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1. Background

China Nuclear Power Development Plan— 45 existing and under-construction Units, and 

17 Units approved for preparatory work

-- Country Nuclear Power Profiles, 2014 Edition, IAEA

Digital I&C systems are widely applied in new and existing Units.Digital I&C systems are widely applied in new and existing Units.
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1. Background

The characteristic of an item expressed by the 
probability that it will perform a required 
function under stated conditions for a stated 
time.—IEEE 577

The ability of a program to 
perform a required function perform a required function 
under stated conditions for a 
stated period of time. –IEEE 
1633



1. Background

RAVONSICS- Reliability and Verification
and Validation of Nuclear Safety I&C
software
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2. Research Topic

Assessment of 
software reliability

VerificationVerification

Safety justification

(-- Jan-Erik Holmberg, VTT)
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2. Research Topic

Assessment of Software Reliability
--MFM

•MFM is a goal oriented functional modeling methodology invented 
by Professor Morten Lind in 1980s;
•Modeling the system by analyzing the actual mass flow, energy 
flow and information flow, that is easy to understand.

Graphical symbols of MFM—Lind, Morten
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Assessment of Software Reliability
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—Lind, Morten
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2. Research Topic

Assessment of Software Reliability
--MFM

ifs1: information flow of controllers for 
describing the data collection and 
processing, and generating control 
signals 

efs6: energy flow of 
computers

ifs2: information flow of computers 
for describing the information 
management of computers

14MFM of Main Steam System with Process Control—Ming Yang, HEU

Functions are grouped into flow 
structures at different levels to realize 
goals.
Flow structures are connected 
through relations.

By this way, the functions of a digital 
control system can be clearly 
understood.



2. Research Topic

Assessment of Software Reliability
--HSM

HSM is a model of the software structure. The basic idea of HSM is from

MFM and Flow Network Model (FNM). Different with FNM, the software

structure is organized at different layers of abstraction which enables an

easy and step-by-step model extension.

Modeling Elements of HSM

 Unit

 Module

 Relation

 Configuration



2. Research Topic

Assessment of Software Reliability
--HSM

Unit Module Relation Configuration

serialserial

Parallel 

Compound



2. Research Topic

Assessment of Software Reliability
--HSM

Start-1

Code 1 Code 2 Code 3

End-1

Module 1

Module 2

Code 4

Code 3-1 Code 3-2

Start-2 End-2

Start-3

Code 1-1 Code 1-2

End-3

Module 3

Code 3-1-1

Code 3-1-2
Start-4 End-4

Module 4



2. Research Topic

Assessment of Software Reliability
--HSM
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2. Research Topic

Assessment of Software Reliability
--HSM

C1

im

PID Controller

 186 lines
 FORTRAN code
 =1.qi=0.9
 115,212 routes

HSM Model

C2
C3

C4
qi= 0.9989976 after 5 tests
Failure probability will be 1E-6 after 30 
tests.



2. Research Topic

Assessment of Software Reliability
--Bayesian Network
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Prior Probability P(Bj) 
is gained by expert 
judgment.

Conditional  Probability
P(A|Bj) is gained by 
Analytic Hierarchy 
Process.



2. Research Topic

Assessment of Software Reliability
--Bayesian Network

Organization

• SW DDS
• SW PDP
• Code analysis

• SW PM evaluation

design Process

DDI&I&C C SRSR

• SW DRS
• SW DRS safety

quality management

test
• SW quality plan
• SW safety plan

• SW CM

• SW integration
• SW installation
• SW maintenance
• SW V&V

DDI&I&C C SRSR
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Assessment of Software Reliability
--Bayesian Network
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2. Research Topic

Assessment of Software Reliability
--Bayesian Network



2. Research Topic

Verification
--Formal Verification

In the context of 
hardware and software 
systems, formal 
verification is the act of 
proving or disproving 
the correctness of 

EPRI 1022983 Recommended Approaches and Design Criteria 
for Application of Field Programmable Gate Arrays in Nuclear 
Power Plant I&C Systems

the correctness of 
intended algorithms 
underlying a system 
with respect to a certain 
formal specification or 
property, using formal 
methods of mathematics
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Verification
--Formal Verification

Simulation
Test

Formal 
Verification



2. Research Topic

Verification
--Formal Verification

Develop the formal 
specification based on 
Property Specification 
Language;Language;
 Define the property of the 
VHDL or Verilog code by 
property assertion;
 Run the formal verification 
by tool.
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Verification
--Formal Verification
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2. Research Topic

Verification
--Statistical Testing

“Software usually is tested to detect bugs, such that those identified be 
removed, and also to demonstrate that the software can perform its intended 
functions, possibly for licensing purposes. Different test strategies have been 
developed, for example, black-box and white-box testing. However, they are 
not designed for quantifying software reliability, that is, the failure probability on 
demand, and thus, cannot be used for that purpose [May 1995, Hamlet 
1994,Kuball 2004]. The main reason is that the inputs to the software in these 1994,Kuball 2004]. The main reason is that the inputs to the software in these 
tests are not random samples from the operational profile. Therefore, 
separate operationally representative tests must be undertaken. Such testing 
performed to support quantifying software reliability, i.e., the probability of 
failure on demand, is called statistical testing [IEC 1986].”
(NUREG/CR 7044- DEVELOPMENT OF QUANTITATIVE SOFTWARE 
RELIABILITY MODELS FOR DIGITAL PROTECTION SYSTEMS OF 
NUCLEAR POWER PLANTS)



2. Research Topic

Verification
--Statistical Testing

-- Nguyen Thuy, EDF R&D



2. Research Topic

Verification
--Safety justification

Safety case: “a documented 
body of evidence that 
provides a convincing and
valid argument that a 
system is adequately safe 

Claim

Argument

system is adequately safe 
for a given application in a 
given environment” Evidence

Evidence

Evidence

(-- Sofia Guerra, Adelard)
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Verification
--Safety justification

Safety case: “a documented 
body of evidence that 
provides a convincing and
valid argument that a system 
is adequately safe for a 
given application in a given given application in a given 
environment”

(-- Sofia Guerra, Adelard)
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3. International Cooperation

No
.

Participant organisation name Country

1 VTT Finland

2 Électricité de France (EDF) France

3 Institute for Safety Technology (ISTEC) Germany

4 Adelard LLP/CSR (ADEL) UK

5 Swedish Radiation Safety Authority  (SSM) SwedenH
A
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M

O
N

IC
S

5 Swedish Radiation Safety Authority  (SSM) Sweden

1
State Nuclear Power Automation System Engineering Corp. 
(SNPTC/SNPAS)

China

2 Nuclear and Radiation Safety Center (NRSC) China

3 Institute for Standardization of Nuclear Industry China

4 Harbin University of Technology China

5 China Techenergy Co., Ltd. (CTEC) China

6 Shanghai Automation Instrumentation Co., Ltd (SAIC) China
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3. International Cooperation

COORDINATION AGREEMENT (with 8 attachments)



 March, 2011, Kick-off meeting in 

Shanghai;

 April, 2011, HARMONICS meeting 

in Sweden;

 January, 2012, 1st RAVONSICS 

meeting in shanghai; 

 April, 2012, HARMONICS 

workshop in Finland;

3. International Cooperation

workshop in Finland;



 July, 2012, meeting in Sandiego；

 October, 2012, 2nd RAVONSICS meeting in Herbing and Coordination 

meeting;

3. International Cooperation



 December, 2013, 3rd RAVONSICS meeting in Shanghai;

 December, 2013, audit meeting from CAEA;

3. International Cooperation



3. International Cooperation

April, 2014, HARMONICS workshop；
July, 2014, EU-China workshop；
December, 2014, RAVONSICS workshop



3. International Cooperation

 September, 2015, peer review 

meeting
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4. Conclusion

RAVONSICS is a good start of the software 
reliability assessment in China

RAVONSICS is also a good start of deep and 
broad international and national cooperation in broad international and national cooperation in 
China

More effort is required for every topics of 
RAVONSICS




