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1 Problem description

In this work, we address the Job Sequencing and Tool Switching Problem with Non-identical
Parallel Machines and Stochastic Processing Times (SSP-NPM-SPT), a significant challenge
within Flexible Manufacturing Systems (FMS). The SSP-NPM extends the classical SSP, which
is known to be an NP-hard optimization problem. Recent contributions to the deterministic
SSP-NPM, notably by [1], have proposed three Mixed Integer Linear Programming (MILP)
models—precedence-based, position-based, and time-indexed—aimed at optimizing perfor-
mance metrics such as makespan and total flow time. Furthermore, incorporating stochastic
processing times accounts for real-world constraints, where performance fluctuations or delays
may arise, highlighting the need for robust optimization methods to ensure reliable solutions
under uncertainty.

Formally, the SSP-NPM involves scheduling a set of jobs J on a set of non-identical parallel
machines M, each with a limited tool magazine capacity C,,. Each job j has a processing
time pj,, on machine m, which depends on the specific job-machine pairing. Additionally, let
T represent the set of tools required for processing all jobs in J, where each job j requires
a subset of tools Tj C T to be loaded onto the machine before its processing. Each tool ¢
occupies one slot in a machine’s tool magazine. Due to variations in tool requirements and
the constrained magazine capacity, tool switches are unavoidable to complete all jobs. The
time required to switch a single tool on machine m is denoted as sw,,. Notably, the initial
tool loading is not treated as a tool switch, and tool switching on machine m cannot occur
while a job is being processed on that machine. The SSP-NPM seeks to determine both the
job sequence and the tool switching schedule while respecting tool magazine capacity and tool
requirements constraints, to minimize the makespan C),q.

An illustrative example of the deterministic SSP-NPM is shown in Fig. 1, involving 5 jobs
and 14 tools allocated to 2 machines with different capacities C; = 6, Cy = 5, and identical
switching times sw; = swy = 2. The table on the right side displays the processing times pj,
and tool requirements 7 for each job j.
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FIG. 1: SSP-NPM environment

2 Proposed Approach

To address the SSP-NPM-SPT, we propose a data-driven approach leveraging Monte Carlo sim-
ulation. This approach consists of two main phases: first, a Monte Carlo Simulation (MCS) to
generate scenarios with processing time variation and identify the most likely values for decision
variables. In the second phase, these identified values are fixed using various thresholds, and
the remaining decision variables are determined to construct the final solution. According to
[2], MCS effectively represents processing time uncertainty by generating manageable scenario
samples. In [3], processing times pgm are modeled using a Normal Distribution with mean pj,,
and variance 02, where o = 0 pj,,, with different variability levels and number of scenario sets.
The Position-based MILP from [1] is used to calculate the makespan C$, ., for each scenario €.

Building on the scenario results derived from the approach in [3], we begin with a statistical
analysis of the decision variable outcomes. Decision variables that exhibit consistent patterns
across scenarios and exceed a predefined threshold are then fixed to simplify the problem.
Next, we proceed with determining the remaining decisions to minimize the makespan Ci,qz
while ensuring compliance with operational constraints. The proposed framework is designed
to achieve a balance between solution quality and computational efficiency.

The proposed approach is evaluated through computational experiments on benchmark in-
stances from the SSP-NPM literature. The obtained numerical results are compared against
those reported in [3]. By leveraging statistical analysis and a decision variable fixing strategy,
our approach streamlines the problem-solving process by reducing the search space, thereby
enhancing computational efficiency. This comparison, based on key metrics such as makespan
and CPU time, highlights the effectiveness of the proposed approach in addressing uncertainty
in the SSP-NPM-SPT. Moreover, each solution generated for a given instance can be easily
applied to other instances or scenarios with similar parameter and variable structures, empha-
sizing the adaptability of the proposed approach.
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