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Terminology 

• Industrial mathematics 

– Development and analysis of mathematical 
models for the problems of industry (A. 
Friedman) 

• Industrial mathematician 

– Uses various mathematical tools to analyze 
industrial problems.  

– The focus is the problem, not a field which 
may have potential applications 
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Mathematical 
Field 

Algebra 
and   

Number 
Theory 

Differential 
Equations 

Geometry 

Nonlinear 
Control 

Numerical 
Analysis 

Parallel 
Algorithms 

Industrial 

Field 

Cryptography 

Dynamical 

systems and 

finance 

CAD 

 and 

Engineering 

 

Mechanical 

and electrical 

systems 

All 

applications 

 

 Problems 

that need 

HPC  
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http://www.ecmi-indmath.org/ 
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http://www.math.niu.edu/ 
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Study Groups 
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http://www.maths-in-industry.org/ 
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Technical Reports 
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Technical Reports 



An approach for an industrial 
problem 

• Determining  the industrial problem 

• Mathematical statement 

• Development of appropriate model 

• Analysis 

• Interpretation and conclusions 

• Revision of the model (if needed) 
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Required knowledge and skills 

 
Information 

about 
application field 

Team work and  
Communication 

skills 
 

Modelling skills 
Problem 

solving skills 

New ideas and 
logical 

conclusions 

Mathematical 
tools 
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Training  stages of an Industrial 
Mathematician 

Industrial 
problems(study 
groups)  

Team work on small 
problems(modelling 
weeks) 

Knowledge on 
basic application 
fields  

Mathematical tools 
including Ode’s, Pde’s, 
Optimization, Numerical 
analysis, etc. 
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     Flexible Production Model 
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Research 

Technology 

Flexible 
Production 

Distribution 

Feedback 

Industrial  

Mathematics 



Industry-Mathematics Collaboration in 
UK 
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Technology 
Translater 

Industrial or 
applied 

mathematician 

Firm Researchers 
(engineers) 



 Academic Organizations 

• SIAM www.siam.org 
• ICIAM(International Consortium for Industrial 

and Applied Mathematics) 
 www.iciam.org  
• ECMI(European Consortium for Mathematics 

in Industry) 
 www.ecmi-indmath.org  
• KTN, Smith Institute(UK), Matheon(Germany), 

MITACS(Canada),  
• TUBITAK(general science and engineering: 

encourage, support) 

22 



Common features of Industrial 
Problems 
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Complex Systems 

• Travel( for example) 

– Determining flight destination 

– Flight Crue program  

– In delayed flights,  revision of flight 
and crue programs   

   (flight alternatives, parameters, 
variables, objectives, constraints) 
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Complex Systems 

• Mathematical field Optimization 

 

      Min CX      (cost) or Max PX(profit) 

                       AX=b     (constraints) 

                         X≥0 

  Standard Linear Optimization Problem 
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Nonlinearity 
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Linear  relations  

• Linear relations 
• Q=-k(grad(Pressure)) (Darcy) 
• Q=-k(grad(Temperature))(Fourier) 
• Q=-k(grad(Concentration))(Fick) 
• F=-kx(Hooke) 
• I=1/RV(Ohm) 

• Linear Model(ideal setting): 
Mathematical formulation of  

linear relations        
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Nonlinearity 

• Nonlinear relations 
• Economy 

– Performance/salary 
– Profit/turnover, Inflation/budget deficit, Option 

price vs /Value of underlying asset 

• Science and  engineering 
– Population  vs time 
– Objects velocity vs resistance force 
– Temperature vs resistance to current 
– Viscosity vs temperature 

• Health sciences 
–  Biochemical reactions 

• Nonlinear  Model 
   Mathematical formulation of nonlinear 

relations 
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Desire to predict the future 
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Agricul-
ture 

Weather Wind 

Turbine 

Wind 
Velocity 

 Option  
exersize 

Opsiyon 
value 

Invest-
ment 
plan 

Demand 

Develop
ment 
plan 

Popula-
tion 

Mathematical Model 

Mathematical formulation that leads to a reasonable prediction 



Other common features 

• Uncertainity(consumer trends) 

• Different time scales 

• Large scale simulations(weather 
forcast, CAD) 

• Security 

• Dynamic resource allocation 
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     Case Studies from Study 
Groups 
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Study Groups(www.maths-in-industry.org) 
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KTU Study Group, 2010 
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 Medical waste sterilization device   
with Germicidal UV lamps 

Problem Presenter:   
S. Hacısalihoğlu, TTSO, KTU Study Group, 2010 
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 Followup work (E. Coskun) 
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 Two UV lamps along the inner cylinder as one changes position 
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44 

 Depletion of medical waste wrt position of 

second UV 
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Follow up work of KAUST SG, Parameter sensitivity analysis and regularization, 
 E. Coskun 



Case Studies from a 
Recent Study Group 
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Recent Study Group Problems 
85th European Study Group with Industry 

16th–20th April 2012, University of East Anglia, Norwich 
 

1. Inertial Navigation for Divers 

A Scuba diver would like to know his/her 

position underwater, relative to the dive 

start position. A mathematical theory for a  

dead-reckoning system is needed.  

                       Nick Bushell, VR Technology. 

http://www.cimr.uea.ac.uk/workshops/esgi85/diver-navigation/
http://www.cimr.uea.ac.uk/workshops/esgi85/diver-navigation/
http://www.cimr.uea.ac.uk/workshops/esgi85/diver-navigation/
http://www.cimr.uea.ac.uk/workshops/esgi85/diver-navigation/
http://www.cimr.uea.ac.uk/workshops/esgi85/diver-navigation/
http://www.cimr.uea.ac.uk/workshops/esgi85/diver-navigation/
http://www.cimr.uea.ac.uk/workshops/esgi85/diver-navigation/
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Recent Study Group Problems 
85th European Study Group with Industry 

16th–20th April 2012, University of East Anglia, Norwich 
 

2. A Model for the Reduction of Specific Surface 

Area of Powders with Age 

Interested in explosives in the form of powder. High 

surface area, small diameter powders  have high Gibbs 

energy and tend to coarsen to reduce it.  

Mathematical model of coarsining under heating is 

needed (A generalization of Ostwald-Ripening model)  

        John Curtis, Rod Drake & Janella Mansell, AWE 

 

http://www.cimr.uea.ac.uk/workshops/esgi85/powder-aging/
http://www.cimr.uea.ac.uk/workshops/esgi85/powder-aging/
http://www.cimr.uea.ac.uk/workshops/esgi85/powder-aging/
http://www.cimr.uea.ac.uk/workshops/esgi85/powder-aging/
http://www.cimr.uea.ac.uk/workshops/esgi85/powder-aging/
http://www.cimr.uea.ac.uk/workshops/esgi85/powder-aging/
http://www.cimr.uea.ac.uk/workshops/esgi85/powder-aging/
http://www.cimr.uea.ac.uk/workshops/esgi85/powder-aging/
http://www.cimr.uea.ac.uk/workshops/esgi85/powder-aging/
http://www.cimr.uea.ac.uk/workshops/esgi85/powder-aging/
http://www.cimr.uea.ac.uk/workshops/esgi85/powder-aging/
http://www.cimr.uea.ac.uk/workshops/esgi85/powder-aging/
http://www.cimr.uea.ac.uk/workshops/esgi85/powder-aging/
http://www.cimr.uea.ac.uk/workshops/esgi85/powder-aging/
http://www.cimr.uea.ac.uk/workshops/esgi85/powder-aging/
http://www.cimr.uea.ac.uk/workshops/esgi85/powder-aging/
http://www.cimr.uea.ac.uk/workshops/esgi85/powder-aging/
http://www.cimr.uea.ac.uk/workshops/esgi85/powder-aging/
http://www.cimr.uea.ac.uk/workshops/esgi85/powder-aging/
http://www.cimr.uea.ac.uk/workshops/esgi85/powder-aging/
http://www.cimr.uea.ac.uk/workshops/esgi85/powder-aging/
http://www.cimr.uea.ac.uk/workshops/esgi85/powder-aging/
http://www.cimr.uea.ac.uk/workshops/esgi85/powder-aging/
http://www.cimr.uea.ac.uk/workshops/esgi85/powder-aging/
http://www.cimr.uea.ac.uk/workshops/esgi85/powder-aging/
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Recent Study Group Problems 
85th European Study Group with Industry 

16th–20th April 2012, University of East Anglia, Norwich 
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Recent Study Group Problems 
85th European Study Group with Industry 

16th–20th April 2012, University of East Anglia, Norwich 
 

3. Probabilistic Flood Forecasting 
 

Using the data on river levels and weather forcasts 
of the past, determine a flood forcast model using 
a recent weather forcast  data. 

                               

                              Mike Vaughan, 

    UK Environment Agency 

 

http://www.cimr.uea.ac.uk/workshops/esgi85/flood-forecasting/
http://www.cimr.uea.ac.uk/workshops/esgi85/flood-forecasting/
http://www.cimr.uea.ac.uk/workshops/esgi85/flood-forecasting/
http://www.cimr.uea.ac.uk/workshops/esgi85/flood-forecasting/
http://www.cimr.uea.ac.uk/workshops/esgi85/flood-forecasting/
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Recent Study Group Problems 
85th European Study Group with Industry 

16th–20th April 2012, University of East Anglia, Norwich 
 

4. Determining 3D Body Shape from 2D 
Images 
  

       Using two digital photographs of a 
person, compute the person’s 3D shape     

       David Evans & Eleanor Watson, 

       Poikos Ltd. 

http://www.cimr.uea.ac.uk/workshops/esgi85/body-shape/
http://www.cimr.uea.ac.uk/workshops/esgi85/body-shape/
http://www.cimr.uea.ac.uk/workshops/esgi85/body-shape/
http://www.cimr.uea.ac.uk/workshops/esgi85/body-shape/
http://www.cimr.uea.ac.uk/workshops/esgi85/body-shape/
http://www.cimr.uea.ac.uk/workshops/esgi85/body-shape/
http://www.cimr.uea.ac.uk/workshops/esgi85/body-shape/
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Recent Study Group Problems 
85th European Study Group with Industry 

16th–20th April 2012, University of East Anglia, Norwich 
 

5. Efficient Geometrical Description of Perturbations to Designed 
Shape 

 
Consider an artefact such as an aircraft component, say wing.  Accuracy of 
the artefact  can be verified if it is measured. Having  measurements  of the 
form (x,y,z), determine a mathematical procedure that will describe the 
perturbations from nominal shape.  
 
 
Amir Kayani & Richard Burguete 

 Airbus Operations Ltd. 

        

http://www.cimr.uea.ac.uk/workshops/esgi85/shape-perturbations/
http://www.cimr.uea.ac.uk/workshops/esgi85/shape-perturbations/
http://www.airbus.com/
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Recent Study Group Problems 
85th European Study Group with Industry 

16th–20th April 2012, University of East Anglia, Norwich 
 

6. Liquid Interactions with Porous Media and the 
Environmental Fate of Toxic Materials 

 
Consider a toxic liquid droplet, develop  a model that will 
determine 

– Droplet movement on the surface,  
– Absorption into the material 
– Evaporation from the surface and evaporation with the porous 

material 
– airborne transfer away from the surface 

 
 

 
      Simon Parker & James Nally  

Defence Science & Technology Laboratory  

http://www.cimr.uea.ac.uk/workshops/esgi85/liquid-interactions/
http://www.cimr.uea.ac.uk/workshops/esgi85/liquid-interactions/
https://www.dstl.gov.uk/
https://www.dstl.gov.uk/
https://www.dstl.gov.uk/


Fields of Priority for the next five years 
[Maths  in Industry report, European Science Foundation] 

 

Optimisation(discrete, continuous, 
constraints  of any type: 
algebraic,ode,sde, and  combinations) 

Control and dynamics of real processes 

Mathematical modelling(for complex 
industrial problems, in particular) 

Visualization (medicine  and engineering) 

Data mining in science and engineering 
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SIAM 2012 report on maths in industry  

 

– «Industrial mathematics is a specialty with a 
curious case of double invisibility….. 

– … We are convinced that the mathematical and 
computational sciences have contributed and will 
continue to contribute to the nation’s economy by 
providing new knowledge and new ways of doing 
business. 

– Nonacademic applications enrich and deepen the 
mathematical and computational sciences as well 
as other fields, …» 
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2nd Euroasian Study Group(?) 

• New research problems and collaboration chances for 
academics, 

• Opportunity for graduate students to have hands-on 
experience with real world problems in a free discussion  
environment,  

•  New insight for companies, much more than they can get  
from a single consultant, 

• Motivation to study math or keep studying math for 
undergraduates, 

• Disclosure of the role of mathematics in academic and non-
academic environments. 

• … 

Study groups lead to  
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1. F. Avner, L. John How to start an Industrial Mathematics 
Program in the University, SIAM, Preprint. 

2. Report on mathematics-in-industry(April 2009), Global 
Science  Frorum,OECD, 
www.oecd.org/science/scienceandtechnologypolicy/42617645.pdf 

3. EM2010(Uluslararası katılımlı Endüstriyel Matematik 
Çalıştayı, KTÜ, Trabzon), Çalıştayı(matendustri.ktu.du.tr) 

4. ESGI85, 85th European Study group with industry, 12-16 
Nisan 2012, University of East Anglia, UK. 

5. Master of Science in Industrial Mathematics, Michigan 
State University, 
http://www.math.msu.edu/Academic_Programs/graduate/msim/. 

6. Mathematics and Industry, ESF(www.esf.org) 

7. SIAM 2012 report on maths in industry(www.siam.org) 
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Case Studies from  
Previous Years 
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Economy 

 Estimation of sensitivity of oil prices 

• Firm: EPRasheed 

• The Firm wants to determine the fluctuations 
in oil prices under some assumptions 

• ESGI 68., Southampton 2009, UK. 
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Traffic 
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Routing traffic with mobile 
phones 
 
Firm: Vodafone 
 
Wants to use the information in 
base stations to reroute traffic 
 
ESGI 49, Oxford, 2005 
 



Environment 

• Firm: DSTL(UK)  

• Cleaning capability of 
detergents  on a 
substrate 

• ESGI 68.  

• Southampton,UK, 2009 
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 Medicine(Plaque) 
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Firm: Christiana Care 
Health System 
 
Firm wants to analyse 
plaque development and 
breakup mechanisms  
 
Delaware Study Group,  
US, 2009 
 

 



Medicine (cooling and rewarming 
during surgical operation of a heart) 
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ESGI 52,  Amsterdam, 
2005 



Air transportation 

– Firm KLM 

• Planning of drinking water in  a plane 

• ESGI 52.  Amsterdam, 2005 

– Firm Airbus 

• Aircraft gas tank height-volume 
characteristics 

• ESGI 56. , Bath, 2006 
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Gas lines 

– Firma Veeder-Root  

– Wants to determine gas leaks in gas 
lines 

– 21. MPI , Worcester, US, 2005 

 

   PV=NRT 
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Consumer trends 

• Firm Unilever, UK 

• Wants to determine consumer trends 

• To consider 

– Psychological and  

– Sociological factors 

– ESGI 49, Oxford, 2005. 
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                            Thanks! 
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