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Learning Outcomes: MBE Discipline

Relate Model-Based .
Engineering as an f

. . . . = ’_\Specify{_'
engineering discipline. [ oy

m Discussion of Milestone 3

m Finish Class Project Exercise
= Example: DRACO

m Context for Software Factories
m Key Software Factory Concepts
m Short Microsoft SF Example
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Exercise: Reflect on Class Project

Describe how Milestone 3 O
Environment Automates
Software Development. O

m What are the assembling steps?

m What are the transformational
steps?

m Is the domain language a separate
concern?

= Draw a diagram of how it works?

QROSE-HULMAN Q1
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Early Generative Reuse System

DRACO - Jim Neighbors (1984)

m Programs are written in
domain-specific languages

m Optimize DSL programs
(because the domain
abstractions are visible)

m Translate DSL to another,
lower-level abstraction DSL
and do the same

m Process repeats until you
get to machine code

Unoptimize
DSL
progra

Optimized
DSL
progra

Optimized
DSL
progra

Optimized
DSL
progra
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DRACO Perspective of Programming

: ” Generative
saL Domain-Speci ic Language Programming
select |@” (e.g., set theoretic data language)
statement &
\l/ Inefficient Efficient

relational relational S Code
Parser %> algebra [ Optimizer}::> algebra Generator

efficient
program

expression K expression {}

Automatic Programming
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DRACO View of Query Optimization

m Generative Programming
occurs when mapping

between levels of
abstraction

Automatic Programming
occurs when optimizing
(or refining/transforming)

within a level of

abstraction is done

automatically

Unoptimized
Algebra
Expression

Unoptimized
program

Optimized
Algebra
Expression

code

ptimizer

Optimized
Java
class file
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MBSE Requires Advances in:

m Generative Programming (GP)
0 Understand domain well enough to generate software

0 Programs that synthesize other programs
= Metaprogramming, skeleton communities

m Domain-Specific Languages (DSLs)
0 Elevate program specifications to compact domain-
specific notations that are easier to write & maintain

m Automatic Programming
O Culmination of GP and DSLs
0 Generate efficient programs from declarative specs
0 Precursor to Model-Based Software Engineering
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A Case for Automated Programming

m Structure of matter is fundamental to
chemistry and physics

m Structure of material is fundamental to
engineers

m Structure of software is fundamental to
software engineering

0 structure = modules and their composition

m Structure of software not well-understood

O Software design, which is a process to define the
structure of an application, is an art form

1 We need a science of design for software
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I iSo Did the Database People Get it?

Coop, E. F.
A relational model of data for large shared data
banks. Comm. ACM 13, 6 (June 1970), 377-387. .
In this article, the author discusses the advantages of | N Ope - LOO k at the Com p utl n g

using a relational rather than a network model for rep-

resentiqg data in a data management system. It is his S u rveyS ReVieW Of COd d ’ S
contention that such a model would provide greater 1 970 sem i n al pa pe ron the

independence of the data from application programs

and would provide a means of making consistency i

checks on facts in the database. Re I atl ona I M Od e I e
The author describes a convention under which most

data structures can be represented as sets of relations.

He then describes how some of the common set opera- it?

tions correspond to database operations. - Do yo u g et It -
While the relational model is not a new one, this

paper probably contains its most rigorous and elegant

statement and, as such, represents a valuable contribu- r Th i S i S a race an d my I eg i S

tion to the theory of data processing,

However, it would appear to this reviewer that the runn i n g NOW...
model is of more theoretical than practical interest.
While the relational model does indeed eliminate some 1 Your |eg iIS comin g u pl

data dependencies (e.g., ordering dependence) it does so
by eliminating the practical advantages of ordering.
While it does provide a mechanism for automatically
making some data checks, these checks would often be
so computationally painful that they would be of little
practical value.

R W. Elliott, College Station, Texas
#20,780 March 1971
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Looking at the details ....

’ | e
CHECK ITOUT-A THE TIP OF THIS LETS LOOK AT MINUTES LATER
POCKET MICROSCOPE.! PEMCIL \S MEAT, THE SKIN UNDER
OUR FINGERNAILS!
OOH' LETS TI""S Q‘MER IS

(OOK AT STUFF! REALLY SCRATCHED,

ﬁ%@@
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Key Original Papers

m Automatic Programming

Robert Balzer. A 15-year Perspective on Automatic Programming.
IEEE Transactions on Software Engineering, 11(11):1257-1268,
November 1985.

David R. Barstow. Domain-Specific Automatic Programming. IEEE

Transactions on Software Engineering, 11(11):1321-1336, November
1985.

Charles Rich and Richard C. Waters. Automatic Programming: Myths
and Prospects. IEEE Computer, 21(8):40-51, August 1988.

Automated Planning

Keith Golden. A Domain Description Language for Data Processing.
Proc. of the International Conf. on Automated Planning and
Scheduling, 2003.

M. Stickel et al. Deductive Composition of Astronomical Software from
Subroutine Libraries. Proc. of the International Conf. on Automated
Deduction, 1994.
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If you automated software
production, what would the factory

contain?

m Think for 15 seconds...
m Let’s talk...

ROSE-HULMAN Q4
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Recall: Modeling Concepts

describes

relevant 0

v

A

concepts of specified
Domain |. | Meta Model O—> Abstract -"l-)-a-s,fc-l-c-)P ...... Static
<>_ Syntax Semantics
- TR 3 A
E Subdomain E E 6
i i _______________________ Concrete <—<> DSL
i <<instanceof>> E E Syntax
i i specified based on E |
e ) <<synonym>>
Formal gets meaning from ] Modeling
---------------------------------------------------------- Semantics
Model Language
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Recall: Platform Concepts

Domain

supports
B

Plattform

%

based on

? T 0.*

<<abstract>>
Building
Block

{open}

Middleware

Library

Framework

Component

Aspect
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Recall Transformations

Source

<<abstract>>
Platform > Formal
Platform |[€------------- dioms [~ Trans.for- Model
. mation
A A4 o fA I N
i i . I Meta € E Target i
: le e e cccccceceeemeemme—e—e- . R Source Model <<instanceof>> '
' : <> s, Meta Model f :
: : Model2Plat- | Target Meta :
E ' form Transform | ! Mcl’de' E
Non-generated : Model2Model
Artifact : ' Transform :
E Target E E
O : 1. : o
L A 4 ' gets meaning !
: from '
<<role>> Generated ' . '
0.* SRR teeeeicccoop Semantics  ge----eeeaeea-
Product <> |  Artifact | Semantics [«
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Recall: Software System Product Lines

Product Line

¢ A

Transfor-
mation

describes

relevant

b= b

concepts of 1 supports

may support .
................ Software N TEETTE Dornam <> »| Platform
System Family Architeture Runtime
System T
A 4 1.* ?
<<role>> <
Product <>
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Generative Programming Concepts

<<gp>>
Problem Space

<<synonym>>

<<gp>>
Configuration
Knowledge

<<gp>>
Solution Space

<<synonym>>

describes
relevant
. concepts of
Domain {-----------1 Meta Model
A
<<instanceof>> |
Static <<respects>> Formal
Semantics Model
Model2Platform
Platform \—D

Transformation

{open}

<<gp>>
Feature
Model

<<gp>>
Specification

ROSE-H

ULMAN
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More GP Concepts

4 Guidance, Complexity,
Efficiency Flexibility P

Routine Creative

Configuration Construction

Configuration Feature-Model Graph-Like

Parameters Based Languages
Configuration

Property Files

Tabular
Configurations

Wizards

m Platform consists of maximally combinable and
minimally redundant components

m GP is often routine configuration as opposed to
creative construction
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Software Factories

m 1990’s Software Factories emerged as the
new automated programming

m Faced an untrained community coupled with
limitations in computing capabilities

0 The Virtual Software Factory
0 Software Templates

O Software Refinery

m Devolved into IDEs configured for efficient
development of Domain applications
(led by Microsoft these days)

OOOOOOOOOOOOOOOOOOOOO



Software Factories Schema

m Schema defines viewpoints for modeling and
building a system (e.g., enterprise system):
O Presentation, form layout and workflow
0 Component structure and business data model
0 Persistence mapping, Deployment, ...

m Schema identifies core artifacts as well as the
most efficient way of producing them
0 DSLs, frameworks, patterns, manual programming

m Schema identifies commonalities and
differences among applications in the domain

ROSE-HULMAN Q7
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Software Factories Templates

m Makes the Schema usable

m Load SF Template into IDE to
configure it for specific domain

0 Provides the necessary
frameworks or libraries

0 Contributes project types suitable
for the factory

0 Delivers build scripts

0 Extends IDE with DSL editors and
transformations
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MS DSL Tools Example

IRAEERAA™ N I NS R ALK SR A= oo v Mixed platforms v [#% i
Toobox w IL X | UIPChartl.uipc*| $ X | Properties v 1 x
= UIP Chart i TransitionLink v
'R Pointer | | :

B Page ' ;
/ Transition i
-/ General Browse
R Pointer

————— B
Continue
|
!
| |
i
|
| BasketDetails
PurchasePreduct
!
1
1
:
| I, CheckoutDetails
Checkout Misc
Quiput v I % | properti... |5 Solution... |

(R( >SE'HU|.Mﬂ“ Source: http://galilee.microsoft.fr/(ncqibzbvkp2ezr45aevbcqjk)/
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Defining a Metamode

-

Toolbox ~ B X " ReseaudePetri.dd 'R jePetri.dmd | s x | Solution Explorer - Solution ‘ReseaudePetri' (3 projects) ~ & X
-/ Domain Mo... ] v dlegh PR

h S [ Resources m
= Class \#d BBLinkBitmap.bmp

& Value Prop... '#d JetonshapeBitmap.bmp

% Embedding

# PlaceshapeBitmap.bmp

$9 TransitionShapeBitmap.bmp
= [ Shell

#] Commandset.cs

#] DesignerCallbacks.cs

EditorFactory.mdfddt

#) Guids.cs

] PkaCmdID.cs
ReseaudePetriDocData. mdfddt
] ReseaudePetriDocView.cs
#) ReseaudePetriPackage.cs
ReseaudePetriPropertyDescriptionRedirectol
Elts = [y Templates
@ o
=) ReseaudePetri_cs.vstemplate

ReFerencedEw ...... =] ReseaudePetri_vb.vstemplate
ReseaudePetri.dd
DesignerUI
—{ Jeton ) = (5 ObjectModel
=

/=] Properties
#  [:3] References
5y app.config

Jet E‘
eton W =] ObjectModelExtras. mdfomt

[ Prebuild.bat

i Transition fed ReseaudePetri.dmd
T W """ =) ReseaudePetri.dmd.mdfomt
&

ReseaudePetri.Resource.resx L
v

_i <] I

H TPlace @ Solution Explorer ‘ (5% Class view ‘

. W 77777 Properties a x

% Reference
fe Inheritance
|-/ General
R Pointer

Y

1l

Place

S8

-

- Enumerations.mdfomt File Properties
A R [ |
Qutput
Show output from: Build LR &L | S = fdvanced
Build Action None
ToolWindow: Example. ReseaudePetri.Designer. ReseaudePetriModelExplorer, {cSbdd4cf5-1704-4ca?-95b70-8b346a763781}) ~ N
N . Copy to Output Directory False
Editor Extension: .rdp, {aZ%fabSe-£fa92-458Z-8450-8cd79Zd85bab} .
) . Custom Tool DmdFileCodeGenerator
LoadKey: ReseaudePetriPackageNane
Version 1.0.0.0 Custom Tool Namespace
Edition Required: Standard
Enumerations.mdfomt
SUCCEEDED: Example. ReseaudePetri.Designer

== Build: 1 succeeded, 0 failed, Z up-to-date, 0 skipped ==========

'(] 1l ‘ [’E

(ROSE.HULMﬂ“ Source: http://galilee.microsoft.fr/(ncqibzbvkp2ezrd5aevbcqjk)/
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Graphical Model Editor

)’JF Edt Yiew Window e
Menubar JidREX| D2 44 BESSBAMPMED| 7 || conponents:
Toolbar ~~ ' & |EEIEET . 5
W| T Namafsriem  [Compond  AupectfSoncFiowaspe¥] Bace R e wnaaron] ]
Modebar~_ {Bionch =
™~ = % SF Exanple o Model
. 2 G Folde Browser
< = B System
&) — =il PostProcessng /
= O T W
S ¢ ] A
4 4 = Y PraProcss
PreProcessing Processing PostProcessing @ 0w "
= 8 Piocessing
= * 7.
- T Name [Frocesmg [Compound Aspect] SignaFlowhspe ¥ | Base: [N/A %, Fieq
Model i % In
Editing — | 3 Tere
Windows
Branch1 Attribute
Browser
= 1 Pwﬂﬂ I~ for Kind /////
] V] ﬂﬁﬂﬂlmhmudﬁwﬁhl /
Partbrowser | InputSignals OutputSignals ot c”o',;c“,,,,m
\ 4| CompoundParts PrimitiveParts
Statusbar ' =
\ Paomeinispect SgnaFiowispect
EDIT [100% (572000 [11:39 AM 2

Ready
ROSE-HULMAN
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GME: Modeling based on previously

defined MM

; T Name: |NetDiagram {NetDiagram Aspect:l Connectivity _v_l Base: [N/A
N —

-

®| mailhost —@

4 (7

£ E' Extranet

MMW

=

> .
S A

— 3

Internet

novell @7

accounting %. Intranet

engineering

inetgwy

&3

Host MNetwork

' | Connectivity l

2

Router

Aggregate llnheritance] Meta |

INetDiagram

Sl

= %* mynetwork
-4l NetDiagram

INetDiagram

Altributes I Preferences | Properties |
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GME: OCL Constraint Validation

W T Name:|SF2000 |ParadigmSheet Aspect|Constiaints | Base: [N/A
Q 4 IAlLealeneParl I forKind
& Folder Processing T IP‘ e‘eremesl Prope rtiesl
==Folder=» ==zpModel==
b Description: Compounds must have parts
Q Default parameters
E quation: self.parts()->size > 0
&)
Primitive Compound
<<hodel=> =<Model>=
Firing - enum AtLeastOnePart
Script: field
Priority . field Priority (1=High) 2
Depth 1
On close model False
0 False
0 : False
On new child False
Signal DataflowConn On lost child False
<<Atom=> <=Connection=» On move False
|_\'1 |jr-t!i'v‘r-‘ F“I Se
On connect False
On disconnect False
ParameterConn On change attribute False
==Connection== On change property False
(On change assoc. False
On refer False
On unrefer False
I Oninclude inset  False
InputSignal OutputSignal On exclude from set |False
z<zAtom== <<Atom==
<« I
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Homework and Milestone Reminders

m Milestone 3: Light-Weight Transformation
Environment (see Milestone 3 assignment)

1 Due by 11:55pm, Thursday, May 12th, 2011.

m Milestone 4: Final MBSE Environment (see
Milestone 4 assignment)

0 Due by 11:55pm, Friday, May 13t", 2011.
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