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Abstract 

Strict analytic formulas are the tools usually derived for determining the 

formal relationships between a sample of independent variables and a va-

riable which they affect. If we cannot formalize the function tying the in-

dependent and dependent variables then we will utilize some control ac-

tions. Apart from crisp versions of control we often adopt their fuzzy va-

riants developed by Mamdani and Assilian [10] or Sugeno [20, 21]. Fuzzy 

control algorithms are furnished with softer mechanisms, when compa-

ring them to classical control. The algorithms are particularly adaptable to 

support medical systems, often handling uncertain premises and conclu-

sions. From the medical point of view it would be desirable to prognosti-

cate the survival length for patients suffering from gastric cancer. We thus 

formulate the objective of the current paper as the utilization of fuzzy 

control actions for the purpose of making the survival prognoses. 

Keywords: Mamdani controller, Sugeno controller, control estimation 

of survival length. 

1 Introduction 

In the current paper we will study the control actions to support the approxima-

tion of the survival length. In the control models we wish to treat the survival 

length as a dependent variable, which is affected by some biological parame-

ters. Strict analytic formulas are the tools usually derived for determining the 

formal relationships between a sample of independent variables and a variable 

which they affect.  

If we cannot formalize the function tying the independent and dependent 

variables then we will utilize fuzzy control actions.  

mailto:Elisabeth.Andersson@bth.se
mailto:Hang.Zettervall@bth.se
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We consider the problem of prognosticating the survival length for patients 

who suffer from gastric cancer [23, 24]. 

Fuzzy set theory allows us to describe complex systems by using our know-

ledge and experience in transparent English-like rules. It does not need complex 

mathematical equations and system modeling that governs the relation between 

inputs and outputs.  

Expert-knowledge designs together with assumptions of fuzzy set theory 

have given rise to the creation of fuzzy control and its technical applications, 

see e.g., [1, 2, 10, 13, 22]. Experience-based rules constitute the crucial part of 

fuzzy controllers, which have found many adherents to apply them in order to 

support solutions of complex systems not characterized by formally stated struc-

tures. Due to the possibility of making input and output variables verbally ex-

pressed, fuzzy control has also been tested in medicine [3, 7, 8].  

The evaluation of survival length was already accomplished by statistical 

methods. In the first trials of survival approximation a survival curve from cen-

sored data was introduced [9]. The model was used in cancer patient examina-

tions to estimate the length of living [12]. The Cox regression [4] of life length 

prediction was developed in such studies as logistic Cox regression [19]. The 

statistics-based models predicting the survival were compared by Everitt and 

Rabe-Hesketh [6] who found such model disadvantages as the lack of normal 

distribution or missing values among survival times.  

In our study we compare the effects of two fuzzy controllers, namely, 

Mamdani and Sugeno to obtain a crisp value being a prediction of survival 

length. We make the survival length dependent on two clinical markers “age” 

and “CRP-value” due to the physicians’ expertise. The choice of CRP and age, 

as representative markers of post-surgical survival in cancer diseases, has been 

suggested due to the latest investigations revealing associations of these indices 

with the progression of disease in many cancer types [5, 11]. 

2 The Mamdani controller in prediction of the survival 

length in elderly gastric patients 

Fuzzy control model is applied in research to some relationships between a col-

lection of independent variables and the dependent of them variable when we 

cannot mathematically formalize the functional connection among them. We are 

expected to evaluate the survival length in patients with diagnosis “gastric can-

cer”. The period of survival is affected by two biological parameters X = “age” 

and Y = “CRP-value”, which are selected as the most essential markers of mak-

ing the prognosis. We cannot formally derive a function, which relates the inde-

pendent variables X = “age” and Y = “CRP-value” to the dependent variable Z = 
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“survival length”; therefore we will adapt such fuzzy controller, which supports 

estimation of dependent values in spite of the lack of a formula concerning 

 yxfz , , xX, yY, zZ. 

2.1 Fuzzification of input and output variable entries  

All variables will be differentiated into levels, which are expressed by lists of 

terms. The terms from the lists are represented by fuzzy numbers, restricted by 

the parametric s-functions lying over the variable domains  maxmin , xx , 

 maxmin , yy  and  maxmin , zz  respectively.  

In conformity with the physician’s suggestions we introduce five levels of 

X , Y and Z  as the collections 

 

X = “age” = { 0X  = “very young”, 1X  = “young”, 2X  = “middle-aged”,  

3X  = “old”, 4X  = “very old”}  

 

Y = “CRP-value” = { 0Y  = “very low”, 1Y  = “low”, 2Y  = “medium”,  

3Y  = “high”, 4Y  = “very high”} 

 

and 

 

Z = “survival length” = { 0Z  = “very short”, 1Z  = “short”,  

2Z  = “middle-long”, 3Z  = “long”, 4Z  = “very long”}. 

 

To obtain a family of membership functions of fuzzy numbers standing for 

the terms of the respective lists we will modify the parametric s -class func-

tions. For Xi, i = 0,...,4, we design [14-18] 
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and 
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Formulas (2) and (3) depend on the minimal value minx , which starts the X-

variable domain. The structures (2) and (3) are also affected by the value of a 

parameter hX, which estimates the length between the beginnings of member-

ship functions constructed for two adjacent terms of X. The hX quantity is ad-

justed to the number of functions in the X-list and to the distance between the 

minimal and the maximal value of the X-variable domain. 

The membership functions of Yj, j = 0,…,4, constructed for the accommo-

dated values of parameters hY and Ymin to the conditions of Y, are yielded by 
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And 
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Finally, the Zk’s functions, k = 0,…,4, are derived as 
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with 
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the central part 
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The parameter hZ allows designing five numbers from Z over [zmin, zmax]. 

We return to the variable X = “age”, which is differentiated in five levels 

and restricted over the interval  maxmin ,xx  = [0, 100]. We thus state 0min x , 

25Xh  and 4,...,0i . For the terms of “age” we will obtain by (2) and (3) a 

family of the membership functions sketched in Fig. 1. The hX value is specified 

to be equal to 25 since we wish to make a design in which X0 has its peak in (0, 

1) and the peak of X4 should be moved to (100, 1). On the other hand five sym-

metric functions of fuzzy numbers have to find their placements over [0, 100] 

which, together with previously made assumptions, initiates hX = 25. 
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Figure 1: The membership functions for ”age” 

 

By inserting new parameters of ymin and hY in (5) and (6) we generate the 

membership functions for “CRP-value”. We have stated Y  as a collection of 

five levels over the interval [0, 50]. The design of installing five functions with 

the peak of Y0 in (0, 1) and the peak of Y4 in (50, 1) demands the selection of 

15Yh . We plot the Yj functions in Fig. 2 by setting in turn the different values 

of j in (5) and (6), where j = 0,...,4. 
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Figure 2: The membership functions for ”CRP-value” 

 

The output variable Z  takes the values in the interval [0, 5]. We determine 

1Zh  and set 4,...,0k  in (8), (9) and (10) to initialize the functions depicted 

in Fig. 3. 
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Figure 3: The membership functions for ”survival length” 

 
We emphasize the importance of the parametric design of functions. Instead 

of implementing fifteen formulas of the similar nature we have sampled all 

functions in three generic groups. Any time we can involve the desired function 

in necessary computations by setting its number in the proper formula concern-

ing X, Y or Z. Moreover, the mathematical scenario of membership functions is 

established in the formal and elegant designs, which can be segments of a com-

puter program for the reason of their nature letting the creation of loops. 

2.2 The rule based processing part of surviving length model 

After the fuzzification procedure we are able to create the rule bases, which link 

the states of the two input variables to the state of the output variable. We thus 

design a table in which the entries are filled with terms of “survival length”. To 

express the states of the survival length as logically as possible, we have studied 

the behavior of variables on the basis of biological data samplings. The cells of 

the table are characterized by subintervals of domains of X and Y.  

We first estimate the survival length median in the samplings of the data 

corresponding to considered cells. The median value was set as z in the mem-

bership functions of all fuzzy numbers listed in the Z-space. We select this 

fuzzy number Zk as a representative of the cell, in which the membership degree 

of the median was largest. The technique of combining the human experience 

with data sets obtained for discrete samples to make conclusions for continuous 

samples is a modern branch of so-called “integration systems”. 

The estimations of survival length are collected in Table 1. 
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Table 1. Rule base of fuzzy controller estimating “survival length” 

Xi/Yj very low low medium high very high 

very young      

young      

middle-aged middle long     

old middle long short short short very short 

very old short short very short very short very short 

 

Some entries in the table are empty, since the essential data was lacking for 

younger people. It rarely happens to find young patients with diagnosis “gastric 

cancer”; therefore we could not make any reliable conclusions concerning sur-

vival in this age group.  

Suppose that we would like to make the survival prognosis for  yx, , xX, 

yY – with other words we want to evaluate  yxfz ,  when assuming that 

the f-formula is not developed.  

Furthermore, x  belongs to the different fuzzy numbers iX , i = 0,...,4, be-

ing the fuzzy subsets of X , with different membership degrees equalling 

 x
iX

 . Element y  associated to x is a member of some fuzzy numbers jY , j = 

0,...,4, constituting the fuzzy subsets of Y with the membership degrees  y
jY

 . 

 By means of IF-THEN statements grounded on the basis of Table 1, we can 

determine the contents of rules by attaching the pair of input variable levels to a 

level of the output variable according to 

 

Rule   ::, lyxR  If x  is liX :  and y  is ljY : , then z  is lkZ : , (11) 

 

where l is the rule number. The expressions liX : , ljY :  and lkZ :  denote the fuzzy 

numbers Xi, Yj and Zk assisting rule number l, which has been found for actual x 

and y.  

To evaluate the influence of the input variables on the output consequences 

we need an estimate   lyx :,  found by performing the minimum operation  

 

      yx lYlXlyx ji :::, ,min    (12) 

 

for each liX :  and ljY :  concerning the choice of (x,y). 

We use   lyx :,  and the minimum operator to determine consequences of all 

rules R(x, y):l for the output. Fuzzy sets 
conseq

lyxR :),( , stated in the output space Z, 

will have the membership functions  
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 
      zz lZlyx

conseq

R klyx ::, ,min
:,

  . (13) 

 

In the last step of the algorithm we aggregate the consequence sets 
conseq

lyxR :),(  in 

one common set ),( yxconseq  allocated in Z over a continuous interval [z0, zn]. To 

derive the membership function of ),( yxconseq  we prove the action of the max-

imum operator in the form of  
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2.3 Defuzzification of the output variable 

In order to assign a crisp value z to the selected pair (x, y) we defuzzify the con-

sequence fuzzy set (14) in Z. We will thus indicate the expected value of the 

survival length for a gastric cancer patient whose age x and CRP-value y have 

been examined. 

As a defuzzification rule we adapt the centre of gravity method (COG). This 

model of computing is easy to perform and clearly interpretable. We expand 

COG as 
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with the inner borders z1,...,zn–1 being either z-coordinates of intersection points 

between adjacent branches of the ),( yxconseq  membership function or characte-

ristic support values of fuzzy numbers included in ),( yxconseq . 

2.4 The survival length prognosis for a selected patient 

Suppose that we examine a 77-year-old patient, whose CRP-value is 16. His 

diagnosis is determined by a physician as “gastric cancer”. We wish to estimate 

theoretically the expected value of his survival length by proving the algorithm 

sketched in previous sections. The information is confidential and used only by 

the physician. 
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Let 77x  and 16y . Age 77 belongs to fuzzy number 3X = “old”. 

Therefore, for i = 3, hX = 0.25 and xmin = 0, we allocate x = 77 in the interval 

     
5.8775

32503250
2
25

2minmin





x

xihxxihx X

h

X
X

 

with the membership degree 

   7777 ""3 oldX   =
      9872.02121

2

25.0

325077277 min 


X

X

h

ihx
. 

The same x = 77 is a member of another fuzzy number 4X  = “very old” 

with the membership degree of     0128.07777 ""4
 oldveryX  . The CRP-

value 16 belongs to fuzzy number 1Y = “low” with the membership degree 

    991.01616 ""1
 lowY   and 2Y = “medium” with the membership degree 

    009.01616 ""2
 mediumY  . 

In accordance with (11) the rules, which connect the states of the input va-

riables to the output variable levels, are established as: 

 

  :1:16,77R  IF “age” is “old” and the “CRP-value” is “low”, THEN “survival 

length” will be “short”. 

  :2:16,77R  IF “age” is “old” and “CRP-value” is “medium”, THEN the sur-

vival length will be “short”. 

  :3:16,77R  IF “age” is “very old” and “CRP-value” is “low”, THEN the sur-

vival length will be “short”. 

  :4:16,77R  IF “age” is “very old” and “CRP-value” is “medium”, THEN the 

survival length will be “very short”. 

 

To evaluate the influences of the input variables on the output consequences 

due to (12), we estimate   l:16,77 , l = 1,...,4 as four quantities  

 

             

,9872.0

991.0,9872.0min16,77min16,77min """"1:1:1:16,77 13



 lowoldYX 

  ,009.02:16,77   

  0128.03:16,77   

and   .009.04:16,77   

 

In conformity with formula (13) we obtain the fuzzy subsets of the conse-

quences. For instance, set R(77,16):1
conseq

 has a membership function  
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 
         

  z

zzz

short

ZZ

conseq

R

""

1:1:1:16,77""

,9872.0min

,9872.0min,min
111:16,77



 
 

 

given by Fig. 4. 
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Figure 4: The fuzzy subset of consequence constructed due to R(77,16):1 

 

We repeat the action of (13) to find the consequence sets due to rules (11) 

for l = 2, 3, 4. When applying formula (14) we concatenate all 
 

 zconseq

R lyx "" :,
 , 

l = 1,2,3,4, in order to determine a common consequence of rules (11) fitted for 

the pair (77, 16). The fuzzy subset of the universe Z will be thus yielded by its 

membership function  
 

  zz
conseq

R
l

conseq l:16,77)16,77( 41
max 


 . 

The fuzzy set conseq(77,16) is aggregated in Fig. 5. 

 

z
 

 zconseq

0z 1z 2z 3z 4z 5z 6z
 

Figure 5: The consequence set conseq(77,16) in Z 

f 

ł 

I 
I 
I 

i 



214 

Formula (15) constitutes a basis of an estimation of the survival length ex-

pected when assuming “age” = 77 and “CRP-value” = 16. Over interval [z0, z6] 

= [0, 2], which contains characteristic points z0 = 0, z1 = 0.533, z2 = 0.75, z3 = 

0.96, z4 = 1.54, z5 = 1.75 and z6 = 2, we compute the z-prognosis 

 

.05.1)16,77(
2

75.1

25335.0

0

2

75.1

25335.0

0

5.0

2
2009.0

5.0

2
2009.0


 







 


 






 


dz
z

dz

dzz
z

dzz

fz




 

 

For the patient who is 77 years old and has the CRP-value equal to 16, the 

theoretical estimated survival length is about 1 year. The result converges to the 

physician’s own judgment made on the basis of his medical reports. For each 

pair (x,y) we can arrange new computations due to the fuzzy control algorithm 

to estimate the patient’s period of surviving in the case of suffering from gastric 

cancer. 

In the next section we wish to confirm the magnitude of survival length ap-

proximation by testing the Sugeno controller. 

3 Verification of survival length results by means 

of Sugeno controller 

In the rules, constituting the crucial part of control processing, the levels of the 

independent variables have been tied to a selected level representing the depen-

dent parameter. All levels have been further replaced by fuzzy numbers. The 

operations recommended by the Mamdani controller have been performed on 

membership functions of these fuzzy representatives of levels.  

To shorten the action of the processing part in the Mamdani controller, Su-

geno [20, 21] proposed another approach to the creation of rules, in which the 

dependent variable level will be determined by a functional connection of inde-

pendent variables. 

3.1 Adaptation of the processing part of the fuzzy controller  

to Sugeno-made assumptions  

We still wish to evaluate the survival length in gastric cancer patients due to 

information about their age and CRP-value. In this new version of a fuzzy con-

troller, called the Sugeno controller, we preserve the former results of the fuzzi-

fication of independent variables, i.e., we still keep alive the levels of variables 

X = “age” and Y = “CRP-value” with assisting membership functions (1), (2) 

and (3) for X, as well as (4), (5) and (6) for Y.  
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The dependent variable Z = “survival length” is not differentiated into levels 

anymore. Instead, for each combination of X- and Y-levels we derive a linear 

two-dimensional function of the general shape f(x,y) = ax+by+c. This procedure 

can only work in the case of possessing some data triplets (x,y,z), which come 

from the examinations carried out on patients belonging to the desired combina-

tions of levels. We support our experience by engaging discrete point sets to 

predict the information, which can be obtained for continuous intervals 

of X and Y. 

 

Example 1 

The triplets (“age”, “CRP-value”, “survival length”) = (x,y,z) belong to the set 

{(77, 18, 0.5),…,(81, 21, 0.9)}, in which x-values correspond to level X3 = “old” 

and y-values are typical of Y1 = “low”. The dependent variable z =f(x,y) has 

taken values between 0.1 and 0.8. The data is withdrawn from the patients’ re-

ports. Thus, for the couple of levels X3 and Y1 we find the functional dependen-

cy   4426.9104256.313057.0, 3   yxyxfz  shown in Fig. 6. 

 
Figure 6: The example of the functional dependency between independent 

and dependent variables 

 

In the IF-THEN rule (11) the Z-level indicates the character of dependency 

between levels of X and Y. In the Sugeno IF-THEN rule the function z =f(x,y) is 

not assimilated to any level of variable Z from Section 2. We formulate a new 

pattern of (11) as 

 

lyxR :),( : IF x is liX : and y is ljY : , THEN z(x,y):l is  yxfz kk ,  (16) 
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where l is the rule number, liX :  and ljY :  represent the fuzzy numbers iX  and 

jY , which are associated with the rule number l for the actual pair (x,y).  

The formula  

 

  kkkkklyx cybxayxfzz  ,:),(  (17) 

 

is a control function found for levels liX :  and ljY : . The quantities ak, bk and ck 

are constants. The control functions have been constructed by the Maple com-

puter program.  

As we want to find the functional evaluations for all possible connections of 

levels, selected for independent variables due to Table 1, then the number of 

functions will equal 11. Hence, the index k, k = 1,…,11, constitutes the function 

number with accordance to the next rule base table, introduced as Table 2. 

 

Table 2. The functional rule base table for combinations of X- and Y-levels  

in estimations of survival length 
Xi/Yj very low low medium high very high 

very young      

young      

middle-aged z1     

old z2 z3 z4 z5 z6 

very old z7 z8 z9 z10 z11 

 

As before, we have left some empty cells in the table because of the lack of 

data for younger patients with diagnosis “gastric cancer”. 

Instead of the sophisticated procedure of looking for the final consequence 

set, characteristic of the Mamdani controller, we adopt the control function 

[20, 21] 

 

 
  

11,...,1,

,

,
:),(

:),(:),(









k

yxfz

yxfz

l

lyx

l

klyxlyx
Sugeno





, (18) 

 

which directly delivers a crisp control value of the output variable “survival 

length”. 

To obtain the value of lyx :),( , we need to perform the minimum operation 

for the membership degrees of    yx lYlX ji :: and   according to (12). 
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3.2 Applications of the Sugeno fuzzy controller to estimation  

of the survival length in gastric cancer patients 

We return to the case of the patient already presented in 2.4. By testing the Su-

geno controller let us now evaluate the expected value of the survival length for 

a 77-year-old patient, whose CRP-value is 16. 

We put x = 77 and y = 16. We have previously stated that age 77 belongs to 

the fuzzy number 3X = “old” with membership degree  77
3X

 9872.0 . 

Element x = 77 also is a member of 4X = “very old” with the membership 

  .0128.077
4

X  

The CRP-value y = 16 is found in fuzzy number 1Y = “low”, where its 

membership equals   .991.016
1

Y The same y = 16 takes place in 2Y = “me-

dium”, but the membership degree is determined as   .009.016
2

Y  
The rules IF-THEN, which associate the input variables with the output va-

riable are determined according to formula (16) and Table 2 as: 

 

  :1:16,77R  IF x is X3 and y is Y1, THEN 

  yxfzz ,331:)16,77( ,3938.4106411.9103948.4 32   yx  

  :2:16,77R  IF x is X3 and y is Y2, THEN 

  yxfzz ,442:)16,77( ,0658.2107872.2100077.1 22   yx  

  :3:16,77R  IF x is X4 and y is Y1 THEN 

  yxfzz ,883:)16,77( 1361.426035.0102637.6 2   yx
 

 

and 

 

  :4:16,77R  IF x is X4 and y is Y2 THEN 

  yxfzz ,994:)16,77( .1162.1103194.3107739.9 43   yx  

 

To estimate the value of   lyx :, , we perform the minimum operation on 

each pair of values    yx lYlX ji :: and  . We refer to previously known results 

  ,9872.01:16,77     ,009.02:16,77     0128.03:16,77   and   .009.04:16,77   

After substituting the values of   4,...,1,:, llyx  and corresponding to them 

),(:),( yxfz klyx  , k = 3,4,8 and 9, in (18) we get  
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 
       

.88.0
009.00009.09872.0

36892.0009.084392.0009.08555.09872.0

16,7716,7716,7716,77

16,77

4:)16,77(3:)16,77(2:)16,77(1:)16,77(

94:)16,77(83:)16,77(42:)16,77(31:)16,77(



















 ffff

fz Sugeno

 

When comparing the results yielded by two controllers we make the conclu-

sion about their convergence to the approximated survival value about one year. 

The deviation between quantities, related to survival length of the 77-year-old 

patient with CRP equaling 16, can be an effect of using the planar surface in-

stead of an irregular one in the approximation of point sets in the Sugeno con-

troller. We wish to formulate the following conclusion summing up the compar-

ison of both controllers.  

4 Conclusions 

The fuzzy control systems are powerful methods, which mostly are applied to 

technologies controlling complex processes by means of human experience. In 

this work we have proved that the expected values of patients’ survival lengths 

can be estimated even if the mathematical formalization involving independent 

and dependent variables is unknown. 

When adapting Mamdani and Sugeno controllers to medical dependency as-

sumptions we have supported the evaluation of the survival length, made so far 

by statistical tests.  

By following the results of experiments, accomplished in the tests of con-

trollers, we wish to sample the concluded remarks in the following way. 

The algorithm of the Mamdani controller demands a large number of opera-

tions in the processing phase, but we can always construct logical rules IF-

THEN, which are based on variable levels and assisted by fuzzy numbers. Even 

if the data from point sets is lacking it is still possible to make a trial of design-

ing membership functions for all levels of variables by relying on the human 

expertise.  

The Sugeno controller does not need so many operations in the processing 

stage. Nevertheless, its use is impossible in practice when we cannot be fur-

nished with discrete data sets to accomplish the design of functions fk. The 

choice of the method is thus dependent on the access to data. 

The controllers encounter results coming from statistical experiments, and 

they do not need special assumptions like normal distributions of the dependent 

variables. 
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In the future experiments we want to construct the computer program to 

cover the rectangle [xmin, xmax] [ymin, ymax] with a surface, which allows to read 

off the desired value of z for the pair (x, y). In that way we will solve the prob-

lem of the continuous evaluation of survival length as it has been recommended 

by our co-operating physicians. It will be desirable to introduce more indepen-

dent variables to the model as well. 

In the algorithm we have initially designed families of fuzzy numbers that 

are affected by parameters. The parameterization of membership function for-

mulas constitutes an important stage in the computer programming of 

the systems. 

In the end we emphasize that, unlike the traditional control methods, fuzzy 

control is the methodology, which deals with many real-life problems success-

fully. As the conventional control methods often are based on advanced mathe-

matical models, such as differential equations sometimes impossible to solve, 

the method of fuzzy control is much more convenient to apply.  
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Nets (IWIFSGN-2010) is a continuation of this undertaking, and provides many 
new ideas and results in the areas concerned.

We hope that a collection of main contributions presented at the Workshop, 
completed with many papers by leading experts who have not been able to 
participate, will provide a source of much needed information on recent trends 
in the topics considered.
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