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NP-5652/TR-106439

« The process overview of NP-5652

— Performing combination of 4 methods to dedicate
— Targeting direct items

Identify item program being procured

Does item perform a safety function?

Procure item non-
safety related

Basic
O€eIng procurea Component, | Procure item as a
component? basic compoent
Commercial|grade item
] - Product/part identification,
Documented Safety Function(s)(by FMEA) Physical Hardware,
i Device interfaces
. . L. Accuracy
Identify and Document Critical Characteristics —— Performance Functionality
i Environmental Conditions
L Built-in Quality
Select Acceptance Method(s) Dependability Configuration Control

Operating History
Combination of twp or more methods

v v v v
Method 1. Method 2. Method 3. Method 4.
Special Tests and Survey of Source ltem/Vendor
Inspections Commercial Supplier Verification Performance

Conduct acceptance activities.
Evaluate and document results
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NUREG/CR-6421 process overview

« The overview of NUREG/CR-6421 process

— Preliminary phase of criteria
 ldentify safety function of SW
« Determine safety category of target COTS SW
— Detailed acceptance criteria
« Apply acceptance criteria accordance with safety category

Determine Safety Category of COTS

Software
Identify Safety
System Hazard Analysis and — Category of
Identify Safety Function of system Target Systems Identify Safety _ o
Category of Performing Acceptance Criteria

: . Identify Usage COTS SW by Safety Category

Identify Safety Function of ] Categary of
COTS Software Category : A, B, C, , , ]

COTS Sw Unclassified A:8Steps B:6Steps C:6 Steps

Category : Direct, Indirect,
Support, Unrelated
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Linting

« Linter program checks static errors or potential errors and coding style
guideline violations
— variables being used before being set
— division by zero
— conditions that are constant

— calculations whose result is likely to be outside the range of values representable in
the type used

— Mixed lananguage
— Coding style check
— Etc

- UHIHO 2 FPGA 7HE0IA = RTL designd] X &=
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RTL Linting

« RTL linting is kinds of static analyzer for RTL design + rule checking

« There are several linting tools
— Leda of Synopsys
— SpyGlass lint of atrenta in synopsys
— Ascent Lint of Real Intent
— VHDL rule checker of Sigasi
— HAL of cadence => Cadence Circuit Design Tools O|A] A& = AUZ

« They checks with their own rules and user defined rules also

. Ascent Lint of Real Intent
—  FSM state reachability and coding issues
—  Legal but dubious modeling indicating probable errors
—  Differences between simulation and synthesis semantics
— Naming and RTL coding conventions
—  Subset restrictions to enforce modeling clarity and reduce complexity
—  Opportunities to improve simulation performance
—  Operations with hidden or expensive implementation costs
—  Downstream tool flow issues
—  Network and connectivity checks for clocks, resets, and tri-state-driven signals
—  Module partitioning rules
—  Design testability

EONEUK
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RTL Linting Rules
« o8 =S92 ApMieh #Aof tlist LHE2 FE2 27t

«  Functional safety standard0fl 2|2t safety lifecycle 0lA] verification phase 0l
static analysisZ &}

«  ModelSim 0| A= 2R %0 CHsHA optional StA| M-S
— when Module ports are NULL.
— when assigning to an input port
— when referencing undeclared variables/nets in an instantiation

«  Microsemi Libero SoC 11.5, Synopsys Synplify Pro0|M linting &2 static
analysisE T¥oIC= AE data sheet, white paper, guideline 0o &0} & &= &}

o, K=1
AA OO
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NUREG/CR-7006

«  NUREG/CR-7006 is the “Review Guidelines for Field-Programmable Gate
Arrays in Nuclear Power Plant Safety Systems”

« It is design practice and guidelines for developing FPGA based NPP safety
systems

« Providing design practice guidelines for improving safety of FPGA
— Explain FPGA design about potentially unsafe

— It contains board-level (Hardware) design issue and HDL (Verilog, VHDL) design
issues

«  NUREG/CR-7006 uses framework of NUREG/CR-6463
— Reliability
— Robustness
— Traceability
— Maintainability
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NUREG/CR-7006 Design Entry Example

Reliability
If and Case Statements
— All of branches in if, case statements should be specified explicitly

Maintainability
Vendor-Specific Intellectual Property Cores
— Using IP Core library is able to reduce development cost and improve efficiency

— However, using in safety critical system should be avoided, because it makes hard to
verify the system
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Structural Analysis about FBD for safety critical software

«  NUREG/CR-64637|%2t9| Guideline % Rule Checker
— Reliability
Correct Control Flow
Correct Variables and Functions
Type Conversion
— Maintainability
Drawing Diagram
Defining Variables
Abstraction

- Verilog/VHDL S0l 8= keyword AF&0f| CHSi =7} Q1 H|efAre e
— Data type®| M = l= keyword?7} EX|f (e.g. ANY_DURATION - TIME, LTIME)

« NuDE 2tZ0]| A FBD Rule checkerS FPGA 0f Al & mfjo| A&
— HDL o ExH35}X| k= KEYWORD (Data type S) AHE M =71 EQ
— HHEI|0|AM 7006 2| LHE XE0| R
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IP CORE LIBRARY
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IP Core Library

IP (Intellectual Property) Core in FPGA
— Design, cell, chip, logic S CtA| A8 & £

- =y

e

AABol HAIE 7HThs| ot o oj2] Helst 7| st 2|22 2fo|HE]z|
Vendor, 3 party S0|A H|Z

Microsemi 0| A= Libero SoC 22| Smart Design tool 0|A] IP Core AFEE XS
 RTL codek 0|8 7}5
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IP Core using example in Smart Design

-I- Basic Blocks
Accumulator 20
Adder 2.0
Adder - Array Adder 20
Adder / Subtractor 2.0
Comparator 20
Counter 2.1
DDR 20
Decoder 2.0
Decrementer 20
FIR-Filter 2.0
[F{e] 20
Incrementer 2.0
Incrementer / Decrementer 20
Logic 20
Multiplexor 20
Multiplier 20
Multiplier - Constant Multiplier 20
Register 2.0
Subtractor 2.0

- Bus Interfaces

adder 0
DataA[1:0] Sum1:0]
DataB[1:0] Cout

Cin

PLL - Static 2.1
- DSP

(=3
+- Macro Library
-+ Memory & Controllers
(=3
(=3
&= CoreDDR 40129

&=
&=
FIFD - Synchronous Embedded 20
FIFO Contraller with Memary
FIFO Contreller without Memory 10
FlashROM 20
RAM - Dual Port 22
RAM - Two Port 2.2
+ Peripherals

|

Documentation:
CoreD0R_HB, pdf
CoreDDR_RM_40, pdf
CoreDDR Handbook
CoreDDR Release Motes

Descriotion: COREDDR orovides a hiah cedormance interface to

EPENDABLE SOFTWARE
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COREDDR_0
AUTO_PCH BA[1:0)
BL{1:0] CAS N
B_SIZE[3:0] CKE
CL20] CLK_1X
CLK_IN CLK_1X_SHS0
CL HALF CS_N[7:0]
COLBITS[20] DATAOUTIE3:0]
DATAIN[EZ:0] DM[3:0]
DELAY[150] DQ_OE[3:0]
DM_IN[7:0] D_REQ
DQL31:0] RAS N
DOS[3:0] RW_ATK
DS[1:0] R_VALID
MRL{2:0] SA[13:0]
RADDR[30:0] WE_N
RAS[3:0] W_VALD
RC[3.0]

RCO[2:0]
REF[15:0)
REGDIMM
RESET_N
RFCI4:0]
ROWBITS[1:0]
RP[20]
RRD[1:0]
R_REQ
SO_INT
WH[1:0)
W_REQ
g

13
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IP Core Library

« Generally, direct core is provided with release note, handbook, data sheet,
V&YV report, etc.

« CoreDDR is a high-performance SDRAM controller that is optimized for
Microsemi FPGAs and designed to simplify system design while maximizing
memory bandwidth and overall system performance

DDR SDRAM
Actel FPGA Core Interface

Loca s <:>
tace CoreDDR
interface < f[> User System <:>

DDR SDRAM Device(s)

CLK_1X
=

CLK_1X
="
CLK_1X_SH90

Tx
PLL/DLL
1x =90°

System
Cloc

|
l

« Accordance with NUREG/CR-7006, IP core library is not recommended to use
in safety systems
— 9ok AL ICHH, dedication 2] CH&0[2lD & = AR
— ZHSBE IP Core libraryE Al26l{0f &
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IP Core Library

DDR SDRAM

Actel FPGA Core Interface

Local Bus < >
tace CoreDDR
Interface < § User System <:> ore

= = b
! o EEI
S 3| 2
!I
|
o
1x
System
Clock ——® PLL/DLL
1= =80°

DDR SDRAM Devicels)
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LABORATORY


http://cse.konkuk.ac.kr/

IP Core Library

» Library2 H| S E|= controller

Local Bus CoreDDR

Interface
RESET_N Bank
- Management
Refresh Cantrol SDRAM
Configuration Inputs - DDR SDRAM Device(s)
A 4 Interface
¥ L
RADDR : :
- CKE ' 1
B_SIZE[3:0] - . i
R_REQ RAS_N : i
W _REQ | CAS N : ;
- RW_ACK Control and Timing -
D _REQ WE_N o '
o R_WVALID il
= D_VALID : :
# t SA[13:0] - :
Initialization Address BA[1:0] H :
Control Generation CS_N[7:0] 1 :
DATAIN[2N=1:0] DM[N/AE=1:0] - .
DM_IN[2N/B=1:0] L DQ_OE[N/8=1:0] : :
« DATACUT[2N=1:0] — DDR DQ_OUT[N/E-1:0] : :
- D _IN[N/E=1:0] H :
Data Cantrol D0S_OE[N/8-1:0] : ;
— CLEIX DQS_OUT[N/E=1:0] : !
CLK_1X_SHS0 : :
| | N ) - :
1= | T : :
—COotk .| ewpw — hos 5 :
1= =90" L~ - E i

LABORATORY

]}@EPENDAELE SOFTWARE K l ] II_]&;C:‘ : Figure 1-2 - DDR SDRAM Controller Block Diagram
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Vendor (Chip) specific macro libraries

- ZH HIE (chip) €2 g, P&R 52| Mol 42 0|82 macro libraries & X| &
— Dedication CH% 0[2}7| EC= CH4 vendor?| IDEL} Synthesis =2 V&V 1H0f| A
ol x|ojof & L= 4z

AO12 IGLO0, ProASIC3, SmartFusion, Fusion

Function
*‘*—D_I_ 3-Input AND-0OR
B
I
| A B [ Y
“D 0 i 7 ]
i B 1 [1] q 0
a 1 q 1
1 1 0 1
a 0 1 0
Tnput Dupat 1 a 1 1
A B C ¥ i) 1 1 1
1 1 1 0
Function
3-Input AND-OR
Truth Table
A B C Y
1] 0 1] 0
1 0 i 1
a 1 i 1
1 1 i 1
i 0 1 0
Tnput 1T ! g ! 0
A B.C ¥ a 1 1 i
1 1 1 1
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OTHER STANDARDS ABOUT
DEDICATION
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Other Standards

 In addition to, there are some standards about COTS dedication

« TR-107330 : “Generic Requirements Specification for Qualifying a
Commercially Available PLC for Safety-Related Applications in Nuclear Power
Plants”, 1996

« TR-107339 : “Evaluating Commercial Digital Equipment for High Integrity
Applications A Supplement to EPRI Report TR-106439", 1997

— 106439 B =

« TR-104159 : “Experience with the Use of Programmable Logic Controllers in
Nuclear Safety Applications”
— PLCE &2 2 dedication A

« NP-7218 : "Guideline for Sampling in the Commercial Grade Item Acceptance
Process”, 1992

« TR-017218 : “Guideline for Sampling in the Commercial-Grade Item
Acceptance Process (Revision of NP-7218)", 1999

— Sampling guideline => ™X}/H7| 7|17| 55 tHE 22 EEAE HEA|0| sampling 7}0]
capel
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Other Standards

« TR-103699 V1-2 : “Programmable Logic Controller Qualification Guidelines for
Nuclear Applications”, 1994

— PLC qualification guideline : 1064392| 7|tI?

« TR-1025243 : “Plant Engineering : Guidelines for the Acceptance of
Commercial-Grade Design and Analysis Computer Programs Used in Nuclear
Safety-Related Applications”, 2013

« NP-6406 : “"Guidelines for the Technical Evaluation of Replacement Items in
Nuclear Power Plants (NCIG-11), 1989

« TR-1008256 : “Plant Support Engineering : Guidelines for the Technical
Evaluation of Replacement Items in Nuclear Power Plants (Revision of NP-
6406)”, 2006

— NP-56522] technical evaluation £-£0j Cijst =71=Ql 7}o| E2}ol

 NP-6895 : “"Guidelines for the Safety Classification of Systems Components,
and Parts Used in Nuclear Power Plant Applications (NCIG-17)", 1991
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Other Standards

ASME NQA-1

« TR-112579 : “Critical Characteristics for Acceptance of Seismically Sensitive
Items”, 2007

— Seismically sensitive gt M| Z&2| critical characteristicsOf| CHolf &

« TR-1016157 : “Plant Support Engineering: Information for Use in Conducting
Audits of Supplier Commercial Grade Item Dedication Programs”

«  NUREG-6294 : “Design Factors for Safety-Critical Software”, 1994
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However...

« Evaluation of Guidance for Tools Used to Develop Safety-Related Digital
Instrumentation and Control Software for Nuclear Power Plants by NRC

« Survey of concerning the use of software tools
— Task 2 Report : Analysis of the State of Practice, 2014, 350 pages
- of2] e EEEO| Ll detailed analysis 3,
— Task 3 Report : Technical Basis for Regulatory Guidance, 2015, 80 pages
« Technical basis for software tool regulatory guidance for review and acceptance of software tools
Software tools: A computer program supporting or used in the design, development, testing,
review, analysis, or maintenance of a PDD or its documentation. Examples include compilers,
assemblers, linkers, comparators, cross-reference generators, decompilers, editors, flow

charters, monitors, test case generators, integrated development environments, timing

analyzers, simulators, and thermal-hydraulic analysis programs. (Adapted from |IEEE Std. 7-
4.3.2[6])

- ZtEF LMY (auto, railway, nuclear, aerospace, aviation), Zt% 7|2 (NRC, IEEE, IEC, IAEA, EPRI,
NIST, AECL, NASA, etc) 2| regulatory guideline, practice, experience, standard, TR2 S3}0
safety-related or safety system 7/ 0] Al E|= software tool2| selection, evaluation,
acceptance S the safety assessment of software tool 0 Ci$t LH2 2| U £, regulatory
guidanceE %%t 7|x X3 FH

« TR-1025243 : Plant Engineering : Guidelines for the Acceptance of Commercial-

Grade Design and Analysis Computer Programs Used in Nuclear Safety-Related
Applications, 2014

— Computer program®| dedication0i| CHsl {8 H|Z
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Common Position

« Licensing of safety critical software for nuclear reactors

— It is “Common position of international nuclear regulators and authorized technical
support organisations”

— Common technical positions on a set of important licensing issues

« Task force, which contains 7 countries, establish documents for licensing
issues of safety critical software (Licensing issues of safety critical software for
nuclear reactors)

— Belgium, Germany, Canada, Spain, United Kingdom, Sweden, Finland

« In the later, the U.S. NRC has participated in the meetings of the task force

This document should neither be considered as a standard. nor as a new set of European
regulations. nor as a common subset of national regulations, nor as a replacement for national
policies. It is the account, as complete as possible, of a common technical agreement among

National regulations may have additional requirements or different
requirements, but hopefully in the end no essential divergence with the
common positions.

I{ I l EONEUK
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Common Position

« This documents consists of involved issues, common positions, recommended
practices about each licensing issues

« It provides 23 issues about licensing
— 1.1 Safety Demonstration
— 1.2 System Classes, Function Categories and Graded Requirements for Software
— 1.3 Reference Standards
— 1.4 Pre-existing Software (PSW)
— 1.5 Tools
— 1.6 Organizational Requirements
— 1.7 Software Quality Assurance Program and Plan
— 1.8 Security
— 1.9 Formal Methods
— 1.10 Independent Assessment
— 1.11 Graded Requirements for Safety Related Systems (New and Pre-existing Software)
1.12 Software Design Diversity
1.13 Software Reliability
1.14 Use of Operating Experience
1.15 Smart Sensors and Actuators
— 2.1 Computer Based System Requirements
— 2.2 Computer System Architecture and Design
— 2.3 Software Requirements, Architecture and Design
— 2.4 Software Implementation
— 2.5 Verification
— 2.6 Validation and Commissioning
— 2.7 Change Control and Configuration Management
— 2.8 Operational Requirements

) I{ I l EONEUK
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The END

END
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FUNCTIONAL SAFETY


http://cse.konkuk.ac.kr/

B

IEC 61508 Functional Safety

XL, M7 A|AHQ| 7|5 M E RISt BE
- E£7% 200 Foff x| f2 HMutHol @ AL
—  E/E/PE safety-related system?2| 7|5 QtH/d S 25| flo East 22| U 7|=X &S A
Safety Life Cycle
- 7]l o 2EE STt 252 HAMHR 2t2|5t7| flsh At S xHEY
— 7.5 ©H| ¢tH @ F AL : Hazard & Risk analysis& Sl E/E/PE safety-related system, 7|E} 7|= QtH
S A|AH] QR 2|A3 ZhA MH|0f LS IS RFALE S AXF AL Q7 AP SHO|AM HA|
CHH AL Cist BMME e EM 7|5 tHES B
o ZH o sl 27 El= 7ISATEE SREEI| oM Hast 2tH 7| SE0| BA| £|lojof &
o 2|23 AA FHONM, AHFZEE 2FALE (SIL) 0] ZF et 7|50 CHsl HA|x|ojof stCt

61508-3 requirements 5 2 ZE 9|0 7'
~ 74211 EE3E ATEY 0 £ 7|0 HLE 2AZEY 0|7 MAHTHA O M SREICHH
Ol 2HsH motsiof stch, 2AZEQ0] OFM RAIE HME WSO it 2ZES
27t ®MA| E|ojof stct.
— JHgol ArRElE Ao, oYU, HAHE| £, V&V ET MEE SIL of mfat Mey £[ojof strt
—  SIL =0 2t 25 ASME Bt HAY|/HTYUZHE Jtxot &
—  BZE|X 28 1 EtES M3 E[ojof &

Eo= YHEMO|

-1 —

a2
A
o

=0 tis =2 ®AI5ta

HI
gjo
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Functional Safety Certification

 SIL(Safety Integrity Level) : H|E2| 2tH 7| 50| 27 k|= ME[E &

« Using Performance Measures, probability of the safety function operation

| Safetyintegrity | High demand e | o PREETET O
i Level (SIL) (dangerous failures/hr) dernand)

4 210 to < 108 2102to < 104

3 >10% to < 107 >10% to < 10°3

2 >107 to < 10 >103 to < 102

1 >10° to < 10 >102 to < 10

hONI(U'K
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Functional Safety Certification

« Standards for providing the requirements for the functional safety system
— IEC 61508 : functional safety of electrical, electronic, and programmable electronic
equipment
— 1EC 61513 : for NPP system
— |EC 60880 : for category A software
— 1EC 62138 : for category A software
— 1SO 26262 : for automotive

SafeTi™ AZE0] 7HL Z2H2, 150 26262 X IEC 61508 “7I5 AT EEM ASILD X sIL3

ThlsproductrecelveleC 61508 ' ..“m:‘l E@é nas AR : : 1 : : : :
i i T..' ..E......A;‘.E‘A.<.:.‘.‘...":.........:.........l.........:.........:.........:.........:.

SILZ certification :
%[%%01 -;r; : gkl: :;ZH l-ccg o:\l I;:;;lL ] CSE,:?'AH,;ICATE NO Fsmrzzolwoo:o PAGE 11 ﬁm&m
<] :

e, MANUPACTURNG PLANT
= 855 ‘IOE 7I.II

: : : : AT | saeocemeanes
I =M e 7bazx|7] p : : ; : : :

Hercules™ MCU'AZE0] HEUEE 9|3t MZ & safeTl 2AF Il‘il W7|XZ 7l XY e U AF XY -

PROJECT NOMD g & 5

P

Sutatio for
a0 nciusng 882

- Sy R o e s st e -W-‘ 4

e e teats_ Ay Changes 1o the desiy

A 7= T LR

3a 47|

1] HA
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IEC 60880 112 AlEt

02

Software tool MEH2 (7H'&0| AHE|=) 608802] 1~12 chapter?| RFAIE S
£5}HLt 15 chapter2| assessmentE =0l 0F g => dedication 2t 1} H|X5HA|
AL E
— 608802 HM|XQl L§ 81} dedicationOf|A| AI23st1 Y= 1
of criteriall & | E S A|FHAEHA FIlQ Hado| CHsl 1
o= HEtHH

2 critical characteristics& &
{off 20 Mzt s £~ 9ls 7

=
[ -

X ZE|0{0f Sli= assessmentTE2 tool2| typef 2} E2tE
— 1. compiler, translator
2. verification tools
3. os
— 4. development support systems (e.g. word processor?)
5.
Z
A

version control tool (e.g. svn)
_ Ztzto| 250 ME £F0| i3 o BF
Compiler, translator2| optimization

— Should be avoided
— AL siChH, AHobY Zato]| sl test, verification, validation BFEA| =34
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COMMON POSITION EXAMPLE
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1.4 Pre-existing Software — Issues Involved

» Issues involved
— A set of issues about licensing

« Issues about 1.4 pre-existing software

— The functional behavior and non-functional qualities of the PSW is often not clearly
specified and documented

— It is not certain that developing under safety life cycle like IEC 60880

— The operational experience of the PSW are not often enough to compensate for the
lack of knowledge on the PSW (information about product and development process)
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14 P

re-existing Software - Common Position

« Common Position

A set of common positions on the basis for licensing and evidence which should be
sought by task forces

« Common positions about 1.4 pre-existing software

'DEPENDABLE SOFTWARE
LABORATORY

The functions that have to be performed by PSW, shall be clearly and
unambiguously specified

The code version of PSW shall be clearly identified
The interfaces (the user or other software) shall be clearly identified

The PSW shall have been developed and maintained according to QA standards and
software development process

Documentation and source code shall be available if modification
Documents of quality assurance plan and development process shall be available

Conditions for accepting
Verify the functions performed by the PSW about requirements specification
The PSW functions shall be validated by testing

Defects which are found during validation shall be analyzed

KU vy
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1.4 Pre-existing Software — Recommended Practices

 Recommended Practices
— Consensus on best design and licensing recommended practices by task forces

« Recommended Practices about 1.4 pre-existing software
— Operational experience may be regarded as evidence to validation or verification

— Configuration of the PSW:
= Functions used:
= Types and characteristics of mput signals, including the ranges and. 1f needed. rates of
change:
= User interfaces:
= Number of systems.
— Demand rate and operating time data should include:
= Elapsed time since first start-up:
= Elapsed time since last release of the PSW:
= Elapsed time since last severe error (if any):
= Elapsed time since last error report (if any):
= Types and number of demands exercised on the PSW.
— Error reports should include:
= Descriptions and dates of errors, severity:
= Descriptions of fixes.
— Release history should mnclude:
= Dates and identifications of releases:
= Descriptions of faults fixed, functional modifications or extensions:
= Pending problems.

| B K Konkuk
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Example of Certification by IEC 61508

* This product receives IEC-61508
SIL2 certification
- WYLE Lx=2M ZY ALXFo
AX|sto] 71Ad, CO2, CO, N207tA
S gd5Xoz 7X

I =old EF 7pA x| 7|

Prev
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CERTIFICATE NO  FS/71/220/14/0030 PAGE 111

ZERTRAT MR

LICENCE HOLDER MANUFACTURING PLANT
GENITMNGUNG SINHARE S FERTIGUNGSSTATTE

GASTRON CO. LTD GASTRON CO.LTD

18-8, DOGEUMDANJI(IL)-GIL, 18-8, DOGEUMDANJI(IL)-GIL,
SANGROK-GU, ANSAN-SI, SANGROK-GU, ANSAN-SI,
GYEONGGI-DO, KOREA GYEONGGI-DO, KOREA

PROJECT NO/-ID LICENSED TEST MARK CERT. REPORT NO.
PROEKTNRAD GENEWMIGTES PRUFZEICHEN ZERTWKATSEERICHT AR
FIMW FIMWO0003

SGS FUNKTIONALE SICHERHEIT
GEPRUFT

. SEP
FUNCTIONAL SAFETY

SAKE:

Tested according to IEC 61508: 2010
Gopnat nach

Certified product(s) Infrared Type Gas Detector

Zetdnane(s) Procueiie)

Model(s) GIR-3000

Mocee)

Technical Data and Type B device with HFT=0

Parameter for the particular Safety Functions

TOhain Dot s famcalas Suitable for safety related systems in low demand mode up
to and including SIL 2

Specific Requirements The certificate is for type approval and based on voluntary

Risnbuché Astatiungen tests. Any changes to the design, materials, components or
processing may require repetition of some of the qualification
tests in order to retain type approval. The certification report
is an integral part of this certificate. All requirements and
constraints of the current valid revision of this report shall be
met.

Certification Body Munich, 2014-02-11
for Functional Safety
S$GS-TUV Saar GmbH

Zuttemnngusiod s Farvionmy Schmied Marcus Rau
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Tl development process

« SafeTl software development process receive functional safety ceritification
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