
,QWURGXFWLRQ�WR�-DYD
:KDW�LV�-DYD�"

-DYD�LV�D�KLJK� OHYHO�SURJUDPPLQJ� ODQJXDJH�LQWURGXFHG�E\�6XQ�0LFURV\VWHPV� LQ� -XQH������� ,WZDV�GHYHORSHG�E\�D�WHDP�XQGHU�-DPHV�*RVOLQJ��-DYD�LV�EHFRPLQJ�D�VWDQGDUG�IRU�,QWHUQHW�DSSOLFDWLRQV��,WSURYLGHV�IRU�LQWHUDFWLYH�SURFHVVLQJ�DQG�IRU�WKH�XVH�RI�JUDSKLFV�DQG�DQLPDWLRQV�RQ�WKH�LQWHUQHW�-DYD�LV�DQ�REMHFW�RULHQWHG�ODQJXDJH�EXLOW�XSRQ�&�DQG�&����,W�GHULYHV�LWV�V\QWD[�IURP�&�DQG�LWVREMHFW�RULHQWHG� IHDWXUHV� DUH� LQIOXHQFHG� E\� &���� -DYD� FDQ� EH� XVHG� WR� FUHDWH� WZR� W\SHV� RI� SURJUDPV�DSSOLFDWLRQV� DQG� DSSOHWV�� $Q� DSSOLFDWLRQ� LV� D� SURJUDP� WKDW� UXQV� RQ� WKH� XVHU¶V� FRPSXWHU�� XQGHU� LWVRSHUDWLQJ�V\VWHP��$Q�DSSOHW�LV�D�VPDOO�ZLQGRZ�EDVHG�SURJUDP�WKDW�UXQV�RQ�DQ�+70/�SDJH�XVLQJ�D�-DYDHQDEOHG�:HE�EURZVHU�OLNH�,QWHUQHW�([SORUHU��1HWVFDSH�1DYLJDWRU�HWF�
)HDWXUHV�RI�-DYD

6LPSOH-DYD�ODQJXDJH�FRQVWUXFWV�DUH�HDV\� WR� OHDUQ�DQG�XVH� VR� WKDW� D�SURJUDPPHU�FRXOG� OHDUQ�TXLFNO\�7KH� MDYD�GHVLJQHUV�UHPRYHG�D�QXPEHU�RI�FRPSOH[�IHDWXUHV� WKDW�H[LVWHG� LQ�&�DQG�&����-DYD�GRHV�QRWKDYH�IHDWXUHV�VXFK�DV�SRLQWHU�PDQLSXODWLRQ��RSHUDWRU�RYHUORDGLQJ��WKH�³JRWR´�VWDWHPHQW��RU�KHDGHU�ILOHV�2EMHFW�2ULHQWHG-DYD�LV�GHVLJQHG�DURXQG�WKH�REMHFW�RULHQWHG�PRGHO��6R��LQ�-DYD�WKH�IRFXV�LV�RQ�WKH�µGDWD¶ DQG�WKHµPHWKRG¶ WKDW� RSHUDWH� RQ� WKH� GDWD� LQ� DQ� DSSOLFDWLRQ� DQG� QRW� MXVW� RQ� WKH� SURFHGXUHV�� 7KH� GDWD� DQGPHWKRGV�WRJHWKHU�GHVFULEH�WKH�VWDWH��DQG�WKH�EHKDYLRU�RI�DQ�REMHFW�3ODWIRUP�,QGHSHQGHQW7KH� WHUP� µSODWIRUP¶� UHIHUV� WR� WKH� FRPSXWHU� RSHUDWLQJ� V\VWHP� DQG� LWV� &38�� 3ODWIRUPLQGHSHQGHQFH�PHDQV�WR�WKH�DELOLW\�RI� WKH�SURJUDP�WR�UXQ�RQ�GLIIHUHQW�SODWIRUP�ZLWKRXW�PRGLILFDWLRQV�7KH�SURJUDP�ZULWWHQ� LQ� -DYD� FDQ� EH� UXQ� RQ� GLIIHUHQW� FRPSXWHUV��7KLV� IHDWXUHV� LV� RQH� RI� WKH� SULPDU\UHDVRQV�IRU�WKH�SRSXODULW\�RI�WKH�ODQJXDJH�
5REXVW-DYD�LV�D�UREXVW�ODQJXDJH�VLQFH�LW�KDV�VWULFW�FRPSLOH� WLPH�DQG�UXQ�WLPH�FKHFNLQJ�RI�FRGH��7KLVPLQLPL]HV�SURJUDPPLQJ�HUURUV��(UURU�KDQGOLQJ�DQG�UHFRYHU\�LV�WDNHQ�FDUH�RI�LQ�-DYD�E\�WKH�³H[FHSWLRQ�KDQGOLQJ´�IHDWXUH�
6HFXUH-DYD�LV�D�ODQJXDJH�WKDW�IRFXVHV�RQ�WKH�QHWZRUN��-DYD�VHFXULW\� IHDWXUHV�HQVXUH�WKDW�LWV�SURJUDPVWKDW� UXQ� IURP�ZHE� SDJHV� DUH� VDIH�� 3URJUDPPHUV� FDQQRW�PDQLSXODWH�PHPRU\� LQ� MDYD�� 7KLV� LV� D� JRRGGHIHQFH�PHFKDQLVP�DJDLQVW�PDOLFLRXV�FRGH�WKDW�PD\�IORZ�LQ�IURP�WKDW�QHWZRUN��-DYD�SURJUDPV�UXQQLQJRQ�WKH�ZHE�FDQQRW�RSHQ��UHDG��ZULWH�RU�GHOHWH�ILOHV��RQ�WKH�XVHU¶V�V\VWHP�RU�UXQ�RWKHU�SURJUDPV�RQ�LW�
'LVWULEXWHG-DYD�FDQ�EH�XVHG�WR�GHYHORS�DSSOLFDWLRQV�WKDW�DUH�SRUWDEOH�DFURVV�PXOWLSOH�SODWIRUPV��RSHUDWLQJV\VWHPV�DQG�JUDSKLFDO�XVHU� LQWHUIDFHV�� -DYD�LV�GHVLJQHG� WR� VXSSRUW�QHWZRUN�DSSOLFDWLRQV��7KXV� MDYD� LVZLGHO\� XVHG� DV� D� GHYHORSPHQW� WRRO� LQ� D� HQYLURQPHQW� OLNH� WKH� LQWHUQHW� ZKHUH� WKHUH� DUH� GLIIHUHQWSODWIRUPV�



0XOWLWKUHDGHG-DYD� SURJUDPV� FDQ� GR� PDQ\� WDVNV� VLPXOWDQHRXVO\� E\� D� SURFHVV� FDOOHG� ¶PXOWLKHDGLQJ¶� -DYDSURYLGHV�WKH�PDVWHU�VROXWLRQ�IRU�V\QFKURQL]LQJ�PXOWLSOH�SURFHVV��7KHUHIRUH��LQWHUDFWLYH�DSSOLFDWLRQV�RQWKH�QHW�FDQ�UXQ�VPRRWKO\��7KLV�LV�PDGH�SRVVLEOH�E\�WKH�EXLOW�LQ�VXSSRUW�IRU�WKUHDGV�
'\QDPLF-DYD�LV�D�G\QDPLF�ODQJXDJH�GHVLJQHG�WR�DGDSW�WR�DQ�HYROYLQJ�HQYLURQPHQW��-DYD�SURJUDPV�FDUU\D�ORW�RI�UXQ�WLPH�LQIRUPDWLRQ�WR�YDOLGDWH�DQG�DFFHVV�REMHFW�DW�UXQ�WLPH��7KLV�PDNHV�LW�SRVVLEOH�WR�VDIHO\OLQN�FRGH�G\QDPLFDOO\�

7KH�-DYD�3URJUDPPLQJ�(QYLURQPHQW
$V� ZH� VDZ� HDUOLHU�� WKH� WZR� W\SHV� RI� SURJUDPV� FDQ� EH� GHYHORSHG� LQ� -DYD� DUH� DSSOHWV� DQGDSSOLFDWLRQV�� $SSOHWV� DUH� -DYD� SURJUDPV� WKDW� UXQ� DV� SDUW� RI� D� ZHE� SDJH� DQG� WKH\� GHSHQG� RQ� D� ZHEEURZVHU� LQ�RUGHU� WR� UXQ��$SSOLFDWLRQV�DUH�PRUH�JHQHUDO�SURJUDPV� WKDW�DUH� VWRUHG� LQ� WKH�XVHU¶V� V\VWHPDQG�WKH\�GR�QRW�QHHG�D�ZHE�EURZVHU�LQ�RUGHU�WR�UXQ��$SSOLFDWLRQV�DUH�PRUH�JHQHUDO�SURJUDPV�WKDW�DUHVWRUHG�RQ�WKH�XVHU¶V�V\VWHP�DQG�WKH\�GR�QRW�QHHG�D�ZHE�EURZVHU�LQ�RUGHU�WR�UXQ�7KH�-DYD�SURJUDPPLQJ�HQYLURQPHQW�LQFOXGHV�D�QXPEHU�RI�GHYHORSPHQW�WRROV�WR�GHYHORS�DSSOHWVDQG�DSSOLFDWLRQV��7KH�GHYHORSPHQW� WRROV�DUH�SDUW�RI� WKH� V\VWHP�NQRZQ�DV� µ-DYD�'HYHORSPHQW�.LW¶ RUµ-'.¶��7KH�-'.�LQFOXGHV�WKH�IROORZLQJ��x 3DFNDJHV�WKDW�FRQWDLQ�FODVVHVx &RPSLOHUx 'HEXJJHU-'.�SURYLGH�WRROV�LQ�WKH�ELQ�GLUHFWRU\�RI�-'.�DQG�WKH\�DUH�DV�IROORZV��x -DYDF� �� LV� WKH� MDYD� FRPSLOHU� WKDW� WUDQVODWHV� WKH� VRXUFH� FRGH� � WR� E\WHFRGHV�� 7KDW� LV�� LWFRQYHUWV�WKH�VRXUFH�ILOH�QDPHO\�WKH�MDYD�ILOH�WR�D�FODVV�ILOHx -DYD� ±� WKH� MDYD� LQWHUSUHWHU� ZKLFK� UXQV� DSSOHWV� DQG� DSSOLFDWLRQV� E\� UHDGLQJ� DQGLQWHUSUHWLQJ�WKH�E\WH�FRGH�ILOHV��7KDW�LV��LW�H[HFXWHV�WKH��FODVV�ILOH�x -DYDGRF�±�LV�WKH�XWLOLW\�XVHG�WR�SURGXFH�GRFXPHQWDWLRQ�IRU� WKH�FODVVHV�IURP�WKH�VRXUFHFRGH�ILOHV�x -GE�±�LV�D�GHEXJJLQJ�WRRO�
7KH�ZD\�WKHVH�WRROV�DUH�DSSOLHG�WR�EXLOG�DQG�UXQ�DSSOLFDWLRQ�SURJUDP�LV�DV�IROORZV�x 7KH�VRXUFH�FRGH�ILOH�LV�FUHDWHG�XVLQJ�D�WH[W�HGLWRU�DQG�VDYHG�ZLWK�D�MDYD�H[WHQVLRQ�x 7KH� VRXUFH� FRGH� LV� FRPSLOHG� XVLQJ� WKH� -DYD� FRPSLOHU� �MDYDF�� ZKLFK� WUDQVODWHV� VRXUFHFRGH�WR�E\WHFRGHV�x 7KH�FRPSLOHG�FRGH�LV�H[HFXWHG�XVLQJ�WKH�-DYD�LQWHUSUHWHU�MDYD��ZKLFK�UXQV�DSSOLFDWLRQVDQG�DSSOHWV�E\�UHDGLQJ�WKH�E\WHFRGHV�x 7KH�HUURUV�LI�DQ\��DUH�ORFDWHG�E\�WKH�-DYD�GHEXJJHU�MGE�

7KH�-DYD�3ODWIRUP
7KH�-DYD�SODWIRUP�KDV�WZR�FRPSRQHQWV��x 7KH�-DYD�9LUWXDO�0DFKLQH7KH�-90�VHSDUDWHV�WKH�-DYD�SURJUDP�IURP�WKH�KDUGZDUH�GHSHQGHQFLHV�x 7KH�-DYD�DSSOLFDWLRQV�3URJUDPPLQJ�,QWHUIDFHV



7KH�$3,�LV�D�VWDQGDUG�OLEUDU\�ZLWK�D�FROOHFWLRQ�RI�VHYHUDO�XVHIXO�FODVVHV�
7KH�-DYD�9LUWXDO�0DFKLQH
-DYD�LV�ERWK�D�FRPSLOHG�DQG�DQ� LQWHUSUHWHG� ODQJXDJH��)LUVW� WKH� MDYD�FRPSLOHU� WUDQVODWHV� VRXUFHFRGH�LQWR�E\WHFRGH�LQVWUXFWLRQV��,Q�WKH�QH[W�VWDJH�WKH�-DYD�LQWHUSUHWHU�FRQYHUWV�WKH�E\WHFRGH�LQVWUXFWLRQVWR�PDFKLQH�FRGH�WKDW�FDQ�EH�GLUHFWO\�H[HFXWHG�E\�WKH�PDFKLQH�UXQQLQJ�WKH�MDYD�SURJUDP�7KH� LQWHUPHGLDWH� FRGH�QDPHO\�� WKH� E\WHFRGH� SURGXFHG�E\� WKH� -DYD� FRPSLOHU� LV� IRU� D�PDFKLQHWKDW� H[LVWV� RQO\� LQ� WKH�PHPRU\� RI� D� FRPSXWHU�� 7KLV�PDFKLQH� RU� WKH� µVLPXODWHG� FRPSXWHU�ZLWKLQ� WKHFRPSXWHU¶�LV�NQRZQ�DV�WKH�µ-DYD�9LUWXDO�0DFKLQH¶�RU�WKH�µ-90¶�7KH� -DYD� 9LUWXDO�0DFKLQH� FDQ� EH� WKRXJKW� DV� D� PLQL� RSHUDWLQJ� V\VWHP� WKDW� IRUPV� D� OD\HU� RUDEVWUDFWLRQ�ZKHUH�WKH�XQGHUO\LQJ�KDUGZDUH��WKH�RSHUDWLQJ�V\VWHP�DQG�WKH�FRPSLOHG�FRGH�LV�FRQFHUQHG�7KH� FRPSLOHU� FRQYHUWV� WKH� VRXUFH� FRGH� LQWR� D� FRGH� WKDW� LV� EDVHG� RQ� WKH� LPDJLQDU\� FRPSXWHU¶VLQVWUXFWLRQ�VHW��7KH�FRPSLOHG�FRGH�LV�QRW�SURFHVVRU�VSHFLILF��7KH�LQWHUSUHWHU�FRQYHUWV�WKHVH�LQVWUXFWLRQVIRU�WKH�XQGHUO\LQJ�KDUGZDUH�WR�ZKLFK�WKH�LQWHUSUHWHU�LV�WDUJHWHG��7KH�SRUWDELOLW\�IHDWXUH�RI�WKH��FODVV�ILOHKHOSV�LQ� WKH�H[HFXWLRQ�RI� WKH�SURJUDP�RQ�DQ\� FRPSXWHU�ZLWK� WKH�-DYD�9LUWXDO�0DFKLQH��7KLV�KHOSV� LQLPSOHPHQWLQJ�WKH�³ZULWH�RQFH�DQ�G�UXQ�DQ\ZKHUH´�IHDWXUH�RI��-DYD�
-XVW�LQ�7LPH�&RPSLOHUV
,I� WKH�SURJUDP�FDQ�EH�IXOO\� WUDQVODWHG� LQWR� WKH�QDWLYH�FRGH�RI� WKH�FRPSXWHU�FKLS�� LW�ZRXOG� UXQIDVWHU��7KH� -DYD�9LUWXDO�0DFKLQH� LQFOXGHV� DQ� RSWLRQDO� µMXVW�LQ�WLPH¶� �-,7�� FRPSLOHU� WKDW� G\QDPLFDOO\FRPSLOHV�E\WHFRGH�LQWR�H[HFXWDEOH�FRGH��7KH�-,7�LV�DQ�LQWHJUDO�SDUW�RI�WKH�-DYD�9LUWXDO�0DFKLQH�,I�D�-,7�LV�SUHVHQW��LW�WDNHV�WKH�E\WHFRGHV�DQG�FRPSLOHV�WKHP�LQWR�QDWLYH�FRGH�IRU� WKH�PDFKLQH�7KLV� LV� IDVWHU� WKDQ� LQWHUSUHWLQJ� RQH� E\WHFRGH� LQVWUXFWLRQ� DW� D� WLPH�� -,7� LV� UHDOO\� ³MXVW� LQ� WLPH´� DV� LWFRPSLOHV� PHWKRGV� RQ� D� PHWKRG� E\� E\� PHWKRG� EDVLV� MXVW� EHIRUH� WKH\� DUH� FDOOHG�� 6R�� G\QDPLF� -,7FRPSLODWLRQ�LV�IDVWHU�WKDQ�WKH�YLUWXDO�PDFKLQH�
7KH�-DYD�5XQWLPH�(QYLURQPHQW
7KH�-DYD�5XQWLPH�(QYLURQPHQW��-5(��FRQVLVW�RI�WKH�-90�LQWHUDFWLQJ�ZLWK�WKH�KDUGZDUH�RQ�RQHVLGH�DQG�WKH�-90�DQG�WKH�SURJUDP�RQ�WKH�RWKHU��7KH�-DYD�5XQWLPH�(QYLURQPHQW�UXQV�FRGH�FRPSLOHGIRU�WKH�-90�E\��x /RDGLQJ�WKH��FODVV�ILOH����3HUIRUPHG�E\�WKH�µ&ODVV�/RDGHU¶����7KH�FODVV�ORDGHU�SHUIRUPV�VHFXULW\�FKHFNV�KHUH�LI�WKH�FODVVHV�DUH�UHTXLUHG�DFURVV�WKHQHWZRUN�

x 9HULI\LQJ�E\WHFRGH� 3HUIRUPHG�E\�WKH�µE\WHFRGH�YHULILHU¶� 7KH�E\WHFRGH�YHULILHU� YHULILHV� WKH� IRUPDW� RI� WKH� FRGH�� REMHFW� W\SH� FRQYHUVLRQV� DQGFKHFNV�IRU�YLRODWLRQ�RI�DFFHVV�ULJKWV�x ([HFXWLQJ�WKH�FRGH� 3HUIRUPHG�E\�WKH�µUXQWLPH�LQWHUSUHWHU¶� 7KH�LQWHUSUHWHU�H[HFXWHV�WKH�E\WHFRGHV�DQG�PDNHV�FDOOV�WR�WKH�XQGHUO\LQJ�KDUGZDUH�
8VLQJ�&ODVVHV�LQ�-DYD
&ODVVHV�DUH�WHPSODWHV�IRU�EXLOGLQJ�REMHFWV�DQG�HYHU\�REMHFW�PXVW�EH�EDVHG�RQ�D�FODVV��2EMHFWV�LQ-DYD�DUH�FUHDWHG�IURP�FODVVHV�WKDW�DUH�HLWKHU�XVHU�GHILQHG�RU�EXLOW�LQ��3URJUDPPHUV�FDQ�XVH�WKH�EXLOW�LQFODVVHV�LQ�-DYD�WR�H[HFXWH�URXWLQH�IXQFWLRQ�OLNH�RSHQLQJ�D�ILOH��IRUPDWWLQJ�GDWHV��SHUIRUPLQJPDWKHPDWLFDO�FDOFXODWLRQV�DQG�VR�RQ��)RU�H[DPSOH��WR�FRQFDWHQDWH�WZR�VWULQJV��D�SURJUDPPHU�KDV�WR



ZULWH�DURXQG�ILIWHHQ�OLQHV�RI�FRGH�LQ�D�ODQJXDJH�OLNH�&����7KLV�LV�PDGH�HDV\�LQ�-DYD�E\�WKH�µ6WULQJ¶FODVV��7KLV�FODVV�KDV�D�PHWKRG�FDOOHG�µFRQFDW��¶��ZKLFK�SHUIRUPV�WKH�WDVN�LQ�MXVW�RQH�VWHS�
8VLQJ�3DFNDJHV�DQG�,QWHUIDFHV
6RPH�FODVVHV�LQ�-DYD�DUH�XVHG�WR�FUHDWH�FRQWUROV�OLNH�EXWWRQV��FKHFNER[HV��VFUROOEDU�DQG�VR�RQ�7KH�FODVV�µFRPSRQHQW¶�LV�D�GHULYHG�FODVV�RI�WKH�µ2EMHFW¶�FODVV��&ODVVHV�OLNH�µ%XWWRQ¶��µ/DEHO¶�¶FKHFNER[¶��µFRQWDLQHU¶�DUH�GHULYHG�IURP�WKH�µ&RPSRQHQW¶�FODVV��)XUWKHU��WKH�µFRQWDLQHU¶�FODVV�KDV�DVXEFODVV�FDOOHG�µ3DQHO¶��µ$SSOHW¶�LV�D�FODVV�GHULYHG�IURP�WKLV�VXEFODVV��$OO�WKHVH�FODVVHV�DUH�JURXSHG�LQWRRQH�VLQJOH�SDFNDJH�FDOOHG�µDZW¶�,Q�-DYD��D�FODVV�FDQ�LQKHULW�RQO\�IURP�RQH�FODVV�DW�D�WLPH��EXW�FDQ�LPSOHPHQW�VHYHUDO�LQWHUIDFHV�$Q�LQWHUIDFH�DOORZV�D�FODVV�WR�KDYH�VHYHUDO�VXSHUFODVVHV��7KH�LQWHUIDFH�GHILQHV�RQO\�DEVWUDFW�PHWKRGVDQG�WKH�GDWD�ILHOGV�LQ�DQ�LQWHUIDFH�FRQWDLQ�RQO\�FRQVWDQWV�)RU�H[DPSOH��FRQVLGHU�D�FODVV�FDOOHG�µ$FWRU¶��7KH�µ$FWRU¶�FDQ�H[HFXWH�FHUWDLQ�DFWLRQV�E\�LWVHOI�7KH�µ$FWRU¶�FDQ�PHPRUL]H�OLQHV��WDON�DQG�DOVR�JLYH�VWDJH�SHUIRUPDQFHV��:KHQ�JLYHQ�D�VSHFLILF�UROH�LQ�DSOD\��WKH�µ$FWRU¶�LV�D�µ9LOODLQ¶��$�µ'RFWRU¶�RU�D�µ&RPHGLDQ¶��,QWHUIDFHV�DUH�OLNH�WKHVH�UROHV��$�UROHDFTXLUHV�PHDQLQJ�RQO\�ZKHQ�FDUULHG�RXW�RQO\�E\�D�FODVV�VXFK�DV�WKH�µ$FWRU¶�7KH�IROORZLQJ�DUH�WKH�IHDWXUHV�RI�DQ�LQWHUIDFH�¾ $Q�LQWHUIDFH�LV�XVHG�LQVWHDG�RI�DQ�DEVWUDFW�FODVV�ZKHUH�WKHUH�DUH�QR�LPSOHPHQWDWLRQV�WR�LQKHULW¾ $Q�LQWHUIDFH�FDQQRW�KDYH�DQ\�FRQFUHWH�PHWKRGV�¾ $�FRQFUHWH�PHWKRG�LV�D�PHWKRG�WKDW�KDV�LWV�RZQ�LPSOHPHQWDWLRQV��,QWHUIDFHV�QHHG�WR�EHLPSOHPHQWHG�

&ODVVHV�GHILQHG�E\�WKH�XVHU�FDQ�EH�JURXSHG�LQWR�SDFNDJHV��7KHVH�FODVVHV�DUH�GHULYHG�IURP�RWKHUFODVVHV�WR�H[WHQG�WKHLU�IXQFWLRQDOLW\�7KH�IROORZLQJ�DUH�WKH�DGYDQWDJHV�RI�SDFNDJHV�¾ 3DFNDJHV�DOORZ�WKH�XVHU�WR�RUJDQL]H�FODVVHV��DQG�LQWHUIDFHV��LQWR�VPDOOHU�XQLWV��VXFK�DV�IROGHUV�DQG�PDNH�LW�HDV\�WR�ORFDWH�DQG�XVH�WKH�DSSURSULDWH�¾ 3DFNDJHV�KHOS�WR�DYRLG�QDPLQJ�FRQIOLFWV��:KLOH�ZRUNLQJ�ZLWK�D�QXPEHU�RI�D�FODVVHV��LW�EHFRPHVGLIILFXOW�WR�GHFLGH�RQ�QDPHV�IRU�WKH�FODVVHV�DQG�PHWKRGV��$W�WLPHV�WKH�QDPH�RI�RQH�PHWKRG�PD\DOUHDG\�XVHG�LQ�DQRWKHU�FODVV��3DFNDJHV�KLGH�WKH�FODVVHV�DQG�DYRLG�FRQIOLFWV�LQ�QDPHV�¾ 0HDQLQJIXO�SDFNDJH�QDPHV�FDQ�EH�XVHG�WR�LGHQWLI\�\RXU�FODVVHV�HDVLO\�
7KH�-DYD�6WDQGDUG�/LEUDU\��RU�$3,��LQFOXGHV�D�ODUJH�QXPEHU�RI�FODVVHV�JURXSHG�LQWR�VHYHUDOIXQFWLRQDO�SDFNDJHV��7KH�PRVW�FRPPRQO\�XVHG�SDFNDJHV�DUH�

3DFNDJH 'HVFULSWLRQ-DYD�ODQJ 3URYLGHV�VXSSRUW�IRU�LPSOHPHQWLQJ�IXQGDPHQWDO�-DYD�REMHFWV�7KLV�SDFNDJHV�QHHG�WR�EH�H[SOLFLWO\�LPSRUWHG�LQ�D�SURJUDP-DYD�LR 7KLV�SDFNDJH�FRQVLVWV�RI�FODVVHV�XVHIXO�IRU�LQSXW�DQG�RXWSXWRSHUDWLRQV�-DYD�XWLO 7KLV�SDFNDJHV�SURYLGHV�D�YDULHW\�RI�FODVVHV�DQG�LQWHUIDFHV�IRUFUHDWLQJ�DSSOLFDWLRQV�DQG�DSSOHWV�VXFK�DV�OLVW��FDOHQGDU��GDWH�HWF-DYD�DZW 7KLV�SDFNDJH�LV�XVHG�WR�FUHDWH�*8,�DSSOLFDWLRQV�-DYD�DSSOHW 7KLV�SDFNDJH�FRQVLVW�RI�FODVVHV�WKDW�DUH�QHHGHG�WR�H[HFXWH�DQDSSOHW�LQ�D�EURZVHU�-DYD�QHW 7KLV�SDFNDJH�SURYLGHV�FODVVHV�DQG�LQWHUIDFHV�IRU�7&3�,3QHWZRUN�SURJUDPPLQJ



-DYD�3URJUDPPLQJ�)XQGDPHQWDOV
-DYD�3URJUDP�6WUXFWXUH

7KH�ILUVW�VHFWLRQ�RI�D�-DYD�SURJUDP�FRQVLVWV�RI�D�SDUWV�WR�LGHQWLI\�WKH�HQYLURQPHQW�LQIRUPDWLRQ��7KLVFRQVLVWV�RI�VSHFLI\LQJ�ZKDW�FODVVHV�RU�SDFNDJHV�ZLOO�EH�UHIHUUHG�WR�LQ�WKH�SURJUDP��7KLV�LQIRUPDWLRQ�LVVSHFLILHG�ZLWK� WKH� KHOS� RI� WKH� µLPSRUW¶ VWDWHPHQW�� $� SURJUDP�PD\� KDYH�PRUH� WKDQ� RQH� VXFK� LPSRUWVWDWHPHQW��)RU�H[DPSOH�,PSRUW�MDYD�DZW�

7KLV� VWDWHPHQW� LPSRUWV� WKH� µDZW¶� SDFNDJH�� ZKLFK� LV� XVHG� IRU� FUHDWLQJ� JUDSKLFDO� XVHU� LQWHUIDFHREMHFWV��+HUH��MDYD LV�WKH�QDPH�RI�WKH�IROGHU��ZKLFK�FRQWDLQV�WKH�SDFNDJH�DZW��7KH�V\PERO�µ
¶�GHQRWHVWKDW�DOO�WKH�FODVVHV�XQGHU�WKLV�SDFNDJH�DUH�LQFOXGHG�,Q�-DYD��DOO�FRGH�LQFOXGLQJ�YDULDEOH�DQG�PHWKRG�GHFODUDWLRQ�VKRXOG�EH�LQFOXGHG�ZLWKLQ�D�FODVV��6R�DFODVV� GHFODUDWLRQ� IROORZV� WKH� LPSRUW� VWDWHPHQW�� $� VLQJOH� SURJUDP� PD\� KDYH� VHYHUDO� FODVVHV�� 7KHVHFODVVHV�PD\�H[WHQG�RWKHU�FODVVHV��7KH�SURJUDP�VWDWHPHQWV�DUH�WHUPLQDWHG�E\�D�VHPLFRORQ��7KH�SURJUDPPD\�DOVR�LQFOXGH�FRPPHQWV��7KH�FRPSLOHU�LJQRUHV�VXFK�VWDWHPHQWV��)RU�H[DPSOH�
FODVV�&ODVVQDPH
�̂

7KLV�LV�D�FRPPHQW�OLQH�
�LQW�QXP��QXP�������9DULDEOH�GHFODUDWLRQ�ZLWK�FRPPD�VHSDUDWRUVKRZ��

�̂�0HWKRG�ERG\VWDWHPHQW������7HUPLQDWHG�E\�VHPLFRORQ``
7KH�VPDOOHVW�LQGLYLGXDO�XQLW�LQ�-DYD�SURJUDP�FDOOHG�D�µWRNHQ¶���$�WRNHQ�LV�WKH�VPDOOHVW�HOHPHQW�RI�DSURJUDP� WKDW� LV�PHDQLQJIXO� WR�D�FRPSLOHU��$�-DYD�SURJUDP�PD\�EH� VDLG� WR�EH� D FROOHFWLRQ�RI� WRNHQV�7RNHQV�DUH�FODVVLILHG�LQWR�ILYH�FDWHJRULHV�¾ ,GHQWLILHUV� � UHSUHVHQW� QDPHV� DVVLJQHG� WR� YDULDEOHV��PHWKRGV� DQG� FODVVHV� IRU� WKH� FRPSLOHU� WRXQLTXHO\�LGHQWLI\��7KH�IROORZLQJ�SRLQWV�KDYH�WR�EH�NHSW�LQ�PLQG�ZKLOH�FUHDWLQJ�LGHQWLILHUV��� $Q� LGHQWLILHUV� KDV� WR� EHJLQ� ZLWK� D� OHWWHU� RU� DQ� XQGHUVFRUH� RU� D� GROODU� VLJQ�� 7KHUHPDLQLQJ�FKDUDFWHUV�FDQ�EH�OHWWHUV��GLJLWV��GROODU�VLJQ�DQG�XQGHUVFRUH��� $Q� LGHQWLILHU�FDQ�FRQWDLQ�RQO\� WZR�VSHFLDO�FKDUDFWHUV� L�H��DQG�XQGHUVFRUH��B�� DQG�DGROODU�VLJQ������$OO�RWKHU�VSHFLDO�FKDUDFWHUV�DUH�QRW�DOORZHG��� $Q�LGHQWLILHU�FDQQRW�FRQWDLQ�D�VSDFH�¾ .H\ZRUG�� DUH� SUHGHILQHG� LGHQWLILHUV� UHVHUYHG� E\� -DYD�� 3URJUDPPHUV� FDQQRW� XVH� WKHP� DLGHQWLILHUV��)RU�H[DPSOH��µFODVV¶�DQG�µLPSRUW¶ DUH�NH\ZRUGV�¾ 6HSDUDWRUV�� LQIRUP� WKH� -DYD� FRPSLOHU� RI� KRZ� HOHPHQWV� RI� WKH� SURJUDP� DUH� JURXSHG�� )RUH[DPSOH�WKHVH�DUH�VRPH�VHSDUDWRUV�VXSSRUWHG�E\�D�-DYD�^����`������������¾ /LWHUDOV��DUH�FRQVWDQW�YDOXHV� LQ�D�SURJUDP��/LWHUDOV�FRXOG�EH�D QXPEHUV�� VWULQJV��FKDUDFWHUV�RUHYHQ�%RROHDQ�YDOXHV��)RU�H[DPSOH����¶$¶������´7KLV�LV�D�VHQWHQFH�´¾ 2SHUDWRUV��VSHFLI\�DQ�HYDOXDWLRQ�RU�FDOFXODWLRQ�WR�EH�SHUIRUPHG�RQ�GDWD�RU�REMHFWV��2SHUDWRUVIRU�DGGLWLRQ������VXEWUDFWLRQ�����PXOWLSOLFDWLRQ�
���GLYLVLRQ����DQG�PRGXOXV����DUH�VXSSRUWHG�E\-DYD��,W�KDV�DOVR�WHUQDU\�RSHUDWRUV��ZKLFK�ZLOO�EH�GLVFXVVHG�LQ�D�ODWHU�VHVVLRQ�



'DWD�7\SHV
7KH�IROORZLQJ�WDEOH�VKRZV�DOO�WKH�GDWD�W\SHV��WKHLU�VL]H�LQ�WKH�PHPRU\�DQG�WKHLU�YDOXH�GRPDLQ�'DWD�7\SH 6L]H�LQ�%LWV 'RPDLQ%\WH � �����WR����&KDU �� µ?X����¶�WR�µ?X))))¶%RROHDQ � 7UXH�RU�IDOVH6KRUW �� �������WR������,QW �� ���������������WR���������������/RQJ �� ���������������������������WR��������������������������)ORDW �� ����������(����WR�����������(���'RXEOH �� ��������������������(�����WR��������������������(����
$UUD\

$Q�$UUD\� LV�D�GDWD� W\SH�ZKHUH�GDWD�HOHPHQWV�RI� WKH�VDPH� W\SH�FDQ�EH�VWRUHG�RU�PDLQWDLQHG� LQFRQVHFXWLYH�PHPRU\�ORFDWLRQV��7KH�VL]H�RI�DQ�DUUD\�LV�IL[HG�ZKHQ�GHFODUHG�&KDU�QDPH�>�@�'DWD�FDQ�EH�D SULPLWLYH�GDWD�W\SH�RU�DQ�REMHFW��,QGLYLGXDO�HOHPHQWV�RI�DQ�DUUD\�FDQ�EH�DFFHVVHGZLWK�WKH�DUUD\�QDPH�DQG�QXPEHU��UHIHUUHG�WR�DV�WKH�LQGH[��7KH�FUHDWLRQ�RI�DQ� DUUD\� LPSOLHV� WKDW�PHPRU\� LV�DVVLJQHG� WR� VWRUH� WKH� DUUD\� HOHPHQWV��7KLV� LVDOVR�FDOOHG�DUUD\�LQVWDQWLDWLRQ��:KHQ�DQ�DUUD\�LV�LQVWDQWLDWHG��DOO�WKH�DUUD\�HOHPHQWV�DUH�DVVLJQHG�GHIDXOWYDOXH�GHSHQGLQJ�XSRQ�WKH�W\SH�RI�DUUD\��,I�DQ�DUUD\�LV�W\SH�LQW��WKHQ�DOO�WKHVH�HOHPHQWV�RI�WKH�DUUD\�DUHLQWLDOLVHG�WR�]HUR�� ,I� WKH�DUUD\� LV�RI� W\SH�ERROHDQ� WKHQ�DOO� WKH�HOHPHQWV�DUH�LQLWLDOLVHG�WR� IDOVH� 7KLV� LVFDOOHG�µDXWR�LQLWLDOLVDWLRQ¶�7KH�IROORZLQJ�LV�DQ�H[DPSOH�RI�KRZ�DQ�DUUD\� LV�GHFODUHG�ZLWK� WKH�KHOS�RI� WKH�µQHZ¶�NH\ZRUG�:KHQ�WKH�NH\ZRUG�µQHZ¶�LV�XVHG��PHPRU\�LV�DOORWWHG�&KDU�FK>@� �QHZ�FKDU>��@�7KLV� VWDWHPHQW� FUHDWHV� DQ� DUUD\� RI� ��� FKDUDFWHUV�ZLWK� WKH� QDPH� µFK¶��$OO� WKH� HOHPHQWV� RI� WKHDUUD\�µFK¶�DUH�VWRUHG�FRQVHFXWLYHO\�LQ�PHPRU\��7KLV�DUUD\�LV�UHSUHVHQWHG�DV�IROORZV��&K>�@ &K>�@ &K>�@ &K>�@ &K>�@ &K>�@ &K>�@ &K>�@ &K>�@ &K>�@
:KHQ�DUUD\�HOHPHQWV�DUH� LQLWLDOLVHG�DW�WKH�WLPH�RI�GHFODUDWLRQ�LW� LV�FDOOHG�¶LQ�OLQH�LQLWLOLVDWLRQ¶�7KHUH�LV�QR�QHHG�WR�VSHFLI\�WKH�VL]H�RI�WKH�DUUD\�LQ�WKLV�FDVH��)RU�H[DPSOH�

LQW�D>@� �^���������������`�IORDW�IORDW$UUD\>@� �^���������������������`�
6WULQJV

$� VWULQJ� LV� D� VHULHV� RI� FKDUDFWHUV�� -DYD� KDV� D� µVWULQJ¶� FODVV� WR� VLPSOLI\� WKH� KDQGOLQJ� RIFRQVHFXWLYH�FKDUDFWHUV��$Q�LQVWDQFH�RI�WKH�VWULQJ�FODVV�LV�FUHDWHG�DV�IROORZV�
6WULQJ�6WU1DPH�� �³+XPSW\�'XPSW\´������D�VWULQJ�OLWHUDO6WULQJ�6WU1DPH�� �QHZ�6WULQJ�³(JJ´��

7ZR�RU�PRUH�VWULQJV�FDQ�FRPELQHG�ZLWK�DQ�RSHUDWRU�



6WU1DPH�� �6WU1DPH����³,V�WKH�QDPH�RI�DQ�³���6WU1DPH��
µ6WU1DPH¶�ZLOO�FRQWDLQ�³+XPSW\�GXPSW\�LV�WKH�QDPH�RI�DQ�(JJ´

7KH�)LUVW�-DYD�3URJUDP
7\SH�LQ�WKH�IROORZLQJ�FRGH��VDYH�DQG�H[LW�
3URJUDP��
���7KLV�LV�D�VLPSOH�SURJUDP�FDOOHG�³)LUVW�MDYD´
FODVV�)LUVW^ SXEOLF�VWDWLF�YRLG�PDLQ�6WULQJ�DUJV>@�^ 6\VWHP�RXW�SULQWOQ�³0\�ILUVW�SURJUDP�LQ�-DYD´��``
7KH�QDPH�RI� WKH� ILOH�SOD\V�D�YHU\� LPSRUWDQW� UROH� LQ�-DYD��7KH�-DYD�FRPSLOHU� LQVLVWV�RQ�D�MDYDH[WHQVLRQ��,Q�-DYD��WKH�FRGH�PXVW�UHVLGH�LQ�D�FODVV�DQG�KHQFH�WKH�FODVV�QDPH�DQG�WKH�ILOH�QDPH�KDYH�WREH�WKH�VDPH��-DYD�LV�FDVH�VHQVLWLYH��6R�WKH�ILOH�QDPH�VKRXOG�PDWFK�WKH�FODVV�QDPH�
7R�FRPSLOH�WKH�VRXUFH�FRGH��H[HFXWH�WKH�FRPSLOHU�MDYDF��VSHFLI\LQJ WKH�QDPH�RI�WKH�VRXUFH ILOHDW�WKH�FRPPDQG�OLQH�&�?MGN�����?ELQ!MDYDF�)LUVW�MDYD
7KH� MDYD� FRPSLOHU� FUHDWHV� D�)LUVW�FODVV� ILOH� WKDW� FRQWDLQV� WKH� E\WHFRGHV�� 7KLV� FRGH� FDQQRW� EHGLUHFWO\�H[HFXWHG��7KH�LQWHUSUHWHU�FDOOHG�MDYD�LV�UHTXLUHG�LQ�RUGHU�WR�H[HFXWH�WKLV�FRGH��7KH�FRPPDQG�LVJLYHQ�DV�IROORZV�&�?MGN�����?ELQ!MDYD�)LUVW
7KH�IROORZLQJ�LV�WKH�RXWSXW�GLVSOD\HG�
0\�ILUVW�SURJUDP�LQ�-DYD

$QDO\VLQJ�WKH�)LUVW�3URJUDP
7KH�NH\ZRUG�µFODVV¶�LV�XVHG�WR�GHFODUH�WKH�GHILQLWLRQ�RI�WKH�FODVV�WKDW�LV�EHLQJ�GHILQHG��µ)LUVW¶�LVWKH�µLGHQWLILHU¶�IRU�WKH�QDPH�RI�WKH�FODVV��7KH�HQWLUH�FODVV�GHILQLWLRQ�LV�GRQH�ZLWKLQ�WKH�RSHQ�DQG�FORVHGFXUO\�EUDFHV��7KLV�PDUNV�WKH�EHJLQQLQJ�DQG�HQG�RI�WKH�FODVV�GHILQLWLRQ�EORFN�
3XEOLF�VWDWLF�YRLG�PDLQ�6WULQJ�DUJV>@�
7KLV� LV� WKH� PDLQ� PHWKRG� IURP� ZKHUH� WKH� SURJUDP� ZLOO� EHJLQ� LWV� H[HFXWLRQ�� $OO� WKH� -DYDDSSOLFDWLRQV�VKRXOG�KDYH�RQH�PDLQ�PHWKRG��/HW�XV�XQGHUVWDQG�ZKDW�HDFK�ZRUG�LQ�WKLV�VWDWHPHQW�PHDQV�7KH�µSXEOLF¶�NH\ZRUG�LV�DQ�DFFHVV�PRGLILHU��,W�LQGLFDWHV�WKDW�WKH�FODVV�PHPEHU�FDQ�EH�DFFHVHGIURP�DQ\ZKHUH� LQ� WKH�SURJUDP�� ,Q� WKLV�FDVH�� WKH�PDLQ�PHWKRG� LV�GHFODUHG� DV�SXEOLF�VR� WKDW� -90�FDQDFFHVV�WKLV�PHWKRG�



7KH�µVWDWLF¶�NH\ZRUG�DOORZV�WKH�PDLQ�WR�EH�FDOOHG�ZLWKRXW�WKH�QHHG�WR�FUHDWH�DQ�LQVWDQFH�RI�WKHFODVV��%XW�LQ�WKLV�FDVH��WKHUH�LV�D�FRS\�RI�WKH�PDLQ PHWKRG�DYDLODEOH�LQ�PHPRU\�HYHQ�LI�QR�LQVWDQFH�RIWKDW�FODVV�KDV�EHHQ�FUHDWHG��7KLV�LV�LPSRUWDQW�EHFDXVH�WKH�-90�ILUVW�LQYRNHV�WKH�PDLQ�PHWKRG�WR�H[HFXWHWKH�SURJUDP��+HQFH�WKLV�PHWKRG�PXVW�EH�VWDWLF�DQG�VKRXOG�QRW�GHSHQG�RQ� LQVWDQFH�RI� WKH�FODVV�EHLQJFUHDWHG�7KH� µYRLG¶� NH\ZRUG� WHOOV� WKH� FRPSLOHU� WKDW� WKH�PHWKRGV� GRHV� QRW� UHWXUQ� DQ\� YDOXH� ZKHQ� WKHPHWKRG�LV�H[HFXWHG�7KH�µPDLQ��¶� LV�D�PHWKRG��ZKLFK�SHUIRUPV�D�SDUWLFXODU� WDVN��DQG�LW� LV� WKH�SRLQW� IURP�ZKLFK�DOO-DYD�$SSOLFDWLRQV�VWDUW�7KH�µ6WULQJ�DUJV>@¶�LV�WKH�SDUDPHWHU�WKDW�LV�SDVVHG�WR�WKH�PDLQ�PHWKRG��$Q\�LQIRUPDWLRQ�WKDW�LVWR�EH�SDVVHG� WR�D�PHWKRG� LV� UHFHLYHG�E\� WKH� YDULDEOHV� WKDW� DUH�PHQWLRQHG�ZLWKLQ� WKH�SDUHQWKHVLV� RI� DPHWKRG��7KHVH�YDULDEOHV�DUH�WKH�SDUDPHWHUV�RI�WKDW�PHWKRG��(YHQ�LI�QR�GDWD�KDV�WR�EH�SDVVHG�WR�WKH�PDLQPHWKRG��WKH�PHWKRG�QDPH�KDV�WR�EH�IROORZHG�E\�HPSW\�SDUHQWKHVHV�7KH� µDUJV>@¶� LV�DQ�DUUD\� RI� W\SH� µ6WULQJ¶��7KH� DUJXPHQWV� WKDW�DUH�SDVVHG�DW� FRPPDQG� OLQH� DUHVWRUHG� LQ� WKLV�DUUD\��7KH�RSHQLQJ�DQG�FORVLQJ�FXUO\� EUDFH� IRU� WKH�PDLQ�PHWKRG� LV� WKH� µPHWKRG�EORFN¶�7KH�VWDWHPHQWV�WR�EH�H[HFXWHG�IURP�WKH�PDLQ�PHWKRG�QHHG�WR�EH�VSHFLILHG�LQ�WKLV�EORFN�6\VWHP�RXW�SULQWOQ�³0\�ILUVW�SURJUDP�LQ�-DYD´��
7KLV�OLQH�GLVSOD\V�RQ�WKH�VFUHHQ��WKH�VWULQJ�µ0\�ILUVW�SURJUDP�LQ�-DYD¶��IROORZHG�E\�D�QHZ�OLQH�7KH�RXWSXW�LV�DFFRPSOLVKHG�E\�WKH�µSULQWOQ��¶�PHWKRG��7KLV�PHWKRG�GLVSOD\V�WKH�VWULQJ�WKDW�LV�SDVVHG�WRLW�ZLWK�WKH�KHOS�RI�µ6\VWHP�RXW¶��+HUH��µ6\VWHP¶�LV�D�SUHGHILQHG�FODVV�WKDW�SURYLGHV�DFFHVV�WR�WKH�V\VWHPDQG�µRXW¶�LV�WKH�RXWSXW�VWUHDP�WKDW�LV�FRQQHFWHG�WR�WKH�FRQVROH�

3DVVLQJ�&RPPDQG�/LQH�$UJXPHQWV
7KH�IROORZLQJ�FRGH�VKRZV�KRZ�WR�UHFHLYH�FRPPDQG�OLQH�DUJXPHQWV�LQ�WKH�PDLQ�PHWKRGV�

3URJUDP��
FODVV�3DVV
ŜXEOLF�VWDWLF�YRLG�PDLQ�6WULQJ�SDUDPHWHUV>@�

6̂\VWHP�RXW�SULQWOQ�³7KLV�LV�ZKDW�WKH�PDLQ�PHWKRG�UHFHLYHG´��6\VWHP�RXW�SULQWOQ�SDUDPHWHUV>�@��6\VWHP�RXW�SULQWOQ�SDUDPHWHUV>�@��6\VWHP�RXW�SULQWOQ�SDUDPHWHUV>�@��``
)RUPDWWLQJ�2XWSXW�ZLWK�(VFDSH�6HTXHQFHV

7KH�IROORZLQJ�WDEOH�VKRZV�HVFDSH�VHTXHQFH�DQG�WKHLU�EHKDYLRXU�
(VFDSH�6HTXHQFH 'HVFULSWLRQ?Q %ULQJV�WKH�FXUVRU�WR�WKH�QH[W�OLQH��NQRZQ�DV�QHZOLQH�FKDUDFWHU�?U %ULQJV� WKH� FXUVRU� WR� WKH� EHJLQQLQJ� RI� WKH� FXUUHQW� OLQH� �NQRZQ� DVFDUULDJH�UHWXUQ�FKDUDFWHU�



?W %ULQJV� WKH� FXUVRU� WR� WKH� QH[W� WDE� VWRS� SRVLWLRQ�� �NQRZQ� DV� WDEFKDUDFWHU�?? 3ULQW�D�EDFNVODVK?¶ 3ULQW�VLQJOH�TXRWH�PDUNV?´ 3ULQW�GRXEOH�TXRWH�PDUNV
%DVLF�3URJUDPPLQJ�&RQVWUXFWV
-DYD�VXSSRUWV�IROORZLQJ�FRQWURO�VWUXFWXUHV

¾ ,I�HOVH¾ 6ZLWFK¾ /RRSVx :KLOHx 'R�±�ZKLOHx )RU
7KH�µLI�HOVH¶�&RQVWUXFW
7KH�LI�HOVH�FRQVWUXFW�LV�DOVR�NQRZQ�DV�WKH�FRQGLWLRQDO�FRQWURO�VWUXFWXUH�RU�WKH�VHOHFWLRQ�VWUXFWXUHEHFDXVH� LW� FKHFNV� IRU� D� JLYHQ� FRQGLWLRQ� DQG� EDVHG� RQ� WKH� UHVXOW� RI� WKH� FRQGLWLRQ� VHOHFWV� D� SDUWLFXODUDFWLRQ�RU�MXVW�LJQRUHV�LW�
3URJUDP��
FODVV�7HVW3DUDP
ŜXEOLF�VWDWLF�YRLG�PDLQ�6WULQJ�DUJV>@�

L̂QW�FRXQW2I3DUDP� �DUJV�OHQJWK�LI�FRXQW2I3DUDP!��6\VWHP�RXW�SULQWOQ�³5HFHLYHG´�FRXQW2I3DUDP�´DUJXPHQWV´��(OVH 6\VWHP�RXW�SULQWOQ�³1R�DUJXPHQWV�UHFHLYHG´��``
,Q�WKH�DERYH�FRGH��WKH�YDULDEOH�µFRXQW2I3DUDP¶�LV�RI�W\SH�LQW�DQG�KROGV�WKH�YDOXH�FRUUHVSRQGLQJWR�WKH�OHQJWK�RI�WKH�DUUD\�µDUJV>@¶��,Q�WKH�LI�HOVH�VWUXFWXUH��WKH�FRQGLWLRQ�JLYHQ�LQ�WKH�LI�SDUWV�LV�WHVWHG�DQGLI�WKH�UHVXOW�RI�WKH�FRQGLWLRQ�LV�HYDOXDWHG�DV�WUXH WKHQ�VWDWHPHQWV�LQ�WKH�LI�EORFN�DUH�H[HFXWHG�DQG�LI�IDOVHWKHQ�VWDWHPHQWV�LQ�WKH�HOVH�EORFN�DUH�H[HFXWHG�

7KH�6ZLWFK�6WDWHPHQW



$�µVZLWFK¶�ORRS�LQ�-DYD�LV�XVHG�ZKHQ�D�PXOWLSOH�PDWFKHV�IRU�D�FRQGLWLRQ�KDYH�WR�EH�SHUIRUPHG��,WDOVR�VXEVWLWXWHV�D�ORQJ�VHULHV�RI�QHVWHG�LI�HOVH�VWDWHPHQWV��7KH�IROORZLQJ�SURJUDP�LOOXVWUDWHV�WKH�XVH�RIVZLWFK�
3URJUDP��
FODVV�'D\2I:HHN�^SXEOLF�VWDWLF�YRLG�PDLQ�6WULQJ�DUJV>@��^LQW�GD\ ��VZLWFK�GD\����^FDVH�����6\VWHP�RXW�SULQWOQ�³6XQGD\´��EUHDN�FDVH�����6\VWHP�RXW�SULQWOQ�³0RQGD\´��EUHDN�FDVH�����6\VWHP�RXW�SULQWOQ�³7XHVGD\´��EUHDN�FDVH�����6\VWHP�RXW�SULQWOQ�³:HGQHVGD\´��EUHDN�FDVH�����6\VWHP�RXW�SULQWOQ�³7KXUVGD\´��EUHDN�FDVH�����6\VWHP�RXW�SULQWOQ�³)ULGD\´��EUHDN�FDVH�����6\VWHP�RXW�SULQWOQ�³6DWXUGD\´��EUHDN�GHIDXOW���6\VWHP�RXW�SULQWOQ�³,QYDOLG�GD\�RI�ZHHN´��```
7KH�FRQGLWLRQ�LQ� WKH�VZLWFK�VWDWHPHQW� LV�FRPSDUHG�ZLWK�HDFK�RI� WKH�FRQVWDQW YDOXHV�IROORZLQJWKH�FDVH�VWDWHPHQW�� ,I�D�PDWFK�LV�IRXQG�� WKHQ�WKH�VWDWHPHQWV�DIWHU� WKH�FDVH�DUH�H[HFXWHG��7KH�NH\ZRUGµGHIDXOW¶� LQGLFDWHV�WKDW�LI�QRQH�RI� WKH�FDVH�YDOXHV�LV�PDWFKHG�ZLWK� WKH�UHVXOW�RI�FRQGLWLRQ�JLYHQ� LQ� WKHVZLWFK� WKHQ� WKH� GHIDXOW� VWDWHPHQW�V�� ZLOO� EH� H[HFXWHG�� *HQHUDOO\�� WKH� ODVW� VWDWHPHQW� LQ� D� VZLWFKFRQVWUXFWLV�WKH�GHIDXOW�VWDWHPHQW��7KH�µEUHDN¶�VWDWHPHQW�LV�XVHG�WR�E\SDVV�DOO�WKH�VWDWHPHQWV�IROORZLQJLW��DQG�WDNHV�FRQWURO�RXW�RI�WKH�ORRS�6RPH�LPSRUWDQW�SRLQWV�WR�EH�UHPHPEHUHG�ZKLOH�ZULWLQJ�FRQGLWLRQ�DQG�FRQVWDQW�YDOXHV�¾ 5HVXOW�RI�WKH�FRQGLWLRQ�PXVW�EH�W\SH�FRPSDWLEOH�ZLWK�WKH�FRQVWDQW�YDOXHV�JLYHQ�ZLWK�WKHµFDVH¶�EHFDXVH�ERWK�DUH�H[DFWO\�PDWFKHG�¾ :LWK� µFDVH¶� RQO\� FRQVWDQW� YDOXHV� VKRXOG� EH� JLYHQ� DQG� QR� YDULDEOHV� RU� H[SUHVVLRQ� DUHSHUPLWWHG�¾ 1R�WZR�FRQVWDQW�YDOXHV�LQ�WKH�VDPH�VZLWFK VWDWHPHQW�FDQ�EH�VDPH�
/RRSV
D� 7KH�ZKLOH�ORRS7KH�µZKLOH¶�ORRS�LV�NQRZQ�DV�UHSHWLWLYH�ORRS�RU�LWHUDWLRQ�ORRS�EHFDXVH�LW�H[HFXWHV�D�VHW�RIVWDWHPHQWV�WLOO�WKH�FRQGLWLRQ�HYDOXDWHV�WR�WUXH��/LNH�WKH�LI�HOVH��WKH�FRQGLWLRQ�LQ�ZKLOH�ORRSFDQ�EH�D ERROHDQ�YDOXH��7KH�IROORZLQJ�SURJUDP�GHPRQVWUDWHV�WKH�XVH�RI�ZKLOH�ORRS�



3URJUDP��
FODVV�:KLOHGHPR^ SXEOLF�VWDWLF�YRLG�PDLQ�6WULQJ�DUJV>@�^ LQW�QXP ���FRXQW ��ZKLOH�QXP� ���^ 6\VWHP�RXW�SULQW�³9DOXH�RI�QXP� �³�QXP�´?W´��&RXQW���```

E� 7KH�GR�ZKLOH�ORRS7KH�GR�ZKLOH�ZRUN�WKH�VDPH�DV�WKH�ZKLOH�ORRS�H[FHSW�WKDW�D�GR�ZKLOH�ORRS�DW�OHDVW�H[HFXWHVRQFH� HYHQ� LI� FRQGLWLRQ� LV� QRW� WUXH�� ,Q� D� GR�ZKLOH� ORRS�� D� VHPLFRORQ� LV� UHTXLUHG� DIWHUZKLOH�FRQGLWLRQ��
3URJUDP��
FODVV�:KLOHGHPR^ SXEOLF�VWDWLF�YRLG�PDLQ�6WULQJ�DUJV>@�^ LQW�QXP ���FRXQW ��GR^ 6\VWHP�RXW�SULQW�³9DOXH�RI�QXP� �³�QXP�´?W´��&RXQW���

Z̀KLOH�QXP� ����``
F� 7KH�IRU�ORRS7KH�µIRU¶�ORRS�LV�D�FRPSDFW�IRUP�RI�WKH�ZKLOH�ORRS��7KH�ORRS�FRPELQHV�LQLWLDOLVDWLRQ�RI�WKHYDULDEOH� FRQGLWLRQ� FKHFNLQJ� DQG� WKH� LQFUHPHQWLQJ� RU� GHFUHPHQWLQJ� YDOXH� RI� YDULDEOH� IRULWHUDWLRQ�LQ�D�VLQJOH�VWDWHPHQW�

3URJUDP��
FODVV�&RPQG/LQH$UJ�^ SXEOLF�VWDWLF�YRLG�PDLQ�6WULQJ�DUJV>@�^ IRU�LQW�FQW ��FQW�DUJV�OHQJWK�FQW���^�6\VWHP�RXW�SULQWOQ�³$UJXPHQW�QXPEHU���³���FQW����³LV´��6\VWHP�RXW�SULQWOQ�DUJV>FQW@��� ``



`&ODVVHV�DQG�3DFNDJHV
,QWURGXFWLRQ

,Q�WKH�SUHYLRXV�VHVVLRQ��ZH�FUHDWHG�RXU� ILUVW� MDYD�DSSOLFDWLRQ��$�-DYD�DSSOLFDWLRQ� LV�D�SURJUDPWKDW�FDQ�UXQ�IURP�WKH�FRPPDQG�OLQH�DQG�KDV�D�VWDUW�XS�PHWKRG�FDOOHG�µPDLQ��¶��$�-DYD�SURJUDP�FRQVLVWVRI� WRNHQV��$� WRNHQ� LV� WKH� VPDOOHVW� XQLW� RI� D� SURJUDP� WKDW� WKH� FRPSLOHU� FDQ� XQGHUVWDQG�� 7KH� VHVVLRQH[SODLQHG�WKH�GDWD�W\SHV�VXSSRUWHG�E\�-DYD�7KH� SURJUDPPHU� PD\� DOVR� LQFOXGH� FRPPHQWV� LQ� WKH� FRGH�� &RPPHQWV� DUH� XVHIXO� LQXQGHUVWDQGLQJ�ZKDW�WKH�FRGH�LV�H[SHFWHG�WR�GR��&RPSLOHUV�LJQRUH�FRPPHQWHG�OLQHV���:H�DOVR�H[DPLQHGWKH�YDULRXV�SURJUDPPLQJ�FRQVWUXFWV�DYDLODEOH�LQ�-DYD�,Q�WKLV�VHVVLRQ��ZH�ZLOO�OHDUQ�DERXW DFFHVV�PRGLILHUV�DSSOLHG�WR�FODVVHV��PHWKRGV�DQG�YDULDEOHV�:H�ZLOO�DOVR�EH�DEOH�WR�FUHDWH�DQG�LQYRNH�D�FODVV�FRQVWUXFWRU��LQVWDQWLDWH�FODVVHV�DQG�JURXS�FODVVHV�LQWRSDFNDJHV�DQG�LQWHUIDFHV�
0RGLILHUV

0RGLILHUV� DUH� NH\ZRUGV� WKDW� JLYH� DGGLWLRQDO� PHDQLQJ� WR� YDULDEOHV�� FRGH� DQG� FODVVHV�� )RUH[DPSOH��PRGLILHUV�FDQ�UHVWULFW�WKH�DFFHVV�WR�YDULDEOHV�E\�RWKHU�FODVVHV��7KH�IROORZLQJ�DUH�WKH�PRGLILHUVWKDW�ZH�ZLOO�EH�GLVFXVVLQJ�¾ 3XEOLF¾ 3ULYDWH¾ 3URWHFWHG¾ )LQDO¾ 6WDWLF¾ $EVWUDFW¾ 1DWLYH¾ 6\QFKURQLVHG¾ 9RODWLOH
3XEOLF7KH� SXEOLF� DFFHV�PRGLILHU�PDNHV� D� FODVV� LQ� DSDFNDJH� JHW� DFFHVV� WR� WKH� SXEOLF�PHPEHUV� RI� DFODVV��$�FODVV� µ;¶� LQ�RQH�SDFNDJHV�FDQ� DFFHVV� WKH�YDULDEOHV�RU�PHWKRGV�RI� D� FODVV� µ<¶� LQ� DQRWKHUSDFNDJH�SURYLGHG�WKRVH�YDULDEOHV�DQG�PHWKRGV�DUH�GHFODUHG�DV�µSXEOLF¶�LQ�FODVV�µ<¶�
3URWHFWHG7KH�FODVV�PHWKRGV�DQG�YDULDEOHV�WKDW�DUH�GHFODUHG�DV�µSURWHFWHG¶ DUH�DYDLODEOH�WR�VXEFODVVHV�RI�DSDUWLFXODU�FODVV��7KH�SURWHFWHG DFFHVV�PRGLILHU�LV�XVHG�WR�UHVWULFW�DFFHVV�WR�IHDWXUHV�RI�RQH�FODVV�E\XQUHODWHG�FODVVHV�
3ULYDWH7KH�µSULYDWH¶�DFFHVV�PRGLILHU�LV�WKH�PRVW�UHVWULFWLYH�DFFHVV�PRGLILHU��$�SULYDWH� DFFHVV�PRGLILHUZKHQ�XVHG�ZLWK�D�FODVV�IHDWXUH��PDNHV�LW�DFFHVVLEOH�RQO\�WR�WKDW�FODVV��+HQFH��D�WRS�OHYHO�FODVV�LQ�WKHLQKHULWDQFH�KLHUDUFK\�LV�QHYHU�GHFODUHG�DV�SULYDWH�,I� QR�PRGLILHU� LV� VSHFLILHG� IRU� YDULDEOHV�� PHWKRGV� RU� FODVVHV�� WKH\� DUH� IULHQGO\�� 7KH� IULHQGO\IHDWXUHV� DUH� QRW� SXEOLF�� 7KXV�� D� FODVV� RXWVLGH� WKH� SDFNDJH� ZLOO� QRW� EH� DEOH� WR� DFFHVV� WKH� IULHQGOIHDWXUHV��1RWH�WKDW�WKHUH�LV�QR�NH\ZRUG�DV�IULHQGO\�
/HW�XV�VHH�KRZ�WKHVH�PRGLILHUV�ZRUN�LQ�WKH�FDVH�RI�D�FODVV�DQG�LWV�GHULYHG�FODVV�ZLWK�WKH�KHOS�RI�WKHIROORZLQJ�GLDJUDP�



6XSHU�&ODVV

6XE�FODVV

7KH�IROORZLQJ�WDEOH�JLYHV�D�GHVFULSWLRQ�RI�YLVLELOLW\�IRU�WKH�GLIIHUHQW�DFFHVV�PRGHV�
&ODVV�6SHFLILFDWLRQ 3ULYDWH 3URWHFWHG 3XEOLF 'HIDXOW6DPH�FODVV <HV <HV <HV <HV6DPH�SDFNDJH�±�GLIIHUHQW�FODVV 1R 1R <HV <HV6DPH�SDFNDJH�±�VXE�FODVV 1R <HV <HV <HV'LIIHUHQW�SDFNDJH�±�GLIIHUHQW�FODVV 1R 1R <HV 1R'LIIHUHQW�SDFNDJH����VXE�FODVV 1R <HV <HV 1R

6WDWLF 7KH�µVWDWLF¶�PRGLILHU�FDQ�EH�XVHG�ZLWK�FODVVHV��YDULDEOHV��PHWKRGV�DQG�D�EORFN�RI�FRGH��$�VWDWLFYDULDEOH��PHWKRG�RU�EORFN�RI�FRGH�LQ�WKH�FODVV�LV�QRW�LQVWDQFH�RI�WKH�FODVV��7KDW�LV��WKH�VWDWLF�IHDWXUHV�RI�DFODVV�FDQ�EH�DFFHVHG�HYHQ�ZLWKRXW�DQ� LQVWDQFH�RI� WKH� FODVV��2QO\� RQH� FRS\� RI� WKH�VWDWLF�YDULDEOH�ZLOOH[LVW�IRU�DOO�LQVWDQFHV�RI�D�FODVV��)RU�H[DPSOH�
3URJUDP��
&ODVV�&YDU
V̂WDWLF�6WULQJ�QDPH ´$ODGGLQ´������FRQVWUXFWRUVWDWLF�YRLG�VKRZ1DPH��

6̂\VWHP�RXW�SULQWOQ�³6WDWLF�QDPH�´���QDPH��``
)LQDO 7KH�µILQDO¶�PRGLILHU�LV�XVHG�ZLWK�YDULDEOHV�DQG�PHWKRGV�DQG�FODVVHV��7KLV�PRGLILHU�ZKHQ�XVHGZLWK� ¾ 9DULDEOH�±�LQGLFDWHV�WKDW�RQFH�D�YDOXH�LV�DVVLJQHG��LW�FDQQRW�EH�FKDQJHG�¾ 0HWKRG�±�LQGLFDWHV�WKDW�PHWKRG�ERG\�FDQQRW�EH�FKDQJHG¾ &ODVV�±�LQGLFDWHV�WKDW�WKLV�FODVV�FDQQRW�EH�GHULYHG�

3ULYDWH�LQW�QXP�3URWHFWHG�FKDU�6WDWXV�3XEOLF�6WULQJ�QDPH�

3ULYDWH�1RW�DFFHVVHG3URWHFWHG�$FFHVVHG3XEOLF�$FFHVVHG



$EVWUDFW7KH�µDEVWUDFW¶�PRGLILHU�FDQ�EH�XVHG�ZLWK�FODVVHV�DQG�PHWKRGV��$Q�DEVWUDFW�FODVV� LV�FUHDWHG� WRSURYLGH�JHQHUDOLVHG�VXSSRUW�LQ�D�FODVV�KLHUDUFK\��$�PHWKRG�LV�GHFODUHG�DEVWUDFW�DV�IROORZV�
DEVWUDFW�P\0HWKRG�������QR�FXUO\�EUDFHV
$Q� DEVWUDFW� FODVV� FDQ� KDYH� D� QRQ�DEVWUDFW� PHWKRG�� ,Q� WKDW� FDVH�� D� PHWKRG� ERG\� VKRXOG� EHSURYLGHG��7KLV�NH\ZRUG�ZKHQ�XVHG�ZLWK�D¾ &ODVV�±� LQGLFDWHV� WKDW� WKH� FODVV� FDQQRW� EH� LQVWDQWLDWHG�� 6XFK� FODVVHV� DUH� XVHG� DV� EDVHFODVVHV�LQ�LQKHULWDQFH�VLWXDWLRQV�¾ 0HWKRG� ±� LQGLFDWHV� WKDW� WKH� LPSOHPHQWDWLRQ� RI� WKH� PHWKRG� �PHWKRG� ERG\�� PXVW� EHSURYLGHG�LQ�WKH�VXEFODVV�RI�WKLV�DEVWUDFW�FODVV�
,Q�WKH�IROORZLQJ�FLUFXPVWDQFHV�D�FODVV�EHFRPHV�DEVWUDFW�¾ :KHQ�RQH�RU�PRUH�PHWKRGV�RI�D�FODVV�DUH�DEVWUDFW¾ :KHQ�D�FODVV�LV�GHULYHG�IURP�DQ�DEVWUDFW�FODVV�DQG�GRHV�QRW�SURYLGH�DQ\�LPSOHPHQWDWLRQGHWDLOV�RU�PHWKRG�ERG\�WR�DQ\�RI�WKH�DEVWUDFW�PHWKRGV�¾ :KHQ�D�FODVV� LPSOHPHQWV�DQ� LQWHUIDFH� DQG�GRHV�QRW�SURYLGH� LPSOHPHQWDWLRQ�GHWDLOV� RUPHWKRG�ERG\�WR�DQ\�RI�WKH�DEVWUDFW�PHWKRGV�

1DWLYH 7KH�µQDWLYH¶�PRGLILHU� LQGLFDWHV� WKDW�D�PHWKRG�ERG\�KDV�EHHQ�ZULWWHQ� LQ�D� ODQJXDJH�RWKHU� WKDQ-DYD��OLNH�&�RU�&���
6\QFKURQL]HG7KH� µV\QFKURQL]HG¶�PRGLILHU� LV� XVHG� ZLWK� D� PHWKRG� ZKLOH� LPSOHPHQWLQJ� WKUHDGV�� 7KLV� LV� WRSHUPLW�RQO\�RQH�WKUHDG�DFFHVV�WR�D�EORFN�RI�FRGH�DW�D�WLPH��:H�VKDOO�EH�GLVFXVVLQJ�WKLV�ODWHU�LQ�D�VHVVLRQ�
9RODWLOH7KLV�PRGLILHU�LV�XVHG�ZLWK�D�YDULDEOH�WR�LQGLFDWH�WKDW�WKH�YDOXH�RI�WKH�YDULDEOH�FDQ�EH�FKDQJHGVHYHUDO�WLPHV�GXULQJ�UXQWLPH�DQG�WKDW�LWV�YDOXH�LV�QRW�VWRUHG�LQ�WKH�UHJLVWHUV�
7KH�IROORZLQJ�WDEOH�VKRZV�ZKHUH�PRGLILHUV�FDQ�EH�XVHG�0RGLILHU 0HWKRG 9DULDEOH &ODVV3XEOLF <HV <HV <HV3ULYDWH <HV <HV <HV�QHVWHG�FODVVHV�3URWHFWHG <HV <HV <HV�QHVWHG�FODVVHV�$EVWUDFW <HV 1R <HV)LQDO <HV <HV <HV1DWLYH <HV 1R 1R9RODWLOH 1R <HV 1R
&RQVWUXFWLQJ�D�&ODVV$�µFRQVWUXFWRU¶� LV� D� VSHFLDO�PHWKRG� WKDW�KDV� VDPH� QDPH� DV� WKDW� RI� WKH� FODVV��7KH� FRQVWUXFWRUGRHV�QRW�KDYH�DQ\� UHWXUQ� W\SH�� ,W�PHDQV� WKDW� WKH�FRQVWUXFWRU�FDQ�DFW� DV�D�QRUPDO�PHWKRG�EXW� LW� FDQ¶WUHWXUQ�DQ\�YDOXH�$�FRQVWUXFWRU�LV�GHILQHG�IRU�HYHU\�FODVV�WR�LQWLDOLVH�LWV�PHPEHU�YDULDEOHV��:H�FDQ�DOVR�FUHDWH�DPHWKRG�LQ�D�FODVV�WKDW�FDQ�SHUIRUP�WKH�LQLWLDOLVDWLRQ��1RZ��WKH�TXHVWLRQ�WKDW�QHHGV�WR�EH�DGGUHVVHG�LV�WKHQHHG�IRU� D�FRQVWUXFWRU� WR�SHUIRUP� WKLV� LQLWLDOLVDWLRQ��:KLOH�PHWKRGV�PXVW�EH�H[SOLFLWO\� FDOOHG� IRU� WKLV



SXUSRVH�� WKH� FRQVWUXFWRU� RI� D� FODVV� LV� DXWRPDWLFDOO\� FDOOHG� DQ� REMHFW� RI� WKDW� FODVV� LV� FUHDWHG�� $FRQVWUXFWRU�FDQ�DOVR�UHFHLYH�SDUDPHWHUV��,Q�VKRUW��WKH�FRQVWUXFWRU�FRQVWUXFWV�DQ�REMHFW�E\�LQLWLDOLVLQJ�WKHPHPEHU�YDULDEOHV�DQG�FUHDWHV�DQ�HQYLURQPHQW�IRU�WKH�REMHFW�$� FODVV� FDQ� EH� GHULYHG� IURP� DQRWKHU� FODVV� XVLQJ� WKH� NH\ZRUG� µH[WHQGV¶�� 7KLV� LV� FDOOHG� DQLQKHULWDQFH�UHODWLRQVKLS��$�GHULYHG�FODVV�KDV�LWV�RZQ�FRQVWUXFWRU��)RU�H[DPSOH�
««��FODVV�6XSHU������EDVH�FODVV^ «««�
F̀ODVV�6XE&ODVV�H[WHQGV�6XSHU������GHULYHG�FODVV^ «««�`
3URJUDP��
FODVV�(PSOR\HH^ SULYDWH�LQW�HPSLG�SURWHFWHG�6WULQJ�QDPH�HPSOR\HH�6WULQJ�VWU1DPH�LQW�LG��^ HPSLG LG�QDPH VWU1DPH�

S̀XEOLF�YRLG�VKRZ��^ 6\VWHP�RXW�SULQWOQ�³(PSOR\HH�6KRZ´��``
&RQVWUXFWRUV�RI�'HULYHG�&ODVVHV7KH�FRQVWUXFWRU� IRU�D�VXEFODVV�KDV�WKH�VDPH�QDPH�DV� WKDW�RI� WKH�VXEFODVV��7KH�IROORZLQJ�FRGHVKRZV�KRZ�WR�H[WHQG�FODVVHV��+HUH�WKH�FODVVHV�µ2IILFHU¶�LV�GHULYHG�IURP�WKH�FODVV�µ(PSOR\HH¶�

3URJUDP���
&ODVV�2IILFHU�H[WHQGV�(PSOR\HH^ FKDU�HPS&ODVV������������������YDULDEOH�GHFODUDWLRQ2IILFHU�6WULQJ�QP�LQW�LG�FKDU�FO������&RQVWUXFWRU^ VXSHU�QP�LG�����������&DOOLQJ�WKH�VXSHU�FODVV�FRQVWUXFWRUHPS&ODVV FO�6\VWHP�RXW�SULQWOQ�³(PS�,G�³��VXSHU�HPSLG���������FDXVHV�HUURU6\VWHP�RXW�SULQWOQ�³(PS�,G�³��VXSHU�QDPH���������1R�HUURU``



1HVWHG�&ODVVHV'HILQLQJ�RQH�FODVV�ZLWKLQ�DQRWKHU� LV� FDOOHG� µ1HVWLQJ¶��7KH� VFRSH�RI� WKH�QHVWHG�FODVV� LV�ZLWKLQHQFORVLQJ�FODVV��7KHUH�DUH�WZR�W\SHV�RI�QHVWHG�FODVVHV�¾ 6WDWLF¾ 1RQ�VWDWLF
6WDWLF�&ODVVHV$�VWDWLF�FODVV� LV�D�FODVV�GHFODUHG�ZLWK� WKH�VWDWLF�NH\ZRUG��7KH�VWDWLF�FODVV�PXVW�DFFHVVPHPEHUV�RI�WKH�HQFORVLQJ�FODVV�WKURXJK�DQ�REMHFW��)RU�WKLV�UHDVRQ��VWDWLF�FODVVHV�DUH�UDUHO\�XVHG�
1RQ�6WDWLF�&ODVVHV7KH�PRVW�LPSRUWDQW�W\SH�RI�QHVWHG�FODVV�LV�WKH�LQQHU�FODVV��,W�LV�QRQ�VWDWLF��7KH�GHILQLWLRQRI�DQ�LQQHU�FODVV�LV�YLVLEOH�RQO\�ZLWKLQ�WKH�FRQWH[W�RI�WKH�RXWHU�FODVV��7KH�LQQHU�FODVV�FDQ�DFFHVVDOO�WKH�PHPEHUV�RI�WKH�HQFORVLQJ�FODVV�EXW�QRW�YLFH�YHUVD�7KH�IROORZLQJ�SURJUDP�GHPRQVWUDWHVKRZ�DQ�LQQHU�FODVV�LV�FUHDWHG�DQG�XVHG�

&ODVV�2XWHU^ ���2XWHU�FODVV�FRQVWUXFWRU&ODVV�,QQHU&ODVV
�̂�� ,QQHU�&ODVV�FRQVWUXFWRU``

2YHUORDGLQJ�DQG�2YHUULGLQJ�0HWKRGV2YHUORDGHG�PHWKRGV� DUH� WKRVH� PHWKRGV� WKDW� DUH� LQ� WKH� VDPH� FODVV� DQG� KDYH� VDPH� QDPH� EXWGLIIHUHQW� SDUDPHWHU� OLVWV��:KHQ�ZH�ZDQW� WR� LPSOHPHQW� WKH� VDPH�PHWKRG� IRU� GLIIHUHQW� W\SHV� RI� GDWD�PHWKRG�RYHUORDGLQJ�LV�XVHG��)RU�H[DPSOH��D�PHWKRG�µVZDS��¶�FDQ�EH�RYHUORDGHG�WR�DFFHSW�SDUDPHWHUV�RIGLIIHUHQW�GDWD�W\SHV�VXFK�DV�LQWHJHU��GRXEOH�DQG�IORDW�2YHUULGGHQ� PHWKRGV� DUH� WKRVH� PHWKRGV� WKDW� DUH� LQ� VXSHUFODVV� DV� ZHOO� DV� LQ� WKH� VXEFODVV�2YHUULGLQJ� DOORZV� D� JHQHUDO� FODVV� WR� VSHFLI\� PHWKRGV� WKDW� ZLOO� EH� FRPPRQ� WR� LWV� VXEFODVVHV�� )RUH[DPSOH��D�FODVV�GHILQHV�D�JHQHUDO�PHWKRG�µDUHD��¶��7KLV�PHWKRG�PD\�EH�LPSOHPHQWHG�LQ�VXEFODVVHV�WRILQG�WKH�DUHD�RI�SDUWLFXODU�VKDSHV�VXFK�DV�UHFWDQJOH��WULDQJOH�DQG�VR�RQ�2YHUORDGHG�PHWKRGV�DUH�IRUP�RI�FRPSLOH�WLPH�SRO\PRUSKLVP�DQG�RYHUULGGHQ�PHWKRGV�DUH�IURPRQ�UXQ�WLPH�SRO\PRUSKLVP�
2YHUORDGLQJ�0HWKRGV3URJUDP���FODVV�3RLQW^ LQW�[YDOXH�\YDOXH�SXEOLF�YRLG�3RLQW��^ [9DOXH ��\9DOXH ��

S̀XEOLF�YRLG�3RLQW�LQW�D��LQW�E�^ [9DOXH D�



\9DOXH E�``2YHUULGLQJ�0HWKRGV2YHUULGGHQ� PHWKRGV� DUH� PHWKRGV� UHGHILQHG� LQ� WKH� VXEFODVV�� 7KH� IROORZLQJ� FRGHGHPRQVWUDWHV�RYHUULGLQJ�PHWKRGV��+HUH��ZH�XVH�WKH�NH\ZRUG�µWKLV¶�LV�XVHG�WR�LQGLFDWH�WKH�FXUUHQW�REMHFW�MXVW�OLNH�µVXSHU¶�LV�XVHG�WR�LQGLFDWH�WKH�VXSHUFODVV�REMHFW�
3URJUDP���
&ODVV�6XSHU&ODVV������������������������������������FUHDWLQJ�D�EDVH�FODVV^ LQW�D�6XSHU&ODVV�����������������������������FRQVWUXFWRU^̀

6XSHU&ODVV�LQW�E���������������������RYHUORDGHG�FRQVWUXFWRU
D̂ E�
S̀XEOLF�YRLG�PHVVDJH��^ 6\VWHP�RXW�SULQWOQ�³,Q�WKH�VXSHU�FODVV´��`

F̀ODVV�6XE&ODVV�H[WHQGV�6XSHU&ODVV��^ ���GHULYLQJ�D�FODVVLQW�D�6XE&ODVV�LQW�D���^������VXE�FODVV�FRQVWUXFWRU7KLV�D D�
S̀XEOLF�YRLG�PHVVDJH����^�������RYHUULGLQJ�WKH�EDVH�FODVV�PHVVDJH��6\VWHP�RXW�SULQWOQ�³,Q�WKH�VXE�&ODVV´��``

8VHU�'HILQHG�3DFNDJHV$V�ZH�KDYH�VHHQ�HDUOLHU��SDFNDJHV�DUH�XVHG�WR�JURXS�UHODWHG�FODVVHV�DQG�LQWHUIDFHV��3DFNDJHV�DUHD�XVHIXO�PHWKRG�RI�JURXSLQJ�FODVVHV�WR�DYRLG�QDPH�FODVVHV��&ODVVHV�ZLWK�WKH�VDPH�QDPH�FDQ�EH�SXW�LQWRGLIIHUHQW�SDFNDJHV��&ODVVHV�GHILQHG�E\�WKH�XVHU�FDQ�EH�DOVR�JURXSHG�LQWR�SDFNDJHV�7R�FUHDWH�D�XVHU�GHILQHG�SDFNDJH�WKH�VWHSV�DUH�DV�IROORZV�¾ 'HFODUH� WKH� SDFNDJH� XVLQJ� WKH� V\QWD[�JLYHQ�� 7KH� FRGH� KDV� WR� EHJLQ�ZLWK� WKH�SDFNDJHVWDWHPHQW�� 7KLV� LQGLFDWHV� WKDW� WKH� FODVV� GHILQHG� LQ� WKH� ILOH� LV� D� SDUW� RI� WKH� VSHFLILHGSDFNDJH�3DFNDJH��P\SDFNDJH�¾ ,PSRUW�WKH�UHTXLUHG�VWDQGDUG�SDFNDJHV�DYDLODEOH�XVLQJ�WKH�LPSRUW VWDWHPHQW�,PSRUW�MDYD�XWLO�
�¾ 'HFODUH�DQG�GHILQH�WKH�FODVVHV�WKDW�ZLOO�EH�LQFOXGHG�LQ�WKH�SDFNDJH��$OO�WKH�PHPEHUV�RIWKH�SDFNDJH�VKRXOG�EH�SXEOLF�WR�EH�DFFHVVHG�IURP�RXWVLGH��7KLV�LV�IRU�WKH�-90�WR�NHHSWUDFN�RI�DOO�HOHPHQWV�WKDW�DUH�LQFOXGHG�LQ�WKH�SDFNDJH�
3DFNDJH�P\SDFNDJH� ���SDFNDJH�GHFODUDWLRQ



,PSRUW�MDYD�XWLO�
�3XEOLF�FODVV�FDOFXODWH�����GHILQLQJ�D�FODVV^ LQW�YDU�&DOFXODWH�LQW�Q�^���««��YDU Q����PHWKRGV��«SXEOLF�FODVV�'LVSOD\������GHIQLQJ�D�FODVV^ «������PHWKRGV``
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-DYDF�±G�G�?WHPS�FDOFXODWH�MDYD
7R�HPSOR\�WKHVH�XVHU�GHILQHG�SDFNDJHV�LQ�RWKHU�SURJUDPV��WKH�SRLQWV�WR�UHPHPEHUHG�DUH�¾ 7KH� VRXUFH� FRGHV� RI� WKRVH� SURJUDPV� KDYH� WR� UHVLGH� LQ� WKH� VDPH� GLUHFWRU\� DV� WKH� XVHUGHILQHG�SDFNDJH�¾ 7R�HQDEOH�RWKHU�MDYD�SURJUDPV�WR�XVH�SDFNDJHV��LPSRUW�WKHP�LQWR�WKH�VRXUFH�FRGH�¾ ,PSRUW�WKH�FODVV�WR�EH�XVHG,PSRUW�MDYD�P\SDFNDJH�&DOFXODWH�¾ ,PSRUW�WKH�HQWLUH�SDFNDJH,PSRUW�MDYD�P\SDFNDJH�
�¾ 0DNH�D�UHIHUHQFH�WR�WKH�PHPEHUV�RI�WKH�SDFNDJH��7KH�VDPSOH�FRGH�LV�VKRZQ�DV�IROORZV��

,PSRUW�MDYD�LR�
�,PSRUW�P\SDFNDJH�&DOFXODWH�
&ODVV�3DFNDJH'HPR�^3XEOLF�VWDWLF�YRLG�PDLQ�6WULQJ�DUJV>@���^&DOFXODWH�FDOF QHZ�&DOFXODWH���``

,I�WKH�LPSRUW�VWDWHPHQW�IRU�WKDW�SDFNDJH�LV�QRW�XVHG��WKHQ�WKH�FODVV�QDPH�ZLWK�LWV�SDFNDJHQDPH�PXVW�EH�XVHG�WR�UHIHU�WR�WKH�PHWKRG�LQ�WKH�FODVV��7KH�V\QWD[�LV�JLYHQ�EHORZ�P\SDFNDJH�&DOFXODWH�FDOF QHZ�P\SDFNDJH�&DOFXODWH���
8VHU�'HILQHG�,QWHUIDFHV7KH�FRQFHSW�RI��µLQWHUIDFHV¶�LV�RQH�RI�WKH�PDLQ�IHDWXUHV�LQ�-DYD��$Q�LQWHUIDFH�DOORZV�D�FODVV�WRLQKHULW� IURP� VHYHUDO� RWKHU� FODVVHV�� -DYD� SURJUDPV� FDQ� LQKHULW� RQH� FODVV� DW� D� WLPH� EXW� FDQ� LPSOHPHQWVHYHUDO�LQWHUIDFHV��$Q�LQWHUIDFH�FDQQRW�KDYH�DQ\�FRQFUHWH�PHWKRGV��,QWHUIDFHV�DUH�DOVR�XVHG�WR�GHILQH�DVHW�RI�FRQVWDQWV�WKDW�FDQ�EH�XVHG�E\�WKH�FODVVHV��$Q�LQWHUIDFH�SURYLGHV�DQ�³LV�D´�UHODWLRQVKLS��,Q�VKRUW�LQWHUIDFH�LV�D�WHPSODWH�RI�EHKDYLRU��LQ�IRUP�PHWKRGV��WKDW�RWKHU�FODVVHV�QHHG�WR�LPSOHPHQW��7KLV�PHDQVWKDW�WKH�ERG\�RI�WKH�PHWKRG�LV�HPSW\�



7KH�VWHSV�WR�FUHDWH�DQ�LQWHUIDFH�DUH�OLVWHG�EHORZ�¾ $Q�LQWHUIDFH�LV�GHILQHG�DV�IROORZV�
���LQWHUIDFH�ZLWK�PHWKRGVSXEOLF�LQWHUIDFH�P\LQWHUIDFH^ SXEOLF�YRLG�DGG�LQW�[�LQW�\��SXEOLF�YRLG�YROXPH�LQW�[�LQW�\�LQW�]��
�̀��LQWHUIDFH�WR�GHILQH�FRQVWDQWV�XVHG�E\�D�SURJUDPSXEOLF�LQWHUIDFH�P\FRQVWDQWV^ SXEOLF�VWDWLF�ILQDO�GRXEOH�SULFH ��������SXEOLF�VWDWLF�ILQDO�LQW�FRXQWHU ��`

¾ ,W�LV�FRPSLOHG�DV�IROORZV
-DYDF�±G�F�?P\SDFNDJH�P\LQWHUIDFH�MDYD¾ $Q� LQWHUIDFH� LV� LPSOHPHQWHG� ZLWK� WKH� NH\ZRUG� µLPSOHPHQWV¶�� ,Q� WKLV� FDVH� ³LV� D´UHODWLRQVKLS�SURYLGHG�E\�WKH�LQWHUIDFH�LV�DSSOLHG��)RU�H[DPSOH�&ODVV�GHPR�LPSOHPHQWV�P\�LQWHUIDFH¾ ,Q� FDVH� WKHUH� DUH� PRUH� WKDQ� RQH� LQWHUIDFHV� LPSOHPHQWHG� WKH� QDPHV� DUH� VHSDUDWHGXVLQJ�D�FRPPD��7KLV�LV�VKRZQ�DV�IROORZV�FODVV�'HPR�LPSOHPHQWV�0\FDOF��0\�FRXQW

7KH�IROORZLQJ�SRLQWV�PXVW�EH�UHPHPEHUHG�ZKLOH�FUHDWLQJ�DQ�LQWHUIDFH�¾ $OO�PHWKRGV�LQ�WKH�LQWHUIDFHV�KDYH�WR�EH�RI�W\SH�SXEOLF¾ 0HWKRGV�KDYH�WR�EH�GHILQHG�LQ�WKH�FODVV�WKDW�LPSOHPHQWV�WKLV�LQWHUIDFH�¾ ,I�ZH�LPSOHPHQW�DQ�LQWHUIDFH�WKDW�H[WHQGV�DQ�LQWHUIDFH��ZH�QHHG�WR�RYHUULGH�PHWKRGVLQ�WKH�QHZ�LQWHUIDFH�DV�ZHOO�DV�LQ�WKH�ROG�LQWHUIDFH�
3URJUDP���
,PSRUW�MDYD�LR�
�,PSRUW�P\SDFNDJH�
��������XVHU�GHILQHG�SDFNDJH
&ODVV�'HPR�LPSOHPHQWV�P\LQWHUIDFH^ SXEOLF�YRLG�DGG�LQW�[�LQW�\�^ 6\VWHP�RXW�SULQWOQ�³�³��[�\���������DVVXPH�µDGG¶�PHWKRG�LV�GHFODUHG�LQ�WKH�LQWHUIDFH

S̀XEOLF�YRLG�YROXPH�LQW�[�LQW�\�LQW�]�^ 6\VWHP�RXW�SULQWOQ�³�³��[
\
]����� ���DVVXPH�µYROXPH¶�PHWKRG�LV�GHFODUHG�LQ�WKH�LQWHUIDFH
S̀XEOLF�VWDWLF�YRLG�PDLQ�6WULQJ�DUJV>@�



^ 'HPR�G QHZ�'HPR���G�DGG��������G�YROXPH�����������``6WULQJ��2SHUDWRUV�DQG�0DWK�)XQFWLRQV
2SHUDWRUV-DYD�KDV�ULFK�VHW�RI�RSHUDWRUV��:H�ZLOO�H[DPLQH�WKH�IROORZLQJ�RSHUDWRUV�¾ $ULWKPHWLF�2SHUDWRUV¾ /RJLFDO�2SHUDWRUV¾ 5HODWLRQDO�RSHUDWRUV

$ULWKPHWLF�RSHUDWRUV$ULWKPHWLF� RSHUDWRUV� DUH� SURYLGHG� WR� IDFLOLWDWH� DULWKPHWLF� IXQFWLRQV� OLNH� DGGLWLRQ�VXEWUDFWLRQ��PXOWLSOLFDWLRQ�DQG�VR�RQ��7KH�RSHUDQG�RI�WKH�DULWKPHWLF�RSHUDWRUV�PXVW�EH�RI�QXPHULF�W\SH�%RROHDQ�RSHUDQGV�FDQQRW�EH�XVHG�ZLWK�RSHUDWRUV��EXW�FKDU�RSHUDQGV�DUH�DOORZHG�
7KH�IROORZLQJ�WDEOH�VKRZV�D�OLVW�RI�DULWKPHWLF�RSHUDWRUV�DQG�KRZ�WR�XVH�WKHP�2SHUDWRUV 0HDQLQJ ([DPSOH (YDOXDWLRQ� $GGLWLRQ &� �$�%� 6XEWUDFWLRQ &� �$�%
 0XOWLSOLFDWLRQ &� �$
%� 'LYLVLRQ &� �$�%� 0RGXOXV &� �$�%�� ,QFUHPHQW $���� 'HFUHPHQW %��� $GGLWLRQ�DQG�DVVLJQPHQW &�� �$ &� �&�$� 6XEWUDFWLRQ�DQG�DVVLJQPHQW &�� �$ &� �&�$
 0XOWLSOLFDWLRQ�DQG�DVVLJQPHQW &�
 �$ &� �&
$� 'LYLVLRQ�DQG�DVVLJQPHQW &�� �% &� �&�%� 0RGXOXV�DQG�DVVLJQPHQW &�� �% &� �&�%� 1HJDWLRQ &� ��&
/RJLFDO�2SHUDWRUV/RJLFDO� RSHUDWRUV� DUH� XVHG� ZLWK� %RROHDQ� RSHUDQGV�� 7KH� WDEOH� VKRZV� VRPH� ORJLFDORSHUDWRUV�

2SHUDWRU 0HDQLQJ	 /RJLFDO�$1'_ /RJLFDO�25� /RJLFDO�XQDU\�127__ 6KRUW�FLUFXLW�25		 6KRUW�FLUFXLW�$1'"� 7HUQDU\�LI�HOVH
7KH�IROORZLQJ� WDEOH�VKRZV�KRZ� WKH�YDOXH�RI� IXOO� H[SUHVVLRQ� LV�GHFLGHG�EDVHG�RQ� WKH� UHVXOW�RIHDFK�VLGH�RSHUDWRU�



0 1 0�_�1 0�	�17UXH 7UXH 7UXH 7UXH7UXH )DOVH 7UXH )DOVH)DOVH 7UXH 7UXH )DOVH)DOVH )DOVH )DOVH )DOVH
,Q�WKH�VKRUW�FLUFXLW�µ$1'¶������RSHUDWRU��LI�WKH�OHIW�VLGH�RI�WKH�RSHUDWRU�HYDOXDWHV�WR�µIDOVH¶��WKHULJKW�VLGH�RI�RSHUDWRU�LV�QRW�HYDOXDWHG��7KH�ULJKW�VLGH�RI� WKH�RSHUDWRU� LV�HYDOXDWHG�RQO\�LI� WKH�OHIW�VLGHHYDOXDWHV�WR�µWUXH¶��:KHQ�WKH�VKRUW�FLUFXLW�µ25¶��__��LV�XVHG��LI�WKH�OHIW�VLGH�RI�WKH�RSHUDWRU�HYDOXDWHV�WRWUXH��WKHQ�WKH�ULJKW�VLGH�RI�WKH�RSHUDWRU�LV�QRW�HYDOXDWHG�
7KH�IROORZLQJ�SURJUDP�GHPRQVWUDWHV�WKH�XVH�RI�/RJLFDO�RSHUDWRUV�
3URJUDP���
&ODVV�/RJLFDO2S��^3XEOLF�VWDWLF�YRLG�PDLQ�6WULQJ�$UJV>@���^,QW�GD\V3UHVHQW ���DOORZDQFH �����VDODUD\ ������,I��DOORZDQFH  ��	�VDODU\�GD\V3UHVHQW�!������6\VWHP�RXW�SULQWOQ�³'DLO\�ZDJHV�DUH�PRUH�WKDQ������´��(OVH^ VDODU\� DOORZDQFH�6\VWHP�RX�SULQWOQ�³'DLO\�ZDJHV�DUH�PRUH�WKDQ�´��VDODU\�����```

7KH�MDYD�ODQJ�0DWK�&ODVV7KLV�FODVV�FRQWDLQV�VWDWLF�PHWKRGV� WR�SHUIRUP�PDWKHPDWLFDO�RSHUDWLRQV��7KH\� DUH�GHVFULEHG� DVIROORZV� 0HWKRG )XQFWLRQ$EV�� 7KLV�PHWKRG�UHWXUQV�WKH�DEVROXWH�YDOXH�RI�D�QXPEHU&HLO�� 7KLV� PHWKRG� ILQGV� WKH� LQWHJHU� LPPHGLDWHO\� JUHDWHU� WKDQ� RU� HTXDO� WR� WKHDUJXPHQW�SDVVHG�)ORRU�� 7KLV� PHWKRG� ILQGV� WKH� LQWHJHU� LPPHGLDWHO\� OHVV� � WKDQ� RU� HTXDO� WR� WKHDUJXPHQW�SDVVHG�0D[�� 7KLV�PHWKRG�ILQGV�WKH�JUHDWHU�RI�WZR�YDOXH�SDVVHG�0LQ�� 7KLV�PHWKRG�ILQGV�WKH�VPDOOHU�RI�WZR�YDOXH�SDVVHG�5RXQG�� 7KLV�PHWKRG�URXQGV�WKH�DUJXPHQW�WR�WKH�FORVHVW�IORDWLQJ�SRLQW�QXPEHU�5DQGRP�� 7KLV�PHWKRG�UHWXUQV�D�UDQGRP�QXPEHU�EHWZHHQ�����DQG�����RI�W\SH�GRXEOH6TUW�� 7KLV�PHWKRG�UHWXUQV�WKH�VTXDUH�URRW�RI�D�QXPEHU�6LQ�� 7KLV�PHWKRG�UHWXUQV�WKH�VLQXV�RI�D�QXPEHU�LI�WKH�DQJOH�LV�SDVVHG�LQ�UDGLDQV�&RV�� 7KLV� PHWKRG� UHWXUQV� WKH� FRVLQXV� RI� D� QXPEHU� LI� WKH� DQJOH� LV� SDVVHG� LQUDGLDQV�7DQ�� 7KLV� PHWKRG� UHWXUQV� WKH� WDQJHQW� RI� D� QXPEHU� LI� WKH� DQJOH� LV� SDVVHG� LQUDGLDQV�



7KH�6WULQJ�&ODVV6WULQJ�� DV� ZH� KDYH� VHHQ� HDUOLHU� DUH� D� VHULHV� RI� FKDUDFWHUV�� 7KH� VWULQJ� FODVV� SURYLGHV� VHYHUDOPHWKRGV�WR�PDQLSXODWH�VWULQJV��7KHUH�DUH�GLIIHUHQW�FRQVWUXFWRU�PHWKRGV�SURYLGHG�LQ�VWULQJ�FODVV��$�IHZRI�WKHP�DUH�JLYHQ�EHORZ�6WULQJ��VWU� QHZ�6WULQJ���������QRZ�FRQWDLQV�D�EODQN�OLQH6WULQJ��VWU� QHZ�6WULQJ�³+HOOR�:RUOG´��������FRQWDLQV�³KHOOR�ZRUOG´&KDU�FK>@ ^µ$¶�¶%¶�¶&¶�¶'¶�¶(¶`�6WULQJ�VWU� QHZ�6WULQJ�FK��������FRQWDLQV�µ$%&'(¶6WULQJ�VWU� QHZ�6WULQJ�FK����������FRQWDLQV�³$%´����VWDUWLQJ�FKDUDFWHU�����QR�RI�FKDUDFWHU7R�DGG�DQRWKHU�VWULQJ�WR�DQ�H[LVWLQJ�VWULQJ��³�´�RSHUDWRU�LV�SURYLGHG��7KLV�³�´�RSHUDWRU�LV�FDOOHGDV�WKH�µVWULQJ�FRQFDWHQDWLRQ�RSHUDWRU¶�
6WULQJ�&ODVV�PHWKRGV

7KH�WDEOH�VKRZV�WKH�µ6WULQJ¶�&ODVV�PHWKRGV0HWKRG )XQFWLRQFKDU$W�� 7KLV�PHWKRG�UHWXUQV�D�FKDUDFWHU�DW�D�SDUWLFXODU�SRVLWLRQ�LQ�D�VWULQJ�VWDUWV:LWK�� 7KLV�PHWKRG�UHWXUQV�D�%RROHDQ�YDOXH�GHSHQGLQJ�RQ�ZKHWKHU� WKH� VWULQJ� VWDUWVZLWK�D�SDUWLFXODU�YDOXH�HQGV:LWK�� 7KLV�PHWKRG� UHWXUQV� D�%RROHDQ�YDOXH�GHSHQGLQJ� RQ�ZKHWKHU� WKH� VWULQJ� HQGVZLWK�D�SDUWLFXODU�YDOXH�FRS\9DOXH2I�� 7KLV� PHWKRG� UHWXUQV� D� VWULQJ� H[WUDFWHG� IURP� D� FKDUDFWHU� DUUD\� SDVVHG� DVDUJXPHQW�WR&KDU$UUD\�� 7KLV�PHWKRG�DFFHSWV�D�VWULQJ�DQG�FRQYHUWV�LW�LQWR�D�FKDUDFWHU�DUUD\�,QGH[2I�� 7KLV� PHWKRG� UHWXUQV� WKH� LQGH[� RI� D� SDUWLFXODU� FKDUDFWHU� RU� VWULQJ� ZLWKLQ� DVWULQJ�WR8SSHU&DVH�� 7KLV�PHWKRG�UHWXUQV�WKH�XSSHU�FDVH�RI�WKH�VWULQJ�SDVVHG�WKH�IXQFWLRQ�WR/RZHU&DVH�� 7KLV�PHWKRG�UHWXUQV�WKH�ORZHU�FDVH�RI�WKH�VWULQJ�SDVVHG�WKH�IXQFWLRQ�WULP�� 7KLV�PHWKRG�WULPV�VSDFHV�LQ�WKH�VWULQJ�REMHFW�(TXDOV�� 7KLV�PHWKRG�FRPSDUHV�FRQWHQWV�RI�WZR�VWULQJ�REMHFWV�
6WULQJ%XIIHU�&ODVV7KH�µ6WULQJ%XIIHU¶ FODVV�SURYLGHV�YDULRXV�PHWKRGV�WR�PDQLSXODWH�D�VWULQJ�REMHFW��2EMHFWV�RI�WKLVFODVV�DUH� IOH[LEOH��7KDW� LV��FKDUDFWHUV�RU�VWULQJV�FDQ�EH� LQVHUWHG� LQ�EHWZHHQ� WKH�6WULQJ%XIIHU� REMHFW�RUDSSHQGHG�DW� WKH�HQG��7KHUH� DUH�RYHUORDGHG�FRQVWUXFWRU�PHWKRGV�SURYLGHG� LQ� WKH�FODVV��7KH� IROORZLQJSURJUDP�VKRZV�KRZ�WR�XVH�GLIIHUHQW�FRQVWUXFWRUV�WR�FUHDWH�REMHFWV�RI�WKLV�FODVV�

3URJUDP���
&ODVV�6WULQJ%XIIHU&RQV
ŜXEOLF�VWDWLF�YRLG�PDLQ�6WULQJ�DUJV>@�^ 6WULQJ%XIIHU�V� QHZ�6WULQJ%XIIHU���6WULQJ�%XIIHU�V� QHZ�6WULQJ%XIIHU�����6WULQJ%XIIHU�V� QHZ�6WULQJ%XIIHU�³6WULQJ%XIIHU´��

6\VWHP�RXW�SULQWOQ�³V� �³�V���6\VWHP�RXW�SULQWOQ�V��OHQJWK����������FRQWDLQV��6\VWHP�RXW�SULQWOQ�V��OHQJWK����������FRQWDLQV���6\VWHP�RXW�SULQWOQ�V��FDSDFLW\����������FRQWDLQV���6\VWHP�RXW�SULQWOQ�V��FDSDFLW\����������FRQWDLQV���



6\VWHP�RXW�SULQWOQ�V��FDSDFLW\����������FRQWDLQV���``
7KH�µOHQJWK��¶� DQG�µFDSDFLW\��¶�RI�6WULQJ%XIIHU�REMHFW�DUH�WRWDOO\�GLIIHUHQW��7KH�PHWKRG�µOHQJWK¶UHIHUV�WR�WKH�QXPEHU�RI�FKDUDFWHUV�WKH�REMHFWV�KROGV�ZKHUHDV�µFDSDFLW\��¶�UHWXUQV�WKH�VXP�RI�WKH�GHIDXOWFDSDFLW\�RI�DQ�REMHFW������DQG�WKH�QXPEHU�RI�FKDUDFWHUV�LQ�WKH�6WULQJ%XIIHU�REMHFW�7KH�FDSDFLW\�RI�VWULQJ�EXIIHU�FDQ�EH�FKDQJHG�ZLWK�µHQVXUH&DSDFLW\��¶� PHWKRG�SURYLGHG�LQ�WKHFODVV�� 7KH� LQW� DUJXPHQW� LV� SDVVHG� WR� WKLV� PHWKRG� DQG� DFFRUGLQJO\� D� QHZ� FDSDFLW\� LV� FDOFXODWHG� DVIROORZV�1HZ�&DSDFLW\ 2OG�&DSDFLW\
����
%HIRUH� WKH�FDSDFLW\�RI�EXIIHU� LV�VHW� WR� WKH�QHZO\� FDOFXODWHG�FDSDFLW\�� WKH� IROORZLQJ�FRQGLWLRQVDUH�FKHFNHG� ¾ ,I�WKH�QHZ�FDSDFLW\� LV�JUHDWHU�WKDQ�WKH�DUJXPHQW�SDVVHG�WR�µHQVXUH&DSDFLW\��¶�� WKHQEXIIHU�FDSDFLW\�LV�VHW�WR�QHZO\�FDOFXODWHG�FDSDFLW\�¾ ,I�QHZ�FDSDFLW\� LV� OHVV�WKDQ�WKH�DUJXPHQW�SDVVHG�WR�µHQVXUH&DSDFLW\��¶�� WKHQ�EXIIHUFDSDFLW\�LV�VHW�WR�WKH�YDOXH�RI�DUJXPHQW�SDVVHG�
7KH�IROORZLQJ�SURJUDP�LOOXVWUDWHV�KRZ�WKH�FDSDFLW\�LV�FDOFXODWHG�DOORFDWHG�
3URJUDP���
&ODVV�7HVW��^3XEOLF�VWDWLF�YRLG�PDLQ�6WULQJ�DUJV>@���^6WULQJ%XIIHU�V� QHZ�6WULQJ%XIIHU����6\VWHP�RXW�SULQWOQ�³FDSDFLW\�RI�EXIIHU� �³���V��FDSDFLW\����V��HQVXUH&DSDFLW\����6\VWHP�RXW�SULQWOQ�³FDSDFLW\�RI�EXIIHU� �³��V��FDSDFLW\����V��HQVXUH&DSDFLW\�����6\VWHP�RXW�SULQWOQ�³FDSDFLW\�RI�EXIIHU� �³��V��FDSDFLW\����``
LQ�WKH�DERYH�FRGH��WKH�LQLWLDO�FDSDFLW\�RI�µV�¶�ZDV����7KH�VWDWHPHQWV��HQVXUH&DSDFLW\����
6HWV�WKH�FDSDFLW\�RI�µV�¶�WR�����
�����EHFDXVH�WKH�VSHFLILHG�FDSDFLW\�����LV�OHVV�WKDQ�FDOFXODWHGFDSDFLW\������

V��HQVXUH&DSDFLW\�����
VHWV�FDSDFLW\�RI�µV�¶�WR����EHFDXVH�WKH�VSHFLILHG�FDSDFLW\������LV�JUHDWHU�WKDQ�FDOFXODWHG�FDSDFLW\���
����
6WULQJ%XIIHU�&ODVV�PHWKRGV
7KH�WDEOH�VKRZV�WKH�µ6WULQJ%XIIHU¶�&ODVV�PHWKRGV0HWKRG )XQFWLRQ$SSHQG�� 7KLV� PHWKRG� DSSHQGV� D� VWULQJ� RU� D� FKDUDFWHU� DUUD\� DW� WKH� HQG� RI� D6WULQJ%XIIHU�REMHFW�,QVHUW�� 7KLV� PHWKRG� WDNH� WZR� SDUDPHWHU�� 7KH� ILUVW� SDUDPHWHU� LV� WKH� LQVHUWLRQ



SRVLWLRQ��7KH�VHFRQG�SDUDPHWHU�FDQ�EH�D� VWULQJ��FKDU�� LQW�RU� IORDW� WR�EHLQVHUWHG�&KDU$W�� 7KLV� PHWKRG� UHWXUQV� D� FKDU� YDOXH� LQ� WKH� 6WULQJ%XIIHU� REMHFW� DW� WKHVSHFLILHG�SRVLWLRQ�6HW&KDU$W�� 7KLV�PHWKRG�LV�XVHG�WR�UHSODFH�FKDUDFWHU�LQ�D�6WULQJ%XIIHU�REMHFW�DW�WKHVSHFLILHG�SRVLWLRQ�66HW/HQJWK 7KLV�PHWKRG�VHWV� WKH� OHQJWK�RI� WKH�6WULQJ%XIIHU�REMHFW�� ,I� WKH�VSHFLILHGOHQJWK� LV� OHVV� WKDQ� WKH�RULJLQDO� OHQJWK�RI� WKH�EXIIHU��FKDUDFWHUV� WKDW� IDOORXWVLGH�WKH�OHQJWK�DUH�WUXQFDWHG��,I�OHQJWK�VSHFLILHG�LV�PRUH�WKDQ�RULJLQDOOHQJWK�RI�WKH�EXIIHU��VXIILFLHQW�QXOO�FKDUDFWHUV�DUH�DGGHG�DW�WKH�HQG�RI�WKHEXIIHU�*HW&KDUV�� 7KH�JHWFKDUV�PHWKRG�LV�XVHG�WR�H[WUDFW�FKDUDFWHUV�IURP�WKH�6WULQJ%XIIHUREMHFW�DQG�FRS\�WKHP�LQWR�DQ�DUUD\�5HYHUVH�� 7KLV�PHWKRG�UHYHUVHV�WKH�FRQWHQWV�RI�D�6WULQJ%XIIHU�REMHFW�DQG�UHWXUQV�D6WULQJ%XIIHU�REMHFW�


