Volume 9, No. 1, Jan. - 2018 (Special Issue)
International Journal of Mathematical Archive-9(1), 2018, 58-65

@§]MAAvailable online through www.ijma.info 1SSN 2229 - 5046

SIMILARITY MEASURE BETWEEN INTERVAL-VALUED INTUITIONISTIC
FUZZY SETS AND THEIR APPLICATIONS TO MEDICAL DIAGNOSIS
AND PATTERN RECOGNITION

J. DHIVYA! & B. SRIDEVI?

1Department of Mathematics,
Kumaraguru College of Technology, Coimbatore, Tamil Nadu, India.

2Department of Mathematics,
PSG College of Technology, Coimbatore, Tamil Nadu, India.

E-mail: jdhivyamaths @gmail.com! & srinichu@yahoo.com?

ABSTRACT

In this paper, we present an effective method for evaluating similarity measure between Interval-valued Intuitionistic
Fuzzy set (IVIFS) based on the mid points of transformed triangular fuzzy numbers. Some relevant properties of the
proposed similarity measures are discussed and the related similarity measures are also compared. Several illustrative
examples are given to demonstrate the practicality and effectiveness of the proposed similarity measure. Further, in
order to provide the supportive evidence, the proposed similarity measure is applied for medical diagnosis problem
and Pattern Recognition problem and to demonstrate benefits of using the proposed similarity measure over the
existing ones.

Keywords: Fuzzy set (FS), Intuitionistic fuzzy set (IFS), Interval-valued fuzzy sets (IVFSs), Interval-valued intuitionistic
fuzzy set (IVIFS), Similarity measure.

2000 Mathematics Subject Classification code(s): 03B20, 03F55, 03D45.

1. INTRODUCTION

The concept of intuitionistic fuzzy set (IFS) has been introduced by Atanassov [1], as a generalization concept of fuzzy
set (FS) introduced by Zadeh [15]. IFSs are characterized by two functions expressing the degree of membership and
the degree of non-membership. Atanassov and Gargov [2] introduced the concept of IVIFS, which is a generalization of
the IFS. The fundamental characteristic of the IVFS and IVIFS is that the values of its membership and non-
membership function are intervals rather than exact numbers. In the application of IVIFSs, the similarity measures play
an important role in the analysis and research of medical diagnosis [7, 11] and pattern recognition problems [3, 6, 8, 10,
13]. The similarity measure is an essential tool to compare and determine degree of similarity between IVIFSs.

In [5], Chen presented some similarity measures between vague set and between elements. Hong and Kim [9] presented
a similarity measure between IFSs to overcome the drawback of Chen’s similarity measure [5]. Li and Cheng [10]
presented similarity measure between IFS and applied them to pattern recognition problem. Burillo and Bustince [3]
introduced the notions of entropy of IVFSs and IFSs to measure the degree of intuitionism of an IVFS or IFS. Szmidt
and Kacprzyk [12] defined a similarity measure using a distance measure which involves both similarity and
dissimilarity. Expanding upon this work, Szmidt and Kacprzyk [12] considered a family of similarity measures and
compared with some existing similarity measures. Hong and Kim [9], Hung and Yang [8], Xu [14] defined
independently some similarity measures based on different distance measures for IFSs. On the relationship between
entropies and similarity measures of IFSs, Zeng and Guo [16] proved that some similarity measures and entropies of
IVFSs can be deduced by normalized distances of 1\VFSs based on their axiomatic definitions. Zeng and Li [17] showed
that similarity measures and entropies of IVFSs can be transformed by each other. Zhang and yu [18] put forward some
entropy formulas of IFSs according to the relationship between entropies and similarity measures of IFSs.
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Liu [10] proposed a set of axiomatic requirements for entropy measures of IVIFSs, which extends Szmidt and
Kacprzyk’s axioms formulated for entropy of IFS [12]. Xu [13] generalized some formulas of similarity measures of
IFSs to IVIFSs which are based on the distance measures of IVIFSs. Wei [13] propose an entropy measure for IVIFSs,
which generalizes three entropy measures and also apply the similarity measure to solve problems on pattern
recognitions, multi-criteria fuzzy decision making and medical diagnosis. However, the existing similarity measures [4,
7-9, 12-14, 16-18] between IFSs and IVIFSs have the drawbacks that they get unreasonable results in some situations
and they cannot get correct classification results for dealing with the pattern recognition problems and medical
diagnosis problems.

In this paper, we propose a new similarity measure of IVIFS based on the mid points of the transformed triangular
fuzzy numbers and apply the proposed similarity measure to deal with pattern recognition and medical diagnosis
problems. First we propose a new similarity measure between IVIFSs and prove some basic properties. Then, existing
similarity measure between IFSs and IVIFSs are analyzed, compared and summarized by their counter-intuitive
examples. The focus of this study is on apparent weakness of the existing similarity measures, and the conditions of
reasons they do not work.

The paper is organized as follows. In section 2, we briefly review the basic definitions. In section 3, the existing
similarity measures are discussed. In section 4, similarity measure between two IVIFSs is defined with example and
some basic properties are studied. In section 5, by numerical examples we give the comparative analysis between the
proposed measure and the existing similarity measure. In section 6, an application of proposed similarity measure
between IVIFS in medical diagnosis problem. In section 7, the applications of the similarity measures in pattern
recognition are discussed. Finally, the conclusions are discussed in section 8.

2. PRELIMINARIES

This section briefly reviews some concepts of intuitionistic fuzzy sets [1], interval-valued fuzzy sets [2] and basic
properties of similarity measures between IVIFS.

Definition 2.1[15]: Let X be a nonempty set. A fuzzy set (FS) A drawn from X is defined as A = {X,,uA(X) ixeX }
where £z, (x) : X — [0,1] is the membership function of the fuzzy set A.

Definition 2.2 [1]: Let X be a nonempty set. An Intuitionistic fuzzy set (IFS) A in X is an object having the form
A ={X, 11, (X),V,(X): X € X}, where the functions £, (X),v,(X): X —[0,1] define respectively, the degree
of membership and degree of non-membership of the element xeX to the set A, which is a subset of X, and for every

element X € X,0 < 2, (X) +v,(X) <1. For each IFS A in X, the amount ZA(X) =1= A (X) =V A(X) is called the
degree of indeterminacy (hesitation part), which may provide to membership value, non-membership value or both.

Definition 2.3 [2]: Let D[0, 1] be the set of all closed subintervals of the interval [0, 1] and X(¢ ¢) be a given set.
Following Atanassov and Gargov [2], an IVIFS A in X is an expression given by A= {X,,UA(X),VA(X) - Xe X} ,

where £a(X): X = D[0]] , va(X): X = D[0,1] | with the condition 0 <sup(ua(X))+sup(va(x)) <1 for
any Xe X

The intervals #A(X) and va(X) denote, respectively, the degree of belongingness and the degree of non-
belongingness of the element x to the set A. Thus for each X € X | #a(X) and v A(X) are closed intervals and their
lower and upper end points are, respectively, denoted by uk(x), s (x), Vk(X) and v¥(x). We can denote by
A={x,[uk (0, 1y LD E 0 (01 xe X3 where 0< 48 (0+v4 (%) <1 k()2 0v5(x) >0 . For each
element x we can compute the unknown degree (hesitancy degree) of an intuitionsitic fuzzy interval of X € X in the set

A defined as follows: 7A(X) =1- #a(X) VA (X) =[1- py —via 1- 5 —v ]
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Definition 2.4[13]: Let A, B and C be interval valued intuitionistic fuzzy sets defined in the universe of discourse X. A

similarity measure S between the interval valued intuitionistic fuzzy sets should satisfy the following properties:

(1) S(AB) € [0,1]
(2) S(AB)=S5(B,A)

(3) S(A,B)=1ifandonlyif A=B

(4) If AcBcC,then S(A,C)<S(AB)and S(AC)<S(B,C)

3. EXISTING SIMILARITY MEASURE IN THE LITERATURE

In this section, we review the existing similarity measures available in the literature.

Let X = {X11X2,----1Xn} be a finite universe of discourse. For two IVIFSs AZ{(Xi,[,UIA_ (Xi),,ut\J ()], and

[Va(%),va(x)])/1<i<n} B = {0, Lub (), 448 C)DLIVE (%), v ()])/1<i <n}. Then Chen [5], Li and Cheng
[10], Hong and Kim [9], Hung and Yang [8] presented similarity measures between IFSs and Xu [14], wei [13]

proposed similarity measure between IVIFSs, respectively, as follows:

Chen [5], Li and Cheng [10], Hong and Kim [9], Hung and Yang [8] proposed independently the following similarity

measures between the IFSs A and B:

S, (%) =, (%) — (g (%) — v ()]
S, (A B)=1—-2

2n

o Z|WA(Xi) —Vs (Xi)|p
S, (A B) =1-{| =

n

where p is a parameter L < P <0 for each i,

(%) +1-v,(X)

):ﬂs(xi)+1—V5(Xi)

X)= WX
l//A( |) 2 l// ( 2
Z|/IA(Xi)—/IB(Xi)|+|VA(Xi)—VB(Xi)|
S, (A B)=1--
2n
. ) 1-d,(AB) s g gt
St (AB)=1-d,(AB), S (AB)=—*""0 & (AB)=———
a (A, B) 4 (A B), S; (AB) Lrd (AB) (A B) e

ahere 0,y (A.B) =%imax{ 1, (%) — 1 05 | I (%) v ()|}

i=1

Xu [14] proposed a similarity measures, based on the distance measure, between A and B as follows:

Ll o0 -+ - o) [+ oo -vieo ]
SXl(A, B)=1-| —

ANE ) - )|
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Wei [13] presented the similarity measure between IVIFS using the entropy measure

1 2-minfu, v }—-min{w’, v’}
SW (A’ B) - L L U U
N 2+max{y , v, }+max{y , v }

U]

Vi) v ()| v =

where 21 =11y (%) = pag (6)] 4" =l () = sty ()] vt = Vi () =ve (x)]

4. ANEW SIMILARITY MEASURE BETWEEN INTERVAL-VALUED INTUITIONISTIC FUZZY SET

In this section, we define a new similarity measure between IVIFS based on the midpoint of the transformed triangular
fuzzy numbers. Relevant properties of similarity measures are also studied.

Let A={06.[uk06) 18 OOLIVECO)VR D/ <i<n} and B ={0x, L (), )L IvECa)ol ()D/L<i <} be
two interval valued intuitionistic fuzzy sets in the universe of discourse X, where X :{xl,xz,...xn}. Let

(g (%) A= g ()L [ua (6)A-v (D and (g (xi)A-vg ()] [ug (x)A-vg (x)]) denote the intuitionistic fuzzy values

of element X; belonging to the interval valued intuitionistic fuzzy sets A and B, where1<i<n.

Let Axi and BXi be two triangular fuzzy numbers transformed from the intuitionistic fuzzy values, as shown in Fig. 1.
wa(xj) and yp(xj) are the mid points of the transformed triangular fuzzy numbers AXi and BXi . Based on Fig. 1, the
degree of similarity S(Ay;,By,) between the intuitionistic fuzzy values (uk(xi),l—vk(xi)],[yg (xi),l—vg (xj)]) and

(ug () 1-vg ()L [ug (6)1-vg (x)]) is calculated as follows:

S(A,,B,) :1—§(|l//:(xi) —v/;(xi)|+|y/: (x)-y" (Xi)|)(1— ﬂA(Xi);ﬂB(xi)j

”A(X)_”B(Xi)|(wj (8)

where S(Ax, . BX.) € [0,1] , (|W: (Xi)— l//é(Xi)| + |W;J (Xi) —l//;J (X,)|) denote the distance between the mid

)1V ()
- 2

. b y Yx)+1-vY (x
points y/;(xi)zﬂ*\(xi)t v, (%) | ’//A(Xi)=ﬂ (x)+1-v, (x)

v ()

and

2y = b (xi)+21—v: (x)

denote the degree of indeterminacy of element X;belonging to the interval valued intuitionistic fuzzy sets A and B,

of the transformed triangular fuzzy numbers Axi and Bxi . |7TA(Xi) -, (Xi)|

espectively, 70 =L ik )+ 00) 5 000+ 00)) 0060 =1 i )+ 3 () v ) 4 ()

,Oswsl and 1<i<n.

The proposed similarity measure S| (A, B) between the interval-valued intuitionistic fuzzy sets A and B is

S,(A,B)=w, xS(A ,B )+w,xS(A ,B )+...+w xS(A ,B )

=D (W x S(A,B)) )

i=1
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Figure-1: The transformed triangular fuzzy numbers AXi and BXi of the interval intuitionistic fuzzy values
(s (%) L= v OOL Ly (%), 2= vy (x)D) and (aaf (%), L= ve (61 [ (x),1- vy (x,)]) respectively.

n
where 8 (A.B)<[01], W, is the weight of element X, € X, W, € [0,1],Z:Wi =1, AXi and BXi are the triangular fuzzy
i=1
numbers of intuitionistic fuzzy values ([uk()L—vE(G)LL£R ()8 ()1 and ([ub (6 )1—vE (LY (5 )1-vE ()] of
element X; belonging to the IVIFS A and B respectively. s(A ,B, ) is the similarity degree between Ax, and Bxi,

1<i<n, number of elements X; in IVIFSs A and B. The larger the value of s,(a,B), the higher the degree of
similarity between the intuitionistic fuzzy sets A and B.

The proposed similarity measure between IVIFS satisfies the following properties:
(P1) 0<S(A B)<1

(P2) S(A.B)=1ifand onlyif A=B
(P3) S(A,B)=S(A B)

5. COMPARISON WITH SOME EXISTING SIMILARITY MEASURE

In this section, we review some of the drawbacks of the existing similarity measures.

(1) Let A= {<x, 0, 0>}, B = {<x, 0.5, 0.5>} and C={<x, 0.499, 0.501>}be three IFSs. Intuitively, one can see that the
IFS C is more similar to the IFS B than to IFS A. Using the Similarity measures Eqns. (1) and (2), however, we get the
Sc(A,B) = SDc(A,B) =1, Sc(B,C) = SDc(B,C) =0.999. Hence Sc(A,B) > Sc(B,C) , SDc(A,B) > SDc(B,C) , which is not
so reasonable as we expect. Now, using our similarity measure given in Eq. (9), we have S,(A,B)=0.5 and S,(B,C)
=0.9999, which means B is much more similar to C than to A. Therefore, the new similarity measure is more
reasonable than (1) and (2).

(2) Let A= {<x, 0.3, 0.5>}, B = {<x, 0.1, 0.5>} and C={<x, 0.4, 0.6>} be three IFSs. Using similarity measure (3) we
have Sy(A, B) = Sy(A, C) = 0.9, which indicates that Sy could not distinguish which one between B and C is more
similar to A. However, using the similarity measure (9), we get that S,(A,B) =0.905 and S;(A,C) = 0.98, so that we can
say the IFS A is more similar to C than to B.

(3) Let A = {<x, 0.3, 0.5>}, B={<x, 0.4, 0.6>} and C={<x, 0.3, 0.6>} be three IFSs. Using similarity measure (4) we
have Spy(A,B) = Shy(A,C), which indicate that Syy could not distinguish reasonable result. However, using the
similarity measure (9), we get that S;(A,B) = 0.9213 and S,(A,C) = 0.98 , which means A is a little more similar to C
than to B, consistent with the intuition.

(4) Let A= {<x, [0.2, 0.3], [0.4, 0.6]>}, B = {<x, [0.3, 0.4], [0.3, 0.5]>} and C={<x, [0.3, 0.4], [0.4, 0.6]>} be three
IVIFSs. Using Eqgns. (5) and (6) Sx1(A,B) = Sx1(A,C) = Sx2(A,B) = Sx»2(A,C)=0.9, which is not reasonable. Using Eqn.
(7) we have Sy(A,B) = 0.8182 and Sy(A,C) = 0.9091, which is not intuitively consistent. Now we calculate the
similarity measures S(A,B) and S(A,C) by Eqn. (9), we have S,(A,B) =1 and S,(A,C) =0.98 , which indicates that
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IVIFS A is more similar to IVIFS B than to IVIFS C and is consistent with intuition. Therefore, the similarity measure
Eqn. (9) is illustrated to be more reasonable than Eqns. (5) , (6) and (7) in some cases.

(5) Let A = {<x, 0.3, 0.5>}, B={<x, 0.1, 0.5>} and C={<x, 0.4, 0.59>} be three IFSs. Using similarity measure (7) we
have Sw(A,B) = 0.8333 and Sy(A,C) = 0.8272, which indicate that Sw(A,B) > Sw(A,C) i.e., A is a more similar to B
than to C. However, using the similarity measure (9), we get that S,(A,B) = 0.905 and S,(A,C) = 0.9778 , which means
Ais a little more similar to C than to B, consistent with the intuition.

Hence compared with above similarity measures, the new similarity measure defined by the eqn. (9) is more effective
to differentiate IFSs in general cases.

6. APPLICATION OF SIMILARITY MEASURES TO MEDICAL DIAGNOSIS
In this section, we present an example to illustrate medical diagnosis process. For medical diagnosis of headache
(adopted from [11]), the example uses the patient’s degree <MQ(p:5)7NQ(P’S)> , and conformability degree

<|V| R(S,d), NR(S,d» . Let us consider patient P;. P;’s symptoms are (M5, M8, M12, M15, M18, M19) of migraine, (T3,

T6, T10) of tension headache and (C4, C11) of cluster headache. P, simultaneously has symptoms M5, M8 and M15
(the symptoms are displayed in the compaosite symptom M22), therefore, the symptoms of migraine are represented in

(M12, M18, M19, M22) whose weight W = (/9,1/9,1/9,1/9,1/9,1/9,1/9,1/9,1/9)
Table-1: Patient P,’s degrees: <MQ(P1|5): NQ(P1r5)>

Symptom | M12 M18 M19 M22 T3 T6 T10 C4 c11
Mo [0.5,0.6] | [0.5, 0.6] | [0.4,0.6] | [0.7,0.8] | [0.6,0.7] | [0.5,0.7] | [0.4,0.6] | [0.5, 0.6] | [0.5, 0.7]
No [0.2,0.3] | [0.1,0.3] | [0.1,0.2] | [0.1,0.2] | [0.1,0.2] | [0.2,0.3] | [0.2,0.4] | [0.1,0.2] | [0.2, 0.3]

Table-2: Conformability degrees: <|V| R(S,d), N R(S,d)>

Symptoms | Migraine Tension Cluster
Mg Ng Mg Ng Mg Ng

M12 [0.6,0.7] | [0.1,0.2] | [0.2,0.3] | [0.5,0.6] | [0.1,0.3] | [0.4, 0.6]
M18 [0.6,0.7] | [0.2,0.3] | [0.2,0.4] | [0.4,0.6] | [0.4,0.6] | [0.1,0.2]
M19 [0.5,0.6] | [0.1,0.2] | [0.1,0.2] | [0.6,0.7] | [0.3,0.4] | [0.3,0.5]
M22 [0.7,0.8] | [0.1,0.2] | [0.1,0.2] | [0.6,0.8] | [0.1,0.2] | [0.7,0.8]
T3 [0.3,0.4] | [0.4,0.5] | [0.6,0.7] | [0.1,0.2] | [0.2,0.3] | [0.5, 0.6]
T6 [0.2,0.4] | [0.4,0.6] | [0.6,0.7] | [0.1,0.3] | [0.1,0.3] | [0.5, 0.6]
T10 [0.2,0.3] | [0.4,0.5] | [0.5,0.6] | [0.2,0.3] | [0.1,0.2] | [0.4, 0.6]
C4 [0.5,0.6] | [0.2,0.3] | [0.1,0.2] | [0.6,0.7] | [0.6,0.7] | [0.1,0.2]
Cl1 [0.2,0.4] | [0.3,0.5] | [0.3,0.4] | [0.2,0.3] | [0.5,0.7] | [0.1,0.3]

Table-3: Similarity measure for P;’s symptoms
T | Migraine | Tension | Cluster
P, | 0.8799 0.7858 | 0.7803

The largest similarity value gives a proper diagnosis for the patient. As a result from Table 3, we can diagnose that
patient P, suffers preferentially from migraine.

7. APPLICATION OF SIMILARITY MEASURES TO PATTERN RECOGNITIONS

In this section, a pattern recognition problem about the classification of building materials (adopted from [13]) is used
to illustrate the proposed similarity measure. Assume that there are four classes of building material, which are

represented by the IVIFS A={(Xi,[yk(xi),yx(Xi)],[Vk(Xi),VX (x))/i=1234}in the feature space X = {X1,X2,---X12}

whose We|ght vector is W= {01, 005, 008, 006, 003, 007, 009, 012, 015, 007, 013, OOS}T , and there is an
unknown building material B:
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A ={< x1,[0.1,0.2],[0.5,0.6] >, < x»,[0.1,0.2],[0.7,0.8] >, < X3,[0.5,0.6],[0.3,0.4] >, < x4,[0.8,0.9],[0,0.1] >,

< X5,[0.4,0.5],[0.3,0.4] >, < x4,[0,0.1],[0.8,0.9] >, < x7,[0.3,0.4],[0.5,0.6] >, < xg,[1.0,1.0],[0,0] >,

< X9,[0.2,0.3],[0.6,0.7] >,< X10,[0.4,0.5],[0.4,0.5] >, < x11,[0.7,0.8],[0.1,0.2] >, < %12,[0.4,0.5],[0.4,0.5] >}
A, ={< x1,[0.5,0.6],[0.3,0.4] >, < x»,[0.6,0.7],[0.1,0.2] >, < x3,[1.0,1.0],[0,0] >, < X4,[0.1,0.2],[0.6,0.7] >,

< xs,[0,0.1],[0.8,0.9] >, < xg,[0.7,0.8],[0.1,0.2] >, < x7,[0.5,0.6],[0.3,0.4] >, < xg,[0.6,0.7],[0.2,0.3] >,

< Xg,[1.0,1.0],[0,0] >, < X10,[0.1,0.2],[0.7,0.8] >, < X11,[0,0.1],[0.8,0.9] >, < x12,[0.7,0.8],[0.1,0.2] >}
Az ={< x1,[0.4,0.5],[0.3,0.4] >, < X»,[0.6,0.7],[0.2,0.3] >, < x3,[0.9,1.0],[0,0] >, < X4,[0,0.1],[0.8,0.9] >,

< Xs,[0,0.1],[0.8,0.9] >, < xg,[0.6,0.7],[0.2,0.3] >, < x7,[0.1,0.2],[0.7,0.8] >, < Xg,[0.2,0.3],[0.6,0.7] >,

< Xg,[0.5,0.6],[0.2,0.4] >, < X19,[1.0,1.0],[0,0] >, < x11,[0.3,0.4],[0.4,0.5] >, < X12,[0,0.1],[0.8,0.9] >}
A4 ={< x¢,[1.0,1.0],[0,0] >, < x»,[1.0,1.0],[0,0] >, < X3,[0.8,0.9],[0,0.1] >, < x4,[0.7,0.8],[0.1,0.2] >,

< xs,[0,0.1],[0.7,0.9] >, < xg,[0,0.1],[0.8,0.9] >, < x7,[0.1,0.2],[0.7,0.8] >, < xg,[0.1,0.2],[0.7,0.8] >,

< Xg,[0.4,0.5],[0.3,0.4] >, < X19,[1.0,1.0],[0,0] >, < %q1,[0.3,0.4],[0.4,0.5] >, < X12,[0,0.1],[0.8,0.9] >}
B ={< x¢,[0.9,1.0],[0,0] >, < x»,[0.9,1.0],[0,0] >, < X3,[0.7,0.8],[0.1,0.2] >, < X4,[0.6,0.7],[0.1,0.2] >,

< Xs,[0,0.1],[0.8,0.9] >, < xg,[0.1,0.2],[0.7,0.8] >, < x7,[0.1,0.2],[0.7,0.8] >, < xg,[0.1,0.2],[0.7,0.8] >,

< Xg,[0.4,0.5],[0.3,0.4] >, < X10,[1.0,1.0],[0,0] >, < X11,[0.3,0.4],[0.4,0.5] >, < X12,[0,0.1],[0.7,0.9] >}

Our goal is to find which class the unknown pattern B belongs to.

We first calculate the degree of similarity between A and B by Eq. (9), and obtain
S1(A,B)=0.6297 5, (Ay,B)=0.6026 , S| (A3,B)=0.8464 , S| (A4, B)=0.9770

From the results above, we know that the degree of similarity between A4 and B is the largest one, and thus the

unknown pattern B should belong to the pattern Ay .
8. CONCLUSIONS

In this paper, we have defined similarity measure between IVIFS based on the midpoint of the transformed triangular
fuzzy numbers and has been applied to make a diagnosis of headache in medical diagnosis problem. Finally we give an
example to show the possibilities of applications of similarity measure between two IVIFS sets in pattern recognition
problem. Thus we can use the method to solve the problems that contain uncertainty such as problems in pattern
recognition, medical diagnosis, game theory, coding theory and so on.
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