"H$1068&S ()& +,-.(*/1"$0,/$1*011/2,-120-13()14$($'(*O !

!
!
"#$%&'1()1*+,,$-./" |
0$%%%$&1123//%!/4156.7'$..
8'97+'+1:'7T#%$-.7,&!
$#:+,.$5-<76:67)$96
|

|
=)1($$9!11>7,3
0%$%0%%$&!1123//%!/4156.7'$..
8'97+'+1:'7T#%$-.7,&!
?2-.>7.3@<76:67)$96
|

|
1+>6$%!A)IB74+.
0$%%%$&!1123//%!/4156.7'$..
8'97+'+1:'7T#%$-.7,&!
., 7-+.<76)$96
|

(6"7'C!3%+9D!B3%$!"44%$2,. !/4!E697,/-!B$'6-$!/:F-+69!+'9!8, 1G$,$2,7

@KLR!5+6%-'E22/6',7'C!($.$+-23!1&>;/.76>1+,1, 38!:'7#3$-.7,&!/4!S/6.,/'Q!, 3. 7#$-.7,&!/4!
T37%3$Q!,38!(/,>+"1123//%!/4IN+'+C$>$',1+,1, 33" 7#$-.7,&!/4!B/-/',/Q9!, 33 @KL KEE!
U+,7/'+%!NS$S$,7'Cl+%/'CHI%BE%!USI>+ E>T-IN723+%0Q! T%+-J'H3$+, %0 S&VYEA/; SV !14/-!
,3$7-13%%;46%!2/>>$',.1+'9197.26..7/')'B3$!;+;$-1I+.1.7C'7472+',%&! 7>;-/#$9!96$!,/!,3$!
.6CCS$.,7/.1+'91C679+'23!4-/>1 1/'+'/'&>/6.!-$#7$I$-.1+'91/6-1$97,/-Q'B3/>+.1S$>>$-) IH$!
+-$!14+9%./1+;;-$27+,7#3/41,3$147'+'27+%!.6;;/-, | CT#S "WEHSHBB:! 123//%!/4156.7'$..Q!8'97+'+!
T#$-.7,&1,3-/6C31,3$!.6>>$-1-$.$+-23!C-+',1;-/C-+>)

|



"#P1%6&&S$ () *&!+,-.(*/1"$0,/$!*0!1/2,-120-13()!14$($'(*0 !
|

+56"7+8"  9IH$ISX+>7'$!,3$!.,-+,$C72!$44%$2,.1/41+697,/-1,$'6-$!/',3$!+607,$.,7'C!
-+, $C&!+'9!,38!I>+'+CS$-Y .1 7'2%7'+,7/',/'2/>>7 ,14-4+69),1$>;7-72+%!.,6 97 RN 2%69%3+,!
%/'C$-1,$'6-$!7>;-/1#3.14697,1Z6+%F;&)'$',.1/41-$.,-72,7'C!,$'6-$! +-C6$3+,!%/'C$-!,$'6-B
7>,+7:1+697,/-17'9%$;$'9%'2$!+'91+[ 4-$.31%//D!14-/>1+!'$11+697 ,/-1-$.6%,.!7'137C33$-1+697 !
Z6+%7N18&)%79+,7'C!,3¥-C6>%' 1-$267-$.1,$.,7'Cl13$,3%-!,3$!/W.$-#$9!19744$-$'23$!7'1+697,!
Z6+%7,&'\W$,1$$'1+12/', 7'67'C1+697,/-1+'91+123+'C$!7'1+697%6$..!,3+' 3BH/-$,72+%%&!
$X;$2,$9197443$-$'2%! 7'+ 604+ %N,R3/6,!7>;+7->$' )1 |6- 147'97'C.!;-/#79%$!,3$!C679+'2%!
'$2%..+-&14/-19$#3%/;7'C!.623!,$ 11]6-!-$.6%,.!.3/I',3+,1+697,!-7.0°, 3$!;-/W+W7 %3484 -+69!
$X7.,.1+4'9!1C/$.16'9%,$2,$9711%/1$-17''W/,3!;$-7/9.14/-1,3%!12/', 7'6 7'C!+697,/-1,3+"17,3!2B+'C$!
7'14+697,/)IN/-$17>;/-,+',%&QNS$!.3/I!,3+,1+2-/.'\W/,3!;$-7/9.Q!$X;$2,$9!6'9%$,$2,$9!4-+69!7 .!
%l/1$-14/-1,3%!12/',7'67'C!+697,/-!,3+'117,31+123+'C$! 7'1+697 -
!
$:<*/)9  14697,/-1,$'6-$'1.,-+,$C72!+697,7'C 114-+60)

34B>"7?4@8"3?> !

1$26-7,&H4-39$,!-$C6%+,I3+#$1%/'CI9$W+,$9!,3$!:/,$', 7+%!$44$2,.1/4147-> 137-7'C!,3$!

+697,/-1.,+&17,31+147->17'2-$+.$.Q!,3$!+697 /- IWSR/#$2/V&]17,3!,3$!2/>;+'&) !B3$!
2/2$-17.1,3+,1, 37 14+>7%7+-7,&!>+&!-$962$!,3$!+697,/-Y .1.J$;, 727 .>1+W/6,";/,.$', 7+%!>7 .., +,$>F', !
+'9Q7',6-' ®$9623!,3$!1+697,/-Y .1$44$2, 7#$'$..1719%$,$2,7'C!>7..,+,$>%",)!!]',3$!/,3$-13+'9Q!
S>$!1+-C63$!,3++697,7'CI+147->1/#$-1>6%,7;%$!; SFABH.$1,35!+697,/-Y .1 J'/1%$9C$!/4!,3$!
2/>+'&Y N;$-+,7/'1+'91.&.,$>!:-/2%..5.Q!,35-FW&!7'2-$+.7'CI37.1$44$2, 7#$'$.. 71 Q$[EC!
>7..,+,$>$,)IU /,+W%$!4-+69.Q!.6 BYsity FundingQomptronix,'+'9! Crazy Eddie!,3+,B+#$!
1226--$9!/#$-1$#5-+%!&$+5R>!,/1.6;;/-,1,38!147-.,12/?$2,6-$)!!
8'.%$-;-$,7'C!,3$.8!//W.$-#+W%$!/6,2/>$.1>7C3,'W$!>7.%%$+97'C!17,3/6,!47-.,12/".79%-7'C!,3$!
6'9%-%&7'C!$2/'/>72.1/413/1'>6% @B-7/9'+697,.1+44$2,! 3$!+697,/-Y .123/72$!/41$44/-,1+'9!7 .|
-$%+,$9!7>;+2,1/'19%,$--7'C!+38,$2,7'C!4-+69)!'B@dBlervation' /A1 +'1+697 14+ 7%6-$!;-/#798$.!
%7>7,$9!1$#79%'2%!-$C+-97'C!,334,$"16'/W.$-#+W%$_1+2,7/123/72%$.1/41,3$!+697,/-1+'91>+'+C$-!
,3+,together'9$,$->7'$!,3$!-7.31/416'9$,$2,$9!>7..,+,$>$', B3$!,6-,/.$!/4!,37.1;+;$-Q!
,35-$4/-R7.1,1'$X+>7'$1, 38!, ,-+,$C721$44$2, .|| ADBEURT+697,.Q!3$-$!,3$1+226>6%+,7/'1/4!



+697,I$#793' 23! /#$-1,7>$!+44%2,.!, 38!+697,/-Y.1,$.,7'C!.,-+,$C&!+'9! 3$!>+'+CS$-Y.17'2%7'+,7/',/!
2/>>7,14-+69)N

*[,'$,141-$.,-72,7'C!1+697,/-1,$'6-$!.6CCS$.,!,3+,14 4-$.3%//J I+, +!12/>; +'&IW&!+'!
+697,/-11/6%9!-$.6%,!7137C3%$-126+%7,&!+697, 'PIBEHR/S$..$9!7' * TE]5! TJUT"*B!
("A"E1""™T(_IUNI@KLL KKalkditor Independence and Audit Firm Rotation 71,3+,//#$-!
,7>3$Q3$!+697,/-12+'1%/.$137 4+ W7%7 ,&!, 'S Y@ ssBinal skepticism 9%.;7,$!+93%$-$'2%!,/!,3$!
-6%3%.1/417'9%$;$'9%'28)/-1-$C6%+,/-.Q!;-+2,7,7/'$-.Q!/-1+22/6', 7' C!-$.$+-23%-.1,/1+..$..113%,3%-!
$X,$-'+%7,7$.1$X7.,1,3+,12/6%9!;/,$', 7+%% & WS!+, -7 W6, +WEH! 71! 7'9$;$'9$'2$Q!, 33!
47-.1.,.8;1/6%9IWS! /1+..$..1,3$!1$267%7W-76>!.,-+ $C73$.1/4!+12/' 7'67'C!+697 /- 1#$-.6.1+!123+'C$! 7"
+697,/:1.,-72,%&!4-/>1,33!;%+&B-N7>7V7'C!,3$7-1$X;$2,$9!;+&/44.Q!13$-3!'/'$!/4!,3%!;+&/44.!
HT1%+,$1,3517'95;$'95 28061]6-1>/9$%!:-/#79%.1. 6231+\W+ $97'S)

G$4/'9!+'9!b3+'C"@KLc_!;/7',1/6,!,3+4.,1.,697%.! 2/'2%69%3+,1%/'C$-!1+697!,$'6-$!
7>;-1#$.1+697,1Z26+%7,&)!1"X+>;%%$.1/4!.623!$# 7935 29 2PET'C.!, 3+,1%/'C$-1+697$'6-$!7.!
+..127+,$917,31%/15-1%$4H/4197 .2-$,7/'+-&!+22-6%83"./'Q!036-+'+Q!+'9!($&'/%9.| QKK@ !
N&S-. QIN&SDHII]>$-1 @KKAIZ7C3$-1$+-7'C.1-$../ $12/$44727R3IBI+'IIN/I@KK Q!
HOIS/-$17. 6+ 28 /AICIT'CI2I2$- 17T/ N ABIS-1LggR "10'$238%!+91\+ . ~+$%$ 1 @KKM
N/-$!197-$2,%&Q! T+>$-+'QIF-+'27.Q!N+--+Q!+'91*$, 7'72237/'""@KLf 19/26>%',!,3+,!1$+-'7'C.1Z6+%7,&!
7>;-1#$.117,31%/'C$-1+697; ,$'6-$!7'18,+%&Q!13$-$!+697 ,/-1-/,+,7/"3+.1W$$'I>+'9+,$91.7' 23!
LgMf)!IF6-,3%$-Q!($79!+'9IT+-2$%%/""@KLM _19/26>%',!,3+,!, 3W-2$3838;!+697,126+%7,&!,/'WS!
37C3%-117,31%/'C$-1+697$'6-$)!!

B3$!23+%%$'C$!7'17',$-;-$,7'C!,3$.$147'97'C.1+.1$#79%$'2$!,3+,1%/ C£H' 669D/ $ !
YNT>+7-17'98;$'9$'2$!7.1,3+,1,3$.$!.,6973.1+-3!'/ 1 +W%S$!,/12+%7W-+,$!, 3!$X,$',!, 3+,1+697,126+%7,&
1/6%9!'W$!$X;$2,$9!,/IWS!I37C3$-117,31+12/,7'67'C!+697,/-Q!3+9!,38-$!'/ WSS +'&!7>;+7->$',1/4]

7'9%;$'9$'2$)!11841,3%-$!7.17'9$$91+'17>;+7->$' 1/417'9$;$'9$'2$Q!+.17.1,3$12/2$-"1$X;-$..$9IWE&!



3B TE]51+'9Y/,3$-.Q1$>,7-72+%!-$.$+-23$-.11/6%9 WS+ WORBHHL. 6231 7>+ 7->$' 1/ %&!
W&!,$.,7'Cl13$,3$-1,38!/W.$-#$919744$-$'2$17'1+697,126+%7, &IWS, I$$'1+12/', 76 7'C1+697  /-1+'91+!
23+'C$I7'14+697,/-17.1%$..1, 3+'1, 38!, 3%/-$, 72+%%&!$X;$2,$919744$-$'2$!7'1+697,126+%7,&!17,3/6,!
7>+7->$ ) IB3$ISZ67%7W-BBK! 41/6-1>/9$%!;-/#79$!,3$!1C679+2$!'$2$. .+-&14/-19$#$%/;7'C!
6231,$.,.)

16-1.,69&17'#$.,7C+$4L1/ CB-7/91+69742-/.1,11 .$,,7'C)I18'1,3$147-.,1.$, 7'CQISI3+HS!
+123+'C$I7'14+697,/-.14-/>1, 3$147-.,1;$-7/91,/1, 35! $2/%-7/9)18', 3$1.$2/'91.$,, 7'CQY/$I+697,/-!
2/',7'6$.14+697,7'Cl4-/>1/'$L:$-7/91, /1, 3$'$X,)1I8'1W/,31.$,,7'C.Q!,3$1+697,/-123//.$.14+697,1$44/-
137%$!,3$!>+'+C$-123//.$.1+'1+>/6',/414-+69QICT#$'13$!7 JBBB/'$., [ I>++C$-1,&$Q!13$-$!
3$1:06+&$-17',38L1/1.$,, 7'C.1:/..$.. 351 +>$L: +&/441 +-+>$,$- )IB3S!;- 7/-L-/W+W7%7,&!,3+,1, 38!
>+'+C$-17.197.3/'$.,17.12/>>/13 /1%$ICH!+'9I$Z6+%! /1, 3$1-7.J1/414-+6917';$- 7/ !
F6-,3$->/-$Q!,3$IC+>$12/', 7'6$.1,/:$-7/9  /'%&I7414-+6917.11,197 . 2/#$-$91+,1,3$!$'91/4!
$-7/91/'$ )
! 8'1W/31.$,,7'C.Q!,3$1+697,/-17';$-7/9! 16;9+,8.1, 38L:-/W+W7%7,&!,3+,1,3$!>++C$-17.!
97.3/'$.,QIW+.$9!/'1:$-7/91$ 1+697,1$44/- 1+'91,3$1:6W%7 213 /1%$9C$!, 3+, '/14-+69!1+.!
97.2/#$-$9!17':$-7/9'$ )IB3H2/',7'67'C1+697,/43+.197-$2,10'/1%$9C$!/A$!+697,!,§'C!
($-4/->$917':$-7/91/'S YIB3S['SI[! +697,/-17'1,35123+'C$..$,, MS-4$2,%&I7'4$-.1;$- 719! !
+697,1$44MV$2+6.$1/41/6-1.7>:%74&7'Cl+..6>;, 7/, 3+,1, 38!; $/ON/%9[+697,/-Y.12/.,.1+'O!
3BI>HHCS-Y. 1 +&/A41+-$12/>>/1 3 1%$ICSH!

B39J$&197845'25IWS, 1$$'1,3$!,1/1.$,,7'C.17.1,3+,1, 3812/, 7'6 7'C1+697 /-1, 1/ %&I3+.!
7'4->+,7/1+2Z67-$917';$-7/9% 1,/16.$17'1,38L:$-7/9L1/ 1+697,QIW6,13$123//.$.1,35!1+>/6",1/41

$-7/9'$ 1+697,1$44/-1,1'21',-1%!$X;$2,$9!+697,12/.,.1+2Halh!;$-7/9.)IE,!, 3$IWSC7"7'Cl/4!

L 8':-+2,72%3Q!,3$!'$11+697 /- 1>+&1' )W+ W%$!/1;$-4$2,%&! 7'A$S; $+BAT | $44/-, Q'WS2+6.$!35!3+.1/'%& 1% 7>7,$9!
7'4[->+,7//4)38!1>+'+CS-Y . 1+'91/%9!1+697 ,/-Y ., +&/44.17';$-TRNS/I$#$-Q!,37.1.7>,%74&7'C!+..6>;,7/"!
W7+.8$.1+C+7".,1/69.6%,.!+'9!137C3%7C3,.1,3$!9744%-$'2$.17"1$Z67%7W-7+W$,1$$'!, ISHU6.8, 530G,/ $!f!
4/-14997,7/'+%!9%$,H%._



$-7/91'$ Q1,3$12/',7'67'CI+697,/-1:%+"13/113$11 7%%!+697,171$+231:$-7/917'1/-9$-1 1> 7' 7>7V$!37.!
1 +96I$X:$2,$912/.,.Q1 +J7'CI7' 12/ 79$-+,7/13/113$1+' 727+ $$I3++C$-17%%!-$+2,1,/1$+23!
$-7/9N.1$44/- 123/72812/" -+., @3$"1,3$-$!7.1+123+'C$I 714697 /-.Q!,3$!/%691+697 /-134+ 1"/

728 TH#S), 12/, 79%-1, 3$1$44$2,1/4137.1:$-T1911$44/- 123/72$!/1;$-7/9/ 1/6,2/>$.1+'0!

2/.,)@

J#$-+%9%6QU$:6%, .1.3/1!,3+,1+697,1-7.JQ!1372317 16397, 7/+%4; -/W+W7%7,&!,3+,14-+69!
C/$.16'9$,$2,$97'1/6-1>/9$%Q17.196/1$-17'\W/,3:$-7/9.14/-1, 3812/ 7'67'C1+697 /-1, 3+'117,31+]
23+'C$I7'1+697, IYIN/-$I7>;/- + %E&QV/6-1-$.6%, .1+%./1.3/11,3+,1+2-/..IW/,31;$-7/9.QI$X;$2,$9!

6' 9$,$2,$914-+6917.1%/1$-14/-1,3$12/" 7'67'C1+697 /-1, 3+117,31+123+'C$! 7'1+601 S/ I$#$-Q!
1$149%6./147'91,3+,1, 3812/ 7'6 7'C1+697 /-123//.$.19%$..1+697,1$44/- 17" 3$1%+ $-1:$-7/9Q1-$%+, 7#$! /1 33!
$44/-,123/72$1/41,3$"'$11+697 /-17'1 3$123+'C$1.$,,7'CITB-$.6%,19$-7#$.14-/>1, 3$12/" 7'6 7'C!
+697,/-23//.7'CI3 TTI$I$A4/- 1 7':$-T/9S 1,3+11/6%9IWE3/.$' 117,31+123+'C$!7'1+697,/-1)!
H37%$1%/I8-697,1$44/-,17', 3$1%+,$-1:$47/98$12/', 76 7'C1+697,/-+7C3,1.6CCS$., 1+

75:47->$ /MT7'9$:$'9$'2$Q!,377.1.,-72,%8&!,35!-$.6YBBAYe+&$-. 1>+ XT>TVT'C!, 3$7-1$X;$2,$9!

+&/144.1+'91'1196$ 1,/ 1,3812/',7'67'CI+697,/-\W$2/>7'CYN12IV&[!17,3!,3$!12%741)

+697,7'C!>/9%%.!;-7>+-7%&! 7'#/%#$!?6.,1/'$!;$-7/9!1+'919// | +I$! 7", '+22/6",'3/1!,3$!+697 ,/-!
>7C3,.,-+,$C72+%%&!6.$!7'4/->+,7/'14-/>);-$#7/6.1+697,1;$-7/9.17'1,3$!126--$',!;$-7/9)11 1/>$!
>/9%$%.Q!.623!Patterson and Smith (2002016) and Smith, Tira¥/237,%$J+(2000) do

consider twestage audits that allow the auditor to obtain information by testing internal controls

in a first stage and then use that information for substantive testing in the secofddGtage.

@l S$1+9%./13+.11+W7%7,&),119/1./QIWS2+6.$1+,!, 3IWSC7"7'CIIS; $3B9%91+697,/-/'%6&1 I, 3+,137.]
$'C+C$>$',117,31,3$12->1$'0.1+'913+.1'/13/1%6$9C$!/4113/1, 33'$11+697 /-11/6%9IW$) !

Al ],3$-1-$%+,$9!.,697$.17' 206685+ Ql*+, $-./'QI+'911>7 N@KKL_QI*+, $-./1+'911>7, 3 QRKdS-./'1+'O!
U/$%N@KREQ!>/-$!-$2$', %&QIA+EXI+'9IUSI>+IN@KIKR!*+, $-./'Q!1>7,3Q!+'B7-+ " @R])



two-periodmodel differs from these twstage models in that the effort in each period of our
two-period models designedo detect fraud. Because we have two distinct periods, we can
compare the two settings: a continuing auditor that audits both pennatla setting in which the
audit in each period is performed by a different auditor.
! T/-+1+'91 (+'93+1+ M@KLK !+%./!$X+>7'$!-€8{7/9!.,-+,$C72!+698%,!7'CQ! 7'
137231,3$!>+'+C$-V'1$+23!;$-7/R3//.$.14-+69!/-1''4-+69!+'9!,3$!+697,/-123//.$.1+'1 +697!!
-$;/-)IB3$&!19%>/". ,-+,$1+127-26>.,+'23$!7'113723!+'1+697,/-1,3+,19/$.1'/ 1 79%', 74&!4-+69! 7'1/'$!
:$-7/91>7C3,1'/ \-$;/-14-+69!,3+,17.19%,$2,$9!7'1+1%+,$-1:$-7/9'W$2+6.$!7,!1/6%9!37C3%7C3,!,3%7-!
4+7%6-$!7'1,3%!;-$#7/6.!;$-7BRIP/'. -62,7/'Q!, 384697 ,/-17'1,3%7-1>/9$%!9/$.!7'9$$9!%+2J!
7'9%$;$'9$'2%)!15 6,/W$2+6.$!,3$7-1>/9%%!9/$.1'/ ;- /#7981 +'&!;$'+%, 7$.1/-1/,3$-197.7'2%', 7#3$.14/-!
,3$!+697,/-1,/1379%!,3$!4-+69Q!,3$7-1>/9%%!2+"/,1+99-$..1,3%!;/,$', 7+% WS $4 &/ H8%, 7
+697,7'C)!!

16-1>/9$%!+%./1-$%+,$.1,/1, 35! +69727'C!>/9$%!/4IN+C$$!+'9!1B.$'C" Lgg KIHT$$!
+9IB.$'CINLggKI9$>/". -+,$!,3+,17'1+1>6% G- 7/91+697 I1$#7-1'>$' 117,31%$+-'7'Cl+'9!
17,237'C12/.,.Q!+697,/-.17'2%69%!,3$.$!12/.,.17'1,3%7-1;-727'C!.,-+,$BI$JB/| 1,3+,!1$#$'!
17,3/6,'12/>>7,>%', @/>;$,7,7#3'>6%B-7/9'$Z267%7W-7+1$X7.,1+'91 3+,1,3$I1$Z267%7W-76>!;-72$!
7'2/-:1-+,%.1,3%!,/,+%!$X;$2,12/.,1/4!, 35! +69 BR$!+697 /-1 TNI+C$$!+'9!B.$'CI Lggt+9/;, . I+!
[%//J1+3$+9[!.,-+,$C&W6-!.$,,7'ClI7,3!+12/',7'67'C1+697,/-Q!I%/26.!/' 1,3%!.,-+,$C72!
7'.$-+2,7/'"W$,1$$'!,3$!1+697 /- 1+'9!1>+'+C$-113$-$!W/, 31+, 727;+,$!,3$!+697,/-12/', 7'6 7'C!4/-1,I/!
:$-7/9.)!

B33$!-$>+7'9%-1/4!,3%!;+;$-17.1.,-62,6-$9!+.14/%%/1.)182,7/'88Q!1$!%+&!/6,!,BB!
$,,7'ClAY6-1 1 OB-7/91>/9%%)!11$2,7/'1888!;-/#79%.1+1$Z267%7W-76>!+'+%&IHBAITIBE!

#7998 1+12/>+-+ THS!I+'+%&. 7 /AW, 3L.$,, 7'CIN1$2,7/'\12/>;+-$.1$X;$2,$9!6'9%,$2,$9!4-+69!



+91+697,1-7.31+2-/..1, 38, 1/1.$,,7'C.1+'911$2,7/"\8! 97.26..$.- $%+Hb>; 7-72%!7'.7C3,.)!!
1$2,7/'"\88!2/'2%69%.!,3%!;+;$4)

33H#HI"A? BC%73?4ID?4%E!?11+@43"3>F |
! H$!2/.79%-1+1,1/ OB-7/91>/9$%!/41+697,7'C!,3+,17'2%69%.1+'1+697 /-4 TW%&!
97.3/'$.,! >+'+C$-17'L1/1.$,,7'C.)IB3$!47-.,1.$,,7'CI98;72,.1+1.7,6+,7/113%$-$!, P! +697 /-14!
$-7/9'$ 17.1-$;%+23917, 314l [1+697,/-17'1;$-7/9l/ )18, 3$!.$2/'91.$,,7'CU'$!
[2/',7'67'C[1+697,/-1+697,.!\W/,3!;$-7/9/D123//.$.1+697,1$44/- 17", 3$!47:$-7/9\,/'>T7'7T>7TV$!
37.1$X;$2,$9!+697,12/.,.14+2-/hbth!;$-7/9.) 11!
! *6W%T7217'4/->+,7/'7.1-$#$+%$9!+,1,3$!$'91/41/8 A/BIW/,31.$,, 7'C.)IIE,1,38!$'91/4!

$-7/9'$ 1,38!;%+&$-.13'/113%$,3%-1/-1'/,1,3$!+697,/-197.2/#$-$914-+69!7'1;$-7/9% )!'8414-+69

B3$B6;9+,$95:$-7/911/ 1:-/W+W7%7,&!,3+,1,3$!>++C$-17.197.3/'$.,19$:$'9.16:/1,3$!+697/-Y .
$44/-17'1;$-7/94 )1

! 8'W/,31.$,,7'C.Q!,3$1+697,/-A,_1+'01>+$-B+#S$!, 35! +>SIW+.72!:+&/44.1137%$!, 3$!
expected ;+&I44.14/-1, 3$1+697 [-17'L$-7/9B 1+'O1,1/ 19$;$'91/'113$,3$-1/-1/,1,35-$!13+.IWS$'!
+23+'C$!17'1+697 /- )IB3$!>++C$-17.197.3/'$.,117,31;-7/-1;-\W+WTOHTIRB$!97.3/'$.,!

>+ +C$-123/1.$.14'14>/6' /41 4-+691$Z6+9%6! M, +9! a, 17$-7/9.1/'S 1+OL 1 QI-$.;$2,7#5%8)!!

S$I-$2$7H#$.1'S, IWS'$A7, R 1+'9! a,R, 1741/14-+697.19$,$2,$9IW&!, 3$!1+697,/-Q1+'9137.1;$'+%,&!

2 2
4/-!4-+69!9$,$2,7/'!7!.% P, 1+'0! % D,)!IB3$L:+&/44AR +9! &R, 1-$:-5.5,|, 35IW$'$47,.1/4!

4-+691%8%..1;$-./'+%!2/.,.14/-12/>7,,7'Cl4-+69!.623!+.1,3$!>+'+C$-h.19$.7C".1,/127-26>#$',!, 3$!

cll6-1>/9$%!7.12/'.7.,$'117,3!,3$!4+6970Q- 727'C!>/95%!;-/;/ $9'W&IN+C$$!+'9!B.$'C!"Lgg B IBE&>/9$%!, 33!
>+-J$,14/-1+697,1.$-#723.1+ 1419&'+>72;-/C-+>1/#$-1U!;$-7/9.)118'1$+231;$-7/9Q!,38-$!+-$!,1/1,&;$.1/41%$+-'7'C!
2/.,.D!,3/.$!,3+,1+2&B$!,/!,3$!+697,/-1+'91,3/.$!,3+,1+22-6$!,/1,35!2%7$')'B3$.$!2/.,.12-$+,$!+14-72,7/1,3+,1-$.6%, .!
7'1+1$X;$2,+,7/1/41>6%F-7/91+697,.117,3/6,1+'&12/>>7 ,>$'1 /\+1>6%, TB-7/9!12/',-+2,)IN/-$/#$5-Q!, 3$!>6 967
;$-7/91;-727'C19$;$'9.1/1, 38!+, 727;+,$9!>698)-7/91+697,12/.,.\/#$-1,3$!U!;$-7/9.)

! a



+697,!.,-+,$C&)IB3S!-$I+-9.1+'9:$'+96,7$.14/-1;$-TH 1+ I/ 1+-$17'9$;$'9%',1+2-/..IW/,3!
:$-7/9.)!

! B3$!+697,/-17':$-7/9% 123//.$.1+697,1$44/-,15Z6+%+,/M'9!,3$!+697 /-17'1;$-7/9)/ |
23//.$.1+697,1$44/- 1$Z6+%t,M e 7#$'|, 3$!>++C$-17.197.3/'$.,Q!,3$!+697,/-19$,$2, .14-+69!7'!
$-7/9.1/'$ 1+'91 I/ 117,30;-/W+W7%7 Jzsexp(—x, ) 1+'9! 1—exp(—x, ) Q1-$.;$2, 7#$%8&)IB3$1+697 /-!
7'26-1+1%7+W7%7,&12/.,17'1$+231;$-7/914/-16'9$,$2,$914 160984, L, Q!I37%&!+9! k, 1+-$!
21.,1>6%,7;%7%-.14/697,1$44/- 1,3+ ,18&7$%91+12/. |/41+697 |$44/-, 1 7'1$+ 231 S 1A X K, )

"#$! D 202G$/HMIS ($-! C2;*8&

! H$!1/-JIW+2J1+-9.1,/193-7#$!, 351> ++C$-h.I$X;$2,$9!; +&/44IWE&!.  +-,7'C!I 7,31, $H7/D!
+'91,3$17'2/-;/-+,7'CI7,17"/1;$-7/9! 'S YIB3BA/->1/41, 3$I>+'+C$-h.I$X;$2,$9!;+&/4419/$.1'/!
23+'C$IWS,I$$'.$,,7'C.)!118,1-$>+7".1, 381 +>$!13$,3$-1/-1'/,1+123+'C$!7'607 /-.1/226-.1+,, 38!
$'91/41:$-7/91/'$ YIST.14-+69!. -+,$C&I2+19744%-IW+.$916;/1137231.$,,7'ClI$!++%&VSWE,!, 35!
W+.7212/".,-62,1/4137.1$X;$2,$9!;+&/441-$>+T7".1, 351 +>3)

! B3$!1>++C$-h.;$-7/Q 1$X;$2,$9!;+&/4417 .1+.14/%%/1.)

! M,=aR +a,Rexp(! x,)! %zpz(ll exp(! x,)) ! ALY

M, 7.1,3$!197.3/'$.,!1>+'+C$-Y.I$X;$2,$91+&/44!7';$- 710! Q!13$'1+1;$-7/91'$ 14-+69!C/$.!
6'9%$,$2,$9)11U/,$!,3+,1,3$!-$1+-914-/>1:$-7/91$ 1a,R 17.1-$,+7'$917'1;$-7/9V )18414-+69!7'!
$-7/91,1/ 17.19$,$2,$9QH..6>$!,3+,!, 38!>+'+C$-13+.1+%-$+9&!2/'.6>$9!, 3 WFH'$47,.1/41+'&!
6'9%,$2,$9!4-+69!12/>>7,,$9!17';$-7/6% )IH$!+..6>3!,3+,!,38!;$'+%,&!4/-19$,$2,$9!4-+69!7'!
$-7/91,11 17.17'9$;$'9%',1/4! +'&!16'9%,$2,$94-+691';$-7/91/'$ )!

B3$!97.3/'$.,!>+'+C$-h.I$X;$2,$9!;+&/44!+,1, 3$IWSC7"7'Cl/4,$F /N.1+.14/%%l1.)

2

M, = M, exp(! x,)! %pl(ll exp(! x,)) @l



M, -$4%$2,.1,3$14+2, 1, 3GLI-+-014-/>14-+691/#$-1 3B! 1/1:$-7/9.1/226-1/%&I741,3$L:$-7/9IL!
4-+691C/$.19$,$2,$9)!1B36.Q!74!,3$!;$-74914-+69!C/$.16'9$,$2,$9Q!137231/226-.117,3!
-WHW7%RXR(! X, ) Q131>+ +CS-I$X;$2,.1+1;+&/441+../27+ $9IKIZ!I]1, 351/,38-13+9Q1 74!

3914697 /-19%.$2, 1, 351:$-7/8 14-+69Q1 3$I>++CS-1-$287HS.IVE-/IWE SAZLI4691+01 71
;$'+f%)7vs1;%L p)!

! USX,!I$12/'.798-1,351+697,/-h.I1$X;$2,$91;+&/44.113$-$17,.123+-+2,$-7V+,7/19$:$'0.1/'
13$,3$-1/ -1/, 1+123+'C$17'1+697 /-.13+.1/226--$9!+,1, 3$1$'91/41;$-7/06 !

B!+ - (H)! %IB($-! C2;*&&

I"HHSU8 ()" + -%&"SYE /$HO1D |

! E..6> $,3$-$17.14123+'C$! 714697, /-.1+,1, 351$'0/41:$- TN, 3+ 1$#S$-&/'$1I'/1.117%%!

[226-1+1, 381, +- /41, 3$IC+HB'1,37.12+ $QI$+231+69F#HT>TVIB7.1I$X;$2,$9!;+&/44Q!, 38!
'$I1+697,/-14/-1:$-7/91 I/ 1+'91,381/%91+697 /-14/-1:$- T/ )11"X2$:,14/-1,3$16'97.2/4#$-$9!4-+69!
7'1,38147-. 1:$-7/9Q /BW% TA->+,7/14-/>1, 35147-.,1:$-7/917.1+22-6$9IW&!, 3$!'$11+697 /-1 7'1

$-7/911/ )IS/I$HS-Q!,35!.$2/'01:$-7/9I'SI1+697 /-12+17'4$-1, 3$1$44/-,123/72$1/41,3$1/%91+697 /-1
W$2+6.8ll+..658!, 3+, 3$I'SII+697,/-101.1,38!  +&/A4L+-+>$,$-.1/41 38+ +C$-1+'91, 3$1/%9)!
+697,/) 11B36.Q!74!'/14-+6917.19$,$2,$9! 7', 3$147-.,1;$-7/9Q!,33!'$11+697,/-16:9+,$.1, 35!;-/W+W7%7,&!
3+,1,381>+'+C$-17.197.3/'$., ICTH#S'1, 351 7'4$--$9123/72$1/41: $$/9+697,1$44/4 )

! 8'1/-9%-1,/12/>;+-$1,381,1/1.$,,7'C.QI$!+..6>$!,3+,1, 38! $X;$2,$FH67+W7%7,&12/.,.1-$.6%,7'C!

4-/>16'9%,$2,$9!4-+69!7';$-7/9% 1+-$17'9$;$'9%',14-/>1, 3! $X;$2, 30 7+W7%7,&!2/.,.1-$.6%,7'C!

fIB37.14..6>;,7/1;-$.$",.1, 381>/ I$X,-$>$12+.$17'1>/9$%7'C!,3%!12/', 7'6 7'C!+697 /- 1-$%+, 7#$!,/1,3$!23+'C$!+697,/-!

I I3$-$!,3%8-$!7.1/1;:8-7/91/'$ 17'4/->+,7/'1+9#+" +C$!4/-1, 3312/, 7'67'C!+697,/H336.Q$!1 2+";-/#79%! |

I +'4+%8&,7212%+-7,&!-$C+-97'C!,3$!97443-$'2$.1+'9!;/,$', 7+%!+9#+' +C3.1/41+12/ 7'67'C!+697 ,/-1-$%+, 7TH$!,/1+123+'C$! 7"
I +697,/-.)!S/I1$#$-Q!/'$12/6%9!+-C6$!,3+,!/'%&! 7>;$-4$2,1 7' 4/ H4! BS!/%91+697 /-h$S-7/9Y/'$! ;+&/441$X7., )

I ($%+,7#3),/1,$-4$2,17'4/->+,7/'QI7>;$-4$2 1 7'4/->+retluces ,3B!$X;$2,$91#+%6$!/4!;$-T$91$44/-,1+'9!

I increases!,3%!7'4$--$916;9+,$9!;,-/W+W7%7,&!/4!,3$!197 .3/'$. t BB, I/)  |E.I+!-$.6%, @H/#HS-+%98197'C.Q!/1

I +#$-+CERE+7'16'23+'C$9)IGF,+7%. 8B +'+%0&. 7 T'H#IY%HT'CI 7>,$-4$2,1 7'4/->+,7/'17',3%1.$,,7' QHT23+'CH!

I 7'1+697,/-17.1+#+7%+W%$!6;/'-376$



4-/>16'9%,$2,$9!4-+69!7'1;$-7/W HIHS!+..6>$!,3+,1,3$1%7I$%7330)16'9%$,$2,$9!4-+69!7'!
$-7/91/'$ 17.1.6W.$Z263$',%&!W-/6C3,!,/1%7C3,!7',3$!46,6-$!7.1$X/C$'/6.%&!2+;,6-$9'W&!,3$!

;+-+>$,$-!L] )

! 5%%/N$I$X;-$..1,381$X;$2,$9!;+&/447';$-7/9.1/'$ 1+'91 1/ 14/-1,3$!$I !(A2 )+'9!

1%9( 4,,,)+697,/-.)
! New auditor — second period

! Ay =—Pr(DIND)a,L, exp(-x, ) x,k, I AL

2 new

Oexp(—xl)
Oexp(—x,)+(1-0)

13$-$! Pr(DIND)= 17.1,3%!;-IW+W7%7,&!/4!,3$197.3/'$.,!,&;$!>+'+C$-Q!C7#3$'!

[14-+69!1+.197.2/#$-$9!7';$-7/9V'$ )!
! B3$!$X;$2,$9!;+&/4414/-1,3$!;-$9$2$../-1+697,/-14/%%/1.)

! Old auditor — first period
! A, =—0a,L, exp(—xl ) - xk,! I Acl

B3$!.$Z6$'28!/4I$4$',.14/-1.$, 7'TS 17ICTHSTIF7C648)

B398 3)+ 0%6H$%. $%0&B#01

: USX,!I$!+..658!,3+,1, 351 +>$1+697,/-1+697,.1W/,3:$-THB!+L:$-7/91 I/ YIHS!. +-,1+,!
3$1$'91/41,3$1C+>$17'14/->6%+,7'C!,3$1+697,/-h.1,/, +%!$X;$2,$9!;+&/44)1B3$!2/', 7'6 7'C1+697 /-!
7'26-.14%6%!, 38197+ W7%7,&I+'91$44/- 12/., | 4B5DIAN )IB3$!+697,/-h.!.$2/'91:$-7/9!

+8&/4417.

! A, =—Pr(DIND)(La, + L,a,exp(—x,))— x,k, " ! Af

2cont

Oexp(—xl)
Oexp(—x,)+(1-0)

13$-$! Pr(DIND)= 17.1,3%6;9+,%9;-/W+W7%7,&8!/4!,3$!97.3/'$.,!,&;$QICT#$'!



'/14-+69!7.19$,$2,$9!7';$-7/8% YIB3$!12/,7'67'CI+697,/-1>+7'+7'.137.1$X;$2,$9!%L, &, 14/-!
+'16'97.2/#$-$9147-.,1;$-7/914-+69!13$,3%-!/-1',14+69!7.197 .2/#$-$9!7'1,3$!.$2/'91;$-7/9)!!
N/-$/#$-Q!W$2+6.$!,3$!+697,/-1+697,.1W/,3!;$-7/9.Q!3$!23/149! x, |,/'>7'7>7V$!37.12/.,.!

+2-/..\W/,35;$-7/9.)IS$+%./16.9,3$!+>/6",1/41;$-7/9! I'$ 1+697,1$44/-,1,/'7'4$-1,3$!%7I$%73//9!

,3+,1,3$1>+'+C$-17.1,3$!197.3/'$.,1,&;$!741'/14-+6917.197 . 2/#$-$O!1 7', SFHIUE I I$& 1 +9#+' +CH!

J41+697,7'CIW/,31;$-7/9.17.1, 3$1+W7%7, &1, /1 23B$,;-/#79$.! 3$I%, W$'$47,.17'123//.7'CX, Q!
7'2%697'CI9 |3+, 1-/HT9$./;, 7>+%616,9+,7' T T'4/->+,7/'1 4/-1:$-7/9L1/ I

! B3$1I$!3+#$!,35!+697 /-h.147-.,1;$-7/91$X;$2,$9!;+&/441/4!

U A= (T (" x) (17 1) Ay " Xk | ral
138-81 / exp(" %)+ (1" /) 7.1,3816'2/'97, 7/+9%!;-/W+W7%7,&1,3+,1/14-+6917.19$,$2,$9! TBSI/O!
C7#$,3$123/72$!/41+697,1$44/)!1

! 8'1/-98-1,/12/>1+-$1 381 1/1.$,,7'C.Q! I$1+..65$! ,3+,1,38L:+&/44.1+-$1 351 +>$1+2-/..1, 39!
VLS, 7'C.l $X28;,1,3+,1,3$1+697,/-17,3$12/", 7'67'CL.$,, 7' CHIN%S$!,/1/;, 7>TV$!37.123/72$M!
+91 X, 1+2-1.. 1, 7>$IW$2+6.$1351+697,.IW/,31:$- 719 BZ6$', %&QBSL/, 7'67'CI+697,/-h.!
$X;$2,$9!;+&/AF 1Na_IN, 38!/, +961BX;$2, 891 +8I441/#$-1, 38, 1/1;$-7/BBL6+%! /1, 351$X;$2,$9!
+&/44.1/41 3%d1+'9 new+697 /-.17'1,3$123+'C$1.$,, 7'CI+.1%/'Abt, x,, &, and a, 1+-$!,3$!

A>$)NB/L.$$!,3+,1,37.17.1, 3+ $Q!S12+'1+99! 3$!$X;$2,$9!;+&/4417'1°d _1L/1,3$1$X;$2,$9!;+&/44!
7'I"c1>6%,7;%7$9!WE&!,3$!;-/W+W7%7,&!,3+,!,3BIC+>$!;-/2$$9.1,/!, 38! 32/ /WO 7!
$X;-$..7/1"a_)1B3$!/'%&!19744%$-$2$./W$,1$$'1,3$!,1/1.$,,7'C.Q!,3$'Q!9$- 7#$!4-/>197443-$'2$.!7"!

,3$14+697,/-1+'91>+'+C$-!. -+, $C73.)

alg',37.1$X;-$..7/"1+'91+%%!, 3/.$!,3+,14/%%/1Q!i2/ Y 7",3$!.6W.2-7;,17.1.3/-,14/-1i2/" 7'87'C) Y!

| LK



! B33$!.$26$'23!/4\1$#%',.14/-18,,7'C@r .|C7#3$'" 7'"'F7C6-$!16)'$X,1.$2,7/19%.2-7TWH,3$!
$Z267%7W-73814).$,,7'C.) !

3338K@3E3573@D!+>+EL636
65((.0G!MBI8 #20G$!.0t -.(*/) !
! H7,31+123+'C$!17'1+697 /- QU$!6.$I$X;-$.. 7/ ML MIc_ 1 /1 I%#$14/-1/6-1$Z67%TW-76>)IF7-.,!
',9!,3+,1,38!>+'+C$-h.1$X;$2,$9!;+&/44!1+,1, 3$IWSC7"7'C!/4!, 33! CH>$!7.

2

Ml:%alRﬁaszexp(! X,)! %sz(l! exp(! xz))zoexp(! X! %pl(ll exp(! X))t 1 AML

137231&7%$%9.147-.,1/-9%$-12/'97,1/".

! O;'\;'il =Rexp(! x,)! ap,(1! exp(! x))=0! ! ARL
+91
! ?ﬂl\a/l; :(Rzexp(! X,)! azpz(l! exp(! xz)))exp(' x,)=0)! ! Agl

T/'97,7/ "R_1+'91ng_1&7$98S14/%%/17'CH+69123/72$.1/4]1+'9! a, Q1-$.:$2, TH$%&)

R, exp(_xl )

! a, = 14+91 g, = Rexp(-v) ! ALKL

p(l=exp(=x)) " 77 pa(1-exp(-x,))
X8, TIIALK 1 +&.1, 34,1, 31>+ +CH-1.$%$2,.1, 351+5/6',1/414-+69I$Z6+961 /1, 351+ 7/1/417,.)
$X:$2,$91>+-CT+I6IWS$A7,1 /17, 1$X:$2,$01>+-CT7+%1:$+%6,8)!B36.QI+.1+697,1$44/- 17'2-$+.5.!, 35!
$%+, THSISX;$2, $OIWS $47, /41626915 )

! B3$!+697,/-n.147-.,1/-9%-12/'97,7I' 14/%%/114-/>1$X;-$..7/'.1"d_!+'9c_)

dA
! —d;’ll" =0a,L, exp(—x1 ) -k =0" ! “LLL
! dflﬂzPr(DlND)asz exp(—x,)—k, =0 ! L@_
X



T/97, 7/ "LL_+'9NL @ _!&7$%9!$44/-,123/72$HD! x, Q!-$.;$2, 7#$%&)!

! %, = Log| L1 [1vg1 v, = 1og| 2le_ Oexpl=x) |, ! ALd!
k, k, Oexp(—x,)+(1-6)

H$!6.$!1$X;-$..7/ NLK_+'9INLd_!,/VW,+7'1/6-1$267%7TW-76>Q!I13723!7.1.,+,$917'1*-/;/.V,7/'IL)

C/*J*).(.*0!IM9le7#$'1+123+'C$! 7'1+697,/-.Q!,3$!6'7BEH 7% 7W-76>!.,-+,$C7$.!14/-1,3$!
>+'+C$-Q!,3%!1/%9!+697,/-1+'9!,3$!I'$11+697 ,/-1+-$!+.14/98%/1.)
I

Manager:

R HIH'9l

a =
pf-1s 1 fre 45 ]
2 kp,

R

a,= 2
», _1+l L+ lJr4L2R2 Oexp(—xl)
2 k,p, Bexp(—x,)+(1-0)
Auditor oin

s ton| 3 0 1+ 2285
Dk

| Auditornew

x, = Log 1 1+ 1+4R2L2 Oexp(—x,) !
2 p.k, Oexp(—x,)+(1-0)

Ml proofs are in the Appendix_!
|

i337.!-/#79$. H+IW$'23>+-J1,/12/>;+-$!,3$!1$267%7W-76>!12/3HE7'C! +697,/-)

6$((.0G!IN918*0(.0,.0G!+,-.(*/ !
! US$X,!I$19$-7#$!,3$!$267%7W-76>113$"1,3$!+697,/-12/',7'6$.1+.1,3$!+697 ,/-1/4!
$-7/91,1/ 1+4,$-1+697,7'C!;$-7/9!)!'B3$!23+-+2,$-7V+,7/'1/4!,3$14-+69!+>/6' .1 7'1$X;-$..7/']

ALK _1-$>+7'1,3$1.+>$17'1,37.1.$,,7'ClI3$-$!!



R exp(—x,) 'l g = R2eXp(—x2)
+'9! a,

= pl(l_eXp(—xl)) | pz(l—exp(—xz))

R )

q

! 8',37.1.%,, 7'CQUSAT-[Yo#B/-;$-7/9\,1/ 1+697,1$44/-,1+'9! 38$-7/91/'$ 1+697,!$44/4,!
W$2+6.$!7'4/->+,7/'"13+.IWS$S$'-$#$+% SO WS, 1$$'; SWIHBH'1'/14-+69!7.19%,$2,$9!7'1;$-7/9!

I'$ Q!,3%$!1+697,/-16.$.137.1:$- 7191 7'4/->+,7/' /!-$+..$..1,3$!;-/W+W7%7 ,&!,3+,!,3$!>+'+C$-17 !
97.3/'$., +'913'/17'C!,37.17.1,3%$!12+.$!23//.$.137.1$44/-17';$-7/9'$ Q!+22/-97'C%&Q!,/'>77T>7TV$!
37.1,/,+%!$X;$2,$9!2/.,.1+2-/..1W/,3};$-7)95+.$9!/137.1;$-7/9! I/ 1$X;$2,$9!;+&/44!7"

$X;-$..7/'F_QI1,3$1+697,/4%17/911/ 147-.1/-98-12/'97,7/'7 .1$Z26+%!,/!,3$!4/%%N7'C)

dA
! 761;‘:”’ = Pr(D | ND)( Lzazexpl:—x2 :I) —k,=0=! I “Lct
| B a,L Qexp(—xl) 3 La 0 o
. = Logl: ;czz Qexp(—xl)+(l—9) = Log /2622 Oexp[—xl}r(l—e) i

B3$'$!.6W.,7,6,$!4/-k, 17", /! 4 1+'917,3L./>$!-$+--+'C7'CUS/W,+7",3$!4/%%/17'C)
—Lab exp(—xl)

A = La 0 —xk @I IALf!
1 (Oexp(xl)+(l9))k2[1x1+L0g[ ;sz eexp(_x1)+(1_9)]J 1"

1372311$!6.$!,/I/W,+7'1,3$147-.,1/-9%$-12/'97,7/"4/-I,)!

dA

1cont — | |

dx

1

! Qexp(—xl)(Lla1+k2£1—xl+Log[Llizaz Gexp(_x?)+(l_e)D]+(1—9)k2—k1:O! Il ALal

I
USX,!I$1.6W.,7,6,$14/d, 7' /! X, 1+'O1/%#$!4/-K, !

Ml B3$!$Z67%7W-76>Q!C7#$'1+12/',7'67'C!+697,/-Q!7.1,$23'72+%%&!19$47'$9!7>;%727,%&!\W+.$9!/'14/6-1$267%7W-76>!
2097, 7' )IG6$!,/! ,3H'+,6-$!/41/6-1;+&/44.Q46%%&!$X; %727 ,1.1%6,7/'17.1'[ 1/ . TWHS)|S/ISH#S-14/-12/ #$T7$'2$!
+OL/N$'+W%$!6.1,/1>/-$!7',67, 7#$%&!2/>;+-$!,381$26 7% 7W-76>1,/1/'$!17,31+123+'C$! 7'1+697 ,/-.Q!I$!19$47'$!$+231/4!
,3$!,%+&$-h.1.,-+,$C7$.1+.146'2,7/'.1/41,38!+697 /-h.| ;85 7¥B44/- 1 23/ 78bc1 ) !

! Ld



N

! X, = Log+rod+ [1+ T2 : o mmw ALM_
T2 o, Lep( x)+ (1 1)

| 1372311$'$$91,/W,+7" a, )

| a, = R ! | ALRL

# o a# LR, ep(lx) &
0 o 1

B3$form!/4!,38!1$Z267%7TW-76>!.,-+,$C75. 4481 X, 17',3%!12/',7'6/6.12+.$!7.1,3$!.+>$!+.1,3/.$!

4/-1,38I'$11+697,/-QICT#S$'1+123+'C$! 7'1+697,BNB#S$-Q!,3Sbalues +-$!19744%-$',1963!,/1,3$!
9744%-7'C!1+697,!$44/-,1.,-+,$C7$.171 /S 7L 3%, 1/1.$,,7'C.)! |

! I'%7J$!,3%1/%9!+697,/-113/13+.I'1+W7%7,&!+'9V/'7' 2%, 7T#$! 112/ ,-1%!/-1>T7>7TV$!;$-7/9!

4+281+1/.. TW%&!97.3/'$.,1>+'+C$-17';$4A/9 1741'14-+69!7.19%$,$2,$9!7'1;$-7/9 )!15+.$9!/'!

$X;-$..7/'"La_QUISI3+#S!,381$Z67%7W-76>12/'97, K/ @%b+ W3H39] )

H[x] =/ exp(" x)(La[x]+k +kx[x])+(1" 1 )k, " k =0! | ALgl

13$-$! x2[><1] 17.1,38L 4581+ 1$X-$..7/1ALM_1+'84[ x| = Rexp(! x)

pl(ll exp(! xl))

NI"X;-$..7/1Lg_!

7>:%727,%&19$47'$.!,3$!$Z267%7W-76% BABDI/B!1$!2+"/,1$X;%727,%E& ! ./ Yot -!
F6-,3%->/-3Q!$+23!/41/6-1$267%7TW-76>!.,-+,$C7$.!+-$19$47'$9!1 74 Jb->.1/4]

C/*J*).(.*OIN9!H3$'!,3$!+697,/-12/",7'6$.14-/>1;$-7/9! I'$ 1,/1;$-7/91 I/ 1,3$!6'7Z6%!
$Z6Y%7TW-76>!.,-+,$C7$.14/-1, 38!>+'+C$-1+'91+697 /- 1+-$!+.14/%%/1.)
!

Manager!
g = —Shexp (5) g
pl(l—exp(—xl)



R !

a2:
# oo # LR "ep(lx) &
ngb1+§9§1+\/1+ b, “exp(lx)+(11 )¢
Auditor
s Log%( L[]+ (15[ x])) &

(11+'9
(

6 k@K

)1 LR, lexp('x) & _
X, = Log+= 0Al+\/1+ wp, T o[’ )+(1"_/).(;”3$_$! X, !!.+,7.47$|‘H[X1]—0)!

B3$!$Z67%7W-76>19847'$9!7'1*-/,1.7,7/1@!3+.. $#$-+%6!7',$-$.,7'C123+-+2,$-7., 72 )IF 7-.,QII$!.$$!, 3+,
X, 91 X, 1+-$I7'4$- $9681-5%6+ $9Q!1+9606!$%.$I3IBOIRL HTN@Q! X, 952-$+.5.17'K, !
17,3/6,1-$C+-01,/1+123+'CHI 7' +&IA41; +-+>$,$-§U!'/14-+6917 197 . 2/#$-$917';$- TS 14/-1+!
37C3Y1,3$'1,38;-/W+W7%7,81,3+,1,33!1>++C$-17.1,3$197.3/'$.,,8:$!7.1.>+%%$-1+'0!, 351+697 /-1>+&!
AT'91+$962,7/17'1%, 1 IWS!/;, 7>+9BM12/6-.$Q!, 3$I$Z6 7% 7W-76>1-$%+, 7/ VWSS 1, |

>6.,IW$!2/'. 79$-$9!17,31-$C+-91,/1+123+'C$I 7' 1+1;+ 81441 +-+>FBY $X; %6/-$!,37.1>/-$!
31-I6C3%&IT',3SI'SX,1L.$2, 7/, 3+,1;-/#79$.1+12/> +-+, THSI++9%&.7.)

! 1$2/9QISX;-5..7/17Lg_1 3+, 17> %6727 %&IOS4T'S.|, 35ISZ67% 7W- TG HBIYGBS!(3
47-.1;$-7/91+697 144K, 17.1C-$+,$-1,3+113+,11/6%91/226-17'1;$-7/9B 1135'1I!3+#$!+!
23+C$I7'1+697 MU/ $!,3+,1$X;-$.. 7/ Lg_I2+IW$!I-7, $'1+1!

! H (%] = Hapoaa[ %] 1 €x0(" %) (K, + k%,[x]) + (17 1 )k, = 0! r@K_

13831 H,ppoa[ %] =7 exp(" %) La[x]" K 17.1,351$Z67%7W-76>12/'97,7/14/-1+1.7'C%$!;$-7/9!C+>$!
[-14%,$-"+, T#$%8Q14/-1,331/%91+697 /- TNSBINEN; +-,1/41/6-1;-//41/1*-/;]. 7,7 @Q!IS!. 3/
3+,18X;-$..7/1MLg_19$2-$+. ./ K I+'I$X;-$.. 7/ @K _L3/.1,3+1/T', Q7 .$17,13+.19%+-C$-!

#+%6%.!,3+',3+,14/-1+1.7'C%$!;$-7/9!CB3H)0!,3$!2/',7'6/6.14+697,/-123//.$.1C-$+,$-1;$-7/9!

! Lf



I'$ 14697 ,1$44/-,1,3+'1, 351+697 /-113/10'/1.13517.1%$+#7'Cl+,1,351$'91/41:$-781Q1 2$,$-7..
+-TWBLE. 1+1-$.6%,Q!,3$1+>/6',/414-+6912/55, 917", 3$147-.,18&$+-17.1%$ 1442/ 7'6 7'C!
+697,/-$%-+, T#$! /1+'1+697,/-113/1/'%&I+697 ,.1;$-TH1)!

! F7'97'Cl4-+691.//'$-1-+,3$-1 3+'1%+,$-17.1>/-$l#+%66+W%$!,/1, 3312/, 7'67'CI1+697,/-Q!I13723!
-+ Yot $.17" N1+ >+%0%$-1+>/6', 1/4L$-7/8! 1$44/- 1-$%+ THBS!I'SI+697 ,/-) N 1$$I T/-/%%+-&!
L )IGS$.:7,$!,38I'$I1+697 /-h. 1+ WT7%7,&!,/16:9+ $IW+.$91/'1, 3517'4$-- S SH#897,1$44/-,Q!, 38!
2/' 7'67'Cl+697,/-123//.$.1%/1$-1+697,1$44/-17'1:$-7/9 '\W$2+6.$1;$-7/85 1+697,1$44/-17.!
37C3$-1+'913$!$.,7>+,$.1+1%/1$-1;-/W+W7%7,&1/414-+69IC/7'CI 7' I, $HBOS! /1, 351%/ IS+
+.$.>$' /41, 3$);-/W+W7%7,&1/414-+6914/-L: $AT/@/'SI>7C3,17'4$-1,3+,1,3$-$13+.IWS$'1+!
-$962,7/'17'1.3%;,727.>)IF6-,3$->/-$Q!,3$1%/..1/41$;, 727 >kppears! [IW$!>/-$14/-1, 35!

2/, 7'67'C1+697 /-1#$-.6.1,33!'$11+697 /) 1S/I$#$-Q!, 3B/IS-1;-/W+WT7%7,&!+..$..>$',1/414-+60!
4/-1,3$12/ 7'67'CI1+697,/-+,1, 3$IWSC7"7'Cl/41,3$).$2/'9L;$-7/B1./%$%&196$!,/137.123/72$!/4!
37C3$+697,1$44/- | T3S X~ t$-7/91+'91, 3$14+2,1 3+ 14-+69!1+.1'/,19$,$2, 519

! B37-9Q!I$!.$$!,3+,1+%%/17'C!,3$1+697 /-1, 12/ 7'6$1+697,7'CI7'; - 1844$2, TH$%&!
-$962%.1,3$!>+-C7'+%!12/.,1/4137.1;$-T01+697 1$44/- IW&!+'1+>/6',1$Z6+I 1" )k, )IIE 1,38

- 71-5-IW+W7%7,&!,3+,1,3$!I>+'+C$-17.1,38!13/'$.,1,&;$!7'2-$+.$.Q!,3%!12/',7'67'C!+697,/-h.147-.
;$-7/9!>+-C7'+%!2/.,!/4!+697,!$44/-,!9$2-$+.$.)!!E'9Q!7'!,3$!°/d€>.‘7,T"5/— Q!+697,!$44/-)!

+5:-/+23$.1 [;$-4$2,1+697, 7T';:$-7/91'$ )

! B3$.$!$.6%,.Q!137231-$%+ $1,/12/>;+-7./' 117,37'1$+231;$- HS4/->+%%&!-$.$', $9! 7'!

T/-1%%-+-&ML)

! 8*/*002/;IME/-1,3$12/", 7'67'C 4697 /-1-$%-+,7T#$! /1+123+'C$!7'1+697 /-.D
!_)ﬂ83$!+>/6',!/4 14-+69.1.>+%%$-1+'0!, 3$1+>/6',1+697,1$44/- 1 7.1983%:S/9V/'$ )!

@)B3$!+>/6',!/4! 4-+691.1%+-C$-1+'9!,3$!+>/6", /4697,!1$44/-17 .| >+%PA$H-7/9,1/) |



! USX,SL$-4/->14+12/>: +-+, THSI++%8. 7 1/'1/6-1$Z6 7% TW-76> |- QIETBHS 1#+-7/6.!
23+'CS$I7'+&/44)+-+>$,$-)!

3P=B?DC+7+"3P%!+>+L636!?1!18Q+>F%6!3>1"Q0%! I

+@43"?7R6!+>4ID+>+F%7R6!C+L?116 !

! 8'!,37.!.$2,7/’Q!I$!2/'.79$-!3/I!,3$!;%+8!L$-.h!.,-+,$C7$.!23+'C$!I3$'!,3$!;+&/44!
+-+>$ $-.123+'CH)IF/-1$,,7'CLIN 3$123+'C$!.$,,7'C,3B!1+697,/-Y . 1+'9I>+'+C$-Y.!;$-7/% !
,-+,$C78.R 1+'9! a QB.;$2,7#$%R%0&9$;$'9! 6; /'!,3$!;$-7/9! I'$ I;+&/441+-+>$,$-.)!156,Q!
W$2+6.$!,3$!+697,/-12+'16;9+,$!,3$!%7I$%73//9!/4!,3$!>+'+C$-Y.!197.3/'$.,&!'W+.$9!6;/'1,3$!47-.,!
:$-7/91/6,2/>3Q!,3%$!.$2/'9!;$-7/9!.,-+,$C73$.14/-1,3$!+697,/-1+'9!>+'+C$-19%;$'9!6;/';$-7/9!
I'$ +-+>3$,$-)1F/-118,,7'Can,3%!12/',7'6 7'CL.$,,7'C_Q!+%%!4/6-!.,-+,$CT%.1%885,$->7'$9
W$2+6.$!,38!>+'+C$-Y.147-.,1;$-7/914-+69123/72%!7.19%,$->7'$9'W& !, 3$!+697,/-Y .147-.,1;$-7/9'$44/- !
23/72R'+'9B$!+697,/-Y 147-.,1;$-7/9'$44/-,123/7 7871 % &%, $->7'$9!17,3!,3$!+697,/-¥dcond!
$-7/91$44/-,123/72$)1B37.17.19$>/". -+ $9W&!, 3$I1$Z6 7% 7W-76>12/'9%, FAH4T79$9! 7"

$X;-$..7/°Lg_)

C/*3%).(.*0!S 91B3$!4/%%/17'C!,+\\%$+-7V$., 35123+ C$7'1$Z6 7% 7W-765$C7$4-!
23+'C$.0,38;+-+>$,$-.QL, OR Qp, Q1+'0k 13$-$! i | {1,2} )IBBSI2/> +-+,7#$1-$.6%, .
+-$1, 3BL4+>$14/-1W/, 3L, 7' QISX2S$;,14/-, 38154452, 1, 3+, 1:$4T/H-+>$,$- .1 3+#$!/1
$-7/91'$ 1.,-+,$C7$.11,3$1.3+9$912$06%. )

!



"44$2,\/'.,-+,$C&

825+ 5171

xd4/-! ad4l-!
;$-7/9I'$ ! 21, 767'cC! | 2/'7'67'C!
;+&/44] x4/-12'\767'C! | ol4/-12/,7'67'Cl! | +'9123+'C$!| +'9123+'CS!
+-+>8,8-.1 | 14'9123+'C$..$,,7'C. +'9123+'C$..$,,7'C. $,,7C. $,,7C.
L! +! -1 -1 +!
R! +! +! -1 + 11
p,! -1 -1 +! -
k! -1 + ! +1 -1
82-$+.$!7! xd4/-! ad4l-!
; $-7/91/ ! x.14/-! x !4/-! al4/-! a4/ 21, 7e7'c! | 2/'7'67'C!
;+&/44] 21167 Cl | 23+'C$N| 2/, 7T67'Cl | 23+'CHlY +'9123+'CH! +'9!23+'C|:$!
++>$%-, | $,7C | $,7C | $.,7C | $.,7C $,7'C! $,7'C.
L) +1 Kl -1 Ki +1 -1
R)! +! K -1 K +1 +!
p,! —! K +! Kl -1 —1
k,! +1 Kl -1 Ki -1 +1!

B3$!I+W/H#S!,+W%$!7.12/'.,-62,$9!+.14/6-126+9-+',.) | BBSHA, | Z26+9-99.2- TWE3S!

$44%$2,.! 3+,123+'CS.17':$-71S 1 +&/44):+-+>$ $- 13+#$!/'1,3$:$-7/N$ 1+697 /-1+'9!1>+'+C$-!

G-, SC7ENL7>7%+-%&Q!, 3FDNCIIZ6+9-+98.2-7TWIR/1123+'C$.17';$-7/9! |1/ 1;+&/44!

+4+>$,$-.1444$2,1:$-7/9 14697, /-1+'Q1>++C$-1. -+ $CT7$)U/$!,3+,1,35.$!,1/126+9-+', . 1+-$!

79%',72+%BH'CS.17'1,38!;+&/44);+-+>$,$-whithin +ICT#S';$-7/917'9623!, B$>$!7',67, 7#$!

23+'C$.17'1,3$!1+697,/-Y.I+'9I1>+E$-Y .| -+ $SCTW)HIC7#$';$-7/9QI#2-$+.$!7'1,3$!+697,/-Y .

%7,7CH$X;[.6-$ | L 17'2-$+.$.14697,1$44/-,1+9B!>+'+C$-1-$+2, . IWG&2-$+7'Q4-+69!13$-$+.!

+17'2-$+.$!7',38!1+697,/-Y.12/.,1;+-+>8 B/-1+697,7'H 19$2-$+.$.1+697,!$44/-, 1 5 Z!>+'+C$-!

-$+2,.IW&'2-$+7'Q4-+69)B%. Q' +IC7#$';$-7/9Q1 7'2-$+.8!7'1, 3$!>+'+CS$-Y.IW$'$47 !

+-+>8,$-I R 17'2-$+.$14-+69!+'9B$H697; |-$+2,.IW&!7'2-$+. BB 7$44/-137%H!'" 7'2-$+.$!

7'1,381>+'+C$-Y.1$'+%,&!;+-+>$,$p, 19$2-$+.H4-+69!+'93$!+697 /-1-$+2,.IW&!9$2-$+.7'CH697,

$44/- )

Lk



US$X,12/'.79%-1,3%!,/;,07C3,126+9-+"1/4] 38! +WOHHH&!$44$2,17 .1 3818 Xpposite!/4),3$!
$4$2,!7',3%!,/00$4,126+9-4/11+697,1$44/x] IW$2+6.$!+7'2-$+.$19$2-$+.$71;$-7/91/'$ |
+697,1$44/x119$2-$+.8.1"7'2-$+.$._!,3$!6,9+,$9!;-/W+W7%7 & /A S-789!,1/)!IE.!+!-$.6%,Q!
$-7/9,11'+697,1$44/-, I, 19$2-$+.$.1"7'2-$+.$. ) IF/-1$X+>,%$Q!+'17'2-$+.$!17'1,3$!;$-7/91/'$!
%N7+W7%7,&121'2-$+.8.;8-7/91/'$1+697,!1$44/-4 "/, @6$4,!126+9-+',_QN3723!7',6-'1%/1$-.!,39!
6;9+,99!,-/W+W7%7,&!/414-+69!7';$-7/91,1/1+'91;:$-7/91,1/'+697 ,1$4419$2-$+.$.) ' IN/-$/#$-Q!
W$2+6.$!,38-$!7.1'123+'C$!7'1+1;$-7I05+'+CS-1;+&/44);+-+>$,$-Q!, 3$!1>+'+C$-Y.1;$-7/91,I/!
23/723$1/414-+69\dnly!+1-$+2, 7/ /', 3$1+697,/-Y .1;$-7/91,1/'23/723$/41$44/-)1'1B36.Q!;$-7/9!,1/!
4-+69!7'2-$+.3.119$2-3+.5._I3$'$#3-1;$-7/91,1/1+697,1$44/-,19$2-$+.$.1"7'2-$+.5. Q!C7#$'1+!
23+'CI71+1:$-7/91/'$!;+&/44);+-+>3 $t)

B3$!'W/,,/>06$4,126+9-+"1/4! 3$! +W%$! 7%%6.,-+,$.!,3$!97443-$', 7+%!7>;+2,1/41 3$!2/', 7'67'C!
+697,/-1/'1+697,7'C!+'914-+69)%&!7',3$!12/,7'67'C!+697,/-1.$,,7'Q/$.! ,3$!1+697 ,:J'/1'37 .!
$-7/9,1/ 1 +&/44.1+'912+"1+9/; 1 +1[%//I3-3$+9[!.,-+,$ABS-$!3$!12+'1+', 727,45, 35!$44%2,.1/4!
38L8-7/91'S 1.,-+,$C7$.1/137.1:5-7/91/ 1$X;$2,$9!12/. WIF/-1$X+>;%3$Q!74!3%!$X;$2,.1%7+W7%7,&!
20.,0708-7/90 1/ 1,/17'2-$+.3Q!3$!7'2-$+.$.137.1;$-7/9!1$44/- 1 ['3%%; | +#/79!+!;$-7/9! 1+697 !
4+7%6XFR-$+.$.17'1;8-7/9!1/ 1%70017&!2/.,.17'2-$+iBkh!;$-7/9/'$ 1+'91;:$-7/9!,1/ 1+697,!
$44/-)1'B33$!12/', 7'67'CI+697 1/, 7>+%%&3//.$. 1$44/-V'1$+23/4! 3H/";$-7/9.17'1/-9%-1,/!

ST'T>TVET 1#$-+%%!2/.,.1/416'9%$,$2,$9!4-+69)!!1B3$!/%9!+697,/-17',3$!23+'C$!.$,,7'C! 7172+, +W%$!
141,37.1.,-+,$C72123/72$)IE.1+!-$.6%,Q!, 35! |- T/R/4419/1'/ 1+44$2,1,3$;$-7/HS$ |-+, $CT7$.!
4/-1,3%$1%9t697,/-1/-!,38!>+'+C$-17'1,3$!123+'C$!.$,,7!C)

B/L$SI3/l 1L, QIR, +'O! p, Qh44$2,;$-7/85 1+697 1344/ 4/-1, 3812/, 7'67'C1+697 /-Q!
2/'.79%-1,3$1$Z67%7W-76>12/'97 Q] = 0 QB+,19$,$->7'$.Ix, )

H[xl]z t9exp(—xl)(Lla1 [x1]+k2 +k2x2[x1])+(1—9)k2 -k, =0!

! Lg



dH
5$2+6_$!M <OQUSLI/N,3+,1,381.7C/41 o - RIS 19$;$'9.1/'%&!/",3$1.7C'1/4!
dx, dg —dH|x,]/dx,

dH | x,|/ dg13$-$! gl., +'9.14/-1+ICH'$-+%!;+&/441;+-+>$,$-)I T/ $Z6$', %&Q)!

dx, .W$2+6$|M>ou3$ $! 1 ]>O)”N/ $I4S- Q _904 94 A% 36 4
a’R2 dR, R, OR, 0x, dR,
dx dx,
1-$.6%, J4/--1 1491 —114/9%/11, 33! +>$1%6/C72)
R2 8xl dL, dp,

dH
F/-123+C$.17'1k, QfFr = M>0!|3$-$! [x1]>0c9w9!

dk, —dH|x,]/dx, dk,
da, da, Oda, dx, da dx
o T O T 20 N13$-B —L < 011491 L > 0)11"44$2, THS%&Q!+17'2-$ #0625, 1, 35!
dk, ok,  ox, dk, ox, a, ) baQ A

>+-C7'+%!2/.,/41;$-7/9% 1+697,1$44/)!
F7C64819%;72,1+IC-+,3724B8H>;%3$!14697,'$44/-,1+'914-+69dch 14!,3%!,1/1;$-7/9. @

4/-1+123+'C$!7'1+697 /- 1#$-.6t12/', 7'67'C1+697,/-1+'917%%6. ,-+,$.!,3$!-$.6%, . /4! T/-RpYo+-&!

E697,!$44/-17.137C3%$-17'1;$-T8O1+'91%/1$-17'1;$-7/91,1/ 137%$!4-+69!7.1%/1$-17'1;$-7/B!!

+9I37C3$-17'L:$- 7/ 14/-1 38R/, 7'67'C! +697,/-$%+, 7TH$H 23+ C$! 7'1+697,/)11B3$147C6-$!
+9%6./17%%6.,-+,$.1,381-$.6%,.17'1%-/;/.7,7/1d!,3+,1-$%+,$1,/123+ER/AY/ h.1+697,12/.,)!!
*$-7/9L1/ 1+697,1$44/- 19$2-$+ S 1+'91:$-7/91 I/ 14-+6917'2-$+.$.17R, 14/-1both .$,,7'C.)!
1,3$!/,3$-13+'9Q1; $-7/9/'$ 1+697,1$44/inicreases!T' k, A1-1,3$12/' 7'67'CH+697 /AWET 17!

6'+44$2,$9\W&!23+'C$ A7M/-1,3$!123+'C$!+%7,/)'B3$R/', 7'67'C 1+697,/-Q!J'/17'C!,3+,13$!
C/$.1/,/1+697,1;$-7/9!,1/ Q!+697,.1>/-$1+CC-$.. 7#$%&! 7', $7 1919!,3$-$4/-$123//.$.1+!

37C3%-1;$-7/9% 1$44/-,1,3+',3§P09t697,/-)B3$!97.3/'$.,!>+'+C$-1-$.;/'9.1,/1,3$.$!+697,!



$44/-,1$44%2,\W&!9%$2-$+.7'C!;$F /A-+69!7'1,3$!12/', 7'67'C!+697,/-1.$,, 7QWV6,123+'C$.1 74, !
3+#$!'/1$44$2,1/14-+6917';$-7/98% 14/-1,3$!123+'C$L.$,,7'C)
B3W'$X,1.$2,7/'1.3/1.1,3  +]+69726+%7{&%%I+&.137C3$-18HR/',7'67'C 1+697,/Q!
13$-$! 1$!>$+.6-$! +697,1Z6+%¥7.1&7,3$-1$X;$2,$9!6'9%$,$2,$9!4-+69!/-1+697)!1-7.J
P=1%TC%8"%4!@>4%"%8"%4!17+@4!+>4!+@43"1736: !
! HS'WSC7'1/6-1+'+%&.7.1/41+697,126+%7,&!\W&!47-.,12/>,+- 7' IETNT", $->.1/4]

$X;$2,$916'9$,$2,$914-+69)

%IJ$'($-! @O-$($'($-! 1/2,- !

! "X;$2,$9!6'9%,$2,$9!4-+69!7.1>$+.6-$9!+.1,3$!;-/W+W7%7,&!,3+,14-+69!/226-.1,7>$.1,3$!
-IW+W7%7,&!,3+,14-+69!17.1'1,19$,$2,$9"C7#$'1+14-+6913+.1/226--$9_!,7>$.!, 3@-+6/8)! | A
,37.1>$+.6-$19$2-$+.8$.Q!+697,126+%7,&! 712-$+.3.)

"#HP%&' D) +,-%&" 95 ./$#012

! F/-1.$,,7'CV/'$ 113$-$!I$!3+#$!+123+'C$!7'1+697,/-.Q!$X;$2,$9!6'9$,$2,$9!4-+69!/#3$-1,1/!

:$-7/9.17.1$Z26+%,/

0a, exp(—x,)+Pr(DIND)a, exp(—x,)=1

k. k
EUF, =—14+-2) @)
change Ll L ) @ —

I"HHS$Y68 ) + 0%6H$ Y. 9685401

! "X;$2,$9!6'9%$,$2,$914-+69!7'..$,,7\Q! 17.1$26+%!,/

0a,exp(—x,)+Pr(DIND)a, exp(-x,)=1

EUFW:—kl_(l_e)k2 chay I r@@_

Ll+&(1+x2) L,
a

1



H$!.$$!,3+,\EUF, A < EUF,

cont change

QN3723N$!4/->+% 7V 7'*-[;1. 7,7/ WB2+6.$!2%$+-%&!

k—(1-0)k,
k
Ll+a_2(1+x2)

1

<ﬁ)!!
Ll

C/*J*).(.*0! WA"X;$2,$9!6'9%,$2,$9!4-+68$-1,3%!,1/1;$-7/9. Q!\C7#$12/',7'67'C!
+697,/-17.1.,-72,%&1%%..1,3+',3+,IC7#$'1+123+'C$! 7'1}#697 ,/-.

!
i
! B3$!,-+,$C72!+.;$2, Y42/, 7' 67'A+697,/-!;-I#79$'W$'$47, +3+-$!'/,1+237$#$I W !+
23+'C$7'1+697,/-)1'B3$!2/,7'67'C!+697,/-123/1.$;$-7/91/'$ $44/-,!,3+,1+',727;+,$.1,3$!
>+'+C$-Y. ! -+, $CR#$-1, 3%, 1/1;$-7/9. 1+'91,36.13+.1,3$1+W7%7,&!,/1>7'7>7TVSI 37 $2%$
2/.,. )IN/-$/#$-Q3$'1+123+'C$! 7'1+697,/-.17.13'/I',/'[226-Q!,3$1/%9!+697 /- ' TH&! 7', $-$.,$9!
7'13/137.1.,-+,8C72123/72$!+44$2, 137 \/1';$-7/ 1$X;$2,$9!12/., )

! F7C648!9%;72,.14C-+;37 24X +>;%8%%6.,-+,7'C!*-/;/.7,7/"dNB7%S$!,3$!12/>;+-7./'7 !

H+% ZBI+0%+>$,$-. QIISIOSS/ ., -+,$!,35!-$%+,7/.37;IWS$, ISSEUF 1+'9! EUF

t change

17',$->.!

141,3$!4697,/-Y 1% 7+W7%7,&!;+-+>$,$- 111, 8JLIJNU/,$!, 3+, EUF, ,, < EUF,,,.. 'Al-1+%%!#+%6$.!

cont change
J4) L, W'OI+123+'CSIT'L, +44$2, EUF, 1 /1+1-$%+, 7T#$%&IC-$+ $-1$X,$,
+-(17)V !

! 8'/6-1.$,,7'CQ!+697713!7.1,3$!;-/W+W7%7,&!,3+,!,3$!147'+'27+%!.,+,$>$' 1421+ 7'
6'9$,$2,$9!4-+68)F6-,3$->/-$Q!13$'11$!12/'.79%-1+697,!-7.JQ!1R/>; +-$!+697 1-7.J14/-1$+23
7'9T#796+%97,!;$-7/92-/..1, 381 1/1.$,,7'C. )

"##$%E&' (" +,-%0&™ % ./$#012

! H3$'1,3%-$!7.1+123+'C$!7'1+697,/-.Q!+697,!1-7.J!7'1;3-8/91 |

! AR, = Hexp(—xl)!!

RB33$!;-/4$..7/'+%!.,+'9+-9.19$47'$!+697,!-7.J1+.1 3$!;-/W+W7%7,&!,3+,!,3$!+697,/-17..6$.1+'16'26+%747$A/; 77"\ CT#$'!
,3+,1,38147'+27+%!.,+,$>', . 1+-$I>+,$-7+%%&!>7 .., +,$9)118'/6-1.$,,7'CQ!,3$!+697,/-17..6$.1+'16'26+%747$9/; 7' 7' 741'/!
4-+6917.19%,$2,$9)!B36.1+697,!-7 3BV, YW+W7%7,&!4-+69!1$X7.,.1+'91C/$.16'9§,$2,$9

! @



+917'1:$-7/911/ 1+697,!-7.J1$26+%.

_ Qexp(—xl)
o Qexp(—x, ) +(1-6)

exp(—xz) |

138-$! x, 1+'9! x, 1+-$14-/>1%-/;/.7,7/1L) ! I
"##$%&'3)"+ 0%0#$5%.$%&5#01

! H3$',38-$!7.1+12/", 7'67'C!+697,/-Q!+697,1-7.J!7'; $/1¥9N7 .\$Z26+%!,/!

! AR, = Gexp(—x1 ) !

+917'1:$-7/911/ '+697,1-7.3'526+%!,/

| AR _ Gexp(—xl)
' 2 gexp(—x,)+(1-6

jexp(-)!

13$-$! x, 1+'9! x, +-$14-/>1%-[;/.7, 7/ @) !

C/*J*).(.*0 VAEG97,!-7.017'1$+231;$-7/9!\C7#$'1+12/',7'67'C!+697,/-17.1.,-72,%&1%3..!
,3+'1,3+,IC7#$'1+123+'C$!¥697,/-.)

I
i
| 5+.$91/',3$1$Z67%7W-76>12/'97 Hl|lx, | = 0 QU$!I'/I!,3+,147-.,1;$-7/91+697,1$44/-,1 7'
1$,,7'C@r.137C3%$-,3+',3+,17$, 7'GLH+'9!1$!3+#$!,3$14/%%/I7'C!-$.6%,Q

! AR, > AR, Q!
1372317>,%7$.!,3+,1+697,1-7.J17.137C3$-14/-1, 38123+ C$!+697 /- T §;HBCE-SIf-/#798.1+!
C-+;372+%!-$;-$.8',+, 7/ /AI+12/>+-7 [MAL$-7/9U'S +697,1-7.314+2-/.1.$,, 7'CLE 1+'91,1/ 1+
3$&!-$%+,$!,/1,3$1+697 /-Y .|, $FHI%T+WT%7 &), +-+ESBEC+7'1+'&);+-+>$,$-12/6%9WS!
6.$91,/17%%6.,-+,$!,35.$!-$%-+,7/ . &B.)N,$!+137C3$697,1$44/-,17'1;$-7/9 14/-1+123+'C$!7"!
+697,/-@R/>;+-$91,/! +12/',7'67'C1+697 /QH697,1-7.36>+7".1%/1$-17'1;$-7/9\,1/ 14/-1,3$!

2/, 7'67'C!+697,/)MB37.1/226-.IW$2+6.$!;$-7/8! 1+697,1-7.J17'L.$,,7'TN 17'2%69%.!,33$!

6;9+,50L-W+w7%z,el P() 1,3+,1,3$1>++C$-17.1,3314-+696%$',|, & $!13$-5.!
Oexp(—x,)+(1-96)



C-$+,%-14/-1,38I' 7'67'C!+697,/-)!B/C$,3%-1/6-147'97'C.14/-1$X;$2,$9!6'9%,$2,$9!4-+69!+'9!+697 !
S7.7$+231$-7/98/11 |, 3+,14697,126+%7,&!7.137C3%$-17',3$12/', 7'6 7'CR$3,#E0!,/ |,3$!
23+'C$!.$,,7'G)
P3=%DC738+E!3>63FQ"6 !
($C6%+,/-.QL-+2,7,7/'$-.QI+'91+2+9$$B+-23%-.12/', 7'6$!,/19$W+,$!13$,3%-1,3$!
$44727$'273.1,3+,1-$.6%,!4-/>1+"1$X,$'9$NHGRB; $!/6,1$7C3!,3$!;/,.$', 7+%!7>;+7->$',1/4]
+697,/-17'9%;$'9$'2%14-/>1, 38!+697,/-IWS2/>T'CII' 2/V&[17,3!,3$12%7%')IIE.N7,3!/,3%-!
.,697%.Q!1$!47'9697,126F7%!7.137C3%-14/-1,3%!12/', 76 7'C!+697 ,/;QMW/,3!+697,!-7.J!+'9!
$X;$2,$9!6'9$,$2,$9!4-+69!+-$!1%HAB-1..!,3$!,1/1;$-7/9.1  4/-1+12/'7'67'C!+697,/-2/>;+-$9!,/ |
+R3+'C$!7'1+697,/)1116-1.,69&!19%>/".,-+,$.Q!,3+,117,3/6,!$>;7-72+%!+'91$X;$-7>$', + %!
-$.$+-23%-.198#$%/; 7'CI+"1$X;$2,+,7/'.1>/9%%!,3+,1-$4%$2,.!,3$!$X,$',1+697,1 26 +%7,&!1/6%9!9744$-!
7',381+W.$28Y/41+"17>,+7->$'1/417'9$;$'9$'23Q!, 3$!1$# 793231 ,/19+,3!17.17'2/'2%6. 7#$!/"!
13$,3%-1+"17>;+7->$',19/$.1/-19/$.I' ,I1$X7. )11 |
B3$!12/2$-"1+W/6,!7>;+7->$'1/417'9$;$'9$'2$!2/',7'6$.!,/'W$!46$%$9!W&!,3$!/W.$-#$9!
3$'/>F17"1%+,$-1:$-7/9.1,3+,14+697,1$44/-,17.1.>+%%S$-1+'9!,3$!+>/6',1/414-+69!7 .1%+-€E$-14/-!
2/, 7'67'CI+697,/-2/>;+-$9!,/ 1+I'$11+697,/-)NE!J$&!47'97'C/41/6-!.,69&0B#$-Q!7.!,3+,1,38!
2/, 7'67'CI+697,/-11/6%9!,&;72+%%&!$X$-,!>/-$!$44/-,17'),3B!$+-%7$-!;$-7/91,/197 .2/#$-14-+69Q!13723!
7'1,6-'1-$.6%,.17'1%%..14697,!1$44/-,1+'91>/-$!4-+69!7'!, 3$!%+,$-1;BI79)4! 2/6-. $(B+.!,3$!
+;;$+-+'2%!1,3+,1+697,!, $'6-$!7>;+T+697,/-17'9%$;$'9$' 28)H37%$!+'1 7>;+7->F' 1/4]
7'9%$;$'9%'28!I>+&!7'9$$91$X7.,Q231+12/'2%6.7/'12+" \WS!9-+1" 14-/>1/W. $-#7'C1%/1$-+697 !
$44/- 19 137C3%$-14-+69!7'1%+,$-1;$-7/9.1/41+'1+697,/-h.| FEBM, '47-.,12+%7W-+,7'C!,3$!$X;$2,$9!
9744%-$'2%$.'\W$,I1$$'"+12/', 7'67'C!1+697,/-1+'91+123+'C$! 7'1+697 ,/-Q!+C+7'1 7', 3$!1+W.$'2$!/4! +']

7>:+7->$'1/417'9%:$'9%'2%) !!!



H7,3!,3%12/%%+;.$!/4!E-,36-1E'9$-.$'Q!'$1'12/'2%-".1+-/.$!1+W/6,!+697,/-!,$'6-$!$-/97'C!
+697,/-17'9$;$'9%'2%$)!1(+,3%-!,3+'12-$+,7'C!>49+,/-&!1+697 ,147->1-/ +,7/'.] '+%%$#7+,$!,35.5!
2/'2%-'.Q!,3% Sarbanes-Oxley Act of 2002 "1]k_1$'3+'2$9!,38!;-/#7.7/"4/-1>+'9+,/-&  partner
-/, +,7"W&!-$9627'C!,3$!-/,+,7/';$-7/9), /' +1>+XT7>6>1/4147#$1&$+-)118'1 $->.1/41/6-1>/9$%Q!
>+'9+,7'ClLi+-'$-1-/,+,7/'";/,$', 7+%%&! 7'2-$+.$.1,3%$!2/.,1/41+697,7'C! 7', 3$!1%+,$-1;$-7/9.14/-1+1'$]!
continuing'+697,/-147->!;+-'$-Q!-$;-$.$', S9! WM

B3%$!9$.7-$9!$44%2,.1/411]k!-$9627'C!,3$!-/,+,7/'1;$-7/91+.1 ['7'2-$+.$!+697,1 26+% 7 ,&!W&!
-$9627'C!,3%!;/..7TW7%7,&!,3+, 46 F-1$'6-$!7>;+7-.1+697 /-17'9$;$'9%$'2%)!1e7;;$-Q!S+7%Q!+'9!
A$6VI"@QKLM_+'+%&VS$!+1%+-C$!.2+%$!.+>;%3$/4);+-'$-1-/,+,7/' .17'1,38:) ) /1, $.,14/-1,37 !

1. TWT7%7,&Q!W6,147'9V/1$#79%'23$!,3+,1+697,126+%7,&!7'2-$+.$9!17,3!,3$!1]k!-$267-$>%',)!'B3$!
-$.6%!4-/>1/6-1.,69&!;-/#79%!+"1$X;%+'+,7/1+.1 N3&!, 3B!+W/#S$!.,69&!979!'/ 14791+
7>;-1#$>%',17',387-17'972+,/-1/41+697 ,1Z6+%7,&)!|6-12/>;+-+,7#$!.,+,72.17'972+,$k 3+, +.!
7'2-$+.$.Q!+697,!$44/-\W&!,3$!2/', 7'6 7'C!+697,/-1"7"1,37.12+.$Q!+!12/' BB I4T\-6]7,3! +!
9744%-3'1%3$+9!+697,!;+-,'$- 19$2-$+.5.1$#$'1>/-$!7',3$1%+,$-1+697,!;$-7/9!-$%+, 7#$!,/1,3%!'$I!
+697,/-)'B3$!+>/6',1/414-+69!7'1,3$!%+,$-1;$-7/91+%./17'2-$+HP T2 $+.$.)!

H37%%$!>+'9+,/-&!+697,!;+-'$-1-/,+,7/''1>7C3,'W$!$44$2, 748627'C!,38!;/.. TW%$!
7>+7->$'1/417'9%,$'9$'2$!4-/>1+697,/-1,$'6-$Q!,3$!6',$'9$9!12/'.$26$'2$.1/41>+'9+,/-&!+697,!
i+ 81+, 71 +-8) )8 T+%%WE . 7,$!/4A11]KY . IC/+%!,/17'2-$+.$1+697,126+%7,&)!15&!+;;%&7'C!,3$!
-$.6%,.1/41/6-12/>;+-+,7#$!.,+,72.1 'BBBI$X;$-7>%',+%!+'91$>;7-72+%!.,697$.Q!46,6-$!,$.,.117%%0!
W3SI+W%$!,/179%',748&!13%,3%-1,3%!;/.7, 7#3!$443$2,.1/4!>+'9+,/-&!+697 |, +-'$-1-/ +,7/'['!+697 /-]
7'9%;$'9%$'2%!/6,1$7C3!,3%!6'7",$'9%9!'$C+, 7#$!$44$2,.1/41>+'9+ /-&!+697 ,;+-,'$-1-/ ,+ , AY>]
7'2-$+7'Q;$-7/91/ +697,12/.,1 k)

P33=8?>8E@637> !



! H$!12/'.79%$-1+1C+>%B%/-$,72!>/9$%!/41+697,7'Cl13$-$!+!>+'+C$-1;/.. TW%&!2/>>7,.!
4-+69!/#$-11/1:$-7/9.1+'91+'1+697 /-1+,,$>;,.1,/19%$,$2,!, 3$14-+6G¥ 4! 7,1$X7., )IHS$!2/>;+-$!,I/!
$,,7'C.1/41,37.1>/9$%)!18",3$!47-.,Q!+19744%$-$',1+697,/-1+697, .1 $+2B3H-769 7 /-1 7', 3!
$2/'91:$-7/912+'16;9+,$!,38!:-/W+W7%7,&!,3+,!,3$!>++C$-17.19719/'$.$9!/'137.17'4$-$'2$!/4!
,35!/9%091+697hi+2,7/ 1S/ 1$#$-Q)3$!7' 2%, 7#%5.1/41,3$1+697,/-17"1$+23!;$-7/91+-$17'9$;$'9%",)!!
8',3$!.$2/'91.$,,7'C!I+1.7'C%$!+697,/-1+697,.IW/,3!;$-7/9.)118'1,37.12+.$Q!,3$!2/, 7'6 7'C!+697,/-12+'
$44727%" 1938 . +697,1$44/71$+231/4BS! 1/1;$-7/9.1,/'>77>7V$!,3$12/>W7'$92/.,.1/4!
+697,7'CI+'91%7,7C+,7/1$X;/.6-$!+2-/..1, 38!, 1/1;$-7/9.)IE.1+!-$.6%,Q!+!2/',7'6 7'C!+697,/-123//.$.!
+137C3%$-1+>/6"1/41;$-7/9'$ 1+697,'$44/-,1+'91 3$!>+'+C$-123//.$.1+1%%$..$-1+>/6",1/4!;$-7/9!

I'$ 14-+69)1184!1,3%-$!7.1'14-+69!9%,$2,$9!+,! 3BIBER7/91/'$ Q!,3%!12/',7'67'C!+697,/-123//.$.1+!
lower!+>[6'1/41:$-7/9! I/ 1+697,1$44/-,1-$%+,7#$!,/1+!'$11;$-A/91+697 /ONS$2+6.$!,3$!;$-7/9!
'S 1$#79%281/-1,3$12/',7'67'C1+697,/17'972+,$.1,3+,1,3$-$!7.1+1%/1$-1-7.J1/41+197 . 3C&;$!
>+'+C$-)!

! 16- 1-$.6%,.!4+%./1.3/1!,3+,1,1/'>$+.6-$.1/41+697,126+%7 ,&!+-$!+%I+&.137C3$-14/-1+!

2/, 7'67'C!+697,/-)1B37.1/226-.19%.;7,$!+1%/1$-1%$#$%! /4!, 3 718697 ,1$44/-,14/-1,3$!

2/, 7'67'C!+697,/-1138"12/>;+-$9!,/!  3$t$-7/911/ 1+697,1$44/-,|C7#$'1+123+'C$!7'1+697,/- )'HS!
47'913+,4697,!-713,33!:-/W+W7%7,&!14-+69!$X7.,.1+'9!C/$.!16'9$ BBME-17"bach ;$-7/9!4/-!
3812/, 7'6 7' CI+697,/[-)IN/-$!7>;/- +',%&Q!,/,+%!$X;$2,$9!6'9%$,$2,$9!4-+69!+2-/..1,3$!,1/1;$-7/9.!
7.1%/1$-14/4,3$12/', 7'67'C!1+697,/-)1I!

! 8'1+997,7/'QU$!.3/M3/M,3$;$-7/9! I'$ +'91:$-7/91 1/ . ,-+,$C73$.14/-1,3$!+697,/-1+'9!
>+'+C$-123+'C$!4/-123+'CS.17"1#+-7/6.1;+&/44);+-+>3 ABRS!I2-/.. O6-7/9!$44$21-$%+,$9!,/!
23+'CS$.17':8-7/91/'$!,+&/44.1+'9! 38!17,37'Q$-7/9'$44524)-1+'&!;+&/44123+'CF-$!, 3$!. +>3!
4/-'\W/,31.$,, 7'CINF/-1$X+>;%8¢B-7/9Y/'$ 1;+&/44123+'C$Q!7'1$7,3%-1.$,, BE'962H+'!

7'2-$+.$17$-7/91/'$! +697,1$44/+%.2+6.$IW/,3+19$2-$+.$I 74697 1$44/+01+'1 7'2-$+.$17']



4-+691';$-7/9V1/ NIS/NI$#$-Q123+'CS.17';$-7/91/1;+&/44.1'%&!+44$2 ), 3$1+CS$-Y.1+'9!
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13$-$! SO, = J1+

2 exp(—x1 )L2R29
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