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Abstract The software of the nuclear power plant digital control system is a safety-critical
system where many techniques must be applied to it in order to preserve safety in the whole system.

Formal specifications especially allow the system to be clearly and completely specified in the

early

requirements specification phase therefore making it a trusted method for increasing safety. In this
paper, we discuss the NuSCR, which is a qualified formal specification method for specifying nuclear
power plant digital control system software requirements. To investigate the application of NuSCR, we
introduce the experience of using NuSCR in formally specifying the plant protection system’s software
requirements, which is presently being developed at KNICS. Case study that shows that the formal
specification approach NuSCR is very much qualified and specialized for the nuclear domain is also

shown.
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system

LN 2 Fo 2ol WAL A9, 9
KN 18 A =
BT 9% DA Ao Axdoly Awy Asw, o CFIE T AE el 249
Stz Eg Aol Asd, AR Wk Alo] Ay T systemelH SR A1

, ol ALtel Ak &4

A 2¥ll (safety

HEd o] £ZES)

o] oA X(software safety)2 7Fg SR2AIEE 27 A}

)

-2 AT HUREEATAE (AlTre), AZESo]Z A 2~7) A4

% ol shjolth. 53 Qyel FAHE LxE o]

(SPIO) 2 eIl A e)715 ATHE ARTRO)S] ALL & AadEe] R Bdol AR Sl wet &2 E
+ou 3 Qo ST AAH418H = F
| AT o} ehge B% o F24 BT Y FACILHIL
jbyoo@salmosa.kaist.ac.kr _ - _ .
TOZ289 0 KAST A4t ms 4% 71¥ (formal method)& o|H3 EJ3 AZES
cha@salmosa kaist.ac.kr Al2"lo] Y= AN EASL s)Zds7] YA Al

T g IRAAEATE ASANAIT AT AR

<) o g A & & ifi 1
i@l ok otel 7IHo g =A AW A (formal specification)2f
FEEH) 8 9 LGAR UMTS A74 Aty 974 A8 HZ(formal verification) .2 FEE 4 AcH2].
coolcool@lge.com LZE0] e 27 dAC FHEEHe FIYA 7]
=2e 0 2003d 62 179 . - e B 5 )
AxretE 20049 3¢ 262 ‘:ST:, 7HHELZ}‘7]' —‘J:'—’C —8—?' A}'so]"_a_'ﬁ‘ lg%‘iﬁ}-x] %‘1 Uggjv—



HAd dAE Bs A2ES 9

A HABI =S
A FIAE F A
MEsEe A"
7IHEol o
B e QF ’\]'3:}%% s
AP A3
7o 2 3k ‘jtéxﬂ 7‘(m0del checking)[4]®
(theorem proving)[5] 59 #HZFS F3lA
AZEdo]e] AdALE FH= 7ol ofv]
Aol 14" oo AEAS
52 AYPAE vl oz H3e 7o) A

ol

olN

B
ox il oE.

oo H o> of M
)
2
Al
EE

o
rl
_mﬁ

1004 d EeH 9 AL gRE Ao

53] a3
AZE QY RLL(Relay
Ladder Loglc) 7o) ohd 2 sl=do] Ao Al
58 AZES] 7Hke] YXAE Ao A|xFoF J_ﬂiﬂ
3ta 7] wiEoleH6]. mebA, BFEA 1HE BIlA
L2ZEY 0] PSS 7] GAA AT ]
ol a7 Jom, AAY LHALY Ao] A
EE%]O%E: BA sted AgsAl 4 - Betd
7

Aaty] 948 =85 72FE3) APE

o
o9l
of,
2
N
e
-0,
Z
c
)
% o
=)
1
==
ol
K
=
[
B
4 bk
ox = }01’ fif

4

z Tl
=
w
@]
=
lo,

E 53 AHsta ok =
%‘E} 27 ME 712 AIEA 71
gitt. 3Fe A= 712 AAE 7THE
4 = 71Pe2A NuSCRES 475k,
Al KNICS[7Ie1M Adala e dtxd %diﬁi
Z(Digital Plant Protections System)?] UAEH 5 A
% (Reactor Protection System) FolA 7} 23 =
25 FYst= ¥E<2 BP(Bistable Processor) 2 CP
(Coincidence Processor)Z NuSCRE ©]-&3)x A3
A7 sk Aok 5FdA = AYFWA 71
NuSCR®] A&& B3l <o) e AlEE T4
ARl dE o] g3 dws Fo, 6olA AE % FF
AT Wkl gl AFska dok

U ot
-
p
fz mia%
g ot of K omo o

tlo o rlo

2
X
rr ]

o
£

02‘4 T ok
1

2. A o4

Z[10], VDM[11], Larch[12]= ¥A}g &HAie] Ao
AR AR A AzEe G9IE FAT w)
AT 5 e BHPA ARSI o] ML set

)

ot

Ay AT EY O] QA HA 751
relation, function®} #&-& 3 FXAE
El(state) & 71&3HH,
o olgsA Az

dg s FEa

& AHgste A
pre-condition®} post-condition
Ao](transition) & 7] 3t} 9]
Edgolgte AL AYe w
ol 94218 WHzo Ao} AZESOE V&E e
YF Sgdsitke @xde] qioh

SCR[13]> AAIZF W7 Al2="l(real-time embedded

system)®] AZEg o] 2FARNS HAIEH] $EiA 20
od Ad JigE JHoEA AANAE AEHo R
A - BekE D s 7IHelth HZolE SCRE o83

A timing©|\} accuracy®} 2 non-functional re-
quirements®= WA dHE =Fo] Alxxa At}
[14,15]. SCRS £ @79 <Aoo J3iA 7Es
Aot wEbA, @] AU ENA 7 W& FY
HA2 deix 9oem, A-7 Operational Flight Pro-
gram[16]o]U <=3 541 A]2H®] Canada Darlington
QA WAL kA AXVE[L7] 59 AA A|2H o)
T ES] AHEHo| gt

AECLe] ¢Jaj4 Canada Darlington @40 &
H (1419 e 948 A gAY Alz"ed A8
H Az FFHA 7o, EI g 949 SDS2
1= 8% FIFYA 7IHoltH17l. o] 712 SCRel
ke 9lom ZykAel xS AUtk WA uoh
BAE] 91814 SCRel AY = Al E7-9] Ho]

£2 3 F79 HolE SDT(Structured Decision Table)
2 5. =3 DFDY 4%l FOD (Function
Overview Diagram)E A}g3le] dwkz<l x5 58

S B 5 UAEE o, AZHAIeKtiming constraints)

20& BANI] ASA WA A FE(timing
functions)& A|FskaL Atk
AECLe] AN 7el 54< Felsha chew
2t}
@O SDT¢} FOD7} ZuiQl diAUolSoAl Ms3 &4
Wjolth. SDTE @a&el 7pdt 01]2]140]~o] SEEY
o2 AMgshe HolE #Eeolw, FODE AHl 3&

Z(Instrumentation Diagram)$} 22 F39] flo
diagramo] 22 A A3t AT § ok

@ SDT7} elo|& A A AHE 4
of, gle]lEe] AF d A7 10510 o)
ojgFog Qa|A SDTE sjsl=d o83
297 Btk ol AECL WHEc] Al2=Hl9
AE HolE FE 9 function® 2T+ 7]&3}7]
of Arle BFoE T & AUk

@ AIZAE 20 e AR Az FEe] =
3 AAYo o] 13‘71] AoJstaL olafste] ARg-3t7]
of FAYFsIth Egh FODOX o] 7|55 AR
o= FODe| & HJEE— S7H1Z T

=

3

o [o rr
il

2 N

M oo



o2 AR 283 =R A
3. NUSCR
NuSCR& 71&9] A€ AECL®] SCRell 7wt s

5 74, Bgste] dxY wHA o] Ao AlxH
EdolE WA st=vl Boh #8354 AHEE 5 2l
A 7IgeltHIl. 71EH o2 SCR%
7}AX& Parnas’ Four-Variable Model[18]e 7]z
3, o] RdoA AolxE relationsE Eth HE3HA
BAE] A Al 7EAe] FUHEQ) g RS ARS
3t} o]= function variable, history variable, timed-
history variableZ4] Z+z} SDT(Structured Decision
Table), FSM(Finite State Machine), TTS(Timed
Transition System)[19]1& ¢]-&38|A =
Zzke]l Al W4 RAELS ME OE P& WA s
o F83MA1F 53414 Qlth Function variable
sHQl T IAE Hdsted AMEE SDTeF 2
Hlo]E&-& AM&-3t) History variabled $8-#¢1 &
F Boe JE(state) 5 F42E AT o Bk A
HAEE Ues 18T w AMS-ETh History variable
QEnlEle] dFQ FSMoez ¥dFEY. E3I
Timed-history variable2 AlZHA|eF ZHo] F7id W
£ WA W AREEHH, A7 side] F7ME L EnfE

©3

rlo

o] dFA TTSE AHEELL o9} o] NZ & 54
S AYe HFE 719 @A DFDe 43¢ FODO
sl EHHEL 47he] HS5ELS FOD dellA s
EH3" =E=(node)2A RAHY, 2 =52 487
85 2t 3 FODE AFFes 39 o9
22 o 8AES EFstal = NuSCRe dgst

AH8-2 981 @A WA A9 =7 NuEditor7h A
o] AREEHI 3 °U4 o] =3¢ EAol tigt Hde
Fo] 47%golA A asHY 2 WFES FODE
Z3er AA Alz="el dig AA FE %’M(formal
semantics)= [9]0] AW Eo] At} B FoMe =F
AA A AZ A-E=E KNICS RPS BP9 —:Jf,'—‘%‘rq
g3k NuSCR ®HAE &g 2Z4 NuSCRS A#3 o
2 Adsta Aok ES 71£9] AECLe] AIbgh A
7I'HE& NuSCR# Hlal Awgozn 274 A
AECL &9 A9dEs AAHor d9gsta Sirh
Function Overview Diagram 13 1& g SGI_
LVL Lo_RPSel Wi$t FODY X =ZA, “g "+ FOD
4ol A hierarchyE 7H= $3F @AY =298 on|
gtk Feo AgeR E?‘;% rEEe FOD«]
hierarchy “JolA2l d&HS oJvlditl (a)= NuSCR
< ol&aA Zd" FODelH, (b)% AECL®] &S
o] &3 A AAdE FODO]E} AECLY] FODolE A1zt &
9l ¢ _Trip? 2} WE¢l s X Tripo] % FODZH

LZEo] 3 && A 31 ¥ Al 6 5(20046)

uSCR FODel|A

TES EF th X

fr of
>
i
2
)
oo
o
4
4
32
v
=
e
=2
Z

,(Lvahc
\\7
{_Moduie_Error ——

th_X_Trip

i_Ghannel_Error

(a) NuSCR FOD

1X_valid
123 S —
1_Module_Error LX_Trip [ ixTe |
-
[t}
s

XTvp

b) AECL FOD

% 1 Simplified FOD for g SGI_LVL_Lo_RPS

Function variable node ©¢}ef¢] ¥ 1& ¢l9] FOD
Zo|A function variable®l s1g3s= f X _Valid =X0l
gk SDTeltk. F F7/9 SDTw E5F v Zo] 3
At f X9 o] k. X MINZ k_ X MAX Atoldl
EAEE A™ERe] SvEvs oule] ¥ fX
Validel 0& ARgt vk, T 53k Alolol] EA)3)
Z] gom 15 YEALE” NuSCRE SDT9 AECL ®

29 SDT7} ] = 7P & AolHe F = 17
013} AECLAA = 7]&A o2 sh}

A2 ol & wkEel, NuSCRe
l %t— AR s FEoEA T =
2 3tz k. NuSCRe SDTE AECL

El

b BAE 4T 3

3£ 1 SDT for f.X_Valid

[ C e ifions
i bl £ ] O e T R T|=
|

[ Actions

s i=

1 L K
(a] MigsCR S0T

[ Condifions

K & i kAl T = -

r = [ R T - E

[ furlicas

F o wakd [ [ E, I I

< i o i

| SECL 80T



gAY AR Bs AI2EHE % A Lz Eo] QAN BA 753

[k_Trip_Delay, k_Trip_Delay]
f_X <= k_X_Trip_Sctpoint
/th_X_Trip =0

f_X > k_X_Trig

f_X > k_X_Trip_Setpoint

f_X <= k_X_Trip_Setpoint

fX_Valid =1

o valid /th_X_Trip :=

or f_Module_Erns,
or f_Channel_Errors 1
/th_X_Trip := 0
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