Goal Structuring Notation% H\»7
|

U 72 22 4 2R O WA l:&:n'ﬁl

*ﬂizk *u%xm ”“:I EjXZb I_l# BFIJEM .,.... *B1X2c ﬁ&E — X1,d) H__T_F-_ Eixz,e)

—RREERPRLEICATIBERELE, BEDHAFOL ATFLAICAANICERA SN ZREEREHVEVE
HMEEBATLS. HVFOEITRICHTIHIROEY ZERODERD SHN-EREDNH BREHIO2BEH B /-8,
PDEOEVIXNDOEXPEROERE L VES. KARTE, AANEGRELERIBENICRET 845 E
DOEERMICEBL, ThoZBABEICTEEICLY, BREEOHEERZOREPY AT LOREMDOR L% B
L7, BEARIICE, FELFICSVWTAHAVWSLGND, ACE1—FICE3NTF—FNHlHZITO AT LICHT IR
£E5k (Computer Based Control System Safety Requirements, CBCSZHLER) #xiR & U THELEIT- -
CBCSEHRLERDBAREILIC(F T — LI &EILEE % (Goal Structuring Notation, GSN) # W=, BICZOEMM%
T 572, FEMEHRAERBBEORMBEZNRE U ALKRFEERZITo 2. EROBR, —HELE
KODERDPSHNF-RYDFER EFTEICEWVTGSNICK > TIELHDFH EH26% M ETHZ EZ2MERL A FIS,
GSNIEICE > TRWVIAAICK P EHRMEDODRBC U ZBHIET 2RI H 5 EPHERRTE 1.

Explication and evaluation of general safety requirements using GSN

Kazuki Kakimoto™', Shinji Kawaguchi*? Toshinori Takai*', Naoki Ishihama™?,
Hajimu Iida®', Masafumi Katahira™?

Safety requirements for a specific system domain, like general safety requirements and safety standards, tend to have
obscure and ambiguous descriptions. Misinterpretations of them can cause excessively redundant or simply deficient safety
design, which can be a trigger for cost escalation or an accident in the worst case scenario. In this research, we focus on
implicit assumptions as a root of the ambiguousness mentioned above and propose a method to explicate an article in
general safety requirements aiming for mutual understanding among stakeholders and improving system safety. The target
of our research is Computer-Based Control System (CBCS) safety requirements, which are a safety standard for spacecraft
systems, and the explication in our method is carried out by means of Goal Structuring Notation (GSN). In order to
evaluate our proposal in a quantitative way, we performed a comparative experiment with the help of the Japan Aerospace
eXploration Agency’s engineers. The results of the experiment show that the average score for GSN-based CBCS safety
requirements are 23% more effective in detecting and correcting errors in a given document on system safety than the
average score for usual safety requirements written using natural language. Moreover, we conclude that GSN-based CBCS
safety requirements can reduce misunderstandings among developers of a system and certifiers for safety.
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ZOMEHVENTH> 7. L LCSNAE HIV T2 4k
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2.1 Computer Based Control System%x £ K

CBCSZAEIR & I EFRFH A 7—3 3 ~ (International
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(National Aeronautics and Space Administration, NASA)
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KK BHRETTTRICLREBERD N2 E NS L E A D BT
B LTEENTHZEEZONS. KEXRLHERD
LRERZA VTGS, REBZRMATHEEN 77 TH
MW LIS EICBVTE RO ERD ZIATY
THEEDN D 25 TH .

x3 EEHEBSFHADERICHT 2 PHER

7@ 2 TIEGSNIRCBCS L 2Rz W Tl 5 D 75
IMBEEICHERE DD D ST M D, ZREFEICBNTIER
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O —EREICE X > TEY, ko RETLic
KB TROPFHES AT LEERDIE, @RI LR
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2EDFIEERK RIOT 1 TEFH A7« TEF | ERMEEFRE (h=10)
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BT B2 Y =7 QMR O TS LT
EDENSTHD. o THIBORI 7ot A &DM
BIEORSD 5N BB ORIV T, AREICH
W IR FEITN A2 TR D LRGE E N2 G R O Ed R
HITHOREND B L NS,

F I CICIEEROG I UG ICHET 2 08HH
%. CBCSZAELROWFEILIC B TIE LT DfE R
M TOMMOMGENEREIN TV, Ko TEX
DOFESLERNERER CIIHE SN TE D, HiElk
AT MR & 752 XEDOBERHMEICE S L E 12—
@ LU THERET S C ot UTRE TRz 0 g
LA, LALZNSDEMRMDHBERIIBNT
LHEINTVARWVEAICIE, LD SR E %2 HIE
ZHAMEIC L, BB FTHESRM R R R T O il
EWV o 25 EHT RIS T WHIRRICHERE L T E
FIEHTRED T RMRETHZ EEZLNS.

AR LHENDER

AL DR SR TIRHTVZ AE U TR ZE DN — R
LR— FZ WDy, BRI Rl SRR Tl IR
YP—FLR-FZHNERNETHS. L LBIEHEHEN
TWBYAT LD, REENTOERWEZEEIC DD B
OISR Z > TRICGHERT 52 L3N TDH 5.
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F RO — R LR— IR SN TV BHTVOIEHR
ICH > TIER E N7 FECIAXARIEEDO L E 2 —% 5 1F
TED, —EOZYEFIHRINZ EEZONS.

RIT, A O FMSEER T O OZ Y I DN TN
%. BERERIFICBONT, ELLREOEBENTONT
WENEIDRIELADTFHICE > THENTVS. L
MU, R —EDRMEZHR T THD, HEDO A
WKE>T—BLTEERZBEHLTWAZEZLEa—L
T3k, FRICKZHEIRNRICHZ TH5.

N REMANDER

NS, HTVIASO > 27 LIS R % GSNRCBCS 2 42
FR O3 FHTEIC DWW TN B, CBCSZRERIZEE D >
2T LS U CGHEHA SN LZRERTH S, AL TR
HTVIC 39 % 2 2@ 2 BE U CRH i =R 217 > 7213,
AFKIFMDISSICEH G 2 2 AT LT LT & Al 95 %
o eMEE LV, UL LAWIEIC KT % M55 C
l&CBCSZ R R H O — i a Fii T ZHH L T 5 7
O, D> AT LOMRARC BN TERIRICEHT S C &
MTCEBEEZS.

I, CBCSZEERLSND, fhod—fiz 2ERDL 4
RIS X9 5 GSNZ F W 72 BHEE (L O IS DV Tk
%. Hawkins® [Hawkins2013] & 5 3k 0D 22 4 K 13 s 2R
HTHO, FIRENBEZIERT 2DRRNEETH S & Tk
LTHD, CBCSZaEk & FMRDREMNI DL 4 ERIC
BOTHEET BT EM0h 5. GSNIZi#amtEis 2 nl 4k
T 5D ANZEFETH 728, CBCSERE RIS
DR RERDLE I L C B ARECH % L%
Z%. ULh ULRERDME S LR 7 1 ZDENH
1FES 5728, ZNHZ2EE L TIHELZTT S END 5.



6 &bYIC 6.2 SHORHE
AW TIRE LTz, GSNIC X 2 BB Ok L 72—t
6.1 £&& T 5T ENGHROBEE LTRFBND. M EFADIEH
ML TR FHDH THO SN S — M2 2 ER D EER LT, V—RO—RLEa—Ic B 3HEMOBRELD
WKFED KD HEMIC K > TilileE N5 72, GSNZHW EZAbNDE., V—Ad—FLEa—-llBWTE, Fxvy
THMEIE L Te, — R L PESROMAMELE, FREE KR TE Uxb%mwkbﬁn~ﬁﬁ%%&§%$%8Lfﬁmé
BEOHEHRDZ R/ ED LR ZHNE L TTo 2. N T3 [Bando2011]. #ZEDWZEIC I Thenger 5 1
F eWIME(L U 7eCBCS L 2 2R DA R DRl Z Hiy & L bh1~%®@ﬁkmbfbki—®ﬁﬁ% RET HNE
T, JAXARGIR B Z 5 L Uiz 75 7z, A ORS Td % [Denger2007] & £k L TH D, RFEHOREEI
B, GSNIC & - THRE L & N7zCBCSZ e ER 2 F U T2 13 O—FLEa—OREIGEEZEA5LENTVS. L
B, LFDORAUw b« FAYw bAH 5T L ZHEE L. U SHERORRBRIC IS CCF 2y 7 U A N OB R ZRGE L
EHRICENTE, Fxv 7V A NORERITBEDRGT
AV b1l REFEBICKZEO DAL ZTOEIEL RFERFH R EORERE LIGRKEI NS L EZ DN
M26%m L7z, &, —EDEEHMNZZL L TRINS. A2 38T 2y
AYUv b2 RO —RLZEERTREESEORWVIA JUAMCEBLE 2 —ICBF S HIWHREEX L 2 —HIC
A KB fEkRtED HiE T UAEA T % 5% Ko TRIMDEIR 2 L EZBNBT0, HEROLRRTERE
BB B, GSNZRHWIIHEETIEZN FRRIC L 2 —F D BUARIC K 2 fEitEo 7l & UHVER

JZRSY gRA AN RENB. ZTT, Frv I AMIGENDEEIZ,
TAVY b1 HEROTFE L KR LU TESNIL U 7e 2 R GSNZ HHW Tk I 5 &ic k> TY—RAa—F L
RICK B EEOFTERHIZ14% K Z 0. Ca—OMEDA EVIRTES.

HRE AR 4 HOFMIERIC vzl vz, T
e ZERATERERE SE IR L = R D5 A KR T
LET.

ZEW

[NASA1995] SSP 50038B Computer-Based Control System Safety Requirements -International Space Station, 1995.

[Kelly1997] Tim Kelly and John A McDermid, Safety Case Construction and Reuse using Patterns, 16th SAFECOMP, pp.55-69, 1997.

[GSN2011] The GSN Working group, GSN COMMUNITY STANDARD VERSION 1, 2011.

[OMG2013] Object Management Group, Structured Assurance Case Metamodel (SACM), 2013.

[DEOS2015] DEOSt#% D-CASE#E%, D-CASEHEX EHSE, 2015.

[Palin2011] Rob Palin, David Ward, Ibrahim Habli and Roger Rivett, ISO 26262 safety cases: Compliance and assurance, 6th IET
International Conference on System Safety, pp.1-6, 2011.

[Ray2013] Arnab Ray and Rance Cleaveland, Constructing Safety Assurance Cases for Medical Devices, 1st International Workshop on
Assurance Cases for Software-Intensive Systems, pp.40-45, 2013.

[Souma2014] 18 K&, HO A, R FEE, K& B, KB RN, F =, RAMS ORI E—TT7 145 —X, JUT1HIWVI T I T
7 —%23 3y 7 (WOCS2: Workshop of Critical Software System), 2014.

[Denny2012] Ewen Denny, Ganesh Pai and Ibrahim Habli, Perspectives on Software Safety Case Development for Unmanned Aircraft,
Proceedings of the 42nd Annual IEEE/IFIP International Conference on Dependable Systems and Networks, pp.1-8, 2012.

[Tanaka2012] HFEF, REFR, FihER, ARK, FEEE—, 72177 XA5—R e AW/ ATHEOSERIE - REAJ FE20EF
FEBMEY >R L, pp.63-66, 2012.

[Kawakami2015] Henrique Kawakami, Roberto Gallo, Ricardo Dahab and Erick Nascimento, Hardware Security Evaluation Using
Assurance Case Models, 10th International Conference on Availability, Reliability and Security (ARES), pp.193-198, 2015.

[Hawkins2013] Richard Hawkins, Ibrahim Habli, Tim Kelly and John McDermid, Assurance cases and prescriptive software safety
certification: A comparative study, Safety Science 59, pp.55-71, 2013.

[Holloway2015] C. Michael Holloway, Explicate '78: Uncovering the Implicit Assurance Case in DO-178C, 23rd Safety-critical Systems
Symposium, pp.2-5, Bristol, UK, 2015.

[RTCA2011] RTCA, Software Considerations in Airborne Systems and Equipment Certification DO-178C, 2011.

[Kakimoto2016] thiAx #1f5, d—ILEE(LELiE 2 AV AN A REEROBE(L, EREGRRFRMIAFRASY BEREFMER BRI,
2016.

[Torano2009] % FZ, /I8 i, =2 K R, $#HK BN, 184 #2, T2 B, WUP EZ, BE X, FEHIT— 2 3 G (HTV) 34T 254
DORITIER, FRAVFEFHREFAORE, F7E, pp.1-28, 2009.

[Shirasaka2011] HE3IRMILH, EEKA, ERER, BEIL FDIR ICL 25X MMEFEHFHHMROREEFEIA T - a Mtz >nE ) ]
TOER, A BSHEFEREERIE Vol.10, No.11, pp.91-99, 2011.

[Bando2011] 3R #hE], Y7 b1 7L E1—ICH I 2EELF v 7 U X NOREAZDERERNE, FRERHNZRMAERERE 15k
BEERER BLER, 2011.

[Denger2007] C. Denger and F. Shull, A practical Approach for Quality-Driven Inspections, IEEE Software, Vol.24, Issue 2, pp.79-86, 2007.

SEC journal Vol.12 No.3 Dec. 2016 23





