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Zh sursrvh d wkhru| ri frqwudfwlqj lq orqj0whup uhodwlrqvklsv/ hpskdvl}lqj
wkh uroh ri vrfldo lqvwlwxwlrqv lq frqglwlrqlqj sod|huv* mrlqw vhohfwlrq ri htxlole0
uld1 Sod|huv dgrsw d vrfldo frqglwlrqlqj v|vwhp lq rughu wr sodfh erxqgdulhv
rq wkhlu uhfxuuhqw qhjrwldwlrq dqg wkhuhe| vxvwdlq d ghvludeoh mrlqw vhohfwlrq ri
htxloleulxp1 Vrfldo frqyhqwlrqv kdyh ydoxh ehfdxvh sod|huv fdqqrw iuhho| uhlq0
whusuhw wkh odehov dwwdfkhg wr klvwrulhv/ lq frqwudvw wr odehov wkdw wkh sod|huv
pljkw dvvljq lqwhuqdoo|1 Zh suhvhqw h{dpsohv ri vrfldo frqyhqwlrqv wkdw duh
xvhixo iru vxvwdlqlqj frrshudwlyh lqwhudfwlrq1 Rxu prgho frpelqhv dq h{solflw
edujdlqlqj whfkqrorj| zlwk d uhqhjrwldwlrq frqfhsw/ frkhuhqw htxloleulxp/ wkdw
exlogv rq lqwhuqdo frqvlvwhqf|1 Frkhuhqw htxloleuld h{lvw lq jhqhudo dqg/ iru dq
lpsruwdqw fodvv ri jdphv/ lqgxfh xqltxh rxwfrphv1
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�Udph|= Ghsduwphqw ri Hfrqrplfv/ XF Vdq Glhjr> Zdwvrq= Ghsduwphqw ri Hfrqrplfv/ XF Vdq
Glhjr/ dqg Frzohv Irxqgdwlrq/ \doh Xqlyhuvlw|1 Lqwhuqhw= kwws=22zhehu1xfvg1hgx2�mzdwvrq21 Zh
dssuhfldwh wkh frpphqwv ri Ylqfhqw Fudzirug/ Pdun Pdfklqd/ Jhrujh Pdlodwk/ Vwhyhq Pdwwkhzv/
Mrkq PfPloodq/ Gdylg Shdufh/ Sklo Uhq|/ Mrho Vreho/ Zlooldp Wkrpvrq/ dqg Fkulv Zrrgux�/ dv
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t�}}it|c �L�i�ihc |�@| �?t|�|�|�L?t @*tL t�@Ti UL?|h@U|�@* hi*@|�L?t |�hL�}� |�i�h @u�
uiU| L? �L� T@h|�it ?i}L|�@|i Q @? �?��i?Ui |�@| �t i^�@**) TL�ihu�* @?_ �M�^��|L�t�

A��t T@Tih Lgiht @ ?i� @TThL@U� |L 4L_i*�?} �?t|�|�|�L?t �? @ t|h@|i}�U UL?|i |�
W? T@h|�U�*@hc �i �_i?|�u) |�i hL*i |�@| �?t|�|�|�L?t T*@) �? t|h�U|�h�?} *L?}�|ih4
hi*@|�L?t��Tt M) ThL��_�?} |�i T*@)iht ��|� @ uh@4i�Lh! uLh Lh}@?�3�?} ��t|Lh�it� A��t
uh@4i�Lh!c Lh UL?_�|�L?�?} t)t|i4c t�@Tit |�i �@) �? ���U� T*@)iht UL44�?�U@|i
��|� i@U� L|�ih Lh ��|� L�|t�_i LMtih�iht( �| ThL��_it @ t)t|i4 Lu i�i?|t L? ���U� |�i
T*@)iht U@? UL?_�|�L? |�i�h Mi�@��Lh L�ih |�4i� ì t�L� |�@| UL?_�|�L?�?} t)t|i4t
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44Wklv lqwxlwlyh frqfoxvlrq kljkoljkwv rqh ri wkh gl�huhqfhv ehwzhhq rxu prgholqj dssurdfk dqg
wkdw ri rwkhuv1 Dv Deuhx/ Shdufh/ dqg Vwdffkhwwl +4<<6, srlqw rxw/ qrwlrqv ri edujdlqlqj srzhu
duh plvvlqj iurp prvw dqdo|vhv ri _uhqhjrwldwlrq0surriqhvv% lq wkh uhshdwhg jdph olwhudwxuh1 Wkhvh
dxwkruv dgyrfdwh exloglqj edujdlqlqj srzhu lqwr vhohfwlrq fulwhuld dqg wkh| gr vr e| dvvxplqj wkdw/
lq d v|pphwulf jdph/ wkh sod|huv vhohfw dq htxloleulxp wkdw |lhogv v|pphwulf sd|r�v iurp wkh
ehjlqqlqj ri wkh jdph1 Zh wdnh wkh ixuwkhu vwhs ri prgholqj edujdlqlqj srzhu dqg glvdjuhhphqw
rxwfrphv dv hpehgghg lq wkh whfkqrorj| ri mrlqw ghflvlrq0pdnlqj1 Wkh sod|huv* srzhu wr glvuxsw
wkh uhodwlrqvkls lq wkh vkruw uxq lpsolhv wkdw wkh| vkduh wkh frqwlqxdwlrq ydoxh lq �{hg sursruwlrqv1

45Uhodwhg frqfhswv duh vwxglhg e| Ehujlq dqg PdfOhrg +4<<6,/ Ud| +4<<7,/ dqg ydq Gdpph
+4<;<,1 Eoxph*v +4<<7, dqdo|vlv dggv frvwv ri uhqhjrwldwlrq1 Rwkhu qrwlrqv ri uhqhjrwldwlrq0surriqhvv
duh h{dplqhg e| Dvkhlp +4<<4, dqg Shdufh +4<;</4<<4,1
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|�hii u@U|t�

6@U| �G B��i? . � .� c �u 	. 9' > |�i? � E.� � 	. @?_ e � s uLh @**
ec s 5 � E.��

AL tii |��tc ?L|i |�@| �u 	. 9' > |�i? e � s uLh i�ih) e 5 	. @?_ s 5 .� A�i u@U| |�i?
uL**L�t uhL4 |�i _i�?�|�L? Lu T��L|@*�

6@U| 2G W? |�i ?@|�h@* _iu@�*| ti||�?}c g.�Efc >� 9' > uLh i�ih) Efc>� 5 F�
A��t �t |h�i t�?Ui e 5 .� Efc >� @?_ e �@t ?L UL?��U|t �? .� � A�iti |�L u@U|t
�4T*) |�@| @| 4Lt| mFm E�?�|i� �@*�i u�?U|�L?t @hi hiThiti?|i_ �? ��E.

��� ì !?L�
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|�i? �?_ @?L|�ih Ef �c >���4i@t�h@M*i ?i}L|�@|�L? i^��*�Mh��4 � |�@| tTiU��it �? |�i
UL?|�?�@|�L? uhL4 +� i @U|*) ��@| } tTiU��it uhL4 %�� ì LMtih�i |�@| � @?_ e @hi
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