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7KLV�SDSHU�GHVFULEHV�DQ�LQGXVWULDO�H[SHULHQFH�RI�=RUDQ�FRUSRUDWLRQ�LQ�XWLOL]LQJ��VWDUWLQJ�ZLWK
HYDOXDWLRQ�RI��IRUPDO�VSHFLILFDWLRQ�DQG�YHULILFDWLRQ�LQ�D�FRPSDQ\�DFWLYH�LQ�WKH�FRQVXPHU�PDUNHW
�KLJK�VHQVLWLYLW\�IRU�ORZ�SULFHG�SURGXFWV��
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V�YHULILFDWLRQ�PHWKRGRORJ\�
7KH�SDSHU�VSHFLILFDOO\�GHVFULEHV�IRUPDO�VSHFLILFDWLRQ�DQG�YHULILFDWLRQ�IRU�SDUW�RI�WKH�'9'�GHFRGHU
,&��WKH�FRQWURO�ORJLF�EORFN�RI�WKH�03(*����YLGHR�GHFRGHU��,W�GHVFULEHV�DQ�LPSOHPHQWDWLRQ�RI�D
IRUPDO�03(*�HQFRGHU�ZKLFK�LV�FDSDEOH�RI�JHQHUDWLQJ�QRQ�GHWHUPLQLVWLF�VHW�RI�FRQWURO�VHTXHQFHV
DVVRFLDWHG�ZLWK�WKH�HQFRGHG�ELWVWUHDP�

.H\ZRUGV��)RUPDO�0HWKRGV��)RUPDO�6SHFLILFDWLRQ��)RUPDO�9HULILFDWLRQ��03(*���03(*��
+DUGZDUH�9HULILFDWLRQ�

��,QWURGXFWLRQ
7KLV�SDSHU�GHVFULEHV�DSSO\LQJ�IRUPDO�YHULILFDWLRQ�XVLQJ�PRGHO�FKHFNLQJ�RI�WKH�FRQWURO�XQLW�LQ�D
'9'�GHFRGHU�FKLS��7KH�ZRUN�ZDV�LQLWLDWHG�WR�HYDOXDWH�DQG�H[SORUH�KRZ�IRUPDO�WHFKQLTXHV�DQG
WRROV�FRXOG�EH�LQWURGXFHG�LQWR�D�VPDOO�PLG�VL]H�LQGXVWULDO�FRPSDQ\��IRU�ZKLFK�FRVW�SHUIRUPDQFH�LV
YHU\�VHQVLWLYH�
=RUDQ�&RUSRUDWLRQ�KDV�VXFFHVVIXOO\�GHYHORSHG�D�VLQJOH�FKLS�VROXWLRQ��IRU�SOD\EDFN�RI�'9'��9&'�
69&'��&'�,�DQG�&'�'$�>�@�W\SHV�RI�GLVFV��7KH�FKLS�GHFRGHV�DQG�GLVSOD\V�03(*��DQG�03(*�
V\VWHP�ELWVWUHDPV�LQFOXGLQJ�YLGHR�DQG�DXGLR��,Q�DGGLWLRQ�LW�GHFRGHV�VXE�SLFWXUH�DQG�2Q�6FUHHQ
'LVSOD\��26'����7KH�FRPSDQ\
V�LQWHJUDWHG�FLUFXLWV�DUH�XVHG�LQ�D�YDULHW\�RI�YLGHR�DQG�DXGLR
SURGXFWV�DGGUHVVLQJ�JURZLQJ�FRQVXPHU�PXOWLPHGLD�PDUNHWV�
7KH�YHULILFDWLRQ�PHWKRGV�WKDW�ZHUH�SUHYLRXVO\�XVHG�WR�YHULI\�WKH�FKLS�ZHUH�EDVHG�RQ�D�VRIWZDUH
VLPXODWRU�DSSURDFK��D�EHKDYLRUDO�LPSOHPHQWDWLRQ�RI�WKH�FKLS�ZULWWHQ�LQ�VRIWZDUH��9V��WKH�KDUGZDUH
LPSOHPHQWDWLRQ�ZULWWHQ�LQ�YHULORJ�E\�D�VHW�RI�WHVWV��7KH�WHVWV�WULHG�WR�FRYHU�DV�PDQ\�SRVVLEOH
FRPELQDWLRQV�DV�ZHUH�LQLWLDOO\�GHILQHG�LQ�WKH�WHVW�SODQ��$OWKRXJK�WKH�FKLS�ZDV�VXFFHVVIXO�LQ�ILUVW
YHUVLRQ��RYHU�WKH�WLPH�VHYHUDO�SUREOHPV�ZHUH�LGHQWLILHG�LQ�WKH�FRQWURO�PHFKDQLVP��7KH�SUREOHPV
ZKLFK�ZHUH�XQFRYHUHG�E\�WKH�VLPXODWLRQ�HQYLURQPHQW�ZHUH�ODWHU�DQDO\]HG�DQG�REVHUYHG�E\�WKH
IRUPDO�PHWKRGV�
5XOH%DVH�LV�D�PRGHO�FKHFNLQJ�EDVHG�IRUPDO�YHULILFDWLRQ�WRRO��GHYHORSHG�E\�WKH�,%0�+DLID
5HVHDUFK�/DERUDWRU\�>�@��,W�XVHV�DQ�HQKDQFHG�YHUVLRQ�RI�609>�@�DV�LWV�YHULILFDWLRQ�HQJLQH��609�LV
DQ�HIILFLHQW�DQG�UREXVW�V\PEROLF�PRGHO�FKHFNHU�WKDW�XVHV�ELQDU\�GHFLVLRQ�GLDJUDPV��%''��WR
UHSUHVHQW�WKH�XQLW�XQGHU�WHVW��887��

7KH�ZRUN�GHVFULEHG�KHUH�SURYLGHV�EULHI�WHFKQLFDO�RYHUYLHZ�RI�WKH�03(*�HOHPHQWV�ZKLFK�ZHUH
XVHG�LQ�EXLOGLQJ�WKH�IRUPDO�PRGHO�RI�WKH�EORFN��7KH�HPSKDVLV�LV�RQ�WKH�HYDOXDWLRQ�SURFHVV�DQG�WKH
FRQFOXVLRQV�IURP�WKLV�H[SHULHQFH�DV�RI�XVLQJ�IRUPDO�YHULILFDWLRQ�WRRO�DV�D�SDUW�RI�WKH�FKLS
YHULILFDWLRQ�PHWKRGRORJ\�

7KH�UHPDLQGHU�RI�WKLV�SDSHU�LV�RUJDQL]HG�DV�IROORZV��6HFWLRQ���JLYHV�D�VKRUW�RYHUYLHZ�RQ�03(*
KLJK�OHYHO�YLGHR�V\QWD[�DQG�VHPDQWLFV�VSHFLILFDWLRQ��6HFWLRQ���GHVFULEHV�D�03(*�GHFRGHU�FKLS
VWUXFWXUH��6HFWLRQ���SURYLGHV�D�VXPPDU\�RI�IRUPDO�YHULILFDWLRQ�H[SHULHQFH��6HFWLRQ���GHVFULEHV�WKH
LPSOHPHQWDWLRQ�RI�D�IRUPDO�PRGHOV��6XPPDU\�DQG�FRQFOXVLRQV�DUH�JLYHQ�LV�VHFWLRQ���
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��03(*�YLGHR�V\QWD[�DQG�VHPDQWLFV�EDFNJURXQG

03(*�9LGHR�LV�D�JHQHULF�PHWKRG�IRU�FRPSUHVVHG�UHSUHVHQWDWLRQ�RI�YLGHR�VHTXHQFHV��7KH
03(*���FRQFHSW�LV�VLPLODU�WR�03(*����EXW�LQFOXGHV�H[WHQVLRQV�WR�FRYHU�D�ZLGHU�UDQJH�RI
DSSOLFDWLRQV��7KH�UHSUHVHQWDWLRQ�VXSSRUWV�FRQVWDQW�ELW�UDWH�WUDQVPLVVLRQ��YDULDEOH�ELW�UDWH
WUDQVPLVVLRQ��UDQGRP�DFFHVV��FKDQQHO�KRSSLQJ��VFDODEOH�GHFRGLQJ��ELWVWUHDP�HGLWLQJ��DV�ZHOO�DV
VSHFLDO�IXQFWLRQV�VXFK�DV�IDVW�IRUZDUG�SOD\EDFN��IDVW�UHYHUVH�SOD\EDFN��VORZ�PRWLRQ��SDXVH�DQG
VWLOO�SLFWXUHV�

����9LGHR�VHTXHQFH

7KH�KLJKHVW�V\QWDFWLF�VWUXFWXUH�RI�WKH�FRGHG�YLGHR�ELWVWUHDP�LV�WKH�YLGHR�VHTXHQFH�
$�YLGHR�VHTXHQFH�FRPPHQFHV�ZLWK�D�VHTXHQFH�KHDGHU�ZKLFK�PD\�RSWLRQDOO\�EH�IROORZHG�E\�D
JURXS�RI�SLFWXUHV�KHDGHU�DQG�WKHQ�E\�RQH�RU�PRUH�FRGHG�IUDPHV���7KH�RUGHU�RI�WKH�FRGHG�IUDPHV
LQ�WKH�FRGHG�ELWVWUHDP�LV�WKH�RUGHU�LQ�ZKLFK�WKH�GHFRGHU�SURFHVVHV�WKHP��EXW�QRW�QHFHVVDULO\�LQ
WKH�FRUUHFW�RUGHU�IRU�GLVSOD\���7KH�YLGHR�VHTXHQFH�LV�WHUPLQDWHG�E\�D�VHTXHQFHBHQGBFRGH�

����3URJUHVVLYH�DQG�LQWHUODFHG�VHTXHQFHV

7KH�03(*��VSHFLILFDWLRQ�GHDOV�ZLWK�FRGLQJ�RI�ERWK�SURJUHVVLYH�DQG�LQWHUODFHG�VHTXHQFHV�
7KH�RXWSXW�RI�WKH�GHFRGLQJ�SURFHVV��IRU�LQWHUODFHG�VHTXHQFHV��FRQVLVWV�RI�D�VHULHV�RI
UHFRQVWUXFWHG�ILHOGV�WKDW�DUH�VHSDUDWHG�LQ�WLPH�E\�D�ILHOG�SHULRG��7KH�WZR�ILHOGV�RI�D�IUDPH�PD\�EH
FRGHG�VHSDUDWHO\��ILHOG�SLFWXUHV����$OWHUQDWLYHO\�WKH�WZR�ILHOGV�PD\�EH�FRGHG�WRJHWKHU�DV�D�IUDPH
�IUDPH�SLFWXUHV����%RWK�IUDPH�SLFWXUHV�DQG�ILHOG�SLFWXUHV�PD\�EH�XVHG�LQ�D�VLQJOH�YLGHR�VHTXHQFH�
,Q�SURJUHVVLYH�VHTXHQFHV�HDFK�SLFWXUH�LQ�WKH�VHTXHQFH�VKDOO�EH�D�IUDPH�SLFWXUH���7KH�VHTXHQFH�
DW�WKH�RXWSXW�RI�WKH�GHFRGLQJ�SURFHVV��FRQVLVWV�RI�D�VHULHV�RI�UHFRQVWUXFWHG�IUDPHV�WKDW�DUH
VHSDUDWHG�LQ�WLPH�E\�D�IUDPH�SHULRG�

����)UDPH�DQG�)LHOG

$�IUDPH�LV�WKH�XQLRQ�RI�D�WRS�ILHOG�DQG�D�ERWWRP�ILHOG��7KH�WRS�ILHOG�LV�WKH�ILHOG�WKDW�FRQWDLQV�WKH�WRS�
PRVW�OLQH�RI�HDFK�RI�WKH�WKUHH�PDWULFHV��D�OXPLQDQFH�PDWUL[��<���DQG�WZR�FKURPLQDQFH�PDWULFHV
�&E�DQG�&U����7KH�ERWWRP�ILHOG�LV�WKH�RWKHU�RQH�

����3LFWXUH

$�UHFRQVWUXFWHG�SLFWXUH�LV�REWDLQHG�E\�GHFRGLQJ�D�FRGHG�SLFWXUH��L�H��D�SLFWXUH�KHDGHU��WKH�RSWLRQDO
H[WHQVLRQV�LPPHGLDWHO\�IROORZLQJ�LW��DQG�WKH�SLFWXUH�GDWD���$�FRGHG�SLFWXUH�PD\�EH�D�IUDPH�SLFWXUH
RU�D�ILHOG�SLFWXUH���$�UHFRQVWUXFWHG�SLFWXUH�LV�HLWKHU�D�UHFRQVWUXFWHG�IUDPH��ZKHQ�GHFRGLQJ�D�IUDPH
SLFWXUH���RU�RQH�ILHOG�RI�D�UHFRQVWUXFWHG�IUDPH��ZKHQ�GHFRGLQJ�D�ILHOG�SLFWXUH��

����3LFWXUH�W\SHV

7KHUH�DUH�WKUHH�W\SHV�RI�SLFWXUHV�WKDW�XVH�GLIIHUHQW�FRGLQJ�PHWKRGV�
$Q�,QWUD�FRGHG��,��SLFWXUH�LV�FRGHG�XVLQJ�LQIRUPDWLRQ�RQO\�IURP�LWVHOI�
$�3UHGLFWLYH�FRGHG��3��SLFWXUH�LV�D�SLFWXUH�ZKLFK�LV�FRGHG�XVLQJ�PRWLRQ�FRPSHQVDWHG�SUHGLFWLRQ
IURP�D�UHIHUHQFH�IUDPH�
$�%LGLUHFWLRQDOO\�SUHGLFWLYH�FRGHG��%��SLFWXUH�LV�D�SLFWXUH�ZKLFK�LV�FRGHG�XVLQJ�PRWLRQ
FRPSHQVDWHG�SUHGLFWLRQ�IURP�D�SDVW�DQG�RU�IXWXUH�UHIHUHQFH�IUDPH�V���)LJXUH���LOOXVWUDWHV�DQ
H[DPSOH�RI�WKH�UHODWLRQVKLS�DPRQJ�WKH�WKUHH�GLIIHUHQW�SLFWXUH�W\SHV�
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%LGLUHFWLRQDO�,QWHUSRODWLRQ

3UHGLFWLRQ

)LJXUH��

����)LHOG�SLFWXUHV

,I�ILHOG�SLFWXUHV�DUH�XVHG�WKHQ�WKH\�VKDOO�RFFXU�LQ�SDLUV��RQH�WRS�ILHOG�IROORZHG�E\�RQH�ERWWRP�ILHOG�
RU�RQH�ERWWRP�ILHOG�IROORZHG�E\�RQH�WRS�ILHOG��DQG�WRJHWKHU�FRQVWLWXWH�D�FRGHG�IUDPH���7KH�WZR�ILHOG
SLFWXUHV�WKDW�FRPSULVH�D�FRGHG�IUDPH�VKDOO�EH�HQFRGHG�LQ�WKH�ELWVWUHDP�LQ�WKH�RUGHU�LQ�ZKLFK�WKH\
VKDOO�RFFXU�DW�WKH�RXWSXW�RI�WKH�GHFRGLQJ�SURFHVV�
:KHQ�WKH�ILUVW�SLFWXUH�RI�WKH�FRGHG�IUDPH�LV�D�3�ILHOG�SLFWXUH��WKHQ�WKH�VHFRQG�SLFWXUH�RI�WKH�FRGHG
IUDPH�VKDOO�DOVR�EH�D�3��ILHOG�SLFWXUH���6LPLODUO\�ZKHQ�WKH�ILUVW�SLFWXUH�RI�WKH�FRGHG�IUDPH�LV�D�%�
ILHOG�SLFWXUH�WKH�VHFRQG�SLFWXUH�RI�WKH�FRGHG�IUDPH�VKDOO�DOVR�EH�D�%�ILHOG�SLFWXUH�
:KHQ�WKH�ILUVW�SLFWXUH�RI�WKH�FRGHG�IUDPH�LV�D�,�ILHOG�SLFWXUH��WKHQ�WKH�VHFRQG�SLFWXUH�RI�WKH�IUDPH
VKDOO�EH�HLWKHU�DQ�,�ILHOG�SLFWXUH�RU�D�3�ILHOG�SLFWXUH�����)UDPH�SLFWXUHV
:KHQ�FRGLQJ�LQWHUODFHG�VHTXHQFHV�XVLQJ��IUDPH�SLFWXUHV��WKH�WZR�ILHOGV�RI�WKH�IUDPH�VKDOO�EH
LQWHUOHDYHG�ZLWK�RQH�DQRWKHU�DQG�WKHQ�WKH�HQWLUH�IUDPH�LV�FRGHG�DV�D�VLQJOH�IUDPH�SLFWXUH�

����)UDPH�UHRUGHULQJ
:KHQ�WKH�VHTXHQFH�FRQWDLQV�FRGHG�%�IUDPHV�WKH�QXPEHU�RI�FRQVHFXWLYH�FRGHG�%�IUDPHV�LV
YDULDEOH�DQG�XQERXQGHG��7KH�ILUVW�FRGHG�IUDPH�DIWHU�D�VHTXHQFH�KHDGHU�VKDOO�QRW�EH�D�%�IUDPH�
$�VHTXHQFH�PD\�FRQWDLQ�QR�FRGHG�3�IUDPHV��$�VHTXHQFH�PD\�DOVR�FRQWDLQ�QR�FRGHG�,�IUDPHV�LQ
ZKLFK�FDVH�VRPH�FDUH�LV�UHTXLUHG�DW�WKH�VWDUW�RI�WKH�VHTXHQFH�DQG�ZLWKLQ�WKH�VHTXHQFH�WR�DIIHFW
ERWK�UDQGRP�DFFHVV�DQG�HUURU�UHFRYHU\�
7KH�RUGHU�RI�WKH�FRGHG�IUDPHV�LQ�WKH�ELWVWUHDP��DOVR�FDOOHG�GHFRGLQJ�RUGHU��LV�WKH�RUGHU�LQ�ZKLFK�D
GHFRGHU�UHFRQVWUXFWV�WKHP��7KH�RUGHU�RI�WKH�UHFRQVWUXFWHG�IUDPHV�DW�WKH�RXWSXW�RI�WKH�GHFRGLQJ
SURFHVV��DOVR�FDOOHG�WKH�GLVSOD\�RUGHU��LV�QRW�DOZD\V�WKH�VDPH�DV�WKH�FRGHG�RUGHU�DQG�WKLV�VHFWLRQ
GHILQHV�WKH�UXOHV�RI�IUDPH�UHRUGHULQJ�WKDW�VKDOO�KDSSHQ�ZLWKLQ�WKH�GHFRGLQJ�SURFHVV�
:KHQ�WKH�VHTXHQFH�FRQWDLQV�QR�FRGHG�%�IUDPHV�WKH�FRGHG�RUGHU�LV�WKH�VDPH�DV�WKH�GLVSOD\
RUGHU�
:KHQ�%�IUDPHV�DUH�SUHVHQW�LQ�WKH�VHTXHQFH��UH�RUGHULQJ�LV�SHUIRUPHG�DFFRUGLQJ�WR�WKH�IROORZLQJ
UXOHV�
x� ,I�WKH�FXUUHQW�IUDPH�LV�FRGHG�RUGHU�LV�D�%�IUDPHV�WKH�RXWSXW�IUDPH�LV�WKH�IUDPH�UHFRQVWUXFWHG

IURP�WKDW�%�IUDPH�
x� ,I�WKH�FXUUHQW�IUDPH�LQ�FRGHG�RUGHU�LV�D�,�IUDPH�RU�3�IUDPH�WKH�RXWSXW�IUDPH�LV�WKH�IUDPH

UHFRQVWUXFWHG�IURP�WKH�SUHYLRXV�,�IUDPH�RU�3�IUDPH�LI�RQH�H[LVWV�
x� ,I�WKH�ILQDO�IUDPH�KDV�EHHQ�GHFRGHG�DW�WKH�HQG�RI�WKH�VHTXHQFH�WKH�IUDPH�UHFRQVWUXFWHG�IURP

WKH�SUHYLRXV�,�IUDPH�RU�3�IUDPH�LV�RXWSXW�
�
�����7))�DQG�5))
�7))���7RS�)LHOG�)LUVW���,Q�D�ILHOG�SLFWXUH�WRSBILHOGBILUVW�VKDOO�KDYH�WKH�YDOXH�³�´��DQG�WKH�RQO\�ILHOG
RXWSXW�E\�WKH�GHFRGLQJ�SURFHVV�LV�WKH�GHFRGHG�ILHOG�SLFWXUH�



)RUPDO�9HULILFDWLRQ�RI�WKH�03(*��'HFRGHU�

�,Q�D�IUDPH�SLFWXUH�WRSBILHOGBILUVW�EHLQJ�VHW�WR�³�´�LQGLFDWHV�WKDW�WKH�WRS�ILHOG�RI�WKH�UHFRQVWUXFWHG
IUDPH�LV�WKH�ILUVW�ILHOG�RXWSXW�E\�WKH�GHFRGLQJ�SURFHVV���WRSBILHOGBILUVW�EHLQJ�VHW�WR�³�´�LQGLFDWHV�WKDW
WKH�ERWWRP�ILHOG�RI�WKH�UHFRQVWUXFWHG�IUDPH�LV�WKH�ILUVW�ILHOG�RXWSXW�E\�GHFRGLQJ�SURFHVV�
�5))��5HSHDW�)LUVW�)LHOG���7KLV�IODJ�LV�DSSOLFDEOH�RQO\�LQ�D�IUDPH�SLFWXUH��LQ�D�ILHOG�SLFWXUH�LW�VKDOO�EH
VHW�WR�]HUR�DQG�GRHV�QRW�DIIHFW�WKH�GHFRGLQJ�SURFHVV�
�,I�WKLV�IODJ�LV�VHW�WR����WKH�RXWSXW�RI�WKH�GHFRGLQJ�SURFHVV�FRUUHVSRQGLQJ�WR�WKLV�UHFRQVWUXFWHG
IUDPH�FRQVLVWV�RI�WZR�ILHOGV���7KH�ILUVW�ILHOG��WRS�RU�ERWWRP�ILHOG�DV�LGHQWLILHG�E\�WRSBILHOGBILUVW��LV
IROORZHG�E\�WKH�RWKHU�ILHOG�
�,I�LW�LV�VHW�WR����WKH�RXWSXW�RI�WKH�GHFRGLQJ�SURFHVV�FRUUHVSRQGLQJ�WR�WKLV�UHFRQVWUXFWHG�IUDPH
FRQVLVWV�RI�WKUHH�ILHOGV���7KH�ILUVW�ILHOG��WRS�RU�ERWWRP�ILHOG�DV�LGHQWLILHG�E\�WRSBILHOGBILUVW��LV
IROORZHG�E\�WKH�RWKHU�ILHOG��WKHQ�WKH�ILUVW�ILHOG�LV�UHSHDWHG�
�)LJXUH���VXPPDUL]HV�WKH�RSWLRQDO�FRPELQDWLRQV�RI�D�03(*��ELWVWUHDP�YLGHR�V\QWD[�
�
�

�

03(*�

3URJUHVVLYH ,QWHUODFHG

)UDPH�3LFWXUH

3URJUHVVLYH

)UDPH�3LFWXUH

3URJUHVVLYH

5)) �

7)) � 7)) �

5)) �

,QWHUODFHG

��ILHOG�SLFWXUH

7RS %RWWRP

�)LJXUH��
�
�
�
����03(*�GHFRGHU�FKLS�DQG�VLPXODWLRQ�HQYLURQPHQW
�7KH�03(*�GHFRGHU�FKLS�FRQVLVWV�RI�D�GHPXOWLSOH[�SURFHVVRU��YLGHR�GHFRGHU��UHFRQVWUXFWLRQ�XQLW�
PHPRU\�PDQDJHPHQW�XQLW��FRQWURO�EORFN��DQG�YLGHR�RXW�ORJLF�DQG�DXGLR�GHFRGHU��7KH�RQ�FKLS
SURFHVVRU�LV�UHVSRQVLEOH�WR�GHPXOWLSOH[�WKH�V\VWHP�VWUHDP�LQWR�YLGHR��DXGLR�DQG�VXE�SLFWXUH�OD\HUV
WR�VHSDUDWH�VWUHDPV��7KH�YLGHR�OD\HU�GDWD�LV�SURFHVVHG�E\�WKH�YLGHR�RXW�ORJLF�DQG�FRQWUROOHG�E\
WKH�&21752/�EORFN��7KH�&21752/�EORFN�JHWV�WKH�YLGHR�VWUHDP�LQIRUPDWLRQ�IURP�WKH�RQ�FKLS
SURFHVVRU��DQG�VHYHUDO�V\QFKURQL]DWLRQ�VLJQDOV�IURP�WKH�YLGHR�ORJLF��,W�LV�UHVSRQVLEOH�WR�FRQWURO�WKH
IORZ�RI�GDWD�EORFN��SLFWXUH�FRQWHQW��IURP�WKH�LQSXW��GHFRGLQJ�RUGHU��LQWR�WKH�PHPRU\�DQG�IURP�WKH
PHPRU\�LQWR�WKH�YLGHR�RXW�LQWHUIDFH��GLVSOD\�RUGHU��
�7KH�&21752/�EORFN�VLPXODWLRQ�HQYLURQPHQW�KDG�WR�FRQWDLQ�VHYHUDO�PRGHOV��SURFHVVRU�IRU
LQLWLDOL]LQJ�WKH�EORFN�ZLWK�WKH�YDULRXV�FRPPDQGV��YLGHR�LQWHUIDFH�WR�SURYLGH�WKH�UHOHYDQW�V\QFV�
�7KH�LPSOHPHQWDWLRQ�RI�VXFK�PRGHOV�ZKLFK�KDYH�WR�EH�UREXVW�HQRXJK��ZDV�FRQVLGHUHG�YHU\�KDUG�WR
DFFRPSOLVK��$V�D�UHVXOW��D�ODUJH�VHW�RI�IXOO�FKLS�WHVWV�ZDV�GHILQHG�DQG�LPSOHPHQWHG�WR�WU\�DQG�WHVW
DV�PDQ\�DV�SRVVLEOH�ORJLF�FRPELQDWLRQV��7KH�WHVWV�UXQ�WLPH�ZDV�YHU\�ORQJ��HDFK�WHVW�UDQ�PRUH
WKDQ���KRXUV��EXW�DOWKRXJK�WKH�QXPEHU�RI�WHVWV�ZDV�TXLHW�LPSUHVVLYH�����IXOO�FKLS�WHVWV�RQO\�IRU�WKLV
IXQFWLRQ���WKH�SRVW�VLOLFRQ�YDOLGDWLRQ�IRXQG�VRPH�PDMRU�EXJV�ZKLFK�RQH�RI�WKHP�HYHQ�HOLPLQDWHG
RQH�RI�WKH�PDLQ�IXQFWLRQV�RI�WKH�FKLS��RQH�RI�WKH�WULFN�FRPPDQG���7KRVH�SUREOHPV�ZHUH�ODWHU�IL[HG
LQ�WKH�ILQDO�VWHS�RI�WKH�YDOLGDWLRQ�SKDVH�
�
�7KH�IROORZLQJ�VFKHPH�GHVFULEHV�WKH�&21752/�EORFN�HQYLURQPHQW�
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�

�)LJXUH��

����)RUPDO�9HULILFDWLRQ

�����)RUPDO�YHULILFDWLRQ�WRRO
�)RUPDO�YHULILFDWLRQ��PRGHO�FKHFNHU��LV�D�WHFKQRORJ\�ZKLFK�DOORZV�GHVLJQHUV�WR�FKHFN�VRPH
SURSHUWLHV�RI�WKHLU�GHVLJQ�DQG�WKHQ�WR�SURYH�WKDW�LW�LV�WUXH�XQGHU�DOO�FLUFXPVWDQFHV��7RGD\��WZR
IRUPDO�YHULILFDWLRQ�DSSURDFKHV�DUH�DYDLODEOH��QDPHO\�PRGHO�FKHFNLQJ��DQG�WKHRUHP�SURYLQJ��,Q�WKLV
SDSHU�ZH�H[FOXGH�WKH�GHVFULSWLRQ�RI�HTXLYDOHQFH�FKHFNLQJ�WKDW�LV�XVHG�WR�FRPSDUH�EHWZHHQ�WZR
OHYHOV�RI�ORJLF�UHSUHVHQWDWLRQV�LQ�IRUPDO�PHWKRGV�
�5XOH�%DVH�����LV�D�0RGHO�FKHFNHU��$V�VXFK��WKH�XVHU�SURYLGHV�WKH�GHVLJQ�PRGHO�LQ�9+'/�RU
�9HULORJ�57/�FRGH�DQG�DOVR�SURYLGHV�WKH�GHVLJQ�VSHFLILFDWLRQ�LQ�WKH�IRUP�RI�TXHULHV��$�TXHU\
�GHVFULEHV�D�SURSHUW\�RI�WKH�GHVLJQ�WR�EH�YHULILHG��7KH�TXHU\�PD\�DOVR�VSHFLI\�D�VHW�RI
�FRQVWUDLQWV�RQ�SULPDU\�LQSXWV�RI�WKH�GHVLJQ��7KH�FRQVWUDLQWV�OLPLW�WKH�VHW��RU�VHTXHQFH��RI
�SRVVLEOH�YDOXHV�RQ�WKRVH�LQSXWV�FRQVLVWHQW�ZLWK�WKH�OHJDO�RSHUDWLRQ�RI�WKH�GHVLJQ��7KH�WRRO�HLWKHU
YHULILHV�WKDW�WKH�SURSHUW\�LV�WUXH�XQGHU�DOO�SRVVLEOH��DOORZDEOH�FRQGLWLRQV��RU�SURYLGHV�DQ�HUURU�WUDFH
VKRZLQJ�D�FDVH�ZKHUH�WKH�SURSHUW\�IDLOV�

�����)RUPDO�9HULILFDWLRQ�*RDOV

�7KH�PDLQ�JRDO�ZDV�WR�SURYLGH�D�IDVW�DQG�H[KDXVWLYH�XQLW�YHULILFDWLRQ�HQYLURQPHQW�RI�WKH
&21752/�EORFN��7KH�FODVVLF�DOWHUQDWLYH��L�H��XQLW�VLPXODWLRQ�HQYLURQPHQW��ZDV�FRQVLGHUHG�KDUG�WR
DFFRPSOLVK�GXH�WR�WKH�QHHG�RI�GHYHORSLQJ�EHKDYLRUDO�PRGHOV�ZKLFK�VLPXODWH�WKH�UHVW�RI�WKH�FKLS�
7KXV�RQO\�FKLS�OHYHO�VLPXODWLRQ�HQYLURQPHQW�ZDV�DYDLODEOH�IRU�WHVWLQJ�WKH�EORFN�EHKDYLRU�
�7KH�VHFRQG�JRDO�ZDV�WR�FRQGXFW�DQ�HYDOXDWLRQ�RI�XVLQJ�WKH�IRUPDO�YHULILFDWLRQ�WRRO�DV�SDUW�RI�WKH
FKLS�YHULILFDWLRQ�PHWKRGRORJ\�
�
�����7RRO�HYDOXDWLRQ�SURFHVV
�7DEOH���GHVFULEHV�WKH�DPRXQW�RI�HIIRUWV�VSHQW�GXULQJ�WKH�HYDOXDWLRQ�RI�WKH�IRUPDO�YHULILFDWLRQ�WRRO�
x� 7UDLQLQJ��7KH�FRXUVH�ZDV�JLYHQ�E\�,%0�WR���RI�=RUDQ
V�HQJLQHHUV���7ZR�RI�WKHP�ZHUH�WKH

GHVLJQHUV�RI�WKH�&21752/�EORFN�DQG�WKH�WKLUG�ZDV�WKH�YHULILFDWLRQ�(QJ����$OWKRXJK�LW�ZDV
UHODWLYHO\�VKRUW����GD\V���LW�FRYHUHG�DOO�WKH�W\SLFDO�DQG�H[WHQVLYH�XVDJH�RI�WKH�WRRO
V�ODQJXDJH
VWUXFWXUHV��1R�DGGLWLRQDO�WUDLQLQJ�ZDV�QHHGHG�H[FHSW�RI�D�IHZ�TXHVWLRQV�RQFH�LQ�D�ZKLOH�

x� 'HYHORSPHQW��7KH�UHVW�RI�WKH�HYDOXDWLRQ�SURFHVV�ZDV�GHYRWHG�WR�WKH�GHYHORSPHQW�RI�WKH
&21752/�HQYLURQPHQW�DQG�SURSHUWLHV��,W�LV�LPSRUWDQW�WR�HPSKDVL]H�WKDW�WKLV�UHODWLYHO\�ORQJ
SHULRG�RI�IRUPDO�HQYLURQPHQW�GHYHORSPHQW�LV�GXH�WR�WKH�FRPSOLFDWHG�GHILQLWLRQ�RI�WKH�EORFN
LQWHUIDFH��7KH�LQIRUPDWLRQ�XVHG�WR�IRUPDOO\�GHILQH�WKH�HQYLURQPHQW�ZDV�LQLWLDOO\�EDVHG�RQ�ORQJ
LQWHUDFWLRQ�ZLWK�WKH�GHVLJQHUV�ZKR�GHVFULEHG�WKH�IXQFWLRQ�RI�WKH�EORFN�LQ�WKH�IXOO�FKLS�DQG
H[WUDFWLRQ�RI�WKH�YDULRXV�VLJQDOV�IURP�SUHYLRXV�VLPXODWLRQV�WLPLQJ�GLDJUDPV��,Q�DGGLWLRQ��WKH

�
�

�'HPXOWLSOH[
�3URFHVVRU

�9LGHR��'HFRGHU

�&21752/
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�0HPRU\
0DQDJHPHQW
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�5HFRQVWUXFWLRQ
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HQYLURQPHQW�ZDV�LQFUHPHQWDOO\�HQKDQFHG�DQG�FRUUHFWHG�DFFRUGLQJ�WR�WKH�H[DPLQDWLRQ�RI�WKH
ZDYHIRUPV�DVVRFLDWHG�ZLWK�WKH�SURSHUW\�UHVXOWV�

x� $QDO\VLV��$IWHU�WKH�HQYLURQPHQW�ZDV�VWDEOH��L�H��SURSHUWLHV�SDVVHG�RU�UHDO�EXJV�IRXQG��
LQFUHPHQWDO�HQKDQFHPHQW�ZDV�GRQH�WR�DGG�PRUH�UREXVW�GHILQLWLRQ�WR�SUHYLRXVO\�GHILQHG�LQSXW
VLJQDOV��7KH�DPRXQW�RI�WLPH�UHTXLUHG�IURP�WKH�GHVLJQHUV�IURP�WKLV�VWDJH�ZDV�PLQRU��([FHSW
IRU�D�FRXSOH�RI�IDOVH�DODUPV��GXH�WR�LQFRPSOHWH�GHILQLWLRQ�RI�WKH�SURSHUW\�RU�LQVXIILFLHQW
UHSUHVHQWDWLRQ�RI�WKH�LQSXW�HQYLURQPHQW���WKH�GHVLJQHU�ZDV�FDOOHG�WR�UHYLHZ�WKH�UHVXOWV�ZKHQ
UHDO�EXJV�ZKHUH�IRXQG�

7KH�&21752/�EORFN�LV�D�UHODWLYHO\�ODUJH�GHVLJQ��DV�LW�ZDV�HVWLPDWHG�RULJLQDOO\��DQG�LW�UHTXLUHG
VHYHUDO�W\SHV�RI�UHGXFWLRQ�WHFKQLTXHV��VXFK�DV�PXOWLSOH�SURSHUWLHV�YHUVLRQV�ZKHUH�HDFK�FRYHUV�D
GLIIHUHQW�DVSHFW�RU�UDQJH�RI�HQYLURQPHQW��$V�WKH�HQYLURQPHQW�EHFDPH�PRUH�DQG�PRUH�PDWXUH�
FRPSOLFDWHG�SURSHUWLHV�ZKLFK�LQYROYHG�ODUJHU�SDUWV�RI�WKH�GHVLJQ�DQG�D�JUHDWHU�QXPEHU�RI
UHJLVWHUV��WKH�UXQ�WLPH�RI�HDFK�LWHUDWLRQ�EHFDPH�ORQJHU��HYHQ�UHDFKHG����KRXUV�IRU�D�SURSHUW\
FKHFN��

7DVN 'XUDWLRQ��GD\V� 'HVLJQHU�LQYROYHPHQW 2YHUDOO��GD\V�
5XOH�%DVH�FRXUVH � IXOO �
'HILQLWLRQ�RI�YHULILFDWLRQ�SODQ � SDUWLDO �
)LUVW�YHUVLRQ�HQYLURQPHQW�DQG�ILUVW�UXOH
UXQQLQJ

� SDUWLDO ��

)LUVW�EXJ�IRXQG � IXOO ��
(QYLURQPHQW�VWDEOH�DQG����UXOHV�UXQQLQJ � SDUWLDO ��
(QKDQFHG�HQYLURQPHQW�DQG����UXOHV
���EXJV�IRXQG�

�� PLQRU ��

5HJUHVVLRQ � QRQ ��

7DEOH�����/HYHO�RI�HIIRUWV�DQG�YHULILFDWLRQ�GHVLJQ�FRUSRUDWLRQ

��)RUPDO�LPSOHPHQWDWLRQ

7KH�ILUVW�VWHS�ZDV�WR�LPSOHPHQW�WKH�EDVLF�HQYLURQPHQW�RI�WKH�&21752/�EORFN��L�H��SURFHVVRU
LQWHUIDFH�IHDWXULQJ�WKH�EDVLF�FRPPDQGV��GHWHUPLQLVWLF�V\QF�JHQHUDWLRQ�DORQJ�ZLWK�D�VLPSOH�UXOH�WR
FKHFN�WKH�LQWHJUDWLRQ�RI�WKH�&21752/�EORFN�ZLWK�WKH�HQYLURQPHQW��7KLV�WDVN�ZDV�DFFRPSOLVKHG
ZLWKLQ���GD\V��WKH�UHODWLYH�VLPXODWLRQ�HQYLURQPHQW�EULQJ�XS�ZDV�HVWLPDWHG�LQ�WZR�ZHHNV��
2QH�RI�WKH�PRVW�LPSRUWDQW�DGYDQWDJH�RI�XVLQJ�IRUPDO�HQYLURQPHQW�ZDV�WKH�DELOLW\�WR�XVH�DQ�03(*
YLGHR�HQFRGHU��SDUWLDO�RUGHULQJ�LQIRUPDWLRQ�RQO\��ZKLFK�LV�FDSDEOH�RI�JHQHUDWLQJ�$//�WKH�SRVVLEOH
FRPELQDWLRQV�RI�ELWVWUHDPV��7KH�YDULRXV�FRPELQDWLRQV�LQFOXGH��6HTXHQFH�OHQJWK�YDULHV�IURP�RQH
WR�HQGOHVV��VHTXHQFH�SLFWXUH�W\SH��,��3�RU�%�SLFWXUH�LQ�DOO�WKH�YDULRXV�FRPELQDWLRQV���5))�RQ�DQ\
LQWHUODFHG�IUDPH��DQG�7))�WR�PDLQWDLQ�FRUUHFW�GLVSOD\�RUGHU�
7KH�DSSURDFK�XVHG�LQ�VLPXODWLRQ�HQYLURQPHQW�FDQQRW�SURYLGH�WKLV�ULFK�VHW�RI�RSWLRQV��ILUVW�GXH�WR
WKH�OLPLWHG�QXPEHU�RI�WHVWV�LW�ZDV�SRVVLEOH�WR�UXQ��DQG�VHFRQG�GXH�WR�WKH�QHHG�WR�JHQHUDWH�WKRVH
ELWVWUHDPV�VHTXHQFHV�PDQXDOO\��7KH�GLIILFXOW\�LQ�HQFRGLQJ�03(*�ZLWK�5))�DQG�7))�LV�WKH
QHFHVVLW\�WR��ORRN�LQWR�WKH�IXWXUH���6LQFH�5))�LPSDFWV�WKH�SRODULW\�RI�WKH�GLVSOD\HG�ILHOG�RUGHU�DQG
WKH�FKRVHQ�GLVSOD\HG�IUDPH�LV�VHW�E\�WKH�VHTXHQFH�RI�SLFWXUHV�ZKLFK�LV�SUHFHGLQJ�WKH�FXUUHQW
SLFWXUH��LW�LV�LPSRVVLEOH�WR�VHW�WKH�YDOXH�RI�WKH�5))�ZLWKRXW�NQRZLQJ�ZKDW�WKH�SURSHUWLHV�RI�WKH
IROORZLQJ�SLFWXUHV�DUH�
,Q�IRUPDO�YHULILFDWLRQ�ZH�VROYHG�WKH��ORRN�LQWR�WKH�IXWXUH��SUREOHP�E\�XVLQJ�WKH��LQYDU��VWDWHPHQW�DV
GHVFULEHG�LQ�WKH�QH[W�SDUDJUDSK�

����03(*�)RUPDO�(QFRGHU

7KH�IRUPDO�03(*�HQFRGHU�LV�WKH�EDVLF�HOHPHQW�RI�WKH�IRUPDO�PRGHO��,W�LV�FDSDEOH�RI�JHQHUDWLQJ
QRQ�GHWHUPLQLVWLF�VHW�RI�FRQWURO�VHTXHQFHV�DVVRFLDWHG�ZLWK�WKH�HQFRGHG�ELWVWUHDP��7KLV
LPSOHPHQWDWLRQ�HQDEOHV�D�IXOO�FRYHUDJH�RI�DOO�WKH�SRVVLEOH�ELWVWUHDPV�LQIRUPDWLRQ�ZKLFK�FRXOG�EH
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LVVXHG�E\�D�03(*�HQFRGHU��7KH�QXPEHU�RI�GLIIHUHQW�ELWVWUHDPV�DQG�WKHLU�OHQJWKV�LQ�QRW�OLPLWHG�
:LWKRXW�WKLV�IRUPDO�LPSOHPHQWDWLRQ�DQG�WKH�UHGXFWLRQ�IHDWXUHV�RI�WKH�5XOH%DVH�WRRO��WKHUH�ZDV�QR
ZD\�WR�FRYHU�DOO�WKH�WHVWLQJ�FRPELQDWLRQV�LQ�D�VLPXODWLRQ�HQYLURQPHQW��$OVR��WKH�GHYHORSPHQW�RI
VXFK�VLPXODWLRQ�PRGHO�LV�FRQVLGHUHG�DV�D�YHU\�FRPSOLFDWHG�WDVN��7KH�VLPXODWLRQ�EDVHG�WHVWLQJ
PRGHO�UHTXLUHV�XVDJH�RI�SUHGHILQHG�VHW�RI�ELWVWUHDPV��RU�YLGHR�VHTXHQFHV���(DFK�ELWVWUHDP�LV�QRW
OLPLWHG�LQ�OHQJWK�RU�LQ�LWV�FRQWHQW��H�J��DQ\�OHJDO�VHTXHQFH�RI�SLFWXUH�W\SHV���7KXV��DQ�HQRUPRXV
QXPEHU�RI�WHVWV�DUH�UHTXLUHG�
7KH�IRUPDO�PRGHO�GHILQLWLRQ�DSSURDFK�HQDEOHG�IDVW�GHYHORSPHQW�RI�VXFK�HQFRGHU��VDPSOH�RI�WKH
FRGH�UHODWHG�WR�WKH�03(*�HQFRGHU�LV�JLYHQ�EHORZ���7KH�IRUPDO�YHULILFDWLRQ�WRRO�EDVHG�RQ�DQ
HIILFLHQW�VHDUFK�SURFHGXUH�LV�XVHG�WR�DXWRPDWLFDOO\�GHWHUPLQH�WKH�FRUUHFWQHVV�RI�WKH�SURSHUWLHV�IRU
DOO�WKH�SRVVLEOH�LQSXW�FRPELQDWLRQV�

7KH�IROORZLQJ�FRGH�GHVFULELQJ�WKH�03(*�IRUPDO�HQFRGHU�LV�ZULWWHQ�LQ�('/��5XOH�%DVH
(QYLURQPHQW�'HVFULSWLRQ�/DQJXDJH���,W�VWDUWV�ZLWK�WKH�YLGHR�VHTXHQFH�VWUXFWXUH�JHQHUDWLRQ�ZKLFK
LQFOXGHV�WKH�SLFWXUH�W\SH��SLFWXUH�VWUXFWXUH�DQG�RWKHU�SDUDPHWHUV�UHODWHG�WR�WKH�SLFWXUH�KHDGHU��,Q
RUGHU�WR�JHQHUDWH�RQO\�OHJDO�ELWVWUHDPV�LQ�UHVSHFW�WR��WRS�ILHOG�DOZD\V�IROORZHG�ERWWRP�ILHOG���ZH
XVHG�WKH�LQYDU�VWDWHPHQW�ZKLFK�UHPRYHG�DOO�WKH�LOOHJDO�ELWVWUHDPV�IURP�WKH�UHDFKDEOH�VWDWHV�

YDU
��������SLFWXUHBW\SHBLG��^,�3�%`�
DVVLJQ
��������LQLW��SLFWXUHBW\SHBLG�� �,�
��������QH[W��SLFWXUHBW\SHBLG�� 
����������������FDVH
�������������������������SURFHVVRUBVWDWH ILUVWBILHOG�	SURFHVVRUBZULWH	ILUVWBSLFWXUH�����������,�
�������������������������SURFHVVRUBVWDWH ILUVWBILHOG�	SURFHVVRUBZULWH��^,�3�%`�
�������������������������SURFHVVRUBVWDWH VHFRQGBILHOG�	SURFHVVRUBZULWH�
��������������������������������FDVH�SLFWXUHBW\SHBLG ,���^,�3`�
�������������������������������������SLFWXUHBW\SHBLG 3���3�
�������������������������������������SLFWXUHBW\SHBLG %���%�
��������������������������������HOVH���SLFWXUHBW\SHBLG�
��������������������������������HVDF�
����������������HOVH������SLFWXUHBW\SHBLG�
����������������HVDF�

7KLV�PDFKLQH�VWDUWV�ZLWK�WKH�ILUVW�SLFWXUH�ZKLFK�LV�DOZD\V�,��,W�VDYHV�WKH�YDOXH�RI�LWV�7))�DQG�5))�LQ
,'($/B6$9('B7))��,'($/B6$9('B5))��,W�WKHQ�JRHV�WR�WKH�VHFRQG�SLFWXUH�ZKLFK�FDQ�EH�,�3�RU�%��,I�LW
LV�,�RU�3��WKHQ�LW�GLVSOD\�WKH�SUHYLRXV�7))��L�H��C7C�LI�6$9('B7)) ����,I�LW�KDG�6$9('B5)) ��WKHQ�LW�ZLOO
LQFUHPHQW�WKH�723RU%27720�IURP�
7
�WR�
%
�DQG�W�C7C�DJDLQ��,W�ZLOO�DOVR�VDYH�WKH�YDOXHV�RI�7))�DQG
5))�RI�WKH�FXUUHQW�UHIHUHQFH�SLFWXUH��,I�WKH�VHFRQG�SLFWXUH�ZDV�%��LW�ZLOO�VWDUW�WKH�GLVSOD\�DFFRUGLQJ
WR�WKH�7))�YDOXH�RI�WKH�%�SLFWXUH���:KHQ�HYHU�WKHUH�LV�D�FRQWUDGLFWLRQ�EHWZHHQ�WKH�SUHYLRXV
GHFLVLRQ�DQG�WKH�FXUUHQW��L�H��5))�FDXVHG�QH[W�SKDVH�WR�EH�7RS�EXW�WKH�QH[W�GHFRGHG�SLFWXUH�KDV
7)) ��ZKLFK�PHDQV�7RS�DJDLQ���WKH�(5525B,1B%,7675($0�ZLOO�EH�VHW��7KLV�UXOH�LV�EDVHG�RQ�WKH
DVVXPSWLRQ�WKDW�WKH�GLVSOD\�RUGHU�VKRXOG�EH�DOZD\V�7RS�DIWHU�%RWWRP�RU�YLFH�YHUVD�

YDU�,GHDOB)LUVWB)LHOG���^7�%`�
DVVLJQ��,GHDOB)LUVWB)LHOG�� 
����������������FDVH
����������������SURFHVVRUBZULWH	SLFWXUHBW\SHBLG %	7))���7�
����������������SURFHVVRUBZULWH	SLFWXUHBW\SHBLG %	�7))���%�
����������������SURFHVVRUBZULWH	�SLFWXUHBW\SHBLG ,_SLFWXUHBW\SHBLG 3�	6DYHGB7))���7�
����������������SURFHVVRUBZULWH	�SLFWXUHBW\SHBLG ,_SLFWXUHBW\SHBLG 3�	�6DYHGB7))���%�
����������������HOVH���7��
����������������HVDF�

YDU�,GHDOB/DVWB)LHOG���^7�%`�
DVVLJQ�1(;7��,GHDOB/DVWB)LHOG�� 
����������������FDVH
����������������SURFHVVRUBZULWH	SLFWXUHBW\SHBLG %	7))�	��5))��%�
����������������SURFHVVRUBZULWH	SLFWXUHBW\SHBLG %	7))�	�5))��7�
����������������SURFHVVRUBZULWH	SLFWXUHBW\SHBLG %	�7))�	��5))��7�
����������������SURFHVVRUBZULWH	SLFWXUHBW\SHBLG %	�7))�	�5))��%�
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����������������SURFHVVRUBZULWH	�SLFWXUHBW\SHBLG ,_SLFWXUHBW\SHBLG 3�	6DYHGB7))	�6DYHGB5))���%�
����������������SURFHVVRUBZULWH	�SLFWXUHBW\SHBLG ,_SLFWXUHBW\SHBLG 3�	6DYHGB7))	6DYHGB5))���7�
����������������SURFHVVRUBZULWH	�SLFWXUHBW\SHBLG ,_SLFWXUHBW\SHBLG 3�	�6DYHGB7))�	��6DYHGB5))��7�

SURFHVVRUBZULWH	�SLFWXUHBW\SHBLG ,_SLFWXUHBW\SHBLG 3�	�6DYHGB7))�	�6DYHGB5))��%�
����������������HOVH���,GHDOB/DVWB)LHOG�
����������������HVDF�

7KLV�SDUW�ZLOO�GHFRGH�WKH�H[SHFWHG�ILHOG�W\SH��7RS�RU�%RWWRP��DFFRUGLQJ�WR�WKH�VHW�RI�UXOHV
GHVFULEHG�DERYH��7KH�LGHDOBILUVWBILHOG�DQG�LGHDOBODVW�ILHOG�UHSUHVHQW�WKH�RXWSXWV�RI�D�GHFRGHU�PRGHO
ZKLFK�IROORZ�WKH�VSHFLILFDWLRQ�UXOHV�

YDU�6DYHGB7))��ERROHDQ�
����6DYHGB5))��ERROHDQ�

DVVLJQ
��������,1,7��6DYHGB7))�� ��
��������1(;7��6DYHGB7))�� 
��������FDVH
��������SLFWXUHBW\SH� )5$0(�
����������������FDVH
����������������SURFHVVRUBZULWH	�SLFWXUHBW\SHBLG ,_
����������������SURFHVVRUBZULWH	SLFWXUHBW\SHBLG 3�	7))�����
����������������SURFHVVRUBZULWH	�SLFWXUHBW\SHBLG ,_
����������������SURFHVVRUBZULWH	SLFWXUHBW\SHBLG 3�	�7))�����
����������������HOVH���6DYHGB7))�
����������������HVDF�
��������SLFWXUHBW\SH� ),(/'B3$,5�
����������������FDVH
����������������SURFHVVRUBZULWH	�SLFWXUHBW\SHBLG ,_SLFWXUHBW\SHBLG 3�	723RU%27720 723�����
����������������SURFHVVRUBZULWH	�SLFWXUHBW\SHBLG ,_SLFWXUHBW\SHBLG 3�	723RU%27720 %27720�����
����������������HOVH���6DYHGB7))�
����������������HVDF�
��������HVDF�

��������,1,7��6DYHGB5))�� ��
��������1(;7��6DYHGB5))�� 
��������FDVH
����������������SURFHVVRUBZULWH	�SLFWXUHBW\SHBLG ,_
����������������SURFHVVRUBZULWH	SLFWXUHBW\SHBLG 3�	5))�����
����������������SURFHVVRUBZULWH	�SLFWXUHBW\SHBLG ,_
����������������SURFHVVRUBZULWH	SLFWXUHBW\SHBLG 3�	�5))�����
����������������HOVH���6DYHGB5))�
��������HVDF�

7KH�VROXWLRQ�IRU�WKH��ORRN�LQWR�WKH�IXWXUH��SUREOHP�LV�SURYLGHG�KHUH�
7KH�IROORZLQJ�OLQHV�DUH�UHVSRQVLEOH�WR�WDNH�RXW�DOO�WKH�ELWVWUHDPV�WKDW�DUH�QRW�OHJDO��7KH
HUURUBLQBELWVWUHDP�ZLOO�EH�
�
�ZKHQ�WKH�,GHDO�ILHOG�RUGHU�ZLOO�VKRZ�7RS�DIWHU�7RS�RU�%RWWRP�DIWHU
%RWWRP�ILHOGV�

YDU�(5525B,QB%LWVWUHDP��ERROHDQ�
DVVLJQ��(5525B,QB%LWVWUHDP��� ��,GHDOB)LUVWB)LHOG ,GHDOB/DVWB)LHOG�	
�ILUVWBSLFWXUH	SURFHVVRUBZULWH�

LQYDU��(5525B,QB%LWVWUHDP ���
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,19$5�VWDQGV�IRU��DQDO\]H�DOO�WKH�SDWKV�DQG�H[WUDFW�RQO\�WKRVH�WKDW�IROORZ�WKH�FRQGLWLRQ�ZLWKLQ�WKH�EUDFNHWV�

����)RUPDO�SURSHUWLHV

7KH�ILUVW�VHW�RI�SURSHUWLHV�FRYHUV�WKH�EDVLF�EHKDYLRU�RI�WKH�&21752/�EORFN��L�H��GHFRGLQJ�DQG
GLVSOD\�RUGHU���7KHVH�SURSHUWLHV�KHOSHG�WR�EULQJ�XS�D�VWDEOH�HQYLURQPHQW�LQ�PHDQV�RI
V\QFKURQL]DWLRQ�ZLWK�WKH�YDULRXV�H[WHUQDO�LQSXWV�FRPLQJ�IURP�WKH�YDULRXV�EORFNV�LQ�WKH�IXOO�FKLS
HQYLURQPHQW��$OWKRXJK�WKHVH�SURSHUWLHV�DUH�EDVLFDOO\�WKH�PRVW�LPSRUWDQW�IHDWXUH�RI�WKH�EORFN�DQG
ZDV�H[KDXVWLYHO\�FKHFNHG�LQ�WKH�VLPXODWLRQ�EDVHG�HQYLURQPHQW��LW�WXUQV�RXW�WR�KDYH�WKH�ILUVW�EXJ
ZKLFK�ZDV�IRXQG�DIWHU�WKH�VHFRQG�GD\�RI�UXQQLQJ�WKH�WRRO��ILUVW�UXOH���7KH�JXLGHOLQHV�LQ�ZULWLQJ
IRUPDO�SURSHUW\�DUH�WR�OHDYH�DV�PDQ\�HQYLURQPHQW�YDULDEOHV�IUHH��L�H��QR�EHKDYLRUDO�OLPLWDWLRQ��
7KLV�UXOH�ZDV�WKH�NH\�HOHPHQW�RI�ILQGLQJ�WKH�ILUVW�EXJ�DV�WKH�IXQFWLRQ�RI�RQH�RI�WKH�EDVLF
DVVXPSWLRQV��SURFHVVRU�FRPPDQG�KDV�QR�WLPLQJ�UHOHYDQFH��ZDV�SURYHQ�WR�EH�ZURQJ��$OO�WKH�RWKHU
SURSHUWLHV������FRYHUHG�RWKHU�DVSHFWV�RI�WKH�&21752/�IXQFWLRQV�VXFK�DV�2Q�/LQH�&RPPDQGV�
6WDWXV�ELWV�HWF�

7KH�GHVLJQ�EHIRUH�5XOH%DVH�RSWLPL]DWLRQV�ZDV�����IOLS�IORSV�������JDWHV�DQG����LQSXWV�
7DEOH���SURYLGHV�LQIRUPDWLRQ�RQ�VHOHFWHG�UXOHV��WKH�QXPEHUV�DUH�DIWHU�5XOH�%DVH�UHGXFWLRQ��
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FRPPDQG�
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5XOH�����7ULFN�PRGH
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5XOH�����7ULFN�PRGH
FRPPDQG�
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7DEOH���)RUPDO�SURSHUWLHV�H[DPSOHV

��7KH�ILUVW�ILYH�UXOHV�ZHUH�ZULWWHQ�GXULQJ�WKH�ILUVW�ZHHN�RI�WKH�HQYLURQPHQW�EULQJ�XS��1RWLFH�WKDW�WKH
QXPEHU�RI�IOLS�IORSV�HDFK�SURSHUW\�XVHV�LV�KLJK��,W�VKRZV�WKDW�DOWKRXJK�WKH�EDVLF�HQYLURQPHQW�ZDV
DEOH�WR�SURYLGH�RQO\�VXEVHW�RI�WKH�EORFN�IHDWXUHV��LW�QHHGHG�PDQ\�RI�LWV�IOLS�IORSV�

��5XOHV���DQG���DUH�FKHFNLQJ�03(*��GLVSOD\�RUGHU��'XH�WR�D�ODUJH�QXPEHU�RI�HQYLURQPHQW
YDULDEOHV��LW�UHTXLUHG�D�SDUWLWLRQLQJ�RI�WKH�RULJLQDO�UXOH�LQWR�WZR�SDUWV�ZKHUH�HDFK�SDUW�FRYHUV
GLIIHUHQW�PRGHOLQJ�RI�WKH�LQSXWV�
��5XOH���LV�DQ�H[DPSOH�RI�D�SURSHUW\�WKDW�UHTXLUHG�ODUJH�HQYLURQPHQW�GHILQLWLRQ��0RVW�RI�WKH�UXOHV
XVHG�HQYLURQPHQW�WKDW�ZDV�FDSDEOH�WR�UXQ�RQO\�RQH�ELWVWUHDP��L�H��QR�HQG�VWDUW�FRPPDQGV���7KLV
ZDV�GXH�WR�WKH�ODUJH�QXPEHU�RI�HQYLURQPHQW�YDULDEOHV�DVVRFLDWHG�ZLWK�WKLV�IHDWXUH��7KH�5XOH��
SURSHUW\�KDG�WR�XVH�PXOWLSOH�ELWVWUHDPV�HQYLURQPHQW��DQ�DGGLWLRQ�RI�DURXQG����HQYLURQPHQW
YDULDEOHV��
��1RWLFH�WKDW�WKH�XVHU�WLPH�YDOXHV�DUH�GHSHQGHG�RQ�WKH�SDUWLFXODU�PDFKLQH�SRZHU�

��6XPPDU\�DQG�&RQFOXVLRQV

����'HVLJQ�IRU�)RUPDO�YHULILDELOLW\

7KH�IRUPDO�YHULILFDWLRQ�SURFHVV�FDQ�EH�PDGH�PRUH�HIIHFWLYH�LI�WKH�GHVLJQ�DUFKLWHFWXUH�DQG�LWV
LPSOHPHQWDWLRQ�IROORZ�VHW�RI�JXLGHOLQHV�ZKLFK�FDQ�EH�GLYLGHG�LQWR���FDWHJRULHV�
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5HGXFWLRQ��6\PEROLF�PRGHO�FKHFNLQJ�DGGUHVVHG�WKH�VWDWH�H[SORVLRQ�SUREOHP�E\�XVLQJ�%''V�
:KLOH�VHYHUDO�WHFKQLTXHV�DUH�LQFRUSRUDWHG�LQ�WKH�5XOH�%DVH�WRRO��WKH�VL]H�SUREOHP�VWLOO�UHTXLUHV�WR
IROORZ�VRPH�JXLGHOLQHV��0RVW�RI�WKH�UHGXFWLRQ�JXLGHOLQHV�IRFXV�RQ�GHVLJQ�SDUWLWLRQLQJ�DQG
PRGXODULW\��ZLWK�WKH�JRDO�RI�LVRODWLQJ�WKH�FRQWURO�ORJLF�IURP�WKH�GDWD�SDWK�ZKLFK�FDQ�EH�UHSODFHG�E\
DEVWUDFW�PRGHOV��,W�ZDV�IRXQG�WKDW�WKHVH�JXLGHOLQHV�DUH�YHU\�HIIHFWLYH�IURP�GHVLJQ�SRLQW�RI�YLHZ
DQG�GHVLJQ�IRU�YHULILDELOLW\�
'RFXPHQWDWLRQ��.HHSLQJ�ZHOO�GHILQHG�DQG�GRFXPHQWHG�LQWHUIDFHV�EHWZHHQ�SDUWLWLRQV�WR�HDVH�WKH
GHYHORSPHQW�DQG�PDLQWHQDQFH�RI�HQYLURQPHQW�PRGHOV��7KLV�LV�DOVR�D�JRRG�GHVLJQ�SUDFWLFH�ZKLFK
RIWHQ�OHDGV�WR�EHWWHU�GHVLJQ�TXDOLWLHV�DV�ZHOO�
)RUPDO�6SHFLILFDWLRQ��7UDQVODWLQJ�WKH�LQIRUPDO�VSHFLILFDWLRQ��XVXDOO\�ZULWWHQ�LQ�QDWXUDO�ODQJXDJH�
LQWR�D�VHW�RI�IRUPDO�SURSHUWLHV��7KLV��WDVN�RIWHQ�DVVXPHV�EDFNJURXQG�NQRZOHGJH�DQG�DELOLW\�WR
IRUPXODWH�VHQWHQFHV�LQWR�IRUPDO�VWUXFWXUHV�

����,PSOLFDWLRQV�WR�RWKHU�SURMHFWV�DQG�FRQFOXVLRQV
,Q�DGGLWLRQ�WR�WKH�&2752/�EORFN�ZH�YHULILHG�GXULQJ�WKH�HYDOXDWLRQ�SHULRG��ZH�DOVR�YHULILHG�IHZ
RWKHU�EORFNV�ZKLFK�DUH�GLIIHUHQW�IURP�WKH�ILUVW�RQH��7KH�9,3�>�@�LQWHUIDFH�LV�D�SURWRFRO�EDVHG�ORJLF
ZKLFK�KDG�WR�EH�FRPSOLDQW�ZLWK�WKH�9,3�VSHFLILFDWLRQ��7KH�&ORVHG�&DSWLRQ�>�@�EORFN�LV�SDUW�RI�WKH
YLGHR�RXW�ORJLF��GDWD�SDWK�RULHQWHG��LV�DSSO\LQJ�WKH�FORVHG�FDSWLRQ�GDWD�LQWR�WKH�YLGHR�VWUHDP��7KH
ZRUN�RQ�WKH�WKLV�EORFN�FRYHUHG�IHZ�DUFKLWHFWXDO�SUREOHPV�ZKLFK�FRXOG�EH�KDUGO\�IRXQG�LQ�DQ\�RWKHU
PHWKRG�
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&21752/ )XOO�&KLS
VLPXODWLRQ

��ZHHNV ��ZHHNV �

9,3�LQWHUIDFH
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8QLW�OHYHO
VLPXODWLRQ

��GD\V ��ZHHNV �

�&ORVHG
&DSWLRQ�>�@
ORJLF

0DQXDO�WHVWV ��GD\V ��ZHHN �

7DEOH����)RUPDO�YHULILFDWLRQ�UHVXOWV�LQ�RWKHU�SURMHFWV

:H�KDYH�H[SHULHQFHG�WKDW�WKH�DPRXQW�RI�WLPH�UHTXLUHG�IRU�EXLOGLQJ�D�IRUPDO�HQYLURQPHQW�DQG
UXOHV�LV�JHWWLQJ�VKRUWHU�DV�ZH�ZRUNHG�RQ�WKH�YDULRXV�SURMHFWV��,W�ZDV�DOVR�SURYHQ�WKDW�WKHUH�DUH
EORFNV�ZKLFK�FDQ�EH�YHULILHG�RQO\�E\�IRUPDO�YHULILFDWLRQ��WKXV�VDYLQJ�DGGLWLRQDO�HIIRUW�WR�EXLOG�D
VLPXODWLRQ�HQYLURQPHQW��7KH�JRRG�UHVXOWV�ZH�REVHUYHG��OHG�XV�WR�DVVLPLODWH�IRUPDO�YHULILFDWLRQ�LQ
DOO�RXU�SURMHFWV�DV�DQ�LQWHJUDO�DQG�PDQGDWRU\�SDUW�RI�WKH�YHULILFDWLRQ�PHWKRGRORJ\��,W�ZDV�DOVR
DIIHFWHG�WKH�ZD\�RXU�VSHFLILFDWLRQ�LV�ZULWWHQ�ZLWK�JUHDWHU�FRQVLGHUDWLRQ�WR�IRUPDOLW\�DQG
VLPSOLILFDWLRQ�RI�UXOHV�DQG�ORJLF�GHVFULSWLRQV��)XUWKHUPRUH��RXU�GHVLJQ�PHWKRGRORJ\�LQFOXGHV�QRZ
GHVLJQ�IRU�YHULILDELOLW\�VHFWLRQ�ZKLFK�IROORZ�WKH�JXLGHOLQHV�SURYLGHG�LQ�WKLV�VHFWLRQ�

����,PSOLFDWLRQV�RQ�RXU�,QGXVWU\

=RUDQ�LV�D�VPDOO�PLG�VL]H�FRPSDQ\�ZKLFK�FRQFHQWUDWHV�RQ�GHOLYHULQJ�KLJK�TXDOLW\�SURGXFWV�WR�WKH
FRQVXPHU�PDUNHW�DORQJ��DQG�PRUH�LPSRUWDQWO\��ZLWK�GHOLYHULQJ�WKHP�LQ�D�YHU\�VKRUW�WLPH�WR
PDUNHW��$�W\SLFDO�GHVLJQ�F\FOH�IURP�DQ�LGHD���WKURXJK�35'��3URMHFW�5HTXLUHG�'RFXPHQW��
$UFKLWHFWXDO�VSHFLILFDWLRQ��PLFUR�$UFKLWHFWXUH�VSHFLILFDWLRQ��ORJLF�GHVLJQ��ORJLF�YHULILFDWLRQ��FLUFXLW
DQG�OD\RXW�WR�HQJLQHHULQJ�VDPSOHV�WDNHV�DERXW�������PRQWKV��IRU�FKLS�VL]H�RI��0�DQG�DERYH
WUDQVLVWRUV�ZLWKRXW�PHPRULHV���7KH�YHULILFDWLRQ�PHWKRGRORJ\�VKDUHV�ERWK�GHVLJQ�YHULILFDWLRQ��SUH�
VLOLFRQ�YHULILFDWLRQ�DFWLYLWLHV��DQG�YDOLGDWLRQ��SRVW�VLOLFRQ�YHULILFDWLRQ�DFWLYLWLHV���$Q�H[KDXVWLYH
GHVLJQ�YHULILFDWLRQ��EDVHG�RQ�VLPXODWLRQV��FDQ�SURYLGH�D�FOHDQHU�FKLS�EXW�LW�PLJKW�FDXVHG�XV�WR
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ORRVH�WKH�VKRUW�ZLQGRZ�RI�RSSRUWXQLW\�WR�ODXQFK�WKH�SURGXFW�WR�WKH�PDUNHW��)RUPDO�YHULILFDWLRQ
PHWKRGV�RIIHU�QRW�RQO\�ODUJHU�FRYHUDJH�RI�WKH�YHULILHG�SURSHUWLHV�EXW�DOVR�EHWWHU�GHVLJQ
PHWKRGRORJ\��GHVLJQ�IRU�IRUPDO�YHULILDELOLW\���,W�ZDV�DOVR�IRXQG�WKDW�RXU�H[SHULHQFHG�GHVLJQHUV�DQG
DUFKLWHFWV�OHYHUDJH�WKHLU�VSHFLILFDWLRQ�DQG�GHVLJQ�FDSDELOLWLHV�E\�XWLOL]LQJ�IRUPDO�PHWKRGV�

���$FNQRZOHGJPHQWV

,�ZRXOG�OLNH�WR�WKDQN�8]L�=DQJL�IURP�=RUDQ�DQG�7DOL�<DW]NDU�+DKDP�IURP�,%0�+DLID��ZKRVH
FRRSHUDWLRQ�FRQWULEXWHG�WR�WKH�ZRUN�SUHVHQWHG�KHUH��,�DOVR�WKDQN�<DURQ�:ROIVWKDO�IURP�,%0�+DLID�
$KDURQ�$KDURQ�DQG�5DP�2ILU�IURP�=RUDQ�IRU�VXSSRUWLQJ�WKLV�ZRUN�

5HIHUHQFHV

>�@�,��%HHU��6��%HQ�'DYLG��&��(LVQHU��$��/DQGYHU���5XOH%DVH��$Q�,QGXVWU\�2ULHQWHG�)RUPDO
9HULILFDWLRQ�7RRO���3URFHHGLQJV�RI�WKH�GHVLJQ�$XWRPDWLRQ�&RQIHUHQFH��'$&
���
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>�@�.��0F0LOODQ����609���6\PEROLF�0RGHO�&KHFNLQJ���.OXZHU�$FDGHPLF�3XEOLVKHUV�������

>�@�'9'�VSHFLILFDWLRQ��YHUVLRQ�����$XJXVW�����

>�@�9LGHR�,QWHUIDFH�3RUW�VSHFLILFDWLRQ���9,3�YHUVLRQ������PDUFK�����

>�@�&ORVHG�&DSWLRQ�VSHFLILFDWLRQ���(,$������2FWREHU�����


