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Production scheduling refers to a class of optimization problems, where the goal is
to allocate resources to production tasks over time in order to achieve specific
operational objectives. It represents a critical function in manufacturing operations,
translating production plans into detailed execution instructions that guide day-to-
day activities on the factory floor. In today’s increasingly complex production
environments, where flexibility and responsiveness are paramount, effective
scheduling has become a significant competitive advantage.

At its fundamental level, production scheduling addresses three key questions:
1. Which resources should be assigned to each task?
2. In what sequence should tasks be processed?
3. When precisely should each task begin and end?

The answers to these questions determine how efficiently a manufacturing system
operates, directly impacting productivity, delivery performance, and production
costs. In modular manufacturing environments specifically, scheduling must also
consider the dynamic nature of the production system itself, where modules may be
reconfigured to adapt to changing production requirements.

Production scheduling may be roughly divided in three categories based on the
horizon:

« Planning (days to weeks): Creating schedules for the upcoming days or weeks

o Offline Scheduling (minutes to hours): Creating schedules for the next few
hours to days

e Online Scheduling (seconds to minutes): Responding to unexpected events

As we move down this hierarchy, the time horizon shortens and the level of detail
increases. More precisely, “planning” involves long-term decision-making, where
production plans are developed for several days or even weeks in advance. The goal
is to align production with forecasts, customer orders, and resource availability. It
considers broader factors like workforce shifts, material procurement, and
maintenance schedules to create a high-level production roadmap. On the other
hand, “Offline scheduling” is more detailed and closer to real-time than planning. It
focuses on creating executable schedules for the near future - typically from the
next few hours up to a couple of days. These schedules are prepared without
needing to immediately react to live shop floor conditions and aim to optimize task
sequencing, machine usage, and resource allocation based on the current production
plan. Finally, “Online scheduling” (or “re-scheduling”) happens in real time and is
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designed to respond quickly to disruptions, such as machine breakdowns, urgent
orders, or delays. It involves making rapid adjustments - often within seconds or
minutes - to keep the production process running smoothly. This level of scheduling
requires fast decision-making and adaptability to changing conditions on the shop
floor.

At a high-level, a typical production scheduling process typically involves several
steps:

1. Data Acquisition: Capturing relevant system information required for
informed scheduling decisions, including tasks (jobs), due dates, resource
availability, processing requirements, and constraints

2. Configuration and Modeling: Configuring the scheduling method using user-
defined inputs such as the solution timelimit required

3. Algorithmic execution: Execute the appropriate optimization method to
generate feasible scheduling solutions.

4. Performance Assessment: Evaluating proposed solutions against defined
objectives and performance criteria.

5. Operational Deployment: Implement the proposed solutions to the
production environment.

6. Adaptive Adjustment: Modifying schedules in response to real-time changes
or disruptions.

7. The computational complexity of scheduling problems presents a significant
challenge. Many scheduling problems fall into the category of “NP-hard”
problems in computational complexity theory, meaning that finding
guaranteed optimal solutions for large problem instances is computationally
intractable. As the number of jobs, machines, and constraints increases, the
solution space expands exponentially. Conceptually, the problem becomes
harder to tackle, when the number of different plausible combinations on a
solution increase. As a result, this complexity necessitates the decision upon
the most appropriate algorithms and approaches based on the problem at
hand, aiming at obtaining solutions within reasonable computation times.

Finally, in order to properly specify a scheduling problem, Graham’s notation is
employed. This standardized three-field notation provides a concise and structured
way to define the essential characteristics of a scheduling problem. It takes the form
alBly, where:
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o a (alpha) describes the machine environment (e.g., single machine, parallel
machines, shop environments),

o B (beta) specifies job characteristics and constraints (e.g., precedence
relations, setup times, release dates),

o v (gamma) defines the objective function to be optimized (e.g., minimize
makespan, total tardiness, or weighted completion time).

By using Graham’s notation, complex scheduling problems can be clearly
communicated, analyzed, and classified, enabling practitioners to identify
appropriate solution approaches and benchmark algorithms across different problem

types.
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