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4 Lqwurgxfwlrq

Wklv Dsshqgl{ frqwdlqv pdwkhpdwlfdo ghulydwlrqv ri wkh uhvxowv lq wkh sdshu �Zkr Vkrxog

Ex| Orqj0Whup ErqgvB� dv zhoo dv wdeohv zlwk ghwdlohg uhvxowv rq sruwirolr fkrlfh/ frqvxps0

wlrq dqg zhoiduh iru gl�huhqw vfhqdulrv1 Wr dyrlg frqixvlrq ehwzhhq htxdwlrqv lq wkh pdlq

wh{w ri wkh sdshu dqg htxdwlrqv lq wklv Dsshqgl{/ zh qxpehu htxdwlrqv lq wkh Dsshqgl{ dv

+D4,/ +D5,/ hwf1

5 Sulflqj Qrplqdo Erqgv

Wkh sulflqj ri ghidxow0iuhh qrplqdo erqgv iroorzv wkh vdph vwhsv dv wkh sulflqj ri lqgh{hg

erqgv1 Wkh uhohydqw vwrfkdvwlf glvfrxqw idfwru wr sulfh qrplqdo erqgv lv wkh qrplqdo VGI

�m
|n�/ zkrvh orj lv jlyhq e| htxdwlrq +43, lq wkh sdshu= 6m

|n� ' 6|n� � Z|n�1 Vlqfh erwk

�|n� dqg �|n� duh mrlqwo| orjqrupdo dqg krprvnhgdvwlf/ �m
|n� lv dovr orjqrupdo1 Wkh orj

qrplqdo uhwxuq rq d rqh0shulrg qrplqdo erqg lv om�c|n� ' � *L} , |d�
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|n�o/ ru
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c +D4,

d olqhdu frpelqdwlrq ri wkh h{shfwhg orj uhdo VGI dqg h{shfwhg lq dwlrq1

Wkh ulvn suhplxp rq d 40shulrg qrplqdo erqg ryhu d 40shulrg uhdo erqg fdq eh zulwwhq

dv

,|

k
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l
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2
V@h| dZ|n�o ' �q6%qZ%j

2
% � qZ6j

2
6c +D5,

zklfk kdv wkh vdph irup dv htxdwlrq +7, iru htxlwlhv1

Wkh orj sulfh ri dq ?0shulrg qrplqdo erqg/ Rm?c|/ dovr kdv dq d!qh vwuxfwxuh1 Lw lv d

olqhdu frpelqdwlrq ri %| dqg 5| zkrvh frh!flhqwv duh wlph0lqyduldqw/ wkrxjk wkh| ydu| zlwk

wkh pdwxulw| ri wkh erqg1 Dv vkrzq lq htxdwlrq +44, lq wkh sdshu/ �Rm?c| ' �m
? n �m

�c?%| n
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B$2,nzt,where

B$1,n = 1 + φxB
$
1,n−1 =

1− φnx
1− φx

B$2,n = 1 + φzB
$
2,n−1 =

1− φnz
1− φz

A$n − A$n−1 = (1− φx)μxB
$
1,n−1 + (1− φz)μzB

$
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¢2
σ2m (A3)

−1
2
σ2π,

and A$0 = B
$
1,0 = B

$
2,0 = 0.

The excess return on a n-period bond over the one-period log nominal interest rate is

r$n,t+1 − r$1,t+1 = p$n−1,t+1 − p$n,t + p$1,t
= − ¡B$1,n−1 +B$2,n−1βzx¢ (βmx + βπx) σ

2
x − B$2,n−1βπzσ

2
z − (1 + βπm)βzmB

$
2,n−1σ

2
m

−1
2

¡
B$1,n−1 +B

$
2,n−1βzx

¢2
σ2x −

1

2

¡
B$2,n−1

¢2
σ2z −

1

2
β2zm

¡
B$2,n−1

¢2
σ2m

− ¡B$1,n−1 +B$2,n−1βzx¢ εx,t+1 −B$2,n−1βzmεm,t+1 −B$2,n−1εz,t+1. (A4)

The terms in B$2,n−1βzx and B
$
2,n−1βzm arise because shocks to expected inflation are cor-

related with shocks to the expected and unexpected log real SDF. Thus risk premia in the

nominal term structure are different from risk premia in the real term structure because

they include compensation for inflation risk. Like real risk premia, however, nominal risk

premia are constant over time.
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6 Vroxwlrq ri wkh Prgho Zkhq Rqo| Lqgh{hg Erqgv

Duh Dydlodeoh

Rxu jxhvv +59, dqg wkh h{suhvvlrq iru wkh orj h{fhvv uhwxuq rq wkh orqj0whup erqg jlyhq

lq htxdwlrq +;, lpso| wkdw �L�| Eo?c|n�c S|n� � �|n�� ' ��?3�K�j
2
%1 Rxu whup vwuxfwxuh

prgho lpsolhv wkdw ,|do?c|n��o�c|n�o ' ��2
?3�j

2
%*2�q6%�?3�j

2
% dqg V@h|Eo?c|n�� ' �2

?3�j
2
%1

Vxevwlwxwlqj wkhvh h{suhvvlrqv lqwr htxdwlrq +58, lq wkh sdshu zh rewdlq=

k?c| ' k? '
��

��?3�

#
q6% n

�� �

�� �
K�

$
c +D8,

zklfk grhv qrw ghshqg rq wkh ixwxuh sruwirolr dqg frqvxpswlrq fkrlfhv ri wkh lqyhvwru1

Jlyhq wkh rswlpdo sruwirolr uxoh +D8, zh fdq qrz vroyh iru wkh sdudphwhuv Kf dqg K� ri

wkh frqvxpswlrq uxoh1 Wkh h{shfwhg uhwxuq rq wkh zhdowk sruwirolr lv d olqhdu ixqfwlrq ri

wkh vwdwh yduldeoh=

,| doRc|n�o ' Rf n %|c +D9,

zkhuh wkh lqwhufhsw

Rf � �Ek?�?3��Eq6%j
2
%�� Ek?�?3��

2j2%*2� Eq26%j
2
% n j26�*2 +D:,

grhv qrw ydu| zlwk | ru ?1 Wkh frqvxpswlrq lqwhufhsw whup jlyhq lq +54, ehfrphv

�Rc| ' �R � �EE�� ��*E�� ���dK� � E�� ��Ek?�?3��o
2j2%*2c +D;,

zklfk dovr grhv qrw ydu| zlwk | ru ?1

Vxevwlwxwlqj +D9,/ +D:,/ dqg +D;, lqwr htxdwlrq +53, lq wkh sdshu/ zh jhw d olqhdu

h{shfwdwlrqdo gl�huhqfh htxdwlrq iru ES| � �|�/

S| � �| ' 4,| dS|n� ��|n�o n 4 E�� ��%| � 4 dE�� �� Rf � � *L} B � �R n &o c +D<,

iurp zklfk zh fdq lghqwli| wkh frh!flhqwv ri wkh frqvxpswlrq uxoh1
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7 Lpsolfdwlrqv ri frpsohwh pdunhwv

Wklv vhfwlrq suryhv wkh surshuwlhv ri wkh vroxwlrq zkhq pdunhwv duh frpsohwh1

714 Erqg Sruwirolr Uhwxuq

Wkh �uvw surshuw| ri wkh vroxwlrq zlwk frpsohwh pdunhwv uhihuv wr wkh uhwxuq rq wkh erqg

sruwirolr1 Zlwk frpsohwh pdunhwv wkh lqyhvwru fdq frpelqh vkruw0 dqg orqj0whup erqgv vr

wkdw wkh uhwxuq rq khu erqg sruwirolr lv lqghshqghqw ri wkh pdwxulw| ri wkh orqj0whup erqg

wudghg lq wkh pdunhw1 Wkdw lv/ vkh fdq v|qwkhvl}h khu rzq rswlpdo orqj0whup erqg/ zlwk

wkh pdwxulw| rswlpdo iru khu jlyhq khu ulvn suhihuhqfhv1 Wkh uhwxuq rq wkh rswlpdo erqg

sruwirolr lv jlyhq e|

oRc|n� ' �
�
�

2
Ek?�?3��

2 n k?�?3�q6%

�
j2% �

�

2

�
q26%j

2
% n j26

�
n%| � k?�?3�0%c|n�c +D43,

dqg rqo| wkh surgxfw k?�?3� hqwhuv wklv h{suhvvlrq1 Rxu sruwirolr vroxwlrq�vhh htxdwlrq

+5<, lq wkh sdshu�lpsolhv wkdw k?�?3� grhv qrw ghshqg rq ?1

715 Vwrfkdvwlf Glvfrxqw Idfwru +VGI, dqg Lqwhuwhpsrudo Pdujlqdo

Udwh ri Vxevwlwxwlrq +LPUV,

Wkh vhfrqg surshuw| ri wkh vroxwlrq zlwk frpsohwh pdunhwv uhihuv wr wkh frqvlvwhqf| ehwzhhq

wkh VGI dvvxphg iru wkh whup0vwuxfwxuh prgho dqg wkh LPUV ri wkh lqyhvwru lq wkh sruwirolr

fkrlfh prgho1 Li uhdo0lqwhuhvw0udwh yduldwlrq lv wkh rqo| vrxufh ri ulvn/ wkhq pdunhwv duh

frpsohwh zlwk uhvshfw wr doo vrxufhv ri ulvn1 Zh fdq h{soruh wklv fdvh e| vhwwlqj j26 ' f vr

wkdw 06c|n� gursv iurp wkh gh�qlwlrq ri 6|n� lq htxdwlrq +4,1 Lq wklv fdvh wkh VGI lv xqltxh1

Vlqfh wkh LPUV ri dq| lqyhvwru fdq eh xvhg dv d ydolg VGI/ lw iroorzv wkdw doo lqyhvwruv
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pxvw kdyh wkh vdph LPUV zklfk pxvw htxdo wkh VGI zh vshfl�hg h{rjhqrxvo| iru rxu whup

vwuxfwxuh prgho1 Wklv surylghv d fkhfn rq wkh lqwhuqdo frqvlvwhqf| ri rxu vroxwlrq1 Xvlqj

htxdwlrq +47, wr h{suhvv wkh lqyhvwru*v LPUV dv d ixqfwlrq ri frqvxpswlrq jurzwk dqg wkh

sruwirolr uhwxuq/ zh pxvw kdyh

U�-7|n� '

;?
=B

�
�|n�

�|

�3 �

�

<@
>

w

-
3E�3w�
Rc|n� ' �|n�� +D44,

Wdnlqj orjv dqg xvlqj rxu vroxwlrq/ lw lv vwudljkwiruzdug wr vkrz wkdw

*L} EU�-7|n�� ' w *L} B � w

�
{S|n� � E�� w� oRc|n�

' �%| � q6%0%c|n� ' 6|n�c +D45,

zklfk lv wkh uhtxluhg uhvxow1

716 Wkh Fr{0Kxdqj Phwkrg zlwk Uhfxuvlyh Xwlolw|

Wkh wklug surshuw| ri wkh vroxwlrq zlwk frpsohwh pdunhwv uhihuv wr dq dowhuqdwlyh ghulydwlrq

ri wkh vroxwlrq xvlqj d glvfuhwh0wlph yhuvlrq ri wkh Fr{0Kxdqj dssurdfk1 Fr{ dqg Kxdqj

+4<;<, kdyh sursrvhg dq dowhuqdwlyh vroxwlrq phwkrg iru lqwhuwhpsrudo frqvxpswlrq dqg

sruwirolr fkrlfh sureohpv zlwk frpsohwh pdunhwv1 Wkh| zrun lq frqwlqxrxv wlph dqg vkrz

wkdw zlwk frpsohwh pdunhwv/ rswlpdoo| lqyhvwhg zhdowk pxvw vdwlvi| d sduwldo gl�huhqwldo

htxdwlrq +SGH,1 Xqiruwxqdwho| wklv SGH grhv qrw jhqhudoo| kdyh d forvhg0irup vroxwlrq1

Zh qrz vkrz wkdw rxu vroxwlrq phwkrgrorj| lv htxlydohqw wr d glvfuhwh0wlph yhuvlrq ri

wkh Fr{0Kxdqj dssurdfk> rxu orjolqhdu dssur{lpdwlrq doorzv xv wr vroyh wkh glvfuhwh0wlph

htxlydohqw ri wkh Fr{0Kxdqj SGH lq forvhg irup1

Zh vwduw e| gh�qlqj d qhz yduldeoh` W
| ' `|��|�lqyhvwhg zhdowk�dqg qrwh wkdw iurp

wkh exgjhw frqvwudlqw +46,/ wkh sruwirolr uhwxuq htxdov -Rc|n� ' E` W
|n� n �|n��*`

W
| 1 Wkhq

wkh Hxohu htxdwlrq +48, lpsolhv wkdw zlwk uhfxuvlyh xwlolw| wkh rswlpdo lqyhvwhg zhdowk0
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frqvxpswlrq udwlr ` W
| *�| vdwlv�hv

�
` W

|

�|

�w

' ,|

5
7#� n ` W

|n�

�|n�

$w

Bw
�
�|n�

�|

�wE�3 �

� �
6
8 � +D46,

Wkh frqvxphu*v LPUV lv BwE�|n�*�|�
3w*�-w

Rc|n�/ zklfk xqghu frpsohwh pdunhwv pxvw htxdo

wkh VGI �|n�/ vr wkdw

Bw
�
�|n�

�|

�wE�3 �

��
' Bw���3�

|n� -
E�3w�E�3��
Rc|n� c +D47,

dqg zh fdq uhzulwh +D46, dv

�
` W

|

�|
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' ,|

5
7#� n ` W

|n�

�|n�

$w

Bw���3�
|n� -

E�3w�E�3��
Rc|n�

6
8 � +D48,

Wklv qrqolqhdu h{shfwdwlrqdo gl�huhqfh htxdwlrq lv wkh glvfuhwh0wlph htxlydohqw ri wkh Fr{0

Kxdqj SGH1

Htxdwlrq +D48, grhv qrw jhqhudoo| kdyh d forvhg irup vroxwlrq/ vr lw pxvw eh vroyhg

qxphulfdoo| ru xvlqj dq dqdo|wlfdo dssur{lpdwlrq phwkrg1 Zh fdq dsso| wkh vdph dssur{l0

pdwlrq wkdw zh kdyh douhdg| xvhg1 Wdnlqj orjv rq erwk vlghv ri +D48, dqg xvlqj wkh vdph

dssur{lpdwlrq durxqg wkh phdq orj frqvxpswlrq0zhdowk udwlr wkdw zh xvh wr orjolqhdul}h

wkh exgjhw frqvwudlqw5/ zh fdq zulwh +D48, lq orj irup dv

S| ��| ' 4

%
& � � *L} B n ,| ES|n� � �|n���

#
�� �

w

$
,|6|n� +D49,

�E�� w� E�� ��

w
,| oR�|n�

�w

2
V@h|

#
ES|n� ��|n�� n

#
�� �

w

$
6|n� n

E�� w� E�� ��

w
oR�|n�

$&
c

5Wkh dssur{lpdwlrq lv

orj

�
Z �

w

Fw

�
@ orj

�
Zw

Fw

�
4� Fw

Zw

��
@ � +fw � zw, . orj

�
4� Fw

Zw

�

� � +fw �zw, . n .

�
4� 4

�

�
+fw �zw, @ n � 4

�
+fw �zw, >

zkhuh � dqg n kdyh ehhq gh�qhg diwhu htxdwlrq +55,1
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zklfk lv olqhdu1 Lw lv wulyldo wr vkrz wkdw wklv htxdwlrq kdv wkh vdph vroxwlrq wkdw zh ghulyh

lq wkh sdshu xvlqj rxu Hxohu0htxdwlrq phwkrgrorj|1

8 Rq wkh Hfrqrplf Gh�qlwlrq ri wkh Ulvnohvv Dvvhw

Zh qrz vkrz wkdw lq rxu prgho dq lqglylgxdo zkr lv lq�qlwho| ulvn0dyhuvh dqg lq�qlwho|

uhoxfwdqw wr vxevwlwxwh frqvxpswlrq lqwhuwhpsrudoo| fkrrvhv d sruwirolr ri lqgh{hg erqgv

wkdw lv htxlydohqw wr d uhdo shushwxlw|1 Wkdw lv/ li d uhdo shushwxlw| zhuh dydlodeoh/ wkh

sruwirolr zrxog eh ixoo| lqyhvwhg lq wkdw erqg1 Wr vhh wklv/ zh �uvw qrwh wkdw/ iurp htxdwlrqv

+56, dqg +5<,/ wkh lqwhuhvw0udwh vhqvlwlylw| ri wkh rswlpdo sruwirolr iru dq lq�qlwho| ulvn0dyhuvh

lqglylgxdo lv jlyhq e|

*�4
�<"

YoRc|n�
Y"%c|n�

' *�4
�<"

E�k?�?3�� ' � 4

�� 4�%

� +D4:,

D uhdo shushwxlw| sd|v d �{hg frxsrq ri rqh xqlw ri frqvxpswlrq shu shulrg iruhyhu1

Wkh orj frxsrq rq wkh erqg lv wkhuhiruh _Sc| ' f ;|1 Fdpsehoo/ Or dqg PdfNlqod| +4<<:/

s1 73;,/ iroorzlqj Vkloohu +4<:<,/ vkrz wkdw d orj0olqhdu dssur{lpdwlrq wr wkh orj |lhog rq d

uhdo shushwxlw| lv

+Sc| � E�� 4S� ,|

"[
�'f

4�SoSc|n�n�c +D4;,

zkhuh +Sc| lv wkh orj |lhog rq wkh uhdo shushwxlw|/ oSc|n� lv wkh orj uhwxuq rq wkh shushwxlw|/

dqg 4S lv d orj0olqhdul}dwlrq frqvwdqw gh�qhg dv 4S � �� i Ti,E�RSc|�j/ zkhuh RSc| lv wkh orj
�fxp0glylghqg� sulfh ri wkh shushwxlw| lqfoxglqj lwv fxuuhqw frxsrq16

Wkh uhwxuq rq wkh uhdo shushwxlw| pxvw yhuli| wkh sulflqj uhodwlrq � ' ,|d�|n�-Sc|n�o1

6Fdpsehoo/ Or/ dqg PdfNlqod| jlyh dq dowhuqdwlyh gh�qlwlrq ri �f lq uhodwlrq wr wkh �h{0glylghqg� sulfh ri

wkh frqvro h{foxglqj lwv fxuuhqw frxsrq1 Wklv lv pruh qdwxudo lq d erqg sulflqj frqwh{w/ exw ohvv frqyhqlhqw

khuh ehfdxvh wkh irup ri wkh exgjhw frqvwudlqw +vhh htxdwlrq ^46` lq wkh sdshu, lpsolhv wkdw zh duh phdvxulqj

zhdowk lqfoxvlyh ri fxuuhqw frqvxpswlrq/ wkdw lv/ rq d �fxp0glylghqg� edvlv1

:



Dvvxplqj wkdw -Sc|n� lv orjqrupdoo| glvwulexwhg/ zh pxvw kdyh wkdw

,| doSc|n�o ' %| � �

2
V@h| E6|n��� �

2
V@h| EoSc|n�� n �L�| E6|n�c oSc|n��

' %| n /2
S c +D4<,

zkhuh /2
S lv d srvlwlyh frqvwdqw1 Htxdwlrqv +D4;, dqg +D4<, lpso| wkdw

+Sc| � /2
S n

#
�� �� 4S

�� 4S�%

$
>% n

#
�� 4S
�� 4S�%

$
%|� +D53,

Exw Fdpsehoo/ Or dqg PdfNlqod| +4<<:/ s1 73;/ ht1 431414<, dovr vkrz wkdw

oSc|n� �
#

�

�� 4S

$
+Sc| �

#
4S

�� 4S

$
+Sc|n� +D54,

' /2
S n

#
4S

�� 4S�%

$
E�� �%�>% n

#
�

�� 4S�%

$
%| �

#
4S

�� 4S�%

$
%|n�c

zklfk lq wxuq lpsolhv wkdw wkh lqwhuhvw0udwh vhqvlwlylw| ri d uhdo shushwxlw| lv jlyhq e|

YoSc|n�
Y"%c|n�

' � 4S
�� 4S�%

� +D55,

Htxdwlrqv +D4:, dqg +D55, gl�hu rqo| e| wkh orj0olqhdul}dwlrq frqvwdqwv 4 dqg 4S1 Wkhvh

wzr frqvwdqwv duh wkh vdph iru dq lqglylgxdo zkr lv lq�qlwho| uhoxfwdqw wr vxevwlwxwh frq0

vxpswlrq lqwhuwhpsrudoo| +� ' f,1 Vxfk dq lqglylgxdo frqvxphv wkh dqqxlw| ydoxh ri zhdowk/

wkh frqvxpswlrq vwuhdp wkdw fdq eh vxvwdlqhg lqgh�qlwho| e| wkh lqlwldo ohyho ri zhdowk1 Exw

wkh dqqxlw| ydoxh ri d uhdo shushwxlw| lv mxvw lwv glylghqg ri rqh1 Wkxv iru wklv lqyhvwru

�*` ' �*�S/ zklfk lpsolhv ,dS � �o ' ,d�RSo/ dqg wkxv/ iurp wkh gh�qlwlrqv ri wkh orj0
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9 Rswlpdo Uxohv lq wkh Pxowlyduldwh Fdvh

Zh qrz ghulyh wkh rswlpdo uxohv zkhq wkhuh duh htxlwlhv dv zhoo dv orqj0whup qrplqdo dqg

lqgh{hg erqgv dydlodeoh wr wkh lqyhvwru1 Iru vlpsolflw|/ zh dvvxph wkdw wkhuh lv rqo| rqh erqg
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ri hdfk fodvv dydlodeoh wr wkh lqyhvwru1 Iru uhdolvp/ zh dovr dvvxph wkdw wkh rqh0shulrg erqg

lv qrplqdo1 Dv lq wkh fdvh zkhuh wkhuh duh rqo| wzr lqgh{hg erqgv dydlodeoh/ wkh lqyhvwru
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rqo| gl�huhqfh iurp wkh fdvh zlwk wzr lqgh{hg erqgv lv lq wkh qxpehu dqg fodvvhv ri dvvhwv

wkdw hqwhu -Rc|n�1

914 Orj Uhdo Sruwirolr Uhwxuq
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915 Orj Hxohu Htxdwlrqv

91514 Orj Hxohu htxdwlrqv iru lqglylgxdo dvvhwv
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Wklv lv d pdwul{ ri frqvwdqwv jlyhq rxu dvvxpswlrqv rq wkh whup vwuxfwxuh ri lqwhuhvw udwhv1

91515 Orj Hxohu htxdwlrq iru frqvxpswlrq jurzwk

Wkh orj Hxohu htxdwlrq iru wkh uhwxuq rq wkh zhdowk sruwirolr lv jlyhq e|=
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916 Rswlpdo Uxohv

Qrwh wkdw +D5;, lv uhfxuvlyh lq qdwxuh ehfdxvh lw ghshqgv rq ixwxuh sruwirolr frqvxpswlrq

ghflvlrqv wkurxjk wkh fryduldqfh ri wkh dvvhw uhwxuq zlwk qh{w shulrg*v orj frqvxpswlrq0

zhdowk udwlr +vhh ^D5:`,1 D frpsohwh vroxwlrq wr wkh prgho uhtxluhv ghulylqj frqvxpswlrq
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dqg sruwirolr uxohv wkdw ghshqg rqo| frqwhpsrudqhrxvo| rq wkh vwdwh yduldeohv1 Zh gr wklv

e| jxhvvlqj wkh irup ri wkh rswlpdo frqvxpswlrq uxoh dqg vkrzlqj wkdw wklv jxhvv yhul�hv

wkh orj Hxohu htxdwlrqv1 Lw wxuqv rxw wkdw lq wkh prgho zlwk qrplqdo erqgv/ wkh jxhvv wkdw

vroyhv wkh prgho lv wkh vdph dv lq wkh rqo|0lqgh{hg0erqgv fdvh1 Wkdw lv/ wkh rswlpdo orj

frqvxpswlrq0zhdowk udwlr lv olqhdu lq %| dqg lw grhv qrw ghshqg rq h{shfwhg lq dwlrq 5|=
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lqwhufhsw ri wkh orj Hxohu htxdwlrq iru frqvxpswlrq jurzwk +D63, lv dovr wlph0lqyduldqw=
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htxdwlqj wklv h{suhvvlrq wr wkh uljkw kdqg vlgh ri +D64,/ zh fdq lghqwli| Kf dqg K�/ zkrvh

h{suhvvlrqv duh vlplodu wr htxdwlrqv +5:, dqg +5;, lq wkh sdshu1
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�p 31598: 313<6; 31488: 317436

�} 313346 313334 313349 313335

�� 313396 313337 313393 31334:

orj0oln1 5917874 591<599

qr1 rev1 4:< 88

H^u4>w.4` 4178( 6133(

H^u'4>w.4` 8183( 9173(

�+u4>w.4, 4134( 6167(

�+u'4>w.4, 44145( 6155(

H^�w.4` 61:<( 6175(

�w+�w.4, 416:( 4165(



WDEOH D7

Vdpsoh dqg Lpsolhg Prphqwv ri wkh Whup Vwuxfwxuh

+Edvhg rq SFH gdwd,

Prphqw 4<851L 0 4<<91LLL 4<;61L 0 4<<91LLL

4 |u1 6 |u1 43 |u1 4 |u1 6 |u1 43 |u1

D= Qrplqdo Whup Vwuxfwxuh

+4, H^u'q>w.4 � u'4>w.4` . �5+u'q>w.4 � u'4>w.4,@5 vdpsoh 316<: 31984 31<48 31:39 51444 819:8

lpsolhg 31869 4156; 41<33 3149< 31:49 51796

+V1H1, +3159<, +31984, +413;<, +31844, +514;<, +:195<,

+5, �+u'q>w.4 � u'4>w.4, vdpsoh 41948 71948 441698 41468 71553 451945
lpsolhg 41964 717;6 441879 4165: 71:46 4815;3

+V1H1, +313::, +31584, +31:44, +31633, +41564, +71445,

+6, VU' @ +4,@+5, vdpsoh 31579 31474 313;3 31955 31833 31783
lpsolhg 3165< 315:9 31498 3145: 31485 31494

+V1H1, +3149<, +31479, +313<5, +31735, +317;<, +31858,

+7, H^|'q>w.4 � |'4>w.4` vdpsoh 31773 31;35 414;8 3185: 4159: 5139:

lpsolhg 315;5 31:44 41455 313:; 31635 31;76

+V1H1, +31474, +316;<, +31:7;, +3157<, +41385, +71378,

+8, �+|'q>w.4 � |'4>w.4, vdpsoh 31555 3173< 31946 314:: 31674 31878

lpsolhg 314;5 317;: 31;4< 31478 316;7 31:<4

+V1H1, +31343, +3135:, +31383, +31355, +3137:, +31447,

+9, �+|'q�4>w.4 � |'q>w.4, vdpsoh 3184; 31745 315;; 316:3 316:< 31655

lpsolhg 3187: 31743 315<: 31778 31763 316<5

+V1H1, +31359, +31356, +3134;, +313<<, +31444, +31438,

E= Uhdo Whup Vwuxfwxuh

+:, H^uq>w.4 � u4>w.4` . �5+uq>w.4 � u4>w.4,@5 lpsolhg 3179< 413:3 41684 31588 31;<3 5198;

+V1H1, +31575, +31884, +319<8, +31;3;, +51;48, +;16;<,

+;, �+uq>w.4 � u4>w.4, lpsolhg 4163; 51<;8 61::3 418;4 81844 491797

+V1H1, +313:9, +314<7, +315;:, +3169;, +415<;, +71468,

+<, VU @ +:,@+;, lpsolhg 3168; 3168; 3168; 31494 31494 31494

+V1H1, +314<6, +314<6, +314<6, +31866, +31866, +31866,

+43, H^|q>w.4 � |4>w.4` lpsolhg 31575 31968 4137< 31456 31733 31<56

+V1H1, +3145:, +3166<, +3189;, +3173:, +41785, +719;7,

+44, �+|q>w.4 � |4>w.4, lpsolhg 314;5 317;9 31;48 31397 31559 31:49

+V1H1, +31343, +3135:, +3137;, +3134:, +31393, +314:<,

+45, �+|q�4>w.4 � |q>w.4, lpsolhg 31773 315:8 313<< 3185; 31834 31756

+V1H1, +31358, +3134;, +3133:, +31456, +3144;, +31439,

F= Htxlwlhv

+46, H^uh>w.4 � +u'4>w.4 � �w.4,` vdpsoh 91<43 ;1:6;

.�5+uh>w.4 � +u'4>w.4 � �w.4,,@5 lpsolhg ;1;:< 8143;

+V1H1, +614::, +441;<:,

+47, �+uh>w.4 � +u'4>w.4 � �w.4,, vdpsoh 481<4: 471979

lpsolhg 481;<8 471:4<

+V1H1, +31:4;, +41735,

+48, VU @ +46,@+47, vdpsoh 31767 318<:
lpsolhg 3188< 3167:

+V1H1, +314;:, +31;53,



WDEOH D8

Rswlpdo Shufhqwdjh Doorfdwlrq wr q0Shulrg Erqg

�q � 433

Prgho U1U1D1 H1L1V1 H1L1V1

421:8 4133 425 428 4243 428333 421:8 4133 425 428 4243 428333

31:8 45;8 45;9 45;: 45;; 45;< 45;<
4 <;; <;; <;; <;; <;; <;;

Lqgh{hg 5 874 874 873 873 86< 86<
Rqo| 8 5:5 5:5 5:5 5:5 5:5 5:5

43 4;5 4;6 4;6 4;7 4;7 4;7
8333 <6 <7 <8 <8 <8 <9

31:8 4<6 4<6 4<6 4<6 4<6 4<6
4 47: 47: 47: 47: 47: 47:

Qrplqdo 5 :; :; :; :; :; :;
Rqo| 8 6: 6: 6: 6: 6: 6:

43 56 56 56 56 56 57
8333 . < 0 0 0 0

31:8 ;74 ;74 ;75 ;75 ;75 ;76 43; 43; 43; 43; 43; 43;
Lqgh{hg 4 987 987 987 987 987 987 ;4 ;4 ;4 ;4 ;4 ;4
dqg 5 6:8 6:7 6:7 6:7 6:7 6:7 73 73 73 73 73 73

Qrplqdo 8 539 539 53: 53: 53: 53: 49 49 49 49 49 49
43 483 483 484 484 484 485 ; ; ; ; ; ;

8333 <7 <8 <9 <9 <9 <9 3 3 3 3 3 3

31:8 5933 5935 5939 593; 593< 593< 0:77 0:77 0:78 0:79 0:79 0:79
Erwk 4 4<<; 4<<; 4<<; 4<<; 4<<; 4<<; 08:5 08:5 08:5 08:5 08:5 08:5

Qrplqdo 5 43<5 43<4 43;< 43;; 43;; 43;; 0648 0648 0647 0647 0647 0647
+6/43|, 8 87: 87: 87: 879 879 879 0493 0493 0493 0493 0493 0493

43 698 698 699 699 69: 69: 043; 043< 043< 043< 043< 043<
8333 . 4;7 0 0 0 0 . 08: 0 0 0 0
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WDEOH D9

Shufhqwdjh Khgjlqj Ghpdqg Ryhu Wrwdo Ghpdqg

�q>khgjlqj+�> #,@�q+�> #, @ ^4� �q+4> #,@ +��q+�> #,,`� 433

Prgho U1U1D1 H1L1V1 H1L1V1

421:8 4133 425 428 4243 428333 421:8 4133 425 428 4243 428333

31:8 0518 0517 0516 0515 0515 0515
4 313 313 313 313 313 313

Lqgh{hg 5 ;1: ;19 ;18 ;18 ;17 ;17
Rqo| 8 5:17 5:17 5:18 5:18 5:18 5:18

43 781< 7913 7914 7915 7916 7916
8333 <<1; <<1; <<1; <<1; <<1; <<1;

31:8 0419 0419 0419 0419 0419 0419
4 313 313 313 313 313 313

Qrplqdo 5 81; 81< 913 913 914 914
Rqo| 8 4<1: 4<1< 5317 531: 531: 531;

43 6817 681< 691: 6:15 6:16 6:18
8333 . <<1: 0 0 0 0

31:8 061; 061: 0619 0619 0619 0619 314 314 315 315 315 315
Lqgh{hg 4 313 313 313 313 313 313 313 313 313 313 313 313
dqg 5 4519 4519 4519 4519 4518 4518 0318 0318 0318 0319 0319 0319

Qrplqdo 8 6918 6919 691: 691; 691; 691; 0515 0514 041< 041; 041; 041;
43 8917 8918 891: 891; 891; 891; 0815 071; 0715 061< 061; 061:

8333 <<1< <<1< <<1< <<1< <<1< <<1< 43619 43714 43813 4381: 43913 43916

31:8 0518 0517 0515 0514 0514 0514 051: 0519 0517 0516 0516 0516
Erwk 4 313 313 313 313 313 313 313 313 313 313 313 313

Qrplqdo 5 ;18 ;17 ;16 ;15 ;15 ;15 <15 <14 ;1< ;1< ;1; ;1;
+6/43|, 8 591< 591< 591< 591< 591< 591< 5;18 5;18 5;18 5;18 5;18 5;18

43 7815 7816 7817 7818 7818 7818 7:15 7:16 7:17 7:18 7:18 7:18
8333 . <<1; 0 0 0 0 . <<1; 0 0 0 0
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WDEOH D:

Shufhqwdjh Phdq Rswlpdo Frqvxpswlrq0Zhdowk Udwlr

dqg Shufhqwdjh Yrodwlolw| ri Frqvxpswlrq Jurzwk

H^Fw@Zw`� 433 � +�fw.4 �Hw ^�fw.4`,� 433

Prgho U1U1D1 H1L1V1 H1L1V1

421:8 4133 425 428 4243 428333 421:8 4133 425 428 4243 428333

31:8 3178 31<; 41:: 5157 5173 5188 571<7 57168 56188 56144 551<9 551;6
4 3194 31<; 4186 41;9 41<: 513; 4<164 4;1:4 4:1;8 4:16; 4:155 4:13:

Lqgh{hg 5 31;7 31<; 414: 415< 4166 416: 431;7 43157 <168 ;1;6 ;199 ;17<
Rqo| 8 31<< 31<; 31<9 31<8 31<8 31<8 81:7 8149 715: 61:7 6189 616<

43 4136 31<; 31;< 31;7 31;5 31;4 7137 6179 518; 5138 41;: 419<
8333 413; 31<; 31;5 31:6 31:3 319: 5167 41:: 31<3 3169 314; 3133

31:8 4133 31<; 31<7 31<5 31<4 31<3 441:6 44178 4413; 431;; 431;5 431:9
4 4137 31<; 31;; 31;6 31;4 31:< <13; ;1;3 ;177 ;159 ;153 ;148

Qrplqdo 5 413< 31<; 31;3 319< 3198 3195 8146 71;7 7185 7173 716: 7168
Rqo| 8 4147 31<; 31:6 318; 3186 317; 51;3 5183 515: 5163 5167 516<

43 414; 31<; 319: 317< 3176 3169 5139 41:9 4195 41:: 41;9 41<:
8333 . 31<; 0 0 0 0 . 413< 0 0 0 0

31:8 31:4 31<; 416; 4195 41:3 41:< 4<187 4;1<; 4;153 4:1:8 4:193 4:179
Lqgh{hg 4 31;3 31<; 4157 4173 4178 4183 48155 47198 461;7 4616: 46155 46139
dqg 5 31<7 31<; 4136 4139 413: 413< ;1:6 ;14: :166 91;6 919: 9184

Qrplqdo 8 4135 31<; 31<4 31;9 31;8 31;7 71;9 715< 6177 51<6 51:9 5193
43 4138 31<; 31;9 31;3 31:; 31:8 618< 6135 5149 4197 417: 4163

8333 4143 31<; 31;4 31:4 319; 3198 5169 41:< 31<4 316; 3153 3136

31:8 316< 31<; 41;8 516; 5188 51:6 5818; 571<< 5714< 561:9 56195 5617<
Erwk 4 3189 31<; 4193 41<: 5143 5155 4<1;3 4<14< 4;167 4:1;: 4:1:5 4:18:

Qrplqdo 5 31;4 31<; 4155 416: 4175 417: 44143 43183 <195 <143 ;1<6 ;1:9
+6/43|, 8 31<9 31<; 4133 4134 4134 4135 81;< 8163 7176 61<3 61:6 6189

43 4135 31<; 31<5 31;; 31;: 31;9 7149 618< 51:6 5155 5138 41;<
8333 . 31<; 0 0 0 0 . 41<5 0 0 0 0

�L|iG R � � �?_�U@|it |�@| |�i hiU�ht�L? uLh 4 UL?�ih}i_ |L 4 ' � uLh |�iti T@h@4i|ih �@*�it @?_ Rn�

uLh |�i U@ti ��ihi 4 UL?�ih}i_ |L @ ?i}@|��i �@*�i�



WDEOH D;

Rswlpdo Shufhqwdjh Doorfdwlrq wr q0Shulrg Erqg

Xqghu Eruurzlqj dqg Vkruw0Vdoh Frqvwudlqwv

�q � 433

Prgho U1U1D1 H1L1V1 H1L1V1

421:8 4133 425 428 4243 428333 421:8 4133 425 428 4243 428333

31:8 433 433 433 433 433 433
4 433 433 433 433 433 433

Lqgh{hg 5 433 433 433 433 433 433
Rqo| 8 433 433 433 433 433 433

43 433 433 433 433 433 433
8333 <6 <7 <8 <8 <8 <9

31:8 433 433 433 433 433 433
4 433 433 433 433 433 433

Qrplqdo 5 :; :; :; :; :; :;
Rqo| 8 6: 6: 6: 6: 6: 6:

43 56 56 56 56 56 57
8333 . < 0 0 0 0

31:8 4 4 4 4 4 4 << << << << << <<
Lqgh{hg 4 59 59 59 59 59 59 :7 :7 :7 :7 :7 :7
dqg 5 96 96 96 96 96 96 6: 6: 6: 6: 6: 6:

Qrplqdo 8 ;8 ;8 ;8 ;8 ;8 ;8 47 48 48 48 48 48
43 <6 <6 <6 <6 <6 <6 : : : : : :

8333 <7 <8 <9 <9 <9 <9 3 3 3 3 3 3

31:8 3 3 3 3 3 3 433 433 433 433 433 433
Erwk 4 64 64 64 64 64 64 9< 9< 9< 9< 9< 9<

Qrplqdo 5 ;: ;: ;: ;: ;: ;: 46 46 46 46 46 46
+6/43|, 8 433 433 433 433 433 433 3 3 3 3 3 3

43 433 433 433 433 433 433 3 3 3 3 3 3
8333 . 7; 0 0 0 0 . 3 0 0 0 0
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WDEOH D<

Shufhqwdjh Phdq Ydoxh Ixqfwlrq

H^Yw`� 433

Xqfrqvwudlqhg Frqvwudlqhg

Prgho U1U1D1 H1L1V1 H1L1V1

421:8 4133 425 428 4243 428333 421:8 4133 425 428 4243 428333

31:8 43134 71<6 614< 51:9 5198 5188 31:6 31:5 31:3 319< 319< 319;
4 713: 6136 516< 514; 5146 513; 31:6 31:5 31:3 319< 319< 319;

Lqgh{hg 5 4184 4179 4174 416; 416; 416: 31:6 31:5 31:3 319< 319< 319;
Rqo| 8 31<8 31<8 31<8 31<8 31<8 31<8 31:6 31:5 31:3 319< 319< 319;

43 31;5 31;5 31;4 31;4 31;4 31;4 31:6 31:5 31:3 319< 319< 319;
8333 31:5 31:4 319< 319; 319: 319: 31:5 31:4 319< 319; 319: 319:

31:8 31<3 31<5 31<3 31<3 31<3 31<3 31;4 31;4 31;3 31;3 31:< 31:<
4 31;4 31;4 31;3 31;3 31:< 31:< 31:; 31:; 31:: 31:9 31:9 31:8

Qrplqdo 5 319< 3199 3198 3196 3196 3195 319< 3199 3198 3196 3196 3195
Rqo| 8 3194 318; 3187 3184 317< 317; 3194 318; 3187 3184 317< 317;

43 3189 3187 3179 3174 316< 3169 3189 3187 3179 3174 316< 3169
8333 . 3133 0 0 0 0 . 3133 0 0 0 0

31:8 518: 5156 41<8 41;7 41;4 41:< 31;4 31;4 31;3 31;3 31:< 31:<
Lqgh{hg 4 41:; 419; 418; 4186 4185 4183 31:< 31:< 31:; 31:: 31:: 31:9
dqg 5 4143 413< 413< 413< 413< 413< 31:9 31:8 31:7 31:6 31:6 31:5

Qrplqdo 8 31;8 31;8 31;7 31;7 31;7 31;7 31:7 31:6 31:5 31:4 31:3 31:3
43 31:; 31:; 31:: 31:9 31:9 31:8 31:7 31:6 31:4 31:3 319< 319<

8333 319; 319; 319: 3199 3198 3198 319; 319; 319: 3199 3198 3198

31:8 48153 81;< 6185 51<: 51;7 51:6 31;4 31;4 31;3 31;3 31:< 31:<
Erwk 4 8158 6186 5196 5168 515; 5155 31:< 31:; 31:: 31:: 31:9 31:9

Qrplqdo 5 41:5 4196 4187 417< 417; 417: 31:8 31:7 31:6 31:5 31:5 31:4
+6/43|, 8 4135 4135 4135 4135 4135 4135 31:5 3199 319; 319: 3199 3199

43 31;9 31;9 31;9 31;9 31;9 31;9 3199 3188 3194 318< 318; 318:
8333 . 3133 0 0 0 0 . 3133 0 0 0 0
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WDEOH D43

Rswlpdo Shufhqwdjh Doorfdwlrq wr Htxlwlhv

dqg wr q0Shulrg Erqg

�� 433

Htxlwlhv q0Shulrg Erqg

Prgho U1U1D1 H1L1V1 H1L1V1

+D, Xqfrqvwudlqhg

421:8 4133 425 428 4243 428333 421:8 4133 425 428 4243 428333

31:8 0 776 776 776 776 776 0 43;5 43;; 43<4 43<4 43<5
4 0 665 665 665 665 665 0 ;68 ;68 ;68 ;68 ;68

Lqgh{hg 5 499 499 499 499 499 499 79: 797 794 78< 78; 78;
Rqo| 8 99 99 99 99 99 99 576 575 573 56< 56< 56;

43 66 66 66 66 66 66 49; 49; 49: 49: 49: 499
8333 3 3 3 3 3 3 <6 <7 <8 <8 <8 <9

31:8 0 7:3 7:3 7:3 7:3 7:3 0 58 58 59 59 59
4 0 685 685 685 685 685 0 54 54 54 54 54

Qrplqdo 5 4:8 4:8 4:8 4:8 4:8 4:8 49 48 48 48 48 48
Rqo| 8 9< 9< 9< 9< 9< 9< 45 45 45 45 45 45

43 66 66 66 66 66 66 44 44 44 44 44 44
8333 . 05 0 0 0 0 . 43 0 0 0 0

+E, Frqvwudlqhg

421:8 4133 425 428 4243 428333 421:8 4133 425 428 4243 428333

31:8 433 433 433 433 433 433 3 3 3 3 3 3
4 433 433 433 433 433 433 3 3 3 3 3 3

Lqgh{hg 5 433 433 433 433 433 433 3 3 3 3 3 3
Rqo| 8 93 93 93 93 93 93 73 73 73 73 73 73

43 63 63 63 63 63 63 :3 :3 :3 :3 :3 :3
8333 3 3 3 3 3 3 <6 <7 <8 <8 <8 <9

31:8 433 433 433 433 433 433 3 3 3 3 3 3
4 433 433 433 433 433 433 3 3 3 3 3 3

Qrplqdo 5 433 433 433 433 433 433 3 3 3 3 3 3
Rqo| 8 9< 9< 9< 9< 9< 9< 45 45 45 45 45 45

43 66 66 66 66 66 66 44 44 44 44 44 44
8333 . 3 0 0 0 0 . 43 0 0 0 0
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WDEOH D44

Rswlpdo Shufhqwdjh Doorfdwlrq wr Htxlwlhv

dqg wr q0Shulrg Erqg

Vdpsoh Shulrg= 4<;604<<9

�� 433

Htxlwlhv q0Shulrg Erqg

Prgho U1U1D1 H1L1V1 H1L1V1

+D, Xqfrqvwudlqhg

421:8 4133 425 428 4243 428333 421:8 4133 425 428 4243 428333

31:8 595 595 595 595 595 595 0; 04 8 ; < 43
4 4<9 4<9 4<9 4<9 4<9 4<9 54 54 54 54 54 54

Lqgh{hg 5 <; <; <; <; <; <; 8: 87 83 7; 7: 7:
Rqo| 8 6< 6< 6< 6< 6< 6< :9 :7 :5 :3 9< 9<

43 53 53 53 53 53 53 ;5 ;4 :< :< :; :;
8333 3 3 3 3 3 3 ;: ;; ;; ;; ;; ;;

31:8 58< 58< 58< 58< 58< 58< 09 4 : 43 44 45
4 4<8 4<8 4<8 4<8 4<8 4<8 57 57 57 57 57 57

Qrplqdo 5 << << << << << << 94 8; 86 84 83 83
Rqo| 8 74 74 74 74 74 74 ;3 :; :9 :7 :6 :6

43 55 55 55 55 55 55 ;9 ;8 ;7 ;7 ;7 ;6
8333 . 6 0 0 0 0 . <5 0 0 0 0

+E, Frqvwudlqhg

421:8 4133 425 428 4243 428333 421:8 4133 425 428 4243 428333

31:8 433 433 433 433 433 433 3 3 3 3 3 3
4 <7 <7 <7 <7 <7 <7 9 9 9 9 9 9

Lqgh{hg 5 84 86 88 8: 8: 8; 7< 7: 78 76 76 75
Rqo| 8 59 5; 63 65 65 65 :7 :5 :3 9< 9; 9;

43 4; 4< 53 53 53 53 ;5 ;4 :< :< :; :;
8333 3 3 3 3 3 3 ;: ;; ;; ;; ;; ;;

31:8 433 433 433 433 433 433 3 3 3 3 3 3
4 <9 <9 <9 <9 <9 <9 7 7 7 7 7 7

Qrplqdo 5 83 85 87 89 89 8: 83 7; 79 77 77 76
Rqo| 8 57 58 5: 5; 5; 5< :9 :8 :6 :5 :5 :4

43 49 49 4: 4: 4: 4: ;7 ;7 ;6 ;6 ;6 ;6
8333 . 6 0 0 0 0 . <5 0 0 0 0

�L|iG R � � �?_�U@|it |�@| |�i hiU�ht�L? uLh 4 UL?�ih}i_ |L 4 ' � @?_ Rn� |�@| �| UL?�ih}i_ |L @ ?i}@|��i

�@*�i�




