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In this study, the single-row facility layout problem (SRFLP) is solved
considering uncertainty in the flow data between facilities. Unlike classical
models that consider the data as deterministic, in this study the flows are modeled
as a combination of triangular fuzzy data and normal random variables. In order
to transform the fuzzy-random model into a solvable form, the expected value
method for fuzzy data and constrained chance programming (CCP) for the
random part are used. The CCP constraint is defined such that the sum of the
flows entering a critical facility with a given probability does not exceed a certain
threshold. The final model is solved in two ways: exact solution using the
LINGO software in finite dimensions, and genetic metaheuristic algorithms (GA)
and simulated annealing (SA). The results showed that the proposed algorithms
were able to produce feasible and less costly solutions than the exact solution.
Also, comparison with the deterministic model without uncertainty showed that
using the fuzzy-random model, while increasing realism, can also lead to better
optimization in some situations. Finally, suggestions for developing the model in
practical and theoretical dimensions are presented.
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Extended Abstract

Introduction

Facility layout design is a fundamental decision-making problem in manufacturing,
industrial, and service systems, as it directly influences material handling costs,
operational efficiency, and overall system performance. Among various layout
configurations, the Single-Row Facility Layout Problem (SRFLP) has received
considerable attention due to its extensive application in assembly lines, conveyor-
based systems, and linear production environments. In SRFLP, facilities are
arranged along a straight line, and the primary objective is to determine an optimal
sequence that minimizes the total weighted distance between facilities based on
inter-facility flows.

Conventional SRFLP models generally assume that flow data and handling costs are
deterministic and precisely known. However, such assumptions rarely hold in real-
world environments, where uncertainty is inherent due to demand fluctuations,
operational variability, and incomplete or imprecise information. Ignoring
uncertainty may result in layout solutions that are optimal under idealized conditions
but unstable and inefficient in practice. To overcome this limitation, uncertainty
modeling approaches such as fuzzy set theory and stochastic programming have
been increasingly employed.

Fuzzy modeling is suitable for representing ambiguity and vagueness in expert
judgments, while stochastic modeling captures random variations in system
parameters. In many practical situations, uncertainty exhibits both fuzzy and random
characteristics simultaneously, motivating the use of fuzzy—random models. Despite
recent advances, existing fuzzy—random SRFLP formulations often involve complex
mathematical structures that limit their computational tractability and practical
applicability. Furthermore, the integration of probability-based operational
constraints reflecting risk considerations has received limited attention.

Accordingly, this study aims to develop a simplified yet effective fuzzy—random
SRFLP model that enhances realism while remaining computationally manageable.
The objectives of this research are: (1) to model inter-facility flows using a
combination of triangular fuzzy numbers and normal random variables, (2) to
incorporate probability-based (chance-constrained) limitations on critical facilities,
and (3) to compare exact and metaheuristic solution approaches in terms of solution
quality and feasibility.

Theoretical Foundations

The theoretical foundation of this research is grounded in the integration of fuzzy set
theory and stochastic programming within the facility layout optimization
framework. Fuzzy set theory is employed to represent epistemic uncertainty arising
from imprecise or subjective information, using triangular fuzzy numbers to
describe uncertain flow values. These fuzzy parameters are transformed into
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deterministic equivalents through the expected value method, which provides a
representative crisp value while preserving the inherent uncertainty structure.

To address aleatory uncertainty caused by random fluctuations in material flows,
stochastic modeling is incorporated using normally distributed random variables.
Chance-constrained programming (CCP) is applied to ensure that critical
operational constraints are satisfied with a predefined confidence level. In particular,
CCP allows probabilistic constraints to be converted into deterministic forms by
exploiting the statistical properties of the normal distribution, thereby enabling
tractable optimization.

The SRFLP itself is known to be an NP-hard combinatorial optimization problem,
which has led to extensive use of metaheuristic and hybrid solution methods in the
literature. Previous studies have demonstrated the effectiveness of genetic
algorithms, simulated annealing, and matheuristic approaches for solving large-scale
SRFLP instances. However, only a limited number of studies have simultaneously
addressed fuzzy-random uncertainty and probability-based constraints while
comparing exact and metaheuristic solution strategies.

By combining fuzzy modeling, stochastic programming, and chance-constrained
optimization within a unified framework, the proposed approach provides a
theoretically robust and practically relevant foundation for addressing SRFLP under
complex uncertainty conditions.

Methodology

This research follows a quantitative modeling and optimization methodology. First,
a fuzzy-random mathematical formulation of the SRFLP is developed, in which the
objective is to minimize the expected total material handling cost. Fuzzy flow data
are transformed using the expected value method, while stochastic components are
handled through chance-constrained programming with a confidence level of 95%.
The resulting deterministic equivalent model is solved using two different
approaches. For small-sized instances, an exact solution is obtained using LINGO
optimization software. For larger or more complex search spaces, two metaheuristic
algorithms—Genetic Algorithm (GA) and Simulated Annealing (SA)—are
employed. Appropriate parameter settings, solution encoding schemes, and fitness
evaluation functions are designed to ensure effective exploration of the solution
space. No human participants are involved in this study; therefore, informed consent
is not applicable.

Discussion and Results

The computational results indicate that both GA and SA successfully generate
feasible solutions that satisfy the chance constraint imposed on the critical facility.
Compared with the exact solution, the metaheuristic approaches achieve lower total
material handling costs, with an improvement of approximately 2.5%. This
demonstrates the strong capability of metaheuristic algorithms to explore complex
solution spaces and avoid local optima in fuzzy—random environments.
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A comparative analysis between the proposed fuzzy-random model and a
conventional deterministic model reveals that the fuzzy-random formulation not
only enhances realism but also leads to better optimization outcomes in the
examined case. While the deterministic model lacks the ability to incorporate
probabilistic constraints and exhibits higher total costs, the fuzzy—random model
produces more robust and cost-effective layouts.

Overall, the results confirm that integrating fuzzy—random uncertainty and chance-
constrained programming into SRFLP leads to more reliable and practically
applicable layout decisions, particularly in uncertain and dynamic operational
environments.

Conclusion

This study proposed a fuzzy—random SRFLP model incorporating probability-based
constraints to enhance decision-making under uncertainty. The findings demonstrate
that the proposed approach improves both realism and solution quality.
Metaheuristic algorithms outperformed the exact method while maintaining
feasibility, highlighting their effectiveness for complex uncertain layout problems.
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