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Abstract

This paper is pertain to heuristic technique fgolrs, 3-machines flowshop scheduling problem inchwhi
processing times and setup times are associatbdvéir respective probabilities involving trangadion
time, break down interval and job block criteriatéken in to account. Further jobs are attacheth wit
weights to indicate their relative importance. Tgreposed method is very easy to understand and also
provide an important tool for decision makers. Avauical illustration followed by a computer prognae

is also given to clarify the algorithm.

Keywords: Flow shop scheduling, Processing time, Setup tifremsportation time, Break down, Weights
of job, Job block.

1. Introduction

During thelast 30 years, the flow shop sequencing problenssbegen the center of attention of many
researchers. Since Johnson had proposed optimarnd/ithree stage production schedules, many hiegrist
approaches have been suggested to solve the vamiobkems. The flow shop scheduling problem is a
production scheduling problem in which each ofhjebs (tasks) must be processed in the same seguen
on each one of m machines (processors). The séhgduioblem practically depends upon the important
factors namely, Job transportation which includeading time, moving time and unloading time etc.,
Weightage of job which represents the relative irtggece of one job over another and Breakdown of
machine which is due to failure of electric curremtdue to non supply of raw material or any other
technical interruptions. The majority of scheduliegearch assumes setup which includes work tapep
the machine as negligible or part of the processimg while this assumption adversely affects sotut
quality for many applications which require exglitieatment of setup. Johnson (1954) proposed #ie w
known Johnson’s rule in the two stage flow shopeddiing problem. Yoshida & Hitomi (1979) further
considered the problem with setup times. The wods wleveloped by Belman (1956), Maggu & Das
(1977), Miyazaki & Nishiyama (1980), Nawaz al (1983), Singh (1985), Chandramouli (2005), Belwal
& Mittal (2008), Khodadadi (2008), Pandian & Rajean (2010), Gupta & Sharma (2011) by considering
various parameters.

Gupta, Sharma & seema (2011) studied a n x 3 flowdtheduling problem, processing time associated
with probabilities involving transportation timerdakdown interval, Weightage of jobs and job block
criteria. This paper is an attempt to extend thelysimade by Gupta & Sharma (2011) by introducirg th
concept of independent setup time with their cqroesling probabilities. We have obtained an algorith
which minimize the total elapsed time whenever megighted production flow time is taken into
consideration.

2. Practical Situation

Many applied and experimental situations exist ur day-to-day working in factories and industrial

production concerns etc. The practical situatioly tmataken in a paper mill, sugar factory and efinery

etc. where various qualities of paper, sugar ahdreiproduced with relative importance i.e. weighbbs.
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In many manufacturing companies different jobs precessed on various machines. These jobs are
required to process in a machine shop A, B, C,in-a specified order. When the machines on whidis |
are to be processed are planted at different pldabestransportation time (which includes loadiige,
moving time and unloading time etc.) has a sigaificrole in production concern. Setup includes work
prepare the machine, process or bench for prodads pr the cycle. This includes obtaining tools,
positioning work-in-process material, return toglircleaning up, setting the required jigs and fieg,
adjusting tools and inspecting material and heigrficant. The break down of the machines (dudetay

in material, changes in release and tails daté,uioavailability, failure of electric current, thehift pattern

of the facility, fluctuation in processing timegnse technical interruption etc.) have significasierin the
production concern. The idea of job block has jcatsignificance to create a balance between tafos
providing priority in service to the customer arabtcof giving service with non priority, .i.e. hawuch is

to be charged from the priority customer(s) as can@g to non priority customer(s).

3. Notations
S :Sequenceofjobs1,2,3...n
S : Sequence obtained by applying Johnson’s procedurd, 2, 3, -------
M; :Machinej,j=1, 2,3
M : Minimum makespan
a; :Processing time of' job on machine;
p; : Probability associated to the processing tape
5 :Setup time of" job on machind/,
g; - Probability associated to the set up tigne
A, : Expected processing timeidfjob on machiné;
S : Expected set up time dfjob on machinéV;
£ : Equivalent job for job — block
A} : Expected processing time 8fjob after break-down effect ofi machine
l;(So: Idle time of machine Mor job i in the sequence S
T, _« : Transportation time ofijob from {* machine to K machine
w, : weight assigned td'job
L :Length of break down interval.

4. Problem Formulation

Let some jobi (i = 1,2,........ ,n) is to be processed on three machies | = 1,2,3). Lety; be the
processing time of"job on j"" machine with probabilitiep; ands; be the setup time df’job on "
machine with probabilitieg;. Let T;;_ be the transportation time &t job from {" machine to ¥ machine.
Let w;, be the weights assigned to tfigdb. Our aim is to find a sequen({éi(} of the jobs which minimize
total elapsed time, and weighted mean-flow timesnever mean weighted production flow time is taken

into consideration.
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The mathematical model of the problem in matrixifaran be stated as:

Job Machine A Tiio Machine B Tiana Machine C Weight
s s of
jobs
I ail pil S1 Qu ai 2 pi 2 Sz qi2 a| 3 p| 3 S3 qi3 Wi
1y a, | Pu (S [% | Moo 3| P S |G |Thos| &3 Pz(S |G Wi
2 |8y | Pa|t |t | Toaa| 8 212 | Tooa| 3| Pog|® |° W2
3 S | G as, P | 2 | G S | G Wa
4 A | Py |t | T1.2| a " N T2 3| Qa3 | Psg|® |3 W,
| ay S | O | P2 S| G S | Os )
. Par [t | | Tan2 202 | Taona| Qg | Pag|® |3
n Sy | U4 &y P | S4 | Qs Sy | Oa Wn
Ay - 1 1 - 2 2 R R - 3 3
pnl i i Tn,la 2 i i i Tn,za 3 anS pn3 i i
S | On Pz | S| Gh S| On
1 1 2 2 3 3
Table 1
5. Algorithm

Step 1:Calculate the expected processing times and expseteup times as follows

A =g xR and §=gxg Uj=123
Step 2:Check the condition

Either Max{A+ T1.o— S} >Min{Ajp + Ty o — S}
or Max{ss + Ti> .3 — S} > Min{Aj, + Ti»_.3 — Sg} or both for all i
If the conditions are satisfied then go to stepl8e the data is not in the standard form.

Step 3:Introduce the two fictitious machines G and H witlbcessing time§; andH; as defined below:
G :|A1‘ Ao~ Ta. 2= T2 s~ max(sy, iszj and H; :|A3 “ArTi 27 Toa st Si-
Step 4:Compute Minimum( G; ,H;)
If Min (G;, H)=G; then define G =G + w, and H,=H,; .
If Min (G;, H)=H; then define G =G and H,=H;+ w; .
Step 5:Define a new reduced problem witB and H, where

G =G/w,H=H/w 0i=123...n
Step 6: Find theexpected processing time of job blogk= (k, m) on fictitious machines G & H using
equivalent job block criterion given by Maggu & Dafl977). Find G"; and H"; using
G"y=G"«+G',—min(G', H') and H 5 =H +H " —minG",,H"})
Step7: Define new reduced problem with processing ti@e & H; as defined in step 5 and replace

job blockp = ('k, m) by a single equivalent jgbwith processing timesG";& H"; as defined in step
6

Step 8:Using Johnson’s procedure, obtain all sequengém8ng minimum elapsed time. Let these be S
S0 S
Step 9 Prepare In-Out tables for the sequen@ss,, .......... ,$ obtained in step 8. Let the mean flow
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time is minimum for the sequen& Now, read the effect of break down intervall{apn different jobs
on the lines oBingh T.P(1985) for the sequen&.

Step 10: Form a modified problem with processing tivﬁ'p; i=123,...,nj=1,23
If the break down interval (a, b) has effect onijdben

A']. = A +L;WhereL=b-a, the length of break-down intérva
If the break-down interval (a, b) has no effeci®job then A{j =A.

Step 11:Repeat the procedure to get the optimal sequemdcbdanodified scheduling problem using steps
3 to step 9. Determine the total elapsed time.

Step 12: Find the performance measure studied in weighteeamrmflow time defined by

F=3wf /3w, wherefis flow time ofi" job.
i=1 i=1

6. Programme

#include<iostream.h>
#include<stdio.h>
#include<conio.h>
#include<process.h>
#include<math.h>

int n,j;
float a1[16],b1[16],c1[16],a11[16],b11[16],c11[16]16],h[16],T12[16],T23[16],s11[16],522[16],s33[16]
float macha[16],machb[16],machc[16],machal[16],ned¢h6],machcl[16],maxs[16];
int f=1;float minval,minv,maxv1[16],maxv2[16],minyloat w[16];
int group[2];//variables to store two job blocks
int bd1,bd2;// Breakdown interval
float gbeta=0.0,hbeta=0.0;float gbetal=0.0,hbeta®,=0
void main()
{
clrscr();
int a[16],b[16],c[16],j[16],s1[16],52[16],s3[16]cfat p[16],q[16],r[16],x[16],t1[16],u[16];
cout<<"How many Jobs (<=15) : ";cin>>n;
if(n<1 || n>15)
{cout<<endl<<"Wrong input, No. of jobs should es$ than 15..\n Exitting";getch();exit(0);}
for(int i=1;i<=n;i++){j[i]=i;
cout<<"\nEnter the processing time, set up time thr@dprobabilities of "<<i<<" job for machine A and
Transportation time from Machine A to B : ";cin>Happ[i]>>s1[i]>>X[i]>>T12][i];
cout<<"\nEnter the processing time, setup time #oeprobabilities of "<<i<<" job for machine B and
Transportation time from Machine B to C : ";cin>#bpq[i]>>s2[i]>>t1[i]>>T23]i];
cout<<"\nEnter the processing time and its proligbilof "<<i<<"job for machine C:
":cin>>c[i]>>r[i]>>s3[i]>>uli];
cout<<"\nEnter the weightage of "<<i<<"job:";cin>}{y
/[Calculate the expected processing & setup tiniéseojobs for the machines:
al[i] = a[i]*pl[i]l;b1[i] = b[i]*a[i];c1[i] = c[i*r[ i];s11[i]=s1[i*X[i]; s22[i]= s2[i]*t1[i]; s33[i]= s3[i]*u[i];}
cout<<endl<<"Expected processing time of machin8and C with weightage: \n";
for(i=1;i<=n;i++)
{cout<<j[i]<<"\t"<<al[il<<"\t"<<s11[i]<<"\t"<<T12[i |<<"\t"<<bl[i]<<"\t"<<s22[i]<<"\t"<<T23[i]<<"\t"<
<cl[i]<<"\t"<<s33[i]<<"\t"<<wl[i];cout<<endl;}
cout<<"\nEnter the two breakdown interval:";cin>4bd-bd2;
/[Findinglargest in al
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float maxal;maxal=al[1]+T12[1]-s22[1];
for(i=2;i<n;i++)
{if((@l[i]+T12[i]-s22[i])>maxal)maxal=al[i]+T12[i}s22[i];}
/[For finding smallest in bl
float minb1;minb1=b1[1]+T12[1]-s11[1];
for(i=2;i<n;i++)
{if(b1[i]+T12[i]-s11[i]<minb1l)minb1=b1[i]+T12[i]-s11][i];}
float minb2;minb2=b1[1]+T23[1]-s33]i];
for(i=2;i<n;i++)
{if((b1[i]+T23[i]-s33[i])<minb2)minb2=b1[i]+T23[i]-s33][i];}
/[Finding largest in cl1
float maxcl;maxcl=c1[1]+T23[1]-s22]i];
for(i=2;i<n;i++)
{if((c1[i1+T23[i]-s22[i])>maxcl)maxcl=cl[i]+T23[i]s22[i];}
for(i=1;i<=n;i++)
{if(s11[i]>s22[i)){maxs[i]=s11][i];}
else {maxs[i]=s22[i];}}
if(maxal>=minbl||maxcl>=minb2)
{g[il=fabs((al1[i]-T12[i]-b1][i]-T23[i]-maxs][i]));h[i]=fabs((c1[i]-T12[i]-b1[i]-T23[i]+s33[i]));}
else
{cout<<"\n data is not in Standard Form...\nExigfirgetch();exit(0);}
for(i=1;i<=n;i++)
{gli]=fabs(al[i]-T12[i]-b1[i]-T23[i]-maxs[i]); h[i]= fabs(c1[i]- T 12[i]-b1[i]-T23[i]+s33][i]);}
cout<<endl<<"Expected processing time for two &io8 machines G and H: \n";
for(i=1;i<=n;i++)
{cout<<endl;cout<<j[i]<<"\t"<<g[i]<<"\t"<<h[i]<<"\t"<<w([i];cout<<endI;}
/[To find minimum of G & H
float g1[16],h1[16];
for (i=L;i<=n;i++)if(g[i]<=h[i]){g1[i]=g[l]+w(il;h1 [i]=h[i];}
else{g1[i]=g[i];h1[i]=h[i]+w[i];}
float g2[16],h2[16];
for(i=1;i<=n;i++)
{g2[il=g1[i/wlil;h2[i]=h1[i]/W[i];}
cout<<endl<<endl<<"displaying original schedulirdle"<<endl;
for(i=1;i<=n;i++)
{cout<<j[i]<<"\t"<<g2[i]<<"\t"<<h2[i]<<endI;}
cout<<"\nEnter the two job blocks(two numbers frarto "<<n<<"):"; cin>>group[0]>>group[1];
/Icalculate G_Beta and H_Beta
if(g2[group[1]]<h2[group|0]])
{minv=g2[group[1]];}
else{minv=h2[group[0]];}
gbeta=g2[group[0]]+g2[group[1]]-minv;hbeta=h2[grdQ+h2[group[1]]-minv;
cout<<endl<<endl<<"G_Beta="<<gbeta;cout<<endl<<"lt&-"<<hbeta;
int j1[16];float g13[16],h13[16];
for(i=1;i<=n;i++)
{ifG[i]==group[O]|lj[i]==group[1]){f--;}
else{J1[f]=j[i];}++:}
j1[n-1]=17;
for(i=1;i<=n-2;i++)
{013[i]=92[j1[i]];h13[i]=h2[1[i]];}
g13[n-1]=gbeta;h13[n-1]=hbeta;
cout<<endl<<endl<<"displaying original schedulirdle"<<endl;
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for(i=1;i<=n-1;i++)

{cout<<jl[i]<<"\t"<<gl13[i]<<"\t"<<h13[i]<<endl;}

float mingh[16];char ch[16];

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

{if(g13[i]<h13][i])
{mingh(i]=g13[i];ch[i]="g"}
else {mingh[i]=h13Ji];ch[i]="h"; }}

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

for(int j=1;j<=n-1;j++)
{if(mingh[i]l<mingh[j])
{float temp=minghli]; int temp1=j1[i]; char d=chH{mingh[i]=mingh[j]; j1[i]=j1[j]; ch[i]=ch[j];
mingh(j]=temp; j1[j]=temp1; ch[j]=d;}}
/I calculate beta scheduling
float sbeta[16];int t=1,s=0;
for(i=1;i<=n-1;i++)
{if(ch[i]=="h"{ sbeta[(n-s-1)]=j1[i];s++;}
else if(ch[i]=="g"){sbeta[t]=j1][i];t++;}}
int arrl[16], m=1;cout<<endl<<endl<<"Job Schedulirg"\t";
for(i=1;i<=n-1;i++)
{if(sbeta[i]==17){arrl[m]=group[0];arrl[m+1]=groyg];
cout<<group[0]<<" "<<group[1l]<<" ";m=m+2;continye;
else {cout<<sbetali]<<" ";arrl[m]=sbeta[i];m++;}
/[calculating total computation sequence
float time=0.0,machall[16];macha[l]=time+al[atil;[
for(i=2;i<=n;i++)
{machall[i]l=machali-1]+s11[arrl[i-1]];macha[i]=mlaal1[i]+al[arrl[i]];}
machb[1]=macha[1]+bl[arrl[1]]+T12[arrl[1]];
for(i=2;i<=n;i++)
{if((machbli-1]+s22[arrl[i-1]])>(macha][i]+ T12[arfl]]))maxvl[i]=machbli-1]+s22[arr1][i-1]];
else maxvl[il=machali]+T12[arrl[i]];machb[i]=maxfit-b1[arrl][i]];}
machc[1]=machb[1]+c1[arrl[1]]+T23[arrl[1]];
for(i=2;i<=n;i++)
{if((machcfi-1]+s33[arrl[i-1]])>(machb[i]+T23[arri]]))
maxv2[il=machc[i-1]+s33[arrl[i-1]];
else
maxv2[i]=machbl[i]+T23[arr1[i]];machc[i]=maxv2[i]+t{arri[i]];}
cout<<endl<<endl<<"In-Out Table is:"<<endl<<endl;
cout<<"Jobs"<<"\t"<<"Machine M1"<<"\t"<<"\t"<<"Macime M2" <<"\t"<<"\t"<<"Machine M3"<<end|;
cout<<arrl[l]<<"\t"<<time<<"--"<<macha[1l]<<"
\t"<<"\t"<<macha[1]+T12[arrl[1]]<<"--"<<machb[1]<<"
\t"<<"\t"<<machb[1]+T23[arr1[1]]<<"--"<<machc[1l]<<adl;
if((time<=bd1 && macha[l]<=bd1)||(time>=bd2 && maa[l]>=bd2))
{allarrl[1]]=al[arrl[1]];}
else
{al[arr1[1]]+=(bd2-bd1);}
if((macha[1]+T12[arrl[1]])<=bd1 && machb[1]<=bdlip@cha[1]+T12[arrl[1]])>=bd2 &&
machb[1]>=bd2)
{b1farrl[1]]=bl[arrl[1]];}
else
{bi[arr1[1]]+=(bd2-bd}
if((machb[1]+T23[arrl[1]])<=bd1 && machc[l]<=bdlffachb[1]+T23[arrl[1]])>=bd2 &&
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machc[1]>=bd2)
{c1[arri[1]]=c1[arr1[1]];}
else
{c1[arrl[1]]+=(bd2-bd1);}or(i=2;i<=n;i++)
{cout<<arrl[i]<<"\t"<<machall[i]<<"--"<<machai]<k "<<"\t"<<maxvl[i]<<"--"<<machbl[i]<<"
"<<"t"<<maxv2[i]<<"--"<<machcl[i]<<endl;
if(machall[i]l<=bd1 && macha][i]<=bd1 || machall[ilbd2 && machali]>=bd2)
{al[arrl[i]]=al[arrl][i]];}
else
{al[arri[i]]+=(bd2-bd1);}
if(maxvl[i]l<=bd1l && machb[i]J<=bd1 || maxvl[i]>=bd&& machb[i]>=bd2)
{b1[arrl[i]]=b1[arrl][i]];}
else
{b1[arr1[i]]+=(bd2-bd1);}
if(maxv2[i]l<=bd1 && machcli]<=bd1 || maxv2[i]>=bd&& machc[i]>=bd2)
{c1[arrl[i]]=c1[arrl][i]];}
else
{c1[arrl]i]]+=(bd2-bd1);}}
cout<<"\n\n\nTotal Elapsed Time (T) = "<<machc[n];
int j11[16];
for(i=1;i<=n;i++)
{ j11[i]=i;all[arrl[i]]=al[arrl[i]];b11[arrl{]]=b1[arrl[i]};c11[arr1[i]]=c1[arrl[i]];}
cout<<endl<<"Modified Processing time after breakddor the machines is:\n";
cout<<"Jobs"<<"\t"<<"Machine M1"<<"\t"<<"\t"<<"Macime m2" <<"\t"<<"\t"<<"Machine
M3"<<"\t"<<"Weightage"<<endl;
for(i=1;i<=n;i++)
{cout<<endl;cout<<jll[i]<<"\t"<<all[i]<<"\t"<<bllfik<"\t"<<c1l[i]<<"\t"<<wf[i];cout<<endl;}
float maxal2,minb12,minb22,maxc12;float g12[16] 16
/[Function for two ficticious machine G and H
/[Findinglargest in all
maxal2=all[1]+T12[1]-s22[1];
for(i=2;i<n;i++)
{if((@11[i]+T12[i]-s22[i-1])>maxal2)maxal2=all[i[F2[i]-s22[i-1];}
/IFor finding smallest in b1l
minb12=b11[1]+T23[1]-s33[1];
for(i=2;i<n;i++)
{if(b11[i]+T23[i]-s33[i])<minb12) minb12=b11[i]+T3]i]-s33[i];}
minb22=b11[1]+T12[1]-s11]i];
for(i=2;i<n;i++)
{if(b11[i]+T12[i]-s11[i]))<minb22)minb22=b11[i|+ T2[i]-s11][i];}
/IFinding largest in c12
maxcl2=c11[1]+T23[1]-s22[1];
for(i=2;i<n;i++)
{if((c11[i]+T23[i]-s22[i])>maxcl12)maxcl2=c11[i]+T3[i]-s22[i];}
if(maxal2>=minb22||maxcl2>=minb12)
{g12[i]=fabs(al1[i]-T12[i]-b11[i]-T23[i]-maxs[i])h12[i]=fabs(c11[i]-T12[i]-b11[i]-T23[i]+s33[i]);}
else
{cout<<"\n data is not in Standard Form...\nExidfi;getch();exit(0);}
for(i=1;i<=n;i++)
{ g12[i]=fabs(al1[i]-T12[i]-b11[i]-T23[i]-maxs][i]} h12[i]=fabs(c11[i]-T12[i]-b11[i]-T23(i]+s33][i]);}
cout<<endl<<"Expected processing time for two &io8 machines G and H: \n";
for(i=1;i<=n;i++)
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{cout<<endl;cout<<jl1[i]<<"\t"<<g12[i]<<"\t"<<h1f]<<"\t"<<wl[i];cout<<endI;}
/[To find minimum of G & H
float g11[16],h11[16];
for (i=1;i<=n;i++)
if(g12[i]<=h12[i])
{911][i]=g12[i]+w][i];h11[i]=h12][i];}
else
{911[i]=g12[i];h11[i]=h12[i]+w[i];}
float g21[16],h21[16];
for(i=1;i<=n;i++)
{g21][i]=g11[i}/w[i];h21[i]=h11[i]/w[i];}
cout<<endl<<endl<<"displaying original schedulirdle"<<endl;
for(i=1;i<=n;i++)
{cout<<jl1[i]<<"\t"<<g21[i]<<"\t"<<h21[i]<<endI;}
/[calculate G_Beta and H_Beta
if(g21[group[1]]<h21[group[0]])
{minvl=g21[group[1]];}
else
{minv1=h21[group[0]];}
gbetal=g21[group[0]]+g21[group[1]]-minv1;hbetal=fg@bup[0]]+h21[group[1]]-minvi;
cout<<endl<<endl<<"G_Betal="<<gbetal;cout<<endl<<Be¢tal="<<hbetal,;
int j2[16];float g14[16],h14[16];int f1=1;
for(i=1;i<=n;i++)
{if(11[i]==group(O]|[j11[i]==group[1])
{f1--}
else
{i2[f1]=j11[i];}1++;}j2[n-1]=17;
for(i=1;i<=n-2;i++)
{g14{i]=g21[j2[i]};h14[i]=h21[2[i]};}
gl4[n-1]=gbetal;h14[n-1]=hbetal;
cout<<endl<<endl<<"displaying original schedulirdle"<<endl;
for(i=1;i<=n-1;i++)
{cout<<j2[i]<<"\t"<<gl4[i]<<"\t"<<h14[i]<<endl;}
float mingh1[16];char ch1[16];
for(i=1;i<=n-1;i++)
{if(g14][i]<h14[i]) {
minghl[i]=g14[i];ch1[i]='g";}
else
{mingh1[i]=h14[i];ch1[i]="h"; }}
for(i=1;i<=n-1;i++)
{for(int j=1;j<=n-1;j++)
if(mingh1[i]l<minghl[j])
{float temp=minghl[i]; int templ=j2[i]; char d=dki];minghl[i]=minghl][j]; j2[i]=j2[]];
chi[i]=ch1[j];mingh1[j]=temp; j2[j]=temp1; ch1[j]=g}
/I calculate beta scheduling
float sbetal[16];int t2=1,521=0;
for(i=1;i<=n-1;i++)
{if(ch1[i]=="n")
{ sbetal[(n-s21-1)]=j2[i]; s21++;}
else if(chl[i]=='g"){sbetal[t2]=j2]i];t2++;}}
int arr2[16], m1=1,
cout<<endl<<endl<<"Job Scheduling:"<<"\t";
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for(i=1;i<=n-1;i++)

{if(sbetal[i]==17)

{ arr2[ml]=group[0];arr2[m1+1]=group[1];cout<<grp{0]<<" "<<group[1]<<”
""ml=ml+2;continue;}
else {cout<<sbetalli]<<" "“;arr2[m1]=sbetalli];mt;}}

/[calculating total computation sequence;
float time1=0.0,machal2[16] ;float maxv11[16],mak{D5];

machal[l]=timel+all[arr2[1]];
for(i=2;i<=n;i++)

{machalZ2[i]=machal[i-1]+s11[arr2[i-1]];machal[i]=nhal2[i]+all[arr2[i]];}

machbl[1l]=machal[1l]+bll[arr2[1]]+T12[arr2[1]];
for(i=2;i<=n;i++)

{if((machbl[i-1]+s22[arr2[i-1]])>(machal[i]+ T12[a&2[i]])){maxvll[i]=machbl[i-1]+s22[arr2[i-1]];}
else {maxvll[il=machal[i]+T12[arr2[i]];}machbl][i]=exv11[i]+b1[arr2[i]];}

machcl[1l]=machbl[1]+cl1[arr2[1]]+T23[arr2[1]];
for(i=2;i<=n;i++)

{if((machcl[i-1]+s33[arr2[i-1]])>(machbl[i]+T23[aR[i]]))maxv21[i]=machcl[i-1]+s33[arr2[i-1]];
else maxv21[i]l=machbl[i]+T23[arr2[i]];machcl[i]=meX1[i]+c1[arr2[i]];}
float wft,sum1,sum2;sum2=0.0;
for(i=1;i<=n;i++)

{sum2=sum2+w[i];}

/lldisplaying solution

cout<<"\n\n\n\n\n\t\t\t #HHH#HFTHE SOLUTION#### "

cout<<"\n\n\tr** * ok
cout<<"\n\n\n\t Optimal Sequence is : ",

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

{cout<<" "<<arr2[i];}
cout<<endl<<endl<<"In-Out Table is:"<<endl<<endl;
cout<<"Jobs"<<"\t"<<"Machine M1"<<"\t"<<"\t"<<"Macime M2" <<"\t"<<"\t"<<"Machine M3"<<endl;
cout<<arr2[1]<<"\t"<<timel<<"--"<<machal[l]<<"
\t"<<"\t"<<machal[1l]+T12[arr2[1]]<<"--"<<machbl[1K"
\t"<<"\t"<<machb1[1]+T23[arr2[1]]<<"--"<<machcl1[1l}endl;sum1=0.0;
for(i=2;i<=n;i++)

{cout<<arr?[i]<<"\t"<<machal2[i]<<"--"<<machal][i<"
"<<"t"<<maxvll[i]<<"--"<<machbl[i]<<" "<<"\t"<<max21[i]<<"--"<<machcl[i]<<endl;
suml=suml+(machcl[i]-machal2[i])*w[i]; }
cout<<"\n\n\nTotal Elapsed Time (T) = "<<machc1[n];
wft=((machcl[1]*w[1])+suml)/sum2;
cout<<"\n\n\n The mean weighted flow time is = "Jgw
cout<<"\n\n\tr** * ok
getch();

}

7. Numerical lllustration

Consider 5 jobs, 3 machine flow shop problem witbcpssing time, setup time each associated with the
respective probabilities, transportation time arght of jobs are as given in table.

Jobs Machine W Machine M, Machine My Weight
T T2.s of jobs
[ a1 | Pa | St | O 3 | P2 | S2 | O as | Ps | Sz | Os W
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1 [16] 02] 6] 01 2 4 02 1 ol 2 2 d1 |3 2 4
2 | 12] 03] 7] 02 1 6| 02 6 0B 1 3 02 [4 03 3
3 | 13] 02] 4] 03 2 51 02 3 op 2 15 02 [6 0.2 .
4 |15] 02 7] 03 3 4 02 3 ol 3 4 o2 [5 01 1
5 | 14| 01] 4] 01 4 6| 02 6 Of 1 5 03 [4 0.2 5
Table 2

Our objective is to obtain optimal or near optireatjuence when the break down interval is (a, B0=L6)
and jobs 2 & 5 are to be processed as equivalénd jo (2,5). Also calculate the total elapsed time and
mean weighted flow time.

Solution: As per Step 1:The expected processing times and expected setap for machines MM, and
M; are as shown in table 3.

As per Step 2:Here, Max{Ay + Ti1 o — S} > Min{Ap + Tip o — Si}
Max{As + Ti».3— S} = Min{A; + Ti»_3 — S3}; hence feasible solution.

As per Step. 3:The two fictitious machines G and H with procegdimesG; andH; are as shown in table
4.

As per Step 4 &5:The new reduced problem with processing tifBeand H, are as shown in table 5

As per step 6:The expectecprocessing time of job blocR(2,5) on fictitious machine G & H using
equivalent job block criteria given by Maggu & D@®77) are

G";=0.466+1.08- 1.08 0.466

H";=1.133+1.72- 1.08& 1.77

As per Step 8: The optimal sequence with minimum elapsed timengisdohnson’s technique
is S=p$-4-3-1ie.2-5-4-3-1

As per Step 9 & 10:The In-Out flow table for sequence S is as shawable 6.

As per Step 11:0n considering the effect of the break down inteftf , 15) the original reduces to as
shown in table 7.

Now, On repeating the procedure to get the optisegluence for the modified scheduling problem , we

have the sequence 3 —2 -5 -4 -1 which is apton near optimal. The In-Out flow table for the

modified scheduling problem is as shown in table 8.

The mean weighted flow time =

15.6x 3+(18.4 8px 3( 332 138 + 356 1p6+(1 37.3 ;@.7_1% 53
5+3+ 2+ 4+ 1 e

Hence the total elapsed time is 37.3 hrs and trenmeighted flow time is 15.53 hrs.
Conclusion

The new method provides an optimal scheduling eecgl with minimum total elapsed time whenever
mean weighted production flow time is taken intongideration for 3-machines, n-jobs flow shop
scheduling problems. This method is very easy tdetstand and will help the decision makers in
determining a best schedule for a given sets f gftectively to control job flow and provide a stibn
for job sequencing. The study may further be ex¢dnby introducing the concept of Rental policy, due
date etc.
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Tables
Table 3: The expected processing times and expsetegp times for machines;MM, and M; are

Jobs | A Su Tiio Ap S Tiols A Ss Wi
1 3.2 0.6 2 0.8 0.7 2 1.2 0.6 4
2 3.6 1.4 1 1.2 1.8 1 1.6 1.2 3
3 2.6 1.2 2 1.0 1.2 2 3.0 1.2 2
4 3.0 2.1 3 0.8 0.3 3 0.8 0.5 1
5 14 0.4 4 1.2 0.6 1 1.8 0.8 5

Table 4: The two fictitious machines G and H witbgessing time&; andH; are
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Table 5: The new reduced problem with processimg tiG and H, are
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Jobs G H; Wi
1 2.3 3 4
2 14 0.4 3
3 3.6 0.8 2
4 5.9 5.5 1
5 5.4 3.6 5

Jobs | G H,
1 1.575 0.75
2 0.466 | 1.133
3 1.8 1.4
4 5.9 6.5
5 1.08 1.72

Table 6: The In-Out flow table for sequence S is

Jobs| Machine M| T;; , | Machine M | T, 3 | Machine My | w;
[ In — Out In — Out In - Out
2 0-3.6 46-5.8 1 6.8-8.4
5 5-6.4 10.4 - 11.4 1 12.6 -144
4 6.8-9.8 3 12.8-13.6 3 16.6 — 174
3 11.9-145 2 16.5-17.5 2 19.5-225
1 15.7-18.9 2 20.9-21J 2 23.7-24.9

2
4

www.iiste.org
Ly

ST

Table 7: On considering the effect of the break Wawerval (10, 15) the original reduces to

Jobs Ay S1 Tiio Ap S Tiols A Ss Wi
1 3.2 0.6 2 0.8 0.7 2 1.2 0.6 4
2 3.6 1.4 1 1.2 1.8 1 1.6 1.2 3
3 7.6 1.2 2 1 1.2 2 3.0 1.2 2
4 3.0 2.1 3 5.8 0.3 3 0.8 0.5 1
5 1.4 0.4 4 6.2 0.6 1 6.8 0.8 5
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Table 8: The In-Out flow table for the modified eduling problem is

Jobs| Machine M| T;;_, | Machine M | T, 3 | Machine My | w;
[ In — Out In — Out In - Out
3 0.0-7.6 2 9.6 —10.6 2 126-156 |2
2 8.8-124 1 13.4-14.6 1 16.8-184 |3
5 13.8-15.2 4 19.2-254 1 264-332 |5
4 15.6 — 18.6 3 26.0-31.8 3 348-35%56 |1
1 20.7-23.9 2 32.1-32.9 2 36.1-373 | 4
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