
,QFRUSRUDWLRQ�RI�0RO\EGHQXP�LQ�1XFOHDU�:DVWH�*ODVVHV�

5�-��6KRUW��5�-��+DQG�
8QLYHUVLW\�RI�6KHIILHOG��&HQWUH�IRU�*ODVV�5HVHDUFK��'HSDUWPHQW�RI�(QJLQHHULQJ�0DWHULDOV��

6LU�5REHUW�+DGILHOG�%XLOGLQJ��0DSSLQ�6WUHHW��6KHIILHOG��6���-'��8.�
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7KH�DPRXQW�RI�KLJK�OHYHO�QXFOHDU�ZDVWH��+/:��WKDW�FDQ�EH�YLWULILHG�LQ�D�JLYHQ�DPRXQW�RI�EDVH�JODVV�LV�
OLPLWHG�E\�WKH�VROXELOLW\�RI�WKH�ZDVWH�FRPSRQHQWV�LQ�WKDW�JODVV��0RO\EGHQXP�UHSUHVHQWV�D�KLJK�SHUFHQWDJH�
RI�PL[HG�R[LGH�IXHO�+/:�DQG�KDV�D�ORZ�VROXELOLW\�LQ�ERURVLOLFDWH�JODVVHV�XVHG�IRU�+/:�YLWULILFDWLRQ��0R�
FDQ�FRPELQH�ZLWK�RWKHU�HOHPHQWV�LQ�WKH�+/:�WR�IRUP�³\HOORZ�SKDVH´��D�FU\VWDOOLQH�SUHFLSLWDWH�GHWULPHQWDO�
WR�WKH�SHUIRUPDQFH�RI�WKH�YLWULILHG�SURGXFW��ZKHQ�WKH�FRQFHQWUDWLRQ�LQ�WKH�PHOW�H[FHHGV�WKH�VROXELOLW\�OLPLW��
([SHULPHQWV�ZHUH�SHUIRUPHG�WR�GHWHUPLQH�WKH�VWUXFWXUH�RI�WKH�0R�FRPSRXQGV�IRUPHG�LQ�JODVVHV�FRQWDLQLQJ�
D� KLJK� SHUFHQWDJH� RI� D� VLPXODWHG� +/:�� ,W� ZDV� IRXQG� WKDW� WKH� FU\VWDOOLQH� SKDVHV� SURGXFHG� ZHUH� RI� D�
VFKHHOLWH�VWUXFWXUHG�$%�0R2����W\SH��ZKHUH�WKH�$�VLWH�LV�RFFXSLHG�E\����FDWLRQV�DQG�WKH�%�VLWH�RFFXSLHG�E\�
���FDWLRQV��7KHUH�LV�HYLGHQFH� WR�VXJJHVW�WKDW�VHYHUDO�HOHPHQWV�LQFRUSRUDWHG�LQ� WKH�EDWFK�KDYH�DSSURSULDWH�
YDODQFH�DQG�LRQLF�UDGLL�LQ�WKH�YLWULILHG�SURGXFW�WR�RFFXS\�WKHVH�SRVLWLRQV��

�

���,QWURGXFWLRQ�

%RURVLOLFDWH�JODVVHV�KDYH�EHHQ�XVHG�DV�KRVW�PDWULFLHV�IRU�WKH�LPPRELOLVDWLRQ�RI�KLJK�OHYHO�
QXFOHDU�ZDVWH��+/:��IURP�SRZHU�VWDWLRQV�DQG�DWRPLF�ZHDSRQ�GHFRPPLVVLRQLQJ�IRU�WKH�ODVW�
��� \HDUV��� %RURVLOLFDWHV� ZHUH� FKRVHQ� GXH� WR� WKHLU� DELOLW\� WR� LQFRUSRUDWH� D� ZLGH� UDQJH� RI�
HOHPHQWV�DV�IRXQG�LQ�WKH�W\SLFDO�ZDVWH�VWUHDPV�FUHDWHG�E\�ZDVWH�UHSURFHVVLQJ��DQG�IRU�WKHLU�
JRRG�ORQJ�WHUP�FKHPLFDO�GXUDELOLW\��D�TXDOLW\�HVVHQWLDO�IRU�WKH�VDIH�YLWULILFDWLRQ�RI�ORQJ�OLYHG�
UDGLRDFWLYH�QXFOLGHV��2QH�IDFWRU�WKDW�FDQ�KDYH�D�PDMRU�LPSDFW�RQ�WKH�FKHPLFDO�VWDELOLW\�RI�D�
JODVV�LV�WKH�IRUPDWLRQ�RI�FU\VWDOOLQH�SKDVHV�ZLWKLQ�WKDW�JODVV���

+H[DYDOHQW�PRO\EGHQXP�UHSUHVHQWV�D�SDUWLFXODU�SUREOHP�LQ�+/:�YLWULILFDWLRQ�DV�LW�LV�SUHVHQW�
LQ�KLJK�FRQFHQWUDWLRQV�LQ�WKH�UHSURFHVVHG�ZDVWH��DQG�LV�LQVROXEOH�LQ�ERURVLOLFDWH�ZDVWH�JODVVHV�
DERYH� OHYHOV� RI� DSSUR[LPDWHO\� ����� :KHQ� WRR� PXFK� PRO\EGHQXP� LV� SUHVHQW�� LW� WHQGV� WR�
FRPELQH�ZLWK�RWKHU�HOHPHQWV�LQ�WKH�JODVV�DQG�IRUP�D�FRPSRXQG�NQRZQ�DV�´<HOORZ�3KDVHµ��
ZKLFK�LV�LPPLVFLEOH�ZLWK�WKH�EXON�RI�WKH�JODVV��DQG�KDV�D�PDMRU�GHWULPHQWDO�HIIHFW�RQ�WKH�ORQJ�
WHUP�FKHPLFDO�GXUDELOLW\�RI�WKH�JODVV���

7KLV�ZRUN�DLPV�WR�LGHQWLI\�WR�VWUXFWXUHV�IRUPHG�E\�PRO\EGHQXP�LQ�D�VLPXODWHG�+/:�JODVV�
XVLQJ� WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\� �7(0��DQG�[�UD\�GLIIUDFWLRQ� �;5'�� WHFKQLTXHV�� LQ�
RUGHU�WR�DOORZ�D�EHWWHU�XQGHUVWDQGLQJ�RI�KRZ�WR�LQFUHDVH�WKH�ZDVWH�ORDGLQJV�RI�+/:�JODVVHV�
ZLWKRXW�GHFUHDVLQJ�WKHLU�ORQJ�WHUP�GXUDELOLW\��

���([SHULPHQWDO�

*ODVV�0HOWLQJ�

$� VLPXODWHG� +/:� JODVV� ZDV� SUHSDUHG� XVLQJ� D� FRPSRVLWLRQ� VSHFLILHG� E\� %1)/�� 7KH�
ZHLJKW� SHUFHQWDJH� RI� WKH� VLPXODWHG� ZDVWH� ZDV� LQFUHDVHG� IURP� ���� WR� ���� LQ� RUGHU� WR�
HQFRXUDJH�WKH�IRUPDWLRQ�RI�PRO\EGDWH�SKDVHV��VHH�WDEOH�������
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&V�2 ���� ���� )H�2� ���� ����
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/D�2� ���� ���� &U�2� ���� ����

0R2� ���� ���� 7RWDO ��� ��� �

7DEOH����&RPSRVLWLRQ�RI�VLPXODWHG�+/:�JODVV�

$OO� RI� WKH� FKHPLFDOV� ZHUH� $5!������ DQG� ZKHUH� WKH� R[LGHV� ZHUH� XQDYDLODEOH�� WKH�
FRUUHVSRQGLQJ� FDUERQDWH� ZDV� XVHG�� 7KH� EDWFK� ZDV� SUHKHDWHG� RYHUQLJKW� WR� ����R&� DW�
�R&�PLQ� LQ� DQ� DOXPLQD� FUXFLEOH�� WKHQ� WUDQVIHUUHG� WR� DQ� HOHFWULF� IXUQDFH� ZLWK�.HQWKDO� 6L&�
HOHPHQWV��7KH�WRWDO�PHOWLQJ�WLPH�ZDV�����KRXUV��DQG�DQ�DOXPLQD�VWLUULQJ�SDGGOH�ZDV�LQVHUWHG�
DIWHU� �� KRXU� RI� PHOWLQJ� DQG� URWDWHG� DW� ��USP� WR� FRPSHQVDWH� IRU� WKH� ODFN� RI� FRQYHFWLRQ�
FXUUHQWV� WKDW�ZRXOG�EH�IRXQG� LQ�D�IXOO�VFDOH�PHOW��7KH�JODVV�ZDV�FDVW� LQWR�D�SUHKHDWHG�VWHHO�
PRXOG��DQG�DQQHDOHG�DW����R&�IRU��KRXU�WKHQ�FRROHG�WR�URRP�WHPSHUDWXUH�DW��R&�PLQ��

7(0�

6DPSOHV�ZHUH�FXW�WR�D�WKLFNQHVV�RI�DSSUR[LPDWHO\��PP�XVLQJ�D�GLDPRQG�VDZ��DQG�WKHQ�
SROLVKHG� RQ� ERWK� VXUIDFHV� XVLQJ� ����� ����� ����� ����� DQG� ����� JULW� 6L&� SDSHUV� XQWLO�
DSSUR[LPDWHO\���µP�WKLFN��7KH\�ZHUH� WKHQ�JOXHG� WR�����PP�FRSSHU� VDPSOH�KROGHUV�XVLQJ�
HSR[\�UHVLQ��DQG�PLOOHG�XVLQJ�D�*DWDQ�LRQ�EHDP�PLOOHU�XQWLO�SHUIRUDWLRQ�JDYH�D�VPDOO�KROH�LQ�
WKH� FHQWHU� VXUURXQGHG� E\� WKLQ� �a��QP�� DUHD�� 7KH� VDPSOHV� ZHUH� WKHQ� FDUERQ� FRDWHG�� DQG�
YLHZHG�LQ�WKH�3KLOOLSV����-�7(0�XVLQJ�DQ�DFFHOHUDWLQJ�YROWDJH�RI����N9��

;5'�

6DPSOHV�IRU�;5'�ZHUH�EURNHQ�GRZQ�ILUVW�XVLQJ�D�SHUFXVVLRQ�PRUWDU��WKHQ�JURXQG�WR�D�
ILQH�SRZGHU������µP��XVLQJ�DQ�DJDWH�PRUWDU�DQG�SHVWOH��7KH\�ZHUH�WKHQ�IURQW�ORDGHG�LQWR�
DQ� DOXPLQXP� VDPSOH� KROGHU� DQG� VFDQQHG� XVLQJ� D� 3KLOOLSV� 3:����� ;�UD\� 3RZGHU�
'LIIUDFWRPHWHU��&X.α� UDGLDWLRQ�ZDV�XVHG�DW���N9��ZLWK�D�VWHS� VL]H�RI�����R�� DQG�VFDQQLQJ�
VSHHGV�EHWZHHQ���DQG����R�PLQ�GHSHQGLQJ�RQ�WKH�OHYHO�RI�UHVROXWLRQ�UHTXLUHG��

0RO\EGDWH�3URGXFWLRQ�

6RPH�FHUDPLF�SRZGHUV�ZHUH� V\QWKHVL]HG� WR�KHOS� LQWHUSUHW� WKH�GDWD�REWDLQHG� IURP� WKH�
JODVV�VDPSOHV��7KH�SRZGHUV�SURGXFHG�ZHUH�RI�WKH�$%�0R2����W\SH�ZKHUH�$ /L��1D��.��5E��
&V� RU� $J� �RU� FRPELQDWLRQV� RI� WKHVH� HOHPHQWV�� DQG� % &H�� /D�� 6P�� 1G�� *G� RU� <� �RU�
FRPELQDWLRQV�RI�WKHVH�HOHPHQWV���2[LGHV�RU�FDUERQDWHV�RI� WKHVH�HOHPHQWV�ZHUH�PL[HG�ZLWK�
WKH�DSSURSULDWH�TXDQWLWLHV�0R2��WR�IRUP���J�RI�WKH�HQG�SURGXFW��DQG�WKHQ�JURXQG�XVLQJ�DQ�
DJDWH� PRUWDU� DQG� SHVWOH�� 7KH� UHVXOWLQJ� EDWFK� ZDV� SODFHG� LQ� D� VPDOO� DOXPLQD� FUXFLEOH� DQG�



FRYHUHG�ZLWK�DQ�DOXPLQD�OLG�WR�PLQLPL]H�YRODWLOL]DWLRQ�DQG�SUHYHQW�FRQWDPLQDWLRQ��KHDWHG�WR�
���R&�DW��R&�PLQ�KHOG�IRU����KUV�DQG�FRROHG�EDFN�GRZQ�WR�URRP�WHPSHUDWXUH��7KH�VDPSOHV�
ZHUH� WKHQ� UHJURXQG� WR� LQFUHDVH� UHDFWLYLW\�� DQG� UHKHDWHG� XVLQJ� WKH� VDPH� VFKHGXOH� DV� MXVW�
GHVFULEHG��7KH�VDPSOHV�ZHUH�JURXQG�WR�D�SRZGHU�IRU�;5'�DQDO\VLV��

���5HVXOWV�

*ODVV�0HOWLQJ�

7KH� FDVW� EORFN� VKRZHG� HYLGHQFH� RI� SKDVH� VHSDUDWLRQ� LQ� WKH� IRUP� RI� \HOORZ� VWUHDNLQJ�
ZLWKLQ�WKH�EXON�RI�WKH�GDUN�SXUSOH�EORFN��;5'�DQDO\VLV�RI�WKH�JODVV�UHYHDOHG�WKH�SUHVHQFH�RI�
D� FU\VWDOOLQH� SKDVH� �)LJ�� ���� DQG� WKH� SDUWLFOHV� UHVSRQVLEOH� IRU� WKH� FU\VWDOOLQH� SHDNV� ZHUH�
SKRWRJUDSKHG�XVLQJ�WKH�7(0��)LJ�����DQG�IRXQG�WR�EH�DSSUR[LPDWHO\������µP�LQ�VL]H��
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���������������)LJ���;5'�WUDFH�RI�DV�FDVW�+/:�JODVV������������)LJ���6SKHULFDO�FU\VWDOOLWHV�REVHUYHG�
LQ�+/:�JODVV��6FDOH�EDU� ����µP��

('6�DQDO\VLV� VKRZHG� WKDW� WKH�SDUWLFOHV�ZHUH�KLJKHU� LQ�0R� WKDQ� WKH�JODVV�PDWUL[�� DOWKRXJK�
WKHLU�VPDOO�VL]H�OLPLWHG�WKH�DPRXQW�RI�LQIRUPDWLRQ�DYDLODEOH�IURP�WKLV�VDPSOH���

,Q�RUGHU� WR� LQFUHDVH� WKH� DPRXQW�RI� FU\VWDOOLQLW\� DQG� WKHUHIRUH� DLG� DQDO\VLV�� D� VDPSOH�RI� WKH�
JODVV� ZDV� KHDW� WUHDWHG� IRU� ��KUV� DW� ���R&��;5'� VKRZHG� WKLV� VDPSOH� WR� FRQWDLQ� D� JUHDWHU�
YROXPH�RI�FU\VWDOOLQH�PDWHULDO��)LJ������6LOYHU�PHWDO�LV�SUHVHQW�LQ�WKH�VDPSOH��EXW�WKH�PDMRULW\�
RI� WKH�SHDNV�DUH� FDXVHG�E\�D�PRO\EGDWH�RI� WKH�$%�0R2���� W\SH��7KHVH�PRO\EGDWHV�KDYH�D�
VFKHHOLWH� �&D:2��� VWUXFWXUH� ZLWK� D� WHWUDJRQDO� XQLW� FHOO� �VSDFH� JURXS� RI� ,���D�

��� ,Q� WKH�
PRO\EGDWH� IRUP�� :2�

��� WHWUDKHGUD� DUH� UHSODFHG� E\� 0R2�
��� WHWUDKHGUD�� DQG� &D��� E\� D�

GLVWULEXWLRQ�RI����DQG����FDWLRQV��,W�LV�DOVR�QRWHG�LQ�WKH�OLWHUDWXUH�WKDW�YDFDQFLHV�RQ�WKH����
VLWHV� FDQ� EH� SUHVHQW�� ZLWK� WKH� FKDUJH� GLIIHUHQFH� EHLQJ� DFFRXQWHG� IRU� E\� DQ� H[FHVV� RI� ���
FDWLRQV��7KHUH�LV�D�ZLGH�UDQJH�RI�HOHPHQWV�ZLWKLQ�WKH�EDWFK�ZKLFK�DUH�OLNHO\�WR�EH�IRXQG�LQ�
WKH�DSSURSULDWH�R[LGDWLRQ�VWDWH�WR�ILW�LQWR�WKH�VFKHHOLWH�VWUXFWXUH��7KHVH�DUH�VKRZQ�LQ�WDEOH����
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���������)LJ����;5'�RI�+/:�JODVV�DIWHU�KHDW�WUHDWPHQW�����������7DEOH����5DGLL�RI�LRQV�OLNHO\�WR�EH�
PRO\EGDWH�SHDNV�DUH�ODEHOHG�0R���������������������IRXQG�LQ�VLPXODWHG�+/:�JODVV�

0RO\EGDWH�3URGXFWLRQ�

'XH� WR� WKH�ZLGH� UDQJH� RI� LRQV�ZKLFK� DUH� FDSDEOH� RI� RFFXS\LQJ� WKH�$� DQG�%� VLWHV� LQ�
VFKHHOLWH�VWUXFWXUHG�PRO\EGDWHV��LW�ZDV�WKHRUL]HG�WKDW�LW�ZRXOG�EH�SRVVLEOH�WR�PL[���RU�PRUH�
VLPLODUO\� VL]HG� LRQV� RQ� WKH� $� RU� %� VLWH� DQG� UHWDLQ� WKH� WHWUDJRQDO� VWUXFWXUH�� ,QLWLDOO\�� �� $J�
PRO\EGDWHV�ZHUH�V\QWKHVL]HG�XVLQJ�*G��&H�DQG�D�VWRLFKLPHWULF�PL[WXUH�RI�*G�DQG�/D�IRU�WKH�
��� VLWHV�� $J&H�0R2���� ZDV� XVHG� DV� D� FRQWURO� WR� FRQILUP� WKH� ILULQJ� VFKHGXOH� XVHG� DV� WKH�
SDWWHUQ�IRU�WKLV�PRO\EGDWH�ZDV�DYDLODEOH�LQ�WKH�-&3'6�;5'�GDWDEDVH��7DEOH���FRPSDUHV�WKH�
�θ�DQG�G�VSDFLQJ�YDOXHV�IRU�$J/D��$J*G�DQG�$J/D���*G����0R2����PRO\EGDWHV��

'HJUHHV���7KHWD �&X.∝) G�VSDFLQJ

$J*G $J/D���*G��� $J/D $J*G $J/D���*G��� $J/D

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

7DEOH����&RPSDULVRQ�RI�WKH���PRVW�LQWHQVH�SHDNV�RQ�WKH�;5'�WUDFHV�RI�VHOHFWHG�$J�
PRO\EGDWHV�

$V� FDQ� EH� VHHQ�� DV� WKH� LRQLF� UDGLL� RI� WKH� LRQ� RQ� WKH� %� VLWH� LQFUHDVHV�� WKH� DQJOH� DW� ZKLFK�
UHIOHFWLRQ�RFFXUV�GHFUHDVHV�LQGLFDWLQJ�WKDW�WKH�GLVWDQFH�EHWZHHQ�WKH�DWRPLF�SODQHV�LQFUHDVHV�
DQG�WKDW�WKH�VL]H�RI�WKH�XQLW�FHOO�LV�SURSRUWLRQDO�WR�WKH�VL]H�RI�WKH�LRQV�ZLWKLQ�LW��,W�FDQ�DOVR�EH�
VHHQ�WKDW� LI�WKH�%�VLWH� LV�HTXDOO\�RFFXSLHG�E\�D�PL[WXUH�RI�WZR�LRQV��WKH�G�VSDFLQJV�IRU�WKDW�
FHOO� OLH� DSSUR[LPDWHO\� ó� ZD\� EHWZHHQ� WKRVH� IRU� WKH� SXUH� $%�0R2���� FRPSRXQGV�� 7KH�
OLWHUDWXUH�� LQGLFDWHV� WKDW� LRQ� VL]H� LV� D� OLPLWLQJ� IDFWRU� LQ�GHWHUPLQLQJ�ZKLFK� LRQV�ZLOO� IRUP�D�
VFKHHOLWH�VWUXFWXUH�ZLWK�PRO\EGHQXP��7KLV�WKHRU\�ZDV�WHVWHG�E\�PL[LQJ�FRPELQDWLRQV�RI����
DONDOL� HDUWK� LRQV� �/L� ²�&V�� RQ� WKH�$� VLWH� RI� DQ�$1G�0R2����PRO\EGDWH�� )LJ�� �� VKRZV� WKH�
;5'�UHVXOWV�RI�WKHVH�H[SHULPHQWV������



)LJ�����;5'�7UDFHV�RI�/L���;���1G�0R2����PRO\EGDWHV��)RU�¶$·�; 1D��¶%·�; .��¶&·�; 5E��
¶'·�; &V�

7KH�/L1D�DQG�/L.�QHRG\PLXP�PRO\EGDWH�FRPSRVLWLRQV�KDYH�IRUPHG�VLQJOH�SKDVH�VFKHHOLWH�
VWUXFWXUHG�SRZGHUV�XSRQ�VLQWHULQJ��LQGLFDWLQJ�WKDW�WKH�XQLW�FHOO�LV�QRW�EHLQJ�RYHU�VWUDLQHG�E\�
WKH� VL]H� GLIIHUHQFH� RI� /L� DQG� .� �����c��� +RZHYHU�� WKH� /L5E� FRPSRVLWLRQ� ZLWK� D� VL]H�
GLIIHUHQFH�EHWZHHQ�/L�DQG�5E�RI�����c��IRUPHG�D�PXOWL�SKDVH�SRZGHU�XSRQ�VLQWHULQJ��DV�GLG�
WKH� /L&V� FRPSRVLWLRQ�� /L1G�0R2���� LV� SUHVHQW� LQ� WUDFH� '�� WKXV� JLYLQJ� WKH� SDWWHUQ� WKH�
FKDUDFWHULVWLF� VFKHHOLWH� VKDSH��2Q� FRPSDULQJ� WKH� JHRPHWULF�PHDQ� LRQ� UDGLL� �L�H�� FRQYHUWLQJ�
WKH� /L���;���1G�0R2���� IRUPXODV� LQWR� $%2��� ZKHUH� /L���;���1G $� DQG� 0R %�� WR� WKH�
VWUXFWXUH�ILHOG�PDS� LQ� >�@�� LW�VKRZV�WKDW� VFKHHOLWH� VWUXFWXUHG�PRO\EGDWHV�ZRXOG�EH�H[SHFWHG�
IRU� WKH� /L5E� DQG� /L&V� FRPSRVLWLRQV� DQG� QRW� IRU� WKH� /L1D� DQG� /L.� FRPSRVLWLRQV�� 7KHVH�
UHVXOWV� ZRXOG� LQGLFDWH� WKH� RSSRVLWH�� DOWKRXJK� LW� PXVW� EH� UHPHPEHUHG� WKDW� FRRUGLQDWLQJ� ��
GLIIHUHQW� LRQV� LQ�WKH�VDPH�XQLW�FHOO� LV� OLNHO\� WR�DIIHFW� WKH� LRQLF�UDGLL�RI� WKRVH�HOHPHQWV�� WKXV�
PDNLQJ�WKH�FDOFXODWHG�UDGLL�LQDFFXUDWH��

7KH�UHVXOWV�VKRZ�WKDW�LW�LV�SRVVLEOH�WR�PL[���LRQV�RQ�ERWK�WKH����DQG����VLWHV�RI�$%�0R2����
FRPSRXQGV� DQG� UHWDLQ� WKH� VFKHHOLWH� VWUXFWXUH� IRXQG� LQ� WKH� VLPXODWHG�+/:�JODVV� VDPSOHV��
+RZHYHU��WKHUH�LV�D�OLPLW�WR�WKH�GLIIHUHQFH�LQ�VL]H�RI�WKH�HTXDOO\�FKDUJHG�LRQV�WKDW�FDQ�IRUP�
WKHVH� FRPSRXQGV� DQG�PDLQWDLQ� WKH� ,���D� JHRPHWU\�� ,W� FDQ� EH� LQIHUUHG� IURP� WKLV� GDWD� WKDW�
ZLWKLQ�WKH�VL]H�FRQVWUDLQWV�� LW�VKRXOG�EH�SRVVLEOH�WR�PL[�VHYHUDO����DQG����LRQV�LQ�DQ\�RQH�
VFKHHOLWH�VWUXFWXUH��DOWKRXJK�IXUWKHU�ZRUN�QHHGV�WR�EH�GRQH�WR�YHULI\�WKLV�DVVXPSWLRQ��
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���&RQFOXVLRQ�

:KHQ�WKH�ZDVWH�SHUFHQWDJH�RI�D�VLPXODWHG�+/:�JODVV�LV�LQFUHDVHG�WR���ZW���FU\VWDOOLQH�
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QXFOHDU�ZDVWH� FRQWDLQPHQW�YHVVHOV��SURGXFHV� D�VFKHHOLWH� VWUXFWXUHG�PRO\EGDWH�DV� WKH�PDMRU�
FU\VWDOOLQH�SKDVH��0DQ\�RI�WKH�PRQR�DQG�WULYDOHQW�VSHFLHV�SUHVHQW�LQ�WKH�JODVV�DUH�FDSDEOH�RI�
VXEVWLWXWLQJ�LQWR�WKLV�VWUXFWXUH��
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