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4Wkh Flylo Uljkwv Dfw/ zklfk surklelwv glvfulplqdwlrq rq wkh edvlv ri udfh/ jhqghu ru hwkqlflw|/ zdv
hqdfwhg lq 4<971 H{hfxwlyh rughuv 44579 dqg 446:8/ zklfk vhw wkh fxuuhqwo| dssolfdeoh vwdqgdugv ri
d�updwlyh dfwlrq srolflhv lq ihghudo surfxuhphqw/ hpsor|phqw dqg hgxfdwlrq/ zhuh uhvshfwlyho| vljqhg
lq 4<98 dqg 4<9:1 Lq 4<:;/ wkh Vxsuhph Frxuw uxohg lq wkh Ednnh yv1 wkh Xqlyhuvlw| ri Fdoliruqld fdvh
wkdw wkh uljlg uxohv glfwdwhg e| dgplvvlrqv txrwdv ylrodwhg Wlwoh YL ri wkh Flylo Uljkwv Dfw exw wkdw
udfh/ jhqghu ru hwkqlflw| odzixoo| frxog eh frqvlghuhg dv rqh ri wkh dgplvvlrqv fulwhuld1

5Zkloh vrph ri wkh gl�huhqfhv lq dffhvv wr hgxfdwlrq duh gxh wr gluhfw glvfulplqdwlrq/ rwkhuv duh
pruh vxewoh dqg lqgluhfw1 Iru h{dpsoh/ lq wkh Xqlwhg Vwdwhv/ lw lv riwhq dujxhg wkdw VDW whvw vfruhv
duh eldvhg edvhg rq jhqghu dqg udfh1 Pruhryhu/ vrph dujxh wkdw froohjh0suhs frxuvhv hqkdqfh VDW
shuirupdqfh e| surylglqj xvhixo whvw0wdnlqj vwudwhjlhv dqg wkdw wkhvh frxuvhv gr qrw dxjphqw kxpdq
fdslwdo lq dq| rwkhu zd|1 Vlploduo|/ _sulydwh jxlgdqfh frxqvhoruv% khos kljk vfkrro vhqlruv lpsuryh
wkhlu dgplvvlrq rggv e| vxssruwlqj wkhp lq vwuhqjkwhqlqj rwkhu dvshfwv ri wkhlu dssolfdwlrqv1 Dv
wkhvh h{dpsohv vxjjhvw/ lw lv riwhq dujxhg wkdw vfuhhqlqj eldvhv lq vrph~li qrw prvw~fdvhv duh uhodwhg
wr vrflr0hfrqrplf glvdgydqwdjhv wkdw plqrulw| krxvhkrogv idfh1 Uhjdugohvv ri wkhlu vrxufh wkrxjk/ lw
lv zhoo0grfxphqwhg wkdw vfuhhqlqj eldvhv ohdg wr orzhu lqwhujhqhudwlrqdo hfrqrplf prelolw| ^Vhh/ iru
h{dpsoh/ L|ljxq +iruwkfrplqj,`/ dqg~jlyhq wkdw wkh| h{foxgh uhodwlyho| deoh lqglylgxdov zkr frph iurp
glvdgydqwdjhg krxvhkrogv iurp uhfhlylqj hgxfdwlrq~wr djjuhjdwh lqh�flhqflhv1

6Wklv dssurdfk lv vlplodu lq vslulw wr wkh rqh �uvw sursrvhg e| Jdoru dqg ]hlud +4<<6,1
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8Zh vkrxog dovr pdnh fohdu wkdw wkh vroh irfxv ri wklv sdshu lv d�updwlyh dfwlrq lq kljkhu hgxfdwlrq1
Qrqhwkhohvv/ lw zrxog eh vwudljkwiruzdug wr h{whqg wklv prgho wr lqfoxgh d�updwlyh dfwlrq lq hpsor|0
phqw1 Dv lw zloo ehfrph pruh dssduhqw ehorz/ htxloleulxp d�updwlyh dfwlrq srolflhv lq hgxfdwlrq dqg
hpsor|phqw vkrxog eh shuihfwo| fruuhoodwhg zkhq vxfk srolflhv lq hgxfdwlrq duh edvhg rq wkh yrwhv ri d
pdmrulw| zkr wdnh lqwr dffrxqw wkh sulydwh frvwv dqg ehqh�wv ri d�updwlyh dfwlrq1 Lq wkdw frqwh{w/ wkh
ixoo ehqh�wv ri d�updwlyh dfwlrq lq hgxfdwlrq fdqqrw dffuxh zlwk frqwlqxhg eldvhv lq wkh oderu pdunhw1
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�|�*�|) uhL4 �ih L�? UL?t�4T|�L? �? Tih�L_ L?i @?_ uhL4 �ih LgtTh�?}<t UL?t�4T|�L? �?

Tih�L_ |�L �@t @ *L}�*�?i@h uLh4G

�
�
' b *?ES

�c�
� n E�� b�.d*?ES

�c2
�oc E��

��ihi f 	 b 	 �c @?_ ��ihi S
�c�

@?_ S
�c2

hitTiU|��i*) _i?L|i T@hi?| �<t UL?t�4T|�L? �?

Tih�L_ L?i @?_ |�i UL?t�4T|�L? Lu �<t LgtTh�?} �? Tih�L_ |�L�

A�i @M�*�|) i?_L�4i?|t Lu |�i LgtTh�?} @hi *L}�?Lh4@**) _�t|h�M�|i_c ��|� @
�
�

*L}�
�
� �Efc ��� B��i? |�@| |�i ��}�ih i_�U@|�L? t)t|i4 �t T�M*�U @?_ |�@| T@hi?|t

_L ?L| !?L� |�i�h LgtTh�?}<t @M�*�|�it ��i? �L|�?}c |�i uL**L��?} UL?t|h@�?|t @TT*) |L

4@ �4�3�?} E��G

9Wklv dvvxpswlrq lv fohduo| qrq0hvvhqwldo1 Zkhwkhu wkh r�vsulqj olyh iru rqh shulrg ru wzr shulrgv
lv luuhohydqw vlqfh/ lq wklv frqwh{w/ zh gr qrw irfxv rq wkh g|qdplfv ri sxeolf hgxfdwlrq �qdqfh dqg
d�updwlyh dfwlrq1

D



S
�c�
� E�� � W

�

�+
�
c

.d*?ES
�c2
�o '

f

U
@
W

� *?d�E.���o�E@�_@ n
@
W

�

U
" *?d�E.��eo�E@�_@

' *?�E.� n xE@W
�

� *?E��� n d�� xE@W
�

�o *?E�e�c

E2�

��ihi �E�� @?_ xE�� hitTiU|��i*) _i?L|i |�i ThLM@M�*�|) _i?t�|) u�?U|�L? ET�_�u�� @?_

|�i U�4�*@|��i _�t|h�M�|�L? u�?U|�L? EU�_�u�� Lu |�i *L} Lu �??@|i @M�*�|�itc +
�
hiThiti?|t

�?_���_�@* �<t �?�|�@* i?_L�4i?|c � W
�
hiThiti?|t �ih Thiuihhi_ |@ h@|ic @W

�
|�i *L} Lu |�i

4�?�4�4 @M�*�|) *i�i* Lu �<t LgtTh�?} hi^��hi_ uLh @_4�tt�L? |L @ T�M*�U tU�LL*c @?_ ��ihi

�ec �� hitTiU|��i*) _i?L|i |�i �@}i h@|it T@�_ |L i_�U@|i_ @?_ �?i_�U@|i_ *@MLh� �L|i

|�@| |�i *i�i* Lu |iU�?L*L}) �? |��t iUL?L4)c �c _iTi?_t L? |�i @}}hi}@|i i�U�i?U) �?�|t
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srvvleoh wr jhqhudwh vxfk d�updwlyh dfwlrq uxohv1 Krzhyhu/ d g|qdplf yhuvlrq ri wkh prgho lq zklfk
wkhuh lv g|qdvwlf +idplo|0vshfl�f, kxpdq fdslwdo dffxpxodwlrq fdq jhqhudwh rswlpdo uxohv zlwk R� A �1
Xqghu wkdw vhwxs/ wkh h�flhqw doorfdwlrq uxoh zrxog glfwdwh wkdw~fhwhulv sdulexv~dssolfdqwv zlwk kljkhu
pdujlqdo surgxfw ri kxpdq fdslwdo +l1h1 wkrvh zlwk orzhu sduhqwdo kxpdq fdslwdo, vkrxog eh dgplwwhg
wr sxeolf vfkrrov1 Wkh txdolwdwlyh qdwxuh ri wkh uhvxowv suhvhqwhg khuh zrxog uhpdlq xqfkdqjhg lq wkdw
yhuvlrq/ dowkrxjk wkh dqdo|wlfv zloo jhw vljql�fdqwo| pruh frpsolfdwhg1
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