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Devwudfw1 Wkh txdqwxp prgho ri frpsxwdwlrq lv d prgho/ dqdorjrxv wr wkh suredelolvwlf Wxulqj
Pdfklqh/ lq zklfk wkh qrupdo odzv ri fkdqfh duh uhsodfhg e| wkrvh reh|hg e| sduwlfohv rq d txdqwxp
phfkdqlfdo vfdoh/ udwkhu wkdq wkh uxohv idploldu wr xv iurp wkh pdfurvfrslf zruog1 Zh suhvhqw khuh d
sureohp ri glvwlqjxlvklqj ehwzhhq wzr idluo| qdwxudo fodvvhv ri ixqfwlrq/ zklfk fdq surydeo| eh vroyhg
h{srqhqwldoo| idvwhu lq wkh txdqwxp prgho wkdq lq wkh fodvvlfdo suredelolvwlf rqh/ zkhq wkh ixqfwlrq
lv jlyhq dv dq rudfoh gudzq htxlsuredeo| iurp wkh xqlirup glvwulexwlrq rq hlwkhu fodvv1 Zh wkxv r�hu
frpshoolqj hylghqfh wkdw wkh txdqwxp prgho pd| kdyh vljql�fdqwo| pruh frpsoh{lw| wkhruhwlf srzhu
wkdq wkh suredelolvwlf Wxulqj Pdfklqh1 Lq idfw/ gudzlqj rq wklv zrun/ Vkru kdv uhfhqwo| ghyhorshg
uhpdundeoh qhz txdqwxp sro|qrpldo0wlph dojrulwkpv iru wkh glvfuhwh orjdulwkp dqg lqwhjhu idfwrulqj
sureohpv1
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ì U@? @*tL �ti A�iLhi4 ��2 |L ThL�i |�i i �t|i?Ui Lu @ tTiU��U Lh@U*i hi*@|��i |L
���U� |�ihi �t @? i TL?i?|�@* }@T E�? |ih4t Lu U*@tt�U@* UL4T�|�?} |�4i� Mi|�ii? ���
@?_ �|t ^�@?|�4 @?@*L}�ic �'� E_i�?i_ �? |�i ?@|�h@* �@)( tii d�Vb�o�� wi| . Mi |�i
EUL�?|@M*i� ti| Lu U*@tt�U@* Lh@U*i �A�<t 4@!�?} @| 4Lt| 2

��� �
^�ih�it L? �?T�| �

�
� ì

t@) |�@| � 5 . tL*�it @? Lh@U*i � }i?ih@|i_ @t �? |�i @ML�i |�iLhi4 �u uLh �?�?�|i*)
4@?) ?c � UL4T�|it KE?�c ��|� ihhLh ML�?_i_ @�@) uhL4 �*2 M) tL4i UL?t|@?|c L?
�?T�| �

�
� A�iLhi4 ��2 |i**t �t |�@| uLh @?) � c |�i ThLM@M�*�|) |�@| � tL*�it @? � tL

U�Lti? �t f� 5�?Ui . �t UL�?|@M*ic @? Lh@U*i� tL }i?ih@|i_ ��** |�ihiuLhi ��|� ThLM@M�*�|)
� Mi tL*�i_ M) ?L � 5 .� Oi?Ui ��|� ThLM@M�*�|) � |�i *@?}�@}i i�

�
mKE?� ' �jc uLh

KE?� U�Lti? @t �? A�iLhi4 ��2c U@??L| Mi @UUiT|i_ ��|� ihhLh ML�?_i_ @�@) uhL4 �*2
M) @?) � 5 .�

C�jNij6 
�
� A�ihi i �t| @? Lh@U*i � @?_ UL?t|@?| " hi*@|��i |L ���U� �'� 9�
�AU�.E2

� �
� E��|� |�L�t�_i_ ihhLh��

e� �L?U*�t�L?� 5�?Ui @?) ^�@?|�4 UL4T�|ih h�??�?} �? TL*)?L4�@* |�4i U@? Mi
u@�h*) i@t�*) t�4�*@|i_ �? �7���.c @t �@t TL�?|i_ L�| �? d�Vb�oc �i @hi �?*�!i*) |L Mi
@M*i |L ThL�i @?)|�4i tLL? |�@| �'� �t *@h}ih |�@? � � OL�i�ihc 5�Lh Ed5�Lbeo� �@t hi�
Ui?|*) 4@_i @ ��}i @_�@?Ui |L�@h_t it|@M*�t��?} |�i UL4T*i �|)�|�iLhi|�U @_�@?|@}i Lu
|�i ^�@?|�4 4L_i* UL4T@hi_ |L |�i U*@tt�U@* L?ic M) }���?} ^�@?|�4 TL*)?L4�@*�|�4i
@*}Lh�|�4t uLh |�L �i**�!?L�? Thit�4i_��@h_ ThLM*i4tG UL4T�|�?} _�tUhi|i *L}@h�|�4t
4L_�*L @? @hM�|h@h) Th�4ic @?_ u@U|Lh�?} �?|i}iht� O�t @*}Lh�|�4t uL**L� |�i �ih) hL�}�
L�|*�?i Lu |�i L?it Thiti?|i_ �ihic M�| ��|� 4@?) @__�|�L?@* tLT��t|�U@|�L?t |�@| @**L�
|�i4 |L �Lh! L�ih |�i �i*_ ] �

� EuLh Th�4it R t�U� |�@| R � � �t t4LL|�� h@|�ih |�@?
E] � �

�
c @?_ |L i |h@U| 4�U� 4Lhi |�@? @ t�?}*i M�| Lu �?uLh4@|�L? Tih �|ih@|�L?� �

*L}�U@* ?i | t|iT 4�}�| Mi |L |h) |L tiT@h@|i ��� @?_ �'� M@ti_ L? @ 4Lhi }i?ih@*
UL4T*i �|)�|�iLhi|�U @tt�4T|�L? t�U� @t � 9' �� Lh |�i i �t|i?Ui Lu L?i��@) u�?U�
|�L?t� �*|ih?@|��i*)c �| 4@) Mi TLtt�M*i |L ThL�i *�4�|t |L |�i @_�@?|@}it Lu ^�@?|�4
UL4T�|@|�L? |�hL�}� t�4�*@|�L? hit�*|t Lu tL4i !�?_� EW? d���Vbeoc uLh i @4T*ic Lh�
@U*i 4i|�L_t @hi �ti_ |L }��i i��_i?Ui |�@| �� 9� �'� � �? |�i L|�ih �@?_c BhL�ih
EdBhLbSo� �@t hiUi?|*) t�L�? |�@| uLh �� �UL4T*i|i _iU�t�L? ThLM*i4tc |�i @ttLU�@|i_
ti@hU� ThLM*i4 ��|� tL*�|�L?t Lu t�3i ? U@? Mi tL*�i_ ThLM@M�*�t|�U@**)c ��|� ML�?_i_ ih�
hLhc �? |�4i 2

��� �

L? @ ^�@?|�4 UL4T�|ihQ��i�c 4Lhi i�U�i?|*) |�@? @?) !?L�? U*@tt�U@*
ThLM@M�*�t|�U @*}Lh�|�4��

�?L|�ih ?@|�h@* ^�it|�L? hi}@h_�?} |�i 4L_i* �t ��i|�ih |�i Ru@�h ^�@?|�4 UL�?
��T� t��Uit @t @ �?��iht@* ?L?�U*@tt�U@* t|iTc |�i �@) �|t U*@tt�U@* UL�?|ihT@h|c |�i u@�h
UL�? ��Tc t��Uit @t @ �?��iht@* EU*@tt�U@*� ThLM@M�*�t|�U t|iT� +iUi?| �Lh! �? |��t _��
hiU|�L? Etiic uLh �?t|@?Uic d#�VbDoc d���#bDo� �@t t�L�? |�@| |�ihi @hi 4@?) U�L�Uit
Lu @ t�?}*i ?L?�U*@tt�U@* LTih@|�L? |�@| ��** �? u@U| t��Ui �? t�4�*@|�?} ^�@?|�4 UL4�
T�|@|�L?t ���U� �ti @hM�|h@h) ui@t�M*i ^�@?|�4 LTih@|�L?t( �L�i�ihc �| �t ?L| !?L�?
��i|�ih |�i Ru@�h ^�@?|�4 UL�? ��T� �t L?i t�U� U�L�Ui�

�?L|�ih �tt�i �t |�@| Lu @*|ih?@|��i 4L_i*t Lu ^�@?|�4 UL4T�|@|�L?� v@L Edv@Lb�o�
�@t Thiti?|i_ @ ^�@?|�4 U�hU��| 4L_i* EuL**L��?} d#i�Hbo� @?_ ThL�i? �| i^���@*i?| |L
|�i "A�� W? UL?|h@t|c �| �t ?L| )i| !?L�? ��i|�ih @ ^�@?|�4 Ui**�*@h @�|L4@|L? �t

<



i^���@*i?| Lh 4Lhi TL�ihu�* Etii d#5AbSo�� 5|�** L|�ih _�t|�?U| ^�@?|�4�M@ti_ UL4�
T�|@|�L?@* 4L_i*t 4@) i �t|c @t �i**� 6Lh i @4T*ic @?) �?�|@h) Ri�L*�|�L?� 4@|h� 
_itUh�M�?} @ ^�@?|�4 UL4T�|@|�L? E�? @?) 4L_i*� �t hi*@|i_ EM) 5U�hL_�?}ih<t i^�@�
|�L?� |L @ ULhhitTL?_�?} Oih4�|�@? RO@4�*|L?�@?� 4@|h� ���U� _itUh�Mit |�i t@4i
ThLUitt� A�ihi �t @*tL @ ?@|�h@* ?L|�L? Lu *LU@*�|) uLh O@4�*|L?�@?tQM�| i�L*�|�L? 4@�
|h�Uit @?_ |�i�h @ttLU�@|i_ O@4�*|L?�@?t @hi ?L| ?iUitt@h�*) ML|� *LU@* Lh ML|� ?L?*LU@*�
W| �t |�ihiuLhi �?U*i@h ��i|�ih i�i? |�i _i�?�|�L? Lu �"� EuLh "A�t Lh uLh @?) L|�ih
4L_i*� �t |�i t@4i uLh LTih@|Lh�M@ti_ @?_ O@4�*|L?�@?�M@ti_ i?UL_�?}t� E6i)?4@?
�@t t�L�?c �? d6i)HSoc |�@| |�i O@4�*|L?�@?�M@ti_ 4L_i* �t @| *i@t| @t TL�ihu�* @t |�i
�?�|@h) LTih@|Lh�M@ti_ L?i( ��i|�ih |�i hi�ihti �t |h�i �t ?L| !?L�?��

�i)L?_ |�i ^�it|�L? Lu 4L_i*t �t |�i 4@||ih Lu |�i�h �4T*i4i?|@|�L?� 6Lh i @4T*ic
@?) T�)t�U@* hi@*�3@|�L? Lu @ ^�@?|�4 UL4T�|ih �L�*_ ?iUitt@h�*) Mi t�M�iU| |L tL4i
ihhLh( i @U| t�TihTLt�|�L?t �L�*_ i?_ �T Mi�?} hiThiti?|i_ M) @TThL �4@|�L?t ��t| @t
_i|ih4�?�t|�U _�tUhi|i UL4T�|@|�L?t @?_ h@?_L4 UL�? ��Tt @hi @TThL �4@|i_ �? 4L_�
ih? UL4T�|iht �t�?} @?@*L} ^�@?|�|�it t�U� @t �L*|@}it� �L?t�_ih@M*i �Lh! �@t Mii?
_L?i L? |�i ui@t�M�*�|) Lu hit�*�i?|*) t�4�*@|�?} |h�i h@?_L4?itt ��|� R@TThL �4@|i h@?�
_L4?itt� Etiic uLh i @4T*ic dVVHDoc d�BHHo�( t�4�*@h �Lh! �t ?iUitt@h) |L _i|ih4�?i �u
UL4T�|@|�L? �t�?} @TThL �4@|�L?t Lu ^�@?|�4 t�TihTLt�|�L?t U@? Mi 4@_i UL4T@h@M*)
hit�*�i?|� +iUi?| �Lh! M) 5�Lh Ed5�LbSo� L? ^�@?|�4 ihhLh�ULhhiU|�?} UL_it �@t 4@_i
ThL}hitt |L�@h_t |��t }L@*c t�L��?} |�@| ihhLht UL?uLh4�?} |L @ Uih|@�? hit|h�U|��i 4L_i*
U@? �? u@U| Mi ULhhiU|i_� OL�i�ihc �| �t ?L| !?L�? �L� �i** |�@| 4L_i* UL�iht |�i |)Tit
Lu ihhLh *�!i*) |L Mi i?UL�?|ihi_ �? @ Th@U|�U@* ^�@?|�4 UL4T�|ih� +itL*�|�L? Lu |�iti
@?_ L|�ih |�iLhi|�U@* �tt�it �L�*_ Mi @ Uh�U�@* t|iT |L�@h_t �?_iht|@?_�?} ML|� |�i
�|�*�|) @?_ |�i �*|�4@|i ui@t�M�*�|) Lu �4T*i4i?|�?} @ ^�@?|�4 UL4T�|ih�

e��� �U!?L�*i_}i4i?|t� �@?) |�@?!t |L ��@h*it �i??i||c ,|�@? �ih?t|i�?c
B�**it �h@tt@h_c aihLi? �@? _i Bh@@uc +�U�@h_ aL3t@c @?_ #L4�?�U �@)iht uLh �@*�@M*i
�?t�}�|t @?_ �i*Tu�* _�tU�tt�L?�

UHIHUHQFHV

^Ehql;5` S1 Ehqlr�/ Txdqwxp Phfkdqlfdo Kdplowrqldq Prghov ri Wxulqj Pdfklqhv/ M1 Vwdw1 Sk|v1
5</ ss1 848~879 +4<;5,1

^Ehqq:6` F1 K1 Ehqqhww/ Orjlfdo Uhyhuvlelolw| ri Frpsxwdwlrq/ LEP M1 Uhv1 Ghyhors1 4:/ ss1 858~865
+4<:6,1

^EEEY<7` F1K1 Ehqqhww/ H1 Ehuqvwhlq/ J1 Eudvvdug dqg X1 Yd}ludql/ Vwuhqjwkv dqg Zhdnqhvvhv ri
Txdqwxp Frpsxwlqj/ VLDP M1 Frpsxw1/ wklv yroxph1

^EE<5` D1 Ehuwkldxph dqg J1 Eudvvdug/ Wkh Txdqwxp Fkdoohqjh wr Vwuxfwxudo Frpsoh{lw| Wkhru|/
Surf1 :wk LHHH Frqihuhqfh rq Vwuxfwxuh lq Frpsoh{lw| Wkhru|/ ss1 465046: +4<<5,1

^EE<6` D1 Ehuwkldxph dqg J1 Eudvvdug/ Rudfoh Txdqwxp Frpsxwlqj/ M1 Prghuq Rswlfv 74+45,/
585405868 +4<<7,1

^EEFG<8` D1 Eduhqfr/ F1 Ehqqhww/ U1 Fohyh/ G1 GlYlqfhq}r/ Q1 Pdujroxv/ S1 Vkru/ W1 Vohdwru/ M1
Vprolq/ K1 Zhlqixuwhu/ Hohphqwdu| Jdwhv iru Txdqwxp Frpsxwdwlrq/ Sk|v1 Uhy1 D 85/
ss1 678:0679: +4<<8,1

^EY<6` H1 Ehuqvwhlq dqg X1 Yd}ludql/ Txdqwxp Frpsoh{lw| Wkhru|/ Surf1 58wk DFP V|ps1 rq

Wkhru| ri Frpsxwdwlrq/ ss1 44~53 +4<<6,1
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^FJ;;` E1 Fkru dqg R1 Jroguhlfk/ Xqeldvhg Elwv iurp Vrxufhv ri Zhdn Udqgrpqhvv dqg Sured0
elolvwlf Frppxqlfdwlrq Frpsoh{lw|/ VLDP M1 Frpsxw1 4:/ ss1 563~594 +4<;;,1

^Ghx;8` G1 Ghxwvfk/ Txdqwxp Wkhru|/ wkh Fkxufk~Wxulqj Sulqflsoh dqg wkh Xqlyhuvdo Txdqwxp
Frpsxwhu/ Surf1 U1 Vrf1 Orqg1 D733/ ss1 :6~<3 +4<;8,1

^Ghx;<` G1 Ghxwvfk/ Txdqwxp Frpsxwdwlrqdo Qhwzrunv/ Surf1 U1 Vrf1 Orqg1 D758/ ss1 :6~<3
+4<;<,1

^GlY<8` G1 GlYlqfhq}r/ Wzr0elw Jdwhv Duh Xqlyhuvdo iru Txdqwxp Frpsxwdwlrq/ Sk|v1 Uhy1 D 84
ss14348~4355 +4<<8,1

^GM<5` G1 Ghxwvfk dqg U1 Mr}vd/ Udslg Vroxwlrq ri Sureohpv e| Txdqwxp Frpsxwdwlrq/ Surf1 U1
Vrf1 Orqg1 D76</ ss1 886~88; +4<<5,1

^GVW<9` F1 G�xuu/ K1 Oah Wkdqk dqg P1 Vdqwkd/ D ghflvlrq Surfhgxuh iru Zhoo0Iruphg Olqhdu Txdq0
wxp Fhooxodu Dxwrpdwd/ Surf1 46wk V|psrvlxp rq Wkhruhwlfdo Dvshfwv ri Frpsxwhu

Vflhqfh/ ss1 5;405<5 +4<<9,1
^Ih|;5` U1 Ih|qpdq/ Vlpxodwlqj Sk|vlfv zlwk Frpsxwhuv/ Lqwhuqdwlrqdo Mrxuqdo ri Wkhruhwlfdo

Sk|vlfv 54/ ss1 79:~7;; +4<;5,1
^Ih|;9` U1 Ih|qpdq/ Txdqwxp Phfkdqlfdo Frpsxwhuv/ Irxqg1 Sk|v1 49/ ss1 83:~864 +4<;9,1
^Jur<9` O1 Juryhu/ D idvw txdqwxp phfkdqlfdo dojrulwkp iru gdwdedvh vhdufk/ Surf1 5;wk DFP

V|ps1 rq Wkhru| ri Frpsxwdwlrq/ ss1 545054< +4<<9,1
^Ohf96` \yhv Ohfhui/ Pdfklqhv gh Wxulqj uhyhuvleohv1 U�hfxuvlyh lqvroxelolw�h hq q�Q gh o*�htxdwlrq

x @ �
�

rx � hvw xq _lvrprusklvp gh frghv%1 Frpswhv Uhqgxv gh O*Dfdghplh Iudqfdlvh

ghv Vflhqfhv 58:/ 58<:05933 +4<96,1
^Vkr<7` S1 Vkru/ Dojrulwkpv iru Txdqwxp Frpsxwdwlrq= Glvfuhwh Orj dqg Idfwrulqj/ Surf1 68wk

LHHH V|ps1 rq Irxqgdwlrqv ri Frpsxwhu Vflhqfh/ ss1 4570467 +4<<7,1
^Vkr<9` S1 Vkru/ Idxow0Wrohudqw Txdqwxp Frpsxwdwlrq/ Surf1 6:wk LHHH V|ps1 rq Irxqgdwlrqv ri

Frpsxwhu Vflhqfh/ 4<<91
^Vlp<7` G1 Vlprq/ Rq wkh Srzhu ri Txdqwxp Frpsxwdwlrq/ Surf1 68wk LHHH V|ps1 rq Irxqgdwlrqv

ri Frpsxwhu Vflhqfh/ ss1 4490456 +4<<7,1
^YY;8` X1Y1 Yd}ludql dqg Y1Y1 Yd}ludql Udqgrp Sro|qrpldo Wlph lv Htxdo wr Voljkwo|0Udqgrp

Sro|qrpldo Wlph/ Surf1 59wk LHHH V|ps1 rq Irxqgdwlrqv ri Frpsxwhu Vflhqfh/ ss1
74:~75; +4<;8,1

^\dr<6` D1 \dr/ Txdqwxp Flufxlw Frpsoh{lw|/ Surf1 67wk LHHH V|ps1 rq Irxqgdwlrqv ri Frpsxwhu

Vflhqfh/ ss1 6850694 +4<<6,1
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