
&RXSOHG�UDGLDWLYH�DQG�FRQGXFWLYH�KHDW�WUDQVIHU�LQ�JODVV���

�

'��/$&52,;��*��-($1'(/�
/(07$��8�+�3��1DQF\���%�3�������������9DQGRHXYUH�OHV�1DQF\�FHGH[��

�

7KH�DQDO\VLV�RI�UDGLDWLYH�KHDW�WUDQVIHU�LQ�VHPLWUDQVSDUHQW�PHGLD�LV�RI�LQWHUHVW�IRU�VHYHUDO�UHVHDUFK�DQG�
LQGXVWULDO�SXUSRVHV�VXFK�DV�PDWHULDO�PDQXIDFWXULQJ�DQG�SURFHVVLQJ��FRPEXVWLRQ�IDEULFDWLRQ�GHYLFH��WKHUPDO�

LQVXODWLRQ�� ,Q� WKLV� VWXG\� ZH� RQO\� FRQVLGHU� DEVRUELQJ� DQG� QRQ� VFDWWHULQJ� PHGLD�� ZKLFK� LV� WKH� FDVH� IRU�

KRPRJHQRXV� PDWHULDOV� VXFK� DV� JODVV� RU� WKLQ� FRDWLQJV�� ,Q� RUGHU� WR� SUHGLFW� WKH� UDGLDWLYH� EHKDYLRU� RI� D�

VHPLWUDQVSDUHQW�PHGLD�ZH� KDYH� WR� VROYH� WKH� UDGLDWLYH� WUDQVIHU� HTXDWLRQ� �57(���0RUHRYHU� WKH� DEVRUSWLRQ�

GHSHQGHQFH�ZLWK�WKH�ZDYHOHQJWK�RI�WKH�UDGLDWLRQ�LV�WDNHQ�LQWR�DFFRXQW�IRU�VROYLQJ�RI�WKH�57(��

)RU�DQ�KRPRJHQHRXV�SXUHO\�DEVRUELQJ�PHGLXP��ZH�FDOFXODWHG�WKH�WHPSHUDWXUH�ILHOG�DQG�KHDW�IOX[HV�RI�
D� PDWHULDO� LUUDGLDWHG� XQGHU� D� VSHFLILF� GLUHFWLRQ�� &RXSOHG� UDGLDWLYH� DQG� FRQGXFWLYH� KHDW� WUDQVIHU� ZHUH�

FRQVLGHUHG�IRU�D�QRQ�JUH\�VHPLWUDQVSDUHQW�WZR�GLPHQVLRQDO�VDPSOH��9DOLGDWLRQ�RI�WKH�PRGHO�DQG�DQ�RULJLQDO�

FDVH��IRU�FROOLPDWHG�UDGLDWLRQ�DUH�DOVR�SUHVHQWHG��

$QDO\VLV�

0RGHO�GHVFULSWLRQ�

7KH� PRGHO� ZH� FRQVLGHU� KHUH� LV� &DUWHVLDQ� WZR� GLPHQVLRQDO� JHRPHWU\� ZKHUH� RQO\�
DEVRUSWLRQ�DQG�HPLVVLRQ�DUH�WDNHQ�LQWR�DFFRXQW��6HYHUDO�NLQG�RI�ERXQGDU\�FRQGLWLRQV�FDQ�EH��
FKRVHQ� IRU� WKH� VLPXODWLRQ�� VXFK� DV� WUDQVSDUHQW�RU�RSDTXH� IURQWLHU�ZLWK� VSHFXODU�RU�GLIIXVH�
UHIOHFWLRQ��0RUHRYHU��ZH�DUH�DEOH�WR�VHW�D�GLUHFWLRQDO��RU�QRW��KHDW�IOX[�LPSLQJLQJ�D�ERXQGDU\��
7KH�ILJXUH����GHVFULEHV�RXU�PRGHO��

7KH� PHGLXP� SURSHUWLHV� FKDQJH� ZLWK� ZDYHOHQJWK� �FRPSOH[� RSWLFDO� LQGH[�� DQG�
WHPSHUDWXUH� �WKHUPDO� FRQGXFWLYLW\��� ,Q� RUGHU� WR� FDOFXODWH� WHPSHUDWXUH� LQVLGH� WKH�
VHPLWUDQVSDUHQW�PHGLXP�ZH�KDYH�WR�VROYH�WZR�FRXSOHG�HTXDWLRQV�ZKLFK�DUH�WKH�57(�����DQG�
WKH�HQHUJ\�FRQVHUYDWLRQ�HTXDWLRQ�����
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7KH�57(�HTXDWLRQ�FDQ�EH�VROYHG�XVLQJ�VHYHUDO�QXPHULFDO�WHFKQLTXHV��0RVW�RI�WKHP�DUH�
ZHOO�GHVFULEHG�LQ�0RGHVW��ERRN��,Q�WKLV�VWXG\�ZH�KDYH�XVHG�WKH�'LVFUHWH�2UGLQDWH�0HWKRG�
�'20��ZKLFK�KDV�EHHQ�ILUVW�SURSRVHG�E\�&KDQGUDVHNKDU�DQG�IXUWKHU�GHYHORSHG�E\�/DWKURS��
IRU�KHDW� WUDQVIHU��7KLV�PHWKRG� LV�ZHOO�NQRZQ� LQ� UDGLDWLYH� WUDQVIHU� VLPXODWLRQ�DQG�KDV�EHHQ�
LPSURYHG�RYHU�WKH� ODVW� WHQ�\HDUV��7KH�HQHUJ\�FRQVHUYDWLRQ�HTXDWLRQ� LV� VROYHG�XVLQJ�D�ILQLWH�
GLIIHUHQFH�PHWKRG��

7KH�FRPSXWDWLRQ�RI� LQWHQVLW\� ILHOG�RYHU� WKH�ZDYHOHQJWK�GRPDLQ� LV�REWDLQHG� LWHUDWLYHO\��
7KHQ�ZH� FDOFXODWH� WKH� UDGLDWLYH� VRXUFH� WHUP� WR� UHFRYHU� WKH� WHPSHUDWXUH� ILHOGV� WKURXJK� WKH�
HQHUJ\� FRQVHUYDWLRQ�� 7KH� PHVK� JULG� QRQ�XQLIRUP� LQ� RUGHU� WR� WDNH� LQWR� DFFRXQW� WKH� VWLII�
FKDQJH�DW�WKH�ERXQGDULHV��



5DGLDWLYH�ERXQGDULHV�

$V�ZH�VDLG��WKH�PHGLXP�ERXQGDULHV�FRXOG�EH�WUDQVSDUHQW�RU�RSDTXH��)RU�D�WUDQVSDUHQW�
ERXQGDU\��ZH�DVVXPH�WKDW�WKH�LQWHUIDFH�EHWZHHQ�WKH�WZR�PHGLD�LV�SODQDU�DQG�VPRRWK��7KHQ�

WKH�UHIOHFWLRQ�FRHIILFLHQW�ρλ�θ��YDULHV�ZLWK�WKH�LQFLGHQFH�DQJOH�θ�DQG�WKH�RSWLFDO�SURSHUWLHV�RI�
WKH� WZR� PHGLD�� 7KH� UHIOHFWLRQ� FRHIILFLHQW� LV� JRYHUQHG� E\� WKH� IROORZLQJ� UHODWLRQ� DVVXPLQJ�

N���Q��LQ�WKH�ZDYHOHQJWK�UDQJH�ZH�FRQVLGHU��
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)RU� WKDW� NLQG� RI� ERXQGDU\� WKH� LQWHQVLW\� GHSHQGV� RQ� WKH� H[WHUQDO� WHPSHUDWXUH�7*�� WKH�
UHIOHFWHG� LQWHQVLW\� DQG� WKH� LQWHQVLW\� ,�� RI� WKH� FROOLPDWHG� UDGLDWLRQ� �LI� WDNHV� LQWR� DFFRXQW��� LW�
FDQ�EH�ZULWWHQ�DV�������

( ) ( ) ( ) ( ) ( ) ( )[ ] ( ) ( )Ω′+ΩΩΩ+




 ′
=Ω

ρρρρρρρρ
���� ����

�

V,V,I7,
Q

Q
V, *E λλλλλλ

λ

λ
λ θρθτθτ � ����

ZKHUH� τλ�θ�� LV� WKH� WUDQVPLVVLYLW\� IRU� D� JLYHQ� LQFLGHQFH� DQJOH� DQG� ( )��ΩΩ
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)RU�DQ�RSDTXH�ERXQGDU\��ZLWK�D�ZDOO�DW�WKH�7Z�WHPSHUDWXUH�ZLWK�D�JLYHQ�HPLVVLYLW\�εZλ��
WKH�LQWHQVLW\�LQ�WKH�FDVH�RI�VSHFXODU�UHIOHFWLRQ�ZH�ZLOO�EH�������
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7KHUPDO�ERXQGDU\�FRQGLWLRQV�

,Q�RUGHU�WR�FDOFXODWH�KHDW�WUDQVIHU�ZLWKLQ�WKH�PHGLD��HQHUJ\�HTXDWLRQ�PXVW�EH�VROYHG��$V�
LQ� WKH� FDVH� RI� UDGLDWLYH� ERXQGDU\� FRQGLWLRQV��ZH� KDYH� WR� VHW� WKHUPDO� ERXQGDU\� FRQGLWLRQV�
REWDLQ� E\� HQHUJ\� EDODQFH� DW� WKH� LQWHUIDFH� EHWZHHQ� WKH� WZR� PHGLD�� 'LIIHUHQW� NLQGV� RI�
ERXQGDU\� FRQGLWLRQV� FDQ� EH� DVVXPHG�� KRZHYHU� ZH� FRQVLGHU� WZR� RI� WKHP�� 2QH� IRU� WKH�
WUDQVSDUHQW�ERXQGDU\�ZKLFK�H[FKDQJH�E\�PHDQV�RI�IUHH�FRQYHFWLRQ�ZLWK�WKH�VXUURXQGLQJ�DLU��
7KH� VHFRQG� RQH� GHVFULEHV� WKH� FDVH� RI� D� WKLFN� ZDOO� DW� D� JLYHQ� WHPSHUDWXUH� IDU� IURP� WKH�
PHGLXP��

$V�DQ�H[DPSOH� LI�ZH�FRQVLGHU�WKH�XSSHU�ERXQGDU\�RI� WKH�PHGLXP�H[FKDQJLQJ�ZLWK�DLU�
WKH�HQHUJ\�EDODQFH�ZLWK�FROOLPDWHG�UDGLDWLRQ�OHDGV�WR�WKH�IROORZLQJ�H[SUHVVLRQ�������

( ) ( )

( )[ ] ( ) λπε

λκλπκ

λλλ λ

λλ λλλλ λλ

G\[7,7\[7K

G\[G7,
\

7
N

E*

*E

\\

W

�

��

PD[PD[

PD[�

��

�

OLP

OLPOLP

PD[

∫

∫∫
∞

=

∞

=

∞

=
=

+−=

=Φ++
∂
∂−

Λ

Λ
� ����



:H�RQO\�FRQVLGHU�ZDYHOHQJWKV�JUHDWHU�WKDQ�λOLP ��P�LQ�WKH�FDVH�RI�JODVV��6LQFH�LW�LV�DQ�
RSDTXH�PDWHULDOV�IRU�LQIUDUHG�UDGLDWLRQ�DERYH���P��7KH�PHDVXUHG�LQIUDUHG�RSWLFDO�SURSHUWLHV�

RI�JODVV�ZLOO�EH�JLYHQ�EHORZ��7KH�FRQYHFWLRQ�KHDW�H[FKDQJH�FRHIILFLHQW�K�LV�FDOFXODWHG�XVLQJ�
FODVVLFDO�1XVVHOW�FRUUHODWLRQ�IRU�IUHH�FRQYHFWLRQ��DERYH�DQG�XQGHU��D��SODWH�IRU�D�JLYHQ��ORFDO�
ILOP�WHPSHUDWXUH��

,Q�WKH�FDVH�RI�DQ�RSDTXH�ERXQGDU\�VXFK�DV�WKRVH�RQ�WKH�ODWHUDO�IDFH�RI�WKH�PHGLD��ZH�FDQ�
ZULWH�WKH�HQHUJ\�EDODQFH�VXFK�DV������
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ZKHUH�.J� LV�D�JOREDO�KHDW�H[FKDQJH�FRHIILFLHQW�SHU�VXUIDFH�XQLW�DQG
−
λ�[) LV�WKH�UDGLDWLYH�KHDW�

IOX[�LQ�WKH�QHJDWLYH�[�GLUHFWLRQ�ZKLFK�FDQ�DOVR�EH�GHILQHG�DV�������
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'LVFUHWL]DWLRQ�RI�WKH�HTXDWLRQV�

7KH�57(�HTXDWLRQ�QHFHVVLWDWHV� WZR�GLVFUHWL]DWLRQV��7KH�ILUVW�RQH�RYHU�D� VHW�RI�FKRVHQ�
UDGLDWLYH�SURSDJDWLRQ�GLUHFWLRQV��,Q�WKH�FDVH�RI�WKH�6Q�'20�PHWKRG��WKH�TXDGUDWXUH�VHWV�DUH�
IL[HG��,Q�RXU�FDOFXODWLRQV�ZH�XVHG�6������GLUHFWLRQV��DQG�6��������GLUHFWLRQV��IRU�WKH�VDNH�RI�
SUHFLVLRQ�� ,Q� WKH� FDVH� RI� WZR� GLPHQVLRQDO�PRGHO�� RQO\� KDOI� QXPEHU� RI� WKH� TXDGUDWXUH� DUH�
QHHGHG��7KH�VHFRQG�GLVFUHWLVDWLRQ�LV�PDGH�RQ�WKH�GLIIHUHQWLDO�WHUP�RI�WKH�57(�FRQVLGHULQJ�D�
QRQ� XQLIRUP� JULG��ZKLFK� LV� HVWDEOLVKHG�ZLWK� D� JHRPHWULF� GHFUHPHQW� XVXDOO\� WDNHV� HTXDO� WR�
�������

7KLV�NLQG�RI�GLVFUHWL]DWLRQ�LV�ZHOO�NQRZQ�IRU�WKH�'20�PHWKRG�DQG�KDV�EHHQ�GLVFXVVHG�
VHYHUDO�WLPH���(DFK�UHFWDQJXODU�FHOO�IDFH�RI�WKH�GRPDLQ�LV�PDUNHG�ZLWK�D�ODEHO��7KH�LW�LV�HDV\�
WR�FDOFXODWH�WKH�LQWHQVLW\�DW�WKH�FHQWHU�RI�WKH�FHOO�XVLQJ�D�FRPELQDWLRQ�RI�WKH�IDFHV�LQWHQVLWLHV�
WKURXJK�D�GLIIHUHQFLQJ�VFKHPH��6HYHUDO�NLQG�RI�GLIIHUHQFLQJ�VFKHPH�H[LVW��ZH�KDYH�XVHG�WKH�
VWHS�VFKHPH�DQG�WKH�YDULDEOH�ZHLJKWHG�VFKHPH�ZKLFK�LV�ZHOO�GHVLJQHG�WR�PLQLPL]H�UD\�HIIHFW�
�DOVR�NQRZQ�DV�IDOVH�VFDWWHULQJ��WKDW�PLJKW�DIIHFW�FDOFXODWLRQV���

7KH� GLVFUHWL]DWLRQ� RI� WKH� HQHUJ\� HTXDWLRQ� LV� QRW� D� VLPSOH� SUREOHP� VLQFH� WKH� WKHUPDO�
FRQGXFWLYLW\�RI� WKH�PHGLD�GHSHQGV�RQ� WKH� WHPSHUDWXUH�� 6RPH�QHZ�DSSURDFKHV�XVLQJ� ILQLWH�
HOHPHQWV�KDV�EHHQ�GHYHORSHG�IRU�WKH�RQH�GLPHQVLRQDO�UDGLDWLYH�DQG�FRQGXFWLYH�KHDW�WUDQVIHU�
LQ�VHPLWUDQVSDUHQW�PHGLD���1HYHUWKHOHVV�WKLV�WHFKQLTXH�GRHVQ·W�H[LVW�\HW�IRU�WZR�GLPHQVLRQDO�
PHGLXP��,Q�RXU�FDVH��ZH�ZLOO�VHW�WKH�WHPSHUDWXUH�ILHOG�DW�WKH�EHJLQQLQJ�RI�WKH�FDOFXODWLRQ�DQG�

XVH�IRU�WKH�´Lµ�LWHUDWLRQ�WKH�´L��µ�WHPSHUDWXUH�ILHOG�LQ�RUGHU�WR�FDOFXODWH�NW��

2SWLFDO�DQG�WKHUPDO�SURSHUWLHV�RI�WKH�PHGLXP�

,Q�RUGHU�WR�WHVW�RXU�PRGHO�ZH�QHHGHG�D�VHPLWUDQVSDUHQW�PDWHULDO��VLOLFD�RU�IORDW�JODVV�LV�
DQ� LQWHUHVWLQJ� PHGLD� IRU� WKLV� DSSOLFDWLRQ�� 2XU� UHVHDUFK� WHDP� LV� VSHFLDOL]HG� LQ� YLVLEOH� DQG�
LQIUDUHG� VSHFWURVFRS\�� &RPSOH[� LQGH[� RI� WKH�PDWHULDO� FDQ� EH� UHWULHYH� IURP� UHIOHFWLRQ� DQG�
WUDQVPLVVLRQ� RQ� EXON� PDWHULDO� FRPELQHG� ZLWK� .UDPHUV�.URQLJ� WUDQVIRUPDWLRQ�� 7\SLFDO�

YDOXHV�RI�Q�DQG�N�DUH�JLYHQ�RQ�WKH�ILJXUH����:H�FDQ�HDVLO\�VHH�WKDW�WKH�PHGLXP�LV�QRQ�JUH\��



)RU� PRUH� UHDOLVWLF� FRPSXWDWLRQ� ZH� ZLOO� KDYH� WR� WDNH� LQWR� DFFRXQW� WKH� HYROXWLRQ� RQ� WKH�
FRPSOH[� LQGH[�ZLWK� WHPSHUDWXUH��*ODVV� UDGLDWLYH� SURSHUWLHV� DW� KLJK� WHPSHUDWXUHV�KDV� EHHQ�
UHFHQWO\�LQYHVWLJDWHG�E\�9DQ�1LMQDWWHQ��HW�DO��

&RQFHUQLQJ� WKH� KHDW� FRQGXFWLRQ� FRHIILFLHQW� NW�� D� ODUJH� VHW� RI� H[SHULPHQWDO� GDWD� LV�
DYDLODEOH�� 6HYHUDO� PHDVXUHPHQWV� LQ� WKH� UDQJH� RI� URRP� WHPSHUDWXUH� WLOO� ����.� KDYH� EHHQ�

DFKLHYHG��7KH�IROORZLQJ�YDOXHV�RI�NW�����KDYH�EHHQ�REWDLQHG�IRU�IORDW�JODVV��ZLWK�7�LQ�&HOVLXV�
GHJUHH��E\�%DQQHU���0DQQ��DQG�$QGUH���
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5HVXOWV�DQG�GLVFXVVLRQ�

7HVW�FDVH�

,Q�RUGHU� WR� FKHFN� RXU�PRGHO�ZH� FRPSDUHG� RXU� UHVXOWV�ZLWK� WKRVH� RI�/HH�� HW� DO��:KR�
KDYH�UHFHQWO\�SXEOLVKHG�SDSHU�DERXW�UDGLDWLYH�KHDWLQJ�RI�PROWHQ�JODVV�LQ�LQGXVWULDO�IXUQDFHV��

7KH�WHVW�FDVH� LV� WKH�IROORZLQJ�RQH�ILJXUH����7KH�GLPHQVLRQ�RI�WKH�PHGLXP�DUH� ��: ����P��

+ ���P�� 7KH� PDWHULDO� LV� KHDWHG� E\� KRW� JDVHV� �7* ����.�� DW� WKH� XSSHU� IDFH� ZKLFK� LV�
WUDQVSDUHQW��7KH�RWKHU�ERXQGDULHV�DUH�DVVXPHG�WR�EH�EODFN�WKLFN�ZDOOV�ZLWK�WHPSHUDWXUH�IDU�

IURP�WKH�PHGLXP�HTXDO�WR� .7 ���=∞ ��7KH�JULG�VL]H�LV� ����× ��DQG�ZH�XVHG�D�6��DQJXODU�

GLVFUHWL]DWLRQ��)RU� WKH� VSHFWUDO� GLVFUHWL]DWLRQ�ZH�XVHG����EDQGV� DQG�ZH� WDNH� WKH�'��0DQQ�
FRUUHODWLRQ�IRU�WKHUPDO�FRQGXFWLYLW\��

7KH� UHVXOWV� DUH� DOPRVW� WKH� VDPH�� 7KHUH� LV� D� VOLJKW� YDULDWLRQ� WKDW� PD\� EH� GXH� WR� WKH�
GLIIHUHQFH� WKH� VHWV� RI� RSWLFDO� SURSHUWLHV�� $QRWKHU� SRLQW� WKDW� VKRXOG� EH� FRQVLGHU� LV� WKH�
GLIIHUHQFH�H[LVWLQJ�EHWZHHQ�WKH�'20�PHWKRG�DQG�WKH�5RVVHODQG�DSSUR[LPDWLRQ��

+HDWLQJ�ZLWK�YDULDEOH�LQFLGHQFH�

+HUH� ZH� DUH� JRLQJ� WR� GHDO� ZLWK� OLJKWQLQJ� RI� WKH� VDPH� JODVV� PHGLXP� E\� D� FROOLPDWHG�
H[WHUQDO�EODFNERG\�DW�����.�7KH�VXUURXQGLQJ�JDV�DQG�WKH�ZDOOV�DUH�DW�WKH�URRP�WHPSHUDWXUH��
����.�� $FFRUGLQJ� WR� WKH�:LHQ·V� ODZ� WKH� PD[LPDO� LQWHQVLW\� RFFXUV� DW� ����P�� WKH� UHVXOWLQJ�
WHPSHUDWXUH�ILHOG�LQ�WKH�PHGLXP�LV�FROGHU��7KH�FROOLPDWHG�UDGLDWLRQ�LPSLQJHV�WKH�XSSHU�SDUW�
RI�WKH�PHGLD�ZLWK�DQ�LQFLGHQFH�DQJOH�HTXDO�WR����������������DQG������7KH�UHVXOWV�DUH�JLYHQ�RQ�
ILJXUH���DQG�ILJXUH�����

2QH�FDQ�HDVLO\�WKDW�WHPSHUDWXUH�ILHOG�DUH�TXLWH�DV�ZH�ZRXOG�H[SHFW��7KH�KRWWHVW�RQH�LV�
REWDLQHG�IRU�QRUPDO�LQFLGHQW�UDGLDWLRQ�ZKHUH�LVRWKHUPDO�OLQHV�DUH�SDUDOOHO�WR�WKH�XSSHU�IDFH��
)RU� ���� LQFLGHQFH� DQJOH� WKH�PD[LPXP� WHPSHUDWXUH� LV� VKLIWHG� WR� WKH� OHIW� SDUW� RI� WKH� JODVV�
VDPSOH�DFFRUGLQJ� WR� WKH�GLUHFWLRQ�RI�WKH�FROOLPDWHG�UDGLDWLRQ��7KH� WHPSHUDWXUH� OHYHO� LQ�WKH�
ORZHU� SDUW� RI� WKH�PHGLXP� LV� DOPRVW� WKH� VDPH� VLQFH� FRQGXFWLRQ� LV� WKH�PDLQ� KHDW� WUDQVIHU�
PRGH� LQ� WKLV� DUHD�� )RU� KLJKHU� LQFLGHQFH� DQJOH� ���� DQG� ���� WKH� UHIOHFWLRQ� RFFXUULQJ� DW� WKH�
QRUWK� ERXQGDU\� EHFRPH� QRQ� QHJOLFWLEOH� DQG� WKHUH� LV� OHVV� UDGLDQW� HQHUJ\� JHWWLQJ� LQVLGH� WKH�
JODVV�VDPSOH��,Q�WKHVH�ODVW�FDVHV�WKHUH�LV�HVVHQWLDOO\�FRQGXFWLRQ��7KLV�UHPDUNV�FDQ�DOVR�EHHQ�
DFKLHYHG�IURP�WKH�KHDW�IOX[HV�REVHUYDWLRQ��



&RQFOXVLRQ�

7KH�PRGHO� SUHVHQWHG� KHUH� LV� DEOH� WR� VROYH� UDGLDWLYH� DQG� FRQGXFWLYH�KHDW� WUDQVIHU� LQ� D�
VHPLWUDQVSDUHQW� PHGLD�� 6HYHUDO� SRLQWV� FRQFHUQLQJ� WKH� QXPHULFDO� UHVROXWLRQ� KDYH� EHHQ�
LQYHVWLJDWHG��:H�VKRZ�WKDW�'20�PHWKRG�IRU�UDGLDWLYH�KHDW�WUDQVIHU�JDYH�EHWWHU�UHVXOWV�WKDQ�
WKH�5RVVHODQG� DSSUR[LPDWLRQ��&RQFHUQLQJ� WKH� FROOLPDWHG� UDGLDWLRQ� DERYH� VXFK� VDPSOH�ZH�
KDYH� VKRZQ� WKDW� WKH� WHPSHUDWXUH� ILHOGV� DUH� VWURQJO\� DIIHFWHG�E\� WKH� LQFLGHQFH�DQJOH�RI� WKH�
LPSLQJLQJ� UDGLDWLRQ��2WKHU� SRLQWV�ZKLFK� KDYH� QRW�EHHQ�GLVFXVVHG� KHUH� KDYH� EHHQ� VWXGLHG��
VXFK� DV� WKH� LQIOXHQFH�RI� WKH�GLIIHUHQFLQJ� VFKHPH�� WKH� HIIHFW� RI� WKH� VSDWLDO� DQG� WKH� DQJXODU�
GLVFUHWL]DWLRQ�PRGLILFDWLRQ� RQ� WKH� FRPSXWHG� UHVXOWV�� 7KH\� KDYH� EHHQ� GLVFXVVHG� LQ� D�PRUH�
GHWDLO� ZRUN� ZH� KDYH� EHHQ� DFFHSWHG� IRU� SXEOLFDWLRQ�� )XUWKHU� ZRUNV� ZLOO� KDYH� WR� WDNH� LQWR�
DFFRXQW�VFDWWHULQJ�LQVLGH�LQKRPRJHQHRXV�PHGLD��LQ�RUGHU�WR�FRQVLGHU�PRUH�PHGLD��
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