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How to plan production at high-tech low-volume industries 

Manufacturing companies transform materials into final products using various resources. Planning 
these transformations is called production planning and decides on the timing and sizes of production 
orders while aiming to utilize the available resources and materials efficiently and taking into account 
current and future customer demand. TU/e-researcher Joost de Kruijff (Department IE&IS) tried to help 
companies with this challenging planning task by developing suitable mathematical models and 
efficient methods to create optimal plans. 

There are quite some studies on production planning problems in the academic literature. However, there 
are almost no studies that can be used by high-tech low-volume industries. These industries create very 
complex products that are often used by other companies. For example photolithographic machines that 
are used during the production of computer chips, and are sold by at most a few hundred per year. 

Producing these products requires a large number of materials and resources. To manufacture one 
product, hundreds, and sometimes thousands, of components need to be available at the right moment. 
The production goes through different steps and each step requires multiple resources, like highly trained 
workers and special tools. The complete production process, from the start of the production of the first 
component to the final product, takes months and sometimes years. These properties make the planning 
of production activities of these industries a difficult task. 

As the models in literature often do not capture all these aspects, we developed new suitable 
mathematical models. An important difference between the mathematical models in literature and the 
models developed for these low-volume industries lays in the type of output. A model in literature might, 
for example, tell you to produce 2812.5 TV’s next week. In that case you have to choose between 
producing 2812 or 2813, which is a decision with a small impact. However, if the model will tell you to 
start the production of 2.5 photolithographic machines next week, you are in trouble: if you start the 
production of 2 items you will not able to fulfill all the demand and if you start 3 items you probably will 
not have enough capacity. Therefore, these models should output integer production quantities. 
However, solving a mathematical model that should output integers is often more difficult. Therefore, we 
did not only look for suitable mathematical models, but also for efficient algorithms to solve them. 

Large companies plan their production on different levels and have long-term, mid-term and short-term 
plans. We created a model for the mid-term planning in which the complexities of high-tech low-volume 
industries are taken into account. Furthermore, we applied a mathematical technique to solve this model 
more quickly. We also discovered an interesting property of this kind of models, which we used to 
propose an algorithm that helps to solve these models faster. Lastly, we developed a mathematical model 
for long-term planning that takes into account the uncertainty in demand and also makes capacity 
investment decisions. Currently, our industry partner ASML is investigating how they can apply some of 
our ideas. 
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