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1 Introduction

The Genetic and Evolutionary Algorithm Toolbox for use with Matlab (GEATbx) provides a framework to util-
ize Evolutionary Algorithms for the optimization of a broad range of systems. Multiple Evolutionary Algo-
rithms, evolutionary operators and special principles (population models, competition, multiple strategies, visu-
aization) are available.

The GEATbx integrates all these operators and extensions. The user selects preconfigured algorithms or de-
fines its own parameters. All operators and options of the GEATbx can be accessed by setting the appropriate
parameters in the Option Structure. The toolbox handles all interactions and dependencies between operators
and parameters. It integrates the provided extensions (i.e. visualization, result reports) into a framework for the
optimization of real world systems.

The following sections provide an overview of the parameter/option handling of the GEATbx.

Section 1.1 (Predefined Evolutionary Algorithms) describes the preconfigured Evolutionary Algorithms for
different system domains called ToolBoX functions. Each of these predefined algorithms is a collection of pa-
rameter options. The sum of these options define a special Evolutionary Algorithm. By selecting/using one or
multiple of these ToolBoX functions complete algorithms may be applied in one step.

The default option settings of the GEATbx are preconfigured for the parameter optimization of real valued
variables. Without selecting any specia options or ToolBoX functions the GEATbx works good for this prob-
lem domain.

All option handling/applying of the GEATbx is done inside/using one function - geaopt set . The handling
and working of this function is similar to si nset from Simulink. How this functions works and special fea-
tures useful for real work are explained in Section 1.2 (Option handling with geaoptset.m)

Section 1.3 (Examples of option settings) explains, how to define options and their parameters. A few examples
of redlistic setups apart from the predefined ToolBoX functions in Section 1.1 are provided. Special attention is
paid to the definition of multiple strategies for the subpopulations.

During an optimization the GEATbx can output status information. Section 1.4 (Status and result output during
optimization) explains this information. Additionally, the options to adjust the frequency and amount of status
information are named. The same information may be saved into text files. Thisis very important for long run-
ning optimizations or the analysis of multiple runs. At the same time this produces a good documentation of the
optimizations done.

Chapter 2-12 explains all available options of the GEATbx version 3.x in detail. Each chapter describes the
options of a group (General, Recombination, Mutation, ...). Only afew of these options are used at atime. Most
of these options are only needed for very special cases. The GEATbx was and is used for many different tasks -
and some of the options are only needed then. The main objective of defining al these options is, that the tool-
box may be completely controlled from outside by the definition of the respective parameters/parameterfiles.
Thisis especialy important when using the compiled version of the GEATbx.

The described concept for the option and parameter definition of the GEATbx version 3.x is different from
GEATbx version 1.9x and 2.x. To provide an easy upgrade path the explanation of each option contains infor-
mation of the option number under version 1.9x or 2.x (at the end of each option explanation in Chapter 2-12).

Chapter 13 (Comparison of Options (1.9x / 2.x / 3.X)) contains an tabular overview of the numbers of the avail-
able options in GEATbx version 1.9x and 2.x and their names in GEATbx version 3.x (the new names of the
options are linked to the respective explanations). All options available in version 1.9x and 2.x are also avail-
able in version 3.x. Thus, the upgrade from an older version to the new one involves "just" the renaming of the
options and the adaptation of the naming mechanism explained in Section 1.3 (Examples of option settings).

The GEATDbx is fully modularized. The operators and functions of the GEATbx may be used for building own
Evolutionary Algorithms. All functions use a defined and self-contained interface including check of the valid-
ity of the inputs. So, all operators are directly available and can be used inside special functions, algorithms and
tools. However, then al extensions for the efficient application to the optimization of real world systems are
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2 1 Introduction

lost. No direct example for the composition of own agorithms is provided. Nevertheless, the main function of
the GEATbx, geanai n2, isafull blown example.

1.1 Predefined Evolutionary Algorithms

The GEA Toolbox includes a number of predefined Evolutionary Algorithms called ToolBoX functions
(tbx3*.m). One example is the frequently used t bx3r eal . These functions define some of the options of the
GEATDbx and define thus a special algorithm. The ToolBoX functions can be used as a starting point for indi-
vidually predefined Evolutionary Algorithms.

These special option files contain al settings for a given problem class. For instance, optimization of ordering
problems (t bx3per nm) or parameter optimization of integer (t bx3i nt) or binary variables (t bx3bi n).

t bx3r eal (real valued variables, multiple subpopulations, standard operators for real valued variables):
- real vaued variables (Vari abl eFor nmat =0): the EA works on real values as well (geno-
type==phenotype),
recombination algorithm: discrete recombination (Reconbi nat i on. Name='r ecdi s"),
mutation algorithm:
- rea valued mutation (Mut at i on. Nane="nut r eal "),
- mutation range for 6 subpopulations (Mut at i on. Range=[0.1, 0.03, 0.01, 0.003, 0.001, 0.0003]),
- mutation precision for al subpopulations (Mut at i on. Preci si on=12).

t bx3i nt (integer valued variables, multiple subpopulation, standard operators for integer valued variables):
integer valued variables (Var i abl eFor nat =2): the EA works on integer values as well (genotype ==
phenotype),
recombination algorithm: discrete recombination (Reconbi nat i on. Name="r ecdi s"),
mutation algorithm: integer valued mutation (Mut at i on. Name="nut i nt ).

t bx3bi n (binary valued variables, multiple subpopulation, standard operators for binary valued variables):
binary valued variables (Var i abl eFor mat =4): the EA works on binary values as well (genotype ==
phenotype),
recombination algorithm:

- double point crossover with reduced surrogate (Reconbi nat i on. Nane='r ecdpr s'),

- recombination rate 0.9 (Reconbi nat i on. Rat e=0.9),

mutation algorithm: binary valued mutation (Mut at i on. Nanme="nrut bi n"),

In case the problem to solve uses real valued variables (phenotype) and the EA should use binary values
(genotype), just set Var i abl eFor nmat =1 and employ the parameters above.

All previous ToolBoX functions use more or less standard parameters. The following examples show more ad-
vanced variants.

t bx3es1 (rea valued variables, locally oriented optimization, uses evolution strategy mutation):

- real valued variables (Var i abl eFor nmat =0): for the used mutation algorithm the EA must work on
real values as well (genotype == phenotype),
number of individuals: 12 (Nunber | ndi vi dual s=12),
number of subpopulation: 1 (Nunber Subpopul at i on=1),
selection algorithm:
- truncation selection (Sel ect i on. Nanme='sel t r unc’),
- generationgap 1 (Sel ecti on. Gener ati onGap=1.0)
- selection pressure 6 (Sel ecti on. Pressur e=6.0) - selects only the 2 best individuals as parents

each producing 6 offspring

- reinsertionrate 1 (Sel ecti on. Rei nserti onRat e=1.0).
recombination algorithm: no recombination (Reconbi nat i on. Nane='r ecnone’),
mutation algorithm:
- evolution strategy mutation 2 (Mut at i on. Nanme="nut es2"),
- mutation range 0.01 (Mut at i on. Range=[0.01]).

t bx3conp (switches competition on, default competition options are employed):
competition: use competition (Conpet i ti on. Do=1).
migration: use migration (M gr at i on. Do=1).
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1 Introduction 3

t bx3per m(ordering/permutation problem, standard operators for permutation problems):
- permutation variables. Var i abl eFor mat =5 (the EA just exchanges/permutes the variables, after ini-
tiaization (by i ni t pop/i ni t pp) the values are not changed),
recombination algorithm: Reconbi nat i on. Nane='"r ecpm,
mutation algorithm: Mut at i on. Nane="nut swap',

All these ToolBoX functions are directly available inside the GEATbx. They define a number of algorithms
that should help solve many problems. Simultaneously they serve as template to write own ToolBoX functions
or support the definition of special algorithms.

1.2 Option handling with geaoptset.m

The main file for all option handling (GEATbx version 3.x) is geaopt set . Thisfileis similar to simset (but
can handle multi-level options and checks the validity of the options).

The function geaopt set may be used in multiple ways. All these possibilities will be explained in the follow-
ing paragraphs:
- info on available options,
define and add single or multiple options,
merge option structures,
check the validity of options.

Default Options

When calling geaopt set without any input or output parameter a long table containing all possible options
and their default values, value ranges, and typesis printed on the screen.

Properties of GEA Toolbox and their possible and default settings:

Tab. 1-1: Table of default option settings (defined in geaopt set )

>> geaopt set

Property Nane Type m n. Range max. Nunmb. of para. Def aul t val ue
Nunber Subpopul ati on positive integer 1 I nf just one 4

Nunber | ndi vi dual s posi tive integer 1 I nf num subpop 25 20 15 30
Var i abl eFor mat positive integer 0 5 just one 0

Sel ecti on. Nane string NaN NaN num subpop {1} selsus
Sel ecti on. Pressure posi tive scal ar 0 I nf num subpop 1.7

If you just want to get the default set of options, call geaopt set with one output parameter. This returns a
structure containing all possible options with their default settings:
>> Def Opti ons = geaoptset;

The GEATbx contains a function to display (nearly) every variable in a pretty way: pr pri nt f. Using this
function the full options structure can be displayed. (The functionality of pr pri ntf can be used with any
other structure / cell array / matrix / scalar as well.)

Tab. 1-2: Table of default option settings (output from pr pri nt f)
>> prprintf(Def Options) % Sonme of the options are del eted
ans =
Nunber Subpopul ation : 4
Nunber | ndi vi dual s 25 20 15 30
Vari abl eFor nat 0
Sel ection
Nane {1} selsus
Pressure 1.7
Ranki ngMet hod 0
Cener ati onGap 0.9

Reconbi nati on
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4 1 Introduction

Nane : {1} recdis
Rate : 1

Mut at i on
Narre {1} nutreal
Rat e D1
Range 0.1
Precision : 12

M gration
Do D1
I nt erval 20
Rat e o 0.1

and so on

Define and/or Add Options

thd.
CeaOpt = geaopt set (GeaOpt, ' Nunber Subpopul ation', 2);

Merge Option Structures

thd.

Check Validity of Option Structures

To check an options structure for validity call the utility function geaopt set with just one argument (the
options structure to check).
CeaOpt = geaopt set (GeaOpt ) ;

During the check of the parameters the following things are done:
- check the type of the parameters (string or scalar, integer or real number),
check the boundaries of the parameters,
check single/multi strategy parameters,
expand multi strategy parameters to the number of subpopulations,
check special parameters
include missing parameters.

At the end of the check the returned options structure is full and valid and includes al previously provided pa-
rameters.

1.3 Examples of option settings

tbd.

1.4 Status and result output during optimization

The GEATbx produces extensive status and result reports during an optimization. By default text information
is written to the Matlab command window (status information). This information may be saved additionally
into an text file for later retrieval and analysis (default is, this information not to save).

The option Qut put . Text | nt er val controlsif and how often status information is displayed on the screen.
By default this option has the value 1. Thus, status information is printed every generation. Higher values for
Qut put . Text I nt erval define, that less often status information is printed on the screen. A value of 5 de-
fines, that status information is displayed every 5 generations.
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1 Introduction )

The option Qut put . SaveText | nt er val controlsif and how often the status information is saved into an
text file. By default, this option is switched off (option value is 0). By setting this option to a value of 1 or
higher status information is saved to atext file every specified generation (the name of the file is defined in the
option Qut put . SaveText Fi | eNane).

The contents of the status information printed on screen and saved into a text file is (basically) identical. By
using the options Qut put . Text Excl ude* and Qut put . SaveText Excl ude* the contents of the status
information can be adjusted.

At the beginning of an optimization the used options of the optimization are displayed in a formatted form.
This information is called header. Only the used options are displayed and some comments may be added.
Thus, every used parameter is fully documented - even when this setting was not directly set by the user but
taken from one of the predefined ToolBoX functions or the default options set. Figure 1-1 contains an example
of the displayed header information (from running denof unl).

Fig. 1-1: Output of all used options at the beginning of an optimization (Header of status information)

Evol utionary Optim zation

Obj ective function: objfunl Dat e: 05- Mar-2000 Tinme: 21:46:12
nunber of vari abl es: 10
boundari es of vari abl es: -512
512

Evol utionary al gorithm paraneters

subpopul ati ons = 4 individuals = 25 (at start per subpopul ation)
term nation 1: nmax. generations = 400
variable format = 0 (real values - phenotype == genotype)
sel ection
function = sel sus
pressure = 1.7
gen. gap = 0.9
reinsertion
rate = 1
nmet hod = 2

reconbi nati on
nane = recdis recdis reclin recdis
rate = 1

nmut ati on
nane = nutrea
rate = 1
range = 0.1 0.01 0.001 0.0001
precision = 16
regi onal node
mgration
rate = 0.1 interval = 20 topol ogy = 0 selection = 1
out put

results on screen every 5 generation

grafical display of results every 10 generation
method = 111111
style = 614143

results into text file every 5 generation
file name = res_beasv_objfunl_var_1_01.txt

During the optimization status information is displayed in tabular format, one line per generation (or as often
as defined in Cut put . Text | nt er val ). The table header provides a short description of the information
contained in the status table. The run-status information contains:

number of current generation,

number of objective function calls,

best objective vaue found so far (one vaue for single-objective optimization, multiple value for the

multi-objective case),

variables of the best individual (not displayed on screen by default - may be switched on as well),

position of the subpopulations (applies only when using multiple subpopulations),

size of the subpopulations (applies only when using competition between subpopulations),

information on the termination criteria (how much each of the used termination criteriais full-filled),

calculation time (time for one generation, overall time for the optimization until now).
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6 1 Introduction

The last 5 types of information may be switched on or off. Please check the description of the options
Qut put . Text Excl ude* and Qut put . SaveText Excl ude*.

According to the above header information, every 5 generations one line of status information is displayed.

Fig. 1-2: Status information displayed in command window during optimization (some lines removed)

Gener ation f - Count Qoj . Function Pos of subpopul ations / size Term 1 cpu/gen, full

Ti ne
5. 451 40519 3 2 1 4 31 23 23 23 [ 1.25% ( 0. 00min  00: 00: 02)
10. 888 30140 2 3 1 4 28 21 30 21 [ 2.50% ( 0.00min 00:00:03)
15. 1331 12935 3 1 2 4 26 19 36 19 [ 3. 75% ( 0.00min 00:00:06)
20. 1776 8572.8 3 1 2 4 22 17 44 17 [ 5.00% ( 0.00min 00:00:06)
25. 2217 4910. 8 3 2 1 4 20 24 40 16 [ 6.25% ( 0.00min 00:00:08)
30. 2660 3644. 4 3 1 2 4 18 22 45 15 [ 7.50% ( 0.00min 00:00:09)
35. 3100 2414. 4 2 1 3 4 17 28 41 14 [ 8. 75% ( 0.00min 00:00:11)
40. 3540 1210.6 2 1 3 4 15 39 34 12 [ 10.00% ( 0.00min 00:00:11)
45. 3979 678. 95 3 1 2 4 14 44 31 11 [ 11.25% ( 0.00min 00:00:13)
50. 4418 208. 31 3 1 2 4 13 49 28 10 [ 12.50% ( 0.00min 00:00:14)
200 17636 1.1752e- 005 4 2 3 1 5 5 18 72 [ 50.00% ( 0.00min 00:00:54)
205 18076 8. 6381e- 006 4 3 2 1 5 5 17 73 [ 51.259% ( 0.00min 00:00:56)
210 18516 8.6179e- 006 4 3 2 1 5 5 16 74 [ 52.50% ( 0.00min 00:00:57)
215 18956 5. 6262e- 006 1 4 3 2 5 5 15 75 [ 53.75% ( 0.00min 00:00:58)
220 19396 4.2513e- 006 3 4 1 2 5 5 13 7 [ 55.00% ( 0.00min 00:00:59)
370 32604 4.4879e- 008 3 4 2 1 5 5 13 7 [ 92.50% ( 0.00min 00:01:38)
375 33044 3.9711e-008 4 3 1 2 5 5 12 78 [ 93.75% ( 0.00min 00:01:40)
380 33484 3.4701e- 008 2 4 1 3 5 5 10 80 [ 95.00% ( 0.00min 00:01:41)
385 33928 3. 2459e- 008 3 4 2 1 5 5 9 81 [ 96.25% ( 0.00min 00:01:42)
390 34368 3. 1356e- 008 3 4 2 1 5 5 8 82 [ 97.50% ( 0.00min 00:01:43)
395. 34808 1.4482e-008 3 4 2 1 5 5 7 83 [ 98.75% ( 0.00min 00:01:45)
400. 35248 1.4482e-008 4 3 2 1 5 5 5 85 [ 100.00% ( 0.00min 00:01:46)

At the end of the optimization (when any one of the termination criteriais full-filled) result information is dis-
played on the screen (and saved into atext file if specified). The result information contains:
which termination criteriawas full-filled (here: max. number of generations),
how long the optimization run (number of generations and time),
best objective value found (one value for the single-objective case and multiple values for the multi-
objective case) and when this result was found (number of generation),
variable values of the best individual.

Fig. 1-3: Result information displayed in command window at the end of the optimization

End of optim zation: max. generations (400 generations; 1.78 cpu minutes / 1.78 tine mnutes)

Best Objective value: 1.44825e-008 in Generation 393

Best | ndividual : -2.734e-005 -1.4079e-005 2.419e-005 -2.9976e-005 -2.8788e-005 9.4641e-005 -1.3272e-005 3.2009e-005 2.7127e-005
-1.8188e-005

All the status information together (header, status of run and result of optimization) provide a detailed overview
of a complete optimization run with as much information as needed normally. When saving the information
into a text file as well (Qut put . SaveText | nt erval ) it can be used for later (off-line) analysis. At the
same time this textual information provides a good documentation of an optimization run even readable years
later.

1.5 Description of Options

The following Chapters explain all available options of the GEATbx version 3.x in detail. Each of the follow-
ing Chapters describes the options of a group (General, Recombination, Mutation, ...).

Only afew of the available options are used at atime by the user. Most of these options are only needed for very
specia cases. The GEATbx was and is used for many different tasks - and some of the options are only needed
then. All options not specially defined by the user are preset and contain useful values.

Each optlon description contains:
a short description of the option,
the default value and type of the option (defined in geaopt set ),
the meaning of the different values or the available parameter values (i.e. function names for recombina-
tion or which value means switch option on or off),
short examples of setting the option (and possibly related options),
special tips for the application of the option,
which other options correspond with the option (directly),
the option numbersin GEATbx version 1.9x and 2.x.
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2 General options

Nunber Subpopul ati on

This option defines the number of subpopulations to use.
Default value: 4
Type: positive integer in [1, Inf]
Example - use 2 subpopulations:
CeaOpt = geaopt set (GeaOpt, ' Nunber Subpopul ation', 2);
The setting of this parameter corresponds with Nunber | ndi vi dual s. The number of al individuals
in the population is the sum of al individuals in the subpopulations. For instance, 4 subpopulations with
20 individuals each produce a population of 80 individuals.
When only one subpopulation is defined the population is handled as one (panmictic) population. Two
and more subpopulations define the use of the regional population model (also called isand model or
coarse-grained model) employing migration between subpopulations (see M gr at i on. Do).
The setting of this option corresponds with Nunber | ndi vi dual s.
Option number in previous versions: 21 (2.x and 1.x)

Number | ndi vi dual s

This option defines the number of individuals per subpopulation to use.
- Default value: [25, 20, 15, 30]
Type: positive integer in [1, Inf]
The number of individuals can be the same for all subpopulations or different. Thus, special values for
every subpopulation can be defined (multi strategy support).
Example - set number of individualsin all subpopulations to 20:
CeaOpt = geaopt set (GeaOpt, ' Nunberl ndividual s', 20);
Example - set number of individuals in each subpopulation to a specific number:
CeaOpt = geaopt set (GeaOpt, ' Nunberl ndividual s', [20, 15,25, 35]);
A population/subpopulation should have at least 15 individuals. The larger and more complex a problem
is the higher the number of individuals ought to be.
The setting of this option corresponds with Nunber Subpopul at i on.
Option number in previous versions: 20 (2.x and 1.x)

Var i abl eFor mat

This option defines the format (real, integer, binary, ordering) of the variables and the conversion (done by
bi ndecod) between this format and the internally used representation of the variables. All conversions are
handled inside the main function gearmai n2 (fully transparent to the user):

Default value: 0

Type: integer in[1, 5]

Depending on the setting a conversion between internal representation (genotype) and the representation

of the variables (phenotype) is carried out:

- 0: rea values; no conversion (the EA works on real values)

- 1: real values; the EA works on binary values (conversion from binary to real)

- 2: integer values; no conversion (the EA works on integer values)

- 3: integer values; conversion from binary to integer (the EA works on binary values)

- 4: binary values; no conversion (the EA works on binary values)

5: ordering / permutation / scheduling problems, any representation of variables; ho conversion
Example the problem employs integer valued variables and the EA should work on binary values, (con-
vert the internal binary representation to the external integer representation):

CeaOpt = geaopt set (GeaOpt, 'Variabl eFormat', 2);
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8 2 General options

The setting of this option corresponds with the recombination and mutation options. Select appropriate
operators and their corresponding options: Reconbi nat i on. Nane, Mut at i on. Nane.

Depending on the internal representation of the variables the appropriate initialization functions is
caled inside geanai n2/i ni t pop:

- Real values (0): initializationby i nitrp

- Integer values (2): initidizationby i ni ti p

- Binary values (1, 3, 4): initidization by i ni t bp

- Ordering /permutation / scheduling (5): initialization by i ni t pp

Option number in previous versions: 19 (2.x and 1.x)
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3 Selection options

Sel e
This o

Sel e

cti on. Nane

ption contains the name of the selection function (name of m-file).
Default value: sel sus
Type: string or cell array of strings, multi strategy support
Available selection functions:
- sel sus stochastic universal sampling
- sel trunc truncation selection
- sel t our tournament selection
- sel rws roulette whedl selection
- sell ocal local selection (local population model)
- Any other selection function may be used directly; set Sel ect i on. Nane to the name of the m-file.
Example - use tournament selection sel t our :
CeaOpt = geaopt set (GeaOpt, 'Sel ection. Nane', 'seltour');
Example - use tournament selection sel t our for first subpopulation and truncation selection
sel t r unc for second subpopul ation:
CeaOpt = geaopt set (GeaOpt, ' Sel ecti on. Nane',
{'seltour', "seltrunc'});
Option number in previous versions: 5 (2.x and 1.x), the global variable GLOBAL_SELECTIONFUN is
no longer necessary to define special selection functions.

ction. Pressure

The value of selection pressure determines the fitness assignment and is used by the r anki ng algorithm. Fit-
ness assignment is always done by ranking (there is no function for proportional fitness assignment).

Sel e
This o

Default value: 1.7

Type: positive scalar in [1, 2] or [1, Inf]; multi strategy support

Example - set selection pressure for all subpopulations to 1.9:

CeaOpt = geaopt set (GeaOpt, 'Selection.Pressure', 1.9);

Inside every selection function (Sel ect i on. Nane) the selection pressure is converted into the algo-
rithm specific parameter (for instance tournament size in tournament selection sel t our or truncation
threshold in truncation selection sel t r unc). See the function/operator descriptions for the used con-
versions.

The setting of this option determines/corresponds with the employed ranking method. This behavior
may be changed with the option Sel ect i on. Ranki ngMet hod:

- Sel ection. Pressurein[l,2]: uselinear ranking

- Sel ection. Pressure > 2: usenon-linear ranking

Option number in previous versions; 26 (2.x) or 23 (1.x)

ction. Generati onGap

ption defines the generation gap, the fraction of the population to be reproduced every generation.

Default value: 0.9

Type: scaar in [0, Inf]; multi strategy support

Example - set generation gap to 70%:

CeaOpt = geaopt set (GeaOpt, ' Sel ection. GenerationGp', 0.7);

Three different ranges of values for the generation gap exist:

- Sel ection. GenerationGap < 1.0: less offspring than individuals in population are produced.
Thus, some individuals of the population survive. Thisisidentical to elitest selection.

www.geatbx.com GEATDbx Options



10 3 Selection options

- Sel ection. Generati onGap > 1.0: more offspring than individuals in population are produced.
Not all offspring will be inserted into the population.

- Sel ection. GenerationGap very smal (<0.2): only afew offspring are produced. Thisisiden-
tical to steady state algorithms.

The setting of this option corresponds with Sel ect i on. Rei nserti onRat e.

Option number in previous versions: 22 (2.x and 1.x)

Sel ecti on. Rei nserti onRate

This option defines how much parents are replaced by the produced offspring. The reinsertion rate is only ac-
tivewhen the Sel ecti on. Gener at i onGap islarger than the reinsertion rate.
Default value: 1
Type: scalar in [0, 1]; multi strategy support
A reinsertion rate of 1 means that al parents may be replaced by parents (provided the generation gap is
1 or larger). A value smaller than 1 assures a few parents are not replaced by offspring. If less offspring
are produced (determined by Sel ect i on. Gener at i onGap) than could be reinserted, only the pro-
duced offspring are inserted into the population. The reinsertion rate is used inside the reinsertion func-
tionr ei ns.
Example - set reinsertion rate to 0.8:
CeaOpt = geaoptset (GeaOpt, 'Sel ection. ReinsertionRate', 0.8);

The setting of this option corresponds with Sel ect i on. Gener ati onGap.

The reinsertion rate is useful when Sel ecti on. Gener ati onGap is larger than 1 (more offspring
than parents are produced) and not all parents should be replaced. With a reinsertion rate of smaller
than 1 an ‘elitest selection’ can be implemented.

Option number in previous versions: 23 (2.x), not available/internal option (1.x)

Sel ecti on. Ranki ngMet hod

This option sets the employed ranking method (fitness assignment). Employ this option only when the ranking
method should be set to non-linear ranking for aSel ecti on. Pressure <=2,
- Default value: 0
Type: integer in {0, 1}; multi strategy support
Example - set ranking method to non-linear ranking for a selection pressure of 1.3:
CeaOpt = geaopt set (GeaOpt, 'Sel ection. Pressure', 1.3, .
' Sel ecti on. Ranki ngMet hod' , 1);

The setting of this option corresponds with Sel ecti on. Pressur e.
Option number in previous versions: not available/interna option (2.x and 1.x)

Sel ecti on. Ranki ngMul t i obj

This option defines the use of multi-objective ranking (fitness assignment). Employ this option only when the
objective function uses/returns multiple objective values and multi-objective ranking should be employed.
- Default value: 0
Type: integer in [0, Inf]; multi strategy support
Example - switch multi-objective ranking on:
CeaOpt = geaopt set (GeaOpt, ' Sel ection. Ranki ngMul tiobj', 1);
The multi-objective ranking is done inside the r anki ng function. All other ranking parameters apply
as well (selection pressure, ranking method). Multi-objective ranking means, that the sorting/ranking of
the individuals is done multi-objective (using pareto ranking and goal attainment) instead of the simple
sorting of single-objective individuals. An example for multi-objective ranking and the visualization of
such functions is provided in denonop.
This option corresponds with Syst em Obj FunCGoal s.
Option number in previous versions: not available (2.x and 1.x)

Sel ecti on. Rei nserti onMet hod

This option sets the employed reinsertion method (selection of offspring for reinsertion inr ei ns).
Default value: 2
Type: integer in [0, 6]; multi strategy support
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3 Selection options 11

Reinsertion methods for the global and regional population model (r ei nsreg), the option
Sel ection. Rei nserti onRat e isemployed:

- 0, 1: uniform at random selection

- >=2: fithess based selection

Reinsertion methods for the local model (r ei nsr eg), the Sel ecti on. Rei nserti onRat e is not
used:

. all offspring are reinserted, neighbors are replaced randomly

: al offspring are reinserted, weakest neighbors are replaced

: only offspring fitter than weakest neighbor are reinserted, weakest neighbors are replaced

: only offspring fitter than weakest neighbor are reinserted, parents are replaced

. only offspring fitter than weakest neighbor are reinserted, neighbors are replaced randomly

: only offspring fitter than parents are reinserted, parents are replaced

- 6: dl offspring are reinserted, parents are replaced

Example - set reinsertion method to uniform at random (global/regional population model):

CeaOpt = geaopt set (GeaOpt, ' Sel ection. Rei nsertionMethod', 0);

The setting of this option corresponds with Sel ecti on. Nane and
Sel ection. Rei nsertionRate.

Option number in previous versions: 30 (2.x), not available/internal option (1.x)

1
a s~ wWNPEFEO

Sel ecti on. Local Di nensi on

This option determines the number of dimensions of the population when using the local population model (the
use of the local population model is defined by using sel | ocal as selection algorithm (Sel ect i on. Nane)

for the

respective subpopulation).

Default value: 0

Type: integer in [0, Inf]; multi strategy support

0: number of dimensionsis calculated depending on Number | ndi vi dual s (see conpl oc),

1: 1-D - linear,

2: 2-D - grid,

3: 3-D - ... (The number of dimensions of the local model could be aslarge as sensible.)

The number of individualsin every dimension is calculated inside conpl oc. Specia vaues may be de-
fined by setting Sel ecti on. Local Di mensi on=0 and the global variable GLOBAL_LOCALDIM.
These values for the number of individualsin every dimension are directly used.

Example - set number of local dimensionsto 3:

CeaOpt = geaopt set (GeaOpt, ' Sel ection. Local Di nension', 3);

Example - set individuals per dimension directly:

gl obal GLOBAL_LOCALDI M

GLOBAL_LCCALDIM = [2, 20]; (Il adder topol ogy)

CeaOpt = geaopt set (GeaOpt, ' Sel ection. Local Di nension', 0);

The setting of this parameter corresponds with Nunber | ndi vi dual s, Sel ecti on. Nane,
Sel ection. Local Topol ogy and Sel ecti on. Local Di st ance.
Option number in previous versions. 27 (2.x), not available (1.x)

Sel ecti on. Local Topol ogy

This option determines the topology of the neighborhood when using the local population model. The calcula-

tion of

the neighborhood is donein conpl oc.

Default value: 0

Type: positive integer in [0, 19]; multi strategy support

The topology defined is independent of the dimension of the neighborhood. The internal neighborhood
description calculates the correct neighbors for all possible dimensions:

- 0:ring (1-D), cross (2-D); full topology

- 1: star (2-D); full topology

- 2:inclined star (2-D); full topology

- 8: al neighbors within aradius smaller than Sel ect i on. Local Di st ance; full topology
- 9: asmany neighbors as defined in Sel ect i on. Local Di st ance; full topology

- +10: the same as all previous options above with half topology

- i.e, 11: haf star (star with half topology)
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12 3 Selection options

Example - set topology of local neighborhood to full cross for first and half star for second subpopula-
tion:

GeaOpt = geaoptset (GeaOpt, ' Sel ection. Local Topol ogy', [0, 11]);

The setting of this option corresponds with Sel ecti on. Nane, Sel ecti on. Local Di nensi on
and Sel ecti on. Local Di st ance.

Option number in previous versions. 28 (2.x), not available (1.x)

Sel ecti on. Local Di st ance

This option determines the largest distance to neighbors or the number of neighbors when using the loca popu-
lation model, depending on Sel ect i on. Local Topol ogy.
- Default value: 1

Type: positive integer in [1, Inf]; multi strategy support

Example - set local topology to full star and distance to 3:

CeaOpt = geaopt set (GeaOpt, ' Sel ection. Local Topol ogy', 1,

' Sel ection. Local Di stance', 3);
The setting of this option corresponds with Sel ect i on. Nane and Sel ecti on. Local Topol ogy.
Option number in previous versions. 29 (2.x), not available (1.x)
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4 Recombination options

Reconbi nati on. Name

This option contains the name of the recombination function (name of m-file). The possible recombination op-
erators depend on the internal representation of the variables (Var i abl eFor nat ).
Default value: r ecdi s
Type: string or cell array of strings, multi strategy support
Available recombination functions:
- recdi s: Discrete recombination (all representations)
- recint: Intermediate recombination (real valued representation)
- reclin: Linerecombination (real valued representation)
- reclinex: Extended line recombination (real valued representation)
- recdp: Double-point crossover (binary valued representation)
- recdprs: Double-point reduced surrogate crossover (binary valued representation)
- recsp: Single-point crossover (binary valued representation)
- recsprs: Single-point reduced surrogate crossover (binary valued representation)
- recsh: Shuffle crossover (binary valued representation)
- recshrs: Shuffle reduced surrogate crossover (binary valued representation)
- recgp: Generalized position recombination (ordering/permutation representation)
- recpm Partial matching recombination (ordering/permutation representation)
- recnone: no recombination (internal dummy function inr econbi n), parents are not recombined
Any other recombination function may be used directly, just set Reconbi nat i on. Nane to the name
of the m-file.
Example - use double point crossover r ecdp (variables of individuals must be binary):
CeaOpt = geaopt set (GeaOpt, ' Reconbi nation. Nane', 'recdp');
Example - use discrete recombination r ecdi s for the first and line recombination r ecl i n for the sec-
ond subpopulation:
CeaOpt = geaopt set (GeaOpt, ' Reconbi nation.Nanme', {'recdis','reclin'});
The setting of this option corresponds with Var i abl eFor mat .
Option number in previous versions: 7 (2.x and 1.x), the global variable GLOBAL_RECOMBINFUN is
no longer necessary to define specia recombination functions.

Reconbi nati on. Rat e

This option defines the recombination rate.
- Default value: 1
Type: scalar in [0, 1]; multi strategy support
Example - set the recombination rate to 0.7 (often used with binary representation in genetic algo-
rithms):
CeaOpt = geaopt set (GeaOpt, ' Reconbi nation.Rate', 0.7);
Option number in previous versions: 12 (2.x), not available/internal option (1.x)
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5 Mutation options

Mut at i on. Nane

This option contains the name of the mutation function (name of m-file€). The possible mutation operators de-
pend on the internal representation of the variables (Var i abl eFor mat ).
- Default value: nut r eal
Type: string or cell array of strings, multi strategy support
Available recombination functions:
- nutreal : real mutation (real valued representation)
- muti nt:integer mutation (integer valued representation)
- mut bi n: binary mutation (binary valued representation)
- mut swap: swap mutation (ordering/permutation representation)
- mutinvert:invert mutation (ordering/permutation representation)
- mut nove: move mutation (ordering/permutation representation)
- mut exch: exchange mutation (ordering/permutation representation)
- mut es1: Evolutionary strategy 1 (real valued representation)
- mut es2: Evolutionary strategy 2 (real valued representation)
- nutrandr eal : random creation of individuals for random search (real valued representation)
- nut randi nt : random creation of individuals for random search (integer valued representation)
- nut r andbi n: random creation of individuals for random search (binary valued representation)
- nut randper m random creation of individuals for random search (permutation representation)
- mutnone: no mutation (internal dummy function in mut at e), parents are not mutated
Any other mutation function may be used directly, just set Mut at i on. Nane to the name of the m-file.
Example - use binary mutation nut bi n (variables of individuals must be binary):
CeaOpt = geaoptset (GeaOpt, 'Mutation.Nanme', 'nutbhin');
Example - perform random search by random creation of individuals by ,, mutation” (no recombination):
CeaOpt = geaopt set (GeaOpt, ' Reconbi nation. Nane', 'recnone',
"Mutation.Nane', 'nmutrandreal'});
The setting of this option corresponds with Var i abl eFor mat .
Option number in previous versions. 6 (2.x and 1.x), the global variable GLOBAL _MUTATIONFUN is
no longer necessary to define special mutation functions.

Mut ati on. Rat e

This option defines the mutation rate. Internaly, the defined mutation rate is divided by the number of vari-
ables of the individuals. Thus, the defined mutation rate is just the factor of how many variables per individua
are mutated (and not the internally used value).
- Default value: 1

Type: scalar in [0, 1]; multi strategy support

A vaue of Mut at i on. Rat e=1 means that on the average 1 variable per individual is mutated, avalue

of 4 mutates 4 variables per individual (on average) and avalue of 0.2 only 1 variable per 5 individuals.

Example - set the mutation rate to 2 (higher mutation rate than default):

CeaOpt = geaoptset (GeaOpt, 'Mitation.Rate', 2);

Option number in previous versions: 11 (2.x), not available/internal option (1.x)

Mut ati on. Range
- This option defines the range of the mutation steps for every variable depending on the size of the
domain of the respective variable or the definition of the respective operators. This option is not nec-
essary for binary valued representations (rmut bi n).
Default value: 0.1
Type: scalar in[1, O]; multi strategy support
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16 5 Mutation options

Mutation range is also used for defining the initial step sizes of evolution strategy mutation (mut es1
and mut es2). When mutation range is 1.0, the initial step sizes will be 0.01 times domain of variable,
for mutation range of 0.2, theinitial step sizeswill be 0.002 times domain of variable.

Example - set the mutation range of 4 subpopulations (defines rough / standard / fine / very fine search):
CeaOpt = geaopt set (GeaOpt, 'Mutation.Range', [0.3 0.1 0.03 0.01]);

Option number in previous versions: 24 (2.x), not available/internal option (1.x)

Mut ati on. Preci si on

This option defines the precision of the mutation steps depending on the mutation range. This option is not
necessary for binary valued representations (nut bi n).
Default value: 12
Type: scalar in [1, Inf]; multi strategy support
Example - set the mutation precision for 4 subpopulations (from rough to very fine precision):
CeaOpt = geaopt set (GeaOpt, 'Mutation.Precision', [8, 12, 16, 24]);
Option number in previous versions: 25 (2.x), not available/interna option (1.x)
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6 Migration options

M gration. Do

This option switches migration between subpopulations on or off. Migration is executed by i gr at e.
- Default value: 1
Type: integer in {0, 1}
Two variants are available:
- 0: no migration
- 1: do migration between subpopul ations
Example - switch migration off:
CeaOpt = geaopt set (GeaOpt, 'Mgration.Do', 0);
When only one subpopulation is defined (see Nurber Subpopul at i on) no migration takes place.
Option number in previous versions: 31 (2.x), not available/internal option (1.x)

M gration.|nterval

This option defines the number of generations between successive migration. Thus, the frequency of migration
is specmed (how often amigration takes place). This option is often called isolation time.

Default value: 20

Type: positive integer in [1, Inf]

Example - set migration interval to every 8 generations:

CeaOpt = geaoptset (GeaOpt, 'Mgration.Interval', 8);

Small valuesof M grati on. | nt er val decrease theisolation of the individuals.

A migration takes place (that means the function ni grate is caled) when the reminder of

Run. GenerationandM gration. | nterval iszero.

Option number in previous versions: 33 (2.x), not available/internal option (1.x)

M gration. Rate

This option defines the fraction of every population to migrate during a migration.
- Default value: 0.1

Type: scalar in [0, 1]
Example - set migration rate to 15%:
CeaOpt = geaopt set (GeaOpt, 'Mgration. Rate', 0.15);
A value of 0.15 means that 15% of the individuals of every subpopulation are copied (exported) to the
migration pole. From this pole the same number of individuas is selected and migrates (is imported) to
the subpopulation. It is assured that no individuals from the own subpopulation are reimported. The s
lection of the individualsis controlled by the option M gr at i on. Sel ecti on
Option number in previous versions: 32 (2.x), 26 (1.x)

M gration. Topol ogy

This optlon defines the used topology of the subpopulations for migration.
Default value: 0
Type: integer in{0, 1, 2}
The following variants are available:
- 0: complete net structure (unconstrained migration)
- 1: 1-D neighborhood structure
- 2. 1-Dring structure
Example - use 1-D ring structure between subpopulations:
CeaOpt = geaopt set (GeaOpt, 'M gration. Topol ogy', 2);
Option number in previous versions: 34 (2.x), 27 (1.x)
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18 6 Migration options

M gration. Sel ection

This option controls the selection of individuals for migration.
- Default value: 1
Type: integer in {0, 1}
Two variants are available:
- 0: the exported individuals are selected uniform at random
- 1: the best individuals are exported
Example - select the individuals for migration uniform at random:
CeaOpt = geaopt set (GeaOpt, 'Mgration. Selection', 0);
Option number in previous versions: not available/interna option (2.x and 1.x)
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7 Competition options

Conpetition. Do

This option switches competition between subpopulations on or off. Competition is executed by conpet e.
Competition is an extension of the regional population model.
- Default value: 0

Type: integer in {0, 1}

Two variants are available:

- 0: no competition

- 1: do competition between subpopulations

Example - switch competition on:

CeaOpt = geaopt set (GeaOpt, 'Conpetition.Do', 1);

Competition without migration (M gr at i on. Do) doesn’t make sense. When only one subpopulation is

defined (see Nurmber Subpopul at i on) no competition takes place.

Option number in previous versions. 36 (2.x), not available (1.x)

Conpetition. | nterval

This option specifies how often a competition takes place. Thus, the frequency of competition is defined.
- Default value: 4
Type: positive integer in [1, Inf]
Example - set competition interval to every 10 generations:
CeaOpt = geaopt set (GeaOpt, 'Conpetition.Interval', 10);
A competition takes place (that means the function conpet e is called) when the reminder of
Run. Generati on and Conpetition.|nterval iszero.
Option number in previous versions. 38 (2.x), not available (1.x)

Conpetition. Rate

This option defines the fraction of every subpopulation to be transferred from unsuccessful subpopulations dur-
ing a competition.
- Default value: 0.1
Type: scalar in [0, 1)
Example - set competition rate to 5%:
CeaOpt = geaopt set (GeaOpt, ' Conpetition.Rate', 0.05);
Option number in previous versions. 37 (2.x), not available (1.x)

Conpeti ti on. SubpopM ni mum

This option defines the minimal number of individuals per subpopulation. When a subpopulation contains this
minimal number of individuals, no further individuals are transferred to successful subpopulations.
- Default value: 5
Type: positive integer in [1, Inf]
Example - set minimal number of individualsto 10 individuals:
CeaOpt = geaopt set (GeaOpt, ' Conpetition. SubpopM ni mum , 10);
Option number in previous versions: 39 (2.x), not available (1.x)
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8 Termination options

All the termination is handled by the functiont er mi nat .

Ter m nati on. Met hod

This option sets the employed methods for termination of the optimization. Y ou may select none, one or multi-
ple of the available termination methods.
Default value: 1
Type: integer in [1, Inf]
When Ter mi nat i on. Met hod is0, no termination at all takes place.
Multiple termination methods may be used at the same time. The methods are OR combined. That
means, when one of the employed termination methods is true, the optimization is finished.
The following termination methods are available. The parameters of the termination methods are de-
fined by specific options given in parenthesis.
- 1. maxima number of generations (Ter m nat i on. MaxCener at i ons)
: maximal computing time in minutes (Ter mi nat i on. MaxTi ne)
: minimal difference to defined optimum (Ter mi nati on. Di ff 20pt i mum)
. running mean of best objective values (Ter m nat i on. Runni nghean)
: minimal standard deviation of al current objective values (Ter mi nat i on. St dObj V)
: good worst individual/objective value (Ter mi nat i on. GoodWr st Obj V)
: Phi convergence (Ter mi nat i on. Phi )
- 8: Kappaconvergence (Ter m nat i on. Kappa)
9: cluster analysis (Ter mi nat i on. C ust er)
Two styles for the definition of multiple termination methods are available:
- The termination methods are defined as a vector of numbers, each element of the vector specifying
one employed termination method: [ 1 3 6].
- The termination methods are contained in one number and each digit of the number defines one of
the employed termination methods: 136.
Example - employ termination methods maximal generations and maximal time (both styles shown):
CeaOpt = geaopt set (GeaOpt, ' Term nation. Method', 12);
CeaOpt = geaoptset (GeaOpt, 'Term nation.Method', [1 2]);
Example - employ termination methods maximal generations, difference to optimum and running mean:
CeaOpt = geaopt set (GeaOpt, 'Term nation. Method', 134);
CeaOpt = geaopt set (GeaOpt, 'Term nation.Method', [1 3 4];
Not all termination methods ensure, that an termination takes place (in finite time). Thus, employ al-
ways one or multiple of the reliable termination methods (Ter mi nati on. MaxGener at i ons,
Ter m nati on. MaxTi ne, Ter mi nati on. Runni ngMean).
Option number in previous versions: 50 (2.x), not available (1.x)

1
NoO O, WDN

Ter m nati on. MaxCGener ati ons

This option determines the maximal number of generations an optimization is run. When the specified number
of generatlons is reached, the optimization terminates.

Default value: 100

Type: integer in [1, Inf]

Example - define the maximal number of generations before termination to 234:

CeaOpt = geaopt set (GeaOpt, ' Term nation. MaxCGenerations', 234,

'"Term nation. Method', 1);

A good starting value for maximal number of generations depending on the number of independent vari-

ablesis; 200 tinmes sqrt(n) (nisthenumber of independent variables).

Option number in previous versions; 51 or 14 (2.x), 14 (1.x)
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Ter m nati on. MaxTi me

This option determines the maximal time (in minutes) an optimization is run. When the specified time is over,
the optimization terminates.
- Default value: 10
Type: integer in [0, Inf]
Example - define the maximal optimization time to 4.5 minutes:
CeaOpt = geaoptset (GeaOpt, 'Term nation. MaxTine', 4.5,
"Term nation. Met hod', 2);

The computing time is (currently) measured as real/absolute time (and not cpu time). Before a genera-
tion starts, the time is measured. If thistime is longer than specified, the optimization terminates.
Option number in previous versions. 52 (2.x), not available (1.x)

Term nation. Di ff20pti num

This option terminates an optimization run, if the best objective value reached a defined value (measure of the
precision required of the objective function at the solution). If the difference between the best objective value
and the defined global optimum (precision of solution) is smaller than Ter mi nati on. Di f f 20pt i mum the
termination criteriais true and the optimization terminates.
This may be used for benchmarking different optimization algorithms (difference to known global optimum) or
for termination, when a good enough value is found (problem specific). The global optimum/good enough do-
jective value must be defined in Syst em Cbj FunM ni mum
- Default value: 0.0001

Type: scalar in [0, Inf]

Example - define the difference to globa optimum to 0.01 and the global optimum to 3.45. As soon as

an objective value of 3.46 or smaller isfound, the optimization terminates:

CeaOpt = geaopt set (GeaOpt, 'Term nation. Method', [3 1],

"Term nation. D ff20pti nun, 0.01, System Cbj FunM ni num 3. 45);

This termination method is currently only implemented for single-objective optimization. An extension
to the multi-objective caseis possible. However, currently only the first objective value is used.
Option number in previous versions. 53 or 3 (2.x), not available (1.x)

Ter mi nati on. Runni nghMean

This option determines the minimal difference between the mean of the best objective values of last RunMean
generations and the current best objective value. Internally, RunMean is set to 15 Generations.
- Default value: 0
Type: integer in [0, Inf]
Example - define the running mean to 0.01:
CeaOpt = geaopt set (GeaOpt, ' Term nation. Runni ngMean', 0. 01,
"Term nation. Met hod', 4);

A value for Ter mi nat i on. Runni ngMean of 0 defines, that the optimization is only terminated,
when for 15 (the defined value of RunMean) consecutive generations no better objective value at al is
found. A higher value terminates the optimization, when the enhancement of the best objective value is
very small only. Running Mean is one of the reliable termination criteria.

Option number in previous versions; 55/54 (2.x), not available (1.x)

Term nati on. St dCbj V

This option determines the minimal value of the standard deviation of the objective values of the current gen-
eration to reach before termination.
- Default value: 0.001
Type: integer in [0, Inf]
Example - define the minimal standard deviation of the objective values to 0.42:
CeaOpt = geaoptset (GeaOpt, 'Term nation. StdObj V', 0.42,
"Term nation. Method', [5 1]);

The standard deviation of the objective values is problem specific. The size of the termination option de-
pends on the used evolutionary operators too. This termination option is not reliable. Use it only, when
you know what you are doing!

Option number in previous versions; 54/55 (2.x), not available (1.x)
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Term nati on. GoodWbr st Qbj V

This option determines the minimal difference between the objective values of the current worst and best indi-
vidual.
- Default value: 0.1
Type: integer in [0, Inf]
Example - define the minimal difference between best and worst objective value to 11.45:
CeaOpt = geaopt set (GeaOpt, ' Term nati on. GoodWorst Gbj V', 11.45,
"Term nation. Method', [6 1]);

The difference of the best and worst objective value is problem specific. The size of the termination op-
tion depends on the used evolutionary operators too. This termination option is not reliable. Use it only,
when you know what you are doing!

Option number in previous versions. 56 (2.x), not available (1.x)

Ter m nati on. Phi

This option determines the minimal difference between 1 and Phi. Phi is the quotient of the average objective
value (of al individuals of the population) and the best objective value.
Default value: 1e-006
Type: integer in [0, Inf]
Example - define the termination with Phi to 0.0001:
CeaOpt = geaopt set (GeaOpt, ' Term nation.Phi', 0.0001,
"Term nation. Method', [7 1]);

The value of Phi is problem specific. The termination option depends on the used evolutionary operators
too. This termination option is not reliable. Useit only, when you know what you are doing!
Option number in previous versions. 57 (2.x), not available (1.x)

Term nati on. Kappa

This option determines the minimal difference between 1 and Kappa. Kappa is a measure for the similarity of
the individuals.
Default value: 1e-006
Type: integer in [0, Inf]
Example - define the termination with Kappa to 0.00002:
CeaOpt = geaopt set (GeaOpt, ' Term nation. Kappa', 0.00002,
"Term nation. Method', [8 1]);

The value of Kappa is problem specific. The termination option depends on the used evolutionary opera-
torstoo. Thistermination option is not reliable. Use it only, when you know what you are doing!
Option number in previous versions: 58 (2.x), not available (1.x)

Term nati on. Cl ust er

This option defines the termination option for cluster analysis. The calculation of the cluster termination is
complex. Please ook into the respective documentation (to be done - diploma of Johannes).
- Default value: 0
Type: integer in [0, Inf]
Example - define the cluster termination option to 0.01:
CeaOpt = geaoptset (GeaOpt, 'Termi nation.Custer', 0.01,
"Term nation. Method', [9 1]);

Option number in previous versions: not available (2.x and 1.x)
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9 Output and Visualization options

Qut put . Text I nt er val

This option controls if any and how much text output (status information) is displayed on the screen during an
optimization. A value of 0 switches text output off, a value of 1 displays information every generation (one line
per generamlon) and higher values display information only every defined generation.

Default value: 1

Type: integer in [0, Inf]

Example - set text output on screen to every 5 generations:

CeaOpt = geaopt set (GeaOpt, 'Qutput. Textlnterval', 5);

Example - switch text output on screen off:

CeaOpt = geaopt set (GeaOpt, 'Qutput. Textlnterval', 0);

Option number in previous versions: 1 (2.x and 1.x)

Qut put . Grafi kl nt erval

This option controls if any and how often graphical output is presented on the screen during an optimization.
The definition of theinterval issimilar to Cut put . Text | nt erval .

Default value: 0

Type: integer in [0, Inf]

Example - switch graphical output every 10 generations on:

CeaOpt = geaoptset (GeaOpt, '', 10);

The visualized data and the style of the data is defined by Cutput. G afi kMethod and

Qut put. Grafi kStyl e.

Option number in previous versions; 61 (2.x), 1 (1.x)

Qut put . Grafi kMet hod

This option sets the employed methods for graphical output (here called plot mask - which graphics are plotted
on screen). Y ou may select none, one or multiple of the available methods (data sets). An overview of the avail-
able graphics/visualization methods is given under Qut put . G- af i kSt yl e. Please look at the extensive ex-
amples in Section ??? (to be written).
Default value: 111111
Type: integer in [1, 1e+10]
When Cut put . G- af i kMet hod is 0, the standard plot mask defined inside r espl ot isused.
When defining a plot mask, each digit of the number defines, if the corresponding data type should be
visualized:
- 0: nodisplay of this datatype
- 1: display this data type
- Every position of the given number determines one plot, the first number the first data type plot, the
second number the second data type plot and so on. (When excluding the first data type, use a 2 at
this position.) When Qut put . Gr af i kMet hod has fewer than the maximal digits, the remaining
digits are set to zero. Currently, eight (nine) different data types can be visualized.
Example - employ only the first two data types/methods:
CeaOpt = geaopt set (GeaOpt, 'Qutput. G afi kMet hod', 11);
Example - employ only the third data type/method:
CeaOpt = geaopt set (GeaOpt, 'Qutput. G afi kMet hod', 201);
Example - employ only the first, second, and fourth data type/method:
CeaOpt = geaopt set (GeaOpt, 'Qutput. G afi kMet hod', 1101);
The frequency of visualization is defined by Qut put. Graf i kIl nt erval and the styles of the dis-
played methods by Qut put . Grafi kSt yl e.
Option number in previous versions. 62 (2.x), not available (1.x)
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Qut put. Grafi kStyl e
ption determines the style of the plot of each data type/method.

This o

Default value: 0
Type: integer in [0, Inf]
When Cut put . Graf i kStyl e is0, the standard plot style defined inside r espl ot isused.
Every digit of the given number determines one plot style , the first number the style of the first data
type plot, the second number the style of the second data type plot and so on.
Example - define the style for the first 3 data types/plots/methods:
CeaOpt = geaoptset (GeaOpt, 'Qutput.G afikStyle', 244);
Example - define the style of the first 4 data types/methods, but display only the second and the fourth:
CeaOpt = geaopt set (GeaOpt, 'Qutput. G afi kMet hod', 2101,
"Qutput. GrafikStyle', 2441);

The frequency of visualization is defined by Qut put . Graf i kI nt er val and the methods for visuali-
zation by CQut put . Gr af i kivet hod.

Option number in previous versions: 63 (2.x), not available (1.x)

The following list gives an short overview of the available plot methods/data types and their styles.
1. datatype: best objective value of every generation (convergence diagram)

- 1: 2-Dline plot of best objective value

- 2. 2-D line plot of best and mean objective value and standard deviation of all objective values
- 3. sameas, with log scaling

- 5:2-D line plot of best objective value of every subpopulation

- 6: sameas 5, with log scaling

2. datatype: variables of best individualsin all generations

- 1: 2-D (multi) line plot of variables of best individual in every generation, 1 line per variable
3: 3-D line plot of variables of best individual in every generation, 1 line per variable

4: 2-D image plot of variables of best individual in every generation, color is variable value

- 6,8,9 sameas, 3, 4 with scaled variables (normalized inside defined boundaries)

3. datatype: all objective values of all generations

- 1: 2-D (multi) line plot of all objective values of al generations, 1 line per individual

3: 3-D line plot of all objective values of all generations, 1 line per individual

- 4: 2-D image plot (color quilt) of all objective values of all generations, color is objective value
4. data type: variables of all individualsin current generation

- 1: 2-Dlineplot of al variables of all individualsin current generation

- 2. 2-Dlineplot (errorbar) of all variables of al individualsin current generation

- 3:3-Dlineplot of al variables of all individualsin current generation

- 4: 2-D image plot (color quilt) of all variables of al individualsin current generation

- 6,7,8,9: sameas, 2, 3, 4 with scaled variables (normalized inside defined boundaries)

5. datatype: al objective values in current generation

- 1: 2-D point plot (scaled to some % best) of the objective values

2: 2-D fill plot (scaled to some % best) of the objective values

- 3. 2-D image plot (scaled to some % best) of the objective values (2-D neighborhood)

6. data type: size of subpopulation

- 1: 2-D line plot of number of individualsin every subpopulation, 1 line per subpopulation

2: 2-D line plot of relative number of individualsin every subpopulation, 1 line per subpopulation
- 3. 2-D line plot of positions of subpopulations, 1 line per subpopulation

7. datatype: distance between individualsin current generation

1. 2-D stairs plot of distance between variables of al individuals (no neighborhood)

2: 2-D dtairs plot of distance between variables of neighbors (1-D neighborhood)

3: 2-D image plot of distance between variables of neighbors (2-D neighborhood)

- 4: 3-D surf plot of distance between variables of neighbors (2-D neighborhood)

8. data type: fitness-distance scatter diagram

- 1: 2-D point plot of fitness distance distribution of current generation

9. datatype: cluster analysis (dendrogram and cluster tree in separate windows)

1: cluster tree of al individuals of current generation

2: dendrogram of al individuals of current generation

3: cluster tree and dendrogram of all individuals of current generation (separate windows)
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- 6,7,8 sameas, 2, 3 for each subpopulation and the whole population of current generation (many
separate windows)

Inside r espl ot the vaidity of every plot style is checked. If data is missing or the given data isn't

compatible with the plot style, this plot is omitted or another valid plot style for this datatype is used.

Qut put . SaveText | nt erval

This option controls if any and how much text output (status information) is saved into a text file during an
optimization. The definition of the interval is similar to Qut put . Text | nt er val . The saved information is
extended compared to the status information on screen (variables of the best individual are added).

Default value: 0

Type: integer in [0, Inf]

Example - switch saving of text output every 10 generations on:

CeaOpt = geaopt set (GeaOpt, ' Qutput. SaveTextInterval', 10);

The name of the file to save must be defined in Qut put . SaveText Fi | eNane.
Option number in previous versions: 41 (2.x), 28 (1.x)

Qut put . SaveText Fi | eNane

This option contains the file name to save text output. An optional relative or absolute path may be added (em-
ploy| ng Matlab conventions). If no path is defined, the current working directory is used.
Default value: res_gea. t xt'
Type: string
Example - set the file name for text resultsto'res_f4_04. t xt "
CeaOpt = geaopt set (GeaOpt, 'Qutput. SaveTextFileNane','res f4 04.txt');
The text result file is extended with every new run. The output is appended at the end of the file. That
means multiple runs can be saved into one file. The single runs may be differentiated by the contained
starting time and date stamp at the beginning of the output of every run.
Option number in previous versions: global variable GLOBAL _FILERESULTS, this globa variable is
no longer necessary to define the name of the result file.

Qut put . SaveBi nDat al nt er val

This option controls if any and how often binary data is saved into a binary (mat) file during an optimization.
The definition of the interval is identical to Cut put . Text | nt er val . The saved information contains all
data from the current generation and some data regarding the entire run.
- Default value: 0

Type: integer in [0, Inf]

Example - switch saving of binary data every 20 generations on:

CeaOpt = geaopt set (GeaOpt, ' Qutput. SaveBi nDat al nterval ', 20);

The binary data should not be saved too often. Especialy for large populations or individuals with many

variables large amount of disc space and time ae needed. A good vaue for

Qut put . SaveBi nDat al nt er val isevery 10 to 20 generations.

The name of the file to save must be defined in Cut put . SaveBi nDat aFi | eNane.

Option number in previous versions: 44 (2.x), not available (1.x)

CQut put . SaveBi nDat aFi | eNane

This option contains the file name to save binary result data (the saved data are the same as used for the visu-
alization with r espl ot ). An optional relative or absolute path may be added (employing Matlab conventions).
If no path is defined, the current working directory is used.

Default value: 'r es_gea. nat'

Type: string

Example - set the file name for binary resultsto'res_f4_04. mat "

CeaOpt = geaopt set (GeaOpt, ' Qutput. SaveBi nDat aFi | eNane',

'"res_ f4 04.mat');

The binary result file is overwritten with every new run (set a new file name for every run to save results

of multiple runs).

Using the binary result file and r esl ook the state and progress of the optimization can be further ana-

lyzed after the optimization is finished.
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Option number in previous versions: global variable GLOBAL_FILEMAT (2.x), not available (1.x), the
global variable GLOBAL_FILEMAT is no longer necessary to define the name of the binary result file.

Qut put . St at ePl ot I nt er val

This option controls if any and how often the special problem specific visualization function is called during an
optimization. This special visualization function is called state plot function. The definition of the interval is
identical to Qut put . Text | nt erval .
- Default value: 0

Type: integer in [0, Inf]

Example - switch display of problem specific visualization every 10 generations on:

CeaOpt = geaopt set (GeaOpt, 'Qutput. StatePlotlnterval', 10);

The name of the file of the state plot/special visualization function must be defined in

Qut put . St at ePl ot Funct i on.

Option number in previous versions: 43 (2.x), 30 (1.x)

Qut put . St at ePl ot Functi on

This option contains the function name of the special problem specific visualization function.
- Default value: "'

Type: string
Example - set the function name of the state plot function to 'pl ot dopi "
CeaOpt = geaopt set (GeaOpt, 'Qutput. StatePl ot Function', 'plotdopi');
The state plot function ('pl ot dopi ') is called very similar to the objective function (‘obj dopi ).
Call of objective function (Chr omcontains current population, net hod, TSTART and TEND are addi-
tional parameters):
[ojVal, t, x] = objdopi (Chrom nethod, TSTART, TEND)
Call of special state plot function 'pl ot dopi ' for 'obj dopi ' from inside of geanai n2:
x = plotdopi (OBJ_F, chrom gen, varargin)
The variable OBJ_F is a string and contains the name of the objective function (‘obj dopi '), chr om
contains the current population sorted/ranked by fitness - the first individual is the best, the second indi-
vidual the second best and so on. The variable gen contains the number of the current generation (for
documentation purpose). Invar ar gi n al additional parameters are contained.
Inside the state plot function the objective function is called to get the objective values and possible addi-
tional values (heret and x). In this example (provided as part of the GEATbx) t and x contain the
states of a dmulation (time vector and state vectors). These vectors are used for an extensive visualiza-
tion of one individual or the comparison of multiple individuals in detail.
Option number in previous versions. global Variable GLOBAL_STATEPLOTFUN (2.x), not available
(1.x), the global variable GLOBAL_STATEPLOTFUN is no longer required to define the name of the
state plot function.

Qut put . Text Excl ude* and Qut put. SaveText Excl ude*

A number of options exist to define, which text information should be written on screen and saved to the result
file. These options are very seldom used/changed. The handling of the text output is done in the function
gear unst at us.
- Default value: 0

Type: integer in {0, 1}

Two variants are possible:

- 0: display the corresponding information (do not exclude)

- 1. exclude the corresponding information (no output)

The frequency of the information output is controlled by CQutput. TextInterval and

Qut put . SaveText | nt er val . The Exclude* -options are extensions of these (interval) options.

The Exclude* options exist for output on screen (Cut put . Text Excl ude) and for saving to file

(Cut put . SaveText Excl ude). The meaning of the respective options is identical. Here a short de-

scription of these options is given (names for output on screen used):

- CQut put . Text Excl udeHead: exclude the header information (output of options, start of optimi-

zation, header of generational output)
- CQut put. Text Excl udePar a: exclude just the additional parameters inside the header
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- Qut put. Text Excl udel nd: exclude the best individual of the population per output interval (the
default value of this option is 1 for Qut put . Text Excl ude (no output of best individual on
screen) and O for Qut put . SaveText | nt erval )

- Qut put. Text Excl udeSub: exclude the information about size and position of subpopulations
(only applicable, when multiple subpopul ations and/or competition are used)

- CQut put. Text Excl udeTer m exclude the information about the termination criteria

- Qut put. Text Excl udeTi ne: exclude the calculation time information (how long takes one gen-
eration, how long took the whole optimization)

Qut put . Text Excl udeHead and Qut put . Text Excl udePar a are used only during the start of

an optimization. All other options apply to the output for each output interval (which information is con-

tained on the line per interval).

These options are only used for special occasions. An example are special optimizations, where only a

small subset of the status/result information is needed or the available place islimited.

Option number in previous versions: not available (2.x and 1.x).
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Run. Best Obj ecti veVal ue

This option contains the best objective value found during optimization. If the objective function returns multi-
ple Obj ective values per individual (multi-objective optimization), this option contains a vector.

Default value: none (Inf)

Type: scalar or vector in [-Inf, Inf]

Example - get the best objective value found during optimization:

Best Result = GeaOpt. Run. Best Obj ecti veVal ue;

This option can be used to get the number of individuals cal culated with the objective function during an
optimization run. Thisisagood measure for the expense of an optimization.
Option number in previous versions: 8 (2.x and 1.x)

Run. Count Qbj Fun

Thisis an internal option used to save the number of objective function evaluations (every cal culated/eval uated
individual counts one).
- Default value: none (0)

Type: integer in [0, Inf]

Example - get the number of objective function calls:

Expenseof Run = GeaOpt . Run. Count Obj Fun;

This option can be used to get the number of individuals evaluated/calculated with the objective function

during an optimization run. Thisis a good measure for the expense of an optimization.

Option number in previous versions: 10 (2.x and 1.x)

Run. Gener ati on

Thisis an internal option used to save the current generation number.
- Default value: none (1)
Type: integer in [0, Inf]
Example - get the number of generations the run took:
NoGener ations = GeaQpt. Run. Generati on;

This option can be used to get the number of generations of an optimization run.

Run. DoTer mi nat e

This is an internal option indicating, that one of the termination options was satisfied or not. It is only used
inside the main function geanai n2.

Default value: none (0)

Type: integer in {0, 1}
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All options in this subsection are used to define/store properties of the objective function to solve: function
name of the objective function, an optional description, the boundaries of the variables, additional parameters
etc. The objective function name and the boundaries of the variables can also be defined by including the ap-
propriate parameters when calling geanai n2. Then these options are set inside geanai n2.

Syst em Cbj FunFi | enane

This option defines the name of the objective function. The name is exactly the name of the m-file (without the
extension .m).
- Default value: 'obj f unl'
Type: string
The objective function name can also be defined by setting the first input parameter when calling
geanmai n2 to the name of the objective function (standard calling syntax of geamai n2). Then this op-
tionis set inside geanai n2. The value inside the first input parameter of geanai n2 has a higher pri-
ority than the valuein Syst em Obj FunFi | enane.
Example - define the name of the objective function to use:
CeaOpt = geaopt set (GeaOpt, ' System Cbj FunFi | enane', 'objfuné');
Option number in previous versions: not available as option (2.x and 1.x)

Syst em Cbj FunVar Bounds

This option defines the boundaries of the variables. The definition of these values is important for a useful op-
timization. The defined values span the search space of the optimization. These boundaries are hard constraints
(exceptions can be defined with Syst em Obj FunVar BoundQut ). By defining the boundaries the number of
variablesis given aswell. This option is often referred to as VLUB (Vector of Lower and Upper Bounds).
- Default value: [ ]

Type: 2-row matrix of scalarsin (-1nf, Inf)

The boundary matrix has two rows. The first row contains the lower variable boundaries, the second row

the upper boundaries. The first column defines the boundaries for the first variable, the second for the

second and so on.

The boundaries of the variables can also be defined by setting the third input parameter when calling

geanmi n2 to the matrix of the boundaries (standard calling syntax of geamai n2). Then this optionis

set inside geanai n2. The value inside the third input parameter of geanai n2 has a higher priority

than the value in System Obj FunVar Bounds. When the boundaries are defined inside

Syst em Obj FunVar Bounds, just set the third input parameter of geanmi n2 to [] or cal

geanai n2 with 2 input parameters only.

Example - define the variable boundaries of 5 variablesin Syst em Obj FunVar Bounds:

CeaOpt = geaopt set (GeaOpt, ' System Cbj FunVar Bounds' ,

[-1, O, 1, 5.48, -2.1;
1, 1, 20, 5.82, -1.1]);

[ X, GeaOptQut] = geanmi n2('objfun8 , GeaOpt, []);

Example - define a variable with the variable boundaries, use them as third input to geanmai n2:

vLUB = [-1, 0, 1, 5.48, -2.1;

1, 1, 20, 5.82, -1.1]);

[x, GeaOptQut] = geanmi n2('objfun8 , GeaOpt, VLUB);

This option must be set for every system. The GEATbx contains a mechanism to encapsulate these val-

ues inside the objective function. Please look at the description of obj f unl or any of the provided ex-

amples (obj *. m). All provided example objective functions contain this mechanism, which is auto-

matically used.

Please take your time to define appropriate values for the boundaries of the variables. If you are looking

for good values in the range [0.1 0.2], a definition of boundaries in the range [0, 1000] would produce a
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much more difficult optimization problem. An appropriate definition of the variable boundariesis one of
the most important prerequisites for the successful solution of an optimization problem.
Option number in previous versions: not available as option (2.x and 1.x)

Syst em Cbj FunAddPar a

This option contains the additional parameters of the objective function (inside an cell array). The number of
additional parametersis not limited.
- Default value: {}
Type: cell array with elements of any type
The additional parameters of the objective function can also be defined by providing them as additional
input parameter when calling geanmai n2 (standard calling syntax of geanai n2). Then this option is
set inside geanai n2. Thevalue inside Syst em Obj FunAddPar a has a lower priority than the val-
uesin the 5+ input parameters of geanai n2.
Example - define two additional parameters, first parameter is row vector with 3 numbers, second pa-
rameter is astring containing the word ‘one’. Both parameters are contained in one cell array:
CeaOpt = geaopt set (GeaOpt, ' System Obj FunAddPara', {[1 2 3], 'one'});
[ X, GeaOptQut] = geanmi n2(' obj fun8', CGeaOpt);
Example - provide the above two additional parameters directly when calling geanai n2:
[ X, GeaOptQut] = geanmi n2('objfun8 , GeaCpt, VLUB,[],[1 2 3],'one');
Option number in previous versions: not available as option (2.x and 1.x)

Syst em Cbj FunVar BoundQut

Using this option, the defined variable boundaries may be changed from hard boundaries to soft boundaries. A
value of 0 defines a hard bound, a value of 1 a soft bound. This option is used inside chkbound to reset (or
not) variables outside the defined boundaries. The initialization of variables is aways done inside the defined
boundaries (irrespective of the settingsin Syst em oj FunVar BoundQut ).

Default value: []

Type: 2-row matrix with integersin {0, 1}, same size as Syst em Cbj FunVar Bounds

Example - define soft boundaries for the lower bound of the second variable and the upper bound of the

fourth variable. All other bounds are hard bounds:

CeaOpt = geaopt set (GeaOpt, ' System Cbj FunVar BoundQut '

[ 0,0 1, O, 0O, O;
0, 0o, 0, 1, 0]);
Option number in previous versions: not available (2.x and 1.x)

Syst em Cbj FunGoal s

This option defines the goals of multiple objective values and is used in multi-objective optimization.
- Default value: []

Type: vector of scalarsin [-Inf, Inf]
Example - set the goals for an objective function with 4 objective values:
CeaOpt = geaopt set (GeaOpt, 'System Cbj FunGoal s', [-1.3, 4, 2, 0]);
Multi-objective optimization is a large topic on its own. Some work is still to be done, including the de-
scription of the internal working of multi-objective optimization. Examples are provided in denonop,
pl ot mop and nobj f onsecal.
This option corresponds with Sel ect i on. Ranki ngMul ti obj .
Option number in previous versions: not available (2.x and 1.x)

Syst em Cbj FunM ni mum

This option defines the/one known minimum of the objective function (best objective value). This option is used
for termination (when a given objective value is reached).

Default value: -1nf

Type: scaar in [-Inf, Inf]

Example - define the minimal objective value of the objective function to O:

CeaOpt = geaopt set (GeaOpt, ' System Obj FunM ni num , 0);

Option number in previous versions: not available as option (2.x and 1.x), internal in objective function
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Syst em Cbj FunDescri ption

This option defines a textual description of the objective function. Currently, this option is not directly used
inside the GEATbx.
- Default value: 'Obj f un descr.'

Type: string

Example - include a description of the objective function (here for obj f un6):

CeaOpt = geaopt set (GeaOpt, ' System Obj FunDescri ption',

"RASTRI G Ns Function 6');
Option number in previous versions. not available as option (2.x and 1.x), internal in objective function
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12 Special initialization options

Aside from the standard initialization (uniform at random) the user may initialize a number of individuals and
provide the resulting population matrix as fourth input parameter to geanai n2. An application-specific ini-
tialization gives the chance of incorporating application-specific knowledge. The number of individuals in the
initial population can be anything from 1 to Inf, only the number of variables must be correct (the same as de-
fined in Syst em Obj FunVar Bounds). All adjustments are donein i ni t pop automatically using the fol-
lowing options.

The pre| nitialized populationissend to i ni t pop. The following options control:
how many of these preinitialized individuals are used unchanged (Speci al . | ni t Pr eset Keep),
how many individuals are created uniform at random (Speci al . I ni t Uni f or nCr eat e),
how much further individuals are randomized around the preinitialized individuals (normal randomiza-
tion). The number of normally randomized individuals is the remainder of the above two proportions
and the size of the population.

The function i ni t pop contains some examples (help initpop). The format of the variables (real, integer, hi-
nary, permutation variables - Var i abl eFor nat ) is always considered.

Speci al . I ni t Preset Keep

This option controls how many preinitialized individuals (percentage of population size) should be kept un-
changed in the population. If less preinitialized individuals are provided, al these individuals are kept un-
changed in initial population. If more individuals are provided, only the defined percentage is kept in the initial
populatlon (individuals are selected uniform at random).

Default value: 0.5

Type: scalar in [0, 1]

The following variants are available:

- 0: keep none of the preinitialized individuals unchanged

- > 0: scalar (percentage of population size) how many individuals from the initial population to copy

to population of the first generation

- example 0.2: keep not more than 20% of provided individualsin population

Example - set percentage of unchanged preinitialized individuals to not more than 80%:

CeaOpt = geaopt set (GeaOpt, ' Special.lnitPresetKeep', 0.8);

This option is only applied, when an initial population is provided. This option corresponds with

Speci al . I nit Preset Rand and Speci al . I ni t Uni f or nCr eat e.

Option number in previous versions: not available (2.x and 1.x)

Speci al . I nitUni fornCreate

This option controls how many individuals are created uniform at random (standard initialization, uniform at
random in the domain of the variables - Syst em Cbj FunVar Bounds). The proportion of uniform individu-
als has an lower priority than the proportion of unchanged individuals (Speci al . | ni t Pr eset Keep). If the
number of missing individuals is smaller than defined in Speci al . | ni t Uni f or nCr eat e, only the re-
maining proportion is created uniform at random.
- Default value: 0.5

Type: scalar in [0, 1]

Example - set the percentage of uniformly created individuals to 40%:

CeaOpt = geaoptset (GeaOpt, 'Special.lnitUnifornCreate', 0.4);

This option is only applied, when an initial population is provided. This option corresponds with

Speci al . I ni t Preset Keep and Speci al . | ni t Preset Rand.

Option number in previous versions: not available (2.x and 1.x)
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Speci al . I ni t Preset Rand

This option controls how much preinitialized individuals are normally randomized. The number of normally
randomized individuals is the remainder after keeping individuals unchanged
(Speci al . I ni t Preset Keep) and creating individuals uniform at random
(Speci al . I ni t Uni f or nCr eat e).
The normally randomized individuals are randomized around preinitialized individuals. This method is called
innoculation. The level of randomization is such, that 1.0 corresponds to the domain of the search space. Nev-
ertheless, the variables of the randomized individuals may be outside the defined boundaries. Currently, the
variables are not reset to the boundaries (thisis afeature).
- Default value: 0.25

Type: scalar in [0, 1]

Example - set randomization of provided individualsto 0.5:

CeaOpt = geaopt set (GeaOpt, 'Special.lnitPresetRand , 0.5);

This option is only applied, when an initial population is provided. This option corresponds with

Speci al . I nit Preset Keep and Speci al . I ni t Uni f or nCr eat e.

Option number in previous versions: not available (2.x and 1.x)

The following two options (Speci al . | ni t Do and Speci al . | ni t Functi on) are obsolete. You may ini-
tialize a number of individuals and provide the resulting population matrix as fourth input parameter to
geanmi n2. This new way (version 3.x) is much more flexible. Nevertheless, for a limited time the use of an
application-specific initialization function inside geanai n2 is supported.

Speci al . I ni t Do

This option switches initialization with an application-specific initialization function on or off.
- Default value: 0
Type: integer in {0, 1}
Two variants are available:
- 0: do not use a specid initialization function
- 1: useaspecia initialization function
Example - switch use of specia initialization function on:
CeaOpt = geaoptset (GeaOpt, 'Special.lnitbDo', 1);
Special feature: if Speci al . | ni t Do islarger than 10, a graphical representation of the initial popula-
tion is plotted. This graphic may be used to test the special initialization. To use this feature, provide an
initial population (fourth input parameter to geanai n2 or by employing a specia initiaization func-
tion) and set Speci al . | ni t Do to 11 or higher. When the initial population is provided as fourth
input parameter, Speci al . | ni t Funct i on should be set to an empty string.
Example - provide some individuals for special initialization and visualize the full initial population:
Poplnit =[ 12345, 109 87 6]; %Defines two initial individuals
CeaOpt = geaopt set (GeaOpt, 'Special.lnitbDo', 11,
"Special.InitFunction', '');

[x, GeaOptQut] = geanmi n2(' objfun8' , GeaCpt, VLUB, Poplnit);
Option number in previous versions: 42 (2.x), 29 (1.x)

Speci al . I nit Functi on
This option contains the function name of the application specific initialization function.

Default value: '

Type: string

Example - set the function name of the specia initialization functionto'i ni t dopi "

CeaOpt = geaopt set (GeaOpt, 'Special.lnitFunction', "initdopi');

The special initialization function (i ni t dopi ") is called very similar to the objective function
(‘obj dopi ).

Call of objective function (Chr omcontains current population, net hod, TSTART and TEND are addi-
tional parameters):

[QojVal, t, x] = objdopi (Chrom nethod, TSTART, TEND)

Call of special initialization function 'i ni t dopi ' for 'obj dopi ' from inside of geamai n2:

NewPop = initdopi (Ni nd, VLUB, gen, varargin)
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The variable Ni nd contains the number of individuals needed, VL UB the boundaries of the variables. In
var ar gi n al additional parameters are included (cell array with net hod, TSTART and TEND). The
specia initialization function may not produce as many individuals as needed. If the number doesn’t
match Ni nd, the standard initialization function i ni t pop is called and produces the missing individu-
als or deletes some individuals according to the specia initialization options described above.

Option number in previous versions: global Variable GLOBAL_INITFUN (2.x), not available (1.x), the
global variable GLOBAL_INITFUN is no longer necessary to define the name of the specia initializa-
tion function.

Speci al . Col | ect Best . I nterval

This option controls if any and how much good/best individuals are collected during an optimization (see
col besti nd). This  collection is separate from the saving  of text results
(Cut put . SaveBi nDat al nt er val ) or binary data (Qut put . SaveBi nDat al nt er val ). The collected
individuals are compared for being not identical according to the criteria in
Speci al . Col | ect Best . Conpar e. When an individua is selected, the objective value(s) and the vari-
ables of thisindividual are written into an internal matrix. The collected individuals can also be written into a
text file (see Speci al . Col | ect Best. WiteFil eandSpecial.Coll ectBest. Fil eNane).

A vaue of 0 switches the collection of individuals off. A value of 1 collects individuas every generation.
Higher values collect individuals only every defined generation.
- Default value: 0
Type: integer in [0, Inf]
Example - collect the best individuals in every 3 generation:
CeaOpt = geaopt set (GeaOpt, 'Special.CollectBest.Interval', 3);

Option number in previous versions: not available (2.x and 1.x)

Speci al . Col | ect Best . Rat e

This option defines the fraction of the whole population or the number of individuals to be collected as best
individuals during a collection. Vaues smaller than 1 define a fraction of the population size. Vaues of 1 and
Iarger define directly the number of individuals.

Default value: 0.1 (10%)

Type: scalar in [0, 1) or integer in [1 Inf]

Example - set collection rate to 15% and collect every 2 generations:

CeaOpt = geaopt set (GeaOpt, 'Special.CollectBest.Interval', 2

' Speci al . Col | ect Best. Rate', 0.15);

Example - set collection rate to 4 individuals and collect every generation:
CeaOpt = geaopt set (GeaOpt, 'Special.CollectBest.Interval', 1
' Speci al . Col | ect Best. Rate', 4);

Option number in previous versions: not available (2.x and 1.x)

Speci al . Col | ect Best . Conpar e

This option defines the comparison method for the good individuals. This ensures only distinctive individuas
are collected. The individuals of the current generation are compared to each other and to the individuals d-
ready collected in previous generations. Two individuals can be compared for identity according to their vari-
ables values and/or their objective values (even multiple objective values). If the comparison yields the indi-
viduals areidentical in all values, then thisindividual is not added to the collection.

Default value: 0

Type: integer in{0, 1, 2}

Three variants are available:

- 0: check only for identical variable values

- 1: check for identical objective values and identical variable values

- 2: check only for identical objective values

Example - compare the objective values and the variable values of the individuals before collection:

CeaOpt = geaopt set (GeaOpt, ' Special . Col | ect Best. Conpare', 1);

The least restrictive method is comparing variable values and objective values. Then an individua is

even collected, when another individual produced the same objective value (objective value is identical,

but not the variable values). The other way around, when one individua produces different objective
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values (disturbed objective function), then the two (identical according to their variable values) can till
be added to the collection.

Example: When different individuals according to their variable values are needed then compare just the
variable values:

CeaOpt = geaopt set (GeaOpt, ' Special . Col | ect Best. Conpare', 0);

Example: When only one individual per found good objective value is needed, then comparing the objec-
tive valuesis best:

CeaOpt = geaopt set (GeaOpt, ' Special . Col | ect Best. Conpare', 2);

Option number in previous versions: not available (2.x and 1.x)

Speci al . Col | ect Best . WiteFile

This option switches writing the collected individuals to a text file on. The name of the file is defined in
Speci al . Col | ect Best . Fi | eNane.

Default value: 0

Type: integer in {0, 1}

Two variants are available:

- 0: do not write the collected individuals to atext file

- 1. write the collected individuals to atext file

Example - switch writing collected individuals to atext file on:

CeaOpt = geaopt set (GeaOpt, 'Special.CollectBest. WiteFile', 1);

Option number in previous versions. not available (2.x and 1.x)

Speci al . Col | ect Best . Fi | eNane

This option contains the file name to save the collected best individuals. An optional relative or absolute path
may be added (employing Matlab conventions). If no path is defined, the current working directory is used.

Default value: 'Col | ect Best | nd'
Type: string
Example - set the file name for best individualsto ' Col | nd. t xt' and add the current date and time
at the end of the file name (using st r addt i ne):
CeaOpt = geaopt set (GeaOpt, ' Special . Col | ectBest. Fil eNane',

straddtinme(' ColInd. txt"));
% filenanme: Collnd_2000_Aug_27_14-32.txt
Example of file with collected best individuals (obj f unl, 5 variables, collect 4 individuals). The
header shows the number of the objective and the variables. Each line contains one individua. The best
individual of every collection phase comes first, the next best follow. Here, 4 individuals are added dur-
ing each collection phase. The first 3 collections are shown:

1. objv 1. var 2. var 3. var 4. var 5. Var
65438 -189.83 97.117 -62.709 -90. 832 - 88. 249
68964 -127.04 -92. 959 -135.3 122.15 -104. 67
81624 -7.2665 -37.553 80. 748 253.08 -97.927

1. 0767e+005 124.55 63. 665 154.57 6. 5249 253. 32
21843 -122.04 69. 944 -7.5338 -43. 448 10. 678
43095 -162.7 86. 244 -40.631 -71.871 -48. 664
54318 -154. 47 73. 266 -48.199 - 106. 82 -106. 56
73896 -127.64 224.38 -77.343 19. 578 -29.873
36771 -145.71 105. 68 26.7 59. 601 -10.325
50791 -148.92 104. 4 -54.164 -80.84 -90. 809
52756 -175.42 91. 341 -50. 982 -80. 761 -67.224
60138 -184.06 94. 804 -58.013 -86.799 -79.829

The utility function st r addt i e is part of the GEATbx. It is useful for extending a static file name
with the current date and time when running the same optimization multiple times. The results of each
run are separate.

Option number in previous versions. not available (2.x and 1.x)
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13 Comparison of Options (1.9x / 2.x / 3.x)

This Chapter contains an comparison overview of the options and their numbers / names in version 1.9x / 2.x
and 3.x. The main aim of this comparison is a simple means to update older optimization setups to version 3.x.

This table contains a textual description of every option in column one. The table is sorted according to the op-
tion numbers of version 1.9x (2. column) and 2.x (3. column). The name of the option in version 3.x is con-
tained in the 4. Column and linked to the full description above.

This table is a good overview of the available options in each version of GEATbx. It shows also, if an option
was internal (int. - used inside the toolbox, but not contained in the options vector) or not available (n.a.).

Tab. 13-1: Comparison table of options (version 1.9x, 2.x and 3.X)

Description 1.9x 2.X Namein 3.x

selection function (name) 5 5 Sel ecti on. Nane

mutation function (name) 6 6 Mut ati on. Nane

recombination function (name) 7 7 Reconbi nat i on. Nane

mutation rate int. 11 Mut ati on. Rat e

recombination rate int. 12 Reconbi nati on. Rat e

variable format 19 19 Vari abl eFor nat

number of individuals 20 20 Nunber | ndi vi dual s

number of subpopulations 21 21 Nurmber Subpopul ati on
generation gap 22 22 Sel ection. Generati onGap
reinsertion rate int. 23 Sel ection. Rei nsertionRate
mutation precision int. 25 Mut at i on. Preci si on

selection pressure 23 26 Sel ection. Pressure

ranking method int. int. Sel ect i on. Ranki ngMet hod
ranking multi-objective n.a n.a Sel ecti on. Ranki ngMul ti obj
dimension of local selection n.a 27 Sel ecti on. Local Di mensi on
topology of local selection n.a 28 Sel ecti on. Local Topol ogy
distance of local selection n.a 29 Sel ecti on. Local Di stance
reinsertion method int. 30 Sel ecti on. Rei nserti onMet hod
do migration int. 31 M grati on. Do

migration rate 26 32 M gration. Rate

migration interval int. 33 M gration. I nterval

migration topology 27 34 M grati on. Topol ogy

migration selection int. int. M gration. Sel ecti on

do competition n.a 36 Conpetition. Do

competition rate n.a 37 Conpetition. Rate

competition interval n.a 38 Conpetition.Interval

subpop minimum for competition n.a 39 Conpetition. SubpopM ni num
termination method n.a 50 Ter m nati on. Met hod

maximal number of generations 14 51(14) Term nation. MaxGenerati ons
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Description 1.9x 2.X Namein 3.x

termination by max. optimization time n.a 52 Term nati on. MaxTi ne

termination by difference to optimum n.a 53 (3) Term nation. Di ff20pti num
termination by running mean n.a 55/54 Ter mi nati on. Runni nghMean
termination by standard deviation n.a 54/55 Term nati on. St dObj V

termination by good/worst obj. value n.a 56 Term nati on. GoodWr st Cbj V
termination by phi n.a 57 Ter m nati on. Phi

termination by kappa n.a 58 Term nati on. Kappa

termination by cluster analysis n.a n.a Term nation. Cl uster

interval for text output on screen 1 1 Qut put . Text I nt er val

interval for graphical output 1 61 Qut put . Grafi kl nt erval

methods (plot types) of graphical output n.a 62 Qut put . Graf i kMet hod

styles of graphical output n.a 63 Qut put. Grafi kStyle

interval for text output in file 28 41 Qut put . SaveText | nt er val

file name for saving text output n.a qooen_. Qut put . SaveText Fi | eNane
interval for saving binary data n.a 44 Qut put . SaveBi nDat al nt er val
file name for saving binary data n.a GLoBAL_ Qut put . SaveBi nDat aFi | eNane
interval for specific visualization 30 43 Qut put . St at ePl ot | nt er val
function name for specific visuaization n.a g o Qutput. StatePl ot Function
excludes parts of screen status informa- n.a int. Qut put . Text Excl ude*

tion

excludes part of saved status information n.a int. Qut put . SaveText Excl ude*

best objective value(s) found 8 8 Run. Best Obj ecti veVal ue
number of objective function evaluations 10 10 Run. Count Qbj Fun

number of current generation int. int. Run. Gener ati on

termination criteria reached n.a int. Run. DoTer m nat e

function name of objective function int. oeip int. omp  System Ooj FunFi | enane
boundaries of (problem) variables int. vis,vus  int. wievusy  Syst em Cbj FunVar Bounds
additional parameters for obj. function int. e int. pesy  Syst em Obj FunAddPar a

define soft boundaries for variables n.a n.a Syst em Obj FunVar BoundQut
goals for multiple objectives na n.a Syst em Obj FunCoal s

best objective value (minimum) int. int. Syst em Obj FunM ni num

textual description of objective function int. int. Syst em Obj FunDescri ption
keep preinitialized individuals n.a n.a Speci al . | ni t Preset Keep

create individuals uniform at random n.a n.a Speci al . I nitUni fornCreate
randomized preinitidized individuals n.a n.a Speci al . | ni t Preset Rand

do special initialization 29 42 Speci al . | ni t Do (obsolete)

function name for special initialization n.a CLOBALINTEN Speci al . | ni t Funct i on (obsolete)
interval for collecting best individuals n.a n.a Speci al . Col | ect Best . I nterval
rate/number of individuals to collect n.a n.a Speci al . Col | ect Best . Rate
how to compare individuals for identity n.a n.a Speci al . Col | ect Best . Conpar e
write individualsto file n.a n.a Special . Col l ectBest. WiteFile
file name for collected individuals n.a n.a Speci al . Col | ect Best . Fi | eNane
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