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Abstract

Purpose: In many manufacturing systems, assembly line design and production planning decisions are made independently, despite their
strong interdependence through capacity, cycle time, and resource allocation. Moreover, most existing models consider only one source of
uncertainty, such as demand or processing time, while simultancous modeling of both uncertainties has received limited attention. This
limitation may reduce decision reliability and increase operational costs in dynamic production environments. Therefore, this study aims
to develop an integrated two-stage stochastic programming model for simultaneously addressing assembly line balancing and multi-product
production planning under demand and processing time uncertainty.

Methodology: The proposed framework is formulated as a two-stage stochastic programming model in which strategic decisions,
including task assighment, workstation activation, and cycle time determination, are made in the first stage, while operational decisions
regarding production quantities, inventory levels, shortages, and setup plans are optimized after uncertainty realization in the second stage.
The nonlinear formulation is transformed into a Mixed-Integer Linear Programming model through linearization techniques and solved
using the Sample Average Approximation method combined with Monte Carlo simulation based on 100 scenarios.

Findings: The results demonstrate that simultaneously considering demand and processing time uncertainty produces more stable
production decisions and reduces system performance variability. The proposed model decreases the expected total cost, mitigates shortage
risk, and improves the reliability of production planning under uncertain operating conditions. Furthermore, scenario analysis and Sample
Average Approximation convergence confirm the statistical stability and practical applicability of the proposed framework in dynamic and
highly uncertain manufacturing environments.

Originality/Value: The primaty contribution of this study is the development of an integrated decision-making framework that
simultaneously addresses assembly line balancing and multi-product production planning under dual sources of uncertainty. Unlike
previous studies that typically investigate these problems or uncertainty sources separately, the proposed model captures the interactions
between strategic and operational decisions within a unified two-stage stochastic programming framework. The proposed approach
provides a practical decision-support tool for designing more resilient assembly systems, reducing operational risk, and improving capacity
utilization in uncertain manufacturing environments.

Keywords: Two-stage stochastic programming, Sample average approximation, Multi-manned assembly line balancing
problem, Batch size determination.
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Figure 1- Research model decision-making process.
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Table 2- Introduction to problem sets, variables, and parameters.
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