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Survey on Construction of Safety Case Arguments

CHEN Ze-Zhong, DENG Yu-Xin
(Shanghai Key Laboratory of Trustworthy Computing (East China Normal University), Shanghai 200062, China)

Abstract: Safety cases provide clear, comprehensive, and reliable arguments which mean that a system’s operation under a specific
environment meets acceptable safety levels. In safety-critical sectors subject to regulations such as automotive, aviation, and nuclear
industries, certification authorities often require the system to undergo a rigorous safety assessment process and thus demonstrate that the
system complies with one or more safety standards. The safety case utilization in system development is an emerging technical means to
express the safety attributes of safety-critical systems in a structured and comprehensive way. This study briefly introduces the four basic
steps of building a safety case, including determining the goal, gathering evidence, constructing arguments, and evaluating the case, and
then focuses on the key step of constructing arguments. Meanwhile, eight existing forms of safety case expressions are introduced in
detail, containing goal structuring notation (GSN), claim-argument-evidence (CAE), and structured assurance case metamodel (SACM),
with their strengths and weaknesses analyzed. Given the significant complexity of the materials required for safety cases, software tools are
often adopted as practical methods for constructing and evaluating safety cases. Additionally, seven tools for developing and evaluating

safety cases are compared, including astah system safety, gsn2x, NOR-STA, Socrates, ASCE, D-Case Editor, and AdvoCATE.
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Furthermore, this study delves into multiple challenges in building safety cases. These challenges include data reliability and integrity,
complexity and uncertainty management, inconsistencies in regulations and standards, human factor engineering, rapid technological
advancements, and challenges in team and interdisciplinary collaboration. Finally, a prospect is provided for the future development of
safety cases to reveal their potential utilization and relevant research problems.

Key words: safety case; system safety; argument construction; goal structuring notation; safety case tool
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LW, BAE ASCE B2 — AN E BRI R R ED. CAE MEKEBEMSIESEIL A 3 Kuk: AW, 8 SFIHE
5, i 10 Pk,

(1) 7581 (claim): 75 B2 10 UE A IRRIR, W] LARE PP S EBUR. G B B T 5 8. 0 R BIEdE SO, 7 B
HHT BE AL B A A 0 SRR, 4l e A AR R AN Y.

(2) #15 (argument): & IR T A B SAE V. XA TR R AT, 15— M A&, DA [ R d 4n] 3iks
JEAZZR A B 7 2. SR, A0 SR SRR A B I U7 vE R B B T 0 32 AT B AR, T DL BRI R AL B A, T A B
WL

(3) UESR (evidence): UFHEHE 51 FH SCHEF B AUIA L —MIE DL, UEHE T mi 2 HEIR JF 55 B 20 A & A0 SGIE 4
RS . ASCE $24t T — R %I T A DME T-HEHE. & B PRERIESE 21k,

CAE AEZL @B A 7 W . 10 SURIE S, 38 T2 AN 5 AH G 38 RE 0% 7 i b /s AT Al R Si i 22 0. [FINT,
KA BT IR 22 AR e SR U AL, BE TR RGBT EAT BS0dE LARA DR 2 22 A 7 K.

JECHE 11 7R T —A CAE BYSEH. s B BRI 307 i o BRBE AU, B A 75 B ——i% ™= i A ]
FRAE DR e A A2 i B A 77 o R AR BB RIS SR SR PN 75 B 0 0 DA e AR R A 7 I R P A A
JEVRAE R FE B, BT A — RPNIEHE SCHE. 0 I IR R TEAESE, FRATT15H T £50: 130 o IR EE A U

CAE 71 GSN # & F1k Ayl 22 ARt i, BAREANITE— L7 T B A A AU, (E7E oA )5 T A Fr A ).

(1) RiEME: GSN 12t THFEEHIu R KR (6 Fh, M HAERRE RN R RIE ARG, M CAE RA
3FEATCE GFIH. R RURHESR), 763 e 5 T 7] R B A3 A% R,

(2) WRHEALFRFE: GSN ©L& R JB RN — AN 12 M8 I 22 45 IR IE RN, IR T — S [E prbr it B, R ik,
GSN BN EA S m An HEAFR S, BAR CAE WAS 31 7T 2 B, (BB W BeIH GSN HREg) 12 #:%.

(3) TH Y HF: GSN B F 5 1 T H 5 P ks TR 75 Km0 she, BB B B6IE AR 15 A .
S CAE ] DAE— 8 TR ], (HIL TR SCREATREA 1 GSN 584

EREE R, CAE MIIREIFABWE AR E = THAEH. S5 1, CAE B 7 S:A0 B 7R S 181
BUF AT Re AR S, TS A H T RIE R RIE. fEEERRER, N EIE FR. BB SEFERE LL R &k
IRIERIIL AR IR,
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(o1 141312 (NSD)

A E AT
LM TS

TLCHE Rz vTIS
Pus N

EHHEYH 6

445 T

H LA A TS H LA AOK YIS
B DY W AT ARKA NS 5
8D LD

%10 f\[r3k %1000°0 f-\[/5%
W CH 2 Ayt €H BT Y OH 2ty TH G ST TH &%y
9D 39) D

AN

(

. v~ AL
90 s

SAYLAMO A

LT
o QL L EARE 2|
v

IS

/

T A TIS Bl PS54 e ETET Ty

QA9 Ayuida chWmmEs% W T DY A B A ik 7 it H\M_@W@m_mm:mn@ k= wwﬁ)@umwm A
(1on01 KyuiBoyur Kyoges) IS T ML) Y ) e 265 ch (A I 5-2) VH W GRS YO 2 Bl
S ) 0 [4s]

7 WX 5Z) 4 H mmwv
[30)

WAL E ek
(48]

UG 2 A NG s \VA
D

B B )
1D
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2.8 FHURERFITIEE (SACM)

SERIAL 24 W Je A (structured assurance case metamodel, SACM)Y 7 L Hy st & BN (OMG) il 52 A%
HE L bR R — R T R AN M 2R G5 42 4 S 9 (R 5 1. X e A5 f) A A VIE ) 2R G0 A0 R s A P e L e 4
PEBCH A DG ER B M B3R . SACM R IEIX LR TEFR T —Fh oy 2, LASCRF BRI KL FE P ) G UL 3R SACM
i 5 ANEPFRIEL, BB 12 .

is a subclaim of supports is evidence for
FEY HF R SCHF
Evidence

Subclaim
T

K10 CAE t&ZMKEERS

‘ Argument £ 15 ’

EYE

-
T
Ly kil B 2 R TTBUH (SACM)
|
R SEmb AL TRAIEZE (1 201

17 i 5 T T
FHAEA B

7 A P R
A RO

1 —1 [

TARALE R4 WAL
[ b U AR AL P LT R
VA B BB 10 MR h
11 —AF-ig E-EE (CAE) K617 Bl 12 g sz 4 S TeRe R i 2 s 4

SACM & X | —F: T EIEHIE S, HTRIEFRIEXRT RAEE MM HLIRIE. SACM BIAZ LA,

(1) ZEAZHAY (base): AHABMH AR LIEA M S FITE.

(2) L4 E B HA: (assurance case): FT & AN L 22 4 =45 () 45 44

(3) LA (artifact): 10535 224 HIAH I TAFFIE (5 .

(4) RIEHAF (terminology): & XAZHIIL, LLE RS if i IR 10 E I 72,

(5) WIEA M (argumentation): 237 kT R4 B RIS ML IRIE.

R SACM 1R (4t T — P 40 AN A T K 5 SRR A 4Bt 22 42 249, (B FAE Se e P M R k) iz 4. —
M, BT SACM # b FHAh 7 VETE NS 44, ST i B 22 2 R0, PR 75 ZAE AT A Thae. 7 — T, % > f iR
SACM T g 5 B8 £ BRI, KRBl R 2 AN AR, 2810, A Mot RN RFA R R T TR AR
FE SACM [ A, g TR 10 [ a3 5] SR I Jy i O, Gk e B AN T LI R JE S SACM TE S0
H A48 1) 2 A RN ] SRR 5 T (1098 7). BE A AR OCHH AU AN SE R (AR Wiadk 20, SACM A ] R 4k 2L i, DA 2
KR RGAUFII T K.
29 RIAKRBLE

AHNAT ZERIELEHAIRNEN, BFERIES . BISEH. WS, THEWMEMERE. DIErarEE
M. BIRGHFTS (GSN). -8 f-IEHE (CAE) Fl&5 M1k 22 & B T (SACM). 3R 2 45 T IX LRI

R SRR T, BRE S E R BAER MR T, RAGGEHIRE T B IRIE 5 G5B 06 s,
Wr 5 G MR T RS LRI ZEUD i . HAREE MRS (GSN) FIF B-i8 f-iF 4R (CAE) TET S 251 (1 254k
AT TS W UEEE AR S SRR BB UEAS B S 2 A RO (SACM) i — U INARIE . TR, 3
BE RGN, ATIB WIPER BRI T SR 5 B TR 19 9¢ & 5 T HEAT VR IE. U307 ) {5 FE I 45 1T L oE b v SR H
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PREATE L. AR 22 RPN FRORIERS, N BT H 755K . HBAAE AR DL Rk O Bk i e — > B i 1 22
S RPN R IRERAT R
R2 EEFIRIIEMHR LS

RIVEA A R
HRES NITES WWHESS BT 25 5 7 AR 8 X
EiE 10| e R EIE R AEN T L2 RAE
W = 44 EHT 2 ZRIE WA R UEH AR IR 5t
AR AR R R GBI HIRAZRRTHE ARERR BBV R, Agedon—)2
DU $4r T o 2% AT DA B T R A WIIRBHEBOE NN A RERIEHERE
HARS AT 5 (GSN) MFFZEWIE. bR R S I RE ey S D e
P H]-18 HAEHR (CAE) ST LR 2R IE MAYRANE KRG SRR T A
SR Z ARG (SACM) WIEN A AT ARAETRE 5 RIUEAXEZ A FFLHED

3 REXRFINWIE

BT 2 A 2 T M R 35 5 A, e T 220 bl R VR R AT ik 22 4 24 (178 3T Bt Maksimov %8 A
TESCHR [S7] R BE T — A& 37 N2 ARH THMLEGTER, X I ReiT T k. STk [62] M4BT ES1E 10
ANz A APV LB P R & D 22 A RS ERIE I R A, BAREHIE S (GSN) Ardi s B 185 17 7 AME
F5 A LAk GSN 9 LA

TEAT, BATE A4 GSN (goal structuring notation) FrifELAE 2 W3 L5 H ) GSN TH (astah system safety
gsn2x. NOR-STA. Socrates. ASCE. D-Case Editor il AdvoCATE). fHf59E & i, iX 88 T B AN 7 #F GSN, %6
4 L HEIE S FF CAE (claims-arguments-evidence). SACM (structured assurance case metamodel) &5 HARFF 5. IX 2T
AV ZMEXEN, BFEE LR, £L V6. SAa7 A, sbak, e17EmT 3RECH F A 77 WA Fr A
A, A 282 5 2 HLAS 5 SRHUE), A S8 R A 2 (LB, 38 — 282 /e PRYE Bl A8 A HOE DRI T =L A T
TEAFH T ARIX LS TR, R ORIRA T EATRR: A D R AT 4B LA, Wik 3 R, i@ R £ TR ) £5A T
fili, FATE FE N SR AL — /N AT ) 7R, DME/ESERR R ik & A A O F R LA,

®3 UERGITHRIIE

TEREZK TARHRM RS B IR NI
astah system safety!®! BT HE GSN. SysML. STPA. SCDL i *
gsn2x®” 44T LA GSN £ o
NOR-STA* LT & GSN % *
Socrates!®” L& GSN. EA 5 *k
ASCE™ A TE GSN. CAE. SACM 5 ok
D-Case Editor™™” Eclipsedfiff. il baa% GSN. D-Case 2 ok
AdvoCATE™ Eclipsedfift: GSN 5 ok

3.1 astah system safety

astah system safety' ™" f& —REEA LI R G AR TR, REHIE T 2 2 MO RGN 4T, ksl 13 fios.
Z L RAERZEAUER IR TS, IEH TSR, 2. EFT. Pl ALK EEST LR I#55T L. astah system safety 97
L MGECR TR IKE) 48 A2 (MBSE) A 711 TARITHR Bt T —FA 200 5V ERVHAE R 43T 22 2ok R 48

astah system safety ¥ 2 PR IE 5 M AR B EGE—A LTH+, % SysML. STAMP/STPA. GSN/D-Case Fll
ASAM SCDL. SysML J&—ful @ 0 5, TN RG LRM B, 2T 49— @85 F (UML) I T 174
J&, DABE U s R A RAR T K. STAMP/STPA J&2 —Fi T R AR I i L AL R A T HoR, a3
Ishimatsu M J§f 45 78 T. % 52 ) Leveson #d% T 4 " GSN/D-Case 43 7l & F T AT ¥4k 2 4 i8AiF ATk 2R 4l St b5
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AFAE 1R 7~ 7%, ASAM SCDL M2 —Fp 2 L b 3R 7ni2:, FH THEIBFF A 1SO 26262 FrfE 142 42k R 4514, astah
system safety J4iX 4 FpE#E 5 AR RGBS E— T E A, [ TR L — 4 TREPEHR AR L&V
FG3 AT, AT H 5 A R I FRAR T R AR

& Astah System Safety (Evaluation) - [D:\Program Files\astah System Safety\Sample.axmz] (*) - [m] X
File Edit Diagram Alignment View Tools Window Plugin Help

B Q QA v v S Ay ST @

Search STPA Procedure 4 GSN Sample
Structure Diagram
~ ||£GSN Sample / GSN = &
= gl Sample ‘ l

REFOOO®M Y PO TrON L I 3= 4ES =

61

Control Systemis
acosptably safe to
operate

+ §SYSML Model

] 2SCDL Model

+)- i STAMP/STPA Model
#-iq@ GSN Model

Argument over allocated
SIL for Primary and
Secondary elements

G5 6 67 68
Probabilty of Hazard H2 Probabiltyof HazardH3 | [ Primary Protaction Syste m Sacondary Protectian
occuring < 1x10-6 per ccuring < 1x10-3 par

yoar yoar siL2

Base Hyperlink

Name Space

Name GSN Sample
Definition

[si

K] 13 astah system safety T L 51

JR% astah system safety 7F R4 % 4 AR A 47 77 TH R L H BRI SEA BE )0, (BAE KL T SR A7 — 1L /)
FRME. B2k, astah system safety [¥1%% > [ 4 A BE U, SR 0T T 0 i 2R 40 iR AR AN 22 A VP 1) AR M. Rk,
IXA] RE 2 FE M B3 P 0 TAERCR . HIR, astah system safety FVF ] 3% F o] g2 X T A BR A6 BIBA RIS A s
B 5EAE. teAb, % T TR SER PME T RE 7 TS 2 AN A2, AT BE52 M [ BA (8] (1 va 8 A R TAERCR. 5 HA
T H B FRA MR — AN TE R 19 8, 7T 8 75 BRI TR RS AT SR e e AU D, 7EARFE R AN R 1K R 5
MU, astah system safety FJ A8 U155 08 V5 X R 858 iy, IXTETHEE ZE VR A PR QIR B oh AT B & S B A8 T R4, Ak,
BARZ T R AT SR AT D Re, (H R 7 AT R 75 2S5 T AR AR R AT DA v — 6 ) FESGRIBURT M DI R d55, AR
T ONRATI RS TR T R, astah system safety {14k [X 325 0] B8 A 045 55, 1X AT B8 278 3SR 35 BFN AR ok 1m) 8
A SRk — 52 I Bkik. /R Uik, astah system safety {7598 2& — &K A MHE R LB, 3T 2 % &M RE T & BIBAK
Ui, A BLE — AN SR EE AT R 22 VTSI 347
3.2 gsn2x

gsn2x LR —FHITIREAE, BAERIIE S SAMEE. 5 TEEMF S GSN ARk 77 R, SeBlk L YAML
#4304 5 1) GSN #R BY WO AT 48 1) R &= 1% (SVG). % LA VH AR A Thag, fRiE T GSN B IEmME
A — 5, [FB SCRARSL Y AN E 5 X CSS #EIUER, 3L T H R IE TEFI A AR5 gsn2x I —Lu s AR E, A4
fifREdl. BEDGE. TR BRI 2R B AR B TR FIR AN, DARR]E i AR EUYE B, #iE— e A T
FH PG ANYES GSN IRIEN AR AMALS . R gsn2x FFR L F A 10 GSN ArilE ™ &, HIHAZ OB CL At

© hREE

AAFUFEEET  httpy/ www. jos. org. cn




MRER & R TF2AEPIEMENZR

4025

AERERGY I 3K, B2 T BB SL R A e b, SEBL A kA2 A AIE GSN K. [AIE, gsn2x FEAFILEHE 2 H
ThRE AN RS T € S AR E, © B B IRIAEE T PR A 7 52 22 A R BEAE T AL

FEASCH, TATRESRAE > gsn2x A IO SEG, DUE 547 Rl R H A B A GSN S5 #4177 3. XA 7K 8
Je—N44 0N example.yaml (] YAML SCPF, IXASSCHF QI 14 B

Gl:

G3:

text: Hix text: FHFF 2

supportedBy: [S1] supportedBy: [Sn1]

inContextof: [A1] inContextOf: [J1,C1]
S Snl:

text: 4FfERER text: fRRATR 1

supportedBy: [G2,G3] url: https://github.com/jonasthewolf/gsn2x
Al: J1:

text: fRi% 1 text: il 1
G2: (o BY

text: FHIF 1 text: HF 1

inContextof: [J1]
undeveloped: true

K 14 #iiR GSN ] YAML LA

SESEIELE T X GSN [ 6 Fhyna RAUA 2 Mok RBRIE X, Hh G2 Z—AMHFITRIBEFR. AT A gsn2x
Bt YAML X408 SVG #5501 GSN B, 75 B TE AT 41T H AT gsn2x example.yaml 154,
BTG, B 280 B AR — %N example.svg 3, 111 15 Fras, Har 237 %A GSN prifE
TEARRIRIESE K. XA SVG SUHF AT AFEAR AT SCRF SVG #% U G A B 4 B gm 8 45 Th A B FIME L

Al
Gl .
H 7 & 1
A
y
S1
Voy el

Y
o Q
i

Jo—

G2
THE1

G3
FHbR2

&

Snl
T 5E 1

Bl 15 gsn2x Z 14 A BT

S gsn2x 1R —FR B R AITHE P E IR M YE S GSN R UETT T KA 1% 205, e/ LET7 5%
FEAE—LEJRRIE. 558, 1T gsn2x fUSCFF YAML # 2GR Ju iy A SCIF, T2 8 2200 A8 28 S5 T4 HAdu s X (o
XML. JSON %) (¥ F J iy ok — RE R 5 ST AR . ik, gsn2x H AT SCRF SVG 1R Jof th B 4508% 2, i mT e B i) 1

© hRBIEB IR
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TR T x4 R S AR AR, BE Ak, BAR gsn2x $RAE T — B FEEE A R ), (BE AT fE S 2 T
A G AR R0 2 WA B R TR BRI P AT AR TR BT A A R AR ) SVG IR DL ST I EE KA
SRR, [FIF, gsn2x {EA— AN 447 LR AT RELE 5 A M 7 T g 3dh T R 5L, 1X FT Re S 38508 P 72 L FrT a3
— BRI R gsn2x B AR NIEThRE, (E AR RAS A $ R 7] e A U — L2 5 Mk GSN T HL B4 V6 41 R v .
X RE 2 S EUH PR RO iR RS B A R AL 3% TE 2 OR8], )5, BT gsn2x & —NFIRIH, K AR SRR
) e 5K AT RE A W b A AR 4 S i RN SE . AR R el LT, B AT RE TR B B AT AR U 0 R B A A R IR L X e
N B R L, BAR gsn2x AFTE— LA 2 2 Ak, {H HLAE P Ig S R0 43 5 22 A e 7 T AR A B — A
AT H.

3.3 NOR-STA

NOR-STALE — AN 4TI ) W 454k 22 4 201 S0FE T, & TN EEE 24 R G010 22 A F ] S bk (e g gt i, B
Bl gmiE. VEAERAE B 2 A RAINEE TR, B R ELMEMBUIREH]. NOR-STA &% 0> GSN Frifk, 34
P T B AR Y R, FE B IASIE e ALGENE T OMG SACM Fl ISO/IEC 15026 71, NOR-STA [1H
AL ThRETT LAFE B PR KBRS0, 5 (87 FH BA RN ZH 21 rp 0 IiE T4, SERURLRR B4 e, Bk 4h, NOR-STA #2417
UEHE AL R Th BE, B0 B A5 Bl U2 o 5 FIESE, IR I3 IEdE AR fh, IRt R A B, HOP A TR s T
WAE VPSS AR, I RO o RN EE = 05 WAk 32 105 F A7 5. NOR-STA i BAT £ & 15 Dhfig, S5 A £ Ll ol
BEAT VA PTG, PR RS 5 oy 2 Pk 2, [RIA SR A XML 08 A 1 SR 5 A 61 8 A AR 5 Y 2.
Ik, NOR-STA EAEH AT ThRELE . 1ELRPIMESCRE DLEGE NAS FAT I A S 22 4 R BL T SR IIRE 1, R
— AR GSN LA, 1& H T b2 5 4 1 R 5o 22 4 R AT SEPELRAIE 7] 7.

7E NOR-STA T B+, 24 R F 1 4miER A T ERIIE, W 16 AR, 3 B LLsE— B340 abr ik GSN
A, Wik 17 Fos.

) v = O X
A= Assurance case - Arge X 4= NOR-STA X A& NOR-STA X [ +
& Cc O @ services.argevide.com/?project=61306 Q © X » = 0O @v
"-= Project View Reports Diagrams Project: Infusion pump air-in-line hazard safety case ... v Help Public Viewer
@ Infusion pump hazards are mitigated - Project dashboard
() Watch videos how to work with NOR-STA
@ Ev1: Quick start to argument development Name: :‘f“Si;’“ Pf‘"t';lp air-in-line
azard safety case
O Ev2: GSN di 1 - Creating a diag (Public)
o Ev3: GSN di 2 - Editing the di layout Symbol: IPump Safety Case
o Ev4: GSN di 3-1 i iag! Path: DEMO / PUBLIC
[ G1: Infusion hazards are mitigated Tyme: Assuranceicasei(GSN)
[ $1.1: Saf b o ionh d Description: Assurance case example: air-in-line hazard for
-1: Safety di d by azards infusion pump device.
@ J1.1: One hazard only is identified for the purpose of this sample argument Argument developed in NOR-STA for
I G1.1: Infusion hazards have been identified assuance case training
O Ev1.1: System Description Argevide
@ Ev1.2: Hazard log 2020
-/ [ G1.2: Air in Line hazard (H1) has been mitigated
(@) Cxt1.2: Air in line hazard description Assessrr:efnt h a "
nfusion pump hazards are mitigate«
- [1J $1.2.1: Argument by referring to hazard controls , I g
i . . with high confidence tolerable
@) J1.2.1: Hazard controls have been identified during adequate Hazard Analy T — search for not fully
@) A1.2.1: Safety analysis of the hazard is complete ] accepted (8 out of 21) accepted elements
+ [l G1.2.1: Preventive controls for air-in-line hazard are effective ) 90% of E:jle(Tgnts‘ £21) sezrcrr for n?t
assesse out o assessed elements
+ [l G1.2.2: Detective controls for air-in-line hazard are effective ] 5% of assessment up to search for outdated
date (1 out of 19) assessment

Bl G1.2.3: Corrective controls are effective

] $1.2.3.1: Argument by referring to corrective controls .
Argument metrics

< » I 100% elements supported (27 out of 27) b

|4 12023-05-14 21:16:37] Project loaded dd i@ aaga

K16 NOR-STA T_H Ui &’ 2 4 S 5
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A= Assurance case - Arge X | A= NOR-STA X A= NOR-STA X +

C (¢ @& servicesargevide.com/diagram?project=61306&diagram... @ = Y ®*» = O @-

2 Project - g GSN Diagram: IPump Safety Case (4 pages) (project: IPump Safety Case)

11 Sene  &sve b
[ Pages Q a2 - & Diagram details >
% =
Argument Map &1 B
[3) Element Details
Sha : Infusion hazards are
iag. 1: G1: Infusion hazards mitigated

Goal
Diag. 2: G1.2.1: Preventive co

Diag. 3: G1.2.2: Detective con Name: Infusion hazards
are mitigated

Label: G1

Diag. 4: G1.2.3: Corrective cot s11 g1

Safety demonstrated
by mitigating infusion
hazards

One hazard only is identified
for the purpose of this
sample argument

Element in the provide
Supports:  Away goal

in
PUBLIC / GSN: GSN ar
gument elements

G141 612 Description:
Infusion hazards have Airin Line hazard (H1) > o112 Top claim of the argument
been identified has been mitigated Air in line hazard
Assessment t:
with high
[ confiden
tolerable
Eaiu $1.21 J1.24 History:
Argument by referring Hazard controls have been Last change:  2023-02-09
Evi1 Safety analysis of the 13:51:41 by System
azard is complete to hazard controls identified during adequate AAIAIStTatoh,
System jazard Analysis Created: 2023-02-09
Description J 13:51:41 by System
Administrator

G1.2.1 G122 G123
Preventive controls for Detective controls for Corrective controls are
air-in-line hazard are air-in-line hazard are effective
effective effective
Diag. 2 Diag. 3 Diag. 4 -
4 »

K] 17 NOR-STA T HUIHH & FH b GSN XS 1H

FAR NOR-STA 7EACEE T 2% 5 40 22 A AR I CRAIE 1) 337 TR EL G R 53R 1 B8 7, (HTE L S5 T AT SR A7 7E — B 1=
FRA%. %%, NOR-STA %7 > A FIC B 5 A4 VA i, R T IK Hefilt GSN BUIHA /MR R 7, T RE<
PAFE T E AR HIR, NOR-STA W2 s DRkt T 5 HAR AV AR EE R AR A, X T3 X L s R e El
HASCHERRAENA P, Wt LiE R o R H 2 IEe. Ak, RE SCIRE L IMERIBR 1, /2 NOR-STA ] fg
TERGEHEA T R A I — 2 5 A GSN LA, fFEWEThEE T T, BARTRAEZ R AG 71, (Hix L7V ETT Re
TESEAH AT P R R, FrE IS OL T T RE R B SOV AR, 5, B IEF NOR-STA FEA A -, K
VERIFNE M ] et N R AN ZUR BN 53 52, S EOX L 2 SR B a3 1 GSN LR BT £.

3.4 Socrates

Socrates' & — 3L NI RGBT P R 2 A RO ET A, BRI A E T H B E AR
TUME, A4S H A AR B B A RE 9 e A SR DTk, X EKCE & A FE A58 1 Critical Systems Labs F K,
MATTE R R G AU A BT 60 HEAL, MATH X AR FIZIGRN T Socrates Z H1. Socrates th% [E 3| T %
AW T BEAL B I BURME R, DRI T R B AEZE R S 1T HEmtise il R vk 7 &8, DL EREE se 7E R ' 1Y)
FEHFE R M. teAh, BRI RF RO IR IE R AR AT 5, A4S B AR MR 7R (GSN) AVHBRIRIEEE (EA).

THBRIBIUEEE (BEA) & —FRTE 22 4 20 PPl AN HEBE ¥ 75325, FE H AR O AE BRI 2 1 XU AR, AT
AL RAHIE L. 5 H IR R R (GSN) XA A8 G, EA B3 B R BLAR S0 TS 7E 1] B IR BRix
L] . EA I AR S, T R BARR AR e DA AR Y 1n) 7, TS AN OVEUE B R G 22 A k. A, EA T LLTE
U B3GR R G AR, BREAE SV B BATE 22 G e 2 HR AN T R 0 g e 1) 1) R

FEDIREJT I, Socrates #&4k TYMEZ F P EREE. AR M. THe SR EEE, TAEE, BRFH. BiE
SAHRH. BEAUI . RIEFEE UK P EESEZ IR, 2 2RI RE R, SR, Socrates & — K
MK ZERPERT S, G TRERANFF AFE . Socrates T EIRME T —MMERNERH TRELEE
%, B 18 Frow, H H et H AL AR HERT GSN JER. 5 NOR-STA AN [EHIZ, JRE Socrates Toiki /R 588 1)
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GSN, 1B B MM T2 R 04 5 7 AT B 4% %S B2 GSN A BLidt AT B, 4nl& 19 Bz, BE4h, Socrates 1 B8 47 1H
JEAEEET NOR-STA B A B & HL .

B Socrates - Assurance Case Edic X [ Socrates - Assurance Case Edi- X [l Socrates - Assurance Case Edii X | aF

& > C O @& safetycasepro.com/arguments/165/table/1 e Y ®* = 0O a 5

Socrates File View

Sample GSN Argument / G00O1

CONTEXT 0013  Hazards identified rom FHA (Ref Y). @ 3

> GOAL0009 Probability of Hazard H2 occuring < 10x-6 per year. e

> GOAL0010 Probability of Hazard H3 occuring < 10x-3 per year.

> GOAL0007 Hazard H1 has been eliminated. H

ASSUMPTION 0012  All hazards have been identified. s

CONTEXT 0002  Operating Role and Context

> CONTEXT 0005  Control System Definition H

B 18 Socrates I.E T[] 7P 4 4 %2 4= =45 LT

v — m] X
@ Socrates - Assurance Case Edii X | @ Socrates - Assurance Case Edir X [ Socrates - Assurance Case Edii X ar
&< - C (O & safetycasepro.com/arguments/165/tree/6 e w % =0 3 @
Socrates File = Edit ﬁ e
= Table Sample GSN Argument / G000 / G00O3 / S0006
n Issues
BB Artifacts
S0006
Argument over each identified hazard.
o Problems / \
. G0009 60010
il Metrics ﬁ:::; i Tias beon s, Probability of Hazard H2 ocouring < 10x-6 Probability of Hazard H3 occuring < 10x-3 AT FEZaRS h::ﬁen s—
per year. per year.

* Settings

0008
Formal

Verification
results.

S0011
Fault Tree
Analysis

< Collapse <
« I ——— ’

K 19 Socrates T H I &FH GSN H Bt
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FEVFAL Socrates 1E N — 3 R R G K P ] 224 S 87 S I, JoA 1t 7R B0 OB AE (i R k. 55k,
R4 Socrates $&4L T & HIThRE, (HA]35 7T fe 7 22— 2 I [A) SR A H B 4E 77 U0 Th e b4k, T Socrates &4
KRG KM, ARG Fr0E AT RS2 R, /E 82T Web IIEZF &, Socrates i3 52 [
W) 4 328 4 LAARAIE BRI I P A8 B, DR IR 7E X 28 AN AR IR L T, A FHRCR I Re 2 Z Bl m. AT M R,
Socrates [T AT Bt — 28 /N RS A BABEAS N F P A4 B R B 05 5, SR8 Socrates $2(t 7 Web API LASRHL 5 H
b TR B8R A, (RAE SR E R 4 LA LR AR AT T R T e e A EB k. PRk, #E2% &R A Socrates B, 75 #7847
PEAL I LT R SR T, DURAOR G R 2 T H 7K.

3.5 ASCE

ASCE (assurance and safety case environment)*" & — 2 |32 Kl (IR AE, & F TG fl A 32 4 32 1.
I R A MR IE AR SCIESE, ASCE % FRARII B AR 8 AR, 18145 22 4215 8 18 SRR AN G B 1 UE W B
N, TORMZTE. (EILEE S ARRRA R, ASCE AXTHI SCRF T 1Y) GSN AL X befe Y. b 4h, ASCE SR HE AL
HESE Assurance 2.0 5§11 CAE YJRE, LARINHp 82 A 2 H K i) i PR B DL S AR QET (lnbLas 5= 20) A5 kB Pkik. 18
ASCE H R FHZAESE G B TR A =it A UUIR T I E R BN N — A2 4 245, SCHRF R AR a1 & fR .

ASCE R E R i I S 2 & R0 R 5B AT WAE, 8T TR R BEAS 2 2 RiE, P R I 25
— B IRTER ). [FIN, ASCE B8 R0 SO S R S, IR 5 T . SR SRBUR G & I A2, IR R 2
TN Z SRS Ak, 43T P BE A SR AA DAl X e AR A K 22 A R R RE AL A1, ASCE iR &1 T 4277 1, CRFFE AR
PME, B AhAdZ, I FERR A BUA. ASCE 5 & FhUSCRIFIIEHE ZE &R BR, I AR FA B -5 FE. Adelard 2 ASCE #2
BT e R IRAR, LA WA B 0 oK. S SR, ASCE & — K5 Kifi Se i 2 & R T A, fefg
A G 2 22 A R R B RN A B R R

JRE ASCE 1ER—3R) 2 R FH B R A, 78 G 2 A B 22 4= S 461 07 ) B AT S 35 DL 3, (EAR R STk [45], 1%L
BT R T T ATIAZ TR )5 PR Y. 1556, ASCE MG+ B AVE AT jliAs vl fe 5w, JCFHx A N RN BY 20 2R 10,
Al B2 RATAENT B B, HIR, ASCE I B8 75 2 — 5 5 =) M 28, el @ T AP L4 3%A GSN Bl & 205 st A -,
XATREIG N 1 RGN 3] A, thAh, R ASCE 5 VR 2 SCRYFIESE B2 AR Rl R 4F, (H H e 28V W] Rl 52 IR T4 5 1) SC
s BT EE R G, 6 T HAR SO 8 T B P Rl e e — E Pk, ZEWMETT T, B8 ASCE SCH7i%
HIRYME, AT REA I — L = SR A GSN L B AE SIS PEFI U5 451 77 1R3G5 )5, ASCE HsE i fe 717 e A R,
JCHRAEVTFAL T EFI AL 7 T, 3X 7] B8 S BUH 7 AR B 5 T fF B AT R sE T K. Bz, SCHRTE H ASCE
TERA . WS FEAE PME RIS AN E H R 7777 T R B AT R X &6 43 F P B4 R A4 3 7= A s
3.6 D-Case Editor

D-Case!™2& —FhIET GSN {99 Jig J7 ik, FLmt 7t BIAE A DEOS 35 H VR — 4%, 58 1 Al 41 (dependability)
I TH, B FIFRTEERHRAN RS Z 1520 2 A 0IE S R G2 oy B A 5GSBS (nvP iR S i
TSR A Pl YE STE) BERGEER, DA RRRIE R ILIR AT 8. D-Case 55 GSN #2& H TR on F 4 21 22 4= =6 (1) T
%, AHEATHN E A8 A BT A ) GSN 32 B3 HFR4E /R miE, T D-Case T BE U 5 77 5 14 R0 &R 40 A= i o I AH
Eioba =1

D-Case Editor /& —# FH TG @ 445 D-Case f1 GSN B L 4niE 2%, & 1F N Eclipse $fitE LI, T Eclipse
GMF HEZE. iX 3K iR 2% 1) 32 BLRF s A6 S0 FF GSN. $24E GSN iU EThae . R A B ThRELL X HiR R4
W55, 55— T Web W 2311 D-Case gnfs #s——D-Case Weaver, WH24L TEZL G4 . g A P D-Case
1 GSN B Lhfe. HOipesE 004 GSN BIFHAIN. B, MIBRTY SAEEHE, A% D-Case B+ HAL AN
B 2% D-Case ", [ iR 0 A& sk M Bk D-Script 15 5, 42 %5 D-Case Editor %) XML #% 3 1) D-Case %.
D-Case Editor Al D-Case Weaver L[5 37 3% DEOS i #2471 DEOS Z2#), NI &N B4 T RIE ) D-Case A1 GSN
RS P R X AR AR RRAE A, A P AEAS R EREE T A Ak b B AN D-Case F GSN .

R4 D-Case Editor A1 D-Case Weaver AACFEFNE B D-Case A1 GSN FEFE4E T RIGH T B, B2 X P T EAF
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E—LRRME. B, B ik nT e xt 5= GSN BT S0 B P R U B BE, XTI aE S8 P
TEAE T 22 (T B RS 77 SR AR AR IX B T A HUR, BT D-Case Editor {E 24 Eclipse ffifth 281, &M EHZ R T
Eclipse 5%, 1X 0] Gg 5200 ) S T HAh 4L s T R AL 7. th4h, D-Case Editor 1 D-Case Weaver 7£ 7] 4 i 1R
AR R T THI T Re ARG 3R 58, 5 HG At 52 49 4 B T B BSCUE 408 J26 PR 4R 1 T RE 7 BE A AT BT R AR, SR D-Case Weaver
$RAE T TR 448 1 21 D-Case F1 GSN B FRER], 5 I M e R o 36 J3F P me 512, J0 02 7R AL R B ERT . %
J&, X PR L E AT RE R Z 3 ORI AL DX SCREAIRF SR BT, X S8 - 7548 B 1] RN e AR gy %, I mT ey
i 3] T ELAE 3 B AR FOARAE T AT A& R, 42 1 FTid, B4R D-Case Editor 1 D-Case Weaver 25— E I3, HEA
RS A, A, nIy e AR RIE . g 3 1 e DL A A DX SRR AT B8 7 T AR JR R 1 =R A
FIE .

3.7 AdvoCATE

AdvoCATE (assurance case automation toolset)!” & 3 [H [H Z il 2 i K & (NASA) JF R f—2k 3 HF GSN 1T
B, G AWz, fitzh ., ERS5%RmAcm, B BT R &5 e g, THAENT Rg A R EN
Fl. AdvoCATE % T UL I B, 3R 7E 2 R HITT K 5 & B R i 3 3 LA = I E ZE M. AdvoCATE [14F
BAFESZRE GSN. FEh ORI g F GSN B2 Ai8AIE, a4t 7 H AT B @ o8, thah, B ST R
BEHURZ IR 5 RHBAEREAT H LR, 5T AT AR IR, I RENs T30 01 (AT B 328 i) 22 4= 20 v BUAR 26 7E — .
AdvoCATE & 8838 ZHS A iE B ST IR IE (1 2 B 3h 6 &, JERe T B & FibiE4eix, #R4E 2B A W ThRE.
AdvoCATE 2.0 /& — 3 JE T Eclipse [ LR, #HEL T AdvoCATE 1.0, Hif o5 7 ¥ 2 KSRGS, & T S0t
2 ), AdvoCATE 2.0 R GEHS B A 7 5 32 #2H 23000 B ARG 3), T — DN 2 R, W fa 40 i
TR EAIRIE. BERRIETY (W2 (&) FOIGAE T AH 25 & AdvoCATE 1.0 B FTA ThRE#8 ] LATE AdvoCATE 2.0
A, MR EERA T AR EM. 25 LR, AdvoCATE BN —3X IR K1 GSN T B, HAE 424 sk A
Wiz BRI, AR UK T e A 3 2 A 0 WA R, R AR R T RGN e A A AT S

R AdvoCATE s —IhEe i K BIEH T2 4 e Ak ) GSN LA, HEIFE — L8 S, 5%,
AdvoCATE H1%: >3 Z AT Xt T8 T F P BCOR BEY, 1X ERAE SR 1% TR 7 RE R RSN [ ARG Il BT, bk,
YENEET Eclipse M2, AdvoCATE 2.0 [{#H & FR T Eclipse 5%, 1X 15X =J 1548 FH HAth 45 s R A 51
FA P38 BN, —/METE IR A, AdvoCATE 755 Hofth T EURIESE P (42 A5 T AT BEAZTE )R BR 1%, iX S 80H 1 7858
B 2 3ok F2 v 5 ZEEAT A M I B AR BT AR, 53— B TE R U2 AdvoCATE AT 5E il PR A9 J M AH X 555,
Al e IG5 A R R AT LB SR TR, R, BT AdvoCATE A2l 35 [H [ K i 2 R 7 (NASA) Hk T A,
HA X SRR AR A T 7 AT Re 2 2 BR 1, 1X B s B P LR g o ) ORGSR B R B T T Re ). Sz, R
AdvoCATE fE% 2 KB AUS BA S, B AR EAE A % LRI R 5B A ST il 2 FREEH . &2 Ak
AT 5 i) P4 DA R DX S R A B 4 5 T P S BR .
3.8 RERHFITRLE

BTN T LZAEZEEIN 7 A0 T H, 13 astah system safety. gsn2x. NOR-STA. Socrates. ASCE. D-Case
Editor fll AdvoCATE. % 4 F45 T X2 T ARk .

4 weRI AT ELS

TRAK e 5 Bl it
astah system safety TREZFEAUES . MR, REEW oYM ZR RIS . SERFEMERE IR TS
gsn2x FRUR G . SCRRAiSOAR B AR WA ERAEAE ST
NOR-STA EERMEHE. 2 NEEFR BATH LN BfE Rk
Socrates EARMIE. 2 N&EFR AR RTEREE ., HER
ASCE SCRFBURTIN 22 4 R AR R B R K
D-Case Editor AR BRZ R AT
AdvoCATE VAL ThRE . RS EUL A R0 M DUSRHUAE AL 2 2T i 2R kU
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W T B 220 T B2 )G, AR astah system safety F1 ASCE & DhREF & BTV 1 T B, ©A11
UL VAT, 773 R A 42 R (FE G LA B A vT3R99), J5 38 MIFE SR A AH Se T H M BHE B4 30 R4l
AHVFATER 12 /N A BRI AT Gl 75 B2 2 LR IR 8] 5K 58 BB S i F2).

1 D-Case Editor F1 AdvoCATE /& 2&T Eclipse #4514k 52 T 1. & D-Case Editor A%} 5 T 3REUH 584
G 5%, (AR Z R LB TE8T; T AdvoCATE HHEE M ALR R (NASA) &, BEAEKMIIEREHAF T REX
B4, AR SRR A G R A

NOR-STA # Socrates &£ T Web HITEL T &, BN Z AVME, JEEEEMH T REDE . £,
Socrates )i 47# LT NOR-STA, {H Socrates ANHE 7~ 58 22 1) GSN FJE.

AR, gsn2x A& —FFEH A, 70 Ul YAML SCARRER GSN, 2R G4 SVG 18 =M.

SR UL, B G E M 2 2R TAFELGEHEIE FoR. BIAAEIRE DL TR MR S 2 AN R,

4 RERFIBEPRIPEL

FERTTH ) 745 rh, BATEAIIR T 22 4 R0 A R DU 20ORH LR, 33O0Ry % 4 22 0 A e AP A B 41 7
SR PR B SR, B R R S0 B ¥ T BN 7 v A 8 5 4 Y B 7E SE B B2 P o BT T I 1) 22 Bkl 1 e Bk AN
SKEFAR R, B REE ., AT, WERSELKZ RS ES 2 A 5T,

AT BRI IR EePR G, i SRt — AN AT (A0 AR DR R AR 22 42 SR (9 M) 1y SR . JRAVDRE MK Fry vl
SEPER TR . AR T E R L M ARHE IR — B AR BORM PR e, LA BB 5 2
R RS J LA S BT THIEAT 23T, Ak PRI 40 Hh ek 48 ) R0 P 7E 7 1 7 2%,

ToX K 1 T B AN S0 22 4 SR M9 A A 85k 2 S T T L AR B SR A O T I e 0 AL R S e R AT 2 4
SR IRA E FR L. DR, A5 B TEAE A — AU, e B RIS, LB T4 2 S A THI A W] 52 (1) 22 4 .
4.1 BEMITTEMEMTEMY

o Bl A R AT T E (122 4 G4 1O RS A R FLARSE ) TR o . 3K BB EHR i LA 2 P T KR O, 481 2 R84
P SEAC SRS =05 PRAS . SR, AEB) SRR 2 RETII PR, Bl R 1% LE 54 £ i ml SE PR S8 B 1 — TS Z%
£%.

o R X — PRI R AR B 2 AR E. {0, B IR T AR A Y, AR AEAN R SF & Bt R AL E B, B
P&t 2 AR RIS AT . IXRE R 22 BE M@ & {8 T RS0 PR AR 18 R 4. B R G Bh A (AL FT DA 5357
B, FLRRIM) AU B e BRI T 53— R A

o ETEMEIRTT 5

(1) B304 o Vo B - 0 A0 SIS0 B AR AL Y. 1 B A T R AR AT I A 7 5 T P LA A SRR
F, AT b3 ic 75 ZERE— B R A 1) 7 i A — 3L

(2) Jinas v e o) T3 Tk 2 AR P £ U ] 42 o R CR AP, DAY LE R A B

(3) SRYRERER: T BRI ™ A 1 SR VR ERER AR AL, B RS — 2545 B ISR VR A2 O AN A2 1 BOAIE 1.
XSk B 5 =07 BT IR A P B e

T I R G X AR TR TS 5, R LA BOB R 2 A S 0] B TSR e B A ORI Bk, AT 3R
A PPA ) fROH 0 AT A
42 SRMMTHREMNER

o Bhik: MURE R RS, Rl —AE F B BRI T U R G b, B B m NS AR A ZE A E . X
S R] 35 P54 0 4 TE T T 45 1 2 4 2 091 B R .

o JEET: X il 52 A VA AN A s e AT B AN A — TR AR AR 5. 1, E R BRE RS
LA A, EATATRE LR AR AT TR K 75 AT . FLk, AN E PR Sk H 2 AN, B E AR T IR
= HAPAT AR RGA G N TEAR Sk, R DRI 8 i) JUIE 5 5 22 1 P v 0 IR R B2, 9 G B S e A A o
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PR, XA TR Z 0 T AR SN, 8 7 KB B IR,

o BTEAR I &

(1) BEAIEAIE: (R B RN GE T 7 vk, T SRR VA oL 7V DL i 47 o 28 U7, ke 2 7 N6 R iR,

(2) BUBNE A BT : TEJEAT 22 4 Z2 0 3 HT I, ALHE N AN i P AN BURR A 1 42 THD 4 A7, DAV P B SR R 4 22 A 1k
B AR

(3) XS s AL R BRI AN T S5 R I 2 A s AT e AL 451, A 1B 3 R R B SR R R G E
T AN A 72 S N BRI AT M.

BT 25 B IX B S, AT W RETE A SO E B RGN A AN s e, MR R e 4 2B ] S AN
Al .
4.3 HEEFIFRENT—I

o Bhik: 7E AR H 253 3R 24X, A A S0 F TG 2 B IR ISR A E AT A E KA H MR R g%
ARRAERE BT . X — ZFEEA DU TS —. @SRRI E A, Bl 68 5 80 57 & skh 5 ER.

o JEAL: Il AT F M R TR [ AP B R RAIARHE DA — 0. ZE BRI =N, R R E A F], WTRETR
FLEAEAUE — N E RS — MR E . B PUE HS A FoRe e I ZE SR ALY T, 35 R T ax S SR AR A TR AT
HRANRISS R R.

o BTEAR I &

(1) AT A E: B S 2 /MRS B YR A1E, DURIE R — A8 — sk & R A 1 % b

(2) WISE IR 22 AR BT AT OIER RIE . VT il 1) 22 4 ZRAIASEAR,, DA ZEAS[R] (14 s A BB o AT DUd T AN A

(3) AR E T H: FF RGN AL TH, 48 2 N30 IE 22 4 S22 75 5 2 55 A A 1) 19 B BrAnAT b Aw
T, AT o 3 B PR A0 R 5 k.

AR STERAE fRkT 2, AT DA — SEFRRE L G AA IR W RO R v A — BT R PR AR, B A RO AT
PR .
44 AEIIE

o Bhik: N TARTEM L 2 A I P08 B E B A 0. TEIR 2 R4, R A8 B 2R e FE A P
MARRG (WEST. 8. TAEHIEE) b, NRAT IR SR A R R R 2 A T O R 2R

o JEUH: X —PhAR IR A SR DR FE T N ZEAT NI 2 A8 PR RIS AT T4 . AT TP e 55 52 3] 22 i R 25 R s, (454
ARFANNZL . I AR WSS, 1% 5 R 3R AL G 2 AR RN 40 Bt J ik Hp AR A 28 sl k. i Fix e &
Fettk, P g — AN AT HPTAE H5 22 4 Z2 A) 44 A5 45 58 fin PR ¥

o BTEAR I &

(D) AT AL Dy HERf PPl A TR RA AT, ROAZAE N SR AT A B p 31 22 2 =il .
XATREYE R Ad R DB . dE SR R 2 2 2 2 BT 7T R

Q) AP EINAEE i3t RGP TR AL 2 AR R, T AAE — @ R b R B A 3R 24 ik 3R
FEI A A

(3) AWLFTARAL: Wit B0 EL 5 T 3R R 7 ST, DARD AR R R AR = R R AR 22 4 k.

T I I LB TE R U T 5, TRATVAM AT LAAR 151 22 4 S8 ) ) o =, 36 T DA TE AT Hh 2% & B AT WA LRTE R4t
A A 0, TSR B A TR o] 5 1) 22 A VPG
45 BARHRELR

o PR T 4R U E AR, BRI A TR B8 MBEM . DX e 2 A T O A A A v R AR
I XL AR R TR, BN T H LT RPN, Nk, XA TR — AT RN % e R
(REEY WAL &3

o JE A BB R B A% OPRERE T AW AR AI 5, X E R T % & B0 3ot 5 Gei e Sy
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] REARMEE ML B T TR AR AT BEAT R AT RS, DR 2N W SE i AT 150 2 4 G40 DA DR KR AR S A 21

o IBLEMR T %

(1) FREETEHr: — R ] BE R AR TR JT SRR T IR R R BA — 2 K 55, AT DU 5 AT S A ol L&
B EARANIAE, I A BE 72— SRR o B A G L AR

(2) BTRETE VAt X BORHEAT 50 2 Ak VA, DU SE S 17 AT 1 (1 OB AT . 3o 5 U39 T LA
B ZH SN B0 i v 5 AR

(3) RIGHIZRKIBL U HFE BB M A BB, Bt — S BA RS ik 4L ) 2 4 R 2k 2 R AR
A IR SXREA AT AT (S S I £ 22 46 B, 3 T CAAE AN SE i B 22 VRIS DL, 25 5 MRS Bk B3 i e 2
VR

T X TR AE AR DT SR, A SR RE S RO N PR R JRE B BOR IR, AT B A — AN B Dy 4 T A ] 52
22 A= PFAL.

4.6 HFAMEBFEREE

o Bl FER 2 R R , AR & E S M2 R S L O A S 5 XA R EOR R Tk
o, I L U S R AL S A T, DU O 22 4= S0 i 4 PR AT RT SEd

o SRR B8 AR AR OBk T 2R T PIATT T — REAN R S B AN AT 1 AR AN T3 VR 18 T REARAE BRI 2
S, TX AT A T I I AEE AR A ME P3G I, — A A SRV R 2R L, R R AR R T AN R AR I o, (A1 A B 0 7 B
Ml 1 LR A E R BT AE, DR AT 5 A AT A Bl 14 Rt B A

o JBLEMRTT 5

(1) BIBAFEIIAN R e 9 7 AR 2S5 R A, SR 58 T H BA S IR A B 06 3. I mT BAAL 36 5 2
BHOREIERER, PAL T 18RS T H i BTV I 5 75 R 8 ).

(2) HBAE G A v A 00 A FURIIER A5 TR AT AR K M4 e 25 DA A B O R0 . T A B S R S e 5
W2 T2 5, ARG S I ) B AR .

(3) Wi A Cu NI STAE: AE T F T AR 0 B, S B RA> T BA R 53 ) A AN ST IX AR B T iR At %, ik
A DB DR 1T BA ke 5 A0 RE BTk B AR N0 H b R R BT 55

I 3 S IR AT AR MR T 5, 5 S R BA AT USE A RO M, AT i ¢ 4 S 51 Ay S 1 o B ] B

AN BES R TR 2 e i A R 5 2 4 SR T T I 0 PR, LR T SR AN SR . R R
SEMRER, WEMARERA B AR BORBIPE AR, LU B AN ES 2B F . IR LA U 1
AR L AT RIZIENEME ML, WRE T FHELGE 2 ARIRABARRHZ k.

EIREEA PR IR 2 O D B, (B A R, IX SR R TT AT AL 5 S S R B B T I % S 1
A RESEHt ). PRI, AR AN 7 BT L A BOR B8 B (1), 3R 75 ZERH M 4xiin . SE PRI 75K
PR RNZE 22 4 S M.

3 X K PR Al S LR AR R R T SRR AN I M, BRATTRT LA SE g B A ANV i 22 4 S X R A MR AN 22 ZE . X
NBE— BRI SR SE AR B T AN E RO L, B9 m A 2 A SR BT R ARCR T T IE . SR, M —
AN RN A] SE ) 22 A SR — AN 5 22 22 U7 R IR 85 AN S B0t 1 A, T I — i R VR N B TC B0 R A B T 3R
ATIHEAR SR S 4 3t P b R GEAN R R 1 % 4.

5 RFKEARAE

WEE BOR B R AN 22 A 75 SR A H 2l $ e, 22 4 SR 491 1 Tk B g RS9 . BRATTIUIAS AR SR 0T T RE A ik — 2D IR
NBRAPERIA R 22 4 S A BB RS, BL45 I R J LA 7 1.

(1) B B 2 A SO, T, 224 BRI 3 BT N L, X AE — e FERE LR T H 2%
AN, AR T AT AR R QT A B 200 5 AR B HLas 7 SIS E0R A 3B B shi il i 2 e = .
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(2) 24 E B T AN AE FLAE . 224 A PR R I 2O0S T BRAR R V) 38 22 42 2 M9 22 O S 22 AR SR 1t 7 ] DA
i UEEPTRUR: i ib IR AN 8 S el R e oo S T B AR R IR /2 (B E

Q) “AEEHIMIrHE. RECEH T GSN. CAE. SACM S5 hriE RIUE 2, (HLESL b, AN [H (K 4 VR0 H
FIRES A A I ARAERNT5 3. AR B FURT LA — 2B IR RANHE) ™ 2 A B FR e, DLt 22 4 S B AE AN )37 557
(1388 P A LA

(4) BAEZEGIMVFRE R, B AT, 245200 VFA 5 ZERO8T N T, 1T 58 2 52 31 E W 2. KRR I 7t
AT UASRZ W] i 5 B B S B D7 R PPAS AN IS IE 22 A 52 9], UASR i FL 2y IEPEATHERA 1.

(5) %A BRI GURAI . BB F R RE, flan Azh BB, XHEE. N TR RS, LaRPIrN Y
S R R4 R, AR IBIE T AT AR ZR AR KE 22 4 G490 7 B3 e R 400K, LA REXT B ) 22 2 Bk k.

(6) TR HE A A 22 A 52 ) TR R 40 O — S TR SR 2 A B RN TEAl, (HIX 28 T H AT REJF AN
JE T 3 5 A 5 SR Bk Z S e T . ASRIBIT LT G BT Wit MUT R A . B8 R0 B 5 TR 2 4 52 ) 1
H, DUE NEA A R 3255 M oK, (RIS BERS 5 Hopth TR AP S 3047 280 T AT

ERYL, %A 02— A B R AR SR, B E L R AR R, ARG TR KU E R
THENUREE . NTRBESE. BA TR A RO T RENS I — DBl 2 e RO A e, VAT i 3t ORISE AT A0 A3 A0 A

6 = %

A AR AN S AR, R M THRT TIRA MR8, 55k, AR T 24
ZEfp e SCRTE 1, Bld It R U ER . RN PEAG IR RIE B R 2 &k, )5, IATNE T Al < 2 %5
1 4 ADIR: i s WCRIEYE . WMEIIEFIVPG 2 220, 1X 4 30 R 018 22 A E BN ANEL, (HAE SRR gAE
o, XD IR AT B2 IR S HEAT LIS R H B R R AT KA. FENE T il G e A R G, AR T 8 P
EEFIFIRIVENA, B ERES . REEH. BISS0. mHEWEERE. Uil EEMN% . BREgiTs
(GSN). 7 H-i& ki-UEHE (CAE) ME5 ik 2 2 2 B o (SACM). R I 20T Ry RS Y 37 5%, DR,
TEIE R I AT, F5EARYE I E 75 KA B A AR AR AT R, s, AINA T 7 F e 26 TR, f4F astah
system safety. gsn2x. NOR-STA. Socrates. ASCE. D-Case Editor Il AdvoCATE. ix46 T H % B4k, i T A
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