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Fi nding articulation points, bridges and bi connected conponents:

bl ockDFS (v)
pred(v) = num(v) = i++
for all vertices u adjacent to v
i f edge(uv) is not on stack
push(edge(uv));
if numlu) is O

bl ockDFS(u) ;
if pred(u) 3 num(v)
e = pop();
while e I'= edge(vu)
out put e;
e = pop();
out put e;

el se pred(v) = min(pred(v), pred(u));
else if uis not the parent of v
pred(v) = m n(pred(v), nunm(u));

Maxi mum bi partite matching with augnenting paths:

fi ndMaxi mumvat chi ng(bi partite graph)
for all unmatched vertices v

set level of all vertices to O;

set parent of all vertices to null

I evel (v) = 1;

|ast = null;

cl ear queue

enqueue(Vv);

whil e queue is not enpty and last is nul
v = dequeue();
if level(v) is an odd nunber

for all vertices u adjacent to v such that |evel (u)

if uis unmatched
parent(u) = v;
| ast = u;
br eak;
else if uis matched but not with v
parent(u) = v;
level (u) = level(v) + 1
enqueue(u);
el se
enqueue(vertex u matched with v);
parent(u) = v;

l evel (u) = level (v) +1;
if last is not nul
for u=1last ; uis not null ; u = parent(parent(u))

mat chedWt h(u) = parent (u);
mat chedW t h(parent (u)) = u
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Cli pping a subject polygon with a clipper polygon — CohenSut herl and al gorithm

Pol ygons nmust be convex:

# include <stdio. h>
# include <math. h>

# define SIZE 2001

typedef struct{
doubl e x,vy;

} Poi nt ;

enum { LEFT=0, Rl GHT, BEHI ND, BEYOND, ORI G| N, DESTI NATI ON, BETVEEEN} ;
enum { COLLI NEAR=0, PARALLEL, SKEW SKEW CROSS, SKEW NO_CROSS} ;



/* p2 on which side of pl-p0 */
int classify(Point p0,Point pl,Point p2)
{ Point a,b;

doubl e t;

a. x=pl. x-pO0. x;

a.y=pl.y-p0.y,

b. x=p2. x-p0. x;

b.y=p2.y-p0.y;

t=a. x*b.y-a.y*b. x;

if(t>0.0) return LEFT;

if(t<0.0) return RIGHT;

if((a.x*a.x+a.y*a.y)<(b.x*b.x+b.y*b.y)) return BEYOND
return BEH ND;
return BEHI ND;

if((a.x>0.0 & b.x<0.0) || (a.x<0.0 && b.x>0.0))
if((a.y>0.0 & b.y<0.0) || (a.y<0.0 && b.y>0.0))
i f(p0.x==p2.x && p0.y==p2.y) return ORIG N
i f(pl.x==p2.x && pl.y==p2.y) return DESTI NATI ON
return BETWEEN

}

doubl e dot Product (Poi nt a, Point b)

{ return a.x*b.x+a.y*b.y;

}

/* intersection of b-a and d-c : t of b-a */

int intersect(Point a,Point b,Point c,Point d,double *t)

{ doubl e denom num
int acl ass;
Poi nt n, ba, ac;

ac.y=a.y-c.y,;
denomedot Product (n, ba) ;
i f (denom==0. 0){
acl ass=cl assify(c,d, a);
i f(acl ass==LEFT || acl ass==RI GHT)
return PARALLEL;
el se
return COLLI NEAR
}

num=dot Pr oduct (n, ac) ;
*t =- nunf denom
return SKEW
}
/* clip polygon p[] using edge b-a */
int lineClip(Point a,Point b,Point p[],int n)
{ Point r[SIZE];
Poi nt org, dest, crosspt;
i nt orglslnside, destl sl nsi de;
doubl e t;
int i,j;
pln]=p[0];
for(i=j=0;i<n;i++){
org=p[i];
dest=p[i +1];
orgl sl nside=(classify(a, b, org)!=LEFT);
destlslnside=(classify(a,b,dest)!=LEFT);
i f(orglslnsidel =destl sl nside){
intersect(a, b, org, dest, &t);
crosspt. x=a. x+t*(b. x-a. x);
crosspt.y=a.y+t*(b.y-a.y);
}
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i f(orglslnside && destlslnside)
r[j++] =dest;

el se if(orglslnside && !destlslnside){
i f(org.x!'=crosspt.x || org.y!=crosspt.y)
r[j++] =crosspt;

else if(!lorglslnside & !destlslnside)

el se{
r[j++] =crosspt;
i f(dest.x!=crosspt.x || dest.y!=crosspt.y)
r[j++] =dest;
}
}
for(i=0;i<j;i++)
plil=r[i];
return j;
}
i nt polygonClip(Point subject[],int mPoint clipper[],int n)
{ int tm
int i;
clipper[n]=clipper[0];
for(i=0;i<n;i++){
trmelineClip(clipper[i],clipper[i+1],subject,m;
met m
}
return m
}

Job Scheduling of n jobs with deadlines di and penalty/profit pi. If pi
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is profit

late jobs give O profit. if pi is penalty only late jobs have penalties.

Ti me

conplexity = Q(n*lgn).

# include <stdio. h>
# include <stdlib. h>

# define MAXJOBS 1000
# define mn(a,b) (((a)<(b))? (a):(b))

typedef struct{

int d,p,alpha;

/* job done in [al pha-1, al pha] */
}Job;
int cnp(const void *a,const void *b)
{ Job u,v;

u=*(Job *)a

v=*(Job *)b;

return v.p-u.p;
}
/* Jobs are q[1],q9[2],....,q[n]

If jobi is late q[i].al pha==0 */

voi d Schedul e(Job qg[],int n)

{ int i,j,k1I;
gsort(g+1, n, si zeof (Job), cnp);
MakeSet (0) ;

a[ 0] =0;

for(i=1;i<=n;i++){
MakeSet (i) ;
afil=i;
q[i]. al pha=0;

}
q[ 1] . al pha=mi n(q[1].d, n);
Union(q[1].al pha-1, q[ 1] . al pha);
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j =Fi ndSet (q[ 1] . al pha);
a[j]=a[q[1].al pha-1];
for(i=2;i<=n;i++){
j=FindSet (m n(q[i].d,n));
if('a[j]) continue;
q[i].al pha=a[j];
k=Fi ndSet (a[j]-1);
Uni on(j, k) ;
| =Fi ndSet (j);
a[l]=a[k];
}
}

Optimal Binary Search Tree with Knuth's Optinization:

Opti mal - BST(p, q, n)
for i=1 to n+l1 do
e[i,i-1] =q[i-1];
Wi, i-1] = q[i-1];
for k=1 to n do
for i=1 to n-k+1 do
j = i+k-1;
efi,j] M,
wi,jl wii,j-11 + p[jl + aljl;
for r=root[i,j-1] to root[i+1,j] do
t =e[i,r-1] + e[r+1,j] + Wi,j];
if t <e[i,j] then
e[i,j] =1t;
root[i,j] =r;
return e and root

Here, p[i]
ali]

probability of a query ending in i-th node, 1 £1i £ n
probability of a failed query, 0 £i £ n

Convex Hull Code
llong p[ MAX] [ 2], h[ MAX] [ 2] ;
voi d Swap(long &x,long &y)
{ long t;
t =X, X =y, y =t;
}
long Dis(long i,long j)
{ return ((p[i][O]-p[j][O])*(p[i][O]-p[j][O]) +
} (pli]la]-pljll2])*Cplil[2]-p[i]02]));

Il ong Area(long i,long j,long k)
{ returnC p[i][O]*(p[i][2]-p[kI[1]) + p[jllO]*(pPLKI[1]-pLi][1]) +
pLKITOI*(pli1[]-pli][2]));

}
voi d Set M ni mum(l ong n)
{ long index,i;
index = 0 ;
for(i=1;i<n;i++)({
if( p[i]l[1l] > p[index][1] ) continue;
else if( p[i]l[1] < p[index][1] )
index = i;
el se{
if( p[i][0] < p[index][0] )
i ndex = i;
}

}
Swap(p[0][0], p[index][0]);
Swap(p[O] [ 1], p[index][1]);




}
| ong ConvexHul I (I ong n)

{ long i,j,count, prev, next, area, di sl, di s2, i ndex;

Set M ni num(n) ;
h[0][0] = p[O][O];
h[O][1] = p[O][1];

index = 1;
prev = 0;
while(1){

next = (prev+l) %n;

for( j=next,count=1 ; count<=n-2; count++ ){

i = (j+count) %n;
area = Area(prev, next,i);
if( area > 0 ) continue;
else if ( area < 0)
next i;
el se{
disl = Dis(prev, next);
dis2 = Dis(prev,i);
if( dis2 > disl ) next =i;
}
}
i f( next==0) break;
el se{
h[ i ndex] [ 0]
h[ i ndex] [ 1]
i ndex++
prev = next ;

plnext][O];
plnext][1];

}
}

return index;

void main()
{ long i,j,k,I,n, numindex, Case
scanf ("% d", & Case) ;
printf("%d\n", Case);
for( num=0; nunkCase ; ){
scanf ("% d", & );
i f( n==-1) continue;
for( i=0; i<n ; i++)
scanf ("% d%W d", &[i][0], &p[i][1]);
i ndex = ConvexHul | (n-1)
printf("% d\n",index+1);
for(i=0; i<index; i++)
printf("%d %d\n",h[i][O],h[i][1]);
printf("%d %d\n",h[0][0],h[0][1]);
i f(nun =Case-1)
printf("-1\n");
numt+;
}
}

For d- Ful kerson with BFS
/*root = 0;
*problemvertices : 1-n;
*category vertices: (n+l)-(n+m
*sink = np+nk+1
*/
#define SIZE 500
#define QSIZE 300

int f[SIZE[SIZE], c[ S| ZE] [ S| ZE], pat h[ SI ZE] [ SI ZE] ;
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int visit[SIZE],index[SIZE], q[ QS| ZE], parent [ Sl ZE] , mi nf | oW S| ZE] ;

int t,mn,serial,front,rear;

int mn(int a, int b)

{ return a <=b ? a: b;

}

i nt dequeue()

{ int tenp;
if(front == rear) return -1;
tenmp = q[front]
front = (front+1) % QS| ZE
return tenp;

}

voi d enqueue(int x)

{ g[rear] = x;
rear = (rear+1) % QSI ZE;

}
bool bfs()
{ int node, next node, prevnode, cf, m nf,i;
front = rear = 0;
enqueue(0);
visit[0] = serial;
parent[0] = -1,
m nflow 0] = I NT_MAX
whi |l e(1){
node = dequeue();
i f(node == 1t){
mnf = mnflowt];
whi |l e(1){
prevnode = parent[node];
i f(prevnode < 0) break;
f[ prevnode] [ node] += m nf;

f[ node] [ prevnode] = -f[prevnode] [ node];
node = prevnode;
}
return true;
i f(node == -1) return fal se
for(i = 0; i < index[node]; i++){
next node = path[node][i];
if(visit[nextnode] != serial){

cf = c[node] [ nextnode] - f[node][ nextnode];

if(cf <= 0) continue;
vi si t[ nextnode] = seri al
par ent [ next node] = node;
m nfl ow next node] = mi n(nm nflow node], cf);
enqueue( next node) ;
}
}
}
}
int main()
{ I'*t = supersink*/
int i,j,k,b,d, mn,cap,src,tgt,sum

serial = 10;
whi | e(scanf ("%d", &) == 1){
t = 2*n+1;
i ndex[0] = index[t] = O;
for(i = 1; i <=n; i++){
index[i] = index[n+i] = O;

scanf (" %", &cap) ;
fli][n+i] = 0;
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}

fn+i][i] = 0;

/*n+i denotes the outgoing node for regulator i
i denotes the incom ng node for regul ator

c[i][n+i] = cap;

cln+i][i] =0;

path[n+i][index[n+i]++] = i;

path[i][index[i]++] = n+i;

scanf ("%d", &m) ;
for(i =1; i <=m i++){

scanf ("% % %", &src, & gt, &cap);

f[src+n][tgt] = O;
fl{tgt][src+n] = O;
c[src+n][tgt] = cap;
c[tgt][src+n] = O;

pat h[ src+n] [i ndex[ n+src] ++] = tgt;
path[tgt][index[tgt]++] = src+n;

}
scanf ("% %", &b, &d);
for(i =1; i <= b; i++){

scanf ("%d", & gt ) ;

f[O][tat] =0,
fltgt][0] = O;
c[O][tgt] = I NT_MAX;
c[tgt][0] = O;

pat h[ O] [i ndex[ 0] ++] = tgt;
path[tgt][index[tgt] ++] = O;

for(i =1; i <=d; i++){

scanf ("%", &src);

f[src+n][t] = 0;
f[t][src+n] = O;
c[src+n][t] = | NT_MAX;
c[t][src+n] = O;

pat h[src+n] [index[ n+src]++] = t;
path[t][index[t]++] = src+n;

}
do{
seri al ++;
}while(bfs());
sum = 0;
for(i = 0; i < index[t];i++){

j = path[t][i];

sum += f[j][t];

}
printf("%\n", sum;

}

return O;

}

Di oPhanti ne Equation and Euclid's extended al gorithm

typedef long int lint;
void Euclid(lint u, lint v, lint & ,lint &g)

{ lint up[4] = {0, 1, 0, 0}, vp[4] = {0,0,1,0};
lint q, t[4], i;
doubl e ft;
up[3] =u
vp[3] = v;
while(vp[3] '= 0){
ft = (double)up[3] / vp[3];
ft = floor(ft);

= (lint)ft;

i*/
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fo

etu

r(i = 1;

<= 3; i++){

t{i] =wup[i] - vp[i]~*a;

up[i]
vpli]

up[ 1] ;
up[ 2] ;
rn,

vp[
t[i

il
1;

lint gecd(lint a,lint b)

{

i nt

{

lint

t;

i f(a<b){

t=
a=

b=

}

whi |
t=
a=

a;
b;
t

e(b){
a%bo;
b;

b=t ;

}

retu

rn a,

mai n()
lint n,nl,n2,9d,u,v,tenp,d, e, f,nnx,mny
| ong double total,mn,cl,c2,t,x,y, x0,y0,start, end, start1, endl

whil e(scanf ("% d", &) == 1 && n){

sc
gd

anf (" %.f

Wdof %d", &1, &nl, &2, &n2);

= gcd(nl, n2);
if(n %gd !'=0 ){
printf("failed\n");

conti nue

se
d
e
f

nm i

n/

gd;

nl / gd;
n2 / gd;

Euclid(d, e, u,v);
x0 = u * ((long double)f);
y0 = v * ((long double)f);

[*x =
start
end =

x0-e*t, y = yO+d*t*/
= ceil ((-y0)/((long double)d));
floor((x0)/((long double)e));

mn = | NT_MAX;

if(end < start) printf("failed\n");

el se{
mn =

x0

~Toanon

t
X
y
t ot al
i nX
ny
n:
en
x0

333

< X =

t ot al

if(tot
m nx
m ny

| NT_MAX;

start;

e*t;

y0 + d*t;

= x*cl + y*c2

X,
Y,

total;

d;

e*t;

= y0 + d*t;

= x*cl + y*c2

a

< mn){
X,
y;
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mn = total

}
printf("%d %dn",mnx, mny);
}
}
}

return O;

}

Determining if a point lies on the interior of a polygon

#define MN(X,y) (x <y ?2 X :Y)
#define MAX(X,y) (x >y ? x . Y)
#define INSIDE O

#defi ne OUTSIDE 1

typedef struct{
doubl e x,vy;
} Poi nt;

i nt | nsidePol ygon(Point *polygon,int N, Point p)
{ int counter = 0;

int i;
doubl e xinters;
Poi nt pl, p2;
pl = polygon[0O];
for(i=1;i<=N;i++){
p2 = polygon[i % N];
if(p.y > MN(pl.y, p2.y)){
if(p.y <= MAX(pl.y, p2.y)){
if(p.x <= MAX(pl.x, p2.x)){
if (pl.y !'= p2.y){
xinters = (p.y-pl.y)*(p2.x-pl.x)/(p2.y-pl.y)+pl. x;
if (pl.x == p2.x || p.Xx <= xinters) counter++
}
}
}
}
pl = p2Z;

}
if(counter % 2 == 0) return(COUTSIDE);
el se return(! NSI DE)

}

Sol ution 2 (2D)

typedef struct{
int h,v;
} Point;
i nt 1 nsidePol ygon(Point *polygon,int n,Point p)
{ int i;
doubl e angl e=0;
Poi nt pl, p2;
for (i=0;i<n;i++){

pl.h = polygon[i].h - p.h;
pl.v = polygon[i].v - p.v;
p2.h = polygon[(i+1)%].h - p.h
p2.v = polygon[(i+1)%].v - p.v;

angl e += Angl e2D(pl. h, pl.v, p2. h, p2.v);

if (ABS(angle) < PlI) return(FALSE);
el se return(TRUE);
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/* Return the angle between two vectors on a plane
The angle is fromvector 1 to vector 2, positive anticl ockw se
The result is between -pi -> pi
*/
doubl e Angl e2D(doubl e x1, double y1, double x2, double y2)
{ doubl e dtheta,thetal,theta2;

thetal = atan2(yl, x1);
theta2 = atan2(y2, x2);
dtheta = theta2 - thetal,;

while (dtheta > PI)
dt heta -= TWOPI;
while (dtheta < -Pl)
dt heta += TWOPI ;
return(dtheta);
}

Solution 4 (3D)

To determ ne whether a point is on the interior of a convex polygon in 3D one m ght
be tenpted to first determ ne whether the point is on the plane, then deternine
it's interior status. Both of these can be acconplished at once by conputing the
sum of the angles between the test point (q below) and every pair of edge points
p[i]->p[i+1]. This sumwill only be twopi if both the point is on the plane of the
pol ygon AND on the interior. The angle sumwill tend to O the further away fromthe
pol ygon point q becones.

The follow ng code snippet returns the angle sum between the test point g and all
the vertex pairs. Note that the angle sumis returned in radi ans.

typedef struct{
doubl e x,vy, z;
} Xyz;
#define EPSILON 0.0000001
#define MODULUS(p) (sqrt(p.x*p.x + p.y*p.y + p.z*p.z))
#define TWOPI 6.283185307179586476925287
#define RTOD 57.2957795

doubl e Cal cAngl eSum( XYZ g, XYZ *p,int n)

{ int i;

doubl e mi, n2, angl esunm=0, cost het a;

XYZ pl, p2;

for(i=0;i<n;i++){
pl.x =p[i].x - Q.x;
pl.y =pli]l.y - q.y;
pl.z = pl[i].z - q.z;
p2.x = p[(i+1)%].x - Q.X;
p2.y = p[(i+1)%].y - d.y;
p2.z = p[(i+1)W].z - q.z;
mL = MODULUS( pl);
nm2 = MODULUS( p2);

i f(m*m2 <= EPSILON)

return(TWOPI); /* We are on a node, consider this inside */
el se

costheta = (pl.x*p2.x + pl.y*p2.y + pl.z*p2.z) / (ml*nR);
angl esum += acos(cost heta);

return(angl esun;

}
Not e

For nobst of the algorithns above there is a pathological case if the point being
queries lies exactly on a vertex. The easiest way to cope with this is to test that
as a separate process and nake your own decision as to whether you want to consider
theminsi de or outside.
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Area

N-1
The area is given by 1

A= ?z 5 Y™ Xiaq )

i=
Not e for polygons with holes. The holes are usually
defined by ordering the vertices of the enclosing polygon in the opposite direction
to those of the holes. This algorithmstill works except that the absolute val ue
shoul d be taken after adding the polygon area to the area of all the holes. That is
the holes areas will be of opposite sign to the boundi ng pol ygon area.

The sign of the area expression above (wi thout the absolute value) can be used to
determ ne the ordering of the vertices of the polygon. If the sign is positive then
the pol ygon vertices are ordered counter clockw se about the normal, otherw se

cl ockw se.

The only restriction that will be placed on the polygon for

this technique to work is that the polygon nust not be |
self intersecting, for exanple the solution will fail in

the foll owi ng cases. |

Centroid

As in the calculation of the area above, xyis assunmed to be xo, in other words the
pol ygon is cl osed.
-1 -1
L 1
cx=6__p,_t l[>'<i+>(i+'I]'t):i:"'i+1_ Xipr ¥y Cy= E_A. {yi+yi+l}txiyi¢1_ xi+1yi)
=0 i=0

Centroid of a 3D shell described by 3 vertex facets

The centroid C of a 3D object made up of a collection of N triangular faces with
vertices (&, bj,c;) is given below R is the average of the vertices of the i'th
face and A is twice the area of the i'th face. Note the faces are assuned to be
thin sheets of uniform mass, they need not be connected or forma solid object.
This reduces to the equati ons above for a 2D 3 vertex pol ygon.

Ri=la+b+c,)/3

N-1
D AR,
c= _1=0
N-1 Ai=llke -ap@ic -a))
> Aj
i=0

Strongly Connected Conponent

1. Call DFS(G to conpute finishing time f[u] for each vertex u

2. Conpute G

3. Call DFS(G"), but in the main |loop of DFS, consider the vertices in order of
decreasing f[u].

4. Qutput the vertices of each tree in the depth-first forest of step 3 as a
separate strongly connected conponent.

Di sj oi nt set operation

MakeSet ( x)

1. p[x] = x

2. rank[x] =0
Uni on(x, y)

1. Link(FindSet(x), FindSet(y))
Li nk(x,y)

1. if rank[x] > rank[y]
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2 then p[y] = x
3 else p[x] =y
4, if rank[x] = rank[y]
5 then rank[y] = rank[y] + 1

Fi ndSet ( x)
1. if x '= p[Xx]
2. then p[x] = FindSet(p[x])

3. return p[x]
Graham Scan( Q

Q is a set of points representing polygon vertices in arbitrary order, |Q >= 3.
VWen the algorithmterm nates, stack S contains exactly the vertices of CH(Q, in
count er-cl ockwi se order.

1. Let Pothe point in Qwth the mninmmy-coordinate, or the | eftnpst such
point in the case of a tie.

2. Let <Py Py ...,Pn>be the remaining points in Q sorted by polar angle in
countercl ockwi se order around Py ( If nobre than one point has the sane angl e,
renove all but the one that is farthest from Pg)

3. top[S] =0
4. Push(Pq, S)
5. Push(Py,9)
6. Push(P;, S
7. For i =3 tom
8 do while the angle formed by points Next-To-Top(S), Top(S) and PR
9. makes a nonleft turn
10. do Pop(S)
11. Push(S, P;)
12. return S
Ext ended- Eucl i d(a, b)
1. If b =0

2. then return (a,1,0)

3. (d, x', y') = Extended-Euclid(b, a nod b)
4. (d, x, y) =(d, y', x -é&lbdy’)

5. return (d, x, vy)

Euler’s Phi function

~ 16
i(ny = nOEl- ==
pin Pg

Modul ar Li near Equation Sol ver(a, b, n)

btains the solutions of ax = b nod n

do print (xo+ i (n/d)) nmod n
el se print “no solutions”

1. (d, x', y') = Extended-Euclid(a,n)
2. if d]| b

3. then xo = x"(b/d) nod n

4. for i =0tod -1

5.

6.

Modul ar- Exponenti ati on(a, b, n)

1. ¢ =0

2..d=1

3. let < by,bk.1,...,0 > be the binary representation of b
4, for i = k dowmnto O

5. do ¢ = 2c

6. d = (d d) nod n

7. if b =1

8. then ¢c =c¢ + 1
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9. d=(d - a) nodn
10. return d

Knut h- Morris-Pratt Al gorithm
KMP- Mat cher (T, P)

1. n = length[T]

2. m= length[P]

3. p = Conpute-Prefix-Function(P)

4. g =0

5. for i =1ton

6. do while g > 0 and P[q+1] !'= T[i]
7. do g = p[q]

8. if P[g+1] = T[i]

9. then g =g + 1

10. if g=m

11. then print “Pattern occurs with shift” i — m
12. q = p[a]

Comput e- Prefi x-Functi on( P)

1. m= length[P]

2. p[1] =0

3. =

4. for g =2tom

5. do while k > 0 and P[k+1] !'= P[q]
6. do k = p[K]

7. if P[k+1] = P[q]

8. then k = k + 1

9. plal =k

10. return p

Cyrus-Beck line clipping A gorithm

Precal culate N, and Pg for each edge
for ( each Iine segnent to be clipped )
{ if ( P1 ==P0)
line is degenerated, so clip as a point;
el se
{ tE=0; tL = 1,
for ( each candidate intersection with a clip edge )
{ if ( Ni «» D!'=0) /* Ignore edges parallel to line */
{calculate t;
use sign of N < Dto categorize as PE or PL;
if (PE) tE = max(tE, t);
if (PL) tL mn(tL , t);

}
if (tE > tL) return NULL;
el se return P(tE) and P(tL) as true clip intersection;

}
}
Not e:
N,xD <Ob PE N, XD >0b PL t:N’{%'F’E] )
b Angle>90° b Angle<90° -ND ot

PoPL is the line segment. P-is a point on the clip edge.

JAVA Sel ected materi al

Taki ng | nput:

static BufferedReader stdin =
new Buf f er edReader (new | nput St r eamrReader (Systemin));



String s

Stringt okeni zer tokens
t okens.

S

Al ternate way of taking input
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stdi n. readLi ne();
new StringTokeni zer(s);

next Token();

usi ng Streanifokeni zer

static StreaniTokeni zer input

static int

{ if (i

i nput

}

nul |
getIint() throws | OException
nput nul 1){
Buf f er edReader br
new Buf f er edReader (new | nput St r eanReader (Systemin));
new Streamnlokeni zer (br);

i nput . next Token();
return (int)(input.nval+0.01);

}

nval :
nunber
sval

If the current token is a nunber,

If the current token is a word token,
t he characters

this field contains the value of that

this field contains a string giving
of the word token

Bi gl nt eger (Function signatures)
static Biglnteger valueO (long val)
int intValue()

doubl e doubl eVal ue()
Long | ongVal ue()
String toString()

String toString(int
i nt conpareTo(Biglnteger

Ret ur ns

greater
Bi gl nt eger
Bi gl nt eger
Bi gl nt eger
Bi gl nt eger
Bi gl nt eger
Bi gl nt eger

Bi gl nteger[]

Ret ur ns

radi x)
val )
-1, 0 or 1 as this Biglnteger
t han val .
abs()
add(Bi gl nt eger val)
subtract(Bi gl nteger val)
mul ti pl y(Bi gl nteger val)
di vi de(Bi gl nt eger val)
remai nder ( Bi gl nt eger val)

di vi deAndRenmai nder ( Bi gl nt eger val)
an array of two Biglntegers containing (this / val) followed by

is nunmerically less than, equal to, or

(thiswal).

Bi gl nt eger
Bi gl nt eger
Bi gl nt eger
Bi gl nt eger
Bi gl nt eger
Bi gl nt eger
Bi gl nt eger

Ret ur ns
Bi gl nt eger
Bi gl nt eger
Bi gl nt eger
Bi gl nt eger
Bi gl nt eger
Bi gl nt eger
Bi gl nt eger
byte[]

nod(Bi gl nt eger
gcd(Bi gl nt eger
max( Bi gl nt eger
m n(Bi gl nt eger
negat e()
pow(i nt exponent)

nodPow( Bi gl nt eger exponent, Biglnteger m

a Biglnteger whose value is (this®Prent ppd m.
setBit(int n)

shiftLeft (int n)

shi ftRi ght (int n)

and(Bi gl nt eger val)

not ()

or ( Bi gl nt eger
xor (Bi gl nt eger

m
val )
val )

val )

val )
val)

toByteArray()

Returns a byte array containing the two' s-conpl enent representation of this
Bi gl nt eger.
Bi gl nteger clearBit(int n)

Ret ur ns

a Bi gl nteger whose value is equivalent to this Biglnteger with the

designated bit cleared

Bi gl nt eger

flipBit(int n)
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Returns a Bi gl nteger whose value is equivalent to this Biglnteger with the

desi gnated bit
i nt get Lowest Set Bi
bool ean testBit(in

Returns true if and only if the designated bit

Stri ngTokeni zer

bool ean hasMbr eTok
String next Token()

flipped.

t()
t n)

is set.

ens()

String next Token(String delim

| nt eger

I ntegeer (i nt val ue
I ntegeer (String s)
static int Parseln
static int Parseln
String toString()
static String toSt
specified integer.
static String toSt
static |Integer val
static | nteger val

fi ndi ng whet her sy

)

t(String s)

t(String s, int radix)

ring(int i) Returns a new String object
ring(int i, int
uedf (String s)
uedf (String s,

radi x)
i nt radix)

mretry line exists for a non self-intersecting polygon

(convex/ concave)

#i ncl ude <stdio. h>
#i ncl ude <mat h. h>

#defi ne MAX 200
#defi ne PREC le-8

struct Point
{ int x,y;

}p[ MAX] ;

int N;

i nt equal s(doubl e x, doubl e y, doubl e prec)

{ return fabs(x-y) < prec;
}
bool isSynLine(double x1,double y1, double x2,double y2,int prev,
int next,Point p[],int N)
{ doubl e a, b, c, mx, ny;
int j,k,I;
a =yl-y2; b = x2-x1; ¢ = yl*(x1-x2) - x1*(yl-y2);
for (k=0; k<N/ 2; k++)
{ j = (next+k) 9N, | = (prev-Kk+N) %N\;
// Nowflnd mrror of alpha = p[j].x and beta = p[j].y
-(plj].x*(a*a-b*b) + 2*a*(c+b*p[j].y))/(a*a+tb*b);
= (p[J] y*(a*a-b*b) - 2*b*(c+a*p[j].x))/(a*a+b*b);
if(!equals(nx,p[I].x,PREC) || 'equal s(ny,p[l].y, PREC))
return fal se;
}
return true;
bool oddCase(voi d)
{ int i,j,k;
doubl e x1,y1,x2,y2;
for(i=0;i<N;i++)
{ x1 = p[i]l.x; yl =p[i].y;
i o= (i+N2)wN, k= () +1) W,

representing the
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x2 = (p[j].x + p[kl.x)/2.0; y2 = (p[j].y + p[k]l.y)/2.0;
i f(isSynLine(xl,yl,x2,y2,(i-1+N)9N, (i +1) %N, p, N)) break;
}

return i <N

bool evenCase(void)

{ int i,j,k,I;
doubl e x1,y1,x2,y2
for(i=0;i<Ni++)

{ o= (i+)wN, k = (I+N2)9wN;, | = (k+1) 9N
x1 = (p[i].x+p[j].x)/2.0; y1 = (p[i].y+p[i]l-y)/2.0;
x2 = (p[K].x+p[l].x)/2.0; y2 = (p[k]l.y+p[l].y)/2.0

i f(isSynLine(x1,yl,x2,y2,i,j,p,N)) break

if(i<N) return true;

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

{ x1 pli].x; y1
j (i +N 2) 9N;
x2 =p[jl.x; y2 =p[jl.vy;

i f(isSynLine(xl,y1l,x2,y2,i,i,p,N)) break;

pliT.y;

}
return i <N
}
int main(void)
{ int testCase, dat aSet;
int i
bool t;
scanf (" %", &dat aSet ) ;
for(test Case=0;test Case<dat aSet ;t est Case++)
{ scanf (" %", &N)
for(i=0;i<N;i++) scanf ("% %", &p[i].X, &p[i].Y);
i f(N2) t = oddCase();
else t = evenCase();
if(t) printf("Yes\n");
el se printf("No\n");
}
return O;

}

Trigononetric functions

asin: Returns the arcsine of x in the range —p/2 to p/2 radians.

acos: Returns the arccosine of x in the range 0 to p radians.

atan: Returns a value in the range —p/2 to p/2 radians.

atan2(y, x): Returns the arctangent of y/x. It returns a value in the range —p to p
radi ans, using the signs of both paraneters to determine the quadrant of the return
value. It is well defined for every point other than the origin, even if x equals 0O
and y does not equal O.

Vect or

If 3 points A(a),B(b) & R(r) with common origin are collinear, scalars a,B &
? are such that a+RB+? = 0 and aa+bR+r? = 0.

If position vectors a,b,c,d of four points A B, C/ D, no three of which are
collinear and the non-zero scalars a,R,?,d are such that a+R+?+ d = 0 and
aa+bR+c?+dd = 0, then the four points are copl anar.

[a b c]=[b c a]l=[c a b]=a.(bxc). If vectors a,b,c represent the 3 sides of a
paral |l el opi ped, then its volume V = |[a b c]]|

Let A(a),B(b),C(c),D(d) be the 4 vertices of a tetrahedron. Then its volunme V

- %[a-db-dc-d]
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dbc]a+[dca]b+[dab]c
Let a,b,c,d are 4 vectors. Then d =[ ] [ ] [ ] , [abc ?20
[ab(]
Let 2 non-coplanar straight lines be: r = a+tb, r = a +sb’. Then, shortest
. _ [bb'a-a]
di stance between these lines = —ngq;r—.

Equation of a plane: p —r.n = 0. p is the perpendicular distance from
origin. nis unit normal of the plane.

Equati on of the bisectors of the angles between 2 planes p —r.n; =0, p —
r.np = 0: If the origin & the points on the bisector lie on the sane side of
the given planes, the 2 perpendicul ar di stances have the sanme sign. Then, the
equation is p—r.ny =p —r.npor p—p =r1.(m-n). VWhen the origin &
points on the other bisector are on the opposite sides of one of the given

pl anes, then the perpendicul ar di stances will be of opposite signs. Hence the
equation is p + p = r.(nyg+ny).

Transl ation, Scaling & Rotation

Trandationmatrix ScalingMatrix Rotationabout Z

gl 0 0 d,u g, 0 O Oy éosqg -sng 0 Oy
& u é a & u
0 10dy g s 0 03 g&ng cosq 0 0y
© 01du € 0 s, 00 €0 0 1 ou
D00 17§ & 0 0 1§ §o 0 o0 1§

Nureri cal Met hods

Descartes’ rule of sign

In a polynom al equation P(x)= 0, the terns being witten in the order of
power of x, the number of positive roots cannot exceed the nunber of changes
of sign (+ to - & vice verse) in the coefficients of P(x), and the negative
roots cannot exceed the nunber of changes of sign P(-x).

If P(x) is continuous in [a,b], then if P(a) & P(b) have opposite signs,
there exists an odd nunber of real roots of the equation P(x) = 0 in (a,b).
If P(a) & P(b) have sane sign, then there exists no real root or an even
nunber of real roots in (a,b).

Derivative & factor of a pol ynom al

Let P(x) = aoXx" + amx™%+ .... + ani1x + an. Let b = ao, br = br.aX + ar ,[r=1,2..,n] &
Qx) = box™! + bix™2 + ... + bpox + bni Then P(x) = (x-X)Qx) + b,. Therefore
derivative at x = X, P(X) = QX). Also if x-Xis a factor of P(x) then P(x) = (x-
X) Q(x) .

Lagrange’ s Interpol ati on Fornul a

()= K X0 %)-.(x- %)

_ PRRORICER S R SIS PN
(% = X)(% = %)-(% - X,) (X = %) (% = X5)- (%, - X,)
o XXX X)X X0a) gy ) 10 isapolyromid in T

(Xn - XO)(Xn - xl)(xn - Xn-l)

Assi gnnent Probl em

# include <stdio.h>
# define SIZE 5
void matching(int c[2*SIZE][2*SI ZE],int n,int nf2*SIZE])
{ int gsize=n+l, q[ 2*SI ZE+1],rear, front, par[2*SlI ZE], | evel [ 2*SI ZE] ,i,j, k, | ast;
for(i=0;i<n;i++) n{i]=-1;
for (k=0; k<n; k++)
(k] ==-1){
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| ast=-1;
for(i=0;i<n;i++){
level[i]=0; par[i]=1;
}
rear=front=0; |evel [k]=1; q[rear++]=k;
i f(rear==qsize) rear=0;
whil e(rear!=front){
if(last!=-1) break;
i =q[ front ++] ;
i f(front==qsize) front=0;
if(level[i]%){
for(j=0;j<n;j++)
if(c[i]l[j] && level[j]==0){
level[j]=level[i]+1; par[j]=i;

Pf(nj]==1){

| ast=j; break;
}
el se{

gl rear++] 5 ;
i f(rear==qgsi ze) rear=0;

}
}
}
el se{
j=ni]; level[j]=level[i]+1;
par[j]=i; q[rear++]=j;
i f(rear==qgsi ze) rear=0;
}
}

whil e(last!=-1){
nlast]=par[last]; mpar[last]]=last; l|ast=par[par[last]];
}

}
}
int isperfect(int ni],int n)
{ int i;
for(i=0;i<n;i++)
if(mi]==-1) return O;

return 1;
}
void dfs(int k,int i,int mark[2][SIZE],int e[SIZE][SIZE],int n,int n{],int depth)
{ int j;
i f(depth) mark[K][i]=1;
i f(k==0){
for(j=0;j<n;j++)
if(e[i]1[j]1==0 && n{i]!=j+n){
mar k[ k] [i] =1;
if(mark[1][j]==0) dfs(1,j, mark, e, n, mdepth+l);
}
el se{
for(j=0;j<n;j++)
if(e[jI[i]1==0 && nli+n]==]){
mar k[ k] [i] =1;
i f(mark[0][j]==0) dfs(O0,j, mark, e, n, mdepth+l);
}
}

3/oid Opti mal Assi gnnment (int w{ SI ZE][SI ZE],int n,int n{])
{ int u[SIZE], v[SIZE], e[ SI ZE] [ SI ZE], c[ 2* SI ZE] [ 2* S| ZF] ;
int mark[2][SIZE],i,]j,k, eta;
for(i=0;i<n;i++){
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uli]=v[i]=0;
for(j=0;j<n;j++)

} PE(wWi][i]>ufi]) uli]=w{i][j];

for(i=0;i<n;i++)
for(j=0;j<n;j++)
ef[i][j]=uli]+vlj]l-willjl;
for(i=0;i<2*n;i++)
for(j=0;j<2*n;j++)
c[i][j]=0;
for(i=0;i<n;i++)
for(j=0;j<n;j++)
if(e[i][j]1==0) c[i][n+j]=c[n+j][i]=1;
mat chi ng(c, 2*n, n);
whil e(!isperfect(m2*n)){
for(i=0;i<n;i++)
mar k[ O] [i]=mark[ 1] [i]=0;
for(i=0;i<n;i++)
if(mi]==1 & & mark[O0][i]==0) dfs(0,i,mark, e, n,mO0);
eta=-1;
for(i=0;i<n;i++)
for(j=0;j<n;j++)
if(mark[O][i] && mark[1][]]==0)
if(eta==-1 || eta>u[i]+v[j]-Wi][j]) eta=u[i]+v[j]-Wi][j];
for(i=0;i<n;i++){
if(mark[O][i]) u[i]-=eta;
if(mark[1][i]) v[i]+=eta;

for(i=0;i<n;i++)
for(j=0;j<n;j++)
ef[il[jil=ulil+v[jl-Wil[j];
for(i=0;i<2*n;i++)
for(j=0;j<2*n;j++)
c[i][j]=0;
for(i=0;i<n;i++)
for(j=0;j<n;j++)
if(e[i][j]1==0) cl[i][n+j]=c[n+j][i]=1
mat chi ng(c, 2*n, m ;
}
}
int main(void)
{ int n=5w SIZE][SI ZE] ={{4, 1, 6, 2, ,0,3,7,6},{2,3,4,5, 8},
{3,4,6,3 6,5 6}1};
int nf2*SlZE],i,total
Opti mal Assi gnment (w, n, m ;
t ot al =0;
for(i=0;i<n;i++)
total +=w{i][nfi]-n];
printf("%\n",total);
return O;

}
Map

#i ncl ude <stdio. h>
#i ncl ude <map>
#i ncl ude <mall oc. h>

struct species {
char s[81];

} buf;

bool operator==(const species &a, const species &b){
return !strcnp(a.s, b.s);
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}
bool operator<(const species &, const species &b){
return strcnp(a.s, b.s) < 0;
}

map<speci es,int> cnt;

mai n()
{ int tot = 0;
whi | e(gets(buf.s)){
cnt [ buf] ++;
t ot ++;
}
for (map<species,int> :iterator i = cnt.begin(); i!=cnt.end(); *i++){
printf("% 9%.41f\n",i->first.s, 100.0*i ->second/tot);

}
St abl e Mat chi ng
Let there be n nen and n women. A perfect matching is stable if and only if there

is no man x and woman a such that x prefers a to his current partner and a prefers
X to her current partner. A stable matching al ways exi sts.

Al gorithm

I nput: Preference rankings by each of n nen and n wonen

Iteration: Each unmatched man proposes to the highest woman on his preference |ist
who has not previously rejected himand is not yet matched. If each woman receives
exactly one proposal, stop with these being the remining confirmed natches.

O herwi se, at | east one woman receives at |east two proposals. Every woman
receiving nore that one proposal rejects all but the highest on her list. Every
worman receiving a proposal says “maybe” to the npst attractive proposal received
Not e: The sane al gorithm can be used with wonmen instead of men proposing. O all
stabl e matchi ngs, every man is happi est under the mal e-proposal algorithm and
every wonman i s happi est under the fenml e-proposal al gorithm

Eul ar cycl es

Fleury’s Algorithm constructing Eulerian trails

I nput: A graph Gwith one nontrivial conponent and at nbst two odd vertices.
Initialization: Start at a vertex that has odd degree unlessGis even, in which
case start at any vertex.

Iteration: Fromthe current vertex, traverse any renmai ning egde whose del etion from
the remai ni ng graph does not |eave a graph with two non-trivial conponents. Stop
when all edges have been traversed.

Directed Eulerian circuit

Input: A digraph Gthat is an orientation of a connected graph and has d*(u) = d (u)
for all ul V(Q.

Step 1: Choose a vertex v I V(G. Let G be the digraph obtained from G by
reversing direction on each edge. Search G to construct a tree T consisting of
paths fromv to all other vertices (use BFS or DFS)

Step 2: Let T be the reversal of T'; T contains a u,v-path in Gfor each ul V(G).
Specify an arbitrary ordering of the edges that |eave each vertex u, except that
for u ? v the edge leaving u in T nust cone last. (The tree edge is last in order).
Step 3: Construct an Eulerian circuit fromv as follows: whenever uis the current
vertex, exit along the next unused edge in the ordering specified for edges |eaving
u.



