
Altreonic	  presents:	  

	  
A	  generic	  methodology	  for	  safety	  engineering	  

	  
Developing	  cer-fiable	  products	  and	  systems	  in	  a	  cost-‐

efficient	  way	  by	  genera-ng	  the	  evidence	  during	  
development	  with	  GoedelWorks	  
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Our	  RTOS	  inside	  



Why	  systems	  engineering?	  
•  Systems	  are	  becoming	  very	  complex:	  
– Discrete	  components	  (SW	  &	  HW):	  every	  state	  
change	  is	  important	  (and	  can	  be	  fatal!):	  10**n	  

– More	  and	  more	  dynamic/adapNve	  
– MulN-‐domain	  (mech,	  chem,	  elec,	  SW,	  …)	  

•  CraR	  vs.	  engineering:	  
– Managed	  development	  vs	  skills	  alone	  
– Trust	  requires	  evidence	  and	  traceability	  
– Human	  are	  creaNve,	  but	  error-‐prone	  

•  Cost-‐efficiency:	  also	  for	  small	  companies?	  
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Why	  (safety)	  standards?	  

•  Body	  of	  knowledge	  and	  proven	  pracNces	  
•  Safety	  criNcal	  =	  mission	  criNcal	  =	  trustworthy	  
•  Reduce	  cost	  of	  cerNfiable	  engineering	  
•  Reduce	  risk	  of	  system	  failure	  
•  A]empt	  to	  be	  normaNve	  
"  Predictability	  reflects	  our	  control	  of	  the	  
engineering	  process.	  	  

"  Automate	  if	  possible	  
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SE	  mapping	  process	  
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Altreonic’s	  methodology	  
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Unified	  SemanCcs	  

InteracCng	  EnCCes	  



Unifying	  metamodel	  in	  GW	  2.5	  
•  Model	  is	  generic	  for	  all	  engineering	  domains	  
•  Bias	  towards	  embedded	  systems:	  
– SoRware	  
– Hardware	  
– Mechatronics	  

•  Simple	  yet	  complete	  
•  CustomisaNon	  for	  each	  organisaNon:	  
– Merge	  organisaNonal	  process	  flow	  with	  standard’s	  
process	  requirement	  
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Orthogonal	  concepts	  (1)	  
Reference	   Any	  relevant	  informaNon,	  external	  and	  generic,	  but	  of	  potenNal	  

importance	  for	  the	  Project:	  datasheet,	  standard,	  	  paper,	  …	  

Requirement	   Any	  statement	  by	  any	  stakeholder	  about	  the	  system	  to	  be	  developed:	  
technical	  as	  well	  as	  non-‐technical	  

SpecificaCon	   A	  Requirement	  that	  by	  refinement	  and	  decomposiNon	  can	  be	  tested	  
and	  verified.	  (requires:	  Test	  Case)	  

Work	  Package	  
(implements	  
Process	  Step)	  

A	  collecNon	  of	  coherent	  and	  planned	  AcNviNes	  that	  result	  in	  the	  
availability	  of	  an	  Item	  or	  Work	  Product	  that	  meets	  the	  SpecificaNons.	  
“Develop	  the	  right	  things”	  (what),	  “Develop	  it	  right”	  (how)	  

Resource	   An	  Item	  or	  Work	  Product	  needed	  in	  a	  Work	  Package	  in	  order	  to	  execute	  
the	  AcNviNes	  in	  a	  Work	  Package	  or	  Step.	  

Work	  Product:	  	  
Models	  and	  
Items.	  
+	  Artefact	  

The	  result	  of	  a	  Work	  Package.	  
An	  Artefact	  is	  the	  supporNng	  evidence.	  
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A	  system	  is	  the	  result	  
of	  a	  Project	  
(development)	  
executed	  by	  
following	  a	  
(prescribed)	  Process	  
	  



Work	  Package	  paPern	  as	  	  template	  
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8	  Work	  Package	  AcCviCes	  

Planning	  
Design	  	  

Development	  	  
VerificaNon	  	  

TesNng	  	  
IntegraNon	  
	  ValidaNon	  
Review	  

	  
4	  phases	  each	  

Planning	  –	  Doing	  –	  Document	  -‐	  ConfirmaNon	  
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Standard	  template	  pa]ern	  for	  WP	  



Orthogonal	  concepts	  (2)	  
Planning	   Describe	  how	  an	  AcNvity	  will	  be	  performed.	  Includes	  what?	  How?	  

When?	  Where?	  With	  what?	  ….	  

Design	   Specify	  the	  architecture	  (incl.	  interfaces)	  	  

Development	   The	  actual	  acNvity	  that	  takes	  all	  inputs	  and	  develops	  a	  concrete	  Item	  
instance	  that	  fulfills	  the	  SpecificaNons	  	  

VerificaCon	   Verifying	  that	  the	  Development	  was	  done	  according	  to	  the	  Process	  
SpecificaNons.	  “Was	  the	  work	  done	  as	  it	  should	  have	  been?”	  

TesCng	   Verifying	  that	  the	  Item	  meets	  its	  SpecificaNons	  (execute	  Test	  Case)	  

IntegraCon	   Assemble	  the	  Items	  into	  a	  system	  or	  subsystem	  component.	  

ValidaCon	   Verify	  that	  the	  Integrated	  Items	  meet	  the	  Requirements	  and	  
SpecificaNons	  as	  a	  whole.	  

Review	   Double	  check	  (using	  independent	  people)	  
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Orthogonal	  concepts	  (3)	  

Planning	   Describe	  how	  an	  AcNvity	  will	  be	  performed.	  Includes	  what?	  How?	  
When?	  Where?	  With	  what?	  ….	  

Doing	   The	  actual	  acNvity	  that	  takes	  all	  inputs	  and	  develops	  a	  concrete	  Item	  
instance	  that	  fulfills	  the	  SpecificaNons	  	  

Document	   Leaving	  a	  “trace”	  (evidence)	  for	  later	  reference.	  

ConfirmaCon	   Independent	  Review	  
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For	  each	  AcNvity:	  

Hence:	  iteraNve,	  double	  check	  at	  higher	  level	  



	  WP	  Internal	  Resources	  

Internal	  
Resource	  

Generic	  Resources	  (human,	  equipment,	  tool,	  financial)	  assigned	  to	  a	  WP	  
AcNvity.	  Typically	  at	  Kick-‐Off.	  

Person	  has	  
capabiliCes	  

Specified	  and	  verified/tested	  capabiliNes	  of	  a	  person	  to	  fulfill	  a	  specified	  
Role:	  e.g.	  Test	  Engineer,	  Team	  Leader,	  Safety	  Assessor	  

Person	  has	  
Roles	  

RACI:	  Responsible,	  Accountable,	  Consulted,	  Informed	  

External	  
Resource	  

Resource	  that	  is	  produced	  outside	  the	  WP,	  hence	  creaNng	  a	  
dependency.	  
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For	  each	  WP	  and	  its	  ActviNes:	  

Human	  factor	  made	  explicit	  



Traceability	  	  

•  From	  any	  enNty,	  dependency	  graph	  shows	  
traceability	  and	  change	  impact	  

•  Also	  shows	  incompleteness	  in	  repository	  
(missing	  links,	  enNNes)	  

•  Takes	  into	  account	  decomposiNon	  
•  AcNviNes	  can	  be	  concurrent/agile	  or	  not	  
•  Dependency	  tree	  used	  to	  approve	  enCCes	  in	  
order	  of	  dependency!	  
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Extract	  from	  tree	  graph	  
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AZer	  re-‐layout	  (see	  demo)	  
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ParCal	  trees	  
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Other	  features	  
•  Teamwork:	  enNty	  locking,	  repository,	  user	  
management	  

•  Glossary	  
•  “Links”:	  relaNonships	  between	  EnNNes	  reflect	  
dependencies	  and	  decomposiNon	  

•  Version	  management:	  logging	  of	  changes,	  
undo,	  import/export,	  a]aching	  documents,	  …	  

•  Document	  generaNon:	  read-‐only	  snapshot	  
•  GANTT	  chart:	  display	  planning	  
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ValidaCon	  of	  GoedelWorks	  

•  Input:	  ASIL	  project	  of	  Flanders	  Drive	  
–  AutomoNve	  Safety	  Integrity	  Level	  

•  Goal:	  develop	  common	  safety	  engineering	  process	  
based	  on	  exisNng	  standards:	  
–  AutomoNve:	  off-‐highway,	  on-‐highway	  
– Machinery	  

•  IEC	  61508,	  IEC	  62061,	  ISO	  DIS	  26262,	  ISO	  13849,	  ISO	  
DIS	  25119	  and	  ISO	  15998	  

•  3500	  Process	  Requirements,	  355	  STEPs,	  100	  WPTs,	  	  
•  Other	  standards:	  customer	  specific	  
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OrganisaNonal	  
	  
	  
	  
Safety	  and	  Engineering/	  

	  Development	  
	  
	  
	  
	  
SupporNng	  

ASIL	  V-‐model	  



ASIL:	  have	  the	  standard	  on-‐line	  
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PRJ-‐1:	  OpenComRTOS	  QualificaCon	  Pack	  
•  Formally	  developed	  network-‐centric	  RTOS	  
•  Scope:	  Kernel	  +	  PowerPC-‐e600	  HAL	  only	  
•  LOC	  of	  kernel:	  6550	  lines	  of	  C	  and	  Assembly.	  
•  Number	  of	  EnNNes	  in	  Project:	  1280	  
–  SpecificaNons:	  307	  

•  Number	  	  of	  Links	  in	  Project:	  2840	  
•  Number	  of	  tests:	  337	  
–  Unit	  Tests:	  175	  
–  FuncNonal	  Tests:	  162	  (covering	  99.8%	  of	  all	  lines,	  and	  
99.8%	  of	  all	  branches,	  for	  SP)	  

•  Number	  of	  reports:	  29	  
•  PDF	  output:	  2043	  pages	  (excl.	  source	  test	  projects).	  
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Source	  to	  REQ	  precedence	  tree	  
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Impact	  analysis	  at	  the	  push	  of	  a	  buPon	  



	  KURT:	  Altreonic	  e-‐mobility	  vehicle	  
•  Behavior	  emerges	  when	  enNNes	  interact	  
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PRJ-‐2:	  KURT:	  Altreonic	  e-‐mobility	  vehicle	  



Sharing	  data	  with	  design	  partners	  
•  EffecNvely	  communicate	  relaNonship	  between	  
requirements,	  elements	  and	  funcNons	  
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Summary	  
•  An	  integrated	  systems	  engineering	  approach	  

for	  trustworthy	  systems	  doesn’t	  need	  to	  be	  
complex,	  but	  complete	  

•  Formalized	  when	  possible,	  formal	  when	  needed	  
•  Accessible	  and	  cost-‐efficient	  
•  Supports	  any	  size	  of	  teams	  
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More	  info	  at	  
www.altreonic.com	  
	  
h]p://www.altreonic.com/sites/
default/files/Systems
%20Engineering%20with
%20GoedelWorks.pdf	  
	  
(will	  be	  updated	  for	  GW	  v.2.0)	  	  
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