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Douglas Adams, The Salmon of Doubt, William Heinemann Ltd, 2001.
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229 — :
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' | — flere i 40
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4 Jerome Lederer, How far Have we com? A look back at the leading edge of system safety eighteen
years ago, Hazard Prevention, page 8, May/June 1986.
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Publishers, 20025 Zr&gHct.
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AEE AZHECE mreba AR BEe WA= P F2 e O gEo] Aste AAES
A3 7= Aotk o7lols RJATE ARESEEL Qe BH|O] HAE HESH 29 gEs A
2ko] -84 AdAdS ASHA 2AShHs Aol AFHEY. 3 RxO FEI ikl i dEre
gelstar 22 W ok 237t A5l nAle dFE Brtoks A 5x ZItEh

b oy Aol fiEte] Fu|RE olf= ol2gt fJute] ANE f¥et: 2P L/ I
NN =7 (prima facie evidence)Z 7HFE7] wjREo|th, ZAtA Fo] of utsit=x]t Ao| ti
A Gt AR, AT AR RGAeE AAAE “tE dAH(following procedures)” Eewte]] A
Sl A gk 11§ 49] RElE ABZtofE At

Uzl
7wk

MARN= 22E S0
A|AElO| ofL|2t &2
Ol E= B 228
TH AAHS HAES

a3 4: thg A (following procedure) Z#|0}

AR A2Ho= SR} Hojk = 7pz] olAte] wWE mdlo] 9tk AAIAte] md 9 Qeojxjo]l mdl,
AARNE dEe] AA A 29 da 9 & l% Zﬂ*o}ﬂ‘% gt AAZRE o) (ideals)
ojAL WAl AC]FAY Am Fe RHEAQ Am)S thFH, AA AlLde] Ao HA HAE
FEotal Aol Ay ddig: f21E Aol 7 iﬂ}. w9 A% 9 E-HE ot el 7=
o 2y dAlze 27 75 oA Alx B A=) Mede] e 4 v Eo AlAEE A
sk Zlolal I &2 ARto] Adof whet HE o

Ohs diiz 29 A AR Aol | AlLE Ee Ao PAlol A" A2l ofyzt

o w2

o]
54 AAol EAsts AA AL"S thFolof gty fYA= A2 @A AHE oA &
a7ty 1L WEN 9 AW Thotel Ao AHE FHn WAt FEE AL
Fadet. F 297 AR T HFAAR HAEE Foll AA AlA" AH] tigh 18 Aa2
o] Wiegk Bdls gHAERM O52 AAF T FAH it dA AHl s AAle] mde A&
o g HAEJ}

A 2"l AAZRZE EFAAA Aset s YRR AARDZE 4R Hieh A|A'o] tEA
AL dofl= AEHA g 4 Sk AE 5ol 2t A(Three Mile Island) ] #JA=2 HA
27 59 d8diE FASHA] &1 dthe A AU 152 AR AARE Ex
(utility—provided procedure)E A& ME Fk UL AAHoR H|Ash £~ QIdtt 152 AXE
whesl2 Aelgln AFo] 1 A4S off ARE Aoz WUHYY LAAES 1 A4S e
ghgol 1 Ao tet g vge Wt Qe eAdt thg & shte Aol gt



L&A )7t BAHE MASAL 248oF e o2 Roldett AaE 94s] 14
2. olg7) 2@ gl Awetw AAE S WA

A owA) gL, % E4tE% Bwe A2 gl e, Bt gud 43w 9 gow
HAstA ore AWE 2AT &tk 25 §FA §heol e, Lo Axge] @d et A
AREO] elgsha] R@ 270& olsistd] gn FHE AT o] faf uhBL Folek. wep 1E
o] AAE 2ASAG WA T WAS HUG 49, 150 @A 4P ALY e 12 AW
AARE SIS u AT 5 Gl Aol et AT A4e] glohe, ol 18] AbwLh Aol A
% % ek 28 252 A deviation)T} 1 ] el AdAck B Holct

A7 BAE w2l go] WEA S BASHE RS ohth thAl e 1AL AR oA
Agsjof shed WU 4 g SUY AFSRRE ek el tig ABA A2 WAeA
B, A SIS FAoIt A giute] WSS W AYENA BAE BEn AL YL
Hofstms AASHs xAo] ofs) obd Mol MFRLGT Fgdch Wiz, el hek Az
A2We AW A9 BYEF) Aol Aols BUBYSL olsiste] o met A% L FAL o
dlolEske 244 gk o] HMEHCkT gt AW Baht o] Sl Abm E: A}
Aol WS olFeli £GAVF Bt FHS FAA @ o4 melst d 2HL Wirolok ¢
oh Bes AW AL w2 ge] uEe] L9Avt 2Rty 248 deA U9 589 AR
2 92 4 vt

QuHoR AN AAWeIH LAY e Waksta gk Algro] Axde A3 Aojshs Rrks
A Aol Y el AAR FEHE ABHE AE FA LZEGol AxL ©lS
=5 stel AgSol olafsior st Jee PN AR 2ANAE AFOR Stold ohHst
A ke BB fUSH BTk B ALRE tzE 949 A F4 2L A4 29 44 4% glo]
AARY, 1 A%, 294 0R7 B A2Ee A o A% 057} ok 297 2R

o3t AbTE BYS HIEA7IT 9

o1% o fF= §I9lo] ojrje} F+¢o/r). American Airlines Cali AFale] dfRt Apal HIlAfoAf Q8%
vl 7k 7FeRt 99 F stutE usiEA Hge] Fa gAllA FMS Hx FH(FMS-assisted
navigation) g2l EFo] Ui FAel HEFk APFge] gFgoz e 7Y
oF7 . O seAYy REdh AP Q9% £AXEo]9] oF

% N

¥ 2 ZR A" AZEQO|EMS E: v #E] AAE)E A
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~—
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A Ale] B AL BZEE A 0F7h QA solof she ALY Fgoleks HA
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Ho| FHIA Hrd
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=& AHEAL
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Sot7l2 A9

A7| =0l oS 7127] mieol olSEA| Ll
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1. &3717F R|&A 02 Z(precipitation)d]] k&%= &<t AYuk ATC 591 Al 7Ho] @
P

AEE A4 A]A(ground delay)
2. 29 9X|(leading edge)’l A9 woluf 302 QALUS o] B-737 57| 1o
oz A4 &4

Apme] ele] Bt o] Aol mtErhy &) that A oftle] RolstAsly AnHow of
W ADAGS WE AR 2AelA F7t ARl Qb
Salo] o] g =9

SRQ AAS FolPAl o) THET FAlo] WE ATARY 2HL Fo7 1 A
Fole 7Y £ ¥ BAF EFHALA G2 oW 99 axet ARAGES AT A
A ADT 2R Suisks Aol dis AFUS S UAT ofrhE FAY RE Aoln VIAGE
SRUT B e Aolth B4 A 150 AFol Axel e dloz AEE] uRo]
g 9o oprh

7 2 (C.0. Miller)2] “Down with ‘Probable Cause’!”0fA QI&, International Society of Air Safety
Investigators Seminar, Canberra, Australia, November 1991.
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W] gtk A1 WS g mere] YelAck 9ol WEALY 1 9 713 2o Aug
o E WA ol BOE gl sge] 2ol PeAe] tiEt gt Saelth 1 2L o 71%el
Fot WA A AY] BEe] BREA I § 4% 2L o HAHHA BEo] WA

A=Al s 8 @ol g5k .

Aol HaAelA olZie] AAlz ZAF Herl? AAR AT ZE2 WiFEe] At HilAof
da] oy oty WYd AMEZYABirmingham  Shuttlesworth) =A|ZdolA A F57]
CFIT(Controlled Flight into Terrain, ZFA A ] A FFE) Atal8e] ARo] AFAHQl oo}, 0]
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1 8
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8 0|2 Hyt ME ot 2|S|(NTSB, National Transportation Safety Board), OFZt ZQ ZH| 2t& 1}H0||AQ|
i 1354, YUY, L2Hi0r 88 14, 20134, Al E11M NTSB/AAR-14/02, 2014,
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« 3% F-157F olzt= H|d) w2 39 AgolA ml= U933 d2FEH okt FAHor S
(Friendly Fire Shootdown). pp.130-167
+ 19994 Alo|= FfpH|E(Cape Canavera)ollA AR Blolgh IV FAEZE 23 pp.469-493
« MUt YAE(Walkerton) 5352 o+ 2. pp.497-515
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Applying Systems Thinking to Analyze and Learn from Events by Nancy Leveson, Safety
Science, Vol. 49, No. 1, January 2010, pp. 55-64
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a3 C.2: Q57F Ak 9HAGHA] b= A7 (Don Norman, The Design of
Everything Things, Basic Booksof|A] €18, 2013).
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A FAY A HE SRR e B Be S YAE AT Aol Alw o]FoixA] &
T+ 5 &5 Aelet BHste] ZA7F dle 4 vhe AS Fslofr k. 55 Alole A=Al
+ At BF wAYSZ oEsta it o EN B3Rt AAE JHAlE B, 5 Aol
o5 A A9t T Ao oEshy] wiZe] Hok A= & ok 1y %5 Alole A
Smebe Zmelde ®oh Algdo] Aol glom BFU AAUlN FHSE Aol B4 A5
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HEE | mz4
gnez =]
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HEZ
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C BH
oM mE

\ 4

#HE ZHA

AEEY= Z2NAE HEESH] 9Jdl sty oo ZH(goal)s WIEA| 7HAofstH HEECL
T2A 29 F&e AofARE fA|sok(maintaining constraints) 2TF. ERF AEEZ o= JAEEC
D2AAY F&o] P F7] Igt HHo] Qlojof dth. &, MEEL IZEANAS FAL IEEC
T2 A2 AH = /\155&10 BHIE Ttk o] S TI"olA HEE AHdoR BIISITh Ao
Bolx AEE WAL AFE9JoE (actuatorslll OJel FRHH. HEZe= oW AEE o] atr] &

30
7] 9l AlaHel o H FEE AAT & qlofof gt 38t gojolA AAH A FEE= 4/ sensors)
7} AlZsts o|AL HE(feedback)Etn F-Ec) ulxjato @ - Ho] 2 HEox Agw upe}
o] AEEH = FEELE ZZAA AEje] thet Xd(model of the state of the controlled
process)©] Z3tE|ojoF gt

oA 5ol et 2282 255 4 W9 fAck: 588 M 4 ok guEde AEE
oA HEEE mzAA0] AX) A8 ARE Algote=t o] Ffole WY 255 AlFdit. seme
AEEY9] m2AA REdS YUo|E ol o ARgEh 8 AEQR 72)u AAA] 2= #HEol
gt 712430 Prel T2 o2 JHEL ofd Z2AlA P dRrt F 4 9l FAEEY«: oH
AEE A4S AFLAE dAoke o] Z2AA BdS ARSIt A& 59 0 2571 87 Hel W
o §A1E 4 JaE W 2aE HASH| JIRMFEEE Z2AA) 4% B ¥ES A3
AEE Zno|= g tM(feedback) AEET T =X E (feedforward) AEEC|gM= T 714 dHhE <l
9 Rert ot g8 AEE(feedback control)e § e A Awgh Aotk 4% uwf 4A}
v SEAEESE 91 A £EE Hole 522 {A67] o Belo]a2E vaA Ay
fdlolgE 22§ AAert
W EZZE HEE(feedforward contro)®] A= A7 Ao HIst= A9E & & UTh &
AZZE 2ke] K27t el wizkx] AAdggelgE e AS 7ItE Sk AR 3" A=
Adgs o o 4T S0 §AET] SoiMe 7ol BagE didstl ArF AAlR =2A]7]
BAA0 @R A

Aol FHEEE £Y 7Ps40] . olsh Yol MEESE AERA AESE = L
Bl A9, Ao &m)sh mle(FARIA B2 B Agote] A= B ojRE st
=4 Hed golx AEE Q4L AT,

% HEu NeEnos AEES FA0 ALY of A4, L4 HERYE AEEL
Apgste] MEME W] o] eldlolE|S Hotol PR dEE S QAT MELSIE Ato] ¢
Mol ke Aol AAIA QAT &7} SAHES NEug gt HEXYE AEES A4
& 242 5 At
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ALH Z1E FIA7IA Zotal A AH L] A F2to] gk AlofAY, =, o|BA 52 E G4
ZRIA| o thRt AoFALRE FHAIZIA] Eokieh. TRF X ZEA|A0 HEZXoz Sl mzAETL
A A= ojito]l ZE QT
Al2"] IR Yolge Atkel FAo]x|Rt o] A=FS olsfisty] flaiA= F 7HA] idwt Basieh A
A= A2E" A2 Yol dAe} T2 Figoelth o]afgt ©AY] 7MY 724 BRde 1Y E3
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o] Belg V-Rdojgt He=tH 7 A= tE BAer AT £k v t=zs 24 @AV A4
B O87e AeE doh(Aoe] ofgiRer J|e&W “Fxa” Hdolgty BE). Jeiv 22 U
Alefetal= 2pol7k glet. 7] ofolrol=, AlZAHEl ZWH(system concepts)a Aol 7St AlAE ] 7]
et AFARYS Aoshs Fxotd ZrAAS AMRITH 4] AvE =5 4 qtke Aol
usol Z2AAE HEolske A% BAISH] flsl A 271 @A o= B/ (feasibility) Bt
S 5P S oty dHtgo R g TAE Q-5 5Hrequirement engineering)©]™, TojH V|2 Hix
o AlfARe] ZlRkste] AR gAREE N AlLE opbF[ElA ZiEH(system  architecture
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V-Rdo] o=x BB wZ=yl A F(assurance and manufacturing)’} ©]Fo]2| = ZjEte] Sub ohA|
E HoEoh Id E30lAet o]l TF AAHY 9] 2THT(]E FEF7] Et?-_!o]‘j)r-l— 6c.).
V-RHE A0 Q5% R, AAHI FTHHEH o2 HEUEZ Fd(ntegrated) =0 HAE
3 H7Htesting and evaluation) BAE AXh 1 F A=Y AR8HH(manufactured and used).

o) ahe ERe Fol7] Y4 olAon wad Helow A4 ZeAs PEUE J%
T 9k shtel A4 meAsTt ohet R4 olel BAS AXWA S dHE et a
2700] 93] WAEA oReth ol MA ZzAlsolN £A] Ao olswt Fotre] w}
QTR AT FeAY WAS] wEelth. A whgeld HZe AR Qs =
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AP 2ARRIE BA7EEC] olEdt BE AES olafaof ohe ol FAUN At
FASE ALE fdske AAGS] A2 A Fol St B737 MAX 24 d<es] 2%
(@A zE Hdsty AT Abglolth, AFLL A= &4S iRt A Aol
2810 2 Ao of Agto] AFEA YPEAE werd "ast Ark. 97} HED
A 2gle] Bgdol Frketell weh ixyoigat i dgoA Afale] 1S FASh= Ao]

S~

o H1
o ¥ o o pk

o Faad Holx A7 Aol Ane] Fag adle] H gk AL} WA ol9E BAsHA she}
stelw A Aol oltld =YY AAWE 2Gats] Aol APEA] e ol §F ofop Gk A
25l g9 Aol 4A A% o A me A2 HAF] GEHES ol

=
£ FAhe A2 g B AEHA A4l

A" o]2 vs BFT o]2(Systems Theory vs. Complexity Theory)

STAMP= B o]&o] ofd AAH] o]g& 7|fto = girh W2 AfgrEo] A|AH o]&29
SAgE @ ~AE ot AEetAe] #l=2wh ] (Ludwig von Bertalanffy)= Y¥FH1l A|AF] o] 29 7‘”\]1}
Z stgog ®3h L HE QY (Norbert Weiner)= 4=8F @ Fglo|A Qo] <u|& ")r
2 Afo[HILE A (cybernetics)Pt= ZQIH o] -&ol& AlZto]l Aol wheh ARebEal
eEY dutAo® AREEI QITh

o] Y= TL thE 7oA B 4 9l AAH o]2e 29l Zo|= FHQl A AHO|E Tl B
e A2 FAL oldfet Bl AT 5 9l W] UHolth HAFH AEil(systems thinking)
o Aad 0|29 P2e H8T ) AFESo] BAlg shex] AW 8] AF AgEE gojolth of
AHEL B P8 1G] 7hekstA] 71&wo] ok,

EZE o]Z(complexity theory) 1960ET] AAR o] I ohZ2 JfdoA] st on Uubyo
2 ArerE] AFA(Santa Fe Institute)@ 1 3ToflA Lot AFUS3 HREo] ot A|AH o|23f B
e o2 Aolol B 717 FFHo| k. BT W (emergency) T 2 £012 Algoln AAEL
AXJER YA Bajshr it A4 055t Bge AAd] Sabo] 28e warhs
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AEYEL W4, A% 12, AFUANY, AES|Y oA BHE
24 o2 B o2 BE wSuu NEESls AES, HAsbsA, wHEA
_tr:« A

4
|25e] FAL olsfet AHOE FAFY E

=
AAE g3 glom WAL AEE T 4 Utk

T o2 593 Aojdog AAH o2 nE AAH0] HAZ FZH(emergent behavior)S Holx
ZAoR ZhFols ¥, EYE o|E2 AIAHE 4712 /¥, =, ©<ettGimple), S@AQ
Zt fE2 44 o2 A

(complicated), E&3Hcomplex), EHFA 22 (chaotic) 02 Uiwth= Zo|ot,
e
=2

9w 4AE Axge] A A Ao Bl
BHE oL, AAT 4t QAW di BASAS o) ABSL stdlof s FAS thEck
ZHolz B AzelA] glo] AL oL olsist] AT Agsty] 4tk BAE o2 mAYYaL
85 olslal 7t ol AT cfmjmastel obd A W ke Aad WE S4v pelE Aol
2ol tha Fest e 4 gtk oldd olfE AAg o|Ze] STAMPE] 7|uto.

E]l.
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