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As established in previous sections, exact methods provide mathematically proven
solutions by fully exploring the set of possible schedules. They offer not only
optimal results but also information about how close the current solution is to the
best possible one (formally known as “optimality gap”). This makes them valuable for
strategic planning or situations where even small improvements can lead to major
cost savings.

However, exact methods face major limitations. As scheduling problems become
larger and more complex - with features like sequence-dependent setups, multiple
constraints, and non-linear objectives - the number of possible solutions grows too
quickly. In many real-world cases, exact methods cannot find solutions within
reasonable timeframes.

Metaheuristic methods offer a more flexible and practical alternative. They focus on
finding good -though not guaranteed optimal - solutions within limited computation
time. Methods like genetic algorithms, tabu search, and simulated annealing have
proven effective in solving large and complex scheduling problems. Metaheuristics
can handle a wide variety of constraints, easily adapt to problem-specific knowledge,
and often work without needing a complete reformulation of the problem.

Implementation complexity also differentiates these approaches. Exact methods
require precise mathematical formulations and often rely on sophisticated
commercial solvers. Metaheuristics, with their algorithmic flexibility, can be more
easily customized to incorporate domain-specific knowledge and constraints.

The decision between exact and metaheuristic approaches depends on several
factors: the size of the problem, the level of accuracy required, the time available to
compute a solution, and how often schedules need to be updated. In general, exact
methods are preferred when optimality is critical and the problem is small.
Metaheuristics are better suited for complex or dynamic environments where speed,
flexibility, and robustness are more important than guaranteed optimality.
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