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A game theoretic approach to assessing additive manufacturing as a strategic choice
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his paper studies the potential of additive manufacturing (AM) to address demand uncertainty by studying three well-

known levels of any operational strategy i.e. on a strategic level as an enabler of competitiveness; on a tactical level to hedge
against uncertainties; and on paper uses game theory to analyze the impact of competition and demand uncertainty on a firm’s
technology selection (additive manufacturing AM or conventional tool-based dedicated manufacturing DM) as well as on its
capacity investment decision. More specifically, we model two competing firms in two markets under demand uncertainty
to help them make three sequential decisions: choice of technology represented by “technology game”, capacity investment
by “capacity game” and production quantities by “production game”. In the first-stage technology game, three subgames can
potentially emerge depending on the technology choices: a mixed subgame (A,D) or (D,A) with profit IT in which one firm
invests in AM and the other in DM; an additive subgame (A,A) with profit IT #; and a dedicated subgame (D,D) with profit
I1$. Since we are unable to predict the equilibrium of the first stage technology game up front, we proceed by analyzing the
second and third stage capacity and production choices in all three possible subgames. In the second- stage capacity game,
we compute each firm’s expected optimal profit for all three subgames through backward induction using information about
quantities from the third stage production game. Although companies make three sequential decisions (A, B and C), however,
it is in fact necessary to assess the decisions in the reverse order as highlighted in Figure 1. In each of the three stages, firms
play a simultaneous-move non- cooperative game for which we seek a pure-strategy Nash equilibrium. We then develop the
best response function for each firm in the technology game and compare how competing firms respond to a given flexibility
premium (AM). Initial results of these analyses will be presented in the paper. The research will offer an industrially accessible
decision support tool for the adoption and effective deployment of AM in a production environment.
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