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Monday, February 10th 
Training Sessions I & II Agenda 

ÅTraining Session I 

ïIntroduction to Parallel Programming ς Message 
Passing Interface (MPI), 14:15-15:15 

ïParallel Programming with MPI, 15:30-17:00 

ÅTraining Session II 

ïHands On (MPI), 17:00-18:00 



Training Session I 



Part 1: Introduction to Parallel 
Programming ς Message Passing 

Interface (MPI) 



Part 1 Agenda 

ÅIntroduction, Motivation, Metrics 

ÅExamples 

ÅSupercomputers 

ÅBasic Terminology  

ÅArchitectures 

ÅSoftware and Hardware 

ÅConcepts: Domain Decomposition, Master-
Workers, Load Balancing 

 



Źpar·ᴅŹlel ŹprƺŹgramŁiƸ 

ÅMcGraw-Hill Science & Technology Dictionary: 

A method for performing simultaneously the 
normally sequential steps of a computer program, 
using two or more processors.  

Å Wikipedia: 

A form of computation in which many calculations 
are carried out simultaneously, operating on the 
principle that large problems can often be divided 
into smaller ones, which are then 
solved concurrently ("in parallel"). 

http://www.answers.com/library/Sci-Tech+Dictionary-cid-10356177
http://www.answers.com/library/Sci-Tech+Dictionary-cid-10356177
http://www.answers.com/library/Sci-Tech+Dictionary-cid-10356177
http://www.answers.com/library/Sci-Tech+Dictionary-cid-10356177
http://en.wikipedia.org/wiki/Parallel_Programming


par·al·lel  pro·cess·ing 

ÅOxford Dictionary 

A mode of computer operation in which a 
process is split into parts that execute 
simultaneously on different processors attached 
to the same computer. 

 

http://www.oxforddictionaries.com/definition/american_english/parallel-processing


Parallel Processing 

 
Parallel Computing 

Embarrassingly 
Parallel 

Parallel File System 
Parallel 

Visualization 

Supercomputing 
Many 
Cores 

Multi 
Cores 

Clusters Accelerators 

SMP 

Farming 
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Introduction to Parallel 

Processing Image courtesy of Ioan Raicu, University of Chicago. 
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Introduction to Parallel Processing 

Why Parallel Processing 

The universe is inherently parallel, so parallel models fit it 
best. 
 

²Ŝ ǿŜǊŜ ǘǊŀƛƴŜŘ ǘƻ ǇǊƻƎǊŀƳ ƛƴ ǎŜǊƛŀƭ ōǳǘ ƛǘ ŘƻŜǎƴΩǘ ƳŜŀƴ ǘƘŀǘ 
ƛǘ ƛǎ ǘƘŜ ΨƴŀǘǳǊŀƭΩ ǿŀȅ ǘƻ ǇǊƻƎǊŀƳ J 
 

Weather 
Forecasting  

Remote Sensing and 
Image Processing 

Computational  X 
X= 
Physics,  
Chemistry,  
Biology, 
 Mechanics,  
Financeé 

http://www.uni-koeln.de/math-nat-fak/geomet/meteo/winfos/euisoTTPPWW18.gif


Introduction to Parallel Processing 

The  Need for Parallel Processing 

ÅGet the solution faster and/or solve a bigger 
problem 
ÅCompute Intensive / Data Intensive 
ÅHPC ς High-Performance Computing (challenges: 

speed, memory, visualization) 
ÅHTC ς High-Throughput Computing  
    (challenges: high-availability (FT), loosely 
connected systems, Security) 
ÅBig Data ς Data Mining at Extreme Scale 

(challenges: all of the above plus storage, QoSΧύ 



The Memory Bottleneck ς  
An Example 

How big can N be in your personal computer? 
A Matlab demo: n_size.m  - see output on the next slide. 
 

N=input('Enter dimension: ');  
A=rand(N);  
B=rand(N);  
tic  
  C=A*B;  
toc  



Memory limit 

>> n_size  

Enter dimension: 10 

Elapsed time is 
0.101245 seconds.  

>> n_size  

Enter dimension: 100 

Elapsed time is 
0.119061 seconds.  

>> n_size  

Enter dimension: 1000 

Elapsed time is 
0.146440 seconds.  

 

 

 

>> n_size  

Enter dimension: 10000 

Error using rand  

Out of memory . Type HELP 
MEMORY for your options.  

 

Error in n_size  (line 2)  

A=rand(N);  



5ŜƳƻΧ όQt Octave) 



Introduction to Parallel Processing 

The Demand for Computational 
Speed 

ÅThere is continual demand for faster machines 
which can also solve bigger problems 

 
ÅScience and Engineering: 
Scientific Computing /  
High-Performance Computing (HPC) /  
Numerical Simulations 
 
Computations must be completed within a 
άreasonableέ ǘƛƳŜ ǇŜǊƛƻŘΦ 



Metrics 

ÅIn Physics (MKS units): 

ïLength: Meter 

ïTime: Second 

ïSpeed: a derived unit, meter/second 

 

ÅIn HPC 

ïSpeed: # Floating-Point Operations / second 

FLOPs  



In Physics 

The Distance Ladder The Distance Scale 

Left image:  http://www.farnham -as.co.uk/2010/ 07/measuring-distances-%E2%80%93-the-%E2%80%9Cdistance-
ladder%E2%80%9D-by-peter-campbell-burns/ 
Right image: http://abyss.uoregon.edu/~js/ast123/lectures/lec13.html 
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ExaFLOPs 
2020±2? 

PetaFLOPs 
2008 

 

TeraFLOPs 
1997 

GigaFLOPs 

MegaFLOPs 

ZettaFLOPs 
3032 ?????? 

 

Zetta  1021 

Exa    1018 

Peta   1015 

Tera    1012 

Giga   109 

Mega  106 

 



Lego Turing machine 
0.001FLOPs 

http://rubens.ens-lyon.fr/ 


