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Abstract

This paper deals with a new simple heuristic atgami for n jobs, 3 machines flow shop scheduling
problem in which processing times are associateth wheir corresponding probabilities involving
transportation time, break down interval and jobckl criteria. Further jobs are attached with weigtat
indicate their relative importance. A heuristic eggch method to find optimal or near optimal seqeen
minimizing the total elapsed time whenever meanghteid production flow time is taken into
consideration. The proposed method is very easynterstand and also provide an important tool for
decision makers. A numerical illustration is al$eeg to clarify the algorithm.

Keywords: Flow shop scheduling, Processing time, Transporidiime, Breakdown interval, Weights of
job, Optimal sequence

1. Introduction

Flow shop scheduling is an important process widelgd in manufacturing, production, management,
computer science, and so on. Appropriate schedal@nly reduces manufacturing costs but alsoaeslu
possibilities for violating the due dates. Findiojgpd schedules for given sets of jobs can thus faekpry
supervisors effectively control job flow and progidolutions for job sequencing. In flow shop schiedu
problems, the objective is to obtain a sequengels which when processed on the machine will ogtm
some well defined criteria, The number of possibtdhedules of the flow shop scheduling problem
involving n-jobs and m-machines(is!)m. Every job will go on these machines in a fixedlar of
machines. Early research on flow shop problemsaseth mainly on Johnson’s theorem, which gives a
procedure for finding an optimal solution with 2 chanes, or 3 machines with certain characterisiite
research in to flow shop scheduling has drawn atgtention in the last decade with the aim tadase
the effectiveness of industrial production. Nowaysl the decision makers for the manufacturing tplan
must find a way to successfully manage resourcesder to produce products in the most efficieny wa
with minimum total flow time. The scheduling probiepractically depends upon the important factors
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namely, Job Transportation which includes loadinget moving time and unloading time, Weightage of a
job, Job block criteria which is due to priority ofie job over the another and machine break dowertalu
failure of a component of machine for a certairinal of time or the machines are supposed to thiwip
working for a certain interval of time due to somdernal imposed policy such as non supply of gtect
current to the machines may be a government palioy to shortage of electricity production. These
concepts were separately studied by various rdsercohnson (1954), Jakson (1956), Belman (1956),
Baker (1974), Bansal (1986), Maggu and Das (19@i)azaki & Nishiyama (1980), Parker (1995), Singh,
T.P. (1985), Chandramouli (2005), Belwal & Mitté&2008), Pandian & Rajendran (2010), khodadadi
(2011), Gupta & Sharma (2011) . Maggu & Das (19@i#tpduce the concept of equivalent job blocking in
the theory of scheduling. The concept is useful gigdificant in the sense to create a balance letwhee
cost of providing priority in service to the custmand cost of giving services with non-priorityhel
decision maker may decide how much to charge éxdna the priority customer.

Pandian & Rajendran (2010) proposed a heuristiordhgn for solving constrained flow shop scheduling
problems with three machines. In practical situatiadhe processing time are always not be exabtsas
been taken by most of researchers, hence, we nmadéieampt to associate probabilities with procegsin
time. In this paper, we propose a new simple héarépproach to obtain an optimal sequence withethr
machines in which probabilities are associated witbcessing time involving transportation time,
breakdown interval, job block criteria and weighif jobs. We have obtained an algorithm which
minimizing the total elapsed time whenever meansghted production flow time is taken into
consideration. Thus the problem discussed hereidervand practically more applicable and will have
significant results in the process industry.

2. Practical Situation

Many applied and experimental situations exist ur day-to-day working in factories and industrial
production concerns etc. The practical situatiory tmataken in a paper mill, sugar factory and efiinery
etc. where various qualities of paper, sugar ahcr@ produced with relative importance i.e. weight
jobs. In many manufacturing companies differensjabe processed on various machines. These jobs are
required to process in a machine shop A, B, C,ir-a specified order. When the machines on whitis |
are to be processed are planted at different pldhestransportation time (which includes loadimget,
moving time and unloading time etc.) has a sigaiftarole in production concern. The concept ofitizk
has many applications in the production situatidrese the priority of one job over the other is taketo
account as it may arise an additional cost for joling this facility in a given block. The break dowf the
machines (due to delay in material, changes iraselend tails date, tool unavailability, failureetdctric
current, the shift pattern of the facility, fluctigm in processing times, some technical interaurpgtc.) has
significant role in the production concern.

3. Notations
S : Sequence of jobs 1, 2, 3... n
S : Sequence obtained by applying Johnson’s procedlure, 2, 3, -------
M; : Machine j, j=1, 2, 3
M : Minimum makespan

a : Processing time of" job on machiné;

Pi : Probability associated to the processing tape

A : Expected processing timeiSfjob on machiné;

A] : Expected processing time iBfjob after break-down effect g machine
1;(S) - Idle time of machiné/; for job i in the sequencg

T.j_x : Transportation time o' job fromj" machine tk" machine

3l1|Page
www.iiste.org



Mathematical Theory and Modeling www.iiste.org
ISSN 2224-5804 (Paper) ISSN 2225-0522 (Online)
Vol.1, No.1, 2011

W Weight assigned td'job
L : Length of break down interval
4 : Equivalent jobs for job-block.

4. Problem Formulation

Let some jobi (i = 1,2,........ ,n) are to be processed on three mashvhe( j = 1,2,3). leta; be the
processing time off" job onj™ machine ang; be the probabilities associated wih Let T, ; |, be the
transportation time df" job fromj™ machine t&™ machine. Letw, be the weights assigned to the jobs. Our
aim is to find the sequenc{éﬁ(} of the jobs which minimize the total elapsed tiraed weighted mean-
flow time whenever mean weighted production flomsiis taken into consideration.. The mathematical
model of the given problem P in matrix form carskegted as:

Jobs| MachineM| T, , MachineM | T, 3 | MachineM | Weights
of Jobs

i a: | Pu a> Pz a3 Pis
Ay | Pua| T2 | & P2 | Tioes | 3 Pis Wy
QG | Por | Taan2 | A P | Tooaa| Qo3 P23 W2
A | Par | Taaa | 3 Pz | Taonz | g3 Pss W3
Qy | Pay | Tann2| @y Pao | Taz.z| Qus Pas Wa

n Ay | Py | Tha2 | @2 P2 | Tnzo3| & Pns Wa
(Table 1)

A WO DN PR

5. Algorithm
The following algorithm provides the procedure &aimine an optimal sequence to the problem P.
Step 1 :Calculate the expected processing tinﬂe: g xR0 i, j=1,2,3.
Step 2 :Check the structural condition
Max{A;+T 1.z} 2Min {Az T 2}
or Max{A3+'|}’2ﬂ3} =Min {A2+'|i"2ﬁ3},or both.
If these structural conditions satisfied then gstep 3 else the data is not in standard form.
Step 3 :Introduce the two fictitious machines G and H witlecessing time&; andH; as give below:
G :|A1 A2 Ta 2~ Ta :4 and H; :|A3 “A2~ T2 Ta :l
Step 4 :ComputeMinimum( G;,H;)
= If Min (G, H)=G; then defineG =G, + w; and H, =H;
= If Min (G, H)=H; then defineG =G;and H, =H;+ w;
Step 5 :Define a new reduced problem wi@ and H; where
G =G/w,H =H/w 0O1=123...n

Step 6 :Find the expected processing time of job blgek(k, m)on fictioys mactlines G and H using
equivalent job block criterion given by Maggu & Bad977). FindGgz and H 5 using

Gy = G + Gy ~min(Gyy, Hy)
Hﬁ = Hk +Hm_min(Gm,Hk)
Step 7 :Define a new reduced problem with the processingtG and H, as defined in step 5 and
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replacing job blockt= (k, m) by a single equivalent joB with processing tim@}, and H;,as
defined in step 6.

Step 8 :Using Johnson’s procedure, obtain all the sequefRdeaving minimum elapsed time. Let these

Step 9 : Prepare In-out tables for the sequen&sS,.......... ,$ obtained in step 8. Let the mean flow
time is minimum for the sequen&. Now, read the effect of break down interval lfg,on
different jobs on the lines of Singh T.P. (1985)tfte sequencs..

Step 10:Form a modified problem with processing tivﬁ,'p; i=1,23,...,nj=1,2.3.
If the break down interval (a, b) has effect onijolben
A'J. = A +L;Where L=b —a, the length of break-down intérva
If the break-down interval (a, b) has no effeci®job then
A=A
Step 11:Repeat the procedure to get the optimal sequencéhéomodified scheduling problem using.
Determine the total elapsed time.

Step 12:Find the performance measure studied in weighteaimilow time defined as

F=>w fl/i f , wheref; is flow time ofi™ job.
i1 E

6. Numerical lllustration

Consider the following flow shop scheduling problem5 jobs and 3 machines problem in which the
processing time with their corresponding probabiit transportation time and weight of jobs is gies
below:

Jobs Machine M Tii.o Machine M Tios Machine M Weights
of jobs
i a1 Pi1 a2 Pi2 a3 Pis Wi
1 50 0.1 5 20 0.4 3 40 0.2 4
2 40 0.2 3 45 0.2 2 60 0.1 3
3 50 0.2 1 40 0.1 4 35 0.2 2
4 30 0.3 4 35 0.2 5 25 0.2 1
5 35 0.2 5 60 0.1 1 30 0.3 5
(Table 2)

Find optimal or near optimal sequence when thelbdeavn interval is (a, b ) = ( 30, 35) and job& 2
are to be processed as an equivalent group jol. ddtculate the total elapsed time and mean waighte
flow time.

Solution: As per Step 1;The expected processing times for the machingsMy and M; are as shown in
table 3.

As per Step 2;Here Max{ A, +T . ;} =13, Min{A2 +T . 2} =5,
Max {Ti ;. 3+ Ag =11, Min { A, +T ,_ o} =7.
Therefore, we have
Max {A;+T 1. 5} 2Min {Az +Ta 2} and MaX{Ti,zﬂs*' Aa} =Min {Az +T o 3} :

As per Step. 3;The two fictitious machines G and H with processiimges G and H are as shown in
table 4.
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As per Step 4 &5;The new reduced problem with processing I@ﬁand Hi" are as shown itable 5.

As per Step 6;The expected processing time of job blg{R ,4) on fictious machines G & H using
equivalent job block criterion given by Maggu & Bg4.977) are

Gp = G + G, ~min(Gy, H,)=3+8-2.66= 8.3

Hp =H, +H,-min(G,,H,)=2.66+ 11- 2.66= 1
As per Step 7;The reduced problem with processing tideand H; are as shown itable 6.
As per Step 8;The optimal sequence with minimum elapsed timegudohnson’s technique is
S=5-1$-3=5-1-2-4-3.

As per Step 9 & 10;The In-Out flow table and checking the effect oédk down interval (30, 35) on
sequence S is as showrtatle 7.

As per Step 11;0n considering the effect of the break down intetkie original problem reduces to as
shown intable 8

Now, On repeating the procedure to get the optseglience for the modified scheduling problem, we ge
the sequence 5 - 2 — 4 — 3 — 1 which is optimatear optimal. The In-Out flow table for the modifie
scheduling problem is as showntable 9.

_ _28x5+(40- )= 3r( 49 1bx 1( 56 4 o 7 4
The mean weighted flow time = =31.53
5+3+2+4+1

Hence the total elapsed time is 73 hrs and the me&ghted flow time is 31.53 hrs.

Conclusion

The new method provides an optimal scheduling sespuevith 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 of gffectively to control job flow and provide a stbn

for job sequencing. The study may further be extéenly introducing the concept of setup time andaten

policy.
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Tables

Table 3: The expected processing times for the mashvi, M, and M; are

Jobs | Ax | Tiio| Az | Tiois| As Wi
1 5 8 3 8 4
2 3 9 2 6 3
3 10 1 4 4 7 2
4 4 7 5 5 1
5 5 6 1 9 5

Table 4: The two fictitious machines G and H witbgessing times &nd Hare

Jobs G, H; W
1 11 8 4
2 6 8 3
3 1 2 2
4 7 11 1
5 5 3 5

Table 5: The new reduced problem with processimg®@ and H, are

Jobs | G H

1 2.75 3

2 3 2.66

3 15 1
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Table 6: The reduced problem with processing tgiand H, are

Jobs | G H;
1 2.75 3
3 1.5 1
5 1 1.66
B | 83| 11

Table 7: The In-Out flow table for sequence S is

Jobs| Machine M| T,; , | Machine M | T, 5 | Machine My | w;
[ In — Out In — Out In - Out
5 0-7 5 12-18 19- 28| 5
1 7-12 5 18-26 29-37
2 12-20 3 26 - 35 2 37-43 3
4 20-29 4 35-42 5 47 - 52 1
3 29 -39 1 42 — 46 4 52 - 59 2

Table 8: On considering the effect of the break mawerval the original problem reduces to

Jobs As Ti1.2 Ay Tios As Wi
1 5 8 3 13 4
2 3 14 2
3 15 1 4 4
4 4 5 5 1
5 5 1 9 5

Table 9: The In-Out flow table for the modified eduling problem is

Jobs| Machine M| T,; , | Machine M | T, 5 | Machine M | w;
[ In — Out In — Out In - Out
5 0-7 5 12-18 1 19-28| 5
2 7-15 3 18 -32 2 34-40 3
4 15-24 4 32-39 5 44 - 49 1
3 24 -39 1 40 - 44 4 49 - 56 2
1 39-44 5 49 - 57 3 60-73 4
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