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��5HFHLYHG�-XQH���������
,QIOXHQFH� RI� FU\VWDO� DQG�PHOW� DEVRUSWLRQ� FRHIILFLHQWV� RQ� WKH�JURZLQJ�SURFHVV� RI� ODUJH

FU\VWDOV�RI�DONDOL�KDOLGHV�KDV�EHHQ�VWXGLHG�XVLQJ�WKH�QXPHUDO�VLPXODWLRQ�RI�FRPSOH[�KHDW
H[FKDQJH�� 7KH� GHYHORSHG� PRGHO� WDNHV� LQWR� DFFRXQW� WKH� UDGLDWLYH� DQG� FRQGXFWLYH� KHDW
H[FKDQJH�LQ�D�FU\VWDO�DQG�PHOW�LQ�WKH��JUH\��DSSUR[LPDWLRQ�ZLWK�D�GLIIXVH�UHIOHFWLRQ�IURP
ERXQGDULHV�� 7KH� FRQYHFWLYH� KHDW� WUDQVIHU� LV� WDNHQ� LQWR� DFFRXQW� LQ� WKH� PHOW� DQG� JDV
DWPRVSKHUH��,W�LV�VKRZQ�WKDW�WKH�FKDQJH�RI�UDGLDWLRQ�FRQGXFWLYH�KHDW�H[FKDQJH�FRQGLWLRQV
LQIOXHQFHV�VLJQLILFDQWO\�WKH�PDLQ�WHFKQRORJLFDO�SDUDPHWHUV�RI�JURZLQJ�SURFHVV��7KH�GHYHO�
RSHG�PRGHO�SURYLGHV�DQ�H[SODQDWLRQ�IRU�WKH�LPSURYHPHQW�RI�WKHUPDO�FRQGLWLRQ�VWDELOLW\�RI
WKH� ODUJH� FU\VWDO� JURZWK� REVHUYHG� LQ� H[SHULPHQW� DW� LQFUHDVLQJ� DEVRUSWLRQ� LQ� LQIUDUHG
UHJLRQ�
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���,QWURGXFWLRQ
$ONDOL�KDOLGH�FU\VWDOV� �$+&��DUH�XVHG�ZLGHO\�DV� VFLQWLOODWRUV� LQ�YDULRXV�ILHOGV�RI�VFLHQFH

DQG�HQJLQHHULQJ��2Q� LQGXVWULDO�VFDOH��WKHVH�FU\VWDOV�DUH�JURZQ�E\�SXOOLQJ�IURP�PHOW�RQWR�D
VHHG� >����@�� $� GLVWLQFWLYH� IHDWXUH� RI� WKHVH�PDWHULDOV� LV� KLJK� WUDQVSDUHQF\� LQ� LQIUDUHG� �,5�
UHJLRQ� LQ� ERWK� FU\VWDOOLQH� >�@� DQG� PROWHQ� VWDWH� >�@�� )URP� YLHZSRLQW� RI� KLJK�TXDOLW\� ODUJH
VLQJOH�FU\VWDO� LQJRWV�WHFKQRORJ\��D�ORZ�DEVRUSWLRQ�LV�RI�D�KLJKHVW�YDOXH��VLQFH�LW� LV�MXVW�WKH
SDUDPHWHU� WKDW� GHILQHV� WKH� FRQGLWLRQV� RI� UDGLDWLRQ�FRQGXFWLYH� KHDW� H[FKDQJH� �5&+(�� LQ� D
JURZLQJ� FU\VWDO�� ([SHULPHQWDO� UHVHDUFKHV� >����@� VKRZ� WKDW� GHFUHDVLQJ� RI� FU\VWDO� DQG� PHOW
WUDQVSDUHQF\�LQ�,5�UHJLRQ�DWWDLQHG�E\�GRSLQJ�ZLWK�SRO\DWRPLF�DQLRQV��SURYLGHV�DQ�LPSURYHG
WKHUPDO� VWDELOLW\� RI� WKH� FU\VWDO� JURZWK� SURFHVV�� $W� WKH� VDPH� WLPH�� WKH� IXQFWLRQDO� FKDUDF�
WHULVWLFV�RI�GHWHFWRUV�PDGH�XVLQJ�WKH�FU\VWDOV�UHPDLQ�HVVHQWLDOO\�LQWDFW��ZKLOH�LQ�VRPH�FDVHV
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>�@��WKH�GRSLQJ�SURYLGHV�D�UHGXFHG�DIWHUJORZ�OHYHO�DQG�LPSURYHG
UDGLDWLRQ�KDUGQHVV�RI�GHWHFWRUV��6WXGLHV�DUH�NQRZQ�>����@�DLPHG
DW� WKH� DQDO\VLV� RI�5&+(� LQ� D�JURZLQJ� FU\VWDO��+RZHYHU�� WKRVH
ZRUNV� FRQVLGHU� WKH� JHRPHWULFDOO\� VLPSOLILHG�PRGHO� LQFOXGLQJ� D
F\OLQGULFDO�FU\VWDO�RQO\��7KXV��WR�WDNH�LQWR�DFFRXQW�LQ�GHWDLO�WKH
FU\VWDO� DQG� PHOW� RSWLFDO� SURSHUWLHV� LQIOXHQFH� RQ� WKH� WKHUPDO
FRQGLWLRQV� RI� ODUJH� $+&� JURZWK�� D� QXPHULFDO� PRGHO� LV� WR� EH
GHYHORSHG� WDNLQJ� LQWR� FRQVLGHUDWLRQ� ERWK� WKH� FRPSOH[� IXUQDFH
JHRPHWU\� DQG� YDULHW\� RI� KHDW� DQG� PDVV� WUDQVIHU� PHFKDQLVPV
DFFRPSDQ\LQJ�WKH�FU\VWDO�JURZWK�SURFHVV�

7KH� KHDW� H[FKDQJH� SURFHVVHV� DFFRPSDQ\LQJ� WKH� JURZWK� RI
ODUJH�$+&�VKRZ�FHUWDLQ�VSHFLILF�IHDWXUHV��)LUVW��DOO�WKH�$+&�DUH
FKDUDFWHUL]HG�E\�KLJK�WUDQVSDUHQF\�LQ�D�ZLGH�ZDYHOHQJWK�UDQJH�
)RU�H[DPSOH��WKH�DEVRUSWLRQ�FRHIILFLHQW�RI�SXUH�&V,�FU\VWDOV�GRHV
QRW�H[FHHG�����Ü��FPÜ��LQ�WKH������WR����PP�UDQJH�>��@��6HFRQG�
WKH� H[WHUQDO� FU\VWDO� VXUIDFHV� DUH� DOZD\V� FRYHUHG� ZLWK� D� VHPL�
WUDQVSDUHQW�FRQGHQVDWH��,W�LV�D�ILQH�FU\VWDOOLQH�OD\HU�RI�WKH�PDLQ
PDWHULDO� ZLWK� WKH� FKDUDFWHULVWLF� JUDLQ� VL]H� RI� ����� PP�� 7KH
FRQGHQVDWH� OD\HU� WKLFNQHVV� DPRXQWV� PRVW� RIWHQ� ���� WR� �� PP
>��@�� 7KLV�ZRUN� RIIHUV� D�PRGHO� RI� FRPSOH[�KHDW� H[FKDQJH� WKDW
WDNHV�LQWR�FRQVLGHUDWLRQ�WKRVH�IHDWXUHV��7KH�SUREOHP�LV�UHGXFHG
WR� D� WZR�GLPHQVLRQDO� D[LDOO\� V\PPHWULFDO� PRGHO� RI� SK\VLFDO
ILHOGV� LQ� WKH� IXUQDFH� LQFOXGLQJ�WKH�IROORZLQJ�HTXDWLRQV��HQHUJ\
�WDNLQJ�LQWR�DFFRXQW�WKH�FRPSOH[�KHDW�H[FKDQJH���1DYLHU�6WRNHV��DQG�UDGLDWLRQ�KHDW�WUDQVIHU
LQ�DQ�DEVRUSWLYH�DQG�UDGLDWLYH�PHGLXP�

���&RPSXWDWLRQDO�SURFHGXUH
7KH� WZR�GLPHQVLRQDO� D[LDOO\� V\PPHWULFDO� QXPHUDO�PRGHO� RI� KHDW� H[FKDQJH� LQYROYHV� WKH

DUHDV�RI�VHPLWUDQVSDUHQW�FU\VWDO��PHOW��DQG�JDV�FDYLWLHV�DV�ZHOO�DV�WKH�VXUURXQGLQJ�IXUQDFH
HOHPHQWV�� FUXFLEOH�� FU\VWDO� KROGHU�� KHDWHUV�� IHHGHU�� DQG� KHDW� LQVXODWLRQ�� 7KH� UDGLDWLRQ�FRQ�
GXFWLYH�KHDW�H[FKDQJH� LV�FRQVLGHUHG� LQ�WKH�FU\VWDO�DQG�WKH�UDGLDWLRQ�FRQYHFWLYH�RQH�� LQ�WKH
PHOW��,Q�JDV�YROXPHV��WKH�FRQYHFWLYH�DQG�DOVR�UDGLDWLYH�KHDW�H[FKDQJH�LV�FRQVLGHUHG�EHWZHHQ
WKH� FDYLW\� ZDOOV� �VLQFH� WKH� FDYLWLHV� DUH� ILOOHG� ZLWK� PRQRDWRPLF� DUJRQ�WKH� � JDV� LV� QRW� DQ
DEVRUSWLRQ�DQG�UDGLDWLRQ�PHGLXP���7R�GHVFULEH�WKH�FRQYHFWLYH�KHDW�WUDQVIHU��WKH�NÜH�WXUEX�
OHQFH�PRGHO� LV�XVHG��7KDW�PRGHO� WDNHV� LQWR�DFFRXQW� WKH�URWDWRU\�PRWLRQ�RI� WKH�FU\VWDO�DQG
FU\VWDO� KROGHU�� DV�ZHOO� DV� WKH�0DUDQJRQL� FRQGLWLRQV� DW� WKH� IUHH�PHOW� VXUIDFH� �WKH�PHOW�JDV
LQWHUIDFH���7R�FDOFXODWH�WKH�UDGLDWLRQ�KHDW�WUDQVIHU��WKH�PHWKRG�RI�GLVFUHWH�RUGLQDWHV�LV�XVHG�
WKH� PHGLXP� LV� DVVXPHG� WR� EH� �JUH\�� DQG� LVRWURSLF�� WKH� ERXQGDULHV�� WR� EH� GLIIXVH�� ,Q� WKH
HQHUJ\� EDODQFH� DW� WKH� FU\VWDO�PHOW� LQWHUIDFH� �6WHIDQ� FRQGLWLRQ��� WKH� UDGLDWLRQ� IOX[� LV� DF�
FRXQWHG� IRU�� 7KH� FU\VWDO�PHOW�� FU\VWDO�JDV� DQG�PHOW�JDV� LQWHUIDFHV� DUH� FRQVLGHUHG� DV� VHPL�
WUDQVSDUHQW��7KH�FDOFXODWLRQ�DUHD� LV�GLVFUHWL]HG�XVLQJ� WHWUDJRQDO�DQG� WULJRQDO� HOHPHQWV��7R
LPSURYH�WKH�FRQYHUJHQFH�DQG� LQFUHDVH�WKH�DFFXUDF\��WKH�FDOFXODWLRQ�QHWZRUN�ZDV�RSWLPL]HG
ZLWK�GLPLQXWLRQ�DW� WKH� ERXQGDULHV�RI�DUHDV�ZKHUH� WKH� OLTXLG� IORZ� LV� FDOFXODWHG��7KH�PRGHO
ZDV�WHVWHG�DW�GLIIHUHQW�QWHZRUN�GLPHQVLRQV��$V�D�UHVXOW��IRU�UHDVRQV�RI�PLQLPXP�FDOFXODWLRQ
FRPSOH[LW\�DW�WKH�PDLQWHQDQFH�RI�QHFHVVDU\�DFFXUDF\�DQG�FRQYHUJHQFH��WKH�QHWZRUN�FRQWDLQ�
LQJ�������WZR�GLPHQVLRQDO�FHOOV�ZDV�FKRVHQ��7KH�JHQHUDO�YLHZ�RI�WKH�FDOFXODWLRQ�QHWZRUN�LV
VKRZQ�LQ�)LJ����

7KH�KHDW�FRQGXFWLRQ�HTXDWLRQ�
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ZKHUH� FS� LV� WKH� VSHFLILF� LVREDU� KHDW� FDSDFLW\�� -��NJ�.��� U�� GHQVLW\�� NJ�P��� J�� VWDQGDUG
JUDYLW\��O��WKH�KHDW�FRQGXFWLYLW\�FRHIILFLHQW��:��P�.���7��WHPSHUDWXUH��.��W��WLPH��V��9��WKH
VSHHG�YHFWRU�SURMHFWLRQV�RQ�WKH�D[HV�U�DQG�]��P�V��Z �SUI��FLUFXODU�VSHHG��P�V��I��WKH�FU\VWDO
URWDWLRQ� IUHTXHQF\�� VÜ��� P�� WKH� G\QDPLF� YLVFRVLW\� FRHIILFLHQW�� NJ��P�V��� 3�� SUHVVXUH�� 3D�
TQ�;��� WKH� EXON� GHQVLW\� RI� LQWHUQDO� KHDW� VRXUFHV�� :�P��� (�;��� LQWHJUDO� EXON� GHQVLW\� RI
UDGLDWLRQ� �GLYHUJHQFH� RI� LQWHJUDO� UDGLDWLRQ� IORZ� GHQVLW\� YHFWRU���:�P��� ZKLFK� FDQ� EH� RE�
WDLQHG�IURP�HTXDWLRQ����
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ZKHUH�NQ� LV� WKH� VSHFWUDO� DEVRUSWLRQ� FRHIILFLHQW��PÜ���QQ�� WKH� VSHFWUDO� UHIUDFWLYH� LQGH[��,�Q�WKH�UDGLDWLRQ� LQWHQVLW\�RI�EODFN�ERG\�JLYHQ�E\�WKH�3ODQN�IXQFWLRQ��,Q��VSHFWUDO� LQWHQVLW\�RI
LQFLGHQW�UDGLDWLRQ�DV�D�FKDUDFWHULVWLF�RI�UDGLDWLRQ�WUDQVPLVVLRQ�DW�IUHTXHQF\�Q� LQ�WKH�GLUHF�
WLRQ�V�RI�VSDFH�DQJOH�:��ZKLFK�GHSHQGV�RQ�DEVRUSWLRQ��WHPSHUDWXUH�GLVWULEXWLRQ�DQG�HIIHFWLYH
UDGLDWLRQ�DW�D�ERXQGDU\��;� ��U�]�M���WKH�F\OLQGULFDO�FR�RUGLQDWHV�RI�SRLQW�IRU�ZKLFK�HTXDWLRQ
LV�ZULWWHQ��7KH�UDGLDWLRQ�ILHOG�LQ�DQ�DEVRUSWLYH�DQG�UDGLDWLYH�PHGLD�FDQ�EH�GHVFULEHG�E\�WKH
WUDQVSRUW�HTXDWLRQ����

����>,Q�;�V�V@���NQ���,Q�;�V�� �NQ���QQ����,�Q��� ���
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7KH�FU\VWDO�PHOW�LQWHUIDFH�SRVLWLRQ�
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%RXQGDU\�FRQGLWLRQV�DW�W�!���
���DW�WKH�IXUQDFH�RXWHU�VXUIDFHV�Ü�ERXQGDU\�FRQGLWLRQV�RI�,,,�NLQG��

�Q�����O�7��7�� �DHI�7���7G�� ���
���DW�WKH�D[LV�Û�WKH�V\PPHWU\�FRQGLWLRQV
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���DW�WKH�ERXQGDULHV�EHWZHHQ�VWUXFWXUDO�HOHPHQWV�
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ZKHUH�TO��TU�DUH�FRQGXFWLYH�DQG�UDGLDWLYH�KHDW�IOX[HV�UHVSHFWLYHO\��:�P���
��� DW� WKH� FRQWDFW� ERXQGDULHV� EHWZHHQ� OLTXLG� DQG� VROLG� HOHPHQWV� RI� VWUXFWXUH� �DGKHVLRQ

FRQGLWLRQV�����
9� ��� ����

���DW�IUHH�OLTXLG�JDV�LQWHUIDFHV��WKHUPRFDSLOODU\�FRQYHFWLRQ��RU�WKH�WKH�0DUDQJRQL�FRQGL�
WLRQV���
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ZKHUH�V67� LV�VXUIDFH�WHQVLRQ��1�P��W��VWUHVV�WHQVRU��3D��/�DQG�J� LQGLFHV�DUH�IRU�OLTXLG�DQGJDV��UHVSHFWLYHO\�
���6WHIDQ�FRQGLWLRQ�DW�WKH�SKDVH�LQWHUIDFH�

$�9�.ROHVQLNRY�HW�DO����7KH�FRPSOH[�KHDW�H[FKDQJH����
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7DEOH���� �7KHUPRSK\VLFDO� SDUDPHWHUV� IRU� WKH� FU\VWDO��PHOW�� DQG� VWUXFWXUH� HOHPHQWV� XVHG� LQ� WKH
PRGHO

7KHUPRSK\VLFDO�SURSHUWLHV &V,��FU\VW� &V,��PHOW� ,QVXODWLRQ &UXFLEOH
�3ODWLQXP�

+HDWHU
�1L&U�

6WHHO $U��JDV��

+HDW�FRQGXFWLYLW\��:��P�.� ��� � � �� �� �� �����
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ZKHUH�7P�LV�WKH�HTXLOLEULXP�FU\VWDOOL]DWLRQ�WHP�SHUDWXUH�� .�� /I�� WKH� ODWHQW� KHDW� RI� FU\VWDO�
OL]DWLRQ��-�NJ��U6��WKH�FU\VWDO�GHQVLW\��NJ�P��

7KH� QXPHULFDO� PRGHO� PDNHV� LW� SRVVLEOH� WR
VWXG\� WKH� WHPSHUDWXUH� FRQGLWLRQV� LQVLGH� RI� WKH
IXUQDFH�� WR� WUDFH� JUDGLHQWV� DQG� WKHUPDO� IOX[HV
DQG� FKDUDFWHU� RI� FRQYHFWLRQ� GHYHORSPHQW
WKHUHLQ�� %DVLQJ� RQ� FDOFXODWLRQV�� WKH� VHOHFWLRQ� RI
QHFHVVDU\� SRZHUV� DQG� WHPSHUDWXUHV� RI� KHDWHUV� LV
SRVVLEOH�IRU�SURYLGLQJ�RI�WKH�WKHUPDO�FRQGLWLRQV�RI
FU\VWDO�JURZWK�LQ�WKH�.5,67$//�W\SH�JURZWK�XQLWV
>�@� ZKHUH� WKH� FU\VWDO� LV� JURZQ� E\� SXOOLQJ� IURP
WKH� PHOW� RQWR� D� VHHG�� 7KHUPRSK\VLFDO� SDUDPH�
WHUV� IRU� WKH� FU\VWDO�� PHOW�� DQG� VWUXFWXUH� HOH�
PHQWV� XVHG� LQ� WKH� PRGHO� DUH� SUHVHQWHG� LQ� 7DEOH�

���5HVXOWV
7HPSHUDWXUH� GLVWULEXWLRQV� DUH� FDOFXODWHG� LQ� WKH� FU\VWDO� DQG� LQ� WKH�PHOW� DW� WKH� IXUQDFH

V\PPHWU\�D[LV�DW�GLIIHUHQW�DEVRUSWLRQ�YDOXHV�IRU�D�����PP�KLJK�FU\VWDO�DUH�VKRZQ�LQ�)LJ����
9HUWLFDO�DUURZV�VKRZ�WKH�SKDVH�LQWHUIDFH�SRVLWLRQ�IRU�HYHU\�DEVRUSWLRQ�FRHIILFLHQW�

7KH� FKDQJHV� LQ� WUDQVSDUHQF\� RI� FU\VWDO� DQG� PHOW� LQ� ,5� UDQJH� LV� VHHQ� WR� LQIOXHQFH
FRQVLGHUDEO\�WKH�WHPSHUDWXUH�GLVWULEXWLRQ�RYHU�WKH�LQJRW�YROXPH��7KLV�LQIOXHQFH�VKRZV�LWVHOI
LQ�VHYHUDO�DVSHFWV��$W�ILUVW�� WKH� LQFUHDVH�RI�DEVRUSWLRQ�UHVXOWV� LQ�D�WHPSHUDWXUH�ULVH� LQ�WKH
KHDG�SDUW�RI�FU\VWDO��7KLV�HYLGHQFHV�D�UDGLDWLRQ�KHDW�WUDQVIHU�IURP�WKH�KHDWHG�ERWWRP�SDUW
RI� FU\VWDO� DQG� IURP� PHOW� WR� FROGHU� KHDG� SDUW� RI� WKH� LQJRW�� ,Q� WKLV� FDVH�� DQ� DGGLWLRQDO
UDGLDWLRQ� FKDQQHO� RI� KHDW� WUDQVIHU� FDQ� EH� VXJJHVWHG� DQG� LWV� HIIHFW� RQ� WKH� FU\VWDO� JURZWK
SURFHVV��,Q�WKH�ILUVW�SODFH��WKLV�UHVXOWV�LQ�DQ�DGGLWLRQDO�KHDW�UHPRYDO�IURP�WKH�LQWHUIDFH�WKDW
LQ�DFFRUGDQFH�ZLWK�WKH�6WHIDQ�FRQGLWLRQ������PXVW�FDXVH�DQ�LQFUHDVHG�FU\VWDOOL]DWLRQ�VSHHG�
,Q�VXFK�FRQGLWLRQV��WKH�FU\VWDO�GLDPHWHU�DXWRPDWHG�FRQWURO�V\VWHP�FRPSHQVDWHV�WKH�LQFUHDVH
RI�FU\VWDOOL]DWLRQ�VSHHG�E\�LQFUHDVLQJ�WKH�FRQWUROOLQJ�KHDWHU�WHPSHUDWXUH��7KLV�H[SODLQV�WKH
H[SHULPHQWDOO\� ORRNHG� SKHQRPHQRQ�� WKH�$+&�KDYLQJ�KLJK�DEVRUSWLRQ� FRHIILFLHQW�JURZ�DW� D
FRQWLQXRXV�LQFUHDVH�RI�WKH�FRQWUROOLQJ�KHDWHU�WHPSHUDWXUH��,Q�FRQWUDVW��WKH�FU\VWDOV�ZKLFK�GR
QRW�FRQWDLQ�WKH�DEVRUSWLRQ�EDQGV�LQ�,5�JURZ�DW�D�UHODWLYHO\�ORZ�FRQWUROOLQJ�KHDWHU�WHPSHUD�
WXUH�GXULQJ�WKH�ZKROH�JURZLQJ�SURFHVV�

)LJ���� $[LDO� WHPSHUDWXUH� GLVWULEXWLRQ� LQ� WKH
PHOW�DQG�FU\VWDO�DW�GLIIHUHQW�DEVRUSWLRQ�FRHIIL�
FLHQWV��9HUWLFDO�DUURZ�VKRZV�WKH�LQWHUIDFH�SRVL�
WLRQ����Ü����P������Ü��P������Ü��P���
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