8

5

8

6 T

R A N S P AREN

C

Y MASTERS

S e

c t i o n 1

.1 :

A

Fi

r

st C

Pro

gr

a

m /

* T

h i s p

r o gr a

m prin

ts the messageA

N S I --A kin

der and gentler

C

!

to thevideo display

.

*/#in cl

ude

<stdio. h> main (

) {

print f(

"ANSI--A kinder and gentle r C!\n" );

}

ARENCY MASTERS 87

Section 1.2: Conversion of

Lengt

hs /* This program reads a length in yards from the keyboard

,

conver ts the length to feet and inches, andwrites

the convert ed length to the video display. It is

assume d that the length is a nonnegat ive integer.

The progra m terminat es when a negati ve integer is

entere d. */

#include <stdio. h> main()

{

int yard, foot, inch;

printf ( "Enter next length " );

scanf( "%d",

&yard );

while ( yard >=

0 ) {

foot =3 * yard;

inch = 36 * yard;

printf ( "\n%d yd =\n", yard );

printf ( "%d ft\n", foot );

printf ( "%d in\n", inch );

printf ( "Enter next length " );

scanf( "%d", &yard );

}printf ( "*** END

O

F P

RO GRA

M ***\n" );

}

88 TRANSP ARENCY MASTERS

Section 1.10: Comp

uting

Income

T ax

/* This program reads incomes from the file income s.dat

until end-of-f ile and writes the taxes due to the file

out.da t. Income under 6000 greenba cks is taxed at 30

percen t, and income greater than or equal to 6000

greenb acks is taxed at 60 percent.We assume that

the income is an intege r. The tax is written as an

intege r. */

#include <stdio. h> main()

{

int income, tax;

FILE *fin, *fout;

fin = fopen( "incom es.dat", "r" );

fout = fopen( "out.dat ", "w" );

while ( fscanf ( fin, "%d", &income ) != EOF ) {

fprint f( fout, "Income = %d greenba cks\n", income );

if ( income < 6000 )

tax = 0.3 * income;

else

tax = 0.6 * income;

fprint f( fout, "Tax = %d greenba cks\n", tax );

}

}

TRANSP

ARENCY MASTERS 89

Section 2.5: Statistical

Measures

/* This program reads a series of real number s from the

standard input and prints a statis tical summary of the

data that includ es the larges t value input, the smalles t

value input, the sum of all values read, the mean

(average ) of all values input, the populat ion varian ce,

and the standard deviati on. */

#include <stdio. h>

#include <math.h > main()

{

float x, /* current value input */

max, /* largest value seen so far */

min, /* smallest value seen so far */

sum, /* sum of all values seen so far */

mean, /* mean of all values read */

sum_of_squ ares, /* sum of squares of all

values seen so far */

variance ; /* variance of all values read */

int count; /* number of values read so far */

if ( scanf( "%f", &x ) == EOF ) /* empty file? */

printf ( "0 data items read\n" );

else {

max = min = sum = x;

count =1;

sum_of _squares = x * x;

while ( scanf( "%f", &x ) != EOF ) {

count

+= 1;

if ( x > max ) /* new high? */

max = x;

if ( x < min ) /* new low? */

min = x;

9

TRANSP ARENCY MASTERS sum += x;

sum_of _squares += x * x;

}

printf ( "%d data items read\n" , count );

printf ( "maxim um value read = %f\n", max );

printf ( "minim um value read = %f\n", min );

printf ( "sum of all values read = %f\n", sum );

mean = sum / count;

printf ( "mean = %f\n", mean );

varian ce = sum_of_s quares / count - mean * mean;

printf ( "varia nce = %f\n", variance );

printf ( "stand ard deviati on = %f\n",

sqrt( variance ) );

}

}

TRANSP

ARENCY MASTERS 91

Section 2.8: Printing aBar

Graph

/* This progra m prints the names of comic books and a bar

graph to show the values of the books in thousan ds of

dollar s. */

#include <stdio. h> main()

{

char c;

int value; /* value of comic */

int i; /* loop counter */ while ( scanf( " %c", &c ) != EOF ) {

do { /* print title of comic */

printf ( "%c", c );

scanf( "%c", &c );

} while ( c !=’\n’ );

printf ( "\n" );

scanf( "%d", &value ); /* get value of comic */

/* print value /2 stars */

for ( i = 1; i <= value / 2; i++ )

printf ( "*" );

printf ( "\n" );

}

}

9

TRANSP ARENCY MASTERS

Section

3.2: Generating PrimeNum

b ers

/* This program prints all positive prime integers less than

or equal to the user-sup plied value n. */

#include <stdio. h> main()

{

int possibl e_prime, n, possibl e_divis or;

printf ( "\tThi s program lists all primes <= n\n\n" );

printf ( "Input n: ");

scanf( "%d", &n );

printf ( "\n\n\ tPrimes <= %d:\n\n ", n );

for ( possible _prime = 2; possib le_prime <= n;

possib le_prime ++ ) {

/* try to find a divisor of possibl e_prime */

for ( possible _divisor = 2;

possib le_divis or < possib le_prime ;

possib le_divis or++ )

if ( possibl e_prime % possible _divisor == 0 )

/* found a diviso r so possible _prime is

not prime */

break;

if ( possib le_divis or == possibl e_prime )

/* exhaus ted possibl e divisors , so

possib le_prime is prime */

printf ( "%d\n" , possib le_prime );

}

}

ARENCY MASTERS 93

Section 3.6: Printing a Calendar

/* This progra m prints a calendar for a year. The user

enters a code for the day of week forJan 1 to begin

and a code to indicate whether or not the calend ar is

to be a leap year calend ar.

The codes are: day_cod e (0 = Sun, 1 = Mon, etc.)

leap_ye ar (0 = no leap year,

1 = leap year) */

#include <stdio. h> main()

{

int day_cod e, /* day_cod e = 0: the month starts on Sun

day_cod e = 1: the month starts on Mon

day_cod e = 2: the month starts on

Tues, etc. */

days_in _month, /* number of days in month

curren tly being printe d */

leap_ye ar, /* 1 means leap year; 0 means no leap

year */

day, /* counte r for day of month */

month; /* month = 1: Jan, month = 2: Feb, etc. */ do {

printf ( "Enter day and leap year codes: " );

scanf( "%d%d", &day_co de, &leap_ year );

} while ( day_co de < 0|| day_co de > 6 );

for ( month = 1; month <= 12; month++ ) {

switch ( month ) { /* print name and set

days_in_ month */

case 1:

9

TRANSP ARENCY MASTERS printf ( "\n\nJ anuary" );

days_i n_month = 31;

break;

case 2:

printf ( "\n\nF ebruary" );

days_i n_month = leap_y ear ? 29 : 28;

break;

case 3:

printf ( "\n\nM arch" );

days_i n_month = 31;

break;

case4:

printf ( "\n\nA pril" );

days_i n_month = 30;

break;

case5:

printf ( "\n\nM ay" );

days_i n_month = 31;

break;

case 6:

printf ( "\n\nJ une" );

days_i n_month = 30;

break;

case7:

printf ( "\n\nJ uly" );

days_i n_month = 31;

break;

case 8:

printf ( "\n\nA ugust" );

days_i n_month = 31;

break;

case 9:

printf ( "\n\nS eptember " );

days_i n_month = 30;

break;

98 TRANSP ARENCY MASTERS code1 = getcha r();

code2 = getcha r();

code3 = getcha r();

/* Decode each charact er code. */

color1 = decode_ char( code1 );

color2 = decode_ char( code2 );

color3 = decode_ char( code3 );

/* Check whether codes were legal. */

if ( color1 == -999.0 || color2 == -999.0 ||

color3 == -999.0 )

printf ( "\n\n\ tBad code -- cannot comput e "

"resis tance\n" );

/* If codes were legal, compute and print resist ance in

ohms. */

else {

resist ance = ( 10.0 * color1 + color2 )

* pow( 10.0, color3 );

printf ( "\n\n\ tResista nce in ohms:\ t%f\n",

resist ance );

}return EXIT_S

UCCESS ;

}/* This functi on prints a menu of color codes to guide the

user in enteri ng input. */ void print_co des( void )

{

printf( "\n\n\tT he colored bands are coded as "

"follows :\n\n\n\ t" );

printf( "COLOR\t \t\tCODE \n\t" );

printf( "-----\t \t\t---- \n\n" );

ARENCY MASTERS 99 printf( "\tBlack -------- -------- ---> B\n" );

printf( "\tBrown -------- -------- ---> N\n" );

printf( "\tRed-- -------- -------- ---> R\n" );

printf( "\tOrang e------- -------- ---> O\n" );

printf( "\tYello w------- -------- ---> Y\n" );

printf( "\tGreen -------- -------- ---> G\n" );

printf( "\tBlue- -------- -------- ---> E\n" );

printf( "\tViolet- -------- -------- -> V\n" );

printf( "\tGray- -------- -------- ---> A\n" );

printf( "\tWhite -------- -------- ---> W\n" );

}/* This functi on expects a characte r (color code) and

return s a double precisi on floating point number as its

value. If the code is not legal, it returns a value that

signal s this fact. */ double decode_ char( char code )

{

switch ( code ) {

case ’B’:

return 0.0;

case ’N’:

return 1.0;

case ’R’:

return 2.0;

case ’O’:

return 3.0;

case ’Y’:

return 4.0;

case ’G’:

return 5.0;

case ’E’:

return 6.0;

case ’V’:

TRANSP ARENCY MASTERS return 7.0;

case ’A’:

return 8.0;

case ’W’:

return 9.0;

defaul t:

return -999.0; /* illegal code */

}

}

ARENCY MASTERS 101

Section 4.7: Simulating aDice Game

/* main.h -- #defin e’s includ ed in main */

#define TRUE 1

#define FALSE 0

#define NL putchar ( ’\n’ )

#define TAB putchar ( ’\t’ )

#define FORMAT NL, NL, TAB

#define FORMAT 2 NL, TAB, TAB

#define NESTEG G 500

#define LIMIT 250

#define PLAY_P ROMPT FORMAT, \

printf( "Want to play? (1: yes, 0: no) " )

#define READ_A NS( ans ) scanf( "%d", (&ans) )

#define BET_PR OMPT FORMAT, \

printf( "Your bet in dollars ? " )

#define BET_RE PROMPT FORMAT2, \

printf( "Please enter your bet again. ")

#define READ_B ET( bet ) scanf( "%d", (&bet) )

#define WARN1( bet,lmt ) FORMAT, TAB, \

printf( "\aYour bet of %d exceeds the limit " \

"of %d.", \

(bet), (lmt) )

#define WARN2( bet,bnk ) FORMAT, TAB, \

printf( "\aYou bet %d; you have %d.", (bet), \

(bnk) )

#define WINNER _MSG FORMAT, TAB, \

printf( "You’re winning -- don’t quit now!" )

#define LOSER_ MSG FORMAT, TAB, \

printf( "You’re losing -- don’t quit now!" )

TRANSP ARENCY MASTERS

#define BANKROLL_ MSG( r ) FORMAT2 , \

printf( "Your bankro ll stands at %d", (r) )

/* end main.h */

/* roll.h -- #defin es include d in roll_t hem_bone s */

#define SNAKE_E YES 2

#define BOX_CAR S 12

#define PRINT_ MARK( mark ) NL, FORMAT2, \

printf( "Your curren t mark is: %d.", (mark) )

#define PRINT_ ROLL_MSG FORMAT2 , \

printf( "Roll ’em again!" )

#define PRINT_ DICE( dice ) FORMAT2 , \

printf( "You rolled a %d.", (dice) )

#define LOSE_M SG( bet ) FORMAT2 , \

printf( "Take %d dollars, but don’t run!", \

(bet) )

#define POSSIB LE_DOUBL E_MSG FORMAT2 , \

printf( "Win and you win double!" )

#define DOUBLE _WIN_MSG ( amt ) FORMAT2 , \

printf( "You win double -- %d dollars! ", (amt) )

#define REGULA R_WIN_MS G( amt ) FORMAT2 , \

printf( "You win %d dollars. ", (amt) )

#define CONSOL E_MSG( bet ) FORMAT2 , \

printf( "You lost a trifling %d bucks. ", (bet) )

#define SHUT_EYES 3

/* end roll.h */

/* main program */

#include <stdio. h>

#include <stdlib .h>

ARENCY MASTERS 103

#include <limits .h>

#include "main.h "

/* roll_the m_bones simulate s a game & returns a new

bankroll */

int roll_th em_bones ( int bet, int bankro ll );

/* pause for time propor tional to how_lo ng */

void sleep( int how_long );

/* random number generat or: ran(k) returns

an integer in the range 1 through k */

int ran( int k );

main()

{

int bankrol l = NESTEG G;

int ans; /* 1: play; 0: halt */

int bet; /* player’ s bet in dollars */

/* Play until desire or money runs out. */

do {

BANKRO LL_MSG( bankroll );

PLAY_P ROMPT;

READ_A NS( ans );

if ( ans == TRUE ) {

BET_PR OMPT;

READ_B ET( bet );

while ( bet > LIMIT ) {

WARN1( bet, LIMIT );

BET_REP ROMPT;

READ_BE T( bet );

}

while ( bet > bankroll ) {

WARN2( bet, bankroll );

TRANSP ARENCY MASTERS

BET_REP ROMPT;

READ_BE T( bet );

}/* Update bankrol l after a game’s played . */

bankro ll = roll_t hem_bone s( bet, bankrol l );

}

} while ( ans == TRUE && bankrol l > 0 );

if ( bankro ll > 0 ){

WINNER _MSG;

BANKRO LL_MSG( bankroll );

}

else

LOSER_ MSG;

return EXIT_SU CCESS;

}/* ROLL_TH EM_BONES -- simula tes one game */

#include "roll.h " int roll_th em_bones ( int bet, int bankro ll )

/* bet in dollar s */

/* bankroll in dollar s */

{

int mark; /* sum of dice on 1st roll */

int dice; /* sum of dice after 1st roll */

/* TRUE if dice equals 2 or 12 */

int double _flag = FALSE;

/* Roll the dice the first time to get the player’ s

"mark". */

ARENCY MASTERS 105 mark = ran( 6 ) + ran( 6 );

PRINT_ MARK( mark );

/* Check for 7 or 11. */

if ( mark == 7 || mark == 11 ) {

LOSE_M SG( bet );

bankro ll += bet;

return bankrol l; /* Exit a winner . */

}/* Check for possib ility of double payoff on bet. */

if ( mark == SNAKE_ EYES || mark == BOX_CARS ) {

double _flag = TRUE;

POSSIB LE_DOUBL E_MSG;

}/* Roll until DICE equals either MARK or 7 or 11. */

do {

dice = ran( 6 ) + ran( 6 );

PRINT_ ROLL_MSG ;

NL;

sleep( SHUT_EY ES ); /* pause a bit to simulat e pause

between rolls of the dice. */

PRINT_ DICE( dice );

} while ( dice != mark && dice != 7 && dice != 11 );

if ( dice == mark )

if ( double _flag ) {

bankro ll += 2 * bet;

DOUBLE _WIN_MSG ( 2 * bet );

}

else {

bankro ll += bet;

REGULA R_WIN_MS G( bet );

}

TRANSP ARENCY MASTERS else {

bankro ll -= bet;

CONSOL E_MSG( bet );

}

return bankrol l;

}/* ran returns a random intege r in the range 1 to k.

ran invokes the library function rand which return s a

random integer in the range 0 to RAND_MA X (defin ed in

stdlib .h). */ int ran( int k )

{

double x = RAND_MAX + 1.0;

int y;

y = 1 + rand() * (k / x);

return y;

}/* sleep pauses for time proport ional to how_lon g */

void sleep( int how_long )

{

int i,j;

for ( i = 0; i < how_lon g; ++i )

/* INT_MA X is defined in limits. h */

for ( j = 0; j < INT_MAX; ++j )

;

}

ARENCY MASTERS 107

Example 4.8.1: F actorial F unction

#include <stdio. h>

#include <stdlib .h> int fact( int num );

main()

{

int num;

printf ( "\nPle ase enter a number : " );

scanf( "%d", &num );

if ( num < 0 ) /* legal input? */

printf( "\nERROR -- number must be >= 0." );

else

printf( "\nFacto rial of %d is %d.", num,

fact( num ) );

return EXIT_SU CCESS;

}int fact( int num )

{

if ( num <= 1 ) /* base cases */

return 1;

else /* recursiv e call */

return num * fact( num - 1 );

}

Example 4.8.2: T ower ofHanoi

#include <stdio. h>

#include <stdlib .h> void hanoi( char peg1, char peg2, char peg3, int how_many );

main()

{

char peg1 = ’A’, /* origin */

peg2 = ’B’, /* destina tion */

peg3 = ’C’; /* spare */

/* number of disks initiall y on the origin */

int how_many ;

/* Prompt for and warn about the number of disks to be

moved. */

printf ( "\n\tH ow many disks initial ly on peg A?"

"\n\tI f more than 7, the solutio n may seem to "

"take forever! \n\t" );

scanf( "%d", &how_m any );

/* Anything to move? */

if ( how_ma ny < 1 )

printf ( "\n\tT here’s nothin g to move!" );

/* Otherwis e solve with: */

/* -- peg1 as the origin */

/* -- peg2 as the destina tion */

/* -- peg3 as the spare */

else

hanoi( peg1, peg2, peg3, how_man y );

return EXIT_SU CCESS;

}

ARENCY MASTERS 109 void hanoi( char p1, char p2, char p3, int how_ma ny )

/* p1 -- origin

p2 -- destina tion

p3 -- spare

how_many -- number of disks to move */

{

/* If there is only 1 disk on p1, then move it to p2 */

/* and quit as the problem is solved. */

if ( how_ma ny == 1 ) {

printf( "\n\n\tM ove top disk from peg %c to peg %c.",

p1, p2 );

return;

}

/* Otherwis e: */

/* (1) Move how_man y - 1 disks from p1 to p3: */

/* p1 is the origin, p3 is the destina tion, */

/* and p2 is the spare. */

/* */

/* (2) Move the top disk from p1 to p2. */

/* */

/* (3) Move how_man y - 1 disks from p3 to p2: */

/* p3 is the origin, p2 is the destina tion, */

/* and p1 is the spare. */

hanoi( p1, p3, p2, how_many - 1 );

printf ( "\n\n\ tMove top disk from peg %c to peg %c.",

p1, p2 );

hanoi( p3, p2, p1, how_many - 1 );

}

ARENCY MASTERS 113

Example 4.10.8: Finding the Largest Integer

#include <stdio. h>

#include <stdlib .h>

#include <stdarg .h>

#include <limits .h> int max( int how_ma ny, ... );

main()

{

int max_int ;

int i1, i2, i3, i4; /* argument s to test max functio n */ printf ( "Enter one to four integers \n"

"gener ate EOF when done\n" );

scanf( "%d", &i1 );

if ( scanf( "%d", &i2 ) == EOF )

max_in t = max( 1, i1 );

else if ( scanf( "%d", &i3 ) == EOF )

max_in t = max( 2, i1, i2 );

else if ( scanf( "%d", &i4 ) == EOF )

max_in t = max( 3, i1, i2, i3 );

else

max_in t = max( 4, i1, i2, i3, i4 );

printf ( "\nMax imum integer = %d\n", max_int );

return EXIT_SU CCESS;

}/* max -- Returns the maximum of a list of ints. The first

argume nt is the number of ints over which to take the

TRANSP ARENCY MASTERS maximu m. The ints over which to take the maximum follow

the first argume nt. */ int max( int how_ma ny, ... )

{

int largest = INT_MIN; /* low value so first comparis on

is correc t */

int i;

va_lis t arg_ad dr; /* gives locatio n of argument after

how_many in max */

int next_in t;

/* set arg_add r to the address of the first argume nt

after how_man y in max */

va_sta rt( arg_ad dr, how_man y );

for ( i = 0; i < how_man y; i++ )

/* va_arg returns the value of the next argument

in max and updates arg_addr . The second argumen t

to va_arg is the data type of argumen t being

read (in max). */

if ( ( next_in t = va_arg( arg_ad dr, int ) )

> largest )

larges t = next_in t;

va_end ( arg_ad dr ); /* mop up */ return largest ;

}

ARENCY MASTERS 115

Section 5.3: T racking and Rep orting Car Sales

/* This program tracks sales and invent ory for a dozen brands

of cars in a used-ca r busine ss. The brands are coded as

integer s 0 throug h 11.

At each day’s start, the user initia lizes cars_in _stock

[ brand] to total invent ory for a given brand, and total_ cars_sol d[ brand ] to zero. With each sale, the program updates by cars_so ld. At day’s end, the user enters a negative

integer for a brand, which causes the program to generate

a summary report.

*/#include <stdio. h>

#include <stdlib .h>

/* number of car brands currentl y handle d */

#define NUM_BRAN DS 12 main()

{

int cars_in _stock[ NUM_BRAN DS ];

int total_c ars_sold [ NUM_BRAN DS ];

int cars_so ld;

TRANSP ARENCY MASTERS int brand;

/* Initia lize cars_in_ stock and total_ cars_sol d for

each brand. */

for ( brand = 0; brand < NUM_BRAN DS; ++bran d ) {

printf ( "\n\n\ tCars in stock for brand: %d ",

brand );

scanf( "%d", &cars_ in_stock [ brand ] );

total_ cars_sol d[ brand ] = 0;

}/* Record sales, updating total_c ars_sold , until user

signal s halt.* /

printf( "\n\n\ n" );

/* Loop until user signal s halt by setting brand less

than zero. */

while ( brand >= 0 ) {

printf( "\n\n\t Which brand was sold? " );

scanf( "%d", &brand );

/* BRAND in bounds? */

if ( brand >= 0 && brand < NUM_BR ANDS ) {

printf( "\n\t How many cars in sale? " );

scanf( "%d", &cars_s old );

total_c ars_sold [ brand ] += cars_sol d;

}

}/* Genera te daily report for each brand. */

printf( "\n\n\ n\n\t\tD AILY REPORT " );

printf( "\n\t\ t----- ------" );

for ( brand = 0; brand < NUM_BRAN DS; ++bran d ) {

printf ( "\n\n\ t\tBrand #:\t\t\ t%d", brand );

printf ( "\n\t\ tInvento ry at day’s start: \t%d",

cars_in _stock[ brand ] );

ARENCY MASTERS 117 printf ( "\n\t\ tTotal sales: \t\t\t%d ",

total_c ars_sold [ brand ] );

printf ( "\n\t\ tInvento ry at day’s end:\t \t%d",

cars_in _stock[ brand ] -

total_c ars_sold [ brand ] );

printf ( "\n\t\ tSales as percen tage of "

"invent ory:\t\t %f",

100 * ( (float) total_c ars_sold [ brand ] /

( float ) cars_in_ stock[ brand ] ) );

}return EXIT_SU CCESS;

}

Section 5.8: Computing a String’s Length

/* function to comput e a string’ s length */

/* length expect s an array of charact ers */

int length( char string[ ] )

{

int count; /* string’s length */ for ( count = 0; string[ count ] != ’\0’; ++coun t )

;

return count;

}

ARENCY MASTERS 119

Section 5.10: Matrix Multiplication

#include <stdio. h>

#include <stdlib .h>

#define MAXSIZE 20 void

store( int m[ ][ MAXSIZE ], int n ),

mult( int m1[ ][ MAXSIZE ], int m2[ ][ MAXSIZE ],

int m3[ ][ MAXSIZE ], int n ),

print( int m[ ][ MAXSIZE ], int n );

main()

{

int n;

int m1[ MAXSIZ E ][ MAXSIZE ],

m2[ MAXSIZ E ][ MAXSIZE ],

m3[ MAXSIZ E ][ MAXSIZE ];

/* read data into m1 and m2 and echo */

printf ( "Input matrix size: " );

scanf( "%d", &n );

printf ( "Input first matrix by row\n" );

store( m1, n );

printf ( "\nMat rix m1:\n" );

print( m1, n );

printf ( "\nInp ut second matrix by row\n" );

store( m2, n );

printf ( "\nMat rix m2:\n" );

print( m2, n );

/* multip ly m1 by m2, storing product in m3 */

mult( m1, m2, m3, n );

TRANSP ARENCY MASTERS

/* print results */

printf ( "\nPro duct m3:\n" );

print( m3, n );

return EXIT_SU CCESS;

}/* Multiply matrix m1 by matrix m2, storin g the

* product in matrix m3, where all three matrice s are

* n by n in size:

* n-1

* m3[ i ][ j ] = SUM m1[ i ][ k ] * m2[ k ][ j ]

* k=0

* and 0 <= i,j < n.

*/

void mult( int m1[ ][ MAXSIZE ],

int m2[ ][ MAXSIZE ],

int m3[ ][ MAXSIZE ],

int n )

{

int i, j, k;

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

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

m3[ i ][ j ] = 0;

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

m3[ i ][ j ] += m1[ i ][ k ] * m2[ k ][ j ];

}

}/* Store data in matrix by row.

*/

void store( int m[ ][ MAXSIZE ], int n )

{

int i, j;

ARENCY MASTERS 121 for ( i = 0; i < n; i++ )

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

scanf( "%d", &m[ i ][ j ] );

}void print( int m[ ][ MAXSIZE ], int n )

{

int i, j;

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

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

printf( "%d ", m[ i ][ j ] );

putchar ( ’\n’ );

}

}

Section 5.11: Sorting and Searching

/* The PHONE progra m reads NUMB_REC S record s from the file

studen ts.dat into the two-dime nsional array studen ts. The

record s occur one to a line, with a maximum length of

MAX_RE C_SIZE and fields formatte d as follows:

25 chars 25 chars 12 chars

<last name> <first name> <phone number >

/|\ /|\ /|\

| | |

Column 1 Column 26 Column 51

MAX_RE C_SIZE is thus LNAME_ SIZE + FNAME_ SIZE + PNUM_S IZE.

One record occurs per line.

PHONE sorts the records- -as charact er strings --in

ascend ing order and then does lookups . It prompt s for a

last name, padding it if necessa ry with blanks to

LNAME_ SIZE, and then search es the array. If the name is

found, the entire record is written to the termina l in

data-p rocessin g format, i.e., the fields are printed in

their file column positi ons. If the name is not found, a

messag e is written.

PHONE uses selectio n sort for the sortin g and binary

search for the searchi ng. The program consist s of the

functi ons: main, selecti on_sort, binary_ search, and swap.

*/#include <stdio. h>

#include <stdlib .h>

#include <string .h>

#define NUMB_RE CS 30 /* number of recs in student s.dat */

ARENCY MASTERS 123

#define LNAME_S IZE 25 /* first 25 chars */

#define FNAME_S IZE 25 /* next 25 chars */

#define PNUM_SI ZE 12 /* last 12 chars */

#define MAX_REC _SIZE (LNAME_ SIZE + FNAME_ SIZE + PNUM_S IZE)

#define NO_FIND (-999) /* flag for lookup failure */

#define BLANK ’ ’ /* used to pad candid ate name so

that it has LNAME chars */ void select ion_sort ( char array[ ][ MAX_RE C_SIZE + 2 ],

int size1 );

void swap( char array[ ][ MAX_RE C_SIZE + 2 ],

int curren t,

int low );

int binary_ search( char candidat e[ ],

char array[ ][ MAX_RE C_SIZE + 2 ],

int size );

main()

{

/* student records (+2 is for the newlin e and the

null termin ator) */

char studen ts[ NUMB_RE CS ][ MAX_REC _SIZE + 2 ];

/* candidat e in search (+2 is for the newline and the

null termin ator) */

char candid ate[ LNAME_SI ZE + 2 ];

int cand_le n; /* length of candidat e’s name */

int index; /* index into student s */

int i;

FILE* fp;

/* read the names of NUMB_R ECS record s into array

students */

fp = fopen( "studen ts.dat", "r" );

TRANSP ARENCY MASTERS for ( i = 0; i < NUMB_RE CS; ++i )

fgets( student s[ i ], MAX_REC_ SIZE + 2, fp );

/* sort the records into ascendi ng order, by name */

select ion_sort ( students , NUMB_R ECS );

/* Prompt the user for a student ’s name and look for it

in the array students . Halt when the user signals EOF

at the prompt . */ printf ( "\n\n\ Enter a student’ s name, "

"or signal EOF to halt: " );

while ( fgets( candida te,

LNAME_S IZE + 2,

stdin ) != NULL ) {

/* Pad candida te with blanks to LNAME_SI ZE chars. */

/* -1 for newline stored by fgets */

cand_l en = strlen( candidat e ) - 1;

for ( i = cand_le n; i < LNAME_ SIZE; i++ )

candid ate[ i ] = BLANK;

/* null termin ate */

candid ate[ LNAME_SI ZE ] = ’\0’;

index = binary _search( candida te,

student s,

NUMB_RE CS );

if ( index != NO_FIND )

printf ( "\nRec ord: %s", students [ index ] );

else {

/* knock off blanks */

candid ate[ cand_l en ] = ’\0’;

printf ( "\n\t% s is not in our director y.",

candid ate );

TRANSP ARENCY MASTERS

/* find (appro ximate) midpoint */

mid = ( first + last ) / 2;

/* Compar e only len - 1 charac ters. - 1 is so we

don’t include the termin ating newline . */

flag = strncmp ( candid ate, array[ mid ], len - 1 );

if ( flag == 0 ) /* candida te == array[ mid ] */

return mid; /* signal success */

if ( flag > 0 ) /* candidat e > array[ mid ] */

first = mid + 1; /* search right half */

else /* candid ate < array[ mid ] */

last = mid - 1; /* search left half */

}return NO_FIND ;

}

ARENCY MASTERS 129

Section 6.5: Reversing a String in Place

/* This progra m reads a string of up to 100 charact ers with

no embedded blanks and writes the revers ed string. The

functi on rev, invoked with the array as its single

argume nt, does the work. The origin al and revers ed

string s occupy the same storage. */

#include <stdio. h>

#include <stdlib .h>

#include <string .h> void rev( char* s );

main()

{

char str[ 101 ]; /* storage for up to 100 chars and a

null termina tor */ printf ( "\n\nE nter a string :\t" );

scanf( "%s", str );

rev( str );

printf ( "\n\nR eversed string:\ t%s", str );

return EXIT_SU CCESS;

}

/* rev expects a pointer to a characte r string. It reverses

the charact ers in the string leavin g the null termina tor

in place. */ void rev( char* s )

{

char temp, *end;

end = s + strlen ( s ) - 1; /* end points to last nonnull

charact er in s */

while ( s < end ) {

temp = *s;

*s++ = *end;

*end-- = temp;

}

}

ARENCY MASTERS 131

Section 6.10: Comparing Sorting Algorithms

/* This progra m times various sorting function s; main

invoke s the functio n timer which invokes and times a

sort. The argume nts to timer are

--the name of the algorit hm

--an array that holds the ints to sort

--the number of items to sort

--a pointer to the function that sorts

*/#include <stdio. h>

#include <time.h >

#include <stdlib .h>

#define NUMB_OF_ ARRAY_SI ZES 8

#define MAX_SIZE _TO_SORT 5000 void fill_a rray( int a[ ], int count );

void select ion_sort ( int a[ ], int count );

void quicks ort( int a[ ], int count );

void timer( char* alg_na me,

int a[ ],

int size,

void ( *sort_al g )( int [ ], int ) );

main()

{

int i; /* loop counter */

/* sort arrays of size 100, 200, 500, 1000, 2000,

3000, 4000, 5000 */

int numb[ ] = { 100, 200, 500, 1000, 2000, 3000,

4000, 5000 };

int a[ MAX_SIZ E_TO_SOR T ]; /* holds ints to sort */

TRANSP ARENCY MASTERS for ( i = 0; i < NUMB_OF _ARRAY_S IZES; i++ ) {

printf ( "\n\n\ nSort %d items\n ", numb[ i ] );

fill_a rray( a, numb[ i ] );

timer( "Select ion sort", a, numb[ i ],

selecti on_sort );

timer( "Quicks ort", a, numb[ i ], quicks ort );

}return EXIT_SU CCESS;

}/* timer receives four argumen ts

--the name of the algorit hm

--an array that holds the ints to sort

--the number of items to sort

--a pointer to the function that sorts timer first copies the array that holds the ints to sort

to the local array b, so that the data passed are not

change d. After printin g the name of the sorting

algori thm, the functio n is invoked and the time to sort

is printed. The time is measured by invokin g the system

functi ons time, which returns the curren t calend ar time,

and difftim e, which returns the differen ce in seconds

betwee n two calenda r times.

*/void timer( char* alg_na me, /* name of algori thm */

int a[ ], /* data to sort */

int size, /* number of ints to sort */

void ( *sort_al g )( int [ ], int ) ) /* pointe r to

sort

functio n */

ARENCY MASTERS 133 {

int i; /* loop counter */

int b[ MAX_SIZ E_TO_SOR T ]; /* array to sort */

time_t start; /* time when sort begins */

time_t stop; /* time when sort ends */

/* Copy a to b. b will be sorted . */

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

b[ i ] = a[ i ];

printf ( "\tAlg orithm: %s\n", alg_na me );

start = time( NULL );

/* sort b[ 0 ], ..., b[ size - 1 ] */

( *sort_a lg )( b, size );

stop = time( NULL );

printf ( "\t\tT ime = %f seconds \n",

diffti me( stop, start ) );

}/* fill_ar ray writes random ints into a[ 0 ], ..., a[ count - 1 ].

The library function rand is used, and rand returns a

random integer.

*/void fill_a rray( int a[ ], int count )

/* a[ ] is an array of count integers */

{

int i;

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

a[ i ] = rand();

}

void select ion_sort ( int a[ ], int count )

/* a[ ] is the array to sort */

/* sort a[ 0 ], ..., a[ count - 1 ] */

{

/* code to implemen t select ion_sort */

}void quicks ort( int a[ ], int count )

/* a[ ] is the array to sort */

/* sort a[ 0 ], ..., a[ count - 1 ] */

{

/* code to implemen t quicks ort */

}

ARENCY MASTERS 135

Section 7.5: An Interactive Calculator

/**** Start of file define s.h ****/

#include <stdio. h>

#include <stdlib .h>

#include <string .h>

#define MaxExp (120) /* max user input */

#define Forever (1)

#define False (0)

#define Stop ’!’

/**** End of file defines .h ****/

/**** Start of file calc.c ****/

#include "define s.h"

/* The interac tive calculat or simulat es a hand-hel d

* calculat or. The calculat or evaluat es expressi ons

* until the user signal s halt by EOF. An expressi on

* consists of a left operand , an operat or, and a right

* operand. The left operand is initiali zed to zero

* and is automa tically displaye d as part of the

* prompt for user input. The user inputs the right

* operand, an expres sion that consis ts of constan ts

* and operato rs. To halt, the user enters the stop

* characte r ! as the first operato r in the right operand.

*/ /* Left-han d operan ds of express ion

* to be calcula ted. Left-han d side is the target

* as well as one of the sources .

*/

int lhs = 0;

/* input/ou tput buffer -- + 2 for newlin e and null */

TRANSP ARENCY MASTERS char buffer [ MaxExp + 2 ];

/* legal operato rs and stop flag */

static char* ops = "+-*/%!" ;

/* function declara tions */

void prompt ( void ), input( void ), output ( void ),

update _lhs( void );

int bad_op( char );

main()

{

while ( Foreve r ) {

prompt( );

input() ;

output( );

}

}int bad_op( char c )

{

return NULL == strchr( ops, c );

}/* Parse the right operand, an expres sion that

* consists of binary operato rs and intege r

* constant s. In case of error, do not update

* left operand. Otherwi se, set left operand

* to current value of calcul ation.

*/

void update _lhs()

{

char *next = buffer , *last;

char op[ 10 ], numStr[ 20 ];

int num;

ARENCY MASTERS 137 int temp = lhs; /* copy lhs in case of error */

/* Loop until right operand parsed. */

last = next + strlen( buffer );

while ( next < last ) {

/* read next operato r and integer constan t */

if ( sscanf( next, "%s %s", op, numStr ) < 2 ||

strlen( op ) != 1 ||

bad_op( op[ 0 ] ) )

return;

/* Exit? */

if ( Stop == op[ 0 ] ) {

printf( " **** End of Calcula tion ****\n\n " );

exit( EXIT_SU CCESS );

}/* convert numeri c string to integer */

num = atoi( numStr );

switch ( op[ 0 ] ) {

case ’+’: temp += num; break;

case ’-’: temp -= num; break;

case ’*’: temp *= num; break;

case ’/’: temp /= num; break;

case ’%’: temp %= num; break;

}

/* reset next -- + 2 for blanks that separat e

* operato rs and integer constant s.

*/

next += strlen( op ) + strlen( numStr ) + 2;

}

lhs = temp; /* new current value */

}

/**** End of file calc.c ****/

TRANSP ARENCY MASTERS

/**** Start of file io.c ****/

#include "define s.h" void update _lhs( void );

/** extern variable declara tions **/

extern char buffer[ MaxExp + 2 ];

extern int lhs;

void prompt ( void )

{

printf ( "\n%d ", lhs );

}void input( void )

{

char* nl;

fgets( buffer, MaxExp, stdin );

/* elimin ate newlin e */

if ( ( nl = strrchr ( buffer , ’\n’ ) ) != NULL )

*nl = ’\0’;

}void output ( void )

{

printf ( "%d %s == ", lhs, buffer );

update _lhs();

printf ( "%d\n" , lhs );

} /**** End of file io.c ****/

ARENCY MASTERS 139

Example 7.8.11: SortingUsing qsort

#include <stdio. h>

#include <stdlib .h> int comp( const void* e1, const void* e2 );

main()

{

int arr[ ] = /* array to sort*/

{ 7, 4, 3, 9, 2, 6, 1, 5, 8, 0 };

int n = 10; /* number of elements in array */

int i;

/* sort the array */

qsort( arr, n, sizeof ( arr[ 0 ] ), comp );

/* print in sorted order */

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

printf( "%d ", arr[ i ] );

printf ( "\n" );

return EXIT_SU CCESS;

}int comp( const void* e1, const void* e2 )

{

return *( ( int* ) e1 ) - *( ( int* ) e2 );

}

ARENCY MASTERS 143 if ( fgetc( fptr ) == TAKEN )

++count ;

fseek( fptr, RECORD_ SIZE - 1, SEEK_C UR );

}

}/* Print a menu of choices and return whichev er the user

picks. */

int print_ menu( void )

{

int choice ;

printf ( "\n\n\ n\t\t\t"

"1 -- add a record\n \t\t\t"

"2 -- find a record\ n\t\t\t "

"3 -- remove a record\ n\t\t\t"

"0 -- exit the program \n\n\t\t \t"

"Pleas e pick a number: " );

fgets( inbuff, INBUFF_ SIZE, stdin );

sscanf ( inbuff , "%d", &choice );

return choice;

}/* Add a record to the file */

void add_reco rd( void )

{

char record[ RECORD_S IZE + 1 ];

if ( count >= FILE_SIZ E ) { /* full file? */

printf ( "\a\n\ n\n\nFil e is full.\n" );

}

else {

do {

printf ( "\n\nPle ase enter new record’ s key: " );

fgets( inbuff, INBUFF_ SIZE, stdin );

TRANSP ARENCY MASTERS

/* input must be KEY_SIZ E + newline */

if ( strlen ( inbuff ) != KEY_SIZ E + 1 )

printf ( "\aKey size must be %d", KEY_SIZ E );

} while ( strlen( inbuff ) != KEY_SIZE + 1 );

if ( locate ( inbuff ) == FOUND ) {

printf ( "\aThere is already a record with "

"the key: %s\n", inbuff );

return ;

}/* copy key */

strncp y( &record[ 1 ], inbuff, KEY_SIZ E );

do {

printf ( "\nPleas e enter data: " );

fgets( inbuff, INBUFF_ SIZE, stdin );

/* input must be less than or equal to

RECORD_S IZE - KEY_SIZ E - 1 countin g

the newline */

if ( strlen ( inbuff )

> RECORD_ SIZE - KEY_SI ZE - 1 )

printf ( "\aRec ord size must be less than"

" or equal to %d"

" countin g the newline \n",

RECORD _SIZE - KEY_SIZE - 1 );

} while ( strlen( inbuff )

> RECORD_ SIZE - KEY_SI ZE - 1 );

strcpy ( &recor d[ 1 + KEY_SI ZE ], inbuff );

record [ 0 ] = TAKEN; /* mark status as taken */

fputs( record, fptr ); /* store record */

++coun t;

}

}

ARENCY MASTERS 145

/* Return addres s to which a key hashes. */

long get_addr ess( const char* key )

{

long int_ke y, address;

int_ke y = atol( key ); /* convert */

addres s = ( int_key % DIVISOR ) * RECORD _SIZE; /* hash */

return address ;

}/* Remove a record from the file by markin g its slot DELETED.

*/

void remove_r ecord( void )

{

char key[ KEY_SI ZE + 1 ];

printf ( "\n\nP lease enter record ’s key: " );

fgets( inbuff, INBUFF_ SIZE, stdin );

strncp y( key, inbuff, KEY_SIZE );

key[ KEY_SI ZE ] = ’\0’;

if ( locate ( key ) != FOUND )

printf ( "\a\nT here is no record with the key: %s\n",

key );

else {

--coun t;

fputc( DELETED , fptr );

printf ( "\nRec ord has been deleted. \n" );

}

}/* Find a record with a given key and print it. */

void find_rec ord( void )

{

char key[ KEY_SI ZE + 1 ], record [ RECORD _SIZE + 1 ];

TRANSP ARENCY MASTERS printf ( "\n\nP lease enter record ’s key: " );

fgets( inbuff, INBUFF_ SIZE, stdin );

strncp y( key, inbuff, KEY_SIZE );

key[ KEY_SI ZE ] = ’\0’;

if ( locate ( key ) == NOT_FOUN D )

printf ( "\aThe re is no record with the key: %s",

key );

else {

/* read it */

fgets( record, RECORD_ SIZE + 1, fptr );

printf ( "Recor d: %s", record + KEY_SIZE + 1 );

}

}/* locate search es for the record with given key. locate

returns 1 if the record is found and 0 if the record is not

found. Furthe rmore, if the record is found, locate sets the

file position marker to the found record. If the record is

not found, locate sets the file positio n marker to the

unoccupi ed slot (DELETED or FREE), if any, to which key

hashes, using linear probing to find such a slot if

necessar y. If the record is not found and the file is full,

locate sets the file position marker to the hash addres s of

key. */ int locate( const char* key )

{

long addres s, /* current offset in file */

start_ address, /* initial (hash) offset in file */

unocc_ address; /* first DELETE D offset in file, if

any; otherwi se, equal to

start_a ddress */

int delete _flag = 0; /* 0 if no DELETED slot found;

1 otherwis e */

char stored _key[ KEY_SIZ E + 1 ];

ARENCY MASTERS 147 addres s = get_ad dress( key ); /* hash to addres s */

unocc_ address = start_ad dress = address;

do {

fseek( fptr, addres s, SEEK_SET ); /* find slot */

switch ( fgetc( fptr ) ) { /* check status */

case DELETE D:

/* if first visit to a DELETED slot,

mark its location and set flag */

if ( !delete _flag ) {

unocc_a ddress = addres s;

delete_ flag = 1;

}

break;

case FREE:

/* end of search. if first unoccupi ed slot

is a DELETE D slot, reset file positio n

marker to that slot; otherw ise, reset

file positi on marker to present FREE slot

which is the first unoccupi ed slot. */

if ( delete_ flag )

fseek( fptr, unocc_a ddress, SEEK_SE T );

else

fseek( fptr, address , SEEK_SET );

return NOT_FOU ND;

case TAKEN:

/* extrac t key */

fseek( fptr, address + 1, SEEK_SE T );

fgets( stored_ key, KEY_SI ZE + 1, fptr );

/* key equals stored_k ey? */

if ( strncmp ( key, stored _key,

KEY_SIZE ) == 0 ) {

/* restor e file positi on marker */

fseek( fptr, address , SEEK_SET );

TRANSP ARENCY MASTERS return FOUND;

}

break;

}

/* probe */

addres s = ( address + RECORD_S IZE ) % TOTAL_B YTES;

} while ( addres s != start_ address );

/* reset file position marker to first DELETE D slot or

to initial slot */

fseek( fptr, unocc_ address, SEEK_SE T );

return NOT_FOU ND;

}

ARENCY MASTERS 149

Section

9.7: Sales Rep orting

***** BEGIN sales.c *****/

#include <stdio. h>

#include <stdlib .h>

#include <string .h>

#include "sales. h"

/** arrays **/

/* sales by account */

Sales salesTbl [ MaxSales ];

/* pointers to salesT bl */

Sales* salesPt r[ MaxSale s ];

/* sales personn el */

SalesPer salesPe rTbl[ MaxSale sPer ];

/* pointers to salesP erTbl */

SalesPer * salesP erPtr[ MaxSal esPer ];

/** array counts **/

int salesCn t, salesPe rCnt;

/** functio n declar ations **/

void

readSa les( const char* infile ),

readSa lesPer( const char* infile ),

quicks ort( void* array,

size_t count,

size_t size,

int ( *comp )( const void* e1,

const void* e2 ) ),

report ( void );

TRANSP ARENCY MASTERS void*

findPi vot( const void* array,

size_t count,

size_t size,

int ( *comp )( const void* e1,

const void* e2 ) );

int

partit ion( void* array,

size_t count,

size_t size,

int ( *comp )( const void* e1, const void* e2 ),

void* pivot ),

compAc cId( const void* e1, const void* e2 ),

compNa me( const void* e1, const void* e2 );

FILE*

openOr Exit( const char* file, const char* mode );

main()

{

/* read sales data and sort */

readSa les( SalesF ile );

quicks ort( salesP tr,

salesC nt,

sizeof ( salesPt r[ 0 ] ),

compAc cId );

/* read salesp erson data and sort */

readSa lesPer( SalesPer File );

quicks ort( salesP erPtr,

salesP erCnt,

sizeof ( salesPe rPtr[ 0 ] ),

compNa me );

/* print sales report */

report ();

ARENCY MASTERS 151 return EXIT_SU CCESS;

}/* Read data into array salesTbl and set SalesCn t */

void readSa les( const char* infile )

{

FILE* fptr;

int i = 0;

char buffer[ MaxBuf fer + 2 ]; /* input buffer */ fptr = openOrE xit( infile, "rb" );

salesC nt = 0;

while ( fgets( buffer, MaxBuff er, fptr ) ) {

sscanf( buffer, "%d %s %f %f",

&salesTb l[ i ].accId,

salesTb l[ i ].accNam e,

&salesTb l[ i ].act,

&salesTb l[ i ].proj );

i++;

}

fclose ( fptr );

salesC nt = i;

/* Set pointer s in salesPtr to address es of

* corres ponding elements in salesT bl.

*/

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

salesPt r[ i ] = &salesT bl[ i ];

}/* Read data into array salesPer Tbl and set SalesP erCnt */

void readSa lesPer( const char* infile )

{

FILE* fptr;

int i = 0, j;

char* del;

char id[ MaxName + 1 ];

char buffer[ MaxBuf fer + 2 ]; /* input buffer */

Sales temp, *tempPt r = &temp, **ret;

fptr = openOrE xit( infile, "rb" );

salesP erCnt = 0;

while ( fgets( buffer, MaxBuff er, fptr ) ) {

/* Read basic fields . */

sscanf( buffer, "%s %s %s %f %f",

salesPe rTbl[ i ].name,

salesPe rTbl[ i ].boss,

salesPe rTbl[ i ].reg,

&salesPe rTbl[ i ].base,

&salesPe rTbl[ i ].bonus );

/*** read account ids and set

pointer s to Sales structur es ***/

salesPe rTbl[ i ].accCnt = 0;

j = 0;

/* find account s delimite r within buffer */

del = strrch r( buffer, AccDel );

del++;

while ( *del && sscanf( del, "%s", id ) != EOF ) {

tempPtr -> accId = atoi( id );

del += strlen ( id ) + 1; /* move beyond current id */

/* Search for sales record by accoun t id. */

if ( ret = bsearch ( &tempP tr,

salesP tr,

salesC nt,

sizeof ( salesPt r[ 0 ] ),

compAc cId ) ) {

ARENCY MASTERS 153 salesPer Tbl[ i ].accC nt++;

salesPer Tbl[ i ].accs [ j++ ] = *ret;

}

}

i++;

}

fclose ( fptr );

salesP erCnt = i;

/* Copy addres s of sales table entries

* into pointe r array.

*/

for ( i = 0; i < salesPer Cnt; i++ )

salesPe rPtr[ i ] = &sales PerTbl[ i ];

}/* Open file in specifie d mode, returnin g

* file pointer if successf ul; otherw ise,

* issue warning message and exit progra m.

*/

FILE* openOrEx it( const char* file, const char* mode )

{

FILE* fptr;

if ( NULL == ( fptr = fopen( file, mode ) ) ) {

fprintf ( stderr ,

"!! Can’t open %s in mode %s. Exiting . !!\n",

file, mode );

exit( EXIT_S UCCESS );

}

return fptr;

}void quicks ort( void* array,

size_t count,

size_t size,

TRANSP ARENCY MASTERS int ( *comp )( const void* e1,

const void* e2 ) )

{

void* pivot;

int i;

/* If array not yet sorted:

* (1) find a pivot

* (2) partitio n into two subarra ys, left and right

* (3) quicksor t the left subarra y

* (4) quicksor t the right subarr ay

*/

if ( pivot = findPi vot( array, count, size, comp ) ) {

i = partitio n( array, count, size, comp, pivot );

quickso rt( array, i, size, comp );

quickso rt( ( char* ) array + i * size, count - i,

size, comp );

}

}/* Return the larger of the first elemen t and any

* other that differs from it. If all element s the

* same, return NULL.

*/

void* findPivo t( const void* array,

size_t count,

size_t size,

int ( *comp )( const void* e1,

const void* e2 ) )

{

int i = 1, flag;

void* next;

while ( i < count ) {

next = ( char* ) array + i * size;

TRANSP ARENCY MASTERS salesPe rPtr[ i ] -> accs[ j ] -> proj );

printf( "\t\tAc tual: %.2f\n ",

salesPe rPtr[ i ] -> accs[ j ] -> act );

}

}

}

/***** END sales.c *****/

ARENCY MASTERS 159

Example 10.2.3: Generating a Linked List

#include <stdio. h>

#include <stdlib .h>

/* declare a self-r eferenti al structu re */

typedef struct elephant {

char name[ 10 ];

struct elephan t* next;

} ELEPHA NT;

void print_ elephant s( const ELEPHAN T* ptr );

ELEPHANT *get_e lephants ( void ), *start ;

main()

{

start = get_el ephants( );

print_ elephant s( start );

return EXIT_SU CCESS;

}/* get_el ephants allocate s run-time storage for nodes. It

builds the linked list and stores user-s upplied names in

the name fields of the nodes. It returns a pointer to the

first such node.

*/ELEPHANT * get_el ephants( void )

{

ELEPHA NT *curre nt, *first;

int respons e;

/* allocate first node */

curren t = first = malloc ( sizeof ( ELEPHANT ) );

TRANSP ARENCY MASTERS

/* store name of first elephan t */

printf ( "\n\n\ tNAME:\t " );

scanf( "%s", curren t -> name );

/* prompt user about anothe r elepha nt */

printf ( "\n\n\ n\tAdd anothe r? (1 == yes, 0 == no)\t" );

scanf( "%d", &respo nse );

/* Add elephan ts to list until user signals halt. */

while ( respon se ) {

/* try to allocat e another elephant node */

if ( ( current -> next =

malloc ( sizeof ( ELEPHANT ) ) ) ==

NULL ) {

printf ( "Out of memory \n"

"Can’t add more elepha nts\n" );

return first;

}

curren t = current -> next;

/* store name of next elephant */

printf ( "\n\n\ tNAME:\t " );

scanf( "%s", curren t -> name );

/* prompt user about anothe r elepha nt */

printf ( "\n\n\ n\tAdd anothe r? "

"(1 == yes, 0 == no)\t" );

scanf( "%d", &respo nse );

}/* set link field in last node to NULL */

curren t -> next = NULL;

return first;

}

ARENCY MASTERS 161

/* print_ elephant s steps through the linked list pointed to

by ptr and prints the name field in each node as well as

the positio n of the node in the list

*/void print_el ephants ( const ELEPHANT * ptr )

{

int count = 1;

printf ( "\n\n\ n" );

while ( ptr != NULL ) {

printf ( "\nEle phant number %d is %s.",

count+ +, ptr -> name );

ptr = ptr -> next;

}

}

Example 10.4.2: A Stack

#include <stdio. h>

#include <stdlib .h>

#define SIZE 100 typedef struct tray {

char color[ 10 ]; /* its color */

int id; /* its unique id number */

struct tray* below; /* pointer to succes sor on stack */

} TRAY;

TRAY* top = NULL; /* pointer to top TRAY on stack */

int currsize = 0; /* number of items on stack */ void get_data ( TRAY* ptr ), put_data ( const TRAY* ptr );

TRAY *pop( void ), *push( TRAY tr );

main()

{

int ans, flag;

TRAY t, *ptr;

/* do stack operati ons until user signal s halt */

do {

do {

printf ( "\n\n\ tEnter 1 to push, 2 to pop: " );

scanf( "%d", &ans );

printf ( "\n" );

switch ( ans ) {

case 1: /* get a TRAY and add it to stack */

get_dat a( &t );

if ( push( t ) == NULL )

printf( "\n\nST ACK FULL\n \n" );

ARENCY MASTERS 163 break;

case 2: /* delete TRAY from stack and print */

if ( ( ptr = pop() ) != NULL )

put_dat a( ptr );

else

printf( "\n\nST ACK EMPTY\ n\n" );

break;

defaul t:

printf( "\nIlle gal respon se\n" );

break;

}

} while ( ans != 1 && ans != 2 );

printf ( "\n\n\ n1 to continu e, 0 to quit: " );

scanf( "%d", &flag );

printf ( "\n" );

} while ( flag );

return EXIT_SU CCESS;

}/* get_da ta prompts the user for a TRAY’s color and id and

stores it at the address passed.

*/void get_data ( TRAY* ptr )

{

printf ( "\nent er the tray’s color: " );

scanf( "%s", ptr -> color );

printf ( "\nent er the tray’s id: " );

scanf( "%d", &( ptr -> id ) );

printf ( "\n" );

}/* put_da ta writes the color and id of the TRAY whose

address is passed.

TRANSP ARENCY MASTERS

*/void put_da ta( const TRAY* ptr )

{

printf ( "\ntra y’s color: %s\n", ptr -> color );

printf ( "\ntra y’s id: %d\n", ptr -> id );

}/* If the stack is full, push returns NULL. Otherwi se, push

alloca tes storag e for a TRAY, copies the data passed into

the allocat ed storage, adds the node to the linked list,

update s top and the current size of the stack, and

return s the address of the TRAY added.

*/TRAY* push( TRAY tr )

{

TRAY* ptr;

if ( currsi ze >= SIZE ) /* stack full? */

return NULL;

ptr = malloc( sizeof ( TRAY ) ); /* new TRAY */

*ptr = tr; /* store data */

ptr -> below = top; /* push it on stack */

top = ptr; /* update top */

++curr size; /* update current stack size */ return ptr;

}/* If the stack is empty, pop returns NULL. Otherwi se, pop

copies the top TRAY to permane nt storage , update s top,

frees the stack storage, updates the current size of the

stack, and returns the address of the TRAY.

*/

ARENCY MASTERS 165

TRAY* pop( void )

{

static TRAY popped_ tray;

TRAY* ptr;

if ( currsi ze < 1 ) /* empty stack? */

return NULL;

popped _tray = *top; /* copy data to return */

/* save addres s of 1st node for garbage collecti on */

ptr = top;

top = top -> below; /* update top */

free( ptr ); /* collect garbage */

--curr size; /* update current size */ return &popped _tray;

}

Example 10.4.4: AQueue

#include <stdio. h>

#include <stdlib .h>

#define SIZE 100 typedef struct customer {

char lname[ 25 ]; /* last name */

char fname[ 15 ]; /* first name */

int account_ no; /* account number */

float balance; /* balance */

struct customer * succ; /* success or on the queue */

} CUSTOM ER;

CUSTOMER *front , *rear; /* exit & entry positio ns in queue */

int count = 0; /* count of items in queue */ void get_data ( CUSTOMER * ptr ),

put_data ( const CUSTOME R* ptr );

CUSTOMER *insert ( CUSTOM ER cust ), *remov( void );

main()

{

int ans, flag;

CUSTOM ER cu, *ptr;

/* do queue operati ons until user signal s halt */

do {

do {

printf ( "\n\n\ tEnter 1 to insert, "

"2 to remove: " );

scanf( "%d", &ans );

printf ( "\n" );

switch ( ans ) {

ARENCY MASTERS 167 case 1: /* get a CUSTOMER and add to queue */

get_dat a( &cu );

if ( insert( cu ) == NULL )

printf( "\n\nQU EUE FULL\n \n" );

break;

case 2: /* del CUSTOME R from queue & print */

if ( ( ptr = remov() ) != NULL )

put_dat a( ptr );

else

printf( "\n\nQU EUE EMPTY\ n\n" );

break;

defaul t:

printf( "\nIlle gal respon se\n" );

break;

}

} while ( ans != 1 && ans != 2 );

printf ( "\n\n\ n1 to continu e, 0 to quit: " );

scanf( "%d", &flag );

printf ( "\n" );

} while ( flag );

return EXIT_SU CCESS;

}/* get_da ta prompts the user for a CUSTOMER ’s last name,

first name, account _no, and balance stores the data at

the address passed.

*/void get_data ( CUSTOMER * ptr )

{

printf ( "\nent er the custom er’s last name: " );

scanf( "%s", ptr -> lname );

printf ( "\nent er the custom er’s first name: " );

scanf( "%s", ptr -> fname );

TRANSP ARENCY MASTERS printf ( "\nent er the custom er’s account number: " );

scanf( "%d", &( ptr -> account _no ) );

printf ( "\nent er the custom er’s balance: " );

scanf( "%f", &( ptr -> balance ) );

printf ( "\n" );

}/* put_da ta writes the last name, first name, account _no,

and balance of the CUSTOMER whose addres s is passed.

*/void put_da ta( const CUSTOMER * ptr )

{

printf ( "\ncus tomer’s name: %s, %s\n", ptr -> lname,

ptr -> fname );

printf ( "\ncus tomer’s account number: %d\n",

ptr -> account _no );

printf ( "\ncus tomer’s balance: %f\n", ptr -> balance );

}/* If the queue is full, insert return s NULL. Otherwi se,

insert allocat es storage for a CUSTOM ER, copies the data

passed into the allocate d storag e, adds the node to the

rear (last node in the linked list), updates rear, NULLs

the link field of the new node, updates count, and

return s the address of the CUSTOMER added.

*/CUSTOMER * insert ( CUSTOM ER cust )

{

CUSTOM ER* ptr;

if ( count >= SIZE ) /* queue full? */

return NULL;

ptr = malloc( sizeof ( CUSTOME R ) ); /* new CUSTOM ER */

ARENCY MASTERS 169

*ptr = cust; /* store data */ if ( count == 0 ) /* empty queue? */

front = ptr; /* front points to 1st node in list */

else

/* if queue not empty, add at end */

rear -> succ = ptr;

rear = ptr; /* update rear */

ptr -> succ = NULL; /* NULL last succ field */

++coun t; /* update count */ return ptr;

}/* If the queue is empty, remov return s NULL. Otherwi se,

remov copies the CUSTOME R at the front (first node in the

linked list) to permanen t storag e, updates front, frees

the node, update s count, and return s the address of the

CUSTOM ER. */

CUSTOMER * remov( void )

{

static CUSTOME R removed_ cust;

CUSTOM ER* next;

if ( count == 0 ) /* empty queue? */

return NULL;

remove d_cust = *front; /* copy CUSTOM ER at front */

next = front; /* save front node’s address for freein g */

front = front -> succ; /* remove front node */

free( next ); /* dealloc ate storage */

--coun t; /* update count */ return &remove d_cust;

}

ARENCY MASTERS 173 return best;

}void expand ( int index )

{

int i = 0;

while ( cities[ index ].adjcs [ i ] != NULL ) {

/* If adjacent city is not on OPEN or CLOSED,

then (1) set its backpoi nter to current city,

(2) compute its g_val and f_est, and (3) put

it on OPEN. */

if ( cities [ index ].adjcs[ i ]

-> open == FALSE &&

cities [ index ].adjcs[ i ]

-> closed == FALSE ) {

cities[ index ].adjcs [ i ] -> backptr =

&cities[ index ];

update_v alues( cities [ index ].adjcs[ i ] );

cities[ index ].adjcs [ i ] -> open = TRUE;

++open_c ount;

}

/* Otherwis e, see if its backpoi nter needs

changing . */

else

update_p ath( cities[ index ].adjcs [ i ],

index );

++i;

}

}void update_v alues( CITY* ptr )

{

int ind1, ind2;

TRANSP ARENCY MASTERS ind1 = ptr -> backptr -> ind; /* current city */

ind2 = ptr -> ind; /* predece ssor */

ptr -> g_val = ptr -> backptr -> g_val

+ distan ces[ ind1 ][ ind2 ];

ptr -> f_est = ptr -> g_val + ptr -> h_est;

}void update_p ath( CITY* ptr, int index )

{

CITY* best;

/* Assume curren t path is best. */

best = ptr -> backptr ;

/* Compare with new path. */

if ( best != NULL

&& cities[ index ].g_val < best -> g_val ) {

/* If new path is better than the old one,

then reset backpoi nter and update g_val and

f_est. */

ptr -> backpt r = &cities [ index ];

update_v alues( ptr );

/* Is city on CLOSED? */

if ( ptr -> closed == TRUE ) {

/* If so, put back on OPEN. */

ptr -> closed = FALSE;

ptr -> open = TRUE;

++open_ count;

}

}

}

ARENCY MASTERS 175 void get_in put( void )

{

FILE* fptr;

int i, j;

/* Read cities’ names into structu re variable s. */

fptr = fopen( "names. dat", "r" );

for ( i = 0; i < SIZE; ++i ) {

fscanf ( fptr, "%s%d",

cities[ i ].name , &citie s[ i ].h_est );

cities [ i ].ind = i;

cities [ i ].open = FALSE;

cities [ i ].clos ed = FALSE;

}

fclose( fptr );

/* Read distance s betwee n cities into matrix. */

fptr = fopen( "distan ce.dat", "r" );

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

for ( j = 0; j < SIZE; ++j )

fscanf ( fptr, "%d", &distan ces[ i ][ j ] );

fclose( fptr );

/* Prompt user for START city, and read its index into

START. */

get_star t_city() ;

}void get_st art_city ( void )

{

printf( "\n\n\t\ tPlease select a start city." );

printf( "\n\t\tE nter a number associa ted with one "

"of the cities.\ n" );

printf( "\n\t\tA msterdam --- 1\tLis bon --- 10" );

TRANSP ARENCY MASTERS printf( "\n\t\tB elgrade --- 2\tMad rid --- 11" );

printf( "\n\t\tB erlin --- 3\tMun ich --- 12" );

printf( "\n\t\tB ern --- 4\tNap les --- 13" );

printf( "\n\t\tB russels --- 5\tPar is --- 14" );

printf( "\n\t\tB udapest --- 6\tPra gue --- 15" );

printf( "\n\t\tC openhage n --- 7\tRom e --- 16" );

printf( "\n\t\tG enoa --- 8\tTri este --- 17" );

printf( "\n\t\tH amburg --- 9\tWar saw --- 18" );

printf( "\n\n\t\ t" );

scanf( "%d", &START );

/* Adjust index for any city except Warsaw , whose

index is 18. */

if ( START < 18 )

--START;

}void failur e( void )

{

printf( "\n\n\n\ tYou can’t get there "

"from here.\n \n " );

}void succes s( const CITY* ptr )

{

int i;

printf( "\n\n\n" );

printf( "\n\n\tO PTIMAL PATH LENGTH : %d\n",

ptr -> g_val );

printf( "\n\n\tO PTIMAL PATH:\ n" );

print_ci ties( ptr );

printf( "\n\n\tE XPANDED VERTICES :\n" );

ARENCY MASTERS 177 for ( i = 0; i < SIZE; ++i )

if ( cities[ i ].closed == TRUE )

printf ( "\n\t% s", cities[ i ].name );

printf( "\n\n\n" );

}void print_ cities( const CITY* ptr )

{

if ( ptr -> ind == START ) /* halt backtra ck */

printf( "\n\t%s" , ptr -> name );

else {

print_ci ties( ptr -> backptr ); /* backtra ck */

printf( "\n\t%s" , ptr -> name );

}

}void set_ad jacency_ lists( void )

{

/*** Amsterda m to ... ***/

cities[ 0 ].adjc s[ 0 ] = &cities [ 3 ]; /* Bern */

cities[ 0 ].adjc s[ 1 ] = &cities [ 4 ]; /* Brussel s */

cities[ 0 ].adjc s[ 2 ] = &cities [ 8 ]; /* Hamburg */

cities[ 0 ].adjc s[ 3 ] = &cities [ 11 ]; /* Munich */

/*** Belgrade to ... ***/

cities[ 1 ].adjc s[ 0 ] = &cities [ 5 ]; /* Budapes t */

cities[ 1 ].adjc s[ 1 ] = &cities [ 16 ]; /* Trieste */

cities[ 1 ].adjc s[ 2 ] = &cities [ 17 ]; /* Vienna */

/*** Berlin to ... ***/

cities[ 2 ].adjc s[ 0 ] = &cities [ 3 ]; /* Bern */

cities[ 2 ].adjc s[ 1 ] = &cities [ 8 ]; /* Hamburg */

cities[ 2 ].adjc s[ 2 ] = &cities [ 14 ]; /* Prague */

cities[ 2 ].adjc s[ 3 ] = &cities [ 18 ]; /* Warsaw */

TRANSP ARENCY MASTERS

/*** Bern to ... ***/

cities[ 3 ].adjc s[ 0 ] = &cities [ 0 ]; /* Amsterd am */

cities[ 3 ].adjc s[ 1 ] = &cities [ 2 ]; /* Belgrad e */

cities[ 3 ].adjc s[ 2 ] = &cities [ 4 ]; /* Brussel s */

cities[ 3 ].adjc s[ 3 ] = &cities [ 7 ]; /* Genoa */

cities[ 3 ].adjc s[ 4 ] = &cities [ 10 ]; /* Madrid */

cities[ 3 ].adjc s[ 5 ] = &cities [ 11 ]; /* Munich */

cities[ 3 ].adjc s[ 6 ] = &cities [ 16 ]; /* Trieste */

/*** Brussels to ... ***/

cities[ 4 ].adjc s[ 0 ] = &cities [ 0 ]; /* Amsterd am */

cities[ 4 ].adjc s[ 1 ] = &cities [ 3 ]; /* Bern */

cities[ 4 ].adjc s[ 2 ] = &cities [ 7 ]; /* Genoa */

cities[ 4 ].adjc s[ 3 ] = &cities [ 13 ]; /* Paris */

/*** Budapest to ... ***/

cities[ 5 ].adjc s[ 0 ] = &cities [ 1 ]; /* Belgrad e */

cities[ 5 ].adjc s[ 1 ] = &cities [ 16 ]; /* Trieste */

cities[ 5 ].adjc s[ 2 ] = &cities [ 17 ]; /* Vienna */

cities[ 5 ].adjc s[ 3 ] = &cities [ 18 ]; /* Warsaw */

/*** Copenhag en to ... ***/

cities[ 6 ].adjc s[ 0 ] = &cities [ 8 ]; /* Hamburg */

/*** Genoa to ... ***/

cities[ 7 ].adjc s[ 0 ] = &cities [ 4 ]; /* Brussel s */

cities[ 7 ].adjc s[ 1 ] = &cities [ 10 ]; /* Madrid */

cities[ 7 ].adjc s[ 2 ] = &cities [ 13 ]; /* Paris */

cities[ 7 ].adjc s[ 3 ] = &cities [ 15 ]; /* Rome */

cities[ 7 ].adjc s[ 4 ] = &cities [ 16 ]; /* Trieste */

/*** Hamburg to ... ***/

cities[ 8 ].adjc s[ 0 ] = &cities [ 0 ]; /* Amsterd am */

cities[ 8 ].adjc s[ 1 ] = &cities [ 2 ]; /* Berlin */

cities[ 8 ].adjc s[ 2 ] = &cities [ 6 ]; /* Copenha gen */

ARENCY MASTERS 179

/*** Lisbon to ... ***/

cities[ 9 ].adjc s[ 0 ] = &cities [ 10 ]; /* Madrid */

/*** Madrid to ... ***/

cities[ 10 ].adjcs [ 0 ] = &cities[ 3 ]; /* Bern */

cities[ 10 ].adjcs [ 1 ] = &cities[ 7 ]; /* Genoa */

cities[ 10 ].adjcs [ 2 ] = &cities[ 9 ]; /* Lisbon */

cities[ 10 ].adjcs [ 3 ] = &cities[ 13 ]; /* Paris */

/*** Munich to ... ***/

cities[ 11 ].adjcs [ 0 ] = &cities[ 0 ]; /* Amsterd am */

cities[ 11 ].adjcs [ 1 ] = &cities[ 14 ]; /* Prague */

cities[ 11 ].adjcs [ 2 ] = &cities[ 15 ]; /* Rome */

cities[ 11 ].adjcs [ 3 ] = &cities[ 17 ]; /* Vienna */

/*** Naples to ... ***/

cities[ 12 ].adjcs [ 0 ] = &cities[ 15 ]; /* Rome */

/*** Paris to ... ***/

cities[ 13 ].adjcs [ 0 ] = &cities[ 4 ]; /* Brussel s */

cities[ 13 ].adjcs [ 1 ] = &cities[ 7 ]; /* Genoa */

cities[ 13 ].adjcs [ 2 ] = &cities[ 10 ]; /* Madrid */

/*** Prague to ... ***/

cities[ 14 ].adjcs [ 0 ] = &cities[ 2 ]; /* Berlin */

cities[ 14 ].adjcs [ 1 ] = &cities[ 11 ]; /* Munich */

cities[ 14 ].adjcs [ 2 ] = &cities[ 17 ]; /* Vienna */

cities[ 14 ].adjcs [ 3 ] = &cities[ 18 ]; /* Warsaw */

/*** Rome to ... ***/

cities[ 15 ].adjcs [ 0 ] = &cities[ 7 ]; /* Genoa */

cities[ 15 ].adjcs [ 1 ] = &cities[ 11 ]; /* Munich */

cities[ 15 ].adjcs [ 2 ] = &cities[ 12 ]; /* Naples */

cities[ 15 ].adjcs [ 3 ] = &cities[ 16 ]; /* Trieste */

TRANSP ARENCY MASTERS

/*** Trieste to ... ***/

cities[ 16 ].adjcs [ 0 ] = &cities[ 1 ]; /* Belgrad e */

cities[ 16 ].adjcs [ 1 ] = &cities[ 3 ]; /* Bern */

cities[ 16 ].adjcs [ 2 ] = &cities[ 5 ]; /* Budapes t */

cities[ 16 ].adjcs [ 3 ] = &cities[ 7 ]; /* Genoa */

cities[ 16 ].adjcs [ 4 ] = &cities[ 15 ]; /* Rome */

cities[ 16 ].adjcs [ 5 ] = &cities[ 17 ]; /* Vienna */

/*** Warsaw to ... ***/

cities[ 18 ].adjcs [ 0 ] = &cities[ 2 ]; /* Berlin */

cities[ 18 ].adjcs [ 1 ] = &cities[ 5 ]; /* Budapes t */

cities[ 18 ].adjcs [ 2 ] = &cities[ 14 ]; /* Prague */

cities[ 18 ].adjcs [ 3 ] = &cities[ 17 ]; /* Vienna */

}

ARENCY MASTERS 181

Section 11.4: F ractals

/* This program uses Borland graphics to

draw the von Koch snowflak e at a user-

specifie d level.

*/#include <graphi cs.h>

#include <stdlib .h>

#include <stdio. h>

#include <conio. h>

#include <math.h >

#include <ctype. h>

/* factor is set to sqrt( 3 ) / 2 by

graph_vo nkoch and is used by

vonkoch

*/

double factor;

char inbuff [ 80 ]; /* for user input */ void vonkoc h( int level, int scale, int rot );

void graph_ vonkoch( void );

main()

{

for ( ; ; ) {

printf( "\nDo another (y = yes, n = no)? " );

gets( inbuff );

if ( toupper( *inbuff ) != ’Y’ )

return EXIT_SUC CESS;

graph_vo nkoch() ;

}

}

/* graph_vo nkoch sets up the graphics ,

obtains the level from the user,

and invokes vonkoc h to draw the snowfla ke.

*/

void graph_ vonkoch( void )

{

int gdriver = DETECT, gmode, errorcod e, level;

printf( "Enter level: " );

gets( inbuff );

level = atoi( inbuff );

/* gdriver is set to DETECT, which asks

the system to autodet ect the proper

graphics driver . gmode will be set

to the highes t resoluti on of the

driver select ed. "" means use

current directo ry to look for the

graphics driver . */

initgrap h( &gdrive r, &gmode, "" );

errorcod e = graphr esult();

if ( errorcod e != grOk )

{

printf( "Graphi cs error: %s\n",

grapher rormsg( errorcod e ) );

return;

}factor = sqrt( 3 ) / 2;

moveto( 0, 0 );

/* Draw snowflak e.

level = user-sp ecified level

getmaxx( ) = horizo ntal resoluti on

ARENCY MASTERS 183

0 = start drawing to the right */

vonkoch( level, getmaxx( ), 0 );

/* getmaxy( ) = vertic al resoluti on,

so print messag e halfwa y down. */

outtextx y( 0, getmaxy () / 2, "Press any key to continue " );

getch(); /* get char, no echo */

closegra ph();

}/* Draw snowflak e at the specifi ed level, to the specif ied

scale, rot*60 degrees clockwi se from the horizo ntal.

level == 0, which is a straig ht line, is the most

primitiv e level. If level > 0, each line segmen t in

_ _

\/ is replaced by a von Koch snowflak e of level n - 1.

linerel( x,y) (draw line relative ) draws a line from

the current pixel position (p,q) to (p + x, q + y).

*/

void vonkoc h( int level, int scale, int rot )

{

if ( level == 0 )

switch ( rot ) {

case 0:

linerel ( scale, 0 );

return;

case 1:

linerel ( scale / 2, scale * factor );

return;

case 2:

linerel ( -scale / 2, scale * factor );

return;

TRANSP ARENCY MASTERS case 3:

linerel ( -scale , 0 );

return;

case 4:

linerel ( -scale / 2, -scale * factor );

return;

case 5:

linerel ( scale / 2, -scale * factor );

return;

} vonkoch( level - 1, scale / 3, rot );

vonkoch( level - 1, scale / 3, ( rot + 1 ) % 6 );

vonkoch( level - 1, scale / 3, ( rot + 5 ) % 6 );

vonkoch( level - 1, scale / 3, rot );

}