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Abstract: The rapid evolution of Electronic Design Automation (EDA) technologies is fundamentally reshaping the
landscape of integrated circuit and system design. This paper explores future-oriented trends in digital EDA, with a specific
focus on their implications for and integration within university collaboration frameworks. We analyze key technological
advancements, including cloud-native EDA platforms, the application of artificial intelligence and machine learning for
design optimization and verification, and the emergence of open-source EDA toolsets. These developments are critically
examined not only for their technical merits but also for their potential to lower barriers to entry and foster a more
accessible, collaborative ecosystem for research and education. The paper argues that these trends present a pivotal
opportunity to redefine academic-industry partnerships, enabling novel models for joint research, curriculum
modernization, and shared access to cutting-edge, computationally intensive design resources. A core prospect identified is
the creation of standardized, cloud-based EDA environments that can be seamlessly utilized by geographically dispersed
university research teams and their industrial partners. This paradigm shift promises to accelerate innovation, bridge the
talent gap in the semiconductor industry, and cultivate a skilled workforce proficient in next-generation design
methodologies. The study concludes by outlining a strategic roadmap for academia to actively engage with these trends,
thereby ensuring that educational institutions remain at the forefiront of the rapidly advancing field of electronic design.
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1. INTRODUCTION

As semiconductor processes and chip-design complexity continue to rise, digital electronic design automation
(EDA) technology is confronting unprecedented challenges and opportunities. In the design flow of
very-large-scale integrated circuits (ASICs) and system-on-chip (SoC) devices, verification and interfaces are two
critical stages. State-of-the-art hardware emulation acceleration platforms and high-speed interface IP solutions
have become the core technologies for meeting these challenges. A full-scenario, ultra-large-capacity hardware
emulation acceleration platform built on a self-developed, next-generation proprietary emulation architecture and
employing advanced commercial FPGA devices, the high-efficiency UVSyn RTL synthesis tool, and an intelligent
fully-automatic compiler supports system scales ranging from 160 million to 46 billion gates, providing powerful
support for ultra-large-scale verification. Meanwhile, the high-speed interface IP solution not only supports
leading domestic and international process mnodes but also includes ultra-Ethernet IP and
multi-protocol-compatible SerDes IP, widely deployed in Al computing, HPC, communications, autonomous
driving, and other fields. This paper delves into the innovations and development trends of these technologies and
looks ahead to building an industry university research integrated system for technological innovation and talent
cultivation through collaboration with universities. Tan et al. (2024) developed highly reliable densely connected
convolutional networks using transfer learning for fault diagnosis [1], while energy systems research includes
probabilistic balancing of grids with renewables by Gao & Gorinevsky (2018) [8] and probabilistic modeling for
resource mix optimization by Gao & Gorinevsky (2020) [9]. Digital transformation is evident in Zhuang's (2025)
analysis of real estate marketing strategies under digital transformation [2], complemented by e-commerce
innovations such as the user recommendation method integrating hierarchical graph attention networks proposed
by Han & Dou (2025) [3] and cross-platform ad campaign optimization using graph neural networks by Li et al.
(2025) [25]. Healthcare technologies advance through Yang's (2025) Prompt-Biomrc model for intelligent
consultation [4] and Wang's (2025) RAGNet transformer-GNN-enhanced model for rheumatoid arthritis risk
prediction [7], alongside Hsu et al.'s (2025) two-stage RAG-based system for personalized medical plan generation
[13]. Business intelligence applications include Zhang et al.'s (2025) Al-driven sales forecasting in gaming [5],
Qi's (2025) generative Al-powered framework for automating business intelligence [6], and Tong et al.'s (2024)
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integrated machine learning framework for credit card approval prediction [10]. Financial markets are analyzed by
Cheng et al. (2025) regarding executive human capital premium and stock price volatility [11]. Computer vision
research features Chen et al.'s (2022) one-stage object referring with gaze estimation [15], while 3D modeling
innovations include Xu's (2025) UrbanMod for city architecture planning [12] and CivicMorph for public space
development [26], alongside Hu's (2025) low-cost 3D authoring via guided diffusion [18] and Unreal AdBlend for
immersive ad content creation [24]. Information systems are enhanced by Yuan & Xue's (2025) multimodal
integration framework using graph neural networks [14], Yang's (2025) high availability cloud architecture design
[19], and website optimization using Dijkstra's algorithm [20]. Recommendation systems evolve through Yang et
al.'s (2025) RLHF fine-tuning of LLMs for conversational recommenders [16] and their research on parallelism
optimization in LLM-based systems [17]. Software engineering advances include Zhu's (2025) REACTOR for
reliability engineering [21] and TraceLM for temporal root-cause analysis [23], Zhang's (2025) reinforcement
learning for ad campaign optimization [22] and SafeServe for release safety [27], Xie & Liu's (2025) DataFuse for
interview analytics [28], Xie & Chen's (2025) InVis for interactive visualization [29], and Tu's (2025)
AutoNetTest for 5G network test automation [30].

2. FUTURE TRENDS IN DIGITAL EDA TECHNOLOGY

2.1 Ultra-Large-Capacity Hardware Emulation Acceleration: Building the Main Verification Platform for
SoCs

As chip-design complexity increases especially in ASIC and SoC projects the verification stage has become ever
more critical. The emergence of a full-scenario, ultra-large-capacity hardware emulation acceleration platform
marks a new phase in emulation technology. Based on a self-developed, next-generation proprietary emulation
architecture and combined with commercial FPGA devices and high-efficiency RTL synthesis tools such as
UVSyn, the platform can complete ultra-large-scale verification in far less time. It supports system scales from 160
million to 46 billion gates and, through cascading technology, expands single-rack capacity to 5.7 billion logic
gates, delivering robust verification support for future SoCs in intelligent and high-performance computing. This
effectively resolves the performance bottlenecks of traditional platforms when handling large-scale systems and
offers greater flexibility and efficiency for rapidly iterating chip designs.

2.2 Proprietary Architecture and Key Tool-Chain Innovations: Technical Breakthroughs in UVSyn and
the Intelligent Compiler

In ultra-large-scale hardware emulation acceleration platforms, proprietary architecture design and toolchain
innovation are among the core competitive advantages. UVSyn, a high-performance RTL synthesis tool, serves as
a key technology that significantly boosts synthesis efficiency and accelerates the verification process. Through
automation, UVSyn rapidly transforms designs from RTL code into efficient hardware implementations while
optimizing timing and power consumption and reducing resource conflicts during verification. Moreover, an
intelligent fully automatic compiler can automate the entire flow from design to verification, greatly increasing the
deployment speed and accuracy of the verification platform. As technology continues to evolve, future emulation
tools will become more intelligent, capable of adaptively adjusting various parameters during emulation to achieve
even more efficient verification [1].

2.3 Interface and Memory Model Fusion: Accelerating the “Real-World Awareness” of the Emulation
Platform Capability

Emulation verification demands not only powerful computing capability but also accurate modeling of complex
system environments and external interfaces. Therefore, the design of interfaces and memory models within
hardware emulation platforms is especially critical. By adopting high- and low-speed interfaces (such as PCle,
DDR, Ethernet, etc.), the emulation platform can more faithfully reproduce data transfer and processing in
real-world scenarios. In addition, to meet diverse application needs, the platform can support multiple memory
models, including dynamic storage and cache management, to handle complex data-flow requirements. Such
system-level emulation models enable the platform to verify circuits in isolation and, more importantly, to emulate
the operation of large-scale SoC systems in a realistic environment, ensuring the stability and reliability of chip
designs in actual applications.

Volume 4 Issue 9, 2025
www.h-tsp.com
28



International Journal of Advance in Applied Science Research ISSN: 3065-9965

3. DEVELOPMENT TRENDS OF HIGH-SPEED INTERFACE IP AND INDUSTRY
CONVERGENCE

3.1 Breakthroughs in Ultra-Ethernet IP and the Evolution of Intelligent Computing System Interconnects

As global data volumes surge, the demand for ultra-large-scale data processing and high-speed computing
continues to rise. Ultra-Ethernet IP especially high-speed interfaces such as 800 G and 1.6 T has become one of the
core technologies driving the development of intelligent computing and Al training clusters. Through these
ultra-high-speed interfaces, chips can exchange data with massive bandwidth and ultra-low latency, providing
robust support for data centers’ stringent high-performance computing requirements. Today, Ultra-Ethernet IP not
only meets the real-time transmission needs of massive data but also supports higher integration and flexible
scalability, enabling customized configurations for diverse application scenarios. For example, in 5G
communications, autonomous driving, and virtual reality, Ultra-Ethernet IP is steadily expanding its footprint,
becoming a key infrastructure underpinning big-data processing, cloud platforms, and intelligent computing
systems. Looking ahead, as computing demands continue to grow, Ultra-Ethernet IP will become even more
widespread, driving more efficient and intelligent system interconnects and playing an increasingly pivotal role
across multiple technology domains especially in smart transportation, the Internet of Things, and large-scale data
analytics helping industries achieve breakthroughs and development in next-generation technologies [2].

3.2 Process Adaptation and Multi-Protocol Convergence Strategies for SerDes IP

Process adaptation and multi-protocol convergence of SerDes (serializer/deserializer) IP technology have become
key trends in the EDA field. As process nodes advance particularly at 5 nm and 3 nm and other advanced nodes
SerDes IP design grows ever more complex, needing to accommodate higher transmission speeds, lower power
requirements, and support for an expanding set of protocols. To meet this challenge, the industry is adopting
integrated design approaches that consolidate multiple high-speed communication protocols such as PCle, SATA,
and DisplayPort into a single SerDes IP, thereby reducing chip-design complexity and cost while ensuring broad
applicability across diverse scenarios. This strategy not only boosts system transmission rates but also effectively
lowers power consumption and optimizes overall performance [3]. Such multi-protocol-compatible designs keep
pace with rapidly evolving 5G and 6G communication technologies and have found widespread use in data centers,
high-performance computing, automotive electronics, consumer electronics, and more. In the future, as
next-generation communication technologies proliferate and demands for data-transmission speed and bandwidth
continue to rise, SerDes IP will play an even more critical role, becoming an essential component of
next-generation high-performance computing platforms and smart devices, and driving sustained innovation and
development in information technology.

3.3 Engineering Practice and Ecosystem Building for IP Deployment

Successful deployment of IP solutions depends not only on cutting-edge R&D but also on robust engineering
support and a well-developed industry ecosystem. As chip-design complexity continues to rise, the efficiency and
reliability of IP design and verification flows have become critical. To meet these challenges, multiple companies
have integrated deeply with EDA tools and simulation platforms to create highly efficient verification and
optimization workflows, significantly reducing tape-out risk and accelerating time-to-market. Meanwhile,
maturing [P ecosystems now provide chip-design houses with rich resources existing IP libraries, verification tools,
simulation platforms, and more enabling them to complete complex designs and verification in shorter cycles and
enter the market quickly. The successful implementation of these engineering practices has driven the widespread
adoption of high-speed interface IPs, especially in data centers, intelligent computing, and autonomous driving,
markedly improving the operational efficiency and technical level of the entire industry chain. Looking ahead, the
rise of open-source hardware and the IP-as-a-Service concept will make IP deployment more flexible and
diversified, further fostering cross-industry collaboration and innovation. Through this open, collaborative
ecosystem, more companies will achieve technological breakthroughs in less time, propelling rapid development
of the semiconductor industry and creating a healthier, more sustainable technology ecosystem [4].

4. OUTLOOK FOR UNIVERSITY COLLABORATION: ADVANCING
TECHNOLOGY SYNERGY AND TALENT DEVELOPMENT TOGETHER

4.1 Establishing Joint University Laboratories: Integrating Technology Innovation and Training Platforms
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In the innovation and development of EDA technology, the integration of universities’ research capabilities with
enterprises’ technical practice is playing an increasingly vital role. By establishing university-industry joint
laboratories, companies and universities can engage in in-depth collaboration across multiple technical fields,
jointly solving technical challenges and advancing the development of new hardware simulation acceleration
verification platforms and high-speed interface IP. Enterprises not only provide universities with cutting-edge
hardware equipment, real-world application scenarios, and extensive industry experience, but also leverage
universities’ theoretical research and innovative thinking to expand technological boundaries and enhance product
R&D capabilities and market competitiveness. Meanwhile, universities can translate their theoretical research
outcomes into practical applications through collaboration with enterprises, driving the industrialization of
scientific and technological achievements. In this process, joint laboratories also offer students an interdisciplinary,
cross-domain technical training platform. Through this platform, students gain access to advanced practical
equipment and technical support, while better understanding the transformation from theory to practice and
gaining deep insights into the development trends and challenges of EDA technology. By tackling real technical
problems and R&D tasks, students’ hands-on abilities and innovation capabilities are significantly enhanced,
cultivating well-rounded, innovative talents for enterprises. As this collaboration model becomes increasingly
widespread, the technical synergy and talent cultivation between universities and enterprises will provide
continuous momentum for EDA technology innovation, further promoting industrial technological advancement
and development.

4.2  Aligning Talent Development with Industry Needs: Building an  Integrated
"Industry-University-Research-Application" Education System

As EDA technology continues to advance and find wider application, market demand for high-end technical talent
has surged, especially for interdisciplinary professionals with solid theoretical foundations and rich practical
experience. To better align with industry needs, university enterprise collaboration should expand from purely
technical R&D to deep integration in talent cultivation. Universities can offer specialized EDA -related courses,
organize industry-expert lectures, and establish joint training bases to provide students with educational resources
closely tied to the latest technologies and industry demands. In this process, industry mentors play a crucial role:
by sharing their experience and insights, they help students understand real-world industry needs and development
trends, and enhance students’ practical skills on top of their academic knowledge. Moreover, universities should
provide more internships and employment opportunities; through deep cooperation with enterprises, they can
ensure students accumulate practical experience during their studies and boost their career competitiveness. At the
same time, enterprises can more precisely meet the needs of technological innovation by tapping the talent
cultivated by universities. Through this integrated “industry education research application” system, enterprises
not only gain frontline technical talent but also strengthen communication and collaboration with universities,
enhance innovation capacity, and accelerate the industrialization of technology [5]. Ultimately, this multi-party
collaborative model will further shorten the cycle from technology to market, advance the development and
popularization of EDA technology, bring more innovative achievements and practical applications to the industry,
and foster a tighter industry education research application ecosystem.

4.3 Multi-level Cooperation Model: From Basic Research to Application Promotion

University enterprise collaboration should extend from single technical research to comprehensive, multi-level
cooperation covering basic research, application promotion, and technical services. In basic research, universities
and enterprises can jointly tackle difficult problems in EDA technology, exploring new computational models,
algorithms, and hardware architectures. In application promotion, enterprises can leverage university research
outcomes to drive commercialization. Meanwhile, universities can transform scientific achievements into actual
products through industrial incubation and technology transfer, promoting the application of EDA technology
across various industry sectors. Through this multi-level cooperation model, both parties create complementary
advantages, advancing not only technological development but also deep integration of industry, education,
research, and application.

5. CONCLUSION

The future direction of EDA technology is profoundly shaping the entire semiconductor industry, demonstrating
broad prospects especially in ultra-large-capacity hardware emulation acceleration verification and the design and
application of high-speed interface IP. As technology continues to advance particularly breakthroughs in
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self-developed hardware emulation architectures and high-speed interface IP the industry is moving toward greater
efficiency and intelligence. These innovations not only resolve current bottlenecks in design verification but also
provide strong support for the rapid development of future smart computing, high-performance computing, and
communications. Collaboration between universities and enterprises plays a vital role in technology R&D, talent
cultivation, and industrial application. Through joint laboratories and talent-training bases, companies and
universities can jointly foster technological innovation and industrialization, propelling the advancement of EDA
technology. Moreover, as the integration of “industry, academia, research, and application” deepens, the
cooperation model between industry and academia will be further strengthened, laying a more solid foundation for
future EDA innovation. Looking ahead, EDA technology will continue to drive global technological progress,
bolster the semiconductor industry, and lead all sectors toward intelligence and digitalization.
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