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WDNHV�LQWR�DFFRXQW�DQ\�G\QDPLFV����GF�VZHHS�MXVW�GRHV�D�VHW�RI�GF�DQDO\VHV�ZLWK�VRPH�SDUDPHWHU�
GLIIHUHQW��DQG�SORWV�DOO�WKH�UHVXOWV����,Q�WKLV�KDQGRXW��WZR�G\QDPLF�PHDVXUHPHQW�PHWKRGV�DUH�
GHVFULEHG���$&�DQDO\VLV�DQG�7UDQVLHQW�DQDO\VLV���)LUVW��KRZHYHU��D�QRWH�RQ�VRPHWKLQJ�WKDW�KDV�
JLYHQ�VHYHUDO�SHRSOH�WURXEOH��
�
)LQGLQJ�WKH�FRUUHFW�JURXQG�
7KH�FRUUHFW�JURXQG�WR�XVH�LV�LQ�WKH�VRXUFH�OLEUDU\��DQG�LV�MXVW�³�´�RU�³6RXUFH��´���:KHQ�\RX�FOLFN�
RQ�WKH�JURXQG�LFRQ��\RX�PD\�QRW�KDYH�WKH�VRXUFH�OLEUDU\�DYDLODEOH���,Q�WKDW�FDVH��\RX�QHHG�WR�DGG�
WKDW�OLEUDU\�E\�FOLFNLQJ�RQ�³$GG�/LEUDU\«´��
�
7UDQVLHQW�DQDO\VLV��
7UDQVLHQW�DQDO\VLV�UXQV�D�VLPXODWLRQ�RI�WKH�FLUFXLW��XVLQJ�VRPHWKLQJ�VLPLODU�WR�WKH�5XQJH�.XWWD�
PHWKRG�XVHG�LQ�0$7/$%¶V�RGH�����7KLV�VLPXODWLRQ�LQFOXGHV�WKH�IXOO�QRQOLQHDU�G\QDPLF�EHKDYLRU�
RI�WKH�FLUFXLW���6RPHWLPHV�\RX�MXVW�ZDQW�WR�VHH�WKH�WUDQVLHQW�EHKDYLRU�RI�D�FLUFXLW�ZKHQ�LW�LV�ILUVW�
WXUQHG�RXW��EXW�DQRWKHU�FRPPRQ�XVH�IRU�WKLV�LV�WR�ILQG�RXW�WKH�UHVSRQVH�RI�WKH�FLUFXLW�WR�VRPH�WLPH�
YDU\LQJ�LQSXW���
�
)RU�DQ�H[DPSOH��FRQVLGHU�WKH�IOXRUHVFHQW�EDOODVW�SUREOHP������LQ�KRPHZRUN�����+HUH¶V�WKH�FLUFXLW�
GUDZQ�LQ�36SLFH��
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7KHUH�DUH�WZR�FKDQJHV�UHODWLYH�WR�WKH�RULJLQDO�SUREOHP���)LUVW��WKH�VRXUFH�LQFOXGHV�VRPH�GF�RIIVHW�
�����9����7KDW�PLJKW�KDSSHQ�LI��IRU�H[DPSOH��WKH�FLUFXLW�JHQHUDWLQJ�WKDW�YROWDJH�UDQ�RQ�D�VLQJOH�
SRZHU�VXSSO\��RI�DERXW�����YROWV���UDWKHU�WKDQ�D�VSOLW���������9�VXSSO\���7R�DYRLG�DSSO\LQJ�WKDW�GF�
YROWDJH�WR�WKH�ODPS��ZH¶YH�DGGHG�&���D�GF�EORFNLQJ�FDS��
�
9ROWDJH�VRXUFHV�LQ�WUDQVLHQW�DQDO\VLV���7KHUH�DUH�PDQ\�WLPH�YDU\LQJ�YROWDJH�VRXUFHV�\RX�FDQ�
XVH�LQ�WUDQVLHQW�DQDO\VLV��LQ�DGGLWLRQ�WR�WKH�VDPH�GF�YROWDJH�VRXUFHV�\RX�XVH�LQ�GF�DQDO\VLV���7KHVH�
LQFOXGH���

� 9(;3��H[SRQHQWLDOO\�YDU\LQJ�YROWDJH��
� 938/6(��D�SHULRGLF�SXOVH��
� 93:/��SLHFH�ZLVH�OLQHDU�YROWDJH²\RX�FDQ�FRQVWUXFW�DUELWUDU\�FRPSOLFDWHG�ZDYHIRUPV�

ZLWK�WKLV���
� 96,1��VLQXVRLGDO�YROWDJH���

1RWH�WKDW�µ9$&¶�GRHV�QRW�ZRUN�IRU�WUDQVLHQW�DQDO\VLV���,W�LV�IRU�DF�DQDO\VLV�RQO\���,W�GRHVQ¶W�UHDOO\�
SURGXFH�D�YROWDJH��EXW�MXVW�VSHFLILHV�DQ�LQSXW�IRU�D�WUDQVIHU�IXQFWLRQ���0RUH�RQ�WKDW�ODWHU���,I�\RX�
ZDQW�DQ�DF�YROWDJH��\RX�PXVW�SLFN�D�ZDYHIRUP��SUREDEO\�VLQXVRLGDO��DQG�XVH�96,1���92))�LQ�
96,1�LV�WKH�GF�YROWDJH�FRPSRQHQW��DQG�9$03/�LV�WKH�]HUR�WR�SHDN�DPSOLWXGH��
�



%HIRUH�UXQQLQJ�D�WUDQVLHQW�DQDO\VLV��LW�LV�D�JRRG�LGHD�WR�DSSO\�PDUNHUV�WR�WKH�YROWDJHV�RI�LQWHUHVW���

(LWKHU�ORRN�LQ�WKH�36SLFH���0DUNHUV�PHQX��RU�XVH�WKH� �LFRQ��
�

7KHQ�FUHDWH�D�QHZ�VLPXODWLRQ�SURILOH�� ���DQG�VHOHFW�7LPH�'RPDLQ��WUDQVLHQW���WKH�GHIDXOW����,W�
LV�YHU\�LPSRUWDQW�WR�VHOHFW�WKH�UXQ�WLPH���,I�\RX�VHOHFW�WRR�ORQJ�D�UXQ�WLPH��\RXU�VLPXODWLRQ�ZLOO�
WDNH�D�YHU\�ORQJ�WLPH��WRR�VKRUW�DQG�\RX�ZRQ¶W�VHH�DQ\WKLQJ�KDSSHQLQJ���:H�DUH�XVLQJ�D����N+]�
VLJQDO��ZKLFK�KDV�D�SHULRG�RI����XVHF���6R�WR�JHW�D�IHZ�F\FOHV��,¶OO�XVH�����XVHF��
�
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�
,I�\RX�ZDQW�WR�ILQG�RXW�ZKDW�KDSSHQV�ZKHQ�\RX�ILUVW�WXUQ�WKH�V\VWHP�RQ��\RX�ZDQW�WR�³6NLS�WKH�
LQWLWDO�WUDQVLHQW�ELDV�SRLQW�FDOFXODWLRQ´��+RZHYHU��LI�\RX�ZDQW�WR�VHH�ZKDW�KDSSHQV�LI�D�WUDQVLHQW�
KLWV�DIWHU�\RXU�V\VWHP�LV�DOUHDG\�RQ��\RX�FDQ�XQFKHFN�WKLV��DQG�XVH�WKH�LQLWLDO�ELDV�SRLQW�
FDOFXODWLRQ����
�
7KH�UHVXOW�RI�UXQQLQJ�WKH�VLPXODWLRQ��ZLWK�YROWDJH�PDUNHUV�RQ�WKH�LQSXW�YROWDJH�DQG�WKH�RXWSXW�
YROWDJH�DFURVV�WKH�UHVLVWRU�LV�RQ�WKH�QH[W�SDJH���:H�VHH�WKH�RXWSXW�VKLIWHG�LQ�SKDVH��JUDGXDOO\�
VHWWOLQJ�GRZQ�WR�D�SXUH�DF�YROWDJH�DV�WKH�GF�EORFNLQJ�FDS�FKDUJHV�WR�LWV�VWHDG\�VWDWH�GF�YDOXH���%XW�
LV�LW�XJO\²QRW�VPRRWK���7KDW�LV�EHFDXVH�LW�FRPSXWHG�IHZ�SRLQWV���7KH�DQDO\VLV�LV�FRUUHFW��EXW�WKH�
SORW��ZLWK�VWUDLJKW�OLQHV�GUDZQ�EHWZHHQ�SRLQWV��LV�PLVOHDGLQJ���7R�JHW�PRUH�SRLQWV��DQG�D�VPRRWKHU�
ZDYHIRUP��,�FKDQJHG�WKH�PD[LPXP�VWHS�VL]H�SDUDPHWHU�WR��XVHF���7KH�UHVXOW�LV�WKH�VHFRQG�JUDSK�
RQ�WKH�QH[W�SDJH��
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5HSHDWHG�ZLWK�VPDOOHU�PD[LPXP�VWHS�VL]H�

�
,I�ZH�ZDQWHG�WR�ILQG�RXW�WKH�VLQXVRLGDO�VWHDG\�VWDWH�UHVSRQVH�RI�WKDW�FLUFXLW��ZH�FRXOG�ORRN�DW�WKH�
SKDVH�DQG�DPSOLWXGH�DW�WKH�ODVW�F\FOH��DIWHU�LW�KDV�VHWWOHG�WR�D�VWHDG\�VWDWH���
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$&�DQDO\VLV��
6XSSRVH�ZH�ZDQW�WR�ILQG�RXW�WKH�VLQXVRLGDO�VWHDG\�VWDWH�UHVSRQVH�DW�D�QXPEHU�RI�GLIIHUHQW�
IUHTXHQFLHV��HLWKHU�WR�VHOHFW�RQH�WR�XVH�IRU�RXU�V\VWHP��RU�WR�ILQG�RXW�KRZ�WKH�V\VWHP�ZLOO�UHVSRQG�
WR�GLIIHUHQW�LQSXWV���:H�FRXOG�UXQ�D�VHULHV�RI�WUDQVLHQW�DQDO\VHV�DQG�ORRN�DW�WKH�ILQDO�VWHDG\�VWDWH�
EHKDYLRU�RI�HDFK���:H�PLJKW�KRSH�WKDW�36SLFH�FRXOG�GR�WKDW�DXWRPDWLFDOO\��DQG�SORW�WKH�UHVXOWV�YV��
IUHTXHQF\����63,&(�DQG�36SLFH¶V�DF�DQDO\VLV�GRHV�QRW�GR�WKDW���,QVWHDG��LW�JHWV�\RX�ZKDW�LV�XVXDOO\�
WKH�VDPH�UHVXOW�E\�FDOFXODWLQJ�D�WUDQVIHU�IXQFWLRQ�IURP�LQSXW�WR�RXWSXW��DQG�WKHQ�XVLQJ�WKH�WUDQVIHU�
IXQFWLRQ�WR�FDOFXODWH�IUHTXHQF\�UHVSRQVH��DQG�XVLQJ�WKH�IUHTXHQF\�UHVSRQVH�UHVXOW�WR�SUHGLFW�WKH�
RXWSXW����
�
:K\�ZRXOG�\RX�FDUH�KRZ�LW�FDOFXODWHV�LW��DV�ORQJ�DV�LW�JLYHV�\RX�WKH�DQVZHU"��%HFDXVH�WUDQVIHU�
IXQFWLRQV�DQG�IUHTXHQF\�UHVSRQVH�FDOFXODWLRQV�DVVXPH�WKH�V\VWHP�LV�OLQHDU���7KXV��WKH�DF�DQDO\VLV�
UHVXOW�GRHV�QRW�WHOO�\RX�ZKDW�WKH�V\VWHP�ZLOO�UHDOO\�GR²LW�RQO\�WHOOV�\RX�ZKDW�WKH�V\VWHP�ZRXOG�
GR�LI�LW�ZHUH�OLQHDU�����7KDW�PLJKW�VHHP�XQIRUWXQDWH��EXW�ZKHQ�D�V\VWHP�LV�EHKDYLQJ�QRQOLQHDUO\��
WKH�FRQFHSW�RI�IUHTXHQF\�UHVSRQVH�LV�QRW�YHU\�ZHOO�GHILQHG�DQ\ZD\��VR�\RX�UHDOO\�QHHG�WR�GR�D�
WUDQVLHQW�VLPXODWLRQ�WR�ILQG�RXW�ZKDW�UHDOO\�KDSSHQV��
�
2IWHQ�ZKDW�\RX�ZDQW�WR�NQRZ�DERXW�\RXU�V\VWHP�LV�WKH�JDLQ�DQG�SKDVH�UHVSRQVH���<RX�PD\�QRW�
NQRZ�H[DFWO\�ZKDW�WKH�LQSXW�DPSOLWXGH�IURP��VD\��D�PLFURSKRQH�ZLOO�EH���%XW�\RX�NQRZ�LW�ZLOO�EH�
VPDOO��P9��DQG�\RX�ZDQW�WR�PXOWLSO\�LW�E\�D�JDLQ�RI�������7KHUH¶V�DQ�HDV\�VKRUWFXW�WR�ILQG�RXW�
JDLQ���MXVW�XVH�DQ�LQSXW�VLJQDO�RI���9���7KHQ�WKH�QXPEHU�\RX�JHW�IRU�RXWSXW�LV�DFWXDOO\�WKH�JDLQ���
9HU\�RIWHQ�WKH�YROWDJH�QXPEHUV�RQH�JHWV�DUH�XQUHDOLVWLF���)RU�H[DPSOH��ZLWK�D�JDLQ�RI����\RX�JHW�
����9���)RU�D�FLUFXLW�ZLWK�D����RU���RU�����9�SRZHU�VXSSO\��WKDW�ZRXOG�QRW�EH�SRVVLEOH���%XW�
63,&(�DVVXPHV�HYHU\WKLQJ�LV�OLQHDU�DQG�JLYHV�\RX�WKH�VDPH�JDLQ�RI�����WKDW�\RXU�FLUFXLW�DFWXDOO\�
RQO\�JLYHV�ZLWK�DQ�LQSXW�YROWDJH�EHORZ�D�IHZ�WHQV�RI�P9��
�
7KXV��,�UHFRPPHQG�DOZD\V�XVLQJ�D���9�LQSXW�LQ�DF�DQDO\VLV�LQ�63,&(��EHFDXVH��

� <RX¶OO�JHW�WKH�JDLQ�GLUHFWO\��ZLWKRXW�KDYLQJ�WR�ERWKHU�ZLWK�DGGLWLRQDO�FDOFXODWLRQV��
� <RX¶OO�EH�OHVV�OLNHO\�WR�IRRO�\RXUVHOI�LQWR�WKLQNLQJ�WKDW�\RX�DUH�UHDOO\�VLPXODWLQJ�WKH�

FLUFXLW���<RX�DUH�QRW²\RX�DUH�MXVW�FDOFXODWLQJ�ZKDW�WKH�WUDQVIHU�IXQFWLRQ�ZRXOG�EH�LI�WKH�
FLUFXLW�ZHUH�OLQHDU��

�
)RU�WKH�FLUFXLW�ZH�DUH�XVLQJ�DV�DQ�H[DPSOH��RXU�PRGHO�LV�OLQHDU��DOWKRXJK�WKH�DFWXDO�IOXRUHVFHQW�
ODPS�LV�QRW���VR�ZH�FDQ�XVH�DF�DQDO\VLV�ZLWK�QR�SUREOHP��
�
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7R�GR�WKLV��ZH�QHHG�WR�GHOHWH�WKH�96,1�YROWDJH�VRXUFH��DQG�UHSODFH�LW�ZLWK�D�9$&�YROWDJH�VRXUFH���
7KH�9$&�YROWDJH�VRXUFH�GHILQHV�WKH�LQSXW�SRLQW�ZH�XVH�WR�FDOFXODWH�D�WUDQVIHU�IXQFWLRQ��
�



1H[W��PRGLI\�WKH�VLPXODWLRQ�SURILOH��RU�FUHDWH�D�QHZ�RQH���,�UHFRPPHQG�D�QHZ�RQH��EHFDXVH�WKDW�
DOORZV�\RX�WR�NHHS�WKH�VHWWLQJV�RI�\RXU�WUDQVLHQW�VLPXODWLRQ�LQ�FDVH�\RX�ZDQW�WR�JR�EDFN�WR�WKDW���
7KH�VHWWLQJV��ZLQGRZ�LV�VKRZQ�RQ�WKH�QH[W�SDJH���<RX�PXVW�VHOHFW�D�VWDUW�IUHTXHQF\�DQG�DQ�HQG�
IUHTXHQF\���7KH�GHIDXOW�ORJDULWKPLF�VZHHS�ZLOO�JLYH�\RX�VRPHWKLQJ�OLNH�D�VWDQGDUG�ERGH�SORW�
IRUPDW��
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�
$IWHU�VHWWLQJ�XS�D�VLPXODWLRQ�SURILOH�IRU�DQ�DF�VLPXODWLRQ�SURILOH��WKH�PHQX�XQGHU�36SLFH��
0DUNHUV��LQFOXGHV�$GYDQFHG��XQGHU�ZKLFK�\RX�ZLOO�ILQG�9'%�DQG�93+$6(²WKH�HDVLHVW�ZD\V�WR�
JHQHUDWH�G%�PDJQLWXGH�DQG�SKDVH�SORWV���2IWHQ�LW�LV�EHVW�WR�UXQ�WKH�WZR�SORWV�VHSDUDWHO\��EHFDXVH�
WKH�VFDOH�\RX�ZDQW�IRU�HDFK�LV�OLNHO\�WR�EH�GLIIHUHQW��
�
+HUH¶V�D�SORW�RI�G%�PDJQLWXGH�RI�WKH�ODPS�FLUFXLW���%HFDXVH�WKLV�LQSXW�YROWDJH�ZDV�RQH��WKLV�LV�
UHDOO\�D�SORW�RI�JDLQ���
�
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7UDQVLHQW�DQDO\VLV�YV��$&�DQDO\VLV�

� 8VH�WUDQVLHQW�DQDO\VLV�ZKHQHYHU�\RX�DUH�LQWHUHVWHG�LQ�LQLWLDO�WUDQVLHQWV�RU�UHVSRQVH�WR�
VRPHWKLQJ�RWKHU�WKDQ�D�VLQH�ZDYH��

� 8VH�WUDQVLHQW�DQDO\VLV�ZKHQHYHU�\RX�DUH�LQWHUHVWHG�LQ�ILQGLQJ�RXW�WKH�HIIHFW�RI�
QRQOLQHDULWLHV�LQ�\RXU�FLUFXLW��

� 8VH�DF�DQDO\VLV�ZKHQ�\RX�ZDQW�WR�NQRZ�WKH�ILQDO�VWHDG\�VWDWH�EHKDYLRU�RYHU�D�UDQJH�RI�
IUHTXHQFLHV��DQG�\RX�DUH�KDSS\�LJQRULQJ�DQ\�QRQOLQHDU�HIIHFWV��

�
7UDQVLHQW�DQDO\VLV��

� 8VH�96,1�IRU�VLQXVRLGDO�LQSXWV��
� 6HW�VPDOOHU�PD[LPXP�VWHS�VL]H�LI�WKH�JUDSK�ORRNV�FKRSS\�ZKHUH�LW�VKRXOG�EH�VPRRWK��
� ,I�\RX�ZDQW�WR�XVH�]HUR�LQLWLDO�FRQGLWLRQV��EH�VXUH�WR�VNLS�WKH�LQLWLDO�ELDV�SRLQW�FDOFXODWLRQ�

�FKHFN�WKH�ER[���
� 7KLQN�DERXW�WKH�WLPH�SHULRG�\RX�ZDQW�WR�UXQ�WKH�VLPXODWLRQ�IRU��RWKHUZLVH�LW�PLJKW�WDNH�D�

ORQJ�WLPH��RU�QRW�VKRZ�\RX�DQ\WKLQJ��
�

$&�DQDO\VLV��
� ,�UHFRPPHQG�DOZD\V�XVLQJ���9�LQSXW��WKLV�JLYHV�\RX�JDLQ�DV�WKH�RXWSXW��
� 7KLV�GRHV�QRW�VLPXODWH�WKH�FLUFXLW²LW�MXVW�FDOFXODWHV�D�WUDQVIHU�IXQFWLRQ�DQG�DVVXPHV�WKDW�
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