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3DUW�2I�6SHHFK� �326�� WDJJLQJ� LV� DQ� HVVHQWLDO� SURFHVV� IRU� JHQHUDWLQJ� 326� WDJV� WKDW� FRQYH\� WKH� EDVLF� FRQWH[W�IUHH� V\QWDFWLF� IHDWXUHV� RI�VXUIDFH�WH[W�ZRUGV��%HVLGHV�PDQ\�OLQJXLVWLF�SURFHVVLQJ�WDVNV�IRU�ZKRP�326�WDJJLQJ�LV�TXLWH�XVHIXO��326�WDJV�DUH�WKH�PRVW�HVVHQWLDO�LQSXW�IHDWXUHV�IRU�DOO�NLQGV�RI�QDWXUDO� ODQJXDJH�FRPSXWDWLRQDO�V\QWD[�SDUVHUV�ZKLFK�DUH� LQ� WXUQ�RQH�VWHS�KLJKHU�LQ�WKH�ODGGHU�WRZDUGV�ODQJXDJH�XQGHUVWDQGLQJ�DQG�PDFKLQH�WUDQVODWLRQ�DV�ZHOO���
7KLV�SDSHU�GHVFULEHV�D�UHDGLO\�LPSOHPHQWHG�LQGXVWULDO�TXDOLW\�±�L�H��ODUJH�VFDOH�±�$UDELF�326�WDJJHU��DQG�PRUH�LPSRUWDQWO\�LQWURGXFHV�WKH�XQGHUO\LQJ�FRPSDFW�$UDELF�326�WDJV�VHW�DORQJ�ZLWK�WKH�WDJJLQJ�VWUXFWXUH�ZKRP�DUH�ERWK�SURSRVHG�DV�VWDQGDUGV�IRU�WKLV�HVVHQWLDO�SURFHVV�WR�$UDELF�1/3��0RUHRYHU��ZH�VKRZ�KRZ�WKH�UHVXOWLQJ�326�WDJV�VHTXHQFHV�DUH�VWDWLVWLFDOO\�XWLOL]HG�WR�WUDLQ�DQG�LQIHU�WKH�V\QWDFWLF�GLDFULWLFV�DV�SDUW�RI�WKH�SURFHVV�RI�DXWRPDWLF�$UDELF�GLDFULWL]DWLRQ��ZKLFK�LQ�WXUQ�LV�YLWDO�IRU�PDQ\�VSHHFK�SURFHVVLQJ�WHFKQRORJLHV�HVS��$UDELF�7H[W�7R�6SHHFK���

��,QWURGXFWLRQ�
'XH� WR� WKH� KLJKO\� GHULYDWLYH� DQG� LQIOHFWLYH� QDWXUH� RI� WKH�$UDELF�ODQJXDJH��LW� LV�PXFK�PRUH�HIIHFWLYH�DQG�HFRQRPLF�WR�GHDO�ZLWK�LWV�FRPSDFW�VHW�RI�EDVLF�EXLOGLQJ�HQWLWLHV��L�H��PRUSKHPHV�� WKDQ� LWV� XQPDQDJHDEO\� KXJH� JHQHUDEOH�YRFDEXODU\����)ROORZLQJ� WKH� IRUPHU� PRUSKHPH�EDVHG� DSSURDFK� DQG�OHDYLQJ� WKH� ODWWHU� ZRUG�EDVHG� RQH�� ZH� IRUPDOL]HG� RXU�PRUSKRORJLFDO� FDQRQLFDO� VWUXFWXUH� RI� DQ\�$UDELF�ZRUG�ZDV�D�TXDGUXSOH��

Z ������ VIUSWT  ����
ZKHUH� W LV� 7\SH� &RGH� �ZLWK� SRVVLEOH� W\SHV� DUH� 5HJXODU�'HULYDWLYH� ,UUHJXODU� 'HULYDWLYH� )L[HG� $UDEL]HG��� S LV�3UHIL[�&RGH�� U LV�5RRW�&RGH�� I LV� 3DWWHUQ�&RGH�� DQG� V LV�6XIIL[�&RGH���
:LWK�D�G\QDPLF�FRYHUDJH�UDWLR�H[FHHGLQJ�������FRYHUDJH�UDWLR�� WKH� NQRZOHGJH� EDVH� RI� RXU� OH[LFDO� DQDO\]HU�$UDE0RUSKR� EDVHG� RQ� WKLV� PRGHO� DUH� FRPSRVHG� IURP�RQO\� DERXW� ������ PRUSKHPHV� ZLWK� WKHLU� IXOO� DJHQW�RULHQWHG� OLQJXLVWLF� GHVFULSWLRQ�� �5',¶V� $UDE0RUSKR����������$WWLD��0����������

��&RPSDFW�$UDELF�326�7DJV�VHW�
&RPSRVLQJ�DQ�$UDELF�326�WDJV�VHW�QHFHVVLWDWHV�VFDQQLQJ�WKH� OH[LFR�V\QWDFWLF� IHDWXUHV�RI�HDFK�SRVVLEOH�ZRUG�RI�WKH�$UDELF�YRFDEXODU\�ZKLFK�LV�DSSDUHQWO\�LQIHDVLEOH��,QVWHDG��WKDQNV� IRU� WKH�PRUSKHPH�EDVHG�DSSURDFK�� WKH� IHDWXUHV�RI�HDFK� PRUSKHPH� LQ� WKH� UHODWLYHO\� FRPSDFW�$UDE0RUSKR�NQRZOHGJH�EDVH�KDYH�EHHQ�VFDQQHG��WKHQ�GLJHVWHG�WKURXJK�

VHYHUDO� LWHUDWLRQV� RI� GHFLPDWLRQ� LQWR� D� QRQ� UHGXQGDQW�FRPSDFW�$UDELF�326�WDJV�VHW���
'XULQJ� WKDW� VFDQQLQJ� SURFHVV� WKH� IROORZLQJ� FULWHULD� KDV�EHHQ�DGKHUHG�WR���
���$OO�WKH�H[LVWLQJ�OH[LFR�V\QWDFWLF�IHDWXUHV�PXVW�EH�QDPHG�DQG� UHJLVWHUHG�� ZKLFK� DLPV� WR� WKH� FRPSOHWHQHVV� RI� WKH�UHVXOWLQJ�326�WDJV�VHW�����$OO� WKH� QDPHG� DQG� UHJLVWHUHG� IHDWXUHV�PXVW� EH�DWRPLF�ZKLFK�DLPV�WR�WKH�FRPSDFWQHVV�DQG�DYRLGV�UHGXQGDQF\�LQ� WKH� UHVXOWLQJ� WDJV� VHW�� 7KLV� LQ� WXUQ� LV� YLWDO� IRU� WKH�HIIHFWLYHQHVV�RI� WKH�EDVHG�XSRQ�326� WDJJLQJ�SURFHVV� ��ZKLFK� LV� HVVHQWLDOO\� DQ� DEVWUDFWLRQ� SURFHVV� �� DQG� DOO�KLJKHU�SURFHVVLQJ� OD\HUV�DV�ZHOO�� �6FKXW]H�	�0DQQLQJ����������-XUDIVN\�	�0DUWLQ�����������$OO� WKH� QDPHG� DQG� UHJLVWHUHG� IHDWXUHV� FDQ� EH� HQVXUHG�XSRQ�WKH�326�ODEHOLQJ�RI�WKH�PRUSKHPHV�LQ�RXU�$UDELF��OH[LFDO�NQRZOHGJH�EDVH���0RUH�RQ�WKLV�SRLQW�LQ�VHFWLRQ���EHORZ���
7DEOH���GLVSOD\HG�EHORZ� VKRZV�RXU�$UDELF�326� WDJV� VHW��DORQJ� ZLWK� WKH� PHDQLQJ� RI� HDFK� WDJ� YHUEDOL]HG� LQ� ERWK�(QJOLVK� DQG�$UDELF��0RUHRYHU�� WKH���� WDJV� LQ� WKH� VHW�DUH�IXQFWLRQDOO\�FDWHJRUL]HG�LQ�RUGHU�WR�PD[LPL]H�FODULW\���:KLOH� VRPH� WDJV� LQ� WKH� IROORZLQJ� WDEOH� PD\� KDYH�FRUUHVSRQGLQJ�RQH�LQ�RWKHU�ODQJXDJHV��H�J��(QJOLVK��RWKHUV�GR� QRW� KDYH� VXFK� FRXQWHUSDUWV� DQG� DUH� VSHFLILF� WR� WKH�$UDELF�ODQJXDJH���
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��$UDELF�326�/DEHOLQJ�
+DYLQJ� WKH�$UDELF�326� WDJV� VHW� EHHQ� GHVLJQHG�� ODEHOLQJ�WKH� PRUSKHPHV� RI� WKH� OH[LFDO� NQRZOHGJH� EDVH� FRPHV� DV�WKH�QH[W�MRE�ZKLFK�LV�D�VWUDLJKW�IRUZDUG�RQH�JLYHQ�WKDW�WKH�IROORZLQJ�WKUHH�PDLQ�SRLQWV�DUH�FDUHIXOO\�FRQVLGHUHG���
���)RU�PRUSKRORJLFDOO\� DQDO\]HG� ZRUGV�� WKH� I SDUW� RI� WKH�TXDGUXSOHV� JLYHV� WKH� $UDELF� 326� WDJJLQJ� RI� VWHPV��ZKLOH�WKH�S DQG�V SDUWV�JLYH�WKH�$UDELF�326�WDJJLQJ�RI�DIIL[HV��+HQFH�� WKH� URRW�PRUSKHPHV�RI�DOO�NLQGV�ZKLFK�GR� QRW� SDUWLFLSDWH� WR� WDJJLQJ� DUH� QRW� $UDELF� 326�ODEHOHG�����'XH�WR�WKH�DWRPLFLW\�RI�WKH�WDJV�LQ�WKH�$UDELF�326�WDJV��VHH� VHFWLRQ� �� DERYH�� DQG� LQ� VDPH� WLPH� WKH� FRPSRXQG�QDWXUH�RI�$UDELF�PRUSKHPHV�LQ�JHQHUDO���326�ODEHOV�RI�$UDELF�PRUSKHPHV�DUH�YHFWRUV�QRW�VLPSOH�VFDODUV������2QO\� HQVXUHG� $UDELF� 326� WDJV� DUH� FRQVLGHUHG� LQ� WKH�$UDELF� 326� ODEHOLQJ� RI� PRUSKHPHV�� L�H�� :KHQ� DQ�$UDELF�326�WDJ�LV�D�SRVVLEOH���RU�HYHQ�D�KLJKO\�SUREDEOH�± EXW�QRW�D�VWULFW�IHDWXUH�RI�D�JLYHQ�PRUSKHPH��LW�LV�QRW�LQFOXGHG�LQ�LWV�$UDELF�326�ODEHO�YHFWRU����7KH� IROORZLQJ� IHZ� PRUSKHPH� ODEHOLQJ� H[DPSOHV� �IURP�5',¶V� $UDE0RUSKR�� DUH� OLVWHG� EHORZ� LQ� RUGHU� WR�FRQFUHWHO\�LOOXVWUDWH�WKH�SURFHVV���
0RUSKHPH�
W\SH�DQG�
FRGH�

0RUSKHPH�
VKRZQ�DV�
DQ�$UDELF�
VWULQJ�

$UDELF�326�YHFWRU�ODEHO�

3UHIL[���� º >'HILQLW@�

3UHIL[������ º >)XWXUH�3UHVHQW�$FWLYH@�

5HJXODU�
GHULYDWLYH�
SDWWHUQ��
����

Ê >1RXQ�6XEM1RXQ@�

5HJXODU�
GHULYDWLYH�
SDWWHUQ�����

Ê >1RXQ�1RXQ,QILQLW@�

,UUHJXODU�
GHULYDWLYH�
SDWWHUQ�����

Ê >1RXQ�1R6$5)�3OXUDO@�

)L[HG�
SDWWHUQ����

>1RXQ�6XEM3UR@�

)L[HG�
SDWWHUQ�����

>1RXQ�0DVF�6LQJOH�$GMXQFW�0$5)@�

6XIIL[����� º >)HPLQ�3OXUDO@�

6XIIL[������ º >3UHVHQW�0$5)�6XEM3UR�2EM3UR@�

6XIIL[������ Ê º >5HO$GM�)HPLQ�%LQDU\�1RQ$GMXQFW�0$5)@�

7DEOH����([DPSOH�$UDELF�326�ODEHOV�IURP�5',¶V�$UDE0RUSKR� NQRZOHGJH�EDVH�����$UDELF�326�7DJJLQJ�
7KH�$UDELF�326� WDJJLQJ�SURFHVV� DUH� LPSOHPHQWHG� LQ� WKH�IROORZLQJ�VWHSV���

���7KH� $UDELF� VWULQJV� VHTXHQFH� WR� EH� 326� WDJJHG� DUH�PRUSKRORJLFDOO\� DQDO\]HG� DQG� FRPELQDWRULDOO\�GLVDPELJXDWHG� XVLQJ� $UDE0RUSKR�� �5',¶V�$UDE0RUSKR���� �$WL\\D�� ������� �$WL\\D�� HW� DO�� ������7KLV� UHVXOWV� LQ� D� GLVDPELJXDWHG� TXDGUXSOHV� VHTXHQFH�ZKHUH�HDFK�VWULQJ�LV�VXEVWLWXWHG�E\�HLWKHU�RQH�TXDGUXSOH�RU�D�PDUN�RI��7UDQVOLWHUDWHG�VWULQJ�����)RU� WKH� SUHIL[�� SDWWHUQ�� DQG� VXIIL[�PRUSKHPHV� RI� HDFK�TXDGUXSOH� LQ� WKH� VHTXHQFH�� WKH� $UDELF� 326� ODEHOV��$326�S� $326�W�I� $326�V� DUH� UHWULHYHG� IURP� WKH�$UDELF�OH[LFDO�NQRZOHGJH�EDVH�����7KH� $UDELF� 326� WDJV� YHFWRU� RI� HDFK� ZRUG� LQ� WKH�VHTXHQFH�LV�WKHQ�FRPSRVHG�XVLQJ�WKH�IRUPXOD����$326�Z� &RQFDW�$326�S���$326�W�I���$326�V��� �����ZKHUH� WKH� &RQFDW IXQFWLRQ� VLPSO\� FRQFDWHQDWHV� WKH�326� VXE� YHFWRUV� RI� WKH� FRQVWLWXWLQJ� PRUSKHPHV� DIWHU�HOLPLQDWLQJ�DQ\�PXWXDO�UHGXQGDQF\�DPRQJ�WKHLU�WDJV���7KH� UHVXOWLQJ� $UDELF� 326� WDJV� YHFWRUV� E\� 5',¶V�$UDE7DJJHU� RI�WKH�ZRUGV�LQ�D�UHDO�OLIH�SKUDVH�DUH�VKRZQ�LQ�WKH�WDEOH���EHORZ���
3KUDVH�ZRUGV� 0RVW�OLNHO\�$UDELF�326�WDJV�YHFWRUV�

>62:�&RQM�1R6\QWD'LDF�1XOO6XIIL[@�

>62:�1XOO3UHIL[�9HUE�3DVW�6LQJOH�)HPLQ@�

Ê >62:�1XOO3UHIL[�1RXQ�([DJJ$GM�2EM3RVV3UR@�

>62:�'HILQLW�1RXQ�3OXUDO�1R6$5)�1XOO6XIIL[@�

Ê >62:�1XOO3UHIL[�3UHSRV�1XOO6XIIL[@�

>62:�7UDQVOLW@�

7DEOH����7KH�UHVXOWLQJ�$UDELF�326�WDJJLQJ�RI�D�UHDO�OLIH�SKUDVH�XVLQJ�$UDE7DJJHU��
��$Q�DSSOLFDWLRQ��6WDWLVWLFDOO\�,QIHUULQJ�WKH�

6\QWDFWLF�'LDFULWLFV�
,QIHUULQJ�WKH�V\QWDFWLF�GLDFULWLFV�RI�ZRUGV�LQ�$UDELF�WH[W�LV� DQ� LPSRUWDQW� FRPSOHPHQWDU\� SURFHVV� IRU� DXWRPDWLF�$UDELF� WH[W�GLDFULWL]DWLRQ��ZKLFK� LQ� WXUQ� LV� UHIOHFWHG�RQ�WKH� HOHJDQFH� RI� WKH� UHVXOWLQJ� SKRQHWLF� WUDQVFULSWLRQ� IRU�$UDELF�VSHHFK�SURFHVVLQJ�V\VWHPV�HVS��$UDELF�7H[W�7R�6SHHFK�RQHV���7KH� WUDGLWLRQDO� SURFHGXUH� IRU� LQIHUULQJ� WKH� V\QWDFWLF�FDVHV�KHQFH�WKH�V\QWDFWLF�GLDFULWLFV�RI�$UDELF�ZRUGV�LQ�D�JLYHQ�WH[W�LV�HVVHQWLDOO\�DV�IROORZV������5XQ�D�326�WDJJHU�±�OLNH�5',¶V�$UDE7DJJHU� � WR�JHW�WKH�$UDELF�326�WDJV�RI�WKH�$UDELF�ZRUGV���$V�ZH�GLG�LQ�WKH���SUHYLRXV�VHFWLRQV������)HHG� WKHVH�$UDELF� 326� WDJV� VHTXHQFHV� WR� DQ�$UDELF�V\QWDFWLF�SDUVHU���
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