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Primary Anticipated Results:
A methodology for analyzing the capacity requirements 
of products and their groupings
A risk model for capacity planning under uncertainty
A methodology for optimal capacity allocation
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Task Description:
Year 1: Capacity requirement analysis at multiple levels of granularity
– Developed a method to analyze the capacity requirements of a 

hierarchy of products. (Products are first classified into a hierarchy of 
products and their families based on similarity in routing.) 

– Developed a risk model for capacity plans. 
Year 2: Methodology of capacity planning under uncertainty
– Developed a framework of analysis for capacity requirement under

uncertainty
– Developed a model to optimize the risk of capacity plans

Year 3:
– Refine the algorithms
– Demonstrate business planning applications, e.g., timing and sizing of 

plant investment or outsourcing



G-Number4SRC/ISMT Factory Operations Research Center – Project 879 Proprietary

879.2: Integration of Demand Planning and
Manufacturing Planning

Task Deliverables:
Capacity analysis and aggregation method (Model, 
Report) (DEC-01)
Integrated method for demand and capacity modeling 
(Model, Report) (DEC-02)
A framework and methodologies of business and 
demand planning (Model, Report) (DEC-03) 
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Executive Summary:

During the second year we have
– developed a framework of analysis for capacity 

planning under uncertain product demands 
– developed a method to optimize the risk of capacity 

plans
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Objective function: to maximize the revenue (subtracted 
by penalty for lost-sales)

uncertainties
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judgment

Capacity
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a set of 
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portfolio
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Room for improvement

Conventional Mathematical Models
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Motivation
1. This representation of scenarios is crispy.

2. Over-capacity and under-capacity are equally 
detrimental.

3. Risk information has been overlooked.
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Because the product mix 
(ai) is uncertain, the tool 
requirements will be a 
convex hull.
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Generate all scenarios of product 
demand mixes Di
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A Dataset
440 routings (F)
Each routing has 6 to 12 
critical tool groups.
Total numbers of tool 
groups: 65

F

F1 F2 F3 F4 Level 1

Level 2

Level 3

F2-1 F3-2

F3-2-1

…

…

…



G-Number14SRC/ISMT Factory Operations Research Center – Project 879 Proprietary

879.2: Integration of Demand Planning and
Manufacturing Planning

ToolsRoutes
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1. Use a mathematical model to optimize the 
revenue and lost-sales penalty. (e.g., 
stochastic program)

2. Adjust the resultant portfolio solution to 
improve the coverage

Adjustment ≦capital increment

A Proposed Procedure of Capacity Planning

adjustment :
grouptoolofquantity   tool:

k

k
x

kx
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A stochastic program
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Total demand = d
The number of products = n
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To Optimize the coverage
1. Generate the convex hull (a discrete 

representation)
2. Analyze the correlation between tool requirements
3. Identify the tool pairs with high correlation
4. Compute the density functions from the convex hull

investment capital additional :
quantity  tool toadjustment  :

quantity tool:

β
k

k
x

x
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0.790.9310.860.940.890.930.90.930.88coverage
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Conclusions
Developed a framework to represent the 
uncertainty in tool requirements.
Showed that the correlation between tool 
requirements is significant.
Improvements on capacity planning
– Robust tool portfolio
– Risk information
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Future Plan and Directions
– Scenario modeling
– Modeling lead-time in capacity planning: correlation 

between demand scenarios in multiple time periods


