Roger Z. Rios-Mercado
asmin A. Rios-Solis Editors

ust-in-Time ﬁ

Systems



Contents

Part I Just-in-Time Scheduling Systems

1

Scheduling to Maximize the Number
of Just-in-Time Jobs: A Survey .. ......... ... ... .. ... . ... 3
Dvir Shabtay and George Steiner

11 IntroduCtion .. ....couuunn i e e 3
1.2 The JIT Problem on a Single Machine .. ...................... 7
1.2.1  Constant Processing Times. . ........................ 7
1.22  Controllable Processing Times ...................... 8
1.3 The JIT Scheduling Problem on Parallel Machines ............. 10
1.3.1  Constant Processing Times.......................... 10
1.3.2  Controllable Processing Times ...................... 12
1.4 The JIT Scheduling Problem in Other Multi-machine Systems ... 12
1.41  FlowShops ...t 12
1.42  JobShopsand Open Shops ......................... 17
1.5 SUmMMALY .o 17
References . ... ... i e 19

An Exact Algorithm for the Single-Machine Earliness—-Tardiness

Scheduling Problem ......... ... ... .. ... ... ... i 21
Shunji Tanaka
2.1 IntrodUCtiOn .. .o vttt e 21
22 Problem Formulation .......... ... ... .. .. ... 23
2.2.1  Time-Indexed Formulation.......................... 23
2.2.2  Network Representation .. ...............couinnn... 24
2.3 LagrangianRelaxation ............... .. oo 26
2.3.1  Lagrangian Relaxation of the Number of Job
OCCUITENCES . . oo\ttt 26
2.3.2  Constraints on Successive Jobs ........... ..., . ... 27
2.3.3  Constraints on Adjacent Pairsof Jobs................. 29
2.3.4  Constraints on State-Space Modifiers ................. 29

vii



viii

Contents

2.4 Network Reduction............ ... .o i i
2.4.1  Network Reduction by Upper Bound .................
2.4.2  Network Reduction by Dominance of Successive Jobs. . .

2.5  Algorithm Overview

2.6.2  Improvement by Neighborhood Search ...............
2.6.3 Initial UpperBound ............. ... ... ... . ... ...
277  Numerical Experiments ......... ...,
2.8 ConClusion. ... ...t ii e
References ... ... e

Single-Machine Scheduling Problems Simultaneous with
Deteriorating and Learning Effects Under a Deteriorating
Maintenance Consideration . .. ......... ... ... ... ... ... ... ...
Suh-Jenq Yang and Dar-Li Yang

3.1 IntrodUCtiOn . ..ottt
3.2  Problem Formulation ............... ... ... .. . i,
3.3 Problem 1/p;r = (p;+At)r, ma/ T} _(0E;+ BT;+yd+8D)..

3.3.1  Preliminary Analysis............ ..o,

332 OptimalSolutions ...........c.ccoiiiiiiii ...
34 Problem 1/pj, = (pj+A1)r*, ma/Cmax -« vevnvieiniai ...
3.5 Problem 1/pj,=(pj+At)r*, ma/TC........................
3.6  Problem 1/pj,=(pj+A)r*, ma/TADC .....................
3.7 ConCluSIONS . ..ottt e e
RefereNCeS .. ot e

Scheduling Unrelated Parallel Machines with Sequence Dependent
Setup Times and Weighted Earliness-Tardiness Minimization . . . . ..
Eva Vallada and Rubén Ruiz

4.1 IntrodUucCtion ... ...ttt
42  Literature Review ............ ... . . i
4.3  Exact Mixed Integer Linear Programming Model...............
44  ProposedMethods ....... ... ... ...
4.4.1 Representation of Solutions, Initialization
of the Population, and Selection Procedure ............
442  Crossover Operator ... ...,
443 LocalSearch ......... ...
444 IdleTimeInsertion ...........ccoovviiiinnneennnn...
4.5  Computational and Statistical Evaluation......................
4.5.1  Testing the Mathematical Models .................... ‘
452  Computational Evaluation for Small Instances .........
453  Computational Evaluation for Large Instances .........
4.6  Conclusions and Future Research ............................

R erenNCes .. oot

2.6 UpperBound Computation .............. ...,
2.6.1  Lagrangian Heuristic.......... ... ccoiiviinaenn....

74



Contents

5

Mixed-Integer Programming Models for Flowshop Scheduling
Problems Minimizing the Total Earliness and Tardiness ...........

Débora P. Ronconi and Ernesto G. Birgin

51 Introduction.......... ... i
5.2 MILP Models for Flowshop with Unlimited Buffer .............
5.3  MILP Models for Flowshop with Zero Buffer..................
5.4  Numerical Experiments . .......... ... ... i,
5.5 ConcludingRemarks .......... .. ... . i
References .. ... ... . oo

Just-in-Time Scheduling with Equal-Size Jobs ...................
Ameur Soukhal and Nguyen Huynh Toung

6.1  IntroduCtion .............oiiiiiiiiiii i
6.2  Preliminary Results .......... ... ... . i
6.2.1  AssignmentProblem............ . ... . ...
6.3  Restrictive Common Due Date and Just-in-Time Scheduling . . ...
631 lpj=pdij=d|Z(GE;+BT;) ....................
6.3.2 llpj=p,d;j € D,|D| =1, lftxed|2(ajEj+ﬁjTj) ......
6.3.3 Qm|pj =p,djeD, |D|=1,1 fixed|2(ajEj+ﬁﬂ’j) R
6.4  Non-Restrictive Common Due Date and Just-in-Time
Scheduling .........co
6.4.1  Om|p; = p,d; =d, non-restrictive | Y,(¢E; + BT;) .....
642  QOm|p; = p.d; =d, non-restrictive | Y, (0;E; + B;T;) . ...
6.5  Unknown Common Due Date and Just-in-Time Scheduling .. ....
6.5.1  Job Assignment Cost Matrix for a Given Due Date. . .. ..
6.52 1lp;=p,d;=dunknown|X(0,E;+ B;Ti+yd)........
6.53  1|p; = p,dj € D,|D| < I,D unknown,! fixed|
Z(OCjEj + ﬂjTj + dej) .............................
6.54 Plp;=p,d; € D,|D| <I,D unknown,l fixed|
S(GE;+BiTi+7idj) oo
6.5.5  Additional Constraint and Not Dependmg Weights
onJobs ...
6.6  COnClUSION. .. ..ot
References . ...

No-Wait Scheduling Problems with Batching Machines. .. .. .. ... ..
A. Oulamara

7.1 IntrodUCtion ... ...... it
7.2 No-Wait Flowshop with Mixed Batching Machines .............
721  NP-Hardness ............ ... . ... ... .. ...
7.22  Equal Processing TimesonMj ......................
7.2.3  Equal Processing Timeson My ......................
7.24  ApproxXimation ................iiiiiiiin i
7.3  No-Wait Flowshop with Two s-Batching Machines .............

73.1 NP-Hardness ............. . .. i,
7.3.2  Integer Programming Formulation ...................

91

91
92
97
101
103
104

107

107
109
111
112
112
117
122



Contents

7.3.3  Lagrangian Relaxation Heuristic .. ................... 163
7.3.4  Computational Experiments ........................ 165
T4 Conclusion. . ... ... e 167
References .. ... e 167

Part IT Just-in-Time Philosophy: Interaction with Other Areas

8

10

Just-in-Time Scheduling in Modern Mass Production

Environment . ............ .. ... 171
Joanna J6zefowska
8.1  Introduction .. ........ouiirrir e 171
8.2  Mathematical Model.......... ... ... ... .. ... ... 173
82.1 BasicModel.............. . ... .. 174
8.2.2  Just-in-Time Scheduling and the Apportionment
Problem ...... ... ... 175
83 Solution Algorithms ........... . ..o i 177
8.3.1  Minimizing the Total Deviation...................... 178
8.3.2  Minimizing the Maximum Deviation ................. 181
8.4  Multiple Parallel Machines ...............cooiiiiinineaa.... 185
84.1 TotalDeviation ..............c.covivviiinieniinn.. 186
842 MaximumDeviation ................ ... ... ... 187
8.5  ConcClusionS .. ...ttt e 189
References .. ..o e 190
Just-in-Time Planning and Lot-Sizing ....................... ... 191
Nabil Absi, Stéphane Dauzere-Pérés, and Safia Kedad-Sidhoum
0.1 Introduction...........coviuniin i 191
9.2 Setup OptiMIZAtON . . ...\t e 194
9.3 Demand Backlogs............ ... i 197
9.4  LostSalesandOvertimes............. ... ... iiiiieieinn.. 198
9.5  Time Windows Constraints and Early Productions .............. 199
9.6  Bounded Production and Inventory........................... 201
9.7  Dealing with Capacity Constraints ................c.......... 202
9.8  Integrated Lot-Sizing and Scheduling ........................ 204
9.9  Conclusion and New Research Directions .. ................... 204
References . ... 205
Strategic Scheduling Games: Equilibria and Efficiency ............ 209
Laurent Gourves, Jérome Monnot, and Orestis A. Telelis
10.1 IntroduCtion .. ...t e e e 209
1011 Contents .. ..ottt e 212
10.2  Preliminaries and Notation .................ovvieieeenae. .. 212
10.2.1 Strategic Games and Equilibria ................... ... 212
10.2.2  Social Cost-Efficiency of Equilibria .................. 213

10.2.3  Selfish Scheduling and Coordination Mechanisms . . . . .. 216



Contents xi

11

12

10.3  An Overview of Coordination Mechanisms.................... 217
10.3.1 Load Balancing: The Makespan Mechanism.......... 217
10.3.2 OrderingPolicies. . .......... ... 223
10.3.3 Efficiency of SPT and LPT on Identical Machines .. .. .. 226
10.3.4 RANDOM: Randomized Ordering . .................... 227
10.3.5 Unrelated Machines Scheduling ..................... 228
10.4  Selfish Scheduling and Truthfulness.............. .. ... .. ... 229
1041 TheModel ... ... i 229
1042 LPTIsNot Truthful ............ ... .. ... ... ... 230
10.4.3 SPT and a Matching LowerBound ................... 230
10.5 Setup Times: ACase Study . ..., 231
10.5.1 Onthe Makespan Mechanism...................... 232
10.6 Type Ordering Mechanisms. ..., 235
10.6.1 Pure Nash Equilibria.......... .. .. ... ... 235
10.6.2  An Optimal Type Ordering Mechanism ............... 237
10.7 Research DIireCtions ... ...... ..., 241
References . ... ... oo 242

Artificial Neural Networks-Based Forecasting: An Attractive

Option for Just-in-Time Systems . . . ............................ 245
Mauricio Cabrera-Rios, Maria Angélica Salazar-Aguilar, Maria

Guadalupe Villarreal-Marroquin, and Angela Patricia Anaya Salazar

11,1 Introduction ... ... ... oo 245
11.2  Artificial Neural Networks as Forecasting Tools . ............... 246
11.3 A General Strategy for Artificial Neural-Networks-Based
Forecasting . ......... i 248
11.4 Case Study 1: Forecasting One Period Ahead . ................. 250
11.5 Case Study 2: Forecasting Multiple Periods Simultaneously .. . ... 255
11.6 Final Thoughts ........ ... .. . i 257
References ... ...ovoin 258
Just-in-Time Management of a Building Project
inthe Middle-East .. . ......... ... ... ... ... ... .. .. .. ... 261
Low Sui Pheng and Thilini Shiromani Jayawickrama
12,1 Introduction .. ... it e 261
12.2 Key JIT Management Concepts and Principles .. ............... 262
12.2.1 Eliminationof Waste. .......... ... ... ... .. 262
12.2.2 “Kanban” orPull System ........................... 263
12.2.3 Uninterrupted Work Flow........................... 263
12.2.4 Total Quality Control ........... ... ... ... ... ..., 263
12.2.5 EmployeeInvolvement.............. ... .. .......... 264
12.2.6  SupplierRelations . ............. ... ... oo 264
12.2.7 Continuous Improvement . . .............. ...t 265
12.3  Background of the Construction Industry ..................... 265

12.4  Characteristics of Case Study Organization.................... 267



Xii

13

Contents

12.5 Applications of JIT Principles in Case Study .................. 268

12.5.1  Site Organization ................cooiveiineneenn.. 268

12.5.2 Zoning and Construction Teams ..................... 268

12.5.3 Construction Managers ................coovveiiio.. 268

12.5.4 Site Offices and Other Facilities ..................... 268

12.5.5 Eliminationof Waste................. ..., 270

12.5.6 “Kanban” orPull System ........................... 277

12.5.7 Uninterrupted Work Flow . . ........ ... ..o oot 278

12.5.8 Total Quality Control .............. ... ... ... ... .. 281

12.5.9 EmployeeInvolvement................coovvvinnn... 281

12.5.10 SupplierRelations............c..ooiiiiiiieiaeo. .. 282

12.5.11 Continuous Improvement . .......................... 283

12.6  Findings and Conclusion . .............vvvivineieeneeeeenn.. 283

12.7 Recommendations . .............ooieeieiiiieeiinnnnaneo... 284

RefEreNCeS . . o vttt e e 285
Analysis of Transient Throughput Rates of Transfer Lines

withPull Systems ... ............. ... i 287
Mahmut Ali Gokge, M. Cemali Dinger, and M. Arslan Ornek

13,1 IntroduCtion ... ..ot e e e e 288

13.2 Literature Review .. ...t e 290

13.3 Approach and the Model . ...... e 292

13.3.1 The Atomic PullModel ............................ 293

13.4 Experiments and Numerical Results .. ........................ 296

13.5 Conclusions and Future Research . ........................... 300

ReferencCes . . oo e e 303



