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 Abstract: - At times, organizations' continuity often largely hinges upon their ability to operate the business 

even if and when fire danger arises. The study, calls for the development of the Multi-Criteria Decision Making 
(MCDM) methods to evaluate and ameliorate fire risk management measures. It is a novel strategy, which 
is presented in this empirical work. By combining MCDM tools, such as the decision-making method of 
Analytic Hierarchy Process (AHP), entropy, and Technique for Order Preference by Similarity to Ideal 
Solution (TOPSIS), this study brings holistic and data-driven solution to company's fire safety management to 
allow them to prioritize and figure out the best fire risk management strategy. 

This abstract focuses especially on the enterprise level of the evaluation methodology of a fire risk management 
model with primary attention to the integration of MCDM, as a powerful tool for the solution of complex 
decision-making issues. Organizations should organize their priorities according to multiple objectives, for 
example, cost-efficiency, compliance, and effect on operations that create conditions for making the right 
decisions concerning the mitigation of fire risks while preserving business continuity. The findings of the 
research give a boost to the work of proactive and adaptable fire risk management strategies development, 
which are organized according to the requirements and peculiarities of enterprises. 

.        
Key-Words: -: Privacy Fire risk management, Business continuity, Multi-Criteria Decision Making (MCDM) 
methods, Analytic Hierarchy Process (AHP); Entropy; TOPSIS  

Received: August 6, 2025. Revised: November 12, 2025. Accepted: December 9, 2025. Published: January 15, 2026.

 

 
1 Introduction 

Fire incidents, whether they occurred or not, can 
always present a noticeable business threat that may 
involve property damage, financial losses, 
disruption in operations, or risk of loss of 
reputation. In order to ensure a business continuity 
facing such risks for each organization its own set of 
fire risk management measures are needed tailored 
to the individual circumstances of the 
organizations. In the majority of cases, the standard  
 
Way of fire risk management usually involves using 
corresponding implementing strategies and specific 
regulations, which might not be fully applicable to 
different business needs or priorities. 

The formulated strategies represent the proposed 
framework for continuous business performance 
under a fire risk management environment through 
the employment of Multi-Criteria Decision-Making 
(MCDM) techniques. The framework of MCDM 
techniques provides a structured and inclusive 
foundation on which organizations can base their 
evaluation of possible courses of action that are 
multi-criteria and as such facilitate their decision-
making process in terms of what aligns with their 
goals and limitations. 
The purpose of the present research is to provide a 
systematic approach that would allow us to identify 
and prioritize fire risk management measures while 
considering the business point of view. Through 
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lessons in Multicriteria Decision Making (MCDM) 
methodologies including Analytic Hierarchy 
Process (AHP) and Technique to Order Preference 
by Similarity to Ideal Solution (TOPSIS), we will 
equip the business with a strategic system for 
evaluating the profitability and practicability of 
different fire risk management plans. 
In the course of this article, we will explain the 
necessity of using MCDM tools for fire safety 
management, a various literature review, and a 
tentative structure of the suggested framework for a 
fire safety management measure assessment will be 
served. In extension, we will be introducing a 
situation simulation through which one will have a 
better understanding of the framework as the 
organizations manage to prevent the incidence of fire 
hazards while operation remains steady. 
But, through incorporating the MCDM-evaluation 
model into their fire hazard risk management 
policies, the organizations can actively discover and 
choose the most efficient measures that will balance 
risk reduction, cost-effectiveness, and continuous 
business performance. The approach enables firms 
to not only lower the exposure to losses and damages 
caused by fire but also ensures they can easily deal 
with what one would describe as a new phenomenon 
whose root cause they cannot predict. 
 
2  Literature Survey 
The management of fire risk is an issue that has 
consumed large amounts of time and energy to be 
invested in it by different areas of interest and study 
in engineering, risk assessment, business continuity, 
and decision sciences, to mention but a few. This 
literature survey is purposefully done to explain the 
conceptual framework of the present studies and 
methodology briefly in order to utilize it in the 
analysis of measures for fire protection, specifically 
using Multi-Criteria Decision Making (MCDM) 
methodology in promoting business continuity [1], 
[2], [3], [4], [5]. Fire risk management until today 
has had a prime prescriptive character and relation-
oriented with codes and standards, home building 
regulations, fire safety standards, and best industry 
practice. These types of fire safety offer only 
minimum provisions and there is some shortage of 
adjustment and failure to give proper attention to the 
individual requirements of the organizations [6], [7], 
[8]. 
Again, MCDM has become a powerful instrument to 
combat this problem in a world where many factors 
cannot be predicted easily and are in doubt [9], [10], 

[11], [12]. Technique has evolved as an excellent 
procedure used to solve this intricate and the 
problems with forecasting in the world where 
variables are ambiguous and uncertain 
circumstances[13], [14], [15], [16], [17]. Thus, the 
above techniques offer the decision-makers the room 
to contrast different incompatible alternatives with 
different criteria with quantitative and qualitative 
parameters, which in turn enable them to select the 
optimal solution catering to multiple goals on board. 
Several research articles have highlighted the 
utilization of MCDM techniques in comparing 
powder scenarios for managing fire risk [18], [19], 
[20]. Some of the researchers utilized AHP (Analytic 
Hierarchy Process) to determine the sequence of 
implementation of fire control measures in high-rise 
buildings. AHP was established based on such 
criteria as effectiveness, cost-feasibility, and 
sequence [21], [22]. Similarly, they utilized some of 
them to implement Materialization of Order by the 
Analytical Hierarchy Process (TOPSIS) to run fire 
risk management alternatives in industrial plants 
based on parameters like safety performance, 
environmental effect, and economic efficiency [23], 
[24]. 
The concepts of business continuity and disaster 
recovery have been of paramount concern to 
organizations, which would like to anticipate and 
mitigate the effects of-just for naming a few-fires, 
disruptions-on their business processes, as well as on 
their stakeholders' interests. Interest has been keen in 
studies of this type, which reiterates that risk 
management procedures need to be anticipatory and 
interpret the business objectives and make them 
safety focused [25], [26], [27], [28]. MCDM 
techniques, while having wide visions of use in 
developing the business continuity through proper 
management of fire hazards, the usability of such 
methods is yet to be ascertained. Amongst these 
problems is selecting adequate criteria and adequate 
decision-making frameworks [29], [30], [31], [32]. 
In addition to this, the assignment of some personal 
views and expert knowledge are related to this. 
However, the issue accumulates if one translates the 
results into practice. 
After a short definition, the literature review shows 
how the MCDM techniques developed into business 
continuity in respect of fire risk management. By 
collecting, analyzing, and combining existing 
research, this paper will develop a helpful approach 
to methodology in studying fire management 
policies from the business side according to the 
MCDM principles in order to assist in the decisions 
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of the enterprises involved and their shift in strategy 
[33], [34], [35], [36], [37], [38]. 
 3 Methodology 
The methodology explains the suggested approach 
for the application of MCDM to determine the 
suitability of fire risk management measures in 
increasing business continuity. This part is about 
explaining the research process according to the 
above framework giving detailed descriptions from 
criteria selection and data collection until the 
application of the MCDM method and resulting 
interpretation. 
 

 
Figure 1: Systematic Methodology 
 
Organizations will then be able to adequately weigh 
and prioritize fire risk management measures related 
to their business continuity course by using this 
stepwise approach and consequently increase their 
fire resilience, which is a substitute for resilience to 
any movement that can pose a threat to it. 
3.1 Mathematical Model  
The MCDM-based mathematical model illustrates 
the evaluation of fire risk management alternatives, 
though, qualitatively examines the most robust 
strategies based on the multiple criteria. Below is a 

general framework outlining the mathematical 
outlining the model: 
Represent by n separate measures , 
which are fire risk management measures or 
alternatives. Let   represent n fire 
risk management measures or alternatives under 
consideration. Let  represent m 
evaluation criteria. 
For each alternative , (i = 1, 2, ..., n), and each 
criterion  , we define: 
 : Weight assigned to criterion   reflecting its 
relative importance. 
 : Performance score of alternative with respect 
to criterion  
 : Overall score of alternative  , calculated as the 
weighted sum of its performance scores across all 
criteria. The mathematical model can be represented 
in Figure 2. 

 
Figure 2: Representation of Mathematical Model 
 
In this theoretical model, the fire risk management 
measures are going to be evaluated and prioritized 
through the way they impact business continuity at 
systemic level. This then would facilitate effective 
decision-making and appropriate risk mitigation 
strategies. 
3.2 Evaluation of Methodology 
Evaluation of the MCDM-driven assessment of fire 
risk management procedures utilizes examining the 
outcome as a result of applying a mathematical 
model and their credibility in terms of relevance and 
stability in the framework of business 
continuity. Through a meticulous scrutiny of the 
outcomes from the MCDM-based aforementioned 
fire risk management assessment, organizations can 
ensure that their decision-making processes are 
enhanced increasing their resilience to fire hazards 
and keeping their business continuity in the face of a 
potential disruption. 
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3.3 Analysis with Computational 

Intelligence 
The overall evaluation process is enriched by the 
application of methods of computational intelligence 
to MCDM evaluation. Basically, the computational 
intelligence techniques include various algorithms 
and strategies, which are the imitation of our natural 
intelligence, for example, the artificial neural 
networks, fuzzy logic, genetic algorithms, and 
swarm intelligence.  
 

 
Figure 3: Outlines key aspects of the evaluation 
process. 
 
By acknowledging the inclusion of cognitive 
intelligence technology into the analysis of fire risk 
management measures in the MCDM framework, 
there is the chance to use the strength of high-level 
algorithms for improved decision-making, improved 
predictive precision, and the optimization of 
business resilience strategies in the face of the fire 
hazards as well as other disruptive events. 
4. Case Study 
This study will be continued by evaluating 8 
enterprises several times on the basis of 3 criteria and 
34 sub-criteria relative to fire risk management and 

evaluated in the statistical values. The list of criteria 
and sub-criteria are at the end of the appendix. 
 

 
Figure 4: The ways the MCDM framework's 
evaluation of fire risk management measures may 
benefit from computational intelligence  
 
 
4.1 Disclosure of criteria with 

identification of selection options and 

criteria 
The importance of fire risk management systems and 
criteria has been measured using the entropy-based 
and TOPSIS methodology, based on the literature 
study and the data obtained from 34 sub-criteria 
prepared for 8 operations. 
4.1.1 Calculations and Analysis 
Evaluation of Fire Risk Management Systems for 
Operations. Businesses will be dealt with by 3 main 
criteria: Criteria 1: Organizational; Criteria 2: 
Technical; Criteria 3: Human 
4.2 Entropy Method 
There are 4 steps in Entropy method, which are: 
Step1: Perform normalization operation  
Initially, a normalization process must first be 
carried out in order to be able to evaluate between 
different dimensional criteria for a decision matrix 
of  dimensions. If the criteria have different 
scale units, an incorrect evaluation will occur (in 
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Table 1). The normalization process is done with the 
following formula (in Table 2). 
Table 1: Participant information for each business 

 

Table 2: Statistics of the survey dedicated for this 
study   

 

 
 

rij =
xij

∑ xpj
m

P=1

i = 1,2, . . . , mj = 1,2, . . . , n                                                    

(1) 
A normalized decision matrix is created with 

equation of   . 
Step2: Obtaining entropy values 
The entropy value or uncertainty measure value for 
each of the criteria is calculated using the formula 
given below.   
 

     (2)                              
Here, k value refers to the constant number defined 

by  . 
Step 3: Finding degree of differentiation 
Using the obtained entropy value, the degree of 
differentiation values for each criterion are 
calculated using the formula given in below:  

             (3).     
Step 4: Getting the weight value 
The weight values of the criteria are obtained by 
dividing the degree of differentiation of each 
criterion to the total degree of differentiation. In the 
expression given below, the wj value represents the 
weight of the j-th criterion. The sum of the weights 
is equal to 1[39]. 

                                     (4) 
4.2.1 Results of Entropy Method 
This section presents organizational part discussing 
technical, human, personnel, and management 
viewpoints. Use that method to illustrate the 
connection between elements and employees. 

According to the example given, top management 
roles had a share of 58%, with the organizational 
dimension having the highest influence (38%), while 
the influence was 40% for the human dimension. At 
the staff level, 49 percent of human elements of fire-
risk management systems were the most affected, 
while 46 percent of organizational elements was the 
second. The minimum impact rates for the technical 
aspects were 2% for managers and 6% for staff 
represented respectively (in Figure 5). The main 
elements are comprised of the following. The results 
of each operation were computed using entropy and 
are shown on Table 3. Human and organizational 
aspects presented the lowest impact on the fire risk 
management system at each enterprise in 
comparison to technical aspects. For example, at (İ6) 
human factors had the highest impact (52%), 
technical factors had the lowest impact (2%), and 
organizational factors 46 percent (in Table 
3). According to the findings depicted in Table 3, the 
human elements of aspects are the most important 
for businesses 1, 4, 6, and 8 (I1, I4, I6, and I8), and 
the organizational factors are most important for 
Businesses 3, 5 and (I3, I5, and I7). As Figure 6 
illustrates, the human factor was by far the most 
outstanding factor in the entire fire risk management 
system of surveyed undertakings, representing 
around 48%. Organizational issues were ranked 
number two with 45 and technology was the least 
important aspect according to 7 per cent of 
respondents. 
 
 

 
Figure 5: Weight calculation at staff and manager 
levels
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Figure 6: Calculation of the weight of different plants 
4.3 TOPSIS Method 
The TOPSIS expansion is called the Technique for 
Order Preference by Similarity to the Ideal Solution, 
which was first elaborated by Hwang and Yoon in 
1980 and presented to science. The core of the 
method is located at the proximity of the decision 
points to the best alternative. [40] TOPSIS is among 
the frequently used ways to come to a decision 
concerning the weights of criteria because of its easy 
understanding, simplicity in calculation, and its 
reasonability [41]. 
TOPSIS Method has 6 steps as illustrated in below: 
Step 1: Designing Decision Matrix 
The decision matrix, with rows containing the criteria 
and columns alternative, is as follows. 

            (5) 
In the Aij matrix, m m is the total number of the 
alternatives and n is the total number of the criteria. 
Step 2: Making the Standard Decision Matrix  
As the unit measurements of data in decision matrix 
are different, the data is normalized by applying a 
scale transformation on the data. The standardized 
decision matrix A, presented in the figure below, was 
derived from starting matrix.   values in this 
matrix are obtained using the formula below. 

     
                 (6) 
Step 3: Developing Weighted Standard Decision 
Matrix  
The value of the criterion's weight is indicated by 

 Multiplication is done 
between the elements of the R matrix columns and 

 values. Consequently of this operation, the V 
matrix is found. 
Step 4: Obtaining Ideal (A+) and Negative Ideal (A-
) Solutions 
As for the selection of the best solution in the V 
matrix (the solution of a strategic assignment), 
maximum scores pursuing the criteria are needed, 
therefore values in the column meant for the solution 

should be chosen. The building relation is below to 
give the ideal solution. 
A+ = {max Vij│jJ, min Vij│jJ}       (7) 
To acquire the negative objective function the 
smallest signs of all the criteria values on the last 
column of the V-matrix are chosen besides which 
values are selected. Opposite to the ideal solution 
theory, various assumptions offer different total ideal 
solution values. 
A-  = {min Vij│jJ,, max Vij│jJ}                   (8) 
The solution of the above formula will be A- = {V1-, 
V2-, …. Vn-}  from the set –Vn    
The group of real numbers, which will be the final 
result in the formula, can be written in form A+ = 
{V1+, V2+, ….} .Vn+} 
Step 5: Validate the prejudice indicators 
Consistently a good discrimination value (Si)+ and a 
bad discrimination value (Si)- are the difference 
values reserved for the alternatives. Below are the 
formulas that are used throughout the calculation. 

              (9) 

                                               S- = √∑ (Vij-vj
-)2n

j=1               

            (10) 
Usage of (Si)+ equals (Si)- within the number of 
alternatives is the same. 
Step 6: Calculate the relative being brought closer to 
the optimal solution. 

 index of closeness is achieved when 
the difference between the alternatives and that of the 
optimum solution has been computed. Value of this 
variable is in the range of the mathematical 
expression between 0≤  ≤1. The vanishing point 
of the ideal solution remains the same regardless of 
the value. Properly prioritizing the alternatives based 
on their resemblance to the perfect solution. Human 

 values participation in getting the alternatives' 
proximities to the ideal alternatives. Measuring the 
universe's apparent age is accomplished 
mathematically through the formula.  values are 
taken into account in obtaining the relative closeness 
of each of the alternatives to the ideal solution. This 
value is obtained using the formula shown below. 

          (11) 
encourages the adoption of a value of varying 

degrees between 0 and 1. = 1 represents how 
close an alternative’s ideal solution is and =0 
portrays approval of the ideal solution which is 
negative [42], [43]. 
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4.3.1 Results of the TOPSIS Method 
The outcome of this step on TOPSIS indicated that I1 
(Operation 1) gets the highest closeness (0.979). As 
for the workshop, it generates the readings with the 
highest ideal resolution (0.002). The results 
presented a closeness score of 0.897 with I5 
(Operation 5), which is 2nd highest among all firms 
after another one. The conclusion of weighting 
elements of each trade in Table 3 tells us that 
the human aspect was the primary influence with 
48% of total weight.(Table 3). The table results 
illustrated that the human element plays a vital role 
for I1 (Project 1) in which the weight of this element 
is higher than 48% (more than half). This not only 
proves but also becomes the main reason why I1 
stands first on the list. 
Table 3: Weight Calculation of each enterprise in 
three directions. 

 
Sorting and analyzing eight firms according to the 
risk management functionality data is one of the 
important tasks that the study fulfilled. The AHP 
method of MCDM was represented as the TOPSIS 
approach and was used to rank. Table 4 shows the 
decision matrix for eight business firms. First of all 
the step in the TOPSIS method is the calculation of 
the normalized decision matrix using formula 
(6). The weighted decision matrix is then calculated 
and the results are shown in the Table 5. The fact 
remains that the weighted decision matrix acquires 
shape when the normalized decision Matrix collides 
with the summa weight of the elements presented in 
Table 5. There are two types of solutions which are 
known as ideal and negative ideal and they are 
calculated using the equations (7) and (8). The gaps 
between the ideal and negative ideal solutions are 
calculated using Equations (9) and (10) shown in 
Table 6. The table also offers equation 11 
corresponding to the relative proximity to the ideal 
solution by it.  
Sorts out the study aim by prioritizing and classifying 
the eight objectives. We are carrying a research in 
order to examine how the fire risk management 
systems were handled from both technical, human 
and organizational viewpoints in eight different 
businesses. The data which was used in this research 
was acquired through, of course, a survey. Two types 
of TOPSIS (which is shortened from Technique for 
Order Preference by Similarity to Ideal Solution) 

were employed to make the analysis. The weight of 
risk management systems has been found using a 
method of entropy calculation. The TOPSIS method 
was applied and was used to rank eight companies 
with regard to their fire risk management systems 
which were also evaluated where their levels of risk 
were measured.(Table 6). 
 
Table 4: The decision matrices of operating 
enterprises. 

  
 
Table 5: Normalized decision matrices 

 
 
Table 6: The rankings of all alternatives (operations) 
are calculated by relative proximity 
             

 
 

5. Conclusion 
Thus, the MCDM approach of fire risk management 
measures seeks a systematized and data-driven 
technique in forestalling any business continuity 
damage due to fires. With the usage of multi-criteria 
decision-making approaches, organizations can 
choose and rank optimal strategies; prioritize 
interventions, and optimize the usage of resources 
effectively to curb fire risk and enhance the resilience 
of the operations. Through identifying and upholding 
fire risk management measures organizations can 
become more than one step forward concerning 
firefighting incidents and will, therefore, be able to 
eliminate potential interruptions in operations, 
damage to the property as well and ruining 
the company’s reputation. Efficient fire risk 
management economizes the resilience of 
organizations to enable efficient operations to run in 
non-mellow situations, protect staff, customers, and 
assets, and develop the public’s confidence regarding 
the organization’s ability to deal with emergencies. 
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The appropriate implementation of fire risk 
management actions will only be achieved in the 
situation of a partnership and involvement of internal 
and external stakeholders among which employees, 
management, regulative bodies, insurers, and 
inhabitants might be outlined. Via stakeholder 
cooperation and linkages, both organizations 
emphasize collaborative skills and knowledge 
sharing, which contributes to increased fire safety 
and continuous business' operations. Going ahead, 
organizations shall take upon the responsibility of the 
continuous assessment, adjustment, and amendment 
of the management strategies for fire risks in the face 
of accurate environments. Moreover, it is essential to 
conduct additional studies to discover the new trends, 
technologies, and top strategies and approaches to 
preventing fires and building fire resistance. 
In essence, this MCDM approach offers a 
comprehensive and forward-thinking solution for fire 
risk mitigation that is designed to protect 
organizational continuity and resilience by securing 
the organization against the loss of assets from fire 
hazards. Through the deployment of the intelligence 
obtained through this process, the finance capacities, 
the fire response readiness, and the organization's 
resilience to fire incidents are increased, hence 
stakeholders get protection and success is sustained 
in the long run. 
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