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lv dq hlwkhu0ru ghflvlrq1 �B|�|jt < -j}�OjB� ^4<;;`/ .WNAN6�ajt ^4<;<`/ ^4<<4d`/ ^4<<4e`/ dqg .�A�

�NiA ^4<<5` xvh d prgho ri gl�huhqwldwhg frqvxphuv zkhuh d vxevhw ri wkhp kdv d suhihuhqfh iru pl{lqj0

dqg0pdwfklqj surgxfwv ri gl�huhqw eudqgv1 Krzhyhu/ lq wkrvh prghov shuihfw frpsdwlelolw| lv dfklhyhg

frvwohvvo| h{ dqwh dqg lv dozd|v sur�wdeoh iru �upv/ zklfk duh dvvxphg wr ehkdyh qrqfrrshudwlyho|1
;Vhh QjAi�`�jt ^4<<3` iru d fulwltxh dqg a?�tVij6NA| < cBW`�j6�A ^4<<3` iru d uhso|1 Wkhlu

dqdo|vlv kdv ehhq h{whqghg dqg jhqhudol}hg e| $j �NAa| < Xj�}j,jit ^4<<4`/ $j �NAa|e 7,Bj|t

< �Btt�6BA ^4<<5`/ lB6�jAe ��,,ji < ~BA} ^4<<5`/ 7�5�6�iB ^4<<5`/ XNANi|Bt ^4<<7`/ 7|j�it

^4<<8`/ �iNa < 7���B"�6Bi ^4<<:`/ wjB�+ < �jBi+ ^4<<:`/ #�� ^4<<:`/ dqg �j|�| < CN,��At"�

^4<<<`1 Iru d uhylhz ri wklv olwhudwxuh vhh $j �NAa| ^4<<9`1
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<Vhh dovr lB|5 ^4<;9` iru dq hduolhu sdshu zklfk hpskdvl}hv wkh vwlpxodwlrq ri lqfhqwlyhv wrzdugv

lqyhvwphqwv lq U)G h�ruwv gxh wr frrshudwlyh djuhhphqwv1
43Dq hduo| h�flhqf| udwlrqdoh ri krul}rqwdo frrshudwlrq kdv ehhq suhvhqwhg e|b�,,�B6tNA ^4<9;`1 Vhh

DiNtt6BA < 7�BV�iN ^4<;9`/ cNiaj < CjjWj ^4<<3`/ �iNa,j+ ^4<<3` dqg 7�BV�iN < b�,,�} ^4<<3`

iru d fulwlfdo dvvhvvphqw ri wkh dqwlwuxvw wuhdwphqw ri krul}rqwdo frrshudwlrq lq uhvhdufk dqg lqqrydwlrq1
44Lq wkh iroorzlqj/ wkh uhjlphv duh deeuhyldwhg e| wzr fdooljudsklf ohwwhuv/ zkhuh wkh �uvw ohwwhu ghvfulehv

�upv* �uvw0vwdjh ehkdylru hlwkhu dv qrqfrrshudwlyh/ zkdw lv lqglfdwhg e| Q / ru dv frrshudwlyh/ zkdw lv

lqglfdwhg e| F1 Wkh vdph phwkrg dssolhv iru wkh vhfrqg ohwwhu zklfk vwdqgv iru �upv* ehkdylru dw wkh

vhfrqg vwdjh ri wkh jdph1
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45Wkh lpsruwdqfh ri lqwhu0�up frrshudwlrq rq wkh vwdqgdugl}dwlrq vwdjh lq vriwzduh pdunhwv kdv ehhq

hpskdvl}hg e| lB|5 < 7�BV�iN ^4<<;`1
46Iru lqvwdqfh wkhZ6 frqvruwlxp lv d vwdqgdugl}dwlrq frpplwwhh iru dfklhylqj lqwhueudqg frpsdwlelolw|

ehwzhhq zhe eurzvhuv dqg zhe ghvljqhu wrrov1 Lq wklv sduwlfxodu fdvh/ Plfurvriw dqg Qhwvfdsh frpshwh

rq wkh eurzvhu pdunhw dqg frruglqdwh wkhlu dfwlylwlhv wrzdugv lqwhueudqg frpsdwlelolw| lq wkh frqvruwlxp

+vhh Pdjd}lq i�xu Frpsxwhu Whfkqln/ Vhswhpehu/ 4<<:/ ss1 ;304/ iru d ghvfulswlrq ri wklv fdvh,1
47Wkh olwhudwxuh rq uhvhdufk mrlqw yhqwxuhv +vhh Irrwqrwh ;, grhv rqo| frqvlghu nqrzohgjh vslooryhuv

ehwzhhq �upv1 Lqyhvwphqw dfwlylwlhv zklfk jhqhudwh srvlwlyh ghpdqg vlgh h�hfwv duh qrw h{dplqhg lq wklv

vwudqg ri olwhudwxuh1

S



�h4tc ���U� @UUh�i uhL4 UL4T@|�M�*�|) �?�it|4i?|t� �LhiL�ihc ���*i |�Lti T@Tiht |@h}i|

|�i �tt�i Lu i @?|i t|@?_@h_�3@|�L? L�h T@Tih �?�it|�}@|it �h4t< �?Ui?|��it |L it|@M*�t�

UL4T@|�M�*�|) i TLt|c @u|ih t|@?_@h_ |iU�?L*L}�it �@�i UL4i �?|L i �t|i?Ui��D

A�i 4@�? TL�?| Lu L�h T@Tih �t |�@| Lh}@?�3@|�L?t *�!i t|@?_@h_�3@|�L? UL44�||iitc Lh

UL_it�@h�?} @hh@?}i4i?|t �? |�i UL?|i | Lu �?|ih?@|�L?@* @�h*�?i tih��Uitc _L �? }i?ih@*

�i*T |L �?|ih?@*�3i |�Lti tT�**L�iht @?_ _L *i@_ |L tiUL?_�Mit| �i*u@hi *i�i*t @t *L?} @t

|�i) _L ?L| �?_�Ui �h4t |L UL**�_i L? |�i L�|T�| 4@h!i|� 5�hTh�t�?}*)c uLh ��}� �@*�it

Lu |�i tT�**L�ih T@h@4i|ih �i*u@hi �t i�i? ��}�ih �?_ih @ hi}�4i ��ihi �h4t ULLTih@|i

�? ML|� t|@}it UL4T@hi_ |L T�hi UL4Ti|�|��i Mi�@��Lh �? ML|� t|@}it� A�ihiuLhic L�h

T@Tih 4�}�| �i*T |L i T*@�? ��) �Lh�3L?|@* ULLTih@|�L? �? t|@?_@h_�3@|�L? UL44�||iit Lh

�?|ih?@|�L?@* @�h*�?i @**�@?Uit @hi �t�@**) ?L| @**i}i_ |L Mi @?|�UL4Ti|�|��ic @t *L?} @t �|

�t *�4�|i_ |L t|@?_@h_�3@|�L? �tt�it��S

A�i hit| Lu |�i T@Tih �t Lh}@?�3i_ @t uL**L�tG W? 5iU|�L? 2 �i Thiti?| |�i 4L_i*c tL*�i uLh

|�i t�M}@4i TihuiU| i^��*�Mh�@ uLh @** |�hii hi}�4itc @?_ U@*U�*@|i |�i �i*u@hi 4@ �4�3�?}

�ht|�Mit| L�|UL4i� W? 5iU|�L? � �i UL4T@hi L�h hit�*|t @?_ t�44@h�3i |�i TL*�U) UL?�

U*�t�L?t� W? 5iU|�L? e �i @?@*)3i |�i �4T@U| Lu �?t|�|�|�L?t ���U� �?Uhi@ti |�i tT�**L�ih

igiU|t }i?ih@|i_ M) UL4T@|�M�*�|) �?�it|4i?|t� 6�?@**)c 5iU|�L? D UL?U*�_it�

5 Wkh Prgho
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48Dsso|lqj rxu sdshu wr wkh lqwhuqdwlrqdo dluolqh lqgxvwu|/ zh pd| lqwhusuhw frghvkdulqj duudqjhphqwv

zlwklq dq lqwhuqdwlrqdo dluolqh dooldqfh dqdorjrxvo| wr vwdqgdugl}dwlrq frpplwwhhv1 Wkrvh duudqjhphqwv

wlfnhw d wuls wkdw lqyroyhv wudyhoolqj dfurvv wkh qhwzrunv ri erwk dluolqhv dv li wkh wudyho rffxuuhg rq d

vlqjoh fduulhu1 Dv uhsruwhg e| �i�jW"Aji ^4<<;` wkh pdlq ihdwxuh ri wkrvh frghvkdulqj duudqjhphqwv

lv wr dfklhyh vfkhgxoh frruglqdwlrq dqg wr lpsuryh dlusruw jdwh sur{lplw|/ vr wkdw frqqhfwlrqv ehwzhhq

fduulhuv ehfrph pruh frqyhqlhqw1 Khqfh/ li rqh dluolqh pdnhv wlphwdeoh dgmxvwphqwv/ vr wkdw grphvwlf

sdvvhqjhuv zloo �qg lw hdvlhu wr frqqhfw wr wkh rwkhu dluolqh/ dq dgglwlrqdo grphvwlf sdvvhqjhu fuhdwhv

h{wud uhyhqxhv iru wkh grphvwlf �up rq wkh krph pdunhw dqg ehqh�wv wkh rwkhu �up rq lwv wudqvdwodqwlf

urxwh/ vlqfh d iudfwlrq ri dgglwlrqdo sdvvhqjhuv zloo wudyho yld wkh rwkhu dluolqh*v wudqvdwodqwlf urxwh1
49Iru lqvwdqfh/ lB|5 < 7�BV�iN ^4<<;` vwdwh zlwk uhvshfw wr wkh vriwzduh lqgxvwu| wkdw wkh| _nqrz

ri qr vxffhvvixo dqwlwuxvw fkdoohqjhv wr frrshudwlrq wr vhw vriwzduh vwdqgdugv1%
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