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5 Resilience : EARNAETK

v FIFFHETEINVWTHDE - " State

Acceptable Limit--------

1. The ability to become recovered, happy, or prosperous again
after a difficult situation or event

2. The ability of a substance such as rubber to return to its original shape
after it has been deformed or bent (Longman Dictionary of Contemporary English) /
HREZRDLSUI> R (Holling, 1973; Carpenter et al, 2001) S

¢ 4 HEZR%StabilityLResilience LWS2DDE SN D& Time
> Stability: IRIBZHDEEZZIITcDS, ;TTOEERICRDEESN

> Resilience: B BV EIFIRIEOMGHRZEH LU, €OHEE/ERZEL
[ROIREE (S > TESIEUTLCEE

tablllt Resilience

Acceptable
State 2
Acceptable
State 3
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we=) Resilience in Resilience Engineering

& OELLSED, BEVEROWSE, FZ0OWHEE/ER%ZFIAUZRE - E(L
> WIROFRETIRIOIAREICREDZLY (BHELIZVY) DIFTERL (e.qg., s$E1EHE, 10F48 etc...)
> BiIgINE(E, HiRzmARL, AR, S XATAEUTECHRGELLTLKTE

Acceptable Domain of Safety

Navigated by
v Safety-l/Safety-ll
v FRAM

Working Conditions )
Further Evolutions \ /
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¢ “Safety” ZzEFFET5I<& : NOT in danger or NOT harmful
> BZETHDICERTERTROICELL O TRENS
VELDEEMR | COERICEIVTLS (L3(CRZD)
vV UNUEITEhEERBY T ?

TRE | RE L TRHTIRON ? L7
zelE == H S0 THIS IS SAFETY?
| DON'T SEE ANYTHING.

Safety®DTEF : https://www.ldoceonline.com/dictionary/safety
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we) Safety-lD4F L SRR

https://www.skybrary.aero/
bookshelf/books/2437.pdf

19.1%19.1%

Safety_l (Focus of Safety I:
¢ NBOKERXDFFIE - HEIRICEDEZ 27 ELR “incidens.
FBHBET “BROBVE LRI R #5KI7 s RN

3 25 £ 15 1 05 0 05 1 15 2 25 3

Tolerance of events

| Q0 “RLBHFR" CORGHRURIERBNETN 2

vV AR NWZE |EmMEEIDIE—RZICTAIMDFEE1E ]
> Safety-l1 TICHBIFBMMaIN] : FB/EK-1>>F7>b-EFU)\Wh etc..
> Safetylmaﬂzﬁwémﬂ(i TZxtmEe s (J1— N\‘J’]) 2R (CFE R

(Cf. Regulator Paradox)
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FESRICR D] J4— R\ I DK ERIR

BIEC, HAREOKRMORRN/NOOT—Az@U Tranic. £2TE, BAREOES, SR, Hig
ZOVFIRIZDEAH ITHSPERIC, WNCESUTLRI M RENZ. INSOKMORRZEEES
NET, ZOROLABRBRZESFEDTIKE, FIELOHFFHNTHDN, [HAEPIREOEIGL IS TREL
UTzl, EEZDD TRV,

(FPE%)
ELER T RRDISBRIENMETREINTVS. BENREFBUHDERAD—DI(C, BEEF7PERDOYY,
AF, YTYREDBREFHEVZBARDIHICHEEER (COFZREMICHRUERSEIS U, B@IHLIE TRIRIEL,
S5&otUleAR, KBEODDTH, BYIOZECICEEILTERME, ELVDDNHD. DFD, NEIGILEISLEE
ZimoHH I (adaptation precludes adaptability) [£92DTHD. HAEAEICEH, BULIBRIEMEI D
&C(i@b\b‘. D", B R ODHRHERH CEDWVWTEASHMNLTLSD. /

https://www.ch.uko.cd.ip]“
bunko/1991/08/201833.html
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https://www.kadokawa.co.jp/p
roduct/201104000498/
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Safety-ll
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Tolerance of events
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Response @
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Operation
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Response @

Social Demands

Operation ‘
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Why things go right
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=) Fynctional Resonance Analysis Method (FRAM)
& N -¥)-BOXTDODD T THEITIBIAINITIEZIDDI AT ©AEIRZET LI I8 D55 R
>ETFIIOEBRESR : 6/ 42T DHLEE Erik Hollnagel (2004, 2012)
Time Control B EH
U Input BEBEAD A I/ —
Output BEREDH JI/IZEITHESR
Input O Output | precondition HEBENRITEINBRISRIESN TOV AN SRR
Resource HEREEITIF(CFIA SBEEEINBAED (e.q., BR-B2 155K etc...)
Control BEEEEITZHIFITDED (e.g., FIEE-#R-1HT etc...)
Precondition Resource Time HERERIT IR AIFRIRME (e.g., FREISRT- HIRRESRT - 94327 etc...)
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oo Functional Resonance Analysis Method (FRAM)
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Erik Hollnagel (2004, 2012)
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s Functional Resonance Analysis Method (FRAM)
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Working
Environments

Operation of
Socio-Technical
Systems

Organization
Factors
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Social Demands

Available Resources

Operation

| N TN
Operators U

Response

Available Time

Working Conditions
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wss) \Work as Imagined VS. Work as Done : #5413 27 AOFRAMET )L
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Available Resources
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http://functionalresonance.com/ e, -
FMV/model-animation.html ( '\ !

_
N
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Available Time

Working Conditions
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¢ AFE -t TOKINER DT
https://functionalresonance.com/wp-content/uploads/2024/08/2 2 2 Functional-Analysis-of-Safe-
Ship-Operations-Envisioning-Success-Factors-of-Great-Captains.pdf

® FRAM>Z1L—ADKEERETRIMEE T4 > DPSE AT
https://doi.org/10.1016/].ss¢i.2019.104556

® FRAM>Z1L—-A07vI T — MEB TORFIZEIZODST DM
https://doi.org/10.1016/}.ifacol.2019.12.075

® FRAM> 1L -5z 3B ENETrOIER IS ERIAICRE I 20 1h
https://doi.org/10.1007/s10111-020-00652-x

® FRAM>Z1L 5BV DVID AL ROZARIEICET 20— A AT«
https://doi.org/10.1016/}.ifacol.2022.10.231
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5 Resilience Engineering

4 *iA B> AT LA R - 1520 - IR OB MK IF BER O TZEAE
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> Safety-ll : TE((@EEED

S (J1—RN\y)) Zigded. BEPHEBEZLCRASEIRHDHR R

> FRAM : &&= i A7 LADZE b Envision 9 3/c8D 555w

Acceptable Domain of Safety
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Further Evolutions

aaaaaaaaaaaaa

Envisioning

Available Social
Resources Demands

http://functionalresonance.co m
/FMV/model-animatiol html

Available
Time

Working
Conditions

Hirose and Sawaragi (2019)
IFAC-PapersOnLine Volume 52, Issue 19, 2019, Pages 13-18.
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Make It Forward with FRAM
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22 © JAMSS All Rights Reserved.



O Japan Manned Space Systems Corporation

J/WIS

links humans and space

P P
“, S

Py ';-wr

Th k you f@f your attentio
Contact:+Hirose. takayuki@] Jamss (




	Section
	スライド 1: 有人宇宙システム株式会社  先端技術研究センター 副主任研究員  京都大学大学院 法学研究科附属 法政策共同研究センター 特定講師  広瀬 貴之
	スライド 2

	Resilience
	スライド 3: Resilience：基本的な意味
	スライド 4: Resilience in Resilience Engineering

	SafetyI/II
	スライド 5: 安全の捉え方
	スライド 6: Safety-Iの特徴と課題
	スライド 7: 歴史に見る「フィードバックの喪失と破滅」
	スライド 8: 改めてSafety-IIとは
	スライド 9: Safety-IIに基づくレジリエントなシステム

	FRAM
	スライド 10: Functional Resonance Analysis Method (FRAM)
	スライド 11: Functional Resonance Analysis Method (FRAM)
	スライド 12: Functional Resonance Analysis Method (FRAM)
	スライド 13: FRAMを理解するためのポイント

	SocioTechSystem
	スライド 14: 社会・技術システムとは
	スライド 15: 社会・技術システムのモデル化
	スライド 16: Work as Imagined VS. Work as Done：社会・技術システムのFRAMモデル

	WhatIsModel
	スライド 17: 現実世界の理解や解釈はモデルにて
	スライド 18: 単純なようでややこしい現実世界

	WhyFunction
	スライド 19: 機能と構造

	FRAMAnalysis_Examples
	スライド 20: FRAM分析例

	Closing
	スライド 21: Resilience Engineering
	スライド 22
	スライド 23


