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eXecutableeXecutable UML Modeling: SummaryUML Modeling: Summary

eXecutableeXecutable UMLUML
ModelingModeling

•• xUML models are a complete representation xUML models are a complete representation 
of the application space (not  a topof the application space (not  a top--level or level or 
preliminary design)preliminary design)

•• Modeling is performed using a Unified Modeling is performed using a Unified 
Modeling Language (UML) representationModeling Language (UML) representation

•• Modeling makes use of a precise Action Modeling makes use of a precise Action 
Specification Language (ASL) and is Specification Language (ASL) and is 
therefore executable (providing early therefore executable (providing early 
validation of the models)validation of the models)

•• Each xUML model is a Platform Independent Each xUML model is a Platform Independent 
Model (PIM), or completely implementationModel (PIM), or completely implementation--
independent (i.e. independent of the independent (i.e. independent of the 
hardware platform, the software execution hardware platform, the software execution 
platform, and the application software platform, and the application software 
interface)interface)
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Source Code Files...
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...
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xUML Models

...

...

Application Software Interface Definition

Software Execution
Platform Specific
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Platform Specific

Language
Specific
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Design Tagging: SummaryDesign Tagging: Summary

•• Whereas xUML modeling is implementationWhereas xUML modeling is implementation--
independent, Design Tagging is independent, Design Tagging is implemenimplemen--
tationtation--dependent (i.e. specific to a particular dependent (i.e. specific to a particular 
Application Software Interface)Application Software Interface)

•• ImplementationImplementation--specific design decisions specific design decisions 
(only those needed to support code (only those needed to support code 
generation) are made during Design generation) are made during Design 
Tagging, and are represented with design Tagging, and are represented with design 
tag values that are applied to the xUML tag values that are applied to the xUML 
modelsmodels

•• The most standard implementation is always The most standard implementation is always 
assumed by the code generator, such that assumed by the code generator, such that 
only exceptions must be taggedonly exceptions must be tagged

•• Design Tagging is overlaid on (not Design Tagging is overlaid on (not 
embedded in) the xUML models, such that it embedded in) the xUML models, such that it 
may be included or excludedmay be included or excluded

Platform SpecificPlatform Specific
MappingMapping

(Design Tagging)(Design Tagging)
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When we say that “xUML models are executable” we mean that
“executable code can be automatically generated from them”
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Step 2:Step 2: Populate instancesPopulate instances
of of Model of ImplementationModel of Implementation

with with populated xUMLpopulated xUML
Metamodel Metamodel instancesinstances

Code Generation:Code Generation:
Generation ofGeneration of
Source CodeSource Code

for Targetfor Target
(Embedded)(Embedded)

PlatformPlatform
(e.g. (e.g. AdaAda/C++ Code)/C++ Code)
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The Code Generator includes all implementationThe Code Generator includes all implementation--dependent detailsdependent details
(those dependent upon the Application Software Interface (those dependent upon the Application Software Interface –– specific to the specific to the 
Hardware, the Software Execution Platform, the Implementation LaHardware, the Software Execution Platform, the Implementation Language)nguage)
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Automatic Code Generation: Code Generator DevelopmentAutomatic Code Generation: Code Generator Development

Code Generator Development:

● The Configurable Code
Generator may be adapted
to the meet the requirements
of any Platform Specific
Implementation (i.e. of any
Application Software Interface)

● Code Generator and
Application Software develop-
ment may be performed
concurrently
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Automatic Code Generation: SummaryAutomatic Code Generation: Summary

•• Automatic code generation is simply an Automatic code generation is simply an 
extension of the code generation technique extension of the code generation technique 
used for simulation of the used for simulation of the eXecutableeXecutable UML UML 
models on the development platform, this models on the development platform, this 
extension being for the target (embedded) extension being for the target (embedded) 
platformplatform

•• The code generator is developed within the The code generator is developed within the 
same environment as the application same environment as the application 
software using the same software using the same eXecutable eXecutable MDA MDA 
strategystrategy
−− Development cost: 1Development cost: 1--2 architects2 architects

•• Nearly all implementationNearly all implementation--specific design specific design 
tasks (all but the design decisions tasks (all but the design decisions 
represented by design tag values) are represented by design tag values) are 
performed by the code generator, not the performed by the code generator, not the 
software developerssoftware developers

Automatic
Code Generation
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Portable Application Software ProductsPortable Application Software Products

Source CodeSource Code
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Automatic Code Generator

Program SpecificProgram Specific
MappingMapping

(Design Tag Values)(Design Tag Values)

Source CodeSource Code

Application
Software
Interface

eXecutableeXecutable UMLUML
ModelsModels

The Portable ProductsThe Portable Products
(and therefore the Configured Products(and therefore the Configured Products
to be placed in an Enterpriseto be placed in an Enterprise--Level Level 
Software Reuse Library)Software Reuse Library)
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Advantages of the Advantages of the eXecutable eXecutable MDA ApproachMDA Approach

•• The majority of software developers are The majority of software developers are 
isolated from implementation details, isolated from implementation details, 
allowing them to focus on a thorough allowing them to focus on a thorough 
analysis of the application spaceanalysis of the application space

•• Maintenance of the application source code Maintenance of the application source code 
is eliminated, while maintenance of the xUML is eliminated, while maintenance of the xUML 
models is ensuredmodels is ensured

•• Defect injection (and the resulting rework) is Defect injection (and the resulting rework) is 
reduced by automating the software phase in reduced by automating the software phase in 
which most defects are injectedwhich most defects are injected
−− On a typical program, after Requirements On a typical program, after Requirements 

Definition approximately 2/3 of the Definition approximately 2/3 of the 
defects are injected during defects are injected during 
implementation (coding)implementation (coding)

Increased QualityIncreased Quality
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Advantages of the Advantages of the eXecutableeXecutable MDA ApproachMDA Approach

•• Rework is reducedRework is reduced
−− Early validation through simulation Early validation through simulation 

reduces reworkreduces rework
•• Increase in Increase in eXecutableeXecutable UML modeling UML modeling 

span time is more than offset by decrease span time is more than offset by decrease 
in Integration & Test span timein Integration & Test span time

−− Higher quality implementation (due to Higher quality implementation (due to 
automation) reduces reworkautomation) reduces rework

•• Software development span time is reduced Software development span time is reduced 
by automating the implementation phaseby automating the implementation phase
−− Application Software development Application Software development 

schedule is reduced by at least 20%schedule is reduced by at least 20%
−− The code generator, not each software The code generator, not each software 

developer, performs the majority of developer, performs the majority of 
implementationimplementation--specific design tasksspecific design tasks
•• 4040--60% of physical source code60% of physical source code

Increased ProductivityIncreased Productivity
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Advantages of the Advantages of the eXecutableeXecutable MDA ApproachMDA Approach

•• One Application Software xUML Model One Application Software xUML Model 
database may be reused (as is) on any database may be reused (as is) on any 
platform for which a code generator is platform for which a code generator is 
developeddeveloped
−− xUML models are compatible with any xUML models are compatible with any 

hardware platform, any Software hardware platform, any Software 
Execution Platform, and any Application Execution Platform, and any Application 
Software InterfaceSoftware Interface

−− xUML models are compatible with any xUML models are compatible with any 
implementation languageimplementation language

CrossCross--Platform CompatibilityPlatform Compatibility

The Goal of Cross-Platform Compatibility of Application Software
is Attainable with the eXecutable MDA Approach

The Goal of CrossThe Goal of Cross--Platform Compatibility of Application SoftwarePlatform Compatibility of Application Software
is Attainable with the is Attainable with the eXecutable eXecutable MDA ApproachMDA Approach
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