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ABSTRACT

Many industrial processes and logistics networks were devastated by
the Great East Japan Earthquake and the Thailand floods in 2011, and a lot
of supply chains relevant to Japanese products were disrupted. In particular,
it has been reported that reduced supplies of specific materials had unantici-
pated spillover effects on supplies of various products. Those problems
became serious because of “diamond-shape” supply chain structures, and the
necessity of “pyramid-shape” structures has been indicated. Their primary
difference lie in “substitutability” of production processes. However, there
has been no confirmed method for structural analysis of supply chains
considering substitutability.

In this study, relationship between supply chain structures and their
outrage risks is modeled using graph theory, and a framework to assess the
vulnerability of supply chain structures is developed in consideration of
substitutability of production processes. First, an arbitrary supply chain
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structure is depicted by a directed graph, and then described as a set of
“adjacency matrix’ and “substitutability matrix” that is synonymous with
the directed graph. By Boolean operations using those matrices, ‘reachability
matrix” is calculated and “vulnerability matrix” and “discontinuity matrix”
are defined to assess the vulnerability of supply chain structures. The
developed method is applied to hypothetical supply chain structures, and
numerical relationship with their outrage risks is demonstrated. The
vulnerability matrix and discontinuity matrix developed in this study can be
utilized to specify for which parts and materials, including upstream
production processes constituting the whole supply chain, substituting
processes or inventories should be prepared to avoid the supply disruption
of the final products and a decrease in business continuity of production
processes.
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