
2068-13

Advanced School in High Performance and GRID Computing -
Concepts and Applications

S. Cozzini

30 November - 11 December, 2009

CNR-INFM Democritos
Trieste

Italy

Parallel Computing with Linux; the Cluster Approach



Advanced School in
High Performance

and GRID Computing: 
concepts and applications

ICTP HPC/GRID  School 2009 – Trieste, Italy - November 30- December 11, 2009

Linux cluster approachLinux cluster approach
  to parallel computing to parallel computing 

Stefano CozziniStefano Cozzini
Democrito and SISSA/eLAB - TriesteDemocrito and SISSA/eLAB - Trieste  



������������

� �������������	�
����


� �	����������������������	������������������

� ���������������	�����������

� �����������������	����������������

� �	�������������	�����������������

� �	� �!��� �!����	��!		��������������������



��	�

�
���	
�	����������������	�

�
���	
�	��������������

� "!����������	����#���������##������	����

�#����#$#%�&�"�
�$'% "�
�$#%
� (!���

� �"�
�$'%�&��������	����
���	�����������#�	����	��
� �"�
�$#%�&��������	����
��������#�#��������#�	����	��

� )���#����#$#%�&�#����!���������	
���������$���	���������
�����
�	��
���



����
����������������
������������

� �#����#��	
#���������##������	�����!��������	��	�������	��#�
#�	����	��

� 
	�����������	��	
#���


� "!���������	����
��	���!���������������##������	��	��'�
#�	����	��

��*�����

� "!���������	����
��	�������#�����������	���!
�	��#�
#�	����	��



������������������



����	
����	������������	
����	��������

+�����	�
��������,���-������
����.��#����#/��!�����

�#����#$#%�0�#����

� Choosing a bad “baseline” for T(1)

� Old serial code has not been updated with optimizations

� Shrinking the problem size per processor

� May allow it to fit in small fast memory (cache)

� Total time decreased because memory optimization tricks can be 
played.
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Even if the parallel part speeds up perfectly, we may be 
limited by the sequential portion of code.
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> 2 4 8 32 64 256 512 1024 

5% 1.91 3.48 5.93 12.55 15.42 18.62 19.28 19.63 

2% 1.94 3.67 6.61 16.58 22.15 29.60 31.35 32.31 

1% 1.99 3.88 7.48 24.43 39.29 72.11 83.80 91.18 
 

 

   What about Scalability ??? 
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Hg1 cluster 
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� The characteristics of the network cannot  be ignored 
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�  Nodes share a "party line".

� Not very common any more, except between processors and memory 
inside a host. 

� Hypercube–SGI Origin and Altix 

�  Nodes are vertices on an n-dimensional hypercube. 

� Mesh–Cray T3D/E and XT-3/4/5, IBM BlueGene 

� A 1D mesh with wrap-around at the edges is called a ring. 

�  A 2D (or more) mesh with wrap-around at the edges is called a torus. 

�  Switched–Ethernet, Infiniband, Myrinet,

�  Nodes are connected to a concentrator called a switch. 

�  Multiple switches may be connected hierarchically (i.e. as a tree) or in 

����	���!����	����	#	�	����7
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� Latency:  Initialization time before data can be sent

� Per-link Peak Bandwidth:  Maximum data 
transmission rate (varies with packet size)

� Diameter: �L���
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