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SUMMARY

1. Title:
Study on Activation of Development Process for Software Safety Assurance

2. Purpose and Necessity of the Research

As software dependency and complexity increase in each industry, the possibility of
accidents caused by defects of software is increased. In case of accidents caused by
software, social and economic damages can be enormous. Software safety is a key
element for ensuring national safety. Has been highlighted. As software safety
becomes more important, it is necessary to study how to implement it.

Software safety Advanced countries implement system safety standards together with
software safety standards and ensure software safety. The main activity of the
software safety standard is the safety process. The need for a policy to investigate
and activate the activation of the software safety process has been raised.

The purpose of this study is to examine the application status of software
development process and to find out how to apply and spread software safety
development process according to product and company situation.

3. Composition and Range

In Chapter 1, we present the background, research purpose, content and method of
conducting the research.

In Chapter 2, we describe the elements for software safety. We organize software
development processes, software safety processes, and examples for safety processes.

In Chapter 3, we organize the survey paper for the actual condition of the software
safety development process.

In Chapter 4, we summarize the findings of the survey and in - depth interviews
and analyze the results of the survey on the application of the safety process.

In Chapter 5, we analyze the problems and suggest ways to improve software safety.

In Chapter 6, we describe the summary of the study, future research, and
limitations of the study.
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4. Main Contents and Results

In this study, we investigated the background knowledge of international standard
software safety necessary to develop a proposal for applying the software safety
development process. We have investigated the basic concepts of software safety and
defined activities that are basically carried out to ensure safety. To ensure software
safety, the first safety function needs to be implemented. Second, safety integrity
according to the safety level must be ensured. Finally, software should be developed
in accordance with the safety development process. The difference between the
safety development process and the existing software development process is the
addition of risk analysis and safety verification.

The survey was divided into non-standard and standard fields of automobile, aviation
and railway. For the construction of the safety process application survey paper, the
software safety process was defined in the standards of IEC 61508, ISO 26262, IEC
62279, and DO-178C. We discussed with the Software Safety Advisory Group and
confirmed the facts and questions for applying the software safety development
process.

The questionnaire consisted of the surveyed companies’ status, common questionnaires
on standard and non-standard fields, questionnaire on each field of software safety
process, future improvement and support requirements. For each field survey, we set
up common requirements analysis, architecture design, detailed design, implementation
and testing. The common questions about whether or not to perform each step were
constructed, and the contents of the safety development process with each industry
characteristic were added as sub - questions. The standard field is DO-178C for
aeronautical field, ISO 26262 for automobile field, and IEC 62279 for railway. In the
case of non-standard fields, the study item was designed based on IEC 61508, the
functional safety standard.

We conducted an in-depth surveys to find out what needs to be done to apply the
software safety process to spread the software safety industry. A comprehensive
analysis of the common questionnaire on software safety generalities showed that the
railway and aviation sectors showed a high level of consciousness, preparation and
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activities for safety. The non-standard areas were found to lack awareness,

knowledge, and performance in terms of risk analysis and safety management.

Based on the analysis of the survey results, the following problems were found in

standard fields such as automobile, aviation, and railway.

Difficulty in applying techniques for software safety assurance

Sufficient design is not provided to implement software safety in detail design
process

lack of detailed process information at each stage of software safety development
process

The output of the test phase is difficult to trace software safety requirements
against the plan

Schedule and budget shortage due to application of software safety development
process

Lack of experts to understand the software safety development process

In the non-standard field, the following problems were derived.

Difficult to establish safety plan when developing software safety product

Difficulty in deriving requirements and tracking requirements in software safety
development

Inadequate management of each step of the software safety development process

Lack of management of each state of technique and outcome of software safety
development process

Lack of environment for applying software safety development process
Lack of experts to understand the software safety development process

Lack of understanding of basic software engineering skills for software safety
development

In order to solve these problems, the following improvement measures have been

derived in the standard field.

Continuous training on the software safety development process
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o (aining experts for software safety development process
» Providing guidance and methodology for software safety development process

» Establishing a system for applying the software safety development process

In the non-standard field, the following improvement measures were derived.
o Improving awareness and training for application to the software safety
development process

« providing that personnel are able to perform the software safety development
process
» Developing standards and guide for software safety development process

» Providing legal system for applying software safety development process

5. Policy use

In this study, we investigate domestic and international standards and cases for
application of software safety development process. We investigate the application
status and expectation of practitioners in fields with and without safety standards.
The results of this study can be used as basic data for policy proposal and policy
making process.

6. Research Implication and Expected Effects

This study is the foundation of the policy for applying and spreading the software
safety development process. Ultimately, it will contribute to obtaining the international
competitiveness of related industries by strengthening domestic software safety
development capability and creating safe software.
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Platform Component
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International
Standard Suite

Basis for Virtual
System Integration
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4] : Peter Feiler, Virtual System Integration and Verification, CMU, Software Solutions Symposium 2017
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of several satellite systems for JPL (2009-)
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Electron Mode X-Ray Mode . THE PROBLEM )

tray including the target, a flattening filter, the collimator jaws and an ion
chamber was moved OUT for "electron” mode, and IN for "photon” mode.
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Important note: Anyone is welcome to use the CASS templates, however, it must be realised that when performing conformity assessments, an
appropriate level of competence is required of the assessor in the specific area that is being assessed. Please also see the CASS disclaimer.

The CASS management board welcome feedback (via support@61508.org) on the use of the documents.
Conformity Assessment templates

CASS TOES for Functional Safety Management Assessment to IEC 61508-1:2010

CASS TOES for the Querall Safety Lifecycle Assessment to IEC 61508-1:2010

CASS TOES for the E/E/PE System Safety Lifecycle Assessment to |EC 61508-2: 2010
CASS TOES for Element and Sub-systems SIL-capability Assessment to IEC 61508-2:2010
CASS TOES for Software Assessment to IEC 61508-3:2010 v2 (Full requirements)
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ARFow “gH AAE 98 Fske BE7 & Ausiels AR nEE Bope
ZEgo} AL UG QTAR WA, 2ZES] ol|E MA, AZES ] SHS B
7] 918 AE So) HRE A A A A 9E” 2 SHo] 1 Bl ZAET:

P>

= =]
5 ©°

-

(E 4-8D HIEE ZoF A 2AE A& sFdst= &F

= AT | %
SZESO] SIS P18 @TARE B, 2ZER0] oK M7, 10 | 67%
ATEQ 0] QIS &E67| 95 AT SO HEHE AM MA AR M 22
~ZEQols DEA, AlY JHSA, OIS HAS 98t 5SS URSE ME | T | 47%
2t ATEQI BEQ AMAe Zt ATZEQ|0 BE0| MEx|0{of & 7 A47%
Al E HA

“LxEY 0|9} A2HE 7 QIEH oA g SHo] 7P Wkt

(F 4-82> WEFE ZoF A 2AE A&l Fds= dHad &EF
gs AT | %
AIAEIO] otMSH HEIE 2 RXIE = UEE 5t 7Is 6 40%
st=RofoilM Bt dE, €8, 2ZElste 7Is 8 53%
MM, HFolole Zets HE, €8, EElsks 7ls 8 53%
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~ZEY0] AAZ FES AS, 2, Balste s 2 | 13%
OHx7|s0l thEt 2emaelael HIIH HAE B IS 0 | 0%
AZEvojot AIAE 7 SlEfHo|~ o 60%
YT SYAL ¥5 3 T 20%

A E0F | M3 ofct ofuct | ofZb ofL{ch ofZh ™ot O”coh | o Oot
HEZ | 2 133 |2 1 | 7|6 4| 3200

- A&At 7ok

A AATAANA TR AT TR AV o] FolA L QA tgt FF AZolA,
AEAp Fokel A% “a"Ent” 7F 36.4%, “oFE I¥T” 7} 18.2%E ZAME AT
AFHo=Z “fFU AAE Al Fdsi= &7 & Adsiete AR Asat Eoks
“v] kA T QFARY AA” o “Z AZEY FU9 7]% (pseudo code, flow chart
= AHS) A AA” Aol TP B ACE ZAEITH

(E 4-84> 7Absat £oF 7 AAE S8l sl &5

s H=T %
Hl OFM ZE3 QFAlEH A7 7 64%
2t AZEQ0] 29| 7|5 (pseudo code, flow chart S AFE) AMM| AA| 7 64%
2t ~ZEQo] RS9 2lE{H|0|A (function prototype S) A1A| 6 55%
2t AZELQ0] 29| execution trigger =74 A A| 3 27%
2t AZEQ0| RAO| ALESH= data & datae| structure AA| 5 45%
OIM A @FALEel ZH ATZEQ0 FA e ASL AA 3 27%

I dole Fole AREst JsU7R” gde AEZdA Asak Eoks “Co
(MISRA-C coding rule A-&) 7§ olgh= S%o| 7P =t 71eF /g doj& C++, cH,
JAVA /doj& A8t A= AR

)

.
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<E 4-85> Asat ok AS st T <10

AtE IR 210§ AT %
Co10{(MISRA-C coding rule &) 7Ht 10 91%
JehE mEE A R 1 9%
oMEe Z=724Y 1 9%
=8 Y A AS 0 0%

AR SACEA, Bed, A04 DE DA A% A 2de 24 3E
ANE 8% o8 EA R AgaA %E" ook S¥ol J1% BT, g oo
2 “MSRA-Coll of3t Ao W9” & Fdst= A2 =AY

CE 4-86> F9 AA 4 BN AR AA UL 25 BE
oA 2% &+ ws 2 | %

o 2718t 47 6 | 5%
MEZ2Jam sl shtel M sitel B2 a RED
£5 AA £ WAE MBSl S, ABEL S5 We MuA 2l

NERL S
v+ 0|58 OBASE ABoiR ¥ s | 1%
slof 4B AIBaIA| 98, DIet ABSHoF SITIE 1 AISol thol M @M | 6 | 6%
Eolefol AatEl AI8 47 6 | 5%
SAIE 8§ we glol A RED
£747 vlolel 80ILf Mo 55 glol &7 1 %
Sx7Is FE glol 47 5 | as%
£747 Hlolef 50|t Hof 5 gl== & 2 | 1%
M7 SEOl GES A 5| a5%

A= Hof

A AATAANA FEE AT TR AATE o] FAAAL A=A i TF AEolA
Aepops 20} g 29T 7L 127%, <okt 29T 7} 18.2%% 2AHIT:
ARHoz “2TEdo] REUE A AS 8 Sdske 857 ¢ duae AR
of = Foks “&ZESfO HXUE AA HAME A7 due SHel 7HE Bk
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{FE 487> AT Bof AT ES Y HAXIVUE A HAE 93] F3dst= &5
s 2% %
AZEQ0] HAEHE AMHA HAMAM 2 10 91%
ATEY N HEHE M HMME 715410 HAE 20|A8E 12{5t0{ 2y 7 64%
ATZEQO HEHE MA Al 37|92 SR et #8 12 5 45%
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FXME HAESICH
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RAAM H 8 73%
—T o IZIE
F7HAQ dFoz “AXEYY HIXUE H2E HAE 3 Fdst= S5 o o
ZAR “AXEJY AXJIE HAE HAE 247 st 330 7P B2ttt
(FE 4-8 AZEH o AXHUE H2E HAHE 93] st S5
= A% | %
ATEQ0] HAHIZIUHE HAE QM =AM 9 82%
S2EtA EHAEE S HAEHEY| oxE 7|52 Fdsicte HE &Y 7 64%
SI0|EIA HAEES Soff o=E 7|5 TS 918t ZHEHE R .
AISAIR HE 64%
o i =) [
AzHES BE FEo0| HAEY} Erl= HE BY 6 5%
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of ALUE A7l AZL 9la) FASHE 5 of U ARAE “LLEY
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& P BE| VY B RoE 2AH

<E 4-90> 2ZEYo AZXTUE A AZE s F3h3ts &%
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ATEQ0] HZIUHE MH S HIM 7| 9 82%
ATEQ 0] HEUE MA HMAL 1SN, =XAN HS 8 | 73%
ATZEY 0 HIUE HAE HMAE 2AZEY 0] HEZHE M7 WML .
DOE HAE H0|AZ J|a¥=x HS ’
ATEQ 0] HEUE EHAE HAAS JIEAN, TXA HE 6 | 55%
ATZEY 0] HIHE MA HMAQ @FAIEte] 7E JI54A, HAE 2| eaw
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U Bkl AF 29, AP G2 R A"} 5D sperg
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sk Qs 4% ke S8l 7MY Bkt
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MM QT A0 A9 £Z T AlE2 EZFAF|1, M| 7= 22
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MM QTANE0| MEtstn REsIk| YoM M2 ESEX| Y22 HE 6 | 46%
MM QT Alatnt A ZTE|Q] SI=Q0] [AZEY0{ZI0| 50| g=X| A
1S (B3] H{A 229 X1 AR, A|AHI STHAZE Sl=gl0] 2l/&3) ’
M9 = 9T Algtnl MM @F Algtnl EXO0| JHsER| AS 11 | 85%

HEZ Boks A AR B Ash ob|gA AA WARTKE A AA Bok BFL
% o ge /190) S Qe AoE ANt A BA BAGAE B9 ATAYL
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Az} Bopiz tew 2 ojASe] 2AHY,
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- H|E o

-
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M

A A dAA A BES ST 7 FE3] A&st deAd tig 3% F
Foll A, HIEFE Bopl e T 71 14.3%, “ofzF 28T 7} B.7%=2 ZAEATh

ARgon hEAE =79 dRd 43¢ e dEsh e & Hdsieke ARl
A% ZeaY dol, AL AL R H2E AL BT AST olghs Stol /14 Bt

FE 4-96> MIEFE ROk NAAE =T A AFS A AESE UE

48 US = %
d&E =z20:2ld o], JHE XA & HAE X =7 AIS 10 | 67%
Algste =202 o7t elSEl MEeIA d4E 7 47%
ALgsHe Z20ed o7t oM FEY &S USSR H4E 2 13%
SeE ?let 2ZES0 o2 FE EME M, 22720 20| Y met | 7 47%
Zz272d odojel Ea| 2T T siawet oid ofF HE 2 13%

< 4-97> vIEE 2°F ¢t 724 5o 0& AAE &l AHEste 71
7| A | %
AFE Xe MA =79 Al 5 33%
FZEY $£ZF UES 28 go{d Z20:20Y F7} 2 13%
SE WAool ATEQ o] JHE 12 | 80%
Clxtel & 3Y 2&F 0tH ¥ &2 Z2UHEHE 5 33%
“AyPslel wdgS 93 AR8ske 717 o gk o2& HEE RopAes ‘=
gl - 7S EFTelo I8 3 “Hloly TEE” g SRl 7P BT
3 4-98> HIEE BoF A¥ste mdH S 98 ASstE 71
7| A= | %
=2l / 7Is EF clo|o{O# 9 60%
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AlEA Cojo{ 3 5 33%
Ael o[ crojof 5 33%
Hlolg| SE25 9 60%
ERD 6 40%
UML 6 40%

- AE3 o}

A A BAAM A HEe AR 7IHe S8 A&sta A Y &% 2
oA, As2t Boke] A “ARY” 7} 27.3%, “of I¥Y” 7} 21.3%% 2AE AT

o}
ARARoE “SWHU AA AF 7I¥” & Adstade A& Asx fok= “AAldd o
gk A 2~F(walk-through)” ok “AAle] tigk <123 H(inspection)” o] 7P W& AR
ZALE AT
(R 4-99 Asak BoF SWHY AA A 7149
7| A= | %

MAof chs I AF(walk-through) 8 73%
AMAof chst 2lA = M(inspection) 8 73%
=Y 48 3 27%
Y AZ 0 0%
Mol 58 24 5 45%
ol S22 24 4 36%
MM 3= 2 7| 64%
on|d F= BEA 1 9%
AsSst =7 AE HE 4 36%
- A% Fof

A AA GACNA FRA BEE A% 7S S A&ska Aol dE 3F 4

wollA AEEoke “a™Y, ulg- I¥T” 7} 54.6%, “okF IET” 7} 18.2%=2 ZAME
O Aoz “azed HEUE 47 7|H” & ddsite ded d= Zoke A
A B FY 227 olgks SHel 7P Bkt

=3
rir
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(E 4-1000 A5 Hof AT EY o] AXUE AA 7|H

7'y AT | %
X% A (Formal Specification) 4 36%
Clolef &5 Ctolo{3 8 73%
DE 2 8 73%
dxHE 6 | 55%
g2 243 1 9%
e Hest 3 27%
Of7H = JH= ™5t 4 36%
M & FEY BEF 11 | 100%
2M Jlsst T2 3 27%
S sAlol mZ2 el 21of 4 36%
7= =224 7 64%
=229 210 4 36%
olof st¢l &g 1 9%
A X|g A0] 2 18%
HAM T2 24 4 36%
HEt =222 3 27%

A A GACAM Y BES AT VIS SEd &St deAd Y 3% 2
A dE Boke] A Y, w2807 71 27.3%, Rt 2¥Y” 7} 27.3%% vt

AFHOZ A A AF 718”7 & Adsiee didd 33 ok “Alo &8 &
47 olgke g5kl M4 BIITh A% J1Mol A4Sk e AEs BT LDRA, QAC,
Polyspace, Codesonar, Vector CASTE ARE3hes A 0= ZARE UL

off

< 4-101> A 2A AF 714

7|9

Y
2l

%
MAlo| cHEt @I AF(walk-through) 6 46%
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A7of chst ol AH M(inspection) 8 62%
=8y 438 2 15%
d4d 43 1 8%
Ho 55 24 10 | 77%
CloE B2 2 9 | 69%
MY F= BN 8 62%
olo|® TS 2A 1 8%
AsE B A HE 5 38%

A BA AFE NANE Y Ao 249 A% ok A9 9% 9227
8¢ gol AU A FHL BE $4L gol 48U T 3T BoplAE
Aol 55 84, HlolH 58 B4 5 A4 44 AAE BYske A%E By

9. A AA GA e EEl THA A} ARE FET AFTsHA AFY
7k
L A8 olUth 2. obUth 3. ¢z ofUt}h 4. ok 2Tk 5. ¥t 6.ulg 1T

GE4-102> BAIEA @A AtEEo] T 83 BHE A=A I 4

AtelEtop | FS{ Ofu|Ct  OR|C | 9FZh ofch okZh JCH  Jch | i Jch
HIEZE 6.7 2| 133 1] 6.7 5] 333 6 | 40.0 -1 00
AtSAt 1] 91 -| 0.0 4| 364 2| 182 4 364 -1 00
ez -| 0.0 -| 0.0 1] 941 3| 273 5| 455 2| 182
sy -1 00 -| 0.0 1 7.7 7| 538 4 308 1 77
A 1] 29 -| 0.0 6 171 12 | 343 13 | 371 3| 86

- MEE Hof

A A WAl AERel THe Baw ARE F¥S AT Y=ol U TE
ARAA, MEE RoRAE T 7 0% o I¥T 7h 333%2 2SI

ARAoR A A7 Bd A 12E 25 & Adseis AT MEE Hops
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“ZEEY O] ARFIolz BAA” B S5l 71 ol ZAEI,

CE 4-103> MEFE Bob 34 MA BY YA HEE 55

MNEE 0 | %
AZEL0f SIE{T0]A HAAM 12 | 80%
SIESL0 OFF[HA HMAM 10 | 67%
BMMEZESR| 0 of7|HX S A, AZ) 6 | 40%
HMMPE st=glofet AT EQ 0] S8 A, A1) 4 | 21%
TMMEZE 0 ALR SE AlE, A=) 7 | 47%
BMMEZEL N 2= AlE, A=) 7| 41%
XNEMONE =72 3E oiFd) 6 | 40%

- A5 ol

AR AA B AEEo] THd Badh A ] S JEAd U 3=
Aol A, Asak Zokef 75 “:Leﬂﬂr” 7} 36.4%, “oFzt 1% 7} 18.2%% ZAE St
AERoZ “8u M7 A A= ASE B2 & MEsials AR 253 Rop=
SEESo] RURSD AA WA o “AEESlS] A% TAN" A40) Y B A

O 2 AT

f
it
ol
4
ol
2
o

{F 4-104> AFzF ok 4 A #4 AAsi= dEs 55

MAES 21 %

AT EL 0] TR AA HAMM 7 64%

ATEQ0] AS MM 7 64%

ATELR0 S EAM (AAD 5 45%
- Ax Hof

A A B AEECl THY BT PRE FEI ATHL YAl B TF
AZNAM dEiok= “agth vl J289” 7} 63.7%, “F 280 7} 21.3%2 AL
e,
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AFEAoZ “AXAE A dA A 2= =5 & Adsiats A& & Hof
= “AZEfO] AIUE A WAA" 9 “2ZEF AXIE HAE WAHA” e
SHol 7wt

{F 4-105> EAx Eof AXJUE A dANA ZASE A=
MEF A= %

ATELO HAEHE M7 HAMAM 10 91%
ATELO HEIHE HAE HAMM 10 91%
ATEY 0] HEZUEE AJ ZHZ HIA 7 64%

- FFEo}

ANA AA @A S AEEo] Fdd Q3 ARE FES| ATt Al i FF
AFo|A g Foko] A9 “agt, % 1¥n” 7} 27.3%, “<Ft 18 7} 63.6%%
getsich ARAos A A B FsHe 22 TPTE FE7 & Ause
S “2ZES o] opFleA HAelA ¢ - &Y A9 # “HAY dlo]

ol 743 Bt

CE 4-106> FF Bok 44 A BAF AHFFE 4B E) TFPHE I
gs A% | %
49| 27 27 M2 ofE3 SFATIE xol ofe xpAIE MY 8 | 62%
~mEglof TEE Holsts AmEof ob|Eixiol ciet A 11| 85%
~megof ofz|Eix MMM 2l/ELY 12 | oo
A7el oy S8 % MO SE. 12 92%
ol HEh 2 2l 9 MBS Belsls F2 oR) L olalg . | s
sooT oH
UM B L ZRAMZ/ERIZ S B 8 | 62%
smeglof M2 ZRMAM BIRE T 27 A PRI
Aatlol olgasie 20t melslol g BT By ZEEIM =8
gust B 5 Q=S ste ol ofEt 4 2o
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4 748 A

10. 78 HANA 283 7% 7d 2 99 Ao ool Yok A7
YA
1. A3 oyt 2. ofyth 3. ¢Fgt ofyny 4. ofzF I¥o 5 ¥t 6.ulg 2%

CE 4-107> SW 7@ A 7% T 8 w9l APol ol A= o] FolX A @I B

ArdEop | M5 otlnt)  opuct | efzb ofdCh | efZh Ogdet)  Ogch | o O
HIEZE 6.7 1| 6.7 2| 133 4 26.7 7| 46.7 -1 0.0
XS -1 00 -1 00 3| 273 2 182 5 455 1] 941
=l -1 00 1] 941 1] 91 -1 0.0 8 7127 1] 941
s -1 00 -1 0.0 1] 7.7 5385 7| 538 -1 0.0

HEEA -1 00 1] 29 5| 143 71200 20 | 57.1 2 57

- HIEE Fof
T A FE3] Vs 7 B Bl Aol o] FARAL =AU &5 2
A, HIEE ZokllAe “TI™8TY 7} 46.7%, “oft 13T 7} 26.7%= ZARE AL
AFAer “FAg o Fdde 57 & Adsiels dEo HEE Bokle “axd
EE 49 BAE 7R Ak (mplementen)o] &Y stell 77 olgke SHol 71

ol A%tk

S

—

i

(F 4-108> HIEFE &oF 7S A8l Fds= &F

s as | %
AATEES A EME J|HIOoZ JHEER} (Implementer)e] =42l stof| 28 10 | 67%
AATE0| F7|(size)2t BE=(complexity)= ZHE 0|F0f 73 3 | 2%
arTES 97| £T, OfshE1Y| 2D, HAE TS 8 | 3%
:;:"':E HIAEZH AIREZ] Mol el AL/ S|ty Hd ol |
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- AR Eof
T8 HAAA FE3] 71T 78 D & AFe] o]FAAL Y=A T AEol
A, AEAp Boko] AL “dTY” 7} 54.6%, “FF T 7} 18.2%E ZAE AT
ARz “FAL 93 Fdst= &5 & Austge A& Asa Lok “And
T A8 ZAE 7o E A (mplementen)o] # Q) stol]l 3” 3 “AXIEE ¢
43, olaialy] 491, HAE 7bsstA 787 o] /M B A oE ZAFHSI:

—

(E 4-109 #AFat ZoF 78< 93 Fdst= &5

Ol

8BS b %
AATEE AR EME J|HICZ JJEA} (Implementer)2| 22l Sfof| & 7 64%
AATEO F7|(size)2t EX=(complexity)= A& 0|20 7+d 4 36%
AAFEE 7| g, olalistr| #|RM, HIAE JtsstAl & 7 64%
AATEE HIAETL ARIE|T| Fof| FozE] AARI SE510{ B4 0= 22 6 55%

- A% Rof

Td FAHol M FE3] 75 7d Z & AlFo] o]Fojz L =R gt FF A&
A AT Bop= «gg) ]9 180 7} 81.8% % =4 ZAME QT

AFHORE “AZES N HIWUE FHE 98l Fdste &5” = Hddsigte didd 2
T Bof= “Arzyri A9 EAE JWto g 7dA (Implementen)d] Q) hol] £~ g
U ool 7 B3ttt

GE 4-1100 HE Hof A Edo] HEUE FAES A8 Fdste &5
s 2% | %

AATEE AR EME 7|Eto = JHELX} (Implementer)2| ZHQ! Slof| 26 10 91%

AATE9 F7|(size)2t SR =(complexity)= #&EE 0|F0 +3 8 73%

AATCE Q7| AT 0[al517| 220, HIAE JHs 7 64%

AATEE HAETL AIRE7| FMol| Faz| AlAlo] S5sto{ 84 o &2 | 8 73%
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“LIEQ] AZVE H2E

A AN 7168 2T
2 “AHAR BX” & AFTHE HA

3l A BF o ZAIHE “HAE AR} 4
FaheA 297 Sk 7ol b Bt JE 9o
EE 93 FAsHE s Row 2AEU

(F 4-111D AZES o] HEHE H2EE 93 Tt &5

s A | %
HEHE HAE 8 72 Ax SX8 = Alche 2E SHolM 8 | 6 | 55%
AZEQ N HZHE EAE HIME E|AEQ| 2l Flof ZHA 6 | 55%
B AE ZHBTL M9l dAHMO 7|EE 2T AlRS BHESHEXR| el 11| 100%
2t AEHEYZ HAE AHAHE|X| X|EIF 2= F HBE[X| £=F cid] 6 | 55%
2HHE 7=

stet=l SiLof| siEshE HIAE FHHE|X| & S 5 | 45%

Z2714Ql @50 “anEe]l HEUE H2E A% WS Y8 $Pshe TE
ZAIR “AAFIE FAY AZEY o] HIXUE HXE HIA Y & A2FIT 4

8= A %
Tl MAEY, 75, Y 5 43 9 82%
AATE Fo ATEQ|0] HAEHE HAE BN &M = AATE 10 91%
HE HIOM 7=
ATEQ0] HE ETIM= AS XK Verifier)2| 24l st &M 5 45%
o

T8 FHN 383 J5 FE D w9l APl olFoiAT YAl tE FE AR

o «I=Y Jb 455%, o 2RO 7} 45.5%2 sekEsith An

0% 7} SW a2FEdA AET BE7 & sl ARo] 3F Bole asIE
01 2]

ol7Ig o] geojd dolE TF P Al 5 dAsh=A AR =
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(E 4-113> FF Bof AZEO £xFTdA HES &5
HE 3= 21 %

AN FEJ AZEQ N ofF|EIXol| Mol = HolE S 2 Mol =1}

o 12 92%
UX|Sl=X| HE
AA FEJHES E = gl A2 A E ZESIA| =X HE 7 54%
I Y S AZEQN FZE EF (0 : ETM HMEl & ZE HhS 9 60%
Zoh=X| HE °
AN @ ALEHO| AA FEZ JHEE|R=X| HE 11 85%
AA FETL MESID AXSHH FESIF oM, EMEIEX] 22 752

o a 10 77%
AHSIK| YUe=X| HE
A ZE MAMI9] AIRA| AZEQ0] A& Z2MAM Ho| = Aok ) 159
A2 mWa} AFBSH=X| ZE ’

“AXrFITE A9 EAE 7)wtoz J)idat (mplementen)d] HY o] FH” o] FEL
A3 71 ol Fsh= EFolUth AE Y F8% Y “ArI=Y FU(size)
o} EX=(complexity)= #8& o]F 78" ¢ &5 v &L 3yt

SW 78 HAHolA 75 78 B @9 AlPo] FE3] ol FolA L JYA = olF” o o
g A A ZoPdE et 2 ool 2ARITH

(E 4-114> SW 78 AN 7% 78 L 9] Aol BEEI o]§ B4
2o} =
. olE BEE A2t B2F
HEZE |« F97|52 7| JHeEl F=7) 5ol SHIA|E0| A2t
. Sw3s 25
— X oz HE AlZt U HIE 8BS
ST e JHeRIL BHIAESH| HE
ae |0 2 HIB LW, osiRE, MEX|Y 22X
ST e el =4z olste] 25| AlYEX 22
. ol OAHRZE, 7420l (Test 12 = oA E0I)
SE | . CHIAETIRE LR B2 HI 7|72 42, TS5 AlgF20t g
e JISTE U che AIHol| CHEF MEXOI check-listS Aa|=l Hxl gl
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11. 78 SAA AR BFS A% 71HE T8 FL&3stn Jdvtx A%
st Y 7?
L A8l ofun 2 okt 3 ozt ohth 4 ofzk adTh 5 agY Gl e

<F 4-1150 78 DAlA A BESe 7IHe 28 A= A% &4

(9] A%, WER)
Miisiop | M3 OfL|C  OWICh | of7h of|ch 9fzk JFCH  IFCH | o4 d3ch
H|ZZE 2| 143 4| 28.6 1] 741 5| 357 2| 143 -1 0.0
XS Xt 1] 941 1 91 2| 182 3| 273 4] 364 -1 0.0
2= -1 00 1] 9.1 1] 91 3| 273 51| 455 1] 91
g3 -1 00 3| 231 1] 7.7 5| 385 41 308 -1 0.0
EZEA 1] 29 51143 4| 114 11| 314 13 | 371 1] 29

T8 WA A BES A% /NS B8 285

e e FF AR
A, WEE BopiAE 2 7} 143%, et 18T 7} %,

rir

T%= ZAE ST
NEASoR “Zt AZEO] BEQ SHHA GHRE {8 AXFToA HES|oF & A
7 & Agsiels AR HEFE Boks ‘T4 A, Hy IH I9 TFET olg= 88

(E 4-116> ZF 2ZEH o] g A FRE 8] L2xF=dA HAE &5

ZE 82 AT | %
RF IS8 E E0[7| /st Y BEQ| AE 7 A7%
SN A /| Hy 2 FE B2E 10 67%
Hetel OlEREHE Al o IY E= 6 40%
ZOIE{S| ALE MiEt 23 ZY EF 5 33%
st " AL 2R Y BE 5 33%
IE ool Z2ON 2ESIEX| L2 Mo S& M BHEE 4 27%
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- AE3 Rof
8 WA A BES G NS SR A8 J=Ael U FE ARl
A, AFA Bokel A “IWTY 7} 364%, "o 2¥T” 7} 27.3%E 2AE LAk

AFRAoE “AxEO Y5 78 gk AFE Ald Sl gk 747 S stz
AL AFa Hok=  “Sll(software in the loop) A1~ o] 7F e Aoz A

<E 4-117> AF2F ok 2ZE o 3 7o v A4 Ad &4 74

AlE et A %
MIL(model in the loop) A& 4 36%
SlL(software in the loop)A| & 6 55%
PIL(Processor in the loop) A& 3 27%
HIL(Hardware in the loop) A& 5 45%

“2zEGe] fU FE A AZ WEel g8 Fgn A PR o gF ARAA A
FA Boke “LTA /I B oleks S| /M Bekth

(E 4-118> A&at EoF 2ZELS 3 7d A AlE Wl dis) 48 4

g iy A %
STPAIZ R 11 | 100%
CIE{HO|A Al 7 64%
Z28 T AY (ol Ho| #Ha gt &4 B0| F= L= CPU BIX|AE S 5 45%
(o]
=4S F2)
A ARE AR (Th ol ZE(0|E{ 7 Xt AL AlE X|Rst= 40T ALS) 3 27%
DEn F= ZF H|w Al&l(back-to-back test) (A|E|0|ME 4= = ZE0| ZQ) 4 36%
EHE st AM8EE= ZEH CHEY &8 4 36%

A= AT A Aol: = Y T AR T BT o U9 AR

oA AR Hok " aTAR BA” olghs $Ho] 714 Bt
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(E 4-119 AFaF EoF 2ZEd o] {9 Ade AT A Aoz =& U

E= i A | %
QT Atg 24 10 | 91%
St S2 44 Y B4 6 | 5%
A 2k 2N 9 | 82%
QF FE(EEV} Ttof ofFt £EE HlolE 7|F) 7| 64%

-3

n
T

T GANAM G BHFS AT 7IHS T8 A8t AeAd g gF AEolA
HAEFoks “T¥t ul$ J%T” 71 54.6%, “F IET” 7} 27.3%E ARSI

o
o
Ao “aredel AmUE T

Ago] gl 77 ¢ duseis Az 2
T BoRe a7 9 IWEZ” olghs SHol /1 BT

(E 4-120> 25 FofF AZE HAXHE FAEA O & &3l 7|

7| A= %
XY 7)Y 2 | 18%
= =TE=Y 4 36%
TEH GHE T | 4%
2= A 7 64%
HzHE 4 | 36%
My o 3 BE 10 | 9%
2N Jisst Z2 N 4 36%
Bt YAl T2 eiY oo 4 | 36%
Tz Zz0zig 6 | 55%
Z=202iYelo] 4 | 36%
oo stele 25 1 | 9%
xR 2O 3 | 21%
AN Z=02iY 4 | 36%
HEtZZ T2 2 | 18%
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w3 A8t A=Al tgk 35 Aol

=
G Botel A “IFY v} 2735, <o I 7} 36.4%2 ekt

AFHor “FAGA H&sh= 7" & ddstehe did &3 ok “AA ¥
AQRE” olghe SHol 7P Bkt
{F 4-121> && EoF 7dTA A&st= 71H

714 2% | %
oS Al 10 | 77%
HEHE 7 | 54%
M o =Y BE | 8%
2N Jlsst Z20# 4 | 3%
ofzist sAlo| =)y Ao 2 | 15%
M ZzJajg 7 | 54%
=289 o1of 6 | 46%
elof stelRE 22 0 | 0%
M x|gF =24 5 | 38%
HMxM m=2fgl 4| 31%
HEtZ== 203 1 8%

3

“SW (AEUE) FAGA kA 1% 7ol 83| AesA LI gl o) %” o T
2} A3 BopEE Thew 2o o7o] 2AHg,

ot

(E 4-122> Fd@Al0l G BT 7|Ho] &3] HEHA FaL A= ol B4

=Of SH
- nF H AY FFH, AIZL HIE FF, €8 75

HIZZE

| « Oigfo| RIS, SWast 25, gl 40| oiX2 RS
« Yoy Z=124d 7 =

B |- 7|STH0| RUMHe=z HIFH
o O, Azt F5F, O&HH3A HE)
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12. 78 9A9 EEo| H2E g ARE FE3] AF3L dFUN
L A8 oo 2 opgtt 3. okzk ofunh 4 ofzk 1&@d 5 @Y 6ul$ 12

(GE 4-123 78 BA AEE0] Bl2Ed Wad Fu AF F=o| Ul AF £

(W3] : A%, WER)

MIEoF [Af OfLic] OfLiTt | ofzk ofuich|efzt et a¥ch [ofe a¥ch
HlES 2| 133 2133 1] 6.7 51333 51333 -1 00
AtSxt 1] 91 -1 00 2| 182 4] 364 41364 -1 00
E=1 -1 0.0 -1 00 1] 91 3273 6| 545 1] 941
g3 -1 0.0 2| 154 -1 00 51385 51385 1] 7.7
2= 1] 29 2| 57 3| 86 12 | 343 15| 429 2| 5.7

7@ W) Ao HaEd Bad ARE F8E ATHT Al U E A
ANA, BIFEE EokollAe “TET” 7} 33.3%, “ofKF 22T 7) 33.3%E AU

- A5 o}

FH BA AEEO HiE WRT PRE SR ATHT YAl UF FF 22
A, AB Bokel A9 T sk 364%, o IFG” 7 4% 2AHAE

AEARoZ “Id dAoA ZAstE AEE” & Adslets FARo A5a Eofs “A
E9o] FY HAE HuA” ZAjo] 7P Be Aoz AL

MES A= | %
ATERO aAFE L X BN 8 73%
AZEY N FA HIAE HIIA 9 82%
ATEY N AATE HS HIM 7 64%
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T8 BAle) 4EEo] HAES Wad AuE 283 AT dAd U BE AR
N AERops “I1t, Wl TP 7} 636% “oRt 1T 7} 27.3%2 2AH
ARHoR “AEUE A WA AP 4ER7 ¢ Husieks AR AE Fof
L 2mEge ArIE Y AURA” 2 S 7bg Bt

< 4-125> HEZAE 38 dA A ZAdstes A&
MES A= | %
AZEQ0] AATE U X2 2AM 9 82%
AZEQ0 ZHZUHE HAE HINM 8 73%
ATEQO] AATE HAE HINM 0 0%
- GgEo}

T @AY AEEo| H2Ed a3 ARE F&9] AFsty A et 35 Aw

=2
AN T potel A9 “IFT W IFG A 65% <ot TG 7h 4% To}

ARz “Fd gAolA st 2w & Adstels AT 33 Bole “4AX
EdJo] x5t 9 AYEZA” g SHo| 7HE BT
< 4-1260 73 GA A AAdsts A=
MES A= | %
AITER0] AAFE 2 X2 EM 13 | 100%
AZEQ 0 T HAE EITAM 8 62%
AZEQO AATE HS HIN 8 62%
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4) H2E A

13, 749
A7 U7

AZE ol fig FH/TH HZEI FE3

1 A3 ohJth 2. ofutt 3. ezt ojunh

o] FAA I YTkt

4. oz a2y 5 g

6.91%- 1t}

<E 4-127> 789 A2ZEYo tis] HAEVE FE3A| o thd d3f 24

(T A, WEg)
MAEOF | XS oLt ofuct | 2kZF ofu|Ch efZt OJZct|  O%ct o O%CcE
HIEZ 1] 6.7 21133 21133 3] 200 71467 -1 00
PN 1] 9.1 1] 91 2| 182 3273 4| 364 -1 00
HE -1 00 2| 182 -1 00 2| 182 6 | 545 1] 9.1
52 -1 00 1 77 -1 00 4308 7| 538 77
EZEA 1] 29 4] 114 2| 57 9257 | 17| 486 2| 57

- H|EF Hof

THE AxEol] 3 @9/ TF H2ET &

H

23] o] FofA L A=A HE FF

oA, BlEFE BokolA= “IET” 7} 46.7%, “F 1ET” 7} 20%2 ZALE ,J:} Hl
RAog “azEH] B2EE Y3 FYsts BF" & A AR mEE o
= IPEE AZE9 ord Jso| ARACRE AF HeAE AEs] AP ol
£ 5ol 714 Bl AT,
GE 4-128> BIEE £oF £AZESo] HAEE 93 Fdst= &5
@S A5 | %

IHLE AZELo7F MA TN A=/EMS HHE HAESD JUS. 7 AT%
INLE AZEQofe o=E 7|50 HAXMOZE AT ==XE HET|

A 11 73%
D= AZES0] ZE/SE/AIAH AY ZoE 7I5E 6 40%
Al & AoiEl W E80f st =3 ! HE &35S SAEc=E TH 4 27%

“2IESO] FH/ee FuE UF H2ETF FES olFolAT Jnkw AZEAY
7R g Al ‘ot 2% 7F 54, “a™ny” 7t 4xdolglem, “oplnhr mEd 47
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olgith. “ekzt ohiT” of A3 otk & 42 1ol

- A5 ol

TEE 2ZEYold] B DH/ET H2ETL FRa o] FoA L A I 35 A
oM, A5} Fope] A “IFTP b 364% okt 1T b 27.3%% ZAEUTH
ARHOZ “SWebdA SRE AT BH LAY 5 ¢ Adstes AR A5A 2

oke “4d dolEl 43 o] /b4 we Aoz A,

{F 4-129> A&k &oF SWHHAY FHE A% 5 2 A &F

as 245 [ %
Y 7SO e Alg 6 | 55%
EENEES 8 | 73%
=7 Hlole| AF (BHEI0E RE3k BHU0E o=/8E, el 45ZN) | 6 | 5%

34 Bobe A T A oleke S50l 14 B

CGE 4-130> 2ZESo] B APL 9% gl ois) Aestn Jd= g

g3 A= | %

STAEZ[HIAE 11 | 100%
CIEHEO[A AlH 8 73%
Z28 T AY (oll.Ho| H gt &4 B0| F= L= CPU BX|AE S ; 45%
o =45 F2)

KA ALS AlE (T ol=Z20|E{7} RH2 ARS AIEE X|Rlst=E Aot ALS) 2 18%
DEnL I 7F H|w Al&l(back-to-back test) (A|E2|0|ME 4 = ZElo| ZQ) 2 18%
ASstE E 28 0 0%
- A& &ok

i

THE E_—°ll°1°ﬂ 3 ST HEETE S73] o] FAAAL A=Al gt 35 2
oA dEfoks “I"th Wi I¥T” 7} 63.6% “oHtE 13T 7} 182%E ZAME AT

ARAoR “2zEde] BHE 98 sUshe 857 & Hddsis AR A% Bohe

¢
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“B3Le /g #ARUE 9 HRUE e, 7] HAEH ATXUES Ese] YIF
FY” olgke Hol 7 Bkt
(E 4-13D A= Rof 2ZEd] 82 A3 Fh3te 2%
gs A% | %
Sete Y dude ¥ Zd=dE oHmo[x, | HAEE HEHIES 800
Eatolo HAN o i
S8 Al HZo] DM JEEM 2R AEUEES AlHsin MAS
= = 6 95%
2s 5
A~ZEQ|0] S8 ETIME HAE EIAM9| HAg &350 &Y 64%
zE9)0f S8 HIAE EUME IS 2HE MHARBSIQER 0 BY 45%
AT RoplMe “azESOYSREd FEE 98 s BE o Uid BHo=
“aTEYOJEE ] T HAE RuME HAE BuA9| e F5ste] 47 A
T SRl 7wyt
(£ 4-132 A= ZoF £2ZEol/st=do] 3= 93 +dst= &5
g A% | %
SEA| HZ0| LS TR 3 BB HEUES MWD NUS 25 M | 6 | 5%
~ZEQ0f/3l=2llo] S8t HIAE BTME EIAE 2Nl HAlg Z4sto] &y | 10 | 91%
~ZELol/slEd0] S8 EIAE BIME J[He Sul27) 6 | 559
MEW/ALBSIAER| 0 5 i
F7HR dEoz ‘3 ASE HAd Y F7 o U AR “2ZE O] F
& AT Huxde dA5AHVerfiend] Y sl 47, “LZESO] FF AT BuMs
W% BuAS YAS E4del 4T, LTEdo] FF HAE B AZE
slEdlo] B9 HAE RuM HIWEE 237 drhs SRl 7MWkt

{F 4-133> A= EoF & A5E el +d3t= &5

L A% | %
ATEQ 0] E HZ HIOM= HZSXHVerifier)2| =4l slof| &tAIEHT} ; 64%
2zEQo| S8t 25 2IME AT 2IA| HAS Esio] AY 7| e
A~ZEQ 0 E5 HAE HIAMS AZEQ0]/5lE9 0] E5F HAE HIA o
A3UE 2y 7 64%
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“£% 22EJo] H2EES Y8 $Yste B5 o BF ARoME “FY LZE o]
H2E HIAE H2ZE BiA9 FAS 43t 247 sity= &o] 7P B2 o=
Z A= 9Lk,
(% 4-134> dx Bof 3 AT EY o] HAEE Y3 Fds= &
&= A %
Ee AT EQ HAE EIME HAE(Tester)2| 242l 510 &M 6 55%
et 2ZEQ0] HAE EIME HAE EIMo HAS &=5510 2ty 10 91%
gleIXK(Validator)= Z{2kof| w2t SHSH £t HAEES HoslD HAE 8 | 3 21%
AN AL EHRE HIHst EX6H ALIZ|2Z 25} HAER =8 5 45%
DE HAER EM ZIIE2 B8 ATEY ] HAE EIM0 7|8 9 82%
Al Si=9o] 91, 2Y CIEI0|AZ A A|AH A EH NSO ; 64%
0
AlZE0|MeZ HAE
AlAEIY 2FE= 2t 2= 2 HIMA ZAS0| M E HAE 5 45%
AlZ20|M UEE H[O|E{7} AI2El A A &3 O|0|E{<} CZX| .
creg = o
“2LEY0] Q1L 93 st TET L “AXE] H9l HIAE W] HIAE
2ga] A Gk QTR Estel A7 o) 7V Bk
{FE 4-1350 A2ZE o s s Fdst= &5
= A %
ATZEY O &0l HIME ATZEQ0] &0l A= 275104 7 64%
stol X}(Validator)2| =2l &toi =AY ’
ATZEQ 0 &0 EIME ol HTIME AMFY| 98 U @ AMEIS ’ 19
Eo10] 2o 0 | 9t%
AZEQN &ol HEuMe= 2 7|8 2 cHzie| x&hof CcHEl HELE Z& 7 64%
Sl ZE EUX| AlE=E2 Hx AEo AlYy 3 27%
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=3 2 el %
CHAH ZHFEo| 2= =l AZEQ 07} Z& = HAE &4 10 7%
CHA AFH 2Zat ol RAMSH &4 4 31%
HAE 242 12{stX| 23, 1 89%

b GEEoplM SWHAG FEE A H2E” o U dedMe ‘27 7

3= Pa el
TALE 718t low-level HIAE 9 69%
QSITEANE | AZEQ 0 EEEAE 11 85%
QT AtE 7|8 SIERN | AZEY O S& HAE 13 | 100%

MEE obe] HAEE AABA FHY £ BEHH, AFA P 4R B
Z%317) Hrhe 7184

Ao
b B S
= AR AXVE 9 AXVE Qg o)A, 7] HAEH AXUEE

=

3t AT

Ak} BopaE “H|AEZL F23) olFolxA] ¥ i olf” of td A A Ropd

2 gewt e odo] zAHAL.
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N EONFIE

—

« SWast 25, HAE MIL HES| o|F0X|A| &Z

iy

o|ad
3 —

. Test B0l Mo, AlZH U HIBRS

- WIS L AROIAMS SW OHE A ThEH ol BX

X=X} i
o LI HAERS A 2SS
o BAHS 2tE7| o2, ALY SR XH/SA of#HS
we | v R it ofF JZIES0| B
ST | NMEXA 2ZE 013 AlZH OAKEEAIZS0|M |
. Ol OARE
S$Z e 7|5, M PH 9Fo RZAMAD IS
. %Z EjHO| TRHME o|of LA == AlZEE B

4 H2E AN AR BE
23U 7h?
1. A8 oyt 2. oYt} 3. 9zt ofythk 4. ot IJ¥Y 5 I¥Tt 6.vlg 2%t

filo
r

__C|>_]

as

g1 A

718e T&3 A &5t

GGE 4-138> H|ZE DANA A B 7o) o= AR AEH=A d% £4

(S © 2, 92

AdE0F | ME OfL|Eh  ofLfEl | efzb ofuCh efZh gt Ot ofe JECh
HIZZE 1) 6.7 3200 31200 7| 46.7 1) 6.7 -1 00
NN 1] 9.1 1] 91 21182 51455 2| 182 -1 00
e -1 00 1] 91 1] 941 2| 182 6| 545 1] 941
= -1 0.0 3| 23.1 1, 7.7 51385 3| 231 1] 7.7
EEZEA 1] 29 51143 41114 12| 34.3 11 314 2| 57




A, HIEE Boll A “TFTY 7} 67%, “ofzt TET 7} 467%% EAEAG AR
o “SW oA FRE I3 RE/EY HAE /W7 2 Ausiet AR HEE Lol
S % 9 bl BAE” B gl Fbg wel 2AENU,

G 4-139> MIEFE Eof SW dA BRE Y5 RE/EY H2AE /Y

71y A | %
S EM 4l HAE (F{HE]X]| HAE) 4 27%
7l ¥ S YA HAE 6 40%
Ms % QIEHOo|A HAE 11 73%
HAE 2| 3 XS =7 AL 4 27%
AZELQ0 O T AME, AlE AE 72t F=H 5 33%

- A% 2ok
H2E BololA QA BES 913 AME F88) Agekn Aol tE E ARl
A, ABA okl A% TP 7 182%, “oF TP 7} 55%2 2ASISAL
ARAOE “SW A RS Sla REIFT HAE /W7 & dusleis AR A%
A Boke V)% @ BUMs HAEY S 4% B2ET MY Be AoE 24D

(E 4-140> AF2F 2ok SW A FHE s e/ HZE 7|H

7|8 AT | %
715 & 23 EA HAE 9 | 8%
Ms HAE 9 82%
HWel SW S8t BIAE 5 | 45%
AlARITE SW A @FArE Zte| FXY HAE 3 | 27%

“AZE O] b 8 FA A
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CE 4-141> 2T Eso] ok QTAG AZ AAS 9% 34 7d By

sz 78 uy A% | %
SIBICI= AZEYT AZEY 0] OFM @TAIE 55 =7 AE 7| 64%
=zijo| sl=9o] HE 4| 36%
A mMol Brel HEST & HE 3| 27%
X2t =" 45 6 | 55%

ZF13] A3ty A=A gk FE AEo|
gy 7} 18.2%2 ZAFE QT
Auk~ H A, A HZ2E O
.]

2 77 & Adsiele Ao AE Foke “ZAI% 4] (Boundary Value Analysis)” ©]
[e)
o

%ﬂ7%}%ﬁﬂ

CE A-142> 2ZEo] EFE 98 487 7%, 2w nA 2 o)y

ek A% | %
A2k 2 (Boundary Value Analysis) 10 91%
55 2% HAE (Equivalence Classes and Inp ut Partition Testing) 6 55%

“AxEOBIEY S EFS 95 HLd 75 2 BIdulxs gAE, AL gH2H O
2 71H” w3 “AAZE 24 (Boundary Value Analysis)” o] 7F4 @gtch

(E 4-143> Az ESJol/stedo] &S 98] &3 7, v td 9 73
8s AT | %
A2k A (Boundary Value Analysis) 10 91%
S5 28 E|AE (Equivalence Classes and Inp ut Partition Testing) 5 45%
- B3}

H2E ool QA BB 9% PES 83 485 Al tE 25 AR
s

AT Roke] A% I, S IR 7k 6% “oRb T 7h 273%2 sersIgick
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[o

MEAoZ “Fdst= HAE 7" 2 Agsigtes dEo| 3 Eol= “Normal test

7IR7 o] 7Hg Bl

HAE T3 7[H Ax | %
Normal test 7|4 11 85%
Robustness test 7| 9 69%

“Normal test 7| & &Rlst= W&~ o

9
o A% AHHL NxY £ B B >

=
g 0 Bt Sl 71 A,

3l ARA= “dH Hol(state transitions)

Sl LE ) Holo] Y HAE Aoz

(3 4-145> Normal test 7|¥ Z &olsl= y&

Normal Test 7|&{ 215 %
Al gl M4 olad H40f Ci3t valid equivalence classes 2} boundary 9 60%
(o]
valuesE AlS

AlZF 2Hd sh=(ofl-filters, integrators, and delays)2| A< FE=9| Hi=E 3 8 62%
AEH X O|(state transitions)2| &< HAXOl A[AH 29 Zof UM & 10 7%
= (o]

U= ZE MEfFO|O CHE HAE FHo|A JH
=2 dYAo= HH E AZEQ0 7 AtEe 2 Y AIE E FE2 .
o1AtR} HE P

“Robustness test 71" & &<¢lsk= W87 & “ooA A Foll diFd oF =&
(failure mode)E 278” | 7 BT

{3 4-146> Robustness test 7| = Felst= Y&

Robustness test 7| HT %
Al gl M= ol2d Bi4=0f Ci St equivalence class selection of invalid . 54%
valuesE AlS
HIFAXOl ZHUAM AAERIE =75} 9 69%
ozl el Ztol| st 2F Z=(failure mode)E ZH 10 | 77%
M=XM QHEZSR =740 CHsl0] HIAE 6 46%
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“HZE AR £4& Fdsks M7 = “BHeE 87 71 H2E AnEA
B4 ofgle Sgo] 714 kT
(E 4-147> FF BoF H2E AW BAS Fashs 8
24 el A% | %
ARQ| = QIIAIE T7|HI HIAE FH{EZ|X| EA 10 7%
SM 2~AF 7|8t BIAE FHEIX] 24 7 54%
T=H AHEA] 24 6 | 46%

O
sae) e %f.— = o 2opel uls) So] Aol
oS 7= 7} 31.2%, “okzt 18ty 7} 344%E Lepoh

15. HZE 9A9] 44EEo AP SW AAAN 27AZE 53U
TE3| AASL JAFUN?
L A8 ohdnt 2. ohlut 3. eRzk ofUth 4 ot I¥g 5 g™t 6l a¥n

o

(F 4-148> HZE @A 4AHEEo] AYAY a7AS 5F o7 g a4 &4

AdEOoF | &S ofCh|  ofLfch | eFZh ofCh| efzk JFch| Ok | ofe JFCE
HI|ZEZE 1] 67 4| 26.7 1 67 5333 4| 26.7 -1 00
NN -1 00 -1 0.0 3| 273 4| 36.4 4 | 36.4 -1 00
= -1 00 -1 00 1 9.1 3273 6| 54.5 1 91
= 1] 91 1] 91 -1 0.0 4| 36.4 4| 36.4 1] 9.1
A 1] 30 1] 30 4| 121 11 | 333 14 | 424 2| 61

o 71 33.3%= ZARE QL
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ARAOR “EF A Al EFFE R0 & Addteks To] HEE Roks
2He EY WA me TR 3 H2E Aolzsl AF HolE, Aol Fe g &
gl 71 Bl ZAET:
(E 4-149> WIEE BoF 53 AF WAd 2= A

MM zZe S HE | %
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I &1 3¢

15026262 : At&At 7|5 M EZE (Automotive Functional Safety Standard)

FSM : Finite-state machine

IATF16949 : International Automotive Task Force (ISO 9001 Z& 7|22Z 3|0 Xt=
X @70 IR0l AAE QAR T

A-SPICE : Automotive Software Process Improvement & dEtermination

CMMi : Capability Maturity Model Integration

IEC 61508 : Functional Safety of Electrical/Electronic/Programmable  Electronic
Safety-related Systems

EN50126 : Railway RAMS(Reliablity, Availablity, Maintainability and. Safety) standard
EN50128 : Railway control and protection systems

EN50129 : Railway Communication, signalling and processing systems

IEC62279 : EN50128

IEC62425 : EN50129

|EC62278 : EN50126

IEC61511 : Functional safety - Safety instrumented systems for the process industry
sector

IEC/EN 62061 : Functional safety of electrical, electronic and programmable electronic
control systems

RTCA DO-173 : Minimum Operational Performance Standards for Airborne Weather and
Ground Mapping Pulsed Radars

RTCA DO-178C : Software Considerations in Airborne Systems and Equipment
Certification

DO254(RTCA/DO-254) : Design Assurance Guidance for Airborne Electronic Hardware
MIL-HDBK-516C : AIRWORTHINESS CERTIFICATION CRITERIA
AS9100D : Quality Management Systems
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ISO 9100 : standard for types of vacuum lug finishes for glass containers
MIL-STO-882E : DEPARTMENT OF DEFENSE STANDARD PRACTICE

[ECet PASLTHEE

ISO 9001 : Quality management

ISO 140001 : Standards related to environmental management
ASME : American Society of Mechanical Engineers

IMO SQA : International Maritime Organization - Software Quality Assurance guidelines
for e-navigation systems

— 230 —



. 7 H35}8)

Edo] 75N £ vin)

AXE

hya

AN 2
Edlolg A2 B4

Z]
=i

Edo] HlAE &

A

7 (2012). T

Al

7€ AL &9 ART

S}
of

Fo1E

AN E

S 3L

d71E (012), T2 A= &4

A AT

A

0

AR J7le N,

27173 (2016). TIEC 615081 71§

A&7

37k A3

xR 2=z
-

Qb B2

Els

ZIE 7]

25

i
=

(2010). T

4

AT

& A7

Jol &

7

QW

[EC 61508<]

<]

Sl

T A8 (2014). [7)5eHe 4

24

2 o
=, of9lA, o]=A (2013). T1SO 262629+ CMMI &% =H|<

Edo_F

YA

r

721216 (200D,

513

S LE]

7H . %

3

i

3

QHA

N

Ea

& QAo

2 913

=z
=

A, DA, MEZ (2010). TIEC 62279 2.7AK

Edo FHRT

AXE

]

3

9

12
“

Efo

AXE

hYA

el
T74Y, ARzl (2013). T1SO 26262 oA 8+tsh= b &% e (Safety Activity Management)

(2018).

PN
55N

AAge

b AT,

)

22 918 =4

oy A

AN E

R

Al

b o

&

Z
Z

43 (2009). T

o] £4 Q= 7]& vl

s

]_

)

ol
=

Cl
E o]

a

6
._"'
1Y}

N

- 231 —

275

Sl

9]
FAL 93

A7

1

0]
pil



£4241 (2013).  TDO-178BS} CMMISPICE k] A Eo] HF7) 2|2 v | SH=-3laL973)3)
S, o]7]A, o]F, B (2009). [SAIFAZ|IAERF DapAlol A28 ebdA Wt 2
AAL . FE =3

ol T3], WEjA (2014). T15026262 71558 A8 7 AZESo] V&V o8 H= A
T . A AE S

o|FE, AR, AEE, A, o=, A1 (2007). TR b AZESO1E 97 /e 7]E
A7) . A=E =SS

DT oA, FEIA (2017). TR 2xEL S 7] e % AR BA &

T FEUAEEE =
23138] (014). [1S0 262629] AxzELoled kg £ 24 et . L&A
2318, v, ik AdA), BAE, @5 (2009). (2453 715 g #E 10 26262 &
A At A SmAsAkE S
28], 4715, ST 85 019, A5 7% A E2 150 262629] 2T E ol
M A 24 et . AATE

2@ (016). [DO-178Co] 2 358 AEole] @A 2 whle] B3 A7) . FEF3
ASHQOLD, A5 A1de] SWekA ol<rsh a4k 1 . SPRi

A3)15(2017). TCPSY 7)%&, vl7]%54 SWLoTAFSE 24 ] . SPRi

A3 (2012). TISO 26262 t-& Process 7= &A% 2 dAZ o5 W . S=A-521-883]
FETHD , TA=RokolAle] SWebA] | 2017 SWIkal ZA|75] el

g, 284, A2, AT Q000). TLRAIAZE A BE 7&AAe] Fu) 2w

HEAAZISY (2017), [EF EoHIEC 61508) AZEH o4 - A SEE 98 7lol =]
AXEY @017, [AFsAF £oHIS026262) AZELJOAE] - Qb SRE I35t 7o = ]
AEFANAZIZY (2017), TEE FoHIEC62279) AZEL4IE] - QA SR E 918 7lol =]
AT ELO(NSY (2005), (A28 F98F7] TaAl2 I PP B
A E Y AATA(2015,2017,2018), AZEOJQHH 4 F3F ZA}
Byung Chul Kim, Young Jin Kim (2012). [Case Study on the Assessment of SIL Using FMEDA] .

- 232 —



st

KS R 1SO 26262-6 (2015), Road vehicles - Functional safety - Part 6: Product development at the

software level

[=d] Akl E]
Abj kA B A F http://www.kosha.or kr/

(sl ¢l 7]

Barbara J. Czemy et al.(2003), “A Software Safety Process for Safety-Critical Advanced Automotive

Systems” , PROCEEDINGS of the 21st INTERNATIONAL SYSTEM SAFETY CONFERENCE

DOE_Guide_414_1_4 (2005),“SAFETY SOFTWARE GUIDE for USE with 10 CFR 830 Subpart

A, Quality Assurance Requirements, and DOE O 414.1C, Quality Assurance “

ITER (2013), “SEQA-45 - Software Engineering and Quality Assurance”

Kesseler, Emst (2008), “Safe software certification, Safety is no accident DO-178B",

University of Groningen

Myron Hecht(2009), Aerospace Corp., member of AADL & DO-178C committee, “Automated

safety analysis of several satellite systems for JPL”

Nancy.G. Leveson, CS. Turner(1993), “Medical devices The Therac25”, IEEE

Nancy G. Leveson et al.(2018) , STPA Handbook

NHTSA(National Highway Traffic Safety Administration, 2015), Report to Congress:
“Electronic Systems Performance in Passenger Motor Vehicles”

NTSB(2018), “Preliminary Report Highway: HWY18MH010”

Peter Feiler, “Challenges in Existing System Safety Practices” , CMU, Software Solutions

Symposium 2017

Peter Feiler, “Virtual System Integration and Verification” , CMU, Software Solutions

Symposium 2017

Raghu Singh, “INTERNATIONAL STANDARD ISO/IEC 12207 SOFTWARE LIFE CYCLE

— 233 —



PROCESSES” , Federal Aviation Administration

RTCA DO-178C (2011), “Software Considerations in Airborne Systems and Equipment
Certification”

Smith, David J. and Simpson, Kenneth G. L. (2004), “Functional Safety(A Straightforward
Guide to Applying IEC 61508 and Related Standards)”, Hutterwirth-Heinemann

[all &) AlolE]
61508 &3], http://www.61508.0rg

— 234 —



% 9

1 o] HaMt srEsojgAaTicl s Fas ATHIA
2. o] Hide] ulg-e WEY wol WeA AxEsold
AFATAS Wlo} Fuk

JjRLcH
AAT Lo S

95000

89617084352 ““ ‘H

ISBN 978-89-6108-435-2  (PDF)

[AZEdo]ZYATAI0 o) ZA4E [SPRI BIAlE ZTEAZE Afol &g HA7|E
SPEN A 15 B@ATA - $FA-EAZAA Gt o) 8T + gk
ZIHIE X90852 (BAE g3]A A2 o] 8] 7MedtARl FelFF o R o] &8 4 fla, WA §lo] IuE o] gslof Futh)




