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Abstract

This paper describes Reguirements Verification and Validation(V&V) of operating
system(OS) software to be developed for Programmable Logic Controller(PLC)-based digital
Plant Protection System(PPS) prototype in Korea Nuclear Instrumentation and Control System
(KNICS) project. The OS is being developed as newly developing software, lifecycle V&V is
applied, and software V&V criteria and requirements in the Software Review Plan
(SRP)/BTP-14, the IEEE Std. 7-4.3.2, the IEEE Std. 1012, and the IEEE Std. 1028 are applied
systematically and strictly at each lifecycle phase. Checklist-based Fagan Inspection has mainly
been applied for requirements V&V while model checking is applied for formal verification and
HAZOP is applied for identification of safety requirements. Checklist-based V&V procedure
was very effective for systematic requirements V&V of OS software, and the applied V&V
techniques and their tools in requirements V&V can also be applied for systematic design V&V
of OS software.

1.

(Nuclear Instrumentation and Control System: KNICS)



(Plant Protection System: PPS) (Reactor Protection System:

RPS) - (Engineered Safety Features-Component Control
System: ESF-CCS) , (Programmable Logic Controller:
PLC) [1].

(embedded) RPS Bistable Processor(BP) Coincidence
Processor(CP), ESF-CCS Group Processor(GP) critical
component

- (Newly Developing Software: NDS)
, (safety software)
[2]. Software Review

Plan(SRP)/BTP-14[3]  IEEE Std. 7-4.3.2[4] , |EEE
Std. 1012[5] IEEE Std. 1028[6]
. (Lifecycle V&V) V&YV,
V&V, V&V, V&V ,
: (formal verification), (static

and dynamic software testing), HAZOP(HAZards and
OPerahility) Methodology =~ FTA(Fault-Tree Analysis)

KNICS PPS

KNICS PPS (PLC) ROM
: . 1
PPS ( , BP CP GC )

1. KNICSPPS [1]



2.1

PLC
(KNICS

)
(KNICS ) -

2 PPS

2. KNICSPPS
2.2
, Statechart . Statechart
Statemate MAGNUM(STM) Activity-charts
, Statecharts ,
3 STM

3. ST™M Statechart-

ANSI C TI Assembly ,

ROM



2.3

(checklist)

Rulesand
Properties

100%
coverage

. |EEE 10128 1028 |

Fagan Inspection & |

Traceability Analysis |
Model Checking !
Theorem Proving

SRS V&V Procedures

—>| sDs V&V Procedures —|
Unit Testing |
Integration Testing
System Testing |
(Acceptance Testing) |
Coding Errors Testing Procedures
4. [2, 9]
IEEE Std. 1012[5]
(tasks) , ) ;
2.4 (SVVP)
(V&V tasks) (Software V&V Procedure: SVVP)
5
(TOC)
20 (S/W Requirement V&V)
4.1 (SRS)
4.2
4.3
3.0 (Detailed Requirements Verification)
3.1
3.2 (Correctness)
3.3 (Consistency)
3.4 (Completeness)
4.0 (Review of S/W Requirements)
4.1
4.2




5.0
5.1
5.2
5.3

6.0
6.1
6.2
6.3
6.4

7.0
7.1
7.2
7.3
7.4
7.5

(Anomaly Reporting)
(Task lteration Policy)
(Deviation Policy)
(Control Procedure)

1] Statemate
2] Statemate
3] Fagan Inspection

(Resolution)

(V&V tasks)

(System Requirements Spec., Software Requirements Spec., Software
Design Spec., Interface Requirements Spec.)

. g

(1) & FAGAN INSPECTION
(BTP-14, IEEE 1012, IEEE 1028)

SIS-RT, GBA/Simulation

x

(2)

Fagan Inspection

i §

®

STM Model Certifier &
Model Checker

3.1

[7]

(4)

®)



ESF-CCS , PLC
). (properties) ,

(SIS-RT)[8] 7

7. SIS-RT
3.2
BTP-14[3]
8
(Review criteria):
14
v
8. BTP-14
SRS , . Fagan Inspection
(review)
1970 IBM Fagan [9],
- Fagan Inspection . 1

- Fagan Inspection



Agent 7.0
SRS
(KN 5 9.0
ICS-SED-SVP1 '
21 (Rev. 00)) ?
(task),
( )
?
?
1. - Fagan Inspection
3.3
Statechart- ,
(properties) : , :
STM (Model  Checker) (Graphical Back
Animation: GBA) [ 9]. STM Statechart
GBA

non-determinism

1 L
| s e —
o MR L Ty
P IS e e Bl G

S E S

il Pl A W

AT

e
T e e e b b e P
1)

L e
(===

S L

]

L _ —
T P P'. F.l..- - —
'L
- s CLMEN LR
L2 5
= i mam
=, = - ami e
T e m——
== L.
e o ———p
—_——
e —— — - -
Papmripe—
- —
——ee =} - > gt |
O NE L
(LR T
= P arm
= T Lo = T
e | -
o o | B n
= -
- ]
anm -
az [ ] [
T =
L LLAE E L e L RE LN LA L LGl if (FEF al (1 &l R,

9. STM Simulator

[ R s Tl ) C LR ]

GBA



34 (HAZOP )
HAZOP [10] Guide phrases
, 2
Guide Deviation ( )
Phrases Checklist
Software Critical
causes function
system td
move tg '
3 ) L
hazardou diverse
s state ?
2. HAZOP

IEEE Std.

3.5
(G ) 10
1012[5]
: : Component
Test Plz_m Test Ca_se Testing
Generation Generation :
Test Design Test Procedure
Generation Generation
Test Execution
Test Plan Test Case Integration
Generation Generation Testing
Test Deglgn Test Procgdure Test Execution
Generation Generation
Test Plan Test Design Test Case System
Generation Generation Generation Testing
Test Procedure
Generation Test Execution
Test Pl:_zm Test Des_lgn Test Ca_se Test Procgdure Acceptance
Generation Generation Generation Generation .
Testing
Test Execution
10. [5]



10

Acceptance . KNICS PPS
3.6
(CM items)
, (NuSCM)[11]
K s

= a2
N. [l a = -
B ® ﬂ
EE R T i
- -
u

" (KNICS-SED-SEP103, Rev. 01)

<SCM Items >

© SW
(1) PLC SW (SRS)
<SCM (KNICS-SED-SRS101)
(2 PLC SRS

(KNICS-SED-SVR121
> (©)] (SW QA )
(KNICS-SED-SCM121)

11. NuSCM

PLC

KNICS )

(KNICS)



[1] Han, Jae Bok, “Application of PLC for PPS and ESF-CCS,” Korea-Russia Joint Workshop
on Nuclear 1&C, Seoul, Feb. 19-20, 2004.

[2] , “The KNICS Approach to Verification and Validation of Safety-Critical
Software for RPS Prototype,” 2003 , , 2003
5 30

[3] USNRC, “BTP-14: Guidance on Software Reviews for Digital Computer-based 1&C
Systems,” July 1997.

[4] IEEE Std. 7-4.3.2-1993, “1EEE Standard Criteria for Digital Computersin Safety Systems of
Nuclear Power Generating Stations.”

[5] IEEE Std. 1012-1989, “I1EEE Standard for Software Verification and Validation Plans.”
[6] IEEE Std. 1028-1997, “1EEE Standard for Software Reviews and Audits.”

[7] KAERI, “SVVP for SRS of POSAFE-Q PLC,” KNICS-SED-SVP121 (Rev.00), Jan. 14,
2002. (In Korean)

[8] Seo Ryong Koo, et a., “Development of Software Requirement Analysis Tool for NPP
Software Fields Based on Software Inspection and Forma Method,” Proceedings of
International Symposium on the Future 1&C for NPP, Seoul, Korea, Nov.7-8, 2002,
pp.159-164.

[9] , “KNICS
2003 , ,2003 5 30

[10] , HAZOP 2003
, ,20038 5 30

[11] Bo-Gyun Byoun, et a., “A Design of Project-based Software Configuration Management
System,” Proceedings of International Symposium on the Future 1& C for NPP, Seoul, Korea,
Nov.7-8, 2002, pp.165-168.



	분과별 논제 및 발표자

