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Who Am I 
 

                                          

                                                      

 An indie developer from China 

 The main translator of the book «Gray Hat Hacking The Ethical Hacker's  

         Handbook, Fourth Edition» (ISBN：9787302428671) & «Linux Hardening 

         in Hostile Networks, First Edition» (ISBN: 9787115544384)  

 

 

 

 

 

 

 

 
 

 Pure software developmement for ~15 years(~11 years on Mobile dev) 

 Actively participating Open Source Communities 

 https://github.com/XianBeiTuoBaFeng2015/MySlides 

 Recently, focus on infrastructure of Cloud/Edge Computing,  AI, IoT, 
Programming Languages & Runtimes, Network, Virtualization, RISC-V, 
EDA, 5G/6G… 
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I.  Background  
1)  Tech Stack 
1.1  HW Verification 
What is it 
 . 
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Source:  http://uvm.io/blog/2019/04/accelerated-uvm/ 

Source:  https://www.cocotb.org/ 



Terminologies 
    https://en.wikipedia.org/wiki/Test_bench 
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Hardware Verification Language (HVL) 
    https://en.wikipedia.org/wiki/Hardware_verification_language 

    https://en.wikipedia.org/wiki/SystemVerilog 

    … 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
           

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

         

 

 
 

 
 

 

 
 

 

 

 



      https://docs.cocotb.org/en/stable/glossary.html#term-VPI 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         
 

 

 

 

          
 
 
 
 
 
 
 

           
 
 

 

 

 
 



1.1.1  Languages 
Hardware Description Language (HDL) 
    https://en.wikipedia.org/wiki/Hardware_description_language 

    https://en.wikipedia.org/wiki/Verilog 

    … 

 

Hardware Verification Language (HVL) 
    https://en.wikipedia.org/wiki/Hardware_verification_language 

    https://en.wikipedia.org/wiki/SystemVerilog 

    … 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
           

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

         

 

 
 

 
 

 

 
 

 

 

 



1.1.2  Methodologies 
    https://github.com/ben-marshall/awesome-open-hardware-verification 

    … 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 



1.1.2.1  UVM 
 https://en.wikipedia.org/wiki/Universal_Verification_Methodology 

 

          

 

 

 

 

 

 

 

 

 

 
          … 

 https://ieeexplore.ieee.org/document/9195920 

 https://www.accellera.org/community/uvm/ 

 The latest version of UVM is 1.2, and 2.0 is on the way. 

         https://www.accellera.org/downloads/standards/uvm 

 …          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

         

 

 

 

 

 

 

 

 

 

         

 

 
 

 
 

 

 
 

 

 

 



1.2  FOSS EDA 
 https://en.wikipedia.org/wiki/Comparison_of_EDA_software 

 https://semiwiki.com/wikis/industry-wikis/eda-open-source-tools-wiki/ 

 https://fossi-foundation.org/ 

 https://ieeexplore.ieee.org/document/9398963 

 https://ieeexplore.ieee.org/document/9398960 

 https://ieeexplore.ieee.org/document/9336682 

 https://ieeexplore.ieee.org/document/9105619 

 …     
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

     

 

 

 

 

 

 

 
 
 

 

 

 



1.2.1  SpinalHDL 
1.2.1.1  Overview 
      https://github.com/SpinalHDL/SpinalHDL         

 

 

 

 

 

 

 

   

 

 

 

 
 

      https://spinalhdl.github.io/SpinalDoc-RTD/ 

      … 
          

 

 

 

 

 

 

 

 

 

 

 

 
 

 

         

 

 
 

 
 

 

 
 

 

 

 



1.2.1.2  VexRiscv 
       https://github.com/SpinalHDL/VexRiscv 

         A FPGA friendly 32 bit RISC-V CPU implementation which is written in 

         SpinalHDL. 

 

 

 
 

       . 

 

 

 

 

 

 

      https://riscv.org/announcements/2018/10/risc-v-contest/ 

 

 

   

 

 

 

 

 
          

 

 

 

 

 

 

 

 

 

 

 

 
 

 

         

 

 
 

 
 

 

 
 

 

 

 



1.2.1.3  Cocotb in SpinalHDL 
      … 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

  
 

   

 

 

 

 

 

 

 

 

 

 

 

    

 

 
 

 
 

 

 

 

… 

… 



cocotblib 

       . 
 

 

 

 

 

 

 

 

 

 

          
 
 
 
 
 
 
 

           
 
 

 

 

 
 



1.2.2  Corundum 
1.2.2.1  Overview 

      https://github.com/corundum/corundum/ 

         Open source FPGA-based NIC and platform for in-network compute. 

 

 

 

 

 

 

 

 

 

 

 
       Src 

 

 
          

 

 

 

 

 

 

 

 

 

 

 

 
 

 

         

 

 
 

 
 

 

 
 

 

 

 



Architecture & Design 
      Block Diagram 

 

 

 

 

 

 

 

 

 

 

 

 

      Dependencies 

 

 

Source:   https://github.com/corundum/corundum/ 

Source:   https://github.com/corundum/corundum/ 



Supported boards 
      . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Testing 
      . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2)  Overview of Python-based HW Verification 
2.1  History 
The oldest info? 
 https://www.design-reuse.com/articles/15886/a-phyton-based-soc-

validation-and-test-environment.html 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

         

 

 
 

 
 

 

 
 

 

 

 

… 



2.2  Python & UVM 
 … 

 

 

 

 

 

 

 

 

 

 



2.2.1  pyuvm 
      https://github.com/pyuvm/pyuvm 

    

 

 

 
 

       Src 

 

 
 

       Current Status: 

 

 

 

 

 

 

 

 
 https://verificationacademy.com/news/the-python-for-verification-series 



Tests 
 . 
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2.2.2  UVM-Python 
      https://github.com/tpoikela/uvm-python 

         UVM 1.2 port to Python 

       Src 

 

 

 

       Current Status: 

 

 

 

 

 

 

 

 

 
 … 



2.3  Cocotb 
2.3.1  Overview 
       https://www.cocotb.org/ 

          A Coroutine based Cosimulation TestBench environment for verifying 

         VHDL and Verilog RTL using Python. 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 
 

           

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

         

 

 
 

 
 

 

 
 

 

 

 

SpinalHDL-dev/ 



      Key benefits 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         
 

 

 

 

          
 
 
 
 
 
 
 

           
 
 

 

 

 
 



Src 
 https://github.com/cocotb/cocotb 

 

 

 

 

 
          

         Stats (master branch, last commit:  3602c3d94ca4046ea4ec818e2d3d8bb613de3a7c  ~Dec 4, 2022) 

 

 

 
         

 

 

 

 

 

 

 

 
 

 

          

 

 

 

 

 

         

 

 
 

 
 

 

 
 

 

 

 



Workflow 
 . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 https://docs.python.org/3/glossary.html#term-coroutine 

 

 

 

 

 

 
         

 

 

 

 

 

 

 

 
 

 

          

 

 

 

 

 

         

 

 
 

 
 

 

 
 

 

 

 

Source:   https://docs.cocotb.org/en/stable/ 



2.3.2  Examples 
Quickstart 
 https://docs.cocotb.org/en/stable/quickstart.html 

         $SRC_COCOTB/examples/doc_examples/quickstart 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



         Cocotb testbench:  

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
            

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            

            

 

 

 

 

 

 
           

         

 

 

 

 

 

 

 

 

          

         

 

 
 

 
 

 

 
 

 

 

 



          

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
            

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            

            

 

 

 

 

 

 
           

         

 

 

 

 

 

 

 

 

          

         

 

 
 

 
 

 

 
 

 

 

 



         run the testbench:  

 

 

 

 

 

 

 

 

 

 

         exchange the order for value assignment of the square wave clock:  

          
 

 

 

 

 

 

 
            

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            

            

 

 

 

 

 

 
           

         

 

 

 

 

 

 

 

 

          

         

 

 
 

 
 

 

 
 

 

 

 



         rerun the testbench:  

 

 

 

 

 

 

 

 

 

 

          

          
 

 

 

 

 

 

 
            

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            

            

 

 

 

 

 

 
           

         

 

 

 

 

 

 

 

 

          

         

 

 
 

 
 

 

 
 

 

 

 

… 



2.3.3  Extensions 
Good Resources 
 https://docs.cocotb.org/en/stable/extensions.html 

 https://github.com/cocotb/cocotb/wiki/Further-Resources 
          … 

 

 

 

 

 

 

 

 

 

 
 

          … 

 https://github.com/cocotb/cocotb/blob/master/documentation/source/e
xtensions.rst 

 ... 

 

 

 

 

 

 

 

 

 

 

 



2.3.4  Cocotb vs UVM 
Good Resources 
 https://www.reddit.com/r/FPGA/comments/v8fd63/cocotb_in_python_v

s_uvm_in_systemverilog/ 

 ... 

 

 

 

 

 

 

 

 

 

 

 



3)  Testbed 
3.1  Raspberry Pi 4(8GB LPDDR4) with Fedora 37 
      HW env 

 

 

 

 

 

 
 

 
 

 

 

 

 

 

 

 
           

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

         

 

 
 

 
 

 

 
 

 

 

 



      SW env 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         
 

 

 

 

          
 
 
 
 
 
 
 

           
 
 

 

 

 
 



By the way:  current release and roadmap of GraalVM 
 https://medium.com/graalvm/announcing-the-graalvm-community-

roadmap-b8d77201b497         
         

GraalVM 22.2 
 

 https://medium.com/graalvm/graalvm-22-2-smaller-jdk-size-improved-
memory-usage-better-library-support-and-more-cb34b5b68ec0 

          Smaller JDK size, improved memory usage, better library support, and more! 

 

 

 
 

              … 
 

JDK 19 

 https://openjdk.java.net/projects/jdk/19/ 

         Features 

 

 

 

 
 

 https://jdk.java.net/19/release-notes 

 



          

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
            

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            

            

 

 

 

 

 

 
           

         

 

 

 

 

 

 

 

 

          

         

 

 
 

 
 

 

 
 

 

 

 



3.1.1  Fedora   

       A Linux distribution developed by the community-supported Fedora 

         Project which is sponsored primarily by Red Hat. 

       https://en.wikipedia.org/wiki/Fedora_(operating_system) 

       https://getfedora.org/ 

       https://alt.fedoraproject.org/alt/ 

       https://spins.fedoraproject.org/ 

       https://fedoraproject.org/wiki/Architectures/ARM 

       https://fedoramagazine.org/ 

       https://silverblue.fedoraproject.org/ 

       https://fedoraproject.org/wiki/Changes/RaspberryPi4 

       Developer friendly! 
 

          

 

 

 

 

 

 

 

 

 

 

 

 
 

 

         

 

 
 

 
 

 

 
 

 

 

 



3.1.1.1  EDA support 
       https://fedoraproject.org/wiki/Electronic_Lab 
 

Installation 

        sudo dnf groupinstall "Electronic Lab" 

     

 

 

 

 

 

 

 

 

 

 

      
       sudo dnf install libevent libevent-devel boost boost-devel verilator  

                                     yosys z3 z3-devel z3-libs java-z3 python-z3 

       sudo dnf install tox python3-pytest python3-scapy python3-jinja2 

                                    dfu-util libftdi libftdi-devel python3-libftdi python3-pyftdi 

       … 
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3.1.1.2  Fedora 37 
       https://fedoraproject.org/wiki/Releases/37/ChangeSet 

       https://www.phoronix.com/news/Fedora-37-Released 
 

Raspberry Pi 4 
       Fedora 37 To Offer Official Support On Raspberry Pi 4 Devices 
         https://www.phoronix.com/news/Raspberry-Pi-4-Fedora-37 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

          

 

 

 

 

 

 

 

 

 

 

 

 
 

 

         

 

 
 

 
 

 

 
 

 

 

 



3.1.2  Cocotb 
3.1.2.1  Installation 
 https://docs.cocotb.org/en/stable/install.html 
 

Install with pip 
       . 

 

 

 

 
 

         or 

 

 
 

 
 

 

 
 

 

 

 



3.1.2.2  Usage 

A simple D flip-flop on RPi4 
      https://github.com/cocotb/cocotb 

 

 
 

 

 
 

          

 

 

 

 

 
 

        
 

 



II.  SpinalHDL with Cocotb on ARM  
1)  SpinalHDL 
1.1  Test on RPi4 
Tetralogy(env) 
Code base: 
On dev branch, last commit:  f518b561b4631c190dbd783ec02e46e2c7fbf8ff 

      Compile 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

                 

 

 

 

 

 

      
 

 

… 



      Test 
 

 

 

 

 

 

 

 

 

 

          
 
 
 
 
 
 
 

           
 
 

 

 

 
 

… 

… 

Cocotb is here 



          Meet a Coredump caused by out of memory in GraalVM and aborted:      

 

 

 

 

 

 

 

 

 
 
 

 

 

 

 

 

 

 

 

          
 
 
 
 
 
 
 

           
 
 

 

 

 
 



        set env variable SBT_OPTS or JAVA_OPTS to "-Xms3G -Xmx4G" and retest: 
 

 

 

         

 

 

 

 

 

 

 

 

         

 

 
 

 
 

 

 
 

 

 

 

… 

… 



                

 

 

 

 

 

 
 

 

         the final test result: 
 

 

 

 

 

 

 

 

 

          
 
 
 
 
 
 
 

           
 
 

 

 

 
 

… 

Cocotb is here 



      Assembly 

 

 

 

 

 

 

 
 

      Publish 
 

 

 

 

 

 

 

 

 

 

          
 
 
 
 
 
 
 

           
 
 

 

 

 
 

… 



         check what’s in the ivy2 repository now: 
 

 

 

 

 

 

 

 

 

 

          
 
 
 
 
 
 
 

           
 
 

 

 

 
 

… 



Tetralogy(old env in Oct, for comparison) 
      For more details, you may refer to our previous talk "Hosting FOSS  

        EDA tools for RISC-V cross-platform development on RPi4" at COSCon 

        2022(Online). 
 

Code base: 
On dev branch, last commit: 530a200105546759f2650bd7c9c60fa468952dbe 

 Compile 

         

 

 

 
       Test 

 
 

 

 

         

 

 
 

 
 

 

 
 

 

 

 

… 



           
 

                

 

 

 

 

 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          

 Assembly 
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… 
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… 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

          
 
 
 
 
 
 
 

           
 
 

 

 

 
 

… 

… 



      Publish 
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III.  Corundum with Cocotb on ARM  
Prerequisites 
 https://docs.corundum.io/en/latest/gettingstarted.html 

 
 

 

                           

 

 

 

 

 

      
 

 



 Setup 

 
            

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          sudo dnf install python3-scapy python3-pytest-xdist python3-pytest-sugar… 

 

 

                       

 

 

 

 

 

 
           

         

 

 

 

 

 

 

 

 

          

         

 

 
 

 
 

 

 
 

 

 

 



 tox 

         https://tox.wiki/en/latest/ 

         https://github.com/tox-dev/tox 

 

 

 

 

 

 

 

 

 

 

          
           https://wiki.openstack.org/wiki/Testing 

           … 

 
 

 

 

 

 

 

 

         

 

 

 

 

 

 

 

 

 

         

 

 
 

 
 

 

 
 

 

 

 



           https://github.com/corundum/corundum/blob/master/tox.ini 

 
            

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                       

 

 

 

 

 

 
           

         

 

 

 

 

 

 

 

 

          

         

 

 
 

 
 

 

 
 

 

 

 



1)  RPi4 
1.1  Running Tests 
Official Guide 
 https://docs.corundum.io/en/latest/gettingstarted.html 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

         

 

 
 

 
 

 

 
 

 

 

 



          

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

         

 

 

 

 

 

 

 

 

 

         

 

 
 

 
 

 

 
 

 

 

 



          

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

         

 

 

 

 

 

 

 

 

 

         

 

 
 

 
 

 

 
 

 

 

 



1.1.1  Run by tox 
      Src (master branch, last commit:  c708bc45cd0d5b44274d238dd9fadd16335f337d  ~Dec 6, 2022) 

          

       

 

 

 

 

 

 

      
 

 

… 



        apply a workaround: 

 

 

 

         

 

 

 

 

 

 

 

 

 

         

 

 
 

 
 

 

 
 

 

 

 

… 



        apply another workaround: 

 

 

 

         

 

 

 

 

 

 

 

 

       

 
 

 
 

 

 
 

 

 

 

Test program exited quietly after successfully running most of the cases without explicit error info(seems 

caused by some time out) after running over a day, we are investigating the root cause… 



1.1.2  Run without tox 
      Src (master branch, last commit:  c708bc45cd0d5b44274d238dd9fadd16335f337d  ~Dec 6, 2022) 

 

          

       

 

 

 

 

 

 

      
 

 

… 



        set PYTHONPATH and rerun the tests: 

 

 

 

         

 

 

 

 

 

 

 

 

 

         

 

 
 

 
 

 

 
 

 

 

 

Test program exited quietly without explicit error info as previous section while reaching 90%, working on it… 



       check: 

 

 

 

         

 

 

 

 

 

 

 

 

 

         

 

 
 

 
 

 

 
 

 

 

 

… 



IV.  Project CocotbD  
1)  The future of HW Verification 
1.1  Distributed Simulation 
     https://github.com/chipsalliance/UHDM 

 

 

 

 

 

 

 

 

 

 
 

 

 

         

        … 

          

       

 

 

 

 

 

 

      
 

 



1.1.1  RPi Clusters 
 . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



1.2  Beyond UVM 
1.2.1  It's time to thank UVM and say goodbye? 
     https://olofkindgren.blogspot.com/2022/10/its-time-to-to-thank-uvm-and- 

        say-goodbye.html 

 

 

 

 

 

 

 

 

 

 
 

 

 

        … 

          

       

 

 

 

 

 

 

      
 

 



1.3  Hardware-assisted Verification 
1.3.1  Overview 
      https://semiwiki.com/eda/siemens-eda/317651-todays-soc-design-verification- 

        and-validation-require-three-types-of-hardware-assisted-engines/ 

      https://www.analogictips.com/hardware-assisted-verification-technology-in-the- 

        mainstream/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

          

       

 

 

 

 

 

 

      
 

 



    

 

 

 

 

 

 

 

 

 

 

 

 

      https://www.cnctimes.com/editorial/siemens-delivers-next-generation- 

        comprehensive-hardware-assisted-verification-system 

      https://news.synopsys.com/2022-09-20-Synopsys-Unveils-Industrys-First-Unified- 

        Emulation-and-Prototyping-System-Addressing-Verification-Requirements- 

        Across-the-Chip-Development-Cycle 

      https://www.intellectualmarketinsights.com/report/hardware-assisted-verification- 

        market-size-and-trends/imi-001814 

      … 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

          

       

 

 

 

 

 

 

      
 

 



1.3.2  FireSim 
1.3.2.1  Overview   
 https://fires.im/ 

         Easy-to-use, FPGA-accelerated Cycle-accurate Hardware Simulation  

         in the Cloud. 

 

 

        What can I simulate with FireSim? 

 

          

       

 

 

 

 
 

       https://github.com/firesim/firesim 

 

      
 

 



1.3.3  From RTL to CUDA 
1.3.3.1  Overview   
 https://research.nvidia.com/publication/2022-08_rtl-cuda-gpu-

acceleration-flow-rtl-simulation-batch-stimulus 

         A GPU Acceleration Flow for RTL Simulation with Batch Stimulus. 

       https://d1qx31qr3h6wln.cloudfront.net/publications/icpp22-rtlflow.pdf 

 

 

 

 

 

 
 

       https://github.com/dian-lun-lin/RTLflow 

 

 

 
 

       https://github.com/dian-lun-lin/RTLflow-benchmarks 

       … 

 

      
 

 



Workflow 
 . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

          

 

 

 

 

 

         

 

 
 

 
 

 

 
 

 

 

 

Source:   https://d1qx31qr3h6wln.cloudfront.net/publications/icpp22-rtlflow.pdf 



2)  Why is  
2.1  Overview 
      https://en.wikipedia.org/wiki/D_(programming_language)  

 

 

 

 

 

 
 

 
 
 
 

 
 

 
      https://dlang.org/spec/spec.html 

      https://en.wikibooks.org/wiki/D_Programming 

      … 

 

 
 

 

 

 



Designed by Experts                      

•                                                      

      https://en.wikipedia.org/wiki/D_(programming_language) 

      https://en.wikipedia.org/wiki/Walter_Bright 

         http://digitalmars.com/ 

 

 

 

 

 

 

      https://en.wikipedia.org/wiki/Andrei_Alexandrescu 

         http://erdani.org/     

 

 

 

 

 

 
      Origins of the D Programming Language 

        https://dl.acm.org/doi/abs/10.1145/3386323 

 

 

 

 

 

 

 

 

 

 

 
 



I am here 
      . 

 

 

 

 

 
 

 
 
 
 

 
 

 

 
      One idea: Why Modern Alternative Languages Never Replace C/C++ 
             https://levelup.gitconnected.com/why-modern-alternative-languages-never- replace-c-c-cbf0afc5f1dc  

      But… 

 

 
 

 

 

 



If you are interested   
 For more materials, you may refer to our previous talks "Will D be a  

         better system programming language" at OpenInfra Days China  

         2022(Online) and "First exploration of D for HW-SW co-designed  

         system" at 1st OSEDA Workshop China 2022(Online).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

         

 

 
 

 
 

 

 
 

 

 

 



3)  Cocotb with  
3.1  Vlang 
 A DSL built on top of  
 

Initial Design 
 . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

         

 

 
 

 
 

 

 
 

 

 

 

Source:   https://dvcon-proceedings.org/wp-content/uploads/introduction-to-next-generation-verification-language-vlang.pdf  

(DVCon Europe 2014) 



3.1.1  Embedded UVM  
 http://uvm.io/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Not production-ready, anyway, provides a good reference of design 

and code base for us.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

          

 

 

 

 

 

         

 

 
 

 
 

 

 
 

 

 

 



Architecture & Design 
      . 

 

 

 

 

 
 

 
 
 
 

 
 

 

 
   

 
 

 

 

 

Source:   http://uvm.io/docs/core-concepts/architecture-overview/ 



3.2  Replace C++ in Cocotb with         
 A long-term plan. 

 If you are interested, you may look forward to our follow-ups such as   
"Revisiting D as a better system programming language",   

         "Rethinking D for HW-SW co-designed system",  and "Revisiting  

          Cocotb as a Swiss Army Knife for hardware verification" in 2023… 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

         

 

 
 

 
 

 

 
 

 

 

 



3.2.1  PyD 
3.2.1.1  Overview 
 https://github.com/ariovistus/pyd 

         Interoperability between Python and D. 

 

 

 
 

 … 

         

 

 

 

The first thing is trying to add ARM and Python 3.11 support to PyD 

(currently only support X64).  

 

 

 

 

 

 

 

   

 

 

 

 
 

      https://spinalhdl.github.io/SpinalDoc-RTD/ 

      … 
          

 

 

 

 

 

 

 

 

 

 

 

 
 

 

         

 

 
 

 
 

 

 
 

 

 

 



V.  Wrap-up 
 

  A New Golden Age for Computer Architecture! 

         A New Golden Age for Compiler Design! 

         A New Golden Age for Programming Language and Runtime! 

         A New Golden Age for FOSS EDA! 

         A New Golden Age for HW-SW Co-design! 

 

  Python plays a very important role in HW-SW Collaboration! 
 

 

 

 



Thanks! 
感谢观看 



Q & A 
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