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M (ay, + a4y, )de

e o
D, = p‘o ( 1 )
—)\J’(u“ + (lzr)(lT
Poe ’ +1 - p,

Horfr, po WA E AR ¢ = 026 T B nT AT Pk i wn a5 & X B
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Frontier Technology Route Allocation and R&D Funding Strategies

Under Great Power Technological Competition
CHEN Zhuo*, ZHAO Yixuan” and LIU Yun®
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b: School of Economics, Nankai University)

Summary: In frontier technology industries, domestic innovators often confront two intertwined uncertain-
ties. On the one hand, they cannot always rely on mature foreign technologies and must therefore explore
technological routes whose feasibility is unknown ex ante. On the other hand, technologically leading for-
eign firms may achieve breakthroughs earlier and then strengthen their advantages through patent protec-
tion, technical standards, and follow-up reinvestment. Under these conditions, technology route allocation
and research and development (R&D) support become closely connected policy issues. This paper develops
an asymmetric dynamic R&D race model involving two domestic firms and one foreign firm, and studies
domestic firms’ endogenous choices of technology routes and R&D duration, together with the govern-
ment’ s optimal roadmap and R&D subsidy policies.

The model captures two core features of frontier innovation. For domestic firms, the chosen routes
may be infeasible. As R&D remains unsuccessful, firms update beliefs according to an exponential learning
process, and their posterior belief in route feasibility declines over time. Meanwhile, the foreign firm con-
ducts R&D along a feasible route and may succeed first, thereby creating external time pressure on domes-
tic firms. Within this framework, the paper analyzes both a single-route case and a multi-route case, and
studies how external time pressure, firm heterogeneity, and route-specific cost differences shape decentral-
ized firm behavior and optimal government policy.

Three main conclusions emerge. First, in the single-route case, the optimal subsidy pattern depends
critically on the intensity of external time pressure. When such pressure is weak, support is better concen-
trated on the lower-cost domestic firm in order to maximize effective R&D duration. When the pressure be-
comes strong, however, policy may also need to support the higher-cost firm. Although this reduces static
efficiency, it sustains parallel domestic R&D for longer and increases the probability that a domestic firm
succeeds before its foreign rival.

Second, in the multi-route case, decentralized market choices may not coincide with the objective of
maximizing the overall success probability of domestic innovation. Profit-maximizing firms tend to cluster
on the lower-cost or otherwise more attractive route, because they prioritize private returns over the strate-
gic value of diversified exploration. As a result, potentially feasible but relatively less favorable routes may
be underexplored, and market-driven route choices may involve excessive concentration of R&D efforts. By
contrast, the government values route diversification when diversification can reduce the risk of collective
failure on a single route and improve the probability of timely domestic breakthroughs.

Third, optimal policy depends on the source of heterogeneity. When the key difference lies in route-
specific R&D costs, support for the relatively less favorable route can mitigate excessive concentration on
the lower-cost route. When the main difference lies in firm-specific R&D costs, the policy problem is more
closely related to strategic coordination, and route allocation can be improved by encouraging early commit-
ment by the more efficient firm. This paper also considers extensions with moral hazard and cost uncer-
tainty and demonstrates that ex ante subsidies retain their value by easing early-stage R&D financing con-
straints and increasing the likelihood of R&D initiation. Overall, the analysis highlights the complementar-
ity between route allocation and R&D support under external time pressure, and shows that innovation
policy in frontier sectors should address not only average R&D efficiency but also route diversity and the
maintenance of domestic experimentation.

Keywords: Great Power Technological Competition; External Time Pressure; Innovation Incentive Policy;
Technology-route Allocation
JEL Classifications: C73, D83, 030
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