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Plan for Today

m FacePamphlet Demo

and Discussion
J)  You DONTKNOW

m Continue QVT and w;&;'éT;EL;KE_
introduce Eclipse 0): o
Modeling Project ﬂ i

= Examine

AT FIRST | LOVED A S/MPLE PLAN.
THEN | REALIZED, WITH CREEPING HORROR,
THAT THEY WERE SERIOVS.

Transformation
Systems (if time)

= Homework
Assignments
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‘ Eearning Outcomes: Transformations

Define transformation
rules for abstraction
and refinement.

m Describe QVT
transformations

m Explore Model to
Model transform

m Introduce Eclipse
Modeling Project
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|-
Milestone 1 - Demonstration
E'rz;xqr'cssor 1,(:47
. said yesterday that
{ 5x-2=13 , x was equal to 2!
m FacePamphlet - | |

| the?
| x= $
a subset of Facebook | Q

m Some questions to
answer in the demo: =

0 Do the main features work?

0 How is the code organized for separating
concerns? Major capabilities?
Platforms - GUI? Database?

00 Are the artifacts able to be organized into
a repository?
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What are some examples of rewrite
rules you might want to employ in

generating software from models?

m Think for a 15.332 seconds...

m Turn to a neighbor
and discuss it for a minute

NNNNNNNNNNNNNNNNNNNNN



Recall: Query-View-Transformation

m QVT specification is the heart of Model
Driven approaches

m Queries take a model as input and select
specific elements from that model

m Views are models that are derived from other
models

m Transformations take a model as input and
update it or create a new model

ROSE-HULMAN Q1
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Recall: UML to RDB Example

UML Class model = Relational Data Model

Together Analyst - Uml_To_Rdb.rdl

5 oot .

5
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T~ Uml_To_Rdb.qut - Eclipse Platform

DB Modeling,

rspective

Uml_To_Rdi

db - Eclipse Platform

BE

Model

Query
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m Business Process Model - Object Model
(PIM to PIM)

QVT can be used to Transform...

m Analysis Object Model - Business Object
Model (PIM to PIM)

m Object Model - Data Model
(PIM to PIM or PIM to PSM)

m Object Model - Detailed Object Model
(PIM to PSM)
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QVT: Transformations

m QVT provides language to implement model-
to-model transformations

m QVT supports OCL 2.0 expressions
0 We will examine OCL later
= Query libraries
1 Reusable libraries of QVT mappings
m Traceability
0 Automated traceability when executing mapping
m Extensible
0 QVT can call custom Java methods
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Transforming a Use Cases to Classes

m This example automates the construction of
a set of use case realization classes

m A simple 1-to-1 mapping from Actor to Class

0 Use Cases owned by the Actor are created as
Operations within the Class

Organizer
Presenter

+Review abstract

+Present Session +Review Session Content
+Publish Session Content

+Propose Session
+Create Session Content

;I-ﬁt_.qbrpit_ 5‘?5?’???.. Attendee

+Download Session Content
+Attend Session

Q2,3




Transforming a PIM to a PSM
m As a basic step toward elaborating the PSM,

this QVT simply adds scaffolding code

(e.g., getters and setters)

Attendee Speaker
id:Integer name:String
name:String companyMame:String
companyMame:String | | isEmployee:Boolean

Organizer

Attendee

Speaker

-name:Integer
-track:Integer

Organizer

name:String
track:String

+getname
+qettrack
+setname
+settrack

-id:Integer
-name:Integer
-companyName:Integer

-name:Integer
-companyMName:Integer
-isEmployee:Integer

+getid +getname
+getname +getcompanyMName
+getcompanyMame +getisEmployee
+setid +setname
+setname +setcompanyMame
+setcompanyName +setisEmployee

INSTITUTE OF TECHNOLOGY
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Simple QVT Example: PIM to PSM

m PIM: Three classes and a few attributes...

Attendee Speaker
id:Integer name:String
name:String companyName:String
companyName:String | | isEmployee:Boolean |

Organizer

name:String
track:String

= QVT: AddScaffoldingCode
0 Simply add getter and setter methods

TTTTTTTTTTTTTTTTTTTTT



AddScaffoldingCode.qvt

Bit C like...

transformation Add4 oldingCode;

“metamodel 'httpP; vuw.bor land ¥/ together/wal' ;

. metamodel 0/ /uww.bor Lz . con/ together/amlz0! ;
Required ' /tog /
“mapping main(in moded® uml::together::Model): uml::together::Model {[]
“mapping makeClsSs (in cl: wwl20::classes::Class): uml20::classes::Class {[]
% mapping makeldttribute(in attr: uml20::kernel::Property) : uml20::kernel::Property {[]
Impl

Attributes Operations

etOperation(in attr: wnl20::kernel::Property) : wnl20::kernel::features::Operation {[]

etOperation attr: uml20::kernel::Property) : wnl20::kernel::features::0Operation {[]

INSTITUTE OF TECHNOLOGY
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Control Flow in AddScaffoldingCode.gvt

transformation AddScaffoldingCode;

“metamodel 'http://www.borland.con/together/unl';
metamodel 'http://www.borland.cow/together/wlz0’ ;

anlz0
“mapping main(in model: wml::together::Model): wuml::together::Model {

object {
ownedMermbers := model.ownedMembers->select (it|it.oclIsTypeOf (umlzZ0: :classes:::C

}
“mapping makeClassi(in cl: umlZ0::classes::Class): umlZ20::classes::Class {

init {

}var attrs := cl.attributes; Mapplng methOdS
obhject { do mOSt Of the Work

name := cl.name;

description := 'put your description here...';

attributes := attrs->collect(a | makeldttribute(a))->asOrderedSet ()
ownedOperations := attrs->collect (a | makeGetOperationia))->asOrderedSet ()’

ownedOperations += attrs->collect (a | makeSetOperationia))->asOrderedSet ()’

description := 'this is a generated getter';
}
}
- mapping makeSetOperation(in attr: umlzZ0::kernel::Property) : wnlZ0::kernel::features::0Operation {
object{
name := 'set' + attr.name;
visibility := uwl::kernel::VisibilityKind: :PUBLIC;
description := 'this is a generated setter':

H
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Applying QVT transformations 1/4

m Select input model

m Choose menu option

& Model MNavigator X Mavigator

< | B S

JW

[0 InandoutQyYT

l:55 PIM2PSM

% PIM2PSMusingLibrary
o0 uCaClass

InAndOut

] Attendee
H Organizer

 Speaker
- 50 PIM
# {2h metamodels
+] {3}, patterns
ﬁ+I fﬁ.m PrimitiveTypes
] TransformationTarget
+ ; UseCaseModel

" = NaaN. <
+ ~°€§°€¢, )

m Diagram Run Window Help

Run Model Metrics
Run Model Audits

Compare With »

Prafile

Apply Transformation » |E2L From Workspace...

To Text »
Model To Text » - ~<L Compiled. ..
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I-
Applying QVT Transformations 2/4
B Select QVT to use B8 Apply Tranformation Wizard

Select transformation
Select QYT tranformation to be applied &

Apply Tranformation Wizard

Select destination
Select transformation destination and optionally specify trace file path &

Target model URI:
| together:/TransformationTarget#model:project:: TransformationTarge  Browse... |

Trace File:

[ ITransformationTargetjAddScaffoldingCode.trace Browse... :

m Select target model
0 Optionally create trace file

< Back [ | | Einish I Cancel

ROSE-HULMAN
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Applying QVT Transformations 3/4

m Transformation result

0 note added getter/setter
methods

Speaker

Attendee Il

-name:Integer
-companyMame:Integer
-isEmployee:Integer

-id:Integer
-name:Integer
-companyMame:Integer

+getname
+getcompanyMame
+getisEmployee
+setname
+setcompanyName

+setisEmglo¥ee

Organizer n

-name:Integer
-track:Integer

+getname
+qettrack
+setname

+settrack

+getid

+getname
+getcompanyMame
+setid

+setname

+setcompanyMame
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Applying QVT Transformations 4/4

Trace file view

Modeling - AddScaffoldingCode.trace - Together Architect 2006 for. Eclipse
File Edit Mavigate Search Project Stop Simulation Run Simulation Model Diagram Run  Window Help

i Run Simdlation | Stop Simdlation | By | T v | @+ | 47 IR . | %Modeling -

Model Navigator | T5- Mavigator 52 =Rl ® 7 5 ddscaffoldingCode.trace X =0
¢les [+ [rm [To | Method

+ -2 InAndout ~ 1 & Model PIM & Model TransformationTarget main()

+ (53 InAndOutQYT T 2 B3 Class Attendee o o Class Attendee makeClass()

+ _bg PIM 3 4 Property id @ Show source Property id makeAttribute()

=55 PIM2PSM <% Property id ¢ Show target Operation getid makeGetOperation()

[+ bin 4 Propertyid
[+ (= src_generated 4 Property name

4
S Operation setid makeSetOperation()
6

X] .classpath 7 4 Property name
g
9

Property name makeattribute()
Operation getname makeGetOperation()
Operation setname makeSetOperation()
Property companyMame makeattribute()

K] -project 4 Property name
(@ addscaffoldingCode. qut p Sy p—
@ build.properties

5} ugin.xml 10 <4 Property companyhame Operation getcompanyMame makeGetOperation()
i puan. o 11 4 Property companyName Operation setcompanyName makeSetOperation()
—-l;=% PIM2PSMusingLibrary

B-GS bin 12 4 Class Speaker Class Speaker makeClass()

Property name makeAttribute()
Operation getname makeGetOperation()
Operation setname makeSetOperation()

13 4 Property name
14 4 Property name
15 4 Property name

@

(= src_generated
|X] .classpath
|X| .project

T R R & R R RIS A A P R

(6 addScaffoldingCodez.qut . 16 4 Property companyName Property companyMame makeAttribute()
@ build.properties 17 <4 Property companyMame Operation getcompanyMame makeGetOperation()
137 DocUktils.qvt 18 4 Property companyMame Operation setcompanyMame makeSetOperation()
plugin.xml 19 4 Property isEmployee Property isEmployee makeattribute()
=22 TransformationTarget 20 4 Property isEmployee Operation getisEmployee makeGetOperation()
G52 Madel Folder — 2 21 4 Property isEmployee Operation setisEmployee makeSetOperation()
] properties 52 B 3 ¥ =0 22 4 Class Organizer Class Organizer makeClass()
Property | value | A 23 4 Property name Property name makeAttribute()
= Info = 24 4 Property name Operation getname makeGetOperation()
derived false 25 4 Property name Operation setname makeSetOperation()
editable true 26 4 Property track Property track makeAttribute()
last modified  11/4/05 11:41 AM L3 27 4 Property track Operation gettrack makeGetOperation()
linked false 28 4 Property track Operation settrack makeSetOperation()
location Ci\workiborland\BorCon200S4,. ..
name AddScaffoldinaCode. trace Vi
| ¥ < >
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Example MBSE Tools: Editor, Model

Syntax

Error

-

n

el Browser

@3 Modeling H|ghl|ght|ng ﬂ EE®
e Edt v, n no d IOnS
T~ Ef,] (=) | RunSimulation | Stop Simulat bg *& ()] p | e W e | B @Ma Jeing »
Q1 Model Navigator 52 . Navigator| — OJ B f.ffoldingCode.qvt C d Th Metamodel Browser 52 S| Bk =0
| i3 == nsformation «ffoldingCode O e [+ ecore PN
E, o - [+ ## ecore2ecore
+|-57 Organizer -~
5@ szaker r ~“metamodel ' ¢/ fwww.bor land. cor Com pletion - # ecorezxml
- . [+ ## genmodel
- ugur] TransformationTarget metamode) stp://www.borland.con ) il genmodel
|- {2h metamodels ™ i
5 Ea, bpmn “mappi’ main(in model: wwl::together:: uml::together: :Moc *-# mapping
. =)+ # namespace
= Edg uml mject { = ‘
X X + - # partnerlink
+ Ea; kernel ownedMernbers := model.ownedMer +select (it|it.oclIsType +- 8 profile
+/- g ocl o description := model. 8 rb
>% e e, *|:e=»  Metamodel
4 E; Binaryl, 3 . ) X Fully EString - Model + - # sdo
+ L:{ E)lakgram “mapping makeClassi{in cl: um x .. EString - Model + - @ simpleuml
: L:{ n:;del init ¢ ‘ X r mespaceURI  EString - Model +- # trace B rows e r
- L:f o var attrs := cl.attribut ¢ gepropertyvalue(property : EString)  EString - Model +- 8§ tree i
E L:{ Requirement\ H ) X dependencies OrderedSet{CoreDependency) - Model +- # type
+ 5 Root object { X nestedPackages OrderedSet{Package) - Model =& uml
4 Bl uml14 name = cl.name; X gwnedComments OrderedSet(Comment) - Model v -4 kemel
description := 'put your = +- @ od
+-fdg uml20 < >
] @Bﬁs paterns ~ributes := attrs->co = = # together
+ {3 PrimitiveTypes dQperations := attrs->collect(a | makeGetOperation(a))->¢ +- [ BinaryLink -> Link <com.borland.tg.emfapi.uml.together.
I Us:eCaseModeI “perations += attrs->collect({a | makeSetOperation(a))->z +- [ Diagram -> NamedElement, PackageableElement <com.b
2.0 [ Link - Element <com.borland.tg.emfapi.uml.together.Lir
— _ — = Model -> Package <com.borland.tg.emfapi.uml.together
LI Properties 23 i = namespacelURI : EString
PN =) . . [ Mode -> Element <com.borland.tg.emfapi.uml.together.f
- = cvalnita dan sttt 1139 12M e s lramvsmal o o Dyvmsnastvrh |~|m12c R R
+- [ RequirementTrace -> Element <com.borland.tg.emfapi.u
Property | Value - [ Root -> Element <com.borland.tg.emfapi.uml.together.F
s~  Project Metamodels and
wisibilit & j o @ uml2
8 Custom - .- s m + @ uml20
ool PrimitiveTypes
= Descriptic!r . y p v +- @ xhtml v
< ~——r | > < 24
Writable Insert 9:28
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Eclipse Modeling Project

m Promotes model-
based engineering
technologies within the
Eclipse community

m Provides a unified set of modeling frameworks,
tooling, and standards implementations
O http://lwww.eclipse.org/modeling/

= QVT and other MBE resources
O http://www.eclipse.org/m2m/
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Benefits of Using Transforms

models

m Repeatable, high-
quality approach to
software design
/development

m Automated traceability between models,
queries, transformations and views

OOOOOOOOOOOOOOOOOOOOO



Homework and Milestone Reminders

m Read Feature-Based Transformation
Approach Paper (via schedule page)

m Familiarize yourself with material on Eclipse
Modeling Project

http://lwww.eclipse.org/modeling/

m Let’s talk tomorrow in more detail about
Transformational Programming and Systems

TTTTTTTTTTTTTTTTTTTTT



Transformational Programming

m Programming by successive application of
transformation rules

m Transformation — a relation
between two programs

m Transformation rule — mapping R
from one program to another .
that constitutes a correct

transformation (e.g., equivalency)

m Guarantees that the final version of the
program satisfies the initial formal specification

TTTTTTTTTTTTTTTTTTTTT



It may feel a little like this...

...THEN YOU NEED
TO INVOKE THE
COMPILER AND..,

WHAT'S A
COMPILER ?

O &

O

WEL Lo

IN THIS CASE, A COMPILER
TRANSLATES SOURCE CODE
INTO OBJTECT CODE, ..

/
&,

...WHICH IS THEN PASSED TO
A LINKER WHICH TURNS IT
INTO MACHINE CODE.

WAIT... WHAT'S
MACHINE CODE ?

O &

MACHINE CODE 1S THE
CODE THAT CAN BF DIRECT-
LY EXECUTED BY THE CPU
OF THE...

L WHAT'S A CPU?

)
©

THE CPU IS A
MICROPROCESSOR
THAT...

WHAT'S A
\ MICROPROCESSOR?

O &

10 minutes later...

... S0 THE POSITIVE CHARGE

ATTRACTS ELECTRONS FROM
P-TYPE SILICON THAT SEP-

ARATES THE ...

WHAT'S AN

\ @ ELECTRON?

J

B

30 minutes later...

...50 ACCORDING TO THIS
THEORY, ELECTROWEARK SYM-
METRY BREAKING OCCURS AT
ABOVT 100 GeVv.,,

N&

WHAT'S A GeV'?

/

R M

LMAN

M‘HU
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Program Representation

X +y *10 -

“I
\
“I
‘l
\
\
10

”x

\Var

\
\
“
\
“
\
\

nv‘ r

Int
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Describing Languages

m Terms can be used to describe arbitrary
structured information

m A program corresponds to a subset of the set
of all terms

m A signature describes a set of terms
1 Declaration of sort names

Sorts S1 .. Sn
1 Declaration of constructors

constructors
Cl : S

C2 : §, * .. xS =2 8§,

TTTTTTTTTTTTTTTTTTTTT



Module Group
Signatures
Sorts Prop

constructors

False : Prop
True : Prop
Var String - Prop
Not

And : Prop Prop > Prop

Prop > Prop

Or : Prop Prop - Prop
Impl : Prop Prop > Prop
Eq: Prop Prop > Prop

Propositional Formulae 1/2

//Proposition Letter
/ /Negation
//conjunction
//disjunction
//implication

//Equivalence

INSTITUTE OF TECHNOLOGY



Propositional Formulae 2/2

m Example Terms

False // F
Var (“p”) // p

And(Var(“p”),0r(Var(“q"”),(Var(“r”))) // p A (q V r)

TTTTTTTTTTTTTTTTTTTTT



—

Specifying Basic Transformation Steps

m Rewrite rules
0 Substitution
0 Pattern Matching
0 Rule application

m Examples
O Propositional formulae
0 Lambda calculus
0 Desugaring

TTTTTTTTTTTTTTTTTTTTT



Let’s talk about Rules...

MY DAD WAS ALWAYS THE ONE WHO TAUGHT ME ABDUT SCIENCE,
BUT LOOKING BAck 1 4 STARTING O REALIZE How MUCH MY
NERDINESS WAS INFLUENCED BY MY MOM.

MOM, (AN | HAVE A SNACK
IN MY RooM BEFORE BED?

NO, DEAR. YOU KNOW YOU ONLY GET
THAT PRIVILEGE WHEN YOUR AGE IS
ONE LES THAN A MULTIPLE (F THREE.

R %/

TTTTTTTTTTTTTTTTTTTTT



Rewrite Rules

mRule:L : 1 2 r W ™
0 Label/name L “
0 Left-hand side pattern 1 Like engineering...

you must first write

O Right-hand side pattern r before you rewrite!

m Pattern: term with variables
Ot := x | C(tl, .., tn) | € | int | string

m Examples
OA : Plus(Zero, x) =2 X
OB : Plus(Succ(x), y) =2 Succ(Plus(x, y))

NNNNNNNNNNNNNNNNNNNNN



Substitution

m A substitution is a mapping \';i
from variables to terms (W

m Notation: [t1/x1, .. , tn/xn] There is no
is a finite substitution mapping substitute for a
xi to ti and all other variables good substitution

to themselves

m Application of a substitution s to a pattern
[0 subst(s, x) = s(x)
[0 subst (s, str) = str
[0 subst (s, num) = num

[0 subst(s, C(tl, .. , tn)) =
C(subst(s,tl), .. , subst(s,tn))

TTTTTTTTTTTTTTTTTTTTT



Term Pattern Matching

4
. ‘:Ti}?h\.
m A term t matches with a pattern p . ,
if there is a substitution s :
such that There is no match
subst(s,p) = t for a term without a

specific pattern...
m Example
O Pattern Plus (Succ(x), V)

0 Term Plus (Succ(Zero), Plus(Succ(Zero),Zero))
0 Substitution [Zero/x, Plus(Succ(Zero),Zero)/y]

TTTTTTTTTTTTTTTTTTTTT



Simple Transformational System

program | program |

a«» ) prett-print g

free free free

TTTTTTTTTTTTTTTTTTTTT



InlineF :
|[ let £f(xs) = e in e'[f(es)] 1| ->
|[ let £(xs) = e in e'[e[es/xs]] 1|

Example Rewrite Rules

InlineV :

|[ let x = e in e'[x] ]| -> |[ let x = e in e'[e] ]|
Dead :
|[ let x = e in e' ]| -> |[ e' ]| where <not(in)> (x,e')

Extract (f,xs) :
|l e 1| -=> |[ let f£(xs) = e in f(xs) ]|

Hoist :

|[ let x = el in let f(xs) = e2 in e3 ]| ->
|[ let £(xs) e2 in let x = el in e3 ]|
where <not(in)> (x, <free-vars> e2)

INSTITUTE OF TECHNOLOGY




Transformational Systems

m Correct programs can be built
if the task is split into
sufficiently small and formally
justified steps

m Many of those steps are
automatable

m If the automatable steps are
performed by a machine, the
programmer is free to focus
on creative aspects of the job!
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Transformational System Issues
m Specification vs. programming languages
m Level of automation — full, semi, user-driven

m Transformation mechanisms

0 Catalog approach:
Production rules, knowledge-based systems

0 Generative set approach: Elementary
transformations used in constructing new rules

OOOOOOOOOOOOOOOOOOOOO



Types of Transformational Systems

m Restructuring/Optimization

0 Same input and output
language

m Conversion/Synthesis

0 Different input and output \
language

TTTTTTTTTTTTTTTTTTTTT



Transformational System Applications

m General support for program modification

m Program synthesis from a formal
specification

m Adaptation to different environments

m Verification of program correctness

TTTTTTTTTTTTTTTTTTTTT



N
‘ I!pp"ca!llons o! koftware Transformation

1/2

m Compilers
0 Translation (e.g. Java into C#)
0 Desugaring (e.g. Java's foreach into for)

O Instruction selection

= Maximal munch vs BURG-style dynamic programming
0 Optimization

= Data-flow optimization, Vectorization, GHC-style

simplification, Deforestation, Domain-specific
optimization, Partial evaluation...

00 Type checking
00 Specialization of dynamic typing

OOOOOOOOOOOOOOOOOOOOO



N
‘ iApplications o! Software Transformation

2/2

m Program generators

OO0 Pretty-printer and signature generation from syntax
definitions

0 Application generation
(e.g. data format checkers from specifications)

m Program migration
O Platform conversion (e.g. MacOS to Linux)

m Program understanding
0 Documentation generation (e.g. JavaDoc)

= Document generation/transformation
0 Web/XML programming (server-side scripts)

TTTTTTTTTTTTTTTTTTTTT



o

So, What does this have to do with MBE?

m Reduces requirements errors as it forces
rigor in the requirements analysis

0 Incompleteness and inconsistencies can be
discovered and resolved

m Correctness by construction - preserving and
guaranteeing essential properties

m Both specification and transformation rely on
the rigors of Formal Specification and
Transformation

TTTTTTTTTTTTTTTTTTTTT
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Model-Based System Engineering

(according to Software Engineering Institute)

Architecture Modeling & Analysis

Requirements
Analysis

System
Integration

-] Rapid Integration

Predictable Operation

= Upgradeability
Reduced Cost

J

Predictive Analysis Early In & Throughout Life Cycle

INSTITUTE OF TECHNOLOGY
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A Control Engineer Perspective

—1K; —»?—» K,s

sontinuous - -
CONunNuous S|mu||nk
In a controller
with Text_|O; with Text_lO;
package Main is package Main is
i begin
appli begin
c »
Matlab atIOn COde type real is digits 14; type real is digits 14;
type flag is boolean; type flag is boolean;
x : real := 0.0; x :real := 0.0;

ready : flag := TRUE;

ready : flag := TRUE;

Continuous feedback for
a control engineer

INSTITUTE OF TECHNOLOGY
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Software System Engineer Perspective

with Text 10, | 1ext_I0;
a1 4 . L, 1 package Main is age Main is
(\‘C‘ l(‘l\'--cr_:r‘ C\
begin n

Comparing analysis results |Rrrrr sl b

type flag is boolean; | flag is boolean;

With aCtuaI I'ESU"IS X : real := 0.0 pal .= 0.0;

Application
Components

ready : flag := TRUE; fv:flag := TRUE:

package Dispatcher is

dispatch(a);

dispatch(b);

Execution
Platform

N

A rc h " Too I s AAD L Ru nti me > é;;e?OBrnpsz‘ @ 11100 R (I ]HIIH\HIHIHI

Runtime
Data

24 23234 12 1
Refine pro erties 22

Tim;
9 ana;
YSsis T1T2I3T4
Reliabilit 121 R1R2R3 R4 S
q
) nal.VSi gi gf 1212 5 6 T1 2 R3 R4
1 2334 88 TIT2T3T4

1212 5 6
1212 5 6 2334 88
2334 8 8 | 2423234
24232 34

4

Architecture Model

7
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l iA Combined Perspective
—K, _1?—> Ks =t

Tu
I"e Parameters |

! | Simulink
s
sonent Analys!

Matlab package Main is

with Text_lO;
package Main is begin

A A . begin e real is digits 14;
( Continuous interaction t ’ N ype flag s boolean:

between type flag is boblean: - real = 0.0
- ) o ready : flag := TRUE;

Control engineer ;(eérdefl:'ﬂ_ag':oéTRUE; é
& system engineer P Q]

package Dispatcher is

Arch. Tools || AADL Runtime > Ap1 = B2

Case 10ms:

dispatch(a);
. dispatch(b); .
Architecturg Models Runtime
T1 T2=2T4 Data
12 12| R1R2R3 R4
2334 |
o403 12125 6 T1T
2334 88 T1T2T3T4

2423 234 12 1 12125 6
1 233 1212 5 6 2334 88
= -
Refine pro erties 242 23348 8 | 2423234
24232 34

ROSE-HULMAN
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= JaEltiperspective Model-Based

Framework

Business case
IKIWISI
Stakeholder win-win

Success models

Risk management
Key practices

Planning and control

Process models

Milestone content

Evaluation and
analysis

Property models

Cost
Schedule
Performance
Reliability

Process Product
) . entry/exit evaluation
Life cycle anchor points crirtyeria \z;ri?erila

* model clash identification
* model clash resolution
* model clash avoidance

Product models

Domain model
Requirements
Architecture
Code
Documentation

Each perspective informs and provides evaluation criteria for the other perspectives.
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l iEa!e Blscovery o! gystem Problems

mSystem integration problems
0 System instability and failures

O Implicit and mismatched
assumptions

0 Shared computing resources

O Complexity of component
Interaction

= Functional
s Extra-functional

mCurrent practice
O Build components first
00 Then integrate and test

msWay forward

0 Analyze system models early and
often

(Virtual Integration)

] olve components and
m&u&uﬂ"ﬁearated svstem



‘ uumptlons [\Ne Need Change]

Impact — AADL integrates allowmg

analysis |
System Engineer gplocaltiant Control Engineer

Er, Redundancy A/ SyStem Communication

Why dé 8)8I6Rf level failures still occur despite
fault tolerance techniques being deployed in
sSystems?

s System <_®_> Control .
® Under System precision
= C Data Stream %
8’ Characteristics 8
LL =
D . 8
- "
S Compute@ Runtime «§» Application 2
5 Platform Architecture  Software @
© Distribution Concurrency D
I O
k®;
D
-
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uirements-architecture

design phase
Impact — AADL permits early inc analysi

Requirements "“ Acceptance
Engineering 'x‘ Tost
System R System
Design 70%, 3.5% Test
1x
Software ., .
Architectural ., Integration
) ’ Test
Design .
20%, 16%
Component "x ;" )
Software %, 5x 4 Unit
, . 0 Test
Design ., o
_ < Where faults are introduced
Source: NIST Planning report 02-3, %, S
“The Economic Impacts of Inadequate X .;' Where faults are found
Infrastructure for Software Testing ", The estimated nominal cost for fault removal
May 2002. Code
Development

ROSE-HULMAN
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Basic Model Layers

Computation Independent

Models
m One or model levels V

per layer
m Mappings and o
Transforms between Platform Independent

models Models
00 Mappings
0 Transforms S

Platform Specific
Models

ROSE-HULMAN Q5,6
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