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Abstract: The Triangular Interval-Valued (TIV) Fuzzy TOPSIS (TIV-FT) Technique  had been in this research by investigators to 

categorize factories according to their efficiency. Utilizing a common survey with a simple randomization technique, they gathered 

information from 280 factories in Assam. The investigators used programmed to analyze the information. Confirmatory Factor Analysis 

(CFA), (TIV-FT)  Technique , Chi-square (X2) analysis, and Correspondent Analysis (CA) were among the analytical techniques they 

used. The examiners evaluated the contributions provided by various variables in influencing the performance (PER) of the 

manufacturing industries by considering factor loadings that are of the goods. The investigators divided the production sectors under 

three categories utilizing the (TIV-FT) Technique ology. Furthermore, they discovered within (X2)  analysis that five demographic 

characteristics of the respondents—namely, the amount from decades the organization had been in operation, the size of the sector, the 

sort of producing goods, the plenty of workers, or the position of the producing facility—were strongly linked to division from factories 

while the outcome. Using complex statistics including an examination of the impact of different economic and demographic features, the 

research's purpose was to offer suggestions for the success of factories in Assam.. 
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1. Introduction 

Manufacturers use evaluations of performance to analyze 

organizational success and failure trends. Evaluation is 

referred to as measuring performance of a company's 

operations over a specific time range. It is a determination 

of whether the activities of an organization were successful 

or unsuccessful over a specific time range [1]. 

Manufacturers must achieve the safest and greatest system 

operation with a minimum of interruption if they want to 

stay relevant in today's challenging climate. Effective 

maintenance techniques can significantly improve 

production, plant efficiency, dependability, and 

organizational efficiency. 

Production Technique s appear to be viewed as vital in the 

current environment based on the activity effect of 

generating. There find no evidence that the modern period 

destroys ones; instead, their evidence points to a shift from 

professions requiring intermediate skills to ones requiring 

higher abilities. Despite the fact that production has 

increased cost of capital, it hasn't resulted in a decrease in 

mixed workforce in manufacturing[2].  

As economies around the industry have experienced 

periodic shifts and consumers have grown more price-

sensitive, it has become ever harder for businesses to 

produce goods with consistent quality. This has forced 

them to search for distinctions in their Technique s of 

production. A business that successfully achieves greater 

returns on its capital and assets will inevitably succeed in 

having a substantial margin of profit [3, 4]. In a similar 

vein, a functional an effective business will be able to raise 

revenue, so let’s it to expand into more regions and gain a 

larger proportion of the marketplace. Revenue enjoyed by 

an organization, plus its economic success and prestige, are 

essential for a company to survive. 

Several businesses entities are launched with great passion. 

Such devices, nevertheless, are unable to remain in 

marketplace for a long amount of time and eventually 

cease operations. Additionally, the research looks for 

operational variables that support the everyday success of 

the factories in this area. Market penetration, sales 

increase, earnings management, utilization of resources, 

before returning invested constitute the metrics employed 

in the suggested study to assess the efficiency of 

manufacturers. The proposed [5,6] paradigm aids in 

specializing in the evaluation of critical factors affecting 

the effectiveness of the enterprise-level operations in 

industries. This allows managers of factories and 
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regulators to develop and implement appropriate and 

effective tactical Technique s and reach logical and 

properly-timed decisions. The study's goal is to categorize 

the production businesses utilizing the (TIV-FT) 

Technique  to analyze performance-related aspects. 

Investigators employed (TIV-FT) to separate the industrial 

sectors. It might be utilized for ordering a wide range to 

produce businesses according to various criteria. In this 

study, investigators classified the manufacturing industries 

into three groups according to their productivity 

specifications: "High PER" "Moderately PER" and "Low 

PER" using the (TIV-FT) strategy. 

2.  Related Work 

The research [7] was conducted using a combination of 

Technique s technique. Both the qualitative and 

quantitative study techniques were applied.  The outcome 

of the statistics research revealed the design model's 

supporting variables for their relevance in establishing a 

successful process management model for the adoption of 

the fourth industrial revolution concepts by Czech small 

and large-scale manufacturers. Considering the dedication 

to the certifications and norms demanded by the global 

marketplace, the fundamental constraint of the investigated 

[8] was to solely take into account the world-wide the 

company. As a result, it is advised that future studies 

extend its findings to additional industry segments or 

include small and medium-sized (SMS) organizations to 

contrast the findings, keeping in mind that SMS accounts 

for 80% of the manufacturing sector. This article [9] 

examined the relationship among commercial business 

success and profitable innovation procedures. The findings 

indicated that various factors associated to inventive uses 

and company success has substantial interactions, 

supporting the first stated premise. A group of accounting 

ratios was used [10] to gauge financial performance. The 

top 10 steel businesses in Israel are assessed using specific 

financial ratios to examine the suggested framework. 

Experts in the steel manufacturing industry claim that the 

AHP approach is used to calculate the weight of the 

criteria. The Vlse Kriterijumska Optimizacija 

Kompromisno Resenje (VIKOR) and Technique in Order 

of Preference by Similarity to Ideal Solution (TOPSIS) are 

used in comparison to rate the companies. The outcomes 

demonstrate that the rankings of the organizations derived 

using these techniques are essentially same. The suggested 

set handles various making decisions levels, economic 

bases, and outcome factors while concurrently addressing 

the ecological performance of a full supply chain [11]. It 

also ensures a balanced coverage of the sustainability 

pillars and relevant crossings. The results were useful for a 

variety used situations and for evaluating the sustainability 

performance of an industry as a whole. The consequences 

of advanced manufacturing on company models are 

evaluated by taking into account the social, natural, and 

financial effects, and a BSC framework was suggested 

[12]. The currently available The speed, efficiency, and 

cost per part of additive manufacturing technologies are 

currently too high to be comparable without conventional 

techniques. The use of additional devices, the reality that 

many new business models are still in their infancy, and 

the need for additional study. 

The purpose of study [13] is to explore each of the key 

organizational creativity indicators, individually examining 

the benefits and drawbacks of their application. By 

enhancing measuring systems from many perspectives, 

including those pertaining to products and processes, 

manufacturing and services, as well as input indicators, 

facilitators, and outcome, findings represent a significant 

conceptualization. The evaluation of the present and 

prospective worldwide aviation AM markets in relation to 

historical and projected info, as well as the introduction of 

this innovation, historical and projected global aerospace 

AM market trends, and the effect of the Covid-19 

pandemic on the circumstances of the electricity 

international aircraft industry [14]. Worldwide AM market 

developments and estimate of AM potential for the 

aerospace industry are summarized in associated graphics 

using historical and projected data provided in this report. 

Estimated the regression coefficients of explanatory 

variables involve using normal and log linear regression 

techniques. According to research [15], efforts connected 

to patent security, growth in society, and scientific and 

technical advancement all positively and quantitatively 

significantly affect industrial increased value. It provides a 

number of policy recommendations to boost the expansion 

of factories globally. The research [16] demonstrated that, 

overall, the incentive value of the counterculture of 

manufacturing employees is smaller compared to those of 

the unskilled an employee society. The inspirational 

abilities of manufacturing workers also decline over time 

as their tenure with the company grows longer 

3. Research Methodology 

The general nature of the suggested investigation's 

coverage of the industrial sector. The top managers of the 

manufacturing companies located in the nation's union 

territory of Assam provided the investigators with 

information that was both secondary and primary. The 

survey forms are divided into two sections: the beginning 

involves demographics about the participants, such as the 

quantity of decades the organization has been in operation, 

the type of process used, the size of its sector, the category 

of process used, the category of goods, the amount of 

workers, the category of commerce, along with the precise 

spot of the factory plants; the second part encompasses 

businesses evaluation variables, such as popularity, 

increase in sales, profit margin, return on investment, and 

others. The information from 280 manufacturing industries 
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was gathered by the investigators using comprehensive 

surveys. They collected information using a 

straightforward random sampling procedure.  

The examiners utilized cutting-edge programmed like 

LISREL 8.73, SPSS, and Microsoft to analyze the 

information. Investigators used X2, Source Evaluation, to 

arrive at the findings; we used CFA, (TIV-FT) echnique, 

Dependability, Societies, among these Techniques.   

3.1.  Analysis   

In order to investigate the factors influencing the success 

of producing businesses, scientists discuss the CFA, (TIV-

FT) and X2, and Communications assessment in the next 

section. The examiners tested its validity using the 

Cronbach's Alpha formula. The measurement's minimum 

suitable cost according to 0.63 represents Cronbach's 

Alpha. With industries, the Cronbach's Alpha value is 

0.929. It goes above its required threshold limit of 0.8 by a 

significant margin. Furthermore, the calculated Cronbach's 

Alpha number exceeds the "Alpha if" Items Removed" 

worth, which is in a spectrum of 0.901 to 0.922. This 

indicates whether the research can incorporate all of the 

components. The investigators used communal test on four 

business assessment factors after the validity test. Lower 

communal characteristics are preferable at the time when 

the model is developed, and the minimal level for 

determining the evidence's similarity is 0.7. Remove any 

factors that have a community rating of less than 0.9. The 

results of the overall statistics showed that they were much 

higher within the range of 0.677 to 0.828 for each item and 

a minimum optimum score of 0.7. As a conclusion, minus 

ignoring anyone, the five things constitute this 

investigation. After moving on to the next level, the 

assessors conducted a confirmatory factor study in light of 

the aforementioned test result. 

3.2. Confirmatory factor analysis of performance 

(PER) 

The association among the hidden elements with its 

measurements is shown by the CFA measurement 

Technique . The CFA shows how well the elements listed 

beneath each component fit into that aspect. The four 

metrics of the Independent Measurement Model, PER1, 

PER2, PER3, PER4, and PER5, were used to gauge 

management from the production divisions' opinions on 

effectiveness. The weightings of factors for the line things 

Returned on Assets, also is under 0.7 out of all four parts. 

As a result, the subject is removed from the research, and 

CFA is conducted using the other four objects. The 

predicted component architecture is confirmed by CFA. 

The findings shown in Table 1 show that The accuracy of 

the prediction made at is shown by the X2value of 8.09, 

the df of 4, and the p value of 0.01775 (which is 0.07). The 

intended component organization is confirmed by the 

CFA. The additional four-factor configuration is very 

important, according to the outcomes. Thus, it might be 

claimed that every single three of the goods contained 

within this topic fit appropriately inside it. CR of over 0.73 

and AVE of more than 0.53 both confirm the framework's 

accuracy and dependability. Its strong reliability and 

probity indicate that it is capable of satisfying union-

dimensionality. 

Table 1. Independence evaluation of results model 

Table Item Market 

share 

Sales 

growth 

Profit 

margin 

Return on 

assets 

(ROA) 

Return on 

investment 

Outcomes of the 

validation factoring 

for measuring models 

Conventional 

Remedies 

0.89 0.94 0.89 - 0.89 

Estimated 

value 

0.97 0.99 0.96 - 0.90 

t value 19.15 21.28 20.73 - 18.77 

Variety of 

errors 

0.31 0.20 0.26 - 0.35 

R2 0.75 0.85 0.81 - 0.73 

The validity test's 

findings 

CR 0.926     

AVE 0.751     

 

GFI and RMSEA have computed values of 0.98 and 0.095, 

respectively. This meets the acceptable range of 0.10 to 

0.12 for the RMSEA and over 0.92 for GFI. Furthermore, 

the AGFI, CFI, and NFI readings all significantly go over 

the required threshold limit of 0.92. This indicates the 

system's average performance. As such, the outcomes 

support the viability of the derived model. Figure 1 depicts  

 

the PER model. (TIV-FT) was utilized for dividing the 

production sectors through three categories: strongly 

executing sectors, slightly executing sectors, along with 

Insufficient completing professions, about the goal of 

completing a thorough an investigation into the production 

company's profitability. 
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Fig.1 Mechanism for Independently Measuring Quality 

3.3. Fuzzier Triangle Sector TOPSIS (FT) 

Fuzzy triangular interval-valued with the goal to tackle 

ambiguity and inaccuracy in purchasing situations, 

TOPSIS (Technique for Order of Preference by Similarity 

to Ideal Solution) is an expansion of the traditional 

TOPSIS strategy. While confronting circumstances 

whether the details at hand are imprecise or while those in 

charge communicate their ideas through a hazy way, it can 

be especially helpful. Numerous factors and options are 

considered while deciding using the traditional TOPSIS 

technique. The objective is to identify the most 

advantageous option that most closely meets that criterion. 

By evaluating how closely options resemble the perfect or 

anti-ideal solutions, the technique evaluates each. Fuzzy 

triangular interval-valued by utilizing triangle interval-

valued fuzzy integers to describe the assessment of options 

when there is ambiguous or unreliable data, TOPSIS 

expands on this approach. Fuzzy numbers based on a 

period of potential membership values for each linguistic 

label are known as polygonal intervals-valued fuzzy 

numbers. 

The triangular interval-valued FT approach involves the 

following steps: 

1. Determine the standards by which the options shall be 

judged by defining the choice criterion. The 

requirements ought to be applicable and quantifiable. 

2. The choice grid is determined: Make selection 

matrices with an area for every criteria and a row for 

every option. The triangle interval-valued fuzzy 

integers used to represent the entries in the decision 

matrix represent an assessment of each option based 

on the standards. 

3. Normalize the decision matrix to take the impact of 

various metrics out of the equation. To do that, divide 

every selection matrices element by the sum of the 

relevant field. 

4. balanced normalized choice vector is: Depending on 

the criteria's magnitude, give each one a weight. Add 

the appropriate weight to each column of the 

normalized selection matrices. 

5. Find the perfect answers, both favorable and adverse: 

Determine the most suitable values of every 

criterion—the affirmative perfect solution—and the 

worst values for each criterion—the negatives 

optimal result. Through choosing the maximum and 

minimum values for each column, accordingly, the 

outcomes were established. 

6. Determine similarities metrics: Determine the 

similarity metrics among each option and the best 

solutions, both good and bad. A proximity 

measurement, including Euclidean distance or other 

fuzzier similarities actions, is used to do this. 

7. Compare options and order them according to how 

similar they are. The option whose closeness to the 

ideal approach is greatest is deemed to be the best 

deal. 

Fuzzy triangular interval-valued Administrators can 

manage uncertainty and ambiguity while deciding 

difficulties by using TOPSIS. Fuzzy triangular interval-

valued integers are used to express decision facts, making 

it more adaptable and accurate. The strategy integrates 

ambiguity into the decision-making process by taking into 

account the ambiguity related to every assessment.        

4. Results and Discussions 

The social variables influencing the performance of the 

three segments should be studied. Finding the factors 

which are linked to the outcome of a section is important in 

order to determine the characteristics that affect it. The 

result is accomplished by using the X2 technique. Table 11 

displays the X2 values and their importance for the 

Achievement subsection's connection to demography. The 

information addressed include the number of years in 

business (Company), the type of manufacturing process, 

the size of the market, the form of creating, the form of 

goods, the quantity of staff, the style of category, and the 

location of the factory location of consumers.  

Snit is clear from Table 2 that the demographics that are 

not related to the three parameters Type of making 

structure, Category of product, and Industry Type do not 

significantly affect the earnings sector of manufacturers. 

The achievement section is significantly linked to the 

correlations among four additional social variables. 

Scientists used correspondent evaluation, an animation that 

aids in examining the link between the factors, with the 

most significantly connected components. 

Table 2. Properties of the chi-square test for demographics 

SL

. 

no 

Variables df Significanc

e or not 

Value Sig. 

1 Systems of 

manufacturin

g type 

6 Not 

significant 

2.438 0.87

8 

2 Species of 4 Not 5.740 0.22
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goods significant 4 

3 size of the 

sector 

4 significant 17.120 0.00

4 

4 Which type of 

production 

4 Significant 10.399

0 

0.03

6 

5 Decades that 

the 

organisation 

has been in 

operation 

1

2 

Significant 21.098 0.02

2 

6 The amount 

of personnel 

9 Significant 25.180 0.00

2 

7 Category of 

company 

2

0 

Not 

significant 

24.134 0.15

2 

8 the site of the 

industrial 

plant 

8 Significant 35.448 0.00

0 

 

4.1. Duration of the Industrial Sectors' Presence as well 

as Section 

Investigators used connections and the X2 system analyses 

to examine the relationship with the amount of time that 

factories have been around and their earnings section. 

Table 3 indicates that nearly a third of factories with a 

history of less than five years, 11 to 15 years, and 16 to 20 

years fall into the "Low PER" category, while nearly half 

of those with a history of five to ten years fall into the 

"Moderately PER" category. Furthermore, it should be 

emphasized that the majority of the production sectors that 

have been around for 26 years or longer fall within the 

category of "High PER". 

Table 3. duration of the industrial sectors' presence and 

efficiency of sector 

Number 

of years 

in 

business 

(company

) 

(TIV-FT) 

Highly 

performin

g (%) 

Moderatel

y 

performin

g (%) 

Low 

performin

g (%) 

Total 

<5 32.1 25.3 42.6 100.

0 

5-10 27.8 41.4 30.8 100.

0 

11-15 25.2 36.3 38.5 100.

0 

16-20 28.8 32.6 38.6 100.

0 

21-25 50.2 26.8 23.0 100.

0 

25 and 

above 

50.2 34.1 15.7 100.

0 

Total 33.6 33.1 33.3 100.

0 

 

Figure 2 illustrates the findings of the corresponding 

investigation conducted to investigate the relationship 

among production businesses' prolonged life and its 

success section. 

The graph shows that factories that have been in operation 

for under a decade and those that have been in operation 

for between sixteen and decades are closely related to the 

"Low PER" company, whereas equipment that have been 

in operation for a duration of five to ten years as well as 

eleven and fifteen years are related to the "Moderately 

PER" team. The "High PER " category is strongly related 

to those industrial industries that have been in operation for 

more than 25 years and for a total of 21 to 25 centuries. 

 

Fig.2. Relationship among the welfare sector and the 

production sectors' longevity 

4.2. Association between scale of segmenting by sector 

and efficiency 

Correlation mapping with the test of chi-square were each 

utilized to research topic relationship among the 

Demography Dimension of the market that manufacturers 

belong along with their sales category. In Table 4, an 

integration of factories classified beneath each of the 

groups Industries and efficiency section are displayed. 

Table 4. The sector's size and success sector 

size of 

the 

sector 

(TIV-FT) 

Highly 

performin

g (%) 

Highly 

performin

g (%) 

Highly 

performin

g (%) 

Highly 

performin

g (%) 

tiny size 28.2 34.2 37.6 100.0 

Moderat

e Size 

28.8 35.0 36.2 100.0 

Broad 

Instance 

25.0 61.1 13.9 100.0 

Total 33.1 33.4 33.4 100.0 

 

The findings of the connection evaluation, which was 

carried out to investigate the relationship among the 

production sectors' business structure and their sales 
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section, are shown in Figure 3. The graph explains that 

manufacturers belonging within the "Low PER" division 

are connected to the small-scale sectors, whereas the 

"Moderately PER" class is directly related to the medium-

scale businesses. The "High PER" group is connected to 

huge sectors. 

 

Fig.3. Size of business and revenue sector correlation 

4.3. Relationship among manufacturer type and 

profitability sector 

X2 and correspondent research has both been used to 

examine the relationship among the demographics of the 

kind of manufacturing industry and performance section. 

In Table 5, the intersection connecting various production 

sector types and the achievement of each of them is shown. 

Table 5. Manufacturers types and efficiency section 

Which 

type of 

producti

on 

(TIV-FT) 

Highly 

performi

ng (%) 

Highly 

performi

ng (%) 

Highly 

performi

ng (%) 

Highly 

performi

ng (%) 

Process 28.1 32.9 38.9 100.0 

Discrete 

(Product) 

24.3 36.6 37.1 100.0 

Both 41.9 23.3 34.9 100.0 

Total 33.4 33.4 33.1 100.0 

 

The Correlation Study conducted to evaluate the 

relationship among factories operating under various types 

of sectors and their earnings section is shown in Figure 4. 

The graph shows that manufacturers classified as isolated 

(product) industries are closely linked to the "Low PER" 

company, whereas businesses classified as process sectors 

are linked to the "High PER" sector. 

 

 

Fig.4. Type of manufacture and profitability section 

correlation 

4.4. Relationship among the Enterprise's Workforce 

Numbers with the Results Section 

Examining the association among demographic factors of 

the number of employees in manufacturers and their salary 

section can be done using neitherX2 and related 

investigation. The crossover among the quantity of 

workers employed in factories and the efficiency sector is 

displayed within Table 6. 

Table 6. Staffing levels in a company and earnings sector 

Number 

of 

employee

s 

(TIV-FT) 

Highly 

performin

g (%) 

Moderatel

y 

performin

g (%) 

Low 

performin

g (%) 

Total 

<55 18.6 44.8 37.2 100.

0 

55-105 31.5 37.6 31.5 100.

0 

105-255 28.9 28.9 42.7 100.

0 

255-505 52.8 17.8 29.5 100.

0 

506 and 

above 

48.8 26.8 24.6 100.

0 

Total 33.6 33.3 33.6 100.

0 

 

The findings of the corresponding research performed to 

investigate the relationship among the workforce employed 

by the manufacturing industries and its Productivity are 

shown in Figure 5. The graph shows that factories with 

Less than 55 workers have a direct connection with the 

label "Low PER" category, individuals at 55–105, 255–

505, and 506 upwards are strongly related to the "High 

PER" company, and those with fewer than 55 workers 

have carefully related to the "Moderately PER" category. 
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Fig. 5. Relationship among Productivity Section and the 

total amount workers in an organisation 

4.5. Relationship among plant position and efficiency 

sector 

The X2 calculations with correspondent research were 

utilized to investigate the relationship among the efficiency 

section and the demographic characteristic of plant region. 

Table 7 shows the comparison of plant efficiency with 

geography to determine production sectors, which are 

divided into three sections. 

Table 7. Site of the manufacturing facility and its 

operational portion 

the site of 

the 

industrial 

plant 

(TIV-FT) 

Highly 

performin

g (%) 

Moderatel

y 

performin

g (%) 

Low 

performin

g (%) 

Total 

Total 33.6 33.6 33.3 100.

0 

Manipur 20.2 40.3 40.0 100.

0 

Meghalay

a 

6.9 60.5 33.5 100.

0 

Assam 38.9 33.9 27.9 100.

0 

Nagaland 11.8 20.8 67.6 100.

0 

 

The findings of the correspondent evaluation, which was 

carried out to investigate the relationship among factories 

with various plant sites and their earnings section, are 

shown in Figure 6. The figure explains which The 

production sectors with their plants in and Manipur have a 

strong connection in the "Low PER" category, whereas 

those in grow locations in the Meghalaya and Assam are 

strongly connected in the "Moderately PER" grouping and 

the "Highly PER" group, respectively. 

 

Fig.6. Relationship among Manufacturing Plant 

Geography with Productivity Section Conclusion 

5.  Conclusion 

The industrial industries place a lot of value on 

organizational success. For proof of the way the factors fit 

together, scientists employed a CFA form. All elements 

falls with this type of things, buried under everything. In 

order to divide the participants into four groups "High 

PER" "Moderately PER" as well as "Low PER"—the 

(TIV-FT) approach was utilized." The elements 

influencing the efficiency of factories were then 

determined by scientists using divided performing 

groupings and also character traits. According to the 

analysis, it shows a strong correlation among participant 

societal characteristics—including the amount of workers, 

magnitude of businesses, type of producing, and length of 

decades active (Company)—and the sales levels in 

factories. In this study, the production sectors' fiscal health 

was examined at a single point in time. 

A continuing study could be done to monitor these 

alterations while evaluate the variation of the associations 

because those variables are dynamic in character. The 

research was done on the various sized production sectors 

that are present in Assam. But research on businesses with 

uniform scale that operate throughout Indian will produce 

superior outcomes and possibly enable greater insight. 

Designs created to correlate with production companies 

from multiple sectors. But research can be carried out on 

businesses in a particular field, which will produce 

accurate data. 
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