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I. Introduction 

In this paper, we study the problem of effect of applying modifiers to the first component of Z-number in the 

fuzzy If-then rules. 

More explicitly suppose we are given a fuzzy if-then z- rule of the form 

If X isz(A,B) then Y isz(C,D). 

And we are given that X isz(A', B) where A'   is got by slightly modifying A. Then what can we infer? 

This is the problem we wish to tackle. First we shall recall the necessary preliminary material. 

 

II. Preliminaries 

Definition 1: Fuzzy Set 

A fuzzy set A defined on a universe X may be given as: 

A = {(x, μ
A
(x))/x ∈ X} where 𝜇

𝐴
: X [0,1] is the membership function of A. The membership value 𝜇

𝐴
(𝑥) 

describes the degree of belonging of x ϵ X in A [2]. 

Definition 2: Restrictions 

A restriction may be viewed as generalized constraint. Suppose A is a fuzzy set and X a variable. The statement 

R(X): X is A is referred to as a possibilistic restriction ([4],[5]).Here A plays the role of possibility distribution of 

X. The statement "R(X) : X is A" is to be understood as" The Possibility (X=u) is 𝜇𝐴(𝑢) "where  𝜇𝐴  is the 

membership function of A and u is a generic value of X. 

When X is a random variable, the probability distribution of X plays the role of probabilistic restriction on X ([4], 

[6]). A probabilistic restriction is expressed as: 

                  R(X): X isp f, where f is the probability density function of  X. 

That statement "R(X): X isp f "is to be understood as" Prob(u X u+du) = f(u)du". 

Zadeh [9] has given the following definition for the probability of a fuzzy event: 

Definition 3: Fuzzy Event Probability 

Zadeh [7] has given the following definition for the probability of a fuzzy event: 

Let X be a random variable taking real values and A is a fuzzy set defined on the real line. The fuzzy event 

probability of  " X is A" is FEP(x A) = ∫ 𝜇𝐴(𝑢) p(u)du 

Definition 4: Z-number  

Zadeh [8] defines Z-number as follows: 

A Z-number  is an ordered pair of fuzzy numbers Z = (A,B), associated with a real-valued uncertain variable X, 

with the first component A, a restriction on the values which X can take and the second component B, a measure 

of reliability of the first component. 

Abstract:    Zadeh's Z-numbers play an important role in the field of computing with words. Normal everyday 

reasoning can be represented in the form of Z-fuzzy rules. So methods have to be developed to combine and 

manipulate different types of Z-fuzzy rules. In this work, we study the problem of effect of applying modifiers 

to the first component of Z-number in the fuzzy if-then rules.  
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Note: Though Zadeh has defined a Z-number to be an ordered pair of fuzzy numbers (A, B), the components A 

and B may not be fuzzy numbers in the strict technical sense. Rather A should be considered to be a fuzzy subset 

defined on the real line and B should be considered to be a fuzzy set defined on the interval [0, 1]. 

Definition 5: Z-valuation 

A Z-valuation is an ordered triple (X, A, B) where A and B are fuzzy numbers [8]. A Z-valuation is equivalent to 

an assignment statement "X is (A, B)", where X is an uncertain variable. A is a restriction on the values which X 

can take and B is referred to as certainty ([5], [9]). 

Z-valuation (X, A, B) may be viewed as a restriction on X defined by 

FEP(X is A) is B 

More explicitly 

Possibility (FEP (xεA) = u) = 𝜇𝐵(𝑢) 

Definition 6: Z-restriction 

A Z-restriction is expressed as  

R(X): X isz Z 

Where Z is a combination of possibilistic and probabilistic restriction defined as ([5], [4]) 

Z: FEP(X is A) is B in which A and B are fuzzy numbers 

Equivalently, a Z-valuation (X, A, B) is a Z-restriction on X. 

 (X, A, B)  X is (A, B) 

 

Definition 7: Linguistic Hedge and Modifier 

Linguistic hedges [10](or simply hedges) are special words or phrases by which other linguistic terms are 

modified. Linguistic terms such as very, fairly, or extremely, more or less are examples of hedges. A linguistic 

hedge, H, may be applied to a fuzzy set by using a unary operation, h defined on the unit interval [0, 1]. They 

can be used for modifying fuzzy predicates, fuzzy truth values and fuzzy probabilities. 

For example, the hedge ‘very’ is often interpreted as the unary operation h(a) = a2  while the hedge ‘fairly’ is 

interpreted as h(a) = √𝑎 (a 𝜖 [0, 1] ) 

A unary operation, which is an increasing bijection representing a linguistic hedge is called modifier. 

If 𝜇𝐴(𝑢) is the membership function of a fuzzy set A then a linguistic hedge H can be applied to A by using the 

appropriate modifier h by the equation , 

                         𝜇𝐻𝐴(𝑢) = ℎ(𝜇𝐴(𝑢))  

  

Note: 

 

 If h(a) < a for all  a 𝜖 [0, 1], the modifier is called strong. 

 If h(a) > a for all  a 𝜖 [0, 1], the modifier is called weak. 

 The modifier h(a) = a for all a 𝜖 [0, 1], is called an identity modifier. 

 Every modifier h satisfies the following conditions: 

* h(0) = 0 and h(1) =1. 

* h is a continuous function. 

* if h is strong, then ℎ−1 is weak and vice versa. 

* given another modifier g, compositions of g with h and h with g         

    also modifiers and moreover, if both h and g are strong (weak),   

     then so are the compositions. 

 
Definition 8 : Trapezoidal fuzzy number 

A Trapezoidal Fuzzy Number (TrFN)[3] A is denoted as (a1, a2, a3, a4) where the membership function                              

                                     0, x ≤ a1 

                                   
𝑥−𝑎1

𝑎2−𝑎1
 ,  a1≤ x ≤a2 

               𝜇𝐴(𝑥) =          1,  a2≤ x ≤a3                               

                                    
𝑎4− 𝑥

𝑎4−𝑎3
 ,  a3≤ x ≤a4   

                                                         0, x ≥ a4 

 

III. Effect of applying modifiers to the first component of Z-numberin the fuzzy If-then rules 

Consider the statement: If it is very likely that there is good rainfall then there is excellent chance of a good 

harvest. 

 Suppose the above statement is a known fact. Then how to complete the following statement? 
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If it is very likely that there is very good rainfall then there is excellent chance of a____?_____ harvest.  

 

In day-to-day reasoning, we will immediately respond: 

 

If it is very likely that there is very good rainfall then there is excellent chance of a very good harvest. 

 

Here we want to build a mathematical structure to deal with problems of this nature using Z- numbers.  

 

In the above example if X, Y represent the amount of rainfall and harvest respectively and A,B, C,D are fuzzy 

sets corresponding to the fuzzy concepts of good amount of rainfall, very likely, good amount of harvest, 

excellent chance respectively then the known fact can be represented as 

 

If X isz(A,B) then Y isz(C,D). 

 

Then let us say A' represents the modified fuzzy set 'very good amount of rainfall'. Then the problem is: 

  

 If X isz (A', B) then ____?_____. 

  

In solving such type of problems, the first step is to find a suitable function 'h' so that A' =h(A).  

 

IV. Modifiers for trapezoidal fuzzy numbers: 

For purposes of our problem we can represent fuzzy numbers A, B, C, D etc using trapezoidal fuzzy numbers. 

They are sufficiently general while they are simple enough for computational purposes. 

As stated in the definition 7 usually modifiers are unary operations which are applied on the membership 

function of the set which is to be modified. We take a different approach here. 

Suppose a trapezoidal fuzzy number A is denoted by(𝑣1, 𝑣2, 𝑣3, 𝑣4). A simple modifier ℎ𝜃  can be defined by  

ℎ𝜃(𝑣1, 𝑣2, 𝑣3, 𝑣4) =  (𝑣1 + 𝜃, 𝑣2 +  𝜃, 𝑣3 +  𝜃, 𝑣4 +  𝜃) 

More flexibility can be got by using two parameters. 

ℎ𝜃1,𝜃2
(𝑣1, 𝑣2, 𝑣3, 𝑣4) =  (𝑣1 + 𝜃1, 𝑣2 + 𝜃1, 𝑣3 +  𝜃2, 𝑣4 + 𝜃2) 

Of course we can use a maximum of four parameters. 

ℎ(𝑣1, 𝑣2, 𝑣3, 𝑣4) =  (𝑣1 + 𝜃1, 𝑣2 + 𝜃2, 𝑣3 +  𝜃3, 𝑣4 +  𝜃4) 

 

More complex modifications can be done as follows: 

 

If  �⃗� = (𝑣1, 𝑣2, 𝑣3, 𝑣4) 

 

     ℎ(�⃗�) = (ℎ1(�⃗�), ℎ2(�⃗�), ℎ3(�⃗�), ℎ4(�⃗�)) 

                 Where the functions ℎ1, ℎ2, ℎ3, ℎ4 are to be suitably chosen. 

 

V. Mathematical representation of the problem: 

So now the problem to be solved is as follows: Let trapezoidal fuzzy numbers A, B, C, D are represented by A=
(𝑎1, 𝑎2, 𝑎3, 𝑎4), 𝐵 = 𝑒𝑡𝑐  
Given that: 'If X isz(A,B) then Y isz(C,D)' and a modifier ‘h’ we have to find a suitable modifier ‘g’ so that 

If X isz(h(A), B) then Y isz(g(C), D). 

Of course, we cannot device general rules to solve this problem. The solution may or may not exist -it all 

depends on the context. 

However, in many situations an expert may be able to provide the solution. In other words given 'h' he may be 

able to suggest the appropriate 'g'. 

 

Model 1: 

Suppose X measures the input in some process and Y is the measure of output. If there is some simple 

relationship between X and Y then the problem of modifying A becomes soluble. 

 

For example if increase (decrease) of one unit of X leads to roughly an increase (decrease) of k units in Y. 

Suppose the modifier h is defined by 

ℎ(𝑣1, 𝑣2, 𝑣3, 𝑣4) =  (𝑣1 + 𝜃1, 𝑣2 + 𝜃2, 𝑣3 + 𝜃3, 𝑣4 + 𝜃4) 

Where 𝑎𝑖 ≤ 𝜃𝑖 ≤ 𝑏𝑖  , 𝑖 = 1,2,3,4. 
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Then it is clear we should define g by 

𝑔(𝑣1, 𝑣2, 𝑣3, 𝑣4) = (𝑣1 + 𝑘𝜃1, 𝑣2 + 𝑘𝜃2, 𝑣3 + 𝑘𝜃3, 𝑣4 + 𝑘𝜃4) 

 

More generally if there is an approximate relation of the form 

∆𝑦 ≅ 𝑓(∆𝑥) 

Where ∆𝑥, ∆𝑦 represent the increase in X, Y respectively then g is given as 

 

𝑔(𝑣1, 𝑣2, 𝑣3, 𝑣4) = (𝑣1 + 𝑓(𝜃1), 𝑣2 + 𝑓(𝜃2), 𝑣3 + 𝑓(𝜃3), 𝑣4 + 𝑓(𝜃4)) 

 

Model 2: 

 

   However, sometimes the effect of change in X on the value of Y may be lopsided. For instance increase of one 

unit of X may cause an increase of k units in Y while decrease of one unit of X causes a decrease of m units in 

Y with𝑘 ≠ 𝑚. To model such situations we may take h in the form 

 

ℎ(𝑣1, 𝑣2, 𝑣3, 𝑣4) = (𝑣1 − 𝜃1, 𝑣2 − 𝜃2, 𝑣3 + 𝜃3, 𝑣4 + 𝜃4) 

 

 And the corresponding modifier for Y will have to be taken as 

𝑔(𝑣1, 𝑣2, 𝑣3, 𝑣4) = (𝑣1 − 𝑚𝜃1, 𝑣2 − 𝑚𝜃2, 𝑣3 + 𝑘𝜃3, 𝑣4 + 𝑘𝜃4) 

 

VI. Conclusion 

To tackle the problem of effect of applying modifiers to the first component of z-number in the fuzzy if-then rules, 

first a simple but effective mathematical representation has been presented. The usual method of applying modifier 

is via an unary function on the membership function. Here a different and original approach has been suggested 

to modify trapezoidal fuzzy numbers. Using this novel approach, two useful models have been developed to solve 

the problem under consideration. 
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