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The  design  of  modern  Systems-on-Chip  (SoCs)  is  a  complex  undertaking,  demanding  meticulous
planning and execution. A significant challenge lies in bridging the gap between Register-Transfer Level
(RTL) design, the traditional hardware description language approach, and Electronic System Level
(ESL) design, which focuses on higher-level abstractions. This article explores the "simple art" – a
phrase emphasizing the elegance of effective methodology rather than simplistic implementation – of
SoC design strategies that effectively minimize this gap, leading to faster development cycles, reduced
costs,  and  improved overall  system performance.  We'll  examine  techniques  for  early  system-level
verification,  efficient  RTL  generation  from ESL models,  and  the  crucial  role  of  co-verification  in
ensuring seamless integration. This process tackles challenges in hardware-software co-design, ESL
verification, and RTL optimization, all pivotal for successful SoC development.

Understanding the RTL and ESL Divide
Traditional RTL design relies on detailed, low-level descriptions of hardware components and their
interconnections. While offering fine-grained control, this approach suffers from increasing complexity
and verification challenges as SoC size grows. ESL design, on the other hand, utilizes higher-level
abstractions like C++ or SystemC, enabling faster prototyping and early software integration. However,
translating these high-level models into efficient RTL remains a critical hurdle. The disconnect stems
from differences in modeling paradigms, abstraction levels, and verification methodologies. Bridging
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this gap necessitates a systematic approach that leverages the strengths of both worlds.

Benefits of a Unified RTL and ESL Design Flow
Adopting a design flow that seamlessly integrates RTL and ESL offers numerous advantages:

Reduced Development Time: Early system-level exploration and verification, facilitated by ESL,
identifies and mitigates potential issues early in the design cycle, drastically reducing costly late-
stage revisions. This significantly accelerates time-to-market.
Improved Verification: Co-verification techniques, which allow simultaneous simulation of RTL
and ESL models, ensure that the final RTL implementation accurately reflects the intended system
behavior, leading to more robust and reliable chips.
Enhanced System Performance: The ability to optimize the system architecture at the ESL
level,  prior  to  RTL  implementation,  enables  designers  to  identify  and  address  performance
bottlenecks early on, leading to higher performance and efficiency in the final SoC.
Cost  Reduction:  Early  detection  and  correction  of  design  errors,  along  with  efficient  RTL
generation, translates to lower engineering costs and reduced manufacturing expenses.
Increased Design Reusability:  A  well-defined ESL-to-RTL flow allows for  greater  reuse of
existing IP blocks and software components across different SoC projects, reducing development
effort and increasing productivity.

Strategies for Closing the Gap: Practical Implementation
Several key strategies contribute to effectively closing the gap between RTL and ESL in SoC design:

Transaction-Level Modeling (TLM): TLM uses abstract models that focus on the data transfer
between system components, rather than the detailed implementation details. This allows for
rapid prototyping and early verification of system-level functionality before moving to a detailed
RTL implementation.
High-Level  Synthesis  (HLS):  HLS  tools  automatically  generate  RTL  code  from  high-level
descriptions, often written in C, C++, or SystemC. This reduces the manual effort required for
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RTL  coding  and  increases  design  productivity.  However,  careful  consideration  of  HLS  tool
capabilities and constraints is essential to guarantee optimal RTL quality.
Co-Verification: This technique involves simultaneously simulating the ESL and RTL models to
ensure  consistency  and  correctness.  Co-verification  techniques  such  as  co-simulation  and
emulation are instrumental in verifying the accurate translation from high-level models to RTL.
Formal Verification:  Formal  methods  provide  a  mathematically  rigorous  way to  verify  the
correctness of the RTL implementation against the ESL specification. While more complex than
simulation-based verification, formal methods can detect subtle errors that might be missed by
simulation.
Automated Testbench Generation:  Generating testbenches automatically from ESL models
significantly reduces the time and effort required for verification. This ensures thorough testing of
the RTL implementation against the high-level specifications.

Choosing the Right ESL Methodology and Tools
The  choice  of  ESL  methodology  and  tools  is  crucial  for  success.  This  decision  involves  careful
consideration of several factors including project complexity, design constraints, team expertise, and
available resources. Exploring the capabilities of different ESL languages and frameworks, as well as
the features provided by HLS tools is crucial. Furthermore, selecting tools that seamlessly integrate
with existing RTL design flows and verification environments is essential for smooth implementation.
The correct  balance between abstraction level  and the capability  of  the chosen tool  is  critical  to
optimize the development process.

Conclusion: The Art of Seamless Integration
Mastering the simple art  of  SoC design requires a  nuanced understanding of  both RTL and ESL
methodologies, and the ability to effectively bridge the gap between these two worlds. By adopting the
strategies outlined above—embracing TLM, leveraging HLS, implementing co-verification, and utilizing
formal verification—design teams can achieve faster development cycles, improved verification, and
enhanced system performance. The key takeaway is a unified design flow that harnesses the benefits of
both high-level abstraction and low-level implementation detail, ultimately resulting in more efficient,
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robust, and cost-effective SoC development.

FAQ
Q1: What are the key challenges in integrating RTL and ESL design flows?

A1:  Key  challenges  include  differences  in  modeling  paradigms,  abstraction  levels,  verification
methodologies, and the need for efficient RTL generation from ESL models.  The diverse skill  sets
required for both RTL and ESL design also pose a challenge. Finally, the lack of standardized interfaces
between ESL and RTL tools can hinder integration.

Q2: How can I ensure the accuracy of my ESL-to-RTL translation?

A2:  Rigorous  verification  is  paramount.  This  involves  employing  co-verification  techniques  to
simultaneously  simulate  ESL  and  RTL  models.  Formal  verification  methods  can  also  provide
mathematical proof of correctness. Careful selection and configuration of HLS tools is also crucial to
minimizing discrepancies.

Q3: What are the limitations of High-Level Synthesis (HLS)?

A3:  HLS tools may not always produce optimally efficient RTL. The quality of the generated RTL
depends  heavily  on  the  input  code  and  the  HLS  tool's  capabilities.  Furthermore,  certain  design
constraints might be difficult to express at the high level, requiring manual intervention in the RTL.

Q4: How can I choose the right ESL language for my project?

A4: The choice depends on project complexity, team expertise, and available tools. SystemC is widely
used for its support for both hardware and software modeling. C++ can be a viable option if existing
codebases can be leveraged. The level of abstraction required also impacts language selection.

Q5: What are the future implications of improved RTL-ESL integration?
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A5: Improved integration will lead to greater design reuse, faster development cycles, and reduced
costs. This will enable more complex and powerful SoCs to be designed and manufactured efficiently.
The development  of  more sophisticated HLS tools  and improved verification methods will  further
enhance the process.

Q6: Are there any specific industry standards related to ESL-RTL co-design?

A6: While no single overarching standard dictates the complete ESL-RTL flow, organizations like the
Accellera Systems Initiative play a vital role in establishing standards for specific aspects, such as
SystemC  and  other  ESL  languages,  transaction-level  modeling  (TLM),  and  related  verification
methodologies. These standards foster interoperability and promote consistency across various tools
and design flows.

Q7: How does the choice of hardware platform influence the RTL-ESL design flow?

A7:  The  target  hardware  architecture  (e.g.,  FPGA,  ASIC)  significantly  impacts  the  ESL-to-RTL
translation process.  The available  resources,  timing constraints,  and power budgets  of  the target
platform  must  be  considered  during  high-level  design  and  RTL  generation  to  ensure  the  final
implementation meets the specified requirements. HLS tools often allow for target platform-specific
optimizations.

Q8: What role does software development play in this process?

A8: Software development is intrinsically linked, particularly with ESL design. The co-design approach
necessitates early integration of software components into the system-level model. This allows for early
software-hardware co-verification, ensuring compatibility and functionality before committing to RTL
implementation. This iterative process significantly reduces the risk of integration issues later in the
development cycle.

The Simple Art of SoC Design: Closing the Gap Between RTL and ESL

The complex world of System-on-a-Chip (SoC) creation presents considerable hurdles. One of the most
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important difficulties lies in bridging the disparity between Register Transfer Level (RTL) design and
Electronic  System Level  (ESL)  design.  RTL,  the  traditional  method,  focuses  on  precise  hardware
execution, while ESL allows a higher-level, more theoretical view, focusing on overall functionality and
verification. This difference often leads to bottlenecks in the design procedure, increased expenditures,
and less-than-optimal results. This article investigates the “simple art” of SoC design, demonstrating
how to effectively reduce the gap between RTL and ESL, resulting in a more streamlined and productive
design workflow.

Bridging the Divide: Strategies for Seamless Integration

The key to effectively integrating RTL and ESL lies in adopting a comprehensive design technique that
acknowledges the strengths of both phases of abstraction. This requires a transformation in mindset,
moving away from a linear method towards a more simultaneous one.

Several approaches can significantly better the collaboration between RTL and ESL:

Early System-Level Exploration: Beginning the design process with ESL modeling allows for
initial  examination of system architecture and performance. This aids in identifying potential
challenges and enhancing the design before committing to granular RTL execution. Tools like
SystemC and MATLAB/Simulink are commonly used for this purpose.

Co-Verification and Co-Simulation: Concurrent confirmation of RTL and ESL models is critical
for guaranteeing accordance and accuracy. Co-simulation approaches permit the communication
of data between the different levels of abstraction, enabling designers to confirm the functionality
of the entire system.

High-Level  Synthesis  (HLS):  HLS  bridges  the  gap  between  ESL  models  and  RTL
implementations  by  automatically  generating  RTL  code  from  high-level  descriptions.  This
considerably  decreases  the  number  of  manual  coding  needed,  resulting  to  quicker  design
processes and decreased errors.

Transaction-Level Modeling (TLM): TLM abstracts the interaction between different modules
within the system, allowing for a higher level of abstraction during modeling. This streamlines the
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confirmation process and enables faster modeling.

Reusable IP Blocks: Utilizing pre-verified and pre-characterized IP blocks reduces the intricacy
of the design cycle and accelerates the time-to-market. This is specifically critical when dealing
with complex SoC designs.

Practical Implementation and Benefits

Utilizing these strategies culminates to several tangible benefits:

Reduced Design Time: Early system-level exploration and HLS considerably lessen the overall
design time.

Lower Development Costs: Efficient integration between RTL and ESL minimizes the quantity
of design iterations and decreases the probability of faults.

Improved  Design  Quality:  Co-verification  and  co-simulation  ensure  the  correctness  and
agreement of the design at different phases of abstraction.

Enhanced Verification: Thorough confirmation at the ESL level lessens the requirement for
thorough RTL validation, conserving valuable time and resources.

Conclusion

The simple art of SoC design lies in understanding the interaction between RTL and ESL. By adopting a
integrated approach that incorporates both levels of abstraction, designers can develop more efficient
SoCs with lowered design times and expenditures. The strategies outlined above present a route to
effectively bridging the gap between these two crucial aspects of the SoC design procedure, leading in
higher-quality, more trustworthy systems.

Frequently Asked Questions (FAQs)

Q1: What are the main limitations of using only RTL design?
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A1: RTL design, while precise, can be protracted and susceptible to mistakes. It omits the high-level
outlook needed for best system structure and performance.

Q2: How can I choose the right ESL tool for my project?

A2:  The  selection  of  ESL  tool  relies  on  several  elements,  including  project  complexity,  design
requirements, and team expertise. Assessing the capabilities of different tools and taking into account
your specific needs is crucial.

Q3: What is the role of verification in closing the RTL-ESL gap?

A3: Verification plays a essential role in confirming the consistency and precision between RTL and ESL
models. Complete co-verification and co-simulation methods are crucial for identifying and correcting
any differences between the two phases of abstraction.

Q4: Is HLS suitable for all types of SoC designs?

A4: While HLS is a powerful tool, its fitness depends on the specific design requirements. It's extremely
efficient for computationally intensive applications but may be less suitable for designs with rigid timing
limitations.
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