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TRAFFIC

Here is a map of a system of roads that links the suburbs within a city. The map shows the travel time in minutes at 7:00 am on each section
of road. You can add a road to your route by clicking on it. Clicking on a road highlights the road and adds the time to the Total Time box.

You can remove a road from your route by clicking on it again. You can use the RESET button to remove all roads from your route.

Diamond {

Sakharov

Total Time: |I] minutes ‘ RESET

Question : TRAFFIC
Maria wants to travel from Diamond to Einstein. The quickest route takes 31 minutes. Highlight this route. |

!
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TICKETS

A train station has an automated ticketing machine.
You use the touch screen on the right to buy a
ticket. You must make three choices.

X
. Select train network
e o

o Choose the train network you want
(subway or country).

o Choose the type of fare (full or concession).

CITY SUBWAY ‘ ‘ COUNTRY TRAINS ‘

o Choose a daily ticket or a ticket for a
specified number of trips. Daily tickets give
you unlimited travel on the day of
purchase. If you buy a ticket with a
specified number of trips, you can use the
trips on different days.

CANCEL |
The BUY button appears when you have made D

these three choices. There is a CANCEL button that ‘
can be used at any time BEFORE you press the

BUY button. h
ZEDTRAINS

Question TICKETS

You plan to take four trips around the city on the subway today. You are a student, so you can use concession fares.
Use the ticketing machine to find the cheapest ticket and press BUY.

Once you have pressed BUY, you cannot return to the question. !
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0+/C,2/+/@!SB(AB!M/M1**D!10+!+()B+0!H(AB,),N,M/!,0!C,*D),N,M/T!%B+0+-,0+@!/,N+!//C+A(-(Al*1)-



O10(1I*+IN,H+*1B1O+!I++2!H+O+* C+H!-,0)B+!121*D/(/!,-1)B+/+!H1) 1 @2HPBRYBH+47)
I+(2K1+()B+0!A,2)(2M,M/!,0!1A1)+K,0(A1*TIV,01+P1INC*+@!)B+!()+N!0+/C,2/+!)B+,0D!Q<&%RIN,H+*/!
1//MN+IA,2)(2M,M/1*1)+2)I010(11*+/!Q+TKT@!N1)B!1I(*()DR@!SB(*+!'.>/11//MN+H(/A0+)+!¥1)+2)!
010(11*+/1Q+TKT@!/U(**IN1/)+0D!/)1)M/RT!%B+! AMOG-E#I)NAIKD! - AM/+/!,2!" >/1-,0!
H(AB,),N,M/!()+N!0+/C,2/+/11/+H!,21)B+!ICMOC,/+!,-1)B+IAM00+2)!/)MHDT!J,S+0O+0@!)B+!".>/!
(2)0,HMA+H!(2!$+A)(,21ETE!AL2!1+1+P)+2H+H!),!ILAA,NN,H1)+!C,*D),N,M/I()+N!0+/C,2/+/T!<2!
IHH()(,2@!1/)B+!H+0+* CN+2)!,-1A, MOMHLL/+/IN+2)/@'A,2)(2M, M/, /+00+H!O10(11*+///MAB!
110)+N1&Y%/NAL211%/ 1I+IA **+A)+HT1%B+0+-,0+@!)B+1&%!N,H+*/1)B1)IM/M1**D!1//MN+!A,2)(2M,M/!
*1)+2)I010(1I*+/1Q+TKT@!S,0UY/C++HRIBLO+!++2IH+0+* C+H!12H!10+10+0(+S+H!(2!$+A) (,2!1ET™

2%5)06!(*9'/5)6!*+ @AI&)9@;#(O+21)B1)B+!/+C1OINH+*/1- 01&"112HI&%H, !12,)!
A1C)MO+!1)B+10+*1)(,2/B(C/lI+)S++2!1)B+!)S,|O@I(H++10AB+0/!B10+IH+O+*,C+H!)B+!",(2)!
N,H+*(2K!-01N+S,0U!- 0!&"112H!1&%!Q+TKT@!012!H+0!7(2H+2@'EFFbRT!%B+A (2)!H(/)0(IM)(,2!,-!
()+N!0+/C,2/+11281%!- 0111/(2K*+1()+N!(/IK(O+2!ID3

| Fyt 1!, #,8) @ ECR
SB+0+y, 112H! IH+2,)+1)B+!()+N!0+/C,2/+!12H!()+N!&%!-, O1@HBH/C+A) (OF*DRHY  1H+2,)+!
)B+!()+NIC101N+)+0/1- OI(JHNIL2HY IH+2,)+)B+1*¥1)+2)11I(*()DI12H*1)+2)l/C++HTI<)IB1/1++2!
/B,S21)B1)IH(--+0+2)!1CCO0,1AB+/IA12!1+!)1U+2!),/C+A(-DN) B+, (2)IH(/)O(IM)(,2!,-1) B+1()+N!0+/C, 2/+!
12H1&%!-,0111/(2K*+!()+NIQ#* P,N@!GeacRT!"/!/B,S2!(2!&12K+0!12H!90)2+0!QEFGER@!K(O+2!)B+
A, 2H()(,23(2H+C+2H+2A+IQ'<RIL//MNC)(,2!1+)S++2!&"112H1&%@!)B+1+PCO+//(,2!(2!+YM1)(,2'ETG

A1211+1-1A),0+H!1/3
! fly 115" ) T 14 8) @! EGER
SB+04! 112H) 110+11//MN+H!),1I+1)B+*1)+2))01()/!-,018 112H! &% @!0+/CHANDHDI!

H+2,)+1)B+1()+N!IC101N+)+0/1-,0!&"1 12H!I&%@!0+/C+A)(O+*BTY8}J+ DB IAL2!I+1/C+A(-(+H!

! G(



M/(2K!+()B+01)B+I<8&96!IM,BHA/N12H! £ (t. |/; ") ' AL2N+/C+A(-(+HIM/(2KI11&%!N, H+*T!
VMO)B+0@!SB+21)B+!'<!1//MNC)(,2!(/1O(,*1)+H@!)B++PCO+//(,2!(2!)B+1+YM1)(,2!ETG TG!A12!I+!-1/

1/3
! Fy 15D F 1y #$) @ @R

,on
! fe 15 )y 6 £%) @ ECTR

SB+0+)B+IA,2H()(,21* H+C+2H+2A+IQ".R! -1&"1,21&%!,01)B+!".1 -1&%! 21&"I(//LAA,NN,H1)+HT!
%B+11,(2)IN,H+*/1- 01&"112H!8%! 10+10+O(+S+H!(2!)B+1/+A) (,2/ET_T!
BC2/&)&%*423:78*('%-571(*9'/3#! 4PC*121),0D!()+NI0+/C,2/+IN,H+*/1Q.+#,+AUlj!
Z(*1,2@'EFF_RIB1O+!I++2IH+0+* C+H!),1(2A,0C,01)+!A,010(1)+/!,0!1A,010(1)+/1(2),))B+IC+0/,2!/(H+
L010)+NI/(H+@!,0!1,)BY/(H+/1,-1)B+<&%!N,H+*/TI$(N(*10!11CCO,1AB+/!B1O+!++21) 1U+21(2!)B+!
H+O4%CN+2)!,-1&%IN, H+*1Q+TKT @!$AB+(I*+AB2+0@!GebeRI12H!)B+1A, (2)IN,H+*/1,-1& "1 12H!&%!Q+
M*+(2142)(2U14+)!11*T @!EFFeRT1%B+IAM00+2)1*()+01)MO+10+O(+S!A,0+0/1)B+!+PC*121),0D!C/DAB,
N,H+*1B1)!(2A,0C,01)+!1,)BI()+N!IA,010(1)+/!,01C+0/,2!A,010(1)DHIMRKNCB1/(/!,21)B, /+!
(2A,0C,01)(2K!()+NIA,010(1)+/!K(O+21)B+IK,1*,-)B+IAM00+2)!//)MHDT!%B+!+PC*121),0D!()+N!0+/C
N,H+*110+/MNN1O([+H!(2!/+A)(,2!ETETET!%B++PC*121),0D!0+/C,2/+)(N+!N,H+*/110+/MNN10([+
(21/+A)(,2'ET TET!%B+!+PC*121), 0D L2N)+/MNNLO([+H! (2U/+A)(,2!ET_T'T!
0#0!D*9'/3+*-1IE%'(!@'32*)3'3]
0#O#"IFGD3
! ' >/110+!C/DAB,N+)0(AIN,H+*/1)B1)!1(N!1)!CO,OkH(2 W01 (2+HIH(1K2,/)(Al(2-,0N1)(,2!
11,M)!10+/C,2H+2)AIN1/)+0D!/) 1)M/!,-/+O+01*1*1)+2)11))0(IM)+/IN+1/MO+H!D!1//+//N+2)1()+N/T!
MI+2)(1*D@"".>10+10+/)0(A)+H!*1)+2)IA*L//IN,H+*/ISB+0+!)B+*1)+2)|A*1//+/1 10+ H+-(2+H!1/1) B+!

1))0(IM)+1CO,-(*+/T1%BY/RA0/)!CO+/+2)/1)B+ICLOLIN+)+0([1)(,2!,-)) B+IK+2+01*IM20+/)0(A) +H!



*1)+2)IA*1//IN,H+*/T1%B+2@!/+0+01*A,0+!' >/110+!(2)0, HMA+H!),I/B,S!B,S!0+/)0(A)(,2/110+!
1CCH(+H!,2!)B+1()+NICLO1NH)+0/T

! X/(2K1)B+!-,ON1*10+CO0+/+2)1)(,2!,-)B+1*1)+2)IA*1//IN, H+* A@K @AM (U+*(B,,H!,-1) B+!
0+/C,2/+IC1))+02!,-10+/C, 2HAZ)K (O+2! 13

! $(Yj:yj')="c -’c!l Ia@#! )" @ EEXR

SB+04(Y, =y,) H+2,)+/1)B+ICO,I1I(*()D!,-1,I/+00(2K!110+/C,2/+IC1)HEBN!O+/C,2H+2}!

y, IH+2,)+/1)B+1()+NI0+/C,2/+1-0,NI0+/C,2HAZ+NI! / | 1H+2,)+/1)B+!CO,ILI(D!, !
1L(2(2KI1IA,00+A)I0+/C,2/+1),|(JHK(O+21)B1)!)B+10+/C, 2H+2) 1 (/(21*1) + BA*1(f) !
(2H(AL)+/!)B1))B+()+NIO+/C, 2/+1 10+ L/MN+H!),1IIHIA 2H()(,21%1(2H+C+2H+2)11A0,//1()+N/112H1) B+
CO,HMA)I(/1)B+1,I/+00+HI*(U+*(B, HI,-)B+10+/C, 2/+IC1))+QPH2T/BH / _IH+2,)+/1)B+IN(P(2K!
C0,C,0)(,2!,-)B+1*1)+2)| ATGHD(T+T@!)B+C0,C,0)(,2!,-10+/C,2H+2)/1(2!)B+!*DRBY AN1//!
(2H(AL)+/1B1)1)B+ICO,HMA)!,-1)B+IN(P(2K!CO,C,0)(,2!12H!)B+!,I/+00+H!*(U+*(B,,H!(// MNN+HI1A0,/
1% 1)+ 2) AL/ T

! <21 >/@!)B+*1)+2)IA*1//+/10+-+01),1)B+11))0(IM)+!CO,-(*+/!SB(ABIAL2!I+!IH+21)+H!1/!

Q)  R@!(2H(AL)(2K!)B+1*1)+2)IA*1//+/1 10+ HHPHENRIAAH-0D!/) 1)M/1 - NBHL)+2)!
1))0(IM)+/1,-10+/C, 2H+EY(O+21)B+1/A,C+1,-1)B+IAM00+2)!//)MHD @!)B+!N1/)+0D!/) 1)M/1,-1)B+11))O(IM)-
("L/IMN+H!),11+11(210DT!%B+0+!10+IN12D!S1D/!),/C+A(-D!)B+H(/)0(IM)(, 2! <) BBH-OD!
1))0(IM)+1CO,-(+1(/ISFAI*+@1)B+1),) 1 2MNI-+0!-1¥1)+ 2)IA*1//+/-+ AR 1/, 1C. //(1*+1)B1)!
/,N+11))0(IM)+!CO,-(*+/110+12,)IC+ON(//(I*+T1%B+2@!)B+!IN(P(2K!CO,C,0)(,2/1-,0!)B+/+11))0(IM)+!
CO,-(*+/110+IA,2/)01(2+H!), I+ IF@!SB(*+)B+IN(P(2K!CO,C,0)(,2/!-, 01) B N)B-+OIL ) 0+/110+!

+)(N1)+HIQ+TKT@!7(M!jlIMKR{ZD @ EFGART!<2!+()B+0!A1/+@!)B+!N(P(2K!C0IE 10 B2!



1))O(IM)+!CO,-(*+!A12!I+!+/)(N1)+H!S()B!)B+!A,Z_’C)Q]t(2)1T!<2!1HH()(,2@!)B+!B‘0{-B-(-D
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NOMA)MOL*IN, H+*IQH+1*11%,00+1j!., MK*1/@!EFFCRIAQIHY, ) 1U+!(2),11AA, M2) ) B+!

A,00+*1)(,2/1N,2K!)B+11))0(IM)+/11D!(2)0, HMA(2KILIK+2+01**1 )+ Y42 BIAL/+@!)B+!* K()!
~))B+ICO,111(*()D!,-INL1/)+0(2K!*1)+2)!1))O(IM(E+2!, (/K (O+2!ID3

! SKOP( =11/ ) =1 +!, @ EER
SB+O+!*,K()!i!*,K1IL It/ 112HY  110+!1))O(INBE+A(-(Al/* C+!12H!(2)+0A+C)ICLOIN+)+0/T!<)!(/!
' X

1//MN+H!)B1)))B+11))0(IM)+/!10+!A, 2H()(,21*|(2H+C+2H+2)IK(O+21)B+!*1)+2)!11(*()DTW&B+2!)B+!B(K
,0H+0!/)OMA)MOLXIN, H+*(/l/C+A(-(+H@")S,!C101N+)+0/!C+0! 1)) Ok BN @(P+T @) ! +!
+/)(N1)+H!(2/)+1H!,-N)B+IN(P(2K!C0,C,0)(,2/T'%B+0+-,0+ @WBHHERBKA)MO+!0+HMA+/!) B+!
2MNI+0!,-IC10LIN+)+0/1), 1+1+/)(N1)+H!(21)B+!/)OMA)MO1*IA, NC,222)-DINE&T

! >12D!'.>/IB1O+!++2IH+0+*,C+H!),IN,H+*)B+ICO,111(*()D!,-!,[) 1 (2(2K!1!A,00+A)!
0+/C,2+1-,010+/C, 2H+B)(21*1)+2)IA*19@)!._T!$,N+10+/)!,2IN,0+1/)0(2K+2)!1//MNC)(,2/@!/MAB!1/!
)B+IH+)+ON(2(/)(Al(2CM)@!2,(/D!012Hp!K1)+!Q.<8"ILM2U+0!j!$(")/N1@!EFFGI!>1A0+1HD!j!.1D),2(
GebbRIN,H+*I12H!)B+!H+)+0N(2(/)(Al(2CM)@!2,(/D'0,0p!K1)+!Q.<891%2+ 2 @RFFdR!
N,H+*T19)B+0/IB1O+!N,0+!K+2+01*!C101N+)+0([1)(,2/@! (2A* NKZ2KOBHK2K) (O+H(1K2,/(/!
N,H+*1Q7".>11J+2/,214)11*T @!EFFeR!12H!)B+!K+2+01*IH(1K2,/)(AIN,H+*IQ;.>I!0,2!.10(+0@!
EFFCRTI%B+!.<8"IN,H+*1(/1,2+! -)B+!/(NC*+/)112HIN,/)IA,NNDBVI/+H!' > T1<)!(/1112, 2V
ANC+2/1),0D!N,H+*)B1)I1//MN+/1110+/C,2H+2)12++H/1),IN1/)+0!1**11))0(IM)+/10+YM(0+H!(2!12!()+N

),112/S+01()!A,00+A)*DT!%6B+*1)+2)!10+/C,2/+ | QIUAB+L)+H!IL/+H!,21)B+A, 2 M2A) (O+!

A,2H+2/1)(,210M*+!Q>10(/@'GeeeR @' SB(RRIGIK(



! !ij:!K ”?ILk EGETR
SB+04d, [(/1121+++N+2)1(2)BAM1)0(PIQ%1)/M,U1@!Gea’ @!GeacR!)B1)!A, ZpHBYI()+N!
1))0(IM)+/1()IN+1/MO+/TIQARE)O(PI0+-*+A)/1)B+A K2()(O+/C+A(-(AL)(,2!,-+/)1Q7+(KB),21+)1 1*T@!

EFF_RT!$C+A(-(AgD1d!!)B+!1))0(IM)K/!N+1/MO+H!D!()+NR2Hb, =0!,)B+0S(/+¥ !
(2H(A1)+/')B+IN1/)+0DY)1)M/!,-11))0(AM)BH!0+/C,2H+Z" (1) (2H(AL)+/")B+!A,2"MA)(O+!0M*+!
)B1)!1**11))0(IM)+/IN+1/MO+H!ID!12!()+N!2++H!),lI+IN1/)+0+H!),!,1)1(2!1!A,00+A)!0+/C,2/+T!%B+!
CO,111(*()D!,-1,1)1(2(2K!1!A,00+A)!0+/C,2/+!(21)B+!.48H+*1- 0!10+/C,2H+ZB()B!1))0(IM)+!
CO,-(*+ , 1(/'-M0O)B+0!H+)+0N(2+H!ID!)S,!()+NIC101N+)+0/!1Q(T+ @2 H(ERIERKRY R @!
SB(AB!(/!K(0O+211/3

! P(Y, =1l ) =(1! §)ig " @ @ETR
SB+04! g !(/!)B+!CO,I1I(*()D!,-!,I)1(2(2K!1!A,OO+A)!O+/C,2/+!SI§4:2M! g (/)B+!CO,I1I(*()D!
-L,1)1(2(2K!1!A,00+A)!0+/C,268+2V, =0T, 20+2)(,21**DI®s > g, !(/'A,2/)01(2+H!),!+2/MO+!
)B1)!I0+/C,2H+2)/!1SB,!B10+!N1/)+0+H!1**11))0(IM)+/!B10+!*10K+0!CO,I1I(*()D!),!,1)1(2!1!A,00+A)!
0+/C,2/+1)B121)B,/+!SB,!*1AU!1)!*+1/)!,2+11))0(IM)+!QLM2U+0!j!$(")/N1@!EFFGRT!%B+!.<89IN,H+*!
)B+IA,NC+2/1)[DIA,M2)+0C10)!,-)B+!1.<8"IN,H+*T!<)!1//MN+/1)B1)!)B+10-+/@22HHH2) !
N1/)+011)1*+1/)!,2+11))0(IM)+!),112/S+0!)B+!()+N!A,00+A)*DT!%6B+!*1)+2)10+/C} 211010 (1I*+!

AO+1)+H!IL/+H!,21)B+H(/AM2A)(O+!A,2H+2/1)(,210M*+!Q>10(/@!GeeeR@!BB(AB!(/IK(0+2!1/3
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! L= @)@ @EER
k=1

SB(*+)B+!CO,111(*()D!,-1,[)1(2(2K!1!A,00+A)I0+/C,2/+1(21)B+!.<89IN,H+*B1/1)B+!/1N+I- ON!1/!

/B,S21(21+YM1)(,2ETET_TI#,)B!)B+!.<8"IN,H+*I12H!)B+!.<89IN,H+*B10+!/)0(2K+2)! 1//MNC)(,2/T!



V,01+P1NC*+@!)B+!.<8"IN,H+*11//MN+/1)B1)!0+/C,2H+2)/ISB, *1AU!, D+LDNO(IM)-+/1),1, 2+!
(O+NIBL1O+1)B+l/IN+ICO,I1I(*()D!,-!,)1(2(2K!1!A,00+A)I0+/C, 2/+I1)B+!.<89IN,H+*11//MN+/1)B1)!
0+/C,2H+2)/1SB,IN1/)+0!,2+1,0IN,0+!1))0(IM)+/1),1,2+1()+N!B1O+)B+!/1N+!CO,I1I(*()D!,-!
)L(2(2KI1IA,00+A)I0+/C,2/+T1J,S+O+0@")B+/+11//MNITIZ)'B, *H! (2!10-AB:0*H/OM1)(,2I T

! %B+!7' >1QJ+2/, 2141 1*T@!EFFeR!(/11IN,0+1K+2+01*([+H!" >ISB+0+!)B+1CO, I 1I(*()D!,-!

1)1(2(2KI1IA,00+A)I0+/C,2/+!(/IK(O+2!ID3

! “KOP(X; =1|! )il 1,,9!7h(" ;,q) @ @EDR
SB+0H, ,IH+2,)+/1)B+!(2)+0A+C)1)+0ON!BL)!(/(2)+0C0+)+H!1/1)B+* K()!,-1)B+!CO, 1 11(*()D!,-!
1)1(2(2KI1IA,00+A)I0+/C,2/+1),1(#SB+210+/C,2H+E),+/12,)IN1/)+0!12D!,-1)B+!1))O(IM)+/1
ITh(" |,G) IH+2,)+/111%(2+101-M2A)(,2!,-) B+IN1(2!+--+A)/112H!)B+!(2)+01A) ,2}B+A)/,

0+YM(0+H!1))0(IM)+/!,- (@ NIB(AB!(/\/B,S2!11/3

K
T ” 1 " " "
! !Th( j'qi) ey i kG T I Liotke) ik ko i Ok, + .. @! @&EDR

k=1 ky<ky
SBHOH, 1" 1 Ghc(ZH(AL)+/)B+INL(21+--+A)/, L) OAMIHIYIL 7 G, (2H(AL)+/1)B+!

)S, B1D!(2)+01A)(,21+--+A)!,-1)B+!1))O(UNIPHLTI<21()///1)MO1)+!- ON@! 1**IC //(I*+INL(2!+--+A)/!
12H1)S,1,01B(KB+0!,0H+01(2)+01A)(,2!+--+A)/IAL2!+1+/) (N 1) FHHTNBHO21) (O+*D@!/,N+!,-!
)B+INL(21+--+A)/112H!(2)+01A)(, 2! +--+A)/1,-1)B+1))0(IM)+/IAL2!1+1A,2/)01(2+H!), lI+IFTI<21-1A) @) B+!
<8"IN,H+*I(/11IA,2/)01(2+H17'.>I1SB+0+!,2*D!)B+!B(KBY)H+0!(2)+01A)(,2!+--+A)!,-))B+!
0+YM(0+H!1))0(IM)+/1(/10+)1(2+H DMEM@EF GFRT!%B+!(H+2)(-(A1)(,2!,-1)B+!7".>10+YM(0+/!)B1)!
TFINL(214+--+A)/1),H1+1C,/()(O+!112HNB+!(2)+01A)(,21)+ON/110+!A,2/)01(2+HYMABNB1)!10+/C,2H+2)/!
SB,IN1/)+0!N,0+!1))0(IM)+/!B1O+!B(KB+0!CO, [11(*()D!,-1,1)1(2(2K!1!A,00+A)!10+/C,2/+!Q71, @!EFGAR
! %B+1>IQ 0,2!.10(+0@!EFFC@!EFG_R!(/I1IN,0+!K+2+01*([+H!".>)B1)!(2A*MH+!)B+!7".>!

1/11/C+A(LIMALA+TI%B+!:. >IA1211AA NN, H1)+IH(/A0+)+112H!A, 2)(2M,M/1*1)+2)11))0(IM)+/112H!
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0+/C,2/+IH1)1IS()B!)S,!,0!IN,0+10+/C,2/+IA1)+K,0(+/T!V,011IN,0+!A,NCO+B+2/(0O+0+O(+S!,-)B+
' >/@!0+1H+0/IA12!0+-+01),I&MCC!12H!%+NC*(21QEFFaRT!
0#0#0!BC2/&)&%*-:1E%'(!@'32*)3'1D*9'/3
4PC*121),0D!()+NI0+/C,2/+IN,H+*1Q.+1#, +AULIZ(*, 2@EFF_RIBL1O+!++2IH+O+* C+H!),!
+PC*1{Q+N!10+/C,2/+I1H1)1!ID!(2A,0C,01)(2K!A,010(1)}ZHOMR!/(H+@! ()+NHEA, 011, ) Bl/(H+/!
Q(T+T@!C+0/,2!,01()+N!A,010(1)+/R!(2),))B+/)1)())(AL*IN,H+*/TI%B+ICMOC,/+!-,0/MABI+PC*121),0
1CCO,1AB!(/!),/(20+/)(K1)+!B,S!)B+0+/C,2H+2)\)1/UIC+0-, O0N12A+0+*1)+/1),))B+1+P)+021*-1A),0/!
IMABIL/N)+)IH+/(K21+*+N+2)/1Q+TKT @ ' 4Ii€adRA@ 2! THH() (,2@!(2A,0C,01) (2K! IMP(*(10D!
(2-,0N1)(,2!-0,N!)B+IC+0/,2/112H!()+N/IA12!(NCO,0+!)B++/)(N1)(,2!CO+A(/(,2! 12H!/) 11(*()D!,-1) B+!
(+N!C101N+)+01+/)(N1)(,2!Q>(/*+OD@!Geabl!>(/*+OD@!Geaal!>(/*+OD!j!$B++B12@!Geaal!>(/*+OL
$B++B12@!GeaeRT!>£1®B-PC*121),0D".>/1Q7(1,}j'L(1,@'EFGall6 10U}l 7++@!EFG_1610U!+)!
1*T@!EFGaR!B10+!1*/,11++21C0,C,/+H!-, 0/(N(*10!CMOC,/+/T!%B-+IAM00+2)/)MHD!-, AM/+/!, 2!
C/DAB,N+)O(AIN,H+*/1S()BIA,010(1)+/!,21)B+()+N!/(H+T1%B+0+-,0+@!)B+/+IN,H+*110+10+O(+S+H!
)B+1-,*S(2K!C101K01QB/T
BC2/&)&%*-1E@;1(*9'/3#V,011IM2(H(N+2/(,21*1<&%!N, BBH&LOK (21€0,111(*()D!,-!
)B+1,1/+00+H!0+/C,2/+1C1))+02!,-10+/C, #¥2 @' E @H@)!")+/)!)+N/'QC @ 'E@ (!

S0()+2!1/1Q1/MN(2K!* AL*1()+N!(2H+C+2H+2A+R3

! sy, :yj):!"!I PCY, =y, 1) f()d! @ EEBR

=1

SB+0+ (/ ) IH+-(2+/1)B+!CO, I 11(*()D!H(/)0(IM)(,2!-M2A)(,2!,-1)B+*1)+2) 1@ PH!
P(Y, = y, |/ ) (/!K(O+2!IDILYC+A(-(AI<&Y6IN,H+*1 12HIH+-(2+/1)B+!CO, I111(*()D!,-1110+/C, 2/+!

A1)+K,0D!K(O+2!)B+1I(*()DI*+O+*T192+1 -N)B+IN,NIL/(AIM2(H(N+2/(,21%1<&%!IN,H+*/1(/1)B+!&1/AB!



N,H+*Q&/AB@!GedFR@!(2!SB(AB!)B+!CO,11(*()D!,-11!A,00+A)!0+/C,2/+! AHAT(PHNT)!
K(O+2!ID3

exp(th) o

! PO =)= e 1) @

E&EER

SB+0+1 112Hh IH+2,)+1)B+1*1)+2)I11(*()D!-,010+/C, 24428)!()+N!H(--(AM*)D!-, 0! (i@N!

0+/C+A)(O+SBFI&L/ABIN,H#,+/12,)ICO,0(H+!(2-,0N1)(,2!,2!SB1)IN12(-+/)1=+1)MO+/!,-1)B+]
()+N/IN1DL--+A))B+!()+NIH(--(AM*)D!,-1) BT #N021) (O+*D @) BARERFUB)+/)IN, H+*!
Q77%>IIV(/AB+0@!Geb R@!SB(AB!(/12+/)+HIS()B(2!)B+&1/ABIN,H+*@!H+A,NC,/+/1)B+!()+NIH(--(A
C101N+)+0///MAB!)B1)3
K
exp(/ ;11 aly)

! PCY, =11/, q) = — @ EEGR
1+exp(/ ;! I a/y)

k=1

SB+0+, IQlIIG@!E@BI@-!, RIH+2,)+/1)B+!11/(AIC101N+)+0/1)B1)10+C0+/+2)!)B+H(--(AM*)D!,-1)B+
(+NIA,010(1)+gj] IH+2,)+/1)B+IH+/(K2IN1)O(P!)B1)!*(2U()BNM),1)B+&!()+NIA,010(1)+/T!
%6B+0+-,0+@!)B+!77%>IA1211+IM/+H!),1+01*M1)+)B+IH(--(AM*)D!,-//C+A(-(AIL/C+A)/!,-)B+1()+N/)B
10+!M/M1**DIH+-(2+H!I1/+H!,2IC/DAB,* K(A1*I12H!IA K2((D+!)B+,0(+
#,)B)B+I&1/ABIN,H+*112H1)B+177%>IN1U+)B+1/)0(2K+2)11/MNC)(,2!)B1)!1**1()+N/IB1O+!
)B+!/IN+!H(/AO(N(21),0D!C,S+0!1A0,//10+/C,2H+2)/T!1J,S+0+0@")B(/'1/MNC)(, 2! A12!|+10+*1P+H!ID!
M/(2K!)B+1)S,IC101N+)+0!* K())(AIQE67RIN,H+*1Q7,0H!j'8,0(AU@ G BRB-@TRISB(AD! -

11A,00+A)10+/C,2/+1,-10+/C,2HH W21 ()+N"(/IK(O+2!1D3

exp(a(’;! b))

! p(YU.:lllj,ai,h):“exp(a(!j! b))

EEG®



SB+0+44, IH+2,)+/1)B+!()+NIH(/AO(N(21)(,2!C101N+)+0!- @SR (*+!,)B+012,)1)(,2/110+!
A2/(1)+2)IS()B!)B,/+1(21)B+&1/ABIN,H+*TI%BM/@!)B+E67!N,H+*11%* S/B+1+/)(N1)(,2!,-11,)B!)B+!
O+NIH(/AO(N(21)(, 2! L2HNIH(--(AM*)DIC101N+)+0/T!4NI0+/)/,21QGeeeR!-M0)B+0!+P)+2H+H!)B+!

77%>1),))B+IE6 M, 2/)01(2+HIN,H+*@!SB(AB!(/IK(Q+2!ID3

# K K &
eXp%! qik#k)(!j " ' qik”k)l(

! PO, =11/ " ) = $;K e EEGR
1+ eXp%! A 0" I qik"k)(
k=1 k=1

SB+0+#, IH+2,)+/1)B+!I1/(AIC101N+)+0/1)B1)!0+C0+/+2))B+!H(/AO(N(21),0D!C,S+0!,-1)B+!()+N!
A,010(1)+/@!SB(*+!,)B+012,)1)(,2/'10+!A,2/(/)+2)!IS()B1)B,/+(21)B+77%>T!<)| A1) )BAH+21)B
E67WK,2/)01(2+H!N,H+*I(/12+/)+HIS()B(2!)B+!E67!N,H+*IDIH+A,NC,/(2K!I,)B!)B+!()+N!
H(AO(N(21)(,2!12H!()+N!H(--(AM*)DIC101N+)+0/T!<2!)B(/ SEDZ))BLEEIN, H+* A12!] +!
M/+H!),1+O1*M1)+11,)B!)B+H(/AO(N(21),0D!C,S+0!12H!H(--(AM*) I, KEATH B (RIC+A)/ -1 B+!
O+N/T

#,)Bl)B+!77%>112H1)B+IE@X, 2/)01(2+H!IN,H+*I(NC,/+!11/)0,2K!1/MNC)(,21)B1)))B+!()+N!
A,010(1)+/!A12!CO+H(A))B+!()+N!CLOLIN+)+0/!1(2!)B+!&1/ABIN,H+*,0)B+E67IN,H+*IC+0-+A)*DT!%
(NC*(+/1)B1)!)B+!()+N/I/BLO+1)B+!/IN+N)OMLD!) B+IH+/(K2!N)QHSE, M*H!B1O+!+P1A)*D!)B+!
JIN+IH(--(AM*)D!,0q12H!H(/AO(N(21)(,2T!J,S+O+0@!()!B1/!1++2!- M2H!)B1)!()+N!H(--(AM*)(+/IN1D!B
A,2/(H+011*+1010(11(*()D!+0+2!1-)+011AA,M2)(2K!-,01)B+IH+/(K2!/)OMA)MO+!Q4NI0+)/,2@!GeeaRT!
)1U+/MABBDL(*()D!(2),'1AA,M2)@'11012H,N!1+00,0!)+ON!B1/11++21(2)0, HMA+H!(2),)) B+177%>!
QL12//+21+)11*T@!EFF_II.+1# +AU@'EFFaR@!SB+0+!)B+!()+N!H(--(AM*)DI(/IH+A,NC,/+H!1/3

K
! b=l g/ +" @ @EG R

k=1



SB+0+H, I-** S/NB+!12,0N1*IH(/)O(IM)(,2@* N(u,,"” 2) T/ (N(*10!'1CCO,1AB!A12!I+!IK+2+01*([+H!
),)B+IE6TMK,2/)01(2+H!N,H+*ISB+0+!1,)B1)B+!()+N!HEZD(N! 12H!H(--(AM*)D!CLO1N+)+0/!10+!
1** S+H!),I010D!1N,2K!()-+)1)B10+1)B+I/IN+IH+/(K2!/)OMA)MO+Q+TKT@!;*1/))O12!H+0!7(2H+2@
EFF I'.+IL,2KI+)!11*T@'ERFbRT!
! %B+IN,H+*IS()BI0+/)0(A)(,2/!,21)B+!()+N!H(--(AM*)DIQ><&<.II#M))+0!+)!11*T @!GeeaR! (/I A* /+*
0+*1)+H!),)B+77%>TI$(N(*10!),) B+ 77%>@!)B+!><&<.IN,H+*IH+A,NC,/+/1)B+!()+N!H(--(AM*) D!
C101N+)+0!(2!)B+I&1/ABIN,H+*I(2),!11*(2+10!A,NC,/()+!112H!1//MN+/) B EHAND!,-1)B+!
(O+N!H(--(AM*)DT!%B+!H+/(K2!IN1)0(P!M/+H!(2!)B+177%2NCORMBP!I, S+O+0@!)B+!><&<.!
N,H+*1(/11CC*(+H!(2!)B+!/A+210(,!SB+0+!11!A,NC,/()+!()+N!A, 2I(ARKO1*IA NC,2+2)! ()+N/!
+P(/J1(21)B+N)+/)T!%B+!S+(KB)/!(2!)B+!H+/(K2NN1}9(R!)B+!><&<.IN,H+84H,!+!+/)(N1)+H!
M/(2K1)B+!()+N!0+/C,2/+/1),)B+IA,NC,2+2)!()+N/TI$C+A(-(A1*D@!)B+!CO,111(*()D!,-1,1)1(2(2K!1!
A,00+A)I0+/C,2/+1(21)B+!><&<.IN,H+*I(/IK(O+2!ID3
K
exp(/ ;1] 1 e+
! PCY; =1)! " ) = = @ EEGR

K
1+exp(/;! L7 +!)
k=1

SB+0+4 , I(/1)B+1S+(KB)!,-)B+IA NC,2+2)IH(--@IM*)(21)B+IANC /() +1()+NI / IH+2,)+/1)B+]
IAL*(2K!(2)+OA+GIH+2,)+/1)B+IC+0/,2111(*()D!,-10+/C, 2HFRR!)B+!><&<.IN,H+}@@!,, !

12HY 11%412++H1),1+1+/)(N1)+H@!SB(*+!,2*D!)B+!11/(AICII1NRH#+EIY, 1+1+/) (N 1) #£21) B+!
77%>TI$(2A+!)B+AMO0+2)!//)MHD!- AM/+H!,21+PC*121),0D!C/DAB,N+)0(AIN,H+*/!S()B! ()+N!
A,010(1)+/@")B+1CC*(AL)(,2/!112HN)B+1+P)+2/(,2/1,-)B+1><&<.IN,H+*110+12,)§2)0,HMA+HT

BC2/&)&%*-:IFGD3#+0+01*/)MH(+/!BLO+!1++21A,2HMA)+H!),!|(2A,0C,01)+!2)D10(1)+/)(
' >/1),1-1A(*()1)+IM2H+0/) 12H(2K! 1B, SYMABIO10(LI*+/10+*1)+!),))B+!()+N!C101N+)+0/!,0!) B+!

N1/)+0D!,-I-(2W01(2+H!*1)+2)!1))O(IMPHED+)!1*T @'ER@ 'L (1, @'EFGal!6 10U} 7++@!

! EF



EFG@!EFIGA0U!+)! 1*T @ EMBERF)! 1*TIQEFG RB12H! 1 2HA | QEFGB ROM//, A(L)+H!
1/+00+HIC+0/I2,010(1)+/1),)B+0+/C,2/+1CO, I1I(*OR/(2K*+11))0(IM)BB+!.<8"IN,H+*!

M/(2KIL1*, K(/)(A-M2ATIR(N(*10*D @!610U!+)! 1* TIQHEBGARIL2H! 7++ Q ERMERBY-O!

(2A,0C,01)+H!1,)B!, I/+00+HI12H*1)+2)IA OYQYI)B+!.<8"IN,H+*1), I+PC*1(2!)B+11))0(IM)+!
CO,-(*+T1%HE¥B,S+H!B,SI010(,M/!1A,010(1)+/!A121(2-*M+2A+!)B+IN1/)+0D!,-1)B+*1)+2)11))0(IM)+/T
J,S+0+0@!)MH(+/!M/(2KIA,010(1)+/1),1+PC*1(2!()+NIC10LIN+)+0/1(2))B+!">/110+!-+ST!7(1,! 12H!
L(1,'QEFGaR!(/NBHLL))+NC)!),1+P)+2H)B+77%>!(2),)B+!"' >I-01N+S,0UTI$C+A(-(AL*D@!)B+D!
H+A,NC,/+H1)B+!/*(CC(2KI12HIKM+//(2KICLOLN+)+0/1(21)B+!.<8"IN, H-+*IM/(2K*(2KM(/) (Al-+1)MO+/!
+P)01A)+H!-0,NNB+1()+N!/)(NM*M/T1%B+H+ANC,/()(,2!A, 2/(H+0+H!I,)B) B+ 77%>12H!)B+177%>

g/, -, ONM*1)(,2/B

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!H!K()(g)=!0+!K X @i nnn@eG e
k=1
12H
K
! *’K()(S):!o"'! P X+ T GEGR
k=1

%B+IKM+//(2KIC101N+)+0!S1/IH+A,NC,/+H!(21)B+/IN+1-1/B(,2T!%B+D!-, M2H!/,N+*(2KM(/)(A!
+1)MO+/'BLO+!/(K2(-(A12)1+--+A)/!, 2NBEYPLIN+)+0/1,-1)B+!.<8"IN,H4*T

0#41@'32%)3':5(1D*9'/5)6 !

! <21+HMAL)(, 21 L//+//N+2)/@!8&%!B1/!1++2)BLE 2L IM/+-M*IH1) 11/, MOA+(21010(,M/!
1CCHAL)(,2/@!(2A*MH(2KIABHTANQMH+TKT@!>10(12) ()1 1*T@'EFG_|'$(2B101D!jIL,B2/,2@'EFG
$(2B101D@!EFEFR@!/+))(2K!)+))(N+*(N()!Q+TKT@!012!H+0!7(2H+2@!EFGG1R@!/C++H+H2+//
1H1C)(O+)+)(2KIQ+TKT@!012!H+0!7(2H+21+)11*T @!GeeellO12IH+0!7(2H+2@!EFFE@@O 12!H+017
12HI(NCO,0(2K!LI(*()D1+/)(N1)(,2!CO+A(/(,2!Q+TKT@'#,*/(2,01@!j!%("N/)01@'EFGall012!H+0!7(2H

EFFORT!"))B+/1N+)(N+@!&%!N,H+*1BLO+!++2IH+O+* C+H!(21- ONL)(O+!1//+/IN+2)l/+))(2K/1),!



14))+0!M2H+0/) 12H!/)MH+2)/1*+102(2K!1+B10(,0!Q+TKT @! Z4RK BN AIGDE B 1) B +!
+/)(N1)(,2'LAAMO1AD!(21*1)+2)ICO,-(*+IA*1//(-(A1)(,2/!Q+TKT @ kBIPIHBIHAGIIERG) /+A) (2!
-(ON10+O(+S/MB+1/)1) () (AL*H()O(IM)(,2/!)B1)IBLO+!1++21CO,C,/+H!),IN,H+*|&%T1%B+2@!&%!N,H+*
M/(2K!)B+!+PC*121),0D!1CCO, LAB\NHO([+HT
OH4A#"1$%&)9&-9!@;!D*9'13
<21010(,M/11CC*(AL1)(,2!/+))(2K/@!&Y%!H(/)O(IM)(,2/! 10+ M/ DS AHH{TO%B+0+-,0+ @!
N12D!/)MH(+/!AB,/+1),12, 0N L1*([+!)B+!1&%!H()O(IM)(,2/!M/(2KYBER/AON1)(,2!Q+TKT@!%B(//+2@!
Gea I1012!H+0!7(2H+2@'EFFYR)AL*IN,H+*(2KT1%B+!* K2,0N1*IN,H+*/C0,C,/+H!ID!O12!H+0!
7(2H+2!IQEFFR!(/!,2+!,-1)B+IN,/)!A,NN, 2*DIM/+H!&%!N,H+*/ @!SB(AB!(/ICO+/+2)+H!1/3

! log(T,)=!,! " +# ,# ~N(0,$!2)," @ TR

ij 2 77ij
(2!SB(AB!)B+!&%!C+@HH2H/!,21()+N1(/™* K\)012/- ON+H!) Jog T, 1/ (/1)B+!/C++HIC101N+)+0!
-,0IC+0/, 24! (2H(A1)(2KNB+H!S()B!SB (MB+!C+0/,25,0U/)BO,MKB,M)!)B+11//+//N+2) T1%B+!
*10K+0]1(/@!)B+!-1/)+01)B+IC+0/,2!S,0U+H!, 21)B+I)KNB+!()+N!(2)+2/()D!-,01() B!
(2H(AL)(2K!)B+!*11,0!0+YM(0+H!-,01)B1)! )+ NIl ¢EH-+00+H!),11/1) B+ GREN-A(-(A!) (N+!
H(/AO(N(21)(,2!C1ODMAT!"I/N1**+0!O1*M-+-, D 2H(AL)+/1)B1))B+!()+N!I+))+0!H(/AO(N(21)+/!)B+!
&Y%!H(/)O(IM)(,2!CO,HMA+H!DIC+,C*+IS()BIH(--+0+2)1*+O+*/1 -1/C++HTI$(2A+!) BWO1S!&%!(/12,2
2+K1)(O+!12H!C,/()(O+*D!//U+S+H@DHB2ABN1)(,2!,-1&%!1CCO,P(N1)+/!)B+!2,0N1*!
H(/D(IM)(,2!,-1&%!12HIN1U+/1)B+!* K2,0N1*IN,H+*111/MAA+//1(2!010(,M/!11CC*(A1)(,2/'Q+TKT @!
$AB2(CU+!jI$SAL0N/@!GeeeRT!8,)+!)B1)!1!/* C+IC101N+)+0!A12!1+!(2A*MH+H!),!A1C)MO+!)B+!

H(-+0+2)(L*+--+A)/1,-)B+1()+N/!, 21C+0/,2!/C++HIQ+TKT@!V,P!+)! 1*T @ 'BEF) A HF @2EEH R T



J,S+0+0@!)B+!*,K2,0N1*IN,H+*IA122,)11*S1D/I0+N,0+)B+!/U+S2+//1(2!)B+101S1&%!H1)1T!
%B+0-+-,0¥E@#, P WP12,0N1*IN,H+*1S1/IC0O,C,/+HIM2H+0/MABI/A+210(,//Qm*+(2142)(2U!+)| 1* T@!
EFFeR3

! T,O0="1 #+8,% ~N(0,%),! Er R
SB+0+)B+IC101N+)+0/110+!(2)+0C0+)+H!)B+/IN+1/)B,/+!(2))B+!* K2,0N1*IN,H+T(@ +PA+C)!)BL)!
(2H(AL)+/)B+#ARP!)012/-,0N1)(,2!Q#,Plj', P@!Ged_R!,-1&%/!(2/)+1H!,-))BKI
)012/-,0N1)(,2@2H!)B+CL0IN+)+0/110+!1%*1, 2!) BYPHEL2/-, ON+HYAL*+ TISCKALDI! (/!

+PCO+//+H!1/3

SB+041 | (/11ICL1OLN+01B1)IH+)+ON(2+/)B+H+KO0++!),|SB(AB!)B+1&%!(/1)012/-, ON+HT#1/+H!,2!
)B+I11,0++YML)(,2@")BVWRIN, H+*I(/IN,0+!-*+P(I*+112H!)B+1* K2, ONI*IN,H+*(/111/C+A(1*!
AL/+!-10)ISB+2 = 0 T1J,S+0+0@!)B+IN1~,0!H(/THO12) 1K+! - W4 IR/~ ON1)(,2!(/!)B1)!()!
QV)/1)+NICLO1N+)+0/!, 21 H(--+0+2)/AL*+/112HIN1U+/!C101N+)+0!(2)+0C0+)1)(,2!N,0+H(--(AM*)T!
"11211%)+021)(O+1),))B+HMPIN,H+*@!)B+!",P1C0,C,0)(,21*/B1[10H/IQBIRIN, H+*!

Q&12K+0!j190)2+0@'EFGGI'IZ12K!+)!1*T@!'EFG RI(/!/B,S2!1/3
! hj(tij |'Ij):h()j(tij)exp(”i!j)@ E@TTR
SB+O-|=tI!j !H+2,)+/!&%!-,O!()+I#!.2H!C+O/,2@‘[)j !(/!)B+!|l/+*(2+!Bl[lOH!-MZA),(,J.Z@B+!/C++H!

C101N+)+0!- 0IC+Q#@!12HN)B+1/* C+IC101N+)+0!- OI(BBIL)!A,2)0,*/1)B+|(2A0+1/+!,-1)B+!
B1[10H!01)+T!J1[10H!01)+!(2!)B+1)+/)(2K!I/A+210(,10+CO+/+2)/1B,S!(2)+2/(O+*D!)B+10+/C,2H+2)!(/!
S,0U(2K!1))B+IN,M2) TI<2IC/DAB,* K(A1*)+ON/@!B1[10H!01)+!|(2H(AL1)+/1)B+0+/C,2H+2)\/10+*1)(O+

N+2)1*ICO,A+//(2K!1I(*()D!(2!1!IM2()!,-)(N+1Q&12K+01j!90)2+0@'EFGGI1Z+2K+0!j!:(I/,2@!EFF_RT!



%B+0+-,0+@('121*,K,M/1),NB+!()+N!H(/AO(N(21)(,2!C101N+)+0/!(2!)B+!()+N!0+/E 2N,
%B+!/+N(C101N+)0(AI2IKIBT @!(20,*O(2K!1,)BIM2U2,S2!12H!U2,S2!CO, 111(*()D!H+2/()D!
-M2A)(,2/R1)B+!" PI16JIN,H+*IC0,0(H+/!S()B!()!)S,!(NC,0)12)!11HO12)1K+/!,0+0!)B+!#,P!" P!
N,H+*3!()!11** S/1)B+!M/1K+!,-1010(,M/!&%!H(/)O(IM)(,2/! 1AB¥PNAL2/-,0N1)(,2/)B1)!
C0O+/+00+!)B+!(2)+0C0+)1I(*()D!,-NB+!()+N!C101N+)+0/T
I NN, O+IK+2+01%([+HIL2H!-*+P(I*+IN,H+*(2K!1CCO0,1AB!(/!)B+!*(2+10!)012/-,0N1)(,2!N,H+*!
Q&12K+0'mMB2@!EFGE1@!EFG I'Z12K@!+)!'1*T@'!'EFG R3

! Hi(t,)=!"+#@ @&T TR
SB+04, 112HY , 110+1(2)+0C0+)+H!)B+!/IN+1/1)B,[+1(21)B+!A, PI6JIN, H-+*T!06RLH(A)#/!
)B1)@!1-)+0!/,N+!,0i868/+00(2K!)012/- ONI}N, &, ) @!&%/!I+A,N+*(2+10*DI0+*1)+HL!),))B+()+N!
ClOlN+)+0/!C*M/!;1M//(12!+O,OIFO'AI)!A12!I+!1*K+I01(A1**D!/B,82!)Bl)!OlO(,M/!,)B+O!N,H+*/@!
IMAB!1/1)B+\RPIN,H+*112H!)B+!", PI6JIN,H+*@!10+/C+A(2#11)B+*(2+10!)012/-,0N1)(, 2!
N,H+*1QZ12K!+)I1*T@!EFG RT! I

&+/+10AB+0/IB10+!CO,C,/+H!)B+IM/1K+!,-1)B+0H(/)O(IM)(,2!-M2A)(,2/!),IN,H+*1&%!H1)1@!
(2A*MH(2K!)B+!*(2+10!+PC,2+2)(1*IN,H+*IQ$AB+(I*+AB2+0@!GebeR@!)B+ K 1INN1IN,H+*IQ=+0B+
GeebR!12BH!Z+(IM**IN,H+*1Q&,/UIN@!Geebl!& MH+0!+)! 1*T@!EFF R!),IN,H+*1&%!+PA*M/(O+*DT!
*(2+101+PC,2+2)(1*IN,H+*IQ$AB+(I*+AB2+0@!GebeR!(/ICO+/+2)+H!1/I- ** S/3

! F(RT,)=(, +")expl! (!, +")RT,] @ @ TR
SB+O+!!J. 112H!, 110+!C+0/,2!112H!()+N!(2)-£2)01N+)+0/@!0+/C+A)(O+*DTI8 )HMB1)!
(2)+0C0+)+HIH(--+D{2)B+#, P! PIN,H+*I12H1)B+!*(2+101)012/-,0N1)(,2!N,H+*TI<2!)B+1*(2+10!
+PC,2+2)(1*IN,H+F@¥%CO+/+2)/111*(2+10!A,NI(21)(,2!,-1)B+!()+N!(2)+2/()(+/!,-//+O+01*1()+N!

A,010(1)+/!1)B1)10+CO+/+2)IH(—+0+2)1*1)+2)I1A K2()(O+!CO,A+//+/T



"IN, O+IK+2+01*([+HIN, H+*1), ) B+1*(24R2G1 2+2) (1*IN,H+*1(/)B+!KINN1IN,H+*1Q>10(/@!
Gee ll=+0B+*)1+)!11*T@!GeebR3

I
"

(e @ EroR

! f(tij)z! (,,_)u

SB+04, 112HY  110+1(2)+0C0+)+HI/(N(*10*DI1/1)B,/+1(21)B+M¥(2+101+PC,2+2)(1*IN,H+*T1%B+)S, !

C101N+)+0/1(2H(AL)+)B+ICO+A(/(,2!12HI/C++H!)B1)!0+/C,2H+2)/IC+0-,0N!(2111)+/)@!1*),K+)B+0!-,0
1IN+1/MO+!,-IN+2)1*IC,S+0T!%B+Z+(IM**IN,H+*|Q&,/UIN@!GeebR@!B,S+OHO)@®!N,H+*/1) B+

ANCHH)(,21)(N+1(2/)+1H! -1()+NI&Y%/TI<)/IH+2/()DI-M2A)(,2!(/'S0())+2!1/3

! f(t)="/texp(! étz) @ @&T BR

SB+0H = ﬁ @! 112HY 110+)BH+N+2)1*I/C++HI12HIC+0/(/)+2A+,-) BHEB {OJERH()+N!

i@
H(--(AM*)D!-,0!()FIN&, MH+0!+)! 1*TIQEFF R!-MO0) B+0!/MMEHINHIHD! Z+(IM*IH () O (IM)(, 2!
)B1)!1+1/(*D!A1C)MO+/!12D!/B(-){@2HAIBL@*!,-1) B+ (MMO+*189%6H(/)O(IM)(,2/ T1%B+IM/LK+! -]
)BHZ+(IMFIH()O(IM)(, 2! (/11+2+-(A(L*+ALM/+1()121)MO1**DILAA NN, HL)+/1)B+IC /() (O+/U+S2+//! -!
)B+1&%!H()O(IM)(,2/'12H!B1/110, 1HILCC*(AL)(,2//(2Y) 1) (/) (A/\Q&, MH+0!+)! 1* T@!EFG RT

! %, /MNN1O([@!010(,M/!/)1)(/)(AL*IN,H+*/1BLO+!1++21C0,C,/+H!- 01)B+IN,H+*(2K!,-1&%/3!
)B+1* K2,0N1*IN,H+*IQO12!H+0!7(2H+2@! EFFARNBIHHOM*+(2142) (2U!+)! 1*T@!EFFeR@!)B+!

' PIBJIN,H+*1Q&12K+01j190)2+0@!EFGGIIZ12K!+)!I 1*T@!EFG R@!)B+*(2+10!)012J-, 0N1)(,2!N, H+*
Q&12K+0lj!mMB2@!EFGE1@!EFG 11Z12K@'!+)!1*T@!EFG R@!)B+!Z+(IM**IN,H+*IQ&,/UIN@!Geet
HI*T@!EFF R@!)B+KINNLIN,H+*1Q>10(/@!Gee !l=+0B+*/)1+)| 1*T@!GeebR@!12H!)B+1*(2+10!+P
N,H+*IQ$AB+(I*+AB2+0@!GebeRT!"N,2K!)B++1&I%!IN,H+*/@!)B+* KON MS (H+*D!
1CCH(+H!-,0/+0+01*10+1/,2/TIV(0/) @DB2MMN+H!&%/110+! 1//MN+H!),IB1O+1)B+!12,0N1*()D!

)B1)IAL2!1+1+1/(*DI1HIC)+H!),!-1A),01121*D)(AIN,H+*/T!$+A,2H@!()!B1/!1++2!- M2H)B1))B+1* K2,0N

! Ec



N,H+*IB1/I1H+YM1)+IN\M#)11-()!(2!00(1 1CC*(AL)(,2//A+210(,/!'Q+TKT@!$AB2(CU+!jI$SA0IN/@!
Geee@!EFFERT!J,S+O+0@!)B+!,)B+0!&%!N,H+*/11*/,1B1O+!)B+(0!,S2!1+2+-()/112H!I01*M+/1(2!) B+!
121*D/(/!,-18&%/@!SB(*+!)B+DIN1D!H(--+0!(21)+ON/!,-1/)1)(/)(AL*!1//MNC)(,2/112H!)B+!(2)+0CO+)1)(,2!
<) (N+HW+*1)+HIGLN+)+0/T!V, 01 1LIA, NCO+B+2/(O+10+O(+S!,-1&%!N,H+*/@!0+1H+0/!A12!10+-+0!),!
$AB2(CU+!12H!I$SA0LIN/'QEFFER!12H!7++!12H!'B¥2|QEFGGRT
0#4#0!BC2/&)&%*-:1@;!(*9'/8
IS(N(*10!),))B+!H+A,NC,/()(,2!N,H+*(2K!1CCO0,1AB+/1-,0)B+!()+N!0+/C,2/+/@!)B+0+!B1/!1++2!
1)01H()(,2!),!H+A,NC,/+1&%/!11/+H!,2!BDC,)B+/([+H!COM#D 2K!CO,A+//+/1(2!A,K2() (O+!
C/DAB,* KD!Q.,2H+0/@!Gadel!$)+02|+0K@!GedeRT!%B+IN,/)!12,)11*+!S,0U!S1/1$)+021+0K!QGeeb1(
GeeblIR!")B1)!-, AM/+H!,2!1121* KD!()+N/!12H!$)+021+0K!QGeaF @!GeadR!) B H\MI(OHI!, 2
0+1/,2(2K!()+N/T!V,01+P1NC*+@!$)+021+0KIQGeeb1RIM/+H!1LINM*)(C*+1*(2+1010+KO0+//(,2!N,H+*!
0+KO+//(2K1&%!,2!/+O+01*()+N!A,010(1)+/!)B1)!10+CO+/+2)1)B+12MNI+0!,-I1A,K2()(O+!,C+01)(,2/!-,0!

)B+!()+N/T!1%B+!IN,H+*!(/!S0())+#2!1/3
! RT = X, +aX;+bX,+cX;+!/ @ ETER

SB+0+X, !(/")B+!(2)+0A+Q)@k 1,2,3) IH+2,)+/1)B+!()+NIA, O10( 1@ B+!; 1M/(1210+/(HM1*T!
!X/(ZK!)B(/!N,H+*@!$)+OZI+OK!QGeeb1R!Sl/!1I*+!),!+/)(N1)+!)B+!&%!O+YM(O+H!-,O!+1AB!BDC,)B+/([
A,K2()(O+!CO,A+//1-,01+1ABIO+/C,2H+2)T!

> 0+10+A+2)*D@!0+/+10AB+0/!(21)B+110+1!,-1+HMAL)(,21*!1//+//N+2)!B1O+!H+O+* C+H!
+PC*121),0D!&%!N,H+*J)BI2!1+ICM)!(2),)BO++AL)+K,0(+/3IN,H+*/I-,01&%!, 2*DIQ$AB+(I*+AB2+0@
Gebel!>10(/@!Gee R@!/+C101)+!IN,H+*/1- 01&"112H!&%!Q#+ 101j!:, A N@!GeeGlI4NI0+)/,2@!Geeal!
., 0(2@!EFFCclI>M*B,, *12H1+)!11*T@!GeaFI!60(N(@!EFFGR@!12H!, (2)IN,H+*/1- 01&"1 12H!&%1Qm*+(

42)(20@'+)!1*T@!EFFellO12!#0+MU+*+2@!EFFCRTI$AB+(1*+AB2+0!QGebeR!CO,C,/+H!)B+!*(2+10!



N,H+*@!1/IN+2)(,2+H!(21)B+ICO+O(, M/I/+A)(,2@!(2!SB(AB!)B+1&%!(/11//MN+H!), IBLO+!121+PC, 2+2)(
H+2/()DI-M2A)(,23

! F(RT) =(/;+")expll (/; +"))RT;] @ ETTGR
SB+04 1(/IC+0/,2!/C++H!C101N+)+0!1 RH)B+!()+N!(2)+2/()D!C101N+)+0T!$SAB+(I*+AB2+0!QGebeR!

-MO)B+0!/MKK+/)+HI)BI)2!I+1H+A NC,/+HIM/(2K1)B+!1CCO,1AB!121* K,M/!),1)B+#177%>3

K

| L=l gt @ capelc

o1
SB+041, I(2H(AL)+/1)B+!(2)+2/()D!,-)B+!A, K2()(O+ COtRHHH+H!(21() K 2Hb, (2H(AL)+/!
SB+)B+0!()+N!1//,A(1)+!S()B!A,K2()(O+!CO,ATM(N(*10*D@'>10(/'QGee R!(2A,0C,01)+H!()+N!
A,010(1)+/!(2!B(/'KINNLIN,H+*1- 01&%/T1J+1/B,S+HN)B1))B+*(2+101+PC,2+2)(1*IN,H+*1 -!
$AB+(I*+AB2+0!QGebeR!(/11/C+A(L*AL/+! -1, 2+1- ONM*1)(,2!,-1)B+!KINNLIN,H+¥TE@4 O+0)B+*+
)B+/+IN,H+*H(H!I2,)) 1U+&"1(2),IA,2/(H+01)(,2T
! $+O+01*/)MH(+/!BLO+!++21A, 2HMA)+H!),1121*D[+1&"112H1&%!/+C101)+*D!(2!121+PC*121),0
S1DT!"/B10+HIABLO1A)+0(/)(Al,-)B+/+1121*D/+/1(/1)B1))B+1&%!S1/1+O1*ML)+H!1/+H!, 21()+N!
A,010(1)+TI$C+A(-(AIB@EFFCRIM/+H!)B+!77%>1),1121*D[+!()+N!0+/C,2/+/112H!)B+2!
0-+KO+//+H!)B+MEKL2/- ON+H!&%/!,21)B+1()+N!A,010(1)+/!M/(2K!0+1H(2KIA,NCO+B+2/(,2!()+N/T!
$(N(*10*D@!4N10+)/,2!QGeeaR!12H!60(N(IQEFFGR!H+A,NC,/+H!&%/IM/(2K!0+KO0+//(,2!N,H+*1S()B
-(KMO1*10+2(2K!()+N/TI>M*B, **12HI+)11*TIQEFFGR@!,2!)B+!,)B+0!B12H@!N1H+ICO+H(A)(,2!,-1&%!
M/(2K!()+N!A,010(1)+/1)BO,MKB!121*D/(/!,-1010(12A+!-,01A,00+A) 1 12H!(2A,00+A)!10+/C, 2/+/1/+C101)
X/(2KI1IN,0+!H+/A0(C)(O+!1CCO,1AB@#+ 10!12H!:, A, NIQGeeGR!A,NC 18N BBY)+N!H
C101N+)+0/112H!&%!H()O(IM)(,2/1,-1()+N!(/,N,0CB/IQ(T+T@!()+N/!S()BN)B+/IN+IM2H+0*D(2KIH+/(K
N1)O(PR!-0,N!)S,!)+/)!-,ONIT!

0#H17*5)%!D*9'/5)61*+| @AI&)9'@:;



> H+*/10+O(+S+HI(2!/+A)(,2//ETEI12HIET 110+1H+O+* C+H!-,01)B+IN,H+*(2K!,-1&"1, 01&%!
+PA*M/(O+*DTI$+C101)+!1121*D/(/!,-1&"112H1&%!A121CO,0(H+!/,N+!(2-,0N1)(,2!,2!1,)BIO10(1I*+/@!
IM))B+10+*1)(,2!1+)S++21) B+, 0(11*+/10+N1(2/IM2U2,S2T!%, +PC*(A()*DIN,H+*)B+10+*1)(, 2!
[4)S++218"112H18% @!0+/+10AB+0/!BLO+IH+0+* C+HIN+)B,H/1-, 01)B+1A,(2)IN,H+*(2K!,-)B+/+1)S, !
OL0(LI*+/TI"/IN+2)(,2+H!(21/+A)(,2IETG@!)B+", (2)IH(/)0(IM)(,2!,-1&" 1 12H!&%!N1D!0+/)!, 21 B+!
1/IMNC)(,2!,-1<1,01LAA, NN, H1)+/1) B+ 11+)S++21&"112HI&%TI"AA, 0H(2K!),10121H+017(2H+2!
12H!;*1/IQEFGFR@!)BO++!'<!1//MNC)(,2/1+P(/)!(21) B+, (2)IN,H+*(2K! -1&"112H!&%3!GR!
(2H+C+2H+2A+11+)S++210+/C, 2/+/IIERI(2H+CH+2H+2A+!1+)S++218%/1" RI(2H+C+2H+2A+11+)S++2)!
0+/C,2/+/112H!86/TI%B+!'<! 1//MNC)(,2!H(/AM//+HI(2)B(/1/+A)(,2IN1(2*DI0+-+0/1),)B+1)B(OH!)DC+T!
%B+!'1,-1)B+1)S,|010(11*+/@!,2!)B+!,)B+0!B12H@!B1/!))S,!C //(I*+IH(0+A)(,2/3!GR!)B+1&%!
H()O(IM)(,2!H+C+2H/1,21)B+1()+N!10+/C, 2/+I1A1)+K,0(+/'1Q(T+T@'A,00+A)!, 0! (& 'D0+A)RI'ER!)B
H()O(IM)(,2!H+C+2H/!,21)B+&%!AB101A)+0(/)(A/!Q(T+T@!-1/)!,01/% SRTI)I(/1),11+12,)+H!)B1)!)B+!
N-4)B,H/L 1A, (2)IN, H4+*(2K!,-1&"1 12HI& %! 10+IN1(2*DIH+O0+*, C+HIM/(2K!)B+1<&%IN, H+*/1- 01)B+!
&"@!SB(*+/+O+01*10+A+2)1+P)+2/(,2/1BLO+!++2IN1H+IM/(2KL)BYBHA " T1%B+0+-,0+@!)B(/!
[+A)(,210+O(+S/IN+)B,H/)B1)!, (2)*DIN,H+*1&"112H1&% @' 12HIAL)+K,0([+1)B+!/)MH(+/1(2),]) BO++!
IMI+A)(,2/317,(2)IN, H+*/1S () BI<&6IN, H+*/1- 01)B+1&"@!1, (2)IN,H+*/1S()B!".>/1-, 0 B+!&"@!12H!
+PC*121),0D!",(2)IN,H+*/1 -1&"112HI &% TIBHON, (2)!IN, H+*/1S()BI<&Y%!N,H+*/1-, 01 B+1&" @!)B-+/+!
N,H+*/110+1-MO)B+0!AL)+K,0([+H!1/+H!,2)B+(011/MNC)(,2/3!,(2)!N,H+*1BL)I L//MN+|(2H+C+2H+2
&"112HI&% @', (2)IN,H+*/)B1)I1AANN,H1)+!"1 -1&", 21&%@!12H!A, (2)IN,H+*/)B1)!
1AA,NN,H1)+!".1,-18%! 21&"T !

OHHA"IE@;!(*9'/31+*-1%8'| @A

ET_TGTG!I'<l+)S++2!&"112H!&%




"1)01(KB)-,0S10H!1//MNC)(,21(2!)B+!",(2)IN,H+*(2K!,-1&"112H!&%! (/1) B1)!)B+!()+N!
0+/C,2/+112H!()+N!&%!10+1* A1T**DI(2H+C+2H+2)IK(O+21)B+!A,2/)12)1*1)+2)1)01()/T!%B+HO(-)!H(--V
N,H+*1Q&1)A*(--@aBHH,2+!/MAB!1CCO,1AB!(2))B+//(NM*)12+ M/1121*D/(/!,-1&"11 2H1&%T!%B+!
HO(-)!H(--M/(,2!N,H+*11//MN+/11IH(--M/(,2!1CO,A+//\SB+0+1)B+!(2-, ON1)(, 2! LAAMNM*1)+/!, O+0!) (N+!
12HIB()/!11!1,M2H10D!SB+21)B+H+A(/(,2/(/INLH+T!<)I(/IN,/)*DIM/+H!(2!)B+!+PC+0(NKR)1* C/DAB,
[4))(2K/ISB+0+1H1)11-0,N!, 2*D!, 2+10+/C,2H+2) (/1A **+A)+H!12H!121*D[+HT!J,S+0+0@!%M+0*(2AU
12H!.+!#,+AUIQEFFCR!B10+/B,S21)B1)!)B+IHO(-)!H(--M/(,2!N,H+*IA1211+1+P)+2H+H!),!(2A,0C,01)+!:
012H,Nl+--+A)!- 01)B+IC+0/,2/112H!I+IM/+H!(21) BMAYR 1H1) 1A, 2/(/)(2K!,-11,)BI()+N!
0+/C,2/+/112H1()+N!1&%/1-0,NI1//INC*+! -10+/C,2H+2)/T!&+/+10AB+0/1B1O+!N1H+!-MO)B+0!+--,0)/1),!
1H1C)!)B+HO(-)IH(--M/(,2!IN,H+*1- 01)B+1+/)(N1)(,2!,-IC+0/,2111(*()D!12H!()+N!CL101N+)+0/!
Q>,*+2110!+)!1*T@!EFGCAIIO12!H+0IFEVENGGII=12H+U+0AUB,O++)!1 1*T@!EFGGIIZ1K+2N1U+0/
EFFeRT!<2!-1A)@")B+HO(-)!H(--M/(,2!N,H+*IB1/11++21/B,S21),I1+10+*1)+H1), ) B+IE67IN,H+*IQ7MA+(
Geadl!%M+0*(2AUP!j! . +1#,+AU@'EFFCRT!%B+0+-,0+@!)B-+HO(-)IH(--M/(,2!N,H+* A12!1+11CC*(+H!(
+HMAZL)(,21*IN+1/NHER) /+)) (2K/1 1/1S+1Q+TKT@!012!1&("2!j"*(@!EFGbRT

"211%)+021)(O+!N,H+*(2K!1CCO,1ABNB1)! 1//MN+/I'<!(/!)B+!B(+010AB(AL*IN,H+*(2K!
-01N+S,0U!,-1&"112H1&%!Q012!H+0!7(2H+2@!EFFbR@!SB(AB!B1/!1++2111CO,N(2+2)!1CCO,1AB!),!
A (2)*D1121*D[+1&"112H1&%!(21+HMAL)QRIE/DAB * K(AL*IN+1/MO+N+2)l/+)) (2K/T!"/1()/121N+!
IMKK+))/@")B+B(+010AB(AL*IN,H+*IA, 2/(/)/1,-1)S,1*+O+*/31)B+1-(0/) *+O+*IN,H+*/1/C+A(-D!)B+!
CO,I1I(*OD!H(NO(IM)(,2!-M2A)(,2/!-,01&"112H!&%@!0+/C+A)(O+*DINB+/+A, 2H*+O+*IN,H+*/11** SI)B-
C+0/,2!12HHNIC101N+)+0/1-0,N!I,)BI& "1 12H!1&%!/(H+/1),!A,010DT!O12!H+0!7(2H+2!QEFFbR!
1H,C)+H!1!)BOEL01N+)+0!2, 0NK(O+!Q 689RIN,H+*I-,01)B+!&"112H!)B+1* K2, 0N1*IN, H-+*!

QO12!H+017(2H+2@'EFFdR!-,01)B+1&%!1/1)B+!-(0/)*+O+*IN,H+*/TI"))B+!/+A, 2H!*+Q#*@!) B+INM*)(



2,0NL*IH(/)O(IM)(,2!(/'L//IMN+H!-,01)B+!C+0/,2!C101N+)+0/!12H!()+N!IC101N+)+0/@!0+/C+A)(O+*DT

(+NIC101N+)+0/I- ** SITINM*)(O10(1)+!2,0N1*IH(/)a(IM)(,23

. 2 %
"al% ",Ua% % $ ab ac a
%bl %%/Jl l $ ab "li 'b b/
— i b _ C
! ! i_%:l _N$$'u ’(Item' ’(Item_g . ) @ Ere
|: c $ ac C [ c
l-&. l'l/ "2
' & & % af by d &

SB+O+@!L2HIAIH+2,)+)B+!()+NIH(/AO(N(21)(,2@!H(--(AM*)D@!KM+//(2KICLO1N+)+0/1(2!)B+!"689!
N, H-+*@10+/C-+A)(QHHBHR, ) +/1)B+1()+N!(2)+2/(RDLIN+)+0!(21)B+!* K2,0N1*1&%6!N, H+*T1%6B+!
*1)+2)!11(*()D!CLOLN4)H@1)B+!"689!N, H+*I12H1)B+1*1)+2)l/C++HIC10INEQHBH *,K2,0N1*!
&Y6IN,H+*1- = SI111(010(1)+!2,0NL*IH(/)O(IM)(,2@!SB(AB!(/!H(O+2!ID3

I % e, 9 L HE#
| J':ﬁ"';é/}Nﬁﬁig( pe'w"'g/:’) personzg # 42 :&.!! ETER
9%B(/IN,H+*(2KI-O1N+S,0Ul(/1-*+P(I*+1(21)B1))B+!IN+1/MO+N+2)IN,H+*/1-,01)B+1&"1 1 2H!) B+!&%6!A12!
[+14+1/(*DIN,H(-(+HII1/+H!,21)B+!ICO1A) (AL*12++H/T
| $,N+14+P)+2/(,2/1,-1012IH+0!7(2H+2VIN,H+* QEFFbRIBLO+!I++2IN1H HHDEQLO+!
&96IN,H+*/IM2H+01)B+I/IN+B(+010AB(A1*-01N+S,0UIQm*+(2142)(2U!+)| 1*T@!EFFell> *+22110}j!
#,4/(2,01@'EFGbII&12K+0!)!mMB2@!EFG_111&12K+0!+)|1*T@!EFGCIIZ12K@!+)! 1*T@!EFG IZ12K!
EFG RTISC+A(-(AL**D @WBHN:HPHIQM*+(2142) (2U!+)| LARBFED!) B+, P16JIN, H+*IQ&12K+0!
#)I*T@!EFGCIIZ12KI+)I 1*T@!EFG R@!12H!)B+1%(2+101)012/-,ON1)(,2IN,H+*IQZ12K!+)| 1*T@!EFG|
[++211H,C)+H!1/1)B+1&%!N,H+*1(2!)B+B(+010AB(AL*IN,H+*(2K!-01N+S,0UT!<2!1HH()(,2@!&12K+0!
QEFGCR!CO,C,/+H!)B+01A+IN §B+&I6@!SB(ABIA, 2/(H+0/1)B+!0+/C,2H(2KIN+ABL2(/N!)BL)!(/

H-+)+ON(2+H!ID!)B+!/), AB1/)(AICO,A+//1-,0/C+A(-(AI0+/C,2/+!,C)(,2/T!



! <211HH()(,2!),)B+I/C+A(-(A1)(,2!,-H(--+0+2)1&%!N,H+*/@!+P)+2/(,2/!,-)B+!012!H+0!7(2H+2!
QEFFDRIN,H+*IB1O+!1++2IN1H+!), [ TAINN) B+ 28 ON1*IH()O(IM)(,2!,-1)B+*K
)012/-,0N+H!&%!12HINM*)(C*+1*1)+2)IH(N+2/(,2/lHM+1),INM*)(C*+!/, MOA+/1- 0! &"1 1 2H!&%T!
> *+2110112H4#,*/(2,01!QEFGbR!/)1)+H!)B1)!)B+!1//MNC)(,2!,-1)B+!2,0N1*()V-1)B+!* K
)012/-,0N+H!&%/IN1D!2,)!B,*H!(2!0+1*BBI4%0+@!)B+D!N,H(-(+H!)B+1&%!N,H+*!),!
1AANN,H1)+!)B+12\® ON1*()D!HM+!),!+()B+01)B+!B+)+0,/A+H1/)(AlI0+/(HM1*IO10(12%4/!,01)B+12,2
2,0N1*1*1)+2)/C++HTIV,PI+)I1*TIQEFG_R!A,2/(H+0+H!)B+!(NC1A)!,--++HI1AU!+B10(,0!,2!/)MH+2]
C+0-,0N12A+T!%B+D!CO, LKW (O10(1)+!",(2)IN,H+*! -1&"112H!1&%!S()B!-, MO!*1)+2)!
H(N+2/(,2/'),'1AA,NN,H1)+!INM*)(C*+!0+/C,2/+!/, MOA+/1Q(T+T@!()+N!0+/C,2/+/112H!-++HI1AU!
I+B1O(,0RT!$(N(*10*D@'kB12!+)!1*TIQEFGaR!A,2/(H+0+H!)B+INM*)(H(N+2/(,21*()D!(//M+1(2!1,)B!&"
&%!N,H+*/IM/(2)8+!B(+010AB(AL*IN,H+*(2K!-01N+S,0U! -I012IH+0!7(2H+2!QEFFbRT!>12!+)!1*T@
QEFGeRI!A,2/(H+0+H!)B+!A,NC+2/1),0DINM*)(H(N+2/(,21*()D!(//M+!(2!) B+&"IN,H+*IM/(2K!) B+!
B(+010AB(A1*IN,H+*(2K!-01N+S,0U!,-l012!H+0!7(2H+2!QEFFbRT!%B+/+1+P)+2/(,2/!B10+!/B,S2!)B-
“*+RI(*()D!,-1)B+!B(+010AB(A1*IN,H+*(2K!-01N+S,0U!(21)B+!/(NM*)12+,M/1121*D/(/!,-1&"1 1 2HI&%T

$,N+10+/+10AB+0/IB1O+!1HO,A1)+H!)B+IM/+!,-)B+E67!N,H+*- 01)B+!&"IQV,P@!EFGF@!
AB1C)+0lallV,P1+)!11*T@!EFFbI!> *+2110!+)!1*T@!EFGcl!>,*+2110!+)!1*T @ | FEG@EA P& ED!j190
&12K+0@'EFG RI12H!1IH(--+0+2)l/C+A(-(A1)(,2!,-)B+!* K2,0N1*IN,H+*IS()BI1211HH() (,21*!/*,C+!
C101N+)+0!-,01)B+1*1)+2)!/C++H!QV,P@!EFGF@!AB1C)+0'allV,P!+)!I1*T@!EFFblim*+(2!42) (2U!+)!1
(21)B+!B(+010AB(AL*IN,H+*T1%B+1* K2,0N1*IN, B+ISOBIC101N+)+0!(/IK(O+2!ID3

! log(T,) =/, 1 /" + 1,0 ~N(0," 2),! @I TR
SB+0+)B+121)(,2/!10+!A,2/(/)+2)!S()B!)B+!* K2,0N1*IN,H+*IQO12!H+0!7(2H+2@!EFFAR!CO+/+2)+H!(

)B++YM1)(,2IET TG@!+PA*@NBH)(N+H(/AO(N(21)(,2!CLOIN+)+OIN,H+*+HI1/1)B+!/*,C+!

CLOIN+)+0!-,0)B+*1)+2)/C+AIEHY 21(/1)B+()+NI/C+A(-(AI0+/(HM1*O TOBA+



IC+A(-(AL)(,21(/'121* K, M/1), B+ EB7IN,H+*1-, 01)+NI0+/C,2/+/112HI1** S/NB+10+*1)(,2!1+)S++2!
)B+1+PC+A)+H!&Y%!12H1)B+1*1)+2)l/C++H!),|010DI1AO,//1()+N/TISMABIN, H+*/C+A(-(A1)(,2!N1U+/!()
C,/I(I*+1),1+P)+2H1)B+!B(+010AB(AL*IN,H+*(2K!1CCO, 1AB D IEHK#22+10!-1A),0!N, H-+*!
1CCO0,1ABIQ>*+2110!+)!1*T@!EFGCIRT!> *+2110!+)11*TIQEFGCIR!/(NC*(-(+H!)B+!B(+010AB(AL*IN
&"112H!1&%!H+0+* C+H!ID!IO12!H+0!7(2H,2!QEFFbR@!V,P!+)! 1*TIQEFFOR@!m*+(2142) (2U!+) 1*T!C
12H!;*1/112H!0121H+017 (2H+2!QEFGRRZK) B+!/+A, 2H*+O+*IN,H+*1, 21)B+!()+N!/(H+T!%B1)!(/@!
)B+1()+NICLOLN+)+0/1S+0+1)0+1)+H!1/1-(P+H!+--+A)/101)B+01)B121012H,N!+--+A)/1(2)B+IN,H+*1,-101
H+017(2H+2!QEFFORTI%B+!+2+-()1,-)B(/1+P)+2/(,214+211*+/))B+IM/+!,-1-*+P(I*+1*1)+2)1010(11*+!
N,H+*(2H,-)S10+!),14+/)(NL)+)B+IN,H+*@!1*)B, MKB!)B+(2A*M/(,2!,-)B+/+A, 2HI*+O+*IN,H+*1, 21) B+!
O+NY(H+/B,M*H!I+IA, 2/(H+0+H!-, 01/MI/)12)(O+!0+1/,2/\(-12+A+//10DT!
#M(*)IMC,21)B+IK+2+01*([+H!*(2+10!-1A),0!N,H+*11CC0,1AB@!> *+2110!+)! 1*TIQEFGC1R!
CO,C,/+H!121+OMR0+!-*+P (I*+11(O10(1)+IK+2+01*([+H!*(2+101<&%!N,H+*(2K!-01N+S,0U!-,01)B+!
A (2)1121*D/(/!,-1&"112HI&% TI%B(/IN,H+*(2K!-01N+S, 0UMABS(2+10!12H12,2*(2+10!A0,//!
0+*1)(,21-M2A)(,2/11+)S++21%1)+2)111(*()DI12H!*1)+2)/C++HTI<21 1THH() (, 2@ N 1BBH@(/) (2KIN,
(2A*MH(2K1)B+B(+010AB(AL*IN,H+*(2K!-01N+S,0UIQO12!H+017(2H+2@!EFFbRI12H!/,N+IN,H+*/!-,
2*D1,01&%!,2*D@!-1**IM2H+01)B+!1(O10(1)+1K+2+01*([+H!*(2+101<&%!N, H+*(2K!-01N+S,0UT!"AA,0

),1> *+21101+)!11*TIQEFGC1R@!-,0!H(AB,),N,M/I0+/C, 2/+/12RENX. 26! 3
| E(Y)=! (a/,+h) @ @TTR
! E(og(T)) =/ +"#+1($, 9@ &I ER
SB+0+1)B+12,)1)(,2/110+!A,2/(/)+2)!S()B!+YMEBTET_I12HIET TG@'+PAHTR)B1)10+!
,0)B,K,21*112H!)B+10+*1)(,2!1+)S++2!11(*()D!12H!/C++H!(//ALC)MO+HNDHBYLRBNM2A)(,2

f(/ ;") T18,)+)B1))B+(K2!I+-,04!  IAB12K+/1-0,N12+K1)(O+1),IC,/()(O+!12H@!)B+0+-,0+@!)B+!



(2)+0C0+)1)(,2!,-)B+12,SI2H(A)+/!/* S2+//101)B+01)B12Y/C-++H!,01-1/)2+/ TI%BEATL( 2!
-M2A)(,2!/(2H(AL1)+/10+*1)(,2/1)B1)!A12!1+1*(2+10@!YM1HO1)(A@!(2)+01A)(,2!,0!,)B+0)DC+/! -10+*1)(,
%B+IN,H+*1, -10121H+0!7(2H+2IQEFFORIL//MN+/I11*(2+1010+*1)(,2!14)S++21*1)+2) HiH¥() D! 12H!/C+
12H)B+!+PC+A)1)(,2!,-1)BYOK/- ON+H!&%!(/IK(O+21D3

! E(log(Ty) =/ +"#! " 8% T @& TR
THU =11 #10+CO+H+2))BH¥1)+2)IC++HICIOIN+)+011/C+A(-(+H!(210121H+017(2H+211QEFFbR
%B+2@!()!A12!1+!/++20)B@H(AL)+/1)B+A,00+*1)(,2!1+)S++2! 11(*()D!12HY/C++H!(21)B+IN,H+* -!

O12!H+0!7(2H+2!QEFFbRT!"HH()(,21**D@!/+O+01*IN, BtBIQP4QBL2H, 1j! 7,0+ 2F+01@!
EFFb1I!EFFbII;10(0(1@!EFFcl!&12K+0limMB2@!EFGELII%B(//+2@!Gea RI12HIN,H+*/1- 01&"1, 2*D!
Q&,/UIN@!Geabl'Z12K!j!J12/,2@!EFFCRI-1**IM2H+0!)B+IN,H+*(2KI-01N+S,0U!,-I> *+21101+)I11*T!
QEFGCIRTIV,0!+P1NC*+@!)B+IN,H+*! -106B RH2IMIEHSAN+/111*(2+1010+*1)(,2!1+)S++2! 11 (*() D!

12HI/C++HTI1%B+!1+PC+A)1)(,2!,- JB12/KON+H!&%! (/1K (O+211D3

! E(log(T,))=u+!,+!,! I (a",! b)@ @T bR
SB+0+41(/111K+2+01*(2)+0A&C)2Hh 110+ ()+N!H(/AO(N(21)(,2! 12H!H(--(AM*)D!(2!)B+!<&%!
N,H+*@!0+/C+A) (O 1AH(AL)+/1)B+10+KO+//(,2!A,+--(A(+2)!1+) S++2! &HH2MHLI (*()D T!%B+!
)+ON/I112HY b 1A12!1+111/,01+H!DY 112H1)B++YM1)(,2!11,0+!A12!1+10+S0())+2!1/3

! E(og(Ty) =/, +",! a#$ T @&T BR
S(N(*10*DI@(2!)B+!11,0+!1+YML)(,2! ALC)MO+/1)B+1*(2+1010+*1)(,2!1+)S++218&%! 12H!*1)+2)!1 1I(*()DT!<
1HH()(,2@!V+0012H,!j!7,0-W[I;Ol!QEFFb1I!EFFbIR!M/+H!)B+!1I/,*M)}-a0j]!*llql}-l!(2!)8+!

+YM1)(,2!ET_Th!12H@!)BM/@!/C+A(-(+H!112,2*(2+1010+K0+//(,2!,-1<&%!C101NEIBL)RI&%/T!;(O



)B+IAMO0+2)!//)MHD!-, AM/+/1,20)B+1A, (2)IN,H+*(2K!,-1&"1 12H!&% @) B+!/C+A(-(AL)(,2/!,-))B+!,)B+0!
N,H+*/1-,01&%!,2*D!,01&"1 2*DIA12!1+1- M2H!(2!> *+2110!+)! 1*TIQEFGC1RT

! <2!/MNN10D@!)B+!HO(-)!H(--M/(,2!N,H+*IQ&1)A*(--@!GebaR@!)B+!N,H+2!,-1012!H+0!7(2H+
QEFFbR@!12H!)B+(0!010(12)/110+!-M2H1N+2)1*IN,H+*(2KI-01N+S,0U/1)B1)!0+/)!,21)B+!'<!1//MNC)(
-1&"112HI&%TI%B1)!(/@'K(O+21)B+IA,2/)12)1*1)+2)111(*()D!12H!*1)+2)/C++H@!)B+!()+NI0+/C,2/+/!1
(+N1&%/110+!(H+2)(A1**D112H!(2H+C+2H+2)*DIH(/) O(INYINC) OB L+/1)B+1/) 1) (/) (A1*!
N,H+*(2K!/)01(KB)-,0S10H!12H!A,20+2(+2)T1J,S+0+0@!)B(/! 1//MNC)(,2!N1D!2,)!1*S1D/IB, *H!(2!
0+18,0%H!/+))(2K/TIV,01+PINC*+@!)B+!/C++H*+O+* 12H!1I(*()DI*+0+*1,-1110+/C,2H+2)IN1D!-*MA)N
HMO(2K1)B+1)+/)IHM+!),1010(, MAOMIKR! 1/1/)O(A) Y (N+1*(N()1Q#,*/(2,011+)1 1*T @'EFGbRT!%B+0+-,0+
)B+10(,*1)(,2!,-1)B+I'<I1//MNC)(,2!N1D!, AAMO!12H!"+, C1OH([+1)B+/) 1) (/)(A1*1(2-+0+2A+! -)B+1- A1*]
C101N+)+0/T!%,!+01*M1)+)B+(NC1A)!,-NEHB(BE@10(1)(,2/!,2!N,H+*IN(/- ) @!N+)B,H/!
BLO+!++21H+O+* C+H!),11//+//1C+0/,2!-()!QV,P!j!’>10(12)(@'EFGbI>10(12) (+)! I*T@'EFG_R@!N,H+
Q>10(12)(@'EFGCcl!&12K+0lmMB2@!EFG_III&12K+0!+)!11*T@!EFGbR@!12H!)B+!'<!1//MNC)(,2!QC
7(2H+2!j1;*1/@!EFGFI#, */(2,01!j!>10(/@'EFGdI#, */(2,01!j!%("NAEFGART!%B+!/)MH(+/!
0+0(+S+H!(2)B+12+P))S,I/+A)(,2/'/ET_TGTE!12HIET_TGT I-, AM/!,21)B+IN,H+*(2K!1CC0,1AB+/!)B1)
1AA,NN,HL)+"1(2)B+7,(2)IN,H+*(2K! -1&"112HI&% TI$SC+A(-(AL*D@!/+A)(,2!ET_TGTE!-, AM/+/!,2!
N,H+*1BL)ILAA,NN,H1)+"1 -1&"1, 21&%@!SB(*+!/+R)ET_TGT I- AM/+/1,2IN,H+*/1)B1)!
1AA,NN,HL)+!".1,-18%! 21&"T !

ET_TGTE!.!,-1&",21&%

! ' 2A+C)M1*D@!)B+IN,H+*!,-1012IH+0!7(2H+2!QEFFbRIAL2!I+!A,2A+(O+H!1/111/(NC*+1/))OMA
B(+010AB(AL*IN,H+*))B1)!L//MN+/1)B+10+/(HM1*/1,-1&"112H!&%!10+!M2A, 00+ @ HN 1), S+O
N+2)(,2+H!(21/+A)(,2!ETG@!SB+2"".|, AAMO/@!)B+", (2)IH(/)O(IM)(,2!,-1&"11 2H1&%!A12!1+1-1A),0+H!

/m



! fee ;" )y |t.24%5)@ E&rER
)BIXNC*(+/1)B1))B+!N+1/MO+N+2)IN,H+*!- 01&"IN1DIH+C+2H!,21&%!+0+2!SB+2!)B+!1*1)+2)11I(*() D!
12H!)B+!*1)+2)l/C++H!108+A])+HT!<2!,)B+0!S,0H/@!)B+!0+/(HM1*!18&%!-0,N!+()B+0!1!-1/)+0!,0!/*,S+0
0+/C,2/+IA1211+10+*1)+H!),))B+IN+1/MO+N+2)!N,H+*- 01)B+1&"1(2!/,N+!S1D/T!%BM/@!()!(// AOMA(1*!)
1AA NN,H1)+I/MAB!"!),/(NCO,0+!)B+IN,H+*I- 01&"IQ+TKT@!#,*/(2,01!+)! 1*T@'EFGbRT
! %,I+AN(2+!SB+)B+0!-1/)!,0!/* SI0+/C,2/+/1(2H(AL)+!H(--+0+2)!10+/C,2/+ICO,A+//+/@!,2+!
)01(KB)-,0S10H!S1D!(/!M/(2K!)B+!<&%0++!N,H+*(2K!1CCO0,1AB!Q.+#,+AU!j!610)AB+O@'EFGERT!
<&%0++!N,H+*/110+!<&%!N,H+*/1- 01()+N!0+/C,2/+!H1) 1!S()B!1!)0++!/)OMA)MO+!Q.+!#,+AUlj!
610AB+O@!EFGERT!<2!)B+IAL/+! -I7 (2)IN,H+*(2K!,-1&"112H!&% @!)B+!)0++!/)OMA)MO+!A12!1+!- ON
IC*())(2KNB+!1()+N!&%/!(2),!I-1/)112H!/*, SIAL1)+K,0(+/!M/(2KIN+H(12!/C*()!S()B(2!C+0/,2/!,0!S()B(2!
O0+N/1Q.+1#,+AU!j1610)AB+O@!EFGEI!.(%01C12(1+)!1*T @ ! EB @ dHE1-0MER  EFGERT!

' NN, 21<&%IN,H+*/1Q+TKT@!G67!12HIE67RIAL2!I+IM/+H!-,01)B+/+1()+NI0+/C,2/+/@!IM)!H(--+0+2)!
*1)+2)1010(11*+/112H!()+N!C101N+)+0/!A12!1+!1//MN+H!-,0!-1/)!10+/C,2/+/!Q-1/)!12H!A,00+A) @!,0!-1/)
12H!(2A,00+A)RI12H!/*, SI0+/C,2/+/1Q/*, SI1AHM@!,0!/*,S112H!(2A,00+A)R@!0+/C+A)(O+*DT!
"*)B,MKB!)B+!+/)(N1)(,2!112H!(2)+0C0+)1)(,2!,-)B+/+IN,H+*/110+!A,20+2(+2)@!)B+!HO1SI1AU/! -1)B+
<&%0++IN,H+*(2KI1CCO,1AB!(2A*MH+3IGR!)B+!1//(K2N+2)!,-1()+N!0+/C,2/+/1(2),1)B+1-1/)!,01/*,S!
AL)+K,0(+/1(/'H+)+ON@U'ERIH(AB,),N([1)(,2!,-1()+N!&%/1*+1H!),1(2-,0N1)(,2!* //1(2!)B+!
+/)(N1)(,2!,-1¥1)+2)11I(*()DIQ>,*+2210!j!. +1#,+AU@!EFGaRT

! "211CC+1*(2K!1*)+021)(O+!1CCO,1AB!(/),IM/+)B+IN(P)MO+IN,H+*/1)B1)!1** SIH(--+0+2)!*1)+:
A*1//+/1S()B!IO10(,M/1C+0/,2112H!()3HD) (+/1-,0!H(--+0+2)!/C++H!Q>10(12)(@!EFGCc@!AB1C)+0!'I!

> *+211014) I*T@!EFGdI!> *+2110!+)!11*T@!EFGdI!>,*+2110@!+)! 1*T@!EFGdI!>,*+2110!j.+!#,+AU@
EFGall>*+2110!+)!1*T@!EFGel!Z12K!jI5M@!EFGcl!Z12K!+)!1*T@!EFGaRT!>,*+2110112H! . +1#,+AU!

QEFGaR!CO,C,/+HDBE, 2/+!IN(P)MO+IN,H+*)BL)IM/+H )BRBIK/ICO+H(A),0/1),!(H+2)(-D!)B+!



N(P(2KICO,C,0)(,2/T!>*+2110!+)! 1*TIQEFGAR!-MO)B+0!+P)+2H+H!)B+0+/C,2/+IN(P)MO+IN,H+*!(2!)
S1D/3IGR!(2A,0C,01)+1)S,*1)+2)1010(11*+/!-,0!-1/)+0!12H!/* S+010+/C, 2/+/ @IEFCE)GD+*
)B+1*1)+2)IA*1//1/([+/1),!O10D! A0, /N ()+N/T!.(--+0+2)1-0,N)O1H()(,21*IN(P)MO+IN,H+*(2K!
1CCO,1AB+/@!)B+10+/C,2/+IN(P)MO+IN,H+*IA*1//(-(+/1+1AB!()+N!0+/C,2/+101)B+0!)B12!+1ABI0+/C,
0+A),01(2),!-1/)!,01/*, SIA*L//+/TIZB(*+1)B+10+/C,2/+IN(R)M8+!(2A,0C,01)+H!)B+!N(P)MO+!
ANC,2+2)!1(2)B+&"IN,H+*! 2*D@!Z12K!12HI5MIQEFGCR!(2A,0C,01)+HIN(P)MO+!A,NC,2+2)/!-,0!
1,)BI&"I12H!&%!(2!)B+1/A+210(,!SB+0+101C(HIKM+//(2K!, AAMO/T!%B+IN,H+*! -1Z12KI12HI5MIQEFG
IC+A(-(+HIH(--+0+2)!1<&%!N, H+*1 12H!&%! QMBI *M) (, 2! 1+B10(,0112H!01C(HIKM+//(2K!
1+B10O(,0T!%B+0+-,0+@!H(--+0+2)!010(LI(*()(+/!(2!)B+!&%! 10+IN,H+*+H!-,0!H(--+0+2)10+/C,2/+!CO, A
Q(T+T!B+)+0,/A+H1/)(A)DRTIZ12K!+)! 1*TIQEFGaR!-MO) B+ U KOS OCAHHMYS: 1), |- *1K!
11+0012)!1+B1O(,(AK! 11#1D+/(1210+/(HM1*(2H+PI(21THH()(,2!),)) B+IN(P)MO+IN,H+*(2KTI$(N(*10*D.
>10(12)(!QEFGC@!AB1C)+0!'RICO,C,/+H!1IN(P)MO+IN,H+*)B1)IH(--+0+2)(1)+/!/)4)(,210D!12H!2,2
/)1)(,210DY/C++H!,0+0!1* AU/ -1()+N/T13,S+0+0@*(U+)01H()(,21*!N(P)MO+NCH-O{ 1@ #/1 ) +2

10+ 1/IMN+H!), I+ (2H+C+2H+2)1(21)B+/+IN,H+*/1Q>10(12)(@'EFGc@!AB1C)+0!'1IZ12Kj'5M@'EF G
Z12K!4)11*T@!EFGaR@!SB(ABIN1D!2,)!1*S1D/!B,*H!Q>,*+2110!+)! 1*T@!EFGART!%BM/@!>,*+211
QEFGAR!CO,C,/+H!)B+!B(HH+2IN10U,O!<&%!N,H+*/1- 0\&B1 P& SaP12/()(,2(2K!*1)+2)!
OL10(LI*+/1),1I+IH+C+2H+2)11A0,//1()+N/TI<2!1THH()(,2@")B+!C101N+)0(A!1//MNC)(,2!,-1)B+!&%!
H(NO(IM)(,2!AL2!1+1), 1/)0(2K+2) TI%BM/@!>,*+2110!+)!1 1*TIQEFGAR!CO, BLH0LNBHOEN (
N(P)MO+IN,H+*1- 01&"112H!&%!M/(2K!A1)+K!8F6/1),|0+*1P1)B+IC101N+)0(A!1//MNC)(,2!,-1)B+!
&%T!>,*+21101+)! 1*TIQEFGeR!-MO0)B+0!CO,C,/+H!)B+!B+)+0,/A+H1/)(AIB(HH+2!>10U, O!N(P)MO+IN
)B1)!1AA,NN,H1)+!)B+!B+)+0,/A+H1/)(AIO10(12A+/!,-18&%! (2!H(--+0+2)10+/C,2/+ICO,A+//+/@!
H+C+2H+2A+! -1¥1)+2)1/) 13B#+2MI/+YM+2)1()+N/@! 12H!) BRLEN+)O(AIH ()0 (IM)(,2!,-!

)B+1&%!1))B+/IN+)(N+T



! #,)B1)B+1<&%60++IN,H+*/112HIN(P)MO+IN,H+*/1)0+1))B+!"1,-1&"1, 21&%! 1/H(/AQ+)+T!
J,S+0+0@!0+/+10AB+0/!B1O+110KM+H!)B1)))B+/(NC1A)!,-1&%!,21)B+I&"IN,H+*IMI2!+1A, 2)(2M
Q+TKT@!#,*/(2,011+)!1*T@!EFGbIIV,P!jI>10(12)(@!EFGART!V,P!12H!>10(12)(!QEFGdR!12H!>10(1.
QEFGC@!ABLC)+0!_R!1H,C)+H!)B+*1)+2)IK0,S)BIN,H+*(2K!)+AB2(YM+/1),10+C10IN+)+O([+!)B+1*1
IC++HICL101N+)+01),10+*1PN)B+IA,2/)12)l/C++H!1//MNC)(,2!(2)BOMR 0! 7(2H+ 2| QEFGbRT!
"C10)1-0,N)B(/@!N,/)!,-)B+/)MH(+/1(2A,0C,01)+HL I+00+H!8%/! 1//CO+H(A),0/!(21) B+1&"IN,H+*1),
ALC)MO+)B+!"1,-1&"1, 21&% TI%6B+IK+2+01*([+H!*(2+10!N(P+H!N,H+*(2K!-01N+S,0UIS 1/IM/+H?),!
(2A,0C,01)+!1,)BI-(P+HI12HI012H,Nl+--+ AR R)012/- ON+H!&Y%/!, 21&"1Q; *HBINN+0!+)!
1*T@'EFG_II;, *HBINN+0!j!m0,+B2+@!EFG_I!;,*HB1INN+0!+)!1*T@!EFGCRT!;, *HB1NN+0!+)!1*TIQE
-MO)B+0!+P)+2H+H!)B+!C0O+O(,M/!1CCO, 1AB!ID!H-+A, N ORI} NS K 1&%/11/1C+0/, 2!
10+01K+@!()+N!1O+01K+!12HEM/(HACD+H(A),0/1,-1) B+&"IN,H+*1), I+ PIN(2+18%!+--+A)/!(2!
1,)BIS()B(AML2H!1+)S++MMIN+A)IA 2H() (,2/TIS(N(*10*D@!.+!#,+AU!I+)! 1* TIQEFGbR!(2A,0C,01)+H!)B+
* KVB96/1(21)B+I&"IN, H+*1), 14+ P C* 0+1)B+18&%!+--+A)/IM2H+01/C,2) 12+, M/112HI(NC,/+H!/C++H!
A,2H()(,2/T!&)B+0!)B12!M/(2K!)B+!*,K2,0N1*1&%!N,H+*QO12!H+0!7(2H+2@!EFFdR@!Z12K!QEFFd
CO,C,/+HILIA, (2)IN,H+*IM/(2K!) BARZHO LN+)+0!Z+(IM**IN, H+*1-, 01 B+18&%! 12H!/C+A(-(+H!) B+1&"!
N,H+*IA 2H()(,21*!, 21&% TIH#M(*H(2KIMC, 2!Z12KIQEFFdR@!<2KO0(/,2+!QEFFaR!/Q2AfH(+H!)B+IN 10K
H(HO(IM)(,2!,-18&%!M/(2K!)B+1)S,IC1OLN+)+0!1Z+(IM*IN,H+*@!SB(*+)B+A, 2H()(,21* H(/)O(IM)(,2!,-!
&"11/1)B+IGB7IN,H+*A,2H()(,21*!,21&P6T
")B,MKB!(2A,0C,01)(2K!)B-+!,1/+00+H!&%/!(2!)B+1&"IN,H+*1(//))01(KB)-,0S10H@!0+/(HM1*!
&%/1BLO+!++211HO, AL)+HIRIIB#I(2K! 1A, 2H()(,21* H(/)O(IM)(,2!,-1&"IQ+TKT@!#,*/(2,01!+)!
1*T@'EFGDRT!$+0+01*/)MH(+/1B1O+!+P)+2H+H!)B+!B(+010AB(A1*IN,H+*ID!(2A,0C,01) (2K!H(--+
-B+1&%6!10+/(HM1*IH+C+2H+2A+!, 21)B+1&"IN,H+*T1&12K+0!12H!90)2+0!QEFGBER! 1+*, S+HI()+N

IC+A(-(AJ@0+*1)(,2!C101N+)+0/11+)S++21&"112H!I&%!)B1)!IA1C)MO+!12DIH+C+2H+2A+!)B1)!A122 )!I+



+PC*1(2+H!ID!)B+IA,00+*1)(,2!1+)S++21*1)+2)111(*()DIL2H/CH++HT!"*)B,MKB!()!(//)01(KB)-,0S10H@!
1CCO,1ABIH, +/12,)1+PC*(A()*DI+PC*1(2!B,S!)B+!()+N!0+/C,2/+!-M2ANI 2IBA2K)(,2!,-1)B+!
&9%10+/(HM1*112H1,2*D11%* S/1)B+1&%10+/(HM1*1),11+11//,A(1)+H!S()B!)B+!()+N!(2)+0A+C)IC101N+)+C
)B+10)+NI0+/C,2/+1-M2A)(,2TI%BM/@#,*/(2,011+)11*TIQEFGbR!CO,C,/+HI1IB(+010AB(AL*IN,H+*1)B:
1%* S/11,)BYB+()+NI/*, C+112H!()+N!(D+E)!CLOLN+)+0/1(21) B+ EE7IN,H+1Q(T+T@")B+N+1/MO+N+2)
N,H+*1- 01&"R!),IH+C+2H!,21)B+1/) 12H10H ([+H!&%!0+/(HM1*/T!#,)B1&12K+0!12H!90)2+0!QEFGER!1:
#,%/(2,0114)| 1I*TIQEFGDRY),,U!(2),|1AA, M2) ) BEHRANA!+--+A)/, -1 B+0+/(HM1*1&%!, 218" @!IM)!
2,241, -)B+NIA, 2/(H+0+H!)B+IC //(I*+!' 1-0,N!)B+IH(-+0+2A+/114+)S++21C+0/, 2/ T1>+2K!+) 1 1*T!
QEFGCR!/CH+A(-(+H!)B+!CO,HMA)!,WMIGAQ(AIA,NC,2+2) 12H! 121 EMA(-(AIA,NC,2+2)!-, 0!
)B+10+/(HM1*IA,00+*1)(,2T1J, S+O+0 @WBHAANIA,NC,2+2)IS1/IA, 2/)01(2HH2,2 W
2+K1)(O+@!SB(AB!(/IA,2)01H(A),0D!), +P (/) (2K!-(2H(2K/MB1))B+1/(K2/1,-1)B+!' 1A1211+1+()B+0!
C,/()(O+!,012+K1)(O+!IQ+TKT@!#,*/(2,0114)! 1*T@'EFGART!%,IH+O+* CI1IN,0+!-*+P(I*+!12HIK+2+0
-01IN+S,0U!-,01)B+IN,H+*(2K!,-)B+I". @#, */(2,01!+)! 1* T QBDRGHRIGB+10+/C, 2/+!
N,H-+01)(,2!N,H+*/MB1)IA, 2/(H+01)B+!" IH(--+0+2A+/11+)S++21()+N/1 12H!I+)S++21C+0/,2/112H!
1%% SIH(--+0+2A+/1(2))B+!/(K2!112HINIK2()MH+!,-1)B+!" TIVMO)B+0@'#,*/(2,01!12H!> *+2110/QEFGa
+P)+2H+H!)B+0+/C,2/+IN,H+01)(,2!N,H+*/1 D! (2 A\@EYMLIHOL) (Al +--+A)/!,-1) B+0+/(HM1*1&%!
218"T!

<21A,2A*M/(,2@)MH(+/'BLO+IN,H+*+HN)B+1"1 -1&"1,21&9%!-0,N1+()B+0!LIH(/A0+)+!C,(2)!,-!
O(+SIM/(2K!)B+1<&%0++IN,H+*(2KI1CCO,1AB!12HIN(P)MO+IN, H+*(2K!,0!-0,NI 1A, 2)(2M,M/IC,(2)!,-!
O(+S!(2A,0C,01)(2K!&%/!, ADBEHM1*18%/!(21)B+1&"IN,H+*TI<)IB1/!++2!- M2H!)B1)!)B-+/+!
N,H+*(2K!1CCO,1AB+/!B1O+!/(NCO,0+H!) BMNHJIQ#,*/(2,011+) 1*T@!EFGhI!> *+2110!1+)! 1*T@!
EFGARTI<2I1THH()(,2@!)B+/+/)MH(+/10+O+1*+H!+()B+012+K1)(O+!,01C,/()(O+".11+)S++21&"112HI&%

Q+TKT@(2,01!+)!1*T@!EFGbRT



ET_TGT!1,-1&%!,2!&"

! "IN+2)(,2+H!(2Y+A)(,2IETG@")B+",(2)IH(/)O(IM)(,2!,-1& "1 12HI&%!A1211%/11+1-1A),0+H!1/1!

! Fly 115" DTG 1y # 8) @ GT GR
SB(AB!(NC*(+/1)B1)!)B+!N+1/MO+N+2)IN,H+*I- 01&%!N1D!H+C+2H!,21& " TI%B1)!(/@!H(--+0+2)!&%!
H(/)O(IM)(,2/!N1D!+P(/)!-,0!A,00+A)!12H!(2A,00+A)!0+/C,2/+/@'0%/C+A)(O+*DT
! %BO++/)1)()(AL*)+/)(2KICO,A+HMO+/IBLO+!++21H+O+*, C+H!), 1+P1IN(2+1)B+!".1 -1&%!,2!
&"31)B+71K012K+1>M*)(C*(+0!Q7>R!)+/)!Q;*1/lj]O12!H+0!7(2H+2@!EFGFIIO12!H+0!7(2H+2!j!;*1/@!
EFGFRI!B+IMPLO1N+)0(AIm,*N,K,08N(02,0!1Qm$R!)+/)!Q#,*/(2,011j!>10(/ @ HRIEGEH!)B+!
C,/)+0(,0!CO+H(A)(O+!IAB+AU/IQ66'/II#,*/(2,01!j!%("N/)01@!EFGART!O12!H+0!7(2H+2!12H!:*1/\QEF
12H!:*1/112HI012!H+0!7(2H+2!QEFGFRI+01*M1)+H!)B+!'<!1//MNC)(,2!M2H+0!)B+!B(+010AB(AL*!
N,H+*(2K!-01N+S,0U!QO12!H+0!7(2H+2@'EFFbRT!%B+D!/CMA{+% MIBH@54!1/1)B+!

* K2,0N1*IN,H+*IQO12!H+0!7(2H+2@'EFFdR3

! log(T;)=/;! ", +#.,# ~N(0,$/2)," @I GR
SB+0+1)B+12,)1)(,2/110+!)B+/IN+1/1(2)B+1+YM1)(,21ET TG T!%B(/IN,H+*(/I1A, 2/(H+0+H!1/1)B+12M**1
BDC,)B+/(/!112H!)+/)+H!1K1(2/)!1!C101N+)0(Al1*)+021)(O+3

! I0g(Tj) =/, 1 ", +#y, + 8.8 ~ N(0,%°),! ETCR

SB+0+4y, IH+2,)+/1)B+!A,00+A)!,01(2A,00+A)!()+NI0+/C 2(AURI()+NI/C+A(-(AI* AL)(,2!/B(-)!

C101N+)+01)B1)IALC)MO+/1)B+IH(—+0+2A+1,-1* A1)(,2!,-)B+I&%IH(/)0(IM)(,2!-,0!)B+1A,00+A)!,0!
(2A,00+A)10+/C,2/+/T1%B+*(N()1)(,2!,-)B+17>0)+)IM/+HI(21)B(/1/A+210(,(/)B1)!()!A12!, 2*DIL//+//!
CHI(F+1* AL)(,2!/B(-)!,-) B+1&%IH(/)O(IM)(,2!IM)IAL22,)11//+//1)B+0IC )+2)(1*)DC+/ -I' TI<2!
THH((,2@")B+7>1)+/)10+YM(0+/1)B1))B+CL01N+)O(AIH(/)O(IM)(,2!,-1&%! (/'A,00+A)*DYC+A(-(+HT!
#,*/(2,01112H!>10(/!\QEFGARICO,C /+HNZ2(PLN+)0(AImS$!)+/)!1CCO,1AB)BL)H, +/12,)10+YM(0+!

)B+/C+A(-(A1)(,2!,-111A+0)1(2)DC+!,-I" T1J,S+0+0@!()!0+YM(0+/)B1))B+I&"IN,H+*I(/112!



+PC,2+2)(1*-IN(*DIN,H+*112HI11*10K+!/INC*+1), I LAB(+O+11H+YM1)+!C,S+0!Q#,*/(2,01j1%(*N/)01
EFGART!%,!,0+0A,N+)B+*(N()1)(,2/1,-1)B+750)-+)112H)B+Im$!)+/) @UE2HPAY N/ 01!
QEFGAR!CO,C,/+H!)B+!66'CO,A+HMO+!M/(2K!)BO++!H(/AO+C12AD!N+1/MO+/)B1)!(2H(A1)+H(--+0-
)DCH!,-I" TI%B+(010+/M*)/1/B,S+H!)B1))B+166'1CO, A+HMO+! (/1 11-*+P(I*+112H!0, IM/)IN+) B, H! (2!
H+)+A)(2K!T
! %6B+!'<I1//MNC)(,2!1+)S++21&"112H!&%! (2H{AB1)12, | A0, M 1H(2K/1 10+ 1%* S+H!(2!
)B+!B(+010AB(AL1*IN,H+*1,-1012IH+0!7(2H+2!1QEFFbRT!#,*/(2,01!12H!1%("N/)01!QEFGbR!0+*1P+H!
1/IMNC)(,2!1D!11** S(2KIAOM LH(2K/!I+)S++21¥1)+2)111(*()D!12H!) BAOLK- ON+H!8&94/3

! log(T,)=¢, ! 1,7+ 1"+ 15,0, ~N(0," 2),! ETGR
SB+0H IH+2,)+/1)B+*(2+10!+--+A)!,-111(*()D!, 2!) B&MGK-I()+NT12H!,)B!2,) 1)(,2/110+!
A,2/())+2)!S(B!)B,/+1(2))B+1+YM1)(,2'ET_T T!%B+D!1H,C)+H!)B+!,0)B,K,21*0,)1)(,2!,-B+!-1A),0/!
-, ONB+IN,H+*(H+2)(-(1I(*()D!CMOC,/+T!%B+D!/)1)+H!)B1))B(/!1+P)+2H+H!B(+010AB(AL*IN,H+*|(NC(
)B+1+/)(N1)(,2!,-111(*()D!12H!1*/,!CO,O(FHR)01!IN+1/MO+!,-1()+N!IC+0-,ON12A+!11/+H!, 21 B+!
AO,/MLH(2K!+)(N1)+TI$(N(*10*D@!>1K2M/1+)! 1*TIQEFGbRIM/+H!1IB(+010AB(AL*IN,H+*IS()BI/M,
NOMA)MO+!,2!1121+NC(0(AL*IH1)1/+)!112H!1*/,1- M2H!)B1)!)B+!(2A*M/(,2!,-1&%!(NCO,0+H!)B+!
N+1/MO+N+2)ICO+A(/(, &.T!
! "C10)!-0,NI1**, S(2KIAO0 YK TH(2K/!1+)S++21&"112HI&% @ #,*/(2,01!112H1%("N/)01!IQEFGeR!
CO,C,/+H!121+P)+2H+H!B(+010AB(AL*IN,H+*))B1)I1AA,M2)!-,0)B+IH(--+0+2A+!+)S++21A, 00+A)! 12}
(2A,00+A)10+/C,2/+/IH(O+A)*DTI$C+A(-(AL*D@!)B+IA, 2H()(, 2 1 HHKABYBAYY/Z+A(-(+H!L/3

! Iog(Ti):!iyi ! !i)q”yi +!i1!i - N(O’” iii ’” @I-_B_R

SB+0+). =1!H+2,)+/")B!A,00+A)!()+N!0+/C,2/+!32HO!H+2,)+/1)B+!(2A,00+A)!()+N!0+/C,2/+!

-, 010+N!NS, Y+)/1,-NB+1()+N!(2)+2/()DIC101IN+)+0@!*1)+2)1/C++HIC101N+)+0!12H!0+/(HM1*/010(12



ClOlN+)+0!+P(/)!,O!)B+!A,OO+A)!12H!(2A,OO+A)!O+/C,2/+/@!({f{Q*F@,@ﬁﬂi}&ZH!
{./ o $i20} T1%B+2@!)BO++1*1)+2)I010(11*+/31*1)+2)11I(*()D@!*1)+2)/C++H!-,01A,00+A)!0+/C, 2

*1)+2)l/C++H!-,01(2A,00+A)10+/C,2/+/110+! 1//MN+H!),1- ** SHB+INM*)(010(1)+12,0NL* H(/)O(IM)(,2T!
%B+(010+/M*)/1-0,N!)B++NC(0(A1*H1) 111CCH(AL)(,21/MKK+/)+H! I BHLEHOMD At */1
[4)S++21A,00+A)!12H!(2A,00+A)I0+/C, 2/+/1+P(/)+HI12H)B+1)S, 1*1)+2)l/C++HIH(N+2/(,2/!S+0+!
1)0,2K*DIA,00+*1)+H!M)!+10!H(--+0+2)!1(2)+0CD+)1)(,2/T!

! #1/+H!,21)B+1+NC(O(A1*1+O(H+2A+1-0,ND)B+1+P () (2KI)MH(+/@")B+!'.1,-18&%!, 21&" (/!
CO+01*+2)TI#,*/(2,01112H!>10(/!QEFGAR!-, M2H!)B1))B+!'<!1//MNC)(,2!S1/10(,*1)+H!-,0!1!N1*,0()D!
-10+N/1(2!112110()BN+) (A +)IM/(2K!)B+Im$!)+/) TIO12!H+0!7(2H+2!12H!:*1/IQEFGFR!1%/,1- M2H!)B1)
)B+I'<I1//MNC)(,2!S1/10(,*1)+H!-,0!N,0+)B12!B1*-!,-) B+ (PHNVNM*) (/) LK+1)+/)IM/(2K!)B+!
7>0)+)TH#,%/(2,01112H1%("N/)01IQEFGAR!-,M2H!)B1)!)B+!'<!1//MNC)(,2!S1/10(,*1)+H!-,0|EE@! E@!
12H!1al()+N/1L, M), al ()+N/IL+H!, 21)BO++H(/A0+C12AD!N+1/MO+!M/(2K!)B+166'1CO,A+HMO+@!
0+/C+A)(O+*DT!%B+0+-,0+@!()!(/'(NCANIER)!- 0)B+1".1,-1&%!, 21&"1(21CO1A) (AL*!/+)) (RK/T
0#H#OIFGD3!+*-1%8' @A

! &96IBL/1++2IM/+HIL/IA, **1)+01*1(2-, 0N1)(,2!(2!)B+".>/1),|(NCO,0+!N+1/MO+N+2)!
CO+A(/(,2!Q+TKT@!>(2AB+2@'EFGbIIKB 1R TBHEEEKB)!, 210+/C,2H+2)AI*+102(2K!
1+B1O(0/1Q+TKT@!Z12K!+)!11*T@!EFGaRT!$(N(*10!),1)B+/)MH(+/10+O(+S+H!(21)B+1CO+O(, M/V/+A)(,
<&Y%IN,H+*/1- 01&"@!)B+!",(2)IN,H+*(2K!,-1&"112HI&%!IM/(2K!".>/11*/,1 1//MN+H!+()B+0!'<! O!".!
1+)S++21&"112HI&Y%T!J,S+O+0@!N,/)!,-1)B+/)MH(+/1)BL)IM/+1.>/1- OL&NAAH!, 21 (/IM+/!
0-+*1)+H1),*+102(2KIHM+1),)B+121)MO+!,-1)B+H(1K2,/) (Al 1//+//N+2)/\SB+0+!". >/110+!M/M1**D!
1CCH#HTIV,01+P1NC*+@!)B+/)MH(+/IN,H+*+H1)B+IAB12K+!,-10+/C,2H+2)A\I*1)+2)11))0(IM)+C 1))+
,0+0!)(N+!12H!)B+!-*M+2AD!,-11CC*D(2K!)B+* L) 20ZKINB+ 7, (2)IN,H+*1Q+ TKT@!Z 12K +)!

DT@!EFGallZ12K!+)!11*T@!EFGel!Z12K!lI'B+2@!EFEFIIZ12K!+)!11*T@!EFEFI'kB12K!j!Z12K@!EFGa



! $+0+01*1B(+010AB(AL*IN,H+*/IM/(2K!)B+1".>/1-, 01()+N10+/C,2/+' LI/MN(2K'<1[+)S++21&"!
12H!&%!B1O+!++2IH+0+* C+H!Q>(2ABWRBIER)! 1*T @'EFGaRT!#,)B!>(2AB+2!IQEFGbR!12H!
KB121+) I 1*TIQERGILH-+11IH(0+A)! 1TH1C)1)(,2!,-))B+IN,H+*! -I012!H+017(2H+2!QEFFbR!ID!M/(2K!) B+!
B(KBMDH+0!.<8"IN,H+*IQH+!*11%,00+j!., MK*1/@!EFF_R!1/1)B+IN+1/MO+N+2)IN,H+*-,01&"T!
J,S+0+0@!>(2AB+2IQEFGHRIN)B+!A,00+*1)(,2/!1N,2K!)B+!()+N/@!SB(*+kB12!4JRFTIQEFG
(NC,/+H!I,)BIA,00+*1)(,21*1/)OMA)MO+/!,21)B+1()+N!/(H+!12H!)B+1C+0/,2!/(H+TIVMO)B+0@!kB12!+)!1:
QEFGaR!A,2/(H+0+HNB+!* A1*IH+C+2H+2A+!- 01&"112H1&%!12H!(2A,0C,01)+H!)+/)*HRI)OMA)MO-+/!
)B+I&"IN,H+*112H1)B+1&%!N,H+*T!1%B+!/B10+H!CMOC, /+!,-1)B+/+IN,H+*/1(/1),|(NCO,O+!
N+1/MO+N+2)ICO+A(/(,2!,-1&"T

"5/ 11/IMN(2K!'<!14)S++21&"1 12HI&% @!Z12K!+)!1 1*TIQEFGaR!CO,C /+H! 114, (2)IN,H+*)B1)!
1%, S/1)B+IAB12K+! -1¥1)+2)11))0(IM)+!C1))+02!,0+0) (WO ZBIBB-1*1)+2)l/C++HIHM+1), ) B+!
AB12K-+!,-1)B+1*1)+2)11))0(IM)+!C1))+02!12H1)B+!(2A0+1/+!,-10+/C,2H+2)\I-*M+2AD!(211CC*D(2K!
N1/)+0+H!1))0(IM)+/TI$(N(*101),))B+!B(+010AB(A1*IN,H+*IQO12!H+0!7(2H+2@ ' EFERI@B12!+)! 1*T@
N+1/MO+N+2)IN,H+*/1-, 01&"1 1 886! 10+/C+A(-(+H@!0+/C+A) (O+*DT!%B+!IN+1/MO+N+2)IN,H+*1- 01&"
(/")B+!B(KBWOH+0!J(HH+21>10U,0!" . >1QZ12K!+)1 1*T@!EFGaR!)B1)!A, 2/(/)/!,-1)B+!.<8"IN,H+*!
12H111012/()(,2!N,H+*)B1)IH+/A0(I+/1B,S10+/C,2H+2)A1¥1)+2)!1))0(IM)+!CO,-(*+1AB12K+!, O+0!)(N+T
%6B+IN¥MO+N+2)IN,H+*1- 01&%!(/1)B+!* K2,0N1*IN,H+*IQO12!H+0!7(2H+2@'EFFdR!S()B!11¥1)+2)!
A,010(1)+/C+A(-(+H!1/111-M2A)(,2!,-)B+1*1)+2)!11))0(IM)+/3

! log(T,) =/, ! 1,1 1G, (! ) +/,,/, ~N(0," 2),! T BR
SB+0+)B@(!) I(/111-M2A)(,2!,-)B+11))0(IM)+1)017+A),0D!,-10+/G}YB+RJP+H!/* C+C101N+)+0!
1 IALC)MO+/)B+101)+!,-)B+1¥1)+2)11))0(IM)+ ABL2R B JBHOR A, 2/(/)+2)!S()B!+YM1)(,2!

ET_T T!.(--+0+2)1-0,N)B+IN,H+*! -IkB12!+)! 1*TIQEFGDR@!)B+1)S, IN+1/MO+N+2)IN, H+*/1(2!1Z12K1+)!



1*TIQEFGaR!10+!0+*1)+H!)B0,MKB!)B+1*1)@[IA(@ B3N, H+*101)B+0!)B12!)B+!
A,00+*1)(,211+)S++21%1)+2)1 11 (*()DYHLHR)/C++HT!

! $+0+01*1+P)+2/(,2/1BLO+++2IN1H+!1/+H!,21Z12K1+)11*TIQEFGaR!0+)1(2(2K!)B+!'<!
1//IMNC)(,2T!Z12K!+)!1*TIQEFGeR!(2A,0C,01)+H!, /+00+HI12H!*1)+2)IA, O10(1)+/!,2!1)B+IC+0/,2///MA
1/ICOLA)(A+12H1(2)+00+2)(,2!+--+A)/1(2)B+1)012/()(, 2! Nt#1) % 2PDIAB 12K+ T1%B (/IN, H+*!
S()B!C+0/,2!A,010(1)+/!SL/1LCCH+H!(21)B+H+O+* CN+2)1, -1 LINM*)(H(N+2/(,21* H(1K2,/)(A!
L/+/IN+2)1S()BI*+102(2K!), */1QZ12K!+)! 1*T @' EFEFRT!Q)B+0!+P)+2/(,2/@!B,S+O+0@!A, 2/(H+0+H!"
14+)S++21&"112H!&%TIKB12K!12H!Z12KIQEFGaBMNEPYMO+IN, H+*1), IALIC)MO+!)B+!
B+)+0,K+2+()D!,-)B+1*+102(2KICO,A+//+/1(2)B+1&"112H1&%!1/+H!,21)B+IN,H+*!, -1Z12K!+)1 1*T!
QEFGaRT!%B(/IN(P)MO+IN,H+*(2K!1CCO,1ABI(/I/(N(*10!),))B+IN,H+*/10+O(+S+H!(2IET_TGTE!Q+Tk
> *+21101+)11*TIEFGART!IZ12K! 12H!'B+RUEFEF+H! 11, (2)IN, H+*(2ISB(AB!) B+!&%!N, H+*1(/!
A,2H()(,21*1,21A,00+A)!,01(2A,00+A)10+/C, 2/+/@!SB(ABI(/10+*1)+H!), 1) B+IN,H+*/10+O(+S+H!(2!IET_TC
Q+TKT@',*/(2,01!]!1%("N/)01@'EFGeRTI$SC+A(-(AL*D@!)B+!1&%!(2-, 0N1)(,2!-0,N!IA,00+A)!0+/C, 2/
M/+H!),1-MOYBIN, H+*1-*M+2ADIM/(2K! 11/(N(*10!N,H+*1-, ONM*1)(,2!1/1(21)B+!+YM1)(,2/ET_TGc@!SB(*
)B+1&%IH()O(IM)(,2!-,01)B+!(2A,00+A)10+/C, 2/+/1(/!)B+!* K2,0N1*IN,H+*IQO12!H+0!7(2H+2@'EFFdR
O#H#41BC2/8)&%*-:17*5)%ID*9'/5)61*+ @A!&) N @;

! $+O+0PC*121),0D!",(2)IN, H+*/1,-1&"112H1&%!B1O+!H+0+* C+H!ID!(2A,0C,01)(2KIC+0/,2!
12Hg,0!()+N!IA,010(1)+/!(2!)B+I&"IN,H+*112H1)B+1&%!N,H+*@!0+/C+A) (O+*DIQm*+(2!42)(2U@'mME
J,02U+@!j!V,P@!EFFelim*+(2!42)(2U@!V,P@!)!012!H+0!7(2H+2@!EFFel!7,+D/!1+)! 1*T@'EFGGI!O1.
#0+MU+*+2@!EFFCRTIO121#0+MU+*+2IQEFFCRICO,C /+HILI(O10(1)+!IN(P+H!* K(/) (AlO+KO+//(,2IN
)B+1* K)012/-,ON+H!&%/112H!)B+!* K()!,-1)B+!CO, I11(*()D!,-!A,00+A)10+/C, 2/+/T!<2))B(/IN,H+*@!
C+0/,2/1S+0+!)0+1)+H!1/1012H,N@!SB(*+!()+N/1-(P+HT!SCKAR LA ONG M1 &%/ 12H!)B+!

* KWHH/,-1A,00+A)10+/C, 2/+/1S+0+H+A NC,/+H!(2!)B+!77%>!-1/B(,2@' SB(AB!(///C¥A(-(+H!1/3



! *’K()(pij):!0j+'lljxlij+!2jX2ij+'"+!ijpij@! GTGR

! Iog(RTij):'loj+yljxlij+',2jX2ij+"'+!pjxpij+ej@ el
SB+0+p, [(/)B+!CO,I1LI(*()D!,-1,1)1(2(2K!1!A,00+A)!10+/C,2/+!-0,N!0+/C, 2K HNI! X, !
)BO,MKBY{ [(2H(A1)+!+()B+0!C+0/,2!,0!()+N!A,010¢1)BOMKB! '12HY )BO,MKB! !
(2H(A1)+!012H,N!C+0/,2!+--+A)/!1-,0!()+N!0+/C,2/+/'12H!()+N!&%/@!0+/C+A)(O+*DT!%B+!H(/1HO12)
-DB+IN,H+*1 -1012I#0+MU+*+2!IQEFFcR!(/)B1)!2,!/C101N+)+0/!IS+0+!/C+A(-(+H!),!0+-*+A))B+!()+N!
(2)+2/()D!12HNB+!C+0/,2!/C++HT!7,+D/1+)!1*TIQEFGGR! B! MBS HE K (/) (A10+KO+//(,2!
N,H+*(2K)+AB2(YM+!12H!(2A,0C,01)+H!l,)B!C+0/,2!12H!()+N!A,010(1)+/!(2")B+!&"112H!)B+!&%!
N,H+*T1J,S+O+0@!")B+D!)0+1)+H!l,)B!C+0/,2!12H!()+N!1/'012H,N!+--+A)/")B1)!(2H(A1)+H!)B+!C+0/,2

/C++H!O10(1)(,2!112H!)B+!()+N!(2)+2/()R/ZA0(1

! KO = o+ 1 Xy + !X+ + 1M GrGa

! Tij=!0+!1X1j+!2X2i+!2j+!2i+qj@! G GaR
SB+0#1,, IH+2,)+/1C+0/,2111(*(O DI} 1H+2,)+/1()+NIH(--(AM¥DIIH+2,)+/1C+0/, 2C++HMU
H+2,)+/1()+NI(2)+2/()DI)BO,MKBL 112HY (1)BO,MKBL I(2H(AL)+!-(P+H!+--+A)/1-, 01()+N!
0+/C,2/+/112H!()+N!&%/@!0+/C+A)§Q#IDMIX ; IH+2,)+!11C+0/,21A,010(1)+12H!12!()+N!
A,010(1)+@!0+/C+A)(O+*DT!7,+D/1+)I1*TIQEFGGR!1**,S+H!)B+1&%H!; K2 BN{)B+0!)B
H()HO(IM)(,2!,0)B+!Z+(IM**IH()O(IM)(,2T!<2!THH()(,2@!)B+(0!N,H+*!- ** S+H1)B+!B(+010AB(A1*IN,H-
-10121H+0!7(2H+2!QEFFbR!),11** S!,)BIC+0/,2!12H!()+N!C101N+)+0/!-0,N)B+!1&"IN,H+*112H!)B+!
&%!IN,H+*1),1I+1A 00+*1)+HT!<2/)+1H!,-IM/(2K 1) BEHRNEB+HH, 2!N,H+*(2K!-01N+S,0U @!m*+(2!

42)(2U@'V,P@!12H!012!H+017(2H+2!QEFFeRIH+A,NC,/+H!)B+1()+N!C101N+)+0!(2!)B+!B(+010AB(

N,H+*1 -1012!H+0!7(2H+2!QEFFbRIM/(2K!()+N!A,010(1)+/!Q+TKT@!)+/)!IH+/(K2!-1A),0/R!(2!) B+ 77%



-1/B(,2TIVMO)B+0@!m*+(2!42) (2 @@0MB2D! 12H!V, PIQEFFeR!+P)+2H+H!)B+!N,H+*!,-1012!H+0!
7(2H+2!QEFFbR!),|1INM*)(*+O+*INM*)(O10(1)+!N,H+*12H!(2A,0C,01)+H!C+0/,2!A,010(1)+/!Q+TKT
K+2H+0@'A()([+2/B(C@!)+/)!+--,0) @!$"%l/A,0+/@!12HI1K+R!),1+PC*1(21)B+O10(12A+!(2!/C++H!12
1AAMO1AD!I+)S++@I2/112HIKO,MC/T

0#1!D*9"/1B3%5(&%65*)*+1968'12*5)0%6!D*9'/3

! %B+IN1OK(21*INIP(NMN*(U+*(B,, HIQ>>7I#,AUYI"OU(2@!GeaGR! 12H!)B+1#1D+/(12!
>10U,01'B1(2!>,2)+"10%,1Q>">'RIN+)B,HI10+1)S, IN17,01+/)(N1)(,2!N+)B,H/1-,01) B+, (2)!
N,H+4/1-1&"12HI&Y% TI%B+/+1)SM(N1)(,2!N+)B,H/IH(--+0!(2!)B+(0' 1L//MNC)(,2/'12H!
LC)(N([L)(,2!N+)B,H/!(2!,1)1(2(2K!)B+CL01N+)+0!+/)(NL)+/TI%B+!1>>71(/111-0+Y M+2)(/)IN+) B, H!
)BL)!L//MN+/1B+IN,H+*IC101N+)+0/!11/!-(P+H!IO1*M+/T!%B-+IC101N+)+0!+/)(N1)+/!10+!,1)1(2+H!ID!
-(2H(2K!)B+IC1O1N+EME)B1)INIP(N([+1)B+!*(U+*(B, H!-M2A)(,2T!%B+4RE+A)1)(,2
>1P(N([1)(,2!Q4>RI1*K,00BN!(/!A,NN,2*DIM/+H!), I-(2H!)B+!,C)(N1*/C101N+)+0!01*M+/!1Q+ TKT@!

> *+2110!j'%,*/(2,01@'EFGbI!&12K+0j!90)2+0@!EFGERT!%B+!+2+-()!,-1)B+>>71(/|()/!1+--(A(+2AD!
(21)+ON/1,-11,)BY) 1) (/) (AL*ICO+A(/(,2!12HIA,NCM)1)(,2!) (N+T1%B+#1D+/(12!>">'11CC0,1AB@!, 2!
)B+1,)B+0!B12H@!1/MN+/1)B+IN,H+*IC101N+)+0/110+!1012H,N!O10(1I*+/TI$C+A(-(AL*D@")B+!K, 1*
#1D+(121+)(NL)(,2!(/1),1,)1(2)B+!C,)+0(,0!H(/)O(IM)(,2/1,-1)B+IN,H+*IC1OL N, 2!) B+!
CO(,0l+*(+-/112H!)B+*(U+*(B,, H!-0,N!)B+!H1) 1 TIX/M1*D@!)B+!C,/)+0(,0!N+12!12H!/) 12H10H!H+O(:
-D)B+IC,/)+0(,0!H(/)O(IM)(,2!10+1)1U+211/1)B+ICL01N+)+01+/)(N1)+/112H!/) 12H10H!+00,0!+/)(N1)+/@!
0+/C+A)(O+*D!Q+TKT@'kB126RM*T@!EFG

! %BHAB, (A+1+)S++21)B+1>>7112HI#1D+/(121>">1+/)(N1)(,2!N+)B,H/IH+C+2H/!,2!
[+0+01*1-1A),0/TIV(0/)@!>>7!S1/1-10,0+H!(2!)B+K+2+01*([+H!*(2+10!N,H+*(2K!1CCO,1ABISB+0+!(
CL1O1N+)+0/1S+0+1)0+1)+HI1/-(P+H!+--+A)/IQ+TKT@!>,*+2110!+)! 1*T@!EFGcl>]@2 11011, */(2,0

EFGbRT!92+!1+2+-()1,-IM/(2K!>>71(/1)B1)!AMO0+2)*D! 101 (*11*+1/,-)S10+!-,01*1)+2)!OL10(LI*+IN, H+*/!



A12!1+10+1H(*D!M/+H!D!)B+ICOLA)()(,2+0/T1J,S+0+0@")B+#1D+/(12!>">"1+/)(N1)(,2!S1/IM/M1**D!
M/+H!SB+21)B+!()+NIC101N+)+0/1S+0+)0+1)+H!1/1012H,NI T @*SIZHFEI 7(2H+2 @ EFFHRT!
$+A,2H@!>>7!1+A, N+/1(2-+1/(I*+1SB+21)B+12MNI+0!,-1¥1)+2)IH(N+2/(,2/1+PA++H/I-(O+1QZ, H!+)!
1*T@'EFFERTI%B(/!(/ISB+2!)B+#1D+/(12!1CCO,1AB!I+A N+/11211%)+021)(O+T!%B+0+-,0+@!/)MH(-
(20+/)(KL)+H)B+INM*)(H(N+2/(,21* () D'@NBHI, (2)IN, H+*1 -1&"112H1&%!1H,C)+H!)B+!
#1D+/(121>'>"1+/)(N1)(,2!1Q+TKT@!kB12!+)!11*T@!EFGaRT!71/)*D@!) B+#1D+/(12!>'>"1+/)(N1)(, 2!
S1/ICO+-+00+H!ISB+2!)B+H(/)0(IM)(,2!,-)B+010(1I*+/!S1/11//MN+H!),lI+IA NC*+PIQWT KT @!)B+1#,P
' PIN,H+*1 -1 B+&%IIm*+(2142PU1)1 1*T @ EFFeRTI%B+1;(I1/I/INC*+01Q;+*N12lj: +*N12@!Gea_R!
(INB+IN,/)!IA,NN, 2*DIM/+H!I>'>'11*K 00 BN!Q+TKT@'#,*/(2,01!+)! 1*T@!EFGbIIV,P1+)11*T @'EFFbRT!
J,S+0+0@!SB+21)B+0+!S1/12,1A,2AMK1)+!CO(,0@!) B-FH)02BAQ>JI'B(I!j!;0++21+0K@!
GeeaR!S1/IMM(2!m*+(2142)(2UI+)!11*TIQEFFeRT

! > NMH(+10+O(+S+H!(2!)B(/'AB1C)+0!M/+H!+()B+0!,-)B+1)S,1+/)(N1)(,2!N+)B,H/T!%B+!
/,-)S10+1>C*M/1Q>M)Br2!ji>M)Br2@!EFFbR!12H!1)B+1*1)+2):97.1Q=+0NM2)!j!'>1K(H/,2@!EFG R!
B1O+!1++2IM/+H!-,0)B+1>>71+/)(N1)(,2T'L";$!Q6*MNBHEIFGCR @ ! Z(2#X;$!Q$C(+K+*B1*)+0!+)!
1*T@'EFF R@!$)12!Q;+*N12!+)!11*T@!EFGCR!12H!9C+2#X;$!Q%B,N1/1+)!11*T @!EFFAR!B1O+!++2!
)B+#1D+/(12!>'>"1+/)(N1)(,2T!!

0#J1$1((&-:1*+1=5%"-8%1-1@">5'K

! %B(/!AB1C)+010+O(+S+H!)MH(+/!, 21" >/@!+PC*121),0D!()+NIHE*2D!
Q+PC*121),0DR!&%!N,H+*/@!12H!Q+PC*121),0DRI,(2)IN,H+*/1 -1&"112HI&% TI4P (/) (2K!))MH(+/!B1(
+PC*,0+H!IS1D/!),!1(2A,0C,01)+!()+NIA,010(1)+/1(21)B+1+/)(N1)(,2!,-1()+NICLO1N+)+0/!(2!".>/@!8%!
N,H+*/@!12H1A,(2)IN,H+*/1,-1&"112HI&%T1J,S+0+0@!)S, IKEG/RYO-+H! (2!)B+1*()+01)MO+T!IV(0/) @!
AMO0+2)I7,(2)IN,H+*(2KI1CCO,1AB+/! -1&"112H!&%!)B1)!(2A,0C,01)+H!()+NIA,010(1)+/!B1O+!- AM/+

21<&%IN,H+*/FC+A(-(AL*D@!N,/)!,-)B+1+PC*121),0DIN,H+*/1- AM/+H!,21)B+1()+N!H(--(AM*)D!



C101N+)+0!(21)B+&1/ABIN, H+F@%FH, +AUYIZ(*/, 2@ EFFaR@!SB(*+!N,/)!,-1)B+1+PC*121),0D!

A (2)IN,H+4/1-1&"112HI&Y%!IM/+H1)B+IN(P+H!10+K0+//(,2!1CCO,1AB!, G B#HHEGECO, 1 AR
-1A)@!)B+!+PC*121),0D!N,H+*(2KI1CCO,1AB+/110+!,0(K(21)+H!(2!) B+ <R S5 DL OI@H,00 T!
N,H+*/1H,12,)IA,2/(H+01)B+!()+NIAB101A)+0(/)(A/1Q+TKT@!/*(CC(2K!12HIKM+//(2KR!(21)B+!H(1K2,/)
1/+IN+2)/TI<2ITHH()(,2@!<&%!N,H+*/1H,12,)ICO, OUIBI{@+H!H(1K2, /) (AIA*L//(-(AL)(,2!
(2-,0N1)(,2!,21)B+!0+/C,2H+2)/T!

! $+A,2H@!+P(/)(2K!+PC*121),0D!".>/1H,12,)! 2 ADE!1&%!(2-, 0N1)(,2T!;(O+2!)B1)!
ANCM)ML/+HIL//+//N+2)/110+1C0+01*+2)12, SIH1D/@!&%!(2-,0N1)(,2!(/{(NC,0)12)!(21)B+!)+/)!
H+O0+* CN+2)IQ+TKT@!4NI0+)/,2!j!:12K@!EFFbRT!Z()B,M)!)B+1A,(2)IN,H+*(2K!,-1&"112H!&% @! A+0)
0+/+10ABIYM=+/)(,2/1A122,)!1+11/U+HAPELNCH+@!)B+!10+01K+1)(N+10+YM(O+H!ID!12!()+NI(2!)B+!
C,CM*1)(,2!(/'B1OH!),!U2,STI%B(/IC(+A+!,-1(2-, ON1)(,2!A,M*H!+12+A+//10D!(2!)B+)+/) I H+/(K2!,-!
J+)NSOBH(N+H*(NQ/TI<2ITHH()(,2@!)B+10+*1)(,2/B(C!1+) SH-+A)ERH)+N!CLO1N+)+0/112H!

' >I0+NIC10 1N+)+0/IA122 )11+10+0+1*+HT!<)!(/IBDC,)B+/([+H!)B1)!()+N/!)B1)!10+!B1OH+0!),IKM+//!
NLD!1*/,)1U+1* 2K+0N)(N+1),IA,NC*+)+T1J,S+O+0@!/MABIBDC,)B+/(/1A122,)l+1)+/)+H!(-)) B+1&%!
(2-,0N1)(,2!(/12,)(2A,0C,01)+H!(21)B+!C/DAB,N+)O(AIN, H+*(2KT

! {(O+21)B+1*(N()1)2/!(21)B+!*()+01)MO+@!)B+IAM00+2)!/)MHD!CO,C,/+/)B+1+PC*121),0D!" >/!
(2A,0C,01)(2K!&%/1)B1)INIU+MNS,IA,2)0(IM)(,2/TIV(0/)@!)B+!CO,C,/+HIN,H+* A121CO,0(H+IKM(H12,
-, 0)B+1()+N!IS0()+0/!(21)B+IH+O+* CN+2)! -IH(1K2,/)(AlL//+//N+2)/TI#D!(2A,0C, 0INRK ) B+!()+
A,010(1)+/1)B1)!ABL101A)+0([+//C+A(-(AI)+N!-+1)MO+/@!)B+1CO,C, /+HIN,H+*IAL121+/)(N1)+!)B+!+--+
)B+/+IA,010(1)+/T!%B+0+-,0+@!11/+H!,2)B+IC101N+)+01+/)(N1)+/@!()+N!S0()+0/!A12!A,2)0,* ()+N!
AB101A)+0(/)(ANMAB!L/I/*(CC(2K!,01KM+//(2K!CO, | 1B (AT */,1U2, SISB1)!()+N!-+1)MO+/!
NIDINLU+)B+I()+N/IN,0+)(N+!(2)+2/(0+T1%B+2@/C+A(-(Al(2))OMA)(,2/! 12HIKM(H12A+IA12!|+!

CO,0(H+HIHMO(2K!)B+!()+NISO()(2K!CQ,A+HMO+T!
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Q/+C101)+IN,H+*/1S()B!2,IA,010(1)+/R N,H+*IQ)SW+C!+/)(N1)(,2R
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-5%-132'75+57&%5*Y8BH /) 1)(/)(AL*(2-+0+2A+1(/11/+H!,21)B+!C,/)+0(,0'H())O(IM)(,2!,-1)B+!
N,H+*IC101N+)+0/ISB+2!)B+#1D+/(12!+/)(N1)(,2!(/IM)(*([+HT!%B+!C,/)+0(,0!H(/)0(IM)(,2!(/!H+0(O+H
-0,N1)B+ICO(,0!H(/)O(IM)(,2!1//(K2+H1),1)B+IN,H+* CLOLN+)+0/112H!) B+, I/+00+H*(U+*(B,,H! 1/+H!
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HNOIM)(2H ~N(! ()L, " D@L ~N( )" )@ ~N(! )1, /) TI DC+0!CO(Jo01)B+!

O10(12A+/!10+!(2OMANN1 @Y t! <20;1INN1IQG@IGR! <20;1NN1!QG @R 1t!

<20;INN1IQE®
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1)0(IM)+/R@!0+/C+A)(O+*DT
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A,2H()(,2/'SB(AB!10+!H+/AQ(I+H!(2!/+A)(,2198BRGT,)+2) (1*I/A1*+10+HMA)(,2!-1A),0!Q6$&VI!
#0,,UNjL+*N12@!GeeaR@!1*/,!U2,SRID! (/!A,NCM)+H!-,0!+1AB!C10IRNHHOT) (,!1+) S++2!
)B+!1+/)(N1)+H!C, *+H!028,-)B+!>">'TH01S/IQ(T+T@!/MN!,-)B+!S+(KB)+HIN+12/!,-)B+!
S()B(2XB1(2!010(12A+!12H!)B+!I+4JEB:H2!010(12A+R!12H1)B+!+/)(N1) NKBBI@10(12A+T!
<2IK+2+0R@I1**+0!)B12!GTG!, 0!G TE!(/!A,2/(H+0+H!1/1)B+A,20+0K+2A+!A0()+0(,2!-10)B+!IC101N+
+)(N1)(,2!Q+TKT@'kB12!+)! aNH@H PG, 00+!j!., MK*1/@!EFF_RI!)B+!AM00+2)!/)MHD!1H,C)/)B+!
A,20+0K+2A+!A0()+0(RINL**+01)B12!IGTGT!<2!1HH()(,2@!)B+!)01A+!C* )/! -1)B+!C101N+)+0!
+/)(N1)+/110+1+P1N(2+H!),IAB+AUNB+IA, 20+0K+2A+T1%01 NG ) CHOTN)+0/!H01S2!-0,N!
+1ABI()+01)(,2!,-)B+!>">"TAB1(2/TI$C+A(-(A1*D@!(-!)B+1)01A+/1-0,NIH(--+0+2)!>'>'1AB1(2/110+!
N1I*+112HIA,20+0K+!),)B+I/IN+!* A1)(,2@!)B+!A,20+0K+2A+!(/11AB(+O+HT!9)B+0S(/+@!(-))B+!)01
-0,NIH(--+0+2)!>">"1AB1(2/!/+C101)+!10)!12H!H,!12 )IA, 20+0K+!),)B+I/IN+* A1)(,2@! () (/!
A*1(N+HNB1)!)B+!A,20+0K+2A+!(/12, )1 1ABTHOHH12@!")B+!+--+A) (O+/INC*+!/([+!Q4$$R! (/IM/+H!
),J(2H(AL)+))B+ICO+A(/(,2!,-1)B+1#1D+/(121C101N+)+01+/)(N1)+/TI$C+A(-(A1*D@!4$$!/N1**+01)B12!
('A,2/ (H+0+H!1/1*1AU!, -ICO+A(/(,2!,-1)B+1#1D+/(12!+/)(N1)(,2!Qk()[N122!j!J+AB) @!EFGeRT!
60+*(N(210D!/(NM*1)(,2!10M2/1/B,S+H!)B1)!)B+!A,20+0K+2A+!S1/1S+*11AB(+O+HT



%WLIMER'>'1<)+01)(,2/  I(21$(NM*1)(,2!$)MHED

'2HO(2 | > H+* 8MNI+0!,-! 8MNI+0!,-l  6,/)+0(,0!$1NC*+!
<)+01)(,2/ #MOXD! $([+!
+ilcFF!  L&W\K8" W7%>! _FFFF EFFFF EFFFF
JIEF!  L&YMKS" | _FFFF EFFFF EFFFF
<8" 1 _FFFE EFFFF EFFFF
<8" WW7%>! _FFFF EFFFF EFFFF
7,K2,0N1* GEFRF dFFF dFFF
7,K2,0N1*W7%>! GEFRF dFFF dFFF
L&W8" W7%>W!  FFFF EFFFF EFFFF
L&WW8" W7%>W! FFFF EFFFF EFFFF
+§IcFF! L&MW" W7%>! "FFFR GcFFF GcFFF
Jil F! L&MW" ! "FFFR GcFFF GcFFF
<8" I "FFFR GcFFF GcFFF
<8" W7%>! "FFFR GcFFF GcFFF
7,K2,0N1* EFFFF GFFE GFFE
7,K2,0N1*W7%>! EFFFF GFFE GFFE
L&WK8" W7%>W! "FFFR GcFFF GcFFF
L&WW8" W7%>W! "FFFR GCcFFF GCcFFF
+IIGFFR  L&W\.8" W7%>! "FFFR GcFFF GcFFF
JIEF! L&MW" ! "FFFR GcFFF GcFFF
<8" I "FFFR GcFFF GcFFF
<8" W7%>! "FFFR GcFFF GcFFF
7,K2,0N1* GdFFF aFFF aFFF
7,K2,0N1*W7%>! GdFFF aFFF aFFF
L&WK8" W7%>W! "FFFR GcFFF GcFFF
L&W8" W7%>W! "FFFR GCcFFF GCcFFF
+IIGFFR  L&W\.8" W7%>! EFFFF GFFFF GFFFF
Jil F! L&MW" ! EFFFF GFFFF GFFFF
<8" I EFFFF GFFFF GFFFF
<8" W7%>! EFFFF GFFFF GFFFF
7,K2,0N1* EFFFF GFFFF GFFFF
7,K2,0N1*W7%>! EFFFF GFFFF GFFFF
L&WK8" W7%>W! EFFFF GFFFF GFFFF
L&WK8" W7%>W! EFFFF GFFFF GFFFF

2:.5 THISINC*+I$([+], li1%+/)1 7+2K)BT

A1t41$5(1/&%5*)1G'356)

! %B+!CO0,C,/+HIN,H+*112HNB+!#1D+/(12!+/)(N1)(,2!N+)B,H!10+!C0+/+2)+H!(2!)B+!C0+O(,M/!
)S,+A)(,2/T1%,1+P1N(2+!)B+!C+0-,0N12A+! -1)B+!CO,C,/+H!N,H+*@!1!/(NM*1)(,2!//)MHD!(/!ALO0(+H!

MIL2HD B+ H+)L(+HU(NM*L)(, 2! H+ (K21 (H+*(2+1)+HI(21) B(/\/+ASG N 12 (@N@1)+H!-1A),0/!



12H!-(P+H!-1A),0/110+1CO+/+2)+H! 12HIAM/) (-(+HT!%B+2@!)B+!, M)A, N+IN+1/MO+/!- 01+O1*M1)(2K!
C101N+)+0!0+A,0+0D!12H!,0+01**IN,H+*-()I(2H(A+/110+!(2)0, HMA+HT!%B+ICMOC, /+!,-)B+1/(NM*:
)MHD!(/3IGR!),1+P1N(2+1)B+!C101N+)+0!04/B E1EUDT, /+H!N, H+*IM2H+0/+O+01*//(NM*1)+H!
A2H((,2/I'ER!),JA,NC10+!)B+!C+0-,0N12A+!,-NB+1CO,C,/+HIN,H+*12H1)B1)!,-)B+11%)+021)(O+!
N,H+*/II'RI),1+01*M1)+!B,SI0+*1)(O+!N,H+*I-()}(2H(A+/1C+0-,0N!(2!(H+2)(-D(2K!)B+!CO,C, /+HIN,H+*!
1/N)B+I+)HL)1!-0)(@KH+*112H!_R!),1A,NC10+!)B+1AAMOLAD!12H!+--(A(+2AD!,-1)B+0+K0+//(,2!
A, +--(A(+2)1+/)(NL)+/1,1)1(2+H!-0,N!)B+!CO,C,/+HIN,H+*112H!)B,/+!-0MNB+) (2KIN,H+T2
I"l" #%-87=A?(83&0$B8>F26
<2)B(///(NM*1)(,2!/)MHD@!)B+!CO,C, MEBL &IB7 %> (/IM/+H!1/B+)OM+IH1)1!
K+2+01)(2K!IN,H+*T196B+1C0,C /+HIN,H+* 12H!1*)+021)(O+IN, H+*/1*())+H!(21) B+1%11*+GI10+!M/+H!
H1)1!-())(2K!N,H6B+IN12(CM*1)+H!-1A),0/112H!A,00+/C,2H(2K!*+O+*110+!H+)+ON(2+H!I1/+H! 2!
+NC(0(A1*1H1)1!1121*D/(/!1-(2H(2K/1-0,N!ICO+O(, M/{RKF@ADAU @ EFFA10) (K!+) 1@EF GE
7(1,IL(1, @'EFGeR!)B+!/(NM*1)(,2!/)MHD!H+T(EC +A(-(A1*D@!)B+!N12(CM*1)+H!-1A),0/!(2!)B+!
/(NM*1)(,2!/)MHD!(2A*MH+3!/INC*+/([+!QcFF@!GFFFR@!)+/)*+ 2K BIDEFEL *NFR @B +!
0+KO+/(,21A,HA(+2)-,01)B+!()+N/IC101N+)+0/'Q".>3IFT_@'FTal'&%!N,H+*3IFTE@!FT_R@!)B+!

A,00+*1)(,2!1+)S++2!C+0/,2!1I(*()DI12H!C+0/, 2!/ HHRTE@!FTc@!F TaRTISC+A(-(Al*+O+*/1,-1)B+!

N12(CM*1)+H!-1A),0/110+1CO+/+2)+H!(ZT98AB+- MOIN12(CM*1)+H!-1A),0/110+!-M**DIAQ,//+H@!
D(+*H(2KIE_I/(NM*1)(,2!A,2H()(,2/@"L/{/MNNLO([+H!(2F%11*+!

%11*+1 T@499/3B!:C!9/8"D4;/.56!C/B=>
! >12(CM*1)+H!V1A),0/
7+0+4  SINC*+IS([¥ %+/)!17+2K)B  &+KO+//(,2!A,+--(A(+2) Py, ! I

a cFHR ER !Al(ﬂ) =Ayp = —04! FTE
Ays) =Ays =041
A=Ay =021

E GFFF R Ayg = Ayp =—0.8! FTt
A5 =Ays =0.8!

! dd



A=Ay, =04 !
N I ! ! FTa
.55 p_il',00++1)(,2!1+)S++2!1I(*()D!12H!/C++HT

%11*+! T@499/3B!:C!="94,/.":8!%:86".":8=>

>12(CM*1)+H!V1A),0/

2H0(28,T ¢ SINCH+IS([# %+/)17+2K)B &: %?i/(z)%l Py
a CFA ER $N1  FTE
B cFA ER SNI¥  FTE
g cFA ER $N1**  FTa
N cFA ER 710K FTE
o cFA ER 710K¥  FTE
d cFA ER 710K¢  FTa
b cFA i $NI*  FTE
al cFA N SNI¥  FTE
el cFA N $N1**  FTa
GE cFA i 710K FTE
GG cFA N 710K¥  FTe
GE cFA i 710K  ETh
G GFFF ER $NI*  FTE
G! GFFF ER SNI¥  FTE
Gd GFFF ER $N1**  FTa
Gd GFFF ER 710K¢  FTE
GH GFFF ER 710K¥  FTE
G4 GFFF ER 710K  ETh
Gé GFFF i $NI*  FTE
ER GFFF i SNI¥  FTE
EG GFFF i $N1**  FTa
EE GFFF i 710K FTE
£l GEFF N 710K¥  FTe
E I GEFF A 710K¢  ETh

2.5 p,_il',00+%1)(,2!1+)S++2111(*()DIL2HIC++HT
$&(2/135P'N!%'3%!/")6%8N ! &FRGD-57'3HbB+1/INC*+1/([H2H1)+/)1*+2K) BI10+!
N12(CM*1)+H!),1+P1N(2+1)B+(0!/(NC1A)!,2!C101N+)+OREMOOHADTAL2! (2-M+2A+!)B+!
+/)(N1)(,2!1AAMO1AD!12H!CO+A(/(,2!,-)B+1()+N!C101N+)+0/@!SB(AB!(2!)M0O2!N1D!1--+A)!)B+!
+H)(NL)(,2!,-1)BHO+KO+/(, 2! A, +--(A(+SIRC*+/([+1(/IN2(CM*1)+H!1)1)S, *+O+*/3IcFFI12HIGFFFT!
%OB+/+1)S, I+ O+*1)DIT(AL*D!, I/+0QRH CC*(+H!0+/+10AB!12HIN+)B, H,*, K (AL*KNB#H/T!

"> WL/HHIA, (2)IN,H+*(2K*()+01)MO+@NMFL) (, 2)MH(+/1(2A*MH+/INC*+1/([+*+O0+*110,M2H!

! db



CFFI12HIGFFFTIV,0!+P1NCABH2IQEFGORIM/+HI/INC*+!/([+/!,-IcFF@!GFFF@!12H!EFFFIIZ12K!+)
1*TIQEFEFR!M/+HYINC*+/([+/!,-IcFFI12HIGFFFIIkB12K! 12H!Z12KIQEFGaR!M/+HYINC*+!/([+/! -Ica
GFFF@!12H! FFFTIZB+2IM/(2K!1!-(P+HY/1NENBHIEIM*1)(,21/) MDA, 2HMA) (2K!+NC(O(A1*!
H11!121*D/(/@'KB 12 EFGaRI+H! 1/ INC*+V/([+!,- I GFEBHIZ12K!+) IEFGAR/+H! cG @
0+/C+A)(O+3EB+#0+-,0+@!) B+ AMO0+2)!//)MHDIAB, /+)B+/INC*+1/([+],-IcFF1), 10+ CO+/+2) ! 1//N1**!
JINC*+IA,2H()(,2112H!GFFF!),10+CO0+/+2)!11211H+YM1)+*D!*10K-APNQ:21 (R B+!
(20+/)(K1)(,2!,-IC101N+)+010+A JO+0DT
%o+/)1*+2K)BIAL121(2-*M+2A+1)B+10+A,0+0D!,-IC+0/,2!C101N+)+0/@!(2A*MH(2K!C+0/, 21 11(*()
IC++H@'12H*1)+2)11))TURIEHAH()(,2@!(2!)B+()+NI+PC*121),0DIN,H+*(2K!/A+210(, @!)+/)*+2K)B!
Q(T+T@!2MNIGBN/RINLD!1--4YBH0+A,O+0D!,-1)B+0+KO0+//(,2!A,+--(A(+2)1+/)(N1)(,2T!
$C+A(-(AL*D@!()!(/!+PC+A)+HNB1)/N1**+012MNI+0!,-1()+N/IN1D!"+, C1OH([+!)B+!+/)(N1)(,2! LAAMO
12HICO+A(/(,2!,-)B+10+KO+//(, 2! A, +--(AGBHDH- 0H@M+2K) B! (/IN12(CM*1) HiS! B+ O+*/3!
EFI12H!_ FTH(1K2,)(AIL//+/IN+2)ISOB)*+2K)B!_FI(/)DC(ALHIA,2/(H+0+H!1/111* 2KDH/)!
)B++NC(0(AL*IH1)1/+)/1-0,NIH(1K2,/) (Al 1//+/M2M+PINCZI@K!+)! 1* TIQEFEFRIH+O+* C+H!
12H1+01*M1)+HILINM*) (H(N+2/(, 21 H(1K2, /) (ALRYHURY (/) (2K!,-1_F10+N/D)B1)IN+1/MO+H! !
1))0(IM)+/T'KB12K!12H!1Z12KIQEFGaR!1*/,I-(P+H!)B+1)+/)*+2K)BI1)!_F!(2!)B+!/(NM*1)(,2!/)MHD!)B1)
+O1*M1)+H!)B+!C101N+)+0!0+A,0+0D!,-I1IN(P)MO+!B(+010AB(AL*IN,H+*! -1&"112H!&%!)B1)!)01AU-
* 2K(MH(21*1)012/2)(;))B+!N1/)+0D!/)1)M/!,-_11))0(IM)+/TIVMO)B+0@!Z12K!+)!11*TIQEFEFR!/(NM*1)
EFI12H!_FIO+N/I1/1)S, *+O+*/1 -)B+1)+/)*+2K)B!),1+O1*M1)+!)B+!IC101N+)+0!0+A,O+0D!,-1)B+!
B(+010AB(AL*IN,H+*)B1)!A,2/(H+0+H!".1 -1&%! 2IRN@B+ AMO0+2)!/) NBIF1)+HIEFI12H!_F!
O+N/IL/N)S, F+O+%/1 -NB+1)+/)*+2K)BI), IN+1/MO+!_1*1)+2)1 1 DIBBHER ()+N/112H!_F1()+N/!

10+1A,2/(H+0+H!1/11Y/B,0)AF210¢12H! 11* 2K!)#/A+210(@!0+/C+A)(Q+*DT!



%B+!/(NM*1)+”MWL)0(A+/110+!CO+/+2)+H! (2! %1 PoB+W1)0(A+/!(2!1,)BN+/)1*+2K)B!
A,2H()(,2/'(2A*MH+!(H+2)()DIN1)0(A+/!)B1)!+2/MO+!)B+!A,NC*+)+IMA)Q[FEEB(M!+)! 1*T@!
EFG &)!1%/1/1)(/-(+/)B+!(H+2) (-(1I(*()D!,-)B8I'N,H+*IQ;M!I]'5M@!EFGER

061146 T2 WL)O(A+/IX/+KR)B+IS(NM*1)(,2!$)MHDT

<)+N o, o, o, o,
"l "l ! ! !
o! ! "l ! !
4! ! ! "l !
H ! ! ! "l
I "l "l ! !
J! ! "l "l !
S ! ! "l "l
T "l ! ! "l
u "l "l "l !
"V! ! "l "l "l
" "l ! ! !
"0! ! "l ! !
"41 ! ! "l !
"H! ! ! ! "l
" "l "l ! !
"J! ! "l "l !
"S! ! ! "l "l
"T! "l ! ! "l
"U! "l "l "l !
0}V, ! "l "l "l
EG a ! ! !
EE ! a ! !
E! ! ! a !
E! ! ! ! a
Ed a a ! !
Ed ! a a !
EHd ! ! a a
Ed a ! ! a
Ed a a a !
F! ! a a a
el a ! ! !
E! ! a ! !
o ! ! a !

! ! ! ! a
c! a a ! !
d! ! a a !
b! ! ! a a
‘al a ! ! a




el € Q Q !

i ! Q a a
2.5 TH*12UIN+12/10Fpl!)B+1-(0/) EF!0,S/!(2!1,*H!-1A+! (2 BIBA 1M 1) O (AVI/+H! (2B+)+/)!
*+2K)BEFIA, 2H()(,21)B+!_F10,S/!(2H(AL)BAI AN1)0(BVI/+H!I(IB4)+/)1*+2K)IB_FIA,2H()(,2T
|

@'6-'335%)IF*++575')%43%B+IN1K2()MH-+!,-1)B+10+KO0+//(,2!A,+--(A(+2)/1(/IN12(CM*1)+H!),!
0+-*+A)1/)0,2KI12HIS+1UI0+*1)(,2/11+)S++2!)BAJQO(L)+/112H1)B+!()+N!CLO1N+)+0/T!
SC+A(-(ALIV@W)+IOL*M-+/!,-))BHKO+//(,2! A, +--(A(+2)/! 10+!/+) B, DI T&F-,01)B+!()+N!
(2)+0A+C)!12H!()+N!(2)+01A)(,2!CLOLN+)+0/1(2!)B+!">1),|(2H(AL)+!/)0,2KI12H!S+1U!0+*1)(,2/@!
0+/C+A)(O+*DI!)B+!0+KOHHLZB+2)!(/!/+)! 1) 1,0 T FFl-,01)B+!()+N!(2)+2/()D!C101N+)+0!),!
(2H(A1)+!/)0,2KI12H!S+1U10+*1)(,2/@'0+/CHBETBHRIH/(, 2! A, +--(A(+2)/1-,01)B+1()+N!(2)+0A+C)!
C101N+)+0!10+!/4)11)12+K1)(O+!01*M+/@!,CC,/(PHNL@NEDAIA) (22H! )+N! (2R/()D

CLO1N+)+@1L/+H!,21+NC(0(AL*-(2H(2K/MB1)!()+N/1+1/D!),IKM+/110+M/M1**DIBLOH!),|/*(C112H!)1U+

* 2K+01),IA,NC*+)+IQ+TKT@'kB12!+)! 19T RMEMCHREILO(12A++PC*1 R HBL*M+/1(2!)B+!

(+NICLOLN+)H@NB+S+1UI12H!/)0,2KI0-+* B (2H()(,2/' L0+ TEE2H! TAH@ 10+/C+A) (CAEDTH!

R*1O1*M+/110+1/, 21 %+, 10+-*+A)I11* SICO+H(A)(O+!C,S+0!/A+210(,112H!1!/)0,2K!ICO+H(A) (O+!

C,S+0VA+210(}/+H!,21)B++NC(O(AL*-(2H(2K/!(2!) B+1*()+DTIMI-AL D @H!, 21)B +!
+NC(O(ALHI0+/M*)/IK@AT%>1g & IN,H+@L0)(K!+)!1*TIQEFGER!-, M2HNBINBM+1(2!

)B+(0!+NC(O(AL*//)MHDdth@NSB(*+!.+!#,+AUIQEFFaR!0+C RI¥BLIM+!, dFcT 1#1/+H!, 2!
)B+IA,(2)IN, H+*(2KIM/(2K!)B+1&1/ABIN,H+* 12H!)B+1* K2, 0N 1*1&%!N, HA @ @H(EAMB2@!
J,02U+@!+)! 1*TIQEFFeR!0+C, BHH)B+1()+N!H(--(AM*)DIC101N+)+0! 12H!()+N!(2)+2/()D!

C101N+)+0!S+0+AT2H! T B@!0+/C+A)(O+*DT!<21)B+!()+N!+PC*121),0D!".>//)MHD@!7(1,! 12H!L(L,!

QEFGaR!-,M2H!)BL1RIBIL*M+/1S+0+FEAH!T B-,01)B+!1()+N!(2)+0A+C) L [Q}+01A)(,2!

C101N+)+0/@!0+/C+MA)(O+*D



%B+!H+)1(*+HIO10(12A+!H+A,NC,/()(,2! A2B0¥BE!2H(2K!()+N!IC101N+)+0!01(012A+/1(2!
)B+)0,2KI12H!IS+1U10+*1)(,2!A,2H()(,2/110+!/B,S+H! (21eF196BH10+/M*)(2K!O10(12A+/!-,01)B+!
()+N!(2)+0A+Q)!Q!12KR2)+01A)(,2IQRIC10IN+)+0/!(2!)B+!" >+ Y NEIFFF(2!)B+!)S, IR’ !
A,2H()(,2T1%B++101*M+/110+!A, 2/(/)+2)!S()B!)B+1+NC(O(AL*10+/M*)/1(2!)B+!".>1/)MH(+/!SB+0+!) B+!
010(12A+/1,-)B+!()+N!(2)+0A+C)!12H!(2)+01A)(,2!C101N+)+0/ TBFRKBAZHHB1*T @ EFGaRT!
%B+!0+/M*)(2K!O10(12A+!-,01)B+1)(N+!(2)-RIQDIQN+)+0!(2!)B+!&%!N, H+*+YIRAL2!I ) B!
RYIA,2H()(,2/@!SB(AB!(/'A,2/(/)+2)!S()B!I+NC(0(A1*!-(2H(2K/!(21kB12!+)! 1*TIQEFGbR!12H!KB12!+)11*
QEFGaRT!(O+2hB+!NP1H!,-1)B+!()+N!C101N+)+0/@!)B+HABORMN+12A,-1)B+{)+N!
(2)+0A+CYI@R!C101N+)+0!+ YW 12HBHeb @!0+/C+A)(O+*DI)B+!A,00+/C,2H(2KIN+12/1,-!
(2)+01A)(,2IQR!C101N+)+0!+YNEE!1ZHTee @!0+/C+A)(O+*DI)B+!A,00+/C,2H(2KIN+12/!,-1)(N+!
(2)+2/()DIQRIC101N+)+0!+YMPFL2HITaF@!0+/C+A)(O+*DT!%B+0+-,0+@!) ByRM 28 (2K!Q
KM-+//(2KER!CO, 1 11(*()(+/1012K+!-0,N!F!), F@d(2H (A1) (2K!)B1)!)B+/(NM*1)+H!()+N/!A,2/(/)!,-!
,)BIB(KBYM1*()DV@®fi IFTAER!12H!* & M1*()DVBBWFTAER!()+N/!IQH+!*11%,00+@!EFFbRT!<2!
THH()(,2@!)B+!)(N+!10+YM(0+H!), 1/, *O+1121()+NI(//(2!K+2+01*1S()B(2!,2+1),1)S, N AL /1 (2!
S,0*H!/+))(2K/'Q7++@!EFFbRT!

%11*+dT%B+!/(NM*1)+H!0+KO0+//(,2!A,+--(A(+2)/'12H!0+/(HM1TO10(12A+/

NI Z+1U1&+*1)(,2 I $)0,2KI&+*1)(,2
6101N+)+ %,)1"! AR 2 L1 %,)1"! Pl g2 5
o10(12a "+ ‘2 ‘-0 R ojpem T ‘2 77 R
N GTRE T_F T_F BFR TER !! GTAE TaF TaF EF TaF
1! GTRE T_F T_F BFR TER ! ! GTAE TaF TaF EMF TaF
1 TEF TER TER EF TER !! TER T_F T_F TFE TaF

2.5>11 112HY _IH+2,)+!)B+I0+K0+//(,2!A,+--(A(+2)/!-,01)B+!A,2)(2M,M/112HIH(AB,),N,M/!()+N!

A,010(1)+ @!0+/C+A)(OHHDD,)+1)B+!010(12A+/!,-1)B+10+/(HM1*1)+ON/!,-NB+!()+NICLO1IN+)+0/T
!



! F*-'/&%5%)1.'%K")12'-3%)1&.5/5%:1&)9!32"9  TY6B+IN1K2()MH+!,-)B+!A,00+*1)(,2!
[4+)S++21C+0/,2111(*()D!12H!/C++H!)DC(A1**D1--+A)/)B+IN+1/MO+N+2)ICO+A(/(,2!,-)B+1C+0/,2!
11(*()DT!%B1)!(/@!*10K+0!A,00+*1)(,2!1+)S++21C+0/,2!11(*()D!12H!/C++HIM/M1**D!{(NCO,0+/!)B+!
N+12/MO+N+2)ICO+A(/(,2!12H!) B+ 1)} IM{+(A1)(,2! IAAMOI(EBRY)B1)4+C101)+!N,H+*/110+!
A,2/(H+0+H!1/1,241)DC+!,-1A NC+)(2KIN,H+*/@!()|(/IN+12(2K-M*1), I/++1B,SI*10K+!)B+!/(NC1A)!S,M*H
1+1(21)B+!()+NI+PC*121),0D!N,H+*(2K!//A+210(,!SB+2!) BWH-OMZHOMA)M1* A NC,2+2)!, 21)B+!
C+0/,21/(H1(/,NQ)+HTB+AB, (A+!,-1)Byt! 1+O+5/1H+C+2H/1, 21+NC(O(AL#1-(2H(2K/1 12H!
J(NM*1)(,21)MHDIH+/(K2/!,-1+P(/)(2K!+/)MH(+/THL/+H!, 21)B+1+NC(0(A1*10+/M*)/1-0,N!B(+010AB(AL*
N,H+*11/+H!, 2! >/@!)B+IA,00+*1) (JE+0/,2! 11(*()D!12H/CH++H!S1/1+/)(N1) MAEERB 120!

7(1,@!j'#(120 | EBRI 12MICF KB 12!+)! 1*T @ BHGAB+!+NC(0(A1*!-(2H (2 KB-E0NDAB (A L*!
N,H+*/111/+H!,21<&%IN,H+*/10+O0+1*+HI/(N(*1010+/M*)/TIV,01+P1INC*+@!012!H+017(2H+2!QEFFeR!-
)B1))B4, 1012K+H!-0,MIdc!),! T FT!<2!/(NM*1)(,2!/)M+H@E&-+0!)BL2!FSti/ M/M1*D!
J(NM*1)+H!),|(2H(A1)+!*10K+0!A,00%* D) RINC*HEH(2!42) (2U!QEFFeRy/+)/IF@! TEc@!Thc@!
12H!G!),IN(N(AU™,S!),IB(KBIC+0/,21C101N+)+0!A,00+*1)(,2/T161)),2!IQEFGCRIA, 2/(H+0+H!1l/(N(*10!
012K+!,-I01*M+/lp! iIF@!T F@!TdF@BREFFI0+@!)B+/AM00+2)!/(NM*1)(,2!//)MHD!AB, /+1),
N12(CM*1)+ITEF@!TcF@!TaF!),!0+C0+/+2)l/N1*@!N,H+01)+@!12H!*10K+!A,00+*1)(,211+)S++2IC+
11(*()D!12H!C+0/,2!/C++HT!92*DIC,/()(O+!O1*M+/110+!A, 2/(H+0+H!I+ALM/+1)B+/(K2!H, +/12,) 1--+A) (
(NC1A)!,2IC101N0!+/)(N1)(,2! IAAMOLADT

""" PB=C&O$B8>H26 $

! <21)B+IAMO00+2)//(NM*1)(,2//)MHD@!)B+!C101N+)+0!0+A,O+0D!,-1)B+10+KOI2KRIA +--(A(+2)/
)B+(011//,A(1)+H!/)12H1OH!+Q0:M17,01(2)+0+/)@!1* 2KIS()BI*1)+2)!1 1)) O(IM)+112HICO, - (*+!
A*1//(-(AL)(,2! IAAMOLA(+/T!%B+0+-,0+@!-1A),0/)B1)!BLO+!++21+P)+2/(O+*DI/)MH(+H!(2!)B+!B(+0

N,H+*(2K!/)MH(+/1Q+TKT@'kB12!+)!1*T @!EFGaR!,0110+!2,)!+PC-O0)0HN): JH-H0N)AIERO + !

! bE



-(P+H@!L/™()+H! (2196T1%6B+1-(P+H!-1A), 0/l 2A*MH+3IH(/)0(IM)(,2!,-1*1)+2)11I(*OD@!H()O(IM)(, 2! -!
*1)+2)l/C++H@!H(/)0(IM)(,2!,-NB+!()+N!IA,010(1)+@'H(/)0(IM) [RYNBHIRA+@!A,00++1)(,2!
1+)S++2111(*()DIL2HI/C++H@!2MNI+0! - IOHRNE/@!1))0(IM)+1/* C+112H!(2)+0A+C)!C101N+)+0/@!
12HN+121,-)B+()+NICL0IN+)+0/TI<2ITHH()(,2@!)B+!".>112H!)B+1&%!IN, H+*IM/+H!(21) B+ AM00+2)!
)MHD!10+)B8"IN,H+*I112H1)B+!* K2 ON1*IN,H+*@!0+/C+A)(O+*DT

%11*H#hT@499/3B!:C!G®EC/%.:3=>!

V1A),0 V(P+H!=1*M+
(HO(IM)(,2!,-HB+!1I(*()D ?QF@!GR
(HO(IM)(,2!,-NB+/C++H ?QFQ@MEC

8MNI+01,-11))0(IM)+/ !
"))O(IM)+1/*,C+ICLOIN+)+0! INiNe
"))O(IM)+(2)+0A+C)!CLOLN+)#0! 1, G@Jil TER@ il WEF@!, lil V@
>+12/1,-1)B+!()+NC101N+)+0/!
Q=1 0+,M | v R ) IV \BTGeh@lil_T'e_@l,, il _!'!
(NO(IM)(,2!,-IH(AB,),N,M/1)+N!A,010(1)+/ #+02, M*IIFTCR
(HO(IM)(,21,-1A,2)(2M,M/1()+NA,010(1) ¥/ ?QF@!GR
=10(12A+!,-1)B+!&%!0+/(MMAR FTER
> )B+1.<8"IN,H+*!
&%!N,H-+ )B+1*,K2,0N1*IN,H4*

!

W568'-R-9'-13%-17%1-&/12&-&('%'-318)9!/8&%')%!>&-5& ABAB!)+/)IN+1/MO+/!_1*1)+2)!
1))0(IM)+/1(21) B+ AMOPMBIBIEB+1)OM+!1))0(IM)+1CO, - (*+! -1+ 1ABIO+/C, 2H+2) (/1) B+0+ID!012H,N*D!
AB,/+21-0,NI)B+IGdIC, //(I*+1*1)+2)11))0(IM)+!CO,-(*+/1S()BI+YMI*ICO,I11(*()DT!%B+!1))0(IM) +!
(2)+0A+C)!C10IN+}+@IIIG@'E@! @'_R!10+!-(P+NIDEH@!T2I@AL)(2K!)B1)!)B+CO, I11(*()D!,-!
)B+IN1/)+0D!,-1+1ABI1))0(IM)++ VINEEI TR | TR 2HI TES B+21%1)+2)! 1I(*()D!(/IF@!
0+/C+A)(O+*DTI%B+11))0(IM)+1/* C+ICLOLN+)+0!(/1-(P+H!1)!G!-,011**1- MOIZ))O(IM)+/T!%BM/@
(2)+0/+A)(,21+P(/)/'1N,2K!)B+1- MOICO, I 11(*()DIAMOO+/!,-)B+11))0(IM)+IN1/)+0DT!<2!,)B+0!S,0H/@!)F
CO,ILI(*()(+/1,-IN1/)+0(2K!)B+1-, MO!1))O(IM)+/1(2A0+1/+11))B+/IN+101)+11/1*1}+R)I11(*()D!

(2A0+1/+/T19%B+1*1)+2) LIHYELY/MN+H!), l1+1H01S2!-0 )B+!/) 12H10H!2,0N1*IH()O(IM)(,2@!



- ** S(2K)B+IA,20+2)(,21-0,NI2MN-+0, M//)MH (+/1(2!<&%!*()+01)MO-+11 2 M) BH-EB (JOBAE) MO+ !
' >*()+01)MO+HQ+TKT@!H+1*11%,00+ljl., MK*1/@'EFF_|'IkB1aRIWB@EFQ)!/C++H!(/IH01S2!
-0,N!112,0N1*IH(/)O(IM)(,2(3BIN+12!F112H!IO10(12AR@NE8 (AB!(/!AB,/+2!11/+H!, 21+ NC(0(AL*!
NMH(H1Q+TKT@!m*+(2142)(2UI+)11*T @EFFell> *+21101j'#,*/(2,01@'EFGhHRB12!+)11*T @ EFG
@35918&/!7*-'/&%5*)8)91('&) I +1%8'15%'(12&-&('%'-31&)91%FH6 RD);1>&-5&) 7 T!<2!
)B+IAM00+2)!//)MHD@!()+NIC101N+)+0/110+H+ANC,/+H!(2),!111*(2+10!-M2A)(,2!,-1()+N!A,010(1)+/!1
0+/(HM1*)+ON/T19%B+1A,00+*1)(,2/11N,2K!)B+1()+NICLOLN-+)+010+/(HML*FONM10-+1/+)11)!
N+2)(,2+H!(2!CO+O(,M/Y+A)(,2@*I/2L1*+!) I1//MN+1)B1)¥BA,00+*1)(,2/! 1N, 2K!()+N!
C101N+)+0/IA,N+1-0,NEN+I/+)!,-10+N!IA, 010(1)E LIHH()(,2@!A,00+*1)(,2/! 1N, 2K!)B+!
0-+/(HM1*!)+ON/!10-H AL *IC10IN+)+0/112H!A,2/)01(2)/!,21)B+/+IC101N+)+0/!(NCO,0+!)B+!
ANCM)L)(,2!+--(A(+2A0B+!+/)(N1)(,2!,-)B+CO,BHIN,H+*TIVMO0) B BHEHL2A,-)) B+ ()+N!
CL1O1N+)+0/1(2!)B+1*(2+1010+KO0+//(,2!-M2A)(,2/! LOMEFEEH@!_T e @IUAHI,2!1kB12!+)!
1*TIQEFGHRT!(2H(AL)+/1)B1)!)B+110+0LHNGHIRK!CO, I 11(*()D!+YMIEATB+ 10+01{+N!
[*(CC(2KI0, 1 11(*()D!+YML*FFBL2H!)BEO+01KM-+10+YM(0+H!),1A,NC*+)+ 12HYAN*/Ic_Td!

[+A,2H/1-,01110+/C,2H+2)!S()BY/C+YHINEN (AI0+1B,0*H!/A+210(!
%B+010(12A+!,-1)BYIYKD % R(/!-(P+H! TJEC!1A0,//1()+N/TI%B(/I(/ HHA(H/+H!,21) B-+!
+NC(O(ALZH(2KM/(2K!)B+!*,K2,0NL¥IN, H)BL) B+H(-—+0+2A+I 1N, 2RI(/1 2+ K*(K(I*£2H

I 2 |(/IK+2+01**D!10, M2HDFEK T @!7(1, @'EFGallkB12!+)!1* T @!EFGaRT!
G53%-5.1%5%)1*+1968'15%' (1 7+>&-B&BEA(/)0(IM)(,2!,-1)B+!A, 2)(2M,M/!)+N!IA,010(1)+!(/!
L/IMN+H), - #* SI11/)12H10H!2,0NI*IH(/)0(IM)(,2T!", NN, 2*DI/++21A,2)(2M,M/1)+N!A,010(1)+/!(2!
)B+1*()+01)MO+!(2A*MH+!S,0HIA, M2)1(21)B+1()+NI/) (NM*M/@ /42 )R- F-+HNOBEN 1) (A/!
)+ON/@!S,0HIA,M2)!,-1)B+!U+D@!12H!S,0H!A,M2)/!,-)B+!,C)(,2/!Q+TKT@!V+00101!+)! 1*T@'EFGGI

L(1,@'EFGal'>A7+ H!+)!11*T@!EFGcl!&, S+!1+) 1*T@!EFFART!%B+/+!1010(11*+/IN1D!B10O+!S(H+!012}



0+1V8,0*H!/+))(2K/T1%B+D!10+!/) 12HL(RHBHHI(2+1010+KO+/(,21-M2A)(,2!,-)B+()+N!
C101N+)+0/@'1/1(2!7(1,'12HIL(1,/QEFGaRT!%B+H(/)O(IM)(,2!,-)B+H(AB,),N,M/()+N!A,010(1)+!(/\/
1)EFx!, 2+/112H!CFx![+0,/@!SB(ABIN(N(A/NB++NC(0(AL1*IH1)1/+)IM/+H!(2!) B+ AMO0+2)!/)MHDT!%B(
(2H(AL)+/)B1)IB+12! -1)B+IH(AB,),N,M/I()+N!A,010(1)+!+YMEFEZH!)B+010(12A+!+YM1*/!
FTEFT
! "),)1%-1 21 21 21 3= 24/(NM*1)+HIA, 2H()(,2/1+P(/)}(2!)B+IAM0O0+2)/(NM*1)(,2!//)MHDT!
%B(0)D!0+C*(A1)(,2/!10+0M2!),1+01*M1)+1)B+IC101N+)+0!0+A,0+0D!,-1)B+!CO,C,/+H!N,H+*T1%B+
0+C*(A12!12MNI+01,-1)B(0)D!(/!AB, /+2!11/+H!, 21CO+O(, M/M&/+H!A (2)IN, H+*(2K!,-1&"1 12H!
8&%!QkB12!)I1*T@!EFGaRT!"),)1*,-1G__FIH1)1/+)/110+!IK+2+01)+H!- 011*I1A 2H()(,2/T!<2!+1AB!
A2H()(,2@!)B+!CO,C,/+HIN,H+*I(/IM/+H!1/1)B+IH1)1IK+2+01)(2K!N, H+* TO4BN H#%D21)
(2A*MH(2K!)B+&86IN,H+*IS()BI2,IA,010(1)+/!Q> \BR@!)B+!/+C+01)+IN,H+*/1Q(T<T'@®!)B+
N,H+*12H1)B+1* K2,0N1*IN,H+41\§8 R@!)B+IN,H+*,N())(2K!)B+!A,2)(2M,M/1()+N!A,010(1)+!
Q > WR@!)B+IN,H+*1,N())(2K!)B+!H(AB,),N,M/{§:EN0(1)+HOVWR@!)B+!/+C101)+!N,H+*/!1Q(T+T@!
)B+1.<8"IN,H+*I12H!)B+1* K2,0N1*IN,H+*RIS()B!()+N!A,010(2) WRI12H!)B+!CO,C,/+HIN,H+*!
10+!H1)11-()) (2K!N, H+*/T1%B+0+-,0+@!)B+0+! 1 GH! D, HI44Y (NM*1)(, 2| A+**/112H]
1441 30 = 4320!0+C*(AL)(,2/TI&I0+0/(,2! T T 1Q&! 0@ EFGbR!(/IM/+H!),IK+2+01)+H1) 1 T!%B+!
&EMK/ICIAULKH(/IM/+H),1(2)+0-1A+1S()BIL";$!),+O1*M1)+IN,H+*IC40-, ON12A+T
I""I$*838$D&7&283=7TE$52/>8072&
! %B+1C0,C,/+HIN,H+*I\&B" \VI7%>1(/IM/+H!1/1)B+IH1)1IK+2+01)(2K!N4B#H1)1!
10+/(NM*1)+H!1AA OH(B)- ** S(2K!/)+C/I3

GR$(NM*1)+!)OM+IC+0/,2111(*()D!12H!/C++H!C1OL N-DHD/RT1%B+1C+0/,2! 11(*()D! 12H!

/C++H!C101N+)+0/110+!H01S2!-0,N!1INM*)(O10(1)+!2,0N1*H()O(IM)(,2! @!S()BIN+12!



' $ 10%
O+A),O!I+(2|#lu' &=# &'12H!)B+O10(1B@10(12A+IN1)0(P!I+(2K!
"11.% " 0%

" o
! pwon =5 ,1 . . @!SB+0+LliIFTGF@TER@!, 0! FTIR+C+2H(2K!, 21)B+!
Iy 1g

J(NM*1),(2!A,2H()(,2IT

ER$(NM*1)+1)0M+1()+N!C101N+)+0!0+/(HM1HORQ(22A+IN1)Q(RL, @!SB(AB!(/!

by $
# 7 &
0+CO+/+2)+H§L/! e ! ?$ g!T!%BHZ!10+!/C+A(-(+H!1/!(2!%mlI*+I-HC+2H(2K!

# 1 g 128
,21)B+1/)0,2K!,0!S+1U!CO+H(A)(O+!C,S+0!A,2H()(,2/T!"AA,OH[@KABI@1)yB+
A,00+*1)(,2/1S+0+1/+)1) Wb tit [ it 1 it FT

‘R $(NM*1)+!)OM+!()+N!CEpANMD@! @!12HRT!%B+!()+N!C101N+)+0/!10+!K+2+01)+H!
M/(2KI11*(2+10!-M2A)(,2!,-1,1/+00+HIA, 010(1)+!Q(T+T@!,2+!A,2) 2MMAZHD 101 () +!
2+IH(AB,),N,M/'A,010(1)B!R@!(THT @Y @!SB+Q¢E (A, A ,A,) 112H!

B, =(1,C,D,) TI%B¥, =1 ,ilQNT_@!FT_@'FFER@!BTa@!FT_R!H+C+2H(2K!,2!)B+!
/)0,2K!,01S+1UICO+H(A)(O+!C,S+0!A,2H()(, 2/ T!19BHH01S2!-0,NDB ], , !
1)1(2+H!-0,N!)B+!CO+O(,M/!/)+CTN6B/!,-)B+!()+N!IC101N+)+0A(B+H! 1), li W
ETGeh@h! _Te_@! ! _11/1/B,S2!(2!%11*+T

R $(NM*1)+1)OM+!B(HBH0!/)OMA)M1*IC101N+)+0/!1/l/C+A(-(+HREGCHAH(AL*D @!

)B-+!B(KBWOH-+0!/)OMA)M1* C101N+)+0//(2A*MH-+!)B+11))0(IM)+!/* C+@IGQN+)+0/!

iIG@h@!_R!12H!1))0(IM)+!(2)+0A+C)!C10L K@D/ Tc@)i! We@)li! e

bd



cR $(NM*1)+11))0(IM)+!N1/)+0D!/)1)M/!CLOLNFWBH!1))0(IM)+!N1/)+0D!/)1)M/!
C1O1N+)+0/110+!/(NM*1)+H!-0,N!)B+!1+02, M**(IH(/)0(IM)(,2!-,0!SB(ABBB!CO, 111 (*
“M2A)(,2/110+!,1)1(2+H!1AA,0H(2K!),!14YM1)(,2! TG TcIM/(2K!1)B+!C+0/,2!11(*()D!C101N+)+0
12H!B(KBAGH+0!/)0OM)ML*ICLOLN-+)+0///(NM*1)+H!-0,NICO+Q(,M/!/)+C/T
dR $(NM*1)+10+/C,2/+1H1)1IM/(2KI4YM1)(,2I TGTE!IDIC*MKK(2K!(21)OM+!()+NIC101N+)+0/@
1))0(IM)+IN1/)#¥L)M/ICLOLIN+)+0/@! MBH)Q(P!1/1/C+A(-(+H! (2! %d TF+!
bR $(NM*1)+10+/C,2/+1)(N+!H1)1!M/(2K!4Y M1)(PDTBHKK (2K!)B+!C+0/,2!/C++H!
C101IN+)+0/'112H!)(N+!(2)+2/()D!CLO1INF)$QHA(-(AL**D @A 2KON+H!()+N!
0+/C,2/+!)(NHog(T;) -, **,S/1112,0NI*H(/)0(IM)(,2!S(OBN+12]- 1/ 1 " 112H!
O10QRA+! -FTEET
" §'8(783=/12=3&2BF0$@ 78(G6=6$52/>&0?72&
%B+!,M)A,N+IN+1/MO+/112H!/)1)(/)(A1*1121*D/(/!,-)B+!/(NM*1)(,2!, M)A, N+/110+!(2)0,HMA+H!
(2DB(/1/+A)(,2),112/S+01)B+10+/+10ABIYM+/)(,2/10+*1)+H!),))B+!CL101N+)+0!0+A,0+0D!,-)B+!CO0,C,/+
N,H+*112H!)B+!C+0-,0N12A+! -)BHOHN,H+*1-()!(2H(A+/1(2!(H+2)(-D(2KHB+!CO0,C,/+HIN,H+*11/!
)B+I+/JHL)1!-())(2KIN,H#*T
%BHLI/, *M)+IN,H+*1-()1,-1)B+IH1)11-())(2KIN, H+*/1(/11//+//+H!ID!)B+!C A0 (A) (DA
O1*M+!Q666RT!%B+!1666!(/1,1)1(2+H!I1/+H!,21)B+!C0+BI(A) (O+!N,H+*IAB+AU!Q66>'R!
N+)B,HTI$C+A(-(A1**D@!)B+!166>'IN+)B,H!1//+//+/1)B+1-()!,-1)B+IN,H+*ID!+P1N(2(2K!SB+)B+0!)B+!
/+00+H!H1)BRI1CC+10!+P)0+N+!S()B!0+/C+A)!),B+!0+C*(A1)(,2!,-")B+!C,/)+0(,0!H(/)O(IM)(,2!,-!
)B+10+C*(AL)+H!HERQ@!SB(ARK2+01)+H!M/(2K!)B+!/IN+IN,H+*112H!)B+!/IN+IN,H+*!C101N+)+0!
O1*M+AQR! 1T 1%B+!H(/A0+C12AD! +8542HB(/IYM12)(-(HB)B+!H(/A0+C12ADIN+1/MO+/!
FQB*t RI12HIQGI R¥B+1666!(/)B+!CO,I11(*()D!)BLIA,M*H!I+IN,0+!+P)0+N+!)B12!

N+1/MO+H!ID!)B+!H(/A0+C12AD!N+H/BII6FED 1*M+/12+10!FTcl(2H(AL)+ 1H+Y ML IH+*



-()@!SB(*+!+P)0+N+!666!01*M+/1Qf Tec!, 0!I TFCR!(2H(AL)+!/D/)+N1)(AlH(--+0+2A+/11+)S++2!,1/+0C
12HICO+H(A)+H!IHBEAMO0+2)!//)MHD!-, **, S+HIKB12!+) &RIQEBGM1)+1)B+1 11/, *M)-+INyH+*
H1)1!-()!,-1&" 1 12H!&%!/+C101)+*DT!%B+/MN!,-)B+/Y M14GH#EHIL */1- 010+/C, 2HEDIH!
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! OB +1/)12H10H!+00,0!(L/+/!,-1)B+I0+KO+//(,21A,+--(A(+2)1+ANIYHN, 1) 1 (2+H!-0,N!
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Table 12. Summary of the Posterior Predictive P-Values of the JRT-DINA-LLTM under the 24 Simulated Conditions

Condition J It PPP value for response model PPP value for RT model

No. Por Y Min Median Mean Max Min Median Mean Max
1 500 20 0.2 Small 0.34 0.41 0.42 0.52 0.50 0.51 0.51 0.52
2 Large 0.31 0.38 0.38 0.45 0.51 0.51 0.51 0.52
3 0.5 Small 0.36 0.43 0.44 0.53 0.51 0.51 0.51 0.52
4 Large 0.36 0.39 0.39 0.46 0.50 0.51 0.51 0.52
5 0.8 Small 0.36 0.42 0.43 0.57 0.51 0.51 0.51 0.52
6 Large 0.34 0.38 0.39 0.47 0.51 0.51 0.51 0.52
7 40 0.2 Small 0.34 0.48 0.48 0.57 0.50 0.51 0.51 0.52
8 Large 0.38 0.45 0.45 0.61 0.50 0.51 0.51 0.52
9 0.5 Small 0.38 0.47 0.47 0.56 0.50 0.51 0.51 0.52
10 Large 0.38 0.46 0.46 0.62 0.50 0.51 0.51 0.52
11 0.8 Small 0.35 0.48 0.47 0.58 0.50 0.51 0.51 0.52
12 Large 0.35 0.47 0.46 0.55 0.50 0.51 0.51 0.52
13 1000 20 0.2 Small 0.39 0.43 0.44 0.54 0.50 0.51 0.51 0.52
14 Large 0.39 0.41 0.42 0.47 0.50 0.51 0.51 0.52
15 0.5 Small 0.40 0.45 0.45 0.52 0.50 0.51 0.51 0.52
16 Large 0.37 0.41 0.41 0.44 0.50 0.51 0.51 0.52
17 0.8 Small 0.40 0.44 0.44 0.50 0.50 0.51 0.51 0.52
18 Large 0.38 0.40 0.41 0.44 0.50 0.51 0.51 0.52
19 40 0.2 Small 0.40 0.53 0.52 0.65 0.50 0.51 0.51 0.52
20 Large 0.41 0.46 0.46 0.60 0.50 0.51 0.51 0.52
21 0.5 Small 0.44 0.52 0.52 0.67 0.49 0.51 0.51 0.52
22 Large 0.40 0.46 0.46 0.59 0.50 0.51 0.51 0.52
23 0.8 Small 0.44 0.52 0.52 0.61 0.50 0.51 0.51 0.52
24 Large 0.39 0.46 0.46 0.66 0.49 0.51 0.51 0.52

Note. PPP = Posterior Predictive P-Values.
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Table 13. Summary of the Posterior Predictive P-Values of the JRT-DINA under the 24 Simulated Conditions

Condition J It PPP value for response model PPP value for RT model

No. Por Y Min Median Mean Max Min Median Mean Max
1 500 20 0.2 Small 0.40 0.48 0.49 0.60 0.51 0.51 0.51 0.52
2 Large 0.42 0.47 0.47 0.51 0.51 0.51 0.51 0.52
3 0.5 Small 0.42 0.48 0.49 0.61 0.50 0.51 0.51 0.52
4 Large 0.45 0.48 0.49 0.55 0.50 0.51 0.51 0.52
5 0.8 Small 0.41 0.49 0.50 0.64 0.50 0.51 0.51 0.52
6 Large 0.43 0.48 0.48 0.55 0.51 0.51 0.51 0.52
7 40 0.2 Small 0.35 0.50 0.50 0.59 0.50 0.51 0.51 0.51
8 Large 0.46 0.53 0.54 0.61 0.50 0.51 0.51 0.52
9 0.5 Small 0.39 0.50 0.49 0.59 0.50 0.51 0.51 0.52
10 Large 0.48 0.54 0.54 0.69 0.50 0.51 0.51 0.52
11 0.8 Small 0.38 0.51 0.50 0.59 0.50 0.51 0.51 0.52
12 Large 0.44 0.55 0.54 0.61 0.50 0.51 0.51 0.51
13 1000 20 0.2 Small 0.44 0.48 0.49 0.58 0.50 0.51 0.51 0.52
14 Large 0.46 0.49 0.49 0.54 0.50 0.51 0.51 0.51
15 0.5 Small 0.44 0.50 0.50 0.56 0.50 0.51 0.51 0.52
16 Large 0.44 0.49 0.49 0.51 0.50 0.51 0.51 0.52
17 0.8 Small 0.44 0.49 0.49 0.56 0.50 0.51 0.51 0.52
18 Large 0.45 0.48 0.48 0.52 0.50 0.51 0.51 0.52
19 40 0.2 Small 0.43 0.56 0.55 0.68 0.50 0.51 0.51 0.51
20 Large 0.48 0.52 0.53 0.61 0.49 0.51 0.51 0.51
21 0.5 Small 0.46 0.54 0.55 0.67 0.49 0.51 0.51 0.52
22 Large 0.49 0.52 0.53 0.61 0.50 0.51 0.51 0.52
23 0.8 Small 0.46 0.55 0.55 0.63 0.49 0.50 0.50 0.51
24 Large 0.47 0.52 0.52 0.65 0.50 0.50 0.51 0.51

Note. PPP = Posterior Predictive P-Values.
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Table 14. Summary of the Posterior Predictive P-Values of the DINA+Lognormal under the 24 Simulated Conditions

Condition J It PPP value for response model PPP value for RT model

No. Por Y Min Median Mean Max Min Median Mean Max
1 500 20 0.2 Small 0.38 0.45 0.46 0.58 0.52 0.52 0.52 0.52
2 Large 0.42 0.47 0.47 0.51 0.52 0.52 0.52 0.52
3 0.5 Small 0.40 0.46 0.47 0.58 0.52 0.52 0.52 0.52
4 Large 0.45 0.48 0.48 0.54 0.52 0.52 0.52 0.52
5 0.8 Small 0.39 0.47 0.48 0.63 0.52 0.52 0.52 0.52
6 Large 0.43 0.47 0.48 0.55 0.52 0.52 0.52 0.52
7 40 0.2 Small 0.37 0.49 0.50 0.60 0.50 0.50 0.50 0.50
8 Large 0.45 0.49 0.50 0.56 0.50 0.50 0.50 0.50
9 0.5 Small 0.37 0.50 0.49 0.58 0.50 0.50 0.50 0.50
10 Large 0.45 0.50 0.50 0.66 0.50 0.50 0.50 0.50
11 0.8 Small 0.36 0.50 0.49 0.59 0.50 0.50 0.50 0.50
12 Large 0.43 0.50 0.50 0.56 0.50 0.50 0.50 0.50
13 1000 20 0.2 Small 0.42 0.46 0.46 0.57 0.51 0.51 0.51 0.52
14 Large 0.46 0.49 0.49 0.53 0.51 0.51 0.51 0.51
15 0.5 Small 0.40 0.47 0.48 0.56 0.51 0.51 0.51 0.51
16 Large 0.45 0.49 0.49 0.51 0.51 0.51 0.51 0.51
17 0.8 Small 0.43 0.46 0.47 0.53 0.51 0.51 0.51 0.52
18 Large 0.46 0.47 0.48 0.52 0.52 0.52 0.52 0.52
19 40 0.2 Small 0.44 0.55 0.54 0.69 0.50 0.50 0.50 0.51
20 Large 0.44 0.50 0.49 0.57 0.50 0.51 0.51 0.51
21 0.5 Small 0.44 0.53 0.54 0.66 0.50 0.50 0.50 0.51
22 Large 0.45 0.49 0.49 0.56 0.50 0.50 0.50 0.50
23 0.8 Small 0.47 0.54 0.54 0.62 0.50 0.50 0.50 0.50
24 Large 0.46 0.49 0.50 0.58 0.50 0.50 0.50 0.50

Note. PPP = Posterior Predictive P-Values.
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Table 15. Summary of the Posterior Predictive P-Values of the DINA-LLTM+Lognormal-LLTM under the 24 Simulated Conditions

Condition J It PPP value for response model PPP value for RT model

No. Por Y Min Median Mean Max Min Median Mean Max
1 500 20 0.2 Small 0.35 0.42 0.42 0.53 0.50 0.51 0.51 0.52
2 Large 0.32 0.38 0.38 0.44 0.50 0.51 0.51 0.52
3 0.5 Small 0.37 0.42 0.43 0.52 0.51 0.51 0.51 0.52
4 Large 0.36 0.39 0.39 0.46 0.50 0.52 0.52 0.53
5 0.8 Small 0.35 0.42 0.43 0.56 0.50 0.51 0.51 0.53
6 Large 0.34 0.39 0.39 0.48 0.50 0.51 0.51 0.53
7 40 0.2 Small 0.34 0.49 0.48 0.56 0.50 0.51 0.51 0.51
8 Large 0.36 0.45 0.45 0.60 0.50 0.51 0.51 0.51
9 0.5 Small 0.38 0.47 0.46 0.55 0.50 0.51 0.51 0.52
10 Large 0.38 0.45 0.46 0.62 0.50 0.51 0.51 0.52
11 0.8 Small 0.36 0.47 0.47 0.57 0.50 0.50 0.51 0.51
12 Large 0.34 0.46 0.46 0.54 0.50 0.51 0.51 0.51
13 1000 20 0.2 Small 0.39 0.43 0.44 0.54 0.50 0.50 0.50 0.51
14 Large 0.38 0.41 0.41 0.48 0.50 0.50 0.50 0.51
15 0.5 Small 0.40 0.45 0.45 0.52 0.50 0.50 0.50 0.52
16 Large 0.37 0.41 0.41 0.44 0.49 0.50 0.50 0.51
17 0.8 Small 0.41 0.44 0.45 0.51 0.49 0.50 0.51 0.51
18 Large 0.38 0.40 0.40 0.44 0.49 0.50 0.50 0.51
19 40 0.2 Small 0.40 0.53 0.52 0.67 0.50 0.50 0.51 0.52
20 Large 0.40 0.46 0.46 0.60 0.49 0.51 0.51 0.51
21 0.5 Small 0.44 0.52 0.52 0.66 0.49 0.50 0.50 0.52
22 Large 0.39 0.45 0.46 0.59 0.49 0.50 0.50 0.51
23 0.8 Small 0.43 0.52 0.52 0.60 0.50 0.50 0.50 0.51
24 Large 0.39 0.46 0.46 0.64 0.50 0.50 0.50 0.51

Note. PPP = Posterior Predictive P-Values.
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Table 16. Summary of the Posterior Predictive P-Values of the JRT-DINA-LLTM-C under the 24 Simulated Conditions

Condition J It PPP value for response model PPP value for RT model

No. Por Y Min Median Mean Max Min Median Mean Max
1 500 20 0.2 Small 0.37 0.44 0.44 0.55 0.51 0.51 0.51 0.52
2 Large 0.33 0.40 0.40 0.45 0.51 0.51 0.51 0.52
3 0.5 Small 0.38 0.44 0.45 0.55 0.51 0.51 0.51 0.52
4 Large 0.38 0.41 0.41 0.48 0.51 0.51 0.51 0.52
5 0.8 Small 0.38 0.44 0.45 0.59 0.50 0.51 0.51 0.52
6 Large 0.36 0.40 0.40 0.49 0.51 0.51 0.51 0.52
7 40 0.2 Small 0.34 0.49 0.48 0.57 0.50 0.51 0.51 0.52
8 Large 0.40 0.47 0.48 0.60 0.50 0.51 0.51 0.52
9 0.5 Small 0.38 0.47 0.47 0.56 0.50 0.51 0.51 0.52
10 Large 0.41 0.49 0.49 0.62 0.50 0.51 0.51 0.52
11 0.8 Small 0.35 0.47 0.47 0.57 0.50 0.51 0.51 0.52
12 Large 0.38 0.50 0.49 0.58 0.50 0.51 0.51 0.52
13 1000 20 0.2 Small 0.40 0.44 0.45 0.56 0.50 0.51 0.51 0.52
14 Large 0.40 0.43 0.43 0.48 0.50 0.51 0.51 0.52
15 0.5 Small 0.41 0.45 0.46 0.51 0.50 0.51 0.51 0.52
16 Large 0.39 0.43 0.43 0.46 0.51 0.51 0.51 0.52
17 0.8 Small 0.41 0.45 0.45 0.51 0.50 0.51 0.51 0.52
18 Large 0.39 0.42 0.42 0.46 0.50 0.51 0.51 0.52
19 40 0.2 Small 0.41 0.53 0.52 0.65 0.50 0.51 0.51 0.52
20 Large 0.44 0.48 0.49 0.60 0.49 0.51 0.50 0.51
21 0.5 Small 0.45 0.51 0.52 0.64 0.50 0.51 0.51 0.52
22 Large 0.42 0.49 0.49 0.59 0.50 0.51 0.51 0.51
23 0.8 Small 0.44 0.52 0.52 0.61 0.50 0.51 0.51 0.52
24 Large 0.42 0.48 0.49 0.64 0.50 0.51 0.51 0.52

Note. PPP = Posterior Predictive P-Values.
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Table 17. Summary of the Posterior Predictive P-Values of the JRT-DINA-LLTM-D under the 24 Simulated Conditions

Condition J It PPP value for response model PPP value for RT model

No. Por Y Min Median Mean Max Min Median Mean Max
1 500 20 0.2 Small 0.38 0.45 0.45 0.56 0.51 0.51 0.51 0.52
2 Large 0.38 0.43 0.43 0.48 0.50 0.51 0.51 0.52
3 0.5 Small 0.39 0.44 0.46 0.56 0.51 0.51 0.51 0.52
4 Large 0.39 0.44 0.43 0.48 0.50 0.51 0.51 0.53
5 0.8 Small 0.38 0.45 0.46 0.60 0.51 0.51 0.51 0.52
6 Large 0.37 0.43 0.43 0.51 0.51 0.51 0.51 0.52
7 40 0.2 Small 0.35 0.49 0.49 0.58 0.50 0.51 0.51 0.52
8 Large 0.39 0.45 0.46 0.57 0.50 0.51 0.51 0.52
9 0.5 Small 0.38 0.48 0.48 0.58 0.50 0.51 0.51 0.52
10 Large 0.39 0.45 0.46 0.57 0.50 0.51 0.51 0.52
11 0.8 Small 0.36 0.49 0.49 0.60 0.50 0.51 0.51 0.52
12 Large 0.38 0.46 0.46 0.56 0.50 0.51 0.51 0.52
13 1000 20 0.2 Small 0.41 0.44 0.45 0.55 0.50 0.51 0.51 0.51
14 Large 0.42 0.45 0.45 0.50 0.50 0.51 0.51 0.52
15 0.5 Small 0.41 0.45 0.46 0.52 0.50 0.51 0.51 0.52
16 Large 0.41 0.45 0.45 0.49 0.50 0.51 0.51 0.52
17 0.8 Small 0.41 0.45 0.45 0.52 0.50 0.51 0.51 0.52
18 Large 0.43 0.45 0.45 0.49 0.50 0.51 0.51 0.52
19 40 0.2 Small 0.42 0.54 0.53 0.67 0.50 0.51 0.51 0.52
20 Large 0.43 0.46 0.47 0.58 0.50 0.51 0.51 0.52
21 0.5 Small 0.45 0.52 0.53 0.66 0.50 0.51 0.51 0.51
22 Large 0.43 0.46 0.47 0.54 0.50 0.51 0.51 0.53
23 0.8 Small 0.44 0.53 0.53 0.61 0.50 0.51 0.51 0.52
24 Large 0.42 0.46 0.47 0.58 0.50 0.51 0.51 0.52

Note. PPP = Posterior Predictive P-Values.
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Table 18. The Number of Replications of Each Joint Model Identified as the Best-Fitting Model in the Simulation Study

AIC BIC DIC
JRT- JRT- JRT- JRT- JRT- JRT-
J 1 / » Y DJI]?\IFI;;- JRT- DINA- DINA- DJI]?\ITA;- JRT- DINA- DINA- DJII?\ITA-- JRT- DINA- DINA-
LLTM DINA LLTM- LLTM- LLTM DINA LLTM- LLTM- LLTM DINA LLTM- LLTM-
C D C D C D
500 20 0.2 Small 0 0 12 18 0 0 12 18 3 14 10 3
Large 0 0 25 5 0 0 25 5 13 2 13 2
0.5 Small 0 0 11 19 0 0 11 19 4 10 6 10
Large 0 0 23 7 0 0 23 7 11 2 14 3
0.8  Small 0 0 16 14 0 0 16 14 9 7 6 8
Large 0 0 23 7 0 0 23 7 11 2 15 2
40 0.2 Small 0 0 16 14 0 0 16 14 6 5 11 8
Large 9 0 21 0 0 0 30 0 23 1 6 0
0.5 Small 0 0 15 15 0 0 15 15 12 2 6 10
Large 5 0 25 0 0 0 30 0 18 3 9 0
0.8  Small 0 0 17 13 0 0 17 13 12 5 9 4
Large 6 0 24 0 0 0 29 1 14 1 15 0
1000 20 0.2 Small 0 0 6 24 0 0 6 24 3 14 7 6
Large 0 0 17 13 0 0 17 13 6 6 10 8
0.5 Small 0 0 6 24 0 0 6 24 5 6 10 9
Large 0 0 19 11 0 0 19 11 12 3 9 6
0.8 Small 0 0 8 22 0 0 8 22 5 14 4 7
Large 1 0 18 11 1 0 18 11 8 2 10 10
40 0.2 Small 0 0 13 17 0 0 13 17 11 4 9 6
Large 0 0 30 0 0 0 30 0 13 6 9 2
0.5 Small 0 0 18 12 0 0 18 12 4 6 9 11
Large 0 0 30 0 0 0 30 0 11 4 14 1
0.8 Small 0 0 12 18 0 0 12 18 6 7 6 11
Large 1 0 29 0 0 0 30 0 15 2 10 3

Note. J = sample size; I = test length;

/
" #

= correlation between ability and speed, y = regression coefficients
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Table 19. The Number of Replications of Each Response Model Identified as the Best-Fitting Model in the Simulation Study

/ AIC BIC DIC
J I !, DINA- DINA- DINA-
# 14 CLTM DINA CLTM DINA LLTM DINA
500 20 0.2 Small 30 0 30 0 3 27
Large 30 0 30 0 27 3
0.5 Small 30 0 30 0 7 23
Large 30 0 30 0 21 9
0.8 Small 30 0 30 0 3 27
Large 30 0 30 0 25 5
40 0.2 Small 30 0 30 0 23 7
Large 30 0 30 0 29 1
0.5 Small 30 0 30 0 26 4
Large 30 0 30 0 30 0
0.8 Small 30 0 30 0 24 6
Large 30 0 30 0 27 3
1000 20 0.2 Small 30 0 30 0 12 18
Large 30 0 30 0 13 17
0.5 Small 30 0 30 0 7 23
Large 30 0 30 0 20 10
0.8 Small 30 0 30 0 11 19
Large 30 0 30 0 19 11
40 0.2 Small 30 0 30 0 15 15
Large 30 0 30 0 15 15
0.5 Small 30 0 30 0 22 8
Large 30 0 30 0 24 6
0.8 Small 30 0 30 0 17 13
Large 30 0 30 0 23 7

Note. J = sample size; I = test length; /. ,= correlation between ability and speed, y = regression coefficients.
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Table 20. The Number of Replications of Each Response Time Model Identified as the Best-Fitting Model in the Simulation Study

AIC BIC DIC
4 ! Fro 14 LoI%r]i?rrl\n/}al- Lognormal LoI%r]i?rrl\n/}al- Lognormal Loﬁi?rrl\n/}al_ Lognormal
500 20 0.2 Small 30 0 30 0 30 0
Large 30 0 30 0 30 0
0.5 Small 30 0 30 0 30 0
Large 30 0 30 0 30 0
0.8 Small 30 0 30 0 30 0
Large 30 0 30 0 30 0
40 0.2 Small 30 0 30 0 30 0
Large 30 0 30 0 30 0
0.5 Small 30 0 30 0 30 0
Large 30 0 30 0 30 0
0.8 Small 30 0 30 0 30 0
Large 30 0 30 0 30 0
1000 20 0.2 Small 30 0 30 0 30 0
Large 30 0 30 0 30 0
0.5 Small 30 0 30 0 30 0
Large 30 0 30 0 30 0
0.8 Small 30 0 30 0 30 0
Large 30 0 30 0 30 0
40 0.2 Small 30 0 30 0 30 0
Large 30 0 30 0 30 0
0.5 Small 30 0 30 0 30 0
Large 30 0 30 0 30 0
0.8 Small 30 0 30 0 30 0
Large 30 0 30 0 30 0

Note. J = sample size; I = test length; /. ,= correlation between ability and speed, y = regression coefficients.
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Item Intensity Parameter
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