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Abstract — Recently, as the taste of consumers and the demand of products are changed within short period and the life cycle
of products is shortened, the operation of semicontinuous and batch processes have been studied more frequently over the past
decade. In general, the productivity of batch process is lower than that of continuous process. For these reason most of
researches in batch process are focused on increasing the productivity. The study of operation of batch processes used to be
classified as two category; multi-product batch process and multi-purpose batch process. Between them, multi-product pro-
cesses were actively studied, but only a few papers about the multi-purpose batch plants were presented. Because the operation
of multi-purpose batch process is more complicated than that of multi-product batch plant. In this paper we presented com-
pletion times algorithm of non-sequential multi-purpose batch process[13] with non-zero transportation times and set-up times
as a recursive formulation. We also described the formulation by computer program and flowchart and the results of calcula-
tion by gantt chart and processing map. For testing the proposed formulation, we applied them to several problems which are
composed of randomly generated processing times, set-up times and transfer times.
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Fig. 2. Example process from Yamalidou et al.[19].

Vatisble Py ] [Variable Uy, Variable Oy
u1ifu2 U3
15t 2nel\ {3rd bnd 3rd
Utlpqip2]| x | pejut|u2|u3] Pt} Tst2nd]3rd
U2|pyir2lps| P2fut |uz} x | P2 1st|2nd] X
Uslplea| x| P3lus|uz| x | P3| x |2nd|1st
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#include<stdio.h>

#include<conio.h>

#include<math.h>

#define N 10

#define M 10

#define max(a,b) ((a)>=(b)2(a):(b))

/*array t[N][M] means processing times that is variable t_ij */
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int t{N]J[M]={{0,0,0,0,},
{0,25, 25, 20,},
{0,25, 25, 0,},
{0, 0, 30, 20,},};
/*array U[N][M] means product order on units that is U_im */
int U[N][M]={{0,0,0,0,},
{0,1,2,3,},
{0,1,2,0,},
. {03201}
/*array O[N][M] means order of products on units that is O_ij */
int O[N]IM]={{0,0,0,0,},
{0,1,2,3,},
{0,1,2,0,},
{0,0,2,1,},};
/*array P[N][M] means processing path that is P ' jk ¥/
int P[N][M]={{0,0,0,0,},
{0,1,2,0,},
{0,1,2,3,},
{0,1,3,0,},};
void main( )
o
static int C[N][M],check[N][M];
int i,j,k,Product=3,Uni[=3,Smax=3,temxjnal_condition=7,done:O;
int a,b,c,d;
for(i=1;i<=Product;i++){
for(j=1;j<=Unit;j++){

Clilfjl=-1,;
checkfi](jl=—2;
b}

for(i=1;i<terminal_condition;i++){
for(k=1;k<=Smax;k++){
for(j=1;j<=Unit;j++){
a=P[j][k], b=P[jl(k-1], c=O[a]j}-1, d=Ula][c];
if(i==0){
if(Cb](j] '=—1 && Cla]ld] !=-1 && P{jIk] = 0){
Cla][jl=max(C[b]{j1,Cla][d])+t[a]j];
checkla][j]=0;

done++;
b}
if(i!=0){
if(check[a]lj] =0 && C[blj] =1 && Claj[d] =1 &&
P(jllk] '=0){

Cla][jl=max(C[b][j1,Clal{d])+t[al[j];

check[a][j]=0;

done++;

b

if(done==terminal_condition){

printf(" Number of iteration is %ed\n\n",1);

for(i=1;i<=Product;i++){
for(j=1;j<=Unit;j++){

printf("%5d",C[i]j]); }

printf("\n"); }
return;

}
SepE et H37A H3& 19994 68

b

if(done!=terminal_condition){
printf("\n\n\n\tThis case is impossible !!1");

return; }
}
AR IE
A;,  :transportation time when i product is transferred from pth unit
to p+1th unit
C;  :completion time of i product in j unit
O;  :order of i product in j unit

P, :product which is processed kth in j unit

S;i+1; @ set-up time which is required for preparing i+1 product after i
product in j unit

t;; : processing time of i product in j unit

TC  : terminal condition

U;, :unit at which i product go through mth
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