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2. Modelleerimise metodoloogia
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Concise Encyclopedia on Modelling and Simulation:

Metodoloogia on teatud protseduuride hulk, mis kindlustab teatud
valdkonna thupiliste probleemide lahendamise. Metodoloogia koosneb
teatud hulgast meetoditest, teatud hulgast tegevustest (toimingutest) ning
teatud hulgast seostest

meetodite ja tegevuste vahel

Naide:
taime mudel
verbaalne
visuaalne
bioloogiline
klimatoloogiline
majanduslik
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Tehnikad:
reduktsionistlik
susteemiteoorial baseeruv

Reduktsionistlik:

Keerulised stisteemid tiikeldatakse ikka vaiksemateks ja
vaiksemateks komponentideks kuni iga komponent on piisavalt lihtne
selleks, et ta funktsioon on lihtsalt modelleeritav (ja arusaadav). lga
komponendi mudeli olemasolul on keeruline stisteem modelleeritud.

A.Toffler, Sissejuhatus Prigogine & Stenger
Order out of Chaos

Uks kdige arenenum tanapéeva Laane tsivilisatsiooni oskusi on
tikeldamine (ingl. dissection): s.0. probleemide lahkamine nende kdige
vaiksemateks komponentideks. See oskus on meil Glihea. Nii hea, et sageli
me unustame panna osad tagasi kokku tervikuks.



Susteemiteoorial baseeruv

Keeruliste ja komplekssete struktuuride holistlik kasitlus, mis arvestab
vastasmdjusid nende struktuuride kditumises ja hierarhias, s.0. ststeemide
slisteemid.

Uksikkomponentide kaitumine pole alati individuaalselt modelleeritud (voi
isegi moistetav)

holistlik — terviklik stisteemi kasitlev
universum on terviklik slisteem)

ststeemiteooria kohaselt
jaik (hard) stisteem
paindlik (soft) slisteem
jaik —  vaatlejast sOltumatu
fldsikaline
paindlik — vaatlejast soltuv
sotsiaalsed
Eetika:  tuumarelv
bioloogiline relv
inimkatsed
Kes on inimene? Vercors “Ebaloomad”
inimesel on usk millessegi

jumal
ebajumal

Modelleerimise blokk-skeemid (naited loengus)



LEONARDO DA VINCI

Motion is an accident born from the inequality of weight or force.
Force is the cause of motion, motion is the cause of force.

1) Observe the phenomenon and list quantities having numerical
magnitude that seems to influence it.

2) Set up linear relations among pairs of these quantities as are not
obviously contradicted by experience.

3) Propose these rules of three trial by experiment.



ISAAC NEWTON “PRINCIPIA”, 1687

Every body continues in its state of rest, or of uniform motion
straight ahead, unless it be compelled to change that state by
forces impressed upon it.

The change of motion is proportional to the motive force
impressed, and it takes place along the right line in which that
force is impressed.

To an action there is always a contrary and equal reaction; or,
the mutual actions of two bodies upon each other are always
equal and directed to contrary parts

Iga keha séilitab oma oleku kas paigalseisu vOi Uhtlase
sirgjoonelise litkumise kujul seni, kuni temale rakenduvad joud
seda olekut ei muuda.

Liikumishulga muutus on vordeline kehale mdjuva jouga ning
toimub samas suunas mojuva jouga.

Joud esinevad ainult paariti: iga méjuga kaasneb alati niisama
suur, kuid vastassuunaline vastumaju.



On soovitav probleemsituatsiooni kirjeldada nii tldiselt kui

Uksikult nii palju kui voimalik ilma matemaatikata
Seega:
see peale probleemile — vale!

alustada matemaatilisest mudelist ja suruda

Probleemsituatsiooni tksikasjaline kirjeldus annab ulevaate
muutujatest, parameetritest, ka seostest nende vahel
Ainult juhul, kui situatsioonil on selgelt eristatavad alamosad,
vOiks kone alla tulla tikeldamine

agregatsioon — vt hiljem meetodid

agregatsioon nagu teisedki meetodid on hésti

pohjendatud matemaatiliselt
real world: state formulate
real problem > physical » mathematical
model model

observations

model

improvements,
modifications

experiments

A

interpret and
validate
results

N\

solve

A

mathematical
model




Isearasused tanapaeval:

— inimene - masin: kommunikatsioonibarjaar on kadunud;

— numbriliste meetodite lai valik;

— odav arvutiaeg;

NB! Naited: 1) Sci-fiction kuidas modelleerida
motteliselt materiaalseid asju

2) Joonistamismang vilets/hea seletus



1.2.1 GUIDELINES ON FORMULATING THE PROBLEM
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9.

Define the problem and give its history and its causes.

State the objectives and the constraints.

Are you sure that this is the problem you want to solve? Why you want to solve
the problem?

Is there anyone who needs the solution? Are you sure you need the solution?
Why?

Are there other related problems, perhaps easier, which should be solved first?
List them.

What is the solution needed for?

What effect would it have?

How would you implement it?

How much would it cost to solve the problem? What are the resources available?

10.How much benefit would there be from the solution?
11.1f the problem is ignored, will it terminate over time?
12.Get outside the problem and look at it. Is it significant?

What is your vantage point for this judgment?

13.What are the stable solutions of the problem?
14.Can change in law or administration eliminate the problem?
15.Can the problem also be viewed as someone else’s problem?

Perhaps you can engage his cooperation in modeling a solution?

1.2.2. GUIDELINES ON HOW TO SOLVE THE PROBLEM

N

o 01k~ W

7.
8.

9.

Does the problem have a solution?

Give all alternative solutions: are they exhaustive? How do you demonstrate
this?

Give an optimal or near-optimal solution.

Give an average solution.

Give an approximate solution.

Start at both ends: the raw data and a hypothesized answer and move toward the
middle to develop justification.

Start in the middle and move towards the ends.

Embed the problem in a larger context and solve it.

Abstract the problem to a simpler formulation.

10.Can you derive the solution from that of a related problem?
11.Simulate the problem in search of solution.
12.Construct a working hypothesis.



13.
14,
15.

Develop and test the hypothesis.
Define the utilities and the payoffs in the process being studied.
How sensitive is the solution to changes in the data?

16.What are the invariants of the problem as reflected in the solution?

17.

Update feedback of the implemented solution onto the problem under study.

18.Analyze the faulty solutions of the problem to get a better understanding of the

preferred ones.

1.2.3. IMPACT OF THE SOLUTION

11.

How can you communicate the problem and its solution to others? What is the
most effective way to convince different people of your solutions?

What is the impact of the solution on people, things, etc.?

What people should be involved in implementing the solution?

What personnel commitments, organizational structure, and equipment are
needed to find the solution and , in particular, to implement it?

What happens to the organization after the problem has been solved and the
solution implemented?

Can the organization solve other problems?

How should people be motivated to solve the problem?

What are the sanctions on, and threats to, the individuals and organizations
involved?

What is the moral impact of the problem and its solution on people?

. Will there be a chain reaction, either creating new problems or solving other

problems, as a result of this solution?
Are there residual problems which must now be solved?



The background to mathematical modelling

1 Specify the _ 3 Formulate the
real problem »{ 2 Set up a model = mathematical
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A
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etiing methodology of Penrose (1978),

Fig. 2.3. A richly linked model of mathematical modelling.
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The background to mathematical modeiling

observe

1

pose problem

A

experiment with different
factors to isolate
important ones

Y

state physical model and

nature o

f solution

required

A |

simplify and produce
mathematical model

b i

can this mode! be solved
analytically/numerically

draw graph and/or-

yes

obtain solution

1?

interpret

solution

physically

:

does solution bear out
observation?

no produce empirical
formula

no

A

| yes

prediction o

f behaviour

Fig. 2.1. The modelling methodology of Bajpai et al. (1975).
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Figure 4.3 The model building process (detailed).
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1. Normally beating heart

2. Mobitz2 — second order A-V block with constant PQ-time
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3. Wenckebach — second order AV block with progressively increasing PQ-time




SA node

[

AV node

1

His bundle

|

Purkinje fibres

Oscillatory

Oscillatory

Nonoscillatory

Nonoscillatory



CONVENTIONAL APPROACH

2
% = CF, g—: + 11 parabolic
SRR

nonlinearity

Hodgkin - Huxley (HH)

I=g, n‘(V“VR "Vx)"‘gN- msh(v—vR ‘VNa)

+g, (v-vg-v )+C, dv/ot

dn_ n-n,
dt T,
dm _  m-m,
dt T
dh _ h-h,
dt Th



EVOLUTION EQUATION APPROACH

0%v OV _
X% + f(x)£+ g(v)=0

1
E
FHN type recovery variable

& - moving frame coordinate

Stationary:
v'+f(v)v'+067g(v)=0 - LIENARD - TYPE
()=d/dih, n=X+6¢

Engelbrecht, 1981
1991

GENERALIZATIONS:

- Modifications (wave hierarchies)

- Driven evolution equations

basic for a generaliced heart model

- Thermodynamics

link to the theory of continua

Kongas, von Hertzen, 1995
Engelbrecht, Maugin, 1994
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) Poincare section ~ w”+F(h)(w-w1)(w-w2)w'+w=A"delta(Bt)
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1:4—=2:2,2:4— 4:2 — chaos - 3:4 -
6:2, c[/Aasz'lazv.‘O&h‘c) 4:4, quasiperiodic —> etc

Ditfevence: 4:4 becomes qudsl.PWC‘od/tb
via Saddle ~node b fuereation

Chealve et aﬁ.} ! period doubla‘uﬁ
Here, NPE desribes earlien a\eve,lop)ueu-{—
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Action potential calculated from the driven nerve pulse

equation.



NPE driven by Dirac delta spikes
1 1 X T
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