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ABSTRACT

In this paper, flexible open shop scheduling probleing modified discrete firefly algorithm(MFOSEHA) is
studied in the case of optimizing different conictmty objectives consisting of (i) make span (iaximal machine
workload (iii) total workload (iv) machine idle ten(v) total tardiness. The main constraints of fitiseduling problem are
that each operation has to be processed withoetmptve by exactly only one machine at one stagg (io ordering
constraints on operations. It is very difficultetdopt the situations where the undertakings malimgn occupation can be
performed in any request. Despite the fact thigt uthrealistic to convey out more than one taskngtparticular time. It is
non polynomial- hard problem. So its complexityriere. Because of its high complexity many reseascfuind difficult
to solve using classical optimization methods his study, firefly algorithm is embraced to takeecaf the issue in which
the machine task and operation arrangement arddthbgl constructing a correct conversion of thetiomous functions
as attractiveness, distance and movement into igskete functions. Benchmark problems are useddtuate and study
the performance of the firefly algorithm. The fimakult shows that the firefly algorithm producesdtér results than other

author’s algorithm

KEYWORDS: Flexible Open Shop Scheduling Problem, Modified cbese Firefly Algorithm, Multi-Objective

Optimization
INTRODUCTION

Booking is worried with the allotment of uncommassats to exercises with the reason of optimizirgy@mmore
performance measures. The study of scheduling dmtek to the 1950s. Investigators in operation aese industrial
designing and assembling building were defied whthissue of overseeing diverse activities takilagein a workshop.
Efficient scheduling algorithms can lower the proiilen cost in an assembling procedure and empdweeortganization to
stay in aggressive markets. Among the problemsestlty scheduling, Flexible open-shop schedulirapl@m has been
highly concentrated on by investigators in recerdrg. The problem was first studied by Teo fildG®nzalez and Sartaj
sahi in 1976. It is well known that this problemmisn deterministic polynomial-time (NP) hard. Thassical OSP consists
of scheduling a set of jobs on a set of machingis il objective to minimize a certain criterionbgct to the constraints
that each job has a specified processing ordeugfr@ll machines where are fixed and known in adeaim theoretical
computer science and operation research, The dpmm-scheduling issue (OSSP) is a booking issuehithwa given
arrangement of employments should each be prepgaragiven amount of time at each of a given setnafchines in an
arbitrary order, and the goal is to determine ime tat which each job is to be processed at eachimes (1).
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More precisely, the input to the open —shop sclieguybroblem consists of a set of n jobs, anothérogen
machines, and a two-dimensional table of the amofitime each job should spend at each work stgpossibly zero).
Each job may be processed only at one machindiea and each machine can process only one jaltiate. However,
unlike the job shop problem in order in which thlegessing steps happen can very freely. The gadalassign a time for
each job to be processed by each machine, sovtbgbbs are assigned to the same machines at the e, no job is

assigned to two machines at the same time, ang @eis assigned to each machine for the desingaliait of time.

The flexible open shop scheduling problem (FOSSPan extension of the classical OSSP that allows an
operation to be processed on any machine from aengset of alternative machines. This kind of schieduproblem
reduces machine constraints, and enlarges searsboge of practicable solutions. It is closer te thal manufacturing

situation (2).

FOSSP is more complex than classical OSSP becduttee mdditional need to determine the assignmént o

machines for each operation.

A meta-heuristic approach for solving the flexiblgen shop scheduling problem (FOSSP) is more cosiyie
hard problem. This problem consists of two sub fenmis the routing problem and the sequencing prolalrthis among
the hardest combinatorial optimization problemse Thuting sub problem assigns each operation tachime among a
set of capable machines. The sequencing sub prablatves sequencing the operation assigned tengehines in order

to obtain a feasible schedule that minimizes piaddfobjectives
LITERATURE SURVEY

Most researches have been done on FJSP and seathadds that include integrated approach and luieica,
have been developed to solve FISP. Most of themds&JSP has been concentrated on single objedtiwe. However,
more than one objective must be considered simedtagly in the real life situation and these objedioften conflict with
each other. In this paper, flexible open shop salimg problem with five objectives (21) are takérhe open shop
scheduling is similar to the job shop schedulingezt that a job may be processed on the machinasyirsequence the
job needs. FOSSP is the hardest combinatorial g@tion problems in the branch of production schieduNow a day’s
biologically inspired algorithms are becoming pofukin modern numerical optimization especially fille NP hard

problems. This paper aims to introduce the newlyimdgorithm.

Adil you if, (9) considered the scheduling jobs gnd computing using firefly algorithm. He used iefnt
solution than min-max and max-min heuristics in ynaoheduling scenarios. Saeed yaghoubi,(12) adshietse multi
objective project scheduling under resource coimfraising under resource constraints using firafgorithm. He solved
with limited resources (RCPSP) modeling and Metarilséc algorithm of firefly worm and the resultsere compared
with NSGA Il algorithm. The results give bets perfance in solving proposed problems of RCPSP ant ohjective
RCPSP. Iztok fister,(19) considered a comprehengvew of firefly algorithm in order to use thegatithm to solve
diverse problems. He modified or hybridized thegimil firefly algorithm. Xin-she yang (1) investigal about firefly
algorithms for multi model optimization. He compaduthe FA with other Meta heuristic algorithms sashparticle swarm
optimization (PSO).
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Haomiao Li, presented firefly algorithm on multijebtive optimization of production scheduling systeHe
proposed FA to solve the production schedulinglfirsuch complex combinatorial optimization probkenXin-she yang,
Xingshitte(14), explained about firefly algorithracent advances and applications. They concludedMita heuristics
such as firefly algorithm are better than the optirmtermittent search strategy. They also analysésand their
implications for higher-dimensional optimizationoptems. Alireza khatami,(10) addressed an efficfeafly algorithm
for the flexible job shop scheduling problem. Thelopted two optimization techniques including hamgneearch (HS),

algorithm and firefly algorithm for flexible job sp scheduling problem.

Aphirak khadwilard, (9) investigated an applicatiohfirefly algorithm and its parameter setting fob shop
scheduling. He designed and conducted computatedqmdriment using five bench marking JSSP datdisetsa classical
OR-library. Dinakara Prasad reddy. P,(7) considenecpplication of firefly algorithm for combinedaomic load and
emission dispatch. They proved that FA is easilyrtplement and much superior to other algorithmteims of accuracy
and efficiency. K.C.Udaiyakumar (11) investigatedagplication of firefly algorithm in job shop schding problem for
minimization of make span. He used FA to find thekenspan minimization using 1-25 Lawrence problesi& bench

marking from a classical OR-library.

Surafel Luleseged Tilahun, considered firefly aiton for optimization problems with non continuoeriables.
S.Karthikeyan, (16) explained a hybrid discreteffir algorithm for multiobjective flexible job shogcheduling problem
with limited resource constraints. Song Huang, assied multi objective flexible job shop schedulprgblem using
modified discrete PSO. They evaluated using Kaagstances and Brdata instances. S.V.Kamble, (219idered hybrid

multi objective particle swarm optimization forxfible job shop scheduling problem.

FOSSP PROBLEM FORMULATION

Problem Description

The open shop scheduling problem (OSSP) in whiglven set of jobs must each be processed for ggetmof
jobs must each be processed for given amountsefdit each of a given set of workstations in aasdertive request and
the objective is to decide the time at which eactupation is to be processed at each work stafiba.problem was first
studied by Teofilo F Gonzalez and Sartaj SahniQn6l (29)

In flexible open-shop scheduling problem a set s 4, J... Jn has to be processed on a set of m machines M
M. Mm. Each job J(1<i < n) consists of a sequence gpbperations. Each operatior) Qi=1,2,...n ; j=1,2...n) of job (J
) can be processed by one machingirMhe set of correct machines; MK denotes the processing time of operatign O
on machine k M; (16).

The processing of a job on a machine is denoteainagperation and order in which the operation gfbaor
processed on the machines is immaterial that imrdering constraints on operations. It is veryidifft to adopt the
situations where the tasks making up a job candofpned in any order. Even though it is not pdssib carry out more
than one task at any particular time. It is nonypomial-hard problem so its complexity is moreslbne of the important
method of scheduling, the routing of each job igauthe scheduler (i.e. it is open ) that meartkéfe is a job waiting for
processing when a machine is free, then that madkinot allowed to remain idle. The open-shop duatlieg is flexible so

this bound is typically attained.
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The main purpose of FOSSP is commonly used totfiecbest machine schedule for serving all jobsritento
optimize single criterion / objective or multi-sch#ing objectives they are also known as open spegormance

measures such as the make span minimization or fltsatime or the mean tardiness or earliness[6éic.
ASSUMPTIONS
The following assumptions and Constraints are etswsidered [11]

* Jobs are released at time O and machines are laleadttime O

* Job has the same priority.

» Jobs descriptions are known in advance.

* There is no priority restriction among operatiofslifferent jobs.

* No preemption is possible.

e Process time includes set up time as well.

» Operations cannot be disturbed.

* Machines cannot process the parallel job at a time.

* Ajob can be processed only once at a stage.

» Every job can be processed by not more than aesingtchine at a time.
CONSTRAINTS

In this model, no wait constraints is assumed amlassumed that enough buffer space is madeablaijust in
case

In general, the constraints used in flexible opleopsscheduling are [7]
e Each machine can perform only one operation ahe.ti
e Completing time for the job.
» Every machine can process only one job at a time.
* Ajob can be moved in any order.
» No ordering constraints on operations.

Most of optimization techniques have been appliesaive the FOSSP. Classical methods based on maticel
model or numerical search such as branch and bd@d[11]. And lagrangian relaxation which canassthe optimum
solution these methods have been effectively aficiagitly used to solve FOSSP even though theséodstare used for
moderating-large problem size (10x10) and to s6i@SSP but it may consume high computational tinseueces and
therefore there is a computational limitation eXi®,20,21 ]. Recently a large size of FOSSP haentsolved by an
approximation optimization methods or Meta hewsstfor example Taboo search [7] and simulated aime[8]) these

methods usually follow stochastic steps in theirdtive or search process.
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For example, FOSSP with three jobs and four mashimahown in table 1, the numbers in the tablsgnethe

processing time of operations and symbol ‘- melesoperation cannot be processed on the corresmpnthchine.

Table 1: An Example of 3 —Jobs 4-Machines SchedutinProblems Processing Times [4]

Job | Operation Machine (M)

(OCw) M, M, M3 M4

Ou 3 : : 5

3 Ow, 4 8 : 3
O, ; 5 ; 7

Oy ; - 8 8

\]2 022 7 - - -
O 3 6 | 11 | 4

Osy 5 ; 9 9

% Os 7 4 5 1
Oy 4 | 10 ; 6

In this paper, the following objectives are to baimized
* Mc: Make span (ie) the maximal completion time of maekior jobs
M, Maximal workload (ie) the maximum working time spen any machine.
e My Total work load of machines, which represents & firocessing time over all Machines.
 M;: Total idle time, which is defined idle time of Manes.
e Mt: Total tardiness which is defined as lateness!us.jo

The notations used in this study are listed as¥sl

i,p - denotes of jobs i,p=1,2,...n

j,q - denotes of operation sequence

j,9=1,2,...n

k - denotes of machines k=1,2,...m

n - Total number of jobs

m - Total number of machines

O; - the j™ operation of job i

M;; - the set of available machines for the

Operation @
*  Xik - processing time of operation, On

Machine k

*  Tjx - start time of operation;Qn
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Machine k
* | k-isthe idle time of the machine Mk
e T -isthe lateness of the maching M
» P; - completion time of the operation; O
* P -isthe complete time of M
* WKk - is the workload of Mk.
Decision Variable
Qi = (1, if machine k is selected for the
operation @
0, otherwise
Our model is presented as below:
* M¢.: Make span (ie) the maximal completion time of
machines or jobs
M = max;cpem (Py)
* M, : Maximal workload (ie) the maximum working time
spent on any machine
My = Xty 711i1 k=1 Xijic Yijk
 Mj: Total work load of machines, which represents as
total processing time over all Machines.
Mp = maXickem 2oy et Xijie Yiji
 M;: Total idle time, which is defined idle
time of machines
M; = max;<x<m ()
 M;: Total tardiness which is defined as
lateness of jobs.
M, = max;cp<m(Ti)
Subject to:

Pi — R 1) < Xijk Qi =1, 2....n
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[(qu_Pij _quk)quk Xijk > 0 ] \' [ (P“ _qu_Tijk )iji Q iik > 0 ]’
v (ij), (p.a). k
Yremij Qijie=1, foralli

Equation (1) represents the minimization of maximainpletion time of the machines. Equation (2) espnts
the minimization of maximal machine work load dfthlie machines. Equation (3) ensures the mininopatif total work
load of machines. Equation (4) represents miniriapabf total idle time of machines. Equation (S5pmesents total
tardiness which is defined as lateness of jobgyuakty (6) represents the operation precedenttcaing Inequality (7)
represents that jobs can process of available mashEquation (8) ensures that one machine coukkleeted from the

set of machines for each operation. Many methods haen formulated to solve the multi objectiveirojzation.
FIRE FLY ALGORITHM

Over the last 20 years new Meta heuristic algorith®s been introduced almost every year [1]. Theraat
inspired ones have become very interesting anahdisshed. FA is one of the new swarm intelligeneethods which was
proposed by Xin- She Yang in 2008 and it is a kificstochastic, nature inspired meta heuristic dat@mn that can be
connected for taking care of the hardest streangiissues (also NP-hard problem). Now a day’s Féitsmvariants have
been applied for solving many optimization and sifésation problems. It is used in almost all thartches of engineering
areas: image processing, industrial optimizationeless sensor networks, antenna design, busimssization, robotics,

semantic web, chemistry and civil engineering.

Fire fly algorithm (FA) [1, 2] is a Meta heuristidgorithm, inspired by the flashing behavior oéflres. The Fire
fly Algorithm (FA) is a populace —based method dcdte the worldwide ideal arrangement in view ofisw insight,
investigating the foraging behavior of firefliesird=flies, which belong to the family of lampyridagre small winged
insects having ability of creating light with almia® heat and it is called a cold light. It flashies light in order to attract
mates. They are whispered to have a capacitorfigEument, that bit by bit charges until the cledge is reached, at

which they discharge the energy in the form oftliglubsequent to which the cycle repeats.

Fire fly was introduced by Xing —She Yang (2008)isIbased on the firefly bugs behavior, includthg light

emission, light absorption and the mutual attratishich was developed to solve the continuouswipétion problems.

The flashing light of fireflies is a unique to tkind of species they belong to and varies from type of species
to the other. There are about 2000 firefly spiaed most fireflies produce short and rhythmic flaShe model of flashes
is often unique for a particular species. The flaghight is produced by a procedure of biolumirerse and the genuine
elements of such flagging frameworks are still dieiga However two fundamental functions of suctsfias are to attract
mating partners and to attract potential prey.dditon, flashing may be serving as a protectivenivay mechanism. The
rhythmic flash, the rate of flashing and the amoohtime from part of the flag framework that usitboth genders.
Females react to a male’s interesting example asthihg in the same spices, while in some speciels as photuris,
female fireflies can mimic the mating flashing patt of other species so as the lure and eat the finaflies who may
mistake the flashes as a potential suitable mdte.flashing light can be formulated in a mannet ihis related with the

target capacity to be upgraded, which makes, siptesto formulate new optimization algorithms.
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When nature inspires algorithm such as particlessavarm optimization (PSO) [17] as firefly algorithare the

most power fly algorithm for optimization.

This paper focuses on yang's [2] implementatiothefFA. This algorithm is based on a physical fdenaf light
intensity L that decreases with the increase instigare of the distancé However as the distance from the light source
increases, the light absorption causes that lighbimes weaker and weaker. These phenomena cardmgated with the

objective function to be optimized. As a result base FA can be formulated as illustrated in thleviong algorithm
The development of firefly-inspired algorithm waaskd on following idealized rules [14]
» The firefly S attracts all other fireflies and t$racted to all other fireflies
e The less bright firefly is attracted and movedhe brighter one
e The brightness decreases when the distance befireitins is increased
* The brightest firefly moves randomly (no other fliess can attract it)
* The firefly particles are randomly distributed hetsearch space.

As indicated by above tenets there are two prinfacyses in firefly calculation, the engaging qualif the

firefly and the movement towards the attractiveffir [9]
Using These Rules, As Pseudo —Code of the ModifiBiscrete Firefly Algorithm
« Define an initialize parameters (S), S=(S.....&)"
» Generate initial population of fireflies Gi=1,2....m)
» Determine light intensity for;®y calculating f (9
» Define light absorption coefficient
*  While t<maximum Generation
» Make a copy of the generated firefly populationfarve function
* For i=1: mall mfireflies
e For j=1:1 all mfireflies
o If (L>Ly)

* Move fireflies i and j according to attractivenessluating new solutions and updating light intgngr next

emphasis.
 Endif
e End forj
* End fori

» Sorting the fireflies to discover the present best
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+ End while
e Begin post process on best results obtained
* Allfireflies are unisex
» Their attractiveness is proportional to their irgién
* The light intensity of a fire fly is affected andtdrmined by the landscape of the fitness function.
Characteristics of the Modified Discrete Firefly Algorithm

There are two important issues in firefly algorithitme first one is the variation of light intensiéynd the second

one is the formulation of the attractiveness.

We can assume always that the attractiveness dafeflyfis determined by its brightness which in rtuis

associated with the encoded objective function.[10]

In the simplest case for maximum optimization peohs, the brightness L of a firefly at a particdtazation S

can be chosen as
L(S) a f(S)

However, the attractivene$sis relative; it should be found according to thecator or judged by alternate
fireflies. Hence, it will shift with the distance etween firefly | and firefly j. In addition, lighintensity (L) decreases
with the separation from its source, and light dditionally caught up in the media, so we oughtp&rmit the
attractiveness to vary with the degree of absomptio the simplest form, the light intensityg{Lvaries according to the
inverse square law (d) = LJ/d? where L is the intensity at the source. For a given medith a fixed light absorption

Y

coefficientY, the light intensity L varies with the distancei@. L = L,e ™, whereL,is the original light intensity. In

order to avoid the singularity at d=0 in the expiesLJ/d? the combined effect of both the backwards sqisreand

assimilation can be approximated utilizing the awpanying Gaussian shape
Ld)=Loe™®

Where Ly is the original light intensity at the distanceOdandY is the the rules we known that in our simulation
we suppose the attractiveness of firefly is prapaoetl to the light intensity L. So we can define firefly’s light attractive

coefficientp in the similar way as the light coefficient L. i.e
B (d) =poe ™
Wherep,is the attractiveness at d =0.

In the implementation, the actual form of attraetiess functior$ (d) can be any monotonically diminishing

capacities, for example, the accompanying summeshape
B (d) =Boe ", (n= 1)
For a fixedY', the characteristic length becomes

r=Y """ 1 as now.
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Conversely, for a given length scalén an optimization problem, the parametecan be used as a typical initial
value thatisr =1 /r™

Distance

The Cartesian distance between any two fireflyd jpait S; and $respectively [8,13]

di =1l Sin- Sjn l =\/m

Where S, is the H" component of the spatial co ordinate d8the i firefly, in 2D case we have

dij = (S —5)* + (P — P)?

The movement towards attractive firefly

The amount of movement of firefly | to another mattractive firefly j is determined by
S(t+1) = SO + o™ “ (S() - SO) )+ e

Where (1) is the current location of firefly poe ™ % (S(t) - S(t) ) is due to the attraction of the fireflysda &
i a randomization with the vector of random variables

¢ ; being drawn ; so ifip = 0 then it turns out to be a simple random frofifiedent distributions such as the
uniform distribution, Gaussian distribution and kdlight. Herea is the scaling parameter that controls the stepand it
should be linked with the interests of the probl¢&<l3].

The algorithm compares the attractiveness of the fiefly position with old one. If the new positiogives
higher attractiveness value, the firefly is movedte new position; generally the firefly will staty the present position.

The end criterion of the DFA is based on an arbjitpedefined number of iterations or predefingédefss value
The brightest firefly moves randomly based on thkfving equation
S(t+1) =S () +ae;

This new Meta heuristics DFA algorithm has beenliagdby many of the researchers for tackling enbamnt

issues, dominant part of them have been definednnierical equations.

In this paper, the parameters of firefly algoritare number of fireflies (m), number of generatigasitions (G),

the light absorption coefficient, randomization parametar)( and attractiveness valug, | have been defined.
The Frame Work of Modified DFA

The modified discrete firefly algorithm (11) is eqied to obtain good performance in solving mutbjiective
flexible open shop scheduling problem. The framekvwad the modified DFA is illustrated in the follamg figure. During
the operation process, the initialization is damentfitness of all fireflies from the objective fition is evaluated. If the
stop criterion is met, the non dominated soluti®rthie optimal results. Otherwise, update lightriatly of fireflies. The

algorithm is repeated until a termination criterismmet.
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[ Generate initial population of fireflies ]

!

Evaluate fitness of all fireflies from the objective
function

( Rank the Fireflies and update the position J
1\

'

[ Update the lightintensity (fitness value) of fireflies | }

[ . Optimalresult J

Figure 1
Computational Results

In this paper, MFOSSP (DFA) is compared with samtiger algorithm. This algorithm | coded in java and

implemented on a personal computer with 3.2 GHz4BB RAM. The parameter of the discrete algoritlras follows
» Population size is set as 100 for 4X5, 200 for &€X) for 10x10, and 400 for 15x15.
»  Maximum number of generation =150
* Maximum local search iteration =100
» Attractiveness of fireflie§,=1.0
e Light absorption coefficienr'=0.1
* Randomization parameter= 1.0

In this section multiple runs on the same problsrairried out to obtain meaningful results. The NS (DFA)
is compared with some well known famous algorithimsliterature. These algorithms include “AlA” of Beri et
al(10),"SM” of Xing et al., "HDPSO” of Zhang et alHMPSQO” of S.V.Kamble et al., "MOPSQO” of Song Huget al.,
“MOGA OF Wang et al., In these issues the amouiblo spans from 10 to 20, the number of machiargeas from 4 to
20 are taken to compare other results. Which aguintly tried on as of late distributed literargrias, are utilized to

assess the legitimacy and execution?
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Table 3 lists non dominated solutions obtained H®y odified discrete firefly algorithm and severatently
published algorithms. For the 8 jobs x 8 machimsgaince, the 10 jobs x 10 machines instance afob$5< 15 machines

instance, all the solutions obtained by eight atgors are non dominated solutions.

Table 2: Comparison of MFOSSP Modified DFA to OtherAlgorithms

Size | Objective | Xing | AIA(1) | HGA | HDPSO | HMPSO | MOGA | MOPSO M('E)?:i)sp
M, 14 14 14 14 14 15 16 14
8 M., 12 12 12 12 12 11 13 11
X e 17 77 77 77 77 81 73 73
8 M, - - - - 21 - - 20
M, - - - - 19 - - 18
M, 7 7 7 7 7 8 8 7
10 M, 6 6 5 5 6 5 7 5
X e 42 43 43 43 43 42 41 41
10 M, ; - - - 11 - - 9
M, - - - - 20 - - 17
M, - 12 12 11 11 - - 11
15 M, - 11 11 11 11 - - 10
X e - 91 91 91 91 - - 89
15 M, ; - - - 20 - - 19
M, - - - - 38 - - 37

Table 3 lists non dominated solutions obtainedtiy modified algorithm and several recently puldish
algorithms. For 10 jobs x6 machines instance, th@hs x 8 machines instance, the 15 jobs x 4 mashinstance, the 10
jobs x 15 machines instance, the 20 jobs x 5 mashinstance, all the solutions obtained by fiveoatgms are non

dominated solutions.

Table 3: Performance Comparison between MFOSSP (DBAwith Other Algorithms

Objective | AIA | Xing | HSFLA | MOGA | HDPSO | HMPSO | MFOSSP (DFA)
M, 40 42 40 40 40 40 40
M., 36 42 37 36 36 36 34
MKO1 e 171 162 165 169 167 163 161
M, - - - - 33 31
M, - - - - - 72 70
M, 26 28 26 26 27 27 26
M., 26 28 26 26 27 26 24
MKO02 e 154 155 157 151 145 144 143
M, - - - - - 35 34
M, - - - - - 85 83
M, 204 204 204 204 210 204 204
M., 204 204 204 199 210 210 202
MKO03 e 1207 | 854 852 855 848 852 848
M, - - - - - 90 90
M, - - - - - 145 143
M, 60 68 62 66 61 61 60
M., 60 67 61 63 60 60 60
MKO04 e 403 372 364 345 366 365 342
M, - - - - - 85 84
M, - - - - - 121 121
VKOS M, 173 177 173 173 173 175 173
M., 173 177 173 173 173 173 172
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M1 686 702 685 683 683 682 681
M; - - - - - 80 80
M, - - - - - 111 110
M. 63 75 64 62 62 62 61
My, 56 67 55 55 58 58 53
MKO6 M1 470 431 403 424 412 412 412
M; - - - - - 75 73
M, - - - - - 94 90
M. 140 150 141 139 141 140 138
MKO7 My, 140 150 141 139 141 141 140
M1 695 717 696 693 692 693 691
M; - - - - - 45 45
M, - - - - - 52 51
M. 214 227 215 214 211 211 210
My, 203 221 210 204 207 207 203
MKO8 M+ 2121 | 1989 | 1957 2082 1998 1995 1990
M; - - - - - 98 97
M, - - - - - 143 141

CONCLUSIONS

In this paper multi objective FOSSP using modifigscrete firefly algorithm with five objectives igvestigated
to meet the real world production situation. Mostlte researchers focused with single and threectiigs. But there
exist other objectives in the real world such asimization of total idle time and total tardinessdecrease production
costs and lateness of the job. The novelty modifiesdrete firefly algorithm is used to solve the F&P with multiple
objectives. For applying ordinary firefly algorithihere we deal with discrete version of the comtiraufunction such as
movement, distance, attractiveness to find corpaddition of firefly. Experimental results show thsiFOSSP using
modified DFA gives better results as compared o dlyorithms given in literature. In future, resdears can focus on

multi objectives with some other objectives (mdrarnt 5) of FOSSP (DFA) or the fuzzy version of that.
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