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Short course on  

High-performance simulation with high-level languages 

Part 1a 
 

 

André R. Brodtkorb, SINTEF 

Programación Gráfica de Altas Prestaciones 



Å Established 1950 by the Norwegian Institute of Technology. 

Å The largest independent research organisation in Scandinavia. 

Å A non-profit organisation.  

Å .BffBÄ ÇYLNICBEBJa KBh Ĉ OLffLh gBNHLfaÈÃ 

Å Key Figures* 

Å 2100 Employees from 70 different countries. 

Å 73% of employees are researchers. 

Å 3 billion NOK in turnover  

(about 360 million EUR /  490 million USD). 

Å 9000 projects for 3000 customers. 

Å Offices in Norway, USA, Brazil,  

Chile, and Denmark. 

[Map CC-BY-SA 3.0 based on work by Hayden120 and NuclearVacuum, Wikipedia] 
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ÅAim of course: 

ÅTo equip you with a set of tools and techniques for working 

efficiently with high-performance software development. 

 

ÅConsists of two parts 

ÅPart 1: Theory. (3 hours of lectures) 

ÅPart 2: Practice. (2 hours of laboratory exercises) 

Overview of short course 
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Å Part 1a º Introduction  

Å Motivation for going parallel 

Å Multi- and many-core architectures 

Å Parallel algorithm design 

Å Programming GPUs with CUDA 

 

Å Part 1b º Solving conservation laws with  pyopencl 

Å Solving ODEs and PDEs on a computer 

Å The heat equation in 1D and 2D 

Å The linear wave equation 

 

Å Part 1c º Best practices for scientific software development 

Å Challenges for scientific software development 

Å Best practices for scientific software development 

Outline 
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Motivation for going parallel 
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Å The key to increasing performance, 

is to consider the full algorithm and 

architecture interaction. 

 

Å A good knowledge of both the 

algorithm and the computer 

architecture is required.  

Why care about computer hardware? 

Graph from David Keyes, Scientific Discovery through Advanced Computing, Geilo Winter School, 2008 
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History lesson: development of the microprocessor 1/2 

1942: Digital Electric Computer 
  (Atanasoff and Berry) 

1971: Microprocessor 
  (Hoff, Faggin, Mazor) 

1947: Transistor  
  (Shockley, Bardeen, and Brattain) 

1956 

1958: Integrated Circuit  
  (Kilby) 

2000 

1971- Exponential growth 
 (Moore, 1965) 
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1971: 4004,  
2300 trans, 740 KHz 

1982: 80286,  
134 thousand trans, 8 MHz 

1993: Pentium P5,  
1.18 mill. trans, 66 MHz 

2000: Pentium 4,  
42 mill. trans, 1.5 GHz 

2010: Nehalem 
2.3 bill. Trans, 8 cores, 2.66 GHz 

History lesson: development of the microprocessor 2/2 
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Å 1970-A::?Ä 5hLieLCNa MBeOELg LdLha @? DBCfIg $.BBhLËg EĈc KBh ĀLhKBhDĈCNL¶ 

Å 1999-2014: Parallelism doubles every 30 months 

End of frequency scaling 
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1999-2014: 

Parallelism doubles 

every ~30 months 

1971-2004: 

Frequency doubles  

every ~34 months 

2004-2014: 

Frequency  

constant 

SSE (4x) 

Hyper-Treading (2x) 

Multi-core (2-6x) 

AVX (2x) 
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Å Heat density approaching that of nuclear reactor core: Power wall 

ÅTraditional cooling solutions (heat sink + fan) insufficient 

Å Industry solution: multi-core and parallelism! 

What happened in 2004? 

Original graph by GÃ YĈaEBhÅ Ç6CLhJa 6KKHNHLCf 8HhNeHf 7LgHJC ĈCM fIL 5efehL BK ćBcLh 7LEHdLhaÈ 6ć6ćZË:9 
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Why Parallelism? 

100% 
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Single-core Dual-core 

The power density of microprocessors  

is proportional to the clock frequency cubed:1 

1 Brodtkorb et al. State-of-the-art in heterogeneous computing, 2010 
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Å Up-to 5760 floating point 

operations in parallel! 

 

Å 5-10 times as power 

efficient as CPUs! 

Massive Parallelism: The Graphics Processing Unit 
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Multi- and many-core processors 
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Å Today, we have 

Å6-60 processors per chip 

Å8 to 32-wide SIMD instructions 

ÅCombines both SISD, SIMD, and MIMD on a single chip 

ÅHeterogeneous cores (e.g., CPU+GPU on single chip) 

Multi- and many-core processor designs 

Multi-core CPUs: 

x86, SPARC, Power 7 

Accelerators: 

GPUs, Xeon Phi 

Heterogeneous chips: 

Intel Haswell, AMD APU 


