1 Header Files

/* bool.h */

#defi ne TRUE 1
#define FALSE O
int

typedef bool ;

/* queue.h */
#def i ne QUEUESI ZE

typedef struct {
int q[ QUEUESI ZE+1] ;

int first; /*

int last; /*

int count; /*
} queue;

1000

/* body of queue */
position of first elenent */
position of last elenent */
nunber of queue el enents */

/* editdistance.h */
#defi ne MAXLEN 101 /* longest string */
#defi ne MATCH 0 /* synbol for match */
#defi ne | NSERT 1 /* synmbol for insert */
#def i ne DELETE 2 /* synbol for delete */
typedef struct {

int cost; /* cost of reaching this cell */

int parent; /* parent cell */
} cell;
/* graph.h - Header file for graph data types */
#define MAXV 100 /* max nunber of vertices */
#defi ne MAXDEGREE 50 /* max outdegree of vertex */
typedef struct {

int v; /* nei ghboring vertex */

int weight; /* edge wei ght */
} edge;

typedef struct {

int edges[ MAXV+1] [ MAXDEGREE] ;

int degree[ MAXV+1] ;
int nvertices;
i nt nedges;

} graph;

typedef struct {

edge edges[ MAXV+1] [ MAXDEGREE] ;

int degree[ MAXV+1];
int nvertices;
i nt nedges;

} wgraph;

/* adjacency info */
/* outdegree of each vertex */
/* # vertices in the graph */
/* # edges in the graph */

/* adjacency info */
/* outdegree of each vertex */
/* # vertices in the graph */
/* # edges in the graph */

/* geonetry.h - Header

#define Pl 3.1415926
#define EPSILON 0. 000001

typedef struct {

file for geonetric data types */

typedef doubl e poi nt[ DI MENSI ON] ;
#define MAXPOLY 200 /* max # points in a polygon */

typedef struct {

int n; /* # points in polygon */
poi nt p[ MAXPOLY] ; /* array of points in polygon */
} pol ygon;

typedef struct {
poi nt pil, p2;
} segnent;

/* endpoints of |ine segnment */

typedef point triangle[3]; /* triangle datatype */
typedef struct {
int n;
int t[ MAXPOLY][3];
} triangul ation;

/* # triangles
/* nodes id's

in triangulation */
in triangulation */

typedef struct {

point c; /* center of circle */
doubl e r; /* radius of circle */
} circle;

/* Conparison macros */
#define max(A, B)

#define mn(A B)

(A > (B 2 (A
((A < (B 2?2 (A

2 Data Structures
/* queue.c */

#i ncl ude "queue. h"
#i ncl ude "bool . h"

init_queue(queue *q)

{
g->first = 0;
g- >l ast = QUEUESI ZE- 1;
g->count = 0;

}

enqueue( queue *q, int Xx)

if (g->count >= QUEUESI ZE)
printf("Warning: queue overflow enqueue x=%l\n", x);

el se {
g->l ast = (g->l ast+1) % QUEUESI ZE;
a->q[ g->last ] = x;
g->count = g->count + 1;
}
}
int dequeue(queue *q)
e
int x;

if (g->count <= 0) printf("Wrning:
el se {
X = g->q[ g->first ];

g->first = (g->first+l) % QUEUESI ZE;
g->count = g->count - 1;

}

return(x);

enpty queue dequeue.\n");

doubl e a; /* x-coefficient */

doubl e b; /* y-coefficient */

doubl e c; /* constant term*/
} line;

#define DIMENSION 2 /* di mension of points */
#define X 0 /* x-coordinate index */
#define Y 1 /* y-coordinate index */

int enpty(queue *q)
{
if (g->count <= 0)
el se return (FALSE)
}

print_queue(queue *q)

return (TRUE);



int i,j; /* editdistance.c - String conparison via dyn prog */

i=g->first; #i ncl ude <string. h>
#i ncl ude "edi tdi stance. h"

while (i !'= g->last) { #i ncl ude "bool . h"

printf("% ",q->q[i]);

i = (i+1) % QUEUESI ZE; cel | nf MAXLEN+1] [ MAXLEN+1]; /* dynamic prog table */
}
printf("%d ",qg->q[i]); int string_conpare(char *s, char *t)
printf("\n"); {

} int i,j,k; /* counters */
int opt[3]; /* cost of the three options */

for (i=0; i<MAXLEN; i++) {
row_init(i);

#include <stl.h> /* C++ Standard Tenplate Library */ ;30| umm_ini t(i);
/* Stack */ . . .
stack<int> S; for (i=1; i<strlen(s); i++)
/* Methods: S.push(x), S.top(), S.pop(), S.enpty */ for (j=1; j<strlien(t); j++) {
P (x) PO pop() ey opt[ MATCH] = n{i-1][j-1].cost + match(s[i],t[j]);
/* Queue */ Opt [INSERT] = nfi][j-1].cost + indel(t[j]);
queue<char> Q opt [ DELETE] = nfi-1][j].cost + indel(s[i]);
/* Methods: Qfront(), Qback(), Q push(x), Q pop, o
Qenpty() */ mi][j].cost = opt[ MATCH;
nfi][j].parent = MATCH
/* Dictionary */ for (k=INSERT; k<=DELETE; k++)
/* Variety of containers such as hash_map */ if (opt[k] <nfi][j].cost) {
/* Methods: H erase(x), H find(x), Hinsert(x) */ nfi][j].cost = opt[K];
mi][j].parent = k;
/* Priority Queue */
priority_queue<int> Q }
/* Methods: Qtop(), Qpush(x), Qpop(), Qenpty() */ o
goal _cell(s,t,& ,&);

/* Sets */ return( nfi][j].cost );
set<int, conparison> S; }
/* Methods: S.nmenber(x), set_union, set_intersection */ . o .

reconstruct_path(char *s, char *t, int i, int j)

{
[*printf("trace (%, %d)\n",i,j);*/

3 Strings

if (mi][j].parent == -1) return;
#i nclude <ctype.h> /* C character library */ . o

if (nfi][j].parent == MATCH) {
int isalpha(int c); /* true if upper or |ower case */ reconstruct_path(s,t,i-1,j-1);
int isupper(int c); /* true if upper case */ match_out(s, t, i, j);
int islower(int c); /* true if lower case */ return;
int isdigit(int c); /* true if numerical digit */ } o
int ispunct(int c); /* true if punctuation synbol */ if (nfi][j].parent == INSERT) {
int isxdigit(int c); /* true if hexadecimal digit */  reconstruct_path(s,t,i,j-1);
int isprint(int ¢c); /* true if printable character */ insert_out(t,j);

return;
int toupper(int c); /* convert to upper case */ ] o
int tolower(int c); /* convert to |ower case */ if (n{i][j].parent == DELETE) {

reconstruct_path(s,t,i-1,j);
del ete_out(s,i);
return;
}
}

print_matrix(char *s, char *t, bool costQ

#i nclude <string.h> /* C++ string library */

char *strcat(char *dst, const char *src); /* concat */
int strcnp(const char sl1*, const char *s2); /[* ==? */
char *strcpy(char *dst, const char *src);
size_t strlen(const char *s); /* length of string */
char *strstr(const char *sl, const char *s2);

/* search for s2 in sl */
char *strtok(char *sl1, const char *s2); /* it. search */ y

printf(" "),

int i,j; /* counters */
int x,y; /* string lengths */

X = strlen(s);
= strlen(t);

string::size() /* string length */ P
string::empty() /* enpty? */ fo_r (}_9' L<y '.++)_
string::c_str() /* return pointer to C-style s */ pr!ntf(" ,,/ﬁ_‘t['])‘
string::append(s) /* append s to string */ printf("\n");
string::erase(n, m /* delete mchars fromn */
insert(n, const string &s); /* ins s at n */ o o
string::find(s) /* search left */ fo_r (}_96 '<X '.++)_{
string::rfind(s) /* or right for given string */ ?rlnt'(_ _/@.' js.['])'
'ng.. T . ; N or (j=0; j<y; j++) {
string::first() /* get first */ it {0 == TRUE
string::last() /* or last character */ if (costQ == )

printf(" 9%2d",nfi][j].cost);
el se
printf(" 9%d",nfi][j].parent);




conpl en = string_conpare(s,t);
} lcslen = (strlen(s) + strlen(t) - 2 - conplen) / 2;
printf("\n");
} printf("length of | ongest commpn subsequence = %\ n",

} I cslen);
/*
print_matrix(s,t, TRUE);
printf("\n");
/* lcs.c - Longest common subsequence of two strings. */ print_matrix(s,t, FALSE);
*
/
#incl ude <string. h> goal _cell(s,t,& ,&);
#i ncl ude "editdistance. h" /*
#incl ude "bool . h" printf("% %\n",i,j);
*
/
extern cell ni MAXLEN+1] [ MAXLEN+1] ; /* dyn prog table */ reconstruct_path(s,t,i,j);
printf("\n");
}
/* For normal edit distance conputation */
goal _cel |l (char *s, char *t, int *i, int *j) 1
{ 4 Sorting
*i = strlen(s) - 1; . .
.o ! #i ncl ude <stdio. h>
, io=strien(t) - 1 #incl ude <stdlib. h>
#i ncl ude <string. h>
|{nt mat ch(char c, char d) int sort_function(const void *a, const void *b);
if (c ==d) return(0); : _ g - - - - wy .
el se return( MAXLEN) : char list[5][4] = {"cat", "car", "cab", "cap", "can"};
} int main(void)
N {
int indel (char c) int x:
return(1); gsort((void *)list, 5, sizeof(list[0]),

sort_function);

rowinit(int i) /* what is n{OJ[i]? */ for (x=0; x<5; x++)

{ printf("%\n", list[x]);
nfO][i].cost = i: ) return 0;
if (i>0)
Z}SL[l].parent = I NSERT; int sort_function(const void *a, const void *b)
} mOl[i]. parent = -1; return(strcnp((char *)a, (char *)b));
}
colum_init(int i) /* what is nfi][0]? */
{
ni][0].cost =i;
if (i>0) /* sorting.c - Inplenmentations of sorting algorithns */
nfi][0].parent = DELETE;
el se #i ncl ude <stdio. h>
nO0][i].parent = -1, #i ncl ude <mat h. h>
} #i ncl ude <stdlib. h>
/~k***********************************************/ #deflne NELEM 100 /* SIZe Of test arrays */
mat ch_out (char *s, char *t, int i, int j) /* Swap the ith and jth elenments of array s. */
if (s[i] ==t[j]) printf("%",s[i]); newswap(int s[], int i, int j)
{
int tnp; /* placehol der */
insert_out(char *t, int j)
{ tnp = s[i];
} s[i] = s[j];
s[j] = tnp;
del ete_out(char *s, int i)
{
} insertion_sort(int s[], int n)
/*************************************************/ { |nt |,], /* COUntefS */
mai n() { for (i=1; i<n; i++) {
int i,j; j=i;
int |cslen, conplen; while ((j>0) && (s[j] < s[j-1])) {
char s[ MAXLEN], t [ MAXLEN] ; /* input strings */ swap(&s[j],&s[j-1]);
=L
s[0] =t[0] =" ", }}
scanf ("%", &(s[1])); }
scanf ("%", &(t[1]));

sel ection_sort(int s[], int n)



{ doubl e sqgrt(double x); /* square root */

int i,j; /* counters */ doubl e exp(doubl e x); /* conpute e"x */
int mn; /* index of m ninmum?*/ doubl e | og(doubl e x); /* conpute In */
doubl e 1 0gl0(double x); /* conpute base-10 |og */
for (i=0; i<n; i++) { doubl e pow X, y); /* conpute x"y */
mn=i;

for (j=i+1; j<n; j++)
if (s[j] <s[mn]) nin=j;
swap(&s[i], &[mn]); /* bignumc - Arithnetic for big nunbers */

} #i ncl ude <stdio. h>

/* quicksort array s fromthe index | to index h. */ #define MAXDIG@ TS 100 /* maximum | ength bi gnum */

qui cksort(int s[], int I, int h) #define PLUS 1 /* positive sign bit */
{ #defi ne M NUS -1 /* negative sign bit */
int p; /* index of partition */
typedef struct {
if ((h-1)>0) { char digits[ MAXDI G TS]; /* represent the number */
p = partition(s,I|,h); int signbit; /* 1 if positive, -1 if negative */
qui cksort(s,|,p-1); int lastdigit; /* index of high-order digit */
qui cksort (s, p+1, h); } bignum
}
}
pri nt_bi gnun(bi gnum *n)
int partition(int s[], int I, int h) {
{ int i;
int i; /* counter */
int p; /* pivot element index */ if (n->signbit == MNUS) printf("- ");
int firsthigh; /* divider pos for pivot el */ for (i=n->lastdigit; i>=0; i--)
printf("%", 0+ n->digits[i]);
p=h
firsthigh =1; printf("\n");
for (i=l; i<h; i++) }
if (s[i] <s[p]) {
swap(&s[i], &s[firsthigh]); int_to_bignun(int s, bignum *n)
firsthigh ++; {
} int i; /* counter */
swap(&s[p], &[firsthigh]); int t; /* int to work with */
return(firsthigh);
} if (s >= 0) n->signbit = PLUS;
el se n->signbit = M NUS;
for (i=0; i<MAXDIGTS; i++) n->digits[i] = (char) O0;
mai n()
n->lastdigit = -1;
int s[ NELEMt2];
int n; t = abs(s);
int i,j; /* counters */
while (t > 0) {
for (i=0; i<NELEM i++) s[i] =1i; n->lastdigit ++;
random per nut ati on(s, NELEM ; n->digits[ n->lastdigit ] = (t %10);
t =t/ 10;
insertion_sort(s, NELEM; }
sel ection_sort (s, NELEM;
qui cksort (s, 0, NELEM 1) ; if (s ==0) n->lastdigit = 0;
for (i=0; i<NELEM i++) printf("%d ",s[i]);
printf("\n"); initialize_bignum(bi gnum *n)
} {
int_to_bignun(0,n);
}

5 Arithmetic and Algebra

Rounding numbers: int max(int a, int b)

R . if (a>Db) return(a); else return(b);
round(X, k) = floor(10°X + (1/2))/107

Solutionsto z? + p - = + ¢ I* ¢ =a+/* b *
5 add_bi gnum(bi gnum *a, bi gnum *b, bi gnum *c)
p p {
L= —Z 44/ =
/2 2 4 1 int carry; /* carry digit */

int i; /* counter */
#include <math.h> /* C math library */

initialize_bignun(c);
doubl e floor(double x); /* chop off fractional part */
doubl e ceil (doubl e x); /* raise to next int */ if (a->signbit == b->signbit)
doubl e fabs(double Xx); /* absolute val ue of x */ c->signbit = a->signbit;

el se {



if (a->signbit == M NUS) { return(0);
a->signbit = PLUS; }
subtract _bi gnum(b, a, c);

a->signbit = M NUS; zero_j ustify(bi gnum *n)
} else { {
b- >si gnbit = PLUS; while ((n->lastdigit > 0) &&
subtract _bi gnum(a, b, c); (n->digits[ n->lastdigit ] == 0))
b->signbit = M NUS; n->lastdigit --;
}
return; if ((n->lastdigit == 0) & (n->digits[0] == 0))
} n->signbit = PLUS; /* hack to avoid -0 */
}
c->lastdigit = max(a->lastdigit,b->lastdigit)+1;
carry = 0;
digit_shift(bignum*n, int d) /* multiply n by 10°d */
for (i=0; i<=(c->lastdigit); i++) { {
c->digits[i] = (char) int i; /* counter */
(carry+a->digits[i]+b->digits[i]) % 10;
carry = (carry + a->digits[i] + b->digits[i]) / 10; if ((n->lastdigit == 0) && (n->digits[0] == 0))
} return;
for (i=n->lastdigit; i>=0; i--)
zero_justify(c); n->digits[i+d] = n->digits[i];
}
for (i=0; i<d; i++) n->digits[i] = 0;
subtract _bi gnun{ bi gnum *a, bi gnum *b, bi gnum *c) n->lastdigit = n->lastdigit + d;
{ }
int borrow, /* has anything been borrowed? */
int v; /* placehol der digit */
int i; /* counter */ nmul ti ply_bi gnun(bi gnum *a, bi gnum *b, bi gnum *c)
if ((a->signbit == MNUS) || (b->signbit == MNUS)) { bi gnum r ow; /* represent shifted row */
b->signbit = -1 * b->signbit; bi gnum t np; /* pl acehol der bi gnum */
add_bi gnunm(a, b, ¢); int i,j; /* counters */
b->signbit = -1 * b->signbit;
return; initialize_bignun(c);
}
row = *a;
if (conpare_bignun(a,b) == PLUS) {
subtract _bi gnum(b, a, ¢); for (i=0; i<=b->lastdigit; i++) {
c->signbit = M NUS; for (j=1; j<=b->digits[i]; j++) {
return; add_bi gnun(c, & ow, & np) ;
} *c = tnp;
}
c->lastdigit = max(a->lastdigit,b->lastdigit); di git_shift(&ow 1);
borrow = 0;
for (i=0; i<=(c->lastdigit); i++) { c->signbit = a->signbit * b->signbit;
v = (a->digits[i] - borrow - b->digits[i]);
if (a->digits[i] > 0) zero_justify(c);
borrow = 0; }
if (v <0) {

v = v + 10;

borrow = 1; di vi de_bi gnun( bi gnum *a, bi gnum *b, bi gnum *c)
} {
bi gnum r ow; /* represent shifted row */
c->digits[i] = (char) v % 10; bi gnum t np; /* pl acehol der bi gnum */
int asign, bsign; /* tenporary signs */
int i,j; /* counters */
zero_justify(c);
} initialize_bignun(c);
conpar e_bi gnun( bi gnum *a, bi gnum *b) c->signbit = a->signbit * b->signbit;
{
int i; /* counter */ asign = a->signbit;
bsign = b->signbit;
if ((a->signbit == M NUS) && (b->signbit == PLUS))
return(PLUS); a->signbit = PLUS;
if ((a->signbit == PLUS) && (b->signbit == M NUS)) b- >si gnbit = PLUS;
return(M NUS);
if (b->lastdigit > a->lastdigit) initialize_bignunm & ow);
return (PLUS * a->signbit); initialize_bignunm & np);
if (a->lastdigit > b->lastdigit)
return (MNUS * a->signbit); c->lastdigit = a->l astdigit;
for (i = a->lastdigit; i>=0; i--) {
if (a->digits[i] > b->digits[i]) for (i=a->lastdigit; i>=0; i--) {
return(MNUS * a->signbit); di git_shift(&ow 1);
if (b->digits[i] > a->digits[i]) row. digits[0] = a->digits[i];
return(PLUS * a->signbit); c->digits[i] = 0;
} whi | e (conpare_bi gnum( & ow, b) != PLUS) {

c->digits[i] ++;



subt ract _bi gnun( & ow, b, & np) ;

row = tnp;

}

}

zero_justify(c);

a->signbit = asign;

b->signbit = bsign;
}
mai n()

int a,b;

bi gnum n1, n2, n3, zero;

while (scanf ("%l %\ n", &, &) != EOF) {
printf("a=9% b = %\n",a,b);
int_to_bignun(a, &11);

int_to_bi gnun(b, &2);

add_bi gnum( &n1, &2, &n3);
printf("addition -- ");
print_bi gnun(&n3);

printf("conpare_bignuma ? b = %l\n",
conpar e_bi gnum( &1, &n2));

subtract _bi gnum( &n1, &2, &n3);
printf("subtraction -- ");
print_bi gnunm(&n3);
mul ti ply_bi gnun{ &1, &2, &n3);
printf("nultiplication -- ");
print_bi gnum(&n3);

int_to_bignun(0, &ero);

if (conpare_bignun{&zero, &ni2) == 0)
printf("division -- NaN\n");
el se {
di vi de_bi gnun( &n1, &n2, &n3);
printf("division -- ");
print_bi gnum(&n3);
}
printf( -c-cccemmeeiaicaaaa \n");

}

6 Combinatorics

Binomial coefficients:

(Z)=m+i)w=(:i)+(n;1)

Fibonacci numbers. Fp = 0, F; = 1,and F,, = F,,_1 + F,,_>. Closed

form:
Pt L+VvB\"  /1-VE\"
=5 (7)) -(59))

Catalan numbers. Cy = 1 and then 2,5,14,42,132,429,1430,... Good for enu-
merating possibilities of things you can easily break up into two parts. E.g. how
many ways are there to make a balanced set of parentheses? For 3 sets of paren-
theses, there are 5 ways: ((0)), 0(0). (0)0. (00). and ()(0. The problem can
be broken up by dividing the sequence by the first set of matched parentheses, i.e.
the first left parenthesis and its partner. Clearly, there are some & sets of matched
parentheses between these two, and somen — k& — 1 setsof parentheses after the
right parenthesis.

n—1
1 2
C, = chcﬂ,_k—l = n+1 ( :)
k=0

n

Eulerian numbers: () countsthe number of waysto form apermutation of n
things with exactly & ascending sequences.

(o= (") rmmren ()

Stirling numbers: [ ] counts the number of permutations on n elements with

exactly k cycles.
BRI

Set partitions: { } } counts the number of ways to partition n elemeents into

exactly k sets.
n| & n—1 n n—1
Ef k k—1
A specid caseis {3} = 2"~ — 1.
Integer partitions: An integer partition of » is an unordered set of positive

integers which add up to n. Let f(n, k) be the number of integer partitions of n
with largest part of a most k. Then is holds that

f(n,k) = f(n—k k) + f(n, k= 1)
with the base cases f(1,1) = 1 and f(n, k) = 0 whenever k > n.
/* binomal.c - Conputation of binom al coefficient */
#define MAXN 100 /* largest n or m*/

I ong bi nom al _coefficient(n,m
int n,m /* conputer n choose m*/

int i,j; /* counters */
long bc[ MAXN] [ MAXN]; /* table of bin coeff values */

for (i=0; i<=n; i++) bc[i][0] = 1;
for (j=0; j<=n; j++) be[j][j] =1
for (i=1; i<=n; i++)
for (j=1; j<i; j++)

be[i][j]
return( be[n][n );

= be[i-1][j-1] + be[i-1][j];

}

mai n()
int a, b;
I ong binom al _coefficient();
while (1) {

scanf ("% %", &a, &b) ;
printf("%\n", bi nom al _coefficient(a,b));

}

7 Number Theory

Greatest common divisor and least common multiple:
z -y = lem(z,y) cot ged(z,y)

Modular arithmetic:

(z + y) mod m ((z mod m) + (y mod m)) mod m
((z mod m) - (y mod m)) mod m

(z mod m)¥Y mod m

(z-y)modm =

zYmodm =

/* Conpute greatest common divisor */

#i ncl ude<stdi 0. h>
#i ncl ude<mat h. h>

I ong gcdl(long p, long q)

{

if (g >p) return(gcdi(q,p));
if (g ==0) return(p);

printf(" gcd(%, %d) &=& gcd(% \\nod %, %) =



}

/* Find gcd(p,q) and x,y s.t.

I ong gcd(long p,
{

gcd(%l, %) \n",p,q,p,q,4d,q, p%a);
return( gedi(q, p %q) ).

long g, long *x, long *y)

long x1,yl1;
long g;

/* previous coefficients */
/* val ue of gcd(p,q) */

if (q >p) return(gcd(q,p,y,x));

if (g ==20) {
*X = ’

Yy =0
return(p);
g = gcd(q, pY%, &1, &1);
*X
*y

vyl
(x1 - floor(p/q)*yl);

return(g);

main() {

/* prines.c -

long p, q;
I ong gcd(), gcd2();

long x,vy, 01, 92;
while (scanf ("% %", &, &q) ! =EOF) {

printf("gcd of p=% and q=% =
p, d,91=gcdl(p, q));

printf(" %*% + %d*% = %\ n",
p. X, q,y,92=gcd(p, q, &, &) ) ;

if (gl !'=92) printf("ERROR GCD\n");

if ((p*x + g*y) !=g1)

%\ n",

p*x + q*y = gcd(p,q) */

printf("ERROR DI OPHONI NE SOLUTI ON WRONGI \ n*) ;

}

Conpute prinme factorization of

#i ncl ude<stdi 0. h>
#i ncl ude<mat h. h>

prime_factorization(long x)

{
long i; /* counter */
long c; /* renmining product to factor */
c = X;
while ((¢c %2) == 0) {
printf("%d\n", 2);
c=c/ 2
}
i =3;
while (i <= (sqrt(c)+1)) {
if ((c %i) ==0) {
printf("%d\n",i);
c=c/ i;
}
el se
=i+ 2
}
if (¢ >1) printf("%d\n",c);
}
mai n() {

I'ong p;

int.

*/

while (scanf("%d", &)!=EOF) {
printf("prime factorization of p=%d \n",p);
prime_factorization(p);

8 Backtracking

/* backtrack.c */

#i ncl ude "bool . h"

#def i ne MAXCANDI DATES 100 /* max next extensions */
#def i ne NVAX 100 /* maxi mum sol ution size

typedef char* data;
bool

backtrack(int a[],

{

}

| *

#i
#i

pr
{

is_a_solution(int a[],

{

/*

construct _candi dates(int a[],

{

}

finished = FALSE; /* found all

int k, data input)

i nt c[ MAXCANDI DATES] ;
int ncandi dates;
int i; /* counter */

if (is_a_solution(a,k,input))

process_sol ution(a,k,input);

el se {

k = k+1;

construct_candi dat es(a, k, i nput, ¢, & candi dat es) ;

for (i=0; i<ncandidates; i++) {
a[k] = c[i];
backtrack(a, k, i nput);
if (finished) return;

}

}

/* terminate early */

pernutations.c - Construct all pernutations.
ncl ude "bool . h"
ncl ude "backtrack. h"

ocess_sol ution(int a[], int k)

int i; /* counter */

for (i=1; i<=k;
printf("\n");

i++) printf(" %",a[i]);
int k, int n)

return (k == n);

What are possible el ements of next slot

int k, int n,
int *ncandi dat es)

*/

/* candi dates for next pos */
/* next position candidate count

*/

int c[],

int i; /* counter */

bool i n_perni NVAX] ; /* what is nowin pernfP */
for (i=1; i<NMAX; i++) in_pernii] = FALSE;

for (i=0; i<k; i++) in_pernf a[i] ] = TRUE;
*ncandi dates = 0;

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

if (in_pernfi] == FALSE) {

c[ *ncandidates] = i;
*ncandi dat es = *ncandi dates + 1;

}

/* type to pass data to backtrack */

sol utions yet? */

*/

in pernf */



mai n() init_queue(&q);
enqueue( &g, start);

int a[ NMAX] ; /* solution vector */ di scovered[start] = TRUE;
backtrack(a, 0, 3); while (enmpty(&q) == FALSE) {
} v = dequeue(&q);

process_vertex(v);

processed[v] = TRUE;

for (i=0; i<g->degree[v]; i++)
if (valid_edge(g->edges[v][i]) == TRUE) {
if (discovered[g->edges[Vv][i]] == FALSE) {
enqueue( &g, g- >edges[Vv][i]);
di scovered[ g- >edges[Vv][i]] = TRUE;
parent[g->edges[Vv][i]] = v;

/* subsets.c - Construct all subsets. */

#i ncl ude "bool . h"
#i ncl ude "backtrack. h"

if (processed[g->edges[v][i]] == FALSE)

process_solution(int a[], int k) process_edge(v, g- >edges[ V] [i]):

int i; /* counter */ } }
printf("{"): }
for (i=1; i<=k; i++)

if (a[i] == TRUE) printf(" %",i); [

printf (™ }\n"); bool valid_edge(edge e)
{

if (e.residual > 0) return (TRUE);

el se return(FALSE);

}
*/

is_a_solution(int a[], int k, int n)
return (k == n);

}

N ’
/* \What are possible elements of next slot in pernfP */ ?fs(graph g, intv)

1 1 - * *
construct _candi dates(int a[], int k, int n, int c[], : 2: ! ! ;* gﬁggtegrsor/vert ex */
int *ncandi dat es) Y
{ . .
c[0] = TRUE if (finished) return; /* allow for search term?*/
c[1] = FALSE; : _ .
B — 5. di scovered[v] = TRUE;
} *ncandi dates = 2; process_vertex(v);
for (i=0; i<g->degree[v]; i++) {

mai n() y = g->edges[Vv][i]; )

{ if (valid_edge(g->edges[v][i]) == TRUE) {
int a[ NMAX] ; /* solution vector */ Ipfa“gg; [s;]ovirs_d[y] == FALSE) {
backtrack(a, 0, 3); ?f zl( g’ey) ;

}

if (processed[y] == FALSE)
process_edge(v,Vy);

9 Graph Traversal i}f (finished) return;
}

/* bfs-dfs.c */
processed[v] = TRUE;
#i ncl ude "bool . h" }
#i ncl ude "graph. h"
#i ncl ude "queue. h"
find_path(int start, int end, int parents[])
bool processed MAXV]; /* which vertices have been proc *f

bool discovered[ MAXV]; /* which vertices have been found */if ((start == end) || (end == -1))
int parent[ MAXV]; /* discovery relation */ printf("\n%l", start);
el se {
bool finished = FALSE; /* if true, cut off search */ find_path(start, parents[end], parents);
printf(" %", end);
initialize_search(graph *g) }
{ }
int i; /* counter */
for (i=1; i<=g->nvertices; i++) { .
processed[i] = discovered[i] = FALSE; 10 Gl’aph A|g0l‘|tth
parent[i] = -1;
} /* graph.c - A generic adjacency list-in-array
} graph data type. */
bf s(graph *g, int start) #i ncl ude "bool . h"
#i ncl ude "queue. h"
queue q; /* queue of vertices to visit */ #i ncl ude "graph. h"
int v; /* current vertex */
int i; /* counter */ initialize_graph(graph *g)
{



}

read_graph(graph *g,
{

}

i nsert_edge(graph *g,

del et e_edge(graph *g,
{

}

pr
{

/*

#i
#i

int i; /* counter */
g -> nvertices = 0;
g -> nedges = 0;

for (i=1; i<=MAXV; i++) g->degree[i] = O;

bool directed)

int i; /* counter */
int m /* nunber of edges */
int x, vy; /* vertices in edge (x,y) */

initialize_graph(g);

scanf ("%l %", & g- >nvertices), &7 ;
for (i=1; i<=m i++) {
scanf ("%l %", &, &y);
insert_edge(g, x,y,directed);
}

int x, int y, bool directed)
if (g->degree[x] > MAXDEGREE)
printf("Warning: insertion(%l, %l)

degree\n", x,y);

exceeds max

g- >edges[ x] [ g- >degr ee[ x] ]
g- >degree[ x] ++;

=y

if (directed FALSE)
insert_edge(g,Y, X, TRUE);
el se
g- >nedges ++;

int x, int y, bool directed)

int i; /* counter */

for (i=0; i<g->degree[x];

if (g->edges[x][i] ==1y) {
g- >degree[ x] --;
g->edges[x] [i] = g->edges[x][g->degree[x]]

i ++)

if (directed FALSE)
del et e_edge(g, Y, x, TRUE) ;

return;

}
printf("Warning: deletion(%l, %d) not found in g.\n",

X, ¥);
i nt_graph(graph *g)
int i,j; /* counters */
for (i=1; i<=g->nvertices; i++) {
printf("%d: ",i);
for (j=0; j<g->degree[i]; j++)

printf(" %", g->edges[i][j]);
printf("\n");
}

wgraph.c - A generic wei ghted graph data type */

ncl ude "bool . h"
ncl ude "wgraph. h"

initialize_graph(g)

gr
{

aph *g; /* graph to initialize */

int i; /* counter */

}

g -> nvertices = 0;
g -> nedges = O;
i <=MAXV;

for (i=1; i ++) g->degree[i] = 0;

read_graph(g, di rected)

graph *g; /* graph to initialize */
bool directed; /* is this graph directed? */
{
int i; /* counter */
int m /* nunber of edges */
int x,y,w /* placehol der for edge and wei ght */

}

initialize_graph(g);
scanf ("% %\ n", & g- >nvertices), &m;

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

scanf ("% % %\ n", &, &, &) ;
insert_edge(g, x,y,directed, w);
}

i nsert_edge(g, X, Y, directed,w)

graph *g; /* graph to initialize */

int x, vy; /* placehol der for edge (x,y) */
bool directed; /* is this edge directed? */
int w /* edge wei ght */

if (g->degree[x] > MAXDEGREE)
printf("Warning: insertion(%l, %) exceeds degree
bound\ n", x,vy);

g- >edges[ x] [ g- >degree[x]].v = vy;

g- >edges[ x] [ g- >degree[ x]] . wei ght = w;

/ *g->edges[ x] [ g->degree[x]].in = FALSE; */
g- >degree[ x] ++;

if (directed == FALSE)
insert_edge(g,Y, X, TRUE, W) ;
el se

g- >nedges ++;

del et e_edge(g, x, vy, di rect ed)

graph *g; /* graph to initialize */
int x, vy; /* placehol der for edge (x,y) */
bool directed; /* is this edge directed? */
{
int i; /* counter */
for (i=0; i<g->degree[x]; i++)

}

if (g->edges[x][i].v ==y) {
g- >degree[x] --;
g->edges[x][i] = g->edges[x][g->degree[x]]

if (directed == FALSE)
del et e_edge(g, Y, X, TRUE) ;

return;

}

printf("Warning: deletion(%l, %d) not found in g.\n",
X,¥);

print_graph(g)

graph *g; /* graph to print */
{
int i,j; /* counters */
for (i=1; i<=g->nvertices; i++) {
printf("%: ",i);
for (j=0; j<g->degree[i]; j++)

printf(" %", g->edges[i][j].V);
printf("\n");
}



printf("\n");

bool processed[ MAXV]; /* which vertices have been proc */ }
bool discovered][ MAXV]; /* which vertices have been found 3}/

/* discovery relation */

int parent[ MAXV];
initialize_search(g)
graph *g; /* graph to traverse */
{

int i; /* counter */

for (i=1; i<=g->nvertices; i++) {

processed[i] = FALSE;
di scovered[i] = FALSE;

parent[i] = -1;
}
df s(g, v)
graph *g; /* graph to traverse */
int v; /* vertex to start searching from?*/
{
int i; /* counter */
int y; /* successor vertex */
di scovered[v] = TRUE;
process_vertex(v);
for (i=0; i<g->degree[v]; i++) {
y = g->edges[v][i].v;
if (discovered[y] == FALSE) {
parent[y] = v;
dfs(g.y);
} else
if (processed[y] == FALSE)
process_edge(Vv,VY);
}
processed[v] = TRUE;
}

process_vertex(v)
int v; [/* vertex to process */

printf(" %", v);

process_edge(x, YY)

int x,y; /* edge to process */
{

}

find_path(start, end, parents)

int start; /* first vertex on path */

int end; /* last vertex on path */

int parents[]; /* array of parent pointers */

if ((start == end) || (end == -1))
printf("\n%l", start);
el se {

find_path(start, parents[end], parents);
printf(" %", end);

}
}
connect ed_conponent s(g)
graph *g; /* graph to analyze */
{
int c; /* conponent nunber */
int i; /* counter */

initialize_search(g);

c = 0;

for (i=1; i<=g->nvertices; i++)

if (discovered[i] == FALSE) {
c = c+l;
printf("Conponent %:",c);
dfs(g.i);

/* connected.c */

#i ncl ude "bool . h"
#i ncl ude "graph. h"

extern bool processed[]; /* which vertices were proc */
extern bool discovered[]; /* which vertices were found */

extern int parent[]; /* discovery relation */

process_vertex(int v)

printf(" %", v);

process_edge(int x, int y)

{
}
bool valid_edge(int e)
{
return (TRUE);
}
connect ed_conponent s(graph *g)
{
int c; /* conponent nunber */
int i; /* counter */
initialize_search(g);
c = 0;

for (i=1; i<=g->nvertices; i++)

if (discovered[i] == FALSE) {
c = c+l;
printf("Conponent %:",c);
dfs(g,i);
printf("\n");

}

}

mai n()
graph g;
read_graph(&g, FALSE);

print_graph(&g);
connect ed_conponent s(&g) ;

/* topsort.c - Topologically sort a directed acyclic

graph (DAG */
#i ncl ude "bool . h"

#i ncl ude "graph. h"
#i ncl ude "queue. h"

conput e_i ndegrees(graph *g, int in[])
{
int i,j; /* counters */
for (i=1; i<=g->nvertices; i++) in[i] = 0;

for (i=1; i<=g->nvertices; i++)

}

for (j=0; j<g->degree[i]; j++) in[ g->edges[i][j] ] ++

topsort(graph *g, int sorted[])
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int indegree[ MAXV] ; /* indegree of each vertex */
queue zeroin; /* vertices of indegree 0 */

int x, vy; /* current and next vertex */

int i, j; /* counters */

conput e_i ndegr ees(g, i ndegree);
init_queue(&zeroin);

for (i=1; i<=g->nvertices; i++)
if (indegree[i] == 0) enqueue(&zeroin,i);
i =0;
ile (enpty(&zeroin) == FALSE) {
o=y
x = dequeue(&zeroin);
sorted[j] = x;
for (i=0; i<g->degree[x]; i++) {

y = g->edges[x][i];
indegree[y] --;

if (indegree[y] == 0) enqueue(&zeroin,y);

}

}

if (j '= g->nvertices)

printf("Not a DAG -- only %l vertices found\n",j);
}
mai n()

graph g;

int out[ MAXV];

int i;

read_graph(&g, TRUE) ;
print_graph(&g);

topsort (&g, out);

for (i=1; i<=g.nvertices; i++)
printf(" %",out[i]);
printf("\n");
}
/* dijkstra.c - Shortest path between two vertices. */
#i ncl ude <stdlib. h>
#i ncl ude "bool . h"
#i ncl ude "wgraph. h"
#define MAXINT 100007
int parent[ MAXV]; /* discovery relation */
dij kstra(graph *g, int start)
{
int i,j; /* counters */
bool intree[ MAXV]; /* is vertex in tree yet? */
int distance[ MAXV]; /* dist vertex is fromstart */
int v; /* current vertex to process */
int w /* candi date next vertex */
int weight; /* edge wei ght */
int dist; /* best current distance fromstart */
for (i=1; i<=g->nvertices; i++) {
intree[i] = FALSE;
distance[i] = MAXINT;
parent[i] = -1;
}
di stance[start] = 0;
v = start;
while (intree[v] == FALSE) {
intree[v] = TRUE
for (i=0; i<g->degree[v]; i++) {

w = g->edges[Vv][i].v;
wei ght = g->edges[v][i].weight;

}

if (distance[w] > (distance[v]+weight)) {
di stance[w] = distance[v]+weight;
parent[w] = v;

}

v = 1;
di st MAXI NT;
for (i=1; i<=g->nvertices; i++)
if ((intree[i] FALSE) && (dist > distance[i])) {
di st = distance[i];
vV =i

}

}
/* for (i=1; i<=g->nvertices; i++)
printf("% %\ n",i,distance[i]);

*/

mai n()

| *

#i
#i
#i

graph g;

int i;

read_graph( &g, FALSE) ;
dijkstra(&g,1);

for (i=1; i<=g.nvertices;
find_path(1,i,parent);
printf("\n");

i ++)

primc - Conpute m nimum spanning tree. */
nclude <stdlib. h>
ncl ude "bool . h"

ncl ude "wgraph. h"

#define MAXINT 100007

int parent[ MAXV];

pr
{

11

/* discovery relation */

imgraph *g, int start)
int i,j; /* counters */
bool intree[ MAXV]; /* is vertex in tree yet? */
int distance[ MAXV]; /* dist vertex is fromstart */
int v; /* current vertex to process */
int w /* candi date next vertex */
int weight; /* edge wei ght */
int dist; /* best current distance fromstart */
for (i=1; i<=g->nvertices; i++) {
intree[i] = FALSE;
di stance[i] = MAXI NT;
parent[i] = -1;
di stance[start] = 0;
v = start;
while (intree[v] == FALSE) {
intree[v] = TRUE;
for (i=0; i<g->degree[v]; i++) {

w = g->edges[Vv][i].v;

wei ght = g->edges[v][i].weight;

if ((distance[w] > weight) && (intree[w] == FALSE)) {

di stance[w] = weight;
parent[w] = v;

}
v = 1;
di st = MAXI NT;
for (i=1; i<=g->nvertices; i++)

if ((intree[i] == FALSE) && (dist > distance[i])) {
di st = distance[i];
Y i



} {

} int i,j; /* counters */
}
for (i=1; i<=g->nvertices; i++) {
mai n() printf("9@d: ",i);

{ for (j=1; j<=g->nvertices; j++)
graph g; printf(" 98d",g->weight[i][j]);
int i; printf("\n");

}
read_graph( &g, FALSE) ; }
prim&g, 1);

floyd(adjacency_natrix *g)
printf("Qut of Primn");
int i,j; /* di nension counters */
for (i=1; i<=g.nvertices; i++) { int k; /* intermediate vertex counter */
[*printf(" %l parent=%l\n",i,parent[i]);*/ int through_k; /* distance through vertex k */
find_path(1,i,parent);
for (k=1; k<=g->nvertices; k++)

printf("\n"); for (i=1; i<=g->nvertices; i++)
for (j=1; j<=g->nvertices; j++)
} through_k = g->wei ght[i][k]+g->wei ght[Kk][]];

if (through_k < g->weight[i][j])
g->weight[i][j] = through_k;

/* floyd.c */ }

#i nclude <stdlib. h>
#i ncl ude "bool . h" mai n()
#i ncl ude "wgraph. h"
adj acency_matrix g;

typedef struct { read_adj acency_matri x( &g, FALSE) ;
int wei ght [ MAXV+1] [ MAXV+1] ; /* adjacency info */ print_graph(&g);
int nvertices; /* # vertices in the graph */
} adjacency_matrix; floyd(&g);
print_adjacency_matri x(&g);
initialize_adjacency_matrix(adjacency_matrix *g) }
{
int i,j; /* counters */
g -> nvertices = 0; /* netflow c - Ford-Ful kerson al gorithm */
for (i=1; i<=MAXV; i++) #i ncl ude "bool . h"
for (j=1; j<=MAXV, j++) #i ncl ude "queue. h"
g->weight[i][J] = MAXINT; #i ncl ude <stdio. h>
} #i ncl ude "geonetry. h"
read_adj acency_matri x(adj acency_matrix *g, bool directed)#define MAXV 100 /* maxi num nunber of vertices */
{ #defi ne MAXDEGREE 50 /* max outdeg of vertex */
int i; /* counter */
int m /* nunber of edges */
int x,y,w /* placehol der for edge and wei ght */ typedef struct {
int v; /* nei ghboring vertex */
initialize_adjacency_matrix(Qg); int capacity; /* capacity of edge */
int flow /* flow through edge */
scanf ("%l %\ n", & g->nvertices), &n; int residual; /* residual capacity of edge */
} edge;
for (i=1; i<=m i++) {
scanf ("%l % %\ n", &, &y, &) ; typedef struct {
g->weight[x][y] = w edge edges[ MAXV] [ MAXDEGREE]; /* adjacency info */
if (directed==FALSE) g->weight[y][x] = w int degree[ MAXV]; /* outdegree of each vertex */
} int nvertices; /* nunber of vertices in graph */
} int nedges; /* nunber of edges in the graph */
} flow_graph;
print_graph(adj acency_matrix *g)
mai n()
int i,j; /* counters */
flow_graph g; /* graph to analyze */
for (i=1; i<=g->nvertices; i++) { int source, sink; /* source and sink vertices */
printf("o%l: ",i); int flow /* total flow */
for (j=1; j<=g->nvertices; j++) int i; /* counter */
if (g->weight[i][j] < MAXINT)
printf(" %",j); scanf ("%l %l", &ource, &si nk) ;
printf("\n"); read_f | ow_graph(&g, TRUE);
}
} net f | om( &g, sour ce, si nk) ;
print_adj acency_matri x(adj acency_matrix *Q) print_flow graph(&g);
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flow = 0;
for (i=0; i<g.nvertices; i++)
flow += g. edges[source][i].flow,

printf("total flow = %\ n",flow);

initialize_graph(g)
flow graph *g; /* graph to initialize */
{

int i; /* counter */

g -> nvertices = 0;
g -> nedges = 0;

for (i=0; i<MAXV; i++) g->degree[i] = 0;
}

read_f | ow_graph(g, di rected)
flow graph *g; /* graph to initialize */
bool directed;

{
int i; /* counter */
int m /* nunber of edges */
int x,y,w /* placehol der for edge and wei ght

initialize_graph(g);
scanf ("%l %\ n", & g->nvertices), &7;

for (i=1; i<=m i++) {
scanf ("% % %\ n", &, &, &w) ;
insert_flow edge(g,x,y,directed,w);
}

}

insert_flow edge(flow graph *g, int x, int vy,
bool directed, int w
{

if (g->degree[x] > MAXDEGREE)

printf("Warning: insertion(%l, %l) exceeds degree

bound\ n", x,vy);

g- >edges[ x] [ g- >degree[x]].v = vy;

g- >edges[ x] [ g- >degree[ x]] . capacity = w,
g- >edges[ x] [ g- >degree[x]].flow = O;

g- >edges[ x] [ g- >degree[ x]].residual = w,

g- >degree[ x] ++;

if (directed == FALSE)

insert_flow edge(g,y, X, TRUE, w);
el se

g- >nedges ++;

edge *find_edge(flow graph *g, int x, int y)
{

int i; /* counter */

for (i=0; i<g->degree[x]; i++)

if (g->edges[x][i].v ==Yy)
return( &g->edges[x][i] );

return(NULL);

add_r esi dual _edges(fl ow_graph *g)
{

int i,j; /* counters */

for (i=1; i<=g->nvertices; i++)

/* is this graph directed? */

print_flow graph(flow_graph *g)
{

int i,j; /* counters */

for (i=1; i<=g->nvertices; i++) {

printf("%: ",i);

for (j=0; j<g->degree[i]; j++)
printf(" %(%, %, %d)", g- >edges[i][]j].v,
g- >edges[i][j].capacity,
g->edges[i][j].flow,
g->edges[i][j].residual);

printf("\n");

}

}

bool processed[ MAXV] ;

int parent[ MAXV];

/* discovery relation */

bool finished = FALSE; /* if true, cut off search */

initialize_search(g)
flow graph *g; /* graph to traverse */
{

int i; /* counter */

for (i=1; i<=g->nvertices; i++) {
processed[i] = FALSE;
di scovered[i] = FALSE;
parent[i] = -1,

bf s(flow graph *g, int start)

queue (; /* queue of vertices to visit */
int v; /* current vertex */
int i; /* counter */

init_queue(&q);
enqueue( &g, start);
di scovered[start] = TRUE;

while (enpty(&q) == FALSE) {

v = dequeue(&q);

process_vertex(v);

processed[v] = TRUE;

for (i=0; i<g->degree[v]; i++)
if (valid_edge(g->edges[v][i]) == TRUE) {
if (discovered[g->edges[vVv][i].v] == FALSE)
enqueue( &q, g- >edges[v][i].v);
di scovered[ g- >edges[Vv][i].v] = TRUE;
parent[g->edges[Vv][i].Vv] = v;

if (processed[g->edges[v][i].v] == FALSE)
process_edge(v, g- >edges[Vv][i].V);

}

bool valid_edge(edge e)

{
if (e.residual > 0) return (TRUE);
el se return(FALSE);

/* which nodes were proc */
bool di scovered[ MAXV] ; /* which nodes were found */

for (j=0; j<g->degree[i]; j++)

if (find_edge(g, g->edges[i][j].v,i) == NULL)

insert_flow edge(g, g->edges[i][j].v,i, TRUE 0);

}

process_vertex(v)

int v; /* vertex to process */

{

}

process_edge(X,Y)

int x,y; /* edge to process */
{

}
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find_path(start, end, parents)
int start; /* first vertex on path */
int end; /* last vertex on path */

int parents[]; /* array of parent pointers */

if ((start == end) || (end == -1))
printf("\n%l", start);
el se {

find_path(start, parents[end], parents);
printf(" %", end);
}
}

int path_volume(flow graph *g,
int parents[])

int start, int end,

#define MAXINT 100007

/*

what floor does everyone get off at? */

int stops[ MAX_RI DERS] ;

int nriders;
int nstops;

/*

/* nunber of riders */
/* nunber of allowable stops */

dynam ¢ progranm ng cost table */

int n{ NFLOORS+1] [ MAX_RI DERS] ;

| *

dynami ¢ progranmi ng parent table */

int p[ NFLOORS+1] [ MAX_RI DERS] ;

int mn(int a,

}
| *

*/

int b)

if (a<b) return(a); else return(b);

nfi][j] denotes the cost of serving all the riders
using j stops, the last of whichis at floor i.
Zero is the originating floor.

int optimze_floors()

{
edge *e; /* edge in question */
edge *find_edge();
if (parents[end] == -1) return(0);
e = find_edge(g, parents[end], end);
if (start == parents[end])
return(e->residual);
el se
return(m n(path_vol une(g, start, parents[end], parents),
e->residual) );
}
augment _pat h(fl ow_graph *g, int start, int end,
int parents[], int volune)

{
edge *e; /* edge in question */
edge *find_edge();

if (start end) return;

e = find_edge(g, parents[end], end);
e->f | ow += vol une;
e->resi dual -= vol une;

e = find_edge(g, end, parents[end]);
e->resi dual += vol une;

augment _pat h(g, start, parents[end], parents, vol une) ;

netfl ow(fl ow graph *g,
{

int source, int sink)

int vol une; /* weight of the augnmenting path */

add_r esi dual _edges(g9);

initialize_search(g);
bf s(g, source);

volume = path_vol une(g, source, sink, parent);
while (volunme > 0) {

augnent _pat h(g, sour ce, si nk, parent, vol une) ;
initialize_search(g);
bf s(g, source);

vol une = path_vol ume(g,

}

source, sink, parent);

11 Dynamic Programming

/* elevator.c -

El evator stop optim zation via dyn progranm ng. */

/* the height of the building in floors */
#def i ne NFLOORS 25
/* what is the capacity of the elevator? */
#define MAX_RI DERS 50

fl
{

reconstruct_pat h(int

pr

/* counters */
/* costs placehol der */
/* the elevator’s last stop */

int
int
int

ik
cost;
| ast st op;

for (i=0; i++) {
nfi][0] = floors_wal ked(0, MAXI NT) ;
plil[0] = -1;

i <=NFLOCRS;

for (j=1; j<=nstops; j++)
for (i=0; i<=NFLOORS; i++) {
mil[j] = MAXINT;
for (k=0; k<=i; k++) {
cost = n{k][j-1] - floors_wal ked(k, MAXI NT) +
floors_wal ked(k,i) + floors_wal ked(i, MAXI NT);
if (cost <nfi][j]) {
nfi][j] = cost;
pLilli] = k;
}
}
}

| aststop = 0;
for (i=1; i<=NFLOORS; i++)
if (nmMi][nstops] < n{laststop][nstops])
laststop = i;

return(l aststop);

oors_wal ked(int previous, int current)

int nsteps=0; /* total distance traveled */
int i; /* counter */
for (i=1; i<=nriders; i++)

if ((stops[i] > previous) && (stops[i]
nsteps += mn(stops[i]-previous,

<= current))

return(nsteps);
lastfloor, int stops_to_go)
if (stops_to_go > 1)

reconstruct_path( p[lastfloor][stops_to_go],

stops_to_go-1);

printf("%l\n",lastfloor);

int_matrix(m

int nf NFLOORS+1] [ MAX_RI DERS] ;
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{

int i,j; /* counters */

for (j=0; j<=nstops; j++) {

for (i=0; i<=NFLOORS; i++)
printf("o@d", n{il[jl);
printf("\n");
}
mai n()
int i,j; /* counters */

int |aststop;
scanf ("%l %", &ri ders, &ist ops) ;
for (i=1; i<=nriders; i++)

scanf ("%", & stops[i]));

for (i=1; i<=nriders; i++)
printf("%l\n",stops[i]);

| aststop = optimze_floors();
print_matrix(&m;

printf("\n");
print_matrix(&p);

printf("cost = %\ n", n{l aststop][nstops]);

reconstruct_pat h(| ast st op, nstops);

12 Grids

/* order.c - Denonstrate traversal
#i ncl ude "geonetry. h"

row_major(int n, int m

{

int i,j; [/* counters */
for (i=1; i<=n; i++)
for (j=1; j<=m j++)
process(i,j);

}
colum_mgjor(int n, int m

int i,j; [/* counters */
for (j=1; j<=m j++)
for (i=1; i<=n; i++)
process(i,j);

snake_order(int n, int m
{

int i,j; [/* counters */

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

for (j=1; j<=m j++)
process(i, j + (m1-2*j) * ((i

}
di agonal _order(int n, int m

int d,j;

int pcount; /* points on diagonal

int height; /* row of |owest point

for (d=1; d<=(mtn-1); d++) {
height = 1 + max(0,d-m;

orders on a grid.*/

+1)

*/
*/

%2));

/* diagonal and point counters */
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pcount = mn(d, (n-height+1));
for (j=0; j<pcount; j++)
process(mn(md)-j, height+j);
}

process(int i, int j)

printf("(%l, %)\n",i,j);

mai n()

printf("row_major\n");
row_ngj or (5, 5);

printf("\'ncolum_major\n");
col um_nmgj or (3, 3);

printf("\nsnake_order\n");
snake_order(5,5);

printf("\ndi agonal _order\n");
di agonal _order (3, 4);

printf("\ndi agonal _order\n");
di agonal _order (4, 3);

13 Geometry

/* distance.c */

#define DIMENSION 3
#i ncl ude <mat h. h>

typedef int point[ Dl MENSI OV ;

mai n() {
poi nt a={6, 2, 3};
poi nt b={6, 3, 4};
doubl e di stance();

printf("distance = %\n", distance(a,b));

}

doubl e di stance(point a, point b)

{

int i;
doubl e d=0. 0;
for (i=0; i<DIMENSION;, i++)

d=d+ (a[i]-b[i]) * (a[i]-b[i]);

return( sqrt(d) );
}

/*
Lines, Circles, Segnents */
#i ncl ude "bool . h"

#i ncl ude "geonetry. h"
#i ncl ude <mat h. h>

points_to_line(point pl, point p2, line *I)

{
if (pl[X] == p2[X]) {

|->a = 1;
I->b = 0;
I->c = -pl[X];
} else {
I1->b = 1;
I->a = - (pl[Y]-p2[ Y])/ (pl[ X]-p2[X]);
I->¢c = -(I->a * p1[X]) - (I->b * p1[Y]);
}

}

poi nt _and_sl ope_to_line(point p, double m

{

Basi c geonetric primtives and data types --

line *I)



l->a = -m for (i=0; i<DIMENSION, i++) b[i] = a[i];
I->b = 1; }
I->c = -((I->a*p[X]) + (I->b*p[Y]));
} swap_poi nt (point a, point b)
bool parallelQline 11, line |2) point c¢; /* tenporary point */
{
return ( (fabs(l1l.a-12.a) <= EPSILON) && copy_point(a,c);
(fabs(l1.b-12.b) <= EPSILQN) ); copy_poi nt (b, a);
} copy_point(c, b);
}
bool sane_lineQline |1, line l2)
return ( parallel QI11,12) && poi nts_to_segnent (point a, point b, segment *s)
(fabs(l1.c-12.¢c) <= EPSILON) ); {
} copy_point(a, s->pl);
copy_poi nt (b, s->p2);
intersection_point(line |1, line |2, point p)
{ segnment _t o_poi nts(segnment s, point pl, point p2)
if (same_lineQ(11,12)) { {
printf("Warning: ldentical lines, all points copy_poi nt(s. pl, pl);
intersect.\n"); copy_poi nt(s.p2,p2);
p[X] =p[Y] =0.0;
return;
}
bool point _i n_box(point p, point bl, point b2)
if (parallelQ11,12) == TRUE) { {
printf("Error: Distinct parallel lines do not return( (p[X >= min(bl[X],b2[X])) &&
intersect.\n"); (p[X] <= max(bl[X],b2[X])) &&
return; (p[Y] >= min(bl[Y],b2[VY])) &&
} , (p[Y] <= max(bi[Y], b2[VY])) );
p[X] = (l2.b*I1.c - 11.b*lI2.¢c) /
(l2.a*11.b - I1.a*12.b); bool segments_intersect(segment sl, segnent s2)
{
if (fabs(l1l.b) > EPSILON /* test for vert line */ line 11,12; /* lines containing input segnents */
p[Y] =- (I1l.a* (p[X]) +11.c) / 11.b; point p; /* intersection point */
el se
p[Y] =- (12.a* (p[X]) +12.¢c) / |2.b; points_to_line(sl.pl,sl.p2,&1);
} points_to_line(s2. pl,s2. p2, & 2);
cl osest_point(point p_in, line |, point p_c) if (same_lineQ(l11,12))
{ /* overl apping or disjoint segnments */
i ne perp; /* perpendicular to | through (x,y) */ return( point_in_box(sl.pl,s2. pl,s2.p2) ||
poi nt _i n_box(s1.p2,s2.pl,s2.p2) ||
if (fabs(l.b) <= EPSILON) { /* vertical line */ poi nt _i n_box(s2.p1l, sl.pl,sl.p2) ||
p_c[X =-(l.c); poi nt _i n_box(s2.p1,sl.pl,sl.p2) );
p_c[Y] = p_in[Y];
return; if (parallel QI11,12)) return(FALSE);
}
intersection_point(l1,12,p);
if (fabs(l.a) <= EPSILON) { /* horizontal |ine */ return( point_in_box(p,sl.pl,sl. p2) &&
p_c[X] = p_in[X]; poi nt _i n_box(p, s2.pl,s2.p2) );
p_c[Y] =-(l.c); }
return;
} doubl e signed_triangle_area(point a, point b, point c)
{
poi nt _and_sl ope_to_line(p_in,1/1.a, &erp); return( (a[ X *b[Y] - a[Y]*b[X] + a[Y]*c[X]
/* non-degenerate |ine */ - a[X]*c[Y] + b[X]*c[Y] - c[X]*b[Y]) / 2.0 );

[*printf("perpendicular bisector "); print_line(perp);*/ }
intersection_point(l,perp,p_c);

/*printf("closest point "); print_point(p_c);*/ doubl e triangl e_area(point a, point b, point c)
} {
return( fabs(signed_triangle_area(a,b,c)) );
doubl e di stance(point a, point b) }
{
int i; /* counter */ bool ccw(point a, point b, point c)
doubl e d=0. 0; /* accunul ated di stance */

doubl e signed_triangle_area();
for (i=0; i<DIMENSION;, i++)
d=d+ (a[i]-b[i]) * (a[i]-b[i]); return (signed_triangle_area(a,b,c) > EPSILON);

}
return( sqrt(d) );
} bool cw(point a, point b, point c)

doubl e signed_triangle_area();
copy_poi nt(point a, point b)
{ return (signed_triangle_area(a,b,c) < EPSILON);
int i; /* counter */ }
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bool collinear(point a, point b, point c) el se {

top = top+l;
doubl e signed_triangle_area(); copy_point(in[i],hull->p[top]);
i = i+1;
return (fabs(signed_triangle_area(a,b,c)) <= EPSILON); }
} }
print_points(point p[], int n) hull->n = top;
}
int i; /* counter */
for (i=0; i<n; i++) sort_and_renove_duplicates(point in[], int *n)
printf("(%f,%f)\n", p[i][X],plil[Y]); {
int i; /* counter */
int oldn; /* nunber of points before deletion */
print_pol ygon(pol ygon *p) int hole; /* index marked for potential del */
bool leftlower();
int i; /* counter */
gsort(in, *n, sizeof(point), leftlower);
for (i=0; i<p->n; i++)
printf("(%f,%f)\n", p->p[i][X],p->p[i][Y]); oldn = *n;
hole = 1;
for (i=1; i<(oldn-1); i++) {
print_poi nt (point p) if ((in[hole-1][X] ==in[i][X) &&
{ (in[hole-1][Y] ==in[i][Y]))
printf("o%.31f %.3f\n",p[X,p[Y]); (*n)--;
} el se {
copy_point(in[i],in[hole]);
print_line(line 1) hole = hole + 1;
}
printf("(a=%.31f,b=%.31f,c=%.3f)\n",1.a,l.b,1.c); }
copy_point(in[oldn-1],in[hole]);
}
print_segnent (segnent s)
printf("segnment: "); mai n() {
print_point(s.pl); poi nt i n[ MAXPOLY] ; /* input points */
print_point(s.p2); pol ygon hul | ; /* convex hull */
} int n; /* nunber of points */
int i; /* counter */

. scanf ("%l", &n);
14 Computational Geometry for (i=0; i<n; i+

scanf ("% f %f",&n[i][X,&n[i][Y]);
/* convex-hull.c */

convex_hull (in,n, &ull);
#i ncl ude "bool . h"

#i ncl ude "geonetry. h" print _pol ygon(&hul 1);

#i ncl ude <mat h. h> }

point first_point; /* first hull point */

bool |eftlower(point *pl, point *p2)
convex_hul |l (point in[], int n, polygon *hull) {

{ if (P [X < (*p2)[X]) return (-1);
int i; /* input counter */ if ((*pl)[X] > (*p2)[X]) return (1);
int top; /* current hull size */
bool smaller_angle(); if ((*p1)[Y] < (*p2)[VY]) return (-1);

it (CpDIY] > (*p2)[Y]) return (1);
if (n<=3) { /* all points on hull! */
for (i=0; i<n; i++) return(0);
copy_point(in[i],hull->p[i]);

hull->n = n;
return; I *
} bool |eftlower(point *pl, point *p2)

{
sort _and_renove_dupl i cates(in, &); if (fabs((*pl)[X] - (*p2)[X]) > EPSILON) {
copy_point(in[0], & irst_point); if ((*p)[X] < (*p2)[X]) return (-1);

if ((*pD)[X > (*p2)[X]) return (1);
gsort(& n[1], n-1, sizeof(point), smaller_angle);

copy_point (first_point,hull->p[0]); if (fabs((*p1)[Y] - (*p2)[Y]) > EPSILON) {
copy_point (i n[1], hul I ->p[1]); if((pY[Y] < (*p2)[Y]) return (-1);

if (CpDIY] > (*p2)[Y]) return (1);
copy_point(first_point,in[n]); }
/* sentinel to avoid special case */

top = 1; return(0);
i =2;
*/
while (i <=n) {
if (Ycew(hull->p[top-1], hull->p[top], in[i])) bool snaller_angl e(point *pl, point *p2)
top = top-1; /* top not on hull */ {
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if (collinear(first_point,*pl,*p2)) {
if (distance(first_point,*pl) <=

di stance(first_point, *p2)) bool point_in_triangle(point p, triangle t)
return(-1); {
el se int i; /* counter */
return(1l); bool cw);
for (i=0; i<3; i++)
if (cew(first_point,*pl, *p2)) if (ew(t[i],t[(i+1)9%],p)) return(FALSE);
return(-1);
el se return(TRUE) ;
return(1); }
doubl e area_triangul ati on(pol ygon *p)
{
triangulation t; /* output triangulation */
/* triangulate.c - Triangulate a polygon via doubl e total = 0.0; /* total area so far */
ear-clipping, conpute area. */ int i; /* counter */

doubl e triangle_area();

#i ncl ude "bool . h" triangul ate(p, &);
#i ncl ude "geonetry. h" for (i=0; i<t.n; i++)
#i ncl ude <nath. h> total += triangle_area(p->p[t.t[i][O0]],
p->p[t.t[i][1]], p->p[t.t[i][2]]);
triangul ate(pol ygon *p, triangulation *t) return(total);
}
int | [ MAXPOLY], r[MAXPOLY];
/* left/right neighbor indices */ doubl e area(pol ygon *p)
int i; /* counter */ {
doubl e total = 0.0; /* total area so far */
for (i=0; i<p->n; i++) { [/* initialization */ int i, j; /* counters */
Ifi] = ((i-1) + p->n) % p->n;
rfi] = ((i+1) + p->n) % p->n; for (i=0; i<p->n; i++) {
j = (i+l) %p->n;
total += (p->p[i][X]*p->p[j][Y]) -
t->n = 0; (p->p[J1[X] *p->p[i]1[Y]);
i = p->n-1; }
while (t->n < (p->n-2)) {
i =r[il]; return(total / 2.0);
if (ear _QUI[i],i,r[i].p)) { }
add_triangle(t,I[i],i,r[i],p);
L] ) =1
NI BIERIE '
mai n() {
} pol ygon p; /* input polygon */
} triangulation t; /* output triangulation */
int i; /* counter */
add_triangle(triangulation *t, int i, int j, int k, doubl e area(), area_triangulate();
pol ygon *p)
{ scanf ("%l", &. n);
int n; /* nunber of triangles int */ for (i=0; i<p.n; i++)
scanf ("% f %f", &.p[i][X],&.p[i][VY]);
n =t->n;
/*
t->t[n][0] = i; print_pol ygon(&p) ;
t->t[n][1] =7j; triangul ate(&p, &t);
t->t[n][2] = k; print_triangulation(&);
*/
t->n = n + 1;
} printf(" area via triangulation = %\n",
area_triangul ation(&p));
bool ear_Qint i, int j, int k, polygon *p) printf(" area slick = %\n", area(&p));
{
triangle t; /* coordinates for points i,j,k */ }
int m /* counter */
bool cw(); print_triangulation(triangulation *t)
{
copy_point (p->p[i],t[0]); int i, j; /* counters */
copy_poi nt(p->p[j],t[1]); ) ) )
copy_point (p->p[k],t[2]); for (i=0; i< t->n; i++) {
for (j=0; j<3; j+4+)
if (ew(t[0],t[1],t[2])) return(FALSE); printf(" % ", t->t[i][j]);
/*
for (nmE0; nkp->n; me+) { for (j=0; j<3; j++)
if ((m=i) && (m=j) & (m=k)) printf(" (9%.3f,9%.3f)", t->t[i][j1[X,t->t[I]1[J]1[Y]);
if (point_in_triangle(p->p[ni,t)) return(FALSE); */
} printf("\n");
}
return(TRUE); }
}
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doubl e *yh)

{
/* plates.c *xh = (2.0/sqrt(3)) * yg/ (2.0 * r);
*yh = (xg - (2.0 * r) * (*xh)*(1.0/2.0) )/(2.0 * r);
Conmpute the nunmber of circles in two different }
di sk packings. Assuming we have an $w \tines |$ box,
how many unit disks can we pack in there assum ng /* Under the hexagonal coordinate system the set of
we have w di sks on the botton®? hexagons defined by coordinates (hx, hy), where
*/ $0 <= hx <= xnmax$ and $0 <= hx <= ymax$ forms a
di anmond- shaped patch, not a conventional axis-oriented
#i ncl ude <stdi 0. h> rectangle. To solve this problem we define array
#i ncl ude <mat h. h> coordinates so that (ax,ay) refers to the position in
an axis-oriented rectangle with (0,0) as the | ower
/* how many triangular-lattice layers of radius r balls righthand point in the matrix.
fit in height h? */
*/
array_to_hex(int xa, int ya, int *xh, int *yh)
int dense_| ayers(double w, double h, double r) {
*xh = xa;
doubl e gap; /* distance between |ayers */ *yh = ya - xa + ceil(xal2.0);
}
if ((2*r) > h) return(0);
hex_to_array(int xh, int yh, int *xa, int *ya)
gap = 2.0 * r * (sqrt(3)/2.0); {
return( 1 + floor((h-2.0*r)/gap) ); *xa = xh;
} *ya = yh + xh - ceil(xh/2.0);

}

int plates_per_row(int row, double w, double r)

int plates_per_full _row, /* #plates in full/even row */int pl

plates_per_full _row = floor(w (2*r)); {

if ((row %2) == 0) return(plates_per_full_row);
if (((w(2*r))-plates_per_full_row) >= 0.5)
/* odd row full, too */
return(plates_per_full_row);
el se

return(plates_per_full _row- 1);
}
/* How many radius r plates fit in a hexagonal -lattice
packed w*h box?
*/

int dense_pl ates(double w, double |, double r)

int layers; /* nunber of l|ayers of balls */

layers = dense_l ayers(w,|,r);

return (ceil (layers/2.0) * plates_per_row0,wr) +
floor(layers/2.0) * plates_per_row(1,wr) );

ates_on_top(int xh, int yh, double w, double I,
doubl e r)

int
int
int
int
int

nunber _on_top = 0; /* total plates on top */
| ayers; /* nunber of rows in grid */

row engt h; /* nunber of plates in row */
row, /* counter */

xla, yla, xra,yra; /* array coordinates */

layers = dense_l ayers(w,|,r);

for (row=xh+1l; row<layers; rowt+) {
row ength = plates_per_row(row,w,r) - 1;

hex_to_array(row, yh-row, &l a, &yl a) ;

if (yla<0) yla 0; /* left boundary */

hex_to_array(row, yh, &ra, &ra);
if (yra >rowength) yra row engt h;
/* right boundary */

[*printf("row=% yla=% yra=%\n",row,yla,yra);*/

nunber_on_top += yra-yl a+l;

}

}
return(nunber_on_top);
int grid_plates(double w, double h, double r) }
{
int |ayers; /* nunber of layers of balls */ mai n()
layers = floor(h/(2*r)); doubl e w; /* box width */
double |; /* box length */
return (layers * plates_per_row(0,wr)); doubl e r; /* plate radius */
}
int i,j; /* counters */

/* Hexagonal coordinates start with the center of disk
(0,0) at geonetric point (0,0). The hexagonal
coordi nate $(xh,yh)$ refers to the center of the disk
on the horizontal row xh and positive-slope di agonal

yh. The geonetric coordinate of such a point is a
function of the radius of the disk $r$.
*
/
hex_to_geo(int xh, int yh, double r, double *xg,
doubl e *yq)
{
*yg = (2.0 * r) * xh * (sqrt(3)/2.0);
*xg = (2.0 * r) * xh * (1.0/2.0) + (2.0 * r) * yh;
}

geo_t o_hex(doubl e xg, double yg, double r, double *xh,
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int xh,yh, xa, ya;
doubl e xhf, yhf, xg, yg;
int xmax, ymax;

printf("input box width, box Iength, and plate
radius:\n");

scanf ("% f %f %Bf", &w & ,&);

printf("box width=%f, box |length=%f, and plate
radius=%f:\n",w1,r);

printf("dense packing = %\ n", dense_plates(w|,r));

printf("grid packing = %\n", grid_plates(w|,r));

/* print all the possible hexes in the box */

xmax = floor(w/ (2*r));



ymax = dense_l ayers(w, |,r);

/*
for (i=0; i<=xmax; i++)
for (j=0; j<=ymax; j++)
printf("array(%, %) ",i,j);
array_to_hex(i,]j, &h, &h);
printf("to hex(%, %d) ", xh, yh);
hex_t o_geo(xh, yh, r, &g, &Q);
printf("to geo(%t. 2f, %. 2f) ", xg,vy0Q);
geo_t o_hex(xg, yg, r, &hf, &hf);
printf("to hex(%4. 2f, %4. 2f) ", xhf, yhf);
hex_to_array(xh, yh, &a, &ya) ;
printf("to array(%, %d)\n", xa, ya);
*/ }
for (i=0; i<xmax; i++)
printf("(0,%) has %l on top.\n",i,
plates_on_top(0,i,wl,r));
}

/* superman.c - Conpute Superman’s flight path */

#defi ne MAXN 100 /* maxi mum nunber of circles */
#i ncl ude "bool . h"
#i ncl ude "geonetry. h"

#i ncl ude <mat h. h>

point s; /* Superman’s initial position */
point t; /* target position */
int ncircles; /* nunber of circles */

circle c[ MAXN]; /* circles data structure */

super man()
line I|; /* line fromstart to target pos */
point close; /* closest point */
doubl e d; /* distance fromcircle-center */
/* length of intersection with circles */

doubl e xray = 0.0;

/* length around circular arcs */

doubl e around = 0. 0;

doubl e angl e; /* angl e subtended by arc */

doubl e travel ; /* total travel distance */
int i; /* counter */
doubl e asin(), sqrt();

doubl e di stance();
points_to_line(s,t,&);

for (i=1; i<=ncircles; i++) {
cl osest_point(c[i].c,|,close);
d = distance(c[i].c,close);
if ((d>=0) && (d < c[i].r) &&
poi nt _i n_box(cl ose,s,t)) {
xray += 2*sqrt(c[i].r*c[i].r -
angl e = acos(d/c[i].r);
around += ((2*angle)/(2*Pl)) * (2*Pl*c[i].r);
printf("circle % (%.31f,%.3If,%.3If) is %.3If
away froml,
i,cli].c[X],c[i].c[Y],c[i].r,d,xray,around, angl e);
}

}

travel = distance(s,t) - xray + around;
printf("Supernman sees through %.3If units,
flies %.3lf units\n", xray, travel);

d*d);

and

mai n() {

int i; /* counter */
scanf ("% f %f", &[X],&[Y]);
scanf ("% f Wf",&[X,&[VY]);
scanf ("%l", &circles);

for (i=1; i<=ncircles; i++)

scanf ("% f Wf %Bf",&[i].c[X,&I[i]l.c[Y],&c[i].r);

printf("%.3f %.31f\n",s[X],s[VY]);
printf("o.3f 9%.3[f\n", t[X,t[Y]);
printf("%l\n", ncircles);
for (i=1; i<=ncircles; i++)
printf("%.31f %.3If %.3lf\n",
c[i].c[X],c[i].c[Y],c[i].r);

superman();

15 DiverseFiles

/* war.c - Sinmulation of card gane War */
#i ncl ude <stdio. h>

#i ncl ude <mat h. h>

#i ncl ude <stdlib. h>

#i ncl ude "bool . h"

#i ncl ude "queue. h"

#define NGAMES 50
#defi ne MAXSTEPS 100000

#define NCARDS 52
#define NSU TS 4

/* nunber of cards */
/* nunber of suits */

char val ues[] = "23456789TJQKA";
char suits[] = "cdhs";
/* Rank the card with given value and suit. */

int rank_card(char val ue,

{

char suit)

int i,j; /* counters */
for (i=0; i<(NCARDS/ NSUITS);
if (values[i]==val ue)
for (j=0; j<NSUITS; j++)
if (suits[j]==suit)
return( i*NSUTS + | );

i ++)

printf("Warning: bad input val ue=%d,
val ue, suit);

sui t =%\ n",

/* Return the suit and value of the given card. */

char suit(int card)

{
}

char val ue(int card)

return( suits[card % NSU TS] );

return( val ues[card/NSU TS] );

}
xray=%. 3l f around=%.3lf angle=%.3If.\n",

testcards(){
int i;
char suit(),

/* counter */
val ue(); /* reconstructed card */

for (i=0; i<NCARDS; i++)
printf(" i=% card[i]=%% rank=%\n", i,
suit(i), rank_card(value(i),suit(i)) );

val ue(i),

}

[HRHERK A KK IR KKKk kKK k kA Kk kA Kk hhkk Kk kR KKk kA KKk k [

random i ni t _decks(a, b)

queue *a, *b;

{
int i; /* counter */
int perni NCARDS+1] ;
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for (i=0; i<NCARDS;
pernfi] =i;

i=i+1) {

random per nut ati on( per m NCARDS) ;

init_queue(a);

init_queue(b);

for (i=0; i<NCARDS/2; i=i+1) {
enqueue(a, pernf2*i]);
enqueue(b, pernf 2*i +1]);

}

print_card_queue(a);
print_card_queue(b);

}

war (queue *a, queue *b)

int steps=0; /* step counter */

int x,y; /* top cards */

queue c; /* cards involved in the war */
bool inwar; /* are we involved in a war? */
inwar = FALSE;

init_queue(&c);

/*printf("deck counts a=% b=%l\n", a- >count, b->count); */

while ((!enpty(a)) &&
('empty(b) && (steps < MAXSTEPS))) {
/*
print_card_queue(a);
print_card_queue(b);
*/
steps = steps + 1;
X = dequeue(a);
y = dequeue(b);
enqueue( &c, X) ;
enqueue( &c, y);
if (inwar) {
i nwar = FALSE;
} else {
if (value(x) > value(y))
cl ear _queue(&c, a);
else if (value(x) < value(y))
cl ear _queue(&c, b);
else if (value(y)
i nwar = TRUE;

val ue(x))

}
[*printf("x=% y=%l |a| =% | b| =% \n", Xx,y, a->count,
b->count); */
}

/*printf("deck counts a=%l b=%l\n", a- >count, b->count); */

if (lenpty(a) && enpty(b))
printf("a wins in % steps \n", steps);
else if (enpty(a) && !enpty(b))
printf("b wins in % steps \n", steps);
else if (lenpty(a) && !'enpty(b))
printf("game tied after % steps,
st eps, a- >count, b- >count ) ;
el se
printf("a and b tie in % steps \n", steps);

lal =% | b| =% \n",

}
print_card_queue(q)
queue *q;
t
int i,j;
i=g->first;
while (i !'= g->last) {

I*printf("oRd ", g->q[i]);*/

printf("%% ",value(qg->q[i]),suit(g->q[i]));
i = (i+1) % QUEUESI ZE;
}

printf("92d ",q->q[i]);
printf("\n");

cl ear _queue(queue *a, queue *b)

/[*printf("war ends with % cards \n",a->count);*/
while (!enpty(a))
enqueue(b, dequeue(a));
}

ol d_main(){
gueue a, b;
int i;

/*testcards();*/

for (i=1; i<=NGAMES; i++) {
random i ni t _decks(&a, &b);
war ( &, &b) ;
}
}
mai n()

queue decks[2]; /* player’s decks */
char val ue, suit,c; /* input characters */
int i; /* deck counter */

while (TRUE) {

for (i=0; i<=1; i++) {
init_queue(&decks[i]);

while ((c = getchar()) !'="\n") {
if (c == EOF) return;
if (ct=""){
val ue = c;
suit = getchar();
enqueue( &ecks[i], rank_card(val ue,suit));
}

}
}

war ( &ecks[ 0], &ecks[1]);

[ FFI IRk Kk kA k ok kk kK kK kKKK Kk h kA kK hh Kk kA khkkhkk kA k kK ko

/'l A solution to a previous prolemusing floyd-warshall
/1 path algorithm (It works on sanple input)

#i ncl ude<i ostr eanr
#i ncl ude<i omani p>
#i ncl ude<vect or >
#i ncl ude<nat h. h>
#i ncl ude<queue>

const doubl e NONE=1000000000;
/I'nust be bigger than total weight of edges
const int MAX=100;

cl ass graph{
public:
doubl e W MAX+1] [ MAX+1] ;
int n;
bool used[ MAX+1];
graph(){
for (int i=0; i<MAX+1;
used[i] =fal se;
for (int j=0; j<MAX+1; j++)
Wi ][]]=NONE;

i++){

n=0;
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} public:
voi d addEdge(int a, int b, double w){ int v;
addEdgeD(a, b, w) ; doubl e w;
addEdgeD(b, a, w) ; edge(int vv=0, double ww=0) {
} VSVV, W=WW,
voi d addEdgeD(int a, int b, double weight){ }
W a] [ b] =wei ght ; };
if (lused[a]) n++;
used[ a] =t rue; cl ass graph{
if (lused[b]) n++; public:
used[ b] =t rue; edge edges[ MAXV+1] [ MAXD] ;
} int degree[ MAXV+1];
int n;
voi d Fl oyd(){ int parent[ MAXV];
//replaces edges with | engths of shortest paths
//to each edge graph(int nn){
for (int k=1; k<=MAX; k++) for (int i=0; i<MAXV+1; i++){
if (used[k]) for (int i=1; i<=MAX; i++) degree[i] =0;
if (used[i]) for (int j=1; j<=MAX; | ++)
if (used[j]) n=nn;
if(Willj] > wWillk] +wk][j]) }
addEdgeD(i, j,Wi][kI+wWK]I[j]);
} voi d addEdge(int a, int b, double w){
addEdgeD(a, b, w) ;
doubl e operator()(int a, int b){ addEdgeD( b, a, w) ;
return wa][b]; }
}
}; voi d addEdgeD(int a, int b, double weight){
edges[ a] [ degr ee[ a] ] =edge( b, wei ght ) ;
//**************************************************** degr ee[ a] ++v
voi d out put (double total, int cas)({ }

cout . setf(ios::showpoint);
cout.setf(ios::fixed);
cout. precision(3);

cout <<"Case "<<cas<<": average |ength between pages =" doubl e mi nSpanni ngTree(int source){
<<t ot al <<" clicks"<<endl; //returns the total weight of MST, tree data
} /1 is in parent[]
doubl e cost =0;
int main(){ doubl e di st[ MAXV] ;
int c=0; bool done[ MAXV] ;
whil e(1){
C++; for (int i=0; i<n; i++){
int a,b; done[i] =fal se;
graph g; di st [i]=NONE;
whil e(1){ parent[i]=-1;
ci n>>a>>b; }
if (a==0 && b==0) break; di st[source] =0;
g. addEdgeD( a, b, 1) ; int v=source;
whi | e(!done[v]){
if (g.n==0) return O; cost +=di st[v];
g. Floyd(); done[ v] =true;
doubl e total =0; for (int i=0; i<degree[v]; i++){
for (int i=1; i<=MAX; i++) int w=edges[v][i].v;
for (int j=1; j<=MAX; j++){ if ((dist[w >edges[Vv][i].wW) && (!done[w])){
if (i==]) continue; di st[w] =edges[V][i].w
if ('g.used[j] || 'g.used[i]) continue; parent[w =v;
/1 cout<<i<< '<<j<<’ <<g(i,])<<endl;
total +=g(i,j); }
} v=0;
total/=(g.n*(g.n-1)); for (int i=1; i<n; i++)
output(total,c); if ('done[i] && dist[i]<dist[v]) v=i;
} }
} return cost;
}
vect or <doubl e> shortest Pat hs(i nt source){
//solution to prob b "say cheese" from 2001 using //returns the vector of shortest distances,
//dijstra’’s algorithm min spanning tree //parent[v] is the vertex one visits before v
//note: mn spanning tree not tested! /1in shortest path
//see the other graph class for the shorter //fromsource to v
//f1oyd-warshall al gorithm vect or <doubl e> di st (n);
bool done[ MAXV] ;
/1 Al'so contains a short distance function
for (int i=0; i<n; i++){
const doubl e NONE=1000000000; done[i] =fal se;
//must be nore than total weight of all edges di st[i] =NONE;
const int MAXV=105; parent[i]=-1;

const int MAXD=105;
di st[source] =0;
cl ass edge{ int v=source;

22



whi | e(!done[v]){
done[ v] =t rue;
for (int i=0; i<degree[v]; i++){
int w=edges[Vv][i].v;
if ((dist[w> (dist[v]+edges[Vv][i].W)) &&
(!done[w)){
di st[w =di st[v]+edges[V][i].w
parent[w =v;

}
v=0;
for (int i=1; i<n; i++)
if ('done[i] && dist[i]<dist[v]) v=i;

return dist;

}

vector<i nt> i nDegrees()
/I nunber of incom ng edges
e

int i,j;

vector<int> in(n,0);

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

for (j=0; j<degree[i]; j++) in[edges[i][j].v]++

return in;

vector<int> top_sort()

{

vector<int> sorted(n);

gueue<i nt> zero;
int x, vy;
int i, j;

/* current and next vertex */

vect or <i nt > i ndegr ee=i nDegrees();

for (i=0; i<n; i++)
if (indegree[i] == 0) zero.push(i);

i =0;
while (!zero.enpty()) {
=0+
x = zero.front();
zero. pop();
sorted[j] = x;
for (i=0; i<degree[x]; i++) {
y = edges[x][i].v;
indegree[y] --;
if (indegree[y] == 0) zero.push(y);
}
}

it (j '=n)
cout<<"error";

return sorted,;

}

’
[ RA KKKk Kk kA Kk kk kA h kK kA khkhk kA kK khk kK khkkkkhk kK k

doubl e di stance(double x[], double y[], int n=3){
doubl e total =0;
for (int i=0; i<n; i++){

total +=(x[i]-y[i])*(x[i]-y[i]);

return sqrt(total);

[ Frr Rk ok ok kk ok ko kk ko kkk kA Kk kA Kk kA Kk k kK kkk k kK Kk

voi d out put (double total, int cas){

cout.setf(ios::fixed);
cout. precision(0);

total +=. 4999;
cout <<" Cheese "<<cas<<": Travel tine

= "<<total
<<" sec"<<endl;

/* vertices of indegree 0 */

doubl e error=.0000000001;
int main(){
int c=0;
while(1){
cH+;
doubl e x[ MAXV] [ 3] ;
doubl e r[ MAXV] ;
int n;
ci n>>n;
if (n==-1) return O;
graph g(n+2);

for (int i=0; i<n+2; i++){
for (int j=0; j<3; j++)
cin>x[i][j];
if (i<n) cin>>r[i];
else r[i]=0;

}
for (int i=0; i<n+2; i++)
for (int j=0; j<n+2; j++){

doubl e d=di stance(x[i], x[j])-r[il-r[j];
if (d<error) d=0;
g. addEdge(i,j,d);

vect or <doubl e> d=g. shortest Pat hs(n);

out put (d[ n+1] *10, c) ;

//roman nuneral s
int tolnt(string a){
int start=0, total=0;
whi l e(start<a.length()){
switch(a[start]){
case 'D: total +=500;
br eak;
case 'M:
break;
case 'L’: total +=50;
br eak;
case 'V : total +=5;
break;
case 'C: if (start+l==a.length())
t ot al +=100;
el se
if (tolnt(a.substr(start+1,1))>100)
t ot al - =100;
el se
t ot al +=100;
br eak;
case 'X : if (start+l==a.length())
t ot al +=10;
el se
if (tolnt(a.substr(start+1,1))>10)
total -=10;
el se
t ot al +=10;
br eak;
case 'I': if (start+l==a.length())
total +=1;
el se
if (tolnt(a.substr(start+1,1))>1)
total -=1;
el se
total +=1;
br eak;

t ot al +=1000;

start ++;
return total;
}
/1 An output function to length 20

void output(string res, int |en=20){
if (res.length()<len) cout<<res<<endl;
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el se {
cout <<res. substr (0, | en)<<endl ;
output(res.substr(len,res.length()-len));

Sphere distance:
d(f,s) = R-acos((sin(l[f])-sin(l[s]))+(cos(l[f]) cot cos(l[s])-cos(dg)))

where R istheradiusof thegrest circle, dg = longitude(f) —longitude(s),
and I[f] = lattitude(f).

Some useful Javacommands:

e Converting to an arbitrary base:
int my_int = Integer.parsel nt(string_val ,radix);
String s = Integer.toString(my-int,radix);

e Formatting Doublesto Arbitrary Precision:
NumberFormat formatter = new Decimal Format(" ####.00");
/I O’'sforce a0 to appear if no number isthere
I #s alow no numnber to be shown
Sring s = formatter.format(my_num);
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