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various fields, including agriculture and healthcare. However, identifying the
Keywords: most suitable AgNP formulation requires a systematic evaluation of several cri-
Decision Making; Complex Fermatean Neutro- teria and their associated subcriteria. To address this problem, this study intro-
sophic Hypersoft Theory; Nano-technology; duces complex Fermatean neutrosophic hypersoft sets and complex Fermatean
Super-HyperSoft Sets; Fuzzy Algebra neutrosophic super-hypersoft sets as mathematical frameworks for represent-
ing uncertainty in decision-making problems. The fundamental algebraic opera-
tions of the proposed structures, including equality, subset relations, union, and
intersection, are defined and discussed. Based on these operations, a decision-
making application is presented to evaluate green-synthesized silver nanoparti-
cle formulations under uncertain conditions. Numerical examples are provided
to illustrate the application of the proposed framework and demonstrate its abil-
ity to represent complex and ambiguous evaluation information. The proposed
approach offers a mathematical framework for addressing uncertainty and con-
flicting evaluation criteria, thereby supporting the selection of suitable nanopar-
ticle formulations for different applications.

1. Introduction

In this world full of decision making challenges completely precise datais rarely available. Decision-
makers are often asked to evaluate various alternative candidates against several environment-
dependent, uncertain, and conflicting criteria, while effectively addressing the hesitation, ambiguity,
and indeterminacy inherent in real-world scenarios before any prioritization or ranking can be reli-
able [1, 2]. A perfect application is in nanomaterial research, where an individual green-synthesized
silver nanoparticle (AgNP) structure is inappropriate for one purpose while simultaneously excellent
for another, based on how its colloidal stability, environmental footprint, antimicrobial strength, syn-
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thesis quality, and cytotoxic safety margin, are evaluated against each other [3-5]. Traditional crisp
decision making instruments lack the ability to handle this layered uncertainty, which has driven more
than half a century of advancements in set theory designed to model uncertainty with greater preci-
sion [6].

The fuzzy sets firstly introduced by Zadeh [7] in 1965, serve as foundational cornerstone by as-
signing each component a membership degree in the closed interval [0, 1], enabling partial associa-
tion in comparison to yes or no logic of classical crisp or binary sets [8]. Inspired by the fuzzy sets,
Atanassov [9] later noted that confidence and doubt does not operate as exact inverses for a deci-
sion maker, and developed the intuitionistic fuzzy set in 1986, which subject a pair membership and
non-membership grade to each element with the condition that their total should remain in the inter-
val [0,1] [10]. As new challenges were exposed where even this relaxed condition was breached, for
instance when a decision maker observes high degrees of both membership and non-membership,
Pythagorean fuzzy sets were introduced by Yager [11] applying a quadratic sum constraint instead of
linear one, leading to the broader g-rung orthopair fuzzy sets [12]. To provide more space so that deci-
sion makers can express strong but conflicting decisions, Senapati and Yager [13] extended this family
with the cubic constraints (¢ = 3), introducing Fermatean fuzzy set (FFS), enlarging the membership
and non-membership regions beyond what intuitionistic and Pythagorean fuzzy sets enable.

Another emerging field addressed a different gap, that is the above discussed frameworks does not
discriminate indeterminacy from dissociation. Smarandache [14] established the concept of neutro-
sophic set addressing this limitation by integrating three logically independent membership degrees
(truth, indeterminacy, and falsity membership) for each component, providing an efficient formula-
tion for handling not only the vague data but also incomplete or inconsistent. Incorporating the cubic
constraint of fermatean fuzzy sets with the neutrosophic framework yields the complex fermatean
neutrosophic set, employed in this research article, in which all the truth, falsity and indeterminacy
degrees are further shows as amplitude—phase (complex-exponential) form [15]. This complex-valued
generalization is driven by the complex fuzzy set established by Ramot et al. [16], embedding a phase
term with the membership degree to address time-dependent factors of ambiguity, further integrated
with neutrosophic theory yielding complex neutrosophic and complex neutrosophic soft set frame-
works [17, 18]. By incorporating this phase component, the Fermatean neutrosophic model allows a
CFNS to register the degrees of satisfaction, contradiction, and indeterminacy, while simultaneously
mapping an independent secondary dimension [19—-21]. This feature proves essential for evaluations
influenced by cyclical, seasonal, or comparative dynamics beyond the scope of a standard amplitude.

Nevertheless the criteria in real-world challenges are hardly ever flat, they are distributed in sev-
eral sub-criteria, and the relevant attribute count is often unknown. Molodtsov [22] tackled this prob-
lem by introducing soft sets, where the set membership is parameterized over an attribute universe
instead of a single set. Smarandache [23] extended this model to the hypersoft set by substituting
the single-attribute function with a multi-attribute mapping mapped over the Cartesian product of
disjoint attribute sets, thereby developing a mathematical base for combining crisp, fuzzy, intuitionis-
tic fuzzy, neutrosophic, and plithogenic hybrid structures. Since even this multi-attribute formulation
considers a fixed, flat distribution of every attribute value, Smarandache and his companions [24]
further extended the concept to super-hypersoft set, where the domain of the defining mapping is
established from attribute-value power set instead of the sets themselves, allowing attribute-value
combinations (instead of single values) to be assessed together. Recent studies have incorporated
super-hypersoft structures with broad fuzzy and neutrosophic fields for decision-making scenarios,
such as transportation, sustainability, healthcare, and education evaluation [25-27]. Notable contri-
bution, thatis relevant to the present generalization, Abdalla et al. integrated the hypersoft and super-
hypersoft structures with the interval-valued Fermatean neutrosophic sets, for a organ-prioritization
for different patients in healthcare, developing the foundational algebraic structures under an interval-
valued representation [28].

That framework, however, shows ambiguity by a real-valued interval not a complex-valued
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amplitude—phase terms, and as a result is unable to address another, independent aspect of a de-
cision maker’s judgment, a gap that is significant in some real-world situations specifically in nano-
material decision-making, where conflicting criteria like regulatory compliance or storage stability of-
ten involve a cyclical or comparative dimension irreducible to a single interval. Inspired by this gap,
this research article introduces the concept of complex fermatean neutrosophic hypersoft set (CFN-
HSS) and complex fermatean neutrosophic super-hypersoft set (CFN-SHSS), embedding the periodic
and phase-carrying characteristics inherent to complex fuzzy and complex neutrosophic paradigms
into the multi-attribute, cubic-bounded, and power-set-indexed formulations of hypersoft and super-
hypersoft structures. Along with the basic definitions, we developed their algebraic operations (sub-
set, equality, null set, union, intersection and complement), and implemented the proposed model
to a significant real-world application of selecting the optimal green-synthesized AgNP formulation.
The practical urgency of this multi-criteria decision problem stems from rapid developments in plant-
mediated AgNP synthesis that have created a disparity between available green synthesis routes and
the laboratory resources dedicated to their exhaustive antimicrobial and physicochemical character-
ization. Since antibacterial efficacy, antifungal efficiency, colloidal stability, crystallographic quality,
and biocompatibility usually affect an AgNP structure in different ways, this practical implication pro-
vides an effective and inherent examination of the suggested approach’s potential to address uncer-
tain, conflicting, and only partially evaluated criteria into reliable findings.

The remainder of this article is organized as follows.

e Section 1: This section provides the theoretical foundation, basic information of relevant back-
ground studies and the main purpose of this research article.

e Section 2: Foundational definitions introducing complex fermatean neutrosophic hypersoft, and
super-hypersoft sets with their numerical examples drawn from the AgNP application domains
are described in this section.

e Section 3: This section is dedicated to explore the conflicting criteria, their sub-criteria and the
alternatives employed in the considered decision problem of the prioritization of the optimal
green synthesized silver nanoparticle.

¢ Section 4: The algebraic operations for complex fermatean neutrosophic super-hypersoft sets
with their implementation to green synthesized silver nanoparticle selection and numerical rep-
resentations.

e Section 5: Concluding remarks for the study along with the potential future prospects are given.

2. Complex Fermatean Neutrosophic HyperSoft & Super-HyperSoft Sets

In this section, we are going to comprehensively discuss some fundamental definitions, notions
and their relative operations for complex fermatean neutrosophic soft sets, hypersoft sets, and super-
hypersoft sets.

Definition 2.1 [Complex Fermatean Neutrosophic Set (CFNS)] Let %" represents a non-empty uni-
verse of discourse, then a complex fermatean neutrosophic set &’ defined on %" is given as;

0 = {9, (£(p)e” @, ((p)e™ 9, s(p)e ) o € X},
where the truth membership, indeterminacy membership, and falsity membership functions are de-
noted by the complex-valued functions £(p)e™s(®), ((p)e™<(®), and ¢(p)e?s(®). With the following
constraints;

0 <& (p) + )+ p) < 2,and 0 < 9 (p) + I2(p) + 92(p) < 2.

Definition 2.2 [Complex Fermatean Neutrosophic Soft Set (CFN-SS)] Let . represents a non-empty
universe of discourse, and let &2 (.%") denotes the family of all complex fermatean neutrosophic values
defined over % . Suppose .7 as a set of parameters (attributes) associated with ¥, and let Z C .
Given a mapping

F B — P(X),
the pair (F#, A) is known as a Complex Fermatean Neutrosophic Soft Set (CFNSS) over 7.
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Definition 2.3 [Complex Fermatean Neutrosophic HyperSoft Set (CFN-HSS)] Let .Z represents a non-
empty universe of discourse, with power set &(¢"), and let &7 = {34, 39,S3,..., S}, forn > 1,
be a set of attributes associated with .Z". For each attribute, assign a corresponding attribute-value
set p1, pa2, P3, - - -, Pn, chosen so that p; N p; = &, such thati,j € {1,2,...,n},V i # j. Define the
multi-argument function

N:pr X pa X p3X oo X p, — P(H).
Then the mapping

R(p1 X pa X p3 X ==X po) = {{p, E()e™@, ((p)e" ), ()™ pe A},
over % is referred to as a Complex Fermatean Neutrosophic HyperSoft Set, where &, (, and ¢ denote
the truth, indeterminacy, and falsity membership grades respectively, each expressed in amplitude-
phase form; the terms £, (, s € [0, 1] are the amplitude terms and ¢, V¢, Y. € [0, 27] are the corre-
sponding phase terms of the truth, indeterminacy, and falsity components.

Example 2.1 Suppose we take a significant and intricate real-world situation for the selection of the
best application domain for a set of green-synthesized silver nanoparticles (AgNPs), taking into con-
sideration several performance attributes and various conflicting criteria keeping in view the needs of
the target sector. At the time the AgNPs are characterized and manufactured, the maker must make
the decision to deploy it to the best location. Several components are considered for this selection,
among the key factors we have cytotoxic safety margin, environmental acceptability, large-scale de-
ployment cost, antimicrobial efficacy, and colloidal stability. For instance, a set of nanoparticles may
present extraordinary antibacterial efficiency to a biomaterial skin substitute, while cytotoxicity safety
is compromised for direct contact to skin. On the other hand the identical batch is completely suitable
for an agricultural antifungal composition, where the harm to the human skin is not a concern. Simi-
larly, a batch of nanoparticles have high storage stability, a necessary need for large-scale high quality
antifungal spray, but its manufacturing cost can be too high to account for agricultural development,
where financial outlays per hectare drive the selection. Researchers are to select among these ap-
plication domains by analyzing stability, cost efficiency, safety, efficacy, and acceptability together.
Therefore, the selected application domain for a given nanoparticle set must be the best, across all
relevant industry standards. So, the goal is to choose the optimal application domain for the synthe-
sized AgNPs taking into the consideration the following criteria,

e Deployment cost.

e Antimicrobial efficacy.
Storage stability.
Cytotoxic safety margin.

e Environmental acceptability.

All of the above criteria are presented in the form of complex fermatean neutrosophic hyperoft
numbers. Consider two application domains for the selection, represented by ¥; (antibacterial coat-
ing) and &5 (crop-protection spray), are provided as in Table 1.

Definition 2.4 [Complex Fermatean Neutrosophic Super-HyperSoft Set (CFN-SHSS)] Let .Z" be a non-
empty universal set with power set Z(¢), and let & = {34,39,93,...,3,), forn > 1, be a
set of attributes associated with #". For each attribute, assign a corresponding attribute-value set
{p1,p2,p3,...,pn}, chosenso that p; N p; = @, suchthati,j € {1,2,...,n},V i # j. Further, let
P(p1), P(p2), P(p3), ..., P(pn) denote the respective power sets of py, ps, ps, - . ., pn, and define
the multi-argument function

R: P(p1) x P(pa) X Plps) X - X Ppa) — P(H).
Then the mapping
R(L(p1) X P(p2) x P(p3) X -+ x P(py))

= {{p, () 770, (NO() L), M) i)
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Table 1
Application domains for green-synthesized AgNPs using CFN-HSS

Criteria 1 (Biomedical) 5 (Agricultural)

0.72¢%27(0-63
0.14¢%2m(0-23
0.20¢2(0-16
0.75¢:2m(068
0. 1261277 (0.19
0.39¢2(0-34 0.17¢"2(0-13

0. 6061271'(0 51) 0. 6862271’(0 59)
Storage stability <O 21¢727(0-33) > <0 17¢727(0-27 >

Antimicrobial efficacy 0.18¢27(0-28)

0. 6661271' (0.57)
0. 2561271' (0.21 >
0. 4861271'(0 40)>

0. 2761277 (0.42)

)
)
)
)
Cytotoxic safety margin )
)

)
0. 2961277 (0.25 0. 2361271' (0.19)

0.63¢2m(0-5%)
0.19¢27(0-31)
0. 2861277 (0.23)

0. 7067.271' (0.61) >

Deployment cost
0. 4]_6%271' (0.36

0. 5561271' (0.47)

0. 4661271' (0.38)

0. 2967277(0 45)>
Environmental acceptability ~ { 0.24¢i27(0-38) 0.16¢27(0-25)
0. 3361271' (0.28) 0. 2161271' (0.18

suchthat p € 7, o € (Z(p1) X P(p2) X -+ x P(pn)) C {p1,p2;--.,pn}, over & is termed as
Complex Fermatean Neutrosophic Super-HyperSoft Set. Here, &, (, and ¢ denote the truth, indeter-
minacy, and falsity membership grades respectively, each expressed in amplitude-phase form, with
gRe) (Re) (X(o) ¢ [0, 1] the amplitude terms and ﬁN(Q) 19 (@ 19 (o) € [0, 27] the corresponding phase
terms of the truth, indeterminacy, and falsity components

Example 2.2 To show the numerical representation of complex fermatean neutrosophic super-
hypersoft numbers, we are going to examine the considered application domains based on the fol-
lowing main criteria along with their sub-criteria, as presented in Table 2.

¢ Antimicrobial efficacy: Antibacterial performance and antifungal performance.

¢ Cytotoxic safety margin: Selectivity toward target vs. host cells and dose-dependent margin.

e Storage stability: Zeta-potential based storage stability and resistance to agglomeration over

time.
¢ Deployment cost: Raw material and production costs.
¢ Environmental acceptability: Biodegradability of residues and regulatory compliance ease.



Journal of Contemporary Decision Science

Volume 3, Issue 1 (2026) 1-18

Table 2

Application domains for green-synthesized AgNPs using CFN-SHSS.

Criteria

Sub-criteria

& (Biomedical)

5 (Agricultural)

Antimicrobial efficacy

Antibacterial performance

0.68€i2ﬂ-(0'59)

<0.166i2ﬂ-(0'26)
0.23€i2ﬂ(0'19)

0.61€i27r(0'52)

<0.21€i2ﬂ-(0'34)
0.306i2ﬂ(0'25)

Antifungal performance

0.5761'277(0.48)
0.24€i2ﬂ(0'37)
0.336i27r(0‘28)

0.76ei27r(0.69)

0.116i27r(0.18) >
0.166i27r(0‘12)

Cytotoxic safety margin

Selectivity toward target vs.
host cells

0.4461'2#(0.36)
0.3061'277(0.47)

0.4361'271'(0.38)

0.77ei27r(0.70)
0.11622‘”(0'17)

0.1562'2#(0.11)

Dose-dependent margin

0.5061'2#(0‘42)
0.266i2ﬂ(0'40)

0.366i27r(0'31)

0.7362'2#(0‘65

)
0.1362’2#(0.21)

0.186i2ﬂ(0'14)

Storage stability

Zeta-potential-based
stability

0.586i27r(0'49)

0.7162'2#(0.62)

0.1562'2#(0‘24

)
0.2162’2#(0.17)

Resistance to
agglomeration

0.626i27r(0'53)
0.19€i2ﬂ(0'30)

0.27€i2ﬂ(0'23)

0.656i2ﬂ(0'56)

0.2562'277(0.21)

Deployment cost

Raw material/reagent cost

0.426i2ﬂ(0'35)
0.3261'2#(0.48)

0.45€i2ﬂ(0'40)

0.66€i2ﬂ-(0'58)
0.176i2ﬂ(0'27)
0.246i2ﬂ(0'19)

Scale-up/production cost

0.3961'2#(0.32)
0.3561'271'(0.51)
0.486i27r(0‘43)

0.606i2w(0'52)
0.2162'2#(0.33

)
0.2962'2#(0.25)

Environmental
acceptability

Biodegradability of residues

0.51€i2ﬂ(0'43)

0.2761'2#(0.41)
0.366i2ﬂ(0'31)

(oo
(omere )
foerem )
oz
(oo
(oseree )
(oo

)

0.696i2ﬂ(0'60)

0.166i2w(0'26)
0.2262'2#(0.18

Regulatory compliance ease

0.4561'2#(0‘37)
<0.30ei27r(0.46)
0.4261'2#(0.36)

)
0.7262’2#(0.64)
)

0.14€i2ﬂ-(0'22

0.196i2ﬂ(0'15)

<

(oreer)
(o)
(o)
(orerem)
(o)
(o)
(orere=)

3. Prioritization of the Most Suitable Green-Synthesized AgNP Formulation

In the modern age of nanotechnology-based healthcare and agricultural development, the selec-
tion among various green-synthesized silver nanoparticles (AgNP) is always significant and complex
process for the necessarily required establishment and scale-up. For nanomaterial researchers, it is
a very crucial issue to assign the short amount of characterization, biological validation, and synthe-
sis resources when the alternative plant-mediated AgNP formulations are increasing day-by-day while
experimental work for thorough physiochemical and antimicrobial taxonomy remains limited.

In the procedure of developing the green nanoarticles, the shortage of an organized, uncertainty-
lenient prioritization formulation is the most important issue for the research laboratories transform-
ing from classical synthesis to deployment-ready nanomaterials. Furthermore, the irregularity among
the number of alternative formulations (synthesis condition x dosage x plant source) and the labora-
tory’s potential for complete cytotoxicity, antifungal, antibacterial, and stability profiling is governed

6
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majorly by several factors like extract phytochemical fluctuation, instrument access, and reagent avail-
ability. The selected AgNP alternative must meet some strict criteria like colloidal stability, an accept-
able cytotoxic safety margin, reproducible antimicrobial efficacy, and antimicrobial efficacy, further
cutting the number of frameworks worth progressing to pilot-scale production. For example, frame-
works intentionally made for biomedical usage or wound-care enable a limited permissible gap be-
tween cytotoxic safety and antimicrobial potency, obligating meticulous dose choice, and rapid val-
idation. While, need for broad-spectrum, cost-effective antimicrobial nanomaterials is rising rapidly
with time, demanding selection of the optimal formulation as the only sustainable in transit to timely
emergence, growing the demand for a powerful decision tool at higher stage. It is a challenging task
for researchers to present not only resource-effective, rapid evaluation of alternative formulations but
also long-term consistent performance. Keeping in view these intricate constraints and various con-
flicting criteria, nanomaterials researchers face challenges in the prioritization of the optimal AgNP
formulation. This procedure will determine various AgNP candidates that fulfill the established stan-
dards with a comprehensive investigation of every alternative formulation. Following criteria are des-
ignated to pick up the best candidate formulation;

¢ Antibacterial efficacy

e Antifungal efficacy

e Colloidal stability

¢ Synthesis/crystallographic quality

e Biocompatibility (cytotoxic safety margin)

3.1 Established Metrics for the Prioritization of the Optimal AgNP Formulation

We are going to discuss some of the key criteria having major impact on the evaluation, alon with
different stages of satisfaction in various alternative AgNP nanoparticle formulations.

1. Antibacterial efficacy:

* Low: In comparison to the plant extract alone, the framework show almost same, minimal
zones of inhibition, demonstrating lesser efficiency to both families of bacteria which are
Gram-positive and Gram-negative pathogens.

e Medium: The framework exhibits modest zones of inhibition, crossing the boundary of
negative control while significantly below the defined antibiotic.

¢ High: The framework exhibits high, dose-driven zones of inhibition to the Gram-positive
and Gram-negative pathogens, demonstrating higher concentrations towards the defined
antibiotic.

¢ Very High: The framework demonstrates significantly high zones of inhibition across mul-
tiple pathogens at feasible concentrations, almost identical or crossing the defined antibi-
otic.

2. Antifungal efficacy:

e Low: Experimental fungal strains show negligible inhibition, almost same to the negative
control (plant extract alone).

e Medium: Dose-driven inhibition at a moderate level, less than the defined antifungal drug
standard.

e High: Higherinhibition showing strong anti-fungal strength, nearly matching the drug stan-
dard.

e Very High: Almost perfect inhibition or exceeding the defined antifungal drug.

3. Colloidal stability:

e Low: The particle charge is low and broad size spectrum present a high risk of agglomer-
ation.

e Medium: The particle charge is moderate with mild polydispersity.

e High: The particle charge is high with a small size distribution.

e Very High: The particle charge is very high enabling excellent stability.

4. Synthesis/crystallographic quality:
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e Low: The X-ray and light-absorption scans demonstrate uncertain particle-size and hard-
to-measure crystals.

* Medium: The X-ray scan describes a clear cubic structure with fairly consistent particle
sizes.

e High: The X-ray scans present sharp, clear peaks, indicating a well-formed crystal structure
and highly consistent particle sizes.

e Very High: The scans illustrate a perfect crystal structure, consistent particle sizes and
highly reliable results.

5. Biocompatibility (cytotoxic safety margin):

e Low: The dose needed to kill the germs is almost equal to the amount dangerous enough
to harm or probably destroy the host cells.

e Medium: The dose required to kill the germs is relatively low to the dose harming the
healthy cells.

¢ High: The dose needed to destroy the germs is safe for the healthy human cells.

e Very High: Zero toxicity for healthy cells in the doses, and they only destroy the germs.

4. Decision-Making Using Complex Fermatean Neutrosophic Super-HyperSoft Sets Under Uncertain
Conditions

The nanomaterials laboratory has gathered an evaluation group of nanomaterial experts, which
will assess the alternative silver nanoparticle frameworks against several conflicting criteria while
capturing the uncertainty and inconsistency inherent in the real-world data. This process enables
the group of experts to select the most appropriate AgNP framework which aligns with the require-
ments of the demanding laboratory’s goals, certifying that the finite resources are allotted to the most
promising candidate.

Let o = {ay, ag, a3, a4, as} be a set of the proposed AgNP structures, also suppose

S = {8, S, 3, B, S5 1
be the family of the established criteria, where

e o1 = OcAgNPs, low dose (10 ppm)

® (5 = OcAgNPs, high dose (30—40 ppm)

* 3 = SvVAgNPs, low dose (10 ppm)

* 4 = SVAgNPs, high dose (30-40 ppm)

* a5 = AgNOj solution (5 mM),

and their corresponding attributes are presented as,

1. &4 = Antibacterial efficacy = {Low Antibacterial efficacy (pél), Medium Antibacterial efficacy

(pAl), High Antibacterial efficacy (pZ, ), Very High Antibacterial efficacy (pgl)}

2. 3y = Antifungal efficacy = {Low Antifungal efficacy (p5,), Medium Antifungal efficacy (p3.),
High Antifungal efficacy (&, ), Very High Antifungal efficacy (p&)}

3. 33 = Colloidal stability = {Low Colloidal stability (5, ), Medium Colloidal stability (p4’ ), High
Colloidal stability (p&,), Very High Colloidal stability (pgs)}

4. &, =Synthesis/crystallographic quality = {Low Synthesis quality (pé4), Medium Synthesis qual-
ity (p4" ), High Synthesis quality (pZ, ), Very High Synthesis quality (p¥4)}

5. 35 = Biocompatibility = {Low Biocompatibility (%), Medium Biocompatibility (p3’ ), High Bio-
compatibility (p4. ), Very High Biocompatibility (pgs)}

Consider that N : & x 8y x O3 X §y X 85 — &i,. The CFN-SHSS values for 3, Sy, S3, Sy and S5 are

8
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demonstrated in the following Table 3, Table 4, Table 5, Table 6 and Table 7.

Table 3
CFN-SHS values for Antibacterial efficacy

R oy Qs s oy as

0. 566227r(() 46) 0. 3361271'(0 26) 0. 5261277(0 42) 0. 1561277(0 11) 0. 5861271'(0 48)
pél <0 276727r(0 36)> <0 416727r(0 50)> <0 2967271'(0 38)> <O 5561271'(0 63)> <O 2661277(0 34)>
0. 336127r(0 29) 0. 466127r(0 40) 0. 3561271'(0 31) 0. 6061277(0 55) 0. 3261271'(0 28)
0. 836227r(0 72) 0. 5761271'(0 47) 0. 8061271'(0 70) 3261277(0 25) 0. 7961277(0 69)
p(\\l\s/[1 <O 1462277(0 21)> <O 2462277(0 33) > <O 166127\'(0 23)> <O 3961271' (0. 47)> <0 1567.271' (0. 22)>
0. 176127r(0 14) 0. 306127\'(0 26) 0. 196L27T(0 15) 0. 446L27r(0 39) 0. 1862277(0 16)
0. 536227r(0 43) 0. 8561271'(0 75) 0. 5561271'(0 45) 0. 6()6%271' (0.50) 0. 556’L27T (0.48)
pgl <0 286227r(() 37) > <0 1261271'(0 19) > <O 2761277(0 55)> <0 2361277(0 31)> <0 2661271'(0 33)>
0. 346727r(0 30) 0. 156727r(0 12) 0. 3267271'(0 28) 0. 2961271'(0 25) 0. 3161271'(0 34)
0. 306127r(0 23) 0. 586127r(0 48) 0. 2961271'(0 22) 0. 8961271'(0 79) 0. 3161271'(0 24)
pgl <0 426227r(0 51) > <O 2561271'(0 33) > <O 4361271'(0 o2)> <0 1061277( 7)> <0 4161277(0 50)>
0. 4762277(0 42) 0. 3062277(0 27) 0. 486227\'(0 43) 0. 1361271'( .10) 0. 4667.271'(0 41)
Table 4

CFN-SHS values for Antifungal efficacy

I ag o as oy as

0. 1461271'(0 10)

0. 566’L27T (0.64)

0. 3462271'(0 30) 0. 4761271'(0 42) 0. 3662277(0 32 0.61¢%27 (0. 56) 0. 3361271' (0.29
0.23)

0. 816127r(0 71) 0. 56612#(0 46) 0. 7867,271'(0 68) 0. 3061271'( 0. 7761277(0 67
ngQ <0 156127r(0 22)> <0 256127r(0 34) > <0 1761271'(0 24) > <0 4061277(0 48) > <0 1661271' (0.23
(

0 4261271'(0 51) 0. 306z27r(0 39) 0 2761277 (0.35

0. 54ez27r(0 44)
<0 286227r(0 37)

<0 316L27I'(0 24) 0. 5061271'(0 40)> <0 5561271'(0 45)

0. 186227r(0 15 0. 3161271'(0 27 0. 2061271'(0 16 0.45¢27(0.40 0. 1961271' (0.17

)

)

)

)

)

0. 51€z27r(0 41) 0. 8462277(0 74) 0. 536127\'(0 43) 0. 5861271' (0.48) 0. 5467.271' (0.44)
<0 296z27r(0 38) <0 136L27l'(0 20) 0. 2461271'(0 32) <0 2761271'(0 35)
)
)
)
)

0. 356227r(0 31) 0. 1661271'(0 13) 0. 336z27r(0 29 >

0.28¢127(0.21) 0.56¢12m(0.46) 0.27¢27(0.20)
P <0.43e’2”<0-52>> <0.26@"2”(0'34)> <0 44¢727(0-53)

0.48€i27r(0'43) 0'3161’2#(0.28) 0'4961271'(0.44

0.28¢2m(0-36) >
0.30¢2m(0-26) 0.32¢27(0-28
0.87¢"2m(0-77) 0.29¢2m(0-22
<0 11¢i2m (0. 18)> 0.42¢°2m(0-51 >
0.14¢2m(0-11 0.47¢i2m(0-42
CFN-SHSS is presented as X : &7 x gy x J3 x 8y X S5 — S, (7). Suppose that X(¢) = R(High
Antibacterial efficacy, High Colloidal stability, High Biocompatibility) = {2, a4, a5}, as given in Table 8.
Then for this relation we have the CFN-SHS values such that
( pgl {0.8567;277(0'75), 0.126i2ﬂ(0'19), 0.1567;277(0'12)}, )
as, pgg{0'516i2ﬂ'(0.41)7 0.306i2ﬁ(0'39), O.366i27r(0'32) }, ’
pg5{0'526i27r(0.42)’ O.296i2ﬂ(0'38), 0.356i2ﬂ(0'31)}
pgl {O.60€i27r(0'50), 0.236i27r(0.31), 0'29€i27r(0.25)},
N(£> — ay, p(\ {0 572 (0.47) 0. 2561'271'(0 33) 0. 306i277(0 26)}7 7
p(\ {0 566127r(0 46) O 266127r(0 34) 0 316127r(0 27)}
pc\ {O 556z27r(0 48) 0 2661271'(0 33) O 316227T(0 34)}
as, )00 {0 306127r (0.23) 0 416227r(0 50) O 466127r (0. 41)}
p(\ {0 316127r(0 24) O 4061271'(0 49) 0 456127r(0 40)}

\

Definition 4.1 [CFN-SHS Subset] Let us take two CFN-SHSSs
N(ly) = {<p RO () i 0) | (RO () T (0) | NE () eiﬁ?“”(m>} 7

/
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Table 5

CFN-SHS values for Colloidal stability.

I3 aq D) a3 g as
0.55¢i2m(0.45) 0.53¢i2m(0.43) 0.32¢i2m(0.25) 0.15¢i27(0.11) 0.85¢:27(0.75)

pé <0_276i27r(0.36)> <O'286127r(0.37)> <0_39612w(0.48)> <0_55ei27r(0.63)> <O 13827 (0. 20)>
0.33¢27(0.29) 0.34¢27(0.30) 0.44¢27(0.39) 0.60¢:27(0-55) 0.16¢:27(0-13)
0.892¢127(0.72) 0.80¢27(0.70) 0.56¢:27(0.46) 0.31¢27(0.24) 0.54¢27(0.44)

pgs <0.14ei27r(0.21)> <O'156i27r(0.22)> <O_26ei27r(0.34)> <0.406127r(0.49)> <0 97827 (0. 35)>
0.17¢i2m(0.14) 0.18¢i27(0.15) 0.31¢i27(0.27) 0.45¢i27(0.40) 0.32¢27(0.28)
0.52¢:27(0.42) 0.51¢27(0.41) 0.86¢27(0.76) 0.57¢:27(0.47) 0.30¢27(0.23)

pgs <0_29e¢27r(0.38)> <0_306i2n(0.39)> <0.126i2ﬂ'(0.19)> <0'256i2ﬂ'(0.33)> <O 41 ¢i27(0. 50)>
0.35¢:27(0-31) 0.36¢:27(0.32) 0.15¢27(0.12) 0.30¢27(0.26) 0.46¢:27(0-41)
0.30¢27(0.23) 0.29¢27(0.22) 0.58¢27(0.48) 0.90¢27(0-80) 0.13¢27(0.09)

pgs <0'426i27r(0.51)> <0_43€i27r(0.52)> <0.24ei27r(0.32)> <0'09€i27r(0.15)> <0 576027 (0. 65)>
0.47¢:27(0.42) 0.48¢27(0.43) 0.29¢27(0.25) 0.12¢127(0.09) 0.62¢12m(0.57)

Table 6

CFN-SHS values for Synthesis/crystallographic quality

Sy

0. 326127r(0 25)

0. 396227r(0 48)
0. 4462277(0 39)

0. 566227r(0 46) 0. 336127\'(0 26)
p(]:\;f4 <0 266227r(0 34) > <0 3861271'(0 47) >
0. 316227r(() 27 0. 4361271'(0 38

0. 8461271' (0.74)
0. 1361277 (0.20)
0. 1667.271' (0.13)

0. 3061271' (0.23)
0. 4161271' (0.50)
0. 4661277 (0.41)

0. 5661271'(0 64) 0 4061271'(0 49)

Pz,

0. 146127r(0 10)> <0 3161271'(0 24)

0. 6162277(0 56 0. 456227\'(0 40)

0. 836227r(0 73)
0 1561271'(0 22)
0. 1861271'(0 15

0. 536227\'(0 43)
0. 2867,271'(0 37)

0. 146127r(0 21)

0. 176227r(0 14)

0. 5262277(0 42)
0. 296227r(0 38)

0. 236127r(0 31)
0. 2961271'(0 25
0. 8862277(0 78) >

) )

(0-29) (0-26)
0.80¢2m(0-70) 0.29¢27(0-22)
0.16¢27(0-23) 0.42¢727(0-51)
0.19¢27(0.16) 0.47¢127(0.42)
0.51¢"2m(0-41) )
0.30¢27(0-39) )
0.36¢2m(0-32) )

0. 1267.271' (0.08
0. 586L27r(0 66
0. 6?)6%277 (0.58

0. 106127\'(0 17)

0. 5467,271'(0 44) 0. 556L27r(0 45) 0. 5761277(0 47)
<0 2761271'(0 35) > <0 2761277 (0.36 > <0 25€’L27T (0.33 >

0. 3262277(0 28 0. 3361277 0.29 0. 3061271' 0.26
0. 596227r(0 49)> <0 8161271'(0 71)> < > < >

0. 356227r(0 31) 0. 1361271'(0 11 0. 3461271'(0 30)

and

N(E2) = { (i, E50(p) 2570, (0 V0 () ol i)
over a = {ay,as,a3,0q4,a5} and let & = {1, 3o,...,8,}, forn > 1, be a set of attributes as-
sociated with J#". For each attribute, assign a corresponding attribute-value set {p1, p2, p3, ..., pn},

chosen so that p; N p; = @, suchthati,j € {1,2,3,4,...,n},V i # j. Further, suppose that
P(m), P(p2), P(p3),- .., P(pn) denote the respective power sets of p1, p2, p3, . . ., pn, and define
the multi-argument function & (p1) X P (p2) X P(p3) X -+ - x P(p,) = L. X(£1) is known to be the
CFN-SHS subset of X(¢5) if the constraints stated below are satisfied;

() < @ (), 9E D (p) < 97 (p),

G (p) < @ (), 9 () <97 (p),
M (p) = M (), 9D (p) = 9 (p).

10
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Table 7
CFN-SHS values for Biocompatibility

S5 g o as

Qy

(873

0. 3361271'(0 26)
0. 3861277(0 47)
0. 436127\'(0 38)

0. 546127r(0 44)

0. 286227r(0 37)
0. 34€z27r(0 30)

0. 806127r(0 70)
ngs <0 166227r(0 23) >
0. 1962271'(0 16

0. 536127r(0 43)
0. 2962271'(0 38)
0. 356227r(0 31)

0.79¢27(0-69) 0.55¢27(0-45)
<0 15¢/2m(0-22) > <o 27¢/27(0-35)
0.18¢27(0-15 0.32¢27(0-28)
0.51¢2m(0-41) 0.52¢27(0-42) 0.85¢27(0-75)
< > <0 12¢727(0-19)

0.15¢"2m(0-13)

0.57¢"2m(0-47)
< > <0 25¢127(0-33)

0. 306z27r(0 26

0. 306127r(0 39)
0. 366227r(0 32)
0. 29€z27r(0 22)>

0.29¢27(0-38)
0.35¢2m(0-31
0.28¢"2m(0-21)
0.44¢27(0-53)
0.49¢2m(0-44

0. 436127r(0 52)

0. 486227r(0 43

0.14¢27(0-10)
0.56¢2m(0-64)
0.61¢727(0-56)
(
(

0.30e%27(0- 23)
0. 4]_6%271' 0.50)
0. 4661277 (0.41
0. 5667,271'(0 46)
0. 2661277 (0.34)
0. 3161277 0.27)
0.81)
> <O 0827 (0. 14)

(
0.91¢27(
(
0. 116z2ﬂ'(0 08)

0. 8761271' 7
0. 1161271' (0.18
0. 1461271' (0.11

0. 5361271'(0 43
> <0 2861277 (0.36
0. 3361271' (0.29

)
)
)
)
)
)

0. 3161277(0 24)

0.40¢2m(0-49)
0.45¢2(0-40)
0.11¢"2(0-07)
0.59¢27(0-67)
0.64¢27(0-59)

)
)
)
;

Table 8
CFN-SHS values for R(?)

R oy

(873

0. 856127r(0 75) 0. 6061271'(0 50)

s, <0 12¢727(0-19) <0 23¢127(0:31)
0.15¢72m(0-12) 0.29¢2m(0-2%)
0.51¢2m(0-41) 0.57¢/2m(0-47)

s, <0 30e2m(0:39) <0 2527 (0-33)
0.36¢2m(0-32) 0.30¢2(0-26)
0.52¢/2m(0-42) 0.56¢2m(0-46)

Pl <0 29¢127(0- 38>> <0 2627 (0-39)
0.35¢2m(0-31 0.31¢72m(0-27

0.55¢2m(0-48)
<0 26¢27(0:33)
0.31¢72m(0-3)
0.30¢27(0-23)
<0 41¢2m(0:50
0.46¢/2m(0-41

0. 4061271' 0.49

)
)
0.24)
)
0.45¢2(0-40)

(
0.31e%27(
(
(

)

;

Example 4.1 Suppose we take two CFN-SHS sets N(/;) and R(¢5) over «
then we have R(¢/;) = Y(High Antibacterial efficacy, High Biocompatibility) = {as, a5}, be the CFN-
SHS subset of X(¢3) = N(High Antibacterial efficacy, High Colloidal stability, High Biocompatibility)
= {an, oy, a5}, as presented in Tables 9 and 10, respectively.

Table 9
CFN-SHS values for R(¢;)

S5 a2 as

0.85¢i27(0.75)
pgl <0_126i27\'(0.19)
0.15¢/2m(0-12)
0.52¢27(0.42)

H 0.2961'271'(0.38)
0'3561’271'(0.31)

0.55¢27(0.48)
<0_26612w(0.33)
0.31¢727(0-34)
0.31¢27(0-24)
0.40¢27(0-49)
0.45¢127(0.40)

Definition 4.2 [CFN-SHS Equality] Let us take two CFN-SHSSs
N(£y) = {< 0, 8O () P V) (RO () 0 0) N () ewi*“1>(@)>} ’

{Oél, Qg, (3, Oy, a5}l

11
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Table 10
CFN-SHS values for N(Eg)

Ss

0. 886’27"(0 76) 0. 6361271'(0 56) 0. 5861277(0 49)
pgg <O 15¢i27(0.22) > <O 95¢i27(0.32) <0 97¢12m(0.36) >
(
(
(

0.14¢"27(0-11) 0.24¢727(0-22) 0.29¢2m (032

0.51¢2m(0-41) 0.57¢2m(0-47) 0.30¢/27(0-23)
oy, <0 30e2m(0:39) > <0 2527 (0-33) > <0 41¢27(0:50) >

0.36¢2(0-52 0.30¢"27(0-26 0.46¢"2m(0-41
<0 55¢12m(0-43) <0 57¢12m(0-48) <0 33¢12m(0-27)

0 3261271'(0 39) 0 2861271'(0 36) 0 4461271' (0.50)
0. 3462271'(0 29) 0. 3062271'(0 24) 0. 4261277 (0.38)

and

R(lo) = { (p, €30(p) 20, (N () 910, N ) (D)
over a = {ay, a9, a3, 04,5} and let § = {39, S3y,...,3,}, forn > 1, be a set of attributes as-
sociated with #". For each attribute, assign a corresponding attribute-value set {p1, p2, p3, ..., pn},

chosen so that p; N p; = @, such thati,j € {1,2,3,4,...,n},V i # j. Further, suppose that
P(p1), P(p2), P(p3),- .., P(pn), denote the respective power sets of p1, pa, p3, . . ., pn, and define
the multi-argument function Z(p;) x Z(p2) X P(p3) X -+ x P(p,) = L. X({1) is known to be the
CFN-SHS equal to X(/3) if the constraints stated below are satisfied;

1 J— N El _ N 32
() = ") (), 9 (p) = 95 (),
1 _ 2 N(41 N Y4
() = (), W (p) =95 (),
M () = N (), YR () = 9N (),
Example 4.2 Suppose we take two CFN-SHS sets N(¢;) and X({3) over a = {ay, s, a3, ay, a5},
then we have R(/;) = Y(High Antibacterial efficacy, High Biocompatibility) = {as, a5}, be the CFN-

SHS equal to N(¢;) = N(High Antibacterial efficacy, High Colloidal stability, High Biocompatibility)
= {ag, ay, a5}, as presented in Tables 11 and 12, respectively.

Table 11
CFN-SHS values for X(¢;)
%5 a2 (873
0.85¢127(0.75) 0.55¢27(0-48)
Ps, <0'126m(0'19) 0.26¢727(0:33)
0.156i2ﬂ(0'12) 0'3161’271'(0.34)
(

0.52¢27(0.42) 0.31¢i27(0.24)
pgs <0.29€i27r(0.38)> <0'4Oei2ﬂ'(0.49)>

0-3561'271'(0.31) 0_4561'271'(0.40)

Definition 4.3 [CFN-SHS Null Set] Let us take a CFN-SHSSs
R(0) = { o, E0(p) 0, (N0 (g) W) () @)L

over @« = {1, 9, a3, 04,5} and let § = {39, Sy,...,S,}, for n > 1, be a set of attributes as-
sociated with J#". For each attribute, assign a corresponding attribute-value set {p1, p2, p3, ..., pn},
chosen so that p; N p; = @, such thati,j € {1,2,3,4,...,n},V i # j. Further, suppose that

12
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Table 12
CFN-SHS values for N(Eg)

R a2

0.856i27r(0 75) 0. 6061271'(0 50) 0. 5561277(0 48)
pgl <O 1262'271'(0 19) > <O 2361277(0 31) > <0 2661277(0 33) >
(
(
(

0.15¢727(0-12) 0.29¢27(0-25 0.31¢"2m(0-34)

0.51¢2m(0-41) 0.57¢2m(0-47) 0.30¢/27(0-23)
o4, <0.30612”(0 -39) > <0 25¢127(0:33) > <0 41¢12(0-50) >

0.36¢i2m(0-32 0.30¢i2m(0.26 0.46¢i2m(0-41
<0 52¢i2m(042) <0 5627 (0-46) <0 31ei2m(0:24)

0.2961271-(0 38) 0 2661271'(0 34) 0 4061271' (0.49)
0.3562'271'(0 31) 0. 3162271'(0 27) 0. 4561277 (0.40)

P(m), P(p2), P(p3),- .., P(pn) denote the respective power sets of p1, pa, ps, . . ., pn, and define
the multi-argument function Z2(py) x P (p2) X P(p3) X -+ x P(p,) = L. N({1) is known to be the
CFN-SHS null set if the constraints stated below are satisfied;

O (p) =0, 959 (p) =0,
O (p) =0, 9.9 (p) =0,
MO (p ):0,19? (p) = 0.

Example 4.3 Suppose we take a CFN-SHS set R(¢) over o = {1, ag, a3, ay, as }, then we have X({) =
N(High Antibacterial efficacy, High Biocompatibility) = {«s, a5}, be the CFN-SHS null set, as presented
in Tables 13.

Table 13
CFN-SHS values for X(¢;)
%5 (83 (0753
OeiQﬂ'(O) OeiZﬂ'(O)
pgl Oei27r(0) OeiZﬂ'(O)
06i27r(0) 06i27r(0)
OeiZﬂ'(O) Oei2ﬂ'(0)
pgr) 0€i27r(0) OeiZﬂ'(O)
) 0ei27(0) 0ei27(0)

Definition 4.4 [CFN-SHS Complement] Let us take a CFN-SHSSs

R(0) = {(p, &) <", (MO (g) 70, RO ) TN

over @ = {ay, 9, a3, 4,5} and let § = {39, Sy,...,S,}, forn > 1, be a set of attributes as-
sociated with .#". For each attribute, assign a corresponding attribute-value set {p1, p2, p3, .-, pn},
chosen so that p; N p; = @, such thati,j € {1,2,3,4,...,n},V i # j. Further, suppose that
P(m), P(p2), P(p3),- .., P(pn) denote the respective power sets of p1, p2, ps, . . ., pn, and define
the multi-argument function 22 (p1) x P (py) X P(ps) x -+ x P(p,) = L. R({) is known to be the
CFN-SHS complement of X(¢) if the constraints stated below are satisfied;

0 (p) = M (p), 979 (p) = O(p),
O(p) =1 - CO(p), 91 (p) = 1 - 92 (p),

MO () = 80 (p), X (p) = 95 ().
13
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Example 4.4 Suppose we take a CFN-SHS set X(¢) over o = {1, a9, a3, a4, a5}, then we have
N(¢) = RX(High Antibacterial efficacy, High Colloidal stability, High Biocompatibility) = {as, a4, a5},
as presented in Table 10 then its complement Nc(é) is given in the Table 14.

Table 14
CFN-SHS values for R¢ (¢)

%5 a2 (e 7}
0.14¢2m(0.11) 0.24¢127(0.22) 0.29¢127(0-32)
ok, <0.85ei2”(0'78)> <0.75el27f(0 68) > <0 73¢12m(0-64) >
0.88¢2(0-76) 0.63¢727(0:56 0.58¢72m(0-49
0.36¢12m(0-32) 0.30¢i2m(0.26) 0.46¢12m(0-41)
ng <0_706i27r(0.61)> <0 75127 (0. 67)> <0 59¢27 (0. 50)>
0.51¢"2m(0-41) 0.57¢2m(047 0.30¢27(0-23
0.34¢127(0.29) 0.30¢i2m(0.24) 0.42¢127(0.38)
pgs <0.68ei27r(0.61)> <0 796127 (0. 64)> <0 56027 (0. 50)>

0'5561’271'(0.43) 0'5761271'(0 48 0. 3361271' (0.27

Definition 4.5 [CFN-SHS Union] Let us take two CFN-SHSSs
N(ly) = {<p’ N0 () 6%’@““(@% R () o V(e 0 NE(p) 6i§?(zl)(p)>}7

and

N(E2) = { (. E50(p) 2570, (0 V0 () ol Vi)
over a = {ay,as,a3,0q4,a5} and let & = {3, 3o,...,8,}, forn > 1, be a set of attributes as-
sociated with #". For each attribute, assign a corresponding attribute-value set {p1, p2, p3, ..., pn},

chosen so that p; N p; = @, suchthati,j € {1,2,3,4,...,n},V i # j. Further, suppose that
P(m), P(p2), P(p3),- .., P(pn) denote the respective power sets of p1, p2, p3, . . ., pn, and define
the multi-argument function &(p1) x P(p2) X P(p3) X -+ X P(p,) = L. The CFN-SHS union
between R(¢;) and X(¢3) is given by;

R(6) UR(E) = {(p, €(p) "0, (MO() 7070, 10 () 00 }
where,
if o € X(0y)
; if p € N({s)
| max (£ (), ) () eimax(ﬁg(zl)(p)ﬁ?(z?)(pn if o € N(01) NN(Ly),

)

é’N(el)( ) “9&(121)()

€0 (p) %0 = ¢ ) () £ T

R(61)
’Cx(el)(p) el () if o € RX(4y)

_ R(e2)

CN(Z)(p) e (p) — gN(fg)(p) e 2 (@)7 if o € R(ls)
(

L R(£71) R(Lg)
[ min (06 (0), e (g)) & TOEDO) it e ne) nneey),
(gN(él)(p) ewﬁ“l)(p% if o € N(¢)
R(£) - gR(€2)
CN(K)(@ eids (o) — ] ¢ () () etPs o) if o € R(ly)
i min (£1) N(42)
[ min (X)), ) () & ™ (T OETO) e e n() (),

Example 4.5 Suppose we take two CFN-SHS sets R(¢;) and R(/;) over a = {1, o, a3, g, a5 }, then
we have R(¢;) = R(High Antibacterial efficacy, High Biocompatibility) = {2, a5}, and X(¢3) = X(High
Antibacterial efficacy, High Colloidal stability, High Biocompatibility) = {aw, ay, a5}, as presented in
Tables 9 and 10, respectively. Then the CFN-SHS union R(¢;) U X(¢5) is given in Table 15.

14
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Table 15
CFN-SHS values for X(¢;) U N(Eg)

R (8733

0. 8861271’(0 76) 0. 6361271'(0 56) 0.586i2ﬂ-(0'49)
pgl <O 1262271'(0 19) > <O 2561277(0 32) > <0.266i2w(0'33)>
(
(
(

0.14¢i2m(0.11) 0.24¢i2m(0.22 0.29¢127(0-32)
0.51¢i2m(0-41) 0.57¢i2m(0.47) 0.30¢27(0-23)
o4, <0 302 (0-39) > <0 25¢127(0:33) > <0.41ei2ﬂ 0~50>>
0.36¢i2m(0-32 0.30¢i2m(0.26 0.46¢i2m(0-41)
0.55¢12m(0.43) 0.57¢i2m(0.48) 0.33¢127(0-27)
% <0 29¢127(0-38) > <0 28¢127(0-36) > <0.40ei2ﬂ(0~49>>

0. 3462271'(0 29 0. 3062271'(0 24 0.4261'277(0.38)

Definition 4.6 [CFN-SHS Intersection] Let us take two CFN-SHSSs
N(b) = {<@, N () (i 1 O) | (R () T E) - NE () em?“”(p)>}’

and

N(ly) = {<@’ 5““2)(@) eiﬁ?(@(p), QN(Zz)(@) eiﬂ?(@(@)’ CN(KQ)(Q) eiﬂ?“”(@)>},
over @ = {ay, 9, a3, a4, 5} and let § = {39, Sy,..., S}, forn > 1, be a set of attributes as-
sociated with #". For each attribute, assign a corresponding attribute-value set {p1, p2, p3, .-, pPn},

chosen so that p; N p; = @, such thati,j € {1,2,3,4,...,n},V i # j. Further, suppose that
P(m), P(p2), P(p3),- .., P(pn) denote the respective power sets of p1, pa, ps, . . ., pn, and define
the multi-argument function & (p;) x Z(pa) X P(p3) X - - x P(ppn) = L. The CFN-SHS intersection
between R(¢;) and X(¢3) is given by;

R(6) () = {{p, €0 (p) €70, (MO (g) 770, MO () ) )

where,
80 (o) e Vo) if o € R((;)
- aR (L)
gN(E)(p) 119 (KD) é‘N(Zg)(p) 6“9‘? ¢ (@)7 if o € N(ﬁg)
o R(ey) R(2o)
min (€40 (), 82 () ¢ @ETO) e o @ niey) nn(ey),
(M) () eite ), it o € N(0)
SR N(Ey)
NO(p) e ) = & (R () ¢ ), if o € N(Ly)
N(01) R(f2) imax (07 V()07 (0))
[ max (Y (p), (M) (p)) e if o € N(01) NR(Ly),
() () e o if o € R(¢y)
RNO() 27 = & NE) () 7 ’ if o € N(6,)
. R(l1) N(fz)
e (2100, 409 ) VOO o i) (e,

Example 4.6 Suppose we take two CFN-SHS sets R(¢;) and R(/5) over a = {1, e, i3, g, 5 }, then
we have R(¢;) = R(High Antibacterial efficacy, High Biocompatibility) = {as, a5}, and X(¢5) = R(High
Antibacterial efficacy, High Colloidal stability, High Biocompatibility) = {aw, ay, a5}, as presented in
Tables 9 and 10, respectively. Then the CFN-SHS intersection 8(¢;) N X({y) is given in Table 16.

5. Conclusion
This research article developed the notion of complex Fermatean neutrosophic hypersoft set and
its power-set-indexed extension, the complex Fermatean neutrosophic super-hypersoft set, general-
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Table 16
CFN-SHS values for R(¢1) N N(43)
s g oy as

0.63¢27(
0.25¢27(
0.24¢27(
(
(

0. 5lez27r(0 41) 0.57¢27 (0. 47)
pgS <0 3061271'(0 39) > <0 2527 (0. 33) >

0. 8561271'(0 75)
0. 1562271'(0 22) >

0.56) 0.55¢i2m(0.48)
0.32) > 0.27¢i27(0.36) >
0.2 0.31¢i27(0-34
(
(

0.30e%27(0- 23)
<0 416’L27T 0.50) >

0. 1562277(0 12)

0. 4661277 (0.41
0. 3161271'(0 24)
0. 4461271' (0.50)
0. 4562271' (0.40)

0.36¢2(0-52 0.30¢"27(0-26
0.52¢#2m(0-42) 0.57¢2m(0-48)
0.28¢72m(0-36)
0.30¢72m(0-24)

0. 3261271'(0 39)
0. 3562271'(0 31)

izing the cubic constraint of fermatean neutrosophic logic into a phase-carrying, multi-attribute struc-
ture. By embedding the amplitude—phase term with the truth, indeterminacy, and falsity grades, the
suggested formulation addresses an extra independent dimension of decision that classical real-valued
or interval-valued neutrosophic hypersoft frameworks are unable to capture. The basic algebraic
structures were established and elaborated through extensive numerical examples, and the formu-
lation was implemented on a practical and significant issue of selecting the optimal green-synthesized
silver nanoparticle (AgNP) formulations against various criteria which are antibacterial efficacy, anti-
fungal efficacy, colloidal stability, synthesis quality, and biocompatibility, along with their gradual sub-
criteria. The resulting model provided a systematic and structured way to reconcile these competing
signals into a single, transparent ranking, elaborating that the CFN-SHS sets are not merely a theo-
retical enrichment but a practically usable decision-support instrument for nanomaterial researchers
operating under genuine uncertainty and can be effectively applied on several other broader fields
too.

5.1 Future Directions

Several future prospects remain open for researchers in this field of study.

e Theoretically, score and accuracy functions, similarity and distance measures, weighted and
ordered aggregation operators would really strengthen the approach’s ranking ability beyond
the set-theoretic operations presented here. The model could also be integrated with the de-
veloped efficient MCDM schemes like TOPSIS, VIKOR, or CoCoSo to produce a comprehensive
decision-making algorithm and generalized to hesitant or interval-valued approaches for set-
tings where even the amplitude and phase components are only approximately known.

¢ In the applied side, the illustrative case study employed representative numerical values for
AgNP criteria, future studies could explore the use of measured antimicrobial, cytotoxicity, and
stability data, evaluated through a clear, reproducible process, to assess the framework against
real laboratory results. Furthermore, the case study could be implemented on a wide spectrum
of application domains other than the biomedical and agricultural settings considered here.
More broadly, the complex Fermatean neutrosophic super-hypersoft model could be useful be-
yond the nanomaterial prioritization, offering a realistic fit for any decision-making challenge —
in healthcare, supply chain management, or environmental assessment — where uncertainty is
cubic-bounded, three-valued, multi-attributed, and carries a genuinely periodic or comparative
second dimension that real-valued models leave unaddressed.
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