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In real-world supply chain problems, we sometimes encounter problems
with two suppliers at two different levels, one of which plays the role of leader
and the other of follower due to their position in the supply of goods, so the
problem is formulated as a bi-level Stackelberg game model. For example,
some goods are produced domestically, but the entire market demand is not
met and the shortage of goods must be met through imports, and some goods
are not produced domestically (or have a small production) and the entire
market demand is met through imports, and smugglers may also import
goods, which leads to negative economic and social consequences. In the
paper two categories of the supply problem between two suppliers at two
different levels. In the first category, the producer is at the first level and the
importer is at the second level, and the suppliers' goal is to maximize their
profits. In the second group, the importer is at the first level and the smuggler
is at the second level. The importer pursues two goals: maximizing his profit
and preventing smuggling by minimizing the smuggler's profit, while the
smuggler seeks to maximize his profit, so we are faced with an obstacle
problem. These two types of problems are modeled as bi-level Stackelberg
game problems and then converted into one-level models using the Karush-
Kahn-Tucker optimality conditions and solved. Finally, examples of both
models are presented to explain the method and a sensitivity analysis is also
performed.
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