
Contents 

List o f  Figures X V  

List o f  Tables X I X  

List o f  Algorithms XXIII  

List o f  Abbreviations X X V  

1 Introduction 1 
1.1 Cost pressure in the consumer packaged goods industry 1 
1.2 Motivation mid goals of this thesis 3 
1.3 Outline 4 

2 Production planning in t h e  consumer packaged goods  industry 7 
2.1 Supply Chain Planning 7 
2.2 Supply chain typology 11 

2.2.1 Functional attributes 11 
2.2.2 Structural attributes 13 

2.3 The supply chain of the consumer packaged goods industry 14 
2.3.1 Topography 14 
2.3.2 Integration and coordination 15 
2.3.3 Functional attributes of the manufacturer 15 

2.3.3.1 Procurement type 15 
2.3.3.2 Production type 1G 
2.3.3.3 Distribution type 19 
2.3.3.4 Sales type 20 

2.4 Lot-sizing and scheduling in the consumer packaged goods industry 21 
2.5 Advanced Planning Systems 23 

3 Multi-level lot-sizing and scheduling 25  
3.1 General assumptions and limitations 25 

3.1.1 Objective 26 
3.1.2 Time structure 27 

http://d-nb.info/103207096X

http://d-nb.info/103207096X


X Contents 

3.2 Single-level models with different time structures 28 
3.2.1 The Capacitated Lot-sizing Problem (CLSP) 29 
3.2.2 The  Discrete Lot-sizing and Scheduling Problem (DLSP) 30 
3.2.3 The Continuous Setup Lot-sizing Problem (CSLP) 32 
3.2.4 The  Proportional Lot-sizing and Scheduling Problem (PLSP) 33 
3.2.5 The Capacitated Lot-sizing problem with Sequence-Dependent setup 

costs (CLSD) 34 
3.2.6 The General Lot-sizing and Scheduling Problem (GLSP) 30 

3.3 Multi-level models in the literature 39 
3.3.1 Synchronization between the levels 39 
3.3.2 PLSP-based models 41 

3.3.2.1 Proportional Lot-sizing and Scheduling Problem with Paral­
lel Machines (PLSP-PM) 42 

3.3.2.2 The multi-level single machine PLSP (PLSP-ML-SM) . . . .  43 
3.3.3 CLSD-based models 47 

3.3.3.1 The Multi-level Sequence-dependent Lot-sizing and Schedul­
ing problem (MSLS) 47 

3.3.3.2 The Multi-Level Capacitated Lotsizing Problem with Sequence-
Dependent Setup Costs using Parallel Machines a t  Multiple 
Locations (MLCLSD-PM-ML) 49 

3.3.4 GLSP-based models 51 
3.3.4.1 The General Lot-sizing and Scheduling Problem for Multiple 

production Stages (GLSPMS) 53 
3.3.4.2 The two-stage multi-machine lot-scheduling model (P2SMM) GO 

3.3.5 Other models 64 
3.4 Conclusions 65 

4 Improvements o f  the  G L S P M S  6 7  
4.1 Shortcomings of the basic GLSPMS 67 
4.2 Improved GLSPMS 70 

4.2.1 New line synchronization 70 
4.2.2 Model formulation 71 

4.3 Properties of the improved GLSPMS 73 
4.3.1 Complexity 73 
4.3.2 Advantages and disadvantages 75 
4.3.3 Generalization of other models 77 

4.4 Computational tests 79 
4.4.1 Base scenarios 79 

4.4.1.1 Serial product structure (SER.) 79 
4.4.1.2 Divergent product structure (DIV) 80 



Contents XI 

4.4.1.3 General product structure (GEN) 81 
4.4.2 Results with different settings of a standard MlP-solver 82 

5 Reformulations o f  the  improved G L S P M S  85  
5.1 General reformulation techniques 85 
5.2 Selected approaches for lot-sizing and scheduling models 87 

5.2.1 Extended reformulations 87 
5.2.1.1 Simple Plant Location (SPL) 87 
5.2.1.2 Echelon Stocks 88 
5.2.1.3 Flow conservation for changeovers 89 
5.2.1.4 Elimination of the inventory stock variables 90 

5.2.2 Valid inequalities 90 
5.3 Extended reformulations of the GLSPMS 91 

5.3.1 SPL formulation (S) 91 
5.3.2 Flow formulation (F) 95 

5.4 Valid Inequalities for the GLSPMS 95 
5.4.1 Stock inequalities (K) 95 
5.4.2 Tighter setup forcing constraints (M) 96 

5.5 Computational results 96 
5.5.1 Comparison of the different model formulations 97 
5.5.2 Influence of varying problem characteristics 99 

6 Heuristics for t h e  improved G L S P M S  103 
6.1 Selected meta-heuristic approaches 103 

6.1.1 Truncated MIP 104 
6.1.2 LP&Fix 104 
6.1.3 Relax&Fix 104 
6.1.4 Exchange 105 

6.1.4.1 General idea 105 
6.1.4.2 Fix&Opthnize as an example 105 

6.1.5 Local Search 108 
6.1.5.1 General idea 109 
6.1.5.2 2-opt as an example 109 
6.1.5.3 Descent procedures 110 
6.1.5.4 Descent-ascent procedures 110 

6.1.6 Variable Neighborhood Search (VNS) 110 
6.1.7 Variable Neighborhood Decomposition Search (VNDS) 113 

6.2 Heuristics for the GLSPMS 114 
6.2.1 Truncated MIP (TM) 114 
6.2.2 LP&Fix (LF) 114 



XII Contents 

6.2.3 R.elax&Fix (RF) 114 
6.2.4 Trivial solution (TS) 116 
6.2.5 Repeating setup sequence (RS) 116 
6.2.6 GLSPMS tailored Fix&Opthnize (FO) 118 
6.2.7 Variable Neighborhood Decomposition Search with Exchange (VNDS+E) 119 

6.2.7.1 Main control procedure 121 
6.2.7.2 Microperiod-based neighborhood 123 
6.2.7.3 Product-based neighborhood 125 
6.2.7.4 BOM-based neighborhood 126 
6.2.7.5 Line-based neighborhood 129 

6.3 Computational tests 130 
6.3.1 Small instances 130 
6.3.2 Big instances 131 

6.3.2.1 Test settings 132 
6.3.2.2 Parameter tuning for the VNDS+E heuristic 132 
6.3.2.3 Results for VNDS+E, tailored Fix&Optiinize. and Truncated 

M1P 137 
6.3.2.4 Results for VNDS+E and Truncated MIP after 1 hour of 

runtime 137 
6.3.3 A real-world instance 140 

6.4 Brief summary 142 

7 Extensions o f  the  improved G L S P M S  143 
7.1 Availability of resources 143 

7.1.1 Limited raw materials 143 
7.1.2 Scarce common setup operators 144 

7.2 Time continuity 148 
7.2.1 Setup times 148 
7.2.2 Minimum lot-sizes 153 

8 Summary and Outlook 155 
8.1 Summary 155 
8.2 Outlook 157 

A Artificial tes t  instances 161 
A.l  Serial instance 161 
A.2 Divergent instance 164 
A.3 General instance 167 

B Computational  results o f  t h e  heuristics 171 



Contents XIII 

Bibliography 173 


