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Abstract: Two important basic inference models of fuzzy reasoning are Fuzzy Modus Ponens (FMP)
and Fuzzy Modus Tollens (FMT). In order to solve FMP and FMT problems, the full implication triple
I algorithm, the reverse triple I algorithm and the Subsethood Inference Subsethood (SIS for short)
algorithm are proposed, respectively. Furthermore, the existing reasoning algorithms are extended to
intuitionistic fuzzy sets and interval-valued fuzzy sets according to different needs. The purpose of
this paper is to study the relationship between intuitionistic fuzzy reasoning algorithms and interval-
valued fuzzy reasoning algorithms. It is proven that there is a bijection between the solutions of
intuitionistic fuzzy triple I algorithm and the interval-valued fuzzy triple I algorithm. Then, there is a
bijection between the solutions of intuitionistic fuzzy reverse triple I algorithm and the interval-valued
fuzzy reverse triple I algorithm. At the same time, it is shown that there is also a bijection between the
solutions of intuitionistic fuzzy SIS algorithm and interval-valued fuzzy SIS algorithm.

Keywords: Fuzzy Modus Ponens; Fuzzy Modus Tollens; reasoning algorithm; intuitionistic fuzzy
sets; interval-valued fuzzy sets

MSC: 110.84

1. Introduction

In recent years, fuzzy control achieved great success in many aspects. Fuzzy reasoning
is the core content of fuzzy control. As an important branch of approximate reasoning,
fuzzy reasoning is close to human thinking mode. It has become the theoretical basis for
fuzzy expert systems, fuzzy control systems and fuzzy intelligent decision systems, etc.
In fuzzy reasoning, the most basic forms of fuzzy reasoning are Fuzzy Modus Ponens
(FMP) and Fuzzy Modus Tollens (FMT) [1] as follows:

FMP: Given the input “x is A*”, and fuzzy rule “if x is A then y is B”, try to infer a
reasonable output “y is B*”;

FMT: Given the input “y is B*”, and fuzzy rule “if x is A then y is B”, try to infer a
reasonable output “x is A*”.

Zadeh [2] proposed the compositional rules of inference (CRI method for short) to deal
with the above problem. Nevertheless, Wang [3] pointed out that the CRI method lacks
strict logical basis and has no reducibility. Moreover, Wang [3] proposed full implication
triple I method (triple I method for short), which improves the traditional CRI algorithm
and brings fuzzy reasoning within the framework of logical semantic implication. Many
researchers have done a lot of research on the triple I method and achieved a series of
results. Wang and Fu [4] provided the unified forms of triple I method for FMP and FMT.
Pei [5] comprehensively discussed the method based on residual fuzzy implication induced
by left-continuous t-norms. Song and Wu [6] proposed a reverse triple I algorithm from the
perspective of how to design a fuzzy system to minimize the number of elements in the
fuzzy rule base under a given precision. Liu and Wang [7] proposed triple I method based
on pointwise sustaining degrees. Luo and Yao [8] studied triple I algorithms based on
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Schweizer-Sklar operators in fuzzy reasoning. In addition, the reducibility of the algorithm
is one of the important criteria to evaluate the quality of fuzzy reasoning. Although the
triple I algorithm and the reverse triple I algorithm have better properties in reducibility
than CRI algorithm, their reducibility is not unconditional. Therefore, Zou and Pei [9] gave
an SIS algorithm with the advantage of unconditional reducibility.

Although fuzzy sets have been successfully used in many fields, there are still some
defects in describing the fuzziness and uncertainty of information. An interval-valued fuzzy
set was introduced by Zadeh [10]. Many researchers extended approximate inference to the
interval-valued fuzzy sets. An approximate reasoning method based on the interval-valued
fuzzy sets was proposed [11]. Li et al. [12] discussed the robustness of interval-valued CRI
method. Liu and Li [13] studied the interval-valued fuzzy reasoning with multi-antecedent
rules. Luo and Zhang [14] extended the fuzzy inference triple I principle on interval-valued
fuzzy sets, and gave the interval-valued fuzzy inference full-implication method based on
the associated t-norms. Luo and Wang [15] further studied interval-valued fuzzy reasoning
full implication algorithms based on the t-representable t-norm. Li and Xie [16] investigated
universal interval-valued fuzzy inference systems based on interval-valued implications.
Luo etal. [17] discussed the robustness of reverse triple I algorithms based on interval-valued
fuzzy sets. Wang et al. [18] combined the SIS algorithm with interval-valued fuzzy sets to
give a generalized SIS algorithm based on interval fuzzy reasoning and study its robustness.

Another extension of fuzzy sets, intuitionistic fuzzy sets, were proposed by Atanassov [19].
Many research results based on intuitionistic fuzzy sets have been obtained. Deschri-
jver et al. [20] proposed the intuitionistic fuzzy t-norm and t-conorm. Cornelis et al. [21]
studied the intuitionistic fuzzy reasoning CRI method. Zheng et al. [22] studied the in-
tuitionistic fuzzy reasoning triple I method and a-triple I method. Liu and Zheng [23]
proposed the dual triple I method and the decomposition method for intuitionistic Fuzzy
Modus Tollens, which improved the reductivity of triple I method for intuitionistic Fuzzy
Modus Tollens. Peng [24] discussed the intuitionistic fuzzy reasoning reverse triple I algo-
rithm and the reverse a-triple I algorithm. The literature [25] extended the SIS algorithm
to intuitionistic fuzzy sets and then gave an SIS algorithm based on intuitionistic fuzzy
reasoning and discussed its continuity.

Although scholars have made some research results based on intuitionistic fuzzy sets
and interval-valued fuzzy sets, the relationship between the results has not been studied. This
is the research goal of this paper. The structure of this paper is as follows: some concepts for
intuitionistic fuzzy sets and interval-valued fuzzy sets are reviewed in Section 2. In Section 3,
we study the relationship between the intuitionistic fuzzy reasoning triple I algorithm and
interval-valued fuzzy reasoning triple I algorithm, the relationship between the intuitionistic
fuzzy reasoning reverse triple I algorithm and interval-valued fuzzy reasoning reverse triple
I algorithm, the relationship between the intuitionistic fuzzy reasoning SIS algorithm and
interval-valued fuzzy reasoning SIS algorithm. The conclusions are given in Section 4.

2. Preliminary

In this section, we review some concepts for intuitionistic fuzzy sets and interval-
valued fuzzy sets, which will be used in the paper.

Definition 1 ([26]). An increasing, commutative, associative mapping T : [0,1] x [0,1] — [0,1]
is called a triangular norm (t-norm for short) if it satisfies T(x,1) = x for any x € [0,1]. An
increasing, commutative, associative mapping S : [0,1] x [0,1] — [0,1] is called a triangular
conorm (t-conorm for short) if it satisfies S(0, x) = x for any x € [0, 1].

Definition 2 ([27]). The residuated implication R induced by left-continuous t-norm T is defined
by R(a,b) =sup {x € [0,1] | T(a,x) < b},Va,b e [0,1].

Example 1 ([28]). (1) The Godel implication (R¢ for short) and the corresponding t-norm (T for
short) have the following expression
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1, if a<b,
RG(”'b)={ b 1? a>b.

Tg(a,b) =anb.

(2) The Lukasiewicz implication (Ry,, for short) and the corresponding t-norm (Ty,, for short)
have the following expression

Rpy(a,b) =(1—a+b)A1.
Tru(a,b) = (a+b—-1) V0.

(8) The Gougen implication (Rg, for short) and the corresponding Product t-norm (T, for
short) have the following expression

1, if a<bp,
RG (a,b):{ .
0 boif a>b.

Tgo(a,b) = ab.
Definition 3 ([19]). An intuitionistic fuzzy set (IFS for Short) on nonempty universe X is given by

A={(x,pa(x),04(x)) | x € X}

where 4 (x) € [0,1] and 84 (x) € [0, 1] with the condition 0 < pa(x) +04(x) < 1(Vx € X).
pa(x)and O4(x) are called a membership function and a non-membership function, respectively.

The class of all intuitionistic fuzzy sets on nonempty universe X is denoted IFS(X).
For every A, B € IFS(X), some operations are defined as follows [29]:

(1) ACp+Biff us(x) < pp(x) and 94 (x) > 95(x),Vx € X;

(2)  AUL B = {(x,sup(pa(x), up(x)),inf(84(x), 95(x)) | x € X};

(3) Anp B={(x,inf(pa(x), up(x)),sup(8a(x),d(x)) | x € X}.

Let L* = {(x1,v1) | (x1,y1) € [0,1]%,x;1 +y; < 1}. The order defined on L*
as (x1,y1) <1+ (x2,42) if x1 < xpand y1 > y2. (x1,41) As (x2,42) = (x1 Axg, 11V
y2), (x1,51) Vir (x2,42) = (31 V x2,51 A y2).sup(xi,yi) = (supx;infy;), inf(x;,y;) =
(infx;, supy;) for all (x;,y;)eL*. 0, = (0,1) and 1, = (1,0) are the smallest element
and the greatest element in L*, respectively. It is easy to verify that (L*, A, V,04,1,) is a
complete lattice [30].

Definition 4 ([20]). An increasing, commutative, associative mapping Tr«: L* x L* — L* is
called an intuitionistic fuzzy t-norm if it satisfies Tr+(x,1+) = x for any x € L*.

Example 2 ([20]). A binary mapping Tr«: L* x L* — L* is defined by T+ («, B) = (T(ay, b1),
S(ap, by)), where « = (aq,a3), p = (by,by), S is the dual t-conorm of the t-norm T. Then, Ty« is
an intuitionistic t-norm, which is called the associated intuitionistic t-norm on L*.

The associated intuitionistic t-norm Tr« is called left-continuous if T is a left-continuous
t-norm and S is a right-continuous t-conorm.

Definition 5 ([20]). The intuitionistic residuated implication R+ induced by left-continuous
intuitionistic t-norm Tp+ is defined by R+ (a, B) = sup{ny | Tr-(y,a) < B}, wherew, B, € L*,
and Ty« is a t-norm on L*.

Lemma 1 ([22]). The intuitionistic residuated implication induced by left-continuous associated
intuitionistic t-norm T is Rp«(a, B) = (R(ay,b1) AR(1 —ap,1—b3),1—R(1—ap,1—by)),
where w = (a1,a3), B = (by,by) € L*, and R is the residuated implication induced by the t-norm T.

Definition 6 ([10]). An interval-valued fuzzy set (IVES for short) on nonempty universe X is given by

B = {(x, [Bi(x), B,(x)]) | [Bi(x), B(x)] < [0,1], x € X}
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The class of all interval-valued fuzzy sets on the nonempty universe X is denoted
IVFS(X).

For every A, B € IVFS(X), some operations are defined as follows [10]:

(1) A C;1 Biff Aj(x) < Bj(x) and A,(x) < B,(x),Vx € X;
@ AUy B = {(x, [sup(A/(x), B(x)), sup(4,(x), B,(x))]) | x € X};
(3) AN B={(x, [inf(A;(x), Bi(x)),inf(As(x), B;(x))]) | x € X}.

Let L' = {[x1,y1] | [x1,¥1] € [0,1],x1 < y1}. The order defined on L as [x1,y1] <i
[x2,y2] if x1 < xp and y; < yp is called component-wise order or Kulisch-Miranker
order [31]. [xl,]/1] Apr [Xz,yz] = [X1 Nx2,y1 A\ yz], [x1,y1] Vi1 [XZ,yz] = [X1 Vx,1y1 V ]/2}.
sup(x;,y;] = [supx;,supy;],inf[x;,y;] = [infx;, infy;] for all [x;,y;]€L!. 0; = [0,0] and
17 = [1,1] are the smallest element and the greatest element in L, respectively. It is easy to
verify that (L!, A, V,0p,1;) is a complete lattice [31].

Definition 7 ([32]). An increasing, commutative, associative mapping T;1 = Lt x LT — Ll is
called an interval-valued t-norm if it satisfies T;1(1;,x) = x for any x € L.

Example 3 ([33]). Amapping T;1: LI x LI — Llisdefined by T;1 (s, B) = [T(ay, b1), T(az, ba)],
where & = [ay,ay], B = [by,bz] € L!, and T is a t-norm. Then, T;1 is an interval-valued t-norm,
which is called the associated interval-valued t-norm on LI,

The associated t-norm T is called left-continuous if T is a left-continuous t-norm on the
interval [0,1] [14].

Definition 8 ([20]). The interval-valued residuated implication R induced by left-continuous
interval-valued t-norm Ty is defined by R (a, B) = sup{ﬂ €L | T.(f, 1) < ﬁ}.

Lemma 2 ([34]). The interval-valued residuated implication induced by left-continuous associated t-
norm T;1is Ryi(a, B) = [R(a1, by) AR(az, by), R(az, by)], where w = [a1,a3], B = [by, b] € LY,
and R is the residuated implication induced by the t-norm T.

Lemma 3 ([35]). Mapping ¢ : IFS(X) — IVFS(X), A — B is an isomorphism between the
lattices (IFS(X),Urs, Np+) and (IVFS(X), U1, Ny1), where

A={(x,pa(x),04(x)) | x € X},

B ={(x, [pa(x),1=0a(x)]) [ x € X}.

3. The Relationship Based on Intuitionistic Fuzzy Sets and Interval-Valued Fuzzy Sets

3.1. The Relationship between the Triple I Methods Based on Intuitionistic Fuzzy Sets and
Interval-Valued Fuzzy Sets

In this section, the relationship between the solutions of the triple I method based on
the IFS and the IVFS will be studied.

Definition 9 ([22]). The intuitionistic fuzzy reasoning triple I model is denoted as

Rers(Ris(Ar+(x), Brs (y)), Ri- (AL« (x), B« (y))) )

where A+, A, € IFS(X), B+, Bj. € IFS(Y), and R~ is the intuitionistic residuated implica-
tion on L*. The smallest (greatest) intuitionistic fuzzy set B} .(A}.) of the universe Y (X) such that
Formula (1) attains the greatest value is called the intuitionistic fuzzy reasoning triple I solution for
FMP(FMT) problem.

Theorem 1 ([22]). Suppose that R+ is the intuitionistic residuated implication induced by left-
continuous associated intuitionistic t-norm T+, then
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(1)  The intuitionistic fuzzy reasoning triple I solution for FMP (IEMP algorithm solution B} . for
short) is given by the following formula

Br-(y) = sup To- (Ap+(x), R+ (Ar+(x), Br+ (y))) (Vy €Y). @

xeX

(2)  The intuitionistic fuzzy reasoning triple I solution for FMT (IFMT algorithm solution A7 .
for short) is given by the following formula

AL (x) = yiglf/RL* (R (Ars (x), BL=(y)), B+ (y)) (Vx € X). ®)

Definition 10 ([14]). The interval-valued fuzzy reasoning triple I model is denoted as

Rt (R (Api(x), Bri(y)), Ry (A (x), Bii(y)) (€9

where Ap1, A}, € IVFS(X), By, Bj; € IVFS(Y), and R, is the interval-valued residuated

implication on L', The smallest (greatest) interval-valued fuzzy set B 1(A] ;) of the universe Y (X)
such that the Formula (4) attains the greatest value is called the interval-valued fuzzy reasoning
triple I solution for FMP (FMT) problem.

Theorem 2 ([14]). Suppose that R is the interval-valued residuated implication induced by
left-continuous associated interval-valued t-norm T, 1, then

(1)  The interval-valued fuzzy reasoning triple I solution for FMP (IVFMP algorithm solution
B}, for short) is given by the following formula

Bl (y) = sup Tri(Rpi(Api(x), Bui(y)), A (x)) (Vy € Y). )

xeX

(2)  The interval-valued fuzzy reasoning triple I solution for FMT (IVEMT algorithm solution
A7, for short) is given by the following formula

Apr(x) = yingu(Ru(Au (x), BLi(y)), B (y)) (Vx € X). (6)

Theorem 3. The residuated lattice (IFS(X),Urs, N+, 04,1, Trs, Ry+) and (IVFS(X),
U, Np1, 01,15, Tp1, Ryx) is isomorphic, where Ry« is intuitionistic residuated implication in-
duced by the left-continuous associated intuitionistic t-norm Trx, R 1 is interval-valued residuated
implication induced by the left-continuous associated interval-valued t-norm Ty 1.

Proof. Let mapping ¢ : IFS(X) — IVFS(X), (x1,x2) = [x1,1— x|, we prove that ¢
is an isomorphism between the residuated lattice (IFS(X), Ur+, Np+, 04, 1, T+, Rr+) and
(IVES(X),Upr,Np1,0p, 11, Trr, Ryp). According to Lemma 3, we have (IFS(X), Upx, Np+, 04,
1*) = (IVFS(X),ULI,QLJ,OI,ll).

Leta = (x1,x2), B = (y1,y2)€L*, then

@(To(a, B))
= @(Tr((x1,%2), (y1,¥2)))
= ¢(T((x1,y1),S(x2,¥2))) (ByExample2)
= [T(x1,y1),1—S(x2,2)]
= [T(x1,y1), T(1 = x2,1—y2)]
= Tu([x1,1—=x2],[y1,1 —y2]) (ByExample3)
= Tule(x1,x2), ¢(y1,42))
= Tul(ea), ¢(B))
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P(Rp+(a, B))
= @(Rr-((x1,%2), (y1,42)))
= ¢(R(x1,y1) A\R(1—x2,1—y2),1—R(1 —x2,1—y2)) (ByLemmal)

[R(x1,y1) AR(1 = x2,1 — ), R (1 —x,1—1)]
Rii([x1,1—x2],[y1,1 —y2]) (ByLemma?2)

= Rp(e(x1,x2), ¢(y1,v2))

= Rple(a), ¢(B))

O

Theorem 4. There is a bijection between the IFMP algorithm solution B} . (by Formula (2)) and
the IVEMP algorithm solution B}, (by Formula (5)).

Proof. Let mapping ¢ : IFS(Y) — IVFS(Y), (y1,¥2) — [y1,1—y2).

@(Br-(v))
= @sup Tp+(AL+(x), Rp-(Ar+(x), Br+(y)))

xeX

= sup @(Tp+ (AL« (x), Rp+ (Ap<(x), Br<(v)))

xeX

= 51615711<(P(Az*(x))1(P(RL*(AL*(X),BL*(]/)))) (By Theorem 3)

= sup T (@(AL- (%)), Rpi(e(AL-(x)), ¢(Br+(y)))) (By Theorem3)

= s:g 711 (Azl (x), Ry (ALI (x), By (]/)))
= Bil (v)

It is shown that there is a bijection between the IFMP algorithm solution Bj. and the
IVEMP algorithm solution By,. [

Theorem 5. There is a bijection between the IFMT algorithm solution Aj. (by Formula (3)) and
the IVEMT algorithm solution A7 (by Formula (6)).

Proof. Let mapping ¢ : IFS(X) — IVFS(X), (x1,%3) + [x1,1 — xa].
P(Af(x))
= @ inf Ry (Re (A (x), Bi (1)), B (v)
= Inf p(Res (Re- (Ar+ (%), Br+ (v)), Bi (v)))
*(¥))), ¢(Bi-(y))) (ByTheorem3)
= InfRyi(g(Re- (AL (), B (y))). Bi () (By Theorem3)
= ylggRy(Ru(Au( x),Bri(y)), B (y))

= LI()

It is shown that there is a bijection between the IFMT algorithm solution Aj. and the
IVEMT algorithm solution A7,. [

= inf R (¢(Rr-(Ar+(x),B
yeYy

Example 4. The intuitionistic fuzzy numbers Ar«, Aj.,By+ are shown in Table 1, and the intu-
itionistic fuzzy numbers A, A*,B is transformed into interval-valued fuzzy numbers A1, A7}, B
by mapping ¢, as can be seen in Table 2. Take the triangular norm T = T, the intuitionistic fuzzy
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reasoning triple I solutions B . and the interval-valued fuzzy reasoning triple I solutions By, are
shown in Table 3.

Table 1. Data of Aj«, A}. and By-.

X1 X2 X3
A~ (0.60,0.30) (0.90,0.10) (0.40,0.50)
Aj. (0.20,0.50) (0.30,0.60) (0.10,0.40)
| Y2 Y3
By« (0.50,0.30) (0.30,0.60) (0.10,0.70)
Table 2. Data of A;i, A}, and By,.
X1 X2 X3
A [0.60,0.70] [0.90,0.90] [0.40,0.50]
Az, [0.20,0.50] [0.30,0.40] [0.10,0.60]
n Y2 y3
B [0.50,0.70] [0.30,0.40] [0.10,0.30]

Table 3. IFMP algorithm solutions B, and IVFEMP algorithm solutions B;;.

n Y2 Y3
B;. (0.30,0.40) (0.30,0.60) (0.10,0.70)
B, [0.30,0.60] [0.30,0.40] [0.10,0.30]

Use the mapping ¢(Bj.) = D, the calculation results are shown in Table 4. By com-
paring the data in Tables 3 and 4, the value of D is equal to the solution B} for solving the
IVEMP problem. The results show that the solutions based on the two fuzzy sets are in
one-to-one correspondence.

Table 4. The values of corresponding to under the mapping ¢.

B;. (0.30,0.40) (0.30,0.60) (0.10,0.70)
D [0.30,0.60] [0.30,0.40] [0.10,0.30]

3.2. The Relationship between the Reverse Triple I Methods Based on Intuitionistic Fuzzy Sets and
Interval-Valued Fuzzy Sets

In this section, the solutions of the reverse triple I method based on the IFS and the
IVES have been given, and the relationship between the two solutions will be studied.

Definition 11 ([24]). The intuitionistic fuzzy reasoning reverse triple I model is denoted as
R+ (R (AL (x), Bi- (¥)), Ris (Ar+(x), B+ (v))) )

where A+, A € IFS(X), B+, Bj. € IFS(Y), and R~ is the intuitionistic residuated implica-
tion on L*. The greatest (smallest) intuitionistic fuzzy set B}.(Aj .) of the universe Y (X) such that
the Formula (7) attains the greatest value is called the intuitionistic fuzzy reasoning reverse triple I
solution for FMP (FMT) problem, denoted by By .(Ag; ).

Theorem 6 ([24]). Let Ry« be the intuitionistic residuated implication induced by left-continuous
associated intuitionistic t-norm T +. Then
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(1)  The intuitionistic fuzzy reasoning reverse triple I solution for FMP is given by the follow-

ing formula
Bioe (y) = inf Tos (AL (x), R (Ap+ (%), B () (Vy €Y). ®)
(2)  The intuitionistic fuzzy reasoning reverse triple I solution for FMT is given by the follow-
ing formula
Agps (x) = sup Ry (Rp+ (Ar(x), Bi-(y)), B (y)) (Vx € X). ©)

yeYy

Definition 12 ([17]). The interval-valued fuzzy reasoning reverse triple I model is denoted as

Rpr(Rpi(ALi(x), B (), Ry (Api(x), Bt (y))) (10)
where Api(x), A7 (x) € IVFS(X), Bi(y), B} (y) € IVFS(Y), and R, is the interval-valued

residuated implication on L!. The greatest (smallest) interval-valued fuzzy set By (A7) of the
universe Y (X) such that the Formula (10) attains the greatest value is called the interval-valued
fuzzy reasoning reverse triple I solution for the FMP (FMT) problem, denoted by By (Ay, ;).

Theorem 7 ([17]). Let R1 be the interval-valued residuated implication induced by left-continuous
associated interval-valued t-norm Ty 1. Then

(1)  The interval-valued fuzzy reasoning reverse triple I solution for FMP is given by the follow-

ing formula
ret(Y) = 0f T (Rpi(Api(x), Bui(y)), Api (%)) (Vy €Y). (11)
(2)  The interval-valued fuzzy reasoning reverse triple I solution for FMT is given by the follow-
ing formula
Agpr(¥) = sup Ryt (Rpi(Api (x), Bri(y), B (y)) (Vx € X). (12)

yeY

Theorem 8. There is a bijection between the intuitionistic fuzzy reasoning reverse triple I solution
By« for FMP (by Formula (8)) and the interval-valued fuzzy reasoning reverse triple I solution
By, 1 for EMP (by Formula (11)).

Proof. Let mapping ¢ : IFS(Y) — IVFS(Y), (y1,¥2) — [y1,1 —y2).
¢(Bre (¥))
= ¢ inf T (AL (x), Rp+(Ar- (%), Br+ (v)))
= mf <P(7'L*( i+ (x), Ris(Ar+ (x), B+ (y))))
= it T (p(AL () p(Ris (A (2), 1)) (By Theorems)
= inf Ti(@(AL- (%)), Ry (9(Ar-(x)), ¢(Br+(y))))  (By Theorem3)
= inf T (AL (%), Rpr(Ap (x), B (y)))
= B?{Ll(y)

),
),

It is shown that there is a bijection between the intuitionistic fuzzy reasoning reverse
triple I solution By;. and the interval-valued fuzzy reasoning reverse triple I solution

By,i- O
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Theorem 9. There is a bijection between the intuitionistic fuzzy reasoning reverse triple I solution
Axy« for FMT (by Formula (9)) and the interval-valued fuzzy reasoning reverse triple I solution
Ag 1 for FMT (by Formula (12)).

Proof. Let mapping ¢ : IFS(X) — IVFS(X), (x1,x2) — [x1,1 — x2].

¢(Agp(x))
= ¢ inf(Rp-(Rp(Ar(x), Br-(y)), BL- (v)))
= ylfg{(P(RL*(RL*(AL*(x)IBL*(J/))/Bf*(y))) (By Lemma 3)
= yig\f/RL’(go(RL*(AL*(x)/BL*(y)))/q)(Bi*(y))) (By Theorem 3)
= yirellf(RLz(q)(RL*(AL*(x),BL*(y))),BzI(y)) (By Theorem 3)
= infRp (Rpi(Api(x), BLi(y)), B (y))
= Apu()

It is shown that there is a bijection between the intuitionistic fuzzy reasoning reverse
triple I solution A%;. and the interval-valued fuzzy reasoning reverse triple I solution

A% O

3.3. The Relationship between the SIS Methods Based on Intuitionistic Fuzzy Sets and
Interval-Valued Fuzzy Sets

In this section, the solutions of the SIS method based on the IFS and the IVFS have
been given, and the relationship between the two solutions will be studied.

Definition 13 ([25]). Let A, B € IFS(X), and R+ be the intuitionistic residuated implication
induced by left-continuous associated intuitionistic t-norm Tr«. Then, the intuitionistic fuzzy
reasoning subsethood degree Sy« is denoted as

Si+(A,B) = inf (A(x), B(x))

xeX

Definition 14 ([25]). The intuitionistic fuzzy reasoning SIS model is denoted as
Rrp+(Sp+(Af«, Ar+), Sp=(Bj«, Br+)) (13)

where Ap+, Aj. € IFS(X), Br+,Bf. € IFS(Y), and R~ is the intuitionistic residuated impli-
cation on L*. The greatest intuitionistic fuzzy set B.(A}.) of the universe Y (X) such that the
Formula (13) attains the greatest value is called the intuitionistic fuzzy reasoning SIS algorithm
solution for FMP(FMT) problem, denoted by B¢ .(Ag;.).

Theorem 10 ([25]). Let R+ be the intuitionistic residuated implication induced by left-continuous
associated intuitionistic t-norm Ty «. Then:

(1)  The intuitionistic fuzzy reasoning SIS reasoning algorithm solution for FMP is given by the
following formula

Bgp+(y) = inf Ry~ (Sp+ (AL, Ar+), Br+(y)) (Vy €Y). (14)

(2)  The intuitionistic fuzzy reasoning SIS reasoning algorithm solution for FMT is given by the
following formula

A3y () = inf Ru- (Sp- (B B, AL (x)) (¥ € X). (15)
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Definition 15 ([18]). Let A, B € IVFS(X), and R be the interval-valued residuated implication
induced by left-continuous associated interval-valued t-norm T; 1. Then, the interval-valued fuzzy
reasoning subsethood degree Sy 1 is denoted as

S11(A,B) = inf (A(x), B(x))

Definition 16 ([18]). The interval-valued fuzzy reasoning SIS algorithm model is denoted as
Rpi(Spi(By1, Bri), Spi(Af, Apn)) (16)

where Api(x), A} (x) € IVFS(X), B1i(y), B} (y) € IVES(Y), and R is the interval-valued

residuated implication on L!. The greatest interval-valued fuzzy set B (A7) of the universe Y (X)
such that the Formula (16) attains the greatest value is called the interval-valued fuzzy reasoning

SIS algorithm solution for the FMP(FMT) problem, denoted by Bg, (A, ;).

Theorem 11 ([18]). Let R be the interval-valued residuated implication induced by left-continuous
associated interval-valued t-norm T 1. Then:

(1)  The interval-valued fuzzy reasoning SIS algorithm solution for FMP is given by the follow-
ing formula

su(y) = 1nf RL’(SLI(ALI/ALl)fBLI(y)) (VyeY). (17)

(2)  The interval-valued fuzzy reasoning SIS algorithm solution for FMT is given by the follow-
ing formula

0 () = Inf Ry (541 (B, Bu), Au(x) (vx € X). (18)

Theorem 12. There is a bijection between the intuitionistic fuzzy reasoning SIS algorithm solution
SL* for FMP (by Formula (14)) and the interval-valued fuzzy reasoning SIS algorithm solution
B, 1 for FMP (by Formula (17)).

Proof. Let mapping ¢ : IFS(Y) — IVFS(Y), (y1,¥2) — [y1,1— y2].

¢(Bsr- ()

= ¢ inf (R (S (AL, Ar), Bre ()
= mf @(Rp+(Sp+(Af«, Ar+), Br=(y)))
= mf RLI( (Sp+(AL+, AL+), Br<(y)))
— mf f Ry (Spi(p((Af-, AL), 9(Bi: (v)))

= ;Iel)f((RLI(SU( LI/ALI) Bpi(y)))
= Bgu(y)

It is shown that there is a bijection between the intuitionistic fuzzy reasoning SIS
algorithm solution Bg; . and the interval-valued fuzzy reasoning SIS algorithm solution
By O
Theorem 13. There is a bijection between the intuitionistic fuzzy reasoning SIS algorithm solution
A%y for EMT (by Formula (15)) and the interval-valued fuzzy reasoning SIS algorithm solution
Ag, 1 for FMT (by Formula (18)).
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Proof. Let mapping ¢ : [FS(X) — IVFS(X), (x1,%2) = [x1,1 - x2].
P(Asp(x))
= ¢ inf(Rp+(Sp(Bj+, Br+)Ar+(x))
yeY
yey

B
= inf Ry1(@(Sp+ (B, Brs), Ap+(x)))
yeYy

(

= ylg}f(RLI(SLl(q) (Bz*/BL*)r QD(AL* (X))))
;E{K(RLI(SLI( zI/ BLI)/ALI(x)))
= Agp(x)

It is shown that there is a bijection between the intuitionistic fuzzy reasoning SIS
algorithm solution Ag; . and the interval-valued fuzzy reasoning SIS algorithm solution
*

. O
SL!

The flow diagram of results is shown in Figure 1.

Intuitionistic residuated lattice \( Interval-valued
fuzzy sets isomorphic IL fuzzy sets
Y A4
Intuitionistic ( interval-valued
fuzzy reasoning 23 fuzzy reasoning
triple | algorithm bijection triple | algorithm
A 4 \ 4
Intuitionistic fuzzy [interval—valued fuzzy
reasoning reverse >3] reasoning reverse
triple | algorithm bijection L triple | algorithm
A 4 A\ 4
Intuitionistic ( interval-valued
fuzzy reasoning = fuzzy reasoning
SIS algorithm bijection SIS algorithm

Figure 1. The flow diagram of results.

4. Conclusions

In this paper, we studied the relationship between intuitionistic fuzzy reasoning algo-
rithm and interval-valued fuzzy reasoning algorithm. It is proved that there is a bijection
between the intuitionistic fuzzy reasoning triple I solution and the interval-valued fuzzy
reasoning triple I solution, and there is a bijection between the intuitionistic fuzzy reasoning
reverse triple I solution and the interval-valued fuzzy reasoning reverse triple I solution.
Moreover, it is proved that there is a bijection between the intuitionistic fuzzy reasoning
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SIS solution and the interval-valued fuzzy reasoning SIS solution. Finally, a numerical
example is given to show that there is a bijection between the intuitionistic fuzzy reasoning
triple I method and the interval-valued fuzzy reasoning triple I method. We prove that
the intuitionistic fuzzy reasoning method and interval-valued fuzzy reasoning method
are equivalent in essence. In practical application, interval-valued fuzzy sets can effec-
tively reduce the loss of fuzzy information, and intuitionistic fuzzy sets can characterize
information from two aspects, intuitionistic fuzzy reasoning method and interval-valued
fuzzy reasoning method can be used for one calculation and one test. Intuitionistic fuzzy
reasoning method and interval-valued fuzzy reasoning method will be applied in many
fields such as pattern recognition and medical diagnosis. In the future, how to apply
the algorithm to practical applications is the next research direction. we will study how
to apply intuitionistic fuzzy reasoning method and an interval-valued fuzzy reasoning
method to practical problems such as pattern recognition and medical diagnosis.
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