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SUMMARY

The purpose of the study is to help to form the definition of software safety and
to promote software safety industry in Korea by 1. studying software safety trends
and policies in advanced countries (eg. US, Germany, UK, Japan, etc), 2. studying
world leading TIC(Testing Inspection and Certification) companies and TIC market, 3.
surveying 2016’ s software safety industry trend in Korea. It also intends to provide
reliable basic data and the direction to improve domestic software safety policy.

1. Software trends and policies in advanced countries.

The study found the importance of electronic systems and software safety is
increasing and safety standards are converging. In the autonomous vehicle policy
guideline, NHTSA(National Highway Traffic Safety Administration) recommends the use
of safety standards such as MIL-STD-882E, DO-178C, and ISO 26262 for the safety of
automobile production and operation. NHTSA studied the Federal Aviation
Administration regulatory system for the next generation automotive safety regulations
and analyzed six electronic system safety standards to improve automobile reliability
in June of 2016.

Software safety standards have evolved from the conceptual to the actual, and from
In a subset of functional safety to a independent software safety.

2. World Leading TIC companies and TIC Market

Like in 2015, SGS, Bureau Veritas, Intertek, DEKRA, and DNV GL are the leading
TIC companies in a golbal TIC market. The TIC market is expected to grow at an
annual rate of 5.15%, resulting in a market size of approximately $113.2 billion by
2022. The growth of this market is mainly due to strengthened regulation, expansion
of market due to globalization, increase in outsourcing, and increase in demand for
safety and quality control. In particular, the outsourcing market is expected to grow
at a rate of 5~6% per year due to in demand for the cost reduction and the
distributing responsibility.
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3. Korea software safety industry trend in 2016

v

e Government and academic sectors

Improvement strategy: ’Establishing a legal / institutional software safety
ecosystem’

Improvement Tasks: Establishing software safety concept and promoting software
safety awareness, Establishing software safety policy, Establishing software safety
law and regulations, Improving software certification system, Establishing software
safety qualification system, Establishing government support system, Training
Software Safety professionals, Operating advisory groups

Software Safety Consulting Sector

v Improvement strategy: 'Leading technology and culture for software safety’

v' Improvement Tasks: Establishing software-centric culture in private sector, making

software safety standard manuals / guides, improving tools for software safety,
sharing knowledge on software safety accidents and resolutions.

Software Safety Developer / User Sector

v Improvement strategy: 'Establishing a software safety culture’

v Improvement Tasks: Establishing voluntary software safety system in industry, 3™

party inspection and verification, considering characteristics of industry domain
upon applying software safety system.
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dynamic driving task while a dnving automation system Is engaged.

OVER FOR A TABLE SUMMARIZING
LEVELS OF AUTOMATION FOR
ON-ROAD VEHICLES - J3016

Learn more about SAE J3016 or
purchase the standard document;

www.sae.org/autodrive

AUTOMATED DRIVING SYSTEM
MONITORS DRIVING ENVIRONMENT

HUMAN DRIVER
MONITORS DRIVING ENVIRONMENT

No Automation Driver Partial Conditional High Full
Assistance Automation Automation Automation Automation

At&: Automated Driving Levels of Driving Automation are defined in new SAE international standard J3016
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Executlon of Fallback System
Monitoring
SAE Stearing and Performance | Capabllity
level Narme Narratlve Deflnition Acceleratlon/ Eml?;:megnt of Dypamic (Driving
Deceleration Driving Task Modes)
Human driver monitors the driving environment

Automation :: th ¢ . Human driver = Human driver ~ Human

1 iy y n . man r | Human
Assistance o | Huma iz

Partial I .
Automation fith R

B temation m Hurnan driver
Automation v urmnan drive

High
Automation

Alldriving

Automation and mades

At=: Automated Driving Levels of Driving Automation are defined in new SAE international standard J3016
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Learning) 2 7]} ZESo 7led dugEy Bd, 48, b A (Safety
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Scope & Process Guidance Guidance Specific to Each HAV System
o ﬂ' - Describe the ODD Object and Event Fall Back
{Where does it operate?) | Detection and Response | Minimal Risk Condition

-

Guidance Applicable to All
HAV Systems on the Vehicle

Data Recording and
Sharing

Privacy
System Safety
Vehicle Cybersecurity
Human-Machine
Interface
Crashworthiness
Consumer Education and
Training
Post-Crash Vehicle
Behavior
Federal, State and
Local Laws

~ Ethical
Considerations

At&: Federal Automated Vehicles Policy, NHTSA, U.S. Department of Transportation
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. 3 F38(Type of Standard)

. okA 2 g digk A o|(Definition of Safety and Hazard)
.ok @ AR AWH(Identification of Safety Requirements)

AP ea @ Qkd BA w(Hazard and Safety Analysis Methods)
5 #e](Management of Safety Requirements)

A" 7 A2 WHRIsk Assessment Approach)

. FH AHATE $J8 M AI(Design for Safety Approach)

. X EY o] kA (Software Safety)
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9) Automotive Safety Integrity Level

10) Controllability
11) Severity

12) Probability of operational scenario(Exposure)
13) Probability of mishap occurrence

14) Controllability

15) Software Control Category
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20) Good software design practices

21) Definition of requirements

22) Software Failures

23) Abnormal condition that can cause an element or an item to fail

24) Termination of the ability of an element to perform a function as required
25) Behavior that is inconsistent with specified requirements

26) Incomplete or insufficient requirements
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Element 1: " Element 5:
Document the System - Reduce Risk
Safety Appreach
v v
Element 2: Element 6:
: 2 Verify, Validate and
Identify and :
Document Hazards DoGIEnE Rink
Reduction
h 4 Y
Element 3: Element 7:
Assess and Accept Risk
Document Rizk and Document
¥ h 4
Element 4: Element 8:
Identify and Document Manage Life-Cycle
Risk Mitigation Measures Risk

At=: MIL-STD-882E Standard Practice System Safety, U.S. Department of Defense, 2012
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Appendix E

A= Department of Defense, Joint Software Safety Engineering Handbook, version 1.0 2010.09.
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199213 RTCASD9} EUROCAESD ol A “&Fg7|A| 28l 7} AH|QIF] #Agt AZES o
21 AF8KSoftware Considerations in Airborne Systems and Equipment Certification)”
S 24 DO-178B/ED-12BE &% 7Hdsid o, o] Ax& 19939 1€ FAAEAQ AC
20-115B9l| 4] FARol| #-&tt7] 913k A o2 e o522 SadA A 29
o] AR QiTh

51) RTCA(Radio Technical Commission for Aeronautics, 1935 A #): FAA, NASA, =®%, 7
5718, #3337 AxGA, FE7] &9 dA, FF7] A8l F5 GA T 250 A ol dFF =3

o] x3H AMH FIF

52) EUROCAE(the European Organisation for Civil Aviation Equipment, 1963'd 2 #): #¢ % 7]

EA 9] 7] W AR AxPA, Az AFFA, sl/=A4 dFF Fd= D A F 32

ol FAAE FAH HYEE 7

X T



< 2-8> DO-178B A|A 714

T4 F8 U& L=

DO-178 71 EZ 1 A} 1980
AT EYS] dxyoly #H ¥=& 73} Verification %

RO E Validation 7§yd A& 1985
173 u-;:| ” A « 1 O% O » ZX_] _Q‘

DO-178B oEA” BHg= “FolE” 9 Validation 713 -& 1992

A ]
DO-248 DO-178B #¥ FAQs 2 = &3} 2001
A} 53) AMEY 3k - 2
DO-278 ;j; € CNS/ATM Jojof st DO-178B A& 9002

DO-2782 “Guidelines for CNS/ATM Systems Software Integrity Assurance” ZA,
DO-178BE 7]1x2E CNS/ATM A|2H®l F Z4dH] &8 AZEO 9 /Y FHo=
20023 3ol AAHHJT. DO-2782 DO-178Bel|l ®lste shte] AZE o] #do] K
=], DO-178B H3x(objective) 5 YH-E FAsIF oM, 5 H3E(objective)Eoll T
ol SRNE T2 ATHYL, ALLUS S} ol AYHEF 8ol
(Terminology)E A skAth. DO-248B= F71 15 A= AFeA= ¢ %W“P aX
Edo] Q1Fol &3 FAQ, DO-178B 8 EE #4], DO-178B ¥ DO-278 A3 & 7
Skt AR SA7F EEO ATk

2L

D &&71 &4 Aqt AR AL w7

AN}

DO-178B& st=dlol &, &37] 4H#d Al e B7 Aak 7hol=gh A2y
o 7eMNzrle T8 Rﬁii AHEE T ol ER(Objectives)E F5317]
sto] Tt oAl e F8ste a7AR IR S e, AS Vs
g alF g /\*LE%loiﬂ H‘%ﬂﬂ %’45& 2ZEYo NE ZH YAz FEHf &

= =t 1l %
= A% 7Fsd JAIHAE 78] fske] DO-178Be] w7o] dastA A
20043 12 RTCA9} EUROCAEE &-g7]olA AMgE AZE oo A3 #F3< T
A== Special Committee 205/Working Group 71 (SC-205/WG-71, SCWG)2] TS

l"_\.u

53) #1433 Al 28 Communications, Navigations, and Surveillance/Air Traffic Management
54) A8 FTE ATEY O] A W Q= Je%5e) 2T LA H, 2007



gom MA Zde wakde DO-178B9 718 YA 9 319 334S SA351HA A
28l QbdE At AZE Y s s HAVlEs R, Vs MIkE F
&3t7] fel 71€ g2EE wAsks W g JfA o] IPHUTE
agste] 20119 2L 21Z 7]1Z 0 2 DO-178C/ED-12Ce} 6709 #& A o] Wz
Hoom #H AF 219 #A= [O" 2-718 2.
[-18 2-7] RTCA/JEUROCAE®] DO-178C/ED-12C &3 A% &

 DO-248B

DO-178B gn'-éaiéxéClFAa-é--.— . DO-278
: Discussion Papers : ‘
[ po-17sc DO-278A

!

A Ground-Based
Airborne Software CNS/ATM Software
Cert. Guidance Cert. Guidance
Model-Based i DO-331 s  Model-Based
Object-Oriented sl DO-332 ‘sl Object-Oriented
Formal Methods ‘-C DO-333 ﬁi Formal Methods

AL = Certification of Safety-Critical Software Under DO-178C and DO-278, AIAA, 2012

o] Z"olM DO-178C/ED-12C @571 Al=q3t Ao a3t &ZE o] U
A WY A Hela DO-278A= A4 714 CNSIATM® 2ZES o] IS< % 4
A Ho|tt. DO-278A= & DO-178Be} DO-278< Wdsta F7F dEAMgely Mg
BZ ARE B3 BE Ex BEYS Astug o, DO-278L A-gste] 13
l ZRAEAM BT F e FAEl e IF GACNA F27F e Rz,
DO-178Cet 44 x5 7HAAR SYAR] 5oz st At Aoz A4
5 At

DO-248CE= DO-178B/ED-12Be] Mm-S A Z3t= DO-248B2) MAZAEA, 97 A
H7F AREA Y A6l 2RI DO-178CoA A= F7Hu7EE JRE

of

55) DO-178C/ED-12C versus DO-178B/ED-12 Changes and Improvement, ACG, Sept 2012
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A, A WA, DO-178C= DO-178B9} U3t AXE o] 4% =(SL-A to SL-E)
AFE3ITE Level Av AZE 0] Z] S} 7P =& 2oy Level A, Bl tia
‘?M?i As 7HEA HZEE AR = 27HA FEoE FEs=,
WA a7ARE 719 78 el A] EAlo|xE0] BE QTFAES F
e SAE AFSEAE Qoﬁ}ﬂ A Bt Aola, F MA 72 AY
A& HZEA |27t BE FE

7F HZEHOE A SHTCEN FZH

A, 2ZEY o] M AL LZEYY fE dES AEs)

T2 i Ao}, AZEY Y HAH, g TE
WA AHREE St E A

H3al7] 98] AZE o] JpdEet
A A, ol WA DO-17894 <} mzt7kA| 2, DO-178C= AZEY o] 7 2
2 AZEYO QF Agle] AE @ AurRE AFsle] AZEYS] fd I A
sl ALEHL AZES o] HlZ B FA #YE EUe ABFIIE AT &
dof M ZEA 2N 1A 2ZEYOE T 2 Azgle] AR 43t
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S ARHE obyet Al2" QbdA B B B EACA S E 8RS E3kL
AZE O N ZEA T A dE 2 A" A AZEO 8T AR X
2ol HAAE Ef(AYEd QA > AZE o] ol7|ElA AL -> FyE 9 3
AE s QFAG BF D Ax ZE A D QHAE I& *M) IT2 g
3tk DO-178Bg} #o), DO-178ColM = QFARIEE F=A] A4S 273t}

Nash

e

o

y HA, AZEY ] AZ(Verification) ZEAM|AE AZEY o] AH3AS
AAZHN, QFAE AE, F& HE B4 9 gAvog FAE . DO-178B2}
DO-178Coll A= 9l A28 Q7 AR E QEAE FC712|¢f 77 dAnit 4
£33 AZEY O] S st dHE 2] Y3 RE AIAES 3
873t sh9 s shdE Ee AEd SFARRIEA 4 7hsslok stal 1
23 QFANHS FEF3of Sho)

oAl WA, AZEYo] 2Z(Certification)e ¢1%7]1#¢] Plan for Software Aspect of
Certification (PSAC) SE4 599 A= APt} v]=L FAAT} FE7]|AZES o
1% AL 7IR 7]Fo|lw, PSACx= FAA®} DER®S] HHPoz 7EAoH,

56) DER: Software Developer’s Designated Engineering Representative



Certificaton Liaisond?(¢1ZA]¢) ZE2 M|~ =3+ DO-178B2} Y35}

a9 AZEYo] AWFrld £3d DO-178Ce £ZEGS] F4He, 2ZTEY ]
AZEQ o AARE ¥ AAA HAS &5 5

ZARZAY, AZEYo] NLEF
2 55 DO-178Bell AW ¥ A Y3}t

DO-178Coll= Ar4gE W7dEo] ol UAAITH thFEo] AR oyt DO-178B
MAS g olsshy] 45% e AHEZHN, dAHA F29 Y82 DO-178B9}
sY3t7] "ol DO-178B2t s3to] 7hssith o] A2 DO-178Bol A 5lE 7]& A=
Edofdl tisiA DO-178C st = <lo] 7hsstth=
AMES A3t AR, F7}, B g5 RIA X3E o] 9l o]AL Thy Aol A
AREmg, of7]o A= DO-178Col 23d 2 7kA] WA & ATt <& 2-9>0
A A8 T

(|

57) Certification Liaison Process(CLP, JAFA|YLZ2ZA|2): AF 1A=k} AF7]31t
o] S AHol/Hosle AOZA FIPHE AE §3 U3
= & a

FAHDER), A A2 AR, A& 4= S PSACe| A <)st



(i 2-9> DO-178Ce] +8 W7 &I&F

o W4 3%

e

Activities,
Guidance, and
Guidelines &o]

th A

Activities: AZEg o] Madz7t Fdsorets &% 223
Bty Z2A 22 d9gse®E DO-178B9 guidance £
£ activitiesZ o A

Guidance: 1&571#9] 71 83 @A AA

Guideline: A4 A X Z=(list of supporting information)=] %

Parameter Data
Item Files

s HolHEdES dfrled LBAE IS5 FAHT)
= 2 glo] £AZES|o] T3t FFS F= HolH=E A Y
“executable object code” & “executable object code and
parameter data items” 2 thA|te, A3 75 AA Z=
of tsl 3 H A3 LI w7} He doly Hd &
g x2A~E EFoF F

Bi-directional
Software
Traceability

MA F AF 7’ F3 HolH EAE

e gsystem requirements and high-level requirements

* high-level requirements and low-level requirements
* Low-level requirements and source code

e software requirements and test cases

test cases and procedures

e test procedures and test results
A wH (12.348) 3shel A, DO-178C= A|F AH| 2 o|¥€ &
o= FHYS dr] Y3 FHo =z ALEEy] st FAH
Product Service | X1 & A&
History U4 71 MulaEHT A, H8 JMed LBEAHE ITUt
AAE A ZF2 FAoE FAHEA RS LZEY o] s}
s Y FH7F 7t
Tool AE ZEAM 2o dEEES AFssle d AHgEHE =79
Qualification AZEQAE AFoE AAste U AHEEHE ETE THE.
Lol TQL(Tool Qualification LeveD< 571 AZESjo] #Hol w
2t 37HA Criterias 283t 5714 & A4 TFFO2 T4,
Formal DO-178C 9] A& A7) tA oz F2]# e W
Methods and | AF&E& AFstA= skA &oeuy, ES  Algl(assurance
Assurance case)E AlFoly Z2A 27} b g FAGES E43%bd e
Cases FAE BAHLE A= 3 7HA 7IHOoE A9

3) DO-278A (Software Integrity Assurance Considerations for CNS/ATM Systems)

o]7¢] DO-278<

DO-178B8] HEA=Z AREEHUSoY, DO-278A+= DO-178Cet



DO-278¢) Ao A%E BEHoln ZYHoR THH, A /W ONSATM: 2
Edlo} AE A% A% A2E dF Aol o4 AT T, DO-2BAE
DO-178Ce] 22 glo] A48 4 9low, DO-178Cske] Aol clAe ofehel 2k

<3 2-10> DO-278A%} DO-178C¢| 8-of(d|A)

DO-178C DO-278A
Software Level Assurance Level
Certification Authority Approval Authority
Aircraft, Airborne System CNS/ATM System
Plan for Software Aspects of Certification Plan for Software Aspects of Approval
(PSAC) (PSAA)

(1) Assurance Level Definitions

DO-178CE= 57119 Software Level2 T-23F1, DO-278A+ 6712] Assurance Level =
TS, AL-3(943% 593 AL-5(Fs A0 9] CNS/ATM A28l 02
AL-47} 7= A58

{FE 2-11> DO-278A2] Assurance Level

Software Failure Effect | DO-178C Software Level |DO-278A Assurance Level
Category (Airborne Software) (CNS/ATM Software)

Catastrophic SL-A AL-1
Hazardous SL-B AL-2
Major SL-C AL-3
Less than r?;]rtl); more than Not used AL-4
Minor SL-D AL-5
No Effect SL-E AL-6

(2) Tool Qualification

N

fel=5 =33t DO-178Cet

DO-278A% A o2 DO-178CS 5Y3 & 2174
E2 DO-278Ad0 A AREH Z2A|

nE7EA 2, DO-278A% AZEJ S /ME 2 AF

58) Certification of Safety-Critical Software Under DO-178C and DO-278, American Institute of
Aeronautics and Astronautics(AIAA)



27} AZEd O] BE AEFORA AIA, Ha, AsskE W) A4S "ag g F
% 2po]A-& DO-278A% CNS/ATM Al 2Hlol| 719 Assurance Level-S 1123k Zo]th

(3) COTS(Commercial Off-The-Shelf) AXE ¢o]

DO-278A% COTS AZEY o] Ag4Fo] DO-278ANAM AlFgshe 7% AH ol wet
MEE & AZEF 09 54T FFEolde Ae BH5dt= COIS £ZES o9
B3k AH Exol| uwhel, CNS/ATM AlzElo] COTS AZEY OIS T3] YsA=
DO-278A% RE Q7S ZZF3t= WAl o sfitgo]ol 49lo] Jhsdtty. COTS 4%
Edo] HH‘«I ok AW3ly] fsled, DO-278A% DO-278A 8450 SHE 4 3
= HeE &t7] $lsko w4e FHEE dusy zolxsel FRsh=

] kv
Ca A 5T FAJAE FASEH] st BaAFo] == ofof gtk

I'UE

1%

o
o)

m

@ F7439 A 29 THAY

DO-178CAIA THEA] e A4 2ZESo] AF #3 27129l FA), 2TE o]

AwyAeld, Bt A4, A ew(hot-swapping)s= tHETh A7IRE 43

YR A2 BA2 FYS) g
Z 7o) ATEdolVl FENS W Sk AT & Aok ol A LubHel
AARGE S £TEAolS) BF FEE Se] A B ATEE AR

Aolt}. 18]1 hot-swapping FEolE 19 2443 715, AN dElolErl B2
AZES 01 HRAPE BZE7] 913 F71A 2 wB AR WAl BT

o rr

4) DO-248C (DO-178C%} DO-278A° thdt A A)

© oA, Wl el 47 A A 1% 9 Az
& AFste Bk i :3_7%‘3:— Z33t). DO-248C+= DO-178C9+ DO-278A
o A9E AN Fa By FALE A

5) DO-330 (Software Tool Qualification Consideration)

DO-330e § AZo] dAl BFaolw, offl 4% Fo| ANHEAZ HY] 9

F AR dFs YA AN ATEd0] Al AH8sHe B3 1A A



43l Eo Oidt A AZs) o] A BxE AZEY N7} AR/AZHE A
I FLIF BT FFEOE oY &80l MEHTE e BEshs Aotk € A4
1A 24 =)l A ZA 9 A AHEE, € A 18 2AE A8
3b7] #fste, =Wl B EAMoM & A4 a1 e R A, ' A4 V€

DO-178Be] 271A] & A4 7L AZE O =3 #AHso Al 7FA] 7]
(Criteria) 2 tiA|= o], A& 7153 & A4 & (TQL: Tool Qualification Level)<
Aot 71Ee] “NEE” I “HIFE” 2 BEREE AE 7|E2 ofet 2tk

(RSN

#HSE) 9101] 7%-1#27} F7HE A

- 7| (Criteria) #1: &37] £ZESo8] dRE, d2jE 72 + e =
= oy g A4 dted g9 A 2 A

L EolA A-sstd dxt ololl AT A AAAA
2. 7] Nzdldl 9Fe F= T AA AAA A

&+ -’F 9}{— %}{ﬁy}x}o]r/}. é, l _E_ﬂlol *El‘% 1 = AAE A8t

1.
28L& AAFIETE R °ﬂ el



(E 2-12> & A4 <=(Tool Qualification Level)

Criteriad9
Software Level #] 9 43
Level A Catastrophic TQL-1 TQL-4 TQL-5
Level B Hazardous TQL-2 TQL-4 TQL-5
Level C Major TQL-3 TQL-5 TQL-5
Level D Minor TQL-4 TQL-5 TQL-5
Level E No Effect - - -

A= DO-178C/ED-12C versus DO-178B/ED-12B Changes and Improvements, ACG, Sept 2012

N

TQL-12 78 &2 A4 FEola 7 B 843% HAS &% ok TQL-12
DO-178Ce] SL-A(AZE o] & %—%) T DO-278A9 AL-1 (RE4F 159 £
ZE o & tia] A8HEh TQL- —t— -Be} AL-2 AZE A& Tt AEH]
= AZEY0] & TQL-3& SL-C9 AL-3 AZEY oS AASIEH AHSEHE AZE
Aof Eoll 48t} TQL-4¢ TQL-5& AZESoE Zﬁ.%é}t—tﬂ(*ﬁ“@}?q %) AHE
He= AXE Y Eo LAY DO-3302 ZE=E ASste AMREHE ERY A&
£ AAstet AHEEE B £ § d4% HdE 8ds
T Axe 20 BER FEEH A HA gE
Fo 2 FAEEH, SFARNY A, EorldAH e L5, shelEdE 89

=z
AZEGC] BN 5 FAAWEHAAY 270 T 2rmE FHY 5
9o
=
e

l-'\l

i
o
rir
o
i

LRI PN QR

AT F WA SEE £ZEYY Eo] &AZES o T B HAF EEA, &
gt 81E A E ESSe Aotk & 9 AF dAe B9 AA=H 75l
Ed 29 BN B 29 20 YAV A4 L AT Sla) S,
So) AHgOE o3| AA, Pk ASHAES o=d ALEe] PHFIY AA ¥
HE AT AR AR, 24 B H2EY 2oz 49T

6) 71& E3A

2478 WHASE tF= DO-331, AAAYF #d & A& tF= DO-332
FAA o] B DO-333, 37HA EA 7l%el B3 HEATL B2 2ZEY ] 7
I AHoZ ARRHT o] BFAE DO-178CeF DO-278A0 tig A - HEE Al

O
stil 7€ 53 a4, FxE 74, FUF FE & 28l 4 F150] 547

’

59) DO-178C/ED-12C versus DO-178B/ED-12B Changes and Improvements, ACG, Sept 2012



EHOHH Oi“*ﬂl HAHEAE A9l Fth B5A We] Hx= DO-178Ce 5@

(1) DO-331 (Model-Based Development and Verification Supplement)

DO-331& =H6D 7]gke] 7 2l 7145 | E_TJM AETF71e dF=E AHEE o,
DO-178Ce} DO-278A%] &%, €&, T4 4 AZEY o AYs7] HeolHd WA 9
F7HE 2Esity. BEdzos mdl EL—?A}WM o7|HIHE HEetA| ¢k EHst
A, AF 2= G AY, As H2E A A, S7ARY of78lA e 24 2
M OAREE D, QFARERolU opF|ElA, B AF Thsdt QEAE Fof REZAQ A
= A% AEHoHAAE AEED oA B2 HE SAER oY 2EES A
g3t Fdd ARES T3t DO-3318 F3F AZEY ] QAN e A

Ed o] ol7|gIxE AYshe Al2E AaF YollA At 2dols F 8.
(2) DO-332 (Object-Oriented Technology and Related Techniques Supplement)

DO-332= AAAF 7€ Ex T&Eﬂ 71€o] 2ZESo] /T AHFT]e] IR AL

253 F71 AFe] 8T uf, DO-178CeF DO-278A =X =0l F7F Heh AHAIgtE
S= A3t DO-178Ce st 7l1 A 713 4 7ls7 ]J«l Al 2-Ele B7Fs
A ggetet §9% ZHdYAE ATE BHe AL ok AAAR Ve T
234 2 2ZE] /T ZrAE WA A= vt & AA SN F
87 AZESo] FEALH o] 7|ES &= Aol FUHEH AT b T
Ao H85 SFAI7] A8l o oF s B2 A7 Itk olH7 EAER
Aol 54 3 & HoH < FxSe $FY 1 DA B AR 29
o] Stk

(3) DO-333 (Formal Methods Supplement)

DO-333& 48 Wilo] AZEe] P79 YRE AFHI 71 AFo] Ba
& o, DO-178C¢} DO-278A H3xo F7f, KB, A 5S 283t DO-178CE Al
g3kl Seke Azdol thstel 34 L RZEO]9] o] &he

60) The Impact of RTCA DO-178C on Software Development, cognizant, Oct 2012
6) mEl: AXESS] AW BE AZ ZEAHAE AAste H ALEE 2w sxEYY 2

& 2432 A
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st AFH #5 7k A= FA4H
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4 9z 3z

IR AZESOE o5 Bl AHE AZEMY FT EE AxPODA,
WY EE ABBHOE AGHE SYH AZE, 9877 W ATEM QS
7] AZEL), Y4EIE FEHAG ASPHE AP LZEGC], 957
o REFOR AT AZEYC], 571718 WANME L AHE ATE
gol, m= elgslrle] FAAolBElE 2XEo)E AHB) 9B ATEYOE =
367} PUREA Ao AFEFRAYN DS DAY 196090) o) F2 A

Sxoistth 1970 9tz 1980do] SolA WA HAFHe] dE] HAL FEsiAH
A o)gFofollA HolH el SFHUEENY EATES 0] AdS dntstE U,
Therac-25 WA A8 0] EAI2 Sdd FYoA, A7 € 4 FEAdA A
of FUE 4Ae) 27} 2AE FNEHA, o8 AmEgols el A4S 9 o
SEEI 22 Fofo] g57)7] FEdA B ol HA F7ketdth 19939 FH9
o] & 7]7] A& (Medical Devices Directive, MDD) 2 o}uz} 1SO 9000-363F =] 7jae
oJ571719 TH AZEoP/} 7| HEY 35 FAst=d =0l FHA, 2006

| [EC 623049 F7I= 9)57|7] AZEH o /i ¢ H2E WHS os a3
3tk vl FDA(Food and Drug Administration) %=3F o5 AXE o], E3] 257

7)ol WA 2zEolo] Be AW FAZ ATHCE

[EC 623045 §7} v]2o] AEE o 2AF £TES o] A0 td 238 HFo|
t}. z3K “harmonised” )E Q7] W&o, o] EEL Adste 98r)7] AZASE 2
ITE9 o] /My AHR 57|71 AF 93/42/EEC (MDD)ol e} = B¢ 848 &

62) =& =(Lockheed, ¥ Loughead): 1912\d A= w|Zo] dF7] AZ3|Atoln, 1995 wlel
nhe] o etel FHste F3t viRlS AHE
63) ISO 9000-3& EABe s FARZEFoZMN, A4 AEHA LI 1SO 90003(Guidelines for

the application of ISO 9001:2008 to computer software)>.Z o A&
64) Medical software, Wikipedia
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= FDAE ANSI/AAMIEC 623 04:20062 9]87]7] AZE o7} 48 7153 B3
MAFAH: FAEA AL ok 18R [EC 623U HARTE AL
AZES 7L T Aol £ZEGC] A ZRALE B AYATE A
F3he Zolth, thy AMAAE 5717 ALES Y] FAEE I
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1) [EC 62304

(D IEC 62304 &= 2 #dH &

987171 AZEold ths] a3 27bA] 1S0x==e] l=dl, 15O 134859 1SO
14971015} 01749 «137] 7] fﬂé& M S BFORHA, TP dtzol JHE o
|, B 957]7]d ALdrh. THA &
_J_E%IOMI o gt Zéir‘i:— Xﬂ%ﬂ A= Bt YRII7EokIA AZE oo #3E F
8 #EFL [EC 623040]H, Aol bd-& ®Asty] 8, 28577 AZEY Y] kA
AA 2 AR B83% S5 Aol tidt AZEY S AHFI|E T Ak
Jga YESH, AZES AA 2 st=dgod #d e FARIOE [EC 60601-1¢]
F7HE Qa1 AA|F-she diste] [EC 623660] F71= AT
IEC 60601-12 1719 27)7]0] Be FEo, aZEgolsl Yid J& W72 2
e 7] "ol YRI|Z|AZE el E3EW o3 T Ve HUYs
71715 PEMS(Programmable Electrical Medical Devices)gtal A& 3t} [EC 60601-12]
3o PEMSO| thet @Ak A8 o), [EC 623042 QA PESS69)9]| o F
AZEYO] g == WA Hgajor dtm HA =3 [EC 623042 AHeicta ¥
7AEATHED) [EC 62366 AA|SSH AHEAN7| 71749 3 2kgol #et FFo|th <l
Agsre BE o g57]7]o) sl aejEoof &b o] BFS T A TE 7
719} FLE o] Qg AXE o] Rokd] SFAHEE TE AXEY 9
STAEE AR, JIAIFES S AZEY Y Jd A4 1 FHUNEHYXAE Foho
ALH0 2 AAFE SFARNE T8 Zo|théD ol I19& [EC 623049 t&

65) PESS(Programmable Electrical Sub System):ZZ 13 7}53% 58 HAJ|RA2HORE AZTE
ol & QE#H |25 23t shtolide] TdA A 7|6k A 2~H
66) 2577 AZEY o] FHIHAAF Zlolrelel, AlZEojokZ oAy ytd, 2015 7€
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Medical device develop a medical device

management slandards Medical device product

I1SO 14971 = standards
IS 13485 ‘ affects ; affects IEC 60601-1
4 IEC 61010-1
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Medical device \ Implementation T IEC 62366
process standard ‘ affects of medical affects S
IEC 62304 /| device software Usability
Gives detailed direction
how to develop and
maintain safe software
system
[Other sources of B
information
IECNSO 12207, inspires
IEC 61508-3,

IEC/ISO 90003,

|

Gives additional guidelines,
techniques. etc that may be
used

A= Legal aspects of medical devices software and software as medical device, GreenbergTraurig, 2011
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67) 1SO and IEC standards for software in medical devices in a nutshell, MD101 website
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] A7 =
Class A No injury or damage to health is possible
Class B Non-Serious Injury is possible
Class C Death or Serious Injury is possible

A& Developing Medical Device Software to IEC 62304, posted by MDDI staff, June 2010
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(3) £2)(Segregation)e} SOUP(Software of unknown provenance)

[EC 623049 A+= #2](Segregation)e] A2, 2 ZZA| XA AZEY S FE69S
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SOUP (Software of unknown provenance)= =47} 4eiA|A] & AZEYOZ, A
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o, AFARE Aol =y &S AHT
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70) A=: IEC 82304:2016 Health software-Part 1: General requirements for product safety,
ISO.org Website
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Scope of =
IEC 62304 4

For specific - SW Driving
hardware I\i:gisarlwtl)l%iie Specific Health Health
I Hardware Software
l SW-Only Scope of
For general SW-Only Product for L~ IEC 82304-1
computing Medical Device Other Health
platform

Software for = Software for
medical intended use other health use

A+ [EC 82304-1-latest news about the standard on Health Software, MD101 website, 2016
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(1) FFD&C Act (Federal Food, Drug & Cosmetic Act)

A= JAFEQl FEERE Hollan HAE A HA FHEE-2, 1906 2 Fo ok
(Food and Drugs Act of 1906)C.2 AAGA 71 TEAola a344< 35 B %
A2 RS U ELA F Utk olF, dHAoE And F54 dYAME <l
ojdolE ¥x3 107Ho] At & 19381 “Federal Food, Drug & Cosmetic Act,
FD&C Act B+ FFD&C Act : S A&, ook, W ol 35 eh FFD&C
& 3FEAN2ES s AP, I Heks F3 FDAE Aleke] PdAo] Tt
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of 1976) AM=ZE 71719 ¢Hd 9 FERSHAXE ALYt ol 877 fAE
st 718 224 1976 549 28¥€ WHAISE L, FFD&C H-2 1990 kA3t
o] 5.7]7]*H(the Safe Medical Devices Act)z} 1992\ 2]5717] 7)A(the Medical Device
Amendments)oll sl ANAEHANSG. E77E 2t AFS A AMEE
FDA % BA %32 1996 FDA = 7§18 2 7Z3by (FDA Export Reform and
Enhancement Act)ollA  EHFHAT. FFD&C Act= 1997d Food and Drug
Administration Modernization Act (the Modernization Act, @hEDE HA AT
1997 114 21oll A=A, o] Ath3ye FDAS XY e BEe AFH

A A 2ES LG
the Modernization Act®] Section 210(h)oll= ‘Device’ &, “FHL4, FF F&F
Z3E O vt BETHONA A, =, 71T AR, 1QE o]4E” %
Z

e
o)&ta 9loH, the Modernization Acte] F& 87]7] Q=3 AHd |
9}

71 Overview of FDA Modernization Act of 1997, Medical Device Provisions, FDA website



{Z 2-14> FFD&C Act, Provisions

F8 = I4d =3
Section 201 - Changes to Protocols and Devices
Section 201 - Early Collaboration of Data Requirements for
Clinical Studies
Investigational |Section 205 - Meeting on Evidence of Effectiveness for
Device PMA” s
Exemptions |Section 203 - Expanded Humanitarian Device Exemption
(HDE)
Section 402 - Expanded Access to Investigational Devices
Section 214 - Practice of Medicine
Section 201 - Data from Previous Investigations
Section 202 - Special Review for Certain Devices
Section 205 - Scope of Review/Collaborative Determinations
of Device Data Requirements
Section 207 - Risk Based Classification of Postamendment
Premarket . Class. I.I : Devices
Approval Sec@on 208 - Classification Panels. '
Section 209 - For PMA Collaborative Review Process
Section 216 - Use of Data
Section 216 - Product Development Protocol (PDP)
Section 217 - Clarification of the Number of Required Clinical
Investigations for Approval
Section 403 - Approval of Supplemental Applications
Section 205 - Collaborative Determinations of Device Data
Premarket . Requirements L
. Section 206 - Premarket Notification
Notification . : : .
5100K) Sec@on 209 - Certamﬁy pf Review Tlmeframes.
Section 210 - Accreditation of Persons for Review of

Premarket Notification Reports

A= Overview of FDA Modernization Act of 1997, Medical Device Provisions, FDA website

(2) 9)87]7] 74 (Title 21, Code of Federal Regulations)

n)= FDA] CDRH(Center for Devices and Radiological Health, 7]7] & =AM A7}
AEDE vl=A A dujEE YE71718 AZ AXY, Add A3 2 sk 3
AFE TrAISEAL #Hol A, XA Al2ElL Z2amt AN, AR 9 A TV 2 AR

e AR AFHT EE BYEhHS FAlSkaL



o] 87719 B7ol wel Al EAE= FDA 37KClearance™)dl] Z 23 AJHA A
ZAH F3o) AAHALE 957)7)7} Class 1, Toju WAEA L= Aols, ABA
Al a1(Premarket Notification) 510(k)e] 2R3ty AAEE ZE o87)7|= A 2 #
A7F dek Class 1 71710 A, 1 5717171 1976\ S &7]7] 7R %ke] S35
7] A A SAEAAY 183 AR ddFor T3 ARERA7|77F obd
7%, ANBA 52 Al (Premarket Approval Application, PMA)°] & Q3la, PMA7} &
AEA R4 AF SAE #8liAE 510ke] Easith

7171 &% 82 D71719 AR =S AREAIR Yl wet v2a, )93l 7Rk
3 7, W2 855 2Ae Aste Aotk oA i &Ev
“Zhat @7119“” W o], E3tE AR 2AF FUHESlS W YE AFEERS 9
Hl+= 5109 AAZR] T4 Bt EgEo Utk F WAR, 7|77} SR AR
AA A= el sue AAske Fa3 240tk Class &= A@A 0] W 7]
715€ X8 Class e 93480l 2 7IVIEs X3t BE 77 ¥4
(General Controls)o] il UukA|Z-& FFD&C Acte] 7]E20] QAo 24 HE
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{3 2-15> FDA?] °|&7]7] &+

7 #4d A
General Controls
Class 1 - With Exemptions

- Without Exemptions

General Controls and Special Controls
Class 1II - With Exemptions
- Without Exemptions

Class Il |General Controls and Premarket Approval

A& Classify Your Medical Device, FDA website (fda.gov)
HE9 957]7]&= Title 21 CFR, Parts 862-892¢1 = AX|oll UA|st= AH<
Fotd £/ 471 vk FDAE 170007149 A2 & F3oz 71718 /73S
i, aRE AGWN, A, &2, 5 717 e 20l 1674419 st & v d(pane) =

=

72) Clearance®} Approval ++¥: (DClearance: FDAZ A|&% premarket notification 510(k) HE
5, E7171E “clear*sta, (2Approval: FDAZ A& premarket Approval(PMA) 2138 HES
% w771 E  “approve“dtrt.



Ul% Aol 57 I71E EAstE L & o, 510k), PMA 5 7|22 FAARYS
Fefjof st ol Aol ek 1hag QoF Atmo|th
- Establishment registration (21 CFR Part 807)

T BE Y5717 AZAY} FE5RAGEALGA = Al FDAY| 533foF sk,
FDAZ} BAISA] g+ 3t Bt Al 552 AAH o E A|&H oo gt

« Medical Device Listing (21CFR Part

AZAFEL FDAC 71715< §33loF 3ta, 717] 5= @ofF st AL, A=A
FHALE 71715 freshe Alokd AxA 2 AlokE A=7|GA|, AZ A pE A,
TANEAR, o3 % A AAYAL AAZAL AFEANA A Ajsie BEEF e
TAF AR 7238 ZH) v AR 55 E3-i.

- Premarket Notification 510(k) (21 CFR Part 807 Subpart E)

NZE 71710l tisted AJA Alw 510k) AlEo] B asithd, FDAZREH Ad3 5
5S4 #El(Letter of substantial equivalence)® 48T w7k AYA R 7715 &4
%E* T sler, 510k Sl 717171 Pl=mdie]l AR FEEHE 778 ddAe

Toolthe AE dFslor ok gl 2002d oE717] AR 9 doisbH(the
Medical Device User Fee and Modernization Act)oll ¢J&fl, FDA7} ¢]&7]7] A3 4l
1 (610k) AE v&s AT ATS JHAA HAJh Class 1, o gk 5105
Accredited Persons(3-%18l AFDolA AEE WS 4 Qlth o|n| FDAE 67070 39

71719 ek 13 AEZ|BHOE 12709 7|3S <23l on, FDAE Accredited Person®)
FAAE T2 3 309 Wl HF Z2AS Wok sttt 3l A S100HES
FrE7 HAEo
- Premarket Approval (PMA) (21 CFR Part 814)

PMAE Q+sh= AlFE Class Il 717124, Aoy} e 3ol =, 510(k)
e 53 dsd Class [, 19} HAHo=z F53HA &&= A= ezl
PMAZIE 2 o BxbetA 98 o, YE7)7]el dig s Asts ddAE
AES st ok 20039 HE Hx PMASL 54 382 PMA E¢d 2987]7] A
57} AEHojof gt

EO

73) Overview of Device Regulation, FDA website



+ Investigational Device Exemption (IDE) for clinical studies (21CFR Part 812)

FDAG] ABd £APMA) 244 wE ABd 27 5100 AZe Agsted e

A B REY OIS S A0l AR VIE dudTel A4S <
o AR 9L 717 AE71719 ARAT AEL AT A% Aol FDAS) R
A8 wojok BT, AAR] e AT VAT AHEE KBS 41
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- Quality System (QS) regulation (21 CFR Part 820)

QS A= Y8771 AAFre/Al 227 ePA R/ R AR 9 An| 2] AREH
M, AR08 BEE e ARRRe 286, Azt AEe S 2T EE
371 sl FDA ZHAbote 8= ojof irt.

- Labeling requirements (21 CFR Part 801)

ghill e 2 o577 F2d AR QIE B o} 7|72 s E33i
- Medical Device Reporting (MDR) (21 CFR Part 803)

AB7I717F A B AR A&l e Al 2 B4 4
(MDR) ZZ1#S 53 FDAo| Wt=A] RuFojof gttt MDR A& Z Ao FA)
AAsta s dske= e FH 0= 8, FDAS AlzAPL 9871718 38t T3

o%
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IE St mlmAIe YBII7IE EAT A, D A
BEata, 2) 719 BE:(Class [, I, Dol wet A2 A
g5l (3) FDAY| A3 A2 th3t 243 ARE =
16&} oy FDAOﬂ O]E A3 AESE ZoF AR A §84L Zo|7] ¢35t
FDA g9Atel BRE wH3th O) FDAZHE Al Clearance %+ Approvale W
< 5 ANETE  AHESE 55 EDE AH 45T Aok

Q) 985774 =3d AZE

o|g7)7] AZEYojo| #3 AL Title 21 CFR 820.302 820.700) ™ A]76)%] o]

s

74) IRB(Investigational Review Board, Al@AEYU3)E, FDATF AR wat S1zthaa #Hd A
2 o3 A7E HE}L DUHYHEE FHHoR A48 Igolth

75) How to study and market your device, FDA

76) CDRH Software Regulation, John F Murray Jr.
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http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm089543.htm
78) HDE(Q1=7 ¢ 57]7] A 8¥A): HUDHumanitarian Use Device, 2A1=% |89 o7 7]7])9
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&3t a5 Rkgshr] Aol ¢
(Major, Moderate, Minor)< 24,
AZE ] AFo] A AGA A 71 A= I 71Hbso]

- Major Level of Concern

azEgel 1ot FAE 2

(Serious Injury™)-& A& 4 A&

AdE AR wE AR AT YT T PPHOD B4 wE ARl A
EE F4S 49U 5 Y A= A

- Minor Level of Concern

AxEY o] aiou A AT o] At AGAbelAl ow gt = o] A7IA &
= A%de 27 AY §le 2 Minor® &/F3th
< 2-16> FHTF 7|8k A4 8 FA
SWEA Minor Moderate Major
FHaE  |concern e AAsk= MeEd Z o] digh 24 A9
SWA 71 2 AEE"JM =g A thg 8oF Ma
7171 19 (A4 = WU 2 g43tE 23eto, AEd
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SW QA |SRSOA 7] -
A3k X
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o} 7] 8] A P o 71T, AZEd Y EETHY A BA
g 4 fl&
CARIAE = T (RES e tholo] 1 x3})
SW =2l : L
22 2] 9o X
%Al (SDS) 4 FA @l |Software design specification(SDS) q
FAAH B4 (874, "A, AE g 9 ¢S, V&V H2E 7He] F=FH A
SW N 873 | L m oy g0 | BZEA AT | AZE ] BT
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A7 N A [k M AY [oF
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A& Guidance for the Content of Premarket Submissions for Software Contained in Medical Devices, FDA website
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(4) Consensus Standards (3] &)

B U 2 A @Y BEES YEUVe #Hd HHAFELS SHEe
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New Search Eapnn To Excel ©8 Help
Recognition Standard P bFR i Specialty
Number Bivaiasia Standard Designation & | Title Of Standard g, |[ FHREANon Ttk +
& ophg Number And Date v ¥ Date
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13.87 IEC IS0 15026-2 First Esd'r!mn 2011-02- i;:Eﬁ:x:céndpizﬁﬁwag:SEurr]aq;rlE;eg:ié Systems And Software 12/23/2016 SoftsrsItfarhEES
ance - Part H
13.86 IEC IS0 15026-1 First Edition 2013-11- Systems And Scfiware Engineering - Systems And Software 1212312016 T T ———

Assurance - Part 1- Concepts And Vocabulary

Information Technology Security Of In Vitro Diagnostic
13-85 CLSI AUTO11-A2 Instruments And Scoftware Systems: Approved Standard - 12/23/2016 Software/Informatics

Second Edition
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BodyZ2& 80ty HAloz FA|sfok 3rhsn <= 7]4(Not1fled Body)2 EU =
= OE Ad=olA Agd AxAE SREEE A H7F AMHIAE AlFsheT
AESH, 2 171 AFoME AHile] Aoyt FA A} o]gjdt E5s TS

}AE}-

o1=7])#H(Notified Body)& #&d=-(Competent Authorities)oll Al =E o3, W7, H
& s, 23], A" ASAE FHEoF sk, 8F°] AS AT ©E A

(Notified Body)E2olAl= FHafioF gt waetx @A wet <1573 Notified Body)-
e F7HAQ A AHARE AEE F AEFE dof st <157]#HNotified Body)-
7188 A, A e FASAY FThY W7o HAY Ao Ao SA B
st} &3k 15713 Notified Body) 1243 o2 o|s|dAIAEdA Al A2
H 5HGA8S Aok ghsd
H&F=E 5713 Notified Body)S A7gsk= AUdS 7HAAL et
A ZHo| thal], 21=7]BNotified Body)o] ztgolofF sl= 7]&
= MDDelA 878t A4 Bt A A, =934 84, 344,
ek A, BIEFA|, A B T 8FARNE FE9eAE 89
Ve FddoF 3tk AR 55t <15 7| @ Notified Body) o2 A A& sHdA
3ot e Y=l FEsjoF ok I8 #dd=2 15 7]HHNotified Body)ell
sl =71 W7tk A BIHE gt 27] Hrke Be 298 E s E¥skal A
7hA
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86) NAMDOWNNew Approach Notified and Designated Organizations)ollA Al &3t AT}

http://ec.europa.eu/growth/tools-databases/nando/index.cfm
87) Medical device directive®] article 16
88) Basic Information about the European Directive 93/42/EEC on Medical Devices, mdc, 2009



H7HObserved Audit)= 4 1870€rit} <157]13HNotified Body)o] #|Z&ARe] Alo] Ed
A YARl AE, HZE, 388k EC 434 Ad, s 59 A4S s8] A
Aol #F 57| HNotified Body) AHA|S] AakE FsteAE IRldth =3k @
ool R AA HiA, A &5 A, g #gE =4 FAlE AR 2
2 Ed Alglel tis] 15713 Notified Body)3t g4 ti-3-sfof 3189 f-7o] A x 3}
Hdg=of the ARE EUAY3] a0 A9 Notifying Authoritiesf®o Al 21 75
=g

(6) =P 433 (Stand alone) AZE Yo

=d A3 (Stand alone) AZEH oo Hgt 7te]=2kQl> MEDDEV 2.1/6 (Guidelines
on the qualification and classification of stand alone software used in healthcare
within the regulatory framework of medical devices)oll, 2ZE o] H2lE H|FE3}
AT7)7124 8 £ZES oS &7 7| ol et 7ol=F nids| Tk o 7}
ot MEH, FHAYY LZE o, Al SAHAY o8 A= AR
871719 TFHA B 2ZEOE oustH, LAZESoF YHHEE A3}
o ZYMoJEHES AAsE €Ho HHolz2 FY3it). SaMD(Software as a Medical
Device)et, g 7] o]de] og52e fd AHEHE AZES R studo] 7717
o] IR7}F FHA & o] =
A7 00THTEECS] &% 604, “ATEgolt, BAoR our7]e Ao
THE @ A olgel o8 2AS 98 AgHES 528 AzAdl o5 oxd o
87712k BH3he o) Wasith o8 oM AHEE o Ykl EHd) o
o
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rlr
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SPUYY 2ZEoIE YRV} ol BT AgEe] gtk SYNDY AzE
ol mhek A3 98/79/ECe] AW IVDe Aol Ei: VD H&To| Hog 2E
o] FoiA

739, A€ ZHIn vitro diagnostic, IVD) 9]E7]7|u VD] H-&EF02 24
of gt} L3k 252 27]7](Active medical device)s AU FHoz HH AYAEE
2 9ol A7 A Y Aol oFste] o] AqUAE HEst AFdhs RI17E
k=], SHAYEY LAZEo= AT E HFDHY,

K

=AY LT Eol g A=S YAE AZEY oo EFClassification)7}

89) DESIGNATION AND MONITORING OF NOTIFIED BODIES WITHIN THE FRAMEWORK OF EC

DIRECTIVES ON MEDICAL DEVICES, MEDDEV 2.10-2 Rev.1, April 2001
90) http://ec.europa.eu/growth/tools-databases/nando/index.cfm?fuseaction=na.main
91) Classification of medical devices, MEDDEV 2.4/1 Rev.9 June 2010



a3l 2714 71&el wet MDD #3& wE d8r) Stk D 95717 Fos F
3= =AY AT Eo]E A= E7]7|(Active medical device)Z 7HEE o] of
st o]A2 MDDE = 9, 10, 11, 12¢] HEHh 2) A|H 93/42/[EECE F&A IV
Classification Criteria®] 2.3ol= “7171& F&3hAY 71719 ARgel 93-S 71A]+=
ZEJol= AsHor 2L (assz &7dW” © 78 iAol nidEo] it 4

A7 Y78I)7EAY AZEY 0] F SAAA TG o|LspbatM o] MEES Aite}
= AMEEE A AEAE A2H s el YA YUY AT EY Y
T2 713 990 Fjeta, A1AR BEe HAFAR RUHP F AT B OE A
24 W/ETE JEE AZEY oY A
2} Class lla =& IIboll 282 AHo|th A<
3 AZEYol= A7 98/79ECH wet AT

A= ME OE BEEre A dAE AEsfok gtk

74 Al(Borderline)2} #Hst wlF¥(Manual on borderline and classification in the
community regulatory framework for medical devices)¥)o] MZE QL AZE o] A
m2utd gl gk EF+ 99 ol AgEol Stk 53 Eupd ol thete] A E
H, ECG date] tigt =t g2 MDDe| 12 971 A-&5lo] Class laZ &/F2 + 3
<, °o] d& A8717|9 FFE UA FAR YFAzA e AT HoHE
ARg3te] o] & ECG #3 o= Hste] 718 Ak oshs o]e)S s A4 o]9]9
dolgd tist 2AS Fdstr] wEolty. 1y S4HEe BAkeF AT oAka
5 Entdde] AS, AR ©edt HAd A Fa HolE FAYgE FslEE
O|877|12A S AA Qo] HA ¥om, |7t §ol/HX|/&eHE o|nAE ATfsh=
AANFEE B 1o A5 et olHAM S st AHFH 02 A Ao 9

[e)

sha e S8 A8EA gome omylr2Ae] A4ese] 9 Seth

M ¥ o5 1A W3}

92) 72 (Rules)> (3) &l W& &7 &0 e Urh
93) Manual on borderline and classification in the community regulatory framework for medical
devices, Version 1.17 (09-2015)



2 199 71719 A4 Hrlole AF5 71 Notified Body)e] #HHAdo] =
Agt 7o) A8tk 7P APET}F w2 77 15718 (Notified Body)e] #
A7} §le AxGAS] AA AAE ARt BesiH, AFEr =2 717 FAAA
(Type Examination) (1%7]13¥Notified Body)e] tiule]xe] tii AEFS AW ZADS
878 4 o 5T M =2 77IE U571 Notified Body)e] AR H A
e WES 39 AA FA Hrpl ”&o}tﬂ BE AA e 94 ol E A dx o

ofgtth. (1@ 847} @2 71719 Az 3g AAef “FE stk BAIE AA]

AN A AHE THeT = J*%Jo}oi 01 B_?L Abel& %—f—/‘]%l_
ZYA = ol A #HE BRE FHsta Bashy] fs) % a

A A 2~H"ll(Post-market vigilance system)-& & sfjof 3ttt 2 Jé B 45
AzFAE 717178 AR d¢ Q7S Edithe 9| CEE}E% 71719
2k = lon, CEvt=rt e 7171+ EEA ojtolAy #ajd - Sk

A 2 d 3eh o] A AAlE oY 7HA e AFH stk 200790l F
2010 AlBE A AAES o 57)7]o] tig ARE A a7 AR Frjst
A A dlolel A e tist 2FE Asldlor JguU|rE e EE
of AZEYOE F/HITh =3 201 2 S
tlo|E]¥ Z(EUDAMED)ol| 717] 15, 4 ZAF & ZA ¥4 °
XﬂEﬁHO]ﬁPE} FﬂolEi‘@EL %%‘%Jﬂr %‘?3%9133" A3l A qt o] & 4 Ut} o
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04 «LEL 7171% /\IXJOH g/\l Ol"f.‘ ii/ﬂ]i:-g— H

olggt s Bty #dF=H A57|HNotified Body)oll A4S <
dgro =M A Fo] I|YP=Tte Zgo] AY o]FoXA forE 7t A T
o] Aoj= 1 Q=7 FNotified Body)e] 2t H7F Ade] d#AA o] REstE H

B& W% s, Agt 7o tg A7) Notified Body) AHA1e] AEA V& H
Zo tig BAVE tiFsrI= skt ol tisl 2012 <1571 Notified Body)-2 A
Hkz1ol 3% (Code of Conduch)e WHEsh= 5 FHHAY LIS L33 o)s) B4
AL FEd =Y 7€) JThW

94) the European Databank on Medical Devices, ¢J&7]7]o] #3+ f3 dolej =
95) Future Medical Device Regulation in the European Union: Prospects for Reform,

http://www.mddionline.com/article/future-regulation-medical-devices-european-union-prospects-refo
rm#_ftn24



4) V= 749 o= 74 Hlu

=& o5 QAo tiste] FFD&C ActE 7|%= CDRHY @i A17| &3 G4
< B3l dAskA AAStE e WY, FH-2 MDD 22 3= xskd HA
< AARst LA AT o 57| Notified Body)= §38t A5SFS
gttt Ty vl fE 2T 95774 tig Belss wotok A7) 7t
S, 957|719 BEE AZEY ] Q7 e dIE AHE ATt Qo
L, A §84S BSshy] % Ay Wil A&l oA, AFRAEC] A
ANELY AF HAG 23H I7M/FA BEE o] 8T F JEE &3
<E 2-19 "l=3 9 95 4 ¥l
=3 = Sk,
FHAY zsd WA
FFD&C Act(Federal Food, Drug & Council D1rect1v§ 90/385ﬂEEC on Active
C ic Ach Implantable Medical Devices (AIMDD),
H A osmetic Act) Council Directive 93/42/EEC on Medical
U ITitle 21 of CFR(Code of Federal| = .
Reaulations) Devices (MDD),
cguiations Council Directive 98/79/EC on In Vitro
Diagnostic Medical Devices (IVDMD)
FDA¢] CDRH(Center for DeVICES| ¢ L1010 . St
A1 713 |and Radiological Health, 7]7] % g;;ﬁg“j;Eg] %)Ti?ssl%n)(’j 7
WAL A7) AE) < A= 2 Notified Body
2= |FDAIS CEn}=
T E A W AR FE/EE s | R AATHEEAANA A Z/FE
TOTNE ol g Al E = o 2774 E
Class [, II, III
B Class I, IIa, IIb, II
=5 FDAAIA 717187 2 A1 874} Y =
& Am AL 187029 3 (rules)dll we} E&F
., |Premarket notification 510(k) .
ol=0 & )
% Ipremarket Approval(PMA) Conformity Assessment
Jg877] AXZES Y ABAHAZF |87 F5 L 77 AMgl I
o277 & tis QA F AlF S 7AE AZEYSE 779
. o o 2T E A9 S FFE(Level of | Zo] EFE.
" Vconcern)e]l Wl AZEYAEAM|=YAPYP(stand alone) 2ZES]
[ FANGL EEhF. oo st 7lol=ekd AlF.
A&7l |[FDAFRIE i+ HARE AT | FHEAAALI AN 252F =55
xF st "= EF 9 IAEFE AT (AF.
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SO 26262 ®wt ohjgl Bao| we} MIL-STD-882E, DO-178C 52| 9 H3 3
daskal A ARsAF b AE A vl AN A ARE LAskaL
B NHTSA= A5k b A s 918l 20161 69 A7k ) b F2of
g9 6] F8 ¢ FES BT A AEAPAEES] FMVSS(Federal Motor
Vehicle Safety Standards) 3 4AZESJo] b ZEAZ~ F85 e ISO 26262,
MIL-STD-882E, DO-178Ce] 37}A1%, FAste whgel thate] ol|galo] tigh w20
i3] AUTOSARE, ZWEFEH #Aste] MISRA C& FAH R tyd #2&L v 4
Tt o



Ao, AXESo] QHHe] RAE = ko g slsia

WA, AEARE] MSRA C 20040 WHe] 253 §ol& Boah) Reolstn 2
B AE 142700 A 159702 S71A1A 20129 WA wEskth 1
MISRA ComplianceE *#3Este] MISRA C2F MISRA C++ol thsto] 2§
F A9 el w9 ASE Wae) W89, FestE axE
&, ZEAE R /Mid AHIE dY 5& WIS &5 AM& A3siaith

FUFE) ML-STD-S8ES Aw@ AAold okd FEo2 9ol g 4,
ns £9] MIL-STD-882D¢]| o]o] AXEY]
of Ao 9 A ‘;l 4% Bol 349 T8 A9 BN Lzl
s daszds Agelr] 95 ~zegol Az el B AXUolg slol=
1o & Joint Software Safety System Engineering HandbookS 2Hd3stitt. o] 7}o]
gl v, v SfElEs, FEFE, ANEEE 2 F8 Wz, sl A
Fojatgom Al2E obd #BEjat @ AZE 0] A AYA) AF-E I3 5+ 9
5 ST ARE AFse F2oth

GEFREL N2 £ZEO FYT} ATt /1% F8et1 HH ZeA 2 3} 9
3 Ad@d AZBAES AFstr] s DO-178Be] o]& HMZE EEo 2 DO-178C7}

Z}*éﬂi’it‘r DO-178C= 71€& Ev< E852 3+ DO-178B9] +HH dA

Haselr] st At B2 A GAIRE BSATL Zﬂﬂﬂoit}
DO-178C<} fz} AEZ 2" AL, A4 7]9ke] CNSIATM AZEY o] A5S Y3
At AF)] DO-278A, DO-178CeF DO-278A2] A 4?1 DO-248C7F a1, & 1}73‘ o
FHste] gg7] B oyl g mHldx 875 =E FA¥ DO-330, DO-331
(Model-Based Development and Verification Supplement), DO-332 (Object-Oriented
Technology and Related Techniques Supplement), DO-333 (Formal Methods
Supplement)?] 71& RZFA7F Utk olHE 7l& HFAE 7|E $8d g FF F
7H = At

k)
[
kil
r&
mlo

3 HI=/FHY oEHE HAEF

OgH R AFES FF ZF [EC 6234= §H m)o els QJ8AE AZ
Edo] AA thst =x3}H(harmonized) EFOEH o BAZ AZTEYold w3t
FDA, CEQISS & 749 [EC 623042 A-8o] 7lsslth T3+ H7]e]57]7]od sk

e
ko

321 1SO 60601-1914+=, PEMS(Programmable Electrical Medical Devices)oll T



FAES Aes u [EC 62304 LTARE AZES ] A T= WA Aeshy
4 =3 [EC 623042 FH3 = J&%Lo}jr_ oIt} [EC 62304 AZES 0] oFAl
S Class A, B, C2 &3l Y3 SEAI~HS F](segregation)ste] AZES]
E(item) ol A L%i Tue J83EE 3, 9577 LAZEY ]9 SOUPH) ALg-&
ety Fgslsts WHOoEHA SOUPS A~XEY o AA At F3std A5t
gtk I8 Aol #Ed AZE L Vgl met A7 AZESolef ¢
HQto| gk A=< [EC 82304-10] 201610l HEFHUTE o] 52 A =
(stand alone) AZEY T thF11 131, [EC 62304 EFo|A Q738 AXEY
o] oJg87|7] AF 7 e AT Sl
AAA o gAZe] hEES AA st e vl= 9 27 FDARJISH CEvt=
£ Bt m=AE W, FEAR W 9871719 dE §Esta itk W= FDA
(M) =2 F o) k=)ol CDRHINON A 2] 27]7141F<] 510(k)premarket notification 510(k),
A BHHER), PMA(premarket approval, Al #Ase)S #Adtetn 9a, 8L FHAT
«l z38 o ZHHAZ(AIMDD, MDD, IVD)E& 7122 7z} EU 3|¥=9] #ad=roA
%7192l Notified Body$®} CEQ1ZS #&3ith w2 og8r|7|ER/E
37}?4.% FE235= 9, 59 Class [ [la, b, I 4714 2 23 T Ao 25 9
SAFe E7o we IF5 87 G (Class 12 245 443 dapt &
THO AE87)7] 2ZELols 7|RF R ABAF EFE WEIL ol tiit 8+
ARl 23l BF0 2 FRAE I e TAEES AHSSIES dastal ok
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A2 39 TIC A% d3 =A

L 8§19 TIC AR 8%

1) ¥4k ¥3 (Company Profile)

T2 FHE SAoE &Fsta I TIC & A$ 570 719(SGS, Bureau Veritas,
Intertek, Dekra, DNV GL)& TIC AA Al&e] wj& 25%0]42S H49st 9o, o

96) Software of unknown provenance, &*7} &4#H XA Fe& LT EY ]
97) Center for Devices and Radiological Health
98) Catalyst Corporate Finance LLP, “Global Testing, Inspection and Certification Summer 2016”



00 d ool AAE 7L = SAR FA S Tk ols 71Y9e] A 5d%t
AARIME AHEE ABTE HA S%llM A 23%2 FER v = &
A3k 4= 9tk 1 FA DNV GLe] A% AAAE dtides 2 olfE 201349
DNVel GLo| 3 wiZolw, 2015 SGSo| w44 sl F3F 7kx| 9] Wstel] &%
Ao 7z BHEe Ag A AdfH] 36%2 viZo] 21

< 2-200 TIC viE &9 7149 Lot &% (&9: § millions)

m?‘Jrﬂ%H

TIC &< 714 B A} AYd= 2015 "=
SGS 29~ 1878+ 5,763
Bureau Veritas R P 18284 5,063
Intertek = 18804 3,212
DEKRA =d 19254 2,971
DNV GL =24 o] 18641 2,657

(i 2-21> TIC "= &9 7149 wiE ¥ (29]: millions)

TIC A9 714 CAGR
(3 THe) 2011 | 2012\@ | 2013 | 2014 | 2015 (2011~2015)
SGS (CHF) 4,797 5,569 5,830 5,883 5,712 4.5%
Bureau Veritas
3,359 3,902 3,933 4,172 4,635 8.4%
(EUR)
Intertek (GBP) 1,749]  2,054] 2,184] 2,003] 2,166] 55%
DEKRA (EUR) 2007 2164] 2311] 25100 2720] 7.9%
DNV GL (NOK) 10,156] 12,532 15234] 21,623 23390] 23.2%
old #3}e full time employeeE 7]FO02 AHHE ZAOE RE 6% ~ 15% AE9
AR Y F7F FAE Hola ot o]gdt ujEe A g9y 7 F7H=
HAA o= TIC Aol A% g4d Hiolgta 53] & 5 Atk vE FEolA F
B8 o ~9~9] SGS9F w49 Bureau Veritas7} AA TIC Aol 14%S 7 #-3F
M A& FEstL vke Zlolth



(E 2-22> TIC vh% 9] 714l A9 & FF (290 %)

CAGR

TIC & 7148 2011 | 2012 | 2013 | 20149 | 20159 (2011~2015)
SGS 67,633 | 76,790 | 80,510 | 83,515 | 85,903 6.2%
Bureau Veritas 52,148 | 58,924 | 61,581 | 66,494 | 65,995 6.1%
Intertek 31,712 | 34,882 | 36,864 | 38,407 | 41,434 6.9%
DEKRA 27,321 | 28,340 | 32,591 | 35,021 | 36,673 7.6%
DNV GL 8,453 | 10,294 | 16,107 | 15,712 | 14,954 15.3%

(1 SGS

SGSE 71%oFd 9 H(Functional Safety)oll A AZEg o] ¢kdzl Hee FAFZE [EC
61508, 1SO 26262, IEC 62061, ISO 13849, I[EC 61511, IEC 60601 A&
Automotive, Industrial Manufacturing, Consumer Goods and Retail 59 AF4¥EY
A, HAH, dF 2 2S AHx & AFsta o 53 YEr)7] F

[EC/EN 60601 ! IEC/EN 61010 Al2j=¢] A4 Helol ot AlF - 2 EMC H| 2

SGS9| 715 <t AE7MEL AET Al EES ETdhe AF R ZEAZE
W=t Eee FaL A FE 7T Ao #hEA ws 3 NIAA A4, A4
B, A 24, B AL IS 5 AHIEE At v 2 2R Y B
A, Assh V1A, dEIE, 38 Ak, WEA, AZE o] A EokllA AHl~
£ AEd 1 F R FEoAAs ABI7] A, AF, A 23S AREE A
Fokal glom, AlF Aol Bag B a7 Bl 1 E0l =S A Y
3k 7= ol Al FFoEA =2E £FA 9 A B gE &F
As Algska o

Q1= 1SO 9001, ISO 13485, EC Directive 93/42/EEC (MDD), EC Directive
98/79/EECIVDD), CMDCAS (Ziyth, PMD Act (¥+) INMETRO (BEz+d), FDA
Accredited Persons Program, k=, tiRl, 33, &5, ARgrjolegiv|o} E& Zhar9



Z7HA¢l @ FAERS £33 Good Distribution Practice(GDP).

o Z7] 957]7] H2E: CB, NRTL <<l 2 ISO 17025 17}& 3233l IEC/EN 60601
gl [EC/EN 61010 Al2]z<] A Hefoll gk AlF ¢+d 2 EMC H-E.

o TAESH W oJokE HAE: d, AAFRA, vlo] L84

o 1 He HZE FA/AAYE wiE g, RoHS 2, 2%

o AR FEUA AAL A A4 AAE ook GMP AlAL

SGS& Asat FEdlA A5l ga-s gdsta e, AsAt 17 Az b
o #3I IAFAY AMELE BF AR o B SO 2626294 #HEH SO1E
TC22/SC3/WG164+ [EC61508% GKI14 722 :#F3t Hd3loA EEstal ot 2wt
o] 759t #=Hs|A AFSP (Automotive Functional Safety Professional) %! AFSE
(Automotive Functional Safety Expert)e] 7§Ql A28 Al&-3ta gt

3 el 7)E kel #dAste] AlFste A4 AH|2& [FSP(ndustrial Functional
Safety  Professional), JIFSE(Industrial ~ Functional Safety Expert), MFSP(Machinery
Functional ~Safety Professional), MFSE(Machinery Functional Safety Expert),
AGFSP(Agriculture Functional Safety Professional), PIFSP(Process Industry Functional
Safety Professional)7} St

T3 SGSeF TUVZE @38k &Y @919 75 HAREGS-TUV)S &%l 7|#e =
TE 7IAFZY A8 2 A RS FRlske 98 ofH, 1A F< EFE

o] QAR gk AXE I JISAE AlFstal U
(2) Bureau Veritas

Bureau Veritas= SGS¢} TIC A|AES Axdles GAR 7RG HANA 2 EY
obAzt #AHHE A EF IEC 61508, DO 178, IEC 62433, IEC 62304, IEC 60880/62138,
ISO 26262, CENELEC 50128, 1SO 26262, IEC/EN 60601< & &3t &3, A=, A&}
AM, AHA|, 2Ad&7E2: T ARHEYelA HAL AAE, dF 9 us AHx 55
A8kl ATk

Bureau Veritase 715 b & AAL HZH, /153 OEY] 7o #HE o



AZE o] T
@ B g2 ﬂ&@% 43 w MEOJ]OH mﬂ% A7 1, W, A

- AEAA: AxEGo] HA|, A= §4, Frama-C A%, HI2E, 958 A /WL
(19 2-15] 2ZEdo] A=dle) 44 2 72
Computer-based System
Hardware System
System Software (Operating System)
Software (SOftware System )
dystem ‘ Software \ Software Component
Component - :
Software Software { . ‘ \
System Component
% v
At&: Software Guidelines Development & Assessment, 2016, Bureau Veritas
o] 2Ye PHE ALEJ]Y Fbg F 5 FolE wx FIHE M)
FI3 AZES O] A2l AA 8 72 Uk 7A49_ , ZEE o] A zEd] ofs]
FHEHE e e B A% £2ZEdo HF 9 @Y JEe RAFE Ao
o} Sds HIHE AXEY O] AlXE] iEE-‘%lloi T4 84 B AZE 0] {4
o Wi TxE FxHA Gt 15 B 0 7% HAES G, solEuks g
M2 AZEJ O A2l AZEY T 94 TE AXE 0] T YR FZ2E
At H2Ede s 2t £ £ZES 0] 7% 7S £ZES ] HIUE



THo Yo J15H 2T ARE NEATEA BAE] g8 Y 25 e
H, £XZEQ0] AXE B 24 9 H2EE ZFITh

Bureau Veritasts HA717] 234, A7, WA HY, #3] &2 B4, FHF
7] 24, AAZIHEMD)T] 95717] ZokelA IEC/EN 60601 & st 5
A 2 H2E Mu2E Aedith &3 gy ZokllMs E
PART 21J tARQl %2 <Ql(DOA)# EASA PART 21Ge| A4+ 224 51(POAS 24
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o T3 FE 71AH

o 1=y A I W& Avy

o Y23 el Al2H QS B 7HA}: ISO 14971
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JEE S P :fm. 9 Aol e FAEE
2l [EC 61508 7]|2Co & 3t o] o= [EC 61508, [EC 62304, [EC 61511, 1SO
26262, IEC 62061, ISO/IEC 14762 & 54 AF Eol %30l 7% A& Hrlsta
e

ol5717] F&ol4 DEKRAE =A|EF IEC 606013 #&E3E AZE 0] glo]Z ALo]
2 mEAz %7 2 BU A% A9 9% 294 WHE AT gow, of 9
510(k) 2 ISO 13485 ¢15= A|Fstal UT.

E3] DEKRAE ol WE 271717)9} A= 23 okl (Explosion Safety) AR-4
£ Adste] IAEE [EC 600799 #-E ol 22 A 2E AF3ith

(IEC 60079-29-3: 7}~ ©&A17] - 114 7k &R A2 7)% bl &3 2|7)
o ATEX % IECEx schemedl w2 A%, Alg 2 QIF AuH] 2
o A Frojo| W2 A|A ZH=F Q1FE 9)§F Test protocol T3 AH| A
o BZ7] AT B FA thk AF 9 QAF AR~
=)

o EN/IEC 60079¢] <7179}

() DNV GL

715Gl A AZE S hd AHE =AFEE SO 26262, EN 50128, [EC
606011, IEC 61508, IEC 62304, IEC 61513, IEC 62061 A3l A%, H7E HE &
of Hu2E AFHT Yok okl T J)FeHAY AF ZEAsG AN &
FARE HolEY,
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=X () B==hv
[17 2-16] 7159k Q1% ZEAM 2~
_— Application . . Certification .
Application PP N Evaluation > Review > L. Surveillance
review decision
- -
(27 2-17) 71%59H A7
Bl |2
_ E s |2 =
g - - E
@ h B E E
- -
o 0 = E
- L g g HHHE
Required actwity =] © | Typical documentation S |& |8 |8
Management of functicnal safety 3 5 5 |safety life-cycle plan. w | w | x| x| x| x
Evidence of competence
management.
Configuration management
plan and documentation
Functional safety assessment and g 5.5.2 & Functional safety asgessment | x | x | = | x| x | x
auditing report,
Audit reports
Verification 7.13 7 & | Werification plan. X | x| x| x| x| x
Werification docurnentation
Setting safety reguirements for 7.5 B, 9 7 High-level safety x
the safety instrumented functions reguirements specification
Safety integrity level ®
allocation report
Safety instrumented system 711, 11 8 |Functional design specification x
design and engineering Part 2, Safety integrity level vl x| x| x| x| x
Part 3 werification report
Development of application Fart 3 12 8 |Software x x
software Evidence of module testing x x
Programming standard and x x
evidence of compliance
Factory acceptance test 7.14 13 8.9 |Signed factory acceptance x x
test documentation
Installation and commissioning 7.13 i4 3 |Installation and x| x
commissioning records
Operation and maintenance 7.15 16 10 | Operation manual. X
Maintenance manual
Modification 7.16 17 11 | Change management ¥l x| x| x| x| x
procedure.
Impact analyses for
madifications.
Test documentation
Decommissioning 717 18 1% | Decommissioning plan x

At&.: Service specification DNVGL-SE-0141, 2015, DNV GL

Wkl 4YE, DNV GLe 1, A4 2 7k, oluA 44, 92 Ao 2 43=
A AL S glom, A A HFIAZA SYH AF L 7% AR Auls
AZHD Yok F2 ALAQ] A Y TEEAA A} B, A &
FEHE AFA AR Bolth

=29 o]¢ DNV(Det Norske Veritas)e} =<2 GL(Germanischer Lloyd)o] &

o
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—_=
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E

957]7] #HshA DNV GLL Medical Device Directive 93/42/EECS] H-<:4 11, 1V,
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2. M&A 33

D 8 M&A &5

TIC Ao v

2o, s, 55

ode) Bopz ¥

20104 58] 20159
Veritas7} 43t 252

o L=N¢) Ao S o =] o) = o
BAH7NHES ASH] M&A E55 B3l 8 TAY AGA
= S =] o = A]3L o © =] =%
s o8 FAstal 9o, MHlx 9 AF, Aok A &EoF 5

=] o o) = ) > (o] =2 [e]
sbal Stk M&A AL F= 49 GAlC s FExHi glom,
= ==
7hA) 35074 o)Are]l Ayl XY= 9Jom, 7 = SGS9+ Bureau
=] o
skl QAT
(2% 2-18] H 5 M&A A
Main acquisitions since 2010
Revenues Number of [companies over €30m in sales)
Company CAGR 2010-2014 acquisiti
forganic growth'] l2010-2018) | o ny Tar?:tmsifles
2015 | Riomnis 720
A5 | Boaccess IIMJ
% eurofins ﬁ“ﬂﬁ 52 %E %:%;“ﬁﬁm ﬁ
i leuw;leammmm 1
2011 [Pt I3
Applus” Pligenn zu 12 | Veloss 143

Eﬁ:; 2 2011 | Moody B9
s | Shandong Chengon &0
114 | Maocam Anabytics 187
2014 | Matthews Daniel a
HH L) e 2012 | Toeniconten i
2017 | THHiL 3
012 | Acmedabes 55
A0 | Ispaictonte ]
13| Vehick Testing 57
D DEKRA il = %lf E;L&T%m 4
10 Homtro &3
4 e
@ i w© 010 | Global Rk 0
Eﬂr 2 2013 | Senergy 139
— oot N 017 | KEMA 2i5
‘ L5% y Mz | ETsA '3
SGS i & i o F— b
2013 | Reservor Group 174

A 5.7 1 11 | Stewart Holdsgs Group 59

o 1-28%] 2000 | Ammiec k4l

W0 | PeariSueet 59
M”u; \ Ig'mr 2 2011 | Mlter Technology &0

At&.: Catalyst Corporate Finance LLP, 2016

99) Catalyst Corporate Finance LLP(2016), “Global Testing, Inspection and Certification Summer

2016~



2) Ad M&A A%

A MBAT RRANN FUA ol Fol
AL FUE FHOE WAYT, AR AT AEE) BRolth wT e T
AE MG} B A0 TS A% BaE Ao Agel ol )
5353 gl WFAe Folth EF APAC AR 20297 §9E& WA AoE
S A0E R, @A) TIC A% FEE Aot 4% FAe] ¥ FOR FF M&AT}
Vg s AaE Aoz o

AL AEsts ﬂ Bureau Veritase] A8xgs S8l ol2)eh #9423 M&AS
EAE g 33 & Utk o] gAe doE M wigHd YR vwi F
= ARIT(2H 2—17], (29 2-18D) wl= A2 =9 A A%, &HlY ST
NZE A9 Z71E =202 AH AAL At 13y dA] v=2& AR 370
AA7F 5%ol8te] AAS Hstal A9 1271 dA7E 10%018Hs Fhshe & 2499
Aol &gt MRAE B3l W= AF AR&s g Agoltt. 53] Ol &
Gas¢} Consumer & Retail #oFs Zx 2 XA,

|, 2L o= TICY] 'rﬁ"l:r

[1¥ 2-19] Bureau Veritas®] TIC w]= A|& 2k

2015 USA TIC MARKET

DIVERSITY

Oil & Gas

Consumer
& Retail

Automotive

Food & Agri

Manufacturing

Construction
Chemicals

| I New regulations

€= @PHMSA @22

PIPELINE REGULATIONS

30

i
Lv_‘fzrd: Brand protection

Q/' Operational continuity

@

a \®
® Smartworld
™ &

A} = Bureau Veritas Investor days 2015

FHe ALHA e A 4Y, B4

LA

0] 2312 Qs TICY 713

9

riu

(Middle class)e] gdll, TAle] 23, A2
Aol B Aoz Awei.

100) Martet and market(2016), “Testing, Inspection and Certification (T.I.C.) Market”



[19 2-20] Bureau Veritase] TIC &= A& Ak

Growing middle class 2020 TIC accessible market estimation:

& urbanization €21bn

Government /
Public

=ie

Strengthening of regulations

Current
Addressable

» RN S / Open

Liberalization

Progressive liberalization opportunity

£

AL 5 Bureau Veritas Investor days 2015

I HZ M&A 8%

SGS 1#2 #FH+* 17 Laboratoire LCA, Accutest, Quality Compliance Laboratories
IncE st 224, Bu|, Fjythe] 4%, $7d, Health & Safety, #|oF Fofo] o
= 728ks3lal Bureau Veritase T 4% A@4A HZE 9 E43AKI DTS ¢
ate] ofrlol- i el 2 % - 4F Aol WYSYow Intertek= o)
olo] AlZolAd] 3l A} 9 AFA HAE A9 FIT-ltalia SrlS A48ty A=
kA AS AHIZE AESHA HIAk o3 AFAASS 2 MGA &2 59
Ao 9 Aulze] ZEE QS sty 9ok

3. TIC A 2%

HT XS A9Ed TIC AL 20159 <oF 809 232 Hri=len 20161
B 2022@7k4 CAGRIOD 515%9] A& ol Azkat 2022 11329 2] Axo9 /\P‘L
TRIE dZ3ta it olgst A&HQ A2 2 47149 881 iAo = 2
ot Utk 1 AAMHEE IRk HARE, 2. SEEsE g /\17%9] oy, 3.
obAaA L] F7Y, 4 b ¥ FEAE Y S TIC A 43e olEa Qi

oL

oL

101) Compound Annual Growth Rate(##+ HA &)
102) Martet and market(2016), “Testing, Inspection and Certification (T.I.C.) Market”
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NEE FFS st fAE Asketa vk AF 2 d74dee AFY #2 2
Aol A3 BAlo] Fob A7 A48k, Y7 Z7IHYAIY AxPAE A4 VE
& MEESE 97 ety =3 ASAF 0] 4AstH, 553 gulE T S4ASY
ARS7E sEototellA AR AFEE e TRt

2) 224E3lE Q3 A g

SERSE Qs =7F 7F 7ol SUtstHA AFY Y 2 v T FHA FE=
= T Uv BT WA AF FEES A6 Al A4z AL FEAAE A
€53 9lon, TIC(Testing, Inspection & Certification) AHlAE 4 @708 A%
2ol o] Ha ok 53] ofrlop BB e operte}t e AFAIEE
TAAR A FE9 FEY TS s, TIC AolA Adsd A% AAgE B
et Atk I F B Ax @E Bt v FAAE Bl AAY 7
3E Z2ta ATt

TIC NS F53k= W& A9 QAES T2 FHS FHE ZAd) o, =
EHSE Q3 8 F "l AFNA ofAlo} Ao E SiE i gtk APAC A
202297H] FHE SAE ZoE JHY, FF TIC AFAM Fa3 98 & A
o2 Holth

9 opgane 271

TIC (Testing, Inspection and Certification) A2 7192 WFA TICE F33st=
W5 house)A g3 25 AT Al 97 ofx-44(addressable outsource) A2
TRE 2= ) of2AAl AR HE:ALEA, Fulzl o] @A e TE|Fo|u
27| He tAleiA Bl2x"e Fdsket, A4 ol 2 ATTo a7 o)
A AR AL opaABHAL Uk
< B e
T Aol gk
o

D71= A



7V S7kekaL Stk of2Rk olf = AL 43%E AA|shs ok AL wid
56% o =2 4Ho] 3

(19 2-21] TIC NS F+& (28 2-22] o}4&A) NS A&
oR
«lo
43% 57% €73
€564 billion
billion
Addressable In house 2015 2020

A& Catalyst Corporate Finance LLP, 2016

&= At 53 S 2 A= 2
© AZAEY] Ax7E S7HEAL loH, o7 AFAAL AXlmhT JAT EE
ETE 87 Ttk oo wet ok B FAdYs A 2218 A Adsket
Addst] A &Aoo FrlskaL

4 ZA A% 2o 2 AR

229 TIC A € TIC A 532, 201597 FdatAl Wz 48 JAd SGS,
Bureau Veritas, Intertek, DEKRA, DNV GLe| A TIC A<= F=3staL itk TIC A
AL wid 5.15%2 AEAR] Aol dldEH, 202219 oF 11329 2] ARt EIL
Fd Ao oSHTE o]gd A RS AFHEE 76k A Asket =2
st2 Qg A g, oAl S7t ¢ 9 FEdEY S 8 8%e=w
83t} 53] ofxAA NS MEE AY Skt AR g 7Y R HE
A Aol oz Frkstar glom, vid 5-6%2] w2 o] dddEd. df
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