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Abstract Major obstruction of using formal methods for hybrid real-time systems in industry is
the difficulty that engineers have in understanding and applying the quantitative methods in an
abstract requirements phase. While formal methods technology in safety-critical systems can help
increase confidence of softWare, difficulty and complexity in using them can cause another hazard. In
order to overcome this obstruction, we propose a framework for qualitative requirements engineering
of the hybrid real-time systems. It consists of a qualitative method for requirements specification,
called QFM (Qualitative Formal Method), and a safety analysis method for the requirements based on
a causality information, called CRSA (Causal Requirements Safety Analysis). QFM emphasizes the
idea of a causal and qualitative reasoning in formal methods to reduce the cognitive burden of
designers when specifying and validating the software requirements of hybrid safety systems. CRSA
can evaluate the logical contribution of the software elements to the physical hazard of systems by
utilizing the causality information that is kept during specification by QFM. Using the Shutdown
System 2 of ‘Wolsong nuclear power plants as a realistic example, we demonstrate the effectiveness
of our approach.
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Behavior of Steam Generator
Steam-Generator (SG)
Pm: (Steam-generator 7s)
Cm: ((Thermal-energy-steam-out ?7s)
= M.(Thermal-energy-primary-in ?s))
A ((Heat-transfer-rate ?s) = M.(Level ?s))
A ((Level ?s) = $ILS - $30% + $FIS
+ M.(Thermal-energy-primary-in ?s))
SG-operating-in-low-reactor-power (SL)
Pm: (Steam-generator ?s) A (Reactor 7r)
A ((Level ?s) > $LSPS)
A ((CAvgPower 7r) < 10 %FP)
Cm: (Thermal-energy—feed-in ?s) = 0
/* no recirculation */
SG-operating-in—normal-reactor-power (SN)
Pm: (Steam-generator ?s) A (Reactor 7r)
A {(Level ?s) > $LSPY)
A (10%FP =< (CAvgPower 7r) < 90 %FP)
Cm: (Heat-transfer-rate ?s) = 35 %
SG-operating-in—high-reactor-power (SH)
Pm: (Steam-generator ?s) A (Reactor ?r)
A {(Level ?s) > $LSP$)
A ((CAvgPower ?r) >= 90 %FP)
Cm: (Thermal-energy-steam-out ?s) = $Max-S$

Behavior of Secondary Loop
Thermal-load (TL)
Pm: (Steam-generator ?7s)
Cm: ((Thermal-energy-feed-in ?s)
= (Thermal-energy-steam-out ?s) - $Work$
- $Tloss2$)

Behavior of Reactor
Reactor-thermal-energy—-generating (RT)
Pm: (Reactor 7} A (In—closed-thermal-toop ?7r)
Cm: ((Thermal-energy-hot-leg 7r)
= MJ{d(CAvgPower M/dt) - $Tloss1$
+ (Thermal-energy—cold-leg 7r))
Reactor-in—open-loop (RO}
Pm: (Reactor 71} A (In-closed-thermal-loop ?r) -
Cm: (Themal-energy-hot-teg ?r) = 0

Behavior of Trip Relay
Relay—closed (TC)
Pm: (Stearm—generator ?7s) A (Reactor 7r)
A (Trip-relay ?) A (Closed-p 7
Cm: ((Thermal-energy-hot-leg 7r)
+ (Thermal-energy—primary-in ?s) = Q)
Relay—opened (TO)
Pm: (Reactor 71) A (Trip-relay 7t} A (Open—p 7)
Cm: (Thermal-energy-hot-leg ?r) = 0
Relay—closing (CL)
Pm: (Trip-relay 20 A (Open—p )
A {Signal-on (Sig-terminal ?t))
Dm: (Closed-p ?t)
Relay-opening (OP)
Pm: (Trip-relay 72 A (Closed—p 71)
A {Signal-on (Sig—terminal 1)}
Dm: (Open—p %)
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Behavior of Trip Controller
Trip-signal-on (TN)
Pm: (Reactor ? r) A (Trip-controller ?tc)
A ((Signal (Signal-terminal ?tc)) = off)
A ((CAvgPower 7r) >= 10 %FP)
A ((Level ?s) =< $LSP$)
Dm: (Signal (Signal-terminal ?tc)) = on
Trip-condition-out (TT)
Pm: (Reactor ? r) A (Trip-controller ?tc)
A ((Signal (Signal-terminal ?tc)) = on)
A ((CAvgPower ?r) < 10 %FP)
Dm: (Signal (Signal-terminal ?tc)) = off
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Eft F1  /* function name of the trip controller %/
Df: Device: (?sglitcs SGLL-trip—control-system)
Cf. Objects: /* context of sglltcs */
(?pzr Pressurizer)
(?pump Charging-pump)
(?t-load Thermal-load-of-2ndary -loop-with-turbine)
Conditions:
(Thermally-connected (Thermal-out ?sglltcs)
(Thermal-in ?t-load))
(Thermally-connected (Thermal-in ?sglltcs)
(Thermal-out ?t-load))
Gf: (ALWAYS (AND  /* initial goal of sglltcs */
(Generating-power ?rx) (Closed-p ?relay)
(Heat-sinked ?t-load)))

19 6 AsAFAAF 7] 874N Fl

FloX AHEAA A% 27ER(GHE “9A=27F
g 23S Yasle 2gor FEIde AAEAA
Z7A7 e A4 4 AAD 98L& SR o I
olt}, 2§ 7o EAE F119 Gfe CPDEL AM&3ld
A9 ERE FASET of BRE V&) 98 AHE
¥ CPDEL ¥ 87 o] EEE & Ut Fl19 Df
< A% WF FEFEY 724 92 49 2 =
AES 713 Fl19 Cfe ASAAAS AZA7}
A=3e AFaPL FHM, olE F19 Cf 84L
1=

Fl1o] 7A8te AFARNAF A 75 L ¢A
ER(GHE “84 AND olgie] A 712 AR EEXES
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FAld grEEor ol Zk AR Ex9 ouje

& 2t ‘

e (IMPLIES (AND (=(CAvgPower ?rx) 10%FP)
(>(Level ?sg) $LSP$) (Closed-p 7relay)) CPD1):

AA29 MR} 2T FY) S
ANZA o3 W, Z71247194 3439 4

o] o]FojAo} S ouiFt}.

e IMPLIES (AND (=(CAvgPower 7rx) 10 %FP)
(<(Level 7sg) $LSP$) (Closed-p ?t)) CPD2): €
A2 429 3] AR g o)l el
Z718487] 471 AVIEARG wAY 2ow
AFAA AZol As=olor & ou]dt

o (IMPLIES (AND (<(CAvgPower 7r) 10 %FP)
(Closed-p 7t)) CPD3): ¥#2 & Z¥o] A& %
B} vtom F71AY] 49170 A7IEA R v
g BAE EYPMNFE AASHL & ruiith
o]} ol CPDE Hd3te dH9 Adsivte e

gty %, HRTS7F #she AAFH F wEsop dh=

Ef: F11 /% refined function name of F1 #/
Df: Device: (?sglltcs SGLL-trip-control-system)
Components:
(?7sg Steam-generator)
(?rx Reactor)
(?relay Trip-relay)
(?tc Trip-controller)
Conditions:
(Thermally-connected (Hot-leg 7rx)
(In-terminal ?pzr))
(Electrically-connected (Flux-terminal ?rx)
(Flux-sensing-terminal ?tc))
(Thermally-connected (Out-terminal ?pzr)
(Coolant-in ?sg))
(Electrically~connected (Level-terminal ?sg)
(Level-sensing-terminal ?tc))
(Thermally-connected (Inlet ?pump)
(Coolant-out ?sg))
(Thermally-connected (Qutlet ?pump)
(Cold-leg ?rx))
(Electrically~connected (Signal-terminal ?relay)
(Signal-terminal ?tc))
Cf: Objects: nil /#* inherit the context Cf of F1 #/
Conditions: nil
Gf: (ALWAYS (AND /* refined goal of Gf in F1 */
(IMPLIES (AND ( (CAvgPower 7rx) 10 %FP)
(> (Level ?sg) $LSP$) (Closed-p ?relay))
CPD1) /* subgoal 1: normal heat-sinked */
(IMPLIES (AND ( (CAvgPower ?rx) 10 %FP)
((Level ?sg) $LSP$) (Closed-p ?relay))
CPD2) /* subgoal 2: trip when SGLL occurs */
(IMPLIES (AND (< (CAvgPower ?rx) 10 %FP)
(Closed-p ?relay))
CPD3))) /* subgoal 3: condition out trip signal */

23 7 CFRLE o]88 22Xyt 2 7AH} Fl1

2 & A 27 A A2 Z(20002)

225 Jepas)

it

FHct
CPDI:

Causal, < _(@2: (>(d(Heat-transfer-rate %g)/dr) ¢
AND (2 (CAvgPower rx) 10 %FP - -
(> (Level %sg) SLSPS)) {by-function-of 7sg)

Causal, > (by-function-of ?rx)

n3: (>(d(Thermal-energy-hot-leg ?rx)/dt) 0
nd: (AND 2 (CAvgPower 7rx) 10 %FP)

(< (Level %g) SLSPS)) by-function-of ?tc)
Causal, <
n3: (Open-p ?relay)

n6:(AND(Signal (Signal-terminal 7tc)) = on )
(< (CAvgPower ?rx) 10 %FP))

CPD2:

CPD3:

(by-function-of tc)

n7: (Signal (Signal-terminal 7tc)) = off

a9 8 CPDE £¥E 715 2 ¢hAed Auds]

233 QFM3: HRTS A¥HA Al &g ol
HRTS £ZEe] 2FAEe] HAZEL 9138
ARkl A EF Fx9 F&
A8 MdeE gneF(2]E AT CMLEZ B4 2
Aot P)z AMAZNC)Y 57 7184 (indicative
specification)©] CFRLZ B4 8 7]% 2 <A 874}
gHSp), & 3| YAl optative specification)®] W]t
£ Flgith olE 93, AA, CMLE EdE 7|3A4
(indicative  specification)®] %22 DME(Device
Modeling Environment)& AHMgsle] Al&g ol Foh
FREAPAC)Y FAEA AlgHold Zdges ®E 19
2e A HFEY AudAe FAAE dAHen A
2=l=
E 19 4e#AAHL HRTS EFEAPAC)Y o4ty
B wslel d&Ate] HelE 4 FAdFez ¥
e 44 B 2 ErleHQHA)Y AH43 AFo
o =3 sPALES 288 ¥ 89 CPDER A4
FejHlFe] wEaof e bl 2 7% sd9 REF
e WslES QHAZR JEI Aol o]y e W
F59 ARFAAY T4 HAAHE CFRLY CPDE
E¥E 27AEKSp) T4 vwdtd, EduE }F
=R AR, & FAF WA JeTF R E B
AZE F Joh B AZo)Fd SAAUEL FleA F
g 2o FR5A0] Fold 7T ¢ A 818 NF
Fehe Aotk ol TR 4 87
Alge HEIEAE FHels Zo] ollEl £ AEH
Aol gisiAT AF3e A2 H2wo) 7zl
DME Al&d#eldeg Q43 ¥ 1 57 =d 4

FeAE



B3 HAZ AT a7AE gl kA BAe A9 94 37 127

# 1 HRTS 3443

Active Models state | Reactor Relay Signal T1 TS T6 T7 Level CAP
SL, TC 0 |Hotw Cow o GE G OED O D @
SL, TC, RT sl i?? ?ﬁg ir?c ir(l)c y
SL, TC, RT, TL s2 | Start-up i?]% ¢ d5e2c v
SL, TC, RT, TL, TN s3 y v v ffi I}ISC i,%c
SL, TC, TL, RT, IN, TT | s4 On 2?3 ?3
SL, TC, RT, TL, TT s5 Off h;s(z 111%
SN, TC, RT, TL 6
SN, TC, RT, TL s7
SH, TC, RT, TL s8  / \ / 4 4 \J i??c
SH, TC, RT, TL s9 i?ﬁ 2%3 13310 ?tg ft?i éotg
SH, TC, RT, TL s10
SH, TC, RT, TL sli . 4 \ 4
SH, TC, RT s12 3& é‘ﬁf}
SH, TC, RT, TN s13 4
SH, IC, RT, TN, OP sl4 v On
SH, RT, TN, OP, TC sl5 v Open
RO, TO 16 | foun
RO, TO SI7 | poe y v 2133 3131:7 de X 0

A

20

dec
HA-ole 17019 el i) Jepsr Ak A& NE FAsHactivate)® Aol L& A & B A3
olde o ol =Y 7Hsd AEizl gAY Al EH oA (deactivate)® &9 RdES HAIFT
7ol A% AE gl ZEsd Edth X 104 dd o] Algd oMol AAIZ o AT & &Y
S AEHsel Ay #HE AT BAR 2 AdHE (T17 THL L% o= AR, F71&89 ¥
WA o] 74 & Sl 70E, 2w @ #3E R ANYATE)= ] F71e 23] AAHE H7AUA=Z
At v e §357) AFEHA g Wy FES x Adstdct B3 Fo(feedwater)] @ AWA(TE
2 BARE AdEEs ge] FelA -8 = A (- &3 2xd g3 AdE, A2 Ydde
oo, 017 {0, +oo}E YERITE UE Y] B3= inc, dec, %Full Power(%FP)2 HFdslgach AlE# o)A ek
std=2 FEAEH 37 vl gro]l F7Hincrease) 7. A gl &) 98 S1EA7 A 59 4A JlEXE 1A
(decrease) %, 83 1S (steady)S Jepdch % 1¢] 9 2 3(30%)& AHE-3ATh

B (R P

Z de Agdold R Y JHE AZ3tew o] el #AHL HRTS Aot} Aoir) Fd=d
4&04% o ZdE F Azl g¥E AETS U (PACE BA B QEMEHQHA)ER Rddin 1
Bl glew, Z 7jge 2 49 a9 5o e B TS AEHOIHF A Zrh AlEdoldd 9%

wdEe ofojEoinh FHA HAE L T AuldA  Eo JIPYe Ty mUE9] /MBS o) A
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A9k QHA Mg 7IXe QFM HRTS 54 A%
844 224 A48 @) BdE 8981, oY A
ol o8] A HRTSY F3h& A o Z+ &9
sdlo] FAg/mIEAs) 2ARES @*}“—r%’% ??‘;?'3}
T Qe By MERAe deause T3 44 4
oz pad B9E EueG. oM AAES 29
e O #4980 352 A 4 de Fas)
¥3 H(landmark)g 71202 o]} Hoh & A
F v g 5 ) Jeuiste] wakde] AR
=3
Z7PEA7] 9= 50%, dRAEE JMERE, EY-4
dol(trip-relay) & I UEe AHE AEF oL AZF
AT 2713E(S0)eA @ oA T1d T2 ¥
18] t17 @294 F713c) W4 L% T57F 292C-
o o]2W(S]) YAREE 7ITEE Solvtn olAHAE
oA F717F AAE7] ARFHS2). o] Al FF
frgol St 14987 e 9% 2 5%
(swell and shrink) @Xo)] 23] dAFoz <kdr|E
AE HoluA Hi, old wzt EY syt dAdc
(84). 23 dAZE E¥o] o}F 10%FP v|we|A7]
Y& EY 43e AALCKSD). £¥¢AR=E §
a2 8L AL ZFUlsla, 10%FPo ol29W =74t
A7le ARG dEE SA7KS8). o] o,
LOCA(Loss Of Coolant Accident), LOFW(Loss Of
main Feed Water), 27|13 & Alx 5 7|44 23
o2 A3 F/EAV] FHVF Dol AAY, LAY 2 F
2 Q3] F71EA7] F8471 dold 4 vk F71EA7)
FA7t AFAZIEX(30%) B} BolAe £ EY s
7b RAE(S14), EY-ddol(trip-relay)’t d#@ch
(S15). ZYFE 7= g3 T2 F5 ol UA W
ZA%e2 FUAHT AAZ= AXYHER Eo7T
(816). @AAFTY FAUAE AR TE W& F
7¥st7] EAN(S17) #E AAAFCl FFsla, S
A7l ARA U= ‘% uRzl=
ol9} o] AHAA AFHAIYHQFM)L o}4t A%
E‘é‘a A B MEHA AT *“01 A AR,
& A% desiEEE, 9X, £33 F43h) 7HE
°ﬂ"1——] 8ty dedlole a2 AeRH By ¢
«3e FAFSZA HRTS 539 £33 orjg BE
3l @3 Zigolth HRTS 2SS % BF o8
el 7ol e AHE A dHuse A& A
FoA Wete] FAE vEgRAeE 3dIL e
T, QHA AdE 7HAe QFM2 E8ld Fa43
WE H(landmark)el] s olitstd A el

BA A FolMe) 34 mEPgNeR EHsE A
o ol golct.

3. o= 2
(CRSA)

3.1 CRSA i

QFMe g HA| d HRTS AZEdo] 27Age] oF
AR AFE 98, AAA R IF a7AR R B
X(Causal Requirements Safety Analysis: CRSA) 7]
HE Akttt CRSAE® £33 ZHolA gaA &
Adasre EAARE EHdde gAY HFolth

ol

b RTAE HEHMEYN

i

CRSAdIME +H-5H AZ(means-ends hierarchy)
o A% AFH AlnE Adstd, AT IHFE 24

dAZte £LE0]9] dFYE AAHE E4E
AEE B 2TESC] AAE FWLE =T 5
< o] ofUm, AZE o] Y M9 BHLE &
$]°14 =74 272 A% AT Ysi(hazard)
g #43l= Aojth
TE $]°1-4 =83 LR/ 8THEA, AA9A, 7
e = o8 949 AZEY A 7 A
AM Uelg 4 sled, Al FA IRz L2
%- 87AMe) o¥ W3 transform)s 7] o
A AR dig A FAE FES
Edo] 2784 @AM ¢tRA A
| &AL ol HA 2 ==
ot AReE AAHez FHS
A2ZEJ 4AY HF 7IUE AAstuA ok
Ae BAF AxEO AY EF EA47Y
(FTA: Fault Tree Analysis)[8]& AM&3sFA%F QFMo)
A AAdE Q) HRE Z8osy ojde AZEY
o] FTA 7I§E°] 7, E4xte] Fa3 AT ol
=g &3 d@S BHasit)l CRSAE QFMZAR
Ak bR ouig}l FTA VS LAAILEH,
AAY 2] Foa AT olHFH EsA Fa 2t
AQE ENE & YA gk
AZEJO] kY BMe E2F A% 33} AF
T F ' LTEMY R =4g 2Es)
Aotk 53] A& e Wslsle AP o
Aoste oAtz A (C)Z FAHE HRTS
A3 2ZEYO] 8 7PAY AP E BA3] 9
A= A P)F Ao7I(C)e TR
P54 olof HRle]l He A7) AZES 0] TR
A Atolo AAF/AE BAStor g} Ease] A
QA& 2] $1% 71E FTA 7IHES 723 A7 ¢

¥
o

l

O ol Qo o i
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to
B~
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]
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m[m ot rlr mlo
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B3-S oyA 3k o
9 TR =AY 2 =7 FAe F3sieof
3oy, 0|8 =dr FTAglw @k

95 Yorktdte] Fenelon® 1 FREEL T2 7y9)
=8]8 Fxo] A FTARTH:E AZE 9} A%
1% FEAAZEE FTAS A4 o AAe A43ln
HFTA, FPTN %9 W& AASAT9]. 224,
HHES Y884v) delgd 7Q%dn sHdsn
29 IARE= 719 dolH 58 dATeE AL
At A=) g 223 Bz dR@AE
BopHEIY o] AFog e B0l ok

53], Az A% T2 g8 A AdntadA
g 7M€ Q48tn He| E(Statechart) RS RE 2}
To2 Z ERE 44she A7 £8EA L 10],
AANBL e 2 Ed F4 TFHo| oF s A
Aolth =E9 EA o4 HRTSE AHE
(Statechart) 2dd] 223 27wk FTAZE E7153
o B =89 CRSAY #AE 9724 Hansend
Duration Calculus 2do] ZAF FTA 719 [11]¢]
Aoy aFAR; kA BHRgE gAHed =g
A% Wolm, o} o)at M AF LA ENeTt
AREE 3 QL

olgdx Liuli2]= &ad A% 2dz2y 4% =
g o)&% A BAS g3l 2drw ES
AABIR ey AEE-AA 2dy PS ALEdd A
59 723 akie} o]E7tY BAZ AL mdY
I Slen F&o QRFA:= AN BAEDO=
Rl FFo|nt

E droMe AxEdY FTANA 239 AnaA
€ F3 FHAHQ Eof ARV Ao 23 2A)
£ 3437) A3l QFM =HE78k FTA 7S Hgtst
o. HRTSY F&& £33 Yo o3 AR,
QFMd]| 93t HRTS AZEdo] Q7wWAlE A2
o|&ell 3] Eof MErIY A4L st Apsl A
4 & 3t} & =82 CRSAE o|¥A A@sd QFM
EdEEE =& A94@7 HRE Jwos & Az
Edo} 279A FTA 71¥o|ch

3.2 CRSA HA|

321 CRSA &zt

HRTSE $3 AAHH 2z Eo] a78H A=
T/33e CRSAZALY] AR dAe oest 2ok 19
9 QFMe] Z} ©Ald ARAAYHSY, o]F A=
CRSA M GAE Alele] BAE Uehdt)

R AR BolNd s wAe 2EBe 4By
= o
= 1
i

o
—_

" e we

QFMI . CRSAI

i CMLE52d FARANH Z2F
A 4

: QM2 CRSA2

LCERL 2TME, Fault Tree 5 &

WANIANICAESRASANIRESRRRR RN R "

PogMs CRSA3.

i State Trajectory Fault Tree & &

3% 9 CRSA AAt ¥ QFM}e] A

¢ CRSA 1: % <dxA4 EF 948 93 QFM29
Al A CFRL &7AE BAA HAER Eg
(safety goal tree)& ZHAgch AEH Eg2HE
AZEdo] FTA F3g& 98 MY A=A
(top-event)E E&3t) o] EalY HiY »cE
T AZEdY] JANUY AR EX(goa)¥ 9
(negation)}2 AZE{o ¥ EHA(hazardous
property)o]®, AZEdS] FTA F89 A|ZFo] =
£ A9 Ade) |k

e CRSA 2: e} A9 Aldd dis) 7158 Akd
Z3 (preconditions) 2 37 918 AR ATEY)
o] FTAE 33} QFM} A3 A@=d o
d F4& & & U=, CMLE X¥E Ay
WA Aol7] WAlE DMER A Eg o8ty =&
d HRTS F24E9) Aa#dA FEE Ao
B Ege A% Yslhazard)d] BRE 75 €92
< e R mde] ol 54 Y37t 3o
e o ol LY F e AL IFFF]
g shtel ®r|yeidt

¢ CRSA 3: Z7ke] A4S Ao oigh AZE o]
FTA A7) W3] Dijkstrad] §47HL o83ty
7bed BREES FATT BE FA4E ATEYY
FTA AFAE CRSAlNA FAF HHER Eds
Aoz AU LTEYO] gFAE RRo
F¢ FTA ZIHE A3 o) sl=go] 2 a3
GAY ERET P HF AR BERY @A
QB2g FA3ch
322 CRSAL #739] Az (top-event) ZA
4% ETE o845 oA BAoA W WA 483

of & & FHYAAAL AAsA Zohlle Aot

FAACIR BAEE AT Aol U9 S

[



130 FRAFH=EA)

g & e 2E AQH AFess 2 oA
AAE £ZEAC FTAE 3% U3 39 A

ol we} HRTS A5 vl $slx= £4 (PHA:
Preliminary Hazard Analysis)S 335tk PHAZ]
AFRE A% P84 (top-events) 58 EFEH HEo]
H, 2k G Atdel W3] LAZEsdo] FTAE &
sl 1A de dUAS Foli

CRSAMME £ZES9 FTAY A4 A& 2F
317] #13) QFM20lA ZHdsk CFRL 874} A2
H AAER EE I ol2HE AZE R
A3 A% AP849 2] HE(initial hazard list)S
gotale] ERdck BE A AFE vEsor & AF
SHA B Aok ¢E 59, 9AY AL AFH
AASe AF dHA BEE =48 BHEde Mle

S 28E diFe 4AE Avle Aolvh F LAYzl A
9 EF Aoj7ie BAL dAEY ¥pgor 4 2

Ho| Mg o), F74Ve HES 4 AA 4 9%
< Y= Aotk o] 23 6 CFRL 8739 Gf
of ZEHA ok HF HHAR BE G =€F F
(negation)2 AT A8 FHAH Aldo] Aot HF U
A EX (final safety goal)E& FEZ A)3sla] A% <t
A4 ERES HAER Ed FuHz AP 18 6
9] GidlM Exvivtes FAFE 1¢ 79 GIEZRH
a9 1047 dHER EIE Ao,
" "Fina! God (Core
Damage Hazzrd
Prevention)
"CORE-DAMAGE,
COR-DAMAC

Privery Het Transpon. Pressunzes LowLevel  {Genesating-power )’ Pnaran Heat Transport Steam Generstor

Low Core Deffesential Hazard Preventon {Closed-p "relay) High Pressare Hazard Feedline Low Pressure.
Pressice Preventioa {Heztsinked Mlocd) Prevention Hazard Prevention
PHTDP PRZLL T sGlL PHTHP SGFLP
R el = .
N . N
< p . < %
Subgmed 2 Trp When Subgoat I Normal Subgoat 3 Conditian
SGLL. occurs Tearsmied out inp signal
TRIP-SGLL NORMAL " COND-OUT
Trip relay open by trip. Normal Heat Trip signal vondition
control software % Transferred from 7x to. out by p control
(Opesp Prelay) 240 by g softwae %
b2 CPDI T ocPpy
o T N
N/ N~ (v'

2 1004 924 HEES 93 5
PRY7] AFAE A AP WA
SGLL-HPol] 3 Az Ego] FTAS 3
49 ARIES Fohlm CRSAE HEshe Fue A

o

AZE] 2 & A 27 A A 2 (20002

Wt SGLL-HP] stelEH 9= SUBGOALL 2, 3

o] o, o5y A& FHW AT 7T T HY

YAatdo] Ao o] F SUBGOALLIH THE 84F &

717l 2 AR FFe] AHusEA Aoz CCC

Wi AZEdolrt AR A + gde Ao AT

Ee =gl kA E4 didelth oy

SUBGOAL29} SUBGOAL39lA CPD2¢+ CPD3E A

o]7] CCCo AZESo]ol o3 T3] ZHEE ¢ +

Atk metd 21 AsHAAE AZEAY FTAE 9

g FH49 A & v 271X FAEn

e FHAhl ApHl: T'SUBGOAL2 /# Trip relay fail
to open in low-SG-level */

o FHF9 AR TSUBGOAL3 /* Fail to
condition out trip signal in low-power */
SZEY FTAE £2ZEJoe =34 Q{2 A%

Ase 83 fge EMste Aol FFol7] HEl

A5 sfedoe dysita st ARER Ed

© 4zt AZES o] H49 AldE dis) AA4dE 2

3 EdES F4(compose)T W XFoz AMgHoh
323 CRSA2: ZA3EZD 24
CRSAloA AAH 9&(top-event)e] AL =

A7) Al 2% Eefg 24 w=, HRTSY E84

TS BHFHoE RdH ZFAM FHA vehd

g e AFAITA HERE AMSFOEHN EAzxle]

524 A% 57 olsEY odE #AE AT & A

o,

o X 19 T4 AF el HRTS &9 34
2 de) Azt Wi AAAAH R

e 1Y 49 19 59 @9 RAE vEhd =
2 299 =49 A% o FAHA AH
AR
AR BE AZES FTA 71HdA A7 &

ZEH HA o]& FHEE T2 =83 LR

2 0% EYF 9F 42 A8 EHE A% A#wA

AHE, AFen XAV olsse ATY 43 ¥

Zho] ik FBA KAy o3 YArk CRSACA

= FTA 71¥& A3l 27ARNSp)ol wte} 24"

AZIC) HA9 =8]8 7= g EF AFE #

W qRE syl 9@, HRTS HAAPAC) 52

Aol o s AAg e AAB/A FRE AT

24, AAZNC) BAL =2F LFE At 537

dAste Zohdtt CRSAdAE CMLE 244 Ao

o P)el 23 A4 Rdix 2RE HE F e

v, it oz LAZE0] dXUojdAl Aot &

X

o

A

fuc)
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3 4L FoAAE 71A AMej7] WFEe dHsitt
o 7pg

gy, QFM2el4 CFRLE AHg3te] @ AT Sp)
& WAE o, 948 ddke] 9AE 4 57 57
H7] d AAD TFHE FF3] olHEkA ZeRAY,
A% td AE7 ] i oF Tos A3 1¥
7, 29 89 WAdA fgasst WEd 4 3
HAE FHE7] A3l 713AHE BAA A

| ARE AME3l] 2@ 113 2o 4%
EE}E x—}o\}u}. 2% Ef A9 A% AAFRA
CRSAZ EAs o] oAl thg dAE AP o
7 2o

@® CRSAlA 238 FFHrdL Pojsliol &
#1854 (hazardous property)2 24 SAFHE 1}
Rt HAAAHA 3 HE dEHE HRTS %
el AFANA B} G 29, ABHAAE A2
E9o)2] FTAE 93 WA 5]%-?4’\}621?—., Trip
relay fail to open in low-SG-level7} Fo]x® 3 1
F&4E HAFoAM A S157F AU A @it
E AL ¥ F dok

@ FRYH AA9 5F A& HAAI=d F
43 o9 2dg FAFA Feelr] ZgozH 1 AU
S FFF H 1 2 A Sl400x OP @9 ZUUdS
g & ok

@ dF 49 ¥d 3 =249 98 FHi 4%
egg A 98 59, I3 49 o]
(discrete) E2H¢l Relay-opening(OP) £33 A& 2
HatA & 9L “T((Trip-relay 7t) A (Closed p
2t) A (Signal-on (Sig-terminal ?t)))°] ®t}. ol& &
g EfCA 4 AR 279 g digk OR ACIER
RAchz)=)

@ FAsE 4% Ef9 eventE § A o7 &A%
Ego]2 QF UL 2)9 3)9 Woz A& 74
33far, AT EolZ Q1§ €ddo] ol AL 71E A}
Aoz AFstd FAsE FIHd. olF BF 4+
ole] EARF-o} FHlv AZEARZ A% Y] o}
qt’i TAEE FEEa, (Signal on (Sig-terminal

Ne ¢ Qo wEt AL FAFET. Qo o &
Eﬂ%ﬂzi"ﬂ*'] TN @4 2de] 272 Q& o Apdo] 4t
Aghs 4 4 Atk @ o8 o' 5ol IETN &9
2d 213 A48 s 4% EgE A gL

® Ajol7l 5‘_224101 TRE A= 99 2d
o x4 =¥Ho=w AF ELyt 184 dqAA BFH
Ed A& ALAY. F2 o] QA 2T Eo0]

LA (SP)H Aol7] PA(C)Y =83y eHFE A
3 HRTS 559 &34 9449 d<o] 47448 5 4l
. @A B F3E YA TN o9 Rde
Aoi7] 2ZEY FAGEE UYedE ¢ & g,
o] &9 md A= HL HI9 HF F
AA-& FAEE). F Signal on B3 AL s
A & PR ((Reactor ? 1) A (Trip-controller ?tc)
A (Signal (Signal-terminal ?tc)) = off A
(CAvgPower 71) >= 10 %FP A (Level ?s) =<
$LSP$)o] Bt

® 54 23 dd9 9 F3E 93 JdHAF
9] 7] Aol 2% dAA AY EE AP
LFAHSP)F Alo]7] FAC)ANMY EeE dHez
AaHA AFA0E 2A HY, T e 98 FHa
BAle FEE RES A% HAS JHE ARE
22 & U JPYN FH& ATk

o] Hztel wal AR 5]"‘4’\}7401] g 2% E
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