,k=p[K]);
}
}
while (t<m);

for (;m-->n;pre[k]=pre[m])
for (i=0;i<m;i++)
if (I[i]l==m){
for (j=0;j<m;j++)
if (pre[jl==m&&mat[i][j]J==mat[m][j])
pre[jl=i;
if (mat[pre[m]][m]==mat[pre[m]][i]-mat[pre[i]][i])
k=i;
}
for (i=0;i<n;i++)
if (pre[i]'=-1)
ret+=mat[pre[i]][i];
return ret;

Vg, B Mgt

1. ERAsKREERER)

3R R S 28 B K, A R

IR 1A f KR, -1 Fn o rT AT i, flow 3R [A] 4 4532 i

IR N2 5 S8 n 25 8 mat, L& T 5 bf, I &5 source, i &1 sink
IIMAXN B L i R4S S0 2, 8T 47 R [F1-1 B mat A& 5!

#define MAXN 100
#define inf 2000000000

int _max_flow(int n,int mat[][MAXN],int source,int sink,int flow[][[MAXN]){

int pre[MAXN],que[MAXN],d[MAXN],p,q,t,i,j,r;
vector<int> e[ MAXN];
for (i=0;i<n;i++)
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for (e[i].clear(),j=0;j<n;j++)
if (mat[i][j]) e[i].push_back(j),e[j].push_back(i);
for (i1
for (i=0;i<n;pre[i++]=0);
pre[t=source]=source+1,d[t]=inf;
for (p=0=0;p<=q&&!pre[sink];t=que[p++])
for (r=0;r<e[t].size();++r){
i=e[t][r];
if ('pre[i]&&(j=mat[t][i]-flow[t][i]))
pre[que[g++]=i]=t+1,d[i]=d[t]<j?d[t]};
else if ('pre[i]&&(j=flow[i][t]))
pre[que[g++]=i]=-t-1,d[i]=d[t]<j?d[t]};
}
if (Ipre[sink]) break;
for (i=sink;i!'=source;)

if (pre[i]>0)
flow[pre[i]-1][i]+=d[sink],i=pre[i]-1;
else
flowl[i][-pre[i]-1]-=d[sink],i=-pre[i]-1;
}
for (j=i=0;i<n;j+=flow[source][i++]);
return j;
}
int  limit_max_flow(int n,int  mat[]J[MAXN],int  bf[J[MAXN],int  source,int  sink,int
flow[][MAXN]){
int i,j,sk,ks;
if (source==sink) return inf;
for (mat[n][n+1]=mat[n+1][n]=mat[n][n]=mat[n+1][n+1]=i=0;i<n;i++)
for (mat[n][i]=mat[i][n]=mat[n+1][i]=mat[i][n+1]=j=0;j<n;j++)
mat[i][j]-=bf[i][j], mat[n][i]+=bf[][i] mat[i][n+1]+=bf[i][j];
sk=mat[source][sink],ks=mat[sink][source],mat[source][sink]=mat[sink][source]=inf;
for (i=0;i<n+2;i++)
for (j=0;j<n+2;flow[i][j++]=0);
_max_flow(n+2,mat,n,n+1,flow);
for (i=0;i<n;i++)
if (flow[n][i]l<mat[n][i]) return -1;
flow[source][sink]=flow[sink][source]=0,mat[source][sink]=sk,mat[sink][source]=ks;
_max_flow(n,mat,source,sink,flow);
for (i=0;i<n;i++)
for (j=0;j<n;j++)
mat[i][j]+=bf[i][j1,flow[i][j]+=bf[i1[i];
for (j=i=0;i<n;j+=flow[source][i++]);
return j;
}
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2. BRI mORTL (AT R Q)

3R BT T 28 g5 R, AR R T X

IR B K &, -1 RoR T AT AT I, Flow 3R [H] 4 2 300 1)

IR N2 T S8 n, 25 5 mat, iiE T 5 bf, I &4 source, il &1 sink
IIMAXN R LG K25 i % 2, G T ATH0R [E1-1 B mat R 525!

#define MAXN 100
#define inf 2000000000

void _max_flow(int n,int mat[][MAXN],int source,int sink,int flow[][[MAXN]){
int prefMAXN],que[MAXN],d[MAXN],p,q,t,i,j;
for (;:){
for (i=0;i<n;pre[i++]=0);
pre[t=source]=source+1,d[t]=inf;
for (p=0=0;p<=q&&!pre[sink];t=que[p++])
for (i=0;i<n;i++)
if ('pre[i]&&j=mat[t][i]-flow[t][i])
pre[que[q++]=i]=t+1,d[i]=d[t]<j?d[t]};
else if (pre[i]&&j=flow[i][t])
pre[que[q++]=i]=-t-1,d[i]=d[t]<j?d[t]:};
if ('pre[sink]) break;
for (i=sink;i'=source;)
if (pre[i]>0)
flow[pre[i]-1][i]+=d[sink],i=pre[i]-1;
else
flow[i][-pre[i]-1]-=d[sink],i=-pre[i]-1;

int  limit_max_flow(int n,int  mat[]J[MAXN],int  bf[J[MAXN],int  source,int  sink,int
flow[][MAXN]){
int i,j,sk,ks;
if (source==sink) return inf;
for (mat[n][n+1]=mat[n+1][n]=mat[n][n]=mat[n+1][n+1]=i=0;i<n;i++)
for (mat[n][i]=mat[i][n]=mat[n+1][i]=mat[i][n+1]=j=0;j<n;j++)
mat[i][j]-=bf[i][j],mat[n][i]+=bf[j][i],mat[i][n+1]+=bf[i][]];
sk=mat[source][sink],ks=mat[sink][source],mat[source][sink]=mat[sink][source]=inf;
for (i=0;i<n+2;i++)
for (j=0;j<n+2;flow[i][j++]=0);
_max_flow(n+2,mat,n,n+1,flow);
for (i=0;i<n;i++)
if (flow[n][i]l<mat[n][i]) return -1;
flow[source][sink]=flow[sink][source]=0,mat[source][sink]=sk,mat[sink][source]=ks;
_max_flow(n,mat,source,sink,flow);
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for (i=0;i<n;i++)
for (j=0;j<n;j++)
mat[i][i]+=bf[i][i], flow[i][j]+=bf[i][i];

for (j=i=0;i<n;j+=flow[source][i++]);

return j;
}
3. BT Am/NA(RIEEERTE )
3R 7 FH 28 /I, AR 4B T 5K
IR B K&, -1 R n TE T AT i, flow 3 B4 23 1) &
IR N2 T S8 n, 25 5 mat, iiE T 5 bf, I &4 source, il &1 sink
IIMAXN R K45 i % 2, T AT 0GR [E1-1 B mat R &2 5!

#define MAXN 100
#define inf 2000000000

int _max_flow(int n,int mat[][MAXN],int source,int sink,int flow[][MAXN]){
int prefMAXN],que[MAXN],d[MAXN],p,q,t,i,j,r;
vector<int> e[MAXN];
for (i=0;i<n;i++)
for (e[i].clear(),j=0;j<n;j++)
if (mat[i][j]) e[i].push_back(j),e[j].push_back(i);
for (;;){
for (i=0;i<n;pre[i++]=0);
pre[t=source]=source+1,d[t]=inf;
for (p=0=0;p<=g&&!pre[sink];t=que[p++])
for (r=0;r<e[t].size();++r){
i=e[t[r;
if ('pre[i]l&&(j=mat[t][i]-flow[t][i]))
pre[que[g++]=i]=t+1,d[i]=d[t]<j?d[t]:];
else if (pre[i]&&(j=flow[i][t]))
pre[que[g++]=i]=-t-1,d[i]=d[t]<j?d[t]:];
}
if ('pre[sink]) break;
for (i=sink;i'=source;)

if (pre[i]>0)
flow[pre[i]-1][i]+=d[sink],i=pre[i]-1;
else
flow[i][-pre[i]-1]-=d[sink],i=-pre[i]-1;
}
for (j=i=0;i<n;j+=flow[source][i++]);
return j;

¥
int  limit_min_flow(int n,int  mat[][MAXN],int  bf[[[MAXN],int  source,int
flow[][[MAXN]){
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int i,j,sk,ks;
if (source==sink) return inf;
for (mat[n][n+1]=mat[n+1][n]=mat[n][n]=mat[n+1][n+1]=i=0;i<n;i++)
for (mat[n][i]=mat[i][n]=mat[n+1][i]=mat[i][n+1]=j=0;j<n;j++)
mat[i][i]-=bf[i][j], mat[n][i]+=bf[i][i] mat[i][n+1]+=bf[i][i];
sk=mat[source][sink],ks=mat[sink][source],mat[source][sink]=mat[sink][source]=inf;
for (i=0;i<n+2;i++)
for (j=0;j<n+2;flow[i][j++]=0);
_max_flow(n+2,mat,n,n+1,flow);
for (i=0;i<n;i++)
if (flow[n][i]J<mat[n][i]) return -1,
flow[source][sink]=flow[sink][source]=0,mat[source][sink]=sk,mat[sink][source]=ks;
_max_flow(n,mat,sink,source,flow);
for (i=0;i<n;i++)
for (j=0;j<n;j++)
mat[i][i]+=bf[i][i], flow[i][i]+=bf[i][i];
for (j=i=0;i<n;j+=flow[source][i++]);
return j;
}
4. ER TN LR T )
13K BTN T 28 g5 /N, AR R T 2K
3R 18l K, -1 Ros TE AT AT iR, flow 3 Rl 53 AL &
1A% N 2671 f 8 n, 25 5 mat, i & 1 5 bf, 5 £ source, V&1 sink
IIMAXN R H e K 25 i 8% 2, G T AT0R [E1-1 B mat R &2 5!

#define MAXN 100
#define inf 2000000000

void _max_flow(int n,int mat[][MAXN],int source,int sink,int flow[][[MAXN]){
int prefMAXN],que[MAXN],d[MAXN],p,q,t,i,j;
for (;;){
for (i=0;i<n;pre[i++]=0);
pre[t=source]=source+1,d[t]=inf;
for (p=0=0;p<=q&&!pre[sink];t=que[p++])
for (i=0;i<n;i++)
if ('pre[i]&&j=mat[t][i]-flow[t][i])
pre[que[g++]=i]=t+1,d[i]=d[t]<j?d[t]:};
else if (!pre[i]&&j=Fflow[i][t])
pre[que[g++]=i]=-t-1,d[i]=d[t]<j?d[t]:];
if ('pre[sink]) break;
for (i=sink;i'=source;)
if (pre[i]>0)
flow[pre[i]-1][i]+=d[sink],i=pre[i]-1;
else
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flow[i][-pre[i]-1]-=d[sink],i=-pre[i]-1;

int  limit_min_flow(int n,int  mat[][MAXN],int  bf[J[MAXN],int  source,int  sink,int
flow[][MAXN])K
int i,j,sk,ks;
if (source==sink) return inf;
for (mat[n][n+1]=mat[n+1][n]=mat[n][n]=mat[n+1][n+1]=i=0;i<n;i++)
for (mat[n][i]=mat[i][n]=mat[n+1][i]=mat[i][n+1]=j=0;j<n;j++)
mat[i][i]-=bf[i][j], mat[n][i]+=bf[i][i] mat[i] [n+1]+=bf[i][i];
sk=mat[source][sink],ks=mat[sink][source],mat[source][sink]=mat[sink][source]=inf;
for (i=0;i<n+2;i++)
for (j=0;j<n+2;flow[i][j++]=0);
_max_flow(n+2,mat,n,n+1,flow);
for (i=0;i<n;i++)
if (flow[n][iJ<mat[n][i]) return -1;
flow[source][sink]=flow[sink][source]=0,mat[source][sink]=sk,mat[sink][source]=ks;
_max_flow(n,mat,sink,source,flow);
for (i=0;i<n;i++)
for (j=0;j<n;j++)
mat[i][i]+=bf[i][i] flow[i][j]+=bf[i][i];
for (j=i=0;i<n;j+=flow[source][i++]);
return j;
}
5. O ARI(BHEFILN)
IR P 4 e KL, R B 2
113 (5] 5 K &, Flow 3 | 455 4% 3 I It B
1A% N 2671 8 n, 75 5 mat, 4B 323R list, i s source, i £ sink

#define MAXN 100
#define inf 2000000000

int max_flow(int n,int mat[][MAXN],vector<int> list[],int source,int sink,int flow[][MAXN]{
int pre[MAXN],que[MAXN],d[MAXN],p,q,t,i,j,r;
if (source==sink) return inf;
for (i=0;i<n;i++)
for (j=0;j<n;flow[i][j++]=0);
for (;:){
for (i=0;i<n;pre[i++]=0);
pre[t=source]=source+1,d[t]=inf;
for (p=q=0;p<=q&&!pre[sink];t=que[p++])
for (r=0;r<list[t].size();++r){
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i=list[t][r];

if ('pre[i]&&j=mat[t][i]-flow[t][i])
pre[que[g++]=i]=t+1,d[i]=d[t]<j?d[t]:];

else if (Ipre[i]&&j=Fflow[i][t])
pre[que[qg++]=i]=-t-1,d[i]=d[t]<j?d[t] };

}
if ('pre[sink]) break;
for (i=sink;i!'=source;)
if (pre[i]>0)
flow[pre[i]-1][i]+=d[sink],i=pre[i]-1;
else
flow[i][-pre[i]-1]-=d[sink],i=-pre[i]-1;
}
for (j=i=0;i<n;j+=flow[source][i++]);
return j;

}

6. F AU (SRR L I AR 32 1)

3R WA 5 g K, AR R T X

113 18] 5 K7 & Flow 3 B 45 2% 321 I &

1B N R 485 A 80 n, 25 7 mat, Y5 & source, V- £ sink

#define MAXN 100
#define inf 2000000000

int max_flow(int n,int mat[J[MAXN],int source,int sink,int flow[][MAXN]){
int pre[MAXN],que[MAXN],d[MAXN],p,q,t,i,j,r;
vector<int> e[MAXN];
if (source==sink) return inf;
for (i=0;i<n;i++)
for (j=0;j<n;flow[i][j++]=0);

for (i=0;i<n;i++)
for (e[i].clear(),j=0;j<n;j++)
if (mat[i][j]) e[i].push_back(j),e[j].push_back(i);
for (i1
for (i=0;i<n;pre[i++]=0);
pre[t=source]=source+1,d[t]=inf;
for (p=q=0;p<=q&&!pre[sink];t=que[p++])
for (r=0;r<e[t].size();++r){
i=e[t][r];
if ('pre[i]&&(j=mat[t][i]-flow[t][i]))
pre[que[q++]=i]=t+1,d[i]=d[t]<j?d[t]:};
else if ('pre[i]&&(j=flowl[i][t]))
pre[que[g++]=i]=-t-1,d[i]=d[t]<j?d[t]:];
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}

if ('pre[sink]) break;
for (i=sink;i!'=source;)
if (pre[i]>0)
flow[pre[i]-1][i]+=d[sink],i=pre[i]-1;
else
flow[i][-pre[i]-1]-=d[sink],i=-pre[i]-1;
}
for (j=i=0;i<n;j+=flow[source][i++]);
return j;

}

7. BRI (AR E R )

TR 28 5 R, AR 42 B T 3K

T3 18] 5 K & flow 3% [B] 45 25320 F v

14 N X285 755 80 n, 25 & mat, 5 & source, V- 4, sink

#define MAXN 100
#define inf 2000000000

int max_flow(int n,int mat[J[MAXN],int source,int sink,int flow[][MAXN]){
int prefMAXN],que[MAXN],d[MAXN],p,q,t,i,j;
if (source==sink) return inf;
for (i=0;i<n;i++)
for (j=0;j<n;flow[i][j++]=0);
for (;;){
for (i=0;i<n;pre[i++]=0);
pre[t=source]=source+1,d[t]=inf;
for (p=0=0;p<=g&&!pre[sink];t=que[p++])
for (i=0;i<n;i++)
if ('pre[i]&&j=mat[t][i]-flow[t][i])
pre[que[g++]=i]=t+1,d[i]=d[t]<j?d[t] ];
else if (Ipre[i]&&j=Fflow[i][t])
pre[que[g++]=i]=-t-1,d[i]=d[t]<j?d[t]:];
if ('pre[sink]) break;
for (i=sink;i'=source;)

if (pre[i]>0)
flow[pre[i]-1][i]+=d[sink],i=pre[i]-1;
else
flow[i][-pre[i]-1]-=d[sink],i=-pre[i]-1;
}
for (j=i=0;i<n;j+=flow[source][i++]);
return j;

¥
8. AU i B (%I )
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TR R 285 d R, AR B R T 2

113 Bl K &

I N 25715 8 n, %5 2 mat, I 55 source, VI A5 sink
IIE T mat HE PR E

#define MAXN 100
#define inf 2000000000

int max_flow(int n,int mat[][MAXN],int source,int sink){
int VIMAXN],c[MAXN],p[MAXN],ret=0,i,j;
for (i1
for (i=0;i<n;i++)
v[i]=cl[i]=0;
for (c[source]=inf;;){
for (j=-1,i=0;i<n;i++)
if ([i]&&c[i]&&(j==-1||c[i]>c[j]))
=L
if (j<O) return ret;
if (j==sink) break;
for (V[j]=1,i=0;i<n;i++)
if (mat[j][i]>c[i]&&c[j]>cli])
clil=matj][i]<c[i]?mat[i][i]:c[il.p[il=};
}
for (ret+=j=c[i=sink];i!=source;i=p[i])
mat[p[i]][i]-=j mat[i][p[i]]+=j;

}

9. s/ B B R (RFERETE X))

TSR 28 57> B FH B R, AR 42 B T 2

IHR 1Rl Kt &, flow 3R 9155 2% 32 I ¥t £ netcost 3R [A1 2 FH

114 N X257 S8 n 25 & mat, 5052 9% A cost, 5 4. source, VL &3 sink

#define MAXN 100
#define inf 2000000000

int min_cost_max_flow(int n,int mat[][MAXN],int cost[][MAXN],int source,int sink,int
flow[][MAXN],int& netcost){
int pre[MAXN],min[MAXN],d[MAXN],i,j,t,tag;
if (source==sink) return inf;
for (i=0;i<n;i++)
for (j=0;j<n;flow[i][j++]=0);
for (netcost=0;;){
for (i=0;i<n;i++)
pre[i]=0,min[i]=inf;
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@1 bellman_ford SRk, Bl f/IN 3% FH AT gk 2%
for (pre[source]=source+1,min[source]=0,d[source]=inf,tag=1;tag;)
for (tag=t=0;t<n;t++)
if (d[t])
for (i=0;i<n;i++)
if (j=mat[t][i]-flow[t][i]&&min[t]+cost[t][i]<min[i])
tag=1,min[i]=min[t]+cost[t][i],pre[i]=t+1,d[i]=d[t]<j?d[t]];
else if (j=flow[i][t]&&min[t]<inf&&min[t]-cost[i][t]<min[i])
tag=1,min[i]=min[t]-cost[i][t],pre[i]=-t-1,d[i]=d[t]<j?d[t]:];
if ('pre[sink]) break;
for (netcost+=min[sink]*d[i=sink];i'=source;)

if (pre[i]>0)
flow[pre[i]-1][i]+=d[sink],i=pre[i]-1;
else
flow[i][-pre[i]-1]-=d[sink],i=-pre[i]-1;
}
for (j=i=0;i<n;j+=flow[source][i++]);
return j;

}

fi. Ee_ A A

1. e M 4% (A5 bellman_ford 4R3[4 1)

155 B 4 %545 bellman_ford 835 AR E2RE 2, B 24 % O(n"3)
IR R s BIFTA B 22 2 N BB R/ n FIAR$E2RE mat
TR [ 381 4% 55 5 E B8 min[[ A% 4% pre[].pre[ilic =% s £ i #8422 F i BI5Q45 4 pre[s]=-1
11A] S R AN SR AU AT g A7 2 PR 2 B A T SR A 5 U 3% [l 0
AR S 2= 4702048 dijkstra SR HS 5 s as AR 7

#define MAXN 200

#define inf 1000000000

typedef int elem_t;

int bellman_ford(int n,elem_t mat[][MAXN],int s,elem_t* min,int* pre){
int vIMAXN],i,j.k,tag;
for (i=0;i<n;i++)
min[i]=inf,v[i]=0,pre[i]=-1;
for (min[s]=0,j=0;j<n;j++){
for (k=-1,i=0;i<n;i++)
if (IV[i]&&(k==-1||min[i]<min[K]))
k=i;
for (V[k]=1,i=0;i<n;i++)
if ('v[i]&&mat[k][i]>=0&&min[K]+mat[k][i]<minl[i])
min[i]=min[K]+mat[pre[i]=K][i];
}
for (tag=1,j=0;tag&&j<=n;j++)
for (tag=i=0;i<n;i++)
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for (k=0;k<n;k++)
if (min[k]+mat[K][i]J<min[i])
min[i]=min[k]+mat[pre[i]=K][i],tag=1;

return j<=n;
}
2. JHBAA (YR dijkstra_bfs 48R E )
T1ER8 B 5 B 4%, FH T S BUAH 25 1A 75 100 dijkstra itk R bfs, AR #3830, 2 244 FE O(m)
IR 15 s BT s R RIS 22 A N IR/ n FIARHER list, 12 AU{A len
TR [ 381 4% 55 F5 o E B8 min[[ A% 4% pre[].pre[ilic sk s £ i #8422 E i 195245 25 pre[s]=-1
11A] S8 AN SR (L 2 A7 HAH 55!
#define MAXN 200
#define inf 2000000000
typedef int elem_t;
struct edge_t{

int from,to;

edge_t* next;

2

void dijkstra(int n,edge_t* list[],elem_t len,int s,elem_t* min,int* pre){

edge_t*t;

int i,que[MAXN],f=0,r=0,p=1,I=1;

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

min[i]=inf;
min[que[0]=s]=0,pre[s]=-1;
for (;r<=f;l++,r=f+1,f=p-1)
for (i=r;i<=f;i++)
for (t=list[que[i]];t;t=t->next)
if (min[t->to]==inf)
min[que[p++]=t->to]=len*l,pre[t->to]=que[i];

}
3. IR (PR dijkstra_bfs 1E M EER)
1155 B R 4%, T I BURE 452 (0 155 00 dijkstra £ 464 bfs, IE [ #2305 44 O(m)
IR R s BIFTA RO SRR 2245 N IR/ n ME A3 list,buf, Z28UH len
TR [ 381 4% 55 F5 L E 25 min[[ A0 %42 pre[].pre[ilic =% s £ i #84% F i B0 45 4 pre[s]=-1
I17] S8 BSOS A AH DA AT E A7 HLAH 25
#define MAXN 200
#define inf 2000000000
typedef int elem_t;

void dijkstra(int n,int* list,int* buf,elem_t len,int s,elem_t* min,int* pre){
int i,que[MAXN],f=0,r=0,p=1,I=1,t;
for (i=0;i<n;i++)
min[i]=inf;
min[que[0]=s]=0,pre[s]=-1;
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for (r<=f;l++r=f+1,f=p-1)
for (i=r;i<=f;i++)
for (t=list[que[i]];t<list[que[i]+1];t++)
if (min[buf[t]]==inf)
min[que[p++]=buf[t]]=len*I,pre[buf[t]]=que[i];

}
4. F A% (25 dijkstrathinary_heap 4B#: £ )
H1E5 B R 4% dijkstra S92+ 73 ME, AR 3R TR X, A% FE O(mlogm)
ISR H U5 s B AT R B R 2 AR N R/ n AIAR3E2 list
TR [0 381 4% 55 F5 o E B8 min[[ A% 4% pre[].pre[ilic sk s £ i #8452 E i (95245 2 pre[s]=-1
I17] 58 S A R A DA A A !
#define MAXN 200
#define inf 2000000000
typedef int elem_t;
struct edge_t{

int from,to;

elem_tlen;

edge_t* next;

#define _cp(a,b) ((a).d<(b).d)
struct heap_t{elem_t d;int v;};
struct heap{
heap_t ([MAXN*MAXN];
intn,p,c;
void init(){n=0;}
void ins(heap_t e){
for (p=++n;p>1&&_cp(e,h[p>>1]);h[p]=h[p>>1],p>>=1);
hlp]=e;
}
int del(heap_t& e){
if (In) return O;
for
(e=h[p=1],c=2;c<n&& _cp(h[c+=(c<n-1&&_cp(h[c+1],h[c]))].h[n]);h[p]=h[c],p=C,c<<=1);
h[p]=h[n--];return 1;

}
h
void dijkstra(int n,edge_t* list[],int s,elem_t* min,int* pre){
heap h;
edge_t*t;heap_te;
int VIMAXN],i;

for (i=0;i<n;i++)
min[i]=inf,v[i]=0,pre[i]=-1;

35



h.init();min[e.v=s]=e.d=0,h.ins(e);
while (h.del(e))
if ('v[e.v])
for (v[e.v]=1,t=list[e.v];t;t=t->next)
if (Iv[t->to]&&min[t->from]+t->len<min[t->to])
pre[t->to]=t->from,min[e.v=t->to]=e.d=min[t->from]+t->len,h.ins(e);
}
5. I 42 (FAJR dijkstra+binary_heap 1E [ £ )
I3 B o B A dijkstra S0+ 3 HE, IE R R X, 2 2% £ O(mlogm)
IR R s BIFTA RO RS 22,4 N IR R/ n AETE) 2 list,buf
TR [0 381 4% 55 F5 o E B8 min[[ A4 pre[].pre[ilic sk s £ i #8452 E i 195245 2 pre[s]=-1
I3 SR (EUVTIE| !
#define MAXN 200
#define inf 2000000000
typedef int elem_t;
struct edge_t{
int to;
elem_tlen;

#define _cp(a,b) ((a).d<(b).d)
struct heap_t{elem_t d;int v;};
struct heap{
heap_t hIMAXN*MAXN];
intn,p,c;
void init(){n=0;}
void ins(heap_t e){
for (p=++n;p>1&&_cp(e,h[p>>1]);h[p]=h[p>>1] p>>=1);
hlp]=e;
}
int del(heap_t& e){
if (In) return O;
for
(e=h[p=1],c=2;c<n&&_cp(h[c+=(c<n-1&&_cp(h[c+1],h[c]))],h[n]);h[p]=h[c],p=c,c<<=1);
h[p]=h[n--];return 1;

void dijkstra(int n,int* list,edge_t* buf,int s,elem_t* min,int* pre){
heap h;heap_te;
int VIMAXN],i,t.f;
for (i=0;i<n;i++)
min[i]=inf,v[i]=0,pre[i]=-1;
h.init();min[e.v=s]=e.d=0,h.ins(e);
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while (h.del(e))
if ('v[e.v])
for (v[f=e.v]=1,t=list[f];t<list[f+1];t++)
if ('v[buf[t].to]&&min[f]+buf[t].len<min[buf[t].to])
pre[buf[t].to]=f,min[e.v=buf[t].to]=e.d=min[f]+buf[t].len,h.ins(e);
}
6. A% (PAYE dijkstra+mapped_heap Z54%& L)
I35 B R 4 dijkstra SRV + LT — 70 HE, B3R B 3K, B A% O(mlogn)
ISR H U5 s B AT R B R 2 AR N R/ n AIAR3E2 list
TR [0 381 4% 55 F5 o E B8 min[[ A% 4% pre[].pre[ilic sk s £ i #8452 E i (95245 2 pre[s]=-1
I17] 58 S A R A DA A A !
#define MAXN 200
#define inf 2000000000
typedef int elem_t;
struct edge_t{
int from,to;
elem_tlen;
edge_t* next;

2

#define _cp(a,b) ((a)<(b))
struct heap{
elem_t h[MAXN+1];
int ind[MAXN+1],map[MAXN+1],n,p,c;
void init(){n=0;}
void ins(int i,elem_t e){
for (p=++n;p>1&& cp(e,h[p>>1]);h[map[ind[p]=ind[p>>1]]=p]=h[p>>1],p>>=1);
h[map[ind[p]=i]=p]=e;
}
int del(int i,elem_t& e){
i=map[i];if (i<1||i>n) return O;
for (e=h[p=i];p>1;h[map[ind[p]=ind[p>>1]]=p]=h[p>>1],p>>=1);
for
(c=2;c<n&& cp(h[c+=(c<n-1&& cp(h[c+1],h[c]))],h[n]);h[map[ind[p]=ind[c]]=p]=h[c],p=c,c<<
=1);
h[map[ind[p]=ind[n]]=p]=h[n];n--;return 1;
}
int delmin(int& i,elem_t& e){
if (n<1) return O;i=ind[1];
for
(e=h[p=1],c=2;c<n&&_cp(h[c+=(c<n-1&&_cp(h[c+1],h[c]))],h[n]);h[map[ind[p]=ind[c]]=p]=h[c
l.p=c,c<<=1);
h[map[ind[p]=ind[n]]=p]=h[n];n--;return 1;
}
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2

void dijkstra(int n,edge_t* list[],int s,elem_t* min,int* pre){

heap h;

edge_t* t;elem te;

int VIMAXN],i;

for (h.init(),i=0;i<n;i++)

min[i]=((i==s)?0:inf),v[i]=0,pre[i]=-1,h.ins(i,min[i]);
while (h.delmin(i,e))
for (v[i]=1,t=list[i];t;t=t->next)
if (Iv[t->to] &&min[i]+t->len<min[t->to])
pre[t->to]=i,h.del(t->to,e),min[t->to]=e=min[i]+t->len,h.ins(t->to,e);

}
7. FAE AR (AR dijkstra+mapped_heap 1E A% )
M55 R # 42 dijkstra SRV + LT — 70 HE, 1 [ B 3K, B % 2 O(mlogn)
ISR R s BUFTA B ER 28 A8 NIV n FIIE [ list buf
TR [0 381 4% 55 F5 o EE B8 min[[ A0 842 pre[].pre[ilic =% s £ i #4% E i 195045 5 pre[s]=-1
117] S A A SR Y AH L 2R !
#define MAXN 200
#define inf 2000000000
typedef int elem_t;
struct edge_t{

int to;

elem_tlen;

h

#define _cp(a,b) ((a)<(b))
struct heap{
elem_t h[MAXN+1];
int ind[ MAXN+1],map[MAXN+1],n,p,c;
void init(){n=0;}
void ins(int i,elem_t e){
for (p=++n;p>1&&_cp(e,h[p>>1]);h[map[ind[p]=ind[p>>1]]=p]=h[p>>1],p>>=1);
h[map[ind[p]=i]=p]=e;
}
int del(int i,elem_t& e){
i=mapl[i];if (i<1|[i>n) return O;
for (e=h[p=i];p>1;h[map[ind[p]=ind[p>>1]]=p]=h[p>>1] p>>=1);
for
(c=2;c<n&&_cp(h[c+=(c<n-1&&_cp(h[c+1],h[c]))].h[n]);h[map[ind[p]=ind[c]]=p]=h[c],p=C,c<<
h[map[ind[p]=ind[n]]=p]=h[n];n--;return 1;
}
int delmin(int& i,elem_t& e){
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if (n<1) return 0;i=ind[1];
for
(e=h[p=1],c=2;c<n&& cp(h[c+=(c<n-1&& cp(h[c+1],h[c]))],h[n]);h[map[ind[p]=ind[c]]=p]=h[c
l.p=c,c<<=1);
h[map[ind[p]=ind[n]]=p]=h[n];n--;return 1;
}
¥

void dijkstra(int n,int* list,edge_t* buf,int s,elem_t* min,int* pre){
heap h;elem_te;
int VIMAXN],i,t;
for (h.init(),i=0;i<n;i++)
min[i]=((i==s)?0:inf),v[i]=0,pre[i]=-1,h.ins(i,min[i]);
while (h.delmin(i,e))
for (V[i]=1,t=list[i];t<list[i+1];t++)
if ('v[bufft].to]&&min[i]+buf[t].len<min[buft].to])

pre[buf[t].to]=i,h.del(buf[t].to,e),min[buf[t].to]=e=min[i]+buf[t].len,h.ins(buf[t].to,e);
}
8. IJH IR (PR dijkstra SBHEFEIE )
15 B 4% dijkstra Bk AR EE R 20, B 24 O(n™2)
IR IR s BIFTA w1 B R B8 28 A% N TH A B n, (F 10) 2425 B mat
TR [0 381 4% 55 F5 o EE B8 min[[ A0 %42 pre[].pre[ilic =% s £ i #84% E i 195045 5 pre[s]=-1
G dy Y e iR RV Y B il
#define MAXN 200
#define inf 1000000000
typedef int elem_t;

void dijkstra(int n,elem_t mat[][MAXN],int s,elem_t* min,int* pre){
int VIMAXN],i,j.k;
for (i=0;i<n;i++)
min[i]=inf,v[i]=0,pre[i]=-1;
for (min[s]=0,j=0;j<n;j++){
for (k=-1,i=0;i<n;i++)
if (W[i]&&(k==-1||min[i]<min[k]))
k=i;
for (V[k]=1,i=0;i<n;i++)
if ('v[i]&&min[k]+mat[k][i]<min[i])
min[i]=min[K]+mat[pre[i]=K][i];
}

}

9. FFIIR1E (25 floyd warshall A5H:F5 T X)

112205 8 55 1447 floyd_warshall 53, 5 244 % O(n3)
I3RS T AT 2550 22 16 () e e 46 22 A% N IR R /N AT Bz o
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IR 18] #5 h [B) 5 6 25 min[JR1ER A% pre[],pre[ilG1c ¢ i 21 j S ibisis b j 5L4h &
117] 58 SRR AL R A AL 25 L)

#define MAXN 200

#define inf 2000000000

typedef int elem_t;

void floyd_warshall(int n,elem_t mat[][MAXN],elem_t min[][MAXN],int pre[][MAXN]){
inti,jk;
for (i=0;i<n;i++)
for (j=0;j<n;j++)
min[i][j]=mat[i][i],pre[i][i]=(i==])?-1:i;
for (k=0;k<n;k++)
for (i=0;i<n;i++)
for (j=0;j<n;j++)
if (min[i][K]+min[K][j1<min[i][i])
min[i][j]=min[i][k]+min[K][i].pre[i][i]=pre[KIL];
}
7N, Bt
1. Jom) B EE (dfs 4R350 TR 2X)
G 9] B 1) S o s 4R3[4 T 30,0 (n12)
IR R B 250 key [1[2]3R [R1 1 4R
I NI R N n FILEHEERE mat, ASAHAR 5044 0
#define MAXN 100

void search(int n,int mat[][MAXN],int* dfn,int* low,int now,int& cnt,int key[][2]){
inti;
for (low[now]=dfn[now],i=0;i<n;i++)
if (mat[now][i]){
if (1dfn[i]){
dfn[i]=dfn[now]+1;
search(n,mat,dfn,low,i,cnt,key);
if (low[i]>dfn[now])
key[cnt][0]=i,key[cnt++][1]=now;
if (low[i]<low[how])
low[now]=low[i];
}
else if (dfn[i]<dfn[now]-1&&dfn[i]<low[nhow])
low[now]=leV[i];

¥

int key_edge(int n,int mat[J[MAXN],int key[1[2]){
int ret=0,i,dfn[MAXN],low[MAXN];
for (i=0;i<n;dfn[i++]=0);
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for (i=0;i<n;i++)
if ('dfn[i])
dfn[i]=1,bridge(n,mat,dfn,low,i,ret,key);
return ret;
}
2. JoIn) B S R (dfs BRI X)
117G 7] R R S R dlf s 4R35 T 20,0 (n12)
115 17 5% A key [ 0] 5 4
IME NI/ n ANSEEE mat, ASAHRE £G4 0
#define MAXN 110

void search(int n,int mat[J[MAXN],int* dfn,int* low,int now,int& retint* key,int& cnt,int
root,int& rd,int* bb){
inti;
dfn[now]=low[now]=++cnt;
for (i=0;i<n;i++)
if (mat[now][i]){
if ("dfn[i]){
search(n,mat,dfn,low,i,ret,key,cnt,root,rd,bb);
if (low[i]<low[now])
low[now]=low[i];
if (low[i]>=dfn[now]){
if (now!=root&&!bb[now])
key[ret++]=now,bb[now]=1;
else if(now==root)
rd++;

}
else if (dfn[i]<low[now])
low[now]=dfn[i];

int key_vertex(int n,int mat[][MAXN],int* key){
int ret=0,i,cnt,rd,dfn[MAXN],low[MAXN],bb[MAXN];
for (i=0;i<n;dfn[i++]=bbl[i]=0);
for (cnt=i=0;i<n;i++)
if ('dfn[i]){
rd=0;
search(n,mat,dfn,low,i,ret,key,cnt,i,rd,bb);
if (rd>1&&!bb[i])
key[ret++]=i,bb[i]=1;
}

return ret;
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}

3. Joi L (bfs 4BE2RE T 2X)

G 1A B e dfs <R32 RE T 20,0(n2)
IHEP= A — AN B dummy

IR NEERR /N n AIARHERE mat, AAH<F A 0
#define MAXN 100

#include <iostream.h>
void dummy(int n,int* a){
for (int i=0;i<n;i++)
cout<<a[i]<<'";
cout<<endl;

}

void search(int n,int mat[][[MAXN],int* dfn,int* low,int now,int& cnt,int* st,int& sp){
inti,m,a[MAXN];
dfn[st[sp++]=now]=low[now]=++cnt;
for (i=0;i<n;i++)
if (mat[now][i]){
if (dfn[i]){
search(n,mat,dfn,low,i,cnt,st,sp);
if (low[i]<low[now])
low[now]=low[i];
if (low[i]>=dfn[now]){
for (st[sp]=-1,a[0]=now,m=1;st[sp]'=i;a[m++]=st[--sp]);
dummy(m,a);
}
}
else if (dfn[i]<low[now])
low[now]=dfn[i];

}

void block(int n,int mat[][MAXN]){
int i,cnt,dfn[MAXN],low[MAXN],stfMAXN],sp=0;
for (i=0;i<n;dfn[i++]=0);
for (cnt=i=0;i<n;i++)
if ('dfnli])
search(n,mat,dfn,low,i,cnt,st,sp);
}
4. JorA BEIE 7y 57 (bfs SBHEFE )
1175 17) 3% 38 43 3 bfs 48 HRETE 2, 0(n"2)
IR 18153 38 id 3R 8] 1.5 SCRUR B
I N IR/ n FIARFE R mat, ASHE 4R 3442 0
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#define MAXN 100

int find_components(int n,int mat[][MAXN],int* id){

int ret,k,i,j,m;

for (k=0;k<n;id[k++]=0);

for (ret=k=0;k<n;k++)

if (tid[K])
for (id[k]=-1,ret++,m=1;m;)
for (m=i=0;i<n;i++)
if (id[i]==-1)
for (m++,id[i]=ret,j=0;j<n;j++)
if (tid[j]&&mat[i][j])
id[j]=-1;

return ret;
}
5. ol [ 7y 32 (dfs <B4 IE )
117G 17 R 38 43 52, dfs B4R T 20,0 (n2)
IR 18153 38 id 3R B 1.7 ORI A
IMENBEHIR /NS n ANSEHEE mat, ASAHRE RG24 0
#define MAXN 100

void floodfill(int n,int mat[J[MAXN],int* id,int now,int tag){
inti;
for (id[now]=tag,i=0;i<n;i++)
if (id[i]&&mat[now][i])
floodfill(n,mat,id,i,tag);
}

int find_components(int n,int mat[][MAXN],int* id){

int ret,i;

for (i=0;i<n;id[i++]=0);

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

if (tid[i])
floodfill(n,mat,id,i,++ret);

return ret;
}
6. A [ &9 A 7 57 (bfs B IE )
114 7] B i 8 43 3¢ bfs &R 4R T X, 0(n2)
IR 18153 38 id 3R 8] 1.5 SCRUR B
IMENEIIR /NS n AIEEHRE mat, AR D R4 0
#define MAXN 100

int find_components(int n,int mat[J[MAXN],int* id){
int ret=0,a[MAXN],b[MAXN],c[MAXN],d[MAXN],i,j k,t;
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for (k=0;k<n;id[k++]=0);
for (k=0;k<n;k++)
if (Nid[k]){
for (i=0;i<n;i++)
a[i]=b[i]=c[i]=d[i]=0;
a[k]=b[k]=1;
for (t=1;t;)
for (t=i=0;i<n;i++){
if (a[i]&&!c[i])
for (c[i]=t=1,j=0;j<n;j++)
if (mat[i][j]&&'a[j])
afjl=1;
if (b[i]&&!d[i])
for (d[i]=t=1,j=0;j<n;j++)
if (mat[j][i]&&!b[j])

b[j]=1;
}
for (ret++,i=0;i<n;i++)
if (a[i]&b[i])
id[i]=ret;
}
return ret;

}

7. A7 1 5 A 73 57 (dfs AR K)

11 T P i 208 7y 52, dfs <% [T 20,0 (n2)

IR 18173 328 id 3R 18] 1.7 SZEHIME

I NBERIR /N n AR mat, ASHH AT /AL 0
#define MAXN 100

void search(int n,int mat[J[MAXN],int* dfn,int* low,int now,int& cnt,int& tag,int* id,int* st,int&
sp){
intij;
dfn[st[sp++]=now]=low[now]=++cnt;
for (i=0;i<n;i++)
if (mat[now][i]){
if ("dfn[i]){
ssearch(n,mat,dfn,low,i,cnt,tag,id,st,sp);
if (low[i]<low[now])
low[now]=low[i];
}
else if (dfn[i]<dfn[now]){
for (j=0;j<sp&&st[j]!=i;j++);
if (j<cnt&&dfn[i]<low[now])
low[now]=dfn[i];
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}
}
if (low[now]==dfn[now])
for (tag++;st[sp]!=now;id[st[--sp]]=tag);
}

int find_components(int n,int mat[][MAXN],int* id){
int ret=0,i,cnt,sp,stftMAXN],dfn[MAXN],low[MAXN];
for (i=0;i<n;dfn[i++]=0);
for (sp=cnt=i=0;i<n;i++)

if (1dfn[i])
search(n,mat,dfn,low,i,cnt,ret,id,st,sp);
return ret;

}

8. Al R/ ik (SR ERE TE )

IR T B e /s 3 &I [T 20,0 (n2)

IR BT R/ AR

IME NI/ n ANSEHEE mat, ASAHRE RG24 0

175 ZE FH 5 73 3¢

#define MAXN 100

int base_vertex(int n,int mat[][MAXN],int* sets){
int ret=0,id[MAXN],v[MAXN],i,j;
j=find_components(n,mat,id);
for (i=0;i<j;v[i++]=1);
for (i=0;i<n;i++)
for (j=0;j<n;j++)
if (id[i]'=id[j]&&mat[i][j])
v[id[j]-1]=0;
for (i=0;i<n;i++)
if (v[id[i]-1])
v[id[sets[ret++]=i]-1]=0;
return ret;
}
L. Ee_MNH
LR AL [m] % (4FF2 R )
ISR A [ g B R i, R4 M T 2, S22 B2 O(n2)
IR B A2 BE  path 32 [7] 2% 42 (A ) [T 75 281 1) 02 = ] 16 420)
IMENEIIR /NS n AIEEHRE mat, SR D R4 0
AT LA B 5 3, 53 D 7 1n) BRI 1) 1

#define MAXN 100

void find_path_u(int n,int mat[][[MAXN],int now,int& step,int* path){
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inti;
for (i=n-1;i>=0;i--)
while (mat[now][i]){
mat[now][i]--,mat[i][now]--;
find_path_u(n,mat,i,step,path);
}

path[step++]=now;

void find_path_d(int n,int mat[][[MAXN],int now,int& step,int* path){
inti;
for (i=n-1;i>=0;i--)
while (mat[now][i]){
mat[now][i]--;
find_path_d(n,mat,i,step,path);
}

path[step++]=now;

int euclid_path(int n,int mat[J[MAXN],int start,int* path){
int ret=0;
find_path_u(n,mat,start,ret,path);
/[l find_path_d(n,mat,start,ret,path);
return ret;
}
2. HIFPREAL
1145 P I 37 BRI A iy s R
A NS RUE n AR Nist[], SB35 3% 00 Z5U XUIA) 1, 23 7 BR HU BT
Hpre[J3& [= Fif 7 2 map []3& [=1Fi 57 2 1715 5 3 RS i i £f
#define MAXN 10000
struct node{

int to;
node* next;
¥
void prenode(int n,node* list[],int* pre,int* map,int* v,int now,int last,int& id){
node* t;
int p=id++;

for (v[map[p]=now]=1,pre[p]=last;listfnow];){
t=listinow], listfnow]=t->next;
if (v[t->to])
prenode(n,list,pre,map,v,t->to,p,id);
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void makepre(int n,node* list[],int* pre,int* map){
int VIMAXN],id=0,i;
for (i=0;i<n;v[i++]=0);
prenode(n,list,pre,map,v,0,-1,id);
}
3. WAL
i NIV A S
int max_node_independent(int n,int* pre,int* set){
int c[MAXN],i,ret=0;
for (i=0;i<n;i++)
c[i]=set[i]=0;
for (i=n-1;i>=0;i--)
if ('c[iD{
set[i]=1;
if (pre[i]'=-1)
clpre[i]]=1;
ret++;

}

return ret;

I KIS AR
int max_edge_independent(int n,int* pre,int* set){
int (MAXN],i,ret=0;
for (i=0;i<n;i++)
c[i]=set[i]=0;
for (i=n-1;i>=0;i--)
if ('c[i]&&pre[i]'=-1&&!c[pre[i]]){

set[i]=1;
clpre[i]]=1;
ret++;
}
return ret;
}
e /T 78 o 2

int min_node_cover(int n,int* pre,int* set){
int c[MAXN],i,ret=0;
for (i=0;i<n;i++)
c[i]=set[i]=0;
for (i=n-1;i>=0;i--)
if (c[i]&&pre[i]!=-1&&!c[pre[i]]){
set[i]=1;
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clpre[i]I=1;
ret++;

}

return ret;

}

5/ NT s S e
int min_node_dominant(int n,int* pre,int* set){
int c[MAXN],i,ret=0;
for (i=0;i<n;i++)
c[i]=set[i]=0;
for (i=n-1;i>=0;i--)
if ('c[i]&&(pre[i]==-1||'set[pre[i]])){
if (pre[i]'=-1){
set[pre[i]]=1;
clpre[i]]=1;
if (pre[pre[i]]'=-1)
clpre[pre[i]]]=1;

}
else
set[i]=1;
ret++;
}
return ret;

}

4. AR (AR 2 X,

IR N HEF? BB EEFEE A R 28 O(n2)

IR TE % 5¢ Bl e 3R 8] 0,75 3R [ 1, ret 3R [0 F ¥ 141
1M NBERIR /N n AR mat, ASHH AT /8L 0

#define MAXN 100

int toposort(int n,int mat[J[MAXN],int* ret){
int d[MAXN],i,j,k;
for (i=0;i<n;i++)
for (d[i]=j=0;j<n;d[i]+=mat[j++][i]);
for (k=0;k<n;ret[k++]=i){
for (i=0;d[i]&&i<n;i++);
if (i==n)
return O;
for (d[i]=-1,j=0;j<n;j++)
d[j]-=mat[i]{];
}

return 1;
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5. mfElHI%

Il gES AR S

#define MAXN 100
#define inf 2000000000

int max_flow(int n,int mat[][MAXN],int source,int sink){
int VIMAXN],c[MAXN],p[MAXN],ret=0,i,j;
for (i1
for (i=0;i<n;i++)
v[i]=cl[i]=0;
for (c[source]=inf;;){
for (j=-1,i=0;i<n;i++)
if (W[i]&&c[i]&&(j==-1||c[i]>c[j]))
=L
if (j<O) return ret;
if (j==sink) break;
for (V[j]=1,i=0;i<n;i++)
if (mat[j][i]>c[i]&&c[j]>cli])
clil=matj][i]<c[i]?mat[i][i]:c[il.p[il=};
}
for (ret+=j=c[i=sink];i!=source;i=p[i])
mat[p[i]][i]-=j mat[i][p[i]]+=j;

}

int best_edge_cut(int n,int mat[]J[MAXN],int source,int sink,int set[][2],int& mincost){
int MO[MAXN][MAXN],m[MAXN][MAXN],i,j,k,I,ret=0,last;
if (source==sink)
return -1;
for (i=0;i<n;i++)
for (j=0;j<n;j++)
mO[i][jl=mat[i][il;
for (i=0;i<n;i++)
for (j=0;j<n;j++)
m[i][i]=moO[i][i];
mincost=last=max_flow(n,m,source,sink);
for (k=0;k<n&&last;k++)
for (1=0;I<n&&last;|++)
if (mO[K][ITK
for (i=0;i<n+n;i++)
for (j=0;j<n+n;j++)
m[i][j]=mO[i][i];
m[K][1]=0;
if (max_flow(n,m,source,sink)==last-mat[K][1]){

49



set[ret][0]=k;
set[ret++][1]=I;
mO[K][1]=0;
last-=mat[K][I];

}

return ret;
}
6. MR I
AT 2
#define MAXN 100
#define inf 2000000000

int max_flow(int n,int mat[][MAXN],int source,int sink){
int VIMAXN],c[MAXN],p[MAXN],ret=0,i,j;
for (;;){
for (i=0;i<n;i++)
v[i]=cl[i]=0;
for (c[source]=inf;;){
for (j=-1,i=0;i<n;i++)
if (W[i]&&c[i]&&(j==-1||c[i]>c[j]))
=L
if (j<O) return ret;
if (j==sink) break;
for (V[j]=1,i=0;i<n;i++)
if (mat[j][i]>c[i]&&c[j]>cli])
clil=matfj][il<c[il?mat[j][il:c[j],p[il=i;
}
for (ret+=j=c[i=sink];i!=source;i=p[i])
mat[p[i]][i]-=j,mat[i][p[i]]+=j;

}

int best_vertex_cut(int n,int mat[][MAXN],int* cost,int source,int sink,int* set,int& mincost){
int MO[MAXN][MAXN],m[MAXN][MAXN],i,j,k,ret=0,last;
if (source==sink||mat[source][sink])
return -1;
for (i=0;i<n+n;i++)
for (j=0;j<n+n;j++)
moO[i][j]=0;
for (i=0;i<n;i++)
for (j=0;j<n;j++)
if (mat[i][i])
mO[i][n+j]=inf;
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for (i=0;i<n;i++)
mO[n+i][i]=cost[i];
for (i=0;i<n+n;i++)
for (j=0;j<n+n;j++)
m[i][]=mO[i][l;
mincost=last=max_flow(n+n,m,source,n+sink);
for (k=0;k<n&&last;k++)
if (k!=source&&Kk!=sink){
for (i=0;i<n+n;i++)
for (j=0;j<n+n;j++)
m[i][1=mO[i][l;
m[n+K][K]=0;
if (max_flow(n+n,m,source,n+sink)==last-cost[k]){
set[ret++]=k;
mO[n+k][k]=0;
last-=cost[k];

}

return ret;
¥
7. FNAFIE
I/ NAEISE
#define MAXN 100
#define inf 1000000000

int max_flow(int n,int mat[][MAXN],int source,int sink){
int VIMAXN],c[MAXN],p[MAXN],ret=0,i,j;
for (;;){
for (i=0;i<n;i++)
v[i]=cl[i]=0;
for (c[source]=inf;;){
for (j=-1,i=0;i<n;i++)
if (W[i]&&c[i]&&(j==-1||c[i]>c[j]))
=L
if (j<0) return ret;
if (j==sink) break;
for (V[j]=1,i=0;i<n;i++)
if (mat[j][i]>c[i]&&c[j]>c]i])
clil=mat[j[i]<ci]?mat[jI[i]:cil.p[il=};
}
for (ret+=j=c[i=sink];i!=source;i=p[i])
mat[p[i]][i]-=j,mat[i][p[i]]+=i;
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int min_edge_cut(int n,int mat[]J[MAXN],int source,int sink,int set[][2]){
int MO[MAXN][MAXN],m[MAXN][MAXN],i,j,k,I,ret=0,last;
if (source==sink)
return -1;
for (i=0;i<n;i++)
for (j=0;j<n;j++)
mO[i][j]=(mat[i][j]!=0);
for (i=0;i<n;i++)
for (j=0;j<n;j++)
m[i][i]=mO[i1[i];
last=max_flow(n,m,source,sink);
for (k=0;k<n&&last;k++)
for (I=0;I<n&&last;|++)
if (mO[K][I{
for (i=0;i<n+n;i++)
for (j=0;j<n+n;j++)
m[i][]=mO[i][i];
m[K][1]=0;
if (max_flow(n,m,source,sink)<last){
set[ret][0]=k;

set[ret++][1]=I;
mO[K][1]=0;
last--;
}
}
return ret;

}

8. fH/ NI FI R

e NPT S

#define MAXN 100
#define inf 2000000000

int max_flow(int n,int mat[][MAXN],int source,int sink){
int VIMAXN],c[MAXN],p[MAXN],ret=0,i,j;
for (;;){
for (i=0;i<n;i++)
v[i]=c[i]=0;
for (c[source]=inf;;){
for (j=-1,i=0;i<n;i++)
if (Wv[i]&&c[i]&&(j==-1|c[i]>c[i]))
=
if (j<0) return ret;
if (j==sink) break;
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for (V[j]=1,i=0;i<n;i++)
if (mat[j][i]>c[i]&&c[j]>c]i])
clil=mat[j][i]<cfi]?mat[jI[i]:c[i].p[il=};
}
for (ret+=j=c[i=sink];i!=source;i=p[i])
mat[p[i]][i]-=j,mat[i][p[i1]+=};

}

int min_vertex_cut(int n,int mat[J[MAXN],int source,int sink,int* set){
int MO[MAXN][MAXN],m[MAXN][MAXN],i,j,k,ret=0,last;
if (source==sink||mat[source][sink])
return -1;
for (i=0;i<n+n;i++)
for (j=0;j<n+n;j++)
moO[i][j]=0;
for (i=0;i<n;i++)
for (j=0;j<n;j++)
if (matfi][j])
mO[i][n+j]=inf;
for (i=0;i<n;i++)
mO[n+i][i]=1;
for (i=0;i<n+n;i++)
for (j=0;j<n+n;j++)
mii][j1=mO[il(il;
last=max_flow(n+n,m,source,n+sink);
for (k=0;k<n&&last;k++)
if (k!=source&&Kk!=sink){
for (i=0;i<n+n;i++)
for (j=0;j<n+n;j++)
mii][{1=mo[il];
m[n+k][k]=0;
if (max_flow(n+n,m,source,n+sink)<last){
set[ret++]=k;
mO[n+k][k]=0;
last--;

¥

return ret;

¥
9. RN IEE R
I/ Ni% 457 42,0(n3)

TR T 1P A — 73 P R UL IRE, 7T DA H &R R BE 1] R /N R 2% B
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1135 [5] B /NB8 A38 S K pre 3R BT AT HE BT (B2 A- 1), nexct 3R [A] J5 FE4H (2% 55-1)
#include <string.h>

#define MAXN 310

#define _clr(x) memset(x,0xff,sizeof(int)*n)

int hungary(int n,int mat[][MAXN],int* matchl,int* match2){
int SIMAXN],t{[MAXN],p,q,ret=0,i,j,k;
for (_clr(matchl),_clr(match?2),i=0;i<n;ret+=(match1[i++]>=0))
for (_clr(t),s[p=q=0]=i;p<=q&&matchl[i]<0;p++)
for (k=s[p],j=0;j<n&&match1[i]<0;j++)
if (mat[k][j]&&t[j]1<0){
s[++q]=match2[j],t[j]=k;
if (s[q]<0)
for (p=j;p>=0;j=p)
match2[j]=k=t[j],p=match1[k],matchl[K]=j;

return ret;

inline int path_cover(int n,int mat[][MAXN],int* pre,int* next){
return n-hungary(n,mat,next,pre);

}

J\. E_NP #%

1. 5 KHEl(n /T 64)(faster)

/**

* WishingBone's ACM/ICPC Routine Library
*

* maximum clique solver

*/

#include <vector>
using std::vector;

/I clique solver calculates both size and consitution of maximum clique
/I uses bit operation to accelerate searching
/I graph size limit is 63, the graph should be undirected
// can optimize to calculate on each component, and sort on vertex degrees
// can be used to solve maximum independent set
class clique {
public:
static const long long ONE = 1;
static const long long MASK = (1 << 21) - 1;
char* bits;
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int n, size, cmax[63];
long long mask[63], cons;
/I initiate lookup table

clique() {
bits = new char[1 << 21];
bits[0] = 0;
for (inti=1;i<1<<21; ++i) bits[i] = bits[i >> 1] + (i & 1);
}
~clique() {
delete bits;
}

/I search routine

bool search(int step, int size, long long more, long long con);
/I solve maximum clique and return size

int sizeClique(vector<vector<int> >& mat);

I/ solve maximum clique and return constitution

vector<int> consClique(vector<vector<int> >& mat);

2

// search routine
/I step is node id, size is current solution, more is available mask, cons is
constitution mask
bool clique::search(int step, int size, long long more, long long cons) {
if (step>=n) {
// a new solution reached
this->size = size;
this->cons = cons;
return true;

}
long long now = ONE << step;
if ((now & more) >0) {

long long next = more & mask([step];
if (size + bits[next & MASK] + bits[(next >> 21) & MASK] + bits[next >>
42] >= this->size
&& size + cmax|[step] > this->size) {
// the current node is in the clique
if (search(step + 1, size + 1, next, cons | now)) return true;

¥

long long next = more & ~now;
if (size + bits[next & MASK] + bits[(next >> 21) & MASK] + bits[next >> 42]
> this->size) {
// the current node is not in the clique
if (search(step + 1, size, next, cons)) return true;
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}

return false;

/I solve maximum clique and return size
int clique::sizeClique(vector<vector<int> >& mat) {
n = mat.size();
/I generate mask vectors
for(inti=0;i<n;++i){
mask[i] = 0;
for (int j = 0; j < n; ++j) if (mat[i][j] > 0) mask[i] |= ONE << j;
}
size = 0;
for(inti=n-1;i>=0;-i){
search(i + 1, 1, mask[i], ONE << i);
cmax(i] = size;
}

return size;

I/ solve maximum cligue and return constitution

/I calls sizeClique and restore cons

vector<int> clique::consClique(vector<vector<int> >& mat) {
sizeClique(mat);
vector<int> ret;
for (inti=0;i<n;++i) if ((cons & (ONE << i)) > 0) ret.push_back(i);
return ret;

}

2. KM

115K H

113 181 85 R RN —ANT7 58 A NI R n AR mat

Hmat[i][j]v A /R &

#define MAXN 60

void clique(int n, int* u, int mat[][[MAXN], int size, int& max, int& bb, int* res, int* rr, int* ¢) {
inti, j, vn, v[MAXN];
if (n) {
if (size + c[u[0]] <= max) return;
for (i=0;i<n+size-max && i<n; ++i) {
for(j=i+1,vn=0;j<n; ++]j)
if (mat[uli]][uli]])
v[vn ++] = u[j];
rr[size] = u[il;
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clique(vn, v, mat, size + 1, max, bb, res, rr, c);
if (bb) return;

}

} else if (size > max) {

max = size;

for (i=0; i <size; ++1)
res[i] = rr[i];

bb=1;

int maxclique(int n, int mat[]J[MAXN], int *ret) {
int max = 0, bb, c[MAXN], i, j;
int vn, V[IMAXN], rrfMAXN];
for(c[i=n-1]1=0;i>=0;--1i){
for(vn=0,j=i+1;j<n;++])

if (mat[i][j])
vivn ++] =];
bb =0;
rr[0] = 1i;
clique(vn, v, mat, 1, max, bb, ret, rr, c);
c[i] = max;
}
return max;
}
L. HE

1. HEFIAH AR

Ilgen_perm ;=4 = #L - HEF P(n,m)

Ilgen_comb ;=4 i [F2H 4 C(n,m)

/lgen_perm_swap 7= A A AR e 2 HEF1 P(n,n)

P e % M 1.0 R

HIdummy 7= I R AL N a[] A n,a[0]..a[n-1] 8 — k= AL ) 45
#define MAXN 100

int count;

#include <iostream.h>
void dummy(int* a,int n){
inti;
cout<<count++<<": ";
for (i=0;i<n-1;i++)
cout<<a[i]<<" "
cout<<a[n-1l]<<endl;
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void _gen_perm(int* a,int n,int m,int l,int* temp,int* tag){
inti;
if (I==m)
dummy(temp,m);
else
for (i=0;i<n;i++)
if (tag[i]{
temp[l]=ali],tag[i]=1;
_gen_perm(a,n,m,l+1,temp,tag);
tag[i]=0;

void gen_perm(int n,int m){
int afMAXN],temp[MAXN],tag[MAXN]={0}.i;
for (i=0;i<n;i++)
a[i]=i+1;
_gen_perm(a,n,m,0,temp,tag);

}
void _gen_comb(int* a,int s,int e,int m,int& count,int* temp){
inti;
if (Im)
dummy(temp,count);
else

for (i=s;i<=e-m+1;i++){
temp[count++]=a[i];
_gen_comb(a,i+1,e,m-1,count,temp);
count--;

void gen_comb(int n,int m){
int af MAXN],temp[MAXN],count=0,i;
for (i=0;i<n;i++)
a[i]=i+1;
_gen_comb(a,0,n-1,m,count,temp);

¥
void _gen_perm_swap(int* a,int n,int l,int* pos,int* dir){
inti,pl,p2,t;
if (I==n)
dummy(a,n);
else{
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_gen_perm_swap(a,n,l+1,pos,dir);

for (i=0;i<l;i++){
p2=(p1=pos[I])+dir[l];
t=a[pl],a[p1]=a[p2],a[p2]=t;
pos[a[p1]-1]=p1,pos[a[p2]-1]=p2;
_gen_perm_swap(a,n,l+1,pos,dir);

}

dir[l]=-dir[l];

void gen_perm_swap(int n){
int al]MAXN],pos[MAXN],dir[MAXN],i:
for (i=0;i<n;i++)
a[i]=i+1,pos]i]=i,dir[i]=-1;
_gen_perm_swap(a,n,0,pos,dir);
}
2. £ gray 5
117 1% reflected gray code
IR A gray BUAS F— AN
//000...000 72 55— Mi,100...000 & i f5 — Mg
void gray(int n,int *code){
int t=0,i;
for (i=0;i<n;t+=code[i++]);
if (1&1)
for (n--;!code[n];n--);
code[n-1]=1-code[n-1];
}
3. E#(polya)
13K B 4 15315, polya JiF
/lperm[0..n-114 0..n-1 [K]—AN B e (HEF1)
113 5] B e de /I B H num 3 [B] GG A 5 4L
#define MAXN 1000

int gcd(int a,int b){
return b?gcd(b,a%b):a;

int polya(int* perm,int n,int& num){
int i,j,p,vV[MAXN]={0}ret=1;
for (num=i=0;i<n;i++)
if (v[iD{
for (num++,j=0,p=i;v[p=perm[p]];j++)
v[pl=1;
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ret*=j/gcd(ret,j);
}
return ret;
}
4. TIPS
177 38 240 5 P 5 1 e i
int perm2num(int n,int *p){
inti,j,ret=0,k=1;
for (i=n-2;i>=0;k*=n-(i--))
for (j=i+1;j<n;j++)
if (pll<pli])
ret+=k;
return ret;

void num2perm(int n,int *p,int t){
intij;
for (i=n-1;i>=0;i--)
p[i]=t%(n-i),t/=n-i;
for (i=n-1;i;i--)
for (j=i-1;j>=0;j--)
if (p[l<=pli])
pli]++;
}
5. FULFPALG
115 Fr 15 5 P B e i
Ilcomb J92H 52 C(n,m), 25 E2 i 6 i R EL 1 AR EE C(n,m)=0jn<m
int comb(int n,int m){
int ret=1,i;
m=m<(n-m)?m:(n-m);
for (i=n-m+1;i<=n;ret*=(i++));
for (i=1;i<=m;ret/=(i++));
return m<0?0:ret;

int comb2num(int n,int m,int *c){
int ret=comb(n,m),i;
for (i=0;i<m;i++)
ret-=comb(n-c[i],m-i);
return ret;

void num2comb(int n,int m,int* ¢,int t){
intij=1Kk;
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for (i=0;i<m;c[i++]=j++)
for (;t>(k=comb(n-j,m-i-1));t-=k,j++);
}
6. HEA
1. C(m,n)=C(m,m-n)
2. C(m,n)=C(m-1,n)+C(m-1,n-1)

derangement D(n) = n!(1 - 1/1! + 1/2! - 1/3!1 + ... + (-1)*n/n!)
= (n-1)(D(n-2) - D(n-1))
Q(n) = D(n) + D(n-1)

KAMAHX k=1.n
.sum( k) =n(n+1)/2
.sum( 2k-1) =n"2
.sum( k”2) = n(n+1)(2n+1)/6
.sum( (2k-1)"2 ) = n(4n"2-1)/3
.sum( k"3) = (n(n+1)/2)"2
.sum( (2k-1)"3) = n"2(2n"2-1)
. sum( k™) = n(n+1)(2n+1)(3n"*2+3n-1)/30
.sum( k"5 ) = n"2(n+1)"2(2n"2+2n-1)/12
. sum( k(k+1) ) = n(n+1)(n+2)/3
10. sum( k(k+1)(k+2) ) = n(n+1)(n+2)(n+3)/4
12. sum( k(k+1)(k+2)(k+3) ) = n(n+1)(n+2)(n+3)(n+4)/5
+. BUE
1. &M it 5 (Romberg)
*  Romberg 3K &Ry
. FrIXIE][a,b], #AREREL f(x,y,2)
fnth: S

© 00 N O Ol W DN PP

f(x,y,2) 7~ :
double fO( double x, double I, double t)
{

return sqrt(1.0+1*1*t*t*cos(t*x)*cos(t*x));
*/

double Integral(double a, double b, double (*f)(double x, double y, double z), double eps,
double I, double t)

double Romberg (double &, double b, double (*f)(double X, double y, double z), double eps,
double I, double t)

{
#define MAX_N 1000
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inti, j, temp2, min;
double h, R[2][MAX_N], temp4;

for (i=0; iKMAX_N; i++) {

R[0][i] = 0.0;
R[1][i] = 0.0;
}
h = b-a;

min = (int)(log(h*10.0)/log(2.0)); //h should be at most 0.1
R[O][0] = ((*)(a, I, t)+(*F)(b, I, t))*h*0.50;

i=1;

temp2 = 1;

while (i<MAX_N){
i++;
R[1][0] = 0.0;

for (j=1; j<=temp2; j++)
R[1][0] += (*f)(a+h*((double)j-0.50), I, t);
R[1][0] = (R[0][0] + h*R[1][0])*0.50;
temp4 = 4.0;
for (j=1; j<i; j++) {
RI1]0] = RI]0-1] + (RILIG-1]-R[O][-1])/(temp4-1.0);
temp4 *= 4.0;
}
if ((fabs(R[1][i-1]-R[0][i-2])<eps)&&(i>min))
return R[1][i-1];
h *=0.50;
temp2 *= 2;
for (j=0; j<i; j++)
R[O10] = RILIG];
}
return R[1][MAX_N-1];
}

double Integral(double a, double b, double (*f)(double x, double y, double z), double eps,
double I, double t)

{
#define pi 3.1415926535897932

intn;
double R, p, res;

n = (int)(floor)(b * t * 0.50 / pi);
p=20*pi/t;
res = b - (double)n * p;
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if (n)
R = Romberg (a, p, f0, eps/(double)n, 1, t);
R =R * (double)n + Romberg( 0.0, res, f0, eps, I, t);

return R/100.0;

}

2. Z SRR (A 107%)

1* Ak AR 22 T AR
BN ZIAFRH ], ZWAEH N, KRAE[ab] IR
fanth: R

FERARIE[a,b] A1 G R
*/
double fabs( double x )
{
return (x<0)? -X : X;
}
double f(int m, double c[], double x)
{
inti;
double p = ¢c[m];
for (i=m; i>0; i--)
p=p*x+c[i-1];
return p;
}

int newton(double x0, double *r,
double c[], double cp[], int n,
double a, double b, double eps)

int MAX_ITERATION = 1000;
inti=1;
double x1, x2, fp, eps2 = eps/10.0;

x1 = x0;
while (i < MAX_ITERATION) {
x2 =f(n, ¢, x1);
fp = f(n-1, cp, x1);
if ((fabs(fp)<0.000000001) && (fabs(x2)>1.0))
return O;
x2 = x1 - x2/fp;
if (fabs(x1-x2)<eps2) {
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if (x2<a || x2>b)

return O;
*r=x2;
return 1,
}
x1 =x2;
i++;
}
return O;

double Polynomial_Root(double c[], int n, double a, double b, double eps)
{

double *cp;

inti;

double root;

cp = (double *)calloc(n, sizeof(double));
for (i=n-1; i>=0; i--) {
cpli] = (i+1)*c[i+1];
}
if (a>b) {
root = a; a="b; b =root;
}
if ((\newton(a, &root, c, cp, n, a, b, eps)) &&
('newton(b, &root, ¢, cp, n, a, b, eps)))
newton((a+b)*0.5, &rooat, ¢, cp, n, a, b, eps);
free(cp);
if (fabs(root)<eps)
return fabs(root);
else
return root;
}
3. TR (B ALTE)

I B TR

JAIMET R E X Jalblcl ... | | |= x1
| a2b2c2.. | | |= x2
| |* | X]|=
|cn-1 .. an-1bn-1| | |= xn-1
|[bn ¢cn an | | |= xn

i afl.b[l.cll.x[]
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Bt SRARSER X AE xO+
*/

void run()
{
c[0] /= b[0]; a[0] /= b[0]; x[0] /= b[O];
for(inti=1;i<N-1;i++){
double temp = b[i] - a[i] * c[i - 1];
c[i] /= temp;
X[i] = (X[i] - a[i] * x[i - 1]) / temp;
a[i] = -a[i] * a[i - 1] / temp;
}
a[N-2]=-a[N-2]-c[N-2];
for(inti=N-3;i>=0;i--){
a[i] = -a[i] - c[i] * a[i + 1];
X[i] -= c[i] * x[i + 1];
}
X[N - 1] -= (c[N - 1] *x[0] + a][N - 1] * X|[N - 2]);
X[N -1] /= (c[N - 1] *a[0] + a[N - 1] *a[N - 2] + b[N - 1]);
for(inti=N-2;i>=0;i-)
X[i] +=a[i] * x[N - 1];
}
. JU
1. 2L
#include <stdlib.h>
#include <math.h>
#define MAXN 1000
#define offset 10000
#define eps 1e-8
#define zero(x) (((X)>0?(x):-(x))<eps)
#define _sign(x) ((x)>eps?1:((x)<-eps?2:0))
struct point{double x,y;};
struct line{point a,b;};

double xmult(point p1,point p2,point p0){
return (p1.x-p0.x)*(p2.y-p0.y)-(p2.x-p0.X)*(p1.y-p0.y);
¥

AV TE ™ 22 T %, TR A% MUt B30 i 14t Fe VEAE 4R I4 3R 2k
int is_convex(int n,point* p){
inti,s[3]={1,1,1};
for (i=0;i<n&&s[1]|s[2];i++)
s[_sign(xmult(p[(i+1)%n],p[(i+2)%n],p[i]))]=0;
return s[1]|s[2];
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}

) 5E 1T 22 3008 T A5 MU T B0 I 125 H AN S VAR AR I 3 2
int is_convex_v2(int n,point* p){
inti,s[3]={1,1,1};
for (i=0;i<n&&s[0] &&s[1]|s[2];i++)
s[_sign(xmult(p[(i+1)%n],p[(i+2)%n],p[i]))]=0;
return s[0]&&s[1]s[2];
}

A AR 2308 W B 1R 30 b THL R 42 I Bl i 2145
int inside_convex(point g,int n,point* p){
inti,s[3]={1,1,1};
for (i=0;i<n&&s[1]|s[2];i++)
sL_sign(xmult(p[(i+1)%n],q,p[i]))]=0;
return s[1]|s[2];
}

A AR 2230 T8 N TV R A I B0l i 125t 72 2 10230 3R 1Al 0
int inside_convex_v2(point g,int n,point* p){
inti,s[3]={1,1,1};
for (i=0;i<n&&s[0] &&s[1]|s[2];i++)
sL_sign(xmult(p[(i+1)%n],q,p[i]))]=0;
return s[0]&&s[1]|s[2];
}

A S AEAT B 2 30T N TH R A2 U £ BT i 25 H
/lon_edge KR fAE 2 AT I IR (9145, offset 22 i L AL b I R
int inside_polygon(point g,int n,point* p,int on_edge=1){
point g2;
int i=0,count;
while (i<n)
for (count=i=0,g2.x=rand()+offset,q2.y=rand()+offset;i<n;i++)
if
(zero(xmult(q,p[i],p[(i+1)%n]))&&(p[i].x-g.X)*(p[(i+1)%n].x-g.X)<eps&&(p[i].y-q.y) *(p[(i+1) %
n].y-q.y)<eps)
return on_edge;
else if (zero(xmult(g,q2,p[i])))
break;
else if
(xmult(q,p[i],92)*xmult(q,p[(i+1)%n],q2)<-eps&&xmult(p[i],q,p[(i+1)%n])*xmult(p[i],q2,p[(i+1)
%n])<-eps)
count++;
return count&1;
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inline int opposite_side(point p1,point p2,point 11,point 12){
return xmult(11,p1,12)*xmult(11,p2,12)<-eps;

inline int dot_online_in(point p,point 11,point 12){
return zero(xmult(p,11,12))&&(11.x-p.x)*(12.x-p.x)<eps&&(11.y-p.y)*(12.y-p.y)<eps;

HHVE BAEAT B 2 3008 P, TS A% I BRYE I 125 th, 50 A Ak B] 1
int inside_polygon(point 11,point I12,int n,point* p){
point t{MAXN],tt;
int i,j,k=0;
if (linside_polygon(l11,n,p)||linside_polygon(l2,n,p))
return O;
for (i=0;i<n;i++)
if (opposite_side(11,12,p[i],p[(i+1)%n])&&opposite_side(p[i],p[(i+1)%n],11,12))
return 0;
else if (dot_online_in(I11,p[i],p[(i+1)%n]))
t[k++]=I1;
else if (dot_online_in(12,p[i],p[(i+1)%n]))
t[k++]=12;
else if (dot_online_in(p[i],11,12))
tlk++]=p[i];
for (i=0;i<k;i++)
for (j=i+1;j<k;j++){
tt.x=(t[i].x+t[j].x)/2;
tty=(t[il.y+tlil.y)/2;
if (linside_polygon(tt,n,p))
return O;

}

return 1;

point intersection(line u,line v){
point ret=u.a;
double t=((u.a.x-v.a.x)*(v.a.y-v.b.y)-(u.a.y-v.a.y)*(v.a.x-v.b.x))
/((u.ax-u.b.x)*(v.a.y-v.b.y)-(u.a.y-u.b.y)*(v.a.x-v.b.x));
ret.x+=(u.b.x-u.a.x)*t;
ret.y+=(u.b.y-u.a.y)*t;
return ret;
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point barycenter(point a,point b,point c){
line u,v;
u.a.x=(a.x+b.x)/2;
u.a.y=(a.y+b.y)/2;
u.b=c;
v.a.x=(a.x+c.x)/2;
va.y=(a.y+c.y)/2;
v.b=b;
return intersection(u,v);

}
J[ESUNIA: AW
point barycenter(int n,point* p){
point ret,t;
double t1=0,t2;
inti;
ret.x=ret.y=0;
for (i=1;i<n-1;i++)
if (fabs(t2=xmult(p[0].p[i].p[i+1]))>eps){
t=barycenter(p[0],p[i],p[i+1]);
ret.x+=t.x*t2;
ret.y+=t.y*t2;
t1+=t2;
}
if (fabs(t1)>eps)
ret.x/=tl,ret.y/=t1;
return ret;
}
2. ZIIRYIE
[EZuNATIE
1] T2~ 1 A2

#define MAXN 100

#define eps 1e-8

#define zero(x) (((X)>0?(x):-(x))<eps)
struct point{double x,y;};

double xmult(point p1,point p2,point p0){
return (p1.x-p0.x)*(p2.y-p0.y)-(p2.x-p0.X)*(p1.y-p0.y);

int same_side(point p1,point p2,point I1,point 12){
return xmult(l1,p1,12)*xmult(11,p2,12)>eps;
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point intersection(point ul,point u2,point v1,point v2){
point ret=ul,;
double t=((u1.x-v1.x)*(v1.y-v2.y)-(ul.y-v1.y)*(v1.x-v2.X))
/((ul.x-u2.X)*(v1.y-v2.y)-(ul.y-u2.y)*(v1.x-v2.X));
ret.x+=(u2.x-ul.x)*t;
ret.y+=(u2.y-ul.y)*t;
return ret;

I 22 30T 11,12 7 7€ 1) B DIHRIAE side MI)E]ORAE 11,12,side A3E2L
void polygon_cut(int& n,point* p,point I11,point 12,point side){
point pp[100];
int m=0,i;
for (i=0;i<n;i++){
if (same_side(p[i],side,11,12))
pp[m++]=p[i];
if
(tsame_side(p[i],p[(i+1)%n],I1,12) &&! (zero(xmult(p[i],I11,12))&&zero(xmult(p[(i+1)%n],I1,12))))
pp[m++]=intersection(p[i],p[(i+1)%n],11,12);
}
for (n=i=0;i<m;i++)
if (Mi|!zero(pp[i].x-pp[i-1].x)||'zero(pp[i].y-pp[i-1].y))
pIn++]=ppl[i];
if (zero(p[n-1].x-p[0].X)&&zero(p[n-1].y-p[0].y))
n--;
if (n<3)
n=0;
}
3. ¥R
I1F 33 ) L Aw] R K R
#include <math.h>
#define eps 1e-8
#define zero(x) (((X)>0?(x):-(x))<eps)
struct point{double x,y;};
struct line{point a,b;};

IITF5 cross product (P1-P0)x(P2-P0)

double xmult(point p1,point p2,point p0){
return (p1.x-p0.x)*(p2.y-p0.y)-(p2.x-p0.x)*(p1.y-p0.y);

}

double xmult(double x1,double y1,double x2,double y2,double x0,double y0){
return (x1-x0)*(y2-y0)-(x2-x0)*(y1-y0);
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/1715 dot product (P1-P0).(P2-P0)

double dmult(point p1,point p2,point p0){
return (p1.x-p0.x)*(p2.x-p0.x)+(p1.y-p0.y)*(p2.y-p0.y);

}

double dmult(double x1,double y1,double x2,double y2,double x0,double y0){
return (x1-x0)*(x2-x0)+(y1-y0)*(y2-y0);

11 PR S
double distance(point p1,point p2){
return sqrt((pl.x-p2.x)*(p1.x-p2.X)+(pl.y-p2.y)*(pl.y-p2.y));
}
double distance(double x1,double y1,double x2,double y2){
return sqrt((x1-x2)*(x1-x2)+(y1-y2)*(y1-y2));

) = i 2k

int dots_inline(point p1,point p2,point p3){
return zero(xmult(pl1,p2,p3));

}

int dots_inline(double x1,double y1,double x2,double y2,double x3,double y3){
return zero(xmult(x1,y1,x2,y2,x3,y3));

A R AR AE AR B L A0 4 iy a
int dot_online_in(point p,line 1){
return zero(xmult(p,l.a,1.b))&&(I.a.x-p.x)*(1.b.x-p.x)<eps&&(l.a.y-p.y)*(l.b.y-p.y)<eps;
}
int dot_online_in(point p,point I1,point 12){
return zero(xmult(p,11,12)) &&(11.x-p.x)*(12.x-p.x)<eps&&(11.y-p.y)*(12.y-p.y)<eps;
}
int dot_online_in(double x,double y,double x1,double y1,double x2,double y2){
return zero(xmult(x,y,x1,y1,x2,y2))&&(X1-X)*(x2-x)<eps&&(y1-y)*(y2-y)<eps;

1) g AR LR B b AN B4 3 A
int dot_online_ex(point p,line 1){

return
dot_online_in(p,l)&&(1zero(p.x-l.a.x)||!zero(p.y-l.a.y))&&(1zero(p.x-1.b.x)||'zero(p.y-1.b.y));
¥
int dot_online_ex(point p,point I1,point 12){

return
dot_online_in(p,I1,12)&&('zero(p.x-11.x)||'zero(p.y-11.y)) &&('zero(p.x-12.x)||!zero(p.y-12.y));
¥
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int dot_online_ex(double x,double y,double x1,double y1,double x2,double y2){

return
dot_online_in(x,y,x1,y1,x2,y2)&&(1zero(x-x1)||!zero(y-y1))&&(1zero(x-x2)||!zero(y-y2));
}

IR R AE LR BRI, R AE 2 B B3R [a] O
int same_side(point p1,point p2,line 1){
return xmult(l.a,p1,1.b)*xmult(l.a,p2,l.b)>eps;
}
int same_side(point p1,point p2,point I1,point 12){
return xmult(11,p1,12)*xmult(11,p2,12)>eps;

IR R AR B, riAE 2By 3R ] O

int opposite_side(point p1,point p2,line {
return xmult(l.a,p1,1.b)*xmult(l.a,p2,l.b)<-eps;

}

int opposite_side(point p1,point p2,point I1,point 12){
return xmult(11,p1,12)*xmult(11,p2,12)<-eps;

Il R T EHLAFR A 1 by Iyt
Ik TR
I AT DA B B2 b ) dlr et A A R
point symmetric_point(point p1, point 11, point 12) {
point ret;
if (I1.x>12.x-eps && 11.x < 12.x + eps) {
retx = (2 *11.x - p1l.x);
ret.y = pl.y;
}else {
double k= (1L.y - 12.y ) / (I1.x - 12.x);
ret.x = (2*k*k*11.x + 2*k*pl.y - 2*k*I1.y - k*k*pl.x + p1.x) / (1 + k*k);
rety =ply - (retx - pl.x)/Kk;
}

return ret;

¥

I AP AT
int parallel(line u,line v){
return zero((u.a.x-u.b.x)*(v.a.y-v.b.y)-(v.a.x-v.b.x)*(u.a.y-u.b.y));

¥
int parallel(point ul,point u2,point v1,point v2){

return zero((ul.x-u2.xX)*(v1.y-v2.y)-(v1.x-v2.x)*(ul.y-u2.y));

71



R =RE = e
int perpendicular(line u,line v){
return zero((u.a.x-u.b.x)*(v.a.x-v.b.x)+(u.a.y-u.b.y)*(v.a.y-v.b.y));
}
int perpendicular(point ul,point u2,point v1,point v2){
return zero((ul.x-u2.xX)*(v1.x-v2.x)+(ul.y-u2.y)*(v1.y-v2.y));

1A 2 BRORR 52 0 48 S s R 8 7 B
int intersect_in(line u,line v){
if (Idots_inline(u.a,u.b,v.a)||!dots_inline(u.a,u.b,v.b))
return !same_side(u.a,u.b,v)&&!same_side(v.a,v.b,u);
return dot_online_in(u.a,v)||dot_online_in(u.b,v)||dot_online_in(v.a,u)|dot_online_in(v.b,u);
}
int intersect_in(point ul,point u2,point v1,point v2){
if (Idots_inline(ul,u2,v1)||!dots_inline(ul,u2,v2))
return !same_side(ul,u2,v1,v2)&&!same_side(vl,v2,ul,u?);
return
dot_online_in(ul,v1,v2)|dot_online_in(u2,v1,v2)|dot_online_in(v1,ul,u2)||dot_online_in(v2,ul,u
2);
}

I 2 BRORE 52 AN A0 48 S s PR 0 B
int intersect_ex(line u,line v){
return opposite_side(u.a,u.b,v)&&opposite_side(v.a,v.b,u);
}
int intersect_ex(point ul,point u2,point v1,point v2){
return opposite_side(ul,u2,v1,v2)&&opposite_side(vl,v2,ul,u2);

IH S B /R S W B2 2 7547
R BEAZ )38 S35 I BOR A (RN i A AW 15 P47 )
point intersection(line u,line v){
point ret=u.a;
double t=((u.a.x-v.a.x)*(v.a.y-v.b.y)-(u.a.y-v.a.y)*(v.a.x-v.b.x))
/((u.ax-u.b.x)*(v.a.y-v.b.y)-(u.a.y-u.b.y)*(v.a.x-v.b.x));
ret.x+=(u.b.x-u.a.x)*t;
ret.y+=(u.b.y-u.a.y)*t;

return ret;

¥

point intersection(point ul,point u2,point v1,point v2){
point ret=ul,;

double t=((ul.x-v1.x)*(v1.y-v2.y)-(ul.y-v1.y)*(v1.x-v2.X))
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/((ul.x-u2.x)*(v1.y-v2.y)-(ul.y-u2.y)*(v1.x-v2.X));
ret.x+=(u2.x-ul.x)*t;
ret.y+=(u2.y-ul.y)*t;

return ret;

}

IR BV E 2 BRI

point ptoline(point p,line 1){
point t=p;
tx+=lLa.y-Lb.yt.y+=Lb.x-l.a.x;
return intersection(p,t,l.a,1.b);

}

point ptoline(point p,point I11,point 12){
point t=p;
tx+=11.y-12.y,t.y+=12.x-11.x;
return intersection(p,t,11,12);

}

= =)

double disptoline(point p,line 1){
return fabs(xmult(p,l.a,l.b))/distance(l.a,l.b);

}

double disptoline(point p,point 11,point 12){
return fabs(xmult(p,I1,12))/distance(11,12);

}

double disptoline(double x,double y,double x1,double y1,double x2,double y2){
return fabs(xmult(x,y,x1,y1,x2,y2))/distance(x1,y1,x2,y2);

}
IR B2 B b i el p
point ptoseg(point p,line 1){
point t=p;
tx+=lLa.y-L.b.yty+=Lb.x-l.a.x;
if (xmult(l.a,t,p)*xmult(l.b,t,p)>eps)
return distance(p,l.a)<distance(p,l.b)?l.a:l.b;
return intersection(p,t,l.a,l.b);
}
point ptoseg(point p,point I11,point 12){
point t=p;
tx+=11.y-12.y,t.y+=12.x-11.x;
if (xmult(I1,t,p)*xmult(12,t,p)>eps)
return distance(p,l1)<distance(p,12)?11:12;
return intersection(p,t,11,12);
}
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IR B BB
double disptoseg(point p,line 1){
point t=p;
tx+=lLa.y-Lb.yt.y+=Lb.x-l.a.x;
if (xmult(l.a,t,p)*xmult(l.b,t,p)>eps)
return distance(p,l.a)<distance(p,l.b)?distance(p,l.a):distance(p,l.b);
return fabs(xmult(p,l.a,l.b))/distance(l.a,l.b);

}
double disptoseg(point p,point 11,point 12){
point t=p;
tx+=11.y-12.y,t.y+=12.x-11.X;
if (xmult(11,t,p)*xmult(12,t,p)>eps)
return distance(p,l1)<distance(p,12)?distance(p,l1):distance(p,12);
return fabs(xmult(p,I1,12))/distance(11,12);
}

IRV LA P YTV S £ g angle FH0K scale fi
point rotate(point v,point p,double angle,double scale){
point ret=p;
V.X-ZP.X, VY-S,
p.x=scale*cos(angle);
p.y=scale*sin(angle);
ret.X+=v.x*p.x-v.y*p.y;
ret.y+=v.x*p.y+v.y*p.x;
return ret;
}
4. JUT AT
=M
FJEK P=(a+b+c)/2
A S=aHa/2=absin(C)/2=sqrt(P(P-a)(P-b)(P-c))
Hh2k Ma=sqrt(2(b"2+c"2)-a2)/2=sqrt(b"2+c 2+2bccos(A))/2
o3 Ta=sqrt(be((b+c)"2-a72))/(b+c)=2bccos(A/2)/(b+c)
=2k Ha=bsin(C)=csin(B)=sqrt(b"2-((a"2+b"2-c"2)/(2a))"2)
WYIE 42 r=S/P=asin(B/2)sin(C/2)/sin((B+C)/2)
=4Rsin(A/2)sin(B/2)sin(C/2)=sqrt((P-a)(P-b)(P-c)/P)
=Ptan(A/2)tan(B/2)tan(C/2)
7. AMEIREAE R=abc/(4S)=al/(2sin(A))=b/(2sin(B))=c/(2sin(C))

© s wN R

WwbiA

D1,D2 JyXf M 2k,M X F1 4 sUESL A R A 4R A
1. a2+b"2+cA2+d"2=D1/2+D2"2+4M"2

2. S=D1D2sin(A)/2

(LA XS P 422 DY 27 )
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3. ac+bd=D1D2
4. S=sqrt((P-a)(P-b)(P-c)(P-d)),P Ay K

1E n i JE:

R NAMEBREAR r NN VIEER

1. it ffs A=2Plin

2. W C=(n-2)Plin

3. 1K a=2sgrt(R"2-r"2)=2Rsin(A/2)=2rtan(A/2)

4. T S=nar/2=nr"2tan(A/2)=nR"2sin(A)/2=na"2/(4tan(A/2))

=]

K 1=rA

. %K a=2sqrt(2hr-h"2)=2rsin(A/2)

. SIEE h=r-sqrt(r"2-a"2/4)=r(1-cos(A/2))=atan(A/4)/2
. BRI Sl=rl/2=r"2A/2

. SIEIA S2=(rl-a(r-h))/2=r"2(A-sin(A))/2

g~ W DN P

ekt

1. f&8 V=AhA NN A5

2. MUTHA S=lp,| Atk p A E T A K
3. &M T=S+2A

e HE:

1. #&F V=Ah/3,A AR h A&

(BA R X TEARHE)

2. fTHIAN S=lp/2,| Rt p AT K
3. &M T=S+A

CA=h

1. 7B V=(A1+A2+sqrt(ALA2))h/3,A1.A2 Jy | N A, h A&
(LR NIER &

2. MR S=(p1+p2)I/2,p1.p2 b T A K Akt

3. &M T=S+A1+A2

[ 4

1. WA S=2PIrh

2. AT T=2PIr(h+r)
3. RF V=PIr"2h

(53] -

1. BEZR I=sqrt(h"2+112)
2. TR S=PIrl

3. &AL T=Plr(l+r)
4. fKFL V=PIr"2h/3
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=]
B

&

Py

Eh

1. BEZR I=sqri(h"2+(r1-r2)2)

2. AL S=PI(r1+r2)l

3. &M T=PIrl(l+r1)+PIr2(1+r2)
4. PR V=PI(r1/2+r2"2+r1r2)h/3

BK:
1. &M T=4PI"2
2. R L V=4PIr3/3

BRE:

1. AL S=2PIrh

2. &AL T=P1(2rh+r1/2+r2"2)

3. B V=PIh(3(r172+r2/2)+h"2)/6

BRI

1. A T=PIr(2h+r0),h AEKTH 51,10 3K S i 2458
2. PR V=2PIr2h/3

5. MR

#include <math.h>

struct point{double x,y;};

IITH5 cross product (P1-P0)x(P2-P0)

double xmult(point p1,point p2,point p0){
return (p1.x-p0.x)*(p2.y-p0.y)-(p2.x-p0.X)*(p1.y-p0.y);

}

double xmult(double x1,double y1,double x2,double y2,double x0,double y0){
return (x1-x0)*(y2-y0)-(x2-x0)*(y1-y0);

IS =R AR SN = T0

double area_triangle(point p1,point p2,point p3){
return fabs(xmult(pl,p2,p3))/2;

}

double area_triangle(double x1,double y1,double x2,double y2,double x3,double y3){
return fabs(xmult(x1,y1,x2,y2,x3,y3))/2;

JRa e S HATIEAR VNSRS

double area_triangle(double a,double b,double ¢){
double s=(a+b+c)/2;
return sqrt(s*(s-a)*(s-b)*(s-c));
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IS 22 T T AR, T A2 MRS S Bl i 125 1
double area_polygon(int n,point* p){
double s1=0,s2=0;
inti;
for (i=0;i<n;i++)
s1+=p[(i+1)%n].y*p[i].x,s2+=p[(i+1)%n].y*p[(i+2)%n].X;
return fabs(s1-s2)/2;
}
6. BRI
#include <math.h>
const double pi=acos(-1);

ISR O A lat R4 5 ,-90<=w<=90,Ing KR4 &
IR BN 5 BT R KR 95 90K B2 20 71, 0<=angle<=pi
double angle(double Ingl,double latl,double Ing2,double lat2){
double ding=fabs(Ing1-Ing2)*pi/180;
while (dIng>=pi+pi)
dIng-=pi+pi;
if (dIng>pi)
ding=pi+pi-ding;
lat1*=pi/180,lat2*=pi/180;
return acos(cos(latl)*cos(lat2)*cos(dIng)+sin(latl)*sin(lat2));

IV SRR RS r AEREAR
double line_dist(double r,double Ing1,double latl,double Ing2,double lat2){
double ding=fabs(Ing1-Ing2)*pi/180;
while (dIng>=pi+pi)
dIng-=pi+pi;
if (dIng>pi)
dIng=pi+pi-ding;
lat1*=pi/180,lat2*=pi/180;
return r*sqrt(2-2*(cos(latl)*cos(lat2)*cos(dIng)+sin(latl)*sin(lat2)));

AR e N e & S

inline double sphere_dist(double r,double Ingl,double latl,double Ing2,double lat2){
return r*angle(Ingl,latl,Ing2,lat2);

}

7. =M%

#include <math.h>

struct point{double x,y;};

struct line{point a,b;};
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double distance(point p1,point p2){
return sqrt((pl.x-p2.x)*(pl.x-p2.X)+(pl.y-p2.y)*(pl.y-p2.y));

point intersection(line u,line v){
point ret=u.a;
double t=((u.a.x-v.a.x)*(v.a.y-v.b.y)-(u.a.y-v.a.y)*(v.a.x-v.b.x))
/((u.a.x-u.b.x)*(v.a.y-v.b.y)-(u.a.y-u.b.y)*(v.a.x-v.b.x));
ret.x+=(u.b.x-u.a.x)*t;
ret.y+=(u.b.y-u.a.y)*t;
return ret;

IHAh 0

point circumcenter(point a,point b,point c){
line u,v;
u.a.x=(a.x+b.x)/2;
u.a.y=(a.y+b.y)/2;
u.b.x=u.a.x-a.y+b.y;
u.b.y=u.a.y+a.x-b.x;
v.a.x=(a.x+c.x)/2;
va.y=(a.y+c.y)/2;
v.b.x=v.a.x-a.y+c.y;
v.b.y=v.a.y+a.x-C.x;
return intersection(u,v);

A

point incenter(point a,point b,point c){
line u,v;
double m,n;
u.a=a;
m=atan2(b.y-a.y,b.x-a.x);
n=atan2(c.y-a.y,c.x-a.x);
u.b.x=u.a.x+cos((m+n)/2);
u.b.y=u.a.y+sin((m+n)/2);
v.a=b;
m=atan2(a.y-b.y,a.x-b.x);
n=atan2(c.y-b.y,c.x-b.x);
v.b.x=v.a.x+cos((m+n)/2);
v.b.y=v.a.y+sin((m+n)/2);
return intersection(u,v);
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J/E: N

point perpencenter(point a,point b,point ¢){
line u,v;
u.a=c;
u.b.x=u.a.x-a.y+b.y;
u.b.y=u.a.y+a.x-b.x;
v.a=b;
v.b.x=v.a.x-a.y+c.y;
v.b.y=v.a.y+a.x-C.x;
return intersection(u,v);

/RN
I3 =878 = T0 2R B8 1~ 5 M /N R
H=A1T% N 2| =32 FE 5 2 R K A
point barycenter(point a,point b,point c){
line u,v;
u.a.x=(a.x+b.x)/2;
u.a.y=(a.y+b.y)/2;
u.b=c;
v.a.x=(a.x+c.x)/2;
va.y=(a.y+c.y)/2;
v.b=b;
return intersection(u,v);

11555 R
13 = A7 =T BE 28 2 e /N ) R
point fermentpoint(point a,point b,point ¢){
point u,v;
double step=fabs(a.x)+fabs(a.y)+fabs(b.x)+fabs(b.y)+fabs(c.x)+fabs(c.y);
inti,jk;
u.x=(a.x+h.x+c.x)/3;
u.y=(a.y+b.y+c.y)/3;
while (step>1e-10)
for (k=0;k<10;step/=2,k++)
for (i=-1;i<=1;i++)
for (j=-Lj<=Ljj++1{
V.X=U.X+Step™i;
V.y=u.y+step*j;
if
(distance(u,a)+distance(u,b)+distance(u,c)>distance(v,a)+distance(v,b)+distance(v,c))
u=v;
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return u;
}
8. =4 JL{T
=2 ) AT R K 22
#include <math.h>
#define eps 1e-8
#define zero(X) (((X)>0?(x):-(x))<eps)
struct point3{double x,y,z;};
struct line3{point3 a,b;};
struct plane3{point3 a,b,c;};

I1i+% cross product U x V

point3 xmult(point3 u,point3 v){
point3 ret;
ret.x=u.y*v.z-v.y*u.z;
ret.y=u.z*v.x-u.x*v.z;
ret.z=u.x*v.y-u.y*v.x;
return ret;

/I+% dot product U . V
double dmult(point3 u,point3 v){
return UX*v.xX+u.y*v.y+u.z*v.z;

}

REZE U-V

point3 subt(point3 u,point3 v){
point3 ret;
ret.X=u.x-v.x;
ret.y=u.y-v.y;
ret.z=u.z-v.z;
return ret;

}

I T )

point3 pvec(plane3 s){
return xmult(subt(s.a,s.b),subt(s.b,s.c));

}
point3 pvec(point3 s1,point3 s2,point3 s3){

return xmult(subt(s1,s2),subt(s2,s3));

TP 5 B B2 A v K/



double distance(point3 p1,point3 p2){
return sqrt((pl.x-p2.x)*(pl.x-p2.X)+(pl.y-p2.y)*(pl.y-p2.y)+(pl.z-p2.2)*(pl.z-p2.2));

k=N
double vlen(point3 p){
return sqrt(p.X*p.x+p.y*p.y+p.z*p.z);

) = i 32k
int dots_inline(point3 p1,point3 p2,point3 p3){
return vlen(xmult(subt(p1,p2),subt(p2,p3)))<eps;

VY LT
int dots_onplane(point3 a,point3 b,point3 c,point3 d){
return zero(dmult(pvec(a,b,c),subt(d,a)));

I R R AR LB b B o s RN HL 45
int dot_online_in(point3 p,line3 1){
return zero(vlen(xmult(subt(p,l.a),subt(p,l.b))))&&(l.a.x-p.x)*(I.b.x-p.x)<eps&&
(La.y-p.y)*(.b.y-p.y)<eps&&(l.a.z-p.z)*(1.b.z-p.z)<eps;
}
int dot_online_in(point3 p,point3 11,point3 12){
return zero(vlen(xmult(subt(p,11),subt(p,12)))) &&(11.x-p.x)*(12.x-p.X)<eps&&
(11.y-p.y)*(12.y-p.y)<eps&&(11.z-p.z)*(12.z-p.z)<eps;

A R AR B b AN 4T iy
int dot_online_ex(point3 p,line3 1){
return dot_online_in(p,1)&&('zero(p.x-l.a.x)||'zero(p.y-l.a.y)||'zero(p.z-1.a.2)) &&
(1zero(p.x-1.b.x)||!zero(p.y-1.b.y)||!zero(p.z-1.b.2));
}
int dot_online_ex(point3 p,point3 11,point3 12){
return dot_online_in(p,I1,12)&&('zero(p.x-11.x)||'zero(p.y-11.y)||'zero(p.z-11.2)) &&
(1zero(p.x-12.x)||'zero(p.y-12.y)||'zero(p.z-12.2));

A R B A A =M% b AL R, = Rt gt e X
int dot_inplane_in(point3 p,plane3 s){
return zero(vlen(xmult(subt(s.a,s.b),subt(s.a,s.c)))-vlen(xmult(subt(p,s.a),subt(p,s.b)))-
vlen(xmult(subt(p,s.b),subt(p,s.c)))-vlen(xmult(subt(p,s.c),subt(p,s.a))));
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int dot_inplane_in(point3 p,point3 s1,point3 s2,point3 s3){
return zero(vlen(xmult(subt(s1,s2),subt(s1,s3)))-vlen(xmult(subt(p,s1),subt(p,s2)))-
vlen(xmult(subt(p,s2),subt(p,s3)))-vlen(xmult(subt(p,s3),subt(p,s1))));

I R BAE T A =M b AL, = A3t s om X
int dot_inplane_ex(point3 p,plane3 s){
return dot_inplane_in(p,s)&&vlen(xmult(subt(p,s.a),subt(p,s.b)))>eps&&
vlen(xmult(subt(p,s.b),subt(p,s.c)))>eps&&vlen(xmult(subt(p,s.c),subt(p,s.a)))>eps;
}
int dot_inplane_ex(point3 p,point3 s1,point3 s2,point3 s3){
return dot_inplane_in(p,s1,52,s3)&&vlen(xmult(subt(p,s1),subt(p,s2)))>eps&&
vlen(xmult(subt(p,s2),subt(p,s3)))>eps&&vlen(xmult(subt(p,s3),subt(p,s1)))>eps;

PR AR 2R BRI, m AR 4 B bl ] O, ANFETHITE 2 X
int same_side(point3 p1,point3 p2,line3 1){
return dmult(xmult(subt(l.a,1.b),subt(p1,l.b)),xmult(subt(l.a,l.b),subt(p2,1.b)))>eps;
}
int same_side(point3 p1,point3 p2,point3 I11,point3 12){
return dmult(xmult(subt(11,12),subt(p1,12)),xmult(subt(l1,12),subt(p2,12)))>eps;

PR A2 B e ], mUAE 4 B bl [ O, ANFLTHITE 2 X
int opposite_side(point3 p1,point3 p2,line3 N{
return dmult(xmult(subt(l.a,1.b),subt(p1,l.b)),xmult(subt(l.a,l.b),subt(p2,l.b)))<-eps;
}
int opposite_side(point3 p1,point3 p2,point3 I11,point3 12){
return dmult(xmult(subt(11,12),subt(p1,12)),xmult(subt(l1,12),subt(p2,12)))<-eps;

I PR R AE P TR R, AP 1Bk (=] O
int same_side(point3 p1,point3 p2,plane3 s){
return dmult(pvec(s),subt(pl,s.a))*dmult(pvec(s),subt(p2,s.a))>eps;

}
int same_side(point3 p1,point3 p2,point3 s1,point3 s2,point3 s3){
return dmult(pvec(s1,s2,s3),subt(pl,s1))*dmult(pvec(sl,s2,s3),subt(p2,s1))>eps;

I i AT T S0, f A2~ T B3R =] 0
int opposite_side(point3 p1,point3 p2,plane3 s){
return dmult(pvec(s),subt(pl,s.a))*dmult(pvec(s),subt(p2,s.a))<-eps;

}
int opposite_side(point3 p1,point3 p2,point3 s1,point3 s2,point3 s3){
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return dmult(pvec(sl,s2,s3),subt(pl,s1))*dmult(pvec(sl,s2,s3),subt(p2,51))<-eps;

AW B2 A7
int parallel(line3 u,line3 v){
return vlen(xmult(subt(u.a,u.b),subt(v.a,v.b)))<eps;
}
int parallel(point3 ul,point3 u2,point3 v1,point3 v2){
return vlen(xmult(subt(ul,u2),subt(vl,v2)))<eps;

e I T

int parallel(plane3 u,plane3 v){
return vlen(xmult(pvec(u),pvec(v)))<eps;

}

int parallel(point3 ul,point3 u2,point3 u3,point3 v1,point3 v2,point3 v3){
return vlen(xmult(pvec(ul,u2,u3),pvec(vl,v2,v3)))<eps;

I B T T A7

int parallel(line3 I,plane3 s){
return zero(dmult(subt(l.a,l.b),pvec(s)));

}

int parallel(point3 11,point3 12,point3 s1,point3 s2,point3 s3){
return zero(dmult(subt(l1,12),pvec(s1,s2,53)));

IFIWE L EEH
int perpendicular(line3 u,line3 v){
return zero(dmult(subt(u.a,u.b),subt(v.a,v.b)));

}
int perpendicular(point3 ul,point3 u2,point3 v1,point3 v2){

return zero(dmult(subt(ul,u2),subt(v1i,v2)));

[P F- T 3 L
int perpendicular(plane3 u,plane3 v){
return zero(dmult(pvec(u),pvec(v)));

}
int perpendicular(point3 ul,point3 u2,point3 u3,point3 v1,point3 v2,point3 v3){

return zero(dmult(pvec(ul,u2,u3),pvec(vl,v2,v3)));

I B L 5T AT
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int perpendicular(line3 I,plane3 s){
return vlen(xmult(subt(l.a,l.b),pvec(s)))<eps;

}

int perpendicular(point3 11,point3 12,point3 s1,point3 s2,point3 s3){
return vlen(xmult(subt(l1,12),pvec(s1,52,53)))<eps;

A 2 BRORR 52 0 48 S s R 8 7 B
int intersect_in(line3 u,line3 v){
if (!dots_onplane(u.a,u.b,v.a,v.b))
return O;
if (Idots_inline(u.a,u.b,v.a)||!dots_inline(u.a,u.b,v.b))
return !same_side(u.a,u.b,v)&&!same_side(v.a,v.b,u);
return dot_online_in(u.a,v)||dot_online_in(u.b,v)||dot_online_in(v.a,u)|dot_online_in(v.b,u);
}
int intersect_in(point3 ul,point3 u2,point3 v1,point3 v2){
if (Idots_onplane(ul,u2,v1,v2))
return O;
if (Idots_inline(ul,u2,v1)||!dots_inline(ul,u2,v2))
return !same_side(ul,u2,v1,v2)&&!same_side(vl,v2,ul,u?);

return
dot_online_in(ul,v1,v2)|dot_online_in(u2,v1,v2)|ldot_online_in(v1,ul,u2)||dot_online_in(v2,ul,u
2);
}

T 2 BRORH 52 AN A0 48 g s PR 70 L
int intersect_ex(line3 u,line3 v){

return dots_onplane(u.a,u.b,v.a,v.b)&&opposite_side(u.a,u.b,v)&&opposite_side(v.a,v.b,u);
}
int intersect_ex(point3 ul,point3 u2,point3 v1,point3 v2){

return
dots_onplane(ul,u2,v1,v2)&&opposite_side(ul,u2,vl,v2)&&opposite_side(vl,v2,ul,u2);
}

AV E B %3 18 = AR AE G2 T A G ) B
int intersect_in(line3 I,plane3 s){
return !same_side(l.a,l.b,s)&&!same_side(s.a,s.b,l.a,1.b,5.c)&&
Isame_side(s.b,s.c,l.a,l.b,s.a)&&!same_side(s.c,s.a,1.a,1.b,5.b);
}
int intersect_in(point3 11,point3 12,point3 s1,point3 s2,point3 s3){
return !same_side(l1,12,51,52,s3)&&!same_side(s1,s2,11,12,53)&&
Isame_side(s2,s3,11,12,51)&&!same_side(s3,s1,11,12,52);
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A2 B 5 73 1) = M T AR AE, AN EUHEAS T3 SN (870 ) Bl &
int intersect_ex(line3 I,plane3 s){
return opposite_side(l.a,l.b,s)&&opposite_side(s.a,s.b,l.a,1.b,s.c)&&
opposite_side(s.b,s.c,l.a,l.b,s.a)&&opposite_side(s.c,s.a,l.a,1.b,s.b);
}
int intersect_ex(point3 11,point3 12,point3 s1,point3 s2,point3 s3){
return opposite_side(11,12,s1,52,s3)&&opposite_side(s1,s2,11,12,53)&&
opposite_side(s2,s3,11,12,51)&&opposite_side(s3,s1,11,12,52);

ISR B A R R T 3 P W LA 75 3K i AP AT !
IEBUE RV 3 A2 BOMAZ ([R) I ids 2 24 W 75 P AT )
point3 intersection(line3 u,line3 v){
point3 ret=u.a;
double t=((u.a.x-v.a.x)*(v.a.y-v.b.y)-(u.a.y-v.a.y)*(v.a.x-v.b.x))
/((u.a.x-u.b.x)*(v.a.y-v.b.y)-(u.a.y-u.b.y)*(v.a.x-v.b.x));
ret.x+=(u.b.x-u.a.x)*t;
ret.y+=(u.b.y-u.a.y)*t;
ret.z+=(u.b.z-u.a.z)*t;
return ret;
}
point3 intersection(point3 ul,point3 u2,point3 v1,point3 v2){
point3 ret=ul;
double t=((u1.x-v1.x)*(v1.y-v2.y)-(ul.y-v1.y)*(v1.x-v2.X))
/((ul.x-u2.x)*(v1.y-v2.y)-(ul.y-u2.y)*(v1.x-v2.X));
ret.x+=(u2.x-ul.x)*t;
ret.y+=(u2.y-ul.y)*t;
ret.z+=(u2.z-ul.z)*t;
return ret;

IR B2 5 VT AZ 5 E R A 5T AT I RIE = R AL 2R
R BN 23 18] = Fy FEAZ R 73 A Wy
point3 intersection(line3 I,plane3 s){
point3 ret=pvec(s);
double t=(ret.x*(s.a.x-l.a.x)+ret.y*(s.a.y-l.a.y)+ret.z*(s.a.z-1.a.z))/
(ret.x*(l.b.x-l.a.x)+ret.y*(l.b.y-l.a.y)+ret.z*(l.b.z-l.a.2));
ret.x=l.a.x+(l.b.x-l.a.x)*t;
ret.y=lLa.y+(l.b.y-l.a.y)*t;
ret.z=l.a.z+(l.b.z-l.a.2)*t;
return ret;
¥
point3 intersection(point3 I11,point3 12,point3 s1,point3 s2,point3 s3){
point3 ret=pvec(sl,s2,s3);
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double t=(ret.x*(s1.x-11.x)+ret.y*(s1.y-11.y)+ret.z*(s1.z-11.2))/
(ret.x*(12.x-11.x)+ret.y*(12.y-11.y)+ret.z*(12.z-11.2));

ret.x=11.x+(12.x-11.x)*t;

ret.y=I1.y+(12.y-11.y)*t;

ret.z=11.z+(12.z-11.2)*t;

return ret;

IIH SR A2 28 T FH A A W2 54T R RIE= A Sk &

line3 intersection(plane3 u,plane3 v){
line3 ret;
ret.a=parallel(v.a,v.b,u.a,u.b,u.c)?intersection(v.b,v.c,u.a,u.b,u.c):intersection(v.a,v.b,u.a,u.b,u.

c);
ret.b=parallel(v.c,v.a,u.a,u.b,u.c)?intersection(v.b,v.c,u.a,u.b,u.c):intersection(v.c,v.a,u.a,u.b,u.

c);
return ret;

}

line3 intersection(point3 ul,point3 u2,point3 u3,point3 v1,point3 v2,point3 v3){
line3 ret;
ret.a=parallel(v1,v2,ul,u2,u3)?intersection(v2,v3,ul,u2,ul):intersection(vi,v2,ul,u2,ul);
ret.b=parallel(v3,v1,ul,u2,u3)?intersection(v2,v3,ul,u2,u3):intersection(v3,vi,ul,u2,u3);
return ret;

}

=¥k )

double ptoline(point3 p,line3 1){

return vlen(xmult(subt(p,l.a),subt(l.b,l.a)))/distance(l.a,l.b);
}
double ptoline(point3 p,point3 11,point3 12){

return vlen(xmult(subt(p,I1),subt(12,I1)))/distance(l1,12);

I 5 3~ T PR
double ptoplane(point3 p,plane3 s){
return fabs(dmult(pvec(s),subt(p,s.a)))/vlen(pvec(s));
}
double ptoplane(point3 p,point3 s1,point3 s2,point3 s3){
return fabs(dmult(pvec(s1,s2,s3),subt(p,s1)))/vlen(pvec(sl,s2,s3));

ITE S H AR

double linetoline(line3 u,line3 v){
point3 n=xmult(subt(u.a,u.b),subt(v.a,v.b));
return fabs(dmult(subt(u.a,v.a),n))/vlen(n);
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}
double linetoline(point3 ul,point3 u2,point3 v1,point3 v2){

point3 n=xmult(subt(ul,u2),subt(v1,v2));
return fabs(dmult(subt(ul,v1),n))/vien(n);

W B4 K1 cos 1H
double angle_cos(line3 u,line3 v){
return dmult(subt(u.a,u.b),subt(v.a,v.b))/vlen(subt(u.a,u.b))/vlen(subt(v.a,v.b));
}
double angle_cos(point3 ul,point3 u2,point3 v1,point3 v2){
return dmult(subt(ul,u2),subt(v1,v2))/vlen(subt(ul,u2))/vlen(subt(vl,v2));

HW~F-THI % A1 cos 1H
double angle_cos(plane3 u,plane3 v){
return dmult(pvec(u),pvec(v))/vlen(pvec(u))/vlen(pvec(v));
}
double angle_cos(point3 ul,point3 u2,point3 u3,point3 v1,point3 v2,point3 v3){
return dmult(pvec(ul,u2,u3),pvec(vi,v2,v3))/vlen(pvec(ul,u2,u3))/vien(pvec(vl,v2,v3));

ITELZF- T 1 sin fH

double angle_sin(line3 I,plane3 s){
return dmult(subt(l.a,l.b),pvec(s))/vlen(subt(l.a,l.b))/vien(pvec(s));

}

double angle_sin(point3 11,point3 12,point3 s1,point3 s2,point3 s3){
return dmult(subt(11,12),pvec(s1,s2,s3))/vlen(subt(l1,12))/vlen(pvec(sl,s2,s3));

}

9. 44y (graham)

/I CONVEX HULL |

/1 modified by rr ANRE s AR R E A1

#include <stdlib.h>

#define eps 1e-8

#define zero(x) (((X)>0?(x):-(x))<eps)

struct point{double x,y;};

IITF5 cross product (P1-P0)x(P2-P0)
double xmult(point p1,point p2,point p0){
return (p1.x-p0.x)*(p2.y-p0.y)-(p2.x-p0.X)*(p1.y-p0.y);

}
/1graham 55323 I 14401 B0 25 BT A 2R 28 5 191 A2, 0 (nlogn)
point p1,p2;

int graham_cp(const void* a,const void* b){
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double ret=xmult(*((point*)a),*((point*)b),p1);
return zero(ret)?(xmult(*((point*)a),*((point*)b),p2)>0?1:-1):(ret>0?1:-1);
}
void _graham(int n,point* p,int& s,point* ch){
int i,k=0;
for (p1=p2=p[0],i=1;i<n;p2.x+=p[i].X,p2.y+=p[i].y,i++)
if (p1.y-p[i].y>eps||(zero(pl.y-p[i].y)&&pl.x>p[i].x))
pl=p[k=i];
p2.x/=n,p2.y/=n;
pIK]=p[0],p[0]=p1;
gsort(p+1,n-1,sizeof(point),graham_cp);
for (ch[0]=p[0],ch[1]=p[1],ch[2]=p[2],s=i=3;i<n;ch[s++]=p[i++])
for (;s>2&&xmult(ch[s-2],p[i],ch[s-1])<-eps;s--);

R [E] AR /IS, 2 B9 ) R AE convex HT
1124 maxsize v 1 A5 HLE 508 0 ANELEHRE S i v 1
IIZ%5 clockwise 7y 1 I 14438,y O 380 &4 38, R 9 1
IHER N 6T FE 4 N R AT 8 P REA BE SR AB LI F 4T AL B
IIASRE i R P B A [
int graham(int n,point™ p,point* convex,int maxsize=1,int dir=1){
point* temp=new point[n];
ints,i;
_graham(n,p,s,temp);
for (convex[0]=temp[0],n=1,i=(dir?1:(s-1));dir?(i<s):i;i+=(dir?1:-1))
if (maxsize||'zero(xmult(templi-1],temp[i],temp[(i+1)%s])))
convex[n++]=templ[i];
delete [Jtemp;
return n;

/I CONVEX HULL Il
/I modified by mgmg <35 AR E A A

#define eps 1le-8
#define zero(x) (((x)>0?(x):-(x))<eps)
struct point{double x,y;};

IITF5 cross product (P1-P0)x(P2-P0)
double xmult(point p1,point p2,point p0){
return (p1.x-p0.x)*(p2.y-p0.y)-(p2.x-p0.X)*(p1.y-p0.y);
¥
/1graham 55323 I 44035 B0 25 BT A 2R 28 5 191 A2, 0 (nlogn)
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point p1,p2;
int graham_cp(const void* a,const void* b){
double ret=xmult(*((point*)a),*((point*)b),pl);
return zero(ret)?(xmult(*((point*)a),*((point*)b),p2)>07?1:-1):(ret>0?1:-1);

}
void _graham(int n,point* p,int& s,point* ch){
int i,k=0;
for (p1=p2=p[0],i=1;i<n;p2.x+=p[i].x,p2.y+=pl[i].y,i++)
if (pl.y-p[i].y>eps||(zero(pl.y-p[i].y)&&pl.x>p[i].x))
pl=p[k=i];
p2.x/=n,p2.y/=n;
p[K]=p[0].p[0]=p1;
gsort(p+1,n-1,sizeof(point),graham_cp);
for (ch[0]=p[0],ch[1]=p[1],ch[2]=p[2],s=i=3;i<n;ch[s++]=p[i++])
for (;s>2&&xmult(ch[s-2],p[i],ch[s-1])<-eps;s--);
}
int wipesame_cp(const void *a, const void *b)
{
if (*(point *)a).y < (*(point *)b).y - eps) return -1;
else if ((*(point *)a).y > (*(point *)b).y + eps) return 1;
else if ((*(point *)a).x < (*(point *)b).x - eps) return -1;
else if ((*(point *)a).x > (*(point *)b).x + eps) return 1;
else return 0;
}
int _wipesame(point * p, int n)
{
inti, k;
gsort(p, n, sizeof(point), wipesame_cp);
for (k=i=1;i<n;i++)
if (wipesame_cp(p+i,p+i-1)!1=0) p[k++]=p[i];
return k;
}

IR 3 ™ B0 33 1 R H A% N ) R/ n, i p(p S PP AT ALY
IR RN AR/, AL R AE convex T
1124 maxsize Ny 1 GLE L 5,00 0 A& L2 i 8 E O 1
112 % clockwise Jy 1 MW £ H43g, y O W0 4t B 08 1
IFER N H T 3E 2e i FUEANER E T REA BERIE LT F347 Ab 3
int graham(int n,point™ p,point* convex,int maxsize=1,int dir=1){

point* temp=new point[n];

int s,i;

n =_wipesame(p,n);
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_graham(n,p,s,temp);
for (convex[0]=temp[0],n=1,i=(dir?1:(s-1));dir?(i<s):i;i+=(dir?1:-1))
if (maxsize||'zero(xmult(temp[i-1],temp[i],temp[(i+1)%s])))
convex[n++]=templi];
delete [Jtemp;
return n;
}
10. M#% (pick)
#define abs(x) ((xX)>0?(x):-(x))
struct point{int x,y;};

int gcd(int a,int b){
return b?gcd(b,a%b):a;

JIEZub AR = e
int grid_onedge(int n,point* p){
int i,ret=0;
for (i=0;i<n;i++)
ret+=gcd(abs(p[i].x-p[(i+1)%n].x),abs(p[i].y-p[(i+1)%n].y));
return ret;

230N B A% m A~ H
int grid_inside(int n,point* p){
int i,ret=0;
for (i=0;i<n;i++)
ret+=p[(i+1)%n].y*(p[i].x-p[(i+2)%n].X);
return (abs(ret)-grid_onedge(n,p))/2+1;
}
11. [
#include <math.h>
#define eps 1e-8
struct point{double x,y;};

double xmult(point p1,point p2,point p0){

return (p1.x-p0.x)*(p2.y-p0.y)-(p2.x-p0.X)*(p1.y-p0.y);

double distance(point p1,point p2){
return sqrt((pl.x-p2.x)*(p1.x-p2.X)+(pl.y-p2.y)*(pl.y-p2.y));

double disptoline(point p,point 11,point 12){
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return fabs(xmult(p,I1,12))/distance(11,12);

point intersection(point ul,point u2,point v1,point v2){
point ret=ul,;
double t=((ul.x-v1.x)*(v1.y-v2.y)-(ul.y-v1.y)*(v1.x-v2.X))
/((ul.x-u2.x)*(v1.y-v2.y)-(ul.y-u2.y)*(v1.x-v2.x));
ret.x+=(u2.x-ul.x)*t;
ret.y+=(u2.y-ul.y)*t;
return ret;

I EZ AN FHAZ AL AR )
int intersect_line_circle(point c,double r,point I1,point 12){
return disptoline(c,11,12)<r+eps;

A 2 BB RHAZ A0 45 Sy s R AH D)
int intersect_seg_circle(point c,double r,point 11,point 12){
double t1=distance(c,11)-r,t2=distance(c,12)-r;
point t=c;
if (tl<eps||t2<eps)
return t1>-eps||t2>-eps;
tx+=11.y-12.y;
ty+=12.x-11.x;
return xmult(11,c,t)*xmult(12,c,t)<eps&&disptoline(c,11,12)-r<eps;

IR IR R A E R S R Y ER )
int intersect_circle_circle(point c1,double r1,point c2,double r2){
return distance(cl,c2)<rl+r2+eps&&distance(cl,c2)>fabs(r1-r2)-eps;

ISR B3 A p Bl i, o0 p S RO E A IR p A5

point dot_to_circle(point c,double r,point p){
point u,v;
if (distance(p,c)<eps)

return p;

u.x=c.x+r*fabs(c.x-p.x)/distance(c,p);
u.y=c.y+r*fabs(c.y-p.y)/distance(c,p)*((c.x-p.x)*(c.y-p.y)<0?-1:1);
v.x=c.x-r*fabs(c.x-p.x)/distance(c,p);
v.y=c.y-r*fabs(c.y-p.y)/distance(c,p)*((c.x-p.x)*(c.y-p.y)<0?-1:1);
return distance(u,p)<distance(v,p)?u:v;
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void intersection_line_circle(point c,double r,point 11,point 12,point& p1,point& p2){
point p=c;
double t;
p.x+=I1.y-12.y;
p.y+=12.x-11.x;
p=intersection(p,c,l1,12);
t=sqrt(r*r-distance(p,c)*distance(p,c))/distance(11,12);
pl.x=p.x+(12.x-11.x)*t;
pl.y=p.y+(12.y-11.y)*t;
p2.x=p.x-(12.x-11.x)*t;
p2.y=p.y-(12.y-11.y)*t;

ISR 5 B A2 R PRAIE ] 5 A 58 L T AN B
void intersection_circle_circle(point c1,double r1,point c2,double r2,point& pl,point& p2){
point u,v;
double t;
t=(1+(r1*r1-r2*r2)/distance(cl,c2)/distance(cl,c2))/2;
u.x=cl.x+(c2.x-c1.x)*t;
u.y=cl.y+(c2.y-cL.y)*t;
V.X=U.X+Cl.y-C2.y;
V.y=u.y-c1.X+C2.X;
intersection_line_circle(c1,r1,u,v,pl,p2);

12. BEHRE

I LAvT ok K P

I S FE LG L B Hus o A
#define sign(a) ((a)>0?1:(((a)<0?-1:0)))
struct point{int x,y;};

struct line{point a,b;};

IITF5 cross product (P1-P0)x(P2-P0)
int xmult(point p1,point p2,point p0){
return (p1.x-p0.x)*(p2.y-p0.y)-(p2.x-p0.X)*(p1.y-p0.y);
¥
int xmult(int x1,int y1,int x2,int y2,int x0,int y0){
return (x1-x0)*(y2-y0)-(x2-x0)*(y1-y0);

IIi+% dot product (P1-P0).(P2-P0)
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int dmult(point p1,point p2,point p0){

return (p1.x-p0.x)*(p2.x-p0.x)+(p1.y-p0.y)*(p2.y-p0.y);
}
int dmult(int x1,int y1,int x2,int y2,int x0,int y0){

return (x1-x0)*(x2-x0)+(y1-y0)*(y2-y0);

) = i 32k

int dots_inline(point p1,point p2,point p3){
return Ixmult(p1,p2,p3);

}

int dots_inline(int x1,int y1,int x2,int y2,int x3,int y3){
return Ixmult(x1,y1,x2,y2,x3,y3);

1) R AR B L A0 48 S i A ) B
int dot_online_in(point p,line 1){
return !xmult(p,l.a,1.0)&&(l.a.x-p.x)*(1.b.x-p.X)<=0&&(l.a.y-p.y)*(I.b.y-p.y)<=0;
}
int dot_online_in(point p,point I1,point 12){
return !xmult(p,11,12) &&(11.x-p.x)*(12.X-p.X)<=0& & (11.y-p.y) *(12.y-p.y)<=0;
}
int dot_online_in(int x,int y,int x1,int y1,int x2,int y2){
return Ixmult(x,y,x1,y1,x2,y2)&&(x1-x)*(x2-X)<=0&&(y1-y)*(y2-y)<=0;

A R AR B b AN 4T iy
int dot_online_ex(point p,line 1){

return dot_online_in(p,1)&&(p.x!'=La.x||p.y!=l.a.y)&&(p.x'=L.b.x||p.y'=l.b.y);
}
int dot_online_ex(point p,point I11,point 12){

return dot_online_in(p,11,12)&&(p.x!'=I11.X||p.y!=11.y)&&(p.x!=12.X||p.y!=12.y);
}
int dot_online_ex(int x,int y,int x1,int y1,int x2,int y2){

return dot_online_in(x,y,x1,y1,x2,y2)&&(x!=x1||y!=y1) &&(x!=x2||y!=y2);

IFIP AR BRI, R AE B2k Bk [A] 0
int same_side(point p1,point p2,line 1){
return sign(xmult(l.a,p1,1.b))*xmult(l.a,p2,1.b)>0;
¥
int same_side(point p1,point p2,point I1,point 12){
return sign(xmult(11,p1,12))*xmult(11,p2,12)>0;
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int opposite_side(point p1,point p2,line 1){
return sign(xmult(l.a,p1,1.b))*xmult(l.a,p2,1.0)<0;
}
int opposite_side(point p1,point p2,point I1,point 12){
return sign(xmult(11,p1,12))*xmult(11,p2,12)<0;

I B2 A7
int parallel(line u,line v){
return (u.a.x-u.b.x)*(v.a.y-v.b.y)==(v.a.x-v.b.x)*(u.a.y-u.b.y);
}
int parallel(point ul,point u2,point v1,point v2){
return (U1.x-u2.x)*(v1.y-v2.y)==(v1.x-v2.x)*(ul.y-u2.y);

I B2
int perpendicular(line u,line v){
return (u.a.x-u.b.x)*(v.a.x-v.b.x)==-(u.a.y-u.b.y)*(v.a.y-v.b.y);
}
int perpendicular(point ul,point u2,point v1,point v2){
return (UL1.x-u2.x)*(v1.x-v2.xX)==-(ul.y-u2.y)*(v1.y-v2.y);

A 2 BRORE 52 0 48 Sy s R 0 B
int intersect_in(line u,line v){
if (Idots_inline(u.a,u.b,v.a)||!dots_inline(u.a,u.b,v.b))
return !same_side(u.a,u.b,v)&&!same_side(v.a,v.b,u);
return dot_online_in(u.a,v)||dot_online_in(u.b,v)||dot_online_in(v.a,u)|dot_online_in(v.b,u);
}
int intersect_in(point ul,point u2,point v1,point v2){
if (Idots_inline(ul,u2,v1)||!dots_inline(ul,u2,v2))
return !same_side(ul,u2,v1,v2)&&!same_side(vl,v2,ul,u?);

return
dot_online_in(ul,v1,v2)|dot_online_in(u2,v1,v2)|dot_online_in(v1,ul,u2)||dot_online_in(v2,ul,u
2);
¥

I B BORA A2 AN B4 i i A0 98 5 B
int intersect_ex(line u,line v){
return opposite_side(u.a,u.b,v)&&opposite_side(v.a,v.b,u);
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int intersect_ex(point ul,point u2,point v1,point v2){
return opposite_side(ul,u2,v1,v2)&&opposite_side(vl,v2,ul,u2);
}
13. ¥
1. vEEAANTTE(0.5 By A7 [A)); 87 k4 0.

2. JUAT i R 2 AN AR Eic b

3. B U = xmult F1 dmult 252 R
FF R TR eps HOAH .

4. EERAAHREEERECER 2N 0.

5. A B E PO,

6. FIWT[F —> 2%P1 3k P A A B 22 B 1% A
abs(al-a2)<beta|labs(al-a2)>pi+pi-beta;
FHEE MAZ A

abs(al-a2)<eps|jabs(al-a2)>pi+pi-eps;

7. WEME R 26 atan2,73 5 atan2(0,0)=0,
atan2(1,0)=pi/2,atan2(-1,0)=-pi/2,atan2(0,1)=0,atan2(0,-1)=pi.

oo

. cross product = |u[*|v|*sin(a)
dot product = |u[*|v|*cos(a)

9. (P1-PO)x(P2-P0O) 4% 5 i) i X
1E: <PO,P1>7£<P0,P2> i 41(0,pi) A
fi1: <PO,P1>7E<P0,P2>1H It 41(0,pi) A
0 : <P0,P1>,<P0,P2>t4L ¢ 414 0 BY, pi

10. IRZ RSB Lle-8!
-y
1 JFa%k
1135 AR IR A R OF B4R, T ah S 4 Al SR 8
IR L T Bl A ARl W
HAESP A 5 FEIE KT O(1)
G TCEIUE 1L.MAXN-1(JER 0 AR, BRAAZEM
#include <string.h>
#define MAXN 100000
#define _ufind_run(x) for(;p[t=x];x=p[X],p[t]=(p[X]?p[X]:X))
#define _run_both _ufind_run(i);_ufind_run(j)

struct ufind{
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int pfMAXN] t;
void init(){memset(p,0,sizeof(p));}
void set_friend(int i,int j){_run_both;p[i]=(i==j?0:j);}
int is_friend(int i,int j){_run_both;return i==j&&i;}
¥
2. JFELEY FE(friend_enemy)
115 R A I 40 1) R AR R X
T 2ha5 437 25 friend-enemy HY&E 425
S RIEE W) 52 4 B KT O(1)
IS TCEBUE 1. MAXN-1(ERE 0 ANBEFI), BRIA T4
#include <string.h>

#define MAXN 100000

#define sig(x) ((x)>0?1:-1)

#define abs(x) ((xX)>0?(x):-(x))

#define
for(;p[t=abs(x)];x=sig(x)*p[abs(x)],p[t]=sig(p[t])*(p[abs(x)]?p[abs(x)]:abs(p[t])))
#define _run_both _ufind_run(i);_ufind_run(j)

#define _set_side(x) p[abs(i)]=sig(i)*(abs(i)==abs(j)?0:(x)*})

#define _judge_side(x) (i==(x)*j&&i)

struct ufind{
int p[MAXN].t;
void init(){memset(p,0,sizeof(p));}
int set_friend(int i,int j){_run_both;_set side(1);return ! judge side(-1);}
int set_enemy(int i,int j){_run_both;_set side(-1);return ! judge_side(1);}
intis_friend(int i,int j){_run_both;return _judge_side(1);}
intis_enemy(int i,int j){_run_both;return _judge_side(-1);}
3
3. HE(binary)
11—y HE(binary)
I1AT $ N RO E I B /N (B oK) 76 3R, 2% 34 O(logn)
] BB ST R SRR B e HU AR AT 5 BSge Fl bL eR
#define MAXN 10000
#define _cp(a,b) ((a)<(b))
typedef int elem_t;

struct heap{
elem_t ([MAXN];
int n,p,c;
void init(){n=0;}
void ins(elem_t e){
for (p=++n;p>1&&_cp(e,h[p>>1]);h[p]=h[p>>1],p>>=1);
h[p]=e;
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}
int del(elem_t& e){

if ('n) return 0;
for
(e=h[p=1],c=2;c<n&& cp(h[c+=(c<n-1&& cp(h[c+1],h[c]))].h[n]);h[p]=h[c],p=C,c<<=1);
h[p]=h[n--;
return 1,
}
3
4. HE(mapped)
IIWLBF — Jy HE
T3 N SREUGEMBRAT 270 2, 52 44 FE 34 O(logn)
G NIARAE— ARG HE, BRI 4222 50 R RO IR &/ o =i — i Rz R 5
= SHETEE 0.MAXN-1, A REH B A TT4ES R 51 BIME— M ASFE LG IR 9135 53 SR aft
I3 E R T BB EE 2R A W DU SRR
] BB ST 3 SRR B e LU AT 5 B il L2 R
#define MAXN 10000
#define _cp(a,b) ((2)<(b))
typedef int elem_t;

struct heap{
elem_t h[MAXN];
int ind[MAXN],map[MAXN],n,p,c;
void init(){n=0;}
void ins(int i,elem_t e){
for (p=++n;p>1&&_cp(e,h[p>>1]);h[map[ind[p]=ind[p>>1]]=p]=h[p>>1],p>>=1);
h[map[ind[p]=i]=p]=e;
}
int del(int i,elem_t& e){
i=map[i];if (i<1||i>n) return O;
for (e=h[p=i];p>1;h[map[ind[p]=ind[p>>1]]=p]=h[p>>1],p>>=1);
for
(c=2;c<n&&_cp(h[c+=(c<n-1&&_cp(h[c+1],h[c]))].h[n]);h[map[ind[p]=ind[c]]=p]=h[c].p=c,c<<
=1);
h[map[ind[p]=ind[n]]=p]=h[n];n--;return 1,
}
int delmin(int& i,elem_t& e){
if (n<1) return O;i=ind[1];
for
(e=h[p=1],c=2;c<n&&_cp(h[c+=(c<n-1&&_cp(h[c+1],h[c]))],h[n]);h[map[ind[p]=ind[c]]=p]=h[c
lp=c,c<<=1);
h[map[ind[p]=ind[n]]=p]=h[n];n--;return 1;
}
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struct rect{
int x1,x2,y1,y2;
rect(){}
rect(int a,int b,int c,int d):x1(a),x2(b),y1(c),y2(d){}
¥

inline rect intersect(rect& a,rect& b){
return
rect(a.x1>b.x1?a.x1:b.x1,a.x2<b.x2?a.x2:h.x2,a.y1>b.y1?a.yl:b.yl,a.y2<b.y2?a.y2:b.y2);

}

void dummy(rect a){
/[dispose this rect

int cut(rect& a,rect b){
rect c=intersect(a,b);
if (c.x1>=c.x2||c.yl>=c.y2)
return O;
if (b.x1<c.x1)
dummy(rect(b.x1,c.x1,b.y1,b.y2)),b.x1=c.x1;
if (b.x2>c.x2)
dummy(rect(c.x2,b.x2,b.y1,b.y2)),b.x2=c.x2;
if (b.yl<c.yl)
dummy(rect(b.x1,b.x2,b.y1,c.y1)),b.yl=c.y1;
if (b.y2>c.y2)
dummy(rect(b.x1,b.x2,c.y2,b.y2)),b.y2=c.y2;
return 1;
}
6. LB
BB
1T LA B NG B 2 AN [ R 155 10
llinc_seg A1 dec_seg F TN A&
IIseg_len SRS
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Iy AL 2 B (3 1)
#define MAXN 10000
struct segtree{
int n,cntfMAXN],len[MAXN];
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segtree(int t):n(t){

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

cnt[i]=len[i]=0;

3
void update(int t,int l,int r);
void inc_seg(int t,int 10,int rO,int Lint r);
void dec_seg(int t,int 10,int r0,int l,int r);
int seg_len(int t,int 10,int r0,int l,int r);

2

int length(int 1,int r){
return r-l;

void segtree::update(int t,int l,int r){
if (cnt[t]||r-1==1)
len[t]=length(l,r);
else
len[t]=len[t+t]+len[t+t+1];

void segtree::inc_seg(int t,int 10,int r0,int l,int r){
if (10==1&&r0==r)
cnt[t]++;
else{
int m0=(10+r0)>>1;
if (I<m0)
inc_seg(t+t,10,m0,l,m0<r?m0:r);
if (r>m0)
inc_seg(t+t+1,m0,r0,m0>1?m0:1,r);
if (cnt[t+t]&&cent[t+t+1]){
cnt[t+t]--;
update(t+t,10,m0);
cnt[t+t+1]--;
update(t+t+1,m0,r0);
cnt[t]++;

}
update(t,10,r0);

void segtree::dec_seg(int t,int 10,int rQ,int I,int r){
if (10==1&&r0==r)
cnt[t]--;
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else if (cnt[t]){
cnt[t]--;
if (I1>10)
inc_seg(t,10,r0,10,D);
if (r<r0)
inc_seq(t,10,r0,r,r0);
}
else{
int m0=(10+r0)>>1;
if (I<mO0)
dec_seg(t+t,10,m0,I,m0<r?mo0:r);
if (r>m0)
dec_seg(t+t+1,m0,r0,m0>1?m0:l,r);
}
update(t,10,r0);

int segtree::seg_len(int t,int 10,int r0,int L,int r){
if (cnt[t]||(10==1&&r0==r))
return len[t];

else{
int m0=(10+r0)>>1,ret=0;
if (I<m0)
ret+=seg_len(t+t,10,m0,l,m0<r?mO0:r);
if (r>m0)
ret+=seg_len(t+t+1,m0,r0,m0>1?m0:1,r);
return ret;
}
}
7. LBy
HEC BT Jie

117 AT A FE AN 2 B i
H1RT DAL BN N 3200 ) a2 AN ] ) 1 450
Ilinc_seg 1 dec_seg AT IMA14
I1seg_len KK seq_cut SRk Bk
I ABRRTT RL(— N 1)
1N0,r0 A& Y5 RUVE T (—HE N 1..0)
Iy AL 2 B (i 1)
#define MAXN 10000
struct segtree{
int n,cntfMAXN],len[MAXN],cutfMAXN],bI[MAXN],br[MAXN];
segtree(int t):n(t){
for (int i=1;i<=t;i++)
cnt[i]=len[i]=cut[i]=bl[i]=br[i]=0;

100



3

void update(int t,int l,int r);

void inc_seg(int t,int 10,int rO,int Lint r);
void dec_seg(int t,int 10,int r0,int l,int r);
int seg_len(int t,int 10,int r0,int l,int r);
int seg_cut(int t,int 10,int r0,int l,int r);

2

int length(int 1,int r){
return r-l;

void segtree::update(int t,int l,int r){

if (cnt[t]||r-1==1)
len[t]=length(l,r),cut[t]=bl[t]=br[t]=1;

else{
len[t]=len[t+t]+len[t+t+1];
cut[t]=cut[t+t]+cut[t+t+1];
if (br[t+t]&&bl[t+t+1])

cut[t]--;

bI[t]=bl[t+t],br[t]=br[t+t+1];

void segtree::inc_seg(int t,int 10,int r0,int l,int r){
if (10==1&&r0==r)
cnt[t]++;
else{
int m0=(10+r0)>>1;
if (I<m0)
inc_seg(t+t,10,m0,l,m0<r?m0:r);
if (r>m0)
inc_seg(t+t+1,m0,r0,m0>1?m0:1,r);
if (cnt[t+t]&&cent[t+t+1]){
cnt[t+t]--;
update(t+t,10,mO0);
cnt[t+t+1]--;
update(t+t+1,m0,r0);
cnt[t]++;

}
update(t,10,r0);
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void segtree::dec_seg(int t,int 10,int rO,int I,int r){
if (10==1&&r0==r)

cnt[t]--;
else if (cnt[t]){
cnt[t]--;
if (I>10)
inc_seg(t,10,r0,10,D);
if (r<r0)
inc_seq(t,10,r0,r,r0);
}
else{
int m0=(10+r0)>>1;
if (I<mO0)
dec_seg(t+t,10,m0,I,m0<r?m0:r);
if (r>m0)
dec_seg(t+t+1,m0,r0,m0>1?m0:l,r);
}
update(t,10,r0);

int segtree::seg_len(int t,int 10,int r0,int L,int r){
if (cnt[t]]|(10==1&&r0==r))
return len[t];

else{
int mO=(10+r0)>>1,ret=0;
if (I<mO)
ret+=seg_len(t+t,10,m0,l,m0<r?mO0:r);
if (r>m0)
ret+=seg_len(t+t+1,m0,r0,m0>I?m0:1,r);
return ret;
}
}
int segtree::seg_cut(int t,int 10,int r0,int L,int r){
if (cnt[t])
return 1;

if (10==1&&r0==r)
return cut[t];
else{
int mO=(10+r0)>>1,ret=0;
if (I<m0)
ret+=seg_cut(t+t,10,m0,I,m0<r?mo0:r);
if (r>m0)
ret+=seg_cut(t+t+1,m0,r0,m0>1?m0:l,r);
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if (I<M0&&r>m0&&br[t+t]&&bl[t+t+1])
ret--;
return ret;
}
}
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9. TBUH

112K sum{[0..n-1]}

S F 2 1) 52 2% B2 3414 O(logn)

I T304 KT B B N 3R A71E sum.a[]H

1177 VA RS A Hp R Y

#include <string.h>

#define lowbit(x) ((X)&((X)((x)-1)))

#define MAXN 10000

typedef int elem_t;

struct sum{
elem_t afMAXN],c[MAXN],ret;
intn;
void init(int i){memset(a,0,sizeof(a));memset(c,0,sizeof(c));n=i;}
void update(int i,elem_t v){for (v-=a[i],a[i++]+=v;i<=n;c[i-1]+=v,i+=lowbit(i));}
elem_t query(int i){for (ret=0;i;ret+=c[i-1],i*=lowbit(i));return ret;}
h
10. FREFI
/13K sum{a[0..m-1][0..n-1]}
IAEFP AT ) 52 2% 234928 O(logm*logn)
T Eh25 3R T BEA B 9 BSARAEAE sum.af][]
1177 VA RS H A Hp 2 Y
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#include <string.h>

#define lowbit(x) ((X)&((X)((x)-1)))
#define MAXN 100

typedef int elem_t;

struct sum{
elem_t af]MAXN][MAXN],c[MAXN][MAXN],ret;
intm,nt;
void init(int i,int j){memset(a,0,sizeof(a));memset(c,0,sizeof(c));m=i,n=j;}
void update(int i,int j,elem_t v){
for (v-=a[i][j].a[i++][j++]+=v.t=};i<=m;i+=lowbit(i))
for (j=t;j<=n;c[i-1][j-1]*+=V,j+=lowbhit(j));
}
elem_t query(int i,int j){
for (ret=0,t=j;i;i"=lowbit(i))
for (j=t;j;ret+=c[i-1][j-1],j"=lowbit(j));
return ret;

oAt
%
struct frac{
int num,den;

3 |1

h

double fabs(double x){
return x>07x:-x;

int gcd(int a,int b){
intt;
if (a<0)
a=-3;
if (b<0)
b=-b;
if (b)
return a;
while (t=a%b)
a=b,b=t;
return b;

void simplify(frac& f){
intt;
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if (t=gcd(f.num,f.den))
f.num/=t,f.den/=t;
else
f.den=1;

frac f(int n,int d,int s=1){
frac ret;
if (d<0)
ret.num=-n,ret.den=-d;
else
ret.num=n,ret.den=d,;
if (s)
simplify(ret);
return ret;

frac convert(double x){
frac ret;
for (ret.den=1;fabs(x-int(x))>1e-10;ret.den*=10,x*=10);
ret.num=(int)x;
simplify(ret);
return ret;

int fragcmp(frac a,frac b){
int gl=gcd(a.den,b.den),g2=gcd(a.num,b.num);
if ('91|/'g2)
return O;
return b.den/gl*(a.num/g2)-a.den/g1*(b.num/g2);

frac add(frac a,frac b){
int gl=gcd(a.den,b.den),g2,t;
if ('g1)
return f(1,0,0);
t=b.den/gl*a.num+a.den/g1*h.num;
g2=gcd(g1.b);
return f(t/g2,a.den/g1*(b.den/g2),0);

frac sub(frac a,frac b){
return add(a,f(-b.num,b.den,0));
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frac mul(frac a,frac b){
int t1=gcd(a.den,b.num),t2=gcd(a.num,b.den);
if (1t1]|'t2)
return f(1,1,0);
return f(a.num/t2*(b.num/t1),a.den/t1*(b.den/t2),0);

frac div(frac a,frac b){
return mul(a,f(b.den,b.num,0));
}
2. HRE
define MAXN 100

#define fabs(x) ((X)>0?(x):-(x))
#define zero(x) (fabs(x)<1e-10)

struct mat{
int n,m;
double datal MAXN][MAXNT];

3
int mul(mat& c,const mat& a,const mat& b){
inti,j,k;
if (a.m!=b.n)
return 0;

c.n=a.n,c.m=b.m;
for (i=0;i<c.n;i++)
for (j=0;j<c.m;j++)
for (c.data[i][j]=k=0;k<a.m;k++)
c.data[i][j]+=a.data[i][K]*b.data[K][j];
return 1;

int inv(mat& a){

int i,j,k,isfMAXN],jsS[IMAXN];
double t;
if (a.nl=a.m)

return O;
for (k=0;k<a.n;k++){

for (t=0,i=k;i<a.n;i++)

for (j=k;j<a.n;j++)
if (fabs(a.data[i][j])>t)
t=fabs(a.data[is[K]=i][js[K]=i]);
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}

if (zero(t))
return 0;
if (is[k]'=k)
for (j=0;j<a.n;j++)
t=a.data[k][j],a.data[k][j]=a.data[is[K]][j],a.data[is[K]][i]=t;
if (js[k]'=k)
for (i=0;i<a.n;i++)
t=a.data[i][k],a.data[i][k]=a.data[i][js[K]],a.data[i][js[K]]=t;
a.data[k][k]=1/a.data[k][k];
for (j=0;j<a.n;j++)
if (j!=k)
a.data[K][j]*=a.data[K][K];
for (i=0;i<a.n;i++)
if (i'=k)
for (j=0;j<a.n;j++)
if (j'=k)
a.data[i][j]-=a.data[i][k]*a.data[K][]];
for (i=0;i<a.n;i++)
if (i'=k)
a.data[i][k]*=-a.data[k][k];
}
for (k=a.n-1;k>=0;k--){
for (j=0;j<a.n;j++)
if (js[k]'=k)
t=a.data[K][j],a.data[k][j]=a.data[js[K]][j].a.data[js[KI][i]=t;
for (i=0;i<a.n;i++)
if (is[k]'=k)
t=a.data[i][Kk],a.data[i][k]=a.data[i][is[K]],a.data[i][is[K]]=t;
}

return 1;

double det(const mat& a){

int i,j,k,sign=0;
double b[MAXN][MAXN],ret=1,t;
if (a.nl=a.m)
return O;
for (i=0;i<a.n;i++)
for (j=0;j<a.m;j++)
b[i][i]=a.datafi][i];
for (i=0;i<a.n;i++){
if (zero(b[i][iN)){
for (j=i+1;j<a.n;j++)

if ('zero(b[j1[i]))
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break;
if (j==a.n)
return O;
for (k=i;k<a.n;k++)
t=b[i][K],b[i][K]=b K], bLIKI=t;
sign++;
}
ret*=b[i][i];
for (k=i+1;k<a.n;k++)
bi][k]/=b[i[i];
for (j=i+1;j<a.n;j++)
for (k=i+1;k<a.n;k++)
bl1[K]-=b[I[T*bLiTIK];
}
if (sign&1)
ret=-ret;
return ret;
}
3. Hi¥
JASE:CSR ¢

int days[12]={31,28,31,30,31,30,31,31,30,31,30,31};
struct date{
int year,month,day;

h

11412 4
inline int leap(int year){
return (year%4==0&&year%100!=0)||year%400==0;

IRV E
inline int legal(date a){
if (a.month<0|ja.month>12)
return O;
if (a.month==2)
return a.day>0&&a.day<=28+leap(a.year);
return a.day>0&&a.day<=days[a.month-1];

ITECAEH IR
inline int datecmp(date a,date b){
if (a.year!=b.year)
return a.year-b.year;
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if (a.month!=b.month)
return a.month-b.month;
return a.day-b.day;

3R 18145 € H #1722 411
int weekday(date a){
int tm=a.month>=3?(a.month-2):(a.month+10);
int ty=a.month>=3?a.year:(a.year-1);
return (ty+ty/4-ty/100+ty/400+(int)(2.6*tm-0.2)+a.day)%7;

1E 3 R A w2
int date2int(date a){
int ret=a.year*365+(a.year-1)/4-(a.year-1)/100+(a.year-1)/400,i;
days[1]+=leap(a.year);
for (i=0;i<a.month-1;ret+=days[i++]);
days[1]=28;
return ret+a.day;

IR B ¥ H 4]
date int2date(int a){
date ret;
ret.year=a/146097*400;
for (a%=146097;a>=365+leap(ret.year);a-=365+leap(ret.year),ret.year++);
days[1]+=leap(ret.year);
for (ret.month=1;a>=days[ret.month-1];a-=days[ret.month-1],ret. month++);
days[1]=28;
ret.day=a+1;
return ret;
}
4, 2% 777220 (gauss)
#define MAXN 100
#define fabs(x) ((x)>0?(x):-(x))
#define eps 1e-10

11313 7t gauss 2 3K fig a[l0x[1=b[]
113 [0 2 154 WE— i 5 A AAE b
int gauss_cpivot(int n,double a[][MAXN],double b[]){
int i,j,k,row;
double maxp.t;
for (k=0;k<n;k++){
for (maxp=0,i=k;i<n;i++)

109



if (fabs(a[i][k])>fabs(maxp))
maxp=a[row=i][K];
if (fabs(maxp)<eps)
return O;
if (row!=k){
for (j=k;j<n;j++)
t=a[k][j].a[K][i]=alrow][j].a[row][i]=t;
t=b[k],b[k]=b[row],b[row]=t;
}
for (j=k+1jj<n;j++)}{
a[K][j}/=maxp;
for (i=k+1;i<n;i++)
a[i][il-=alil[k]*alK][l;
}
b[K]/=maxp;
for (i=k+1;i<n;i++)
b[i]-=b[k]*a[i][K];
}
for (i=n-1;i>=0;i--)
for (j=i+1;j<n;j++)
bli]-=a[i][i]*b[il;
return 1;

}

1174326 gauss ¥4 2 a[][x[1=b[]
IR [0 2 154 W — 5 A AAE b
int gauss_tpivot(int n,double a[][MAXN],double b[]){
int i,j,k,row,col,index MAXNJ;
double maxp,t;
for (i=0;i<n;i++)
index[i]=i;
for (k=0;k<n;k++){
for (maxp=0,i=k;i<n;i++)
for (j=k;j<n;j++)
if (fabs(a[i][j])>fabs(maxp))
maxp=a[row=i][col=j];
if (fabs(maxp)<eps)
return O;
if (coll=k){
for (i=0;i<n;i++)
t=a[i][col],a[i][col]=a[i][K].a[i][K]=t;
j=index[col],index[col]=index[K],index[Kk]=j;
}
if (row!=k){
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for (j=k;j<n;j++)
t=a[K][j].a[K][i]=alrow][j].a[row][i]=t;
t=b[k],b[k]=b[row],b[row]=t;
}
for (j=k+1jj<n;j++)}{
a[K][j}/=maxp;
for (i=k+1;i<n;i++)
a[i]fil-=alil[k]*alK]Ll;
}
b[K]/=maxp;
for (i=k+1;i<n;i++)
b[i]-=b[k]*a[i][K];
}
for (i=n-1;i>=0;i--)
for (j=i+1;j<n;j++)
bli]-=a[i][i]*b[il;
for (k=0;k<n;k++)
a[0][index[K]]=b[K];
for (k=0;k<n;k++)
b[K]=a[0][KI;
return 1;
}
5. ZthAHR
A 2R R (IEAEAL)
IMEXN m A n 4 ) &
#include <math.h>
#define MAXN 100
#define eps 1e-10

int linear_dependent(int m,int n,double vec[][MAXN]){
double ortf MAXN][MAXN],e;
inti,jk;
if (m>n)
return 1;
for (i=0;i<m;i++){
for (j=0;j<n;j++)
ort[i][j1=veclillj];
for (k=0;k<i;k++){
for (e=j=0;j<n;j++)
e+=ort[i][j]*ort[K][j];
for (j=0;j<n;j++)
ort[i][j]-=e*ort[K][j];
for (e=j=0;j<n;j++)

e+=ort[i][j]*ort[i][j];
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if (fabs(e=sqrt(e))<eps)

return 1;
for (j=0;j<n;j++)
ort[i][j1/=e;
}
}
return 0;
}
Y. RH
1. joseph
I/l Joseph's Problem
// input: n,m -- the number of persons, the inteval between persons
// output: -- return the reference of last person

int josephus0(int n, int m)
{
if (n==2) return (m%2) ? 2: 1;
int v = (m+josephus0(n-1,m)) % n;
if(v==0)v=n;
return v;
}
int josephus(int n, int m)
{
if (m==1) return n;
if (n==1) return 1;
if (m >=n) return josephus0(n,m);
int I = (n/m)*m;
int j = josephus(n - (n/m), m);
if (j <=n-I) return I+j;
j-=n-l;
intt= (j/(m-1))*m;
if ((j % (m-1)) == 0) return t-1;
return t + (j % (m-1));
}
2. N 253G fig

IIN 2 JE 0 IE % n>=4

void evenl(int n,int *p){
inti;
for (i=1;i<=n/2;i++)
pli-1]=2*F;
for (i=n/2+1;i<=n;i++)
p[i-1]=2*i-n-1;
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}

void even2(int n,int *p){
inti;
for (i=1;i<=n/2;i++)
p[i-1]=(2*i+n/2-3)%n+1;
for (i=n/2+1;i<=n;i++)
p[i-1]=n-(2*(n-i+1)+n/2-3)%n;
}

void generate(int,int*);
void odd(int n,int *p){
generate(n-1,p),p[n-1]=n;

}
void generate(int n,int *p){
if (N&1)
odd(n,p);
else if (n%6!=2)
evenl(n,p);
else
even2(n,p);
}
3. A /R EFRR L
1A 7R BE R KL

13 mOAMAME Y w52 i B8 5 #4% value

I5E A mQEk wile NS

IR R i 7R B

I N8 AL n, /N mD, 08 w] A1 H FrME value
#define MAXYV 100000

int genfunc(int n,int* m,int* wint value){
inti,jk.c;
char rfMAXV];
for (r[0]=i=1;i<=value;r[i++]=0);
for (i=0;i<n;i++){
for (j=0;j<w[il;j++){
c=m[i]*r[k=j];
while ((k+=w[i])<=value)
if (r[K])
c=m[il;
else if (c)
r[k]=1,c--;
if (rfvalue])
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return 1;

}

}

return O;
}
4. FKILHR
IMAER k>t k=0..n-1
PP %4 FE O(n)
I a[]H FRUF i e 3

#define _cp(a,b) ((a)<(b))
typedef int elem_t;

elem_t kth_element(int n,elem_t* a,int k){
elem_t t,key;
int I=0,r=n-1,i,j;
while (I<n{
for (key=a[((i=1-1)+(j=r+1))>>1[;i<j;){
for (j--;_cp(key,alil);i--);
for (i++;_cp(ali] key);i++);
if (i<j) t=a[i],a[i]=a[j].a[j]=t;
}
if (k>)) I=j+1;
else r=j;
}
return a[K];
}
5. %75 Mk
H£) 77 ¥i& (1'=2)
#define MAXN 100

void dllb(int l,int si,int sj,int sn,int d[J[MAXN]){
int n,i=0,j=1/2;
for (n=1;n<=I*;n++){
d[i+si][j+sj]=n+sn;

if (n%I){
i=(i)?(i-1):(1-1);
j=(==1-1)?0:(j+1);

}

else

i=(i==1-1)20:(i+1);
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void magic_odd(int I,int d[][MAXN]){
dllb(1,0,0,0,d);
}

void magic_4k(int l,int d[J[MAXN]){
intij;
for (i=0;i<l;i++)
for (j=0;j<L;j++)

d[i1=((1%4==0][i%4==3)&& (j%4==0]|j%4==3)||({%4==1|[i%4==2) &&(j%4==1|[j%64==2))
2(IH-(*1+)): (i*1+j+1);
}

void magic_other(int l,int d[][MAXN]){
inti,},t;
dlib(1/2,0,0,0,d);
dlib(1/2,1/2,1/2,1*1/4,d);
dlib(1/2,0,1/2,1*1/2,d);
dlib(1/2,1/2,0,1*1/4*3,d);
for (i=0;i<1/2;i++)
for (j=0;j<I/4;j++)
if (i'=1/4]]j)
t=d[i[j1.d[il]=d[i+1/2]1[].d[i+1/2][j]=t;
t=d[1/4][1/4],d[/4][1/4]=d[l/4+1/2][1/4],d[1/4+1/2][1/4]=t;
for (i=0;i<1/2;i++)
for (j=I-1/4+1;j<l;j++)
t=d[i][1.d[iG1=dli+12] (] d[i+72][]=t;
}

void generate(int I,int d[][MAXN]){
if (1%2)
magic_odd(l,d);
else if (1%4==0)
magic_4k(l,d);
else
magic_other(l,d);
}
6. & xCULAC(kmp)
IHEERUL S kmp 592, 2 42 Z O(m+n)
IR BT VE A B -1 eI VLT 2RI, A N DL s AR 2 K
] SR BT 3R S A, B i UL T bR 4
#define MAXN 10000
#define _match(a,b) ((a)==(b))
typedef char elem_t;
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int pat_match(int Is,elem_t* str,int Ip,elem_t* pat){

int failf MAXN]={-1},i=0,j;

for (j=1;j<Ip;j++){
for (i=fail[j-1];i>=0&&! match(pat[i+1],pat[j]);i=fail[i]);
fail[j]=(_match(pat[i+1],pat[j])?i+1:-1);

}

for (i=j=0;i<Is&&j<Ip;i++)
if (_match(str[i],pat[j]))

i+
else if (j)
j=fail[j-1]+1,i--;
return j==Ip?(i-1p):-1;
}
7. WL

7538 ik %, 5225 2 O(nlogn)

A N B A P 25, 3 [0 30 0
I17] S T 3R SRR AN LU B 2
#include <string.h>

#define MAXN 1000000

#define _cp(a,b) ((a)<=(b))

typedef int elem_t;

elem_t _tmp[MAXN];

int inv(int n,elem_t* a){
int I=n>>1,r=n-l,i,j;
int ret=(r>1?(inv(l,a)+inv(r,a+l)):0);
for (i=j=0;i<=I;_tmp[i+j]=a[i],i++)

for (ret+=j;j<r&&(i==I||!_cp(a[il.a[l+j]));_tmp[i+j]=a[l+j].j++);
memcpy(a,_tmp,sizeof(elem_t)*n);
return ret;

¥
8. THFH R/NRIR

/*

RTAF R RN R

BN TAFER

R IE]: A R NRR I E RV (0. size-1)
*/

template <class T>
int MinString(vector <T> &str)
{
inti, j, k;
vector <T> ss(str.size() << 1);
for (i = 0; i <str.size(); i ++) ss[i] = ss[i + str.size()] = str[i];
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for(i=k=0,j=1; k<strsize() && i < str.size() && j < str.size(); ) {
for (k = 0; k < str.size() && ss[i + k] == ss[j + k]; k ++);

if (k <str.size()) {
if (ss[i + k] > ss[j + k])
i+=k+1;
elsej+=k +1;
if (i==j)j++;
}

}
returni<j?i:j;
}
9. RKAILHIHTHFFI
Il K AFGER T FPH,  IFIRIE A O(n~2 * logn), %A O(n"2)

/**

*n v a R/, moy b RN
* ZEIRAE ans
* define _cp(a,b) ((a)<(0))" R B K ™ 4 7 51
*/
#define MAXN 1000
#define _cp(a,b) ((a)<(b))
typedef int elem_t;

elem_t DP[MAXN][MAXN];
int num[MAXN], p[1<<20];

int LIS(int n, elem_t *a, int m, elem_t *b, elem_t *ans){
inti,j, I, rk;

DP[0][0] =0;
num[0] = (b[0] == a[0]);
fori=1;i<m;i++) {
num[i] = (b[i] == a[0]) || num[i-1];
DPJi][0] = 0;
}
for(i=1;i<n;i++){
if(b[0] == a[i] && Inum[0]) {
num[0] = 1;
DP[0][0] = i<<10;
}

forG=1;j<m;j++){
for(k=((1=0)+(r=num[j-1]-1))>>1; I<=r; k=(l+r)>>1)
if(_cp(a[DP[j-1][k]>>10], a[i]))
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I=k+1;
else
r=k-1;

if(I < num[j-1] && i == (DP[j-1][1]>>10) ){
if(I >= num[j]) DP[j][num[j]++] = DP[j-1][I];
else DP[j][1] = _cp(a[DP[j][1]>>10].a[i]) ? DP[j][1] : DP[j-1][11;
}
if(b[i] == a[i){
for(k=((I=0)+(r=num[j]-1))>>1; I<=r; k=(I+r)>>1)
if(_cp(a[DP[j][k]>>10], a[i]))
I=k+1;
else
r=k-1;

DP[j][I] = (i<<10) +j;
numfj] += (I>=numj]);
p[DPOILT =17 DPOI(-1] - -1

}

for (k=DP[m-1][i=num[m-1]-1];i>=0;ans[i--]=a[k>>10],k=p[K]);
return num[m-1];
}
10. KT FPH
i KB T Fe 41, 2% % O(nlogn)
T B /N P 51 i AR PP 81 R 6] N 5 2% 91 2
/I"define _cp(a,b) ((a)>(b))" >R Mt K ™ ¥ a5 471, Ul
I1"define _cp(a,b) (1((a)>(b)))" =K fift 5 /N A% 326 ek 7 41) 7
7] BB BT 3 SR AN L R K
#define MAXN 10000
#define _cp(a,b) ((a)>(b))
typedef int elem_t;

int subseq(int n,elem_t* a){
int bfMAXN],i,l,r,m,ret=0;
for (i=0;i<n;b[l]=i++, ret+=(I>ret))
for (m=((1=1)+(r=ret))>>1;l<=r;m=(l+r)>>1)
if (_cp(a[b[m]].a[i]))
I=m+1;
else
r=m-1;
return ret;
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}

int subseq(int n,elem_t* a,elem_t* ans){

int bfMAXN],p[MAXN],i,l,r,m,ret=0;

for (i=0;i<n;p[b[l]=i++]=b[I-1],ret+=(I>ret))

for (m=((1=1)+(r=ret))>>1;l<=r;m=(l+r)>>1)
if C_cp(alblm]].a[i]))
I=m+1;
else
r=m-1;

for (m=Db[i=ret];i;ans[--i]=a[m],m=p[m]);

return ret;
}
11, AT HILE
18K H UL HE, B % FE O(mn)
1135 18] B R VCCA A NP B R R (K B, B 28R [m]— > R LG
T AR -4 B DT 2 R R N0 AL
1Y S 2 76 3 S8R, B 46 UG R o B50F DL TG 0 1 R 4
#include <string.h>
#define MAXN 100
#define max(a,b) ((a)>(b)?(a):(b))
#define _match(a,b) ((a)==(b))
#define _value(a,b) 1
typedef char elem_t;

int str_match(int m,elem_t* a,int n,elem_t* b){
int match[MAXN+1][MAXN+1],i,j;
memset(match,0,sizeof(match));
for (i=0;i<m;i++)
for (j=0;j<n;j++)
match[i+1][j+1]=max(max(match[i][j+1],match[i+1][j]),
(match[i][j]+_value(a[i],b[i]))*_match(a[i],b[j]));
return match[m][n];

}

int str_match(int m,elem_t* a,int n,elem_t* b,elem_t* ret){

int match[MAXN+1][MAXN+1],lastfMAXN+1][MAXN+1],i,j.t;

memset(match,0,sizeof(match));

for (i=0;i<m;i++)

for (j=0;j<n;j++}{
match[i+1][j+1]=(match[i][j+1]>match[i+1][j]?match[i][j+1]:match[i+1][j]);
last[i+1][j+1]=(match[i][j+1]>match[i+1][j]?3:1);
if (t=(match[i][j]+_value(a[i],b[i]))*_match(a[i],b[j]))>match[i+1][j+1])
match[i+1][j+1]=t last[i+1][j+1]=2;
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}
for (;match[i][j];i-=(last[t=i][j]>1).j-=(last[t][1<3))
ret[match[i][j]-1]=(last[i][j]<3?a[i-1]:b[j-1]);
return match[m][n];
}
12. mARTEBAM
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typedef int elem_t;

elem_t maxsum(int n,elem_t* list){
elem_t ret,sum=0;
inti;
for (ret=list[i=0];i<n;i++)
sum=(sum>0?sum:0)+list[i],ret=(sum>ret?sum:ret);
return ret;

}

elem_t maxsum(int n,elem_t* list,int& start,int& end){
elem_t ret,sum=0;
ints,i;
for (ret=list[start=end=s=i=0];i<n;i++,s=(sum>07s:i))
if ((sum=(sum>0?sum:0)+list[i])>ret)
ret=sum,start=s,end=i;
return ret;
}
13. AT FEM
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I ol it
#define MAXN 100
typedef int elem_t;

elem_t maxsum(int m,int n,elem_t mat[][[MAXN]){

elem_t matsum[MAXN][MAXN+1],ret,sum;
intijk;
for (i=0;i<m;i++)

for (matsum[i][j=0]=0;j<n;j++)

matsum[i][j+1]=matsum[i][j]+mat[i][j];

for (ret=mat[0][j=0];j<n;j++)

for (k=j;k<n;k++)
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for (sum=0,i=0;i<m;i++)
sum=(sum>0?sum:0)+matsum[i][k+1]-matsum[i][j],ret=(sum>ret?sum:ret);
return ret;

elem_t maxsum(int m,int n,elem_t mat[][[MAXN],int& s1,int& s2,int& el,int& e2){
elem_t matsum[MAXN][MAXN+1],ret,sum;
inti,jk,s;
for (i=0;i<m;i++)
for (matsum[i][j=0]=0;j<n;j++)
matsum[i][j+1]=matsum[i][j]+mat[i][j];
for (ret=mat[s1=e1=0][s2=e2=j=0];j<n;j++)
for (k=j;k<n;k++)
for (sum=0,s=i=0;i<m;i++,5=(sum>07s:i))
if ((sum=(sum>0?sum:0)+matsum[i][k+1]-matsum[i][j])>ret)
ret=sum,s1=s,s2=i,e1=j,e2=k;
return ret;
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