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I.  Background Information  

1) ARM Ecosystem Today 
 https://en.wikipedia.org/wiki/ARM_architecture 

 https://www.arm.com/ 

 

 ARM at a Glance 

 

 

 
 

 

 
 

 

 

 



Leading HW/SW Technoglogies 

  



Linaro 

  http://www.linaro.org/ 

 



ARM-based Solutions 

  



2)  Raspberry Pi 
 https://en.wikipedia.org/wiki/Raspberry_Pi 

 https://www.raspberrypi.org/ 

HW Spec 

 

         

 

 

 
 

 

 
 

 

 

 



RPi3 Model B 

  

 

 

 

 

 

 

 

 

Limitations 

1) 1GB LPDDR2 RAM @900MHz 

2) Official release (Raspbian with Linux Kernel 4.4 currently) 

    does not support AArch64 

   



II.  Build Mesos for ARM  

1)  Cross Compiling 
 when memory or storage on the target system is too restricted 

        or target system is much slower than host system  

 While set up the right cross-compiling environment for target 

        system is not an easy thing 

 

 

 

 

 

 
 

 

 
 

 

 

      Source:   http://free-electrons.com/doc/training/embedded-linux 



2)  Native Compilation 
Successful Cases 
 https://github.com/Netflix-Skunkworks/mesos-on-pi 

         Built Mesos 0.24.1 natively based on older guides 

 

 

 

 

 
 http://likemagicappears.com/projects/raspberry-pi-cluster/mesos-on-

raspbian/ 

 http://blog.haosdent.me/2016/04/24/mesos-on-arm/ 

 http://a.frtzlr.com/running-apache-mesos-on-a-raspberry-pi-2/ 

         Limitations:  use low GCC version (< 6) and Mesos version  

                               (< 1.0), disable Java/Python for some cases 

 
 https://www.tapatalk.com/topic/63351-odroid-forum-hardkernel/22544-

guide-how-to-build-a-mesos-cluster-on-odroid-c2 (Mesos 1.0.0-rc2)  

         meveric's debian jessie (ARM64) image, ODROID-C2 has 

        Amlogic S905 2Ghz 4 core CPU and 2GB 32bit DDR3 @912MHz 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

  
 

 

 
 

          

 

 

 

 



My Attempt 
 

                                          

                                                      

 Step 1.   install Raspbian Lite distribution(no GUI) and upgrade  

         it to “Stretch” with GCC(arm-linux-gnueabihf) 6.2.0 

 

              

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

https://github.com/apache/mesos/archive/mesos-1.1.0.tar.gz (with cmake) 

http://www.apache.org/dist/mesos/1.1.0/mesos-1.1.0.tar.gz (no cmake) 



                                                 

 Step 2.   install prerequisite libraries and utilities 

      zlib1g-dev libcurl4-nss-dev libsasl2-dev libsasl2-modules  

         libapr1-dev libaprutil1-dev libsvn-dev… 

         cmake ninja-build autoconf automake libtool… 

 

 Step 3.   Set up the build environment 

         switching linker 

          

 

         sudo ln -sf /usr/bin/ld.gold /usr/bin/ld 

 

 

 

 

 

 

 

 

          

 

 

 

 

 

 

 

 
 



                                                 

Make a Big SWAP File (6~16G) 

https://www.cyberciti.biz/faq/linux-add-a-swap-file-howto/ 

 

 

         

         

 

 Step 4.   build 

        cd $MESOS-1.1-0_HOME/build 

          cmake .. 

          make 

 

           

 

 

 

  

         Note:   you can speed up the compiling process by using “make –jN”   

                    with 1 < N <= 4  but you might run into an out  of memory  

                    situation that way. 

           

           

 

 

          

 

 

 

 

 

 

 

 
 



 Unfortunately,  it always got failed after building 7~9 hours for 

lack of memory -- either use cmake or autoconf/automake, no 

matter use ld or gold linker, and though Java/Python is 

disabled…  

   

 

 

 

 

 

 

 
 

or 



3)  Build Mesos with Ninja 
 

                                          

                                                      

 https://ninja-build.org/ 

MESOS-5656  

 

 

 

 

 

 

 

 

 
 

cd $MESOS_HOME/build 

cmake -G Ninja ../ 

#official patch: https://reviews.apache.org/r/52690/diff/1#index_header  



 
  git clone https://github.com/google/kati $KATI_HOME 

  cd $KATI_HOME; make 

  cd $MESOS_HOME/build 

  cmake ../ 

  $KATI_HOME/m2n --kati_stats 

  ./ninja.sh  

   

 Use Ninja to build Mesos 1.1.0 ~10 hours (without error) and 

stop it, cannot wait for build to end… 

   

 

 

 

 

 

 

 
 

#my workaround:  do not change current Mesos code 

there is something wrong with current 

cmake build files in Mesos which will 

generate big binary executable files 



4)  Summary 
 

                                          

                                                      

 Memory is the most important thing to natively build big  

        software project like Mesos on resource constrained ARM 

        devices 

 A lot of performance hidden in linker 

 A better C++ template compiler is needed? 

 Modern build systems like Ninja, Shake, Buck, FASTBuild, 

        Meson, and llbuild is worth trying 

 

 

 

 

 

 

 

 

 
 



III.  Clang/LLVM-based Optimization  

1)  Introduction 
 https://en.wikipedia.org/wiki/LLVM 

 http://clang.llvm.org/ 

GCC vs LLVM 

 

 

 

 
 

 

 
 

 

 

 



2)  LLD & MCLinker 
 http://lld.llvm.org/ 

 

 

 
ELF Linker a drop in replacement for GNU ld 

 

 

 

 

 
 

 https://github.com/mclinker/mclinker 

 

         

 

 
 

Design for on-device linking 

A candidate linker of Android and BSD standard systems  

 
 

 

 
 

 

 

 

     Source:  http://connect.linaro.org/resource/las16/las16-414 



3)  Build Clang/LLVM on RPi3 with LLD enabled  
 

Build Mesos with Clang/LLVM for x64 

//configure.ac 

 

 
 

 
 

 

 

 

 

 

 

 

or 

or 

//Toolchain_Clang-LLVM-X64_For_Mesos.cmake 



 

 Virtual Machine with 16 vCPU, 128G RAM, Ubuntu Desktop64 16.10  

 

 
 

 

 
 

 

 

 

 ninja -j 16 (GCC 6.2.0) ninja -j 16 (Clang/LLVM 3.9.0) 

      ~17.5 minutes       ~20 minutes 

(with MESOS-5656 patch) (with MESOS-5656 patch) 

there is something wrong with current 

cmake build files in Mesos which will 

generate big binary executable files 



Getting started 

 http://llvm.org/docs/GettingStarted.html  

 http://lld.llvm.org/getting_started.html 

 http://lldb.llvm.org/build.html 

 https://github.com/mclinker/mclinker/wiki/Getting-Started 

 

$LLVM_HOME/llvm 

$LLVM_HOME/llvm/tools/clang 

$LLVM_HOME/llvm/tools/clang/tools/clang-tools-extra 

$LLVM_HOME/llvm/tools/lld 

$LLVM_HOME/llvm/projects/compiler-rt 

$LLVM_HOME/llvm/projects/libcxx 

$LLVM_HOME/llvm/projects/libcxxabi 

$LLVM_HOME/llvm/projects/libunwind 

$LLVM_HOME/llvm/projects/openmp 

$LLVM_HOME/llvm/projects/test-suite 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

         

 

 
 

 
 

 

 
 

 

 

 



Natively compile upstream Clang/LLVM for RPi3 

 http://llvm.org/docs/HowToBuildOnARM.html 

 

 

 

 

 

 

 

Natively build Mesos on RPi3 

 http://llvm.org/docs/HowToBuildOnARM.html 

 http://lld.llvm.org/getting_started.html 

 

 

 

 

 

 

 

 

 

 
 

 

         
 

 

 
 

 

 

 

 Use Ninja to build ~22 hours on RPi3 and finally got failed 



Build Mesos with prebuilt LLVM toolchian on RPi3 

 clang-llvm-3.9.0-armv7a-linux-gnueabihf 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

 

 

 



4)  Upcoming LLVM/Clang 4.x for Mesos 
 https://llvmdevelopersmeetingbay2016.sched.org/ 

 

ORC – LLVM's Next Generation of JIT API 

A good news for Java, Python Frameworks on Mesos 

 

LLVM Coroutines – Bringing resumable functions to LLVM 

Actor Model based libprocess may benefit from it 

 

llbuild – A New Architecture for Building Software 

The build system of Mesos may need some update 

 

Performance improvements in libcxx 

Fix some regressions on LLVM/Clang 3.9.0 

 

And many other optimizations… 

 

 

 

  

 

         

 

 

 
 

 

 
 

 

 

 



5)  Summary 
 LLVM/Clang is a great innovation for software projects 

        and programmers 

 Clang/LLVM can directly running on ARM devices like RPi now 

 LLVM based next generation linkers and linking  

        technologies is important to build Mesos on ARM device 

 It'll be better tomorrow  

 

 

 

 

 

 

 
 

 

 
 

 

 

 



IV.  Virtualization-assisted Development  

AARCH64 distribution for RPi3 
 https://www.suse.com/newsroom/post/2016/new-suse-

linux-enterprise-12-service-pack-2-speeds-innovation-with-
reliability/ 

 

 

 

Take a try 

 

 

 

 
 

 

 
 

 

 

 



1)  Ubuntu/Fedora ARM64 

Ubuntu Cloud 
 http://www.cnx-software.com/2016/05/10/how-to-run-

ubuntu-16-04-aarch64-64-bit-arm-cloud-images-on-your-
intelamd-linux-computer/ 

 

 

 

 

 

 
 

 

 
 

 

 

 

https://releases.linaro.org/components/kernel/uefi-linaro/16.02/release/qemu64/ 

https://cloud-images.ubuntu.com/yakkety/current/ 



apt-get install qemu qemu-utils cloud-utils 

//edit ubuntucloud.config  

//generate a ssh key pair to ~/.ssh  



 cloud-localds ubuntucloud-yakkety.img ubuntucloud.config 

//edit start-ubuntu-yakkety-cloud-arm64.sh  

./start-ubuntu-yakkety-cloud-arm64.sh  

… 



… 

//Might meet SSH fail ! 



Fedora 
 https://fedoraproject.org/wiki/Architectures/AArch64/F24/In

stallation 

 https://fedoraproject.org/wiki/Architectures/AArch64/Install
_with_QEMU 

 

 

 

 

 

 
 

 

 
 

 

 

 



2)  CoreOS ARM64 
 https://coreos.com/blog/coreos-on-arm64/ 

 https://github.com/glevand/hikey-coreos 

 https://github.com/coreos/docs/blob/master/os/booting-
with-qemu.md 

 

Startup 

 

 

 

 
 

 

 
 

 

 

 

#download a alpha/beta/stable image according to https://coreos.com/releases/ 

#e.g., https://alpha.release.core-os.net/amd64-usr/current/       



#generate a ssh key pair to ~/.ssh 

ssh-keygen           

#vim ~/.ssh/config 

bzip2 -d coreos_production_qemu_uefi_image.img.bz2  

#modify settings: ./coreos_production_qemu_uefi.sh  



./coreos_production_qemu_uefi.sh -a ~/.ssh/id_rsa.pub -- -nographic 
… 

… 



ssh coreos 



V.  Wrap-Up 
 
 Moving to new experiment platform in 2017: 

         – Upcoming Raspberry Pi 4 

         – 96boards 

         – Cortex-A73 development board 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

 



 
 A fully customized Linux distribution: 

         – Upstreaming Kernel 

         – Full support for AARCH64 

         – LLVM/Clang 4.x as the unique toolchain 

         – Development related packages preinstalled 

         – Debian-based 

         … 

 

 

 

 

 

 

 

 Clang/LLVM is the system compiler on several platforms in 
FreeBSD 10.0 and later, and GCC is not installed by default. 

        FreeBSD is still pursuing the use of the LLVM Linker (LLD)  

        on its base system, and its ARM64 support continues getting  

        better. 
 

 

 

 

 
 

 

 

 



 Build Mesos (version >= 1.0) on single RPi3 board seems to be  

        “Mission Impossible” 

 

 

 

 

 

 

 

 

 

 

         But why I still insist on trying to build Mesos on single RPi3  

         board?  Because I believe that there is still much room left for 

         further optimization, and I am aware that the success is  

         depend on whole system optimization. 

 

 
 
 

 

  
 

 

 
 

          

 

 

 

 



 My github: 

         https://github.com/XianBeiTuoBaFeng2015/MesosOnARM/ 

         XianBei2011@gmail.com 

 

 

 

 

 

 

 

 

 

 

 

 ARM-based Solution will certainly play a key role in next 

        generation Data Center & Cloud Infrastructure, so make   

        Mesos running stably, fastly, and smoonthly on ARM is very 

        important! 
 

 

 

 

 

 

 
 

 

 

 



Q & A 
      

                                      



THANK YOU! 
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