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7KH�IXQFWLRQV�DVVRFLDWHG�ZLWK�VWDFN�DUH�
HPSW\���± 5HWXUQV�ZKHWKHU�WKH�VWDFN�LV�HPSW\�± 7LPH�&RPSOH[LW\���2���ͻ
VL]H���± 5HWXUQV�WKH�VL]H�RI�WKH�VWDFN�± 7LPH�&RPSOH[LW\���2���ͻ
WRS�� ± 5HWXUQV�D�UHIHUHQFH�WR�WKH�WRS�PRVW�HOHPHQW�RI�WKH�VWDFN�± 7LPH�&RPSOH[LW\���
2���

ͻ

SXVK�J��± $GGV�WKH�HOHPHQW�µJ¶�DW�WKH�WRS�RI�WKH�VWDFN�± 7LPH�&RPSOH[LW\���2���ͻ
SRS���± 'HOHWHV�WKH�WRS�PRVW�HOHPHQW�RI�WKH�VWDFN�± 7LPH�&RPSOH[LW\���2���ͻ
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,PSOHPHQWDWLRQ�XVLQJ�OLVW

3\WKRQ¶V�EXLOLQ�GDWD�VWUXFWXUH�OLVW�FDQ�EH�XVHG�DV�D�VWDFN��,QVWHDG�RI SXVK����DSSHQG�� LV�XVHG�
WR�DGG�HOHPHQWV�WR�WKH�WRS�RI�VWDFN�ZKLOH�SRS�� UHPRYHV�WKH�HOHPHQW�LQ�/,)2�RUGHU�

'UDZEDFN� 7KH�ELJJHVW�LVVXH�LV�WKDW�LW�FDQ�UXQ�LQWR�VSHHG�LVVXH�DV�LW�JURZV��7KH�LWHPV�LQ�OLVW�
DUH�VWRUHG�QH[W�WR�HDFK�RWKHU�LQ�PHPRU\��LI�WKH�VWDFN�JURZV�ELJJHU�WKDQ�WKH�EORFN�RI�PHPRU\�
WKDW�FXUUHQWO\�KROG�LW��WKHQ�3\WKRQ�QHHGV�WR�GR�VRPH�PHPRU\�DOORFDWLRQV��

,PSOHPHQWDWLRQ�XVLQJ�FROOHFWLRQV�GHTXH
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3\WKRQ�VWDFN�FDQ�EH�LPSOHPHQWHG�XVLQJ�GHTXH�FODVV�IURP�FROOHFWLRQV�PRGXOH��

$GYDQWDJH��'HTXH�LV�SUHIHUUHG�RYHU�OLVW�LQ�WKH�FDVHV�ZKHUH�ZH�QHHG�TXLFNHU�DSSHQG�DQG�SRS�
RSHUDWLRQV�IURP�ERWK�WKH�HQGV�RI�WKH�FRQWDLQHU��DV�GHTXH�SURYLGHV�DQ�2����WLPH�FRPSOH[LW\�
IRU�DSSHQG�DQG�SRS�RSHUDWLRQV�DV�FRPSDUHG�WR�OLVW�ZKLFK�SURYLGHV�2�Q��WLPH�FRPSOH[LW\�

6DPH�PHWKRGV�RQ�GHTXH�DV�VHHQ�LQ�OLVW�DUH�XVHG��DSSHQG���DQG�SRS����

,PSOHPHQWDWLRQ�XVLQJ�TXHXH�PRGXOH

4XHXH�PRGXOH�DOVR�KDV�D�/,)2�4XHXH��ZKLFK�LV�EDVLFDOO\�D�6WDFN��'DWD�LV�LQVHUWHG�LQWR�
4XHXH�XVLQJ�SXW�� IXQFWLRQ�DQG�JHW�� WDNHV�GDWD�RXW�IURP�WKH�4XHXH�

7KHUH�DUH�YDULRXV�IXQFWLRQV�DYDLODEOH�LQ�WKLV�PRGXOH�

PD[VL]H�± 1XPEHU�RI�LWHPV�DOORZHG�LQ�WKH�TXHXH��
HPSW\���± 5HWXUQ�7UXH�LI�WKH�TXHXH�LV�HPSW\��)DOVH�RWKHUZLVH��
IXOO���± 5HWXUQ�7UXH�LI�WKHUH�DUH�PD[VL]H�LWHPV�LQ�WKH�TXHXH��,I�WKH�TXHXH�ZDV�LQLWLDOL]HG�
ZLWK�PD[VL]H ���WKH�GHIDXOW���WKHQ�IXOO���QHYHU�UHWXUQV�7UXH�

�

JHW���± 5HPRYH�DQG�UHWXUQ�DQ�LWHP�IURP�WKH�TXHXH��,I�TXHXH�LV�HPSW\��ZDLW�XQWLO�DQ�LWHP�
LV�DYDLODEOH�

�

JHWBQRZDLW���± 5HWXUQ�DQ�LWHP�LI�RQH�LV�LPPHGLDWHO\�DYDLODEOH��HOVH�UDLVH�4XHXH(PSW\��
SXW�LWHP��± 3XW�DQ�LWHP�LQWR�WKH�TXHXH��,I�WKH�TXHXH�LV�IXOO��ZDLW�XQWLO�D�IUHH�VORW�LV�
DYDLODEOH�EHIRUH�DGGLQJ�WKH�LWHP�

�

SXWBQRZDLW�LWHP��± 3XW�DQ�LWHP�LQWR�WKH�TXHXH�ZLWKRXW�EORFNLQJ��
TVL]H���± 5HWXUQ�WKH�QXPEHU�RI�LWHPV�LQ�WKH�TXHXH��,I�QR�IUHH�VORW�LV�LPPHGLDWHO\�
DYDLODEOH��UDLVH�4XHXH)XOO�

�

$SSOLFDWLRQV�RI�VWDFN�

([SUHVVLRQ�+DQGOLQJ�í��

,QIL[�WR�3RVWIL[�RU�,QIL[�WR�3UHIL[�&RQYHUVLRQ�í�

7KH�VWDFN�FDQ�EH�XVHG�WR�FRQYHUW�VRPH�LQIL[�H[SUHVVLRQ�LQWR�LWV�SRVWIL[�HTXLYDOHQW��RU�
SUHIL[�HTXLYDOHQW��7KHVH�SRVWIL[�RU�SUHIL[�QRWDWLRQV�DUH�XVHG�LQ�FRPSXWHUV�WR�H[SUHVV�
VRPH�H[SUHVVLRQV��7KHVH�H[SUHVVLRQV�DUH�QRW�VR�PXFK�IDPLOLDU�WR�WKH�LQIL[�H[SUHVVLRQ��
EXW�WKH\�KDYH�VRPH�JUHDW�DGYDQWDJHV�DOVR��:H�GR�QRW�QHHG�WR�PDLQWDLQ�RSHUDWRU�
RUGHULQJ��DQG�SDUHQWKHVLV�

3RVWIL[�RU�3UHIL[�(YDOXDWLRQ�í�

$IWHU�FRQYHUWLQJ�LQWR�SUHIL[�RU�SRVWIL[�QRWDWLRQV��ZH�KDYH�WR�HYDOXDWH�WKH�H[SUHVVLRQ�WR�
JHW�WKH�UHVXOW��)RU�WKDW�SXUSRVH��DOVR�ZH�QHHG�WKH�KHOS�RI�VWDFN�GDWD�VWUXFWXUH�

%DFNWUDFNLQJ�3URFHGXUH�í��

%DFNWUDFNLQJ�LV�RQH�RI�WKH�DOJRULWKP�GHVLJQLQJ�WHFKQLTXH��)RU�WKDW�SXUSRVH��ZH�GLYH�
LQWR�VRPH�ZD\��LI�WKDW�ZD\�LV�QRW�HIILFLHQW��ZH�FRPH�EDFN�WR�WKH�SUHYLRXV�VWDWH�DQG�JR�
LQWR�VRPH�RWKHU�SDWKV��7R�JHW�EDFN�IURP�FXUUHQW�VWDWH��ZH�QHHG�WR�VWRUH�WKH�SUHYLRXV�
VWDWH��)RU�WKDW�SXUSRVH��ZH�QHHG�VWDFN��6RPH�H[DPSOHV�RI�EDFNWUDFNLQJ�LV�ILQGLQJ�WKH�
VROXWLRQ�IRU�.QLJKW�7RXU�SUREOHP�RU�1�4XHHQ�3UREOHP�HWF�



$QRWKHU�JUHDW�XVH�RI�VWDFN�LV�GXULQJ�WKH�IXQFWLRQ�FDOO�DQG�UHWXUQ�SURFHVV��:KHQ�ZH�FDOO�
D�IXQFWLRQ�IURP�RQH�RWKHU�IXQFWLRQ��WKDW�IXQFWLRQ�FDOO�VWDWHPHQW�PD\�QRW�EH�WKH�ILUVW�
VWDWHPHQW��$IWHU�FDOOLQJ�WKH�IXQFWLRQ��ZH�DOVR�KDYH�WR�FRPH�EDFN�IURP�WKH�IXQFWLRQ�DUHD�
WR�WKH�SODFH��ZKHUH�ZH�KDYH�OHIW�RXU�FRQWURO��6R�ZH�ZDQW�WR�UHVXPH�RXU�WDVN��QRW�UHVWDUW��
)RU�WKDW�UHDVRQ��ZH�VWRUH�WKH�DGGUHVV�RI�WKH�SURJUDP�FRXQWHU�LQWR�WKH�VWDFN��WKHQ�JR�WR�
WKH�IXQFWLRQ�ERG\�WR�H[HFXWH�LW��$IWHU�FRPSOHWLRQ�RI�WKH�H[HFXWLRQ��LW�SRSV�RXW�WKH�
DGGUHVV�IURP�VWDFN�DQG�DVVLJQ�LW�LQWR�WKH�SURJUDP�FRXQWHU�WR�UHVXPH�WKH�WDVN�DJDLQ�

��

([SUHVVLRQ�+DQGOLQJ��

,QIL[�WR�3RVWIL[

,QIL[�H[SUHVVLRQ��7KH�H[SUHVVLRQ�RI�WKH�IRUP�D�RS�E��:KHQ�DQ�RSHUDWRU�LV�LQ�EHWZHHQ�HYHU\�
SDLU�RI�RSHUDQGV�
3RVWIL[�H[SUHVVLRQ��7KH�H[SUHVVLRQ�RI�WKH�IRUP�D�E�RS��:KHQ�DQ�RSHUDWRU�LV�IROORZHG�IRU�
HYHU\�SDLU�RI�RSHUDQGV�

:K\�SRVWIL[�UHSUHVHQWDWLRQ�RI�WKH�H[SUHVVLRQ"

7KH�FRPSLOHU�VFDQV�WKH�H[SUHVVLRQ�HLWKHU�IURP�OHIW�WR�ULJKW�RU�IURP�ULJKW�WR�OHIW�

&RQVLGHU�WKH�EHORZ�H[SUHVVLRQ��D�RS��E�RS��F�RS��G
,I�RS�� ����RS�� ���RS�� ��

7KH�FRPSLOHU�ILUVW�VFDQV�WKH�H[SUHVVLRQ�WR�HYDOXDWH�WKH�H[SUHVVLRQ�E��F��WKHQ�DJDLQ�VFDQ�WKH�



H[SUHVVLRQ�WR�DGG�D�WR�LW��7KH�UHVXOW�LV�WKHQ�DGGHG�WR�G�DIWHU�DQRWKHU�VFDQ�

7KH�UHSHDWHG�VFDQQLQJ�PDNHV�LW�YHU\�LQ�HIILFLHQW��,W�LV�EHWWHU�WR�FRQYHUW�WKH�H[SUHVVLRQ�WR�
SRVWIL[�RU�SUHIL[��IRUP�EHIRUH�HYDOXDWLRQ�

7KH�FRUUHVSRQGLQJ�H[SUHVVLRQ�LQ�SRVWIL[�IRUP�LV��DEF�G���7KH�SRVWIL[�H[SUHVVLRQV�FDQ�EH�
HYDOXDWHG�HDVLO\�XVLQJ�D�VWDFN�

$OJRULWKP

���6FDQ�WKH�LQIL[�H[SUHVVLRQ�IURP�OHIW�WR�ULJKW�
���,I�WKH�VFDQQHG�FKDUDFWHU�LV�DQ�RSHUDQG��RXWSXW�LW�
���(OVH�
«������,I�WKH�SUHFHGHQFH�RI�WKH�VFDQQHG�RSHUDWRU�LV�JUHDWHU�WKDQ�WKH�SUHFHGHQFH�RI�WKH�
RSHUDWRU�LQ�WKH�VWDFN�RU�WKH�VWDFN�LV�HPSW\�RU�WKH�VWDFN�FRQWDLQV�D�µ�µ����SXVK�LW�
«������(OVH��3RS�DOO�WKH�RSHUDWRUV�IURP�WKH�VWDFN�ZKLFK�DUH�JUHDWHU�WKDQ�RU�HTXDO�WR�LQ�
SUHFHGHQFH�WKDQ�WKDW�RI�WKH�VFDQQHG�RSHUDWRU��$IWHU�GRLQJ�WKDW�3XVK�WKH�VFDQQHG�RSHUDWRU�WR�
WKH�VWDFN���,I�\RX�HQFRXQWHU�SDUHQWKHVLV�ZKLOH�SRSSLQJ�WKHQ�VWRS�WKHUH�DQG�SXVK�WKH�VFDQQHG�
RSHUDWRU�LQ�WKH�VWDFN��
���,I�WKH�VFDQQHG�FKDUDFWHU�LV�µ�µ��SXVK�LW�WR�WKH�VWDFN�
���,I�WKH�VFDQQHG�FKDUDFWHU�LV�µ�¶��SRS�WKH�VWDFN�XQWLO��µ�µ�LV�HQFRXQWHUHG��DQG�GLVFDUG�ERWK�WKH�
SDUHQWKHVLV�
���5HSHDW�VWHSV�����XQWLO�LQIL[�H[SUHVVLRQ�LV�VFDQQHG�
���3ULQW�WKH�RXWSXW
���3RS�DQG�RXWSXW�IURP�WKH�VWDFN�XQWLO�LW�LV�QRW�HPSW\�

(YDOXDWLRQ�RI�3RVWIL[�([SUHVVLRQ

7KH�3RVWIL[�QRWDWLRQ�LV�XVHG�WR�UHSUHVHQW�DOJHEUDLF�H[SUHVVLRQV��7KH�H[SUHVVLRQV�ZULWWHQ�LQ�
SRVWIL[�IRUP�DUH�HYDOXDWHG�IDVWHU�FRPSDUHG�WR�LQIL[�QRWDWLRQ�DV�SDUHQWKHVLV�DUH�QRW�UHTXLUHG�LQ�
SRVWIL[�

$OJRULWKP�

���&UHDWH�D�VWDFN�WR�VWRUH�RSHUDQGV��RU�YDOXHV��
���6FDQ�WKH�JLYHQ�H[SUHVVLRQ�DQG�GR�IROORZLQJ�IRU�HYHU\�VFDQQHG�HOHPHQW�
«��D��,I�WKH�HOHPHQW�LV�D�QXPEHU��SXVK�LW�LQWR�WKH�VWDFN
«��E��,I�WKH�HOHPHQW�LV�D�RSHUDWRU��SRS�RSHUDQGV�IRU�WKH�RSHUDWRU�IURP�VWDFN��(YDOXDWH�WKH�
RSHUDWRU�DQG�SXVK�WKH�UHVXOW�EDFN�WR�WKH�VWDFN
���:KHQ�WKH�H[SUHVVLRQ�LV�HQGHG��WKH�QXPEHU�LQ�WKH�VWDFN�LV�WKH�ILQDO�DQVZHU

([DPSOH�

/HW�WKH�JLYHQ�H[SUHVVLRQ�EH�³������������³��:H�VFDQ�DOO�HOHPHQWV�RQH�E\�RQH�
6FDQ�µ�¶��LW¶V�D�QXPEHU��VR�SXVK�LW�WR�VWDFN��6WDFN�FRQWDLQV�µ�¶�
6FDQ�µ�¶��DJDLQ�D�QXPEHU��SXVK�LW�WR�VWDFN��VWDFN�QRZ�FRQWDLQV�µ���¶��IURP�ERWWRP�WR�
WRS�

�

6FDQ�µ�¶��DJDLQ�D�QXPEHU��SXVK�LW�WR�VWDFN��VWDFN�QRZ�FRQWDLQV�µ�����¶�
6FDQ�µ¶��LW¶V�DQ�RSHUDWRU��SRS�WZR�RSHUDQGV�IURP�VWDFN��DSSO\�WKH��RSHUDWRU�RQ�
RSHUDQGV��ZH�JHW����ZKLFK�UHVXOWV�LQ����:H�SXVK�WKH�UHVXOW�µ�¶�WR�VWDFN��6WDFN�QRZ�
EHFRPHV�µ���¶�

�

6FDQ�µ�¶��LW¶V�DQ�RSHUDWRU��SRS�WZR�RSHUDQGV�IURP�VWDFN��DSSO\�WKH���RSHUDWRU�RQ�
RSHUDQGV��ZH�JHW�������ZKLFK�UHVXOWV�LQ����:H�SXVK�WKH�UHVXOW�µ�¶�WR�VWDFN��6WDFN�QRZ�

�



EHFRPHV�µ�¶�
6FDQ�µ�¶��LW¶V�D�QXPEHU��ZH�SXVK�LW�WR�WKH�VWDFN��6WDFN�QRZ�EHFRPHV�µ���¶��
6FDQ�µ�µ��LW¶V�DQ�RSHUDWRU��SRS�WZR�RSHUDQGV�IURP�VWDFN��DSSO\�WKH�± RSHUDWRU�RQ�
RSHUDQGV��ZH�JHW���± ��ZKLFK�UHVXOWV�LQ�����:H�SXVK�WKH�UHVXOW�µ��¶�WR�VWDFN��6WDFN�QRZ�
EHFRPHV�µ��¶�

�

7KHUH�DUH�QR�PRUH�HOHPHQWV�WR�VFDQ��ZH�UHWXUQ�WKH�WRS�HOHPHQW�IURP�VWDFN��ZKLFK�LV�WKH�
RQO\�HOHPHQW�OHIW�LQ�VWDFN��

�

4XHVWLRQV�WR�LPSOHPHQW

,QIL[ WR 3RVWIL[ &RQYHUVLRQ� DQG SRVWIL[ HYDOXDWLRQ XVLQJ VWDFN���
*LYHQ�D�VWDFN��KRZ�WR�UHYHUVH�WKH�HOHPHQWV�RI�WKH�VWDFN�XVLQJ�RQO\�VWDFN�RSHUDWLRQV�
�SXVK�	�SRS�

��

*LYHQ�Q�QRQ�QHJDWLYH�LQWHJHUV�UHSUHVHQWLQJ�WKH�KLVWRJUDP
V�EDU�KHLJKW�ZKHUH�WKH�
ZLGWK�RI�HDFK�EDU�LV����ILQG�WKH�DUHD�RI�ODUJHVW�UHFWDQJOH�LQ�WKH�KLVWRJUDP��)RU�
H[DPSOH��FRQVLGHU�WKH�IROORZLQJ�KLVWRJUDP�ZLWK���EDUV�RI�KHLJKWV�^�������������������`��
7KH�ODUJHVW�SRVVLEOH�UHFWDQJOH�SRVVLEOH�LV�����VHH�WKH�EHORZ�ILJXUH��WKH�PD[�DUHD�
UHFWDQJOH�LV�KLJKOLJKWHG�LQ�UHG��1RWH��6ROYH�WKH�SUREOHP�LQ�ERWK�FRPSOH[LW\�
2�QORJ��DQG�2�Q�

��

*LYHQ�D�QRQ�QHJDWLYH�LQWHJHU�QXP�UHSUHVHQWHG�DV�D�VWULQJ��UHPRYH�N�GLJLWV�IURP�
WKH�QXPEHU�VR�WKDW�WKH�QHZ�QXPEHU�LV�WKH�VPDOOHVW�SRVVLEOH��1RWH��7KH�OHQJWK�RI�
QXP�LV�OHVV�WKDQ�������DQG�ZLOO�EH���N��7KH�JLYHQ�QXP�GRHV�QRW�FRQWDLQ�DQ\�
OHDGLQJ�]HUR�

��




