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Some history

@ R&D project of Open License Society:
9 MetamodelF 2 NJ adaidSya SYy3IAYySSNAM,
2 OpenSpecand OpenCookBoogrototype web portal

@ EVOLVETEA project
2 EvoltionaryValidation, Verification and €rtification

@ ASIL Flanders Drive project on developing a commor

safety engineering methodology for automotive and
related domains

@ Currently commercialised and redeveloped by
Altreonicunder GoedelWorksby Altreonic
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Refinement approach

@ Refinement by adding structure and properties
@ Avoids overlapping in concepts

Domain Metamodel Model Instance

Entities Entities and Structure & System /

Interactions Architecture Process
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Meta-levels for different users and
different application domains

User levels

Abstract metalevels
M4: M4: element (of set) L

RTOS domain

M3: Virtual machine executing M2 methods for
data

. M3: Metatypesdeclarations (inheritance of the M4
M3: Expert elementmeta-meta-type)
. - M2: types declarations (inheritance of M3eta-types
M2: Engineer with domain specific attributes)
. ‘ M1: Instances of M2 types with concrete values o
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M2: domain specific declarations
(types, grammar, methods)




The different views on a system

@ View I

2 System = Processes + Architecture

92N UKS éNAIKUE {eausSy
@ View 2

2 A process is a metgystem

2 Has to be developed as well

@ In practice different views correspond to
complementary domains:

2 Process, Englneerlng Modeling, Simulation, Testlr
[2F06FNBZ | I NR6IFNBZ {1}
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Systems engineering with just
16 meta-concepts

Ssem  swoems

Project SubProject

Process SubProcess

Reference

Reguirement SubRequirement

Specification SubSpecification

Resource

Work Package DevelopmentVerification, Test, Validation Task

Work Package Flow Work Package

Work Product Processi € LIS 0 GSOARSYOSEaDREMNE iR S
Model SubModels
Entity SubEntities

Change Request

Issue
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SYSTEM
PROCESS PROJECT

Development ics’;%%rr’; S”ﬁz"’ti ':'iﬁg System under Development
WPT MODEL WPT
template Process
WP ENTITY WP_Flow
wp WP

Tasks SPC RES

DEV REQ Tasks SPEC RES Tasks SPC RES
VER REF DEV REQ DEV REQ
TST VER REF VER REF
GoedelWorks
VAT Meta-Meta-concept - ToT
VAT VAT
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Relationships

@ Dependency links:
2 E.g. a SPC depends on REQ (n)
9 etc.
@ Precedence links:
2 A WPpreceedsa WPT (n)
9 etc.
@ Structural links:
2 A WP Is composed of Tasks (n)
2 A Model is composed of Entities (n)
2 efc.
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State Transitions in a Process

@ During the lifetime of a Project/Process entities go
through states:
< Defined => In Work => Frozen For Approval => Approved

@ Dependency and structural relationships create a
partial order for Approval

@ REF=>REQ=>SPC // RES // Tasks =>WP=>WPT (MOD)

% A Project is a collection of Processes producing Work
ProductsNotone VY2 RSt o0dzui wmnnQa

@ Overall Process follows from respecting states

@ WorkProductsmorphe (Resource at input is always
result ofprevious Project)
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Some differences

)

L © © ©

Explicit difference between Requirements and
Specifications

Distinction Process (how) and Project (what)
Verification = verifying the work done

Testing = verifying the system meets specifications
Validation = verifying it meets requirements (includes
Integration)

Process/Project is not seen as flow but ahection

of steps producingVorkProducts

System = Implementation model

Safety case is seen as Specificattanlt case

Domain agnostic
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Trustworthiness as goal

Trustworthy system

Safety Security Usability Privacy

Specification has subtypes:
Normal Case, Test Case, Fault Case
Safety and Security case are subtypes of Fault Case
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Application and validation using a Safety
Engineering process

@ Input: ASIL project of Flanders Drive
2 Automotive Sfety Integrity Level
@ Goal: develop common safety engineering process
based on existing standards:
2 Automotive: ofthighway, orhighway
2 Machinery
@ |EC 61508, IEC 62061, ISO DIS 26262, ISO 13849, |
DIS 25119 and ISO 15998
@ Partners:

2 Altreonic, DANA, EIA, Flanders Drive, PlRmhertrain
Triphase TuVNord
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Process followed

@ Acquiring general understanding of Safety and Systems
Engineering standards.
@ Development of ASIL process flow:
2 Dissecting standards in seltomic statements
2 Tagging according to activity domain
@ Development of ASIL-Model with 3 Process domains:
“ OrganisationaProcesses ("safety culture")
“ Supporting Processes
2 Safety and Engineering Development Processes.
@ Completion
2 |dentification of Work Products and RACI Roles
2 Development of templates for Work Products (.docxis).

2 Development of Guidelines (e.g. HARA)
2 Development of Glossary
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ASIL V-model e m— -

@ Organisational = === =3 ——

@ Safety and Engineering/ e, [ (T | v | | ) | |
Development |

@ Supporting
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ASIL Results

Effort: approx. 2100@ersonhourgover 3 years.)
Semiatomic process requirements extracted: 3800
Work products defined: 98 => templates

Types of roles identified: 17 => HR responsibility
Guidelines developed: 34 => templates

ASIL process flow has 355 steps

2 Organisationaprocesses identified:19

2 Supporting processes identified: 75

2 Safety and Engineering processes identified: 261

@ Work is not finished! (validation using use cases +
organisationspecific mapping) + iterative!

L © © © © ¢©

Oct2011 Altreonic N\ From Deep Space to Deep Sea 15



ASIL import (1)

GoedelWorks ASIL

Process Process

Flow Flow

Work Package Step with descriptive text

Tasks (DEV, VET, TST, VAT) Notdefined

Project Not defined

Model/Entity Not defined

Reference {O0F YRI NR& Q atEhfddoASep Y S VY
Requirement Not defined, Step description

Specification Not defined

Resource Roles, Work Produ¢emplate, Guidelines
Work Product Work Product (input and output of Step)
Change Request Not defined, but Change Management Step
Issue Not defined, but Change Management Step
State Not defined

Relationships Net defined, except as WHhiput and Roles

OLIL e \J ol 7 MUl NoVIIIV 1Y V\ 1 1NJIi1 I-I\JUP UPMUU L\ I-I\.IUH s s A ke \J



ASIL import (2)

@ V-model respected by following order:

2 Steps become Work Packages

2 Dependencies and structural relationships inserted but left

empty

v {OGFOSY Y2ad 2F4G4Sy aLy 22NJ]
@ Benefits from import:

2 All Process (and Project) Entities usdrtable

2 Project entities and Process entities can be linked

2 Organisatiorspecific instance of Processes can be created
and new processes added

2 Dependency analysis and reporting
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Example project (1)

@ ASI imported reference

."-'Hmv'-"'.
] 10,000_sysintegrationandiesting 001 sy
‘. - .‘. O mp yl A B - -
Entities I Praject Administration “5 oot Logout  Help =
| Reference v | (3 Create | ¥ Gemerste Document [ =
Entities. Woork Package: WP-208 10_000_sysintegrationandtesting 001_sysanttestplamning (Finalize the system and vehicle/machire integration ard testing plan) i Changelog I Dependency 'I'r«| S Y 1,:
» Warkdlow =
Status: In Work
= Edit Entity: WP- 206
Harme : | 10_000_sysintegea tionpnds rs!mq_OO‘. mnmﬁplmmrqllmdnkﬁ'w ehicle/maching integ mdl festing plan)
Diescription Text : I ] | v L o
i B 1L (B o E (E] |3 (8 T EE =L 405 ESE 5@
* [ PRO-88: 11 000 | Mwwwmdwbﬁg i Work) During this step, the system integration and testing plan and vehicle/machine integration and testing plan is being finalized as  *
& m,,_ 10.0 basis Fur the system and vehicle/maching integration and testing activities. Besides, the system testing and vehicle/machine  |¢
are created during this step.
uqm 10,000, sysirtegrationandtesting 001_sys Note that the system and vehicle/machine integration and testing plan is already created during the gystem design phase. L]
B spc-200 10,000 sysinteqrationandtesting 001 _sysi Drefining the inteqration and test strategy
1B WP-207: 10_000,_sysintegrationandtesting_ 004_cond The inteqration and test strategy is detailed based on the gystem design specification. functional safety congept and the
REC208: 10_000_sysintegrationandiesting 004 _con system infegration and testing plan. To ensure the appropriate specification of test cases for the selected system integration
SPC-210k 10,000 sysintegratianandtesting 004_con test methods, test cases will be derived using an appropriate combination of the methods listed in the table below:
(B WP-208: 10_000,_sysintegrationandtesting 002 _sysir C e o .} 2 ] |
: REGH20%: 10_000_sysinfegrationandtesting_ 002_sys ASILA
SPC-211: 10 000 sysintegeatsanandtesting 002_iH 2 . o ASLE
WP-20%: 10_000. sysintegrationandtesting 003, sysi s e
REG-220: 10_000_sysintegrationandtesting_ 003 _sys z‘ﬁ:
‘e :;:_;; D:;':go' 'm':;?\:,w: eating 0035yl Aralysis of wsarral and intemal interteces 5 - ama | e
* {88 PRO-51: 15_000_peotoinstall fIn Work) == == T
* {8 PRO-52: 17,000, peoduction (In Work) scfmara intagration . : Mg | amn
* 1 PRO-53: 18_000 instalicomen (in Work) LA | MILC
* 8 PRO-54: 19_000_opmaintrep (in Work) L S i © | e | wann
* | PRO-55: 20_000_decomdisp fin Wark) BRA | MLE
b 8 PRO-S: Supperting Processes in Work) Khwladge o axpatiants ased arver fuassing - . was | wmo
L3 -2 ASIL Rotes (In Work) Anatysis of anctional depandencies 5 5 :: :lll.-:
* @ REF-4: ASIL (Approved)
» 0 WPT-2: ASIL WerkProducts (n Wark) Arblysis ol common [imit conginions, SequerCEs, Brd SouTCE _ _ :::: ﬂl.: i
¥ 0 REF-3: ASIL Guidelines (Approved)
* [ PRO-2 Organmsstional Processes In Work) Responsibie : | Praject Manager |
¥ [ PRO-3: Supporting Processes {In Work) )
1ol 59 rows I Cansuted : [ Test Manager |
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Example project (2)

@ Example of state verification (Approval)
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Example project (3)

@ Dependency graph (Process)

b [ REFSEE: [EC_G2061-4.A, 6. 113, 1. 20 (The T ey
* +1338: 150_C0) méﬁimﬂwhmefhnhmm«wdm}ﬁﬂm

3 <3300 150_DIS_262674. wommmmmmmmmm

¥ [ REF-3300: 150_DUS_26362-6-7.4. 18-0 (Perform method: Data flow analyss) (In Work)

[ .wn 19: 06_000_sysdesign (In Work) ¥ [ REF-3300: 150_DPS_226246-7.4, 180 (Perform method: Data flow analyes) (In Werk)
¥ |5 PRO-23: 082 _D00_hwedanring (in Work) ¥ (B8 REF-3300: 150_DIS_26262-5-7.4. 18-0 {Perform methed: Data fow snalyss) (In Werk)
¥ [ FRc-24: 08b_000_hwdesgn (In Wark) [ REF-3300 150_00S_2262-6-7.4, 18-0 (Perform method: Data flw anshyss) (In Werk)
3 -iﬁom 0%8_D00_swpianning (In Werk) b [0 REF-3300: 150_DIS_26262+6-7.4, 18-0 (Perform method: Dnta flow analysis) (In Werk)
5 FRO-25: 0%,_000_swdesion (In Work) b [ REF-3300: [50_DIS_26262-6-7.4, 18-0 (Perform method: Dasta flow analyss) (In Work)

¥ [0 REF-3300: 150_DIS_26262+6-7.4. 18-0 {Perform mathod: Data flow analysis) (In Work)
¥ (B REF-3300: 150_DIS_26262-6-7.4, 18- (Perform method: Data flow analyss) (In Werk)
r 150 005 26E262-6-7.4, 18-0 Duatn flow arahvas) (In Work)

| L) Gosdetvorks st = - — & 4. e - e r
| & | L hep . » [
&) L hetp: *
@ Disable: L. Cookiess # €35 ) Forms~ [ mages+ i) Informations [} Miscellaneous: »* Outlines 8 Resizes 3 Took= - View Source [f] Options® 00|
r] erttes | project Admiisiason | -mmnuhm“
|
| | Reqwement v | @oreste | 7 Generste Document mE i
| | - 119{05b 000 Veriheation of W p cognl) | Oungekog |  DeversteeyTree | precadence Tree |
- .smu-cs,snsn{hww
Tree View |
Entibes L
v BREQ mammmmmﬁswhmudmwﬁmwommmwamwww e}
i Work)

35 rows

SPC-115: 03b_000_Veribcation of | Mo View

[ RES-11%: O5b_000_Verificationof [l
b OVT-129: 05b_000 Verihaatenof | PR & | D

* {8 VET-119: 0% _000_Verificasion of

* {8 TET-119: 09%_000_Verificason of
* (B VAT-119: 056 _000_Verification of

-

SPC-11% REF.
[ 05h_D00_Verification of SW Architectural design (Verification of Software Aschitectural Design) ] [ 150 CD 26262-6-6.4.20-0 (Verificati
¥ =

RES-119
desagn (Verifieat Adthitectural Desiga)
» -
» _ ¥ -
" [ WEP-115
09b_000_ Verification of SW Architectural design (Verification of Software Architectural Design) |

= a—

// ) ———

+ {8 PRO-4%: Suppering Processes (In Werk) DVEL

* B WPT-1: ASTL (In Work) \ A\ [&Mﬂ,wﬂ'uiu,nwﬂ duj [M.W.\'uiﬁwmolsw Azehinpeural desi Sofrwae A Dhesign)
* (B Oz ASIL (in Work) \ | \-.,_ —
* (01551 ASIL (n Work) . | —— "
{0 FRU-1: ASE. (In Werk) T~ I VET113 3

1of 4 rows ]Ill
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Example project (4)

@ Example: shifby-wire example

B S — ~—E W

\(_-/v.\ S| (%0 by | Pl B | ®-

Entities | Project Administration ] ["' root Logout Hdp'|

slﬂder!noe v | (& Create | “ Generate Document i:" E|

Entities J Project: PRJ-1: Shift_by_wire (ASIL compliant) | s || Dependency Tree | Precedence Tree | & |
™ BB System: System (In Werk) @
* B8 PRO-1: ASIL (In Work) :

* @8 REF-1: ASIL {Approved) ST ["’—]"“’" M

* @ PRO-3: Supporting Pracesses (In Work) —

* {8 RES-1: ASIL Guidelines fin Work) W Edit Entity: PRJ-1

* 8 RES-3: ASIL Roles (In Work) S o =

* [ PRO-4 System Safety & Engineering Deve " | Shift_by_wire (ASIL compliant}

* [ RES-2: ASIL Glossary (In Work) .

* [ PRO-5: Supporting Processes (In Work) Sahs [ In Work M

* [ PRO-Z Organisational Processes (In Work . .
& 8 WPT-1: ASIL Woddroducts in Wo) DescriptionText: | i) [0 ) (8) o (B @ @ @ i s T & BB %5 g5 5 ES 5 I
8 CHR-1: ASIL (In Work)

The scope of this project is the development of a shift-by-wire system for a CVT type transmission. The scope

. of the shift-by-wire system (also referred to as ‘system’) is the combination of the shifter, TCU and

» {8 REQ-202: Drive candlitions status informat transmission (including a gear-change-lever actuator). Sub-systems are the shifter, TCL, transmission and N
B spC-202 Vehicle speed information (In W) TCu

SPC.205: Engine status (o Work) Sriner

* B MOD-1: Vehicle status indicator system (1

ENT-1: Hall sencar wheel (In Wark)

ENT-3: Batterry status indicator (In Wol

{8 ENT-4: Engine status (In Work)

¥ B8 REQ-293: Unsafe driving conditions (In Wi
* B SPC-296: Unsafe states of the vehicles
&8 WP-292: Vehicle conditions indicator systd
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Example project (5)

@ (Generated precedence graph
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