%‘é&—ﬂi KA EEME R A TEREE

4-D Development Mode of Reliability System Engineering
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@— Outline

“*Who are we?

“*Reliability system engineering (RSE)
“*4-D Development Mode

“»Software Reliability work with 4-D Mode
<*Communication with industry



“*A school at BeiHang University, which focuses on
reliability systems engineering.

“*Reliability Engineering Institute of BeiHang
University

“*Reliability Engineering Center for Aviation
Industry Corporation of China
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@— 4-est In China reliability area

Our school is the leader of reliability system engineering
In China
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@— Reliability Systems Engineering

Reliability
— )
Systems ( A

It Is an integrated engineering

_ ) Failure Failure

technology which takes failure ag Affairology R i
the core issue, revealing the law Principle System
of failure and providing . o

i . : : (Basic (application
techniques in failure prevention, technology ) technology)
failure control and repair, with -
systematic engineering theory 0 *
and methods in the entire life
cycle of the complex systems Failuredology

Reliability Systems
Engineering
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@— Reliability system engineering VS Health system engineering
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@— Technical Connotation of RSE

RSE

Egonomic
ffordabilit
Products Y
A multiplier of
4 Time function and
durability performance

Environmental
adaptability b
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<+ Efficiency (E) isthe comprehensive expression of system
availability (A) dependability(D) and capability(C).

’0’E=A.D.C | ; RSE
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@; Position of RSE in modern quality

eature o
Modern
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@— 4D-Mode for RSE

RSE Framework =S X T X F X A

“*S 1S the set of components in System-wide.

= S={Component, Part, Software, Hardware, Material, Net, System,
SOS....}

T Is the set of Total Life Cycle of products

< P={Argument, Requirement, Design, Production, Verification,
Maintenance...}

“*F 1s the set of the Full-features of products
< F={Reliability, Safety, Testability, Maintainability, Supportability}

“*A1s the set of all around knowledge and work

“» A={Theory, Technology, Tools,Practice;Education,Research,Consultation,
Service}



@— 4D-Mode
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@— Example of RSE In System-wide

» Electronic components
destructive physical
analysis(DPA)

“*VLSI circuit test

s
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& .. <»Embedded software test
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= i« Software reliability
D lis assessment
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T “* Reliability / environmental
e test(Temperature, Humidit
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@ RSE solution example in total life cycle

Mechanical component, Electronic component, Software,
Hardware, Material, Net, System

Product
development SArgued SDesigh SProducd > Verify Use

Reliability, Safety, Testability, Maintainability, Supportability




RSE In argument phase

Argument for reliability, safety and maintainability

Simulation argument
for RMS
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RSE In design phase

Reliability and performance integration design (for system)
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RSE in design phase

Reliability and performance integration design (for electronic products)
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RSE in Total life cycle

Rellablllt simulation
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~ RSE In design phase

Safety design and analysis

The accident inference
and prediction

FTA;FHAETA;

Safety simulation of the aircraft
approach process



RSE in Total life cycle

Testability simulatign
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RSE In design phase

Prognostic and health management
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RSE in production phase

Process reliability

“» Process reliability is a method for identifying and controlling
manufacturing defects, which have significant cost reduction opportunities

for product infant reliability improvements

Infant Useful Life Wearout
Mortality

Instantaneous Failure Rate

CUMULATIVE OPERATING TIME (OR OTHER LIFE UNIT)

**Tools
MIS of Process defects data
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RSE In verification phase

Environmental Reliability Qualification Testing
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RSE In verification phase
Embedded software reliability simulation testing




RSE In verification phase

Simulation verification for testability (infield)
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RSE In verification phase

Maintainability analysis and evaluation with virtual
maintenance
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RSE In usage phase

Simulation for supportability
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RSE In Full-Feature

- - Technical Advantage L
Design - : — —
. / Electronic product reliability prediction based on POF
r ) *Mechanical product reliability analysis
k Analysis , ‘EMECA
- N *Reliability Enhancement Testing
Testing sreliability evaluation with Small sample
: : «Software reliability simulation testing for embedded
Assessment software
) " * The system maintainability modeling
. R *maintainability analysis and evaluation based on the
X Diagnosis ) digital model
p \ *Fault diagnosis ability evaluation for test configuration
| Forecast 1 * Testability modeling of On-off type polymorphism
system
“’Mam,,m;t! *Performance simulation model and evaluation for
< 4 supportability
i Support A *Safety design c_riteria for space plane. o
S y «Safety constraint state space and accident derivation
o )




Example of RSE in Full-Feature

Integration technology of Reliability, safety, testability, supportability and
maintainability

46 ools Supporting rellablllty, safety, malntamablllty,
supportability, testability work

18 databases. More than 130 thousand reliability , safety,

maintainability, supportability and testability data
Integrated with development process of products




Software reliability work in 4-D
Mode



@— System-wide

From software unit to software-intensive system
From qualitative to quantitative

. U0
50
o N
£ < Software Software Software System (Software v i
ale]  testing testing reliability testing +Hardware) reliability [l system reliability
R (manual) (Automatlc) and assessment testing and assessment [®yiassessment
O_
e ?
/ \ / \ /
(¢)
n
g Software testing - T
g T Software reliability
= N\
&
3 S f
et Software unit oftware-intensive
= :umpnnet system
(0}




>>>Vmﬁcmm

equireme
Analysis

From verification only to total life cycle support

Development
Process

Reliability testing &

|
assessment ‘

Software test

|
Unit test ‘
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Requirement
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inspection
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Research
and
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@— Full feature

From software reliability to software dependability
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7, Some developed tools for software reliability

General Embedded Software
Simulation Testing Environment

Building testing e P
environment for different @{311@

embedded software quickly — | =

Generating simulation
model code automatically e

Testing embedded
software with GUI

Simulation time cycle=1
ms




Software reliability testing profile building and test

case generation tool (TCS)

S P <*Building software reliability

Y]
nnnnn
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= testing profile with drawing

xxxxx
5 es

e, <*Complex input restrictions

L

NET : modeling support

= = < Analyzing input variables with
s ] = GUI

AT —— “*Checking restriction

£ IE relationships automatically
“+Generating test cases
automatically

| “»*Generating testing reports
i automatically




@— Software reliability evaluation tool
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“*Managing failure data

“*Analyzing reliability tendency
automatically

“»Evaluating the quality of
software reliability models

“*Choosing the best software
reliability model

«»Software reliability calculator

“»*Generating software reliability
evaluation reports



@— Other software reliability tools
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Software reliability Software reliability
design criterion tool distribution tool



—  Some software reliability research in progress

“»Software Dependability

Complex software failure mechanism
and failure propagation law

Software dependability modeling and
analysis

Software prognostic and health
management

Accelerated software dependability
demonstration

Software dependability evaluation for
small sample

“*Net reliability

Net failure mechanism and failure
propagation law

Net failure models

= Arithmetic and theory for net

performance reliability
Net reliability accelerated testing

**Reliability and safety for
software-intensive system

Software-intensive system safety
control and evaluation

Software-intensive system failure
mechanism

Software-intensive system reliability
simulation

Software-intensive system reliability
comprehensive evaluation and
demonstration



Communication and
cooperation with industry



<*Joining industry activity directly
<*Adaptable organization structure
“* Academic exchange platform

“*Demonstration case for new technology
application

“»Tools and platform support
“*RSE capability



@— Joining industry activity directly

Reliability test

Software test

Component selection & test
Testability verification

Academia
School of Rellablllty & Systems

Serwe. ‘ducatlon

Consultation
Technology case
Tools & Platform
Top reliability plan
Training




@— Adaptable organization structure

School of Reliability & Systems Engineering

Reliability & Safety System Engineering
Department Department .
Education
I |
Science & Technology Laboratory on Reliability &
Environment Engineering
| Research
Software Reliability
T . Component
Dependability Environment
Center Test Center ESECENEEr . .
Engineering

Service




@—Academic exchange platform affiliated with our school

“* Academic exchange platform

= Reliability Engineering Committee of China Society of Aeronautics and
Aeronautics

International Conference on Reliability Maintainability & Safety
International education forum of reliability and system engineering
Reliability academic annual meeting of CSAA




Tools and platform support

“*Transforming the research results to new tools and platforms
and apply them in industry

= Software reliability simulation testing and assessment platform
= Reliability and performance integration design platform
= RMS Integration platform
= General embedded software simulation testing environment
... [ Toolkit of RMS B
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@— Demonstration case for new technology application

“»*Demonstration case for new technology application

W Taking part in the development of a product, and apply the new
technique in a full process.

¥ Analyzing the process data and write a detailed application
guideline

W Guiding some in the industry to apply the new technique step by
step

M Typical demonstration cases




@— RSE capability maturity model Integration

+» Organization Reliability Capability (ORC)& Capability Maturity
Model Integration (CMMI)

= |[EEE Std 1624-2008: IEEE Standard for Organizational
Reliability Capability.

< IEEE

Product Requirements Engineering

FEE R — TREE

IEEE Standard for Organizational

i o AR
Reliability Capability

Reliability analysis

A SRR
Reliability testing

VL gt
Supply chain
management

SRR TR
Reliability
requirements and

planning

R B BRER 5 40
Failure data tracking
and analysis

IEEE Reliability Standards Committee

Sponsored by the
IEEE Reliability Soziety

)RR
Training and
development

BAESHIA
Verification and
validation

GIE i34
Reliability
improvements

BAES#IA

Feedback Process

e

IEEE Std 1624-2008

Key practice for ORCMMI



@_ RSE capability maturity model Integration

(RSECMMI)

Continual improvement
process Optimizing

A

Quantitatively
managed process Quantitatively Managed

A

Standard procesj
Defined

Our position]

\< o T Repeatable ’

v Initial




@; Thinking and suggestion

Comparing with the 4-D development mode of RSE in China,
which emphasizes integrating and optimizing the full-features,
and aims at the high efficiency, low cost, and healthy pregnancy
and scientific nurture like human being, the process is similar to
the software, which focuses on dependability, including
reliability, safety, security, testability and supportability too.

Systematization, Relationship,

Coordination, and Optimization Software

RSE | Dependability

From personality to whole

From quantitative change to qualitative change
From independence to fusion

From synchronization to optimization.




Thank you !






