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Abstract. This paper presents a branch and bound techniquloiv shop scheduling
problem with imprecise processing times, being abgective to minimize the total
elapsed time .The processing times are describetlidngular membership functions.
Job sequences are constructed with respect to tbrand bound technique by fuzzy
processing time. A numerical example is explainktbugh 3 stage flow shop
scheduling.
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1. Introduction

Scheduling problems are common in our day to dé&y di.g., manufacturing plant,

programs are to be run in a sequence at computanafement, etc. Scheduling is a
decision making process for optimally allocatingaerces. Efficient scheduling has
become essential for manufacturing firms to suniiveoday's intensely competitive

business environment.

The study of scheduling problem has attracted rekees from various fields.
Permutation flow shop sequencing problems (PFS&g} long been a topic of interest
for the researchers & Practitioners in this fi@&ecently the objective of minimizing total
flow time, total completion time if all jobs areailable for processing at the beginning,
has attracted more attention form researchersownghop scheduling, the objective is to
obtain a sequence of jobs which when processed fired order of machines, will
optimize some well-defined criteria.

The Johnson’s algorithm has also been extendedntarachines flow shop
under some structural conditions with minimizingkespan as an objective. However it
is often difficult to apply these conventional apgches to real world production flow
shop schedule. It has been shown that fuzzy apipesagsed to tackle uncertainties in
complex flow shop scheduling are very effective.
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Scheduling problems can be modeled as fuzzy syst@raach and Bound is an
exact method usually used in scheduling problenfitboptimal solutions. This method
requires three components a lower bound, an upperdand a branching strategy.

2. Literaturereview

Johnson [1] has proposed a basic algorithm forbs,jowo machine scheduling problem
with minimizing makespan. Lomnicki [3] introduceithe concept of flow shop
scheduling with the help of branch and bound metikadither the work was developed
by Ignall and Schrage [2], Brown [4] in the braraoid bound technique to the machine
scheduling problem by introducing different paraenet

Ishibuchi and Lee (1996) discussed the fuzzy flaypshcheduling problem by
taking the average high ranking concept. Singh Gngta [6] made an attempt to study
the optimal two stage production schedule in wininbcessing time and set up time both
were associated with probabilities including jobd¥ criteria.

In our work, we confine ourselves to the flow shpmblem with fuzzy
processing time of jobs. The fuzzy processing tinage described by triangular
membership functions. The objective is to minimize elapsed time using branch and
bound technique. Because of the fuzziness of psotgsimes, the obtained elapsed time
is also a fuzzy number.

Triangular membership functions are used to reptdsezy processing times of
jobs on the machines.

Definition 1. A fuzzy number & on R is said to be a triangulazjunumber or linear
fuzzy number if its membership function &=F0,1] has the following characteristics:

X
Q

——, forasx<b
b-c

ax) = ﬂ, forb<x<c
C_
0, e sawhere

The above relation shows the triangular membershigtions of a fuzzy number
P<a,b,c> which represents processing time of ajoa machine.

To deal with the same problem with fuzzy job preteg times we rank the
fuzzy processing times using their correspondingRAAverage high ranking method)
and then apply a branch and bound technique tali@@ptimal job sequence.

Average high ranking. To find the optimal sequence, the expected proogd#ine of

the jobs are calculated by using Yager's (1981yane high ranking formula (AHR) =
+ —_—
h(A)= %
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Fuzzy arithmetic operations

The following are the four operations that can bgggmed on triangular fuzzy numbers:
Let A=(ay,&,a) and B= (l,b,,bs) then

Addition: A+B= (a+hy, a+b,, a&+hbs)

Subtraction: A-B= (aby, a-b,, a-bs)

Multiplication: A X B= (Min (ab,,abs,a8b1,803), Max (aby,aibs,abi,asbs))

Division: A/B = =(Min (aby,a/bs,afby,a/bs) , Max(abi,a/bs,a/b;,a/bs)

Notations

S : Sequence of jobs 1,2,3...n

S : Sequence obtained by branch and bound technique
M;: Machine j j=1,2,3

M : Minimum makespan

a; : Fuzzy processing time df ion Machine M

A; : AHR of processing time of'ion Machine Nl

J : Partial schedule of r scheduled jobs

J’ : The set of remaining (n-r) free jobs

Assumptions:

o All the jobs are available for processing at tireeoz

Each job must be completed when started.

To make job on a second machine, it must be coagblent the first machine.
Machines may be idle

Setup times are known and are included in procgdsites

O o0oOo0o

3. Mathematical development

Consider n jobs say i= 1,2,3....n are processed mae tlnachines A, B & C in the order
ABC. A job (i=1,2,3...n) has fuzzy processing timethangular fuzzy members ah

& c;

Jcbs Machine Machine Machine
M; M, Ms

1 All A12 A13

2 A21 A22 A23

3 Az Az, Aszz

n Ant An2 Anz

Our objective is to obtain the optimal scheduleatifjobs which minimize the total
elapsed time using branch and bound technique.
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Algorithm:
Step 1: For triangular fuzzy numbers using avetdgk ranking formula find expected
processing times for machines A, B and C
Step 2: Calculate alower bound for the 3 machiakespan problem
. Li=t3,1) + ) A +ming +C)
i0j,
i, L=t(3,2) + > B +min(G)
iDjr.
i L=t(3.3) + D.C

ij .
where A, B;,C; are the processing times of tl"i‘q'db on machines A, B and C

Step 3: Calculate L= {L,L,,Ls} We evaluate L first for the n classes of perntiotss, i.e.
for these starting with 1,2,3... n respectively hgviabelled the appropriate
vertices of the scheduling tree by these values.

Step 4: Now explore the vertex with lowest labelaldate L for the (n-1) subclasses
starting with this vertex and again concentrate tba lowest label vertex.
Continuing this way, until we reach at the end lué tree represented by two
single permutations, for which we evaluate theltetark duration. Thus we get
the optimal schedule of the jobs.

Step 5: Prepare in-out table for the optimal segeenbtained in step 3 and get the
minimum total elapsed time.

4. Numerical illustration

Consider 5 jobs 3 machine flow shop problem wherecgssing time of the jobs
described by triangular fuzzy numbers as giverabiet 1. Our objective is to obtain an
optimal schedule using branch and bound technigddiading the total elapsed time.

Job: M M, M3

1 (7,8,9 (6,7,8 (3,4,5

2 (12,13,14 (56,7) (45,6

3 (8,9,10 (45,6 (6,7,8

4 (10,11,12 (5,6,7 (12,13,14

5 (8,10,12 (5,6, 7 (8,9,10
Table 1:

40



Branch and Bound Technique in Flow Shop Schedllising Fuzzy Processing Times

As per step 1 by the Average high ranking formindihg the expected processing time
of each job in fuzzy environment(a,b,c) usifsp + ¢ —a)/3.

Job: M; M, M3

1 26/ 23/z 10/

2 28/ 14/z 12/z

3 20/¢ 12/z 23/

4 24/% 14/z 28/

5 24/% 14/z 20/¢
Table2:

Step 2:
. Li=td,1) + Y A +ming +C)
i),
i, L=t(3,2) + > B, +min(G)
i0j .
i L=t(3,3) + D.C
i0j .
Calculate lower bounds using above formula LB(Jr)
For J=(1) then J(1)={2,3,4,5}
L; =49.3 ,=38.3, 3=47.3 LB(J) =Max (; , L, L3) =49.3
Similarly, we have LB(=51.7, LB(3)= 49.3...
Proceeding in this way, we obtain lower bound valag shown in table below :

J Lb(J)
1 49.:
2 51.7
3 49,8
4 49
5 49.:
41 60
42 57.¢
43 54.%
45 56.2
43t 67
431 70.7
432 68.%
435; 81
4351 83.%
Table 3:
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Thus the optimal sequence ig. $1-3-5-2-1.

Jots M, M, Ms

In Oui In Oui In Out
(0,0,0 (20,11,12 | (10,121,212 | (15,17,19 | (15,17,19 | (27,30,33
(10,11,12 | (18,20,22 | (18,20,22 | (22,25,28 | (27,30,33 | (33,37,41
(18,20,22 | (26,30,34 | (26,30,34 | (31,36,41 | (33,37,41 | (41,46,51
(26,30,34 | (38,43,48 | (38,43,48 | (43,49,55 | (43,49,55 | (47,53,61
(38,43,48 | (45,51,57 | (45,51,57 | (51,58,65 | (51,58,65 | (54,62,70

RINOWw D

As per Step 5: In out table for the optimal seqedaa@s follows:
Hence the total elapsed time: (54,62,70)

5. Conclusion

Scheduling problems results can be improved byguBianch and Bound techniques and
fuzzy processing time. This work can be extendedh whnore parameters like
transportation job, breakdown, setup time etc.eeigly in fuzzy environment.
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