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While exact methods provide optimal solutions with mathematical guarantees, their
practical application in production scheduling faces significant limitations. Most
production scheduling problems belong to the class of NP-hard problems, meaning
no known polynomial-time algorithm exists for finding optimal solutions. Scheduling
problems with larger dimensions usually belong to the class of NP hard
combinatorial problems.

Memory requirements also grow dramatically with problem size. For large-scale
scheduling problems, the number of variables and constraints can become so large
that even modern computing systems struggle to process them efficiently. This
makes exact methods less suitable for solving large or complex production problems
within reasonable time limits.

Another limitation is the trade-off between model accuracy and solvability. Adding
real-world features like sequence-dependent setup times, machine-specific
capabilities, and resource availability can greatly increase model complexity. This
often leads to longer solution times or makes the problem too difficult to solve
exactly.

Exact methods also assume stable and predictable input data. However, real
production environments are dynamic, with frequent changes caused by delays,
breakdowns, or urgent orders. Since exact methods require time to recompute new
solutions, they are not well-suited for responding quickly to such disruptions.

Finally, implementing exact methods can be difficult in practice. Building and
maintaining detailed mathematical models requires specialized knowledge, and
integrating them into existing systems may require significant technical effort.
Licensing costs for commercial solvers and the need for high-quality data further
limit their use, especially for small or medium-sized operations.

Because of these limitations, exact methods are most often used for small problems,
strategic planning, or benchmarking. In larger or rapidly changing environments,
faster and more flexible heuristic or hybrid methods are typically preferred.
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