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ABSTRACT. Network performance is the evaluation and assessment of collective network statistics, to define the
quality of services offered by the computer network. It is a qualitative and quantitative technique that measures and
defines the performance level for a network. Networking provides a link between different factors (bandwidth,
number of devices, network traffic and latency) for performing multiple tasks. These factors affect the network speed
and quality. Some errors occur due to network traffic and latency can produce uncertain results. These results
provide low quality and speed in the network that caused time wasting with no required results. In this regard, the
notion of interval valued complex neutrosophic relation (IVCNR) is developed to handle this situation. Modeling
problems by using the idea of interval valued complex neutrosophic sets (IVCNSs) and interval valued complex
neutrosophic relations (IVCNRs) will not only formulate the effects of one factor to other but also defines the grades
of membership, abstains and non-membership. The cartesian product among two IVCNSs and the types of IVCNRs
is discussed. By applying the methods of IVCNRs on the factors of network performance that can produce better
network speed and improved quality in the network. In continuation this study introduced and investigates the
structure of complex neutrosophic soft topological spaces. The foundational definitions of complex neutrosophic soft
topology, open and closed sets, interior, closure, and boundary are formally established. The study also explores the

concept of complex neutrosophic soft bases and subspace topologies, along with criteria for basis generation and
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topological refinement. Several theorems elucidate the relationships among topological constructs and operations
such as union, intersection, and complementation under complex neutrosophic soft conditions. We apply pervious
methods on these problems and collect some results. But through this method, the required results achieved more
reliable than the previous methods. So, the proposed method is the best method for modeling uncertain complexities

in the required results. Some applications are also given that can be applied in our day to day life.

1. Introduction

Uncertainty refers to the cognitive conditions involving unknown information. The term
uncertainty defines lack of exact information that helps to find correct and clear results. Before
1965, it was dreadful to deal with uncertainty for different real-life problems. In 1965, Zadeh [1]
introduced the conception of fuzzy set theory for solving these ambiguities. Fuzzy set (FS) used
to assign membership grades in the partition from of the unit interval. Atanassov [2] gave the
idea of intuitionistic fuzzy set (IFS). IFS deal with both membership and non-membership
grades and their sum must be in the interval [0,1]. F Samarandache [3] introduced the
generalization of IFS, known as Neutrosophic set (NS). NS provides three possibilities of
membership, abstinence, and non-membership grades and the sum of these three grades must
be in the interval ranging in [0,3]. NS is the generalization of IFS. NS provides the membership,
non-membership values as well as neutral values rather than IFS. Rough Neutrosophic sets
(RNS) introduced by Broumi et al. [4]. The notion of using complex numbers in FSs is known as
complex fuzzy sets (CFSs). Ramot et al. [5] developed the idea of CFS. CFSs are used for
modeling multi-dimensional problems. CFSs describes the membership degrees in the complex
valued mappings. Alkouri et al. [6] introduce the concept of complex intuitionistic fuzzy set
(CIFS). CIFS uses complex valued mappings and their sum also in the unit interval. Complex
neutrosophic set (CNS) proposed by Ali and Smarandache [7]. A CNS is characterized by three
complex valued mapping i.e., membership grade, abstinence and non-membership grades and
their sum is in the interval [0,3]. Complex valued mappings have two terms these are phase
term and amplitude term. These terms represent two different entities. Broumi et al [8]
described the Bipolar complex neutrosophic set (BCNS).

FS in the form of intervals known as interval valued fuzzy set (IVFS). IVES is developed by
zedah [9] in 1975. IVFS represents the membership degrees in the form of interval values that
reflect uncertainty by assigning membership degrees. In 1999, Atanassov [10] introduce Interval
valued intuitionistic fuzzy sets (IVIFSs). IVIFS is an improved from rather than IVFS. IVIFS
describes the intervals of membership as well as non-membership degrees. Modeling real life
problems with the help of using IVIFES is very useful and interesting. C Cornelis et al. [11]
develop the implication in IFS and IVFS. H Zhang et al. [12] Introduced the interval valued
neutrosophic set (IVNS) in decision-making problems. S Broumi and F Smarandache [13]

develop the idea of similarity measure of IVNS. The conception of using complex numbers in
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the intervals is called interval valued complex fuzzy set (IVCFES). IVCFS introduced by S
Greenfield et al. [14]. IVCFS defines the intervals of complex valued mapping that discuss only
the membership. H Grag and D Rani [15] develop the idea of interval valued complex
intuitionistic fuzzy set (IVCIFS). IVCIFS discuss the membership as well as non-membership
grades and the sum of both complex values is ranging from zero to one. Ali et al. [16] introduce
the interval valued complex neutrosophic set (IVCNS)

Mandel [17] gave the idea of fuzzy relations (FRs). FRs are the extension of crisp relations (CR).
FRs indicates the strength of relationships by the degree of membership. If the value of
membership degree near to 1 present the strong relationship, and if the membership degree
nearer to 0 then it indicates the weaker relationship. A Nasir et al. [18] discussed the medical
diagnosis and life span of sufferer by using IVCFRs. Burillo and Bustince [19] develop the idea
of intuitionistic fuzzy relation (IFR). IFR discuss the membership and non-membership degrees,
respectively. A Nasir et al. [20] gave the idea of IVIFRs in cybersecurity against loopholes in
industrial control. Neutrosophic relation (NR) developed by Yang et al. [21]. NRs used to deal
with intermediate and inconsistent information. Ramot et al. [22] gave the idea of complex
fuzzy relation (CFR). CFR provides the complex valued mappings in the membership degrees.
Complex intuitionistic fuzzy relation (CIFR) developed by N Jan et al. [23]. Complex
neutrosophic relation (CNR) introduced by Nasir et al. [24]. AL-Quran and Alkhazaleh [25]
introduced the relations between complex neutrosophic sets with decision making application.
Broumi et al [26] defined the Bipolar complex neutrosophic sets on the decision-making
problem. Interval valued fuzzy relation (IVFR) defines the fuzzy relations in the intervals. IVFR
introduced by Bustince and Burillo [27]. Interval valued complex fuzzy relations (IVCFRs)
developed by Nasir et al. [28]. IVCFRs provides the complex valued mappings in the intervals.
The improved form f IVFR is interval valued intuitionistic fuzzy relation (IVIFR) introduced by
Wu et al. [29]. IVIFR discuss both membership and non-membership for any query. Interval
valued complex intuitionistic fuzzy relation (IVCIFR) provides the complex values in the form
of intervals Zhang et al. [30] gave the idea of interval valued neutrosophic relation (IVNR).
IVNRs discussed the three possibilities like: membership, abstinence, and non-membership
degrees of different problems.

The purpose of this paper is to define the conception of interval valued complex neutrosophic
relations (IVCNRs) and its different types such as IVCN-inverse relation, IVCN-reflexive
relation, IVCN-irreflexive relation, IVCN-symmetric relation, [VCN-asymmetric relation, IVCN-
antisymmetric relation, IVCN-transitive relation, IVCN-order relation, [IVCN-composite relation
and IVCN-equivalence relation. Different properties and important results also proved for
solving different queries. IVCNRs carry three degrees, these degrees show the qualities of

different relations. The membership degree shows better performance, the abstinence shows no
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effect on the performance and the non-membership degree provides low performance on the
proposed application. The limitations of the Networks are dynamic, intricate systems made up
of many interconnected parts. The intricacy and dynamic nature of networks make it difficult to
study and comprehend every facet of their behavior. Also, certain network components may
occasionally be hidden from researchers' view, particularly in distributed or cloud-based
environments. This lack of visibility may make it more difficult to comprehend network
performance in its entirety. More advanced techniques may make data gathering and analysis
more efficient and give researchers a deeper understanding of network behavior. This might
entail data analytics, machine learning algorithms, or sophisticated monitoring tools.

This paper arranged as the section 2 discusses some basic notions. Section 3 defines the main
results and theorems proved. Section 4 introduces the concept of complex neutrosophic soft
topological spaces and their properties. It also discusses some important results. Section 5
discusses some more results on complex neutrosophic soft topological spaces.

Section 6 propose the application of IVCNRs and IVCNSs that investigate the performance of
networking in a network using different factors that affect the network for bad or a good quality
and speed. Section 7 compares the proposed method with existing methods. The paper ends

with a conclusion. Section 8 discusses the conclusion and future direction.

2. Preliminaries

Definition 2.1. [1] A fuzzy set U on a universe U is of the form A = {v, a(v): velU}

Where a(v) is a membership degree of fuzzy set defined as a: U — [0,1].

Definition 2.2. [5] A complex fuzzy set U on a universe U is of the form A = {v,a (v):velU},
where a.(v) is a membership degree of CFS defined as a.: U = {Z|Z€C, |Z| < 1}. Moreover,
Z(v) = pc(v)ere
Definition 2.3. [5] Cartesian Product (CP) is the set of all possible

wzmt 40 < Ue, pec < 1 are known as amplitude and phase terms, respectively.

ordered combinations consisting of one member from each of those sets. The CP of two CFSs

(vy)z

A= {Vi.llc(Vi)ep” i Vifu} and B = {Vj'“c(vj)epc(Vj)zni: vje’u}, i, jeN is given by

QI X % = {(vl, v]), MC (Vu vj)epc(virvj)zﬂ'i: Vlf'u, vjeu}
The degree of membership of CP U X B is defined as
Zorxs (Vi, V) = Uaxs) (Vi) Vj)ep(QIxﬂs)(vi'vj)zm = ai}’{#m(w),lias(Vj)}e{p”(v")’p%(vj)}zm
and peaxssy (Vi, Vi), Peaxs) (Vi v;)€[0,1].
Definition 2.4. [2] An intuitionistic fuzzy set U on a universe U is of the form

A= {v,a(v),(v): vel}

where a(v) andy(v) are the membership and non-membership degree of IFS defined as

a,y:U-[01]and 0 < a(v) +y(v) < 1.
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Definition 2.5. [6] A CIFS U on a universe U is of the form A = {v,a(v),y(v):veU} Where
a(v) and y(v) are the membership and non-membership degree of CIFS defined as a: U —
{2,1Z2,€C, |2, <1} and y: U — {ZY|Z],€C, |Zy| < 1} where Z,(v) = p,(v)ePa™2Tignd zZ,(v) =
1y (v)ePrV)2m CIFS has the conditions

0<pu,(v) +p,(v) <1 and 0 <p,(v) +p,(v) <1 are known as amplitude terms and phase
terms, respectively.

Definition 2.6. [3] An NS U on a universe U is in the form of real valued function
a(),f(v),y(v): U - [0,1]

Where a(v), B(v),y(v) known as the degree of membership, abstinence, and non-membership,
respectively. NS has the condition 0 < a(v) + f(v) +y(v) <3

Definition 2.7. [7] A CNS 2 on a universe U is in the form of real valued function : U —
{Z4124€C, 12,1 <1}, B:U - {Z5|2Z5€C, |2Z5| < 1}, and y: U - {Z,|Z,€C, |2, | < 1} are known as
membership, abstinence, and non-membership, respectively. Where Z,(v) = g (V)ePa(V2ml
Zp(v) = ug(V)ePF2™  and Z,(v) = p, (v)ePrV?™ The conditions of CNFS are 0 < p,(v) +
ug(v) + uy, (v) <3 and 0 < p,(v) + pg(v) + py(v) < 3. Where n is natural number. p,(v), ug(v),
and p,, (v) are called amplitude terms and p, (v), pg(v), and p, (v) are known as phase terms.
Definition 2.8. [9] An IVFS 2 on a universe U is of the form A = {v,a(v)~,a(v)*: vel}

Where a(v)™: ¥ - [0,1] and a(v)*: ¥ - [0,1] are called the lower and upper degrees of
membership respectively.

Definition 2.9. [14] An IVCFS A on a wuniverse U is of the form A=
(v, e )™, e () Flelpe) P12l yeq )

Where p.~: % - [0,1], u.*: A - [0,1], p.~: ™Y = [0,1] and p.*: A — [0,1] are the mappings called
the lower amplitude term, upper amplitude term, lower phase term and upper phase term f
degree of membership and i = v—1.

Definition 2.10. [10] An IVIFS % on a wuniverse U is of the form A=
v, [a()”,aM*] [y ()7, y () l:vell}

Where a(v)": % - [0,1] and a(v)*: ™A - [0,1] are called the lower and upper degrees of
membership and y(v)™: ¥ - [0,1] and y(v)*: A - [0,1] are called the lower and upper degrees
of non-membership degrees, respectively.

Definition 211. [15] An IVCIFS 2% on a wuniverse U is of the form A=
{v, [ V)™, g (V) H]elPaTpal M2 [y (1), (v)+]elor @7y ) 2mt, veu}

e (V)" A [0,1], p, (V)":A->[0,1], p,(v)":A—[0,1] and p,(v)":A - [0,1] are mappings
called the lower and upper amplitude term and lower and upper phase term of membership
and non-membership degrees, respectively. And i = vV—1. An IVCIFS have the conditions 0 <
et " <1land 0 < p,*p,* < 1.
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Definition 2.12. [12] An IVNS 2« on a universe U is in the form of real valued function
a()~, V)", y(v)": U - [0,1] and a(wv)T,p(v)T,y(v)*: U - [0,1. Where a(v),B(v),y(v) known
as the degree of membership, abstinence, and non-membership, respectively. NS have the
conditions 0 < a(v)"+ (W)~ +y(v)" <3, 0<a(w)T+ W)t +y(v)T <3

Definition 2.13. [17] An IVCNS 2« on a universe U is in the form of real valued
functiona(v) ", a(v)*: U - {Z,12,€C, |Z,1 <1} , BW), W) U-> {Z,;|Z/3€(C, Z,;| <1}, and

Yy, ymtuU- {Zy |Zy6(C, |Zy| < 1} are known as membership, abstinence, and non-
membership, respectively. Where Z,(v) = p,(v)eP«M?™, Z5(v) = pg (v)ePsM2T and Z,(v) =
,uy(v)epv(")zm . The conditions of CNFS are 0<u,(v)™ +ug(v)™+u,(v)7 <3 and 0<
pa(V)” + pg(v)” + p,(v)™ < 3. Where n is natural number. u,(v), pug(v), and u,(v) are called
amplitude terms and p, (v), pg(v), and p, (v) are known as phase terms.
Definition 2.14. [22] A CFR 2 is a non-empty subset of U x B, where A and B are CFSs.
Example 1. For a CFS, ¥ = {(v,, 0.66(0'3)2"i), (va, 0.36(0'5)2”i), (v, 0.8e(°'7)2”i)}
((v1,v1),0.6e 02 ((v1,1,),0.3e (027, ((vy,v3),0.6e(02m),
AX A =1 ((v2,1),0.3e032m), ((v,,1,),0.3e092) ((v,,v3),0.3e 0-92m),
((v3,v1),0.6e 027, ((v3,v,),0.3e (027 ((v3,v5),0.8¢(0-72m)
The CFR is 0=
{((v1,2),0.3¢©327) ((v4,v5),0.6eOD?7), ((v,,v5),0.3e (092, ((v3,v,),0.6e (027
Definition 2.15. [28] An IVCER {2 is a non-empty subset of ¥ x B, where A and B are CFSs, i.e,,
QcCAXB.
Definition 2.16. [24] A CNR {2 is a non-empty subset of A x B, where A and B are CFSs. where
NCAXB.
(Vl' 0.66(0'3)2ni, 16(0’7)27-”, ze(O.G)ZTEi)’
Example 2.17. [24] For a given CNS, U = { (v,, 0.3e(05)2m 0.9¢(0-7)2m (g (02)211),
(V3, 0.86(0'7)2ni, 16(0.5)2711" le(0.7)27'[i)
[ ((VIJ Vl),0.6€(0'3)2ni, 1e(0,7)27ti, 28(0.6)271'1')’ ((Vlﬁ VZ),O.36(0'5)2M, 0_96(0.7)2111’ 26(0.6)2111)’ 3\
((Vli V3),0.6€ (0.3)27'L'i’ 1e (O.5)27‘L’i’ 2e (0.7)271'1')’
((VZ: 1/1)'0_36(0.5)271'1', 0_98(0,7)2711’ 26(0'6)2ni), ((VZ' Vz),0.3€(0'5)2ni, 0.93(0.7)2711’ Oe(O.Z)ZTti)’
((VZJ V3),0.6€ (0.3)27‘[1" 18(0.5)27'”', 28(0.7)2111)' (
((V3, Vl),0.6€ (0.3)27‘[i) 1e (0.5)271'1" 2e (0.7)271'1')’ ((Vg, Vz),0.6€ (0.3)2mi 1e (0.5)271'1', 2¢e (0.7)21'L'i),
((V3, V3),0.8€(0'7)2ni, 16(0.5)2111’ 16(0.7)21Ti) )
((V1; 1/3)’0.69(0.3)271'1" 1e (0.5)27‘L'i) 2e (0.7)27'L'i)'
The CNR Qis 2 = ((vz,vz),O.Se(O-S)Z”i, 0.99(0.7)2111"Oe(o.z)zm')’
((V3, Vz),0.6€ (0.3)2mi 1e (0.5)271'1" 2e (0.7)271'1')

Ax A=A
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3. Some results on Interval-Valued Complex Neutrosophic Relation (IVCNR)
In this section some results related to interval valued complex neutrosophic relations are given.
Examples are given for better understanding.
Definition 3.1. An IVCNR (2 is a non-empty subset of A X B, where A and B are IVCNSs. where
NS AXB.
Example 3.2. For a given IVCNS
(v1,[0.6,0.9]e030612mi [1 7]el050912mi [0 0 glel0o1l2mt),
A =1 (vy,[0.3,1]e[00512m [0.9 2][0-20912mi [0 0 5]el00312mt),
(vs, [0.8, 1]el082127i [0.7,1]el0AI2mi [1 2]el0-10612m)
The CP of U to itself
((Vlvvl): [0.6,0.9]e[030.612m1 [1 2]l0,50.9127 [0 0 8]el0-91] m) )
((vy,v5),[0.3,0.9]e[00512m [0.9 2]l0-20912mi |0 0 g]eloo112mt),
((v1,v3),[0.6,0.9]el0:30612mt [0.7 1]e[0.0912mt [1 2]el091I2mi),
((VZ:Vl) [0.3,0.9]el0.05127 0.9 2]el0209]2m ,[0,0.8]el091] 271:1)
UXA=1 ((v2,v2),[0.3,1]el00512m [0.9,2]e[020912m [0,0 5] l0.0312mE),
((v2,v35),[0.3, 1]el00512mi [0.7,1]el00912mi [1 2]el010612m),
((v3, vy),[0.6,0.9]e03.0612mt [0 7 1]el0.0912mi [1,2]e[0'9'1]2”i) ’
((v3,v5),[0.3, 1]el00512mi [0.7,1]e[00912mt [1 2]l0-10.6]2mt),
L ((v3,v5), [0.8, 1]el08212mi [07,1]eloI2mi [ 2jelo-Lo6I2mi)
((v1,v5),[0.6,0.9]e[0:30612mi 0.7 1]e[00912mt [1 2]el091I2mi),
The IVCNR Q2 is 2 =< ((v,,v3),[0.3,1]el®03127i [0.9 2]el0-2.09127i [ . 5]el0.0-312m),
((vs,v5),[0.3, 1]el00512mi [0.7 1][0.0912mt [1 2]el010.6]2mt)
Definition 3.3. Let A be an IVCNS on a universe U and 2 be an IVCNR on 2. Then,
i.An IVCN-inverse relation 27! of an IVCNR on U

o) b (el el
(Vi,Vj); [H_B(Vi'vj)u“+5(vi'vj)] e[p_ﬁ(Vier)'p+B(Vi:Vj)]Zn'i’ Wav)eny,

] e[p_y(vilvj)rp+y(Vi,Vj)]27ti

v

[P‘_y(Vi» Vi)t (v vy)
is defined as
[, (v ve) it (v, vp)]el?avivideTa(vivilemt,
07t =45 (vj,v), ([,u‘ﬁ(vj, V), “+B(Vf’vi)] e[p_B(Vi'Vi)'p+ﬁ(vjrvi)]zni,w (v, v,)e 2
[M_y(vj, Vi), I«l+y(vj, vl-)] elo™y vt ()|
ii.An IVCNR 2 is an IVCN-reflexive relation on 2 if
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[M_a(v), y+a(v)]e[P_a(V).p+a(v)]2ni'
- + .
V4, [,U_B(V), M+B(V)] e[p VP ;;(V)]Zm’ 9
- + (] olPTy Mt ) [2mi
[.“ y(V).,U y(v)_ e[ % v ]
[M_a(v, V), H+a(v, V)]e[P_a(V,v),p+a(v,v)]27ri’
= (V, V), I::u_ﬁ (V: V)! ‘U+ﬁ (V, V)- e [p_ﬁ(v’v)'p+‘8(v!v)]2ﬂ:i’ E_Q

[“_V w,v),ut, v, v)e [p™) w)p*, v ]2mi
iii. An IVCNR 2 is an IVCN-irreflexive relation on 2 if

[“_a(V); M+a(v)]e[P_a(v).pJ'a(v)]zm'
Vv [l‘_g(V) M+5(v)_ e[p_B(V)'PJ'B(V)]zm’ o
[ﬂ W), u* (v)_ [p=, p*, W)]2mi
[,u w,v),u* WV V)]e[p_a(V'V):PJ’a(V.v)]zm’

- + .
=1 W), [u‘ﬁ(v,V),u sV Y) lelr sve ﬁ(V'V)]Zm’ ¢ 0

[lfy (CADATAN(Y v): elo ™y et vmen
iv.An IVCNR (2 is an IVCN-symmetric relation on 21 if
( [, (vio )t (vl,v])]e[/’ «Vivi)p* o (viv))lemi \
Vi(vi,vj), [M_B(vi,vj),,u B(Vi'vj)] [p s (vevi)p* B(vlv]) 2m j
o s
[0 (viv) it (Vi v])]e “alvevi)e® o(vev)lem,
=3 (v v)), [M s(vivi) ut 5 (v, v])] o™ p(viv)p* p(vivy)fomi

[M (vov), (Vz VJ)] [ ey (oo
v.An IVCNR (2 is an IVCN-antisymmetric relation on U if

( [, (v vy) et (v, v])]e[/’ «Vivj)p* (vivj)lemi
Yoo | [ p(av)ont (i) e el sl sl om, (vl-,vj)e.(z
\ [“_ vovi) et (vi Vj)_ el Lvivi)i® (vev) 2

( ™, (v i* (v, v) |l e ol

1 (v vi) ([“_B(VJ"W)"“ * (v ve)] el o2 300) 2’”\ (v, v;)e 0
L\ e, e oo il |
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( [0, ), 1t (vp)]elr P alv]2mi \ )
= 3 o0, [ ] el s0 00k e g

\ [‘l'l_y(vi);.l'l+y(1/i)]e[p_y(Vi);p+y(Vi)]27Ti )

( [“_a(Vj)..U+,x(Vj)]e[P_a(Vj)rP"a(v,-)]zm’ \
=) [#_B(Vj):#+ﬁ(1/j)] elo™sv0* grpl2mt . (e 0

\ [#_y(vj), u+y(vj)] e[p_y(vj)’p+y(vj)]2ﬂ'i

vi.An IVCNR (2 is an [IVCN-asymmetric relation on 2 if
[0 (vivi), u* (v v;)]elP aviv)pT o (vyvi)lam
v (v, ), ([M s (Vi vi), 1t (v v)] (o™ p(vivide* g(vvi)] Zm\
[M i vi)ou*, (v, V‘)] oLty ) 27”/
[, (viovy)* (v, v])]e[p «(Vivi)p* (VLVJ)]ZW
(virv;), ([l‘ s (o) i g (v vy)| el o0 2’” L) € 0
[“ yovp) y(vi'vf)]e[ 7y i)ty i) Zm
vii.An IVCNR 2 is an IVCN-transitive relation on 2 if
( [, (vio ), (vl,v])]e[P «(vivj)p* a(VLVJ)]Zm
(vivp), [“_B(Vi'vj)'# B(Vi'vj)] o) glviv e
i k@-@w»m<wwﬂ[vmmpﬂﬁ”m

}
[0 (Vi vid) n* o (v, Vk)]e[” «Vivi)p* o (vjvi)lemi, ]

(v, vi)en

(vi,vp)e 2

(v, vi), [#_B(Vj' vi) ¥ (v Vk)] P p(vvi)p* p(vivio) |2
[#_y(vj' Vi), #+y(Vj, vk)] e[”_v("f"’k)” y (vpvi)|2mi
(1™ i, vi) (v, vl-)]e [0~ Vv ot (Vi Vl)]Zm
Vi, Vi) ([”_B (Vi vi), #+B Vi, Vi)] P gk Vi) 2”‘
[#_V(Vk» v, it (v, Vi)] [o7y v p*, () 2’”
viii.An IVCNR 2 is an IVCN- composite relation on 2 if

( (1 o (Vi) 1 o (v vy el alvevd ot olvivplem,
i(vi, V), [“_B (vivi),u* p(vi, vj)] elo s )p* p(vivy) o f (Vv 0y

[“_y (vovi) u*, (v v )] elPy v )ty (vivy)fmi

(vj, v )e 2

(Vi Ve N

and
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{ [, (vivi) it (v, v )]ele”alivide e vivil2mt, \
(v, 7). [#_[;(Vj; Vk)'#+ﬁ(vj; Vk)] e[p‘,;(vpvzc),p+ﬁ(vpvz<)]2ni’ ji(Vj'Vk)E 0,
1, v () el Lm0 e
Then
( ( (1™ v, (g v el e il
Vi, Vi),

_ - ir ) + i 2mi
[M B(Vi:vk):ﬂ+/3(vi:vk)]e[p gV P v vk)] m,\ t(vy, v )ER 0 N,

[, @i, 1 () el Ty 2"y i

ix.An IVCNR 2 is an IVCN-order relation on U if N is IVCN-transitive relation, IVCN-
antisymmetric relation, and IVCN-reflexive relation.
x.An IVCNR 2 is an IVCN-equivalence relation on « if 2 is IVCN-transitive relation, IVCN-
symmetric relation, and IVCN-reflexive relation.
Example 3.4. Let an IVCNS
(Vl' [0.6,0.9]6 [0.3,0.6]27'ri) [1'2]6[0,5,0.9]2711" [0,0.8]6[0'9’1]2”i),
A = (Vz, [0.3,1]e005127 0.9 2]el020912mE [O,O.S]e[0'0'3]2”i),
(Vs, [0.8, 1]e[082127 [0.7,1]el0112mE [1’2]6[0.1,0.6]2m')
The CP of U to itself
((Vll vy), [0.6'0.9]6[0.3,0.6]2ﬂi’ [l'z]e[o,s,og]zm’ [0,0.8]6[0'9'1]2”i) )
((v4,v2),[0.3,0.9]e!005127 [0.9,2]¢l0-20912mi 10 0 8]el0-211271),
((v1,v3),[0.6,0.9]el0:30612mi 107 1]el0.0912mt [1 2]elootlzmi),
((v2,v1),10.3,0.9]e[005127, [0.9,2]e 02091271, [0,0,g]e 0011271,
AUX A=A ((Vz'Vz), [0.3,1]el005127i [(.9 2]el0-2.0-912mi [0’0.5](3[0,0.3]2111')’
((v2,v3),[0.3, 1]el0.0512mi [0.7 1]el00912mi [1 2]el0L0612m),
((V3' v1),[0.6, 0.9]6[0.3,0.6]271'1" [0_7’1]6[0,0.9]2111" [1’2]6[0.9,1]2111') ’
((vs,v,),[0.3, 1]el00512mi [0.7 1]el00912mi [1 2]el0L0612m),
L ((v3,v3),[0.8, 1]el08212mi [0.7,1]el0412mi [1 2]el0-106]2m) )
o The IVCNR 12, is IVCN-equivalence relation on U
(((v1,%1),[0.6,09]e!030612, [1,2] 050912, [0,0.8
((v1,v5),[0.6,0.9]el0:3:0612mi [0.7 1]el0.0912mt [1
0, =+ ((vg,vl), [0.6,0.9]el03.06127 0.7 1]el0.0912mi, [1,2]e[°'9'1]2"i),
((v3,v3),[0.8, 1]el08212m [0.7 1]el0AI2mi 1 2]el0-10.612m0),
L ((V2; Vz). [0_3,1]6[0,0.5]2m', [0.9,2]6[0.2,0.9]2111', [0’0_5]8[0,0.3]2ni) )
o) The IVCNR £, is IVCN-order relation on

~~

—_

e[0.9,1]2n'i) )

e [0.9,1]27‘[1)’

—_

~~
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( ((VZJ VZ) 0.3, 1] [o, 0.5]271’1" [0.9'2]6[0.2,0.9]2711’ [0’0.5]6[0,0.3]27Ti)’ A
(Vl' VZ) 0 3,0. 9] [0,0.5]2mi [0 9 2]6[0.2,0.9]27Ti [0 0. 8]6[0'9’1]2ni)
0, = v [0,0.5]27i [0,0.9]2mi elo.r0.6]2mi), r
(v2,v3),[0.3,1]e ,[0.7,1]e ,[1,2]e
(v3,v1) 0.6,0.9]e el03,0.6]2mi [0.7'1]6[0,0.9]2m' [1’2]6[0.9,1]2711) )
o The IVCNR (25 is IVCN-composite relation on U
{((VLVZ) 0 3,0. 9] [0,0.5]27i [0 9 2] [0.2,0.9]2mi [0 0. 8] [0 9, 1]27‘[1)

~

03 = ((VZ'VS) 0.3, 1] [005]271’1 [0 7, 1]6[009]271'1 [1 2]6[0106]271'1) b
((Vl,V3) 0. 6 0. 9] [O 3,0.6]2mi [0 7 1] [0 0.9]2mi [1 2] [09 1]271,'1)
o The IVCNR (0, is IVCN-transitive relation on 2«
((V1;V1)' [0_6’0_9]6[0.3,0.6]271:1" [1’2]6[0,5,0.9]2ni’ [0'0.8](3[0.9,1]27:1') ’
[24 — ((Vl' V3), [06, 0.9]6[0.3,0.6]27ti’ [0_7’1]8[0,0.9]2711’ [1’2]6[0.9,1]27'&)’
((VB' Vl); [06, 0.9]6[0.3,0.6]271'1" [0.7,1]6[0'0'9]2ﬂi, [1,2]6[0'9’1]2ﬂi)
Theorem 3.5. An IVCNR Q is an IVCN-symmetric relation if and only if Q = Q7.
Proof. Consider Q = 071, then

( [u (Vl, V]) ut (Vv v])]e[p a(vivj)p? a(VlVJ)]Zm

\

v

(Vi,Vj), [/.t_ﬁ(vi,vj),‘u 5(Vi'Vj)] P B(VLV])p ﬁ(VLV]) 27'[l

[M_y(vi'vj);#+y(vi, Vj)] [ Y(VLVJ)/’ y(VLV]) Zm

(vi,vj)e K0

Implies

[ o (v vi), (VJ'VL)]e[p (e elvvolem,

(v i), [ﬂ g (v vi) 3("]!")] 0"l g Zm ] (v, vi)e™?
[“_V(Vj'vi)»ﬂ y("j"’i)] Py et o

But Q = Q~1, Therefore

[w Vvt (vj,v)]e[p «Vivi)e* o (vivi)|2mi

(v 1), [,u B(VJ'V) K B(V V)] [y 70 27:1) (v, v)e2

[”_V(Vj'vi)'# y(Vj'Vi)] [y Comidi® Lvjvifom
So, 2 is an IVCN-symmetric relation.
Again, suppose that 2 is an IVCN-symmetric relation, then

( [0 (i)t o (vivy)el el e <w>12m)

(Vi,vj)' [ﬂ_g(vi,vj),u B(vi,vj)] [ﬂ p(vivi)p* g(vivj) 2m (Vi,vj)e_(z
[#_y(vi'vj)l .u+y(vi,1/j)] V(Vlv])p y(VLVJ) 21

Implies
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A

[ G ] el el

( [,Ll (V] V) u (V] V; )]e[p a(v] a(v] l)]ZTL’l
()| 1 p (v 5 v) | e e ﬁ(vj R (v vi)e o

But
[0, (vi,v), u*  (vi vy )]e[P «vivj)p* o (vivj)lemi
1 v y), ([“ p(vovp) it p(vi V)] o7 sCie B(v’v])]zm v (viovy)e
L [M (vovi) u*, (v v )] (o7, v )o*, (viv))emi
Implies

( [u-a(vj,vi).uz(v,-.vi)]e[p-a(vf,vo,p*a(vffvolzm,w
(v, ) [H_B(VjJVi)vﬂ+ﬂ(VjJVi)] e[P'B(Vj'w):p‘fﬁ(v]uw)]Zm" (v, v)e
7, o, () el 0 e

This Implies that 2=0"1. o
Theorem 3.6. For IVCN symmetric relation 2;and 2,, the intersection (2, N2, is also an IVCN
symmetric relation.
Proof. Consider 2;and 2, are two IVCN symmetric relations on an IVCNS . Using the
definition of IVCNR, 2; S A X A and 2, € A X A implies 2,N2, € A X U.
This implies that 2, N2, is IVCNR on .
Now, again if

[0 (v v) 1t (Vi VJ)]e[p a(vivp)p*a(vivy)l2m,

O O | L g | PP

T ) Ee i e
implies
( [ o (v vp) 1t o (v vy )]e[p (vt elvivlem,
(v vp), [M 3("1’ Vi) K 3("1’ V)] o)) Zm
S ¥ O P ) P s
f (ma@mwﬂa@mnk Awﬂﬂwwmm\
(v vy) [

W vyt (Vi) sl

\ I:iu_y(vl”vj)’iu-'-y(vi’vj)] [p (VEv})p (VLVJ) 27”/

As 2 and 2, are IVCN symmetric relations,

A
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( [nu_lx(vj'vi)' ,U+a(Vj, Vl')]e[p_a(vj'vi)rp+a(Vj,Vi)]ZTL'i’ N
< (v]’ vl)l [.U_ﬁ(V], Vl)) 'u+ﬂ(vj' vl)] eI:p_ﬁ(Vj,vl),p"'ﬂ(v]'vl)]zn_l’ } | Eﬂll
[“_V(Vf'vi)'/‘er(Vj, Vi)] e[p_y(Vj’Vi)PJ'y(vj,vi)]zm

( ['u_a(vj; Vi): ‘U+a (Vj, Vi)]e [P_a(Vj,vi).p*'a(vj.v,-)]Zni'
< (v]' vl)l [.U_B(Vj, Vl), M+B(Vj; ,Vl):l e[p_B(v]'vl)’p+ﬁ(ijVL)]2ﬂl' . 6!22,
\ ['u_]/(vji Vi): .U+y (Vj, Vi)] e [p_y(vj'vi)p+y(vj,vi)]zm'

Implies
[0 (vivi), u* (v, v-)]e[P_a(Vj'Vi),PJra(Vj»Vi)]Z”i,
o) ([M B(VJ Vi) B(VJ VL)] e[p‘B(v;uw)'p+/3(w.vl-)]2ni’\ 2,09,
[, vt ()] el el
Hence proved that the intersection of two IVCN symmetric relations is also IVCN symmetric
relation. o

Theorem 3.7. An IVCNR Q is an IVCN transitive relation if and only if Q o Q € Q.

Proof. Consider that Q is an IVCN transitive relation, then
( [ o (Vi) 1 o (v vy)Jele” Lo alvevlznt,

i("i"’j)' 1 i)t 5 (virv;)| ele oo gl et }eﬂ

[‘u_y (viv), P‘+y (v, Vj)] e [o=, (viv)p*, (viv))|2mi

and
)yl ol
(v vie), [“_B(Vi'vk)'“ B(Vj'vk)] o sl Tp () zm ¢ €4,
ORI OR%) EEt Rt
implies that
{ ([# Vv, ut (v, Vk)]e[p «Vividp* o Virvie) 2’”\
Wovo | [5G viout g v el s stimdlemi Lo
i [/’l_y(vi:vk):#-'-y(vi:vk)] |7y i (i Zm/)
But

p B(VLVk)p p(VLVk)]ZTH

[4™ o W vid. it (v, vk>]elp i) p* (vivid]2mi.
o | [ s v ity v el )

[H_y(vilvk):#+y(vi,vk)] P (Vlvk)P (VLVk)]Zm

Hence Q00 € Q.
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On the other hand, let Q o Q € Q, then
( [t o (Vi) et o (v, ) el alvivid e alvi)lemt,
fww>[uﬁwwwixwwﬂ“ﬂ““”w””m
[, (i)t (i) el i)y vl

and

(“ vt mvawﬁwwmmeﬂm
(vj, Vi) [u B(VJ Vi), 1 B(VJ Vk)] [o=pvivi)p* g(vivie) ]Zm
p(w@umwﬂhmwmem
implies
([ll_a(vj»vk)M+a("j'Vk)]e[P_a(erVk)rPJ'a(erVk)]Zﬂi,w
(VJ‘ ve) [ﬂ_ﬂ(vjka)xﬂ+ﬂ(vjka)] e[P_B(ervk)fp"'ﬁ(vj'vk)]27Ti’ Q°q,
[, (v () el 0y el
But Q°Q € Q implies that
([ll_a(vj»Vk)'ﬂ+a("j'Vk)]e[P_a(erVk)rPJ'a(erVk)]Zﬂi,w
(V]:Vk) [H_g(Vj;Vk),M+B(Vj»Vk)] e[p_B(erVk)'P+B(Vj,Vk)]27Ti’ Q
[M_Y(Vj,vk),ll+y(v]-,vk)] e[p_V(Vf’V")p+V(Vj’v")]zni /

So Q) is an IVCN transitive relation. o

Theorem 3.8. An IVCN equivalence relation implies that Q. = Qo Q.

Proof. Since an IVCN equivalence relation () is also an IVCN transitive relation, then by the
pervious theorem, Qo Q € Q.

(1) Now assume that
[ (v )t (vi, vj)]e[P_a(ViJVj):PJ’a(Vi'Vj)]Z’Ti,
Vi vj), [#_B(Vi'vj)'#Jrﬁ(Vi'Vj)] el st suvplemt 1L )
[#_y(% i)t (vi Vj)] elP ™y (ivide®y (vivy)]2mi
As Q is an IVCN equivalence relation, ) satisfies the properties of IVCN symmetric relation and

IVCN transitive relation, implies that
( [ (viovi), et (v, v;)]elPa(vividea(vivilamt, 1
v, | [ s (vt (v el srdetslmilemt 1 g (3)
i 1 oy w0t (o ) el L ol f
Equation (2), (3) implies that
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( [ V), 1t (v, V) |elP” PP e,
(v, v), [H_[;(V, v),ut (v, v)] e[p_ﬁ(v'v)’erﬁ(v'v)]zm, > e Q) (4)
L [, )it )] el ety e
But with IVCN composite relation,
( [H_a(V. v),,u+a(v, V)]e[p_a(v,v)_p"'a(v,v)]Zn'i'
(v, v), [H_[;(V, v),ut (v, v)] e[p_ﬁ(v'v)’erﬁ(v'v)]zm, > € Q°0) (5)
L [, )it )] el ety e
So, this implies that O = Q0 Q (6)

From (1) and (6), we have 2 = Qo Q. O

Theorem 3.9. The inverse IVCNR 027! of an IVCN order relation 2 is also an IVCN order

relation.

Proof. The inverse IVCNR 271 of an IVCN order relation £ is also an IVCN order relation if it

satisfies the three properties:

[k () ¥ V) el P e,

_ . ,
Vv ve¥l, (V, V), [/,,L_ﬁ(v' V), ‘u'*‘ﬁ(v' V)] e[p 5(V:V),p ﬁ(v,v)]Zm’ cQ
- + p=,(vw),pt (vv)|2mi
[M y(v,v),,u y(v,v)]e[ 1 Yy
since () is also an IVCN reflexive relation:
Implies
[u‘a(v, v),ut, W, v)]e[p_a(V:V):p+a(V:V)]27ti’
- . _
W, | [t )] el pOm o gomfami I o
[M_y(v, V); .u+y(1/, V)] e [p_V(V’V)’p+Y(V’V)]2ni
Thus, 271 is an IVCN reflexive relation.
= Consider
( ( [ (v v), it (v, vp)]elP™alvivid e (vm)]m\
{ (Vl, vj) [M_B(Vi, vj), ‘u+ﬁ(vi, Vj) [p p(vivj)p* g(vi V]) 2mi / L q,

SN o R e ) P

( ([/x (vj,v) u (vj,v )]e[ “avivi)p* o (vivi) 27"\
L) | [ p )t g el sl sCepmilemt A g
\ [/" (VJ'Vl) u (v],v )] 7y brmey Cogmofent /

Implies
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f [0 (vjyvi) (Vj,v-)]e[p_a(erVi),P+a(v]-,v,-)]2ni' \
(vjovi), [“ s(vivi)ut 5 (vy, v)] (o™ p(vjvi)p* p(vvo) o ca-t
i [” L) ut y(vj,vi)]e[p_y(Vj'Vi)pny(vj,vi)]Zm- j

{ [ (v v) et (vi v,)]e[f" (viv)p* o (viv))l2mi \

(vivy), [# s(vov) 5 (v v])] [0 p(vev)o* pvivy)]emi

i [” L)t y(Vi;Vj)]e[” Y iv)p*y (vivy)femi j

But Q is also an IVCN antisymmetric relation. So

( [ o (Vi) 1 o (v vy)Jele™ Lo elvivlzt,

§ (Vo). [lf s(vovy),u* B(vi,vj): olP s (viv)e* B(vi,v]-)]zm"\ _
L |17, i) it (v wy) [Py ev)et, (viv))|2mi /}

( [“_a(vj'vi),li+a(vj,vi)]e[P_a(erVi)'p“La(vj,vi)]zni’ N
(CADA A URDIL [p_‘*(V"'”")'”B(Vf”t)]z”i,\ !

‘ 1, s ()] el et il |

Therefore, Q7! is IVCN antisymmetric relation.
(e g el el
- Assume 1 (v, v;), [M_ﬁ("i» Vj)'M+B(Vi'Vf)] elostoreslvifem, req,
[M_V(Vi,vj), (v Vj)] olP Ty Vet (viv))|2mi
v (el ezt
Vi) | [ 5 (v m* p ()| el et glrmalemt (L g

[p‘y(v]-,vk)p*'y(vj,vk)]Zn:i

[lf vt (v, Vk)] e

[, (v vi) et (v, v )]e[l’ (Vi) o (vjvi)|2mi

Implies that < (v, v;), [u s(vivi) 1t 5 (v, Vz)] P p(vivi)p* p(vjvi) 2’”) L eq 1
[M (vt (v V‘)] Py ety vt
[ (vie )t (Vi vj)]e[P (Vv )p* o (viev))]2mi
(Vi v)) ([u‘ﬁ(vk Vi), 1 B(vk v)] s (viv)p* 5 (viev))] me L et
[, vy e®, (v )] o™, (Vi)™ (viev))|2mi /J

But Q is also an IVCN transitive relation. Consequently,

(10)
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[ v 1t vy vi)]e 7 aiv0p" vl

Vi, vie), [“_ﬁ’ Vi, vie), +ﬂ z V")] e[p_B(ViJVk)’erB(vi'vk)]zmr € (, this implies that
:#_y Vi, Vi), ﬂ+y (vi, Vk)] e o™y Gevidp* v f2mi
( [ Vi V), 1t (Vi vi)]e [P~ Wivdp* iV 2mi.
(Vi vh), [#_B Vi, Vi), u+ﬁ Vi, vi)] e [p_ﬁ(Vk"’i)'erB("k"’i)]z”i’ Q-1 (11)
. [H_V Vi, vi), 1", (Vi Vi)] e (o7, Grvdp* evo2mi

Hence, Q71 is an IVCN transitive relation. Thus with (7), (9), and (11), Q™! is also an IVCN order
relation. o
Theorem 3.10. For an IVCN equivalence relation Q.
[ (vivy), u* (vivy)ele”elvivid ™ a(vivillemt,
(vl,vj) ([,u_ﬁ(vi, vj),/ﬁﬁ(vi,vj)] e[p_B(Vi’v")'erB(v"'v")]zm,\ eQ if and only if Q"i = QYJ.
[:u_y (Vi, VJ')' :u+y(vi' Vj)] e [p_Y(Vi'vj),erY(w,vj)]Zm /
Proof. Consider Q¥i = QVYJ, then v, €Y,
[#_a(Vk);.U+a(Vk)]e[p_“(vk)'p+“(vk)]2ﬂi' )
Vi [P‘_ﬁ(Vk); M+5(Vk)] e[p_B(Vk)’p%(vk)]zm' e
[M_V(Vk)'#er(Vk)] e[p_y(vk)’p+y(vk)]2m
( [ Vi vi), 1t (Vi vi) e (7o i " il |
Implies { (vi, v,), [.U_p(vk'vi)'#JrB(Vk'Vi)] e[p_B(Vk'Vi):p"'B(Vk:Vi)]zn'i’ 0
[#_y i, v, 1™, (v, vi): elP ™y (0 %y w2

— = . + . i
( (1™ @i v, 1 ( iy v el aevip* avimolzn,

—

e .
Implies § (v;, Vi), [H_ﬁ(vi;vk):l['-g(vi'vk)_ e[p pivip B(v"vk)]zm, X0 (12)

™, Wividp*, (Vi) |2mi

I:IJ'_}/ (Vil vk)l .u+y (vil vk)_ e [
Since (2 is an IVCN symmetric relation.
In the same manner,

( ([# (Vk) ,u (Vk)]e[p_ W0t (Vi) Zm ]

[.“_B(Vk)uu B(Vk)] P ‘B(Vk)p ﬁ(Vk) 2m

[“_V(Vk)'“+y(vk)] [p~, ot i) Zm
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r [ o (Vi Vi) 1 o (Vi vy) el eV e aCviev Dl
Implies { (vk,v)), [.U_p’ (Vi v)), ,U+ﬁ (Vi vj)] e[p_ﬁ(Vk,Vj),p+ﬁ(Vk,Vj)]ZT[i’ 0
\ [”_y(vk' Vi), ”+y(Vk. Vj)] e [o=, (iv))p*, (vicv ) |mi
( [.“_a (Vi; Vj). .“+a(Vi; vj)]e [P'a(ij).p*a(vi.v,-)]Zm',
Implies < (Vi, Vj), [#_ﬁ (vl-, Vj). ‘u+ﬁ (Vi: Vj)] e[p_B(Vi'Vj)’erﬁ(Vi,vj)]zm' 0
\ [‘u_y(vi' Vj); .U+V(Vi, Vj)] e [p_y(ViJVj)IPJ'y(vi,vj)]zm

Because 2 is an IVCN transitive relation.

Conversely, assume
( [ (v vy)u* (v, vj)]e[p_a(Vi'Vj)rP+a(Vi,Vj)]2ni’
(vi,v) ([u‘ s(vovy),u* B(vi,vj)] e[p_B(Vi'vj)'P+p(Vi.vj)]2ni’\ 0
\ |17, i) ¥, (v wy)| ele™y(vivie®, (vivfem /
( ( [Il_a(Vk),ll+a(Vk)]e[p_a(l’k)'PJ'a(Vk)]Zﬂi,\\

| s it 5 )| e (o700 gfert } € 0V, implies
[lf,,(vk), “+y(vk)] elp™y 0Pt o]z

—_ - N A+ . .
( [Il a (Vk, Vi), I,l+a (Vk’ Vl-)]e [,D a(Vk»Vz):P a(Vk:VL)]ZTIl’ \

A

- “pWrv)p* pviev) |2mi
{ Vi, V), [ﬂ [g(Vk:Vi):M+3(Vk:Vi)]e[p pevDp* gy i

] e [P_y(Vk.Vi).PJ'y(Vk:Vi)]Zﬂi

ref. (13)

Then

[, v (i v)| el ey vl
[ (v ) 1* (v vy el elveho ™ ovemlzmi \
1 ) 1 (v )| el D O e
i (g )| b o

1 ()b (vl "ol
(Vi v)), (u B(vk,vj), ut B(vk,vj)] e[p_ﬁ(vk'vf)'p+ﬁ(vkrvi)]Z”i,\ 0,

[,u y (Vk, Vj), I,[+y (Vk, vj)] e [p_y(Vk:Vj),P-'—y(vk,Vj)]Zﬂ'i

[Il Vi,v),ut (v, v )]e[l) Vivd.pt (vkvl)]Zm’
- 3 ot ) .
\ (Vk Vl) [,l B(Vk;vi),ll+ﬁ(vk,vi)] e[P B(Vk'vl)'p B(Vk»VL)]Zﬂ'l’ }601
< (viwy), (
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Because (2 is an IVCN transitive relation
[0, it () |elP"avOp avl2mt
[#_ s i, ﬁ(vk)] ele s golemi |\ ) 19
[#_Y(Vk). #+y(vk)] el Rt ofmi
Qi c QVi 15)
Similarly, suppose
( [ o (Ve v it o (v vy)]elP” alvivi) o alvevlem, )
(viv)), [#_5 (Vo vt 5 (vi, vj)] olP™ s (i )p* p(vivy)fomi j e,
[#_y(vi, vt (vi, vj)] ol Ty iv)et, (viv))|2mi
( ( [Il_a(Vk),ll+a(Vk)]e[p_a(l’k)'PJ'a(Vk)]Zﬂi,\\
Y| [0 gt 0 el a0 et f € 0¥, implies
[, o, )] el 0wy ol /
( [, (Vi v), 1t (vie vy )] ele”alievid o™ avievilzmt,
3 (Vi v)) ([u‘ﬂ Viovi) 1t g (Vie vj)] e[p_B(Vk'Vi)'p+B(Vker)]27'”"\ 0 16)
L e Gt o] derstommors il
As,
( [0 (vivy), et (vivy)elP”elvivid e a(vivi)lamt \ )
L) | [ p (o) wt (i) el gCrivlemt N g 4 lies
[ll_y("bvj)'lﬁy(vi,vj)_ el (viv)pt, (vivy) o )
( [ (v, ve) it (v, v) el el e alvpvilzm \
L) | [ (v et 5 (v v1) elp s ivde* gpvoleni AL o -

[y_]/(vj' Vi): .U+Y(Vj, vl-)] e [p_y(vjrvi)P+y(V]-,vi)]27-”'
Because 2 is IVCN symmetric relation.

Now,

([l‘ Vi) 1t o (Vi VJ)]e[p ViV )p* o (Viev))] 2’”\
o) | |

w (i vy) B(Vk'vj)] P p(vev)p* p(viev))fer

[M_Y(vk’vj)'“+y(vk,vj)] [p (vkv])P (Vkv]) zm/
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( [, (vjovi), (v vi)]e [o™a(vive) p* o (vivi)|2mt.

L) | |1 g v it 5 ()] elemstmdotylepmlem |\ o e

! [ (v ae®, (v, ve)] el o000 g

r [0, i vi), 1t (v, v)|elP”aVievdpt o ievolemi,

| (e vid, [“_ﬁ(vkrvi);ﬂ+ﬁ(vk,vi)]e[p_ﬁ(Vk,vi),pJ'B(vk,vi)]zm' @ "
. |17, v, 1, i vi) | e o=, Wivp*, iv)|2mi

Because 2 is an IVCN transitive relation
1™ i, ¥ i) el aCrp a2,

_ + .
Vi, [#_B(Vk)'HJrB(Vk)]e[p #CP B(Vk)]zm' € QVi,

['u_y (vied, #+y (Vk)] e [p=, Pt i) 2mi

Therefore,
Q' c Qi (19)
By equation (15), (19) we have Qi = Q. o

4. Complex Neutrosophic Soft Topological Space and their Properties
Definition 4.1. Let X be an initial universe and E be a set of parameters. Let P(X) denote the set
of all complex neutrosophic sets of X. A neutrosophic soft set Fr over X is a set defined by a set
valued function F representing a mapping F : E - P (X) where F is called approximate
function of Fg. In other words, F is a parameterized family of some elements of the set P (X)
and therefore it can be written as a set of ordered pairs,

Fe={(e, (x, Trey(0), Ip(e) (%), Fpeey(x)) : x €X) e € E}
where  Tgy (%), [5e)(x), Freey(x) €[0,1] called the truth-membership, indeterminacy-
membership, falsity-membership function of F(e), respectively. Since supremum of each T,
I, Fis 1 so the inequality 0 < Tg)(x) + I5)(x) + Fp)(x) < 3 is obvious. Throughout this
work, NSS(Xg) refers to the class of all neutrosophic soft sets over X.
Definition 4.2. Let F'r € CNSS(Xg). The complement of Fg is denoted by F§ and is defined by:

Fg = {(e, (%, Freey(, 1 = gy (), Trey()) : x €X) 1 e €}

Obvious that, (F§)¢ = Fj.
Definition 4.3. Let F'g, G € CNSS(Xg). Then Fg is a subset of G, denoted by Fg C Ge. If for Ve €
E,Vx € X;
L Trey(x) < Tgey(x)
2. 15y (%) < Igey(x)
3. Fe)(x) = Fgey(x).
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Fy equals to Gy if Fy C Gy and G C Fy. It is denoted by Fy = Gp.
Definition 4.4. Let Fy, G; € CNSS(Xg). Then, their union is denoted by Fy U G; = Hy and is
defined by:

He = {(e,(x, Ty 0, Iy (0), Fiey(x)) : x €X): e € E}
were, Tge) (%) = max{Tz ey (X), Tge) ()}, I(ey (1) = max {I ey (%), Ig(e) (O} F ey (X) =

min {Fze)(x), Fg ey (x)}

Definition 4.5. Let F, G; € CNSS(Xg). Then, their intersection is denoted by Fz N G = Hy and
is defined by:

Az = {(e, (%, Ty (), Iy (), Faey (1))  x €X) te € E)
where, Tpe)(x) = min{Tz(e)(x), Tgey (0}, I(e) (¥) = min {I() (%), I5(e) ()} F ey (%) =
max {F gy (%), Fg(e) (%)}
Definition 4.6. Let F;, Gz € CNSS(Xg). Then, Fy; difference Gy operation on them is denoted by,

FE\GE = ﬁE

and is defined by Hy = Fz n GE as follows:

Ay = {(e (%, Ty (). Iy (), Frgey @) - x €X) e € E}
where, Tge)(x) = min{Tse) (%), Ty (O}, Trigey (0) = min {Iz(ey (0,1 = Ige) 0} F ey (x) =
max {F g (%), Fg(e)(x)}
Definition 4.7. F; € CNSS(Xg). Then, F is said to be,
L. a null neutrosophic soft set if Tz (x) = 0,15y (x) = 0, Fp(e)(x) =
1:Ve € EVx € X.Itis denoted by Oxg.
2. an absolute complex neutrosophic soft set if Tz (x) = 1,1z (x) = 1,Fg)(x) =0:Ve €
E.vx € X.Itis denoted by 1y.
Clearly,0%; = 1xg and 1%g.
Definition 4.8. Let CNSS(X,E) be the family of all complex neutrosophic soft sets over the
universe set X and V55 € CNSS(X,E). Then t¢“N5S is said to be complex neutrosophic soft
topology on X if

1. Oxr) and 1y gy belongs to 7¢CNSS

2. the union of any number of complex neutrosophic soft sets in T¢¥5% belongs to T¢N5%

3. the intersection of finite number of complex neutrosophic soft sets in ¥ belongs to
7CNSS
Then (X,7¢N%5,E) is said to be a complex neutrosophic soft topological space over X. Each

members of 7¢NSS

is said to be complex neutrosophic soft open set.
Definition 4.9. Let (X,7°V55 E) be a complex neutrosophic soft topological space over X and
(F,E) be a complex neutrosophic soft set over X. Then (F,E) is said to be complex neutrosophic

soft closed set iff its complement is a complex neutrosophic soft open set.



22 Int. J. Anal. Appl. (2025), 23:132

Definition 4.10. Let (X, 7¢V5%E) be a complex neutrosophic soft topological space over X and
(F,E) € CNSS (X,E) be a complex neutrosophic soft set. Then, the complex neutrosophic soft
interior of (F JE ), denoted (F" JE ) , is defined as the complex neutrosophic soft union of all
complex neutrosophic soft open subsets of (F,E).

Clearly, (F, E)e is the biggest complex neutrosophic soft open set that is contained by (F, E).
Definition 4.11. Let (X, t¢V55,E) be a complex neutrosophic soft topological space over X and
(F,E) € CNSS (X,E)

be a complex neutrosophic soft set. Then, the complex neutrosophic soft closure of (F,E) ,

denoted (F,E) , is defined as the complex neutrosophic soft intersection of all complex

neutrosophic soft closed supersets of (F,E).

Clearly, (F JE ) is the smallest complex neutrosophic soft closed set that containing (F JE )

5. Topological Properties in Complex Neutrosophic Soft Frameworks

Definition 5.1. Let (X, 7¢V*5,E) be a complex neutrosophic soft topological space over X and

(F,E) € CNSS(X,E) be a complex neutrosophic soft set over X. If (F,E) = (F,E)n ((F, E)°),
then Fr (F' JE ) is said to be boundary of the complex neutrosophic soft set (F' JE )

Theorem 5.2. Let (X, 7¢V55,E) be a complex neutrosophic soft topological space over X and
(FL,E), (F;, E) € CNSS(X,E).

Then,

1. (F,E)o =(F, E)\Fr(F.,E),

2.(F,E) = (F,E) U Fr(F,,E),

3. Fr((F,E) U (R, E)) CFr(F,E) U Fr(T,E),

4. Fr((F,E)°) = Fr(F,E),

5. 100n =(F1, E)0U Fr (B, E) U (10x,6) (R, E) )1,

6.Fr ((,E)) < Fr(F,E),

7.Fr (F,E)°) € Fr(F,E),

8. (F1, E) is a complex neutrosophic soft open set & Fr(F;, E) = @\(F‘l E),

9. (F,, E) is a complex neutrosophic soft open set & Fr(F;, E) = (Fy, E)\(F,, E)e.

Proof. 1. (F, ENFr(F,, E) = (F, E)\ <(ﬁ1,5) n (1(X,E)\(1:~;,E))> — (FLE)n ((p;—g) n

(T D) = (7.) (B U () (L E) = (R ENEE)
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(N (1o )))) = (o (o)) = (B ) 0 (G (BB = (RE)

(FE)° = (FE)°.

2. Itis clear.

3.Fr ((FLE) U (R E)) = (R E) U (R E)) 0 (1eey\(F E) U (. E) ) = (R E) n (R, E)) n
(1o B) 0 (1o ) ) € (B B) 0 (B ) 0 (Lo B)) 0 (T \ (L )
(EB) 0 (T BB) ) () (T ) ) = Fr(F B U (7 )

4.Fr (F,, E)°) = (FL, E)°) 0 ((Fr, E)°)° = ((F5, E)) n (P, E) = Fr(Fy,E)

5. Itis clear.

6. Fr((ﬁl,E)) = ((ﬁl,E)) N ((F,E)°) < (F,E)n ((F,E))=Fr(F,E)
7. It is clear.

8. Suppose that (F},E) is a complex neutrosophic soft open Then (F,E) is a complex

neutrosophic soft closed set and ((F;, E)¢) = (F,E )C In here,

Fr(F,E) = (A, E) 0 ((FLE)9) = (FLE) 0 (F, E)e = (A, E)\(F, E).

From the condition -1,
(o E)e = (B ENFr(F E) = (F EN\ ((E.E)\(ﬁl,za)) — (7 E) 0 (P B) 0 (B, EY°)F =

(R E) 0 (FLE)° U (R E))Y) = (R, B) 0 (R, B)) U ((RE) n (FLE)) = (R E) n
((FE)F) u(F.E) = (FE)

That is (F;, E) is a complex neutrosophic soft open set.

Definition 5.3. Let (X, T°N55 E) be a complex neutrosophic soft topological space over X and
(F,E) € CNSS(X,E).

A) (F,E) is a said to be complex neutrosophic soft dense set in (X, V55 E) if @ = 1xp)-

b) (F,E) is a said to be a complex neutrosophic soft co-dense set in (X, 7V55,E) if (m)
= 1.

¢) (F,E) is a said to be a complex neutrosophic soft not-dense set in (X, 7¢¥5 E) if ﬁ is a
complex neutrosophic soft dense set over (X, 7¢V5 E).

Theorem 5.4. Let (X, NS5 E) be a complex neutrosophic soft topological space over X and
(F,E) € NSS(X,E). Then,

1. (F,E) is a complex neutrosophic soft dense set in (X, TN5SE) iff (F,E) n (U,E) # 0x ) for
each Oy gy # (U, E) € T°N55,
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2. (F,E) is a complex neutrosophic soft co-dense set in (X, 7N5S,E) iff (1xp\ (F,E)) N
(U,E) # 0(x ) for each 0y gy = (U, E) € NS5,

CNSS E)

3. (F,E) is a complex neutrosophic soft not-dense set in any part of (X, T iff there is a

complex neutrosophic soft open (U,E) € tN5S suchthat (V,E)n (F,E) = Oxz) and O¢x ) #
(V,E) C(U,E) for each Ox,py # (U,E) € tCNSs,

Proof. Trivial.

Definition 5.5. Let (X, 7°V*5 E) be a complex neutrosophic soft topological space over X and
BEN5S be a sub-family of T¢NSS. BENSS is said to be a complex neutrosophic soft basis for the

CNSS CNSS

complex neutrosophic soft topology t if every element of 7 can be written as the

complex neutrosophic soft union of elements of B¢NSS,
Theorem 5.6. Let (X, V55 E) be a complex neutrosophic soft topological space over X and

BCNSS be a complex neutrosophic soft basis for T¢N5 . Then, t¢NS5

equals to the collection of all
complex neutrosophic soft unions of elements of B¢V55,

Proof. This is easily seen from the definition of complex neutrosophic soft basis.
Theorem 5.7. Let (X, 7N E) be a complex neutrosophic soft topological space over X and
BCNSS be a sub-family of 7¢V55,

1. The family BN5S is a complex neutrosophic soft basis of the complex neutrosophic soft
topology T¢NSS

(B,E) C(F,E) for each (F,E) € t°NSand x(en's'lg) e(F,E).

iff there exist a complex neutrosophic soft set (B, E) € BNSS such that x{, ., €

2.If  the family BNSS = {(F}, E)}¢; is a complex neutrosophic soft basis for t¢¥55 , then there
exist a complex neutrosophic soft set

(FLE) € BNSsuch  thatx(, ,y €  (Bs,E)C(Bi,E) N (Bip, E) for each (Byy,E), (B, E) €
BCNSS and each x¢, ) € (Biy, E) N (B, E).

Proof. 1 — Suppose that BEN5S is a complex neutrosophic soft basis the complex neutrosophic
soft topology V55 C(F,E) € 1“5 and (B,E) for x{,s,y € (F,E). Then (F,E)=U(B,E).
Therefore x¢, ) € (B,E) C(F,E) fromx{,,, € (F,E)=(B,E)€ BNS

LJ@B) for 2,59 € (BE)C(.E).
(E’ E) € BCNSS
Suppose that the condition of theorem to be provided Then,
Fe)= | Ghsolc | GhocEBR-ED= | @BE)

e r e '“ e ol
X € (F.E) X(nsw) € (F.E) Xlnsi) € (F.E)

That is B€NSS is a complex neutrosophic soft basis for T¢V5S.
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2. Let (Bjy,E),(Bin,E) € BN and x¢ .y € (B, E) N (Byp, E).Since (B, E) N (B, E) is a
complex neutrosophic soft open set and B¢NSS
TCNSS then

(B, E) N (Biz, E) = Uj(BLE) = {50 € (Bit, E) N (Bi2, E) = Uj(By,E) —» 3(Bin, E), x{ 50 €
(Bis,E) C(Bi1, E) N (B, E). O
Theorem 5.8. Let (V55 and 75¥5° be two complex neutrosophic soft topologies over X
generated by the complex neutrosophic soft bases B{NSS and B§NSS
NS € NS iff for each x¢, ) € CNSS(X,E) and for each (By,E) € Bf'$* containing x(,
there exists (B,, E) € B§MSS such that X5 € (B,,E) C(By,E).

Proof. Suppose that (V55 c t§NSS and X(usi) € CNSS(X, E), (B, E) € BENSS such that Xusi €

is a complex neutrosophic soft basis for

, respectively. Then

(By,E).Since B{NSS is a complex neutrosophic soft basis for complex neutrosophic soft
topology 7{"5% over X, then B{MSS < fN¥ - x{ .\ € (By,E) € BEV® € tfNSiexf . €
(By,E) € t5N55. Since BSNSS is a complex neutrosophic soft basis for t5VSS, so for (B, E) €
B5N%S we have x¢, o € (By,E) € (By,E).
Conversely, assume that the hypothesis holds. Let (F,E) € t£V55. Since B{"¥S is a complex
neutrosophic soft basis for complex neutrosophic soft topology 7", then for x{, ., € (F,E)
there exist (By, E) € B{NSS such that Xusi) € (B,,E) <(F, E). No by hypothesis, there exist (B, ,
E) € BSNSS such that (B, ,E) < (B, ,E)= (B, ,E) < (B, ,E) < (F,E)=> (B, ,E)c (F,E)= (F,E) €
75NSS This show that t{VSS < 7§NSS,
Theorem 5.9. Let (X (F.E) T(C,;fvgf JE ) be a neutrosophijci soft topological space over X and (F, E) €
NSS (X;E). Then the collection

e = (F.E)n (FE): (F,E) € %5 fori €}
is a complex neutrosophic soft topology on (F, E) and (X (F,E)'T(ngjq JE ) is a complex
neutrosophic soft topological space.
Proof. Since 0(gpy N (F.E) = O and 1xg N (F,E) = (F,E), Then 0y and (F,E) € T(Cévg)s

Moreover,

n

(@B ndEm)= (ﬂ(ﬁi.E)) n (F,E)
i=1

i=1

U@mndm)-= (U(Fi.E)) U (F,E)

i€l i€l

and

for t€NSS = {(F,E): i € I}. Therefore T(C,;fVES)S is a complex neutrosophic soft topology over (F,E).
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Definition 5.10. Let (X (ﬁ’E),TFF!ngS JE ) be a complex neutrosophic soft topological space over X
and (F,E) € NSS (X, E).Then the collection

e = {(F.E)n (F,E): (F,E) € 1N fori €1}
is called a complex neutrosophic soft subspace topology on (F,E) and (X (ﬁrE),T(ngf JE ) is called

a complex neutrosophic soft topological subspace of (X (F.E)» T(clévg)s JE )

Theorem 5.11. Let (X (ﬁ_E),T(CFf\"gf JE ) be a complex neutrosophic soft topological space over of
(F,E),(K,E) € CNSS (X,E).
1. If BNSS is a complex neutrosophic soft base for t¢N5S, then B(Cngg).s ={(B,E)n(FE):

(B,E) € BN5S} is a complex neutrosophic soft base for the complex neutrosophic soft sub-

CNSS
topology 7z gy,
CNSS

2. If (G, E) is a complex neutrosophic soft set in T(pp) and (F,E) is a complex neutrosophic

soft closed set in T(Clévgf jthen (F, E) is a complex neutrosophic soft closed in T(Cl;fvgf ,

3. Let (F,E) < (F,E).If (G,E) is the complex neutrosophic soft closure (X, t€¥S5, E),then
(G,E) n (F,E) is a complex neutrosophic soft closure in (X (F.E) T(Cl;fvgf , )
Proof. 1. Since BNSS is a complex neutrosophic soft base for T¢N5S so for arbitrary (U,E) €

T¢N3S, we have (U, E) = U(g g)epcnss (g, E).In case,

@enEe = | @En)nEn= ] (BHFER)
(B,E)EBCNSS (B,E)EBCNSS
for (U,E)n(F,E)€ T(C}évgf Since arbitrary member T(Clévgf can be expressed as the union of

members of B(CléVES)S .

2. we first show that if (G, E) is a complex neutrosophic soft closed set in T(CFNE)S then there

exista closed set (V,E) < (K,E) i.e,(V,E) & TS such that(G,E) = (V,E) n (F,E).

Let (G,E) be a closed in T(Clévgf . Then (G;, E)¢ is a complex neutrosophic soft open set in T(cpfvg)s ie,
(G, E)° can be put as (G,E) = (U,E)n(FE)for(UE)e€tNS = ((G,E))=(FE)n
(U, E)n(F,E))* = (U,E) n(F,E)Here (U E)* & tN55 i, (U,E)° is a closed in N5 S0 here
actsas (V,E) c (K, E).

Conversely, suppose that (G,E) = (V,E) n (F,E) where (F,E) < (K,E) and (V,E) is closed in
(5

Clearly, (V,E) € tNS5 so that (V, E)° n (F, E) € t('s Now,

(7. E) n (F.E) = (R EN(T.E)) n (F.E) = (R.E) 0 (F.E))\((7.E) n (F,E)) = (F,E)\
(G,E).This implies (F,E)\(G,E) is a complex neutrosophic soft set in (F,E)ie., (G E)is a
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neutrosophic soft closed set in T(C,?'é)s (G,E) = ﬂ{(éi,E) : (Gi,E) is closed and (Gi,E) 2 (G~, E)}
is the complex neutrosophic soft closure of (G,E)and so (G, E) is a complex neutrosophic soft
closed set. Now, (G,E)n(F,E)=n{(G,E): (G,E)isclosed and (G, E) 2 (G,E)}n (F,E) =
N ((Gi,E) N (F‘,E)) Since each (G, E)is closed then each (G;, E) n (F,E) is closed in 735 - Now
(6,E) € (G, E) and (G,E) < (F,E)So ((G,E) n (F.E)) € (61, E) n (F.E)) = (G.E) < (G, E) n
(F,E).Therefore, (G,E) n (F,E) =N {((Q,E) n (F',E)): (G, E) n (F,E) is closed and ((@,E) n
(F', E)) 2 (G~i, E)} Thus (G, E) N (F', E) is a complex neutrosophic soft closure of (G~, E) in T(clévg)s
O
Theorem 5.12. Let (X (ﬁ'E),Tfﬁ{Ygf JE ) be a complex neutrosophic soft subspace of a complex
neutrosophic soft topological space (X (RE) T(CIQ‘EG)S, E ) over X. If (F,E) is a complex neutrosophic
soft open set in (X, NS5, E)if f (Fy, E) is a complex neutrosophic soft open set in (X, V5, E).
Proof. Suppose that (F,E) is a complex neutrosophic soft open set in (X, T¢¥5S, E) such that a
complex neutrosophic soft subset (£}, E) of (F,E) is open set in (X (ﬁ’E),Tgﬁ{ngg JE ).Then (FLE) e
g and so (Fy,E) = (U,E) n (F,E) for (U,E) € t¥SBut (F,E) is a complex neutrosophic
soft open set in (X, NS5, E) as (U, E) and (F, E) both are complex neutrosophic soft open set in
(X T E):
Conversely, assume that (F;,E) is a complex neutrosophic soft open set in (X, 7
(F,E) is a complex neutrosophic soft open set in (X, TN5S, E) and (F,E) € (F,E). Then
(F,E) € tNSSBut (F,E) n (F,E) = (F,E) and so (F,, E) is a complex neutrosophic soft set in

(X (R.E) ‘L'(CIL(V g JE ).Therefore, the first part is proved.o

CNSS'E) when

Theorem 5.13. Let (X(I?'E),TE:%E“)S, E) be a complex neutrosophic soft subspace of a complex

neutrosophic soft topological space (X (RE) T(Cév ]‘g JE ) over X. If (K, E) is a complex neutrosophic

CNSS E)

soft closed set in (X, T ,then a complex neutrosophic soft set (1?1, E ) c (I? JE ) is a complex

neutrosophic soft closed set in (X(,?,E),T(Ck{\gf, E) iff (K,,E) is a complex neutrosophic soft

closed set in (X, TN5S, E).

Proof. Suppose that (K,E) is a complex neutrosophic soft closed set (X, V55, E) such that a
complex neutrosophic soft subset (K;,E) or(K,E) is a complex neutrosophic soft closed set in
(X(E,E)'T(nggi' E). Since (K3, E) is closed in (X(KE),T(C,%E?, E) and so (Ky,E) = (V,E)n (K,E) for

(V, E) being complex neutrosophic soft closed set in (X, t€¥SS, E).But (Ky,E) is a complex
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neutrosophic soft closed set in (X, TV5%, E) as (V,E) and (K, E) both are complex neutrosophic
soft closed sets in (X (RE) T(CI%V%S E )

Conversely, assume that (F,E) is a complex neutrosophic soft open set in
(X (E’E),T(ng JE )when (K,E) is complex neutrosophic soft closed set in (X, V55, E) and

(K1, E) € (K,E).Then (Ky,E) n(K,E) = (Ky,E) and so (Ky,E) is a complex neutrosophic soft
closed in (X (RE) T(ngi JE ) Hence the first part is proved.

6. Application

In this section, the application about the performance of network is defined. We studied the
existing research, in the field of networking and identify commonly discussed factors and
challenges affecting network performance. Interval valued complex neutrosophic fuzzy
relations (IVCNFRs) used to establish the performance of networking with different factors.
Also, to simulate a network's behavior in a controlled setting, a virtual model of the network is
created. This makes it possible to experiment with different parameters and see how they affect
performance. Tools for network simulation, like NS-3 or Cisco Packet Tracer, allow various
scenarios to be tested. Performance of network depends on the different factors that affect the
network.

Figure 1. Performance of network.

4.1. Performance of Networking

The process of transporting and exchanging the data among different nodes with a shared
medium in an information system is known as networking. The performance of a network
describes the measurement of the quality of a network considered by the user. Different

techniques are used to measure the performance of a network, depending on the nature and



Int. J. Anal. Appl. (2025), 23:132 29

design of the network. The complex and dynamic nature of computer networks is reflected in
the statement "network performance/status depends on different factors". Networks are
complex systems made up of many interconnected parts, and a wide range of factors affect how
they function. There are different factors that affect the performance of a network. These factors
are as follows:

1) Bandwidth

2) Number of devices
3) Network traffic
4) Latency

Normal network transmission

Specific
time
Request
Sending Receiving
device device
Data

Figure 2. Normal network transmission.

The maximum amount of data transmitted in a transmission medium with some time period is
known as bandwidth. With the use of grater bandwidth more devices can connect at once. But it
may affect the speed of overall network. Small amount of data with bandwidth in more devices
can easily and quickly transfer but large amount of data takes time to transfer using
transmission medium. Devices are an important part of any network. Data is transmitted
through bandwidth from one device to other. Large amount of data can transfer through the
small packets otherwise data loss or data errors occur. These packets can combine before
receiving device. This all manage through network traffic. Latency is the time that takes some
data to transfer. Usually, buffering is caused by latency.

Network with high latency

Unspecified
time
Request
Sending ¢ Receiving
device ‘ device
Data

Figure 3. Effect of latency on network.



30 Int. J. Anal. Appl. (2025), 23:132

IVCNRs are used to examine the performance of networking on Bandwidth, Number of
devices, Network traffic, and Latency. Modeling problems by using the idea of IVCNSs and
IVCNRs will not only formulate the effects of one factor to other but also defines the grades of
membership, abstains and non-membership. Let B,D,NT and L symbolize the bandwidth,

number of devices, network traffic and latency, respectively. So, the set of the factors is given as

(B, (10.4,0.8]e2m102051), ([0.1,0.6]e2mil01031), ([0,0.3]e2m02061)) )
(D, (10.3,0.6]¢27102061), (0,0.3]e27il03.051), ([0.2,0.5]e 701061},
(NT. (102,07]¢2m102.051), ([0,0.5]e2710051), ([0.1,0.5]2mil01041) ) (
(L ([0.4,0.7]e2m0.041) (]0.2,0.4]e2™0-5071) ([0.3,0.6]e?7l02.05] ))J
The relation Q of CP is given below
f((B, D), ([0.3,0.6]e2m10-2051), (]0,0.3]e2m[01.051) ([0.2,0.5]e2mil0-3.0.6 )) )
((B, NT), ([0.2,0.7]e2mi0-1.051) (]0,0.5]e27il0051), ([0.1,0.5]e2mil0-L.0- 4])),
((B, L), ([0.4,0.7]e2m10041) ([0.1,0.4] 2701051} (]0.3,0.6]e27H0-30- 6]))’
((D, B), ([0.3,0.6]e2ril020:51), (]0,0.3]e2™0-1.051) (]0.2,0.5] 2mil0-3.0.6] )),
((D, NT), ([0.2,0.6]e2mL0-1051), (]0,0.3]e2mil00:51), (]0.2,0.5] e 2L0-1.06] )
((D. L), (10.3,0.6]e2710.041), ([0,0.3]e27i[03.051), ([0.3,0.6]e2mil02.01)), >
((NT, B), ([0.2,0.7]e2m10-1051), (]0,0.5]¢2m005]), ([0.1,0.5]62”i[0-3'0-6])),
(T, D), (10.2,0.6]e27101.051), ([0,0.3]e2710051), ([0.2,0.5]e 2701061},
((NT, L), (10.2,0.7]e2m10.041), ([0,0.4]e2mil041), ([0.3,0.6]e 7102051 )
((L, B), ([0.4,0.7]e?mil0041), (]0.1,0.4]e?m[0-105]), ([0.3,0_6]62ni[0.3,0.6]))’
((L, NT), ([0.2,0.7]e2m0.041) (]0,0.4]e2i0.06]), ([0.3,0.6]62”i[°-2'°-5])) )
(. D), (10.3,0.6]10.041), ([0,0.3]e27iL03.051), ([0.3,0.6]e27il02061)) )

The event ((B,D),([0.3,0.6]e2ni[0'2'0'5]),([O,O.3]e2”i[0'1'0'5]),([0.2,0.5]6Z”i[°'3'°'6])) describes the

[
[
[
[

)’

membership grade from 0.3 to 0.6 with better-quality bandwidth that provides better transfer
rate if the number of devices is limited with some time interval. Absence of bandwidth from 0
to 0.3 provides no effect on the number of devices with the time interval. Also, non-membership
from 0.2 to 0.5 describes the low-quality bandwidth that creates difficulties in transferring data
and information through connected devices with particular time. The membership defines the
good performance of different relations, non-membership discusses the bad or low-quality
network and abstains provides no effect or neutral effects on the performance of network using

different factors.
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7. Comparative Analysis

In this section, we describe the comparison between different presented and existing methods
like FR, IVER, IVIFR, IVCq-ROFR, IVNR with IVCNR was described. The idea of IVCNSs and
IVCNRs are incredible of all above methods and ideas to manipulate the fuzziness. With the use
of these methods in the performance of network one can manage the quality and speed of the
overall network by tackle any problem with using grades (membership, non-membership and
abstinence). In these sets we discuss about the membership grade, abstinence and non-
membership grades for finding a solution of any problem. Construction of IVCNR is made out
of the intervals of amplitude term and phase term, which permit it to project the situations with
phase modification and periodicity. This application discusses the performance of networking
over different factors. The performance of one factor on the other effect the whole network
performance. 7.1. FS vs IVCNS FS

defines the membership grades for any problem, but IVCNS is an improved method rather than
FS. IVCNS determine not only membership grade of any problem it also defines the non-
membership grade and abstains for the purpose of problem solving.

7.2.IVFS vs IVCNS

IVES discusses the conception of intervals in membership grads. The intervals break down the
single value of membership into the lower and upper value of membership grades. But IVFS
have limitations that it only discusses about membership grades. Since IVCNS defines the good
performance, neutral and bad performance of one factor to the other in intervals. So, IVCNS is a
better conception than IVFS.

7.3. IVIFS vs IVCNS

IVIFS describes the formulation of intervals in the membership and non-membership grades.
IVIFS discusses the performance of different factors in the term of good and bad effects. On the
other hand, IVCNS have no limitations of good and bad effects it is step forward to good, bad
and neutral values so that the performance of one factor to the other specifies these effects.
7.4.1VCq-ROFS vs IVCNS

IVCNS is step forward than IVCq-ROFS. IVCq-ROEFS determines only the complex intervals of
membership and non-membership grades for fixing any problem. But IVCNS provides the
membership grade and non-membership grade and neutral values for performing any task to
do.

7.5.IVNS vs IVCNS

IVCNS is one step higher than IVNS. IVNS provides the intervals of membership grade,
abstains and non-membership grades whereas IVCNS provides the complex intervals of

membership grade, abstains and non-membership grades.
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Sets Membership  Non- Abstains ~ Multi- Remarks
membership dimensional

FS Yes No No No Contains single value of
membership

IVES Yes No No No Contains interval of single
value

IVIFS Yes Yes No No Intervals of membership and
non-membership.

IVCq- Yes Yes No Yes Is provides multidimensional

ROFS values in intervals.

IVNS Yes Yes Yes No Having good, neutral and bad
influences.

IVCNS  Yes Yes Yes Yes It consists of multidimensional

complex intervals.

Table 1. Comparison of FS, IVES, IVIFS, IVCq-ROFS, IVNS and IVCNS.

8. Conclusions

The major purpose of this study was to represent the conception of IVCNRs that is a new
concept. The IVCNSs and IVCNRs are ranging in three complex valued mappings of
membership, abstinence, and non-membership grades in a complex plane. Each degree consists
of two terms that are discuss as real and imaginary parts. Also, each term consists of the interval
from lower value to high value. The real term known as amplitude term and imaginary term is
called phase term of the degrees. Moreover, the types of IVCNRs also define with examples.
IVCNRs used to produce better and useful results. IVCNRs used to implement the factor
affecting the performance of network. In continuation this study introduced and investigates
the structure of complex neutrosophic soft topological spaces. The foundational definitions of
complex neutrosophic soft topology, open and closed sets, interior, closure, and boundary are
formally established. The study also explores the concept of complex neutrosophic soft bases
and subspace topologies, along with criteria for basis generation and topological refinement.
Several theorems elucidate the relationships among topological constructs and operations such
as union, intersection, and complementation under complex neutrosophic soft conditions. We
apply pervious methods on these problems and collect some results. But through this method,
the required results achieved more reliable than the previous methods. So, the proposed
method is the best method for modeling uncertain complexities in the required results. Some
applications are also given that can be applied in our day to day life.

The application provides important results by using the proposed method. IVCNR:s is the best

method for the purpose of improving the quality and speed of the computer network. A
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comparative study is having been established between proposed methodology to existing
methods. Future research can explore extending IVCNRs to multi-criteria decision-making and
integrating them with machine learning for dynamic network optimization. Further studies
may also focus on developing software tools, applying IVCNRs in other fields like healthcare
and finance, and expanding the theoretical framework of complex neutrosophic soft topologies.
Empirical validation and comparative analysis with existing models will enhance the practical

reliability of the proposed approach.
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