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Abstract:  
This paper considers a sticky price model with a cash- in-advance constraint where agents 
forecast inflation rates with the help of econometric models. Agents use least squares learning 
to estimate two competing models of which one is consistent with rational expectations once 
learning is complete. When past performance governs the choice of forecast model, agents 
may prefer to use the inconsistent forecast model, which generates an equilibrium where 
forecasts are inefficient. While average output and inflation result the same as under rational 
expectations, higher moments differ substantially: output and inflation show persistence, 
inflation responds sluggishly to nominal disturbances, and the dynamic correlations of output 
and inflation match U.S. data surprisingly well. 
 
 
 
JEL Classification:  E31, E32, E37 

Keywords: Learning, Business Cycles, Rational Expectations, Inefficient Forecasts, 
Output and Inflation Persistence 



� W?|hL_�U|�L?

�?i L? |�i 4@�? LM�iU|��it Lu 4@UhLiUL?L4�U 4L_i*�?} �t |L �?_iht|@?_ |�i �L�?| Mi�@��Lh

Lu @}}hi}@|i L�|T�| @?_ �?�@|�L? @| |�i M�t�?itt U)U*i uhi^�i?U)� OL�i�ihc 4L_i*t ��|�

LT|�4�3�?} @}i?|t @?_ ?L4�?@* h�}�_�|�itc �Lh!�Lhtit Lu U�hhi?| 4@UhLiUL?L4�Utc �@�i t�M�

t|@?|�@* _��U�*|�it �? U@T|�h�?} tL4i Lu |�i !i) ThLTih|�it Lu N�5� L�|T�| @?_ �?�@|�L? _@|@�

W? T@h|�U�*@hc |�i Tiht�t|i?Ui �? �?�@|�L? h@|it @?_ |�i hi@U|�L? Lu L�|T�| @?_ �?�@|�L? |L

?L4�?@* _�t|�hM@?Uit |�h? L�| |L Mi h@|�ih _��U�*| |L 4@|U�c tii ��@h� i| @*� E2fff� @?_

�i*tL? E�bbH���

5�?Ui t|@?_@h_ 4L_i*t �4TLti h@|�L?@* i TiU|@|�L?tc _i��@|�L?t Lu i TiU|@|�L?t uhL4

TihuiU| h@|�L?@*�|) @hi @*�@)t @4L?} |�i �t�@* t�tTiU|t Lu |�i ThLM*i4� +LMih|t E�bb.�c uLh

i @4T*ic hi�?|ihThi|�?} |�i 4L_i* Lu 6��hih @?_ �LLhi E�bbD� @t @ t|�U!) Th�Ui 4L_i* t�L�t

|�@| ML�?_i_*) h@|�L?@* �?�@|�L? uLhiU@t|t }i?ih@|i i4T�h�U@**) T*@�t�M*i �?�@|�L? Mi�@��Lh�

5�4�*@h hit�*|t �@�i Mii? hiTLh|i_ M) �@** E2fff� ��L t�L�i_ |�@| �?|hL_�U�?} �ht|�Lh_ih

@�|Lhi}hitt��i �?�@|�L? i TiU|@|�L?t t�}?��U@?|*) �4ThL�it |�i i4T�h�U@* TihuLh4@?Ui Lu L|��

ih��ti t|@?_@h_ t|�U!) Th�Ui 4L_i*t�2

�| |�i t@4i |�4i t�h�i)t L? �?�@|�L? i TiU|@|�L?t t�}}it| |�@| h@|�L?@* i TiU|@|�L?t �?

|�i t|h�U| ti?ti @hi �?*�!i*) |L �L*_( tii �hL�t�Lhi E�bbSc �bbH� uLh @? L�ih��i� @?_ 6h�i_4@?

E�bHf� uLh @? i@h*) t|�_)� �*|�L�}� uLhiU@t|t �@�i Mii? uL�?_ |L Mi *@h}i*) �?M�@ti_ |�ihi

�t U*i@h i��_i?Ui |�@| i�i? ThLuitt�L?@* uLhiU@t|iht _L ?L| 4@!i i�U�i?| �ti Lu @** @�@�*@M*i

_@|@ @t h@|�L?@* i TiU|@|�L?t �L�*_ �4T*)�

#itT�|i Mi�?} i4T�h�U@**) t�UUittu�*c 4L_i*t Lu L�|T�| @?_ �?�@|�L? �t�?} �4TihuiU|*)

h@|�L?@* i TiU|@|�L?t _L ?L| ThL��_i 4�UhL�uL�?_@|�L?t uLh ��) @}i?|t 4�}�| �L*_ t�U�

4Pruh olplwhg dssurdfkhv wkdw gr qrw prgho rxwsxw dqg lq�dwlrq mrlqwo| vxfk dv Jdo�l dqg Jhuwohu +4<<<,

dqg Jdo�l/ Jhuwohu/ dqg Orsh} +5334, �qg wkdw/ frqglwlrqdo rq rxwsxw g|qdplfv/ vwlfn| sulfh prghov fdq

h{sodlq lq�dwlrq g|qdplfv1
5Jdol dqg Jhuwohu +4<<<, uhsruw wkdw qrq0udwlrqdolwlhv zrxog eh txdqwlwdwlyho| qhjoljleoh1 Djdlq wklv krogv

rqo| frqglwlrqdo rq wkh revhuyhg rxwsxw g|qdplfv1

�



i TiU|@|�L?t�
�

A��tc ��i? @t!�?} TL*�U) ^�it|�L?t t�U� 4L_i*t 4@) _i*��ih 4�t*i@_�?}

Thi_�U|�L?t t�?Ui |�i) @hi t�M�iU| |L |�i w�U@t Uh�|�^�i� A��t ti�ihi*) *�4�|t |�i�h �tiu�*?itt�

A��t T@Tih Thiti?|t @ 4�UhL�uL�?_@|�L? uLh ��) @}i?|t 4�}�| �L*_ �?i�U�i?| i TiU|@�

|�L?t |�@| �t M@ti_ L? @}i?|t ��L @_@T|��i*) *i@h? |L uLhiU@t| u�|�hi �?�@|�L? h@|it� A�i

T@Tih t�L�t |�@| t�U� @}i?|t 4@) *i@h? |L 4@!i �?i�U�i?| uLhiU@t|t �? |�i *L?}�h�? @?_

�**�t|h@|it |�@| |�i hit�*|�?} i^��*�Mh�@ U@? @UUL�?| uLh !i) ui@|�hit Lu N�5� L�|T�| @?_ �?�

�@|�L? _)?@4�Ut� B��i? |�i 4�UhL�uL�?_@|�L?t uLh |�i i TiU|@|�L?t uLh4@|�L? ThLUitt |�i

4L_i* �t ?L| t�M�iU| |L |�i w�U@t Uh�|�^�i @?_ U@? @*tL Mi �ti_ |L @__hitt TL*�U) ^�it|�L?t�
e

A�i T@Tih �tit @ t�4T*i 4L_i* Lu 4L?LTL*�t|�U UL4Ti|�|�L? ��|� Th�Uit Thiti| uLh L?i

Tih�L_ ��ihi @}i?|t �L*_ 4L?i) _�i |L @ U@t���?�@_�@?Ui UL?t|h@�?|� A�i L?*) _i��@|�L?

uhL4 @ h@|�L?@* i TiU|@|�L?t @TThL@U� UL?t�t|t Lu �4TLt�?} |�@| @}i?|t U@? U�LLti Mi|�ii?

i�|�ih Lu |�L uLhiU@t|�?} 4L_i*t |L Thi_�U| u�|�hi �?�@|�L? h@|it @?_ |�@| |�i) 4�t| *i@h?

|�i T@h@4i|iht Lu |�i uLhiU@t| u�?U|�L?t�

�*|�L�}� |�i hit|h�U|�L? |L |�L uLhiU@t| 4L_i*t �t Uh�U�@* uLh |�i T@h|�U�*@h hit�*|t

|�@| uL**L� E_i|@�*i_ ��t|��U@|�L?t uLh �| @hi _i�i*LTi_ �? |�i T@Tih�c |�i }i?ih@* 4iU�@?�t4

�?_ih*)�?} |�i hit�*|t �t u@�h*) }i?ih@* @?_ ?L| tTiU��U |L |�i T@h|�U�*@h ti|�T Lu |��t T@Tih�

�LhiL�ihc |�i hit|h�U|�L? L? |�i uLhiU@t| 4L_i*t �t t�U� |�@| L?i Lu |�i uLhiU@t| 4L_i*t

U@? ULhhitTL?_ |L @ h@|�L?@* i TiU|@|�L?t i^��*�Mh��4 L?Ui *i@h?�?} �t UL4T*i|i� A��tc |�i

hit|h�U|�L? �|ti*u _Lit ?L| ThiU*�_i |�@| @}i?|t @U^��hi h@|�L?@* i TiU|@|�L?t� W4TLh|@?|*)c

�L�i�ihc |�i tiUL?_ @�@�*@M*i uLhiU@t| 4L_i* �t �?UL?t�t|i?| ��|� h@|�L?@* i TiU|@|�L?t @?_

_i*��iht 4�ttTiU��i_ uLhiU@t|t uLh @?) T@h@4i|ih�3@|�L?� �i�ih|�i*ittc W �?_ |�@| |�ihi @hi

t�|�@|�L?t ��ihi @}i?|t Thiuih |L �ti t�U� @ uLhiU@t|�?} 4L_i*�

A�i iUL?L4�U �?|��|�L? �?_ih*)�?} |��t �?_�?} �t t�4T*i M�| }i?ih@* @?_ |�i 4L_i*

�? |��t T@Tih ThL��_it ��t| @ 4�?�4@* i @4T*i ��ihi �| �t @| �Lh!� 6�}�hi � �**�t|h@|it |�i

6Wkh wkhruhwlfdo olwhudwxuh ghdolqj zlwk ohvv0wkdq0udwlrqdo h{shfwdwlrqv zloo eh glvfxvvhg ehorz1

7Gxh wr vsdfh frqvwudlqwv wklv lv qrw ghdow zlwk lq wklv sdshu1

2



M 

M2 

ALM(M2) 

M1= 
ALM(M1) 

6�}�hi �G ,4ih}i?Ui Lu �*|ih?@|��i ,^��*�Mh�@ �? |�i �hiti?Ui Lu 6LhiU@t|�?} �L?t|h@�?|t

�?|��|�L? �? @ t*�}�|*) t�4T*��i_ �@)�D A�i ti|� _i?L|it @ hit|h�U|�L? L? |�i U*@tt Lu uLhiU@t|

4L_i*tc ���U� �4T*�it |�@| @}i?|t U@? i4T*L) L?*) |�L uLhiU@t| 4L_i*tc ?@4i*) �� @?_

�2� `��*i |�i �ti Lu�� �?_�Uit @? @U|�@* *@� Lu 4L|�L? E�u� � uLh |�i uLhiU@t|i_ �@h�@M*i

|�@| h@|�L?@*�3it |�i �ti Lu ��c ��i� �| }i?ih@|it @ h@|�L?@* i TiU|@|�L?t i^��*�Mh��4c �ti Lu

�2 }i?ih@|it @? @U|�@* *@� Lu 4L|�L? uLh |�i �@h�@M*i Lu �?|ihit| |�@| *�it L�|t�_i |�i U*@tt Lu

uLhiU@t|�?} tU�i4it UL?t�_ihi_ M) @}i?|t� �t @ hit�*|c @** UL?t�_ihi_ uLhiU@t|�?} tU�i4it ��**

Mi 4�ttTiU��i_� �L_i* �2 4@) |�i? }��i @ Mi||ih @TThL �4@|�L? |L |�i �u� �| }i?ih@|it

|�@? ��c @t �**�t|h@|i_ �? �}�hi ��

A��tc �? |�i Thiti?Ui Lu uLhiU@t|�?} hit|h�U|�L?t �?i�U�i?| i^��*�Mh��4 i TiU|@|�L?t U@?

i4ih}i ��i?i�ih |�i U*@tt Lu UL?t�_ihi_ uLhiU@t| 4L_i* �t *@U!�?} @ U*Lti_?itt ThLTih|) t�U�

|�@| �ti Lu tL4i uLhiU@t| 4L_i* UL4T*�U@|it |�i @U|�@* *@� Lu 4L|�L? �? @ �@) |�@| ?L?i Lu

|�i UL?t�_ihi_ uLhiU@t| 4L_i*t i?UL4T@ttit �| @?)4Lhi�S W? |�i hit�*|�?} i^��*�Mh�@ @}i?|t<

uLhiU@t|�?} tU�i4it @hi t|�** h@|�L?@*c }��i? |�i uLhiU@t|�?} UL?t|h@�?|tc M�| i TiU|@|�L?t @hi

�?i�U�i?| MiU@�ti |�i) _L ?L| 4@!i �ti Lu @** @�@�*@M*i �?uLh4@|�L?�

8Wkh �jxuh devwudfwv iurp wkh sureohp ri wkh sdudphwhul}dwlrq ri iruhfdvw prghov1
9Htxloleuld zlwk lqh�flhqw h{shfwdwlrqv h{lvw dowkrxjk doo djhqwv frqvlghu wkh vdph fodvv ri iruhfdvw

prghov1 Vxfk htxloleuld pljkw eh hyhq pruh olnho| zkhq gl�huhqw djhqwv frqvlghu gl�huhqw fodvvhv/ d olqh ri

uhvhdufk wkdw vwloo kdv wr eh h{soruhg1

�



B��i? |�i 4�*|�T*�U�|) Lu i^��*�Mh�@c |�i T@Tih @_@T|t @ *i@h?�?} @TThL@U� |L tii ��i|�ih

|�iti i^��*�Mh�@ @hi t|@M*i ��|� @_@T|��i*) *i@h?�?} uLhiU@t|iht� �}i?|t @hi @tt�4i_ |L �ti

*i@t| t^�@hit *i@h?�?} |L �| |�i uLhiU@t| 4L_i*t |L |�i _@|@ @?_ |L U�LLti @4L?} |�i 4L_i*t

@UULh_�?} |L T@t| TihuLh4@?Ui �? |ih4t Lu |�i�h 4i@? t^�@hi_ uLhiU@t| ihhLht� �L_i* ti*iU|�L?

M@ti_ L? 4i@? t^�@hi_ ihhLht �t @||h@U|��i uhL4 @? iUL?L4�U ��i�TL�?| MiU@�ti �| hiThiti?|t

@ ^�@_h@|�U @TThL �4@|�L? |L |�i ULhhiU| �|�*�|) M@ti_ U�L�Ui U�|ih�L?�

W| �t t�L�? |�@| i�U�i?| @?_ �?i�U�i?| i TiU|@|�L?t i^��*�Mh�@ @hi i^�@**) *i@h?@M*i M)

t�U� @}i?|t�. A��tc �?i�U�i?| i TiU|@|�L?t i^��*�Mh�@ @*tL UL?t|�|�|i @ T*@�t�M*i L�|UL4i Lu

@ hi@tL?@M*) }i?ih@* *i@h?�?} ThLUitt�

`��*i |�i �_i@ Lu @**L��?} U�L�Ui �? @ *�4�|i_ U*@tt Lu uLhiU@t| 4L_i*t �@t Mii? _i�i*LTi_

MiuLhic |��t �@t ?L| Mii? _L?i �? @ M�t�?itt U)U*i UL?|i |� �Lt| U*Lti*) hi*@|i_ �t ,�@?t @?_

OL?!@TL��@ E�bb�� ��L UL?t�_ih @? L�ih*@TT�?} }i?ih@|�L?t 4L_i* ��ihi @}i?|t U@? U�LLti

Mi|�ii? uLhiU@t|�?} h�*it ��|� _�gihi?| EUL?t|@?|� }@�? T@h@4i|ihtc ���U� U@? }i?ih@|i

i?_L}i?L�t U)U*it� OL�i�ihc UL?t|@?| }@�? Thi_�U|Lht @hi 4�ttTiU��i_ Thi_�U|Lht uLh |�i�h

4L_i* @t |�i) ��** ?i�ih _i*��ih h@|�L?@* i TiU|@|�L?t ��i? @}i?|t �ti |�i4 |L uLhiU@t|�H

�*tLc �hLU! @?_ OL44it E�bb.� UL?t�_ih @ ULM�iM 4L_i* ��ihi @}i?|t U�LLti Mi|�ii?

h@|�L?@* @?_ ?@��i Thi_�U|Lht @?_ t�L� |�@| U)U*�U@* Lh i�i? U�@L|�U Mi�@��Lh 4@) i4ih}i�

vi|c ��i? @** Thi_�U|Lht @hi i^�@**) ULt|*) Lh ��i? |�i �?�?�|i T@t| �t hi*i�@?| uLh |�i

Thi_�U|Lh U�L�Uic @t �? |��t T@Tihc |�i? |�i h@|�L?@* i TiU|@|�L?t i^��*�Mh��4 hi4@�?t |�i

�?�^�i L�|UL4i� ,�@?t @?_ +@4i) E�bb2� UL?t�_ih @ 4L_i* ��ihi @}i?|t U@? i?}@}i �?

ULt|*) i TiU|@|�L? hi��t�L?t @?_ t�L� |�@| |��t 4@) }��i h�ti |L *L?} h�? ?L?�?i�|h@*�|)

@?_ �)t|ihit�t igiU|t ��ihi @}i?|t �L*_ ?L?�h@|�L?@* i TiU|@|�L?t� �}@�?c �? |�i @Mti?Ui Lu

U@*U�*@|�L? ULt|t h@|�L?@* i TiU|@|�L?t hi4@�? |�i �?�^�i L�|UL4i�

�*tL |�i *i@h?�?} @TThL@U� �@t h@hi*) Mii? |@!i? |L 4@UhLiUL?L4�U _@|@ @t |�i i �t|�?}

*�|ih@|�hi hi4@�?t *@h}i*) |�iLhi|�U@*� , UiT|�L?t @hi |�i i@h*) �)Tih�?�@|�L? t|�_) M) �@}@?

:Vrph ri wkh udwlrqdo h{shfwdwlrqv htxloleuld wxuq rxw qrw wr eh ohduqdeoh/ wkrxjk1
;Lq prghov zkhuh djhqwv uhfhlyh qrlv| vljqdov derxw d udqgrp zdon/ frqvwdqw jdlq suhglfwruv uhsurgxfh

d Ndopdq �owhu hvwlpdwh dqg wkhuhe| fdq gholyhu udwlrqdo h{shfwdwlrqv1

e



E�bDS�c |�i T@Tih M) �@hUi| @?_ ��UL*�?� E�bbS�c ��L @?@*)3i �)Tih�?�@|�L?t �? 5L�|�

�4ih�U@ �? @ 4L_i* U*Lti*) hi*@|i_ |L |�i L?i �? |��t T@Tihc @?_ 5@h}i?| E�bbb� ��L i T*@�?t

|�i ��t|Lh) Lu �4ih�U@? �?�@|�L? ��|� TL*�U) 4@!iht ��L *i@h? @ML�| |�i ���**�Tt U�h�i |h@_i�

Lg� +iUi?| @TT*�U@|�L?t Lu *i@h?�?} 4L_i*t |L �?@?U�@* 4@h!i|t �?U*�_i A�44ih4@?? E�bb��c

k@t@ E2ff2�c @?_ �Ltt@ih|t E2ff2�� 6�h|�ih @TT*�U@|�L?t Lu *i@h?�?} 4L_i*t |L �?@?U�@*

4@h!i|t @?_ 4@UhLiUL?L4�Ut U@? Mi uL�?_ �? |�i UL**iU|�L? �?|hL_�Ui_ M) �h�uL��U @?_

��**@h_ E2ff���

W? |�i i^��*�Mh��4 ��ihi i TiU|@|�L?t @hi �?i�U�i?| ���|i ?L�ti _i4@?_ t�LU!t @hi

@M*i |L }i?ih@|i @4T*i Tiht�t|i?Ui @?_ t*�}}�t�?itt �? |�i |�4i tih�it� W? T@h|�U�*@hc L�|T�|

@?_ �?�@|�L? t�L� Tiht�t|i?| _i��@|�L?t uhL4 t|i@_) t|@|ic �?�@|�L? hitTL?_t t*�}}�t�*) |L

L�|T�| _i��@|�L?tc �?�@|�L? �t @? �?_�U@|Lh Lu u�|�hi L�|T�| *Lttitc @?_ hi@* �@}it |i?_ |L

*@} L�ih |�i L�|T�| U)U*i�

A�iti ui@|�hit @hi @** t�@hi_ M) N�5� _@|@ M�| _L ?L| t�L� �T ��i? @}i?|t �@�i h@|�L?@*

i TiU|@|�L?t� W? |�i h@|�L?@* i TiU|@|�L?t i^��*�Mh��4 L�|T�| @?_ �?�@|�L? @hi ��t| ���|i

?L�ti @?_ hi@* �@}it @hi u�**) ThL�U)U*�U@*� �LhiL�ihc @** |�iti ui@|�hit @h�ti @t *L?}�h�?

T�i?L4i?@ @?_ ?L| L?*) @*L?} @? @_��t|4i?| T@|� _�h�?} ���U� *i@h?�?} �t |@!�?} T*@Uic

ThL��_i_ |�i uLhiU@t|�?} UL?t|h@�?|t hi4@�? �? T*@Ui�

��|T�| _i��@|�L?t @hi Tiht�t|i?| @?_ �?�@|�L? hi@U|t t*�}}�t�*) MiU@�ti Th�Ui ti||�?}

�h4t �?�|�@**) �?_ihhi@U| |L _i4@?_ t�LU!t� `�i? i TiU|@|�L?t @hi �?i�U�i?| �h4t UL?_�|�L?

|�i�h �?�@|�L? uLhiU@t|t L? |�i U�hhi?| �?�@|�L? h@|ic ���U� �t Thi_i|ih4�?i_ _�i |L @ Th�Ui

t|�U!�?itt Lu L?i Tih�L_� �L?ti^�i?|*)c |�i�h �?�@|�L? i TiU|@|�L?t _L ?L| �44i_�@|i*) T�U!

�T �? hitTL?ti |L @ _i4@?_ t�LU! @?_ �?�@|�L? �t �?�|�@**) L?*) _h��i? M) �?Uhi@ti_ ULt|

i TiU|@|�L?t� `�i? ULt|t @hi hi@U|�?} �i@!*) |L _i4@?_ t�LU!tc �?�@|�L? ��** �?Uhi@ti L?*)

t*�}�|*) @?_ U@�ti |�i _i4@?_ t�LU! |L Tiht�t| �?|L |�i uL**L��?} Tih�L_� �?Ui �?�@|�L?

�?Uhi@titc �?�@|�L? i TiU|@|�L?t T�U! �T @?_ t|@h| |L _h��i �?�@|�L?� W?_ii_c �?�@|�L? @?_

�?�@|�L? i TiU|@|�L?t ��** L�ihhi@U| @?_ |�ihiM) U@�ti @ U)U*�U@* _L�?|�h? �? u�|�hi Tih�L_t�

A�i T@Tih �t Lh}@?�3i_ @t uL**L�t� 5iU|�L? 2 Thiti?|t �4TLh|@?| ui@|�hit Lu N�5� L�|T�|

D



@?_ �?�@|�L? |�@| M�t�?itt U)U*i 4L_i*t t�L�*_ 4@|U�� A�i 4L_i* �t �?|hL_�Ui_ �? tiU|�L?

� @?_ �|t h@|�L?@* i TiU|@|�L?t tL*�|�L?t @hi L�|*�?i_ �? tiU|�L? e� 5iU|�L? D �?|hL_�Uit

*i@h?�?} @}i?|t ��|� uLhiU@t|�?} UL?t|h@�?|t� �L?_�|�L?t �?_ih ���U� t�U� @}i?|t 4�}�|

@U^��hi i�U�i?| @?_ �?i�U�i?| i TiU|@|�L?t @hi _i|ih4�?i_ �? tiU|�L? S ���U� @*tL UL4T@hit

|�i �4T*�i_ i^��*�Mh��4 _)?@4�Ut ��|� ui@|�hit Lu N�5� _@|@ Thiti?|i_ �? tiU|�L? 2� 5iU|�L?

. |�i? Lgiht @ _�tU�tt�L? Lu |�i _i}hii Lu uLhiU@t| h@|�L?@*�|) @?_ Lu |�i }i?ih@*�|) Lu |�i

4iU�@?�t4 �**�t|h@|i_ �? �}�hi � @ML�i� 6�?@**)c tiU|�L? H }��it @ Mh�iu L�|*LL! L? �Lh! |�@|

*�it @�i@_� AiU�?�U@* _i|@�*t U@? Mi uL�?_ �? |�i @TTi?_� �

2 N�5� ��|T�| @?_ W?�@|�L?G A�i 6@U|t

A��t tiU|�L? Thiti?|t !i) ui@|�hit Lu |�i Mi�@��Lh Lu N�5� L�|T�| @?_ �?�@|�L? |�@| M�t�?itt

U)U*i 4L_i*t t�L�*_ U@T|�hi�

A�i t�Mti^�i?| @?@*)t�t �t M@ti_ L? *L} ^�@h|ih*) N�5� B�� _@|@ E?L| ti@tL?@**)

@_��t|i_c uhL4 "�G�bDb |L "�G�bbb� @| UL?t|@?| @?_ U�hhi?| Th�Uit ��|� ^�@h|ih*) �?�@|�L?

_i�?i_ @t |�i �4T*�U�| B���_i�@|Lh @?_ |h@?tuLh4i_ �?|L )i@h*) h@|it� �t �? 5|LU! @?_

@̀|tL? E�bbb� M�t�?itt U)U*i UL4TL?i?|t �@�i Mii? LM|@�?i_ M) �t�?} @ M@?_�T@tt �*|ih L?

*L}�L�|T�| @?_ �?�@|�L?�
b
A�i �*|ihi_ tih�it @hi t�L�? �? �}�hi 2�

�f

6�}�hi � _iT�U|t |�i @�|L� @?_ UhLttULhhi*@|�L?t uLh @ *i?}|� Lu 2e ^�@h|iht� #i|hi?_i_

L�|T�| @?_ �?�@|�L? @hi TLt�|��i*) @�|LULhhi*@|i_ uLh t�Lh| *@} *i?}|�tc ���U� t�L�t |�@|

|�ihi �t UL?t�_ih@M*i Tiht�t|i?Ui �? |�iti �@h�@M*it�
��

�L|� @�|LULhhi*@|�L?t |�h? ?i}@|��i

@u|ih @ML�| D ^�@h|iht ��|� |�i 4�?�4�4 @| @hL�?_ �f ^�@h|iht� A��tc @ML�i @�ih@}i L�|T�|

E�?�@|�L?� |i?_t |L Mi uL**L�i_ M) Mi*L� @�ih@}i L�|T�| E�?�@|�L?� U�hU@ �
�

e
|L e )i@ht _L�?

<Wkh �owhu wdnhv rxw �xfwxdwlrqv zlwk d iuhtxhqf| ehorz 5 dqg deryh 65 txduwhuv wr jhw ulg ri vhdvrqdo

dqg wuhqg frpsrqhqwv1 Ilowhulqj zlwk 7065 txduwhuv gholyhuv wkh vdph uhvxowv1

43Xvlqj d KS0�owhu zlwk d vprrwklqj sdudphwhu ri 4933 ohdgv wr yhu| vlplodu uhvxowv1
44Shuvlvwhqfh pljkw hyhq eh vrphzkdw xqghuvwdwhg vlqfh wkh vhulhv kdyh ehhq ghwuhqghg doorzlqj iru d

wlph0ydu|lqj wuhqg frpsrqhqw1

S



|�i hL@_ ��|� |�i 4@ �4�4 igiU| @u|ih U�hU@ 2�

2
)i@ht� A�iti �?_�?}t @hi UL?t�t|i?| ��|�

|�i L?it hiTLh|i_ M) 5|LU! @?_ @̀|tL? E�bbb��

A�i *L�ih�*iu| }h@T� �? �}�hi � hi�i@*t |�@| �?�@|�L? �t TLt�|��i*) ULhhi*@|i_ ��|� *@}}i_

L�|T�| uLh |�i �ht| �f ^�@h|ihtc ��|� |�i 4@ �4�4 ULhhi*@|�L? @| D ^�@h|iht� A��t t�}}it|t

|�@| �?�@|�L? hitTL?_t t*�}}�t�*) |L L�|T�| _i��@|�L?t� �LhhitTL?_�?}*)c |�i �TTih�h�}�|

}h@T� t�L�t |�@| L�|T�| �t ?i}@|��i*) ULhhi*@|i_ ��|� *@}}i_ �?�@|�L? uLh ^�@h|iht 2 |L �2c

��|� |�i 4@ �4�4 igiU| @| @hL�?_ S ^�@h|ihtG �?�@|�L? �t @? �?_�U@|Lh Lu u�|�hi L�|T�|

*Lttit� A@)*Lh E�bbb� �@t U@**i_ |�iti ui@|�hit |�i <hi�ihti _)?@4�U UhLtt ULhhi*@|�L?< Lu

L�|T�| @?_ �?�@|�L?�

"�@*�|@|��i*) t�4�*@h hit�*|t @t |�i L?it _iT�U|i_ �? �}�hi � �@�i Mii? hiTLh|i_ M)

6��hih @?_ �LLhi E�bbD� ��L it|�4@|i_ @�|LULhhi*@|�L? u�?U|�L?t uLh L�|T�| @?_ �?�@|�L?

�t�?} @ V�+ |�@| �?U*�_i_ @ t�Lh| |ih4 �?|ihit| h@|i��2

`��*i @? @?@*)t�t Lu |�i _)?@4�U ULhhi*@|�L?t �t �?uLh4@|��i @ML�| |�i UL�4L�i4i?|t

Thiti?| �? |�i _@|@c �| hi4@�?t �?�?uLh4@|��i @ML�| |�i U@�tit �?_ih*)�?} |�iti 4L�i4i?|t�

W4T�*ti hitTL?ti u�?U|�L?t ThL��_i @?t�iht @ML�| TL|i?|�@* U@�t@* *�?!t M�| hi^��hi �?_i?�

|�u)�?} @tt�4T|�L?t�

6�}�hi e _iT�U|t |�i �4T�*ti hitTL?ti |L @ ?L4�?@* _i4@?_ t�LU! LM|@�?i_ uhL4 �||�?}

@ �iU|Lh @�|Lhi}hitt�L? EV�+� ��|� 2 *@}t |L )i@h*) _@|@��� W_i?|��U@|�L? Lu |�i _i4@?_

t�LU! �t M@ti_ L? |�i 4L_i* �ti_ *@|ih �? |��t T@Tih ���U� @tt�4it |�@| Th�Uit @hi Thiti|�

�hiti| Th�Uit �4T*) |�@| Th�Uit U@??L| hi@U| |L _i4@?_ t�LU! ��|��? |�i t@4i Tih�L_ @?_

|�ihiM) �_i?|�u) |�i t�LU!� A�i �_i?|��U@|�L? @tt�4T|�L? tii4t ��t|��i_ L? |�i }hL�?_t |�@|

|�i Mi?U�4@h! hit�*|t �? ��h�t|�@?Lc ,�U�i?M@�4c @?_ ,�@?t E�bbb� �?_�U@|i |�@| |�i B#�

45Ixkuhu dqg Prruh xvhg olqhduo| ghwuhqghg qrq0idup exvlqhvv rxwsxw dqg ohdyh wkh lq�dwlrq udwh xqgh0

wuhqghg1 Wkhvh ihdwxuhv pljkw gulyh wkhlu �qglqj ri vrphzkdw pruh shuvlvwhqw rxwsxw dqg lq�dwlrq1
46\hduo| gdwd zdv rewdlqhg e| fdofxodwlqj dyhudjhv ri wkh txduwhuo| ydoxhv ri hdfk fdohqgdu |hdu1 Lpsxovh

uhvsrqvhv iru |hduo| gdwd idflolwdwh wkh frpsdulvrq zlwk wkh wkhruhwlfdo prgho lq wkh uhpdlqlqj sduw ri wkh

sdshu1 Ghwdlov ri wkh hvwlpdwlrq dqg wkh lpsxovh uhvsrqvhv iru d YDU zlwk 4 odj fdq eh irxqg lq dsshqgl{

<141

.



_i�@|Lh hi@U|t L?*) @u|ih @ML�| S ^�@h|iht |L @ 4L?i|@h) TL*�U) t�LU! ���*i L�|T�| hi@U|t

�i** ��|��? |�i �ht| e ^�@h|iht�

6�}�hi e t�L�t |�i �4T�*ti hitTL?ti uLh @ TLt�|��i _i4@?_ t�LU! Lu @ 4@}?�|�_i Lu

L?i t|@?_@h_ _i��@|�L?� ��|T�| hi4@�?t @ML�| f�� t|@?_@h_ _i��@|�L?t @ML�i @�ih@}i �? |�i

)i@h @u|ih |�i t�LU!c �**�t|h@|�?} |�@| |�ihi �t UL?t�_ih@M*i L�|T�| Tiht�t|i?Ui� W?�@|�L? �?�

Uhi@tit M) f�e t|@?_@h_ _i��@|�L?t �? ML|� )i@ht @u|ih |�i t�LU! ���U� �?_�U@|it UL?t�_ih@M*i

t*�}}�t�?itt �? |�i Th�Ui hitTL?ti�

W? t�44@h)c |�i ThiUi_�?} @?@*)t�t t�}}it|t |�@| M�t�?itt U)U*i 4L_i*t t�L�*_ 4@|U�

|�i uL**L��?} ui@|�hitG _i4@?_ t�LU!t t�L�*_ }i?ih@|i @ Tiht�t|i?| �?Uhi@ti �? L�|T�| @?_ @

t*�}}�t� @?_ Tiht�t|i?| �?Uhi@ti �? �?�@|�L?� �LhiL�ihc �?�@|�L? t�L�*_ _�tT*@) Tiht�t|i?Ui

@?_ t�L�*_ Mi uL**L�i_ M) @ Tiht�t|i?| _iUhi@ti �? u�|�hi L�|T�|�

A�i t�4T*i 4L_i* _�tU�tti_ �? |�i hi4@�?�?} T@h| Lu |��t T@Tih U@? hiT*�U@|i @** Lu

|�iti u@U|t �t�?} ���|i ?L�ti ?L4�?@* _i4@?_ _�t|�hM@?Uit @t _h���?} uLhUit�

� � 5�4T*i ��t�?itt �)U*i �L_i*

A��t tiU|�L? L�|*�?it @ ��}�*) t|)*�3i_ M�t�?itt U)U*i 4L_i* ��|� �|�*�|) 4@ �4�3�?} UL?�

t�4ihtc ThL�| 4@ �4�3�?} i?|hiThi?i�htc @?_ @ }L�ih?4i?| |�@| �?@?Uit i Ti?_�|�hi t�LU!t

|�hL�}� ti�}?Lh@}i�

A�ihi @hi |�L _i��@|�L?t uhL4 @ uh�U|�L?*itt i?��hL?4i?|c ���U� �?t�hi |�@| @}i?|t �L*_

4L?i) �? i^��*�Mh��4 @?_ }�@h@?|ii |�@| 4L?i|@h) TL*�U) �@t hi@* igiU|t �?_ih h@|�L?@*

i TiU|@|�L?t� 6�ht|*)c �h4t 4�t| UL44�| |L Th�Uit L?i Tih�L_ �? @_�@?Uic �L�i�ih U@? hiti|

|�i4 i@U� Tih�L_� 5iUL?_*)c UL?t�4T|�L? �t t�M�iU| |L @ U@t���?�@_�@?Ui UL?t|h@�?| uLhU�?}

@}i?|t |L �ti 4L?i) |L �?@?Ui U�hhi?| UL?t�4T|�L?�

A�ihi �t @ �?�| 4@tt Lu i?|hiThi?i�ht ��L L�? 4L?LTL*�t|�U@**) UL4Ti|�|��i �h4t�

,@U� i?|hiThi?i�h � ThL_�Uit @? �?|ih4i_�@|i UL?t�4T|�L? }LL_ ^� |�@| �t @? �4TihuiU|

H



t�Mt|�|�|i �? |�i UL?t|h�U|�L? Lu @? @}}hi}@|i UL?t�4T|�L? }LL_ SG

S '

3
EC
]

�Mdfc�o

�
^
�
��3j

4
FD

�

�3j

��|� � : j � f

��ihi j �?_i it |�i _i}hii Lu �4TihuiU| UL4Ti|�|�L? E#� �| @?_ 5|�}*�|3 E�b..��� A��t ti|�T

}��it h�ti UL?t|@?| i*@t|�U�|) _i4@?_ u�?U|�L?t @?_ �4T*�it |�@| i@U� i?|hiThi?i�h � 4@ ��

4�3it i TiU|i_ ThL�|t M) U�LLt�?} �|t Th�Ui �
�
| @t @ � i_ 4@h!��T L�ih i TiU|i_ ThL_�U|�L?

ULt|tG

�
�
| '

�

� � j
.|3�d�|�|o

A�i Thi��L�t i^�@|�L? @tt�4it |�@| |�i ThL_�U|�L? |iU�?L*L}) �t *�?i@h �? *@MLh t�U� |�@|

?L4�?@* 4@h}�?@* ULt|t @hi }��i? M) |�i ThL_�U| Lu |�i Th�Ui �?_i Lu |�i �?@* UL?t�4T|�L?

}LL_ �| @?_ |�i hi@* �@}i �|�

#���_�?} |�i Thi��L�t i^�@|�L? M) �|3� @?_ @tt�4�?} |�@| i?|hiThi?i�ht �@�i �_i?|�U@*

i TiU|@|�L?t _i*��iht

�| '
�

� � j
.|3�d�|�|o E��

��ihi �| '
�|

�|3�

�t |�i �?�@|�L? u@U|Lh uhL4 Tih�L_ |� � |L Tih�L_ |�
�e

`�|� @ �?�| 4@tt Lu �Lh!ihtc i@U� �Lh!ih � U�LLtit UL?t�4T|�L? S
�
| @?_ *@MLh t�TT*)

?
�
| |L 4@ �4�3iG

4@ 
tS

�

|
c?

�

|
�
.|

S
"
|'f q

|
�
�ES

�
|�� �E?

�
|�

�
t�|�

S
�
| �

6
�

|3�

�|

6
�
| '

6
�

|3�

�|

� S
�
| n ?

�
|�|

��ihi6
�
| _i?L|it |�i �Lh!ih<t hi@* 4L?i) �L*_�?}t @| |�i i?_ Lu Tih�L_ |� A�i �ht| UL?t|h@�?|

uLhUit �Lh!iht |L �ti U@t� |L T@) uLh UL?t�4T|�L? }LL_t E��|� *i�t�hi Mi�?} |�i Uhi_�| }LL_�

47Qrwh wkdw �w lv sduw ri wkh w� 4 lqirupdwlrq vhw w�4 lq htxloleulxp1 \hw/ rxw ri htxloleulxp wklv lv qrw

wkh fdvh1 Vlqfh wkh sdshu lv frqfhuqhg zlwk glvhtxloleulxp ohduqlqj g|qdplfv/ �w lv sduw ri w1

b



���*i |�i tiUL?_ UL?t|h@�?| �t |�i �Lh!iht< �L� M�_}i| UL?t|h@�?|�
�D

`�i? �c � 5 �
2
c �

�
: fc �

��
	 fc �

�
: fc �

��
� fc �

�
��ES�uS

�
�
ES�

	 � uLh @** S � fc @?_ |�i

U@t���?�@_�@?Ui UL?t|h@�?| �t M�?_�?}c �|�*�|) 4@ �4�3@|�L? �4T*�it @ *@MLh t�TT*) u�?U|�L?

Lu |�i uLh4G

?| ' ?E�|c .|d�|n�o�

W?�ih|�?} |��t *@MLh t�TT*) u�?U|�L? ��|� hitTiU| |L |�i �ht| @h}�4i?| @?_ �4TLt�?} 4@h!i|

U*i@h�?} _i*��iht |�i i^��*�Mh��4 hi@* �@}i �? |�i iUL?L4)G
�S

�
|
' �E+

|
c .

|
d�

|n�o� ��|�
Y�

Y+
: fc

Y�

Y.
|
d�

|n�o
: f E2�

B��i? |�i tTiU��i_ �|�*�|) u�?U|�L?tc |�i i^��*�Mh��4 hi@* �@}i �?Uhi@tit �? |�i _i4@?_ uLh

*@MLh @?_ �? |�i i TiU|i_ �?�@|�L? |@ �
�.

W| �t @tt�4i_ |�@| |�i }L�ih?4i?| �?@?Uit hi@* i Ti?_�|�hi t�LU!t �
|
|�hL�}� ti�}?Lh@}i�

�H

A��t U@�tit hi@* 4L?i) M@*@?Uit |L i�L*�i @UULh_�?} |L

6
|
'

6|3�

�|

n �
|

A�i _i4@?_ t�LU!t �| @hi @tt�4i_ |L Mi ���|i ?L�ti @?_ @hi |�i L?*) tL�hUi Lu h@?_L4?itt

�? |�i 4L_i*� `�i? Th�Uit @hi Thiti| @?_ |�i U@t���?�@_�@?Ui UL?t|h@�?| �t M�?_�?}c L�|T�|

48Sur�wv gr qrw vkrz xs lq wkh zrunhuv* exgjhw frqvwudlqw ehfdxvh wkhvh duh frqvxphg e| hqwuhsuhqhxuv1

Wklv vlpsoli|lqj dvvxpswlrq dyrlgv ghshqghqfh ri zrunhuv* oderu vxsso| ixqfwlrq rq h{shfwhg sur�wv dqg

vlpsol�hv wkh dqdo|vlv ri wkh ohduqlqj vhwxs1

49Lq htxloleulxp djjuhjdwh rxwsxw |w lv htxdo wr djjuhjdwh oderu vxsso| qw jlyhq wkh surgxfwlrq ixqfwlrq1
4:Jlyhq wkdw wkhuh lv qr uroh iru wkh lqwud0shulrg ulvn dyhuvlrq lq wkh suhvhqw sdshu/ wkh frqglwlrq rq

wkh uhodwlyh ulvn dyhuvlrq wkdw jxdudqwhhv wkh vljqv ri wkh ghulydwlyhv vkrxog eh lqwhusuhwhg lq whupv ri wkh

hodvwlflw| ri lqwhuwhpsrudo vxevwlwxwlrq1 Wklv frxog eh vhhq dv d vkruw0fxw iru dq Hsvwhlq0]lq xwlolw| ixqfwlrq1
4;Jryhuqphqw vshqglqj lv hlwkhu zdvwhixo ru jhqhudwhv xwlolw| wkdw lv vhshudeoh iurp wkdw ri sulydwh frq0

vxpswlrq dqg ohlvxuh vxfk wkdw sulydwh vhfwru ghflvlrqv uhpdlq xqd�hfwhg1 Vwulfwo| vshdnlqj/ wklv lpsolhv

wkdw wkhuh lv qr glvwlqfwlrq ehwzhhq prqhwdu| dqg �vfdo srolf|1 Krzhyhu/ uhglvwulexwlrq ri wkh vhljqrudjh lq

wkh irup ri oxps vxp wudqvihuv zrxog qrw pdnh dq| gl�huhqfh iru wkh uhvxowv dv orqj dv wkh fdvk0lq0dgydqfh

frqvwudlqw lv vx�flhqwo| elqglqj1 Wkxv/ vkrfnv frxog dovr eh lqwhusuhwhg dv prqhwdu| srolf| vkrfnv1

�f



�t _i4@?_ _i|ih4�?i_ �? |�i t�Lh| h�? @?_ |�i Thi��L�t i^�@|�L? �t @ tTiU��U@|�L? Lu |�i

_i4@?_ t�_i Lu |�i iUL?L4)��b A��t �4T*�it |�@| L�|T�| U@? Mi �h�||i? @t

+| '
+|3�

�|

n �| E��

Nt�?} E��c E2�c @?_ E�� L?i LM|@�?t |�i |i4TLh@h) i^��*�Mh��4 i^�@|�L?t |�@| _itUh�Mi

U�hhi?| L�|T�| @?_ �?�@|�L? @t @ u�?U|�L? Lu T@t| L�|T�| @?_ i TiU|@|�L?t @ML�| u�|�hi

�?�@|�L? h@|itG

�| '
�

�� j
.|3�d�|�E

+|3�

�|

n �|c�|n��o Ee�

+| '
E� � j�+|3�

.|3�d�|�E
+|3�

�|

n �|c�|n��o
n �| ED�

A�i hi4@�?�?} T@h| Lu |�i T@Tih ��** UL?t�_ih |�i *�?i@h�3@|�L?t Lu |�iti i^�@|�L?t @hL�?_

|�i _i|ih4�?�t|�U t|i@_) t|@|i i^��*�Mh��4 @?_ ��** 4@!i _�gihi?| @tt�4T|�L?t @ML�| �L�

@}i?|t uLhiU@t| |�i �?�@|�L? h@|it @TTi@h�?} �? Ee� @?_ ED��

e +@|�L?@* , TiU|@|�L?t ,^��*�Mh�@

A�i _i|ih4�?�t|�U t|i@_) t|@|i Lu |�i 4L_i* �t }��i? M)G2f

�rr ' �

+
rr ' ?E�� jc ��

4<Dorqj d ghwhuplqlvwlf htxloleulxp sdwk zkhuh wkh h{shfwhg lq�dwlrq idfwru lv deryh wkh glvfrxqw idfwru/

wkh fdvk0lq0dgydqfh frqvwudlqw vwulfwo| elqgv li shulrg }hur prqh| edodqfhv duh qrw wrr kljk1 Dovr lq wkh

vwrfkdvwlf fdvh zlwk vpdoo vxssruw iru wkh vkrfnv vxusulvh gh�dwlrq zloo qrw eh wrr kljk/ zklfk lpsolhv wkdw

uhdo edodqfhv zloo qrw wxuq rxw wr eh vr kljk wkdw djhqwv zlvk wr srvwsrqh frqvxpswlrq dqg vdyh xvlqj prqh|1
53Wkhuh h{lvwv dqrwkhu ghwhuplqlvwlf vwhdg| vwdwh zkhuh prqh| lv qrw xvhg1 Krzhyhu/ lwv vwrfkdvwlf yhuvlrq

grhv qrw h{lvw ehfdxvh wkh jryhuqphqw fdqqrw xvh prqh| wr �qdqfh wkh h{shqglwxuh vkrfnv1

��



W?�@|�L? �t 3ihL �? |�i @Mti?Ui Lu ti�}?Lh@}i�2� w�?i@h�3�?} Ee� @?_ ED� @hL�?_ |�i _i|ih4�?�

�t|�U t|i@_) t|@|i )�i*_t |�i uL**L��?} *�?i@h @TThL �4@|�L? uLh |�i t|LU�@t|�U t)t|i4G22
3
EC

�|

+|

4
FD '

3
EC
��

2+rr

4
FDn

3
EC

�� �

0?c�

�+
rrE�� �

0?c�
�

4
FD.|3� d�|o

n

3
EC

�

�+
rr

4
FD.|3� d�|n�o n

3
EC

�

+rr0?c�

�� �

0?c�

4
FD +|3� n

3
EC

f

�|

4
FD ES�

��ihi 0?c� _i?L|it |�i hi@* �@}i i*@t|�U�|) Lu *@MLh t�TT*) @| |�i _i|ih4�?�t|�U t|i@_) t|@|i�

� UL?�i?�i?| ui@|�hi Lu |�i 4L_i* �t |�@|c }��i? |�i t|i@_) t|@|i �@*�itc |�i hi@* �@}i

i*@t|�U�|) �t |�i L?*) uhii T@h@4i|ih Lu |�i 4L_i*�

W? @TTi?_� b�2 �| �t t�L�? |�@| |�i h@|�L?@* i TiU|@|�L?t tL*�|�L?t |L ES� �@�i @

4�?�4�4 t|@|i �@h�@M*i hiThiti?|@|�L? @t @ |�L�_�4i?t�L?@* �+E�� ThLUitt
3
EC

�|

+|

4
FD ' @n�

3
EC

�|3�

+|3�

4
FDn

3
EC

f

�|

4
FD E.@�

A�ihi @hi |�L h@|�L?@* i TiU|@|�L?t tL*�|�L?t Lu |��t uLh4� A�ihi �t @ t|@|�L?@h) L?ic ���U�

�t }��i? M)
3
EC

�|

+|

4
FD '

3
EC

f

+
rr

4
FDn

3
EC

f �

+rr

f f

4
FD

3
EC

�|3�

+|3�

4
FDn

3
EC

f

�|

4
FD EH�

��|T�| �? |��t i^��*�Mh��4 �t ���|i ?L�ti @?_ �?�@|�L? �t *@}}�?} L�|T�| _i��@|�L?t M) L?i

Tih�L_� A�ihi i �t|t @*tL @ ?L?�t|@|�L?@h) tL*�|�L? }��i? M)G
3
EC

�|

+|

4
FD '

3
EC

� n 0?c�

�+
rr �

0?c�

4
FDn

3
EC

f �

�

0?c�

�

+rr

f � n �

0?c�

4
FD

3
EC

�|3�

+|3�

4
FDn

3
EC

f

�|

4
FD Eb�

�t L?i U@? i@t�*) tiic |��t i^��*�Mh��4 T@|� �t _��ih}�?} uhL4 |�i t|i@_) t|@|i� A�i _��ih}�

�?} T@|�t �@�i i�|�ih �?Uhi@t�?} �?�@|�L? h@|it @?_ _iUhi@t�?} L�|T�| *i�i*t Lh _iUhi@t�?}

�?�@|�L? h@|it @?_ �?Uhi@t�?} L�|T�| *i�i*t�2�

54Rqh frxog hdvlo| dffrprgdwh d ghwhuplqlvwlf vhljqrudjh whup dqg jhqhudwh srvlwlyh vwhdg| vwdwh lq�dwlrq1
55Wkh olqhdul}dwlrq xvhv wkh idfw wkdw Cz@CH�w.4

z
@ 4 lq d vwhdg| vwdwh zkhuh � @ 4/ zklfk iroorzv iurp

wkh �uvw rughu frqglwlrqv ri zrunhuv1

56Wkh sdwk zlwk lqfuhdvlqj rxwsxw ohyhov h{lvwv rqo| lq d orfdo vhqvh/ vhh Dgdp +5335d, iru ghwdlov1

�2



D wi@h?�?} |L 6LhiU@t| W?�@|�L? +@|it

`��*i |�i Thi��L�t tiU|�L? UL?t�_ihi_ h@|�L?@* �?�@|�L? uLhiU@t|tc |��t tiU|�L? @tt�4it |�@|

uLhiU@t|t 4�t| Mi }i?ih@|i_ M) iUL?L4i|h�U 4L_i*t @?_ |�@| @}i?|t UL?t�_ih @ *�4�|i_ U*@tt

Lu 4L_i*t� A�i tiU|�L? _itUh�Mit �L� @}i?|t it|�4@|i @?_ ti*iU| Mi|�ii? |�iti 4L_i*t @?_

Thiti?|t |�i i^��*�Mh��4 UL?UiT| �ti_ �? |�i hi4@�?�?} T@h| Lu |�i T@Tih�

D�� A�i �*@tt Lu 6LhiU@t| �L_i*t

A��t tiU|�L? Thiti?|t |�i hit|h�U|�L? L? |�i U*@tt Lu 4L_i*t |�@| @}i?|t U@? �ti uLh uLhiU@t|�?}�

W4TLh|@?|*)c |�i hit|h�U|�L? ��** Mi t�U� |�@| uLhiU@t| 4L_i*t |�@| @hi UL?t�t|i?| ��|� |�i

h@|�L?@* i TiU|@|�L?t tL*�|�L?t Lu |�i iUL?L4) ��** ?L| Mi i U*�_i_ uhL4 |�i UL?t�_ihi_ U*@tt�

A�ihiuLhic |�i hit|h�U|�L? �? �|ti*u _Lit ?L| Thi�i?| @}i?|t uhL4 Mi�@��?} �? @? �?UL?t|h@�?i_

LT|�4@* �@)� vi|c |�i U*@tt Lu 4L_i*t ��** @*tL UL?|@�? uLhiU@t| 4L_i*t |�@| @hi �?UL?t�t|i?|

��|� |�i h@|�L?@* i TiU|@|�L?t tL*�|�L? Lu |�i iUL?L4)� A�iti @hi uLhiU@t| 4L_i*t |�@| ��i?

@TT*�i_ |L uLhiU@t|�?} �?�@|�L? ��** ?i�ih }i?ih@|i @ T@|� uLh �?�@|�L? |�@| �t UL?t�t|i?| ��|�

|�i �@) �?�@|�L? �t uLhiU@t|i_� A��t tii4t |L Mi @ hi@tL?@M*i t|@h|�?} TL�?| �u @}i?|t _L

?L| TLttitt @ Th�Lh� !?L�*i_}i @ML�| |�i t|h�U|�hi Lu |�i iUL?L4)<t h@|�L?@* i TiU|@|�L?t

tL*�|�L?�

W? T@h|�U�*@hc @}i?|t< uLhiU@t|�?} 4L_i*t @hi hit|h�U|i_ |L |�i U*@tt Lu t�4T*i hi}hitt�L?

4L_i*t Lu |�i uLh4

�| ' k|3� n q|3�%|3� n 0| E�f�

��ihi % �t @? i T*@?@|Lh) �@h�@M*i |�@| �t Mi*�i�i_ |L Thi_�U| u�|�hi �?�@|�L?� A�i T@h@4i|iht

Ek|3�c q|3�� _i?L|i @}i?|t< E*i@t| t^�@hit� it|�4@|it Lu |�i hi*@|�L?t��T Mi|�ii? %|3� @?_ �|�

A�iti it|�4@|it @hi M@ti_ L? �?uLh4@|�L? �T |L |�4i |� � @?_ @hi UL?t|@?|*) hiit|�4@|i_c

�L�i�ihc uLh t�4T*�U�|) �i ��** _hLT |�i |�4i t�MtUh�T|t t�Mti^�i?|*)� 5�?Ui |�i iUL?L4)

�t _itUh�Mi_ M) |�L t|@|i �@h�@M*itc ��i� hi@* L�|T�| @?_ �?�@|�L?c |�i U*@tt Lu 4L_i*t E�f�

��



UL?|@�?t ��t| |�L uLhiU@t| 4L_i*t

�L_i* v G �| ' kt n qt +|3�

�L_i* � G �| ' k� n q��|3�

��ihi �L_i* v UL?_�|�L?t �?�@|�L? uLhiU@t|t L? T@t| L�|T�| @?_ �L_i* � L? T@t| �?�@|�L?�

`��*i �L_i* v U@? }i?ih@|i |�i i TiU|@|�L?t Lu |�i t|@|�L?@h) @?_ ?L?�t|@|�L?@h) h@|�L?@*

i TiU|@|�L?t i^��*�Mh�@ EH� @?_ Eb�c �L_i* � ��** ?i�ih }i?ih@|i h@|�L?@* i TiU|@|�L?t�

`�@| iUL?L4�U �?|ihThi|@|�L? U@? Mi }��i? |L |�i Thiti?Ui Lu @ hit|h�U|�L? L? |�i U*@tt

Lu uLhiU@t| 4L_i*tq

6�ht|*)c L?i 4@) �?|ihThi| |�i hit|h�U|�L? @t @? i L}i?L�t hit|h�U|�L? �4TLti_ L? @}i?|t

��@ |�i @�@�*@M*i Thi_�U|�L? |iU�?L*L})� A�i t�3i Lu |�i U*@tt Lu uLhiU@t| 4L_i*t |�i? U@T|�hit

@}i?|t< UL4T�|@|�L?@* !?L�*i_}i Lhc 4Lhi tTiU��U@**)c |�i�h !?L�*i_}i @ML�| uLhiU@t| ThL�

Ui_�hit� ,��_i?Ui LM|@�?i_ uhL4 |�i i Tih�4i?|@* *@MLh@|Lh) �@t }��i? t|hL?} t�TTLh| |L

|�i ?L|�L? |�@| @}i?|t< uLhiU@t|�?} |iU�?L*L}) �t _itUh�Mi_ M) �?��@h�@|i uLhiU@t|�?} 4L_i*tc

tii �_@4 E2ff2M�� A��tc �u |�i tLT��t|�U@|�L? Lu t|�_i?|t T@h|�U�T@|�?} �? |�i i Tih�4i?|t

hiti4M*it |�@| Lu �h4t LTih@|�?} �? |�i iUL?L4) t�U� uLhiU@t|�?} hit|h�U|�L?t 4�t| Mi UL?t�_�

ihi_ @t T*@�t�M*i�
2e

�LhiL�ihc }��i? |�@| |�i iUL?L4�U 4L_i* �t ��}�*) t|)*�3i_ @?_ |�ihiuLhi

t�4T*��i_ ��|� hitTiU| |L hi@*�|)c t!iT|�U@* hi@_iht 4@) �?|ihThi| |�i hit|h�U|�L? @t @ T@h@M*i

uLh 4Lhi tLT��t|�U@|i_ @}i?|t �? @ 4Lhi UL4T*�U@|i_ iUL?L4�U i?��hL?4i?|�

5iUL?_*)c |�i hit|h�U|�L? 4@) Mi �?|ihThi|i_ @t |�i hit�*| Lu @? LT|�4@* U�L�Ui Lu @ U*@tt

Lu 4L_i*t |�@| |h@_it�Lg |�i uLhiU@t|�?} TihuLh4@?Ui ��|� |�i ULt| Lu UL?t�_ih�?} t4@**ih Lh

*@h}ih U*@ttit Lu uLhiU@t| 4L_i*t� A�i U*@tt �t |�i? @? @h|iu@U| Lu i �t|�?} U@*U�*@|�L? ULt|t�

W? tiU|�L? . �| �t t�L�? |�@| uLh @? @hM�|h@h�*) t4@** �?Uhi@ti �? U@*U�*@|�L? ULt|t uLh *@h}ih

4L_i* U*@ttitc |�ihi i �t|t @ |�hit�L*_ uLh |�i �@h�@?Ui Lu |�i }L�ih?4i?| _i4@?_ t�LU!t

Mi*L� ���U� UL?t�_ih@|�L? Lu *@h}ih U*@ttit _Lit ?L| T@)�

57Reylrxvo|/ vxfk d uhvwulfwlrq vhhpv xqsodxvleoh iru pdunhwv grplqdwhg e| vrsklvwlfdwhg iruhfdvwlqj h{0

shuwv vxfk dv �qdqfldo pdunhwv1

�e



A��h_*)c @ hit|h�U|i_ U*@tt Lu uLhiU@t| 4L_i*t U@? Mi tii? @t @ |i4TLh@h) T�i?L4i?L?

_�i |L @}i?|t ��L TihuLh4 @ tTiU��U@|�L? ti@hU� uLh t��|@M*i uLhiU@t| 4L_i*t @?_ t|@h| L�|

M) UL?t�_ih�?} @ Uih|@�? U*@tt Lu 4L_i*t� N?t@|�tu@U|Lh) Thi_�U|�L? TihuLh4@?Ui 4@) |�i?

*i@_ |L U�@?}it �? |�i UL?t�_ihi_ U*@tt� 5iU|�L? . t�L�t |�@| L? @�ih@}i �� _@|@ TL�?|t @hi

?ii_i_ |L hi�iU| ���|i ?L�ti ihhLht uLh |�i U@ti |�@| h@|�L?@* i TiU|@|�L?t @hi ?L| LM|@�?i_

��i? UL?t�_ih�?} |�i @ML�i U*@tt� A��t �L�*_ 4@!i �T @ UL?t�_ih@M*i T@h| Lu TLt|��@h _@|@

ti|tc i�i? ��i? �?|ihThi|�?} 4L_i* Tih�L_t @ ^�@h|iht�2D

W? Th�?U�T*i @** |�hii iUL?L4�U �?|ihThi|@|�L?t @hi UL?t�t|i?| ��|� |�i ti|�T Lu |�i

4L_i*� � u�h|�ih _�tU�tt�L? Lu |�i uLhiU@t| ihhLht |�@| 4@) Mi U@�ti_ M) |�i hit|h�U|�L?

@ML�i @?_ |�i UL?ti^�i?Uit Lu hi*@ �?} �| U@? Mi uL�?_ �? tiU|�L? .�

D�2 ��LLt�?} @?_ ,t|�4@|�?} 6LhiU@t| �L_i*t

AL U�LLti Mi|�ii? @?_ |L T@h@4i|ih�3i |�i uLhiU@t| 4L_i*t �| �t @tt�4i_ |�@| @}i?|t �ti |�i

4i@? t^�@hi_ ihhLh Uh�|ih�L?c ���U� UL?t|�|�|it @ tiUL?_ Lh_ih @TThL �4@|�L? |L |�i ULhhiU|

�|�*�|) M@ti_ U�L�Ui Uh�|ih�L?�2S W? T@h|�U�*@hc @}i?|t �ti Lh_�?@h) *i@t| t^�@hit |L it|�4@|i

T@h@4i|iht k @?_ q Lu |�i uLhiU@t| 4L_i*t @?_ U�LLti |�i 4L_i* ��|� |�i *L�it| T@t| 4i@?

t^�@hi_ uLhiU@t| ihhLh |L Thi_�U| u�|�hi �?�@|�L?�2.

A�ihi �t @ *L?}�*��i_ @?_ UL?|hL�iht�@* _iM@|i �? iUL?L4i|h�Ut @ML�| �L� L?i t�L�*_

U�LLtic UL?t|h�U|c 4L_�u)c @?_ |it| iUL?L4i|h�U 4L_i*t �? Lh_ih |L LM|@�? |�i <|h�i< 4L_i*�

Nt�?} |�i 4i@? t^�@hi_ uLhiU@t| ihhLh @t @ ti*iU|�L? Uh�|ih�L? �t Uih|@�?*) ?L| @ �ih) TLT�*@h

4i|�L_� vi|c t^�@hi_ uLhiU@t| ihhLht @hi i^���@*i?| |L �t�?} |�i -2��@*�i @t @ ti*iU|�L?

Uh�|ih�L?� 5�?Ui |�i -2��@*�i �t i^�@* |L |�i t^�@hi Lu |�i ULhhi*@|�L? ULi�U�i?| Mi|�ii? |�i

_@|@ @?_ |�i �||i_ �@*�itc �| �t @ 4i@t�hi Lu |�i 4L_i*<t Thi_�U|��i TL�ih L�ih |�i t@4T*i

58Jlyhq wkh ghjuhh ri sulfh vwlfnlqhvv dq lqwhusuhwdwlrq dv d |hdu vhhpv pruh uhdvrqdeoh1
59Wklv krogv ehfdxvh ohdvw vtxduhv surgxfh xqfrqglrqdoo| xqeldvhg hvwlpdwhv vxfk wkdw wkh �uvw rughu

whupv gurs r�1
5:Djhqwv gr qrw dvvljq suredelolwlhv wr gl�huhqw prghov dffruglqj wr wkh olnholkrrg zlwk zklfk wkh| eholhyh

wkhp wr eh wkh ehvw iruhfdvw prgho/ udwkhu wkh| uho| hqwluho| rq wkh prgho zlwk wkh ehvw sdvw shuirupdqfh1

�D



Tih�L_�
2H

`�i? Thi_�U|��i TL�ih �? |�i T@t| �t @? �?_�U@|Lh uLh }LL_ Thi_�U|�L? TihuLh4@?Ui

�? |�i u�|�hi 4L_i*t ��|� ��}�ih -
2
t�L�*_ �?_ii_ Mi |�i Thiuihhi_ uLhiU@t| 4L_i*t� �Lhi�

L�ihc |�i -
2
4i@t�hi �t t|h�U|*) �?Uhi@t�?} ��|� |�i 8 �5|@|�t|�U L? |�i t�}?��U@?Ui Lu @**

hi|@�?i_ �@h�@M*i hi}hittLht�
2b

W? |��t ti?ti |�i 4L_i* ��|� |�i ��}�ih -
2
��@*�i UL?|@�?t |�i

4Lhi t�}?��U@?| hi}hitt�L? �@h�@M*i %� 6�?@**)c 4Lhi tLT��t|�U@|i_ ti*iU|�L? Uh�|ih�@ @*tL u@Ui

�4TLh|@?| t�Lh|UL4�?}t t�U� @t |�i ti?t�|���|) Lu |�i hit�*|t |L |�i Lh_ih Lu |�i |it|t |�@|

@hi @TT*�i_ |L |�i t|@|�t|�U@* 4L_i*t�
�f

D�� ,^��*�Mh��4 ��|� wi@h?�?} �}i?|t

B��i? |�i *i@h?�?} Mi�@��Lhc |�i iUL?L4) ��** i�L*�i @t i T*@�?i_ �? |�i uL**L��?}� ,@U�

Tih�L_ @}i?|t it|�4@|i ML|� �L_i* v @?_ � M) Lh_�?@h) *i@t| t^�@hit @?_ U�LLti |�i 4L_i*

��|� |�i *L�it| T@t| 4i@? t^�@hi_ uLhiU@t| ihhLh |L uLhiU@t| �?�@|�L?� �** @}i?|t |�i?

4@ �4�3i �|�*�|) �?_ih |�i @tt�4T|�L? |�@| |�i u�|�hi i�L*�|�L? Lu |�i iUL?L4) �t }��i? M)

|�i TL�?| uLhiU@t| ThL_�Ui_ M) |�i ti*iU|i_ uLhiU@t| 4L_i*�
��

A��t }i?ih@|it @ ?i� �?�@|�L?

h@|i @?_ L�|T�| *i�i* @t }��i? M) i^�@|�L? ES�c ��ihi |�i LTih@|Lh . d�o 4�}�| ?L� _i?L|i

|�i TL|i?|�@**) ?L?�h@|�L?@* i TiU|@|�L?t Lu |�i U�Lti? uLhiU@t| 4L_i*� Nt�?} |�i ?i� _@|@

TL�?|c @}i?|t @_@T| |�i�h *i@t| t^�@hit it|�4@|it @?_ |�i�h 4L_i* U�L�Uitc @?_ |�i ThLUitt

hiTi@|t �|ti*u�

�? i^��*�Mh��4 �t @ t�|�@|�L? ��ihi |�i ?i� �?�@|�L? h@|i @?_ L�|T�| *i�i* UL?�h4 |�i

Thi��L�t it|�4@|it @?_ |�i Thi��L�t 4L_i* U�L�Ui� 6Lh4@**)

5;Qrwh wkdw wklv krogv rqo| iru vlqjoh htxdwlrq uhjuhvvlrqv wkdw dvvxph xqfruuhodwhg huuruv dqg lqfoxgh dq

lqwhufhsw whup/ vhh fkdswhu 915 lq Mxgjh hw1 do1 +4<;3,1

5<Wkh fdyhdwv ri wkh suhylrxv irrwqrwh dsso|1
63Vhh dovr fkdswhu 44 lq Mxgjh hw do1 +4<;3, iru d zkroh olvw ri prgho vhohfwlrq fulwhuld dqg wkhlu

vkruwfrplqjv1
64Vxfk dq dssurdfk lv mxvwl�hg rq wkh iroorzlqj jurxqgv= Jlyhq wkh xqeldvhgqhvv ri iruhfdvw edvhg rq

ohdvw0vtxduhv hvwlpdwhv/ wkh srlqw iruhfdvw fdq eh lqwhusuhwhg dv wkh h{shfwhg uhdol}dwlrq ri wkh iruhfdvwhg

yduldeoh1 Zkhq frqvlghulqj orfdo frqyhujhqfh lq d olqhdul}hg yhuvlrq ri wkh hfrqrp|/ fhuwdlqw|0htxlydohqfh

krogv1

�S



#i�?�|�L? � � �L_i* ,^��*�Mh��4 UL?t�t|t Lu *i@t| t^�@hit it|�4@|it EkW

t
c q

W

t
� @?_ EkW

�
c q

W

�
�

uLh �L_i* v @?_ �c hitTiU|��i*)c @?_ @** @}i?|t �t�?} i�|�ih �L_i* v Lh �L_i* � |L uLhiU@t|

�?�@|�L? h@|it t�U� |�@|

�� �}i?|t U�LLti |�i 4L_i* ��|� 4�?�4�4 4i@? t^�@hi_ uLhiU@t| ihhLh�

��� B��i? |�i uLhiU@t| Mi�@��Lhc |�i iUL?L4�U L�|UL4it hit�*|�?} uhL4 ES� hiUL?�h4 |�i

*i@t| t^�@hit it|�4@|it EkW

t
c q

W

t
� @?_ EkW

�
c q

W

�
��

�? i^��*�Mh��4 ��ihi @}i?|t �ti �L_i* � E� ' tc�� |L uLhiU@t| �?�@|�L? ��** Mi

U@**i_ @ �L_i* � ,^��*�Mh��4��2 A�i _i�?�|�L? �4T*�it |�@| �? i^��*�Mh��4 @}i?|t uLhiU@t|

LT|�4@**)c }��i? |�i UL?t|h@�?| L? |�i @�@�*@M*i uLhiU@t| 4L_i*t |�@| @hi �4TLti_ �TL? |�i4�

W? |��t ti?ti @}i?|t uLhiU@t|t ��** Mi h@|�L?@* �? @?) TL|i?|�@* �L_i* ,^��*�Mh��4�

A�i i^��*�Mh��4 UL?UiT| @ML�i �t 4Lt| U*Lti*) hi*@|i_ |L |�i hit|h�U|i_ TihUiT|�L?t

i^��*�Mh��4 �? ,�@?t @?_ OL?!@TL��@ E2ff�� @?_ |�i h@|�L?@* i TiU|@|�L?t i^��*�Mh�@ ��|�

iUL?L4i|h�U 4L_i*t Lu �?_ihtL? @?_ 5L??i?tU�i�? E�bHD�� OL�i�ihc ML|� i^��*�Mh��4 UL?�

UiT|t @hi _i�?i_ �? |ih4t Lu |�i hi}hittLht |�@| i?|ih |�i @}i?|t< Et�?}*i� uLhiU@t| u�?U|�L?c

���*i |�i Thiti?| ?L|�L? hi^��hit |L tTiU�u) |�i hit|h�U|�L?t �? |ih4t Lu |�i U*@tt Lu uLhiU@t|

4L_i*t�

�*tL hi*@|i_ @hi |�i UL?t�t|i?|�i TiU|@|�L?t i^��*�Mh��4 Lu OL44it @?_ 5Lh}ih E�bb.�

@?_ |�i ti*u�UL?�h4�?} i^��*�Mh��4 Lu 6�_i?Mih} @?_ wi��?i E�bb�� hiUi?|*) �ti_ M) 5@h�

}i?| E�bbb� �? @ 4@UhLiUL?L4�U UL?|i |� �L|� |)Tit Lu i^��*�Mh�@ @hi @*tL i^��*�Mh�@ �? |�i

ti?ti Lu _i�?�|�L? �� OL�i�ihc |�i UL?�ihti �t ?L| |h�i MiU@�ti �L_i* ,^��*�Mh�@ @**L� uLh

@�|LULhhi*@|�L? �? |�i uLhiU@t|t ihhLht�

65Qrwh wkdw wkh gh�qlwlrq h{foxghv htxloleuld zkhuh vrph vkduh ri djhqwv xvhv Prgho \ wr iruhfdvw dqg wkh

uhpdlqlqj djhqwv xvh Prgho �1 Lq wkh suhvhqw prgho vxfk htxloleuld duh qrw urexvw wr vpdoo shuwxuedwlrqv

lq wkh vkduh ri djhqwv xvlqj wkh uhvshfwlyh prghov1

�.



S �@*U�*@|�?} �L_i* ,^��*�Mh�@

A��t tiU|�L? _ih��it UL?_�|�L?t �?_ih ���U� �L_i* v @?_ �L_i* � ,^��*�Mh�@ i �t| @?_

UL4T@hit |�i�h ThLTih|�it ��|� N�5� _@|@�

S�� �L_i* v ,^��*�Mh�@

5�TTLti |�@| @}i?|t �ti �L_i* v |L uLhiU@t| �?�@|�L? h@|it� 5�Mt|�|�|�?} |�i uLhiU@t|t Lu

�L_i* v uLh |�i i TiU|@|�L?t �? |�i |i4TLh@h) i^��*�Mh��4 i^�@|�L?t ES� _i*��iht |�@| |�i

@U|�@* *@� Lu 4L|�L? uLh �?�@|�L? ��** Mi }��i? M)

�| ' @Ekt c qt � n KEkt c qt �+|3� E���

��ihi |�i ULi�U�i?|t @ @?_ K _iTi?_ L? @}i?|t< *i@t| t^�@hit it|�4@|it kt @?_ qt �

,^�@|�L? E��� hi�i@*t |�@| |�i @U|�@* *@� Lu 4L|�L? uLh �?�@|�L? UL�?U�_it ��|� |�i

t|h�U|�h@* @tt�4T|�L? Lu �L_i* vc ���U� �4T*�it |�@| �? @ �L_i* v ,^��*�Mh��4

@Ekt c Kt � ' kt @?_ KEkt c qt � ' qt

�|�ih��ti |�i T@h@4i|ih it|�4@|it �L�*_ ?L| hi4@�? t|@M*i� �L?ti^�i?|*)c @ �L_i* v

,^��*�Mh��4 �t @ h@|�L?@* i TiU|@|�L?t i^��*�Mh��4�

A�i UL?�ihti �t ?L| ?iUitt@h�*) |h�i� �| @ �L_i* ,^��*�Mh��4 |�i *i@t| t^�@hit it|�4@|it

Lu |�i uLhiU@t| 4L_i*t 4�t| }i| hiUL?�h4i_c ���U� i U*�_it h@|�L?@* i TiU|@|�L?t i^��*�Mh�@

|�@| @hi �?t|@M*i �?_ih *i@t| t^�@hit *i@h?�?}� �t t�L�? �? @TTi?_� b��c |�i t|@|�L?@h)

h@|�L?@* i TiU|@|�L?t i^��*�Mh��4 EH� �t |�i �?�^�i �L_i* v ,^��*�Mh��4 t�?Ui |�i ?L?�

t|@|�L?@h) i^��*�Mh��4 Eb� �t �?t|@M*i �?_ih *i@t| t^�@hit *i@h?�?}���

66Dw wkh odwwhu htxloleulxp djhqwv dgdsw wkhlu ohdvw vtxduhv hvwlpdwhv lq uhvsrqvh wr vkrfnv lq d zd| vxfk

wkdw wkhlu dgdswhg h{shfwdwlrqv jhqhudwh qhz lq�dwlrq udwhv dqg rxwsxw ohyhov wkdw fdxvh wkhvh hvwlpdwhv wr

glyhujh hyhq ixuwkhu1

�H



��|T�| @?_ �?�@|�L? �? �L_i* v ,^��*�Mh��4 @hi |��t }��i? M)

�| '
�

+rr
+|3� E�2�

+| ' +
rr n �| E���

� L?i TihUi?| _i4@?_ t�LU! �?Uhi@tit |i4TLh@h�*) L�|T�| @?_ 4L?i) �L*_�?}t M) |�i t@4i

@4L�?|� `�|� i^�@|�L? E�2� Mi�?} �_i?|�U@* |L @}i?|t< �L_i* v it|�4@|ic |�i �?Uhi@ti_

4L?i) t|LU! EULhhiU|*)� U@�tit �?�@|�L? i TiU|@|�L?t |L �?Uhi@ti M) L?i TihUi?|� A��t U@�tit

i?|hiThi?i�ht |L �?Uhi@ti |�i�h Th�Uit M) i @U|*) L?i TihUi?| Etii i^�@|�L? E�� @?_ ?L|i |�@|

|�i i TiU|i_ �@}i �t i^�@* |L � � j� ���U� �4T*�it |�@| |�i i Uitt 4L?i) t|LU! ��** Mi

_i�@*�@|i_ M) |�i ?i | Tih�L_�

�t @ hit�*|c t�LU!t t�L� ?L Tiht�t|i?Ui @?_ |�i h@|�L?@* i TiU|@|�L?t _)?@4�Ut @hi

�?@M*i |L 4@|U� |�i t|)*�3i_ u@U|t Thiti?|i_ �? tiU|�L? 2� W?_ii_c |�i h@|�L?@* i TiU|@|�L?t

i^��*�Mh��4 TihuLh4t �i** L?*) @*L?} @ t�?}*i _�4i?t�L?G U�hhi?| i Uitt L�|T�| *i@_t |L

�?�@|�L? �? |�i t�Mti^�i?| Tih�L_c _�i |L t|�U!) Th�Uit�

S�2 �L_i* � ,^��*�Mh�@

A��t tiU|�L? UL?t�_iht i^��*�Mh�@ ��ihi @}i?|t �ti �L_i* � |L Thi_�U| �?�@|�L? h@|it�

S�2�� �hi*�4�?@h�it

5�TTLti @}i?|t �ti �L_i* � |L uLhiU@t| �?�@|�L? h@|it� A��t �4T*�it |�@| i TiU|@|�L?t

��** Mi �?i�U�i?| MiU@�ti |�ihi i �t|t ?L h@|�L?@* i TiU|@|�L?t i^��*�Mh��4 ��ihi �?�@|�L?

_iTi?_t L? T@t| �?�@|�L?� vi|c *i@t| t^�@hit it|�4@|it _i*��ih uLhiU@t|t |�@| @hi EL? @�ih@}i�

�?M�@ti_� �t @ hit�*|c @�ih@}i �?�@|�L? �? @ �L_i* � ,^��*�Mh��4 ��** UL�?U�_i ��|� @�ih@}i

i TiU|i_ �?�@|�L?c ���U� �L*_t L?*) @| Eh@|�L?@* i TiU|@|�L?t� t|i@_) t|@|it� A�ihiuLhic

@�ih@}i L�|T�| @?_ @�ih@}i �?�@|�L? �? @ t|@|�L?@h) �L_i* � ,^��*�Mh��4 ��** Mi i^�@* |L

|�iti �@*�it �? @ �L_i* t ,^��*�Mh��4��e

67Wklv grhv qrw qhhg wr krog iru qrq0vwdwlrqdu| htxloleuld1

�b



A��t ui@|�hi 4@!it �?i�U�i?| i^��*�Mh��4 i TiU|@|�L?t @ TL�ihu�* |LL* |L �4ThL�i

|�i 4@|U� Lu @ 4L_i*<t tiUL?_ 4L4i?|t ��|� |�i _@|@ ��|�L�| @*|ih�?} �|t �ht| 4L4i?|t�

�LhiL�ihc L? @ 4Lhi |iU�?�U@* *i�i*c �| �4T*�it |�@| L?i U@? *�?i@h�3i |�i 4L_i* @hL�?_

|�i t@4i �@*�it @t L?i �t�@**) _Lit ��i? U@*U�*@|�?} |�i *�?i@h�3i_ h@|�L?@* i TiU|@|�L?t

tL*�|�L?t�

5�Mt|�|�|�?} |�i Thi_�U|�L?t Lu �L_i* � uLh |�i �?�@|�L? i TiU|@|�L?t �? ES� _i*��iht

@? i^�@|�L? |�@| _itUh�Mit U�hhi?| �?�@|�L? @?_ L�|T�| @t @ u�?U|�L? Lu |�i T@t| �@*�it Lu

|�iti �@h�@M*itc |�i �L_i* � T@h@4i|iht Ek�c q��c @?_ |�i *@MLh t�TT*) i*@t|�U�|) 0?c�G
�D

3
EC

�|

+|

4
FD '

3
EC

�� n k�E2 n q� �
�

0?c�
��

2� k�E2 n q� �
�

0?c�
�
�
+
rr

4
FD

n

3
EC

�
� n q� �

�

0?c�

�
q�

�

0?c�

�

+rr

�

�
� n q� �

�

0?c�

�
q�+

rr � � �

0?c�

4
FD

3
EC

�|3�

+|3�

4
FDn

3
EC

f

�|

4
FD E�e�

A�i ThiUi_�?} i^�@|�L? hi�i@*t |�@| �? @ TL|i?|�@* �L_i* � ,^��*�Mh��4 �?�@|�L? _iTi?_t

E}i?ih�U@**)� L? T@t| �?�@|�L? @?_ T@t| L�|T�|� A�ihiuLhic |�i @U|�@* *@� Lu 4L|�L? uLh

�?�@|�L? *�it L�|t�_i |�i U*@tt Lu uLhiU@t| 4L_i*t |�@| @}i?|t UL?t�_ih� �t @ hit�*|c @** uLhiU@t|

4L_i*t @hi ?iUitt@h�*) 4�ttTiU��i_ �? tL4i �@)c ���U� �4T*�it |�@| �L_i* � TLtt�M*) }��it

@ Mi||ih �| |L E�e� |�@? �L_i* v�

6hL4 |�i ThiUi_�?} _�tU�tt�L? �| t�L�*_ Mi U*i@h |�@| @ ThiUL?_�|�L? uLh |�i i �t|i?Ui

Lu i^��*�Mh�@ ��|� �?i�U�i?| i TiU|@|�L?t �t |�@| |�i U*@tt Lu uLhiU@t| 4L_i*t �t LTi? �?_ih

|�i t|h�U|�h@* hi*@|�L?t Lu |�i iUL?L4)c @t }��i? M) |�i |i4TLh@h) i^��*�Mh��4 i^�@|�L?t

ES��

W? |�i Thiti?| U@tic |�ihi �t @? LM��L�t �@) |L U*Lti |�i U*@tt Lu uLhiU@t| 4L_i*t� `�i?

@}i?|t UL?t�_ih tL4i��@| 4Lhi UL4T*�U@|i_ 4L_i*t Lu |�i uLh4

�| ' kn q+|3� n ��|3�

68Wkh uhohydqw ihdwxuhv ri wklv surfhvv duh xqd�hfwhg e| wkh dyhudjh ohyho ri rxwsxw |vv1

2f



|�i? |�i @U|�@* *@� Lu 4L|�L? uLh �?�@|�L? t|�** _iTi?_t L? T@t| L�|T�| @?_ T@t| �?�@|�L?

L?*)� � �L_i* ,^��*�Mh��4 �t |�i? @ h@|�L?@* i TiU|@|�L?t i^��*�Mh��4�

W? }i?ih@*c |�ihi �t ?L t�4T*i �@) |L LM|@�? @ U*Lti_ U*@tt Lu uLhiU@t| 4L_i*t �?*itt

L?i hit|h�U|t UL?t�_ih@|�L? |L *�?i@h iUL?L4�it @?_ @**L�t @}i?|t |L i4T*L) @** ELh @| *i@t| @

t��U�i?|*) *@h}i U*@tt Lu� *�?i@h uLhiU@t| 4L_i*t� 5�?Ui *�?i@h uLhiU@t|t �? @ *�?i@h iUL?L4)

��** ThL_�Ui *�?i@h @U|�@* *@�t Lu 4L|�L?tc |�i U*@tt ��** Mi U*Lti_� OL�i�ihc @*hi@_) @**L��?}

uLh ?L?�*�?i@h uLhiU@t|t �? @ *�?i@h iUL?L4) ��** i@t�*) *i@_ |L @? LTi? U*@tt Lu uLhiU@t| 4L_i*t�

�*tL |�ihi �t ?L LM��L�t �@) |L }i| @ U*Lti_ U*@tt �? ?L?�*�?i@h 4L_i*tc *i| @*L?i �? 4L_i*t

��ihi @}i?|t @hi @**L�i_ |L UL?t�_ih _�gihi?| U*@ttit Lu uLhiU@t| 4L_i*t� A��tc |�i LTi??itt

Lu |�i ThLTLti_ U*@tt Lu uLhiU@t| 4L_i*t t�L�*_ Mi UL?t�_ihi_ |L Mi @ ��h|�i @?_ ?L| @

t�Lh|UL4�?}c }��i? |�@| LTi??itt U@? Mi i TiU|i_ |L Mi *�!i*) �? 4Lhi hi@*�t|�U 4L_i*t�

S�2�2 , �t|i?Ui Lu �L_i* � ,^��*�Mh�@

A��t tiU|�L? _�tU�ttit �?_ih ���U� UL?_�|�L?t �L_i* � ,^��*�Mh�@ i �t|�

W? @ TL|i?|�@* �L_i* � ,^��*�Mh��4 |�i *i@t| t^�@hit it|�4@|i q� 4�t| Mi �_i?|�U@* |L

|�i ULhhi*@|�L? ULi�U�i?|
SJ�E�|c�|3��

�@oE�|�

Lu |�i @U|�@* *@� Lu 4L|�L? E�e�� 5�?Ui q� i?|iht E�e�c U@*U�*@|�?} @ �L_i* � i^��*�Mh��4

�?�L*�it tL*��?} @ � i_ TL�?| ThLM*i4c @t ��i? U@*U�*@|�?} @ t|@?_@h_ h@|�L?@* i TiU|@|�L?t

i^��*�Mh��4�

�TTi?_� b�e t�L�t �L� |L tL*�i uLh |�i � i_ TL�?| qW
�
@?_ �}�hi D }h@T�t |�i tL*�|�L?

@t @ u�?U|�L? Lu |�i T@h@4i|ih 0?c��

`�i? 0?c� ' �c @ L?i TihUi?| _i4@?_ t�LU! U@�tit @ L?i TihUi?| �?Uhi@ti �? i TiU|i_

ULt|t @?_c |��tc �? �?�@|�L?� A��t @4L�?| Lu �?�@|�L? _i�@*�@|it i Uitt 4L?i) ��t| M@U! |L

�|t i^��*�Mh��4 *i�i*� �t @ hit�*|c |�ihi �t ?L Tiht�t|i?Ui �? i Uitt _i4@?_tc �?�@|�L? �t ���|i

?L�tic @?_ qW
�
�t i^�@* |L 3ihL��S

69Fxulrxvo|/ zkhq %q>z @ 4 �upv zlwk Prgho � h{shfwdwlrqv vhw wkh vdph sulfhv dv �upv zlwk +xqfrq0

2�



�t *@MLh t�TT*) MiUL4it 4Lhi i*@t|�Uc @ L?i TihUi?| _i4@?_ t�LU! }i?ih@|it @ *itt

|�@? L?i TihUi?| *@MLh ULt| @?_ �?�@|�L? �?Uhi@ti� A�i i Uitt 4L?i) M@*@?Uit @hi ?L|

_i�@*�@|i_ �? @ t�?}*i Tih�L_ M�| Tiht�t| �?|L u�|�hi Tih�L_t ��ihi |�i) U@�ti @}@�? @ML�i

@�ih@}i ULt|t @?_ �?�@|�L?� W?�@|�L? h@|it @hi |�i? TLt�|��i*) @�|LULhhi*@|i_ ���U� i T*@�?t

|�i TLt�|��i t*LTi �? �}�hi D�

5�Mt|�|�|�?} |�i tL*�|�L? _iT�U|i_ �? �}�hi ED� �?|L E�e� )�i*_t @ U@?_�_@|i ThLUitt uLh

@ �L_i* � i^��*�Mh��4��. W4TLh|@?|*)c |�i ThLTih|�it Lu |��t ThLUitt _iTi?_ L?*) L? |�i

i*@t|�U�|) 0?c�� ��4ih�U@* U@*U�*@|�L?t t�L� |�@| |�i ThLUitt �t t|@|�L?@h) uLh f��D � 0?c� �

2��D ���U� ��** Mi |�i h@?}i Lu �@*�it UL?t�_ihi_ uhL4 ?L� L?��H

6Lh |��t U@?_�_@|i ThLUitt |L Mi @ �L_i* � ,^��*�Mh��4 L?i �@t |L �ih�u) |�@| �L_i* �

�t Thi_�U|�?} �?�@|�L? Mi||ih |�@? �L_i* v� �*i@h*)c uLh �@*�it Lu 0?c� @hL�?_ � |��t U@??L|

Mi i TiU|i_c t�?Ui T@t| �?�@|�L? �@t @*4Lt| ?L Thi_�U|��i TL�ih� OL�i�ihc uLh *@h}ih @?_

t4@**ih �@*�it �?�@|�L? MiUL4it @? �?Uhi@t�?}*) Mi||ih Thi_�U|Lh t�?Ui �?�@|�L? h@|it @hi

@�|LULhhi*@|i_c @t t�L�? �? �}�hi D�

6�}�hi ES� _iT�U|t |�i 4i@? t^�@hi_ uLhiU@t| ihhLht Lu �L_i* v @?_ �L_i* � uLh

�@h�L�t �@*�it Lu 0?c� @tt�4�?} |�@| @}i?|t �ti �L_i* � |L uLhiU@t|� A�i }h@T� hi�i@*t |�@|

uLh 0?c� � ��.D �L_i* � ��** }i?ih@|i Mi||ih Thi_�U|�L?t |�@? �L_i* v� �L|i?|�@* �L_i* �

,^��*�Mh�@ |�ihiuLhi i �t| uLh ��.D � 0?c� � 2�2D

6�?@**)c �? @TTi?_� b�� �| �t t�L�? |�@| |�i TL|i?|�@* �L_i* � ,^��*�Mh�@ @hi t|@M*i

�?_ih *i@t| t^�@hit *i@h?�?}c ���U� it|@M*�t�it |�@| �L_i* � ,^��*�Mh�@ i �t| uLh i*@t|�U�|)

�@*�it Mi|�ii? ��.D @?_ 2��D�

�_4�||i_*)c |�i hi^��hi_ t�TT*) i*@t|�U�|) *�it L? |�i ��}� i?_ Lu T*@�t�M*i �@*�it� OL��

i�ihc t�4�*@h i*@t|�U�|) *i�i*t @hi ?L| �?UL44L? �? |�i *�|ih@|�hi� ��h�t|�@?L i| @*�E�bb.�c uLh

vwudlqhg, udwlrqdo h{shfwdwlrqv/ dowkrxjk iru wkh zurqj uhdvrqv= lw lv qrw frvwv wkdw zloo lqfuhdvh dv h{shfwhg

+rxwsxw zloo eh edfn dw wkh htxloleulxp ydoxh rq dyhudjh, exw lq�dwlrq1

6:
Rqh dovr kdv wr vhw �

�

�
@ 4� �

�

�
/ zklfk iroorzv iurp wkh xqeldvhgqhvv ri ohdvw vtxduhv iruhfdvwv1

6;
Wkh erxqgdulhv duh rqo| dssur{lpdwh1

22



i @4T*ic hiTLh| t@|�tu@U|Lh) TihuLh4@?Ui Lu @ *�4�|i_ T@h|�U�T@|�L? 4L_i* uLh @ *@MLh t�TT*)

i*@t|�U�|) Lu 2� �LhiL�ihc *@MLh �t |�i �?�^�i �@h�@M*i �?T�| u@U|Lh �? |�i Thiti?| 4L_i*�

A�ihiuLhic |�i i*@t|�U�|) t�L�*_ h@|�ih Mi �?|ihThi|i_ @t @? i*@t|�U�|) Lu |L|@* 4@h}�?@* ULt|t

Lu ThL_�U|�L?c ���U� �?U*�_it L|�ih �@h�@M*i u@U|Lht t�U� @t U@T�|@* E�? |ih4t Lu �|�*�3@|�L?

h@|it�c h@� 4@|ih�@*tc @?_ i?ih})� �LhiL�ihc L?i t�L�*_ Mi UL?Uih?i_ ��|� �Lh!�?} �L�ht

���U� �?U*�_i L�ih|�4i @?_ @hi |�ihiuLhi 4Lhi i*@t|�U� �*tLc M�?_�?} 4�?�4�4 �@}itc i �

T*�U�| L?it Lh �4T*�U�| L?it �? |�i uLh4 Lu �?i4T*L)4i?| �?t�h@?Uic 4@) @**L� �h4t |L ��hi

@__�|�L?@* *@MLh @| |�i }L�?} �@}i�

S�2�� ��|T�| @?_ W?�@|�L? �? �L_i* � ,^��*�Mh��4

A��t tiU|�L? Thiti?|t |�i L�|T�| @?_ �?�@|�L? _)?@4�Ut �? �L_i* � ,^��*�Mh��4 @?_ UL4�

T@hit |�iti ��|� |�i Mi�@��Lh Lu N�5� _@|@� W| �t @tt�4i_ |�hL�}�L�| |�i tiU|�L? |�@| |�i

i*@t|�U�|) Lu *@MLh t�TT*) �t }��i? M) 0?c� ' ��Hc ���U� �t @| |�i *L�ih i?_ Lu �@*�it uLh ���U�

�L_i* � ,^��*�Mh�@ i �t|�
�b

6�}�hi . _iT�U|t |�i @�|L� @?_ UhLttULhhi*@|�L?t Lu L�|T�| @?_ �?�@|�L? �? �L_i* �

,^��*�Mh��4� A�i _@|@ �t t�L�? uLh S Tih�L_tc ���U� ULhhitTL?_t |L 2e ^�@h|iht Lu N�5� _@|@

�u i@U� 4L_i* Tih�L_ �t �?|ihThi|i_ @t � )i@hc ���U� tii4t hi@tL?@M*i }��i? |�i _i}hii Lu

Th�Ui t|�U!�?itt�
ef

A�i t�@Tit Lu |�i @�|L� @?_ UhLttULhhi*@|�L?t 4@|U� hi4@h!@M*) �i** |�i

ULhhi*@|�L?t �? |�i _@|@� ��|T�| @?_ �?�@|�L? @hi Tiht�t|i?|� A�i) @hi TLt�|��i*) ULhhi*@|i_

uLh t�Lh| *@}t @?_ ?i}@|��i*) uLh *L?}ih *@}t� ��|T�| �t @ TLt�|��i *i@_�?} �?_�U@|Lh uLh

�?�@|�L? @?_ �?�@|�L? �t @ *i@_�?} �?_�U@|Lh Lu u�|�hi L�|T�| *Lttit�

6�}�hi H t�L�t |�i �4T�*ti hitTL?tit uLh @ _i4@?_ t�LU! ��||�?} |�i iUL?L4) �? Tih�L_

�� A�i �?�|�@**) t*�}}�t� Th�Ui hitTL?ti �? Tih�L_ 2 U@�tit L�|T�| |L hi4@�? @ML�i i^��*�Mh��4

6<Wkh h�hfwv ri odujhu hodvwlflw| ohyhov duh glvfxvvhg dw wkh hqg ri wkh vhfwlrq1
73Wkh �jxuh ghslfwv wkh fruuhodwlrqv iru wkh xq�owhuhg gdwd1 Wudqviruplqj wklv *|hduo|* gdwd lqwr 7 htxdo

txduwhuo| ydoxhv dqg dsso|lqj wkh edqgsdvv �owhu wkdw kdv ehhq xvhg iru ghwuhqglqj wkh gdwd ohdgv wr d yhu|

vlplodu judsk1 Xq�owhuhg gdwd duh vkrzq ehfdxvh wkh| doorz iru d fohdu lqwhusuhwdwlrq lq whupv ri wkh prgho*v

phfkdqlvpv1

2�



�? |�i Tih�L_ 2� W? Tih�L_ � �?�@|�L? �?Uhi@tit i�i? u�h|�ih @?_ U@�tit @ _i4@?_ t*�4T �?

Tih�L_ �� ��|T�| @?_ �?�@|�L? |�i? t*L�*) hi|�h? |L |�i�h i^��*�Mh��4 �@*�it� A�i �4T�*ti

hitTL?tit U*Lti*) 4@|U� |�i it|�4@|i_ �4T�*ti hitTL?tit uLh |�i N�5� t�L�? �? �}�hi e�

AL �?_iht|@?_ �L� |��t hit�*| i4ih}it UL?t�_ih @}i?|t< it|�4@|it Lu |�i |�L uLhiU@t|

4L_i*t �? �L_i* � ,^��*�Mh��4Ge�

�L_i* v G �| ' E� � f�eS.� n
f�eS.

+
rr

+|3�

�L_i* � G �| ' E� � f�SHH� n f�SHH�|3�

A�i it|�4@|i Lu |�i �+�ULi�U�i?| Lu �L_i* v t�L�t |�@| �?�@|�L? �? @ �L_i* �

,^��*�Mh��4 �t hi@U|�?} 4�U� �i@!ih |L @? L�|T�| _i��@|�L? |�@? �? �L_i* v ,^��*�Mh��4

��ihi |�i t@4i ULi�U�i?| �t }��i? M) �

+rr
c tii i^�@|�L? E�2��

A��t hi*@|��i*) �i@! hi@U|�L? Lu �?�@|�L? |L @ _i4@?_ t�LU! U@? Mi i T*@�?i_ @t uL**L�t�

W? }i?ih@*c �?�@|�L? �?Uhi@tit MiU@�ti �h4t i TiU| i�|�ih �?�@|�L? Lh hi@* �@}it |L �?Uhi@ti�

`�i? @ _i4@?_ t�LU! ��|t |�i iUL?L4) U�hhi?| Th�Uit @hi Thiti| @?_c }��i? |�@| �L_i* �

uLhiU@t|t UL?_�|�L? L? U�hhi?| �?�@|�L?c �?�@|�L? i TiU|@|�L?t @hi i^�@**) Thiti|� A��tc ULt|

i TiU|@|�L?t 4�t| �?�|�@**) _h��i �?�@|�L?�

`�|� u�|�hi �?�@|�L? i TiU|i_ |L Mi �?U�@?}i_c U�hhi?| i Uitt _i4@?_ �t i TiU|i_

|L Tiht�t| �?|L |�i ?i | Tih�L_c ���U� ��** �?Uhi@ti i TiU|i_ u�|�hi hi@* �@}it� 5�?Ui *@MLh

t�TT*) �t hi*@|��i*) i*@t|�Uc ULt|t @hi i TiU|i_ |L �?Uhi@ti L?*) t*�}�|*) @?_ |�ihiM) U@�ti @

h@|�ih �i@! �?�@|�L? hi@U|�L?�

vi|c L?Ui �?�@|�L? �@t T�U!i_ �Tc �?�@|�L? i TiU|@|�L?t ��** t|@h| |L T�U! �T @?_ |�i?

t|@h| |L _h��i @U|�@* �?�@|�L?� A��t i T*@�?t ��) �?�@|�L? �? |�i tiUL?_ Tih�L_ @u|ih |�i

t�LU! �t ��}�ih |�@? �? |�i �ht| Tih�L_ �? |�i �TTih�h�}�| }h@T� Lu �}�hi H�

�?L|�ih ?L|i�Lh|�) ui@|�hi Lu �L_i* � ,^��*�Mh�@ �t |�@| �| }i?ih@|it hi@* �@}it |�@|

@hi *@}}�?} L�ih |�i L�|T�| U)U*ic @ ui@|�hi t|hitti_ M) B@*�� @?_ Bih|*ih E�bbb�� A�i T@?i*

74
|
vv

fdq eh ohiw xqvshfl�hg ehfdxvh lw rqo| ghwhuplqhv wkh dyhudjh rxwsxw ohyho1

2e



L? |�i h�}�| Lu �}�hi b _�tT*@)t |�i ULhhi*@|�L? ULi�U�i?| Mi|�ii? |�i hi@* �@}i @?_ L�|T�|

�? �L_i* � ,^��*�Mh��4� �*|�L�}� L�|T�| �t TLt�|��i*) ULhhi*@|i_ ��|� U�hhi?| �@}it E_�i

|L @? �T�@h_ t*LT�?} *@MLh t�TT*) u�?U|�L?�c L�|T�| t�L�t @ ��}�ih ULhhi*@|�L? ��|� |�i

�@}i �? |�i ?i | 4L_i* Tih�L_� 5�?Ui �?�@|�L? @?_ �?�@|�L? i TiU|@|�L?t @hi *@}}�?} |�i

U)U*i �Lh!iht i TiU| @ ��}�ih �?�@|�L? |@ @u|ih |�i Ti@! Lu |�i U)U*i� A��t t��u|t |�i *@MLh

t�TT*) U�h�i �T�@h_t @?_ hit�*|t �? ��}�ih hi@* �@}it _itT�|i @ _iUhi@t�?} L�|T�| *i�i*�

A�i T@?i* L? |�i *iu| Lu �}�hi b _�tT*@)t |�i t@4i ULhhi*@|�L? �? @ �L_i* v ,^��*�Mh��4�

5�?Ui L�|T�| @?_ �?�@|�L? @hi ���|i ?L�tic L�|T�| �t L?*) ULhhi*@|i_ ��|� U�hhi?| �@}it M�|

?i�|�ih ��|� *i@_�?} ?Lh *@}}�?} �@*�it�

W ?L� Mh�i�) _�tU�tt |�i igiU|t Lu ��}�ih i*@t|�U�|) �@*�it uLh |�i �4T�*ti hitTL?tit

�? |�i |LT hL� Lu �}�hi H� A�i �?�|�@* �?�@|�L? hitTL?ti ��** Mi 4Lhi t*�}}�t� t�?Ui ULt|t

@hi i TiU|i_ |L �?Uhi@ti i�i? *itt ��|� 4Lhi i*@t|�U *@MLh t�TT*)� A�ihiuLhic L�|T�| ��** Mi

��}�ih @?_ �?�@|�L? *L�ih �? Tih�L_ 2� W? Tih�L_ �c ��i? �?�@|�L? i TiU|@|�L?t @hi T�U!�?}

�Tc |�ihi @hi |�L LTTLt�?} igiU|t� �? |�i L?i �@?_ �?�@|�L? t�L�t ��}�ih Tiht�t|i?Ui ��|�

��}�ih i*@t|�U�|�it Etii �}�hi D�( |�ihiuLhic }��i? |�i �?�@|�L? h@|i uLh Tih�L_ 2c i TiU|@|�L?t

uLh Tih�L_ � �?�@|�L? ��** Mi ��}�ih� �? |�i L|�ih �@?_ |�i �?�@|�L? hi@U|�L? �? Tih�L_ 2 �t

4Lhi t*�}}�t�� �t �| |�h?t L�|c |�i ?i| igiU| �t TLt�|��i @?_ �?�@|�L? �? Tih�L_ � �t ��}�ih

@?_ L�|T�| *L�ih |�@? t�L�? �? �}�hi H�

O�}�ih i*@t|�U�|) �@*�itc |��tc }i?ih@|i @ 4Lhi t*�}}�t� �?�|�@* �?�@|�L? hi@U|�L? M�|

@ t|hL?}ih hi@U|�L? |�ihi@u|ih� A��t hit�*|t �? @ t�Lh|ih *i?}|� Lu |�i U)U*i @?_ U@�tit |�i

ULhhi*@|�L?t �? �}�hi . |L UhLtt |�i @ �t @| @? i@h*�ih _@|i�

. #�tU�tt�L?

A��t tiU|�L? _�tU�ttit |�L �4TLh|@?| �tt�it UL?Uih?�?} |�i T*@�t�M�*�|) Lu �L_i* � ,^��*�Mh�@G

��A�i _i}hii Lu ?L?�h@|�L?@*�|) @?_ |�i �|�*�|) *Ltt @ttLU�@|i_ ��|� �?i�U�i?| uLhiU@t|�?} �?

@ �L_i* � ,^��*�Mh��4c @?_ 2�A�i }i?ih@*�|) Lu |�i hit�*| |�@| uLhiU@t|�?} hit|h�U|�L?t 4�}�|

2D



}��i h�ti |L i^��*�Mh�@ ��ihi LT|�4@* uLhiU@t|t @hi L?*) UL?t|h@�?i_ h@|�L?@*�

.�� 6LhiU@t| W?i�U�i?U) �? �L_i* � ,^��*�Mh��4

� _�@}?Lt|�U |it| uLh |�i h@|�L?@*�|) Lu uLhiU@t|t �? �L_i* � ,^��*�Mh��4 U@? Mi M@ti_ L? |�i

ULhhi*@|�L? t|h�U|�hi Lu uLhiU@t| ihhLht� A�i T@?i* L? |�i *iu|��@?_ t�_i Lu �}�hi �f _�tT*@)t

|�i @�|LULhhi*@|�L?t uLh |�i L?i�t|iT�@�i@_ uLhiU@t| ihhLh �? �L_i* � ,^��*�Mh��4 uLh @ *@MLh

t�TT*) i*@t|�U�|) Lu 0?c� ' ��H�
e2

N?t�hTh�t�?}*)c |�i �}�hi t�L�t |�@| uLhiU@t| ihhLht @hi

ULhhi*@|i_ �?_�U@|�?} |�@| uLhiU@t|t @hi �?i�U�i?|�

OL� *L?} �L�*_ �| |@!i |L _�tUL�ih |�i �?i�U�i?U)q A�i T@?i* L? |�i h�}�|��@?_ t�_i

Lu �}�hi �f Thiti?|t |�i hi�iU|�L? ThLM@M�*�|�it Lu �L ���ihUi |it|t Lu |�i ?�** �)TL|�it�t

|�@| uLhiU@t| ihhLht @hi ���|i ?L�ti �? �L_i* � ,^��*�Mh��4�
e�

`�|� 2f |L �f _@|@ TL�?|t

hi�iU|�L? uhi^�i?U�it @hi h@|�ih *L�c ���*i ��|� Df _@|@ TL�?|t hi�iU|�L? �t @*4Lt| Uih|@�?�

A@M*i � hiTLh|t |�i i TiU|i_ ?�4Mih Lu LMtih�@|�L?t uLh ���U� |�i |it|t _i*��ih |�i �ht|

hi�iU|�L?�
ee

#iTi?_�?} L? |�i ThiU�ti |it| �ti_ L?i U@? i TiU| |�i U*@tt Lu uLhiU@t| 4L_i*t

|L Mi �? T*@Ui uLh @hL�?_ �� LMtih�@|�L?tc ��i� 4Lhi |�@? |�hii _iU@_it ��|� )i@h*) _@|@ Lh

4Lhi |�@? H )i@ht �? |�i U@ti Lu ^�@h|ih*) _@|@� A��t tii4t |L Mi @ t��U�i?|*) *L?} |�4i

Tih�L_ uLh @ �L_i* � ,^��*�Mh��4 |L Mi iUL?L4�U@**) hi*i�@?|�

A@M*i �G 5TiU��U@|�L? Ait|t

�L ���ihUi Ait| w@} � w@} ��2 w@} ���

, TiU|i_ _�h@|�L? �?|�* hi�iU|�L? ���H �b�2 2.��

75Wklv lv wkh ydoxh xvhg lq wkh suhylrxv vhfwlrq1 Kljkhu hodvwlflwlhv ohdg wr yhu| vlplodu huuru vwuxfwxuhv1

Wkh dxwr0fruuhodwlrqv kdyh ehhq rewdlqhg qxphulfdoo| iurp 43333 vlpxodwhg gdwd srlqwv1
76Wkh vkrzq uhmhfwlrq suredelolwlhv duh iru wkh dv|pswrwlf 4( fulwlfdo ydoxh ri wkh whvw dqg kdyh ehhq

rewdlqhg e| Prqwh Fduor vlpxodwlrqv ri 43333 vhulhv1
77Djhqwv duh dvvxphg wr shuirup d Er{0Slhufh whvw zlwk d 4( fulwlfdo ydoxh hdfk wlph d qhz gdwd srlqw

lv rewdlqhg1 Wkh wdeoh uhsruwv wkh h{shfwhg qxpehu ri revhuydwlrqv dw zklfk wkh �uvw uhmhfwlrq lv rewdlqhg

edvhg rq 43333 Prqwh Fduor vlpxodwlrqv1

2S



�*|�L�}� |�i ULhhi*@|�L? t|h�U|�hi Lu uLhiU@t| ihhLht �t �?uLh4@|��i @ML�| ��i|�ih uLhi�

U@t|t @hi h@|�L?@*c �| hi4@�?t �?�?uLh4@|��i @ML�| |�i �|�*�|) ULt|t @ttLU�@|i_ ��|� �?i�U�i?|

uLhiU@t|�?}� �| |�i t@4i |�4i �|�*�|) ULt|t tii4 |L Mi @? iUL?L4�U@**) 4Lhi hi*i�@?| Uh��

|ih�L? uLh i�@*�@|�?} |�i _i}hii ?L?�h@|�L?@*�|) |�@? |�i t|@|�t|�U@* ULhhi*@|�L? ThLTih|�it Lu

uLhiU@t| ihhLht�

A�i �ht| *�?i Lu i^�@|�L? E�e� hi�i@*t |�@| |�i Mit| TLtt�M*i uLhiU@t| 4L_i* �? �L_i*

� ,^��*�Mh��4 Thi_�U|t ��|� 3ihL ihhLh�eD A�i t�3i Lu �L_i* �<t uLhiU@t| ihhLh �t |��t @

^�@_h@|�U @TThL �4@|�L? |L |�i �|�*�|) *Ltt @ttLU�@|i_ ��|� |�i �ti Lu t�4T*i hi}hitt�L?

4L_i*t� W?|ihit|�?}*)c |�i t�3i Lu �L_i* ��t uLhiU@t| ihhLht _iTi?_t L? |�i �@h�@?Ui Lu |�i

_i4@?_ t�LU!t� `�i? |�i �@h�@?Ui Lu _i4@?_ t�LU!t @TThL@U�it 3ihLc |�i uLhiU@t| ihhLht Lu

�L_i* � _�t@TTi@hG 5�?Ui �L_i* � uLhiU@t|t @hi �?M�@ti_c uLhiU@t|t ��** MiUL4i h@|�L?@* �?

|�i *�4�| ��i? t�LU!t @hi @Mti?|� A��t �t @ UL?ti^�i?Ui Lu |�i 4Lhi }i?ih@* LMtih�@|�L? |�@|

TihuiU| uLhit�}�| i^��*�Mh�@ U@? Mi |�i *�4�| Lu UL?t|h@�?i_ h@|�L?@* i^��*�Mh�@ Lu t|LU�@t|�U

iUL?L4�it ��|� �@?�t��?} ?L�tic tii �_@4 E2ff2@��

A�i Thi��L�t LMtih�@|�L? �4T*�it |�@| |�i �|�*�|) *Ltt |�@| @}i?|t �?U�h M) �t�?} �L_i*

� _iUhi@tit ��|� |�i �@h�@?Ui Lu |�i _i4@?_ t�LU! @?_ U@? Mi 4@_i @hM�|h@h�*) t4@**�

�LhiL�ihc _�i |L @? @h}�4i?| 4@_i M) �!ih*Lu @?_ vi**i? E�bHD� |�i @}i?|<t �|�*�|) *Ltt

�t Lu @? Lh_ih t4@**ih |�@? |�i t�3i Lu |�i uLhiU@t| ihhLht� 6�h|�ih hit�*|t uhL4 �LU�h@?i

E�bHb� �?_�U@|i |�@| �|�*�|) *Lttit @ttLU�@|i_ ��|� ?L?�LT|�4@* UL?t�4T|�L? Mi�@��Lh @hi �?

|�i Lh_ih Lu @ ui� Ui?|t Tih 4L?|� }��i? |�i �@h�@M�*�|) Lu N�5� _@|@�

�** |��t t�}}it|t |�@| |�i �|�*�|) *Ltt @ttLU�@|i_ ��|� �ti Lu �L_i* � �t hi*@|��i*) t4@**

_itT�|i |�i t|@|�t|�U@* ThLTih|�it Lu uLhiU@t| ihhLht�

.�2 Bi?ih@*�|) Lu +it�*|t

�t @h}�i_ �? |�i �?|hL_�U|�L?c |�i itti?|�@* �?}hi_�i?| @**L��?} uLh i^��*�Mh�@ ��|� �?i�U�i?|

i^��*�Mh��4 i TiU|@|�L?t �t |�@| |�i U*@tt Lu uLhiU@t| 4L_i*t �@t @? LTi??itt ThLTih|) ��ihi

78Wklv lv wkh fdvh ehfdxvh vxsso| vkrfnv duh devhqw1

2.



|�i �ti Lu tL4i uLhiU@t| 4L_i* U@�tit |�i @U|�@* *@� Lu 4L|�L? Lu |�i uLhiU@t|i_ �@h�@M*i |L

*�i L�|t�_i |�i U*@tt�

AL @ttitt |�i }i?ih@*�|) Lu |��t 4iU�@?�t4 L?i �L�*_ ?ii_ |L @?t�ih |�i uL**L��?}

^�it|�L?tG OL� *�!i*) �t �| |�@| @ }��i? U*@tt Lu uLhiU@t| 4L_i*t �t LTi?q `��U� UL?_�|�L?t

�?t�hi |�@| |�i U*@tt �t U*Lti_c ��i� |�@| |�i �?_�Ui_ @U|�@* *@�t @*�@)t hi4@�? �?t�_i |�i

UL?t�_ihi_ U*@ttq

6Lh |�i Thiti?| 4L_i* |�i @?t�ih |L |�i tiUL?_ ^�it|�L?t tii4t LM��L�t @| �ht|� �__�?}

|L |�i |�L uLhiU@t| 4L_i*t UL?t�_ihi_ |��t u@h @ 4L_i* UL?|@�?�?} ML|� *@}}i_ L�|T�| @?_

*@}}i_ �?�@|�L? ��** *i@_ |L @ U*@tt Lu uLhiU@t| 4L_i*t |�@| �t U*Lti_G |�i �?_�Ui_ *@�t Lu

4L|�L? ��** |�i? _iTi?_ @| 4Lt| L? *@}}i_ L�|T�| @?_ �?�@|�L?c tii i^�@|�L? ES��

A�i Thi��L�t TL�?|c �L�i�ihc �t ?L| i?|�hi*) UL?��?U�?}� �?Ui @}i?|t �ti uLhiU@t|

i^�@|�L?t ��|� |�L �@h�@M*it |�i) 4�}�| @t �i** UL?t�_ih L|�ih |�L �@h�@M*i t)t|i4tc �?U*�_�?}

@? i^�@|�L? ��ihi �?�@|�L? �t @tt�4i_ |L _iTi?_ L? *@}}i_ @?_ |��Ui *@}}i_ �?�@|�L?� Nti

Lu |�i *@||ih uLhiU@t| 4L_i* ��** *i@_ |L @? @U|�@* *@� Lu 4L|�L? ��ihi �?�@|�L? _iTi?_t L?

|�hii �@h�@M*it E|�L *@}t Lu �?�@|�L? @?_ L?i *@} Lu L�|T�|c tii i^�@|�L? ES�� @?_ |�i U*@tt Lu

uLhiU@t| 4L_i*t ��** Mi LTi? @}@�?� � t�4�*@h *L}�U @TT*�it ��i? @**L��?} uLh |�hii Lh 4Lhi

�@h�@M*it �? |�i uLhiU@t| i^�@|�L?t�

W? }i?ih@* LTi??itt �? *�?i@h 4L_i*t hi4@�?t @*�@)t @ TLtt�M�*�|) ��i? |�i 4@ �4�4

?�4Mih Lu *@}t �t �?�|i�eS �?*) ��i? |�i ?�4Mih Lu *@}t �t @hM�|h@h)c |�i U*@tt Lu uLhiU@t|

4L_i*t �t }�@h@?|ii_ |L Mi U*Lti_G *�?i@h uLhiU@t|t �? @ *�?i@h 4L_i* ��** *i@_ |L *�?i@h @U|�@*

*@�t Lu 4L|�L?c ���U� @hi UL?|@�?i_ �? |�i U*@tt M) _i�?�|�L?�

�*Lti_?itt �t *�!i*) |L Mi i�i? 4Lhi _��U�*| |L LM|@�? ��i? @**L��?} uLh ?L?�*�?i@h

uLhiU@t|t @?_%Lh ?L?�*�?i@h 4L_i*t� �LhiL�ihc 4L_i*t _i��@|�?} uhL4 |�i hiThiti?|@|��i

@}i?| @tt�4T|�L? @?_ @**L��?} @}i?|t |L �@�i �i|ihL}i?iL�t uLhiU@t|�?} U@T@M�*�|�it 4@)

79Krzhyhu/ rshqqhvv lv rqo| d qhfhvvdu| frqglwlrq iru lqh�flhqw h{shfwdwlrqv htxloleuld wr h{lvwv1 Rqfh

wkh fodvv ri prghov lqfuhdvhv/ wkh fodvv ri frpshwlqj prghov lqfuhdvhv dqg wkh fdqgldwh prgho surmhfwlqj wkh

dfwxdo odz ri prwlrq rxwvlgh wkh frqvlghuhg fodvv lv ohvv olnho| wr eh wkh ehvw dssur{lpdwlrq wr wkdw dfwxdo

odz1

2H



@*tL �?Uhi@ti |�i *�!i*��LL_ Lu LTi??itt �? |�i ti?ti @ML�i�

W? |�i *�}�| Lu |�i Thi��L�t _�tU�tt�L? |�i LTi??itt ThLTih|) Lu |�i U*@tt Lu t�4T*i

hi}hitt�L? 4L_i*t UL?t�_ihi_ �? |��t T@Tih �t @ }LL_ ui@|�hi t�?Ui LTi??itt �t *�!i*) |L Mi

LM|@�?i_ �? 4@?) t�|�@|�L?t �?�L*��?} uLhiU@t|�?} UL?t|h@�?|t�

H ��|*LL! L? L̀h! ��i@_

5L4i ^�it|�L?t hi*@|i_ |L |�i �?_�?}t �? |��t T@Tih _itih�i u�h|�ih @||i?|�L?�

6�ht|*)c �| �t _it�h@M*i |L i�@*�@|i |�i �4TLti_ uLhiU@t|�?} hit|h�U|�L?t �? @? �?_iTi?_i?|

�@)� 5�U� i�@*�@|�L? @**L�t |L @ttitt ��i|�ih Lh ?L| M) U�LLt�?} @? @TThLTh�@|i uLhiU@t|�?}

hit|h�U|�L? |�i Thiti?| 4L_i* �@t Mii? L�ih�||i_ |L |�i _@|@� W? �_@4 E2ff2M� W �@�i

�4T*i4i?|i_ |�i 4L_i* �? |�i i Tih�4i?|@* *@MLh@|Lh)� �L_i* � ,^��*�Mh�@ @?_ t�4T*i

hi}hitt�L? 4L_i*t �@�i Mii? i |hi4i*) igiU|��i �? i T*@�?�?} |�i i Tih�4i?|@* _@|@c ���U�

t�L�*_ �?Uhi@ti UL?�_i?Ui �?|L |�i hit�*|t _ih��i_ �? |��t T@Tih� 6�h|�ih �?�it|�}@|�L?t

�t�?} hi@* _@|@c i�}� i TiU|@|�L?t t�h�i) _@|@c 4@) t�i_ @__�|�L?@* *�}�| L? |�i T*@�t�M�*�|)

Lu �L_i* � ,^��*�Mh�@�

5iUL?_*)c L�|T�| @?_ UL?t�4T|�L? �? �L_i* � ,^��*�Mh��4 _�tT*@) @ ��}�ih �@h�@?Ui

|�@? �? �L_i* v ,^��*�Mh��4� A��t t�}}it|t |�@| �L_i* � ,^��*�Mh�@ @hi �@hi|L _L4�?@|i_

M) �L_i* v ,^��*�Mh�@ uLh *L� i?L�}� _�tUL�?| h@|it�
e.

A��t h@�tit |�i ^�it|�L? ��i|�ih

t��|@M*i TL*�U�it UL�*_ �4ThL�i �TL? |�i t�|�@|�L? @?_ Thi�i?| |�i iUL?L4) uhL4 UL?�ih}�?}

|L @ �L_i* � ,^��*�Mh��4�

6�?@**)c |�i UL?t|h�U|�L? Lu 4L_i*t ��ihi @}i?|t _�gih �? |�i�h uLhiU@t|�?} UL?t|h@�?|t

�L�*_ Mi Lu �?|ihit|� #Lit �i|ihL}i?i�|) Lu uLhiU@t|t }i?ih@|i_ @*L?} |�iti *�?it 4@!it �|

i�i? 4Lhi _��U�*| uLh uLhiU@t|iht |L _i|iU| |�i |h�i �?_ih*)�?} iUL?L4�U hi*@|�L?t��Ttq

7:Krzhyhu/ hqwuhsuhqhxuv dqg zrunhuv sur�w gl�huhqwo| iurp rxwsxw �xfwxdwlrqv1

2b



b �TTi?_� 

b�� ViU|Lh ��|Lhi}hitt�L?

� V�+ ��|� |�L *@}t @?_ @ UL?t|@?| �@t it|�4@|i_ M) �w5 hi}hitt�L?� A�i _@|@ UL?t�t|t

Lu M@?_T@tt��*|ihi_ ^�@h|ih*) �?�@|�L? @?_ L�|T�| _@|@ _iT�U|i_ �? �}�hi 2� A�i it|�4@|�L?

hit�*|t @hi G

�| 7|_�.ooJo +| 7|_�.ooJo

SJ?r|� f�f2fDS2 f�fHbebD f�fff��SHf f�ff�SH2e

�|3� f�fDSSb2 f��Sf2� �f�ffH.f�b f�ff�f�22

�|32 �f��bf2b f��DeH� �f�ffe2e2� f�ff2b�f.

+|3� 22�ffD H�.De2 f�2bb�2 f��SeD.

+|32 �D��fS b�2D�H �f�f�D��D f��.�b�

j f�DDfS2 � f�f�f�D� �

-2 f�.DefS � f�Sbb2e �

A�i @U|�@* @?_ |�i �||i_ �@*�it @hi t�L�? �? �}�hi ��� 6�}�hi �2 _iT�U|t |�i @�|LULhhi*@|�L?

Lu |�i hi}hitt�L? ihhLht� Wu L?i hi^��hi_ hi}hittLht |L Mi t�}?��U@?| @| |�i �I *i�i*c L?i UL�*_

|it| _L�? |L @ 4L_i* ��|� ��t| � *@}� 6�}�hi �� t�L�t |�i �4T�*ti hitTL?ti u�?U|�L?t uLh

|��t U@ti @?_ �**�t|h@|it |�i hLM�t|?itt Lu |�i �4T�*ti hitTL?tit�

b�2 �@*U�*@|�L? Lu |�i +@|�L?@* , TiU|@|�L?t ,^��*�Mh�@

�L?t�_ih @ t|LU�@t|�U *�?i@h i TiU|@|�L?@* _�gihi?Ui i^�@|�L? Lu |�i uLh4

%| ' & n�f.|3� d%|o n��.|3� d%|n�o n(%|3� n �| E�D�

��|� %|c �|c & 5 -?c �fc ��c( 5 -?f?c @?_ �� 9' fc ( 9' f� A�i 4�?�4�4 t|@|i �@h�@M*i

tL*�|�L?t Lu E�D� |@!i |�i uLh4

%| ' @n�%|3� n �|

�f



ThL��_i_ |�ihi i �t|t @ hi@* tL*�|�L? |L |�i 4@|h� ^�@_h@|�U i^�@|�L?

���
2
� E�f � U�� n( ' f E�S�

tii U�@T|ih �f �? ,�@?t @?_ OL?!@TL��@ E2ff��� A�i? @ �t }��i? M)

EU ��f ���E� n���@� & ' f E�.�

A�i �+�tL*�|�L?t U@? Mi U@*U�*@|i_ M) tL*��?} |�i 4@|h� i^�@|�L?t E�S� @?_ E�.� uLh @ @?_

�� 5L4i *i?}|�) @*}iMh@ t�L�t |�@| |�ihi @hi |�L h@|�L?@* i TiU|@|�L?t tL*�|�L?tc ?@4i*)

|�i L?it }��i? M) EH� @?_ Eb��

b�� 5|@M�*�|) Lu +@|�L?@* , TiU|@|�L?t �?_ih wi@t| 5^�@hit wi@h?�

�?}

A�i t|@M�*�|) Lu |�i h@|�L?@* i TiU|@|�L?t i^��*�Mh�@ EH� @?_ Eb� �?_ih *i@t|�t^�@hit *i@h?�?}

�t }L�ih?i_ M) |�i tL�U@**i_ ,�t|@M�*�|) Uh�|ih�L?c tii ,�@?t @?_ OL?!@TL��@ E�bbH�� Nt�?}

.|3� d�|o ' kn q+|3�

.|3�d�|n�o ' kn q.|3�d+|o

' kn q

#
+r n

�

�r
+|3� �

+

E�r�
2
Ekn q+|3��

$

|L t�Mt|�|�|i |�i i TiU|@|�L?t �? ES� @?_ �t�?} �
r
' �c L?i LM|@�?t

�| ' A@Ekcq� n AKEq�+|3�

��ihi

A@Ekcq� ' �� n E2�
�

0?c�
�k n q+E�� k�

AKEq� '
�

+0?c�
n E��

�

0?c�
�q � +q2

��



A�i @ttLU�@|i_ _�gihi?|�@* i^�@|�L? �t }��i? M)

3
EC

Yk

Y|

Yq

Y|

4
FD '

3
EC

A@Ekc q�

AKEkc q�

4
FD�

3
EC

k

q

4
FD

@?_ ,�5|@M�*�|) E,�W?t|@M�*�|)� �t t@|�t�i_ ��i? |�i i�}i?�@*�it Lu

3
EC

YA@Ekcq�
Yk

YA@Ekcq�
Yq

YAKEkcq�
Yk

YAKEkcq�
Yq

4
FD E�H�

@hi t4@**ih E*@h}ih� |�@? L?i�

6Lh |�i t|@|�L?@h) h@|�L?@* i TiU|@|�L?t tL*�|�L? EH� |�i i�}i?�@*�it Lu E�H� @hi }��i?

M) b� ' � � �
0?c�

@?_ b2 ' �

�
0?c�

@?_ uLh |�i ?L?�t|@|�L?@h) tL*�|�L? Eb� M) b� ' 2 @?_

b2 ' 2 n �
0?c�

� A��t ThL�it |�@| |�i t|@|�L?@h) h@|�L?@* i TiU|@|�L?t tL*�|�L? �t t|@M*i @?_

|�@| |�i ?L?�t|@|�L?@h) h@|�L?@* i TiU|@|�L?t tL*�|�L? �?t|@M*i �?_ih *i@t| t^�@hit *i@h?�?}

Lu �L_i* v�

b�e �@*U�*@|�?} q�

�

`�|�L�| *Ltt Lu }i?ih@*�|) �}?Lhi |�i UL?t|@?| �? E�e� @?_ �h�|i �| @t

5| ' �5|3� n �| E�b�

��|� T @oE�|� ' lc T @oE5|� ' Pc �J�E5|c 5|3�� ' Kc @?_ � ' EK�c��� A@!�?} �@h�@?Uit L?

ML|� t�_it Lu E�b� )�i*_t

P ' �P��n l

���U� �4T*�it

�eSEP� ' E� ���eSEP� n �eSEl�

' EU �� ��3��eSEl� E2f�

�2



��*|�T*)�?} E�b� M) 5|3� @?_ |@!�?} i TiU|@|�L?t L?i LM|@�?t |�i UL�@h�@?Ui ��|� *@}}i_

�@h�@M*itG

K ' �P E2��

Nt�?} i^�@|�L?t E2f� @?_ E2�� @?_ hi4i4Mih�?} |�@|

l '

3
EC f f

f j
2

�

4
FD

|�i 4@|h�Uit P @?_ K @hi i@t�*) U@*U�*@|i_� Nt�?} |�i i Thitt�L? uLh |�i �@h�@?Ui Lu �| uhL4

P @?_ |�i i Thitt�L? uLh |�i UL�@h�@?Ui Lu �| @?_ �|3� uhL4 K L?i LM|@�?t

q� '
SJ�E�|c�|3��

�@oE�|�

'
K�� n K22

� n EK��K22 � K�2K2��

'
E� n q� �

�

0?c�
�q� n �� �

0?c�

E� n q� �
�

0?c�
�q� n �

E22�

A�i �?�^�i hi@* tL*�|�L? |L |��t i^�@|�L? �t }��i? M)

q
W

�
' �
s
5 �

�

b

�0?c� � �

E0?c��
2 �
s
5
n

�

�0?c�

��eoe

5 '
�

De

2 � b0?c� � 2. E0?c��
2
n 2. E0?c��

�

E0?c��
�

n
�

�H

s
�

E0?c��
2

u�
�D n 2S0?c� n b E0?c��

2 � De E0?c��
�
n 2. E0?c��

e
�

b�D 5|@M�*�|) Lu �L_i* � ,^��*�Mh��4 �?_ih wi@t| 5^�@hit wi@h?�

�?}

,�5|@M�*�|) }L�ih?t |�i t|@M�*�|) �?_ih *i@t| t^�@hit *i@h?�?}c tii ,�@?t @?_ OL?!@TL��@

E�bbH�� A�i _�gihi?|�@* i^�@|�L? _i|ih4�?�?} |�i t|@M�*�|) Lu �L_i* � ,^��*�Mh�@ �t }��i?

��



M)

Yq

Y�
' A Eq�� q E2e�

��ihi A Eq� �t }��i? M) i^�@|�L? E22�� `�i?i�ih E2e� �t *LU@**) @t)4T|L|�U@**) t|@M*i @| |�i

�L_i* � i^��*�Mh��4c ��i� ��i? YA Eq�
Yq

	 � @| |�i i^��*�Mh��4 �@*�i Lu qc |�i? |�i �L_i*

� i^��*�Mh��4 �t t|@M*i �?_ih *i@t| t^�@hit *i@h?�?}� 6�}�hi �e t�L�t
YA Eq�
Yq

uLh |�i hi*i�@?|

T@h@4i|ih tT@Ui Lu 0?c� @?_ hi�i@*t |�@| q UL?�ih}it |L �|t i^��*�Mh��4 �@*�i �?_ih *i@t|

t^�@hit *i@h?�?}� 6hL4 k ' � � q �| uL**L�t |�@| �L_i* � i^��*�Mh�@ @hi t|@M*i �?_ih *i@t|

t^�@hit *i@h?�?}�

+iuihi?Uit

�_@4c k*@�tc Rwi@h?�?} @?_ ,^��*�Mh��4 5i*iU|�L? �? @ �L?i|@h) ��ih*@TT�?} Bi?ih@�

|�L?t �L_i* ��|� 5|�U!) �h�Uitc� +i��i� Lu ,UL?L4�U 5|�_�it EuLh|�UL4�?}�c 2ff2�

c R5�L�*_ �@UhLiUL?L4�t|t �L?t�_ih +it|h�U|i_ �ihUiT|�L?t ,^��*�Mh�@q ,��_i?Ui uhL4

|�i , Tih�4i?|@* w@MLh@|Lh)c� N?��iht�|) Lu 6h@?!u�h| ��4iLc 2ff2�

�!ih*Luc BiLh}i �� @?_ a@?i| w� vi**i?c R� �i@h�+@|�L?@* �L_i* Lu |�i ��t�?itt �)U*i

��|� @̀}i @?_ �h�Ui W?ih|�@c� "�@h|ih*) aL�h?@* Lu ,UL?L4�Utc �bHDc �ffc H2��H�H�

�?_ihtL?c +LMih| �� @?_ O�}L 5L??i?tU�i�?c R+@|�L?@* , TiU|@|�L?t ,^��*�Mh��4

��|� ,UL?L4i|h�U �L_i*tc� +i��i� Lu ,UL?L4�U 5|�_�itc �bHDc D2c �Db��Sb�

�h�uL��Uc a@t4�?@ @?_ a@4it ��**@h_c Rwi@h?�?} �? �@UhLiUL?L4�U �L_i*tc� �@UhLi�

UL?L4�U #)?@4�Utc 2ff�c Dc �e���e.�

�@**c w@�hi?Uic R�i@h�+@|�L?@*�|) @?_ W?�@|�L? �? A�L �L?i|@h) +i}�4itc� aL�?t OLT�

!�?t N?��iht�|) ��4iLc 2fff�

�Ltt@ih|tc �i|ihc A�i �@h@_L Lu �tti| �h�U�?}c �h�?Ui|L?G �h�?Ui|L? N?��iht�|) �hittc

2ff2�

�e



�hLU!c `�**�@4 �� @?_ �@ht O� OL44itc R� +@|�L?@* +L�|i |L +@?_L4?ittc� ,UL?L�

4i|h�U@c �bb.c SDc �fDb��fbD�

�@}@?c ��c A�i �L?i|@h) #)?@4�Ut Lu O)Tih�W?�@|�L?c �? ��*|L? 6h�i_4@? Ei_��c �5|�_�it

�? |�i "�@?|�|) A�iLh) Lu �L?i)�c N?��iht�|) Lu ���U@}L �hittc �bDS�

��@h�c V�V�c ��a� ki�Lic @?_ ,�+� �UBh@||@?c R5|�U!) �h�Ui �L_i*t Lu |�i ��t�?itt

�)U*iG �@? |�i �L?|h@U| ��*|�T*�ih 5L*�i |�i �iht�t|i?Ui �hLM*i4qc� ,UL?L4i|h�U@c

2fffc SHc ��D����.b�

��h�t|�@?Lc w@�hi?Ui a�c �@h|�? ,�U�i?M@�4c @?_ ��@h*it ,�@?tc R�L?i|@h) �L*�
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