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Figure 1  Classification of innovation consortium
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Figure 2 Knowledge interaction process of innovation consortium
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Figure 9 Knowledge enhancement curves under different architect — member relationships
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The knowledge enhancement mechanism of innovation consortium for breaking

through the key core technology in the context of complex product systems
WU Zeng — yuan'”, YANG Hang — yu', WANG Ze - lin' , ZHANG Le - ping’
(1. College of Management Science and Engineering, China Jiliang University, Hangzhou 310018, China;
2. "The Belt and Road" Regional Standardization Research Center, China Jiliang University, Hangzhou 310018, China;

3. Science and Technology Project Management Service Center of Zhejiang Province, Hangzhou 310006, China)

Abstract; Under the background of major power competition, complex product systems represented by national heavy equipment are the
focus of global technological competition. Breakthroughs in key core technologies face dual challenges across multiple technological lev-
els and fields. It’ s very important to enhance the overall efficiency of indigenous innovation. The existing research has identified the
dual barriers in complex product systems innovation, including horizontal integration and vertical collaborative iteration. Case studies of
indigenous innovation in complex product systems such as pressurized reactor, heavy — duty gas turbines, and tunnel boring machines
reveal that knowledge interaction among innovation actors is the fundamental driving force to overcome above barriers. However, exist-
ing research still has several gaps. First, several scholars argue that new knowledge is a critical driver for technological breakthroughs.
However, the mechanisms by which new knowledge emerges during the process of breaking through key core technologies remain un-
clear. Second, existing research tends to regard the innovation consortium as homogeneous entities that uniformly pursue a strategic
mission of technological catch — up and indigenous innovation. In reality, the technological bottlenecks faced by different innovation
consortia vary significantly in both level and type. This calls for a more nuanced and categorized analysis of the internal mechanisms
through which consortia achieve breakthroughs in complex product systems. Third, the emergence of new knowledge results from the
joint influence of multiple factors. It is necessary to identify the key influencing factors that shape the evolution of new knowledge dur-
ing the technological breakthrough process.

In response to above research gaps, we try to do a systematic analysis of the knowledge enhancement mechanisms through which
the innovation consortium achieve breakthroughs in key core technologies of complex product systems. First, innovation consortia are
classified into four distinct types according to their technological breakthrough objectives and knowledge interaction strategies. Second,
the model of knowledge interaction is constructed using the Lotka — Volterra framework to uncover the heterogeneous mechanisms of
knowledge enhancement across different types of innovation consortia. Finally, simulation analysis is conducted to examine the influ-
ence of key factors on knowledge enhancement outcomes. The results of numerical simulations indicate that both mutually beneficial and
partially beneficial symbiotic relationships among innovation agents significantly improve the effect of knowledge enhancement. Only
temporary and low — level knowledge enhancement can be achieved under the independent symbiotic relationship. Moreover, the archi-
tect’ s capability for knowledge orchestration is positively correlated with the effectiveness of knowledge enhancement. Even in the con-
text of an independent symbiotic relationship among members, strong knowledge orchestration efforts by the architect can effectively
stimulate knowledge interaction dynamics. In addition, the architects knowledge breadth is also positively associated with the level of
knowledge enhancement. Although extensive knowledge interaction may slow down the speed of enhancement, it ultimately results in a
higher overall level of knowledge enhancement.

In this study, several theoretical and practical contributions are proposed. First, it echoes scholarly discussions on collaborative
innovation in complex product systems and proposes knowledge enhancement as the intrinsic driving force behind breakthroughs in key
core technologies. In doing so, it advances the mechanism research of innovation consortia from a new perspective, offering a more fun-
damental understanding of how such breakthroughs occur. Second, based on prior research, this study categorizes the differentiated
mechanisms of knowledge enhancement within innovation consortia. It moves beyond the conventional view of consortia as homogeneous
entities with unified goals. This new perspective broadens the conceptualization of innovation consortia and deepens our understanding
of their heterogeneous dynamics. Furthermore, regarding to practical implications, several recommendations are proposed for policy

makers and practitioners. First, it is important to promote the establishment of innovation consortia led by enterprises. Giving full play
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to the role of enterprises as the principal agents of technological innovation, and fostering enterprise — led consortia, can effectively pro-
mote the deep integration between scientific innovation and industrial innovation. Second, in light of the characteristics of complex
product systems, it is important to build differentiated types of innovation consortia. On the one hand, coordination among upstream
and downstream innovation actors should be supported. On the other hand, participation should also be encouraged among actors oper-
ating in the same segment of the value chain, even if potential competitive relationships exist. Third, innovation actors should align
their strategies with their positions in the industrial chain and resource endowments. Both vertical collaboration and horizontal integra-
tion can be used to form innovation consortia that are well — matched to specific technological breakthrough goals and pathways. Internal
relationships within innovation consortia should be effectively managed by improving value distribution mechanisms, strengthening trust
— based governance, and stimulating partners’ willingness to share knowledge. These efforts are essential for enhancing knowledge
sharing and co — creation efficiency within the consortium.

Key words: complex product systems; key core technology; innovation consortium; knowledge enhancement

(#5463 TT)

[37] EA, CALFE, 221 K. A E S BUAR A  T BL e B governance of science and technology from the perspec-
BRI B R )] . Bl 5 4], 2024 ,42(6) 169 - 78. tive of Chinese path to modernization [ J]. Science &
Wang S, Wen K X, Li Z F. Problem awareness of ethics Technology Review, 2024, 42(6) . 69 —78.

Global AI for Science strategic trends and implications for China

WANG Shuo, GAO Rui - jing, LI Zheng - feng
(School of Social Sciences, Tsinghua University, Beijing 100084, China)

Abstract: Against the backdrop of comprehensively advancing the “ Al + 7 initiative and accelerating the achievement of high — level
scientific and technological self — reliance, Al for science is becoming a key force in leading the transformation of research paradigms,
fostering new productive forces, and reshaping the global landscape of scientific and technological competition. In the second half of
2025, major economies such as the United States, the United Kingdom, the European Union, and Japan intensively released numerous
policy documents on Al for science. Although each country chose different development paths due to differences in resources and insti-
tutions, they universally elevated Al for science to a national strategic project, exhibiting common trends such as the automation of re-
search processes, the assetization of scientific data, and the construction of sovereign research infrastructure. The United States empha-
sizes consolidating its technological dominance through a national mobilization system; the United Kingdom focuses on agile break-
through strategies in areas of strength; the European Union maintains technological sovereignty through pan — European integration; and
Japan builds competitive advantages through theory — driven approaches and standards leadership. International experience offers impor-
tant insights for promoting Al for Science in my country during the “15th Five — Year Plan” period. Al for Science should be ap-
proached as a systemic public project, integrating computing power, energy, and research network infrastructure. Chinas efforts should
focus on developing domestically controlled automated experimental platforms and interface standards, improving the institutional frame-
work for the assetization of scientific data, and providing sustained momentum for the development of new productive forces through or-
ganized research and the cultivation of interdisciplinary talent.

Key words: Al for Science (Al4S); Al + ; the “15th Five — Year Plan” period; technological self — reliance and self — improvement;

chokepoint technologies; knowledge production



