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Abstract
This study introduces a novel decision-making framework, termed Dual-Consensus Decision for
Decision Making (DCD-DM), that unifies Local Union of Binary Intersections (LUBI) and Global
External Intersection (GEI) strategies to support robust consensus-based reasoning. The model is
further extended through the incorporation of soft-fuzzy set theory, enabling decision mechanisms to
account for uncertainty and partial agreement among criteria. Stepwise formulations are presented to
demonstrate how weighted aggregation and union-based logic can refine decision outcomes in
complex environments. The proposed approach is benchmarked through illustrative examples,
revealing its capability to balance strict consensus and flexible compromise. This framework opens
pathways for scalable and intelligent multi-criteria decision systems in uncertain domains.
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1. Introduction

The complexity of modern systems and decision-making criteria in ambiguous environments has led to the
emergence of mathematical tools capable of dealing with uncertainty. Soft set theory [1], proposed by D.
Molodtsov in 1999, is at the forefront of robust mathematical frameworks for representing uncertain
knowledge. It has proven effective in addressing the shortcomings of other theories dealing with uncertainty,
such as probability theory and fuzzy and rough set theories |2, 3]. Besides the theoretical developments of
soft sets that have been extensively studied in the literature [4-9] researchers have developed several soft set-
based methodologies to solve decision-making problems as in [6,10-12]. Traditional soft set models offer
flexibility by allowing decisions to be parameterized. Decision making in multi-criteria environments often
demands a balance between local agreements among parameters and global consensus across decision
makers. Classical decision-making approaches may fail to accommodate partial agreement, uncertainty, or

conflicting evaluations, especially when strict intersection-based criteria are applied. Which often produces
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empty decision sets, or when dealing with binary and fuzzy information simultaneously. This creates a need
for a more flexible and expressive decision model capable of integrating both hard and soft consensus
mechanisms.

This paper proposes a novel decision-making framework that combines binary logic and soft-fuzzy set
theory to address challenges in multi-criteria environments characterized by uncertainty and partial
agreement. Specifically, it introduces a Dual-Consensus Decision Making (DCD-DM) model that integrates
the Local Union of Binary Intersections (LUBI) and the Global External Intersection (GEI) to capture both
localized and global agreement among evaluators. The framework is extended with fuzzy-soft logic to enable
graded outputs and confidence-based ranking, enhancing decision robustness in complex scenarios.

The paper is organized as follows: Preliminaries on soft sets, fuzzy sets, and soft-fuzzy theory are introduced
in section 2. Section 3 presents the core dual-consensus algorithm and its underlying mathematical structure.
Additionally, a comparative example is provided to demonstrate the practical implementation of the model
and evaluate its effectiveness in comparison with previous methods. Section 4 explores the main
mathematical properties of the DCD operator, including symmetry and De Morgan’s laws, with formal
proofs. Section 5 presents special cases of the DCD operator and introduces a weighted and extension to
handle cases of strict or partial consensus. The section includes techniques for generating more inclusive
decisions. Section 6 explores a fuzzy-soft scoring mechanism for ranking decisions. Finally, section 7

concludes the paper and outlines directions for future research.
2. Preliminaries

To understand the mechanism of the proposed algorithm, it is first necessary to clarify some basic concepts
on which the adopted methodology is based.
2.1 Soft Sets [1]
Let U be a universal set and E a set of parameters. A soft set over U is a pair (F, A), or simply F,, where
A S Eand F:A — P(U). For each parameter e € A, the mapping F assigns a subset F(e) € U.
2.2 Fuzzy Sets [2]
A fuzzy set y over U is defined as u: U — [0,1], assigning a degree of membership to each element.
2.3 Soft Fuzzy Sets [13]
Let U be a universal set, E a set of parameters, and A & E. A pair (F, A) is called a soft fuzzy set over U
if:
I.  There exists a fuzzy relation
U A x U - [0,1],

represent degrees of satisfaction for each element h € U with respect to each element e € A.
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ii.  'The mapping F: A = P(U) defined by via the a-cut of ug i.e.,
F(e)={h € U:ur(e,h) = a,a € [0,1]}.
2.4 And-Product [6]
Let (F,A) and (G, B) be two soft sets defined over a universe U with corresponding parameter sets E.
Then and-product of (F,A) and (G, B) denoted by (F,A) A (G,B) = (H,A X B), where:
H(x,y)=Fx)NG(y)V (x,y) € AXB.

3. Dual-Consensus Decision (DCD-DM) Model

This section introduces the Dual Consensus Decision (DCD) method, which builds on the “and-product”
operation to support intersection-based decision-making. The and-product is used to generate pairwise
intersections that underpin the Local Union of Binary Intersections (LUBI) and the Global External
Intersection (GEI), enabling the identification of shared and distinct elements across decision matrices and
forming the core of the DCD framework.

3.1 Basic Definitions

Definition 3.1 Local Union of Binary Intersections (LUBI;;,;)

Let (F,A) and (G, B) be two non-null soft sets over the universe U, with approximate functions F: 4 —
P(U) and G: B = P(U), respectively. Then, the Local Union of Binary Intersections is defined as the union
of all pairwise intersections F(x) N G(y) for parameters X and y in the shared set A N B. Mathematically,
this can be expressed as:

LUBI;,; = U (F(x) N G(y)).

X,YEANB

Definition 3.2 Global External Intersection (GEI;,;)
Let (F,A) and (G, B) ate two non-null soft sets over the universe U, with approximate functions F:A4 —
P(U) and G: B = P(U) respectively. Then, the Global External Intersection is defined as the union of all
pairwise intersections F(x) N G(y) for parameters x € A and y € B, where x and y are not shared
between A and B (i.e.,, x,y € A N B). Mathematically, this can be expressed as:

6Bl = | ] (Fn6)).

XEA,YEB
xX,YEANB

3.2 Dual Consensus Decision (DCD-DM)
By using the definitions Local Union of Binary Intersections and Global External Intersection, a Dual
Consensus Decision method is constructed by the following algorithm:

Step 1: Input the soft sets (F, A) and (G, B).
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Step 2: Find and-product of (F, A) and (G, B).

Step 3: Find a Local Union of Binary Intersections - LUBI;,;.

Step 4: Find Global External Intersection — GEI;;.

Step 5: Dual Consensus Decision (DCD-DM)

The final decision is computed by intersecting LUBI;,; and GEl;, ie.,

DCD;y = U (FONGH»)n U (F(x) nG(»).

X,YEANB XEA,YEB
xX,YEANB

To illustrate the applicability of the proposed model, we consider a previously studied example (example 4
in [6]). Reusing this example allows for a comparison between the proposed dual-consensus framework and
prior decision-making techniques, as it enables the evaluation of results under identical conditions.
Example 1: In this example the universal set U = {hy, hy, hs, ..., hug}, represents the full set of candidates
under consideration. The evaluation parameters E = {eq, €, €3, ..., €7}, correspond to the parameters used
by decision-makers to assess candidates. Two evaluators select subsets of these parameters, denoted by A =
{e1,e3,e4,e7} and B = {eq, e,, €5}, respectively.

The soft sets are constructed, and there and-product are then computed

(6’1, {h4, h7, h13, h211 h’28' h31' h’321 h36' h39, h4-11 h43' h44, h49}):
(F A) — i(eZ' {h1; h31 h13, h18; h19l h21, h221 h241 h28' h321 h36' h42' h4-4-1 h46}):}
’ (84, {th h3, h13, h15' h18' h23, h25' h28' h30' h33' h36' h38' h42, h4—3})r
(87, {hlt h5, h12t h13' h17' hZOt h24' h28' h29' h34' h36' h41' h4—5' h47})

(elr {h3' h4' hS' hS' h14-' h21, h22' h26' h27' h34,, h'35' h37' h4—0' h4—2' h46})'
(G, B) = (er {hll h4_, h7, h101 hlli h13, hlSl h211 h29' h301 h’32' h36' h’4—2' h43' h45})'
(35, {hZ; h4' h8' h9l h12i h13, h14, h16' h17' thl h23' h28' h36r h4-2' h44-})

and-product of (F,A) and (G, B)

( ((31» e;),{hs, h21}): ((‘31: e2),{ha, h7, hy3, hyq, Ra, Rs, h43})' )
((91» es), {hy, N3, ha1, Rog, hse, h44}), ((92, e;),{hs, ha1,hyy,
haz, hae}), ((92» e3),{hy, hi3, ha1, haz, hse, h42}), ((92, es), {his,

(F,A) A (G,B) =1 hy1,hyg, hsg, hap, has}), ((94' e1),{hs, h42}), ((34, ez), {h13,hys,
h30, h36, N2, Ras}), ((94' es), {hy, hi3, ha3, hag, hse, h42})'
((97; e1), {hs, h34})' ((97, e2),{h1, hi3, hi7, hao, 3, h45})

\ ((97: es), {hi2, Rz, hy7, hog, hss}) J

Subsequently, the Local and Global intersections are computed.

"

a) Since A ={ey, e,, €467}, and B = {e4, e,,e5} then AN B = {e;, e,}. For each parameter x and

y € AN B, calculate F(x) N G(y):

27



THE ACADEMIC OPEN JOURNAL OF APPLIED AND HUMAN SCIENCES (2709-3344) vol (6), issue (1) 2025

F(ey) N G(ey) = {hy, hp1}
F(e1) N G(ez) = {hy, hy, hyz, hoy, hsz, hse, hys}
F(ey) N G(ey) = {h3, ha1, hay, haz, hye}
F(ey) N G(ez) = {hy, hys, ha1, hsy, hse haa}
Then
LUBL;,, = U (Fx)nG(y))

X,YEANB
= {h1; h3' h4' h7' h13' th) h22' h321 h36l h4—2' h4_3, h46}
b) Foreach x € A,y € B such that x,y € A N B, calculate F(x) N G(y):
F(es) N G(es) = {hy, hyz, hos, hog, hge, haz}
F(e;) N G(es) = {h12, hyz, hi7, hog, hse}-
Then
GEljpe = U (F(x) n G()’)) = {hy, Rz, hi3, hi7, ho3, hog, Rae, Rus .

XEA,YEB
X, yEANB

Finally, by combining the previous results, the Dual Consensus Decision (DCD-DM) is computed:
DDy = | | Feonem)n | ] F@nem)

X,YEANB XEA,YEB
x,yEANB

={h1, h3, hy, hy, hi3, Ryq, Rz, Rz, Rse, Rao, Rz, Rae} N (o, Rag, Rys, Rag, hos, hog, hae, Ry}

= {hy3, hag, haz}-
3.3 Comparative Results and Implications for Decision-Making
3.3.1 Compared Decision Sets
Applying the Dual Consensus Decision method in the example provided leads to the following set of
decisions

DCDine = {hu3, hae, haz}.
In contrast, N. Cagman et al. [6] obtains a wider set of decisions when applying uni—int decision
making method.

uni-int decision making = {hy, Ry3, hy1, hze, Rao )
3.3.2 Key Observations
a) Precision vs. Breadth:
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z. DCDjp method: Yields higher precision by integrating only the candidates that appear both in
intersecting and non-overlapping parameter pairs. The use of both shared (LUBI;;¢) and external

(GEl;;¢) consensus intersections increase the decision confidence.
7. uni—int method: Reflects a more inclusive approach by prioritizing union over intersection.

b) Decision-Making Implications:

7 Scores smaller than DCD;,,; method indicate higher confidence in the selected candidates due to the
prioritization of shared and distinct evaluators' perspectives.

#. uni—int method provides more alternatives that may be preferable when flexibility or

expansion is required.
4. Some Property

Property 1: Symmetry of the Dual-Consensus Operator
Let Fy = (F,A) and Fg = (G, B) be two soft sets over the universe U. The Dual-Consensus Decision-
DCDj,¢ operator, which integrates both the Local Union of Binary Intersections-LUBI;y; and the Global
External Intersection-GEl;;,;, is symmetric with respect to its input soft sets. That is:
DCD;pe (Fy A Fg) = DCDyy (F A Fy).

Proof:
The proof follows directly from the commutativity of set intersection, since both LUBI;, and GEI;;, are
defined based on intersection operations. Therefore, swapping the input soft sets Fy and Fg does not affect
the resulting decision set.
Property 2: De Morgan’s Laws to DCD;,;
Let Fy = (F,A) and Fg = (G, B) be two soft sets over the universe U. The complement of the Dual-
Consensus Decision DCDY,,, is given by:

DCD{,,; = LUBIf,,; U GEIj,,.

Here, the superscript ¢ denotes the classical complement in set theory.

Proof:
Since
LUBI,,; = U (F)NG(y)
X,YEANB
Then
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C

LUBI¢,, = U (FNGW) | = ﬂ (F)nG6m)°

xX,YEANB xX,YEANB
- ﬂ F(x)° U G(y)".
xX,YEANB
And
6Bl = | ] (F)n6m)
X€EA,YEB
X, YyEANB
Then
c
cilf = | |J Feon6o) | = (] F@nem) = [ Ferueo:
X€EAYEB X€EA,YEB XEAYEB
x,YEANB x,yEANB X, yEANB
Now

DCD;,r = U (Fx)NG))n U (F)nG(»))

xX,YEANB XEA,YEB
xX,yEANB

The complement of DCDj,; defined By

DCD¢,, = U (Fx)NG)n U (F)NGW»))

X, yEANB X€EAYEB
X, YEANB

Applying De Morgan’s laws to the definition of DCD§,;, results in:

Cc

DCD¢,, = U (F)nG) | u U (F)NGW)

xX,YEANB X€EA,YEB
X,YEANB
c Cc
= [ t@ncm)v [ F@new)
X,YEANB X€EAYEB
xX,YEANB
=[] F@rueerv [ F@ucw)
xX,YEANB X€EA,YyEB
x,y&ANB

= LUBI{,; U GEI{

int int*
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5. Special Cases of Dual-Consensus

5.1 Generalization using union DCD,,,,;: In certain cases, expanding the set of viable alternatives may be
beneficial. This can be accomplished by substituting the intersection operation with a union, thereby
generating more inclusive decision outcomes. Such a modification increases the model’s adaptability to
diverse and complex scenarios. When applied to the previous example, using the union in place of the
intersection results in an expanded decision set.

DCDyp; = U (Fex)nG(y))u U (F)nG»))

X,YEANB XEA,YEB
xX,YEANB

= {hy, hs, hy, hy, his, ho1, hog, Rz, hag, Raz, Rys, Rued U {hZ: 12, hy3, hi7 ho3, hag, Rae, h42}
= {hp hy, bz, hy, by, hag, haz, Rz hot, Rog, Ros, hog, g, hae, Rag, Rys, h46}'
Thus, obtain an expanded output is obtained compared to the output obtained using intersection alone,
reflecting the model's flexibility in including more alternatives in the decision-making process.
Remark 1: it can be noted that
DCDy,¢ © DCDypi-
This results from the fact that the intersection of two sets is a subset of their union.
5.2 Handling the Case When DCD;,,; = @
When applying the Dual Consensus Decision (DC D;y,¢) method, it's possible that:
e LUBl;y; is empty, or
e GEly, is empty, or
e Both are empty.
In such cases, the DCD;y,; result becomes empty, which may not be practical in decision-making scenarios.
Although it is mathematically valid. This indicates no candidates satisfy consensus under both shared and
distinct parameters, possibly due to evaluator disagreement, strict criteria, or poorly aligned parameter sets.
To handle this, one may:
1- Use fallback methods like the more inclusive DCD,,;,; or uni—int.
2- Reassess parameters A and B to improve ovetlap or expand evaluator input.
3- Partial DCDy,, if only one of LUBI;y; or GE I is empty: Consider using the non- empty one as a
weakened decision, e.g.:
DCD;,¢ = LUBIy or GEIy (fallback mode)
4- Consensus Decision Method (W — DCD;,,;)
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The weighted Dual-Consensus Decision method with intersection-based logic (W — DC Djy,;) enables partial
agreement between the Local Union of Binary Intersections (LUBI;¢) and the Global External Intersection
(GEIine). Instead of requiring full consensus, this method assigns scores to candidates based on their
presence in these intersected sets, allowing for a more flexible and inclusive decision-making process.

Steps of the W — DCD,,; Algorithm: Let (F, A) and (G, B) be two soft sets over universe U:

Step 1: Compute LUBI;; and GE I, int as in the original DC D;y,; method.

Step 2: Create a combined list of candidates appearing in either LUB Iy, ot GE ;.

Step 3: Assign a scote to each candidate h; € U as follows:

2 ifh; € LUBLy; N GEly,
Score(h;) =<1 ifh; € LUBljpy U GElyy, h; € both .
0 ifh; € LUBI,, and h; & GEl;;

Step 4: Compute weight Wy, of element h; such that the weight wy; defined by the ratio between of the
number of parameter pairs (X, y) where h; appears in F(x) N G() to the total number of pairs (x,y) for
all x and y € A U B. Mathematically:

L _ NGy €AXBih €F) NG|
= ((.,y) €AXB]]

Where || denotes set cardinality (number of elements).
Step 5: Compute wy, . Score(h;) for all h;.
Step 6: Set a threshold 8 € [0,2] to select candidates. (B may be determined by domain experts, or set
according to the specific objectives and criteria of stakeholders (e.g., companies or decision-makers)).
Step 7: The final decision set (W — DCDyy,;) consists of all candidates with scores equal to or above the
threshold 6.
Referring back to Example 1, there is

LUBIine = {hy, h3, hy, hy, hys, ho1, hog, Rz, hag, haz, hys, hae}

GEline = {hz» hi2, hiz, Ri7,Ra3, hog, he, h4-2}

Subsequently, score each candidate is

Candidate LUBI;,,; GEI,,; Score
his Yes yes 2
hse Yes yes 2
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Candidate LUBI,;,; GEI;,, Score
hy, Yes yes 2
hy, hs, hy, hy, hyq, hoy, o, hys, hye Yes No 1
hy, Rz, hy7 a3, hog No yes 1

Next, the weight Wy, of each element h; is computed. For example, if i = 1,

o There are 2 pairs whetre hy appears in the intersection i.e.,
[{(x,y) € AxB:hy e Fx) NG} = 2.
o There are 12 pairs with intersections i.e., [{(x,y) € AX B}| = 12.
Then

_ 2 = 0.16
1_12_ . "

Similarly, for any i the weight wy, of h; is determined using the same method. Accordingly,

Wh

1 2 3 1 1

th = E = 008, Wh3 = E = 016, Wh4 = E = 025, Wh7 = E = 008, Whlz = E = 008, Wh13 =
8 2 6 1 1 4
12 = 0.66, Wh,, = 1z = 0.16, Wh,, = ’r = 0.50, Wh,, = 1z = 0.08, Wh,, = ’E = 0.08, Wh,e = 1z =
2 8 6 2 1
0.33,wy,, = — = 0.16,Wy,, = — = 0.66,wy,, = = 0.50,wy,, = = = 0.16,wy,,, = — = 0.08.

Then, wy,. Score(h;) is computed for all h;.

Candidate wy, Score(h;) wy,.Score(h;)
Rys, hag 0.66 2 0.66 X 2 = 1.32
has 0.50 2 050%x2=1
hyy 0.50 1 0.50 X 1 = 0.50
hag 0.33 1 0.33 x 1 =0.33
h, 0.25 1 0.25x1=0.25
hy, hy, b, Ry, Ry, has 0.16 1 0.16 x 1 =0.16
Ry, hys, Rz Ros, hae 0.08 1 0.08 x 1 = 0.08
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Next, set @ = 0.5 as the threshold. Consequently, the decision set consists of all elements h; such that
wp,.Score(h;) = 0.5. Therefore,

W — DCDjyy = { h13, hz1, hze, haz}
This method prevents the decision from being empty and provides graded, confidence-aware outputs.
Introduce weights or thresholds to soften the strict intersection rule in the DCD method. Instead of requiring
elements to exist in all relevant intersections (crisp logic), allow partial membership or agreement turning the
model from crisp to fuzzy or graded. This makes the method more flexible and tolerant to minor

disagreements, especially useful when strict consensus leads to an empty decision set.
6. Introducing Weights and Fuzzy Relaxation to DCD-DM: Toward a Fuzzy-Soft Decision

The classical DCD-DM framework requires strict agreement across decision makers, meaning alternatives
must meet both local and global consensus conditions. This strictness can lead to no decisions when
evaluations conflict or are incomplete. To improve this, fuzzy logic is integrated into the soft set structure,
allowing partial agreement through weights and confidence levels. This changes rigid yes/no decisions into
flexible confidence scores, creating a more adaptable and robust decision-making process under uncertainty.
This soft-fuzzy extension preserves the foundational logic of DCD-DM while enabling nuanced decision
aggregation, making it more suitable for complex, real-world decision-making environments where ambiguity
and partial consensus are common.
Remark 2: A soft fuzzy set is a mathematical structure that integrates the concepts of fuzzy sets and soft
sets by defining a fuzzy relation between a universal set U and a parameter set E. Detailed discussions can
be found in [13].
6.1 Soft Fuzzy Sets and Relaxed DCD
Let (F,A) and (G, B) be two soft fuzzy sets over universe U with parameter sets A and B € E. For each
mapping F: A = P(U),G: B — P(U), The associated fuzzy relation is defined as a mapping:

urrA X U - [0,1], ug:B x U - [0,1].
These represent degrees of satisfaction for each element h; € U with respect to each parameter e; € A U B.
Instead of computing crisp intersections like:

DDy = | | Feonem)n | ] F@nem)
xX,YEANB X€EA,YEB
X,yEANB
A fuzzy consensus degree §(h;) € [0,1] is defined for each object h; € U, and computed as:

o(hy) = .uDCDmt(hi) = wy - fpypi(h) + wy - pge(hy),wa + wp = 1.
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This allows ranking of objects based on their fuzzy consensus scores.

Where:
a) wy,w, € [0,1]: Are weights reflecting the importance of local (LUBI;,;) and global (GEl;,;)

consensus.

b)  prypr(h;): Fuzzy degree of membership in LUBI,,; i.e.,

truer(hy) = min (,up(ej,hl-), uc (e, hi)),ej €EANBh €U
c)  Uggr(h;): Fuzzy degree of membership in GEl,, ie.,
teer(hy) = min(up(em, hy), pg(en hy)), em € A,en, EBs.tem,en € ANB, hy € U.
Example 2: Soft-Fuzzy DCD-DM for Investment Selection
Setup: Let the universe of alternatives be:
U = {h4, hy, hs3, hs} (Investment projects)
Let the evaluation parameters be:
E = {e;: high return, e,: low risk, e3: high liquidity}.
Two analysts evaluate the alternatives:
Analyst 1 (Soft fuzzy Set (F,A) with A = {eq, e2}):
pr(eq, hy) = 0.9, up(eq, hy) = 0.8, up(ez, hs) = 0.7, up(ez, hy) = 0.9.
Analyst 2 (Soft fuzzy Set (G, B) with B = {e,, e3}):
tc(ez, hy) = 0.6, ug(e3, hy) = 0.8, ug(es, h) = 0.6
First, compute fuzzy LUBI;;, ¢ and GEI;;,¢ scores
LUBI (Local Union of Binaty Intersections): only e, € A N B, for each h; € U, define:
trusr(hy) = min(up(ez, hy), ug(es, hy))
Results:

trypr(hy) = min(0,0.6) = 0, p;yp;(hy) = min(0,0) = 0,
trusi(hs) = min(0.7,0) = 0, pyyp(hy) = min(0.9,0) = 0.

GEI (Global External Intersection): for mismatched parameters: (e, €3)

teer(hi) = min(ug(eq, hy), pe(es, hi))

Results:

tger(hy) = min(0.9,0) = 0, pgg;(hy) = min(0,0.8) =0

tger(hz) = min(0,0.6) = 0, ugg;(hy) = min(0.8,0) = 0
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Both LUBI and GEI return zero values, indicating the absence of valid intersections. In such cases, fuzzy
relaxation is applied by replacing intersections with fuzzy unions combined with appropriate weighting.
Fuzzy unions are computed in place of intersections to ensure continuity in decision-making. For each
h; € U:

trugi(hy) = max(,uF(ez, hy), ug(ez, hi))

teer(hy) = max(.uF(el)hi)' ue(es, hi))

LUBI (Fuzzy union for e,):
trypr(hy) = max(0,0.6) = 0.6, pyyp(hy) = max(0,0) =0

trupi(hs) = max(0.7,0) = 0.7, uyyp;(hy) = max(0.9,0) = 0.9

GEI (Fuzzy union for ey, e3):

l'l'GEI(hl) = maX(O.g, O) = 09, nuGEI(hZ) = ma.X(0,08) =0.8
.uGEI(h3) = ma.X(O, 06) = 06, ‘uGEI(h4) == max<0.8,0) == 08

Next, compute final fuzzy score (w1 = wy = 0.5)

6(h;) = 0.5 ppyp(h) + 0.5 pggr(hy)

h; Pryi(h;) pger(hy) 6(hy)
hq 0.6 0.9 0.75
h, 0 0.8 0.4

hs 0.7 0.6 0.65
hy 0.9 0.8 0.85

Then, Ranking Result: The top-ranked alternative is hy, followed by hq, h3, and h,, making h, the most
recommended choice.

The proposed fuzzy-soft extension of the DCD-DM model offers several practical advantages. By avoiding
degenerate outcomes such as empty decision sets, it ensures that meaningful recommendations can always
be generated. Furthermore, the introduction of fuzzy consensus scores enables nuanced ranking of
alternatives, providing decision-makers with confidence levels rather than binary outputs. This capability is
especially valuable in environments characterized by ambiguity and partial information. However, the

model's effectiveness relies on the accurate calibration of fuzzy membership values, which may introduce
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subjectivity or variability. Additionally, selecting appropriate weights w; and w, for combining local and
global consensus remains a subjective task that could influence final outcomes. Finally, the fuzzy extension
introduces increased computational complexity compared to its crisp counterpart, which may limit scalability

in large-scale decision systems.
7. Discussion and Conclusion

The DCD-DM model presents a mathematically grounded and operationally flexible approach to decision
making, integrating dual consensus strategies to harness both localized and global agreement structures. By
embedding soft-fuzzy set theory within the DCD-DM framework, the methodology achieves enhanced
expressiveness, permitting fine-grained control over uncertainty and confidence levels in multi-criteria
environments. This fusion of binary intersection logic with soft-fuzzy reasoning demonstrates superior
adaptability in complex decision spaces. Future research may explore its extension to dynamic or real-time

decision systems, optimization scenarios, and broader Al-based inference engines.
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