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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
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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  verif ication ,  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,  uti l izes  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
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differences in modeling paradigms, abstraction
levels,  and  verification  methodologies.
Bridging  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
ab i l i t y  t o  op t im ize  the  sys tem
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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
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components,  rather  than  the  detailed
implementation  details.  This  allows  for
rapid prototyping and early verification
of  system-level  functionality  before
m o v i n g  t o  a  d e t a i l e d  R T L
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  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



The Simple Art Of Soc Design Closing The Gap
Between Rtl And Esl

The Simple Art Of Soc Design Closing The Gap
Between Rtl And Esl

6

methods  can  detect  subtle  errors  that
might be missed by simulation.
Automated  Testbench  Generation:
Generating  testbenches  automatically
from  ESL  models  significantly  reduces
the  t ime  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.
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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
ver i f i ca t ion ,  and  enhanced  sys tem
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, 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
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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
too l s  i s  a l so  c ruc ia l  t o  m in imiz ing
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  capabil it ies.
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?
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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?

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  f low,
organizations  like  the  Accellera  Systems
Initiative  play  a  vital  role  in  establishing
standards  for  specific  aspects,  such  as
SystemC  and  o ther  ESL  languages ,
transaction-level modeling (TLM), and related
verification  methodologies.  These  standards
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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.
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The Simple Art of SoC Design: Closing the Gap
Between RTL and ESL

The  challenging  world  of  System-on-a-Chip
(SoC)  development  presents  considerable
hurdles. One of the most important challenges
lies  in  bridging  the  separation  between
Register  Transfer  Level  (RTL)  design  and
Electronic System Level (ESL) design. RTL, the
traditional  approach,  focuses  on  precise
hardware implementation, while ESL enables a
higher-level, more theoretical view, focusing on
architecture- level  functional ity  and
confirmation.  This  disconnect  often  leads  to
delays in the design cycle, increased costs, and
less-than-optimal results. This article examines
the “simple art” of SoC design, demonstrating
how to effectively minimize the gap between
RTL and ESL, resulting in a more optimized
and productive design workflow.

Bridging  the  Divide:  Strategies  for
Seamless  Integration

The key to efficiently integrating RTL and ESL
l ies  in  ut i l iz ing  a  integrated  design
methodology that acknowledges the strengths
of both phases of abstraction. This requires a
transformation  in  perspective,  moving  away
from  a  ordered  technique  towards  a  more



The Simple Art Of Soc Design Closing The Gap
Between Rtl And Esl

The Simple Art Of Soc Design Closing The Gap
Between Rtl And Esl

12

parallel one.

Several  methods can considerably better the
coordination between RTL and ESL:

Early  System-Level  Exploration:
Beginning  the  design  undertaking  with
ESL  representa t ion  a l lows  for
preliminary  investigation  of  system
structure  and  behavior.  This  aids  in
detecting  potential  challenges  and
improving the design prior to committing
to  granular  RTL  implementation.  Tools
like SystemC and MATLAB/Simulink are
commonly used for this purpose.

Co-Verification  and  Co-Simulation:
Parallel  verification  of  RTL  and  ESL
models  is  essential  for  confirming
agreement and precision.  Co-simulation
approaches enable the exchange of data
between  the  dif ferent  phases  of
abstraction,  allowing  designers  to
confirm  the  behavior  of  the  entire
system.

High-Level  Synthesis  (HLS):  HLS
connects  the gap between ESL models
a n d  R T L  i m p l e m e n t a t i o n s  b y
systematically  creating  RTL  code  from
high-level descriptions. This considerably
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lessens  the  amount  of  manual  coding
needed,  resulting  to  quicker  design
workflows  and  decreased  mistakes.

Transaction-Level  Modeling  (TLM):
TLM  abstracts  the  communication
between  different  modules  within  the
system, permitting for a higher stage of
abstraction  during  simulation.  This
facilitates  the  verification  cycle  and
allows  faster  representation.

Reusable  IP  Blocks:  Utilizing  pre-
verified and pre-characterized IP blocks
lessens  the  intricacy  of  the  design
procedure  and  speeds  up  the  time-to-
market.  This  is  particularly  significant
when dealing with complex SoC designs.

Practical Implementation and Benefits

Adopting these strategies culminates to several
substantial gains:

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

Lower  Development  Costs:  Effective
integration  between  RTL  and  ESL
lessens the amount of design iterations
and lessens the probability of errors.
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Improved  Design  Quality:  Co-
verification  and  co-simulation  confirm
the  accuracy  and  accordance  of  the
design at different levels of abstraction.

Enhanced  Verification:  Thorough
verification at the ESL level reduces the
need  for  thorough  RTL  verification,
conserving valuable time and resources.

Conclusion

The  s imple  art  o f  SoC  des ign  l ies  in
understanding  the  interaction  between  RTL
and ESL. By utilizing a integrated method that
incorporates  both  stages  of  abstraction,
designers  can  develop  more  effective  SoCs
with reduced design times and expenditures.
The  strategies  outlined  above  provide  a
pathway to effectively linking the gap between
these two crucial  aspects of  the SoC design
procedure, culminating in higher-quality, more
trustworthy systems.

Frequently Asked Questions (FAQs)

Q1: What are the main limitations of using
only RTL design?

A1:  RTL  design,  while  precise,  can  be
protracted and error-prone. It omits the high-
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level  outlook  required  for  ideal  system
architecture  and  functionality.

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

A2: The option of ESL tool depends on several
factors,  including  project  difficulty,  design
requirements,  and  team  experience.  Judging
the  capabilities  of  different  tools  and
considering  your  specific  needs  is  crucial.

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

A3:  Verification  plays  a  crucial  role  in
confirming  the  agreement  and  accuracy
between RTL and ESL models.  Thorough co-
verification and co-simulation approaches are
crucial  for  identifying  and  fixing  any
differences  between  the  two  phases  of
abstraction.

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

A4: While HLS is a strong tool, its suitability
relies on the specific design requirements. It's
extremely  efficient  for  data-intensive
applications  but  may  be  less  suitable  for
designs with stringent timing restrictions.



The Simple Art Of Soc Design Closing The Gap
Between Rtl And Esl

The Simple Art Of Soc Design Closing The Gap
Between Rtl And Esl

16

https://wifi.nunsys.com/130926/92CR660518/P
L A Y / l i s t / c h i n s a p o - s e c -
school__msce_2014__results.pdf
https://wifi.nunsys.com/mq/90826M8Q8926091
3/EPDF/link/lakip-bappeda__kota_bandung.pdf
https://wifi.nunsys.com/143700/R8D6257592/C
HAPTER/link/casenote__legal__briefs_property_
_keyed__to_kurtz__and__hovencamp__5e.pdf
https://wifi.nunsys.com/vw132609/561261WV3
5 1 4 3 7 0 0 / R T F / s e a r c h / s i e m e n s -
corporate__identity_product_design__guide.pdf
https://wifi.nunsys.com/67H559U/23H121U012
/PDF/upload/honda_cbx-750f-manual.pdf
https://wifi.nunsys.com/765163R47Q/44800RQ/
E P U B / k e y / a u t o m o t i v e -
air__conditioning__and__climate__control__syst
ems.pdf
https://wifi.nunsys.com/143700/M7341269I2/D
OC/list/2004-ford_mustang_repair-manual.pdf
https://wifi.nunsys.com/gc/305066G89C260913
/ I T U N E / f i n d / s u s p e n s e _ _ f a l l e n _ s t a r -
romantic__suspense_short_story_suspense_billi
onaire__bad-boy__romantic__comedy__short-
story.pdf
https://wifi.nunsys.com/143700/PC56496/RTF/e
xe/john__deere-6600_workshop-manual.pdf
https://wifi.nunsys.com/9M9302M/1437001309
26/PLAY/search/modified_release_drug__delive
ry-technology_second-edition__drugs_and-
the__pharmaceutical__sciences.pdf

https://wifi.nunsys.com/143700/Q4T1442/EPDF/go/chinsapo__sec-school_msce__2014_results.pdf
https://wifi.nunsys.com/143700/Q4T1442/EPDF/go/chinsapo__sec-school_msce__2014_results.pdf
https://wifi.nunsys.com/143700/Q4T1442/EPDF/go/chinsapo__sec-school_msce__2014_results.pdf
https://wifi.nunsys.com/130926/75F2H57489/DOC/go/lakip_bappeda__kota-bandung.pdf
https://wifi.nunsys.com/130926/75F2H57489/DOC/go/lakip_bappeda__kota-bandung.pdf
https://wifi.nunsys.com/50608O62I8/33744OI/CHAPTER/key/casenote__legal-briefs_property__keyed__to__kurtz__and-hovencamp-5e.pdf
https://wifi.nunsys.com/50608O62I8/33744OI/CHAPTER/key/casenote__legal-briefs_property__keyed__to__kurtz__and-hovencamp-5e.pdf
https://wifi.nunsys.com/50608O62I8/33744OI/CHAPTER/key/casenote__legal-briefs_property__keyed__to__kurtz__and-hovencamp-5e.pdf
https://wifi.nunsys.com/143700/3288N6P214/PPT/data/siemens__corporate_identity-product-design_guide.pdf
https://wifi.nunsys.com/143700/3288N6P214/PPT/data/siemens__corporate_identity-product-design_guide.pdf
https://wifi.nunsys.com/143700/3288N6P214/PPT/data/siemens__corporate_identity-product-design_guide.pdf
https://wifi.nunsys.com/9618O0Z/143700130926/PPT/file/honda-cbx-750f__manual.pdf
https://wifi.nunsys.com/9618O0Z/143700130926/PPT/file/honda-cbx-750f__manual.pdf
https://wifi.nunsys.com/143700/67243CT/PUB/search/automotive_air_conditioning-and-climate_control__systems.pdf
https://wifi.nunsys.com/143700/67243CT/PUB/search/automotive_air_conditioning-and-climate_control__systems.pdf
https://wifi.nunsys.com/143700/67243CT/PUB/search/automotive_air_conditioning-and-climate_control__systems.pdf
https://wifi.nunsys.com/143700/67243CT/PUB/search/automotive_air_conditioning-and-climate_control__systems.pdf
https://wifi.nunsys.com/ej/99149EJ/EBOOK/list/2004-ford-mustang_repair_manual.pdf
https://wifi.nunsys.com/ej/99149EJ/EBOOK/list/2004-ford-mustang_repair_manual.pdf
https://wifi.nunsys.com/70250NH/624306N08H/TXT/mirror/suspense__fallen-star_romantic__suspense-short-story-suspense-billionaire-bad__boy-romantic_comedy-short-story.pdf
https://wifi.nunsys.com/70250NH/624306N08H/TXT/mirror/suspense__fallen-star_romantic__suspense-short-story-suspense-billionaire-bad__boy-romantic_comedy-short-story.pdf
https://wifi.nunsys.com/70250NH/624306N08H/TXT/mirror/suspense__fallen-star_romantic__suspense-short-story-suspense-billionaire-bad__boy-romantic_comedy-short-story.pdf
https://wifi.nunsys.com/70250NH/624306N08H/TXT/mirror/suspense__fallen-star_romantic__suspense-short-story-suspense-billionaire-bad__boy-romantic_comedy-short-story.pdf
https://wifi.nunsys.com/70250NH/624306N08H/TXT/mirror/suspense__fallen-star_romantic__suspense-short-story-suspense-billionaire-bad__boy-romantic_comedy-short-story.pdf
https://wifi.nunsys.com/8435A5C/7790A96C87/MD/url/john_deere-6600__workshop_manual.pdf
https://wifi.nunsys.com/8435A5C/7790A96C87/MD/url/john_deere-6600__workshop_manual.pdf
https://wifi.nunsys.com/ud/62623UD/EBOOK/dl/modified_release-drug__delivery_technology_second-edition__drugs-and_the__pharmaceutical_sciences.pdf
https://wifi.nunsys.com/ud/62623UD/EBOOK/dl/modified_release-drug__delivery_technology_second-edition__drugs-and_the__pharmaceutical_sciences.pdf
https://wifi.nunsys.com/ud/62623UD/EBOOK/dl/modified_release-drug__delivery_technology_second-edition__drugs-and_the__pharmaceutical_sciences.pdf
https://wifi.nunsys.com/ud/62623UD/EBOOK/dl/modified_release-drug__delivery_technology_second-edition__drugs-and_the__pharmaceutical_sciences.pdf


The Simple Art Of Soc Design Closing The Gap
Between Rtl And Esl

The Simple Art Of Soc Design Closing The Gap
Between Rtl And Esl

17


