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Devwudfw

Surgxfwlylw| lv dq lpsruwdqw frpsrqhqw ri sur�wdelolw|/ dqg wkhuh0
iruh dq lpsruwdqw yduldeoh iru prqlwrulqj dqg ehqfkpdunlqj h{huflvhv1
Wklv vxuyh| glvfxvvhv wkh edvlf dffrxqwlqj prgho dv zhoo dv wkh ydulrxv
phdvxuhphqw sureohpv rqh jhwv lqyroyhg lq1 E| yluwxh ri lwv vwuxfwxudo
ihdwxuhv/ wklv prgho lv dssolfdeoh wr lqglylgxdo �upv dqg djjuhjdwhv
vxfk dv lqgxvwulhv ru hfrqrplhv1

Wkrxjk wkh phdvxuhphqw ri surgxfwlylw| fkdqjh dqg surgxfwly0
lw| gl�huhqfhv lv lpsruwdqw/ vwloo pruh lpsruwdqw lv wkhlu h{sodqdwlrq1
Wkxv/ �uvw/ wklv duwlfoh uhylhzv uhfhqw uhvxowv uhodwlqj wr wkh ghfrpsr0
vlwlrq ri djjuhjdwh surgxfwlylw| fkdqjh lqwr frpsrqhqwv gxh wr �up
g|qdplfv dqg lqwud0�up surgxfwlylw| fkdqjh/ uhvxowv zklfk zhuh re0
wdlqhg e| vwxg|lqj orqjlwxglqdo hqwhusulvh plfurgdwd vhwv1 Vhfrqg/
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wklv duwlfoh uhylhzv d qxpehu ri phwkrgv iru ghfrpsrvlqj surgxfwly0
lw| fkdqjh dqg surgxfwlylw| gl�huhqfhv/ zkhwkhu dw wkh lqglylgxdo �up
ohyho ru dw djjuhjdwh ohyho/ lqwr sduwldo phdvxuhv uhodwlqj wr whfkqrorj0
lfdo fkdqjh dqg h�flhqf| fkdqjh1 Wkh frpelqdwlrq ri erwk uhvhdufk
vwudwhjlhv vhhpv wr eh d surplvlqj xqghuwdnlqj1

Nh|zrugv= Surgxfhu ehkdylrxu> sur�wdelolw|> Wrwdo Idfwru Surgxf0
wlylw|> ghfrpsrvlwlrq> �up ohyho gdwd> lqgh{ qxpehu wkhru|1
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�ih?_|c ,� +� @?_ �� a� +@TT@TLh|� E2ff��� R�h�Ui @?_ "�@*�|) Lu #it!|LT
@?_ �LM�*i �ihtL?@* �L4T�|ihtG � "�@h|ih��i?|�h) O�t|Lh�U@* ��ih��i���
�4ih�U@? ,UL?L4�U �ttLU�@|�L? �@Tiht @?_ �hLUii_�?}tc A�i �4ih�U@? ,UL�
?L4�U +i��i� b�c 2SH�2.��

�*@?!c a� w� A�c i_�|Lh� E2fff�� ��M*�U �hL��t�L? @?_ �ihuLh4@?Ui� �4t|ih�
_@4 i|U�G ,*ti��ih�

�Lt!�?c �� a�c ,� +� #�*Mih}ihc +� a� BLh_L?c ~� Bh�*�U�itc @?_ #� `� aLh�
}i?tL?� E�bbS�� RAL�@h_ @ �Lhi �UU�h@|i �i@t�hi Lu |�i �Lt| Lu w���?}��
6�?@* +iTLh| |L |�i dN� 5�o 5i?@|i 6�?@?Ui �L44�||ii uhL4 |�i �_��tLh)
�L44�tt�L? AL 5|�_) A�i �L?t�4ih �h�Ui W?_i �

�h)?�L*uttL?c ,� @?_ w� �� O�||� E2fff�� R�i)L?_ �L4T�|@|�L?G W?uLh4@�
|�L? AiU�?L*L})c �h}@?�3@|�L?@* Ah@?tuLh4@|�L? @?_ ��t�?itt �ihuLh4@?Ui��
aL�h?@* Lu ,UL?L4�U �ihtTiU|��it �eEe�c 2��eH�

�@?|?ihc N� @?_ O� O@?�tU�� E2ff��� ROi|ihL}i?i�|) @?_ ,�L*�|�L?@h)
��@?}iG ,4T�h�U@* �L?UiT|�L?c 6�?_�?}t @?_ N?hitL*�i_ Wtt�it�� W? 6hL?�
|�iht Lu ,�L*�|�L?@h) ,UL?L4�Utc i_�|i_ M) a� 6Lt|ih @?_ a� 5� �i|U@*ui�
��i*|i?�@4 Nk % �Lh|�@4T|L? ��G ,_�@h_ ,*}@h�

�@�itc #� `�c w� +� ��h�t|i?ti?c @?_ `� ,� #�i�ih|� E�bH2�� RA�i ,UL�
?L4�U A�iLh) Lu W?_i ��4Miht @?_ |�i �i@t�hi4i?| Lu W?T�|c ��|T�|c
@?_ �hL_�U|���|)�� ,UL?L4i|h�U@ Dfc ��b���e�e�

�Li**�c A� a� E�bbS�� R� B��_i |L 6+��AW,+ Viht�L? e��G � �L4T�|ih
�hL}h@4 uLh 5|LU�@t|�U 6hL?|�ih �hL_�U|�L? @?_ �Lt| 6�?U|�L? ,t|�4@|�L?��
�,�� L̀h!�?} �@Tiht �L� .%bSc �i?|hi uLh ,�U�i?U) @?_ �hL_�U|���|)
�?@*)t�tc 5U�LL* Lu ,UL?L4�Utc N?��iht�|) Lu �i� ,?}*@?_c �h4�_@*i �5`c
��t|h@*�@�

D�



�LLTihc `� `�c w� �� 5i�uLh_c @?_ k� AL?i� E�bbb�� #@|@ ,?�i*LT4i?|
�?@*)t�tG � �L4Thi�i?t��i Ai | ��|� �L_i*tc �TT*�U@|�L?tc +iuihi?Uit @?_
#,��5L*�ih 5Lu|�@hi� �Lt|L? % #Lh_hiU�| % wL?_L?G k*��ih �U@_i4�U
��M*�t�iht�

�LTi*@?_c �� �� E�b�.�� R�L?UiT|t Lu �@|�L?@* W?UL4i�� W? 5|�_�it �?
W?UL4i @?_ `i@*|�c VL*�4i �� �i� vLh!G �@|�L?@* ��hi@� Lu ,UL?L4�U
+iti@hU��

#�i|3i?M@U�ihc ,� @?_ �� wLt� E�bbH�� R5|h�U|�h@* #iUL4TLt�|�L? AiU��
?�^�itG 5i?ti @?_ 5i?t�|���|)�� ,UL?L4�U 5)t|i4t +iti@hU� �fc �f.��2��

#�i�ih|c `� ,� E�bH2�� R#�@*�|) �TThL@U�it |L ��UhLiUL?L4�U A�iLh)��
W? O@?_MLL! Lu �@|�i4@|�U@* ,UL?L4�Utc VL*�4i WWc i_�|i_ M) k� a� �hhL�
@?_ �� #� W?|h�*�}@|Lh� �4t|ih_@4G �Lh|��OL**@?_� �*tL �? ,tt@)t �? W?_i 
��4Mih A�iLh)c VL*�4i �c i_�|i_ M) `� ,� #�i�ih| @?_ �� �� �@!@4�h@�
�4t|ih_@4G �Lh|��OL**@?_c �bb��

#�i�ih|c `� ,� E�bb2�� R6�t�ih W_i@* ��|T�|c W?T�|c @?_ �hL_�U|���|) W?�
_i it +i��t�|i_�� A�i aL�h?@* Lu �hL_�U|���|) �?@*)t�t �c 2���2eH� �*tL �?
,tt@)t �? W?_i ��4Mih A�iLh)c VL*�4i �c i_�|i_ M) `� ,� #�i�ih| @?_ ��
�� �@!@4�h@� �4t|ih_@4G �Lh|��OL**@?_c �bb��

#�i�ih|c `� ,� E�bbH�� RW?_i ��4Mih A�iLh) �t�?} #�gihi?Uit h@|�ih
|�@? +@|�Lt�� #�tU�tt�L? �@Tih �L� bH��fc #iT@h|4i?| Lu ,UL?L4�Utc A�i
N?��iht�|) Lu �h�|�t� �L*�4M�@c V@?UL��ih�

#�i�ih|c `� ,� E2fff�� RA�i ��@**i?}i Lu AL|@* 6@U|Lh �hL_�U|���|) �i@�
t�hi4i?|�� W?|ih?@|�L?@* �hL_�U|���|) �L?�|Lh �c eD�D2�

#�i�ih|c `� ,� E2ff�@�� R+iti@hU� �? �h�Ui �i@t�hi4i?| uLh |�i �i |
A�i?|) vi@ht�� #�tU�tt�L? �@Tih �L� f����c #iT@h|4i?| Lu ,UL?L4�Utc
A�i N?��iht�|) Lu �h�|�t� �L*�4M�@c V@?UL��ih�

#�i�ih|c `� ,� E2ff�M�� R�i@t�h�?} |�i �h�Ui @?_ "�@?|�|) Lu �@T�|@*
5ih��Uit �?_ih �*|ih?@|��i �tt�4T|�L?t�� #�tU�tt�L? �@Tih �L� f��2ec #i�
T@h|4i?| Lu ,UL?L4�Utc A�i N?��iht�|) Lu �h�|�t� �L*�4M�@c V@?UL��ih�

#�i�ih|c `� ,� E2ff�U�� R�L|it L? |�i +L*i Lu BL�ih?4i?|G AL 6@U�*�|@|i
BhL�|� Lh |L �hL��_i 5ih��Uitq� ��4iLc #iT@h|4i?| Lu ,UL?L4�Utc A�i
N?��iht�|) Lu �h�|�t� �L*�4M�@c V@?UL��ih�

#�i�ih|c `� ,� @?_ �� �� 54�|�� E�bbe�� R�hL_�U|���|) �i@t�hi4i?| uLh @
#�t|h�M�|�L? 6�h4�� aL�h?@* Lu �hL_�U|���|) �?@*)t�t Dc ��D��e.�

De



#�i�ih|c `� ,� @?_ A� a� @̀*it� E�bH.�� R6*i �M*i 6�?U|�L?@* 6Lh4t @?_
B*LM@* ��h�@|�hi �L?_�|�L?t�� ,UL?L4i|h�U@ DDc e��SH�

#�i�ih|c `� ,� @?_ A� a� @̀*it� E�bHH�� R� �Lh4@*�3i_ "�@_h@|�U 5i4��
�i �M*i 6�?U|�L?@* 6Lh4�� aL�h?@* Lu ,UL?L4i|h�Ut �.c �2.��e2�

#�i�ih|c `� ,� @?_ A� a� @̀*it� E�bb2�� R"�@_h@|�U 5T*�?i �L_i*t uLh
�hL_�Uih<t 5�TT*) @?_ #i4@?_ 6�?U|�L?t�� W?|ih?@|�L?@* ,UL?L4�U +i��i�
��c .fD�.22�

#L4@hc ,� #� E�bS��� R�? |�i �i@t�hi4i?| Lu AiU�?L*L}�U@* ��@?}i�� A�i
,UL?L4�U aL�h?@* wjjWc .fb�.2b�

,�U��Lh?c `� @?_ a� VLi**ih� E�b.S�� A�iLh) Lu |�i �h�Ui W?_i � wiU|�hi
�L|it �? ,UL?L4�Ut @?_ �@|�i4@|�U@* 5)t|i4t �efc �ih*�? i|U�G 5Th�?}ih�
Vih*@}�

,�hLt|@|� E2ff��� O@?_MLL! L? �h�Ui @?_ VL*�4i �i@t�hit �? �@|�L?@*
�UUL�?|t� w� i4ML�h}G ��Ui uLh ��U�@* ��M*�U@|�L?t Lu |�i ,�hLTi@?
�L44�?�|�it�

6�@hic +�c 5� BhLtt!LTuc @?_ �� �� k� wL�i**� E�bbe�� �hL_�U|�L? 6hL?|�iht�
�@4Mh�_}i NkG �@4Mh�_}i N?��iht�|) �hitt�

6�@hic +� @?_ #� �h�4L?|� E�bbD�� ��*|����|T�| �hL_�U|�L? @?_ #�@*�|)G
A�iLh) @?_ �TT*�U@|�L?t� �Lt|L? % wL?_L? % #Lh_hiU�|G k*��ih �U@_i4�U
��M*�t�iht�

6L c k� a� E2ff2�� R�hLM*i4t ��|� E#�t��}}hi}@|�?} �hL_�U|���|)c @?_ �?�
L|�ih �hL_�U|���|) �@h@_L �� #h@u|c 5U�LL* Lu ,UL?L4�Utc A�i N?��iht�|) Lu
�i� 5L�|� @̀*itc 5)_?i)�

6�i?|itc O� a�c ,� Bh�ui**�A@|��ic @?_ 5� �ihi*4@?� E2ff��� R� �@h@4i|h�U
#�t|@?Ui 6�?U|�L? �TThL@U� uLh �@*4^��t| �hL_�U|���|) W?_i ,t|�4@|�L?��
aL�h?@* Lu �hL_�U|���|) �?@*)t�t �Dc .b�be�

B@hh�}Lt@c ,� B� @?_ ,� Bh�ui**�A@|��i� E�bb2�� R�hL�|t @?_ AL|@* 6@U|Lh
�hL_�U|���|)G � �L4T@h@|��i �?@*)t�t�� �4i}@ W?|ih?@|�L?@* aL�h?@* Lu
�@?@}i4i?| 5U�i?Ui 2fc DD��DSH�

Bh�*�U�itc ~� E�bbS�� RA�i #�tUL�ih) Lu |�i +it�_�@*G � O�t|Lh�U@* �L|i��
aL�h?@* Lu ,UL?L4�U w�|ih@|�hi jjjWVc ��2e����f�

Bh�*�U�itc ~� E2ff��� +:#c ,_�U@|�L?c @?_ �hL_�U|���|)G � +i|hLtTiU|��i�
�@4Mh�_}i ��G O@h�@h_ N?��iht�|) �hitt�

DD



Bh�*�U�itc ~� @?_ O� +i}i�� E�bbD�� R6�h4 �hL_�U|���|) �? Wth@i*� W?_�t|h)c
�b.b��bHH�� aL�h?@* Lu ,UL?L4i|h�Ut SDc �.D�2f��

BhLtt!LTuc 5� E2ff2�� R5L4i +i4@h!t L? �hL_�U|���|) @?_ �|t #iUL4TLt��
|�L?t�� ��4iL� #iT@h|4i?| Lu ,UL?L4�Utc �hi}L? 5|@|i N?��iht�|)c �Lh�@*�
*�t �+�

BhLtt!LTuc 5� @?_ �� �L�|h@)� E2ff��� R,�@*�@|�?} �ihuLh4@?Ui �? ���U@}L
��M*�U O�}� 5U�LL*t �? |�i @̀!i Lu #iUi?|h@*�3@|�L?�� ,UL?L4�Ut Lu ,_�U@�
|�L? +i��i� 2fc ���e�

O@*|��@?}ihc a� E�bb.�� R�i@t�h�?} @?_ �?@*)3�?} �}}hi}@|i 6*�U|�@|�L?tG
A�i W4TLh|@?Ui Lu ���*_�?} uhL4 ��UhLiUL?L4�U ,��_i?Ui�� 6i_ih@* +itih�i
�@?! Lu 5|� wL��t ,UL?L4�U +i��i� .bc �L� �c DD�..�

O@*|��@?}ihc a� E2fff�� R�}}hi}@|i BhL�|�G `�@| �@�i �i wi@h?i_ uhL4
��UhLiUL?L4�U ,��_i?Uiq� L̀h!�?} �@Tih �L� 2S.c ,UL?L4�Ut #iT@h|4i?|c
�,�#c �@h�t�

OiU!4@?c a� a� E2ff��� R��UhL #@|@c Oi|ihL}i?i�|)c @?_ |�i ,�@*�@|�L? Lu
��M*�U �L*�U)G �LMi* wiU|�hi�� aL�h?@* Lu �L*�|�U@* ,UL?L4) �fbc S.��.eH�

O�*|i?c �� +� E�b.H�� RBhL�|� �UUL�?|�?} ��|� W?|ih4i_�@|i W?T�|t�� +i�
��i� Lu ,UL?L4�U 5|�_�it eDc D���D�H�

O�*|i?c �� +� E�bbf�� RA�i �i@t�hi4i?| Lu �@T�|@*�� W? 6�u|) vi@ht Lu
,UL?L4�U �i@t�hi4i?|c i_�|i_ M) ,� +� �ih?_| @?_ a� ,� Ah�T*i||� 5|�_�it
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