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I.  Growing Ecosystem of ARM  
1)  Overview  

 a 

 

 

 

 

 

Centriq 

 

 

 

 

 

 

 
 

 But… 
 

 

 

 

https://www.qualcomm.com/media/documents/files/qualcomm-centriq-2400-media-deck.pdf 



AI 

 https://developer.arm.com/products/processors/machine-
learning 

 http://pages.arm.com/dynamiq-technology.html 

 

 

         

 

 

 
 

 

 
 

 

 

 



Cloud 
 

                                          

                                                      

 Windows Server on ARM 

 https://buildazure.com/2017/03/10/windows-server-running-on-
arm-cpus-azure-is-next/ 

 

 

 

 

 

 

 

 

 

 

 

 

packet.net 

 https://retout.co.uk/blog/2017/04/25/packet-net-arm64-servers 

 

 

 

 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



HPC 
 

                                          

                                                      

 

 

 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



 

                                          

                                                      

The Machine 

 https://www.theinquirer.net/inquirer/news/3010243/hpe-shows-off-
arm-powered-the-machine-prototype-with-160tb-memory 

 

 

 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



Linaro             

 http://www.linaro.org 

 

 

 

 

 

 

 

 

 

96boards 

 http://www.96boards.org/ 

 

 

 

 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



2)  MicroServer 
 http://socionextus.com/products/synquacer-edge-server/ 

 

 

 

 

 

 

 

 

 

 

 

 

 
           

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

         

 

 
 

 
 

 

 
 

 

 

 



3)  Trend 
Acquisitions 

 

 

 

 

 

 

 

 

 

 

 

 

 
           

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

         

 

 
 

 
 

 

 
 

 

 

 



Desktop  
 

                                          

                                                      

 ARM PC 

 

 

 

 

 



Cortex-A76 / Mali-G76 
 

                                          

                                                      

 https://developer.arm.com/products/processors/cortex-a/cortex-a76 

 delivers laptop-class performance with mobile efficiency 

 

 

 

 

 

 



 
 
 

II.  OpenStack on ARM 
 

1)  Current Status  
 https://marcin.juszkiewicz.com.pl/2018/03/02/openstack-

queens-release-done/ 

 https://wiki.linaro.org/OpenStack 

         … 

 Three ARMed OpenStack, OpenInfrastructure New York 2018 

 The OpenStack on AArch64 journey, Linaro Connect HK 2018 

 OpenStack on AArch64, LC3 Beijing 2017 

 Build Cloud Infrastructure with ARMv8, OSSNA 2017 

 ARM’ed OpenStack Farm, CloudOpen North America 2014 

 

 
 

 

 
 

 

 

 

https://www.qualcomm.com/media/documents/files/qualcomm-centriq-2400-media-deck.pdf 



2)  Hardware Perspective 
 https://en.wikipedia.org/wiki/ARM_architecture 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 UEFI on ARM 

 Please add Hardware Transactional Memory support in ARM v9 

        … 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
           

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

         

 

 
 

 
 

 

 
 

 

 

 



Virtualization 
 

                                          

                                                      

 https://en.wikipedia.org/wiki/Hardware-assisted_virtualization 

 

 

 

 

 

 

 

 

 

 Virtualization Host Extensions 

 Nested Virtualization Extensions 

 System MMU 



3)  ARM Development Boards 
Raspberry Pi 

 https://www.raspberrypi.org/ 

 https://en.wikipedia.org/wiki/Raspberry_Pi 

 

 

 

 

 

 

 

 

 

 

 

 

 Official release (Raspbian with Linux Kernel 4.14 currently) 

         still does not support AArch64 

 

 

 

         

 

 

 

 

 

 

 

 

 

 

 
           

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

         

 

 
 

 
 

 

 
 

 

 

 



ROC-RK3328-CC 

 http://www.t-firefly.com/product/rocrk3328cc.html 

 

 

 

 

 

 

 

 

 

 

 

 my test board has 4GB DDR4 @2133MHz 

 Ubuntu 16.04/Debian 9/Android 7.1.1 for AARCH64  

 

My Dev Env 

 Pls refer to my presentation "eBPF in Action" at LC3 Beijing  

        (on Jun 25, 2018) 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Can we run OpenStack on Raspberry Pi? 

 Seems to be Mission Impossible 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 My testbed: Fedora Minimal 28 AARCH64 on RPi 3B/3B+ 
 

 

 

 

 

 

 

 

 

 



4) My Practice 
DevStack 

 https://github.com/openstack-dev/devstack 

 tested on Fedora Minimal 28 AARCH64 

 Django issue 

 

 

 

 uwsgi issue 

        https://github.com/unbit/uwsgi/issues/1763 

 my patch: 

         

 

 

 

 

 



 result: 
           

                      

 

 

 

 

 

 

 

 

         

 

 
 

 
 

 

 
 

 

 

 



Kata Containers 

    https://katacontainers.io                  

    https://github.com/kata-containers/ 

    The speed of containers, the security of VMs 

     

 

 

 

 

 

 

 

    https://github.com/kata-containers/runtime 

 

 

 

 

     

 

 

source:  https://katacontainers.io/media/uploads/katacontainers/uploads/katacontainers/kata-     

               containers-on-boarding-deck-for-website01022018.pdf 



 build Kata on Raspberry Pi 3B+ with Fedora Minimal 28 
AARCH64 & go 1.10.3 

 
           

                      

 

 

 

 

 

 

 

 check 

         

 

         

 

 
 

 
 

 

 
 

 

 

 



 
 
 
III.  Acceleration Python  

 

1)  Overview  
Why Python 
 https://www.tiobe.com/tiobe-index/ 

 

 

 

 

 
 

 http://pypl.github.io/PYPL.html 

 https://spectrum.ieee.org/computing/software/the-2017-top-programming-
languages 

 

 

 

 

 

 
 

 

 
 

 

 

 



 https://www.kdnuggets.com/2018/05/poll-tools-analytics-data-
science-machine-learning-results.html 

           

                      

 

 

 

 

 

 

 

 Other Python projects 

        Build:          Meson, SCons…    DevOps:      Ansible, SaltStack… 

        Web:            Django, web2py, Flask, Tornado, TurboGears… 

        AI:                PyTorch, Theano…  Big Data:     PyData, PySpark… 

        Science:      Scipy, Sage… 

        Cloud/DataCenter:    OpenStack  

        Security:      a swiss knife for hackers… 

        … 

 

         

 

 
 

 
 

 

 
 

 

 

 



Why Python is Slow 

    dynamically typed 

    no JIT support in the official CPython 

    GIL (Global Interpreter Lock) 

         

 

 

https://benchmarksgame-team.pages.debian.net/benchmarksgame/faster/python.html 



Runtimes 

    LLVM-based (VMKit, MCJIT, ) 

 

 

 

 

 

 

    

        

       RPython 

       Meta-tracing 

        … 

PySton 

Source: http://speed.pypy.org/  



2)  GraalVM 
 https://www.graalvm.org/ 

 http://www.oracle.com/technetwork/oracle-labs/ 

   program-languages/overview/index.html 

 https://blogs.oracle.com/developers/announcing-graalvm 

 

 

 

 

 

 

 

 

 

 High-Performance Polyglot VM 

 A meta-runtime for Language-Level Virtualization 

 Currently base an Oracle Labs JDK 8 with JVMCI support 

 http://openjdk.java.net/jeps/243(JVMCI): experimental in JDK 9 

 



Arch 

 A hybrid of static & dynamic runtimes  

 

 

 

 

 

 

 

 

 
 

 a 
  Source: https://ics.psu.edu/wp-content/uploads/2017/02/GraalVM-PSU.pptx  

  Source:   https://www.slideshare.net/jyukutyo/jvmgraalopenj9 



Performance 

 a 

 

 

 

 

  Source: http://lafo.ssw.uni-linz.ac.at/papers/2017_PLDI_GraalTutorial.pdf 

  Source: http://dbpl2017.org/slides/DBPL-2017-s2.pdf 



 but for GraalVM 1.0.0 RC1 

 

 

 

 

 

 

 

 

 Real World Apps: 

        Using GraalVM to run Native Java in AWS Lambda with Golang 

 
 

                      

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

         

 

 
 

 
 

 

 
 

 

 

 

  Source: https://blog.frankel.ch/first-impressions-graalvm 

  Source:  https://engineering.opsgenie.com/run-native-java-using-graalvm 

                  -in-aws-lambda-with-golang-ba86e27930bf 



3)  GraalPython 
 

 

 
 

 

 https://github.com/graalvm/graalpythonr Computer Science 

 https://www.graalvm.org/docs/reference-manual/languages/python/ 

 

 

 

 

 
   Test on Dell XPS 15z: i5-2410M@2.3Ghz, 6G RAM,  Fedora 28 for X64 with Kernel 4.16.14  

 
 
 

 

 
 

          

 

 

 

 



ZipPy 

 

 

 

 

 http://thezhangwei.com/ 

 https://github.com/securesystemslab/zippy 

 Optimizations 

         – Numeric Types, Type Specializations, Efficient Data Representation 

          – Control Flow Specializations, Generator Peeling,  

             Optimizing Object Model and Calls 
 

 

 
 

          

 

 

 

 



Jython 
 http://www.jython.org                       //No new release since 2015… 

 

 

 

 

 

 

 

 

 

 

 

 

VOC 
 https://github.com/pybee/voc/r Computer Science 

 A transpiler that converts Python code into Java bytecode 
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4) My Practice 
Technical Solution 

 http://openjdk.java.net/projects/jdk/11/ 

 

 

 

 

 

 

 

 http://openjdk.java.net/projects/metropolis/ 

 

 

 

 

 

 

  Source:  http://cr.openjdk.java.net/~jrose/pres/201801-JIT-Metropolis.pdf 



MX 

 https://github.com/graalvm/mx 

 command-line tool used for the development of Graal projects        

 missing… 

 

 

 

 

 

 

 

 

 

 

 How about integrate MX into Meson? 

 http://mesonbuild.com/ 
 

 
 

          

 

 

 

 



OpenJDK 11 on ARM 

 https://github.com/AdoptOpenJDK/openjdk-jdk //OpenJDK11 src 

 https://github.com/AdoptOpenJDK/openjdk10-nightly/releases 

        https://ci.adoptopenjdk.net/job/openjdk10_build_arm64_linux/ 

    

       

 export JDK_BOOT_DIR=$YOUR_OpenJDK10-AARCH64_HOME 

 reserve at least 6GB disk space 

 on ROC-RK3328-CC with Debian 9 + Kernel 4.4.114 + GCC  

        7.3.0-19 + jemalloc 5.1.0 + 6GB Memory (4GB DDR4 + 2GB Swap)  

 

 

 

 cd $YOUR_OPENJDK11_SRCHOME and run the commands:    

        bash configure --disable-warnings-as-errors 

        make JOBS=4 images 

        

        ~2h2m     for a full build with GNU ld linker 2.30 

        ~1h55m   for a full build with GNU gold linker 1.15    
   

 

 
 

          

 

 

 

 



Integration 
 https://github.com/graalvm/graalpython/releases/download/vm-1.0.0-

rc2/python-installable-linux-amd64.jar 

 

 

 

 

 
 

 GraalVM EE 1.0.0 RC2 

 

 

 

 

 

 

 

 

 

 
 

 
 

          

 

 

 

 



build GraalPython & GraalVM 

 setup mx 

 patching for avoid javaCompliance limitation 

 failed to build GraalVM with OpenJDK 10 & 11 

 

 

 

 

 

 

 

 

 
 

 
 

          

 

 

 

 



 failed to build GraalPython with OpenJDK 11 & LLVM 6.0.0 

         
           

                      

 

 

 

 

 

 

challenges 

 prone to break build 

 customize GraalPython to meet our need 

 dynamically enable or reload Graal compiler at runtime  

 deal with JDK, Truffle/Graal, LLVM, Python… 

 … 

 

 

         

 

         

 

 
 

 
 

 

 
 

 

 

 

… 



Rethinking of Python Runtime  

 from my point of view, various Runtime Frameworks for Python 
implementation: 

 
 

 

 
 

          

 

 

 

 



5) Future 
 extend Project Metropolis and customize it for Python 

 

 

 

 

 



IV.  Wrap-up 
 
 My first ARM-based MicroServer will come in 2019 
 

 Different design & architecture from OpenStack 
 

 

 

 

 

 

 

 

 

 

 Rethinking of App runtime… 



Q & A 
      

                                      



Thanks! 

      

                                      



Reference          

Slides/materials from many and varied sources: 
 http://en.wikipedia.org/wiki/ 

 http://www.slideshare.net/ 

 https://www.python.org 

 http://llvm.org 

 https://en.wikipedia.org/wiki/Just-in-time_compilation 

 https://github.com/dropbox/pyston 

 … 

 
 
 
 
 


