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PROGRAM OF LINEARE PROGRAMMING PROBLEMS

/* SOLVE A LINEAR PROGRAMMING PROBLEM BY THE REGULAR
SIMPLEX METHOD */
I*
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#include <stdio.h>;
#include <conio.h>;
#include <math.h> ;
#include <float.h>;

#define MAX - 10

#define YES 1

fidefine NO 0
#define M 100

void clear  (void) 3
void screen  (void) 3
void subscr  (void) H

void simplex  (void) ;
void accept  (void)
void-validity - (void)
void display (void)
void check  (void)

W de e we

void modifyl (veid) : 3
void modify2 (vaid) 3
void print  (void) ¥
void standard (veid) ;
void draw (void) ;
void fill {void) ;
void check_opt (void) 3
void solve  (void) H
void value  (void) ;
void feas check (void) : 5
void bound_check {void) 3
void algorithm (void) 3

typedef int array_int [MAX]

typedef char array_char [MAX)]
typedef float array_fleat [MAX]
typedef float multi_array [MAX][MAX]

w4 Be e as

array_float cof, rhs, tem, min, bas, sol, del ;
array_int rel, index, inif :



array_char res H
multi_array tab, bas_mat, slack, art

char ch, chl h s
float val, temp H

int nernijkhv,a v,tem_c_s H

int end_flag, valid, res_flag, flagl, flag2 ;
int €_X, ¢_a, ¢_s, prow, pcol, opt, page Jinc ;

void main()
{
algorithm();
ch="y";
while ((ch =="y') || (ch =="Y"))
{

screen();
accept();
display();
simplex();
}

clrser();

}

void simpiex()
{
standard();
clear();
screen();
subscr();
gotoxy{30,6);
printf("INITIAL SIMPLEX TABLEAU ";
draw(); :
fing;
check_opt();
while (opt!=1)
{
solve();
if ( flagl ==0)
{
gotoxy(2,23);
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printf{" There cxists an unbounded solution to the given broblcm.");

goto exit;
H
clse
check_opt();
if {flag2==0)
{
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gotoxy(2,23);
printf(" There exists an infeasible solution to the given problem.”);
goto exit;
}
}
val=10;
for(i=0;i<n;i++)
val = val + rhs[i]*bas[i];
value();
exit :
gotoxy(2,24);
clreol();
gotoxy(79,24);
printf(*' %c",186);
gotoxy(2,24);
printf(" Do you want to solve another problem ? [y/n]|");
ch = getch();
}

void clear(}

{
gotoxy(2,24);
printf(" Press any key to continue .... ");
getch();
-}

void screen{) /* Draw the screen */

{
clrser();

gotoxy(l,1);

printf(" %c",201);

for (i=2;i<80;it+)
{
gotoxy(i, 1);
printf(" %c" ,205);
gotoxy(i, 5);
printf("' %c",205);
gotoxy(i, 25); .
printf(*' %ec",205);
}

gotoxy(79,1);

printf("'%c",187);

gotoxy(1,3);

printf(" TO SOLVE A L.P.P BY THE REGULAR SIMPLEX

METHOD\n");
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printf(" :
AA)\AAAAAAAAAAI\A/\AAAAAAAAA)\AAAAAI\AAAAAAAAAAAAAAAAAAA\n “);
gotoxy(1,5);
printf("%c",204);
gotoxy(79,5);
printf("' %c",185);
for(i=2;i<2§5;i+t+)
{
gotoxy(l,i);
printf{*' %c",186);
gotoxy(79,i);
printf("' Yc",186);
}
gotoxy(1,25);
printf(" %c",200);
gotoxy(79,25);-
printf("%c",188);
}

void subscr()

{

for (i=2;i<79;i++)
{
gotoxy(i,7);
printf(" %c",196);
} .

H

void algorithm()
{
screen();
gotoxy(3,6);
printf(* Basic steps of solving an L.P.P by the Regular Simplex method :-");
gotoxy(3,7);

printf{("AAAAAAAAAAAAAAAARAAAAAAAAARAAARARARAAAAAAAAAA
AAAAAAAAAAAAAAAAARA™);
gotoxy(3,9); '
printf{"Step 1: Standardization. ");
gotoxy(3,10);
printf(" (i) Convert the objective to a maximise function if not.");
gotoxy(3,11);
printf(* (i) Check if all the rhs' are +ve, else make them.");
gotoxy(3,12);
printi{" (iii) Convert the constraints to equalitics as follows");
gotoxy(3,13);
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printf(" For a '=' constraint, add a artificial variable.");
gotoxy(3,14);

printi(" For a '<=' constraint, add a slack variable. ");
gotoxy(3,15);

printf(" For a '>=' constraint, subtract a surplus variable, ");
gotoxy(3,16); .

printf(" and add an artificial variable.");

gotoxy(3,17);

printf(" The coefficients of the slack/surplus variables will be 0 and");
gotoxy(3,18);

printf(" those of the artificial variables will be -M, where M is a very");
gotoxy(3,19);

printf(" large value.");

gotoxy(3,20); :

printf("'Step 2: Construct the starting Simplex table.");

gotoxy(3,21);

printf("'Step 3: Compute Net Evaluation Row by the formula,");
gotoxy(3,22);

printf{(" delj = Zj - Cj = Cb.Xj - Cj™);

clear();

screen();

gotoxy(3,6);

printf{*(Algorithm continued....)");

gotoxy(3,8);

printf("'Step 4: Optimality test.”);

gotoxy(3,9);

printf(" (#) If all delj >= 0, the solution under test is optimal."');
gotoxy(3,10);

printf(" Alternate solutions exist if delj for any non-basic variables =0");.

gotoxy(3,11); ‘

printf(" (ii) If atleast I delj < 0, proceed to step 5."");

gotoxy(3,12);

printf(" (iii) If all elements of the pivotal column <=0, Unbounded solution");

gotoxy(3,13);

printf("Step 5: Determination of incoming vector."”);

gotoxy(3,14);

printf("' Vector corresponding to maost -ve delj.");

gotoxy(3,15); :

printf("'  Determination of outgoing vector.");

gotoxy(3,16);

printf(" Vector corresponding to the minimum ratio for Xb/(pivotal
column)™);

gotoxy(3,17);

printf("'Step 6: Use row reductions to simplify the Simplex table.");
gotoxy(3,18);
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printf("Step 7: Repeat steps 4 to 6 till optimal solution is obtained.");
ciear();

}
void accept() /* Accept all the */
/* parameters of */
gotoxy(3,6); /* the problem  */
printf(*’ Is the lincar programuming problem a '),
gotoxy(5,8);
printf(" A> Maximization problem ");
gotoxy(5,9);
printf(" 1> Minimization problem ");
gotoxy(3,11);
printf(" (Press 'a’ for a maximization problem ");
gotoxy(3,12);
printf("  and'i' fora minimization one JAUH
valid = NQ; .
while ( valid '= YES )
{

gotoxy(45, 12);

¢hl = getche();

if ((chl =="a"} || (chl == ') [ (chl =="A") I (chl =="1"})
valid = YES; - :

else
{
gotoxy(2,24);
printf(" Wrong key ! Press the right one <'a’ or '’ >'")
}

)

screen();
valid = NO;
while ( valid != YES }
‘ L4
gotoxy(3,6);
printf(" Number of variables used : "%
gotoxy(32,6);
validity();
scanf("%d",&v);
av=y;
if(v>0)
{
for(i=2;i<40; i++)
{
gotoxy(i,24);
printf(" ");
}
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valid = YES;
h
else
{
gotoxy(2,24); 7
printf("' Number of variables cannot be <= 0! ");
) .
}
gotoxy(3,8);
printf("" Type 'y’ against variables which are unrestricted ");
gotoxy(3,9);
printf(" and type 'n' against variables which are restricted. ");
k=0;
for(c=0j3c<v;ictt)
{
if (page==1)
k=0;
else
kt++;

line=11+k;
gotoxy(3, 11-+Kk);
printf(" Is variable x%d unrestricted ? [y/n] ",c+1);
valid = NO;
page = 0;
while (valid != YES)
{
gotoxy(45,11+k);
res[c] = getche(); .
if ( (res{c] =="y") | (res[c] == "Y"} i (res[c] == m") || (res[c] == 'N"))

{

valid = YES; _

if ((res[c] ="y} || (res[c] ="Y"))
res_flag = YES;

for(j=2;j<70;j++)

{
gotoxy(j,24);
primtf(" ");
)
)
else
{
gotoxy(2,24);
printf("" Wrong key ! Press the right one <'y' or 'n’ >™');
}
if (line >=22)
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{
page=1;
gotoxy(3,24);
printf("’ Press any key for the next page ....");
ch = getch();
screen();
gotoxy(3,8);
printf(" Type'y' against variables which are unrestricted ");
gotoxy(3,9); |
printf(" and type 'n' against variables which are restricted. "');
}
)
H

for (i=0;i<MAX; i++)
for (j=0;j<MAX; j++)

{

tabli][j] = 0 ;
slack[i]{j) = 0;
artfi][jl =0;

) .

screen();
page = 0;
gotoxy(3,6);
printf(* Please enter the coefficients of the objective function : ");
k=0; -
for(e=0;c<v;ctt)

{

if { page==1)

{

page =0;
k=0;
}
else
k++;
gotoxy(3,8+k);
line = 8+k;
printf{" Coeff of x%d : ",c+1);
validity();

scanf("' %1, &cof[c]);
if ( line>=21)

{
page=1;
gotoxy(3,24);

printf(" Press any key for the next page ....");
ch = getch();
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screen();
gotoxy(3,6);
printf(" Please enter the cocfficients of the objective function : *');

}

!
gotoxy(3, 22);
printf(” How many constraints ? ");
valid = NO;

while ( valid != YES )
{
gotoxy(30, 22);
validity();
scanf(" %d",&n);
if(n>0)
{
for(i=2;i<40;i++)
{
gotoxy(i,24);
printf(*" "');
}
valid = YES;
}

clse

{
gotoxy(2,24);
printf(" Number of constraints cannot be <=0!");
}
}
for(k=0;k<n;k+t+)
{
sereen();
gotoxy(3,6);
printf(" Enter the coefficients of the variables of the %dth constraint : k1)
ce=0;
for(j=0;j<v;j++)
{
if (page==1)
{
c=1
page = 0;
H
else
ct++;
gotoxy(3, §+c);
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line = 8+c¢;
printf(" Coeff of x%d ; ",j+1);
validity();
scanf(" %", &tab[k][j]);
if (line >=21)
{
page=1;
gotoxy(3,24);
printf(" Press any key for the next page ...");
ch = getch(); ‘
screen();
gotoxy(3,6);
printf(" Please enter the coefficients of the objective function : ");
}
}
if(v>5)
{
screen();
gotoxy(3, 8);
}
else
gotoxy(3,10+c);
printf("" Enter the RHS of the %dth constraint : "' k+1);
validity();
scanf(" %1, &rhs[kj);
if(v>5)
gotoxy(3,10);
else
‘gotoxy(3, 12+c);
printf(" The relational operator used in the %dth constraint : "' k+1);
if(v>5)
gotoxy(3,12):
else
gotoxy(3,13+c); .
printf("" (If the relation is '>=", enter '0' ")y
if(v>5)
gotoxy(3,13);
else

gotoxy(3,14+c);
printf(" (If the relation is '<=", enter 'I") ")
if(v>35) '
gotoxy(3,14);
else
gotoxy(3,15+c);
printf("" (If the relation is '=" | cnter '2' ")
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valid = NO;
while { valid != YES)
{
if{v>5)
gotoxy(60,10);
else
gotoxy(60,12+c);
validity();

seanf(" %d" &rellk]);
if ( (rel|k] >= 0) && (rel{k] <= 2))

{
for (j=235j<75;j++)

{
gotoxy(j,24);
printf(" ");
1
valid = YES;
}

clse

{
gotoxy(2,24);
printf(" Wrong key ! Press the right key <'0', '1" or '2' >");

}

}
gotoxy(2,24);
printf(" Press any key fo continue we')s
ch = getch();

}
}
void validity() /* Checks if <esc>, <enter> */
{ /* <tab>,<backspace> have */
int key; /* beenn pressed *f
do

{
key = bioskey(1);

if ( (key == 283) || (key == 7181) || (key == 19712} i} (key == 19200} )

{

key = bioskey(@);
key = 0;
}

!
while (key == 0);
H

13
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void display() /* Display the L.P.P */
{
screen();
gotoxy(3,6);
printf(" The given linear programming problem is...");
if ({chl =="a") || (chl =='A"))

gotoxy(3,8);
printf(" MAXIMIZE P =");
print();
}
else
if ((chl =="i") || (ch1l =="'I"))
{

gotoxy(3,8);

printf(" MINIMIZE P=");

print();

}
gotoxy(2,24);
printf(" Press any key to continue ....");
ch = getch();

void print() . /* Print the L.P.P */

¢c=5;
=t
k=-1;
r=9%
while (j<v)

{
if(e>=60)
{
r+;
k=0;
]
else
k++;
¢ =20+ (10*k);
gotoxy(c,r);
printf(" %g" coffj]);
printf(".x%d ",j+1);
if (j!=(v-1))
printf(" +'");
i+
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}
r+=3;
gotoxy(3,r);
printf(" subject to the constraints ... "');
for(k=0;k<n;kt+t)
{
r++;
i=0
1=-1;
c=35

while (j<v)
{
if (¢>=60)
{
r+;
1=0;
1
else
H+;
¢=5+(10*1);
gotoxy(c,r);
printf(" %g" tab|k][j]);
primtf(".x%d " j+1);
if (j!=(v-1))
printf("" + "');
it
}
if { relfk] ==0)
{
gotoxy(7+¢,r);
printf(" >=");
i
elsc
if (rellk] ==1)
{
gotoxy(7+e,r);
printf(’t <=");
H
else
if (rel[k] ==2)
{

gotoxy(7+e,r);
printf(” = ");
}

gotoxy(10+c,r);

15
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printf("’ %g" rhsik]);
}
line = r;
if ((line>=15) && (v>2))
{
gotoxy(2,24);
printf("Press any key for next page ....");
getch();
screen();
r=3§; :
gotoxy(3, r);
}

else

{

r+=2;
gotoxy(3,r);

|

printf(" where");

if (res_flag == YES )

{
for(i=0;i<v;it+)
{
r++;
if ( resfi] ='n")
{
. gotoxy(3, r);
pl'illtf(" x%d >= 0",i+l);
)
else

if ( resfi] ="'y')
{

gotoxy(3, r);
printf(" x%d is unrestricted",i+1);

}

}
]
else
if (res_flag=—=NOQO) ,
{
for(i=0;i<v;it+)
{
r++;

gotoxy(3, r);
printf("  x%d >=0",i+1);
)
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1
'

i

void standard()
{
valid = NO;

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

{
if ( rhs[i] <0)

[ .
valid = YES;
for(j=0;j<v;j+t+)

tabl[i](j] = -tabl[i]{j];
rhs|i] = -rhs[i];
if (relli] == 0)

rel{i] = 1;
else
if (ref{i] ==1)
rel{i] = 0;
}
}
for{(i=0;i<a_v;i++)
l ’
if ( res|i] =='y")
{

cof]v] = -cofli];

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

_ tab[j]{v] = -tablj]{i];

v+
}
i

CX=V-a_v;

if ((chl =="i") || (chl ==

for{(i=0;i<v;it+)

coffi] = - cof]i];

tem_¢ s=10;
for(i=0;i<n;it+)

if ((ret{i] == 0) || (relli] == 2))

tem_c_s++;
screen();
ca=0;
cs=0; _
for(i=0;i<n;i++)

{

/* If any of the RHS’ is */
/* negative , multiply the */
/* entire constraint by -1 */

/* If any of the variables */
/* is unrestricted. in sign */

/* reform the constraints */
/* accordingly *f

/* If the objective is to */

f* minimise, convert the */
/* objective function to */

/* a maximisation problem */

17
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if (rellij ==0)

{
slack[i][c_s} =-1;
c_s++;
artfil[c_a] = 1;
bas[i] = -M; _
index]i] = v+tem_c_s+c_a;
c_at+;
}
else
if(relfi] =1)

{
slackli][c_s] = 1;
bas[i] = 0;
index[i] = v+c_s:
€ s+t
}

else

if (relfij==2)
{

artfij[c_aj=1;
bas[i] =-M;
index[i] = v+tem_c_s+c_a;
¢ att;
H
}
gotoxy(3,6);

printi("" The given L.P. problem is reduced to the standard form ....

gotoxy(3,8);
printf(" MAXIMIZE P=");

20;
9;
_1;
9; 7
while(j<v)

{

[£]

([

o

-

if(e>=60)

—
-

¢ =20 + (10%k);

"):
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gotoxy(c,r);
printf(" %g" coflj});
printf(".x%d ",j+1);
if((cs!=0)](c_al!=0))
printf(" + ll);
it
}
i=0;
while (j<c_s) //this loep is to print standard objective fo/..
{
cof[v+j] = 0;
if(c>=60)
{
r++;
k= 0;
c=120;
)
else
k++;
¢ =120+ (10*k);
gotoxy(c,r);
printf(" %g",coffv+i]); - {//for slack variables
printf(".s%d "j+1);
if(jl=(c_s-1)]i(c.al=8)})
printf(" + n); _
it

}

=0
while (j<c_a)
{
cof[v+c_s+j] = -M;
if(e>=60)
{
r++;
k=10;
¢ =20;
}
clse
k++;
e =20+ (10*k);
gotoxy(c,r);
printf(" %g" coflv+c_stil);
printf(".a%d " ,j+1);
if{j!=(c_al1))
printf(" + ");



20 COMPUTER PROCGRAMMS IN ‘C’

it

)

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

{

k=40;

for (j=v;j<vtes;jr+)

{
tabli](j) = slackfi]{k];
kt++;
!
}
for(i=0;i<nm;i++)
{
k=0; .
for (j=v+c_s; j<vte_s+c a; )
{
tabli][j] = art{i] | k);
k++;

}

}
r+=2;
gotoxy(3,r);
l;:rintf(" subject to the constraints we");
r+=2; )
for(i=0;i<n;i++)

{

r+;

i=0;

k=-1;

while (j<v)

if(c>=60)

{

I

k=0;

}
else

kt++;
c =5+ (10*k);
gotoxy(c,r);
printf(" %g" tabii][j]);
printf(".x%d ",j+1);
prinl.f(l' + ");
it
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3
=0
while (j<c_s)

{
if (e>=60)

k++;
¢ =5+ (10*k);

gotoxy(c,r);
printf(" %g" tab[i][v+j]);
printf(".5%d ",j+1);
if (jl=¢_s)
printf(" + ");
aar
}
i=9
while (j<c_a)

{
if{c>=60)
{
rit;
k=10
}
else
k++;
e =5+ (10*k);
gotoxy(c,r);
printf(” %g" tab[i][v+c_s+j]);
printf{".a%d ",j+1);
if(ji=c_a1)
printf("" +");
it

}

T e=ct+5;

gotexy{c,r);

printf(" =");
c=ct+2;

gotoxy(c,r);

printf(" %%g",rhs[i]);
!

line =r;

21
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if ((line>=15) && (v>2))

{
gotoxy(2,24);
printf("'Press any key for next page ....");
getch();
screen();
r=8§8;
gotoxy(3, r);
}

else
{
r+= 3;
gotoxy(3,r);

printf("" where ");
for(i=1;i<=v;itt+)
{
r++;
gotoxy(3,r);
printf(" x%d >= 0",i);
}
}

void draw() /* To draw the Simplex table */

{

gotoxy{15,9); .
printf("C[j|");
for{(i=5§;i<75;it++)

{
gotoxy(i,10);
printf(" %c",196);

for(i=11;i<13+(2%n); i++)
{
gotoxy(5,i);
printf("%c",179);
}
gotoxy(5,10);
printf(" %c",218);
for (i=11;i<13+(2*n);i++)
{
gotoxy(10,i);
printf(" %c",179);
}
gotoxy(10,10);
printf("' %oc",194);
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for (i=11;i<13+(2*n);it+)

{
gotoxy(15,i);
printf(* %c",179);

.
gotoxy(15,10);

printf("' %c",194);

for (i=11;i<13+4(2%n);i++)

{
gotoxy(26,i);
printf("' %c",179);

}
gotoxy(20,18);
printf(*' Yoc" ,194);
for(i=11;i<13+(2*n);i++)

{
gotoxy(75,i);
printf(" %c",179);
) .
gotoxy(75,10);
printf("' %e",191); ,
for (i=11;i<13+(2*n);i++)

{
gotoxy(70,i);
printf('' %c",179);

}
gotoxy(70,10);
printf("%c",194);
r=13+(2*n);
for(i=5;i<75;itt)

{

gotoxy(i,r);

printf{" %c",196});

)

r=13+(2*n);
gotoxy(5,r);
printf{(*' %c",192);
gotoxy(10,r);
printf(" %e",193);
gotoxy(15,r);
printf(*'%c",193);
gotoxy(20,r);
printf(" %c",193);
gotoxy(75,r);
printf(" %c" 217}



gotoxy(70,r);
printf(" %c",193);
gotoxy(20,10);
printf(" %c",197);
gotoxy(70,10);
printf(" %c",197);
gotoxy(20,r);
printf{("* %c",197);
gotoxy(70,r);
printf(" %c",197);
gotoxy(16,r+1);
printf("" %c[j]",30);
for (i=5;i<75;i++)
{ .
gotoxy(i,12);
printf(" %c",196);
} .
gotoxy(5,12);
printf("%c",195);
gotoxy(10,12);
printf(" %c",197);
gotoxy(15,12);
printf(" %c",197);
gotoxy(20,12);
printf(" %C",lgn;
gotoxy(75,12);
printf(" %c"',180);
gotoxy(70,12);
printf{(" %e¢",197);
gotoxy(6,11);
printf("C[b]");
gotoxy(12,11);
printf(""BAS");
gotoxy(17,11);
printf("RHS");
gotoxy(72,11);
pri[ltf("MlN");
for (i=20;i<70;i++)
{
gotoxy(i,8);
printf(""%c",196);
}
r=15+(2*n);

for (i=20;i<70;i++)
{

COMPUTER PROGRAMMS IN ‘C*
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gotoxy(i,r);
printf(" %c",196);
}
gotoxy(26,9%;
printf(" %c",179);
gotoxy(70,9);
printf("%c",179);
gotoxy(20,r-1);
printf("" %c",179);
gotoxy(70,r-1);
printf(*" %" ,179);
gotoxy(20,8);
printf(" %c",218);
gotoxy(70,8);
printf{" %c",191);
gotoxy(20,r);
printf(""%c",192);
gotoxy(70,r);
printf(" %c",217);
for(i=5;i<15;i++)
{
gotoxy(i,r);
printf{" %c",196);
}
gotoxy(5,r-1);
printf(" %c",179);
gotoxy(15,r-1);
printf{(" %c",179);
gotoxy(S,r-2);
printf(’' %c",195);
gotoxy(15,r-2);
printf(" %" ,197);
gotoxy(5,r);
printf(*"%c",192);
gotoxy(15,r);
printf{("%c",217);
)

"?id calce_del() /* To compute the del]j] row */
for(i=0;i<vte stc_a;it+)
{
temp = 0;
for(j=0;j<n;j++)
temp = temp + tab|j]|i] * bas]j];
delfi] = temp - coffi] ;
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}
}
void fill() /* To fill all the elements */
{ /* in the Simplex table */

calc_del();
r=13+(2*n);
k=-1; ’
c=23;
for(i=0;i<v;it+t+)
{
gotoxy(c,9);
printf(" %.1f " ,coffi]);
gotoxy(c,11);
printf("'x%d",i+1);
gotoxy(c,r+1);
printf("! %.1f" del[i]);
ce=c+7T; .
H
for(i=0;i<c_s;it++)
{
gotoxy(c,9);
printf(" %.1f "' ,cofv+i]);
gotoxy(c,11);
printf("'s%d",i+1);
gotoxy(c,r+1);
printf(" %.1f" deljv+i]);
e=c+T;
H
for(i=0;i<c_a;i++)
{
gotoxy(c,9);
printf("-M ",cof[v+ec_s+i]);
gotoxy(c,11);
printf{("'a%d",i+1);
gotoxy(c,r+1);
printf(" %.1f" del[v+c_s+i]);
c=¢+7;
H
for (i=0;i<n;i+t+)
{
r=13+(2*%i);
if ( bas[i] ==-M )
{
gotoxy{6,r);
printf("'-M");
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}

else
{
gotoxy(6,r);
printf("' %.1f",bas][i]);

if ( index[ij <v)

gotoxy(11,r);
printf(" x%d" index|[i]+1);
}

else
if ( (index|[i] >= v) && (index[i] < v+c_8))
{
gotoxy(11,r);
printf(" s%d" (index[i] - v + 1));
}
else
if { (index[i] >= v+c_s) && (index[i] < v+c_s+c_a))

gotoxy(11,r); .
printf(** a%d" (index[i] - (vtc_s) +1));
}
gotoxy(16,r);
printf(""%.1{" rhs{i{);
for (k=0;k <viec_stc a; ktt)
{
e =24+ (T*k);
gotoxy(e,r);
printf(" %.1f" tab[i][k]);
} .
gotoxy(71,r);
printf(" %.1{" min|il);

}
gotoxy(6,r+3);
val=0;
gor(i=0zi<n;itt)
val = val + rhs[i]*bas[i];
printf("'Z = %.11"val);

i

void solve() /* Actual Simplex procedure */
{ .
temp = 0;

for(j=0;j<vtc stc a; j++)

27
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f ( deljj} < temp)

{
peol =j;
temp = del{peel];
| .
!

bound check();
if { lapl ==1)
{
for(j=0;j<n;j+t)
if ( tab[j}[pcol] !=0)
min(j] = rhs{j] / tab[j][pcoll;
else '
min(j} = M;
temp = M;
for(i=0;i<n;i++)

{
if ( (min[i] >= 0) && (tabli]|peol] > 0))

{
if (min[i] < temp)
{
prow =i; .
temp = min{i];
}
else

if (min[i] == temp)

{
if ((i > prow) && {c_a>0))
prow = i; .
else
if {(i > prow) && (bas[prow]| < M))
prow = i;
}
}
}
bas|prow] = cof[pcol];
index{prow] = pcol;
i=0;
temp = tab[prow]|{pcol];
while (i <v+c_stc_a)

tab[prow][i} = tab[prow][i]/temp;
i+

i
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rhs[prow] = min[prow|;
for (i=0;i<mn;i++)
if (i !=prow )
{
temp = tabli][pcol|;
if ( ( tab[i}[pcol] - tab[prow]{pcol]*temp ) == 1)

i=0;

while ( j < vte_stc_a)
{ :
tabl[i][}] = tabli][j] - tab[prow][j]*temp;
it

rhsli] = rhs[i] - rhs|prow]*temp;
}
else
if ( ( tab[i]{peol] + tab[prow]}[pecol]*temp ) ==0)

i=0;
while ( j <n+c_s+c_a)
{
tab[i}[j] = tabli]lj] + tab|prow][j|*temp;
it
}
rhsli] = rhs[i] + rhs|prow]*temp;
}
feas_check();
if (flag2==1)
{
for(j=0;j<vtc_ste a;jt+t)
{ .
temp = 0;

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

temp = temp + tab[ij[j] * bas[i];
del[j] = temp - coflj] ;
}.

val = 0;
for{i=0;i<n;it+)
val = val + rhs[i]*bas{i];
getch();
screen();
y subser();
gotoxy(30,6);
. printf("SIMPLEX TABLEAU ");

29
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draw();
fill();
H

b

!

void check_opt() #* Check for optimality */
{
apt = 1; _
for (i=0;i<v+e s+c a;it+)
if (delli] <0)
opt=10;
}

void value() _ /* Print the selution */
{
gotoxy(3,6);
printf(" OPTIMAL SIMPLEX TABLEAU ™);
gotoxy{2,24); '
clreol();
gotoxy(79,24);
printf("" %c",186);
gotoxy(2,24);
printf(* Press any key to continue ...."");
geteh();
screen();
gotoxy(3,6);
printf(" Solution :-"});
gotoxy(3,7);
printf( ===========");
gotoxy(3,8);
if ( val >=M/2)
printf(" There exists a non-cxisting ( pseudo_optimum ) feasible solution ");
gotoxy(3,9); ’
printf("" The optimal solution to the given problem is given by : "');
if ( (chl =="'a") }i{chl =="'A"))
{
gotoxy(3,10);
printf("" Max Z = %.21" val);
}
clse
if { (chl =="i"}|| (cht =="1"}) _ /* If the original problem */
{ /* was 2 minimisation one */
val = -val; * negate the value obtained */
gotoxy(3,10);
printf(" Min Z. = %.2{" val);
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}

gotoxy(3,12);
printf(" when");
for(i=0;i<viit+)

" res_flag = NO; {* In case there areno */
for(j=0;5j<nm;j++) /* unrestricted variables */
/* print the values of the */

if ( index[§] == i) f*asitis *f
{
k=j;
res flag=1;
}

}

if (res_flag)
/* In case all or few  */
gotoxy(3,14+i); /* variables are unrestric- */

printf(" x%d = %.2f ",i+1,rhs[k]); /* evaluate them accordingly */

sol[i] = rhs{k];

else
{
gotoxy(3,14+i);
printf(" x%d =0",it+1);
sol[i] = 0;
H
}
f(ex>0)
{ ,
r=15+j;
gotoxy(3,r+1);
printf(" where'");
r+
for(i=0;i<a_v;it+t+)
{
if { res[ij =="y")
{
r=r+1+i;
gotoxy(3,r+i); .
printf(" x%d = %.2¢g ",i+1 sol[i]-sol|v-i]);
) -
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void bound_check() * Checks for an unbounded */
{ /* solution. If all the #/
flagt = ; /* elements of the pivotal */
for (i=0;i<n;i++) /* column are negative  */
if ( tablil[pcol] > 0 ) /* then the solution ta  */
flagl = 1; /* the given problem is  */
! /* unbounded */
void feas_check() /* If at any instance any */
/* of the RHS' is/are  */
flag? = 1; /* negative, then there */
for(i=0;i<n;i++) /* exists an infeasible */
if ( rhsfi] <0) '/* solution to the problem */
flag2 = 0;

}
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OUTPUT

+
I

i
TO SOLVE A L.P.P BY THE REGULAR SIMPLEX METHOD

AAAAAANANANAAAANAAANAAAANAANANANAANAAANAARANAAAAANAA

I
Basic steps of solving an L.P.P by the Regular Simplex method :- :
' Step I: Standardization.

(i) Convert the objective to a maximise function if not
(ii) Check if all the rhs' are +ve, else make them.
(iii) Convert the constraints to equalities as follows
For a '=' constraint, add a artificial variable
For a '<=' constraint, add a slack variable. ;
For a '>=' constraint, subtract a surplus variable
and add an artificial variable. :
The coefficients of the slack/surplus variables wnll be 0 and
those of the artificial variables will be -M, where Misa very

1
I
large value,

I
Step 2: Construct the starting Simplex table '

- ]
Step 3: Compute Net Evaluation Row by the formula,
delj=Zj - Cj=Cb.Xj - Cj

. I
Press any key to continue ....

+

TO SOLVE A L.P.P BY THE REGULAR SIMPLEX METHOD

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
1
¥

}
(Algorithm continued....)

1
Step 4: Optimality test. :

(i) If all delj >= 0, the solution under test is optlmal '

i
Alternate solutions exist if delj for any non-basic variables =0
(ii) If atleast ! delj <0, proceed to step 5. :

(iii) I all elements of the pivotal column <=0, Unbounded solution]
Step 5: Determination of incoming vector. '
Vector corresponding to most -ve delj. !
Determination of cutgoeing vector. !
Vector corresponding to the minimum ratio for Xbl(plvotal column)
Step 6: Use row reductions to simplify the Simplex table.
Step 7: Repeat steps 4 to 6 till optimal solution is obtained.
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Press.apy key to continue ... .
+ ———

TOSOLVE A L.P.P BY THE REGULAR SIMPLEX METHOD

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Is the linear programming problem a

A> Maximization problem
1> Minimization preblem

Press.'a’ for a maximization problem
. P
and 'i’ for a minimization one )

TO SOLVE A L.P.P BY THE REGULAR SIMPLEX METHOD

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Number of variables used : 3

Please enter the coefficients of the objective function :

Coeffof x1:2
Coeffof x2: 3
Coeffofx3: 8

How many constraints ? 3
Enter the coefficients of the variables of the 1th constraint H

Coeffof x1 : 6
Coeffof x2: 8
Coeffof x3 : 4

Enter the RHS of the 1th constraint ; 14

The relational operator used in the 1th constraint : [
( If the relation is '>=', enter '0')

( If the relation is <=, enter '1")

{ If the relation is '=', enter '2'")

Press any key to continue ....
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Enter the coefficients of the variables of the 2th constraint :

Coeff of x1 : 4
Coeffof x2: 7
Coeffofx3:3

Enter the RHS of the 2th constraint : 30

The relational operator used in the 2th constraint : 1
( If the relation is '>=", enter '0" )
( If the relation is '<=', enter '1")
( If the relation is '=', enter '2' )

Press any key to continue ...,
Enter the coefficients of the variables of the 3th constraint :

Coeffofx1: 3
Coeffofx2: 6
_Coet’fof x3:8

Enter the RHS of the 3th constraint : 18

The relational operator used in the 3th constraint: 1
( If the relation is '>=', enter '0' )

( If the relation is '<=', enter '1' )

( If the relation is '=', enter '2')

Press any Key to continue ....

The given linear programming problem is...

MAXIMIZE P =
2x1 + 3.x2 + 8.x3

subject to the constraints ...
6.xt + 8.x2 + 4x3 <=14
4x1 + 7.x2 + 3.x3 <=30
3x1 + 6x2 + 8x3 <=18

where
xl>=4{
x2>=90
x3>=0
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The given L.P. problem is reduced to the standard form ....

MAXIMIZE P =

2x1 + 3.x2 + 8.x3 + 0sI + 052 +
0.53

subject io the constraints ...

6.x1 + 8x2 + 4x3 + lsl + 052 + 0s3=14
4xl + Tx2 + 3.x3 + 0sl + 1.52 + 0.53=30
3xl + 6x2 + 8.x3 + 051 + 052 + 1s3=18

Press any key for next page ....
where

xlI>=0

xX2>=0

x3>=0

INITIAL SIMPLEX TABLEAU

Clil 2.0 3.0 80 0.0 0.0 0.0
+- + et
C[bl BAS)RHS, xI  x2 x3 sl s2 s} MIN
Rrtr SO SR Feaena

0.0 s1 140 6.0 80 4.0 1.0 0.0 0.0 10.0

0.0 52300 40 7.0 3.0 00 1.0 00 0.0

0.0 s3 180 3.0 6.0 80 00 00 1.0 0.0

+ At

Z=00  -[j] -2.0 -3.0 80 0.0 00 0.0
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OPTIMAL SIMPLEX TABLEAU |

+ +
Clj]! 2.0 30 80 00 GO0 0.0
+ + Fomet
'C[b} BAS'RHS! x1 x2 x3 sl s2 s3 ‘MIN;
R temee)

0.0 (sl 5.0/ 45 5.0 00 1.0 00 -05 3.5
[}

i
0.0 !'s2 232 29 48 00 00 1.0 -04 10.0

1
80 !x3 22 04 08 10 00 00 01 22|
1

]
1Z=180 -[j]! 10 3.0 00 00 00 10 |
+ + + +

Press any key to continue ....

Solutien ;-

The optimal solution to the given problem is given by :
Max Z = 18.00

when
x1=0
x2=90
x3=2.25

Do you want to solve another problem ? [y/n]

SPECIAL NOTE ABOUT THE LINEAR PROGRAMMING PROBLEMS

This Program is free from all the errors. and can be easily execute in the computer.

We are using modular approach in this program.

This program can accept maximum 10 coefficients of objective functions and constraint equations.
This program is applicable for both the minimization or maximization problems.

This program contains simplex method, big M method but not graphical solution. In the next edition of
this book, we will also provide graphical solution with lincar programming solutions.

To understand this program we have given output (from example).

Your suggesrioﬁs or comments is very necessary for modifying this Program.

—AUTHOR
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TRANSPORTATION PROBLEMS IN C

Transportation problems can be easily solve by many methods which are given in the transportation
chapter of our book.

Generally we find the transportation cost by using vogel’s approximation method and we check the
optimality by Modi method. '
So we have made two C Programs ont he basis of VAM Method and MODI Method.
Here we are giving two programs of transportation problem
1) VAM Program
2) OPTIMAL Program

In optimal program, it is very difficult to check the optimality for all transportation problems. Because
loop forms many times until the solution is optimal. :

So, itis very difficult to construct the loop in C Program but we have tried to make better program for find
the optimal solution.

In optimal program, we are using manual operator approach for making the loops. We choose the operator
@ for value 8. :

User choose the minimum vatue 8 from table. And then we goto for N allocations for loop.

For N allocations, user should decide the co-ordinates for making the loop. Here we can’t indicate arrow
mark in loop. But we can understand loop. (help the output example)

Table is given below for choosing the coordinates according to situations of problem this coordinate is
based on array system. {C lang).

(0,0) 9,1 0,2) () T

(1,0) (1,0 (1,2) (L3 e e
2,0) Q2,1 1(2,2) (2,3) e e,
(3,0) 3,1) (3,2) G.3 e .,

For example if you want to enter 1st coordinate you should type the value

1
1

then you go to second cordinate. (please help the output example).

And at the last

-------

your suggestions is very necessary for modifying these programs.
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VAM PROGRAMIN C

VAM PROGRAM IN C

/* SOLVE AN TRANSPORTATION PROBLEM USING VOGEL'S
APPROXIMATION METHOD */

[+
AAAAAAAAAARAAAAANAAAAAAAANAAAAAAAAARAAAAAAAAAANAAAAAAAARAANAA

AAAAAN */

Htinclude<iostream. h>
#include <stdio.h>
#include <conio.h>
#include <math.h>
#include <ftoat.h>
#definc MAX 10
#Hdefine YES 1

#define NO 0

Adefine M 10000
typedef int array[MAX][MAX];
typedef int listf MAX];
void problem (void);
void algorithm (void);
void trans1();

void proc();

void validity (void);
void screen  (void);
void draw (void);
void outline (void);
void aceept  (void);
void display {(array);
void initfeas (void);
void accept_cl (void);
void modify  (void);
void fill (array);
void estimate (void);
void check  (void);
void clear  (void);
void assign  (void);

char ch,chl;

int tcost=0;

int i, j, k, I, m, row, col, taken, r_count, c_count,nos,nod;

int min, minl, min2, max, total_cost;

int deost[10][10],basic[10}[10],5up1{10],dem1[10];

int valid, flag, taken_flag, flg, mod_flag, chk_flag;

int mark, fact, t_mark, t_fact, total_supply, total_demand;

array cost, asgn, femp; '

list supply, demand, t_supply, t_demand, r_pen, ¢_pen, r_index, ¢_index;



main()
{
problem();
algorithm();
ch="y";
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w{hile ((ch="y")jj (ch = 'Y))

screen();
accept();
display(cost);
check();

if (chk _flag==1)
display(cost);
modify();

if (mod_flag )
display(cost);
clrser();
transl();
proc();
clreol();
gotoxy(2,24);

printf(*'Do you want to con

ch = getche();
H

clrser();
return;
}

void screen()

" elrser();
gotexy(1,1);
printf("%c",201);
for(i=2;i<80;i++)

gotoxy(i, 1);
pr_'intf("%c",205);
gotoxy(i, 5);
printf(" %c",205);
gotoxy(i, 25);
printf(" %c¢",205);
|
gotoxy(79,1);
printf("'%c",187);
gotoxy(1,3);

tinue with another problem ? [y/n] i H
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printf(" TO FIND THE INITIAL FEASIBLE SOLUTION OF A
TRANSPORTATION PROBLEM ");
gotoxy(1,4);
printf(" USING VOGEL'S APPROXIMATION METHODn'");
gotoxy(1,5);
printf("' %%c",204);
gotexy(79,5);
printf("" %", 183);
for(i=2;1<28;i++)
{
gotoxy(1,i);
printf("' %c",186);
gotoxy(79,i);
printf("'%c",186);
1
gotoxy(1,25);
printf("%c",200);
gotoxy(79,25);
printf(*' %c",188);
H

void clear(}
{
gotoxy(2,24); _
printf(* Press any key to continue....");
getch();
1

void problem()

{

screcen();

gotoxy(3,6);

printf(''Problem Definition :-");

gotoxy(3,7);

printf("TAAAAAAAAAAAAAAAAAAAAA");

gotoxy(3,8);

printf(" In the assignment problem, the objective is to transport goods from
more");

gotoxy(3.9);

printf("than onc centre, called 'origins’, to more than one places, called ");

gotoxy(3,10); :

printf(""destinations', in such manner that the cost of transportation is
minimum.");

gotoxy(3,11);

printf("  The availability of the various origins and the requirements of"*);

gotoxy(3,12);

41
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printf(" destinations are finite and constitute of limited resources.");
gotoxy(3,14); .

printf("'Mathematically, the transportation problem can be stated as :");
gotoxy(3,16); '

printf("  Let there be 'm’' origins, ith origin possessing 'Ai' units of a certain");
gotoxy(3,17);

printf("product and 'n' destinations, jth destination requiring 'Bj’ units of the "');
gotoxy(3,18);

printf(* product.”);

gotoxy(3,19);

printf("  Let 'Cij' be the cost of shipping 1 unit from the ith origin to the jth");
gotoxy(3,20);

printf("destination.");

gotoxy(3,21);

printf("  Let 'Xij' be the amount to be shipped from the ith origin to the jth");
gotoxy(3,22);

printf(*'destination.");

clear(); :

screen();

gotoxy(3,6);

printf("Minimise the total cost");

gotoxy(3,7);

printf(" Z=1i i Cij.Xij, fori=12..n,j=12..n");
gotoxy(3,9); .

printf(" subject to the restrictions of the form :");
gotoxy(3,11);

printf(" Availability constraint :"");

gotoxy(3,12);

printf(" 4 Xij = Ai fori=12...m, j=1,2...n");
gotoxy(3,14);

printf(" Requirement constraint :");

gotoxy(3,15);

printf(" i Xij = Bj for i = 1,2...m, j = L2...n");
gotoxy(3,17);

printf(*'Total supply = Total demand (i.e.)");
gotoxy(3,18);

printf(™ i Ai=dBjfori=i2..m,j=12..n");
clear();

screen();

gotoxy(3,6);

printf("Tabular ");

gotoxy(3,7);

printf(" Representation :"');

mark =5; '

fact=95;
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outline();
row = 11 + fact*2;
gotoxy(24,row);
printf(*' %' 218}
for-(i=1i<=mark*s;i+t)

{

gotoxy(24+irow);

printf(" Yac' 196);

gotoxy{24+i,row+2);

printf(’ %c",196);

!
potoxy(24+muark*S,row); printf(" %oc", 191}
gotoxy(24,row+1); printf(" %e",179);
gotoxy(24+mark*5,row+l); prin¢f(** %oc",179);
gotoxy(24,row+2); printf(* %c",192);
gotoxy(24+mark*5,row+2); printf(" %c",217);
col = 29 + mark*5;
gotoxy(col,9)
printf("” %c",218);
for (i=1;i<=fact*2;i++)

gotoxy(col,9+i);
printf(" %", 179);
gotoxy(col+5,9+i);
printf(" %c",179)
} .

for(i=1;1<5;it+)

gotoxy(col+i,9);

printf(*' Yec",196);

row =9 + fact*2;

gotoxy(col+i,row);

printf(" %c",196);

}
gotoxy(34+mark*5,9); printf("' %ee",191);
gotoxy(34+mark*3,row); printf(" %e',217)
gotoxy(29+mark*3,row); printf(*" %", 192);
gotoxy(22,10); printf("'1");
gotoxy(22,12); printf(":");
gotoxy(22,14); printf("i");
gotoxy(22,16); printf("':");

gotoxy(22,18); printf("'m"");

gotoxy(26,8); printf("'1");
gotoxy(31,8); printf("..");
gotoxy(36,8); printf("'j");
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gotoxy(41,8); printfi R H
gotoxy(46,8); printf("'n");
gotoxy(26,10); printf(""C11");
gotoxy(26,12); printf(*':");
gotoxy(26,14); printf("Cil");
gotoxy(26,16); printf(":");
gotoxy(26,18); printf("'Cm1");
gotoxy(31,10); printf("...");
gotoxy(31,14); printf("...");
gotoxy(31,18); printf("...");
gotoxy(36,10); printf("C1j");
gotoxy(36,12); printf("':");
gotoxy(36,14); printf("'Cij");
gotoxy(36,16); printf("':"');
gotoxy(36,18); printf("'Cmj");
gotoxy(41,10); printf("..."}
gotoxy(41,14); printf("...");
gotoxy(41,18); printf(*"..."");
gotoxy(46,10); printf("Cln");
gotoxy(46,12); printf(*':");
gotoxy(46,14); printf{("Cin");
gotoxy(46,16); printf(":"");
gotoxy(46,18); printf("Cmn"});
row = 12 + fact * 2;
gotoxy(253,row); printf("B1');
gotoxy(30,row); printf("..."");
gotoxy(35,row); printf("'Bj'");
gotoxy(40,row); printf("...");
gotoxy(45,row); printf(" Bn");
col =30 + mark * 5;
gotoxy(col,10); printf("A1");
gotoxy{col,12); printf("":");
gotoxy(col,14); printf(" Ai"};
gotoxy(col,16); printf("':");
gotoxy(col,18); printf("Am");
gotoxy(col,row); printf(" i Ai=iBj");
clear();

}

void algorithm()
{
screen();
gotoxy(3,0);

printf({"'Steps for finding the Initial BFS using Yogel'

gotoxy(3,7);

COMPUTER PROGRAMMS IN 'C’

s Approximation Method :-");



COMPUTER PROGRAMMS IN ‘C’ 45

printf("AAJU\AAAAAAKAAKAAAAKAAAAAAAAA}&AAAAAAARAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAYY;

gotoxy(3,9);

printf("Step 1. For cach row of the transportation table identify the smallest
and");

gotoxy(3,10);

printf(" next to smallest cost. Determine the difference between them™);

gotoxy(3,11);

printf(" (penalty) for each row. Similarly, compute the penalty for each™);

gotoxy(3,12);

printf("' column.”);

gotoxy(3,13);

printf("'Step 2. Identify the row or column with the largest penalty among all
the™);

gotoxy(3,14); .

printf("' rows and columns. If a tie occurs, use any arbitrary tie breaking");

gotoxy(3,15);

printf(" choice. Let the largest penaity correspond to ith row and let Cij be"');

gotoxy(3,16);

print{(" the smallest cost in the ith row. Allocate the largest possible'');

gotexy(3,17);

printf(” amount Xij = min(Ai, Abj) in cell (i, }} and cross out the ith row");

gotoxy(3,18);

printf(" or the jth column.");

gotoxy(3,19);

printf("'Step 3. Repeat steps 1 & 2 for the reduced transportation problem.
Repeat');

gotoxy(3.20);

printf(" the procedure until all the requirements are satisfied.”);

clear(};

}

void accept()
{
gotoxy(3.6);
printf(" Is the transportation problem a ");
gotoxy(5,8);
printf(" A> Maximization problem ");
gotoxy(5,9);
printf("" 1> Minimization problem "');
gotoxy(3,11);
printf{"" (Press 'a’ for a maximization problem ");
gotoxy(3,12);
printf("*  and 'V’ for a minimization one ) "');
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valid = NO;
while ( valid != YES)

{

gotoxy(45, 12);

chl = getche();

if { (chl =="'a") || (ch1 ="'7") || (chl =="A") || (ch1 =="I") )
valid = YES;

else

{
gotoxy(2,24);
clreol();
gotoxy(79,24);
printf{"' %c",186);
gotoxy(2,24);
printf("" Wrong key ! Press the right one <'a’ or'i' >");
} _
)

screen();
valid = NO; .
while { valid != YES )
{
gotoxy(3,6); )
printf(" Number of factories (rows) : ");
gotoxy(35,6);
validity();
scanf(" %d" &fact);

if (fact>0)
{
for(i=2;i<40;i++)
{
gotoxy(i,24);
printf(" ");
}
valid = YES;
}
else
{
gotoxy(2,24);
clreol();
gotoxy(79,24);
printf(" %c¢",186);
gotoxy{2,24);
printf(*"" Number of factories cannot be <=0 ! "*);
row = 6;
col = 35;
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for (i=0;i<10;i++y)
{
potoxy(col+i,row);
printf(" );
!
]
1
valid = N,
while ( valid != YES )
{
gotoxy(3,8);
printf(" Number of markets (columns) : ");
gotoxy(35,8);
validity();
scanf("'%d" ,&mark);
if (mark>0)
{
for(i=2;i<d0;i++)
{
gotoxy(i,24);
printf(" ");
H
valid = YES;
H
else
{
gotoxy(2,24);
clreol();
gotoxy(79,24);
printf(*' %c'",186);
gotoxy(2,24); .
printf(" Numbecr of markets cannot be <=0 ! ");
row = §;
col = 35;
for (i=0;i<10;i++)
{
gotoxy(col+i,row);
printf(*' ");
)
)
)

for (i=0;i<MAX;i++)
for (j=0;j<MAX;j++)
cost]if[j] = 0

screend);
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draw();
accept_el();
;
void validity() : /* To check if the key */
{ /* pressed is <enter>, */
int key; /* <backspace>, <esc> */
do : /* or <tab> *f
{

key = bioskey(1); .
if ( (key == 283) || (key == 7181) {| (key == 19712} || (key == 19200) )

{
key = bioskey(0);
key =0;
}
}
while (key == 0);
}

void outline()
{
col =05
for(i=0;i<4;it+)

{

gotoxy(20 + i,7);
printf(’' %ec",205)
row =9 + fact*2;

- gotaxy(20 + i,row);
printf(" % c",205);
gotoxy{20 + i,9);
printf("' %c",196);

!
for (i=0;i<mark;it+)
for (j=0;5j<5;j+)

{

col++;

gotoxy(24 + col,7);

printf{"* %c",205);

row =9 + fact*2;

gotoxy(24 + col,row);

printf("' %" ,205);

gotoxy(24 + col,9);

printf("' %ac",196);

}
for(i=0;i<2;itt+)

d
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gotoxy(20,7+i);
printf("'%c",186);
col = 24 + mark*5;
gotoxy(col,7+i);
printf(" %c",186);
gotoxy(24,7+i);
printf(* %c",179);
}

row =0;
for(i=0;i<fact;i+t+)
for (j=0;j<2;j++)

row++;
gotoxy(20,9+row);
printf(''%c",186);
col =24 + mark*5;
gotoxy(col,9+row);
printf(*'%c",186);
gotoxy(24,9+row);
printf(*'%c",179);
}
gotoxy(20,7);
printf("%c",201);
col = 24 + mark*$;
gotoxy(col,7);
printf(* %c",187);
row =9 + fact*2;
gotoxy(col,row);
printf(" %c",188);
gotoxy(20,row);
printf(*' %c",200);
gotoxy(24,7);
printf(" %c'",209);
gotoxy(24,row);
printf(" %c",207);
gotoxy(20,9);
printf("%c",199);
gotoxy(col,9);
printf("%¢™,182);
gotoxy(24,9);
printf(" %c",197);
gotoxy(26,6);
printf("MARKETS");
row =9;
if (fact>=3)



gotoxy(19,row+1);
printf("'S");
gotoxy(19,row+2);
printf("Ul');
gotoxy(19,row+3);
printf("!)");
gotoxy(19,row+4);
printf("P");
gotoxy(19,row+5);
printf("L");
gotoxy(19,row+6);
printf("Y");
}

else

if (fact<3)

gotoxy(18,row+1);
printf("SU");
gotoxy(18,row+2);
printf("PP");
gotoxy(18,row+3);
printf("LY");
) .

row = 12 + (fact * 2);
gotoxy(S,row);
printf("MARKET");
row =9 + (fact * 2) + 4;
gotoxy(5,row);
printf("REQUIREMENT");
col = 24 + (mark * 5} + 4;
gotoxy(col,7);
printf("FACTORY");
col =24 + (mark * 5) + 4;
gotoxy(col,8);
printf("CAPACITY");

}

void draw()
{
outline();
row =9;
col =29 + (mark * 5);
for (i=0;i<fact;it+)
for (j=03j<2;j+t+)

COMPUTER PROGRAMMS IN ¢’
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{
row+t;
gotoxy(col,row);
printf(" %c",179);
gotoxy(col+5,row);
printf(" %c",179);
H
for (j=0;j<5;j++)
{
col++;
gotoxy{col,9);
printf("’ %c",196);
row=9+(fact*2);
gotoxy(col,row);
printf(*' %ec",196);
‘}
row=29;
for (i=0;i<fact-1;i++)
{
row = row + 2;
col =29 + (mark * 5);
gotoxy(col,row);
printf{" %c",195);
for(k=0;k<5;kt+)
{
col++; .
gotoxy(col,row);
printf(" %c",196);
}
gotoxy(col,row);
printf(" %c",180);
}
col = 24;
for (i=0;i<mark-1;i++)
{
row =9;
col = col + §;
gotoxy(col,row);
printf(" %c",194);

for(j=0;j <fact; j++)
for(k=0;k<2;kt++)
{
row++;
gotoxy{(col,row);
printf("%c",179);



52

}

gotoxy(col,row);
printf("%c",zm);‘
}

row =9;

for (i=0;i<fact-1;i++)

{
col = 24;
row =row + 2;
gotoxy(col,row);
printf("%c",195);
for (j=0;j <mark; j++)
{
for(k=0;k<5;k++)
{
col++;
gotoxy(col,row);
printf(""%c",196);
}

gotoxy(col,row);

printf("'%c",197);

} _
gotoxy(col,row);
printf(* %c",182);

}

col=21;

for (i=0;i<mark;i++)
{
col = col + 5;

~ gotoxy(col, 8);

printf("%d", i+1);
)

row=_§8;

for (i=0;i<fact;i++)
{
row = row + 2;
gotoxy(22, row);
printf("%d",i+1);

}
row =11 + (fact * 2);
col = 24;

for(i=0;i<mark;i++)
for (j=0;j<5;j++)
{
col++;
gotoxy(col,row);

COMPUTER PROGRAMMS IN ‘C’
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printf(" %c",196);
gotoxy(col,row+2);
printf("' %c",196);

}

for(j=0;3j<2;j++)
{
row++;
gotoxy{24,row);
printf(* %c",179);
col=24+(mark*5);
gotoxy(col,row);
printf{("'%c",179);
}

col = 24;

for (i=0;i<mark-];i++)

row =11 + (fact * 2);
col =col + 5;
gotoxy(col,row);
printf("%c",194);
for(k=0;k<2;kt+)
{
row++;
gotoxy(col,row);
printf(" %c'",179);
}
gotoxy(col,row};
printf(*'%c",193);
)

row=11+fact*2;

col=24 + mark * §;
gotoxy(24,row);
printf(*' %c",218);
gotoxy(col,row);
printf(*%:c",191);
gotoxy{col,row+2);
printf(" %c",217);
gotoxy(24,row+2);
printf("' %¢",192);
col =29 + mark*5;
gotoxy(col,9);
printf(*'%e¢",218);
gotoxy(col+5,9);
printf(" %c",191);
row =9 + fact*2;
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gotoxy(col+5,row);
printf("%c",217);
gotoxy(col,row);
printf("%c",192);
}

void aceept_cel() I* Accept all eriteria */
{ /* of the given problem */
flag = 0;
gotoxy(2,24);
clreol();
gotoxy(79,24);
printf("’ “c",186);
gotoxy(2,24);
printf("Enter all the pre-assigned costs in the corresponding cells.”);
row = §; '

for (i=0;i<fact;i++)
{
row =row + 2;
col = 20;
for (j=0;j<mark; j++)

col = col + 5;

gotoxy(col,row);

validity();

scanf("'%d" &cost[i+1][j+1]);
y .

row =9 + (fact *2) + 3;
col = 20;
total_supply = 0;

/l total_demand=0;
gotoxy(2,24);
cireol();
gotoxy(79,24);
printf(*'%c",186);
gotoxy(2,24);
printf(""Enter the maximum supply to each of the markets.");
for(i=0;i<mark;it++)

col=col + 5;

gotoxy(col,row);

validity();

scanf(" %d" ,&supply|i+1]);

{/ltotal_supply = total_supply + supply[i+1];
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i scanf("%d",&demand[iﬂl);
/i total_demand = total_demand + demandfi+1};

}
col = 24 + (mark * 5) + 6;
row = 8;
total_demand = 0;
/I total_supply=0;
gotoxy(2,24);
clreol();
gotoxy(79,24);
printf("%c",186);
gotoxy(2,24);
printf(""Enter the maximum requireme
for (i=0;i <fact: i++)
{
row =row + 2;
gotoxy{coi,row);

validity();
scanf("°/od“,&demand[i+l]);

// total_demand = total_deman
i scanl‘("%d",&supply[iﬂ]);
/f total_supply = total_supply + supply[i+1];

}

nt from cach of the factories.");

d + demand[i+1};

}

void check() /* 1f the objective is to maximise then */
{ {* negate al the pre-assigned costs and */
chk_flag =03 /* solve as a minimisation problem */

if ((chl=="a"}|| (ch1=="A"))

™ Store the original costs in a *f

{
chk_flag=1;
/* temporary matrix *f

i=0;
while (i < fact)

{
i=0;

while ( j < mark)

{
templilli] = costlillil;
cost[i][j] = -costlillil;
jth
)

it+;

}

i
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}
void modify()

{

int ts=0,td=0;
for(i=0;i<mark;i++)
{

ts=ts+supply[i+1];

for(i=0;i<fact;i++)
{
td=td+demand[i+1];
}
mod_flag=l;
if(ts!=td)
{
mod_{lag=1;
if(ts<td)
{
mark++;
supply[mark]=td-ts;

}

if(td<ts)

{
fact++;
demand|fact}=ts-td;

}
}

void display(array temp)

screen();
draw();
if (flag)
{
gotoxy(3,24);
printf("INITIAL BASIC FEASIBLE SOLUTION");

}
fill(temp);

void fill(array temp)

row = §;
for (i=0;i<fact;i++)
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{
row = row + 2;
col = 20;
for(j=0;j<mark;j++)
{
col = col + 5;
gotoxy(col,row);
printf(** %d" temp{i+1][j+1]);
}
!

row =9 + (fact * 2) + 3;
col = 20;
for(i=0;i<mark;i++)
{
col = col + 5;
gotoxy(col,row);
printf(" %%d" supply[i+1]);
!
col =24 + (mark * 5) + 6;
row =§;
for (i=0; ib<fact; i++)
{
row = row + 2;
gotoxy(col,row);
printf("%d" demand]i+1]);
} .
if (!flag
{
gotoxy(2,24);
clreol();
gotoxy(79,24);
printf("' %c",186);
}
gotoxy(50,24);
printf("'Press any key to continue...."");
getch();

}

void initfeas()

{

flag=1;
for (i=0;i<fact;i++) /* All cells of the assignment */
for (}=0; j<mark; j++) /* matrix are given value zero */

asgnli}lj] = 0;
for (j=0;j <mark; j++)/* A temporary supply listis */
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t_supplylj] = supplylj}; /* created *}
for (j=0;j<fact; j++)} /* A temporary demand listis */
t_demand|j| = demandljl; /* created */
t_mark = mark; /A t_mark & t_fact are dummy variables */ -
1_fact = fact; /* which indicate the number of rows and*/

/* columns of the matrix heing processed™/

while ( (t mark > () && (t_fact> 0) )

{
for (i=0;i<mark;i++) /* ¢_pen has a list of the column */
¢_penfi] = 0; i* penalties */
for (i=0;i<fact;i++) /* r_pen has a list of the row */
r_penfi] = 0; /* penalties */

for(i=0;i<mark;i+t+) /* Find the penalty of all columns*/

{ /* of the current matrix *f
m=i;
. taken_flag = 0; f* ¢_index is a list of all the */

for (1=0;1<c_count; I++) /* columns in which no more cells */

if (m==c¢_index[l] ) /* ean be assigned values *f
taken flag = 1; /* ¢_count indicates the number */

if (!taken_flag) /* of elements in ¢_index *f

{ .

minl = M;
for (j=0:j<tact;j++) /* minl indicates the first *f
]

i ~/* minimum of the current column */
m = j;
taken_flag = 0; f* r_index is a list of all the */
for (1=0;1<r count;H+)/* rows in which no more cells */
]
!
if {( j ==r_index{l] ) /* can be assigned values  */
taken_flag = 1; /* r_count indicates the number */
if ( taken_flag) /* of clemepts in r_index  */

if ( cost[j}]i] < mind )
]
1
minl = cost|jj[i];
taken = j;
!

;

]
]

min2 = M; /* min2 indicates the second */
for { j=0;j<fact; j++) /* minimum of the current column */

!
1

m = j;
taken flag =1;
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for(l=l);l<r_count;l++)

{
if (] =‘—'.r_index[I] )
taken flag=1;
if ( taken_flag)
if ( (costljlli] < min2) && (costijlli] >=
min2 = cost{j][il:

minl) && (i = taken) )

c_penji| = abs(min2 - minl); /* Penalty for the particular */
} /* column is found */

}

for (i=0;i<fact; j++) /* Find the penalty of all rows */

/* of the current matrix *f

taken_flag = 0;
m=i;
for(l=0;l<r__count;l++)
if(m== v_index{l])
taken_flag=1;
if ({taken_flag)
L

/% minl indicates the first =/

minl = M; :
for (j=0;i< mark ; j++) /* minimum of the current row  */
{
’ taken_flag = 0;
m = j;

for(l=0;l<c__count;l++)
if(m== c_index{l])
taken flag=1;
if ( 'taken_flag )
if ( cost{i}lj] < minl )

min1 = costlil[jls
taken = j;
H

!

min2 = M;
for (j=0;3j< mark ; j++) /¥ minimum
{
taken_flag =1;
m = j;
for (1=0; 1 <¢_count; I++)

if (m== ¢_index|i})

taken_flag = 13

if ( ttaken _flag)

/* min2 indicates the second */
of the currcnt row *f
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{
if { (cost[i]{j] < min2) && (cost{i][j] >= minl) && (j != taken))
min2 = cost[i][j];

)
r_pen|i] = abs(min2 - minl); /* Penalty for the particular */
} /* row is found *f
}
max = 0; /* Maximum of all penalties is */
fig=0; /* found by scanning thro' all */
for {(i=0;i<mark;i++) /* the column penalties and then *f
if ( ¢_penli] > max ) /* the row penalties *f

max = ¢_pen[il;

col=1i;
fig=1;
}

for (i=0;i<fact;itt+)
if (r_pen[i] > max )

max = r_penli];

row =i;

fig=2;

i

if(flg==1) /* i the maximum is a column */

{ /* penalty then find the  */
min = M; /* minimum in that column */
for(k=0; k < fact ; k++)

{

taken_flag = 0;

m=k;

for (1=0;1<r_count; H+)
if (m == r_index[l] )
taken_flag = 1;
if ( {taken_flag)
if ( cost[k][col] < min )

min = cost[k}{col];

row = k; /* Row indicates the row in */
} /* which the minimum value was */
} /* found */
!
else
if(flg==2) /* If the maximum is a column */
I

{ {* penalty then find the  */

min = M;
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/* minimum in that coflumn */

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

{
taken_flag = 0;
m=K;

for (1=0;1<c_count;l++)
if (m = c_index[l] )
taken flag=1;
if { !taken_flag)
if ( cost{row][k] < min )

min = cost[row][k];

col=k; {* Column indicates the column in */
} /* which the minimum value was */
H /* found */

} .
if ( t_supply|col] <= t_demand[row]) /* If supply <= demand for */
/* that cell, then assign */

{
asgn[row][col] = ¢_supply|col]; /* the supply value  */
t_demand[row] =t_demand[row] - t_supply[col]; /* Reduce demand */
t_supply[col] = 0; /* accordingly */
¢_index|[c_count] = col; /* Include that column in */
¢_count+t; /* ¢_index. Reduce the no.*/
t_mark-; - /* of columns by one in the */
} /* next matrix to be  */

else /* processed. *f

if (t_supply{col] > t_demand[row} )
/* If supply > demand for */

asgn(row]{eel] = t_demand[row]; ~ /* that cell, then assign */
) J_supply[col] = t_supply|col] - t_demand[row]; /* the demand value. */
t_demand[row] = 0; /* Reduce supply accordingly */
r_index{r_count] = row; /* Include that row in  */
r_count++; /* r_index. Reduce the no. */
t_fact--; /* of rows by one in the */
} /* next matrixtobe %/
} /* processed. */
i
void estimate() /* Estimatc the total */
¥ * cost bry finding the */
jtotal_cost = 0; /* summation of the */
if (chk_flag==10) /* product of the assigned */
{ /* value to each cell and */
for{i=0;i<fact;i++) {* the corresponding pre- */

for (j=0;j<mark;jt+) /* assigned cost. *f
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total_cost = total_cost + ( costli]lj] * asenlij[j] k
H

else
if ( chk_flag==1)

{

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

for(j=0;j<mark;j++)
total_cost = total_cost + ( templilli] * asgnlillil »;

1

}

void assign{)
{
screen();
gotoxy(3,6);
printf("'Initial Basic Feasible Solution :-");
gotoXy(3, 703 e E iR iR K EAALAAA
printf("AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA");
k=0;
for (i=0;i<fact;i+t)
for(j=0;j<mark;j-H-')
if (asgnli]ljl = 0)

{

gotoxy(7,9+K);

printi{"' Factory %d ships %d units of goods to Market
o%d." i+1,asgn[i][jl,i+1);

kt+;

}
gotoxy(7, 11+k);
if ((ch1 =="a") || (ch1 ="A")) ‘
printf("' The maximum profit is estimated to be %d." total_cost);
else
if ((chl =="i") || (ch1 =="T"))
printf(""The minimum cost is estimated to be %d." total_cost);

void transl{)

{

int i,j;

nos=fact;
nod=mark;
printf("\n'");
for(i=l;i<=nos;i++)

for(j=1;j<=nod;j++)

deostli][j]=cost|i][j};
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}

b
for(i=1;i<=nos+nos;it++)
{

supl[i|=demand[i];
}

for{i=1;i<=nod+nod;i+*)

{
dem1[i]=supplylil;
}

!
void proc()

{
int count'=0,i=1,j=1,I,ﬂag=1,index,RMax=0,CMax=0,Rarray[' "),\Carray{" '};
int temp,Rdiff{" '],Cdiff[’ '],Rin_dex,Cindex,RMin=0,CMin=ﬂ,row,col;
int x,y,diff;
while(flag)
{

int flagl=0;

for(I=1;1<=nod;1++)

if(dem1[1]==0)
flagi=1;

else

flagl=0;
break;

H
if(flagl)

flag={;
else

{

RMax=0;
CMax={;

for{row=1;row<=nos;row++}

{

for(col=l;ml<=nod;col++)

{
if(dem1{col]!=0& &supl|row]!=0)
Rarray|col]=dcost[row][col];
clse
Rareay|col|=32767;

1
I

fisort array in ascending
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for(x=1;x<=nod;x++)

for{v=x;y<=nod;y++)
if(Rarray|x]>Rarray[y})

}
1

temp=Rarray|x|;
Rarray|x]=Rarray|y|;
Rarray[y|=temp;

1
i

diff=Rarray[2]-Rarray{1};
Rdiff[row]=diff;
Yiend for loop

for(col=1;col<=nod;col++)
{
for(row=1;row<=nos;row++)
{
if(supl[row]!=0& &dem1{col]|!=0)
Carrayfrow]=dcost{row]][col|;
clse
Carray[row|=32767,
H
/lsort array in ascending
for(x=1;x<=nos;x++)

for(y=x;y<=nos;y+t)

if(Carray|x]>Carray[y])

I

i
temp=Carray|x[;
Carray|x]=Carray|y];
Carray|y]=temp;

!

dift=Carray([2]-Carray[1];
Cdiffjcol|=dif¥;
Y//end for loop

/finding Max Vogel numbcer

for(row=L;row <=nos;row++)
if(RMax<Rdiff]row])

RMax=Rdift]row|;
Rindex=row;.

COMPUTER PROGRAMMS IN ‘C’
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for{col=1;col<=nod;col++)
if(CMax<Cdiff{col})

CMax=Cdiff[col];
Cindex=col;

}
iffRMax<=CMax)

{
CMin=32767; ‘
for(row=1 srow<=nos;row++)

if(suplfrow}!=0&&deml [Cindex]!=0)
if(CMin>cost{row][Cindex})

CMin=cost{row|[Cindex];

i=row;
}
¥
j=Cindex;
1
else

{
RMin=32767;
for(col=1;col<=nod;col+)

if(dem1[col]!=0&&supl {Rindex}!=0)
if(RMin>cost[Rindex][col])

{ .
RMin=cost{Rindex][col};
j=col;

H

!
i=Rindex;

//allocating amount at selected cell
if(sup1fi]<=deml{j])

{
basic[i][jl=supl1l[il
dem1[j]-=supl[i];
sup![i]=0;

}

else

{

basicli] [jj=dem1[j];
supl[i]-=deml|j];
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deml [j}=0;

!
Viend of while

printf('""\n Basic Cells:\n");

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

for(j=1;j<=nod;j++)

{
tcost+=hasic[i}{j]*cost|i][j];
if(basic[i][j]!=0)

{ .

/leout<<endl<<'x'<<i<<j<<';'<<basic[i][j];
printf(""\n x:%d%d ':'%d",i,j,basic[i][j]);
count=count+1;
i
}
getch();
display(basic);
if{count==(nos+nod-1))
{ gotoxy(3,20);
printf("Solution is Non-Degenerate’);}
else
{ gotoxy(3,20);
printf("Solution is Degenerate™); }
/f return(tcost);
gotoxy(3,22);
printf(""Minimum Cost = %d",tcost);
getch();

f*veid proc()
{
int count‘—'0,tc0st=0,i=l,j=l,l,flag=l,index,RMax=0,CMax=0,Rarray[' \Carray|' ']
int temp,RAiff]' '], Cdiff]’ 'l\Rindex,Cindex,RMin=0,CMin=0,row,col;
int x,y,diff;
while(flag)
{

int flagl=0;

for(I=1;l<=nod;l++)

if(demand[l]==0)
flagl=1;

clse

{
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flagl=0;
break;

}
if(flagl)

flag=0;
else

{

RMax=0;
CMax=0;_

for(row=1;row<-nos;row++)

{

for(col=1;col<=nod;col++)

{ _
if(demand|col])!=0& &supply[row}!=0)
Rarray[col]=dcost[row][col];
else
Rarray([col]=32767;
}
/fsort array in ascending
for(x=1;x<=ned;x++)

for(y=x;y<=ned;y++)
if(Rarray[x]>Rarrayiy})

temp=Rarray|x);
Rarray[x}=Rarray[y];
) Rarray{y]=temp;
}

diff=Rarray|[2]-Rarray[1];
Rdiff[row]=diff;
}/fend for loop

for{col=1;col<=nod;col++)
{

for(row=1;row<=nos;row-++)

if(supply[row]!=0&&demand|col]!=0)
Carray|[row]=dcost[rew][col];
else
Carray[row]=32767;
}
/fsort array in ascending
for(x=1;x<=nos;x++)
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for{y=x;y<=nos;y++)
if(Carray{x{>Carray[y})
{

temp=Carray([x];
Carray[x]=Carray|y|;
Carray|y|=temp;

}

diff=Carray|2]-Carray|1];
Cdiffcol]=diff;
/fend for loop

//finding Max Vogel number

for(row=1;row<=nos;row++)
if(RMax<Rdiff[row])

RMax=Rdiff[row];
Rindex=row;

for{col=1 ;eol<=nod;col++)
if(CMax<Cdiff]col])

{
CMax=Cdiff[col];
Cindex=col;

}

if(RMax<=CMax)

CMin=32767;
for(row=1;row<=nos;row++)
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if(supply{row]!=0& &demand[Cindex]!=0)

if(CMin>cost[row][Cindex])

CMin=cost[row]|Cindex];

i=row;
}
!
j=Cindex;

H

elsc

RMin=32767;
for(col=1;col<=nod;col++)
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{
if(demand]col)!=0& &supply[Rindex]!=0)
if(RMin>cost[Rirndex][col])

{
RMin=cost[Rindex][col];
j=col;
}
H
i=Rindex:
}

/fallocating amount at selected cell
if(supply[i]<=demand[j])
{

basic[i][j]=supply[i};
demand|j]-=supply[i};

} supply[i]=0; -

else

{
basicfi][j]J=demand]j};
supply|[i}-=demandjj];
demand[j]=0;

H

H
}//end of while

printf('"\n Bésic Cells:\n");
for(i=1;i<=nos;i++)
for(j=1;j<=nod;j++)

{

tcost+=basicfi] [j]*cost{i]{j];
if(basic[if[j]!=0)

{

leout<<endl<<'x'<<i<<j<<':"<<basic[i][j];
printf("\n'x'%d%d ':'%d" basic[i]{j]);
count=count+l;
}
}
if(count==(nos+nod-1))
printf{"in Solution is Non-Degenerate");
else
printf('"\n Solution is Degenerate'');
/I return(tcost);
printf(""\n Minimum Cost = %d" tcost);

b
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OUTPUT:-

TO FIND THE INITIAL FEASIBLE SOLUTION OF A TRANSPORTATION
PROBLEM :
USING VOGEL'S APPROXIMATION METHOD

I'roblem Definition :-

In the assignment problem, the objective is to transport goods from more
than one centre, called ‘origins’, to more than onc places, called
‘destinations', in such manner that the cost of transportation is minimum.

The availability of the various origins and the requirements of
destinations are finite and constitute of limited resources.

Mathematically, the transportation problem can be stated as :
5 -
i
Let there be 'm' origins, ith origin possessing 'Ai’ units of a certain
product and 'n’ destinations, jth destination requiring 'Bj' units of the
product. ’ '
Let 'Cij' be the cost of shipping 1 unit from the ith origin to the jth
destination.
Let 'Xij' be the amount to be shipped from the ith origin to the jth

destination.

Press any key to continue....

TO FIND THE INITIAL FEASIBLE SOLUTION OF A TRANSPORTATION
PROBLEM :
USING VQGEL'S APPROXIMATION METHOD

Minimise the total cost
Z=__CijXij,fori=12.mj=12..n

subject to the restrictions of the form :

Availability constraint :
_Xij=Aifori=12...m,j=12...n

Requirement constraint :
_Xij=Bjfori=12...m,j=12...n

Total supply = Total demand (i.e.)
_Ai=_Bjfori=i2..m,j=12..n
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Press any key to continue....
TO FIND THE INITIAL FEASIBLE SOLUTION OF A TRANSPORTATION

PROBLEM
USING VOGEL'S APPROXIMATION METHOD

Tabular MARKETS

Representation + -+ FACTORY
'11 wj .. n} CAPACITY
:--+ - : Fammat
$'1 Ci1 ... Clj .. Cln} Al )
U .
P:: :
P
L!i Cil .. Cij .. Cin] |Ai |
‘f’l

|
i
1
‘'m!Cml .. Cmj ... Cmn; }Am |

+ ' + et

MARKET Bl .. Bj .. Bn _Ai=_Bj
REQUIREMENT
Press any key to continue....

TO FIND THE INITIAL FEASIBLE SOLUTION OF A TRANSPORTATION

" PROBLEM , ,
USING VOGEL'S APPROXIMATION METHOD

Steps for finding the Initial BFS using Vogel's Approximation Method :-

Step 1. For each row of the transportation table identify the smallest and
next to smallest cost. Determine the difference between them
(penalty) for each row. Similarly, compute the penalty for each

- column. :

Step 2. Identify the row or column with the largest penalty among ail the
rows and columns, If a tie occurs, use any arbitrary tie breaking
choice. Let the largest penalty correspond to-ithTow and let Cij be
the smallest cost in the ith row. Allocate the largest possible
amount Xij = min{Ai, Abj) in cell (i, j) and cross out the ith row

or the jth column,
Step 3. Repeat steps 1 & 2 for the reduced transportation problem. Repeat
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the procedure until all the requirements are satisfied.

Press any key to continue....

TO FIND THE INITIAL FEASIBLE SOLUTION OF A TRANSPORTATION
PROBLEM
USING VOGEL'S APPROXIMATION METHOD

Is the transportation problem a

A> Maximization problem
I> Minimization problem

(Press 'a’ for a maximization problem
and ' for a minimization one)

Number of factories (rows) : 3

Number of markets {columns) : 4

MARKETS FACTORY CAPACITY
1 [2°]3 Ja 7
11930 {50 |10 9
2 [70 (30 {40 |60 8
3 T4 [8 |70 [20

MARKET REQUIREMENT

(s 18 7 4]

Enter the maximum requirement from each of the factories.

MARKETS FACTORY CAPACITY
1 2 |3 (4 7 .
1 119 |30 [50 [10 | 9
2 [70 130 {40 |60 n

340 (8 |70 [20 |

MARKET REQUIREMENT

(5 18 _[7 4]
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Basic Cells:

x:11°':'8

x:14 ':'2

x:23 "7

x:24':"2

x:32':'8

x:34':°10

MARKETS FACTORY CAPACITY
1 2 3 4 7 -

1[5 |0 0 2 9
210 {0 7 2 I8
310 |8 0 10

MARKET REQUIREMENT

(s [8 7 [H]

Press any key to
continue....|

Solution is Non-Degenerate

Transportation Cost =779

SPECIAL NOTE ABOUT THE TRANSPORTATION PROBLEM

This Program is free from all the errors. and can be easily execute in the computer.
We are using modular approach in this program.

This program contains maximum seven (7) rows and maximum (7) columns for suitability.

When you put the values in table according to problem, you should press the ENTER key for substituting
the values row by row.

We have defined all the variables in the both programs.

By VAM Program we find the initial basic feasible solution of transportation problem and for check the
optimality we are giving the optimal program in C Lang.

“This program is applicable for both the minimization for maximization and balanced or unbalanced
problems. ‘

Your suggestions or comments is very necessary for modifying this Program.

—AUTHOR
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TRANSPORTATION PROBLEMS

TRANSPORTATION PROBLEMS

OPTIMAL PROGRAM IN “C”

COMPUTER PROGRAMMS IN ‘/C’

//LPP Transportation problem using VAM with optimality.//

Hinclude<process.h>
#include<stdio.h>
Rinclude<conioh>
int TC,demand[10],supply[10),n0d,nos;
int stones[10]{10];
int cij[1O][10];
int ¢[10][10];
int u[10],v{10);
int rhs[10]);
int basic[10}[10];
int cost[10][10];
int dcost{10]{10];
void finduv();
void opti();
void Demand();
void Supply();
void Cost();
void Display();
void Check();
int VAM_Process();
Hoint k;

/*int TRANSPORTATION::basic[10][10]:
int TRANSPORTATION::cost[10][10];
int TRANSPORTATION::dcost]10][16];*/

void main()

{

clrser();

printf("\n\nINPUT NO. OF FACTORY SUPPLY/AVIALABILITY :\ M)

scanf(" %d",&nos);

printf(""\n\nINPUT NO. OF DEMAND/REQUIREMEN T "),

scanf(" %d" ,&nod);
Supply();
Demand();
Cost();
seteh();
clrscr();
Display();
Check();
TC=VAM_Process();
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opti();
/iprintf("\nTRANSPORTATION COST (TC) = %d",TC);

getch();
H

int VAM_Process()

{
int count=0,tcost=0,i=1 ,j=l,ﬂag=1,index,RMax=0,CMax=0,Rarray['

"|,Carray[' '};
int temp,RAiff]’ ", CAiffl’ '1,Rindex,Cindex,RMin=0,CMin=0;
int row,col,diff,},x.y;
int k;
while(flag)
{ .

int flagl=0;

for(l=1 sl<=nod;1+)

if(demandl}==0)
flagi=1;

else

ﬂag1=0;r
break;

)
if(flagl)

flag=0;
else

{

RMax=0;
CMax=0;

for{row=1;row<=n os;row++}
for(cpl=1;col<=nod;col++)

if(demandicol}!=0&&supp!y[row]!=0)
Rarraylcol]=dcost[row][col];
clse
Rarray|col|=32767;
}
/fsort array in ascending
for{ x=1;x<=nod;x++)
for( y=x;y<=ned;y*++)
if(Rarray|x)>Rarray|y})

{
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tcmp=Rarrhy[x];

Rarray[x|=Rarrayly};

Rarray(y|=temp;
H

"diff=Rarray[2]-Rarray[1];
_ Rdifflrow[=diff;
tiend for loop

f()r( col=1;col<=nod;col++)

{

for(row=1;row<=nos;row++)

{

COMPUTER PROGRAMMS IN ‘C’

if(supply[row|!=0& &demand|[col]!=0)

Carray[row]=dcost[row][col];

else ‘
Carray[row]=32767;
} ,
//sort array in ascending
for( x=1;x<=nos;x++)
for( y=x;y<=nos;y++)
if(Carray[x]>Carray[y])
{

temp=Carray|[x];

Carray[x}=Carray[y];

Carray{y|=temp;

diff=Carray[2]-Carray[1];
Cdiffcol]=diff;
}//end for loop

/finding Max Vogel number
for(row=1;row<=nos; row++)
if(RMax<Rdiff[row])

{

RMax=Rdiff]row]|;
Rindex=row;
}
for(col=1;col<=nod;col++)
if(CMax<Cdiff]col])
{
CMax=Cdiff[col];
Cindex=col;

!
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if(RMax<=CMax)

CMin=32767;
for(row=1;row<=nos;row+t)

if(supply{row]!=0& &demand[Cindex]!=0)
if(CMin>cost[row][Cindex])

CMin=cost{row]{Cindex];

i=row;
}
}
j=Cindex;
}
else

RMin=32767;
for(col=1;col<=nod;col++)

if(demand]col]!=0& &supply[Rindex]!=0)
if(RMin>cost[Rindex][col])

{
RMin=cost[Rindex}[col];
j=col; )
}
)
i=Rindex;
}

/fallocating amount at selected cell
if(supplyfij<=demand(j])
{

basic[i] [j]=supplyli];
demand(j]-=supplyfil;

- supply[i]=0;

}

else

{
basic[i][j]=demand|{j};
supply[ij-=demand[j];
demandlj}=0;

)

}
}/end of while

/I cout<<'"\n Basic Cells:\n"";
k=1;
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prin‘f("\n******k**********w************\“");

printf(""\n BASIC CELLS :\n");

for(i=[i<=nos;i++)

for(j=1;j<=nod;j++)

: ;
teost+=basicli][jI*cost[i}|j]:
if(hasicli]lj]!=0)

t

printf("\n x%d%d : %d",ij,basiclillj]};
stonesfi]fjl=basic[i}[j];
count=count+1;

} c[i-1][j-1]=cost[i}[j];

if(basic{i][j]==0)
cijli]{jl=cost[i][i];

if{count==(nos+nod-1))

f/ cout<<"\n Solution is Non-Degenerate";
. printf("\n Solution is Non-Degenerate:");

else

// cout<<'\n Solution is Dégenerate";
printf("\n Solution is Degenerate");
TC=tcost;

return(tcost);

void Check()
{
int balance,i;
int dem=0,sup=0;
for(i=1;i<=nos;i++)
sup+=suppiyl[i];

for{i=1;i<=nod;i++)
dem+=demand|[i};

if{dem==sup)

/! cout<<'"\n Demand and Supply are equal™;
printf("\n Demand and Supply are equal");

else '

{
/leout<<"\n Demand and Supply are uncqual’;
printf(""\n Demand and Supply arc unequal™);
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}

getch();

if(sup<dem)

{
balance=dem-sup;
nos+=1;
supply[nos]=balance;

else
if(dem<sup)
{
balance=sup-dem;
nod+=1;
demand[nodj=balance;
}
//cout<<endl<<"Balanced Tranportation Problem";
printf('"\nBalanced Tranportation Problem");

Display();

void Display()
{

int i,§;

"

{feout<<"\n Given problem:\n";
printf("\n Given problem:\n");
for(i=1;i<=nos;i++)
{
for(j=1;j<=nod;j++)
{
/lcout<<setw(S)<<cost[i}[j];
printf(""\t%d" ,cost[i][j]);
dcost[i]fj]=cost[il{j];

/fcout<<setw(S)<<supplyli]<<endl;
printf(""\t%d\n" supply|[i]);

H

cout<<endl;

printf(*"\n");

for(i=1;i<=nod;i++)
/I cout<<setw(5)<<demand]i];

printf('"\t%d",demand(i]);

getch();

}
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void Demand()

{
int i;
for(i=1;i<=nod;i++)
{
ffeout<<"nInput D" <<j<<"';
printf("\nINPUT demand D% : ",i);
# cin>>demand][i];
scanf("%d" ,&demandli]);
}
}
void Supply()
{
inti;
for(i=1;i<=nos;i++)
{
/#f cout<<™\n Input S"<<i<<":';
i cin>>supplyli];
printf("\n Input supply $%d :".i);
scanf("'%d",&supply[i]);
b
}
void Cost()
{

int i,j; :
for(i=1;i<=nos;i++)
for(j=1;j<=nod;j++)

{
fcout<<"n Input C"'<<i<<j<<"";
Hein>>cost[i][j];
printf(""\n Input C%d%d :",i,j);
scanf(" %d" ,&cost[i][j]);
}
i
void opti()
{
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int i,j,k,p,dee[10][10],uv[10][10],dummys[10}[10],nali,vali[10],valj[10].z;

char ch,asc;

int bigsma,sma,rl,cl,neg=0,tea,pl,q1,dumsto[10][10],tcost,count;

do {
neg=0;
count=0;
bigsma=0,sma=0,r1=0,c1=0;
getch();
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clrser();
printf("\“*****.i*i*k***i****************\n");

printf(""\nBASIC CELLS MATRIX\n");
for(i=1;i<=nos;it+)
* { for(j=1;j<=nod;j++)

prinlf(""/nd\l".smncslillj|);
!
printf("\n");

}
getch();

printf("\n***********ii*****************\n");

printf("\aUNOCCUPIED CELLS VALUES (cij) \n");

for(i=1;i<=nos;i++}
{ for(j=1;j<=nod;j++)

{
printf(" %d\t" cij[il(j1);
\ .
printf("\n"}

)
getch();

finduv();
i geteh();
clrser();
printf(""\nUi & Vi valucs arc\n");

prin‘f(”\n******************************\n");
for(i=0;i<nos;i++)
printf("u[%d}=%d\n",i+Luli]);
printf("\n"');
for(j=0:j<nod;j++)
printf("v{%d|=%d\n",j+1vlj]);

Pl'illtf("\l‘l*************************\n");
getch();
// printf¢"\n UV CELLS :\n");
for(i=0;i<nos;i++)
{ for(j=0;j<nod;j++)

{
if(cijfi+1][j+1]!=0)
{
uv{ifljl=uli+vijl;
Hpeintf(" Yod\t" uv(ij[j1);
}

clse



82

COMPUTER PROGRAMMS IN ‘C’

{
uvillj1=0;
]

)

printf("Ui + Vj for EMPTY CELLS\n");
for{i=0;i<nos;i++) '
{ for(j=0;j<nod;j++)

{
printf(" Yed\t"uv|i}[j]);

}
printf{"\n'");

for(i=0;i<nos;i++)
{
for(j=0;j<nod;j++)
if(cijli+1][j+1)1=0)
deefi][j]=cij(i+1][j+1]-uv[i)(j];
else
deefi]{j]=0;
}
H
printf("\n*********ﬂ**** La s 2 2a st ol ed s EY) *\n u);

printf("\n Cell Evaluatior for Empty cells ( Dij )\n"');

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

{ .
for(j=0;j<nod;j++)
t
printf(" %d\t” deei] (j]);
!
printf("\n'");
}
bigsma=0;
for(i=0;i<nos;i++)
{
for(j=0;j<nod;j++)
if(deefi]{j}<0)
t  sma=deefi]ljl;
if (bigsma>sma)
{

bigsma=sma;
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rl=i;
cl=j;
}
neg=1;
}
)
!
It asc=233;
if(neg==0)

printf(""\n Since All Cells values are positive, hence Solution is
Optimal \n"");
printf("in MINIMUM /OPTIMAL TRANSPORTATION COST
(TCYIS = %d",TC);
getch();
break;
/f exit(0);
}

else
{ clrser();
printf('""\nSince Cell values are negative and highest negative
value is %d found at %d%d index\n\n" ,bigsma,rl,cl);
tcost=0; .
for(i=0;i<nos;i++)
{ for(j=0sj<nod;j++)

{
ifri=i&&cl==j)
dummysii}[j]=bigsma;
else
dummys|i}[j]=stones{i+1}{j+1];
printf(" %d\t" dummys[i}(j]);

printf("\n");
}

for(i=0;i<nos;it++)
{ for(j=0;j<nod;j++)

{
dumstoli}[j]=9999;
}

printf("\n Enter N Allocation to form loop and its indexes \n'");
scanf{"'%d" ,&nall);
for(i=0;i<nall;i++)

{

printf(" Enter %d coordinatesin’’,i+1);
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scanf(" % d%d",&valifi],&valjli]);
fnr: i=0;i<nall;i++)

{printf("\n%d ‘coordinates”,i+1);

printf("\n%d\t%d",vali[i] valjli]);

}getch();

clrser();
printf(“\n************* LOOPINGS *ﬁ*v‘r*****\n");

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

pl=vali[j];

ql=valj{j];

dumsto[p1][ql}=dummysip1]{q!}:
i

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

for(j=0;j<nod;j++)
{
printf(* %d\t" ,dumstofi][j]);

)
printf{''\n"');

printf('\n *****x4+ LOOPINGS AFTER INSERTING
TEETA VLAUE**##+#*%x4\pny,
printf("Enter the value of @ \n");
scanf(" %d" ,&tea);
il 1=0;

for(j=0;j<nall;j++)
{
pl=valij];
ql=valj[jl;
i : dummystones{p][q]=tea;
if(5=0)
dumsto]pl][gl]=tea;
else _
dumsto[pi][ql|=dumste[p!}[q]+tea;
tea=tea*-(1);
H
printf("\n********\n”);
for(i=0;i<nos;i++)
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{
for(j=0;j<nod;j++)
{
printf(" %d\t" ,dumsto{i]{jl);
}
printf(""\n");
}

for(i=0;i<nos;i++)
for(j=0sj<nod;jt++)

{
if (dumsto[i}[j]!=9999)
stones[i+1][j+1]=dumsto[i][j];

}
printf("'\n"');
h
clrser();

printf("\n*********************’h******stones\n"};

for(i=0;i<nos;i++)
for(j=0;j<nod;j++)
printf(" Yod\ » stones[i+1][j+11); ’

}
printf(""\n");
}

getch();

for(i=0;i<nos;i++)
for(j=0;j<nod;j++)
cij[i}[il1=0;

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

for(j=1;j<=nod;j++)
{
tcost+=stones!i] [j]*cost[i}(i];
if(stonesfi][j]!=0)
{
count=count+1;
c[i-1][j-1)=cost[il[il;

)
if(stones!i] {i}==0)
cijfi] [jl=cost[ilfil;
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}

—

getch();

printf("\n*ﬁ**************************(cij’\nll);
for(i=0;i<nos;i++)
{
for(j=0;j<nod;j++)
{

printf(" %d\w" cij|i+1|{j+1));
H
printf('"in");

ffif(count==(nos+nod-1))
/I cout<<"\n Solution is Non-Degenerate";
1f prmtf("\n Solution is Non-Degenerate ; %d" tcost);
Hfelse
/I cout<<"\n Solution is Degenerate";
/' printf("\n Sohution is Degenerate : - %d " teost);
i return(tcost);
TC=tcost;

n opti();

} // end of else block
Ywhile(1);

geteh();
} //End of opti function.

void finduv(}
{
1/ static int ul{10],v1{10];

int i,m,j,k=0,i=0,c0n,pos{IO],posl [ 10},count=0,big=0,crow| 10],index;
clrser(};

Helrser();
printf("\n*** **********v\'*****k**\‘n "'):
for(i=0;i<nos;i++)
1t for(j=0;j<nod;j++)
{
if(clilli]!=0)
{
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i

i
"
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count++;

H

crow|i]=count;
if(big<=crowli])

big=crowl[il;
index=i;

#  printf(index = %d\n""index);

printf("%d%d\n",nos,nod); _
getch();

con=index;
for(j=0;j<nod;j++)
if{c[con][j]!=0) {
vljl=c[con][i}-ufcon];
pos(kl=j;
printfi "v[%d]=%d\n",j+1,v[j]);
printf("pos[%d]="/od",k,pos[k]);

kt++;
j
m=0;
printf("" %d" k);
for(m=0;m<k;m++) {
j=pos(m];
for(i=0;i<nos;i++)
if(efilfj]!=0) {
ufil=cfil[j]-v[il;
pos1[l}=i;
printf("u[%d]=%d\n".i+l,uli]);
printf("pos["/od]=%d",l,posl[l]);
H+;
}
}
printf("\n%d\t%d" ,m,j);
i=0;
for(m=0;m<l;m++) {

j=posl[m];
for(j=0;j<nod;j++)
if(cfij(j1'=0) {
viji=<lil(il-ulil;
posfk]=j;



COMPUTER PROGRAMMS IN 'C’

I printf("v{%d]=%d\n" j+1,v|j|};
i printf(" pos{%d|=%d" k,pos[k|);
k++;
)
}

*for{i=0;i<nos;i++)
printf(" u|%d|=%d\n",i+1,ui]);
printf("\n""); :
for(j=0;j<nod;j++)
printf("'v[%d]=%d\n"j+1,v{j]);*/

getch();



COMPUTER PROGRAMMS IN ‘/C

OUTPUT :

INPUT NO. OF FACTORY SUPPLY/AVIALABILITY : 3

INPUT NO. OF DEMAND/REQUIREMENT :
Input supply S1:7

Input supply S2:9

Input supply S3:18

INPUT demand D1 : 5

INPUT demand D2 : 8

INPUT demand D3 : 7

INPUT demand D4 : 14

Input C11 :19
Input C12 :30
Input C13 :50
Input C14 :10
Input C21 :70
Input C22 :30
Input C23 :40
Input C24 :60
Input C31 :40
Input C32 :8

Input C33:70

Input C34 :20

4
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Given problem:

1 30 50 W 7
70 30 40 o0 9
40 8 70 20 18

5 8 7 14

Demand and Supply are equal

TRk AAEX AR AT AR ARk kb h bk Ak Rk hkddx

BASIC CELLS :
xil : 5
x4 : 2
x23 : 7
x24 : 2
x32 : 8
x34 : 10

Solution is Non-Degenerate:

dhkhkhdhhdhwikhkhhhhhkrddkhdhhdhhkkkk

BASIC CELLS MATRIX

5 0 0 2
0o 0o 7 2
0 8 0 10
hhkh Ak KRk kFrhkAhhhhh A AR A AR hhhd

UNQCCUPIED CELLS VALUES (cij)

6 30 50 0
0 30 0 0
40 0 T 90

hhdkdhbhhrhhdhdiaohhhhdhhs

Ui & Vivalues are

uftj=-10
u2]=40
u|3|=0

COMPUTER PROGRAMMS IN “C*



COMPUTER PROGRAMMS IN ‘C’

Ea R R R R RN R TR [‘()OI)IN(;S hkhkdkkok k
9999 Y999 9999 499y

9999 -18 9999 2

9999 8§ 9999 |0

kxdkdkkk s LOOPINGS AFVER INSERTING TEETA VAL ke wxswss
Enter the value of Gt 2

****************************Nﬂncs

s ] 0 2
] 2 7 0
0 O 0 12

******k***********k*********(c“)
0 3 50 0

70 0 9 60

40 0 70 0

hhkkhkkrdkhhhkhkhkhkhrdhkohrhkhdhain

BASIC CELLS MATRIX
5 0 0 2

0 2 7 0

0 6 0 12

hkbkkdhdhdhhhh ke khkkkbkkhhhhhhhdn

UNOCCUPIED CELLS VALUES (cij)
S0 30 50 0

7 0 0 60

0 0 70 0

hkdhhrhkhhhhhkhhkrerkdhkdhx
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COMPUTER PROGRAMMS IN ‘'C’

Ui & Vi values are

dhkhkhkhhk ki A hARRE A AR AT bbbkt brhd
u{l}=-10

uf2]=490

u[3]=0

v{1]=29
v[2]=8
v[3]=0
v[4]=20

ddkddokdkk Ak ke khh

Thhkhhhkkhhrhbhkdhhhhkhkhhkk

Ui+Vj for EMPTY CELLS
0 -2 -10 0

6 0 0 60

29 ¢ 0 o0

Fhkhkkhkhhhhhhdhddbhhrhhhhddhkhhddkhhdhd

Cell Evaluation for Empty cells ( Dij )
¢ 32 60 0
I o 0 0
m o 70 0

Since All Cells values are positive, hence Solution is Optimal

MINIMUM /OPTIMAL TRANSPORTATION COST (TC) IS

= 743



