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Abstract Among the many phases involved in software development, requirements analysis phase
15 generally considered to play a crucial role in determining the overall softwarc quality. Therefore,
many software development companies manages the phase as one of the important phase. Especially,
safety assurance through requirements analysis for safety-critical systems is quite demanding, and
national and international bodies routinely require safety demonstration. Among various approaches,
inspection and formal methods are generally shown to be effective.

In this paper, we propose a formal verification procedure for SCR(Software Cost Reduction)-style
SRS (Software Requirements Specification) using the PVS specification and verification procedure and
applied this procedure to an industrial system such that a shutdown system for Wolsung nuclear
power plant. This system had been verified through inspection not formal verification. The application
of formal methods is rare in Korea, so it is very important to experiment about formal verification to
industrial systems.

Key words : formal specification, formal verification, formal methods, theorem proving
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PHT Low Core Differential Pressure (PDL)

1: The PHT Low Core Differcntial Pressure (AP) trip parameter includes both an immediate and
20 a delayed trip setpoint, Unlike other parameters, the AP parameter immediate trip low

3: power conditioning level can be selected by the operator. A handswitch is connected to

4: 3 D/, and the operatar can choose between two predetermined low power conditioning levels
5 The PHT Low Core Dilferential Pressure trip requirements are:
B
7
8

© e. Determine the immediate wip conditioning status from the conditioning level D/I as follows:
1. If the D/T is open, select the 0.3%6 FP condilioning level.
9: If 1o = 0.3%FP-50 mV, condition out the immediate trip.
If dinc»= 0.3%FP, enable the trip.

12: g, If no PHT AP delayed (rip is pending or active then execute a delaved trip as follows:

13: 1. Continue normal operation without opening the parameter wip D/O for nominally
14: three seconds.

15: 2. After the delay period has expired,

16: open. the parameter trip D/Q

17: if favee equals or exceeds B0%IP.

18: Do nol open the parameter trip D/O if favee is below 80%6FF

19: 3. Once the delaved parameter trip has occurred,

20: keep the parameter trip D/O open for one second.

21:

22: h. Immediate trips and delayed twips (pending and active) can occur simultanecusly.
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e tickel] 4] to_TripNotTrip2 Z 2 B¢l
t_TripNotTrip& B8t ©] §YL Fo= (ZFH
k_Tripe 22 447 £8Ert= 2L CONTAINING
lambda XEEe= AHIY3IrE 1482 k Condlnd
k_CondOwtE Al&8ked to_CondlnOuwtd] ElYE E3de
2 HoFgen 158& ticke 2 8H o CondlnQutez
9] 491 t CondinOut-S Aelslyoh 1782 SDTY
Ho M MlZz22 AF-E enumabe?] #glolth enumabcs

a b, c8) 948 AAE YaRoz Felsianh

12 milvalt © TYPE = real % OfgtEL W
2 t_Mivolt @ TYPE = [hck = milivolt]
3
4 zero_one : TYPE+ = {xint | x=0 OR x=1} CONTAINING 0
% CIX[E #3
5 undef : TYPE+ % B0 HEIA|X]| Qb2 A=
6 k_Tnp : zero_one = 0
7: k_NotTnp : zero_one = 1
8 k_Condin : undef
9 k_CondOut  undef
10
11: fo_TripNotTrip : TYPE = {xzero_one | x = k_Tnp OR x = k_NetTrip]
120 _ThpNotTrp = TYPE+ = [tick — to_TripNotTrip]
% tick®il A lo_TripNotTrp 222l
13 CONTAINING lambda (tlick) © k_Trp
% Bt EHY, |2k _Tnp RE
14 to_CondinQut : TYPE = {k_Condin, k_CondQut}
15: t_CondInCut = TYPE = [tick —> to_CondinQul]
16:
17 enumabe = TYPE = {ab.g}

a8 7 (2 9A) 8§, 4+ Y



= o) 8% SCR &ElY 9 4AZE o] 87AE FAAA 75

(3 &4 ¥uH d5e AET w49 d€g] Aol
2 g6l 408 Elg o)&sle RuE Haet
AEE W) E9s Addgd ddde Wye
variable : typeo]th. 18 8& WulE] W4 m_Flog
AEE @S o PDLTrpel AQ9 dad), 189

m_Flog-= t_Milivolt£] Ele L=, 38 9] C_PDLT]"ip%
t_TripNotTrips] ggeg Mg}

1: m_Flog : t_Milivolt % HHE ol Efel Mol
2:
3 g PDLTHnp : t_TripNotTnp % HEE Ho| EMQ Mo

1% 8 (3 ©A) BEUE Hfe AEE W Bl A
(4 9A) Fr9 ¥
SCR-style SRSl FODE 5 258 A%Hez
A2gstaA 71 59 HdoAME ey dE A
2)E5E SDTE FA48ch SRS4 7510 S 93 WHo
Padt AL 717 &9 3o 45 FAE SDT ¢
o] dg 'o'}‘jé 74 &4 Eﬂ%oﬂ/ﬂc SDTE %3
W2 D TASHAES AFL YeiMe AA V)
T g —“‘r%rﬂc’] gastrz Al F2d WE FR
£ Wgo) "aglzy, SDTY wHike] Fasio)
g4 ZA FHE Wreld A48 = s,
shte tick ol e ohE e FTES YELe=E Lol
A At tick tlAd ZHE E¥IE Folvh &
Al @A Aol YA @E de JHEE oh
Atk e e OB e @B oi=t "4 A
Asle T4 A oA FHAT F t-1014 ALtE
W ogk (e Wz 43R0 Qe ghd dgem Wl
AxEed A EYshe 5otk £X, fA, LB,
X= E‘:‘:}-)“
EE W] olpolgin Y, HAWA AeE
f X(t) = output{f_A(t), f_B(t)
2 ZAEHA D, FHA Fs
f_X(t) = output(f_A(t), 5_X(1t)
2 ZAEEE o
t =09 AF s Xt = mitial_value,
t =0 ¢l 7 % s X(t) = £ X(t-1)

2 BAU £ 29 ol 39 2ol ¥ S
Aol ExgH. 5 { XE A4ty #siMe output

49 Peloz Bolot
= Alay) FAME LX) Rol7 Baso,

s.X8) Hel7h BeFI, 5 X
o 9%

8T AR 4E AP 53

945".3?_ tick tA) s XE t-1olMe] { XS Za=3d
[ X= tick tollA] t9] s X9 %S ga= . o
EP\Jl HE OE tickolMe) #E BLzE 37 HE
Zg H9F 5 g 98 gEAdo] o] gEo o
nBe g EA7} gk AT PVSe 428A HYE
AANeLy] WZe] o] Aol el e z#rt BLos
o PVSHME BE AYsted Aol 97 Al
o B8 Jd¥(declaration style)= o] AHFH
Bols o) &% X2 (definition style)S A& § 2
ate] drdel=E 3k

2ol dUe A A B4 90 24 e
AE AXIOMe® 71922 AMsled 7)&3)

fX(t) = output(f_A(t), £ B(t) *1a, { X&E value_
tvpe B1d2) Z-& 2oz EUCT s,
10 axf X : [tick -> value_type]

2 axf_ X AXIOM f_X(t)=output(f_A(t), £ B(t)
oz HEggd,

Zgar LX) = output(fLA(), s X(t), t =0 1 4
2 5 X(t) = initial value, t *+ 0 ¥ 5 s X(t) =

£ X(t-1) o dE=
1t axf X @ [tick -> value_type]
2 axs_X : [tick -> value_type]
3 axf X @ AXIOM £ X(t) = output(f A1), s X(t))
4 axs X 1 AXIOM s X(t) =IF t = 0

THEN initial_value

5 ELSE f X(t-1)

6 ENDIF
= tﬂé’l—‘{lﬂr

ARl T Bde HA% AE uF ZT2a
Ay odols] Az Ak dgg 9k b, 3UA

?539—1 X8 Ao o}A7 A HLHA e s X(t)
-E=3ta QAT Bl Ao 25 2AsE 9471 o
L&3le] BTk =F 49A 9] 5 X(p)el o]
FoleM= BE 19 Aol X4 il =y
& HAest 7] W& 257 wAsiR] g ]AL
BoAw el HAd¥e AEL ddns tz}
4 BrEoz YHm, 59d 433 §le] PVS 4
lelz WFo| 7lE3ty] MEo] wEe] golsith A
i dodes FI5H HEss Avle AT ¥
of th3ted AT e AXIOM Eo] A2 Egpol



54 ARG =R B H

g 4 Atk 45 8o A9
axf_ X @ AXIOM [ X(t) = output(f_A(t), f_B(t)

o] Fof
axf X1 @ AXIOM f_X(t) = outputl(f_A(t), £_B(t))
H= Forl FtE A8 5 gdud o g
AXIOMEY 71€H9) SlE output® outputle] AE
&Y 4 o= Aotk WA <E outputl =
NOT output?l #A$7¢ & &= )lﬂ- o] AF axf X
g axf_X1S B% 9Ese  X(0)e] &34 gtk

°lHF Ee&d AAE § e 715E PVSHA AFs
y7] WEd d@igdel gl AXIOMe] 4" 4 5]
o oxgh 29 AN [ X0OF 8F "ast e
o, axf_ X8} axf X1 & ol ZoE XL T A FH
Atejo} s=tl, F A FHLrt 25T J4s MAn
genz PVSYt HEFog Adilx] Esar Aerke
A9-g a7t @AAHes Fo) Alxde] FAHE A
3= AN FHe A5 A7) ok
24 sDS2¢] SDTE ¥ 2 £ PDLCond® HA9%
HE2 1) 9otk 17 98] HAYEAME 197} 28]
A B % glxe] [ PDLCond$t s_PDLCond® e4e

Hoshs e ZRE Alggd. old "dAldA HAadd
BYE o]8ele axf PDLCond® axs PDLCond®l ©}

2g Aokt 3482 w_FlogPDLCondLo9t w_Flog
PDLCondHi= f PDLCond®] A2]e] W3oa Alga}
€ H5E Addts Aotk Aoy yRdMde g9
Wg) Ade] BrMEE7) i@ Wi & 4 817
oEef deje] 25l o] HAejA & ook 53RH
4187 A = f PDLCond(t)S “Heldt #Heolth 3ol
20 W7AA S LET .. IN & g0 "oje] wWiolA Af
3= AY HeE W3z HYE sk AR
TABLE .. ENDTABLES Ho|E RHE Ads= +
To=

TABLE

| condl | outl ||

| cond? | out2 ||

ENDTABLE
€ IF condl THEN out! ELSE IF cond?2 THEN
out2 T} TUH FHeth %= AAHE FHLE FHF

2] NFS gIE EAZ 21-24, 26, 28. 30, 32, 34, 36,
38, 40 BL HelE T 97 4A 77 A9 F
Mol

Aoy g

AL 4o wgde g ddglol AHwosz

HEE PVSYL AR W4l

o A4 A 8 A A 1 E20022)
|
1t axf_PDLCond: t CondinQut
2 axs_PDLCond: t_CondinQut
3 w_FlogPOLCondLe : VAR enumabc
4 w_FlogPDLCondH! * VAR enumahe
5 axf_POLCond: AXIOM i_PDLCond(t) =
g LET
7 w_FlogPDLCondLo = TABLE
& % similar to f-then-else
e ENDTABLE,
10 w_FlogPDLCondHi = TABLE
i . % similar 10 f-then-else
12 ENDTABLE,
13 X = (LAMBDA (x1: pred[bool]),
14. x2: pred[enumabcl),
15 {x3. pred[enumabc)),
16: (x4: pred[booll) :
17 *Um_PDLCond(t) = k_CondSwLo) &
18: x2( w_FlogPDLCondLo) &
16 x3( w_FlogPDLCondHI) &
20: x4( s_PDLGond({] = k_CondOut)) IN TABLE
21 %
22: % 1 1 1 |
23 % vV OV VoV
24 % e %
2 | XT ,a?,de, ™) kCondOut Il
26: Yo -] 1 | %o
a7 I X(T, b7, de, T k_CondOut )
28 % L e %
e | X T, b?,dc, F )l kCondn |l
30 P | | | | %
31 | X(T, ¢?,dc, ~ )N kCondin |
3 % L A %
33 [ X(F . dc,a?, ™)l kCondOut [
24 Y | | | | %
35 | XUF, de,b?, T ) k CondOut Il
36: % | | | | Yo
an | X(F, dc,b?, FIlkGCondin |l
3 %o e e %
39 | X(F, do,¢?, ) kCondn |
40: Y | | | f Yo
41: ENDTAELE
42
43 axs_PDLCond : AXIOM s_PDLCond(t) = IF t = 0 THEN k_Condln
44: ELSE f_PDLCondlt-1)
45 ENDIF

2% 9 f PDLCond%: s_PDLCond2] #1913 Wg

fX() = output(f_A(t), {BW) oI, {X=
value_type BF9] g2 2902 Yrddz 73siy,
10 £.X(titick) : value_type = output(f_A(t), {_B(t))
E \gEc)
a3, £ X = output(f_A(t), s_X(t)), t=0 ¢1 A
s_X(t) = initial value, t = 0 ¢ A% s X({) =
£.X(t-1) o whafjra=

10 £ X(titick) : RECURSIVE value_type =

2 LET

3 s X:[tick -> value_type] =



PVSE ol48 SCR 2Etde] £XEso] 274 FAAA 75 &F Ade 39 A5 55
4 LAMBDA (ttitick) 871 qEo] M@ PVS WAt 2@t i) o
5 IF tt = 0 THEN initial value & @74 23 €49 & A7 &A= 245 Hof
6 ELSE f_X(tt~1) o A% Y P 98 o= BAC JehiE
7: ENDIF 78 AFNF FrlE A AFE BYFeior ) ®
8 N g A FHe 44 44T AFsr Evlsdd, o
9: output(f_A(t), s_X(t)) o PVSYd iR Ade AHoE € Fe= 9 I
10 MEASURE t AL FII, o] BiEe] A4 9 RsleH A
110 s X(t:itick) : value_type = IF t = 0 015]' 1 o84 BE7IT Foh
12: THEN initial_value 4 8DS24] SDTZ 198 2 f PDLConde] Aeld
13 ELSE £ X(t-1) L % 2 100|tk f PDLCond®] fi#AME 1818
14: ENDIF 40877 Ae)saty. s_PDLCondel thejAe 33 ~6

s_x—_— 1@@04]%% 1403177}1 01540% 2471 erfoﬂ QEM
A ZzE 4 gk oA 38RE 7374 s XE A
o Foz gk A9 AHodMe dAE AR w§5F
Aog 4 gix dite] Hiterm)d tsiAT dYE st
T R R, 1139 { X{ttick): value_ typede
tz2A s X:[tick -> value_type) .2 Adit} £33
£X N8 63N L X7F oA AxEEE AFAFHA
Foleln) wiEA 18e] (X7} AAAL HAYS R
8}7] $#A RECURSIVE 719E=EE Algslofel Foh
EF PVSAe AR el TR BAse
of B AL 2L FAHoz JEIES Fa gl=
g, ol ¥ TER Py AR} Folol Frhe
Ao ZlgHch olE ¥ 10894 MEASUREZ =
FIY=E Agstdel de, 18] AdY) A7) ¢
o]3 6319 f X UAI} t-10]7] & MEASURE
12 7149t 9ykEez MEASUREY 71&sHs =4
AFoz AT + P21 SCR-style SRSIME
4k oW F71 & tick tollA t-1 UMY ;e F=3
¥el2 Jehl=2 MEASURE t=2 7128 4 ok
Hom wWEe AL PVSHAMe shie] @47t &
e Zlsuie Aes=E #HEe] 97) wie] Z9

()

rle

q}iﬂrn
_19.

B ol&8) T BE Y1FE AYE & Aok et
A, =7 mFoA PVSY) Fee] Hels HAd w £
dejA AhE £ vk Ao 2 dfdgs AHovt
AYE ZHsAdel glv]l MES PVSY whrl FHE 7lFel
ZEeMA ol E& A7 b

-Elo] 3 A4 o &

S0 GAm 4% oE DAl Yk P4E Aela)
geAs A9 Bsh AN TF AAF g}

1+ f_PDLCond{t:tick) : RECURSIVE to_CondinOut =

2 LET

3 5_PDLCond : t_CondinOut = LAMBDA (ittick):

4 IF tt = 0 THEN k_Condin
5 ELSE f_PDLConditt-1)
6 ENDIF,

7 w_FlogPDLCondLo * enumabe = TABLE

8 % similar to f-then-glse
53 ENDTABLE,

10: w,_FlogPDLCondH: :enumabc = TABLE

" .. % similar to if-then-else
12 ENDTABLE,

13 X = (LAMBDA {x1: predibool]),

4 (x2: predlenurmabe)),

15 {x3: prealenumabel),

16: (x4: predlbool) :

17 x1(m_PDLCond(t) = k_CondSwLo) &

18 x2( w_FlogPDLCondLo) &

19: x3( w_FlogPDLCongHi) &

20: { s FDLCond(t) = k_CondQut) IN TABLE
21 % 1 1

22: % v vV VvV V
23 % L e %
24 [XT ~ )| k_CondOut I

25 % e Y

26: IX(T , b7, de, T) Kk CondOut i
27 % e e Y

28 | X(T ,b?,de, Fl kCondin |l

29 % [=—————— %

30 IX(T ~ )k Condin 1l

31 %o e %

32 [ X(F ,dc ~ 1 k_CondOut |l

33 % [ ] %

aa: [X(F ,d T )l k.CondOut ||

35 Y e M el %

36 IX(F dc b7, F )l kK Condn |

14 Yo | I | Y%

38 [ X(F dc c7 )l k_Condin ||

39 %o =1 %

40: ENDTABLE

41 MEASURE t

42:

43 s PDLCond(t:tick)to_CondinQut = IF t = 0 THEN k_Condin
44 ELSE f_PDLCond(t-1)
45 ENDIF

=218 10 £ PDLCond$} s PDLConde] Hod #E
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o) X Hole} 438) ~455 2] Fr} Aok el A
wWek A o] AY AYME s PDLCond : [tick
-> to_CondlnOut] 2 Astgm, ¢Fold= s PDL
Cond(t:tick) : to_CondInOut .2 AalstEeh =3 A
AZ Aozt "3y wEd 139 RECURSIVES}
4181¢] MEASURE t2 7|&5x, 2 &9 88
o33 shsict
Aoy Wia A9 HEe 7 AW dHE vim

s ohed 2tk A® WL 29 AAM a9y
HE Bo) 6 2L AEE AFde AHEL Aok 8
Aet HEg warl B, %“EJQ«I X]-%i} A o A
AEaE FHe] dsfjele AL & 2@ e7) o
o}, M A8 Hghe] Aede L\ﬂﬁ&‘ﬂ HA7E e
HAS FARR ¥eE AR, 2% A AFFHE A
A AN 28 AAL FPeE AlTe] AAFHe=
g 5 e FFel vk whA] wEe /\]"EJ_I A
8 7] dAMe 5% AHFE F 4?4 a9
Ay BA7 ABHY MYz @2 FHST,

A2 AP dRE AR SANAE 3B AN
9 Be AFHE Adshe Y9 MBE FAY.

(5 @A) Bold F5e 712 A9 gold Ff
o] W

SCR-style SRSelA wehte ghel®) 48 #5 7]
B Aoe a7 110k 187877 AeFe] e
twf FE tck t = 04WE FALSEE E#€ge= W
2, ts-1e1A4 Z87te] FALSECR &) #al 24 ts7}
TRUE 9w AA" A7k 218 tv B¢ TRUE @& &
Hils AL 7]45?;7_} 7—10]1‘.]- ]7—1O E]-o]m 1@--*9,] 71 &
7)%50]7] W&o ofH Al2¥lal HAdME Boirls B

otk 98] ~108e] 7)&H twih twfe] 58 G2
P} vl Z ticke R FEHe &% %k(bool)ci—«l
?%T FH=E W] -r]o]-oq 718 Aol

= _-oi' Elo]®] dh¢ Tﬂpol =z R :7."‘% 122 E/\]

1¢ twilCpredTtick], thck, tviick): RECURSIVE bool =
2 IF t =0 THEN FALSE % ®R7|ZH2 FALSE
A ELSE EXISTS {ts* {thck | 0 =< i
4 {t-ty+1) <= ts AND 18 <= 1 AND
% KEE AZE ZHH0M
(Clts) AND NOT Hits-1))
% TRUEZ} AMZFEl= Alzto| glchd,
ENDIF % FHAE TRUE
MEASURE 1

o

twis(C:prad[tick], tvitick) © [ck == bool] =
(LAMBDA (t:tick):twih(H,C .t v

28 11 (5 ZA-D geld g9 712 49

2o dA4 A g @ A1 EE0022)

go 28 128 Ad¥es e " RelAT, A
A Hert AR gr] fEo gelgose] HE
= 4A FFseith 189 ax Tripe ¥459 4dRelm,
AP ~58 2] axt_Tripe ¥ 7iT€ Aod FEelnh

58e] cycletime- *&8le] B2k F7& 9r|ghu

1 axt_Tnp ¢ [tick —= bool]

2 C_Trp(ttick) : bool = f_FaveC(t) »= k_FaveCPDL AND

3 (NOT t_Pending()) AND s_Pending(t)
4. axt Tnp : AXIOM t_ Tnp(t) =

5 wislC_tnp,k_trin/cycletime)(t)

2% 12 (5 ©@A-2) el e HE

3.3 PFSUIM PVSES] BE

PFS7F PVSE @8 SRS IX&e71E AAE)
el PFSE PVSE #HE-2 Fdsloel 3. 2
=FAAE Ar =AE PFSERYH  HEstgAd,
FMEA(Failure Mode and Effect Analysis) #2e]u}
#HE Rob HEs s S48 4dY BA =dE
8T F= ook

PFSelA PVS BHA ¥& dd2 24 ¥ @A Ls
& ed, 3 dA @A= Prse £o)F o)r] PVSE
WEE SRS Folg AAANF)E AL, F oA 2
AE PFSE 242 guigos 59 PVS WA= ut
e gAelth HE AFdst € 4 gle dEelxn
PVSY Zgg HFFHLZ 2 A2 oY 2 £E
dAe AA] WFg DHE AJMSAR, A 2
AdM PFSY §o1& = 59t d#H1A] e £
Z ZolzozM PFSY 48 29 ¢ A== ek

A2 71€8 PFSe] vehd &oj¢k SRSl vehd
Fo1E 719 BE W] et 9& & Atk wEhA,
£ols} AA) AT FAH 715F o|v] HEH SRS
o dRAF17) st & Y F=:EE TSAT
#z FF T4 1% PFSE SRS9) #=E, 85, 44
5o EEE NS PVS WA= gHEsth

¥ 1 AZES] 87 A vehd F=E

FFS SRS

f PDLCond, f_PDLCondHA,
[_PDLCondLA, {_PDLSnrDly[i],i=3.4,

EH_T Low £ PDLSnrI[i],=1.4, f_PDLDIy,
D?Ef‘:erenti " £ PDLSnrMI[il i=1.4, £ PDLTrip,

t_Pending, 1_Trip, {_ PHTDAImI[i] i=1.4,
Pressure

f PHTDErr, f PHTDM,
f_ PDLSpl[i].i=1.4, {_SprdChkA




PVSE o] &35 SCR =89 9]

ol PFSS] W#s Pujs SRS 259 FERE
ol 4T gt E 18 =AY Jolth o] EE
SRS PFSe] d@A4Ee Fdsi7] 8] =48 RAelch
2 P08 SRSE FEgudc o Bb Bgol
ek A, o] Ex shiel YFe] B@sT U
&o] AAA B7) WE] PFSERE PVS BAZ ¥
A0 Agszlde AERA @k BEE Hit
J2e =273 7% 349 3~4 B9 gFeln =3
sxEdo] @F WAL U 20~30%s] Bl

| 28 s YD JEIE Aot of 4

FaEe ZEIH V% HA Yo EL 3T
EQJIO:I o7 A9 ALy FZE ?& T °1E—‘?;-
Aolty. o] HAZEFE ZEIY v HHERTH
PVSe] THEOREMOo.2#] Hghs =) & My opy
2, 2o #4 I Fd PFSY 984 g &2 2
olETh

EEZ d4stc #HL SRS ", 4 BT &
dt= PFSe 9L g2 ARt BE «1-/‘ 3]
A AANE SRS veigle Z %f“
o) AYE FAHECh & 3RSY 4
2 &AHEZt 42 Sof SRSHA f_PDLTrip%
‘Deterrmine the slate of PHT low core differential
pressure parameter trip’ 2 AEHoI0EY ©)HE &
7 11‘.,_ Z o]t

=3 Z]-'“o}‘; A dAE 1%] 3% e PFSE
Yo Fe] PR HFsls FEL 7lewn) o] B
& PFS] oJwlg ojsfsteiol sl7] HEe] €4y 2
of AFA} PF5~-E- T & Qe azEdo] Tok
o #3id  FaEd. dF 9 PFSY AP
parameter trip(D/0)o] £ PDLTrp® YAdc= AL
Yole] E 2F #geth o] HAE WAE AUsiA
oj# sl A £olE gehfiz IAolr] B o] 47
oA PFS Ate] g@aoln] g oR/E AT + %
o o] BB tEl A= 35 =AM YL
PFS= Atdeiz zpdulo] glvlmjge] SRS 2z %

Pol| #gel= PrSe BdE asitin ez A%

1l

I'

i

L

H wigs Brlsdt &R T3 RAEE B4
558 TROY o2 GH A9 ARG olsielE

#7189 E49 FR7E g £ dovd, o A\ g
AT Fo] hRE outh

39 1) 98-8 a7 Aoz dge] ofE &3
o o £802% oH Fe] etz Aotk F , ¢
-4 o Alghe 34} (Z, FORALL (t:tick))
f_condition(t) = k_condition?! A% f outputs] H=o

2ZEH] 274G BAA PF

a7 Arge] BY 2E 57

F 2 PTSERH PVS wA=2] HEs FUIHE

SRS PFS
Handswitch [or selecting PHT low core
differential pressure conditioning at 0.3
percent or 5 percent FP

m_PDL
Cond

hand switch, low power conditioning level,
conditioning level

PHT corc differential pressure signals
\ﬂlmbered 1to4

m_PHTD
Core Differential Pressure measurernent,
AF;, DP signal

Determine Lhe log power in mv derived
from ion chamber log power signal

f Flog

¥ Lo

Determine the PHT low core differential
pressure immediate trip conditioning status

f_ PDLCond - -
conditioning status, condition out the

immediate trip/enable the trip

Delermine the state of PHT low core
differential pressure parameter trip

APy, parameter trip (D/0)

f_PDLTrip

Z k_outputd e AL 71&3 Feolth
theorem_input_output : THEOREM
({_condition(t) = k_condition)
=> {_output(t) = k_output
a2, PVSHAe SAHA gL ] AL, ¥V &
FAZ2 Frlsbe] A g)sl7] WiEe] 99 THEOREM-Z
theorem_input_output: THEOREM FORALL(t:tick):
(f_condition(t) = k_condition)
=> f oufput(t) = k_ontput

2 g4k

(HE 2) A7 5‘3%‘1 T AEre = Ee] whE
3% 54 A7 4 5 < fAEE Bfelt
tick toA)f_condition(t) = k_COHdIthl"l oA tick t¥A
t=time7tA] f_outpute] EHe = k output2 HTh

theorem_duration : THEOREM
FORALL (t:{ts:limelts>0}) :
(f_condition(t) = k_condition) =>
FORALL (ti* time):
( (t<=ti and ti<=t+time - >
Loutput(ti) = k_output)

(A 3) N7 AYY a7 Ageg =de] wE
A F 53 AN o)Fd el #AsE Afeith tick
tl 4 f_condition(t) = k_condition ©]H tolA] timeo]
A FllE koutput2 £8oZ vk
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theorem_expiration : THEOREM
FORALL (t{ts'timelts>0})
(f_condition(t) = k_condition) =>
f output(time+t-1) = k_output)
44 SRSZ PFSeIA <A W& Alde o2 2.
29 39 el #EL, If the D/ is open, select the
0.3% FP conditioning level. If ¢i0c < 0.3%FP-H0
mV, condition out the immediate trip. If ¢roc >=
0.3%FP, enable the trip.’ ©|th o] %4 4H-&4
87 Ao d9 1o @tk ‘the D' 1Y 3
2 et 4A Zo)A ‘hand switch’ ol A9
‘low power conditioning level’ S A8E F gluka
Holgith, webA, o] cthe DA'E E 2o 4§
'm_PDLCond'el &3t As & 4 Atk o F &
29 2] ‘the D/I'7} open# = A-£ m_PDLCond®
2 AMESte  Z1&5lH m_PDLCond(t) = k_Cond
SwLo o W & & 4 Uuk o] AeelA ¢ros <
0.3%FP - 50mv ©|¥ ‘immediate trip’el ‘condition
out’ Bt} ¢roc= [ Floge) d)estn, 0.3%FP - 50mv
= SREAME mvE ?—H--— AHEe 2 03%FPE mv
2 Jelid 2739, & k_FlogPDLLoE wadd), o5
Aol gl A= Pl"Sw} HEZo|1} SR{AM FHE £
itk ol3g =7 oUW, immediate tripe FZER] oF
ofo} gt} (condition out). ol& HE & 7l&shg,
f_ PDLCond = k_CondOute]th o]&hge o3 #AZ
& 29 139 THEOREM th_e 1_1°] ZA"Ech #
A We R Yo »= 0.3%FP ¥4 ‘enable trip’©]
e AL {PDLCond(t) = k_CondInel &i%aled
THEOREM th_e_ 1 22 =ZAl€th

-

th_e_1_1 : THEOREM

% if the D/l 13 open, selsct the 0.3% FP conditioning level

(m_PDLCond(t) = k_CondSwLo AND

% If droc < 0.3%FP-50 my,

f_Floglt) < 2739-50)

==

% condition out the immedate trip

f_PDLCond(t) = k_CondQut
th_e_1_2 : THEOREM

% 1f the D/l 13 open, selact the 0.3% FP conditioning level

{(m_PDLCond{t}) = k_CondSwlo AND

% If $roc == 0.3%FP,

f_Floglt) »= 2738}

=

% enable the trp

f_PDLCond(t) = k_Condln
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Aol it eldl= 27F o Eelzlrh

H2AYPoz SRS7F PVS HAE #gd ALe A
o Hsle FHd Br: g AFH) spEdch FY
ol AL 29 wHole =ZA (expand "..") (grind
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¥ 138 THEOREM the 1 13 THEOREM
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@ AsErr ErlEd, off PVSHA R Aode
AHog ¥R FHE F9 BHE S, o F2n
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PVSE 24 SDS29 8F AgE AZsE #Fd
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AFERADE Blelt) o] LFT PVSE #HAS2
o At Zo] ok HE FHNA Folre oF

o[th, d& So] & 29 1¥A FE2 m_PDLConde
hand switch, low power conditioning level, condi-
tioning level Fo2 ARES9AT, 2WA €59 m_
PIITD= Core Differential Pressure measurement, A
Pi , DP signal32.8 AMSEIICh g 5¥A 59
f_PDLTrpe PFSYlAl the state of PHT low core
differential parameter  trip, AP,
parameter trip(D/0) £ 2 ARGHE & ¢ Ut o]
9 Zo) Yd@He)A L HEL YA SDS2¢] PFSH
Mz Az efgnE & 4 gAY, A3 PFSE 2
Z olElsAv EFE & 2 8%0) 2 & Utk o
2, Al2ElS veste AN d@FolA] e &9
T Bty BolZ wmAStedel Tk PRSI OE ZF
g Bo] ARg9] o= ‘condition out the immediate
trip’ ¢}  ‘enable frip’el™k. A& ‘enable  trip' &
‘condition out'e] ¥of &E|7F o trip AFS HEY
= ez oY 4 vt wEhA, ojH FRE= BE
3 S stder o) 0¥ 145 +=FY PFSe] FEo
T oA REL ogAHE FASET OF 39 e
9] ‘the level'2 ‘the
conditioning level’Z A Ao 2 WHT, ‘condition in
- enable’®] % t)4l ‘disable - enable’©o]S FHo=E
FA B %_ ‘condition in - condition out’o]e
xgow A3 A& FHIh

i

pressure

conditioning low power

e Determine the immediate wip conditioning stawus from the low
pawer conditioning level D/1 as follows:
1Y the D/T is open, select the 0.3% FP conditioning level.
I ¢ion < 03%FP-50 mV, disable the immediate trip.
If dioc »= 0.3%FP, enable the immediate trip.

39 14 RE4S AAY PFSY ¥

24, PFSY] A3 7}4e] v A7t sk A&
o] 2" 39 g29 g3 FEE ¥ 1569 PVS ¥

2 f@@sisr, Fan=E g3 PEL 33HoA £FE o
g £ (2) THEOREM theorem_duratione 7[2e=z
Argsld 7lestAl ®Soh g 159A  cycletime
(milliseconds)el@ SRS4M 7PEEa e A2we



60 FRAAHA=FA FFEY

=2 F718 weisld tick tT AA A7hex HgEd
t ¥ cycletime (milliseconds)e]th. wakd 1 seconds
E #AEY) 98t 1000/cycletime®  7le8k Zojuh
o)F, 29158 THEOREM th_inappropriate _g_'%A 3
we Adfstgeh @ Q0L AR By o] &

Atael= A4 7pAol sl 2y 39 & g-293|-
g3 diEs @Ay M2 E A 7FL 714F
AXNY Ho)A dAZE M2 FERetl = &5
g.21% g227F A9 gt & g3o] AHIh A
AHKEE ‘Once the delayed parameter trip has
occurred' 7} Tt the the delayed parameter trip
has occurred’ & 2|3 Ao ofujgt 3 23749 delay
F favec equals or exceeds S0%FP’ ¢l 799 ‘the
delayed parameter trip has occurred’e] THEFHT o]
o EY 4lgrt 127 ALFtE Aot} whahA,
g.38 =7 underline{the delayed parameter trip has
occurreds g.2.13 g22¢ Zled &S dAHeE
AAgsta ot A#AsE, 99 87 AEe 19 16
of #3% A= o] THEOREM th_appropriate_g_3

th_appropriate_g_2_1 : THEOREM FORALL (t:{tstimelts=0}} :
f_FaveC(t)>= 80 AND
{.Pendinglt) = false AND s_Pending(t) = true AND
LTnplt-1) = falze
== 1_Trp()

th_appropriate_g_2_2 : THEOREM FORALL (t:tstimalta=0}) :
f_FaveC{)< 80 AND
t_Pending(t) = false AND s_Pendinglt) = true AND
1_Trip{t=1) = false
== t_Trp(t)

th_inappropriate_g_3 : THEOREM FORALL (:{ts:timefts>0}):
£ Trip(t-1) = false AND t_Trip{l) = true AND
=> FORALL(t1 : tmej:
({t ==t and 11 == 1000/cycletime +) ==
L_Trip(tt) = true)

a9 15 PFSe) ZEE HE o

th_appropnate_g_3 : THEOREM FORALL {t{istimelts=0h:

_Tapt=1) = false AND t_Trip(th = true AND
%% strengthen assumption from th_appropriate, g_2_1 and _2
f_FaveC(t) »= 80 AND
t_Pending(t} = false AND s_Pending(l) = true
=> FORALL(t1 : time):

{ {t == 11 and t1 <= 1000/cycletime +) ==

L_Tripltl) = trug)
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