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7KH�9HUL/RJJHU�VLPXODWRU�XVHV�D�SURMHFW�WR�FRQWURO�VLPXODWLRQ�RSWLRQV��VHW�WKH�ILOHV�WR�EH�VLPXODWHG��DQG�VHW�ZDWFKHV�RQ�
VLJQDOV��YLHZ�VLJQDO�ZDYHIRUPV���7KH�ILUVW�VWHS�LQ�FUHDWLQJ�D�SURMHFW�LV�WR�DGG�9HULORJ�ILOHV�WR�WKH�SURMHFW
V�WUHH�ZLQGRZ��

7R�DGG�D�ILOH�WR�WKH�SURMHFW�

��5LJKW�FOLFN�LQ�WKH�3URMHFW�ZLQGRZ�WR�RSHQ�WKH�FRQWH[W�PHQX��DQG�FKRRVH�WKH�$GG�+'/�)LOH�V��PHQX�RSWLRQ�

��25��FKRRVH�WKH�3URMHFW�!�$GG�+'/�)LOH�V��PHQX�RSWLRQ�

%RWK�RI�WKHVH�IXQFWLRQV�RSHQ�D�ILOH�GLDORJ��'HWHUPLQH�WKH�ILOHV�WKDW�\RX�ZRXOG�OLNH�WR�DGG�WR�WKH�SURMHFW�DQG�FOLFN�
WKH�2SHQ�EXWWRQ�WR�FORVH�WKH�GLDORJ�

1RWLFH�WKDW�WKH�ILOHQDPHV�DUH�OLVWHG�LQ�WKH�3URMHFW�ZLQGRZ��7KH�9HULORJ�VRXUFH�FRGH�FDQ�EH�YLHZHG�E\�GRXEOH�FOLFNLQJ�
RQ�WKH�ILOHQDPH��

6WHS����%XLOG�WKH�3URMHFW
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FRPPDQG�FRPSLOHV�WKH�9HULORJ�ILOHV�DQG�EXLOGV�WKH�9HULORJ�WUHH��,W�GRHV�QRW�UXQ�D�VLPXODWLRQ��)RU�ODUJH�SURMHFWV�EXLOG�
DOORZV�\RX�WR�TXLFNO\�FRQVWUXFW�WKH�WUHH�ZLWKRXW�KDYLQJ�WR�ZDLW�IRU�D�VLPXODWLRQ�WR�UXQ�

7KHUH�DUH�WKUHH�ZD\V�WR�EXLOG�D�SURMHFW�

��3UHVV�WKH�\HOORZ�%XLOG�EXWWRQ�RQ�WKH�VLPXODWLRQ�EXWWRQ�EDU�

��&KRRVH�WKH�6LPXODWH�!�%XLOG�PHQX�RSWLRQ�

��25��3UHVV�WKH��)�!�NH\

2QFH�WKH�SURMHFW�LV�EXLOW�\RX�FDQ�YLHZ�DOO�WKH�PRGXOHV��VLJQDOV��SRUWV��DQG�FRPSRQHQWV�LQ�WKH�9HULORJ�ILOHV��2QH�PRGXOH�
QDPH�ZLOO�EH�VXUURXQGHG�E\�EUDFNHWV���QDPH!!��7KLV�LV�WKH�WRS�OHYHO�PRGXOH�IRU�WKH�SURMHFW��,W�LV�WKH�KLJKHVW�OHYHO�
LQVWDQWLDWHG�FRPSRQHQW��$OO�VXE�PRGXOHV�FDQ�EH�YLHZHG�E\�GHVFHQGLQJ�WKH�WRS�OHYHO�PRGXOH
V�WUHH�

$IWHU�\RX�EXLOG�WKH�SURMHFW��WKH�VLJQDOV�RU�WKH�SRUWV�LQ�WKH�WRS�OHYHO�PRGXOH�DUH�DXWRPDWLFDOO\�DGGHG�WR�WKH�'LDJUDP�
ZLQGRZ��,I�WKH�WRS�OHYHO�PRGXOH�GRHV�QRW�KDYH�SRUW�VLJQDOV��WKH�LQWHUQDO�VLJQDOV�RI�WKH�PRGXOH�DUH�GLVSOD\HG��,I�WKH�WRS�
OHYHO�PRGXOH�KDV�SRUW�VLJQDOV��WKH�RXWSXW�SRUWV�DUH�YLHZHG�DV�SXUSOH�VLJQDOV�DQG�LQSXW�SRUWV�DUH�YLHZHG�DV�EODFN�VLJQDOV��
7KH�EODFN�LQSXW�VLJQDOV�FDQ�EH�HGLWHG�WR�SURYLGH�VWLPXOXV�WR�WKH�WRS�OHYHO�PRGXOH��7KH�ZDYHIRUP�GUDZLQJ�IXQFWLRQV�
DUH�FRYHUHG�LQ�&KDSWHU���RI�WKH�6\QDSWL&$'�PDQXDO�RU�RQ�OLQH�KHOS��

7KH�DELOLW\�WR�GUDZ�ZDYHIRUP�VWLPXOXV�DQG�LPPHGLDWHO\�VLPXODWH�LV�RQH�RI�WKH�XQLTXH�IHDWXUHV�RI�9HUL/RJJHU��,I�WKH�
WRS�OHYHO�PRGXOH�KDV�SRUWV��WKH�SURMHFW�DXWRPDWLFDOO\�ZUDSV�D�WHVW�EHQFK�DURXQG�WKH�WRS�OHYHO�PRGXOH�DQG�FUHDWHV�VLJ�
QDOV�LQ�WKDW�WHVW�EHQFK�WR�GULYH�DQG�ZDWFK�WKH�XVHU¶V�WRS�OHYHO�PRGXOH��7KLV�PDNHV�LW�HDV\�WR�TXLFNO\�WHVW�VPDOO�SDUWV�RI�
D�GHVLJQ�EHIRUH�WKH�GHVLJQ�LV�FRPSOHWH�

6WHS����:DWFK�6LJQDOV�DQG�&RPSRQHQWV�

9HUL/RJJHU�KDV�WZR�PDLQ�RXWSXW�GLVSOD\V�IRU�WKH�UHVXOWV�RI�D�VLPXODWLRQ��7KH�ILUVW�LV�WKH�YHULORJ�ORJ�ILOH�WKDW�FDSWXUHV�
WKH�VLPXODWRU�PHVVDJHV�DQG�DQ\�RXWSXW�IURP�GLVSOD\�VWDWHPHQWV�HPEHGGHG�LQ�WKH�FRGH��7KH�VHFRQG�LV�WKH�'LDJUDP�ZLQ�
GRZ��%\�GHIDXOW��RQO\�WKH�WRS�OHYHO�VLJQDOV�RU�SRUWV�DUH�ZDWFKHG�LQ�WKH�'LDJUDP�ZLQGRZ�



&KDSWHU����$�4XLFN�6WDUW�WR�9HUL/RJJHU����
7R�ZDWFK�VLJQDOV�RI�FRPSRQHQWV�LQVWDQWLDWHG�E\�WKH�WRS�OHYHO�FRPSRQHQW�

��&OLFN�RQ�WKH�SOXV�VLJQ�WR�WKH�OHIW�RI�WKH�WRS�OHYHO�PRGXOH���QDPH!!��7KLV�ZLOO�H[SDQG�WKH�WRS�OHYHO�WUHH�

��&RQWLQXH�WR�RSHQ�WKH�WRS�OHYHO�WUHH�XQWLO�\RX�DUH�DEOH�WR�VHH�D�VLJQDO�RU�FRPSRQHQW�WKDW�\RX�ZRXOG�OLNH�WR�ZDWFK��

��5LJKW�FOLFN�RQ�WKH�VLJQDO�RU�FRPSRQHQW�WR�RSHQ�WKH�FRQWH[W�PHQX�IRU�WKDW�LWHP�

��6HOHFW�WKH�:DWFK�&RQQHFWLRQ�RU�:DWFK�&RPSRQHQW�PHQX�RSWLRQ��7KLV�ZLOO�DGG�WKH�VLJQDO�ZLWK�D�IXOO�SDWK�UHI�
HUHQFH�WR�WKH�'LDJUDP�ZLQGRZ��,I�\RX�DUH�ZDWFKLQJ�D�FRPSRQHQW��WKHQ�DOO�WKH�WRS�OHYHO�VLJQDOV�RI�WKDW�FRP�
SRQHQW�ZLOO�EH�DGGHG�WR�WKH�'LDJUDP�ZLQGRZ�

6WHS����6LPXODWH�WKH�3URMHFW

7R�VLPXODWH�WKH�SURMHFW�

��3UHVV�WKH�5XQ�EXWWRQ��ODUJH�JUHHQ�WULDQJOH��RQ�WKH�VLPXODWLRQ�EXWWRQ�EDU��

��&KRRVH�WKH�6LPXODWH�!�5XQ�PHQX�RSWLRQ�

��25��3UHVV�WKH��)�!�NH\�

2QFH�D�SURMHFW�LV�VLPXODWHG�WKH�ZDYHIRUPV�ZLOO�EH�GLVSOD\HG�LQ�WKH�'LDJUDP�ZLQGRZ��,I�\RX�GR�QRW�ZDQW�WR�FRQWLQXH�
WR�ZDWFK�D�SDUWLFXODU�VLJQDO��OHIW�FOLFN�RQ�WKH�VLJQDO�QDPH�LQ�WKH�'LDJUDP�ZLQGRZ�DQG�SUHVV�WKH��'HOHWH!�NH\�

9HUL/RJJHU�KDV�WZR�VLPXODWLRQ�PRGHV��$XWR�5XQ�DQG�'HEXJ�5XQ�WKDW�GHWHUPLQH�ZKHQ�D�VLPXODWLRQ�LV�SHUIRUPHG��
7KH�FXUUHQW�VLPXODWLRQ�PRGH�LV�GLVSOD\HG�RQ�WKH�OHIWPRVW�EXWWRQ�RQ�WKH�VLPXODWLRQ�EXWWRQ�EDU��,Q�WKH�'HEXJ�5XQ�VLP�
XODWLRQ�PRGH��VLPXODWLRQV�DUH�VWDUWHG�RQO\�ZKHQ�WKH�XVHU�SUHVVHV�WKH�5XQ�RU�6LQJOH�6WHS�EXWWRQV��VLPLODU�WR�D�VWDQGDUG�
9HULORJ�VLPXODWRU���,Q�WKH�$XWR�5XQ�VLPXODWLRQ�PRGH��WKH�VLPXODWRU�ZLOO�DXWRPDWLFDOO\�UXQ�D�VLPXODWLRQ�HDFK�WLPH�D�
ZDYHIRUP�LV�DGGHG�RU�PRGLILHG�LQ�WKH�'LDJUDP�ZLQGRZ��7KLV�PRGH�PDNHV�LW�HDV\�WR�TXLFNO\�WHVW�VPDOO�PRGXOHV�DQG�
GR�ERWWRP�XS�WHVWLQJ��3UHVV�WKH�PRGH�EXWWRQ�WR�WRJJOH�EHWZHHQ�WKH�WZR�VLPXODWLRQ�PRGHV�

9HUL/RJJHU�DOVR�KDV�WZR�VLPXODWLRQ�VWDWHV��6LP�'LDJUDP�	�3URMHFW�DQG�6LP�3URMHFW��WKDW�GHWHUPLQH�ZKDW�LV�VLPXODW�
HG��7KH�6LP�'LDJUDP�	�3URMHFW�PRGH�LQGLFDWHV�WKDW�ERWK�WKH�GLDJUDP�ZDYHIRUPV�DQG�WKH�9HULORJ�VRXUFH�FRGH�VKRXOG�
EH�VLPXODWHG�WRJHWKHU��7KH�6LP�3URMHFW�PRGH�LQGLFDWHV�WKDW�9HULORJ�VRXUFH�FRGH�DQG�WKH�GLDJUDP�VKRXOG�EH�VLPXODWHG�
LQGHSHQGHQWO\�RI�HDFK�RWKHU��,Q�WKLV�PRGH�WKH�6LPXODWLRQ�EXWWRQ�EDU�FRQWUROV�WKH�VLPXODWLRQ�RI�WKH�SURMHFW��DQG�WKH�6LP�
XODWH�'LDJUDP�EXWWRQ�LQ�WKH�6LPXODWLRQ�EXWWRQ�EDU�FRQWUROV�WKH�VLPXODWLRQ�RI�WKH�GLDJUDP��,Q�WKH�6LP�3URMHFW�PRGH�
ZDYHIRUPV�FDQ�QRW�EH�XVHG�DV�VWLPXOXV�WR�GULYH�VLJQDOV�FRQWDLQHG�LQ�WKH�SURMHFW�VRXUFH�FRGH��7KLV�PRGH�OHWV�WKH�XVHU�
SHUIRUP�WLPLQJ�DQDO\VLV�RQ�ZDYHIRUPV�FRQWDLQHG�LQ�WKH�GLDJUDP�ZLWKRXW�LQFXUULQJ�WKH�RYHUKHDG�RI�KDYLQJ�WR�UH�VLPX�
ODWH�WKH�SURMHFW��%\�GHIDXOW��9HUL/RJJHU�VKRXOG�UHPDLQ�LQ�WKH�6LP�'LDJUDP�	�3URMHFW�PRGH�VR�WKDW�WKH�ZDYHIRUPV�
DUH�XVHG�WR�VWLPXODWH�WKH�SURMHFW�

6WHS����'HEXJ�WKH�3URMHFW

,Q�9HUL/RJJHU�WKHUH�DUH�WZR�SODFHV�WR�FKHFN�WKH�VWDWXV�RI�\RXU�VLPXODWLRQ��7KH�VLPXODWLRQ�VWDWXV�LQGLFDWRU�RQ�WKH�EXWWRQ�
EDU�DQG�WKH�VWDWXV�EDU�LQ�WKH�ORZHU�ULJKW�FRUQHU�ERWK�GLVSOD\�VXFFHVV�IDLOXUH�LQIRUPDWLRQ�DERXW�WKH�ODVW�VLPXODWLRQ��,I�
6LPXODWLRQ�(UURU�RU�&RPSLOH�(UURU�DUH�GLVSOD\HG�RQ�WKH�EXWWRQ��WKHQ�WKHUH�LV�DQ�HUURU�LQ�WKH�9HULORJ�VRXUFH�FRGH�ILOHV�
LQ�WKH�SURMHFW�

,I�\RXU�VLPXODWLRQ�IDLOV��WKHUH�DUH�WZR�GLIIHUHQW�ILOHV�LQ�WKH�5HSRUW�ZLQGRZ�\RX�FDQ�FKHFN�WR�ILQG�RXW�ZK\�WKH�VLPXODWLRQ�
IDLOHG��7KH�ILUVW�ILOH�LV�WKH�YHULORJ�ORJ�ILOH��7KLV�ILOH�GLVSOD\V�DOO�WKH�DYDLODEOH�LQIRUPDWLRQ�DERXW�WKH�FXUUHQW�VLPXODWLRQ��
7KH�VHFRQG�SODFH�LV�WKH�(UURU�WDE�LQ�WKH�5HSRUW�ZLQGRZ��7KLV�WDE�GLVSOD\V�WKH�HUURUV�LQ�D�PRUH�FRQFLVH�PDQQHU�



&KDSWHU����$�4XLFN�6WDUW�WR�9HUL/RJJHU����
7R�MXPS�WR�D�SDUWLFXODU�HUURU�

��3UHVV�WKH�(UURU�WDE�LQ�WKH�5HSRUW�ZLQGRZ�WR�GLVSOD\�WKH�(UURU�ZLQGRZ�

��'RXEOH�FOLFN�RQ�DQ�HUURU��7KLV�ZLOO�RSHQ�WKH�RIIHQGLQJ�ILOH�LQ�WKH�(GLWRU�ZLQGRZ�DQG�SODFH�WKH�FXUVRU�DW�WKH�HUURU�
OLQH�

,I�\RX�KDYH�XVHG�WKH�LQWHUDFWLYH�VLPXODWLRQ�IHDWXUHV��VXFK�DV�GLUHFW�HQWU\�RI�%RROHDQ�HTXDWLRQV�LQ�WKH�6LJQDO�3URSHUWLHV�
GLDORJ��WKHQ�D�WKLUG�ILOH��ZDYHSHUO�HUU��ZLOO�KHOS�\RX�ORFDWH�DQ\�HUURUV��7KLV�ILOH�LV�FRYHUHG�LQ�WKH�:DYH)RUPHU�3UR�
GRFXPHQWDWLRQ�

6WHS����8VH�%UHDNSRLQWV�DQG�6LQJOH�6WHS�'HEXJJLQJ�7HFKQLTXHV

9HUL/RJJHU�VXSSRUWV�JUDSKLFDO�EUHDNSRLQWV��VLQJOH�VWHS�GHEXJJLQJ��DQG��GLVSOD\�VWDWHPHQWV��

7R�GHILQH�EUHDNSRLQWV�LQ�WKH�FRGH�

��2SHQ�WKH�9HULORJ�ILOH�LQ�DQ�HGLWRU�ZLQGRZ��HLWKHU�E\�GRXEOH�FOLFNLQJ�LQ�WKH�SURMHFW�ZLQGRZ�RU�E\�FKRRVLQJ�WKH�
(GLWRU�!�2SHQ�+'/�6RXUFH�PHQX�RSWLRQ�

��,Q�WKH�(GLWRU�ZLQGRZ��QRWLFH�WKH�EODFN�VWULS�WR�WKH�OHIW�RI�WKH�VRXUFH�FRGH��7KLV�LV�WKH�EUHDNSRLQW�ZLQGRZ�

��/HIW�FOLFN�RQ�WKH�EUHDNSRLQW�ZLQGRZ�DW�WKH�OLQH�RI�FRGH�WKDW�\RX�ZLVK�WR�VWRS�WKH�VLPXODWLRQ��7KLV�ZLOO�GR�WZR�
WKLQJV��ILUVW��D�UHG�GRW�ZLOO�EH�DGGHG�WR�WKH�EUHDNSRLQW�HGLWRU�ZLQGRZ��VHFRQG��WKH�EUHDNSRLQW�ZLOO�EH�OLVWHG�LQ�
WKH�EUHDNSRLQW�WDE�LQ�WKH�5HSRUW�ZLQGRZ��

1RWH��%UHDNSRLQWV�FDQ�EH�UHPRYHG�E\�FOLFNLQJ�RQ�WKHP�LQ�WKH�HGLWRU�ZLQGRZ�

7KHUH�DUH�WZR�VLQJOH�VWHS�EXWWRQV�

�7KH�6WHS�RYHU�&DOOV�EXWWRQ�KDV�WZR�PHGLXP�VL]H�WULDQJOHV�RQ�LW�WR�LQGLFDWH�WKDW�\RX�DUH�VWHSSLQJ�WR�WKH�QH[W�
OLQH�RI�FRGH�DW�WKH�FXUUHQW�OHYHO��

�7KH�6WHS�LQWR�&DOOV�EXWWRQ�KDV�D�VPDOO�WULDQJOH�EHWZHHQ�WZR�PHGLXP�VL]HG�WULDQJOHV�RQ�LW�WR�LQGLFDWH�WKDW�\RX�
DUH�JRLQJ�WR�VWHS�LQWR�WKH�QH[W�OHYHO�RI�FRGH�

,W�LV�EHVW�WR�XVH�WKH�VLQJOH�VWHS�EXWWRQV�LQ�FRQMXQFWLRQ�ZLWK�EUHDNSRLQWV��VR�WKDW�LI�\RX�VWHS�LQWR�D�ORRS�\RX�FDQ�XVH�WKH�
5XQ�EXWWRQ�WR�VLPXODWH�WR�WKH�QH[W�EUHDNSRLQW�

7KHUH�DUH�DOVR�WKUHH�RWKHU�EXWWRQV�WKDW�ZLOO�KHOS�\RX�GHEXJ�\RXU�VLPXODWLRQ�

�7KH�6WRS�EXWWRQ�VWRSV�WKH�FXUUHQW�VLPXODWLRQ�

�7KH�5HVWDUW�EXWWRQ�VWRSV�WKH�FXUUHQW�VLPXODWLRQ�DQG�FOHDUV�WKH�'LDJUDP�ZLQGRZ��,W�VHWV�WKH�VLPXODWLRQ�WR�
H[HFXWH�WKH�ILUVW�VWDWHPHQW�LQ�WKH�SURMHFW�ZKHQ�WKH�UXQ�RU�VLQJOH�VWHS�EXWWRQV�DUH�SUHVVHG�

�7KH�*RWR�EXWWRQ�RSHQV�DQ�HGLWRU�ZLQGRZ�DQG�GLVSOD\V�WKH�FXUUHQWO\�H[HFXWLQJ�OLQH�RI�+'/�FRGH��

9HUL/RJJHU�DOVR�VXSSRUWV�WKH�9HULORJ��GLVSOD\�VWDWHPHQWV��2XWSXW�IURP�WKHVH�VWDWHPHQWV�JRHV�GLUHFWO\�WR�WKH�YHU�
LORJ�ORJ�ILOH�GLVSOD\HG�LQ�WKH�5HSRUW�ZLQGRZ�



&KDSWHU����$�4XLFN�6WDUW�WR�9HUL/RJJHU����
6WHS����6DYH�WKH�3URMHFW��&RGH��DQG�:DYHIRUP�)LOHV�

,Q�9HUL/RJJHU�WKHUH�DUH�WKUHH�W\SHV�RI�ILOHV�DVVRFLDWHG�ZLWK�D�9HULORJ�SURMHFW��

��3URMHFW�ILOHV�KDYH�DQ�H[WHQVLRQ�RI�+3-�DQG�DUH�VDYHG�E\�XVLQJ�WKH�3URMHFW�!�6DYH�+'/�3URMHFW�PHQX�RSWLRQ��
7KLV�VDYHV�WKH�ILOH�OLVW�DQG�VLPXODWLRQ�RSWLRQV��,W�GRHV�QRW�VDYH�WKH�ZDWFK�VHWWLQJV�

��+'/�6RXUFH�FRGH�ILOHV�XVXDOO\�KDYH�DQ�H[WHQVLRQ�RI�9�DQG�DUH�VDYHG�E\�VHOHFWLQJ�WKH�HGLWRU�ZLQGRZ�DQG�FKRRVLQJ�
WKH�(GLWRU�!�6DYH�+'/�&RGH�PHQX�RSWLRQ�

��:DYHIRUP�GLDJUDP�ILOHV�KDYH�DQ�H[WHQVLRQ�RI�7,0�DQG�DUH�VDYHG�XVLQJ�WKH�)LOH�!�6DYH�7LPLQJ�'LDJUDP�PHQX�
RSWLRQ��7KLV�ILOH�VDYHV�DQ\�ZDWFKHG�VLJQDOV�

6DYLQJ�ZDWFKHG�VLJQDOV�LQ�D�VHSDUDWH�ILOH�DOORZV�\RX�WR�EXLOG�VHYHUDO�GLIIHUHQW�WHVW�FDVHV�VR�\RX�FDQ�FRPSDUH�DQG�FRQ�
WUDVW�IXWXUH�VLPXODWLRQ�UHVXOWV�



&KDSWHU����3URMHFW�)XQFWLRQV����
9HUL/RJJHU�3UR�XVHV�D�SURMHFW�WR�OLVW�WKH�ILOHV�WR�EH�VLPXODWHG��VHW�ZDWFKHV�RQ�VLJQDOV��YLHZ�VLJQDO�ZDYHIRUPV���DQG�
VWRUH�VLPXODWLRQ�RSWLRQV��

����2SHQLQJ��6DYLQJ��DQG�6WDUWLQJ�1HZ�3URMHFWV

3URMHFWV�DUH�RSHQHG�DQG�VDYHG�XVLQJ�WKH�3URMHFW�PHQX�RSWLRQV��%\�GHIDXOW��9HUL/RJJHU�RSHQV�ZLWK�D�QHZ�XQWLWOHG�
SURMHFW�

7R�RSHQ�DQ�H[LVWLQJ�SURMHFW������

��6HOHFW�WKH�3URMHFW�!�2SHQ�+'/�3URMHFW�PHQX�RSWLRQ��7KLV�RSHQV�WKH�2SHQ�3URMHFW�)LOH�GLDORJ�ZKHUH�\RX�FDQ�
VHOHFW�D�SURMHFW�ILOH�WR�RSHQ�

7R�VDYH�DQ�RSHQ�SURMHFW�

��6HOHFW�WKH�3URMHFW�!�6DYH�+'/�3URMHFW�PHQX�RSWLRQ�WR�RSHQ�D�6DYH�GLDORJ��%\�GHIDXOW��SURMHFW�ILOHQDPHV�KDYH�
DQ�H[WHQVLRQ�RI�+3-�

7R�FOHDU�WKH�FXUUHQW�SURMHFW�DQG�VWDUW�D�QHZ�SURMHFW�

��6HOHFW�WKH�3URMHFW�!�1HZ�+'/�3URMHFW�PHQX�RSWLRQ��<RX�ZLOO�EH�DVNHG�VHYHUDO�TXHVWLRQV�DERXW�VDYLQJ�WKH�ILOHV�
WKDW�DUH�FXUUHQWO\�RSHQ�DQG�WKHQ�D�QHZ�SURMHFW�ZLOO�EH�FUHDWHG�

����$GGLQJ�)LOHV�DQG�%XLOGLQJ�WKH�3URMHFW

7KH�ILUVW�VWHS�LQ�FUHDWLQJ�D�SURMHFW�LV�WR�DGG�9HULORJ�ILOHV�WR�WKH�SURMHFW
V�WUHH�ZLQGRZ��

7R�DGG�D�ILOH�WR�WKH�SURMHFW�

��5LJKW�FOLFN�LQ�WKH�3URMHFW�ZLQGRZ�WR�RSHQ�WKH�FRQWH[W�PHQX��DQG�VHOHFW�WKH�$GG�+'/�)LOH�V��PHQX�RSWLRQ�

��25��FKRRVH�WKH�3URMHFW�!�$GG�+'/�)LOH�V��PHQX�RSWLRQ�

��%RWK�RI�WKHVH�IXQFWLRQV�RSHQ�D�)LOH�GLDORJ��6HOHFW�RQH�RU�PRUH�ILOHV�WR�DGG�WR�WKH�SURMHFW�DQG�FOLFN�WKH�2SHQ�EXWWRQ�
WR�FORVH�WKH�GLDORJ�

:KHQ�ILOHV�DUH�ILUVW�DGGHG�WR�WKH�SURMHFW��\RX�FDQ�VHH�WKH�ILOHQDPH�EXW�\RX�FDQQRW�VHH�D�KLHUDUFKLFDO�YLHZ�RI�WKH�PRGXOHV�
LQVLGH�WKH�ILOHV��7R�YLHZ�WKH�LQWHUQDO�PRGXOHV�RQ�WKH�SURMHFW�WUHH�\RX�PXVW�ILUVW�EXLOG�RU�UXQ�D�VLPXODWLRQ��7KH�EXLOG�
FRPPDQG�FRPSLOHV�WKH�9HULORJ�ILOHV�DQG�EXLOGV�WKH�9HULORJ�WUHH��,W�GRHV�QRW�UXQ�D�VLPXODWLRQ��)RU�ODUJH�SURMHFWV��EXLOG�
DOORZV�\RX�WR�TXLFNO\�FRQVWUXFW�WKH�WUHH�ZLWKRXW�KDYLQJ�WR�ZDLW�IRU�D�VLPXODWLRQ�WR�UXQ��

7KHUH�DUH�WKUHH�ZD\V�WR�EXLOG�D�SURMHFW�

��3UHVV�WKH�\HOORZ�%XLOG�EXWWRQ�RQ�WKH�VLPXODWLRQ�EXWWRQ�EDU�

��6HOHFW�WKH�6LPXODWH�!�%XLOG�PHQX�RSWLRQ�

��25��SUHVV�WKH��)�!�NH\

$IWHU�WKH�SURMHFW�LV�EXLOW�\RX�FDQ�YLHZ�DOO�WKH�PRGXOHV��VLJQDOV��SRUWV��DQG�FRPSRQHQWV�LQ�WKH�9HULORJ�ILOHV��2QH�PRGXOH�
QDPH�ZLOO�EH�VXUURXQGHG�E\�EUDFNHWV���QDPH!!��7KLV�LV�WKH�WRS�OHYHO�PRGXOH�IRU�WKH�SURMHFW��7KH�WRS�OHYHO�PRGXOH�LV�
WKH�KLJKHVW�OHYHO�LQVWDQWLDWHG�FRPSRQHQW��$OO�VXE�PRGXOHV�FDQ�EH�YLHZHG�E\�GHVFHQGLQJ�WKH�WRS�OHYHO�PRGXOH
V�WUHH�



&KDSWHU����3URMHFW�)XQFWLRQV�����
����8VLQJ�WKH�3URMHFW�7UHH�&RQWURO�

7KH�3URMHFW�7UHH�FRQWURO�LV�XVHG�WR�LQYHVWLJDWH�WKH�KLHUDUFKLFDO�VWUXFWXUH�RI�WKH�9HULORJ�FRPSRQHQWV��YLHZ�VRXUFH�FRGH��
DQG�VHW�ZDWFKHV�RQ�VLJQDOV��(DFK�QRGH�LQ�WKH�WUHH�KDV�D�FRQWH[W�VHQVLWLYH�SRS�XS�PHQX�WKDW�FDQ�EH�RSHQHG�E\�ULJKW�FOLFN�
LQJ�RQ�WKH�QRGH��7KH�IROORZLQJ�IXQFWLRQV�GHVFULEH�WKH�JHQHUDO�YLHZLQJ�IHDWXUHV�RI�WKH�WUHH�FRQWURO�

9LHZLQJ�VRXUFH�FRGH�

��7R�RSHQ�D�9HULORJ�ILOH��GRXEOH�FOLFN�RQ�D�ILOHQDPH�WR�RSHQ�WKH�ILOH�LQ�D�QHZ�HGLWRU�ZLQGRZ

��7R�VHH�WKH�GHFODUDWLRQ�RI�D�VLJQDO�RU�FRPSRQHQW��GRXEOH�FOLFN�RQ�WKH�VLJQDO�RU�FRPSRQHQW�WR�MXPS�WR�WKH�GHF�
ODUDWLRQ�LQ�WKH�+'/�VRXUFH�FRGH�

([SDQGLQJ�RU�KLGLQJ�EUDQFKHV�RI�D�WUHH�

��&OLFN� �RU� �WR�H[SDQG�RU�FORVH�D�QRGH��7KLV�ZLOO�QRW�RSHQ�VXE�QRGHV�

��7R�H[SDQG�D�QRGH�DQG�DOO�VXE�QRGHV��ULJKW�FOLFN�RQ�D�QRGH�DQG�FKRRVH�([SDQG�,WHP�IURP�WKH�SRS�XS�PHQX�

��7R�KLGH�WKH�HQWLUH�WUHH�H[FHSW�WKH�VHOHFWHG�QRGH�DQG�VXE�QRGHV��ULJKW�FOLFN�RQ�D�QRGH�DQG�FKRRVH�6HW�6WDUWLQJ�
3RLQW�IURP�WKH�SRS�XS�PHQX�

��7R�UHWXUQ�WKH�VWDUWLQJ�SRLQW�WR�WKH�ILOH�OHYHO��FKRRVH�5HVHW�6WDUWLQJ�3RLQW�IURP�WKH�ULJKW�FOLFN�SRS�XS�PHQX�

����:DWFKLQJ�6LJQDOV�DQG�&RPSRQHQWV�

7KH�3URMHFW�ZLQGRZ�LV�XVHG�WR�PDUN�VLJQDOV�WR�EH�ZDWFKHG�LQ�WKH�'LDJUDP�ZLQGRZ��7R�PD[LPL]H�VLPXODWLRQ�VSHHG��
9HULORJ�VLPXODWRUV�GR�QRW�DXWRPDWLFDOO\�VWRUH�VLJQDO�WUDQVLWLRQ�WLPHV�XQOHVV�D�VLJQDO�LV�VSHFLILFDOO\�WDJJHG�DV�RQH�WR�
ZDWFK�

7R�VHW�D�VLJQDO��FRPSRQHQW��RU�SRUW�WR�EH�ZDWFKHG�

��([SDQG�WKH�WUHH�XQWLO�\RX�ORFDWH�WKH�VLJQDO�RU�FRPSRQHQW�WKDW�\RX�ZRXOG�OLNH�WR�ZDWFK�

��5LJKW�FOLFN�RQ�WKH�FRPSRQHQW�WR�RSHQ�WKH�FRQWH[W�PHQX�IRU�WKDW�LWHP�

��&KRRVH�RQH�RI�WKH�:DWFK�PHQX�RSWLRQV��7KH�ZDWFK�PHQX�RSWLRQV�YDU\�DFFRUGLQJ�WR�ZKDW�W\SH�RI�REMHFW�LV�VH�
OHFWHG�



&KDSWHU����3URMHFW�)XQFWLRQV�����
��1RWLFH�WKDW�RQH�RU�PRUH�VLJQDO�QDPHV�KDYH�EHHQ�DGGHG�WR�WKH�'LDJUDP�ZLQGRZ��7KH�IXOO�SDWK�QDPH�RI�WKH�VLJQDO�
LV�XVHG�LQ�WKH�'LDJUDP�ZLQGRZ��7KH�ZDYHIRUP�GDWD�ZLOO�EH�GLVSOD\HG�DIWHU�WKH�QH[W�VLPXODWLRQ�UXQ�

:DWFKLQJ�D�VLJQDO�LQ�D�VSHFLILF�LQVWDQFH�RI�D�PRGXOH��0RVW�RI�WKH�WLPH�\RX�ZLOO�ZDQW�WR�H[SDQG�WKH�WUHH�VWDUWLQJ�IURP�
WKH�WRS�OHYHO�PRGXOH���QDPH!!���%\�H[SDQGLQJ�IURP�WKH�WRS�OHYHO�WUHH�\RX�ZLOO�EH�DEOH�WR�ZDWFK�VLJQDOV�LQ�VSHFLILF�
LQVWDQFHV�RI�D�PRGXOH��

:DWFKLQJ�D�VLJQDO�LQ�DOO�LQVWDQFHV�RI�D�PRGXOH��([SDQG�WKH�WUHH��VWDUWLQJ�IURP�WKH�ILOHQDPH�ZKHUH�WKH�PRGXOH�LV�GH�
ILQHG��<RX�FDQ�FKRRVH�WR�ZDWFK�DOO�VLJQDOV�LQ�D�FRPSRQHQW��RU�LQ�ERWK�WKH�FRPSRQHQW�DQG�VXE�FRPSRQHQWV�

$XWRPDWLF�:DWFKHV�LQ�WKH��6LP�'LDJUDP�	�3URMHFW��PRGH��$IWHU�\RX�EXLOG�WKH�SURMHFW��WKH�VLJQDOV�RU�WKH�SRUWV�LQ�
WKH�WRS�OHYHO�PRGXOH�DUH�DXWRPDWLFDOO\�DGGHG�WR�WKH�'LDJUDP�ZLQGRZ��,I�WKH�WRS�OHYHO�PRGXOH�GRHV�QRW�KDYH�SRUW�VLJ�
QDOV��WKH�LQWHUQDO�VLJQDOV�RI�WKH�PRGXOH�DUH�YLHZHG��,I�WKH�WRS�OHYHO�PRGXOH�KDV�SRUW�VLJQDOV��WKH�RXWSXW�SRUWV�DUH�YLHZHG�
DV�SXUSOH�VLJQDOV�DQG�LQSXW�SRUWV�DUH�YLHZHG�DV�EODFN�VLJQDOV��<RX�FDQ�HGLW�WKH�EODFN�LQSXW�VLJQDOV�WR�SURYLGH�VWLPXOXV�
WR�WKH�WRS�OHYHO�PRGXOH��7KH�ZDYHIRUP�GUDZLQJ�IXQFWLRQV�DUH�FRYHUHG�LQ�&KDSWHU���RI�WKH�6\QDSWL&$'�PDQXDO�RU�RQ�
OLQH�KHOS�

1RWH��,Q�WKH�6LP�3URMHFW�PRGH��WKH�WRS�OHYHO�PRGXOH�VLJQDOV�DUH�ZDWFKHG�LQVWHDG�RI�WKH�WRS�OHYHO�PRGXOH�SRUWV�UHJDUG�
OHVV�RI�ZKHWKHU�RU�QRW�SRUWV�H[LVW�LQ�WKH�WRS�OHYHO�PRGXOH��EHFDXVH�WKH�WLPLQJ�GLDJUDP�LV�QRW�EHLQJ�XVHG�WR�JHQHUDWH�
VWLPXOXV�IRU�WKH�SRUWV�

7KH�DELOLW\�WR�GUDZ�ZDYHIRUP�VWLPXOXV�DQG�LPPHGLDWHO\�VLPXODWH�LV�RQH�RI�WKH�XQLTXH�IHDWXUHV�RI�9HUL/RJJHU��,I�WKH�
WRS�OHYHO�PRGXOH�KDV�SRUWV��WKH�SURMHFW�ZUDSV�D�WHVW�EHQFK�DURXQG�WKH�WRS�OHYHO�PRGXOH�DXWRPDWLFDOO\�DQG�FUHDWHV�VLJ�
QDOV�LQ�WKDW�WHVW�EHQFK�WR�GULYH�DQG�ZDWFK�WKH�XVHU¶V�WRS�OHYHO�PRGXOH��7KLV�PDNHV�LW�HDV\�WR�TXLFNO\�WHVW�VPDOO�SDUWV�RI�
D�GHVLJQ�EHIRUH�WKH�GHVLJQ�LV�FRPSOHWH�

7KH�DXWRPDWLF�SRUW�ZDWFKLQJ�IHDWXUH�FDQ�EH�WXUQHG�RII�E\�XQFKHFNLQJ�WKH�*UDE�WRS�OHYHO�VLJQDOV�FKHFNER[�ORFDWHG�LQ�
WKH�3URMHFW�!�3URMHFW�6HWWLQJV�PHQX�

7R�VWRS�ZDWFKLQJ�D�VLJQDO�

��,Q�WKH�'LDJUDP�ZLQGRZ��OHIW�FOLFN�RQ�WKH�VLJQDO�QDPH�WR�VHOHFW�LW�

��3UHVV�WKH��'HOHWH!�NH\�RQ�WKH�NH\ERDUG��<RX�PD\�GHOHWH�WKH�HQWLUH�VLJQDO�LQFOXGLQJ�WKH�DXWRPDWLFDOO\�JHQHUDWHG�
VLJQDO�QDPHV�



&KDSWHU����3URMHFW�)XQFWLRQV�����
����8VLQJ�WKH�3URMHFW�3UHIHUHQFHV�'LDORJ�

7KH�3URMHFW�6HWWLQJV�GLDORJ�GHWHUPLQHV�WKH�VLPXODWRU�UXQ�WLPH�RSWLRQV��7KLV�LQIRUPDWLRQ�LV�VWRUHG�LQVLGH�WKH�SURMHFW�
+3-�ILOH��7R�RSHQ�WKH�3URMHFW�6HWWLQJV�GLDORJ�

��8VH�WKH�3URMHFW�!�3URMHFW�6HWWLQJV�PHQX�RSWLRQ�WR�RSHQ�WKH�3URMHFW�6HWWLQJV�GLDORJ�

7KHUH�DUH�VHYHUDO�VHFWLRQV�LQ�WKH�3URMHFW�6HWWLQJV�GLDORJ�

��7KH�'HOD\�6HWWLQJV�UDGLR�EXWWRQV�GHWHUPLQHV�ZKLFK�GHOD\�YDOXH�LV�XVHG�LQ�PLQ�W\S�PD[�H[SUHVVLRQV��7KLV�LV�
VLPLODU�WR�WKH���PD[GHOD\V���PLQGHOD\V��DQG��W\SGHOD\V�FRPPDQG�OLQH�VLPXODWRU�RSWLRQV�

��7KH�*UDE�WRS�OHYHO�VLJQDOV�FKHFN�ER[�WXUQV�RQ�WKH�DXWRPDWLF�PRQLWRULQJ�RI�SRUWV�RU�LQWHUQDO�VLJQDOV�LQ�WKH�WRS�
OHYHO�PRGXOH�

��7KH�6KRZ�ILOH�WUHH�QRGHV�FKHFN�ER[�DOORZV�ILOHQDPHV�WR�EH�VKRZQ�LQ�WKH�SURMHFW�WUHH�

��7KH�+LGH�HPSW\�OLVWV�FKHFN�ER[�KLGHV�QRGHV�ZLWKRXW�DQ\�OHDI�QRGHV��&KHFNLQJ�WKLV�PDNHV�WKH�SURMHFW�WUHH�PRUH�
UHDGDEOH�

��7KH�&DSWXUH�DQG�6KRZ�:DWFKHG�6LJQDOV�FKHFN�ER[�HQDEOHV�WKH�GLVSOD\�RI�ZDYHIRUP�UHVXOWV�IURP�D�VLPXODWLRQ�
UXQ�

��7KH�'XPS�:DWFKHG�6LJQDOV�FKHFN�ER[�ZLOO�JHQHUDWH�D�GXPS�ILOH�IRU�DQ\�ZDWFKHG�VLJQDOV�LQ�WKH�GLDJUDP��7KH�
JHQHUDWHG�ILOH�ZLOO�KDYH�WKH�VDPH�QDPH�DV�WKH��WLP�ILOH��RQO\�ZLWK�DQ�H[WHQVLRQ�RI��9&'�

��,QFOXGH�'LUHFWRULHV�HGLW�ER[�VSHFLILHV�WKH�GLUHFWRULHV�ZKHUH�9HUL/RJJHU�VHDUFKHV�IRU�LQFOXGHG�ILOHV��7KH�IROORZ�
LQJ�LV�D�:LQGRZV�H[DPSOH��8QL[�XVHUV�VKRXOG�XVH�WKH���VODVKHV��

&�?GHVLJQ?SURMHFW�F�?GHVLJQ?OLEUDU\



&KDSWHU����3URMHFW�)XQFWLRQV�����
��7KH�/LEUDU\�'LUHFWRULHV�HGLW�ER[�OLVWV�WKH�SDWK�DQG�GLUHFWRULHV�ZKHUH�9HUL/RJJHU�VHDUFKHV�IRU�OLEUDU\�ILOHV��9HU�
L/RJJHU�ZLOO�WU\�WR�PDWFK�DQ\�XQGHILQHG�PRGXOHV�ZLWK�WKH�QDPHV�RI�WKH�ILOHV�WKDW�KDYH�RQH�RI�WKH�ILOH�H[WHQ�
VLRQV�OLVWHG�LQ�WKH�/LE�([WHQVLRQV�HGLW�ER[��7KH�VLPXODWRU�GRHV�QRW�ORRN�LQVLGH�D�ILOH�XQOHVV�WKH�XQGHILQHG�
PRGXOH�QDPH�H[DFWO\�PDWFKHV�D�ILOHQDPH��7KH�VLPXODWRU�GRHV�QRW�ORRN�DW�DQ\�ILOHV�XQOHVV�WKHUH�DUH�ILOH�H[WHQ�
VLRQV�OLVWHG�LQ�WKH�/LE�([WHQVLRQV�HGLW�ER[��7KH�IROORZLQJ�LV�D�:LQGRZV�H[DPSOH��8QL[�XVHUV�VKRXOG�XVH�WKH�
��VODVKHV��

&�?GHVLJQ?SURMHFW�F�?GHVLJQ?OLEUDU\

��7KH�/LE�([WHQVLRQV�HGLW�ER[�VSHFLILHV�WKH�ILOHQDPH�H[WHQVLRQ�XVHG�ZKHQ�VHDUFKLQJ�IRU�OLEUDU\�ILOHV�LQ�WKH�OLEUDU\�
GLUHFWRU\��(DFK�OLEUDU\�H[WHQVLRQ�VKRXOG�EHJLQ�ZLWK�WKH�SHULRG�FKDUDFWHU�IROORZHG�E\�WKH�H[WHQVLRQ�QDPH��8VH�
D�VHPLFRORQ�WR�VHSDUDWH�PXOWLSOH�ILOH�H[WHQVLRQV�

�Y��YY

��7KH�/RJILOH�VSHFLILHV�WKH�QDPH�RI�WKH�ORJ�ILOH�ZKLFK�UHFHLYHV�DOO�WKH�VLPXODWLRQ�UHVXOWV�DQG�LQIRUPDWLRQ��%\�GH�
IDXOW�9HUL/RJJHU�XVHV�YHULORJ�ORJ�ILOH�

��7KH�&RPPDQG�/LQH�2SWLRQV�HGLW�ER[�FRQWDLQV�WKH�FRPPDQG�OLQH�HTXLYDOHQWV�IRU�DOO�WKH�RSWLRQV�WKDW�DUH�FKHFNHG�
LQ�WKLV�GLDORJ��:KHQ�WKH�*HQHUDWH�&RPPDQG�)LOH�EXWWRQ�LV�SXVKHG��WKH�WH[W�FRQWDLQHG�LQ�WKH�&RPPDQG�/LQH�
2SWLRQV�HGLW�ER[�DORQJ�ZLWK�WKH�OLVW�RI�9HULORJ�ILOHV�VSHFLILHG�LQ�WKH�SURMHFW�ZLQGRZ�DUH�ZULWWHQ�WR�D�FRPPDQG�
ILOH��7KLV�ILOH�FDQ�WKHQ�EH�XVHG�ZLWK�WKH�&RPPDQG�OLQH�YHUVLRQ�RI�WKH�9HUL/RJJHU�VLPXODWRU�



&KDSWHU����6LPXODWLRQ�DQG�'HEXJJLQJ�)XQFWLRQV�����
2QH�RI�WKH�XQLTXH�IHDWXUHV�RI�9HUL/RJJHU�LV�WKDW�LW�KDV�WZR�VLPXODWLRQ�PRGHV��$XWR�5XQ�DQG�'HEXJ�5XQ��7KH�DFWLYH�
VLPXODWLRQ�PRGH�LV�GLVSOD\HG�RQ�WKH�OHIW�PRVW�EXWWRQ�RQ�WKH�VLPXODWLRQ�EXWWRQ�EDU��,Q�'HEXJ�5XQ�PRGH��VLPXODWLRQV�
DUH�VWDUWHG�RQO\�ZKHQ�WKH�XVHU�SUHVVHV�WKH�5XQ�RU�6LQJOH�6WHS�EXWWRQV��VLPLODU�WR�D�VWDQGDUG�9HULORJ�VLPXODWRU���,Q�
$XWR�5XQ�PRGH�WKH�VLPXODWRU�ZLOO�DXWRPDWLFDOO\�UXQ�D�VLPXODWLRQ�HDFK�WLPH�D�ZDYHIRUP�LV�GUDZQ�RU�FKDQJHG�LQ�WKH�
'LDJUDP�ZLQGRZ��7KLV�PRGH�PDNHV�LW�HDV\�WR�TXLFNO\�WHVW�VPDOO�PRGXOHV�DQG�GR�ERWWRP�XS�WHVWLQJ��3UHVV�WKH�PRGH�
EXWWRQ�WR�WRJJOH�EHWZHHQ�WKH�WZR�VLPXODWLRQ�PRGHV�

9HUL/RJJHU�DOVR�KDV�WZR�VLPXODWLRQ�VWDWHV��6LP�'LDJUDP�	�3URMHFW�DQG�6LP�3URMHFW��7KH�VLPXODWLRQ�VWDWHV�GHWHUPLQH�
ZKDW�LV�VLPXODWHG��7KH�6LP�'LDJUDP�	�3URMHFW�PRGH�LQGLFDWHV�WKDW�ERWK�WKH�GLDJUDP�ZDYHIRUPV�DQG�WKH�9HULORJ�
VRXUFH�FRGH�VKRXOG�EH�VLPXODWHG�WRJHWKHU��7KH�6LP�3URMHFW�PRGH�LQGLFDWHV�WKDW�9HULORJ�VRXUFH�FRGH�DQG�WKH�GLDJUDP�
VKRXOG�EH�VLPXODWHG�LQGHSHQGHQWO\�RI�HDFK�RWKHU��,Q�WKLV�PRGH�WKH�6LPXODWLRQ�EXWWRQ�EDU�FRQWUROV�WKH�VLPXODWLRQ�RI�WKH�
SURMHFW��DQG�WKH�6LPXODWH�'LDJUDP�EXWWRQ�LQ�WKH�6LPXODWLRQ�EXWWRQ�EDU�FRQWUROV�WKH�VLPXODWLRQ�RI�WKH�GLDJUDP��,Q�WKH�
6LP�3URMHFW�PRGH�ZDYHIRUPV�FDQ�QRW�EH�XVHG�DV�VWLPXOXV�WR�GULYH�VLJQDOV�FRQWDLQHG�LQ�WKH�SURMHFW�VRXUFH�FRGH��7KLV�
PRGH�LV�OHWV�WKH�XVHU�SHUIRUP�WLPLQJ�DQDO\VLV�RQ�ZDYHIRUPV�FRQWDLQHG�LQ�WKH�GLDJUDP�ZLWKRXW�LQFXUULQJ�WKH�RYHUKHDG�
RI�KDYLQJ�WR�UH�VLPXODWH�WKH�SURMHFW��%\�GHIDXOW��9HUL/RJJHU�VKRXOG�EH�OHIW�LQ�WKH�6LP�'LDJUDP�	�3URMHFW�PRGH�VR�
WKDW�WKH�ZDYHIRUPV�FDQ�EH�XVHG�WR�VWLPXODWH�WKH�SURMHFW�

����6LPXODWLRQ�%XWWRQ�%DU

7KH�VLPXODWLRQ�DQG�GHEXJJLQJ�IXQFWLRQV�LQ�9HUL/RJJHU�DUH�DFFHVVHG�IURP�WKH�VLPXODWLRQ�EXWWRQ�EDU�ORFDWHG�DW�WKH�WRS�
RI�WKH�PDLQ�ZLQGRZ���

�%XLOG�7HVW�%HQFK���7KLV�LV�D�7HVW%HQFKHU�EXWWRQ��LW�LV�QRW�XVHG�LQ�9HUL/RJJHU�3UR�

�%XLOG���FRPSLOHV�WKH�SURMHFW�ILOHV�DQG�EXLOGV�WKH�9HULORJ�WUHH��,W�GRHV�QRW�UXQ�D�VLPXODWLRQ�

�5XQ�5HVXPH���FRPSLOHV�WKH�ILOHV�DQG�UXQV�D�VLPXODWLRQ��7KLV�EXWWRQ�DOVR�FRQWLQXHV�D�VLPXODWLRQ�ZKHQ�LW�
UHDFKHV�D�EUHDNSRLQW�

�6LQJOH�6WHS�±�6WHS�2YHU�FDOOV���VWHSV�WR�WKH�QH[W�OLQH�RI�FRGH��,W�GRHV�QRW�VWHS�LQWR�IXQFWLRQ�FDOOV�

�6LQJOH�6WHS�±�6WHS�,QWR�DQG�WUDFH�FDOOV���VWHSV�WR�WKH�QH[W�OLQH�RI�FRGH�DQG�DOVR�VHQGV�D�WUDFH�VWDWHPHQW�WR�
WKH�YHULORJ�ORJ�ILOH��7KLV�EXWWRQ�ZLOO�DOVR�VWHS�LQWR�IXQFWLRQ�FDOOV�

�6WRS���VWRSV�WKH�VLPXODWLRQ�DQG�SODFHV�WKH�VLPXODWRU�LQWR�LQWHUDFWLYH�GHEXJJLQJ�PRGH��7KLV�EXWWRQ�LV�RQO\�DF�
WLYH�GXULQJ�D�VLPXODWLRQ�

�5HVWDUW���NLOOV�WKH�FXUUHQW�VLPXODWLRQ��FOHDUV�WKH�'LDJUDP�ZLQGRZ��DQG�UHVWDUWV�WKH�VLPXODWLRQ�DW�WLPH�]HUR��

�*RWR���RSHQV�DQ�HGLWRU�DW�WKH�ODVW�OLQH�RI�FRGH�H[HFXWHG��8VH�WKLV�EXWWRQ�ZKHQ�WKH�VLPXODWLRQ�LV�VWRSSHG�

�7RS�6FRSH�±�FKDQJHV�WKH�LQWHUDFWLYH�VFRSH�IRU�FRQVROH�FRPPDQGV�WR�WKH�VFRSH�RI�WKH�WRS�OHYHO�PRGXOH�



&KDSWHU����6LPXODWLRQ�DQG�'HEXJJLQJ�)XQFWLRQV�����
�/RFDO�6FRSH�±�FKDQJHV�WKH�LQWHUDFWLYH�VFRSH�IRU�FRQVROH�FRPPDQGV�WR�WKH�VFRSH�RI�WKH�ODVW�OLQH�RI�FRGH�WR�EH�
H[HFXWHG�

�([SDQG�WR�/RFDO�6FRSH�±�VHOHFWV�DQG�H[SDQGV�WKH�PRGXOH�QRGH�LQ�WKH�WUHH�FRQWURO�WKDW�FRQWDLQV�WKH�ODVW�OLQH�
H[HFXWHG��

&RQVROH�:LQGRZ��WKH�GURS�GRZQ�HGLW�ER[��DFFHSWV�9HULORJ�FRPPDQGV�DQG�VSHFLDO�VLPXODWRU�FRPPDQGV��0RVW�
RI�WKLV�FKDSWHU�LV�GHGLFDWHG�WR�GHVFULELQJ�WKH�W\SHV�RI�FRPPDQGV�DFFHSWHG�E\�WKH�FRQVROH�ZLQGRZ�

����'LVSOD\LQJ�(UURUV��%UHDNSRLQWV��DQG�5HVXOWV�LQ�WKH�5HSRUW�:LQGRZ�

7KH�5HSRUW�ZLQGRZ�PDQDJHV�VHYHUDO�WDE�ZLQGRZV��WKUHH�RI�ZKLFK�DUH�LPSRUWDQW�WR�VLPXODWLRQ�DQG�GHEXJJLQJ��

7KH�ILUVW�LPSRUWDQW�WDE�LV�WKH�YHULORJ�ORJ�WDE��7KLV�WDE�FRQWDLQV�WKH�GHIDXOW�ORJ�ILOH�IRU�9HUL/RJJHU��$OO�LQIRUPDWLRQ�JHQ�
HUDWHG�E\�WKH�VLPXODWRU��VXFK�DV�FRPSLOHU�PHVVDJHV��DQG�DOO�XVHU�JHQHUDWHG�PHVVDJHV�IURP��GLVSOD\�WDVNV�DQG�WUDFHV�
DUH�VHQW�WR�WKLV�ILOH��'XULQJ�D�VLPXODWLRQ�UXQ�\RX�VKRXOG�ZDWFK�WKH�YHULORJ�ORJ�ILOH�IRU�LPSRUWDQW�PHVVDJHV��&OLFN�RQ�WKH�
YHULORJ�ORJ�WDE�WR�YLHZ�WKLV�ILOH�

7KH�VHFRQG�LPSRUWDQW�WDE�LV�WKH�%UHDNSRLQWV�WDE��7KLV�WDE�OLVWV�WKH�EUHDNSRLQWV�LQ�WKH�FXUUHQW�SURMHFW�

7R�DGG�D�EUHDNSRLQW�WR�D�OLQH�LQ�WKH�VRXUFH�FRGH�

7KH�EUHDNSRLQW�WDE�ZLQGRZ�DOVR�VXSSRUWV�VHYHUDO�PRXVH�RULHQWHG�IHDWXUHV�

��'RXEOH�FOLFNLQJ�RQ�D�EUHDNSRLQW�ZLOO�RSHQ�DQ�HGLWRU�VWDUWLQJ�DW�WKDW�OLQH�LQ�WKH�VRXUFH�FRGH�

��5LJKW�FOLFNLQJ�DQ\ZKHUH�LQ�WKH�WDE�ZLQGRZ�ZLOO�RSHQ�D�PHQX�DOORZLQJ�\RX�WR�DGG��HGLW��RU�GHOHWH�EUHDNSRLQWV�

��/HIW�FOLFNLQJ�RQ�D�UHG�EUHDNSRLQW�EXWWRQ�ZLOO�WRJJOH�LW�EHWZHHQ�DFWLYH�DQG�LQDFWLYH�VWDWHV��$Q�LQDFWLYH�EUHDNSRLQW�
LV�GLVSOD\HG�DV�D�VPDOO�UHG�FLUFOH�DQG�LV�LJQRUHG�LQ�D�VLPXODWLRQ�

7KH�WKLUG�LPSRUWDQW�WDE�LV�WKH�(UURUV�WDE��,I�WKH�FRPSLOHU�GLVFRYHUV�DQ�HUURU��D�PHVVDJH�LV�UHWXUQHG�WR�WKH�YHULORJ�ORJ�
WDE�DQG�WKH�(UURUV�WDE��7KH�YHULORJ�ORJ�WDE�GLVSOD\V�DOO�VLPXODWLRQ�LQIRUPDWLRQ�DQG�ILQGLQJ�D�VSHFLILF�HUURU�FDQ�EH�GLI�
ILFXOW��8VLQJ�WKH�(UURUV�WDE�HQDEOHV�\RX�WR�TXLFNO\�YLHZ�DOO�VLPXODWLRQ�HUURUV��'RXEOH�FOLFNLQJ�RQ�DQ�HUURU�LQ�WKH�(UURUV�
WDE�ZLOO�RSHQ�DQ�HGLWRU�VWDUWLQJ�DW�WKH�OLQH�RI�VRXUFH�FRGH�ZKHUH�WKH�HUURU�ZDV�IRXQG�

��,Q�DQ�HGLWRU�ZLQGRZ��OHIW�FOLFN�RQ�WKH�EODFN�OLQH�RQ�WKH�OHIW�VLGH�
RI�WKH�ZLQGRZ��7KLV�DGGV�D�EUHDNSRLQW��LQGLFDWHG�E\�WKH�UHG�
FLUFOH�RQ�WKH�OLQH��,W�DOVR�DGGV�D�EUHDNSRLQW�OLVWLQJ�WR�WKH�
%UHDNSRLQWV�WDE�LQ�WKH�5HSRUW�ZLQGRZ��

��25��ULJKW�FOLFN�DQ\ZKHUH�LQ�WKH�%UHDNSRLQWV�WDE�ZLQGRZ�DQG�VH�
OHFW�WKH�$GG�%UHDNSRLQW�RSWLRQ�IURP�WKH�SRS�XS�PHQX��
1RWH��,Q�WKH�$GG�%UHDNSRLQW�GLDORJ��HQWHU�WKH�IXOO�SDWK�RI�WKH�
ILOH�LQ�WKH�)LOH��HGLW�ER[��



&KDSWHU����6LPXODWLRQ�DQG�'HEXJJLQJ�)XQFWLRQV�����
����,QWHUDFWLYH�'HEXJJLQJ�LQ�WKH�&RQVROH�:LQGRZ

9HUL/RJJHU�KDV�DQ�LQWHUDFWLYH�FRPPDQG�FRQVROH�WKDW�FDQ�EH�XVHG�WR�HQWHU�9HULORJ�FRPPDQGV�WR�REVHUYH��FRQWURO��DQG�
GHEXJ�WKH�VLPXODWLRQ��7KH�LQWHUDFWLYH�FRPPDQG�FRQVROH�LV�WKH�GURS�GRZQ�HGLW�ER[�ORFDWHG�RQ�WKH�VLPXODWLRQ�EXWWRQ�
EDU��'XULQJ�D�VLPXODWLRQ�\RX�FDQ�HQWHU�D�9HULORJ�FRPPDQG�VXFK�DV��ILQLVK���WR�FRQWURO�WKH�VLPXODWLRQ��RU��GLVSOD\��
�WR�GLVSOD\�WKH�YDOXH�RI�D�YDULDEOH���

7R�XVH�WKH�FRPPDQG�FRQVROH�ZLQGRZ�

��6WRS�WKH�VLPXODWRU�GXULQJ�D�VLPXODWLRQ�UXQ��:KHQ�D�VLPXODWLRQ�LV�VWRSSHG��WKH�VLPXODWLRQ�GLVSOD\�RQ�WKH�VWDWXV�
EDU�WXUQV�EULJKW�JUHHQ�DQG�UHSRUWV�6LPXODWLRQ�6WRSSHG��7KHUH�DUH�IRXU�ZD\V�WR�VWRS�WKH�JUDSKLFDO�VLPXODWRU�
GXULQJ�D�VLPXODWLRQ�UXQ�

���6LQJOH�VWHS�LQWR�D�VLPXODWLRQ�XVLQJ�WKH�JUHHQ�VLQJOH�VWHS�EXWWRQV�

���,QVHUW�D�EUHDNSRLQW�

���3UHVV�WKH�6723�EXWWRQ��XVHIXO�IRU�ORQJ�VLPXODWLRQV��

���(PEHG�D��VWRS�V\VWHP�WDVN�LQ�RQH�RI�\RXU�VRXUFH�FRGH�ILOHV�

��7\SH�D�FRPPDQG�LQWR�WKH�FRQVROH�ZLQGRZ�DQG�SUHVV�WKH��(QWHU!�NH\��

7KH�QH[W�WZR�VHFWLRQV�GHVFULEH�WKH�VLPXODWLRQ�FRQWURO�FRPPDQGV�DQG�WKH�W\SHV�RI�9HULORJ�FRPPDQGV�WKDW�FDQ�EH�HQ�
WHUHG�LQWR�WKH�FRQVROH�ZLQGRZ�

����6LPXODWLRQ�&RQWURO�&RPPDQGV

9HUL/RJJHU�VXSSRUWV�FRPPDQGV�HQWHUHG�LQ�WKH�FRQVROH�ZLQGRZ�WKDW�SHUIRUP�WKH�VDPH�IXQFWLRQV�DV�WKH�VLPXODWLRQ�EXW�
WRQV��2QH�RI�WKH�DGYDQWDJHV�RI�FRQVROH�FRPPDQGV�LV�WKDW�VHYHUDO�FRPPDQGV�FDQ�EH�HQWHUHG�DW�WKH�VDPH�WLPH�

)RU�H[DPSOH�� �ZRXOG�FDXVH�WKH�VLPXODWRU�WR�H[HFXWH�ILYH�OLQHV�RI�FRGH�

9HUL/RJJHU�VXSSRUWV�WKH�IROORZLQJ�FRPPDQGV�

��7R�FRQWLQXH�WKH�VLPXODWLRQ��W\SH�WKH�SHULRG�����FKDUDFWHU��RU�SUHVV�WKH�JUHHQ�5XQ�EXWWRQ�

��7R�VWHS�WR�WKH�QH[W�VWDWHPHQW�LQ�WKH�FRGH��W\SH�WKH�VHPLFRORQ�����FKDUDFWHU��RU�SUHVV�WKH�6WHS�2YHU�EXWWRQ�

��7R�VWHS�DQG�WUDFH��VWHS�WR�WKH�QH[W�VWDWHPHQW�LQ�WKH�FRGH�DQG�JHQHUDWH�D�WUDFH�PHVVDJH�LQ�WKH�YHULORJ�ORJ�ILOH��
W\SH�WKH�FRPPD�����FKDUDFWHU��RU�SUHVV�WKH�6WHS�,QWR�EXWWRQ�

��7R�GLVSOD\�WKH�FXUUHQW�FRGH�OLQH�H[HFXWLRQ���RSHQ�DQ�HGLWRU�ZLQGRZ�DQG�GLVSOD\�WKH�FXUUHQWO\�H[HFXWLQJ�OLQH�RI�
+'/�FRGH��W\SH�WKH�FRORQ�����FKDUDFWHU��RU�SUHVV�WKH�*RWR�EXWWRQ��WKH�PDJQLI\LQJ�JODVV��

��7R�WHUPLQDWH�WKH�VLPXODWLRQ��W\SH�WKH��ILQLVK��FRPPDQG�RU�SUHVV�WKH�UHG�6723�EXWWRQ�

����,QWHUDFWLYH�9HULORJ�&RPPDQGV

,QWHUDFWLYH�9HULORJ�FRPPDQGV�DUH�FRPPDQGV�HQWHUHG�LQ�WKH�FRQVROH�ZLQGRZ�WKDW�DFW�DV�OLQHV�RI�FRGH�DGGHG�WR�WKH�9HU�
LORJ�FRGH�LQ�\RXU�VRXUFH�ILOHV��*HQHUDOO\��DQ\�EHKDYLRUDO�VWDWHPHQW�XVHG�ZLWKLQ�DQ�LQLWLDO�RU�DOZD\V�EORFN�FDQ�EH�HQ�
WHUHG�LQWR�WKH�FRQVROH�ZLQGRZ��6WDWHPHQWV�WKDW�DIIHFW�WKH�SURMHFW�VWUXFWXUDOO\��VXFK�DV�LQVWDQWLDWLQJ�D�PRGHO��DUH�QRW�
DOORZHG��$OO�V\VWHP�WDVNV�DUH�DFFHSWHG�LQ�WKH�FRQVROH�ZLQGRZ�

%HFDXVH�DOO�9HULORJ�FRPPDQGV�UHTXLUH�D�WHUPLQDWLQJ�VHPLFRORQ��WKH�VHPLFRORQ�PXVW�EH�HQWHUHG�LQ�WKH�FRQVROH�ZLQGRZ��
%HORZ�DUH�VRPH�H[DPSOHV�RI�XVHIXO�LQWHUDFWLYH�FRPPDQGV�

��'LVSOD\LQJ�9DULDEOHV��8VH�WKH��GLVSOD\�������V\VWHP�WDVN�WR�YLHZ�D�YDULDEOH
V�FXUUHQW�YDOXH��0DNH�VXUH�WKDW�WKH�
VFRSH�LV�FRUUHFW��$�FRPPRQ�PLVWDNH�LV�WR�YLHZ�D�WUDFH��SDXVH�WKH�VLPXODWLRQ��DQG�W\SH��GLVSOD\��ZLWKRXW�UHDO�
L]LQJ�WKDW�WKH�YDULDEOH�PD\�QRW�EH�LQ�WKH�FXUUHQW�VFRSH��,Q�LQWHUDFWLYH�PRGH��WKH�FXUUHQW�VFRSH�LV�VHW�XVLQJ�WKH�



&KDSWHU����6LPXODWLRQ�DQG�'HEXJJLQJ�)XQFWLRQV�����
VFRSH�EXWWRQV�RU�WKH��VFRSH�V\VWHP�WDVN��%\�GHIDXOW��WKH�VFRSH�LV�VHW�WR�WKH�WRS�OHYHO�PRGXOH��QRW�WKH�VFRSH�DW�
WKH�FXUUHQW�H[HFXWLRQ�OLQH��)RU�H[DPSOH��WKH�IROORZLQJ�VWDWHPHQW�FRXOG�EH�XVHG�WR�YLHZ�WKH�YDULDEOH�LUHJ��

�VFRSH��WRS�FSX��LXQLW��

�GLVSOD\��LUHJ��

���25��WKLV�FDQ�EH�H[SUHVVHG�DV�D�VLQJOH�VWDWHPHQW

�GLVSOD\��WRS�FSX��LXQLW�LUHJ��

$OO�WKH�YDULDEOHV�LQ�D�JLYHQ�VFRSH�FDQ�EH�GLVSOD\HG�XVLQJ�WKH��VKRZYDUV�V\VWHP�WDVN���VKRZYDUV�DOVR�GLVSOD\V�WKH�
LQIRUPDWLRQ�DERXW�ZKHQ�WKH�YDULDEOH�ZDV�ODVW�PRGLILHG��VSHFLILFDOO\��WKH�VLPXODWLRQ�WLPH��WKH�ILOHQDPH��DQG�
WKH�OLQH�QXPEHU�RI�WKH�UHIHUHQFH��

��&KDQJLQJ�9DULDEOHV��8VH�DQ�DVVLJQPHQW�VWDWHPHQW�WR�FKDQJH�D�YDULDEOH
V�YDOXH�

LUHJ� ����EDU�

��9DULDEOH�:DWFKHV��EUHDNSRLQWV���,QWHUDFWLYH�VWDWHPHQWV�FDQ�EH�XVHG�WR�VWRS�WKH�VLPXODWLRQ�ZKHQ�D�SDUWLFXODU�
YDULDEOH��RU�FRPELQDWLRQ�RI�YDULDEOHV��FKDQJHV��)RU�H[DPSOH�

#�WRS�FSX��LXQLW�LUHJ���VWRS�

7KLV�FRGH�ZLOO�FRQWLQXH�WKH�VLPXODWLRQ�XQWLO�WKH�YDULDEOH�FKDQJHV��+RZHYHU��WKLV�VWDWHPHQW�ZLOO�QRW�QHFHVVDULO\�EH�
WKH�ILUVW�VWDWHPHQW�H[HFXWHG�DIWHU�WKH�YDULDEOH�FKDQJHV��'XH�WR�WKH�QRQ�GHWHUPLQDF\�RI�9HULORJ�FRGH�H[HFXWLRQ��
RWKHU�VWDWHPHQWV�VFKHGXOHG�WR�H[HFXWH�DW�WKH�VDPH�WLPH�XQLW�PD\�H[HFXWH�EHIRUH�WKH��VWRS�VWDWHPHQW�LV�SHU�
IRUPHG�

��7LPHG�VLPXODWLRQV��$�VLPXODWLRQ�FDQ�EH�VHW�WR�UXQ�IRU�D�FHUWDLQ�OHQJWK�RI�VLPXODWLRQ�WLPH�XVLQJ�D�GHOD\�DQG�WKH�
�VWRS�GLUHFWLYH��7KH�IROORZLQJ�VWDWHPHQW�VXVSHQGV�DQG�ZDLWV�IRU������VLPXODWLRQ�WLPH�XQLWV�WR�SDVV��$IWHU�
�����WLPH�XQLWV��WKH�VLPXODWLRQ�LV�VWRSSHG�

�������VWRS�

����6\VWHP�7DVNV

6\VWHP�WDVNV�DUH�VSHFLDO�VLPXODWRU�FRPPDQGV�WKDW�FDQ�EH�HPEHGGHG�LQWR�9HULORJ�VRXUFH�FRGH�RU�SDVVHG�WR�WKH�VLPXODWRU�
GXULQJ�D�VLPXODWLRQ�UXQ��'XULQJ�D�VLPXODWLRQ�UXQ��V\VWHP�WDVNV�DUH�HQWHUHG�WKURXJK�HLWKHU�WKH�FRQVROH�ZLQGRZ�RU�WKH�
FRPPDQG�OLQH��GHSHQGLQJ�RQ�ZKLFK�VLPXODWRU�LV�EHLQJ�XVHG��6\VWHP�WDVNV�DUH�VWDQGDUG�9HULORJ�IXQFWLRQV�IRXQG�LQ�D�
9HULORJ�UHIHUHQFH�PDQXDO��7KH�IROORZLQJ�LV�D�OLVW�RI�XVHIXO�V\VWHP�WDVNV�

6LPXODWLRQ�&RQWURO�&RPPDQGV
�ILQLVK�HQGV�WKH�VLPXODWLRQ�

�VWRS�VWRSV�WKH�VLPXODWLRQ�DQG�HQWHUV�WKH�LQWHUDFWLYH�FRPPDQG�PRGH��8VXDOO\�WKLV�FRPPDQG�LV�XVHG�LQ�FRQMXQFWLRQ�
ZLWK�D�GHOD\�VWDWHPHQW�OLNH�����������VWRS�

�ORJ�DQG��QORJ�HQDEOH�DQG�GLVDEOH�WKH�ORJ�ILOH�IRU�WKH�FXUUHQW�VLPXODWLRQ��%\�GHIDXOW��WKH�ORJ�ILOH�LV�HQDEOHG�

�NH\�DQG��QRNH\�HQDEOH�DQG�GLVDEOH�WKH�NH\�ILOH�WKDW�UHPHPEHUV�WKH�NH\VWURNHV�HQWHUHG�DW�UXQWLPH��%\�GHIDXOW��
WKH�NH\�ILOH�LV�FUHDWHG�HYHU\�WLPH�\RX�HQWHU�WKH�LQWHUDFWLYH�VLPXODWLRQ�PRGH�

'HEXJ�&RPPDQGV
�GLVSOD\�IRUPDW6WULQJ�>�DUJXPHQW@�����GLVSOD\V�WKH�YDOXH�RI�D�YDULDEOH��7KH�V\QWD[�LV�VLPLODU�WR�WKH�ISULQWI�VWDWH�

PHQW�LQ�WKH�&�ODQJXDJH�

�VFRSH�VFRSHBSDWK��VHWV�WKH�VFRSH�RI�WKH�LQWHUDFWLYH�VLPXODWRU�

�VKRZYDUV�GLVSOD\V�DOO�WKH�YDULDEOHV�DW�D�JLYHQ�VFRSH�

�VHWWUDFH�DQG��FOHDUWUDFH�HQDEOH�DQG�GLVDEOH�WKH�WUDFH�PRGH�WKDW�GLVSOD\V�HDFK�9HULORJ�VWDWHPHQW�DV�LW�LV�H[HFXWHG�
LQ�WKH�YHULORJ�ORJ�ILOH��5HODWHG�)XQFWLRQ��(QWHULQJ�WKH�FRPPD�����FKDUDFWHU�LQWR�WKH�FRQVROH�RU�FRPPDQG�OLQH�
H[HFXWHV�D�VLQJOH�OLQH�RI�FRGH�DQG�JHQHUDWHV�D�WUDFH�PHVVDJH�LQ�WKH�YHULORJ�ORJ�ILOH��7KLV�LV�FDOOHG�WKH�VWHS�
DQG�WUDFH�PRGH�



&KDSWHU����6LPXODWLRQ�DQG�'HEXJJLQJ�)XQFWLRQV�����
9HUL/RJJHU�9&'�&RPPDQGV
�GXPSILOH��ILOHQDPH���VSHFLILHV�WKH�ZDYHIRUP�GXPS�ILOHQDPH��,I�WKLV�V\VWHP�WDVN�LV�QRW�XVHG��WKH�GHIDXOW�ILOHQD�

PH�LV�YHULORJ�YFG�

�GXPSYDUV�OHYHO��PRGXOH�BRUBVLJQDO���PRGXOH�BRUBVLJQDO��������VSHFLILHV�WKH�VHW�RI�VLJQDOV�WR�SUREH�IRU�ODWHU�
YLHZLQJ��:KHQ��GXPSYDUV�LV�VSHFLILHG�ZLWKRXW�DQ\�DUJXPHQWV��DOO�VLJQDOV�DUH�SUREHG��:KHQ��GXPSYDUV�LV�
VSHFLILHG�ZLWK�DUJXPHQWV��WKH�ILUVW�DUJXPHQW�LQGLFDWHV�KRZ�PDQ\�OHYHOV�EHORZ�HDFK�VSHFLILHG�PRGXOH�LQVWDQFH�
WR�SUREH��(LWKHU�PRGXOHV�RU�VLJQDOV�PD\�EH�VSHFLILHG��:KHQ�WKH�OHYHO�LV�VSHFLILHG�WR�EH����DOO�OHYHOV�EHORZ�WKH�
OLVWHG�PRGXOHV�ZLOO�EH�SUREHG��$OO�VLJQDOV�ZLOO�EH�VDYHG�LQ�D�ILOH�WKDW�FDQ�EH�RSHQHG�DIWHU�WKH�VLPXODWLRQ�LV�
FRPSOHWH�

�GXPSRQ�DQG��GXPSRII�HQDEOH�DQG�GLVDEOH�WKH�9&'�GXPS�IHDWXUHV�

�GXPSDOO�VKRZV�WKH�FXUUHQW�YDOXH�RI�DOO�9&'�YDULDEOHV�

����&RPSLOHU�'LUHFWLYHV

9HUL/RJJHU�VXSSRUWV�DOO�9HULORJ�FRPSLOHU�GLUHFWLYHV��7KHVH�GLUHFWLYHV�FRQWURO�KRZ�D�VLPXODWLRQ�LV�FRPSLOHG��$�FRP�
SOHWH�OLVW�FDQ�EH�IRXQG�LQ�D�9HULORJ�UHIHUHQFH�PDQXDO��

7KH�ILUVW�WKLQJ�\RX�ZLOO�QRWLFH�ZKHQ�ORRNLQJ�DW�WKH�IROORZLQJ�FRPSLOHU�H[DPSOHV��LV�WKDW�DOO�FRPSLOHU�GLUHFWLYHV�EHJLQ�
ZLWK�DQ�DFFHQW�JUDYH��C��FKDUDFWHU��2Q�VWDQGDUG�NH\ERDUGV�WKHUH�DUH�WZR�NH\V�WKDW�ORRN�DOPRVW�WKH�VDPH��WKH�VLQJOH�TXRWH�
�
��DQG�WKH�DFFHQW�JUDYH��C���%H�VXUH�WKDW�\RX�GR�QRW�XVH�WKH�VLQJOH�TXRWH�E\�PLVWDNH�

7KH�IROORZLQJ�LV�D�VKRUW�OLVW�RI�WKH�PRVW�XVHIXO�GLUHFWLYHV�

CWLPHVFDOH�WLPH8QLW���SUHFLVLRQ8QLW���VSHFLILHV�WKH�WLPH�XQLW�DQG�SUHFLVLRQ�RI�WKH�VLPXODWLRQ��7KH�WLPH�XQLW�LV�WKH�
XQLW�RI�PHDVXUHPHQW�IRU�WLPH�YDOXHV�VXFK�DV�WKH�GHOD\�YDOXHV�DQG�VLPXODWLRQ�WLPH��7KH�WLPH�SUHFLVLRQ�VSHFLILHV�
KRZ�9HUL/RJJHU�FRQWUROV�WLPH�YDOXHV�

CWLPHVFDOH���QV����SV

CLQFOXGH�ILOHQDPH�±�DOORZV�WKH�LQVHUWLRQ�RI�WKH�HQWLUH�FRQWHQWV�RI�D�VRXUFH�ILOH�LQWR�DQRWKHU�VRXUFH�ILOH�GXULQJ�FRP�
SLODWLRQ�

CLQFOXGH��FRXQW�Y�

CGHILQH�PDFURQDPH�WH[WVWULQJ���FUHDWHV�PDFURV�IRU�WH[W�VXEVWLWXWLRQ�WKDW�FDQ�EH�XVHG�DQ\ZKHUH�ZLWKLQ�WKH�VRXUFH�
WH[W�

CGHILQH�(;7(1'���

����:DYHIRUP�&RPSDULVRQV

:DYHIRUP�FRPSDULVRQV�JUDSKLFDOO\�GLVSOD\�WKH�GLIIHUHQFHV�EHWZHHQ�FRPSDUHG�ZDYHIRUPV�IRU�WZR�WLPLQJ�GLDJUDPV�RU�
LQGLYLGXDO�VLJQDOV��7KLV�IHDWXUH�LV�H[FHSWLRQDOO\�XVHIXO�FRPSDULQJ�WZR�GLIIHUHQW�VLPXODWLRQ�UXQV��DV�ZHOO�DV�IRU�FRPSDU�
LQJ�ORJLF�DQDO\]HU�GDWD�WR�D�VLPXODWLRQ�UXQ��7KH�VSHFLILF�UHJLRQV�ZKHUH�ZDYHIRUPV�GLIIHU�WXUQ�UHG�ZKHQ�WKH�WZR�ZDYH�
IRUPV�DUH�FRPSDUHG��%\�XVLQJ�WKH�QDYLJDWLRQ�EXWWRQV�RQ�WKH�FRPSDUH�WRROEDU��\RX�ZLOO�EH�DEOH�WR�MXPS�WR�WKH�ILUVW�

CLIGHI�PDFURQDPH

�����YHULORJ�VRXUFH

CHOVH

������YHULORJ�VRXUFH

CHQGLI

&RQGLWLRQDO�FRPSLODWLRQ�GLUHFWLYHV�DOORZ�\RX�WR�VHOHFW�VSHFLILF�SLHFHV�RI�
VRXUFH�FRGH�WR�FRPSLOH�EDVHG�RQ�PDFUR�GHILQLWLRQ��

)RU�H[DPSOH�

CLIGHI�(;7(1'

������GLVSOD\��8VLQJ�H[WHQGHG�PRGH���

CHOVH

������GLVSOD\��8VLQJ�QRUPDO�PRGH���

CHQGLI



&KDSWHU����6LPXODWLRQ�DQG�'HEXJJLQJ�)XQFWLRQV�����
RFFXUUHQFH�DQG�EURZVH�IURP�RQH�GLIIHUHQFH�WR�WKH�QH[W��$�UDQJH�RI�WROHUDQFH�FDQ�EH�SURYLGHG�XVLQJ�WKH�FRPSDUH�VLJQDO�
VHWWLQJV�

:KHQ�FRPSDULQJ�WZR�ZDYHIRUPV��WKH�VLJQDO�QDPHV�PXVW�PDWFK��7KLV�FDQ�EH�DFFRPSOLVKHG�E\�FKDQJLQJ�WKH�QDPHV�RI�
WKH�FRPSDUH�VLJQDOV�LQ�WKH�6LJQDO�3URSHUWLHV�GLDORJ��VHH�EHORZ��RU�E\�HQVXULQJ�WKH�WKDW�VLJQDO�QDPHV�LQ�WKH�WZR�ILOHV�
PDWFK�

&RPSDULQJ�WZR�WLPLQJ�GLDJUDPV

7KH�WLPLQJ�GLDJUDPV�WKDW�DUH�EHLQJ�FRPSDUHG�FDQ�EH�WKH�UHVXOW�RI�WZR�GLIIHUHQW�VLPXODWLRQ�UXQV��RU�RQH�RU�ERWK�FRXOG�
FRQWDLQ�WKH�GDWD�IURP�D�ORJLF�DQDO\]HU��7R�FRPSDUH�WZR�WLPLQJ�GLDJUDPV�

��/RDG�LQ�WKH�ILUVW�WLPLQJ�GLDJUDP��(LWKHU�XVH�WKH�)LOH�!�2SHQ�7LPLQJ�'LDJUDP�PHQX�RSWLRQ�WR�ORDG�D�QHZ�ILOH�
RU�XVH�WKH�FXUUHQW�WLPLQJ�GLDJUDP�

��&KRRVH�WKH�)LOH�!�&RPSDUH�7LPLQJ�'LDJUDP�PHQX�RSWLRQ�WR�ORDG�LQ�WKH�VLJQDOV�WR�EH�FRPSDUHG��7KLV�RSHQV�D�
)LOH�GLDORJ�ZKLFK�OHWV�\RX�VHOHFW�WKH�ILOH�WR�EH�FRPSDUHG��&ORVLQJ�WKLV�GLDORJ�ORDGV�WKH�VHFRQG�VHW�RI�VLJQDOV�
DQG�VHWV�WKHLU�VLJQDO�W\SH�WR�FRPSDUH��$Q\�WZR�VLJQDOV�WKDW�KDYH�PDWFKLQJ�QDPHV�ZLOO�DXWRPDWLFDOO\�EH�FRP�
SDUHG��7KH�FRPSDUH�VLJQDOV�ZLOO�DSSHDU�LQ�UHG�XQGHU�WKH�FRUUHVSRQGLQJ�RULJLKQDO�VLJQDOV��

&RPSDULQJ�WZR�VLJQDOV�LQ�WKH�VDPH�WLPLQJ�GLDJUDP

$�VLJQDO�FDQ�EH�FKDQJHG�WR�D�FRPSDUH�VLJQDO�WR�EH�XVHG�IRU�FRPSDULVRQ��7KLV�PHWKRG�ZRUNV�IRU�ERWK�XQPDWFKHG�VLJQDOV�
LQ�ILOHV�WKDW�\RX�DUH�FRPSDULQJ��RU�IRU�VLJQDOV�WKDW�\RX�KDYH�FUHDWHG�LQ�WKLV�ILOH��$Q\�GLIIHUHQFH�EHWZHHQ�VLJQDOV�WKDW�DUH�
EHLQJ�FRPSDUHG�DSSHDUV�LQ�UHG�RQ�WKH�WLPLQJ�GLDJUDP��0XOWLSOH�SDLUV�RI�ZDYHIRUPV�FDQ�EH�FRPSDUHG�LQ�WKLV�PDQQHU��
7R�FRPSDUH�WZR�VLJQDOV�LQ�WKH�VLJQDOV�PXVW�KDYH�WKH�VDPH�QDPH�DQG�RQH�VLJQDO�PXVW�KDYH�D�VLJQDO�W\SH�RI�FRPSDUH���

��'RXEOH�FOLFN�RQ�WKH�VLJQDO�QDPH�WR�RSHQ�WKH�6LJQDOV�3URSHUWLHV�GLDORJ�

��&KDQJH�WKH�QDPH�RI�WKH�VLJQDO�WR�PDWFK�WKH�VLJQDO�\RX�ZDQW�WR�FRPSDUH�ZLWK��7KLV�ZLOO�QRW�FKDQJH�WKH�VLJQDO�
QDPH�LQ�DQ\�RWKHU�ILOH��RQO\�LQ�WKH�ILOH�WKDW�\RX�DUH�ZRUNLQJ�ZLWK�

��6HOHFW�WKH�&RPSDUH�UDGLR�EXWWRQ�ORFDWHG�LQ�WKH�WRS�SDUW�RI�WKH�GLDORJ��7KLV�PDNHV�WKH�6LJQDOV�3URSHUWLHV�GLDORJ�
GLVSOD\�WKH�WROHUDQFH�FRQWUROV�XVHG�WR�GHILQH�KRZ�WKH�FRPSDUH�ZLOO�EH�GRQH�

��1H[W�SXVK�WKH�&RPSDUH�EXWWRQ�WR�IRUFH�D�FRPSDULVRQ�WR�EH�UXQ�

)LQGLQJ�&RPSDUH�(UURUV

2QFH�\RX�KDYH�PDGH�PRGLILFDWLRQV��\RX�FDQ�FRPSDUH�WKH�WZR�VHWV�RI�VLJQDOV�DJDLQ�E\�FOLFNLQJ�WKH�&RPSDUH�EXWWRQ�RQ�
WKH�FRPSDUH�WRROEDU��IDU�ULJKW�WRROEDU��WKH�&RPSDUH�EXWWRQ�KDV�D�OLJKWQLQJ�EROW�LFRQ���2WKHU�EXWWRQV�RQ�WKH�FRPSDUH�
WRROEDU�DOORZ�\RX�WR�TXLFNO\�ILQG�DQG�PRYH�WR�WKH�GLIIHUHQFHV�WKDW�DUH�ORFDWHG��7KH�WKUHH�EXWWRQV�DUH�

��)LUVW��ZKLFK�PRYHV�WR�WKH�ILUVW�GLIIHUHQFH�WKDW�KDV�RFFXUUHG�

��3UHYLRXV��ZKLFK�PRYHV�EDFN�RQH��DQG

��1H[W��ZKLFK�PRYHV�IRUZDUG�RQH�GLIIHUHQFH�

$GMXVWLQJ�&RPSDULVRQ�7ROHUDQFHV�

5DQJHV�PD\�DOVR�EH�XVHG�IRU�FRPSDULVRQV��,QVWHDG�RI�ORRNLQJ�IRU�FRPSDULVRQV�GLUHFWO\�RQ�DQ�HGJH��\RX�FDQ�DOORZ�D�
WROHUDQFH�ZLWKLQ�D�VHW�UDQJH�RI�WKH�HGJH��7R�VHW�WKH�WROHUDQFH�RQ�D�FRPSDUH�VLJQDO�

��2SHQ�WKH�6LJQDO�3URSHUWLHV�GLDORJ�E\�GRXEOH�FOLFNLQJ�OHIW�RQ�WKH�VLJQDO�QDPH��1RWH��WKH�WROHUDQFH�FDQ�RQO\�EH�VHW�
RQ�WKH�FRPSDUH�VLJQDO�QRW�RQ�WKH�RULJLQDO�VLJQDO�

��6SHFLI\�WKH�WROHUDQFH�UDQJH�SUHYLRXV�WR�WKH�HGJH�E\�W\SLQJ�D�YDOXH�LQWR�WKH��7RO��WH[WER[���7KH�YDOXH�ZLOO�EH�QV��

��6SHFLI\�WKH�WROHUDQFH�UDQJH�DIWHU�WKH�HGJH�E\�W\SLQJ�D�YDOXH�LQWR�WKH��7RO��WH[WER[���7KLV�YDOXH�ZLOO�DOVR�EH�LQ�QV��



&KDSWHU����6LPXODWLRQ�DQG�'HEXJJLQJ�)XQFWLRQV�����
��&OLFN�WKH�2.�EXWWRQ�WR�FORVH�WKH�GLDORJ��1RZ�ZKHQ�\RX�UXQ�WKH�FRPSDULVRQ�D�WROHUDQFH�ZLOO�EH�SURYLGHG�DV�VSHF�
LILHG�

7KH�WROHUDQFH�IRU�PXOWLSOH�VLJQDOV�FDQ�EH�VHW�VLPXOWDQHRXVO\�E\�

��,I�WKH�6LJQDO�3URSHUWLHV�GLDORJ�LV�RSHQ��FORVH�LW���

��/HIW�FOLFN�WKH�VLJQDO�QDPHV��LQ�WKH�VLJQDO�ZLQGRZ�WR�VHOHFW�WKH�VLJQDOV�WR�EH�HGLWHG��1RWLFH�WKDW�HDFK�VLJQDO�FDQ�
EH�VHOHFWHG�LQGLYLGXDOO\�

��5LJKW�FOLFN�RQH�RI�WKH�KLJKOLJKWHG�VLJQDO�QDPHV�DQG�VHOHFW�(GLW�6HOHFWHG�6LJQDO�V��IURP�WKH�SRS�XS�PHQX�

��3URFHHG�ZLWK�VWHSV�RXWOLQHG�DERYH�IRU�HGLWLQJ�VLJQDOV�



&KDSWHU����(GLWRU�)XQFWLRQV�����
9HUL/RJJHU
V�HGLWRU�ZLQGRZV�DUH�DQ�LQWHJUDWHG�SDUW�RI�WKH�VLPXODWLRQ�HQYLURQPHQW��'RXEOH�FOLFNLQJ�LQ�WKH�3URMHFW�7UHH��
(UURUV��RU�%UHDNSRLQWV�ZLQGRZV�ZLOO�RSHQ�DQ�HGLWRU�DQG�GLVSOD\�WKH�UHOHYDQW�VRXUFH�FRGH��7KH�HGLWRU�ZLQGRZV�DUH�DOVR�
XVHG�WR�GLVSOD\�WKH�FXUUHQW�H[HFXWLRQ�OLQH�IRU�VLQJOH�VWHS�GHEXJJLQJ�

$OO�HGLWRU�ZLQGRZV�SURYLGH�FRORU�V\QWD[�HGLWLQJ��VHDUFK��VLQJOH�FOLFN�EUHDNSRLQW�SODFHPHQW��JRWR�OLQHV��DQG�IRQW�FRQ�
WURO��7KH�VLPXODWRU�DXWRPDWLFDOO\�UHFRJQL]HV�ZKHQ�D�ILOH�LV�PRGLILHG�LQ�DQ�HGLWRU�ZLQGRZ��DQG�ZLOO�ZDUQ�\RX�ZKHQ�LW�
QHHGV�WR�EH�VDYHG�

����2SHQLQJ��6DYLQJ��DQG�&UHDWLQJ�1HZ�6RXUFH�&RGH

9HULORJ�VRXUFH�FRGH�ILOHV�DUH�RSHQHG�DQG�VDYHG�XVLQJ�WKH�(GLWRU�PHQX�RSWLRQV��:KHQ�9HUL/RJJHU�VWDUWV�D�QHZ�VLPX�
ODWLRQ��LW�FKHFNV�IRU�DQ\�XQVDYHG�ILOHV�DQG�DXWRPDWLFDOO\�SURPSWV�\RX�WR�VDYH�WKHP��

7R�RSHQ�DQ�H[LVWLQJ�VRXUFH�FRGH�ILOH�XVH�RQH�RI�WKH�IROORZLQJ�PHWKRGV�

��'RXEOH�FOLFN�RQ�WKH�ILOHQDPH�LQ�WKH�3URMHFW�7UHH�FRQWURO�

��25��XVH�WKH�(GLWRU�!�2SHQ�+'/�ILOH�PHQX�RSWLRQ�

7R�FUHDWH�D�QHZ�VRXUFH�FRGH�ILOH�

��6HOHFW�WKH�(GLWRU�!�1HZ�+'/�ILOH�PHQX�RSWLRQ�

7R�VDYH�DQ�RSHQ�VRXUFH�FRGH�ILOH�

��6HOHFW�WKH�(GLWRU�!�6DYH�+'/�ILOH�PHQX�RSWLRQ�WR�RSHQ�D�6DYH�GLDORJ��%\�GHIDXOW��9HULORJ�ILOHQDPHV�KDYH�DQ�
H[WHQVLRQ�RI�Y�

7R�FORVH�WKH�HGLWRU�ZLQGRZ�DQG�VDYH�WKH�VRXUFH�FRGH�

��&KRRVH�WKH�(GLWRU�!�&ORVH�PHQX�RSWLRQ��,I�WKH�ILOH�KDV�EHHQ�DOWHUHG��\RX�ZLOO�EH�SURPSWHG�WR�VDYH�WKH�ILOH�

����'LVSOD\LQJ�RU�)LQGLQJ�D�6SHFLILF�/LQH�RI�&RGH

0RVW�9HUL/RJJHU�GLVSOD\�ZLQGRZV�DUH�OLQNHG�GLUHFWO\�WR�DQ�HGLWRU�ZLQGRZ��PDNLQJ�LW�HDV\�WR�YLHZ�UHOHYDQW�VRXUFH�
FRGH��%HORZ�LV�D�OLVW�RI�ZLQGRZV�DQG�EXWWRQV�WKDW�FDQ�EH�XVHG�WR�MXPS�GLUHFWO\�WR�D�SDUWLFXODU�OLQH�RI�FRGH�

��7KH�(UURUV�WDE�LQ�WKH�5HSRUW�ZLQGRZ�GLVSOD\V�FRPSLODWLRQ�HUURUV��'RXEOH�FOLFN�RQ�DQ�HUURU�WR�RSHQ�DQ�HGLWRU�DQG�
GLVSOD\�WKH�OLQH�ZKHUH�WKH�HUURU�ZDV�IRXQG�

��7KH�%UHDNSRLQWV�WDE�LQ�WKH�5HSRUW�ZLQGRZ�GLVSOD\V�DOO�WKH�EUHDNSRLQWV�LQ�WKH�FXUUHQW�SURMHFW��'RXEOH�FOLFN�RQ�D�
EUHDNSRLQW�WR�RSHQ�DQ�HGLWRU�DQG�GLVSOD\�WKH�OLQH�ZKHUH�WKH�EUHDNSRLQW�LV�ORFDWHG�

��7KH�*RWR�EXWWRQ��WKH�PDJQLI\LQJ�JODVV�RQ�WKH�VLPXODWLRQ�EDU��RSHQV�DQ�HGLWRU�VWDUWLQJ�DW�WKH�ODVW�OLQH�H[HFXWHG��
7KLV�EXWWRQ�LV�RQO\�DFWLYH�GXULQJ�D�VLPXODWLRQ�

��7KH�3URMHFW�7UHH�FRQWURO�GLVSOD\V�DOO�VLJQDOV��SRUWV��DQG�PRGXOHV�XVHG�LQ�WKH�SURMHFW�

7KHUH�DUH�DOVR�VHYHUDO�ZD\V�WR�VHDUFK�IRU�OLQH�QXPEHUV�RU�FKDUDFWHU�VWULQJV�LQ�D�ILOH��8VH�WKH�IROORZLQJ�NH\ERDUG�FRP�
ELQDWLRQV�LQVLGH�DQ�DFWLYH�HGLWRU�ZLQGRZ�WR�ORFDWH�VRXUFH�FRGH�

7R�PRYH�WR�D�VSHFLILF�OLQH�LQ�\RXU�FRGH�

��3UHVV��&WUO!���*�WR�RSHQ�WKH�-XPS�7R�GLDORJ��(QWHU�WKH�OLQH�QXPEHU�WR�YLHZ�



&KDSWHU����(GLWRU�)XQFWLRQV�����
7R�VHDUFK�IRU�D�FKDUDFWHU�VWULQJ�

��3UHVV��&WUO!�)�WR�RSHQ�WKH�6HDUFK�GLDORJ��(QWHU�WKH�FKDUDFWHU�VWULQJ�WR�ORFDWH�

��7R�SHUIRUP�DQRWKHU�VHDUFK��SUHVV�WKH��)�!�NH\�

����8VLQJ�WKH�(GLWRU�3UHIHUHQFHV�'LDORJ

7KH�(GLWRU�3UHIHUHQFHV�GLDORJ�FRQWUROV�WKH�HGLWRU�RSWLRQV��7KLV�LQIRUPDWLRQ�LV�VWRUHG�LQVLGH�WKH�SURMHFW�+3-�ILOH��

7R�RSHQ�WKH�(GLWRU�3UHIHUHQFHV�GLDORJ�

��6HOHFW�WKH�(GLWRU�!�(GLWRU�3UHIHUHQFHV�PHQX�RSWLRQ�

7KHUH�DUH�VHYHUDO�VHFWLRQV�LQ�WKH�(GLWRU�3UHIHUHQFHV�GLDORJ�

����(GLWRU�&XUVRU�&RPPDQGV

7KH�5HSRUW�:LQGRZ�GLVSOD\V�DUH�IXOO�IHDWXUHG�HGLWRU�ZLQGRZV��/LVWHG�EHORZ�DUH�WKH�NH\ERDUG�DQG�PRXVH�FRPPDQGV�
VXSSRUWHG�E\�WKH�HGLWRU�ZLQGRZ�

��7KH�&RORU�+LJKOLJKWLQJ�UDGLR�EXWWRQV�GHWHU�
PLQH�ZKHQ�FRORU�V\QWD[�HGLWLQJ�LV�DFWLYH��%\�
GHIDXOW��WKH�:KHQ�QRW�EXLOGLQJ�RSWLRQ�LV�VH�
OHFWHG�VR�WKDW�WKH�FRORU�V\QWD[�HGLWLQJ�GRHV�
QRW�VORZ�WKH�EXLOG�WLPH�RI�ODUJH�SURMHFWV�

��7KH�&RORU�3ULQWLQJ�FKHFNER[�SULQWV�WKH�VRXUFH�
FRGH�LQ�FRORU��,I�XQFKHFNHG��DOO�FRGH�LV�SULQW�
HG�LQ�EODFN�

��7KH�%DFNJURXQG�&RORU�EXWWRQ�RSHQV�WKH�&RORU�
GLDORJ�DQG�OHWV�\RX�VHW�WKH�EDFNJURXQG�FRORU�
RI�WKH�HGLWRU�ZLQGRZV�

��7KH�)RQW�EXWWRQ�RSHQV�WKH�)RQW�GLDORJ��,Q�WKH�
)RQW�GLDORJ�\RX�FDQ�VHW�WKH�IRQW�W\SH��VL]H��
DQG�FRORU�RI�WKH�WH[W�LQ�WKH�HGLW�ZLQGRZV��

��7KH�7DE�:LGWK�HGLW�ER[�VHWV�WKH�QXPEHU�RI�
VSDFHV�WKDW�D�WDE�FKDUDFWHU�ZLOO�JHQHUDWH��7KH�
GHIDXOW�VHWWLQJ�LV���VSDFHV��RU�LW�FDQ�EH�VHW�WR�
PDWFK�WKH�WDE�ZLGWK�RI�DQ�H[WHUQDO�HGLWRU�

.H\ 3XUSRVH

/HIW�ULJKW�DUURZ 0RYHV�WKH�FXUVRU�RQH�VSDFH�OHIW�RU�ULJKW

8S�GRZQ�DUURZ 0RYHV�WKH�FXUVRU�RQH�OLQH�XS�RU�GRZQ

3DJH�8S 0RYHV�WKH�FXUVRU�RQH�SDJH�XS

3DJH�'RZQ 0RYHV�WKH�FXUVRU�RQH�SDJH�GRZQ

+RPH 0RYH�WR�WKH�EHJLQQLQJ�RI�WKH�FXUUHQW�OLQH

(QG 0RYH�WR�WKH�HQG�RI�WKH�FXUUHQW�OLQH

&WUO�8S 0RYH�WR�WKH�EHJLQQLQJ�RI�WKH�SUHYLRXV�OLQH



&KDSWHU����(GLWRU�)XQFWLRQV�����
&WUO�'RZQ 0RYH�WR�WKH�EHJLQQLQJ�RI�WKH�QH[W�OLQH

&WUO�5LJKW 0RYH�WR�WKH�VWDUW�RI�WKH�QH[W�ZRUG

&WUO�/HIW 0RYH�WR�WKH�VWDUW�RI�WKH�SUHYLRXV�ZRUG

&WUO�3DJH�8S 0RYH�WR�EHJLQQLQJ�RI�ILOH

&WUO�3DJH�'RZQ 0RYH�WR�HQG�RI�ILOH

)� 2SHQV�WKLV�KHOS�ILOH

)� 3ULQW�IURP�ZLQGRZ

6KLIW�)� 3ULQW�RSWLRQV

)� 6HDUFK�IRU�D�ZRUG�RU�SKUDVH

&WUO�)� ,QVHUW�EODQN�OLQH�EHIRUH�FXUUHQW�OLQH

)� 5HSODFH

6KLIW�)� 'HOHWH�FXUUHQW�OLQH

$OW�- -RLQ�OLQHV��UHPRYHV�WKH�QH[W�FDUULDJH�UHWXUQ�

$OW�& %ORFN�FRS\��GXSOLFDWHV�VHOHFWHG�WH[W��DQG�LQVHUWV�LW�DIWHU�VHOHFWLRQ�

$OW�%DFNVSDFH 8QGR

$OW�� 3URWHFWHG�WH[W�WRJJOH��VHOHFWHG�WH[W�FDQQRW�EH�PRGLILHG�ZKLOH�SURWHFWHG�

$OW�� &KDQJH�WKH�FRORU�RI�WKH�VHOHFWHG�WH[W

&WUO�7 7DE

&WUO�$ 6HOHFW�DOO

&WUO�; &XW

&WUO�& &RS\

&WUO�9 3DVWH

&WUO�= 8QGR

&WUO�< 5HGR

&WUO�) 6HDUFK

&WUO�* -XPS�WR�OLQH�



&KDSWHU����(GLWRU�)XQFWLRQV�����
����8VLQJ�DQ�([WHUQDO�(GLWRU

([WHUQDO�HGLWRUV�FDQ�EH�XVHG�ZLWK�9HUL/RJJHU��,I�\RX�XVH�DQ�H[WHUQDO�HGLWRU��PDNH�VXUH�LW�LV�FRQILJXUHG�WR�GHWHFW�ZKHQ�
RWKHU�SURJUDPV�H[WHUQDOO\�PRGLI\�D�ILOH��:KLOH�VLPXODWLQJ�DQG�GHEXJJLQJ�LQ�9HUL/RJJHU��\RX�ZLOO�ZDQW�WR�XVH�WKH�LQ�
WHUQDO�HGLWRUV�WR�PDNH�TXLFN�IL[HV�WR�WKH�FRGH�VR�\RX�FDQ�FRQWLQXH�VLPXODWLQJ��,I�\RXU�HGLWRU�GRHV�QRW�GHWHFW�WKDW�\RX�
KDYH�PRGLILHG�D�ILOH��LW�PD\�RYHUZULWH�\RXU�IL[HV�



&KDSWHU����:DYHIRUPV�DQG�7HVW�%HQFK�*HQHUDWLRQ�����
9HUL/RJJHU
V�'LDJUDP�ZLQGRZ�LV�XVHG�WR�GLVSOD\�VLPXODWLRQ�UHVXOWV�DQG�JUDSKLFDOO\�JHQHUDWH�VWLPXOXV�YHFWRUV��7KLV�
FKDSWHU�GHVFULEHV�WKH�GLIIHUHQW�WHFKQLTXHV�XVHG�WR�JHQHUDWH�DXWRPDWLF�WHVW�EHQFKHV�DUH�KRZ�VLPXODWLRQ�GDWD�LV�GLVSOD\HG�
RU�VWRUHG�

����*URXSLQJ�:DYHIRUPV�IRU�'LIIHUHQW�6LPXODWLRQ�5XQV

,QVWHDG�RI�ZDWFKLQJ�\RXU�HQWLUH�GHVLJQ�HDFK�WLPH�\RX�VLPXODWH��9HUL/RJJHU�OHWV�\RX�FUHDWH�GLIIHUHQW�VHWV�RI�ZDWFKHG�
VLJQDOV��7LPLQJ�GLDJUDP�ILOHV��ILOHV�ZLWK�D��WLP�H[WHQVLRQ��FDQ�EH�XVHG�WR�JURXS�ZDYHIRUPV�WRJHWKHU�IRU�GLIIHUHQW�VLP�
XODWLRQ�UXQV��:DWFKLQJ�VPDOO�VHFWLRQV�RI�\RXU�GHVLJQ�PDNHV�LW�HDVLHU�WR�GHWHFW�EXJV�DQG�VSHHGV�XS�WKH�VLPXODWLRQ�WLPH�

7R�VDYH�D�JURXS�RI�VLJQDOV�LQ�RQH�ILOH�

��,Q�WKH�'LDJUDP�ZLQGRZ��DUUDQJH�WKH�VLJQDOV�WKDW�\RX�ZDQW�WR�JURXS�WRJHWKHU��

��6HOHFW�WKH�)LOH�!�6DYH�$V�PHQX�RSWLRQ�WR�RSHQ�D�GLDORJ�RI�WKH�VDPH�QDPH�

��(QWHU�D�ILOHQDPH�ZLWK�D��WLP�H[WHQVLRQ�DQG�SUHVV�2.�

7R�ORDG�D�VHW�RI�VDYHG�VLJQDOV�

��9HULI\�WKDW�WKH�SURMHFW�LV�RSHQ�DQG�UHDG\�WR�VLPXODWH��

��&KRRVH�WKH�)LOH�!�2SHQ�7LPLQJ�'LDJUDP�PHQX�RSWLRQ�WR�RSHQ�D�GLDORJ�RI�WKH�VDPH�QDPH�

��6HOHFW�\RXU�ILOH�DQG�SUHVV�WKH�2SHQ�EXWWRQ�WR�ORDG�WKH�ZDYHIRUPV�

��<RXU�QH[W�VLPXODWLRQ�ZLOO�GLVSOD\�WKH�YDOXHV�RI�WKH�ZDWFKHG�VLJQDOV�

����$XWRPDWLF�7HVW�%HQFK�*HQHUDWLRQ�DQG�3URMHFW�7UHH�2SWLRQV

$IWHU�\RX�EXLOG�WKH�SURMHFW��WKH�VLJQDOV�RU�WKH�SRUWV�LQ�WKH�WRS�OHYHO�PRGXOH�DUH�DXWRPDWLFDOO\�DGGHG�WR�WKH�'LDJUDP�
ZLQGRZ��,I�WKH�WRS�OHYHO�PRGXOH�GRHV�QRW�KDYH�SRUW�VLJQDOV��WKH�LQWHUQDO�VLJQDOV�DUH�YLHZHG��,I�WKH�WRS�OHYHO�PRGXOH�KDV�
SRUW�VLJQDOV��WKH�RXWSXW�SRUWV�DUH�GLVSOD\HG�DV�SXUSOH�VLJQDOV�DQG�LQSXW�SRUWV�DUH�GLVSOD\HG�DV�EODFN�VLJQDOV��,I�WKH�WRS�
OHYHO�PRGXOH�KDV�SRUWV��WKH�SURMHFW�DXWRPDWLFDOO\�ZUDSV�D�WHVW�EHQFK�DURXQG�WKH�WRS�OHYHO�PRGXOH�DQG�FUHDWHV�VLJQDOV�
LQ�WKDW�WHVW�EHQFK�WR�GULYH�DQG�ZDWFK�WKH�WRS�OHYHO�PRGXOH��7KLV�PDNHV�LW�HDV\�WR�TXLFNO\�WHVW�VPDOO�SDUWV�RI�D�GHVLJQ�
EHIRUH�WKH�GHVLJQ�LV�FRPSOHWH�

7KH�EODFN�LQSXW�VLJQDOV�SURYLGH�VWLPXOXV�WR�WKH�WRS�OHYHO�PRGXOH��,QSXW�VLJQDOV�FDQ�EH�JUDSKLFDOO\�GUDZQ��JHQHUDWHG�E\�
HTXDWLRQV��RU�FRSLHG�IURP�H[LVWLQJ�VLJQDOV��7KLV�DELOLW\�WR�GUDZ�ZDYHIRUP�VWLPXOXV�DQG�LPPHGLDWHO\�SHUIRUP�D�VLPX�
ODWLRQ�LV�RQH�RI�WKH�XQLTXH�IHDWXUHV�RI�9HUL/RJJHU��6HH�WKH�6\QDSWL&$'�XVHU¶V�PDQXDO�RU�WKH�RQ�OLQH�KHOS�IRU�FRPSOHWH�
LQIRUPDWLRQ�RQ�WKH�ZDYHIRUP�GUDZLQJ�DQG�HGLWLQJ�IXQFWLRQV��

,I�\RXU�VLPXODWLRQ�LV�YHU\�ODUJH��LW�FDQ�EHFRPH�FRQVWUDLQHG�E\�WKH�PHPRU\�OLPLWDWLRQV�RI�\RXU�FRPSXWHU��,I�WKLV�RFFXUV��
\RX�FDQ�UHGXFH�9HUL/RJJHU¶V�PHPRU\�UHTXLUHPHQWV�E\�WXUQLQJ�RII�WKH�DXWRPDWLF�WHVW�EHQFK�JHQHUDWLRQ�DQG�SURMHFW�WUHH�
FRQWURO�RSWLRQV��

7R�WXUQ�RII�WKH�DXWRPDWLF�JHQHUDWLRQ�RI�WKH�WHVW�EHQFK��

��,I�XVHU�JHQHUDWHG�VLJQDOV�SURYLGH�VWLPXOXV�IRU�WKH�VLPXODWLRQ��\RX�PXVW�ILUVW�PDQXDOO\�FUHDWH�D�WHVW�EHQFK�PRGHO��
WKHQ�DGG�WKH�PRGHO�WR�WKH�SURMHFW��8VH�WKH�([SRUW�!�([SRUW�6LJQDOV�$V�PHQX�RSWLRQ�WR�PDQXDOO\�FUHDWH�D�
VWLPXOXV�PRGHO��&RPSOHWH�LQIRUPDWLRQ�RQ�WHVW�EHQFK�JHQHUDWLRQ�LV�IRXQG�LQ�&KDSWHU�������([SRUW�RI�9+'/�
DQG�9HULORJ�6WLPXOXV�RI�WKH�6\QDSWL&$'�XVHU¶V�PDQXDO�



&KDSWHU����:DYHIRUPV�DQG�7HVW�%HQFK�*HQHUDWLRQ�����
��1H[W��RSHQ�WKH�6LPXODWLRQ�3UHIHUHQFHV�GLDORJ�E\�XVLQJ�WKH�2SWLRQV�!�6LPXODWLRQ�3UHIHUHQFHV�PHQX�RSWLRQ�

��8QFKHFN�WKH�$XWR�FUHDWH�WHVW�EHQFK�DQG�WUHH�FKHFN�ER[�WR�GLVDEOH�DXWRPDWLF�WHVW�EHQFK�DQG�SURMHFW�WUHH�JHQ�
HUDWLRQ�

����'UDZLQJ�:DYHIRUPV�IRU�6WLPXOXV�*HQHUDWLRQ

,Q�WKH�6LP�'LDJUDP�	�3URMHFW�PRGH��9HUL/RJJHU�FDQ�JHQHUDWH�9HULORJ�VWLPXOXV�FRGH�IRU�VLJQDOV�GUDZQ�LQ�WKH�GLDJUDP�
DQG�XVH�WKDW�FRGH�DV�LQSXWV�WR�WKH�SURMHFW��$IWHU�\RX�EXLOG�WKH�SURMHFW��WKH�VLJQDOV�RU�WKH�SRUWV�LQ�WKH�WRS�OHYHO�PRGXOH�
DUH�DXWRPDWLFDOO\�DGGHG�WR�WKH�'LDJUDP�ZLQGRZ��$Q\�LQSXW�SRUWV�DUH�FRORUHG�EODFN�DQG�FDQ�EH�GUDZQ�RQ�XVLQJ�WKH�WLP�
LQJ�GLDJUDP�HGLWLQJ�IHDWXUHV�DV�GHVFULEHG�LQ�WKH�6\QDSWL&$'�RQ�OLQH�KHOS�DQG�XVHU¶V�PDQXDO��&KDSWHU���6LJQDOV�DQG�
:DYHIRUPV�

,QWHUQDO�6LJQDOV��9HUL/RJJHU�FDQ�DOVR�JHQHUDWH�VWLPXOXV�IRU�LQWHUQDO�VLJQDO�QRGHV��7R�GR�WKLV�MXVW�DGG�WKH�VLJQDO��XVLQJ�
WKH�IXOO�KLHUDUFKLFDO�QDPH��WR�WKH�'LDJUDP�ZLQGRZ��$�TXLFN�ZD\�WR�JHW�KLHUDUFKLFDO�VLJQDO�QDPH�LV�WR�XVH�WKH�3URMHFW�
ZLQGRZ�OLNH�WKLV�

��,Q�WKH�3URMHFW�ZLQGRZ��ULJKW�FOLFN�RQ�WKH�VLJQDO�QDPH�DQG�FKRRVH�:DWFK�PHQX�RSWLRQ�WR�DGG�WKH�QDPH�RI�WKH�
VLJQDO�WR�WKH�GLDJUDP�ZLQGRZ��7KLV�DGGV�WKH�IXOO�VLJQDO�QDPH�WR�WKH�'LDJUDP�ZLQGRZ�EXW�LW�VHWV�WKLV�VLJQDO�XS�
DV�D�SXUSOH�ZDWFK�VLJQDO�

��,Q�WKH�'LDJUDP�ZLQGRZ��GRXEOH�FOLFN�RQ�WKH�VLJQDO�QDPH�WR�RSHQ�WKH�6LJQDO�3URSHUWLHV�GLDORJ�DQG�FKRRVH�WKH�
'ULYH�UDGLR�EXWWRQ�WR�PDNH�WKH�VLJQDO�EODFN�

,QRXW�6LJQDOV��9HUL/RJJHU�FDQ�JUDSKLFDOO\�JHQHUDWH�VWLPXOXV�IRU�LQRXW�SRUWV�DQG�VLPXOWDQHRXVO\�ZDWFK�WKH�SRUW
V�VLP�
XODWHG�RXWSXW�XVLQJ�DQRWKHU�VLJQDO�ZLWK�WKH�VDPH�QDPH��7R�GR�WKLV��DGG�WZR�VLJQDOV�ZLWK�WKH�VDPH�IXOO�KLHUDUFKLFDO�
QDPH��0DNH�RQH�VLJQDO�D�ZDWFK�VLJQDO�DQG�WKH�RWKHU�D�GULYH�VLJQDO��5HPHPEHU�WR�GUDZ�WUL�VWDWH�YDOXHV�RQ�WKH�GULYH�
VLJQDO�ZKHQ�WKDW�VLJQDO�VKRXOG�QRW�EH�GULYLQJ�WKH�LQRXW�SRUW�

����*HQHUDWLQJ�9&'�ILOHV

7KH�9&'�IRUPDW�LV�D�VWDQGDUG�9HULORJ�ILOH�IRUPDW�WKDW�FDQ�EH�XVHG�ZLWK�H[WHUQDO�ZDYHIRUP�YLHZHUV��VWDWLF�WLPLQJ�DQ�
DO\]HUV��RU�9HUL/RJJHU
V�JUDSKLFDO�GLVSOD\��:DWFKHG�VLJQDOV�LQ�9HUL/RJJHU�DUH�GLVSOD\HG�JUDSKLFDOO\��DQG�E\�GHIDXOW�
DUH�127�GXPSHG�WR�D�9&'�ILOH��7ZR�FKHFN�ER[HV�LQ�WKH�3URMHFW�3UHIHUHQFHV�GLDORJ�FRQWURO�WKH�RXWSXW�RI�GDWD�JDWKHUHG�
E\�ZDWFKHG�VLJQDOV�

7R�GHWHUPLQH�WKH�RXWSXW�RI�ZDWFKHG�VLJQDOV�

��6HOHFW�WKH�3URMHFW�!�3URMHFW�3UHIHUHQFHV�GLDORJ�WR�RSHQ�D�GLDORJ�RI�WKH�VDPH�QDPH�

��&KHFN�WKH�&DSWXUH�DQG�6KRZ�ZDWFKHG�VLJQDOV�FKHFNER[�WR�YLHZ�ZDWFKHG�VLJQDOV�LQ�WKH�'LDJUDP�ZLQGRZ�

��&KHFN�WKH�'XPS�ZDWFKHG�VLJQDOV�FKHFNER[�WR�UHWXUQ�GDWD�IURP�ZDWFKHG�VLJQDOV�WR�D�9&'�ILOH�

,W�LV�OHVV�PHPRU\�LQWHQVLYH�WR�GXPS�ILOHV�WKDQ�LW�LV�WR�DFWLYHO\�YLHZ�WKH�GDWD�LQ�WKH�'LDJUDP�ZLQGRZ��7R�VSHHG�XS�ODUJH�
VLPXODWLRQV��WXUQ�RII�WKH�ZDYHIRUP�GLVSOD\�DQG�GXPS�WKH�ZDWFKHG�VLJQDOV��$IWHU�WKH�VLPXODWLRQ��XVH�WKH�([SRUW�!�,P�
SRUW�6LJQDOV�$V�PHQX�RSWLRQ�WR�YLHZ�WKH�UHVXOWLQJ�9&'�ILOH�

9&'�ILOHV�FDQ�DOVR�EH�JHQHUDWHG�E\�XVLQJ�WKH�9HULORJ�V\VWHP�WDVNV��GXPSYDUV���GXPSILOH���GXPSDOO���GXPSRQ��DQG�
�GXPSRII�WR�VDYH�ZDYHIRUP�GDWD��6HH�WKH�9HULORJ�/DQJXDJH�2YHUYLHZ�IRU�PRUH�LQIRUPDWLRQ�RQ�WKH�V\QWD[�RI�WKHVH�
VWDWHPHQWV�

����5HDGLQJ�9&'�ILOHV

9HUL/RJJHU�3UR�FDQ�UHDG�9&'�ILOHV�FUHDWHG�E\�RWKHU�SURJUDPV�RU�VLPXODWLRQ�UXQV�

��6HOHFW�WKH�([SRUW�!�,PSRUW�6LJQDOV�$V�PHQX�RSWLRQ��7KLV�2SHQ�GLDORJ�LV�VSHFLDO�LQ�WKDW�LW�UHPHPEHUV�WKH�ILOH�
W\SH�RI�WKH�ODVW�ILOH�LPSRUWHG�



&KDSWHU����:DYHIRUPV�DQG�7HVW�%HQFK�*HQHUDWLRQ�����
��(QWHU�WKH�9&'�ILOH�\RX�ZLVK�WR�RSHQ�LQ�WKH�)LOH�QDPH��HGLW�ER[�

��3XVK�WKH�2SHQ�EXWWRQ�WR�ORDG�WKH�ILOH��7KH�ZDYHIRUPV�DUH�QRZ�YLVLEOH�LQ�WKH�'LDJUDP�ZLQGRZ��

����:RUNLQJ�LQ�WKH�'LDJUDP�:LQGRZ

7KH�'LDJUDP�ZLQGRZ�LQ�9HUL/RJJHU�LV�WKH�VDPH�WLPLQJ�GLDJUDP�HGLWRU�WKDW�LV�WKH�EDVLV�RI�6\QDSWL&$'
V�:DYH)RUPHU�
3UR�DQG�7LPLQJ�'LDJUDPPHU�3UR�SURGXFWV��%HFDXVH�RI�WKLV��9HUL/RJJHU�XVHUV�KDYH�DFFHVV�WR�DOO�WLPLQJ�GLDJUDP�HGLWRU�
IHDWXUHV��$�FRPSUHKHQVLYH�OLVWLQJ�RI�WKH�GUDZLQJ�DQG�HGLWLQJ�IHDWXUHV�FDQ�EH�IRXQG�LQ�WKH�:DYH)RUPHU�3UR�RQ�OLQH�
KHOS��

7KHUH�DUH�VHYHUDO�IHDWXUHV�WKDW�DUH�SDUWLFXODUO\�XVHIXO�IRU�YLHZLQJ�OHQJWK\�VLPXODWHG�VLJQDOV��:H�KDYH�OLVWHG�WKHP�KHUH�
IRU�\RXU�FRQYHQLHQFH�

9LHZLQJ�DOO�VLJQDO�YDOXHV

��/HIW�FOLFN�GRZQ�LQ�WKH�WLPH�OLQH�LQ�WKH�'LDJUDP�ZLQGRZ��7KLV�GLVSOD\V�D�PDUNHU�OLQH�WKDW�VKRZV�WKH�YDOXH�RI�HDFK�
VLJQDO�DW�WKDW�SDUWLFXODU�WLPH�

=RRPLQJ�LQ�WKH�'UDZLQJ�ZLQGRZ

��&OLFN�DQG�GUDJ�LQ�WKH�WLPH�OLQH�WR�]RRP��/HIW�FOLFN�DQG�KROG�LQVLGH�WKH�WLPH�OLQH�DQG�GUDJ�WKH�PRXVH�WR�LQGLFDWH�
WKH�UDQJH�LQ�ZKLFK�WR�]RRP��:KHQ�\RX�UHOHDVH�WKH�PRXVH��WKH�GLDJUDP�ZLOO�]RRP�WR�VKRZ�WKH�UDQJH�\RX�VH�
OHFWHG��7KLV�SURYLGHV�D�TXLFN�ZD\�WR�JUDSKLFDOO\�VSHFLI\�WKH�]RRP�OHYHO�DQG�UDQJH�IRU�D�VHFWLRQ�LQ�D�ODUJH�WLP�
LQJ�GLDJUDP�

��7KH�=RRP�,Q�DQG�=RRP�2XW�EXWWRQV��ORFDWHG�RQ�WKH�ULJKW�RI�WKH�EXWWRQ�EDU��FKDQJH�WKH�]RRP�OHYHO�LQ�WKH�WLPLQJ�
GLDJUDP��

��7KH�=RRP�5DQJH�EXWWRQ�RSHQV�D�GLDORJ�WKDW�OHWV�\RX�VSHFLI\�WKH�VWDUWLQJ�DQG�HQGLQJ�WLPHV�GLVSOD\HG�LQ�WKH�'L�
DJUDP�ZLQGRZ��

��7KH�=RRP�)XOO�EXWWRQ�GLVSOD\V�WKH�HQWLUH�WLPLQJ�GLDJUDP�RQ�WKH�VFUHHQ�

6FUROOLQJ�WR�D�VSHFLILF�WLPH�RU�RIIVHW�SRVLWLRQ�6

��7KH�WZR�EXWWRQV�GLUHFWO\�DERYH�WKH�VLJQDO�ODEHO�ZLQGRZ�SURYLGH�DQ�DEVROXWH�WLPH�UHDGRXW�DQG�D�UHODWLYH�WLPH�UHDG�
RXW��7KH�7LPH�%XWWRQ��ZLWK�WKH�EODFN�ZULWLQJ��GLVSOD\V�WKH�FXUUHQW�SRVLWLRQ�RI�WKH�PRXVH�FXUVRU�LQ�WKH�GUDZLQJ�
ZLQGRZ��7KH�'HOWD�%XWWRQ��ZLWK�WKH�EOXH�ZULWLQJ��GLVSOD\V�WKH�GLIIHUHQFH�EHWZHHQ�WKH�PRXVH�FXUVRU�DQG�WKH�
GHOWD�PDUN��DQ�XSVLGH�GRZQ��EOXH�WULDQJOH��RQ�WKH�WLPHOLQH�DERYH�WKH�GUDZLQJ�ZLQGRZ��7KHVH�EXWWRQV�FDQ�DOVR�
EH�XVHG�IRU�TXLFN�VFUROOLQJ�LQ�YHU\�ORQJ�WLPLQJ�GLDJUDPV�

��/HIW�FOLFNLQJ�RQ�HLWKHU�EXWWRQ�RSHQV�DQ�HGLW�ER[�WKDW�DFFHSWV�WLPH�YDOXHV�

��(QWHULQJ�D�YDOXH�LQ�WKH�7LPH�EXWWRQ�FDXVHV�WKH�GUDZLQJ�ZLQGRZ�WR�VFUROO�WR�WKDW�H[DFW�WLPH��

��(QWHULQJ�D�YDOXH�LQ�WKH�'HOWD�EXWWRQ�FDXVHV�WKH�GUDZLQJ�ZLQGRZ�WR�VFUROO�WKDW�DPRXQW�IURP�LWV�FXUUHQW�SRVLWLRQ�



&KDSWHU����)DVWHU�6LPXODWLRQV�ZLWK�WKH�&RPPDQG�/LQH�6LPXODWRU�����
0RVW�RI�WKLV�PDQXDO�LV�GHGLFDWHG�WR�WKH�IDVW�PRGHO�GHYHORSPHQW�DQG�WHVWLQJ�IHDWXUHV�RI�9HUL/RJJHU
V�JUDSKLFDO�XVHU�
LQWHUIDFH��$V�\RXU�SURMHFW�QHDUV�FRPSOHWLRQ��\RX�PLJKW�ZDQW�WR�WUDGH�HDVH�RI�XVH�IRU�IDVWHU�VLPXODWLRQ�WLPHV��)RU�WKLV�
UHDVRQ�9HUL/RJJHU�VKLSV�ZLWK�WZR�VLPXODWRUV��WKH�JUDSKLFDO�VLPXODWRU�DQG�WKH�FRPPDQG�OLQH�VLPXODWRU��7KH�FRPPDQG�
OLQH�VLPXODWRU�LV�VWUHDPOLQHG�IRU�VSHHG�DQG�VLPXODWHV�DERXW�WZLFH�DV�IDVW�DV�WKH�JUDSKLFDO�VLPXODWRU�

����3UHSDULQJ�9HULORJ�6RXUFH�)LOHV

%HIRUH�XVLQJ�WKH�FRPPDQG�OLQH�VLPXODWRU�\RX�PD\�ZDQW�WR�DGG�VWDWHPHQWV�WR�WKH�9HULORJ�VRXUFH�FRGH�WR�JHQHUDWH�VLP�
XODWLRQ�GLVSOD\�VWDWHPHQWV��6LJQDOV�WKDW�ZHUH�ZDWFKHG�LQ�WKH�JUDSKLFDO�VLPXODWRU�ZLOO�QRW�DXWRPDWLFDOO\�JHQHUDWH�RXWSXW�
LQ�WKH�FRPPDQG�OLQH�VLPXODWRU��

7KHUH�DUH�VHYHUDO�9HULORJ�VWDWHPHQWV�WKDW�ZLOO�JHQHUDWH�RXWSXW�

��7KH��PRQLWRU�V\VWHP�WDVN�LV�XVHG�WR�FRQWLQXRXVO\�PRQLWRU�D�VLJQDO�DQG�SURGXFH�DQ�RXWSXW�PHVVDJH�HYHU\�WLPH�
WKH�VLJQDO�FKDQJHV�

�PRQLWRU��&RXQWHU� ��G���FRXQW��

��7KH��GLVSOD\�V\VWHP�WDVN�LV�XVHG�WR�SULQW�WH[W�PHVVDJHV�DQG�ORRN�DW�YDOXHV�RQ�VLJQDOV��7KH��GLVSOD\�VWDWHPHQWV�
ZULWH�WKH�UHVXOWV�WR�WKH�YHULORJ�ORJ�ILOH��7KLV�VWDWHPHQW�LV�VLPLODU�WR�D�GHEXJ�VWDWHPHQW�XVHG�WR�GHEXJ�SURJUDP�
IORZ�LQ�D�VWDQGDUG�SURJUDPPLQJ�ODQJXDJH��6HH�WKH�9HULORJ�/DQJXDJH�2YHUYLHZ�IRU�PRUH�LQIRUPDWLRQ�RQ�WKH�
V\QWD[��$Q�H[DPSOH�RI�D�GLVSOD\�VWDWHPHQW�XVHG�LQVLGH�D�PRGXOH�LV�

�GLVSOD\��&RXQWHU� ��G���FRXQW��

��7KH��GXPSYDUV���GXPSILOH���GXPSDOO���GXPSRQ��DQG��GXPSRII�V\VWHP�WDVNV�DUH�XVHG�WR�VDYH�ZDYHIRUP�GDWD�
LQ�WR�D�YDOXH�FKDQJH�GXPS��9&'��ILOH��7KH�9&'�IRUPDW�LV�D�VWDQGDUG�9HULORJ�ILOH�IRUPDW�WKDW�FDQ�EH�XVHG�
ZLWK�H[WHUQDO�ZDYHIRUP�YLHZHUV��VWDWLF�WLPLQJ�DQDO\]HUV��RU�9HUL/RJJHU
V�JUDSKLFDO�GLVSOD\��6HH�WKH�9HULORJ�
/DQJXDJH�2YHUYLHZ�IRU�PRUH�LQIRUPDWLRQ�RQ�WKH�V\QWD[�RI�WKHVH�VWDWHPHQWV�

����8VLQJ�WKH�&RPPDQG�/LQH�6LPXODWRU

7R�UXQ�WKH�FRPPDQG�OLQH�VLPXODWRU�

��2SHQ�D�FRPPDQG�OLQH�ZLQGRZ�RQ�\RXU�RSHUDWLQJ�V\VWHP��:LQGRZV�XVHUV�VKRXOG�RSHQ�D�'26�SURPSW�

��1DYLJDWH�WR�WKH�9HUL/RJJHU�GLUHFWRU\�

��1H[W��LQYRNH�WKH�FRPPDQG�OLQH�VLPXODWRU�ZLWK�RQH�RU�PRUH�VRXUFH�ILOHV�DQG�DQ\�GHVLUHG�VLPXODWLRQ�RSWLRQV��7KH�
IROORZLQJ�H[DPSOH�VWDUWV�WKH�VLPXODWRU��DQG�H[HFXWHV�WKH�VRXUFH�ILOH�PRGHO�Y�

YORJFPG�PRGHO�Y

,I�WKHUH�LV�PRUH�WKDQ�RQH�ILOH��WKHQ�HDFK�ILOH�QHHGV�WR�EH�VSHFLILHG�RQ�WKH�FRPPDQG�OLQH��7KH�RUGHU�WKDW�WKH�ILOHV�DUH�
HQWHUHG�LQ�WKH�FRPPDQG�OLQH�LV�WKH�RUGHU�LQ�ZKLFK�WKH\�DUH�FRPSLOHG��,Q�PRVW�FDVHV�WKH�RUGHU�LV�LUUHOHYDQW��EXW�WKHUH�DUH�
VRPH�FDVHV�ZKHUH�LW�LV�VLJQLILFDQW��SDUWLFXODUO\�ZKHQ�XVLQJ�WKH�VDPH�PDFURV��CGHILQH��DFURVV�ILOHV�

YORJFPG�FSX�Y�PHPRU\�Y�LR�Y

7R�DYRLG�UHW\SLQJ�WKH�VDPH�VRXUFH�ILOHV�DQG�VLPXODWLRQ�RSWLRQV�HYHU\�WLPH�\RX�SHUIRUP�D�VLPXODWLRQ��\RX�FDQ�FUHDWH�D�
FRPPDQG�ILOH��$�FRPPDQG�ILOH�LV�D�VLPSOH�WH[W�ILOH�WKDW�FRQWDLQV�D�OLVW�RI�VRXUFH�ILOHV�DQG�VLPXODWLRQ�RSWLRQV�XVHG�LQ�



&KDSWHU����)DVWHU�6LPXODWLRQV�ZLWK�WKH�&RPPDQG�/LQH�6LPXODWRU�����
WKH�VLPXODWLRQ��7R�FDOO�D�FRPPDQG�ILOH��XVH�WKH��I�VLPXODWLRQ�RSWLRQ��DOO�VLPXODWLRQ�RSWLRQV�DUH�OLVWHG�LQ�VHFWLRQ�������
IROORZHG�E\�WKH�QDPH�RI�WKH�FRPPDQG�ILOH��7KH�XVH�RI�D�FRPPDQG�ILOH�LV�GHPRQVWUDWHG�EHORZ�

YORJFPG��I�FRPPDQG�YF

&RPPDQG�ILOHV�DUH�XVHU�FUHDWHG�WH[W�ILOHV�ZLWK�D��YF�ILOH�H[WHQVLRQ��7KH\�FRQVLVW�RI�9HULORJ�VRXUFH�ILOHV��VLPXODWRU�
RSWLRQV��DQG�RWKHU�FRPPDQG�ILOHV��:KHQ�FUHDWLQJ�D�FRPPDQG�ILOH��OLVW�RQO\�RQH�ILOH�RU�VLPXODWLRQ�RSWLRQ�SHU�OLQH��7KH�
IROORZLQJ�LV�DQ�H[DPSOH�RI�D�FRPPDQG�ILOH�ZLWK�WKUHH�9HULORJ�VRXUFH�ILOHV�DQG�WZR�VLPXODWLRQ�RSWLRQV�

FSX�Y

PHPRU\�Y

LR�Y

�V

�W

7R�DXWRPDWLFDOO\�JHQHUDWH�D�FRPPDQG�ILOH�WKDW�FRQWDLQV�DOO�SURMHFW�VHWWLQJV�SURMHFW�ILOHV�

��&KRRVH�WKH�3URMHFW�!�3URMHFW�6HWWLQJV�PHQX�RSWLRQ�WR�RSHQ�WKH�3URMHFW�6HWWLQJV�GLDORJ�

��3UHVV�WKH�*HQHUDWH�&RPPDQG�)LOH�EXWWRQ��7KLV�WDNHV�DOO�WKH�SURMHFW�FRPPDQGV�DQG�ILOH�QDPHV�FRQWDLQHG�LQ�WKH�
&RPPDQG�/LQH�2SWLRQV�HGLW�ER[�DQG�FUHDWHV�D�FRPPDQG�ILOH�

����&RPPDQG�/LQH�6LPXODWLRQ�2SWLRQV

7KH�9HUL/RJJHU�FRPPDQG�OLQH�VLPXODWRU�VXSSRUWV�VHYHUDO�VLPXODWLRQ�RSWLRQV�WKDW�FDQ�EH�XVHG�WR�FRQWURO�DQG�GHEXJ�
VLPXODWLRQV��7KH�VLPXODWLRQ�RSWLRQV�PD\�EH�GLVSOD\HG�LQ�DQ\�RUGHU�DQG�DQ\ZKHUH�RQ�WKH�FRPPDQG�OLQH��7R�WKH�VLPX�
ODWRU��WKH�IROORZLQJ�VWDWHPHQWV�DUH�LGHQWLFDO�

YORJFPG��W��V�FSX�Y�PHPRU\�Y�LR�Y

YORJFPG�FSX�Y�PHPRU\�Y�LR�Y��V��W

YORJFPG�FSX�Y��W�PHPRU\�Y��V�LR�Y

/LVWHG�EHORZ�DUH�WKH�VLPXODWLRQ�RSWLRQV�VXSSRUWHG�E\�9HUL/RJJHU�

��8VH�D�FRPPDQG�ILOH����I��FRPPDQG�ILOHQDPH!�UXQV�WKH�VLPXODWRU�ZLWK�WKH�GHVLJQDWHG�FRPPDQG�ILOH��$OO�RI�WKH�
IROORZLQJ�VLPXODWLRQ�RSWLRQV�FDQ�EH�XVHG�LQ�D�FRPPDQG�ILOH�

YORJFPG�±I�FRPPILOH�YF

��6WRS���V�FRPSLOHV�WKH�VRXUFH�FRGH�WKHQ�HQWHUV�WKH�LQWHUDFWLYH�PRGH�EHIRUH�WKH�H[HFXWLRQ�EHJLQV��

YORJFPG��V�FSX�Y�PHPRU\�Y�LR�Y

��7UDFH���W�HQDEOHV�D�WUDFLQJ�PRGH�WKDW�UHWXUQV�D�WUDFH�KLVWRU\�RI�HDFK�OLQH�H[HFXWHG�LQWR�WKH�ORJ�ILOH�

YORJFPG��W�FSX�Y�PHPRU\�Y�LR�Y

��&RPSLOH�RQO\���F�FRPSLOHV�WKH�VRXUFH�FRGH�DQG�H[LWV�ZLWKRXW�SHUIRUPLQJ�D�VLPXODWLRQ�

YORJFPG��F�FSX�Y�PHPRU\�Y�LR�Y

��.H\�ILOHQDPH���N��NH\�ILOHQDPH!�FKDQJHV�WKH�QDPH�RI�WKH�NH\�ILOH�WKDW�FRQWDLQV�D�ORJ�RI�DOO�NH\VWURNHV�HQWHUHG�
GXULQJ�WKH�VLPXODWLRQ�UXQ��%\�GHIDXOW��WKH�NH\�ILOH�LV�FDOOHG�YHULORJ�NH\�

YORJFPG��N�P\NH\�NH\��F�FSX�Y�PHPRU\�Y�LR�Y�

��1R�.H\���N�QRNH\�GLVDEOHV�WKH�NH\�ILOH�

YORJFPG��N�QRNH\��F�FSX�Y�PHPRU\�Y�LR�Y�

��/RJ�ILOHQDPH���O��ORJ�ILOHQDPH!�FKDQJHV�WKH�QDPH�RI�WKH�ORJ�ILOH�WKDW�FRQWDLQV�DOO�RXWSXW�JHQHUDWHG�GXULQJ�D�VLP�
XODWLRQ��%\�GHIDXOW��WKH�ORJ�ILOH�LV�FDOOHG�YHULORJ�ORJ�

YORJFPG��O�P\ORJ�ORJ��F�FSX�Y�PHPRU\�Y�LR�Y�



&KDSWHU����)DVWHU�6LPXODWLRQV�ZLWK�WKH�&RPPDQG�/LQH�6LPXODWRU�����
��1R�ORJ���O�QRORJ�GLVDEOHV�WKH�ORJ�ILOH��

YORJFPG��O�QRORJ��F�FSX�Y�PHPRU\�Y�LR�Y�

��/LEUDU\�ILOHQDPH���Y��ILOHQDPH!�VSHFLILHV�WKH�QDPH�RI�D�OLEUDU\�ILOH��,I�WKLV�RSWLRQ�LV�XVHG��9HUL/RJJHU�ZLOO�WU\�
WR�PDWFK�DQ\�XQGHILQHG�PRGXOHV�WR�PRGXOHV�LQVLGH�WKH�OLEUDU\�ILOHV�

��/LEUDU\�GLUHFWRU\���\��GLUHFWRU\!�VSHFLILHV�WKH�GLUHFWRU\�SDWK�ZKHUH�VHDUFKHV�IRU�OLEUDU\�ILOHV�DUH�PDGH��,I�WKLV�
RSWLRQ�LV�XVHG��WKH�VLPXODWRU�ZLOO�DWWHPSW�WR�PDWFK�DQ\�XQGHILQHG�PRGXOHV�ZLWK�ILOHV�WKDW�KDYH�RQH�RI�WKH�ILOH�
H[WHQVLRQV�VHW�ZLWK�WKH��OLEH[W�RSWLRQ��7KH�VLPXODWRU�GRHV�QRW�ORRN�LQVLGH�D�ILOH�XQOHVV�WKH�XQGHILQHG�PRGXOH�
QDPH�H[DFWO\�PDWFKHV�WKH�ILOHQDPH��7KH�VLPXODWRU�ZLOO�QRW�ORRN�DW�DQ\�ILOHV�XQOHVV�ILOH�H[WHQVLRQV�KDYH�EHHQ�
VHW�XVLQJ�WKH���OLEH[W�RSWLRQ��7KH�IROORZLQJ�H[DPSOHV�VKRZ�KRZ�WR�VSHFLI\�D�GLUHFWRU\�SDWK��D�GLUHFWRU\�SDWK�
ZLWK�VSDFHV��DQG�KRZ�WR�XVH�WKH��OLEH[W�RSWLRQ��81,;�XVHUV�VKRXOG�XVH�D�EDFNVODVK��

YORJFPG�PRGHO�Y��\?P\OLEV��OLEH[W��Y

YORJFPG�PRGHO�Y��\�?0\�/LEUDULHV���OLEH[W��Y

��,QWHUDFWLYH�&RPPDQG�ILOHQDPH���L��ILOHQDPH�YL!�DOORZV�WKH�VLPXODWRU�WR�DFFHSW�LQWHUDFWLYH�FRPPDQGV�IURP�D�
ILOH��$Q\�OHJDO�LQWHUDFWLYH�PRGH�FRPPDQG�FDQ�EH�LQFOXGHG�LQ�WKH�LQWHUDFWLYH�FRPPDQG�ILOH��7KH�ILOH�LV�VXE�
PLWWHG�WR�WKH�VLPXODWRU�EHIRUH�WKH�VLPXODWLRQ�EHJLQV�DQG�VWDUWV�WR�H[HFXWH�DV�VRRQ�DV�WKH�VLPXODWRU�HQWHUV�DQ�
LQWHUDFWLYH�VLPXODWLRQ�PRGH��7KHUHIRUH�WKH��L�FRPPDQG�PXVW�EH�SDLUHG�ZLWK�D�VWDWHPHQW�WKDW�VWRSV�WKH�VLPX�
ODWRU�DQG�HQWHUV�WKH�LQWHUDFWLYH�PRGH��7KHUH�DUH�WZR�ZD\V�WR�GR�WKLV�

��8VH�WKH��V�RSWLRQ�WR�VWRS�9HUL/RJJHU�DQG�HQWHU�WKH�LQWHUDFWLYH�PRGH�EHIRUH�H[HFXWLRQ�EHJLQV�

��25��HPEHG�WKH��VWRS�V\VWHP�WDVN�LQWR�D�9HULORJ�VRXUFH�FRGH�ILOH�DQG�XVH�LW�ZLWK�D�GHOD\�WR�VWRS�WKH�V\VWHP�
DW�D�ODWHU�WLPH��)RU�H[DPSOH��DVVXPH�WKH�ILOH�FSX�Y�FRQWDLQV�WKH�IROORZLQJ�FRGH�IUDJPHQW�WR�VWRS�WKH�V\V�
WHP������WLPH�XQLWV�DIWHU�WKH�VLPXODWLRQ�EHJLQV�

�������VWRS�

7KLV�ILOH�LV�VXEPLWWHG�ZLWK�WKH�IROORZLQJ�FRPPDQG�

YORJFPG��L�LQWHUDFWLYH�YL�FSX�Y�PHPRU\�Y�LR�Y

����3UHGHILQHG�3OXV�2SWLRQV

7KH�9HUL/RJJHU�VLPXODWRU�VXSSRUWV�WKH�IROORZLQJ�9HULORJ�UXQ�WLPH�VLPXODWLRQ�RSWLRQV�

�PD[GHOD\V�_��PLQGHOD\V�_�W\SGHOD\V�GHWHUPLQHV�ZKLFK�GHOD\�XVHG�LQ�WKH�PLQ�W\S�PD[�H[SUHVVLRQV��,Q�WKH�
JUDSKLFDO�VLPXODWRU�WKLV�FRPPDQG�LV�VHW�XVLQJ�WKH�3URMHFW�!�3URMHFW�3UHIHUHQFHV�PHQX�RSWLRQ��,Q�WKH�FRP�
PDQG�OLQH�VLPXODWRU�DGG�WKH�RSWLRQ�WR�WKH�FRPPDQG�OLQH�

YORJFPG�FSX�Y�PHPRU\�Y�LR�Y��PLQGHOD\V

�GHILQH��PDFUR�QDPH!��PDFURV�QDPH!�����GHILQHV�PDFUR�QDPHV�IURP�WKH�FRPPDQG�OLQH��JHQHUDOO\�IRU�XVH�
ZLWK�FRQGLWLRQDO�FRPSLODWLRQ�GLUHFWLYHV��$Q\�QXPEHU�RI�PDFURV�FDQ�EH�GHILQHG�E\�DGGLQJ�DQRWKHU���PDFUR�
QDPH!�WR�WKH�OLVW��)RU�H[DPSOH��WKH�FRXQW�Y�9HULORJ�VRXUFH�FRGH�ILOH�KDG�WKH�IROORZLQJ�FRGH�IUDJPHQW�


LIGHI�(;7(1'

������GLVSOD\��8VLQJ�H[WHQGHG�PRGH���


HOVH

������GLVSOD\��8VLQJ�QRUPDO�PRGH���

7KHQ�WKH�IROORZLQJ�FRPPDQG�ZLOO�H[HFXWH�WKH�ILUVW�GLVSOD\�VWDWHPHQW�

YORJFPG�FRXQW�Y��GHILQH�(;7(1'

�V\QRSV\V�GLVSOD\V�ZDUQLQJV�IRU�FRQVWUXFWV�WKDW�DUH�HLWKHU�QRW�VXSSRUWHG�RU�LJQRUHG�E\�WKH�6\QRSV\V�+'/�&RP�
SLOHU�

�QRVKRZBYDUBFKDQJH�GLVDEOHV�WKH�WUDFNLQJ�RI�YDULDEOH�FKDQJHV��%\�GHIDXOW��9HUL/RJJHU�NHHSV�WUDFN�RI�WKH�ORFD�
WLRQ�DQG�VLPXODWLRQ�WLPH�ZKHUH�YDULDEOHV�DUH�ODVW�ZULWWHQ��7KLV�LQIRUPDWLRQ�FDQ�EH�GLVSOD\HG�XVLQJ�WKH��VKRZ�
YDUV�GLUHFWLYH��7KLV�IHDWXUH�PD\�FDXVH�D�VOLJKW�SHUIRUPDQFH�GHJUDGDWLRQ��VR�LW�FDQ�EH�GLVDEOHG�ZLWK�WKLV�RSWLRQ�



&KDSWHU����)DVWHU�6LPXODWLRQV�ZLWK�WKH�&RPPDQG�/LQH�6LPXODWRU�����
�OLEH[W��H[W!��H[W!�����VSHFLILHV�WKH�ILOHQDPH�H[WHQVLRQ�XVHG�ZKHQ�VHDUFKLQJ�IRU�OLEUDULHV�LQ�WKH�OLEUDU\�GLUHFWR�
U\��7KLV�LV�PRVW�RIWHQ�XVHG�ZLWK�WKH��\�RSWLRQ��7KH�IROORZLQJ�H[DPSOH�ZLOO�VHDUFK�WKH�GLUHFWRU\�?GHVLJQ?OLEV�
IRU�OLEUDULHV�ZKRVH�ILOHQDPH�HQGV�ZLWK��YO�DQG��YY�

YORJFPG�FSX�Y��\�?GHVLJQ?OLEV��OLEH[W��YO��YY

�LQFGLU��GLUHFWRU\�!��GLUHFWRU\�!�����VSHFLILHV�WKH�GLUHFWRULHV�WKDW�9HUL/RJJHU�ZLOO�VHDUFK�IRU�LQFOXGHG�ILOHV��
$OO�WKH�FKDUDFWHUV�EHWZHHQ�WKH�SOXVHV�DUH�XVHG�LQ�WKH�GLUHFWRU\�QDPH�

YORJFPG�FSX�Y��LQFGLU�?GHVLJQ?SURMHFW����\�?GHVLJQ?OLEV��OLEH[W��YO��YY

����6LPXODWRU�&RQWURO�&RPPDQGV

,Q�DGGLWLRQ�WR�WKH�9HULORJ�FRPPDQGV��WKHUH�DUH�DOVR�VHYHUDO�9HUL/RJJHU�VSHFLILF�FRPPDQGV�WKDW�FDQ�EH�XVHG�WR�FRQWURO�
WKH�VLPXODWLRQ�

��7R�FRQWLQXH�WKH�VLPXODWLRQ��W\SH�WKH�SHULRG�����FKDUDFWHU�

��7R�VWHS�WR�WKH�QH[W�VWDWHPHQW�LQ�WKH�FRGH��W\SH�WKH�VHPLFRORQ�����FKDUDFWHU�

��7R�VWHS�DQG�WUDFH�WR�VWHS�WR�WKH�QH[W�VWDWHPHQW�LQ�WKH�FRGH�DQG�JHQHUDWH�D�WUDFH�PHVVDJH�LQ�WKH�YHULORJ�ORJ�ILOH�
W\SH�WKH�FRPPD�����FKDUDFWHU�

��7R�GLVSOD\�WKH�FXUUHQW�FRGH�OLQH�H[HFXWLRQ��W\SH�WKH�FRORQ�����FKDUDFWHU�

��7R�WHUPLQDWH�WKH�VLPXODWLRQ��W\SH�WKH��ILQLVK��FRPPDQG��RU�SUHVV��&WUO!�&�



&KDSWHU����%DFN�$QQRWDWHG�6LPXODWLRQ��*DWH�/HYHO�7LPLQJ�6LPXODWLRQ������
,Q�WKH�LQLWLDO�VWDJHV�RI�\RXU�GHVLJQ�\RX�ZLOO�EH�SHUIRUPLQJ��IXQFWLRQDO��DQDO\VLV�VLPXODWLRQV�WR�HQVXUH�WKDW�WKH�ORJLF�LQ�
\RXU�FLUFXLW�RSHUDWHV�FRUUHFWO\��$IWHU�\RXU�)3*$�RU�$6,&�WRROV�JHQHUDWH�D�OD\RXW�IRU�\RXU�JDWH�OHYHO�GHVLJQ��\RX�PD\�
ZDQW�WR�SHUIRUP�D�ILQDO�VLPXODWLRQ�ZLWK�EDFN�DQQRWDWHG�WLPLQJ�LQIRUPDWLRQ�JHQHUDWHG�GXULQJ�WKH�OD\RXW�SURFHVV�WR�DF�
FRXQW�IRU�UHDO�ZRUOG�LQWHUFRQQHFW�DQG�JDWH�GHOD\V��7KLV��WLPLQJ��VLPXODWLRQ�LV�RIWHQ�XVHG�DV�D�ILQDO�FKHFN�WR�HQVXUH�WKDW�
XQH[SHFWHG�GHOD\V�JHQHUDWHG�GXULQJ�WKH�OD\RXW�SURFHVV�GRQ�W�FUHDWH�WLPLQJ�YLRODWLRQV�LQ�\RXU�GHVLJQ��7KH�OD\RXW�WRROV�
ZLOO�FUHDWH�D�6WDQGDUG�'HOD\�)LOH��6')��WKDW�LQFOXGHV�WKLV�WLPLQJ�LQIRUPDWLRQ��%\�LQFOXGLQJ�WKLV�WLPLQJ�LQIRUPDWLRQ��
WKH�PRGHO�FDQ�EH�WHVWHG�EDVHG�XSRQ�WKHVH�SURSDJDWLRQ�GHOD\V��7KLV�FKDSWHU�ZLOO�WHOO�\RX�KRZ�9HUL/RJJHU�FDQ�EH�XVHG�
WR�LQFOGXH�WKH�LQIRUPDWLRQ�LQ�WKH�6')�LQ�\RXU�PRGHO��1RWH��7KLV�W\SH�RI�WLPLQJ�VLPXODWLRQ�LV�RIWHQ�XQQHFHVVDU\�LI�\RX�
XVH�D�VWDWLF�WLPLQJ�DQDO\VLV�WRRO�WR�YHULI\�WKH�FULWLFDO�SDWKV�LQ�\RXU�GHVLJQ�PHHW�WKH�WLPLQJ�FRQVWUDLQWV�RI�\RXU�GHVLJQ�

����8VLQJ�WKH�6WDQGDUG�'HOD\�)LOH��6')�

$Q�6')�FDQ�EH�SURGXFHG�IRU�DQ\�PRGXOH�LQ�WKH�KLHUDUFK\�RI�\RXU�SURMHFW��)RU�H[DPSOH��LI�\RX�DUH�PRGHOLQJ�D�ERDUG�
OHYHO�GHVLJQ�WKDW�FRQWDLQV�DQ�)3*$��\RXU�)3*$�WRROV�ZLOO�SUREDEO\�SURGXFH�DQ�6')�ILOH�IRU�WKH�ODLG�RXW�JDWH�OHYHO�
PRGXOH�RI�WKH�)3*$��7R�LQFOXGH�WKH�WLPLQJ�LQIRUPDWLRQ�IURP�WKLV�ILOH�LQ�\RXU�GHVLJQ��DGG�DQ��VGIBDQQRWDWH�FRP�
PDQG�LQ�WKH�)3*$�PRGXOH�ZKRVH�WLPLQJ�LV�WR�EH�PRGLILHG��,QFOXGH�WKH�EROG�OLQHV�RI�FRGH�LQ�WKH�H[DPSOH�)3*$�PRGXOH�
VKRZQ�EHORZ�WR�WHOO�WKH�WLPXODWRU�WR�UHDG�WKH�6')�WLPLQJ�LQIRUPDWLRQ�

PRGXOH�0\)3*$�SRUWV����

���SRUW�GHFODUDWLRQV����

���LQLWLDO

������EHJLQ

����������VGIBDQQRWDWH��P\GHVLJQ�VGI���

������HQG

������RWKHU�FRGH���

HQGPRGXOH

1RWH�WKDW�LI�\RX�KDYH�DQ�LQWLDO�EORFN�DOUHDG\�LQ�WKH�PRGXOH�WR�EH�DQQRWDWHG��\RX�FDQ�LQFOXGH�WKH��VGIBDQQRWDWH�
OLQH�LQ�WKH�H[LVWLQJ�EORFN��$OVR�QRWH�WKDW��P\GHVLJQ�VGI��VKRZQ�DERYH�VKRXOG�EH�UHSODFHG�ZLWK�WKH�ILOHQDPH�\RXU�
WRRO�JHQHUDWHG�IRU�WKH�6')��7KH�ILOH�H[WHQVLRQ��VGI�VKRXOG�EH�XVHG�



&KDSWHU����9HUL/RJJHU�7HFKQRORJ\�%DFNJURXQG�����
9HUL/RJJHU�LV�DQ�LQWHUSUHWHG�VLPXODWRU��7KLV�PHDQV�WKDW�ZKHQ�9HUL/RJJHU�VWDUWV��LW�UHDGV�WKH�VRXUFH�PRGHOV��FRPSLOHV�
WKHP�LQWR�LQWHUQDO�GDWD�VWUXFWXUHV��DQG�WKHQ�H[HFXWHV�WKHP�IURP�WKHVH�VWUXFWXUHV��7KH�VWUXFWXUHV�FRQWDLQ�HQRXJK�LQIRU�
PDWLRQ�WKDW�WKH�VRXUFH�FDQ�EH�UHSURGXFHG�IURP�WKH�VWUXFWXUHV��PLQXV�IRUPDWWLQJ�DQG�FRPPHQWV��

:KLOH�WKH�PRGHO�LV�UXQQLQJ��WKH�VLPXODWLRQ�FDQ�EH�LQWHUUXSWHG�DW�DQ\�WLPH�E\�SUHVVLQJ��&WUO!�&��7KLV�SXWV�WKH�VLPX�
ODWRU�LQ�DQ�LQWHUDFWLYH�FRPPDQG�PRGH��)URP�KHUH�9HUL/RJJHU�FRPPDQGV�DQG�9HULORJ�VWDWHPHQWV�FDQ�EH�HQWHUHG�WR�
GHEXJ��PRGLI\��RU�FRQWURO�WKH�FRXUVH�RI�WKH�VLPXODWLRQ�

����&RPSLODWLRQ�3URFHVV

9HUL/RJJHU�XVHV�D�WKUHH�SKDVH�FRPSLODWLRQ�SURFHVV�

3KDVH����7KH�ILOHV�DUH�UHDG�DQG�FRQYHUWHG�LQWR�DQ�LQWHUQDO�GDWD�VWUXFWXUH��6\QWD[�HUURUV�DQG�VHPDQWLF�HUURUV�UHJDUG�
LQJ�XQGHFODUHG�YDULDEOHV�RU�LOOHJDO�XVH�RI�YDULDEOHV�DUH�UHSRUWHG�LQ�WKLV�SKDVH�

3KDVH����,Q�WKLV�SKDVH�WKH�PRGHO�KLHUDUFK\�LV�EXLOW��PRGXOH�SRUWV�DUH�FRQQHFWHG��DQG�VWRUDJH�IRU�YDULDEOHV�LV�DOOR�
FDWHG��,I�DQ\�PRGXOH�LV�LQVWDQWLDWHG�PRUH�WKDQ�RQFH��LWV�VWUXFWXUH�LV�FRSLHG�DV�PDQ\�WLPHV�DV�QHHGHG��$OVR��
PRGXOH�SDUDPHWHUV�DUH�SURSDJDWHG��(UURUV�UHSRUWHG�LQ�WKLV�SKDVH�GHDO�ZLWK�PLVVLQJ�PRGXOHV��LUUHJXODULWLHV�RI�
WKH�SDUDPHWHUV��DQG�RXW�RI�PHPRU\�HUURUV�GXULQJ�WKH�DOORFDWLRQ��7KH�SURMHFW�WUHH�LV�EXLOW�GXULQJ�WKLV�SKDVH�

3KDVH����7KH�HQWLUH�VWUXFWXUH�LV�UH�SDUVHG�GXULQJ�ZKLFK�WLPH�IRUZDUG�UHIHUHQFHV�WR�WDVNV�DQG�IXQFWLRQV�DUH�UH�
VROYHG��KLHUDUFKLFDO�QDPHV�DUH�UHVROYHG��DQG�H[SUHVVLRQ�VL]HV�DUH�GHWHUPLQHG��(UURUV�GHWHFWHG�LQ�WKLV�SKDVH�
LQFOXGH�VHPDQWLF�HUURUV�GHDOLQJ�ZLWK�KLHUDUFKLFDO�UHIHUHQFHV�WKDW�FRXOG�QRW�EH�GHWHFWHG�LQ�3KDVH����LOOHJDO�UHI�
HUHQFHV�WR�IXQFWLRQV�DQG�WDVNV��SRUW�VL]H�GLVFUHSDQFLHV��DQG�LOOHJDO�H[SUHVVLRQ�VL]HV�

1RWH��0RVW�PHPRU\�LV�DOORFDWHG�LQ�WKH�ILUVW�WZR�SKDVHV�RI�WKH�FRPSLODWLRQ�

����8VHU�'HILQHG�3ULPLWLYHV�DQG�0HPRU\�8VDJH

8VHU�'HILQHG�3ULPLWLYHV��8'3V��DUH�XVHG�WR�GHILQH�FRPELQDWRULDO�SULPLWLYHV�DQG�WZR�VWDWH�GHYLFHV��,Q�9HUL/RJJHU��
8'3V�DUH�RSWLPL]HG�IRU�SHUIRUPDQFH��7KLV�LV�DFFRPSOLVKHG�E\�FUHDWLQJ�D�WDEOH�LQ�PHPRU\�IRU�HDFK�8'3�GHILQLWLRQ��
2QO\�RQH�VXFK�WDEOH�LV�XVHG�IRU�HDFK�8'3�GHILQLWLRQ��HYHU\�LQVWDQFH�RI�WKH�GHILQLWLRQ�XVHV�WKH�VDPH�WDEOH��:KHQ�WKHUH�
DUH�PRUH�WKDQ�VL[�LQSXWV��WKH�VL]H�RI�WKH�WDEOH�LV�YHU\�ODUJH��)RU�WKLV�UHDVRQ��WKH�PD[LPXP�QXPEHU�RI�LQSXWV�LV�WHQ��QLQH�
IRU�VWDWH�8'3V���7KH�PD[LPXP�WDEOH�VL]H�LV�DSSUR[LPDWHO\����.�

����1RWHV�RQ�8VLQJ�6SHFLI\�%ORFNV

6SHFLI\�EORFNV�DUH�XVHG�WR�GHILQH�SLQ�WR�SLQ�WLPLQJV�DQG�VHWXS�DQG�KROG�FKHFNV��,Q�9HUL/RJJHU��VSHFLI\�EORFNV�IXQFWLRQ�
VLPLODUO\�WR�WKRVH�GHVFULEHG�LQ�WKH�9HULORJ�/DQJXDJH�5HIHUHQFH�0DQXDO��+RZHYHU��WKHUH�DUH�VRPH�GLIIHUHQFHV��,Q�9HU�
L/RJJHU��WKHUH�LV�QR�FRQFHSW�RI�H[SDQGHG�QHWV��1HWV�WKDW�DUH�GHILQHG�DV�YHFWRUV�DUH�QRW�VSOLW�LQWR�LQGLYLGXDO�QHWV�DQG�
FDQQRW�KDYH�WKHLU�RZQ�WLPLQJ�LQIRUPDWLRQ��7KHUHIRUH��FHUWDLQ�FRPELQDWLRQV�RI�WLPLQJ�VSHFLILFDWLRQV�ZLOO�EH�LJQRUHG��
6SHFLILFDOO\��WKHUH�DUH�WZR�ZD\V�WR�GHVFULEH�PRGXOH�SDWKV��2QH�LV�WKH�SDUDOOHO�FDVH�� !���DQG�WKH�RWKHU�LV�WKH�IXOO�FDVH�
�!���,Q�9HUL/RJJHU��ERWK�FDVHV�DUH�WUHDWHG�DV�LI�WKH\�ZHUH�GHILQHG�DV�WKH�SDUDOOHO�FDVH��7KLV�GRHV�QRW�SHUWDLQ�WR�VFDODU�
QHWV��9HUL/RJJHU�VXSSRUWV�DOO�RI�WKH�GHILQHG�VHWXS�DQG�KROG�V\VWHPV�WDVNV�



$SSHQGL[�$��9HUL/RJJHU�,PSOHPHQWDWLRQ�1RWHV�����
([FHSW�IRU�WKH�IROORZLQJ�GLVFUHSDQFLHV��9HUL/RJJHU�EHKDYHV�H[DFWO\�DV�VSHFLILHG�E\�WKH�,(((������/50�DQG�9HULORJ�
;/�VWDQGDUGV�

$���3RUW�&ROODSVLQJ

,Q�FHUWDLQ�YHUVLRQV�RI�9HULORJ��LI�WZR�QHWV�DUH�FRQQHFWHG�WRJHWKHU�YLD�D�SRUW��WKH�SRUW�LV�FROODSVHG��FRPELQHG�WR�IRUP�
RQH�QHW���,Q�9HUL/RJJHU��PRGXOH�SRUWV�DUH�FRQQHFWHG�XVLQJ�WUDQVSDUHQW�FRQWLQXRXV�DVVLJQPHQWV��,I�D�UHJLVWHU�LV�FRQQHFW�
HG�WR�D�QHW��WKHQ�WKH�SRUW�SURSDJDWLRQ�GRHV�QRW�RFFXU�LPPHGLDWHO\�DIWHU�WKH�SRUW�FKDQJHV��,QVWHDG��WKH�SRUW�SURSDJDWLRQ�
LV�VFKHGXOHG�IRU�ODWHU�LQ�WKH�VDPH�VLPXODWLRQ�WLPH��+RZHYHU��ZKHQ�D�QHW�LV�FRQQHFWHG�WR�D�QHW��WKHQ�D�FROODSVHG�SRUW�LV�
HPXODWHG�E\�IRUFLQJ�WKH�SURSDJDWLRQ�WR�RFFXU�LQVWDQWO\��7KH�HIIHFW�RI�WKLV�LPSOHPHQWDWLRQ�GRHV�QRW�DIIHFW�WKH�IXQFWLRQ�
DOLW\�RI�WKH�PRGHO�EHLQJ�VLPXODWHG��EXW�EHFRPHV�YLVLEOH�GXULQJ�WUDFH�

$���3RUW�&RQQHFWLRQV�RI�'LIIHUHQW�1HW�7\SHV

9HUL/RJJHU�GRHV�QRW�FKHFN�WKH�OHJDOLW\�RI�WKH�FRQQHFWLRQV�RI�GLIIHUHQW�QHW�W\SHV�LQ�WKH�KLHUDUFK\��)RU�H[DPSOH��LI�D�SDU�
HQW�PRGXOH�LQVWDQWLDWHV�D�FKLOG�PRGXOH��DQG�WKH�QHW�RQ�WKH�SDUHQW¶V�VLGH�RI�D�SRUW�LV�D�WUL��ZKLOH�WKH�QHW�RQ�WKH�FKLOG¶V�
VLGH�RI�D�SRUW�LV�D�WUL���DQ�RVFLOODWLRQ�ZLOO�UHVXOW��7R�XVH�WUL���WUL���WULDQG��DQG�WULRU�DV�SRUWV�HIIHFWLYHO\�LQ�9HUL/RJJHU��
WKH\�VKRXOG�EH�GHFODUHG�RQO\�LQ�WKH�WRS�PRVW�OHYHO�LQ�WKH�KLHUDUFK\��$OO�ORZHU�OHYHO�FRQQHFWLRQV�VKRXOG�EH�GHFODUHG�DV�
ZLUH�RU�WUL�

$���:RUNLQJ�$URXQG�3XOOXS�3XOOGRZQ�*DWHV

:KHQ�PRGHOLQJ�DQ�RSHQ�FROOHFWRU�EXV��D�FRPPRQ�WHFKQLTXH�LV�WR�KDYH�D�SXOOXS�RU�SXOOGRZQ�JDWH�GULYH�D�ZLUH�QHW�DQG�
KDYH�GULYHUV�SXOO�WKH�EXV�LQ�WKH�RSSRVLWH�GLUHFWLRQ�ZLWK�D�JUHDWHU�VWUHQJWK�ZKHQ�DVVHUWLQJ�D�VLJQDO��,Q�9HUL/RJJHU��GULYH�
VWUHQJWKV�DUH�QRW�LPSOHPHQWHG��7KHUHIRUH��WKLV�WHFKQLTXH�ZLOO�JHQHUDWH�DQ�XQNQRZQ�YDOXH��;��ZKHQ�D�GULYHU�DWWHPSWV�
WR�GULYH�D�VLJQDO�LQ�WKH�RSSRVLWH�GLUHFWLRQ�DV�WKH�SXOO��7KH�SUHIHUUHG�PHWKRG�IRU�PRGHOLQJ�RSHQ�FROOHFWRU�EXVHV�LV�WR�XVH�
WKH�WULDQG�QHWV�IRU�SXOOXS�EXVHV��DQG�WKH�WULRU�QHWV�IRU�SXOOGRZQ�EXVHV��7KLV�QHW�W\SH�VKRXOG�RQO\�DSSHDU�LQ�WKH�KLJKHVW�
OHYHO�RI�WKH�KLHUDUFK\�LQ�ZKLFK�WKH�EXV�H[LVWV�

$���8VLQJ�7UDFH�,PSOHPHQWDWLRQ�

7UDFH�LV�DQ�LQGLVSHQVDEOH�WRRO�IRU�GHEXJJLQJ�9HULORJ�SURJUDPV��,W�GLVSOD\V�HDFK�VWDWHPHQW�DV�LW�LV�H[HFXWHG��DV�ZHOO�DV�
DQ\�UHVXOWV�UHWXUQHG�IURP�WKH�VWDWHPHQW��7KHUH�DUH�WKUHH�ZD\V�WR�HQDEOH�D�WUDFH�

���6SHFLI\�WKH��W�RSWLRQ�DW�WKH�FRPPDQG�OLQH�

���([HFXWH�WKH�V\VWHP�WDVN��VHWWUDFH�IURP�HLWKHU�WKH�SURJUDP�RU�WKH�LQWHUDFWLYH�FRPPDQG�OLQH�

���([HFXWH�DQG�WUDFH�D�VLQJOH�VWDWHPHQW�E\�HQWHULQJ�D�FRPPD�����DW�WKH�LQWHUDFWLYH�FRPPDQG�OLQH��(QWHU�PXOWLSOH�
FRPPDV�WR�H[HFXWH�WKH�UHVSHFWLYH�QXPEHU�RI�VWDWHPHQWV�

,I�D�PRGHO�XVHV�FRQWLQXRXV�DVVLJQPHQWV�RU�SRUWV��9HUL/RJJHU�GLVSOD\V�WKH�DFWLYDWLRQ�RI�WKHVH�DV�SDUW�RI�WKH�WUDFH�DV�VRRQ�
DV�WKH�DFWLYDWLRQ�RFFXUV��)RU�H[DPSOH��JLYHQ�WKH�FRQWLQXRXV�DVVLJQPHQW�DVVLJQ�WHVW� �EDU��ZKHQ�EDU�FKDQJHV��WKH�FRQ�
WLQXRXV�DVVLJQPHQW�LV�H[HFXWHG�LPPHGLDWHO\�DQG�GLVSOD\HG�LQ�WKH�WUDFH��7KH�FRQWLQXRXV�DVVLJQPHQW�UHSUHVHQWV�RQH�RI�
SRVVLEO\�PDQ\�GULYHUV�WR�WKH�QHW�WHVW��WKH�QHW�LWVHOI�LV�VFKHGXOHG�IRU�XSGDWLQJ�IRU�VRPHWLPH�ODWHU�LQ�WKH�FXUUHQW�VLPXODWLRQ�
WLPH�XQLW�

%HFDXVH�SRUW�FRQQHFWLRQV�DUH�LPSOHPHQWHG�DV�FRQWLQXRXV�DVVLJQPHQWV�LW�PD\�WDNH�VHYHUDO�VWHSV�IRU�D�VLJQDO�WR�SURSD�
JDWH�IURP�DQ�RXWSXW�SRUW�WR�DQ�LQSXW�SRUW��HVSHFLDOO\�LQ�FDVHV�ZKHUH�WKHUH�DUH�VHYHUDO�SRUWV�FRQQHFWHG�WR�D�QHW��7UDFH�
VKRZV�SDUW�RI�WKLV�SURSDJDWLRQ��$�VLJQDOV�HPDQDWLQJ�IURP�DQ�RXWSXW�SRUW�WUDYHOV�XSZDUG�WR�LWV�SDUHQW�PRGXOH��LW�WKHQ�
WUDYHOV�EDFN�GRZQ�WR�RWKHU�FRQQHFWHG�SRUWV��(DFK�WLPH�D�VLJQDO�UHDFKHV�D�QHZ�SRUW��WKH�QHW�FRQQHFWHG�WR�WKDW�SRUW�LV�
HYDOXDWHG�DQG�WKH�UHVXOWV�DUH�GLVSOD\HG�LQ�WKH�WUDFH�



$SSHQGL[�$��9HUL/RJJHU�,PSOHPHQWDWLRQ�1RWHV�����
$���3UHGHILQHG�0DFUR�BB9(5,:(//BB

7KH�PDFUR��BB9(5,:(//BB��LV�SUHGHILQHG�VR�WKDW�VWDWHPHQWV�VXFK�DV��µLIGHI�BB9(5,:(//BB��DUH�XVHG�IRU�9HU�
L/RJJHU�VSHFLILF�FRGH��VXFK�DV�IRU�ZDYHIRUP�GLVSOD\�

$���6LPXODWLRQ�6WDWLVWLFV

7KH�QRQ�VWDQGDUG�V\VWHP�WDVN���VKRZVWDWV��GLVSOD\V�VWDWLVWLFV�DERXW�WKH�FXUUHQW�VLPXODWLRQ��LQFOXGLQJ�WKH�DPRXQW�RI�
PHPRU\�XVHG�DQG�DYDLODEOH��6RPH�RI�WKH�LQIRUPDWLRQ�LV�SURYLGHG�IRU�GLDJQRVWLF�SXUSRVHV�RQO\�

$���'LVSOD\LQJ�WKH�/RFDWLRQ�RI�WKH�/DVW�9DOXH�(GLWHG

7KH��VKRZYDUV�V\VWHP�WDVN�RSWLRQDOO\�GLVSOD\V�WKH�FXUUHQW�ORFDWLRQ�LQ�WKH�PRGXOH�DQG�WKH�VLPXODWLRQ�WLPH�DW�ZKLFK�
WKH�PRGXOH�YDULDEOHV�ZHUH�ODVW�FKDQJHG��7KLV�LQIRUPDWLRQ�LV�XSGDWHG�HYHQ�LI�WKH�YDOXH�GLG�QRW�FKDQJH��WKDW�LV��WKH�QHZ�
GDWD�LV�WKH�VDPH�DV�WKH�ROG�GDWD���7UDFNLQJ�WKLV�XSGDWH�LQIRUPDWLRQ�PD\�DIIHFW�WKH�SHUIRUPDQFH�RI�WKH�VLPXODWLRQ�VOLJKW�
O\��,I�WKLV�LV�D�SUREOHP��WKLV�IHDWXUH�FDQ�EH�GLVDEOHG�ZLWK�WKH��QRVKRZBYDUBFKDQJH�FRPPDQG�OLQH�RSWLRQ�

$���8VHU�,QWHUUXSW

3UHVVLQJ��&WUO!�&��&200$1'�&��RU��&WUO!�%5($.��LQ�06�'26��GXULQJ�VLPXODWLRQ�ZLOO�SXW�WKH�FRPPDQG�OLQH�
YHUVLRQ�RI�9HUL/RJJHU�LQWR�LQWHUDFWLYH�PRGH��3UHVVLQJ�DQ\�RI�WKHVH�GXULQJ�FRPSLODWLRQ�ZLOO�KDOW�WKH�SURFHVV�DQG�H[LW�WR�
WKH�RSHUDWLQJ�V\VWHP�



$SSHQGL[�%��,PSOHPHQWDWLRQ�'LIIHUHQFHV�IURP�9HULORJ�;/�����
70

7KLV�DSSHQGL[�GHVFULEHV�WKH�GLIIHUHQFHV�EHWZHHQ�9HUL/RJJHU�DQG�9HULORJ�;/70��1RWH�WKDW�WKHVH�GLIIHUHQFHV�DUH�VXEWOH�
DQG�ZLOO�QRW�DIIHFW�WKH�H[HFXWLRQ�RI�ZHOO�ZULWWHQ�9HULORJ�PRGHOV�

%���(YHQW�2UGHULQJ

7KH�RUGHU�RI�HYHQW�VFKHGXOLQJ�DQG�H[HFXWLRQ�LV�FRQVLVWHQW�ZLWK�9HULORJ�;/70�LQ�HYHU\�H[WHQW�SRVVLEOH��7KH�UHDVRQ�IRU�
GRLQJ�WKLV�LV�QRW�VR�WKDW�PRGHOV�DUH�JXDUDQWHHG�WR�ZRUN�XQGHU�ERWK�9HUL/RJJHU�DQG�9HULORJ�;/70�EXW�UDWKHU�EHFDXVH�
9HUL/RJJHU�ZDV�GHVLJQHG�VR�WKDW�XVHUV�FDQ�WUDFH�PRGHOV�LQ�LW�DQG�LQ�9HULORJ�;/70�ZLWK�OLWWOH�QRWLFHDEOH�GLIIHUHQFH��
+RZHYHU��LW�VKRXOG�EH�QRWHG�WKDW�PRGHOV�WKDW�GHSHQG�RQ�WKH�RUGHU�RI�H[HFXWLRQ�DUH�FRQVLGHUHG�WR�EH�XQZLVHO\�ZULWWHQ�
EHFDXVH�WKH\�UHIOHFW�UDFH�FRQGLWLRQV�DQG�PD\�SHUIRUP�XQSUHGLFWDEO\�LQ�RWKHU�YHQGRUV¶�9HULORJ��RU�HYHQ�LQ�IXWXUH�UHOHDV�
HV�RI�9HUL/RJJHU��RU�9HULORJ�;/70���,Q�VRPH�FDVHV��WKH�RUGHU�RI�QHW�VFKHGXOLQJ�PD\�EH�GLIIHUHQW��7KLV�LV�EHFDXVH�9HU�
LORJ�;/70�VFKHGXOHV�QHWV�GLIIHUHQWO\�GHSHQGLQJ�RQ�WKH�W\SH�RI�QHW��ZKHWKHU�LW�LV�VRXUFHG�E\�D�FRQWLQXLQJ�DVVLJQPHQW��
D�QHW�DVVLJQPHQW��RU�D�SRUW��DQG�ZKHWKHU�D�SRUW�LV�FROODSVHG��,Q�PRVW�FDVHV��QHW�VFKHGXOLQJ�ZLOO�WUDFN�WKDW�RI�9HULORJ�
;/70�

%���0RGXOH�3RUWV�DQG�3RUW�&ROODSVLQJ

3RUW�FRQQHFWLRQV�DUH�LPSOHPHQWHG�DV�FRQWLQXRXV�DVVLJQPHQWV�LQ�9HUL/RJJHU��5XOHV�IRU�SRUW�FRQQHFWLRQV�DUH�VLPLODU�WR�
WKRVH�RI�9HULORJ�;/��EXW�WKHUH�DUH�VRPH�GLIIHUHQFHV��,Q�9HULORJ�;/��XQGHU�FHUWDLQ�FLUFXPVWDQFHV��SRUWV�DUH�FROODSVHG��
WKDW�LV��LI�HDFK�VLGH�LV�D�QHW��WKHQ�RQH�RI�WKH�QHWV�GLVDSSHDUV�DQG�RQO\�RQH�LV�XVHG��7KLV�LV�D�SHUIRUPDQFH�HQKDQFHPHQW��
9HUL/RJJHU�HPXODWHV�SRUW�FROODSVLQJ�E\�LPPHGLDWHO\�SURSDJDWLQJ�YDOXHV�DFURVV�SRUWV�WKDW�KDYH�EHHQ�FROODSVHG��7KLV�
LV�XQOLNH�9HULORJ�;/��ZKLFK�DFWXDOO\�FRPELQHV�QHWV�WKDW�KDYH�EHHQ�FROODSVHG��9HULORJ�;/�ZLOO�H[SDQG�YHFWRU�QHWV�LQWR�
DUUD\V�RI�VFDODU�QHWV�LI�D�SRUW�FRQQHFWV�WZR�GLIIHUHQW�VL]HG�QHWV��RU�LI�RQH�RU�ERWK�VLGHV�DUH�FRQFDWHQDWLRQV�RU�SDUW�VHOHFWV��
9HUL/RJJHU�GRHV�QRW�LPSOHPHQW�H[SDQVLRQ�RI�QHWV��VR�LW�FRXOG�QRW�KDQGOH�WKHVH�FDVHV�E\�EXLOGLQJ�FRQWLQXRXV�DVVLJQ�
PHQWV��9HUL/RJJHU�ZLOO�FROODSVH�D�SRUW�LI�ERWK�VLGHV�RI�D�SRUW�DUH�VFDODU�QHWV�RU�LI�ERWK�VLGHV�DUH�YHFWRU�QHWV��7KHUHIRUH��
WKHUH�DUH�VRPH�FDVHV�ZKHQ�9HUL/RJJHU�ZLOO�QRW�FROODSVH�D�SRUW��EXW�ZKHUH�9HULORJ�;/�ZLOO��7KLV�PD\�FDXVH�D�GLVSDULW\�
LQ�WKH�ZD\�QHWV�DUH�VFKHGXOHG�LQ�WKH�WZR�VLPXODWRUV��

%���&RQWURO�([SUHVVLRQV�DUH�/LPLWHG�WR����%LWV

([SUHVVLRQV�XVHG�E\�9HUL/RJJHU�IRU�FRQWURO�DUH�OLPLWHG�WR����ELWV��7KLV�LQFOXGHV�UHSHDW�FRXQWV��GHOD\�YDOXHV��SDUW��DQG�
ELW�VHOHFW�DQG�DUUD\�LQGH[�H[SUHVVLRQV��DQG�VKLIW�FRXQWV��$�FRPSLOH�WLPH�HUURU�ZLOO�UHVXOW�LI�WKH�H[SUHVVLRQ�DWWHPSWV�WR�
HYDOXDWH�D�QXPEHU�JUHDWHU�WKDQ����ELWV�

%���7KH��0RQLWRU�6\VWHP�7DVN

8QOLNH�9HULORJ�;/��WKH��PRQLWRU�V\VWHP�WDVN�ZLOO�EH�WULJJHUHG�LI�DQ\�YDULDEOH�LQ�WKH�DUJXPHQW�OLVW�FKDQJHV��,Q�9HULORJ�
;/���PRQLWRU�FKDQJHV�RQO\�ZKHQ�DQG�DUJXPHQW�H[SUHVVLRQ�FKDQJHV��)RU�H[DPSOH��LQ�9HULORJ�;/�WKH�IROORZLQJ�VWDWH�
PHQW�ZLOO�QRW�EH�WULJJHUHG�LI�ERWK�D�DQG�E�FKDQJH��DQG�WKH�VXP�VWD\V�WKH�VDPH��,Q�9HUL/RJJHU��WKH�VWDWHPHQW�ZLOO�EH�
WULJJHUHG�LI�ERWK�D�DQG�E�FKDQJH�LQ�WKLV�FDVH�

�PRQLWRU��D���E��

��9HULI\�WKDW�RQO\�RQH�ILOH��DGG��Y��LV�OLVWHG�RQ�WKH�SURMHFW�WUHH��DQG�WKDW�WKH�'LDJUDP�ZLQGRZ�LV�HPSW\�



$SSHQGL[�&��/LFHQVH�$JUHHPHQW�����
6\QDSWL&$'�
7HVW%HQFKHU�3UR���'DWD6KHHW�3UR���:DYH)RUPHU�3UR���7LPLQJ�'LDJUDPPHU�3UR���9HUL/RJJHU�3UR

6RIWZDUH�/LFHQVH�$JUHHPHQW
��5HDG�%HIRUH�8VH��

3OHDVH�UHDG�DQG�XQGHUVWDQG�WKLV�OLFHQVH�

1RWH��7KURXJKRXW�WKLV�DJUHHPHQW��WKH�ZRUG�6RIWZDUH�UHIHUV�WR�WKH�VRIWZDUH�SURGXFW�WKDW�\RX�KDYH�OLFHQVHG�IURP�6\Q�
DSWL&$'�

<RX�KDYH�SXUFKDVHG�D�OLFHQVH�WR�XVH�RQH�RI�WKH�IROORZLQJ�SURGXFWV��7HVW%HQFKHU�3UR��'DWD6KHHW�3UR��:DYH)RUPHU�
3UR��9HUL/RJJHU�3UR��RU�7LPLQJ�'LDJUDPPHU�3UR�VRIWZDUH��7KH�VRIWZDUH�LV�RZQHG�DQG�UHPDLQV�WKH�SURSHUW\�RI�6\Q�
DSWL&$'��LV�SURWHFWHG�E\�LQWHUQDWLRQDO�FRS\ULJKWV��DQG�LV�WUDQVIHUUHG�WR�WKH�RULJLQDO�SXUFKDVHU�DQG�DQ\�VXEVHTXHQW�RZQ�
HU�RI�WKH�6RIWZDUH�PHGLD�IRU�WKHLU�XVH�RQO\�RQ�WKH�OLFHQVH�WHUPV�VHW�IRUWK�EHORZ��2SHQLQJ�WKH�SDFNDJLQJ�IRU�
7HVW%HQFKHU�3UR��'DWD6KHHW�3UR��:DYH)RUPHU�3UR��9HUL/RJJHU�3UR��RU�7LPLQJ�'LDJUDPPHU�3UR�DQG�RU�XVLQJ�
HLWKHU�7HVW%HQFKHU�3UR��'DWD6KHHW�3UR��:DYH)RUPHU�3UR��9HUL/RJJHU�3UR��RU�7LPLQJ�'LDJUDPPHU�3UR�LQGL�
FDWHV�\RXU�DFFHSWDQFH�RI�WKHVH�WHUPV��,I�\RX�GR�QRW�DJUHH�WR�DOO�RI�WKH�WHUPV�DQG�FRQGLWLRQV��UHWXUQ�WKH�XQRSHQHG�6RIW�
ZDUH�DQG�PDQXDOV�LPPHGLDWHO\�IRU�D�IXOO�UHIXQG�

8VH�RI�WKH�6RIWZDUH

��6\QDSWL&$'�JUDQWV�WKH�RULJLQDO�SXUFKDVHU���/LFHQVHH���WKH�OLPLWHG�ULJKWV�WR�SRVVHVV�DQG�XVH�WKH�6RIWZDUH�DQG�
8VHU¶V�0DQXDO���6RIWZDUH���IRU�LWV�LQWHQGHG�SXUSRVH��/LFHQVHH�DJUHHV�WKDW�WKH�6RIWZDUH�ZLOO�EH�XVHG�VROHO\�
IRU�/LFHQVHH¶V�LQWHUQDO�SXUSRVHV�DQG�WKDW�WKH�6RIWZDUH�ZLOO�EH�LQVWDOOHG�RQ�D�VLQJOH�FRPSXWHU�RQO\��,I�WKH�6RIW�
ZDUH�LV�LQVWDOOHG�RQ�D�QHWZRUNHG�V\VWHP��RU�RQ�D�FRPSXWHU�FRQQHFWHG�WR�D�ILOH�VHUYHU�RU�RWKHU�V\VWHP�WKDW�SK\V�
LFDOO\�DOORZV�VKDUHG�DFFHVV�WR�WKH�6RIWZDUH��/LFHQVHH�DJUHHV�WR�SURYLGH�WHFKQLFDO�RU�SURFHGXUDO�PHWKRGV�WR�
SUHYHQW�XVH�RI�WKH�6RIWZDUH�E\�PRUH�WKDQ�RQH�XVHU�

��2QH�PDFKLQH�UHDGDEOH�FRS\�RI�WKH�6RIWZDUH�PD\�EH�PDGH�IRU�%$&.83�385326(6�21/<��DQG�WKH�FRS\�VKDOO�
GLVSOD\�DOO�SURSULHWDU\�QRWLFHV��DQG�EH�ODEHOHG�H[WHUQDOO\�WR�VKRZ�WKDW�WKH�EDFNXS�FRS\�LV�WKH�SURSHUW\�RI�6\Q�
DSWL&$'��DQG�WKDW�XVH�LV�VXEMHFW�WR�WKLV�/LFHQVH�

��8VH�RI�WKH�6RIWZDUH�E\�DQ\�GHSDUWPHQW��DJHQF\�RU�RWKHU�HQWLW\�RI�WKH�8�6��)HGHUDO�*RYHUQPHQW�LV�OLPLWHG�E\�WKH�
WHUPV�RI�WKH�EHORZ��5LGHU�IRU�*RYHUQPHQWDO�(QWLW\�8VHUV��

��/LFHQVHH�PD\�WUDQVIHU�LWV�ULJKWV�XQGHU�WKLV�/LFHQVH��SURYLGHG�WKDW�WKH�SDUW\�WR�ZKRP�VXFK�ULJKWV�DUH�WUDQVIHUUHG�
DJUHHV�WR�WKH�WHUPV�DQG�FRQGLWLRQV�RI�WKLV�/LFHQVH��DQG�ZULWWHQ�QRWLFH�LV�SURYLGHG�WR�6\QDSWL&$'��8SRQ�VXFK�
WUDQVIHU��/LFHQVHH�PXVW�WUDQVIHU�RU�GHVWUR\�DOO�FRSLHV�RI�WKH�6RIWZDUH�

��([FHSW�DV�H[SUHVVO\�SURYLGHG�LQ�WKLV�/LFHQVH��/LFHQVHH�PD\�QRW�PRGLI\��UHYHUVH�HQJLQHHU��GHFRPSLOH��GLVDVVHP�
EOH��GLVWULEXWH��VXE�OLFHQVH��VHOO��UHQW��OHDVH��JLYH�RU�LQ�DQ\�RWKHU�ZD\�WUDQVIHU��E\�DQ\�PHDQV�RU�LQ�DQ\�PHGLXP��
LQFOXGLQJ�WHOHFRPPXQLFDWLRQV��WKH�6RIWZDUH��/LFHQVHH�ZLOO�XVH�LWV�EHVW�HIIRUWV�DQG�WDNH�DOO�UHDVRQDEOH�VWHSV�WR�
SURWHFW�WKH�6RIWZDUH�IURP�XQDXWKRUL]HG�XVH��FRS\LQJ�RU�GLVVHPLQDWLRQ��DQG�ZLOO�PDLQWDLQ�DOO�SURSULHWDU\�QR�
WLFHV�LQWDFW�

/,0,7('�:$55$17<�6\QDSWL&$'�ZDUUDQWV�WKH�6RIWZDUH�PHGLD�WR�EH�IUHH�RI�GHIHFWV�LQ�ZRUNPDQVKLS�IRU�D�
SHULRG�RI�QLQHW\�GD\V�IURP�WKH�SXUFKDVH��'XULQJ�WKLV�SHULRG��6\QDSWL&$'�ZLOO�UHSODFH�DW�QR�FRVW�DQ\�VXFK�
PHGLD�UHWXUQHG�WR�6\QDSWL&$'��SRVWDJH�SUHSDLG��7KLV�VHUYLFH�LV�6\QDSWL&$'¶V�VROH�OLDELOLW\�XQGHU�WKLV�ZDU�
UDQW\�

',6&/$,0(5�/,&(16(�)((6�)25�7+(�62)7:$5(�'2�127�,1&/8'(�$1<�&216,'(5$7,21�)25�
$668037,21�2)�5,6.�%<�6<1$37,&$'��$1'�6<1$37,&$'�',6&/$,06�$1<�$1'�$//�/,$�
%,/,7<�)25�,1&,'(17$/�25�&216(48(17,$/�'$0$*(6�$5,6,1*�287�2)�7+(�86(�25�23�
(5$7,21�25�,1$%,/,7<�72�86(�7+(�62)7:$5(��(9(1�,)�$1<�2)�7+(6(�3$57,(6�+$9(�
%((1�$'9,6('�2)�7+(�3266,%,/,7,(6�2)�68&+�'$0$*(6��)857+(5025(��/,&(16((�,1�



$SSHQGL[�&��/LFHQVH�$JUHHPHQW�����
'(01,),(6�$1'�$*5((6�72�+2/'�6<1$37,&$'�+$50/(66�)520�68&+�&/$,06��7+(�(1�
7,5(�5,6.�$6�72�7+(�5(68/76�$1'�3(5)250$1&(�2)�7+(�62)7:$5(�,6�$6680('�%<�7+(�
/,&(16((��7+(�:$55$17,(6�(;35(66('�,1�7+,6�/,&(16(�$5(�7+(�21/<�:$55$17,(6�
0$'(�%<�6<1$37,&$'�$1'�$5(�,1�/,(8�2)�$//�27+(5�:$55$17,(6��(;35(66('�25�,0�
3/,('��,1&/8',1*�%87�127�/,0,7('�72�,03/,('�:$55$17,(6�2)�0(5&+$17$%,/,7<�
$1'�2)�),71(66�)25�$�3$57,&8/$5�385326(��7+,6�:$55$17<�*,9(6�<28�63(&,),('�/(�
*$/�5,*+76��$1'�<28�0$<�$/62�+$9(�27+(5�5,*+76�:+,&+�9$5<�)520�-85,6',&7,21�
72�-85,6',&7,21��620(�-85,6',&7,216�'2�127�$//2:�7+(�(;&/86,21�25�/,0,7$7,21�
2)�:$55$17,(6��62�7+(�$%29(�/,0,7$7,216�25�(;&/86,216�0$<�127�$33/<�72�<28�

7HUP

���7KLV�OLFHQVH�LV�HIIHFWLYH�DV�RI�WKH�WLPH�/LFHQVHH�UHFHLYHV�WKH�6RIWZDUH��DQG�VKDOO�FRQWLQXH�LQ�HIIHFW�XQWLO�/LFHQVHH�
FHDVHV�DOO�XVH�RI�WKH�6RIWZDUH�DQG�UHWXUQV�RU�GHVWUR\V�DOO�FRSLHV�WKHUHRI��RU�XQWLO�DXWRPDWLFDOO\�WHUPLQDWHG�XSRQ�
IDLOXUH�RI�/LFHQVHH�WR�FRPSO\�ZLWK�DQ\�RI�WKH�WHUPV�RI�WKLV�/LFHQVH�

*HQHUDO

���7KLV�/LFHQVH�LV�WKH�FRPSOHWH�DQG�H[FOXVLYH�VWDWHPHQW�RI�WKH�SDUWLHV¶�DJUHHPHQW��6KRXOG�DQ\�SURYLVLRQ�RI�WKLV�
OLFHQVH�EH�KHOG�WR�EH�LQYDOLG�E\�DQ\�FRXUW�RI�FRPSHWHQW�MXULVGLFWLRQ��WKDW�SURYLVLRQ�ZLOO�EH�HQIRUFHG�WR�WKH�H[�
WHQW�SHUPLVVLEOH��DQG�WKH�UHPDLQGHU�RI�WKH�/LFHQVH�VKDOO�QRQHWKHOHVV�UHPDLQ�LQ�IXOO�IRUFH�DQG�HIIHFW��7KLV�/L�
FHQVH�VKDOO�EH�FRQWUROOHG�E\�WKH�ODZV�RI�WKH�6WDWH�RI�9LUJLQLD��DQG�WKH�8QLWHG�6WDWHV�RI�$PHULFD�

5LGHU�)RU�8�6��*RYHUQPHQWDO�(QWLW\�8VHUV

7KLV�LV�D�ULGHU�WR�7HVW%HQFKHU�3UR��'DWD6KHHW�3UR��9HUL/RJJHU�3UR��:DYH)RUPHU�3UR��7LPLQJ�'LDJUDPPHU�3UR�
62)7:$5(�/,&(16(�$*5((0(17���/LFHQVH���DQG�VKDOO�WDNH�SUHFHGHQFH�RYHU�WKH�/LFHQVH�ZKHUH�D�FRQIOLFW�RF�
FXUV�

���7KH�6RIWZDUH�ZDV��GHYHORSHG�DW�SULYDWH�H[SHQVH��QR�SRUWLRQ�ZDV�GHYHORSHG�ZLWK�JRYHUQPHQW�IXQGV��DQG�LV�D�
WUDGH�VHFUHW�RI�6\QDSWL&$'�DQG�LWV�OLFHQVRU�IRU�DOO�SXUSRVHV�RI�WKH�)UHHGRP�RI�,QIRUPDWLRQ�$FW��LV��FRPPHU�
FLDO�FRPSXWHU�VRIWZDUH��VXEMHFW�WR�OLPLWHG�XWLOL]DWLRQ�DV�SURYLGHG�LQ�DQ\�FRQWUDFW�EHWZHHQ�WKH�YHQGRU�DQG�WKH�
JRYHUQPHQW�HQWLW\��DQG�LQ�DOO�UHVSHFWV�LV�SURSULHWDU\�GDWD�EHORQJLQJ�VROHO\�WR�6\QDSWL&$'�DQG�LWV�OLFHQVRU�

���)RU�XQLWV�RI�WKH�'R'��WKH�6RIWZDUH�LV�VROG�RQO\�ZLWK��5HVWULFWHG�5LJKWV��DV�WKDW�WHUP�LV�GHILQHG�LQ�WKH�'R'�6XS�
SOHPHQW�WR�')$5���������������E�����LL���DQG�XVH��GXSOLFDWLRQ�RU�GLVFORVXUH�LV�VXEMHFW�WR�UHVWULFWLRQV�VHW�IRUWK�
LQ�VXESDUDJUDSK��F�����LL��RI�WKH�5LJKWV�LQ�7HFKQLFDO�'DWD�DQG�&RPSXWHU�6RIWZDUH�FODXVH�DW���������������
0DQXIDFWXUHU��6\QDSWL&$'��32�%R[��������%ODFNVEXUJ��9D������������86$�

���,I�WKH�6RIWZDUH�ZDV�DFTXLUHG�XQGHU�D�*6$�6FKHGXOH��WKH�*RYHUQPHQW�KDV�DJUHHG�WR�UHIUDLQ�IURP�FKDQJLQJ�RU�
UHPRYLQJ�DQ\�LQVLJQLD�RU�OHWWHULQJ�IURP�WKH�6RIWZDUH�RU�'RFXPHQWDWLRQ�RU�IURP�SURGXFLQJ�FRSLHV�RI�PDQXDOV�
RU�GLVNV��H[FHSW�IRU�EDFNXS�SXUSRVHV��DQG������7LWOH�WR�DQG�RZQHUVKLS�RI�WKH�6RIWZDUH�DQG�'RFXPHQWDWLRQ�DQG�
DQ\�UHSURGXFWLRQV�WKHUHRI�VKDOO�UHPDLQ�ZLWK�6\QDSWL&$'�DQG�LWV�OLFHQVRU������XVH�RI�WKH�6RIWZDUH�VKDOO�EH�OLP�
LWHG�WR�WKH�IDFLOLW\�IRU�ZKLFK�LW�LV�DFTXLUHG��DQG�����LI�WKH�XVH�RI�WKH�6RIWZDUH�LV�GLVFRQWLQXHG�DW�WKH�RULJLQDO�
LQVWDOODWLRQ�ORFDWLRQ�DQG�WKH�*RYHUQPHQW�ZLVKHV�WR�XVH�LW�DW�DQRWKHU�ORFDWLRQ��LW�PD\�GR�VR�E\�JLYLQJ�SULRU�ZULW�
WHQ�QRWLFH�WR�6\QDSWL&$'��VSHFLI\LQJ�WKH�QHZ�ORFDWLRQ�VLWH�DQG�FODVV�RI�FRPSXWHU�

���*RYHUQPHQW�SHUVRQQHO�XVLQJ�WKH�6RIWZDUH��RWKHU�WKDQ�XQGHU�WKH�'R'�FRQWUDFW�RU�*6$�6FKHGXOH��DUH�KHUHE\�RQ�
QRWLFH�WKDW�XVH�RI�WKH�6RIWZDUH�LV�VXEMHFW�WR�UHVWULFWLRQV�WKDW�DUH�WKH�VDPH�RU�VLPLODU�WR�WKRVH�VSHFLILHG�DERYH�
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7KLV�WXWRULDO�GHPRQVWUDWHV�WKH�EDVLF�VLPXODWLRQ�IHDWXUHV�RI�9HUL/RJJHU�3UR��,W�WHDFKHV�\RX�KRZ�WR�FUHDWH�DQG�PDQDJH�
D�SURMHFW�DQG�KRZ�WR�EXLOG��VLPXODWH��DQG�GHEXJ�\RXU�GHVLJQ��,W�DOVR�GHPRQVWUDWHV�WKH�JUDSKLFDO�WHVW�EHQFK�JHQHUDWLRQ�
IHDWXUHV�WKDW�DUH�XQLTXH�WR�9HUL/RJJHU�3UR��7KLV�LV�D�VWDQG�DORQH�WXWRULDO�ZKLFK�\RX�VKRXOG�EH�DEOH�WR�FRPSOHWH�ZLWKRXW�
UHDGLQJ�DQ\�RI�WKH�RWKHU�WXWRULDOV��+RZHYHU��LI�\RX�SODQ�WR�PDNH�H[WHQVLYH�XVH�RI�WKH�JUDSKLFDO�VWLPXOXV�JHQHUDWLRQ�
IHDWXUHV�WKHQ�\RX�PD\�DOVR�ZDQW�WR�SHUIRUP�WKH�%DVLF�'UDZLQJ�DQG�7LPLQJ�$QDO\VLV�WXWRULDO�DQG�6HFWLRQ���RI�WKH�6LP�
XODWLRQ��:DYHIRUP�*HQHUDWLRQ��DQG�3DUDPHWHUV�WXWRULDO��ZKLFK�FRYHU�WKH�WLPH�VDYLQJ�IHDWXUHV�RI�WKH�WLPLQJ�GLDJUDP�
HGLWRU���

,Q�WKLV�WXWRULDO��\RX�ZLOO�FRPSLOH�DQG�VLPXODWH�D���ELW�DGGHU�DQG�D�WHVW�EHQFK�PRGXOH�FRQWDLQHG�LQ�ILOHV�DGG��Y�DQG�
DGG�WHVW�Y��)LJXUH���VKRZV�D�VFKHPDWLF�RI�WKH�FLUFXLW��/DWHU�LQ�WKH�WXWRULDO�\RX�OHDUQ�WR�JUDSKLFDOO\�HQWHU�WKH�VWLPXOXV�
YHFWRUV�LQVWHDG�RI�XVLQJ�D�WHVW�EHQFK�PRGXOH��$OVR�\RX�ZLOO�JHW�WR�SUDFWLFH�XVLQJ�WKH�EDVLF�GHEXJJLQJ�IHDWXUHV�RI�EUHDN�
SRLQWV��VLQJOH�VWHSSLQJ��DQG�YLHZLQJ�GLIIHUHQW�VLJQDOV�LQ�WKH�ILOH�

)LJXUH����6FKHPDWLF�RI�WKH���ELW�DGGHU�VLPXODWHG�LQ�WKLV�WXWRULDO�

3DUW����3URMHFW�0DQDJHPHQW�DQG�6LPXODWLRQ

,Q�WKLV�VHFWLRQ��\RX�ZLOO�FUHDWH��EXLOG��DQG�VLPXODWH�D�SURMHFW��9HUL/RJJHU�XVHV�D�SURMHFW�WR�FRQWURO�DOO�DVSHFWV�RI�VLPX�
ODWLRQ�DQG�GHVLJQ�LQFOXGLQJ�VSHFLI\LQJ�WKH�ILOHV�WR�EH�VLPXODWHG��FRQWUROOLQJ�VLPXODWLRQ�RSWLRQV��DQG�VHWWLQJ�ZDWFKHV�RQ�
VLJQDOV��7KH�SURMHFW�DOVR�VWRUHV�WKH�KLHUDUFKLFDO�VWUXFWXUH�RI�WKH�9HULORJ�FRPSRQHQWV�FRQWDLQHG�LQ�WKH�GHVLJQ�DQG�GLV�
SOD\V�WKLV�LQIRUPDWLRQ�RQ�WKH�WUHH�FRQWURO�LQ�WKH�3URMHFW�ZLQGRZ��
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�����$GG�)LOHV�WR�WKH�3URMHFW

7KH�ILUVW�VWHS�LQ�FUHDWLQJ�D�SURMHFW�LV�WR�DGG�9HULORJ�ILOHV�WR�WKH�SURMHFW�WUHH�ZLQGRZ�DQG�VDYH�WKH�SURMHFW��7R�DGG�D�ILOH�
WR�WKH�SURMHFW�

��5LJKW�FOLFN�LQ�WKH�3URMHFW�ZLQGRZ�WR�RSHQ�WKH�FRQWH[W�PHQX�DQG�FKRRVH�WKH�$GG�)LOH�V��PHQX�RSWLRQ��7KLV�RSHQV�
WKH�$GG�)LOHV�GLDORJ�

��6HOHFW�WKH�DGG��Y�DQG�DGG�WHVW�Y�ILOHV�ORFDWHG�LQ�WKH�9HUL/RJJHU�3UR�LQVWDOO�GLUHFWRU\��7R�VHOHFW�PXOWLSOH�ILOHV�DW�
WKH�VDPH�WLPH��VHOHFW�WKH�ILUVW�ILOH�WKHQ�KROG�GRZQ�WKH��&75/!�NH\�ZKLOH�XVLQJ�WKH�PRXVH�WR�VHOHFW�DQ\�DG�
GLWLRQDO�ILOHV�

��3UHVV�WKH�2SHQ�EXWWRQ�WR�DGG�WKH�ILOHV�WR�WKH�SURMHFW��%RWK�ILOHQDPHV�VKRXOG�EH�YLVLEOH�RQ�WKH�SURMHFW�WUHH��,I�\RX�
GR�QRW�VHH�ERWK�ILOHV�WKHQ�UHSHDW�WKH�LQVWUXFWLRQV�DQG�DGG�WKH�PLVVLQJ�ILOH�WR�WKH�SURMHFW��

�����%XLOG�WKH�7UHH�DQG�XVH�WKH�(GLWRU�:LQGRZV

,Q�WKLV�VHFWLRQ�ZH�ZLOO�EXLOG�WKH�SURMHFW�WUHH�DQG�XVH�WKH�(GLWRU�ZLQGRZV�WR�YLHZ�WKH�VRXUFH�FRGH��:KHQ�ILOHV�DUH�ILUVW�
DGGHG�WR�WKH�SURMHFW��\RX�FDQ�VHH�WKH�ILOHQDPH�EXW�\RX�FDQQRW�VHH�D�KLHUDUFKLFDO�YLHZ�RI�WKH�PRGXOHV�LQVLGH�WKH�ILOHV��
7R�YLHZ�WKH�LQWHUQDO�PRGXOHV�RQ�WKH�SURMHFW�WUHH�\RX�PXVW�ILUVW�EXLOG�RU�UXQ�D�VLPXODWLRQ��7KH�EXLOG�FRPPDQG�FRPSLOHV�
WKH�9HULORJ�ILOHV�DQG�EXLOGV�WKH�9HULORJ�WUHH��,W�GRHV�QRW�UXQ�D�VLPXODWLRQ��)RU�ODUJH�SURMHFWV�EXLOG�OHWV�\RX�TXLFNO\�FRQ�
VWUXFW�WKH�WUHH�ZLWKRXW�KDYLQJ�WR�ZDLW�IRU�D�VLPXODWLRQ�WR�UXQ��7R�EXLOG�D�SURMHFW�

��3UHVV�WKH�\HOORZ�%XLOG�EXWWRQ� �RQ�WKH�VLPXODWLRQ�EXWWRQ�EDU��

��1RWLFH�WKDW�WKH�PRGXOHV�LQVLGH�HDFK�VRXUFH�ILOH�DUH�GLVSOD\HG�RQ�WKH�SURMHFW�WUHH���2QH�PRGXOH��WHVWEHG��LV�VXU�
URXQGHG�E\�EUDFNHWV�WR�LQGLFDWH�WKDW�LW�LV�WKH�WRS�OHYHO�PRGXOH��WKH�KLJKHVW�OHYHO�LQVWDQWLDWHG�FRPSRQHQW��

��1RWLFH�WKDW�WKH�'LDJUDP�ZLQGRZ�QRZ�KDV�VHYHUDO�VLJQDOV�OLVWHG�LQ�WKH�ZDYHIRUP�GLVSOD\��%\�GHIDXOW��9HUL/RJJHU�
VHWV�ZDWFKHV�RQ�DOO�WKH�WRS�OHYHO�PRGXOHV�LQWHUQDO�VLJQDOV��/DWHU�ZH�ZLOO�OHDUQ�WR�VHW�ZDWFKHV�RQ�WKH�RWKHU�VLJ�
QDOV�

$OO�VXE�PRGXOHV�FDQ�EH�YLHZHG�E\�GHVFHQGLQJ�WKH�WRS�OHYHO�PRGXOH
V�WUHH��:KHQ�WKH�WUHH�LV�H[SDQGHG�LW�FDQ�GLVSOD\�
WKH�VLJQDOV��SRUWV��DQG�FRPSRQHQWV�FRQWDLQHG�LQ�HDFK�PRGXOH��([SDQG�WKH�WUHH�E\�XVLQJ�WKH���EXWWRQV�RU�E\�XVLQJ�WKH�
QRGH�FRQWH[W�PHQX�([SDQG�,WHP��7U\�ERWK�PHWKRGV�IRU�H[SDQGLQJ�WKH�WUHH�

��3UHVV�WKH���EXWWRQ�WR�WKH�OHIW�RI����WHVWEHG!!!� �WR�H[SDQG�WKH�SURMHFW�WUHH��1RWLFH�WKDW�
WKH�VXE�QRGHV�RI�6LJQDOV�DQG�&RPSRQHQWV�DUH�QRW�H[SDQGHG�

��5LJKW�FOLFN�RQ����WHVWEHG!!!�DQG�FKRRVH�([SDQG�,WHP�IURP�WKH�FRQWH[W�PHQX��7KLV�H[SDQGV�WKH�QRGH�DQG�DOO�
WKH�VXE�QRGHV�

'RXEOH�FOLFNLQJ�RQ�D�SDUWLFXODU�PRGXOH�RU�QRGH�LQ�WKH�3URMHFW�7UHH�FDXVHV�DQ�HGLWRU�WR�RSHQ�DQG�GLVSOD\�WKH�UHOHYDQW�
VRXUFH�FRGH��/HW¶V�YLHZ�VRPH�VRXUFH�FRGH�

��'RXEOH�FOLFN�RQ�WKH�DGG�WHVW�Y�ILOHQDPH�WR�RSHQ�DQ�HGLWRU�ORDGHG�ZLWK�WKDW�ILOH��1RWLFH�WKDW�WKH�HGLWRU�LV�VFUROOHG�
WR�WKH�WRS�RI�WKH�ILOH�

��'RXEOH�FOLFN�RQ�WKH�ID��FRPSRQHQW�ORFDWHG�GRZQ�RQ�WKH�H[SDQGHG�EUDQFKHV�RI�WKH����WHVWEHG!!!�WUHH��<RX�
PD\�KDYH�WR�VFUROO�GRZQ�WR�ILQG�WKLV�PRGXOH��1RWLFH�WKDW�HGLWRU�LV�QRZ�VFUROOHG�WR�WKH�LQVWDQWLDWLRQ�RI�ID��DQG�
WKHUH�LV�D�ZKLWH�DUURZ�WR�WKH�OHIW�RI�WKH�HGLWRU�VFUHHQ�LQGLFDWLQJ�WKH�FRUUHFW�OLQH��

7KH�HGLWRUV�FDQ�EH�XVHG�WR�HGLW�DQG�ZULWH�9HULORJ�VRXUFH�FRGH��0RVW�RI�WKH�(GLWRU�ZLQGRZ�IXQFWLRQV�DUH�DFFHVVHG�IURP�
WKH�(GLWRU�PHQX�WUHH��

��/HIW�FOLFN�RQ�WKH�(GLWRU�PHQX�WR�RSHQ�WKH�PHQX��1RWLFH�WKH�6DYH�+'/�)LOH��2SHQ�+'/�)LOH��DQG�(GLWRU�3UHI�
HUHQFH�PHQX�RSWLRQV��7KHVH�DUH�WKH�PRUH�FRPPRQO\�XVHG�PHQX�RSWLRQV�

&KDSWHU����(GLWRU�:LQGRZ�LQ�WKH�RQ�OLQH�9HUL/RJJHU�KHOS�PDQXDO�KDV�PRUH�LQIRUPDWLRQ�RQ�XVLQJ�WKH�(GLWRU�ZLQGRZV�
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�����6LPXODWH�WKH�3URMHFW

:KHQ�ZH�EXLOW�WKH�SURMHFW�LQ�WKH�ODVW�VHFWLRQ��WKH�QDPHV�RI�WKH�LQWHUQDO�VLJQDOV�LQ�WKH�WRS�OHYHO�PRGXOH�ZHUH�DXWRPDWL�
FDOO\�DGGHG�WR�WKH�'LDJUDP�ZLQGRZ��7KLV�IHDWXUH�DOORZV�\RX�WR�TXLFNO\�VHW�XS�D�SURMHFW�DQG�VWDUW�VLPXODWLQJ�DQG�GH�
EXJJLQJ�ZLWKRXW�KDYLQJ�WR�VWRS�DQG�VSHFLI\�D�VHW�RI�VLJQDOV��)RU�ODUJH�SURMHFWV�\RX�PD\�ZDQW�WR�WXUQ�RII�WKLV�IHDWXUH�E\�
FKRRVLQJ�WKH�3URMHFW�!�3URMHFW�6HWWLQJV�PHQX�DQG�XQ�FKHFNLQJ�WKH�*UDE�WRS�OHYHO�VLJQDOV�FKHFN�ER[��)RU�VPDOO�
SURMHFWV�WKH�DXWRPDWLF�VLJQDO�ZDWFKHV�VDYH�D�ORW�RI�WLPH�VR�ZH�ZLOO�OHDYH�LW�RQ�IRU�WKH�WXWRULDO��)LUVW��OHW
V�VLPXODWH�ZLWK�
WKH�GHIDXOW�VLJQDOV�

��3UHVV�WKH�JUHHQ�5XQ�EXWWRQ� �RQ�WKH�VLPXODWLRQ�EXWWRQ�EDU��7KLV�FDXVHV�D�VLPXODWLRQ�WR�VWDUW�DQG�UXQ�XQWLO�WKH�
HQG�RI�WKH�VLPXODWLRQ�WLPH�RU�XQWLO�D�EUHDNSRLQW�LV�UHDFKHG��7KH�'LDJUDP�ZLQGRZ�VKRXOG�FRQWDLQ�SXUSOH�ZDYH�
IRUPV��

��9HULI\�WKDW�WKH�VXP�DQG�FBRXW�DUH�FRUUHFWO\�EHLQJ�FRPSXWHG�DV�[���\���FBLQ��

�����:DWFK�DQG�9LHZ�,QWHUQDO�6LJQDOV

:LWK�9HUL/RJJHU�\RX�FDQ�ZDWFK�DQ\�FRPELQDWLRQ�RI�VLJQDOV�OLVWHG�XQGHU�WKH�WRS�OHYHO�PRGXOH�WUHH��7R�GHPRQVWUDWH�WKLV�
ZH�ZLOO�VHW�ZDWFKHV�RQ�WKH�VXP�RXWSXWV�IRU�WKH�IXOO�DGGHUV�VXE�PRGXOHV�WKDW�PDNH�XS�WKH���ELW�DGGHU�

��,Q�WKH�3URMHFW�ZLQGRZ��H[SDQG�WKH�WRS�OHYHO�PRGXOH�WUHH�DQG�ILQG�WKH�ID��FRPSRQHQW��

��5LJKW�FOLFN�RQ�WKH�VXP�SRUW�IRU�ID��WR�RSHQ�D�FRQWH[W�PHQX�

��&KRRVH�WKH�:DWFK�&RQQHFWLRQ�PHQX�RSWLRQ��7KLV�DGGV�WKH�WHVWEHG�$��ID��VXP�VLJQDO�WR�WKH�'LDJUDP�ZLQGRZ�

��3UHVV�WKH�JUHHQ�5XQ�EXWWRQ�WR�UXQ�DQRWKHU�VLPXODWLRQ��9HULI\�WKDW�WKH�WHVWEHG�$��ID��VXP�VLJQDO�LV�WKH���ELW�RI�
WKH�WHVWEHG�VXP>���@�VLJQDO�

7R�UHPRYH�VLJQDOV�IURP�WKH�ZDWFK�OLVW�GHOHWH�WKHP�IURP�WKH�'LDJUDP�ZLQGRZ��

��,Q�WKH�'LDJUDP�ZLQGRZ��OHIW�FOLFN�RQ�WKH�WHVWEHG�$��ID��VXP�VLJQDO�QDPH�WR�KLJKOLJKW�LW�

��3UHVV�WKH�'HOHWH�NH\�RQ�WKH�NH\ERDUG�WR�UHPRYH�WKH�VLJQDO�IURP�WKH�'LDJUDP�ZLQGRZ���

��3UHVV�WKH�JUHHQ�5XQ�EXWWRQ�WR�UXQ�DQRWKHU�VLPXODWLRQ��9HULI\�WKDW�WKH�WHVWEHG�$��ID��VXP�VLJQDO�ZDV�QRW�
ZDWFKHG�

1H[W�ZH�ZLOO�H[SHULPHQW�ZLWK�GLIIHUHQW�ZD\V�WR�YLHZ�ZDYHIRUPV�LQ�WKH�'LDJUDP�ZLQGRZ�

��,Q�WKH�WLPH�OLQH�DERYH�WKH�VLJQDOV�LQ�WKH�'UDZLQJ�ZLQGRZ��OHIW�FOLFN�GRZQ�DQG�KROG�WR�VKRZ�D�PDUNHU�WKDW�GLVSOD\V�
WKH�YDOXH�RI�HDFK�VLJQDO��5HOHDVH�WKH�PRXVH�EXWWRQ�ZLWKRXW�GUDJJLQJ�

��/HIW�FOLFN�DQG�GUDJ�WKH�PDUNHU�DERXW���QV�LQ�WKH�WLPH�OLQH�ZLQGRZ��:KHQ�\RX�UHOHDVH�WKH�PRXVH�EXWWRQ��WKH�ZLQ�
GRZ�ZLOO�]RRP�WR�GLVSOD\�WKH�WLPH�UDQJH�WKDW�WKH�PRXVH�ZDV�GUDJJHG�RYHU�

��5LJKW�FOLFN�LQ�WKH�WLPH�OLQH�WR�]RRP�RXW�RQ�WKH�ZDYHIRUPV�

��3UHVV�WKH�=RRP�)XOO�EXWWRQ�RQ�WKH�'LDJUDP�ZLQGRZ�WR�UHWXUQ�WKH�]RRP�OHYHO�WR�WKH�HQWLUH�VLPXODWLRQ�UDQJH�

�����6DYH�WKH�3URMHFW��:DYHIRUPV�DQG�6RXUFH�&RGH

1H[W�ZH�ZLOO�OHDUQ�WR�VDYH�WKH�SURMHFW��ZDYHIRUPV��DQG�VRXUFH�FRGH��7KH�SURMHFW�VDYHV�WKH�VLPXODWLRQ�RSWLRQV�DQG�WKH�
QDPHV�RI�WKH�ILOHV�FRQWDLQHG�RQ�WKH�SURMHFW�WUHH��,W�GRHV�QRW�VDYH�WKH�VRXUFH�FRGH�RU�WKH�ZDWFKHG�VLJQDOV��7R�VDYH�WKH�
SURMHFW��

��&KRRVH�WKH�3URMHFW�!�6DYH�+'/�3URMHFW�PHQX�RSWLRQ�WR�RSHQ�WKH�6DYH�3URMHFW�$V�GLDORJ��

��7\SH�DGG�WHVW�KSM�LQWR�WKH�)LOH�QDPH�HGLW�ER[�
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��&OLFN�WKH�6DYH�EXWWRQ�WR�FORVH�WKH�GLDORJ��1RWLFH�WKDW�WKH�QDPH�RI�WKH�SURMHFW�LV�GLVSOD\HG�LQ�WKH�WLWOHG�EDU�RI�WKH�
3URMHFW�ZLQGRZ�

7KH�ZDWFKHG�VLJQDOV�DUH�VDYHG�XVLQJ�WLPLQJ�GLDJUDP�ILOHV��%\�PDNLQJ�WKH�ZDWFKHG�VLJQDOV�VHSDUDWH�IURP�WKH�SURMHFW�
ILOH��9HUL/RJJHU�OHWV�\RX�VHW�XS�GLIIHUHQW�VHWV�RI�ZDWFKHG�VLJQDOV�VR�WKDW�\RX�GR�QRW�KDYH�WR�ZDWFK�\RXU�HQWLUH�GHVLJQ�
HDFK�WLPH�\RX�VLPXODWH��$OVR�ZDWFKLQJ�VPDOO�VHFWLRQV�RI�\RXU�GHVLJQ�PDNHV�LW�HDVLHU�WR�GHWHFW�EXJV�LQ�D�SDUWLFXODU�VHF�
WLRQ�DQG�VSHHGV�XS�VLPXODWLRQ�H[HFXWLRQ��,Q�WKH�HYDOXDWLRQ�YHUVLRQ�RI�9HUL/RJJHU�\RX�FDQQRW�VDYH�WKH�ZDYHIRUPV��
+RZHYHU��LQ�WKH�IXOO�YHUVLRQ�\RX�FDQ�VDYH�WKH�ZDWFKHG�VLJQDOV�XVLQJ�WKH�IROORZLQJ�PHQX�FRPPDQG�

��)LOH�!�6DYH�7LPLQJ�'LDJUDP���

(DFK�WLPH�\RX�VLPXODWH��HYHU\�RSHQ�HGLWRU�LV�TXHULHG�WR�GHWHUPLQH�LI�WKH�VRXUFH�FRGH�QHHGV�WR�EH�VDYHG�EHIRUH�WKH�VLP�
XODWLRQ�VWDUWV��,I�\RX�QHHG�WR�VDYH�WKH�FRGH�EHIRUH�\RX�DUH�UHDG\�WR�SHUIRUP�D�VLPXODWLRQ��XVH�RQH�RI�WKH�IROORZLQJ�PHQX�
RSWLRQV�

��7KH�(GLWRU�!�6DYH�+'/�VRXUFH�PHQX�RSWLRQ�WR�VDYH�WKH�VRXUFH�FRGH�LQ�WKH�HGLWRU�ZLWK�WKH�IRFXV�

��7KH�(GLWRU�!�6DYH�$OO�PHQX�RSWLRQ�WR�VDYH�WKH�VRXUFH�FRGH�LQ�DOO�RSHQHG�HGLWRUV�

�7R�UH�RSHQ�D�9HUL/RJJHU�3URMHFW��ILUVW�RSHQ�WKH�SURMHFW�DQG�WKHQ�ORDG�WKH�WLPLQJ�GLDJUDP�ILOHV�

�����&RQILJXUH�WKH�3URMHFW�IRU�3DUW��

1RZ�ZH�ZLOO�VHW�XS�WKH�SURMHFW�IRU�WKH�QH[W�VHFWLRQ�E\�UHPRYLQJ�WKH�WHVW�EHQFK�ILOH�DQG�VDYLQJ�WKH�SURMHFW�XQGHU�D�GLI�
IHUHQW�QDPH��7R�UHPRYH�DGG�WHVW�Y�IURP�WKH�SURMHFW�

��/HIW�FOLFN�RQ�WKH�DGG�WHVW�Y�ILOHQDPH�WR�VHOHFW�LW�LQ�WKH�SURMHFW�WUHH�

��3UHVV�WKH�'HOHWH�NH\�RQ�WKH�NH\ERDUG�WR�UHPRYH�WKH�ILOH��)LOHV�FDQ�DOVR�EH�UHPRYHG�XVLQJ�WKH�FRQWH[W�PHQX�RU�
WKH�3URMHFW�!�5HPRYH�)LOH�PHQX�RSWLRQ��

��&KRRVH�WKH�3URMHFW�!�6DYH�+'/�3URMHFW�$V�PHQX�RSWLRQ�DQG�VDYH�WKH�SURMHFW�XQGHU�WKH�QDPH�RI�DGG�ZDYH�KSM�

��&KRRVH�)LOH�!1HZ�7LPLQJ�'LDJUDP�WR�FOHDU�WKH�'LDJUDP�ZLQGRZ�

��9HULI\�WKDW�RQO\�RQH�ILOH��DGG��Y��LV�OLVWHG�RQ�WKH�SURMHFW�WUHH��DQG�WKDW�WKH�'LDJUDP�ZLQGRZ�LV�HPSW\�

3DUW����*UDSKLFDO�7HVW�%HQFK�*HQHUDWLRQ

,Q�WKLV�VHFWLRQ�\RX�ZLOO�GUDZ�DQG�VLPXODWH�D�WHVW�EHQFK�XVLQJ�WKH�WLPLQJ�GLDJUDP�HGLWRU�

�����%XLOG�WKH�3URMHFW�DQG�([DPLQH�WKH�%ODFN�6LJQDOV

,Q�WKH�SUHYLRXV�VHFWLRQ��DOO�WKH�VLJQDOV�ZHUH�SXUSOH�WR�LQGLFDWH�WKDW�WKH\�ZHUH�VLPXODWHG�VLJQDOV�WKDW�ZHUH�JHQHUDWHG�E\�
WKH�9HULORJ�FRGH��,Q�WKLV�VHFWLRQ�ZH�KDYH�GHOHWHG�WKH�WHVWEHG�PRGXOH�DQG�WKH�QHZ�WRS�OHYHO�PRGXOH�KDV�LQSXW�SRUW�VLJQDOV�
WKDW�DUH�QRW�EHLQJ�GULYHQ�E\�DQ\�RWKHU�PRGXOH�LQ�WKH�SURMHFW��7R�YHULI\�WKLV�

��&KRRVH�WKH�6LP�'LDJUDP�	�3URMHFW�RSWLRQ�IURP�WKH�GURS�GRZQ�ER[�RQ�WKH�OHIW�VLGH�RI�WKH�VLPXODWLRQ�EXWWRQ�
EDU��7KLV�VLPXODWLRQ�VWDWH�RSWLRQ�OHWV�WKH�VLPXODWRU�FRPSLOH�ERWK�WKH�GUDZQ�ZDYHIRUPV�DQG�WKH�9HULORJ�VRXUFH�
FRGH�ILOHV�WRJHWKHU�

��3UHVV�WKH�\HOORZ�%XLOG�EXWWRQ�RQ�WKH�VLPXODWLRQ�EXWWRQ�EDU��

��1RWLFH�WKDW�WKH�'LDJUDP�ZLQGRZ�QRZ�KDV�WZR�SXUSOH�VLJQDOV�DQG�WKUHH�EODFN�VLJQDOV��7KH�SXUSOH�VLJQDOV�DUH��VLP�
XODWHG��VLJQDOV�ZKRVH�YDOXHV�ZLOO�EH�GHWHUPLQHG�GXULQJ�WKH�QH[W�VLPXODWLRQ��7KH�EODFN�VLJQDOV�DUH�LQSXW�VLJ�
QDOV�WKDW�QHHG�WR�EH�GHILQHG�EHIRUH�D�QRQ�WULYLDO�VLPXODWLRQ�FDQ�WDNH�SODFH�

��8VH�WKH�3URMHFW�WUHH�WR�YHULI\�WKDW�WKH�EODFN�VLJQDOV�DUH�LQSXW�SRUWV�RI�WKH����)RXU%LW$GGHU!!!�PRGXOH�



9HUL/RJJHU�7XWRULDO�$��%DVLF�9HULORJ�6LPXODWLRQ�����
�����8VH�WKH�'HEXJ�5XQ�6LPXODWLRQ�0RGH

9HUL/RJJHU�KDV�WZR�VLPXODWLRQ�PRGHV��$XWR�5XQ�DQG�'HEXJ�5XQ��7KH�VLPXODWLRQ�PRGH�LV�GLVSOD\HG�RQ�WKH�OHIW�PRVW�
EXWWRQ�RQ�WKH�VLPXODWLRQ�EXWWRQ�EDU��,Q�WKH�'HEXJ�5XQ�PRGH��VLPXODWLRQV�DUH�VWDUWHG�RQO\�ZKHQ�WKH�XVHU�SUHVVHV�WKH�
5XQ�RU�6LQJOH�6WHS�EXWWRQV��VLPLODU�WR�D�VWDQGDUG�9HULORJ�VLPXODWRU���,Q�$XWR�5XQ�PRGH�WKH�VLPXODWRU�ZLOO�DXWRPDWL�
FDOO\�UXQ�D�VLPXODWLRQ�HDFK�WLPH�D�ZDYHIRUP�LV�HGLWHG�LQ�WKH�'LDJUDP�ZLQGRZ��7KLV�PRGH�PDNHV�LW�HDV\�WR�TXLFNO\�WHVW�
VPDOO�PRGXOHV�DQG�SHUIRUP�ERWWRP�XS�WHVWLQJ��:KLOH�GUDZLQJ�WKH�RULJLQDO�WHVW�EHQFK�ZH�ZLOO�VHW�WKH�VLPXODWRU�WR�'HEXJ�
5XQ�PRGH�

��3UHVV�WKH�VLPXODWLRQ�PRGH�EXWWRQ�WR�WRJJOH�WKH�GLVSOD\�WR�'HEXJ�5XQ�

�����+RZ�WR�'UDZ�:DYHIRUPV

,I�\RX�DUH�DOUHDG\�IDPLOLDU�ZLWK�6\QDSWL&$'
V�WLPLQJ�GLDJUDP�HGLWLQJ�HQYLURQPHQW��VNLS�DKHDG�WR�6HFWLRQ�����ZKHUH�
\RX�ZLOO�GUDZ�VWLPXOXV�YHFWRUV�DQG�XVH�WKH�9LUWXDO�6WDWH�HGLW�ER[�WR�GHILQH�WKH�YDOXHV�IRU�WKH�[�DQG�\�EXVVHV�

,I�WKLV�LV�\RXU�ILUVW�WLPH�XVLQJ�D�6\QDSWL&$'�WLPLQJ�GLDJUDP�HGLWRU�WKHQ�ZH�ZLOO�ILUVW�GUDZ�VHYHUDO�UDQGRP�ZDYHIRUPV�
WR�IDPLOLDUL]H�\RX�ZLWK�WKH�GUDZLQJ�HQYLURQPHQW�

���1RWLFH�WKH�EXWWRQV�ZLWK�WKH�ZDYHIRUPV�GUDZQ�RQ�WKHP��7KHVH�DUH�WKH�VWDWH�EXWWRQV��7KH�DFWLYH�EXWWRQ�LV�FRORUHG�
UHG�DQG�LQGLFDWHV�WKH�VWDWH�RI�WKH�QH[W�VHJPHQW�GUDZQ��,Q�WKLV�FDVH��WKH�+,*+�VWDWH�EXWWRQ�LV�SUREDEO\�DFWLYH�

���0RYH�WKH�PRXVH�FXUVRU�WR�LQVLGH�WKH�GUDZLQJ�ZLQGRZ�DW�WKH�VDPH�OHYHO�DV�WKH�VLJQDO�QDPH�FBLQ��DQG�DW�DERXW�
��QV��

���/HIW�FOLFN�WR�GUDZ�D�ZDYHIRUP�VHJPHQW�IURP��QV�WR�WKH�FXUVRU��1RWLFH�WKDW�D�+,*+�VLJQDO�ZDV�FUHDWHG��

���$�GLIIHUHQW�VWDWH�EXWWRQ�LV�QRZ�DFWLYDWHG��7KH�VWDWH�EXWWRQV�DXWRPDWLFDOO\�WRJJOH�EHWZHHQ�WKH�WZR�PRVW�UHFHQWO\�
DFWLYDWHG�VWDWHV��7KH�VPDOO�UHG�7�DERYH�WKH�VWDWH�QDPH�GHQRWHV�WKH�WRJJOH�VWDWH��

���0RYH�WKH�FXUVRU�WR�DERXW���QV�RQ�WKH�VDPH�VLJQDO�DQG�OHIW�FOLFN��1RZ�D�/2:�VHJPHQW�LV�GUDZQ�IURP�WKH�HQG�
RI�WKH�+,*+�VLJQDO�WR�WKH�ORFDWLRQ�RI�WKH�FXUVRU��

���/HIW�FOLFN�RQ�WKH�9$/�EXWWRQ�WR�DFWLYDWH�WKH�YDOLG�VWDWH�EXWWRQ�DQG�GUDZ�DQRWKHU�ZDYHIRUP�VHJPHQW��

���'UDZ�PRUH�VHJPHQWV��XVLQJ�DOO�WKH�VWDWHV�H[FHSW�WKH�+(;�EXWWRQ��:H�ZLOO�XVH�WKLV�EXWWRQ�ODWHU�WR�GHILQH�WKH�VWDWH�
YDOXHV�IRU�WKH�PXOWL�ELW�VLJQDOV��)RU�QRZ��H[SHULPHQW�ZLWK�WKH�JUDSKLFDO�VWDWHV�RQ�HDFK�RI�WKH�EODFN�VLJQDOV�
�WKH�SXUSOH�VLJQDOV�DUH�RXWSXWV�RI�WKH�VLPXODWLRQ�DQG�FDQQRW�EH�GUDZQ�RQ��

<RXU�GUDZLQJ�VKRXOG�EH�D�PHVV��RU�DW�OHDVW�ORRN�QRWKLQJ�OLNH�)LJXUH���ORFDWHG�LQ�6HFWLRQ�����

�����+RZ�WR�(GLW�:DYHIRUPV

7KHUH�DUH�IRXU�PDLQ�HGLWLQJ�WHFKQLTXHV�XVHG�WR�PRGLI\�H[LVWLQJ�VLJQDOV��1RWH��WKHVH�WHFKQLTXHV�ZLOO�QRW�ZRUN�RQ�FORFNV�
DQG�VLPXODWHG�VLJQDOV���7KH�PRVW�FRPPRQO\�XVHG�WHFKQLTXH�LV�WKH�GUDJJLQJ�RI�VLJQDO�WUDQVLWLRQV�WR�DGMXVW�WKHLU�ORFDWLRQ��
7KH�RWKHU�WKUHH�WHFKQLTXHV�DOO�DFW�RQ�VLJQDO�VHJPHQWV��WKH�ZDYHIRUPV�EHWZHHQ�WZR�FRQVHFXWLYH�VLJQDO�WUDQVLWLRQV���7KH�
VHJPHQW�ZDYHIRUP�FDQ�EH�FKDQJHG��GHOHWHG��RU�D�QHZ�VHJPHQW�FDQ�EH�LQVHUWHG�ZLWKLQ�DQRWKHU�VHJPHQW��8VH�HDFK�RI�WKH�
IROORZLQJ�WHFKQLTXHV�

���0RYH�D�VLJQDO�WUDQVLWLRQ��/HIW�FOLFN�DQG�KROG�RQ�D�VLJQDO�WUDQVLWLRQ��$�JUHHQ�EDU�ZLOO�DSSHDU�WKDW�IROORZV�WKH�
PRXVH�FXUVRU��5HOHDVH�WKH�PRXVH�EXWWRQ�ZKHQ�WKH�JUHHQ�EDU�LV�DW�WKH�GHVLUHG�ORFDWLRQ�

���&KDQJH�WKH�VWDWH�RI�D�VHJPHQW��$�VHJPHQW�LV�WKH�ZDYHIRUP�EHWZHHQ�WZR�FRQVHFXWLYH�VLJQDO�WUDQVLWLRQV��/HIW�
FOLFN�RQ�WKH�VHJPHQW�WR�VHOHFW�LW��D�VHOHFWHG�VHJPHQW�KDV�D�KLJKOLJKWHG�ER[�GUDZQ�DURXQG�LW���7KHQ�OHIW�FOLFN�
RQ�WKH�VWDWH�EXWWRQ�RI�WKH�QHZ�VWDWH�GHVLUHG�



9HUL/RJJHU�7XWRULDO�$��%DVLF�9HULORJ�6LPXODWLRQ�����
���'HOHWH�D�VHJPHQW��6HOHFW�D�VHJPHQW��WKHQ�SUHVV�WKH��GHOHWH!�NH\�

���,QVHUW�D�VHJPHQW��,QVLGH�D�ODUJH�VHJPHQW��OHIW�FOLFN�GRZQ�DQG�GUDJ�WR�WKH�ULJKW��WKHQ�UHOHDVH��$�QHZ�VHJPHQW�
ZLOO�EH�DGGHG�LQ�WKH�PLGGOH�RI�WKH�RULJLQDO�VHJPHQW��)RU�WKLV�RSHUDWLRQ�WR�ZRUN��WKH�RULJLQDO�VHJPHQW�PXVW�EH�
ZLGH�HQRXJK�WR�EH�VHOHFWHG�

)RU�PRUH�GHWDLOHG�LQVWUXFWLRQV��UHDG�WKH�7HVW%HQFKHU�DQG�:DYH)RUPHU�RQ�OLQH�KHOS�&KDSWHU����6LJQDOV�DQG�:DYH�
IRUPV�

�����'UDZ�WKH�6WLPXOXV�:DYHIRUPV

1RZ�XVH�WKH�DERYH�WHFKQLTXHV�WR�HGLW�WKH�VLJQDOV�VR�WKH\�KDYH�URXJKO\�WKH�VDPH�WUDQVLWLRQV�DQG�JUDSKLFDO�VWDWHV�DV�WKH�
VLJQDOV�LQ�WKH�ILJXUH�EHORZ��7KLV�LV�QRW�WKH�QRUPDO�ZD\�WR�FUHDWH�D�WLPLQJ�GLDJUDP��EXW�LW�ZLOO�WHDFK�\RX�KRZ�WR�XVH�WKH�
HGLWLQJ�IHDWXUHV�RI�6\QDSWL&$'
V�WLPLQJ�GLDJUDP�HGLWRU��0DNH�VXUH�\RX�WU\�DOO�WKH�HGLWLQJ�WHFKQLTXHV�

)LJXUH����6WLPXOXV�YHFWRUV�IRU�WKH���ELW�DGGHU�FLUFXLW

1H[W��HGLW�WKH�YLUWXDO�EXV�VWDWHV�RI�WKH�YDOLG�VHJPHQWV�RQ�WKH�[�DQG�\�EXVHV�

��'RXEOH�FOLFN�RQ�WKH�ILUVW�VHJPHQW�RQ�WKH�[�VLJQDO�WR�RSHQ�WKH�(GLW�%XV�6WDWH�GLDORJ�

��(QWHU�WKH�IROORZLQJ�KH[�YDOXH�LQWR�WKH�YLUWXDO�HGLW�ER[��PDNH�VXUH�WR�W\SH�WKH�VLQJOH�TXRWH���
K�

��3UHVV�WKH�$/7�1�NH\V�RU�1H[W�EXWWRQ�WR�PRYH�WR�WKH�QH[W�VHJPHQW�RQ�WKH�VLJQDO�

��&RQWLQXH�WR�HQWHU�YDOXHV�LQWR�HDFK�VHJPHQW�VR�WKDW�LW�PDWFKHV�)LJXUH���DQG�SUHVV�WKH�2.�EXWWRQ�WR�DFFHSW�WKH�ODVW�
YDOXH�

��5HSHDW�WKH�DERYH�LQVWUXFWLRQV�IRU�WKH�\�VLJQDO��

$W�WKLV�SRLQW��WKH�FBLQ��[>���@��DQG�\>���@�VLJQDOV�VKRXOG�ORRN�OLNH�)LJXUH����([DFW�SODFHPHQW�RI�HGJHV�LV�QRW�UHTXLUHG�
IRU�WKLV�WXWRULDO�

�����6LPXODWH�XVLQJ�WKH�$XWR�5XQ�6LPXODWLRQ�0RGH

&XUUHQWO\�WKH�VLPXODWRU�LV�LQ�'HEXJ�5XQ�PRGH��VR�VLPXODWLRQV�DUH�VWDUWHG�RQO\�ZKHQ�WKH�5XQ�EXWWRQ�LV�SUHVVHG��6WDUW�
D�VLPXODWLRQ��

��3UHVV�WKH�JUHHQ�5XQ�EXWWRQ�RQ�WKH�VLPXODWLRQ�EXWWRQ�EDU��

��9HULI\�WKDW�WKH�VXP�DQG�FBRXW�DUH�FRUUHFWO\�EHLQJ�FRPSXWHG�DV�[���\��FBLQ��

��1H[W��GUDJ�DQG�GURS�DQ�HGJH�RQ�WKH�[>���@�VLJQDO��1RWLFH�WKDW�WKH�VLPXODWHG�VLJQDOV�GR�127�FKDQJH�YDOXHV�EH�
FDXVH�WKH�VLPXODWRU�LV�LQ�'HEXJ�5XQ�PRGH�

��3UHVV�WKH�JUHHQ�5XQ�EXWWRQ�WR�XSGDWH�WKH�VLPXODWLRQ�YDOXHV�

1H[W�ZH�ZLOO�GHPRQVWUDWH�WKH�$XWR�5XQ�PRGH�ZKLFK�DOORZV�LQWHUDFWLYH�GHEXJJLQJ�RI�PRGXOHV��7KLV�PRGH�LV�HVSHFLDOO\�
XVHIXO�IRU�GHEXJJLQJ�VPDOO�PRGXOHV��

��3UHVV�WKH�VLPXODWLRQ�PRGH�EXWWRQ�WR�WRJJOH�WKH�GLVSOD\�WR�$XWR�5XQ��



9HUL/RJJHU�7XWRULDO�$��%DVLF�9HULORJ�6LPXODWLRQ�����
��'UDJ�DQG�GURS�DQ�HGJH�RQ�WKH�[>���@�VLJQDO��1RWLFH�WKDW�WKH�VLPXODWHG�VLJQDOV�FKDQJH�YDOXHV�DV�VRRQ�DV�\RX�GURS�
WKH�HGJH�

��([SHULPHQW�ZLWK�GUDJJLQJ�HGJHV�DQG�FKDQJLQJ�WKH�YDOXHV�RI�WKH�YLUWXDO�VWDWHV��,I�WKLV�ZDV�D�ORZ�OHYHO�PRGXOH�WKDW�
\RX�MXVW�GHVLJQHG��\RX�FRXOG�TXLFNO\�FKHFN�WKH�IXQFWLRQDOLW\�RI�WKH�PRGXOH�ZLWKRXW�KDYLQJ�WR�GHVLJQ�D�IRUPDO�
WHVW�EHQFK��

�����,PSRUW�DQG�*HQHUDWH�:DYHIRUPV

7KH�PRVW�GLIILFXOW�DQG�WHGLRXV�SDUW�RI�GHVLJQLQJ�WHVW�EHQFKHV�LV�DFFXUDWHO\�HQWHULQJ�WKH�ZDYHIRUP�GDWD��9HUL/RJJHU�
DFFHOHUDWHV�WKLV�SURFHVV�E\�DFFHSWLQJ�ZDYHIRUP�GDWD�YLD�VL[�GLIIHUHQW�PHWKRGV��9HULORJ�FRGH��GUDZLQJ��VSUHDGVKHHWV��
VLPXODWRU�RXWSXW��+3�ORJLF�DQDO\]HU�FDSWXUH��DQG�HTXDWLRQ�JHQHUDWLRQ��6R�IDU�ZH�KDYH�GHPRQVWUDWHG�WKH�GUDZLQJ�RI�
ZDYHIRUPV�DQG�WKH�XVH�RI�VWDQGDUG�9HULORJ�FRGH�ZKLFK�DUH�H[FHOOHQW�FKRLFHV�IRU�GHVLJQLQJ�VPDOO�WHVW�EHQFKHV��+RZ�
HYHU��IRU�ODUJH�WHVW�EHQFKHV�LW�LV�HDVLHU�WR�XVH�DXWRPDWHG�WHFKQLTXHV�WR�JHQHUDWH�\RXU�GDWD��7KH�7HVW%HQFKHU�DQG�:DYH�
)RUPHU�RQ�OLQH�KHOS�&KDSWHU�����6WLPXOXV�*HQHUDWLRQ�DQG�:DYHIRUP�,PSRUW�FRYHUV�WKH�VSUHDGVKHHW��VLPXODWRU�LPSRUW��
DQG�+3�/RJLF�DQDO\]HU�IHDWXUHV��7KH�HTXDWLRQ�EDVHG�JHQHUDWLRQ�RI�ZDYHIRUPV�LV�FRYHUHG�LQ�&KDSWHU�����:DYHIRUP�
(TXDWLRQ�*HQHUDWLRQ��

1RZ�ZH�ZLOO�TXLFNO\�GHPRQVWUDWH�WKH�ZDYHIRUP�HTXDWLRQ�IHDWXUHV�XVLQJ�WKH�IROORZLQJ�VWHSV�

��'RXEOH�FOLFN�RQ�WKH�[>���@�VLJQDO�QDPH�WR�RSHQ�WKH�6LJQDO�3URSHUWLHV�GLDORJ�ER[�

��1RWLFH�WKH�GURS�GRZQ�HGLW�ER[�WR�WKH�ULJKW�RI�WKH�:IP�(TQ�EXWWRQ��7KLV�ER[�LV�ZKHUH�WHPSRUDO�HTXDWLRQV�DUH�
HQWHUHG��7KH�GHIDXOW�HTXDWLRQ�FRQWDLQV�WKH�V\QWD[�IRU�DOO�WKH�SRVVLEOH�VWDWHV��,I�\RX�VWDUW�E\�HGLWLQJ�WKLV�HTXDWLRQ�
\RX�ZLOO�QRW�KDYH�WR�ORRN�XS�WKH�V\QWD[�IRU�ZULWLQJ�WKH�WHPSRUDO�HTXDWLRQ�

�QV =��� ��� ����� +�� /�� 9�� ;

��3UHVV�WKH�:IP�(TQ�EXWWRQ�WR�DSSO\�WKH�DERYH�HTXDWLRQ�WR�WKH�VLJQDO��

��/RRN�DW�WKH�JHQHUDWHG�ZDYHIRUP�DQG�FRPSDUH�LW�WR�WKH�HTXDWLRQ��1RWLFH�WKDW�WKH�HTXDWLRQ�LV�D�OLVW�RI�WKH�IRUP�
WLPHBGXUDWLRQ VWDWHBRIBVHJPHQW�HOHPHQWV��7R�UHSHDW�SDUWV�RI�WKH�OLVW�XVH�WKH�V\QWD[��OLVW�UHSHDWBQXPEHU�

<RX�FDQ�DOVR�DXWRPDWLFDOO\�ODEHO�ZDYHIRUPV�E\�XVLQJ�WKH�/DEHO�:DYHIRUP�(TXDWLRQ�IXQFWLRQV��7KHVH�DUH�PRUH�FRP�
SOH[�WKDQ�WKH�ZDYHIRUP�HTXDWLRQV��VR�\RX�ZLOO�KDYH�WR�UHDG�&KDSWHU����LQ�WKH�7HVW%HQFKHU�DQG�:DYH)RUPHU�PDQXDO�
WR�JHW�WKH�IXOO�EHQHILW�RI�WKHVH�IHDWXUHV��

��'RXEOH�FOLFN�RQ�WKH�[>���@�VLJQDO�QDPH�WR�RSHQ�WKH�6LJQDO�3URSHUWLHV�GLDORJ�ER[�

��1RWLFH�WKH�GURS�GRZQ�HGLW�ER[�WR�WKH�ULJKW�RI�WKH�/DEHO�(TQ�EXWWRQ��7KLV�ER[�LV�ZKHUH�ODEHO�ZDYHIRUP�HTXDWLRQV�
DUH�HQWHUHG��

��(QWHU�WKH�IROORZLQJ�HTXDWLRQ�LQWR�WKH�GURS�GRZQ�HGLW�ER[��+H[�,QF���������

��3UHVV�WKH�/DEHO�(TQ�EXWWRQ�WR�ODEHO�WKH�VLJQDO�IRU�[>���@��7KLV�HTXDWLRQ�JHQHUDWHV�LQFUHPHQWV�IURP���LQ�VWHSV�RI�
��IRU����WLPHV�DQG�RXWSXWV�D�KH[DGHFLPDO�YDOXH�

��1RWLFH�KRZ�WKH�ODEHOV�KDYH�FKDQJHG�RQ�WKH�VLJQDO��\RX�PD\�QHHG�WR�]RRP�LQ�WR�FOHDUO\�VHH�DOO�WKH�VHJPHQWV���$OVR�
QRWLFH�KRZ�WKH�VLPXODWLRQ�RXWSXW�FKDQJHG�IRU�WKH�YDOLG�VHJPHQWV�EXW�LW�GLG�QRW�FKDQJH�IRU�WKH�QRQ�YDOLG�VHJ�
PHQWV��7KLV�LV�EHFDXVH�WKH�YLUWXDO�VWDWH�YDOXHV�DUH�RQO\�XVHG�WR�GHILQH�WKH�VWDWH�RI�WKH�YDOLG�VHJPHQWV

�3DUW����%UHDNSRLQWV��6WHSSLQJ��DQG�7UDFLQJ

7KLV�VHFWLRQ�RI�WKH�WXWRULDO�LV�VWLOO�XQGHU�FRQVWUXFWLRQ��,I�\RX�ZRXOG�OLNH�WR�SUDFWLFH�GHEXJJLQJ��ILUVW�UHDG�WKH�*HWWLQJ�
6WDUWHG�DQG�&KDSWHU����6LPXODWLRQ�DQG�'HEXJ�)XQFWLRQV�FKDSWHUV�LQ�WKH�RQ�OLQH�9HUL/RJJHU�+HOS��1H[W��LQWURGXFH�D�
V\QWD[�HUURU�LQWR�WKH�DGG��Y�ILOH�DQG�DWWHPSW�WR�ILQG�LW�XVLQJ�WKH�(UURUV�WDJ�LQ�WKH�5HSRUW�ZLQGRZ��)L[�WKH�V\QWD[�HUURU��
WKHQ�LQWURGXFH�D�VHPDQWLF�HUURU�LQ�WKH�IXOO�DGGHU�FRGH�VR�WKDW�LW�GRHV�QRW�KDQGOH�WKH�FDUU\�FRUUHFWO\��8VH�EUHDNSRLQWV�DQG�
VLQJOH�VWHS�GHEXJJLQJ�WR�ORFDWH�WKH�HUURU�



9HUL/RJJHU�7XWRULDO�$��%DVLF�9HULORJ�6LPXODWLRQ�����
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