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Introduction
Intel® Cluster Toolkit 3.0 is the latest version of Intel‘s world-leading Cluster 
application development tools. It enables the creation of high-performance MPI 
applications, provides detailed analysis of their performance and correctness, and 
offers a wide variety of highly tuned parallel mathematical routines.

EM Software & Solutions GmbH, a leading independent software vendor for 
electromagnetic simulation, has used IntelÈ Cluster Tools to signiþcantly increase 
performance and usability of their parallel application FEKO*.

Cluster Systems
Parallel systems are becoming available for more 

and more users, application domains, and ap-

plications. This trend is driven by cluster systems 

built out of standard components (see Figure 1). 

These systems feature multiple levels of parallel-

ism: due to the release of new Pentium®, Xeon®, 

and Itanium® 2 dual- and multi-core processors 

we þnd parallelism already in the socket.

Several sockets are combined with memory, 

chipset, and I/O-components into a single 

system board called a node. The size of a cluster 

system can range from a few nodes (i.e. four or 

eight) up to thousands of nodes typically con-

nected by Ethernet and a separate high speed 

network (like Inþniband*, Myrinet*, QsNet* or 

similar) that delivers higher throughput and 

lower latency.

When several clusters (possibly in different 

locations) are combined we reach the next level 

of parallelism called the Grid (see Figure 1). Each 

level of parallelism requires a speciþc program-

ming approach. On the node level thread level 

parallelism is commonly used, and support for 

this model is available from compilers (OpenMP*), 

tools (Intel® Threading Tools) and hardware 

(hyper-threading). For cluster applications a 

different parallel paradigm is needed: since the 

memory of a cluster is distributed across the 

nodes, a speciþc node can typically just access 

its locally installed memory.

Technical applications on cluster systems com-

monly use the Message-Passing-Interface (MPI) 

as their parallel programming model. The MPI 

standard describes the programming interface to 

a communication library which provides explicit 

communication and synchronization functions 

between parallel processes. A MPI application is 

a collection of processes that call MPI routines 

to distribute and exchange data, coordinate 

their computation and collect results. This is 

the main difference to the OpenMP* threading 

model which relies on transparent programming 

language extensions (pragmas).

The developer of a MPI cluster application has 

to code and maintain the communication and 

synchronization patterns expressed by calls to 

the MPI routines. Thus, parallelizing a sequential 

application with MPI requires signiþcant restruc-

turing (to accommodate the use of distributed 

data) and signiþcant extensions of the existing 

source code. Typically this will require more 

effort than a parallelization with the OpenMP* 

threading model. But the additional effort will 

lead to a portable, parallel application since 

MPI is a widely accepted standard supported 

on nearly every parallel platform. MPI Cluster 

applications usually exhibit high scalability – add-

ing new processors (and processes) will speed 

up the application accordingly. That’s why MPI 

is very often used for parallel applications on 

cluster systems.
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