
 In this project, an attempt was made to explain modeling of 

fuzzy system for prostate cancer risk estimation using 

optimization based on genetic  algorithm. 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 

and hard process, but it is possible to apply evolution 

algorithm to evolve fuzzy system and speed 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 

research, example of fuzzy system, which is obtained through 

evolution process, is  presented. 
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Fuzzy system for prostate cancer risk estimation has 3 input 

fuzzy variables: PSA level, Age and Prostate Volume (PV), 1 

output fuzzy variable: Prostate Cancer Risk (PCR) and 

collection of fuzzy rules. For presenting fuzzy variables, 

triangle, L and  types of fuzzy sets are used. They are 

choiced for simpler computations. Each variable is defined with 

5 fuzzy sets, as shown on figures. Parameters X1, d1, d2, d3, d4, 

Y1, e1, e2, e3, e4, Z1, f1, f2, f3, f4, W1, g1, g2, g3 and g4 define the 

look of fuzzy variables.  
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Prostate cancer risk estimation can be based on three parameters: PSA (Prostate Specific Antigen) level, patient age 
and prostate volume (PV). PSA is a protein produced by the prostate that may be found in an increased amount in the 
blood of men who have prostate cancer, benign prostatic hyperplasia, or an infection of the prostate gland. A blood 
sample is measured in an assay and the amount of PSA is reported as [ng/ml]. Older patients have higher risk of 
prostate cancer, but also have higher prostate volume for normal PSA concentration. Prostate volume is determined by 
ultrasound imaging and is measured in [ml].   Many research projects are made to relate these parameters with 
prostate cancer risk estimation.  Criteria for measuring the quality of one fuzzy system are based on the results of 
these projects. 
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Cooperative coevolution is parallel evolution process of two or more species, 
where species helps each other in reaching some common goal. Each species 

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

they join to create one whole whose quality is possible to measure.  
Fuzzy model consists of membership functions and fuzzy rules. For applying 

cooperative coevolution on optimizing fuzzy model we create two species: 

membership functions and fuzzy rules. Number of rules and number of fuzzy sets 
for variables are not changed during evolution process, but they are set at the 

evolution start. As presented on figures fuzzy variables are defined with 5 fuzzy 

sets, each. Number of rules must also be defined and in this case is m = 14. 

Species has chromosomes like on figure. For all parameters of fuzzy model, 

which are in chromosomes, are intuitively defined ranges of values: X1[0,8], 

d1[2,8], d2[2,8], d3[2,8], d4[2,9], Y1[1,15], e1[1,10], e2[1,10], e3[1,10], 

e4[1,15], Z1[0,65], f1[5,65], f2[5,65], f3[5,65], f4[5,60], W1[0,20], 
g1[1,20], g2[1,20], g3[1,20], g4[1,20], A{Very Low – 1, Low – 2, Middle – 3, 

High – 4, Very High – 5}, B{Not in rule – 0, Very Yang – 1, Yang – 2, Early 

Middle Age – 3, Middle Age – 4, Old – 5}, C{Not in rule – 0, Low – 1, Normal – 2, 
Middle – 3, High – 4, Very High – 5}, D{Very Small – 1, Small – 2, Middle – 3, 

High – 4, Very High – 5}. Names of fuzzy sets are defined intuitively and are just 

names with no any meaning. 

Cooperative coevolution of 

fuzzy system is presented 

on figure. Selection, 

crossover and mutation are 

independent for both 

species. But, when is 

necessary to compute the 

fitness of newly created 

member from one of 

species it is necessary to 

couple him with the best-

known member from the 

other species to make one 

whole.  

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 fitness 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.  
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COEVOLUTION RESULTS 

 
•During experiments some elements are 

manually changed, like size of population for both 

species, size of database with known diagnoses, 

used for fitness 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 level is Very Low  and  Age is Yang and  

PV is Middle then  PCR is Small 

•if  PSA level is Very Low  and  Age is Early 

Middle Age and  PV is Middle then  PCR is 

Small.... 

•if  PSA level is High then  PCR is High  

 
Example model has accuracy of approximately 70%, when tested with database of 3375 diagnoses 

used during coevolution, but is possible to create model with better results. That can be achieved by 

performing longer coevolution, for what is necessary more time and computer resources. Also is possible 
to evolve more structure elements of the model during coevolution, such as: type of fuzzy sets used, 

number of fuzzy sets for one fuzzy variable, number of fuzzy rules, etc. All that should give better final 

fuzzy system, but it complicates coevolution process and need more time and computer resources. Very 
important is quality of the created fuzzy model. That quality depends primarily on the size of the database 

with diagnoses and the accuracy of the diagnoses. It is possible to involve more diagnostic parameters to 

improve the accuracy of diagnoses. 
This shows that application of cooperative coevolution on optimizing fuzzy model for this concrete 

problem gives good results. It also shows possibility of applying similar approach on solving any problem 

that we see as black box with known inputs and known outputs. 
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