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1. Introduction

Software V&V processes determine whether the
development products of a given activity conform to the
requirements of that activity and whether the software
satisfies its intended use and user needs. This paper
introduces the software V&V activities and tasks
performed during the software development life cycle
of the Plant Protection System (PPS) for Shin-Hanul
Nuclear Power Plant Units 1&2 (SHN 1&2).

The PPS generates signals to actuate Reactor Trip
(RT) and Engineered Safety Features (ESF) whenever
monitored processes exceed predetermined limits, and
the PPS software is classified safety critical and an
independent V&V is thus required according to
regulations, code and standards [1-4].

2. Details and Results

In this section software V&V activities and tasks of
PPS are described according to each of software
development life cycle phase.

2.1 Concept phase

The concept documents such as contract, system
design requirements, design specification were
reviewed for consistency and incompatibilities, and
allocation of functions to hardware and software items
were also assessed. The preliminary software hazard
analysis was performed to evaluate the potential impact
of plausible software failure on identified hazards. The
outcome of the concept verification activities was
incorporated in the requirements phase report.

The plan documents such as software V&V plan, QA
plan and software safety plan, and preliminary software
hazard analysis were produced as outputs of this phase.
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Fig_. 1. Preliminary software hazard analysié

2.2 Requirements phase

The system and software requirements verification of
functional, performance requirements and external
interface  requirements were performed. These
requirements were verified by conducting requirements
traceability analysis between the System Requirements
Specification (SysRS) and Software Requirements
Specification (SRS) as described in Fig 2. DOORS tool
has been used to conduct the Requirements Traceability
Matrix (RTM) during all the software development life
cycle phases. The test plan also was prepared for testing.

The phase V&V report, RTM and test plan were
produced as outputs of this phase.
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2.3 Design phase

The requirements verification review was performed
to ensure that the software requirements were reflected
properly on the Software Design Description (SDD)
which provides sufficient design details to support a
code development. This verification was performed
through conducting the requirements traceability
analysis between the SRS and SDD.

The phase V&V report and RTM were produced as
outputs of this phase.

2.4 Implementation phase

It was verified and validated that the SDD was
transformed into code, database structures, and machine
executable representations correctly. First of all, the
code inspection was performed to verify that the source
code conformed to applicable coding guideline.
Secondary, the module testing was performed to
validate each module consisting of custom function
block elements against the requirements specified for
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that module. The structural testing referred to as a
White Box testing was performed to measure the
coverage of module, and LDRA tool was used for this
testing. The test result was made as a report shown in
Fig.3. After structural testing, the functional testing
referred to as a Black Box testing was also performed to
determine whether the functional requirements of
module were met. Finally, the unit testing was
performed for a complete software program consisting
of multiple modules under target equipment [5].

The phase V&YV report, RTM, code review report,
module/unit test procedure, module test case and
module/unit test report were produced as outputs of this
phase.
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Fig. 3. Coverage analysis report of LDRA tool.
2.5 Test phase

The system functional and performance requirements
allocated to software were validated by execution of
one channel software testing. The one channel software
testing was performed under the Development Facility
(DF) consisting of two (2) Bistable Processors (BPs),
three (3) Coincidence Processors (CPs), Interface and
Test Processor (ITP), and Operator Module (OM)/
Maintenance & Test Panel (MTP). The DF
configuration is identical to the Channel D of the
deliverable PPS. During this testing, the 1/O simulator
was used for generating all analog, digital inputs and
incoming SDL links [5]. In one channel software
testing, the functional requirements of normal mode,
test mode and failure mode, and response time
requirements from the input of the bistable processors
to the output of initiation relays specified in SysRS
were validated.

The phase V&V report, RTM, one channel test
procedure and one channel test report were produced as
outputs of this phase.

Fig. 4. Response Time Test Result File.
2.6 Installation and checkout phase

The correctness of the software installation in the
target environment is to be verified and validated by
utility.

The V&V task to be performed is to grant the code
certificate when the PPS software is completely verified
and validated, and the final software V&V report
including code certificate, final RTM and final software
hazard analysis will be produced as outputs of this
phase.

3. Conclusions

The software V&V efforts, sufficiently disciplined
and rigorous, are quite essential to demonstrate that the
software development process is of a high quality.

The software V&V of PPS for SHN 1&2 has been
accomplished successfully with systematic V&V
procedures and methods established until test phase in
compliance with related code and standards. In
particular, the use of automated tools such as LDRA
and DOORS greatly has contributed to an improvement
of a software quality, and a reduction of a verification
time and human errors.
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