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� ,QGHHG�VR�PXFK�VR�WKDW�ZH�HQG�XS�ORVLQJ�WKH�H�SUHIL[�DQG�UHIHU�EDFN�WR�WKH�µRULJLQDO¶�QDPH��H�J��µH%XVLQHVV¶�EHFRPHV�µ%XVLQHVV¶�DJDLQ� DV�ZH�WDNH�WKH�H�SKHQRPHQRQ�IRU�JUDQWHG�
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LWV�ZDUHV�LQ�6ZHGHQ�ZKLOVW�UHWDLQLQJ�LWV�EHVW�GHVLJQHU�ZKR�JHWV�KLV�LQVSLUDWLRQ�E\�OLYLQJ�LQ�D�UHPRWH�SDUW�RI�*UHHQODQG��ZKHUH�LWV�UHJLVWHUHG�RIILFH�LV�IRU�FXOWXUDO�DQG�WD[�UHDVRQV���7KH�RUJDQLVDWLRQ�FDQ�SURPRWH�DQG�VHOO�LWV IXUQLWXUH�ZRUOG�ZLGH�SD\LQJ�SDUWLFXODU�DWWHQWLRQ�WR�6RXWK�$PHULFD�DV�WKLV�PDUNHW�FXOWXUDOO\�LGHQWLILHV�ZLWK�WKHVH�IXUQLWXUH�GHVLJQV��WKHUHIRUH�PDNLQJ� WKLV� EXVLQHVV� SURILWDEOH���� ,W� FDQ�PDLQWDLQ� LWV� GLVWULEXWLRQ� KXE� LQ� WKH�86$�ZKLOVW�DOORZLQJ� LW¶V� GLUHFWRUV� WR� OLYH� LQ� &RSHQKDJHQ�� 6WRFNKROP�� 2VOR�� 1HZ� <RUN�� 7RN\R� DQG�%XHQRV� $LUHV��:LWKRXW� WKH� H� IDFWRU�� WKLV� RUJDQLVDWLRQ� ZRXOG� KDYH� WR� LQYHVW� PXFK�PRUH�KHDYLO\� LQ� SK\VLFDO� LQIUDVWUXFWXUH� �H�J�� IRUHLJQ� RIILFHV� DQG� VWDII��� DQG� UHJXODUO\� IO\� WKH�GLUHFWRUV�� WKH� GHVLJQHU� DQG� RWKHU� NH\� VWDII� WR� RQH� SK\VLFDO� PHHWLQJ� ORFDWLRQ� �DVVXPLQJ��DVLGH�IURP�GLVUXSWLQJ�WKH�TXDOLW\�RI�WKHLU�OLYHV��WKH\�FDQ�DJUHH�GDWHV�ZKHQ�WKH\�DUH�DOO�IUHH���)DFHG� ZLWK� WKHVH� FRQVWUDLQWV� WKH� EXVLQHVV� ZRXOG� EH� XQHFRQRPLF�� DQG� WKH� SURGXFWV� LW�SURYLGHV�ORVW�WR�LWV�FXVWRPHUV��,W�ZRXOG�UHPDLQ�XQGHYHORSHG�ZLWK�LWV FRQVHTXHQWLDO�ORVVHV�WR�WKH� HFRQRPLHV� LQ� ZKLFK� LW� RSHUDWHV� DQG� LWV� VWDNHKROGHUV� �H�J�� FXVWRPHUV�� HPSOR\HHV��VKDUHKROGHUV��VXSSOLHUV��JRYHUQPHQW�WD[�UHYHQXH�DQG�WKH VWDWH¶V�HFRQRPLF�GHYHORSPHQW���,W�HLWKHU�H[LVWV�DV�D�YLUWXDO�RUJDQLVDWLRQ�RU�QRW�DW�DOO�*LYHQ�WKDW�RXU�H[DPSOH�RUJDQLVDWLRQ��DQG�RWKHUV�OLNH�LW��ZRXOG�QRW�H[LVW�ZLWKRXW�WKH�DELOLW\�WR�FRPPXQLFDWH�LQ WKH�ZD\V�GHVFULEHG� WKHUH�LV�DQ�H[SDQGLQJ�QHHG�IRU�FRPSXWHU�V\VWHPV�WR�PDQDJH�WKHVH�FRPPXQLFDWLRQV��7KHVH�H%XVLQHVV V\VWHPV�DUH�E\�FKRLFH�RIWHQ GHVLJQHG�DQG�LPSOHPHQWHG�XVLQJ�REMHFW�RULHQWHG�WHFKQLTXHV�DQG�SURJUDPPLQJ�ODQJXDJHV >�@��3ULRU�WR�WKH�ZLGHVSUHDG� XWLOLVDWLRQ� RI� WKHVH� ODQJXDJHV�� PRVW� EXVLQHVV� V\VWHPV� ZHUH� UHVWULFWHG� WR� WKH�LQWHUQDO� RIILFH� HQYLURQPHQW� DQG� ZHUH� EDVHG� RQ� WKH� 5'%06� �5HODWLRQDO� 'DWDEDVH�0DQDJHPHQW�6\VWHP��SDUDGLJP��$V�WKLV�SDSHU�ZLOO�KLJKOLJKW��WKHVH�WZR�SDUDGLJPV DUH�QRW�LPPHGLDWHO\� FRPSDWLEOH�� ,QGHHG� DV� ZH� VKDOO� VHH� WKH� SUREOHP LV� QRW� MXVW� WHFKQLFDO� EXW�FXOWXUDO�� UHOLJLRXV� GLYLGHV� KDYH� VSUXQJ� XS�� XQGHUPLQLQJ SURJUHVV� RQ� XQLI\LQJ� WKHVH�DSSURDFKHV� VR� WKDW� H%XVLQHVV V\VWHPV� FDQ� PDNH� XVH� RI� WKH� XQGRXEWHG� EHQHILWV� HDFK�DSSURDFK�SURYLGHV��$� IXUWKHU� REVWDFOH� WR� WKH� GHYHORSPHQW DQG PDLQWHQDQFH� RI� REMHFW�RULHQWHG� H%XVLQHVVV\VWHPV� LV�ZKDW� WKLV�SDSHU�ZLOO� ODWHU� H[SODLQ� DV� WKH�SUREOHP�RI� µPHVVDJH� OLWWHU¶��6\VWHPV�PXVW� FRQWLQXDOO\� DGDSW� LQ� WKH� OLJKW� RI� EHWWHU� XQGHUVWDQGLQJV RI� EXVLQHVV� SUREOHPV� DQG�FKDQJHV�LQ�WKH�EXVLQHVV�HQYLURQPHQW�ZKLOVW KDYLQJ�WR�LQWHURSHUDWH�ZLWK�RWKHU�V\VWHPV�QHZ�DQG�ROG��JRRG�DQG�EDG��DQG�PRUH�WRZDUGV�WKH�ODWWHU��RQ�ZKLFK�EXVLQHVVHV�DUH�QRQHWKHOHVV�REOLJHG�WR�UHO\�XSRQ >�@�,W� LV� WKHUHIRUH� WKHVH� WZR� NH\� REVWDFOHV� WKDW� WKLV� SDSHU ZLOO� DGYRFDWH� PD\� XVHIXOO\� EH�DGGUHVVHG E\� VHPLRWLF�� WKH� VFLHQFH� RI� VLJQV� DQG� PHDQLQJ� PDNLQJ�� HQDEOLQJ WKH� YLUWXDO�H%XVLQHVV�RUJDQLVDWLRQ WR�EH� UHDOLVHG� :H�EHJLQ�E\�GLVFXVVLQJ� FHUWDLQ�EDFNJURXQG� LVVXHV�WKDW�OHDG�WR�WKHVH�REVWDFOHV�� 4XDOLW\�RI�WKH�&RPSXWHU�PHGLDWHG�5HSUHVHQWDWLRQ$V� WKH� LGHDOLVHG�YLUWXDO�� GLVWULEXWHG� DQG� IOH[LEOH�H%XVLQHVV�RUJDQLVDWLRQ� LV� VXFK� WKDW� WKH\ZLOO�ODFN�DQ\�KXPDQ�KXPDQ�LQWHUIDFH��LWV�PRGXV�RSHUHQGL LV�WKH�KXPDQ�FRPSXWHU LQWHUDFH�&OHDUO\� WKLV� SODFHV WKH� RQXV� RQ� WKH� TXDOLW\� RI� WKLV� KXPDQ�FRPSXWHU� LQWHUDFWLRQ�� DV� WKHVH�RUJDQLVDWLRQV� PXVW UHO\� RQ� WKHVH� FRPSXWHU�PHGLDWHG� UHSUHVHQWDWLRQV� DPRQJVW� LWV�VWDNHKROGHUV�DV�EHLQJ�FUHGLEOH��7KH\�PXVW�WKXV�EH�YDOLG��WR�DYRLG�GRXEW�DQG�ORVV�RI�IDLWK��DQG�XQHTXLYRFDO �VR�WKDW�WKH�PHGLXP�LWVHOI�GRHV�QRW�DGG�DPELJXLWLHV�RI�LWV�RZQ��
7R�DFKLHYH� WKLV�DLP�PXFK�FXUUHQW�ZRUN� LQ�HQJDJHG� LQ�GHYHORSLQJ� LQWHOOLJHQW� V\VWHPV� IRU�WKH� H%XVLQHVV�� DQG� WKLV� LV� ULJKWO\� VR >�@�� ,WV� VXFFHVV�ZLOO� SURYLGH� WKH� H%XVLQHVV�ZLWK� WKH�DELOLW\� WR� FDSWXUH�� VWRUH� DQG� PDQLSXODWH� NQRZOHGJH� WR� DFKLHYH� LWV� REMHFWLYHV� �QRZDGD\V�
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FRPPRQO\� UHIHUUHG� WR� DV� WKH� RYHUDUFKLQJ� WHUP� RI� LWV� µPLVVLRQ¶��� $� V\VWHP� WKDW� IURP� LWV�FRPSXWHULVHG�NQRZOHGJH�EDVH�FDQ�SUHVHQW�LWV�XVHUV�ZLWK�WKH�ULJKW��UHOHYDQW�LQIRUPDWLRQ�DW�WKH� ULJKW� WLPH�DQG�SODFH��DQG�EH�DEOH� WR�DQVZHU� DGHTXDWHO\� WKH� IX]]\� �µ\RX�NQRZ�ZKDW� ,�PHDQ¶��TXHU\LQJ�ZH�DV�KXPDQV�WDNH�IRU�JUDQWHG�ZRXOG�FHUWDLQO\�EH�YLUWXDO�QLUYDQD��%XW�ZHQHHG�WR�JHW�WKH�EDVLFV�ULJKW�ILUVW�VR�WKDW�VXFK�V\VWHPV�FDQ�EXLOG�XSRQ�WKHP��VR�LW�LV�QRZ�HYHQ�PRUH�IXQGDPHQWDO�WKDW�KXPDQ�FRPSXWHU�DQG�VRIWZDUH�HQJLQHHULQJ�KXUGOHV�DUH�DFFRUGLQJO\�RYHUFRPH��$GGUHVVLQJ�WKH�SUREOHPV�RI�LQIRUPDWLRQ�V\VWHPV��,6��IDLOXUHV�WKURXJK�VRIWZDUH�HQJLQHHULQJ�KDV� OHDG� WR WKH� WUXH� DGYHQW�RI�REMHFW�RULHQWHG�DSSURDFKHV DQG��DV REMHFWV� DUH�KXPDQ�FHQWUHG� ZD\V RI� GHYHORSLQJ� V\VWHPV�� DGGUHVVHV LVVXHV� IRU� KXPDQ�FRPSXWHU�LQWHUDFWLRQ�WRR�� :K\�22��:K\�Q�7LHU7R�XQGHUVWDQG�ZK\�REMHFW�RULHQWDWLRQ��22��KDV�JRQH�D�ORQJ�ZD\�WR�VROYLQJ�WKH�SUREOHPV�RI�VRIWZDUH� HQJLQHHULQJ� DQG� KRZ� LW�PLJKW� WDFNOH� KXPDQ�FRPSXWHU� LQWHUDFWLRQ� FRQFHUQV��ZH�QHHG� WR� UHYLVLW� 22� FRQFHSWV��:H� DOVR� QHHG� WR� XQGHUVWDQG�ZK\�PRGHUQ� HQWHUSULVH�OHYHO�DSSOLFDWLRQV�DUH�KRUL]RQWDOO\�WLHUHG��µQ�7LHU¶��DQG�FDQ�EH�IXUWKHU�OHYHUHG�WR�RXU�DGYDQWDJH��DOO�RI�ZKLFK�ZLOO�EH�H[SODLQHG�ODWHU����� 7KH�IRXU�6RIWZDUH�(QJLQHHULQJ�JRDOV%HJLQQLQJ�ZLWK�22�FRQFHSWV��ZH�UHWXUQ�WR�WKH�IRXU�JRDOV�RI�VRIWZDUH�HQJLQHHULQJ ��QDPHO\��� $EVWUDFWLRQ�� ,Q�RUGHU� WR� WU\� WR�XQGHUVWDQG�VRPH�SUREOHP�LQ�WKH�ZRUOG�DURXQG�XV�LW� LV�RIWHQ�XVHIXO�WR�VLIW�RXW�LPPHGLDWHO\�LUUHOHYDQW�GHWDLOV�VR�WKDW�ZH�PLJKW�FRQFHQWUDWH�RQ�WKH�FRUH�RI�WKH�SUREOHP��7KLV�WHFKQLTXH�LV�FDOOHG�DEVWUDFWLRQ��:H�VD\�WKDW�ZH�DEVWUDFW�WKH�UHOHYDQW�SDUWV�IURP�WKDW�SUREOHP�VR�ZH�PLJKW�IRFXV�DOO�RXU�DWWHQWLRQ�RQ�WKHP��,Q�WKLV�ZD\�ZH� LQFUHPHQWDOO\� DGG� WR�RXU� FODVVLILFDWLRQ� RI�NQRZOHGJH�� �:H� FODVVLI\� WKLQJV� WR�SURYLGH� RXU� SUHGLFWLYH� IUDPHZRUN�� OLNH� &KHPLVWV� GR� ZLWK� WKH� &ODVVLILFDWLRQ� RI� WKH�(OHPHQWV�± WKH�µ3HULRGLF�7DEOH¶��RU�&UHGLW�$JHQFLHV�ZLWK�&UHGLW�5DWLQJV�H�J��$$�UDWLQJ��$IWHU�DOO��KRZ�HOVH�ZRXOG�EH�XQGHUVWDQG�WKH�ZRUOG�DURXQG�XV"��$V�D�VLPSOH�H[DPSOH�ZH�PLJKW�UHDOLVH WKDW�D�SD\UROO�V\VWHP�QHHGV�WR�GHDO�ZLWK�RXU�HPSOR\HHV��FRQVHTXHQWO\�ZH�PLJKW�FRPH�XS�ZLWK�DQ�(PSOR\HH REMHFW� WR� UHSUHVHQW�RXU�HPSOR\HHV� LQ� WKH�V\VWHP��:H�FDQ�QRZ�WKLQN�DERXW�KRZ�DQ�(PSOR\HH PRYHV�DERXW�WKH�V\VWHP�ZLWKRXW�ZRUU\LQJ�DERXW�KRZ�DQ�(PSOR\HH PLJKW�DFWXDOO\�EH�LPSOHPHQWHG�RU�HYHQ�ZKDW�GDWD�ZH�PLJKW�QHHG� WR� LGHQWLI\� RXU� HPSOR\HH��:H�KDYH� DEVWUDFWHG�RXW� WKH�GHWDLOV� RI� DQ�(PSOR\HHLQWR�D�FRQYHQLHQW�UHSUHVHQWDWLRQ�VR�WKDW�ZH�FDQ�DYRLG�KDYLQJ�WR�GHDO�ZLWK�DOO�WKH�FOXWWHU�RI�GHWDLO�DVVRFLDWHG�ZLWK�WKH�FRQFHSW�HYHU\�WLPH�ZH�QHHG�WR�EH�DZDUH�RI�LW��� &RKHVLRQ�� $W� VRPH� OHYHO� RI� DEVWUDFWLRQ� ZKDW� ZH� DFWXDOO\� HQG� XS� ZLWK� DUH� SRWHQWLDO�REMHFWV� LQ� WKH� VROXWLRQ� VSDFH��:H�QRZ�QHHG� WR�EH�FDUHIXO� WR�PDLQWDLQ RXU�DEVWUDFWLRQ�ZKHQ� ZH� FRPH WR� IRFXV� RQ� WKH� GHWDLO�� )RU� H[DPSOH�� ZKDW� DUH WKH� DWWULEXWHV� RI� RXU�(PSOR\HH�REMHFW" :H�PLJKW�GHFLGH� WKDW�RXU�(PSOR\HH FRQWDLQV� LWHPV� OLNH� µ1DPH¶�µ$GGUHVV¶� DQG µ3D\UROO�1XPEHU¶�� +RZHYHU� ZRXOG� ZH� H[SHFWµ+HDUWEHDW�5DWH¶�WR�EH�WKHUH"�,I�ZH�ZHUH�GHYHORSLQJ�VRPH�DVSHFW�RI�D PHGLFDO�V\VWHP WKHQ�TXLWH�SRVVLEO\�\HV��EXW�LQ�DQ\�HYHQW�LW�KDV�QRWKLQJ�WR�GR�ZLWK�DQ�HPSOR\HH��:KDW� DERXW�µ&RPSDQ\�&DU¶"�6KRXOG�RXU�(PSOR\HH KDYH� WR� FRQFHUQ� LWVHOI�ZLWK��VD\� ZRUNLQJ�RXW� WKH� WD[� UDWHV� IRU� D�FRPSDQ\�FDU"� �1R��EXW� LQ� WU\LQJ� WR�DGG SURJUDP�
� L�H��ODUJHU�VFDOH�DSSOLFDWLRQV�WKDW�FDQ�FRYHU�DOO�WKH�DFWLYLWLHV�RI�D�ZKROH�HQWHUSULVH��H�J��6KHOO��$PD]RQ�FRP�HWF���DV�ZHOO�DV�PDQ\�60(�± VPDOO�WR�PHGLXP�VL]HG�HQWHUSULVHV���7KLV�LV�DV�RSSRVHG�WR�VPDOO��LQGLYLGXDO�VFDOH�DSSOLFDWLRQV�VXFK�DV�WKH�ZULWLQJ�RI�VRPH�PDFUR�SURJUDPPLQJ�FRGH�LQ�D�VSUHDGVKHHW�DSSOLFDWLRQ��RU�D�SHUVRQDO�XVHU¶V�RU�VPDOO�RIILFH�GDWDEDVH�ZULWWHQ�LQ�0LFURVRIW�$FFHVV��
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FRGH� IRU� HPSOR\HHV�ZKR�KDYH� FRPSDQ\� FDUV� FDQ� WRR� HDVLO\� OHDGV� WR� FRGH� DOVR� EHLQJ�DGGHG�WR�FDOFXODWH�µVHHPLQJO\�UHODWHG¶ LWHPV�OLNH�WD[�UDWHV��DQG�VR�RQ�DQG�VR�RQ���0D\EH�WKH�KHDUWEHDW�UDWH�JHWV�WR�EH�LQFOXGHG DIWHU�DOO""��7KLV�RQH�VPDOO�H[DPSOH�KLJKOLJKWV�D�PDMRU�FDXVH�RI�VRIWZDUH�SURMHFW��WKXV�,6��IDLOXUH��LW�LV�DOO�WRR�HDV\�WR�IDOO�LQWR�WKH�³LW¶V�RQO\�RQH�PRUH� OLQH�RI�FRGH´�VWDWH�RI�PLQG� WKDW� LQHYLWDEO\� OHDGV� WR�D�KXJH�DPRUSKRXV�FKXQN�RI�FRGH�WKDW�LV�LPSRVVLEOH�WR�PRGLI\�DQG�GH�EXJ��)URP�RXU�DEVWUDFWLRQ�ZH�WKXV�GHULYH�REMHFWV� WKDW�VKRXOG�EH�ULFKO\�FRKHUHQW� LQ� WKHPVHOYHV� L�H��DQ�REMHFW�� VLPSO\�SXW��µGRHV LWV�RQH�WKLQJ�ZHOO¶���:H�WKHUHIRUH�VHHN�KLJK FRKHVLRQ��� &RXSOLQJ��$V�ZH�VHHN�WR�GHVLJQ�RXU REMHFWV�VR WKDW�HDFK�RQH µGRHV LWV�RQH�WKLQJ�ZHOO¶�WKHUHE\ EHLQJ�KLJKO\� FRKHVLYH��ZH�DOVR� UHTXLUH� WKDW� WKH�QXPEHU�RI� OLQNV EHWZHHQ� WKH�FRPSRQHQWV� LQ� D� VRIWZDUH� V\VWHP� VKRXOG� EH� DV� IHZ� DV� SRVVLEOH� L�H�� ORZ �RU� ORRVH��FRXSOLQJ��:K\"�%HFDXVH�WKH�PRUH�OLQNDJHV��LQWHUIDFHV��WKHUH�DUH�EHWZHHQ�REMHFWV�LQ�D�V\VWHP� WKH� JUHDWHU� WKH� LQWHUGHSHQGHQFH� EHWZHHQ� HDFK� RI� WKHP�� &RQVHTXHQWO\� LI� RQH�REMHFW¶V� LQWHUIDFH� LV� DOWHUHG� WKLV� FRXOG� HDVLO\� KDYH� D� NQRFN� RQ� HIIHFW� WKURXJKRXW� WKH�ZKROH�V\VWHP�± WKH� µULSSOH¶�HIIHFW� 7KLV�RQFH�DJDLQ� OHDGV� WR� WKH�VDPH�PDMRU�FDXVH�RI�VRIWZDUH� SURMHFW� IDLOXUH�� RQH� KXJH� DPRUSKRXV� FKXQN� RI� HQGOHVV� OLQHV� RI�LQFRPSUHKHQVLEOH��XQ�PDLQWDLQDEOH��FRGH��� 0RGXODULW\��7KLV�LV�VLPSO\�WKH�EUHDNLQJ�GRZQ�RI�WKH�SUREOHP�GRPDLQ�LQWR�PDQDJHDEOH�FKXQNV�± WKH�µGLYLGH�DQG�FRQTXHU¶ SULQFLSOH IRXQG�LQ�DOO�KXPDQ�HQGHDYRXUV��7KHQ�ZH�FDQ� FRQFHQWUDWH� RQ� HDFK� RI� WKHVH� HOHPHQWV�� 0RGXODULW\�� LI� FRQGXFWHG� HIIHFWLYHO\��LQKHUHQWO\�VXSSRUWV�JRRG�DEVWUDFWLRQ��KLJK�FRKHVLRQ�DQG�ORZ�FRXSOLQJ�0LOOHU¶V�FODVVLF� VWXG\� IURP SV\FKRORJ\�VKRZV� WKDW� WKH�KXPDQ�PLQG FDQ�KDQGOH�RQO\����FRQFHSWV� DW� D� WLPH WKXV� WUXO\�XQGHUSLQQLQJ WKH�ZKROH� VRIWZDUH� HQJLQHHULQJ� HQGHDYRXU�RI�PRGXODULW\�� ORZ� FRXSOLQJ�� KLJK� FRKHVLRQ�� DQG� DEVWUDFWLRQ >�@�� &RQVLGHU� IRU� LQVWDQFH� WKH�DPRXQW�RI�FRXSOLQJV�WKDW�DQ�REMHFW�FDQ�RIIHU��&OHDUO\�LI�KDV�PDQ\�KXQGUHGV� DVLGH�IURP�WKH�HYLGHQWO\�KLJK�FRXSOLQJ�GDQJHU� LW�ZRXOG�EH�ZHOO�RYHU�KXPDQ�FRPSUHKHQVLRQ�DV� WR�ZKLFK�RQH�WR�VHOHFW�HWF��DV�WKDW¶V�ZD\�DERYH�WKH�µ�¶�OLPLW��7KH�OHDVW�DPRXQW�FRXOG�RI�FRXUVH�EH����DV����]HUR��ZRXOG�PHDQ�WKDW�REMHFW�ZRXOG�EH�XQDEOH�WR�PDNH�LWVHOI�DZDUH�WR�DQ\�RWKHU�WKXV�EH� XVHOHVV� :KDW¶V� SDUWLFXODUO\� VLJQLILFDQW� DERXW� WKH� 0LOOHU� VWXG\� LV� WKDW� LW� DULVHV IURP�SV\FKRORJ\�� QRW� µWHFKLH¶� FRPSXWHU� VFLHQFH�� 7KLV� UHFRJQLWLRQ� RQ� WKH� SDUW� RI� VRIWZDUH�HQJLQHHULQJ�IXQGDPHQWDOO\�VXSSRUWV�WKH�KXPDQ�FHQWULF�QDWXUH�RI�22��ZKLFK�FRQVHTXHQWO\�FDPH� DERXW� WR� UHDOLVH� WKH� IRXU� VRIWZDUH� HQJLQHHULQJ JRDOV� LQ� HQWHUSULVH�OHYHO� VRIWZDUH�GHYHORSPHQW���� 7KH�WKUHH�22�FRQFHSWV$FFRUGLQJO\�� FRQWHPSRUDU\�22�SURJUDPPLQJ� ODQJXDJHV� VXFK� DV� -DYD� DQG�&��KDYH� EXLOW�LQWR� WKHLU� YHU\� IDEULF� WKH� SUDFWLFDO� FRQVWUXFWV WR� HQDEOH� WKLV� DV� GRHV� WKH� LQIRUPDWLRQ�V\VWHPV¶�DQDO\VLV�DQG�GHVLJQ PRGHOOLQJ�HQYLURQPHQW�80/ �8QLILHG�0RGHOLQJ�/DQJXDJH��KWWS���ZZZ�XPO�RUJ����+RZ�LV�WKLV�DFWXDOO\�DWWDLQHG"�7KDW�LV�ZKHUH�WKH�WKUHH�22�FRQFHSWVFRPH�LQWR�SOD\��� (QFDSVXODWLRQ� 7KLV� LV� WKH�SUDFWLFH�RI� LQFOXGLQJ� LQ�DQ�REMHFW�HYHU\WKLQJ� LW�QHHGV� >�@��(YHU\WKLQJ�DQ�REMHFW�QHHGV�LQFOXGHV�GDWD�DQG�RSHUDWLRQV�RQ�WKDW�GDWD��0RVW�LPSRUWDQWO\��
� 7R�LOOXVWUDWH�IXUWKHU��WKLV�LV�OLNH�WKH�JDPH�SOD\HG�ZLWK�YHU\�\RXQJ�FKLOGUHQ�ZKHUH�ZH�DVN�WKHP��IRU�H[DPSOH��ZKDW�GRHV�WKH�WLJHU�GR"�$QVZHU��5RDU��:KDW�GRHV�WKH�FDW�GR"�0HRZ��:KDW�GRHV�WKH�VQDNH�GR"�+LVV��$QG�VR�RQ��,I�WKH�FDW��VD\��EDUNHG�WRR�LW�ZRXOG�EH�QRW�EH�FRKHVLYH�ZLWK�RXU�H[SHFWDWLRQV�RI�VXFK�DQ�DQLPDO��VR�LW¶V�DW�EHVW�XQXVXDO��PD\EH�HYHQ�XQGLVFRYHUHG"��EXW��IDU�PRUH�OLNHO\��ZURQJ�VR�ZH¶G�FRUUHFW�WKH�FKLOG�DFFRUGLQJO\��6LPLODUO\�ZH�H[SHFW�D�9LGHR�UHFRUGHU�WR�SOD\�DQG�UHFRUG�YLGHRV�L�H�� LW�VKRXOG�GR�LWV�RQH�WKLQJ�ZHOO�± YLGHR�RSHUDWLRQV��QRW�PDNH�WRDVW�
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WKH�GDWD� LV�RQO\ DFFHVVLEOH� WKURXJK� WKRVH�RSHUDWLRQV� WKDW�DUH�PDGH�YLVLEOH� WR� µRXWVLGH¶XVHUV�� 7KH� DFWXDO� GDWD� �RU� VWDWH�� RI� DQ� REMHFW� LV� KLGGHQ� DZD\� LQVLGH� WKH� REMHFW��(QFDSVXODWLRQ� IDFLOLWDWHV� WKH� FKDQJH� DQG�PRGLILFDWLRQ� RI� WKH� LQWHUQDO�ZRUNLQJV� RI� DQ�REMHFW� ZLWKRXW� DIIHFWLQJ� DQ\� FXUUHQW� XVHUV� RI� WKDW� REMHFW�� 7KH� SUDFWLFH� RI� KLGLQJ� WKH�LQIRUPDWLRQ�DZD\�EHKLQG�D�SXEOLVKHG�LQWHUIDFH�LV�NQRZQ�DV�µLQIRUPDWLRQ�KLGLQJ¶� DQG�LV�HVVHQWLDOO\�GHQRWHG�E\�WKH�NH\ZRUGV�µSULYDWH¶�DQG�µSXEOLF¶��7KHVH�GR�QRW�IHDWXUH�LQ�SUH�22� ODQJXDJHV� OLNH� &��� 7KRVH� GDWD� RU� RSHUDWLRQV� LWHPV� WKDW� WKH� VRIWZDUH� GHVLJQHU� RU�GHYHORSHU� SUHIL[HV ZLWK SULYDWH FDQQRW� EH� DFFHVVHG� IURP� RXWVLGH� WKH� REMHFW�� RQO\�IURP�LQVLGH�WKDW�REMHFW�LWVHOI��7KLV�WKHUHIRUH�UHGXFHV�WKH�DPRXQW�RI�SRWHQWLDO�FRXSOLQJV�± L�H�� ORZ�FRXSOLQJ�± DQG� UDLVHV� FRKHVLRQ� DV� LW� IRUFHV� WKH� ULFK� FRPSOH[�DFWLYLW\� WR�EH�GHDOW�ZLWK�DZD\�IURP�LWV�XVHUV��RWKHU�REMHFWV��$Q�DQDORJLFDO�H[DPSOH�LV�WKH�3OD\�EXWWRQ�RQ�D�YLGHR�PDFKLQH��7KH�XVHU�QHHG�QRW�QHHG�EH�FRQFHUQHG�ZLWK�WKH�FRPSOH[�HOHFWURQLF�DQG�PHFKDQLFDO�RSHUDWLRQV�WKH�PDFKLQH�KDV�WR�XQGHUWDNH�WR�SOD\�D�WDSH��LW�LV�WKH�PDFKLQH¶V�MRE�WR�NQRZ�KRZ�WR�SOD\�D�WDSH��QRW�WKH�XVHU¶V� L�H� GHOHJDWLRQ� $QG� LW� VDIHJXDUGV� WKH� XVHU� IURP� PDNLQJ� D� PHVV� RI� WKLQJV� E\�LQDGYHUWHQWO\� HQDFWLQJ� SURFHGXUHV� �RSHUDWLRQV�� WKDW� XVHU� GRHVQ¶W� XQGHUVWDQG� ± WKH�IDPLOLDU�µ1R�XVHU�VHUYLFHDEOH�SDUWV�LQVLGH¶��)URP�D�VRIWZDUH�GHYHORSPHQW�SRLQW�RI�YLHZ�LW� GLVVXDGHV� µKDFNLQJ¶� RQH� FDQQRW� VR� HDVLO\� µMXVW� DGG� RQH� OLQH� RI� FRGH¶� ZLWKRXW�FRQVLGHULQJ�WKHVH�LVVXHV DV�HQFDSVXODWLRQ�LV QRZ�µLQ�WKH�IDFH¶�RI�WKH�GHVLJQHU�GHYHORSHU���$OO�WKLV RI�FRXUVH�VDWLVILHV 0LOOHU WRR��2XU�(PSOR\HH REMHFW PLJKW�LQFOXGH DQ�$JH GDWD�LWHP��:H�ZRXOG�ZDQW�WR�NHHS�WKLV�SULYDWH� DV� ZH� ZRXOG� QRW� ZDQW� RWKHU� REMHFWV� µKDFNLQJ¶� WKLV� ILHOG� LQSXWWLQJ QRQVHQVH�YDOXHV�OLNH�µ������¶��:H�ZRXOG�ZDQW�LW�WR�EH�µPDQDJHG¶�VR�WKDW�LWV�YDOXHV�OLH��VD\��LQ�EHWZHHQ����WR�����RU����IRU�ZRPHQ��UHIOHFWLQJ�FXUUHQW�8.�OHJLVODWLRQ��$QG�RI�FRXUVH�LW�VKRXOG�DOORZ�IRU� WKRVH�HPSOR\HHV�ZKR�ZDQW� WR�FRQWLQXH�WR�ZRUN�DIWHU�UHWLUHPHQW�DJH��:H�ZRXOG�WKHUHIRUH�RQO\�KDYH�D�SXEOLF�VHW$JH�DJH�YDOXH� RSHUDWLRQ��RU�PHWKRG�LQ�22�SDUODQFH��DYDLODEOH�DQG�LW�ZRXOG�LQ�WXUQ�SULYDWHO\�FDOO�WKH�$JH ILHOG��DV�ZHOO�DV�WKH� REMHFW¶V� RWKHU� SULYDWH� LQQHU� ZRUNLQJV� WR� FRQGXFW� LWV� SURSHU� PDQDJHPHQW� DV�VXJJHVWHG��$V�EHIRUH�LW¶V�GHOHJDWHG�WR�WKH�(PSOR\HH REMHFW�WR�GHDO�ZLWK�WKLV��DV�LW¶V�LWVMRE�QRW�WKH�XVHU¶V MRE��VR�LW�GRHV LWV�RQH�WKLQJ��(PSOR\HH�W\SH�RSHUDWLRQV��ZHOO��� ,QKHULWDQFH� 6R� IDU� LQ� WKLV� GLVFXVVLRQ� ZH� KDYH� VLPSO\� UHIHUUHG� WR� REMHFWV�� DQG�PHQWLRQHG�FODVVLILFDWLRQ�DV� WKH�ZD\�ZH�FDQ�FDWHJRULVH�HOHPHQWV�RI�RXU�NQRZOHGJH�� ,Q�22�ZH�GLVWLQJXLVK�EHWZHHQ�REMHFWV�DQG�FODVVHV��7KH�FODVV�LV�UDWKHU�OLNH�D�SDVWU\�FXWWHU��WKH�REMHFWV�DUH�WKH�DFWXDO�SDVWULHV�LW�FUHDWHV��6R�ZKHQ�ZH�UHIHU�WR�(PSOR\HH�WKLV�LV�UHDOO\�D� FODVV�� DQ� REMHFW� ZRXOG� EH� D� SDUWLFXODU� LQVWDQFH� RI� WKLV� FODVV�� $FFRUGLQJO\� ³)UHG�6PLWK´� ZRXOG� EH� DQ� REMHFW� RI� WKH� (PSOR\HH FODVV�� &ODVVHV� DUH� SDUWLFXODUO\�VLJQLILFDQW� IRU� LQKHULWDQFH�� LQ�ZKLFK� HDFK� FODVV� LV� DUUDQJHG� LQ� D�KLHUDUFK\ RI� FODVVHV��ZLWK�WKH�PRVW�JHQHUDO�DW�WKH�URRW��WRS��DQG�LWV�VSHFLDOLVDWLRQV�DV�LWV�OHDYHV��GRZQ�IURP�WKH� URRW� WR� WKH�ERWWRP���6R� IRU� LQVWDQFH�RXU�PRVW�JHQHUDO� FODVV� �VXSHUFODVV��PLJKW�EH�(PSOR\HH�� DQG� LWV� VSHFLDOLVDWLRQV� �VXEFODVVHV�� PLJKW� EH� 6DOHV�(PSOR\HH��6HQLRU�0DQDJHU��HWF��6LPLODUO\�LW�LV�SRVVLEOH�IRU��VD\��&KLHI�([HFXWLYH WR�EH�D� VXEFODVV� RI� LWV� VXSHUFODVV� 6HQLRU�0DQDJHU�� ZKLFK� LQ� WXUQ� LV� D� VXEFODVV� RI�
� $QG�RU�µGDWD�KLGLQJ¶�� ,Q� WKLV� UHJDUG� &��� LV� D� VWUDQJH� EHDVW� LQ� WKDW� LW� DOORZV� ERWK� 22� DQG� SUH�22� VRIWZDUH� GHYHORSPHQW��HIIHFWLYHO\�&���$V�VXFK�LW�FDQQRW�HQIRUFH�DQ�22�DSSURDFK�H�J��E\�HVVHQWLDOO\�UHTXLULQJ�WKDW�DOO�SURJUDP�FRGH�LV�FRQWDLQHG�ZLWKLQ�D�FODVV�
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(PSOR\HH�� $V� FODVV� UHODWLRQVKLSV� DUH� WUDQVLWLYH�� ZH� FDQ� DOVR� VWDWH� WKDW� &KLHI�([HFXWLYH LV�D�VXEFODVV�RI�(PSOR\HH�,QKHULWDQFH�WDNHV�DGYDQWDJH�RI�WKLV�µLV�D¶�UHODWLRQVKLS��ZKLFK�ZRUNV�DV�LQGLFDWHG�DERYH��$FFRUGLQJO\� ZH� FDQ� SODFH� GDWD� ILHOGV� DQG� RSHUDWLRQV� LQ� D� VXSHUFODVV� DQG� DOO� LWV�VXEFODVVHV�ZLOO� LQKHULW��KHQFH�WKH�WHUP��WKHVH�GDWD�DQG�RSHUDWLRQV��DV ORQJ�DV� WKH\�DUH�SXEOLF� RI� FRXUVH��� SOXV� DQ\� RI� LWV� RZQ�� 6R� (PSOR\HH PLJKW� KDYH� D� SXEOLF�VHW1DPH�«�� JHW1DPH���� VHW$JH�«�� JHW$JH�� HWF��� ZKLFK� &KLHI�([HFXWLYH ZLOO� WKXV� DOVR� KDYH� DV� ZHOO� DV� DGGLQJ� LWV� RZQ� H�J��FDOFXODWH%RQXV��� ,QKHULWDQFH�HQKDQFHV�PRGXODULW\�DQG�DEVWUDFWLRQ�DV�LW�DGGV�WKH�VXE�GLYLGLQJ� GLPHQVLRQ� RI� OHYHOV� RI� JHQHUDOLVHG� RU� VSHFLDOLVHG� DEVWUDFWLRQV�� DQG� WKHLULQWHUUHODWLRQVKLSV�� WR� EH� FRQVLGHUHG�� ,QKHULWDQFH� LPSURYHV� FRKHVLRQ� DV� LW� IRFXVHV� WKH�SXUSRVH� RI� HDFK� FODVV�� EXW� LW� ZRUVHQV� FRXSOLQJ� DV� LQWHUGHSHQGHQFH� KDV� LQFUHDVHG�EHWZHHQ�FODVVHV��KHQFH�LWV�REMHFWV� LQ�WKH�KLHUDUFK\� 6R��IRU�H[DPSOH��LI�D�FKDQJH�ZDV�PDGH� WR� WKH�SXEOLF� LQWHUIDFH�RI�(PSOR\HH H�J�� DQ�H[WUD�SDUDPHWHU�ZDV�DGGHG� WR� WKH�VHW$JH�PHWKRG�OLNH�VHW$JH�DJH�YDOXH��\HV�QR�UHWLUHG� WKLV�ZRXOG�ULSSOH�GRZQ� WR� DOO� LWV� VXEFODVVHV� PHDQLQJ� DQ\�REMHFW FDOOLQJ� WKLV�PHWKRG�ZRXOG�KDYH� WR�EH�PRGLILHG��XQUDYHOOLQJ DOO�WKH�VRIWZDUH�HQJLQHHULQJ JRDOV DOUHDG\�GLVFXVVHG��� 3RO\PRUSKLVP� ,QKHULWDQFH�WKXV�LV�DQ�RSWLPLVLQJ WUDGH�RII��DQG�VKRXOG�WKHUHE\�EH�XVHG�MXGLFLRXVO\��+RZHYHU�ZH�FDQ�WDNH�DGYDQWDJH�RI�WKH�LQWHUGHSHQGHQF\�IRU�WKH�SXUSRVH�RI�SRO\PRUSKLVP� �WDNHQ� IURP� *UHHN PHDQLQJ µPDQ\� IRUPV¶���� ,Q� WKH� FRQWH[W� RI� WKLV�GLVFXVVLRQ��SRO\PRUSKLVP�DOORZV�DQ\�VXEFODVV�WR�EH�VXEVWLWXWHG�IRU�LWV�VXSHUFODVV��DIWHU�/LVNRY¶V� 6XEVWLWXWDELOLW\� 3ULQFLSOH >�@�� $FFRUGLQJO\� &KLHI�([HFXWLYH FDQ� EH�VXEVWLWXWHG� IRU� 6HQLRU�0DQDJHU RU� (PSOR\HH� EXW� 6HQLRU�0DQDJHU RU�(PSOR\HH FDQQRW�EH�VXEVWLWXWHG�IRU�&KLHI�([HFXWLYH��7KLV�PDNHV�VHQVH��$�VXSHUFODVV�FDQ�EH�GHVLJQHG���SURJUDPPHG�VR�WKDW�LW�DFWXDOO\�KDV�QR�LPSOHPHQWDWLRQ�RI�LWV�GDWD�RU�RSHUDWLRQV��,W�PHUHO\�SURYLGHV�WKH�QDPHV��RU�µGDWD�PHWKRG�VLJQDWXUHV¶��E\�ZKLFK�WKHVH�LWHPV�DUH�SXEOLFO\�UHIHUUHG�WR�H�J��VHW$JH�«���7KHVH�FODVVHV�DUH�NQRZQ�DV� LQWHUIDFHV �SHUKDSV� QRW� VXUSULVLQJO\���� $V� WKH\� KDYH� QR� LPSOHPHQWDWLRQ� GHWDLOV��REMHFWV�FDQQRW�EH�FUHDWHG�IURP�WKHP�± WKH\�DUH�WKXV�LQGHHG�DEVWUDFW��2WKHU�REMHFWV�PD\�FDOO�DQ� LQWHUIDFH�EXW�RQH�RI� LWV�FRQFUHWH VXEFODVVHV� �L�H��FODVV� WKDW�KDV� LPSOHPHQWDWLRQ�WKXV� FDQ� FUHDWH� REMHFWV�� PXVW� EH� VXEVWLWXWHG� WR� UXQ� WKH� LPSOHPHQWHG� FRGH�� $V� WKH�LQWHUIDFH� KDV� QR� LPSOHPHQWDWLRQ� WKH� FRQFUHWH� VXEFODVV� PXVW� LPSOHPHQW� DOO WKH�LQWHUIDFH¶V� VLJQDWXUHV� $� VLPSOH� H[DPSOH� LV� 6KDSH�� ZKLFK� KDV� D�FDOFXODWH$UHD�«� PHWKRG��$�VKDSH¶V�DUHD�FDQQRW�EH�FDOFXODWHG�XQOHVV�ZH�NQRZ�ZKDW� NLQG� RI� VKDSH� LW� LV� ± 6KDSH� LV� WUXO\� DEVWUDFW�� 6R� &LUFOH�� 7ULDQJOH��5HFWDQJOH��6TXDUH�� HWF��REMHFWV�ZRXOG�KDYH� WR EH� VXEVWLWXWHG�DQG�KDYH� WR PDWFK�WKLV�PHWKRG�VLJQDWXUH�DQG�JLYH�LWV SDUWLFXODU�LPSOHPHQWDWLRQ�DFFRUGLQJ�WR�WKH�VKDSH�LQ�
� 7KHUH� DUH� YLVLELOLW\�PRGLILHUV� RWKHU� WKDQ�SXEOLF RU�SULYDWH �H�J��SURWHFWHG�� WKDW� IRU� WKH� VDNH�RI�EUHYLW\�DUH�QRW�LQFOXGHG�LQ�WKLV�SDSHU�� 6WULFWO\�VSHDNLQJ�ZH�DUH�UHIHUULQJ�WR�SDUDPHWULF�SRO\PRUSKLVP��DV�WKHUH�DUH�RWKHU�IRUPV�RI�SRO\PRUSKLVP�VXFK�DV�µRSHUDWRU�RYHUORDGLQJ¶�WKDW�DUH�QRW�GLVFXVVHG�LQ�WKLV�SDSHU�� &RQVLGHU�DV�DQ�LOOXVWUDWLRQ�WKDW� LI�\RX�ZHUH�WR�DVN�IRU�DQ�(PSOR\HH�\RX�VKRXOG�EH�KDSS\� WR�VHH�WKH�&KLHI�([HFXWLYH��WKH�6DOHV�(PSOR\HH��WKH�2IILFH�$VVLVWDQW�RU�LQGHHG�WKH�-DQLWRU��7KHVH�DUH��DIWHU�DOO��DOO�HPSOR\HHV��2Q� WKH�RWKHU� KDQG� LI� \RX� DVNHG� IRU� D�6HQLRU�0DQDJHU� WKHQ� �LQ� RXU� VLPSOH� LQKHULWDQFH� KLHUDUFK\�� WKHQ� \RX�ZRXOG�EH�KDSS\�ZLWK�WKH�&KLHI�([HFXWLYH�EXW�DQJU\�LI�\RX�VDZ�WKH�-DQLWRU��QR�VOXU�RQ�WKLV�QREOH�SURIHVVLRQ�LQWHQGHG��� 7KHUH�LV�DOVR�WKH�FRQFHSW�RI�WKH�µDEVWUDFW�FODVV¶�WKDW��DJDLQ�IRU�WKH�VDNH�RI�VLPSOH�FODULW\�DQG�EUHYLW\�LV QRW�GLVWLQJXLVKHG�LQ�WKLV�SDSHU�
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TXHVWLRQ�� 7KH� (PSOR\HH FODVV� FRXOG� LQVWHDG� EH� DQ� LQWHUIDFH �DV� LQGHHG� FRXOG� LWV�VXEFODVV�6HQLRU�0DQDJHU WR�LQFOXGH�D�KLHUDUFK\�RI�LQWHUIDFHV�LI�VR�ZLVKHG���VR�WKDW�DOO� LWV� REMHFWV� ZRXOG� KDYH� WR� EH� RQH� RI� LWV� FRQFUHWH� VXEFODVVHV� H�J�� &KLHI�([HFXWLYH�� 7KH� FRQFHSW� LV� HVVHQWLDOO\� SOXJ�DQG�SOD\�� SULQWHU� GULYHV� DUH� DQ� HYLGHQW�H[DPSOH�DV�0LFURVRIW�IRU�LQVWDQFH�ZRXOG�QRW�ZDQW�WR�UHZULWH�:LQGRZV��HYHU\�VLQJOH�VHFRQG D�QHZ�SULQWHU�LV�SURGXFHG�3RO\PRUSKLVP� DOORZV� VR�FDOOHG� µODWH� ELQGLQJ¶� DW� UXQWLPH�� &RGH� GRHV� QRW� KDYH� WR� EH�UHZULWWHQ �ZLWK�DOO�WKH�KRUURUV�WKDW�FDQ�EULQJ�DV�ZH�KDYH�VHHQ��IRU�DQ�XSGDWHG�VLWXDWLRQ�H�J�� D� QHZ� SULQWHU� GULYHU� RU� D� QHZ� FODVV� RI� HPSOR\HH�� :H� VKRXOG� WKHUHIRUH� DOZD\V�IROORZ�WKH�³SULQFLSOH�RI�UHXVDEOH�REMHFW�RULHQWHG�GHVLJQ��3URJUDP�WR�DQ�LQWHUIDFH��QRW�DQ�LPSOHPHQWDWLRQ�´ >�@� $V� ZH� DUH� OHYHULQJ� LQFUHDVHG� FRXSOLQJ� WR� RXU� DGYDQWDJH E\�IRFXVLQJ� RQ� WKH� LQWHUIDFH�� WKLV� UHILQHV� DEVWUDFWLRQ� WR� LWV� WUXHVW�� DEVWUDFW� VHQVH� LQ�DFKLHYLQJ�WKH�RSWLPXP�VWUXFWXUH�IRU�WKH�LQWHUIDFHV���� /D\HULQJ��1�7LHU����� &RQWHQW�YV��3UHVHQWDWLRQ7KH�ZRUOG�FRQVLVWV�RI�WZR�NH\�HOHPHQWV��7KH�WDQJLEOH�REMHFWV�RI�ZKLFK�LW�LV�PDGH�XS��H�J��/DQG��6HD��%DOOHW��%XVLQHVV� (PSOR\HH��%DQN�$FFRXQW� «���DQG�WKH�LQWDQJLEOH�LQIRUPDWLRQ�IORZV� WKDW�� LQGHHG� LQIRUPV XV� RI� WKHVH� REMHFWV� DQG� WKHLU� VLJQLILFDQFH �H�J�� µ7KDW�SHUIRUPDQFH�RI�1XWFUDFNHU�GLG� D�EULOOLDQW� VHUYLFH� WR�EDOOHW� EHFDXVH«¶�� 7R�FRQYH\� WKHVH�PHVVDJHV�FRUUHFWO\� WKHUHIRUH�� LQIRUPDWLRQ KDV� WR�EH� UHSUHVHQWHG�WUXWKIXOO\��VXFFLQFWO\�DQG�XQDPELJXRXVO\��7KLV�VLJQLILFDWLRQ�SURFHVV�LV�WKH�GRPDLQ�RI�VHPLRWLF��� WKH VFLHQFH�RI�VLJQV�DQG�PHDQLQJ�PDNLQJ� ,QIRUPDWLRQ FDQ� WKXV�EH�VHSDUDWHG LQWR� WZR FRPSRQHQWV RU� µOD\HUV¶DFFRUGLQJO\�x 7KH�DFWXDO�FRQWHQW�RI�WKDW�LQIRUPDWLRQx 7KH�ZD\�WKDW�LQIRUPDWLRQ�LV�SUHVHQWHG$V�VKRZQ� LQ�)LJXUH��� WKHVH� OD\HUV�DUH� WLHUHG�KRUL]RQWDOO\�� UHIOHFWLQJ�WKDW� WKH\ FDQ� FRYHU WKH� ZKROH� RI� DQ� RUJDQLVDWLRQ¶V� RSHUDWLRQV� DV�RSSRVHG�WR�YHUWLFDOO\�ZKLFK�IRFXVHV�RQ�D�VSHFLILF�IXQFWLRQ�RU�SURGXFW�PDUNHW� �H�J�� PDUNHWLQJ�� IRRG� UHWDLO��� 7KDW� ZD\� ZH� FDQ� GLYLGH�DQG�FRQTXHU� �L�H�� DFKLHYH�PRGXODULW\�� DQG�FRKHVLYHO\� IRFXV�RQ�ZKDW� DQ\LWHP�RI� LQIRUPDWLRQ� LV�DERXW� UHJDUGOHVV�RI�KRZ�LW� LV SUHVHQWHG WR� WKH�XVHU DQG�YLFH�YHUVD��2QFH�ZH�KDYH� FOHDQO\�GHILQHG� WKH� LQWHUIDFH�EHWZHHQ�D�FRQWHQW�FODVV�DQG�D SUHVHQWDWLRQ�FODVV��NQRZQ�DV�D�ERXQGDU\ FODVV� ZH�FDQ�SRO\PRUSKLFDOO\� µSOXJ�DQG�SOD\¶� WKH�GLIIHUHQW� XVHU� LQWHUIDFHV� DFFRUGLQJ� WR� WKH�XVHUV�QHHGV� DQG� DELOLWLHV�� EDFNJURXQG�NQRZOHGJH��DQG�FXOWXUH��7KLV�GHILQHV�WKH�SUHVHQWDWLRQ OD\HU��WKH�FRQWHQW LV�WKH�RWKHU�OD\HU��PDGH�XS�RI�FRQWURO RU�HQWLW\ FODVVHV DV�H[SODLQHG�VKRUWO\���KHQFH µFRQWHQW�YV��SUHVHQWDWLRQ¶��DQG�WKHVH OD\HUV�FRPPXQLFDWH�YLD�D�VLPSOH��WR�PDLQWDLQ���ZHOO�GHILQHG�LQWHUIDFH�7R� DSSUHFLDWH� KRZ� WR PDNH� WKLV� VHSDUDWLRQ�� LPDJLQH� KRZ� WKH� VDPH SLHFH� RI� LQIRUPDWLRQ�PLJKW�EH�FRQYH\HG�WR�x $�EOLQG�XVHUx $�GHDI�XVHU
�� 2U� VHPLRWLFV� RU� VHPLRORJ\�� ,Q� LWV� DSSOLFDWLRQ� �RQ� ZKLFK� WKLV� SDSHU� IRFXVHV�� WKH� DUJXDEO\� GHWUDFWLQJ�SKLORVRSKLFDO�GHEDWH�VXUURXQGLQJ�DQ\�GLIIHUHQFHV�LQ�VHPLRWLF�WHUPLQRORJ\�LV�QRW�HQWHUHG�LQWR��WKH\�DUH�WUHDWHG�LQWHUFKDQJHDEO\�IRU�WKH�SXUSRVHV�RI�WKLV�SDSHU�
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)RU� LQVWDQFH�� WDNH� D� IDYRXULWH� PXVLF� WUDFN� RU DUWLVW�� DQG� FRQVLGHU� KRZ� WKLV� ZRXOG� EH�H[SODLQHG�WR�GHDI�RU�RWKHUZLVH�KHDULQJ�LPSDLUHG�SHRSOH�VR�WKDW�WKH\�FDQ�IXOO\�H[SHULHQFH�LW�DV�LI�WKH\�KDG�IXOO�KHDULQJ��/LNHZLVH�WDNH�D�IDYRXULWH�SLFWXUH�DQG�FRQYH\�WKLV IXOO\�WR�EOLQG�RU� RWKHUZLVH� YLVXDOO\� LPSDLUHG�SHRSOH� &OHDUO\� WKLV� OHYHO� RI� DFFHVVLELOLW\� LV� DQ� DPELWLRXV�FKDOOHQJH���� EXW� WKH� WUXH� VHSHUDWLRQ� RI� SUHVHQWDWLRQ� IURP� FRQWHQW� LV� ZKDW� FRQWHPSRUDU\�HQWHUSULVH� V\VWHPV� GHYHORSPHQW� VHHNV� IRU� WKH� UHDVRQV� DOUHDG\� JLYHQ�� 7KLV� LV� IXUWKHU�HYLGHQFHG� LQ� WKDW� RQH� RI� WKH� WHQHWV� RI� ;0/� �H;WHQVLEOH� 0DUNXS� /DQJXDJH��KWWS���ZZZ�Z��RUJ�;0/��� LV� WKDW� LQIRUPDWLRQ� FRQWHQW� LV� VHSDUDWHG� RXW�� DQG� ;6/�)2�H;WHQVLEOH�6W\OHVKHHW�/DQJXDJH ± )RUPDWWLQJ�2EMHFWV��KWWS���ZZZ�Z��RUJ�6W\OH�;6/����D�SDUW�RI�;0/ WKDW�LV�XVHG�WR�IRUPDW��L�H��SUHVHQW��WKDW�LQIRUPDWLRQ� 7KH�DFFHVVLELOLW\ HIIRUW�LQ�WKLV� GLUHFWLRQ� LV� UHIOHFWHG LQ WKH� ;0/� $FFHVVLELOLW\� *XLGHOLQHV��KWWS���ZZZ�Z��RUJ�75�[DJ��� 7KHUH� DUH�PRUH�PRGHVW� EXW� LPPHGLDWHO\� SUDFWLFDO� DWWHPSWV�VXFK� DV� WKH� XVH� RI�;6/�)2� WR� FUHDWH� SULQWDEOH� GRFXPHQWV� >��@�� 7KHUH� LV� DFFRUGLQJO\� DQ�XQPLVWDNDEOH FDOO� IRU�VHPLRWLF� WR�DGGUHVV� WKLV�VHSDUDWLRQ�DQG� WR�RIIHU� IURP LWV LQKHUHQWO\�UHOHYDQW� WKHRUHWLFDO� EDVLV� D� PHDQLQJIXO� ZD\� WRZDUGV� LWV� VROXWLRQ� 7KLV� LV� RI� FRXUVH� DQ�LQWULQVLF�FRPSRQHQW�RI�WKLV�SDSHU¶V�VXEMHFW�PDWWHU�DQG RSHQV�XS�D�VSHFLILF�WKUHDG�RI�KLJKO\�ZRUWKZKLOH� UHVHDUFK�� ,QGHHG�ZRUN� KDV� EHJXQ� RQ� WKLV� YHU\� WRSLF� >��@�� 7KDW�ZRUN� LV� WKXV�SUHVHQWO\� OHIW� IRU� HOVHZKHUH DQG� ZH� UHPDLQ� IRFXVHG� RQ� RXU� WZR� SULPDU\� FRQFHUQV� �L�H��µGDWDEDVH� YV�� 22¶�� µPHVVDJH� OLWWHU¶��� ZKLOVW� DFNQRZOHGJLQJ� WKDW� UHVHDUFK¶V� VXFFHVVIXO�RXWFRPH�ZRXOG�XQGRXEWHGO\�DXJPHQW WKH�PDWHULDO�RI�WKLV�SDSHU������ %XVLQHVV�/RJLF�YV��3HUVLVWHQFH,QIRUPDWLRQ� FRQWHQW� FDQ� EH� IXUWKHU� VHSDUDWHG LQWR� WZR ��LQWULQVLF FRPSRQHQWV�� 2QH� RI� WKHVH� LV� WKRVH� FODVVHV� �WKH�FRQWURO FODVVHV��WKDW�HQFRGH�WKH�G\QDPLF�EXVLQHVV�SURFHVVHV�RU� RSHUDWLRQV� L�H�� WKH� EXVLQHVV� ORJLF�� 7KH� RWKHU� LV� WKH�FUHDWHG�� UHWULHYHG��XSGDWHG� RU�GHOHWHG� �µFUXG¶�� LQIRUPDWLRQ�WKDW�WKDW�EXVLQHVV�ORJLF�SURFHVVHV�DQG��IURP�WKLV�SURFHVVLQJ��VWRUHV �SHUVLVWV� DFFRUGLQJO\�� 7KLV� LV� WKH� SHUVLVWHQW� VWRUH��WKH SHUVLVWHQFH� OD\HU���DQG�FKDUDFWHULVHG�E\ WKH�WHUP�HQWLW\FODVVHV����7KHUH DUH�WKXV WKUHH OD\HUV��LOOXVWUDWHG�E\�)LJXUH����$V�WKH�SHUVLVWHG�LQIRUPDWLRQ�LV� FRPPRQO\ KDQGOHG� E\� D 'DWDEDVH �'%��� ZLWK� ILOH� KDQGOLQJ� PDQDJHG� E\� D� 'DWDEDVH�0DQDJHPHQW� 6\VWHP� �'%06� RI� ZKLFK� WKH� 5HODWLRQDO�'%06��5'%06��LV�WKH�SUHYDOHQW�DSSURDFK WKH�ERWWRP�WLHU�LQ�)LJXUH� � LV� LOOXVWUDWHG DV� WKH� GDWDEDVH�� 0DQ\� V\VWHPV� KDYH�PRUH�OD\HUV�HVVHQWLDOO\�E\ EUHDNLQJ�WKHVH�WKUHH�GRZQ�IXUWKHU��JLYLQJ� ULVH� WR� WKH� WHUP� µQ�7LHU¶�� EXW� WKH� WKUHH� DV� JLYHQ� E\�)LJXUH���HPERG\�WKH�HVVHQWLDO�WLHUV��7KLV�GLVFXVVLRQ�WKHUHIRUH�FHQWUHV�RQ�WKLV�EDVLF���7LHU�DUFKLWHFWXUH�7KHUH�LV�KRZHYHU�DOVR�D�OD\HU�LQ�EHWZHHQ�WKH�SHUVLVWHQFH�DQG�EXVLQHVV� ORJLF� NQRZQ� DV� LQWHJUDWLRQ�� ZKLFK� DGGUHVVHV� WKH�DFWXDO�PDSSLQJ�EHWZHHQ� WKH� WZR� WKXV�JLYLQJ�D���WLHU�DUFKLWHFWXUH�� LOOXVWUDWHG�E\�)LJXUH���7KLV�GRHV�QRW�GHWUDFW�IURP�WKH�FRQFHSW�RI���EDVLF�OD\HUV�DV�WKH�LQWHJUDWLRQ OD\HU�HVVHQWLDOO\�WUDQVODWHV WKH�ZD\�WKDW�WKH�RWKHU�WZR�FDQ�FRPPXQLFDWH�WR�RQH�DQRWKHU��EXW�DV�ZH�VKDOO�VHH�
�� 7KH�:�&¶V�:HE�$FFHVVLELOLW\�,QLWLDWLYH��KWWS���ZZZ�Z��RUJ�:$,���KDV�QRQHWKHOHVV�EHHQ�DGGUHVVLQJ�WKLV�VXEMHFW�IURP�WKH�RXWVHW��� 7KH�WHUPV�ERXQGDU\��FRQWURO�DQG�HQWLW\�FODVVHV�DUH�GHILQHG�LQ�-DFREVRQ�HW�DO��>��@��%HQQHWW�HW�DO��GLVFXVVHV�WKHVH�WHUPV�DV�ZHOO�DV�OD\HULQJ��SHUVLVWHQFH�DQG�GDWD�PDQDJHPHQW�>��@�

3UHVHQWDWLRQ%XVLQHVV�/RJLF3HUVLVWHQFH�GDWDEDVH�)LJXUH��

3UHVHQWDWLRQ%XVLQHVV�/RJLF,QWHJUDWLRQ3HUVLVWHQFH��GDWDEDVH�)LJXUH��
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IURP� WKH� IROORZLQJ� GLVFXVVLRQ� WKH� UROH� RI� WKH� LQWHJUDWLRQ� OD\HU�PD\�ZHOO� EH SDUWLFXODUO\�VLJQLILFDQW�� /LQJHULQJ�,VVXHV$V�DOUHDG\�LQGLFDWHG��WKHUH�UHPDLQ WZR�OLQJHULQJ�LVVXHV�ZLWK�REMHFW�RULHQWDWLRQ��)LUVWO\�LW�LV�ZHOO�NQRZQ�WKDW�REMHFW�RULHQWDWLRQ�DQG�UHODWLRQDO�GDWDEDVHV�GR�QRW�VLW�HDVLO\�WRJHWKHU >��@�6HFRQGO\�WKH�UHZULWLQJ�RI�DQ�REMHFW¶V�FODVV�FDQ�UHVXOW�LQ DOO�WKH�RWKHU�REMHFW�FODVVHV�WKDW�LW�LQWHUDFWV� ZLWK� KDYLQJ� WR� EH� UHZULWWHQ� LQ� WXUQ�� ZLWK LWV� FRQVHTXHQWLDO� NQRFN� RQ� HIIHFWV�WKURXJKRXW� WKH� DSSOLFDWLRQ�� 7KHVH� WZR� LVVXHV� FDXVH� WKH� YHU\� SXUSRVH� RI� WKH� REMHFW�RULHQWDWHG�DSSURDFK�WR�EH�GHIHDWHG� :K\�LV�WKLV�VR"��� 'DWD�YV��2EMHFWV:KHQ� FRQVLGHULQJ� REMHFWV�� DQG� LQ� SDUWLFXODU� HQFDSVXODWLRQ��ZH� VDZ� WKDW� D� NH\� DVSHFW� RI�WKHLU� VXFFHVV� ZDV� WKDW� GDWD� DQG� LQIRUPDWLRQ� ZDV� KLGGHQ� WR� VXSSRUW� HIIHFWLYH� VRIWZDUH�HQJLQHHULQJ� �DQG��KHQFH�� XVDELOLW\��� ,I� LQ��UG WLHU� WKH�SHUVLVWHG�GDWD� LV� WR� EH�KDQGOHG�E\� D�5'%06� WKHQ� WKH� REMHFW� WR� ZKLFK� LV� UHODWHG� KDV� WR� KDYH� LWV� GDWD� GLYRUFHG IURP� LWV�RSHUDWLRQV��7KLV�LV�WKH�µQDVW\¶�ZD\�RI�VHSDUDWLRQ��HQFDSVXODWLRQ�LV�ORVW��FRKHVLRQ�LV�ORVW�DQG�FRXSOLQJ� KDV� WR� LQFUHDVH�� 2QFH� DJDLQ� ZH� ULVN� WRR� HDVLO\� UHWXUQLQJ� WR� ,6� IDLOXUH� GXH� WR�LQDGHTXDWH�VRIWZDUH��:H�UHWXUQ�WR�WKLV�LVVXH�ODWHU��DIWHU�LQWURGXFLQJ�WKH�VHFRQG�LVVXH���� 5HIDFWRULQJ$V�DQ�REMHFW¶V�RSHUDWLRQV�RU�GDWD�FDQ�EH�KLGGHQ��HQFDSVXODWHG���LQWHUQDO�LPSURYHPHQWV�FDQ�EH�PDGH� WR� WKH�GHVLJQ�RI� WKDW�REMHFW¶V�FODVV� WR�HQKDQFH� WKH�DSSOLFDWLRQ�ZLWKRXW�FDXVLQJ�D�NQRFN� RQ� HIIHFW� E\� RWKHU� REMHFWV� KDYLQJ� WR� EH� UHZULWWHQ�� $V� IDU� DV� WKRVH� RWKHU� REMHFWV��KHQFH�DSSOLFDWLRQ��DUH�FRQFHUQHG�WKHUH¶V�EHHQ�QR�FKDQJH��VR�ZH�GR�QRW�KDYH�WR�UHZULWH��UH�EXJ� DQG� UH�WHVW� WKH�ZKROH� DSSOLFDWLRQ�ZLWK� LWV� FRQVHTXHQWLDO� �RYHU�PDVVLYH� RYHUKHDG� IRU�SRWHQWLDOO\ D�VPDOO FKDQJH��ZLWK�LWV�FRQVHTXHQW�VRIWZDUH IDLOXUH�7KLV�LV�EHFDXVH�WKH�RWKHU�REMHFWV�DUH�QHYHU�DZDUH�WR�WKH�FKDQJH��WKXV�FDQQRW�WLQNHU�ZLWK�LW���WKH� HQKDQFHG� REMHFW¶V� SXEOLF� PHWKRG� VLJQDWXUH� UHPDLQV� WKH� VDPH�� 6R�� IRU� H[DPSOH�� WKH�LQWHUQDO�SURFHVVLQJ�RI�WKH�VHW$JH�«� PHWKRG�RI�WKH�(PSOR\HH FODVV�FRXOG�EH�HQKDQFHG�VR�WKDW�LW�KDQGOHV�FKDQJHV�LQ�UHWLUHPHQW�DJH�ODZ��7KH�FDOOLQJ�REMHFW�FRXOG�VWLOO�EH�LQIRUPHG�LI�WKH�FKDQJH�LV�YDOLG�RU�QRW��LW� MXVW�KDSSHQV�WR�EH�DVVHVVHG�GLIIHUHQWO\�E\�WKH�(PSOR\HHREMHFW�7KLV�WHFKQLTXH�LV�NQRZQ�DV�UHIDFWRULQJ �KWWS���ZZZ�UHIDFWRULQJ�FRP����$OWKRXJK�LW�LV�QRZ�SUDFWLFDO� WR� UHIDFWRU� WKH� LQWHUQDO�� HQFDSVXODWHG� FRPSRQHQWV� RI� D FODVV�� DOWHUDWLRQV� WR� LWV�H[WHUQDO SXEOLF� LQWHUIDFH UHPDLQV� XQZRUNDEOH DV� LW� ZLOO DIIHFW� DOO� WKH� RWKHU� REMHFWV� LW�LQWHUDFWV�ZLWK��7KLV�UHZULWH�RI�WKDW
V�REMHFW
V�PHWKRG�VLJQDWXUHV�WKXV�GRHV�LQFUHDVH�FRXSOLQJ�DV�DOO�WKH�RWKHU�REMHFWV�LW�UHODWHV�WR�KDYH�WR�UHZRUNHG�ZLWK�LWV�NQRFN�RQ�HIIHFWV�WKURXJKRXW�WKH�DSSOLFDWLRQ��7KH�VSHFWUH�RI�,6�IDLOXUH�UH�HPHUJHV�7KH�WUDGLWLRQDO�DSSURDFK�WR�GHDOLQJ�ZLWK�WKLV�LVVXH�KDV�HQGHG�XS FUHDWLQJ�µREMHFW�OLWWHU¶ E\�KDYLQJ�WR�VSDZQ�QXPHURXV�QHZ��VXE�FODVVHV�WKDW�DOORZ�WKH�RULJLQDO��LPSHUIHFW��REMHFW�WR�EH�XVHG��EXW�DGG�WR�WKH�LQIRUPDWLRQ�RYHUORDG�DV�WKH�DSSOLFDWLRQ¶V�FODVV�OLEUDU\�VL]H�JRHV�RXW�RI�DOO�KXPDQO\�PDQDJHDEOH�UHFRJQLWLRQ ZHOO�RYHU�0LOOHU¶V�����OLPLW�UHIHUUHG�WR�HDUOLHU�>�@��$V�WKHVH� µQHZ¶� REMHFWV� LQHYLWDEO\� UHTXLUH� QHZ�PHVVDJH� VLJQDWXUHV� DW� WKHLU� SXEOLF� LQWHUIDFH��REMHFW�OLWWHU�LQ�WXUQ�VSDZQV�HYHQ�PRUH�µPHVVDJH�OLWWHU¶��$OO�LQ�DOO�PRGXODULW\�LV�WKHUHE\�ORVW�DV�LQGHHG VHHQ�LQ�SUDFWLFH��H�J��WKH�ODWHVW��HYHQ�KXJHU -DYD�&ODVV�/LEUDU\ LWVHOI�ZKLFK�QRZ�
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FRQWDLQV� ����� FODVVHV TXLWH� DVLGH� IURP� WKH� LQFUHDVH� LQ� WKH� QXPEHU� RI� QHZ� PHVVDJH�VLJQDWXUHV������ 5HFRQFLOLQJ�'DWD�DQG�2EMHFWV$OO�LQ�DOO�WKHUHIRUH�WKH�YHU\�SXUSRVH�RI�WKH�REMHFW�RULHQWDWHG�DSSURDFK�LV�WKXV�GHIHDWHG��,I�GH�HQFDSVXODWLQJ� WKH� GDWD� RI� WKH� �UG WLHU� VR� WKDW� LW� FDQ� EH� VWRUHG� DQG� PDQLSXODWHG� LQ� D�'%06�� LW� PLJKW� EH� DUJXHG� WKDW� GDWDEDVHV� FDQQRW� ILJXUH� LQ� FRQWHPSRUDU\� VRIWZDUH�GHYHORSPHQW� ,QGHHG�DOWHUQDWLYHV�KDYH�EHHQ�GHYHORSHG��VXFK�DV�µVHULDOL]LQJ¶ WKH�REMHFWV�DV�LQ�-DYD�WR�PDNH�WKHP�SHUVLVWHQW >��@� %XW�WKHVH�DSSURDFKHV�GR�QRW�KDYH�WKH�UREXVW��VFDODEOH�GDWD�PDQDJHPHQW�FDSDELOLW\ IRXQG�LQ�D�5'%06��QRU�PLJKW�WKH\�HYHU�FDWFK�XS"��0RUHRYHU�KRZHYHU� 5'%06� DUH� VR� SUHYDOHQW DQG� ZHOO�NQRZQ WKDW� LW� ZRXOG� EH� D� YHU\� EUDYH�RUJDQLVDWLRQ� WKDW� ZRXOG� ULVN LWV EXVLQHVV� RQ� DQ� µXQSURYHQ¶ DOWHUQDWLYH �DQG� FHUWDLQO\� DQ�DQDO\VW�GHVLJQHU�GHYHORSHU� ZRXOG� QRW� ZDQW� WR� ULVN� KLV�KHU� FDUHHU� DFFRUGLQJO\�� (YHQ�PLJKW\� 0LFURVRIW� LQ� WKHLU� ODWHVW� �1(7 WHFKQRORJ\� �KWWS���ZZZ�PLFURVRIW�FRP�QHW��� KDYH�VWHSSHG�EDFN�IURP�WKLV�LVVXH��DV�LQGLFDWHG�E\�)RZOHU¶V�GLVFXVVLRQ�DURXQG�KLV�µWDEOH�PRGXOH¶�YV��µGRPDLQ�PRGHO¶�SDWWHUQ�>��@���7R� DGGUHVV� WKLV� LVVXH�� REMHFW�RULHQWHG� '%06� �22'%06�� VXFK� DV� &DFKp ��WKH� SRVW�UHODWLRQDO� GDWDEDVH� IRU� H�DSSOLFDWLRQV��� KWWS���ZZZ�H�GEPV�FRP�� KDYH� HPHUJHG�� %XW� DV�%HQQHWW�HW�DO���SDJH������QRWH��HYHQ�WKHVH�WHFKQRORJLHV�GR�QRW�UH�HQFDSVXODWH�WKH�RSHUDWLRQV>��@ ± WKHUH� LV� WKXV�QR�UHPDUULDJH�KHUH� :H�FDQ� WKHUHIRUH� WDNH� WKH�YLHZ�WKDW�DSSOLFDWLRQV�WKDW�VWURQJO\�GDWDEDVH�RULHQWHG�DUH�FRQVLGHUHG�XQVXLWDEOH�IRU�REMHFW�RULHQWHG�GHYHORSPHQW�DV�%HQQHWW�HW�DO��W\SLI\�EXW��PRUH�UHDOLVWLFDOO\�DV�ZH�KDYH�VHHQ�DQG�DV�WKH\�DOVR�DFFHSW��ZH�µKDYH� WR¶� DGGUHVV� KRZ� WR�PDS�22�RQWR�5'%06 >��@�� )RU� WKH� GDWD� YV�� REMHFWV� LVVXH�ZH�WKHUHIRUH� UHTXLUH� D� UHFRQFLOLQJ� IUDPHZRUN� IRU� WKHVH� WZR� YLHZV� RI� WKH� ZRUOG� DURXQG� XV�:KDW�ZLOO�WKH�QDWXUH�RI�WKLV�EH"��� +\EULG�SRVVLELOLWLHV,Q� DWWHPSWLQJ� WR� VROYH� WKLV� REVWDFOH� LQ� SUDFWLFH�� K\EULG�W\SH� VROXWLRQV� VXFK� DV� (QWHUSULVH�-DYD�%HDQV��(-%� DOVR�NQRZQ�DV�-�((� KWWS���MDYD�VXQ�FRP�M�HH����RI�ZKLFK�5DM SURYLGHV�DQ�HOHJDQW�LOOXVWUDWLRQ��KDYH�EHHQ�GHYHORSHG�>��@��7KRXJK�WKHVH�DSSURDFKHV�GR�JR�VRPH�ZD\�WR�DOOHYLDWLQJ�WKH�GLIILFXOW\�WKH�UHFRQFLOLDWLRQ�WKH\�XOWLPDWHO\�RIIHU�LV�PRUH�RI�D�UHVLJQDWLRQ�WR�WKH�DSSDUHQW�GLFKRWRP\��)RU�LQVWDQFH�(-%¶V�µHQWLW\�EHDQV¶�DUH�DUJXDEO\�OLWWOH�PRUH�WKDQ�VKDOORZ�REMHFWV�UHSUHVHQWLQJ�D�FRQQHFWLRQ�WR�D�GDWDEDVH��DOEHLW�D�ULFK�RQH�����7KHUH�LV�WKXV�QR�HQFDSVXODWLRQ��LW¶V�SRVVLEOH�IRU�SULYDWH�GDWD�FKDQJHV�WR�EH�PDGH RXWVLGH�WKH�FRQWURO�RI�WKH�REMHFW��,W¶V�EDFN�WR�VTXDUH�RQH�

�� 7KLV� ILJXUH� LV� DUULYHG� DW� E\� VLPSO\� DGGLQJ� XS� DOO� WKH� FODVVHV� VKRZQ� LQ� WKH� OHIW� KDQG� IUDPH� RI�KWWS���MDYD�VXQ�FRP�M�VH�������GRFV�DSL�LQGH[�KWPO �������� SOXV� DOO� WKRVH� DW�KWWS���MDYD�VXQ�FRP�M�HH�VGNB����WHFKGRFV�DSL�LQGH[�KWPO ������ VKRZQ� VLPLODUO\�� 1DWXUDOO\� PDQ\� RI� WKHVH�FODVVHV�FDQ�EH�FOXPSHG�WRJHWKHU�WR�EH�FRQVLGHUHG�DV�SDUW�RI�D�ZKROH��DV�WKH\�DUH�LQWR�µSDFNDJHV¶��VHH�WKH�OLQNV�JLYHQ���1RQHWKHOHVV�WKHLU�VKHHU�QXPEHU��DQG�WKHLU�FRPSOH[LW\��PDQ\�FODVVHV�KDYH�PRUH�WKDQ���SXEOLF�PHWKRGVWR�EHJLQ�ZLWK���PDNH�WKH�DFWLYLW\�RI�ZRUNLQJ�ZLWK�WKHP�D�PLQG�ERJJOLQJ�SURVSHFW��� 7KH�WRSLF�RI�SDWWHUQV�LV�QRW�DGGUHVVHG�LQ�WKLV�SDSHU��EXW�DV�SDWWHUQV�KDYH�D�SRWHQWLDOO\�KLJKO\�UHOHYDQW�UROH�WKH\�VKRXOG�FHUWDLQO\�IHDWXUH�LQ�IXWXUH�ZRUNV��$OWKRXJK�QRW�H[SOLFDWHG��UHIHUHQFH�KDV�EHHQ�PDGH�WR�WKH�ZRUN�RQ�SDWWHUQV�LQ�WKLV�SDSHU�>�����@��� ,QFLGHQWDOO\� )RZOHU� �H�J�� SDJHV� ��������� JRHV� HYHQ� IXUWKHU� DQG� KLJKOLJKWV� WKH� SRWHQWLDO� GXELRXVQHVV� RI�XVLQJ�(-%� �� -�((� �DQG�FHUWDLQ� µOHDGLQJ�HGJH¶�DVSHFWV�RI� �1(7 IRU� WKDW�PDWWHU���ZKHQ�32-2��SODLQ�ROG� -DYD�REMHFWV��ZLOO�VXIILFH�DQG�WKDW�(-%�FDQ�VHUYH�WR�KLQGHU�UDWKHU�WKDQ�KHOS�>��@ �

http://java.sun.com/j2ee/sdk_1.3/techdocs/api/index.html
http://java.sun.com/j2se/1.4.1/docs/api/index.html
http://java.sun.com/j2ee/
http://www.e-dbms.com/
http://www.microsoft.com/net/
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��� 7KH�UHOLJLRXV�GLPHQVLRQ$OO� LQ� DOO� WKHUHIRUH� LW¶V� EHFRPLQJ� HYLGHQW� WKDW� WHFKQRORJ\� FDQQRW� FRQTXHU� WKLV� SUREOHP��7KLV� LV� VRPHZKDW�QRW� VXUSULVLQJ�EHFDXVH� WKH� OLPLW� LV�QRW� WHFKQRORJLFDO�EXW�SKLORVRSKLFDO��2EMHFWV DUH�D�KXPDQ�FRQVWUXFWLRQ�RI�WKH�ZRUOG��UHFRJQLVLQJ�WKDW�VRIWZDUH�GHYHORSPHQW�LV�D�KXPDQ� HQGHDYRXU�� W\SLILHG� E\� WKH� IDFW� WKDW� HDUOLHVW� VXFFHVVHV� KDYH� EHHQ� ZLWK� KXPDQ�FRPSXWHU� LQWHUDFWLRQ� L�H�� JUDSKLFDO� XVHU� LQWHUIDFH� �*8,��REMHFWV� HSLWRPLVHG�E\� WKH�;HUR[�3DOR�$OWR�ZRUN�DQG�WKH�DUULYDO�RI�WKH�$SSOH�0DFLQWRVK�FRPSXWHU�IURP�WKH�����¶V�>��@��7KH�GDWDEDVH� KDV� OLNHZLVH� HYROYHG� LQWR� D� SKLORVRSK\� RI� WKH�ZRUOG�� 7KH�5'%06¶V� UHODWLRQDO�DOJHEUD�LV�D�SRZHUIXO�PDWKHPDWLFDO�PRGHO�RI�RSWLPLVLQJ�WKH�UHODWLRQVKLS�EHWZHHQ�HQWLWLHV��DQG� KDV� EHHQ� UHDOLVHG� LQ� ,6� GHYHORSPHQW� SUDFWLFH� E\� WKH� µQRUPDOLVDWLRQ¶� SURFHVV�� $V�DOUHDG\� VWDWHG�PDQ\� LQGLYLGXDOV� KDYH�PDGH� WKHLU� FDUHHUV�� DQG� RUJDQLVDWLRQV� KDYH� SODFHG�WKHLU�H[SHUWLVH��RQ�WKLV�SDUDGLJP��7KH�SUHYDOHQW�,6�YLHZ�RI�WKH�ZRUOG�LV�D�GDWD�FHQWULF�RQH�DQG��DV�ZH�FDQ�VHH��ZLWK�JRRG�MXVWLILFDWLRQ�:KDW�ZH�DUH�OHIW�ZLWK�WKHUHIRUH�LV�DQ�HOHPHQWDO�UHFRQFLOLDWLRQ�EHWZHHQ�WKH�REMHFW�YV��GDWD�YLHZV� RI� WKH� ZRUOG�� :H� KDYH� VHHQ� WKDW� WKH� REMHFW�RULHQWHG� DSSURDFK� LV� IXQGDPHQWDO� LQ�DGGUHVVLQJ� ,6� IDLOXUH�� 7KHUH� LV� WKXV� QR� JRLQJ� EDFN�� 'XH� WR� WKH� SDUDGLJP� VKLIW� QHHGHG��GDWDEDVH�SURIHVVLRQDOV�FDQQRW�UHODWH�HDVLO\�WR�REMHFWV�DQG�ULJKWO\�IHDU�WKDW�DOO�WKH�YDOXDEOH�NQRZOHGJH� WKDW� 5'%06� RIIHU� ZLOO� EH� ORVW�� 2EMHFW� SURIHVVLRQDOV� VHH� GDWDEDVHV� DV� DQ�LPSOHPHQWDWLRQ� KXUGOH� WKDW� FRQWUDGLFWV� WKH� VRIWZDUH� HQJLQHHULQJ� JRDOV� KHQFH� VKRXOG� EH�GLVFDUGHG��$�SURFHVV�RI� VKDUHG�XQGHUVWDQGLQJ�PXVW� WKHUHIRUH� WDNH�SODFH� WR�RYHUFRPH� WKH�REMHFW� YV�� GDWD� SKLORVRSKLFDO� GLYLGH�� 7KH� WDVN� LV� QRW� WULYLDO�� $V� $PEHU� QRWHV� WKHVH�FRQIOLFWLQJ� YLHZV� KDYH� EHFRPH� VR� KHDWHG� WKDW� HDFK� VLGH¶V� DUJXPHQWV� KDYH� UHVXOWHG� LQ� D�UHOLJLRXV� GLYLGH� WKDW� H[LVWV� EHWZHHQ� GDWDEDVH� GHVLJQHUV� DQG� WKHLU� REMHFW�RULHQWHG�FRXQWHUSDUWV�� WKH� GHEDWH� KDV� EHFRPH� HPEHGGHG LQ� GLYHUJHQW� FXOWXUHV� >��@�� ,W¶V� WKHUHIRUH�PDQLIHVWO\�FOHDU�WKDW�WKLV�LV�WKH�FKDOOHQJH�IRU�VHPLRWLF��DV�LWV VXFFHVV�LQ�WKLV�NH\�LPSHGDQFH�PLVPDWFK�ZRXOG�LQGHHG�EH�LWV YLQGLFDWLRQ���� 6HPLRWLF�DSSURDFKHV7KHUH� DUH� D�QXPEHU�RI�ZD\V� WKDW� VHPLRWLF�PLJKW�KHOS��3HLUFH
V� SUDJPDWLVP� VXJJHVWV� WKDW�WKHUH� LV� D� ORJLFDO�� VHPLRWLF� ZD\� WKDW� GLYHUJHQFHV� FDQ� EH� UHFRQFLOHG ZLWKRXW� WKH� QHHG� WR�DFFHSW� FRPSURPLVHV� WKDW� XOWLPDWHO\� VDWLVI\� QR�RQH� >��@�� $FFHSWLQJ� WKLV� ZH� FRXOG� DSSO\�3HLUFH
V�SKLORVRSK\�WR�WKH�DSSDUHQWO\�YHU\�IXQGDPHQWDO�GLYLGH��3RORYLQD�KDV�GHPRQVWUDWHG�WKDW�WKH�VHPLRWLFDOO\�LQVSLUHG�FRQFHSWXDO�JUDSKV��EHLQJ�EDVHG�RQ�3HLUFH¶V�H[LVWHQWLDO�ORJLF��KWWS���ZZZ�FV�XDK�HGX�aGHOXJDFK�&*���FDQ�EULQJ�GLYHUJHQW�GLVFLSOLQHV�OLNH�DFFRXQWLQJ�DQG�VWUDWHJLF�SODQQLQJ�LQWR�RQH�XQLI\LQJ��QRQ�FRPSURPLVLQJ�IUDPHZRUN�>������@�7KH�RUJDQLVDWLRQDO�VHPLRWLFV�ZRUN�WKDW�$QGHUVHQ��/LX��6WDPSHU�DQG�RWKHUV�DUH�GHYHORSLQJ�FRXOG�XVHIXOO\�EH�DSSOLHG�WR�WKLV�SUREOHP�>������@��*LYHQ�WKLV�SDSHU¶V�DFFHSWDQFH�DQG�DLULQJ�LQ� WKDW� DUHQD�� FRQWULEXWLRQV� DUH� WKXV� KLJKO\� ZHOFRPHG�� 7KH� SUDFWLFDO�RULHQWHG� 6KDUHG�0HDQLQJV�'HVLJQ�)UDPHZRUN��60')��KWWS���ZZZ�VPGI�RUJ����ZKLFK�IRFXVHV�RQ�VHPLRWLF�LQ� WKH� ,6� UHTXLUHPHQWV� DQG� GHYHORSPHQW� IURP� D� FRQIOLFWLQJ� XVHU�VWDNHKROGHU� SHUVSHFWLYH�RIIHUV�D SDUWLFXODUO\�DWWUDFWLYH�URXWH�+RZ� DQ\� RI� WKHVH�PD\� EH� DSSURSULDWHG� KDV� \HW� WR� EH� GHWHUPLQHG�� EXW� GHPRQVWUDWHV� WKDW�WKHUH� LV� D� VXEVWDQWLDO� EDVH� RI� VHPLRWLF� WR� WDFNOH� WKH�ZRUWKZKLOH SUREOHPV� WKDW� WKLV� SDSHU�UDLVHV� 0HQWLRQ�ZDV�PDGH�HDUOLHU�RI�WKH�LQWHJUDWLRQ�OD\HU�LQ�WKH�Q�WLHU�VRIWZDUH�DUFKLWHFWXUH��,W� LV� HYLGHQW� WKDW� WKLV� LV� ZKHUH� WKH� HIIRUW� FRXOG� EH� IRFXVHG�� DV� LQGLFDWHG� E\� WKH� HDUOLHU�GLVFXVVLRQ�RQ�WKH�VKDOORZ�QHVV�LOOXVWUDWHG�LQ�-�((¶V�HQWLW\�EHDQV��,QVWHDG�RI�WKH�LQWHJUDWLRQ�OD\HU� UHSUHVHQWLQJ� D� FRPSURPLVH� µMXVW� WR� JHW� WKH� WKLQJ� ZRUNLQJ¶� ZLWK� VRPH� QRPLQDO�GHIHUHQFH�WR�Q�WLHUHG�QHVV��VHPLRWLF�FRXOG�EH�DSSOLHG�WR�WKLV�OD\HU�VR�WKDW�LW�UHFRJQLVHV�DQG�

http://www.smdf.org/
http://www.cs.uah.edu/~delugach/CG/
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HPERGLHV�WKH�FXOWXUDO�GLYLGH��,W�FDQ�WKHQ�EH�VDLG�WKDW�LW�WUXO\�RIIHUV�LQWHJUDWLRQ��E\�HDFK�VLGH�RI� WKH� REMHFW�GDWD� FXOWXUDO� GLYLGH� HQJDJLQJ� LQ� VKDUHG�PHDQLQJV� DV� WKH\� XQGHUVWDQG�ZKDW�HDFK� VLGH� FDQ� EULQJ� WR� DFKLHYLQJ� WKH� XOWLPDWH� JRDO� RI� IDFLOLWDWLQJ� XVHIXO� 22� IRU�H%XVLQHVVHV�� 3DOLPSVHVW�WKH�0HVVDJH�/LWWHU)RU� WKH� VHFRQG�� DSSOLFDWLRQ�ZLGH� NQRFN�RQ�HIIHFW� LVVXH� WKH� REMHFW¶V� HYROXWLRQ� PLJKW� EH�UHFRUGHG� E\� PHDQV� RI� LWV� µSDOLPSVHVW¶� L�H�� HPEHGGHG� \HW� YLVLEOH� OD\HUV� GHQRWLQJ� WKDW�REMHFW
V�WHPSRUDO�GHYHORSPHQW�ZLWKLQ�RQH��KXPDQO\�PDQDJHDEOH��HQWLW\��7KH�RWKHU�REMHFWV�FDQ� WKHQ� LQWHUDFW� ZLWK� WKH� DSSURSULDWH� SUHYLRXV� YHUVLRQ� RI� WKDW� REMHFW� WKXV� DYRLGLQJ� D�SRWHQWLDO� UHZULWH� RI� WKH� ZKROH� DSSOLFDWLRQ�� 0RUHRYHU� WKH� REMHFW¶V� HYROXWLRQ� ZRXOG� EH�FDSWXUHG�� WKXV� RIIHULQJ� D� YDOXDEOH� H[SHULHQWLDO� UHFRUG� IRU� IXWXUH� LQIRUPDWLRQ� V\VWHPV�GHYHORSPHQW� $FFRUGLQJO\� ORZ�FRXSOLQJ� LV� UHWDLQHG�DV�HDFK�REMHFW�FDQ� LQWHUDFW�ZLWK�HDFK�RWKHU�DFFRUGLQJ�WR�ZKLFK�SDOLPSVHVW�LQFDUQDWLRQ�WKH�REMHFWV�DUH�DZDUH�RI��LQFLGHQWDOO\�WKLV�ZRXOG� DOVR� UHVXOW� LQ� WKH�PDQLIHVW� RI� D� SDOLPSVHVW� IRU� WKH�ZKROH� DSSOLFDWLRQ�± D YDOXDEOH�H[SHULHQWLDO� UHFRUG� IRU� IXWXUH� LQIRUPDWLRQ� V\VWHPV� GHYHORSPHQWV� 7KURXJK� LWV� XQLI\LQJ�IUDPHZRUN�� VHPLRWLF� RIIHUV� WKH� RSWLPDO� ZD\� WR� UHFRUG� WKH� REMHFWV
� HYROXWLRQ >��@� 7KH�SDOLPSVHVW�PHWDSKRU�KDV�EHHQ�DSSOLHG�LQ�WKH�FRQWH[W�RI�DUFKLWHFWXUDO�GHVLJQ�>��@��$JDLQ�WKH�VHPLRWLF�ZRUN�LGHQWLILHG�IRU�WKH�REMHFW�GDWD�GLYLGH�LV�SHUWLQHQW�KHUH�WRR�� &RQFOXGLQJ�5HPDUNV,W� LV� HYLGHQW� WKDW� IRU� H%XVLQHVV� WR� VXFFHHG� QRZ� DQG� LQ� LWV� XOWLPDWH� VHQVH� E\� HQDEOLQJ�FRPSOHWHO\� FRPSXWHU�PHGLDWHG� FRPPXQLFDWLRQ�� VRIWZDUH� HQJLQHHULQJ� DQG� KXPDQ�FRPSXWHU�LQWHUDFWLRQ��+&,��KXUGOHV�PXVW�EH�RYHUFRPH��,Q�LWV�FRXUVH�WKLV�SDSHU�DJUHHV�ZLWK�$QGHUVRQ�DQG�VHHV�+&,�DV�D�IDFHW�RI� ,6�GHYHORSPHQW�>��@��QRQHWKHOHVV�E\�LWV�YHU\�QDWXUH�VHPLRWLF� GRHV� SDUWLFXODUO\� RIIHU� D� KXPDQ�FHQWULF� �WKXV� +&,� SHUVSHFWLYH� WKHUHE\ IXUWKHU�KLJKOLJKWLQJ�WKLV�NH\�GULYHU��2EMHFW�RULHQWDWLRQ��ZKLFK�LV D�KXPDQ�FHQWULF�LQWHUSUHWDWLRQ�RI�RXU�ZRUOG��KDV�KHOSHG�JUHDWO\�LQ�WKLV�UHJDUG��LQGHHG�WR�VXFK�D�JUHDW�H[WHQW�WKDW�ZH�QHHG�QRW�WXUQ�DZD\�IURP�WKLV�SDUDGLJP�EXW�EXLOG�XSRQ�LW��$V�WKLV�SDSHU�KDV�UHYHDOHG��VHPLRWLF FDQ�KHOS� RYHUFRPH� WZR� IXQGDPHQWDO� KXUGOHV�� WKH� REMHFW�GDWD� GLYLGH� DQG� WKH� JHQHUDWLRQ� RI�REMHFW� ��PHVVDJH� OLWWHU�� ,I� LW�FDQQRW� WKHQ� LW� LV�GLIILFXOW� WR�VHH�ZKDW� UROH�VHPLRWLF�KDV� LQ� ,6�GHYHORSPHQW��$V�WKH�RYHUZKHOPLQJ�HYLGHQFH�VXJJHVWV�RWKHUZLVH�WKLV�SDSHU�GRHV�QRW�DFFHSW�WKDW� DOWHUQDWLYH�� DQG� LW� LV� XS� WR� XV� LQ� WKH� VHPLRWLF� FRPPXQLWLHV� WR� QRZ�GHPRQVWUDWH� WKLV��/HW¶V�HQDEOH�VRIWZDUH�GHYHORSPHQW�WR�VDWLVI\ H%XVLQHVV�DW�ODVW�� 5HIHUHQFHV>�@�1��%DQG\R�SDGK\D\��(�FRPPHUFH���FRQWH[W��FRQFHSWV�DQG�FRQVHTXHQFHV ��/RQGRQ��0F*UDZ�+LOO�������>�@�0��1RUULV�DQG�6��:HVW��H%XVLQHVV�(VVHQWLDOV��7HFKQRORJ\�DQG�1HWZRUN�5HTXLUHPHQWV�IRU�0RELOH�DQG�2QOLQH�0DUNHWV��-RKQ�:LOH\�DQG�6RQV�/WG�������>�@�<��6KDQ�DQG�5�+��(DUOH��(QWHUSULVH�&RPSXWLQJ�ZLWK�2EMHFWV��)URP�&OLHQW�VHUYHU�(QYLURQPHQWV�WR�WKH�,QWHUQHW��$GGLVRQ�:HVOH\�������>�@�*��.XQHQH���(QWHUSULVH�$SSOLFDWLRQ�,QWHJUDWLRQ��7KH�3UREOHP�WKDW�:RQ
W�*R�$ZD\���$FFHVVHG��������-DQXDU\�����������������KWWS���ZZZ�GHY[�FRP�HQWHUSULVH�$UWLFOH������
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>�@�'��3DUNHV��1��6DGHK�DQG�:�(��:DOVK���$JHQW�PHGLDWHG�(OHFWURQLF�&RPPHUFH�,9��'HVLJQLQJ�0HFKDQLVPV�DQG�6\VWHPV��$$0$6������:RUNVKRS�RQ�$JHQW�0HGLDWHG�(OHFWURQLF�&RPPHUFH��%RORJQD��,WDO\��-XO\�����������5HYLVHG�3DSHUV���SS�������'HFHPEHU������������>�@�*�$��0LOOHU���7KH�0DJLFDO�1XPEHU�6HYHQ��3OXV�RU�0LQXV�7ZR��6RPH�/LPLWV�RQ�2XU�&DSDFLW\�IRU�3URFHVVLQJ�,QIRUPDWLRQ���7KH�3V\FKRORJLFDO�5HYLHZ��YRO������SS��������������>�@�'��3DUVRQV��2EMHFW�2ULHQWHG�3URJUDPPLQJ�ZLWK�&����6HFRQG�(GLWLRQ� ��/HWWV�HGXFDWLRQDO�������>�@�%��/LVNRY�DQG�-��:LQJ���$�%HKDYLRUDO�1RWLRQ�RI�6XEW\SLQJ���$&0�7UDQVDFWLRQV�RQ�3URJUDPPLQJ�/DQJXDJHV�DQG�6\VWHPV ��YRO������SS�������������1RYHPEHU�������������>�@�(��*DPPD��5��+HOP��5��-RKQVRQ�DQG�-��9LVVLGHV��'HVLJQ�3DWWHUQV��0LFUR�DUFKLWHFWXUHV�IRU�5HXVDEOH�2EMHFW�RULHQWHG�6RIWZDUH��$GGLVRQ�:HVOH\�������>��@�5�0��5D\D���8VLQJ�;6/�)2�WR�FUHDWH�SULQWDEOH�GRFXPHQWV���$FFHVVHG��������1RYHPEHU�������������KWWS���ZZZ�LEP�FRP�GHYHORSHUZRUNV�OLEUDU\�[�[VOIR�>��@�7��)UHQFK�DQG�6��3RORYLQD���[&XOWXUH�IRU�WKH�H(QWHUSULVH��DQ�HOHPHQWDU\���WLHU�DUFKLWHFWXUH�IRU�VLWH�ORFDOLVDWLRQ���LQ�7KH��QG�%&6�+&,�*URXS�:RUNVKRS�RQ��&XOWXUH�DQG�+&,��%ULGJLQJ�&XOWXUDO�DQG�'LJLWDO�'LYLGHV���������>��@�6��$PEOHU���&URVVLQJ�WKH�2EMHFW�'DWD�'LYLGH���6RIWZDUH�'HYHORSPHQW�2QOLQH 0DUFK������DQG�$SULO�������������KWWS���ZZZ�XPOFKLQD�FRP�&%'�FURVVLQJ�KWP>��@�%�7��.XURWVXFKL���7KH�:RQGHUV�RI�-DYD�2EMHFW�6HULDOL]DWLRQ���$FFHVVHG�����������$XJXVW�������������KWWS���ZZZ�DFP�RUJ�FURVVURDGV�[UGV����VHULDO�KWPO>��@�0��)RZOHU��3DWWHUQV�RI�(QWHUSULVH�$SSOLFDWLRQ�$UFKLWHFWX UH��$GGLVRQ�:HVOH\�������>��@�6��%HQQHWW��6��0F5REE�DQG�5��)DUPHU��2EMHFW�RULHQWHG�6\VWHPV�$QDO\VLV�DQG�'HVLJQ�8VLQJ�80/���QG�(GLWLRQ���0F*UDZ�+LOO�������>��@�*��6XUHVK�5DM���(-%�&RQWDLQHUV���$FFHVVHG��������-DQXDU\���WK�������������KWWS���ZZZ�LGHYUHVRXUFH�FRP�MDYD�OLEUDU\�DUWLFOHV�HMEFRQWDLQHUV�DVS>��@�-��'XUKDP���+LVWRU\�PDNLQJ�FRPSRQHQWV��7UDFLQJ�WKH�URRWV�RI�FRPSRQHQWV�IURP�223�WKURXJK�:6���$FFHVVHG��������$SULO�������������KWWS���ZZZ�����LEP�FRP�GHYHORSHUZRUNV�SDSHUV�QVI�GZ�MDYD�SDSHUV�E\WLWOH>��@�5��.HYHOVRQ��3HLUFH
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