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Abstract

A hypersoft set extends the concept of a soft set by allowing multiple sets of attributes, making it
particularly useful for multi-criteria group decision-making problems. In this paper, we apply the theory
of Hypersoft closed sets to solve a MCDM (Multi-Criteria Decision Making) problem using Analytic
Hierarchy Process (AHP) and the results are worked in Python Program to verify the results. An effective
solution procedure has been designed to address real-lift decision-making problems using Hypersoft sets,
which can involve multiple decision -makers.
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1 Introduction
The concept of a soft set, introduced by Molodtsov[2] in 1999, is a collection of approximate descriptions of an
object. It was established to resolve complicated issues in economics, engineering, and environmental science,
where conventional mathematical methods fell short in managing the diverse uncertainties. Smarandache
[7] introduced the idea of a hypersoft set in 2018, evolving the soft set by using a multi-argument function
within the Cartesian product of diverse parameter sets. This development enhances the hypersoft set’s
versatility and effectiveness for decision-making processes. Abbas, Murtaza, and Smarandache [1] introduced
the fundamental operations on hypersoft sets and hypersoft points. Saeed, Ahsan, and Rahman [3] proposed a
novel approach to mappings on hypersoft classes with applications. Saeed, Ahsan, and Siddique [4] presented
a study on the basics of hypersoft set theory. Saeed, Rahman, and Ahsan [5] provided an inclusive study on
the fundamentals of hypersoft sets. Saaty[6] introduced the Analytic Hierarchy Process (AHP) in the 1970s,
and in 1983, he teamed up with Ernest Forman to develop the Expert Choice software. AHP has since
been extensively studied and refined, offering an accurate method for assigning weights to decision criteria.
Taherdoost [8] introduced Decision making using the analytic hierarchy process; a step-by-step approach.

In the course of our daily activities, we may overlook the minor habits that can have a significant impact
on our planet. One such action is our use of plastic bags. Plastic bags have become a convenience we can
no longer afford. They clog our oceans, harm wildlife, and contribute to the staggering 8 million tons of
plastic waste that enter our environment every year. But there is a simple solution - paper bags! Made from
renewable resources, biodegradable, and compostable, paper bags offer a sustainable alternative to plastic
bags. By choosing paper bags, we can significantly reduce our plastic waste, protect our environment, and
promote a healthier planet for future generations. Explore the benefits of using paper bags and how we can
make a difference, one bag at a time.

This research explores the decision-making process for choosing paper bags using multiple criteria.

2 Preliminaries
Definition 2.1 ([2]). Let U be an initial universe set and E be a set of parameters. Let P (U) denotes the
power set of U . Let A ⊆ E. A pair (FA, E) is called a soft set over U , where FA is a mapping given by,
FA : A→ P (U). In other words, a soft set over U is a parameterized family of subsets of the universe U .
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Definition 2.2 ([6]). A pair (F,A1 ×A2 × ...×An) is called a hypersoft set over U , where F is a mapping
given by F : A1 × A2 × ... × An → P (U). Simply, we write the symbol E for E1 × E2 × ... × En, and
for the subsets of E : the symbols A for A1 × A2 × ... × An, and B for B1 × B2 × ... × Bn. Clearly, each
element in A,B and E is an n-tuple element. We can represent a hypersoft set (F,A) as an ordered pair,
(F,A) = (α, F (α)) : α ∈ A

3 Algorithm for Analytic Hierarchy Process [7]
The Analytic Hierarchy Process AHP is a structured technique for organizing and analyzing complex
decisions, developed by Thomas L. Saaty [6] in the 1980s. It is based on mathematics and psychology
and is used to prioritize and make decisions when multiple criteria are involved. The AHP method helps in
making a structured and systematic comparison of different attributes and alternatives.
3.1 Define the Problem and Determine the Goal:
State, clearly the problem and the objective of the decision-making process.
3.2 Structure the Hierarchy

• Break down the problem into a hierarchy of interrelated decision elements:
• Goal: The overall objective of the decision.
• Criteria: The factors or criteria that influence the decision.
• Sub-criteria (if any): Further breakdown of criteria.
• Alternatives: The possible options or choices.

3.3 Construct Pairwise Comparison Matrices
Compare elements at each level of the hierarchy in pairs, judging which element is more important and
assigning a relative score. Typically, a scale of 1 to 9 is used:

• 1: Equal importance.
• 3: Moderate importance of one over another.
• 5: Strong importance.
• 7: Very strong importance.
• 9: Extreme importance.
• 2, 4, 6, 8: Intermediate values.

3.4 Calculate the Weights (Priority Vector)
For each pairwise comparison matrix, calculate the normalized principal eigenvector to derive the relative
weights of the elements. This can be done through various methods, such as averaging over normalized
columns or using more advanced matrix operations.
3.5 Check Consistency
Evaluate the consistency of the judgments by calculating the Consistency Ratio (CR). The CR is derived
from the Consistency Index (CI ) and the Random Index (RI ):

• CI = (λmax− n)/(n− 1), where λmax is the maximum eigenvalue of the comparison matrix and n is
the number of elements.

• CR = CI / RI.
• If CR ¡ 0.1, the consistency is acceptable; otherwise, the comparisons may need to be revised.

3.6 Synthesize Results
Aggregate the weights of the criteria and sub-criteria to determine the overall scores for the alternatives.
This is done by multiplying the criteria weights by the corresponding sub- criteria weights and then summing
them up.
3.7 Make the Decision
Select the alternative with the highest overall score as the best option.

4 Case Study
Consider the problem of selecting suitable paper bag from the set of bags with respect to a set of choice
parameters. Let U be the set of bags given as U = {B1, B2, B3, B4, B5} = Plain, Printed, Mat finishing,
Glossy finishing, Ultraviolet (UV) coating and E be the set of attributes E = E1, E2, E3, E4, E5 which are
used for different purpose groceries, clothings, books, toiletries, electronics, shopping carrier bags, packaging
of some consumer goods and various other goods are taken as alternatives whose attributes are given as
Material Properties (E1) = {Strength and Durability, Recyclability, Biodegradability, Water Resistance} =
{α1, α2, α3, α4}, Environmental Impact (E2) = {Carbon Footprint, Sustainability, Toxicity} = {β1, β2, β3},
Cost (E3) = {Production Cost, Purchase Cost, Lifecycle Cost} = {γ1, γ2, γ3}, Usability (E4) = {Capacity,
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Ease of Use, Storage} = {µ1, µ2, µ3}, Aesthetic Appeal (E5) = {Design, Branding} = {δ1, δ2} from these
attributes we identify criteria and sub-criteria.
Let the Ai(i = 1, 2, 3) be the set of alternatives where A1 = Mat finishing = {α2, β1, γ1, µ1, δ1}, A2 = Glossy
finishing = {α3, β2, γ2, µ2, δ1} and A3 = Ultraviolet coating = {α4, β3, γ3, µ3, δ2}. Applying the Analytic
Hierarchy Process (AHP) in the context of Hypersoft Topological Spaces (HTS ) for paper bag selection.
Now we construct the AHP Hierarchy, for this we would select the paper bag based on the multiple criteria.

• Level 1: Goal (Select the paper bag)
• Level 2: Criteria (Material Properties, Environmental Impact, Cost, Usability, Aesthetic Appeal)
• Level 3: Sub-criteria (as listed above)
• Level 4: Alternatives (Mat finishing, Glossy finishing, Ultraviolet coating)

Pairwise Comparison: Perform pairwise comparisons for each criterion and sub-criterion. Here is a
simplified pairwise comparison matrix for the main criteria. Suppose we have the following scale 1 = equal
importance, 3 = moderate importance, 5 = strong importance, 7 = very strong importance, 9 = extreme
importance

Table 4.1

Criteria Material Properties Environmental Impact Cost Usability Aesthetic Appeal
Material Properties 1 3 5 3 7

Environmental Impact 1/3 1 3 1 5
Cost 1/5 1/3 1 1/3 3

Usability 1/3 1 3 1 5
Aesthetic Appeal 1/7 1/5 1/3 1/5 1

Calculate Priority Vectors
Normalize the pairwise comparison matrix and compute the priority vector (eigenvector). Let’s assume the
following weights after calculations:

• Material Properties: 0.35
• Environmental Impact: 0.25
• Cost: 0.10
• Usability: 0.20
• Aesthetic Appeal: 0.10

Evaluate Alternatives
Rate each paper bag alternative (Mat finishing, Glossy finishing, Ultraviolet coating) against each sub-
criterion. Assume the following ratings (in a scale of 1 to 10, where 10 is the best):

Table 4.2

Sub-criteria Weight Mat Finishing Glossy Finishing Ultraviolet Coating
Strength and Durability 0.35 8 7 9

Recyclability 0.35 9 8 7
Biodegradability 0.35 7 9 8
Water resistance 0.35 6 7 8
Carbon footprint 0.25 5 7 8

Sustainability 0.25 8 6 9
Toxicity 0.25 7 9 6

Production cost 0.10 8 6 7
Purchase cost 0.10 7 8 8
Lifestyle cost 0.10 6 7 9

Capacity 0.20 8 7 9
Ease of use 0.20 9 6 7

Storage 0.20 7 8 6
Design 0.10 3 9 7

Branding 0.10 6 8 7
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Multiply the ratings by the weights and sum them up for each alternative.

Table 4.3

Rank the Alternatives
Based on the total scores, rank the paper bags from best to worst. The paper bag with the highest total
score is selected as the best option.

• Mat finishing : 23.3
• Glossy Finishing : 24.35
• Ultraviolet Coating : 25.15 (Highest Score)

Photos of Alternative Paper Bags
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Finally, we concluded that Ultraviolet Coating received the highest total score of 25.15, followed by Mat
finishing with 23.3, and Glossy Finishing with 24.35 on the given criteria and the AHP method applied in
the context of hypersoft generalized closed sets.

5 Python Program
Python program that implements the Analytic Hierarchy Process (AHP) for paper bag selection based
on the criteria of Material Properties, Environmental Impact, Cost, Usability, and Aesthetic Appeal
using a hypersoft generalized closed set approach. This program calculates the priority vectors, evaluates
alternatives, and ranks them based on the scores. The AHP method is a structured technique for organizing
and analyzing complex decisions, based on mathematics and psychology. Here’s the Python code:
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Output

Explanation
1. Criteria and Sub-criteria: Defined as dictionaries.
2. Pairwise Comparison Matrix(criteria): Defined manually based on the given importance
3. Priority Vector for Criteria: Computed using the mean of each row and normalization.
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4. Ratings for Alternatives: Defined for each paper bag across each sub-criterion.
5. Weights: Defined for each sub-criterion.
6. Calculations of Scores: For each alternative, calculate the total score based on the ratings and

weights.
7. Ranking of Alternatives: Sort the alternatives based on their total scores in descending order.

5 Output: Display the ranking of paper bags and identify the best option
This Python program gives the structures way to apply the AHP method using hypersoft generalized closed
set approach for decision-making in paper bag selection.

6 Conclusion
Based on the multi-criteria decision-making analysis using the AHP method, Ultraviolet Coating is the
best option among the alternatives considered. It scores the highest in terms of Material Properties,
Environmental Impact, Cost, Usability and Aesthetic Appeal making it the most suitable choice according
to the established criteria. Each paper bag was rated against the sub-criteria, and their overall scores were
computed by multiplying the ratings with the respective weights and summing them up. This decision
ensures that the selected paper bag meets the desired requirements.
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