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Abstract. Industrial software serves as the foundational infrastructure of the in-
dustrial system. Its advancement toward high-end, self-sufficiency capabilities
has become a crucial pathway for driving high-quality industrial transformation
and accelerating the emergence of new productive forces. However, China’s in-
dustrial software sector faces increasing external monopolies and restrictions. In
Shandong Province, the development of industrial software encounters both in-
dustry-wide challenges and region-specific issues, including limited industrial
influence, weak support from foundational technologies, insufficient industrial
collaboration, and an underdeveloped ecosystem. This study, aligned with the
goals of building a strong digital province and a leading advanced manufacturing
region, and taking into account the province’s actual industrial conditions, fo-
cuses on the innovative development of industrial software. The following devel-
opment pathways and recommendations are proposed: enhancing industrial de-
velopment capacity; promoting whole-chain collaboration and integration; accel-
erating core technology research and development; and improving the software
industry ecosystem.
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1 Introduction

As the core underpinning of a modern industrial system, industrial software carries stra-
tegic significance across the entire industrial chain and the full lifecycle of production
and manufacturing. It acts as a key engine for building a strong manufacturing sector
and bolstering core industrial competitiveness.

From the perspective of development context and regional positioning, Shandong
constitutes a vital strategic pillar for northern China’s economic development and a
major industrial base, shouldering the important mission of leading regional economic
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growth. In terms of industrial foundation, Shandong ranked fourth nationwide in soft-
ware business revenue in 2025.

Nevertheless, in light of the demands for industrial transformation and high-quality
development, Shandong still faces prominent gaps in the independent controllability
and high-end development of industrial software. To align with the industrial upgrading
initiatives in the 15th Five-Year Plan and advance the key task of advancing new in-
dustrialization, accelerating innovative breakthroughs and high-quality development in
the industrial software industry has become a core strategic focus for the province.

2 Current Status of the Industrial Software Industry in
Shandong Province

The industrial sector in Shandong has grown steadily. As a major industrial province,
Shandong boasts a solid industrial foundation, a comprehensive industrial system, a
leading industrial economy nationwide, and the highest number of national-level man-
ufacturing single champions in China ', Within this context, industrial software in the
province enjoys extensive coverage and deep penetration across application scenarios,
with its industrial scale expanding consistently. On the demand side, the digital trans-
formation of key sectors such as high-end chemicals, iron and steel, and advanced
equipment manufacturing has generated substantial and rigid demand for industrial
software and supporting core technologies, including edge computing and industrial
large models. Driven by this strong domestic demand, world-class industrial internet
platforms, represented by COSMOPIat and Inspur Yunzhou, have been developed,
serving as key platforms for the large-scale deployment of various industrial software
and intelligent technologies. On the supply side, the province has established 247 pro-
vincial-level software engineering technology centers, forming a market-oriented tech-
nological innovation system centered on enterprises and deeply integrating industry,
academia, and research. Leveraging the full-chain layout of leading industrial enter-
prises, significant progress has been made in nurturing industrial software firms. Forty-
seven large industrial enterprises, including Shandong Iron and Steel Group and Shan-
dong Energy Group, have integrated digital resources and incubated local industrial
software companies such as Shanxin Software, Sinopec Matrix Corporation, Shandong
Victorysoft, and Yunding Technology.

Regional development characteristics have initially taken shape. From the supply
side, the province hosts two renowned Chinese software cities—Jinan and Qingdao—
ranked fourth and 24th nationally, respectively. Jinan focuses on empowerment through
basic and industrial software, providing comprehensive industrial software solutions
that cover the entire chain from R&D and design to production, manufacturing, and
operation management. It has also established an Al + industrial software data cluster.
In the core field of computer-aided design (CAD) software, Hoteam Software’s CAD
software enjoys a significant market advantage with a 1.7% market share, ranking sev-
enth nationwide and third among domestic manufacturers. Amid continuous growth in
its industrial scale, the company initiated its IPO process at the end of 2025. In the
production control (MES) sector, Inspur Digital leads the equipment manufacturing
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industry with a 10.2% market share, ranking first nationally. In the enterprise resource
planning (ERP) field, notable companies such as Inspur General Software and Shanxin
Software have emerged. Qingdao focuses on the Industrial Internet and its deep inte-
gration with distinctive advantageous industries. Led by Haier COSMOPIlat—the
world’s first platform in the field of mass customization—a multi-domain, multi-level
industrial internet platform matrix has been established.

Breakthroughs in core technologies across multiple fields. In underlying technolo-
gies, leading cross-sector industrial internet giants like Haier COSMOPIat and Inspur
Yunzhou have attained multiple top-tier breakthroughs in foundational architecture, in-
dustrial large models, core scenarios, and international standards. Qingdao Digital In-
telligent Ship & Ocean Technology has introduced FastCAE, the nation’s first inde-
pendently developed open-source CAE integration framework. In infrastructure, Shan-
dong Cvicse Middleware’ foundational middleware products have achieved full-stack
independent control across key information infrastructure sectors. In R&D and design,
Hoteam Software’s CrownCAD platform features the country’s only independently de-
veloped “3D geometric modeling engine ” and “geometric constraint solver ” In addi-
tive manufacturing, Shandong Charm Ray has pioneered the formulation of China’s
first international standard for “additive manufacturing product data protection,” led by
a private enterprise. On the industrial application front, Sinopec Matrix Corporation’s
launch of its logging-while-drilling measurement and control core technology has bro-
ken foreign monopolies, and its SINOLOG900 network imaging logging system has
reached internationally advanced levels.

3 Problems in the Development of Shandong’s Industrial
Software Industry

Insufficient Industrial Influence. Despite its large industrial scale, Shandong has yet to
convert its volume into corresponding market influence and brand power. According to
industry research, although competitive leading enterprises such as COSMOPIlat, Heng-
yuan Intelligent Technology, Shanxin Software, and Mesnac have been developed,
their capabilities in cross-industry integration, cross-regional expansion, and full-stack
software-hardware integration remain insufficient. The province has not yet established
comprehensive leading enterprises comparable to Baosight Software or ZWSOFT,
which possess full-sector coverage, core technological dominance, and leadership
within the industrial ecosystem. While core technology enterprises such as Hoteam pos-
sess technological advantages and have established an initial industrial ecosystem by
attracting over 30 upstream and downstream firms, they still lag significantly in scale
and model compared to platform-level ecosystems in the Yangtze River Delta and the
Guangdong-Hong Kong-Macao Greater Bay Area. These regions integrate hundreds of
digital service providers and supporting enterprises through industrial operating sys-
tems, industrial internet platforms, digital capability centers, and digital marketplaces.
Inadequate Industrial Collaboration. Industrial software relies on underlying tech-
nologies that involve a deep interdisciplinary integration of mathematics, physics, en-
gineering, and computer science. This integration demands talent and capital beyond
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the capacity of individual enterprises 2. Despite a high external dependence on core
technologies, intra-provincial collaboration remains project-based rather than focused
on systematic research of foundational technologies or ecosystem development. Spe-
cifically, R&D and design software lack mature collaborative capabilities. Although
the province’s 11 provincial-level software parks host over 11000 enterprises, they have
not fully mobilized or integrated resources for industrial software. Nationally, ecosys-
tem aggregation models have emerged: the Greater Bay Area National Technology In-
novation Center facilitates cross-enterprise, cross-software-hardware, cross-provincial,
and cross-industry clustering for full-stack optimization; Shanghai’s Minhang District
has brought together 114 enterprises to build an industrial software ecosystem. While
Qingdao Noah International Technology’s Xishi Industrial Software Community
serves as a local benchmark, overall collaboration remains in its early stages, driven
primarily by policy guidance and voluntary participation, and is far from institutional-
ized or platform-based systems.

Unresolved Breakthroughs in Core Underlying Technologies. Core underlying tech-
nologies still require significant breakthroughs. Amid a lack of independent software
R&D platforms, heavy reliance on European and American technology systems for key
technologies, and limited capacity for deep software customization, core technologies
such as geometric constraint solvers and process simulation have become critical bot-
tlenecks hindering the high-quality development of the industrial software sector in
Shandong Province and across China. In high-end manufacturing sectors such as avia-
tion, petrochemicals, shipbuilding, and new energy vehicles, industrial software in the
province has revealed prominent issues, including insufficient multi-physics coupling
accuracy, frequent disruptions in the process data chain, outdated knowledge base up-
dates, low software maturity, and weak supply chain resilience. From a development
perspective, the province has gradually formed scale advantages by leveraging its com-
prehensive industrial system. As the digital and intelligent transformation of industry
continues to deepen, the province’s abundant industrial scenarios are driving increasing
demand for industrial software. Currently, as shown in Figure 1, the province has cer-
tified 9 batches totaling 1659 provincial-level first-release high-end software products,
fully unleashing the vitality of small, medium, and large enterprises. However, only a
few companies, represented by Hoteam CAD and Inspur ERP, have reached the first
tier of domestic industrial software providers. The transition from quantity to quality
requires further advancement.
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Fig. 1. Construction status of the first-release high-end software in Shandong Province
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4 Recommendations

Elevate the industrial development grade. Cultivate leading industrial software compa-
nies with national and industry-level dominance to strengthen regional influence. Es-
tablish a tiered classification and certification system for industrial software, creating a
closed loop that includes scenario validation, pilot-scale testing, third-party joint test-
ing, and data feedback. Progress steadily along the "pilot—iteration—promotion" path-
way, fostering a cohort of industrial software brands with distinctive regional identities.
Leverage emerging models such as Al-native and "chain-based" promotion to lower
adoption barriers, establish industry benchmarks, and enhance industry penetration and
user engagement 1. Through targeted support and R&D promotion, assist enterprises
in opening scenarios and providing testing opportunities to facilitate large-scale appli-
cation demonstrations and activities, thereby fostering regular events and cultivating a
regional brand of collaborative ecosystems while deepening and expanding localized
applications. Building on the province’s development foundation of "Ten Chains, One
Hundred Clusters and Ten Thousand Enterprises" conduct precise supply-demand re-
search and alignment based on the breadth and depth of industrial applications.

Promote full-chain collaboration and integration. At the systemic level, leverage the
province's strengths in information resource development and information technology
innovation to conduct joint technology research and collaborative system development.
Establish industrial software collaboration platforms, standardize collaboration pro-
cesses, and implement systematic communication mechanisms. Facilitate cooperation
between industrial software enterprises and industry leaders, accelerate the strategic
integration of leading companies in key sectors, promote the consolidation of industrial
chains, and advance the development of full-stack, platform-based industrial software
integration. At the service level, attract and cultivate digital service providers related to
industrial software, while planning and building specialized service platforms and col-
laboration networks to enable the efficient flow of innovation resources and accelerate
deep industrial integration. Encourage local universities, research institutions, and lead-
ing enterprises to jointly establish innovation consortia and industry-education training
platforms for industrial software based on real industrial needs, fostering the sharing of
valuable resources between academia and industry. Additionally, for areas within the
province lacking industrial software, the government should compile demand infor-
mation and encourage, guide, and fund targeted research and development efforts.
Driven by large-scale demand, improve the evaluation system for state-owned enter-
prise procurement and government first-purchase tendering, promote the deep align-
ment of domestic industrial software with industrial chain resources, and build an in-
dustrial ecosystem characterized by co-construction across the entire chain and collab-
orative innovation ©,

Accelerate core technology R&D. Targeting the province's key industries such as
steel, chemicals, and equipment manufacturing, advance the validation and application
of production control scenarios, drive key technological breakthroughs based on real-
world demands !, and collaborate with leading entities such as Inspur, Cvicse Middle-
ware, and Hoteam to build an industrial ecosystem that promotes the synergistic devel-
opment and independent control of hardware and software. In cutting-edge technology
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areas, establish special industrial software initiatives to guide enterprises toward break-
throughs in core fields such as 3D CAD/CAE core engines and operating systems for
process industries. Seize the opportunity presented by Al technology empowerment,
accelerate the development of high-quality industrial datasets, and promote the local-
ized adaptation and deployment of advanced technologies such as industrial large mod-
els and Al agents. Implement a classified, phased core technology breakthrough strat-
egy. In the short term, support market expansion and industry development with de-
mand-driven, scenario-specific software R&D, thereby building forward-looking tech-
nology reserves and R&D paradigms that will support the long-term development and
design of specialized and foundational software. This will create a virtuous cycle of
"scenario-driven demand — technological breakthroughs — product iteration".

Acknowledgments

This work was supported by Key R&D Program (Soft Science Project) of Shandong
Province, China (2025RZB0214).

Disclosure of Interests

The authors have no competing interests to declare that are relevant to the content of
this article.

References

1. Wang L H, Zhou Z C, Wang K S, et al.: Assessment Method of Industrial System Maturity
Levels. Strategic Study of CAE 22(2): 91-97 (2020).

2. Chen X, Zhou Y.: Open-Source Collaboration and Technological Innovation in the Indus-
trial Software Industry: A Multi-Case Study. Systems 13(6): 433 (2025).

3. Gao T, Wang L, Song W, et al.: Ten industrial software towards smart manufacturing. Jour-
nal of Manufacturing Systems 79: 255-285 (2025).

4. Enck W, Williams L.: Top five challenges in software supply chain security: Observations
from 30 industry and government organizations. IEEE Security & Privacy 20(2): 96-100 ,
(2022).

5. Lwakatare L E, Raj A, Crnkovic I, et al.: Large-scale machine learning systems in real-world
industrial settings: A review of challenges and solutions. Information and software technol-
ogy 127: 106368 (2020).



302 N. Kong et al.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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