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Learning Outcomes: Metamodels

Design a metamodel for a M3 level
Meta-metamodel
model-based software *
sys tem, E mnstance-of
M2 level
. . M del
= Case Study Discussion eta;m i
= Looking closer at Mapping e
= Introduce Object M1 level
. User-defined model
Constraint Language (OCL) x
m Action Semantics (if time) et
m Introduce Domain MO level

Object diagram

Engineering
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Case Study/Homework:

“UML 2: A model-driven
development tool”
by Bran Selic

= What are the alternatives?

= How hard are they to
implement?

m |s there support from the
community?
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l i What is the difference between
conventional Software Engineering
and Model Based Software
Engineering?

m Again, think for 15 seconds...
m Let’s talk...
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Conventional and MBSE

Conventional
Software Engineering

Model-Based Engineering

Requirements Analysis

Produces requirements for one
system

Domain Analysis

Produces reusable,
configurable requirements for a
class of systems

System Design
Produces design of one system

Design

Produces reusable design for a
class of systems and a
production plan

System Implementation

Produces system
implementation

Implementation

Produces reusable
components, infrastructure and
production process
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Abstraction Gaps Bain of Mapping

Middleware Abstraction

with Framework
— Generators

3GL with Middleware

| l Level of

\4

3GL with Operating System

\4

Machine Code with Operating System

Abstraction Gap

Machine Code
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Abstraction or Refinement?

m  Mapping techniques between two
metamodels often formulate

1. An abstraction (leading to more abstract
metamodels) or

2. A refinement (leading to more detailed
metamodels)

m Hence, one metamodel is sometimes called
an abstraction or a refinement of the other
0 When do we call a mapping a refinement?
O When do we call it an abstraction?
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efinitions: Refinement
m Let A and B be two metamodels

m B is said to be a refinement of A if
a "reasonable"” (semantic-preserving)

“surjective” mapping technique
(or mapping in the algebraic sense)

from A to B cannot be provided
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Refinement Mapping

required
annotation
models

aspect #1.1

space for
additional

source metamodel #1 detail

mapping

mapping
result space

target metamodel
aspect #n.1

required
annotation

source metamodel #n models
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efinitions: Abstraction

m Let A and B be two metamodels

m B is said to be an abstraction of A if

a "reasonable"” (semantic-preserving)
surjective and non-injective mapping technique
(or mapping in the algebraic sense)

from A to B can be provided
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Mapping Models

instance _of

1 +describes Platform

0..1

Model Metamodel

n 1..n
+source +target +source +target

Mapping application_of Technlque

Multiple mappings may be applied successively in a chain
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Models, Metamodels, & Platform Stack

v instance _of 1 P +describes o 1n
1..n 0..1
\ Sta n d 3 rd S implemented_with

Standards: Standard: -CORBA ™™= 1.
- UML - MOF -J2EE PlatformRealization
- standardized - .NET

UML profiles - Linux
- XMI - Windows
B Programming PrimitiveRealization ComposedRealization

Languages
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Formal: Mapping Techniques

+source

0..n +targetMappingTechnique

0..n +sourceMappingTechnique

conforms_to 0.1
Model Metamodel
+abstractSyntax
+representingModel | 0..n 1..n
Example: UML Profile
renders
MappingTechnique
+representedModel | 0..1 1
conforms_to 0.1
Model Metamodel
+abstractSyntax

+target
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Annotations for Specific

Mapping Techniques

*sourceMapping +targetMapping application_of

Mapping

*model +abstractSyntax +metamodel
conforms_to 0.1
Model - Metamodel
+target 1 +source +arget TSouree
1..n 1 1.n
0 +sourceMappingTechnique : :
-N0..n 0..n 0..n +targetMappingTechnique

1
MappingTechnique

+requiringMapping +providingMapping

+requiredAnnotation +providedAnnotation

Annotation instance_of

+mappingTechnique

+requiringMappingTechnique

Example: Record of
the transformation

+re quiredAnnotationModel

+providingMappingTechnique

+providedAnnotationModel

AnnotationModel

0..n
+annotation

+annotationModel
0.*

+annotationModel
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“Analysis” is to “Design”
as “Domain” is to

m Again, think for 15 seconds...
m Let’s talk...
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Where is Domain Engineering?

Investment ‘

Feedback

Payback a

Domain Engineering

Application Engineering
Environment

4

Application*Engineering

Applications
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xample: Domain Context

= 1: Doman Model for Health Care Systemalnitial Yer son

2] 21%] SR ] Ol@|al# HE] 5] s ed2]=] B

Domain Mocdel for Health Care System v1
]
Patient Administration
| Y
— \.'g Resource Allocation
Location Tracking
1 v
O —— 3-4
User Interface

ROSE-HULMAN

INSTITUTE OF TECHNOLOGY




A

Example: Interactions in Domain

m 1: Sequence Diagram For Inetial Yersionandmit Patient

::] 2| S|z ] Bl@]al# H]n]] el ]z B

Al
Statements <Boundany> User Interface Patient Administration Resource Allocation

1 :Ad lects ad ‘ > |
:Admin ==lecls admt padient - admil patient 12:menu ilem selecled % :
2 : erface interprets request E 2 admt ’:;_J_njarll’E 3:assi9n bed 3 allocate resource E
3 : Suitable bed requested . ' =
B . Sepafiert sdmitted: 4 bed assigred  d:1esource alocated |
§ . Confirm admission 60K v display dialog ' '

G . Inmerface displays "OK < ' ' i
7 Aumission logged E . ¢} log ncident E
d :olse ' 8o bads B resource unarsilable:
9 . Rgect admission 10:no beds :ll dsplay dslogy 9o hcdse E
10: Kerface displays ‘Mo Bads” @€ 1 ' '
11 . endif . - '
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Homework and Milestone Reminders

m Read Chapter 7 on MDSD Capable Target
Architectures
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