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OFM T AAE! (safety—critical system)2 21 AFDJE ASIO 2 &S 01X 20 LS A6}
0 JHEoHOF StCH Safety case (& =Z) ZLHS AN AH0| Qe AZEO/AIAE e Al =85t
Ol 2 E5E 219 =5 X A4S Soll AIAE0 SodesE =9 ANMEE AFU=EX SHots DI
HoZ AZECh Safety case pattern® 2 (HA2| safety case HA Al BEHE B2 82822 M
A258ED| ol A SE0, 23E2 HE 32 foide HES ZZ&E0 otLi2t 3= MES g4,
LHE, =& &8t SR04, 2 =20l S4SE LA oM ATEIJNHE a2z § safety case

pattern &2 <ol J1 HotE CE ZHelel IHE 82 BIY®22 safety case pattern2l &4 WS, &
P, == S L8t 2FE 86t HMOHStC.

MiTE =ZE AHOICH

= oS

HEAQ 22 oM Z A AE(safety—critical
ADE oIt 280l o S0l 20 0Ix7 Gos o
td o2 o3 o = Ol Al | XI 21 (Argument)

JF E=XO0|Ct. Zi& AlAEQ

g, &3
&4 =2 ] Ch. otd Z
C5 OIEDINZ dEY, oHdA EHEI iR
¥ OHE, ¥R SOAES AZEY0 M0l Evidence
(Solution) Justification
BN, ZE, g42el 2 FHOEE Mo
H 2o #ssz Qg ZUss9 st 02 1. GSNOIA AlES= HEO|Y
2= WY, 235, AdY A, & 2ele I 0l218t safety case pattern AW = pattern language,
mtetetdl 8E &0l UACH 0lE foh o erEOl GSN J|Btel structure HHEE ZQ06HX2H HSEHe
20l =E E=0ILE #HE Soll safety case (ot& (contents) 3 M =SRoIH, H: ==0A
HES HEolH o™ EBZS &OelotESE ot ULH 240IDt0l T8t DZEO0l ERotCh Il LS SW safety case
case= AIAEHQ E0EEsE £F9 oEHY pattern=2 &0l EH 2 IHES2 g g4,
acceptably safe)g HFEJ=XE FEZEH0LD YAHC=Z =Z0AM 0 JtXl X0lEES 2k 0lo 2 =20 Me
te JIgez AMNFAQ oMy 24 JIYW2 OFLIXICE, FAXNELHAS oW ATEIONS safety case pattern
=49 & Zeiz A=D1 QUCH  Safety case AH0 2A SUEQl safety case pattern HES
=2 GSN (Goal structuring notation) I/ 0l N E safety case patternS0ll UloH 2IRE &5t
08 <8 1> GSN2 HOoIgol st O O0ICh. HIEECZ IE X4 UE, 89, =& S22 1dE&
notationg EZ0 XA goallt strategyE 28 Y HIeHSICH £E 2 28 8 IHE A F
= Alo2 RHECC 0|28t safety case A A CHol =stCt.
g, ATEFOS B2 22 Z=HAI HEE=
M0 == AIEE0l 20l UEU=se &2 2. Safety case pattern
El QICH. Safety case pattern[2]2 BtE2xo=z Safety case pattern2 AIAE/ATERINS N =5 =4
E XSS 22822 MAESD| <ol Motz ALt AN RFE AMBEHE 388 RZE MAIESGH| <IE
2 F=F 049 ot =ZF X ALdES EHGI template@2 EZMHQ A2E Adl FESE StHILD2I0t
T AMEE £ U M JIE9 ¥ HIEZS Sl Q0oL [2]0MdEeE  CIAel WEWAM XF= AIES e
22 safety case patternOl HMIt&Z D RUCH  SHXISH g=== JIBt2 2 safety case pattern languageE Ml otst bt
BHEAO oMM ATEUE aez & IEQ QLLCt. Pattern language= ‘name and classification,” ‘intent,’



‘also known as,” ‘motivation,” ‘applicability,” ‘structure,’

‘participants,’ ‘collaboration,’ ‘consequence,’
‘implementation,”  ‘simple text,” ‘known uses,” ‘related
pattern,” 22 IFHELN HIBEH= WES ZESHA
HSoIEE otRUCE S8l ‘structure’ 852 GSNE 0| =0l
OEel = WE=2 H3SHCh £8F pattern0l & H CHatel
instance &E @Ol multiplicity, uninstantiated entity,

optional extensionsS Al2d| IMHEESS ES &L <O 2>
safety case pattern structure O AIOI CHSt D&0ICH [3].
g 2>% Z2 REE M3 220 Ot Wss HZ
NHHEM HALS & = UAES & F=XO0ICH.

HSFM

HSFMAccept SysHaz

All causes of hazardous

software failure mode are
accpetable

Hazardous software

failure mode System level hazard

SWDefn

Software definition

HSFMOmissionAccept

All causes of Hazardous

Software Failure Mode

{HSFM} of type omissien
are acceptable

<

HSFMLateAccept

All causes of Hazardous
Software Failure Mode
{HSFM} oftype Late are

acceptable
(Commission, Value,

Early) e Gontpt of

DefLateFM

Definition of Omission
Failure Mode

Definition of Omission

Failure Mode

& 2. Safety case pattern structure2l Ol Xl [3]

3. Safety case patterns2 &
3.1 Existed safety case pattern At & 2|F
]

JIEM SW & ATEQO I8 AAEHEZ HaS=2 ole
safety case pattern0il CHoll =&st HAIRS0l Z=MECt
2420 IHEe S& ZHoES tacezs & IHEE UKL
ool AZG0l SWE Uacez ol Ys MES
ZMstth. 2 ==20lMe safety case pattern®l  CHSt
JIRMEZ & 40 O B == =&ol0 =olotdd, i
=2 = & s28 MAQ SAME =2 Y safety case &2
=&, Jd2d0| gl =22 HUs =252 Us <& 1>
Z2 JiHelz =2FE £ JRUCH 2202 2H=Z &
=22 CAEES EEoHA Rot) L0 oM & Z STt

H Bll=e WES MetstHLE IHE JI8te = safety caseE
HHole HFEZ F4HE =222 13HS Eolg £ UALH
<8 2>= 1YH 220 LIt safety case pattern2
GIMOICH3]. <E 1>0M 2, 3 oz =2JEH =22

X

ME2 ANZHo=Z Hetolkl= &ZXICH argument type,

argument scheme, safety case principle=2 S0l safety
(o]

case & Al R8%, el HES 2 =+ A= UESS
H3ctn Y= ==20ICH <HE 1>UHA 2, 3z =2&H
=2 HES A0 UM g et FESS
H&otl UK =2 ==20AHs 4 1gez 2]
==50l ot =8ttt

1. 2 =289 28

=5 Al =] e}
1. Safety case pattern and Safety case H&S Q& 13
pattern—based  approach pattern XS 2L HZ0 ]
for safety case 2EE =2
2. Pattern—based approach & & &0l safety case 2
of safety/assurance pattern 01212 THE DJ|gte| o
argument argument, assurance &2

?e =22

3. Other perspectives for Safety case X&E <& 4

software safety case (with principle, review0l 2tE o

[ —t

simple pattern) =2

(J1Et safety case application 28 1004 B 2 safety case modelling, tool

S patternlt SZH0 Y0 Xl=s =2 M)

al

S %5t 0I5k, THE AIE 2™l
ol CH Safety case patternE ZEEO=Z
OIgt= 1 282 £& =252 KMIGI 2TEY, safety
g g ZR20 ZE
25 Uss olgl £ At =
abstraction =#=&0 Aoz

StCt

|
Z0lM= 0 B0l =85 S0 =8t
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, 2 EQ

= AL Os
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3.2 Safety case pattern? H&8+ZE =8

AN SOOIt Hiet safety case pattern2
structureE A HEH e ==0 Xol&E0l UA
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220ICH. Ch82=& ‘High-level contents composition’ 2
=2 =& 0lA abstraction & M3&= HESS 20I8tCH
0IE =0{ ‘All hazards in SW should be mitigated” 2 20|
a2 &2 abstraction®sl UWES HNEote MES0l oY
JtElD2lol =8t <O 3>2 g =59 WMEo et

OlMIOICH. Al HE  SHHIZD2I  ‘Concrete  contents
composition’? HAR= S HMA SAGHKICH HA =0l
M

E2 o¢dd =24 25 ofg S0 Ool 2HMAL
1

=
0

= ol s
Lot U= MESS /s 2F0ICH ®E S0 g 22
23 UM ZSZ 00 & hazard? EIQE2 XI&ots 241
20l 22 &9 abstraction2t HZ2LH Z2HEL HEB=S=
ILEs IHES0ICH <08 2>° IEO| ol 270 =8



g £ QC. OtXNY == domain specificgt WsS&E0H

otLich CHAMOI SHMEQl LHENK Eetol safety casell
instance?t XI0IJF gl MEE=S Z&olse 28
XHoIALCE g 282 ME[6]S BIEI HXIQH AH=20

MetMdeE 20 Ok gH AEg = As ]I+ 8 +

ULt

G1

Failure hazards of
System {s :: system} are
mitigated

=

C1
Physical architecture
breakdown of System {s
system} as given by physical
break table {pt
physicalbreakdownTable]

Argument over physical
architecture breakdown

e \ G2
/ Mitigating all subsystem,

failures can mitigats | Subsystem {ss :: system}
A system failure failure hazard is
. e mitigated

- o
O 3. [7]100 LiEtet 2 283 HES oK
= 2.4 3tHl 22 P2E patterns2l XH0IA

No. Classification Description HI (B -0l =)

1 Structural NotationE2l structure222  2-11 ([4][5])

composition -4

2 High-level =2 4+Z0lA abstraction® 10-36 ([5]1[7]
contents Eet M3 (e.g. Al hazard S)
composition mitigation)

3 Concrete CH& domainOl  specificgt  4-11 ([3] S)
contents LHEsS Z&8t abstraction
composition  (e.g. failure type Z</)

4 Detailed DIES] =2 «=&2 1-3([6])
contents abstraction, safety case2
composition instancelll 2&

=)

<H 2> Sdi 278 It detail ==
=05 MES 28 O HdXr 28 ZAdoior ot

instantiation contentsJt N &XICH It =2 =F2| detail2

o rr

IESt IiE(abstraction0l %2 ME)S safety case 2
S8t =EMANE HHHW 22 safety caseE Hiz
AMESt= A0t CHE Ht & = ULt Abstraction =&0I
=0t 28 2ERE L= 241 460t 5t WESO0I
LOFXIXI2H, Chst CHAH, Solelol AL SE = As WXt
Sorsttte &&0l UCH OEI| =20 & 4= IHE o
UOHH o oeol A HEE & Al HEczE ¥
=2 WE0l 240t0l 2ol =HZD XM 00F B
=20l DHE =S O0lE8 instancel Z It IAAH X0l =
[, THAIZGIH L& =& 0|42 safety case ZUE
MEStde 2ASIF AHE £ UCH 38 2F= 24 F&9
LIZ0l Z&T &2 =9 ZZAHNA, ZE, AHE Sl
HEE Z2 BsiiM Mg =& UYL, LFE UEs
ANEHe2 HIE = Jls EFET JUCH ol™HE ==Z0

-

et 04 abstraction2 M2 & U2, detail =0l

A
MetA eSS 2%, SH0| €2l FHE0| etdtt
==

AX WES HLE M detail2 =O0/H T E IHZ D
instance JHE 1 XHOIDF SLOIXIAH &1, abstraction &2
=0IA E™ domain, target It &l THE = L SHAH = CH
£05l detail &0 =2 HES HE Al =2 HAde=z
ol GHY IHES THALE Jitsd R0 4% As 180l
ZLRoXCle &EO0ol UCEH THE WY Al oldst ol =&
=0 === T ERIF UL S5l old F@= FEOHA
oAl 20 IHE JHEH =52 =4 222 5+ UL

A" LHA AIAEE =TS AIAHo=Z LS
ATZEQOIF MEECH Y AZE0 E2 UALZ b=
DHEOl CHOH Dedol 2™, CHes AZENHS0l AHEZ DI
a0 MHE =F2 abstraction0l = el AZE/ANHE
CHatez & = A00F St Metd 48 28= XEGHA
0D g = Y. FXHF Zhee nwEs Zgst 3¢
2572 IHEsS XH4dotHu, ZEE us=2 28 ==0A
MNMote 20l Mgottin & £ UL
4. 2 B

2 =20l JIEW L AS safety case pattern S0l
CHoll 2R E sigtd, Ol HIESeZ mME =49 "<,

A
.
abstraction =& S22 EF0I JXNFLEALl OrF AIAE

ATEYNHE HAHSZ ol= safety case pattern JHE Al
HEZg > U= =FT0 Uist 2RE 8 L HOASIALH. 2
=Z0AM &8s pattern? HE EF= 4 JHK=Z
EIEACH, 2 2R HHHO ol =otALCH OIHE
s &Y e 2RE Soll safety case pattern JHE Al
ZRs HAUWHA HE2 JHgdt=d &30 & H2=Z JIU
StCH
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