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Abstract: Algebraic homomorphisms are essential mathematical structures that sustain operations
across algebraic systems such as groups, rings, and fields. These mappings not only preserve
the validity of algebraic operations but also make it easier to investigate structural similarities and
equivalences across distinct algebraic entities. In this article, we establish the group isomorphism under
the complex intuitionistic fuzzy set, an extended form of the complex fuzzy set that adds the complex
degree of non-membership functions, which plays a significant role in the decision-making process.
The complex algebraic structure provides effective tools for understanding complex phenomena. We
discuss the more intricate features of homomorphism and isomorphism in the framework of a complex
intuitionistic fuzzy set. In addition, we introduce the complex intuitionistic fuzzy normal subgroups.
We establish the relationship between two complex intuitionistic fuzzy subgroups and analyze of
complex intuitionistic fuzzy isomorphisms among these subgroups, proving the important theorems.
Furthermore, we establish examples to explore the concept of complex intuitionistic fuzzy subgroups.
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1. Introduction

Recently, researchers have developed numerous mathematical and computational tools to improve
scientific research and facilitate decision-making. Group theory is one of the most important parts of
algebra and provides a powerful framework for analyzing structures that show up in symmetric form.
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It has applications in many domains, including theoretical physics and medicine [1,2]. Furthermore, it
is essential for classifying atoms, regular polyhedral structures, crystal structures, and symmetries of
molecules [3]. The study of group homomorphism and isomorphism, which connect two groups while
keeping their structure, is also part of group theory.

Uncertainty is a vital part of human life, making it impossible to make precise estimates or
hypotheses. This analytical error is extremely unfavorable for human intelligence and has led to
the development of various mathematical concepts, including fuzzy sets, as useful techniques for
addressing this challenge, presented as practical approaches for solving uncertainty-related problems.
To overcome this uncertainty of data, Zadeh [4] created the notion of fuzzy sets (FS) defined as
u — A {(h,u(h)); h € A} where u(h) € [0, 1] is known as the membership value.

Roenfeld [5] introduced the fuzzy subgroup notation (FSG); many basic results were established
for the homomorphism image and pre-image under a group. The concept of Fuzzy space and fuzzy
normal subgroup were investigated [6, 7]. Mukherjee and Bhattacharya [8] established the fuzzy
coset and normality of a FSG of a group. Also, conjugate classes were discussed, and FSG was
determined to be fuzzy normal if and only if it is (constant) on classes of conjugates of group G.
Das [9] investigated the idea of level subgroups of a certain group based on the work of Zadeh and
Rosenfeld. Dib and Youssef [10] developed a new framework with functions, relationships, and fuzzy
Cartesian products. Atanassov [11] investigated the notation of intuitionistic fuzzy set (IFS) defined
as A = {(s,u(s),v(s)); s € H}, where u(s) and v(s) represent the membership degree (MD) and non-
MD of elements of universe set H that belong to [0, 1], and established many basic results. These
functions must satisfy: 0 < u(s) + v(s) < 1 and flourished fundamental algebraic tributes. The
scientific field found more useful applications of this notion because it deals with two-sided information
by increasing non-membership in FS. The subgroups and normal subgroups under the framework of
IFS were discussed [12-14]. Wang et al. [15] initiated a new approach based on intuitionistic fuzzy
propositional logic (IF), classifications of intuitionistic fuzzy logic proposition (IFLP) formulas, and
fundamental features. Moreover, three reasoning methods (the classification methods, the reduction
to absurdity method, and the direct proof method) were developed. Alcantud et al. [16] developed
a method for aggregating IFSs into infinite chains. Also, the scores and accuracy degrees of IF
elements were defined. Meng et al. [17] used linguistic intuitionistic fuzzy preference relations to
solve multi-criteria. Zhou and Xu [18] developed the IFS and used it to deal with concerns about
decision-making that include risk preference. The concepts of IFS f-conorm, IFS t-norm, and IFS
relations, Atanassov intuitionistic composition, and operators of t-conorm and t-norm were created
by Burillo and Bustince [19]. Xiao [20] established a novel distance measure for IFSs based on the
Jensen-Shannon divergence. It was also shown that nonlinear properties can better tell the difference
between IFSs and give more accurate results than other measurement methods. The intuitionistic fuzzy
relations, generalization the idea IFS to Pythagorean Fs also used in decision making and the idea of
IFS extended by introducing the concepts of Pythagorean fuzzy set [21-23]. Jana and Pal [24] used
the notation of bipolar IF soft sets to study their fundamental characteristics. Also, the intersection
and union of two bipolar IF soft sets were presented. Biswas [25] developed the idea of intuitionistic
FSGs on IFSs, and some important characterizations were explored. Mathematically, in terms of the
MD function, extending integers Z to real numbers R is similar to extending crisp sets to FSs. That is,
expanding the range of the member function U from 0,1 to [0, 1] is mathematically similar to expanding
Z to R. The modifications to the number set did not stop with real numbers. The development of real
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numbers into the set of complex numbers, C, preceded their introduction. Therefore, it is possible
to propose that this expansion should serve as the foundation for future FS theory development. In
the domain of set theory, the result of such an extension is the complex fuzzy set (CFS), which is
defined by a function of MD with complex values. Ramot et al. [26] explored the novel idea of CFS
defined as {s,v(s) = u(s)e®™ : s € H}. The CFS belongs to the range of values that its function in
MD may attain. This range is not limited to [0, 1], in contrast to a traditional fuzzy function of MD.
Also, it extends to the unit circle in the complex plane. The CFS offers a mathematical framework
that describes a set’s membership in terms of a complex number. The mathematical definition of the
CFS, together with the basic set theory operations that can be performed with it, have been discussed.
Alkouri et al. [27] established the novel notion of a complex intuitionistic fuzzy set (CIFS) defined as
{5, v(s) = u()e™, v(s) = u(s)e’®™ : s € H}, which is extended by adding a non-MD term to the basic
notion of a CFS. Where u(s) — [0, 1] is the MD of the real part, v(s) — [0, 1] is the non-MD of the real
part, 6(s) — [0, 2] is the MD of the imaginary part, and é(s) — [0, 27] is a non-MD of the imaginary
part of a complex number such that 0 < u(s) + v(s) < 1 and 0 < 6(s) + 0 < 2x for all complex numbers
s € H. For both MD and non-MD functions, CIFS can also reach a wider range of values. These
ranges are now extended to the unit circle in the complex plane for both functions, instead of just [0,
1] as they are in regular IF functions. Several new uncertainty sets have been established. One of these
uncertainty sets is known as the complex Atanassov’s intuitionistic fuzzy set (CAIFS), where values for
Atanassov’s IF functions of MD and non-MD are taken in the complex plane’s unit circle. The concept
of CIFS by quaternion numbers were investigated and used in decision making [28]. Alkouri and
Salleh [29] established some operations that were extended to the CAIFS. The investigation focused
on two major operations and numerous properties. Furthermore, the benefit of applying these two
operations to complex numbers was gained by creating a link between the concepts of CFS and
CAIFS. Almutairi et al. [30] explored the basic components of complex anti-FSGs, pre-image, image,
and the vital primary characteristics of complex anti-FSGs. Also, the homomorphic and isomorphic
relationships between complex anti-FSGs under group homomorphism were investigated. Latif and
Shoaib [31] studied Sylow theory under the framework of the #-IF subgroup and related properties.
They also investigated the fundamental theorems of Sylow theory.

Gulzar et al. [32-34] enhanced the notation of complex intuitionistic fuzzy subgroups (CIFSGs)
and level subsets of CIFSs. Moreover, the 7-intuitionistic fuzzy subgroup, Q-complex fuzzy subring,
the CIFSGs homomorphic image and pre-image under group homomorphism were explored. Alkouri
et al. [35] discussed (a,f)-CFSs, then defined CFSGs, and proved their fundamental algebraic
characteristics. Also, (a,8)-complex fuzzy cosets were presented and used to develop (a, 5)-complex
fuzzy normal subgroups. Also, an (e, f)-complex fuzzy quotient ring was created and the (a,f)-
complex fuzzification of Lagrange’s Theorem was proved. Ashraf et al. [36] proposed the novel
concept of a Cl-hesitant-FS to handle uncertain information in real-world complex issues in unit
disks and introduced generalized distance measures and weighted generalized distance measures
based on the Euclidean, Hamming, and Hausdorff metrics. Dobritsa and Yakh [37] developed the
concept of clarification, which aided in the early conceptualization of homomorphisms in fuzzy groups.
Their study investigated the conditions required to satisfy various characteristics of homomorphisms
in conventional groups while also considering properties unique to systems with fuzzy operations.
Choudhury et al. [38] investigated fuzzy subgroups and discussed the basic structure of fuzzy
homomorphisms and isomorphisms between subgroups of groups. Additionally, they introduced
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the z-level image and r-level inverse images and established their key findings. Chakrabatty and
Khare [39] presented a novel concept of fuzzy homomorphism between crisp groups and established
a fundamental theorem for FSG isomorphism, leveraging insights from group theory. The study also
examined the image and pre-image relationship in FSG, revealing that FSG homomorphisms involve
structure-preserving mappings between algebraic structures. The idea of fuzzy subgroups and fuzzy
homomorphism with categorical properties was investigated [40]. The CIFS is an extended form of
the CFS, incorporating the complex degree of non-membership functions, which play an equal role in
the decision-making process. The CIFS is also an extension of all these existing theories, such as CFS,
IFS, and FS. Furthermore, the concepts of CIFS and CFS are connected in the domain of complex
numbers through two distinct procedures.
Motivation for the proposed concept and its contributions:

e Ramot et al. [41] created a novel concept of CFS by expanding MD of the functions from
the unit interval to the complex plane with the unit disc. The CFES helps in the process of
evaluating the system because it considers the amplitude as well as the phase term. Alkouri
and Salleh [42] extended the concept of CFS to CIFS by introducing complex non-membership
degrees of functions and examined their basic properties. The CIFS expands the MD and non-MD
values of functions to the unit disc in the complex plane instead of [0,1] as in the IFS.

e Roenfeld [5] presented the notation fuzzy subgroup (FSG) and many basic results were
established for the homomorphism image and pre-image under the group. Biswas [25] developed
the idea of intuitionistic FSGs on IFSs, and some important characterizations were explored.

e Al-Husban and Salleh [43] introduced the idea of CF subgroups and CF binary operations,
and fundamental results were discussed. Gulzar et al. [32] developed the novel notation of
CIFSGs, and certain important fundamental results were investigated in detail. Moreover, the
homomorphism between two CIFSGs under the influence of CIFS was discussed. Furthermore,
the direct product of two CIFSGs was investigated, and some new fundamental characteristics
related to the direct product of CIFSG were studied.

e The idea of CIFS has not yet applied to the advanced algebraic structure of complex intuitionistic
fuzzy (CIF) group homomorphisms and isomorphisms. We will talk about the advanced features
of CIF homomorphism and isomorphism in this proposed work, which is influenced by group
theory. Furthermore, we introduce the normal CIF subgroup of the group and establish examples
to explore the concept of the complex intuitionistic fuzzy subgroup. The following Figure 1
depicts the relationship between proposed and existing models. Table 1 shows the comparison
between the CIFSs of the proposed and existing models.
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Figure 1. Relationship between the proposed and existing models.

Table 1. Comparison of CIFSs between the existing approaches.

Sets Domain Co-domain degree degree of degree of degree of
of membership non-membership membership with periodicity non-membership with periodicity
ESs Universal set Unit interval v X X X
IFSs Universal set Unit interval v v X X
CFSs Universal set Unit disc v X v X
CIFSs Universal set Unit disc v v v v

Section 2 presents fundamental definitions related to CIFS, along with a relevant result that
lays the groundwork for subsequent discussions. Section 3 introduces the concept of support for
CIFS, establishes a normal subgroup within the group, and provides relevant illustrations. Section 4
explores the concept of isomorphism in CIFSG and offers a comprehensive examination of three crucial
theorems on CIFG homomorphism and isomorphism.

2. Preliminaries

In this section, we will discuss several fundamental concepts (intuitionistic fuzzy set, union,
intersection, image, pre-image, intuitionistic fuzzy subset, and intuitionistic fuzzy normal subgroup)
associated with the theory of IFSGs, which will play an important part in our further investigation.
Using these definitions, in the main part, we define and investigate the concepts of CIF isomorphism
and homomorphism, as well as show the basic CIF isomorphism theorems.

Definition 2.1. [44] An IFS U of a universal set H is expressed as U = {(s, u(s), v(s)) : s € H}, where
u(s) and v(s) represent the universe H MD and non-MD of element s to [0, 1]. These functions must
satisfy these requirements: 0 < u(s) + v(s) < 1.
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Definition 2.2. [44] The symbol that represents the product of any two IFS U and Q is U o Q and,
defined by the value: For any j € H, U o Q = (1tyo0()), Vuoo()))
AV (@), 1o(d)}]
Huoo()) = ifj=qd
0 if ] is not expressible as j = qd
And
VIAvu(@), vol(d)}]
Vueo(J) = if j=qd
1 ifjis not expressible as j = qd
Definition 2.3. [44] Suppose U and Q are two IFS of sets S and T, respectively, and letw : S — T.
Then the image and pre-image of U and Q are defined as:

[ Viuc(g) gew(s)
Hww)($) = { 0 otherwise

_ [ Abve(® gew(s))
Vi) ($) = { 1 otherwise

and w™(Q)(g) = Q(w(g)), Vg € H.

Definition 2.4. [44] An IF subgroup of L is defined as an IF subsetif it satisfies the
following conditions:

(1) p(sg) = AMu(s), ()},
(2) u(s™) = u(s),

(3) v(sg) < V{v(s),v(g)},
(4) v(s™') < v(s), Vs € L.

Definition 2.5. [44] If U is IFSG of a group L, then

(1) py(s) < uy(e) and vy(s) > vy(e), Y s € L, as the identity element of L is denoted by e.
(2) puy(sg™) = pyle) and vy(sg™") = vy(e) = py(s) = uy(g) and vy(s) = vy(g), v 5,8 € L.

Definition 2.6. [44] An IF normal subgroup of L is defined as an IFS of L that satisfies the
following factors:

1) pu(sg) = u(gs),

2)v(sg) =v(gs)V s, g€L.

In other terms, an IF normal subgroup of a L is normal & u(r~'sr) = u(s) and v(r-'sr) = v(s) ¥
seUandre L

We write the IF normal subgroup as IFNSG for convenience.

3. Fundamental algebraic characteristics of complex intuitionistic fuzzy subgroups
The notions of CIF homomorphisms and isomorphisms for CIFSG are the focus of this section.

For these specific FSGs, we explain CIF homomorphism and isomorphism and establish the three basic
theorems of CIF isomorphism.
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Definition 3.1. If CIFS U of group L satisfies the given conditions, then it is said be a CIFSG of
group L:

(]) ’uU(Sg)ezeu(sg) > /\{,UU(S),,uU(g)}eM{QU(S)’GU(g)},
(2) ﬂU(S_l)efe”(‘Fl) > uy(s)ev, -

(3) VU(Sg)ezeij(sg) < V{VU(S)’)/U(g)}eLV{HU(S),HU(g)},
(4) VU(S—I)etem-') < vy (s)e®®.

Equivalently, a CIFS of L is CIFSG of L if:
pu(sg™)e D > AMuy(s), pu(@))e O and
vu(sg e 8™ < vivy(s), vy(g))e V@@ pold v s, g € L.

Example 3.2. Consider L = S5 = {i,(12),(13),(23), (123),
(132)} be the symmetric group. Consider the CIFS U of L defined by

T, if s =1i, 0.9, if s =1,
pan(s) = {0, if $=i fu=1{ 0, if $=i and
0.5%, if =i 0.6%, if s =i
0, if s =1, 0, if s =1,
van(s) = < 0.3%, if =i Ou(s)=1{ 0.2%, if st =i
0.47, if =1 0.3%, if s =

Where s € L and i is the identity element of L. Clearly, U is CIFSG of group L.

Definition 3.3. Let U be a CIFSG of L and j be some fixed element of L. The set jU =

{8 1ju(2),0,u(2), viv(8),0iu(8) = g € L), where ujy(9) = pu(j'g) Oj(g) = 6u(j'g) and
viu(g) = vu(j'g), Ou(g) = Ou(j'g) ¥ j € L is called CIF left coset of L is expressed by U and
J. In the same method, the right CIF coset is defined.

Definition 3.4. Assume that U is a CIFSG of L. The set U is called CIF normal subgroup of L if
uy(sg) = uy(gs), Oy(sg) = Oy(gs) and vy(sg) = vy(gs), Ouy(sg) = Oy(gs), ¥ s € L or equivalently, U
is CIF normal subgroup of a group L normal if and only if pu(s~'gs) = pu(g), Oju(s~'gs) = Oy(g) and
VjU(S_lgS) =vy(g), 9]'0(5_183) =0y(g)V jeL

The above definition implies the following proposition.

Proposition 3.5. Assume that U is a CIFNSG of a group L. In view of Definition (3.4), then py(sg) =
u(gs), Ou(sg) = Ou(gs) and vy(sg) = vy(gs), Ou(sg) = Ou(gs) & uu(r~'sr) = uy(s), Oy(r'sr) =
0u(s) and vy(r~tsr) = vy(s), Oy (r~'sr) = 0y(s), holds Y s,r € L.

Remark 3.6. The intersection of two CIFSGs of a group L is a CIFSG.

Definition 3.7. Assume that U is a CIFS of H. The support set U* of U is described as: U* = {j € H :
pu(j) >0, 8u(j) > 0and vy(j) < 1, Oy(j) < 2n}.

Remark 3.8. Let U be a CIFSG of L. Then U* is a subgroup of L.

The following outcome shows that CIFNSG’s support set is normal.
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Theorem 3.9. Assume that U is a CIFSG of H. Then U™ is a NSG of L.

Proof. For any element j € L and g € py-, using the Definition (3.7), uy-(jgj™') = pu-(g) > 0, we get
jqj' € py-. Also, 8y-(jgj™") = 6y-(g) > 0. We obtain jgj' € 0y-. Similarly, for any element j € L
and g € vy.. using the definition (3.7), vy-(jgj™") = vy-(g) < 1. We have jgj~' € vy.. Moreover,
0u-(igj™") = 8y-(q) < 2. We have jgj~' € 6y-. This concludes the proof. |

Theorem 3.10. If U and Q are CIFSG of L. Then (U N Q)" = U* N Q~.

Proof. For any element, i € (U N Q)*. We get uynp(i) > 0, Oynp(i) > 0 and vynp(i) < 1, EUQQ(i) < 2n.
Tmplies that (i), o(i) > Apu(@), o} > pung( > 0, By(D),00(0) > MOy, 0D} > Bune(i) > 0.
And, vy(i),vo(i) < V{vu(i),vo()} < vune(d) < 1, Oy(0),00(1) < V{By(D),00(0)} < Ouno(i) < 2.
This implies that py (@), up(i) > 0, 6y(i),0p(i) > 0 and vy (i), vp@@) < 1, Oy(i),0p(i) < 2rn. We have
ieU"NQ".

Consequently, (UNQ)* € U*NQ*. For any element, i € U*NQ*. Which means that uy (i) > 0, 8y(i) > 0
and pp(i) > 0, 6p(i) > 0. Also vy(i) < 1,, Oy(i) < 2x, and vp(i) < 1, 6y(i) < 2x. Therefore,
Muu (@), po(D}y > 0, A{0u(D), 000} > 0 and V{vy(@),ve()} < 1, VvV {0y(i),0p()} < 1. We get
Huno(@) > 0, Oyno(@) > 0 and vyne(i) < 1, Oyne(i) < 2x. Thus, i€ (UNQ)*. So, (UN Q)" 2 U NQ".
This concludes the proof. O

The next theorem shows that the support of a CIF normal subgroup is also normal.

Theorem 3.11. Assume that U and Q are the CIFSG of a group L, and U is a CINFSG of Q. Then U*
is CIFSG of Q.

Proof. For any element j € uy- and ¢ € up. Since U* is CIFSG of QF, then up-(gjg™!) >
MMty (N)s to-(9)} = AMuu-(e), pg-(e)} = py-(e) > 0. We obtain uy-(gjg~") > 0. For any element j € 6
and g € 6y, since U" is CIFSG of Q", we get Oy-(gjg™") > MNOy-()), 00-(8)} = NOy-(e),0p-(e)} =
uy-(e) = Oy-(e) > 0. We have 0y-(gjg™") > 0.

Similarly, for any element j € vy- and g € v, since U* is CIFSG of Q*, we obtain vy-(gjg™") <
V{vy-(j), vo: ()} = Vivy-(e), vp-(e)} = vy-(e) < 1. We get vu-(gjg™") < 1. For any element j € 0y and
g € By, since U* is CIFSG of Q*, then 0y-(gjg™") < V{0y-()),00-(2)} = V{By-(e), 8g-(e)} = Oy-(e) <
27. We have 6,-(gjg") < 2n. This concludes the proof. m|

The next theorem shows that the epimorphism image of the support set of U is equal to the support

of 0.

Theorem 3.12. Let U and Q be any two CIFSG of L and L', and w be a epimorphism from L — L' as
follows w(U) = Q. Then w(U*) = Q.

Proof. As we know w(U) = Q. Let g e w(U") = B = w(j), je€ U". Consider u,)(B) = Viuu(j), j €
w B} > pu() > 0, OyanB) = VIOu(j),j € w'(B)} > Ou(j) > 0 and vyu)(B) = Mvu()j),j €
w (B} < vu()) < 1, Oun(B) = MOu()), j € w'(B)} < Ou(j) < 2r.

Therefore, 5 € Q* Thus, w(U*) = Q*. In addition, by using the Definition of (2.3) and the fact
that w is an epimorphism w(U*) 2 Q*, this concludes the proof. O
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4. Group homomorphism and isomorphism under the influence of complex intuitionistic
fuzzy set

This section explores the concepts of CIF homomorphisms and isomorphisms for CIFSG. We
establish the basic theorems of CIF isomorphism and define CIF isomorphism and homomorphism.

Definition 4.1. Assume that U and Q are CIFSG of groups L and L' respectively. A homomorphism
w: U — Q is known as weak CIF homomorphism of U into Q if w(U) C Q. The case becomes CIF
homomorphism from U onto Q if w(U) = Q. In this case, U is said to be CIF homomorphic to Q and
is represented by U = Q.

An isomorphismw : U — Q is called weak CIF isomorphism from U — Q if w(U) C Q. The case
becomes CIF isomorphism from U — Q if w(U) = Q. In this case, U is said to be CIF isomorphic to
Q and is expressed by U = Q.

Now, the homomorphism from CIFSG to its quotient CIFSG is demonstrated by the
following result.

Theorem 4.2. Suppose that O is a NSG, U is a CIFSG of a group L and a homomorphism n from L
to é. Then n is a CIF homomorphism from U — U, where U is a CIFS G of é.

Proof. As, we know that, a homomorphism 7 from L to £ such that n(h)=hO, h € L. For hO € &, we
have n(U)(hO) = (uyw)(hO), vy, (hO)). Consider
’u”(U)(hO) V{IUU(d) :d e 77_1(hO)}eLV{QU(d)ZdEIfI(hO)}.
= Viuy(d) : nd = hO}e" v @nd=ho)
= Vi{iuy(d) :dO = hO}elV{HU(d):dO:ho}
{
{

=V ,uU(d) td = h()’o c O}elv{gu(d)ttho,on}
=V ,LlU(ho) 0 € O}et\/{f)u(ho):on}
= upe(hO).
Which implies p,w) = pye. Also,
Vay(hO) = AMyvy(d) : d € 7" (hO)}e v (@:der (R0
= Ay : nd = hO}el/\WU(d):r]d:hO}
(vu(d) : dO = hO}eN0v(@:d0=h0)
{
{

Il
>

vu(d) : d = ho,o € OlePu(drd=ho.oc0)
= Alvy(ho):o0 € O}elA{Hu(h()):neO}

= vye(hO).

Il
>

We get vy = vye. Therefore, n(U) = U*. So, n is a CIF homomorphism from U — U”. Thus, we
conclude the required result. O

Example 4.3. Assume that the quotient group é = {0,b0} and O = {1,d? a} is a normal subgroup
of L, where L = S5 = {1,b,a,ab,a?, a*b} is the symmetric group of order 6. The IFS U of L is
expressed as:

po () { 0.6¢/¢ if {j=1,a,a%}

0.5¢"/3 if {j = b, ab, a*b}
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and vy(j) = {0.4.9"”/4 if xelL

The natural homomorphismn : L — é is defined as: n(h) = hO, Y h € L. Define IFSG U” of (—L)
as follows:

@ 0.6¢™/® ifg=0
Huelq 0.5¢"/5 if ¢ = bO
and vy(q) = | 04" ifxelL

= wan(0) = Vipy(d) :d € {l,a,a’})
= wy(0) = 0.6e™°.
= vw(0) = Alvy(d):dell,a a’}}
= v (0) = 0.4e™*

Also = pyan(bO) = Viuy(d) : d € {b,ab, a’b}}
= ooy = 0.6,

And = vyy(bO) = Avy(d): d € {b,ab,a’b}}
= vy (b0) = 0.4e™*.

Therefore, n(U) = UP. Thus, n is a CIF homomorphism of U — U*.

The basic theorem of CIF homomorphism develops a connection between the CIFSG of a quotient
group and the CIFSG of a group.

Theorem 4.4. Assume that w is a CIF homomorphism from U onto Q where U and Q are CIFSG of
group L and L', respectively. Then the mapping ¢ from % — L' is a CIF homomorphism from U — Q,
where U, is a CIFSG ofé.

Proof. Given that w is a CIF homomorphism from U — Q, where U and Q are CIFSG of L and L’
respectively, then w(U) = Q. Define a mapping ¢ : é — L by the rule ¢(jO) = w(j) = q,¥j € L. The
function ¢ is a mapping of an image of element U” that is defined as:

d(U)q) = (ﬂaﬁ(Uﬂ)(CI),V(p(Uﬂ)((I))-

Now /J¢(Up)(q) = v{/'[U/’(]O) : _]0 S ¢_1(q), qe€ L’}eLV{9U9(10)2j0€¢’1(q),qeL’}
e (JO) : ¢(jO) = q,q € L/}e‘V{HUP(10)1¢(10)=q,q€L'}
= V{ug(xn) : 0 € 0, w(j) = gle'"0vri0:0c0m()=q)
= V{uw(d) : d € w(g)}e" orr@dev @)
= (@) = po(q).
= upwn(q) = po(q),¥qeL.
= Hpwry = Ho-

= Vv

Also vaun(@) = Avu(jO) : jO € §7'(q), g € L) i0ri0 et
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= AMvpe(JO) : ¢(jO) = q,q € L’}e“\{‘)w’(10)1¢(j0)=q,q€L/}
= Alvue(xn) : 0 € O, w(j) = gle0vrFOr00m (=4}
= Avpe(d):de W—l(q)}eM{é?up(d):dEW“(q)}
= Vww)(q) = vo(@).
= vown(q) = vol@.YqeL.
= Yowr) = Vo
Hence, we complete the desired result. O

The following example indicates that it is possible to develop a homomorphism between the
CIFSG of a group L' and its quotient groups.

Example 4.5. Suppose the permutation group L as L = {1,(23),(13),(12),(132),(123)} and L' =
{1, =1}. Explain a homomorphism w from L onto L as follows:

() = 1 if j = even permutation
M= 4 if j = odd permutation.
The CIFS U of L is defined as:
() = 0.7¢™3 if j = even permutation
RO = 0.5¢1 if j = odd permutation
and vy(j) = { 0.3 if je L.

The CIFSG Q of L' is defined as:

. 0.7¢"/3 if j=1
:uQ(.]) { 0.5¢™/5 lf] =1
and vo(j) = {03 if jeL.

In light of the preceding information, one can develop the following relationship: Let,

(D) = Vipu(j) = j e w (1)
= V{uy(j) : j = even permutation} = 0.7¢"">.
And vy (D) = Avu():jew™ (D)

vy(j) : j = even permutation} = 0.3¢™7.

Similarly, pu,w(=1) = Vigg(j):jew (=1}

= V{uy(j) : j = odd permutation} = 0.7¢™>.
And vy (-1 = Avy():jew (-1}
= A{vy(j) : j = odd permutation} = 0.3¢™".

Therefore, w(U) = Q. This implies that w is a CIF homomorphism of U — Q. The factor group of
L = S5 is defined as (—L) = {jO, qO : q =odd permutation, j =even permutation}, where O is a NSG of
even permutation of L. Define IFS UP on é as follows:

{ 0.7¢"/3 ifd = jO

Hur () 0.5¢"/3 if d = qO
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and vye(j) = {03e™ if jek

Define a mapping ¢ : & — L' as follows ¢(jO) = w(j) = q ¥ j € L. In light of the preceding
information, one can develop the following relationship:
town() = Viggwn(jO) : jO € ¢7'(1)) = 0.7,
And vywr (1) = Mygwn(jO) : jO € ¢7'(1)} = 0.3,
Similarly, psuey(=1) = Vigwn(O) : jO € ™' (=1)} = 0.7¢™>.
And vyun(=1) = Avawn(jO) : jO € ¢ (=1} = 03¢,

Therefore, (U*) = Q. Consequently, ¢ is a CIF homomorphism of UF onto Q.

If we choose kernel of the homomorphism, then the above result may be viewed in the form of
following remark.

Remark 4.6. Assume that w is a CIF homomorphism from U — Q, as U and Q are CIFSG of Land L,
and K denotes the kernel of w. Then the mapping ¢ : % — L' is a CIF homomorphism from U* — Q,
as U* is a CIFSG of%.

We may create a link between the CIFSG of a group L and any of its quotient groups, as proved
by the following result.

Theorem 4.7. Assume that w is a CIF homomorphism from U onto Q, where U and Q are CIFSG of
group L and L', respectively, and O is NSG of L with w(O) = O'. Then the natural homomorphism
n:L — % is a CIF homomorphism from Q — UP and = n o w is a CIF homomorphism from

U — U, as U* is a CIFSG of &.

Proof. As nis a homomorphism from L — é— Forany /'O’ € é—f,, we get

Mo O) = {ptiowywy(B O), Vigowyy (B O},

Where ,u(ﬂow)(U)(h/ 0) = Viuy(d):demow) ' (h 0/)}etvw"(d):‘le("ow)il(h/ol)},
Voo 0) = Alvu(d) : d € (o w)™ (i Ot a0,

Vipp(d) : d € (o wy™ (i 0@ detr o,
Viup(d) : d € W—l(n)—l(h'0’)}etv{ay(d):dew-l(n)-l(h’0’)}
fwy (77 (0 O)).

Consider (o) O)
Hgow)(h O)

Since w is a CIF homomorphism from U onto Q. fgewyan(h O') = o™ (K O")) = prgr1y-100)(H O)).
Thus, n is a CIF homomorphism from Q — U* . ,u(n)(Q)((h'O')) = My, (H0Y). = ,u(now)(u)(h'O,) =
/"lUp, ((h, O,)) = Hyu) = /’tU/J, .

Also Vigouan(h' 0) = Avu(d) : d € (o w)™ (i O st o,
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Vo)W 0) = Avu(d) :d € w ()™ (W 0))e N e ol
= V("' (HO)).
Since w is a CIF homomorphism from U onto Q. Vioww)(B 0 = v (K 0")) = vr1y-1.0)((H O)).
Thus, 1 is a CIF homomorphism from Q — U . = v(,0)((h'0)) = v, (W 0)). = Vigewyw)(h O) =

V! (H0)). = Vuw) = Vi - Consequently, ¢ = n o w is a CIF homomorphism from U onto U”. This
concludes the proof. O

Under a complex intuitionistic fuzzy epimorphism, the following outcome establishes an essential
relationship between the two quotient groups.

Theorem 4.8. Assume that w is a CIF epimorphism from U onto Q, where U and Q are CIFSG of

group L and L', respectively, andn : L' — % is a natural homomorphism. Then a mappmg o from (—L)
onto = is a CIF homomorphism, from UP onto U* is a CIF homomorphism from - = 0 , respectively,

andO {jeL:w(j)€O}.

Proof. By using Theorem (4.7), we have a mapping ¥ : L — =, where ¢ commutes with w and such
that y(h) = (n o w)(h) = KO forall k' € L. Moreover, w(O) = (o w)(0) = n(w(0)) = n(0) =
Consider, CIFSG U* of & as: U?(jO) = (uye(jO), vur (jO)),

where n(jO) = Vi{upe(d) : d € (jO)}e"10vr(DdUON
vn(GO) = Myvpe(d) : d € (jO)}e o @:detion,
This demonstrates i is a CIF homomorphism with keryy = O. Express a homomorphism o — é

0 é—/, by the rule o(hO) = KW O',h € L,h € L'. Where o : U? — U’ is expressed by the rule:
a(UP)(jO) = (Uowr)(JO), Vewn(jO)), Where

Hown(HO) = Vipge(jO) : jO € o (i 0))e\ouri0Ni0er (O
Vom0 = AMyu(jO) : jO € o (O ))eouri0r0= 0 0D,

Consider pywn(H'0)) = V{ug(hO) : hO € o (i 0')}eVourh0xh0=r ™!t O]
= V{V{uge(ho) : 0 € O,h € L,w(h) = I',c(hO) = w(h)O'}
et\/{f)uﬂ(ho):oEO,heL,w(h):h, T (hO)=w(h)O'}
= V{uge(ho) : 0 € O,h € L, w(h) = h'}e"\0vrhoyocOneLonin=h')
= Viug(d) :de W—l(h')}etv{emd):dew*l(h’)}
= twoy(h) = po(h ), € L
= Vig(h) : n(h') = O 110D 0
= Viug(h') 1 i € 7 (1 O 1tet e 60
= (R O) = py, (W O).
= Howe) = Hyo'-

Also Vo-(Up)(h/O,) = Mvpe(hO) : hO € 0'_1(l’l’0,)}eLA{GUP(hO):hOGO-*I(h'0')}
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= AMA{(ho):0 € 0,h e Lywh) =, 0(hO) = wh)O'}
o Méur (ho):0€0,heLw(h)=h" ,o-(hO)=w(h)O'}

= /\{VUp(hO) 10 € 0, h e L, W(l’l) — h'}et/\{eyp(ho):on,heL,w(h)zh'|
= AMve(d) : d € w(h)eMPor@:dew i)

= Vw(U)(h/) = VQ(h/),h, el

= Avo(h) (k') = K O'}e Mot xnin)=h o)

= Avo(h) : h e \(h O} eetliertro]

= vyohO)=v,; (hO).

4

= Vo (UP) ue'

Hence, we obtain the required result. O

Theorem 4.9. Assume that w is a CIF homomorphism from U onto Q, where U and Q are CIFSG of

groups L and L', consequently with kerw = K. Then there exists a CIF isomorphism from % — Q, as
Cisa CIFNSG of U.

Proof. As we know, w is a CIF homomorphism from U to Q. Let CIFSG C of L as follows:

N ) Hu() if jeK
) vy(Jj ifjekK

and ve(j) = { ({(]) if j%[é
) 0y (j ifjekK

Also bc(j) = { [6(]) if j¢IJ<
- . 0u(j if jek

and Oc(j) = { 575]) ifjeZ;(

Obviously, C C U. Also, K is normal, so jgj~' € K forany j€ C, g € L. Let

puCiai™)

NMuv (D), pu(g)}
NMuo (), tu(q)
Mupu () uu(@)t, j € C.q € L.
Vive(D,vu(@)}, j € C.q € L,

ueCigi™

v v

\%

Implies that uc(jgj™")
Similarly, vc(jgj™")

IA

Ou(iqi™)

NOu (), 0u(9)}

MNOu (), Ou(q)}
MOu (), 0u(g)}, j € C.q € L.

and 6c(jqj )

vV v

\%

Implies that 6c(jg ")
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Similarly, 8c(igi™") < V{Ou(j).0u(q)}). j e C.q € L.

If j € K, then uc(j) = 0, ve(j) = 1 and 6¢(j) = 0, 5C(j) = 2m. This shows that C is a CIFNSG of U.
Since U =~ Q = w(U) = Q. In view of Theorem (3.12) w(U*) = Q".

Let ! = wys, then? : U* — QF is a homomorphism with ker ¢ = C*. Then there occurs a
isomorphism ¢ from g— to Q" ¢ = C*. that can be characterized as «(jC*)=z=j) = w(j), ¥V j € U". For
¢ we have ((4)(2) = (g (), v ().

(D)) = (14 (2), V4 (2)). Consider

L\/{O% (jC*):jeU* 2 (jC*)=z}

e = Viug(C 1 je U (jCY) = Ze
= Viuy(g) 1 qe jC : je U uqg) =zle

= Viuy(@):q e U (g = gl 0T

i g (@):qeLw(q)=z}

LV{B% (9):q€jC*:jeU* (q)=2z}

= Viuy(g) 1 q € L,w(g) = zle
= fww)(2) = po2), Yz € Q.
Implies that ,u%(z) = po(z). We have Ky = Ho-

Andvy(@) = Au(C):je U a(Cr) = g # Vv

L 1qejC*: jeU* Aq)=

" MOy (9):qeU" (g)=2}
= Avu(@:qeUug =ze ¢

= Alvg(@):qe Lw(g) =g ¢

= V(@) = vp(2),Vz € Q.
We obtain v%(z) = vo(z). Implies that vy =Vo.

O

Now, we illustrate the well-known second fundamental theorem of isomorphism under the
influence of CIFS.

Theorem 4.10. Assume that U is a CIFNSG and Q is a CIFSG of group L such that U C Q. Then

there exists a weak CIF isomorphism between —— Uﬂ Tno @ and U°Q

Proof By using Theorem (3 11) and the case U C Q, verify the addition of the factor groups

U nQ
[
CTno
statement leads us to the observation that there is a group 1s0m0rphlsm w from £ m 7 to v °Q that is

known as w(j(U N Q)*) = jU*, V¥ j € Q. Consider

M52 )(]U ) = N(%Q)(]’(Um 0))
Viko(2) : 2 € (U N Q)))eVessinen
Vipua(2) £ 2 € (U 1 Q) hranen

IA
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} V{0yo00(2):2€jU"}

IA

V{uyep(2) 1 z € jU*
= Hwa(JU),Vje 0
paa(jUD,Vje O
7 ey T Mg

=
2
Slo
Q
—
.
g
N
Il

And VW<%Q)(].U*) V<WQQ)(j(Um 0))
AMyo(2) 1 z€ (JIUN 0)")}eMo@:zeUNY)
AVuep() : 2 € ((U N Q)")}eu-0@:zeiUnay)
ANMyuop(z) 1z € jU*}e‘/\{9UoQ(z):z€jU*}

v (jU),Vj € Q"

vwo (jUD,Vj€ Q.

= YVU-Q.
U

v v

= VW(WQQ)UU*)

= Vi)

Thus, w( UQQ)) - (LZ}Q)). Consequently, ThD

Now, we show the third fundamental theorem of isomorphism by employing CIFS.

Theorem 4.11. Assume that U, Q, and C are CIFSG ofL such that U and Q are CIFNSG of C with

U C Q. Then there exists a CIF isomorphism between 2 ) > and ( ).

t

Proof. By using Theorem (3. 11) and the case U and Q are CIFSG of C with U C Q verify the the
(,, )

addition of the factor group

il ; = %. Thus, this statement lead us to the observation

group on these specific factor groups results in &
U*
that w is the group isomorphism from Eg; to g— and describes the following w(jU* (L) = jo, v
J € C*. Consider ’
Q*
(JU ( )

H (JQ)

Q\Q\c\n
Q\r\\ch

* . %), * gU*e(j *Qi
= Vigg)(qU") : g€ C'qU" € (jU*.(%))}e Y100 (U aeC Al G

= V{Viuc(z):z€qU}: qe C7, }
etV WV0c(2):zeqU"):qeC" U e(jUT (& ))}
. Q* V{G( eC* ® ST g
= Vv -, e C* = A V{0c(2):26C* ZAE(JU™ (7))}
luc(@) :z€ C",zA" € (JU (U*))}e
— V{,Uc(Z) ‘7A* € (]U* (g))}etV{Bc(z):zA*G(jU*-(%1))}
: s
= Viue(@) 1z € C'w(z) € jQ'je @ wasien

= ne)(jQ)VjeC".
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=u 5 00) = ugU@)LYjel =u o =Hg):
" "
And
o Q"
v ¢ (JO) = g(JU( -))
W(@) @
U U
= AMvi(qU") 1qeCqU" € (U '(ﬁ))}
LM, ¢ (U ):qeC" qU*e(iU* (Fo))
e U
= AAve(z):z€qU™}:qeC, *, Q }
Ux
N Mbc(@): 2€qU*}:qeC* qUe(jU™ ( ))
= Ave(z):z€eC",zA" € (]U* (g))}et/\{f)c(z):zeC*,zA*e(jU*.(%:))}
b . U*
= /\{VC(Z) : ZA* € (]U*_(g))}eL/\{GC(Z)ZA*E(]U*(%z))}
=A@ 2 € Cw() € jQjeeOeeC o]
= v(%)(]Q ),VjeC.
V.5 (GO) = vgQ)Vjel”
g
C C
T C i C
= vw(ﬁ) = V) Thus, w(é) = é Consequently, (%) ~ é
g U U

Hence, we obtain the required result.

5. Conclusions

In this manuscript, we have defined normal CIFSGs, introduced the concept of support for
CIFSGs, and proved that the support of a CIF normal subgroup is also normal. Additionally, we have
proved that the epimorphic image of support set A equals the support set B. We established a relevant
generalization of CIF isomorphism between any two CIFSGs. Also, three important isomorphism
theorems for CIF subgroups are shown using support sets, along with examples on how they work.
The support set property of CIF normal subgroups is of great significance to the development of the
algebraic theory of complex fuzzy sets and the potential role of the CIF isomorphism theorem in
group theory. In the future, machine learning (ML) and deep learning (DL) will prove to be pivotal
in modern technology and innovation due to their ability to process and analyze vast amounts of
data, uncover patterns, and make predictions or decisions. We aim to further enhance the speed,
efficiency, and versatility of decision-making in complex plans. We will use machine and deep
learning techniques, [45,46], paving the way for broader adoption and more impactful applications.
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