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 Introduction  

Statement of Purpose 
The Particle Swarm Optimization Research Toolbox is currently designed to handle continuous, 
single-objective optimization problems.  Chapter άIV: Guide to Conducting Your Own Researchέ 
clarifies how a motivated researcher could add constraints or make other improvements.  I will 
be happy to guide motivated researchers in adding new functionality as done at this 
MathWorks thread. 

Documentation Overview  

Conceptual Outline  

Preparation 

This introduction gives a quick overview of the documentation and toolbox, and the first 
chapter explains how to optimize your system for improved MATLAB performance. 

Usage Guide 

The second chapter explains how to use the most popular switches and settings of the toolbox, 
and the third chapter contains more detailed instructions on various topics ς such as how to 
prevent particles from leaving the initialization space and/or how to use RegPSO to escape 
premature convergence for continued optimization. 

Contribution Guide 

The fourth chapter outlines how to use the toolbox to solve unique problems or to make novel 
improvements to the algorithms implementable by the toolbox.  The fifth chapter outlines a 
structured framework for editing the code to ensure that we all move in the same direction.  
The sixth chapter outlines program flow for contributors, though end users need only concern 
themselves with the control panel. 

Acknowledgements 

The seventh chapter is a disclaimer, and the eighth chapter credits contributors and provides 
links to their webpages. 

Appendices 

Appendix A defines variables and functions used by the toolbox.  Appendix B explains how to 
prevent certain errors from occurring.  Appendix C contains useful MATLAB shortcuts.  And 
Appendix D contains examples of how to cite the toolbox and/or documentation. 

The Documentation As a Help Menu 

The documentation will hopefully answer most questions about the toolbox and how to use it 
for novel research.  The table of contents is clickable by topic and can be thought of as an 
expanded help index.  Ctrl + F functionality can be used to search the contents for keywords as 

http://www.mathworks.com/matlabcentral/newsreader/view_thread/154538
http://www.mathworks.com/matlabcentral/newsreader/view_thread/154538
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would be done within a!¢[!.Ωǎ ƘŜƭǇ ƳŜƴǳ.  If the desired topic is not addressed or its 
discussion is found to be insufficient, please email george [at] georgeevers.org for further 
clarification; however, please take the time to check this documentation for the answers to 
your questions. 

Formats  Available  

This documentation is distributed with the toolbox in .pdf format since the free Adobe Reader 
optimizes aesthetics better than word processors, but .doc format is available for those who 
prefer to highlight while reading.  Oracle, the new owner of Sun Microsystems and hence also 
of the Java for which Sun fought Microsoft to retain ownership, also makes Open Office ς a free 
alternative to Microsoft and its business practices that runs on Windows, Mac, and Linux.  
While more basic in functionality and not yet integrated with Outlook, it is surprisingly capable 
and low on bugs for freeware: I highly recommend it to anyone on a budget. 
  

Toolbox Compatibility  
The Particle Swarm Optimization Research Toolbox has been verified to be compatible with 
MATLAB 2007a, 2009a, 2010a and with Windows XP and 7.  It is also thought to be compatible 
with other recent MATLAB versions since all reported error messages have been addressed. 

Prerequisite Terminology  
Definitions in this chapter are not meant to be comprehensive but to assign basic meaning to 
terms used herein. 

Decision Variable  

! ŘŜŎƛǎƛƻƴ ǾŀǊƛŀōƭŜ ƛǎ ƻƴŜ ƻŦ άƴέ ǾŀǊƛŀōƭŜǎ ǘƻ ōŜ ƻǇǘƛƳƛȊŜŘ ōȅ ǘƘŜ ŘŜŎƛǎƛƻƴ ƳŀƪŜǊ όƛΦŜΦ ǘƘŜ 
Particle Swarm Optimization Research Toolbox user).  The number of decision variables to be 
optimized determines the dimensionality of the optimization problem ς i.e. the dimensionality 
of the hypercube to be searched by the swarm in pursuit of either a global or local minimizer. 

Decision Vector  

A decision vector is the set of decision variables to be optimized by the decision maker.  In PSO 
literature, this is an n-dimensional position vector since each position assumed by a particle 
represents one candidate solution to the optimization problem. 

Control Panel  

The Particle Swarm Optimization Research Toolbox evolved over the course of thesis while 
combating the premature convergence problem of particle swarm optimization (PSO).  Rather 
than hard coding changes to test new ideas, variables were created whose values are set within 
in the control panel.  It is essential that a research toolbox give the user a considerable degree 
of flexibility by which to test new ideas, which is what the extensive control panel strives to do. 

mailto:george[insert%20@%20here]georgeevers.org
http://www.georgeevers.org/pso_research_toolbox_documentation.pdf
http://get.adobe.com/reader/
http://www.georgeevers.org/pso_research_toolbox_documentation.doc
http://www.openoffice.org/


3 
 

Switches 

Rather than maintaining different codes for different variations of the PSO algorithm, switches 
were created in the control panel by which to activate and de-activate various functionalities.  
Switches are logical variables occupying one byte of memory rather than the usual eight bytes, 
and they check quickly and efficiently during program execution since no computation is 
required.  FƻǊ ŜȄŀƳǇƭŜΣ άƛŦ OnOff_lbestέ ŜǾŀƭǳŀǘŜǎ ǘƻ άǘǊǳŜέ when switch OnOff_lbest in the 
control panel has been activated ōȅ ǎŜǘǘƛƴƎ ƛǘ ǘƻ άƭƻƎƛŎŀƭόмύ,έ but it evaluates to άŦŀƭǎŜέ when 
the user has deactivated the switch bȅ ǎŜǘǘƛƴƎ ƛǘ ǘƻ άƭƻƎƛŎŀƭόлύέΤ ǘhis particular check is used 
within the toolbox to determine whether to implement Lbest or Gbest PSO. 

Settings 

Aside from switches, which are simply active or inactive, the control panel also contains settings 
which store numerical values.  Some settings store basic PSO specifications such as swarm size, 
inertia weight, acceleration coefficients, and velocity clamping percentage.  Others control 
features such as the number of trials to be executed, the numerical output format, and the size 
of figures generated. 
 
The most important parts of the control panel with which to become familiar initially are: 

(i) The switches in subsections άPSO ALGORITHM SELECTIONέ ŀƴŘ  άPSO HISTORIES TO BE 
MAINTAINEDέ of ǎŜŎǘƛƻƴ ά(1) BASIC SWITCHES & PSO ALGORITHM SELECTION,έ 

(ii) The basic PSO settings of section ά(2) PARTICLE SWARM ALGORITHM SETTINGS,έ and 
(iii) The graphing switches in subsection άREGPSO & PSO GRAPHING SWITCHESέ ƻŦ ǎŜŎǘƛƻƴ 

ά(5) REGPSO & PSO GRAPHING SWITCHES AND SETTINGSέ. 
These essentials will be introduced in chapter άII. A Guided Walk ThroughάΦ  The more familiar 
you become with the toolbox, the more settings you will master. 

Trial  

Each simulation is referred to as a άtrialέΦ  When num_trials is set to 1 atop sectiƻƴ ά(2) 
PARTICLE SWARM ALGORITHM SETTINGSέ of the control panel, one trial will be executed 
according to the settings specified. 

Column (Statistics Pertaining to One  Set of Trials)  

When num_trials is set greater than 1, ŜŀŎƘ ǘǊƛŀƭΩǎ ōŜǎǘ ŦǳƴŎǘƛƻƴ ǾŀƭǳŜ ƛǎ ŀǳǘƻƳŀǘƛŎŀƭƭȅ analyzed 
by the Particle Swarm Optimization Research Toolbox to calculate and display the median, 
mean, minimum, maximum, and standard deviation.  Each trial within this set of trials will use 
precisely the same settings, but each will use a uniquely repeatable sequence of pseudo-
random numbers.  The more trials one conducts, the less effect ŀƴȅ ǇŀǊǘƛŎǳƭŀǊ ǘǊƛŀƭΩǎ 
randomness will have on the statistics, and the better the indication will be of the ŀƭƎƻǊƛǘƘƳΩǎ 
overall effectiveness. 

Table (One or More Colum ns) 

The table feature is only available in the full version of the Particle Swarm Optimization 
Research Toolbox, so this discussion can be skipped by users of the free demo version. 
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A table containing multiple columns is generated when a value such as the swarm size, inertia 
weight, velocity clamping percentage, or regrouping factor (i.e. of RegPSO [1]) is automatically 
incremented per column.  Displayed atop each table are the basic PSO parameters held 
constant across columns.  Displayed atop each column is the value of the parameter being 
incremented.  And displayed within each column are the statistics generated for the parameter 
combination specific to that set of trials. 
 
Most basic PSO parameters can be incremented across columns within a table, while the 
objective and acceleration coefficients can be incremented across the tables themselves.  This 
programming direction was chosen to automatically increment the inertia weight for specific 
acceleration coefficients within a table before automatically incrementing the acceleration 
coefficients between tables in pursuit of a high-quality, general-purpose PSO parameter 
combination, such as those presented in Chapter III of thesis [2]. 
 
A άǘŀōƭŜέ Ŏŀƴ ƎŜƴŜǊŀƭƭȅ ōŜ ǘƘƻǳƎƘǘ ƻŦ ŀǎ ŀ ǎŜǘ ƻŦ άŎƻƭǳƳƴǎ,έ where each column contains the 
statistics produced by a particular parameter combination.  For example, a table pertaining to 

acceleration coefficients 
1 2c 2.0,c 2.0= = might contain the statistics produced by inertia 

weight 0.71w= , in which case the next column would contain the statistics produced by 
0.72w= , and so forth.   When only the objective function is incremented, each άǘŀōƭŜέ ǿƛƭƭ 

contain exactly ƻƴŜ άcolumnέ of statistics since no parameter would be incremented within 
each table. 

I. System Preparation  

Setting Virtual Memory Size  

Since MATLAB is more memory-intensive than the typical Windows program, customizing the 
following Windows options can improve performance. 

Step 1 

(i) Click Start followed by My Computer, 
(ii) Press Alt + {v, d} to view details, 
(iii) Leave My Computer open with the Total Size of your hard drive visible as done at 

the bottom left of the figure below, 
(iv) Press Windows + R to access the Run dialog box, 
(v) TȅǇŜ άŎŀƭŎέ ŀƴŘ ǇǊŜǎǎ 9ƴǘŜǊΣ 
(vi) Multiply your hard drivŜΩǎ Total Size by 40 (i.e. by 0.04 to find 4%, then by 1,000 

to convert from GB to MB) as done at the top left of the figure below. 
 

http://www.georgeevers.org/publications.htm
http://www.georgeevers.org/thesis.pdf
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Do not close My Computer or the calculator until the virtual memory allocation has 
been customized below. 

Steps 2 & 3 

If running Windows XP, click: 
(1) Start, 
(2) Control Panel, 
(3) System, 
(4) Advanced, 
(5) (Performance) Settings, 
(6) ά!ŘƧǳǎǘ ŦƻǊ ōest performanceέ as shown at the right of the image above. 
(7) Click άhYέΣ ōǳǘ Řƻ ƴƻǘ ŎƭƻǎŜ ŀƴȅ ƻǘƘŜǊ ǿƛƴŘƻǿ ȅŜǘΦ 

If running Windows 7 or Vista, the sequence is: 
(1) Start, 
(2) Control Panel, 
(3) System and Security, 
(4) System, 
(5) ά!ŘǾŀƴŎŜŘ ǎȅǎǘŜƳ ǎŜǘǘƛƴƎǎέ ƛƴ ǘƘŜ ǳǇǇŜǊ ƭŜŦǘΣ 
(6) Advanced, 
(7) (Performance) Settings, 
(8) ά!ŘƧǳǎǘ ŦƻǊ ōŜǎǘ ǇŜǊŦƻǊƳŀƴŎŜέ as shown at the right of the image above. 
(8) /ƭƛŎƪ άhYέΣ ōǳǘ Řƻ ƴƻǘ ŎƭƻǎŜ ŀƴȅ ƻǘƘŜǊ ǿƛƴŘƻǿ ȅŜǘΦ 

 
While still in the Performance Options, click the Advanced tab, which is highlighted at the right 
of the figure below, and change the virtual memory size to be the greater of: 

(i) Three times the size Recommended near the bottom of the window,  




























































































































































