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» Model-based D evelopment (of Embedded Systems)
> ISO 26262
> Validation Suite

— Architecture

— Used Eclipse Technologies for building

— Experiences

» Conclusion
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Validas AG

> Founded 2000

» 20 Employes

> Motto: Validated Quality
> Model-based Development
> Model-based Testing
> Tool Qualifications

> We solve Your Challanges!

> Clients
> BMW B
> EADS B
> ESG I
b,. -

» Giesecke & Devrient

> MAN

> Eurocopter
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Models in Embedded System D evelopm entVALIDAS -

Process

Model-based

Lu T esting

Integration
Test

Model-based

D evelopment

Unit Test
Code-GeneratoN

Application /
D om ain Specific (,System )
Models

~Unified“ Models

Supporting Tools

Model-based
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Model-based D evelopment VAL IDAS ‘f{ff
L

» Development

L1 ) - >
. In1 = -+ ¥ 4'--1
» Model Creation => r% —— |-> Y
Product

,Graphical Tool“
» Code Generation => ,Generator® Out1=(In1+In2)*In3:

» Code Compilation => Compiler

> Important Verification Methods for Models }Tl1.addf a15.a4,d15,#0
» Simulation (MIL,SIL,PIL)
» Rule Checking (,Subset-C hecker®)
> Property Verification (Formal Methods)
» Model Coverage

» Back-To Back-Testing: M IL=SIL=PIL
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V

ISO 26262-8,C hapter 11: OF
Q ualification of software tools VALIDAS ¥

» C lassification in ,Tool Confidence Level (TCL )"
» Tool Impact (T1)
— TI0:no impact =>ToolisTC L1 B
— Tll:some impact
* Tool Error D etection/prevention probability (TD )
“TD 1 :high confidence =>Tool isTCL1

““TD 2:medium confidence =>Tool isTCL?2 B

““TD3:low confidence =>Tool isTCL3

““TD4:0ther =>ToolisTCL4 ’

<4

o
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Example:Tool C hains in VAL IDAS 04
Model-based D evelopment |

Code PC
Generator Compiler
SIL
PIL
_—m e el o« - - — o - - T esttool
AN N AR N ST T T T T T N Testtool
, Model, \;( C Code P /, SIL-Code /s -
————— -’ -— -—een em Em am = b~
- \\ _________ ~ NS S
3 ~ o ’ Results  _?*
~ ~ _/ ________ e
~ ~
~ ~
~ ~
~ ~
~ ~
\\ C‘C ~
Simulator SN la- G
’v - V4
- Rea‘ - 1% //
- _ PR o -
v————- ” - P G -
\ \ - a” P gG‘ -
Model » _ - - e s e ___
N, _ S ~; _--" __,?.’/’ Target Code _ 2
’, Requirem ents// 2 -~ _7_,._’ ____________ -
—————————— y »

» Customer:can verify tool results
» Tool provider

— Has to require verificaton of histools (,redundancy®)

or
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Process of Tool Q ualification VAL ID AS A

» Requirements /Standard

» Manual of Tool with >
— Used Functions

» Tool D eveloper Guide (Process)

> Validation and Verification Plan for

— Requirements

V alidation

— Functions _
Suite

— Compliance with Process

» Validation and Verification Report

— N
Quote from Ada-Test Suite (ACATS):

the ACATS tests the normal usage of these features,

S, . a ~__ not unusual corner-cases.«
se U;Sﬂﬁdhﬂj’ﬁ’ifﬁ" , ﬁ
ey ww.miciidorTom/eday




Test Method for Generators
Construction ofValidation Suites

VALIDAS

lm,

--.__

Test Specification:D omain/Tool Specific Language
> Test Inputs: Model-)Generator
» Test O utputs:Tool Interpreter (Reference Tool)
> Test Autom atisation of
— Code Generation,Compilation and
— Execution (on Target)
> Analysis tools:
— Report Generation
— Root Cause Analysis
> Until:
— All ModelfFeatures are covered -=> Model Coverage
— All Tests have been Executed

— All D eviations have been analyzed

Validas AG Seite
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Eclipse-M odeling for the VAL IDAS %
C onstruction of Suites |

Models/C ode Meta Model

Param Type;
Param Op;

Out uint8;
D SL Inl,In2 Type;
Out =
Op (Inl,In2);

~
DA xText/ATL! l
o oCL

AN

Model

Generator i B

uint8 Out;
intl6é Inl,In2;

Code w
Out = Inl % In2; .

Compiler L S
Validation Suite
-Models
- Test D ata

H Element
name : EString
unit : EString
basicType : ElementBasicType H H
modelType : ElementModelType Pr 0 Je Ct 10 N
scope : Scope
comment : EString

M 1 & gethodelPath() @ EString

B getDatabasePath( : EString

gcoooaota

14

Sem antik

|
attﬂlibutes

ki
H eleFhehtantributes

Correctness? I

Specification ?
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Coverage: Model-Projektion

> Input:Set of Reference
— Models /Elements of Meta Models
— XML-Structures
— Procection Results (hierarchy)
» O utput:List of used
— Model Elements
— Model Properties
— Settings /Configurations
> Filter Mechanism for not relevant properties (color,..)
» Comparision of two Sets

— Validation Suite

— Application models

VALIDAS

lm,

"ll._
-

Il Validas Model Analyzer
File

= Result view 52

. F'_'u'qMDdellvnrsteuerung_PElF.rru:II

P_WqSvirs_PEF.mdl

P_v¥g5vEco_PEF.mdl

P_vqsvLen_PEF.md

P _\gSvOmmvEmy_PEF.mdl

P_¥q5vsvt_PBF.mdl
= Filkers { 107 )
= Projected: all blocks (51/2414/9836:162103)
= Projected: all Features (925/2414/98586: 162103)
=+ Projected: filkered blocks {36/696/526: 62097
= Projected: filtered Features (Z29)696/526:69097)
=~ Reference: all blocks (5212254150611 3947794)
= Reference: all Features (652/2254/15061:139477594)
= Reference: filtered blocks (6715492991 :9555557)

=

= Reference: missing blocks (4/15/29:144)
== TL_Constant { 1 elements with 2:4
== data.output.lsh { 2 elements with 2:4 )
21312
2
= TL_zain { 2 elements with 4:5 )
= TL_LookuplD | 5 elements with 10:59 )
= TL_LookupzD | 7 elements with 15:73 )
=~ Reference: missing Features (12)15/29:144)

Validas AG

=~ Reference: fikered Features (S06] 15492991 1955555 7)




Example of Meta Model

» Oriented on Model Elements /Functions
= |4 Database

— [

Tnsert W Folder Chrl+alk+F
SUTOSAR, k
Co ChrlC
P i Project ChrlAlE+P
Module »
x Delete Delete Class ,
Fenamne F& Conkinuaus Time Elock *
M2 State Machine ChrAl+5
Select all Chrl4-A i P
B Enumeration Chrl+alk-H roparty
E = PMarme | ESfring
‘j} E:’:F”:lrt... Ctr|+E ij REEDrd ':I:r|+||:'||t+ fm ] F"'a-"a|LJE 0 EStr"'-Ig
Froperties
H PropertyElement
FAVAYAYAYAYAYAN
HEREN
H Project H Module H Class £l Enumeration H Record
g, * n, * 0 0 *
Fecordyg
Projects Module Classes Enurmerations d
alder —Falder Foldetgider
o S

0.1 I, —= =

—CILISF=TT|C 2

H Dataase

nic ﬂ’l?";. lrllt,:ij'

H Signal

St
D..*

Statei

H sStateMachine

m g1
I:I o+
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Used EclipseTools VAL I DAS

.‘.

--.__

» DSL (xText)for Specification
— Parameter:0 perators,Types,Constants
» ATL for Translation xText -=> M1
»M2M zur Generation of Models
» M2M D efinition of Sem antic
» OCL for Modeling Rule Checker

» Model-Projektion on EMF-Models for Coverage Functions
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DSL for Test Specification and

Generation

Specification

VALIDAS *

"I.F_‘-'_
-

= Model Description + Parameter

E
|=| ConstantsExampletd &2 |= *OptimizationRule.td ]

LiteralParameter InputvValues;
TypeParameter ValueType:
TypeParameter CutType:

Clas= TC {
Con=st myConst: ValueType

Method CutType m const() {
retuorn myConst;

utvalues) ;

P
|=| ConstantsExample.td (|;| *OptimizationRule.td

E\:, Resource Set

(@ ParameterForConstantBxample.mp &2

4 4 Model Projection

Model Element Database
Model Element Folder
Model Elernent Project
Model Element Module

Medel Element Operator

4 @ platform:/resource/External %:20Files/ParameterFerConstantExample.mp

4 =i, Specifications (17)
ConstantsExample.td
OptimizationRule.td

L |

ParameterForC—

}

f%% rale 1.2.3 for + with Constant and Expressions:

Method CutType comlawPFlus [ o @ ValueIvyvpe , ex
return + (o, ex ) !

}

Modnle TH {
Conzst globalConst: ValueIype = Literal (InputValues);

ReceiveM=g Inl: ValueTvype:
ReceiveM=g InZ: ValueType:;

SendM=g outConst: CutType:

SendM=g outcomLawPlusInlInl: CutType:
SendM=g outcomlawPlusInZInl: CutIype:
SendM=g outcomlawPlusInlIng: CutIvpe:
SendM=g ountcomlawPlusInZInZ: CutTvpe:
SendM=g outcomlawPlusInlConst: CutType:
SendM=g outcomlawPlusConstInZ: CutType:

Process pl() {

outConst = TC.m const();

outcomlawPlusInlInl = TC.m const (Inl,InZ);
outcomlLawPlusInZInl TC.m const (In2,TInl);
outcomlawPlusInlIn? IC.m_const (Inl,Ind):
outconlawPFlusInZInd = TC.m const (In2,In2);
outconlawPlusInlConst = TC.m const (Inl, globalConst);
outconlawPlusConstIn2 = TC.m const (globalConst,Inl);

}

JE i1 L .. .
= ISEN=— (i gsrii 74/ © g
- = 1 . \ P e —2 . / W mic d:::-l?":"' mieday

Open Containing Folder...

c |

Model Element GenerationSpecification tdmp2ascetmn -
Model Element TestDescriptionlnput tdmp2ascetmn
4 Property InputValues

4+ Property Value0

4+ Property Valuel

4+ Property Value 10

4+ Property Value 4294967295
4 Property ValueType

<+ Property Value cont:int32

< Property Value sdisciint32
4 Property OutType

< Property Value contiireal32 Set Model Root...
< Propertv ImnolTunelef

&
&
&
&
¢ Model Element Message
o
o
o
4

Refresh Selected

/L WO OOV W W

Delete Specification...

B X %

Generate from Specification

Import Parameters...
Import Signals...
Import Add-On-Files...

= = //ffl

< Proper Mew Child 3
Mew Sibling 3

Undo Ctrl+Z
Redo Ctrl+Y

Cut

Copy
Paste

fii} %

Delete

Validate

Control...

Run As F
Debug As L
Profile As k

Load Resource...

Selection | Parent | List| T .

Refresh

Show Properties View
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Eclipse Experiences VAL ID AS f

» M1:approx.150 Classes
» M2:approx.350 Classes
» M2M :approx.13000 Lines of ATL Transform ations
» DSL:approx 4000 Lines of Test Specification
» Results (Testsuite ),generated in some hours:
— 10000 Models with
— 600000 Test sequences

> Stabile & performant solution

» We would do it again using these Eclipse tools

Validas AG Seite
15




Vision:Validation Framework for VAL IDAS ::
D ifferent C Compilers

Compilelr CforT
Compiler
w@: Compiler Validation Suite
' Validation for Compiler C
-Target-Semantic:|  Framework 2176 TaEh
-Libraries = 5
-Target- Spe2|f|ca ............................. .
Opt. Restrictions GG/) l Qualification
-Configuration GOC‘, Bugs / Report
Features '%/7 " Restrictions
Static
; e—
Checker OK/NOK
v .
Test Data —— | _ Dynamic 1 Ok /NOK
i | Test-Checker |:
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>ummary VALIDAS '

» Models in Development of Embedded Systems
> ISO 26262 Tool Classification
> Validation Suites

> Eclipse is suitable for building Suites
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Thank You | VALIDAS W*’

AN

VALIDAS %

Your partner for innovation
in embedded quality

Arnulfstrafle 27
80335 Miinchen
www.validas.de
info@validas.de
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