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$� XVH� RI� WKH� ILQLWH� HOHPHQW� DQDO\VLV� �)($�� LQ� FRQMXQFWLRQ� ZLWK� FUHDWHG� VWDQGDUGV� RU� JDWKHUHG�
H[SHULHQFH�DOORZV�GHVLJQ�DQG�SURGXFWLRQ�RI�QHZ�SURGXFWV�LQ�PXFK�KLJKHU�UDWH��7KH�XVH�RI�)($�WRROV�
JHQHUDWHV�QHZ�FRPSRQHQWV�DQG�PDFKLQHV��ZKLFK�DUH�VDIH�IURP�WKH�SRLQW�RI�YLHZ�RI�WKH�VWDWLF�DQDO\VLV��
:H�DUH�LQ�D�VWDWH��ZKHUH�WKH�PDWFKLQJ�RI�WKH�SURGXFW¶V�XWLOLW\�YDOXH�ZLWK�LWV�IDWLJXH�SURSHUWLHV�FDQ�EH�
WKH�PRVW�LPSRUWDQW�NH\�WR�WKH�JDPH��

$�ODWWLFH�ZRUN��ZKLFK�XVHG�WR�EH�VR�SRSXODU�DPRQJ�DLUFUDIW�VWUXFWXUHV�LQ�WKH�EHJLQQLQJ�RI�WKH�

��
� �

� FHQWXU\�� LV� WRR� RIWHQ� REVROHWH� WRGD\�� $V� WKH� QHZ� VWUXFWXUDO� SDUWV� DUH� GHVLJQHG�� D� FOHDUO\�

YLVLEOH� WUHQG� WR� VDYH� WKH� VSDFH�� ZHLJKW� RU� ILQDQFLDO� GHPDQGV� RI� WKH� SURGXFWLRQ� E\� SURGXFLQJ�

FRPSOH[�VKDSHG�FRPSRQHQWV�FDQ�EH�VHHQ��7KH�RULJLQDO�PHWKRGV�GHVFULELQJ�WKH�FKDQJH�RI�IDWLJXH�

SURSHUWLHV� RI� EHDPV� ZLWK� SDUWLFXODU� QRWFKHV� E\� LQWURGXFWLRQ� RI� QRWFK� IDFWRUV� GHULYHG� IURP�

QRPLQDO�VWUHVVHV�DUH�UHOLFWV�RI�WKH�ROG�WLPHV��6LPSO\��WKH�LVRODWHG�EHDPV�DUH�QRW�YHU\�RIWHQ�WRGD\��

%XW��WKH�ROG�PHWKRGV�VWLOO�UHPDLQ�WR�EH�WKH�PRVW�RIWHQ�XVHG�WRROV�LQ�WKH�LQGXVWULDO�SUDFWLFH��

7KH� VWUXFWXUDO� DQDO\VWV� JRW� D� YHU\� SRZHUIXO� WRRO� LQ� WKH� ILQLWH� HOHPHQW� PHWKRG�� 7KH\� FDQ� GHVFULEH�
UHODWLYHO\�DFFXUDWHO\� ORFDO� ORDGV�DQ\ZKHUH�RQ� WKH�VWUXFWXUH��7KH�LQWURGXFWLRQ�RI�WKH�)(0�LQWR�WKH�

FRPPRQ�HQJLQHHULQJ�SUDFWLFH�VLPSOLILHG�GHYHORSPHQW�DQG�GHVLJQ�RI�QHZ�VWUXFWXUDO�SDUWV�RU�XQLWV�

DQG�VRPHWLPHV�DOORZHG�D�GHFUHDVH�RI�QHFHVVDU\�VWDWLF�WHVWV��,W�LV�OHJLWLPDWH�WKDW�DOVR�WKH�IDWLJXH�
DQDO\VWV� FODLP� WKDW� WKH\� VKRXOG� JHW� VRPH� DGYDQWDJH� IURP� WKLV� ZRQGHUIXO� WRRO�� 7KH� PDVVLYH�
LQYDVLRQ� RI� KDUGZDUH� MRLQW� ZLWK� DFFHOHUDWHG� LQFUHDVH� RI� FRPSXWDWLRQDO� VSHHG� OHG� WR� LQFUHDVLQJ�
FRPSOH[LW\� RI� IDWLJXH� OLIH� FDOFXODWLRQ� VFKHPHV�� ZKLFK� DUH� WRGD\� GHYHORSHG�� 7KH� GHVLUHG� JRDO� LV� WR�
LQWHJUDWH�WKH�QHZ�IDWLJXH�FDOFXODWLRQ�FDSDELOLWLHV�DV�VHDPOHVVO\�DV�SRVVLEOH�ZLWK�WKH�)($��VR�WKDW�WKH�
ZKROH�SUH�GHVLJQ��GHVLJQ�DQG�HYHQ�WKH�SURVSHFWLYH�H[SHULPHQWDO�FHUWLILFDWH�FRXOG�EH�UXQ�RQ�D�YLUWXDO�
SURWRW\SH�H[LVWLQJ�RQO\�DW�WKH�FRPSXWHU¶V�KDUG�GLVF��

7KHUH�LV�D�SOHQW\�RI�IDWLJXH�SRVW�SURFHVVRUV�RI�WKH�)(�DQDO\VLV�DYDLODEOH�RQ�WKH�PDUNHW��/LQNV�WR�PDQ\�
RI� WKHP�FDQ�EH� IRXQG�DW�KWWS���ZZZ�SUDJWLF�FRP�OLQNV�SKS��EXW� LW� LV�YHU\�ZHOO�SRVVLEOH� WKDW�PRUH�RI�
WKHP� H[LVW�� 7KHUH� LV� WKH� VWURQJ� SHQWDG� RI� 06&�)DWLJXH�� )(�)DWLJXH�� )H�6DIH�� /06�9LUWXDO� /DE� F��
'XUDELOLW\� DQG� )HP)DW�� EXW� WKHUH� DUH� DOVR� RWKHU� ORZ�FRVW� SURGXFWV� DQG� WKHUH� DUH� HYHQ� VRPH� SXUHO\�
DFDGHPLF�VRIWZDUH�SLHFHV��

$V�UHJDUGV�WKH�FRPPHUFLDO�SURGXFWV��WKH\�DUH�FRPSHWLQJ�RQH�ZLWK�DQRWKHU��7KLV�FRXOG�EH�SUREDEO\�WKH�
UHDVRQ��ZK\�WKH�SURGXFHUV�RIWHQ�WU\�WR�SXW�RQ�WKH�PDUNHW�VROXWLRQV��ZKLFK�DUH�QLFHO\�LQWHJUDWHG�WR�WKH�
VRIWZDUH��FDQ�EH�SRWHQWLDOO\�FKHFNHG�ZLWK�WKH�H[SHULPHQWV��EXW�WKH�XVHU�JHWV�QR�LQIRUPDWLRQ�DERXW�WKH�
GHJUHH�RI�WKHLU�UHOLDELOLW\��7KHUH�LV�QR�LQGHSHQGHQW�RUJDQL]DWLRQ�WKDW�ZRXOG�DQDO\]H�SURSHUWLHV�RI�

WKH�IDWLJXH�VRIWZDUH�DYDLODEOH�RQ�WKH�PDUNHW��7KH�IDWLJXH�DQDO\VLV�LV�YHU\�FRPSOH[�DQG�WKH�SK\VLFDO�
EDVH� RI� WKH� PHWKRGV� LV� RIWHQ� RQO\� HPSLULFDO� �QRW� DV� LW� LV� E\� WKH� OLQHDU� )($��� 7KHUH� DUH� DOVR� PDQ\�
LQIOXHQFHV��ZKLFK�DUH�QRW�VXIILFLHQWO\�FRYHUHG�HYHQ�LQ�WKH�H[SHULPHQWV���

&RPPHUFLDO� WRROV� DEOH� WR� GR� D� IDWLJXH� DQDO\VLV� RQ� )(�FDOFXODWLRQ� UHVXOWV� GR� QRW� KDYH� D� YHU\� ORQJ�
KLVWRU\��7KH�QHJDWLYH�DVSHFWV�UHODWHG�WR�WKHLU�XVH�DUH��

�� KLJK�SULFH���

�� TXLWH� KLJK� DQQXDO� PDLQWHQDQFH� IHH� WR� HQVXUH� GHOLYHU\� RI� DOO� DFWXDOL]DWLRQV� �DEVROXWHO\�
QHFHVVDU\�GXH�WR�WKH�UDSLG�GHYHORSPHQW�RI�WKHVH�6:V���

�� XQVDWLVIDFWRU\� ODFN� RI� RSHQQHVV� DQG� GHVFULSWLRQ� RI� LPSOHPHQWHG� PHWKRGV� DQG� WKH� ZD\� RI�
LPSOHPHQWDWLRQ�LWVHOI��



�� LQVXIILFLHQW� LQIRUPDWLRQ� RQ� WKH� XVH� RI� LPSOHPHQWHG� PHWKRGV� XQGHU� SDUWLFXODU� VHUYLFH�
FRQGLWLRQV�RI�UHDO�VWUXFWXUHV��

�� LQDELOLW\�WR�PRGLI\�WKH�VRXUFH�FRGH�RI�WKH�SURJUDP�WR�LPSOHPHQW�RZQ�ILQGLQJV��

�� LQVXIILFLHQW�QXPEHU�RI�H[SHUW�XVHUV��

�� DYDLODELOLW\� WR� XVHUV� ZKR� KDYH� OLWWOH� H[SHUWLVH� LQ� IDWLJXH� DQDO\VLV� DQG� OLWWOH� DZDUHQHVV� RI� LWV�
OLPLWDWLRQV��

3URMHFW�3UDJ7LF�ZDV�VWDUWHG�E\�-DQ�3DSXJD�GXULQJ�KLV�ZRUN�RQ�WKH�3K'�WKHVLV��,W�VXEVHTXHQWO\�JUHZ�
LQWR�WKH�FXUUHQW�3UDJ7LF�Y�����EHWD(�YHUVLRQ�DEOH�WR�SURFHVV�)(�GDWD�RU�LVRODWHG�SRLQWV�E\�D�PXOWLSOH�RI�
GLIIHUHQW�FRPSXWDWLRQDO�IDWLJXH�PHWKRGV��7KH�SURJUDP�DQG�RWKHU�LQIRUPDWLRQ�RQ�WKH�ZKROH�SURMHFW�DUH�
DYDLODEOH�RQ�ZHEVLWH�KWWS���ZZZ�SUDJWLF�FRP�SURJUDP�SKS��3UDJ7LF�LV�GLVWULEXWHG�DV�D�IUHHZDUH�DQG�LWV�
XVHUV�DUH�SHRSOH�ZRUNLQJ�HLWKHU�LQ�UHVHDUFK�RU�LQ�LQGXVWU\��VHH�KWWS���ZZZ�SUDJWLF�FRP�XVHUV�SKS����

([FHSW�IRU�WKH�UHVHDUFK�LWVHOI��WKH�RWKHU�PDLQ�UHDVRQ�IRU�LWV�SURJUDPPLQJ�IURP�WKH�YHU\�VWDUW�ZDV�WKH�
DWWHPSW�WR�V\VWHPDWLFDOO\�YHULI\�FRPPHUFLDOO\�DSSOLHG�VROXWLRQV��7KH�UHVHDUFK�SUDFWLFH�LV�WRR�VFDWWHUHG�
DQG�WRR�RIWHQ�ZH�VHH�LQYHQWLQJ�RI�QHZ�EULJKW�DQDO\VLV�PHWKRGV��ZKLOH�WKH�SUHYLRXV�RQHV�KDYH�QRW�EHHQ�
ZKROO\�FKHFNHG�\HW��0RUHRYHU��WKHUH�LV�QR�VXSHUYLVRU�WKDW�ZRXOG�H[DPLQH�UHDOO\�WKRURXJKO\�KRZ�WKH�
FRPPHUFLDO� LPSOHPHQWDWLRQV� EHKDYH� XQGHU� VSHFLILF� FRQGLWLRQV� DQG� JLYHQ� LQSXWV�� %HFDXVH� WKH�

VRIWZDUH�SURGXFHUV�GLVFODLP�DQ\�ZDUUDQW\�IRU�WKH�XVH�RI� WKH�VRIWZDUH�WKH\�SURGXFH�� WKH�PDLQ�

EXUGHQ� RI� WKH� SURRI� RI� LWV� IXQFWLRQDOLW\� OLHV� RQ� LWV� XVHUV�� 6XFK� D� SUDFWLFH� HLWKHU� SODFHV� JUHDW�

GHPDQGV�RQ�WKH�XVHUV�RU�OHDYHV�WKHP�ZLWK�D�JUHDW��H[SHQVLYH�DQG�QRQ�YHULILHG�WRRO�LQ�KDQGV��,W�LV�

QR�ZRQGHU�WKDW�WKH�PRVW�RI�WKH�XVHUV�RI�WKH�FRPPHUFLDO�IDWLJXH�WRROV�EHORQJ�WR�ODUJH�FRPSDQLHV��

'XH�WR�WKH�SRLQWV�PHQWLRQHG�DERYH��WKH�FRPPHUFLDO�IDWLJXH�VRIWZDUH�LV�QRW�VXLWDEOH�IRU�VPDOO�RU�

PHGLXP�VL]H�HQWHUSULVHV��

7KH�FRPSDQLHV�DQG�XQLYHUVLWLHV�MRLQW�LQ�WKLV�UHVHDUFK�FRQVRUWLXP�ZRXOG�WKHUHIRUH�OLNH�WR�VHW�RQH�RI�LWV�
JRDOV�WR�DQ�H[WHQVLYH�FRPSDULVRQ�RI�FRPPHUFLDO�DQG�QRQ�FRPPHUFLDO�IDWLJXH�WRROV�DYDLODEOH�ZLWKLQ�LW��

7KHVH�DUH��

(YHNWRU��&=��	�DOO�RWKHU� 3UDJ7LF�

%UQR�8QLYHUVLW\�RI�7HFKQRORJ\��&=��� 06&�)DWLJXH�

&]HFK�7HFKQLFDO�8QLYHUVLW\�LQ�3UDJXH��&=��� )H�6DIH�

)DWHF�(QJLQHHULQJ��1/��� I)DWLJXH�

6.2'$�9<=.80��&=��� )HP)DW�

9&$��&=�� :LQ/LIH�

�

3UDJ7LF� IUHHZDUH� LV� DYDLODEOH� WR� DQ\� SDUWLFLSDQW� DQG� LWV� VRXUFH� FRGH� ZLOO� EH� SURYLGHG� ZLWKLQ� WKH�
FRQVRUWLXP�XQGHU� WKH�FRQGLWLRQ�� WKDW� LW�ZLOO�QRW�EH�IXUWKHU�GLVWULEXWHG�DV�D�ZKROH�� LQ�SDUWV�RU� LQ�DQ\�
PRGLILFDWLRQ��

3UDJ7LF� LV� FXUUHQWO\� IRFXVHG� DERYH� DOO� RQ� IDWLJXH� LQGXFHG� E\� PXOWLD[LDO� ORDGLQJ�� 6RPH� RI�
3UDJ7LF¶V� UHVXOWV� DUH� DOUHDG\� DYDLODEOH� LQ� WKH� )DW/LP� GDWDEDVH� �VHH� SOHDVH�
KWWS���ZZZ�SUDJWLF�FRP�H[SHULPHQWV�SKS��� ZKLFK� XQLTXHO\� FRPSDUHV� SUHGLFWLRQ� FDSDELOLWLHV� RI� ���
GLIIHUHQW�FDOFXODWLRQ�PHWKRGV�IRFXVHG�RQ�KLJK�F\FOH�IDWLJXH�VROXWLRQ�XQGHU�PXOWLD[LDO� ORDGLQJ�DW� WKH�
IDWLJXH� OLPLW�� ,W� FOHDUO\�GRFXPHQWV� WKDW� WKH�PRVW�RI� WKH�FRPPHUFLDOO\� LPSOHPHQWHG�PHWKRGV�RI�

WKLV�FDWHJRU\�DUH�QRW�VXLWDEOH�IRU�FRPPRQ�PXOWLD[LDO�VROXWLRQ��

:H�QHYHUWKHOHVV� IHHO� WKDW� WKH� FXUUHQW� IRFXV� LV� WRR�QDUURZ� IRU� D� VRIWZDUH� WRRO� HTXLSSHG�ZLWK� VXFK�D�
FRPSOH[� LQQHU� VWUXFWXUH�� 7KH� PDVWHUHG� PDQDJHPHQW� RI� )(�GDWD� DOORZV� LPSOHPHQWDWLRQ� RI� VROXWLRQV�
XVHG�LQ�RWKHU�SUREOHPV�FRPPRQ�WR�IDWLJXH�FRPSXWDWLRQV��,W�DOVR�SURYLGHV�D�VXLWDEOH�EDVH�WKDW�FDQ�EH�
XVHG�IRU�IXUWKHU�TXLFN�IDWLJXH�RU�)(�SRVW�SURFHVVLQJ�LPSOHPHQWDWLRQV�E\�DQ\�LQWHUHVWHG�ERG\���

,W� VKRXOG�EH�QRWHG�KHUH�� WKDW� DV� WKH� FRPSXWDWLRQDO�PHWKRGV� WHQG� WR� FRPSOLFDWH� DQG� VRSKLVWLFDWH� WKH�

DXWRPDWHG�FRPSXWHU�VROXWLRQ�LV�WKH�RQO\�SRVVLELOLW\�LI�DQ\�PRUH�H[WHQVLYH�WHVWLQJ�RI�QHZ�PHWKRGV�
VKRXOG�EH�GRQH��,I�WKH�FRPSXWHU�VROXWLRQ�KDV�SURFHVV�WKH�)(�VWUXFWXUH�VLPXOWDQHRXVO\��ZKDW�VKRXOG�EH�
D�QHFHVVDU\�FRQGLWLRQ�H�J��IRU�WHVWLQJ�RI�QRWFK�HIIHFW��ZHOGV��HWF����WKH�DPRXQW�RI�SURJUDPPLQJ�ZRUN�



DVVRFLDWHG�ZLWK�LW�FRXOG�VXEVWDQWLDOO\�H[FHHG�WKH�DPRXQW�RI�ZRUN�UHODWHG�WR�WKH�UHVHDUFK�LWVHOI��
3RVVLELOLW\� WKDW� PRUH� UHVHDUFK� ERGLHV� FRXOG� ZRUN� RQ� RQH� FRPPRQ� SUHSDUHG� 6:� SODWIRUP�

EHORQJV�WR�PDMRU�DGYDQWDJHV�RI�WKH�SUHVHQWHG�DSSOLFDWLRQ��

2Q�WKH�RWKHU�KDQG��(YHNWRU�LV�D�GHVLJQ�RIILFH�ZLWK�D�GLUHFW�OLQN�WR�PDQXIDFWXULQJ�RI�LWV�GHVLJQV�UHDOL]HG�
LQ� (YHNWRU�$HURWHFKQLN�� ZKLFK� LV� DQ� DIILOLDWHG� FRPSDQ\�� (YHNWRU� FXUUHQWO\� IRFXVHV� RQ� WZR� PDMRU�
SURMHFWV� �� D� IRXU� VHDW� VLQJOH� HQJLQH� 987���� &REUD� DQG� QLQH� VHDW� SDVVHQJHU� RU� FDUJR� WZR� HQJLQH�
WXUERSURS� (9����� 7KH� IDWLJXH� DQDO\VLV� LV� D� QHFHVVDU\� SDUW� RI� DQ\� GHVLJQ� SURMHFW� LQ� VXFK� D� VFDOH��
(YHNWRU¶V�VL]H�DQG�FDSDELOLW\�ZRXOG�EH�PXFK�EHWWHU�XVHG�LI�WKH�)($�UHVXOWV�SRVW�SURFHVVLQJ�OLQN�KDG�
LQFOXGHG�DOVR�VRPH�IDWLJXH�VROYHU��'XH�WR�WKH�VWDWH�RI�WKH�DUW�GHVFULEHG�DERYH��(YHNWRU�UHSUHVHQWDWLYHV�
H[SHFW�WKDW�WKH�LQYHVWPHQW�LQWR�3UDJ7LF$�SURMHFW�ZLWK�FOHDU�GRFXPHQWDWLRQ�RI�WKH�H[SHULPHQWV�GRQH�RQ�
PDWHULDOV� XVHG� ZLWKLQ� (YHNWRU¶V� DLUSODQHV� PDNHV� PRUH� VHQVH� WKHQ� WKH� SXUFKDVH� RI� DQ\� H[LVWLQJ�
FRPPHUFLDO�V\VWHP���

������ 723,&6�$''5(66('�

$V�UHJDUGV� WKH� WRSLFV��ZKLFK�DUH�DGGUHVVHG�E\� WKH�FDOO�DQG�ZKLFK�3UDJ7LF$�SURMHFW� IXOILOV�� WKH\�DUH�
DQDO\VHG�LQ�WKH�WH[W�WKDW�IROORZV�LQ�WKLV�VHFWLRQ���

$'9$1&('� 02'(//,1*� $1'� 6,08/$7,21� 722/6� 72� ,1&/8'(� 
9,578$/� 5($/,7<
� ,1� 6833257� 2)�

'(6,*1�$1'�
9,578$/�352727<3,1*
�

7KH�SUHVHQW� VWDWH� LQ� WKH�SURIHVVLRQDO�GHVLJQ�RI�HQJLQHHULQJ�VWUXFWXUHV� LV�EDVHG�RQ� WZR�DOUHDG\�TXLWH�
ZHOO�OLQNHG�OHYHOV�±��'�&$'�V\VWHPV�IRU�WKH�FRPSRQHQW�GHVLJQ�DQG�)($�VROYHU�DFFRPSDQLHG�E\�WKH�
OLQN� LWHP�LWVHOI�±�D�VXLWDEOH�)($�SUHSURFHVVRU��7KH�DQDO\VLV�RI�UHVXOWV�GRQH�XVXDOO\�LQ�D�QDWLYH�)($�
SRVW�SURFHVVRU� DOORZV� HYDOXDWLRQ� RI� DFWXDO� ORDG� OHYHOV� WKDW� FRXOG� HQGDQJHU� FRUUHFW� IXQFWLRQ� RI� WKH�
FRPSRQHQW�DQDO\VHG�XQGHU�VWDWLF�ORDG�HLWKHU�E\�WRR�ODUJH�GLVSODFHPHQWV�RU�WRR�KLJK�VWUHVVHV���

)($� IDWLJXH� SRVWSURFHVVRUV� DUH� WKH� QH[W� OHYHO� QHFHVVDU\� WR� PDNH� WKH� GHVLJQ� SURFHVV� UHDOO\�

YLUWXDO��:H�KDYH�GHDOW�ZLWK�WKH�QHJDWLYHV�UHODWHG�WR�WKHLU�XVH�LQ�WKH�OLVW�LQ�6HF���������2XU�SURMHFW�

VKRXOG� UHVSRQG� WR� WKH� PRVW� RI� WKRVH� QHJDWLYH� SRLQWV�� 7KH� SUREOHP� RI� KLJKHVW� SULRULW\� LQ� RXU�

RSLQLRQ� LV� WRR� EHQHYROHQW� SUDFWLFDO� XVH� RI� WKRVH� QRW� DGHTXDWHO\� YHULILHG� VRIWZDUH� WRROV� ZLWK�

XQVNLOOHG�XVHUV��,I�WKLV�VWDWH�FRQWLQXHV�LW�FDQ�HYHQWXDOO\�LQGXFH�VXEVWDQWLDO�ORVVHV�RQ�HTXLSPHQW��

PDFKLQHV�RU�HYHQ�FDVXDOWLHV��

7KH�VROXWLRQ�ZH�SURSRVH�LV�EDVHG�RQ�DFFHVVLELOLW\�RI�3UDJ7LF��7KH�IUHHZDUH�W\SH�RI�OLFHQFH�KHOSV�WKH�
GLVWULEXWLRQ�RI�3UDJ7LF�EXW�ZH�ZRXOG� OLNH� WR�JR�HYHQ�IDUWKHU��:H�DUH� LQ� WKH�SRLQW�ZKHQ�ZH�RIIHU� WR�
VKDUH�DOVR�LWV�VRXUFH�FRGH��DOWKRXJK�DW�VWDUW�RQO\�DPRQJ�SDUWQHUV�RI�WKLV�SURMHFW��2XU�SUHPLVH�LV�WKDW�LW�
GRHV�QRW�PDWWHU�LI�WKH�FRPPHUFLDO�WRROV�FRS\�RXU�DSSURDFKHV�RU�VROXWLRQV��6XFK�WKHLU�DFFHSWDQFH�ZRXOG�
EH�LQ�IDFW�DGYLVDEOH��:H�VHH�WKH�IXWXUH�RI�FRPPHUFLDO�V\VWHPV�DQG�WKH�EDVH�IRU�WKHLU�FRPSHWLWLRQ�LQ�WKH�
PD[LPXP� VSHHG� RI� FDOFXODWLRQ� DQG� TXDOLW\� DQG� LQWHUDFWLYLW\� RI� WKH� XVHU� LQWHUIDFH�� 7KH� PHWKRGV�
WKHPVHOYHV�VKRXOG�QRW�EH�VR�GHFLVLYH��

7KH�UHDVRQ�RI�3UDJ7LF$�LV�QRW�WR�LQWURGXFH�3UDJ7LF�WR�WKH�FRPPHUFLDO�PDUNHW��7KLV�ZRXOG�QHHG�WRR�
ODUJH� LQYHVWPHQWV��%XW� WKH� MRLQW�ZRUN�RI� LQWHUHVWHG� UHVHDUFK�DQG�HQJLQHHULQJ� LQVWLWXWHV�FDQ�EUHHG�DQ�
LQGHSHQGHQW� IDWLJXH� WRRO� WKDW� FRXOG� EH� XVHG� HYHQ� E\� 60(V�� ZKLFK� DUH� QRW� WRGD\� DEOH� WR� ILQDQFH�
SXUFKDVH� RI� FXUUHQW� FRPPHUFLDO� WRROV�� 2XU� FRPELQHG� IRUFH� ZLOO� GRFXPHQW� FXUUHQW� SURSHUWLHV� RI�
H[LVWLQJ�IDWLJXH�WRROV�VXEVWDQWLDOO\�EHWWHU�DQG�LV�DEOH�WR�SURSRVH�DOWHUQDWH�VROXWLRQV���

'(9(/230(17�2)�$'9$1&('�0(7+2'6�$1'�&20387$7,21$/�722/6�,1�7+(�),(/'6�2)�6758&785$/�

$1$/<6,6�

)DWLJXH� DQDO\VLV� LV� D� VXEVSDFH� LQ� WKH� VWUXFWXUDO� DQDO\VLV�� $OO� WKH� :3��:3�� DUH� IXOO\� UHODWHG� WR�
YHULILFDWLRQ�RI�H[LVWLQJ�FRPSXWDWLRQDO�WRROV��GLIIHUHQW�FDOFXODWLRQ�PHWKRGV�DQG�WKHLU�LPSURYHPHQW��7KH�
IXOILOPHQW�RI�WKLV�WRSLF�LV�XQTXHVWLRQDEOH��



$'9$1&('�7(67,1*�722/6�$1'�0(7+2'6�72�,03529(�&267�()),&,(1&<�$1'�5('8&(�7(67,1*�7,0(�

2)�/$%25$725<�

7KH�YLUWXDO�GHVLJQ�WRSLF�MRLQW�ZLWK�RXU�IRFXV�FRQFHUQLQJ�IDWLJXH�SRVW�SURFHVVLQJ�RI�)($�VKRXOG�JLYH�
FOHDU� QRWLRQ� DERXW� SRVLWLYHV� FRPLQJ� IURP� 3UDJ7LF$� UHDOLVDWLRQ� DV� UHJDUGV� WKH� QHFHVVLW\� RI�
H[SHULPHQWDO�WHVWLQJ��3RVVLELOLW\�WR�UHPRYH�WKH�QHFHVVLW\�RI�DW�OHDVW�SDUW�RI�IDWLJXH�UHODWHG�H[SHULPHQWDO�
ZRUN�ZKLOH�PDLQWDLQLQJ�JRRG� UDWLR�RI�VWUHQJWK� WR�ZHLJKW� LV� WKH�YHU\�SRVLWLYH�RXWFRPH�UHODWHG� WR� WKH�
ZRUN�SODQQHG��

7KH�RWKHU�DGYDQWDJH�UHODWHG�WR�3UDJ7LF$�UHVXOWV�LV�WKDW�ZH�DUH�GH�IDFWR�UHDOL]LQJ�DW�OHDVW�D�SDUW�RI�WKH�
H[SHULPHQWV� WKDW� VKRXOG� GR� DQ\ERG\� ZKR� ZDQWV� WR� XVH� FRQWHPSRUDU\� IDWLJXH� VROYHUV�� 7KH� VFDOH� RI�
SODQQHG�GLVVHPLQDWLRQ�LV�VHW�LQ�VXFK�D�ZD\�VR�WKDW�DOO�UHOHYDQW�UHVXOWV�RI�RXU�WHVWLQJ�ZHUH�DFFHVVLEOH�WR�
DQ\�LQWHUHVWHG�HQJLQHHU�RU�UHVHDUFKHU��7KXV�ZH�DUH�PLQLPL]LQJ�SXUFKDVH�FRVWV�RI�DQ\�HQJLQHHULQJ�RU�
LQGXVWULDO�FRPSDQ\�SRWHQWLDOO\�LQWHUHVWHG�LQ�D�SXUFKDVH�RI�D�FRPPHUFLDO�V\VWHP��EHFDXVH��

��� ZH� SODQ� WR� VKRZ� TXDOLW\� RI� LQGLYLGXDO� W\SHV� RI� VROXWLRQV� LPSOHPHQWHG� LQ� GLIIHUHQW� IDWLJXH�
VROYHUV�±�L�H��WKH�XVHU�NQRZV�ZKDW�KH�LV�EX\LQJ��

��� KH�JHWV�VRPH�LPDJH�IURP�SXEOLVKHG�GDWD��KRZ�WKH�PHWKRGV�XVHG�LQ�KLV�FKRVHQ�VRIWZDUH�EHKDYH�
XQGHU�JLYHQ�FRQGLWLRQV�±�KH�VKRXOGQ¶W�EOLQGO\�EHOLHYH�WKDW�KH�JHWV�SHUIHFW�UHVXOWV��

7KH�FRQVRUWLXP�GH�IDFWR�DFWV�DV�DQ�RUJDQL]DWLRQ�IRU�FRQVXPHUV¶�SURWHFWLRQ�ZLWK�D�YHU\�VSHFLILF�WDUJHW�
JURXS��

������ 2%-(&7,9(6�

7KH�PDMRU�SDUWLDO�JRDOV�VHW�QRZDGD\V�LQ�WKH�SURMHFW�DUH��

�D�� /HDUQLQJ� WKH� FRQVRUWLXP�SDUWLFLSDQWV� WR�ZRUN�ZLWK�3UDJ7LF� DQG�PRGLI\�RU�GHYHORS� LWV� VRXUFH�
FRGH�LI�QHFHVVDU\��:3����

�E�� (VWDEOLVKLQJ�RI�WKH�GLUHFW�OLQN�WR�WKH�GRPLQDQW�)($�VROYHUV��:3���

��� $QDO\VLV�RI�QRWFK�HIIHFWV��:3���

��� $QDO\VLV�RI�PXOWLD[LDOLW\�HIIHFWV��:3���

��� $QDO\VLV�RI�ZHOGHG�VWUXFWXUHV��:3���

��� $QDO\VLV�RI�ULYHWHG�VWUXFWXUHV��:3���

��� $QDO\VLV�RI�FRPSRVLWH�VWUXFWXUHV��:3���

��� 6\VWHPDWLVDWLRQ�RI�WKH�UHVHDUFK�DQG�WKH�HYDOXDWLRQ�UHVXOWV�DWWDLQHG��:3���

��� 'LVVHPLQDWLRQ�RI�DWWDLQHG�UHVXOWV�WR�VFLHQWLILF�DQG�HQJLQHHULQJ�SXEOLF��:3���

���� 352*5(66�%(<21'�7+(�67$7(�2)�7+(�$57�

������ :3����35$*7,&�:,7+�,76�6285&(�&2'(�)25�)5(6+0(1"�

7KH�FRQWHPSRUDU\�SUDFWLFH�LQ�WKH�GHYHORSPHQW�RI�IDWLJXH�VROYHUV�LV�EDVHG�RQ�WKH�DFWLYLW\�RI�WKH�
VRIWZDUH�SURGXFHU�DERYH�DOO��7KH�FRPSDQ\�HLWKHU�GRHV�LWV�RZQ�UHVHDUFK�LQ�WKH�VHDUFK��ZKLFK�DUH�WKH�
XVDEOH� VROXWLRQV� IRU� WKH� LPSOHPHQWDWLRQ� RU� FROODERUDWHV� ZLWK� VRPH� XQLYHUVLW\� RU� UHVHDUFK�FRPSDQ\��
ZKHUH� LW� VHH� VXFK� D� FROODERUDWLRQ� �WKH� FKHFN� RI� SRWHQWLDO� PHWKRGV� RU� HYHQ� WKH� LPSOHPHQWDWLRQV�� DV�
PRUH�VWUDLJKWIRUZDUG��L�H��FKHDSHU���7KH�GHFLVLRQ�ZKDW�WR�LPSOHPHQW�LV�WKXV�PDGH�E\�D�YHU\�OLPLWHG�

QXPEHU�RI�H[SHUWV��FKHFNHG�E\�PDQDJHUV��QRQ�H[SHUW��DQG�ILQDOO\�UHDOL]HG�±�DOO�WKHVH�DFWLYLWLHV�LQ�

VHFUHF\�VR�WKDW�WKH�RWKHU�FRPSHWLWRUV�RQ�WKH�PDUNHW�KDYH�QRW�NQRZ�ZKDW�LV�EHLQJ�SUHSDUHG��

7KHUH�LV�VRPH�FRQVHUYDWLVP�ZLWKLQ�WKH�LPSOHPHQWDWLRQV��)LUVW��WKH�XVHUV�DUH�HQJLQHHUV�DERYH�DOO��QRW�
WKH� UHVHDUFKHUV�� 7KXV� WKHUH� LV� VWURQJ� UHTXLUHPHQW� WR� LPSOHPHQW� ZHOO� NQRZQ� PHWKRGV�� ZKLFK� WKH�
QRZDGD\V�HQJLQHHUV�FRXOG�PHHW�DOUHDG\�ZKHQ�WKH\�ZHUH�DW�WKH�XQLYHUVLW\��0RUHRYHU��DV�WKH�UHVHDUFK�
SUDFWLFH� DQG� YHULILFDWLRQ� RI� LQGLYLGXDO� PHWKRGV� LV� GLVFRQWLQXRXV�� UHVXOWV� RI� WKH� ROGHU� PHWKRGV� DUH�
XVXDOO\�EHWWHU�FRYHUHG�LQ�WKH�VFLHQWLILF�SDSHUV��



7KH�DJH�RI�WKH�FDOFXODWLRQ�PHWKRG�DQG�HYHQ�WKH�H[WHQW�RI�LWV�SXEOLFLW\�DUH�QRW�WKH�ULJKW�HYROXWLRQ�
FULWHULD�QHYHUWKHOHVV��7KH�JRRG�H[DPSOH�LV�WKH�EHKDYLRXU�RI�)LQGOH\�RU�'DQJ�9DQ�PHWKRGV�LQ�)DW/LP�
GDWDEDVH� �KWWS���ZZZ�SUDJWLF�FRP�H[SHULPHQWV�SKS��� 7KHLU� UHVXOWV� XQGHU� PXOWLD[LDO� ORDGLQJ� DW� WKH�
IDWLJXH�OLPLWV�DUH�TXLWH�LQDSSURSULDWH��EXW�WKHVH�WZR�PHWKRGV�DUH�WKH�PRVW�RIWHQ�LPSOHPHQWHG�FULWHULD�LQ�
WKLV�DUHD�DQG�DUH�ZHOO�NQRZQ�HYHQ�WR�SHRSOH�ZKR�DUH�LQWHUHVWHG�LQ�IDWLJXH�EXW�NQRZ�RQO\�D�OLWWOH�RI�WKH�
LPSDFW�RI�WKH�PXOWLD[LDO�ORDGLQJ��

7KH�RSHQQHVV�RI� WKH�3UDJ7LF� VRXUFH� FRGH� WR�PRUH�SDUWQHUV�RULHQWHG�EDVLFDOO\�RQ� WKH�UHVHDUFK�
LWVHOI�VKRXOG�FKDQJH�WKLV�SUDFWLFH��7KH�LPSOHPHQWDWLRQ�FHQWUH�VWD\V�LQ�(YHNWRU��EXW�DQ\�SDUWQHU�ZLOO�
KDYH�DQ�DELOLW\�WR�FKHFN�WKH�LPSOHPHQWDWLRQ�DV�ZHOO�DV�WR�PRGLI\�LW�LQ�KLV�VHDUFK�IRU�WKH�ULJKW�VROXWLRQ��
7KH�H[WHQW�RI�WKH�ZRUN�UHODWHG�WR�WKH�UHVHDUFK�DQG�WR�WKH�YHULILFDWLRQ�RI�H[LVWLQJ�PHWKRGV�LV�TXLWH�ODUJH�
LQ�:3��:3���%XW�WKLV�LV�WKH�RQO\�ZD\�LQ�WKH�VHDUFK�IRU�D�XQLTXH�FRQFOXVLRQ�FRQFHUQLQJ�FDSDELOLWLHV�RI�
GLIIHUHQW�VROXWLRQ�W\SHV��7KH�VDPH�UHODWHV�WR�WKH�DELOLW\�WR�VKDUH�WKH�)($�PRGHOV�ZKLFK�DUH�WKH�EDVLV�
IRU�DQ\�IDWLJXH�FDOFXODWLRQ�±�EXW�PRUH�RQ�WKLV�SRLQW�LV�ZULWWHQ�LQ�6HF���������

,I�ZH�SXUVXH�WKLV�ZD\��WKH�QHFHVVDU\�ILUVW�VWHS�LQ�WKH�FRRUGLQDWLRQ�RI�IXUWKHU�GHYHORSPHQW�RI�3UDJ7LF�LV�
LQWURGXFWLRQ�RI�DOO�SDUWQHUV�ZLOOLQJ�WR�ZRUN�ZLWK�3UDJ7LF¶V�VRXUFH�FRGH��3UDJ7LF�ZLOO�EH�XVHG�ZLWKLQ�
WKH�PRVW�RI�WKH�RWKHU�ZRUNSDFNDJHV�IRU�DQDO\VLV�RI�H[SHULPHQWDO�GDWD��$�JUHDW�SDUW�RI�WKH�QHZ�RU�ROGHU�
PHWKRGV� WKDW�ZLOO�EH�HYDOXDWHG�GXULQJ� WKH�UHVHDUFK�ZLOO�EH�LPSOHPHQWHG�LQWR�LW��7KLV�PHDQV�WKDW�WKH�
SDUWLFLSDQWV�KDYH� WR�XQGHUVWDQG�KRZ� WR�ZRUN�ZLWK� LW��KRZ� LWV� LQQHU�VWUXFWXUH� ORRNV�DQG�ZKDW�FDQ�EH�
GRQH�LQ�ZKLFK�ZD\��$OWKRXJK�WKH�PRVW�RI�WKH�FRUH�LPSOHPHQWDWLRQV�LV�H[SHFWHG�WR�EH�GRQH�LQ�(YHNWRU��
LW�LV�YHU\�LPSRUWDQW�IRU�DQ\�OHDUQHG�XVHU���SURJUDPPHU�WR�KDYH�DQ�RSSRUWXQLW\�WR�PRGLI\�WKH�SDUWV�RI�
WKH�VRXUFH�FRGH�LQ�RUGHU�WR�WHVW�GLIIHUHQW�YHUVLRQV�RI�H[DPLQHG�IDWLJXH�FULWHULD��

7KLV�ZRUN�VWDUWV�ILUVW�E\�WKH�XVHUV�VWXG\LQJ�WKH�FRQWURO�RYHU�3UDJ7LF��ZKLFK�ZLOO�EH�DOVR�H[SODLQHG�DW�
WKH�ILUVW�MRLQ�PHHWLQJ��'XULQJ�WKH�ILUVW�KDOI�RI�WKH�\HDU�WKH�DFWXDOL]HG�YHUVLRQ�RI�WKH�+HOS�IRU�3UDJ7LF�
KDV� WR�EH� ILQLVKHG�� WRJHWKHU�ZLWK�D� VHW�RI�H[DPSOHV� WKDW�FDQ�KHOS� WKH�XVHUV� LQ� WKH�RULHQWDWLRQ�ZLWKLQ�
3UDJ7LF¶V� LQWHUIDFH��7KH�VHFRQG�FRPPRQ�PHHWLQJ�ZLOO�EH�XVHG�DOVR�IRU� LQWURGXFWLRQ� LQWR� WKH�VRXUFH�
FRGH�RI�3UDJ7LF��WKH�FRPPRQ�SURFHGXUHV�LQ�WKH�ZRUN�ZLWK�GDWD�EORFNV��HWF��7KH�HIIRUW�ZLOO�EH�VSHQG�VR�
WKDW�WKH�XVHUV�ZHUH�DEOH�WR�RULHQW�WKHPVHOYHV�ZLWKLQ�WKH�VRXUFH�FRGH�RI�3UDJ7LF��NQRZ�ZKHUH�WR�ORRN�
ZKHQ� WKH\� QHHG� WR� FKDQJH� VRPH� SDUWV� RI� FRGH�� ZHUH� DEOH� WR� GR� WKH� FKDQJH� LWVHOI� DQG� FKHFN� WKH�
EHKDYLRXU�RI�WKH�SURJUDP�DIWHUZDUGV��

3UDJ7LF� KDV� XS� WR� QRZ� D� YHU\� VSHFLILF� LPSRUW� SURFHGXUH� DOORZLQJ� WKH� LPSRUW� RI� VROLG� PHVKHV� RI�
DUELWUDU\�)(�VROYHU��EXW� LW� LV� WRR�VORZ�IRU� WKH�QXPEHU�RI�H[SHFWHG�IDWLJXH�DQDO\VHV�QHFHVVDU\� LQ� WKLV�
SURMHFW�� :H� WKHUHIRUH� H[SHFW� KHUH� WR� GHILQH� SURSHU� WUDQVIHU� IRUPDWV� EHWZHHQ� 3UDJ7LF� DQG� $16<6�
�&78�� ,30�� � 69�� 7&'��� 1$675$1� �%87�� (9(��� $%$486� �&78�� ,30�� 0(5/�� 83$5���
3UR(QJLQHHU��7&'��9&$���&26026��69��DQG�3$0�&5$6+��9&$���*UHDW�HPSKDVLV�ZLOO�EH�SODFHG�
RQ�LPSURYHPHQW�RI�ZRUN�ZLWK�VKHOO�WRSRORJLHV��ZKLFK�DUH�YHU\�FRPPRQ�LQ�DLUFUDIW�GHVLJQ���

������ :3����:+<�72�:25.�:,7+�7+(�127&+�())(&7"�

,QGXVWULDO�FRPSRQHQWV�DQG�VWUXFWXUHV�DOPRVW�DOZD\V�IDLO�IURP�DUHDV�RI�VWUHVV�FRQFHQWUDWLRQ��L�H��UHJLRQV�
RQ� WKH� FRPSRQHQW�ZKHUH� WKH� VWUHVV� LV�KLJK��EXW� ORFDOLVHG�� FKDUDFWHULVHG�E\�D�JUDGLHQW�RI�GHFUHDVLQJ�
VWUHVV��,W�LV�ZHOO�NQRZQ�WKDW�WKH�HVWLPDWLRQ�RI�WKH�HIIHFW�RI�WKLV�KLJK�VWUHVV�UHJLRQ�LV�GLIILFXOW��YDULRXV�
GLIIHUHQW�DSSURDFKHV�H[LVW�EXW�QRQH�KDV�HPHUJHG�DV�D�XQLYHUVDO�VROXWLRQ��

7KLV�LV�WUXH�ZKHWKHU�WKH�SUHGLFWLRQ�RI�OLIH��1��LV�EDVHG�RQ�HODVWLF�VWUHVV��6��RU�HODVWLF�SODVWLF�VWUDLQ��H���
7KH�XVH�RI�6�1�FXUYHV�LV�SULRULWLVHG�ZLWKLQ�WKLV�SURMHFW�RYHU�0DQVRQ�&RIILQ��H�1��FXUYHV��ZKLFK�

FRQVWLWXWH� WKH� EDVLV� IRU� D� SDUDOOHO� ZD\� RI� WKH� VROXWLRQ�� 2XU� SULRULW\� VHW� WR� 6�1� VROXWLRQ� ZDV�

FKRVHQ�� EHFDXVH� LW� DOORZV� PXFK� IDVWHU� DQG� FRQYHQLHQW� HQJLQHHULQJ� VROXWLRQ�� DYRLGLQJ� WKH�
FRPSOLFDWLRQV� RI� HODVWLF�SODVWLF� )($�� 'XH� WR� WKH� QRW� ZKROO\� ULJKWIXO� XVH� RI� 1HXEHU�OLNH� PHWKRGV�
VROXWLRQ�DQG�IURP�LW�DULVLQJ�QHFHVVLW\�RI�HODVWLF�SODVWLF�)($�PRGHOOLQJ��WKH�H�1�FXUYH�EDVHG�VROXWLRQ�LV�
XVDEOH�RQO\�IRU�VLPSOHU�ORDG�KLVWRULHV�DV�H�J��ZLWK�FRQVWDQW�DPSOLWXGH�ORDGLQJ�WKURXJKRXW�WKH�ZKROH�OLIH�
RI� WKH� VWUXFWXUH� HYDOXDWHG�� $OWKRXJK� WKH� 6�1� VROXWLRQ� LV� SULRULWLVHG� LQ� WKH� SODQV� IRU� 3UDJ7LF$�
FRQVRUWLXP� UHVHDUFK�� WKH� DQDO\VHV� XVLQJ� H�1� FXUYHV� ZLOO� EH� DOVR� GRQH� IRU� FRPSDUDWLYH� SXUSRVHV��
EHFDXVH� RI� PDQ\� VXSSRUWHUV� RI� WKH� H�1� VROXWLRQ� WKDW� ZRXOG� RWKHUZLVH� ULJKWIXOO\� SRLQW� RXW� WKDW� WKH�
FRPSDULVRQ�LV�LQFRPSOHWH��



6WUHVV�EDVHG�QRWFK�DSSURDFKHV�QRUPDOO\�LQYROYH�VRPH�SDUDPHWHU��ZKLFK�UHIHUV�WR�WKH�VL]H�RI�WKH�
KLJKO\�VWUHVVHG�UHJLRQ�RU�WR�WKH�PDJQLWXGH�RI�WKH�VWUHVV�JUDGLHQW��7RGD\�WKH�FRYHUDJH�RI�WKH�QRWFK�
HIIHFW� LQ� 3UDJ7LF� LV� LQVXIILFLHQW�� 6HYHUDO� PHWKRGV� EDVHG� RQ� WKH� UHODWLYH� VWUHVV� JUDGLHQW� VLPLODU� WR�
)HP)DW� VROXWLRQ�DUH� FXUUHQWO\� WHVWHG� IRU� D�XQLD[LDO� VROXWLRQ��7KH� VDPH� LQVXIILFLHQF\� LV�QHYHUWKHOHVV�
YDOLG� DOVR� IRU� WKH� PRVW� RI� WKH� FRPPHUFLDO� VRIWZDUH� ±� 06&�)DWLJXH� RU� :LQ/LIH� DVN� WKH� XVHU� WR� VHW�
PDQXDOO\�WKH�QRWFK�IDFWRU�IRU�HDFK�FULWLFDO�ORFDOLW\��2Q�WKH�RWKHU�KDQG��WKH�PHWKRG�LPSOHPHQWHG�H�J��LQ�
)HP)DW�LV�EHWWHU�DXWRPDWHG��EXW�ZH�DUH�ODFNLQJ�DQ\�VXEVWDQWLDO�DQG�WKRURXJK�YHULILFDWLRQ�RI�LWV�TXDOLW\��
7KXV�H�J��WKH�LQWURGXFWLRQ�RI�)HP)DW�Y�����FKDQJHG�VLJQLILFDQWO\�WKH�ZD\�RI�WKH�QRWFK�HIIHFW�HYDOXDWLRQ�
LQ� FRPSDULVRQ� WR� WKH� SUHYLRXV� )HP)DW� YHUVLRQ�� WKH� FKDQJH� QHYHUWKHOHVV� KDV� QHLWKHU� EHHQ� IXOO\�
GRFXPHQWHG� DV� UHJDUGV� WKH� LPSOHPHQWDWLRQ� GHWDLOV� QRU� KDV� EHHQ� UHSRUWHG� DERXW� GLIIHUHQFHV� LQ�
SUHGLFWLRQ�TXDOLW\�RI�ERWK�PHWKRGV��
7KH�H[SHULPHQWDO�SURJUDPPH�UHDOL]HG�ZLWKLQ�:3��RI�3UDJ7LF$�SURMHFW�VKRXOG� LQYROYH�QRW�RQO\�WKH�
QRWFK�HIIHFW� LWVHOI� EXW� DOVR� LWV� LQWHUDFWLRQ�ZLWK�PHDQ�VWUHVV�HIIHFW��7KLV�PHDQV� WKDW� WKH� WHVWLQJ�ZLOO�
FRPSUHKHQG�DOVR�ORDG�FDVHV�RI�UHSHDWHG�ORDG��7KH�H[SHULHQFH�JDLQHG�GXULQJ�WKH�EXLOG�XS�RI�)DW/LP�

GDWDEDVH�OHDG�XV�WR�WKH�FRQFOXVLRQ�WKDW�WKH�PRVW�RI�WKH�PXOWLD[LDO�FULWHULD�IDLO�PRUH�RIWHQ�GXH�WR�
LPSURSHU�LPSOHPHQWDWLRQ�RI�WKH�PHDQ�VWUHVV�HIIHFW�WKDQ�GXH�WR�PXOWLD[LDO�ORDGLQJ��%HFDXVH�WKH�
H[WHQVLRQ�RI�UHVXOWV�LQ�WKH�:3���QRWFK�HIIHFW��LV�SODQQHG��WKH�LQFOXVLRQ�DQG�FRYHUDJH�RI�WKH�PHDQ�VWUHVV�
HIIHFW�ZLWKLQ� WKH�QRWFK�HIIHFW� LV�QHFHVVDU\�WR�EH�YHULILHG�DOVR�ZLWKLQ�WKLV�JURXS�RI�OLPLWHG�VFRSH��QR�
PXOWLD[LDO�H[WHUQDO�ORDGLQJ�±�WKLV�H[WHQVLRQ�LV�SODQQHG�WR�EH�GRQH�LQ�:3����

7KH� XQGHUVWDQGLQJ� DQG� SURSHU� VLPXODWLRQ� RI� WKH� QRWFK� HIIHFW� ZLWKLQ� WKH� IDWLJXH� DQDO\VLV� RI� WKH�
FRPSOH[O\�VKDSHG�SDUWV�KDV�D�NH\�UROH�LQ�DQ\�HYDOXDWLRQ�RI�DLUFUDIW�VWUXFWXUHV��$V�DQ�H[DPSOH�ZH�FDQ�
PHQWLRQ�DQ�LQFUHDVH�RI�WKH�QXPEHU�RI�PLOOHG�FRPSOH[�SDUWV�XVHG�LQ�WKH�QHZ�987����&REUD�RU�(9����
2XWEDFN�DLUFUDIWV�GHYHORSHG�LQ�(YHNWRU��7KH�PLOOLQJ�LV�D�IDVW�WHFKQRORJLFDO�RSHUDWLRQ�ZLWK�D�YHU\�JRRG�
SRWHQWLDO� WR� XQFRYHU� DQ\� GHIHFWV� UHODWHG� WR� WKH� PDQXIDFWXULQJ�� ,W� LV� WKHUHIRUH� SULRULWLVHG� RYHU� WKH�
FRPPRQ� DVVHPEO\� RI� ULYHWHG� VKDSHG� VKHHWV�� ZKLFK� LV� PRUH� SURQH� WR� KXPDQ� LQGXFHG� HUURUV� DQG�
QHFHVVLWDWHV�PRUH�KXPDQ�ODERXU�DV�ZHOO��
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0XOWLD[LDO�IDWLJXH�ORDGLQJ�LQGXFHV�LQ�WKH�VWUXFWXUDO�FRPSRQHQWV�PXOWLD[LDO�ORFDO�ORDG�VWDWHV��ZKHUH�WKH�
LQGLYLGXDO�FRPSRQHQWV�RI� WKH�VWUHVV�RU� VWUDLQ� WHQVRUV� LQ�JHQHUDO�GHYHORS�QRQ�SURSRUWLRQDOO\��)DWLJXH�
HYDOXDWLRQ� RI� VWUXFWXUDO� FRPSRQHQWV� KDV� EHFRPH� D� VWDQGDUG� SURFHVV� LQ� WKH� GHVLJQ� RI�ERWK� FLYLO� DQG�
PHFKDQLFDO� VWUXFWXUHV�� +RZHYHU�� PXOWLD[LDO� IDWLJXH� FRQWLQXHV� WR� EH� ODUJHO\� WKH� GRPDLQ� RI� D� OLPLWHG�
QXPEHU�RI�VSHFLDOLVWV��,Q�RUGHU�WR�DQDO\VH�VWUXFWXUDO�FRPSRQHQWV�VXEMHFWHG�WR�PXOWLD[LDO�ORDGLQJ��WKH�
VWUHVV� VWDWH� LV� JHQHUDOO\� UHGXFHG� WR� DQ� HTXLYDOHQW� XQLD[LDO� VWUHVV� VWDWH�� ,W� LV� ZRUWK� UHFDOOLQJ� WKDW�
FRQVLGHULQJ�DQ�HTXLYDOHQW�XQLD[LDO�VWUHVV�VWDWH�SHUPLWV�D�IDWLJXH�HYDOXDWLRQ�EDVHG�RQ�XQLD[LDO�IDWLJXH�
WHVW� SDUDPHWHUV� DQG�� KHQFH�� FRPSOH[� DQG� H[SHQVLYH� PXOWLD[LDO� IDWLJXH� H[SHULPHQWDO� WHVWV� FDQ� EH�
DYRLGHG��EXW�LW�RIWHQ�LPSOLHV�VLPSOLI\LQJ�DVVXPSWLRQV�ZKLFK�PLJKW�QRW�EH�YDOLG�IRU�WKH�VSHFLILF�ORDG�
VHTXHQFH�RU�VWUXFWXUHV�WR�EH�H[DPLQHG��7KH�XVH�RI�XQLD[LDO�VROXWLRQ�DQG�LWV�UHVXOWV�LQ�FRPSDULVRQ�WR�WKH�
XVDJH� RI� PXOWLD[LDO� PHWKRGV� KDV� WR� EH� FDUHIXOO\� GRFXPHQWHG�� EHFDXVH� LW� LV� YHU\� RIWHQ� XVHG� LQ� WKH�
HQJLQHHULQJ� SUDFWLFH� EXW� WKH� ULJKWQHVV� RI� VXFK� D� VROXWLRQ� LV� TXHVWLRQDEOH�� ZKLOH� HYHQ� DQ� LQFOLQDWLRQ�
HLWKHU�WR�FRQVHUYDWLYH�RU�QRQ�FRQVHUYDWLYH�SUHGLFWLRQ�LV�JHQHUDOO\�XQNQRZQ��

6HYHUDO�FULWHULD�KDYH�EHHQ�SURSRVHG�GXULQJ� WKH� ODVW�GHFDGHV� WR�SUHGLFW�ZKHWKHU�IDWLJXH�IDLOXUH�XQGHU�
PXOWLD[LDO� ORDGLQJ� PD\� RFFXU� RU� QRW�� $V� IDU� DV� WKH� KLJK�F\FOH� IDWLJXH� UHJLPH� LV� FRQFHUQHG�� WKHVH�
FULWHULD�DUH�EDVHG�RQ�GLIIHUHQW�DSSURDFKHV�LQFOXGLQJ��HPSLULFDO�IRUPXODH��VWUHVV�LQYDULDQW�EDVHG�FULWHULD��
VWUHVV� DYHUDJH�EDVHG� FULWHULD�� FULWLFDO� SODQH� DSSURDFK�� 2Q� WKH� RWKHU� KDQG�� IRU� WKH� ORZ�F\FOH� IDWLJXH�
UHJLPH��VWUDLQ�EDVHG�FRXQWHUSDUWV�KDYH�EHHQ�SURSRVHG�DV�ZHOO�DV�HQHUJ\�EDVHG�FULWHULD��

$FFRUGLQJ�WR�WKH�FULWLFDO�SODQH�DSSURDFK��IDWLJXH�EHKDYLRXU�XQGHU�PXOWLD[LDO�ORDGLQJ�LV�DQDO\VHG�LQ�WZR�
VWHSV��)LUVWO\��WKH�FULWLFDO�SODQH��GHILQHG�DV�WKH�SODQH�RI�PD[LPXP�GDPDJH��LV�WKHRUHWLFDOO\�GHWHUPLQHG�
E\�PD[LPLVLQJ�D�FRPELQDWLRQ�RI�WKH�DPSOLWXGHV�DQG�RU�PD[LPXP�YDOXHV�RI�VRPH�VWUHVV�FRPSRQHQWV��
6HFRQGO\��WKH�IDWLJXH�IDLOXUH�DVVHVVPHQW�LV�FDUULHG�RXW�E\�HPSOR\LQJ�VRPH�VWUHVV�FRPSRQHQWV�DFWLQJ�RQ�
WKH�FULWLFDO�SODQH�GHGXFHG�LQ�WKH�ILUVW�VWHS��$V�KDV�EHHQ�VKRZQ�E\�%URZQ�DQG�0LOOH��IDWLJXH�SURFHVV�FDQ�
EH�GLVWLQJXLVKHG�LQ�WZR�VWDJHV��IDWLJXH�FUDFN�QXFOHDWLRQ��6WDJH�,��DQG�IDWLJXH�FUDFN�JURZWK��6WDJH�,,���
6XFK�VWDJHV�DUH�FKDUDFWHULVHG�E\�GLIIHUHQW�FUDFN�SODQH�RULHQWDWLRQV�DQG�FUDFN�JURZWK�PRGHV��0RGH�,�RU�



0RGH�,,�,,,���+HQFH��WKH�FULWLFDO�SODQH�DSSURDFKHV�GLIIHUHQWLDWH�GHSHQGLQJ�RQ�ZKLFK�VWDJH�LV�FRQVLGHUHG�
LQ�GHILQLQJ�WKH�FULWLFDO�SODQH�RULHQWDWLRQ��1RWH�WKDW�FULWLFDO�SODQH�PRGHOV�VKRXOG�EH�DEOH�WR�SUHGLFW�ERWK�
WKH�IDWLJXH�OLIH�DQG�WKH�GRPLQDQW�IDLOXUH�SODQH�V���

$V� PHQWLRQHG� DERYH� PXOWLD[LDO� ORDGLQJ� LQGXFHV� PXOWLD[LDO� VWUHVV�VWUDLQ� VWDWHV�� ZKHUH� WKH� LQGLYLGXDO�
FRPSRQHQWV�RI� WKH� VWUHVV�VWUDLQ� WHQVRU� LQ�JHQHUDO�GHYHORS�QRQ�SURSRUWLRQDOO\��7KLV� LV� WKH�PDLQ�

UHDVRQ�� ZK\� XQGHU� YDULDEOH� DPSOLWXGH� ORDGLQJ�� FRPPRQ� UDLQ�IORZ� GHFRPSRVLWLRQ� XVHG� IRU�
FRQYHUVLRQ�RI� WKH� FRQWLQXRXV� ORDG�KLVWRU\� IRU� ORDG�F\FOHV� VHSDUDWLRQ� IDLOV��7KH�PRVW�RIWHQ�XVHG�
VROXWLRQ� KRZ� WR� JHW� RYHU� WKLV� REVWDFOH� LV� WR� SHUIRUP� WKH� UDLQ�IORZ� DQDO\VLV� RI� VRPH� VSHFLILF� ORDG�
FRPSRQHQW� RQO\�� EXW� QR� FOHDU� DQG� SHUVXDVLYH� SURRI� RI� LWV� IXQFWLRQDOLW\� ZDV� VKRZQ� XS� WR� QRZ�� :H�
WKHUHIRUH�ZDQW�WR�FKHFN�DOVR�DQRWKHU�DSSURDFK�SURSRVHG�E\�3URI��6WHIDQRY��ZKR�MRLQV�RXU�FRQVRUWLXP�
ZLWKLQ�WKH�VWDII�DW�WKH�&78��ZLWK�D�UHYROXWLRQDU\�LGHD�RI�LQWHJUDWLRQ�RI�GDPDJH�GLIIHUHQWLDOV�ZLWKRXW�
IRUPLQJ�DQ\�F\FOHV��7KH�PHWKRG�ZDV�UHSHDWHGO\�SXEOLVKHG�LQ�WKH�QLQHWLHV�RI�WKH���WK�FHQWXU\�EXW�XS�WR�
QRZ� QR� ODUJH� VFDOH� WHVWLQJ� RI� LWV� IXQFWLRQDOLW\� KDV� EHHQ� GRQH�� 3UDJ7LF$� SURMHFW�ZLWK� LWV� V\VWHPDWLF�
FKHFN� RI� H[LVWLQJ� PHWKRGV� RQ� DYDLODEOH� H[SHULPHQWDO� GDWD� ZLOO� EH� WKH� ILUVW� ODUJH�VFDOH� WHVW� RI� WKLV�
PHWKRG��7KH�PHWKRG�LV�FHUWDLQO\�ZRUWK�WHVWLQJ�EHFDXVH�RI�LWV�XQLTXH�ZD\�RI�VROXWLRQ��ZKLFK�QR�RWKHU�
PHWKRG�FXUUHQWO\�XVHV��

:3�� LV� IRFXVHG� RQ� WKH� QRWFK� HIIHFW� RQ� IDWLJXH� OLIH�� 7KH� VROXWLRQ� LV� WKHUH� ORRNHG� IRU� XQGHU� DQ�
DVVXPSWLRQ�RI�XQLD[LDO�H[WHUQDO�ORDGLQJ��7KH�QRWFK�HIIHFW�XVH�LQ�FRQMXQFWLRQ�ZLWK�HODVWLF�6�1�FXUYHV�LV�
SUHIHUUHG� LQ�RXU�SRLQW�RI�YLHZ�RYHU�FRPPRQ�HODVWLF�SODVWLF�VROXWLRQ�EDVHG�RQ�H�1�FXUYHV��7KH�VDPH�
SRVWXODWH�LV�YDOLG�DOVR�LQ�WKH�PXOWLD[LDO�ORDGLQJ�GRPDLQ�LQ�:3���EXW�WKH�VLWXDWLRQ�LV�QHYHUWKHOHVV�HYHQ�
PRUH�FRPSOLFDWHG�E\�WKH�PXOWLD[LDOLW\��1R�WRRO�IRU�D�FRQYHUVLRQ�RI�HODVWLF�)(�UHVXOWV�WR�HODVWLF�SODVWLF�
DV� LW� LV�RIWHQ�XVHG� LQ�XQLD[LDO�DQDO\VLV� �1HXEHU��*OLQND�«��LV�FRPPRQO\�DFFHSWHG�ZLWKLQ�PXOWLD[LDO�
DQDO\VHV�DQG�WKXV�WKH�GHSHQGHQF\�RQ�WKH�H�1�FXUYH�OHDGV�WR�WKH�RQO\�ZD\�RI�VROXWLRQ�±�IXOO\�HODVWLF�

SODVWLF� )($�� ,Q� VXFK� D� FDVH�� DQ\� TXLFN� DWWDLQDELOLW\� RI� IDWLJXH� UHVXOWV� XQGHU� D� PRUH� FRPSOH[�

ORDGLQJ� LV� UHDO� RQO\� IRU� YHU\� VKRUW� ORDG� KLVWRULHV�� FRQVWDQW� DPSOLWXGH� ORDGLQJ� RU� XQGHU� WKH�

DFFHSWDQFH� RI� YHU\� GUDVWLF� VKRUWHQLQJ� RI� WKH� ORDG� KLVWRU\�� :H� ZRXOG� OLNH� WR� WDNH� WKH� EHVW�
VROXWLRQV� HYDOXDWHG� ZLWKLQ� :3�� DQG� H[WHQG� WKHP� WR� :3��� :H� NQRZ� WKDW� )HP)DW� XVHV� LWV� RZQ�
VROXWLRQ�ZLWKLQ�WKH�6�1�FRQFHSW�DV�ZHOO��EXW�DQ\�LWV�PRUH�H[WHQVLYH�SXEOLF�YHULILFDWLRQ�LV�PLVVLQJ��:H�
ZRXOG�OLNH�WR�FRPSDUH�LW�ZLWK�RWKHU�VROXWLRQV��WKH�ILQDO�PRVW�VXFFHVVIXO�3UDJ7LF�6�1�DQG�H�1�PHWKRGV��

7KH�PXOWLD[LDO�VROXWLRQ� LV�DOUHDG\�ILUPO\�EDVHG� LQ�3UDJ7LF�±�VHH�H�J��VRPH�RI�LWV�UHVXOWV�LQ�WKH�RSHQ�
)DW/LP� GDWDEDVH� �KWWS���ZZZ�SUDJWLF�FRP�H[SHULPHQWV�SKS��� 7KH� FXUUHQW� VROXWLRQ� LV� QHYHUWKHOHVV�
IRFXVHG�DERYH�DOO�WR�ORDGLQJ�DURXQG�WKH�IDWLJXH�OLPLW��L�H��WR�SXUHO\�KLJK�F\FOH�IDWLJXH�FDOFXODWLRQV��7KH�
ZRUNV�RQ�OLPLWHG�OLIHWLPH�VROXWLRQ�LQ�WKLV�FDWHJRU\�KDYH�DOUHDG\�VWDUWHG��EXW�KDYH�WR�EH�VXEVWDQWLDOO\�
H[WHQGHG�LQ�ERWK�WKH�6�1�DQG�H�1�SDUWV�RI�WKH�VROXWLRQ��$�VXEVWDQWLDO�UHODWLRQVKLS�WR�:3��LV�H[SHFWHG��
ZKLOH� WKH� FRPELQDWLRQ� RI� ERWK� HIIHFWV� VWXGLHG� LQ� WKHVH� WZR� :3� �QRWFK� DQG� PXOWLD[LDOLW\� HIIHFWV�� LV�
DEVROXWHO\�QHFHVVDU\�IRU�DQ\�LQGXVWULDO�SUDFWLFH���

0XOWLD[LDO�ORDG�VWDWH�LV�LQWULQVLF�WR�PDQ\�LQGXVWULDO�DSSOLFDWLRQV��,W�FRQFHUQV�WKH�FRQWDFW�IDWLJXH��

ORDG�VWDWH�DURXQG�ULYHWV��ORDG�VWDWH�RQ�WKH�FUDFN�WLS��HWF��'H�IDFWR��DQ\�QRWFKHG�VSHFLPHQ�KDV�D�

PXOWLD[LDO� ORFDO� ORDG� VWDWH� LQ� WKH� QRWFK� LWVHOI� HYHQ� LI� WKH� H[WHUQDO� ORDGLQJ� LV� XQLD[LDO�� 7KH�

XQGHUVWDQGLQJ� WR� WKLV� FRPSOH[� SKHQRPHQRQ� DQG� WKH� TXHVWLRQ�� ZKHQ� WKH� VLPSOHU� XQLD[LDO�

PHWKRGV�FDQ�EH�XVHG��LV�RI�SDUDPRXQW�LPSRUWDQFH�WR�DQ\�VXFFHVVIXO�VWUXFWXUDO�GHVLJQ��
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7KH�HQJLQHHULQJ�VROXWLRQ�RI�IDWLJXH�LQ�ZHOGV�LV�XVXDOO\�EDVHG�RQ�(XURFRGH���RU�%6�����VWDQGDUGV�LQ�
FRPPHUFLDO� IDWLJXH� DSSOLFDWLRQV�� :HOGV� DUH� D� UHDO� FRPSOLFDWLRQ� LQ� WKH� FRPSXWDWLRQ� ±� WKH\� LQGXFH�
UHVLGXDO� VWUHVVHV�� QRQ�KRPRJHQHLW\� DQG� VXEVWDQWLDOO\� LQFUHDVH� SUREDELOLW\� RI� LPSURSHU� WHFKQRORJLFDO�
RSHUDWLRQV�� 7KH� PXOWLSOH� RI� GLIIHUHQW� HIIHFWV� MRLQW� ZKHQHYHU� WKH\� DUH� SODFHG� DQ\ZKHUH� RQ� D� UHDO�
VWUXFWXUH� JUHDWO\� FRPSOLFDWHV� UHFRJQLWLRQ� RI� PHQWLRQHG� SDUWLDO� LPSDFWV�� 7KHUHIRUH�� WKHUH� LV� D� ORW� RI�
VSDFH��ZKHUH�WR�FRQWLQXH�LQ�WKH�UHVHDUFK��

7KHUH�LV�QR�VROXWLRQ�FXUUHQWO\�LPSOHPHQWHG�LQ�3UDJ7LF��2XU�YLVLRQV�H[SHFW�LPSOHPHQWDWLRQ�RI�%6�����
DQG�(XURFRGH���ILUVW��:H�ZDQW�WR�FRPSDUH�LPSOHPHQWDWLRQV�RI�WKHVH�WZR�VWDQGDUGV�LQ�GLIIHUHQW�IDWLJXH�



VROYHUV��EHFDXVH�ZH�DVVXPH�WKDW�WKH�UHVXOWV�FRXOG�GLIIHU��7KDQNV�WR�LWV�RULJLQ��(XURFRGH���DQG�%6�����
VWDQGDUGV� DUH� WRR� FRQVHUYDWLYH� IRU� DVVHVVPHQW�RI�KLJK� VWUHQJWK� VWUXFWXUHV��7KHUH� LV�QR�FDWHJRU\� WKDW�
ZRXOG� LQFOXGH� H�J�� $,6,� ����� VWHHO�� ZKLFK� ZLOO� EH� WHVWHG� LQ� WKH� H[SHULPHQWDO� VHFWLRQ� RI� 3UDJ7LF$��
XQOHVV�WKH�XVHU�DFFHSWV�VLJQLILFDQW�UHGXFWLRQ�RI�LWV�VWUHQJWK�DQG�GXUDELOLW\�YDOXHV�UHODWHG�WR�WKH�XVH�RI�
6�1�FXUYHV�RI�FRPPRQ�VWUXFWXUDO�VWHHOV��7KH�DGDSWDWLRQ�RI�WKH�VWDQGDUGV�IRU�KLJKHU�VWUHQJWK�VWHHOV�

XVHG�LQ�DLUFUDIW�LQGXVWU\�WKXV�DOORZV�VLJQLILFDQW�JDLQ�LQ�WKH�SHUIRUPDQFH�RI�WKHVH�VWHHOV��

/DWHU�D�IRFXV�RQ�WKH�VROXWLRQ�EDVHG�RQ�LQWHUQDO�IRUFHV�DV�SURSRVHG�E\�3LQJVKD�'RQJ��LPSOHPHQWHG�LQ�D�
VSHFLILF�ZD\�LQ�9HULW\�PRGXOH�RI�)H�6DIH��VKRXOG�IROORZ��7KH�FRQFHSW�LV�EDVHG�RQ�WKH�IDFW�WKDW�WKH�

IRUFH�IORZ�WKURXJK�WKH�VWUXFWXUH�LV�TXLWH�ZHOO�FRYHUHG�HYHQ�LQ�FDVHV�ZKHUH�WKH�PHVK�TXDOLW\�GRHV�

QRW� DOORZ� FRUUHFW� HYDOXDWLRQ� RI� VWUDLQV� DQG� VWUHVVHV�� 7KLV� LV� D� JUHDW� DGYDQWDJH� LQ� HQJLQHHULQJ�
SUDFWLFH� RI� )(�PRGHOV� SUHSDUDWLRQ�� 2XU� JRDO� KHUH� LV� UHODWHG� WR� LQWURGXFWLRQ� RI� WKH� QRGDO� IRUFH�
FRQFHSW� WR� 3UDJ7LF� DQG� LWV� WHVWLQJ� ZLWK� YDULRXV� FRPSXWDWLRQDO� PHWKRGV�� ,Q� FRQMXQFWLRQ� ZLWK� VSRW�

ZHOGV��LWV�LPSOHPHQWDWLRQ�LV�D�VWHS�WRZDUGV�:3���ZKHUH�DQ�DQDORJRXV�FRQFHSW�ZLOO�EH�HYDOXDWHG�
RQ� ULYHWHG� VWUXFWXUHV�� +HUH� LQ� :3�� LW� QHYHUWKHOHVV� FRQFHUQV� D� ODUJH� DPRXQW�RI�ZRUN�GHGLFDWHG� WR�
VWXG\�RI�IRUFH�IORZ�WKURXJK�ZHOGHG�VWUXFWXUHV�DQG�LWV�DSSURSULDWH�ZD\�RI�)(�PRGHOOLQJ��

7KH�WKHRU\�RI�FULWLFDO�GLVWDQFHV��7&'���HODERUDWLRQ�DQG�WHVWLQJ�RI�ZKLFK�LV�SODQQHG�LQ�:3��DQG�:3���
KDV�DOUHDG\�EHHQ�WHVWHG�DOVR�LQ�WKLV�FDWHJRU\��,WV�PRUH�H[WHQVLYH�WHVWLQJ�ZRXOG�EH�GHVLUDEOH��8VLQJ�KRW�
VSRW�DSSURDFK�ZLOO�EH�WHVWHG�DQG�DGDSWHG�IRU�FRQGLWLRQ�RI�WKLQ�ZDOO�ZHOGHG�VWUXFWXUH�PDGH�IURP�KLJK�
VWHHO��$�PHVK�GHQVLW\�DQG�TXDOLW\�RI�)(0�PRGHOV�ZLOO�EH�PRQLWRUHG�LQ�SUDFWLFDO�H[DPSOHV�RI�IDWLJXH�
DVVHVVPHQW�RI�UHDO�VWUXFWXUHV�DQG�WKH�LQIOXHQFH�ZLOO�EH�FRPSDUH�IRU�HDFK�RI�WHVWHG�PHWKRG�RI�IDWLJXH�
HYDOXDWLRQ���

7KH�PRVW�FRPPRQ�ZHOGHG�VWUXFWXUHV�GHVLJQHG�LQ�(YHNWRU�DUH�UHODWHG�WR�XQGHUFDUULDJH��HQJLQH�EHG�DQG�
FRQWURO�V\VWHP��ZKLFK�FOHDUO\�EHORQJ� WR�YHU\�LPSRUWDQW�SDUWV�LQ�WKH�DLUFUDIW��7KHUH�LV�VRPH�SRWHQWLDO�
KLGGHQ� LQ� WKH� H[SHFWDWLRQ� WKDW� VSRW� ZHOGV� FRXOG� EH� XVHG� LQ� VRPH�SDUWV�RI� WKH� DLUFUDIW� VWUXFWXUHV�� ,Q�
FRPSDULVRQ�WR�WKH�ULYHWLQJ��WKH�VSRW�ZHOGLQJ�GRHV�QRW�LQYROYH�DQ\�H[WUD�ZHLJKW��ULYHWV��DGGHG�WR�WKH�
VWUXFWXUHV�DQG�WKH�SRWHQWLDO�RI�MRLQW�IDLOXUH�GHWHFWLRQ�LV�KLJKHU��EHFDXVH�WKH�FULWLFDO�ORFDOLW\�VWD\V�EDUH�
DQG�FOHDUO\�YLVLEOH��7KH�DOXPLQLXP��ZKLFK�LV�D�WUDGLWLRQDO�PDWHULDO�LQ�DHURVSDFH�PDQXIDFWXULQJ�WKDQNV�
WR�LWV�ORZ�GHQVLW\��LV�QHYHUWKHOHVV�D�ELW�GLIILFXOW�WR�VSRW�ZHOGLQJ�GXH�WR�LWV�KLJK�WKHUPDO�FRQGXFWLYLW\��
ORZ�PHOWLQJ� UDQJH�DQG�SURSHQVLW\� WR� IRUP�R[LGH� VXUIDFH� ILOP��:H� WKXV�GR�QRW�ZDQW� WR�HYDOXDWH� WKH�
SRWHQWLDO� LWVHOI�� EXW� ZH� ZRXOG� OLNH� WR� FRQFHQWUDWH� RQ� WKH� WDVN� RI� WKH� ORDG� IORZ� DQG� SRVVLELOLWLHV� RI�
IDWLJXH�SUHGLFWLRQ��
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,I�WKH�IDWLJXH�VROXWLRQ�LQ�ZHOGV�LV�FRPSOLFDWHG�DQG�SURQH�WR�WKH�DSSHDUDQFH�RI�XQH[SHFWHG�HIIHFWV��WKH�
SUREOHP�RI�ULYHWHG�VWUXFWXUHV�LV�HYHQ�PRUH�FRPSOLFDWHG��7KH\�DUH�SUHGLVSRVHG�WR�SUREOHPV�LQGXFHG�E\�
QRQ�SHUIHFW� WHFKQRORJLFDO� RSHUDWLRQV�� 7KH� FULWLFDO� IDLOXUH� ORFDWLRQ� LV� XVXDOO\� KLGGHQ� XQGHU� WKH� ULYHW�
LWVHOI�DQG�DW� WKH�PDWLQJ�VXUIDFHV�RI�WKH�VKHHWV�WR�EH�MRLQHG��ZKLFK�PHDQV�WKDW�WKH�FUDFN�LV�TXLWH�ORQJ�
RQFH�LW�FDQ�EH�GHWHFWHG�E\�YLVXDO�RU�RWKHU�1'7�PHDQV��7KH�IDWLJXH�VROXWLRQ�RIWHQ�FRQFHQWUDWHV�RQ�

SUHYHQWLRQ� RI� IDWLJXH� SUREOHP� DSSHDUDQFH� �GLIIHUHQW� WHFKQRORJLFDO� RSHUDWLRQV� LQGXFLQJ�
FRPSUHVVLYH�ORDGV�DW�WKH�KROHV��HWF���VXEVWDQWLDWHG�E\�WHVWV��$Q�DQDO\WLFDO�VROXWLRQ�GHVFULELQJ�SHDN�
VWUHVVHV� DW� WKH� ULYHW�KROH�EDVHG�RQ� VWUHVV� FRQFHQWUDWLRQ�DQG� VHFRQGDU\�EHQGLQJ� VWUHVVHV� LV�DYDLODEOH��
+RZHYHU��WKLV�VROXWLRQ�VWLOO�ODFNV�WKH�LQIOXHQFH�RI�WKH�FRPSOH[�LQWHUQDO�VWUHVV�GLVWULEXWLRQ�FDXVHG�E\�WKH�
ULYHWLQJ�SURFHVV��

:LWKLQ� WKLV� SURMHFW� DW� ILUVW� LPSURYHPHQWV� VKRXOG� EH� PDGH� RI� DYDLODEOH� �DQDO\WLFDO�� VROXWLRQV�

�)$7(&��'87���ZKLFK�ZLOO� WKHQ�EH�H[WHQGHG�WR�DQG�LQFOXGHG� LQ�)(�DSSOLFDWLRQV��(9(��%87���
(9(��%87�ZRXOG�OLNH�WR�WHVW�WKH�SRVVLELOLW\�RI�H[WHQVLRQ�RI�WKH�QRGDO�LQWHUQDO�IRUFHV�FRQFHSW�LQ�RUGHU�
WR�GHVFULEH�WKH�SDUW�RI�WKH�VWUXFWXUH�OLIH�XS�WR�LQLWLDWLRQ�RI�DQ�HQJLQHHULQJ�FUDFN��7KLV�SDUW�RI�OLIHWLPH�LV�
QHFHVVDU\�DERYH�DOO� IRU�DOO�DLUSODQHV�EDVHG�RQ�WKH�FRQFHSW�RI�VDIH�OLIH��ZKLFK�FDQ�EH�RIWHQ�IRXQG�E\�
VPDOOHU�DQG�PHGLXP�VL]H�DLUFUDIW�PDQXIDFWXUHUV���
7KH�FRQFHSW�UHDOL]HG�ZLWKLQ�(9(�%87�WDQGHP�LV�EDVHG�RQ�WKH�UHTXLUHPHQWV�QHFHVVDU\�IRU�DQ\�DLUFUDIW�
GHVLJQHU��(9(�LQ�LWV�GHVLJQ�HIIRUW�VHDUFKHV�IRU�D�SURSHU�ZD\�IRU�FRXQWLQJ�LQ�WKH�ULYHW�IOH[LELOLW\�VR�WKDW�
ODUJH�PRGHOV�FRPSULVLQJ�RI�WKH�VKHOOV��VNLQ�RI�WKH�DLUIUDPH��DQG�EDUV��PHPEHUV��VWLIIHQHUV��VWULQJHUV�
DQG�SRWHQWLDOO\�ULYHWV��ZHUH�UHDOL]DEOH�LQ�WKLV�VLPSOLILHG�IRUP�ZLWK�QR�SUHFLVH�ULYHWLQJ�PRGHOOLQJ��ZKLOH�



SUHVHUYLQJ�WKH�RYHUDOO�HODVWLF�FKDUDFWHULVWLFV�RI�WKH�DLUIUDPH��7KH�MRLQW�PHPEHU�ZRXOG�EH�VLPXODWHG�

HLWKHU�E\�D�GLUHFW�OLQNDJH�RI�WKH�SRLQWV�RQ�MRLQHG�VKHHWV�RU�E\�D�GHGLFDWHG�HOHPHQW��7KHUH�LV�DW�

OHDVW�RQH�IXUWKHU�UHTXLUHPHQW�±�WKH�ULYHWV�KDV�WR�EH�SODFHG�WR�DQ�DUELWUDU\�SODFH�RQ�WKH�)(�PRGHO�

ZLWK�QR�VSHFLILF�UHTXLUHPHQWV�RQ�WKH�)(�PHVK�DGMDFHQW�WR�LW�±�WKH\�QHHG�QRW�WR�VWDUW�DQG�HQG�DW�
QRGHV�RI�WKH�VKHOO�HOHPHQWV��7KLV�SRVWXODWH�PHDQV�WKDW�WKH�DXWRPDWLRQ�RI�WKH�PHVK�JHQHUDWLRQ�FRXOG�
EH� XVHG� XS� WR� PD[LPXP� DQG� WKH� ULYHW� HQWLWLHV� ZRXOG� EH� SODFHG� RQO\� DIWHU� WKH� PHVKLQJ� RI� WKH� VKHOO�
VWUXFWXUHV��

2QFH�WKLV�)($�VROXWLRQ�LV�RSWLPLVHG�WKHQ�D�FOHDU�VLPLODULW\�WR�:3��FDQ�EH�VHHQ��%RWK�VROXWLRQV�

GR�QRW�PRGHO�WKH�VWUHVV�RU�VWUDLQ�ILHOGV�DURXQG�WKH�MRLQW�LQ�GHWDLO�RU�FRUUHFWO\�DW�DOO��7KH�IRUFH�

IORZ�WKURXJK� WKH� MRLQW�FDOFXODWHG�E\�WKH�)($�VKRXOG�QHYHUWKHOHVV�FRUUHVSRQG�WR�WKH�UHDOLW\�DV�

PXFK�DV�SRVVLEOH���
,Q� FRPSDULVRQ� WR� VSRW� ZHOGHG� MRLQWV�� ULYHWLQJ� KDV� PRUH� SURFHVV� YDULDEOHV� ±� WKLV� LV� QRW� RQO\� WKH�
WKLFNQHVV�RI� WKH� VKHHWV�� EXW� DOVR� WKH� W\SH�RI� ULYHWV�� WKHLU� GLPHQVLRQ��XVH�RI� D� VHDODQW�� TXDOLW\�RI� WKH�
SURGXFWLRQ�� IRUFH� LQGXFHG�� HWF��7KLV� LV� WKH� UHDVRQ�ZK\� WKH�DPRXQW�RI�PDQ�PRQWKV�GHGLFDWHG� WR� WKLV�
VROXWLRQ� ZDV� VHW� LQ� VXFK� D� ZD\� DV� FDQ� EH� VHHQ� LQ� WKH� :3� 7DVN� ����� 7KH� VROXWLRQ� LV� SODQQHG� WR� EH�
VLPXOWDQHRXVO\� LPSOHPHQWHG� DQG� WHVWHG� LQ� 3UDJ7LF� ZLWK� WKH� PDMRU� JRDO� RI� ILWWLQJ� WKH� H[SHULPHQWDO�
UHVXOWV�WR�)($�DQG�3UDJ7LF�UHVXOWV��,W�LV�FOHDU�QHYHUWKHOHVV��WKDW�RQO\�OLPLWHG�QXPEHU�RI�ULYHW�DQG�

VKHHWV�FRQILJXUDWLRQV��DV�EHLQJ�H[SHULPHQWHG��ZLOO�EH�FRYHUHG�ZLWKLQ�WKH�3UDJ7LF$�SURMHFW��
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7KH�XVH�RI�FRPSRVLWH�PDWHULDOV�KDV�VHHQ�FRQVLGHUDEOH�JURZWK�LQ�PDQ\�LQGXVWU\�VHFWRUV�LQ�ODWWHU�SDUW�RI�
WKH� ��WK� FHQWXU\� DQG� WKLV� JURZWK� KDV� FRQWLQXHG� LQWR� WKH� ��VW� FHQWXU\�� � 7KH� LQWHUHVW� LQ� FRPSRVLWH�
PDWHULDOV� LV� GULYHQ� ERWK� E\� SHUIRUPDQFH� IDFWRUV� DQG� HQYLURQPHQWDO� IDFWRUV�� � 7KH� PDWHULDO¶V� KLJKHU�
VSHFLILF� VWUHQJWK� DQG� VWLIIQHVV� KDV� FDWDSXOWHG� WKH� XVH� RI� WKHVH� PDWHULDOV� LQWR� WKH� FLYLOLDQ� DHURVSDFH�
PDUNHW�� � 7KHVH� VDPH� SURSHUWLHV� DORQJ� ZLWK� HQHUJ\� DEVRUSWLRQ� KDYH� PDGH� YDVW� LPSURYHPHQWV� WR� WKH�
SHUIRUPDQFH�RI�PDQ\�VSRUWV�LQFOXGLQJ�*UDQG�3UL[�UDFLQJ��VNLLQJ��JROI�DQG�WHQQLV���&RPSRVLWH�PDWHULDOV�
DUH� SHUKDSV� WKH� RQO\� PDWHULDO� RI� FKRLFH� LQ� FHUWDLQ� KLJKO\� FRUURVLYH� HQYLURQPHQWV� VXFK� DV� WKH�
SHWURFKHPLFDO� LQGXVWU\�� 7KHVH� PDWHULDOV� DUH� DOVR� QRZ� EHLQJ� VHOHFWHG� IRU� HQYLURQPHQWDO� UHDVRQV�
EHFDXVH�WKHLU�ORZ�VSHFLILF�ZHLJKW�OHDGV�WR�IXHO�VDYLQJV�LQ�WKH�WUDQVSRUW�LQGXVWU\��DOORZV�IRU�WKH�GHVLJQ�
RI�ODUJH�ZLQG�WXUELQH�EODGHV�DQG�FDQ�EH�XVHG�LQ�FRQVWUXFWLRQ�SURMHFWV�IRU�ORQJHU�SURGXFW�OLYHV��

+RZHYHU�� GHVSLWH� WKLV� JURZWK� LQ� WKH� GHPDQG� DQG� XVH� IRU� FRPSRVLWH� PDWHULDOV�� WKHLU� ORQJ� WHUP�
SURSHUWLHV�ZKHQ�H[SRVHG� WR�D�FRPELQDWLRQ�RI� LQ�VHUYLFH�IDWLJXH�ORDGV�DQG�HQYLURQPHQWV�DUH�VWLOO�QRW�
ZHOO�FKDUDFWHULVHG���,Q�DGGLWLRQ�PDQ\�RI�WKH�GHVLJQ�PHWKRGV�DUH�EDVHG�RQ�VWDWLF�SURSHUWLHV�DQG�IDLOXUH�
FULWHULD���7KH�HIIHFW�RI�H[SRVXUH�WR�KHDW��PRLVWXUH��VROYHQWV��DFLGV��R]RQH��K\GURFDUERQV��LQ�DGGLWLRQ�WR�
WKH� IDWLJXH� ORDGV�� HWF��� PD\� GHJUDGH� WKH� PDWHULDO¶V� VWLIIQHVV� DQG� VWUHQJWK� OHDGLQJ� WR� FUDFNV� DQG�
XOWLPDWHO\�IDLOXUH�RI�WKH�PDWHULDOV�WR�PHHW�LWV�SXUSRVH�� �7KH�ODFN�RI�ORQJ�WHUP�GDWD�RU�RI�D�UREXVW�

IDWLJXH�PHWKRGRORJ\�WKDW�ZLOO�SUHGLFW�SURJUHVVLYH�GDPDJH�DQG�WKH�UHVLGXDO�SURSHUWLHV�DQG�IXWXUH�

OLIH�DUH�WZR�RI�WKH�PDMRU�LVVXHV�VWLOO�KLQGHULQJ�WKHLU�ZLGHU�XVH�RU�OHDGLQJ�WR�RYHU�GHVLJQ����

+RZHYHU�� ZLWK� WKH� LQFUHDVH� RI� FRPSRVLWHV� XVDJH� LQ� IDWLJXH� GRPLQDQW� VWUXFWXUHV� VXFK� DV� IDQ�

EDOGHV��KHOLFRSWHU�URWRU�V\WHPV��ZLQG�WXUELQHV��SUHVVXULVHG�FRPPHUFLDO�MHWV�±�D�IDWLJXH�DQDO\VLV�

DQG�GHVLJQ�PHWKRGRORJ\�LV�YLWDO�WR�WKH�FRQWLQXHG�VSHFLILFDWLRQ�RI�WKHVH�PDWHULDOV��

$ELOLW\�WR�UHOLDEO\�SUHGLFW�WKH�IDWLJXH�OLIH�DQG�GDPDJH�WROHUDQFH�RI�FRPSRVLWH�VWUXFWXUHV�VXEMHFWHG�WR�
G\QDPLF� ORDG� LV� RI� SDUDPRXQW� LPSRUWDQFH�� 'HYHORSPHQW� RI� VWDQGDUG�JHQHUDO� WRROV� IRU� SUHGLFWLQJ�
IDWLJXH� RI� FRPSRVLWH� PDWHULDOV� LV� YHU\� FRPSOH[�� PDLQO\� EHFDXVH� D� QXPEHU� RI� GLIIHUHQW� GDPDJH�
PHFKDQLVPV�PD\�EH�SUHVHQW�DW�GLIIHUHQW�ORFDWLRQV��7KH�WZR�PDLQ�DSSURDFKHV�HPSOR\HG�IRU�SUHGLFWLQJ�
IDWLJXH�RI�FRPSRVLWHV�FDQ�EH�FODVVLILHG�DV�HLWKHU�PHFKDQLVWLF�RU�SKHQRPHQRORJLFDO��7KH�PHFKDQLVWLF�
DSSURDFK�XVHV�GDPDJH�WROHUDQFH�PHWKRGV�WR�GLVFUHWHO\�PRGHO�WKH�LQLWLDWLRQ�DQG�JURZWK�RI�GDPDJH��7KH�
SKHQRPHQRORJLFDO� DSSURDFK� XVHV� WKH� VDIH� OLIH� SULQFLSOHV� WR� GHILQH� IDWLJXH� OLIH� LQ� WHUPV� RI�
PDFURVFRSLFDOO\� PHDVXUHG� SURSHUWLHV�� ,W� LV� SURSRVHG� WKDW� ERWK� DSSURDFKHV� EH� LPSOHPHQWHG� LQWR� WKH�
3UDJWLF���
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7KH�OLVW�RI�3UDJ7LF$�SDUWLFLSDQWV�LV�TXLWH�ORQJ��$V�UHJDUGV�WKH�LQGLYLGXDO�:3V��WKH�PRVW�RI�WKHP�DUH�
EDVHG� RQ� D� FROODERUDWLRQ� RI� ���� GLIIHUHQW� RUJDQL]DWLRQV�� %HFDXVH� WKH� SURMHFW� LQYROYHV� UHODWLYHO\�
H[WHQVLYH�VFRSH�RI�SURJUDPPLQJ�ZRUN�DQG�ZH�VKRXOG�HQVXUH�WKDW�WKH�QHZ�LGHDV�ERUQ�LQ�YDULRXV�:3V�
DUH�UHDOL]DEOH�ZLWKLQ�3UDJ7LF�RU�DQ\�RWKHU�SURJUDPPLQJ�WRRO��WKH�FRRUGLQDWLRQ�RI�WKH�PRVW�RI�:3V�ZDV�
VHW�WR�WZR�SHUVRQ�±�UHVHDUFK�FRRUGLQDWRU�DQG�6:�LPSOHPHQWDWLRQ�FRRUGLQDWRU��0RUH�RQ�WKLV�SRLQW�LV�
JLYHQ�LQ�6HF��&K\ED��1HQDOH]HQ�]GURM�RGND] ���

7KHUH�LV�D�ORW�RI�ZRUN�GRQH�LQ�FRPSDULVRQ�RI�GLIIHUHQW�6:�SDFNDJHV��0D[LPXP�HPSKDVLV�KDV�WR�EH�

SODFHG� RQ� V\VWHPDWLVDWLRQ� RI� WKH� H[SHULPHQWDO� GDWD� SURFHVVLQJ�� )($�VLPXODWLRQV�� IDWLJXH�
VLPXODWLRQV��ZD\V�RI�DQ�HYDOXDWLRQ�RI�UHVXOWLQJ�GDWD��7KLV�LV�WKH�QHFHVVDU\�FRQGLWLRQ�LI�WKH�PXWXDO�
FRPSDULVRQ�RI�GLIIHUHQW�PHWKRGV�DQG�DSSURDFKHV�RQ�DQ\�ODUJHU�GDWD�VHW�VKRXOG�RFFXU��7KLV�VKRXOG�EH�LQ�
ODUJH� FRQWUDVW� WR� FRQWHPSRUDU\� UHVHDUFK� SUDFWLFH�� ZKHUH� WKH� H[SHULPHQWDO� GDWD� VHWV� DUH� HLWKHU� TXLWH�
VPDOO�RU�WKH\�DUH�QRW�SXEOLVKHG�FRPSOHWHO\��:H�VHH�WKLV�SUREOHP�DV�WKH�PDLQ�UHDVRQ�ZK\�WKHUH�DUH�VR�
PDQ\� GLIIHUHQW� W\SHV� RI� VROXWLRQV� DYDLODEOH� EXW� QR� FOHDU� PXWXDO� YHULILFDWLRQ� LV� GLVSRVDEOH�� 7KH�

H[SHULHQFH� JDLQHG� WKURXJKRXW� WKH� GHYHORSPHQW� RI� )DW/LP� RQ�OLQH� ,QWHUQHW� GDWDEDVH�

�KWWS���ZZZ�SUDJWLF�FRP�H[SHULPHQWV�SKS��VKRZV��WKDW�WKLV�XQVDWLVIDFWRU\�VWDWH�RI�WKH�DUW�FDQ�EH�

VXUPRXQWHG��

7KH�PRVW�RI�WKH�UHVXOWV�VKRXOG�EH�SXEOLVKHG�DV�ZLGHO\�DV�SRVVLEOH�LQ�RUGHU�WR�SURYLGH�D�EHWWHU�VXSSRUW�
IRU� DOO� WKRVH� VPDOO� DQG� PHGLXP� VL]HG� FRPSDQLHV� WKDW� ZRXOG� OLNH� WR� XVH� DQ\� IDWLJXH� VRIWZDUH�� 7KH�
FRPPRQ� GLVVHPLQDWLRQ� SROLF\� LV� FUHDWHG� DQG� UHDOL]HG� LQ� :3�� �VHH� 6HF�� ������ KHUH�� ZLWK� D� JUHDW�
HPSKDVLV�RQ�WKH�RSHQ�,QWHUQHW�VROXWLRQ��ZKLFK�VKRXOG�VLPXOWDQHRXVO\�VHUYH�DV�WKH�FROOHFWLYH�LQWHUIDFH�
IRU�DOO�SURMHFW�SDUWQHUV��VHH�6HF��&K\ED��1HQDOH]HQ�]GURM�RGND] ����

'XULQJ� WKH� ZRUN� D� JUHDW� DFFHQW� VKRXOG� EH� JLYHQ� WR� JDWKHULQJ� WKH� LQIRUPDWLRQ� DOUHDG\� DYDLODEOH� LQ�
GLIIHUHQW�SUHYLRXV�UHVHDUFK�ZRUNV�DQG�SDSHUV��7KHVH�GDWD�ZLOO�EH�FROOHFWHG�DQG�LQFOXGHG�LQWR�RXU�WHVW�
GDWDEDVH��ZKLFK�ZLOO�VHUYH�DV�WKH�PDLQ�LQSXW�IRU�WKH�YHULILFDWLRQ�RI�WKH�YDULRXV�WHVWHG�VRIWZDUH���

9HU\�LPSRUWDQW�SODFH�LQ�RXU�SODQV�LV�JLYHQ�WR�WKH�EXLOGLQJ�RI�)($�PRGHOV�VLPXODWLQJ�WKH�H[SHULPHQWDO�
FRQGLWLRQV��7KH�JUHDW�DGYDQWDJH�RI� VKDULQJ� WKRVH�FRPSOH[�)($�PRGHOV�DQG� WKXV�VSDULQJ�VLJQLILFDQW�
HIIRUW�IRU�WKH�PRVW�RI�WKH�SDUWLFLSDQWV�VKRXOG�EH�KLJKOLJKWHG��
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7KH�SUREOHP�RI�SUHVHQW�VLWXDWLRQ�LQ�FRPPHUFLDO�VRIWZDUH�WRROV�KDV�EHHQ�DOUHDG\�PHQWLRQHG��,W�LV�QRW�D�
VSHFLILF� SUREOHP� UHODWHG� WR� IDWLJXH� )($� SRVW�SURFHVVRUV�� LW� LV� PXFK� PRUH� JHQHUDO� �H�J�� LQ� WKH� )($�
FDWHJRU\�LWVHOI���3HRSOH�WHQG�WR�EHOLHYH�WKDW�WKH�FRPSXWHU�DQG�WKH�VRIWZDUH�WKH\�KDYH�FDQ�VROYH�WKHLU�
SUREOHP�DQG�HYHU\WKLQJ� WKH\�KDYH� WR�GR� LV�WR�LQVHUW� WKH�PRGHO�VRPHKRZ�DQG�OHW� WKH�FRPSXWDWLRQ�EH�
UXQ���

%XW�QRW�RQO\�WKH�KXPDQ�IDFWRU�FDQ�KDYH�GHYDVWDWLQJ�HIIHFW�RQ�WKH�TXDOLW\�RI�WKH�SUHGLFWLRQ�DV�LW�LV�E\�
)($��H�J��ZURQJO\�EXLOW�DQG�ORDGHG�PRGHO���,I�WKH�XVHU�XVHV�ZURQJ�FRPSXWDWLRQDO�IDWLJXH�PRGHO��EH�LW�
GXH�WR�LQVXIILFLHQW�GRFXPHQWDWLRQ�WKDW�ZRXOG�RWKHUZLVH�WHOO�KLP�QRW�WR�XVH�LW�RU�GXH�WR�LQDFFHVVLELOLW\�
RI� DQRWKHU� VROXWLRQ�� WKH� UHVXOWV� FDQ� EH� FRPSOHWHO\� PLVOHDGLQJ�� ,I� WKHUH� LV� QR� XQLI\LQJ� SK\VLFDO�
EDFNJURXQG�GHVFULELQJ�WKH�IDWLJXH�GDPDJLQJ�SKHQRPHQRQ�LQ�ZKROH�LWV�VFRSH��KRZ�WKH�XVHU�FDQ�HYHQ�
H[SHFW� WKDW� KH� FDQ� JHW� ULJKW� UHVXOWV"� +DV� KH� VHHQ� UHVXOWV� RI� WKH� PHWKRG� XQGHU� VLPLODU� VSHFLILF� ORDG�
FRQGLWLRQ��ERXQGDU\�FRQGLWLRQV�RU�PDWHULDO"�8VXDOO\�WKLV�LV�QRW�WKH�FDVH��3HRSOH�:$17�WR�UHO\�RQ�WKLV�
PHUH�ILFWLRQ��7KHUH�LV�WKH�H[SHFWDWLRQ�KLGGHQ�WKDW�LI�VXFK�DQ�DQDO\VLV�KDV�QRW�EHHQ�GRQH�E\�WKH�VRIWZDUH�
SURGXFHU�KLPVHOI��WKH�UHVHDUFKHU�ZKR�KDG�LQYHQWHG�WKLV�PHWKRG�RU�KLV�IROORZHUV�GLG�LW��

:H� VHH� WKDW� WKH� UHVSRQVLELOLW\� IRU� WKH� UHVXOW� YDOLGLW\� LV� VXEVHTXHQWO\� WUDQVPLWWHG� IURP� WKH� IDWLJXH�
DQDO\VW� �ZKR�� KDG� QRW� EHHQ� WKHUH� WKH� IDWLJXH� VROYHU�� FRXOG� PD\EH� GR� WKDW� DQRWKHU� ZD\�� ZLWK� PRUH�
FRQVHUYDWLVP� LQYROYHG�� WR� WKH� VRIWZDUH� SURGXFHU� �ZKR� DQ\ZD\� GLVFODLPV� DQ\� UHVSRQVLELOLW\� IRU� WKH�
ORVVHV�LQFXUUHG�E\�WKH�XVH�RI�KLV�VRIWZDUH��DQG�IURP�WKH�VRIWZDUH�SURGXFHU�IXUWKHU�WUDQVPLWWHG�WR�WKH�
UHVHDUFKHU� �� LQYHQWRU� �ZKR� LQ� IDFW� KDV� QR� UHVSRQVLELOLW\� ±� KH� SURYLGHG� RQO\� WKH� LGHD�� KDG� OLPLWHG�
IXQGLQJ�DQG�WLPH�VR�KH�WHVWHG�KLV�QHZ�PHWKRG�RQ�GDWD�KH�KDG����



7KH�IDWLJXH�DQDO\VW�LV�UHVSRQVLEOH�IRU�KLV�ZRUN��EXW�ZRXOG�OLNH�WR�VKLIW�LW�WR�WKH�VRIWZDUH���WKH�VRIWZDUH�
SURGXFHU�LV�UHVSRQVLEOH�IRU�KLV�ZRUN��EXW�GHQLHV�LW��DQG�WKH�UHVHDUFKHU�LV�QRW�UHVSRQVLEOH�DW�DOO��6R��ZKR�
LV�WKH�RQH�WR�EH�EODPHG�KHUH"�,I�DQ\WKLQJ�KDSSHQV�WKH�IDWLJXH�DQDO\VW�ZLOO�EH�EODPHG�EHFDXVH�KH�ZDV�VR�
VWXSLG�WR�XVH�WKH�VRIWZDUH��ZKLFK�KDV�QRW�EHHQ�YHULILHG�IRU�VXFK�D�XVH��$QG�QR�PDWWHU�KRZ�PXFK�WKH�
ERVVHV�SUHVVHG�KLP�WKDW�WKH�VRIWZDUH�KDV�WR�EH�XVHG�LQVWHDG�RI�IDWLJXH�H[SHULPHQWV�DQG�QR�PDWWHU�KRZ�
WKH�VRIWZDUH�UHVHOOHUV�FODLPHG�WKH�VRIWZDUH�LV�PDUYHOORXV�DQG�HDV\�WR�EH�XVHG��

,I� WKH� FRQFHSW� RI� YLUWXDO� GHVLJQ� VKRXOG� EH� HIIHFWLYHO\� XVHG� DQ\WLPH� LQ� WKH� IXWXUH�� WKH� RYHUDOO�
VLWXDWLRQ� KDV� WR� EH� VXEVWDQWLDOO\� FKDQJHG�� 2XU� SULPH� LGHD� LV� WKDW� WKHUH� VKRXOG� EH� D� SXEOLF� ERG\��
ZKLFK�ZRXOG�WKRURXJKO\�HYDOXDWH�WKH�VLWXDWLRQ�LQ�WKH�GHYHORSPHQW�RI�QHZ�PHWKRGV�RU�RQ�WKH�PDUNHW�RI�
WKH�IDWLJXH�VROYHUV��,WV�IXQFWLRQ�ZRXOG�EH�G\DGLF��

�� WR�VHOHFW�LQWHUHVWLQJ�QHZ�PHWKRGV�IRU�ODUJH�VFDOH�WHVWLQJ�RQ�XS�WR�GDWH�UHWULHYHG�H[SHULPHQWDO�
GDWD��

�� WR�FKHFN�DQ\�QHZ�FDOFXODWLRQ�PHWKRG�WKDW�LV�LPSOHPHQWHG�WR�FRPPHUFLDOO\�PDUNHWHG�VRIWZDUH��

1RZDGD\V��FRQVWLWXWLRQ�RI�VXFK�D�GRFXPHQWDWLRQ�RIILFH�DQG�LWV�UXQ�LV�DQ�H[SHQVLYH�LGHD��7KH�3UDJ7LF$�
SURMHFW�QHYHUWKHOHVV�ZRXOG�OLNH�WR�VWDUW�WKH�GLVFXVVLRQ�DERXW�LWV�HVWDEOLVKPHQW�DW�OHDVW���

7KH�ZRUVW�LQ�WKH�FXUUHQW�VLWXDWLRQ�LV�WKDW�WKH�XVHU�GRHV�QRW�KDYH�DQ\�PHDVXUH�KRZ�WR�UHODWH�WKH�ORDG�DQG�
VSHFLPHQV�FRQGLWLRQV� WR� WKH�TXDOLW\�RI�SUHGLFWLRQ�UHVXOWV��7KH�H[WHQW�RI�WKH�WHVWLQJ�FRQGLWLRQV�RI�WKH�
PRVW�FRQWHPSRUDU\� IDWLJXH�FULWHULD� LV� WRR� OLPLWHG�HYHQ�IRU�DQ�H[SHULHQFHG�UHVHDUFKHU��QRW�RQO\�IRU�D�
FRPPRQ�HQJLQHHU�ZKR�KDV�OLPLWHG�PHDQV�DQG�WLPH�WR�VHDUFK�IRU�LW��

%\�WKLV�SURMHFW��ZH�KRSH�WR�EXLOG�D�QXFOHXV�RI�D�ODUJHU�PRYHPHQW�WKDW�FRXOG�ILQDOO\�HLWKHU�SHUVXDGH�WKH�
6:� PDQXIDFWXUHU� WKDW� WKH� GRFXPHQWDWLRQ� JRLQJ� ZLWK� WKHLU� SURGXFWV� KDV� WR� EH� PXFK� WKRURXJK� RU�
VWLPXODWH�WKH�HVWDEOLVKPHQW�RI�WKH�GRFXPHQWDWLRQ�RIILFH�FRPPRQ�WR�DOO�IDWLJXH�DQDO\VWV�DQG�VRIWZDUH��
7KLV�LV�WKH�RQO\�ZD\��KRZ�WKH�SRWHQWLDO�XVHUV�FRXOG�EH�ZDUQHG�WKDW�WKH�SURGXFWV�WKH\�XVH�FRXOG�JLYH�
UHVXOWV��ZKLFK�FDQ�EH�PLVOHDGLQJ�XQGHU�SDUWLFXODU�FLUFXPVWDQFHV��

7KH�ZD\�WR�DWWDLQ�WKLV�JRDO�LV�EDVHG�RQ�H[SHULHQFH�JDLQHG�GXULQJ�WKH�HVWDEOLVKPHQW�RI�WKH�)DW/LP�

GDWDEDVH� �KWWS���ZZZ�SUDJWLF�FRP�H[SHULPHQWV�SKS��� 7KH� ,QWHUQHW� SURYLGHV� WKH� ULJKW�PHGLXP��
ZKLFK�LV�PXFK�PRUH�LQWHUDFWLYH�WKDQ�DQ\�KDUGFRS\�RU�MRXUQDO�SXEOLFDWLRQ��1RWH��KRZ�UDUHO\�DQ�
HUUDWD�LV�SULQWHG�LQ�,QWHUQDWLRQDO�-RXUQDO�RI�)DWLJXH��7KH�H[SHULHQFH�ZLWK�)DW/LP�VKRZV�WKDW�D�ELJ�SDUW�
RI�WKH�SDSHUV�FRQWDLQV�VRPH�IDFWXDO�HUURUV��ZKLFK�DUH�LQFXUUHG�E\�W\SHVHWWLQJ��ZURQJ�FRUUHFWLRQV�E\�WKH�
DXWKRUV��EHQHYROHQW�DGRSWLRQ�RI�H[SHULPHQWDO�GDWD�IURP�RWKHU�SDSHUV��HWF��%XW�DQ\WKLQJ�ZKDW�LV�SULQWHG�
WKHUH�LV�OLNH�D�JUDYHVWRQH�±�WKH�ZDLWLQJ�WLPH�IRU�DQ\�SXEOLFDWLRQ�LV�YHU\�ORQJ�DQG�SHRSOH�ZKR�ILQG�WKH�
ZURQJ�SDSHU� ODWHU�KDYH�QRW�DQ\�QRWLRQ� WKDW�WKLV�LW� LV�ZURQJ�DQG�UHYLVHG�LQ�VRPH�ODWHU�QXPEHU�RI�WKH�
MRXUQDO��

,QWHUQHW�LV�QRW�DV�GHDG���ZKDW�LV�SULQWHG�WKHUH�LV�DFWXDO�DQG�FDQ�EH�DQ\WLPH�FRUUHFWHG�±�LQ�IDFW�
PXFK�PRUH�HPSKDVLV�VKRXOG�EH�SODFHG�RQ�D�GRFXPHQWDWLRQ�RI�WKH�FRUUHFWLRQV�VR�WKDW�WKH�XVHUV�NQHZ�
WKDW�VRPHWKLQJ�OLNH�WKDW�KDSSHQHG��7KH�EDVLF�FRQFHSW�ZRXOG�EH�DGDSWHG�IURP�)DW/LP�DQG�IXUWKHU�

H[WHQGHG��7KHUH�KDV�WR�EH�D�VHW�RI�GDWDEDVHV��7KH�ORZHVW�OHYHO�LV�WKH�OHYHO�RI�UHIHUHQFHV�WR�LQGLYLGXDO�
SDSHUV��7KH�QH[W�OHYHO�LV� WKH�GDWDEDVH�GHVFULELQJ�PDWHULDO�YDOXHV��(DFK�PDWHULDO� WKHUH�LV�UHODWHG�WR�D�
UHIHUHQFHG� SDSHU�� 7KH� QH[W� OHYHO� LV� WKH� VHW� RI� GDWDEDVHV� GHVFULELQJ� VHW� RI� H[SHULPHQWV� ZLWK� VLPLODU�
FRQGLWLRQV�±� LW� UHODWHV� WR�VRPH�VSHFLILF�PDWHULDO��ZD\�RI� ORDGLQJ�� MRLQW�FRQGLWLRQV�DQG�VRPH�VSHFLILF�
UHIHUHQFH��7KHQ�WKHUH�LV�WKH�GDWDEDVH�VHW�UHIHUULQJ�WR�LQGLYLGXDO�ORDG�FRQGLWLRQV��ERXQGDU\�FRQGLWLRQV��
HWF�� ±� L�H�� WR�RQH� VSHFLILF� WHVW� IURP�D� VHW�RI� WHVWV� WR�ZKLFK� LW� UHODWHV��$QG� ILQDOO\� WKHUH� LV� WKH� VHW� RI�
IDWLJXH�SUHGLFWLRQ�UHVXOWV�±�WKH\�UHODWH�WR�LQGLYLGXDO�FDOFXODWLRQ�PHWKRGV�DQG�WR�LQGLYLGXDO�IDWLJXH�WHVWV��

7KH� GDWDEDVH� VHW� FDQ� EH� FUHDWHG� DV� TXLWH� RSHQ� WR� QHZ� XVHUV� DQG� QRW� RQO\� WR� 3UDJ7LF$�
SDUWLFLSDQWV��$Q\�XVHU�ZKR�DGGV�D�QHZ�LWHP�EHFRPHV�LWV�PDQDJHU�±�KH�KDV�WR�WDNH�FDUH�RI�LW�� ,I�KH�
FKHFNV�VRPH�GDWD�LQ�GDWDEDVH�DQG�ILQGV�LW�FRUUHFW�KH�FDQ�VLJQ�LW��7KH�VLJQV�FRQILUP�YDOLGLW\�RI�WKH�GDWD�
LWHP�DQG�FDQ�EH�SHUFHLYHG�DV�D�PDUN�RI�TXDOLW\��,I�VRPHERG\�GLVDJUHHV�ZLWK�DQ�LWHP�LQ�WKH�GDWDEDVH��KH�
FDQ� FKDQJH� LW� �LI� KH� LV� LWV� PDQDJHU�� RU� FDQ� SXEOLFO\� SURSRVH� LWV� PRGLILFDWLRQ� WR� WKH� PDQDJHU�� 7KH�
PDQDJHU�FDQ�HLWKHU�DFFHSW�LW�RU�UHMHFW�LW�ZLWKLQ�WKH�ILUPO\�VHW�SHULRG��,I�KH�GRHV�QRW�GR�DQ\WKLQJ��KLV�
PDQDJHU�SULYLOHJH�LV�SDVVHG�WR�WKH�SURSRVHU�ZKR�FRQILUPV�WKH�SURSRVHG�FKDQJHV��



7KLV�LV�RQO\�D�EULHI�VNHWFK�KRZ�WR�HQVXUH�WKDW�WKH�GDWD�H[SHULPHQWHG�DQG�FROOHFWHG�GXULQJ�WKH�3UDJ7LF$�
SURMHFW�FDQ�EH�XVHG�DQG�SXEOLVKHG�ZLWK�WKH�ODUJHVW�SRVVLEOH�LPSDFW�DQG�DELOLW\�WR�LQWULJXH�SHRSOH�ZKR�
VKRXOG�UHIOHFW�WKHP��7KHUH�LV�VRPH�WLPH�QHFHVVDU\�WR�JHW�WKH�LQIRUPDWLRQ�RQ�WKH�GDWDEDVH�VHWV�H[LVWHQFH�
WR�WKH�HQJLQHHU�DQG�UHVHDUFK�SXEOLF�EXW�RXU�MRLQHG�HIIRUW��SDSHUV�LQ�VFLHQWLILF�DQG�HQJLQHHULQJ�MRXUQDOV��
KROGLQJ� RI� WKH� DQQXDO� 3UDJ7LF� 8VHUV¶� &RQIHUHQFH� DQG� RI� WKH� PXOWLSOH� RI� ZRUNVKRSV� RQ� WKH�
FRPSXWDWLRQDO�IDWLJXH�VKRXOG�PDQDJH�LW��0RUHRYHU��WKH�LQWHUDFWLYH�FRQFHSW�RI�GDWD�LQVHUWLRQ�RSHQ�

WR�DQ\�QHZ�GDWD�LQSXW�GRQH�E\�YDULRXV�ORJJHG�XVHUV�SURYLGHV�WKH�KRSH�WKDW�DOO�WKH�UHWULHYHG�GDWD�

ZLOO�EH�SUHVHUYHG�DQG�HYHQ�PXOWLSOLHG�DIWHU�WKH�HQG�RI�3UDJ7LF$���

���� 6�7�0(7+2'2/2*<�$1'�$662&,$7('�:25.�3/$1�

7KH�YHU\�ILUVW�DFWLYLW\�WKDW�VWDUWV�WKH�FRQVRUWLXP�PRWLRQ�LV�UHODWHG�WR�VWXG\�RI�3UDJ7LF�GRQH�LQ�:3���
3UDJ7LF�ZLOO�EH�XVHG�YHU\�H[WHQVLYHO\�ZLWKLQ�WKH�VROXWLRQ�RI�:3��:3���7KH�SDUWLFLSDQWV�ZLVK�WR�KDYH�
DQ� DFFHVV� WR� LWV� VRXUFH� FRGH� DQG� LWV� SURYLVLRQ� LV� D� QHFHVVDU\� UHTXLUHPHQW� IRU� VXFFHVVIXO� UXQ� RI� WKH�
SURMHFW�� 7KH� VWXG\� RI� 3UDJ7LF� WKXV� FRPSULVHV� RI� ERWK� XVH� RI� LW� WKURXJK� LWV� LQWHUIDFH� DQG� DELOLW\� WR�
XQGHUVWDQG�GLIIHUHQW�SDUWV�RI�LWV�VRXUFH�FRGH��,Q�IDFW��VLQFH�WKH�PRVW�RI�WKH�SDUWQHUV�ZLOO�XVH�UHVHDUFKHUV�
IRU� WKHLU� LQSXW� WR� WKH� VRXUFH� FRGH� DQG� QRW� WKH� SURIHVVLRQDO� SURJUDPPHUV�� WKH� OHQJWK� RI� WKH� SHULRG�
DOORFDWHG�IRU�:3��FRXOG�EH�VXEVWDQWLDOO\�KLJKHU��

(YHNWRU�DOORFDWHG�HYHQ�KLJKHU�QXPEHU�RI�PDQ�PRQWKV��,W�KDV�WR�HQVXUH�FRPSOHWLRQ�DQG�DFWXDOLVDWLRQ�RI�
WKH�+HOS�V\VWHP�WR�3UDJ7LF��SUHFLVH�GHVFULSWLRQ�RI�LQGLYLGXDO�IXQFWLRQV�DQG�SURFHGXUHV�DQG�SUHSDUDWLRQ�
RI�H[DPSOH�FDVHV�WKDW�FRXOG�OHDG�SDUWQHUV��RU�RWKHU�XVHUV��WKURXJK�WKH�OHDUQLQJ�SHULRG��0RUHRYHU��LW�LV�
QHFHVVDU\� WR�FRPSOHWH�WKH�DXWRPDWLRQ�RI�)($�GDWD�LQSXW�DQG�RXWSXW�IURP�3UDJ7LF�EDFN�WR�)($��IRU�
JUDSKLFDO�SRVW�SURFHVVLQJ���7KH�XS�WR�GDWH�VROXWLRQ�RI�GDWD�LPSRUW�WR�3UDJ7LF�ZRXOG�EH�WRR�VORZ�IRU�
WKH�QXPEHU�RI�DQDO\VHV�SUHSDUHG�ZLWKLQ�:3��:3���

7KH� :3��:3�� ZRUN� SDFNDJHV� GLIIHU� LQ� WKHLU� IRFXV� RQ� YDULRXV� IDWLJXH� SUREOHPV� �:3�aQRWFKHV��
:3�aPXOWLD[LDO�ORDGLQJ��:3�aZHOGV��:3�aULYHWV��:3�aFRPSRVLWHV���7KH\�DOO�VWDUW�LQ�WKH��

� �
�PRQWK�

RI�WKH�3UDJ7LF$�SURMHFW�FRXUVH�DQG�WKH�HYDOXDWLRQ�RI�WKH�UHVHDUFK�HQGV�DW�WKH�HQG�RI�WKH�SURMHFW�LQ���
� �

�
PRQWK�� 7KH\� KDYH� D� YHU\� VLPLODU� VWUXFWXUH�� 7KH� UHVW� RI� WKH� ILUVW� \HDU� LV� VSHQG� RQ� WKH� FRPSLODWLRQ�
DQDO\VLV� RI� WKH� WRSLF�� SUHSDUDWLRQ� RI� H[SHULPHQWV�� GHFLVLRQ� ZKLFK� FDOFXODWLRQ� PHWKRGV� VKRXOG� EH�
SULPDULO\�LPSOHPHQWHG�WR�3UDJ7LF��

7KH� VHFRQG� DQG� WKLUG� \HDUV� DUH� H[SHULPHQWDO�� 7KH� RQO\� H[FHSWLRQ� LV� :3�aPXOWLD[LDO� ZKHUH� WKH�
FDSDFLW\�SUREOHPV��ZKLFK�FRQFHUQ�WKH�VROH�WHVWLQJ�IDFLOLW\�DEOH�WR�SXW�RQ�D�QRQ�SURSRUWLRQDO�PXOWLD[LDO�
ORDGLQJ�� IRUFH� WKH� FRQVRUWLXP� WR� SURORQJ� WKH� WHVWLQJ� IURP� 0RQWK� �� WR� 0RQWK� ��� �L�H�� WR� �� \HDUV�
DOWRJHWKHU��� %XW� QRW� RQO\� WKH� H[SHULPHQWDO� SDUW� ZLOO� EH� UHDOL]HG� ZLWKLQ� WKRVH� �� \HDUV�� 7KH� UHVHDUFK�
LWVHOI��LPSOHPHQWDWLRQV��WKH�ILUVW�YHULILFDWLRQ�RI�LPSOHPHQWHG�PHWKRGV�ZLWK�H[SHULPHQWDO�GDWD�RU�VHDUFK�
IRU�H[SHULPHQWDO�GDWD�DYDLODEOH�HOVHZKHUH�KDYH�WR�FRQWLQXH�HYHQ�LQ�WKLV�SHULRG��7KH�GHFLVLRQ�WDNHQ�LQ�
WKH�HQG�RI�WKH�ILUVW�\HDU�FRQFHUQV�LQ�GHWDLO�RQO\�WKH��

���
�\HDU��WKH��

� �

�\HDU�RI�WKH�WHVWLQJ���7KH�DQDO\VLV�RI�
QHZ�NQRZOHGJH�DQG�RI�UHVXOWV�RI�WKH�H[SHULPHQWV�GRQH�XS�WR�QRZ�SHUPLWV�UH�HYDOXDWLRQ�DQG�VHWWLQJ�RI�
UHILQHG�H[SHULPHQWDO�SURJUDP�IRU�WKH��

� �
�\HDU��7KH�IRXUWK�\HDU�LV�WDNHQ�DV�D�UHVHUYH�LI�DQ\WKLQJ�LQ�WKH�

H[SHULPHQWDO�SURJUDP�ZHQW�ZURQJ��EXW� LWV�PDLQ� IRFXV�VKRXOG�EH�SODFHG�RQ�DQDO\VLV�RI�DOO� UHWULHYHG�
GDWD��HYDOXDWLRQ�RI�DOO�WKH�UHVXOWV�REWDLQHG�HLWKHU�ZLWK�WKH�FRPPHUFLDO�IDWLJXH�VROYHUV�RU�ZLWK�3UDJ7LF��
VHDUFK� IRU� RSWLPXP� VROXWLRQV� LQ� DOO� FDWHJRULHV� DQG� SUHSDUDWLRQ� RI� FRPPRQ� UHFRPPHQGDWLRQV�
FRQFHUQLQJ�WKH�IDWLJXH�WRSLFV�DQG�)($�UHVXOWV�SRVW�SURFHVVLQJ��

$� YHU\� LPSRUWDQW� SODFH� LQ� RXU� SODQV� LV� UHODWHG� WR� WKH� GLVVHPLQDWLRQ� RI� QRW� RQO\� RXU� FRQFOXVLRQV�
FRQFHUQLQJ�IDWLJXH�PHWKRGV�EXW�DOVR�RI�WKH�VHWXS�RI�H[SHULPHQWV�DQG�SUHGLFWLRQ�UHVXOWV��7KLV�LV�WKH�RQO\�
ZD\� KRZ� WR� SUHVHUYH� WKH� DSSOLFDELOLW\� RI� UHVXOWV� RI� RXU� SURMHFW� WR� PD[LPXP� QXPEHU� RI� LQWHUHVWHG�
SHUVRQV��7KH�VHW�RI�GDWDEDVHV�ZLWK�WKH�VWUXFWXUH�DV�GHVFULEHG�LQ�6HF��������ZLOO�EH�SUHSDUHG��,WV�LWHPV��
VWUXFWXUH�DQG�UHODWLRQV�ZLOO�EH�SUHSDUHG�LQ�WKH��

� �

�\HDU�DQG�WKH�PDLQ�IUDPHZRUN�ZLOO�EH�HVWDEOLVKHG�LQ�
WKH�\HDU����7KH�UHVW�RI�WKH�WLPH�WKH\�VKRXOG�VHUYH�WR�LWV�GHILQHG�SXUSRVH�±�L�H��SUHVHQWDWLRQ�RI�3UDJ7LF$�
UHVXOWV��ZKLFK�ZLOO� EH� VXEVHTXHQWO\� LQSXW� WKHUH�� DQG�RI� DQ\� IXUWKHU�GDWD� WKDW�RWKHU�XVHUV�DGG� WR� WKLV�
OLYLQJ�V\VWHP��


