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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

* What is Mathematical Modeling ?

TU/e =~

Il Madeiieien

Sasier ¢ e pa s e
Crasaen

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

Topics in AT T o et The student learns to solve a practical problem related to the three application areas
M?ﬁg@'g?&ga‘ g mmm @ Ilflmfﬂul Physics, Communication Technology and Business Applications.
X & fm il — This means that the student is able to:

@ Hopport ot Hode [3) ] -
« analyse the problem,
= e « translate it to a mathematical problem,
SR « carry out a mathematical analysis,
B Dighake Dibtbrenk (1) « convert an algorithm into a computer program,
s e « translate the results to the original problem.

» B Wickude & bfornmsica (28]

i eciichi] | P— Further, the student is able:

= @ oo (1r) * to write a clear report in LaTeX

) - to give a presentation of the results, by using slides and PowerPoint.

SIS ()

« to find literature in library.
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* Project allocation Mathematical Modeling 2008-2009:

* Projects Mathematical Modeling 2009-2010:
[1nl odelieren ]

| taauteit wis e £ |aSsemsatica

= Lastute Hiswws
= Aanmelden

Projecten Toewijzing van projecten

o Thdschoms De projecten Zjn onderverdeeld in drie stromen: Techniek
Digitale communicatie en Bedrijfsvoering. Kiik op een project
voor meer informatie.

Hirvuder ol ok prsjet Sy ol gromy s bougowecen, okt over o
0 opdrachigevens stasl onderain dece sagna

TP peetrs warsan Sok 5 daren S5ncta vaTheE

Froject Begeleer Studenten

Jokan van

Bedrijfsvoering

» bl g'\epepldem»e 2
Digitale communicatie « B2 roton Thomas Schesrmass
. 23 uspakkeuen B2 rotondes el Bragkers Diorien Lk van de Sande
« d1: woordscrabble » b4 appels b £ o P
« d2; afstanden visualiseren = bl egtangan Bl griepepdemie  Luc Hatets Lw\.;s'::;l'ﬂ! Gaus Bolen
» g3 stof :u.ger Framk Wesseis. Tom Slenders
. g
http://www.win.tue.nl/~iadan/model/modelC/projecten.html http://www.win.tue.nl/~iadan/model/modelC/toewijzing.html
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Statistical Modeling

» What is Statistical Modeling ?
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polcom | Statistical Modeling And Anghas For Database Marketng
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* What is Statistical Modeling ?

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

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.

« Itis 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.
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» Resources on Statistical Modeling

Babl Library EERIS (4)
Bibbothesk Lisgazyn (2)

Publicatiojaar

2000-2005 (3)
1990-1999 (4)
18601989 (4)
19001579 (1)
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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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Example: Analyzing Small Sample Data

A 5 Bchimicn, MA. vom &0 Wil

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
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« Example: Modeling Easter Scheldt Water Level Data

surge barrier

Consequence of dredging

Consequence of closing the storm

Nature reserve as compensate for
second Maasvlakte
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« Example: Leak Detection of Vacuum Coffee

spcivee  Monitoring Infrequent Failures af
High-volume Production Processes

©ir
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Engineering Problem Solving

Elongation at break within
specification limits

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

Gong[e T
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b ENGINEERING
R STATISTICS
ks it tdlins

W 1. Explore

W 2. Measure

W 3. Characterize
W 4. Model

W 5. Improve

| 6. Monitor

W 7. Compare

W 8. Reliability

ENGINEERING
STATISTICS

TR ¥ 5 o = —

Welcomel Tk gool of this
Bandbuok is fo belpmcioatists
and engioees g coporoie
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http://www.itl.nist.gov/div898/handbook ek oz dficically as passible,
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e Example: B 1. Explore
W 2. Measure
W 3. Characterize

Statlab Laboratories | 4. Model
P.0. Box 513 B 5. Imprave
5600 MB Eindhoven W 5. Monitor
Subject: your assignment. w7 CD':"P‘Tr_'

B 8. Reliobility
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.

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

We would like to welcome you to our factory as soon as possible. We have already informed our process engineer, Ms.

/ department of mathematics and computer science 4WHO03 Modelina C

Process Model:
Uncontrolled Inputs
(Co-Factors)

Controlled Inputs
(Factors)
(sasuodsay)
sindino

Etching Process

Research Questions:

Which external factors influence the process ?
Find optimal settings for these factors !
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¢ Research Approach:

Research question:

Statab Laboratories
Pa.Box513

5600 MB Eindhoven
Subject your assignmen.

Dear Siadam,

possibily for improvement. we wil consider asking you fo help i a ol
project o find optimal seting: factors. Butat e
Interested n ficing out whic

arrval.She can

ave you
carying out your experiments

We hope for a successiul colaboratont
Yours sincerely,

A Select
Managing diectorof Statab Laboratories

Empirical Model: Y =g(X,,X;)+&

opbrengst

Wl Exglere

W 7. Measure

W 5. Characlerize
B2 Mods!

W5 Improve
6. Monitor

B 7. Compute
e, Rebiokility

h—
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Experiment:

Results: ‘

opbrengst

T a0 10 20
temp
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* General Approach:

2. Question

3. Clarify objective

24. Help make 4. Meed to
changes happen .

15, Avoid biases experimont?

de
o 5. Consider

results theory
17. Cope with
other variation
10. Broad . _—
strategy 1 5 L;::xushng

- List variables

B, Summarize
beliefs & uncerainties

Souce: G.K. Robinson, Practical Strategies for Experimenting
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« Example: Analyzing Spectral Information

NIR spectra:

Knowledge from your data:
* PCA/PLS

« 3-way, L-way, multi-way
* 3-way PLS, multi-block

« Multiple Curve Resolution
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» Resources on Engineering Problem Solving

B P 118 (17 Rt )

B Boek(17) sl
Congresversiag (1) Studies Case Studies
@ Prostschot (7)

g»‘

Bed A erary EA5 ()
Betsbothest Magaryn (4)
Certrale Buicihest T)

CET T

Engineering
2obust
esigns

LT T
i
:

9001878 (2)

Ergels (18)
Nedertanas (1)

X
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Statistical Consulting

» What is Statistical Consulting ?

Favres €

=S5 Fstat il com

Gougle —

[—— T

' = MERCEDES
| Q‘ [EPARtanc

ONLY
LESSER CARS
WILL BE CLAMPED

SCS - The Dt State Unversity Statistical Conmulting Serdce . |
Tha Statietical Consuing Sorvca i & team of [aculy 1™ ard grachsat sty n T
Dogariment f Sateies CUl mbsaon 8 o frowwia
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» What is Statistical Consulting ?

MO, THHT GROUP TR THE NEW THO HeLe
GOT REENGINEERED
QUT OF EXISTENCE,

CAN YOU TELL ME
HOW TO FARE &
PIE CHART ?

¢ YOUR, OO | ((WHILE YOURE LATTING

;&%Hmi@wwi‘; " READ THE FREE MOVEL REPEAT THE PROCESS

ADD FLOUR AND LIE SEMT YOU. TT5 A UNTTL MOU GET THE

BAKE OME HOUR SPANISH STORY ARBOUT, DESTRED RESULT.
Fo GLY DIAMED *MANUAL

THIS LOST A LT
TN THE TRAMSLATIOM,

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 ?

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

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

A statistical consultant provides statistical and research advice and guidance to
clients in business, medicine, psychology, law, industry.
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* What is Statistical Consulting ?

« 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

Ly a3

gl | = eten | A _CA 1R S et e _LA S T =l comato

Materiaalsoort

® Boek(2)
@  Congresverslag (7}
Locatie
@ Bt Lbrary E&IS (1)
@ Wiskunde & informatica (3)
Publicatiejaar
@ 2000-2006 ()

@ 10801969 (2)
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* Probability & Statistics Group:

| department of machematics and cemputer soence

Uammemines BAE Frobabany 300 SR

probability and statistics

« Renaarch Probability and Statistics

i Events Calendar PAS
= Compelimey The Probability and Statistics Groug is active in research e
- Sl ‘education and consultancy for other partners. We now provide

more information an each of these core tasks.

Research

probabilistic problems arising in physics (palymers, porous
media and magnetization) and in lelecommunication (wineless
communication and coding techmgues, and network Mmodelng
using random graghs)

http://www.win.tue.nl/bs/ps.html
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* Designers Program: Mathematics for Industry
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* Internal Statistical Consultancy:
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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

eMultivariate Data Analysis with SPSS

*Advanced ANOVA with SPSS

eCategorical Data Analysis with SPSS

eGeneral Linear Models with SPSS

eStructural Equation Modeling with AMOS

TU/ e ==

http://www.win.tue.nl/ceee

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.
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« External Industrial Mathematical Consultancy:

o

LPL RSULE S =S
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+ Kaplan, D.T. ; Introduction to Statistical Modeling
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« Statistical Modeling, an International Journal

 Statistical Consulting:

Boen, J.R. etal.; The Human Side of Statistical Consulting

Cabrera, J. et al.; Statistical Consulting

Derr, J. ; Statistical Consultancy, a guide to effective communication
Hand, D.J. et al.; The Statistical Consultant in Action
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« 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
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. Suggestions for Improvements of this
" presentation 4WHO03 are welcomed:

j..m.rijpkema@tue.nl
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