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Two Messages

Keep in mind, that the model must be evaluated in a given time with 
given tools; this may be lead to a hierarchy of models

Keep in mind, that the problem 
poser may change his mind, especially 
with respect to objective functions
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Example 1: A Hierarchy of mathematical models 
for production processes of technical textiles

 (see A. Klar, N. Marheineke, R. Wegener; ZAMM 2009)

Granules

Melting and 
spinning of fibers

Curling of fibers 
through turbulences

Deposition at the 
conveyor belt

Non-wovens
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The input –
 

output system

How to measure quality?
virtual fleece real fleece

Input:

fluid data

geometry

(material)

Output:

quality of the fleece
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System theoretical description

Input

fluid data

Output

quality Σ
Σ

 
= class of mappings

Little theory class contains many parameters many observations 
are necessary in order to identify these parameters
Class: linear control systems, neuronal networks etc. 

Black

 
box models

Disadvantage: Only the prediction of already existing systems is

 
possible

Much theory class contains few, i.g. measurable parameters
Class: Equations of continuum mechanics

White

 
box models

Disadvantage: Very costly numerical evaluation

In-between:              Grey

 
box models 
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The »almost white«
 

model

Theory of Elasticity: Rod

 
theory (1d) 
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Theory of Fluids 

Navier-Stokes

 
Equations which contain air forces f 

The numerical solution of Navier-Stokes in 3d with higher Reynolds numbers 
(104) is not feasible!

This „almost white model” is not applicable.

Turbulence models (as k-ε model) need 2-3 hours per fiber: Still not 
applicable, since we have 1000 fibers.

Further simplifications are needed, i.e. „British modeling” = 
The search for small parameters + asymptotic analysis.

 depend on the relative velocity

t

f

r u

=
∂ −
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The length scales of the flow

Turbulence contains vortices of different 
sizes, which interact with the fiber.

The vortices have different energies, 
depending on their diameters.

≅

∼

fiber length typical length 1

fiber thickness

L

A

Which vortices curl the fibers?

u’

u’

u’

u

∂t r
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Kolmogorov-theory

Motion of fibers

 is determined by

 the bulk velocity

energetic

 vortices 
small "weak" vortices 

Makro Meso Mikro

large

 vortices

Interior forces and

 turbulent forces

 in equilibrium
No interaction

E(k)

d-1

1
L

1
T
−l

5
3k−
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length
k
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The asymptotic limit

Still too costly (2 –

 
3

 
hours)

We have hundreds of fibers! 

3

0

The fundamental scale is , which we compare with the 

length L of the fibre

10

Asymptotic limit: 0 

Then turbulence forces  white noise

Now, a simulation can be made, but takes still sev

T

T

L

δ

δ

δ

−

→

= ≈

→

⎯⎯⎯→

l

l

eral hours 

for realistic situations

 No optimal process design is possible→
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Further simplification

is needed = The

 
»grey model«

 
for the deposition

Non-moving conveyor belt

 
„Impact

 
point“

 
of the fiber at the belt = x (s) 

fiber incompressible è

 
t = s

( )

β β

ξξ τ α ξ τ
ξ

β π β α
ξ

⊥

− =

= = − ⋅ +

≤ ≤ ⇒ ≥ ⇒
⇒

cos(90 ) sin

,

0 sin 0  decreases

The motion is turned towards direction  

       depending on b

 = Amplitude of the projection of the 

turbulence

b AdW

A

+ =ϕ β α

ξ

τ

⊥τ
α
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Influence of the turbulence
( )ξ =conveyor belt doesn´t move, 1b

 and  are identifiable parameters.A b

0 1

0,1 5

= =

= =

A A

A A
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A never-ending problem:

Model and simulate the 
complete chain from 
production process to the 
final product

Inverse problem: How to 
control the production to 
get an optimal product?

Example: from filter 
features back to the 
spinning process

SIM SIMSIMProduktions-
parameter

strukturelle
Materialbeschr.

Produkt-
bewertung

Phänomenolog.
Materialbeschr.

Mikrostruktur-
simulation

Bauteil-
simulationen

Reverse Engineering
für den 

Produktionsprozess

virtuelles
Materialdesign

Reverse Engineering in der Produktionskette: 
Bauteilqualität, Produktionskosten

Simulation
Prod.prozess

SIM SIMSIMProduktions-
parameter

strukturelle
Materialbeschr.

Produkt-
bewertung

Phänomenolog.
Materialbeschr.

Mikrostruktur-
simulation

Bauteil-
simulationen

Reverse Engineering
für den 

Produktionsprozess

virtuelles
Materialdesign

Reverse Engineering in der Produktionskette: 
Bauteilqualität, Produktionskosten

Simulation
Prod.prozess
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Example 2: Transport of Patients in Hospitals
 (M. Schröder, Fraunhofer ITWM)

Central office

treatment rooms

 
wards

1 2

patient-

 
transport

order has

 
been carried

 
out

order
data

information flow

transport

Order flow

transport

 
colleagues
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Scheduling –
 

Activities and Resources

Activity Ai

pi – processing time

Si – start time (to be determined)

Ci – completion time

Ci = Si + pi

Resource Rj

 

(can be machine, worker,…)

time
Rj

Ai

Si Ci

pi
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Scheduling –
 

Lateness and Tardiness

Activity Ai

Di – due date

Li = Ci – Di lateness

Ti = max(Li , 0) tardiness

Ai

Ci Di

Ai

CiDi

Ai

 

terminates early

 (Li

 

< 0, Ti

 

= 0)

Ai

 

terminates late

 (Li

 

> 0, Ti

 

> 0)
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Scheduling –
 

some examples for objective functions

Activities A1

 

, A2

 

, …

 
An

Task:

 Schedule activities on a single resource (determine sequence) such that…

maxi Li is minimized EDD rule is optimal („earliest due date“)

∑i Li is minimized     SPT rule is optimal („shortest processing time“)

∑i Ti is minimized    problem is NP-hard, no rule exists

EDD rule: sort A1

 

, A2

 

, …

 
An

 

in non-decreasing order of due date

SPT  rule:  sort A1

 

, A2

 

, …

 
An

 

in non-decreasing order of processing time

A1A2 A3A4
…

L2

 

>0

D4 D1 D3D2

L4

 

<0 L1

 

>0 L3

 

<0
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Multiple resources

Activities A1

 

, A2

 

, …

 
An

Resources R1

 

, R2

 

, …

 
Rm

Tasks:

 (1) Assign activities to resources

(2) Schedule activities on each resource

A1 A3A4
…R1 A7

A9 A6A10
…R2 A5

A11A8
…R3 A7

R4 …
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Example –
 

Transport of Patients in Hospitals

Typical transport task:

Bring patient Smith from ward to
X-ray department for examination

Performed by transport personnel

Model:

Transport tasks – activities A1, A2, … An

Transport personnel – Resources R1, R2, … Rm

Dispatcher:

Assign tasks to personnel

For each worker determine sequence of tasks
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Dispatching of transport tasks with classical media

telephone

paper

pencil

…
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Dispatching of transport tasks with computer system

Opti-TRANS®

the whole process is 
software based

dispatching 
algorithms
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Objectives in Opti-TRANS®
 

dispatching algorithm

maximize timeliness (ideally lateness = 0 for all tasks)

maximize resource utilization (avoid long ways between two tasks)

balance workload on resources

A1 A3A4
…R1 A7

A9 A6A10
…R2 A5

A11A8
…R3 A7

R4 …
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Balancing of workload for human resources

very important for transport personnel

appropriate measure for workload?

e.g. number of tasks

e.g. total processing time

human resources are not always available (working times, breaks,…)

workload measure has to be neutral to times of absence

set of transport tasks changes dynamically – frequent re-planning is 
necessary

workload measure has to be stable over re-plannings
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Modeling can be learned by doing, 
not by listening or reading.

Modeling is „metastrategic

 
knowledge“

 (see Elsbeth

 

Stern: „Lernen“, Pädagogik

 

58(1)72006)

„Metastrategic

 
knowledge emerges at best 

as

 
a byproduct of the acquisition of content

 knowledge. Metastrategic

 
knowledge is 

learnable, but only in exceptional cases 
direct

 
teachable.“

Find

 
a good balance in teaching mathematics and 

exercising modeling. The more mathematics we 
know, the

 
better are the models.
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What should we learn from example 1:

That there is not one model, that there might be a hierarchy of models

how we get simpler models from complex models (f.e. by asymptotic 
analysis = „modeling“ in British tradition)

that we may use complexer models to identify parameters in simpler 
models

that models in order to be useful must be evaluated in a given time with 
given tools; therefore, efficient algorithms are very important too

that models should be as simple as possibloe, but also as complex as 
necessary!
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What should we learn from example 2:

How scheduling processes may be modeled (even in schools)

that one needs many personal contacts, when human decisions 
are involved

that optimization problems very 
often have not only one objective 
function:

Multicriteria Optimization
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Our experience in teaching modelling

Modeling weeks for high school students (4 – 5 talented students per 
school) and some high school teachers.

Since 25 years, 2 –

 
3 weeks per year.

Export of Modeling activities to many European, Asian and South 
American countries.

Personal visits in more than 300 companies all over the world with 
discussions about how to solve „nonstandard problems“ with 
mathematics.
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Problem finding Competence

Modeling problems are everywhere, even „in the 
bakery around the corner“.

Even in „walking in the rain“:

Is it worth while to run in rain?

Or by talking to colleagues of other disciplines:

How do we identify tortoises?

Please
 

do not „invent“
 

problems!
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Modeling gives a „meaning“
 

to mathematics,
 creates a lot of enthusiasm in students

„Time passes by so quickly, since it is more interesting than lessons.“

„It was very interesting, since the problems were more complex and 
more realistic.”

„It was surprising that a problem has more than one solution.”

„It should be done more often.”
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Georg Christoph Lichtenberg (1742 –
 

1799) 

“In order to find something, 
you have to know that it exists.”

The teacher as a guide – not „eye in eye”, but „shoulder to shoulder”.
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