ol 2 TA 2016-019
AZE0] OFA Hof ARIA} Sk A= 9J5)
S AGEY Ao A3 AF

A Study on the Development of Educational
Curriculum to Improve Employee Competency in
Software Safety Field

[Rletw/X| 28 /FEd/2d sl

0l
0gt

SERIEEE

S SPRI AZEYoIymaaA



g

40
00

<d
IHo

%0

e
ol
—

2016 d = ofzf

HIME

0f




FTAE A] B cereeerserssesserssessesssessssssessssssessssasesssssssssssssessssasassssssessssssssssessssssessssasessssssasase st st essssases 1
ALA AT HIA L TR A creressusenssusmmossessusossssussasssussosssssssossessussarsssssssossssusossssussassssssssonesssssns 1
A2 QT TR sssursrussussssssussonssussosssusisessessasossssusorsssssossstsssssstussssosssiseosasssossussusosssissosestssssessusens 2
B G LR crssessesssssssssussorsossssssssseossesssessusssssssssssusosssssasssesssrsssossssssssosssssusosssosassorssarsssesssesssd 3
AT 1T HFH  corsssvesssosssessoosssosssosssossssorsssessarsssssssesssressossusssssssussorsossssssssonssorsssnsssosssrossossuossuses 4

2 =Y = = B e 5
A1A ATZE 0] QY] A O] crrersersseserssrssessesssessessessssssessssssessessssssesssssssssassssssssssssssssasssssses 6
A2d AZE 0] ¢t ALEE ATEYO] B3 7]E AU e 9

1. Software Engineering Body of Knowledge (SWEBOK) 7 & weeeesesesessususescsusecncnses 9
NN /4 1 510) QP B TS = R 10
A3 AZEY o] Qb ol QAR AT} 7)E FFT ARG ceeeeeeeeresnssinsnininiiiiins 23
1. 2+ SO FEZE AFE|  eeeererererssrenennsieiennsesssss s asnsasaend 23
0. I} G TT AFF]| cemsssserssersosssssseossrossessorssssssssssorsosssessrssosssosssassorsssrsosssosssossrossessorssses 34
A4A 2T E 0] ok Hol AR Aaut DO 7] I BAE e 49
B [ T 49
2. AZEY 0] olA Hol A2 IFH 7]E HI I BAE i 51

A3AF L] TG TATFHA cerverssersersserserssesserssesssrssessssssessssssessssssesssssssssssssssssssssssssasssssssssssssssassses 57
I B T P 57
A2 TLGTFA]  rsersrussnsorusssssssssassorssussososssssossesssosssssusossssssonsessstaresssissossstusosoosussosssssosssrssosssssssesd 57

1. TIZF FAET]TE comsseensissuscsssussussssssssssssassussossarsssssassssssassassossusssssssesusssssssssssssssessussssessssass 57
5| <1 T 469
=L [ T 89
A, FIZE Q1ZT]Th ersseserssesssesserssessesssessssssessssssssssessssssessssssssssessssusassssssssssassssssassssssssssasssassssss 95



98

-100

-100
-100
-100
117

A3d zA}F

120

X

S

W

121
121
121
122
123
152
159

xﬂl@ 7H_9_ ceeesetencttetttenatennttentetnnetenettesttenatenttesnatensetesetentttettteneteesetestttatctencttnsttensttnsttsnstensstnsstnns

A2 FRAF Z2QBA] sesssossssorssorssorssressssossoosssosssssussorssorsssesssressossssssssosssssrssorssorsssesssosssossases

160
167
170
174
187
189
196

lg

A4d sz A

200
200

X
i

XH

3

A1d EA

200

v —



201
=202

N
B

)
o=

0

A

0

203
204
205
205

A2 7N

a
\a

—_—

=0

o
&

jue

3. A A s}
b I F= = = IR )

207

215
215
215
216

AT QITEO] QOF wrrersssrsssrssssssssssssssssssssesssssssssssssssssassssssssassssssssssssssssssssssssssassssssssassssssssasssss

A3 AT

219
226
232

X
il g
Pl

il

TE

-—

o
_Z_O
<H

-



=

2 %

CE 2-1> STAEF FE]AF M) T A EE crrrrersrrsenssnsessenssessensessessessessssssssssssssssssssessessssssenss 24
I 2-20 AAIZF MO Tl G EE corerrsersersersserssersesssesssesssssssssssssssessssssssssssssssssssssssssssssssssssssssisenss 24
CE 2-30 TNBAF QA B G TE corcsniscscussassmssusssssssssssssssussasssssssssssssssssssasassassassasssssssssssssasassasssssd o5,
(T 2-4> HZAE] A Tl G TF vt 26
A 2 By A N -1 =1 R I P 26
I 2-6) ETFAF O] Hl GIEE worrrvserserssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssisssssssssssssssss 27
I 2-T> BFOIAF O] Hl GIEE wosrrvserserssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasss 28
I 2-8) W TFAF O] Hl G EE worrrvserserssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssusssssssisssisanss 29
(F 2-90 ZTZAE TR M T GEF s 30
A () B et = I B e B = - = . 31
(F 2-11> ZFA B2 A A A H ATF v 31
(T 2-120 AEA A T G TF s ssssssssnsd 39
(F 2-130 2T EO]0FA ZTH G BF i 33
G 2-14> QA ATE o] TA HZ(SSQA) £ T 7] HEE ceneersenseninennnee 48
(E 2-150 AZEY0] ¢ba Hof A A2 A& 7)<L ZTHIET A O]) wrereserserserserssessense 49
(FE 2-160 2T E QO] Qb Hof YRR} HTE Z O] ceercerrcsarssnnssanssnssnssnsssnsssnsssssssssesssesand 50
(FE 2-170 2ZEY o] ¢t Hof ARz AT 7] AFJF EAE 51
A N = [ e P 54
(ZE 3_1> HCRQ Software Safety Course ﬂ%lﬂ% .............................................................. 58
(% 3-2> HCRQ AZE o] ¢tA FF/7Io] B} 732 AlF U8 ceevevessrssnsnnsscnsnnnssd 59
<3 3-3> [EC61508 Software Safety Training Course IL=SUJ-8 seersseessrsssusssssnsssssnsscunens 60
<3 3-4> CRITICAL Software Safety Training LS eeeseseserssmsssisenssmsnssnssssssensssssasenss 64
<3 3-5> Edif Group Software Development for Safety-Related System a8 66
{ZE 3_6> USC SFT Course ﬂ%m% ........................................................................................ 70
<3 3-7> University of York Computers & Safety IS8 seeeserssmsssssssessnssssssssnssnnnsd 75

_Vi_



<% 3-8> Technische Universitit Miinchen Techniques for System Safety Analysis

COUTSE TS B eersserssmssssssssssssssssssssssssssssssssssssssassssssssssassssasssssassssssssssassssssssssassssssssssasssssassssassssnsd 77
<3 3-9> Johns Hopkins University Software Safety Course IL-5U|-8 «eeecesscecssecsnnnensd 79
<3 3-10> MIT Software Engineering Concepts Course nL-=S-U]8 weeeeceeeescscsnssnicsnsnsanees 83
<3 3-11> MIT Software Engineering Concepts Courseol|A] TFF= & coerersrsesesnsannene 33
<§J}_ 3_12> IET Safety Critical Systems Course ﬂ%]_ﬁ% ................................................. 90
<3 3-13> Eurocontrol ATM Software Safety Assessment Course nl-S-u]8 ceeeeeeseeeeee 91
<& 3-14> AAMI Developing and Validating SW for the Medical Device Industry x5
L cereessesusssssssssssnssssssssssssassssssssassssas sssssssssssassssasasassssas s sssss s s R R s R e R 94
(I 3-15D ST FAFA T cererersrssnsrssnnneeeeseesisisnsisisssssissssssssissssssssssssssssssssssasasasases 99
<3 4-1> SOLUTIONLINK Training Courses for Software Engineering ul5ufj-& e 101
(FE 4-2> SOLUTIONLINK 7]% OFA Q@ JEAFCE T A sersevcsersuscnsissnsessuscnsessuscnsessasensuscasensanes 101
(T 4-3> SOLUTIONLINK SW OQFHAA]  coesesesererercssususesccsessssusecescssssssusssescscssasssesssesessasasnss 102
K 4-4> SOLUTIONLINK FMEA seeseeessessesessesessessassassssassassasasssssassassassssassassassasassassassassssassassanes 102
<3 4-5> SOLUTIONLINK QFA HJF L] Z L& corrrrserssersnssssssssrsssssssssssssssssssssssssssssssssssasssssons 103
(T 4-6> SOLUTIONLINK 7]% QFA H|ZSE] v 103
(T 4-7> NAVITHES ISO 26262 IS8 coerrrreresesesesesnesiscsiniscsssessnsismsmsssmsissssssssssssssssssssenes 104
(T 4-8D IEC 62304 AT-AF TS TFA coevrersesesccnsunnsmsinisesisisisimiiissssissssmsssmssssssassenes 107
(FE 4-9 oHAA FRE Q3 Fx SW /i Z2A 2~ A7) (EN50128) w8 & -108
<FE 4-10> 7Z3AFS 93 &8 SW 7 =2 A2 (RTCA DO-178C) o4 W& 109
<E 4-11> AFaF 71553 (1S026262) A7 A (FSCP) LS U8 ceeeeeeeeesnsnsesenees 111
(T 4-120 STA E|ZAE] TG R coerrrersnniniisiiiiiiiiiiiisiiisssmissssasasssses 112
(F 4-13> STA QFA TZ=Bofl SW7|% QA HZ(F]32 TFA) cerremesmmesssrsssssssssssssssaons 113
<3 4-14> ISO FDIS 26262 7]%5 QFA A (Functional Safety)ThA]  seseesevssessssssssesssssnssnaes 113
<3 4-15> SPID Academy TS LJ-8  coeserssesmmsssssmsnississtssisssssssssssissssssissssssssssssssssssssssusans 114
(FE 4-16> SPID 715 9Fd FHL 95k A28 Rl al TElE] Ao] e 115
<3 4-17> SPID ISO 26262 Professional Engineering A}2 QG T creerrsessesesessnscnsenes 115

- vii —



116
116
w17
118
120
we]22
.e]25
131
]38
140
w143
w147
149

152

153
w154

p LN

=

Ejz]. (/\] /‘é _1/_,:/\1)

5-12> T&71dolA w53 oA o

ol WE wF A
5-13> TA&7|FAA nFIHAF A

j=)

p LN

Edo Ta5(

3L

4-18> SGS Academy i‘/_% LH% T P TSP PPN

<3 4-19> SGS Academy [EC 615085
<3 4-19> SGS Academy ISO 26262 =}

5-3> A&
5-5> 7]

(G 5-100 2TA MEE ZAF ATF (TWOA A]) sermerrsmsssssssmsssssssssssssssssssssssssssssssens

(GRS AA SW 7R 1= tid] o4

<& 5-8> 7]

<E 4210 =9 &
(E 5- 2ZEY ] ¢

-
It
-
YA
-
It
-
At

<
<
<
<
<
<

155
155
156

o

-
st

¥ 5-14> TA714) d7IFolA ws34 el of
< 5-15> 4714 th71del A w53

Ay
st

156
157
159

o

71941 &&718l

1A
[

<& 5-167

s

160
-160
161
161

F o)&)] /&R OB ceeeenenns
O8] /% A] O EL wrernnens

T

1

0
pil

o

(functional Safety)ell ti
- viii —

o] 7]%<¢FA (Functional Safety)ol] o

4

]

o

7N
1+

=z ]
=

o

5-20> 4
5-21> 4
5-22> A

(E 5-18> ¢
(E5-19 &

Ay
At

Ay
At

Ay
At

<
<
<



k

k

N

T IS

kd

/N

b

5-23> 7l B FE/FAL EA oAF(E2-3)ek AL 23 WA FA e 162
5-24> = A| EEo| Fdhe £ZEHS T A2 A EF FHAYF

................................................................................................................................................... 162
5-250 7' et #d BE/AAIY EA AFR(GE2-)S} NTZZA L BA e 162
5-260 AAFFAANALZE S NE Al 7ot BF Z2A| 29 AHAR(AF
................................................................................................................................................... 163
527> AEW TZE TZA A AT B EA] OIL s 163
5-28> 715U B HE ZEZA2(E2-6)9 AFTA ] TA cermereerreemmeseeeees 164
5-29> A EH oLz Hol TR} ZA] I e 164
5-30> 7ot #d BE ZE2AZ HE FA(Z2-7)9 BT A BA e 164
5-310 ZZAE 38 Al QFF T A} SAU(GFHH) cervereesresrssnssnnsnsscnsnnsnsseissensanene 167
5-32> A2 QFH EFE L OFA A O]Z AIH eormeerssisssssisssisssissssisssssssssens 168
5-33> EH Safety AUt O] weeerrrreesersneresssessesssesessnsssssssssssssssssssssssssssssssssssssssssssseses 169
5-34> & U5 Al SIL #™ F Safety Requirements 7] of - woeeeseeenns 169
5-35> AZH QA ZHoAe MART BA W £2] I s 171
5-36> 158 Hazard Analysis®} Risk Assessment X 52| S woeeeeecncenncenns 171
5-37> 918 SIL(Safety Integrity Level) £52] OB wmmmmmereesssssssssssssssssssssssssssssssns 172
5-38> EW RE SIL Decomposition B Q12] seeenmsisssisssinsssnsssnsssensaes 172
5-39> ¢ Safety Concept £ MY Z7] OB cnesseermmmmssssssssssssesssssssee 173
540> OFA QTAFSF AAIT B T8 OJEL e 173
5-41> AZE Q FAFSF AZ A 2] AEL s 174
5-42> 2 QA O}F|HIA S A WH HE GJE o, 174
5-43> A1 ZH OFA BAD AFL A EL s 175
5-44> 1 ZH OFA WAL Z 23] Il mvmrrrenssrissssssssisssssssssisssss s 175
5-45> EW OFA WAUZ T8 Al PO GJE emmmrssssssssssssssssssssssssssssssssssssis 176
5-46) AZHEH AT E o] QA EA HFH S=2] O Bl ccvvsinnnninnniinniiiiiiiiiiiiiiie, 176
5-47> JFTH £z E S & wWAYSF 3t 7 W FA AR e 177



w178
.]78

179

179

180

w81

181

o 1 IO, - )
w182

182

w183

183

Hol-lﬂ]j o= I

/\‘]
el
3~ E.

=

FL ceeeeennnnieniiiniiiiniiiiiiiieiiiane.

H

A o

Eglo] olrlEA @A 5 dHA B

Edol & dANA 7e <

5-58> AFTE AL, HAH= &

5}

[e)
Edle} 7% kA

3L

o] BEE 7]HE AFR OE s

Ego] 75k 274

3L
3L
3L

LR
H oA

=

5-54> FFHE A&
[e)

5-55> 4
5-56> 4

CFE5-500 YEH 7]3% OFA T AFR O EL corretnessesetsessesssesssessessssssesssssssssssasenss

< 549 ¥ 7]

(F 5-52> ¢4
(F 5-53> ¢

Ay
At

Ay
At

Ay
It

<
<
<

o
o

Nlo

184
184
185
186

-+136
186
187
..-188
...188
189
w207

- eeecennceanicennctanncientianitanctaniceanitinttanstancsencsansaane

=]

A 759
o

5}

o
53
jm

Ego] A

3L

SER LI

¢

5-63> HFTHE &
5-65> HFE

(E 5-61)
(F 5-62> &

-
At
-
It

<
<

al-

i
ol

<E 5-69 g4 2

208

g]

has
=3

3L

< 5-70> 458 FAF A A
6-2> A

-
st

<



[T1202-1] QA TE HQFO] XFO] wrmmerrssmssssssssssssssssssssssssssassssssssssssssssssssssssssssssssssssssasssssassssassssassass 6
[T222-2] AFTL 9T AFF] eeeseussssserscussusssssissssssssssssssssssssssssssssssssssssssissssssssssssissssssssssssssssssssssssssssiss r
[7132-3] 2ZE o] QTAFS; BOF TR ZoA]| sevrerrcssnsescsesssissssisiscssssssusiscsssasssesssessssasass 10
[182-4] 2ZE 0] AA| BOF TQ TR sereerresssrssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssass 12
[182-5] 2ZE 0] & FOE TQ TR sereeerressrrssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssass 13
[122-6] 2ZE 0] B ZEl BOE TWQ Zoa] ereersssrsssssssssssssssssssssssssssssssssssssssssssssssssasssass 14
[182-7] 2ZE 0] SXHI BOk T Q o] sersersssrsmssssssssssssssssssssssssssssssssssssssssssssssass 15
[1202-8] 2ZE 0] FATE] Ok TWQ ]| swerserssersssrssssrssssssssssssssssssssssssssssssssssssssssass 16
[122-9] 2ZE 0] T8 g FOF TQ TR crererrserrssssmsrssssssssssssssssssssssssssssssssssssssssassses 17
[222-10] 2AZE O] Z8F TEA| 22 BOE WO Z2R]| eoremmeressrssssssssssssssssssssssssssssssssssssssses 18
[282-11] 2ZE9o] 23 mulyl HFHE Bof QR ZFA| e, 19
[7802-12] AZES 0] EZ FOE T Q Zox| eoeeressrresssrssssssssssssssssssssssssssssssssssssssssssssssssssssnasd 20
[132-13] 2ZE9 o] T8 HAEI} 7] Hof TR Foa| coercssrnesenscsesssississcsssssssssesssneed 21
[285-1] 7] FEE AR} 20 AL QTFA comrsmsrsssssssssssssssssssssssssssssssssssssssssssssssssenns 122
[735-2] 719 W G AR A 20 ZAF LA s 123
[185-3] 2ZEo] ¢bAA FHE 3t 714 ZQT 7|SH BE cevmrnrrssnssssssinns 123
[185-4] ADels A Z/A 28] AZE 0] QHHA SHO F QA wrrnerssrsersenens 124
[135-5] /et A Z A 2B A ATEY0] QA O] H|ZFE corvencnnssnscnsisisssssaens 126
[185-6] 2ZEY 0] ¢FA T QA9 TR I teneninnsnsssessensessessessesessesesnens 127
[2F5-7] 2ZEY o] FA e WS AA| B vttt 127
[2215-8] L8R 0] HFAI QI Q] seseussuscusssssssssosssssssssassassassasssssssssosssssssssssssssassastastassassassssssssssssss 129
[285-9] B A A A SIBFE TS HFA] worrrmsrnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 130
[7285-10] 7| G TF ROl WE TSHA H BT BT cemereserssersssssssssssssssssssssssssssssssssssssssssons 130
[285-11] TS A Z QA AZFEIE LR croverrserrssesnerssersssssssssssssssssssssssssssssssssssssssssssssons 131
[185-12] TSA 2231 AZASE 8 AF/O]2 FHOA] wervemmremsrrssssssssssssssssseanes 132
[2815-13] WSTR[ A A] FZQ3TF T| T2 cevrvresrnnrnnsnnseninnienenenenenininessss 133



134
135
135

[C195-14] w5344 /718 A Al

[Z2385-15] 3] A

136
136
137
137
138

ﬁo
il
o

O

i
)

£

[Z135-20]

N

[195-21] FA9

139
-140

Fedl Qo) 2 sk

S

[195-22] &S AA

[225-23] SW SFA AN/ TR ST B G/AFR O] I wcsrmmmmssssmmssssssssssssssssssssses

[Z1¥15-24]

-

o $0000000000000000000000000000000000000000000000000000000000000000000000000000

[[135-25] A ws

[Z135-26]

143
143
144
145
146
146

[Z1™95-27]

[13]5-28] %

[Z195-29] SW<ekH

No

NI

L
T

—
fjle)

U9 =2

[1385-31] SWHH ws<s 8=

[Z195-30] SWekd w&&
[Z195-32] SWekxd ##

A

NI
|

—
file)

148
148
150
150
151
-159
165

[235-33] 20178 WS A AT o] H v

boj 7b5

=

[C135-34]

[195-35] A 8 7]

[C1H5-36] BH

] =]
pis T

0

A%

[(285-37] 71d+=4
[Z195-38] SWekd A

[[195-39]

-166
.180

—

[Z295-40] HEFS

- xil —



[285-42] Zo] 7153F T8 A TFT] ceeeeresncrnsnnnennncntnenisneistiesnsnensssssnssesnssssesnsasnssssssssasans 190
[T1E05-43] HA TS 7] TF serremserrssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssassssssssssssssssssssssssssses 191
[225-44] LA 7} Z Q1A TFROOF BF HE woerssrssssssisssssssssssssssssssssssssssons 192
[7135-45] WA Q314 AZEIE & AR AF 22Q ZA] cresessenenssssnssisisiinens 193
A2 T T <) B e BT e 193
[285-47] AZ9] Q3|7 87 A TS0 TWQ OJE nvnsrrsssssnsssssssssssssssssssssssssssions 194
[T1205-48] SWOFA TS0 AT ZIGPHFA] wormrrrsmmsrssrsssmssssssssssssssssssssssssssssssssssssssssssssssssssssssns 194
[T18]5-49] AZOIE] B AFQ T BB s 198
[186-1] 2ZEY o] oA ©12] 2 Feko] WE TG HFGE i 203

— xiii -



ko
©
o

o] b Fof AAA AF AE AT ws AYFH Dol B AT

2"l A £AZE o7} AA st HITE AHFH o2 Frlstal Q)
ot FANA AZE e Ao I3 Atales 53] ARS, AAA dsr %
A 7hHsdol e UE L2ZEL ] VeH dxAdLe Az 8o r HA 74
2

AT Fuel e ARold AZES ] haz dukd Fde| UF TR Rl
EAHC Qi gl AZEC] bABY Aulx ATYAE 54 7ol 2
93 497} gol AAHcT xBAL szEdC FHAAL REFIdE ofFeol
ge @Al

B AFodE 0@ WS Fokstel kR W xZEd] AL LG AT
2 %e AL A5 WAGE 2AFORM, 2ZEd] HH BY 0K
AL FA(CHS NI AYA FAe 2ZEdo] ddl AF F3E AT Y

3. A9 A
B ATE ¥ 1408 P4 Yok

Al 1A= A2

R T ) [e) )
HH Ve AF B fl8 AR woke), mARAUA S b AZES F4 BF
TEE AWsha b A2E AZEd 0 LS 9% Ve JEE =EH
Al 3= Wb AE27, WE, SE7lE, U3 ISR AZEY kA 39
- @&l s 243

- Xiv —



ES)

hA

s} WA &

JESE R
S|
:

[

sk, = <ot

S

o A o
_?,]

[e)

=

AR 2y ABape] Yz mho}

) -

|

Al 5%l A

iy

fol HAEZALe] Aol 21F)4

<)

A, AEzAL] W& W@, B4
Al 6FAAE 2ZES O]

ol

st

A 7e AEH T ws @ Jnow

?_]__

ZE ]
o

A 7TAL AROZA, AT QoF

3}

1. 47 WE 2 A

R

el
o

ZESo] 7

PAEN" IR

%

b

0

]

—
file)

g]

4

2 =0l A

_‘I

a2l 4

5o,

°

$9) ms WY et 9

2ol

A

< AT FH=

+
iy

inae

B

o
il

i

)

&
—_
0

>

=

T4
£31d 7]

=

8 FZoA HW, SW7HA] =22 o

Eglo} ¢

3L

B2 AE we] #AAtel wet

AA AGolM = 4

Al o] ot

=
T

)

N
b

fi
w7

)
&
ﬂ

tol =UlelA AA A

<)

1 9

<)

— Xy —

Aoll, ) @& AHE shot

o %

A

=

¢}

S



el
il

ol
~L

drE 5 AT

i

.

Jola A ATHL YAAE o

%
ax

)
=

2

ANA

G

ofoll A=
o] A71H Loz AL

s
SR

<

A

1A 8] 2=

o

9]

3

g Ash FhelA A

=
=

AlsdAANA Y=L AT

7

o
B

K
B
wK

—_
o

K
)
ﬂ

o

3l

9

o] o] HAESIY ZAF Ul 7]

Ego] gkde] o

3L

o] b Fddl o

NYE o} &

ZTE

1

FSA T
AR &

[¢)

SRR

W

&0

-

5

29 @& A 24 Ao Fu ARA £8

o
e

(A%
w7

i

ol o

-
It

= A

) —

|

= A9

Edlo] ¢

3L

Fedef 4

EuQd

23]
=

-

A AR ApdellA

Hlo

— xVvi



S7koll tivlste] ohet

B84

R CLER

Fal Aaaxke] ZIthAL

S

Nee 24

Eglo] bl Bok AR 4 A

R ]

oo 7z

i

3L

Fod 4

S

5=

2

S T

E o]

3L

= ANFo=HA &

ek

RS
ATH

NS

=
[}

& Aol &8 7t

o=}
=

]

K

d AqA=

ek,

S

6. 7]th& 3

B

.

T

M.

)

B!

0

)

Eglo] ¢

3L

3l A&

e

Eglo] ¢
do] Zad 4kglol A A4 Fuo| 7)o@ Zo|th

3L

Hu, FIHow 1y &

— XVil —



SUMMARY

The role of software is dramatically increasing in ICT system, especially for the
systems with mechanical and electronical hardware. Under this circumstances, the
fault of software may cause incident and disaster as we all know. This risk may
consequently result in fatal losses in economy, social security. Thus, the functional
safety of software in ICT system is mandatory requirements. We have seen many
fatal incident reports due to software from all over the world in recent years.

However, the difference between traditional software quality and software functional
safety is not recognized and understood correctly in domestic industry. Even though
comprehensive technical approach for software functional safety is required over
entire software development lifecycle, most of domestic software organizations focus
on merely validation and testing activities, which is very limited activity for functional
safety assurance.

In this study, we survey and analyze practitioner’ s expectation regarding software
functional safety engineering. And we expect to use the result for further strategy for
developing and leveraging domestic engineer’ s capability for software functional safety.

In this report, we firstly explain the background knowledge for software functional
safety, prior to actual planning of training program for the functional safety. Also,
with the help from experts supervising committee consisting of experts from
academic, research, and industry organization, we elicit appropriate corresponding skill
sets. We also use related international standards and models, which is related to
functional safety and software engineering.

Besides, we also survey overseas training programs as reference information. As
result, we found the following major findings.

e The fundamental knowledge training programs are conducted as a regular or
even-based course in various universities.

e In actual industry, the software functional safety training programs are conducted
including system and hardware level based on IEC 61508 standard.

e Most of domain specific training programs are conducted domain specific
software safety expert companies like consulting firms and auditing bodies.
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In contrast, the training status in domestic ecosystem is much more immature or
weak. The followings are the major findings of domestic training status.

e The training courses in universities are provided in limited form to certain graduate
studies. Also, the training curriculums are not comprehensive as U.S. and Europe.

e Regarding domains, automotive industry is the most active domain where
software functional safety training programs are actively conducted. The other
domains have only event-based training activities which are in much more passive
attitude.

o Standard-based training is provided by corresponding experts groups(.e.
conducting firms and international auditor bodies)

We also conducted practitioner’ s expectation survey for various domains including
nuclear energy, train, aviation, automotive, medical, and etc. This survey has been
conducted in two ways; on-line survey and face-to-face in-depth interview to
compliment the weakness of each approach. Based on the survey, while using the
training curriculums developed by our experts board members, we have the training
courses need results sorted in two aspects; urgency and necessity.

Based on domestic and overseas training survey and domestic practitioner’ s needs
survey, we come out with following conclusions:

Currently correct understanding of software functional safety is still needed and the
environment for related education is insufficient compared to overseas.

To overcome these weaknesses, it may be important for government to provide
basic functional safety training programs, which can be used as cross-domain
fundamental functional safety training. It is also necessary to provide fundamental
functional safety concept training programs. And these can become seamless training
bridge between university training courses and domain-specific industry-driven
training. These government-driven training programs must be conducted by qualified
software safety engineering experts, not by certification-oriented personnel.

It shall be also good plans if government develop the qualification system of
software safety expert as well as functional safety related regulations and laws to
assure social safety. For these activities, cross-government cooperation and
collaboration shall be needed for effective policy deployment.
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7, Z2AE fHex), F4 Bl FEES YA, AEASE o] o VA E AR

IET Competence Criteria for Safety related System Practitioners!d=S A H ™ e
7} o] AZESY b #HH 9 TR

(E 2-150 AZEY o] I Fof QAR 9 7|& HFUET A2

=p! B

Corporate functional
safety management

Project safety assurance T2AE 7| ¢ ARG FF FE 9 A=
management g QA RS 9 A 73 #e
Safety-related system FAI2ED & 2 AA Al A

Al
maintenance/modification x|

Safety-related system or | A QAo wh
services procurement =& WHAst Aok &y

AN z"l AA, N, SdAet 533 o E ke
ndependent safety Aol BAA o gt Azl dd ATATE
assessment N -

TEsh=A b H

AdEHE HAl=E soteta Aol @S Bt
Safety hazard and risk A B A" A 9 &Yl & dFE F
analysis oz A" A Z27]EE &A71A Algsta

14) IET(2006), Competence Criteria for Safety related System Practitioners, Guidance
provided by the IET in collaboration with the HSE and BCS
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software realization ENSEE QtHdd A" 1d
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IET Competence criteria IEC62279 <t 2 A7 98 A9
Z2AE el Z2AE el
Corporate functional
safety management
Project safety assurance oA THa) 2}

management ==

Safety-related system
maintenance/modification

Safety-related system or




services procurement

Independent safety - Y Fad q¥eld 2 ATglelA
assessment d7H7 A 2]

Safety hazard and risk

analysis

Safety requirements N AZES] o] AR
specification STAR HelA © 2 W3 W
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+ 15026262
AXEO ¢k |« DO-178C ZE = A
wd =4 FF/4A |+ EN50128 EF/ A
+ [EC60880
+  MIL-STD-882
+ Initiation and Scope Definition SWEBOK
+ Software Project Planning -
t
+ Software Project Enactment C,) Wa_re
. . Engineering
+ Review and Evaluation
Management
zzAe e oy | OO (28 2.28]
+ Software Engineering Measurement o

Safety Management Process
+ Functional Safety Development — Process
+ Functional Safety Management

o e A%
+ Safety Process Tailoring
+ Software Requirements Fundamentals
+ Requirements Process SWEBOK
+ Requirements Elicitation Software
+ Requirements Analysis Requirements
AxEo] g7k | ¢ Requirements Specification [BE 299]
1w @ wa 7w | ¢ Practical Consideration
+ Safety Case
+ Safety Engineering Method AZEY S kA
(STAMP/STPA) 7 Aketal =)
+ System Engineering Process 71e A3

+ Software Engineering Process




Basic Safety Analysis Techniques
Safety Goal Management
Software Requirement Analysis
Software Architecture and Design
Change Impact Analysis

SZESO 27

Software Design Fundamentals

Key Issues in Software Design
Software Structure and Architecture
User Interface Design

Software Design Quality Analysis and
Evacuation

Software Design Notations

SWEBOK
Software Design
[EEF 2.2.3]

714
Software Design Strategies and
Methods
Hazard and SIL(Safety Integrity —Level)
. . SIZE ] ok
Functional Safety Mechanism ) )
& sk 371
Architecture-level FTA N
71 Jg
FMEDA, SW-FMEDA
Software Construction Fundamentals SWEBOK
Managing Construction
. . . Software
Practical Considerations ,
_ . Constructions
Az EY O] Contruction Technologies

TR 7

Software Construction Tools

[E& 2.24]

Coding Standard

Code Refactoring
Code-level FTA

Static Analysis

AL E 0]
H2E/AS 719

Software Testing Fundamentals
Test Levels

Test Techniques

Test-Related Measures

Test Process

SWEBOK
Software Testing

[E& 2.2.3]

Software Testing in Different Phase
Fault-injection Testing




+ Host-target Testing

+ Test Case Management
+ Static & Dynamic Testing 71 A
+ Logical Proving

+ Program Slicing
+ Formal Verification

¢ HILS & SILS
¢ Traceability Analysis AZEY o] kA
AEES] + Reachability Analysis HH AHA F7}
SRIE P O e T
+ Predicate Calculus 71 A
+  Modeling and Simulation
+ Safety Audit
+ Management of the SCM Process
+ Software Configuration Identifications SWEBOK
+ Software Configuration Control Software
. Software_ Configuration Status Configuration
Accounting
_ . _ Management
axEdo] J4AE |« Software Configuration Auditing
71 [E& 2.2.7]
H + Software Release Management and
Delivery
+ Configuration Management Planning
o AZES o] Qb
+ Configuration Management System ) )
#e ek F71
+ Defect Management N A%
+ Orthogonal Defect Analysis
e go] ZAwe) + Software Quality Fundamentals SWEBOK
T _;] " + Software Quality Management Process Software Quality
h + Practical Consideration [BE 2911]
. ?&md) Analysis & Risk Assessment iEEj"fJ] o obdl
1eRRRE M | L BvEA SWoRVEA B 4hskd 31
’ ’ 714 X3t
o FTA, SW-FTA &

¥ SWEBOK A2 9o sd=es FE - 22 Software Engineering Body of
Knowledge #11, 1 919] 7]& A2l - A 7|& 8o Ay
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A2d 2SHA

L R AE73#

1) SOFTWARE SAFETY COURSE

oS Software Safety Course
FHEA | HCRQ 7| REF U3 A
2SAZE | 4D nEH L $2,395

SZESO] b id, 2ZEH ¢ EF, £ZES O ) B
EHE | A, &ZEO AT 3 fsdE 24 % gt 7
HEMEA, FTA) 5

D ML
Software Safety Course: m]=¢] HCRQWOA FHd= AZE 0] ekddd 73

15) http://www.hcrg.com/
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Siemens, NASA 59 thofdt 3AES tiAo = A]/\EJJ al i_*i__E_%M old AAMEIS
T QThIE) Zrol= HA Il AA JTHel= W 51, vl= & 109).

@ ASHE
<3 3-20> HCRQ Software Safety Course nlS-u]-&
o Software-Caused Accidents o System Safety Program Plans  (SSPP)
o Software Safety Incentives o Software Safety Program Plans  (SwSPP)
» Safety And Reliahility Concepts » Software Safety Working Group  (SWSWG)
» Dependability Concepts » Hazard Mitigation Precedence
» Generic Integrity Levels » Hazard Tracking
+ Safety Integrity  Preliminary Hazard Analysis (PHA)
» Expected Probability of Failure of ¢ Functional Hazard Analysis (FHA)
Systems .

Determining/Lowering Software  Criticality
* Risk Concepts « Degree Of Rigor In Software  Development

o Subsystem Hazard Analysis (SSHA)

. Softwarg Safety Stds., Guidelines & System Hazard Analysis (SHA)
Regulations

» Formal Methods
» Fault Tolerant Techniques
o Safe Design Techniques

» Basic Approaches to Safe Design

o Software Safety Analysis Process
* Tools

o OSoftware FMEA

» Software FMECA?

+ Fault Tree Analysis (FTA)

» Other Analysis Techniques

» Software Safety Cases

» Dealing with COTS Elements

o Safety Verification

o Safety Assurance Concepts

» Software Requirements Checklist
» Software Design Checklist

e Programming Languages

» System Safety Programs (SSP)

A= AZEO kA Ugt fd Az AFFA, AZEY S <t
° Aol 2% B AT EAE S
o.

5  REE
S BE hES OED 2ZEMS] o EFE YA, BT, A= 5 o

16) http://www.hcrq.com/client-list.html
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29l 71%o] Q7] W] HOt A% 2L 4S TE A0 Bl
T £ZEY o] b ®F/7bol =gkl 24 AR W&oltt
{3 3-1> HCRQ &ZE9go] ¢k ZF/7Fol=gl] 49 AR W&
= A=
o Joint Services Software Safety * EN 50128
Engineering Handbook « IFEE 1483
»  MIL-STD-882E(System Safety)
* Relevance to Software Safety
* AMCOM 385-17
o AOP-52
o STANAG 4404
5 gt

NASA Software Safety Standard
NASA Guidebook

FAA System Safety Handbook
SAE ARP4754A/4761

Relevance to Software Safety
RTCA DO-178

Relevance to Software Safety
ESARR 3, ESARR 4, ESARR 6

IEEE 1228 (Software Safety Plans)
IEC 61508

ISOMIEC 15026

System & Software Integrity Levels
UL 1998 (Safety-Related Software)
MISRA Guidelines

o ED-153

g FFo] g EEY Yyt EAgtE 9o dFE BEe EFe sk I
A AT ZAA vl e fARE EFAA BFE kB Iy eEeY B

HE-S Software Safety Courseol| A ThEthal & 4 it
3) 71g

HCRQ= Software Safety Course9} HMEE 2240l wS(WEBINARS)S Eaf A 3al=
AXE Y b wEE AFdrh AZE O] b Ad 2] WSS v Al 7}

A FA7E A



o SOFTWARE SAFETY PROGRAM PLANS (SwSPPs)
o SOFTWARE FTA & SOFTWARE FMEA
o ESTIMATING PROBABILITIES
egkel 7zte] y8-e Software Safety CourseollA] thEE g9 RO E 1-24
o g2 FAEAUT

2) IEC 61508 Software Safety Training Course

s IEC61508 Software Safety Training Course

F32A | Engneering Safety Consultants (9= | Z|BEF | W7 AE27)@

WS5A|ZE 1D ~ 3D W5H| & ek
[EC61508S =3t b o AZE o A|2Hle) BA|, AA, )

WS-8 [ g HUlo] o]2& AWHAQl 7|H

a>

D Hs

IEC 61508 Software Safety Training Course= <A ¥&<21 IEC 615082 kA ##
AZE O] Al2El A 9 Hrlo] AL F UEE wEshe TEIFo|th w59
Ae AZEdo] b AFr|o ek &3 bd #H AZE o AZE Jid
AL 7 Jde HHE e =S o H-H AZES o7} wEsjof & b 8o
A = Aol tigt w&E IS AAHoE W&

g TIPS 19 g 2 AAo] dlon 19 gL 2dd Ao 2Y Yée
29 FH=z 5T 2 Ao e ok ®of £k

<3 3-3> [EC61508 Software Safety Training Course nl-S-uj]-&
193}

17) http://www.esc.uk.net/



Session

Title

Coverage

1 [EC 61508 Overview | [EC 61508 overall structure
How different parts fit together
2 [EC 61508 Part 3 How does Part 3 fit in the overall IEC 61508 and
Overview E/E/PE system lifecycle
Overview of the IEC 61508 Part 3 scope, structure and
content
Differences between software and hardware
Compliance framework for software
3 IEC 61508 Part 3 Software development lifecycle and safety lifecycle
Software Requirements applicable throughout software
requirements development lifecycle
(generic : :
requirements) Software configuration management
Software forward and backward traceability
Software verification and validation (V&V)
Software modification, Software tool qualification
Differences between system and application software
29 A}
Session Title Coverage
4 [EC 61508 Part 3 | Requirements applicable to specific software
Software development lifecycle stages
requirements (specific | Software safety requirements specification
requirements) Software architecture, Software system design
Module design, Coding, V&V
5 Software  safety in | Similarities and differences between [EC 61508 and
the context of other | other standards, including
related standards [EC 61511, EN 50128, Def Stan 00-55
DO-178, ARP4754, CAP 670
6 [EC 61508 Part 3 | IEC 61508 maintenance committee activities

potential new
developments

Key software safety topics being discussed and
debated

Software lifecycle, Proven in use
Tool qualification, Data safety




(3)7]E}
Engineering Safety Consultantss= Software Safety®@ w83t olyzg} System
Safetye} #HHE st WSS A Utk
» Safety Instrumented Systems - TUV FS Eng
Introduction to Functional Safety (IEC 61508) - 1 Day Training Course

Introduction to Safety Instrumented Systems (IEC 61508/IEC 61511) - 3 Day
Traming Course

Introduction to Safety Instrumented Systems (IEC 61508/IEC 61511) - 2 Day
Training Course

Introduction to Safety Instrumented Systems for Technicians (IEC 61508/IEC
61511) - 1 Day Training Course

» Failure Mode and Effects Analysis (FMEA) - E-Learning Course
» Introduction to SIL Determination — 1 Day Training Course

» Introduction to SIL Verification - 2 Day Training Course
» Introduction to HAZOP - 1 Day Training Course

3) Using PAScal Safety calculator Software Courseld)
w5 Using PAScal Safety calculator Software Course

FHTA | PILZ 7| B8R 7 HE7)3
WSAZE | WA WEHE | HA
° Safety Function Performance Level(EN ISO 1384901), Safety Integrity
WS
Level(EN 62061)
1) M8

71A19] safety functions ©iAkel, 7l AZ387] Y3 AZEY 0]l PAScals AR
she= ARAQ ofE F7] Y% wsHAo|th Pilze] PAScal Safety Calulator
softwarel9+ safety functiong<| Performance Level (EN ISO 13849013} Safety
Integrity Level (EN 62061)-& Ztdstal w2A Algbsta, O A3gEL dlg FAo] 4
whup Q1K) BokskeEl AgE 4 ok

18) https://www.pilz.com/en-GB/company/news/articles/073271
19) https://www.pilz.com/en-GB/eshop/00105002187038/PAScal-Safety-Calculator



Fol Uge nE % 4% Safety function®] <& o]&3lo] PAScal AZE¢ oIS =
4ol g e ATAT ok YEse =

o PAScal features and benefits

* Review of EN ISO 13849-1 and EN 62061

» Use of PAScal in detail using pre-defined safety function examples

4) Safety training20)

Al Safety Training

FHAA CRITICAL Software 713855 | U7 AR
WEAZE | WA uSsHE | "R
U E DO-178C, DO254 & ED-80, DO-278A

D Ns

FEE A7 71eAEY o d 5t A Ato2RE AAdEATY. &
FAEL e 55 AHEEC] dFd ¢ 52 AF F4(mission-critical) A 2EE
< Agste 2ad A Ve oFE AL F JEF AAEHA dtn 5“‘/}
A HEH AHE M Y olFES T ¥ 0}7414, A3 /\Hi A7l %
QALY Fo obd B4 A 2H(safety-critical systemES AL erl = 4 ]
Yol oAl £ 49 1S Ao

20) http://www.criticalsoftware.com/en/what-we-do/safety-training



@) A5
<3 3-4> CRITICAL Software Safety Training n-5u]-&
33 A5
Applied DO-178C: &3 1= st 71
Applied DO-254 & ED-80: &3 3t=¢) o]

o)1=
v o

OJ

DO-278A: £]/d 33§ A| 2~5I(CNS/ATM
Ground-Based Systems)

oiA q=
7% okd 9|g57)7] &xES o] 7 IEC 62304
FEuld ) Az E O] /e [EC 62304
A= 5
A% CENELEC?D 32 : EN 50126/8/9 AXES o] it

ERTMS22) 72

A% Aze 39

4= 943 W} 1

- g}

ok
f

oF obdl W%

w53 FA7IARE Al European Cooperation for Space Standardisation (ECSS)-S
2703 ECSSe] %23 Space Product Assurance®} Space Product Engineering
branchE2] #AHA|gE Al WE A S0l tiet /s AlFdich

- AHgAk ok ok w
CRITICLA SOFTWARE®] ISO 26262 w§ 4L 15O 26262014 A7+ A= F7]
STAE wgt AEET SOk she Ak YWitlE Az=Ele thad #Ao
Azt
- AR Fok obd w
AAYe], &FA;, HSE advisor, Hd&eia 81 te JARRAES A9
CIRITICAL SOFTWARE®] & #42 of®A 7% < deglES [EC 61508 &Fol
wpet Qb AlzEle] A e 3 Bk Agaof A AAEHA LT

21) S8A717122%&38 1¥3], European Committee for Electrotechnical Standardization
22) The European Railway Traffic Management System
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CRITICAL SOFTWARE: <xtet d&= A2HlSS 93 CENELEC #FS3% EN
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5) Software Safety: Software Development for Safety-Related Systems23)

oS Software Development for Safety-Related System
FASA | Edif Group ZIEEF | U AR
WAL | 2D 54§ $99524)

Toue Software Safety Concepts, Design, Testing, Analysis Technique,
— Requirements, Planning, Analysis & Arguments

Q) Me.
MR AHA Eek A
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| AZEojd &f&Esh=

H7 wol oE&HA HoEN, 723t AZEY S YT EA(hazard analysis)= A

ZE O E Nst RS Hasbeta At AR Ao EaE ot 9
vz

b oAEd e A Q- we), Edif Group AHAISH

ol e A2ZEY o] ¢ sld(software safety concepts), A2 Al(design), Bl A~H, &

23) http://www.edifgroup.com/training/course/software-safety
24) £800.00, 2016-11-10 && 7|&



A 7led Hate] b S FARE A, B4 9 A ek AVl Aolth hHAI
gl o] A Programmable Logic Devices (PLDs)®] RF Q-7-AFgHassurance requirement)s
S ZARI b Al2EloA ] Commercial Off-The-Shelf (COTS) AXEgo]9}
Software of Unknown Pedigree (SOUP) AF-& T3t &}<33ht)

2 ZERE
<3£ 3-5> Edif Group Software Development for Safety-Related System nl-5u]-&

» Introduction » Introduction

o Overview and software safety o Overview: safety analysis and
concepts argument

o Exercise: Software safety argument o Software safety analysis techniques

» Safety requirements for software o (Group exercise: Software safety

« Group exercise: Software requirements analysis

. Safety Integrity Levels SILS)  for » Programmable Logic Devices (PLDs)
software » Discussion: Extent of use of PLDs

o Safety planning for software * Coding and anlysis

» Discussion: Use of software safety * Exercise: Code review
design techniques « Safety arguments for software

* Software safety design « Group exercise: Safety argument

o Group exercise: Safety design .

Designing a safety system with SOUP

* Software testing «  Group review: Proposed

» Exercise: Test coverage Off-The-Shelf (OST) solution



6) EEA Public Course: System Safety Engineering Management Master ClassZ5)

&y System Safety Engineering Management Master Class

= 2 Engineering Education Australia Sgns H7F A=)
Pty Ltd

WEAI 7 5D 5§ $4,530

S5 & System Safety Engineering/Management

M e

At AlzHlol A HAo 71 Tk a9 &40 ol et =& Al
of BT Augo]l Add IISIATh ol HRSAL b FH¢ A A
(safety critical failure mode)ES Egs <
ojEde e ARE JHAST S ¥ J
AHE A TEA AL dAY FAHE ﬁ?‘é‘}l 9}1‘:]'. o] Tjr?‘é% A 2=Hl Qbd F
g3 Aol FHS T Utk A" b FBhe] A FobE, safety cased] s
B fA, Hli=hazard) 14 2 &4, AR 24, A B A AT AFEJD E
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o Understand safety risk management as applied to engineering design of

25) https://www.engineersaustralia.org.au/portal/event/eea-public-course-system-safety-

engineering-management-master-class



systems

o Establish a working knowledge of the relevant standards and guidelines for
safety management

» Identify the critical elements of an effective system safety program

o Understand the Safety Case and how to construct an effective safety
argument

» Appreciate the importance of maintaining the Safety Case argument

» Apply hazard identification and assessment techniques for safe system design
» Apply risk reduction strategies or safety critical systems

» Appreciate how the human factor applies to design and safety of systems

* Understand the importance of software safety management, software
engineering and software related systems

* Apply system safety principles in engineering byway of a detailed practical
worked example

Identify and complete relevant project management documentation

3 ZLSHL
o Overview and comparison of specific military and commercial System Safety
standards and requirements for safety management, from different industries
such as aerospace, railway and maritime

e Some of the standards considered are: MIL STD-882, DEF STAN 00-56,
AS61508, ARP4761

o Comparison of the different safety paradigms of System Safety, Risk
Management, Reliability Engineering and OH&S concerns

o Introduction to the System Safety process and integration of the System
Safety Program with the project life cycle

» Managing the interfaces to related Safety Programs, the role of constraints
and assumptions

* Key elements of a Safety Case

* Building a Safety Case argument - introduction to GSN

o Safety Case maintenance

o Hazard identification, analysis and mitigation

» (Qualitative and Quantitative methods of analysis techniques such as fault



tree analysis, event tree analysis, failure mode effects and criticality analysis

and others
» Risk management - risk reduction strategies, risk assessment, monitoring and
control
o Human factors - identification, modelling, quantification and understanding
human error
o Software Safety engineering, software assurance, and software safety
standards
2. Wt
1) SFT Course
sy SFT Course
FHTA University of Southern California | 7]|#&5% j &t
ASAIZE | 4D 54§ $1,500

AXESO] AL @ BAMo tigk H3ta} 7y, AZESo] Sbd B
PR e o] 7l Ao o 3 719 I

o H

1 AL

SFT Course= v]=r¢] University of Southern California|A 7|&H sl 4EAe] A
E9o] ¢kd mSo|th o] wKME AXEY 0] A @ BAMo O3t "ty 7]Ho
g Wes AZEY S #T F e W dg Wes E=3sta Qi
E3] AZEH o f3lE £4 7o E 4wzl Fault Tree/Soft Tree} Software Sneak
Analysis, Petri Nets 7|50l thate] Hrls) BE Alte E3H3lt)
W £ZEYO s =(Software Hazards), 19 2 YA o8 71HE0
gk olald FEHS T Utk AZEYY A Z2aHs Fsta FHA7)]
A% A Yoy A Tl did wskE EPst Yok F/HHCE Safety Case

FSAE AlEe.
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(2) A&

<& 3-6> USC SFT Course mSu&

Software

Safety Overview

Definitions and Concepts

Design Requirements

Software Regulations/References
System Safety Team Organization
Risk Processing/Management

Risk by Agency

Hazard and Security

Catastrophic

Probability of Occurrence
Reliability Issues

Probability

Hazard Consideration/Analysis
Risk Assessment and Risk Levels
Program Documentation

Software Reliability/Risk

Software Engineering/Requirements
Software Safety Life Cycle Goals

Security Engineering

VDHL Synthesis

Error Classification and Types

Software Safety Requirements Traceability
Petri-Net Modeling

Software Safety Checklist

Preliminary Hazard Analysis

Software Language Analysis

Fault Tree Analysis

Formal Mathematical Models

Software Safety Testing

Testing Schemes/Strategies

Software Safety — Reliability/Maintenance

Risks: Cumulative Index of Software
Engineering Terms

Analyzing Safety and Fault Tolerance Using
Time Petri-Nets

Software Sneak Analysis (SSA) Fact Sheets



2) Engineering Safety- and Security-Related Requirements for Software-Intensive
Systems26)

-0 Engineering Safety and Security Related Requirements  for
TSR )

Software-Intensive Systems
ZF3A2A | Carnegie Mellon University NFAES | g
WA 7 2D WSHE | $2,100
WS | Safety, Security, Requirements engineering®] ZE3-&

D AL

SASE Qs Hek Bt

IE
B QTS| A% sk, BoRetn A7)0 FUEE AL oplF

@ A4 2 53
o] 59 g HFS vt 2t
* Requirements engineers who must collaborate with safety and security
engineers to engineer the safety- and security-related requirements.

o Safety engineers who must perform the hazard and risk analysis that drives
the safety-related requirements and who must collaborate with requirements

26) http://www.sei.cmu.edu/training/P64.cfm



engineers to engineer these requirements.

o Security engineers who must perform the threat and risk analysis that drives
the security-related requirements and who must collaborate with requirements
engineers to engineer these requirements.

o Stakeholders in the safety- and security-related requirements including
subject matter experts, customer representatives, architects, software
engineers, testers, and certifiers.

AAA EHE 1% A/ASOA AZES 0] 28 A~HS 9F od 18T B
o FAY LTAGES YA AEA st2AE Aotk FAHH ZESL of
dot e e e AS EFAT
o Fundamental concepts underlying the engineering of safety- and
security-related requirements.
» Different types of safety- and security-related requirements including their
purpose and composition.
o Basic tasks of safety and security engineering that are related to
engineering safety- and security-related requirements.
» Relationship between safety and security quality subfactors and the quality
criteria specified in safety and security requirements.
3 ZLSHL

o Fundamental concepts underlying the engineering of safety- and
security-related requirements.

o Different types of safety- and security- related requirements including their
purpose and composition.

o Basic tasks of safety and security engineering that are related to
engineering safety- and security- related requirements.

» Relationship between safety and security quality sub-factors and the quality
criteria specified in safety and security requirements.



3) Systems Safety Engineering (ENGG4020)27
kT c! System Safety Engineering

FHEA The University of Queensland, Australia 7|REF o st
W-SA|ZF 1 Semester W-SH]-E ek

5§ HAZOP, CHAZOP, FFA, FTA, ETA, FMEA, FMECA, GSN &

D Ns
AR /\1* «l TE #AHANA =], AZEY], A, /N, HAH, fARESE,
2 OPgA THEE g2 AHETA ZE AE T &

o

O-

HE ol ]1:} ol T A AHAE ©d] AN AHS sl Hogs B
Z3hc), s) AZEle QbUsRE e HolFolok Fth Safety cased] RS ofed
NZHoA F23T, BE A7le] G o455 AR AR HE B

2
Ae Ao B2 AR PAY &

@ 0% 2 =3
et o she geloln) Zele] Bae g} Ak
» Explain basic system safety principles and the purpose and structure of
safety cases and hazard logs

Describe the role and responsibilities of Safety Engineers

Carry out Preliminary Hazard Analysis for a system using techniques
including Functional Failure Analysis and Event Tree Analysis

Carry out System Hazard Analysis using techniques including CHAZOP, FTA
and FMEA

Identify and specify functional safety requirements for a given system or
system design

» (Give examples of system safety design techniques
» Interpret and apply key industry system safety standards

@) A5H&

AejolA HrdE]e] e Ag, AFH N A2EEe] s At e
A 24 e A% AE 2 2 T ZA¢0 tE =2 FAEY o
gl FAES ot 2T

27) https://www.uq.edu.au/study/course.html?course_code=ENGG4020
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- Hazard identification and risk analysis, safe system design, safety analysis
techniques, safe software engineering, system hazard analysis, safety cases,
safety management and human factors.

7IHES U2 2.

- Hazard and Operability Studies (HAZOP) and Computer Hazard and Operability
Studies (CHAZOP), Functional Failure Analysis (FFA), Fault Tree Analysis (FTA),
Event Tree Analysis (ETA), Failure Modes and Effects Analysis (FMEA) and
Failure Modes Effects and Criticality Analysis (FMECA), and Goal Structured
Notation (GSN).

4) Computers & Safety: University of York2®)

oS Computers & Safety

FHEA University of York Z|3EF | dg

ASAZE | 1 Semester WSHE | TH

PR Software intensive A]2~®l=2] Requirement Specification, Design

= Analysis
D A&

WEAAHLE T2 A 2EH B FEAEAA b A A z"loly b B o F
NA AHEEHE AZES o] 7|8k AzElFo] BIEAl 1o & olpEs A%t
P 718 StEdo] AZUEA AZES 7R HAFE AzHE0] AA9A &

&

= =
el T3 27 24, A s F H AZES o T ZEA|Z O

g & o A nZ2 ook =3, W& software safety case®] F7]

28) https://www.cs.york.ac.uk/postgraduate/modules/casa.html



(2) A&

<3 3-7> University of York Computers & Safety w S8

Computer and Software Basics for
the Systems Engineer 1

Software Safety Principles
Software Development in Context
System & Software Requirements

Adapting Analysis Techniques for
SIW

Software Implementation
Software Verification
Handling Change
Software Safety Standards

Establishing Software Safety
Arguments and Selecting Evidence

Trends in Software

» Software Architecture and Design
* Design Modelling

5) Systems and Software Safety29

sy Systems and Software Safety

FHGA Australian National University Z1BES | ug

WA 7 1 Semester WSHE | TH

ST Suaqfeiy Criticality 2% % #¥ o]<r, Hazardous Requirements 274

7 ] H ©

1) e

o] WFHAFL ¢ FAEE AAske A ofEA I AAHo] et Az=H g
V5L AZEo] ZEAE G553 AHE T8 olfpes tE Aotk ¥ #H

YAl EAl thall, YAels e
AAs7] A% 7IHER A AR EA AldE

2 ZSRE
Safety Criticality 24 = #& o|<F, Hazardous Requirements 274 7| 5

29) http://programsandcourses.anu.edu.au/course/COMP8180



6) System Safety for Software-Intensive Systems30)

TR System Safety for Software-Intensive Systems
FHTA | MT Aeronautics and Astronautics Dept. 71385 | fst
WHAZE | 5D WSHE | §$3,250

System/Software Hazard Analysis, Software Requirement
WS-8 | Specification/Modeling and Analysis, Principles of Safe Design,
Verification and Validation of Safety

D &

Abarel ]le] Wstebal, bAde BASH] S8 dAd EF ATHEC o &
JAae] BErt F7kete Alzdlo] WhEo] Ao ot o] HAFLE AZE oo} Alg A
FrH A 22 BT Al2Ee AFAJ] A2E O HER O] offdus
e dxety e eI BAY 5 e 7HER Eee UE Aotk AF
Q1 A2d ghAde] oA Zloln, STAMP Ed¥ =755 X33 fJs= &4,
AFAYE A MEL SHHA AT PHEE UE Aotk 549 A E
Az A& F e AASH 7IHEE THACE = Aotk o] VHEC] ME
O FopollM A8H A ZRAE AFSo] AWEHIL HZY LZE #HE AL
=5 AEFHL 42 Zolt} o] i FHL WY BES o U= 3
TAE s Aol oYz, ZRAEN JM Y g e & ve gAle &
T A= w4t A& odlE e Aotk e AL AFEE dAES &
& Aot

2 S &
e The Problem:
B Accident Causes
B Computers and Risk
B Safety vs. Reliability
* A New Holistic, Control-Based Approach to System Safety
o System Hazard Analysis for Complex, Software-Intensive Systems
» Software Hazard Analysis
» Software Requirements Specification/Modeling and Analysis

30) http://sunnyday.mit.edu/announce09.html



 Principles of safe design
B System and Software
B Human-Machine Interaction
. Verification and Validation of safety
. Organization and Management of Safety-Critical Projects

7) Techniques for System Safety Analysis Course

ST Techniques for System Safety Analysis Course
FHGA Technische Universitit Miinchen Z1FES | s
WEA|Z 1 Semester WEH| & 2l
TS E FTA, FMEA, STPA

M He

Techniques for System Safety Analysis Course® =9 Hal FHhdtun
(Technische Universitat Miinchen) XM (Fakultat fir Informatik) Software &
System Engineering Research Group3Do] 7|43t A& 7Z3&o|th

AHAE= A2 AAT kA sl Ulste Ak, AA AoA AFE AMLE
+ 7'M FTA, FMEA, STPA £4 7ol tiste] 47l%itt 3 OF < 53+
AA Alz=E T AT fARsEA e AR AlskaL Al Aol A
BA 7S ALEs o] 352 233t}

H=2 ~10

2 ZS§HL
<3 3-8> Technische Universitat Miinchen Techniques for System Safety Analysis Course
WEY &

* Home Preparation o Assurance Session
- FTA Basics - Safety cases
- FMEA Basics - Assurance Reporting
- STPA Basics - Defect/Hazard Classification
- References - SysML Reference Card
- Exercise

* Analysis Sessions » Final Workshop

31) www4.in.tum.de/index.shtml



- Group Assignment e Group Interviews
- Requirement Specification Template
- Analysis Reporting Template

(3) 71Et
201613 #AA) Software & System Engineering Research Group2| ol 725 73
g Aryg HE3R A s Ag7hEtoldd AlxE e AZE Y Ao thd

F7HQ AHe B 5 ik

8) Software Safety Course

oS Software Safety Course

FZ2A | Johns Hopkins University Z1BER | U
WSAZE | 1 Semester WSHE | HA
WS- | Safety-critical System, Safeware, System Hazard

1) Ne

Software Safety Course= H|=¢] &2 F712> gt (Johns Hopkins University) 3}o]
E] 38K Whiting School of Engineering)3dol] 7§4= 7#==, AFE 338t (Computer
Science) XA} 9 HA9 AXZES o] FI Eof HAH e Fpolth

A 2ZEJo] e tigk MdS Alska, b B Alx®l (Safety-critical
system)el] AHEEE AZEYAE ofgA sfeta AHEE ZdA Y gk WE&-& AN
gtk bd Az ES O (safeware)E /NEelr] A3k Al2®l F8 Bl ~xEO 33}
7S sk, A2E HeiEe] AR ol AT e 7S tiste] &)
gt} olo] Wi} A2El e AZE OS] AR 1A S ITsty] & dA
g5 TYPIT =3 AZE Y FHe 947 #4, fels A, fault tolerance,
safety tradeoffsoll thgt rhlo] 3 e}

32) www4.in.tum.de/lehre/index.shtml
33) http://ep.jhu.edu



2 ZERE
<3 3-9> Johns Hopkins University Software Safety Course nl-S-u]-&

» Introduction - Motivation » Developing Safety-Critical Systems
o (Causes, Roles, Criteria » Software Safety Design

o System Safety o Safety-Critical Hardware and

« System/Software Safety Process Software

« Hazard and Risk Analysis o Systems-Theoretic Accident

Modeling and Processes based

» Software Safety Requirements hazard analysis

Analysis

o Testing
9) System Safety and Certification Course
&y System Safety and Certification Course
FHAA Embry-Riddle Aeronautical University | 7|3&&5F o st
WA 7 3D WSHE | $1,500
S & Aviation Safety & Accident Investigation

M Ma

System Safety and Certification Course= "= <dBEI-gl& 30
(Embry-Riddle Aeronautical University)ell 7§48 73=}=, Aviation Safety & Accident
Investigation Programs % shufo|t}.,

3= ok ol thete] Awsta, zF Ak o (regulated industries)ol| 4] ¢F
A B4 A2 (safety critical system)9] AZEg oo tidk aFARY WA, XA, H)
B, FARSFE $9T w9 o)Ed tiste Asjeid, 3 s 24, FMEA,
¥ 29l fault-tolerant 5¢] SHAA 7Rl tiste] asfdth ARe w3 AA

(2) A&
g Ate] FAA AYFLL TAEHAUA Ftk
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» Describe the essential terms and concepts of system safety, reliability, and
fail-safe operations
» Demonstrate and apply basic techniques of hazard and risk analysis

» Describe role of safety analyses as a part of high integrity software/system
lifecycle

» Recognize selected tools supporting safety analysis study
o Describe concepts of fault tolerance

» Describe and classify safety standards and guidelines issued by regulatory and
advisory groups

» Identify certification process, activities, and artifacts in the development
lifecycle

4 71E
drg-glE FFUgudE g A3} ooz dF k) HAH oY AFE F
A3l ot ohet s AF o]9]ol] AZE o] kA tig A= E0lE 4= gl

10) Software Safety Course

BT Software Safety Course

ZFATA | Abo Akademi University 7|88 | us
AEAIZE | 1 Semester WSHE | 1A
WUl & | EMEA, FTA, FFA, HAZOP, SIL 7@ 92 7 A3 5

1 ML

Software Safety Course:= T&to] 9o of7lu] (Abo Akademi University)3d)ol
2010d 7Feshrlol AAAEEAE A=, A AT das AR vro] ¥ 213
(F 23], 2A7h9] Ao F45o] Stk

ZA3e M B4 A 2wl(Safety-critical Control system)oll thaled Amstar, ¢bd B
Al zEle] i g EAo] #g Y80 ® AT ZEs AZE 0|9 kA #s)
of YA tF Ao A= fadlt, error, failure®] 7id, A28l B AZES 0]
safety, reliability, dependability®] 7d, A28 @ AZE 0] QkdAS BAs]

34) http://www.abo.fi



g FMEA, FTA, FFA, HAZOP 59 71'Holl thsliA] ©+Fm, SIL (Software Integrity Level)
M QbH AZEYAS /sy 98 A Fxjol tisiM= qeL 9] q A= B
3] st=sloiet WAsAl AAE <] 21% MU= HEE A~

2 LERE

o Programming control systems at an application Level

» Simulation of the behavior of controlled processes

» Simulating behavior of faulty hardware

o Techniques for safety analysis: FMEA, FTA, FFA, HAZOP
» Deriving software requirements from safety analysis

* Modelling requirements using cases, state diagrams Allocating safety
requirements

» Architecting safety critical systems, system partitioning
» Safety kernel

» Layered approach to architecting

» Verification: overview of static and dynamic testing

o Safety-critical systems development life-cycle

o Safety integrity levels

 Brief introduction to formal methods

11) Safety and Security of Software Products Course

T Safety and Security of Software Products Course
F3A | Jsnkoping University JNHEE T &
ASAZE | 1 Semester 5§ ke
WSYR | Safety/Security A 4, £F, ¥A87F =T

M e
Safety and Security of Software Product Course= Z=$l51¢] Jonkoping University3>
9] 38t thg (School of Engineering) ZAFH st ¥ AR stE(Computer Science and

35) http://ju.se



Informatics)oll 7|2 o] = 2=, Software Product Engineering 2713 (Product
Development, Specialisation Software Product Engineering A} 89 #}4A4)ol] #HAd = o]

AT

e AZES O] Eopoll A9 bt Eeol el thete] &7fska, AZES S
? 4 548 48t

TRkl M o] Qb Hel mFEol| tiske] AWty 1 b} Hek
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o Safety and security failures of software systems

» The human and organizational aspects of software safety and security

o The role of safety and security standards

o Safety versus security, and crosscutting issues

» Assessing safety and security (including risk management and hazard analysis)

» Software dependability engineering (including availability, reliability, redundancy,
recovery and survivability)

» Designing for safety and security, and defensive techniques

o Safety and security software assurance

12) Software Engineering Concepts Course

TS Software Engineering Concepts Course
FFH A Massachusetts Institute of Technology 7| HEF oSt
ASA|ZE 12 Weeks a5 & HA
. &ZEF0] 8, A2w S, PHA, FTA, RA, STAMPHEE ¥
AR R
STPA
D M

Software Engineering Concepts Course= MIT J3}thg} (Massachusetts Institute of
Technology)30)oll Al )&= OCW (Open Course Ware}3DollA 20053 710l 7|2 g

36) http://web.mit.edu
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<& 3-10> MIT Software Engineering Concepts Course w58
» Introducing The Problem  Building Confidence (Testing,
» Process and Life Cycle Models Analysis, QA, Reviews)
* Requirements and Specification o Selecting a Programming Language
e Design o Team Organization and People
* COTS and Reuse Management

Software and System Safety
« Putting It All Together

S A3 7 FAME B B S BoF i) AaEn,

* Metrics and Reliability Assessment

@ oFe =%

{3 3-11> MIT Software Engineering Concepts Courseoll Al t}F++= E&
Lec # Topics Readings
1 Introducing e Leveson, Nancy G. “The Therac-25 Accident.”
The « Lewyn, Mark. “Flying in Place: The FAA’s Air Control Fiasco.”

Problem (April 26, 1998): 87-88,
 Augustine, Norman R. “Yes, But Will It Work in Theory?“ Norman

37) http://ocw.mit.edu



Process
and Life
Cycle
Models

Requireme
nts and
Specificatio
n

Lockheed Martin Corporation.

Brooks, Frederick, Jr. “No Silver Bullet.” In
.EditedbyH.J Kugler.North-holland,BV:ElseviaSciencePublishers, 1986.1S
BN:0444700773.

Davis, Alan. “Software Lemmingineering.” (September 1993):
79-82.

Leveson, Nancy G. “The Role of Software in Spacecraft
Accidents.”

Ewusi-Mensah, Kweku. “Critical Issues in Abandoned Information
Systems Development Projects.” 50, no. 9 (September 1997).
Spiral Model

Paulk, Mark C., Bill Curtis, Mary Beth Chrissis, and Charles V.
Weber. “The Capability ~Maturity Model for Software.”
Pittsburgh, PA: Carnegie Mellon University, Software Engineering
Institute. (Unpublished.)

Bach, James. “The Immaturity of CMM.“ (September 1994).
(Courtesy of James Bach. Used with permission.)

—— “Enough About Process: What we Need are Heroes.”
(March 1995): 96-98.

Gray, Lewis. “No Cowboy Programmers!” (April 1998).
Mackey, Karen. “Mars versus Venus.” (May/June 2000): 14-15.

McConnell, Steve. “Cargo Cult Software Engineering.”
(March/April 2000): 11-13.

Martin, Robert C. “eXtreme Programming.” (July/August 2000):
12-13.

Highsmith, and Cockburn. “Agile Software Development: The
Business of Innovation.” (September2001):120-122.

—— “Agile Software Development: The People Factor.”
(November 2001): 131-133.

Pressman. “Can Internet-Based Applications be Engineered?”
(September/October 1998): 104-110.

Bollinger, Terry. “The Interplay of Art and Science in

Software.” (October 1997): 128-131.

Lawrence, Brian, Karl Wiegers, and Christof Ebert. “The Top
Risks of Requirements Engineering.“ (November/December 2001):
62-63.

Leishman and Cook. “Requirements Risks Can Drown Software
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5

6

7

Design

Design
(cont.)

COTS and
Reuse

Metrics

Projects.” (November 2001).

Wing, Jeannette M. “A Specifier’s Introduction to Formal
Methods.”  (September 1990): 9-23.

Leveson, Nancy G. “Intent Specifications: An Approach to
Building Human-Centered Specifications.

Parnas, D. L. “On the Criteria To Be Used in Decomposing
Systems into Modules.” 15, no. 12 (December 1972): 1053-1058.

——  “Designing Software for Ease of Extension and
Contraction.”

Wirth, Niklaus. “Program Development by Stepwise Refinement.”
14, no. 4 (April 1971): 221-227.

Bergland, G. D. “A Guided Tour of Program Design
Methodologies.” (October ~ 1981): 13-37.

Garlan, David, and Mary Shaw. “An Introduction to Software
Architecture.”

Hatton, Les. “Does OO Sync with How We Think?“ (May/June
1998): 46-54.

Meyer, Bertrand. “A Really Good Idea.” (December 1999):
144-147.

Vessey, Iris, and Sue A. Conger. “Requirements Specification:
Learning Object, Process, and Data Methodologies.” 37, no. 5
(May 1994).

Ledgard, Henry F. “The Emperor with No Clothes.” 44, no. 10
(October 2001).

Carpenter, Todd. “Avionics Integration for CNS/ATM.” (December
1998): 124-126.

Budgen, David. “Software Design Methods: Life Belt or Leg
fron?*  (September/October 1999): 136-139.
Lions, J. L. “Ariane 5 Accident Report.” July 19, 1996.

Kruger, Charles W. “Software Reuse.” 24, no. 2 (June 1992).

Weyuker, Elaine J. “Testing Components-Based Software: A
Cautionary Tale.” (September/October1998):54-59.

Glass, Robert L. “Reuse: What’s Wrong with This Picture?”
(March/April 1998): 57-59.

Leveson, Nancy G., and Kathryn Anne Weiss. “Making
Embedded Software Reuse Practical and Safe.”
Joseph K. Kearney, Robert L. Sedimeyer, William B. Thompson,
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and
Reliability
Assessment

Building
Confidence
(Testing,
Analysis,
QA,

Reviews)

Selecting a
Programmi
ng
Language

Team
Organizatio
n and
People
Manageme
nt

Michael A. Gray, and Michael A. Adler. “Software Complexity
Measurement.” 29, no. 11 (November 1986).

Armour, Phillip. “Ten Unmyths of Project Estimation.” 45, no. 11
(November 2002).

Schaible, Dawn M., and Keith J. Britton. “Testing in NASA
Human-Rated Spacecraft Programs: How Much is Just Enough?”
SDM Master’s Thesis. MIT, February 2003. (Only chapters 2, 4,
and 5 are required reading.)

Yamaura, Tsuneo. “How to Design Practical Test Cases.”
(November/December 1998): 30-36.

—— “Why Johnny Can’t Test?” (March/April 1998): 113-115.

Hoare, C. A. R. “An Axiomatic Basis for Computer Programming.”
12, no. 10 (October 1969).

Lipton, Richard J., Richard A. De Millo, and Alan J. Perlis.
“Special Process and Proofs of Theorems and Programs.” 22, no.
5 (March 1979).

Rothman, Johanna. “Of Crazy Numbers and Release Criteria.”
(December 1998): 127-128.

Naiditch, David. “Selecting a Programming Language for Your
Project.” (September1999):11-14.

Ziegler, Stephen F. “Comparing Development Costs of C and
Ada.” March 30, 1995. (Unpublished.)

Glass, Robert L. “One Giant Step Backward.” 46, no. 5 (May
2003): 21-23.
Kruper, K., Dr. Personality Types. (Additional class notes.)

Ferdinandi, Patricia L. “Facilitating Communication. "
(September/October 1998): 92-96.

McConnell, Steve. “Problem Programmers.“ (March/April 1998):
126-128.

Mantei, Marilyn. “The Effect of Programming Team Structures on
Programming Tasks.” 24, no. 3 (March 1981): 106-113.

Rettig, Marc. “Software Teams.” 33, no. 10 (October 1990):
23-21.

Williams, Laurie, Robert R. Kessler, Ward Cunningham, and Ron
Jeffries. “Strengthening the Case for Pair Programming.”
(July/August 2000): 19-25.

Howard, Alan. “Software Project Management.” 44, no. 5 (May
2001).



11 Software » Leveson, Nancy. “A New Accident Model for Engineering Safer

and Systems.
System « —— “A Systems Theoretic Approach to Safety Engineering,*
Safety (Read only the case study, not the introduction.)
o —— “A Systems-Theoretic Approach to Safety in
Software-Intensive Systems.” (Read only the case study, not the
introduction.)
12 Putting It « Leveson, Nancy. “Software Engineering: A Look Back and A
All Path to the Future.” December 14, 1996.

Together . Shapiro, Stuart. “Splitting the Difference: The Historical Necessity
of Synthesis in Software Engineering.“ 19, no. 1 (1997): 20-54.

« Wirth, Niklaus. “A Plea for Lean Software.” (February 1995):
64-68.

» Bach, James. “What Software Reality is Really About.”
(December 1999): 148-149.

13) SAFETY-CRITICAL SOFTWARE

BT Safety-critical Software
F3eAd | UCLA Extension NFEE | O
TLEANZE | 3D T2HL | A
ASE | AdugE 2ZEYOE 3 Safety-critical Systeme] tizl o

D AL
Safety-critical software3®= w]=-o] UCLA ExtensionollA FH3t= 3Y#e AZEY
o] ¢tdddE ©r] 7AFolty UCLA Extension& 191700 Ah=E A w

FF O YA, Z2AHE wjUYAHE, AZES| o] F871A] Tkt

) ol

)
ol

9 Al ok B AzElol e LxEgol Algeks Avle] f35 o
ASS 2T POIT 5 Y= /S s Pk ol AR R B
AzElo] 8 QutE £ZEHCIE ALST BeSE AFE AT ARl 02X
Fleael Z2ag AYE ok AY bssit Y PR 4 B4 Az O
Al oFe QurA gelol tid oA Amshe, ARA o ol 279} OF
g o9 PAT 5 YAl el Aol ALk

38) http://shortcourses.uclaextension.edu/819-364/
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 Day 1

- Software risks and vulnerabilities

- Frequently occurring anomalies

e Day 2

- Designing reliable systems from unreliable parts: the system view

- Developing safety-critical code

- Coding standards and compliance

- Defensive coding techniques

- System structure, redundancy,

o Day 3

- Design, development, and test
- Modeling and analysis

verification

defense in depth

methodologies

techniques

- Tool-based code review  processes

- Software safety-related

standards (NASA, IEEE, ARINC, DOD, etc.)

(3) 71&
A& AASH Ao A5E FEE AFstal U
14) SOFTWARE SAFETY
oS Software Safety
FHGA Detroit University 7REE ) &
AT 1 Semester wSH R n| A
AZES Y ¥ SHAA A 9 F4, A 4, FL,
ﬂ%m% H}\qE‘"O—]O oﬂ‘]OO =l x7:" Ty [¢)
R BC)
D ML
Software safety= W|=r¢] Detroit e} AXZE ] kA #AA o), s 2=}
= AZEo] Foo| iEgdAS A3 FHOE iili%loi%@ AYEd 5 3 H
A9l 38 AFfolth.



% AL FBSAA AZESS] B3 FHA FY L Y, 4 AY £
B, AE BH 5 29 AW, LZEC] FAe HAE HAH] 9
AR AAE Wk WAL ¢ Q=S o) AP W A Baked
Sol ol QAT B&H SwolAe] S8 NPT, AT S| AxE
Aol T Boke] o2k A AT E BANE L el AR o] B
F =S Azgt

o FAEL HA 30 ol A} FYE B &30k 3, C++ o]
U Javag2 @il Z2ag Ao A, dlolg Fx ¥ dugF, AFHTE
| 59 #H& F3o] aFHT

(3) 7]k
Detroit e} AZEY O Fstte] HHA J&5 F shoth
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1) Safety Critical Systems Course39
aSH Safety Critical Systems Course

. [ET(The Institution of
= -l;‘l_- 3 _‘_rI:_I_E v A 7_ ?_ = jﬂ.
THEA Engineering and Technology) ZIRET | SRS
WEA1 7 a1Bss WEHE | uA

WS § [EC61508

&3 wﬁs}—t— HEAES 7193 st ¢ B Az" AE7hel A=
, E8< T3 [EC 61508< o1%A si4sta &8 < e
| 42 [EC 6150800 gk 2709k 918 7B, [EC 615083% %, &t
=90} op7lElA, R BT T2jal AZE 0} ¢S skl itk

39) http://conferences.theiet.org/scs/about/index.cfm
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» Develop your understanding of the key aspects of I[EC 61508

» Equip you with an appreciation of the various phases of the safety lifecycle

in a systematic manner

o Prepare you to manage systems, hardware, software and human factor issues
» Help you to analyse risk based approaches to the development of the safety

requirements

3 A&

<& 3-12> IET Safety Critical Systems Course nl-5§uj]-&

» Introduction to course

o Safety critical systems-legal
implications

» Risk concepts and cost benefit
analysis

* Introduction to IEC 61508

» Eurotunnel specific fire risk and
drive towards mitigation measures

» Safety Integrity levels (SILs) and
overall design framework

o SIL determination

» Work shop task 1

* Random hardware failures

* [EC 61508 - 2 structure and
essentials

» Hardware architectures for
meeting specified SILs

Safety assurance - functional
safety assessment

Automotive safety integrity levels
Workshop task 2

Competence and competence
management systems

Operations and maintenance

[EC 61508 and major hazards
safety regulations

Human factors

Management of functional safety
The deepwater horizon catastrophe
- lessons learnt



2) ATM Software Safety Assessment Course

kT c! ATM Software Safety Assessment Course

A | Eurocontrol 7| BHERF 571N
WFAIZE 5D WSH L $1,638.9040)
wWSL | ATM(Alr Traffic Management) AZEgo]o] kAl

1 e
ATM Software Safety Assessment Course= EurocontroldDel| A F=&3sl= =2, ¥
W% FAATM: Air Traffic Management) AZEgo]o] ¢hdo] A3t 5 7he] =21
oz F45o] k. Eurocontrol2 8 A2 & uF HAE Sl AE T4
W7 FE, §49 A4 33 1F FAY Agy #2E F IFE 5t PEA R
A, F3 wes WA dd Z=a89 A7 3, 3 WA F4d 5 JFE
3 zAolt. g At 852 1909 € 1,500 2 HAE o] lom, 3¢9
ASH 713 &% 192 Eurocontrol®] A Y& wWol F52 FAE 4 gk
ZAF= 137 2o UHolx glom AZEYo] ek BHEE Alu AHYES

HEY AZESO] QPHA thd FoAS AWste AR AR F

e E2 2 slelseele AWRE Aoz Y7Ed

2 ZS5UE
<3 3-13> Eurocontrol ATM Software Safety Assessment Course nl-5uj]-&
o Software and Software Safety o EC 482 - SAM - SWAL
* Example Accidents o Software Standards and Software
» Software Impact on Safety Standards Exercises
» Software and Safety Lifecycles » Software Supply Models and
o System and Software Requirements Contracting for Assurance
o Assurance Levels o Practicalities of a Project and
» Requirements - Exercise exercises
o Software Safety Assurance o (Case Study

40) €1,500, 2016-11-10 =g 7|&
41) http://www.eurocontrol.int
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g e AZEY ] AT A EE SWAL conceptoll wE b4 EEo o)
of oFaL lom, SWAL concepte MR O Z st /T £F 2 7hol=2kl (ED-12C,
DO-178C, IEC 61508, ED-109A, ED-153) ol thsto] &) old wz} ajgd 7=t
+ "RRHAIE Eurocontrolol| A} 33k Safety Assessment Methodology Course®] 4l
g FAe ZEsiA A%t glen, 15O 12207, ED-109A, CMMI-Dev 59] 7i# &
B 7tol ekl Shge AdsteE gt

4) 71E

Eurocontrold| A= 7] A35 X338t 3 A FHH AZEY o] kA

» Safety Assessment Methodology (SAF-SA1)
 Practical Safety Assessment (SAF-SA2)
o ATM Software Safety Assessment (SAF-SW)

3) Software System Safety Course

&y Software System Safety Course

: [AASS(International ~ Association for
THHA HETF | T37|HRAS7H
THA the Advancement of Space Safety) IR | 371157
ZSAZF | 3D w=HE | $1,950

TS & | oA, PHA, EMECA, OGHA, FTA, ETA =

M AL

Software System Safety Course= IAASS (International Association for the
Advancement of Space Safety)dolAx FHsle= ZAHE, AZE o] HAdH AHT
A Z2A 2 g A A 7ol AYelth JAASSE -5 woke] bdAd e
HFHoE Ayd Hgy 2A0E, AW A, A 2 AFEAd £33 AE Jdd
=°| 3o E Fofsta vk [AASSE ol#gk EZ o] we} JSSE (The Journal of
Space Safety Engineering) ¥ 725 &S¥&E 3t 4% 23 9 A3y 5& FHs12
Nom i 7hat ek ol ek o Aotk

AHe 2ZES O A U gde AIHT 24 Z1HE dek] 270

42) http://trainingzone.eurocontrol.int
43) http://iaass.space-safety.org
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Ak A= PHA, FMECA, OSHA 5< HIES o] 7ol tiste] oFa lom,
FTA, ETAS} 22 7]ol teix e AvEn. A3 AZES o /| Z2A| 20 o
2 otk #Ad dAE AR 5 Tol dsidxE tE ok Software System
Safety Process (SWSS)E AAs7] 93k g #e], Al2E b, AZES o] Jjdko| o
sl A7skal SWSS process THAE 5ol s =3k = SHCMJJr LOR 714
g AT A= Lrfskar Aok 704% T3 qA tig £ 7S F83ke
I%F &% 5= st aE 71 9 #d =7 tid olsf 2 A
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4) Developing and Validating Software for the Medical Device Industry Course

5 Developing and Validating Software for the Medical Device Industry
9 C
ourse
AAMI(Association for the
FHoA | Advancement of Medical b F27BQAZ7H
Instrumentation)
WEAZL | 3D WSH & $2,435
FHE f577]el itk 2F 87 WS 5 9le AZES)
o) o [}
LIS | o wanz
1 ML

Developing and Validating Software for the Medical Device Industry Course= W]=;
95717171583 AAMI (Association for the Advancement of Medical Instrumentatio



S FHFE ZRolth AMMIE o|87)7] Bokel 71& F71¢ 918 WEojxl

zHog, o577 % J1&d thd ARE FAHIL EEL AL, 921

Ao, F2lE A" (non-device) 2ZESJoJol 2E&8 & e 7HF 24
TEo tE oA FFoE FAHY ok E=I dAE AL FEAE B
(traceability analysis), 274 =, HAE A8, AT Af 59 AF Ees 7Y

3o,

2) ZS5L

<{F*% 3-14> AAMI Developing and Validating SW for the Medical Device Industry nl-81)-&

* Intro to FDA and Software » Non-Device Validation

» Verification and Validation Defined » Non-Device Software Lifecycle

» Intro to Lifecycles Planning

» Risk Management » Non-Device Intended Use and

» Traceability and Configuration Requirements
Management » Non-Device Risk Management and

» Device Concepts, Software CM
Requirements » Non-Device Validation Toolbox

» Software Designs and » Non-Device Validation Toolbox -
Implementation Activities Part 1I

e 62304 Update « Maintenance Validation Activities

o Software Testing  Streamlining Validation Processes

Q) F&

* Design software validation plans that build confidence in the software and

44) http://www.aami.org
45) http://university.aami.org



comply with regulatory requirements for device, commercial off-the-shelf, and
Quality System software

o Use risk management to focus validation activities to minimize risk

» Streamline elements of the Quality System for cost-efficient software
development and validation

» Select appropriate lifecycle models and synchronize validation activities for all
types of software

o Write unambiguous, testable requirements

» Integrate best development engineering practices to support validation efforts

» Organize test designs, test cases, and test procedures that effectively cover
requirements being verified, and that provide opportunities for review and
management of the process

@ 718
AAMIGIM = 8l 73t Qo= oJ87]7] AZESgolet #dd tE 243 3 28l
742 (Webinar) %3 Algsta itk o2 20161 AAMIOA FHshe AZEY o]}
#A8 Z3polck.
» Design Control Requirements and Industry Practice
 Statistical Tools and Methods for a Quality System

4. 9% A571H

1) TGV SUD
EAs TUV SUD Webinars
THEA | TOV SUD EERT | TS5
LEARE | A TSHE | 9A
WY& SIL ?1%, IEC61508, EN ISO 13849

TUV SUDA A+ thekst FA| 2 WebinarsS R3§sta Qrie. TUV SUD= Ald, <l

<, AAL 1S T Z% 121 71& Mul2=E Algshe 229 7le €74 7IYder =
d HFo FAE Fa Atk 1866 149 6 FA Hzxo| F7] B AAF FITt
AHEAL ‘%ﬂﬁlﬂ TOV SUD9| =Eej7b S

46) http://www.tuv-sud-america.com/us-en/resource-center/training/webinars



TUV SUDe] =& Webinarss= F-5o]a TUV SUD AE7P7) ZFoE Hdsith FHT
of Z3=(2016.10.13 o) webinar 4= “Introduction to Safety Integrity Level
(SIL) Certification” &= Elo]E=E SIL 153 IEC 61508 EN ISO 13849¢f th3lA|
AR I 78332} o goltt. 7o AT ek 1Akl AH 555 Sa A 9 uS

8 & Atk et 1S 72 Y A AHIAE AYsta AR 58 At

o
=
% 2 A9 LA B

TOV SUD= AZEg o] ¢HA ¥ Adste 23 28 MH|AE A|Fst

o

OJ
30

* Support of software development processes,

» Evaluation of the suitability of planned software architectures,

* Audits to determine the status quo,

» Introductory training courses and safety workshops,

* Analysis and derivation of safety requirements,

» Support in the creation of performance and requirements specifications,
o Checking of safety documentation and

» Software certifications.

olFgt Mulzs Fxe AEal FETled 2 A #E Eoke] AZE 9

A4, ol A AE Fa) FTHoRE Tev) 2e EE ASS Fruk

« [EC 61508, Part 3
« EN 50126, 50128, 50129

« ECSS-Q-80B
« DO-178B
2) DNV GL
sy DNV GL Webinars
FH A DNV GL Z18ET | s3IHISTIH®
WFAIZ ek WSH & ek
o5& [EC61508

DNV GL & A4t Aakat 3749 H3(To safeguard life, property and the



environment)E X2 1864 W w2 oloA =SHZQ Adgeloz MY AFA=
I AFASE FAHLE AYPsta J= FJAbeltk. DNV GLe| E& Webinarse F-50°]

TR S2S B A4 B 1SS Be &y v)E Fels e Ad Ak
SFTHD, 3 S ThraA) e HolAT 7 528 B4 3 e vr o)
Aol Vsatth Tere m§ 22 P AR A¥AE Aetn 9AT 54 A

b AMEE AT Uk SZEAO) A% 9 BF, doge) 08 1Y 3 2
% =7 AU% Sk T3 DNV GL AAHOR A%d BFout slolsekele g

* Energy : IEC 61508 Verification

e Maritime : DVN GL Rules
e (Ol & Gas : DNVGL-0S-D203 ISDS and IEC 61508/11

3 7Iet A% 7| Webinar
UL48), FCC49), BSIAmericas®, DoD5D

7) https://www.dnvgl.com/software/video-webinar/webinar.html
8) http://industries.ul.com/tag/webinar
49) https://www.fcc.gov/news-events/events
0) http://www.bsigroup.com/en-US/Our-services/Events/On-demand-webinars/
1) http://www.dcoe.mil/Training/Monthly_Webinars/Archive.aspx
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CE 3-15> S Ay 2AATY

TE THGA T =34 W& Azt
717k | HCRQ UuHEA 7)1 | FMEA, FTA 4D
Engineering Safety = .
Consultants x5 [EC61508 1~3D
PILZ ST EN ISO 1384901, EN62061 -
DO-178C, DO-254,
CRITICAL Software x5 DO-278A, 15026262, -
EN50126/8/9
Edif Group kly PLDs, SILS, SOUP 2D
Engineering Education oIl 5
Australia A dk e HARA, Safeware 5D
University of Southern B B9 obx] Phalui
Carnegie Mellon University okl Safety/Security, Hazard 2D

HAZOP, CHAZOP, FFA,
The University of Queensland | €¥H&471% | FTA, ETA, FMEA, FMECA, S
GSN

University of York AuHSWast | b 87 B4 S
Australian National University | €xHSWa-st | b QAR B4, 7|H S
MIT Aeronautics & e . _
| BAZHGE | 97 B, A A

Astronautics Dept. e | 4 - 4 oD
T?chmsche Universitit ] FMEA. FTA. STPA S
Miinchen

Johns Hopkins University UuHSWa2 | HARA, Safeware S

Embry-Riddle Aeronautical B.47]%9/5% | HARA, FMEA, Testing, VV 3D

University
Abo Akademi University A7 A =} gi » FTA, HAZOP, S
Jonkoping University LRHEA 71 | Safety/Security S
Massachusetts Institute of = .
AuHEA 7] | 4, PHA, FTA, RA, STPA S
Technology
UCLA Extension AuH AW T = | Embedded-safety T)A<1 3D
Detroit University AuHSWa-3t | Safety A~ZE¢o] &3t
&5 |IET X IEC61508 -
Eurocontrol g 2F |ATM 5D
IAASS ARH 471 El”l{“i FMECA, CSHA, FIA, 3D
AAMI os EF | ¥4, [EC62304 3D
1% | TOV SUD EFHEA 719 | SIL, IEC61508, EN ISO 13849 | -
DNV GL o5 #F | [EC61508 -
(D:g, s:=t7], -0




Ald 7j8
2 Aodes Ui A JAPHL s AZES bd Id ws AZEol o
gt A AHE itk sulddie FE AsAE ZEokidlA 15026262 #H AZES)
o] kA mo] Edhs] NP glow, 1 9o AgTolAE FAaH R P
olE Aoz sletd hetAE 2ZEe] obd F AF wrlel Y vt
A st 34 mawgor RRHoR JHHI glor), w3 AZEO] b
Zd [TRC A gt A= F3= 1 ok
A &=
L 9zt AEH
1) Training Courses for Software Engineering
TS Training Courses for Software Engineering
F3TA | SOLUTIONLINK NBEE | U AEH
AEAZE | 1D/ 2D wSH R | A
poyg | EEAC T AT LEEGe] bl A FMEA, V154
T (1I5026262) B 2~8)

1 AL

Training courses for software engineeringe solution link52 |4 =3
Z38to) 3k ARkEel Y88 G 9= Axboltt

A= JA 6 MRS FAR o] Fo|A lom, ~xELS FS e, 2T &
Al A, 7, V&V(verification & validation), FrABG 08 FAE 0] AZE ]
A F7] B2 AW ARES Ot 4 JEEE FAd g gt e
T3t Qlon, AZEY o] ki FHA QFAR; FEA 7Eekd QT

N
Q‘L
rir
P
[k
[
—\:0
3

52) http://sol-link.com/neo/kr/academy/training_01.php
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o Aol e RRE, A SEM ol AA D B ofF BAsk AT e
A kAl WAUZE TR UF FeE AW VAV THESIA )5 Blzeel of
2% 19 Bk 2ZESS] A SHENM AHE B4L 915 SW FMEA o of
32 AN Y= 50 Ytk

2 ZS5U&
<3 4-1> SOLUTIONLINK Training Courses for Software Engineering ul 518
Software Engineering SWE-00. 2ZEo] F3 /fa
Software Requirements SWR-01. &35}
SWR-02. 7]'5¢hd S7-AFSF HA
Software Design SWD-01. A= &F &4/ A

SWD-02. 722 BA)A7)
SWD-03. 2ZEgo] izl dj&
SWD-04. AZEgo] obd A7
SWD-05. SW FMEA

SWD-06. &3ZE o]
Software Construction SWC-01. A3

SWC-02. 2555 2k
Software Verification & Validation SWV-01. £AZEZ o] V&V

SWV-02.

SWV-03. 71%5¢Hd H ~H
Software Maintenance SWM-01. AXEo] o223}t

SWM-02. C/C++ 3& ZHET

() 2TEg 0] i E2Flolzeiel el AR e
7 el ~zEdo] s BdE AHEe AAE 2ol Uee e 2o
{FE 4-2> SOLUTIONLINK 7]%5 <A Q& F-AFSF WA
2% A 19 (742D

e Aleekd aTAR 716 9AF 249 WA BEE 45, A5¢ B 4
® Ag 59 vy
BE /15K aPARg gl sk ol
Y LT A B 45
A% FF aTAY 9A 2 A% 5 0%
g g H ATAE WA 2 B e
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A AR DA e/t EA oA ESS]) T
A 27 = A B dAE = U
XA QAN DA WA 24
A 27 3 A

A 27K WA S
A a7A e A8 A B vE 7 ea
71k, FESo], AZESo] aTAR: Y

R AR WAl A, AE

<3 4-3> SOLUTIONLINK SW <+ A A

w5 N 29 1447

e IS0 262625 Frsh= SW oI9A| Bl Al AE dAE F3A 55,
SWoll tigk F2 Hd WAUSF ol
=8 SW 7 oA 275 7158 7AYo

N5 ATFAZE WESE YU ATES] MA P F5 2
AR Ag 5 g

S WE SWAA ANe
- SW S 1% 71k QAR SWOAA el
SW op7181x) HA| Az}, 7|
SW Al A 944, &4
SW PdEA wiAUSE - AlA, dFollolE, lo)7], w=e,
A B o)z FEH= 7etd A

SW AA A : E-GAS AJ2:5l oA

<& 4-4> SOLUTIONLINK FMEA

& Azt 29 (14417

AL SW FRelA A5 B4 /1 SW EMEA £ PES &5, A%
S B3 AR Ag 4w
R SWRE FEelA a7EE A5z a7 ol
-

A LTAGS BEHE Qg
AR 48 59 v

s e SW Failure Mode
© R 7, SW FAFH w2 o F §3 314
- SW Failure Mode 9]
SW FMEA <=3} el
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- VDA 7]%ke] SW FMEA Ax}
TE 7S, A A9 24

- JhA HA s

SW FMEA A<

{3 4-5> SOLUTIONLINK ¢Hd wiAUE F+&

s AZE 29 (144%3D)
ke SW b WiAYSE 2A19] e =4, =8 SW ¢ mAUSE 73 A

e &5
BE SW ek uAUE HAY ol
AEE BT SW kA vAUE TH A A1 &5
TE UL SW kA oEA A
SW ol71el A9 b AAE AT T
SW ¢k HIAUZ e
- A A4 SWe ob7|HH
. F03 SW okl HAUE 53
SW ok WAUZ T8 A
C AN BUEY Avk] thel AT 1L 9T kA HAUZY

A= A

- HFoolE o] RUHY Aol i) AP gls g <t
AAYES] 2= AL

- ZHA7](watchdog), Z23 &
ARRS BUEEsh b wAUSY FE A

- dFoolEe] BUEF Aol s AR e
AAYES] 2= AL

SW 738 45 4 4, SW ek wAYUS +

BUEY 5 7o 3

3} okA

= =

s 1,/:
=219

{3 4-6> SOLUTIONLINK ~7]%5 <k H| 2=H

& Az 19 (TA7D
N8 150262620014 Befsh= V&Vl thit =3 2 ofsf, BAE Bl 2E 7]

W Hg Wors HE
L= 15026262«] V&V B
A B2AE 7)Y Z

2)
A HAUE AT Wt 55




TS & 150262629 V&V ST
B2 71 27
A B 2E 719 g el
- StEgo], AZEY o] &[S HXE, Al2H S5 HXE

A HAUE AF

2) NAVITHES ISO 26262 w5
A | NAVITHES [SO 26262 n<

ZFHYA | NAVITHES Z1BES | WZF AEI|H
WSAZE | 1D/ 3D aSH & 1] 4]

WS-8 | 15026262

M e

' A2 NAVITHESD | A zldst= SO 26262 !
5+ wSo|th NAVITHESE 20119 A HE A5F A5 2
A=Z, 150 26262 AEA =9l AUTOSAR 7| @ w88 Au|2stxz gtk =2 IS0
262620 tigk AR A= g ALY, AFAY 5 ALS WY

ISO 26262 152 19 29 39 I2 2 T/FY S0 26262 w5< Algsta i, 1
]

o e 10 262629) 71RAQ A} 2 Ao A g sj 2o OiF Wgolw, 39
29| WL AR AAE 8o EiHo glon], FMEAS FTA o tig W82
A% Ygo] T ok

(2 ASYL
NAVITHES oA R&ahes SO 26262 w§-< 19 #A3 3U 34 F 57
of a1, 4 Hol| Tz A AYEFHLE =
26262 7)50bAA FFo 7|BA Y& T 7} gEY
3

=
WAl F7HH o R AXEAZE S i @A A

i)

Egstal gl
< 4-7> NAVITHES ISO 26262 51§
e 19 34 M2
dE 8 A
¢71%5HA4 150 26262 ©f 7l @ISO 26262 A2 674o] A bl E3)

53) https://sites.google.com/a/navithes.com/nt/gyoyug/is026262gyoyug
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12 A -SW ekl 8 ARge] e
-SW AA
-SW HZ=E
-SWe| Verification?} Validation

€150 26262 A4 1%, 27, 8% @ISO 26262 A2 3479 49

o 2% -ltem, Safety case

~&l -Hazard €4 5! gj2== 97}
-OEM=} Suppliere] #HA| _7)sorA A

-DIAA oA -71E3 A A

-Z]%?Pﬂ AB, 71eb 8T A e A)e) A

R

AzEl A H2E

-FMEA - FTA set

OISO 26262 2T 54, 9] @ISO 26262 AT 74 “10%9] 4T
£k S XC |

-HW ek a7 Akee] A9 -1SO 26262 10%-2] 7lol =gl

-HW A

-HW H2E

-Random HW 21749 H7}

~“FMEAS} FTA Set

-ASIL 7P &

-ASIL 449] Al

ek s WE H| 32

19 718 /g 712 Ad € 74 24 Mg A5

Qb 150262629 ARFAR1 78
-OEM3} Suppliers44|

_7]

-DIA 7| 2FA]
- BMSe] ASIL €% & £
g0 45

_o}o]Ejj] 2619]

- T 8l 2 A
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75k 74
29 SO 26262 AF A" /g @A IS0 26262
Part 2-9)  _xg A 26 o2 AR A=

-71€4%0 b 87 A9

-A 228"l A (SIW, HIW 1)
-ofol§le] T HAE

- B gl

-7t 37}

- FMEA, FTA

_/\g/\} a]g]z

AXEJ O A @A (1/2)
ZE o] /N 8l E AF
Ego] bd a7 A9

Edo] op7|EA A
HoAd 24 (@2f2)

TEgo] 1 HA 2 7
Edlo} 1 HAE

=3 g 2E

~2ZEGe] O 8T 43

stEdol g WA

-Seslof A ) 3 A

ShEslo] 9 a7 Aol

-shegle] 4

-qJo]e] 1ol Bt

- FMEA, FTA

-SfEdo) 5% H2E

P

Im

B b 1‘>
[k

1H

3Y

»
(2 [r‘;‘

> BB
lM

(Kl
[t
E

(3) 7)Ek
[SO 262620]8lo| = o5 7]7]9
o F2 2F N8 9 958

a3 Uk

| #AE [EC 62304 AFA 25 S
AZE o HFRISK, gj2=) ol g
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<G 4-8> [EC 62304 AFA ns 74

19 1SO 14971 715 g A o
g 23 #¥ gl #a Hrpy 22
& 33 CIESE R
g3 G}

23 AEE
SEEC R P e

923 Brle B 2o 82 A
23 BEEE:

glad AYA A9 A
gl AGA 24 A
g2d RuA A9 A
gl R 2 A

FMEA % FTA 293} 2 &
39 [EC 62304 712 A9 9 Ag 34 g g

% A4 [EC 62304 A2 2 72 Ao FASY E)
SIW P 2 A B TEA
SIW gl Tl TATE, BANE ZEAs

o8 g 2zEg o] A

I AN FRE A = SW /% Z2AH 2 &7 (EN50128)

wWEH [ oAA SRE Q3 HT SW AL T2 A2 A7) (EN50128)
FHAA | ZolAZE Z|BEF | U7 AE7|H
FEAIZE| 2D SH| 8 | 1A

S8 | EN50128
) Ne

1o
Bl
Ho
s
2
b
d
b
[&l
[

EN50128 &< RolAZEMoA Agst= 29 A 1
19983 AHA BEA7|es Aoz Ahd JAR, &, A, AsA Y 5o #
oko| thal /Mt ZEAMA AY 59 AZEY o £FEHE AF 31 9gor, o]gdx

] = L

azEde] AR NY, FF THAY A

54) http://www.moasoftware.co.kr/company/greeting.asp
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#%d%ﬂ

o|Po| T HolAZEME &R, Y T IF o= AxEHY I,
H2®, SW /A Z2A|2 Fo AdE ookt s Arus Agsia o 2=
SW 7k Z2A| 2~ WK o] F9 SR GubQl A Fofe] SW /A Z2A| 2o
et A 72t Z2A 2 8 4SS il Awsta, ENS01270) tig &S &t
T3 FrHHoE A AP gk &7 @ Aol el sk vk sl wS
A E &7 22 el disl 4Vl 2 usS 5E2 3

- B} ABoke] AZEg e ZAAE Moz ATHok] SWL ZaA s

ol 3l &

- A5 FokY SW HHAES g SWAY Z2A|~E o] gt
- EN501280l4 238= Objective®} RequirementE ©] 3} g}
- A FRE AT A AIF ZEA2E ol3fgith

Q) ZSUE
<E 4-9> HHA FRE 93 A= SW Y =24~ &7) (EN50128) w5 W&
Dk & A F-&
L3 pNs0128 SWA Z2Al~ g 2 @A OlA}
v
EN50128 718 2 27 (A2 27)
A A4
EN50128 Objectives & Requirements 47}
P ZE A2 AEE Review
2 Ax = .
f b BuE 9ah gy DNG0128 NE Z2A2 Review
AR ZRAZ A g g Z=A2 )
A A4

M T2A A AEE AH A0
AFA AR A A0
Q&A
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W | Eel=S 3t g SW L ZEA A (RTCA DO-178C)
FHEA | BopprE ZIREF | U Awr)d
WEAIZH| 3D sﬂ%ﬂl% o) 4
2L | RTCA DO-178C

M Ma

DO-178CE 7]¥te.2 3k SW 7 T2 A 20f T W& 02 TolAZEN A ZIg3h
o g w59 Mes vg 2ok

“DO-178C+= DO-178C 3871 AZES o] b A =442 Haels #4
o2, H=xAlgdE=FANNA 3-8 AF tet <<l Al SW F-2o A8sta 9l
Utk ol wat SW eHdA #@E(Level A, B, C, D)ol W& DO-178Ce] Objectives,
Activities, Outputs®] ©]31E Fa1, A"l QFARo 2 RE 99 SW 7AR 73
o AA, AYA, FHA HFES AT TAF dbE AAFUS olg HEY
DO-33U=EZA7|8F /N +4)7 DO-278ACR}s A Av L #2)s 3 n5EY
T} ”

T W&o HEE v

- RTCA DO-178C 7l &

- SW ¢kAA gwlo] w2 DO-178C2] Objectives, Activities, Outputs ©]3H

- N2E 87RO 2 RHE] ddE SW STAR 7Y S, A8, 44 B
S= AT TAI3E W<k ol

- DO-331 Model Based Development(Supplements to DO-178C) % DO-278A 47}

2 ALSU&
<E 4-10> 895 93 FF8 SW /L Z2A42 RTCA DO-1780) & W&
A g Y&
194k 1. Course Introduction

2. RTCA DO-178C Overview

3. System Aspects Relating to Software Development
4. Software Life Cycle

5. Software Planning Process

6. Software Development Process
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292} 7. Software Verification Process
- Software Reviews and Analyses
- Software Testing
8. Software Configuration Management Process
9. Software Quality Assurance

10. Certification Liaison Process and Certification Overview Process
343k 11. Software Life Cycle Data

12. Additional Considerations
13. Supplements to DO-178C
- DO-331 Model Based Development

14. DO-278A: Communication, Navigation, Surveillance and Air Traffic
Management System

5 AE3} 7159 (SO 26262) AE7F 4 (FSCP) 2%
WS | 253 7)59kA (15026262) AE7F 34 (FSCP) n$-

F3©A | TUV SUD Korea 7BES [ w7 AEs|F
WEAZE | 3D W&H|E | 385%H

wS 8 | 15026262

Q) M8
TUV SUD Koread oA R&sl= &2k 715" AZ7F 34 &o|th. TUV SUD
2~

]_
© 19943 2= Hde A9 s, AlF AP JAF 2 BF Az" dSe HIFES

of, ¢ A B WY BIA, D% D AL A A4 2 3R AT Aus 52
AZHE ANT Zae Auzge A7, A4 B, A1), A5R, AE, 5747,
Eol39 2 Holr|F, VAY WL Fo| g okl AZHT ek 32 Fol
M§-L 191 385 W ofnl, 64 oldol Aiel A% AF T 24 ol sk =
2AE A3 B Fo] ¥ Ak

AAe 30 FHE glom, Y% o Bl R Adsel o B se
ol A%, ok Bl AmES] Aue] DAY WS FUHoE nEh w9 o
A 4EF7)E FVEA 2 FTA 240 B3 U= 2% g £g5o] Qu 74

55) http://www.tuv-sud.kr/kr-kr/about-tuev-sued/tuev-sued-in-korea/about-us-in-korea
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U142 [SO 262629 QT AFE o] whE=o] A8 3t} Eo] Ao 7= w8 npx|glol| A
dE &3l TUV SUD 1A (Certificate of “Functional Safety Professional regarding
SO 26262” )& skal Ut

2 ZERE
<E 4-11> AFAF 7159 (15026262) A&7 44 (FSCP) w4 W&
AR wSU-E

193} Functional Safety Management
- Organizational structures, Task profiles, Safety lifecycle
From concept phase to system design
- Hazards Analysis with Risk Assessment
- Derivation of a Functional Safety Concept

- Derivation of the Technical Safety Requirements and Creation of the
Technical Safety Concept

Safety relevant hardware development Part 1

- Hardware design, Architectural metrics, Hardware testing
293} Safety related software development, Part I

- Software safety requirements, Software development

- Software modification, Software validation
FMEA and FTA analysis for the Safety lifecycle

- Decomposition, ASIL Tailoring, Analytical methods
3¢z Introduction of Examination

Examination
6) STA B2
AR STA H|~H
FHSA | STA H2®7A4E Z|R/ET | O AET|#
WSAZE | 13D WSHE | HA
WYL | SW Testing, SW 715¢Hd4 BZ, 15026262

D 7Ha
STA HIZEAAMLE0NL 20023 STEN (Software Test Engineers Network) #-FUYE]l

56) http://www.sta.co.kr/
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Ade Ao Al Hlon, A, FATEH, FHlEdH 5 Tdd 7Y
o o SW Ed B AMEL APsiy Q. F2 SW HAE FH w8E
S 35t 9low, HlA8 w8 foundation, test manager, test analyst g O=

o] Zldistar lopn.

Foundation 4ol = AZEY o] H2EQ AukA<l sjdd tigt 93} gHAE
Aol A4, Bl Z2A 2 Fo thd 7|24 HES Aesta
Aol = H2E 223, 12 A, =
YA 9o AelE X8 st FrMHog Esiun
A3 B3 150 26262 7150448 A ws& 13 g

—U
£
oZi
R
Ho 1M
-
il
ol
o

2 LS &
<E 4-12> STA H2H aSy&
ws 34 3 A4 Az

MM S419] HIZE Z2M2~ 5 9 fdaS 2 14
ez g ~E)(Exploratory Testing) - 2 14
H|AE T Yojo} & 3lo|ERLA B AE & SW HAE 253} 18 2 14
a7AR Bl 9 a3 7| 29A 3 2
2HLEE o F A0l HI2E WSHUIEEE F4)) 2 14
ii_E_TJM A% 3= W 1 4
duti= SW H2E AFuS 3 21
(AGTF £oF SW 75 A BHFO1=2HA) 1 7
ISO FDIS 26262 71%5¢+4 A (Functional Safety)=}4 2 14
Practical Test Management - 2]2~= 7|4 & A2k (SO 29119 =4) 3 22
M M9 Ge] H2E als 3 9]
AL ZAo] HAE 7)% A(KSTQB Basic Level A4 7|4 1 7
Automotive SW Testing 3 21
N WHER ofAY B2H S 25 20
&= H(nfluence Diagrams)E &3+ SW E|=~H o]3 1 7
H|2~8 A7 18 (Testing Techniques in Practice) 2 14
Jmeter ASE|AE o] 23} A% 2 14
ekal 2l g ~El(Exploratory  Testing) w-3(1%) 1 8
SWEIZE A7 FJEA 7|8 719) & 2 14

57) www.sten.or.kr/bbs/board.php?bo_table=training&sca=FL%2FAL+%B1%B3%C0%B0&type
=1
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Q) AZE o H/7]s<t 4*3 w5 WE
<3 4-13> STA k@ FFEof SWrs 4 B2 3%)

w5 Azt

19 (TA]7H

e

QPAFS Hof SWoll tet A ¥ BE aTAR
RN 7|HS &

bd 7] 2 SIL 87 7Y 2 S o3

[EC 61508(=A] 7% ¢kd %32) o3

H2E A 71y o]& g% 3 A&HMC/DO)

SW A5 AH ExEE B3l SW 715 ¢ <

Ol

PP Fok HA Z2A2=E o]
SW HAd& Hshe At 8y ofs]
FHBE £2ZE 11019} IEC 61508-3& ©]3]

l

&7 4
44 ) 9 HF A RS 5B AR

:L:_
[€)
AY BH o2 g A%

7h

kA EHL/\F‘L A, SW kA HE AE
- SW AA 2 A HW + SW £33 SW ¢4 2 WA

kA 7A=A(Validaion), SW &-2l(Verification)

(¥ 4-14> ISO FDIS 26262 7] ¢F4 A (Functional Safety)¥}4

1

& AZE 2% (14A17h)
Na [EC 61508, ISO FDIS 262622 T3+ 7|%5<¢HdA 470
ISO FDIS 26262 ¥%F =2 9@ % o]3
ASIL 9 7154 A7) 2 dAol digt o]l
23 AFEap Foko] 1SO 26262 F2] W3k ofs

7S Ae gl Bad SFAR) ol
ASIL targeting 2<&-2 53+ ASIL 7d A9

ASIL SRIAE/AAHE7HIS thEt olsf Bl &&2Ql AF248 et
2=
H
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s g 193 7)%¢kdA B3 9 9, A
M 4 2 glag JrhAs
Fge], HAAE, EAFE, AZEYY = HAS
N 2=Hll AA
292 F=go] A AXEO] A Alak &9 2

ASIL-oriented  analysis

7) SPID Academy %

BT SPID Academy 1<
FHTA | SPD 71 REF 2 A
WEAIZE | 1-3D W5H & 17

71%9FA(15026262), CMMI, SW&3}, £271% % | FTA WHE,
FTA+ &34 A7)

A R

o
N B o|EHE, e AR wEH o] LS AT u&
. B3] 71%eAS el 1SO 26262 7)%5eHd ARAF ws, 7] %<k
H wdlgy ndly Ao SO 26262 Professional Engineering A¢
H, AZ4 242 A% FTA & % FTA+ &74 a7 3=

1

2 ZS5HL

< 4-15> SPID Academy & W&

w-S5HA 7IZHY)  AZE wSH]
ISO 26262 7]'59rd AEA w8 3 21 80

R =
stedo] B A5 7|Hke] FMEDA (Failure Modes Effects 9 14 70
and Diagnostic Analysis) A5

VDAJAIAG 37]%k 344 Wl 05 Vel Hashs 49

PEMEA o]2 3! SWIQ-FMEA RM PRO) 28 4% 2 M
7154 FEE 9% AJ2E mdEgy 2ElE Qo] 2 14 55
/\\_]ljp]/( 6] -E—/L‘]'-% ‘?’]5} PTA(Fal:ﬂt Tree AHEI]YSIS) /é“‘?‘ Ho”ﬁ% ];‘l 2 14 55
Isograph RWB Fault Tree+ 3-& 4l

1SO 26262 Professional Engineering #424 ¢153}4 5 31 270
Automotive SPICE® Model and Provisional Assessor Training 5 35 a1pes
=29 7199 AHIE B & AZEYoHAE o237 AA| 3 21 29

- 114 -



oo

3) £ZESf o FAVISPAL 25

{3 4-16> SPD 7|5 ¢t @S AT A2=H 2dE mdy Ao
A& At 29 (14417D
e System engineering 71¥+e] A|2El AA| 7HE 7223}, Al2E] A
A @l tis] 27 AEs B3 AAY olslE w&3i.
=X 27N S T Al2E AA 599 o3

SysMLS &89 w&

s WE 192k ISO 2626201 41] A)2-E
AN2ElL A 2E F8) o]
e 7|a A28 A
ANzHl olF|ER, v HAEFET} A ARYA
SysML 7]8F AA Z&A 2, SysML 228 o] AL

207 SyMLE B9 Ak B 3 A, e, 7 24

<3 4-17> SPID ISO 26262 Professional Engineering A4 & 374

s N7 54 (31417D
L TUV Nord Systeme] #-sxb #oFe] 7| etAAE7I=A S A4 HF
(FSCAB)Z 913 = 4
=% A2 7155 EFo) Uigk o3
A RS 194} Functional Safety Management Training
292k System and Hardware Level Implementation
3Lt System and Hardware Level Implementation
4L} Software Level Implementation

52k Qualifying Exam for FSCAE

8) SGS Academy nl&

oS SGS Academy nl<

THGA SGS 71 REF 3 A7)
WSAIZE 5D WSH| & ke

WSy § 15026262, IEC61508

1 Ns
SGS &= ZAL AE, A W QAFAH| 2 Eoko] Ax 7oz A w4t

A A B, 2d 2 7k, 38, Axd 2 AIAL A



v

2 Fopo] MH|AE AFdta Ao SGS academy oA+ SGS7F Al wdh= Hoko
defA 2 A B2 A A us 2 9E4 us EFAS ASgt
@) ZSUE
SGSlA Agshes ws AZEFHS I o] gefet BRE, FAEE oY nS
4L ATt Ao
<IE 4-18> SGS Academy & uj&
5 FA H| 2
AAE 2K g5, Y, Al sEEA, AuAEE ﬁ iﬁ—} w%xj)l
5 5 3 2= ] T SR LRSI RTIA
N A He JJrol‘ﬂiﬁ,i’bE 7E, LY ¥ Eiﬁ% 20
EEAL DB E R AR
7155
% 71% W3l duyA B, 4 T Al2H
ZE4 2 WyAHE N A
AUAHE N2d g it it
¥z Uiz #e, g4 e Al=H
AF, AR 7], %@_ 7Y A2H
ZZ2A A A 7% &
Y 64| Lt
A8 2 B3l #e A3 A=
3T 4 Az R RE
A% 7154 RERET
A& 7153t o|HE HY
3) AZE S A7 FAHAN 25
<FE 4-19> SGS Academy IEC 61508l
AL SGS9] IEC 61508 715 b m&olAe Qb Al2Ele] Akl 7id A
oA olelgt e Falshs WHol tiel shegth
& Y8  IEC 61508 A1 2 s Q7 AR A
*‘Xﬂ A ZAF H ATE S oldd 8T AR T AR T
= H]—l:ﬂ O]’LH

o W% vE AT

- 116 —



<F 4-19> SGS Academy 1SO 26262 A5z} 7]% o+d &4

a5 AZE 5Y

A8 IS0 26262 A AF 8 F7)ol FFS vIA= Al AHsak A4 71EYY
th e 712 aFAoE AFdsls AL Bae = 9suUr e
AYEo] AvE d FTHES WEE gjof gtk 75 A 718l FA IS0
26262 AFsA 7% b FHS wom kel WA A9 bl #A 8y
15O 26262 871 & HHS w4 T dFYrh

5
A

=3 SO 26262 871
A el 7% Qb
Ha4 ok B HA3 F
949 B4 7% kA A
7% ok A B AT A
b A Shedol B 2ZES o} A%
Qb Bl o WA A

w5 g 19x SAFETY MANAGEMENT AND SUPPORTING PROCESSES

292 FROM THE RISK ANALYSIS TO THE FUNCTIONAL SAFETY CONCEPT

392 TECHNICAL SAFETY CONCEPT AND SYSTEM DESIGN

492+ SAFETY-ORIENTATED HARDWARE DEVELOPMENT

5d2F SAFETY-ORIENTATED SOFTWARE DEVELOPMENT

2. g}

D A

o5 T

A | s ARER | o

WA 7 1A W5H| & k!

Doy | 098 BH B BE SRAL 223= PP SWEA

S Verification
1) ML

U AS vlT, 9 5 AZEY Ay AHE AFE ke MYsta =
MZl=rol] Hls] AZEYS kA A Oigt S E A7V AL AT QA Fe
AAoltt, AA| JUA A= AEstuoy AZEY S by AHHE AA A AL

%l

- 117 -




(2) A&

<E 4-200 Ao ws Y&

i U-& A UE T ki
SW 7)ol A1 2] SW 7 4 AAEAL | o
b HE SW A HE Bgo] e |
7NE AT = SW A= SW N/ ATF Z=A
AL Z2ZA| 2 = AAHERAL | 474
o] af Aduti= SW 7iet ALl
NE] SW kAA SWetF QFHA
‘E‘&]ﬂ% ‘ﬂ@' Safety Engjﬂeefjng (?l';\(jxé]% A AL BEEA
Hazard Analysis B HATEAR 0
ol3f SW SHdAd &4 T2~
Accident Analysis % Hazard
Accident Casualt Analysis®] o]3]]
Cl\(;[logg o iﬁiﬂ y Traiditional Accident Model AAAHEAL |22
System Theory 7]¥Fe] Accident
Model
HAZOP (Hazard and Operability
, Studies)
Cﬁ?(iloglz\{glt FTA (Fault Tree Analysis) AAHBRAL |22
A o FMEA (Failure Mode Effects
Safety Analysis Analysis)
T
= FMEA A% A} 2
System Theory 7]%+e]
System Theory Process Model
71%ke] Safety Safety Requirement & AAANEAL |22
Analysis: STAMP Constraints
Safety Control Structure
System Theory STPA Process9] ©]3l]
71k} Hazard Hazard Analysis A<5 i 2
Analysis: STPA VoIS e
7]k
Safety Requirement E]e\/g‘mrgme;]t %éfﬁtyaoyoi AAHERAE | 212
st A=
=T A Safety Requirement =7 2<% A 2
[NE] SW ¢HeAd SW 7t Z2A|~ E4
SHEE 9% SW SW oFRAT SW oA == | HAMEAE |11
R A EEAs s
b= SW otHA Sue ;%Sqi*é SEE A% SW 27
° A5 meA 2 . AAEAL | 212
ZEA 2 7 Aol ] %@EJ%%‘JE% e SW A e
Ry 3] =2l sz
IS0262629] ojay | 15026262 FEES} eldl R g apraray | g

Al gel A

- 118 —



A-SPICE ol & Z=2ZAN2x A

A-SPICE®] o]3} SR (Aprab | @8
s = & ]
S ERE QL ol S =2 B2 qapraat | s
Dhel 29 &% SW F4 s A% 39 | 4,0m
2 P9y L L I R
SW AT Fead dAE
AAFE 22AFE FHEF A2FE A 2AHERAL | 4/4
T e A 22zTE ANEE |
FAG 71 4k
PHEg U5 A | 33
VA FnE A Y wE
I ;2o o] AAEAL |22
R I D Tl
[7H%] SW ?..%jx(‘)] SW %;‘(‘:l X-]}LQ- ‘?4?1' Gate % /\-]/\ ]:ﬂ_/\
SRS 0% Cae | % e
k74 oA Cate e WA E Y Gate %
CHE | Checklist A | L Cpeckist w0 el ol | A | 6
H
71 Checklist 73t A<
[HE] SW =4 SW Visualization &2 % Z&
52 74A8keE Tool | 78 AAHERAE |11
Chain A8 A g of 2 =7
/ol g o2 2 Git/SINZ-&
°ole 5= ol%+72] o2 2 Redmine ¥ | AAHUAH | 202
Al e
SW 45 8
o Aait A BA 52 9 F
Visualization | x5 ojz m | 84 AAEAL | 212
=T A% sk EETte] WA
ST 2§ 9 A% A4 A% 5|3
s Al &
o |+ ks e = A ||
T ea 7 =7 24 Adel 5 24|
DHE] SW <r773 ool el
FR= 93 svg t;} 3 i;" KA} |11
iyl VEH Vay o
Bl 28 oA 9 7Y
wag | VASE L g 55 2 Aee ST AT
o3
Verification B 28 AEst =7 ofsf H Hs
o= Gt FH oI99] B
e = N ol =
:—]_7_3:151_ @6‘3—/% ] E%’/‘szﬂ dﬂﬂo]—% H??-_]_' Eﬂo]lﬂ 1:]_]|_/\]_ 2
o 719 ;

A=A HolH 4 71

- 119 -



A3 =AM £4

<4210 =W A% =4 A3

NS S alalalflal »
=3 IET T Rl A ARG VR R
@)
m 2 < W
S n gﬂ% .
ol o |82 H <«
Ll [ ey %W%HW
ol < I SIS TISEILY
SEEEANEIRNE
— LE OO | ©
ABRES IR
nD\nu — QOUZOZS
rf 2 27| D
) % .
A
N Zow
2] N Ho
R = RN R R RN
Ml o | P4 [ P | | # I B | @
= A
N 25 o
~ SR
03 = Emw ]
‘Uﬂ_o g HODS
wE = |2 205|2] B
H2Z 8= ™ ¢
SIHRIEP
D =
w
| Tor
| = =

%
oR

-
]

inue

1=

ojp
il

wir

o|J
L

REYA
[¢)

s glou, el Abeh

RETA
o

=°A Al

A

AN 54

=
o

gol MAHL Jon, 11 9 Fho]2ES 1Y, A=

%ol shefsgict.

wjr
o)

L=
-

A ol FofAaL glemn, o

A gus

o

A5 4k Bopt 7}

=% 15026262}

2l o Al 8 o

B

4

%l

I
1

<]
pud

HgoRA LZEY ]

Ql

A

of 7sle}

g9

AHe TALE o] FoAL Stk T 9] AdEoKEE, dAE SdM=

|

Ak el A ARY SR slle] ASAH]

c

gl

4

o= 0O
J_ﬂiﬁ‘e‘r_‘

B

A
=t

=
5

N
22

obr7] o it

I

‘ZK

e

- 120 -



A2d AR Foz2A

AHA FazAe] 24 AV £2 AT F AW ATE0] A HFo] &
> AxY, AE/AHE, A=, &, vYgdAsAl 28 547 Y EoF
QMo 7 FEEon, AZEY HAA HE7 EH(Software & Safety Experts
Forum, SSEF) 3|9 7|3 2 k' <k A 713& Z=23eh =3 S mFEat

= v
TR, 55 B AY F 2ZEAE ARAREHE G, T2 FEHSAVNAE F

i

>

T T
b B A2EL ASTE 1B 5L BEse] gUR ATl ob 24T 5
Q=% St oldA F2E ERo| Tsle] Asta ARE IFo] AE, T DY



Aasheoh

=
=

S EN

Edo <

tol 2

5

=
3T

=0]7] 4l

S
=

A

EREVDIRE

Njo

= o
ol ST X2 o
.@075276865m
o
A\
= o
WH84N9R97M
oo
ar | _
+| = £
Mol | = |0 | 2| ok | i | S | |
X m_ﬁio_lrlzilaﬂ_&o
| G
R
<
N el e S B N ISR O B B
Nol 5 |5 | | | < |6 |5 |15
a
A\
.|_._A|874HHR900
v
oo
i —
NS
0
— Bol | gy
X |& X ~
r|s oy X
Mol | & | 2 R | 2 | B | | 2
MH_A ‘_.lplL.oL.o —
Qﬂﬂwﬂ_s 1% |k | O | N
| Xl " o)
Em N
Z

(23511 7|2 AR FazAt 397

- 122 -



[2385-20 7190 Wb 4T AR ezt $9A

1
(8]

>

I
b
I
T

ol
(il
il

=]
Py

A719 2 oY, 719 3%

°o d %‘
Ao, FHAL 7Y Ul 4T AR Atk
ol
w5

:
AC)

O AZEJ H2H @ IY EF =5
Q f= &4 @ LA WA
® Hd WAYE 74 ® 71E

[195-3] &2ZEd o] kA FRE 93 7P 583 7«3 &5

lIIE}
1

- 123 -



AIZEFO B FHE 9T 712 FeoBe AZES] HAEA ¢ v

AUZE FHol 247 31.1%9} 35.7%% 7HE B WFE XA IY B

T STA BAS A7 10.7%E ARt on, AslE 242 6.4%c A

TEEZE t719L S WAUS T8e o5 vTo] 80.7%2 78 =}ARE
ke

W ZE|RINE 2 BE 252 71 Bol SRk AolE nyH.

o
=

4A) 2ZESO] Y FHE s DRojol T T /1EH ¥ &
7S T G BAolTh ST AT B4 U S5l A1 @
AstolA] o}z 2TEdo] Qhdgel o 71EH Aol MFITE AL #

3= 4 Qo

21 A Eeke AF A 2EY 22E o A FRIF PN

O $us PEREEEEEE
3 FasAT Al 9% An @ v$ Fesn
© Bsadoln

[2AF 23]

(2541 PESRE AFALDe AZES] Y el Fo4

:
L

[i]{i]
mn
|

*eEEer SHS B4 il Al

- 124 -




o ABFA ABN2E 2ZEd] buA Gnel Weyel Ug SHeze
ol FASH L ALE B RSLeR, S ARl dgke A
219, BEagolny A 193%, RBasht SuHw Fo0 /b 07%E A
A3,
GE 5-wopE @A T
: ZasA
. Bgg ool ol i
BoE 8% 9 | goont | Al g | ¢ FasT | Bsadoln
AAE®) 25.0 25.0 37.5 12.5
A9 2 401D 18.2 18.2 36.4 21.3
71e} oHA|(7) 0.0 14.3 71.4 14.3
A= 9 A3HA®) 0.0 50.0 50.0 0.0
2350 (4) 0.0 0.0 50.0 50.0
3D 0.0 0.0 75.0 25.0
31D 91 21.3 36.4 21.3
= 73H(10) 10.0 30.0 40.0 20.0
1D 21.3 9.1 21.3 36.4
259 0.0 66.7 22.2 11.1
A& 2H 7 2 A5 2H12) 8.3 33.3 50.0 8.3
[0T(12) 25.0 41.7 25.0 8.3
o159 0.0 11.1 71.8 11.1
2] ul| o] E{(9) 22.2 0.0 44.4 33.3
71EF7|REAIA(8) 0.0 37.5 50.0 12.5
71eK?) 0.0 57.1 0.0 28.6
49 20 ) Al BE% AolR WRAR) Aok B $ M

+ A AEEAS YYOl TR UY Bl BF SEA| AEA Tax
of spol7} RopEE A Aol AL gkt AR, L, 10T 2 Aol
ool 4] T2 Hopo] Hlg) BBasThE S| WFol ot ¥ AL L 5 9

AT

>{f‘j 2

- 1256 -



(23] AxE Adste AFAZEAA AZEY o F23(987 v o
Y7y

D 83 ¥tk @ F7)5E ot Her)s GTott

Q@ W7 1Ee] YFE FIich @ AF FHol sk
[ZAF A ]

[195-5] 7Wdete AFH/ A=A AZES Y Fa439] HF
EAT|SS OHL|T Bej7|s STOIC |
= Q81K oL} ]

M A AFA 2 AZES S TRAM P tdt $FezEe ‘I 7%

o] 9RZ ggth’ & $qo] 450%2 /M Be HES AAEYh 1 el

2 CAEY T AR & ¥l 203%, ‘HA7EL okyz Wel 7

T A¥o|tt & $He] 243%5 AAHAL, ‘FLIA AT £ FHS 14%

d g4o] A AF AsE =

@ ople

- 126 —




[2AF 23]

AZE o b gxo] AFY Ut Z& = o ATt gk
SEOZE ‘9’ 7} 44.3%, ‘oYL’ 7} 55.0%, 18]al Rl 0.7%E 47 A
A&k

[F5] A FAAE 20109 1Y 0]F AZEY o] ¢bd B WSS AN Ao| ¢l

sU71

O 2AAA= @ AAE 2

© AR Fohe

- 127 -



o AXEQO] oA FYH W AA AR gk $HOZE= ‘AATHA] &k’ 9]
59.3%2 ks Jdth AZEY Y b A wES AAAY FA= 35.0%, 2
A& Z9 9 AFo] = QA= 5.7%E AASHE T

o A AZEY QHzlo] A Fl AF 9 A2HAA Fasithal §HET HlFo|
¢~ ELoE B8 AZEYS bA W8S AASHA & HAA7} ko]
A ARG AollA A AZE o] SbH wSo] Y&sHA o] Fo XA Za dF
< FF3E & Ao

(E 5-3) AZEY o ZQE(EI = w5 AA(ED)
=5
- AANFAY AN Aol Aok AABA] pTh
AEF9 T+ FF 25(61.0%) 16(39.0%)
AN7EY B 26(41.3%) 37(58.7%)
HY7ls g 6(17.6%) 28(82.4%)
F83H4 %4 00.0%) 2(100.0%)
() 92 230| 2t SEof| i3t 259 SE HiE
0]%9] SEHEL-1HE E5-97FA)L H F3oA AZEL O] Sbd #IH wSES AA

tlo o
4 r
ox

o

f

N

>

5

2

Au)

SHAY *‘/‘l%‘ Aol e dAE

(2510 9 $AGIA] @Earh WS A0S AR S8 FAA L.
H

Q
Edo} bHALL BAE SelA @ ¢
Hd MAEEEY Ered fgid @Y
©®

O &
@ <t
©® +E 214 "&d

HHN‘ >k

.

[2A} 23]

- 128 —



[195-8] TH52.0] BHAL)

ar A= = oH/

o We) Wy YologE 2TEJS] AT AE sl B
A7 649%, CABE WAS/EZY F4 UE E HEF SHA}
ST%E Be FEE AANGL U A% Fu AU 2 ol 316%
wgrAe] 9F WEol B SFo] 158%, ‘4% 27 WEdl’ P Sl
5.3% 247k A3k

o LKL FASH 9H9 guthe AF AAe S FAE AYIA F27t B

e Aoz HzwEh

[£5-2) 9 B AHE T sk BSAL 27T Suks) 4148,
D Ahj FE 25 @ 9% 2871% B4
PR @® 93 2 Av

® 2P+ ® 78

(24} A

- 129 -



[185-9] EAM oA A= w84k

AP o 2= YIsF 9 A 7F 21%E P wen, AR WE o
' 5 04%E B HFS AASAT 1 YJoE YR @] wS o] 29.8%,
‘B WS | 94’ o] 22.8%, ‘FALd’ & EI wso] 14.0% A nSS
AT QA7) 10.5%S 47 2R SHA T

=]

-

F2 RN e wERTE A AAHOE EE 2Y PAE 5
TEe F O ASsE A0 ey,

719 el WE WP HE AolE Uohuy] Slste] FRE $F W&
A ngith (P85 A, w9l %)

o

- 130 —



G 54> 71Tt wE as dss

e [ TUFE [ FETE DT RIS e | prag
42719 48.6 22.9 20.0 45.7 14.3 8.6
4719 25.0 25.0 0.0 50.0 25.0 25.0
7 0.0 20.0 80.0 40.0 20.0 0.0
714 50.0 33.3 66.7 16.7 0.0 16.7
571 33.3 0.0 66.7 33.3 0.0 0.0

o FAIHAME A B ASE FE AdEste BHEd8.6%) 1Y 92 3714

AME ¥ @] w&S B Asshe Aoz ZEH80.0%/66.7%) ol W
AolE HYh ol o= 7Y AR E5F A& Aol ok Al

(£5-3) 71 MM @& AAsHE ol Fasl s Ulge Rolald
IR $as) FHAL.

O SWetd#d 7id | A Ve 5% @ Alzdl Qb Abarel] tidk HA9E 4
@ SWokd B4, HA, A% #4d 7|& @ FHA S $1% &AM

® 2ZEJo] kd #A EF(SO, ECS) © EFAEE 84 U 2 7lE 99
@ AZEH O] AA A A4A| AAAQ] AZE S JIRE 7] &(EA,
© 71&} AA, 74, 14D

[ZAF A7

[2&5-11] 25 Al F83HA Bst= W&

1o

i

ot
I

[il¥]

“ul

I
rat
[
iz
o

At

L

i}

]

1
- T
1} l I
e o

3o
1

- 131 -



*

W EomE AZH QPHARLG g R 9 24 o] b2.6%= 7HE wsk
o, ‘SWeHd BA, XA, AF B™ 71E o] 43.9%, AAT e 93
=& o] 3L6%= B2 HITe AAEAT. AAFL AZEL AT Ve
(&4, 47, 79, 25 < B3 SHA) 263%, SWkdAHE Ad/FH4l 7%
¥ = % SHA 17 5%0113% ‘AEZEG0] b B %F(S0, [EC 5’
‘AZE 0] b #Y A, EFAEELA U B Ul 990 = H/
g SHA= 244 10.5%, 5.3%, 1.8%01] AT

B7lo] AANE WSS AF B3 ol WHoE BFHSt I A=Y AolE
AHHE7| 2 6}923} ‘Alfﬁ] QHRAL

‘1

[ AA 7l s, ‘AZE ¢ T FH(S0, IEC%—)’ R -1 == AT R =2
A0S 2 7e 497, ‘AZEYo] b BE XA’ o8 BYPoE B
2.

5-12] w5A T8 st W AR o1& AXdlA

9 Aoy ATe} wo] gt FAl) TP MBS 1242 ol 2] TF @
R0 HESS B9 28-S & 5 Ytk

AR mEAIAE J1E A 2 EFo] iR ol£HQ S glojol UFeh
A8 axegel o B4, A, A% B Aol AAHA AZES] R
e o EE QAT ¢ QAW 919 Zo] o] Hofok T mwRl o
& AAAY £o7h B Qo wE oD ol2He hES WER AW}

- 132 -



A7 @2 Flo] Aot} wetA AR BHAAY nS AFE AT FA|,
W&o Ao B Fag viA A AERE wS FHd Feke A= 1H3
E T At

[£5-4] A FAolA mS53H 2 713 A 7 F83 71e2 FAYUR

O wEAZE
S @ nEH§
& k718 A= @ A2 P24
® LHHFA © 28
@ 71 o
[ZA} 2]
[135-13] 2847 1F AR A 283 7=
DS T |
mE-IYF ST |
mi= L =
aszime Nzs g
AziE E2d

o wWSIHA D 7 HAA M T8 Ve tig SHOEE ‘uSHPA’ o
19.1%2 71 Bgen, ‘wsiE’ = PIRE ALTE AASAT wSA
0, wsHE ) ‘usr)de] AR, AYH HIE 2 44 10.5%,
10. 5%, 5.3%, 3.5%° 1H.

o B0 AANE VEES AA & AEdE Ve 1S H VEo R BRe)
of 71 F8A AolE Hlwe] HIE Sty ‘uSARAT 3 ‘sl &
AA w&H #HHo| Jrlo] AA wEH FHHE V|FeE ERStA, UHA ‘w
SARE RSP, ‘asTIEe] AWE, AYH HIY T2 s 9

- 133 —



o 9 AgolA mE FQ] REROE w8y ¥ A9A, JEln 1) A
W&ol Fasite A & + ATk

[E£5-5] A FAAA AZEY ] b =& FHAAHE w&s e 7|32 ofrolH,
w&ol g MEEE ol AEJUR sl v B8 FA7] vyt
i~ FEECCE EEE
5718 o] | MR | W= | BE | BuE
SRR A 02 A © | ® | 0| ® | ®
Sa(thg}, AEUE ) @ @ @ @ ©)
535713 @ @ @ @ €)
SW Skl iol I HE 71y @ @ @ @ ©)
QF HE7F 2 UH u& @ @ @ @ €)
7)€} @ @ @ @ ®)
[ZA} A3
o olE AZEY obH EE FAFRY w&S AAF 7P 2 7B UEEd
W ARk WSV|HORE AR AAHoRE A, gra(tE, HE
8t 5), ‘FEVIWE, SW bdEer IH HE 7Y, ¥ HEV &

W Iﬂ%’ ol AT

- 134 -



D AR AA o A

[125-15] SIARRY: 2% Hof o WEE

(=]
(el
o IlH

o AR A AT ANF wSAE Lo 2 733%7} Fosigon, o] F
63.6%2 SEA7}F W, 33.3%% SEAE EEY MEEE BT

@ 3t
[275-16] St w&o] o] o F

o) &=HH

o disha, RN SO da wie Y B A
AAANAE FAstA Fe AoR SHIA
NET= ‘HE’C o9t

o T2 AEE B3 Fobol M3 ATEY 0] ok Rok= g3} tiste] AAT{L

.

79 dojyA] &= Aoz Ho

- 135 —



*

=
|

ERTE

La
L

FEIWEI A FHE B $UA F
BEE UJ

o] SEAL R, 26.7%9 SHAE

[235-18] A= 71 w=e] o] o, f=Ee

=,
2204

o]0,
780

SW ekl Hof AEZIYeA] FHIE TEe SHA F 2.0%7F Holsiglon, o
F 333%°) SHATE BF, 66799 SHATH BEY WEET Ry

ol WA 0 5 U} BB, SV el b BRI o
THE WH o] 2w Aol Hlal sltlel P R Ao Ber

- 136 —



® 9% AET}F 29 YR 1%

[195-19] 913 BT} 24 @& B o vEE

i
It

o SN ARTF 2 U DS $HA F 81wt BB, o) F 55.6%¢
YA} B, 22.2%9) SRATL F, 222%0) $HATF BRESAh
© 71et

o B % YA B F QAN BI17] BHIIBAN FHT L) B

% wEal

[£5-6] A HAMolMe 2§ Bd ARE F2 ofgM AFU7P
D 8} 24
A @ e AR A
© RRUSIRD A\, 3 D wERE) T, FRTEALAE 5)
® 227 AQEAS)D THolx) W3 g
® FTAE TV, A4, B2 =)
@ 71et
[ZAF 23]

[295-20] 5 A AR I5 H=

- 137 —



o W& HHEAR 5 AEZEE FHPIHRD FH oA, FHE B AR F50
38.6%= 7Hd wkon, Al AR HAo] 29.8%, 3|AF o] 15.8%, &8 71zt
APEE/|AS B3 AR 50| 123%E HAES oon, =F5NYIY, T
LA YAEH 3E T3 AR A5 7.0% FAAE, TV, AsHd, M2 )71 3.5%,
AE2713e 53 AR 52 1.8%° 1

[25-7]1 7 FA9 u&&F FFo] FAsitta Y7
O A @ B
Q =3 @ RERE

[ZAF 23]
[195-21] Ao ngds 55

35

it
n
2
¥

o WEWB) $EA 0P HoRE APl 632% RFTl 263% Beol
70% SEALo] 35%F AASAT,
o WEBE SE) U YL YR T} G2 Mg Btk e )
QFLE LEHF S e Seolth (B9 %
%

<E 55> J|THEYE DEBEY 5
AT %Y BE 253 REfS
2714 65.7 0.7 25.7 2.9
714 62.5 0.0 37.5 0.0
714 60.0 40.0 0.0 0.0
3714 83.3 0.0 16.7 0.0
35718 0.0 0.0 66.7 33.3

- 138 —



o 9 AN FAVIHT FHVYL BSSEY FEo] RIS o] 7}z}

gt

7
¢ 2z
2

of L
r

2 do T

= —wol 00017 B S

(258 9 FANA wig AASed old 1E = dFEE FAYIN
O =FAH(GF-3) @ A-g 20| glojA]
CELEARE © A2 Fol
© 71& ©® $l=

[ZAF A

[75-22] wss skt o] AAshe 3=

o WES ANSEY QoA Y T ATl U $HOE ZYFALTE
w)" o 66.7%2 Thitoldg AASYLE 1 9o AP ZzIRMe] YolA’
b 140% CmKOE RE 3 QHRle) REA o 22t 88%E AAIYE
50 Qirke AL 35%7t oM, Vg gACE AYRE S FE S

wol ek

- 139 -



[£5-9] # 71¥#oll= 2ZEH o] RARA/AFEAH =7EMEA, FTA A =75
oughe B B ARESt L AU

@ < @ o2

*

[Z=AF 23]

[25-23] SW FHEA /AP LY =7 EA/AR o+

kR ] Sfie
22719 457 54.3
2719 100.0 0.0
714 80.0 20.0
3714 333 66.7
TR 0.0 100.0

4 m7e ASPHE
= SW okdel Ti@ 2l4jo] YEEE 7]

— 140 -



¢ 3719 B FTRAM e T = 2 SdeollE ETs)
A SW Rk 24/ e =70 B B AR o M 92 Zles =Ry
o} ol @A F71Y 2 FF7IHY SW QHd it Q1Ao] w9 §&Es UE
e Aojgta & & Qlth

[£5-10] 7 FAellA 2010d 1€ o] F a5 HASHA &2 olfre FAYUR

O 224t 283 g/ sds 2 ol @ dad wsIAo] glojA]

@ EH|go] Ho] SoiA @ AFET 9 AREe] fEE oA

© fFdol=rt AdEde] ashA] ot © wsaT ] A 3 oF

@ el Y= wSr)Ho] FlolA agol gk RE A7) 35014

© 71et

[2A} A3]

[185-24] WSS AASA B o] F

2
|}

S o

I rat

Eal

]
(ST
il

MUk
o
T

H 1
af o
e "

w ol

I

]

i
nn
4
0z
I

El
I

[ I ]
|- [T
3

II'
i
i

ssue g

E5-102 #5-1014 AZES 0} ok e WS AN A B2 A
Z ato] 7L ol dhsf Attt ol o

At 7L 26.5%, ‘AFdel= )t AdEdoe] FaskA ofobA’ b 265%, ZT2ATE
93t defae S 23T QoA 7 24.1%E Bygon, I Qdx ‘wSd T
g ARE A7) FEoA 108%, ‘AFEE B AiAE] EEoA 84%,
‘WSH|go] ol Sojx’ 48%, ‘wWSaIo thalAM oA’ 36%, ‘oIl

- 141 -




—_

1.2%, SW SHdEof §

A’

‘1gto] 947

1.2%,

dot= wF7|Ho] glojA’

Aot ?

TE

shof 4

A

d

N

ofpy
£
o
o
e

bl

Az FGoM JF-o SRl wek SW ehdo] Hagh =rlojgt: SW <

*

oy

ojy
~

w

o]
)

obA” of dj

o}
5

3}A

do] 48

ol

(

A7

.._mO

T

)

-3t

o

HAke] 3/4

[e]

o

A

A

Uitk A

75.7%2 227 104 olstety SRt em, 11-5010] 16.4%, 519 o]Xo]

10%: 0le} 757

=

=

— 142 -

11~50H 164

[175-25] ol w5 U4

b 11-509, 519 ooz yof 7

°

[2AF 23]



[275-26] T2714, TA714M714] «d w5 A

0%
Il
|

,...
[ile}

o
ok
=
s
o5
}

I
d

(@a]
N
>

f

A
2
N
r ol
1o
2
o
=1
Ho
ro
e

227199 2% 109 o]fs}i S5 Bl -37471 % oh719168.3% Rt
wgtow, 719l 157} B o lelAlE W2 519 oldg e vFol
Fa714@1%9R0 momzs 0% 719 el T Holg AuE & Ak

o T AA SW AP g din) el w% Qe HgS AR Aol
212

< 5-7> AA SW 7 <l

4 w& AW [ HA SW AL 9 3} 100% 100% o] wk

H]-5(%) 14.3% 43.6% 18.6% 15.0% 8.5%

o Aol F7He 43.6%9) SRATE WA SW AT Qo] 2 o4 wg Aol
1

I_]: - A
SUBTh 3% SHAE o3lg A SW Y Aguth § Be AU o

— 143 -



oA}

or
’

1

o] olre}

71?

—_—

Njo
ey
U

SRS

[2AF 23]

<
__”___
<1
<

<0
__”___
i

3

22

‘A AP o] 15.7%=

‘O] T4 o] 22.9%,

62.9%% 7H¢ ®skon,

JJo

N

ﬁO
B

— 144 -

[ZAF 23]



[175-29] SWekH w5 e A] 8

_..__

f
e
od
=
LH

all

s7 A

gd w5 FoA T2

o] 45.0%% 7} o] A

e,

S

o 4z

‘TS AA W A o] T1%E

N

JJo

"K 5%

WA A

5-40] 49} v}
A AT RS 78.6%S T

=]
R

*

O% EO:]’

1. oO]:/\P

-4l A9} W3

=i
RS

L)k

o]
=

K

}
73

@ tig= ol
A

[2AF 23]

— 145 -



[Z35-30] SWbd ws<& Hew

ol
ol
rr
3
il

F< 7 282 ke A
L

UM A& 2HA8kAT o] 2
% T B A4S 758 5 Uk
[F10] AAMIA 25S 7P BRZ k= &= Fdy7p?
O #HA @ M=}
@ =m¢l @ AHET}
® 71et
[ZA} A 3}]

— 146 —



b
&
(m
1o
2
2
R
N,
i)Y
e
i
2 g
Ho
o
N
o
ih<)
ko
il
ol
rr
Ny
-
2
)
ok
oo

WEe 7P AR k= ARl Hid eue 79 TEEE A0lE BT U
< 719 EE nEe 7P 2AR ke ARl dieh sRolth (Fow A9, &
1 %)
GE 5-8 71d 2R waS VM BAR Sk A%

719 TE A A AAAE}

F271% 34.0 50.5 15.5

A4 118 70.6 17.6

714 0.0 100.0 0.0

3714 88.9 111 0.0

s 33.3 55.6 0.0

A Aol 71d FEIF AR, & TAVIQEROE 71l FEAEOE

AR ATE 0] o 714 REoF & AR YT 7
FAVYAAY 23 HolR 4 Jglom, Fo wETlBel 2719 A
£ 2ol 4 Gl ol @A) 4% AWelA ARAG ARAE ] D FE

£ ARG O Ao HFITHE Wz

— 147 -



[=A A3
[235-32] SWH &4 dE Aol 2 w7iAe] 2873

AYAe] AZES O] S B A o] B o) £871gk] hE $F
Fol BAE Wtk AA SHA

9

L gEAoz 7d olge oA vzt Washn Wtk ofd Fuje] 2zES
b B o] AriHoR REse 1337 4-6de] B S| HlFo]
o

[£12] 7 FAdA = 2017d wse AT AZS 7HAAL UAsU7

O Ao @ it

[ZA} 23]
[2%5-33] 2017 w8 A4 A3 ofx

— 148 -



N7 W8 AA Aol B $ROTE WHE ANT Aol HTkE S0
6% ATH SEE A00%] START Bt
Dee A SRE AZEg] bl Bl 1§ AX oie B Base WAE
Uehal Aol
(E 5-9 A£ZEo] ¢hdl #H u& AA| oJFe} B Fato] 3
o | A 44T ARl 9 AT st
ANE Aol At 37 19
A A cf B o

9 AN w5E

o

AAYA JA 13 7hgo] &8 alge Al AAS A 8ol
e AL o Aok ol wfol e WEETE 4 Z]del] vA|A

A, AEAQ wse] BoAde /A Fasly] e Aoz A4y, dAR
O & o 2 AAZS w5 AYEHS nhdste] AFAE0] AL wss
T AEE ko & ot
w3 Seate] Al shjtol7h w&S Hhe An gy, 017ddE wSS AN
Aol lthal B3tk ol &ZE 0] w9 lxep) avtE RSt e
omjsi, o]& JRAsEly] s AZEo] wso FoAS defal F U thFet
AZEO] &S AN AHAEANA LZE Y 1K 735 5T Fo]
Fasitty AzEn
[£13] 7 FA9] 4FFe 2 5o AHE uesiole o, ol b AlRtoe}
A w5712 o= A=k ALSAYUN (47 SHe FAHAL)
D) w53 7 ANz 2 A3 287|3t

© HY oA @ 1<

@ BY oF @ 239

Q@ BY FY @ 4-5%

@ F2 @ 6~10¢

® 71 ® 71&

— 149 -




ESVE-E)
D 2% Fl 7P A
[175-34] o 7Fe’t ws AR

. Eo S ) jéoal 9—‘?-7]_
25.0%, Jﬂ%l 40] 17 9%E AA s FEolTa SHY SRARE 4.3% =3
stoct

— 150 —



A wH7IFoEE 190] 53.6%= 71
6~102°] 3.5%F AA| AT

Bom, 2~3¢o] 31.4%, 4~59°] 7.9%,

ol YA AR E5-89 Astolt) of

gl glof 44 2 mEAges

Ao A &

=
= 37 [e] K1
Q7S Fu glov

dr-smat dHste] Apdo] MY 4 7l 32 oY WaEE v
sh= ez AzsiE = Ao
[B14] A% FEo| £ZEH] b ug3apde HEdod a8 AES vs &
ofl FAOZ TYsh= Ao Frpal AU
O <HEE AR A F o7 1 @ e a5
® AAZ(. SWHHAE DT AAE TS
[2A A3
[795-36) A1 2] SWekd mgabge) Msshe £9He
AR FEO| £ZE0] ¢ n&I3d AL A AEshs 2l dsid=
AATH AAE 2§ o] 40.0% A w§ o] HBT% HEAA A A
B oF W& o] 236%F 247 3G
ARSI AAst Ao iz@lﬂ HH TlEe AAskE age] AE 1
& T8 dAle] Aol 2= A Bo AsHE 02 Bt He oF i

— 151 -



& 5% cZE(e] oA /%9 AAE 038 MBI BolAk oz
o

o AEA A wEHHOZE ‘AZTEY kA A4 A, ‘AZEYC
A A 9 T o2, ‘AXEI 0] bd FE WHE MET, ‘AlxE kA
B2 A 2" obd AAT ) CAZEYY bH B ‘AZEY] kA A
AL FE, ‘AZEJO] ZE A B ‘AZEJ] kHA HAE T
W, Ik AIZHES A% A U1, AZEYY kA #d A4 &
A, EEE P A w2 kEdFEIIY olE wE, (AZEY Y
A #ET, ‘FAEE ¢ A, d F4 € SAHAYT, ‘AXE
gof b Audit” Tl Jom 2zt oA AgAdd sl A, 5 stE St
TE st

o TFEAE Al 5 F 3 3ol 12 Fatel 27te) Foz AN B
&0 7432 Aol A Aslstedc.

2) AEHY A3 ZAER NS
o oo st SHE Y o= ydsy ofefot 2t (P9 %, FsH5E A9

(E 5-100 S A HAes ZA A7 (BQA £4])

A 71EfoF 3 s 3} 7+5A
AEZE O] QP 1A A1 514 34.3 9.3 369.2
AZES O] A HI2~E 71 49.3 379 7.9 368.1

AZE 0] A #e 479 39.3 7.9 365.3
Fddd 2 A 45.7 42.1 7.1 361.9
A 4 % SAHd 43.6 43.6 7.9 356.7

A28l A A 471 36.4 9.3 354.0

AZE ] Sk AA H A 45.0 37.9 7.9 346.6

- 152 -



AZEY 0] b £4 414 42.9 79 343.6
AZE] FE b E4 40.7 42.9 10.0 342.2
AZEO] ok T R 7% o]& 36.4 46.4 11.4 332.6
AZE 0] b =A4 EF/ A 39.3 40.0 14.3 330.8
Al 2-Hl] A E4 36.4 44.3 10.0 324.9

AEZ A IE FHFIH ol & 28.6 50.0 12.9 305.9
AxESJo] Qb Audit 25.7 54.3 10.0 301.4
AZEH 0] b F8F RE & 22.1 57.1 13.6 295.4
AP AsEES A A 7 27.1 45.0 12.1 282.6

s AFA0

i\tri
k
x
rin,

Y w02 vty oot 2ot (&9 %, T8> A9l

<E L5-1D 83 Ass A A3 (NF4 &4

P 71EEok g3 s i 7HEA
e Bl A 42.1 474 9.8 362.5
AEZE o] SHHA H2E 71 42.1 46.6 9.8 360.1
A 2~E] Qb A 40.0 48.5 10.8 396.3
AZEY 0] kA #e 39.8 474 12.0 393.2
AEEo] Qb A 9 4 37.0 51.2 10.2 348.8
ke 4 8 SA A 36.8 50.4 12.0 347.2
AXEFO] FE H 4 30.5 52.0 13.7 331.2
AZEL S b £4 31.8 52.7 14.0 331.1
AZEG 0] Qb Q14 Ax 33.8 48.1 17.3 330.6
A 2-Hl QP 4 29.9 53.5 14.2 324.2
AZEY o] ok T Bl 7] % o] & 29.5 50.8 174 317.3
A AI-EES 93 AR 7 280 53.4 16.9 317.1
AIZEJo] P Audit 22.2 63.5 13.5 315
AXEY b B A EF/ A 25.2 54.2 19.1 307.7
AR ZE/ A o] WHE FAFSY o] & 21.1 59.4 18.8 302.5
AZE ] ¢H F8t IR E HE 20.0 56.9 20.8 291.5

o AR oR AlFAol vl HAHE HFAHEC
dejrog *AxEFo] b A At AL AN
I AAHAALA S AR AFEes SHEHEAAT Dagd tiA
Zad FAHolgtal SHA

"
ko
o,
krt
O i
iu)
o
:
2
v
T

— 1583 —




BayAFHe) B $HE e FE azE(e] oy HAY AW
‘AEEgel obHA Be’, AxW W HA, gumy 2 Agwe’
smesel ol A 9 PU 5 2 AT o) ¥ Bass 9

Ago] gl A4

HE Aol WA 2 AT A9 YT, AZEC] O B Aol Ba
4 g AFACl B4 %S ABlN $RAE0] 2ZELC] Ao thEt Aol
by REG S & 5 Utk

P YT HEE 24} D Fo)

e AYTFEE DAY Bay D AFHe i Aolg ons] A% A
sfoltk. WS BaAel o 9 $F F F4U1d ANAEE SRS
A7) A okdlsh 2k (B9] % FSHS A9
CGE 5-12> FAAGNH g Bayel U 7
A 7% BoF 3 F s | 7R
AZEFo] PHA H 2 7|H 454 42.3 8.2 361.9
AEE N LA A 44.3 42.3 9.3 357.7
Az Eo] QbA Q14 Ao 42.3 43.3 10.3 3515
a4y 9 Ay 39.2 48.5 8.2 349.5
A F4 9 AU 39.2 47.4 9.3 3474
A 2E QP AA 40.2 42.3 10.3 338.1
AELESJo] AT Qbd 4 36.1 46.4 11.3 330.9
AZEY 0] Qe £4 36.1 46.4 9.3 3289
=EEf o] 9V 47 9 7 w1 | ©3 | 93 | a7
AZE o] P B =A| BFE/ A 30.9 47.4 16.5 3134
AXE ] ¢Hd Jid 9 7|x o]& 27.8 52.6 144 311.3
A 2E QP 24 27.8 50.5 134 304.1
FHAFEF Ao & FAFS|H o]& 18.6 56.7 16.5 2794
AEZEo] ok F8t W E e 15.5 60.8 17.5 271.3
AZESo] P Audit 17.5 58.8 124 276.3
A A2HIES A7 AY 7Y 19.6 45.4 155 249.5
S99 AFA U 9 F4719 AAAER $URE AN A

ur—t— okelsh BTk (9] %, -

[e) =
TH F
ortlo
O H v

A1)



CE 513 Fa1dolA Bg I AFH dE o7

A 71EEok & s 5t 7HEA]

AIZEG o] QA H I 2~E 7 36.6 50.5 10.8 345.2
AZE o] SHHA A 39.5 50.5 12.9 341.9

Al 228l A A 35.6 50.0 13.3 411
a2 2y 33.3 53.8 11.8 339.8

rd F4 8 A 33.3 52.7 12.9 337.6
AEZE ] Sk AA 2 A 32.2 54.0 11.5 334.5
AZEGo] FE PH £4 275 57.1 14.3 323.1
AZEY 0] ok £4 27.0 57.3 13.5 320.2
AZE O] Qb Q1A AaL 28.0 52.7 18.3 316.1
B B 23.6 56.2 16.9 303.4
AZE 0] b i B 7% ol& 239 55.4 174 303.3
AREAA AIZEIES AR BE 71 218 56.4 19.2 2974
AL EQ0] P B =A| BFE/ A 19.6 57.6 20.7 291.3
A ESo] Qb Audit 12.8 69.8 16.3 289.5
JAEF A TE TSI ol & 15.7 62.9 20.2 287.6
AZES S b F8F RIE E 14.3 59.3 23.1 272.5

<l3 4

< 5-14> F74A714) ti71doAA s oA 3 S
XA 7lEEok 3 = 3] 7=
AZEY O] kA Q1] A 75.0 16.7 4.2 429.2
A 2®l QFH AA| 66.7 29.2 0.0 420.8
AXEY O] b AA ° 34 66.7 29.2 0.0 420.8
AN 2=H QFd EA4 58.3 375 0.0 404.2
AZE O] b £A4] 58.3 375 0.0 404.2
AEEL Y LA H2H 7 58.3 37.5 0.0 404.2
AIZE S SHHA e 58.3 375 0.0 404.2
4o 9 Ay 58.3 375 0.0 404.2
AXE O] kA Ad & Tz o]E 58.3 33.3 4.2 395.8
AXEY O] F= P B4 54.2 41.7 0.0 395.8
A EF/ A e EAFSE o] & 54.2 375 4.2 387.5
o 4 2 A 50.0 45.8 0.0 387.5
AZE O] QFH Audit 45.8 50.0 0.0 379.2
A A AHES 93 AE 7Y 41.7 54.2 0.0 370.8
AEE O] kA HH A B/ HA 54.2 29.2 8.3 366.7
AZEG o] b F3 WHHE J|E 29.2 66.7 0.0 345.8

— 1556 —




254 AFH F 9 7 3 F27Y 2 1Y AAAER SuAE
FHAZ AT olee 2o, & A9

o}
H

(@9 %, F3%
;

<& 5-15 TA714/ th71gelX w53 AlgAdel e &5

M4 kg ¢ s 3t 7HeA

A 2-Hl A A 61.8 38.2 0.0 423.6
e 3 Ay 57.6 424 0.0 415.3

AZE Y A HI2H 71 53.5 46.5 0.0 406.9
Al2E Qb 4 49.3 50.7 0.0 398.6
AZE O] ok A H A 49.3 50.7 0.0 398.6
AZEY o] A #e 45.1 50.7 4.2 381.9
AZE O] SPA Audit 41.0 59.0 0.0 381.9
AZES S ¢ £4 45.1 46.5 8.3 373.6
AZEG0] Qb Q1A A 43.8 479 8.3 370.8
AZE FE b #4 36.8 59.0 4.2 365.3
REEA /\]/\‘5“5g f1g 49 71H 36.8 59.0 4.2 365.3
rd F4 8 A 36.1 59.7 4.2 363.9
AZES ] b I Bl 7% ol& 36.1 51.4 12.5 347.2
AZES ] b F8F RIE & 22.9 72.9 4.2 337.5
AZES O] b B =A] FF/ 1A 28.7 58.0 13.3 330.9
JHBEF A BE TSI ol & 27.8 59.7 12.5 330.6

@HAA Badl O 9 % F 1Y % BB AYAER SRAS
@970 Aok oldlsh 2ok (98] % PSS A9)

<E 5-16> 37194/ s&718olA w534 e it &%

HA ZIeEoF & = 3t 71 A

AIZEF O] Qb 1A Ao 66.1 11.1 11.1 377.8
AZE S SHd A=A FF/HA 61.1 16.7 11.1 366.7
vy 9 2y 61.1 16.7 11.1 366.7
AZEH S b I B 7% ol& 52.6 278 5.6 366.7
AaLES ok AA 2 4 92.6 22.2 11.1 395.6
rd F4 8 A 5.6 22.2 11.1 395.6

Al Z=E Qb A 52.6 16.7 16.7 344.4
AZE 0] ¢HHA B 2E 7 5.6 16.7 16.7 344.4
AIZES O] A He 50.0 27.8 11.1 344.4
AZE S Ik &4 44.4 33.3 11.1 333.3
QA A ~HES 218k AY 7 44.4 33.3 11.1 333.3
JRPEF A TE T ol & 44.4 33.3 5.6 327.8
Al Z-E Qb 24 50.0 22.2 5.6 322.2

— 156 —




ATE0] FT ok BA 44.4 27.8 16.7 322.2
AZEY o] oA Audit 38.9 38.9 11.1 322.2
AXEY O] ¢k FE HHE = 444 27.8 11.1 316.7

o TEIAY AT BT 9 37 F 1Y 2 FINE AIASE 3R
@A ATk obelsh Atk (99 %, TLHE AS)
GE 517> 37190 BE/BAA D&Y AFA tE $7
R X [ 5 [ & [ 7=A
a4y 9 A 67.5 19.8 12.7 409.5
AT ES o] QEHA H~HE 7 56.3 23.8 19.8 373.0
d #42 4 SAHA 54.8 25.4 19.8 369.8
AZEY Y A HE 53.2 27.0 19.8 366.7
A2 EG o] b B =A FF/ A 47.6 32.5 19.8 355.6
AZE Y Hd 14 A1 53.2 19.8 27.0 352.4
AEE O] S Jd E 7% o] 53.2 19.8 27.0 352.4
AZEG o] Qb Audit 43.7 36.5 19.8 347.6
AZES o] ¢ AA 2 73 42.1 39.7 18.3 347.6
Al 2-Hl Qb AA 29.4 57.9 12.7 333.3
ARk Al2EES 9% BE N 42.1 31.0 27.0 330.2
QAFF A TE AT ol 36.1 41.7 22.2 327.8
A 2E P £4 32.2 46.7 21.1 322.2
AZEY 0] ok £4 36.5 36.5 27.0 319.0
AZES0 FE Qb 4 34.9 38.1 27.0 315.9
AZE O] S F8 WHE e 41.7 194 38.9 305.6
Fa719 ANASY S Ave QA $7 A% 2 Folsh Yk thek, AA
Azl BaAol b4 A e ‘azmEge] Qb 14 AT o tak SRl
AR 25 A vet, AFA HFY e Yske AoE fFEHUY, T4
G AYAENE AZES ] QH A4 AT’ Y W] Besrhn o
F479 AAASe) RETY) AFAO O S7 A% wR B SF Aol
A ATAC A A de @4BY 2 ARV o GF S| JHoE
WA sk ARlA awel 9 Agwe Fol v By winchs 48F
Azt AR Dhol E U AFHL SHE AL ¢ F Ak
WY ANAZY 7 A QA Avshs thzA s1e) e Bayncke
HA R BAHe U BaAe F H WA Ugsie] AxEg) kel tid A
o] & U AT AL & & otk 1 9ol o2 ¥ FA EE Sol 0B



W9 BaAel YA UL o] HA S Aneh s

W7 ARAES wEIEe] AgAel itk | A A o5 Axet 2 A
oZb e, A FA 9 FABY o hF SHol FHH R Ho] W
e o 7Y

ueb akeldE Helom, ol trly AXAES ol tig A

the 59 nkn Ak es

FT7NH AXAEY] ¥ Ade dA AHE FA7A 2 dVY AAEY &
Aol tE2A =4 #2F 2 A, Ad 9 7E o8 tE ws9 oA
ANEA o] =4 Ut xpo)HE By HigE AZEYo] obd BEA d mo
s 4% #HE w9 /A B AlgAds WA A& 18y
A3E fElAE AZEY kd B T AR dF st "as)

=},

2

Rl

H
=]
s
lox]
=

4 71e 94

9 AZoA AANE nFIHA Qo F7} gHer ‘SW Z2AE A #-E A
=84 S’ , ‘A Aol UF JAHY, ‘AZEH Y A
B THIF AT, HZE 59 wsHg o, SW kel g
A4, T gk AAAL] Ax" R T A5 ool U

r ok of

02 i

P ool FFEE QAL ATEdC] Shel T TR} BESD, ol
azmEYe] ¢k el HRHA Wskrke Zloltk

ol AE9 A AZE ] Hdol thF TRE 3 Fo|gtal ATH:

— 158 —



A3d ASUAE T

NBUERE 70 49 opl A T 2ZEdS] o 7% MEdse 24 YA
£9 tos 4FA LZEY ol BF FREAE S8 WEe ARoZ 7
YTk A B 2ZEO] AAAY, 71T, AT F2 /| EHOE o}
% ¥, IECHI508 EZo] AT B /|%3t B PR A GF Hu 4RI B
shedl Forge Foln

NF EBEE AY, AR, BT AR, 507 5 AZEe] Qhas #ud
Bope] 78 719 212 YOE AYSHGOn, ke Fobe] T8 YASH B1
T AHRY 5 U5 wESAn oy A9 94FE 9 FEE $EA FE OE
3} g}
CE 518> 138 2 A 49 &
Gk A% GEs SRS
A4 3 3z 5
g A A 5 BE]
FUE AZA 2 45/A512
SW/loT 1 7|AI 25
A= 1 =% 21

[Z275-37] /1A ASUABF F9 71 =

71, 8

— 159 -



1L

SZEFO] FHE3} B &, B9 24

[£2-1] A7} £3 Aol A 7]%5<e-d(Functional Safety)ol] thake] w222}l A
olsl/sAstL YFU7? ATtd olE 3l ojud (A ARy F)o] A71H
o2 P JFYUN?

[Z=AL A3

<E 5-19 45 29 7]5 LA (functional Safety)oll gk osll/&A] o F
HF | 9AH | Fs (A | o8 [ FUE | B | bl | 2% | EE
R 3 3 5 1 2 0 0 0
A4 3 §) 5 2 2 1 1 1

0
1

E lé—olcoﬂﬁb 715 #Hd A4 FFo] EAlS
HdE a7kl Q1] wiizol] olol gk ofsl/s
a5 g Aﬂnlb}ﬂ 18951 ok S Hatth

NN E Z1AZE, T, A& EobillAe 715t ded ¢12o] nFatAY, 3l
Ot 7]5ehde ofsl/sAE A3 &so] F5MIA7Ho|AY & A7t
TRt Ay} sttt SFEIATE - “QAFT|HS B HIAVIAR)] usE A
g3ta o, AZEY ] g Ao

Edo} A4 <))

O

4z o
N
_OIL

[

©2-2] sk 71l sl S23 lsfista syl

[

2/ 2]
<FE 5-20> 4FE 719l 7]soHd(Functional Safety)ol] thah osl/sA] of F

Ax | I8 | g2 | A=x| 98 | FYE | Ax [oT 2R | EE

b 0 0
2

Z1AIZE, 0T, E&, 987])7] FARAELS 2= 3 HA4de os k& o
et YA Ftiar SEEFHTE 53] FUIE Hofol HAlAME 75k MY
4 odsto] Sy Es|A 1 Qlo] F8E olsr} dET T SHEEAuTh - “A

— 160 —



S3)4 715ere] Welsh HFo] Sujn Hax

stk (FoiERok thr]Y, AR

=3

[£2-3] A} &3 A9 7]59hd Adste] kA /A7 =AY 71
[ZA} 23]
<E 5-2D> 4FE 7)eotda #Ee obA FTF/4A A o7
q4F 28 | 3 [ Asa | g8 | FUE | dx IoT 25 | &=
34 3 5 5 2 2 0 0 1
AA G 3 5 5 2 2 1 1 1 1
o AR Foro 79 [EEE7432, IEC, IAEA, ASME, KEPIC-QAP(A#HAY 7| =7+ =+
2 1Y) HFHE Wi FFo] EAST SESRH - ‘YA Ao

5
Wik £330 EAgTE” (dAE Rk ti7)d, ZEAE vy A)
} Hofo] Ao $¥ HF:oE wE [S0262602 L%
o oE Hofo] 7 BE mZo = [ECA2304, 1S014971, IEC60601, IEC62366 S <1
A E 5 Z=9 &g FAE 2ol AFsIITh

stk

o 190l &g, FUE BB BoRIAE EARGA e e,

opollM= EAHA et SHEENE. AE JACdM = tdH e
&

WA ek

ZIAIZE, 10T,

g2%417)

[F2-4] 9 71389 Ag713 L3713, 457130AH A
off #Ast] MELANA HAIBIE AFU7P?

[2AF 23]
CE 5-22> ARI AT A, 715 B B WA o gE)
9% (949 9% [AsA] 98 [FUE| 3= | oI | 2% | c&
G 3 2 o 2 1 1 0 0 0
AA 5 3 3 5 2 2 1 1 1 1
o O 7ledtd #d 2E/4Ae A4 ofFek & dEde BAE yeld Ao

- 161 —



GE 523> 715<by B TAS BA PHE2D AL 2 WA WA
04 = 2 EASA e
RATY 3 T (@=D
RAEA S 3 (9L, FUEL =ED ;
AT 98 2 (G52 -

ol
O~

-

A Aoz F2-394 75 B BFAVE ATy SES AR
T, AHsal, o8, FUEZ 5 2ok dAdAE Adaded Pt g &
A, EABIA Y=tk $Ee T 2 23 Foko] dAls /Eazde] A
I A Rl FESIATh o, IF FF JAY A5 ald 7o) H4e 7ol
7] W&ol sidArEe] Jitkal Hetsith

TE GAY AT 7lsdd #
Mo Mz PAsta gl
o gt Bete] Ba3itt” (=

% ot

[£2-5] A A BAHE FA EFo] Zoe 2ZELC] AL Z2A2E AR E
Foz FPHel YHUN APl Aokl AP ASH L UFUR

(24 23]

(I 5-24> FA| wEo) FIhE LLEG o] A TRA|29) A EE FHAHAEE)
9% [w0a] 93 [As%] 9z [FuE] 3= | o7 | =2 [ =2
%, 3 4 3 1 0 1 1 0 0
AA T 3 o o 2 2 1 1 1 1

&
rlo
N
olr
[-40
=)
r o)
r
=5}

Z/iAle) 24 oinel B Ao WA e Aol

CGE 5-25> 750 el BE/TAS) A A2} ALEZA L B
225 £ P~ 2487 )
AREska 12 1(I07T)

FEEE (2L, A%A2 o=l SE) )

6
T2-49} 2ol 7o B ZFPAY EA 7ol WS AR 2E 94 ™
i ee & AT 53 dAY Eoke Ae ZEAE ¥E ¥Fo| 4
o

so] wl-¢- FA3] ARGStAL ital FHEINYE - “HY ZRAE H= AHYH

- 162 -



ok
N
r o)
v
[
jaisi)
=
N
°

3 A
2 A3 APEeigAE drha $gsdnh -
o}

At (HEEF &

[E2-6] A 7|HZAA = AARIZ/A LT E O] /Mt A 7|50 Ay TF =8
A 27 ARE J5U7E AEE o] o & ARRE A sU7P

[ZAF 23]

(R 5-260 ARAF-FAALZES O] T A 75 FF ZEA LY AYAHGETE)
AT | 448 | I8 | AeA | s | FoE | FE | T | 2R | EE
CRE: 2 2 2 1 2 0 0 0 0
AAs | 3 5 5 2 2 1 1 1 1

o AFFRFAAEZES S ALY Zedd #d EE ZRA|Z0 T SH2
dM e ZAESd U SHEGE OET 9 HiFo] Witk Y, ¥,
Asak 2okl JAME HRoM = BF Z=A2F A-ES A FAY, A

o

Aol YA Agaa 94 erha SRSk

[22-7 7|BNAE AZEY S A A2, AARI/A|AZEY 0] )t
A 71%50rd #d ®F ZEAAS AR E/BYEE AE AT 2AEY
72
[ZA} 23]

AT | 449 | FF | A | 95 | FE | A [oT 25 | EE
34 3 2 2 2 1 0 0 0 0
AA| S 3 5 5 2 2 1 1 1 1

- 163 —



-

-2 £2-6004 715k
o #AE veRd Zoln.
<& 5-28> 7]k #&

|

2429 %

EF ZZAA(F2-6)8F %

g8l o

ki3

R

A A ste] B

A3

£2-6
27

A5 g

AT

3 (AL, &%, 98D

EASA et

9

Lo

}_xﬁ.‘:_ q] 2
ASATE AR
EA)s gtk

A2 D= 3%

—z
X

o
=

o

X

o A mo A
bt

)

(SN S
-z

_OIL
LU =\ AT

o T

2

IR Esta e

T ZEA
°
S

(QA/RAE)o] EAI5tH, &
A=

[IR=!
, G

“GApel
gol)

CEEIE S

b=t
t}, -
ey

=
2=

Z2As 7
1271 A A

A QAR
$4 2 74 B
z2dzs 3 74 B
19, £ZEgo] AAo]

20| ©

XE

=S

[£2-8] 71 7]|&ellM=

AU

Edo] ¢bd Hof #e]AKSafety Manager)7}

[2AF 23]

dF | 94 zy

=43 2

0
1

AAs| 3

—

2 dede #AE lJrE‘r
<& 5-30> 7]5%kA

£ r_>¢

298 =l AR e
A4 6 2 (332
EAsHA =t 3 (dAE], ¥, 98D 10
715 Bd FF ZRAS A" FAVE SRl dAE diRE b ok o
A AT SHEEAY. A ek #E 2E ZEAZ A" AL

— 164 —



EADIIL $HS 2 AAY A 92 dA A AR =
1]::!]- &

ZASAT AEA kA o ¥ ax} A %—E—E}

291 9 71 BAAE FsrH/ATES o] ko] sl B A4 Ba A,
4 %%—Ol AZIU? QIA 2 A9 T F28 Ulo] Fololga Al

2EA7L DR GHEAS 25T YoIA

O & A
@ "o wgHHo| glojA

@ wEH]go] Ho] SojA

@ JF-H 9 Aakapdo] - o|A

® FFdo|=rt AdEdo] ashA| GolA
© wSEA | A 394

@ ATl e w{7]|Ho] oA

5ol thek ARE A7) TS0

@ 7]E}

ENE-EY
[135-38] SWebA #]2] &Eo0] Y3kalx] o Yol
IRt et s2y=ss 220
Agu20] 20| SoA
AE=00 GisiA =12iE
o120 gete 2720 ooid N
222 I

— 165 —



*

T QA AR YA A AN s tRAZES)

o YstA] Frha AT L WU R:=

o @ “gEFE B AR $HEHMT & wWol AdEsiior, il

dol= u
H

1710

—_—

X3
olgl= AAA 2L £5-109] Aot}

223 ASIEO| YC '
ZENTHRAT AY/SBE U5T |
A5 Dis BEE 97 B9 |
AL B ALRITO| 2HE |
W=HZ0 B0 = PR—
DSST0f ChalM S0
OI2M Y DR7IBO| GOH P
HoH0| UM @
SWRIHEO0; GAT 3
22% B
TeHoEe Had agIAel gl ‘wSd g AEE 77 ¥
oA, ‘AEEG 9 Aol SEEoA 7HA FEo] B IHE A
g Ze BT = duh Wl AT ASUEFOAME AFA FoEAIA
B2 TS AU gl =Tt AAEde] BaskA| oobA’ , TEATL
ag df/sde 23 oA o B SHol dFoE 9 Y AL
AL = Atk ol= ASAEFl $HR AEevte] A5 BdYFTE £ZES O]
FA AHAQA Aol & FolaL, mERA AZES 0] bl tigh B84 Hl
T24e gl el oA SEART A 227 "EelHal #FelE
- A4
M.

— 166 —



[£2-10] 7] 2
27g0] AT AT A5 9}%1477}? (. w5 A4, & 953} A4
3 )

[ZA 23]

o AR FeuSdg A=, Wt B AARJS AT, AR wSAIRE 9
73 5 71 BE wsol tig A=A HASE dasits ool Bol
AT

2. 7154 AR Y FoEA
%8 A Safety Manager’} ZA15te] PM3} 34 7)<kl o
g EAEAIFEAS A AUy

el
w
=
[
il
_131
\m

[ZA 23]

<E 5-31> Z2AE £33 A ot AEx S2A(FEE)
AT | 9AFH | &FF | AsA | 95 | FUE | Ex IoT 2H | EE
A 2 2 4 0 0 0 0 0 0
AR 3 5 5 2 2 1 1 1 1

o AAYHY AFAL, gl GE FF Hoke] dA|dA = Safety Manager7t EA)s)
o PM#} A 71%J4 l 3t EA A FAAS AZ Fodttn $H3sHA
otk 1 99 A= , 95, A5, =8 59 HAlodA+= Safety Manager”}

EA5HA et %%‘6‘}93@

F

=2
ot
M

>,
\a
ol
-
rel
E
o]}J
vy
ot
2

+ Safety Manager+= &A13}A] &A|9F 7]5<k7 of
A9 w FYATE 9 Fdsn o ¢
Safety Manager7} Q1A% b4l AF3E 918 #e] G} 47 Fojsls AL

ZAGL (F3EF A7, 2ZEY S dAY o))

+ Safety Manager+= 7|59l AubAQl AYLe A= $L3 294 T Y=



il

Nfo

}

Y
T

)

0

T—

-

A<l
FSATH
]_

°©

=
=

2N

A

A
=

=

R

3t o

o 2E GA A

=
ZAE #gAh

-

Ho

-

sl Safety Case

hYA

oF 2714,

F AAEL AEAt

=
2

5]

¥ ¥EZ 7%k A 8 (Functional Safety Plan)& H3h=
[¢}

I Safety Goalo] 21w o]d oj

A

3]
ol

0

3}

ZAE A

YA

A4

“9)% 29 WolA

Safety Manager+= Q1A% 7|54 A1 g
3-3] AlFel o

Safety Manager”} <4
Safety Manager7} &4

Safety Manager7} x|
U A B JAA 7]

[£3-2]

AqF

[

[2A} 23]
[2AF 23]

*
*

4
&

— 168 —




[£3-4] Safety Audit & HHES 43 JFU7P €3 od FdEsta A4Y
78?

(24} A

<3 5-33> fJF¥ Safety Audit o]sf
9% [949 ] 93 [ASA| 9= |[FuE| 45 | of | 2% | c=
73 2 3 4 0 0 1 0 0 0
AA 3 5 b 2 2 1 1 1 1

[£3-5] & ML e Ae Z2AE 9 SIL #4893 Safety
Requirements& 43| 7|&stal AFU7N?

[ZAF 23]

<E 5-34> 4F¥ &+ A SIL @l &334 Safety Requirements 7]& o+
AT | 94" | FF | Asx | 95 | FHE | H= | T 25 | EE
4 2 2 3 0 0 0 0 0 0
AT 3 5 5 2 2 1 1 1 1

o SL ¥ ¥ 9 Safety Requirements 7]&e] et SH &3-1914 SHS
Safety Managere] &A)o] we} thREE AA sl oty @3ttt AHEap Hof
o] 3 AAY Safety Manager’t EAI8kA%F SL #E 93 2 Safety
Requirement 7]&< 314 ¥+ o2 9y

o AR Boke] 79 ASLel # Helso glo} olF AW w2 Y
G 9tk - “ASILol e} sFelth” (ABA AR 1Y, FA BF

+ SIL2 Safety-Critical 71550l W Ao AEE SAHs= ALEH 7] e¢ 9

- 169 —



23 84 F shuolARL, o =] Zekde o
dds AAelM AW E 5 AT

e
O
>
o,

i)

Fo

o,

o

v1=X

r$£ ol\

[£3-6] AAZE e == A A1ES Safety Critical B= 272 #HAY €<l
o] =G R)e} £z EY 0} T AW HITE THAAL AFUZR

st=sllof ( V%, 2EZE ] ( )%, 71EF ( )%

[=A A3

o AAY gAY A stegojgh Az EY e &F W&ol Llogtal SHIAT

o AsA B dE QA A stEdolet AZE oY) OF Wee 3T Ex 46
AEE SHEte] AZEL Y] OF Hl&o] 25 U w0l BETh gk, $4A)
o A B A Aol T3] Ao Rl ST S¥Y. - “H8A=
A Aol =3 A

A 23 <
o (FFROF FBI1B, £ZES] dAYo))
Z

o QA B oF WY AL BA gob BAF W] gk ek -
“olA7}2] Safety Critical 57 WA 47t =4 %o TAE ¥ A== QF HH,

Shedlo] A%t 2ZEe] AFRT grin BREn. (JREet F4714, &
E5]o] A o]

g9 74$ sugole] oFE 23 AT iR Azl oRdT SHd)

AT

2] opllM AZES 279 B0 st=do] Fe| HleHT £3o

W, ol 2 AZEd] S FaAS A Holeh B 4 ik

[B4-1) 712 AR WY ZAEY] A% A ZHNAY WAAF B ¥
A% 8l AL AN
(AL @3H]

- 170 —



<5:J:. 5_35> o T |
AF | 94" | FF ([ AsA | dF5 | FUE| T | T | 2% | =2
> 2 3 4 0 0 1 0 0 0
AT 3 5 5 2 2 1 1 1 1
o 9AY, A5, FF, AR ACNME R4 SN WAGYE B S
&3 okl FHSIRCH, I 9o tiFEY FAAAE ol tis & sAsta
UA BT FHIAT
o ALY AL A #HolA 53| Fosth Aol 83 T8 Hofol A
Ao}t 2ol WA FA W] g w2 AErt RS AidA 75k
O3t w59 oAdo] A3 S AWE 4 gk
[24-2] L z7] SA AF Fod4e FAAH Hazard Analysise} Risk
Assessment HHHS 83 da ANY
[ZAF A3
<3 5-36> <4 Hazard Analysis¢} Risk Assessment ¥WHH <A] of £
AT | A= | FF (A | s | FUE| H= | bl | 2% | =2
x| 2 2 5 1 0 1 0 0
AT 3 5 5 2 2 1 1 1 1

*

B4-13h vRHE A9, A4S,
W o A= $Y5u doku $

Agap Bokol 7§ WA o) A HARA(Hazard Analysis and Risk Analysis)oll o3k
HAE B3] st glo] BE GAIVE old tid HHHE o1 s IR F
Atk

A A SHAAY WAL B4 PHE sAS A v B3l 987
7] A 3 SollA & 150149710l BAE A AR o® dal Jttal SHEAT -
“ISO149710 4 a7ete FFORE olsfsta AYsta JYrh.” (JERYA F47)

A, 2ZEL o <lzYo])

- 171 -



[#4-3] SIL(Safety Integrity LeveD)S & AAU7E? L1 Axlckd ofd wpfo g
FFALIE HE SILE Astal AU

-4

[ZAF A3

<F 5-37> =4 SlLSafety Integrity Level) <:2] of 1
As | A9 | dF | AsA | g5 | FUHE | HE loT 25 | B8
A 2 4 4 0 0 1 0 0 1
A+ 3 5 5 2 2 1 1 1 1

o SellMe PRIV R WAEGE 24 WH, HARA, SIL 5 7]sbdel gk ZjE
lg‘

) T%owu SUT DL AILS Ay & 39 oIk )

Pré%}ﬂ HH—E—OIEH_ %‘4—%——‘611—3_ F Ut - & %}x} Tae, A gahA @n 9l
th” (YEEOF F47|Y, AZEY 0] X o))

[£4-4] A% SILo| w2 H-=9 S Decomposition WS FE3] &l AU
dal AANTE AA AEsta AU

[ZAF A3}

(FE 5-38> =¥ ¥ SIL Decomposition W <14
d4s | A" | ¥ | AsA | Y95 | FUHE | F= | T 25 | EE
A 2 1 1 1 0 1 0 0 0
ZAT 3 5 5 2 2 1 1 1 1

o B33 S, Decompositionoll thejAE EAbe} oA %%01 ATk Bl SHE
Atk - “o] & teiAs AXeF oA FEo] Tk (dAHER
ZAE #eAp

0 3o

- 172 -



f{d
T
=l
2
rzi
é
_a
i
(9]
=
@
<
o
(@]
=
Q
D
k=
HHN'
o,
i
o
2
kl
)
>
°
S}
~D

[ZAF A3}
{FE 5-39> = Safety Concept &% Wy &4 o2
AF | 948 | FF (A5 | 7 | FuE | Hx | T | 2% | =8
4 2 2 5 0 0 1 0 0 0
AAF| 3 5 5 2 2 1 1 1 1
Safety Concept =% Wil tdt S5 F4-2914 $E3 HARA <& &3 §)
=7kl tg §EY vt BES HAth

(E 5-400 HA QFANE AAAH BEE Fd AR

AT | dAH | s [ AsA | s | FUE | 2= | T | 2% | =8
i 2 3 5 1 2 1 0 0 0
AR S 5 5 2 2 1 1 1 1

A Zoke] dANME stedo] HEHAES} AZES o] HEUERT ofy}
FHo T HEsle dgditia vy 1:} - “Task Analysisel] ]} sf=go], A
Edof, oz Ity (AR 35718, Z=AERM A4

BS Quk 2TAG aAlE SEsle ARPES 2ZE Y
TUER 747 B3 dgste] AT dAW ol ST sl ohe
T - el tEAE BEE, ol 8 TARRE ot (SRRl
Fa719, ZEAE B

- 173 —




[F47) ToFe 7500 LA td A% WES] tetel $R9 A2

7HA AL AU

ENE-EN
<E 541> 4FE LTAG AF A IR

9% [9dd| 95 [AsA| o= | FUE| A= | o | 22 | =2

73 2 3 4 0 0 1 0 0 0

AA 3 o b 2 2 1 1 1

YA, AFA, T, AT YA YFE 7% STAZ B 23 WEE
skl A€ A3 glrka Stk A5Ast S obe] B s

A% et 323 YU gy, Lumdel oA BY A
T
-

[£5-1] AlF2 715 a7ARte Hhgste] AJl2=Ele b op7|ElAE HA s}

= PHE FE3I] Ea3st AAY7ZR (System Modeling, Domain Reference Arch,,
etc-+)
[ZA} AF]
(E 5-42> AT A oPFIHAE AA WY B o
AT | 94" | 3T [ AsA| s | FUHE| = | T | 28 | =8
R 2 3 3 0 0 0 0 0 0
A 3 §) 5 2 2 1 1 1 1
o AAY, AFAL 3 QA AFE AIZEHY R opEA A Wle Bt
AT FEATE FEof o57)7], 714l 59 FAdAE L e Bt
JARE Bl gAY, 71822 Q H AR 4 e A=kl SHET - 7
BAQ FFoA b o|EHE AMEStaL o, AA WHES FEY HAS




A A= BT (GEECF T, £2ZES 0] dAYo)

[25-2] A28 okl BA A ojwdt whHe ALgstm AA U7 (FMEA, FTA)

(24} A
GE 5-43> 9EW obd B AgeR
FE (979 | 92 | A%d]| o= [F0E]| 4% | o | 2% | =&
R 2 3 5 2 1 1 0 0 0
A 3 5 5 2 2 1 1 1 1
T, 23, =2 Fopo] JAZ A Unx tiie] 71ge] Axd ekl B4
g &3 v 5% fs}oau} A}%ou ML Alm bd B4 wjoz: R

EuQlel] gHglol 3522 FMEAS ARgstal o] ¥ =l koA
X

[£5-3] A28 &4 Al ¢bd WAYUESS AYste @347 sted (A3 )
A WMAUESH AZE o] b WAUF thd A4 FE3] AL AFU
78?

[ZAF 23]

(E 5-44> JFHE A WAYE A A%

dAE | 94" | FF | A | g5 | FHE | A= loT 2R | =2
° 1 3 4 0 1 1 0 1 0
A 3 §) 5 2 2 1 1 1 1

X}%ih & ok ﬂoﬂc %‘:9} 25 %—ﬂ Bolol| A oFA uﬂﬂq§% # o] 3}
O

1% Zoke] M s HAE ¢33 olefste A=7PE FSAU, 7 &'

- 175 -



ARe] A2 o] PIFSIal SHEt T2 SAskA A= WE AR HEl
o - Ao mEsi, AAE ofsisle A7 Bt (AR}
&871%, ZRAERM ez

all

.

[£5-4] AZE 0]

] &

AYojef 249l

B As A wAYSE T8 stedo] AAY ], Al=E

o) s

1= AA
[ZA A3
<FE 5-45> 4= oA WAYUSZ 78 A o o
AE | 94" | FF [ Asx | 98 | FUE | = | T 25 | &8
33 3 3 4 2 1 - 0 1 0
A | 3 5 5 2 2 - 1 1 1
¢ [0T, &8 Eofo] GAE AYs UymA tiFie] AAdA A&HQA & st
AT FIHTE SHATE A &2 FolE sl Jrha ¥el HE A= 1t
F713e] GEAE T 1 FYE sl Aok gAY, doe sk AN
FEA = Frha % ST - “dFr|#Ee] ddAE Bl 1HH ds)
T, U2 Y gAY 2AHA mEe d3eiRE duhr (FAE R £4714,
AZE O dAYo]) | “slugo] & AZEY S ARAEL A FEHo] Y
Hol wgt PSS Sol7] A FoE A&EHOZ dlu oy, FERIA= &
oh.” (YR TA47|Y, AZEY dAY)
[#5-5] AZEQ o] GYA= AZE O] AJAEN WHS FEI X311 UF
U7k? (SW-FMEA, SW-FTA)
[ZA} 23]
(E 5-46> GFH ATE 0] QbHEA Wb 4x] of B
A | 94" | FF (A | 95 | FUE | Hx | T 2B | £
34 1 3 4 1 0 - 0 0 0
AANG | 3 5 5 2 2 - 1 1 1
o AAE, dF, AFal o5 Boko] dE Ao AZEY Y PHEN S &
Aekal Yokal SR Th

- 176 —



*

AEA Eoke] PATE AZEG O] A e SASL Yo SHT M
o] FhHOZ AL, AFT FASAL IAY B ARshs dARAL SH sk
AxEo] RN W U=

R LN

[£5-6] £ZEg o] A= AZE Y b miziyFo g 74 ¥He T8

A8k Q5Y71? (Diversity, Program Flow Monitering, Message Checking, et

C)
ENE-EN

CE 547> 4FW 2ZEMo] b WAUZ B TA B SR ol
9% [97d | 93 [AsA| o= [ FOE| A% | ol | =% | =&
73 3 3 3 1 1 - 0 0 0
AA 3 o b 2 2 - 1 1 1

AXEG ] okl MAUZ hd TH WES ST YA 71 RA T 3
o] FEFA Zaths Sl U glo] AAl A eI ok ATt YL AL
2 AZED - 7R T 9T Y, Tk wged tid AAE A
4 233 QAL Ynh (EEok F471%, 2TE] AxUe]) [ “ofx
BEE SASL QAT § Be dfo] Basith (FrhEEol trlg, axE
ot A=)

[£5-7) #2 Abgahe ATES O] ol WAUZE oHG ASYUA

*

[ZAF 23]

YA HJAe] 749 Hazard Identification, Hazard Elimination, Safety Testing,
Diversity Redundancy, Periodic Testing 52 F& A&t

FEZ JAe A$ AA DA Memory Protection, Fault Detection, Error
Correction &< /\}%ob_ AS GANA Abort Mode, System Error, Fault
Containment &= AH&ste HEe WPt Th

- 177 —



*

3 99 PAAAE R BUEPS B 2ZEd0] AFt CRC AL, =7
4 AEBE 5 AES o $es

A, Agle )& A3k7 oo W FAST AU

[£5-8] &2ZEd o] /i GAMNGEA, 24, 74, H28) AHF7|(FEF, v

[ZAF B3]

(FE 5-48> 4FE AZEYo] AYFY] 7H o7
AT | 948 | @3 [ AsAH| A8 | FUE | F= | T | 2% | =8
Gk 3 5 3 2 2 - 1 0 1
A« | 3 5 5 2 2 - 1 1 1

st Fokel i A 71A
g Bdojy V-cydes }%—6}04 4

Erlo] daglel 54

o7 Zyx4 7d3 Vcydes AMHESIAL
Aol Ao £EEGC] AFFII} 2ZENoY)S A B TS A2

% gl

ol 3t SFo] Mx g Howo] ALgsta YHFUN

[£5-9] &~z ESjo] A Zh SAZEA, A, 78, H2=')olA F3dst= 7]

ofr
o

(24} A%

CGE 5-49> JEE 7)% e st BE o
9% [9A49 | 92 | A% | o= | FUE]| F= | lof | 2% | c=
A 2 3 2 0 1 - 0 0 0
AA 3 5 5 2 2 - 1 1 1

A, G, AFA, FOUE Bobel AR YAloN £LE] A WAEL /)
of e BFL A7 Holstel Agdn Yoky SFHAt 53 AEA

oke] 7% Aspice mE W IS026262 2o B A7l Ho] glolA] ol Fw
=]

- 178 —



A T B AEH YANNE BT ojof BeE ZeAxE FYFolAY

Ao WALk ol AR Hoke] WAl EESI 102626290 ]9} el

ekt Z2A|27t Heldo] 9la, s OEMelA el Lo tjst
277 7 e Aoz AzET

[£5-10] AZES|o] 7 BAE 715 ddd SR8 55 F53tn
A4 AR

[ZAF 23]

9% [A9dd | 95 [AsA| o= | FUE| A= | o | 2% | =2
G 2 3 3 0 1 - 0 0 0
AA T 3 o o 2 2 - 1 1 1

qE A | s ([ AsA | g8 [ FuE | 4 oT | 2% | =2
4 2 2 3 2 2 - 1 0 1
A | 3 5 5 2 2 - 1 1 1

o T2 AAoA UMLHF StatechartE ARgsha Jqohal -SE3kATH

o AAY YA YAE Scade, Statemate 52 AHEITIT BT, F AFak YA A
 SimulinkE 22 % AHE@Tha 3Tk

|28l AZEYO]E Jfdst= dole A3 mdy 7jHo] AgtelA g

= =

.
>~

- 179 -



E YT - A 2E AZEY O E dete H HdekA goh” (BFEEok
713, A28 iR Yo])
H3lel AZEo rdy ypHoE df AFREHI = UML 2 Statecharto}

3 gl
ZEYol/7]% Hin BE weo] =y BAgle] Eoo] B How Az
o}

71?

[ZAF 23]

{FE 5-52> 4598 AHAIAS A oF
4% | a7 | 37 (A% | 98 [FUE[ 35 | oI | 2% | =2
2 2 4 2 1
AR |3 5 o 2

oo

1 1
- 1 1 1

o 9 7Sl sl €A A FE JACME A AFA AHEsta A
Y, & Zgska A grka Btk - UPHES <A AT ARle A

Hd
(@]
iR
o~
(&
il
[
=
oH,
re,
s
rx
ox
>
r,
o
oo
2
v)
)
mln
oY,
{r
2
4
ok
r,
o
o2
)
2
to

[2AF 23]
[Z135-40] ek 2 7ol theh s o+

i
(i3}

A PR 6

— 180 —



o
Hu
2
=
ok
&
v
oS
-z

<FE 5-53> 4FE HElY #x

dF | 94 | ¥ | AsA| 95 | FUE | Ex IoT 25 | =B

= 2 1 3 1 1 - 1 0 0

AAE | 2D 14) 5 2 2 - 1 1 1
(COTOTTF AFZ AT () OFof i, A A =0 M <Eh

F RoplAE CHolE F2 Agsta gojd & Aol gd g
= AP e ool FE oI55m, 2 Al ARAE AT, A%, F
E 5o Ropol A Tl Azt Ak WA eRol i 1t olFelw )

2 JAo M= AFA AFolvt aEstAY, Ande Y FF FF AR BE
o yEgoka gk - “Alo] SW gee, Windows 7]1¥F2 Visual Studios A&
N2 Aoy ofuky AEgks mEL” (EEE0F 4]

[E5-14] 2 E 0] 7]59kA @ FARE | s HA &50] AP

[ZA} 2]
(E 5-54> P43 A2ZEY o] 75 ST7AR HA A%
JE: | 948 | FF [ AsA| 95 | FUE| H: | T | 28 | EE
Z 3 4 4 2 1 - 0 0 1
AAS | 3 5 5 2 2 - 1 1 1
FaH Asat 47 & 7, T 2 258 ok dAIE AYsta, e A
ANA 715 QAR thak Al sl XHETY SEEAT dF HA
AE 715¢AE ofYA g HAE Aoy AF HAE EFsle @502 A

[£5-15] &ZEdo] op7|8x ©@A|e] 75 kA #40] o] FAAAL AU
(AASA SW-FMEA, SW-FTA)

[2AF 23]

— 181 —




< 5-55> T AXESO] op|dA dAY 7|5 M A oF
AZE | Yx8 | I | A= | g7 | FUE | H= [oT 25| EE
23 1 2 4 1 1 - 0 0 0
AA 4 3 5 5 2 2 - 1 1 1

o AA DA SW-FMEA =& SW-FTASH #HH 7|5 g 4
dAE, &g, AsAh A5, FUE Eoke 24 21101]/\1 kil Aok SEaky

oh 71 99 JAloM = @A A Aol AY JskA] Al vkl Bt

o 53] FolE #d GA9] A9 COTS 883 #dste] F8¢ 18] Q40)7] wf&
o 7% A BAo] & oo Yt FEI}AL. - “COTSE F&at=

A% COTS FFAIA AA A mefsha 9u, A4 £24e) A9 HER )%
DAL MA WARE TSI Ak (FhERSE B9, AZEG] AAo]

[£5-16] 22 E3]0] 78 WANA 715 P4 B0l oS T dxUn? (7
AdA SW-FMEA, SW-FTA)

[ZAF A 3}]

(E 5-56> 4EW 2ZES O] TF BA0IA J)s by BA o
A% [ 949 | 3% | ASK]| 9= | FUE| 3= | o | 2% | c=
A 1 2 4 1 0 0 0
A 3 5 5 2 2 - 1 1 1

o 7@ SAGA SW-RMEA E: SW-FTAS} Bdd 7% okda R fisjas
5-159F FYS g EYTh

[25-17) AAHg, WASE AXEMC] B8 A% ojud PHOR J)5aL
stRsAY71E? - (Component Qualification, Prove-in-use)
[ZA} AF]

< 5-58> HdFH AARE, BAEE AZEY S 7|5 ¢ SE iy o7
dAs | 449 | ¥ | A | g5 | FHE | HEE [oT 25 | EE
K 2 3 4 0 2 - 0 0 0
A 3 5 5 2 2 - 1 1 1

- 182 -



A7, &g, A5k, FHE Eoke dAA AN 2 WA BE g 7)F
obAS FH3ln v SHS¥Y. 1 WHOTE= FF Regression Test,
Prove-in-use, Component Qualification 5= AR&-3Hha BH3it).

ol

7 99 AelAE AEYUE ALl gAY Bed W B AR
H 9.

b 9l

[£5-18] &ZEfo] T AR 7ot 5o we dF5 &E/Hnrt o F

[ZAF A3t

<E 5-59 431 AZES0 /Y 9 AT & B 2i 9%
AE | A | Fy ([ AsA | 98 | FUE| A= | T | 2% | =82
3 3 4 2 0 2 - 0 0 0
AAs | 3 5 2 2 - 1 1 1

%101 WA o)

1 919 ] GACME SAE A AAZE JAFEHAL AA @AY, A A
AgoletaL Bl

[£5-19] £2ZE o] H2E dAA 7etdel] tiet 53t s 7He T8
3] SH3ka 35 U7 (Fault-injection Testing)

[Z=A A3

<E 5-60> 4FE B2y @A AT 71H FE AR
AT |98 | I | AeA | o8 | FUE | HE | I | 2R | EE
34 1 2 2 0 2 - 0 0 0
AAs| 3 5 5 2 2 - 1 1 1

— 183 —



.
p

bt

A Al M= 150262629 87l wek HILSE AHsh= 59 7]t
AT 7IWE grsta lvta & A= AR & AEd] SHY B2 dAlEl
53t A5 e FEskal A dTal SHEIT

[#5-20] 2ZEgole] AV B4, Bl 5 B4, B4 A9 B4 5o of

Fo1x] 3 I5UY7E? (Worst-case Execution, Time Analysis, etc:--)

(=4 23]
<E 5-61> Y4B 2ZESole] A BY, Pas FE B, 54 AU B oy
9% [949] 95 [AsA] 92 [F0e| 3= | o | =22 | =&
=4 2 3 4 1 2 - 1 1
AT 3 o o 2 2 - 1 1 1
o AFAS BT QA AT F48E 7] A% 85 270l7] o] ALEo
o ALY RO AL BF B BU AL A 5ol oleiAn e
ST - 314 oW FBE} Akwly] W] )5k Yol 7)o

fedl FFolAtk” (Z}oﬂl“fok 71, AR

o 199 RopldE AR, o8, FUE QAN o= AE 9 AarSel o
Ba0] o] FolA: 93, UnlA] Hope] YAlIAE g BAEe] @A) o) FoiA
o QA etk wEh

[£5-21] &ZEo] Ut 75 9] 75 a7 A e i3k F4850] o]Fo
Al sy

(24} A

CE 562> QEW J)5HR aTAT i FHBE AR
9% [94a] 37 [ASA| 9= |[FuE| 4= | of | =% | c2
4 3 3 3 1 1 - 1 0
AA 3 o o 2 2 - 1 1 1

¢ A sﬁlw of e

o TR QAL FAH SEolA uk LTAR] tE A BE] o] Fol

— 184 —



Aol Hal R, 23 715 AERE e

o] Xﬂ

T ol
_L_)\}\]__

2
Aol dlef Alo]z ATl thgk F24&-Fo] AT o]FolAaL 3l
3}

ko),

HAE AR - “FAHR]D FFolA F25kH, SRS Risk #¢

Sectionel] 7153l Utt.” (YE3EF T4V, 2ZEL o dAxYo)
SHA| Aoy o9 Alolx HAFE ot F7) 715 aFARES @

o7 (FhEEok th71Yd, 2ZEH o] AAY)

thedt @
o SHE
T HEY
N s
gRlsta 3

[£5-22] &zEH o &9 AR/TT AQAEE Aol FE5H0 o] FoAaL 3l

U

[ZAF 23]

o UREY AN BAND, TINY, A=DANEL 7

g SHEAT. SX W FFol A Bope] @

AU, TEE Aol Bt

27 Frael +95 9)

2 A M= TSI YA

[£5-23] &ZESo] &9 AMA/TH AMIAZE AR A 7] a3 gt

Ago] olFoix 3 UL

[2AF 23]

(FE 5-63> GFE ATEY O] AF A 7]59A Al o7

B IAY | FF [ AsA| s | FUHE| HE | T | B | EE
2 2 3 2 2 1 - 0 1 0
AA 5 5 5 2 2 - 1 1 1

[£5-24] ~2ZEg oo i A4 H="<e st A

— 185 —



[ZA A3
(FE 5-64> A=W ATEY o] AR g 2E oJH

AdF | 9AEH | ¥ | Az | g5 | FUE | EE 0T Z25 t2
24 2 4 4 2 2 - 1 0
AL | 3 5 5 2 2 - 1 1 1
o P2 HQl H2"W gl ok 93 2Y JAAES A tjFEEL] JAdA A
A H2HE st o SEIAT
[E£5-25] 2ZEY o] A2l A Al B3 st=do] oA FE3] AFET G
yzp 374 A o8 olf7F FaAduzp
[ZA} 23]
(E 5-65> g=WE sludo] A4 Alg o
AT | A4 | 3% (A5 | o8 | FUE| Fe | T | 2% | =&
33 3 5 5 2 2 - 1 0
ARG | 3 5 5 2 2 - 1 1 1
53X 3tEdo] oA AZE o] A2E AP AF 85 Fa3 840
7] wj&e] oTe =2 HJAE A UmA] e A 53] Agdea ot
I -SHIA
0T #H A= st=o7t t‘é'é}@l H2Ho] 350y Uiy, =8 dA9 7

3 Sh=glo] Aol Zold A% FEF APl ofHtkn HH

[1'%5—26 AZEO] el AHEEE =7 B UR i di kA

%ol o] FoiA 3 YN

[=A A3

CE 5-66> AFHE =T HA AF AR
AT | dAE | ¥ | A'A | A% | FUE | HE | T | 2% | EE
33 3 4 3 0 1 - 0 0 0
AL | 3 5 5 2 2 - 1 1

— 186 —



AZES O] e AREHE EFEe] g kA AFe dAE, &, AsA
Hoke] Ao A o] FAA I kil SHEATE AT EF AF ol tisA]
= 2% 71BEFA)ANAM AFE FTEA, B FAAA & Aolga SHE=
T B5g SHEC] O ANtk - 97|14 sta A= ¥k XXolA st 9l
o7 (A EoF 4714, AZE FHRZ) [ N Eol tid kA A
T MEd s JdskA] ZANL Gl E HES o= 74T (F
Z2oF th7¢, AZEg o] A o])

5. FWTE, ol 2 29 24}

B4 F AFE QTAR WHol AT A9 Tk BAIA
& BA3 BT} o RolA I YFUA

[£6-1] F4H72
QAR gk 7

of

[z A
CE 5-67> QFW AFAR) T WH 9 BA3) B o

9% (94| 9% (A5 9 [ FoE| ¥= | ol | 2% | ce

G 1 2 3 1 1 - 0 0 0

AA 3 5 5 2 2 - 1 1 1

o FHTE Y TolAe W T 4 B &
2t 59 AAA YR o]FAA I Qv &
opz] o] FojAA] A §lof ool o <
T obd TS g dolkar Bt

o FUE Robo] & dAldAME BE FAAA Ttk BAA Y] FFEH F #
27} o] FojA 1 Qlokal

715 HAl oA
AT E o] dAYoT)

- 187 —



[ZA A3
<E 5-68> =W oA vjFd oJF

9% [a49 | g3 [AsH] ow

FOE | A= | T | 28 | =2
K. 1 3 2 1 1 - 0 0 0
A | 3 5 5 2 2 - 1 1 1
+YA=< 913 Safety Manualel tisid = LA} &, Asat 5o d5 dA
oA M B ASHI T SHISH 5 B EE ok dANM = =9
A€ A A A& AYHIL YA LA Safety Manuale EASHA =t

A= Xt (FolEEoF t714, £2ZES o] dAYoY)

[ZAF 23]

GE 5-69> A4 A B4 oR
AZ | A9 | FF (A=A | g2 | FUHE| = | T | 28 | ©&
23 0 2 2 2 2 - 1 0 0
AAFE | 3 5 5 2 2 - 1 1 1

9 FUE, 0T A B2, 453 Bobe] A% iAol Agel tha B4

=
5o TE3| o FoAAL vk SHSHI:

TFAA delAe g5 GAY A A tig 4 52 o|FoAL o
U 2ol gk EFAAE BEstE o] A= gva "etdla, FoiE 2 0T A
A= wAYEE Adte] Aztzo wel ERstiy stk - “AE B 858
st Ak, Formaldh &7 AAY AASE 24 A2d"e 251 A= 4ok
(aBol FA47]Y, AZEol AAYo]) | =

Defectoll thall A= ReportEEthE E4] 0] =
o HA= AZA=d me} EFHAY, 7ledd Ad AFE A4E & kol sligs

— 188 —



[26-4] 5U A% AL PAE A% WABL, f4F 0 AF) WA A B
7h A3 o) FoAAI YHUR
(A 2]

< 5-70> d&E A 9 AlFe] WA v B A%

A% [ 9xg | 3z [As4| 92 [Fo9=] 2= | 0T | 2% [ ==
34 2 2 3 2 - 0 0 0
MAF| 3 5 5 2 2 - 1 1 1

o AR g5, FUE A, 2T FIH AFA Bokel I AANA WFH
e 3 Sk Belvh 283 o FoiAL drkn SHHATE

o B} o RoAT ek SHT YA FoIH Ul 24, 4
A7 olFolA Qonk ST Bt HWE FEAAS B B oYt
ool WF Ulw, W3 WA B 5hF welo) oF A
Stk - wRANE Yk gout, AW o SEe
Eabol T7]g, Qb B [ ol Al €, BA, saw
5% AAE 1 glow, A7 ZRAENN AL YES s A

Hata Ith” (FiEEoF 719, £2ZE ] AAYoq)

6. L&A e At A9

[%7-1] Safety Critical SWe] 713}
W @A A7 o8 FAYUA

R
El
Ho
s
il<)
Fo
Pll'4
v
=
ox
)
Q‘L
>
°
%
e
ko
QIL
O

D AT} A AT PAE 93]
@ wEAe] 27 Bl

@ ddBE WAR/EEY] 2507 U
® W 9F B FU)A
5 %% 27 gz

[ZAF 23]

— 189 —



P
T

=)
=

o o
3ol

o] AA7}t 2
<)

i

AEd oz nelth 1 9o

o)

o, 2 AR 874

90

o
A

3L
~

[C15-41] SWebd w¢] g <l

=
=

F SR 2L’

sﬂ
R
=3
‘_u_.NO
o]
)
i
. ~
e <
| A o
2R
ox _vw_ —
- ‘Ibl ]E]EOE
Rl Bl ol A =
R . o |RT LA XEN
= o S
Y = ¥ PO 6
culCl
o} gy ﬂﬂ
A mK
B i
=5 |3
o) a
b oo |2
B =
= o) o) |—=
Mo b
= XK
o - ~
a
B 3 o_unwﬂro
il TR T I
WOE L TR e
" |y [ |of of No
OL On~ H_Al 0 ~
- Xl r| MEMEMEUEH
I o 1o === S N
B R SR CESECRCN @
0 g

— 190 —

[2AF 23]




[1#5-43] A4 a5713t

Azt

==

[¢)

el 7t

&
Y= A0 o thREl YAt B9

ol

*

T AN - ~ o o
= " Ay o F
. A} o o)
wrm Sy o#u e M_H WL M
N o N N
B ° g 2
5 olo = oR M | E) mu_.W
op T E =3 o X
o 53 ™ it = T
& o zm ™ oy E T
<& mla s i R K w
~ wou s ~ o X
= 2 o R IR By
= X e M T T W
2 Wm ~ o o SN
ww = 5 A ST & F =
TR ® T EE Ny
B m g R TN N
W To oY wu NN n
| mH off 53 oo ™ 1‘7| ™ zl_e
o] v M 3 . XK Tor
yil HiJ —~
— — o —
_ W X < N ofm Mo B W
e T o M o M oo o e _ﬁm
R The A Do o~
~~ _— ~
nooan R ‘VL ‘W o m_w# X of
o 5 B s N op et dr 'R o
A - of W N o — H _ W i
| X ,I.W N —~
R %o o i N
" o o . ﬁ DU
—
* R — . .

508 %

1

9]
pi

- 191 -

o2 AAFo] o]y

|
ay

o] A<

qle)

].

Z
=2



[£7-4] 25X 718 T8k tFojof & o] Folojgkar AZsA U7t

AL HHE Cisl 25/
AT ESEH OFF I Fa(S C=
L T o i S el e = 2y g e P L R
RIS OF [FS O 7= oo :|
= = = Tz &= = - =
ATZEY H o ciama
AZEN OHE OE DAL

S8 gFojof & HEogE ‘SW okd EA, AA, AF #H 71E 9
=) A
=

@l 7P gsken, ‘AAAR AzEY A Te(E4,

o
Sl A, 78, A
) °] 1 el Bt T2 HA sy YAy, 2F Sl #Ed o
SHOE AAl A5l AREE Zled BEE dlse US Fos Adse
Aoz Helth

- 192 -



o olgl ARA FazAe) B5-39 Aol

[1%5-45] L&A F23M) AZehs We: ARA Fazat

A B OFA LRI rEask Z3E S 244
Al g Do ATEVl Lieh o HE =9
CUNIOR T A e mamm oTims T e
SWEME 5, 24, g T8 A=
AT dt= Lt 2= =2 ]
.t = == e = = i
1% HOp A+EE H gt Ji==
SW OHHEE HE/AM 715 5T
a Tt ML T . (o e B M — =
AZE0M0] OFF B EE(ISOECS) )
=S i ey A o -
ATEH OFF BE ClARIDT = g
—— Mgl LR WAy ML Ny iy bl = re—
HHETLES QX =2 0 7l oo
AFEF QOIS R A= G2 3

o FBHOEE SWeH B4, AA, AF B Jle o tid FaETF 34,
UEHEE 84 US 2 Ve 990 o ts 2857 wdTh wbdo| kel A
= 7P Fosit . A4 EAd ‘AIAE“ QbAbare] thgh A A 24 o o
3 2a%7} 27 ASE JENIQT, QHAAIT oS 98 L4/418 o Ug
TAEE OA Ll FaFA} ﬁﬂroﬂ nls] 4e] e 27E 2y

(il
fo
ol
o)
T
>
zl
o
o)
)
52
do
>
Al
=
(o3
>
U

[Z=A 23]

i1}
[
[x]]
(AN
=]}
=
t

1]}

Q

- 193 —



of tha AFHoRE AFeithe SRl asAu AFeA g

B a3

M
ﬂ
>
o
N
El
Ho
S
)
ol
AN
N
=
T
-
Mo
of
ol
ol
rr
2
K
Lo
[-40
Qb
AN
N
fo
Ay
o>4
é
_l_/

[ZAF 23]
[25-47] AlFol U817} 8344 wso] 28 ofF

JGER 0 13
22A B 12

HA A7 SAeIA mEe Bael o $goRE Yasthe SHurt
a5 grke $Hol 23 o g WS s

[R7-7) 7159k %9 28 o] ol Fej= £982 YSHIA

D AW FE B Q9% 2B A @ 9% Wlag
@ A=A 2 ALY 6 Aded ©® 7t

[2AF 23]

- 194 -



2
—d
2
o2
2
of
oSk
o

- 195 —



240l

=
5

E o]

Q3la A

=
5

A FazA A% B4

3 grot

} X

2

=, AyA, ¢
Ae)A, ARAEA goz Ad

&

F,
o

4

5| )

=
T

Aol

1

|

o

©

AA ] ]

hvy

=)

Al

|

, APy 5 Asert ge vy 7

Q14o] mF

S

)

TAY 21Ael a9l Hot
Fod, tist wSAAelM AHAE A% wF AAE vhdst

5]

7Y tmel met e

N

H
-

30l

SR

9
o] W

9}

o] ol2hth

SHAl 2

9

A o] oF
T,

feleh 2o,
Z 7

o

a% I 44 A M FL

°

o<l Al

Al a1

) okl A

2(_1

2 A g7l Aom A s A

%‘
Aol <

ek
=

&

CEY
nr}

ol
o

or
£

|

0

1

)
£

H

o

] vl A

A

A7} gtk 18y 1S

o] 7}FA =

%

STAL wol, W&o ope
t7]

T—

) .

1

-

-

olgtal ZAMEH o] W& A

s}

o

9
— 196 —

g

XE
T—

-

]_

A

)

Hgeo] BaA FAbA

2

e
12

)

T
.

=

I d7lde Rsds FFol wrh

A

°

1

9]
pi

71l #l
, 2ZEg o] kA
o th3

.6_.1 S
=1}
s

©)



[e)

= o

9 2RE MasA gov, JYALelHE 23t
o

2
_l (

oA & A tiEix e AA 719s 2AF
Fa7le g4A gokon, o2 Ay Ysii= Al
EA A7} AY=ojof gt M 7|4 AA A= 2l 0]
A nlg gelog FAL thAte] Aubo] U 7o) RE AZEY Y IR} AZE

o] obd w8 wolof Frha QlAehE Ao AT

rlr
Py
O
o
A
=
=
i‘—“,
El
o o
SO
fo
il
Ho

=
e
L
in
rlr
A
é
1o
of\
>
_>|;1‘
ﬂllﬂl
flu)
ot
(o
R
o
o
8
iui

AR AYTL T o] Yol AZ(IEA, BT, A4 57 BE Az
M BASED Zt2Ee AR 2 Al Fed Adse 2
8 zo sxedel FH0E WIS AEFe AZEF

71E0% §REEIE =2 AdTe AEFY AF #A 8§t

Ay

- 197 —



MEZ MH|A

HW

&l
<l

K

RN R
54719

S

z

A ol

M AA

4

S

dH BEATE EA

%
ran= by

AA A <

=i
=

Z]
ax

Edol A4 HE AA

|43

—_—

Ede] <

YA

o] Slgtn oo, x

=
=

ZNAIZE, 0T, 9=

=

Els

A vld A wee]of

w7

E g o]

AA GANA Lz

=i
=

faL o]o W& T

S

1ol

ATE

7

4o @ WAYEL

sl

0

S ERom,

o
=3

ST o

|
~

7=

Edofel A&

_\:‘)___
Aol HRAA &= *e=th

2 &

ot. FMEA<]
o] & =]

)

o]
ah

o

o kol

e

T
) .

Ao A=

— 198 —



AR
Edlo} /M 7)&oln, 1 ]9

o

A

Y

AL

a

=
T

% F 0]
Al 71E A
= A}
Rkl

A

Arete= EEl(HZE
8

nH

-

R
T R

B

—_
TO o

ik

J A7}
A3 o]

Z] O
™

o

o] oie]

==
=

5t7] o¥

Ay 4

==
=

oF
1>e)

A

717} 4

PN
T

olgtm Boli}, ]
- 199 -

F

Ho]- QF

1

o
il

171

<)

i

9



9 o

A

.

3t %

ol

Mr’]' z]];q
* ——12 O~
]‘ T_Q_}_/\].ol H]T] N ]/\1
a ] [eXe)

}é%}_/k].oﬂ

Brg 9
@Uﬂ_. _&o@ﬁ_ ~
‘mﬂ%r:o_a Numﬂ.._ Jl,w__lo‘OIEE]r
1__/|.A o - ,IJI—/Orl ;o_._\q
i p B = = o of T = d " oT
oo T B éar.ﬂﬂlﬂ,wuﬁﬂ%
oo wis o % L_LWE = B E
Hou%u% o 5= ﬂ&@ﬂﬁz%ﬂ%@ﬂ
X T o R ﬁi;m{i@%i;
OLn_m_l]_,m_#l O_EMM.# Wﬂ%qlrz__lzi‘mﬂmwwz.ﬂz*o
- o " W E = o] i
= e s T E z,:']Qlﬂnijl J)
Q._.Eﬂm,_ N oTHTq < X o W T
W = Uf,ﬂ =5 T %%%%qw o
o = oz 7 uﬂLfoTﬂ# Jmﬁm,amm
4o 7 o B M Mﬂﬂ%%%%@u.e_ﬁ7
oo 2 o WO 2%%@%7 o Lo W
o w3 = ?ﬂ@ﬁ@nmoﬂgoﬂmmﬂ
u|5oo SE oy 7o ﬂrﬂw%m_xoaom%ﬂo»%
T [ of T M < T T XN o
d W Yoz Mo <M S
wx&ﬁ o U ﬂéﬂ,mﬁmﬂ% 17r7E
do X T zm o by = o B e a9
quow_mvr Ll]b. o#owgo_eﬂtulﬂu
~ o __owvﬁﬂ%ﬁlﬂ% e
= b & RGN LA q;;_ooo%
ng% 7 B oy le.%ﬁ.,_ﬁluﬂdmv
4 X Wl O_EOWE yﬁrﬂgﬂw 75%@
g ~ o r o= O o o i M ﬂ,ow oy
5T DGR Mﬂ7ﬂ1ﬁ%@ftﬂﬂ
= W o o % o L, ¥ oo X o
- &%Aé a}m7@4,_a¢ﬁa
ﬂibtq ﬁﬂW% oﬂae%a_ﬂoﬂ ) ~
ﬂ_/lo#o,#MM = NA o#uib‘_ﬂq}wo_aarlﬂ._av
Do T ™ THE Y ﬁ@zﬂﬁoéaﬁqa
o W o= Hl%7 o3 o_EeTq/rﬂxx,_ﬂo'xON
ﬂm._ﬂmﬂ.;}lAT o e Mﬂuraboq‘ol}ﬂﬁ@rﬂolrbzo
o o o ~ o = Xz =
ﬂ]r‘ﬂml _iﬂjl.._o,.o_eﬂﬂbl
oﬁ.ﬂﬂwﬂ#oqov%
Al E oA

- 200 —



B9 A9 BAWKY SHEAZH H2EH TA E
b4 & Ol WAUZS $43} 47
7} 71 FRF A4 Jlolnl, od A viAUBe] UF 2Ae BFAe B

o
B>
|&l
(m
4o,
2
rO
2

aZEo] oHo AHE wso| HoAdd AFAdd et A4 AXelA & o,
TA7IUL I S A AL A B e FAo| Hr dE =9,
AF ek F5, A, +9e AYAE 337183 719y A5 trEe ¢A
A BE wse] BeAd Agde = A e whel, T4 Ae=
T83aL Azshy e AlgAS I0A £ JIASkL AE BT

WS A AR Al e RAZE o] b B A5 WEs] BeoEolof &
o). ol A= NCS(National Competency Standards, =7}2%-5¢

do] obd oake ol 7| o ¢, AZEY o] obd Ty o] AHoHo] A
Gt & dFedlxe A= Eok [EC62279 E&7 A7k AHEoRE AZEYC]
O}%

Lo

2. N&"l T4 A as

oA JlBolut FQANN FHE DTS HEE AW /AR T
F2Q [EC61508€ TAHOE 72t EHEE =4 E3 ¥
He o wgo] thokegick 1919 5ol

T E‘
F WSS AASE U7 71Y9ES o S0 4 S

ol

@ SR BRI
AHE 2ZES] S FAZ there] Aol AYH T Y-S FAT 5 U
o). whge] Fvje] 4 W mE ®2 970 93

Aol AT AR $4E A
[e)

o2 HEAR AZEY S U n§g Zolrr|7) vl 3

H
=
1o
2
=
oX
El
Ho
{0
)
o
ot
=
rlr
=
-z
Shia
N
off
r [
=
oX
N
M
kM
iy
&5,
Q
op}
&
S
(o
fr

- 201 -



NF A, 2+ S8 THdHE E3d EFAEAY A4S 15026262, 3
DO-178C, Z2xe] 7
gtk B3] A%

s
2 45 glof

3= 13 AASE AWEIAY, G Eueld Zad yLus =xAoz T
2 ot w&HYe ATIT 53 FolM FHSE %ol A Ry
239 A A7l 2HA AFFHAY 7 il wge] td Fart BE o
dAH oz WPy Wi wgo] F7|H o7 AYPE R %y AXEHGH AZE
dol e s dAHE= dE540] Jin

Ot

N
r? o

, 2o} BAE 71& 249 Lo
A FFIEC61508, 15026262, DO-178C &) &
ek BA et ol ofAZAE Fujol

A7 59 Ax e AEsd s Ad

N,
off
2
2
i)
rJ
r,
(i,
2 Mo
>
My
X,
r,
-
el
k)
olN
o
>

r

B2

|r
bt

I I
22
M
P
we 12
> e
-3
=
R
<t

|71

X

A
Loy
i

fr
s
i
2
>
>
50
rir
po
(o
fr
&
I-
i

- 202 —



A2 QA

B < Al o op o T
o W oK 4 KO &
R T
@ o o 5=
) AT o i 5 A
o 3 nE B s TS
T X oo N W . IR Ao i mno
¥y w i° o KH A S il N
el o ~ o O K W,:
S T = g1 o TH o < W
= or M B o o JoE o W [ Jjo
) o o N3 EK od 8% B
oo o O # A A
- 7 e T} 25 2 = <V
A PR oFy EK o N
of g o = ).
R o o+ 1+ o Ho o B
H T o o 3 W=
0 —_— ol »
o o) T ; i
Hw oy w S > . T =
P oo o = Ul g ! o
gr | o = B o m ol
oy H o 4 ry Hr_,ﬁ iz
L i > g
N o~ | 1;0 ~X
o T ox o i ~ o
> Maﬂ oW — T = s A
No o8 ™ v T 5l <o
R w s g3 e a3 G
S I B S A % M
ﬂﬁﬁri%aw — RS CE
WSSy W * o B
M w5
T 2 5 B AR -
S b &
B R P K ok ak
T4 T R o <

K

Edo] ¢t

Ay

2oj, HF

E9o] ¢

o

o

=

YA
L
L

o] &

sttt 4

o

2

hvi
=

°)
Edlo} $3 2ol

3

Al HE &
- 203 -

b FazAleh ARTLY AR

(9

o] 38

Edo] ¢k
Ak =l ApA|ol A A

YA

M, &



=

Ed

Ay

Ashe Ao
Aol

sol 2

)

1
)

=
L

T 9%
EREER

al

S
=

A Aol

) .

ol =
ool ¥ Erl e AZEH]

XESQ

of tighk dAeh 7l I =

O=F A

=

Z
ax
=]

Y

T—
) .

3t

(<

olgh, 71&
Oxl

Edlo] ¢ 214 2 84 A
T

=

3

1

°
il

st o]2f3h dldA X3 A Aol AxHe efE THAE

&

o

-

1.

Y Al w4k

744
2

™

5

i

fubel whoZ Bt FezALA

5

s A

Eo] <t

A

3l WS o

S

oAl A=3}

=

o

(NCS)

-
It

— 204 —

of bl B AAZY MBS AAAE &

st =7

S

°
yil

1 5o of gt

-
T

g0} A%

==

65% 7VEo2 2AEO] o= 8k Zdd
=

A Ba A5e) Aot e

Ay
:rl



)

Azt o] &
A A

5]

ol HAelN AuE B

o, the} 2ZES o] FoYo| ALEgo

o o= g &

A

S

o

ZE ] <t

SoNA 4

ZEY o] IR}

2t

k<]

ANA tsttAd s} AR 4

=
=

oF A2}

Eslo} ¢t

A

SHE Aol g FEY HEe &

B

P ez ¥ =vel 249

fol dAs

5

714l Hl

Ho

A4 AA= tideldt &4

toq S27

oA TNds

e
=

o] Qtd w& #HA

3. AASE ns w4 T

™

A7) 2ol A A
Fo] Yt ol

o] g oE A= 7

zad

ZEH o]

= &

@E WAl glojAE, Fa2A At whet 2]

oL} 9

he Aol ot

)

3}
ol

s, o

o] 2%

AN AF

Wel @7 4

st A

H
-+

— 206 —



7F=2 AAR A

=
LY

oFe] A

=]
R

S| o710 9l

7}

Foj o] A=A AAZE BojAle Fakgol lom,

fe

&)

& JLoMEsE LEnSRYgEsE §5w-80] A

1

=],

e

AARIe] A A5} ool

535

P A1 Bt

o
o|J

E
o]
N
RV

W

— 206 —



&3

O

a4

FHARZ

a7

ad 7€ A oo AAR

1

°
il

7o

B2}

<

(o)

EAE #AA, SW 2AA, SW AL,

YA

#%4

bk
F2o)o.

S

A3 AEH AL
Edlof A

A

ke,

-
| N

& 7M1

td &

AA A

A= 4

A

&

}

0|47} 94

[e)

Foll A <)

(0]

‘_El"

A E
G E

=
#e%

A

o o

[

A 27A AR

A9

s A

o}k

S
=

o
&

X

- 207 —

SIA 2~ A

D70
6)SW A
A A
9H|



28 7} AA o] M4FE(prerequisite subject, A3 FHE)Io] AAE
Y Aol Adedie] "o d3HE S AvEHE A HA,

i)

A3k Ao
= A 2ol

ZRAE PelA, SW AAAL SW ANRA, SW BARZE B4 O BelAE 94

AgEFHoH, Al WA T2 Be 98 FAAl Sai, viAY 72 ¥ J&FA A=
g Zlolth, el B AZAE T WAl 2o IR HHL B 95T 5 Aok
GGRE6-2> &ZEH o] b A ™ Al
SZES ] kA 14 Az}

AZEY] HAAE B 7= ol

SZES 0] AES FHE N
R P HEE F FA] wE %@P%a/
AAFIIY OB g | ZAFH
NzEbAMA | 2ZEYS o dA @ Fd
AZEgo] T A EA
AZEY O] A H2"IH
FIAGAI 2R S | AZE o
3 FH7Y kA A B
1+ 2 37 4 7
D &AZE ] QA Q14 AR
A | AZEo] kA Q12 Azl ASAZE | 0.5Y
AZNL | AZEH S b I HA 5 W QIAE Ay, F848s F530
WS | EE AT
SZESO] kel et SnkE Jd e wle
ALXE ] b duk FH 3] Jlrﬁle gtk
ISEE _ I e
AZESo] b Tt hEAQ] A EEFES ol3lgith
AZE S A AR Y sFS st
AFAA | S
1. &ZEgo] Qb tigh A
2. 2XESo] 7% A AZE ] EA
Zaue dol 715 er_z Aol F
3. [EC615083} & 1A
4, AZEY 0] bH Ala @ AZEY o] ekd BAE Y ALY

— 208 —




AZEd 0] Qb Jd B 7% o] 2 LEAL |19

2EEq el AAe Rt N, A3, & 56 5o o 7R oES #5
@t

E2AE FeA, SW AL SW A SW Bl 2 434, 39 B4,

w0
=
i
X

wE B, oHd B

Jo] Aol thet 712 7 ols)
dloje] st e 240l tidk ofsf 5 b Tl i 7| o2

- {m

[ ] el [=

I
o,
2
o
)
rO

>
X
=

2)
IZESo] 75 k¥
C615087} & Ay FF
Safety Management Process

4. Functional Safety Development Process
5. Hazard and SIL(Safety Integrity Level)

& l->

0o 0o = b b b

P
(&l
m
S
2
r (]
L
ol
1
oL
i
rft
=
rft

AHAZE | 2

O
—

Q i&?}ﬂﬂ ok &8t WHESTAMP/STPA 5) ol

M| =
rrl
=
(=

2
r ]
o

é:iﬁlxh SW 7idAh, SW 1 8l ASA 4 dgA,

|

I
Im
i
©
>

w
=
2
i

f
ol\

r o
E{q
ﬁNﬂ
o
B
i
)
)

1_{)1 0_>1:
2 [l

>

N2
[6 [~ o

[ |oZ

afety Case

afety Engineering Method (STAMP/STPA)
3. System Engineering Process

4. Software Engineering Process

5. Basic Safety Analysis Techniques

N
N

— 209 —




A28l P A WAL | 1Y

3 XiE(Hazard)«l /i.‘ﬂé' L é7l~— 6H Mg j(Safety Goa)E ==3t7] Sle

2AE A7, SW *47112} SW A}, SW EDRZ Tl ok el

iE(Hazard)«l B i e
Z3(Safety Goal & E%37] 913 b2l AAR) FMEA, FTA &5

T E9 o] obd I8 WHE =

: | r>4
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3. FMEA, FTA

A28l QP A WA | 1Y

715 ARl gk o]—sﬂg HIROZ o]E TSehe Al2E A W
Gl

A= oA, SV A, SW /A, W EAE Bel, o B

et SRl O 712 g o))
59 STAGE WS A2d A4 $Hel FTA 3 FMEDA%S

Al2sRl Qb BA

1. Functional Safety Mechanism
2. Architecture-level FTA
3. FMEDA

AZE O] Qb &4 5]7_-9;1\]@ 19
q

O“l [e]

1S ftware Reqmrement Analysis
2. Software Functional Safety Analysis (SW-FMEA,  SW-FTA)
3. Software Safety Analysis Workshop

- 210 —




7 AZE o ¢td AA 2 73
IAE | AZESo] b HA H T AUFAIZE | 1Y
AAML 715 4 84S WS g E AXEdo] £ BHEW-FTAS &
S3kaL, SW Sk wiAUSE Ao thsf olsfigith.
ASUA | ZZAE B A}, SW AR, SW AEAL SW 41 ZE #Ex}, okd BEjAt
AZE O] A WY 55
WSEH
T W ook v w% A7 ol
AFAY | 2zEG0} obd E4
1. Software Archltectunng and Design
2. Architecture-level SW-FTA
ASYE | 3. SW-FMEDA
4. Change Impact Analysis
5. Software Safety Mechanism Design Workshop
8 AZEYo ZE b 4
349 | 2TEo] T= bH B LEAZE | 19
cye] AXE ] Qb < olalistaL, b A wFE P HA
HAL | S d %w‘ o] ekl wIAUZS o), bl 313 R
IZAE =13 slo] 9l A= = = 3 o)A
:'Efﬂlﬂ%ﬂ*i«l AZEZ O] kd HAYUF o3|
ASEE | obd IY ¥E S5
34 f2ge] A2 2 1y §5
AFAY | 22Ego] ok A7 2 73
1. Coding Standard
2. Code Refactoring
=7 [e]
THHS 3. Code-level FTA
4. Static Analysis

- 211 -




9 A2ZESY S HHA H2H 7

P | AZEY S HA H2H W WFAIZE | 14
A7) 8 | Fault-injection Testing & M AIAUSE HE ks 53T

ZIZAE AGAL SW AARE, SW /AL SWogl 2 AFA, 34 ARk
TS| W g dnz 2R, o BelA T
WEERE | I=E bd HAYUS AF 9 F5

aZEo] A= b £4

1. Software Testing in Different Phase
2. Fault-injection Testing

3. Host-target Testing

4. Test Case Management

HAFE | A A EES ST A 7Y WHAZE | 3Y
FANL | 10 FEE 23ks AZEgol UE 4 /e 590
WS | SW AAAL SW LA}, SW F2dRZE FEzl, b A2t
WSEFE | 7HHA £ 2z EY ol i3 Formal Method &5
A5AA | 19 373

1. FTA, FMEA, FMEDA & Logical Proving
2. Program Slicing
v |
5. Modeling and Simulation
6. Models and Their Syntax & Semantics

1D &ZEJo] ¢td #AH A /1A

AAGY | AZEY S obd #AH A BF/A wEAZL | 1Y
ZHHMIL-STD-882), &3{DO0-178C), YAH(IEC60880), H=(EN50128), A-54}
FAMK | (1S026262), YRKIEC61508) & 7 =m|QlE AXE o] by e A w2 2
TAE $53
2ZAE Az, SW AR, SW AL SW ol 2 AZA, d4 A=A
LFWE | o zanz weyx), obd w4 °
Zemg =N O{Zd A A4 5F é—%ﬁ%iﬂ _ .
Aut A EZS] [EC615089] st 7|2 o)) 2 &=
AgAd] | ZE 0} b 1 AHZIs)
UL | [EC61508, 15026262, DO-178C, EN50128, IEC60880, MIL-STD-832

- 212 -




12) ¢AEE D Al g AHFHIE o8 &
2 £

A %gg A Aol e FAFSY o] FLA7E |2
78 FTA, FMEA, HAZOI?i HAZRA anpal Vgﬁf)ig%iqn, H~E, HIS & SILS,
Traceability Analysis & 2% SHFE7 s F53th
T Z2AE FHE AL, SW AR, SW oERE, SW gl 9 A3A, 344 A,
SW 41z ezt b #AeA
gemy | 4T GATWIY st
A AT 5 Qe GAFIIY AY B 7)Roj 2 AL &5
A | KZES 0] F TSt WHE e
1. HARA, HAZOP
2. FTA, SW-FTA
3. FMEA, SW-FMEA
WSUY & | 4. Formal Verification
5. Static & Dynamic Testing
6. HILS & SILS
7. Traceability Analysis

13) &AZEJo] ¢tAA A&

A | 2ZE ] kHA He AEARE | 1Y
Splg | 2HY SEESC) Z2AS Bl % WA QU AYel o e
AEUA | Z=AE Fal, okl BA
Semy | LHE AZEMC] B Z2AE el ol
U ok ghejake) @) 29l o3
A5A4 | 149 74
1. Functional Safety Management
TeU8 2. Safety Manager R&R
=y

3. Safety Process Tailoring
4. Safety Audit

- 213 —




14) 389 2 28 &g

HH | g 2 A ASAZE | 1Y
FANL | ~ZE ] FgAeet AAAY A &4 2 A 7S 530
wEH Ay | Z2AE AR}, SW AAR, SW oAl F4 AR, kd aeA

axEgo] B4 ol

AAH AF B4 2 B 1Y 55
o

4
HEAH | azEslol okl 3o WHE SN

1. Configuration Management Planning
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=1 7l€84d

® [EC 61508 A& “A7|[AAZEIH 7Fedt A b #E] A"l 7% <t
Z(Functional Safety of Electrical/Electronic/Programmable Electronic Safety-related
Systems (E/E/PE, or E/E/PES))” .2, AFle] L5 = [EC ZA| HFo|th

® IS0 26262 A =& “AFat 7] oHH(Road vehicles - Functional safety)“o]w =}
S2toll &A= = EE (Electric & Electronic) A2l @72 23 ALHAE ¢
3l ISOollA A7 A5t 715 b =4 40|tk

® DO-178C A& “g3 Alzgl g A QlFo] ozt &AZESQo] 17 Ag
(Software Considerations in Airborne Systems and Equipment Certification)” .2
g7, dx, Z2HY, Bz 99 Ay 53 22 FFE AlaEy Auld &8

He £ZE0l9 dFE A EA 0t

® EN 50128 A& “Hx FEZ=TH - T4, AT 2 X7 A2E - A= Ao
2 BHE AN2HES 93 AZEYe] (Ralway applications - Communication,
signalling and processing systems - Software for railway control and protection
systems)” 02 HT 4HY 75 kA ol

® IEC 60880 Al&2 “Hdxte Wi - Hdd 83 AS 2 Ao A|2H - W
A 71%S Y5 AFEH 76 A 2Ee] AZEY o] ZH(Nuclear power plants -
Instrumentation and control systems important to safety - Software aspects for
computer-based systems performing category A functions)” o2 UA}E Eof A=
Ao} A28l bdol #et [EC =4 FFo|th

® MIL-STD-882 A|&& “m=y #EFE AT AlX

1’ o
Defense Standard Practice System Safety)” 0.2 w]=Hbile] RE FH A9} 1917]
Ho] AL F U2 Holy EAjolth

o
2
N,
>
.
)
D
B
3
(@]
=
(@]
Lo oY

® Safety Management Process (b &2 ZEAM| ) 75 S Aeste ZE2EA X
g et

® Functional Safety Development Process (7] Hd 7 Z2A|~): 75 A&
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T SR Y Z2A| 2o,

Functional Safety Management (7] <Hd &) 75 S #Ysie Zo=,
[EC 61508 F&2 7% ¢+ A/t A&Ho e Ae 273tk (EC 61508
Part 1 Clause 6 7] ¢4 #2] @7ARENSol 7leHo Slth) 7 Hd o
A2 AR A4S Boske JFE Tk 2ZES Y ¥ AA Alxglo] A}

He| JRE dAH oD FUATES WA,

Safety Process Tailoring SHd ZZA|AE obd FZAA g 9 A ¥ #Agol}
u

1 3L
Yol wheh 2 e B

Safety Case (3 &) 54 S8AIxEo] B4 &8 B4, &84 wg &
A3k S(acceptably safe) Hol7] 93 == A4 E =, SA(evidence)oll sl A
A 5= FZ8te =3(argument)o| T},

Safety Engineering Method (STAMP/STPA) <¢Hd &g 7|W F 3yl
STAMP(System-Theoretic Accident Model and Process)x= Atale] <13 #AE &4
s mdE, obd A 9FAlaKSafety Constraints)®t A& Ao F+2(A Hierarchical
Safety Control Structure), 242~ Z9(Process Models)o|eh= Al 7FA] 7Hdql 7]
"S- Ft}. STPASystem-Theoretic Process Analysis)s= STAMP =dlo] obdAl £
= f8l AAE 7HeE, AXEE APOE o]Ile US HUE 7ol

System Engineering Process (A28l &8 Z2A|2): @A o|1 §HEAQl g4
(recursive) wA| a2 ZEA2EA B Holl o 9ol ol E EAHE 4
SHT QAR B4, Al2El B4 g Alof, 7 B4/, AA 34 59 ©

AZ TAE.

Software Engineering Process (AZESJo] 8t ZEAM ) 27] 14 AZEEH ¢
AF SA7HA AZEo] A4S #Agshy] ffs) Med 2ot Mes zZ=2A

¢

2 dRtdo® B4 A7, 19, H2E 9 {4 BHet 2 HES £33t
Safety Analysis Techniques (b4 4] 71€): A28 A& EA48ke 7<

2 AN2H 2 9F ga(hazard)et ANE T4 849 e R(failure) 7HY A
AS e Ae FRE I A 24 71eY d= FEMEA, FTA 71 5]

A
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Safety Goal Management (QFd &3 #z]): sk = 1 o9 Ads AR
event)e] AHS 5182 T Ae TT7HA £0|7] 3 HHOE, A|xH
o) =

B A9 FEel ol AT okl BEES w3

Software Requirement Analysis (AZE9o] QAR £4): thekst ols| @A A2

HFY #% e STAYS Tefstel AEAG EE WAE AZEgold 33
She 79 21€ ARSI, LZEC] LFAFS B, BAS, 43 2 B
S A9e Zgw:

Software Architecture and Design ©lo|AE7Z} AA A (primitive) HEHE FgHe

ARSI Al 2 e WERA, RRE SA5] f7 AZES 0] AEE] WA
S|
=

m g
:(_‘2‘
2

2 FAshe 2420tk 4

T3, 99 9 FAY AEE RE 5 Ee ‘AZTEYY 3 T ZA|A0A
STANEE WA o]3 =2 v A Fsh= S5 S2% AHoH £ U

Change Impact Analysis (87 @& £4)) ®Hsle] AAd AHE AHAY W3}

& 2P| SIs) Bog gsor 3t

rlr
N
it
B\
o
ol
rlr
Py
o,
Ku)

SIL (Safety Integrity Level) ¢Hd ~]&(Safety Function)e] <kd A4 7SIl
Safety Integrity LeveD2 #1F2] kA 7]5d 875+ A= FFolth SL& ¢F

A 7159 7 v AFE £EA SIL 19AMEEH 7 =2 A8E 220 SIL 4
z A%

-1 X =
A7 Wl =2 ¢ 7159 A5 SIL 3 == SIL 471 274t

Functional Safety Mechanism (7] <Hd wWlAUS): Hd AdEl(safe state) 2 =23}
Ad §A87] Y8 AdHfaults) HE £=E 2 failure) AoE e AX/A
A2 7150y AW E(elements) T 71E 7|€E2 TFEH 7|&d] 2
(technical solution)o]t}. (ISO 26262 W <))

Architecture-level FTA FTA(Fault Tree Analysis)= 1742 A2 02 A o|sla
He AdS HAPAZ 7 BE 4e ARk A A

© 2 Architecture-level FTA+ o}7|El4] =304 4333t FTAS ©3ic}

2
S
S

FMEDA (Failure Modes, Effects, and Diagnostic Analysis, 1 R&, |3 2

A & AlZRAE s IAE, 3 BE B Y Vse 271 A7 AAE
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o) B4 7)ol

SW-FMEDA (Software Failure Modes, Effects, and Diagnostic Analysis): 43 E¢]o]
i FMEDA 7]®o|tt.

Coding Standard (29 #F) 39 Aol A Z2o) 7 S tigh ==
TR 28, Y g RS dAske 54 RO ool tigk d-e A

o],

Code Refactoring (Z= 23 5
AzAgshe As 93ith FE 7FEA4E £olal FARTE WA dth

QoA AZE 7% STl A9l o

Code-level FTA FTA(Fault Tree Analysise= n&4S 743
ARE BAYNZ s BE YJE AASE AAFc R d9H] HHEeR

A

Code-level FTA & I & FFoA £33+ FTAS &3}

Static Analysis (4 £4) AA| A8 §lo] HAFH AZEE Est= A &

s

Software Testing in Different Phase ©h2 7| ©Alo|Ae] AZEYS] HARS
o] gt}

Fault-injection Testing (2.7-5¢ HZ=H) AHIAE Ndst7] Y3l Z=dd &/
S TUshs £ZES0 H2E VE2A, /e AZES o9 A robustness)
2 9o BE ~Ed~ HaEY B A8HT

Host-target Testing (3 2~E-e}A4l EH|AH): HAE U S8z 13o] 429l
El @70l sl A HAE A3yt HE9 TAE ZHPEoA Bt ¢
BAHE g 2”oty, S2E-E H2AHS TAE ZYEA ALEH 22
A =i E4 B ZEAME GREE He s Al2Hol o

£ &olatA 3t

Test Case Management (H|~E #Ao]2 #E]): HI2E 23 9 HAE 49 22
H2E 24t 2 AEEES AAgst &4 A2 AH-S 78 ot B

5=
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Static Testing (34 H2H): T2 FT9 AH TAE ARSI 3}
AN 22 O9s A3 Folx He AZEYS HXZE Yot £EoR

T et AZE Y HXAE =75 AHSsto 8 & F ok & &
A, A2 M(inspection), ZE HAE(review) I Y3 2~F(walk through) 5 71
o] B E|xHol stk

\m
N
>
>
P,L
Ir
o)

01

Dynamic Testing (53 #l28): ==9] $421 B9lo] thet H2E /MO, 57
Bl AZESOlE MAZ A% Hn AYsolol Bt FEOR E: 4
$oh 9 Z2ALE Al 54 HAE AolxE Wdste] 4Y e

S8 A3} PR HEA Helske o] ATEdol% I +YHTh

Logical Proving (=212 Z4): A& F%(formal prooHe (HE dojel 7%
well-formed formulagty E2jv) 3249 33 AH2oH, ZF FAL &
[e) A

(axiom) =+ 7FA(assumption)o] At 2 Ao wel AA2 g dE FAES

HuEoh

Program Slicing (ZZ2 13 &gl A): &etolA] 7lFolgt E2le, o' &4 A4
Aol ol S & & Jde TEIY FEE IAWHF

Astste As g,

Formal Verification (8% #H%3): 48+ S AHgste 54 A3 A
Aol it A|=®lS) 727 He J

sl 3 ¢lolt.

HILS (Hardware-in-the-Loop (HIL) simulation) E3}gF AA|ZF wtj= A]~
i Bt H=E *}d‘lﬂ—b— 71%§ HL Agolde Aol sl e E

HAE 2 el TPAC o £348 P BAE AFHoA’ ojzhu
S0, H2E @ QMtE A2de of ZAE ABHoldd 45 2w

SILS (Software-in-the-Loop (SIL) smulatlon) AT E AZEYO] Y 4 HA
o AMEEE 7IEE, SIL AlEYolAdS HAadE AEE AZE o =& A=d

ol o] T AL Tk
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Traceability Analysis (524 £4) Alz=®l 74 849 ASH 49 == 39

UE T2 Al2El 94719 45 A UEHIE 53l dHE FHshe ZE2A L

YUt

Reachability Analysis (=24 #4) 3898 #32 E=
Fisciaien=l) 74]’KL AN2Eo] FolHE W, A=He E
7] 7

flol 4 B hsRA o RE B A B

l-N' -113

Predicate Calculus (o] A4H 8t @g, Aojgt 9 HAFEH Ao AMLEHE=
Ay Az"l mgozm  n=gA(mon-logical) AAo] thal HH3lE WEE
(quantified variables) &-838t1 183 W4S 23ele EA49 AMR-S & &3iTh

Modeling and Simulation (223 2 /\l%fﬂlol/‘q) (A 2~H, ?ﬂElFJ, aAd =
ZEA 2 tigk E24], #3E Be g8 =g Fd)S /\]g =
Ao g} AZte] webA Fshr] g )¢ ]

23 =& 7|ed gA A4E @ 71z AR d4HTh

Safety Audit (¢Hd 7hA
ISO 26262901 X= 715
24 ddo] 13] o]4

A A FEE ZEA 2 tid ZAHAARE YR|gth
obd 7ZFAKfunctional safety audit)S €jsf 1 ¥ =& 1 o]
o] 7% kA AE TS EE A Eo|of gt

3 J
AFEE 7153 kel BRG ZEAxe] Ado] tid BAE TS BIA

LY

Configuration Management Planning (873 @& Ag) ¥4 dgs 4 F=E& 4

gt 1 7154 =94 EAS £ASteta, T1Ee B4 gk MAS Alojst
o, WA AP AHE 7S 9 Basta, "HAE aFAR] ReeA] gelst
Zledola AYAR] 7=, A S3oE, I Ay AYL o3 EES
& Age Al A Tt

—~ X‘E

Configuration Management System (37 @] Al2=H) 34 #AeE Adste A=
Hs it

Defect Management (A3 @) 2% o, 23S s we 2, A IF
= HaA3 st A 5RE, 4A%s dEske s Uitk 2%

opened, assigned, resolved, closed, reopened, duplicate, postponed 52| JElE A
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A A,

Orthogonal Defect Analysis ODC (Orthogonal Defect Classification)+ 2]

01 Aol ofnlg A&aA TG AAR, 0DC oy BALe azEd] 4
F7IC8A, /g, HZ2E B AH|2)9] gt dAS AFY dsEE sk

Eﬂ &3 e s Alg3ih

Hazard Analysis & Risk Assessment (HARA, $J3i= 24 2 3 Hrh A|2H9
A Fo o8 HAT = A= Y AAHazardous Event)E2S 43511, Yo
= QIZH AL QX Haf, A A, AAA s 2 AL JaE At
ZH| 20|t}

e 2
H:l

rlr

HAZOP (Hazard & Operability Study, 98 2 &84 A7) < e 9
< YT F e TAE AEsta Hrlehr] S HFHoR —’F?%E“ , AZEA
U EAlekes Z2A2 Be Zgl e 728t AAFQ] AAtelt.

o

FMEA (Failure Mode & Effect Analysis, & 2t 9 J3F B4) A&, 349 %
AN 143 1 3] e 14 Bkt ZAAE 1 B 7|3 E A A

o

At 2Y 5 2AE ek 48 gt

3

SW-FMEA (Software Failure Mode & Effect Analysis) AZE o] that FMEAo|th

FTA (Fault Tree Analysis, A%< 314)) 184S FAHCE Aoty 133 A
S A=

2 24 A7 FFsd mE 9 AR o) AAl Py zolth

SW-FTA (Software Fault Tree Analysis) &ZEgo]o] that FTAo|t}.
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