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explain modeling of

fuzzy system for prostate cancer risk estimation using

Prostate cancer risk

estimation is a real and complex problem that can be solved
by building fuzzy system. Fuzzy modeling in this case is long

to apply evolution
d up fuzzy modeling

process. The aim of this project Is to present advantages and
disadvantages of such modeling process and to discuss
possibility of its practical application. As the result of this

IS obtained through

oevolution, prostate
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Fuzzy systems — fuzziness Fuzzy system for prostate cancer risk estimation has 3 input W) 1 Membetship e .. A -
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Fuzzy systems — fuzzy sets Fuzzy systems — fuzzy operators ——— e —
Sasscal sets VS Fuzzy sets Operators in fuzzy theory are not uniquely defined because of 0 | fi f i fi 32(:)> g 0. 9 . 9 . 9 . 9 10:0>
> membership gradation. N T 7S s 1 | | | | |
~ operator ("TAND" operator) is most commonly defined in one of the Z, W,
o A A A following ways:
Minimum HaO)npg(x) = Min(uaO)+palx))
. . [ Membership function 85 Azl SR R A AI) = BACCL OO o Prostate cancer risk estimation can be based on three parameters: PSA (Prostate Specific Antigen) level, patient age
b u il 77 BOUDOC A OUBEY, i saGciningl) = med(0. maO e LY e and prostate volume (PV). PSA is a protein produced by the prostate that may be found in an increased amount in the
A | A A A ﬁ%&& OS'?" operator) is most commonly defined in one of the blood of men who have prostate cancer, benign prostatic hyperplasia, or an infection of the prostate gland. A blood
< 0 Maximum raOOva(x) = max(ua(x)+ug(x)) sample is measured in an assay and the amount of PSA is reported as [ng/ml]. Older patients have higher risk of
j§ CiEea aRine s _ _ _ Product 1 Ovia(X) = ma(x)+1a(x)-120x)-1a(x) prostate cancer, but also have higher prostate volume for normal PSA concentration. Prostate volume is determined by
(F:;Zé&; Ste:f»f 22899"“3"26(’ version of classical mathematical Bounded sum ra(Xvpg(x) = min(1, pa(x)+us(x)) ultrasound imaging and is measured in [ml]. Many research projects are made to relate these parameters with
p : ~ operator ("NOT" operato;) if(;;‘i“;‘?i;’i‘f;, prostate cancer risk estimation. Criteria for measuring the quality of one fuzzy system are based on the results of
g these projects.

Evolutionary algorithms

Evolutionary algorithms - basic

Cooperative coevolution is parallel
where species helps each other in r

has its own selection, crossover and mutation, but in the point of fithess calculation

evolution process of two or more species,
eaching some common goal. Each species

Coevolution - Potter's model

Cooperative coevolution of
fuzzy system is presented

FUZZY SyStemS — Mamdani type ruct they join to create one whole whose quality is possible to measure. on figure. Selection,
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Coevolution of fuzzy model Coevolution of fuzzy model Fuzzy system testing Testing database Prostate cancer Prostate cancer — PSA levels
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Most important moment in coevolution is fitness computation. It is shown on figure. When
two members, each from one of two species (the one whose fitness we compute and the
chosen cooperator — best in other species) are coupled, they represent one fuzzy system.
That fuzzy system we can test using data from the database of known diagnoses. At the
first (step 1) we generate matrix of inputs (input parameters for PCR estimation).
Sequentially (one by one) set of input values is put on input of fuzzy system (step 2) and
fuzzy output that represents PCR estimation is computed (step 4). That is repeated for all
data in input matrix and matrix of corresponding outputs is created. At the same time we put
same inputs at the entrance to the target system (step 3) and take outputs (step 5) — this is
not actually performed because at the start, in our database, we have these outputs. Then
in step 6, corresponding outputs from both systems are compared and percentage of
approximately equal answers (PCR estimations) is computed. That percentage is fithness of
that fuzzy system. Actually it is the fitness of the member from one of species, since in this
step fitness of chosen cooperator is not changed. All mechanisms for evolving fuzzy system
including coevolution algorithm are implemented as Matlab functions.

Model of fuzzy system — variant 1

Model of fuzzy system — variant 2
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manually changed, like size of population for both
species, size of database with known diagnhoses,
used for fithess computation, number of rules,
etc., to try to influence evolution process and gain
better result. On figures 8 to 11 is presented an
example of membership functions after evolution
process of 150 generations, where size of
database with diagnoses used was 3375 and
number of rules was 14.

Set of fuzzy rules is:
if PSA levelis Very Low and Age is Yang and
PV is Middle then PCR is Small
if PSA levelis Very Low and Age is Early
Middle Age and PV is Middle then PCRis

if PSA levelis High then PCR is High

Chromosome of Fuzzy Rules species Chromosome of Fuzzy Rules species
Rule 1 Rule 2 Rule 6 Rule 1 Rule 2 Rule8
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Bl i i a2 Bl B et Example model has accuracy of approximately 70%, when tested with database of 3375 diagnoses
Finalfuzzy system - variant 1 ey 22y 3 used during coevolution, but is possible to create model with better results. That can be achieved by
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