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Abstract

Artificial immune systems (AIS) can be defined as computational systems
inspired by theoretical immunology functions, principles and mechanism in order
to solve problems. In this study, a computational algorithm based on clonal
selection principle and affinity maturation mechanism is presented for solving the
flexible job shop scheduling problem (FJSP). Also, a variable neighborhood search
(VNS) algorithm is presented to solve FJSP. This meta-heuristic apply for solving
combinatorial optimization problems by systematic changes of the neighborhood
structures. FJSP is an extension of the classical JSP and is among the hardest
combinatorial optimization problems. In this study, FJSP is solved for three
criteria, minimum completion time of all the jobs{(,,,, ), minimum maximal
machine workload(W,,,,) and minimum total workload (). Proposed artificial
immune algorithm (AIA) is implemented on 23 benchmark problems and
compared with genetic algorithm (GA), hybrid particle swarm optimization (PSO)
and simulated annealing(SA) algorithm and hybrid tabu search(TS) and simulated
annealing algorithm by others. VNS algorithm is implemented on 53 benchmark
.problems and compared with two genetic algorithms by others. The Results show
that proposed algorithms are effective for solving FISP.
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JSP: Job shop Scheduling Problem

SA: Simulated Annealing

GA: Genetic Algorithm

TS: Tabu Search :
FJSP: Flexible Job shop Scheduling Problem
PSO: Particle Swarm Optimization

VND: Variable Neighborhood Descent
MWR: Most Work Remaining

MOR: Most number of Operations Remaining
POX: Precedence preserving Order-based crossover
PPS: Precedence Preserving Shift mutation
AIS: Artificial Immune System

ES: Evolution Strategy

" EP: Evolution Programming

GP: Genetic Programming

EC: Evolution Computation

AIA: Artificial Immune Algorithm

VNS: Variable Neighborhood Search

AL: Approach by Localization

CGA: Classic Genetic Algorithm

RE: Relative Error

LB: Lower Bound
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¥ Single machine shop




P e IS Ol oSS (F) 6,15 0 o7 Y

S0 Cmmtlien O o 5 305 35 Sste eilag alian Tar 3l 5l Olles w4 15
bC)L:-LQ&Lg_iQ(}.JuN@JALSJ\SQQJ’ alfjgjb -5Jj(-)'c!):’.ﬂm“—<i) Jl}: uwbw&bﬁ

(G AE N Ly

A5 s JUS a Llaagls 53y st cpeileg sltan Tea 1,00 5L Ollas i 4y L1550
WS o a5 ) o)l ge p S sesee S o )ls |y s el

M (0) pogos S, ¥

e Ol o S Ll el 355 cpmile g sliins 4 Taae w03 5L Ollae i 4 LIS

.J}-.; e.)u';»‘ _)L:\ ..L>; w.&lﬂ L_<._!')‘ g:,wu‘ C)gmﬂ JLgl,i.i (tt.?u‘ DL _)i'.'." C)‘)L::._v Mb-LFM

Ll oo o5 iyl 58 S a3 T Sl s dagmile (535 5 05 sl S Sl
:.5_,_.'
W, .
| sl sagaile 0
!
Wl s 53 A il Gl etle a8 s 5 el iles TS a

sl (R) o o b «(U) 5 () 0y 5 Uit

* Flow shop
' Permutation
'* Job shop

"" Open shop

‘" Parallel machines
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‘" Hybrid flow shop
' Job shop with duplicate machines

** Job shop scheduling problem




