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Abstract
This paper studies two stage flow shop producsicmeduling problem to minimize the rental costamd
the specified rental policy with weightage of jobhe processing time and set up time are associaitd
probabilities. The concept of breakdown intervahmdchines is also included and the jobs are takensdtring of
disjoint job blocks. Further the jobs are given gitdges. The objective of the study is to find &godthm to
minimize the rental cost of machines under the ifipdcrental policy with breakdown interval and irsy of
disjoint job blocks. Algorithm is justified by numieal illustration.
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Introduction

In flow shop scheduling the objective is to
obtain a sequence of jobs which when processed in a
fixed order of machines, will optimize a well dedth
criteria. Various researchers have done a lot akvio
this direction. Johnson(1954) gave a procedurebtain
an optimal sequence for n-jobs two-three machitms f
shop scheduling problem with an objective of
minimizing the makespan. The work was developed by
Ignall & Scharge(1965) , Bagga (1969) , J.N.D
Gupta(1975),Maggu&Dass(1977),Yoshida&Hitomi(197
9),SinghT.P(1985),ChanderSekharan(1992),Anup(2002),
Gupta Deepak(2005) etc by considering various
parameters. Narain(2005) studied a problem to oldai
sequence which gives minimum possible rental cost
while minimizing total elapsed time under pre defin
rental policy. Singh T.P & Gupta Deepak(2006) stddi
two stage flow shop scheduling problem to minintize
rental cost by associating probabilities with the
processing time. Gupta Deepak & Sameer Sharma(2012)
studied two stage flow shop problem to minimize the
rental cost by associating probabilities with psxieg
time and set up time and further they used the eyunef
breakdown interval and job block. The study made by
Gupta Deepak & Sameer Sharma(2012) is extended in
the present paper by using the concept of a siing
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disjoint job blocks and the concept of weightaggobfs
to solve further complex problems.

Practical Situation

Various practical situations occur in real life
when one gets the assignments but one does nothigve
own machines or does not have enough money toHsuy t
machines.Under such conditions one can take the
machines on rent in order to complete the
assignments.Also this paper is very important farse
fields where priority of one job over another is
considered.Also some time,machines are not availabl
due to any reason.So the concept of breakdownvailter
is also included. The temporal lack of machine
availability is known as breakdown(due to failuré o
electricity,lack of raw materials etc).Before 1954,
concept of breakdown had not considered by any
author.In  1954,Johnson considered the effect of
breakdown interval..Also during the production mss,a
foreman takes a certain time to set up a particular
machine for the processing of a particular job &mat
particular time is called set up time.So that isyvthe
concept of set up time is also taken in an accohet.
concept of weightages of jobs is also included.\eige
given to a particular job shows its relative impoxe
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among all the jobs in the group.A weightage fadtor
assigned to each job,Which will denote its impactan
among all the jobs during the production process.

Notations

S : sequence of jobs1,2,3.......

M;: machine j, j=1,2,

A; : processing time of ith job on machine A

B;: processing time of ith job on machine B

A; : expected processing time of ith job on machine A
B; : expected processing time of ith job on machine B
pi : probability associated with the processing ténef
ith job on machine A

g : probability associated with the processing tBnef
ith job on machine B

S” : set up time of ith job on machine A

S® : set up time of ith job on machine B

r; : probability associated with'S

s : probability associated with’S

A : expected processing time of ith job on machine A
after considering the effect of breakdamterval
Bi : expected processing time of ith job on machine B
after considering the effect of breakdown interval

S : optimal string before considering the effect of
breakdown interval

S : optimal string after considering the effect of
breakdown interval

¢ : rental cost per unit time of machine j.

Assumptions

We assume that all the machines are taken on
rent as and when they are required and are retuaaed
when they are no longer required.Under this policy
second machine is taken on rent at a time whenjdibs
completes its processing on first machine.

1) Jobs are independent to each other.

2) Machine breakdown interval is deterministic,i.e.
the breakdown interval is well known in
advance.

3) Once a job started on a machine ,the process on
that machine can not be stopped unless the job
is completed.

Rental Policy
Machines are taken on rent as and whenahey
required and are returned as and when they are
no longer required,i.e first machine will be tal@mrent
in the starting of the processing of the jobs aacoad
machine will be taken on rent after the completan
first job on ist machine.
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Problem Formulation
Let n jobs are to be processed on two machines

A and B under the specified rental policy.Letb® the
processing time of " job on f' machine with
probabilities pand ¢ be the set up time of jjob on £
machine with probabilitiesr;.Similarly for machine
B.Our aim is to find a sequence JSof jobs so as to
minimize the rental cost.

Jobs Machine A Machine B Weights

i W
A |p | S* | |Bi|ag |S®|s

1 W,
Al | SlA Ry | B1 | Qi SlB S

2 W,
A |p |SS |R|B|a|SP|S

3 W;
Az | ps SsA R; | Bs | O SsB S;

4 W,
Az | Ps S#* | Ry | By O SP S,

5 Ws
As | Ps S* | Rs | Bs Os S° S

Algorithm
STEP 1 Define expected processing timg&B; on
machines A and B as follows
A = Axp and B = Bxqg and solve further by
considering the effect of given weights of jobs as
follows,
Compute A and A, as follows:
1, if min (A;j) = Ay for j= 1,2
. Theny A= A; + W, and
Ap = Ap
2, if min (A;)) = Agfor j=1,2.
Then;A= A; and A, =

A + W
Now find Aij = Aij /W,
i = 1,2,,,,,,,,,,,,,,,,” and j = 1,2'

STEP 2 Arrange order of jobs in an optimal way in the
job blockp by using Johnson technique.Let itfe

STEP 3 Define expected processing time of job blocks
Y andp by using technique of Maggu&Dass.

STEP 4 Using Johnson’s two machine algorithm, obtain
a sequence S while minimizing total elapsed time.

STEP 5 Prepare a flow time table for the sequence
obtained in step 4 and read effect of breakdowerwat
(a,b) on different jobs.
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STEP 6 Form a reduced problem with processing times
A’ and B
If breakdown interval has effect on job i then,

A=A +L

andB=B +L,

where L=b-a(length of interval).
If breakdown interval has no effect on job i then,

A=A

and B =B,
STEP 7 Again arrange order of jobs in an optimal way
in job blockp by using Johnson technique.Let it be K.
STEP 8 Define expected processing time of job blocks
Y and K by using technique of Maggu and Dass.
STEP 9 Now repeat the procedure to get optimal
sequence S as in step 4.
STEP 1Q Observe the processing time of first job of
above sequence and let it be P.
STEP 11 Obtain all the jobs having processing times on
A greater than P.Put these jobs one by one inittste f
position of above optimal sequence S and takeahes
order of the remaining jobs in every case.Let these
sequences be S,.S;,. .. ..... S.
STEP 12 Prepare in-out flow tables for all above
sequences(only those which contain job blwcand the
string K.Evaluate total completion time of last job
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each sequence i.e($) & tx(S) on each machine A and
B respectively.
STEP 13 Evaluate completion time CT}f first job of
each above selected sequence on machine A.
STEP 14 Calculate utilization time {Wbf second
machine for each of above sequence as &(S) —
CT(S) fori=1,2,3,.....
STEP 15 Find min{U}, i=1,2,3..... let it be
corresponding to i=m,then,3s the optimal sequence for
minimizing rental cost,
Min rental cost = {{(S)*xCy} + {U xC3} ,
where;& Rental cost of first
machine per unit time.
C, = Rental cost of second machine per unit
time.

Numerical

Consider 5 jobs 2-machine problem to minimize
rental cost. Processing time and set up time each
associated with probabilities. Let a string &8) ,where
o=(1,4) &p=(2,3,5).Alsoua is fixed and is an arbitrary
sequence. Respective weightage of jobs are givemntaR
cost per unit time of machine A is 10 and for maeHs
is 20.Find minimum rental cost.

Jobs Machine A Machine B
[ A R s ri B q s S Wi
1 6 0.2 2 0.2 4 0.2 3 0.1 1
2 6 0.2 3 0.3 6 0.2 1 0.2 1
3 4 0.1 1 0.1 3 0.3 1 0.2 2
4 5 0.3 2 0.2 5 0.2 3 0.4 3
5 8 0.2 2 0.2 6 0.1 4 0.1 2
Solution
Step 1: Find expected processing time,
Jobs A B w
1 0.9 0.4 1
2 1.0 0.3 1
3 0.2 0.8 2
4 0.3 0.6 3
5 1.2 0.2 2
Now considering the gffect of given weightagesogtn‘sj,
Jobs i A B
1 0.9 14
2 1.0 1.3
3 11 0.4
4 11 0.2
5 0.6 1.1
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Step 2: Now arrange the order of jobs®fn anoptimal way by using Johnson technique,

Jobs A B
2 1.0 1.3
3 1.1 0.4
5 0.6 1.1

So the optimal sequencefis= (5,2,3)
Step 3:Now we find A, , B, , Ag', By by maggu & Das
o AL+ A -min( A, By)
=09+11-11=09
«B By +By -min(A;, By )
=14+02-11=05
Wdo find Ay and B
tye= (5,2) so thap = (y, 3)
Now A As + A, - min(Bs , Ay )
=0.6+1.0-1.0=0.6
y BBs + B, -min(Bs , Ay )
=11+13-10=14
Se A A, +A; -min(B, , A;)
=06+11-02=15
g BB, +B; -min(B, ,A;)
=14+04-02=16
Step 4: The reduced problem is

Jobs Machine A Machine B
A 0.9 0.5
B 15 1.6

Now using Johnson technique,optimahgtis
S(B,a)=(5231,4)
Step 5: In-out table for above sequence

Jobs Machine A Machine B
5 0.0-1.6 1.6-2.2
2 20-3.2 32-4.4
3 41-45 46-55
1 46-5.8 5.8-6.6
4 6.2-7.7 7.7-8.7

Step 6: Now consider the effect of break down intervdl(g,

Jobs Machine A Machine B
1 5.9 6.4
2 1.0 1.3
3 1.1 5.4
4 6.1 5.2
5 0.6 1.1
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Step 7: Now we arrange the order of jobsfiiin an optimal way

Jobs Machine A Machihe
2 1.0 1.3
3 1.1 5.4
5 0.6 1.1

Optimal sequence is K = (5,2,3)
Step 8: Find A, and B, , A¢ , By .
A, =AC +A —min( A, By )
956.1-6.1=59
«B=Bi +By —min(A By )
46-5.2-6.1=55
Now to find.Aand B
ket (5,2) so that K=(,3)
Now A= A5 + A, —min(A; , Bs )
=06+1.0-1.0=06
yBBs +B; —min(A, ,Bs )
=11+13-10=14
SgA=A, +A; —min(As , B, )
=06+11-11=06
kB=B, +Bs —min(A; , B, )
=14+54-11=57
Step 9: The reduced problem is

Jobs A B
A 5.9 55
K 0.6 5.7

Qpél string S = (K,a) = (5,2,3,1,4)
Step 10: In-out table for above sequenceiSas follows

Jobs Machine A Machine B
5 00-1.6 16-2.2
2 20-3.2 32-4.4
3 41-45 46-55
1 46-5.8 5.8-6.6
4 6.2-7.7 7.7-8.7

Totahe on machine A=7.7
Totamhe on machine B=8.7-1.6 =7.1
Totahtal cost = (7.7x10) + (7.1x20) = 219
Step 11: Now we see that the processing time Bfi@b i.e, the very first job of optimal sequence=5(5,2,3,1,4) on
first machine is 0.6.
So other optimal sequences are given below,
S=(1,45,2,3)
$=(2,3,1,4,5)
$=(3,1,4,52)
$=(4,5,2,31)
But from these sequences onlysatisfies conditions of job blocksand K, So we reject all other sequences.
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Step 12: Now in-out table for $= (1,4,5,2,3)

ISSN: 2277-9655
Impact Factor: 1.852

Jobs Machine A Machine B
1 00-1.2 1.2-20
4 1.6-3.1 3.1-4.1
5 35-5.1 53-5.9
2 55-6.7 6.7-7.9
3 7.6-8.0 8.1-9.0

Total tirma machine A =8.0

Total tima machineB=9.0-1.2=7.8

Total rehtost = (8.0x10) + (7.8x20) = 236

Clearly S is the optimal sequence which gives the minimutaltoental cost and obeys job block restrictions,So
minimum total rental cost is 219.

Conclusion

So we conclude that the complex problems of

scheduling containing a number of variables ar® als
solvable by the well defided techniques as above.

Remark

The study can be extended by using the concept

of Transportation time.
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