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Abstract. In this paper, we present the different methodsdtve fuzzy sequencing

problem using fuzzy technological values like tagdal fuzzy numbers. The procedure
adopted was the fuzzy sequencing problems are »déédz using ranking functions and

hence solving the crisp sequencing problem by sta@hdequencing algorithm for

obtaining the optimal sequence and minimum conutetime in terms of fuzzy values

which is illustrated with numerical examples antlisons.
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1. Introduction

Operations research is a problem solving and aectisiaking Science. Modeling is the
essence of operations research. Formulating alrhetfeus to convert the complexities
and uncertainties of a decision making problem tmgical model which is open to
formal analysis. It also involves the applicatiohsoientific tools for finding optimum
solution to the problem involving the operationsg$tem.

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

Sequencing have been most commonly encounterecbifugtion shops where
different products are to be processed over vaioushinations of machines.

The complicated real life situations are defineddmms of impressions which
was overcame by Zadeh with a powerful tool of fudata. Thus fuzzy sequencing
problem plays a vital role in formulating the urte@rty in actual environment.

This paper is framed as follows section2:Basic riéfins and preliminary
results, section 3:Application of ranking functiot® solve Fuzzy sequencing
problem(FSP) , section 4: Numerical examples ilatetl with solutions and section 5:
conclusion.
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2. Preliminaries
Basic notations and preliminary results are retefrem [1,2,3]

Definition 2.1. A fuzzy setA={(x, Ha(X)): xeX} is defined for %X with respect to the
membership functionjwherepsis defined byt 4: X—[0,1]

Definition 2.2. A fuzzy number A where A = (a,b,c,d) is callépezoidal fuzzy

number if its membership function is given by
o (x—a)
Ma = (b—a)’ a<x<bh

1 ,kEx<c

(x=¢c)
o ' CSX< d

Definition 2.2.1. The ranking function of trapezoidal fuzzy number A = (a,b,c,d) is
_ 2a+2b+d-c

given byR(A) = =—"""" whereA=(a,b,c,d)

4

Fuzzy arithmetic operations 2.2.2
Let A=(a,b,c,d) and=(e,f,g,h) then
1. A® B=(ate, b+f, ct+g, d+h)
2. A© B=(a-e, b, c-g, d-h)

3. Application of ranking functions to solve fuzzysequencing problem
3.1 Algorithm for solving fuzzy sequencing problem
3.1.1 Processing ‘n’ jobs through two machines
The simplest possible fuzzy sequencing decisioblpro is that of ‘n’ jobs two machine
fuzzy sequencing problem is to determine the sempuém which ‘n’ jobs should be
processed through two machines so as to minimié¢otal elapsed time T. This type of
problem can be completely described as :

ionly two machines A and Bre involved

iijeach job is processed in the order AB, and

iii) the expected fuzzy processing time=Aa ,b, ¢;,d) and

B=(%, Y, Z, W ) where i= 1,2,3...n are known as given below:

job J1 J2 3 L &
Ai (al lbl, Cl ,dl) (@ lb2, C2 !dZ) (Q !b3, C3!d3) """ (a1 ,bn, Cn,dn)
B (%, Y1, z,W1) (2 Yo, 2W2) (%, Y3, Z3,W3)... (% + Yn 1 Zn,Wp)

The procedure for the solution of the above probiedescribed as follows:

Step 1: using ranking function the fuzzy sequeng@ngplem is defuzzified into crisp
sequencing problem

Step 2: the optimal sequence for the crisp sequgrmioblem is determined using crisp
sequencing algorithm

Step 3: After finding the optimal sequence as dtateove, the total elapsed fuzzy time
and also the fuzzy idle times on machines A aratédetermined as follows:
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Step 4Total elapsed fuzzy time= the fuzzy time between starting the first jobthe
optimal sequence on machine A and completing tsiejdd in the optimal sequence on
machine B

Step 5Fuzzy idle time on machine A= (fuzzy time when the last job in the optimal
sequences is completed on Machije-B( fuzzy time when the last job in the optimal
sequence completed on machine A)

Step 6Fuzzy idle time on machine B= ( fuzzy time when the first job in the optimal
sequence completed on machine A )Y¥_,[(fuzzy time whenk™ job starts on
machine B — ( fuzzy time k — Bjob finished on machine)B

3.1.2 Processing ‘n’ jobs through three machines
This type of problem can be completely descrited a

i)only two machines A, Bind Care involved

ii)each job is processed in the order@B

iii) no passing of jobs is permitted , and

iii) the expected fuzzy processing time=Aa b ¢,d) ,Bi= (. ¥i, z,W; ),
C= (e, fi, g;) where i= 1,2,3...n are known as given below:

job J1l J2 J3 . Jn

Ai (a,byc,dh) (a,b,,C20) (8,03 C3,0) ... (8 ,bn,Cadh)

Bi (%, Vi, z,W1) (2, Y2, 2W2) (%, Y5, Z3,Ws) .. (% Yn1ZnWh)
G (&, fyguh) (&,f2 g2 (&,f3093h) ... (&, frn gnha)

The procedure for the solution of the above probiedescribed as follows:

Step 1: using ranking function the fuzzy sequen@ngplem is defuzzified into crisp
sequencing problem

Step 2: the optimal sequence for the crisp seqognmioblem of Processing ‘n’ jobs
through three machines is determined using crigpesgcing algorithm.

The resulting optimal sequence will also be optirf@l the original problem of 3
machines and n jobs. The total elapsed fuzzy timé @so the fuzzy idle times on
machines A ‘Band Care determined as follows:

Step 3Total elapsed fuzzy time= the fuzzy time between starting the first jobthe
optimal sequence on machine A and completing tsiejdéd in the optimal sequence on
machine C

Step 4Fuzzy idle time on machine A= (fuzzy time when the job J1 is completed on
Machine G — ( fuzzy time when the last job is completechtachine A )

Step5Fuzzy idle time on machine B= ( fuzzy time when the first jolBis completed
on machine A ) &7_,[(fuzzy time when k" job on machine B-

( fuzzy time out for (k — £jjob on machine | + [fuzzy time last job is completed on C
— fuzzy time last job is completed of B

Step 6Fuzzy idle time on machine C < fuzzy time when the first joi8% completed
on machine B + X7_,[(fuzzy time when k™ job on machine -

( fuzzy time out for (k — £job on machine .

3.1.3/ Processing ‘n’ jobs through m machines

This type of problem can be completely descrited a
i)there are n jobs denoted by J1,J2,J3,....Jn teedenmed
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ijeach job is processed through m machings® , As,..A, in the order AA,
A, A,

iii) no passing of jobs is permitted

iv) the expected fuzzy processing time are knosvgieen below:

Job machine fuzzy time for n jobs and m machines

N ~ Machines B B

Ag A A . An
‘Jl (al 1bl1 1C llldll) (&.2 1b12 1C 12:d12) (al3 1bl3 1C l3ldl3) """ (a_-m 1blm uolm,dlm)
J2 (81,01,C21,tb1) (&2,022,Co00h0) (B3 ,023,C050k3) ... (@m ,bom ,Com, tom)
J3 (81,031,C31,051) (8s2,052,C32,0k7) (&3,D33,C33,0k3) ...... (8m ,b3m ,C 3m )
Ji (& ,b1,Cin,d1) (2,b2,Ci2,d) (& ,bs ,Gs,03) ... (@ ,Bm ,Cim,Cim)

The procedure for the solution of the above probiedescribed as follows:

Step 1: using ranking function the fuzzy sequen@ngplem is defuzzified into crisp
sequencing problem

Step 2: the optimal sequence for the crisp sequgnmioblem of Processing ‘n’ jobs
through m machines is determined using crisp segijngmlgorithm.

The resulting optimal sequence will also be optifioalthe original problem. The total
elapsed fuzzy time and also the fuzzy idle timesnaghines are also determined

4. Numerical examples illustrated with solutions usg trapezoidal fuzzy numbers

4.1 Type | : Fuzzy Sequencing for 5 jobs on 2 macies

Example 1. A book binder has one printing press, one bindiaghine and manuscripts
of a number of different books. The time requiredperform the printing and binding
operation for each book are shown below. We wisliddgtermine the order in which
books should be processed, in order to minimizedta time(in hrs) required to turn out
all the books

Books: Bl B2 B3 B4 B5
Printing time: :(8,10,12,16) (2,2,2,2) 6(18,20,24) (4,6,8,12) (18,20,22,26)
Binding time: :(2,4,6,10) (10,12,16,20)(12,14,16,20) (14,16,18,22) (6,8,10,14)

Solution:

Using ranking function for trapezoidal fuzzy numbgiven fuzzy sequencing
problem is converted in crisp problem and the oatisequence is obtained by standard
sequencing algorthim

The sequence of the books is given by

|B2 [B4|B3|B5|B1|
The fuzzy optimum time for completing all the boaksd the idle time for printing and
binding is given in the following table:
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Book Printing Printing Binding Binding Idle time Idle time
for printing | For binding
In time Out time In time Out time
B2 (0,0,0,0 (2,2,2,2 (2,2,2,2 (12,14,18,22 (2,2,2,2
B4 (2,2,2,2) (6,8,10,14) (12,14,18,22)  (26,30,3p,44 -
B3 (6,8,10,14) (22,26,30,39 (26,30,36,44) (38,4465 -
B5 (22,26,30,3¢ | (40,46,52,6< | (40,46,52,64 | (46,54,62,7¢ - (2,2,0,0
Bl (40,46,52,64)| (48,56,64,80) (48,56,64,80) (5F600) (2,4,6,10) (2,2,2,2)
Total (2,4,6,10 (6,6,4,4

The optimum (minimum) time required to turn outtak books i$50,60,70,90hrs
The idle time for printing i$2,4,6,10)hours
The idle time for binding i§6,6,4,4)hours

4.2. Type ll : Fuzzy Sequencing for 5 jobs on 3 manes
Example 2.

Job :

J1

Machine A: (2,6,8,12)
MachineNB (2,2,2,2)
Machine C (3,3,3,3) (

Solution:

J2 J3 J4 J5
(4,8,10,14) (4,68,1 (6,10,12,14) (2,6,8,12)
(1,1,1,1) A® (2,6,8,12) (3,3,3,3)
4,8,10,14) (2,6,8,12)(4,6,8,12)  (4,8,10,14)

Using ranking function for trapezoidal fuzzy numbmgiven fuzzy sequencing

problem is converted in crisp problem and the ogtisequence is obtained by standard
sequencing algorthim
The sequence of the jobs is given by

[Jz [JE[J4]32]J1]

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

Job Machine A Machine A Machine B | Machine B Machine C Machine C
In time Out time In time Out time In time Out time
32| (0,0,0,0) (4,810,14) (4,8,10,14) (5,91115) Ba5) (9,17,21,29)
JE | (4,8,10,14 (711,14,1€ | (6,14,18,2€ | (9,17,21,2€ | (9,17,21,2¢ | (13,25,31,4%
J4 | (6,14,18,26) | (12,24,30,42) (12,2430,4D) (18864) | (14,30,38,54)| (18,36,46,66
J3 | (12,24,30,42)| (16,30,38,54)  (16,30,38,54)  (18&64) | (18,34,44,64)| (20,42,54,78
J1_ | (16,30,38,5¢ | (18,36,46,6¢ | (18,36,46,6¢ | (20,38,48,6¢ | (20,38,48,6¢ | (23,45,57,81
Idle time Idle time Idle time
A B C
- (4,8,10,14 -
- (1,5,7,11 (5,9,11,15
- (3,7,9,13 -
- (2,0,0,0 (1,5,7,11
(5,9,11,15 | (0,2,2,2 -
(3,7,11,15 -
Total (5,9,11,15 | (13,29,39,5¢ (6,14,18,2¢
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The optimum (minimum) time required to finish dlktjobs i923,45,57,81) hours
The idle time for machines A (§,9,11,15hours

The idle time for machines B (13,29,39,5%)ours

The idle time for machines 18 (6,14,18,26hours

4.3. Type lll : Fuzzy Sequencing for 4 jobs on 5 n&hines

Example 3. Machine
A B C D E
Jl (6,10,12,16) 8(20,14) (2,4,6,10) (2,6,812) (8,12,14,18)
Job J2 (6,8,10,14) (6,81) (4,6,8,12) (4,8,10,14) (10,12,16,20)
J3 (4,8,1014) (4,68 (4,8,10,14) (6,810,14) (8,10,12,16)
J4 (8,10,12,16) ,6(8,12) (2,4,6,10) (2,4,6,10) (6,8,10,14
Solution:

Using ranking function for trapezoidal fuzzy numigiven fuzzy sequencing problem is
converted in crisp problem and the optimal sequénobtained by standard sequencing
algorithm
The sequence of the jobs is given by
131 [Jz]Jz2]04]
The fuzzy optimum time for completing all the jobad the idle time for the two
machines is given in the following table:

Jo | Machine A Machine A MachineE MachineE Machine € Machine €
b
In time Out time In time Out time In time Ouimig
J1 (0,0,0,0 (6,10,12,1€ (6,10,12,1€ (10,18,22,3C (10,18,22,3C (12,2228,4C
J3 | (6,10,12,16) | (10,18,22,30] (10,18,22,30) (18@42) | (14,.24,30,42)| (18,32,40,56
J2 | (10,18,22,30)] (16,26,32,44) (16,26,32,44) (22,38) | (22,34,42,58)| (26,40,50,70)
J4 | (16,26,32,44)] (24,36,44,60) (24,36,44,6D) (26222) | (26,42,52,72)] (28,48,60,84
Job | Machine C Machine T MachineE MachineE
In time Out time In time Out time
(12,22,28,4(C (14,28,36,52 (14,28,36,52 (22,40,50,7C
J1
Jz (18,32,40,5¢ (24,40,50,7(C (24,40,50,7( (32,50,62,8¢
Jz (26,40,50,7( (30,48,60,8¢ (32,50,62,8¢ (42,62,78,10¢
J4 (30,48,60,8¢ (32,52,66,9¢ (42,62,78,10¢ (48,70,88,12(
Idle time Idle time Idle time Idle time Idle time
A B ¢ D E
J1 - (6,10,12,1€ (10,18,22,3C (12,22,28,4(C (14,28,36,52
J3 - (-26,-4.8,30) (-34,-4,12,42) (-46,-10,10,48)
Jz - (-26-4,8,30 (-34-6,10,40 (-44-10,10,46 -
4 (2434,44.60)| (-34,-6,10,38) (-44,-8,8,46) -
(-24,18,46,94)| (-36,10,40,94) (-46,4,36,88))
Total | (24,34,44,60) | (-78,18,76,78) (-130,10,88,240)(-112,12,86,216) | (-32,18,46,100

The optimum (minimum) time required to finish @ik jobs is48,70,88,120ours
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The idle time for machines A 4¢,34,44,6(Mours
The idle time for machines B (-78,18,76,78hours
The idle time for machines i§ (-130,10,88,240mours
The idle time for machines B (-112,12,86,216jours
The idle time for machines is (-32,18,46,100ours

5. Conclusion

Fuzzy sequencing problem is solved by classicatcgmin after defuzzification , which is
easy to understand , helps to formulate uncertaméagctual environment and also serves
as application for the decision makers in realdifaation.
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