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ABSTRACT

In this paper, we present the different methods to solve fuzzy sequencing problem using fuzzy technological
values like generalized triangular fuzzy numbers. The procedure adopted was the fuzzy sequencing problems
are defuzzified using ranking functions and hence solving the crisp sequencing problem by standard sequencing
algorithm for obtaining the optimal sequence and minimum completion time in terms of fuzzy values which is
illustrated with numerical examples and solutions.
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l. INTRODUCTION

Operations research is a problem solving
and decision making Science. Modeling is the
essence of operations research. Formulating a
model help us to convert the complexities and
uncertainties of a decision making problem to a
logical model which is open to formal analysis. It
also involves the application of scientific tools for
finding optimum solution to the problem involving
the operations of system.

A sequencing problem is to determine the
optimal sequence in which ‘n’ jobs to be
performed by ‘m’ machine and various optimality
criteria like minimum elapsed time , minimum idle
time , minimum inventory cost with the given
conditions i) the order of the machine in which
each job should be performed ii) the actual or
expected time required by the jobs on each of the
machine.

Sequencing have been most commonly
encountered in production shops where different
products are to be processed over various
combinations of machines.

The complicated real life situations are
defined interms of impressions which was
overcame by Zadeh with a powerful tool of fuzzy
data. Thus fuzzy sequencing problem plays a vital
role in formulating the uncertainty in actual
environment.

This paper is framed as follows
section2:Basic definitions and preliminary results,
section 3:Application of ranking functions to solve
Fuzzy sequencing problem(FSP) , section 4:
Numerical examples illustrated with solutions and
section 5: conclusion .

Il.  PRELIMINARIES

Basic notations and preliminary results
are referred from [1,2,3].

Definition 2.1

A fuzzy set A={(X, Ma(X)): xeX} is
defined for xeX with respect to the membership
function pz where pz is defined by p a1 X—[0,1]

Definition2.2

A generalized fuzzy number A where A =
(a,b,c;w) is called generalized triangular fuzzy
number if its membership function is given by

_| we-a)
Hao = (b_a),anSb

< w ,x=b

w(x—c)

-0 ,b<x<c ,where0<w<1l.

Definition2.2.1

The ranking function of generalized triangular

fuzzy number

A= (ab,c,; w) is given by
R(A) = @ where A=(a,b,c;w)

Fuzzy arithmetic operations 2.4.2

Let A=(a,b,c;w;) and B=(e,f,g;w,) then

1. A® B=(ate,b+f, c+g,; min(wy, w,))

AO B = (a-g, b-f, c-e; min(wy, W,))

A>B if R(A)>R(B)

A<B if R(A) <R(B)

A~B if R(A) =R(B)

aprwd
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I1l.  APPLICATION OF RANKING
FUNCTIONS TO SOLVE FUzZzY
SEQUENCING PROBLEM
3.1 Algorithm for solving fuzzy sequencing
problem
3.1.1 Processing ‘n’ jobs through two machines
The simplest possible fuzzy sequencing
decision problem is that of ‘n’ jobs two machine
fuzzy sequencing problem is to determine the
sequence in which ‘n’ jobs should be processed
through two machines so as to minimize the total
elapsed time T. This type of problem can be
completely described as :
i)only two machines A and B are involved
ii)each job is processed in the order AB, and
iii) the expected fuzzy processing time A; = (a; ,b; ¢;
:wy) and Bi= (Xi , Vi, zi;w;) where i= 1,2,3...n
are known as given below:

b ) oo I
Alwbem) @hom) @hem) o (bam)
B (k71,250 (kg Y, W) 05, 93,2605) e (R, Yo, 25

The procedure for the solution of the
above problem is described as follows:
Step 1. wusing ranking function the fuzzy
sequencing problem is defuzzified into crisp
sequencing problem
Step 2: the optimal sequence for the crisp
sequencing problem is determined using crisp
sequencing algorithm
Step 3: After finding the optimal sequence as
stated above, the total elapsed fuzzy time and also
the fuzzy idle times on machines A and B are
determined as follows:
Step 4:Total elapsed fuzzy time = the fuzzy time
between starting the first job in the optimal
sequence on machine A and completing the last job
in the optimal sequence on machine B.
Step 5:Fuzzy idle time on machine A = (fuzzy
time when the last job in the optimal sequences is
completed on Machine B) — ( fuzzy time when the
last job in the optimal sequence completed on
machine A)
Step 6:Fuzzy idle time on machine B = ( fuzzy
time when the first job in the optimal sequence
completed on machine A ) +
Y7, [(fuzzy time when kK™ job starts on machine
B) — ( fuzzy time k — 1)* job finished on machine

B)]

3.1.2 Processing ‘n’ jobs through three
machines

This type of problem can be completely
described as :
i) only two machines A, B and C are involved

i) each job is processed in the order ABC

iii) no passing of jobs is permitted , and

iii) the expected fuzzy processing time A= (a,b;
o Ciawg) Bi= (X0, Vi, ziwi),

C= (e, fi, gi;w;) where i= 1,2,3...n are known as

given below:

job 1 I B In
Albiow) @bow) @hewm) . @b oW
B (oyizew) ynnw) (5w .. (%po 2 W)

C @bgw) @bhew) (Ehow) ... (enfua¥)

The procedure for the solution of the
above problem is described as follows:
Step 1: wusing ranking function the fuzzy
sequencing problem is defuzzified into crisp
sequencing problem
Step 2: the optimal sequence for the crisp
sequencing problem of  Processing ‘n’ jobs
through three machines is determined using crisp
sequencing algorithm.
The resulting optimal sequence will also be
optimal for the original problem of 3 machines and
n jobs. The total elapsed fuzzy time and also the
fuzzy idle times on machines A B and C are
determined as follows:
Step 3:Total elapsed fuzzy time = the fuzzy time
between starting the first job in the optimal
sequence on machine A and completing the last job
in the optimal sequence on machine C.
Step 4:Fuzzy idle time on machine A = (fuzzy
time when the job J 1 is completed on Machine C)
— ( fuzzy time when the last job is completed on
machine A )
Step5:Fuzzy idle time on machine B = ( fuzzy
time when the first jobJ 3is completed on
machine A ) + Y7_,[(fuzzy time when k™ job
on machine B) —

( fuzzy time out for (k — 1)* job on machine B)] +
[fuzzy time last job is completed on C — fuzzy time
last job is completed on B]

Step 6:Fuzzy idle time on machine C = ( fuzzy
time when the first job J 3is completed on
machine B ) + Y7_,[(fuzzy time when k™ job
on machine C ) — ( fuzzy time out for (k — 1)™ job
on machine C)]

3.1.3 Processing ‘n’ jobs through m machines
This type of problem can be completely

described as :

i)there are n jobs denoted by J1,J2,J3,....Jn to be

performed

ii)each job is processed through m machines Ay, A,

, A, A, inthe order AJA, A;,. A,

iii) no passing of jobs is permitted

iv) the expected fuzzy processing time are known

as given below:

Job machine fuzzy time for n jobs and m machines
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Machines
A A B, Ax
I (abucrwy) (@ biiswin) (@isbis.coiwe) ... (1100120010 W)
12 (aubynoorwn) (an bunoniwy) (anbuomws) ... (@200, 02 W)

B (apbsnesrws) (2 bancmiwn) (anbnenws) ... (@300, 03 W)

I (bucowi) (ap bocoiwn)  (@ibpcows )

The procedure for the solution of the
above problem is described as follows:
Step 1. wusing ranking function the fuzzy
sequencing problem is defuzzified into crisp
sequencing problem
Step 2: the optimal sequence for the crisp
sequencing problem of  Processing ‘n’ jobs
through m machines is determined using crisp
sequencing algorithm.
The resulting optimal sequence will also be
optimal for the original problem. The total elapsed
fuzzy time and also the fuzzy idle times on
machines are also determined

IV.  NUMERICAL EXAMPLES
ILLUSTRATED WITH SOLUTIONS

4.1 Type | : Fuzzy Sequencing for 5 jobs on 2
machines using generalized triangular fuzzy
numbers

Ex:1 A book binder has one printing press, one
binding machine and manuscripts of a number of
different books. The time required to perform the
printing and binding operation for each book are
shown below. We wish to determine the order in
which books should be processed, in order to
minimize the total time(in hrs) required to turn out
all the books

Bke Bl R B B B
Picing time: (510150) (1230)  (10202%1) (3120) (102030
Bidngine: (4%1) (510231 (U61%0) (1015260) (4810:)

Solution:

Using ranking function for generalized
triangular fuzzy number given fuzzy sequencing
problem is converted in crisp problem and the
optimal sequence is obtained by standard
sequencing algorthim.

The sequence of the books is given by

B2 |B4 | B3 |B5 | Bl |

(@i, i Wim)

The fuzzy optimum time for completing all the
books and the idle time for printing and binding is
given in the following table:

Books |  Printing Printing Binding Binding | Idle time Idle time
for printing | For binding

In time Out time In time Out time

B (0000) |23 |23 | (612260) |- 123))

B4 | (230 |GLISD) [ 612260) | (1627,50,0) |- -

B | G715 | (B2737.0) [ (1627,50,0) | (234367.0) |- -

BS | (132737,0) | BAT870) | 347671) | 21.5677:0) | - (444441)

Bl | (BAT67.D) | (2857.82.0) | 28,57820) | G16L8T.0) | (51459,1) | (49,155.1)
Total (51459.0) [ (92,7102,1)

The optimum(minimum) time required to turn out
all the books is (31,61,87;1) hrs

The idle time for printing is (-51,4,59;1) hours
The idle time for binding is (-92,7,102;1) hours

4.2Type 1l: Fuzzy Sequencing for 5 jobs on 3
machines using generalized triangular fuzzy
numbers
Ex:2

Job 01 Il I3 of! IR
Macine A: - (436:1)  (6781) (3671 (89,10:) (436;1)
Machine B:  (123:1) (LLLI) (431 (d361) 2341
Machine C: ~ (2341) (5791 (4361 (3671) (678:1)

Solution:

Using ranking function for generalized
triangular fuzzy number given fuzzy sequencing
problem is converted in crisp problem and the
optimal sequence is obtained by standard
sequencing algorthim
The sequence of the jobs is given by

[J2 |5]J]1B|Aa

The fuzzy optimum time for completing
all the jobs and the idle time for the two machines
is given in the following table:

Tob | MachineA | Machined | MackineB | MachineB | MachineC | MachineC
Tntime Outfime | Infime | Outfime | Infime Out fime
m| o) | @181 (6781) (7391) (7890) | (1L15181)
05 (@781) | QU204 | (00140 [ (5580 | (05180 | (82260
oo T | (8226 ] (m2630n) | e )
03| (821280) | (G231 [ (827310 | Ce3ise)) [ ansr) | G178
00| (B27300) | (30311) | (732370 | (834401) | GL3T48:1) | (340471)
Idle }ime Idle‘ Id.le‘
A time B time C

(6.7.8:1) (7.89:1)
(14.7:1) (-44.12:1)
(0,6,12,1) B

- (-7.19:1)
(4.820;1) | (-9,1,11;1)
(-76.19.1)
Total | (-4,820.1) | (-162566.1) | (3.1221.1)

The optimum (minimum) time required to finish
all the jobs is (33,40,47;1) hours
The idle time for machines A is (-4,8,20;1) hours
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The idle time for machines B is
hours
The idle time for machines C is (3,12,21;1) hours
4.3 Type 11l : Fuzzy Sequencing for 4 jobs on 5
machines using triangular fuzzy numbers
Ex:3 Machine
A B C D 2

I @900  (6781) GAS) @3eD) (1014121

Job 2 (789:1) (78%:1) (5671 (6781 (IL12131)

(-16,25,66;1)

Boo618D) (5671 67%1) (789:1) (9.10,111)
HOI0IL) (@S @ig) (45D (1891)
Solution:

Using ranking function for generalized
triangular fuzzy number given fuzzy sequencing
problem is converted in crisp problem and the
optimal sequence is obtained by standard
sequencing algorthim
The sequence of the jobs is given by

[J1 3332 ]34 |

The fuzzy optimum time for completing all the
jobs and the idle time for the two machines is
given in the following table:

Tob | MachineA | MachineA | MachineB | MachineB | MachineC | Machine C
Tn ime Qut time Intime | Outtime ]nﬁme Qut time
1 (0000) | (89.10:0) | (89.00:0) | (14.16.18:1) | (1416 1&:1) | (172023:1)
13 (89.10:0) | (14.16.18:1) | (14.16,18:1)| (192225:1) (92225 1)] 2529331)
1| (1416,18:1) | Q12427:1) | (212427:1)| (283236:1) | (283236:1) | (333843;1)
QU270 | (B03438:1) | (30338:1) | (343044:1) | (34 3044:0) | (3844 50:0)
Job | Machine D Machine D Machine E | Machine B
Out time In time In time In time
(1720230 | 212529:)) | 212529:1) | (BL36ALL)
B[ (252933.) | (3237421) | (323742.1) | (414753.D)
12| (333843;1) | (30.4551:1) | (4147531 | (52.59.66;1)
14| (394551;0) | (42.4956:1) | (52,59.66;1) | (59.67.75:1)
Idle time Idle time Idle time Tdle time Idle time
A B C D E
; (89.10:) | (14.16.18:1) | (172023:1) | (2.2529:0)
- (-4.28:1) (-4412:1) (-9.111:1)
. (428.1) (53111 | (9.LIL1) .
(213345.0) | (62,10,) | (9.L1L1) .
(152841;1) | (92337;1) | (31833;1)
Total | (213345:1) | (1341,69:1) | (5.4585:1) | (74379:1) | (122640:1)

The optimum (minimum) time required to finish
all the jobs is (59,67,75;1)hours

The idle time for machines A is (21,33,45;1)hours
The idle time for machines B is (13,41,69;1) hours
The idle time for machines C is (5,45,85;1) hours
The idle time for machines D is (7,43,79;1)hours
The idle time for machines E is (12,26,40;1)hours

V. CONCLUSION
Fuzzy sequencing problem is solved by
classical approach after defuzzification , which is
easy to understand , helps to formulate uncertainty

in actual environment and also serves as

application for the decision makers in real life

situation.
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