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Safety  argument  in  ISO  26262�

Product  argument�
•! A  safety  argument  that  argues  safety  
based  directly  on  �W�K�H���I�H�D�W�X�U�H�V���R�I���W�K�H��
�L�W�H�P���L�P�S�O�H�P�H�Q�W�H�G.  �

Process  argument�
•! A  safety  argument  that  argues  safety  
based  on  �W�K�H���I�H�D�W�X�U�H�V���R�I���W�K�H��
�G�H�Y�H�O�R�S�P�H�Q�W���D�Q�G���D�V�V�H�V�V�P�H�Q�W���S�U�R�F�H�V�V.�

�
We  focused  on  product  argument  for  safety  
of  an  Electric  Power  Steering(EPS)  control  
system.  �
�
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EPS  control  system�

Main  functions�
•! EPS  uses  an  electric  motor  to  assist  the  driver  of  a  
vehicle.�

•! Sensors  detect  the  position  and  torque  of  the  steering  
column,  and  an  ECU  applies  assistive  torque  via  the  
motor.  �
•! This  allows  varying  amounts  of  assistance  to  be  applied  
depending  on  driving  conditions.�
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http://www.ni.com/white-‐‑‒paper/4204/en/�
Notice:  This  diagram  is  not  related  to  real  products.�

Our  activities�
•! Hazard  analysis  and  risk  assessment�
•! Specifying  safety  goals,  functional  
safety  requirements(FSRs),  and  
technical  safety  requirements(TSRs).�

•! Verification  and  Validation  of  FSRs  
and  TSRs�



Requirements  related  to  safety  argument�

Management  of  Safety  Requirements�
•! Objectives  are  to  ensure�

•! the  correct  specification  of  safety  requirements  with  respect  
to  their  attributes  and  characteristics,  and�

•! consistent  management  of  safety  requirements  during  the  
safety  lifecycle.  �

•! To  achieve  the  above  objectives,  requirements    of  
management  of  safety  requirements  are  listed  in  part.
8  sec.  6.�
�

5�

ISO 26262-10:2012(E) 

!"#$%"&'(&")"*++",-./01",212,324 9
"

*"5611-7+2"89::2,"06"52,;6,8"9";<:=0-6:9+"19;20>"91121182:0"-:"0/2"=912"6;"9"4-10,-7<024"4232+6582:0"-1"0/90"
0/2"32/-=+2"89:<;9=0<,2,"9:4"0/2"1<55+-2,1"-:"0/2"1<55+>"=/9-:"29=/"944,211"0/612"9152=01"6;"0/2"91121182:0"
9=0-3-0-21"?122"7<++201"9@A"7@"9:4"=@"97632B";6,"C/-=/"0/2",2152=0-32"59,0>"-1",2156:1-7+2";6,A"91";6++6C1D"

" 9" 1<55+-2," ,23-2C1" 0/2" 19;20>" 8291<,21" -85+282:024" -:" 0/2" 4232+6524" 2+282:01" -:=+<4-:." 0/2-,"
955,65,-902:211"9:4"2;;2=0-32:211"06"=685+>"C-0/"0/2"=6,,2156:4-:."19;20>".69+1"6,"19;20>",2E<-,282:01"
F5,63-424"7>"0/2"=<10682,"6,"4232+6524"7>"0/2"1<55+-2,@A"9:4"239+<9021"-01"-85+282:024"5,6=21121"9:4"
0/2"955+-=97+2"C6,G"5,64<=01H"*"1<55+-2,"9+16"239+<9021"0/2"5602:0-9+"-859=01"6;"0/2"4232+6524"2+282:01"
6:" 0/2" -028I1" ;<:=0-6:9+" 19;20>A" 2H.H" -42:0-;-21" C/20/2," -85+282:024" 19;20>" 8291<,21" =9:" +294" 06" :2C"
/9J9,41K"9:4"

" 0/2"32/-=+2"89:<;9=0<,2,"239+<9021"0/2" ;<:=0-6:9+"19;20>"6;"0/2" -:02.,9024"-028H"*"59,0"6;"0/2"239+<90-6:"
=9:"72"79124"6:"0/2"C6,G"5,64<=01"6,"-:;6,890-6:"5,63-424"7>"6:2"6,"86,2"1<55+-2,1A"-:=+<4-:.",256,01"6;"
0/2";<:=0-6:9+"19;20>"91121182:01"52,;6,824"90"1<55+-2,I1"5,28-121H"

L%MN" *" =<10682," =9:" 239+<902" 0/2" 19;20>" 8291<,21" -85+282:024" 7>" 9" 1<55+-2," 9:4" 0/2" C6,G" 5,64<=01" 8942"
939-+97+2"7>"9"1<55+-2,H"*"=<10682,"=9:"9+16"239+<902"0/2"5,6=21121"-85+282:024"7>"9"1<55+-2,"90"0/2"1<55+-2,I1"5,28-121"
F122"#$%"&O&O&PQD&'((A"RHSHSHQ@"

5.3 Understanding of safety cases 

5.3.1 Interpretation of safety cases 

M/2"5<,5612"6;"9"19;20>"=912" -1"06"5,63-42"9"=+29,A"=685,2/2:1-32"9:4"42;2:1-7+2"9,.<82:0A"1<556,024"7>"
23-42:=2A"0/90"9:"-028"-1";,22";,68"<:,2916:97+2",-1G"C/2:"652,9024"-:"9:"-:02:424"=6:02T0H"

M/2".<-49:=2".-32:"/2,2";6=<121"6:"0/2"1=652"6;"#$%"&O&O&H"

M/2,2"9,2"0/,22"5,-:=-59+"2+282:01"6;"9"19;20>"=912A":982+>D"

" 0/2",2E<-,282:01K"

" 0/2"9,.<82:0K"9:4" "

" 0/2"23-42:=2A"-H2H"#$%"&O&O&"C6,G"5,64<=01H"

M/2",2+90-6:1/-5"720C22:"0/212"0/,22"2+282:01A"-:"0/2"=6:02T0"6;"#$%"&O&O&A"-1"425-=024"-:"U-.<,2"OH"

"

Figure 6 — Key elements of a safety case (see [2]) 
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Safety  Case�
•! The  purpose  of  a  safety  case  is  to  provide  
a  clear,  comprehensive  and  defensible  
argument,  supported  by  evidence  to  
guarantee  safety  of  an  item.�

•! A  safety  case  for  ASIL  (A),  B,  C  or  D  
should  be  generated  as  a  work  product  
during  the  safety  lifecycle  (part.2-‐‑‒6.4.6).�



Structure  of  safety  requirement�

6�

Hazard  analysis  �
and  risk  assessment�

Specification  of  safety  goals�

Specification  of  FSRs�

Specification  of  TSRs�

Specification  of  �
hardware  safety  �
requirements�

Specification  of  �
software  safety  �
requirements�

Concept  phase�
Product  developm

ent�

All  safety  requirements  �
should  be  appropriately  �
described  and  managed.�

We  used  GSN  to  �
manage  these  requirements.�



Management  of  safety  requirements�

To  comply  with  the  followings,  appropriate  
notation  and  management  techniques  are  
required.�
a)!Hierarchical  structure�
•! The  safety  requirements  must  be  structured  in  
several  successive  levels.�

b)  Organizational  structure�
•! The  safety  requirements  of  each  level  are  
grouped  together,  which  usually  corresponds  to  
the  architecture.  �

c)  Completeness�
•! The  safety  requirements  at  one  level  fully  
implement  all  of  the  safety  requirements  of  the  
previous  level.  �
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Management  of  safety  requirements(cont.)�

d)  External  consistency�
•! Multiple  safety  requirements  must  not  
contradict  each  other.  �

e)  No  duplication�
•! The  contents  of  the  safety  requirements  are  not  
repeated  in  any  other  safety  requirements  at  a  
different  level  of  the  hierarchical  structure.�

f)  Maintainability�
•! The  set  of  requirements  can  be  easily  modified  
or  extended,  e.g.,  by  the  introduction  of  new  
versions  of  requirements  or  by  adding/removing  
requirements  from  the  set  of  requirements.  �
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Goal  Structuring  Notation(GSN)�

Whatʼ’s  GSN�
•! GSN  is  a  graphical  argument  notation.�
•! It  can  be  used  to  document  explicitly  the  elements  
and  structure  of  an  argument  and  the  argumentʼ’s  
relationship  to  evidence.�

�
�

9�

GSN COMMUNITY STANDARD VERSION 1 

 © 2011 Origin Consulting (York) Limited, on behalf of the Contributors 5 

G1

Control System is 
acceptably safe to 
operate

G2

All identified hazards have 
been eliminated or 
sufficiently mitigated

C1

Operating Role 
and Context

C2

Control System 
Definition

G3

Software in the Control System 
has been developed to SIL 
appropriate to hazards 
involved

C4

Hazards identified 
from FHA (Ref Y)

C3

Tolerability 
targets (Ref Z)

C5

SIL Guidelines 
and Processes

S1

Argument over each 
identified hazard

S2
Argument over allocated 
SIL for Primary and 
Secondary elements

C6

Identified 
software hazards

G4

Hazard H1 has been 
eliminated

G5

Probability of Hazard H2 
occuring < 1x10-6 per 
year 

G6

Probability of Hazard H3 
occuring < 1x10-3 per 
year

Sn1

Formal 
Verification

Sn2

Fault Tree 
Analysis

G7

Primary Protection 
System Developed to 
SIL 4

G8

Secondary Protection 
System Development to 
SIL2

Sn3

Process 
Evidence for 

SIL4

Sn4

Process 
Evidence for 

SIL2

A

A1

All hazards have 
been identified

J

J1

SIL apportionment is 
correct and complete

 

Figure 6: An Example Goal Structure 
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Main  notations�
•! Goal(Requirement):  the  claims  of  the  
argument,  or  the  safety  objectives  that  must  
be  addressed  to  assure  safety.�

•! Strategy(Argument):  how  the  evidence  
indicates  compliance  with  the  requirements.�

•! Context:  identifying  the  basis  for  the  
argument  presented.�

•! Solution(evidence):  evidence  to  guarantee  
that  a  goal  could  be  satisfied.�



Example  of  GSN:  Organizational  structure�
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Safety  Goal�
FSR_̲001�

Assigned  ASIL  of  FSR_̲001�

the  element  to  which  �
FSR_̲001  was  allocated�

the  basis  for  FSR_̲001�

Evidence  showing  that  �
the  TSR_̲001_̲003  was  �
satisfied.�

FSR_̲001  was  divided  to  several  requirements�
  and  allocated  to  each  element.�



Example  of  GSN:  ASIL  decomposition�
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TSR_̲001_̲001  was  �
decomposed  to  A(D)  �
requirement  and  C(D)  �
requirement.�

The  requirement  for  independence  �
between  the  decomposed  requirements�
was  added.�



Good  points  of  GSN  compared  to  natural  languages�

•!The  relationships  between  a  goal  and  
sub-‐‑‒goals  could  be  clearly  described  by  
argument  elements.  �
•!The  completeness  of  the  safety  
requirements  specifications  becomes  
obvious.  �
•!Duplication  and  contradiction  of  safety  
requirements  specifications  could  be  
avoided  by  reviewing  the  relationships  
between  the  specifications.  �
•!A  hierarchical  structure  is  easily  achieved  
by  a  system  element.  �
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Weak  points�

•!The  semantics  of  the  context  elements  should  
be  restricted  because  the  elements  can  be  
used  with  various  meanings.  �
•!Tool  cooperation  should  be  improved  to  
ensure  traceability.�
•!For  example,  the  GSN  description  tool  should  
work  with  the  traceability  management  tools,  
hazard  analysis  tools,  system  architectures,  
and  so  on.  �

•!For  ASIL  C  or  D  requirements,  other  semi-‐‑‒
formal  or  formal  methods  may  be  needed  
because  contents  of  each  element  of  GSN  
are  described  in  natural  languages.�

�
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Conclusion�

•! We  presented  a  case  study  of  a  safety  
argument  description  for  the  EPS  control  
system  by  GSN.�

•! We  compared  the  capacities  of  natural  
languages  and  GSN  for  describing  the  
safety  case  and  management  of  safety  
requirements  specifications.  �

•! Based  on  the  case  study,  we  confirmed  
that  GSN  was  an  appropriate  technique  for  
these  purposes.�

•! However,  some  future  works  were  found  
to  spread  GSN  in  practical  situations.�

Thank  you  for  your  attention.  Any  question?�
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Additional  Slides�

15�



Requirements  for  notation  of  safety  requirements�

Notation  methods�

�
Practical  situation  in  Japan  �
•! The  safety  requirements  have  been  described  
in  natural  languages  in  many  cases.  �

�
To  develop  items  with  ASIL  C  or  D,  semi-‐‑‒formal  
notations  should  be  used  instead  of  natural  
languages.  �
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highly  recommended�

Informal  notation�

ISO 26262-8:2011, Table.1 



Semi-‐‑‒formal  notation  methods�

Definition  of  “Semi-‐‑‒formal”  notation�
•! Descriptive  techniques  where  the  syntax  is  
completely  defined  but  where  the  semantics  
definition  can  be  incomplete.�

Examples�
•! System  Analysis  and  Design  Techniques  
(SADT)�

•! Unified  Modeling  Language  (UML)�
•! Widely  used  in  practical  situation�

These  methods  are  suitable  for  design  of  item  and  
software,  but  not  suitable  for  description  of  
requirements.�
�€ ���$���P�H�W�K�R�G���W�K�D�W���L�V���V�X�L�W�D�E�O�H���I�R�U���G�H�V�F�U�L�S�W�L�R�Q���R�I��
�V�D�I�H�W�\���U�H�T�X�L�U�H�P�H�Q�W�V���L�V���U�H�T�X�L�U�H�G����
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