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Mathematical Modeling
• What is Mathematical Modeling ?
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• What is Mathematical Modeling ?

http://en.wikipedia.org/wiki/Mathematical_modeling

A mathematical model is:
'a representation of the essential aspects of an existing system (or a system to be
constructed) which presents knowledge of that system in usable form'. Eykhoff (1974)

Mathematical models can take many forms, including but not limited to dynamical
systems, statistical models, differential equations, or game theoretic models. 
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• Resources on Mathematical Modeling

e-book
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The student learns to solve a practical problem related to the three application areas 
Physics, Communication Technology and Business Applications. 

This means that the student is able to:
• analyse the problem, 
• translate it to a mathematical problem, 
• carry out a mathematical analysis, 
• convert an algorithm into a computer program, 
• translate the results to the original problem. 

Further, the student is able:
• to write a clear report in LaTeX
• to give a presentation of the results, by using slides and PowerPoint.
• to find literature in library.

• What is Mathematical Modeling ?

http://www.win.tue.nl/~iadan/model/modelC/
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• Projects Mathematical Modeling 2009-2010:

http://www.win.tue.nl/~iadan/model/modelC/projecten.html

Classification by problem field, NOT by solution technique !
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• Project allocation Mathematical Modeling 2008-2009:

http://www.win.tue.nl/~iadan/model/modelC/toewijzing.html

Statistical Modeling Aspects ?
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Statistical Modeling
• What is Statistical Modeling ?
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A statistical model is:
‘a set of mathematical equations which describe the behavior of an object of study in 
terms of random variables and their associated probability distributions.’

• Statistical models are thought of as a pair (Y,P) where Y is the set of possible observations
and P the set of possible probability distributions on Y. 

• It is assumed that there is a distinct element of P which generates the observed data. 
• Statistical inference enables us to make statements about which element(s) of this set are 

likely to be the true one. 

http://en.wikipedia.org/wiki/Statistical_model

• What is Statistical Modeling ?
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• Resources on Statistical Modeling

Journal on Statistical Modeling
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• Example: On-line Paper Quality Prediction

•Variable Reduction: PCA
•Time Series Modelling
•Multivariate Control
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Development of Rank-Based Procedures

• Null distributions linear rank statistics

• Power calculations linear rank statistics

• Control limits of rank-based control charts

• Some ARL-out-of-control calculations of 
rank-based control charts

• Example: Analyzing Small Sample Data

©jr / department of mathematics and computer science 4WH03 Modeling C

14

• Consequence of dredging

• Consequence of closing the storm 
surge barrier

• Nature reserve as compensate for 
second Maasvlakte

• Example: Modeling Easter Scheldt Water Level Data
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• Example: Leak Detection of Vacuum Coffee
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Engineering Problem Solving

Maximum Yield

Minimum CO
2 Emission

Production on Target

Hardness within
specification limits

Elongation at break within 
specification limits

Maximum PICO

abrasion index

How can statistics help ??
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• What is Engineering Problem Solving ?

©jr / department of mathematics and computer science 4WH03 Modeling C

18

http://www.itl.nist.gov/div898/handbook
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Statlab Laboratories
P.o. Box 513
5600 MB Eindhoven

Subject: your assignment. 

Dear Sir/Madam, 

We believe that the performance of our nitride etching process can be improved and we would like you to investigate 
whether this is the case. In case there is a possibility for improvement, we will consider asking you for help in a follow-
up project to find optimal settings of the factors. But at this time we are merely interested in finding out which external 
factors influence the process. 

We would like to welcome you to our factory as soon as possible. We have already informed our process engineer, Ms. 
Miep Dobbelsteen, about your arrival. She can give you the exact details concerning the etching process and she can 
assist you in carrying out your experiments. 

We hope for a successful collaboration! 

Yours sincerely, 

A. Select
Managing director of Statlab Laboratories 

• Example:

©jr / department of mathematics and computer science 4WH03 Modeling C

20

Uncontrolled Inputs
(Co-Factors)

C
on

tro
lle

d 
In

pu
ts

(F
ac

to
rs

) O
utputs

(R
esponses)

Etching Process

• Process Model:

Research Questions:
Which external factors influence the process ?

Find optimal settings for these factors ! 
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Results:

• Research Approach:
Research question:

Statlab Laboratories
P.o. Box 513
5600 MB Eindhoven

Subject: your assignment. 

Dear Sir/Madam, 

We believe that the performance of our nitride etching process can be improved
and we would like you to investigate whether this is the case. In case there is a 
possibility for improvement, we will consider asking you for help in a follow-up 
project to find optimal settings of the factors. But at this time we are merely 
interested in finding out which external factors influence the process. 

We would like to welcome you to our factory as soon as possible. We have already 
informed our process engineer, Ms. Miep Dobbelsteen, about your arrival. She can 
give you the exact details concerning the etching process and she can assist you in 
carrying out your experiments. 

We hope for a successful collaboration! 

Yours sincerely, 

A. Select
Managing director of Statlab Laboratories 

( ),A BY g x x ε= +Empirical Model:
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Significant Effects ?

Optimal Settings ?

Experiment:
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• General Approach:

Souce: G.K. Robinson, Practical Strategies for Experimenting

Statistics !
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• Example: Prototyping of Small Series of Products
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NIR spectra:

Knowledge from your data:
• PCA/PLS
• 3-way, L-way, multi-way
• 3-way PLS, multi-block
• Multiple Curve Resolution

• Example: Analyzing Spectral Information
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• Resources on Engineering Problem Solving

©jr / department of mathematics and computer science 4WH03 Modeling C

26

• What is Statistical Consulting ?
Statistical Consulting
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• What is Statistical Consulting ?

Statistical Consulting:
The interaction between statisticians and scientists with the primary purpose to help 
the field of application (and possibly as a spin-off: ideas for new research in statistics)

Jim Boen & Doug Zahn

N !
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• What is Statistical Consulting ?

http://en.wikipedia.org/wiki/Statistical_consultant

A statistical consultant provides statistical and research advice and guidance to 
clients in business, medicine, psychology, law, industry. 

Statistical Consulting:
The interaction between statisticians and scientists with the primary purpose to help 
the field of application (and possibly as a spin-off: ideas for new research in statistics)

Jim Boen & Doug Zahn
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• What is Statistical Consulting ?

Running a small business

• Client Satisfaction

• Challenges

• Rewards:
• Growth & Development

• Contributions to Science

• Satisfying Relationships

• Challenging Problems

• Client’s Gratitude

• A Good Future
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• Resources on Statistical Consulting

http://www.amstat.org/sections/cnsl/
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TU/e-Expertise
• Probability & Statistics Group:

http://www.win.tue.nl/bs/ps.html

Graduation Projects & Internships
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• Designers Program: Mathematics for Industry

http://www.win.tue.nl/oowi/
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Statistical Consultancy Service:
SCS/e

We have initiated a Statistical Consultancy Service, 
SCS/e, in which we offer specific advise to PhD-
students and staff members from the TU/e. 

Partnership in Research Projects
We are open for co-operation and partnership in 
research projects, needing advanced or non-standard
methods of statistical modeling or data analysis.

• Internal Statistical Consultancy:

The CEE/e Initiative
Within the CEE/e-initiative for Continuing Engineering 
Education a number of more advanced short courses 
on Applied Statistics and Data Analysis will be 
organized:

•Design of Experiments
•Multivariate Data Analysis with SPSS
•Advanced ANOVA with SPSS
•Categorical Data Analysis with SPSS
•General Linear Models with SPSS
•Structural Equation Modeling with AMOS

http://www.win.tue.nl/ceee
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• External Industrial Mathematical Consultancy:

http://www.lime.tue.nl/
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Suggestions for Improvements of this 
presentation 4WH03 are welcomed:

j.j.m.rijpkema@tue.nl

• Engineering Problem Solving:
• Brockman, J.B.; Introduction to Engineering: Modeling and Problem Solving
• Chatfield, C.; Problem Solving – a Statistician’s Guide
• Czitrom, V.; Statistical Case Studies for Industrial Process Improvement 
• Engineering Statistics Handbook: http://www.itl.nist.gov/div898/handbook
• Peck, R. et al.; Statistical Cases Studies – a Collaboration between Academe and Industry
• Robinson, G.K.; Practical Strategies for Experimenting
• Wang, J.X.; Engineering Robust Designs with Six Sigma


