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This paper is devoted to the systematisation and comparative analysis of Python libraries
designed to solve multi-criteria decision-making problems. It examines the leading tools of the
modern ecosystem: the pyDecision library, which offers over seventy MCDA methods with
integration of large language models; the scikit-criteria module, which is built into the Python
scientific stack and supported by an active developer community; the versatile pymcdm library,
which is constantly evolving and has been featured in peer-reviewed scientific publications; the
specialised crispyn package for determining the weighting of criteria using objective and subjective
methods; the PySensMCDA tool for in-depth sensitivity analysis; the ProMCDA library for
probabilistic uncertainty analysis; and the scikit-mcda module, which provides a simple interface to
a wide range of methods. Recommendations are provided on selecting tools depending on the
specific requirements of the task, particularly the range of methods, the need for sensitivity
analysis, the consideration of uncertainty, the necessity of determining criterion weights, and
integration with other libraries in the Python scientific stack.

Multi-criteria decision making (MCDM) is a set of mathematical methods
designed to evaluate, rank or select alternatives based on a set of criteria that are
often in conflict with one another.

These methods are widely used in various fields of management. The rapid
development and use of applications to solve such problems has become possible
through the use of the Python programming language and its ecosystem of scientific
libraries (primarily NumPy, SciPy and pandas).

The pyDecision library offers over seventy methods for solving multi-criteria
analysis problems. This library covers a wide range of methodologies, including the
classical Analytic Hierarchy Process (AHP), the TOPSIS method (Technique for
Order Preference by Similarity to Ideal Solution), methods from the PROMETHEE
(Preference Ranking Organization Method for Enrichment of Evaluations) and
ELECTRE (ELimination Et Choix Traduisant la REalité) families, as well as many
others.

A distinctive feature of this library is its integration with the ChatGPT large
language model, which allows decision-makers to discuss and compare the results of
different methods interactively, facilitating a deeper understanding of the problem
structure and the validity of the conclusions drawn. Large language models must be
carefully configured and used with caution.

The scikit-criteria library includes capabilities for multi-criteria analysis,
including aggregation methods such as:

e ARAS (Additive Ratio Assessment);
e COCOSO (Combined Compromise Solution);
e EDAS (Evaluation based on Distance from Average Solution);
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MABAC (Multi-Attributive Border Approximation area Comparison);
OCRA (Operational Competitiveness Rating Analysis);

WASPAS (Weighted Aggregated Sum Product Assessment);

SPOTIS (Stable Preference Ordering Towards ldeal Solution).

In addition to ranking methods, scikit-criteria offers tools for the objective
calculation of criterion weights, including the MEREC method (Method based on the
Removal Effects of Criteria) and a Gini coefficient-based weighting function, as well
as special classes for analysing ranking stability — RanklInvariantChecker and
RankTransitivityChecker, which allow the identification of method shortcomings
related to rank inversion when alternatives are removed or added.

The pymcdm library includes tools for evaluating alternatives, identifying
Pareto-optimal solutions, comparative analysis and visualisation. Version 1.4 adds
several new MCDM methods, one objective weighting method, and implements new
modules for data validation, subjective weighting (using the AHP hierarchical
analysis method) and support for grey coding in the COMET (Characteristic Objects
Method).

Of value for comparative studies is a dedicated distance module, which offers
ranking comparison metrics such as the Kemeny, Frobenius and DraWsS distances,
allowing for a quantitative assessment of the similarity of results obtained by
different methods. A key advantage of pymcdm is its use of the latest versions of
NumPy, pandas, SciPy and matplotlib, ensuring high computational performance and
seamless integration with the wider scientific computing ecosystem.

The crispyn library offers a set of eleven objective weighting methods that do
not require the involvement of experts and can be applied automatically, which is
particularly valuable in cases where subjective assessment is impossible due to a lack
of expert knowledge or a high risk of bias.

The library includes four subjective weighting methods, which significantly
broadens its scope of application to tasks where the preferences of the decision-maker
must be considered, for example, in a robust assessment of sustainability.

The crispyn library also contains auxiliary methods for performing a complete
multi-criteria evaluation of any decision-making problem, including analytical
methods based on the Stochastic Multi-Criteria Acceptability Analysis (SMAA)
method, which can be applied as an alternative to objective weighting methods.

The PySensMCDA library comprises eight modules covering a variety of
approaches to sensitivity analysis: modification of alternatives, adjustment of
criterion weights, probabilistic approaches, changes in ranking, calculation of trade-
off solutions, preference analysis, graphical visualisations and validation of input
data.

The library’s main aim is to provide decision-makers with predefined
sensitivity analysis methods, facilitating more comprehensive and detailed studies in
multi-criteria scenarios.

The scikit-mcda library supports decision-making methods under uncertainty,
such as the Laplace, Hurwicz, maximin, maxax and minimax regret criteria, as well
as a wide range of classical MCDA methods, including the weighted sum model
(WSM), the weighted multiplicative model (WPM), WASPAS, TOPSIS,
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PROMETHEE II, ELECTRE I and II, and VIKOR. The library also offers various
methods for determining criterion weights — manual assignment, the entropy
method, ranking methods and the Analytic Hierarchy Process (AHP), as well as
several data normalisation methods (linear MinMax, linear Max, linear sum, vector,
high-precision and logarithmic).

Library ProMCDA enables decision-makers to explore the sensitivity and
robustness of composite indicator results in a convenient and systematic manner.
ProMCDA accounts for uncertainty in the values of criteria and weights, providing
methodological support for understanding the impact of these factors on final
decisions.

The review conducted shows that the Python ecosystem offers researchers and
practitioners a wide range of tools for multi-criteria analysis, each of which has its
own strengths and is best suited to specific classes of problems.

For researchers who need access to the widest possible range of methods, as
well as the ability to discuss results interactively using large language models, the
pyDecision library is the most appropriate choice.

For practitioners who are already actively using the Python scientific stack
(NumPy, SciPy, pandas, matplotlib) and wish to add multi-criteria analysis to their
toolkit without learning a new API, the most natural solution is scikit-criteria, which
offers a convenient DecisionMatrix class and extensive capabilities for investigating
the stability of rankings.

Each of the libraries considered, namely pyDecision, scikit-criteria, pymcdm,
crispyn, PySensMCDA, scikit-mcda and ProMCDA, has its own unique features and
Is best suited to specific classes of problems.

The choice of a specific tool should be based on factors such as the required
number of methods, the need for sensitivity analysis, the need to account for
uncertainty, the need to define criterion weights, and integration with other libraries
in the Python scientific stack.
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