
&*���'���������656���� 38%/,& � ����

' ( / , 9 ( 5 $ % / ( � ' � � �3 $ 5 7 � , � � * ( 1 ( 5 $ / � 5 ( 4 8 , 5 ( 0 ( 1 7 6 � $ 1 ' � ' ( 7 $ , / ( '3 / $ 1 1 1 , 1 * � ) 2 5 � 3 5 2 * 5 $ 0 0 , 1 * � ( 1 9 , 5 2 1 0 ( 1 7
:3��*ULG�$SSOLFDWLRQ�3URJUDPPLQJ�(QYLURQPHQW

'RFXPHQW�)LOHQDPH� &*���'���������656�GRF
:RUN�SDFNDJH� :3��*ULG�$SSOLFDWLRQ�3URJUDPPLQJ�(QYLURQPHQW
3DUWQHU�V�� &<)521(7��)=.��867877��780��8&<��&6,&��8�6�&
/HDG�3DUWQHU� )=.
&RQILJ�,'� &*���'���������656����
'RFXPHQW�FODVVLILFDWLRQ� 38%/,&
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�� 29(59,(:7KLV� GRFXPHQW� VSHFLILHV� WKH� VRIWZDUH� UHTXLUHPHQWV� IRU� D� SURJUDPPLQJ� HQYLURQPHQW� VXSSRUWLQJ� WKHGHYHORSPHQW� RI� LQWHUDFWLYH� *ULG� DSSOLFDWLRQV�� 3DUWLFXODU� HPSKDVLV� LV� SODFHG� RQ� WKH� VSHFLILFUHTXLUHPHQWV� SRVHG� E\� WKH� &URVV*ULG� DSSOLFDWLRQV� GHYHORSHG� LQ� :3��� � ,Q� DGGLWLRQ�� WKH� GRFXPHQWDOUHDG\�SUHVHQWV�ILUVW�GHVLJQ�FRQVLGHUDWLRQV�IRU�WKH�SURJUDPPLQJ�HQYLURQPHQW�7KH�HQYLURQPHQW�FRQVLVWV�RI�WKUHH�PDLQ�FRPSRQHQWV��� $Q�03,�FRGH�GHEXJJLQJ�DQG�YHULILFDWLRQ�WRRO��7KLV�WRRO�ZLOO�SHUIRUP�VHPDQWLFDO�FKHFNV�RQ�DOO03,� FDOOV� LVVXHG� E\� DQ� DSSOLFDWLRQ� GXULQJ� UXQ�WLPH�� ,W� ZLOO� GHWHFW� DQG� UHSRUW� HUURUV� DQGSRVVLEOH�SRUWDELOLW\�SUREOHPV�DV�ZHOO�DV�XQFRPPRQ��DQG�WKXV�PRVW�SUREDEO\�LQFRUUHFW��XVDJHRI�03,�URXWLQHV��7KH�WRRO�ZLOO�EH�LPSOHPHQWHG�DV�DQ�DGGLWLRQDO�OLEUDU\�WKDW�KDV�WR�EH�OLQNHG�WRWKH�DSSOLFDWLRQ��� $�*ULG�EHQFKPDUN�VXLWH��,W�ZLOO�FRQWDLQ�WKUHH�GLIIHUHQW�FODVVHV�RI�EHQFKPDUNV�x 0LFUR�EHQFKPDUNV� H[DPLQH� VLQJOH�� YHU\� VSHFLILF� SHUIRUPDQFH� DVSHFWV� RI� D� *ULGFRQILJXUDWLRQ��KDUGZDUH�DQG�PLGGOHZDUH��x 0LFUR�NHUQHOV� SHUIRUP� D� NLQG� RI� �VWUHVV�WHVW��� L�H�� WKH\� GHWHUPLQH� KRZ� ZHOO� VHYHUDODVSHFWV�RI�SHUIRUPDQFH�FDQ�EH�PHW�DW�WKH�VDPH�WLPH�x $SSOLFDWLRQ� NHUQHOV� SURYLGH� UHVXOWV� UHSUHVHQWDWLYH� IRU� D� JLYHQ� DSSOLFDWLRQ� RU� FODVV� RIDSSOLFDWLRQV�7KH�UHVXOWV�RI�WKHVH�EHQFKPDUNV�ZLOO�EH�XVHG�LQ�YDULRXV�ZD\V�E\�GLIIHUHQW�HQWLWLHV�x %\� WKH� DSSOLFDWLRQ� SURJUDPPHU� �DQG�RU� XVHU�� WR� ILQG� RXW� KRZ� ZHOO� D� JLYHQ� *ULGFRQILJXUDWLRQ�LV�VXLWHG�IRU�KLV�DSSOLFDWLRQ�x %\� WKH� SURJUDPPLQJ� HQYLURQPHQW�� %HQFKPDUNV� SURYLGH� UHIHUHQFH� GDWD� IRU� KLJK�OHYHODQDO\VLV�DV�ZHOO�DV�SDUDPHWHUV�IRU�SHUIRUPDQFH�SUHGLFWLRQ�x %\�WKH�*ULG�PLGGOHZDUH��5HVRXUFH�PDQDJHUV�DQG�VFKHGXOHUV�ZLOO�XVH�EHQFKPDUN�GDWD�WRGHWHUPLQH�WKH�EHVW�VXLWHG�UHVRXUFHV�IRU��SDUWV�RI��DQ�DSSOLFDWLRQ��� $�SHUIRUPDQFH�HYDOXDWLRQ� WRRO��/LNH�RWKHU�VWDWH�RI�WKH�DUW�SHUIRUPDQFH� WRROV� LW�ZLOO�DOORZ� WRPHDVXUH�D�VHOHFWLRQ�RI�SUHGHILQHG�SHUIRUPDQFH�PHWULFV�LQ�D�UXQQLQJ�DSSOLFDWLRQ��+RZHYHU��WKHPHWULFV� ZLOO� EH� VSHFLILFDOO\� DGDSWHG� WR� WKH� QHHGV� RI� WKH� &URVV*ULG� DSSOLFDWLRQV� �H�J�� E\FRQVLGHULQJ�GLVN�DFFHVV�DQG�VHFRQGDU\�VWRUDJH���,Q�DGGLWLRQ��WKH�SHUIRUPDQFH�HYDOXDWLRQ� WRROZLOO�LQFOXGH�FRPSRQHQWV�IRUx KLJK�OHYHO� DQDO\VLV�� 8VLQJ� D� VSHFLILFDWLRQ� ODQJXDJH� IRU� SHUIRUPDQFH� PHWULFV�� WKLVFRPSRQHQW�ZLOO�DOORZ�DQ�DSSOLFDWLRQ�SURJUDPPHU�WR�GHILQH�DSSOLFDWLRQ�VSHFLILF�PHWULFV�,Q�DGGLWLRQ��WKHUH�ZLOO�EH�D�VWDQGDUG�OLEUDU\�RI�PHWULFV�GHILQLWLRQV��ZKLFK�KHOSV�GHWHFWLQJFRPPRQ�SHUIRUPDQFH�SUREOHPV��VXFK�DV�ORDG�LPEDODQFH�x SHUIRUPDQFH� SUHGLFWLRQ��7KLV� FRPSRQHQW� LV� EDVHG� RQ� DQDO\WLFDO�PRGHOV� RI� DSSOLFDWLRQNHUQHOV�DQG�FRPSOHPHQWV�WKH�PHDVXUHPHQW�EDVHG�SDUWV�RI�WKH�WRRO�ZLWK�WKH�FDSDELOLW\�WRDQVZHU��ZKDW�LI��TXHVWLRQV�OLNH��ZKDW�ZRXOG�EH�WKH�DSSOLFDWLRQ
V�UXQWLPH�LI�WKLV�QHWZRUNOLQN�ZHUH�WZLFH�DV�IDVW"�
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�� 67$7(�2)�7+(�$57
���� 03,�'(%8**,1*�$1'�9(5,),&$7,217KH�RQO\�UHDVRQDEOH�SURJUDPPLQJ�PRGHO�IRU�GLVWULEXWHG�VLPXODWLRQ�LV�PHVVDJH�SDVVLQJ��$�VWDQGDUG�IRUPHVVDJH�SDVVLQJ�KDV�EHHQ�GHILQHG�DQG�DGRSWHG�E\�LQGXVWU\��03,���'XH�WR�WKH�FRPSOH[LW\�RI�SDUDOOHOSURJUDPPLQJ� WKHUH� LV� D� FOHDU� QHHG� IRU�GHEXJJLQJ� RI�03,�SURJUDPV� WKDW� KDV�EHHQ� DGGUHVVHG� LQ� WZRGLIIHUHQW�ZD\V�� &ODVVLFDO GHEXJJHUV�KDYH�EHHQ�H[WHQGHG�WR�DGGUHVV�03,�SURJUDPV��WKLV�LV�GRQH�E\�DWWDFKLQJ�WKHGHEXJJHU�WR�DOO�SURFHVVHV RI�WKH�03,�SURJUDP��2Q�WKH�FRPPHUFLDO�PDUNHW�WKHUH�LV�FXUUHQWO\�RQO\RQH�SURGXFW�DYDLODEOH�WKDW�LV�SRUWDEOH�DFURVV�PDQ\�SODWIRUPV��7RWDO9LHZ�IURP�(WQXV�>�@��� 6RPH�03,�OLEUDULHV�LQFOXGH�D�GHEXJ�YHUVLRQ�RI�WKH�OLEUDU\��H�J��03,&+�>�@���7KLV�YHUVLRQ�LV�XVHGWR�FDWFK� LQWHUQDO�HUURUV� LQ� WKH�03,� OLEUDU\��,W�DOVR�GHWHFWV� VRPH�LQFRUUHFW�XVDJH�RI�03,�E\� WKHXVHU�1HLWKHU�RI� WKHVH DSSURDFKHV�DGGUHVV�SRUWDELOLW\�RU� UHSURGXFLELOLW\�� WZR�RI� WKH�PDMRU� SUREOHPV�ZKHQSURJUDPPLQJ�03,�
���� *5,'�%(1&+0$5.6%HQFKPDUNLQJ�LV�E\�QR�PHDQV�D�QHZ�FRQFHSW�� ,Q�IDFW�� LW�KDV�DW� OHDVW�EHHQ�DURXQG�VLQFH� WKH�ODWH���
VZLWK� VRPH�)2575$1� ORRSV� DQG� SVHXGR� DSSOLFDWLRQV� >'RQJDUD@� WKDW� WULHG� WR�PHDVXUH� KRZ� JRRG� DFRPSXWHU�ZDV�DW�SHUIRUPLQJ�VLPLODU WDVNV��7KH�PHWKRGRORJLHV�DQG�PHWULFV�FXUUHQWO\�HPSOR\HG�DUH�QRWWKDW�UDGLFDOO\�GLIIHUHQW��DOWKRXJK�WKH\�PD\�EH�PRUH�DFFXUDWH�7KHUH� LV� DQ� DEXQGDQFH� RI� EHQFKPDUNLQJ� SURSRVDOV�� VXFK� DV� WKH� 1$6� 3DUDOOHO� %HQFKPDUNV� DQGLPSOHPHQWDWLRQV� EXW� IHZ�� LI� DQ\�� DUH� WDUJHWHG� DW�*ULGV�� 7KLV� DEXQGDQFH� RI� FRGH�� HYHQ� RI� QRQ�JULG�WDUJHWHG� EHQFKPDUNLQJ� WRROV�� LV� E\� QR� PHDQV� XVHOHVV�� ,Q� IDFW�� VRPH� RI� WKHVH� ZLOO� VXUHO\� IRUP� WKHVWDUWLQJ�SRLQW� IRU� WKH�GHYHORSPHQW�RI�*ULG�WDUJHWHG� EHQFKPDUNV��7KXV��PRVW� SHUWLQHQW� DQG�DYDLODEOH�RSHQ�VRXUFH��EHQFKPDUNV�DUH�LQ�WKH�SURFHVV�RI�EHLQJ�LQYHVWLJDWHG��$�YHU\�KLJK�OHYHO�VXPPDU\�RI�WKHUHVXOWV�RI�WKLV�LQYHVWLJDWLRQ�IRUPV�WKLV�³EHQFKPDUNLQJ�VWDWH�RI�WKH�DUW´�VHFWLRQ�7KH� 1$6� 3DUDOOHO� %HQFKPDUNV� �13%�� DUH� D� VHW� RI� �� SURJUDPV� GHVLJQHG� WR� KHOS� HYDOXDWH� WKHSHUIRUPDQFH� RI� SDUDOOHO� VXSHUFRPSXWHUV� >�@�� 7KH\� FRQVLVW� RI� VHYHUDO� SDUDOOHO� NHUQHOV� DQG� VHYHUDOVLPXODWHG� DSSOLFDWLRQ� EHQFKPDUNV�� � 6RPH� RI� WKH� NHUQHOV� HPSOR\HG� LQFOXGH� HPEDUUDVVLQJO\� SDUDOOHOEHQFKPDUNV�� VLPSOH� �'�PXOWLJULG� EHQFKPDUNV�� VROYLQJ� DQ� XQVWUXFWXUHG� VSDUVH� OLQHDU� V\VWHP� E\� WKHFRQMXJDWH� JUDGLHQW� PHWKRG�� �'� IDVW�)RXULHU� WUDQVIRUP� SDUWLDO� GLIIHUHQWLDO� HTXDWLRQ� EHQFKPDUNV� DQGSDUDOOHO�VRUW�RYHU�VPDOO�LQWHJHUV��$OVR�LQFOXGHG�LQ�WKH�EHQFKDPUNV�DUH��DQ�/8�VROYHU��D�SHQWDGLDJRQDOVROYHU��DQG�D�EORFN�GLDJRQDO�VROYHU��7KH�EHQFKPDUNV�DUH�EDVHG�RQ�03,��7KH�LQWHJHU�VRUWLQJ�EHQFKPDUNLV�ZULWWHQ�LQ�&�DQG�WKH�UHVW�LQ�)2575$1�7KH� � 63/$6+� SDUDOOHO� EHQFKPDUNV� DUH� PDGH� XS� RI� NHUQHOV� DQG� DSSOLFDWLRQV�� 7KH� ODWHVW� YHUVLRQ63/$6+��� KDV� PRUH� DSSOLFDWLRQV� DQG� HQKDQFHG� YHUVLRQV� RI� VHYHUDO� RI� WKH� RULJLQDO� 63/$6+EHQFKPDUNV��7KH�63/$6+���VXLWH�RI�SDUDOOHO�DSSOLFDWLRQV�KDV�UHFHQWO\�EHHQ�UHOHDVHG�WR�IDFLOLWDWH�WKHVWXG\� RI� FHQWUDOL]HG� DQG� GLVWULEXWHG� VKDUHG�DGGUHVV�VSDFH� PXOWLSURFHVVRUV� RI� WKH� RULJLQDO� 63/$6+SURJUDPV�>�@�� 7KH\�DUH�DOO�ZULWWHQ� LQ�&�DSDUW�IURP�RQH�)2575$1�DSSOLFDWLRQ��7KH�DSSOLFDELOLW\�RIWKLV�W\SH�RI�EHQFKPDUNV��L�H��VKDUHG�PHPRU\�EDVHG�� WR� WKH�&*� WHVWEHG�UHOLHV�RQ� WKH�H[WHQW� WR�ZKLFKVRIWZDUH�EDVHG�VKDUHG�PHPRU\�DUFKLWHFWXUHV��VXFK�DV�390��ZLOO�EH�XVHG�//&%HQFK� �/RZ� /HYHO� &KDUDFWHUL]DWLRQ� %HQFKPDUNV� �� KWWS���LFO�FV�XWN�HGX�SURMHFWV�OOFEHQFK��� LVFRPSULVHG�RI�03%HQFK��&DFKH%HQFK�DQG�%ODV%HQFK�03%HQFK� LV� D� EHQFKPDUN� WR� HYDOXDWH� WKH� SHUIRUPDQFH� RI�03,� DQG� 390�RQ�033V� DQG� FOXVWHUV� RIZRUNVWDWLRQV��,W�XVHV�D�IOH[LEOH�DQG�SRUWDEOH�IUDPHZRUN�WR�DOORZ�EHQFKPDUNLQJ�RI�DQ\�PHVVDJH�SDVVLQJ
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OD\HU� ZLWK� VLPLODU� VHQG� DQG� UHFHLYH� VHPDQWLFV� >�@�� 03%HQFK� JHQHUDWHV� UHSRUWV� ZLWK� UDZ� GDWD� DQG3RVWVFULSW� JUDSKV�� 03%HQFK� FXUUHQWO\� WHVWV� VHYHUDO� GLIIHUHQW� FRPPXQLFDWLRQ� DVSHFWV�� %DQGZLGWK�5RXQGWULS��/DWHQF\��%URDGFDVW��5HGXFH�DQG�$OO�5HGXFH��7KHVH�DUH�PHDVXUHG�IRU�ERWK�03,�DQG�390�HYHQ� WKRXJK� 390� PD\� QRW� SURYLGH� H[SOLFLW� FDOOV� IRU� WKHVH��� 03%HQFK� FRQWDLQV� YHU\� VLPSOH�XQGHUWDQGDEOH�DQG�HVVHQWLDO�WRROV�IRU�HYDOXDWLQJ�WKH�SHUIRUPDQFH�RI�03,�&DFKH%HQFK�LV�GHVLJQHG�WR�HYDOXDWH�WKH�SHUIRUPDQFH�RI�WKH�PHPRU\�KLHUDUFK\�RI�FRPSXWHU�V\VWHPV�>�@ ,WV�VSHFLILF�IRFXV�LV�WR�SDUDPHWHUL]H�WKH�SHUIRUPDQFH�RI�SRVVLEO\�PXOWLSOH�OHYHOV�RI�FDFKH�SUHVHQW�6LQFH�&DFKH%HQFK�PHDVXUHV�PHPRU\�EDQGZLGWK�RI�PLFURSURFHVVRUV�LW�PD\�RQO\�EH�DSSOLFDEOH�IRU�WKHPHDVXUHPHQW�RI�&RPSXWLQJ�(OHPHQWV�%ODV%HQFK� LV� GHVLJQHG� WR� HYDOXDWH� WKH� SHUIRUPDQFH� RI� VRPH� NHUQHO� RSHUDWLRQV� RI� GLIIHUHQWLPSOHPHQWDWLRQV� RI� WKH� %/$6� RU� %DVLF� /LQHDU� $OJHEUD� 6XEURXWLQHV� >�@�� 7KH� %/$6� ZHUH� LQLWLDOO\GHYHORSHG�DV� SDUW� RI�/,13$&.� �VHH�EHORZ���7KH�%/$6� URXWLQHV� IRUP� WKH�EDVLV� RI�PDQ\� VFLHQWLILFDSSOLFDWLRQV�WKHUHIRUH�EHQFKPDUNV�EDVHG�RQ�%/$6�ZLOO�SURYH�XVHIXO�7KH�/LQSDFN�6FD/$3$&.�EHQFKPDUNV�DUH�TXLWH�ZHOO�NQRZQ��HVSHFLDOO\�/LQSDFN���2ULJLQDO�/LQSDFNZDV�EDVHG�RQ�IL[HG�VL]H�PDWUL[�WUDQVIRUPDWLRQV��ZKLFK�LV�RQH�RI�WKH�UHDVRQV�ZK\�LW�KDV�EHHQ�DGRSWHGDV� WKH EHQFKPDUN� IRU� WKH�723���� UDWLQJ� IRU� VXSHUFRPSXWHUV��7KH� GLVWULEXWHG�PHPRU\� YHUVLRQ� RI� LW�+LJK�3HUIRUPDQFH�/LQSDFN��LV�DFWXDOO\�ZKDW�UDQNV�WKH�723�����,W�KDV�EHHQ�VXFFHVVIXOO\�UXQ�RQ�JULGLQIUDVWUXFWXUHV�XVLQJ�03,&+�*��� 6FD/$3$&.� �RU�6FDODEOH�/$3$&.�� OLEUDU\� LQFOXGHV� D� VXEVHW� RI/$3$&.�URXWLQHV�UHGHVLJQHG�IRU�GLVWULEXWHG�PHPRU\�0,0'�SDUDOOHO�FRPSXWHUV�>�@��6FD/$3$&.�LVGHVLJQHG�IRU�KHWHURJHQHRXV�FRPSXWLQJ�DQG�LV�SRUWDEOH�RQ�DQ\�FRPSXWHU�WKDW�VXSSRUWV�03,�RU�390�3$5.%(1&+�ZLWK�LWV����SURYLGHG�EHQFKPDUN�DSSOLFDWLRQV�ZDV�LQWHQGHG�WR�FORVH�WKH�JDS�WKDW�H[LVWHGIRU�0DVVLYHO\�3DUDOOHO�0DFKLQHV�>�@ DOWKRXJK�LW�GRHV�FRQWDLQ�VRPH�VHULDO�FRGHV��/RZ�OHYHO�EHQFKPDUNVLQFOXGH� 7LPHU� UHVROXWLRQ� RI� LQGLYLGXDO� PDFKLQHV�� EDVLF� DULWKPHWLF� RSHUDWLRQV�� PHPRU\� ERWWOHQHFNEHQFKPDUNV�� 2Q� WKH� QHWZRUN� VLGH� LW� SURYLGHV� FRPPXQLFDWLRQ� EHQFKPDUNV� �SLQJ�SRQJ�� �GXSOH[WUDQVIHUV���� WRWDO� VDWXUDWLRQ� EDQGZLGWK�� FRPPXQLFDWLRQ� ERWWOHQHFN� DQG� V\QFKURQL]DWLRQ� EHQFKPDUNV�EDUULHUV�HWF����3$5.%(1&+�WKHQ�SURYLGHV�VHYHUDO�0DWUL[�NHUQHO�EHQFKPDUNV��DV�ZHOO�DV��'�))7�DQGRWKHU�EHQFKPDUNV�VRPH�RI�ZKLFK�RULJLQDWH� IURP� WKH� DOUHDG\�PHQWLRQHG�13%��0RVW�EHQFKPDUNV�DUHZULWWHQ�LQ�)2575$1�DQG�WKHLU�FXUUHQW�UHOHDVH�XWLOL]HV�03,�*HQHVLV LV�D�VXLWH�RI�GLVWULEXWHG�PHPRU\�EHQFKPDUNV�WKDW�DLP�WR�HYDOXDWH�GLVWULEXWHG�PHPRU\�0,0'V\VWHPV�>��@��%DVHG�RQ�SUHYLRXV�YHUVLRQV�RI�*HQHVLV WKH�ODWHVW�YHUVLRQV�RI�WKLV�EHQFKPDUN�VXLWH�ZHUHDXJPHQWHG�DQG�PRGLILHG�LQ�RUGHU�WR�HYDOXDWH�WKH�VSHFLILF�FRPSXWHUV�)URP�WKH�UHYLHZ�RI�H[LVWLQJ�EHQFKPDUNLQJ�VXLWHV�RQH�TXLFNO\�FRQFOXGHV�WKDW�WKHUH�LV�D�GLVWLQFW�ODFN�RI*ULG�WDUJHWHG� EHQFKPDUNLQJ�� $Q� H[FHSWLRQ� LV� D� /LQSDFN� SRUW� WR� 03,&+�*��� DOWKRXJK� LW� DLPV� WRFRPSDUH� 03,&+� WR� 03,&+�*�� UDWKHU� WKDQ� HYDOXDWH� *ULG� SHUIRUPDQFH�� 2QH� FDQ� DOVR� VHH� WKHRSSRUWXQLW\�WR�EXLOG�RQ�WRS�RI�WKH�H[LVWLQJ�EHQFKPDUN�VXLWHV�DGDSWLQJ�WKH�FRGH�DV�UHTXLUHG�DQG�DSSO\WKHP� WR�*ULGV�� %HQFKPDUNV� EDVHG� RQ� FRPSXWDWLRQV� LQFOXGHG�ZLWK� 13%� DQG�3$5.%(1&+�ZLOO� EHTXLWH� XVHIXO�� DV� VRPH� :3�� DSSOLFDWLRQV� ZLOO� KDYH� VLPLODU� FRPSXWDWLRQV�� $Q� 03,&+�*�� SRUW� RIVHOHFWHG�03%HQFK�EHQFKPDUNV�ZLOO� SURYH�TXLWH� YDOXDEOH� �ILUVW� LQGLFDWLRQV� VKRZ� WKH�SRUWLQJ�ZLOO� EHTXLWH� VWUDLJKWIRUZDUG�� IRU� HYDOXDWLQJ� WKH� HIIHFWLYHQHVV� RI� *ULG� FRQILJXUDWLRQV� ZLWK� UHJDUG� WR� 03,�7RROV�XWLOL]LQJ�RWKHU�WKDQ�03,�WHFKQRORJLHV��VXFK�DV�*HQHVLV�WKDW�XVHV�WKH�3$5$0$&6�PDFURV��DUHLQ�WKH�SURFHVV�RI�EHLQJ�SRUWHG�WR�03,�DQG�RWKHUV�FDQ�EH�SRUWHG��7KHUH�LV�GHILQLWHO\�URRP�IRU�D�ZHOO�VWUXFWXUHG��FRQFLVH�DQG�HDV\�WR�XVH�EHQFKPDUN�VXLWH�WKDW�FDSWXUHV�WKH�SHUIRUPDQFH�RI�D�*ULG�
���� 3(5)250$1&(�0($685(0(17�$1'�(9$/8$7,213HUIRUPDQFH�HYDOXDWLRQ��LQVWUXPHQWDWLRQ��SUHGLFWLRQ�DQG�YLVXDOL]DWLRQ�RI�SDUDOOHO�FRGHV�KDV�EHHQ�IRXQGWR�EH�D FRPSOH[�PXOWLGLPHQVLRQDO�SUREOHP�>��@ LQ�SDUDOOHO�DQG�GLVWULEXWHG�V\VWHPV��7KLV�VLWXDWLRQ� LVVSHFLDOO\� FULWLFDO� LQ� *5,'� HQYLURQPHQWV�� 7XQLQJ� WKH� SHUIRUPDQFH� RI� FRGHV� RQ� GLVWULEXWHG� PHPRU\V\VWHPV�KDV�EHHQ�D�KLJK�WLPH�FRQVXPLQJ�WDVN�IRU�XVHUV��:KHQ�SURJUDPPLQJ�WKHVH�V\VWHPV��WKH�UHDVRQV
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IRU�SRRU�SHUIRUPDQFH�RI�SDUDOOHO�PHVVDJH�SDVVLQJ�DQG�GDWD�SDUDOOHO�FRGHV�FDQ�EH�YDULHG�DQG�FRPSOH[�DQG�XVHUV�QHHG�WR�EH�DEOH� WR�XQGHUVWDQG�DQG�FRUUHFW�SHUIRUPDQFH�SUREOHPV�LQ�RUGHU� WR�DFKLHYH�JRRGUHVXOWV��7KLV�LV�HVSHFLDOO\�UHOHYDQW�ZKHQ�KLJK�OHYHO� OLEUDULHV�DQG�SURJUDPPLQJ� ODQJXDJHV�DUH�XVHG� WRLPSOHPHQW� SDUDOOHO� FRGHV�� $� SHUIRUPDQFH� GDWD� FROOHFWLRQ�� DQDO\VLV�� SUHGLFWLRQ� DQG� YLVXDOL]DWLRQHQYLURQPHQW�LV�QHHGHG�WR�GHWHFW�WKH�HIIHFWV�RI�DUFKLWHFWXUDO�DQG�V\VWHP�VRIWZDUH�YDULDWLRQV�
6LQFH�WKHUH�DOUHDG\�H[LVW�VHYHUDO�UHFHQW�UHYLHZV�RI�H[LVWLQJ�SHUIRUPDQFH�DQDO\VLV WRROV��SUHSDUHG�LQWKH� IUDPHZRUN� RI� WKH�'DWD*ULG� SURMHFW� >��@�� WKH�$PHULFDQ� 1+6(� LQLWLDWLYH� >��@�� DQG� WKH� $3$57SURMHFW� >��@ >��@�� WKLV� VHFWLRQ� ZLOO� QRW� UHSHDW� WKHVH� UHYLHZV�� EXW� UDWKHU� SURYLGH� D� UHODWLYHO\� VKRUWVXPPDU\��IRFXVLQJ�RQ�IHDWXUHV�UHOHYDQW�ZLWKLQ�WKH�&URVV*ULG�SURMHFW�7KHUH�LV�DOUHDG\�D�UHDVRQDEOH�QXPEHU�RI�SHUIRUPDQFH�PHDVXUHPHQW�WRROV�WKDW�VXSSRUW�03,��+RZHYHU�DV�>��@ FOHDUO\�VKRZV��QRQH�RI�WKHP�DFWXDOO\�VXSSRUWV�*ULG�DSSOLFDWLRQV�DW�WKH�PRPHQW��$OWKRXJK�VXFKD�VXSSRUW�PLJKW�EH�DGGHG�ZLWK�UHDVRQDEOH�HIIRUW��WKH�H[LVWLQJ�WRROV��ZLWK�WKH�H[FHSWLRQ�RI�3DUDG\Q��DUHQRW�VXLWHG�IRU�WKH�LQWHUDFWLYH�*ULG�DSSOLFDWLRQV�GHYHORSHG�LQ�&URVV*ULG��VLQFH� WKH\�ZRUN�RQO\� LQ�RII�OLQH�PRGH�� L�H�� WKH\� FDQQRW� SURYLGH� SHUIRUPDQFH� LQIRUPDWLRQ� ZKLOH� DQ� DSSOLFDWLRQ� LV� VWLOO� UXQQLQJ�+RZHYHU�� WKLV� LV� D� YLWDO� UHTXLUHPHQW� IRU� WKH�&URVV*ULG� DSSOLFDWLRQV��(�J�� LQ� WKH�PHGLFDO� DSSOLFDWLRQ�7DVN�������WKH�VLPXODWLRQ�LQ�WRWDO�PD\� UXQ�IRU�D�YHU\� ORQJ�WLPH��KRZHYHU�� WKH�GHYHORSHU�ZLOO�QRW�EHLQWHUHVWHG�LQ�SHUIRUPDQFH�GDWD�VXPPDUL]LQJ�WKH�ZKROH�UXQ�WLPH��EXW�UDWKHU�LQ�WKH�SHUIRUPDQFH�RI�WKHSDUW�RI�WKH�VLPXODWLRQ��ZKLFK�KDV�EHHQ�UHTXHVWHG�E\� WKH�FXUUHQW�XVHU� LQWHUDFWLRQ��5HODWLQJ� WKHVH�XVHULQWHUDFWLRQV�ZLWK�SHUIRUPDQFH�GDWD�LV�RQO\�SRVVLEOH�ZLWK�RQ�OLQH�DQDO\VLV�DQG�YLVXDOL]DWLRQ��$�VHFRQGGUDZEDFN�RI�RII�OLQH�WRROV�LV�WKDW�WKH�XVHU�RI�WKH�WRRO�FDQQRW�FKDQJH�WKH�W\SH�RI�GDWD�WR�EH�PHDVXUHGGXULQJ�WKH�DSSOLFDWLRQ¶V�UXQ�WLPH��7KXV��W\SLFDOO\�PXFK�PRUH�GDWD�LV�UHFRUGHG�WKDQ�LV�DFWXDOO\�QHHGHG�7KLV�FDQ�UHVXOW�LQ�KXJH�WUDFHILOHV�JHQHUDWHG�RQ�HDFK�QRGH�XVHG�E\�WKH�DSSOLFDWLRQ��ZKLFK�PXVW�WKHQ�EHFROOHFWHG�RQ�D�VLQJOH�ZRUNVWDWLRQ�LQ�RUGHU�WR�EH�DQDO\]HG��)RU�ODUJH�DQG�ORQJ�UXQQLQJ�*ULG�DSSOLFDWLRQWKLV�SURFHGXUH�JHWV�LPSUDFWLFDO�7KH� QXPEHU� RI� H[LVWLQJ� RQ�OLQH� WRROV� IRU� DSSOLFDWLRQ�RULHQWHG� SHUIRUPDQFH� DQDO\VLV� LQ� GLVWULEXWHGV\VWHPV�LV�YHU\� VPDOO��3DUDG\Q��ZKLFK�KDV�EHHQ�PHQWLRQHG�DERYH�� FDQ�PHDVXUH� WKH�SHUIRUPDQFH�RIODUJH�VFDOH� SDUDOOHO� DQG� GLVWULEXWHG� DSSOLFDWLRQV� RQ� 603V� DQG� FOXVWHUV� RI� ZRUNVWDWLRQV�� 7KH� XQLTXHIHDWXUHV�RI�3DUDG\Q DUH�LWV�DELOLW\�WR�LQVWUXPHQW�D�SURJUDP�GXULQJ�UXQ�WLPH�DQG�DQ�DXWRPDWLF�IDFLOLW\IRU� VHDUFKLQJ� SHUIRUPDQFH� ERWWOHQHFNV�� +RZHYHU�� WKH� G\QDPLF� LQVWUXPHQWDWLRQ� WHFKQLTXH� XVHG� E\3DUDG\Q H[KLELWV�D�YHU\�SRRU�SRUWDELOLW\��VLQFH�LW�PRGLILHV�WKH�DSSOLFDWLRQ¶V�PDFKLQH�FRGH���7KHUIRUH�3DUDG\Q LV�DYDLODEOH�RQO\�IRU�VHOHFWHG�SODWIRUPV�DQG�LV�QRW�D�JRRG�RSWLRQ�IRU�XVH�RQ�WKH�*ULG��3DUDG\QDOVR�LV�WKH�RQO\�WRRO�ZH�DUH�DZDUH�RI�WKDW�PDNHV�XVH�D�PHWULFV�GHILQLWLRQ�ODQJXDJH�>��@��+RZHYHU��LW�LVKLGGHQ� LQVLGH� WKH� WRRO� DQG� FDQQRW� EH� XVHG� WR� GHILQH� DSSOLFDWLRQ�VSHFLILF� PHWULFV�� $� VHFRQG� RQ�OLQHSHUIRUPDQFH� PHDVXUHPHQW� WRRO� LV� 3$723� >��@�� ZKLFK� LV� XVHG� DV� D� EDVLV� IRU� WKH� SHUIRUPDQFHPHDVXUHPHQW�DQG�XVHU� LQWHUIDFH�FRPSRQHQWV�RI� WKH�SHUIRUPDQFH�PHDVXUHPHQW� WRRO�GHYHORSHG� LQ� WKH&URVV*ULG�SURMHFW�7KH� FXUUHQW� DSSURDFKHV� WR� *ULG� SHUIRUPDQFH� PRQLWRULQJ� �ZKLFK� DOVR� LQFOXGH� DQDO\VLV� DQGYLVXDOL]DWLRQ��DUH�ODUJHO\�OLPLWHG�WR�WKH�PRQLWRULQJ�RI�WKH�LQIUDVWUXFWXUH��UDWKHU� WKDQ�WKH�DSSOLFDWLRQV�7KH� UHSRUW� >��@ SURYLGHV� D� GHWDLOHG� RYHUYLHZ�� ZKLFK� LV� EULHIO\� VXPPDUL]HG� KHUH�� 1HW/RJJHU LV� DGLVWULEXWHG� ORJJHU� WKDW�HQDEOHV�SHUIRUPDQFH�DQG�ERWWOHQHFN�DQDO\VLV�� VHOHFWLQJ�KDUGZDUH� FRPSRQHQWVIRU� XSJUDGH�� DQG� UHDO�WLPH� DQG� SRVW�PRUWHP� DQDO\VLV� RI� DSSOLFDWLRQV�� 7KH� +HDUWEHDW� 0RQLWRU LVLQWHQGHG� WR�PRQLWRU� WKH� VWDWHV�RI�SURFHVVHV� RQ�*OREXV�� WR�QRWLI\� SURFHVV� VWDWXV� H[FHSWLRQ�HYHQWV� IRUUHFRYHU\� DFWLRQV� WR� EH� WDNHQ�� 1HWZRUN� :HDWKHU� 6HUYLFH LV� D� GLVWULEXWHG� V\VWHP� WKDW� SHULRGLFDOO\IRUHFDVWV�WKH�SHUIRUPDQFH�RI�YDULRXV�QHWZRUNV�DQG�FRPSXWDWLRQDO�UHVRXUFHV���$XWRSLORW LV�D�GLVWULEXWHGSHUIRUPDQFH� PHDVXUHPHQW� DQG� UHVRXUFH� FRQWURO� V\VWHP� FRPSOHPHQWHG� E\� 9LUWXH WKDW� LV� DQHQYLURQPHQW� ZKLFK� DFFHSWV� UHDO�WLPH� GDWD� IURP� $XWRSLORW� DQG� DOORZV� WKH� XVHU� WR� VWHHU� VRIWZDUHEHKDYLRU�DQG�UHVRXUFH�SROLFLHV�� �:KHQ�XVHG�RQ�WKH�*ULG��9LUWXH�GHILQHV�D�YLVXDOL]DWLRQ�KLHUDUFK\�IRUPDQDJLQJ�SHUIRUPDQFH�GHWDLOV��$V�DOUHDG\�PHQWLRQHG�DERYH��QRQH�RI�WKHVH�V\VWHPV�SURYLGHV�VXSSRUWIRU�SHUIRUPDQFH�DQDO\VLV�IRU�*ULG�DSSOLFDWLRQV�
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:LWKLQ� WKH� 'DWD*ULG� SURMHFW�� D� SHUIRUPDQFH� DQDO\VLV� WRRO� ZLOO� EH� GHYHORSHG�� WKDW� DOVR� VXSSRUWVDSSOLFDWLRQ�RULHQWHG� SHUIRUPDQFH� DQDO\VLV� >��@�� 7KLV� WRRO�ZLOO� EH� EDVHG� RQ� WKH� 5�*0$�PRQLWRULQJDUFKLWHFWXUH�� WKH� *50� WUDFLQJ� OLEUDU\� DQG� WKH� 3529(� YLVXDOL]DWLRQ� WRRO�� $OWKRXJK� 3529(� ZLOORSHUDWH�LQ�D�VHPL�RQ�OLQH�PRGH��L�H��LW�ZLOO�UHDG�WKH�WUDFH�ILOHV�GXULQJ�WKH�DSSOLFDWLRQ¶V�UXQ�WLPH��LW�FDQVWLOO�FUHDWH�DQ�LPSUDFWLFDO�RYHUKHDG�ZKHQ�GHWDLOHG�PHDVXUHPHQWV�KDYH�WR�EH�GRQH��VLQFH�PHDVXUHPHQWVFDQQRW� EH� GHILQHG� RU� FKDQJHG� DW� UXQ�WLPH�� ,Q� FRPSDULVRQ� WR� WKH� SHUIRUPDQFH� WRRO� WKDW� ZLOO� EHGHYHORSHG�LQ�&URVV*ULG��3529(�DOVR�RIIHUV�UDWKHU�OLPLWHG�IXQFWLRQDOLW\�� ,W� LV� IRFXVHG�RQ�FRPPXQLFDWLRQ�EHWZHHQ� SURFHVVHV�DQG�GRHV�QRW�SURYLGH� LQIRUPDWLRQ�RQ�&38XVDJH��,�2�HWF�� ,W�GRHV�QRW�SURYLGH� SHUIRUPDQFH� LQIRUPDWLRQ�RQ� WKH�*ULG� LQIUDVWUXFWXUH��ZKLFK� LV�QHFHVVDU\� LQRUGHU�WR�DVVHVV�WKH�DSSOLFDWLRQ¶V�SHUIRUPDQFH�GDWD�� $OWKRXJK�3529(�DOORZV�IRU�DSSOLFDWLRQ� VSHFLILF� WUDFH� HYHQWV�� LW� FDQ�RQO\�YLVXDOL]H� WKHP� LQ� DSURFHVV� �� WLPH� GLDJUDP�� EXW� FDQQRW� XVH� WKHP� WR� GHULYH� DQ\� DSSOLFDWLRQ�VSHFLILF� SHUIRUPDQFHPHWULFV�� )LQDOO\�� 3529(� GRHV� QHLWKHU� LQFOXGH� XVHU�GHILQDEOH� SHUIRUPDQFH� PHWULFV� QRU� SHUIRUPDQFHSUHGLFWLRQ�FDSDELOLWLHV�$OWKRXJK� WKH� &URVV*ULG� SHUIRUPDQFH� DQDO\VLV� WRRO� GRHV� QRW� LQFOXGH� DQ� DXWRPDWLF� VHDUFK� IRUSHUIRUPDQFH� ERWWOHQHFNV�� LW� ZLOO� XVH� VRPH� WHFKQLTXHV� GHYHORSHG� LQ� WKLV� FRQWH[W�� PRVW� QRWDEO\� DVSHFLILFDWLRQ�ODQJXDJH�WR�GHILQH�PHWULFV��)RU�D�UHYLHZ�RI�WKH�VWDWH�RI�WKH�DUW�LQ�WKLV�ILHOG��WKH�UHDGHU�LVUHIHUUHG�WR�WKH�UHSRUW�SUHSDUHG�E\�WKH�$3$57�ZRUNLQJ�JURXS�>��@>��@�7R�RXU�EHVW�NQRZOHGJH��WKHUH�LV�QR�H[LVWLQJ�SHUIRUPDQFH�DQDO\VLV�WRRO�WKDW�DOORZV�WKH�XVHU�WR�GHILQH�KLVRZQ�DSSOLFDWLRQ�VSHFLILF�PHWULFV��7KLV�IHDWXUH�LV�XQLTXH�WR�WKH�WRRO�GHYHORSHG�LQ�&URVV*ULG�DQG�LV�YLWDOIRU�WKH�VXSSRUW�RI�DSSOLFDWLRQV�DV�FRPSOH[�DV�WKH�RQHV�GHYHORSHG�LQ�:RUNSDFNDJH���RI�WKH�SURMHFW�
7KH� D� SULRUL� SHUIRUPDQFH� SUHGLFWLRQ RI� SDUDOOHO� DQG� GLVWULEXWHG� FRGHV� EHFRPHV� D� KDUG� SUREOHP�6RSKLVWLFDWHG�SHUIRUPDQFH�SUHGLFWLRQ�WRROV�DUH�EHLQJ�GHYHORSHG�E\�D�QXPEHU�RI�JURXSV��,Q�SDUWLFXODUZH� FLWH� WKH� 3$&(� WRROVHW� >��@�� 3(5)250� DQG� /(%(3� >��@�� ',0(0$6� >��@�� ,163,5(� >��@�&DUQLYDO� >��@�� $/3(6� >��@�� 3�7� >��@ DQG� 3HU)RUH� >��@�� 2WKHU� ZRUNV� XVHG� SUHGLFWLRQ� DV� SDUW� RI� DVRIWZDUH�DLGHG�DSSURDFK�IRU�SDUWLFXODU�DSSOLFDWLRQV��H�J��VROYHUV���ZH�FLWH�63(('�>��@��6FL581�>��@RU�3$5$,62�>��@��$�ORQJ�WHUP�SURMHFW�LV� WKH�GHYHORSPHQW�RI�$OS6WRQH�>��@�� WKDW�VLPXODWHV�SDUDOOHOSHUIRUPDQFH� XVLQJ� LQIRUPDWLRQ� IURP� D� GDWDEDVH� RI� NHUQHO� EHQFKPDUNV� DQG� XQGHUO\LQJ� KDUGZDUHSDUDPHWHUV� XVLQJ� D� 

VNHOHWRQ� DSSOLFDWLRQ

� DSSURDFK�� 7KH� NHUQHO� EHQFKPDUNV� DUH� UHSUHVHQWDWLYH� RI

DOJRULWKP�FODVVHV

��DQG�D�

V\QWKHWLF�SURJUDP

�LV�EXLOW�IURP�WKHVH�WR�VLPXODWH�WKH�UHDO�DSSOLFDWLRQ�7KH� DSSOLFDWLRQ� RI� WKHVH� WHFKQLTXHV� KDV� VR� IDU� EHHQ� ODUJHO\� UHVWULFWHG� WR� WKH� DFFXUDWH� SHUIRUPDQFHSUHGLFWLRQ�RI�FRGH�NHUQHOV�ZLWK�WKH�JRDO�RI�DXWRPDWLF�SDUDOOHOL]DWLRQ�RU�H[HFXWLRQ�VWHHULQJ��$QG�DOO�RIWKHP� IRFXV� RQ� VSHFLILF� SDUDOOHO� V\VWHPV�� DW� PRVW� RQ� FOXVWHUV� RI� ZRUNVWDWLRQV�� OLNH� ',0(0$6� RU&DUQLYDO��EXW�WR�RXU�NQRZOHGJH��QR�RQH�LV�FXUUHQWO\�DGDSWHG�WR�*5,'�HQYLURQPHQWV��'$0,(1�>��@ LVD�SURMHFW�WR�GR�WKDW�IRU�',0(0$6��2Q�WKH�RWKHU�KDQG��PRVW�RI�WKHVH�WRROV�UHTXLUH�VLPXODWLRQ�RI�WKHFRGHV��WKDW�WDNHV�PXFK�WLPH��DOVR�WKH\�DUH�QRW�DSSOLFDWLRQ�GHSHQGHQW��DQG�VRPH�RI�WKHP�DUH�IRU�VSHFLILFSURJUDPPLQJ�SODWIRUPV��3�7�LV�IRU�+LJK�3HUIRUPDQFH�)RUWUDQ�SURJUDPV��$OS6WRQH�DQG�&DUQLYDO�DUHIRU�390�SURJUDPV��3(5)250�LV�MXVW�IRU�VHTXHQWLDO�V\VWHPV��DQG�3HU)RUH�LV�LQWHJUDWHG�LQ�D�VSHFLILFFRPSLOHU�7KH�SURSRVDO�RI�RXU�SUHGLFWLRQ�PRGHO�LV�DSSOLFDWLRQ�GHSHQGHQW��DQG�IRFXVHV�RQ�VRPH�NHUQHOV�IURP�WKHDSSOLFDWLRQV� RI�:3��� ,Q� WKLV�ZD\�� WKH� UHVXOW�ZLOO� EH�PRUH� DFFXUDWH�� DQG�DV� WKH�SHUIRUPDQFH�ZLOO� EHPRGHOHG�E\�VLPSOH�DQDO\WLFDO�H[SUHVVLRQV��LW�LV�YHU\�IDVW��:H�ZLOO�REWDLQ�D�PRGHO�IRU�HDFK�03,�FRGHGNHUQHO�RQ�WKH�*5,'�2QFH� WKH� SHUIRUPDQFH� SUHGLFWLRQ� PRGHOV� DUH� HVWDEOLVKHG�� ZH� ZLOO� GHYHORS� D� YLVXDOL]DWLRQ� WRRODFFRUGLQJ� WR� WKHP��$Q� LPSRUWDQW� IHDWXUH� LV� WKDW� WKH� LQIRUPDWLRQ�ZLOO� EH� VKRZQ� LQWR� WKLV� LQWHUDFWLYHYLVXDO�WRRO�WR�EH�XVHU�IULHQGO\�IRU�XVHUV�RU�GHYHORSHUV�RI�WKH�DSSOLFDWLRQ��XVLQJ�WKH�DQDO\WLFDO�PRGHOV�
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QR�WUDFH�ILOHV�DUH�XVHG��DV�WKH�SHUIRUPDQFH�SUHGLFWLRQ�GRHV�QRW�JHQHUDWH�WKHP��,Q�DGGLWLRQ��WKLV�WRRO�FDQLQFOXGH� GHWDLOHG� LQIRUPDWLRQ� DERXW� VSHFLILF� SDUDPHWHUV� RI� WKH� FRGHV�� DV� ZHOO� DV� WKH� SUHGLFWHGLQIRUPDWLRQ�DERXW�WKH�H[HFXWLRQ�RI�WKHVH�FRGHV��,Q�IDFW��LW�VKRXOG�EH�DQ�LQWHUIDFH�WKDW�DOORZV�WKH�XVHU�WRLQWHUDFW�LQ�WKH�DQDO\VLV�RI�WKH�EHKDYLRXU�RI�WKH�FRGHV�XQGHU�GLIIHUHQW�FRQGLWLRQV��QXPEHU�RI�SURFHVVRUV�GLIIHUHQW�GLVWULEXWLRQV��GLIIHUHQW�LQSXW�GDWD�������
���� 5()(5(1&(6>�@ (WQXV��7RWDO9LHZ��KWWS���ZZZ�HWQXV�FRP�3URGXFWV�7RWDO9LHZ>�@ $UJRQQH�1DWLRQDO�/DEV��03,&+�±�$�3RUWDEOH�03,�,PSOHPHQWDWLRQ�KWWS���ZZZ�XQL[�PFV�DQO�JRY�PSL�PSLFK>�@ %DLOH\��'��+���(��%DUV]F]��-��%DUWRQ��'��%URZQLQJ��5��&DUWHU��/��'DJXP��5��)DWRRKL��6��)LQHEHUJ�3��)UHGHULFNVRQ��7��/DVLQVNL��5��6FKUHLEHU��+��6LPRQ��9��9HQNDWDNULVKQDQ��DQG�6��:HHUDWXQJD��7KH�1$6�3DUDOOHO�%HQFKPDUNV���7HFKQLFDO�5HSRUW�515���������1$6$�$PHV�5HVHDUFK�&HQWHU��0DUFK������>�@ 6WHYHQ�&DPHURQ�:RR��0RUL\RVKL�2KDUD��(YDQ�7RUULH��-DVZLQGHU�3DO�6LQJK��DQG�$QRRS�*XSWD�7KH�63/$6+���3URJUDPV��&KDUDFWHUL]DWLRQ�DQG�0HWKRGRORJLFDO�&RQVLGHUDWLRQV��,Q�3URFHHGLQJVRI�WKH���QG�,QWHUQDWLRQDO�6\PSRVLXP�RQ�&RPSXWHU�$UFKLWHFWXUH��SDJHV���������6DQWD�0DUJKHULWD/LJXUH��,WDO\��-XQH������>�@ 3KLOOLS�-��0XFFL�DQG�.HYLQ�/RQGRQ���7KH�&DFKH%HQFK�5HSRUW��������>�@ 3��-��0XFFL�DQG�.��/RQGRQ���7KH�03%HQFK�5HSRUW����0DUFK������>�@ 3KLOOLS�0XFFL�.HYLQ���7KH�%/$6%HQFK�5HSRUW��������>�@ 5��+RFNQH\�DQG�0��%HUU\��3XEOLF�,QWHUQDWLRQDO�EHQFKPDUNV�IRU�SDUDOOHO�FRPSXWHUV�UHSRUW����7HFK�5HS���3DUNEHQFK�&RPPLWWHH�������>�@ /��%ODFNIRUG��-��&KRL��$��&OHDU\��(��'
$]HYHGR��-��'HPPHO��,��'KLOORQ��-��'RQJDUUD��6�+DPPDUOLQJ��*��+HQU\��$��3HWLWHW��.��6WDQOH\��'��:DONHU��DQG�5��:KDOH\��6FD/$3$&.��$�OLQHDUDOJHEUD�OLEUDU\�IRU�PHVVDJH�SDVVLQJ�FRPSXWHUV��LQ��3URFHHGLQJV�RI�6,$0�&RQIHUHQFH�RQ�3DUDOOHO3URFHVVLQJ���������>��@&�$��$GGLVRQ��9�6��*HWRY��$�-�*��+H\��5�:��+RFNQH\��DQG�,�&��:ROWRQ��7KH�*HQHVLV'LVWULEXWHG�0HPRU\�%HQFKPDUNV��,Q�-��'RQJDUUD�DQG�:��*HQW]VFK��HGLWRUV��&RPSXWHU%HQFKPDUNV��SDJHV�����������(OVHYLHU�6FLHQFH�%�9���1RUWK�+ROODQG��$PVWHUGDP�������>��@0��6LPPRQV�DQG�5��.RVNHOD��3HUIRUPDQFH�,QVWUXPHQWDWLRQ�DQG�9LVXDOL]DWLRQ��$&0�3UHVV�������>��@=�� %DODWRQ�� 3�� .DFVXN�� 1�� 3RGKRUVN\�� DQG� )�� 9DMGD�� &RPSDULVRQ� RI� 5HSUHVHQWDWLYH� *ULG0RQLWRULQJ� 7RROV�� &RPSXWHU� DQG�$XWRPDWLRQ�5HVHDUFK� ,QVWLWXWH� RI� WKH�+XQJDULDQ�$FDGHP\�RI6FLHQFHV��%XGDSHVW��7HFKQLFDO�5HSRUW�/3'6��������KWWS���KHSXQ[�UO�DF�XN�HGJ�ZS��PHHWLQJV�EXGDSHVW�MDQ���13���*ULG���7RROV�SGI>��@6��0RRUH��'��&URQN��.��/RQGRQ��DQG�-��'RQJDUUD��5HYLHZ�RI�3HUIRUPDQFH�$QDO\VLV�7RROV�IRU�03,3DUDOOHO�3URJUDPV��,Q�<��&RWURQLV�DQG�-��'RQJDUUD��(GV����(XUR390�03,�������/1&6�������SS����������������6SULQJHU�9HUODJ�>��@$3$57�:RUNLQJ�*URXS��,QGH[�RI�%DVH�0RGXOHV�DQG�5HODWHG�:RUN��6HFWLRQV���DQG����KWWS���ZZZ�I]�MXHOLFK�GH�DSDUW���ZS��PRGXOHV�KWPO>��@$3$57� 'HOLYHUDEOH�� 5HSRUW� RQ� 6WDWH�RI�WKH�DUW� LQ� $XWRPDWLF� 3HUIRUPDQFH� $QDO\VLV��:RUNLQJ*URXS�1R�������KWWS���ZZZ�I]�MXHOLFK�GH�DSDUW���LQWHUQDO�VWDWH�RI�WKH�DUW�SV
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>��@ -�5�� +ROOLQJVZRUWK�� %�3�� 0LOOHU�� 0�-�5�� &RQFDOYHV�� =�;X�� 2�1DL�� DQG� /�=KHQJ�� 0'/�� $/DQJXDJH� DQG� &RPSLOHU� IRU� '\QDPLF� 3URJUDP� ,QVWUXPHQWDWLRQ�� ,Q� 3URF�� ,QWHUQDWLRQDO&RQIHUHQFH� RQ�3DUDOOHO� $UFKLWHFWXUHV� DQG�&RPSLODWLRQ� 7HFKQLTXHV�� 6DQ� )UDQFLVFR��86$��1RY������IWS���JULOOHG�ZLVF�HGX�WHFKQLFDOBSDSHUV�PGO�SV�J]>��@'DWD*ULG��,QIRUPDWLRQ�DQG�0RQLWRULQJ��:3���$UFKLWHFWXUH�5HSRUW��'DWD*ULG�'HOLYHUDEOH�'���KWWS����������������JULG�LQWHUQDO�'HOLYHUDEOHV�'����'DWD*ULG����'�������������SGI>��@0��%XEDN��:��)XQLND��%��%DOLV��DQG�5��:LVP�OOHU��2Q�OLQH�2&0�%DVHG�7RRO�6XSSRUW�IRU�3DUDOOHO$SSOLFDWLRQV��,Q�<�&��.ZRQJ��(G����$QQXDO�5HSRUW�RI�6FDODEOH�&RPSXWLQJ��&KDSWHU����SS��������������:RUOG�6FLHQWLILF�3XEOLVKLQJ�>��@'�-��.HUE\VRQ��(��3DSDHIVWDWXLRX��-�6��+DUSHU��6�&��3HUU\�DQG�*�5��1XGG�� ,V�3UHGLFWLYH�7UDFLQJWRR� ODWH� IRU�+3&�8VHUV"� ,Q� 5�-�� $OODQ��0�)��*XHVW�� '�6�� +HQW\��'�� 1LFROH� DQG�$�'�� 6LPSVRQ�HGV���� +LJK� 3HUIRUPDQFH� &RPSXWLQJ ��� 3URF�� +3&,
��� &RQIHUHQFH� ����� SS� ������� �����3OHQXP�.OXZHU�3XEOLVKLQJ�>��@7�� +H\�� $�� 'XQORS� DQG� (�� +HUQDQGH]�� 5HDOLVWLF� 3DUDOOHO� 3HUIRUPDQFH� (VWLPDWLRQ�� 3DUDOOHO&RPSXWLQJ ����������SS�������>��@',0(0$6��KWWS���ZZZ�SDOODV�GH�SDJHV�GLPHPDV�KWP>��@.��.XERWD��.��,WDNXUD��0��6DWR�DQG�7��%RNX��3UDFWLFDO�6LPXODWLRQ�RI�ODUJH�VFDOH�3DUDOOHO�3URJUDPVDQG�LWV�3HUIRUPDQFH�$QDO\VLV�RI�WKH�1$6�3DUDOOHO�%HQFKPDUNV�/HFWXUH�1RWHV�LQ�&RPS��6FL� ����������SS���������>��@&DUQLYDO��KWWS���ZZZ�FV�URFKHVWHU�HGX�X�OHEODQF�SUHGLFWLRQ�KWPO>��@ -�3��.LWDMLPD��&�� 7URQ� DQG�%�� 3ODWHDX��$/3(6�� D�7RRO� IRU� 3HUIRUPDQFH� (YDOXDWLRQ� RI� 3DUDOOHO3URJUDPV�� ,Q� -�-�� 'RQJDUUD� DQG� %�� 7RXUDQFKHDX� �HGV����(QYLURQQPHQWV� DQG� 7RROV� IRU� 3DUDOOHO6FLHQWLILF�&RPSXWLQJ��1RUWK�+ROODQG��������SS��������>��@ _7�� )DKULQJHU�� (VWLPDWLQJ� DQG� 2SWLPLVLQJ� 3HUIRUPDQFH� IURP� 3DUDOOHO� 3URJUDPV�� 6SHFLDO� LVVXH,(((�&RPSXWHU ����������SS��������>��@3HUIRUH��KWWS���3DUD0RXQW�ZZZ�HFQ�SXUGXH�HGX>��@&��&��+XL��0��+DPGL�DQG�,��$KPDG��63(('��$�3DUDOOHO�3ODWIRUP�IRU�6ROYLQJ�DQG�3UHGLFWLQJ�WKH3HUIRUPDQFH�RI�3'(V�RQ�'LVWULEXWHG�6\VWHPV�&RQFXUUHQF\��3UDFWLFH�DQG�([SHULHQFH����������SS���������>��@0��0LOOHU�� &�'�� +DQVHQ� DQG� &�5�� -RKQVRQ�� 6LPXODWHG� 6WHHULQJ� ZLWK� 6&,5XQ� LQ� D� 'LVWULEXWHG(QYLURQPHQW�� ,Q� $SSOLHG� 3DUDOOHO� &RPSXWLQJ� ��� 3URF�� �WK� ,QWHUQDWLRQDO� :RUNVKRS� 3$5$
���/1&6�������6SULQJHU���������SS��������>��@3$5$,62��KWWS���ZZZ�DF�XVF�HV�aSDUDLVR>��@$OS6WRQH��KWWS���ZZZ�LIL�XQLEDV�FK�JHQHUDWH�GRF�(QJOLVK�5HVHDUFK�3DU3URJ�DOSVWRQH�GRF�KWPO>��@'$0,(1��KWWS���ZZZ�KOUV�GH�RUJDQL]DWLRQ�SGV�SURMHFWV�GDPLHQ�
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�� ,17(*5$7,217KH�FRPSRQHQWV�RI�WKH�*ULG�SURJUDPPLQJ�HQYLURQPHQW�SUHVHQWHG�LQ�6HFWLRQ�� VKRXOG�EH�LQWHJUDWHG�DVIDU� DV� SRVVLEOH�� ,Q� WKH� IROORZLQJ�� ZH� RXWOLQH� WKH� PXWXDO� LQWHU�UHODWLRQV� EHWZHHQ� HDFK� SDLU� RIFRPSRQHQWV�x 03,�GHEXJJLQJ���%HQFKPDUNV7KH�03,�GHEXJJLQJ�WRRO�ZLOO�EH�XVHG�WR�HQVXUH�WKH�FRUUHFWQHVV��ZLWK�UHVSHFW�WR�03,��DQG�WKHSRUWDELOLW\�RI� WKH�EHQFKPDUNV��9LFH�YHUVD�� WKH�EHQFKPDUNV�FDQ�EH�XVHG�DV�D� WHVWFDVH� IRU� WKH03,�GHEXJJLQJ� WRRO��7KH\�ZLOO� DOVR� EH� XVHG� WR� DVVHVV� WKH� WRRO¶V� LPSDFW� RQ� DQ� DSSOLFDWLRQ
VSHUIRUPDQFH��DOWKRXJK�WKLV�LV�QRW�FULWLFDO��VLQFH�WKH�WRRO�ZLOO�RQO\�EH�XVHG�GXULQJ�DSSOLFDWLRQGHYHORSPHQW��QRW�DW�SURGXFWLRQ�UXQ�WLPH�x %HQFKPDUNV���3HUIRUPDQFH�HYDOXDWLRQ7KH� SHUIRUPDQFH� WRRO
V� PHDVXUHPHQW� DQG� KLJK�OHYHO� DQDO\VLV� FRPSRQHQWV� ZLOO� EH� XVHG� WRH[WUDFW�SHUIRUPDQFH�GDWD��L�H��WKH�EHQFKPDUNV
�UHVXOWV��IURP�WKH�UXQQLQJ�EHQFKPDUN�FRGH��2QWKH�RWKHU�KDQG��EHQFKPDUN� UHVXOWV�DUH�XVHG�DV� LQSXW�IRU�ERWK� WKH�KLJK�OHYHO� DQDO\VLV� DQG� WKHSHUIRUPDQFH�SUHGLFWLRQ�FRPSRQHQWV�x 3HUIRUPDQFH�HYDOXDWLRQ����03,�GHEXJJLQJ7KHVH�WRROV�VHUYH�LQGHSHQGHQW�JRDOV��EXW�QHYHUWKHOHVV�WKH\�VKRXOG�EH�XVDEOH�FRQFXUUHQWO\��7KLVDOORZV�DQ�DSSOLFDWLRQ�SURJUDPPHU�WR�KDYH�RQO\�RQH�GHYHORSPHQW�YHUVLRQ��ZKLFK�FDQ�EH�XVHGZLWK�ERWK�RI�WKHVH�WRROV��6LQFH�WKH�WRROV�DUH�LQGHSHQGHQW��WKH�SHUIRUPDQFH�HYDOXDWLRQ�WRRO�FDQDFWXDOO\�EH�XVHG�WR�RSWLPL]H�WKH�03,�GHEXJJLQJ�WRRO��LI�WKHUH�VKRXOG�EH�D QHHG�7KH� WHFKQLFDO�SURFHVV�RI� LQWHJUDWLRQ�DQG� WHVWLQJ� LV�YLVXDOL]HG� LQ�)LJ�� ���$OO�SURWRW\SHV� GHYHORSHG� LQ:3��ZLOO�ILUVW�EH�LQVWDOOHG�DW� WKH�ORFDO� WHVWEHG�DW�)=.��+HUH�� WKH�WRROV�ZLOO�EH� WHVWHG�XVLQJ� WKH�+LJK(QHUJ\�3K\VLFV�DSSOLFDWLRQ�IURP�:3���7KLV�DSSOLFDWLRQ�KDV�EHHQ�FKRVHQ��VLQFH�)=.�LV�LQYROYHG�LQ�LWVGHYHORSPHQW�� 6HYHUH� HUURUV� ZLOO� EH� SDVVHG� EDFN� WR� WKH� GHYHORSHUV� DQG� VKRXOG� EH� FRUUHFWHGLPPHGLDWHO\�� :KHQ� WKH� SURWRW\SHV� SDVV� WKLV� WHVW�� WKH\� DUH� SDFNDJHG� DQG� LQVWDOOHG� LQ� WKH� ZKROH&URVV*ULG�WHVWEHG��$SSOLFDWLRQ�GHYHORSHUV�IURP�:3��ZLOO�WKHQ�XVH�WKH�WRROV�DQG�SURYLGH�IHHGEDFN�RQVXJJHVWHG� LPSURYHPHQWV��ZKLFK�ZLOO� EH�FROOHFWHG�� UHYLVHG�� DQG�SDVVHG�RQ� WR� WKH� WRRO� GHYHORSHUV� IRULQFOXVLRQ�LQ�WKH�QH[W�SURWRW\SHV��)LJ����DOVR�VKRZV�WKH�WLPLQJ��0[[� �SURMHFW�PRQWK�[[��IRU�WKH�ILUVWSURWRW\SHV��7KH�WLPLQJ�IRU�WKH�QH[W�WZR�SURWRW\SHV�ZLOO�EH�DV�IROORZV�x 6HFRQG�SURWRW\SH�R 0���� LQVWDOODWLRQ�DW�GHYHORSPHQW� WHVWEHG��6LQFH� WKLV�SURWRW\SH� LV�QR� ORQJHU�UHVWULFWHG�WRORFDO� HQYLURQPHQWV�� LW� FDQ� QR� ORJHU� EH� IXOO\� WHVWHG� RQO\� DW� WKH� )=.� VLWH�� ,QVWHDG�� DVVXJJHVWHG� LQ�GHOLYHUDEOH�'�����)=.�ZLOO� VHUYH�DV� WKH�PDLQ� VLWH� RI� D� VPDOO� GHYHORSPHQWWHVWEHG�R 0����UHOHDVH�DQG�UHSRUW�R 0����IHHGEDFN�FROOHFWLRQ�R 0����SURJUHVV�UHSRUW�x )LQDO�SURWRW\SH�R 0����LQVWDOODWLRQ�DW�GHYHORSPHQW�WHVWEHG�R 0����GHPRQVWUDWLRQ��UHOHDVH�DQG�UHSRUW
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WHVW�ZLWK+(3�DSS�LQVWDOODW�)=. SDFNDJH	�UHOHDVH�VWSURWRW\SHV
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0��

HUURUV0��
7DVN����

0��

0��LPSURYHPHQWV

0��

SURJUHVVUHSRUW

UHSRUW�RQ

'���

���

8VHU
8VHU
8VHU

SURWRW\SHV'���

)LJXUH����,QWHJUDWLRQ�DQG�WHVWLQJ�SURFHGXUH
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�� 5(48,5(0(176�63(&,),&$7,21,Q� RUGHU� WR� FOHDUO\� VKRZ� WKHLU� DVVLJQPHQW� WR� WKH� GLIIHUHQW� FRPSRQHQWV� RI� WKH� SURJUDPPLQJHQYLURQPHQW�� WKH� VRIWZDUH� UHTXLUHPHQWV� KDYH� EHHQ� VSHFLILHG� VHSDUDWHO\� IRU� HDFK� RI� WKH� WKUHHFRPSRQHQW� LQ� WKH� IROORZLQJ� SDUWV� RI� WKLV� UHSRUW�� 7KLV� SURFHGXUH� DOVR� PDGH� LW� HDVLHU� WR� FROOHFW� WKHUHTXLUHPHQWV� LQ�D�GLVWULEXWHG�ZD\�� WKXV�UHGXFLQJ�WKH�PDQDJHPHQW�RYHUKHDG�LQ�IDYRU�RI� WKH� WHFKQLFDOZRUN�


