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Abstract. The multi-criteria decision analysis (MCDA) landscape is
fraught with complexity and challenges, particularly in diverse decision-
making environments. Practitioners often face the challenging tasks
of selecting appropriate MCDA methodologies, navigating complicated
computational processes, and effectively synthesizing inputs from a vari-
ety of stakeholders. The existing landscape of MCDA tools, which are
typically limited to specific methodologies, exacerbates these challenges,
often resulting in fragmented workflows and steep learning curves. To
overcome these hurdles, the MCDA Calculator (https://mcda-calculator.
psi.ch) emerges as a novel decision support system (DSS), providing
a unified and streamlined platform tailored to increase the efficiency
and effectiveness of computational process for experienced practition-
ers in applying MCDA. The MCDA Calculator features a streamlined
computational workflow that blends different MCDA methodologies into
a cohesive unit. This approach ensures a consistent and intuitive user
experience, effectively eliminating the need for complex, time-consuming
configurations. The tool’s design philosophy focuses on simplifying the
MCDA calculation process. In this paper, we introduce our DSS and
detail the workflow of the developed web-based tool. To illustrate the
practical benefits and real-world applicability of the MCDA Calculator,
the paper presents a numerical example which illustrates the tool’s abil-
ity to streamline calculation processes, and produce insightful, actionable
results.

Keywords: Multi-criteria decision analysis + Decision support
system - Software development

1 Introduction

In the field of decision making, Multi-Criteria Decision Analysis (MCDA) meth-
ods have proliferated over several decades, forming a large and diverse “fam-
ily” [15]. Each member of this family has distinct characteristics that make
them applicable in different contexts. The diversity of MCDA methods pro-
vides practitioners with structured and context-specific approaches to evaluate
complex decision problems. Additionally, the application of these methods in
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real-world scenarios necessitates an intuitive and user-friendly interaction with
the data, ideally through a Decision Support System (DSS). To address this,
user interface(UI)-based software solutions have been developed that stream-
line the decision-making process [18]. Specialized software such as PriEsT for
the Analytical Hierarchy Process (AHP) [26], Visuall PROMETHEE for the
PROMETHEE method [21], and ValueDecisions for the Multi-Attribute Value
Theory (MAVT) [16] have been developed, each tailored to the computational
nuances of different MCDA methods. Some other software solutions are devel-
oped to guide and incorporate the input of multiple decision makers (DMs),
experts, and stakeholders into the decision process. This requires an instructive
framework that facilitates group decision-making and provides a comprehen-
sive view of the collective results. Software solutions such as SOCRATES for
the Social Multi-Criteria Evaluation (SMCE) framework [23] and MAMCA soft-
ware [17] have been developed to focus on stakeholder interaction.

Despite advances in software tools designed to facilitate the application of
MCDA methods, several gaps remain, particularly in their practical utility for
practitioners. While most existing software provides detailed, instructive pro-
cedures to assist practitioners unfamiliar with these methods, these guidelines
can be redundant and time-consuming for those already experienced in the field.
The step-by-step instructions, while beneficial for beginners, can hinder the effi-
ciency of experienced practitioners, causing unnecessary delays in their work-
flow. Another challenge is the need for versatility in applying different MCDA
methods to different cases. Current software solutions are often dedicated to
specific MCDA methodologies, forcing practitioners to switch between software
platforms. This not only disrupts the continuity of their work, but also intro-
duces additional learning curves as each software comes with its own unique
interface and operating mechanics. This fragmentation of available tools can
hinder the seamless integration of different MCDA approaches into a single,
streamlined process. Although tools such as Diviz offer comprehensive solutions
for the different MCDA methods, their effective utilization often necessitates a
solid foundation in programming or an in-depth understanding of block building
methodologies [4]. These prerequisites can create barriers for practitioners who
may not possess such technical expertise, limiting the accessibility and wider
adoption of these otherwise powerful MCDA tools.

To fill this gap, there is a need for a comprehensive tool that integrates
different MCDA methodologies while providing intuitive and straightforward
usability. Such a tool should minimize trivial settings and configurations, allow-
ing practitioners, especially MCDA experts, to focus more on analysis and less
on navigating the software. It should provide a platform where multiple MCDA
methodologies can be seamlessly accessed and applied, with an easy-to-use inter-
face that appeals to both novice and experienced practitioners. This consolida-
tion of functionality would not only increase the efficiency of MCDA application,
but also enrich the decision-making process, allowing for a more holistic and flex-
ible approach to problem-solving in different contexts.

In this paper, our objective is to improve the methodological framework for
MCDA computations, focusing specifically on integration within a visualized
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system. We present our newly developed DSS, the MCDA Calculator web tool,
which is specifically designed to encapsulate different MCDA methods and seam-
lessly derive computations from them. We propose a streamlined computational
structure for MCDA methods that allows different methods to adhere to a uni-
form process flow for generating results. This approach ensures that regardless
of the MCDA method used, the process remains consistent and user-friendly,
thereby simplifying the application of these methods and increasing the effi-
ciency and effectiveness of the decision-making process. The paper is organized
as follows: We begin with a literature review on existing MCDA methods and
compare them with our software. Next, we detail the workflow and structure
of the MCDA Calculator. Finally, we demonstrate the application of our tool
through a numerical example, showcasing its practical utility.

2 Literature Review: Revisiting MCDA DSS
from Practical Usage

In this section, much of the discourse on Multi-Criteria Decision Analysis
(MCDA) revolves around its real-world application, particularly the challenges
associated with its complex computational requirements. Given the intricate
nature of MCDA calculations, there is an increasing reliance on computational
support. For example, it can be facilitated by libraries in various programming
languages. Notable examples include the Python-based libraries [7,30] and those
in R [3]. Despite their comprehensiveness, these libraries present a significant
hurdle for non-technical experts due to their lack of user-friendly interfaces and
interactivity, making them less practical. Therefore, software as DSS play a crit-
ical role in bridging this gap. They help practitioners construct problem struc-
tures, implement MCDA methodologies, and visualize results in an accessible
manner. Such systems offer increased convenience and flexibility in various con-
texts. For example, they allow practitioners to easily modify data and MCDA
parameters or present results in stakeholder meetings and workshops. However,
these DSSs are not without limitations. Each system has different features tai-
lored to specific contexts. Some specialize in particular MCDA methods, while
others emphasize interaction with practitioners, focus on post-hoc analysis, or
are good at facilitating group decision making.

The variety of software underscores the importance of a comprehensive review
to compare features and identify potential gaps. Such an analysis is critical to
understanding their suitability in different decision-making scenarios. For this
review, our attention is focused on MCDA DSSs with Ul that have been devel-
oped within the last decade and remain accessible and operational today'. Given
the large number of MCDA methods and software applications available, our
focus will be on conducting a comparison of free (or partially free) MCDA tools
for scoring and ranking. This comparative study aims to map the landscape of

! Test environment specifications: Operating System is Windows 10 and the processor
is an Intel® Core  i7-12800H.
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available DSSs in MCDA, provide insights into their strengths and limitations,
and identify areas where new developments could be most beneficial. Our com-
parative analysis focuses on the key features of different MCDA software, follow-
ing the process stages proposed by Belton and Stewart [2]|. These stages include
problem structuring, model building, and challenging thinking. We examine and
question the specific features offered by different software, focusing on how they
facilitate each of these stages:

Phase 1: Problem structuring. The problem structuring phase is charac-
terized by divergent thinking, where the focus is on mapping goals, values, and
constraints while acknowledging the uncertainties and influences of external envi-
ronmental factors. It is a stage where the range of stakeholders is brainstormed,
along with the identification of primary alternatives and the establishment of
appropriate criteria. The key features we examine are:

— @1,1: Does the DSS provide a heuristic approach to enable effective brain-
storming for problem structuring?

— @1,2: Is the DSS designed to incorporate inputs from multiple actors, includ-
ing stakeholders, decision-makers, or experts?

Phase 2: Model building. The model building phase marks a transition to a
focused, convergent approach that synthesizes the rich insights from the prob-
lem structuring phase into defined, actionable elements of the decision process.
This phase focuses on detailing alternatives, establishing criteria, and capturing
associated values, preferences, and performance. We evaluate the following key
features of the DSS:

— (2,1: Does the DSS provide a method for importing structured data to stream-
line the process instead of manual information entry?

— Q2,2: Does the DSS provide weight elicitation methods (rather than directly
entering the criteria weights)?

— Q2,3 What MCDA method(s) does the DSS offer?

Phase 3: Challenging Thinking This phase brings the model results into
discussion and uses critical analysis to explore the robustness of the constructed
models to different scenarios and assumptions. For example, sensitivity analysis
can be used to understand the impact of changes in criteria weights and alterna-
tive performance, and to assess the stability of the decision outcome. This phase
ensures the robustness and reliability of the decision process. We evaluate the
following key features of the DSS:

— @3,1: Does the DSS offer visualization tools for results to aid in discussion
and interpretation?

— (3,2: Is there a feature within the DSS to export the results of the MCDA
for further use and analysis?

— (3,30 Does the DSS include a module for conducting sensitivity analysis to
assess the robustness of the decision outcomes?
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In addition, we ask some general questions about the nature of software:

— Qo,1: Does the platform operate as a web-based tool or is it configured for
desktop installation?
— Qo,2: Is the software open source?

The detailed comparative analysis of the MCDA DSSs is presented in Table 1.

Table 1. MCDA DSS comparison

DSS Qo1 Qo,2 Q1,1 Q1,2
Entscheidungsnavi [24] Web-based v v X
FITradeoff [14] Web-based X X X
MAMCA [17] Web-based X X v
MCDA Index Tool [9] Web-based X X X
PriEsT [25] Desktop-based v X X
SOCRATES [23] Web-based X X v
ValueDecisions [16] Web-based v X v
Visual PROMETHEE [21] Desktop-based X X X
DSS Q2,1 Q2,2 Q2,3
Entscheidungsnavi JSON v MAUT [12]
FITradeoff Excel v FITradeoff [13]
MAMCA Excel v AHP [28], SMART [29]
MCDA Index Tool CSv v SAW [19]

PriEsT Special format v AHP (28]
SOCRATES JSON X NAIADE [22]
ValueDecisions Excel X MAVT [5]

Visual PROMETHEE CSV, TXT X PROMETHEE |6]

DSS Q3,1 Q3,2 Q3,3
Entscheidungsnavi v JSON v

FITradeoff v Excel v

MAMCA v Excel v

MCDA Index Tool v CSV v

PriEsT v Special format v

SOCRATES v JSON v
ValueDecisions v X v

Visual PROMETHEE v CSV, etc. v

In general, there is a trend in MCDA DSSs to move from traditional desktop-
based applications to web-based tools. This shift addresses the various envi-
ronmental support requirements, such as specific Java libraries, that desktop
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applications require. Web tools offer ease of use; a simple browser is all that
is needed to launch the DSS, enabling cross-platform compatibility across PCs,
mobile phones and tablets. Import and export functionality is considered essen-
tial, as evidenced by its ubiquity in all DSSs surveyed. However, the preferred
formats for these functions vary, with easy-to-use options such as CSV and Excel
being more common, as opposed to JSON or proprietary formats that can pose
usability challenges.

In addition, it is observed that each DSS tends to specialize in different
MCDA methodologies, resulting in different data entry methods and value elic-
itation processes. This specialization highlights the need for a tailored approach
to handle the nuances of different MCDA techniques. Finally, the provision of
sensitivity analysis is a notable feature, whose importance is underscored by its
consistent inclusion in all DSSs. The prevalence of this feature indicates its cru-
cial role in assessing the robustness of decision outcomes. Additionally, several
DSSs also integrate group decision-making, which makes collaborative decision-
making possible.

Our analysis shows that modern MCDA DSSs are equipped with comprehen-
sive functionalities that enable a complete decision process within the software.
In particular, Entscheidungsnavi provides a heuristic approach to problem struc-
turing. However, we observe that these systems often have a steep learning curve.
Typically, DSSs are limited to one or two MCDA methods, a limitation resulting
from the inherent diversity of MCDA methods. As a result, practitioners may
have to switch between different DSS platforms to use different MCDA meth-
ods. In addition, as shown in Fig. 1, the functional design of these DSSs varies,
resulting in different workflows. Some systems adopt a linear process flow that
requires step-by-step input from practitioners. While systematic, this approach
can be time-consuming. Others offer a comprehensive set of functions across dif-
ferent sections of the interface, which, while thorough, can be confusing due to
its complexity.

While the current landscape of DSSs with comprehensive MCDA capabili-
ties is impressive, it often exceeds the needs of practitioners seeking speed and
flexibility. There is a notable research gap in addressing scenarios where practi-
tioners require fast, straightforward computations using different MCDA meth-
ods across different case studies. Existing systems, with their extensive feature
sets and structured workflows, are designed more for in-depth analysis, which,
while thorough, can be cumbersome for practitioners who need to quickly switch
between methods and case studies. This gap highlights the need for a more agile
and adaptable DSS that prioritizes efficiency and ease of use without compro-
mising the breadth of MCDA methodologies.

3 Proposal of a Streamlined MCDA DSS: MCDA
Calculator

In response to the research gap we identified, we present our proposed DSS: the
MCDA Calculator. The goal is to provide a systematic and streamlined frame-
work to assist practitioners in developing computational structure and efficiently
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Fig.1. Screenshots from MCDA DSSs: (a) Visual PROMETHEE; (b) Entschei-
dungsnavi; (¢) SOCRATES; (d) PriEsT; (e) MAMCA.

computing results using a range of MCDA methodologies according to a set of
defined requirements: Through our investigation, we discovered that a certain
category of MCDA methods could be effectively incorporated into a unified com-
putational model. The defining characteristics of these MCDA methods include:

— The primary focus is on ranking problems, where the goal is to obtain a
complete ordinal ranking of alternatives;

— The sets of alternatives and criteria are predetermined and fixed, ensuring a
stable and consistent data structure;

— Scoring functions are applied to integrate multiple criteria, culminating in a
comprehensive final ranking.

Several prominent MCDA methods, such as PROMETHEE [6], TOPSIS [1],
and MAVT [5], satisfy these criteria. Thus, in our DSS, we propose a high-level
computational model, denoted F, for these MCDA methods, taking into account

various parameters:

F(AM,P,G), (1)

where A denotes the matrix of collected alternative data over different crite-
ria. M is a 1-tuple that specifically indicates the chosen MCDA method. P is the
matrix that encapsulates parameters for the criteria, such as polarity, weights of
the criteria, and method-specific parameters like those used in PROMETHEE
to construct preference functions. Finally, G symbolizes the global parameters,
represented as a tuple. This can range from a O-tuple to n-tuples, depending on
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the specific MCDA method used. For example, in the context of VIKOR, the
global parameter v is given to define the decision strategy [20], resulting in a
1-tuple for global parameters.

To clarify, the matrices A and P are described in a manner consistent
with computer science principles, accommodating a range of data types and
scales, including both numeric and non-numeric (e.g., strings) elements. Their
representation as matrices serves primarily to structure the data in an orga-
nized and accessible format. The operations within the computational model
extend beyond conventional mathematical matrix operations to include special-
ized transformations and mappings relevant to each MCDA method.

The primary goal of the computational model is to provide aggregate scores
for the alternatives under consideration. However, in certain MCDA methods,
additional information may prove valuable. For example, in the PROMETHEE
method, we encounter metrics such as negative flows, positive flows, and net
flows, while TOPSIS provides distances relative to the best and worst condi-
tions. To effectively capture and use this additional information, we propose to
structure it as matrices, denoted by R. This approach not only increases the
comprehensiveness of our analysis, but also facilitates integration with the pro-
gramming languages used to develop our DSS.

With the computational model in place, we now present our MCDA calcu-
lator flowchart. As shown in Fig.2, our proposed MCDA calculator is defined
by a linear workflow, but includes decision points where the practitioner must
ensure that the correct data or parameters have been entered before proceeding
to the next step. This ensures the accuracy and completeness of the information
entered at each stage of the MCDA process.

First, practitioners import the performance data of alternatives into the data
matrix A. The DSS expects an @ X y matrix, i.e., Ay, for a decision problem
consisting of x alternatives and y criteria. If the data matrix is not properly
structured, the system prompts the practitioner to adjust the data. Once the data
is properly formatted, the next step is to select an appropriate MCDA method,
represented by M. After selecting the MCDA method, the practitioner must
enter the necessary criteria parameters in the matrix P and global parameters
in G, if applicable. For an MCDA method that requires z criterion parameters,
the DSS expects a y X z matrix, i.e., Myyx.. Only when all parameters are
correctly filled, the system proceeds to calculate the MCDA scores by applying
the model (A, M, P, G), and finally obtains the MCDA result matrix R. Should
practitioners or DMs find the results unsatisfactory, or if they wish to validate
the performance of alternatives using different MCDA methods, they have the
option to recalculate. Importantly, this can be done without re-importing all the
data, streamlining the process for further analysis.

4 Development and Demonstration of the Web-Based
DSS

Based on the structure outlined in the flowchart, we developed the web-based
DSS, the MCDA Calculator. This application was built using Dash, a flexible and
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lightweight Python framework designed for building web applications [10]. The
MCDA Calculator is hosted at https://mcda-calculator.psi.ch and operates as a
one-page application. This design allows practitioners to experience a cohesive
workflow on a single page, encompassing every step from the initial data import
to the final result (see Fig.4). Currently, the MCDA calculator includes methods
like PROMETHEE, TOPSIS, VIKOR, and SMART.

Data
matrix

MCDA
method

Criterion
parameter
matrix

Data imported
with
orrect structure

Global parameters’
filled?

Criterion parameters
filled?

Calculate MCDA scores
F(A,M,P,G)

result matrix Satisfied with
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Fig. 2. MCDA Calculator flowchart
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Fig. 3. Screenshot of the MCDA Calculator DSS


https://mcda-calculator.psi.ch

40 H. Huang and P. Burgherr

Given the abstract nature of the computational model, we will demonstrate
the workflow of the DSS with a simplified analysis, which was originally designed
as a practical exercise for master’s students in energy system analysis at ETH
Zurich. The case is adapted from a published work of Siskos and Burgherr [27],
which analyzes the resilience of European countries’ electricity supply systems. It
aims to deepen the understanding of how complex and multidimensional concepts
like energy system resilience can be assessed using a MCDA methodology. The
exercise focuses on the evaluation of three major resilience dimensions: Resist,
Restabilise, and Recover. As a simplified case study, the task involves evaluating
and ranking Switzerland and its neighboring European countries based on their
performance across 6 criteria (indicators) that influence their electricity supply
resilience. The criteria are:

1. ¢; System Average Interruption Duration Index - SAIDI (Resist dimension):
The SAIDI is a measure of the total duration of electricity supply interrup-
tions per customer per year.

2. ¢y Political stability and absence of violence/terrorism (Resist dimension):
A composite indicator that measures to what extent the political system is
stable and not hindered by acts of violence and terrorism.

3. c¢3 Electricity mix diversity (Restabilise dimension): This criterion measures
the diversification of the electricity mix of each country, to different electricity
generation technologies.

4. ¢4 Electricity import dependence (Restabilise dimension): This criterion
defines the ratio between electricity consumption and production in each
European country.

5. ¢5 Annual GDP growth (Recover dimension): A country exhibiting an expan-
sion to its Gross Domestic Product (GDP) is expected to foster long-term
investments and economic growth.

6. cg Government effectiveness (Recover dimension): Government effectiveness
represents the quality of public services and the readiness of policy formula-
tion and implementation.

The collected data for the alternative are depicted in Table 2. It should be
noted that the majority of the indicators presented are composite indices. Con-
sequently, specific units are not assigned to these indicators in the table.

Table 2. Data for evaluation

c1 |ca ez |ea |es |ces

Switzerland | 0.20 | 1.34 | 0.43 | 0.98 | 2.05 | 2.04
Germany 0.30|0.60 0.77]0.92|1.93 | 1.62
France 0.40/0.11/0.47/0.89 |1.52|1.48
Ttaly 1.30/0.31/0.73|1.15|0.90 | 0.41
Austria 0.60/0.92/0.56|1.14|1.89 | 1.45
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To compute the resilience scores of different countries (alternatives) based
on specific criteria, we will use two intuitive MCDA methods available in our
DSS and demonstrate their efficient workflow. For this demonstration, we have
selected methods from the Simple Multi-Attribute Rating Technique (SMART)
family and the Technique for Order of Preference by Similarity to Ideal Solution
(TOPSIS). Readers interested in a comprehensive explanation of these methods
can refer to the existing literature [1,11].

The first step within the DSS is to upload the data matrix A4 as described in
Table 2. Practitioners have the convenience of importing data via a spreadsheet
compatible with Excel or CSV formats. After importing the data, a method
selection prompt appears, allowing the practitioner to select an MCDA method.
When SMART is selected, the system dynamically generates parameter tables
tailored for user-friendly input, allowing practitioners to populate the parameter
matrix P. For each criterion, practitioners must specify the corresponding polar-
ity, minimum plausible parameter ¢ui,, maximum plausible parameter gmax, and
weight, as described in Table 3. As there is no global parameter in SMART, after
completing this step, the DSS automatically skips this step, and practitioners
can proceed to calculate the results by clicking the “Calculate the Result" but-
ton. When practitioners choose the TOPSIS method, the required parameters
for P include the polarities of the criteria and their corresponding weights (see
Table 3). There is no need for practitioners to start from scratch; they can seam-
lessly transition to calculating the TOPSIS results after calculating the SMART
results, ensuring a smooth and efficient analysis process.

Table 3. Criterion parameters in SMART and TOPSIS method

SMART parameters TOPSIS parameters
Criterion Polarity Qmin Qmax Weight Polarity Weight
c1 Negative 0,2 1,3 0,08 Negative 0,08
C2 Positive 0,11 1,34 0,2 Positive 0,2
cs3 Positive 0,43 0,77 0,12 Positive 0,12
cq Negative 0,89 1,15 0,2 Negative 0,2
cs Positive 0,9 2,05 0,16 Positive 0,16
Ce Positive 0,41 2,04 0,24 Positive 0,24

The DSS will then calculate the SMART and TOPSIS results. The resulting
matrix shows different results after computation. Within the SMART method,
we document both the aggregated scores for a comprehensive overview and the
normalized scores across all criteria to facilitate detailed analysis. In the TOP-
SIS methodology, we document the aggregated scores, and the distances of the
alternatives to the ideal alternative as well as to the negative ideal alternative
(nadir). In addition, we record the normalized scores for each criterion. Conse-
quently, the matrix R is constructed to represent this data, as shown in Table 4.
Practitioners have the option to export the result matrix, along with any other
matrices, as Excel files for further in-depth analysis.
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Table 4. Comparative Results R using SMART and TOPSIS Methods

(a) Results of the SMART Method

Alternative | Score | ¢1 co c3 cq cs Co
Switzerland | 81.08 | 8.00 | 20.00 | 0.00 |13.08 | 16.00 | 24.00
Germany 77.08 | 7.27|7.97 |12.00|17.69|14.33 | 17.82
France 52.34 16.55|0.00 |1.41 |20.00|8.63 | 15.75
Ttaly 13.8410.00|3.25 |10.59/0.00 |0.00 |0.00
Austria 52.71 1 5.09|13.174.59 |0.77 |13.77 15.31
(b) Results of the TOPSIS Method
Alternative | Score | Distance to Ideal | Distance to Nadir | ¢; ca c3 Ca cs Ce
Switzerland | 0.86 | 0.03 0.20 0.13]0.76 1 0.32 | 0.43 | 0.54 | 0.61
Germany 0.59 |0.09 0.13 0.20/0.34 | 0.57 | 0.40 | 0.50 | 0.48
France 0.39 |0.15 0.10 0.26 | 0.06 | 0.35]0.39 | 0.40 | 0.44
Italy 0.16 |0.18 0.03 0.85/0.18 1 0.54 | 0.50 | 0.24 | 0.12
Austria 0.64 |0.07 0.13 0.39/0.52 | 0.41 | 0.50 | 0.49 | 0.43
s SMART T T 7 7 T Jopsis T T T T T T I
I Alternative Name cl c2 c3 c4 c5! 6 Alternative Name cl c2 c3 c4 [+ cél
I Switzerland 0.2 1.34 0.43 8.98 2.5 2.04 Switzerland 0.2 1.34 9.43 .98 2.05 2,94'
I Germany 0.3 0.6 0.77 8.92 1.93 1.62 Germany 0.3 0.6 0.77 0.92 1.93 1.62'
I 1) t‘ﬂ France 0.4 e.11 0.47 8.89 1.52 1.48 France 0.4 0.11 0.47 .89 1.52 1.48
Italy 1.3 9.31 09.73 1.35 0.9 8.41 Italy 1.3] 0.31 0.73 1.15 0.9 0.41
I Austria 0.6 8.92 0.56 1.14 1.89 1.45 Austria e.6 8.92 0.56 1.14 1.89 1.45
l

Tr T calculation is grounded in the foundational research detailed in The TOPSIS calculation is grounded in the foundational research detailed in the

he available at: r publication available at: |

Polarity Min Plausible Value Max Plausible Value Weight Criterion Polarity Elghtl

1 1 Negative 0.2 1.3] 8.00% c1 Negative 8.e0x |

1 c2 Positive 0.11 1.34/20.00% c2 Positive ze,eexl

1 3) P c3 Positive 8.43 8.77/12.00% c3 Positive 12-99%|
I c4 Negative 0.89 1.15/20.00% c4 Negative 20.00%
s Positive 0.9 2.05(16.00% s Positive 16.00%

: c6 Positive 0.41 2.84‘24.99% 6 Positive 24.%%:

L :

1 Alternative Name Aggregated Scores c1  ¢2 3 & S Alternative Name TOPSIS Score Distance to Ideal Distance to Nadir c|]

Switzerland 81.08 8 20 o [13.08 16 switzerland 0.86 0.03 0.20
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‘ » . »

I I

Fig. 4. DSS Workflow with SMART and TOPSIS

We can elaborate how the calculation of SMART and TOPSIS is done in our
computational model F in the web-based DSS, as illustrated in Fig. 3. Practition-
ers can leverage the MCDA Calculator’s linear and reversible workflow to easily
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adjust parameters or compare results across MCDA methods. By streamlining
the calculation process and providing essential functionality in an accessible for-
mat, the MCDA Calculator stands out as a practical, time-saving tool in the
field of MCDA, filling a critical gap in the current landscape of DSS.

5 Conclusion and Outlook

In this study, we have introduced the MCDA Calculator, a streamlined, web-
based DSS specifically designed for facilitating MCDA calculations. This tool
is optimized to support the MCDA process by simplifying the workflow and
focusing primarily on delivering calculation results and associated parameters.
Practitioners are guided through four straightforward steps, from data import to
the exportation of MCDA results, making it particularly beneficial for scenarios
requiring swift MCDA computations across different methods without the need
to switch between various software platforms.

However, it is important to acknowledge that the MCDA Calculator is still in
its developmental stages, presenting significant opportunities for enhancement.
A key direction for future development involves expanding the range of MCDA
methods incorporated within the system. As the MCDA-MSS suggests, there
are up to 65 methods (including original MCDA methods and their variants)
compatible with our DSS’s framework [8]. This indicates a promising direction
for extending the calculator’s functionality.

While the MCDA Calculator features computational capabilities, the MCDA
process encompasses additional aspects such as weighting and sensitivity analy-
sis. Herein lies the potential to evolve the MCDA calculator into a comprehensive,
modular DSS. This system would retain the streamlined computational work-
flow of the MCDA Calculator while integrating it with other modules to handle
different aspects of the MCDA process. Such an advancement would not only
maintain the efficiency of the MCDA Calculator, but also expand its scope to
cover a wider range of MCDA functionalities, providing a holistic and versatile
tool for multi-criteria decision analysis.
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