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Introduction

 Introduction

 Scope of research
• Integrated capacity planning and warehouse location - forward logistics.

– Amounts of capacity to be installed in the production plants in each period.

– Were to locate and operate the warehouses in each period. (given set of 
plants producing for potential interconnected warehouses)
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Figure 1. Network representation
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Introduction

 Introduction

 Scope of research (continued)
• Capacity planning and warehouse location problem with uncertain 

demands
– Develop a deterministic capacity planning and warehouse location model.

– Extend the deterministic capacity planning and warehouse location model to 
include uncertainty inherent in predicting volatile market demand.

– Use the concept of robust optimization combined with Lagrangean relaxation 
method.
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Introduction

 Literature review

 Related articles – forward logistics

Articles Specifications

Cormier and Gunn (1999) The pure capacity expansion problem

Rajagopalan et al. (1998)
Lucas et al. (2001) The capacity planning with uncertainty demands

Fong and Srinivasan (1981a, 1981b)
Klincewicz et al. (1998)
Lim and Kim (1999, 2001)

The integrated capacity planning and facility location
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Problem description

 Capacity planning and warehouse location problem

 Decision variables
• Amounts of plant capacity, locations of warehouse

 Objective
• Minimizes total capacity investment and warehouse operating costs (total 

distribution and transfer costs)

 Main constraints
• Capacity, flow conservation, and  market demand satisfaction constraints
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Problem description

 Deterministic model
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Problem description

 Deterministic model (continued)
Plant costs
(fixed, variable, and transportation costs)

warehouse costs
(fixed, variable, and transportation costs)

Capacity constraints

Flow conservation constraints

Market demand satisfaction constraint
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Problem description

 A robust optimization model

 Robust optimization paradigm

Design constraint

Control constraint

x : design variables (independent of uncertainty parameters)
y : control variables (adjusted following uncertainty parameters)
c, d, A, b, E, F, g : input parameters

Future possible scenarios
Probability of occurrence

Control constraints

There is no guarantee that the control constraints will 
always be satisfied. (error variables) 
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Problem description

 A robust optimization model (continued)

• Capacity planning and warehouse location 
decision variables (for the entire planning 
horizon) are the design variable

• Distribution decisions are control variables 



Production and Logistics Information Laboratory 11

Problem description

 Reformulate optimization model for decomposition

• x, u, and y, and constraints (2) are the only 
components linking the solutions of the capacity 
planning and warehouse location problem 

• Introduce new variables xi
ts, ui

ts, and yj
ts defining, 

respectively

• Capacities are decide  distribution plans are 
decide
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Problem description

 Decomposition models
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Solution algorithm 

 Decomposition based approximation algorithm

All decision variables 
are set to 1

Relaxation problem is 
solved 

Step 0

Step 1

Common capacity 
expansion and 

warehouse location 
plans are solved

Step 2

Terminate condition: repeated until 
no significant change in the total cost 
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Computational experiments 

 Test results

 Example
• Two facility producing the same product, three potential warehouses, five 

market and five periods (results are given in Table 6)

 Large scale-computational experiments (6 periods)
• Consider small, medium, and large problem sizes

• Considered small, medium, and large number of scenarios (25, 50, and 
75)

• Considered low, medium, and large demand variability (25, 50, and 75%), 

• Five problems are generated and solved with three approaches (CPWLR, 
CPWLD* and DEC-Alg) 
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Conclusion

 Summary

 Studied the capacity planning and warehouse location problem with 
uncertain demand.

• Proposed a deterministic model when demands are known with certainty
• Proposed a case of uncertain demand 

 Developed an algorithm based on the Lagrangean relaxation 
decomposition.

 Decomposition-based algorithm produces rather good solution.
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