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Abstract 
Linguistic Modeling is the approach that allows human-
computer interaction to be established by using natural-like 
language. We use Fourier-holography technique to implement 
Linguistic Modeling in the framework of Neuro-Fuzzy 
approach. We pay attention to implementation of non-
monotonic semantics by this technique. We develop 
theoretical model and verify it by experimental illustration. 

1. Introduction 
Linguistic Modeling (LM) is an approach for human-computer 
interaction by using natural-like language to be organized. 
Semantics plays a central role in human language 
understanding. Main attribute of human way of thinking is 
using of linguistic scales (LS) as a sub-class of order scales to 
measure the meaning of an expression. Usage of LS reflects 
such attribute of human way of thinking as fuzziness. From 
the other hand, any technical device, e.g., computer, uses 
metric scales (MS). Therefore, for mutual understanding 
between a human and a computer to be established, both LS of 
the human and MS of the computer are to be matched.  
An approach, for LM to be implemented, was proposed by 
L.Zadeh [1]. The approach is based on the concept of 
Linguistic Variable (LV), that is a set <Y, Tm(Y),U,G,M>, 
where Y is a name of the variable, Tm(Y) – a term-set, U – an 
universal set, G – the syntax, which generates the terms of set 
Tm(Y), M – the semantics, which generates a sense M(Y) for 
each linguistic value Y. In the framework of our consideration 
we will not concern the syntax, semantics only will be in 
focus of our interest.  For such attribute of human way of 
thinking as fuzziness to be described mathematically, the 
sense (meaning) is represented by fuzzy sets, usually, by 
fuzzy numbers, defined as convex, unimodal, and normal 
subsets of numerical axis. This approach allows both LS and 
MS to be matched and was used successfully for a number of 
real problems to be solved.   
As fuzzy numbers is used in the approach, it is 
computationally expensive. To reduce computational 
complexity, simplest models of fuzzy numbers are used, that 
leads to lack of flexibility of the model. Alternative way is to 
use optical computer due to ability of optical devices to 
perform parallel processing of 2-D information. Additional 
reason for use holographic technologies is an ability of 
holography to implement learning for both LS and MS to be 
matched instead of programming. It allows non-formalised 
knowledge of a human to be transferred to a computer, that is 
to learn the computer. Implementation of Zadeh’s approach by 
Fourier-holography technique was presented in [2]. 

However, the approach is not biologically inspired. Indeed, 
if we agree a brain doesn’t operate by numbers, then we have 

to admit the brain doesn’t operate by fuzzy numbers too. It’s 
well known, a brain thinks by patterns. Biologically, these 
patterns are patterns of a brain neural activity. In [3] an 
approach for both LM by Zadeh and thinking by patterns to be 
implemented by Fourier-holography setup was proposed and 
verified experimentally.   

One of the main attributes of human perception is non-
monotonic semantics. Our main point in this paper is to 
develop the approach for non-monotonic reasoning to be 
implemented. 

2. Model. 

2.1. Used definitions and approach/ 

Definition 2.1. Following by Zadeh [1], let us define 
linguistic variable as a set <Y, Tm(Y),U,G,M>, where Y is a 
name of the variable, Tm(Y) – a term-set, U – an universal set, 
G – the syntax, which generates the terms of set Tm(Y), M – 
the semantics, which generates a sense M(Y) for each 
linguistic  value Y. In the paper we consider semantics M only. 

Definition 2.2. Let us define logic as an algebraic 
construction <U, D, ∧,∨, M>, where ∧ and ∨ are conjunction 
and disjunction, respectively, D is an operator of duality. D is 
as a mapping D:[0,1] →[0,1],  defined by axioms 

D(1) = 0, D(0) = 1,                                              (2.1) 
D(a) ≤ D(b) if a ≥ b for all a,b ∈ [0,1].               (2.2)                                   
Let M satisfies the lattice conditions, i.e. ∀x,y∈ Tm(Y)   
M(x ∧ y) ≤ M(x) ∧ M(y) 
M(x ∨ y) ≥ M(x) ∨ M(y) 
Definition 2.3. Let V:[0,1]2 → [0,1] be a commutative, 

associative, non-decreasing binary operation with neutral 
element e, i.e. V(a,e) = V(e,a) = a for all a ∈ [0,1]. Then 

(i)  if e = 1,  V is called a conjunction (V  =  ∧) , 
(ii) if e = 0,  V is called a disjunction  (V  =  ∨).  
Let us use a general De Morgan’s law relating 

conjunctions and disjunctions in the form for involution 
(a ∧ b) = D((D(a) ∨ D (b))) 
(a ∨ b)= D ((D (a) ∧ D (b))) .                              (2.3)                                   
Definition 2.4. Let an unlimited plane wave be universe U. 

Then any image Im, i.e. optical field in any plane, or a 
transparency, is a subset of U. Pixels are members and 
membership function is Im: U → [0,1] ×PIm, where [0,1] 
represents an interval of normalised amplitudes,  PIm 
represents a phase term. For simplicity, but without the loss of 
generality, we consider Im as amplitude one only, i.e. PIm=0.  

Definition 2.5. Let the sense M(Y) of linguistic  value Y be 
represented by an image Imy. Let us note, we don’t restrict the 
images to fuzzy numbers. 
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Figure 1. 4-f Fourier-holography set-up.

Premise: C is Im  = Im
2.2. Logic 

Let us consider 4-f Fourier-holography setup with plane 
reference wave, presented in Fig.1.. Conjunction in optics is 
implemented by positive transparency illumination [4]. If the 
transparency is prepared by conventional two-stage negative-
positive photo-recording process, then the conjunction is 
described by 

(ImA ∧ ImB) = N(N(ImB A))⋅N(N(ImBB)). 
Usually, transmittance of negative recording medium is 

normalised by conditions τmax=1, τmin=0, Immax=1, Immin=0. 
However, this procedure doesn’t allow the condition for 
neutral element to be met. If the negative recording media 
operator is not involution, i.e. N(N(ImA)) ≠ ImA, then the 
lattice condition is met by the conjunction in limited area 
[ImAMax(ImB), ImB B Max(ImA)], determined by ∀ ImA, ImBB 
∈[0,1], ImA > ImB :  ImB A Max(ImBB) ≤ N(N(ImA)) ∧ N(N (ImB))). B

In our previous papers it was demonstrated, 4-f Fourier-
holography set-up implements De Morgan law (2.3) for 
Fourier-duality. It leads to the disjunction, which is 
implemented by Fourier-holography technique 

(ImA ∨ ImB)B F = F ( F(ImBB) ⋅η(F(ImA)) ),    (2.3) 
where η is holographic recording media operator. Let us 

note, De Morgan laws were proposed for negation initially, we 
apply it to Fourier-duality. To confirm correctness of this 
application mathematically, in papers [5,6] we used an 
apparatus of additive generators.  

It’s easily to see from (2.3) neutral element for 
conjunction is implemented by point-source, described by 
delta-function.   

To define the operator M, which is adequate to the set-up, 
we consider an inference in form of Modus Ponens rule  

Implication: if C is ImA, then B is ImBB

C A’ 
Conclusion:     B is ImB’                        , B

where A,  B, and C are linguistic variables, and ImA, ImA’, 
ImB, ImBB’, and ImCB  are fuzzy sets representing linguistic  
labels.  This inference can be implemented by the setup in 
both –1 and +1 orders of diffraction, i.e. in the terms of logical 
operators 

*((ImA’∨ M(A→B)) = ImA’*F(η(F  (ImB)F (ImA))) B

for –1 diffraction order, and   
((ImA’∨ M(A→B)) = ImA’*F(η(F (ImB)F  (Im*

A))) B

for -1 diffraction order, where symbol → denotes  
implication  operator, asterisk – complex conjugation, and * - 
convolution. Thus, operator M is defined for -1 order of 
diffraction by the expression 

M(A→B) = F(η(F (ImA)F* (ImB))),          (2.4.a) B

and for +1 order of diffraction by the expression 
M(A→B) = F(η(F*(ImA)F(ImB))).          (2.4.b) B

2.3. Multi input: an approach 

This result allows classical approach to implementation of 
linguistic modeling by using fuzzy numbers to represent the 
sense of linguistic variables to be implemented in both –1 and 
+1 orders of diffraction if one input variable is connected with 
one output one. However, in real tasks, e.g., in the task of 
medical diagnostics, a car driving, etc., we have to make an 
integral conclusion on the base of a number of input variables. 
It can be represented in a form of General Modus Ponens rule: 

 Implication: if C is ImA1, and ImA2, and ImA1,… and ImAN, 
then B is ImBB

Premise: C is ImC = Im’A1, and Im’A2, and Im’A1,… 
and ImAN’ 

Conclusion:     B is ImB’                         B
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Semantical operator (2.4.a), traditionally used in the task, 
doesn’t allow us to solve the problem. The problem can be 
solved by using the operator (2.4.b), however, this operator is 
a subtraction, and therefore the system cannot evaluate the 
variables, which have smaller meanings, than the reference 
one.  The scale is formed by learning procedure, i.e., by the 
hologram recording; two gradations: additive zero and 
reference meaning are submitted to form the scale. Thus, the 
system will not sense the meanings, which are worse, than the 
reference one.  To avoid this problem the scale has to be 
formed by two gradations: additive zero and worse meaning of 
the linguistic variable. 

It is acknowledged, our brain thinks not by numbers, but 
by patterns. Therefore, the idea to represent meanings of the 
information under processing by numbers (including fuzzy 
numbers), does not correspond to the biological prototypes of 
AI systems. It is known, the pattern of neural activity of a 
brain has chaotic structure if there is no perceptible 
information. If the information is recognized, then the length 
of correlation is increased.  

To combine these results of neuro-sciences within the 
approach, we use a realization of Fractal Brownian Motion 
(FBD) as the pattern, which represents input information [2]. 
Significance of each linguistic variable is represented by the 
square of the area in the pattern, assigned to this variable. 
Meaning of a variable is described by a fuzzy number and 
linked with the Fourier-transform of the pattern’s 
corresponding area by the expression 

Re(F(Imi)) = Re(F(Ni)) ,            (2.5) 
where Imi is the area of the pattern, that is assigned to the 
variable, Ni – fuzzy number, representing the meaning of the 
linguistic variable. 

2.4. Non-monotonic semantics 

As it follows from (2.5), the conclusion is a fuzzy subset 
and described by  expression 

ImOut= ΣciF(F(ImIni)η(F*( ImRi))).  (2.6) 
Fuzzy subset cannot be used itself to form control action. 

It has to be defuzzified by using operator of defuzzification 
DF. α-cut can be used to implement defuzzification here 

DF(ImOut) = (ΣciF(F(ImIni)η(F*( ImRi))))α, α∈[0,1]. (2.7) 
It’s easy to see, two phenomena cooperate in (2.7) while 

blurring of ImIni is applied: decorrelation and widening of the 
conclusion. Interaction of these phenomena leads to non-
monotonic character of (2.7). 

To illustrate it experimentally, we have prepared a set of 
FBD images 1024×1024 with H=0.1, by application of 
Gaussian blurring procedure to the reference image Im0. 
Indexes of the blurring were 2.5, 5, 7.5, 10, 15 pixels, the 
images were used as object ones to restore the holograms. A 
number of Fourier-holograms were written by the reference 
image Im0, transfer functions of these holograms are 
presented on the Fig.2. The holograms were restored by the 
object images. 

To illustrate behavior of the conclusion under the object 
images blurring, α-cuts for α=0.5 of the ImOut for holograms 
№1 and №4 are presented on the Fig.3, and Fig.4, 
respectively. From these figures it is easy to see, the behavior 
depends on the transfer function. 

Then we illustrated experimentally an example of the 
logical conclusion, linked two input LVs (“color” and “size’) 
with one output LV “quality” :“If an apple is red and big, 

then the apple is good”. Subjective importance of LV “size” 
was 1/3, one for LV “color” was 2/3. Meaning of LV “size” 
wasn’t modified, meaning of LV “color” was modified from 
“green” to “brown”. 
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Figure 2. Transfer function of the holograms. 
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Figure 5. Logical conclusions.
.

 
Experimentally obtained α-cuts of logical conclusions, 

formed by the setup, are presented on Fig.5.  

3. Discussion 
Experimental results, presented on Fig.5, illustrate 

implementation of such attributes of human perception as 
subjectivity and non-monotonic of semantics. Indeed, each 
hologram forms their own calibration curve, that links metric 
scale of the setup with linguistic scale of the expert. For 
example, hologram (expert) №1 doesn’t distinguish apples 
Im5-  Im10 , hologram (expert) №4 doesn’t distinguish apples 
Im0 – Im5 , but distinguishes apples  Im7.5 – Im10  very well. 
And hologram №4 defines apple Im10 as the best one,  
whereas hologram №3 defines apple Im7.5  as the best one. 

And both experts are right – one expert prefers red apple, 
another one prefers green apple. 

Also, these results demonstrate non-monotonic character 
– evaluation of “brown” apples is “bad” for all experts 
because brown apple is rotten one.  

4. Conclusions 
Thus, we have demonstrated theoretically and experimentally, 
4-f Fourier holography setup allows non-monotonic semantics 
to be implemented.  
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