m,mmlt{llﬂ@l(q@nggq@nmmui;!

KAERI/AR-594/2001

o ot ~zmEQoje FEA MEIE HIE /I
1A

Bayesian Belief Nets 7l= &4

Ry

Survey of Bayesian Belief Nets for Quantitative Reliability
Assessment of Safety Critical Software used in Nuclear Power
Plants

r
Al
[.4\3
X,
)
(2
-4
B

32/ 42



INTERNATIONAL ATOMIC ENERGY AGENCY

INIS Section

INFORMATION NOTE

Dear User,

The title of this document has erroneously entered the INIS Database as:

‘Survey of bayesian belif nets for quantitative reliability assessment of safety
critical software used in nuclear power plants’.

The correct full title is: ‘Survey of bayesian belief nets for quantitative reliability
assessment of safety critical software used in nuclear power plants’.

We will rectify this error in the INIS Database accordingly.

We apologize for the inconvenience this has caused.

Inquiries should be mailed to:

International Atomic Energy Agency
INIS Section

P. 0. Box 100

Wagramerstrasse 5

A-1400 Vienna

Austria

Fax: (+43) 1 26007 or (+43) 1 2600 29882
Phone: (+43) 1 2600 ext. 22866, 22869 or 22870
E-mail: chouse@iaea.org



2 HIAME 2000 A= “AALAE dARY 247 JpET 2

BHRIAE AT

[+

Ned

2001.03. .

gEl-§

= =}

3L
o

T rH o
W OR OB
& @l RO

wh g
= —

<

P EEE 7]

ek



H3 GAAT tiAE A2He HEEF AP F7HProbabilistic Safetyi
PSA) AF-E #flste] &H A£ZEQole] A= S} Frlo] AL WPE

ZAshgleh. TR" AlAES] PSAS fl3iA = AZESOle] AE=of tfd e
7V dAolrt, o] F fl8) @A o= AEHA e £ZELCY s
Bt Ve HHEES A AZEL0Y Hitel H&A Uehies EA4E F
Aoz Fesialrh ZAHE HES (DAY 2 3= “75‘ 2o A% 3
F3 3o s Qg el Fdolu AAY tigd Jela ¥ Y
ol 27 A Ho s, AR I¥E ﬁ"‘*t A2 IAES Y

ok

g WHE OIE} aeln 2 BHE 1SS 3 84 Y gb g 3 sy
2 thFE R Q= Bayesian Belief Nets(BBN) 7| 5 7|<9 tirE A&
A7l 28 AHE R4} 31eT o] E nlEte® rH AXEQo]L] AlEFn Ak

273 WSS A 2old 71D uish gol VEF
mEgole] Hrtol AHgSHETl BE WAN B WAF Ao

2= ddH 4
S AW Zeg yepyde} 3, BN #PHE olA7iAl = AA EA FHLo] W
2] ol AR WHEo|xint, J|E A AZEIel] FIA YA F AU
she AE7H] witizbg s A¥He UeEpd 4 QA E AEE U] a8H
= 344 g $AE TS U FAEE ¥ 2Yd AY AH I AXE
Aarzt & 4 Qris Az 22 BN e EACR Qs TtiE uphH Eo) )3}
o ¢t AXEole] A A= Frlo] glojA Hrt JHedE& 71X Ui
2 ey

AEEH, £ZES A8 Az} & dH5CE AMESH=E ZETHE T4 o

st} @lwt aZEgole] 7WAAL AEA, Vot AU A/ AYE,
AY R 23 B D AE BEol Ui AE B ALl ol

? of Hr} gutdez ARVE FWH VAR UL dLe +
ol ol Zlo] BBNOIAE JHesithe Holth ¥, BEN Jlgo] AgA 2
sto] 7| AsjAE obd sjAsiol ¥ ExEe]l UL E 2 sjdol Aol &
g Zow marh Zau old EARES shAsks FAolA AIAXE BA
3 JHow Hoigld Wrle] BAY 225 Pol WA FA o]

t
g
=2
[

o2,
o
fr
>,



Aol Bob @ AR 2o Eolo] 28 T3

Z(auditability)E& &Y = Qtl= = LE}



SUMMARY

Measures and methodologies applicable to quantitative reliability
assessment of safety critical software were surveyed for the research of ”
Probabilistic Safety Assessment of safety grade digital systems used in
Nuclear Power Plants”. It is inevitable for the PSA of digital system to
consider the reliability of software included in it. Among the techniques
proposed in the literature we selected those which are in use widely and
investigated their limitations in assessing the reliability of safety
critical software, Surveyed techniques are (1) Direct methods including
test based and reliability growth based ones, (2) Indirect methods
including the ones based on process quality, design diversity, and formal
verification, (3)evaluating method using multiple evidence sources., One
promising methodology from the survey is Bayesian Belief Nets (BBN) which
has a formalism and can combine various disparate evidences relevant to
reliability into final decision under uncertainty. Thus we analyzed BBN
and its application cases in digital systems assessment area and finally
studied the possibility of its application to the quantitative reliability

assessment of safety critical software,

Surveyed techniques mostly have limitations in assessing the reliability
of safety critical software at this time. And BBN method has a promise
with its features that could formalize expert’s Jjudgement process and
could combine multiple evidences which are relevant to the reliability of
software into its model. But BBN method has some difficulties in applying
it to the real problem solving and it seems to take some time for its
solutions, But it is also pointed out that the process of solving such
difficulties could facilitate discussions between experts(including
developers, assessment experts, and regulators) because it makes explicit
those assumptions that were previously hidden, which leads ta visibility

and auditability in the decision making process.
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blanket 1]&] T}E ®Eof tis] Sl Fojojof 3T}, d-separationS
=5 7Y RAF FTEHEE st A= 3 258 Fo] TIE k=
| 23S n|AEe 3E AR =257 dF Hejo ulel citEA
K/F T} d-separationo]] thZt AAMF RS =529 ¢1F He) 4
HEo ZleEo] qlrt, 22l o]® ¥4 A8l Markov blanket2 A2] B
L-A=

o A A= 23 2 AREE AS} FH3E HEES ujgict

N 2

2. 8ol 9 7
7. EHA (evidence)
LE(xE ¥54)Y SAE I == e FaAgdd i Jsoln FFEA

(hard evidence)$} 82 H(soft evidence)?] F71*] {7} Qi)

1) &33FHA
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FA 2 =2 FE IS A3 AelE uveld + g A, F EFE
3 533 L VIR SAE §F S AR 3t E ol& A F(instantiation)

. dE 5o 100818 HIAEV} BT HzAog £38F AL oA
o] o =9 FAL U of ol HFFARL & + Ut

2) #3837
HASAN =R o FREFAAL ATk AJledle =29 JE

= =
L. - =
HE UL HAANE 5 de BE FASES

4. x=e ad
BBNojl= Z1¥] <& ZA(serial connection), &7 AZA(diverging connection),
8 dZA(conversing connection)?] A 7}1A] =2zt 44 Arejrt gich

N b

) 3d 442
18 dZ2 == A B, C7} vhaat o] A= e A-folch

d

A B C

(2% 3.1 ¥ 4]

HEAAA = =5 A7 =B Bof & FiL AR == B =& C9
L A AL == BY FAUALE HAAIIAL FololM =

J = =T Ao o3}
ks B3 %E%Zl A7 A
do] zjetEle] k& Afﬂr = CEe
Folz == Boj iz F% Tl
B). weld JFdAEs dF Y
FIAE T3 FLHrh 4 =EE2 == HE HOES 7}212 ded Y
AdolA o8 kE2 BE WHIE HE, k= AL =T Co FA(EE A4 =
t 73 37)& 49std ol == BY HE £2& HAAIYUTL AR =
Boll A ZA7} dYEH & A wE C: 2AEE S F Aefr} FHo] A
22 F¥E FA 4A Hrh
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71420 E == A2 FA7t Al =} :=E(child node)E B,C, Do FI&
Frh Il B =2 A2 AElv deA oA 42 AdelMs A =EE]

X
il
lo
N
ox
huj
il
i
2
X0,
2
[o
tirt
N
3
["
Ia
il

F shdel 377 Q98D ol

THE A =S dF& nHch SRRt B = A2 Aefr delx gled

dH FAE= e A ==E(4: C, D)ol d&E nRA] Y=t olF ==
B,C,D7} Fo]Z = A2] Arefof ths}o] d-separated = lt}zl 3CHB,C,D are
d-separated given A). Ae|3lH Er|dZdo Zt =58 FAEL B L5 A
o Aeizt d8A QA ALeA(RE Ao HAE FAV LA de 3
ALE = A2 et &R Jdeod(HE FA7 4d8Ed) A ==&
4 dAZ & ARl

8] 2z 2 FEAEAN B =

{rn

£ B,C, D] FAEO A k& Ao
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S nxE AL dddltl. EAVE Y e B E=E B,C,D o A2 g
& FE7t Add 22 L i3 Zo] FoHrh

o T 2} = A% PEIZt YA QA Urhd B =EES AL 5UF
A

JEl(independent )7} Eof & X2 FAJ CE =29 ¥

i
o%,
=2,
of
o
o

nx]2] ¢i=ch.

o BreF ofE ZA(LE Ao A B FA Et AY A2 HE Q4T
& B FA A} =5 Al A 4RE Fochd =2 A B k=
B,C.DE AZ 223 el Wil ol& :=EE F hiy AU HIl:
TE B = EoA ¢3& u[xA Hcl

oA & olE 37IX] el dAolA d-separation?] Hol: vt o]

W 4 gck

[d-separationd] 321

o ¥ 7] %= A%} B7k QLT ol F k= Aole] FRo) £ == 7} g
o T3t 2 ZA$ F =Z A, B d-separated EQITla 3Ftcl,

- Y Ay 27 942 B9, == v AJelivt o8 A B8
(&, == Vo 3 377 49 ¥ F¢)

- Y A B, == Vo VY A} 2EEA ofd FAHAZA ®:
3 A= d¥EA 42 BF

a8 ¥ = A ,B7} “d-separated” AEf7} old AL o]E "d-connected”
2tal gt
tl, 2AY 714 (conditional independence)

18] == ¢F el U d-separationof 2] Aol A At 2AR =
el Adel wrdEe] 2t Ha A, Ce Fo3 W4 Bof| tfste] chgat
& 2% 53Yde] Hrh

ibj)

o2& BY Aefrt dA[H € of® AAHE A HES WAAFA derhs
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»
o
Lo
i=)
%
,

2}. M (propagation)

T BBNS ol ko FARE LYot IR E A3t TIE ==
o] e 7AAstE e Wikl 53 Lo 3 olE X9 Flo] 7y
Al J1EHoR wo]A A {Bayes theorem)?} d-separation/conditional
probabilityel]l 213tch. BBNS AARE nf-$ Bzt w2 kel Aire "o
3t7] wiEel 2 F<t BEN A-83e] AYEo] Hojgtert J. Pearl[10]3} S.L.
Lauritzen[11]o] Alxtg HzpFo= e & 4 e dileEFS YA olF
oA 7HA ZAAR] HE A daejEEe] UEFQL ol F dF= A
2 E]o] gl HUGIN[12]12} 22 AZELe] T ] glri[19].

[y

uf, W4 (x2)2] )

BBN 2Eg 75U u ASHE ¥4t theel 3711 Fehvh gick [19]

o 7} H4=(Hypothesis variables)

oA 75 sHe AHE 71 wEolth UNIHOE o5 W]

E7bsSAL} ulgo] Hol ARFE 297} thi-Rolgy,
o AR w=(Information variables)

A4 Aok =7 oo UF JHs3 ==E0|th
o XA WH4(Mediating variables)
S 93] E9H =2ER2A A Mot FE Hagof siEdlR]
WS ARV F2 AR 5o M w2 dBE 913
AHEE =Y 8 ¥ 5(acquisition)& Bol3tA st B FUEE &9l
= #2271 qlch o] Feje Ha ARR-2 EdE FP(refine)stal {-&3H
gt AYSAR RO BN T34 F7) LIg URE s =
2

A& Z7HFA %45 (performance)& A 3}3IAl & 7HsAdol gl

BER =9 k& F3h7] fls) BRI BEE Aoy FAE A¥ste 2ol
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th olE flsidE 2Y stazt she 949 BE M4EC] H
Ths ol&S dZste] Be Fdste Zolth ddste Wil iyt HHEL o
2 ofd ZAE gout BE == RE Ajzsle] o] =
Zdshs Zizt el APl BERE I UE PR F
A Fol stk =zt a7 WS ARI}E
+ Zo] itA yjolth siAwt FAEH k=50 dAdA
Q

312 A2 B2t FF dEd old die Hrt by Y-S Ad =SolM 3

0o of

ot
to Mo
=,

N
o (i
(o,

A Fol3 AT HES Ad =22 WS FStAU EE A9 A 3434
MEE 71 =204 319 ©AlY] 443 AES 7 === e Fste
WS wEch o] Fgol EvbE npr|teg 2z rcof Ae] FHE AF A
o @ =0 A" BTt 84S FF AdE F3o] HWolAA k=9 HE
e E3te Aol YA EH: ZA$ols noisy-or L} divorcing[19]12} 2 7
Mol AMg-Hr}

ir
rt
fd
i
I,
L
i

Jizrt FAAEEE o WA 4 ==d FHE CECIS(NPT)E AdstA "
Tl o] AF L FF e THE Flo] AEVhY uwkE &3 ol HE e
2 H3stE Zolth olF Ao &2 /E By, 3F 3, 2|3 Delphi
situations®} Z-& ez £3qE 3 AUty A= orS3} gl

(a) T4 d9=z 5% A& 24
b) AE2] A& (refinement)

c

(

(c) AEIHE) A%

(d) & 7452 49

(e) FgZobol dutA M FHF B

(f) & dg % 4% I8 o3

(g) AE7te] wchs 23153 E413

LE HE Hol&& Fdste oM FoT F2 W (bias)® I ylo|th
o] Z-& BEN WHE & ozt AEIY AME F&IE BT AdolA ekt

Ir
2t rlo
o

3
=

T2 AN FE Zopelld ol iy Ayt #}EIL 9rt
RH3AMe] 5 20 BBN 7S #3 AETHY Az} uk &3

TEE Atz Axpeh Wy sferE 2l 53tk

N
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5. AlAt(computation)

Jefse] G NPT Zpdo] Euvid #EH FAHE
Tl AxE 5 S0 ARE JYUE uff o|Ro] FAEH
oet AA k=2 e BAAFE AE guiFth o9} e =
A4t dlol& HE -’27(Bayes rule)3} RAE FE(conditional probability)
el 22l F57d Axh(d-separation) FE|F 7[Htem $£PHT) o A
Ax YL -’FZ}%’—QEL: 278 Z =2 ST sodo) Frbof UAdH &
2HH Q1 A4t dile|E o] § FHY LZEL O == BNE AEFH EAol
ALY 7 A s FY 9ES

d

6. BEN& AXEQo] =7

F

BEN 2ol 2% HE Ae AT 4+ ¥ £ g dnEEol U
A9 olF olF VY £ZEYo1Eo] ALHUT o|AL BING T E o
23 AolA Bolu A R sidol %l%ff}v‘ftﬂ 2 Ay st
[101[111[19). |1 Uehall BENG AZELOIEZ WY ¢ ZA(EE g
A)e chet 2T

o

ZEglel] thPEe K= WAL W & gtk

o Demos : http://www, lumina. com/

o DXpress : http://www, kic. com/

o Ergo : http://www.noeticsystems, com/ergowin. exe

o GRAPHICAL-BELIEF 2.0 : (gmellman@statsci.com StatSci (MathSoft, Inc.)

o HUGIN : http://www. hugin. dk/

o Netica : http://www, norsys. com/netica. html

o + Strategist @ Prevision 1947 NW Garryanna St. Corvallis, OR 97330 USA
541-754-0569 FAX: 541-757-0976, dambrosi@prevision, com

1}. Free AT E9]o]
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o BAYES
: wuarchive. wustl, edu: /mirrors/msdos/neural -nets/bayes. zip

BELIEF 1.2 (and version 1.1)

(@]

© http://www, cs, cmu, edu/afs/cs/project/ai-repository/ai/areas/reasonng
/probabl/belief

o IDEAL : Request (ideal-request@rpal.rockwell, com)

(@]

MacEvidence : Prakash P. Shenoy, School of Business University of
Kansas Summerfield Hall Lawrence, KS 66045-2003 USA
+ MSBN32 : http://www. research, microsoft, com/research/dtg/msbn/

(@]

(@]

Pulcinella : http://iridia, ulb, ac, be/pulcinella/Welcome. html
o SPI : http://www, spaces. uci,edu/thiery/elimbel/elimbel. scm
TresBel : ftp://iridia.ulb. ac. be/pub/hongxu/software/TresBel. tar.Z

(@]

XBaies : ftp://egon.stats. ucl.ac. uk/xbaies. zip

(@]

218 £ZEgJo] F HUGINZ Netica 7 ZFx|7} AH&Y &old3t 2 AREA}
AEislo]AF ZHA|AL glojA de] AFEEA dUrh

7. AREg] NS FF ol A§ 7Hs
BBNS] HTh B4 AztuA] ol HuYn BHUY BAH 2Py 32
3 othet ¥ SA3EE Woh 3A% 334 W FA 2F)E Ju

l

-

Z Y ol BHH LR Az|ste] HFE A2 4 girke Holth dMLZE
dole] A= bR Frtele AzEoA 2 uiet o] AxH Aot dA
A Aofo] pHtEFRR JdHow /Mol ZHEIL E Bl oy BE
FAE €& + de Zol dnty JFolrh BANZ o[ RE A¥S TN B
dYgE ¢ 5 olvks HeollAM 71& el visted FHE 7HATh BBNE b &
ZEge] A=ELt ¢t FHotel HgA 783 HES s8] B i
2t

2

2ZEglo]e] It Aol BAFLE SHAUY dAF AL
HE £l BN o & WAHoE 2Hdy & 5 glth
ZEge] o AEE dFE A= Ars

AFo 2 Uehlel A S Zhol] @B nXE 2 05 Az

G
o I K o

_24...



3 3 RS wE 4 gl
) AR HIl 7hed FAHE( *Iﬁ Az §) ¥ ozl Az d3
S uAlE B4 Hrt FEE(EE, HF, AV Ut 5)&
g 4 glch

(d) 71&2] uhol &gt B7t Aol FFHLE ZFofA U o
FES BAAHLE FHUUYLEA AER Y FHAES wUTh

(e) 2o} 33 T2 Hels ST ddeie xR e FE2
E& olsfisty] gA wtEel &t

(f) A" =87} 9ol= oF 7Hsslct

(g) "what-if" &4¢] A& o2 o] WIsl= AHE 5T + Utk

(h) 2E 213 dAst A &u|E(semantics)& 751 glch

(i) B33 g AxE gA 3 F£ =771 s glch

(3) dlFolLt Bt s A2 FFWEE UsiAL 2188 Hart glo]
71&9] thdt JIH(AE B9, AEapgont sidate] Hot mEYA &
e el ¢ AFY Az AIY F)ES 8ol BYEUY ¥ 4 Qo

kO

1o} Z-e BRNS] EAEE A AZEsglo] NHE/tde] AR Wil B
AS SRy BEAAel NEHT 244, 2% %—71% Sl 2slor 3}

W E ATl o] FoW AL 3
3 RS

{ li‘
b
fln
o?L
5
ol
_-é
&
i,
2
)
ol
N
o

L= Hojch

]
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H 4 & BBN H& Az

A1 4 AL

godcl RHHYE AR, w4, 71A 5o Fokolxl= BENol -&X7] AR
L} EI’*]% A&e1e] ebEgdolnt AEE T2l Fel F Jlee]l HE&FHI] AR}
3k 212 90dr) Fb ol FREolm olA7lxl= AlelZl WAl vk 2 ErMo
*17‘:— 2ZEolo} T AAgle] MELl A HIt T3 oot BHH
wokoll 2-&H thest 22 AHE ARG O3 g2 A 28oAM Jl&siyl

o AZESIe] JIU AlARle] kA W)
RN B PR/ =T AR(22]

FE AlAE HA] A s rH[20]
n ]

A 2 A A9

1. &AZEo] 7]t A ARl kA FIH21]

Bdz2t A Hot YWHEE oh¥ XAHinvestigation)e]rh. %%;‘%

B7toll BY it SR FEREI AR tE AW, 8 PHE

olgA tUEH It AAR Y ¥ 4 ASRE BET Zolrh

ARE dAF BEXES

o BE3F PHEES ¥R V&Y M=o ¢FY HU YHE U 2y
AES} AZES o] FHIlo] L& oAF

o Frte] BAH Tt Hefe] FRo oid A

o AF =2} ¢HAE Frtol AP M2 tlE FAES AYUste Wedel cist

- 26 -



71E A2} dAd o WHE § 2ol AEEHUGD A= 9 oAy
2] Frtol] BUH tiAY FAEES AYUYSe WAL=E B

yFGTh el U Fo Z2IdgnE AAF
process of safety critical programmable system)”& |3t 3wl
g A7} o] FolFct. F AL Azt F BN T3 HHA F2 &
=t

1) BBN 3=

7}) 2= 23

BENS 733 =552 A A2FY 54U 8ol AREEI gE o

BERES 7SR 3t ZIEA BEES the] 4712 &X oA

siAch.

(a) Zpgd=tel Ay 2ol &
Coi U, 29 2E, B ?_El

(b) ZE 2o UAH FH
P IE, Js, 9 rE, ZIMA JdH2IRL] £ e, 1A 2o

344, olsl=, Al B#F

(c) &l & AZ(vav)z} Aol R#AH FE

DA RE B3, osiz, Az R, oA B, A yolH,

i rS!L
o?z‘.
fx

Alg, 2= AE
(d) AHg o9
A" g, BA AR A, 53 28 8=, I B,

(a) 2F :=X(target nodes)
B7e Bao] P w5(F)EA A W4T BEUT,

- 27 -



G
6

7}s =X (observable nodes)
7Hedt =224 &3 JHsstAY FEI) Jhssjob gl
SAolu A3l Ertsd Ffols HAETLY] ulithe] 243}

)

2

(2,
|

-

(intermediate nodes)

R “Bg(belief) ol BAH H4E Urhls =Eolt},

NN
o¥ AL A o oo e
2

o
o ol
R »
o% |

28 =E st A 5T 7Pfelut WEC] AREHAE gted

That 22 dnby e ARgstalTh

(a) FRELTOAM A3l oo YFE F= =EE AASIAL o]F =4
T A2 == A%t ANFY 22 E 4

(b) el e FRE AW ==& THSH= BBNE 94 THESL o] BBN¢j)
43t Ztzte] w=of ofgt AR BBNG A

(c) =Bt AL AzluA w2 Wgoe R sla o]Fo] Tate HF o=
F43 A oM 2AF Ee =2 AT}

Lb) NPT 84
44T =S B5E] NPTE oA$02E AT Agol W A= F
g 240 AL Ydoitta Helglm EAY 2AE AP A% w=
o Hrl el A4t 308 FsAth AP WH(AYE) L o5y 27| e
=

t}) BBN A4t

7R AJE #Hlo]A(best, worst states F)oll thEt HI7I7F £=3y=gict =
7t BEE #E7Ms =20 8" $A7 3 =254 & ofEA H3AT
£ Aol chgk =apgich 225l BBNS Altoll HUGIN =7F AMEE]git),

2) BBN g Eofl o3t 1A 7}

BBNS £ZEo]o] sl=u} bRy kel o] HAHom EHUYS W
Zotal mheba ot A, BEH SAd A&l M7 wtE uiE 4t
of g= okl YT WPELE F7IEGIch £ o] YHUES HF A2d9
B7F & ohuet MY A A DAl AAA A8 7 F FEEE LAt
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= $8% FeE Ushdth B PUEY AR 4842 thedt goh
o THIY FRe FAE st 7t TaQdos FUY 4 Ytk
538 & g 4ol th¥ 34 WAS AL Folel 018U + Utk
o £ZEgIst stEslole] Thar WHol H§ THssich
A% A AP 2719 7 BA] g Shssich
o AA™ Y Z7lo] AN 9Y A= AW 4 otk
o A3t AL HAHE #15) AR Fhs i
o W AZEgoie] FAL AW abdPol Hg FHssic,
o PSA 2] Shtel g¥ AFEE Mg FHssich

o
_>:

3) &% a4+ ¥5 =&

AL @4—1— Reliability Assessment of Programmable Protection
Systems(RAPPS) ZHal¢] Q€02 AMgElgion wlehd RAPPS It £2F 2
F A7 FEFES T8 AL LE 313 glth. ABB-Atom, VIT2}S] FF A
3l RAPPSS] BAHL BRN MPHES SHHE x| A Aolle] HEsHEZA I
§84€ ZAStEE R0 RPPSS] F2 AFRFL:

o Commercial Off The Shelf(COTS) AJAEIL] Hrlo] AL o]k 7|& COTS
ARl Frlo] BAH FHE FHSIAL E 0TS A&a¥o] 53 £33 a3
& SFAII=A] AFE stuist=d BN #hEEol 1-&3HAE A=
3 F3o] glrt

o AA W Ee F&. ol £ZESfo] A" FFAITE AREE HAKEE
EAo] Ao gt o] #Ee FFHE MA Al¥AlL B A A
oA HAZ HEZ 23S SHYERE B off BBNO| oA A18-H
T UEAE RABHE Zeolth

o Al@A|L o] HE. AE FAlolAE UAR WAL AAA T AL
Hie A Z209S o R e, 532 MASE ALY A 2
CHAll A 53 ZAXE FIIsk=d] BBNo| o|BA AEH = 3] XA}
st Zolth.

o AJ@ HolA] ¢hdg Hrto] A&, HFL BN WHEo] A
A 7]l ofEA A1EH + AUAEAE AL Al F
55 tlAE AlAagY] FA/AF ArA e th¥ 2| Holct
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o PSAS] AHg. o]& BBN #pPygEol & UAH A= A 28 (figure)Eo]
o|"A A AFI2] PsAo] AMEEH 4 JEAE BFIshe Aolth oE EW,
PSA EMofq 2 2 AL WRE 3= FQ3 AT Eo] RES Fol

& 4= Q13 BBN 2ol o= AR o] 270] FEHEILAE

% gich,

2. BBNZ ©|-&% ¢tAd/9¥

ok,
o,
N
ol
4.3
rhu
~
ft
oy
S
1,
~
>~

7} AL

2] dutd ez 2EixE| 9= FF-7|WHstandards-based) Programmable
Electronic System(PES)2] ¢QFAA Hrl FHIZubHoA s HAoEH o] A=
3HE 98l Al=¥ A S = BBNE AMEShe] PESE bA/dS &Sz Zo] SERENE
HAe] FAFA EaLo|th. ©|lF 3] BN 7|k PES b WH4(safety
arguments )& UEh:= 3 (SERENE Method)3t o] & 2|3t7] Q3] 7]&9
BBN =72 7jM3 AJ£& Z7(SERENE Tool)& 73Tl SERENE ol A &)

H = 7# (evidence)

WA BBN uke) Qamseln] o] QrEM4L %t
o} FA(clain) Alole] dAL ABETH F BAUSE QGdol VAW A
S ZA33l= “safety case”?] 3 REoZ 1 ZHJ} AlAdo] A& 2

t[.‘.l[[:

ted 283t A& RojFE Zoloh

IEC 6150821} CASCADE pAlollA 7Pd¥ 6AMzt 22 B7t E(frameworks)oll:

ol L vxe FAEURY A2 HF AEF BT thsto)o] vt 9l

1} 3 Z2AES AN A A3 (justification)E A3st=

s 2o oW EZojME o2 oFx gli-u] SERENE WHEL o|E sfAs}
‘|.

7] $1% shte] Al=glcth 2zl § A F7H 552 oiaxt Aok

& o T Hsickes A& 39

o

o ME THE ZAst WelE 7H TR 3AES ¢ Blol YelFoz A

o HH4 WY FHE H

o MEZ A e opie 7Y

o AZ3 BIY B F=E B

o Alamle] Fpuzt Aol chstel WelAd EE3 Bl sy HAY
A%t A%

1 o 2
i
9,
s
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v F2 43
T A8 AUES BT A& HAGE HYIHsII] 1T YarEA A

%l ¥bH E(serene method)3} o] MM E.S z|$d3l= = (serene tool)o]T}

-

1) SERENE ¥ &

SERENE B =22 i) ¢tal¥H <4 Fd|(argument preparation) ii) ¢rAWH4 L&
(argument construction) iii) QAW Al8(argument use)?] M7}z o=
TEEA 2t 5o HEE eofstd os3 2Tl

+ s

A AT the
A 49 B
T4 BE, WA, 49 WA orlel Aty

3L
(d) 7 BEF7E B 94 A38& 37t
(e) EAel =7t & nF4# (informal) Mol Tyt =2 £33

]
(f) ¥FH FEE, dx}, Jlol=8 ZAl

W) adg 75
o] WAL BANSl g TESHE APow aokshE thedt Pk

(1) BBNS FZA4Y =52 FHel, ol52 R L= ¥y FH|gHA oA el
AEo|th
(2) Z} =9 Fe)S Ao SERENE WHEoja HF T =

Discrete labelled, Boolean, Discrete Numbered, Interval, Continuous

Gaussian ©|t}.
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(3) BBN ez 2t

olt|H(idiom)2t §EH (template)S HsH Aol wiel AH&3to
Fa BBN Jei=E &3 otdS EFAAY FE9 dvtd s
FHst= BN e B el E onistedl, e =27t Aol
(2 AR dibd oz AREe) FE o9 Bel(d: &3, 339
ot d& T HEIL FAF FFS SsiA HnEA = shiley

BBN Zzte2 3bH 2ty | F tfE oA HFHste] A8 H
B Jeh2A AARF HdollM o] Zefi(class) 2 FAFSITE

SERENE HEo]A = BANG 5 # u] A&l oltlds FAs] dusie
&3} olEE AYst fAT AN LE AFHE AFS AFUch ot
o] A2 15 thE BBN +F QoA uietytd chg3t 22
5 31Asty] 913 Aot}

(a) AEIIELE HE TS o& EAo) AHA o vzt 2 Y& A&

she

(b) ‘_'5"7]""01 BBN RY & T3] 59| ololt|olE Y o vhgzt e

H|5gt A2 E FFTHLE FH=ch
o A (edge) W] 23

—1-’

o 150] Wt5# 3 3l R&(statements)o] AAHZ EFAIE ZiQlx],
J8]3 371o] BBNSE FHYH 4 gl=x]9 ofF

o =5 el ¥ uf "o e A4 A=

o FesE BEEo] shute] BN EdE ZAH £ UEA] oF.

olu] WEolA oltldS ARIFEEAN TENA SHE BN RE $EL A2
o] EolER E 4 AW ojridel Agoz muel IHYL
QA St B3} Atk oA olRsl AHg A Bl A 2ol

wetdz E Edo] FAHUTR Bt Qon SERENENA ER oltidl

< th&8 5717t gk

. TN

(71) #B&/E¥ o|rjd(definitional/synthesis idiom)
A =g shte =2 ZA/FHste BRYY, e =T5E 7] AXF/
EFUT HofE YUY ¥ of AH&sid g a3 Ze ddE 2RE

_32_



f
32
o

node 1 D @ p) node 1 D

I

synthetic node )
A

(23 4.1 Bo/Fg oltl4]

(L}) Yeol-Az} o|t]¢d(cause-consequences idiom)

AzdA gzt B5H AAEY EHHEE 2E € o AMgsh ket 2

(28 4.2 dd-A3} olt]4]

(t}l) &A o]t|Y(measurement idiom)
A Ao vzt EFAEE 2Y ¥ of ARSI T3 Ze o=

=
T2& 7 glch

— T

ve valeof

estimated
valne of )
attribute -
aliribute

(2% 43 23 o4l

)

ltl¥(induction idiom)
HH EFAAEES 29 ¥ o AMEShy g 22 o=

y8]
-
45
c
AT
Q

(TR
A,
o
Ch
H
rJ
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/—‘\
nonlation
parameter

1 n

[ 4.4 3 olc]d]

context )
differences

forecast

(n}) ZA oltjY(reconciliation idiom)
MEZ EE HF0 oE AaEeRRY ARE 23Y of AR o

&3 e 2T T2E SR Yol

(reconciliation)
AR

(23 4.5 &% oJtl¥]

)

AZ7HY AY FEolLt A HolHZRE U2 HES o8& FAYPLE
Z}23 817 Lt SERENE =70l 4] A Z38H= “expression editor”®] 7]%& A3ttt
“expression editor”= ARRA} Feojo] EX U B 3 F4E ARG}
AR ER FTE BYE ¢ AA FHoldden A7 tE £ e FHELS
the s} ek

o Constant values

o Discrete distribution functions

o Continuous distribution functions

o Arithmetic functions

o Boolean functions

o Comparison operators

o If-then-else function

o) AR 4§
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=S HolHE Ut o wE7} A L= U By
2aste @it of AN Hal 8% Fe ofm

s
Aol mAls TS &
53T A7 A & Aol Y 38 A¥E FetE AP Ro)
th o ZHA] Alvtelee} ofFo] Qe =EFY g HAAA A ol A
3 @ 4 orh

2) SERENE %=-(Tool)

SERENE & A[#3}7] ¢1%F BBN Wy =2 A] BEN 2= 2pgda] "ot
AHga} QEslols, NPTS 4, WolAlek(Bayesian) 28 A4S =HE3H 5 F
31 IE SERENE HPHEA] wtEo]zl idiom, templates, argumentsS X3} gl
T} SERENE =32 R4+ the3t Zth

o BBN A4t a1

o Graphical User Interface : BBN2] ZH], query, Z=RIE J]|%

o SERENE ¥ =39 =& v

o Templates : A¥E BBNO Z A}L-X}7} BBNS =¥ wf /AR3IAL 2=

A& = glch

3 o] T ER L.
o SERENE o|t|¥(idiom)=} ZA¥}7|%(join operation)& A}-23}le] BEBN-E A’

& 4 QA& E BN AZF 3
o 8% W A% Wh EEE ALY £ Uk EE B
o W17tz B (sensitivity analysis) 7]%o]t}.
SERENE =78 3R 13 4,63 Z3 o] =37} SERENE BPH EojA] 4335}

£ 9 7 4.73 ZrH22].
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5 Node Type

Standard

~ i

Distributions

BBN Calculation Engine

Sensitivity /
Analysis Modular BBN
I_—‘I ActiveX Server |
Domain Specific Graphicel User Interface Tutori ‘fls»
U ser Interface Help Files
with links to Net comstruction ard editing
S ety Analysis -wse of idioms to shuchre BBN BEN I dioms &
Tools, - NPT entry
Spreadsheets - equation editor Templates
ete. HNetuse - pobability propagation
- sersitivily analysis Printing of
- joint proabilities Results
[23]. 4.6 SERENE = T Z]
SERENE Tool
Construction
; Tutorial
s properis
tobe predicted —* iBb:i:I::Y
) " Idioms &
input no i
athibutes . L o8 asux'eme ® o o~ o
historicel experience \, \0
causal links and ——» definitional 0/\ o
probebilities pocess-product o~
Use ) Templates
meme or tdata " ragasurement . Safe?y‘
essessment cata historical experience Predictions
o definitional
snsvity —— ——  Sensitivity
queries process-product Results
Help Files

(2% 4.7 ¢AEs

etdd F7H?20]
HAH EAE siFs

...36...
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AL HF3t7] 235 9r5o]R Deva{Design for Validation) Z}A|2] 3F REo =7
“Dependability evaluation using disparate sources of evidence”7} 4=3i% ¢}
o 7oA BENS ARE3F 3 e AlARe] gAY Holdprt R

<]
2 ojFolzch F ATolM BN RUMY thyo] M PR Ud A Aay
Ig o

o AWFI] 27 BAY B “AFE A2 P BAY GHY WA @
olol WAW THE WEI} H4Y BAEoIth U QS BN AE7Ie WA

LT
>
oY
ok
¥
a

AFE A2 A1y 7 AR BFL

W 32 A
A7FE A& HAEAL rEdAZ Brte] cuhzk BN IIEZE wEYD
“Design Process Performance” WH-of 3 @3F NPT ZhS AAAdslgch RBASE

BhTob WHE Teli NPT YUY =SB tisted) -5 1o A2

It
3
o

BBNS 78t =9 a2 <ty HriAizt A 27t Ad e
b aZElo] A F718 2] EUALY BEES ZULE 3}
-+ =

[=3
A2 o] FA” “dA 2B ol aela
3
2 =gt AAE ol JE9 Ae] 27 223 JEE BE 19] 29
2) NPT 2p3

&l NPT 22 ¢ e 49
| =4

539
2 steevl ol W BN F
%

o] A3 FHPE F2E AY HAYsI= < E7}
ZI5L NPTS] *p¢d(dimension)o] 2igtd F A2l H-f-ole A& 3Holgta 2 E
et el dF =E2] NPT 4% EIPH(linear interpolation) W& A}
&3t Eloj3el US AL the AE7H FES Us YHeE syEYr

NPT 242 5 HHeld BING WERA 7HY oa &S AW PROE Holy
o] o] A Ushd BAEES thedt Bt

BEZFSC] 154 A3 ZFEE P22 NPT & 28 o ool ol
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ol ol MHEel olgstA Yrhe A BA B3P I Al
A Aol F2 A5 H 7AH gL thet 2t
o BHAYE HET FsHeY B2t ode. o & TIE EopolA
R c}-%:’_ Qi ARFBANANE Urshdth F7U 334 BE ve
glovt 15 BAHeE Rtetds Edo] Hoj
217 e;% ol % olfolch

o B el o & Fefrt R E’.‘J LT’_ < F&3 Fgslof & HolEY

$7FUF W) wEel AVIE AR A ofeige) qnk
o BENG AMgshd HEJLY F 4’8 AASL WAR R FAHNIA H
o, AEEL olddl oA Weje] muAe 7 HYol saowl o

k=3
59 BR3F 82 ol |AlS BN el 2 FHsl=U nlE2= ol gL,
2}

o Zl&siol & Aol UF BIs7] afEe 83 A AEZ7te= AAFeR

o

Hi Aol 4
o WEFIY APoTHE LuIE FEL Tolutul w2k old g,

3) =A 71
T Aol oigt A PrkE 23 RE g3 gtk

o REo{3l BBNS] HFo] FR3Ivta A AF A HF id2 ths3t rh
- AT EAle} Zo] BE ApAjo] TR AF
- RtEol 7 BBNo| tiA} Al&Rie] it MEIHY] WSS FAUSHA 2Hsin
Tt tigt AE7Ee] FAld iyt HE

- # & BENo|] B tfido] E= YF AA izt AR (truth)& A=
7}o] chst AZ
o BENG 7&SH= A whol 2A Eulel Y A3 AR »¥ Ae
s ARty AH2 =72 oA AUl
o U \PTE] Fo] BN F-32| 7bY 2 BAZ Uehd,
o H71A DA BN HEHLS WA 1Y B2 YT THRI 9]
AR F2])o T AAA= GH. BBNY F2 A F

71go] FEIHES F2o iyt ¥ 3 E(formal frame)E |33}
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4. AN AU RE A&7 5eA[23]

7. A%

Edf Wf5 87} AE7HE0] FolA ALd I A2RES B3} A
AHEEE H7 WHE F ShE BENSE mul®)3toith. BBN ‘1’%4 =3
7V BE7Y #F Aol =24 dtA] o8 JA] FA thgt spFAE g
A wfEst=tbell FolZTh BENS AJAEIS] g AW FE7]19} Edf XpAe] 1&C A
28 ) HAE JNEeR AN pxIF AFEHAdeU Y BEFIe F2
F(vaterfall) RE-& =3RS Edfo] 18C AlAR) o AXHe thg3} 2t}

[-J
"*3’
l‘|° et
g o8 &

o Edf2] 1&C A A® Q) "Ax}
(1) A2 27 HAM] 2 Wede A4
(2) % Aol H2(3h4 EE 28] Fujxt 4F)

(3) A¥E FF*Pt +¥stes AF ALS BUH: Fof gli, AL 7lE
T FH7 e AN

(4) $EH A"l T3t S AP ¥

(5) AAl A Aelol]l FEol7kA] Hell, Alo|EeA A A8 +38E T3
A A 2ol ¥ HAFSS T

. 8 43

1) BBN 1= 2z}t

=¥ BBNQ] Auta xR} 4B O] “Development is suitable” & HZE1
o 71&Ee] gl AMSE FHo|ME EdfolA] Y2 Wik AlLEz 9 vt

H, 71y, FRE 2AE Y 282 v Zrh
o ZtAHaudits)

0 X AT B

° icﬁl 78 A FEEE 2YY

o BaAte] 5] 2UH AU HAL AE(ANY 712 AW, AP o]y
AE F)

o ThER WA AN A2Y AY

o 71%3 ZF AlP(functional validation test) : ASAIH, T}E 1&C
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Asgst QEsols BHAR Y 5

o AEYAZL HE5F A= HHof o £A. 53] A AMRER g
THE A[&EloA] oln] AMEE AW AZEQo] RE ti3t IR 5

3HH, BBN &A] 3719 B R st B
+d2d (functional safety)ol] gt st o i3t 22 FE2 A2F )
) 3 z

o 3t=go] =R (issues): F
k-1 8

2) NPT Z}g
Fastels BBN A7leh B 5] NeTY Al B2 2 e Fite of
HEOR Al 7 REE ‘yes”, ‘no"e] ¥ IhA| Aelthg JIRI=S sgch

s st
=
A4 7 2d P2E T3 BT BEI WHAR)IE 5 lof +55 0]
olc},

L=

2708 gef FHE 7R

b
i
fr
fr

: good or poor, acceptable or not acceptable, yes or no etc.
A

5= "object x is y"ot 2 EFZ AX[A]ZITH

b
fin

—~

L
oll} Requirements specification is suitable
o =E Aol R HE k2 {0, 0.25, 0.5, 0.75, 1}2] Fyolla] M=y,
D olf olHrT} ©f M ghof oidt HREIL ol 9lr] wWilE. =3 olE
Zhe oheat 22 B8 A wn 7[ES& Ed

{impossible, improbable, probable, quite probable, certain}

ole} o] WEIZ NPTE THE o} 2L Rerg st Ytk
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[ 4.1 NPT for verification by Edf is appropriate(for Development)]

This verification assesses some key properties of the

Dev:
Verif., by EDF is

R o Is complexity of developed components mastered and
appropriate

justified(checked by static analysis of the source
code?)

o Will it lead to a maintainable system?

(for Development)

3) 53 BBN &
5702 A2l & wEolA EdfojlA] 53 BBNG| A4S #=33leich Aake
HUGIN E7E Alg3lgon zF Aoy At A= e 29 2t}

(& 4.2 Atejd A A

ALzl HE 1 2 3 4 5
Svstem requirements
specifications are .576 .9993907 0 1 0
suitable
Specification is suitable [ 419 . 9999483 (0 1 0
Design is suitable . 265 . 9996823 |0 1 0
Development is suitable .173 .9979557 |0 .9999598 |0
System confirms to SRS .138 .9952124 |[.113 .9983177 |. 243
Svystem can ensure
safetv{System confirms to | 112 .9670761 |.138 . 9822346 |. 279
real needs)
()

AlLtele 1 ol FAR gEstA] o 3¢

Alvtele 2 0 AV 4BEA 4, FEU(verification)E $-& AME 71T A
AutEle 30 £33y FAC ddFn, Fa APEL L& A2 BT B¢
Autele 4 FBA SAC d¥8 A

Autele 5 ¥R FAL% I3 FA A d¥E B#

Bdf Apale] $ao] MY Aluele ¥ A4 A BF QBYL nelEn
slom AE7te] Az YAsHe Ao Ushdr2s), I ol 2
2 222 UshiZle stgont o5 ©x AZ7tel Dol et 42g =a
ol AVA ghom oS Al HEE WolEiMEL 5 b
hx] Wl BY o2t Aol Atk FE AFYFch



1) <A 7t
439 2ol The Edfe] B7ke the3t Atk

ASYEC]

o

o oJ3i3}t7] i FETHE Atold] JilaF AE

o B7t AZIE Aol EESE Lol3iA THE3dS.

o ZEEEQ] BN &2 HFE 7[it A4AF L Al&FS Hrlo] glojA
AZ7H] A& BA St Frtshed £ 71371

o Al&Re dA A 7 FLYT HS4E AF%ed =& & + IS
neg F

o T WP EZ AU FE JHEA Y AolAR olB3 FEE YA
5l7] gl W XA (calibration) AZhE e g & ZAQU(dHE EH

H 23 B A2 AA] fEE g g9y

—

A 3 A Aol cigt B4

Al ZAIA UThd dPEe 2EAL ()QAAI AHEe B Ax
of BENS ARAOT Fg3 B3 I be4e AEsE 2T (i) ZEel
BBN 752 B3 A8AgolN Ushd BAZEL HABIL 0|52 s 9
g wete BHstE o] 22 Holdlth o sMedF EAEES theT 2

1. 33z A9 B3 Pl H& 717

BBNZ AE|=E Q3= ¢ AT Eo]e] A%/ d HIlep Zo] H
Aoz EFUAYE ISt & AEAFE S 2 S22 FAE B Aol &
dAez E7ts3 EAY siZd AT ez L}E}‘;kEP[ZOJ[Zl][ZZ][ZS]
[28][29].

(r rlr
_i&‘,i
>
o¥,
ﬂllﬂ
flfo
o,
>,
i
(o]
ft
1
°
o
2
[
Y
i)
e o
ot
o
o
o
‘r
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Wk AXAE 4 Qv Aol 71 & 7MedLeE Uikttt E AAE ARV

AL glent 71l AR Hut JIHEREE FEs] o
e UEE, dE &9 XY + g A= Y SEAs0NUd] 24 5
T Bl cidt B4H BIE dBH FIF T dolld FRA Hrtel =@
+ gltike F= Bl WS vt FHL2= urtkith o] o= (i) Hxfst
s oflofgte] ¥ Bl f&Eo] BENY T Zo} NPTE Fshe] Ha|do|aL of

I
3istyl dA vEhiERE ot AEZIECIU #d ARJOILE, AYEE)E A
ol9] ojxtaFz} EEo] golstA EHar, (ii) 7I1&4 LZEe] FN ALg
HE 4% dEg: e 3 2 AS A A8 Z2AE B8t B2Yy
T glo]l A2 FAYHEE U2 LY Pert gon, (iii) o8 A=wrt
dol= 23} S T 5 Qo] MY ZI|HARE AEo] Jhedtd, (iv) B
of Ah&H Z} HeEo] 4ol utet oFA HMIst=A] HA ¢ 5 o] M=
ol 83 FS F= HMFES FAY + ke A3 (v) 54T FE A
S BolstAl siFE =750l sitle ATel AlglolA Uehd BBNS] {8450l

t}.

2. AgA Uehd 2AAA o5 N2 A

A 7k AAGIME BNG FEI ol FE ol HI BUT UA ] BA
sl A8 ol o BAATol LIS BARLA P2 E oF U}
Bt BAEES AF 3AdY 9Y Ao st 1 a7 Yare RSt
7 Ablold ZEEER] BNG PAIUA UED BN FEA ZARES A
si md then gtk

b B ] B £

JHZ e deg =2 MY F2 HETF A4 ¥
b Eo ZASIA ol Foizld AAFY T2 A dA=L 8l
o] dx[UejYe] o] dAE ML= 3HglT] wiEo 3
L
Fal

o
>
>,
rOI
ot
fuj
i
X,
£
k
¥o

fr
0
/)Y
o
ke
32
1
L
fr
)
o

7t FAALE H4F Ao|2EE Hepr

AERE ¥l Ee ARV 3 A UF Flo|=7} Ao]
gt W3k Zog ghEojx el FAl3 FHFo] HQditie e BFE
ZHe AL AABI Ytl E U] UElY BRI =7k 2454 S ut



£ staledl
22 Ul 49| == AE At olE 01%?‘5}@1 = 7}11 éﬁ-rr
3t ANAF AE-S BE&ste] AA| BN JHZE Y5t Ude BASHEE
ol 2l 2 A2 s EYe] S ¥l o= FE Jo3t Aoz

=2 )7t Ho
o o] thste =AF HE & —‘?‘- 3ok ?ﬂ——tﬂ o] &2 ZAI EE At
oA 713 ool W Ze= ueht glth o]d o Ze FH olfE:
2o ME7I7} BBN W Eof &3] %&E}— , A B3 2en Aty
23 A F AN F2 7|dst= A XIZIEWE}[ZI]

NPTS] b3 zgolld uehd Eshute] ofgg H2
1 g2 42 AHE /M == NPT & & F Qo olE W A
off thste] AEZIZE ddol 2 el & st dl W2

Ao Uehga E A AA(AZL, dY FivelA 2y
3 =0 el +F st AA 2P HFEES AP
T} SERENE ZHA[AME o] F&& sidstr] #18] =5 AM&HE= At B
Zu Eel gk A ¥l 54 7S NPT AR 2 =70
=& st ol 22 752 NPT AAY AAARE A 5 9
Lietxtch ol#fgt 7l Jido] WRH SERENE 2pA| ZAzfe] o
Zojzto] o8] ghEolXl HUGIN E=+tof wig=Egleon, o2 e o3t
o), HaAQ 7|5 ZHE BN 718 AEESY EFE0] Jagol=g Y&
o] FoRFo= Fojglth

lrl

au

Lm{

o} A

BENG| A4 mj$ Bysht TabEQl A gmelEe LAz ol
aZEgole] Atz A8l EHold EAV gt AoT UEYD ZALg
Sanle) S ot QM dFelAE 8 AU ALHIL g BENE

783

R

B o rSL



Edol E77 BAY EAE sAstoul 32 e 2E o Ushy
cHizl[211[22][27].

2}. BBN FZF
#ESHoE Tsol BBNo| it HFo Fadol AHEHTH[20]. Aty o
2 BBNS| HE2 theo Al 71A] BHAA o] Foirt
(i) 44 BRI 2 29 Aol BAY 23
(ii) ThEol%l BBNo| tid Aol tfgt FEZLL] A4S FASIA L3tz
ezl oy 23
(iii) BBNo] me2] thito] = - AlAlY] vi3t AMdE HHstA st

As7tel i A

=9 Aol tig AF BAL oln] o] EYoE Hyel glom E ;o)
U el BEe U3 2L e A AF PR BN FH =74 AFoE
A 25t7] R o gel G RS Ushyrh. Zeluh BiNe] AR x4l
& A THYLTIl h 2S5 g% Aol oy S HEstA ww
sl that AFL obAzixE FAL ko] nhuEA ®stx Qi ARol
AE}7 } 5ol BBNG

gto] Fhssict. o

F—.«

£ 77 BENG BIbShe Aol BRN A4l 3 %%‘%OI e =2
& & 4 9ltul, SERENE RAIME o] & 9js) AEIEC] o= FE FHHo]
2 B3R PPoT BN TEY £ YRS oA s wAE At ol
F&o ozt d37t o Ak ko T QI E = BN I eyt 7]
Fo] 7Y Rog RoZL) (iii)Y HF ZA-Fole BN thdo] I Aja#
o] AA=E —%"85101 2 &3 ZAxpe} BN 2He] Axt AZE "2t Aol H

2217 Uof A= o8 AT HAZAC)
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2ZEJ7L RAE I/ 5E2E Aty Aot dEe 43 2y Z
2 AFH A== B WHE 2elx g 2EY F-ol stALE A ch}
doll 712 fault tolerance ¥ XU AP A WHE} 22 A F7t ¥d

a fa

%—gi-‘—— A AHAEE 275 ¢d £ZESo]Y] AEE Hrt W FPo] oy
d ZAAE e R @ AEE g WHE §, oY SAE

Agste] AL FUFHLE kS Uzle W= 47 HEEe 9l

o] 2ok AL EEAM BHH HIME =EUSH] AT AEE st e

Rol @zfel AAolrt. ol T2 FHoA B

U axEgeje] Azel GAYE FFHLE FIUIste EoklA 2 7 #

| 43E HAAF Yt AZ7HA] dF A}E BEUE 22 ESo]Y FRH

A= Frlo] 83 BN WHELY FH % ZEAE qofsl HY i Z

t}. [26-30]

m}L

o

o
oﬁ

Zhol glolx Welg oz Sy
Sk

zEgole] dElEo] L nAE W4

o
P> =

o
lo
il
°
i
fuj
<
o
ini

oﬂ.

gel ARE AWY 4 A s Zth BRNO] THE 4 Yt ThR
e thedt e REl Ytk

¢

lo
o o
X

)

T

of o2 > M
%

- T}RF 2 (process) 2} A& (product) WTE
- 2AEAE ZFA% AR vt
- AAY B A
- EEaAA
- E¢A AR adga A" AR
o 2ojA QY oy 7}A] ZFRES HAYHo 7 RHFOZTA AAA

Ao FHE} ZHAlE(auditability)E EIT).

o BHe] 23 zix FPele BT dANel FHHoE 2L FE
E& o33ty AA e £t

o AH xt=It U= AFY + A& sHe] Arh

o "what-if” £Ae] A180 % Ao Mlss BIE ABY 4 Ytk
o 2UY EL AWHOT Y BE ETSL ALY 4 AUtk
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o RS 913t 443t 53 ou]E(semantics)E 7FX] 3 Qlth.

o H3R HE ALE A o F= =77 ALE] it

o dFolt 7S Sl3 AR FHES AUstAY AHEE Bert glol
71&2 Thgdt JIA(AlE B9, AUapgelt AdRle] Bt fE-A &
e HAd @ ZA3Y A Y §)ES B&st 2EY ¥+ ot

EE At 2404 UEhd uiel o] H-&F £ 2L sl RAJY of
ez g} NPT 2pd F2ol HA™ IZAFE] o7l STt ojd &4
HES s1dsty] S1% A7 2 obollA @A &iis] A} Fola HA Aol
2ol8] HEE AL APED glenz HEY Qe A3 UL ZLeR 7Y™

EZE BBNZ ATZEQO]] Bt 9 HE Fof # ohlzgl £ZEI o] XL
g vRT 8 BolAE F88 =72 JAEI glon (i) AZES0]e]
¥E Wrto]l H& (ii) COTS Alame] Hrlo] &-&, (iii) AA W2 3
&, (iv) A8 Flolx spdel HE, (v) Psagte] AA(PSA2] 98 dlole] MA)
53 22t BFog d3v) AEEI gt

¢

ARAoE t]AY Ala¥y] @ obd AZEQJoio] A AEE FHIl g

1
A BBN 7l & slx]ef AwE Belshd v} Ach

(1) ¥ =713 Ao Bd, 2 @?45 AZELCIY] FIHE 2% =Y
710l gl ¥ Ao FEY wi(FA/ EEL] Eol s A=
o S F& A8 IAE %ﬁv ztch)o] oJ&3le] bl ATEQ o]
A =g FrHe AAZL AlS  Zolcth whebA olF AHAoAE AE

78 3R BRI APHOS FY3 ¥ 4+ A A oY F
ASS B BY o AAHLR AW Y 4 Yt BN 22 PyE
o AH7tel =2 & 4 Ak

A

(2) #7138 BHAAME,
(BFE) 7t 8k 71E2] st=so] A
(fault tree) E-2JHoJL} RBD(Reliability Block Diagram)$} Zto] A E
Aol A== Fot ZokollA stk FHUH JHeE H JMedol &t
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(3) £ RIA0] ATEUY BN 2R g wasts AL ojde FES

2 el ol HE AZS WRE Y Ao RATh Y ofE s
Ko ZHolN xE7NE BA4, 349 EE 8] 3¥Fos AaHd
AZEgole] AHE Bl BUD oy AWBo] WAHoT Y
of JuAtet Hal E= FAA o] kool Eoe £ adRe £

PEe ZAES ¥Y & YS AL Brh

ol

> 1
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1. A= EJ9o] £2A(Quality) 24 - from HALDEN project

X LE9l “system acceptance”®] 2R3 J3re FL g4 = XY ¢ty
oju} A& Tzt 2 fe(otef 2] Tother criteria”)S A|&StH A|AFIL]
BAd (system safety)o] 718 F2FT 24F HAFHACH Tl TAZ 9]
AlAE QA F9¥3 FFE Fr KAEE FA(l dAM:
reliability, fault tolerance, possible consequences?] 37] £¢1)5lo] 7]
O 2 E 2ASta, 1 ol THAR R7] e A= AlEE(reliability)
LEd 4%E FE 2USE Tobsls WALT A Yo TPY LEES 2
Qlstedrt. &7] BBN i 2 AT rzof tisde #IY 2E =)
AAH AL NPTE ABE =29 B == F shtel Ed(Quality)ol] &3 ==
Eoll tjste] 2g=gdct

1.2 283 (graph, topology)
fault nnssi_ﬁ

=

reliability

svstem
safety

e
other criteria

svstem
acceptance

[+x4d 7S 918 %7] BBNI
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1.3 =2 FF dlo]

fiz

1) == H Ale](states)

Node variables

States of variables

Quality-control-documents none partly completed
QA-~standards none generic detailed
Failure-in-other-products >50% 1096 - 509% <10%
Number-of-products <10 10 - 100 >100
Usage~-time 100 h 100 - 10000 h| >10000 h
Documentation bad acceptable excellent
Quality—measures <0.1 0.1 - 038 >0.8
Quality—control strict lousy

QA-policy bad acceptable excellent
Producer’ s—pedigree low medium high
System—quality low medium high
Development—quality low medium high
User—experience low medium high
Producer-quality low medium high

2) z} =& ¥ prior 3k

Producer Quality

Low 0.25
Medium 0.5
High 0.25

User Experience
Low 0.3
Medium 0.4
High 0.3

Producer Pedigree given the Producer Quality
Producer Quality
low medium high
low 0.9 0.2 0.0910
medium 0.1 0.6 0.1818
high 0.0 0.2 0.7272

Development Quality given the Producer Quality

Producer Quality
low medium high
low 0.9 0.2 0.0910
medium 0.1 0.6 0.1818
high 0.0 0.2 0.7272
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QA policy given the Producer Quality

Producer Quality

low medium high
low 0.9 0.2 0.0910
medium 0.1 0.6 0.1818
high 0.0 0.2 0.7272

Quality

System Quality given the Producer Quality and the Development

Producer Quality

low medium high
Development Quality
low {medium| high low {medium| high low [medium|( high
low 1.0 0.9 0.7 09 0.2 0.1 0.7 0.2 0.0
medium 0.0 0.1 0.2 0.1 0.6 0.2 0.2 0.6 0.1
high 0.0 0.0 0.1 0.0 0.2 0.7 0.1 0.2 0.9

Usage Time given the User experience

User Experience

low medium high
<100 h 0.8 0.1 0.1
100-10000h 0.1 0.8 0.1
<10000 h (0.1 0.1 0.8

Number of Products given the User experience

User Experience

low medium high
<100 h 0.8 0.1 0.1
100-10000h}0.1 0.8 0.1
<10000 h 0.1 0.1 0.8
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Failures in other Products siven the Producer’s Pedigree and the
Use Experience

Producer’s Pedigree

low medium high

User Experience

low |medium{ high low |medium| high low |medium| high

low 03 (02 100 109 (02 01 109 102 |00

medium (04 102 |01 |01 06 (0.2 01 {06 |01

high 03 {06 09 00 2 07 0.0 102 (09

Quality measures given the System Quality
System Quality
low medium high
< 0.1 0.8 0.1 0.1
0.1 - 08 |01 0.8 0.1
> 08 0.1 0.1 0.8
Documentation given the Development Quality
Development Quality
low medium high
bad 0.9 0.2 0.0910
acceptable (0.1 0.6 0.1818
excellent |0.0 0.2 0.7272
Quality Control given the QA Policy
QA Policy
low medium high
strict 0.1 0.5 0.8
lousy 09 0.5 0.2
Quality Control Document given the Quality
control
Quality Control
low lousy
none 0.0 0.5
partly 0.2 0.5
completed |0.8 05
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QA Standards given the QA Policy

QA Policy
bad acceptable| excellent
none 0.5 0.3 0.1
generic 0.3 0.5 0.2
detailed 0.2 0.2 0.7
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2. Design Process Performance 2% - from Deva project

2.1 x==(variable) A9
34 F =E(HS)EL The3} Zo] Re.
(1) Quality of requirements
(2) Design process performance

(3) Adequacy of computer systems specification(goal node)

ol Al AY F =EEZ 77 AB JHZE JIAI glon ol HH I
Zol Falo] ®rh 7 ME T R2EL AZHE & dabd $xo] 9
BEY =EEE 74501 ek 37 MB D] £3F =258 Hos

1) Requirement document sub-graph
o Quality of requirements (Poor, 0K, Good)
o Anticipation of plant & system failure mode & hazards

(Sketchy, Satisfactory, Detailed)

o]

Independent hazard analysis report (Superficial, Average, Thorough)
o Adequacy with respect to application safety requirements
(Unsatisfactory, Satisfactory)

Plant Experts’ safety assessment report

o]

(Superficial, Average, Thorough)
o Completeness & Correctness (No, Yes)
o Licensee Verification Thoroughness (Superficial, Average, Thorough)
o Understandability by manufacturer - Absence of ambiguity
(Inadequate, Satisfactory, Good)

o Manufacturer Verification report (Superficial, Average, Thorough)

2) Design Process sub-graph
o Design process performance (Unsatisfactory, OK, Good)
o Actual advantage achieved by design guidelines (No, Yes)
o Prescriptiveness & Inherent value of design guidelines(Low, Good)

o Adherence to design guidelines (No, Yes)
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o

Problem complexity(manufacturer)
(Complex/difficult, Moderate, Simple/Easy)

Past competence of designers (Low, Average, Good)

]

o Previous experience of designers
(0 Similar systems licensed, 1 Similar system licensed,
>1 Similar system licensed)

Reputation of designers{Doubtful, Average, Good)

)

o Resource impact(Ilnadequate, Adequate)

o Commercial pressure(High, Low)

)

Reported resources(Inadequate, Adequate, More than adequate)

3) Computer system specification sub-graph
o Adequacy of computer system specification
(Awful, Unsatisfactory, OK, Good, Wonderful)

- Awful: BAAM] A7t glvke Aol E8stA =y

- Unsatisfactory: WAlMo] EF7} 2l ZAAHE Kol 2L ZHohfH
U Zgkste Zlo] g3 s

- 0K HAlAe A FEE F4E fle Ao FHAE. a8y
BAAMY 28 Fef FHAR Aste] ofF EFA FHSAL &2
HAER 7e stle oE=.

- Good: A AW A7 §l&. 2elal 3 EHL FHEFP el o3
o] xtdle] =¥

- VWonderful: BAAe] 28 Hefst &

ks 2ol E8 %

o,
o
[
2
A
o%
=2
r a
i,
it
Rl
&
N
ra
5~

o Manufacturer verification coverage & quality
(Unsatisfactory, OK, Good)
o Manufacturer verification apparent coverage & quality
(Unsatisfactory, OK, Good)
o License verification results (0 issues, A few issues, Many issues)
o License verification quality (Low, OK, high)
o Independent hazard analysis (No unresolved issues, Minor unresolved

issues, Serious unresolved issues)
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2.2 33X (Structure of the network topology)

P — e o
Manufacturer verification apparent Independent hazard " Licensee verification

Y

/ Licensee verification
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Adequacy of computer
system _s_p_iu
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— T T T
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e ——— T ————
Actual advantage achieved S
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s S R, designeis—/
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of design guidelines

—— T
Adherence to design
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—Y
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\ N
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\ /
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N

e————— /
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T T T
Problem complexity ~ |
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/V
Nuclear safety >
application specific? Problem
———— e —

complexity(licensee)

\

verification report

Quality of
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-7 —_— T T N S iy -
=TT Anticip. of plant & system / Understandability by .
- failure modes & hazards / manufacturer-absence
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Adequacy wrt. application

safety reqmt

e T
Independent hazard
anal_\'sisvre/p(u

Completeness & |

correctness /

Plant experts” safety ™
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"Licensee Verification Results” X2 NPT

Licensee verification
. Low
quality
Adequacy of comp. . .
Awful Unsatisfact. OK Good Wandeful
svstem spec.
0 issues 0.1 0.22 0.9 0.9425 0.9
Cloenses A few 02 0.182 0.08 0.046 0.04
verification issues - - . - -
results Manv
. ’ 0.7 0.598 0.02 0.015 0.01
issues
Licensee verification
. OK
guality
Adequacy of comp. X
Awful Unsatisfact. OK Good Wandeful
System Spec.
0 issues 0.05 0.065, 0.15 0.7875 09
Licensee .
A few n "
verification . 0.15 0.2475 0.8 0.1965 0.09
issues
results Many
. ) 0.8 0.6875 0.05 0.016 0.01
issues
Licensee verification .
R High
quality
Ad cy of .
equacy. o comp Awful Unsatisfact. OK Good Wandeful
system Spec.
0 issues 0.02 0.0245 0.05 0.6875 08
Licensee —
A few _
verification . 0.08 0.203 0.9 0.2965 0.19
issues
results Many
. : 0.9 0.7725 0.05 0.016 0.01
issues
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3. SERENE instantiation of idiom/templates

m ~
discovered defects 7
/"/
nitmber nf
discovered defectb
b

(54 oltid <] 4 F(Instantiation) @ A &]

nimhber of \

discovered defects
YR e

Reliability

FExecntion

number of
frequency

faults

(/5 E oltidel 4F : A2 E]

@D

Severitv nf
failures

™

Ocenrence
frequency

T
1o,
~.
offt
s
s
i
o
10
i

" {
2
2
o,
—

/ Testing
wlity

A

Testers > Testing \ /m
experience efforts % S

(A58 oltigdel 4% : AY F)
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reconciliation

T N T
test analitv from test analitv form
process=nrocuct ) (synthesis model )

model

\__//
(274 oHYe 4% : Y FA]
s ofele] WEIA FNOE EAH

=52 ThE BN EEI} FREHI vt
= A& BAF

—TTT T
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4. 2 Jiut AjAEl Hyl 29 from Edf Project

Node: “Verif, by EDF is appropriate(for Dev)”

. . {This verification assesses some key properties of the Dev:
Verif. by EDF is

appropriate
(for Dev)

o Is complexity of developed components mastered and
justified(checked by static analysis of the source code?)

o Will it lead to a maintainable system?

% Dev: Development

”

Node: “Verif. by supplier is appropriate(for Dev)

This verification assesses some key properties of the Dev:
Verif. by supplierjo Is complexity of developed components mastered and

is appropriate justified(checked by static analysis of the source code?)
(for Dev) o Will it lead to a maintainable system?

o Are the programming rules respected?
(F) 22 HQ FE(verification)o] thsted F W7l of LASIA wEod A2 2
Sate] 23k Tl o= vt W AlPo] WRItT mielA A}d(resources)?] kol ojf

< wgsts] e,

o BE 5= 2719 Ae] FTE& 7Hch
good or poor, acceptable or not acceptable, yes or no etc.
o BE =T “object x is y'& Z& I AL
{od]) Requirements specification is suitable
o =5 Aefof RoA¥ BE k2 {0, 0.25, 0.5, 0.75, 1}2] gt =l

ghch o f-= olRrtt o ARt kol thyt B3It o ely] whiEolth =3t
olE Zh thEI 2 AEAH Ut JIEE UL

{impossible, improbable, probable, quite probable, certain}
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4.3 Jg=
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[Global structure of the BBN]
SRS: System Requirement Specification
<FDF‘ on.an -y P
Dev is good 1-Svatem
K confirms to
SRS
T~Svstor T
DPQY:nPI;Z >\~ /’Rﬂcnlfs of )
suitable ~ rHVQ’n:-m Nev EDF verif. of
a J "\Dev are good

\is suitable
- =

— A
EDE on. on esnlts of |
v nractices / sunnlier verif.>

VA
Dev practices is good -~ of Dev are
are good -~

appropriate ‘
4 FDF on. on ; /__’\
7~ Dev team is / Dev verif. hy) / (V“r‘f hv FDF)
\comuétent J supplier. ~ lswte
/Dev methods /

/ 4 A

are //——L / J
propriate Verif. hv /
>4D\_'/ e sunnlier is > / /

|

}

propriate I
REroPTE ﬁl‘? w ;’
|

i

Dev resonrces -
are ) propriate /
J- ’%nnnhpr h'uq Sonrees Are
annronriate > \a
propriate

experience /EDF methods

e

- =
Sunnlier verif.
exnerfts are )

competent -

LUIVeLCT

/o

S

\\awe/,\
EDF venf.
exnerts are
competent -

[Sub-net "Development is suitable”]
J- : Global structure 4ol & 2F sub-net

EDF op. on x ! EDF opinion on x
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BENG FASHE A Tefme] 2z} NPT A F BEo2 Urolxty]
o] REA AEJY A3 VRS £2¥ AWV ek gzl g B2
AME A3} = EE B ko d%E WAL 7 LEEg BT o|F
A7 st AERS] AP Aalo] WRstn NPTe] A FRojM: 2
wEd Ayl 289 AL 2w 2 A Boteul AR #)A

2} zinto] Wasith, A FHo] Jtedt &
2 AL Jhsdhu o] APol= I Zhe] UiEsta Qe EFAAdoly ZIEl AME
€ 1Y3te =Tt Bey AUt oA o] Bfolx HEVFS] zitto] Frid
th. whebd dE7F] A A 3p gighe BN el JH F23F 9¥dE w©usiy
wheta] o] AA 3tk &3 Yol Jle '3 Hxles wEex
BBN mule] FEdof W g uXu AR AFZE thREEL ofF o]
H2of tiste] ¥=3jrt. SERENE HEolMe o] FEo ozt d72E8 ol F
Alzstg e ol & 75 2004 Q9oF Felsialvt. i} SERENES] - W&

FEIRS] A st FE0 AAH oy JEA] JPHY uvde] X3 gle
e Zdout NPTE & HGA] of® 7ol of® Hatz HgFolof
The A 22 FAYol AAHL W& =HA| Esar glvh. 2 FAolA
o] F-Fof tste] Hr} FAFoln FAMZ Jlol= e HAE AUY oF

o o B OHOH

5 £ 2AE FAEE 583 AAY PES 33 ALY uinte Ros
H}F o2 BEN-S A3ty f18] HEZIY] AAE F TBAR UrolA FEE A
of gt}

o BBN®] $]%H(topology, AefZ)& Est= M2t JA2pA 2%t dF-&

F&3t= A

o Zt =2 NPTE EHI= HES T3t &l

FZ FFS BNS FEY il whet @2 tigdol Exfstan Zb 3 -fnlct
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o & W 3 =M Adjustment and Anchoring)
o A%t @F(Conjunction fallacy)

o Hindsight bias

o B}, ZEAH AALE HIIY ofe] o] & (Difficulties in assessing

variance, covariance and correlation)
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3) iy R E=(response mode)
el B2 QA FE2 F 20 A& uxe= ALZ Vel gith
4) B|AES] o

kg o 2 Bl tistel WAoo AN
Aot ol 57 Xrje tAlere A
& 2% o 1N BB BAFOE o] TN FEF 2ol
2

5) A tt9)(measurement scale)
Z3ste TWel7 & FHPel 33E njHct QX2 L i3
(logarithmic) THlol <A glojA o] The|E AREE uf R} go]3lA|

%Eg 23% 4 ook

as
The AE7HY ggkg RO Zlo] 583 olf

o

o Boyzl Bak(distribution) Zj8A& Fale] wls] BT} U x|ale] =y}
Li-8-& A-Z3tch (& shite] #FHTh=s & Fdo] £l

o 2ozl B1t2 o E(consensus)?] tfEZ 7+FEH 4 olct.

gt HEE woAlE 7[¥
T7HE 7re] EEo] glol dA
Zi (shared bias)”o] &zj& 7}=
=2

& RE ARBe| ARste

iir )

_73_



= 8

SECEEF PR
Sof &lsfjA KA (calibration) 3¢S 8FAIE ==
nel chez 2o

[oa]
Ex5Hs T E(cues) Y] FA F)E %‘Ziﬁ}-t—‘
(calibration)o]i} 24l ®-& 7f4dsted] & &32}3 ]E} 2}l 2] 7}‘*"q
o] At FAE AF3 Y= AL Hr} Y 2%
E}Ex]rl}- "IaHT: &..9_ 2% @_1].52—. 04711,]. _‘L_‘T’___:J!‘__
Fstevs -85HA] otk shAjnt Aztel] &% w2 At syE
,tx.i.ol

]
(resolution)E &Y 4 ot}

).

2) A5

e ZE olfE FRIE 1Fo] ¥E £% Y

Sasts] Aol m%

o

< golo} ¥k

2
2

o}

o]
S )
i
Ll
i,
4]

Z3)(subjects) 8] 7] Foiet 25U RBo] YA ASHEXNES TYY
1 e ALE @7 AsA.

AR7b7} 20) WRke FE2 FPsHE 18 Sof thy BAL s
BIA. 17lME BE 223EelA ehts B HsiiE Q1
Holo} gk,

2% 2qlo] Qurg nlAE ol shxl Fdel Sl gt ojslE 9lalA
oL BAE wF ARU BAY tigo] HE 54 S oY 4
oths A& BEs7 $ishA

B 2o BB 22 Yol =yl fsiAE xRt Hrjel vy AE(RE)o]

of steul Thest 2 BBl 2AY 4 Atk

Q& HARIF 4% delz BAW HololH LelA ul7} glofo}

e}

- 74 -



- 75 -



3. &8 J7A AHEHEE Tl
HE2 & dAe thed 3 WAE ok

A ttA|(deterministic phase)
HeEol FAEAL Flo] 7Hedt Aztol] T3t
7}

=
=
3 %A (probabilistic phase)
3

il
3
P

43 BE P} o] Folxic

-

]

Z ¢hA|(informational phase)
Q) W7ol ol Fol ALk

283 371 WA ARHE J&ES 3 AR PEA oY 2Eo me
79

(1) P-method : AR FIe] FHES AEst= Wolch
o A ZEL vd= uf& it 200070 o]l #HEL2?
(2) V-method : IAH FHE2| IS AE3l= whyolth

oﬂ: %‘;H U-]Z]7]°“k] ?J:-Udo] IOBJ_ 7‘“‘{%3]1/('] L]--% 3‘_513--%_7,]. B]‘ftk"&]'a:]rﬂ
A Aol Udxe] B A7 wejof st=TP

(3) PV-method : 2] F 7}A] 2#4d BFof gt AE uwlyiojc).

ti ¢t (response) RE

183 x]x«l [;HI:I--& BI-)JO]E],.

o

(1) 48 2= 27 =
7 ool ThAle Fold A=she Yol

2) 7&@ E=

—_

ol AT i U R=E 2ol o3 ohe 22 Jleo] glch

o P-method/Z A RXE
o P-method/ 7} REZE
o V-method/Z Y RE
o V-method/Ztd RE

o PV-method/ &2 RZ

_.76...



AoA R R A
TRINBARIAAHT | 2el7|BRIAHT HEZRIAHZ INIS &A=
KAERI /AR-594/2001
A ol ATEQ 2k 22z HILE 2|3t Bayesian
HB 7 A o2 et BeA N
Belief Nets 7] &4
A7 o By ]
ol ™ 71El
= od el
R el (SUtARNY), FAHA (v}lj}ié’:o%),
BAF (FUGAFE YY), AEF (FUAFE )
o719 (FEE7e/MUd)
2 3z | oA utsl 7] 2 KAERI ubsiyd | 2001, 3.
] o] ] 78 p = = A O), g ) |3 71 [21X29.7cm
2 Ayet
3 H
smopy | B O ASEIC ), FEPEL B EFLETREER
Fujwl
A7 ety A HE
ZE
KA AHAF vIRXE AR HEEA gAEEI o] 3 FFoT 3 A
g 273t bl £ZEgole} Ay AgE 53 U YUt e PUES 2ARIY
th. @A S-S = A=l AAA dy Hrb Ha ot FA A
Z3A o2 FHristes WHES XAl 15S <A iEEﬂIOM A% Brlo] &
g o 4rle BEAEES 245kt 2eln 24 249 Ve F A M e
gl vl¢to R tFE I 9l Bayesian Belief Nets(BBN) 7154.]- = 7149 rAY A
28 B7t S8 AHHE XA B 313 o8 BRI ¢H AZESOlY ARF A
= H7 38 7Hed S AESHACL
zz.‘n:'(g ol
2;03&;1?2” Bayesian Belief Nets, BBN, &XEgo], A x, Fztd A7}




BIBLIOGRAPHIC  INFORMATION SHEET

Performing Org. Sponsoring Org. ]
_ Standard Report No. INIS Subject Code
Report No. Report No,

KAERI/AR-594/2001

Survey of Bayesian Belief Nets for Quantitative Reliability
Title / Subtitle |Assessment of Safety Critical Software used in Nuclear Power
Plants

Project Manager
H.S. Eom (Integrated Safety Assessment team)
and Department

Researcher and T.Y. Sung (ISA), H.S. Jeong (Hanaro), J.H. Park (ISA)
Department H.G. Kang (ISA), K.Y. Lee (ARTD)
Publication| Taejon Publisher KAERI Publication | 2001, 3.
Place Date
. 21 X
Page 78 p. I111. & Tab. Yes( O ), No ( ) Size
29.7cm
Note
Classified| O , Restricted
assitie pen( O ) estricted( Report Type Analysis Report
),___ Class Document
Sponsoring Org. Contract No.

Abstract(15-20 Lines)

As part of the Probabilistic Safety Assessment of safety grade digital systems
used in Nuclear Power plants research, measures and methodologies applicable to
quantitative reliability assessment of safety critical software were surveyed.
Among the techniques proposed in the literature we selected those which are in use
widely and investigated their limitations in quantitative software reliability
assessment. One promising methodology from the survey is Bayesian Belief Nets
(BBN) which has a formalism and can combine various disparate evidences relevant
to reliability into final decision under uncertainty. Thus we analyzed BBN and its
application cases in digital systems assessment area and finally studied the
possibility of its application to the quantitative reliability assessment of

safety critical software.

Subject Keywords Bayseian Belief Nets, BBN, Software, Reliability,

(About 10 words) Quantitative assessment




