HeuristicLab 3.0

Overview
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genericity
— no focus on any particular heuristic optimization paradigm
— suitable for any kind of algorithm
— suitable for any kind of problem and solution representation

modularity
— plug-ins

usability
— extensive use of graphical user interfaces (WinForms)

— step-wise algorithm execution
— persistence

— interactive algorithm engineering

parallelism
— integration of parallel algorithms
— separation of algorithms and parallelization concept
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Plugin Infrastructure

using HeuristicLab.Plugininfrastructure;
namespace MyProject {

L (Name = "My Project™, Version = "0.99.0.0", Description = "Just an example plugin™)]

L (Filename = "MyProject.dll', Filetype = -Assembly)]

L (Filename = "ZipLibrary.dll™, Filetype = -Assembly)]

[ (Filename = "Database.db™, Filetype = .Data)]

L (Dependency = "HeuristiclLab.Data™)]

L (Dependency = "HeuristiclLab.Random™)]

public class : {

}

}

a plugin can contain multiple files (assemblies, data files, images,
icons, ...)

plugins may depend on each other

plugin meta-data (descriptions, dependencies, etc.) are stored in
the code files (attributes)

no XML description file like in HeuristicLab 2.0
plugin infrastructure enables drop-in installation (similar to eclipse)
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e plugin manager

inspired by Debian package
management system

plugins are deployed as ZIP
archives

plugin manager minds

dependencies
e required plugins are automatically
installed

e dependent plugins are
automatically removed

HTTP-based updating of plugins
plugins can be installed and

removed at runtime

e each application has its own
application domain

Heuristiclab Pluginmanager Console

Flugins  Help

| Remave || Publish

Update RemovefUpgrade/Install, ..

L EX

=4} Installed plugins
2% HeuristicLab. Charting
=% HeuristicLab. Charting. D ata
=% HeuristicLab. Charting, Flow
2% HeuristicLab. Charting. Gantt
=% HeuristicLab. Charting. Grid
¢ HeuristicLab Care - Action: Femove
¢ HeuristicLab Data - Action: Femove
¢ HeuristicLab. Commurication Configuration - Action: Flemove
x HeuristicLab. Dperatars -
¢ HeuristicLab. Constraints - &ction: Flemove

Action: Remove

plugin: HeuristicLab. Operators
Wersion: 3.0.0.0

Requires:
HewristicLab. Care [3.0.000]
HeurnsticLab.Drata [3.0.0.0]

Uzed by

HeurzticLab. Constraintz [3.0.0.0]
HewrizticLab. Communication. Protocaol [3.0.0.0]
HeuristicLab, Communication. Drivers [0.0.0.0]
HeuristicLab. Functions [1.0.0.0]

HewrizticLab. MetalOptimization [3.0.0.0]
HeurizticLab. Structureldentification [1.0.0.0]
Heunstchab Ew:ulutu:unary [3.00.0]
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basic interface IStorable

— defines unique identifier (GUID)
e Guid Guid { get; }

— defines methods for cloning
e object Clone()
e object Clone(IDictionary<Guid, object> clonedObjects)

— defines methods for persisting to and restoring from XML
¢ XmINode GetXmINode(string name, XMLDocument document, IDictionary<Guid, IStorable> persistedObjects>)
e void Populate(XmINode node, IDictionary<Guid, IStorable> restoredObjects)

— implemented by abstract base class StorableBase

multiple references to a single object are handled correctly
cyclical object graphs can be cloned or persisted automatically
deep cloning is used by default

»

| Istorable

Interface

=l Properties
T Guid f get } . Guid
= Methods
W Clonafl » ohiack
W Clong(fRictionary<aus obiacts donadobiaces) @ obfact
W Gafxmitodasteng nama, ¥miPocumant documant, firkonary <G Srarahia s parsrfadhacks! F xmitiosa
W Popuiafeixmiada node, fRiGonary=Gud Storabia s resforedChiacts) » woid
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o static class PersistenceManager

— provides auxiliary methods for persistence
* Load and Save to write IStorable to or to restore it from disk

* Persist and Restore to start persisting or restoring of single
|IStorable

— by default type names are used as XML tags

— Persist offers parameter (name) to specify some other
name as XML tag

S ————————————— —— —— —————————— —— —————— ————————————————— ——— —

i PersistenceManager
i Static Class

| = Methods

W CreateXmiDocurment() @ EmiDocument

% Load(string filename) : IStarable

% Persisti(IStorable instance, ¥miDocument document, IDictionary<Guid, IStorable> persiskedObjects) @ xmiMode

% Persististring name, IStorable instance, XmiDocument document, IDickionary <Guid, IStorable = persiskedCbjecks) o ¥miMode
% Restore(smiMode node, IDickionary <Guid, IStorables restoredObjects) o ISkorable

% SaveiIstorable instance, string filename) : woid

——————— ——
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e static class Auxiliary
— provides auxiliary method for cloning
e Clone to start cloning of a single IStorable
— checks if cloning is necessary or if object has already been cloned
— provides several other methods for showing error messages

 methods of PersistenceManager and Auxiliary have to be used to
enable correct persisting / cloning of cyclical object graphs

Auxiliary
| Static Class
|

’
|

=l Methods

2" BuildConstraintviolationMessage(ICallection <IConstraint > violatedConstrainks) @ string

4% BuildErrorMessagelException ex) © string

% Clone(IStorable obj, IDickionary <Guid, object = clonedObjects) @ object

% ShowCaonstr aintWiolationMessageBox(ICallection <IConskr aink = wiolatedConstraints) @ woid

% ShowErrorMessageBoy Excepkion ex) ¢ woid

% ShowErrorMessageBostring message) © woid

% ShowlgnoreConstraintYiolationMessageBox(ICollection<IConstraint = violatedConstraints) @ DialogResult

R — S —

— —— —— —— ———— —
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e persistence code in class TSPTour "

_‘*‘F Coordinates { get; set; b : DoubleMatrixData
5 Tour 4 get; set; b Permutation

public override XmINode GetXmINode(string name, document, < , > persistedObjects) {
node = base.GetXmINode(name, document, persistedObjects);
node . AppendChild( -Persist(*'Coordinates', Coordinates, document, persistedObjects));
node . AppendChild( -Persist(""Tour"™, Tour, document, persistedObjects));
return node;
}
public override void Populate( node, < , > restoredObjects) {
base.Populate(node, restoredObjects);
myCoordinates = ( ) -Restore(node.SelectSingleNode(*"Coordinates™), restoredObjects);
myTour = ( ) -Restore(node.SelectSingleNode(""Tour'™), restoredObjects);
}

e example XML snippet

<Variablelnjector Type="HeuristicLab.Operators.Variablelnjector, HeuristiclLab.Operators' GUID="65e6153d-18a6-4a9a-9b04-77732e8612b6""

Name="Variablelnjector'>
<SubOperators />

<Variablelnfos />
<Variables>
<Variable Type="HeuristicLab.Core.Variable, HeuristicLab.Core" GUID="d971503d-2ed0-43b2-bc6b-1bce4676dc51" Name="PopulationSize">
<Value Type="HeuristiclLab.Data.IntData, HeuristiclLab.Data"™ GUID="0f36459e-1910-4852-91a6-ec37a9767df7">100</Value>
</Variable>
<Variable Type="HeuristicLab.Core.Variable, HeuristicLab.Core'" GUID="cb899fcb-76c3-4f86-9699-91ch6ee62420" Name="EvaluatedSolutions'>

<Value Type="HeuristiclLab.Data.IntData, HeuristicLab.Data" GUID="4bd5b9ae-4ee2-4063-8el17-37972eae50b7">0</Value>
</Variable>

</Variables>
</Variablelnjector>
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| IItem
Interface
=#IStorable

interface litem > Iiewable
— implements IStorable and IViewable = Methads
— base class for (almost) every HeuristicLab object W Srechanged : void
 data, variables, operators, engines, ... - E_::E”;dnged;fmmdnﬂy
— defines Changed event

— defines method FireChanged to fire Changed event manually
* has to be called if contained complex objects are changed and don't provide an event-based
notification (arrays, e.g.)
— implemented by abstract base class ltemBase

})-_

| Iviewable

interface IViewable e
— defines method CreateView for creating a view for an object =TT
— usually a view is a Windows Forms control © CreateView(} : NView

— implemented by base class ViewBase

all objects implementing litem can be shown on the user interface (GUI)
views of complex objects can be assembled using views of their parts
strict use of MVC pattern



Heuristicl.ab
File  Tools Window  Help

=N

Operator Graph Global Scope
Dperators Graph = Global

% Sequenti... SequentialProceszar - BB
e Variable In... 24

Wi Population .. -89 .
[T S —Bf Wariables

CETS Y tia - 36 Permutation

) Quality
“Rand nT. 3

g Digtancedd... o
=g Tourn= 2
g Orde Cr

4 Permt.. "

Bemove

Execution Time:
] [ Execute Step 00k 00: 08, 9221 034
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e whatis an algorithm?

"A finite set of unambiguous instructions performed in a prescribed sequence to achieve
a goal, especially a mathematical rule or procedure used to compute a desired result.
Algorithms are the basis for most computer programming.”

© The American Heritage Dictionary of the English Language
* 3 main aspects
— instructions
— seguence of execution
— result

 we have to model
— operators modifying data
— graphs of operators representing the sequence of execution
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e datais represented as objects
— data objects have to implement Illtem (are storable and viewable)
— persistence methods have to be implemented
— custom views can be provided

* namespace HeuristicLab.Data contains several ready to use data objects

— wrapper objects for system types
* IntData, IntArrayData, IntMatrixData, DoubleData, ...

— collections
e |temlList

¥

| IntData
Clazs
=+ Objectliata

=l Properties
_‘*f' Data § get; set; +oink
=l Methods
Clone{IDickionary <Guid, object clonedObjects) : object
Createtiew() | Iview
Get¥miMadelstring name, ¥miDocument document, IDickionary <Guid, IStorables persistedObjects) @ ¥miNode
IntDatal)
IntDatalink data)
Populatel¥miMode node, IDickionary <Guid, ISkarable= restoredObiecks) @ void

Lol ol O S S
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operators manipulate data

€S

data objects need names to be accessible

interface IVariable

— contains name (Name) and data object (Value)
— defines generic method GetValue to access value
— various events to signal changes (MVC)

— implemented by Variable

IVariable implements lltem

— variables themselves can be
values of variables

— required for meta-programming
— more on that later ...

| I¥ariable
Interface
= ITtermn

=l Properties
i”"f‘ Name { get; xet; . sbving
e Vabe f get; set; } o Stem
=l Methods
W Gafliate=T=0 T
=l Events
¥ Namedhanged : Eventdandiar
¥ Namedhanging ¢ EventHandiar<nameshanaings entarias s
¥ Vabechanged ; EventHandiar

})_
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variables are organized in scopes

interface IScope

hierarchical container of variables
contains variables (Variables)
contains sub-scopes (SubScopes)

defines several methods to
get/add/remove variables and sub-scopes

defines method GetVariableValue to
perform recursive variable lookup towards
the root scope

¢ variables with identical names hide

variables of n::lrnnf scones
- \'UH

e o

events to signal changes (MVC)
implemented by Scope

scopes build an n-ary tree structure

operators work on scopes
get variables, manipulate, write back

opes

| IScope
Interface
=4 ITtern

=l Properties

_”‘*‘f' Name { gat: b sfeing

_”‘*‘f' SubSrapas § gef b et sSropa s

i‘*‘f‘ arahias  gat: b fCofartion <Nariahia
=l Methods

LAl S G S S S O U S G Ol S ¢

<

AddtubSrapeiorope Foopel | void

AddVariabieNariabie warabia} ; void

Chaarl . void

Getsropefoud gudl ¢ Soope

GetsropeFining nameal ! Srope

GefliariabiefFting name) : Nariabia

Gafliariabie Kalue{string name, bood recursival ookup! ¢ ifam

Gafliariabie Kalue{string name, bood recursival ookup, bool fhrowOnError) @ Mtam
Getlariablalale = Mristring name, boof recursivel ookipl @ T

Getlariablalale = Mristring name, boof recursivel ookip, bool romdnError) » T
RemovaSubSeopa{lSeope scopal @ void

Hamavalasahigisiing nama)l ; word

Reordarsuh Sropasing f raguanca) » woid

SefParantifSropa seapa) b woid

=l Events

#
r

o]

e

e

Subsrapadadad | Cranftander<SropanoexErantdrges
SubSrapafemored  Evantirandiar < Srapamae vt vantdrgs s
SubSropasfeardarad’ ) Srenfidfandiar

Farahiaddded | SventHandar<asahiasrantdigrs
VarabiaRamaved » Evantrandiar < lanadiatranfArgs.s

}}-_
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Oper

e operators represent basic instructions of algorithms
e operators manipulate scopes (modify variables and/or sub-scopes)
e operators decide which operators are executed next

* interface IOperator
— contains sub-operators (SubOperators)
— contains local variables (Variables)
— contains meta-information about variables (Variablelnfos)
— defines methods to manipulate its data
— events to signal changes
— defines method Execute to execute the operator on a specific scope

— defines GetVariableValue methods for conveniant variable lookup (either in the local variables
or in the scope)

— implemented by abstract base class OperatorBase

e operators store references to their successor operators (sub-operators)
— build a graph structure (execution graph)
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| IDperator
Imterface
= I onstrainedIten

=l Properties
B canceled { gety } ool
i*'f‘ Mamea § gaf; sat; b sbing
ﬁ" SubOparafors { gal b L sfiOnarators
B Varabiaifos gty b foofaction <asahiafifo >
i*'f‘ Varabias « gat: b fCalerfon <Narahe s
= Methods

AborEfd ¢ void

AdesubCparatorffiOoerator apl ; vaid

AdetubOparatorffiOparafor ap, mf ndex) @ void

AdlariabiefNariable varabie) + void

Addlariabiaffoarabialinfe varabieinfal » void

Execufe{TSrope scope] @ fOperation

Getlariablefting namea, ; Niariabla

Gefliarabiainfosteng formafiiamal » iarabiainf

Gatlariabialiaiuafzésing formalamea, fSoope seopa, Aol racursival ookunl @ ifam
Getlariablelaluef=tring formalVame, Soope soope, boof recursivel ookup, boof thromdnError) @ Mtam
Getlariablelialue = Feiwtving Formallame, Srope soope, boof recursivel ookepl - T

Gefliariabialiaie < F=efng formafiama, Srapa srapa, Hoof racursivel ook, ool fhromantirart @ T
RamaveSubOparaforind moax) » void

Ramavelanahieshing nama, » void

Ramavelianahiaimfofsiing formaifiameal ! vois

+l Events

LAl el A Al SR R Gl ol SR G S S o ¢

<

>
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operators have to be independent of concrete variable names

for example, functionality of a counter operator:
— getvariable from scope
— increase the variable's value by 1
— write new variable value back into the scope

mechanism needed to translate formal variable names
into actual variable names

— formal variable name is used by the operator to identify a variable
— actual variable name is the real name of the variable in the scope

interface IVariablelnfo

IIF\FA
1V

S

| I¥ariableInfo

Imterface
=i IItermn

= Propetties
i‘*‘f‘ Actuafiama { gat; saf; b siving
i‘*‘f‘ Ratalpoe { get b Nioa
S Dascription ¢ gets b - string
i‘*‘l:' Formafiame § gat: b shiing
P g { get } . Varisblaiing
i‘*‘f‘ focal{ gak; zat; b boo!

= Events

¥ ActualVamechanged : EvenéHander
#  foraiChangad' ! EvantHandiar

¥ariableKind

— stores meta-information about variables Erurn
e actual name, formal name, data type, description, kind, ...
— used by operators to define which variables are required Eg:f
ik
each operator has to define a variable info object for each variable it requires In
Deleted

— usually done in the operator's constructor

actual names can be set by the user when assembling an algorithm
formal/actual name translation is automatically performed when using an operators

GetVariableValue method

¥
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public class : {
public Counter() {
AddVariablelnfo(
new ( s
typeof( ).
-In | .Out)
);
by
public override Apply( scope) {
value = GetVariableValue< >( , Scope, true);

value.Data++;
return null;

}
}
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operators store references to their sub-operators
after execution operators have to decide which operators are executed next

to enable step-wise execution and parallelism operators should not directly
execute their successor operators

operators that should be executed next and the corresponding scopes are

represented as operations and returned to the engine () 1operation
( AtomicOperation £
interface I0Operation Class
— marker interface inherited from litem B
— doesn't contain anything + Fields
— implemented by AtomicOperation and CompositeOperation (composite pattern) = Properties
i‘*‘f‘ Cperator § get; 1 IOperataor
class AtomicOperation 5 Scope { get; } 2 I5cope

— represents a single operation | E Methods

— contains an operator (Operator) and a scope (Scope) on which the operator should
be executed

() Ioperation
class CompositeOperation ' B St e0peration 2
455
— represents an operation consisting of several other operations + ItemnBase
— contains a collection of sub-operations (Operations) g
+ Fields

— contains flag to indicate if sub-operations can be executed in parallel

(ExecutelnParallel) = Properties
3 ExecutelInParalel { get; sek; b boal

_”‘*‘f' Cpetations { get; o ILisk<IOperation =
+ Methods
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public class : {
public ConditionalBranch() {
AddVariablelnfo(new ('Condition™,
"A boolean variable that decides the branch",
typeof( ),
-In));
ks
public override Apply( scope) {
resultData = GetVariableValue< >("Condition', scope, true);
bool result = resultData.Data;
it (result)
return new (SubOperators[0], scope);
else
return new (SubOperators[1], scope);
return null;
ks



Example: SequentialProcessor,
UniformParallelSubScopesProcessor

public class u {
public override Apply( scope) {
next = new O;
for (int 1 = 0; 1 < SubOperators.Count; i1++)
next.AddOperation(new (SubOperators[i], scope));
return next;
}
}
public class : {
public override Apply( scope) {
next = new O;
next.ExecutelnParallel = true;
for (int 1 = 0; 1 < scope.SubScopes.Count; i++)
next.AddOperation(new (SubOperators[0], scope.SubScopes[i]));

return next;

}
}
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operators must not call their successor operators directly
engine is responsible for operator execution
engines are able to deal with parallelism

interface I0peratorGraph
— represents an algorithm (a graph of operators)

— contains an initial operator (InitialOperator) and a list of all
operators (Operators)

— implemented by OperatorGraph

interface IEngine
— handles execution of operator graphs
— contains an operator graph (OperatorGraph) and a global scope
(GlobalScope)
— defines methods to start, stop or abort execution
— implemented by SequentialEngine and ThreadParallelEngine

each execution start with an empty global scope

| IDperatorGraph

| IEngine

}}_

Interface
=4 ITtern

= Properties

i‘*‘f‘ niFaiCparafor § et ety b fOparafor
B Qparafors § gel F 2 foalection <f0perator
+ Methaods

+ Events

}}_

Interface
=¥ IThemn

=l Properties
P Canceled { get; } . ool
R FxecutionTime { gets | TimeSpan
ﬁ" Sobaterope { get; F o Soope
i&f Coeraforaranh § get F @ foperaforGranh
R Ruaning £ gety } o ool
i&f‘ Terminated § get; | : bool
=l Methods

W harE) ol
W Evaruall ) void
W Cxacufastapi) . void
W CrecufaStapsint sfaps) @ void
W Razaf) ! roid
=l Events

R

ExceptionJccurred ; EventHander <Excapbontirentdrgss
Andhed ; Cvanfidandiar

OperafionExecufed : SventHander < Qoarationtiantdige>

R

R
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Selection Random Logging
Evolutionary Sequential ThreadParallel

Operators Engine Engine

Constraints
Data
Core
Plugin Infrastructure

.NET 2.0/3.5




Demonstration



