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DevwudfwZh suhvhqw d vwuxfwxudo hpslulfdo prgho ri froohfwlyh krxvhkrog oderxu vxsso|1Iroorzlqj uhfhqw ghyhorsphqwv lq wkh olwhudwxuh rq froohfwlyh krxvhkrog oderxu vxs0so| rxu prgho doorzv iru wkh qrqsduwlflsdwlrq ghflvlrq/ dorqj zlwk zlwk wkh fkrlfhri zrunlqj krxuv1 Zh xvh wkh wkhruhwlfdo iudphzrun iru wkh vshfl�fdwlrq ri d vlpxo0wdqhrxv prgho iru krxuv/ sduwlflsdwlrq dqg zdjhv ri kxvedqg dqg zlih1 Zh glvfxvvwkh sureohpv ri lghqwl�fdwlrq dqg vwdwlvwlfdo frkhuhqf| wkdw dulvh lq wkh dssolfdwlrqri wkh froohfwlyh krxvhkrog oderxu vxsso| prgho1 Wkh prgho lv hvwlpdwhg xvlqj dsdqhogdwd vhw ri Gxwfk frxsohv1 Wkh sdqhogdwd doorz iru wkh lqfoxvlrq ri udqgrph�hfwv1 Wkh hvwlpdwhv doorz xv wr fkhfn wkh xqghuo|lqj uhjxodulw| frqglwlrqv rqlqglylgxdo suhihuhqfhv/ dqg wr rewdlq hvwlpdwhv ri wkh vkdulqj uxoh wkdw jryhuqv wkhglylvlrq ri krxvhkrog lqfrph ehwzhhq kxvedqg dqg zlih1

4Zh duh juhdwo| lqghewhg wr Vwdwlvwlfv Qhwkhuodqgv iru surylglqj wkh gdwd1 Zh wkdqn Pduwlq Eurzqlqjdqg sduwlflsdqwv ri wkh FHPIL Pdgulg Plfurhfrqrphwulfv Frqihuhqfh 5336 iru wkhlu frpphqwv15hpdlo= keorhphqCihzhe1yx1qo/ skrqh= .64 53 777936:/ id{= .64 53 7779338
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t�TT*) u�?U|�L?� A��t �t _�i |L |�i u@U| |�@| |�i UL**iU|��i 4L_i* �t M@ti_ L? �?_���_�@*Thiuihi?Uitc ��ihi@t Mi|�ii? *@ML�h t�TT*) u�?U|�L?t |�@| t|i4 uhL4 @ �?�|@h) 4L_i*t�U� @ _�gihi?Ui �t ?L| TLtt�M*i�bA�i �@*�_�|) Lu |�i hi4@�?�?} 2 hit|h�U|�L?t _iTi?_ L? |�i �@*�it Lu �@}i h@|it @?_?L?�*@ML�h �?UL4i @?_ |�ihiuLhi �@h�it M) LMtih�@|�L?� ì U@? U�iU! ��i|�ih |�itiUL?_�|�L?t @hi t@|�t�i_ uLh @** LMtih�@|�L?t @u|ih �@��?} it|�4@|i_ |�i 4L_i*��L|i |�@| �? |�i UL**iU|��i 4L_i* 5*�|t!) UL?_�|�L?t @TT*) |L |�i �?_���_�@**@ML�h t�TT*) u�?U|�L? E�f�� �Lhi tTiU��Uc |�i 5*�|t!) UL?_�|�L?t �4T*) CKm@Czm �kmCKm@C�m � f> m ' p> i � A��t �L*_t |h�i �u �m� n 2�mezm � km�m2 A f> m ' p> i � A��t�u |�i igiU| Lu |�i �@}i L? |�i �?_���_�@* *@ML�h t�TT*) u�?U|�L? �t _L4�?@?|*) TLt�|��iE��i� |�i M@U!�@h_ Mi?_�?} igiU| �t ?L| |LL t|hL?}� @?_ �u *i�t�hi �t @ ?Lh4@* }LL_ �i4@) i TiU| |�@| |�i 5*�|t!) UL?_�|�L? �L*_t�
��� Oi|ihL}i?i�|) @?_ UL�ihi?U)W?|hL_�U�?} �i|ihL}i?i�|)
5L u@h �i @Mt|@�?i_ uhL4 |�i �?|hL_�U|�L? Lu LMtih�i_ @?_ �?LMtih�i_ �i|ihL}i?i�|)� A�i�_i?|��U@|�L? hit�*|t M) #L??� E2ff�� @hi _ih��i_ �? |�i @Mti?Ui Lu �i|ihL}i?i�|)� A�i|�iLhi|�U@* uh@4i�Lh! M) �*�?_i** i| @*� E2ff�� _Lit ?L| �?ULhTLh@|i �i|ihL}i?i�|)c M�|�? |�i�h i4T�h�U@* 4L_i* |�i) �?U*�_i @__�|��i LMtih�i_ @?_ �?LMtih�i_ �i|ihL}i?i�|) �?|�i *@ML�h t�TT*) u�?U|�L?t @?_ |�i t�@h�?} h�*i� A�i @__�|��i uLh4 Lu |�i �i|ihL}i?i�|)i?t�hit |�@| |�i _ih��i_ hit�*|t uLh |�i �_i?|��U@|�L? Lu |�i t�@h�?} h�*i hi4@�? �@*�_��*�?_i** i| @*� E2ff�� _�tU�tt |�i @__�|�L?@* UL4T*�U@|�L?t |�@| @h�ti �? |�i �_i?|��U@|�L?Lu ULi�U�i?|t Lu LMtih�i_ �i|ihL}i?i�|)� � T@h|�U�*@h ThLM*i4 |�@| @h�tit �t |�i *@U! Lut��|@M*i i U*�t�L? hit|h�U|�L?tc _�i |L |�i �?|ihhi*@|�L?t��T Mi|�ii? *@ML�h t�TT*) @?_T@h|�U�T@|�L? Lu ��tM@?_ @?_ ��ui� A�i) _ih��i |�@| �?_ih Uih|@�? UL?_�|�L?t |�i ui4@*i*@ML�h t�TT*) u�?U|�L? @?_ |�i 4i@? E*L}� �@}i Lu ��tM@?_ @?_ ��ui U@? Mi �_i?|��i_�T |L �?!?L�? @__�|��i UL?t|@?|t��f

< Dv dq dowhuqdwlyh zh pd| lqfoxghg wkh zdjh udwhv vtxduhg lq erwk oderxu vxsso| ixqfwlrqv lqrughu wr qhvw wklv lpsolfdwlrq ri wkh xqlwdu| prgho lq wkh vshf�fdwlrq/ exw wklv zloo frph dw wkh orvv rilghqwli|lqj srzhu1 Zh kdyh dovr uxq wklv yduldqw dqg wkh uhvxowv ri wklv duh glvfxvvhg lq vhfwlrq 8143 L1h1 hvwlpdwhv ri dgglwlyh frqvwdqwv duh lghqwl�hg vroho| e| ixqfwlrqdo irup1



�S
wi| }p @?_ }i Mi �iU|Lht Lu LMtih�i_ U�@h@U|ih�t|�Ut @giU|�?} 4@*i @?_ ui4@*i Thiu�ihi?Uitc hitTiU|��i*)� wi| �m > m ' p> i _i?L|i �?LMtih�i_ �i|ihL}i?i�|)� W| U@? i@t�*) MiU�iU!i_ |�@| �? Lh_ih |L LM|@�? *@ML�h t�TT*) u�?U|�L?t |�@| @hi @__�|��i �? LMtih�i_ @?_�?LMtih�i_ �i|ihL}i?i�|)c �i 4@) tTiU�u) |�i Thiuihi?Ui T@h@4i|ih �m �? Eb� @t @ *�?i@hUL4M�?@|�L? Lu LMtih�i_ @?_ �?LMtih�i_ �i|ihL}i?i�|)� �*�?_i** i| @*� E2ff�� @h}�i |�@|�| �t hi@tL?@M*i |L @tt�4i |�@| |�i �i|ihL}i?i�|) �? Thiuihi?Uit Lu ML|� ��tM@?_ @?_ ��uii?|ih |�i t�@h�?} h�*i @t �i**� A��tc �i 4@) i |i?_ E�2� M) �h�|�?}

km ' !�mZ n � �m} n �m > m ' p> i E2e�
A�i @?@*)t�t tL u@h @tt�4i_ |�i LMtih�@M�*�|) Lu �@}itc i�i? �u tL4iL?i �t ?L| �Lh!�?}�6Lh |�i i4T�h�U@* @?@*)t�tc �i tTiU�u) |�i uL**L��?} �@}i i^�@|�L?G

*?zm ' ��m{m n xm > m ' p> i E2D�
�L4M�?�?} E2e� ��|� E�D�c E2�� @?_ E2D� @?_ _i?L|�?} gm ' � �u �L�ti�L*_ 4i4Mihm T@h|�U�T@|itc gm ' f L|�ih��tic �i 4@) t�44@h�3i |�i UL?_�|�L?t uLh T@h|�U�T@|�L?cUL?_�|�L?@* L? |�i �@}itc @tgm ' �EkWm A f�> m ' p> ikWi ' !�iZ n � �i} n �i n E�� gp�VE!�pZ n � �p} n �p�kWp ' !�pZ n � �p} n �p n E�� gi�vE!�iZ n � �i} n �i � E2S�
A�i i^�@|�L?t uLh 4@*i @?_ ui4@*i �Lh!�?} �L�ht MiUL4iGkm ' kWm �u kWm A f> m ' p>ikm ' f L|�ih��ti E2.�
�L�ihi?U) Lu |�i 4L_i*
W? |�i it|�4@|�L? Lu |�i 4L_i* @? @__�|�L?@* UL4T*�U@|�L? @h�tit @t |�i t)t|i4 E2S� �t ?L|?iUitt@h�*) UL�ihi?|G ��|�L�| @?) u�h|�ih hit|h�U|�L?tc uLh }��i? �@*�it Lu EZ> }> �p> �i�|�i 4L_i* �? E2S� 4@) }i?ih@|i 4�*|�T*i L�|UL4it uLh |�i T@h|�U�T@|�L? Lu ��tM@?_ @?_��ui �? @ �L�ti�L*_� W? L|�ih �Lh_tc |�i UL?_�|�L?t uLh i�}� Egp ' f> gi ' �� @?_ uLhEgp ' �> gi ' f� @hi ?L| i U*�t��i� �t @ hit�*| |�i ThLM@M�*�|�it Lu |�i uL�h UL4M�?@|�L?tLu 4@*i @?_ ui4@*i T@h|�U�T@|�L? �L�*_ @__ �T |L @? @4L�?| *@h}ih |�@? �� W? }i?ih@*c�4TLt�?} UL�ihi?U) �? @ 4L_i* *�!i |��t �t i�|�ih ^��|i UL4T*�U@|i_ Etiic uLh �?t|@?Uic



�.
kLLhi4@? E�bbe�� Lh }hi@|*) hi_�Uit |�i }i?ih@*�|) Lu |�i 4L_i* Etii OiU!4@? E�b.H���6Lh |�i t)t|i4 E2S�c �L�i�ihc �| U@? Mi t�L�? |�@|c @T@h| uhL4 |�i |h���@* U@ti Vv ' fcUL�ihi?U) �L*_t uLh 4Lhi UL4M�?@|�L?t Lu v @?_ V� W? @TTi?_� � �i t�L� |�@| |�i4L_i* �t UL�ihi?| uLh @** UL4M�?@|�L?t Lu v @?_ V uLh ���U� mvVm ? ��
,t|�4@|�L? M) Et�4�*@|i_� 4@ �4�4 *�!i*��LL_
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44 Wkhuh duh/ ri frxuvh/ gl�huhqfhv lq ixqfwlrqdo irup ehwzhhq wkhlu prgho dqg wkh prgho lq +5<, dqg+5:,1 Lq sduwlfxodu/ rzq zdjh udwhv hqwhu wkh krxuv dqg sduwlflsdwlrq htxdwlrqv lq +5<, dqg +5:, erwkolqhduo| dqg txdgudwlfdoo|/ zkloh wkh zdjh htxdwlrqv lq +58, duh orj0olqhdu/ zkhuhdv wkh vshfl�fdwlrqe| Eoxqghoo hw do1 +5334, lv frpsohwho| olqhdu lq zdjhv1 Dv d frqvhtxhqfh rxu prgho lq +5<, dqg +5:,lv ohvv vhqvlwlyh wr frolqhdulw|1 Zh zrxog olnh wr hpskdvl}h wkdw wklv zdv qrw wkh prwlydwlrq iru rxuvshfl�fdwlrq= zh fkrvh d oderxu vxsso| ixqfwlrq zlwk d uhdvrqdeoh ghjuhh ri �h{lelolw|/ wkdw doorzviru edfnzdug ehqglqj/ lv edvhg rq d suhihuhqfh vshfl�fdwlrq zlwk lwv urrwv lq wkh olwhudwxuh/ zkloh zhpdlqwdlq wkh orj0olqhdu vshfl�fdwlrq ri zdjhv145 Wkh vshfl�fdwlrq ri wkh pluuru prgho ri +5<, dqg +5:, +d vzlwfklqj uhjuhvvlrq prgho iru pdohzrunlqj krxuv dqg sduwlflsdwlrq jlyhq ihpdoh sduwlflsdwlrq,/ uhtxluhv dq htxlydohqw pluuru frqglwlrq146 Lq wkh pluuru prgho= +e9> e:, 9@ +3> 3,147 U 9@ 3 lv frpsdudeoh wr ! @ 4 lq Eoxqghoo hw do1 +5334,1
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��|� vW ' �@V @?_ VW ' �@v� 6�ht|c @tt�4i |�@| v A f @?_ V A f� A�i? Eef� �4T*�it[ �p�p n vW[ �i�i � f[ �i�i n VW[ �p�p � f Ee��
A��t U@ti _Lit ?L| �4T*) �?UL�ihi?U)c M�| �i _L tii |�@| |�ihi �t @ �_i?|��U@|�L? ThLM*i4t�?Ui T@h@4i|iht EvW> VW� ��** *i@_ |L |�i t@4i ThLM@M�*�|) @t Ev> V�� W4TLt�?} vV ? �uLh @** TLt�|��i �@*�it Lu v @?_ V U*i@h*) i U*�_it EvW> VW���i |c @tt�4i |�@| v ? f @?_ V A f� A�i? Eef� �4T*�it[ �p�p n vW[ �i�i � f[ �i�i n VW[ �p�p � f Ee2�
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