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Preface

OpenMI stands for Open Modeling Interface and aims to deliver a standardized way of linking of
environmental related models. This document describes the default implementation of the
standardized OpenMI interfaces as being utilized in the OpenMI Software Development Kit. It is the
fourth document in the OpenMI report series, which specifies the OpenMlI interface standard, provides
guidelines on its use and describes software facilities for migrating, setting up and running linked
models.

Other titles in the series include:
Scope

Guidelines
org.OpenMlI.Standard interface specification
org.OpenMIl.Backbone technical documentation (this document)

org.OpenMI Development Support technical documentation

nmoow>»

org.OpenMl.Utilities technical documentation

The interface specification is intended primarily for developers. For a more general overview of the
OpenMl, see Part A (Scope).

The official reference to this document is:

OpenMI Association (2007) The org.OpenMI.Backbone technical documentation. Part D of the
OpenMI Document Series

Disclaimer

The information in this document is made available on the condition that the user accepts
responsibility for checking that it is correct and that it is fit for the purpose to which it is applied.

The OpenMI Association will not accept any responsibility for damage arising from actions based upon
the information in this document.

Further information

Further information on the OpenMI Association and the Open Modelling Interface can be found on
http://mwww.OpenMl.org.
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1 Introduction

1.1 Background

OpenMI stands for Open Modeling Interfaces. It aims to deliver a standardized way to link
environmental related computational models that run simultaneously. In summary, OpenMI primarily
focuses on providing a complete protocol to explicitly define, describe and transfer (numerical) data
between components on a time basis, including associated component access. It thus enables
process interaction being represented more accurately, compared to sequential linkages.

The establishment of OpenMI will support and assist the scientific, consultancy and water
management community in the integrated assessment of water management systems and thus
strategic planning and integrated catchment management required by the European Water Framework
Directive.

This standardized way of linking models is achieved by an intelligent protocol to describe,
define and transfer data. This protocol is translated into a strict set of rules, i.e. formal interfaces, to be
implemented by software code. Any component that implements these interfaces is called an OpenMI
compliant component.

Within OpenMI, a distinction is made between the standardized interfaces, incorporated in the
org.OpenMlI.Standard namespace, and an implementation in other namespaces which provide a so-
called Software Development Kit (SDK). The org.OpenMI.Backbone namespace provides the default
implementation of most interfaces in a set of classes (see Figure 1). This Backbone is part of the
OpenMI Software Development Kit and it just provides a means to work with the OpenMlI interfaces.
Other namespaces in the OpenMI SDK work with the classes from this backbone implementation.
Application of this software layer is not mandatory, but it may save costs and effort to join.

OpenMI architecture

7 Open Modelling Interfaces

org.OpenMl.Standard

implements

OpenMI Software Develoipment Kit

== :
i org.OpenMI.Backbone |<---; |
] | - o
org.OpenMl.Utilities [<---------- org.OpenMl.Tools
— i

org.OpenMl.DevelopmentSupport

Figure 1 Namespaces in the OpenMI architecture
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1.2

Requirements

The org.OpenMI.Backbone namespace provides the default implementation of the OpenMI SDK,
without any business logic, of most interfaces from the org.OpenMI.Standard namespace.

The following requirements have been kept in mind.

[Reg-BB1] — provide argument less constructors to instantiate the standardized OpenMI
classes based on the OpenMIl interface specification

[Reg-BB2] — implement member functions of the OpenMI classes as defined by the interfaces

[Reg-BB3] — where appropriate, provide convenience classes that are formally not part of the
interface specification, but are conceptually part of OpenMl.

[Reg-BB4] — where appropriate, implement convenience functions for the OpenMI classes (e.g.
‘set’ functions for properties)

[Reg-BB5] — provide implementations for the following interfaces:

IDataOperation, IDimension, |IElementSet, IEvent, ILink, ILinkableComponent, iQuantity,
IScalarSet, ISpatialReference, ITimeSpan, ITimeStamp, 1Unit, IVector, IVectorSet and IListener
IPublisher

The IManageState interface is implemented in the org.OpenMlI.Utilities.Wrapper package.

1.3 Scope of this document

This report contains the technical documentation of the org.OpenMI.Backbone namespace. The
technical documentation addresses the design as well implementation issues. After discussing the
major concepts in chapter 2, the actual implemented classes are discussed in chapter 3.

1.4 Readership

This document is meant for code developers who have to implement, extend or maintain the source
code of the OpenMI Software Development Kit. In order to understand this document, one needs to
have basic understanding of model linking, object-orientation and UML-notation (particularly class
diagrams and sequence diagrams). Within the text, the following style-convention is applied:

OpenMI interface

OpenMI property

e OpenMI argument
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2 OpenMI Backbone: Concepts and scope

2.1 The OpenMIl linking mechanism

OpenMl is a pull-based pipe and filter architecture, consisting of communicating components
(providers and acceptors), which exchange data in a pre-defined way and in a pre-defined object
format. Sometimes, this type of architecture is also referred to as a context based request-reply
architecture, in which the context (i.e. the instantiated component) processes and replies to the
requests in synchronized order.

At the highest level, OpenMl is defined as a set of interfaces via the org.OpenMI.Standard
namespace. These interfaces contain all protocols to define, describe and transfer data. The actual
implementation of these interfaces is allocated to other packages.

2.2 Task description of the OpenMI Backbone

The main task of the org.OpenMI.Backbone namespace is to provide a default implementation for the
majority of the interfaces as defined in the org.OpenMI.Standard namespace. This default
implementation provides two constructors to instantiate of OpenMI classes, either with or without
arguments. In addition it provides some convenience functions which are not part of the Standard. E.g.
the Standard only prescribes the ‘get’ part of a property, while the Backbone supports the ‘set’ part of
such property as well.

The org.OpenMI.Backbone namespace does not contain any business logic to meet the data
exchange mechanisms of OpenMI.

2.3 Outline of the org.OpenMI.Backbone namespace

2.3.1 Packages

The org.OpenMI.Backbone namespace consists of one package.

2.3.2 Relations to other namespaces

The org.OpenMI.Backbone package implements the majority of the interfaces as defined in
org.OpenMlI.Standard namespace. Most packages of the OpenMI SDK approach OpenMl classes
through the org.OpenMl.Standard interfaces, while the classes as implemented by this Backbone
implementation are used when instantiating and manipulating OpenMI-objects (see Figure 2).
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pd OpenMI package structure /

org.OpenMI.Standard org.OpenMI.Backbone

«realize»

org.OpenMI.Utilities.Adv ancedControl |

>

org.OpenMI.Utilities.Wrapper |

<« realize» |_ _________ >

<_..

org.OpenMI.Dev elopmentSupport |

=
=>

T

(from org.OpenMijUtilities. Configuration)
1
]

v

org.OpenMI.Utilities.Configuration |

et e e >

A
v

Figure 2 Relations between the org.OpenMI.Standard, the
org.OpenMIl.Backbone package and other packages within the OpenMI
Software Development Kit
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3 The org.OpenMl.Backbone package

3.1 General description

As indicated, the org.OpenMI.Backbone package provides the default implementation for the majority
of the interfaces of org.OpenMI.Standard. This default implementation provides a variety of
constructors for OpenMI objects, including an argument less one. For convenience purposes most
classes contain a limited set of additional functions, e.g. to assign property values outside the
constructor.

3.2 Static View

3.2.1 Value related classes

Figure 3 illustrates the implementation of the Value related classes. Both the ScalarSet and VectorSet
class implement the Count property (get only) themselves (The Count property is inherited from

cd Values /

«interface»
org.OpenMI.Standard::IValueSet

+ «property» Count() : int
+ IsValid(int) : bool

«interface» «interface»
org.OpenMI.Standard::IVectorSet org.OpenMI.Standard::IScalarSet
+ GetVector(int) : Vector + GetScalar(int) : double

B B

VectorSet ScalarSet
«interface»
org.OpenMI.Standard::IVector VectorSet() zca:argeI% "
VectorSet(Vector) calarSet(double)

+ «property» XComponent() : double
+ «property» YComponent() : double
+ «property» ZComponent() : double

«property» Count() : int

A Equals(Object) : bool

7

Vector

IsValid(int) : bool
ScalarSet(IScalarSet)
GetScalar(int) : double
«property» data() : double([]
«property» Count() : int
Equals(Object) : bool

VectorSet(IVectorSet)
IsValid(int) : bool
GetVector(int) : IVector

+ + + + + + +
+ 4+ + + + + + +

Vector()

Vector(IVector)

Vector(double, double, double)
«property» XComponent() : double
«property» YComponent() : double
«property» ZComponent() : double
Equals(Object) : bool

+ + + + + + +

Figure 3 Implementation of the Value related classes
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3.2.2 Time related classes

Figure 4 illustrates the implementation of the Time related classes. A number of convenience functions

cd Time /

«interface»
org.OpenMI.Standard::ITime

«interface» «interface»
org.OpenMI.Standard:ITimeSpan org.OpenMI.Standard::ITimeStamp
+ «property» Start() : ITimeStamp + «property» ModifiedJulianDay() : double

+ «property» End() : ITimeStamp

T T

TimeSpan IComparable

TimeStamp

TimeSpan(ITimeStamp, ITimeStamp)
TimeSpan(ITimeSpan)

«property» Start() : ITimeStamp
«property» End() : ITimeStamp
Equals(Object) : bool

TimeStamp()

TimeStamp(ITimeStamp)
TimeStamp(double)

«property» ModifiedJulianDay() : double
Equals(Object) : bool

GetHashCode() : int

CompareTo(object) : int

ToString() : String

+ + + o+ +

+ o+ + + + o+

Figure 4 Implementation of the Time related classes

3.2.3 Quantity and related classes

As can be seen in Figure 5, the Quantity class and the Unit class provide a variety of constructors. All
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cd Quantity /

«interface»

org.OpenMI.Standard::IQuantity

«property» ID() : string

+ + + + +

«property» Unit() : lUnit

«property» Description() : string
«property» ValueType() : ValueType
«property» Dimension() : IDimension

A

Quantity

Quantity()

Quantity(String)

Quantity(IQuantity)

Quantity(Unit, string, string)
(

«property» ID() : string
«property» Description() : string
«property» Unit() : IUnit
ToString() : String

Equals(Object) : bool
GetHashCode() : int

+ 4+ + + + A+ + o+

Quantity(Unit, string, string, org.OpenMI.Standard.ValueType)
Quantity(Unit, string, string, org.OpenMI.Standard.ValueType, IDimension)

«property» Dimension() : org.OpenMI.Standard.IDimension

«property» ValueType() : org.OpenMI.Standard.ValueType

«interface»

org.OpenMI.Standard::IDimension

«interface»
org.OpenMI.Standard::1Unit

+ GetPower(DimensionBase) : double
+ Equals(IDimension) : bool

+ + + +

«property» ID() : string

«property» Description() : string

«property» ConversionFactorToSI() : double
«property» OffSetToSI() : double

A

Dimension

Unit

Dimension()

GetPower(DimensionBase) : double
SetPower(DimensionBase, double) : void
Equals(IDimension) : bool

+ + + +

+ 4+ + + + + + + o+

unit()

Unit(IUnit)

Unit(string, double, double)

Unit(string, double, double, string)
«property» Description() : string

«property» ConversionFactorToSI() : double
«property» OffSetToSI() : double
«property» ID() : string

Equals(Object) : bool

Figure 5 Implementation of the Quantity and related classes

3.2.4 DataOperation related classes

The org.OpenMI.Backbone package provides a variety of constructors for the DataOperation interface
and the IArgument interface. The Count property is available as get only, the other properties are
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cd DataOperation /
«interface» «interface»
org.OpenMI.Standard::IArgument org.OpenMI.Standard::IDataOperation
+ «property» Key() : string + Initialize(IArgument) : void
+ «property» Value() : string + «property» ID() : string
+ «property» ReadOnly() : bool + «property» ArgumentCount() : int
+ «property» Description() : string + GetArgument(int) : [Argument
+ IsValid(InputExchangeltem, IOutputExchangeltem, IDataOperation) : bool
)
! A
1 1
) )
1 1
i i
Argument DataOperation
+ Argument() + DataOperation()
+ Argument(lArgument) + Initialize(IArgument) : void
+ Argument(string, string, bool, string) + DataOperation(IDataOperation)
+ «property» Key() : string + DataOperation(string)
+ «property» Value() : string + «property» ID() : string
+ «property» ReadOnly() : bool + «property» ArgumentCount() : int
+ «property» Description() : string + «property» Arguments() : ArrayList
+ Equals(Object) : bool + GetArgument(int) : IArgument
+ AddArgument(lArgument) : void
+ Isvalid(IinputExchangeltem, IOutputExchangeltem, IDataOperation) : bool
+ Equals(Object): bool

Figure 6 Implementation of the DataOperation and related classes

3.2.5 ElementSet related classes

Conceptually, the element set consists of an array of elements. Elements that are geo-referenced, are
described by a list of vertices. While the org.OpenMI.Standard namespace only define two interfaces,
namely |ElementSet and |SpatialReference, the org.OpenMI.Backbone package provides classes for
the Element and Vertex as well to enable internal handling of this (private) information. As can be
seen in Figure 7, the ElementSet class contains an array of elements, while the Element class
contains an array of vertices.

in the Element-class. The latter only offer a get.
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cd ElementSet /

«interface»
org.OpenMI.Standard::IElementSet

«property» ID() : string
«property» Description() : string

«property» ElementType() : ElementType
«property» ElementCount() : int
«property» Version() : int
GetElementindex(string) : int
GetElementID(int) : string
GetVertexCount(int) : int
GetFaceCount(int) : int
GetFaceVertexindices(int, int) : int[]
GetXCoordinate(int, int) : double
GetYCoordinate(int, int) : double
GetZCoordinate(int, int) : double

+ o+ o+ F o+ o+ o+

«property» SpatialReference() : ISpatialReference

B

ElementSet

I T R . T I T I I

ElementSet()
ElementSet(IElementSet)
«property» Version() : int

ElementSet(string, string, ElementType, ISpatialReference)

AddElement(Element) : void
GetElement(int) : Element

«property» Elements() : Element[]
GetElementID(int) : string

«property» Description() : string
«property» ID() : string

«property» ElementType() : ElementType
GetXCoordinate(int, int) : double
GetYCoordinate(int, int) : double
GetZCoordinate(int, int) : double
«property» ElementCount() : int
GetVertexCount(int) : int

«property» SpatialReference() : ISpatialReference
GetElementindex(string) : int
Equals(Object) : bool
GetFaceVertexIindices(int, int) : int[]

org.OpenMI

«interface»
.Standard::ISpatialReference

GetFaceCount(int) : int

Element

Element()

Element(Element)

«property» Vertices() : Vertex[]
Element(string)

«property» VertexCount() : int

+ «property» ID() : string

B

SpatialReference

patialReference()
patialReference(string)
property» ID() : string
quals(Object) : bool

«property» ID() : string
GetVertex(int) : Vertex
AddVertex(Vertex) : void
«property» FaceCount() : int
AddFace(int) : void
GetFaceVertexindices(int) : int[]
Equals(Object) : bool

+ 4+ o+ o+ o+ o+ o+

+ 4+ + + + + + o+

+ S

+ S

+ «

+ E

Vertex

Vertex()
Vertex(double, double, double)
Vertex(Vertex)

«property» x() : double
«property» y() : double
«property» z() : double
Equals(Object) : bool
ToString() : string

Figure 7 Implementation of the ElementSet and related classes
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3.2.6 TheLink class

Figure 8 illustrates the implementation of the Link. The arguments in the constructor list the Source
information, than the Target information, then the ID and Description and finally an array list of

via a get method only.

cd Link /

«interface»
org.OpenMI.Standard::ILink

«property» ID() : string

«property» Description() : string

«property» DataOperationsCount() : int
GetDataOperation(int) : IDataOperation

«property» TargetQuantity() : IQuantity

«property» TargetElementSet() : IElementSet
«property» SourceElementSet() : IElementSet
«property» SourceComponent() : ILinkableComponent
«property» SourceQuantity() : IQuantity

«property» TargetComponent() : ILinkableComponent

+ 4+ + o+

oo T

Link

Link()

Link(ILink)

Link(LinkableComponent, IElementSet, IQuantity, ILinkableComponent, IElementSet, IQuantity, string, string, ArrayList)
Link(LinkableComponent, IElementSet, IQuantity, ILinkableComponent, IElementSet, IQuantity, string)
«property» ID() : string

«property» Description() : string

«property» SourceComponent() : ILinkableComponent

«property» SourceQuantity() : IQuantity

«property» SourceElementSet() : IElementSet

«property» TargetComponent() : ILinkableComponent

«property» TargetQuantity() : IQuantity

«property» TargetElementSet() : IElementSet

«property» DataOperationsCount() : int

AddDataOperation(IDataOperation) : void

GetDataOperation(int) : IDataOperation

Equals(object) : bool

+ o+ F o+ F o+ o+

Figure 8 Implementation of the Link

3.2.7 The LinkableComponent class
Figure 9 illustrates the implementation of the LinkableComponent. Note that the |Publisher interface is

a get method only.
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cd LinkableComponent/

«interface»
org.OpenMI.Standard::IPublisher

Subscribe(lListener, EventType) : void
UnSubscribe(lListener, EventType) : void
SendEvent(Event) : void
GetPublishedEventTypeCount() : int
GetPublishedEventType(int) : EventType

+ + + + o+

«interface»
org.OpenMI.Standard::ILinkableComponent

T I T T T R T T T

Initialize (IArgument) : void

«property» ComponentID() : string

«property» ComponentDescription() : string
«property» ModellD() : string

«property» ModelDescription() : string
«property» InputExchangeltemCount() : int
GetlnputExchangeltem(int) : lInputExchangeltem
«property» OutputExchangeltemCount() : int
GetOutputExchangeltem(int) : IOutputExchangeltem
«property» TimeHorizon() : ITimeSpan
AddLink(ILink) : void

RemoveLink(string) : void

Validate() : string

Prepare() : void

GetValues(ITime, string) : ValueSet

«property» EarliestinputTime() : [TimeStamp
Dispose() : void

Finish() : void

MarshalByRefObject
LinkableComponent

T I T S S S A R TR T T T T T R T T S S S S TS S R R

Prepare() : void

GetValues(ITime, string) : ValueSet
AddLink(ILink) : void

RemovelLink(string) : void

GetAcceptingLinks() : ILinK]

GetProvidingLinks() : ILink]

«property» LinkCount() : int

GetLink(string) : ILink

Subscribe(IListener, EventType) : void
UnSubscribe(IListener, EventType) : void
SendEvent(IEvent) : void
GetPublishedEventType(int) : EventType
GetPublishedEventTypeCount() : int
Equals(Object) : bool

Dispose() : void

GetlnputExchangeltem(int) : llnputExchangeltem
«property» ComponentDescription() : string
Validate() : string

«property» InputExchangeltemCount() : int
«property» TimeHorizon() : ITimeSpan

«property» EarliestinputTime() : [TimeStamp
«property» ComponentiD() : string
GetOutputExchangeltem(int) : IOutputExchangeltem
AddInputExchangeltem(linputExchangeltem) : void
AddOutputExchangeltem(IOutputExchangeltem) : void
Initialize IArgument) : void

«property» ModelDescription() : string

«property» ModellD() : string

«property» OutputExchangeltemCount() : int
Finish() : void

ToString() : string

HasListeners() : bool

Figure 9 Implementation of the LinkableComponent
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3.2.8 Events and exceptions

Figure 10 illustrates the current implementation of the Event class.

cd Event /

«interface»
org.OpenMI.Standard::IEvent

+ 4+ + + o+

«property» Type() : EventType

«property» Description() : string
«property» Sender() : ILinkableComponent
«property» SimulationTime() : [Time Stamp
GetAttribute(string) : object

B

Event

+ o+ o+ + o+ o+ o+

Event()

Event(EventType)

«property» Type() : EventType

«property» Sender() : ILinkableComponent
«property» SimulationTime() : ITimeStamp|
«property» Description() : string
SetAttribute(string, object) : void
GetAttribute(string) : object

Equals(Object) : bool

Figure 10 Implementation of the Event class

3.2.9 Exchange items

Figure 11 shows the implementation of the different types of exchange items. Exchange items are
combinations of a quantity and an element set.
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cd Exchangeltem

«interface»
org.OpenMI.Standard::IExchangeltem

+ «property» Quantity() : IQuantity
+ «property» ElementSet() : IElementSet

A

«interface» «interface»

org.OpenMI.Standard:linputExchangeltem org.OpenMI.Standard::IOutputExchangeltem

+ «property» DataOperationCount() : int
+ GetDataOperation(int) : IDataOperation

Exchangeltem

Exchangeltem()

«property» Quantity() : IQuantity
«property» ElementSet() : IElementSet
Equals(object) : bool

I I

InputExchangeltem OutputExchangeltem

+ 4+ + +

B

+ InputExchangeltem()
OutputExchangeltem()

«property» DataOperationCount() : int
GetDataOperation(int) : IDataOperation
«property» DataOperations() : ArrayList
AddDataOperation(IDataOperation) : void

+ + + + +

Figure 11 Implementation of the exchange items

3.2.10 Other interfaces

A number of interfaces will not be provided with a separate default implementation as they typically will
be specific to the purpose of use. These include the |DiscreteTimes, IListener and |Publisher
interfaces.

3.3 Dynamic view

The org.OpenMI.Backbone package contains no business logic by them selves. The classes are
utilized in other packages. Hence, dynamic aspects are explained in the technical documentation of
these packages.

Table 1 provides an overview of the exceptions generated by classes in the
org.OpenMI.Backbone package.
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Table 1 Overview of exceptions generated by org.OpenMI.Backbone

Class Method Exception

ElementSet +GetElementIndex Element with ID ... not found.

3.4 Implementation remarks

3.4.1 C#-implementation
The C#-implementation is characterized by the usage of the following .NET features
e The LinkableComponent is implemented as a MarshallByRefObject.
e The TimeStamp class is implemented using the IComparable interface
e The Exception class is derived from System.Exception
.

The correct implementation of all methods has been tested using dedicated unit tests in combination
with the NUnit framework for testing.

3.4.2 Java-implementation

The Java-implementation is still in development. No implementation details are available yet.
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