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Although incorporating complexities and flexibilities of real world
manufacturing systems into classic scheduling problems results in
problems with greater complexity, it has immense theoretical and
practical importance due to its impressive effect on system
performance. In this research, three basic assumptions of a job shop
scheduling problem have been revised to develop a model with three
types of flexibility which fits into many cases of real manufacturing
environments;sequencing  flexibility, machine flexibility, and
processing time flexibility. In this paper, after describing the problem
and formulating it as a mathematical program, we have proposed an
efficient genetic local search algorithm to solve the problem. In the
proposed algorithm first, problem-specific elements including
population initialization, crossover, and mutation are designed for
genetic algorithm. Then, a novel local search procedure has been
developed and incorporated into genetic algorithm to enhance its
search ability. In experimental study, the performance of the proposed
algorithm to find optimal and near-optimal solutions has been
demonstrated based on some test problems which are built by
incorporating processing time flexibility into a number of problems

adopted from the literature.
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! Flexible Job Shop Scheduling Problem (FJSP)

2 sequencing Flexibility (SF)

® Alternative Process Plans (APP)

* Integrated Process Planning & Scheduling (IPPS)
® Genetic Algorithm (GA)

® Simulated Annealing (SA)

" Particle Swarm Optimization (PSO)

& Multi-Agent System (MAS)

° Ant Colony Optimization (ACO)

0 Controllable Processing Time (CPT)
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! Genetic Local Search (GLS)

2 Flexible Job Shop Scheduling Problem with Alternative Process
Plans and Controllable Processing Times(FJSP-APP-CPT)

® Flexible Job Shop Scheduling Problem with Alternative Process
Plans (FJSP-APP)
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! Shortest Processing Time (SPT)
2 Most Work Remaining (MWR)
® Approach by Localization (AL)
4 Machine Work Load (MWL)
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! pinary tournament

2 partially-Mapped Crossover (PMX)
% Cycle Crossover (CX)

* Order-Based Crossover (OBX)

® Double insertion
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! Fitness-based adaptation
2 visual Basic for Application (VBA)

Y oylods —YF ala - IYAY 010 3 gl Co v g @bio i Modl o 4 3l



oy S 0Lyl Lo yoasmo g (5 )Ll 00l ) yozs v

el il gl Al (g pr ST (Ao Fezmws p (S Jo Joo

[5] Li, X., Gao, L., Zhang, C., Shao, X., “4 review on
Integrated Process Planning and Scheduling”,
International Journal of Manufacturing Research, Vol.
5, No. 2, 2010, pp. 161-180.

[6

—_

Chryssolouris, G., Chan, S., Cobb, W., “Decision
Making on the Factory Floor: An Integrated Approach
to Process Planning and Scheduling”, Robotics and
Computer-Integrated Manufacturing, Vol. 1, No. 3/4,
1985, pp. 315-319.

[7] Lee, H.L., Jeong, C.S., Moon, C., “Advanced Planning
and Scheduling with Outsourcing in Manufacturing
Supply Chain”, Computers & Industrial Engineering,
Vol. 43, No. 1/2, 2002, pp. 351-374.

[8] Li, W.D., McMahon, C.A., “4 Simulated Annealing-
Based Optimization Approach for Integrated Process
Planning and Scheduling”, International Journal of
Computer Integrated Manufacturing, Vol. 20, No. 1,
2007, pp. 80-95.

[9] Shen, W., Wang, L., Hao, Q., “Agent-Based
Distributed Manufacturing Process Planning and
Scheduling: a State-of-the-Art Survey”, IEEE Transactions
on Systems, Man and Cybernetics, Part C: Applications
and Reviews, Vol. 36: No. 4, 2006, pp. 563-577.

[10] Leung, C.W., Wong, T.N., Maka, K.L., Fung, R.Y.K,,
“Integrated Process Planning and Scheduling by an
Agent-Based Ant Colony Optimization”, Computers &
Industrial Engineering, Vol. 59, No. 1, 2010, pp. 166-
180.

[11] Janiak, A., “Minimization of the Blooming Mill
Standstills - Mathematical Model, Suboptimal Algorithms ”,
Mechanika, Vol. 8, No. 2, 1989, pp. 37-49.

[12] Lee, C.Y., Lei, L. “Multiple-Project Scheduling with
Controllable Project Duration and Hard Resource
Constraint: Some Solvable Cases”, Annals of
Operations Research, Vol. 102, No. 1/4, 2001, pp. 287—
307.

[13]Shabtay D., & Steiner G., “A survey of scheduling
with controllable processing times” Discrete Applied
Mathematics, Vol. 155, No. 13, 2007, PP. 1643-1666.

[14] Ruiz-Torres, A.J., Lopez, F.J., Ho, J.C., “Scheduling
Uniform Parallel Machines Subject to a Secondary
Resource to Minimize the Number of Tardy Jobs”,
European Journal of Operational Research, Vol. 179,
No. 2, 2007, pp. 302-315.

[15] Ruiz-Torres, AJ., Centeno, G., “Minimizing the
Number of Late Jobs for the Permutation Flowshop
Problem with Secondary Resources”, Computers &
Operations Research, Vol. 35, No. 4, 2008, pp. 1227-
1249.

[16] Jansen, K., Mastrolilli, M., Solis-Oba, R.,
“Approximation Schemes for Job Shop Scheduling
Problems with Controllable Processing Times”,
European Journal of Operational Research, Vol. 167,
No. 2, 2005, pp. 297-319.

G g O

g5 e s Bllasil b gos ooy alas S 2agsy ol 5o
1 ol g, 5 gy a5 Slles clagle; 5 liles
lasl 28,8 13 sy 9j90 dbliso (e el slaailele
dge,d oo dae a5, aly Jao S JB o Wl
aS ol ooly lis diges Pluw jloolawl b aS ol péude 0l
ool atalys Blae 380 Oz (50,51 Gy jo L3b, Jae
Cawdy ol olal oads )5 b cdlus cozes canle Jdo a4 Ll
So s e a0 Seend BB Ol 0]
Algioo & oo gz b oosds oS5 Sy pi,68!
= sl 9yl s S5 BB Glej 5o 1) cotS L placls>
oloiing w61 5L Olaises ales 1ol ools drwg allics
Slaize ol poad (2Ll S35 slales 605,84
by, ol Vb CeaS b adyl Comer oyl
Jloel g 9oll5 5 gy (e 9z @i S ()b o5,
oy Slkil slasyal) ST L dxe Sozin 2058
@ bgye Sloeas b ol plesl &)k 5l Jow anwg wiloe
e S Joe 50 65k Lyl g JB y Je> cqjes St
(g dege whie ggeze Jed 6500 slalee 5l
Sz 2lod> o) dwgs 05 ns slagle; 5 bodle )L
5 s sl Lt 55 by el o s g
5 il o]y lagle; Jod 5l (oably sl 0 @S> Llpd ple
Olojen plaxl 5 slatws (Bjloy (Bl daolin] (o olnl>
e @iy slojr aexr Gl Blaw S Glolles

b ST slatags

&lw

[1] Garey, M.R., Johnson, D.S., Sethi, R., “The Complexity
of Flow Shop and Job Shop Scheduling” Mathematics
of Operational Research, Vol. 1, No. 2, 1976, pp. 117-
129.

[2] Yazdani, M., Amiri, M., Zandieh, M., “Flexible Job-
Shop Scheduling with Parallel Variable Neighborhood
Search Algorithm”, Expert Systems with Applications,
vol. 37, No. 1, 2010, pp. 678-687.

[3] Li, X., Gao, L., Shao, X., Zhang, C., Wang, C.,
“Mathematical Modeling and Evolutionary Algorithm-
Based Approach for Integrated Process Planning and
Scheduling”, Computers & Operations Research, Vol.
37, No. 4, 2010, pp. 656-667.

[4] Guo, Y.W., Li, W.D., Mileham, A.R., Owen, G.W,,
“Applications of Particle Swarm Optimisation in
Integrated Process Planning and Scheduling”, Robotics
and Computer-Integrated Manufacturing, Vol. 25, No.
2, 2009, pp. 280-288.

Y oylos —YF ala —IYAY 010 2 g Co i g ibuo cwidgen (Mhodl o 4 pi0



S 0Lyl Lo yoosmo g (5,Lid] 00l ) yoxs v N\ J%-+- W) PR VERN P PR JVRE UL i SRR T S IWE SRRt SV - Ay KV of

[17] Moon, C., Lee, Y.H., Jeong, C.S., Yun, Y.S,
“Integrated Process Planning and Scheduling in a
Supply Chain”, Computer & Industrial Engineering,
Vol. 54, No. 4, 2008, pp. 1048-1061.

[18] Li, X., Shao, X., Gao, L., Qian, W., “4n Effective
Hybrid Algorithm for Integrated Process Planning and
Scheduling”, International Journal of Production
Economy, Vol. 126, No. 3, 2010, pp. 289-298.

[19] Shao, X., Li, X., Gao, L., Zhang, C., “Integration of
Process Planning and Scheduling - A Modified Genetic
Algorithm-Based Approach”, Computer & Operation
Research, Vol. 36, No. 6, 2009, pp. 2082-2096.

[20] Moon, C., Seo, Y., Yun, Y., Gen, M., “Adaptive
Genetic  Algorithm for Advanced Planning in
Manufacturing Supply Chain”, Journal of Intelligent
Manufacturing, Vol. 17, No. 5, 2006, pp. 509-522.

[21] Hart, W.E., Krasnogor, N., Smith, J.E., “Memetic
Evolutionary Algorithms™ In: Hart W.E., Krasnogor N.,
& Smith J.E. (eds): Recent advances in memetic
algorithms, Springer, Berlin, 2005, pp. 3-27.

[22] Kacem, I., Hammadi, S., Borne, P., “Approach by
localization and Multiobjective Evolutionary Optimization
for Flexible Job-Shop Scheduling Problems”, IEEE
Transactions on System & Man and Cybernetics: Part
C, Application Review, Vol. 32, No. 1, 2002, pp. 1-13.

[23] Baker, K.R., Trietsch, D., Principles of Sequencing
and Scheduling, Wiley, New York, 2009

[24] Gao, J., Sun, L., Gen, M., “4 Hybrid Genetic and
Variable Neighborhood Descent Algorithm for Flexible
Job Shop Scheduling Problems”, Computer &
Operation Research, Vol. 35, No. 9, 2008, pp. 2892-
2907.

[25] Franca, P.M., Mendes, A., Moscato, P., “A Memetic
Algorithm for the Total Tardiness Single Machine
Scheduling Problem”, European Journal of Operation
Researh, Vol. 132, No. 1, 2001, pp. 224-242.

[26] Sundaramm R.M., Fu, S.S., “Process Planning and
Scheduling—a Method of Integration for Productivity
Improvement”, Computer & Industrial Engineering,
Vol. 15, No. 1/4, 1998, pp. 296-301.

Y oylods —YF ala - IYAY 010 3 gl Co v g @bio i Modl o 4 3l



