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The primary goal of the reseach is

to develop the theory and the practice

of the inductively-generated
regression models

Applications:
Biology Medicine,Ecology Economics

Keywords: mathematicalmodelling, regressioranalysis
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Context and state of the art

The following well-developd techniquesare involved:

© GroupMethod of Data Handling
[lvakhnenlo, A. G., Malada,H. R.]

@ Geneticprogramming
[Koza,J.R., Zelinka, 1.]

© Optimal Brain Surgery
[LeCun)Y., Solla,S.A.]

© Model Selectionand CoherentBayesianinference
[Bishop,C., NabneyJ.]

© Minimum DescriptionLength Principle
[MacKay, D., Grunwald,PD.]
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Let there be given

The sampleset:
fx1;::Xnjx 2 RP g the independentvariables
fy1; 5 ynjy 2 Rg the carespndingdependedvariables
denoteby D the data setf (xi;Y;)g.

The primitive functions:
G=1fgjg:R i R ! Rgsmmth parametricfunctions
g=g(b;; ;)
G de nesthe set of arbitrary superpositionsF = ff;g
inductivelyby its elementsy
fi = fi(w;x)

wherew = by:bsiib,
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Mo del of the optimal structure to be found

y = fi(w;x) +

Onemust nd the modelf;, whichbrings
the maximumto the target functionP(wjD; ; ;fj)
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Practical example

measure datal
— — —regression

T L L L
0.8 0.6 0.4 02 0

The pressurdan the combustingcameraof the dieselengine

x  crankshaftrotation angle, normalized
y  pressure,normalized
the data set contain 4000 samples
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Subject of the research

Function Description Parameters
g(b; x1; X2)
plus Yy=X+ X
times Yy = X1X2
g(b; x1)
divide y = 1=x
multiply = ax a
add =x+a a
2
gaussian y = p=—exp (Xz—z) ta ; ;a4
linea = ax+ b ab
paabolic y = ax®>+ bx+ ¢ ab;c
cubic y=ax®+ bx?+ cx+d ab;c;d
logsig Y= Tepr )y T @ - |
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The process of the model construction

Obtain data
Assign initial models
Assign terminal functions
/ Assign admissible superpositions

—» Tune models
Evaluate hyperparameters

\

Estimate quality of models
Select models

T Modify superpositions

Use terminal functions
Generate new models
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Selected models

Model 1 Model 2 Model 3
X £ h x XX
X X hoh X hc X
X X X X

Legend:h gaussiany = (2 ¥ exp (x )?(2

)+ a),
c cubicy = ax®+ bx?+ cx+ d,| lineay= ax+ b.

f2 = 91(92(93(94(95(X); gs(X)) ; 97(X)) ; X); Ga(X)):
The full representationof the Model 2

_ 1 x i (x )
y = (ax+ b) X + pf—exp —_—
i=1 i
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Approach to the model selection

f1; 11 fm are the competitive models,
P(fijD) is the posteria probability, P(Djf;) is the evidence
P(fi)P(Djfi)
i, P(Djf)P(f)
The modelsf; andf; couldbe compaed as
P(ijD) _ P(f)P(Djfi) .
P(f;iD)  P(f))P(Difj)
The posteria probability of the parametersw givenD
P(Djw; fi)P(wjfi) .
P(Djfi) ’
the model evidencen the %arameterspaceis

(1)

P(fjD) = P

P(wjD;fi) = 2)

P(Djfi) =  P(Djw;fi)P(wijfi)dw:
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Data generation hypothesis

y = fi(w;x) +

the likelihood function is

P(yix;w; ;fi), P(Djw; ;f)=exp( Ep(Djw;fi))Zp*( );
the regulaization function

Pwj ;fi) = exp( EwWifi))Zy'( );

= 2 the varianceof datanoise, = 2 the varianceof parameters.

The desiredtarget function
. . ey~ P(Djw; )P(wj ) _ exp( S(wijfi))
B = ey T T s

andthe erra function S(w) = Ew + Ep.
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Theoretical results

@ The inductive model generationand multimodel selection
methaod wasintroduced.

@ The algaithm of the model modi cation using
hyperpaameterswas proposed.

@ Expert estimationsconcadancemethad for regressioranalysis
was develogd.

The software for generationand selectionthe nonlinea parametric
modelsof the optimal complexiy was develogd.
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Approvement of the project

@ The project was supported by RussianFoundationof Basic
Reseech, 2004 2006,2005 2006,2007 2008.
@ The resultswerereported at the conferences:

Mathematical Methods of Pattern Recognition2003, 2005,
2007;

Intellectual Information Analysis2002,2006;
Mathematics.Computer.Education.2004, 2006, 2008.

@ 12 peer-reviewd papersdevotedto the subjectwere published.
@ The lecturecoursecreatedand deliveredsince2006.

@ The group of studentsare working on the theay and practice
of the subject.
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Practical applications

X Inductive generatedmodels for regression

analysis (ComputingCenterof RAS)
X The model of the pressuran the combusting
camera (STMicroelectronics)

the model of the oxygensenso at the ex-
haust manifold of the dieselengine

X The volatility smilemodel of the option price i3
at the stock markets (ForecsysLtd.)

X Revelationbehavio patternsof institutional
ownersat the world markets (RusAom)

X The decisionsupport systemfor the Russian FBL
Electricity Generationindustry (RAO ES)  sheeremm:

X  The mathematicalmodel of the biomakers FrmurbClin
of patientswith CVD (ImmunoCIlinSARL) 4
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Data generation hypothesis

The connectionsbetweendata and paameterspaceare analyzed
using Two-levelBayesianinference.

@ The problem of dependencies between target functions
and probability distribution functions for the data
generation hypothesis is new.
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A model is the vector in the space of its criterions

Criterion space

18 T T T T
X
@) W1X+er. +w,
16 q
14} 2 |
(2) W XTHW X+,

[ J
= L (4) W, x+W,_CcoS(X)+W.,, |
172 3

3 w1x+wzsin(x)+w3
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(5) W X" +w, log(x)+ W
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Parameter space analysis

The target functionsde ne strategiesof model parameter
optimizationand in the long run the most adequatemodel
selection.

@ The optimal superposition structure could be discovered
using the parameter space.
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Mo del stability and tness in the parameter space
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Direct model seach and superposition structures

Now the stochasticoptimization algaithm makesthe model of the
optimal structure.

@ There is a way to make the direct seach of the optimal
model.
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Direct seach of the optimal superposition
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Direct seach of the optimal superposition
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Conclusion: Inductive Model Generation and Multimo del Selection

@ The primary goal of this project is to developthe theay and
the practice of the inductively-generatedegressiormodels.

@ The subjectis actual and asled-fa. The project is appovedby
the experts.

@ The project createsconnectionsetweenreseachers,who
developmathematicalmodelsfor speci ¢ purposes.
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