
��

,UDQLDQ�-RXUQDO�RI�&KHPLFDO�(QJLQHHULQJ9RO� ���1R� ���VXPPHU 	 DXWXPQ ������,$&+(

6+$+$%�$�3&�%DVHG�6RIWZDUH�IRU�6LPXODWLRQ�RI�6WHDP�&UDFNLQJ�)XUQDFHV��(WKDQH�DQG�1DSKWKD�
-��7RZILJKL
��5��.DULP]DGHK��0��6DGUDPHOL��$��1LDHL���*��6DHGL��6��+RVHLQL��0�0RIDUDKL�DQG�%��0RNKWDUDQL2OHILQ�5HVHDUFK�*URXS��25*���&KHP��(QJ��'HSW���7DUELDW�0RGDUHV�8QLYHUVLW\��3�2��%R[�������������7HKUDQ���'HSDUWPHQW�RI�$SSOLHG�&KHPLVWU\��7DEUL]�8QLYHUVLW\��7DEUL]��,UDQ

$EVWUDFW6+$+$%� LV�D�3&� EDVHG�VLPXODWRU�GHYHORSHG�E\�2OHILQ�5HVHDUFK�*URXS��25*���ZLWK�WKH� VLPXOWDQHRXV�VLPXODWLRQ�RI� WKH�UHDFWRU��WKH� ILUHER[��WKH�FRQYHFWLRQ�VHFWLRQ�DQG�WKH�WUDQVIHU� OLQH� H[FKDQJHU� LQ� VWHDP� &UDFNLQJ� XQLWV�� 7KH� UHDFWLRQ�PHFKDQLVP� RI� WKHUPDO�FUDFNLQJ�RI�K\GURFDUERQV�LV�JHQHUDOO\�DFFHSWHG�DV�IUHH�UDGLFDO�FKDLQ�UHDFWLRQV��8VLQJ�D�ULJRURXV�NLQHWLF�PRGHO��D�FRPSOHWH�UHDFWLRQ�QHWZRUN�IRU�UHSUHVHQWLQJ�WKH�GHFRPSRVLWLRQ�RI� K\GURFDUERQ� IHHGVWRFNV� KDV� EHHQ� GHYHORSHG� DQG� XVHG� IRU� VLPXODWLRQ� RI� WKHUPDO�K\GURFDUERQ� FUDFNHUV�� 7DNLQJ� LQWR� DFFRXQW� WKH� NLQHWLFV� RI� FRNH� IRUPDWLRQ�� 6+$+$%�SURYLGHV� D� GHWDLOHG� XQGHUVWDQGLQJ� RI� SURGXFW�� WHPSHUDWXUH� DQG� SUHVVXUH� GLVWULEXWLRQ��FRNH� WKLFNQHVV� SURILOH�� UHDFWRU� UXQ� OHQJWK�� IXHO� FRQVXPSWLRQ� DQG� WKH� DPRXQW� RI� VWHDP�JHQHUDWHG�.H\ZRUGV� 6+$+$%��3&� %DVHG�VRIWZDUH��&UDFNLQJ�)XUQDFH��6WHDP�&UDFNLQJ��2OHILQV


� &RUUHVSRQGLQJ�DXWKRU��(�PLOO��WRZILJKL#PRGDUHV�DF�LU)D[��������������������7HO�������������������H[W�������
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PHFKDQLVP�WR�WKH�SURGXFWV��(WK\OHQH�\LHOG� LV�W\SLFDOO\������RQ�ZHLJKW�EDVLV�ZLWK�QDSKWKD�DQG�JRHV�GRZQ�WR�����IRU�JDV�RLO�IHHGVWRFN��7KH� LQQHU� VXUIDFH� RI� D� FUDFNLQJ� FRLO� LV�JUDGXDOO\� FRYHUHG� ZLWK� FRNH�� ZKLFK� LV�GHSRVLWHG�GXULQJ�WKH�IXUQDFH�RQ� VWUHDP�WLPH��7KH� FRNH� OD\HU� UHGXFHV� WKH� KHDW� WUDQVIHU� WR�WKH�SURFHVV�JDV�DQG�� LQ�RUGHU�WR�PDLQWDLQ�WKH�SHUIRUPDQFH�RI� WKH�UHDFWRU�� WKH�H[WHUQDO� WXEH�PHWDO� WHPSHUDWXUH� KDV� WR� EH� UDLVHG�� 7KH�RSHUDWLRQ�RI�WKH�UHDFWRU�KDV�WR�EH�LQWHUUXSWHG�ZKHQ� WKH� VNLQ� WHPSHUDWXUH� UHDFKHV� WKH� OLPLW�LPSRVHG� E\� FRLO� PHWDOOXUJ\�� ZKLFK� LV�W\SLFDOO\�LQ�WKH�UDQJH RI������������&�7KLV� SDSHU� GHVFULEHV� 6+$+$%� VLPXODWLRQ�VRIWZDUH�� ZKLFK� KDV� EHHQ� GHYHORSHG� LQ� WKH�2OHILQ� 5HVHDUFK� *URXS� �25*�� RI� 7DUELDW�0RGDUHV� 8QLYHUVLW\�� IRU� WKH� SUHGLFWLRQ� RI�SURGXFW� \LHOGV� DQG� UXQ� OHQJWK� RI� WKHUPDO�FUDFNLQJ� IXUQDFHV�� )RU� WKLV� SXUSRVH�� WKH�UHDFWRU�� WKH� ILUHER[�� WKH� FRQYHFWLRQ� VHFWLRQ�DQG� WKH� 7/(� DUH� VLPXODWHG� VLPXOWDQHRXVO\�7KLV� 3&�EDVHG� VRIWZDUH� KDV� D� FRQYHQLHQW�JUDSKLFDO� XVHU� LQWHUIDFH� DQG� LW� FDQ� HDVLO\� EH�XVHG� IRU� WKH� WUDLQLQJ� RI� HWK\OHQH� SODQW�RSHUDWRUV��$�VFKHPDWLF�EORFN�GLDJUDP�RI�WKLV�VLPXODWRU�LV�VKRZQ�LQ�)LJXUH���
7KH�5HDFWRU�0RGHO7KH�.LQHWLF�0RGHO7KH� PHFKDQLVP� RI� WKHUPDO� FUDFNLQJ� RI�K\GURFDUERQV� LV� JHQHUDOO\� DFFHSWHG� DV� IUHH�UDGLFDO� FKDLQ� UHDFWLRQV�� (WKDQH� FUDFNLQJ�UHSUHVHQWV� WKH� VLPSOHVW� DSSOLFDWLRQ� RI� WKH�IUHH�UDGLFDO�PHFKDQLVP��7KH�UHDFWLRQ�VFKHPH�ZLWK� KHDYLHU� IHHGV� VXFK� DV� QDSKWKD� LV�PXFK�PRUH� FRPSOH[� WKDQ� WKDW� RI� JDVHRXV�IHHGVWRFNV�� GXH� WR� WKH� IDFW� WKDW� KXQGUHGV� RI�UHDFWDQWV� UHDFW� LQ�SDUDOOHO� DQG� VRPH�RI� WKRVH�UHDFWDQWV� DUH� IRUPHG� DV� UHDFWLRQ� SURGXFWV�GXULQJ� WKH� UHDFWLRQ�� $V� WKH� UHDFWLRQ�FRQYHUVLRQ� DQG� KHQFH�� FRQFHQWUDWLRQV� RI�ROHILQV� DQG� RWKHU� SURGXFWV� LQFUHDVH��VHFRQGDU\�UHDFWLRQV�EHFRPH�PRUH�VLJQLILFDQW��3DUWLDO� SUHVVXUH� RI� ROHILQV� DQG� GLROHILQV�

LQFUHDVHV�� IDYRULQJ� FRQGHQVDWLRQ� UHDFWLRQV��ZKLFK�SURGXFH�F\FORGLROHILQV�DQG�DURPDWLFV�,Q�WKLV�VRIWZDUH��D�FRPSOHWH�UHDFWLRQ�QHWZRUN��IRU� GHFRPSRVLWLRQ� RI� K\GURFDUERQ� IHHGV� LV�GHYHORSHG�� XVLQJ� D� ULJRURXV� NLQHWLF� PRGHO��7KH� GHWDLOHG� PHFKDQLVWLF� NLQHWLF� VFKHPH� LQ�WKLV� VLPXODWLRQ� QHWZRUN�� GHYHORSHG� E\�7RZILJKL�� HW� DO�� >���@�� LQYROYHV� �����UHDFWLRQV� DQG� ���� PROHFXODU� DQG� UDGLFDO�VSHFLHV�� $V� XVXDO�� WKLV� FKDLQ� UDGLFDO�PHFKDQLVP� FRQVLVWV� RI� VHYHUDO� UDGLFDO� DQG�PROHFXODU� HOHPHQWDU\� UHDFWLRQV�� VXFK� DV�LQLWLDWLRQ� UHDFWLRQV�� +�DEVWUDFWLRQV�� UDGLFDO�DGGLWLRQV�� GHFRPSRVLWLRQV�� LVRPHUL]DWLRQ�UHDFWLRQV�� WHUPLQDWLRQ� UHDFWLRQV�� DQG� 'LHOV�$OGHU�F\FOL]DWLRQV��7R�REWDLQ�UHOLDEOH�UHVXOWV��WKH� UHDFWLRQ� QHWZRUN� VKRXOG� EH� YHULILHG� DQG�WXQHG� XVLQJ� H[SHULPHQWDO� GDWD�� )RU� WKLV�SXUSRVH�� ODUJH� DPRXQWV� RI� H[SHULPHQWV�ZHUH�FDUULHG� RXW�� XVLQJ� D� SLORW� SODQW� UHDFWRU��'HWDLOV� RI� WKLV� V\VWHP� DUH�SUHVHQWHG� LQ�25*�GRFXPHQWV�>�@���6RPH�NLQHWLF�H[WHQVLRQV�KDG�WR� EH� PDGH� DQG� WKH� SDUDPHWHUV� ZHUH� WXQHG�DQG�YHULILHG�ZLWK�ODUJH�DPRXQWV�RI�SLORW�SODQW�DQG� LQGXVWULDO� GDWD� >���@�� 7KLV� ULJRURXV�NLQHWLF� PRGHO� FDQ� EH� EULHIO\� VXPPDUL]HG�ZLWK�H[DPSOHV�RI�GLIIHUHQW�W\SHV�RI�UHDFWLRQV��DV�VKRZQ�LQ�7DEOH���
0RGHO�(TXDWLRQV$� RQH�GLPHQVLRQDO� SOXJ�IORZ�PRGHO� LV� XVHG�WR�VLPXODWH�WKH�WKHUPDO�FUDFNLQJ�UHDFWRU��7KH�VHW� RI� FRQWLQXLW\� HTXDWLRQV� IRU� WKH� YDULRXV�SURFHVV�JDV� VSHFLHV� LV� VROYHG� VLPXOWDQHRXVO\�ZLWK� WKH� HQHUJ\��PRPHQWXP� DQG� WKH� FRNLQJ�UDWH� HTXDWLRQV� >�@�� 7KHVH� HTXDWLRQV� DUH� DV�IROORZV�0DVV�EDODQFH�
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ZKHUH�E LV�WKH�FRQYHUVLRQ�IDFWRU�)ULFWLRQ� IDFWRU� IRU� WKH� VWUDLJKW� SDUW� RI� WKH�UHDFWRU�FRLOV�LV�
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ZKHUH� 5E DQG�� UHSUHVHQW� WKH� UDGLXV� RI� WKH�WXEH�EHQG�DQG�DQJOH�RI�EHQG��UHVSHFWLYHO\��
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6LQFH� FRNLQJ� LV� VORZ�� TXDVL� VWHDG\� VWDWH�FRQGLWLRQV�PD\�EH�DVVXPHG��7KH�WKLFNQHVV�RI�FRNH�GHSRVLWHG�RQ� WKH� LQQHU�ZDOOV�RI�FRLOV� LV�REWDLQHG�E\�
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7KHUHIRUH��WKH�QHZ�GLDPHWHU�RI�FRLO�ZLOO�EH�GW�QHZ  �GW�ROG ± � WF ���7KH�JRYHUQLQJ�PDVV��HQHUJ\��DQG�PRPHQWXP�EDODQFH� HTXDWLRQV� IRU� WKH� FUDFNLQJ� FRLO�FRQVWLWXWH� D� ERXQGDU\ YDOXH� SUREOHP� ZKLFK�KDV� D� VLJQLILFDQW� VWLIIQHVV� LQ� WKH� QXPHULFDO�VROXWLRQ� GXH� WR� WKH� ODUJH� GLIIHUHQFHV� LQ�FRQFHQWUDWLRQ� JUDGLHQW� EHWZHHQ� UDGLFDOV� DQG�PROHFXOHV�� 7KLV� SUREOHP� FDQ� EH� WDFNOHG�WKURXJK�WKH�DSSOLFDWLRQ�RI�WKH�*HDU�PHWKRG�
7KH�&RNLQJ�0RGHO&RNH� IRUPDWLRQ� LQ� WKH� S\URO\VLV� RI�K\GURFDUERQV�LV�D�FRPSOH[�SKHQRPHQRQ��GXH�WR�WKH�YDULRXV�IUHH�UDGLFDO�UHDFWLRQV�LQYROYHG��$�QXPEHU� RI� FRNH� SUHFXUVRUV�ZHUH� IRXQG� WR�

FRQWULEXWH� WR� WKH� IRUPDWLRQ� RI� FRNH��8QVDWXUDWHV� DQG� DURPDWLFV� DUH� D� YHU\�LPSRUWDQW� FODVV�RI�FRNH�SUHFXUVRUV��7KH\�DUH�SURGXFWV� RI� WKH� S\URO\VLV� UHDFWLRQV� VR� WKDW�WKHLU� FRQFHQWUDWLRQ� LQ� WKH� KLJK�WHPSHUDWXUH�]RQH�RI�WKH�UHDFWRU�LV�KLJKHU��8QVDWXUDWHV�DUH�UHDFWLYH� FRPSRQHQWV�� 7KHUHIRUH�� WKH\� DUH�JRRG� FDQGLGDWHV� IRU� WKH� UDGLFDO� DGGLWLRQ��6LQFH� DURPDWLF� ULQJ� VWUXFWXUH� LV� FORVH� WR� WKH�VWUXFWXUH� RI� WKH� FRNH� PDWUL[�� EUDQFKHG�DURPDWLFV� DUH� DOVR� FRQVLGHUHG� DV� UHDFWLYH�FRPSRQHQWV� FRQWULEXWLQJ� WR� FRNH� IRUPDWLRQ��HVSHFLDOO\� DW� KLJK� WHPSHUDWXUHV� SUHYDLOLQJ� LQ�WKHUPDO�FUDFNLQJ�FRLOV��/LWHUDWXUH�VXUYH\�DQG�SODQW�GDWD� OHG�WR�D�FRNLQJ�PRGHO�FRQVLGHULQJ�DOVR�D�QXPEHU�RI�FRNH�SUHFXUVRUV��WKH�UHODWLYH�FRNLQJ� UDWHV� RI� ZKLFK� KDG� EHHQ� REWDLQHG�H[SHULPHQWDOO\� >���@�� 7KH� SUHFXUVRUV� DUH�FODVVLILHG� LQWR� JURXSV�� VXFK� DV� ROHILQLFV��GLHQHV��DFHW\OHQLF��QDSKWKHQLFV�DQG�DURPDWLFV�>�������@�,Q� WKH� SUHVHQW� ZRUN�� WKH� UHVLGXDO� VXP� RI�VTXDUHV� EHWZHHQ� WKH� FDOFXODWHG� YDOXHV� DQG�DV\PSWRWLF� FRNLQJ� UDWHV� ZHUH� XVHG� DV� WKH�REMHFWLYH�IXQFWLRQ�DQG�WKH�NLQHWLF�SDUDPHWHUV�RI� FRNLQJ� ZHUH� HVWLPDWHG� E\� XVLQJ� WKH�0DUTXDUGW� DOJRULWKP�� � 7KH� UDWH� RI� FRNH�IRUPDWLRQ� IURP� FRQWULEXWHG� SUHFXUVRUV� LV�H[SUHVVHG�E\�
QLLFL &NU  ���

ZKHUH�
�57�(H[S�$NL � ����

7RWDO�FRNLQJ�UDWH�LV�FDOFXODWHG�DV�
FLLF UU ¦ ����

7KH� WHPSHUDWXUH� RI� FRNLQJ� UDWH� LV� FDOFXODWHG�DW�JDV�FRNH�LQWHUIDFH��
7KH�PRGHO�RI�WKH�5DGLDWLRQ�6HFWLRQ7KH� JHRPHWU\� RI� WKH� UHDFWRU� FRLO� LQVLGH� WKH�IXUQDFH�DQG�WKH�FRQILJXUDWLRQ�DQG�W\SH�RI�WKH�EXUQHUV� UHTXLUH� VSHFLDO� DWWHQWLRQ�� 7KH�PXOWL�
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]RQH�PDWKHPDWLFDO�PRGHO� KDV� EHHQ� XVHG� IRU�WKH� VLPXODWLRQ� RI� WKH� FUDFNLQJ� IXUQDFHV�>�����@�� 7KH� IXUQDFH� UHIUDFWRU\� ZDOOV�� WKH�VXUIDFH� RI� UHDFWRU� FRLOV� DQG� WKH� IOXH� JDV�YROXPH� ZHUH� GLVFUHWL]HG� LQWR� D� QXPEHU� RI�LVRWKHUPDO� VXUIDFH� DQG YROXPH� ]RQHV� ZLWK�XQLIRUP� SURSHUWLHV�� 7KH� HQHUJ\� EDODQFH��FRQWDLQLQJ� FRQWULEXWLRQ� RI� UDGLDWLYH�� FRQ�YHFWLYH� DQG�RU� FRQGXFWLYH� KHDW� H[FKDQJH�� LV�FRQVWUXFWHG� IRU� HDFK� RI� WKHVH� HOHPHQWV��UHVXOWLQJ� LQ� D� VHW� RI� QRQ�OLQHDU� DOJHEUDLF�HTXDWLRQV�LQ�WKH�IRUP�

W7&S]7N] ww »¼º«¬ª wwww� U ����
$VVXPLQJ�WKDW� WKH� WHPSHUDWXUH�LQ�HDFK�VPDOO�HOHPHQW� LV� FRQVWDQW�� HTXDWLRQ� ��� FDQ� EH�VLPSOLILHG�DV�
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7KH�PDWUL[�HOHPHQW�=L=�M�UHSUHVHQWV�WKH�WRWDO�H[FKDQJH�DUHD�EHWZHHQ�]RQHV�=L�DQG�=M��7KLV�LV� WKH�DPRXQW�RI� UDGLDWLYH�HQHUJ\�HPLWWHG�E\�]RQH�=L�DQG�DEVRUEHG��ERWK�GLUHFWO\�DQG�DIWHU�UHIOHFWLRQ�RQ�RWKHU�]RQHV��E\�]RQH�=M��GLYLGHG�E\� WKH� EODFN� ERG\� HPLVVLYH� SRZHU� (L�� 7KH�QRQ�UDGLDWLYH�KHDW�IOX[�HPLWWHG�E\�]RQH�=L�LV�UHSUHVHQWHG�E\�4L��6ROYLQJ� WKH� VHW�RI�HQHUJ\�EDODQFHV�\LHOGV�WKH�KHDW�IOX[�DQG�WHPSHUDWXUH�GLVWULEXWLRQ� LQ� WKH� IXUQDFH� >��@�� :KHQ� WKH�UHDFWRU�WXEHV�DUH�GLVFUHWL]HG�LQ�D[LDO�GLUHFWLRQ�RQO\��KHDW�IOX[�SURILOHV�T�]��DQG�H[WHUQDO�WXEH�VNLQ�WHPSHUDWXUH�SURILOHV�7H[W�]��DUH�REWDLQHG��:KHQ�WKH�WXEHV�DUH�DOVR�GLVFUHWL]HG�DORQJ�WKH�SHULPHWHU�� KHDW� IOX[� SURILOHV� 7�U�� ��� ]�� DUH�REWDLQHG��7KH� FRQGXFWLRQ�HTXDWLRQV� IRU� HDFK�D[LDO� WXEH� ]RQH� ZLWK� WKH� DSSURSULDWH�ERXQGDU\�FRQGLWLRQV�DUH�
»¼º«¬ª�»¼º«¬ª wTwwTwwwww 7NUU7NUUU ���

7KH�ERXQGDU\�FRQGLWLRQV�IRU�HTXDWLRQ����DUH�QRZ� GHILQHG� LQ� WKH� LQWHUQDO� DQG� H[WHUQDO�VXUIDFHV�RI�WKH�FRLOV�DV��
DW���U� H[WU ��U�T��U�U7N T Tww ����
DW���U� �ULQW > @SS 7��U�7K��U�U7N �T Tww ����
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DQG

Tw S�Tw Tw Tw ��U�7U���U�7U� ����
7KH� FDOFXODWLRQ� PRGXOH� IRU� WKH�FLUFXPIHUHQWLDO� WHPSHUDWXUH� SURILOHV� LV�FRXSOHG�WR�WKH�IXUQDFH�DQG�UHDFWRU�VLPXODWLRQ�PRGHO�
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7DEOH��� 7\SLFDO�UDGLFDO�DQG�PROHFXODU�UHDFWLRQV
$��5DGLFDO�UHDFWLRQV�� ,QLWLDWLRQ�UHDFWLRQV8QLPROHFXODU���������������� x����xo�� ���������� �� &+&+&+&++&&+&+&+%LPROHFXODU���������������������������� x�xo �� �������� +&+&&+&+&+&+�� 3URSDJDWLRQ�UHDFWLRQV5DGLFDO�GHFRPSRVLWLRQ�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�UHDFWLRQ�W\SHV�DQG�LV�GLUHFWO\�SURGXFLQJ�HWK\OHQH�DFFRUGLQJ�WR�WKH�IROORZLQJ�VFKHPH �5DGLFDO�GHFRPSRVLWLRQ��������������� x�o��x ������ &++&&+&+&+
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7KH�0RGHO� RI� WKH�&RQYHFWLRQ�6HFWLRQ�DQG�7/()OXH� JDVHV� OHDYLQJ� WKH� ILUHER[� WUDQVIHU� D�FRQVLGHUDEOH� DPRXQW� RI� HQHUJ\� WKDW� FDQ� EHVW�EH� UHFRYHUHG� LQ� WKH� FRQYHFWLRQ� VHFWLRQ� RI� D�WKHUPDO� FUDFNLQJ� IXUQDFH�� 8VXDOO\�� WKLV� HQ�HUJ\� LV� XVHG� WR� SUHKHDW� WKH� UHDFWRU� IHHG� DQG�%):� UHTXLUHG� IRU� 7/(V� DQG� WR� SURGXFH�VXSHUKHDWHG� VWHDP�� 7KH� FRQYHFWLRQ� VHFWLRQ�FDQ�EH�GLYLGHG�LQWR�VHYHUDO�EDQNV��GHSHQGLQJ�RQ� WKH� W\SH� RI� K\GURFDUERQ� IHHG�� (DFK� EDQN�

LQ� WXUQ� LV� GLYLGHG� LQWR� VHYHUDO� URZV� RI� EDUH�DQG�RU�ILQQHG�WXEHV�7KH�FUDFNHG�JDV��ZKLFK�LV�WKH�SURGXFW�RI�WKH�S\URO\VLV� UHDFWRU�� LV� OHG� WR�VHSDUDWLRQ�VHFWLRQ�WKURXJK� WUDQVIHU� OLQH� H[FKDQJHUV� �7/(V��� ,Q�RUGHU�WR�UHWDLQ�HWK\OHQH�DQG�SURS\OHQH�\LHOGV��WKH�FUDFNHG�JDV��ZKLFK�LV�XVXDOO\�DW����������&��PXVW�EH�UDSLGO\�FRROHG�GRZQ�WR������ �����&�7KLV� LV� GRQH� E\�PHDQV� RI�%):��%HFDXVH� RI�WKH� UHODWLRQ� EHWZHHQ� 7/(� DQG� %):�
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SUHKHDWHU�� FRQYHFWLRQ� VHFWLRQ� DQG� 7/(� DUH�VROYHG�VLPXOWDQHRXVO\�6WDUWLQJ� IURP� WKH� ILUVW� EDQN� RI� FRQYHFWLRQ�VHFWLRQ�� ZKLFK� LV� WKH� FORVHVW� RQH� WR� WKH� ILUH�ER[� IRU� HDFK� EDQN�� ZH� KDYH� WKH� IROORZLQJ�HQHUJ\�EDODQFH�HTXDWLRQV�
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&DOFXODWLRQ� RI� WKH� 2YHUDOO� +HDW� 7UDQVIHU�&RHIILFLHQW0DWKHPDWLFDO� PRGHOLQJ� LV� GLIIHUHQW� IRU� EDUH�DQG� ILQQHG� WXEHV�� 7KHUHIRUH�� GLIIHUHQW�HTXDWLRQV�DUH�XVHG�IRU�FDOFXODWLQJ�WKH�RYHUDOO�KHDW�WUDQVIHU�FRHIILFLHQW�LQ�WKHVH�WXEHV�)RU�EDUH�WXEHV�
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6LPXODWLRQ 3URFHGXUH7KH�SURFHGXUH�IRU�VLPXOWDQHRXV�VLPXODWLRQ�RI�WKHUPDO� FUDFNLQJ� IXUQDFH� LQFOXGLQJ� WKH�UHDFWRU�� WKH� ILUH� ER[�� WKH� FRQYHFWLRQ� VHFWLRQ�DQG� WKH� 7/(� DV� SURJUDPPHG� LQWR� WKH�VRIWZDUH�� FDQ� EH� GHVFULEHG� LQ� WKH� IROORZLQJ�VWHSV���� 7KH� VHW� SRLQWV� RI� SURJUDP� DUH� GHILQHG� E\�WKH�XVHU��� 6LPXODWLRQ� RI� UHDFWRU� VWDUWV� E\� DQ� LQLWLDO�JXHVV� IRU� KHDW� IOX[� SURILOH�� JDV� LQOHW�WHPSHUDWXUH� �FURVV� WHPSHUDWXUH�� DQG� LQOHW�SUHVVXUH��� 0DVV�� HQHUJ\� DQG� PRPHQWXP� EDODQFH�HTXDWLRQV� DUH� VROYHG� DORQJ� WKH� OHQJWK� RI�WKH�UHDFWRU��� &RLO�RXWOHW�WHPSHUDWXUH��&27��REWDLQHG�LQ�VWHS� ��� LV� FRPSDUHG� ZLWK� WKH� VHW� YDOXH��+HDW� IOX[� SURILOH� LV� PRGLILHG� DQG�FDOFXODWLRQV�DUH�UHSHDWHG�XQWLO�WKH�REWDLQHG�YDOXH�HTXDOV�WKH�VHW�YDOXH���� 7KH� UHF\FOH� UDWH� LV� DGMXVWHG� IRU� VWHDG\�VWDWH�FRQGLWLRQV��� 7KH�DPRXQW�RI�IXHO�JDV�QHHGHG�WR�SURYLGH�WKH� QHFHVVDU\� HQHUJ\� IRU� UHDFWLRQV� LV�GHWHUPLQHG���� )OXH� JDV� IORZ� UDWH� DQG� IOXH� JDV�WHPSHUDWXUH�� OHDYLQJ� WKH� UDGLDWLRQ� VHFWLRQ�DUH�FDOFXODWHG���� 0DVV�� HQHUJ\� DQG� PRPHQWXP� EDODQFH�HTXDWLRQV�IRU�FRQYHFWLRQ�VHFWLRQ�DQG 7/(�DUH�VROYHG�VLPXOWDQHRXVO\�
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�� &URVV� WHPSHUDWXUH�� REWDLQHG� LQ� VWHS� ��� LV�FRPSDUHG� WR� WKH� LQLWLDO� JXHVV�� ,Q� FDVH� RI�DQ\� GLVFUHSDQFLHV� REVHUYHG�� FDOFXODWLRQV�ZLOO�EH�UHSHDWHG�IURP�VWHS���RQ��XVLQJ�WKH�REWDLQHG�YDOXH�DV�WKH�LQLWLDO�JXHVV���� ,I�7/(�RXWOHW�SUHVVXUH��REWDLQHG�LQ�VWHS����LV� QRW� HTXDO� WR� SUHVVXUH� VHW� YDOXH�� WKH�LQLWLDO� JXHVV� IRU� UHDFWRU� LQOHW� SUHVVXUH�VKDOO� EH� PRGLILHG� XVLQJ� IROORZLQJ�HTXDWLRQ� DQG� FDOFXODWLRQV� VKDOO� EH�UHSHDWHG�IURP�VWHS���RQ��3QHZ� �3LQ���(UURU(UURU� �2EWDLQHG�YDOXH�± 6HW�YDOXH��� $IWHU� WKH� UHVXOWV�DUH�REWDLQHG�IRU�VWDUW�RI�UXQ� �WLPH�  � ������ WKH� WLPH� HOHPHQW� LV�LQFUHDVHG� E\� D� WLPH� LQFUHPHQW� � DQG�FDOFXODWLRQV�DUH�UHSHDWHG�IURP�VWHS���RQ�WLPH� �WLPH���GWLPH����� 7KH� DPRXQW� RI� FRNH� GHSRVLWHG� LQ� WKH�UHDFWRU�ZLOO�FDXVH�DQ�LQFUHDVH�LQ�FRLO�LQOHW�SUHVVXUH� DQG� DOVR� LQ� WXEH� VNLQ�WHPSHUDWXUH�� 7KHVH� WZR� IDFWRUV� DUH� WKH�PDLQ�FRQVWUDLQWV�LPSRVHG�RQ�WKH�SURJUDP�DQG� HYHQWXDOO\� GHWHUPLQH� UHDFWRU� UXQ�OHQJWK�&DVH�6WXGLHV6LPXODWLRQ� RI� WZR� LQGXVWULDO� ROHILQ� IXUQDFHV�DUH�H[SODLQHG�EHORZ�DV�FDVH�VWXGLHV�
1DSKWKD�&UDFNHU7KH� ILUVW� FDVH� VWXG\� LV� VLPXODWLRQ� RI� WKH�QDSKWKD� FUDFNLQJ� IXUQDFH� LQ� WKH� ROHILQ� SODQW�RI�$UDN�3HWURFKHPLFDO�&RPSOH[��$UDN��,UDQ��7DEOH� �� VKRZV� LQSXW� GDWD�� LQFOXGLQJ� IXUQDFH�GLPHQVLRQV�� UHDFWRU� JHRPHWU\�� 7/(�JHRPHWU\�� IHHG� VSHFLILFDWLRQV�� IXHO�VSHFLILFDWLRQV� DQG� RSHUDWLQJ� FRQGLWLRQV�� 7KH�UHVXOWV� RI� WKLV� VLPXODWLRQ� DUH� VXPPDUL]HG� LQ�7DEOH���)LJXUHV� �� DQG� �� VKRZ� SDUW� RI� WKH� UHVXOWV�REWDLQHG�IURP�VLPXODWLQJ�WKH�QDSKWKD�WKHUPDO�FUDFNLQJ� UHDFWRU� XVLQJ� 6+$+$%�� 7KH� \LHOG�SURILOH�RI WKH�PDLQ�SURGXFWV�DORQJ�WKH�OHQJWK�RI� WKH� UHDFWRU� XQGHU� VWDUW� RI� UXQ� �625��FRQGLWLRQ� LV� VKRZQ� LQ� )LJXUH� ��� 5HDFWRU�VXUIDFH� LV� FOHDQ� LQ� WKH� EHJLQQLQJ�� %XW� WKH�WKLFNQHVV�RI� WKH� FRNH�GHSRVLWHG�RQ� WKH� LQQHU�VXUIDFH� RI� UHDFWRU� LQFUHDVHV�ZLWK� WLPH��&RNH�WKLFNQHVV� SURILOHV� DORQJ� WKH� OHQJWK� RI� WKH�

UHDFWRU�XQGHU�PLGGOH�RI� UXQ� �025��DQG�HQG�RI�UXQ��(25� FRQGLWLRQV�DUH�VKRZQ�LQ�ILJXUH���� 7KH� FRNH� WKLFNQHVV� LV� KLJK� LQ� WKH� VHFRQG�SDUW�RI� WKH� UHDFWRU�EHFDXVH� WKH�FRQFHQWUDWLRQ�RI� FRNH� SUHFXUVRUV� LQ� WKH� KLJK� WHPSHUDWXUH�]RQH�RI�WKH�UHDFWRU�LV�KLJK��$V�D�FRQVHTXHQFH��WKH� FRNH� OD\HU� JURZV� IDVW� WKHUH�� FUHDWHV� DQ�DGGLWLRQDO� UHVLVWDQFH� WR� KHDW� WUDQVIHU� DQG�FDXVHV�D�GHFUHDVH�RI�WKH�WXEH�FURVV� VHFWLRQDO�DUHD�� ,QFUHDVLQJ� WKH� KHDW� IOX[� LQFUHDVHV� WKH�JDV�FRNH� LQWHUIDFH� WHPSHUDWXUHV� DQG� WKH�FRNLQJ�UDWHV�)LJXUH� �� VKRZV� WKH� KHDW� IOX[� SURILOHV�REWDLQHG� IURP� VLPXODWLRQ� RI� WKH� QDSKWKD�FUDFNLQJ� UHDFWRU� DV� D� IXQFWLRQ� RI� UXQ� WLPH��7KH� KLJK� KHDW� IOX[� LQ� WKH� ILUVW� SDUW� RI� WKH�UHDFWRU� UHVXOWV� IURP� WKH� UHTXLUHPHQW� RI�DFKLHYLQJ�D�KLJKHU�FRQYHUVLRQ�� WKHUHIRUH�� WKH�HWK\OHQH� \LHOG� UHPDLQV� FRQVWDQW�� GHVSLWH� DQ�LQFUHDVH� LQ� LQOHW� SUHVVXUH�� 7KH� UHVLVWDQFH�DJDLQVW�KHDW�WUDQVIHU�FDXVHG�E\�WKH�FRNH�OD\HU�FDXVHV� WKH� H[WHUQDO� WXEH� VNLQ� WHPSHUDWXUH� WR�ULVH�� HVSHFLDOO\� LQ� WKH� VHFRQG� SDUW� RI� WKH�UHDFWRU�� )LJXUH� �� VKRZV� WKH� HYROXWLRQ� ZLWK�WLPH� RI� WKH� H[WHUQDO� WXEH� VNLQ� WHPSHUDWXUH��7KH� WHPSHUDWXUH� SURILOH� VKRZV� D� VLJQLILFDQW�LQFUHDVH� LQ� WKH� ILUVW� SDUW� RI� WKH� UHDFWRU�� EXW�WKLV�LV�PDLQO\�GXH�WR�WKH�KLJKHU�KHDW�IOX[��7KH�PD[LPXP�YDOXH� LV� UHDFKHG�DW� WKH�HQG�RI� WKH�VHFRQG�SDUW��7KH�UXQ�WLPH�RI�FUDFNLQJ�IXUQDFH�LV� XVXDOO\� OLPLWHG� E\� H[WHUQDO� WXEH� VNLQ�WHPSHUDWXUH�� ,Q� SUHVHQW� FDVH�� WKH� PD[LPXP�DOORZDEOH� WHPSHUDWXUH� DW� WKH� VHFRQG� SDUW� RI�WKH� FRLO� LV� ����� �&�� 7KHUHIRUH�� LQ� RXU� FDVH��WKH�UXQ�OHQJWK�ZDV�SUHGLFWHG�WR�EH����GD\V�(WKDQH�&UDFNHU7KH� VHFRQG� FDVH� VWXG\� LV� VLPXODWLRQ� RI� WKH�HWKDQH� FUDFNLQJ� IXUQDFH� DW� %DQGHU� ,PDP�3HWURFKHPLFDO� &RPSOH[� �%,3&��� 0DKVKDKU��,UDQ�� ,QSXW�GDWD�IRU�WKLV�IXUQDFH�DUH�VKRZQ�LQ�7DEOH� �� DQG� VLPXODWLRQ� UHVXOWV� RI� HWKDQH�IXUQDFH�DUH�VKRZQ�LQ�7DEOH���7KH� UHVXOWV� RI� WKH� VLPXODWLRQ� DUH� VKRZQ� LQ�)LJXUHV� �� DQG� ��� (WK\OHQH�� SURS\OHQH��K\GURJHQ��PHWKDQH� DQG� ��& \LHOGV� DORQJ� WKH�OHQJWK� RI� WKH� UHDFWRU� DW� 625� DUH� VKRZQ� LQ�)LJXUH��� DQG�YDULDWLRQ�RI� WKH� FRNH� WKLFNQHVV�RQ�UHDFWRU�VXUIDFH�DORQJ�WKH�OHQJWK�RI�UHDFWRU�DW�025�DQG�(25�LV�VKRZQ�LQ�)LJXUH���
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7DEOH��� ,QSXW�GDWD�RI�QDSKWKD�FUDFNHU�IXUQDFH�VLPXODWRU���$UDN�2OHILQ�3ODQW�)XUQDFH�)XUQDFH�6SHFLILFDWLRQV)LUH�%R[ 5HDFWRU�&RQILJXUDWLRQ+HLJKW��P�/HQJWK��P�'HSWK��P�1XPEHU�RI�%XUQHUV
��������������

7RWDO�/HQJWK��P�/HQJWK�RI�&RLO����P�,QWHUQDO�([WHUQDO�GLDPHWHU��PP�/HQJWK�RI�&RLO����P�,QWHUQDO�([WHUQDO�GLDPHWHU��PP�
����������������������7UDQVIHU�/LQH�([FKDQJHU��7/(�1R��RI�7/(1R��RI�7XEHV�LQ�7/( ���� 7XEH�'LDPHWHU�,'�2'��PP�7XEH�/HQJWK��P�� ���������)HHG�DQG�2SHUDWLQJ�&RQGLWLRQ1DSKWKD�&RPSRVLWLRQ��ZW��Q�%XWDQHLVR�%XWDQHQ�3HQWDQHLVR�3HQWDQH����GLPHWK\OEXWDQH����GLPHWK\OEXWDQH&\FORSHQWDQH��0HWK\OSHQWDQHQ�+H[DQH����GL0HWK\OSHQWDQH

��������������������������������������������

������WULPHWK\OEXWDQH%HQ]HQH7ROXHQH3�	�P�;\OHQH&\FORKH[DQHQ�+HSWDQH����GLPHWK\OSHQWDQHQ�2FWDQHLVR�2FWDQHQ�1RQDQH

����������������������������������������1DSKWKD�)ORZ�5DWH��NJ�K� ����� %RLOHU�)HHG�:DWHU��%):��7HPS���R&� ���1DSKWKD�,QOHW�7HPS��� R&� %):�3UHVVXUH��EDU� ���6WHDP�WR�1DSKWKD�5DWLR��J�J� ��� &RLO�2XWOHW�7HPS���R&� ���'LOXWLRQ�6WHDP�7HPS��� R&� ��� 0D[LPXP�6NLQ�7HPS��� R&� ����)XHO�&RPSRVLWLRQ��PRO��+�&+�
�������� ([FHVV�$LU���� ��
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7DEOH��� 2XWSXW�UHVXOWV�RI�QDSKWKD�FUDFNHU�IXUQDFH�VLPXODWRU��$UDN�2OHILQ�3ODQW�)XUQDFH�5XQ�/HQJWK��GD\V� ��<LHOG�RI�3URGXFWV��GU\�ZW��6WDUW�RI�5XQ (QG�RI�5XQ&RPSRQHQWV 6LPXODWLRQ 3ODQW 6LPXODWLRQ 3ODQW+\GURJHQ0HWKDQH$FHW\OHQH(WK\OHQH(WKDQH0HWK\ODFHW\OHQH��$OOHQH3URS\OHQH3URSDQH���� %XWDGLHQH%XWHQH%XWDQH&� )UDFWLRQ%HQ]HQH7ROXHQH;\OHQH����(WK\OEHQ]HQH6W\UHQH&��&DUERQ�2[LGHV
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&RQFOXVLRQ6+$+$%�LV�D�3&�EDVHG�VLPXODWRU�GHYHORSHG�E\�25*��ZLWK�WKH�VLPXOWDQHRXV�VLPXODWLRQ�RI�WKH� UHDFWRU� WKH� ILUHER[�� WKH� FRQYHFWLRQ�VHFWLRQ� DQG� WKH� WUDQVIHU� OLQH� H[FKDQJHU�� $�FRPSOHWH� UHDFWLRQ� QHWZRUN�� XVLQJ� D� ULJRURXV�NLQHWLF� PRGHO�� IRU� WKH� GHFRPSRVLWLRQ� RI� WKH�K\GURFDUERQ� IHHGVWRFNV� KDV� EHHQ� GHYHORSHG�DQG� XVHG� IRU� VLPXODWLRQ� RI� WKHUPDO�K\GURFDUERQ� FUDFNHUV�� $� FRNLQJ� PRGHO�FRQVLGHULQJ� ��� FRNH� SUHFXUVRUV� LV� XVHG�7DNLQJ� LQWR� DFFRXQW� WKH� NLQHWLFV� RI� FRNH�IRUPDWLRQ�� 6+$+$%� SURYLGHV� D� GHWDLOHG�XQGHUVWDQGLQJ�RI�SURGXFW�\LHOGV�� WHPSHUDWXUH�DQG� SUHVVXUH� GLVWULEXWLRQ�� FRNH� WKLFNQHVV�SURILOHV��WXEH�VNLQ�DQG�UHIUDFWRU\�WHPSHUDWXUH�SURILOHV�� IXUQDFH� FRQGLWLRQV�� UHDFWRU� UXQ�

OHQJWK�� IXHO� FRQVXPSWLRQ� DQG� WKH� DPRXQW� RI�VWHDP�JHQHUDWHG�7KH�VLPXODWLRQ�UHVXOWV�DQG�SODQW�REVHUYDWLRQV�DJUHH�YHU\�ZHOO��6LPXODWLRQV�RI�WKLV�W\SH�FDQ�EH� XVHG� WR� RSWLPL]H� IXUQDFH� RSHUDWLRQ� IRU�YDULRXV� IHHGVWRFNV� DQG� RSHUDWLQJ� FRQGLWLRQV��7KH\� FDQ� EH� XVHG� DV� D� JXLGH� IRU� WKH�DGDSWDWLRQ� RI� WKH� RSHUDWLQJ� YDULDEOHV� DLPLQJ�DW�SURORQJLQJ�WKH�UXQ�OHQJWK�RI�WKH�IXUQDFH�� ,W�FDQ�DOVR�EH�XVHG�IRU�GHWHUPLQLQJ�WKH�RSWLPDO�RSHUDWLQJ� VWUDWHJ\� IRU� GLIIHUHQW� K\GURFDUERQ�IHHGV�� FRQWUROLQJ� IXHO� IORZ� UDWH� RU��K\GURFDUERQ�IHHG�ORDG��DQG�VR�RQ��)DUWKHU��LW�FDQ�EH�XVHG�IRU�WKH�GHVLJQ�SXUSRVH�DQG�FDQ�EH�H[SHFWHG� WR� KHOS� WR� PD[LPL]H� WKH� SODQW�HIILFLHQF\�DQG�SURILW�
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)LJXUH��� 3URGXFW�\LHOGV�RI�VWHDP�FUDFNLQJ�RI�QDSKWKD�

)LJXUH��� 3URILOH�RI�FRNH� WKLFNQHVV� LQ�VWHDP�FUDFNLQJ�RI�QDSKWKD�

)LJXUH��� 3URILOH�RI�7XEH�6NLQ�7HPSHUDWXUH� LQ�VWHDP�FUDFNLQJ�RI�QDSKWKD�DW�'LIIHUHQW�5XQ�7LPH�

)LJXUH� �� 3URILOH� RI� +HDW� )OX[� LQ� VWHDP� FUDFNLQJ� RI�QDSKWKD�DW�'LIIHUHQW�5XQ�7LPH�

)LJXUH� �� 3URILOH� RI� SURGXFW\LHOGV� LQ� WKH� VWHDP�FUDFNLQJ�RI�HWKDQH�

)LJXUH��� &RNH�WKLFNQHVV�LQ�VWHDP�FUDFNLQJ�RI�HWKDQH�
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1RPHQFODWXUH$L $UHD�RI�D�]RQH��P��&L &RQFHQWUDWLRQ�RI�FRNH���PROH�P � �&S +HDW�FDSDFLW\��-�PROH�.�GW 7XEH�GLDPHWHU��P�( %ODFN�ERG\�HPLVVLYH�SRZHU��:�P � �(II )LQ�(IILFLHQF\) 0RODU�IORZ�UDWH��PROH�KU�)U )ULFWLRQ�IDFWRU* 7RWDO� PDVV� IOX[� RI� WKH� SURFHVV� JDV��NJ�P��V�K S 3URFHVV� JDV� FRQYHFWLRQ� FRHIILFLHQW��:�P�R.�KR 2XWVLGH� FRQYHFWLRQ� KHDW� WUDQVIHU�FRHIILFLHQW��:�P � R.�KL ,QVLGH� FRQYHFWLRQ� KHDW� WUDQVIHU�FRHIILFLHQW��:�P � R.��û+��+HDW�RI�UHDFWLRQ��-�PROH��N 7KHUPDO�FRQGXFWLYLW\�RI�WXEH��Z�P � RN�P 0DVV�IORZ�UDWH��NJ�K�0P $YHUDJH�PROHFXODU�ZHLJKW��NJ�PROH�1I 1XPEHU�RI�ILQV�SHU�XQLW�OHQJWK�RI�WXEH1LM 6WRLFKLRPHWHU\�IDFWRU�1X 1XVVHOW�QXPEHU3U 3UDQGWO�QXPEHU3W 7RWDO�SUHVVXUH��EDU�4 +HDW�IOX[���:���P � �U 7XEH�UDGLXV��P�UH ([WHUQDO�WXEH�UDGLXV��P�UL ,QWHUQDO�WXEH�UDGLXV��P�����UFL &RNLQJ� UHDFWLRQ� UDWH� RI� SUHFXUVRU� � L���PROH���P� �V��5H 5H\QROGV�QXPEHUWF &RNH�OD\HU�WKLFNQHVV��P�W 7LPH���KU�7 7HPSHUDWXUH��.�7I )LQ�WKLFNQHVV8 2YHUDOO�KHDW�WUDQVIHU�FRHIILFLHQW��N-�NJ��.�P� ����=L = M 7RWDO�H[FKDQJH�DUHD�IURP�]RQH�L�WR�M= $[LDO��UHDFWRU�FRRUGLQDWH��P�
*UHHN�/HWWHUV�D FRNLQJ�IDFWRUD DEV JDV�DEVRUWLYLW\���Z�P�� .��

� (PLVVLYLW\��Z�P�� .��O /DWHQW�KHDW�RI YDSRUL]DWLRQ��-�NJ�� 3DUDPHWHU�RI�WXEH�EHQG!F FRNH�GHQVLW\��NJ�P � �V 6WHIDQ�%ROW]PDQQ�FRQVWDQW��Z�P�.��� 7XEH�SHULPHWHU�DQJOH
5HIHUHQFHV�� 7RZILJKL�� -��� DQG� .DULP]DGHK�� 5���³'HYHORSPHQW� RI� D� PHFKDQLVWLF� PRGHO� IRU�S\URO\VLV� RI� QDSKWKD�� ´� $3&&+(� ��&+(0(&$�� ���� 0HOERXUQH�� $XVWUDOLD������D����� 7RZILJKL��-���1D]DUL��+��DQG�.DULP]DGHK�5���³6LPXODWLRQ� RI� OLJKW� K\GURFDUERQV� S\URO\VLV�XVLQJ� UDGLFDO� PHFKDQLVP�� ´� $3&&+(� ��&+(0(&$� ���� 0HOERXUQH�� $XVWUDOLD������E���� 1LDHL�� $��� 7RZILJKL�� -��� 6DGUDPHOL�� 0�� �DQG�0DVRXPL��0��(��³&RPSXWDWLRQDO�VWXG\�RI�WKH�S\URO\VLV� UHDFWLRQV� DQG� FRNH� GHSRVLWLRQ� LQ�LQGXVWULDO� QDSKWKD� FUDFNHUV�� ´� 7KH� ����� ,QW��&RQI��&RPSXWDWLRQDO�6FLHQFH�������$SULO���±����$PVWHUGDP��7KH�1HWKHUODQGV ���������� 1LDHL�� $��� �6XSSUHVVLRQ� RI� &RNH� )RUPDWLRQ�LQ� 7KHUPDO� &UDFNLQJ� E\� ,QKLELWRUV��� 3K� '�WKHVLV�� WKHVLV�� 7DUELDW� 0RGDUHV� 8QLYHUVLW\��,UDQ����������� +H\QGHULFNV�� *�� -��� DQG� )URPHQW�� *�� )���´6LPXODWLRQ� DQG� &RPSDULVRQ� RI� WKH� UXQ�OHQJWK� RI� DQ� HWKDQH� FUDFNLQJ� IXUQDFH� ZLWK�UHDFWRU� WXEHV� RI«�´� ,QG�� (QJ�� &KHP��� 5HV�������������������� .RSLQNH�)�'��� =LPPHUPDQQ�*��� DQG� 1RZDN�6��� ³2Q�WKH�PHFKDQLVP�RI�FRNH�IRUPDWLRQ�LQ�VWHDP� FUDFNLQJ� FRQFOXVLRQV� IURP� UHVXOWV�REWDLQHG�E\�WUDFHU�H[SHULPHQWV��´�&DUERQ��������������������������� .RSLQNH� )� '��� =LPPHUPDQQ�*��� 5H\QHUV�*��� DQG� )URPHQW� *� )��� ³� 5HODWLYH� UDWHV� RI�FRNH� IRUPDWLRQ� IURP�K\GURFDUERQV� LQ� VWHDP�FUDFNLQJ� RI� QDSKWKD�� ��� 3DUDIILQV��QDSKWKHQHV�«´� �� ,QG� (QJ� &KHP� 5HV�� ����� �����D���� .RSLQNH� )�'��� =LPPHUPDQQ� *��� 5H\QHUV�*���DQG�)URPHQW�*�)���³5HODWLYH�UDWHV�RI�FRNH�IRUPDWLRQ� IURP� K\GURFDUERQV� LQ� VWHDP�FUDFNLQJ� RI� QDSKWKD�� ��� $URPDWLFV�� ´� ,QG�(QJ� &KHP� 5HV� � ��� ����������E���� 7RZILJKL�� -��� 1LDHL�� $�� DQG� +RVVHLQL�� 6���³'HYHORSPHQW� RI� D� NLQHWLF� PRGHO� IRU� FRNH�
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IRUPDWLRQ� LQ� S\URO\VLV� RI� QDSKWKD�� ´� ,UDQLDQ�-�� RI� 6FL�� 	� 7HFK��� 7UDQV�� %�� ���� 1R�%������������ +RWWHO�� +�� &��� DQG� 6DURILP�� $�)��� 5DGLDWLYH�KHDW� WUDQVIHU�� 0F*UDZ� +LOO�� 1HZ� <RUN����������� 6DGUDPHOL��0��� ³+HDW� WUDQVIH U� FDOFXODWLRQ� LQ�WKH� ILUHER[� RI� WKH� HWK\OHQH� SODQW� IXUQDFHV�´�,QW��-��RI�(QJLQHHULQJ������������������������ 5DR�0�9�5���3OHKHLUV�3�0��DQG�)URPHQW��*��)��� 7KH� FRXSOHG� VLPXODWLRQ� RI� KHDW� WUDQVIHU�DQG�UHDFWLRQ�LQ�D�S\URO\VLV�IXUQDFH��´�&KHP��(QJ��6FL����������� �������


