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Model-Driven Development

Definitions, Challenges, Promisesé¢é
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Talking Points

< What is Model-Driven Development?

< What is Difficult with Real-time & Embedded Systems?
< Why does MDDE often Fail?
< What enabl es MDDE?

< Comments on Various MDD Enablers

< What is MARTEE?

< When will MDDE Succeed?

< Concluding Remarks and Hand-over to the MARTE Examples Talk.
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What is a Model?

< Noun: from Latin modellus, diminutive form of modulus 6 s ma | | me as u

< Asimplified representation (usually mathematical) used to explain the
workings of a real world system or event.

T A"The ¢ omputnmodel ddeat tolreetly predict the path of the
hurricane. O

< The structural design of a complex system.
T "The team developed a sound busi ne:c
< A praiseworthy example to be copied, with or without modifications

T ABritish parliamentary democracy we
countries to foll owbo
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What is Development?
< Noun: development[2]
< The application of new ideas to practical problems

T "Our devel opment department has pr
year . 0O

< The active placement of the pieces, or the process of achieving it

T A" White's development is good, but I
pawn on e5. 0

< QED: An active process of problem-solving via analysis and synthesis of
alternativeseé
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< The nsolatonindd of compl ex systems from N\
and more abstract than are those synthesized systems

What is Model-Driven Development?

T Models which are larger and more complex than their solutions
suggests something has gone wrong!

< The solving of problems using Models pervasively and using Models as the
iInputs to parameterized implementation generators

< Development Methodologies which regard Models as the Intellectual
Property

1 Rather than those which (or who) regard the output artifacts as
irreplaceable
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Why is Real-Time and Embedded Development Different?
< Solutions are constrained by Time, Space, Cost, and Access
< Consequences of failure include

Loss of Revenue

Loss of Systems

Loss of Life

< Verification by Inspection, Demonstration, or Test can be impractical

1 Leaving just Verification by Analysis
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Why does Model-Driven Development Fail?
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Models are Incomplete
Models are Inconsistent
Models are Ambiguous
Models are Incomprehensible
Models are Unsharable
Models are Unverifiable
Models Ignore Multiform Time

Models lack Quantitative and
Qualitative Metrics

Model Development is too arduous

<

<

B

=)

Model Development is too slow

Graphical Grammars are no mored
or are lessd expressive than Text

Modeling Tool User Interfaces are
User Hostile

Modeling Tools are Buggy
Good Modeling is Subjective

Models are Cohesive, Coupled,
Complex, Rigid, and Fragile

T Like the epitome
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What Enables Model-Driven Development?

< Standardized Methodologies <
1 Collections of Methods and <
Processes
<
1 Objective Metrics -
< Standardized Syntax, Notations,
Symbols
<
< Standardized Semantics
<
< A"Model s of Compuil
<
< Multiform Time
<

< Formal Methods

Interfaces, Design by Contract
Variation and Sensitivity Analysis
Tradeoffs Analysis

Provers and Solvers
Collaboration

Isolated Modeling

Change Management

Workflow Integration

Design for Test
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< Number of Requirements? Use Cases? Classes? SysML Blocks?

Quantitative Model Metrics

1 5 are too few, 100,000 are too manyd but are 500 just right?
< Number of Diagrams?
< Number of Steps per Interaction Diagram?
< Number of Packages?
< Number of elements per Package?

< Number of Associations?

< Currently, No Set of Objective, Quantitative Metrics
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Qualitative Model Metrics
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Requirements have been Refined? Derived? Satisfied? Verified?
Use Cases have Interaction Diagrams?

Model has a Package Structure supporting IPTs? Collaboration? Component
Sharing? Multiple Programming Languages?

AEvil Twinso are not Present?
Diagrams have White Space? Are Pretty? Have Comments?
Model has internal Documentation?

Model uses Design Patterns?

Model expresses Tradeoffs and Rationales?

Model is Executable? Verifiable? Reusable?

Currently, No Set of Objective, Qualitative Metrics
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Standardized Symbols and Notations

<

<

<

Alphabets and Grammars (but not Sentences)
Mathematical Expressions

Mathematical and Logical Symbols

Set Theory

Predicate Calculus

Query and Constraint Languages
Domain-specific Engineering Notations

1 Control, SCADA, HVAC, Electrical, Building, UML, MARTEE

Standardized Symbols Facilitate Comprehension
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Domain-Specific Modeling

< Specific versus General Modeling

< Ideally More Abstract and More Expressive
< Offers Reduction in Effort

< Stylized Icons

< Business Logic Constraint Enforcement

< Approachable in UMLE with

Stereotypes

Tag Definitions

1 Tool Behavior Modification via plugin Scripting
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Formal Methods
< Mathematically rigorous Techniques and Tools for
1 the Specification, Design and Verification of Software and Hardware[3]
< Systemic Usage yields Verifiable Systems Throughout Lifecycle
< Example Languages
I Esterel and Lustre
I Vienna Development Method i Specification Language (VDM-SL)
I  Temporal Logic of Actions (TLA+)
1 Z(ed)
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Interfaces and Contracts

< |Interfaces

Delegate Interactions

Separate Specification from
Implementation

Decouple Components
Enable Dynamic Substitution
Enables Mocking for Testing

Examples:
T Provided and Required Interfaces

I Abstract Classes

< Contracts

Express Preconditions and
Postconditions

Enable formal Verification

Exploitable throughout the
System Specification and
Implementation

< Contracts, written in Formal
Methods, are especially
powerful

Examples:
T Spark Ada
1 Eiffel
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Model Transformations

<

takes as input a model conforming to a given metamodel and produces as
output another model conforming to a given metamodel. € O n ef the
characteristics of a model transformation is that a transformation is also a
model[4]

Frequently only unidirectional

T Model-to-t ext or fnCode Generationbo
Powerful when bidirectional

1 Traceable and Reversible

1 E.g. Triple Graph Grammars
Automated Transformations

1 Replace lengthy, error-prone manual transformations

1 E.g. the Eclipse ATLAS Transformation Language (ATL)
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Model to Text Transformations
< Traditionally: nNnCode Generationo
< Also: Document Generation, Testcase Generation, XMI, etc.
< Typical Methods
T Model (s) YYXMDY X3LYY Formatted Output
T XMIY ATL Y YXMSLT Y Formatted Output
T Model(s) Y Qu e rGonfijurable ProceduresY F o r m®uttgute d
T Model(s)Y Qu e rPararYeterized TemplatesY F o r m®utgute d
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Design Patterns
< A general, repeatable < Creational T Mediator
I T T b
solution to a commonly ' Factory f :t e
. . T Sinal | ate
occurring problem in | sngeon _
ft d : . < Structural I Strategy
softwared esi gne \ adapter ' Tempiae
Metho
< Not a finished design that T Decorator © Visitor
can be transformed directly j EaGade < Concurrency
intoc ode é -y i Active Object
< Behavioral T Scheduler
< A description or template for T Broker  thread Poo
how to solve a problem that T Chain of

: R ibilit
can be used in many esponsibility

different situations.[5]

1T Command

1 lterator
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Models of Computation

< Offer Design Patterns of < Component Interaction
Component Interaction[6] T e.g. CORBA

< Express Semantics of < Communicating Sequential
Concurrency and Time Processes

< Often Derived from Formal 1 E.g. Hoare, Occam

Mathematics < Discrete-Event

< No panacea iMoCo

1 Foreach iMoCo

1 Useful when Circumstances are
Suitable

1 E.g. Digital Hardware Simulation
< Synchronous Dataflow

T E.g. Streams and Signal Processing

< Synchronous/Reactive
1 E.g. Esterel/Lustre
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Collaboration and Isolation

< Engineering Activities are either
1 Collaborative
1 Isolated
< Collaborative when
1 Brainstorming, Sharing, Presenting, Concurrent
1 E.g. Systems Engineering
< Isolated when
T Rapidly Prototyping, Refactoring, Analyzing, Verifying, Serialized
1 E.g. Software Engineering
< MDD Methodologies and Tools must Enable both forms of Engineering

1T But mo s t donot é

© 2008 Artisan Software Tools Ltd. All rights reserved. 15 June 2008 OMG::Washington, DC::VanZandt



/7 artisan

your model for success

Collaboration and Workflow

< Common, Referentially Consistent nAnDat a
< Automatic Publication of

T Who Changed What

T Why and When

T Inthe larger Context
< Management of Such Change

T Historical Variations

1 Differencing

T Reversion Ability

< Individual-centric Models and Manual Change Propagation impede MDD

© 2008 Artisan Software Tools Ltd. All rights reserved. 15 June 2008 OMG::Washington, DC::VanZandt



