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NASA STI Program...in Profile
!

Since its founding, NASA has been dedicated
to the advancement of aeronautics and space
science. The NASA scientific and technical
information (STI) program plays a key part in
helping NASA maintain this important role.

The NASA STI program operates under the
auspices of the Agency Chief Information
Officer. It collects, organizes, provides for
archiving, and disseminates NASA’s STI. The
NASA STI program provides access to the
NTRS Registered and its public interface, the
NASA Technical Reports Server, thus
providing one of the largest collections of
aeronautical and space science STI in the
world. Results are published in both non-
NASA channels and by NASA in the NASA
STI Report Series, which includes the
following report types:

* TECHNICAL PUBLICATION. Reports
of completed research or a major
significant phase of research that present
the results of NASA programs and
include extensive data or theoretical
analysis. Includes compilations of
significant scientific and technical data
and information deemed to be of
continuing reference value. NASA
counterpart of peer-reviewed formal
professional papers but has less stringent
limitations on manuscript length and
extent of graphic presentations.

* TECHNICAL MEMORANDUM.
Scientific and technical findings that are
preliminary or of specialized interest, e.g.,
quick release reports, working papers, and
bibliographies that contain minimal
annotation. Does not contain extensive
analysis.

* CONTRACTOR REPORT. Scientific and
technical findings by NASA-sponsored

contractors and grantees.
|

* CONFERENCE PUBLICATION.
Collected papers from scientific and
technical conferences, symposia,
seminars, or other meetings sponsored
or co-sponsored by NASA.

» SPECIAL PUBLICATION. Scientific,
technical, or historical information
from NASA programs, projects, and
missions, often concerned with subjects
having substantial public interest.

* TECHNICAL TRANSLATION.
English-language translations of
foreign scientific and technical material
pertinent to NASA’s mission.

Specialized services also include creating
custom thesauri, building customized
databases, and organizing and publishing
research results.

For more information about the NASA STI
program, see the following:

* Access the NASA STI program home
page at http://www.sti.nasa.gov

 E-mail your question via to
help@sti.nasa.gov

* Phone the NASA STI Help Desk at
(757) 864-9658

* Write to:
NASA STI Information Desk
Mail Stop 148

NASA Langley Research Center
Hampton, VA 23681-2199
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NASA STI Program
STI Support Services
Mail Stop 148
NASA Langley Research Center
Hampton, VA 23681-2199

This report is also available in electronic form at http://www.sti.nasa.gov
or http://ntrs.nasa.gov/
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2. The Role of Alerting in a Safety-Critical System
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3. A Surprising Finding about Alerting
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4. Alerting System Basics for Commercial Transport Aircraft
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bA(6(CIUTES" " 1@#/21PVC!#/6!5 . +@46L1#$5%! , 4%6891%4<2/4G*26%(! B!+ . <2+ . %6/S!H#4/ Qt#SO<(1H#86/24% ;1> . /!
H#4/ 06#6!<9<26+ >HI*/6<1#/61 +#SH# ; 6%!8#/ ; 669123/ . * ; 31#I56S2/#A#66/24$ ; 1<9<26+106(; (('B . 643 ; 16% ; 456!
1945424 . S1H#S%!5/6 , 1#66/24F ;1<9<26+!InN_EO7n! . /104/G*<164652/ . $45156B2/#44Y 6% #4/5/4#>2+ . $42 . /!
MNEO ) nc(IH36<6!#46/2<!4/6!@/4 . /424Y6%IGO!*/ ; 655914 $%!54$! G645 34GA26%!0> . /1< . +6!#66/2<14$!56/244$!
>4 ; 32 @3H<6<c(!_$1H%%424 . $12 . 15652/H#4Y 6% H#4/5/#>21<9<26+ 1#46/24% ; (! . 236/1666+652<! . >1#6/24$ ; 15#$!G6!
>.*$%!_$1236'R8DC! ; i#/6<3464%] + . %6!5 . $2/ . ! @#S6401236!364#%0*@1%4<@e#9!h L \Dc(!236!5 . $2/ . 415 . 4>+ (!

. 76/364#%!@4SOACIHS%! . 236/1Q#/2<! .>1236!>_/ , #/%!@4$64(!
!

TIO$USNWISH . /14 . 24$ ;1669 . $%1236!$ . /+H#iI/#S ; 614$%14S2 . 1#1/6%!Y - $614<I$ _ 215 . $<U%6/6%HSI#16/214$1234<154#<6!
<4$56!234#2!/6%!Y . $6!5#$!G6!@/6<6$2! , 36$!1236!5*//6$2! 24#4*614<!4$1236!$ . /+#Kl/#$; 6(!!
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IUIE8""IPV(ITPP!#$%!O%?4< . /9 EL/5*i#/\hOEC!PV(ITPPOL!@/ . 24%6!/6 ; *4#2 . /91/67*4/6+6F2<#$%!
; FARHSE6!> /LS HUH#6/US ; (104 @8HS61#86/2<14#/6! . [ ; #SAY6%US2 . |, #/B4S; (154> . SCHSN!I#N?4< /9!
5#26; . /46<105#446%! - 6268 ICIPI#SNI TIUSIHSO4/G*<I4#4/@e#$6¢1#55 . /%S ;12 1 TUIES™ " IPV(I TPP(!H36!
006245424 . $<!> _ /1236<6!#/6!!
"I=#/$I$ ; NE . $90424 . $<123#21/67*< U/ 614+ 4644261584 ; 325/6 , 1# , #/6$6<<#S%!4++ 604426
>4 ;325/6 , 1/6<@ . $<6(!
"IE#*U SAE . $%42 . $<123H /67N *4/614++60%4#26!>04 ; 325/6 , 1 , #/656<<1#B%!I<*G<6/N*6S$2!
> ;325/6 , 1/6<@ . $<6(!
"10%?4<. /ONE . $%d24 . $<123HU/67N*4/6!>04 ; 305/6 , I , #/6$6<<I#S%!+#9!/67*14/61<*G<6"N*6F!

>4 ;325/6 , 1/6<@ . $<6(!
|

055./%4$; 12 1IUIES™ " IPV(I TPPCI=#/$4$ ; 0 SUI E4#*24 . $0R6 768! #86/24$ ; | +*<215 . $2HSI#146#<212 , !

<B$<. /91+  YHIUO<! _>1HH6/US ; (120 @45H I U<+ HEHSUIHS > [HUH6/2(1) . <A+ %6/ S/ @E#SO<I3#?6!4!

D HWGNEH*U . $]) #<26/'=#/$4$ ; 1<9<26+ 1234210/ 6<0B2< #1 2U<+#E1H#16/214$1236156 $2/#41>468%! . >1246 , 1#$%!
<HUBPUH* [HE<(|=#/$4$ ; 0062681 24<*HEH6/2<I#/61 /6UCI#SY! E4* 24 . $0E6 268! P4<* #4166/ 2<1#/61#+G6/]19664 - , (!

H36!>*§4126L2! . >TTUIES ™ IPV(I TPPIKI5 . $244$6%! O0@6$%4L!O(!!
!

B6&. , H#/6!<_ +6!6L#+@E6<! 1 =H#/$4$ ; <IHSNIEH*2U . $<I> . /IRAINPVIH#/5 /4500

KI=#/$4$ ; 066 768! 3#YH#/%<! . >14$26/6<2!
0!0*2. @4 2!D4<5 . $$652!
O!N$;4$6!8#44! . /IN$ ; 4$6!K*2!
0!=4$%<36#/!
o!X/ . *$%!IR/ . L4+429!
OV 78] 72452 1<3# - 6/10#QQ/ . #5312 . 1<2#éc!
O!HEO7!""6<.4*2%.$!0%?4< . /9IbHEO7"* Oc!
0!'K?6/<@66%!
O!E#GA$! O8242*%6!
O!H#:60_>IE _$>4;*/#4. $!

KIE#*24 . $066768I 34 Y#/%<! . >14$26/6<2!
0!0*2.23/.2246'D4<5 . $$652!
ol-. , 104/<@66%!
0\$/684#Gi6!04/<@66%!

0!B#$:10%;46!
!
[

5. Method

O<IH6%HG . 2601#1<2*%91@6/> . [+6%!GO! Y *+# , IhPQI [c!/6746 , 6%!#!G/ . #%!<#+@E6! . >I<#>6291676$2<!2..!
%626/+4$6!3. , |, 6LI#E6/2U$ ; 1>*$52 . $6%(! = 6!@*86% H#!<*G<62! . >1234<I<#+@86C!5 . $<d<u$ ;! >IPJIIO700
290614$54%652< 1 #SN!#554%6$2<) I<@654>45#549C16 276 $2<123#214$? 42618 . <<! . >16$6/ ; 91<2#26# , #/6$6<<! _/1E . <<!
D046 , #/636<<Ih<@HUHIN< . /463224 . $c(IH36!> .86 , 4% ; 1<6524 . $1%6<5/4G6<1236!<666524 . $! . >1626$<!
> 11236184/ ; 6/1<2*%91#$%!3 . , 1236!<*G<62! , #<!<646526%!> . /1236!5*//6$2!<2*%9(!!

!

5.1 Event Set

0!/6246 , !, #<I5.$%*526%! . >15 . ++6/541# 244 - SI#E5MN6S2< 1 #SWI#1>6 , 1+#S_ /14$54%6$2<(!0554%6$2<!
, 6/61%6>4$6%!#<1676$2<! , 423! $0G . #/%I>H2#AUG (1 =3M61234< < I#ISH/ [ ., 6/023H#S0*<*#EIUE>4B42 . $! > HS!



HEEINBSICI! | I Q/HSUSHIHA0/ . #531GE5H*<BI | #<I/BHUPBIOI6H<O12 . 1IN6SUSQI626$I<! | A3 I>HIHIUUBH(!
506821 , 6/61626$2<! , 1231$ . ISHIHUUBIGHD! , 314H<; SIISHS* <62

|

SAUHAOUIHINC! SR G56SUHEBINGSIUSIA/ ; 6LI5 . ++6/5H41HE<E - /2<V15/ . +IPQOP123/ . % 31PQIV! , #<!
5. +@U6%(1O55M%6$2<! , 6/61%/4 , $I>/ . 412361626 S UHHCHBIH 3] #2424 . $0<H>629(SO2HSIUS5E*46M%!
@#<<6$; 6/18SII5H/ ; 1. B6/42 . $<(|O%N6%!2. 1231<I<62! , 6/61626$2<1234#2 34%IGE6SIHSHIOY6U!> . /1236 EQTH!
070165 /14123/66H55006$<12342! . 55*//6%1G62 , 66%! 1 aad HSHIPQQPHSHI UL USEIH6$IM>/ . +1236128/ ; 62!
@6/4.b<66184; */6! 1c(10BABSHALIBICS . , <12361*4I<B2! . SIPTQHS5M66$I< I AL IUS5H66$I<1USI23614$4444!
<62(IH36<61626$2<1/6@/6<6$2131.JQ! . $0G . #/%!>#2#44246<(!

|

_$10006$%4L!B(1236!PTWI676$2<!#/6184<26%! G9123616 76 $21%#261#$%!6#5314<! +#/ - 6%!4$! . $6! . >123/66! , #9<A!
(1", <1, 42315 /691815 . i*+$<IVoa! , 6/6!/6+ . 26%!>/ . +12361#$#£9<4<1<62!>_ /1 . $6! . >1236!
> 8., 4$;1/6#< . $<A!
KIH36!4#4/5/#>2! , 6/6!$ . 2! =6<26/$0G*42!#$%!2364/1#46/24$ ; 1<9<26+<1#$%!236!1#554%6$2< #/6!
46<<0 , 664!% . 5*+6$526%(!
kIH36!1676$2! , #<!15*%; 6%!2. 1G6!84 - 6491236!/6<*82! . >1#$4S26S24 . $HLH52I06/( ; (C126// - /1< +{1<*454%6¢(!
kIH36/6! , #<!$. 1>4$#61/6@ . /2! . $1236!#554%652(!
kIH36/6! , #<!$. 1>4$#41/6@ . /24$INS ; 64<3(!

P(1"". , <I5.6./6%!;/66$!./I<#i+ . $1#/612361V[1676$2<!123#2! , 6/6!<646526%!> . /1#$#69<4<j!236!
<Hh+.$05.4./6%!/ . , <!#/612361<*G<62! . >IPJI6?76$2<!1<646526%!> . /1236!(/6<6$2!#SHEI<4< i< . (!
236'K@6/#2. /1884 ; 3214<!1G . 4%6%!> . /1236<616 26 $2<14BI5#<619 . * /616 . . - 4$; HA#IGEHS - 1#S%!

, 3426126/<4 . $c(!

T <1, 4231$.15.4. /", 6/6!%5.21<666526%!> . /1#SHEO<U IH<1%6<5/4G6%!4$1236!> L8k , 45 ; \0#/# ; [#B3<c(!
|
O<I84;*/6! 1 Ugk*<2/#26<01026/1/6+ . 245 ;12361 ; /496%i 1626$2<14$1236! O QA6 S WL BIZHGIELI2 . 248! ST [! !
236!PTWIB26$2<!/6+H#1$6%(IH34<I<62 > 1 1 [Th<6i6524G8611626$2<! , #<12361<24/24$ ;10 . 421> _ /1<6465243 ;!
626$2<!> . /HSHEI<AL(! $54*96%!4$1236!<646526%!<62! , 6/6!236!1J1626$2<!>/ . +1236!EQ7H!070!6>>. /2!
, 34531 3#%!#4/64#%9!G66S!#SH#EAY6%(IH36$(1<64652 . $!@/6>6/6356! , #<!;426$12. 144/ ; 6/14$%!$6 , 6/!
#/ @HSO<C1HS%123 . <61676$2<! , 423134 ; 36/ 1>H24#64246<(!!
|

H3614/<)@#<<123/ . * ; 311361<6UBEHCIBI6P6$2<!> . 5*<6%! . $II36144/ ; 644/ QEES6<C! , 3U5315/64261236144/ ; 6<)
BLA. <*/61>. /1236154018 ; |@* GUI5(IH3614#/ ; 6<015 . ++6/5L1/H#S<A . /< B . 6% ; S O4/G*< 44/ QLHSE<HS!
2361+ . /61/656$2 ) 5D . $$640D . * ; i#<!#4/@L#$6<IDDEOA<C ) DOJQC ) DO I<cg+#%61*@IV I p! . >1236!
<BUB52HCE6!626$2<IDWQ] I 1 [CHSHIVQ! . >123 . <BIWQ! , 6/61<6U6526%!> . /HSHIOU<(IOSHINMA . SH/BH< . $1> /!
<HAQUS; 1>/ . +1236<6154662<14<123421236<61 4/ QRHSE<I#/61+ . /61841 64912 134761+ /615 . -+@L62614$31G6226/0
1526 ; /H261446/21$ ; 1<9<26+<(!

VIS . /12361G/ . #6106 . B! . SHSHEEINGSAIE6!0 ; 6<ITHSUII! >12361B . 615 ; IHSSHHUHUUSHIH ++#/9) >
#55066$2<!0320H]] , , , (<2 9G/#/9(#6/.1G . . <36%]G.. . <] TIN1(@%>c(!

VI ;6015 . ++6/SHILHS<E . /2<USEUE%I2361> 6. , 45 ; A& " (TQQUITQQOWQQLIT 1QUT 13]1a]PQIP I TTQUTUQ;!
#)*+)+, IPUPUIPV]PWIPJUTPC IUQ] 1UJj 14— - WUPCLPji#, " "0 [QLI0IVEIO QQjL /#0101 1jL/#1 1UWjL/ +15) 2!
[QLC LI [C[PLCLT [O1QQIPQQL [T [0TQQIUQQIVQQL! [T [OWQQ] [QQ]IQQIaQQL! [UL01QQ]IPQQC [ULOUQQU [V L (WL LLL!
/+3&A%5S1HE"*01QQCI0PQQUIO[QQLI0aQQI0 1QQQj! 6174, $884) 5D L EJjI6-+4) S1HIPPIJ1O 3&%41%! 1PQL I [Q] I [VL!
laQ]laVj! = +; ; L%IP [CIPICVQU [QC I QQji<e=" (>$) WP [WCLIWj1 2+8 ; >115!-01Q1 1L AGE6+* 284(1) DOI 161 DOJPL!
DEOTC!DEOJC!) DOJT]DENA(DENIQjIC44&! TUQO]BjICD14%S) 21) IPPWIPP[!- * E+81, I TUCHIVUIIPQUjIF4 ; +, 81, !
UQJuP(!

| S5UBSI<IH/BIHI5AY 6%14$12361 4G B! 3HPBIQIH2UUEK(

[ 91, #<I$ . 0/H5254H012. HSHOY6 4 1 1 [1626$2<(!



H361/6-+#1$4% ; 1626$0<I<6I6526%!> . /HSHOUI6-+AIHAYBI626$2<! , 123134 ; 36/IHUAIUBIHSHI6P6$<!

137 024816 , 6/1#4/QUHSE<C! , 34531 . >6/1+ _ /6I4BI6 7 /HI6%H16/2S ; 1<536+6<(IH3BI>I$HI<616526%!<621> . /!
23614/ ; 6/1<I*hQUSSE+U6<IV [1626$2<(1K 26/#4412361<621<BI6516%!> . /H$#O<U</6@/6<6$X<I [ 1 P! . >1236!
SHIHANBUSI2361<62! . >1<B6524GE61626$2<!ITIUA]VUQQCLIHSHIU [ ! . 123614244246 <!$12361>*441<62! . >IPTW!
626$2<IbTJUa]J 13Qc(!

|

I"#
0*+,_./*

$$%

" e . JJ0*+1 /- I* &%
VS A Yo 0&2&,'%+ /" 5434/ 56+,7898
)*%+,,-.&/'0 0@7?0& '%5>7 P
1%-/,-.&/'0 "#$  "H%HE' +/+2C0-0 '
H H I"#$9%0"#"%H&'
220+ ,,-.8/'0%34%5++2-'-8 Yot - & H
*66* 76)8( 1%+,,-.&/0 1%+, -.&/'0

*)9%+, -.&/'0

0&2&,'%"#"
&A&/'0
7=>] B&O'&<IT?@-2'%+-<;23/&
7$8<<><-0'%&A&/'0%B2-:&2CD
TH@-,-.&%&A&/'0%B2-:&2CD
7=>%5-/428&;><'
7=>%5-/+2%<&;><'%-/%E/F2-0G

;
5.5-./*
I"#$%"# "% H#&'
H
)6%+,,-.&/'0

7+20-(SKESY (>(6)+E488=5""66+1 (#)"$ #1564 1 (#)"$:6-8) 7 ($60-- ()" #"™> . "+°(3
!

!
BASHULI/ . +1234<1<62! SIV1626$2<(! , 614%6$24>46%!23 . <61676$2<!4$! , 34531236/6! , #<!#$16$6/ ; 90<2#26!
+HS$H# ; 6+6B4<<*6! L /1L << SHRA*N6 , #/636<< g 23#214<!07002906!676$2<(1H34<!14<1236!<*G<62! . >IPJ!

62652<!1#$H#IY6%!36/6(°!
!

5.2 Analysis Procedure
5.2.1 Data Gathered

N#53!.>1236!<666526%!676$2!/6@ . /2<! , #<!/6746 , 6%!2. \5#@2*/61236!> _4k. , 43 ;US> /+#U . SA!
kI6?6$21%+26!
kI#4/84$6] . @6/#2 . /'#S%!>84 ; 321$*+G6/!h , 36$!236!/6@ . /2! ;#7?6! . $6¢!
kld. 5#24_$!.>1676$2!
KHS5M06$215426 5 . /9106(; (015 . $2/ . 61544 ; 3212 126/ /#$INES_Hnc!
K/ @EHSB1 +HS>H52%/6/1H$%12906106(; (1B . 643 ; ' [T [0J0Qc!
kI@3#<6!.>1>44; 32!, 365!626%2! . 55*//6%!
klg.. 5#4124+6! , 36$!676%$2! . 55*//6%!
kI, 6#236/]?4<4G44429104$<2/*+621+626 . / . & ;454815 . $%424 . $<In Y Enl . /124<*#41+626 ./ . 4. ; 45#4!
5. $%424. $<In~ ) Enc!
k!. $0G . #/%!>#2444246<!
KIEH#@2IST<I2 . 2481504 ; 3213 . */<1#$%!24+6! . $12906!

N7 @#SH#Y/IVQPPI4SY!\H!O4/! 1PQI6S%6%!>/ . +IHI<2HRIG*2! , 6/61$ . 214$54*%6% (1 7@#SH/12. . 21>, 423 .*2G64S; !
5.8>4;*/6%!> . /124260 . >>HSN! , #<I$ 25 _$2/ . 8§#CE6015/#<34$; 1<3 . /2891#>26/12# 160 . >>(I\H!O4/! , #<I<*G56526%!2. !
<4; SDASHSNASIS ; 1@/4 12124260 . >XHSU! , #<I#< 1. 215 . $U . GHGROCI5/4#<34$ ; 1<3 . [2691#>06/124 2 60 . >>(!!
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KIBU/<QK>>456/f<Ih8K 12 2#4I>44 ; 3213 . */<1#$N124+6! . $12906!
ki, 3.1, #<12361@4.21>494$ ; IbR8C! , 36$1236!626%$2! . 55*//6UIE#@2S! . /18Kc!
K!, #2144/ QHS60/66426%! 34 YH#/Y<! . 55*//6%1%*/4$ ; 1236504 ; 322)1236<614$56*U6%A!
0!30)8<8)81+" (#2"'2((101534$; 61>/ . +16$ 5 #; 6%!2 . 19%4<6%$ ; #; 6%CIG*2! , 6! $49!5 . *$26%!236!
5#<B<4$! , 3453123615043 325/6 , |, #<I*S# , #/6) . >12361#*2 . Q4. 2194<6% ; #; 6-+6$52<4$56142!4<!
.>26$12361/6<*82! . >1236!1@4.. 2194<6$ 5 # ;4% ; 142(!!
0!30)&)7-&))>($1+" (#2" 2((10!53#S$; 61>/ . +16$ 5 #; 6%12. 1%4<6$ 5 #; 6%! , 423 . *21@4. 214$0*(!
0!U-&0#18<-8:+4+). IhDHG//#$10 , #/6$6<<!#$%! =#/$4$ ;1 79<26+IMHO="7ncAl<d$ - 1/#260126/ /3!
@*64!*@c(!H361#4/@i4$6!4$HOO/ . @/426491546 , 1$6#/126//#1$(!
0IDA<(#11#2368>>+ " +8&H#IDHEO7c(IH36 144/ @8#$6! , #<! . $15.*/<612. 15 4d%6! , 4231#$ . 236/1#4/@i#$6(!
oIV #@8"#2>((123644/Q4#$6!/ . 466%! . /! , #</ .446%!G69 . $%! TV (!
0IW&BS"+-"<((1(104/<@66%!%/ . @A6%!GBE.. , 1$. /+#i! . @6/424$ ; 1<@66%<(!!
0!3<<-&"678)88") >R ) ">>(|O4/ @LH#PEIHS ; 46! . >142H5 - 14$5/64<6%12.. 1410 . 432! , 36/612361#4/@4#$6!
L H<I58. <612 1<OHHAS ;1 . /1<2446%(!
olT, (-"<((1('04/<@66%!6L.566%6%!$ . /+#i! . @6/4#24$ ; 1<@66%<(!
ol #- (" P> (8"+-" < ((1(104/<@66%!4S%45#24 . SIGOSH616// . $6 . *<1%*612 . R4S/ okt 42!
U6#<2! . $6! . >1236144/<@66%LSIASH] . /<IGE5H+BIUSPHUNIG*2! , #<1$ . AEHCOAEU!H<IUS 2464 (!
013+-<"#($6+#2(1 54$; 1. $1236144/@8#$6!<*>>I546$212 . 153#% ; 61236146/ . %9$#-+4510/ . @6/246<! . >!
236144/ @t#$6(!
0!I #-(+"P>(§")1) 01 ($#8-4"" H&H(I K $6! . >12361#2242*%614$%45#) . /<|GESH+B4S P#4%ING*2! , #<!
$. NGHGOLBYIH< 1A PH%C!
0!; "0 (PE==868#=+20-")+&#(IH361#4/@i#$6! , #<1$ .21/ . @6/89!5 . $>4;*/6%!> . /124 - 60 . >>146#MS ;12!
U$<*>>4546$2154>212 . 1491421236161 @6526%!2# = 60 . >>!<@66Y%(!
0!; " 0(P&==8<(~=8-4"#6((1H36/6! , #<US<*>>4546$2123/*<21> . /124260 ..>>1 , 4231236 # 2#U#GE6)!
/*$ , #9146$;23(!
OIW" #1H#286&#=+20-"}+&HRT+2 TP (#(-? .$"" <<-&"'6 7 (1H36#4/ QiHS6 14 SU6N!>H<L! . /1236!#@@/ . #53!
L H<IHG . 261236 ; MUB@H23! . /15H<NI+# 45 ; U5 *212 . 1+#$# ; 61236164#$94S ; (!
0!3".44()-+69)7-0")(IH3/*<2! . $123616$ ; 4$6<! , #<!$. 21+#2536%! . $!23612 , . 16$;4$6<(!
ol/>"'<s"" . A4 ()-. (184010 . <4 . $! , #<!$ . 2+#2536%! . $123612, .1, 4$;<(!
0lO#1"7("-(101534$; 6!4$! , I$%I<@66%NOYLI< . +BISHBIY% . , $ , #1445/ . G*/<) >l gy 234!
5/6#26<!<*U%6$!<34>2<14$!#4/<@66%(!!
0!8""F#5"")+)01 (1h@/6<<*/6C(IR/6<<*/6! , #<1$ . 21-+HHSISENIABI236 44/ QS 6 1< 1421504+ GBUCIHSY!
23614/ @65 . *WP . A<*<oHPI3*+#$1446(!
OIO# (S PR+ (880)(1— . << >I#$16$ ; 4$614$ 1504 ; 32(!
KI', 36236/1#$913#Y#/%123#2! . 55*//6%! 3H%HSI#46/21246%!2 . 142!
KI#41236 44/ QH$61H#46/2<123H2! . 55*//6UCISB! . /%6/C1%*/4$ ;12361584 ; 321024 - 61>/ . +12361584 ; 306 24!
/65 .. /%6/n8D" "nl#$%!5 . 5= @42!? .456!/65 . /%6/IE ™ **nc!
KI, 3#21#524 . $h<cl236!R8I<3. *i%!3#26124 - 6$14$!/6<@ . $<6!2. 12361 34 Y#/%!
KI, 3#21#524 . $b<cl236!R8IHE*#i4912. . -
kI, 3#21#524 . $0<c!236!R ) b@4%. 21+ . $42. /4% 512 . o)
KI#1<3 . /21<9$ . @<U<! . >12361626$L14$54*%4S ; 1#15 . $26L.21> . /123614#46/24$ ;!
KI', 36236/14#46/4$ ;! , #<1+6$524 . $6%!4$1236!/6@ . /21#<#1>#5) . /14$1236#554%652!
|

5.2.2 Judgement Regarding Alerting Failure

8IM 26123#2! 3HY#[N<123#2! . 55*//6%!"'=) (<1236 14/ @64#$6! , #<USIHSI*$/65 . 26/6%!*@<62!5 . $%424 - $LI<*531H<! . 26/<@66%!
AV xS0/ LA+490 , 6/61%.215 . *$26%(!!



8. /16#5313#Y#/%14$16#531676$X! , 6!+H#%61#15%% ; +6$21GH<6%! . $1236!>4$%4$ ; <!>/ . +1236!4#554%6$2! . /!
1$50%6$2!/6@ . /A1#G . *2! , 36236/1#$%! , 36/61236!4$26 ; /#26%!4#56/24% ;02 0/65 . ?6/91<6"*6$56!G/ . 261%. , (!
H36!5%%; +6$2! , #<!#0@846%!2 . |6#5313#Y#/%!23#2! . 55*//6%('H36!> . &&.. , 4$; 1#/61236!(@ . <<4GE6! , #9<14$!

» JA531H#66/24% ;15 . *8%!IG/6# 2 1% , U1 . /; H#BAYBRIS2 . >H#IE*/615#26 ; . /46<1GI1236!<26@<! . >1236!4$26 ; /#26%!
#6/24$;02.0/65 . 26/91<6"*6$56'(!

(1 H361@44 . 2190061 . 18-+ (#)9) 88" 3+ A<&-) "#)36 7" #2 ((H3IUIG/ . - 63! . *214$2 . 15#<6<14$! , 34531236/6!
, H<I$ . 1H16/24$1236144/ QUAS6HSUISH<EIS! , 3U5312361416/2) . 55*//6WIG*D! , #<I$. 2104626526%!G91236!
048 o5 32576, (!
O(H36/6! , #<I$. 1#46/2!
kLS. H6/216LA<2<1USI236 44/ QUHSO!> . /11301 3HY#/%!
KL #$1446/216L4<26WIG*>H486%!12. 106/> . /4106 ; (1 +#1>*$524 . $c!
KI#46/21 .55%//6%12. . 1442612, 1/65 . 26/1>/ . +1236134Y#/%I< . 1234 | #<I6/*12446$212.15 .2
. 55*//4% ; In#<1%6626/ +1$6%IUSI236 #5506 $21/6@ . /2c!

B(IOI6/2! , #<!$ . 214626526%!G912361RB(IH36HH6/2 , #<I0/6<6$21> . /1+ . /61238$IVI<65 . $<!
DHS2* 1A+ 6<I/H$ ; 601>/ . +1[1<65 . $U<12 . 1<626/HUI-+IS*I6<CLIHSNI236/6! , #<!$ 1624966 $56!
D3HNI3BHA6/2 , H<IHBI6526%]!<@B5IASHUONIIBI0M . 212. . 1 1S . 145 . $<12342! | . <ihIGH!

HOG/ . 0/442612.1/6<@ . $12 . 123616/ LHSNI236158 ; 3215/6 ,, RIS . 210p4<5*<<123613HY /(!
KL#46/21%<61236124<* 1+ Uptiid29) . $4OID , 36$1421<3 . %441 3H26134%12 , 1+ . Iptd246<C!
kI @4 2<IH26$2 . S#1/6< . */56<1 , 6/61. 26/ , 361-+6%Ib6(; (I53HS6MY6UH6$U . el . /!
> 5*<BUIBI<E , 36/6010/626$24S; 1%62652 . $!
KI#6/21 , #<I+#< - 6% . /13406
KI#46/20% /82 . B , #<12. . 1<3 /2121 2456

P(IH36!@4. 2160915 . 21041 (- ") "#18) 7 ($#"")0- (88&5) 7 (867" #2 ((1H361@44.. 21 , #<1 , #/6113#24$1416/2!
.55*//6%IG*2%4%!$ . 21*$%6/<2#$%! , 3#2123614#86/2! , #<!5. $?7694$ ; 4G . *21236!3#Y#/%(!!

k! 236!4#86/2!+6<<#;6!1bN_EO7!./INEOQY) c!%%!$ . 21<@654>9!1236! 3# Y#/%!%4/65249C! . /142!
, H<IH4<06H94% ;|

k! 2361#46/2! , #<164#<40915 . $>*<6%! , 423#$ . 236/1#46/24$ ;15 . $%424 . $!

k! +*824086#86/245 ;15 . $%424 . $<! , 6/61246%!2 . 1#!<4$ ; 46!#46/2!

k! @46.2! , #<I$ . 21<*>>4546$20912/#4$6%!2 . 1*$%6/<24#$%!1236!#46/2!

k! @46 21<66+6%!2. 1G64676123#21236!@/ . GE6+! , #<I< . +6234% ; 164<6!hGH<6%! . $!<2#26+6$X!
#$%)./1G63#74. /¢!

T(H36!@4 . 21%4%!$ . 41 (#)4=. 8" <<-&<+") (§""6)+&#"9)&S) " A (H36! @4k 2! , #<!#t , #/6123#2#$I#46/2!
.55%//6%#$%!*$%6/<2 . . %1236!$#2*/6! . >123#2#6/1G*21@6/> . /+6%!#54 . $<! . 236/123#$1236!
#00/ . 0/4#2614#52 . $<(!

KI#00/ . @/44261#52 . $<! , 6/6!$ . 212/#4$6%!!

K! @4 2106/> . /+6%!4#524 . $<1%4>>6/6$21>/ . +123 . <BI2/#IS6%! . /1U$! . @6/#24 . SHA! ; *U#$56!

KI#0@/ . @/4#261#52 . $<I#/6!$ .21 , 6440<@654>46%!4$!@/ . 56%*/6<!!

K1 236/614<!$ . 16L@54214% - | . $123614$26/>#56!>/ . +12361#46/212 . 12361#0Q/ . 0/4#261#524 . $<!
b>. /15365 : fd<2<c!

1UH3610. <<UGE6! , #9<!4$! , 34531236!4#46/24$ ;0. 0/65 . 26/91<6/*6$56!>#446%!#/61<2426%!4$126/+<1 . >12361 @44 2f<!
@6/>./+#$56(H3U<HAA/ . #53! , #<!12# - 6$!G65#*<61236! @4 . 2{<IGE3# 4. /'5#SIGO!*<6%!#< 16 24%6$56! . >1#I>H4E*/6(18 . /!
BL#+@86C14>1236! @46 . 2f<!/6<@ . $<6!2. 12361 3#Y#/%! , #<I$ . 2#QQ/ . O/4H26'#55 . /%S ; 12 12/#4$4$ ; (1234<!, #<1*<6%!2 .|
ASASHIE 1 I>HUE* 161421234210 . 4$214$123614#46/24% 5 02 0/65 . 26/91<6"*6$56(! = 6!#/61#&)1<* ; ; 6<24$ ; 123#21236!5#*<6! . >1236!
SHE*/614<12361@4 . 1#<! , 4681G6!546#/1G6E.. , (!
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U(H36!104 . 21%0081$ . 2141 (#)1=.8) 7 (5<-+8+) . $-8-8) 7 (5"'6)18:#" (IH3610M8. 2!, <l , #/612380#$1#16/2)
55/ [BUCI*SU6/<2. . h12361$H2*/61 . S HIHE/LIHSN! 1 $6 , 12361400/ . /#1615 . $<12. 1242 6L1G*2!
WIS 210/4. /420Y6123614524 . S<IHOG/ . B/4#2640!!

K@ 2!, #<I/6<0 . SIS ;12. 1< +61 . 236/I3HYH/ . /12#< 1 10340 , #<U6<<U+Q . /24S))

V(IH36104. 21%001$ . 21 (- (60) (5) 7 (8"6)+8#" (=64 (#)> . 18"660-"") (>. K" #1684 () > (IH36104.. 2!, #<!
#, #I61238HSHB/D) . 55/ 16U $U6/<2 . . 612361$H*/6] . >123HH6/2! - $6 , 12361400/ . B/4426!
H524. $<12. 108 - 6L1Q/4 . /424Y6%123614524 . $S<IHOG/ . /HIBEOUIG™210001$ . 2106/> . /4123 . <6152 . $<! , 68(!
H3UIIIG/ . 65! %2482 1#106/> . /+HS5610/ . GI6+! . /HIN654<4. $12. 15 . 2124 - 612361400/ . B/4426
H524 . $<Ib# 24 4#d . $e(1!
O(H36!@4 . 214226 +@26%!2. 106/> . /+ 123600/ . Q/HHI6H5 . SAG*2>HU6%12. 106/> . /+1236+!
HIRB/ <6401 142 . 1123655446321 . /14$54%6$2!
k! @4 24524 . $14-+4% 3 01<2/6$ ;231 . /1<@66%!
KL SHAR6Y12. 1282 614524 $<I5 . +@46264910 , #<1+ <2915 . //65.c!
Kl #14+4<-+-#2531G62 , 66$1044 . 214524 . S<IHSNI236H*2. 5443 321 . /1#%2.23/ . 2461<2426]
B(IH36!5i4;3215/6 , . /104 2153 . <6!$ . 212. 186/> . /+ 12361400/ . 0/4426!#524 . $<C! , U53MU<!
#1244 . $!
k! @4 21*$U6/6<2U-+H26%12361/4< 21 >1$ . 215 . +@404S$ ;1 . /18/624 . *<I6L@6/46$561<* ; ; 6<06%!
23614521 . $<1 , 6/61$ . 21$656<<#/9!
K1 236HH6/2! , #<1/6 ; HIUEUHIHIS*IHSS6! . /USHUNIHE/223HARINIS . 21/67*1/61452 . !
|
|

6. Results

OQ@6$NILIEI@/ . 24%6<1236!5*%; +6$21/6<*82<! . $I#4IPII6?6S2< 1#S%H< . 1@/ . 24%6<!#1<3 . /21%6<5/4024 . $! . >!
6#531676$2(!H#GE6!PI@/6<6$2<1#I<* ++#/91 . >1236!>#45*/6<14$123614$26 ; /#26%#46/24% ;02 . 0/65 . 26/9!
<BN*6$56(! LH#YH/%<!1#/6184<26%!% . , $1236!86>21<4%6014$1236! . /%6/! >13. , 1>/67*6$2%9!2369! . 55*//6%!4$!!
236!676$2!<62(105/ . <<1236!2. @!#/61236!2#/4 . *<134; 3046 764!5#26 ; . /46<! . >I#46/24$ ; I>#4E*/61@ . 4$2<(! , 34531#/6!
§4<26%!4%! 76524 . $IV(P(P(IM . 261