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Abstract

In recent years, modeling uncertainties through natural
language has attracted growing attention, with Z-numbers,
introduced by Zadeh in 2011, being a key concept. A Z-
number consists of two fuzzy components: the first
represents the possibility of an event’s occurrence, while the
second expresses the probability of that occurrence. A major
challenge in applying Z-numbers lies in properly structuring
these two components; inappropriate strategies can lead to
inaccurate results, especially in group decision-making
contexts with large data volumes. To address this, the paper
proposes an optimal clustering approach for structuring the
components of Z-numbers more systematically and
purposefully. This method enhances the accuracy of Z-
number modeling by reducing errors in component
formation. The effectiveness of the proposed approach is
validated through a comparison with conventional fuzzy
methods, demonstrating improved performance in handling
uncertainty.

Keywords: Probability-possibility,
clustering, Z-number, CZ number, Fuzzy.
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Using the unsupervised learning method in the optimal selection of expert opinions.
Effectiveness of the proposed method in choosing the optimal opinions of experts in the conditions
of large and complex data sets of expert opinions.

Determining the optimal points to determine the points that make up the intervals of the Z-number.
The use of any method or algorithm for unsupervised clustering of points forming the Z-number.
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1. Introduction
In the face of complex uncertainties, selecting an appropriate solution requires access to valid and reliable
information. Real-world data is often associated with uncertainty, and each type of data demands a specific
approach for analysis. For this purpose, various methods have been developed, including fuzzy set theory,
evidence theory, distance measurement, and Z-numbers, all of which are widely applied in decision-making
problems.
Among these methods, fuzzy modeling has gained popularity due to its ability to employ natural language.
However, its reliance on expert judgment reduces the confidence level in the results. In 2011, Professor Lotfi
Zadeh introduced the Z-number concept, which, by combining probability and possibility of occurrence, offers
higher accuracy in modeling uncertainties. Nevertheless, the main challenge in this method lies in optimally
forming its first and second components.
Previous studies have proposed different solutions to this problem, such as weighting methods, applying evidential
reasoning theory, neural networks, defining discrete fuzzy numbers, and ranking expert opinions. However, these
approaches are mostly applicable to small datasets and have limited efficiency for large-scale data.
In this research, a novel approach based on unsupervised clustering (K-means algorithm) is proposed to optimally
select expert opinions for constructing the initial structure of Z-number components. This approach not only
reduces dependency on a specific algorithm but also enables processing of large-scale datasets with linear
complexity, while maintaining high interpretability. As a result, the proposed method can serve as an effective
solution for improving the modeling of complex uncertainties across various domains.
e  Main Problem: Analyzing data with complex uncertainties and the need for accurate and reliable
methods.
e  Existing Methods: Fuzzy theory, evidence theory, distance measurement, Z-numbers.
e  Advantage of Z-number: Simultaneous integration of probability and possibility, higher accuracy
than probabilistic methods.
e  Current Challenge: Optimal determination of the first and second components of the Z-number.
e  Limitations of Previous Studies: Mostly suitable for small datasets and dependent on specific
methods.
e  Proposed Solution: Using unsupervised clustering (K-means) for optimal selection of expert
opinions.
e  Advantages:
o Reduced dependency on a specific algorithm
o Capability to process large datasets
o Interpretability and visualization of results
e  Application: Improving uncertainty modeling in decision-making and complex data analysis.

2. Innovations and Contributions
e  Using the unsupervised learning method in the optimal selection of expert opinions.
e  Effectiveness of the proposed method in choosing the optimal opinions of experts in the conditions of
large and complex data sets of expert opinions.
e  Determining the optimal points to determine the points that make up the intervals of the Z-number.
e  The use of any method or algorithm for unsupervised clustering of points forming the Z-number.

3. Materials and Methods

In many real-world decision-making scenarios, data often exhibit complex uncertainties that challenge the
reliability of analytical outcomes. To address such challenges, researchers have developed various theoretical
frameworks, among which Z-numbers—introduced by Professor Lotfi Zadeh in 2011—stand out as an effective
method for modeling imprecise information. A Z-number consists of two components: (1) the possibility of an
event, and (2) the probability of its occurrence. This dual-component representation enables more precise and
realistic modeling compared to conventional probabilistic approaches.

Despite their advantages, Z-numbers face a critical limitation: the accurate construction of their initial possibility
and probability components becomes increasingly challenging when working with large-scale and scattered expert
datasets. Existing approaches, such as weighted scoring methods, evidential reasoning, and neural network-based
weight estimation, often perform well only on small datasets or require strong assumptions about data
relationships, which limits their applicability in complex real-world situations.

To overcome these challenges, this study introduces the CZ-number method, an enhanced modeling approach
that integrates unsupervised clustering with the Z-number framework. Specifically, the K-means clustering
algorithm is applied to expert opinions to generate well-defined clusters, from which optimal representative points
are selected for both the possibility and probability components. This process ensures higher accuracy in capturing
expert knowledge, even in the presence of highly dispersed or large-scale datasets.
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The proposed method offers several key advantages:

e Scalability — capable of efficiently handling large datasets with linear time complexity.

e Algorithmic flexibility — can be implemented using any clustering algorithm that meets the required

properties, making it non-dependent on a single technique.

e Unsupervised learning — eliminates the need for predefined input-output relationships, enhancing

adaptability.

e Interpretability — provides clear data visualization and transparent component formation for better

decision support.
The remainder of this paper is organized as follows:

e  Section 2 provides a brief review of the K-means clustering algorithm and the fundamentals of Z-

numbers.

e  Section 3 presents the proposed CZ-number methodology in detail.

e Section 4 demonstrates the method’s effectiveness through a numerical example.

e  Section S concludes the study with final remarks and potential directions for future research.
Through this integration of clustering and Z-number modeling, the proposed approach contributes a robust,
scalable, and interpretable solution for addressing complex uncertainty in practical decision-making
environments.

Z-NUMBERS

MODELING UNCERTAINTIES
IN NATURAL LANGUAGE

CONCEPT
Z-number consists of two

fuzzy components:
l possibility and probability

Inappropriate strategies
in forming components
can lead to inaccurate
results

SOLUTION

Optimal clustering for
more accurate formulation
of Z-numbers

Figure I. The solution process of the proposed model

4. Results and Discussion

The main motivation for selecting PJM market price forecasts is the availability of free, real, and widely used data
in the international electricity market. The PJM website provides real-time (hourly) electricity prices, which many
market participants utilize to set prices and participate in the day-ahead market. In this study, it is assumed that
no local data are available, and the next-hour PJM market prices are predicted using both the conventional Z-
number method and the proposed approach.

Figure I shows the problem-solving process of the proposed method. In order to evaluate the obtained results, the
results were compared with the results obtained by the Z-score method at 100 points [1]. Additionally, the
execution time for each record was measured in MATLAB, considering 4,000 data points for each method on a
Windows 7 system with a 5-core processor and 4 GB of RAM. The results indicate that the proposed method
provides predictions closer to the actual values for each record. Moreover, the standard deviation of expert
opinions in the proposed method is lower than that of the conventional Z-number method, reflecting a more
effective utilization of expert knowledge. Although the proposed method requires slightly more computation time
due to additional steps, the execution time difference is negligible. Therefore, based on the results, the proposed
method produces forecasts that are more accurate and optimized compared to the conventional Z-number
approach.

5. Conclusion
In this paper, a novel approach to Z-numbers is proposed, incorporating unsupervised clustering of expert data.
In previous studies, a Z-number associated with a variable X is typically represented as a pair of fuzzy numbers
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(A, B), where A—the first component—is interpreted as a fuzzy restriction, and B—the second component—is
considered a measure of certainty regarding the first component. From a probabilistic perspective, in our approach,
both the first component A and the second component B are modeled as discrete fuzzy numbers.

The main motivation of this research is to enable straightforward modeling of any type of arithmetic operation
using discrete fuzzy numbers, while providing an optimal method for determining fuzzy intervals that best capture
both event characteristics and probabilities. The term optimal here refers to the preservation of data properties
when clustering probability data, ensuring that fuzzy interval formation benefits from an efficient algorithm. In
other words, these intervals can be easily managed without requiring any probability distribution to be predefined.
The algorithm's outcomes can support experts in final decision-making processes involving discrete fuzzy number
variables. As the Z-number framework in this study is augmented with a clustering algorithm, the computational
load of the proposed method is compared against the conventional Z-number approach. This comparison was
conducted using MATLAB software on a Windows 7 operating system equipped with a 5-core processor and 4
GB of RAM. The results demonstrate that while the proposed method involves additional computational steps and
consequently requires marginally more processing time than the standard Z-number method, the difference in
execution time remains negligible.
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Table 1. Range of the considered Z-number

status Event status The occurrence modes of the number Z
~Z - -
Unknown (Unknown, low) Py, =4, R )
-z - ~
Almost certain (Almost certain, low) Pyx,=(4,.,R..)
Low :
~Z - ~
Absolutely certain (Absolutely certain, low) Py, =(Apy s Rpes.)
_z B B
Unknown (Unknown, average) Py, =(4,,,,R )
Medium ) ) .z - -
Almost certain (Almost certain, average) Py, =(4,,.,R...)
_z - -
Absolutely certain (Absolutely certain, moderate) Py, =Apy »Rprs)
.z - -
Unknown (Unknown, High) Py, =(4,..,R,.,)
_z - -
) Almost certain (Almost certain, High) Py, =(4,, ,R.., )
High s Posss Proby
_z - -
Absolutely certain (Absolutely certain, High) Py, =(Ap »Rows.)
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Figure 7. Hourly price of electric energy in PJM market
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Table 2. Numerical results of targeted grouping of CZ-number intervals

First component second component
Low mode 0.5974 1.7408 2.7223 4.6724 0.033 0.0934 0.1548 0.2945
Medium mode 3.6019 5.669 6.5973 8.6256 0.2264 0.3648 0.4346 0.5580
High mode 7.4462 10.0757 11.5223 14.0204 0.4966 0.6238 0.07152 0.8388
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Figure 11. The first component of the CZ number of the electricity price
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Figure 13. The obtain result of price prediction and comparison with real number
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