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WHO WE ARE?

Some geography
* Norway: 5 mill. people
* Trondheim: 180 000 (1/5 are students)

People

Tokyo
Trondheim
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Lasse Natvig
• MSc degree computer science 1982, NTH
• 4 years in Tandberg Data A/S (UNIX, C, …)
• PhD (Dr.Ing.) in Parallel Algorithms 1991
• Taught computer architecture in 25 years
• ...
• Interest: parallel processing, HW & SW interplay

– Energy efficient multicore programming
• …
• From January 2016: 

– teaching C++ to 1st year student (800++ students)

• Interest: sports, outdoor activities
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• Two-sided motivation
– Environmental
– Technological

• Vertical approach
– Interplay between levels

Energy Efficient 
Computing Systems 
(EECS) at IME, NTNU

* READEX
* TULIPP
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HW/SW interplay — levels

• Multicore, homogeneous, hetereogeneous, accellerators, 
DSP, memory systems, cache partitioning, 
communication, buffering, interconnect topology ….

• Operating systems, parallellsation tools and libraries, 
compilers, compiler options, profilers, analysis tools, load 
balancing, resource management, power management, 
DVFS, task scheduling, … ….

• Application architecture, solution strategies, algorithms, 
data-structures, heuristics, parallellisation, programming
language ….
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Outline

• The inspiration
• The force
• What is CMB?

– For a user
– Techically

• Early experience
• Future work
• Collaboration
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THE INSPIRATION
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The inspiration

• Mont Blanc project kick-off in September 2011
– Using Exynos processors from Samsung

• Heterogeneous
• ARM big.LITTLE + Mali GPU
• One of the mostly sold processors (Samsung Galaxy 

mobile phones etc.)
– Energy efficiency
– Interesting (challenging) programming

• Programming competitions
– IDIopen, NCPC, …

• Online judges (for programs)
– UVA online (Spain) ++

Operational
proto-type 
available
(User Group)
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• Project to define future HPC architectures based on energy-efficient 
embedded/mobile processing cores

• Coordinated by Barcelona Supercomputing Center
• October 2011 - September 2016. 16M € from EU
• Goal: reach exascale computing
• Prototype

– Exynos 5 based (32.3GFLOPS – CPU+GPU)
– One blade: 15 compute cards (30 Cortex A15 + 15 Mali-T604)
– One chassis: 9 blades (270 Cortex A15 + 135 Mali-T604)
– Prototype: 6 chassis (1620 CPUs + 810 GPUs)

26 TFLOPS – 18KW
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The idea
1. The need for energy-efficiency (Mont Blanc project)
2. Difficult programming  need for training
3. How to get programmers? … 
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THE FORCE



12

www.ntnu.edu/idi/card/cmb    NII Shonan Meeting Seminar   - November 2015

* 16 million submissions so far
* 9 submissions last minute
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The force (Background)
• UVA Online (Spain) (16 million submissions)
• PKU (Peking Unversity) (14 million)
• KATTIS (KTH, Sweden)
• Jutge.org
• TopCoder
• …
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WHAT IS CMB ?
(FOR A USER)
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CMB select group or problem
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CMB – high score

See webpage
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CMB – the name
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WHAT IS CMB ?
(TECHNICAL VIEW)



19

www.ntnu.edu/idi/card/cmb    NII Shonan Meeting Seminar   - November 2015

Odroid XU-3
• Odroid board from hardkernel.com

– Full details at 
http://www.hardkernel.com/main/products/prdt_info.php?g_code=G140448267127

• Samsung Exynos 5422 
– Cortex™- A15 2.0Ghz quad core

& Cortex™-A7 quad core CPUs  
(called ARM big.LITTLE)

– Mali-T628 MP6 533 MHz 
(with OpenCL 1.1 Full profile)

– 2Gbyte RAM at 933 MHz 
– Runs ubuntu or android
– Used in 

Samsung Galaxy S5
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Odroid XU-3 Energy sensors not available
in XU-4! 
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CMB techn. 
overview

• Currently
– C, C++, OpenCL
– Pthreads, OpenMP 4.0

• Coming (?)
– Java, python, Haskell?
– MPI

• More info
– Workshop paper at arXiv:1511.02240
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EARLY EXPERIENCE
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CMB – VERY early experience 
• 5 programming exercises in a course on parallel 

computing
– Autumn 2015, approx. 65 students
– 7 exercises in total
– CMB as one of three experimental platforms
– Students also used

• desktops with powerful NVIDIA-GPU (CUDA and OpenCL)
• Supercomputer Vilje with MPI and OpenMP and Hybrid

• A mixture of exercises
– Room for improvement

• CMB was stable almost all the time
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Exercises, contents
• 3: An introduction to the mindset of optimising a program. Focuses on 

improving a serial program which applies a modified Difference of 
Gaussian filter on an image without utilizing parallelisation. Introduction to 
performance measurement and debugging tools.

• 4: Rasterisation of geometric primitives using OpenCL. Renders an image 
based upon a specification of shapes utilising GPU parallelisation.

• 5: Parallelisation of a program calculating primitive Pythagorean triplets 
with the MPI and OpenMP libraries. The task both requires separate 
implementations for each respective library, as well as a hybrid solution 
utilising both.

• 6: Effective utilisation of vector processing capabilities of modern CPU's. 
Further optimisation of the difference of Gaussian task

• 7: Parallelisation of the Difference of Gaussian program with the CUDA, 
OpenMP and MPI libraries. Specific focus is given to fitting parallelisation
and workload division strategies on to the programming models of each 
respective library.

•
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Submitted solutions to Exer. 3 & 6
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Submitted solutions to Exercise 7
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https://climb.idi.ntnu.no

Web traffic (google analytics) 
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FUTURE WORK & 
COLLABORATION
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Future work
• Spring 2016

– Optional use by students in a big 
C++ course spring 2016

– Improved functionality (Sindre)
– Improved capacity (Christian)

• Broker
• DSE mode

– More languages
• Sabbatical autumn 2016

– Developing more problems
• Parallel programming

• More tests in C++-course spring 2017
• More platforms …

Multiple backends

Server

Broker

• Compile solutions
• Control backend
• Authenticate Users
• Database
• Queueing

XU4XU3
XU3
XU3

• Load distribution
• DSE mode

Other

XU4XU4
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Potential models for collaboration
• Application cases/kernels  define problem (now, easy)

– Precise problem specification
– Small data set (input, correct output)
– “Big” data set (Correct output not visible, to avoid cheating)
– Checker.cpp

• Checking byte by byte not enough
• Floating-point operations, approximation problems

– Optional user-defined “goodness”-parameter

• System development (from spring 2016, medium)
– GUI?, statistics?

• Best practice, build experience, textbook? (long term)
• Webpages

– https://climb.idi.ntnu.no
– https://www.ntnu.edu/idi/card/cmb
– https://www.ntnu.edu/ime/eecs
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QUESTIONS?

Contact: Lasse.Natvig@idi.ntnu.no


