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4L_i*t� ì hiuih |�i hi@_ih |L wii @?_ W?}h@4 E�bb��c #��i @?_ 5�?}*i|L? E�bb��c w@hL^�i
@?_ 5@*@?��i E�bbf�c @?_ BL�h�ihL� @?_ �L?uLh| E�bbf� uLh hit�*|t L? |��t |LT�U�

519 Vfruh Ixqfwlrqv

6Lh 4L_i*t ��|� Ui?tLh�?}c |�i tULhi uLh w U@? Mi �h�||i? �? |�L �@)t ���U� �i ��** �ti |L
4L|��@|i |�L @TThL@U�it |L @TThL �4@|�L? Lu |�i tULhi M) t�4�*@|�L?G

uw *? sEw( +� '
uwsEw( +�

sEw( +�
E�e�

' . duw *? sEw( +
W�m +o E�D�

��ihi uw �t @? LTih@|Lh |�@| hiThiti?|t T@h|�@* _�gihi?|�@|�L? ��|� hitTiU| |L |�i i*i4i?|t Lu
w� A�i h@|�L E�e� �t t�4T*) |�i _ih��@|��i Lu |�i *L}�*�!i*��LL_ @?_ t�4�*@|�L? U@? Mi @TT*�i_

;Wklv lv wkh vwuxfwxuh dvvxphg lq wkh lqwurgxfwru| h{dpsoh � vhh htxdwlrq +4, deryh1
<Sdqho gdwd vhwv lq zklfk hdfk djhqw lv revhuyhg iru wkh vdph qxpehu ri wlph shulrgv W duh fdoohg edodqfhg/

zkloh vhwv zlwk Wq 9@ W iru vrph q @ 4> � � � > Q duh nqrzq dv xqedodqfhg1 Dv orqj dv wkh ghwhuplqdwlrq ri

Wq lv qrw hqgrjhqrxv wr wkh hfrqrplf prgho dw kdqg/ edodqfhg dqg xqedodqfhg vhwv fdq eh dqdo|}hg xvlqj

wkh vdph whfkqltxhv1 Wkhuh h{lvwv/ krzhyhu/ wkh lqwhuhvwlqj fdvh lq zklfk Wq lv ghwhuplqhg hqgrjhqrxvo|

wkurxjk dq hfrqrplf ghflvlrq/ zklfk ohdgv wr d pxowlshulrg vdpsoh0vhohfwlrq sureohp1 Vhh Kdxvpdq dqg

Zlvh +4<:<, iru d glvfxvvlrq ri wklv fdvh1

��



|L |�i ?�4ih@|Lh @?_ _i?L4�?@|Lh tiT@h@|i*)� A�i tiUL?_ i Thitt�L? E�D�c |�i UL?_�|�L?@*
i TiU|@|�L? Lu |�i tULhi Lu |�i *@|i?| *L}�*�!i*��LL_c U@? Mi t�4�*@|i_ @t @ t�?}*i i TiU|@|�L?
�u uw *? sEw( +

W� �t |h@U|@M*i� +��_ E�bHS�c �@? �h@@} @?_ OLT E�bH.�c O@���@tt�*�L� @?_
�U6@__i? E�bbf�c @?_ O@���@tt�*�L� E�bb2� �@�i ?L|i_ @*|ih?@|��i �@)t Lu �h�|�?} tULhi
u�?U|�L?t uLh |�i T�hTLti Lu it|�4@|�L? M) t�4�*@|�L?�

Oihi �t |�i _ih��@|�L? Lu E�D�G wi| 8 Ew( +W m +� _i?L|i |�i UL?_�|�L?@* U�_�u� Lu +W }��i?
|�@| �E+W� ' +��f ì *i|
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|�@| �?_�?} |�i �w it|�4@|Lh ��** hi^��hi @ML�| 2f � 2R u�?U|�L? i�@*�@|�L?t� 5�?Ui |�i
t@4T*i UL?t�t|t Lu � ' �fff �?_���_�@*tc �i ��** �@�i |L U@*U�*@|i � � 2f� 2R UL?|h�M�|�L?t
|L |�i *�!i*��LL_ u�?U|�L?c i@U� Lu ���U�c �? }i?ih@*c ��** Mi �S�_�4i?t�L?@* �?|i}h@*t� wi|
r Mi |�i |�4i �? tiUL?_t @ }��i? UL4T�|ih hi^��hit |L @TThL �4@|i @ �S�_�4i?t�L?@* �?|i�
}h@* M) ?�4ih�U@* ^�@_h@|�hi 4i|�L_t� ��h �)TL|�i|�U@* �w it|�4@|�L? ��** |��t hi^��hi
@ML�| � � 2f � 2R � r tiUL?_t� �? @ |)T�U@* 4L_ih? t�TihUL4T�|ih Et@) @ �h@) �� L?i
UL�*_ i TiU| r � 2� Oi?Uic �t�?} t�U� @ t�TihUL4T�|ihc L�h ThLM*i4 �L�*_ |@!i @ML�|
�fff � 2f � �.H � 2*�Sff �L�htc ���U� �t @ML�| e 4L?|�t Lu �h@) � ��N- W| �t Uh�U�@* |L
t|hitt |�@| t�U� ?�4ih�U@* ^�@_h@|�hi 4i|�L_t Lgih L?*) TLLh @TThL �4@|�L?t |L �?|i}h@*t

44Vhh Txdqgw +4<;9, iru d glvfxvvlrq ri lvvxhv lq qxphulfdo rswlpl}dwlrq phwkrgv1

��



Lu t�U� _�4i?t�L?��2 A�i 4@ �4�4 *�!i*��LL_ it|�4@|it hit�*|�?} uhL4 e 4L?|�t Lu �h@) �
��N �L�*_ Mi �||ih*) �?hi*�@M*i� A�i ?ii_ uLh @*|ih?@|��i it|�4@|�L? 4i|�L_t uLh |�iti
ThLM*i4t �t @TT@hi?|�

6 Vlpxodwlrq Phwkrgv

614 Ryhuylhz

A�L }i?ih@* @TThL@U�it |L i T*L�|�?} t�4�*@|�L? �? T@h@4i|h�U it|�4@|�L? @hi |L @TThL �4@|i
|�i *�!i*��LL_ u�?U|�L? @?_ |L @TThL �4@|i t�U� 4L4i?| u�?U|�L?t @t |�i tULhi� A�i *�!i*��
�LL_ u�?U|�L? U@? Mi t�4�*@|i_ M) �L?|i �@h*L |iU�?�^�it L�ih |�i *@|i?| 4@h}�?@* _�t|h��
M�|�L? sEw( +W� �? i^�@|�L? Ee� uLh |�i 4� |�hi U@tic i^�@|�L? ED� uLh |�i _�tUhi|i%UL?|�?�L�t
U@tic @?_ i^�@|�L? E�f� uLh |�i |h�?U@|i_ U@ti� �*|ih?@|��i*)c |�i tULhi U@? Mi @TThL �4@|i_
i�|�ih M) �?|i}h@|�?} ML|� ?�4ih@|Lh @?_ _i?L4�?@|Lh �? i^�@|�L? E�e� Lh M) �?|i}h@|�?}
L�ih |�i *@|i?| UL?_�|�L?@* T�_�u� sEw( +Wm+� @t �? i^�@|�L? E�D�� A��tc t�4�*@|�L? |iU�?�^�it
uLU�t L? |�i t�4�*@|�L? uhL4 |�iti |�L _�t|h�M�|�L?tc sEw( +W� @?_ sEw( +Wm+�� A�i Ui?tLh�?}
@?_ |h�?U@|�L? _�tU�tti_ @ML�i uLh w#V 4L_i*t @*tL @TTi@h �? t�4�*@|�L?t @?_ �i UL?t�_ih
4i|�L_t uLh igiU|�?} i@U� |)Ti Lu LMtih�@|�L? h�*i Mi*L�� �t �i ��** t�L� �? 5iU|�L? ec tL4i
t�4�*@|�L? it|�4@|�L? 4i|�L_t �ti Ui?tLhi_ t�4�*@|�L? uLh |�i it|�4@|�L? Lu |�i 4@�? |)Tit
Lu w#V 4L_i*t _�tU�tti_ �? 5iU|�L? 2c EUi?tLhi_c |h�?U@|i_c @?_ 4� |�hi 4L_i*t�c ��ihi@t
L|�ih it|�4@|�L? 4i|�L_t �ti |h�?U@|i_ t�4�*@|�L? uLh |�i it|�4@|�L? Lu |�iti 4L_i*t�

5�4�*@|�L? Lu t|@?_@h_ ?Lh4@* h@?_L4 �@h�@M*it �t @? L*_ @?_ �i**�t|�_�i_ ThLM*i4�
+i*@|��i*) u@t| @*}Lh�|�4t @hi ��_i*) @�@�*@M*i uLh }i?ih@|�?} t�U� h@?_L4 �@h�@M*it L? @
UL4T�|ih� A��tc UL?t�_ih |�i t�4�*@|�L? Lu |�i *@|i?| _@|@ }i?ih@|�?} ThLUitt� ì U@?
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46Vxfk d phfkdqlvp doorzv vlpxowdqhrxv rshudwlrq rq dgmdfhqw hohphqwv ri d yhfwru xvlqj pxowlsoh surfhv0

vruv1 Vhh Kdmlydvvlolrx +4<<6e, zkr vkrzv wkdw wkh FPF h{klelwv wkh juhdwhvw vshhg jdlqv iurp yhfwrul}dwlrq

dprqj 46 dowhuqdwlyh vlpxodwlrq phwkrgv1
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49Wklv phwkrg lv ghvfulehg h{whqvlyho| lq Ghyur|h +4<;9, dqg lv d vlpsoh dssolfdwlrq ri wkh fxpxodwlyh

suredelolw| lqwhjudo wudqvirup uhvxow � vhh Ihoohu +4<:4,1 Frpsxwdwlrqdoo| pruh h�flhqw phwkrgv iru jhq0

hudwlqj xqlyduldwh wuxqfdwhg qrupdo yduldwhv h{lvw � iru h{dpsoh Jhzhnh +4<<5,1 Wkh dgydqwdjh ri wkh

phwkrg suhvhqwhg lq wkh suhfhglqj htxdwlrq/ krzhyhu/ lv wkdw lw lv frqwlqxrxv lq �/ 
/ dqg $p/ zklfk/ dv

douhdg| phqwlrqhg/ lv d ghvludeoh surshuw| ri vlpxodwruv iru dv|pswrwlf wkhru| dqg iru lwhudwlyh sdudphwhu

vhdufk1 Wkh phwkrg ri frqvwuxfwlqj � lq wklv h{dpsoh fdq dovr eh h{whqghg wr d elyduldwh yhuvlrq xvlqj d

elyduldwh qrupdo f1g1i1 dqg vwdqgdugl}lqj dgmdfhqw sdluv ri hohphqwv1
4:Lw vkrxog eh qrwhg wkdw rqh ri wkh dwwudfwlyh surshuwlhv ri wkh JKN vlpxodwru lv wkdw lw jhqhudwhv

vlpxodwhg suredelolw| ydoxhv wkdw duh erxqghg dzd| iurp 3 dqg 4/ xqolnh pdq| rwkhu lpsruwdqfh vdpsolqj

vlpxodwruv1 Vhh E�ruvfk0Vxsdq dqg Kdmlydvvlolrx +4<<6, iru ghwdlov1
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