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7KH�(VVHQFH�RI�6SHFLDO�5HODWLYLW\�DQG�,WV�
,QIOXHQFH�RQ�6FLHQFH��3KLORVRSK\�DQG�

6RFLHW\
/L�=LIHQJ��/L�7LDQMLDQJ��:DQJ�&KDQJMLQ��7LDQ�;LQPLQ��:DQJ�=KDR\XQ

<DQVKDQ�8QLYHUVLW\��+HEHL��4LQKXDQJGDR��������&+,1$
H�PDLO�]IOL#\VX�HGX�FQ

7KH�IRUHZRUG�RI�WKH�SURIHVVRU�-RVHSK�-��6PXOVN\��KWWS���ZZZ�VPXO��QHZPDLO�UX����WUDQVODWRU�RI
WKLV�SDSHU�LQ�5XVVLDQ

7KH�FRQWHQW�RI�WKH�SDSHU�FRUUHVSRQGV�WR�LWV�QDPH�DQG�LV�DQ�LPSRUWDQW ODQGPDUN�LQ�VHDUFK�
RI�VFLHQWLILF�WUXWK�LQ�SK\VLFV�RI����WK�FHQWXU\��7KH�ELJ�DFKLHYHPHQW�RI�SDSHU�LV�WKDW�LW�ZDV�ZULWWHQ�
QRW� E\� RQH� DXWKRU�� L�H�� DW� RQFH� ILYH� UHVHDUFKHUV� FDPH� WR� WKH� FRQVHQW�� DQG� WKH\� UHSUHVHQW� WKH�
FRPPRQ�RSLQLRQ�RQ�WKH�PRVW�GLIILFXOW�SUREOHP�RI�D�FRQWHPSRUDU\�VFLHQFH�

,�DJUHH�ZLWK�WKH�PDMRULW\�RI�FRQFOXVLRQV�RI�WKH�&KLQHVH�UHVHDUFKHUV��,Q�&RPPHQWV�,�KDYH�
GHQRWHG VRPH�GLVWLQFWLRQV�LQ�WKH�XQGHUVWDQGLQJ�RI�WKLV�SUREOHP�DQG�KDYH�JLYHQ�VRPH�UHVXOWV�RI�
P\�UHVHDUFKHV�ZKLFK�DOORZ WR GR�QRW�XVH�WKH�6SHFLDO�DQG�*HQHUDO�7KHRULHV�RI�5HODWLYLW\�

7KLV�SDSHU�GLVFXVVHV�WKH�FXUUHQW�VWDWXV�RI�VSHFLDO�UHODWLYLW\�LQ�VFLHQFH�DQG�SKLORVRSK\��DV�ZHOO�DV�
VRFLHW\�� WKH� UHDVRQV� IRU� VSHFLDO� UHODWLYLW\� EHFRPLQJ IDPRXV�� WKUHH� YLHZSRLQWV� RQ� VSHFLDO� UHODWLYLW\� LQ�
DFDGHPH��IRXU�DWWLWXGHV�RI�SXEOLF�RQ�VSHFLDO�UHODWLYLW\��FRPPHQWV�RI�IDPRXV�VFLHQWLVWV�RQ�VSHFLDO�UHODWLYLW\��
SHULRGLFDOV� DQG� VFLHQWLILF� PHHWLQJV� DV� ZHOO� DV� QHWZRUNV� VWXG\LQJ� TXHVWLRQV� RQ� VSHFLDO� UHODWLYLW\�� 7KLV�
SDSHU� VXPV� XS� DUJXPHQWV� WKDW� IRFXV� RQ� VSHFLDO� UHODWLYLW\�� DQDO\]HV� WKH� PLVWDNHV� RI� ORJLF� LQ� VSHFLDO�
UHODWLYLW\��LQYHVWLJDWHV�WKH�DXWKHQWLFLW\�RI�YDOLGDWLRQV�DQG�DSSOLFDWLRQV�RI�VSHFLDO�UHODWLYLW\��DQG�FRQFOXGHV�
WKDW�WKH�HVVHQFH�RI�VSHFLDO�UHODWLYLW\�LV�D�ZURQJ�ORJLFDO�LQIHUHQFH�HPEDUNLQJ�IURP�WKH�LGHDOLVW�VWDQGSRLQW��
,W�DQDO\]HV�VSHFLDO�UHODWLYLW\
V�KDUP�LQ�VFLHQFH�DQG�SKLORVRSK\�DV�ZHOO�DV�VRFLHW\��7KLV�SDSHU�DGYRFDWHV�
WKH� PDWHULDOLVP� VW\OH� RI� VHHNLQJ� WUXWK� IURP� IDFWV� DQG� WKH� SXEOLFDWLRQ� SROLF\� RI
 D� KXQGUHG� IORZHUV�
EORVVRP� DQG� D� KXQGUHG� VFKRROV� RI� WKRXJKW� FRQWHQG�� LQ� RUGHU� WR� OLEHUDWH� VFLHQWLILF� UHVHDUFK� IURP� LWV�
LPSULVRQPHQW� LQ� VSHFLDO� UHODWLYLW\�� 7KH� YLHZV� RI� VSDFH�WLPH� DQG� PDVV�HQHUJ\� RI� LGHDOLVWLF� VSHFLDO�
UHODWLYLW\�VKRXOG�EH�DEDQGRQHG��DQG�WKH YLHZV�RI�VSDFH�WLPH�DQG�PDVV�HQHUJ\�RI�PDWHULDOLVP�VKRXOG�EH�
UHVWRUHG�DQG�GHYHORSHG�

,QWURGXFWLRQ
$V�RQH�RI� WKH� WZR� LPSRUWDQW�SLOODUV�RI�FRQWHPSRUDU\�SK\VLFV��6SHFLDO�5HODWLYLW\�7KHRU\�

�657��>���@�FDPH�LQWR�EHLQJ�DQ�HQWLUH�FHQWXU\�DJR��7KH�FRPPRQ�SHRSOH�NQRZ�RI�657�DQG�LWV�
DXWKRU�� $OEHUW� (LQVWHLQ�� ,W� LV� LQ� WKH� FRPSXOVRU\� FXUULFXOXP� DW� WKH� XQLYHUVLW\� DQG� FROOHJH��
+RZHYHU�� WKH� UDWLRQDOLW\� RI� LWV� IRXQGDWLRQ� DQG�WKH� DFFXUDF\� RI� LWV� GHGXFWLRQV� DUH� FRQVWDQWO\�
VXVSHFW� >����@�� 7KHUH� H[LVW� WZR�YLHZSRLQWV�RQ�657��SROHV� DSDUW� IURP� ILUVW� WR� ODVW��2QH� LV� 
WKH�
JLDQW
� WKHRU\�� KHOG� E\� WKRVH�ZKR� WKLQN� KLJKO\� RI� 657�� WKH�RWKHU� LV� 
WKH�GLVDVWHU
�� KHOG�E\� WKRVH�
ZKR� WKLQN� SRRUO\� RI� 657�� 7KHUHIRUH�� LW� LV� YLWDOO\� LPSRUWDQW� WR� LQYHVWLJDWH� LWV� HVVHQFH�� DQG� LWV�
LQIOXHQFH� RQ� VFLHQFH� SKLORVRSK\�� DQG� VRFLHW\�� 7KLV� ZLOO� PDNH�XQSUHFHGHQWHG� VHQVH� WR� WKH�
GHYHORSPHQW�RI�VFLHQFH��WHFKQRORJ\�DQG�SKLORVRSK\�

���&XUUHQW�6WDWXV�RI�657��3KLORVRSK\��DQG�6RFLHW\
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657�KDV�EHHQ�LQ�
MHZHO
�VWDWXV�VLQFH�������7RGD\��LW�RFFXSLHV�DEVROXWHO\�WKH�GRPLQDQW�VWDWXV�
LQ�VFLHQFH��SKLORVRSK\��DQG�VRFLHW\��,W�LV�WDNHQ�DV�RQH�RI�WKH�FRQWHPSRUDU\�EDVHV�RI�WKHRUHWLFDO�
SK\VLFV�� $Q\� DVVXPSWLRQ� RU� PHDVXUHPHQW� FRQIOLFWLQJ� ZLWK� 657� LV� SURFODLPHG� ZURQJ�� 7KH�
XQGHUJUDGXDWHV�PXVW�VWXG\�657��DQG�WKHUH�DUH�(LQVWHLQ�VWDWXHV��ILJXUHV�DQG�SKRWRV�HYHU\ZKHUH�
LQ�WKH�XQLYHUVLW\�DQG�KLJK�VFKRRO�FDPSXV��,W�LV�VXPPRQHG�WR�OHDUQ�IURP�(LQVWHLQ��7KH�8QLWHG�
1DWLRQ�GHFLGHG�RQ������EHLQJ�WKH�LQWHUQDWLRQDO�SK\VLFDO�\HDU�DQG�ZRUOG�ZLGH�FHOHEUDWLRQ�IRU�
WKH����
�DQQLYHUVDU\�RI�657
V�SXEOLFDWLRQ�

���5HDVRQV�IRU�657�%HLQJ�)DPRXV
)RU� WKH� SXEOLF�� ��� 657� KDV� EHFRPH� XQLYHUVLW\� SK\VLFV� FRPSXOVRU\� FRQWHQW�� ��� WKH\� KDYH�

UHFHLYHG� DOO� NLQGV� RI� YLHZV� RI� H[SHUWV� LQ� D� ORQJ� WLPH�� WKUHH�� EHFDXVH� RI� ODFNLQJ� HQRXJK�
XQGHUVWDQGLQJ� DQG� SRQGHULQJ�� PDQ\� SHRSOH� WKLQN� WKDW� LW LV� ULJKW�� EXW� WKH\� GRQ
W� NQRZ� WKH�
UHDVRQ�

7KH�$PHULFDQ�ZHHNO\�7LPH� DQG� WKH�%ULWLVK� QHWZRUN�%%&� ODXQFKHG� D� OLWWOH� YRUWH[� RI� 
WKH�
JHQLXV� WKHRU\�� 7KH\� VXSSRUW� 657� DV� EHLQJ� LQ� WKH� WRS� WHQ� VFLHQWLILF� DFKLHYHPHQWV� LQ� ��WK
FHQWXU\��UHVSHFW�(LQVWHLQ�DV�WKH�VHFRQG RI�WKH�PLOOHQQLXP�JUHDW�WKLQNHUV��DQG�FU\�XS�(LQVWHLQ
V�
FHUHEUXP�YDJDULRXV��HWF�

'RPHVWLF�&KLQHVH�PHGLD�DOVR�LVQ
W�ZLOOLQJ�WR�GURS�EHKLQG��,Q�D�VKRUW�WLPH��
WLPH�WUDYHO
�DQG�
WKH� 
%LJ� %DQJ
� EHFRPH� IURQW�SDJH� QHZV�� 6RPH� SHRSOH� DWWDFN� WRRWK� DQG� QDLO� DQ\� GLVVLPLODU�
OHDUQHG� YLHZ� DQG� VXSSUHVV� DQ\� OHDUQHG� FULWLFLVPV� RI� 657�� $QG� WKH\� VD\�FULWLFL]LQJ� 657� LV�

SURSDJDQGL]LQJ�SVHXGRVFLHQFH
�

7KH� PHGLD� HOHYDWHV� 657�� DQG� VXSSUHVVHV� FULWLFDO� RSLQLRQV�� VR�WKDW� 657� EHFRPHV� DOPRVW�
VFLHQWLILF�UHOLJLRQ��DQG�(LQVWHLQ�LV�WDNHQ�IRU�LWV�JRG�

�� 7KUHH�$SSUDLVDOV�RI�657�LQ�$FDGHPLD
�� ,W�LV�ULJKW��DQG�LW�LV�RQH�RI�WKH�WZR�JUHDWHVW�EDVLF�SK\VLFDO�GLVFRYHULHV�LQ���WK FHQWXU\�
�� ,W�LV�D�FRPELQDWLRQ�RI�WUXWK�DQG�IDOVHKRRG�
�� ,W�LV�DEVXUG�

���)RXU�$WWLWXGHV�WRZDUG�657
7KHUH� DUH� IRXU� NLQGV� RI� DWWLWXGHV� WRZDUG� 657�� VXSSRUWHUV�� DPHQGHUV�� REMHFWRU�� DQG�

VSHFWDWRU�
��� 6XSSRUWHUV� DOOHJH� WKDW� 657� LV� FRUUHFW�� DQG� WKDW� RSSRVLQJ� 657�PHDQV� DQWL�VFLHQFH�� 7KHLU�
RFFXSDWLRQV�DUH�PRVWO\� WHDFKLQJ�RU� UHVHDUFKLQJ� LQ�657��$�IHZ�RI� WKHP�GRQ
W�NQRZ�WKHUH� LV�
VRPH� WKLQJ ZURQJ� LQ�657�� EXW� WKH�PDMRULW\� RI� WKHP�XQGHUVWDQG� LW� LV�ZURQJ��%XW� WKH\�GRQ
W�
DGPLW�LW�LV�ZURQJ�IRU�WKH�UHDVRQ�RI�SROLW\��HFRQRP\�DV�ZHOO�DV�IDPH�
���$PHQGHUV��7KH\�WKLQN�657�LV�DOPRVW�FRUUHFW��EXW�WKHUH�RFFXU�VRPH�
SDUDGR[HV
�EHFDXVH�WKH�
IRXQGDWLRQ� RI� 657� LV� XQFOHDU��:KHUH� 657� LV� XVHG� DQG� HUURU� LV� GHWHFWHG�� WKH\� FDQ� DPHQG�
657�LQWHUPLQDEO\��7KH\�FDQ�SXEOLVK�PDQ\�SDSHUV��EXW�LW�LV�D�IRRO
V�HUUDQG�WR�GHDO�ZLWK�WKHP��
��� 2EMHFWRUV� WKLQN� 657� VKRXOG� EH� DEROLVKHG� IRU� LWV� HVVHQFH� LV�DEVXUG�� 7KH\� FDQ� JHW� OLWWOH�
EHQHILW�IURP�HVSRXVLQJ�WKLV�YLHZ��MXVW�RQH�SDSHU�PD\EH�
��� 6SHFWDWRUV� WKLQN� WKDW� 657�PD\� EH� ZURQJ�� RU� QRW� ZURQJ�� EXW� LW�LV� QRQH� RI� WKHLU� EXVLQHVV��
$FWXDOO\��WKH\�GRQ
W�HQJDJH�LQ�ZRUN�DERXW�657��EXW�VRFLDO�LQIOXHQFH�DOVR�ZRXOG�LQYROYH�WKHP�
DW�ODVW��,W�LV�RQO\ WKH�GHJUHH�WKDW�LV�GLIIHUHQW�

���)DPRXV�6FLHQWLVWV
�9LHZV�RQ�657
0DQ\�VFLHQWLVWV�WKLQN�WKDW�657�LV�FRUUHFW��PRVW�VFLHQWLVWV�KHDU�WKDW�LW�LV�FRUUHFW��DQG�VRPH�WKLQN�LW�
LV�ZURQJ� �7KH� WRS�QXPHULFDO� LQGH[HV�PDUN� WKH� FRPPHQWV� VXEPLWWHG� DW� WKH� HQG�RI� WKH�SDSHU���
7KH� PHGLD� KDYH� SURSDJDQGL]HG� HQRXJK� IURP� WKH� SRLQW� RI� YLHZ� RI� DGPLUDWLRQ��6RPH� DQWL�
YLHZSRLQWV�KDYH�EHHQ�LQWURGXFHG�DV�IROORZV�
�� 7KH�1REHO�SUL]H�FRPPLWWHH�UHIXVHG�DZDUG�(LQVWHLQ�SUL]H�IRU�657�
�� )DPRXV� VFLHQWLVWV�ZKR�ZHUH� FRQWHPSRUDU\�ZLWK�(LQVWHLQ�� /RUHQW]��3RLQFDUH��5XWKHUIRUG��
HWF��� DOO�GLVDJUHHG�ZLWK�LW�
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�� 0RVW� H[SHULPHQWDO� SK\VLFDO� VFLHQWLVWV� GRQ
W� DGPLW� LW�� IRU� H[DPSOH�$��2
5DKLOO\��+�� ,YHV��)��
6RGG\��3��*UDQHDX��1��*UDQHDX��6��0DULQRY��3��3DSSDV��DQG�VR�RQ�
�� 0LFKHOVRQ�� WKH� PDLQ� IRXQGHU� RI� WKH� 0LFKHOVRQ�0RUOH\
V� H[SHULPHQW�� SDLQHG� DOO� KLV�
OLIHWLPH�EHFDXVH�KLV�RZQ�H[SHULPHQW�SURGXFHG�WKH�PRQVWHU�RI�657�
�� 'U��/��(VVHQ��ZKR�ZDV� WKH�GLUHFWRU�RI� WLPH� IUHTXHQF\�GHSDUWPHQW�RI�QDWLRQDO� ODERUDWRU\� LQ�
(QJODQG�� VDLG�� �3K\VLFLVWV
� DWWLWXGH�WRZDUG� VSHFLDO� UHODWLYLW\�LV� QRW� WR� XQGHUVWDQG� LW� DOPRVW�� EXW�
ZKLFK�LV� UHFNRQHG� LV� ULJKW� IRU�EHLQJ�UHFRJQL]HG�� LW�PXVW�EH�DGPLWWHG�� ,�ZDV�WKLQNLQJ�VR�LQ�WKH�
SDVW��
�� +�� 'LQJOH�� WKH� IRUPHU� VXSSRUWHU� RI� 657�� GLG� DWWDFN� LW� WRRWK�DQG� QDLO� DIWHU� ILQGLQJ� LWV�
EXPEOH��DQG�UHVROXWHO\�FDOOHG�RXW�DERXW��VFLHQFH�EHLQJ�LQ�WKH�FURVVURDG��
�� +�� $OIYHQ�� ZKR� ZDV� DQ� LQWHUQDWLRQDOO\� IDPRXV� VFLHQWLVW� DQG� ZLQQHU� RI� 1REHO� 3UL]H��
GHQRXQFHG� 657� �DQ� RQO\� ELEHORW�� DQG� �LW� EOXUV� WKH� ERUGHUOLQH� EHWZHHQ� WKH� VFLHQFH� DQG�
SVHXGRVFLHQFH��
�� 7��%DUQHV��HPHULWXV�SK\VLFV�SURIHVVRU�LQ�WKH�8QLYHUVLW\�RI�7H[DV��FDOOHG�RXW�WKDW�657�LV��D�
GLVDVWHU��DQG��LW�LV�WLPH�WR�FKDQJH�ZRUVKLSLQJ�EOLQGO\�VSHFLDO�UHODWLYLW\��
�� /X�+RII��DFDGHPLFLDQ��IDPRXV�WKHRUHWLFDO�SK\VLFLVW��EURNH�WKURXJK�XQQXPEHUHG�ELJ�EORFNV�
LQ�KLV�RFWRJHQDULDQ�DQG�VHQW�RXW�D�SDSHU��&KDOOHQJLQJ�WR�(LQVWHLQ���$W�ODVW��KH�ZURWH�WKH�ODVW�
ZRUGV��7KH� FRPPRQ� HGLWRULDO� GHSDUWPHQW� KDV� QR� FRXUDJH� WR� SXEOLVK� WKH� SDSHU� EHFDXVH�
WKH\�ZRUVKLS�EOLQGO\�(LQVWHLQ�DQG�WKH\�DUH�DIUDLG�RI�EHLQJ�FRQVLGHUHG�LJQRUDQW�RI�SK\VLFV��
��� =KHQJ� 4XDQ�� 3URIHVVRU� RI� 5HVHDUFK� ,QVWLWXWH� RI� '\QDPLFV� RI� WKH� &KLQHVH� $FDGHP\� RI�
6FLHQFH��KDV�REMHFWHG�WR�657�VLQFH�������DQG�KDV�SXEOLVKHG�PDQ\�PRQRJUDSKV�DJDLQVW�657�
��� 6RQJ� -LDQ�� IRUPHU� VWDWH� FRXQFLORU�� GLUHFWRU� RI� 1DWLRQDO� 6FLHQFH� DQG� 7HFKQRORJ\�
&RPPLVVLRQ��YLFH�SUHVLGHQW�RI�&33&&�DQG�WKH�SUHVLGHQW�RI�&KLQHVH�$FDGHP\�RI�(QJLQHHULQJ��
EROGO\�RSSRVHV�(LQVWHLQ�DQG�FDOOV�RXW�WR�\RXQJ�VFLHQWLVWV���7KH�HQWLUH�����\HDUV�DJR��(LQVWHLQ�
KDG� DQ� DQD� >VD\LQJ@�� 
,W� LV� LPSRVVLEOH� IRU� DQ\WKLQJ�PRYLQJ� IDVWHU� WKDQ� OLJKW� VSHHG
� LQ� KLV�
VSHFLDO� UHODWLYLW\� SDSHU�PDNLQJ�ZRUOG� VFLHQFH� LQFRQFHLYDELOLW\�� ,W� KDV�EHHQ�FDOOHG� DV��OLJKW�
EDUULHU��QRZDGD\V��+RZHYHU�� LW�KDV�QRW�EHHQ�SURYHG�E\�DQ\�GLUHFW�H[SHULPHQW���'XH�WR�VSDFH�
IOLJKW�WHFKQRORJ\�GHYHORSPHQW�UHFHQWO\��LW�PDNHV�VFLHQWLVWV�DQDO\VHV�DQG�VHOI�UHIOHFWLRQ��:K\�
WKH�VSHHG�RI�VSDFHFUDIW�FDQ
W�H[FHHG�YHORFLW\�RI�OLJKW"��>��@�
��� 3URI��-HUHP\�'XQQLQJ�'DYLHV�IURP�WKH�%ULWLVK�+XOO�8QLYHUVLW\�DQG�3URI��6WHLQ�(�-RKDQVHQ�
IURP� WKH� 1RUZHJLDQ� 8QLYHUVLW\� RI�6FLHQFH� DQG� 7HFKQRORJ\� SRLQW� RXW� WKDW� QRZDGD\V� SK\VLFDO�
VFLHQWLVWV�NHHS�WR�UXQ�RI�WKH�PLOO�657��7KH\�GR�QRW�FRXQWHU�VFLHQWLILF�DUJXPHQW�ZLWK�VFLHQWLILF�
DUJXPHQW��EXW�LQVWHDG�LQKLELW�WKHP�XVLQJ�PRUH�DQG�PRUH�UHOLJLRXV�PHDQV��>��@

��0HHWLQJV��/HDUQHG�3XEOLFDWLRQV��DQG�:HE� VLWHV�IRU�5HVHDUFKLQJ�657�3UREOHPV
,Q� 1RUWK� $PHULFD�� LQWHUQDWLRQDO� V\PSRVLD� RU� VHPLQDUV� ZLWK�WLWOHV� VXFK� DV� �FKDOOHQJLQJ�

FRQWHPSRUDU\�SK\VLFV�DQG�FRVPRORJ\��DUH�KHOG�HYHU\�\HDU�E\�WKH�1DWXUDO�3KLORVRSK\�$OOLDQFH��
$Q� LQWHUQDWLRQDO� PHHWLQJ� FULWLFDO� RI� 657� VSRQVRUHG� E\�0XVFRYLWH�DFDGHP\� RI� VFLHQFHV� KDV�
EHHQ�KHOG�FRQWLQXRXVO\�PRUH�WKDQ�VL[�WLPHV�DQG�LW�LV�ODUJHU�DQG�ODUJHU��-XVW�DV�3HWU�%HFNPDQQ��
$PHULFD
V� IDPRXV� ODWH� HGLWRU� LQ� FKLHI� RI� �(QHUJ\�� DQG� �*DOLOHDQ� (OHFWURG\QDPLFV���
VXPPDUL]HG�� �VSHFLDO� UHODWLYLW\� VWLOO� VXIIHUV� VR� H[WHQVLYH� UHVLVWDQFH� DIWHU� XQSUHFHGHQWHG�
VXFFHVVIXO� QHDUO\� ��� \HDUV��IRUP�&DQDGD� WR� 6RXWK�$IULFD�� IURP�(XURSH� WR�$XVWUDOLD�� IURP� 6W��
3HWHUVEXUJ�WR�%HLMLQJ�HWF���7KH�PDJQLILFHQW�VFDOH�DQG�ORQJ�OLIHWLPH�DUH�UDUH�LQ�KLVWRU\�

2Q� -XO\� ��a���� ������ DQ� DFDGHPLF� PHHWLQJ� RQ� WKH� (LQVWHLQ
V� 657� TXHVWLRQ� ZDV� KHOG� LQ�
%HLMLQJ�RI�&KLQD��,Q�������WKUHH�VHPLQDUV�DLPLQJ�WR�QHJDWH�RU�H[FHHG�(LQVWHLQ
V�657�ZDV�KHOG�
LQ�&KLQD��7KH\�DUH� UHVSHFWLYHO\�� �WKH� ILUVW� DQQXDO�PHHWLQJ�RI�%HLMLQJ�VSHFLDO� UHODWLYLW\� UHVHDUFK�
VRGDOLW\���LQ�%HLMLQJ��$XJXVW���������WKH�VHFRQG�QDWLRQDO�DFDGHPLF�PHHWLQJ�RI�(LQVWHLQ
V�VSHFLDO�
UHODWLYLW\�TXHVWLRQV��� LQ�%HLMLQJ��$XJXVW�������� �WKH� LQWHUQDWLRQDO� DFDGHPLF�PHHWLQJ� RI� VSHFLDO�
UHODWLYLW\� DQG� FRQWHPSRUDQHLW\� SK\VLFV� LQQRYDWLRQ�� LQ� ;L
DQ� �&KLQD��� 2FWREHU� ������� 6LQFH�
�����LQ &KLQD��WKHUH�KDYH�EHHQ�VHYHUDO�DFDGHPLF�PHHWLQJV�RSSRVLQJ�657�

3XEOLFDWLRQV� REMHFWLQJ� WR� RU� VXUPRXQWLQJ� 657� LQFOXGH�� �*DOLOHDQ� (OHFWURG\QDPLFV���
�$SHLURQ����3K\VLFV�(VVD\V���DQG��,QYHQWLRQ�DQG�,QQRYDWLRQ���HWF�
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7KHUH�DUH�VHYHUDO�GR]HQ�ZHEVLWHV�DERXW�REMHFWLQJ�WR�RU�VXUPRXQWLQJ�657��7KHUH�DUH�PRUH�
WKDQ����ZHEVLWHV�RI�UHSUHVHQWDWLYHV�DV�WKH�ZHEVLWH�RI�%HLMLQJ�VSHFLDO�UHODWLYLW\�UHVHDUFK�VRGDOLW\�
DPRQJ�WKHP�

5HFHQWO\��WKHUH�DUH�GR]HQV�RI�PRQRJUDSKV�WR�QHJDWLYH�VSHFLDO�UHODWLYLW\�SXEOLVKHG�LQ�&KLQD�
�� 7KH�$UJXPHQW�)RFXV�RI�657

,V�657�LV�ULJKW�HQWLUHO\��ORFDOO\�ULJKW�DQG�ORFDOO\�ZURQJ��RU�ZURQJ�HQWLUHO\"
7KH�H[SHUWV�
PDVWHULQJ
�657�WKLQN�LW�LV�JUHDW�VFLHQWLILF�WKHRU\��D�JRRG�IRXQGDWLRQ�IRU�WRGD\
V�

SK\VLFV�� LW� KDV� EHHQ� SURYHG� E\� H[SHULPHQW�� DQG� QR� VHULRXV� HUURU�HPHUJHV�� 7KH\� WKLQN� WKDW�
ZKRHYHU�FULWLFL]HV�657�LV�
SURSDJDQGL]LQJ�SVHXGRVFLHQFH
�

6HYHUDO� VFKRODUV� WKLQN� WKHUH� LV� VRPHWKLQJ� FRUUHFW� LQ� 657�� EXW�DW� WKH� VDPH� WLPH� WKHUH� LV�
VHULRXV�HUURU��IRU�H[DPSOH��GHYLDWLRQ�IURP�IDFW��VHOI�FRQWUDGLFWLRQ��SX]]OLQJ�PDWKHPDWLFV��657�
LV�WZLVWLQJ�H[SHULPHQW�DQG�PLVJXLGLQJ�SUDFWLFH��VR�LWV�UHSODFHPHQW�VKRXOG�EH�DFWLYHO\�VRXJKW�

6RPH�VFKRODUV�WKLQN�657�LV�EXLOW�RQ�WKH�IRXQGDWLRQ�RI�ZURQJ�PDWKHPDWLFV�DQG�LOOXVLRQ��,W�LV�
UHDOO\�D�P\WK�DERXW�JHWWLQJ�
H[SHULPHQWDO�FRQILUPDWLRQ
��

�� 7KH�7KHRUHWLFDO�)RXQGDWLRQ�RI�657
7KH� HUURU� LQ� 657� FRPHV� IURP� LWV� DVVHUWLRQ� RI� FRQVWDQW� OLJKW�VSHHG�� >���@�7KH� OLJKW�VSHHG�

SULQFLSOH� LV�� ��� OLJKW� DOZD\V� SURSDJDWHV� LQ� HPSW\� VSDFH� ZLWK� D� GHILQLWH� VSHHG� F� WKDW� LV�
LQGHSHQGHQW�RI�WKH�VWDWH�RI�PRWLRQ�RI�WKH�HPLWWLQJ�ERG\�>�@�����OLJKW�VSHHG�PHDVXUHG�LQ�YDFXXP�
LV�VDPH�IRU�DQ\�RI�XQLIRUP�UHFWLOLQHDU�PRWLRQ�RI�WKH�PHDVXUHU�

7KHUH�DUH�WZR�XQGHUVWDQGLQJV�RI�WKH�SULQFLSOH�RI�FRQVWDQW�OLJKW�VSHHG��VWDWHG�DV�IROORZV�
�� ,Q� DQ\� LQHUWLDO� UHIHUHQFH� V\VWHP�� WKH� OLJKW� VSHHG� UHODWLYH� WR� WKH�V\VWHP� LV� WKH� VDPH� IRU� OLJKW�
HPLWWHG�E\�D�ODPS�KRXVH�IL[HG�WR�WKLV�V\VWHP�
�� ,Q�DQ\� LQHUWLDO� UHIHUHQFH�V\VWHPV� LQ�XQLIRUP�UHFWLOLQHDU�PRWLRQ�ZLWK� UHVSHFW� WR� HDFK� RWKHU��
WKH�OLJKW�VSHHGV�PHDVXUHG�DUH�WKH�VDPH�IRU�OLJKW�HPLWWHG�E\�VDPH�ODPS�KRXVH�

7KH�/RUHQW]�FRRUGLQDWH�WUDQVIRUPDWLRQ�PLVXQGHUVWDQGV�WKH�SULQFLSOH�RI�FRQVWDQW�OLJKW�VSHHG�
DV��IRU�D�VSHFLDO�OLJKW��LQ�DOO�LQHUWLDO�UHIHUHQFH�V\VWHPV�LQ�XQLIRUP�UHFWLOLQHDU�PRWLRQ�ZLWK�UHVSHFW�
WR� HDFK� RWKHU�� OLJKW� VSHHGV� DUH� WKH� VDPH� UHODWLYH� WR� WKHVH� LQHUWLDO� UHIHUHQFH� V\VWHPV�� 7KLV�
LJQRUHV� WKH� UHODWLYH�PRWLRQ� EHWZHHQ� GLIIHUHQW� FRRUGLQDWH� V\VWHPV��ZKLFK� UHVXOWV� LQ� D� VHULHV� RI�
IDOVHKRRGV�

7KH�OLJKW�VSHHG�H[LVWV�RQO\�DV�WKH�VSHHG�RI�VLJQDO�WUDQVIHU�LQ�657��ZKLFK�KDV�QR�XVH�IRU�DQ\�
RWKHU� VSHFLDO�TXDOLW\�RI�OLJKW��7KHQ�� LI� OLJKW�VSHHG�IRU�VLJQDO� WUDQVIHU� LV�UHSODFHG�E\�VSHHG�RI�
VRXQG��DQG� WKH�SULQFLSOH�RI�FRQVWDQW� OLJKW� VSHHG� LV�FKDQJHG� LQWR�D�SULQFLSOH�RI� FRQVWDQW� VRXQG�
VSHHG�� WKHQ�WKH�UHVXOW�ZRXOG�EH�WKDW�WKH�VSHHG�RI�DQ\�REMHFW� LV�OHVV�WKDQ�VRXQG�VSHHG��7KLV�LV�
FOHDUO\� DEVXUG�� D� EXOOHW
V� VSHHG� LV� IDVWHU� WKDQ� VRXQG� VSHHG�� DQG� D� SODQH
V�VSHHG� FDQ� H[FHHG�
VRXQG�VSHHG�DOVR�

7KHUHIRUH��WKH�WKHRUHWLFDO�IRXQGDWLRQ�RI�657�LV�ZURQJ��
�� 7KH�3UDFWLFDO�)RXQGDWLRQ�RI�657

�� )RU� GHYHORSLQJ� KLV� VSDFH�WLPH� YLHZ�� (LQVWHLQ� KDG�RQO\� WKRXJKW� H[SHULPHQWV�� QRW� UHDO�
RQHV�
�� %\�DQDO\]LQJ�GDWD�IURP�PRUH�WKDQ����H[SHULPHQWV�
SURYLQJ
�657��IDPRXV�SK\VLFDO�VFLHQWLVW�
:��.DQWRU�FDPH�WR�WKH�FRQFOXVLRQ�WKDW�WKH\�DUH�DOO�EDVHG�RQ�ZURQJ�PHWKRGV�DQG�LQYDOLG�ORJLF��
3URIHVVRU�+XDQJ�=KL[XQ�RI�&RPPXQLFDWLRQ�8QLYHUVLW\�RI�&KLQD�JRW�WKH�VDPH�UHVXOW�
�� 657� FDQQRW� H[SODLQ� UHDVRQDEO\� WKH� 'RSSOHU� HIIHFW� RQ� OLJKW�� 7KH� FODVVLFDO� 'RSSOHU�
SKHQRPHQRQ� LV� WKDW� D� UHG�VKLIW� VKRXOG�HPHUJH�ZLWK�D� ODPS�KRXVH� OHDYLQJ� WKH�REVHUYHU��%XW�
WKH�UHODWLYLVWLF�'RSSOHU�SKHQRPHQRQ�LQFOXGHV�D�EOXH�VKLIW�WKDW�ZRXOG�PRUH�EH�FOHDU�ZLWK�KLJKHU�
UHODWLYH�VSHHG��
�� 0RVW� VXSSRUWHUV� RI� 657� DGPLW� WKDW� KHUHWRIRUH� WKHUH� LV� QR� H[SHULPHQW� REVHUYLQJ� /RUHQW]�
OHQJWK�FRQWUDFWLRQ�
�� 7KH� SXEOLF� WKLQN� LW� LV� D� PDJQLILFHQW� SURRI� RI� 657� WKDW� WKH� $� ERPE� GHWRQDWHG
VXFFHVVIXOO\��+RZHYHU��7KRPVRQ�DQG�.DXIPDQQ�KDYH�GRQH�PDQ\�H[SHULPHQWV� DQG�PXFK�
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WKHRU\� UHVHDUFK� DERXW� WKH� PDVV�YHORFLW\� UHODWLRQ� DQG� PDVV�HQHUJ\� UHODWLRQ� ZLWK� RWKHUV�
EHIRUH� 657� DSSHDUHG� LQ� ������$XVWULDQ� SK\VLFLVW�+DVHQRKUO� SURYHG� WKH� GLUHFW� SURSRUWLRQ�
UHODWLRQ�EHWZHHQ�PDVV� LQFUHDVH�ZLWK� UDGLDQW� HQHUJ\�� DQG� JRW� WKH� IDPRXV� IRUPXOD�� (� �
PF� LQ������

��� 7KH�(VVHQFH�RI�657
�� 
5HODWLYLW\�RI�VLPXOWDQHLW\
� LV�D�IDOVH�SURSRVLWLRQ��,W� LV�JRWWHQ�WKURXJK�VHFUHWO\�H[FKDQJLQJ�
FRQFHSWV��VKLIWLQJ�SUHPLVHV��DQG�FRQIXVLQJ IHHOLQJ�DQG�UHDOLW\��UHIOHFWLRQ�DQG�DFWXDOLW\�
�� 7KH�PDWKHPDWLFDO� IRXQGDWLRQ�RI�657��QDPHO\�/RUHQW]� WUDQVIRUPDWLRQ�� LV� D�JURXS�RI� VHOI�
FRQWUDGLFWRU\�PDWKHPDWLFDO�HTXDWLRQV�WKDW�KDYH�QR�VFLHQWLILF�YDOXH��
�� 657� KDV� QRW� EHHQ� SURYHG� XVLQJ� DQ\� H[SHULPHQW�� 2I� WKH� VR�FDOOHG� 
H[SHULPHQWDO�
FRQILUPDWLRQV
��VRPH�DUH�VSXULRXV�DQG�VRPH�DUH�FRHUFLYHO\�PLVODEHOHG�DV�VXFK�

657�LV�D�NLQG�RI�UHOLJLRQ� GLVJXLVHG�DV�VFLHQFH�
����657
V�+DUP�WR�6FLHQFH��3KLORVRSK\��6RFLHW\

$W� DOO� WLPHV�� WKH� H[SHUWV� RI� 657� DOORZ� WKDW� WKH� FRPPRQ� SHRSOH� FDQQRW� XQGHUVWDQG� LW��
+RZHYHU�� WKH� FRPPRQ�SHRSOH� KDYH� WR�EHOLHYH� LW� DV� D� JUHDW� WUXWK��7KLV� LV� GLVUHVSHFWLQJ� WKH�
SXEOLF�ZLVGRP��,W�KDV�EHFRPH�D�EDUULHU�WR�VFLHQWLILF�GHYHORSPHQW��)URP�PLFUR�ZRUOG�SX]]OLQJ�
WR�FRVPRORJ\�FRQIXVLRQ��GLVDVWHU�UHVXOWV�

$W�WKH SUHVHQW�WLPH��ZH�KDYH�D�YRJXH�IRU�FRORUIXO�LGHDV�FRPLQJ�IURP�657��IRU�H[DPSOH���WKH�
�WK GLPHQVLRQ�RI�VSDFH����WKH�WLPH�WXQQHO����ELJ�EDQJ��DQG��EODFN�KROH���HWF��$OO�RI�WKHP�DUH�
WKH�UHSUHVHQWDWLYH�RI�D�JKRVWV�DQG�JRGV�WKHRU\��IRU�H[DPSOH��6WHSKHQ�+DZNLQJ�VDLG�WKDW�KH�FDQ�
SOD\� WKH�FDUGV�ZLWK�1HZWRQ�DQG�(LQVWHLQ�DW� WKH�VDPH�WDEOH��WKH�EHDXWLIXO�JLUO�FDQ�IOLUW�ZLWK�WKH�
KLVWRULFDO�NLQJ�WKURXJK�WKH�WLPH�WXQQHO�LQ�VFLHQFH�ILFWLRQ�PRYLHV�

7KH� DUJXPHQW� EHWZHHQ� 657� VXSSRUWHUV� DQG� REMHFWRUV� LV� D� EDWWOH� EHWZHHQ�PHQWDOLVP�� DQG�
PDWHULDOLVP�

��� 7KH�)DWH�RI�657
�� 7KHRUHWLFDO�SK\VLFLVW�'U��-�3��:HVOH\�VDLG���7KH�VSHFLDO�UHODWLYLW\�HUD�KDV�JRQH���6FLHQFH�LV�
IDFLQJ� D� UHYROXWLRQ� WKDW� FDQQRW� EH� FRQWUROOHG� E\� DQ\� IRUFH� IRU� DOO�WLPH�� ,Q� WKLV� VFLHQWLILF�
UHYROXWLRQ��&KLQHVH� VWXGHQWV� KDYH� WKH� DELOLW\�� DQG� WKH� GXW\�� WR� WKUXVW� RXU�FRXQWU\� LQWR� WKH�
ZRUOG� RI� DGYDQFHG� VFLHQFH� DQG� WHFKQRORJ\� E\�VHL]LQJ� WKH� OHDG� LQ� WKH� IXQGDPHQWDO� VFLHQFHV��
&KLQD�PXVW�IROORZ�D�VWUDWHJ\�RI�
QDWLRQDO�UHMXYHQDWLRQ�WKURXJK�VFLHQFH�DQG�HGXFDWLRQ
�
�� 7KHUH�QRZ�H[LVW�WKH�IROORZLQJ�FRQGLWLRQV�IRU�RYHUFRPLQJ�657��D��7KURXJK�HGXFDWLRQ�LQ�
PDWHULDOLVP�� VHHNLQJ� WUXWK� IURP�IDFWV�DQG�VFLHQWLILF�GHYHORSPHQW�� D�JHQHUDWLRQ�RI� VFLHQWLVWV�
DUH�EURXJKW�XS�ZKR�UHDOL]H�WKH�PLVWDNH�DQG�GDQJHU�RI�657��DQG�GDUH�WR�FKDOOHQJH�657��E��7KH
SROLFLHV� RI� OHWWLQJ� D� KXQGUHG� IORZHUV�EORVVRP�� OHWWLQJ�D�KXQGUHG�VFKRROV�RI� WKRXJKW�FRQWHQG�
ZLWK� HDFK� RWKHU�� KDYH� FUHDWHG� D� JRRG� VRFLDO� HQYLURQPHQW� IRU� FKDOOHQJLQJ� 657�� F��
3KHQRPHQD�WKDW�WKH�1HZWRQLDQ�VSDFH�WLPH�YLHZ�KDG�EHHQ�SURFODLPHG�
XQDEOH�WR�H[SODLQ
��
DQG�VR�ZHUH�RQO\�
H[SODLQHG
�ZLWK�657�DQG�E\�657�H[SHUWV��FDQ��DIWHU�DOO��EH�H[SODLQHG�ZLWK�WKH�
1HZWRQLDQ�VSDFH�WLPH�YLHZ��DQG� WKH�H[SODQDWLRQ�KDV�QR�
SDUDGR[HV
� LQ� LW��G��7KH�GHYHORSPHQW�
RI�LQWHUQHW�WHFKQRORJ\�SURYLGHV�D�ZLGH�VWDJH�IRU�VSUHDGLQJ�DFDGHPLF�WKRXJKW�
�� ,W� WDNHV� D� ORQJ� WLPH� WR� RYHUWKURZ� 657� RQO\� EHFDXVH�� D�� ����\HDUV� RI� GUXPEHDWLQJ� KDV�
FDXVHG� D� SURIRXQG� LQIOXHQFH� RQ� WKH� SXEOLF�� E�� 657� VXSSRUWHUV� ZKRVH� RFFXSDWLRQ� LV�
SURSDJDQGL]LQJ�657�GRPLQDWH� DFDGHPLD�� F��0RVW� SHRSOH� GR� QRW� XQGHUVWDQG�RU�ZRUU\ DERXW�
657�

����6SDFH�7LPH�DQG�0DVV�(QHUJ\�9LHZV�RI�0DWHULDOLVP��

,Q�RUGHU� WR� UHVWRUH�DQG�GHYHORS� WKH�PDWHULDOLVWLF�VSDFH�WLPH�YLHZ�DQG�PDVV�HQHUJ\�YLHZ�� LW�
PXVW�DEDQGRQ�WKH�LGHDOLVWLF�VSDFH�WLPH�YLHZ�DQG�PDVV�HQHUJ\�YLHZ�RI�VSHFLDO�UHODWLYLW\�
�� 7LPH� LV� RQH RI� PDWHULDO� H[LVWHQW� IRUPV�� ,W� LV� GXUDWLRQ� DQG� VHTXHQFH� RI� D� PDWWHU� PRWLRQ�
SURFHVV�� ,W� LV� WKH� REMHFWLYH� H[LVWHQFH��QRW� UHO\LQJ� RQ� SHRSOH
V� FRQVFLRXVQHVV�� DQG� LV� HWHUQDO��
7LPH�LV�XQLGLUHFWLRQDO��HYHQO\�SDVVHV��HQGOHVVO\���



�

�� 6SDFH� LV� RQH� RI� PDWHULDO� H[LVWHQW IRUPV�� ,W� LV� LQILQLWH� DQG� ERXQGOHVV�� 6SDFH� LV� WKUHH�
GLPHQVLRQDO�DQG�LVRWURSLF���
�� 0DVV�LV�RQH�RI�PDWHULDO�HVVHQWLDO�DWWULEXWHV��,W� LV� WKH�TXDQWLW\�RI�DQ�REMHFW�FRQWDLQLQJ�PDWWHU��
0DWWHU�ZLWK� ]HUR�PDVV� LV� QRW� H[LVWHQW�� ,I� VRPHWKLQJ� LV� D�PDWWHU�� LWV�PDVV�PXVW� EH� ELJJHU� WKDQ�
]HUR���
�� (QHUJ\� LV� WKH� PRWLRQ�VWDWH� DWWULEXWH� RI� PDWWHU�� 7KH� PDWHULDO�HQHUJ\� KDV� VHYHUDO� NLQGV� RI�
H[LVWHQFHV� IRUPV�� 8QGHU� WKH� FHUWDLQ� FRQGLWLRQ�� WKH� PDWHULDO� HQHUJ\� PD\� WUDQVIRUP� PXWXDOO\�
EHWZHHQ�WKH�GLIIHUHQW�IRUPV��EXW�WKH�WRWDO�HQHUJ\�LV LQYDULDEOH���
�� 5HODWLRQ�RI�WLPH�DQG�VSDFH��WLPH�LV�WLPH�DQG�VSDFH�LV�VSDFH��WKH\�DUH�ERWK�REMHFWLYH��7LPH�LV�
QRW�D�IXQFWLRQ�RI�VSDFH�DQG�VSDFH�LV�QRW�D�IXQFWLRQ�RI�WLPH��7KH\�DUH�ERWK�IXQGDPHQWDO�HOHPHQWV�
RI�GHVFULELQJ�WKH�PDWHULDO�ZRUOG��DQG�FDQ�QR�ORQJHU FKDQJH�DIWHU�EHLQJ�GHILQHG���
�� 5HODWLRQ� RI� HQHUJ\� DQG� TXDOLW\�� WKH� TXDOLW\� LV� TXDOLW\� DQG� WKH�HQHUJ\� LV� HQHUJ\�� 7KH\� DUH�
ERWK�IXQGDPHQWDO�HOHPHQWV�RI�GHVFULELQJ�PDWWHU��DQG�FDQQRW�WUDQVIRUP�PXWXDOO\���
�� 0DWKHPDWLFDO�VSDFH�DQG�SK\VLFDO�VSDFH�DUH�GLIIHUHQW��,Q�PDWKHPDWLFV��D�PXOWL�GLPHQVLRQDO�
YDULDEOH�PD\� EH� GHVFULEHG� DV�H[LVWLQJ� LQ�PXOWL�GLPHQVLRQDO� VSDFH�� ,Q� SK\VLFV��ZH� KDYH� RQH�
GLPHQVLRQDO� VSDFH� �OLQH��� WZR�GLPHQVLRQDO� VSDFH� �VXUIDFH�� DQG� WKUHH�GLPHQVLRQDO� VSDFHV�
�ERG\��� EXW� QR� KLJKHU� GLPHQVLRQDO� VSDFH� �QRW� LQFOXGLQJ� WLPH��� 7KH� PXOWL�GLPHQVLRQDO�
VSDFH�RI�PDWKHPDWLFV�FDQQRW�EH�WUDQVSODQWHG�GLUHFWO\�WR�SK\VLFV�H[FHSW�LI�LW�LV�VPDOOHU�WKDQ�RU�
HTXDO�WR�WKUHH�GLPHQVLRQV��ZKLFK�FRUUHVSRQG�LQ�PDWKHPDWLFV�DQG�SK\VLFV�
�� $WRPLF�HQHUJ\��$WRPLF�HQHUJ\�FRPHV�IURP�LQWHUQDO�HQHUJ\�RI�DWRPV��0DVV�DQG�HQHUJ\�VKLIW�
WRJHWKHU��$Q�REMHFW�UHOHDVLQJ�HQHUJ\�UHGXFHV�LWV�PDVV�DQG�HQHUJ\��$Q�REMHFW�UHFHLYLQJ�HQHUJ\�
LQFUHDVHV� LWV� HQHUJ\�DQG�PDVV����7KH�SURFHVV�RI� HPLWWLQJ� DWRPLF�HQHUJ\� IURP�DQ�REMHFW� LV� WKH�
VDPH�DV�D�JXQ�VKRRWLQJ�D�EXOOHW��ZLWK�PDVV�DQG�HQHUJ\�VKLIWV�WRJHWKHU���
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>��@�=KX�-LGRQJ� �'LVFXVVLQJ�WKH�)XQGDPHQW�RI� WKH�([SHULPHQW�DERXW�WKH�6SHFLDO�5HODWLYLW\���

-RXUQDO�RI�6KDQJKDL�8QLYHUVLW\�RI�(OHFWULF�3RZHU�����������������������
>��@�&XL� -LGRQJ�� �2Q�&KLQD
V�2ZQ� ,QQRYDWLRQ�:D\�� ,PSUHVVLRQV�RI�5HDGLQJ� 
5HWKRXJKW�RQ�

5HODWLYLW\
���,QYHQWLRQ�DQG�,QQRYDWLRQ����������������
>��@�/HL�<XDQ[LQJ���&ULWLFL]LQJ�9RLFH�RQ�5HODWLYLW\� LV�:RUWK�$QDO\]LQJ� LQ�7ZR�:D\V�� 7KH�

)LUVW�,PSUHVVLRQ�RI�
5HWKRXJKW�RQ�5HODWLYLW\
���,QYHQWLRQ�DQG�,QQRYDWLRQ����������������
>��@� +XDQJ� =KL[XQ�� �7KHRUHWLFDO� 'HYHORSPHQW� DQG� ([SHULPHQWDO� ([DPLQDWLRQV� LQ� 6SHFLDO�

5HODWLYLW\���(QJLQHHULQJ�6FLHQFH������������������
>��@� /LX� 'D\L�� �$� 'HEDWH� EHWZHHQ� 5HODWLYLW\� DQG� WKH� &RQFHSW� RI�&ODVVLFV
� 6SDFH�7LPH� 	�

0DWWHU���,QYHQWLRQ�DQG�,QQRYDWLRQ���������������
>��@�;LDQJ�4XQ�� �'R�$ZD\�ZLWK 6XSHUVWLWLRXV�DQG�5HDG�5HODWLYLW\�&DXWLRXVO\��� ,QYHQWLRQ�DQG�

,QQRYDWLRQ����������������
>��@�/LX�'D\L�� �0DNLQJ�=HUR�'LYLVRU� ,V� D�0DWK
V�0LVWDNH��� ,QYHQWLRQ�DQG� ,QQRYDWLRQ�� ���������

���������
>��@� +XDQJ� 'HPLQ�� 2Q� WKH� (VVHQFH� RI� 3K\VLFDO� SKHQRPHQRQ��0DWWHU� (IIHFW� 6WXG\� &KDOOHQJHV�
5HODWLYLW\��6KDQ[L�6FLHQFH�DQG�7HFKQRORJ\�3XEOLVKLQJ�+RXVH��������
>��@�6RQJ�=KHQJKDL��)DQ�'DMLH��;X�6KDR]KL��+DR�-LDQ\X��5HWKLQNLQJ�RQ�5HODWLYLW\��(DUWKTXDNH�

3XEOLVKLQJ�+RXVH��������
>��@�4L�-L��1HZ�3K\VLFV��3XEOLVKLQJ�+RXVH�RI�1RUWKHDVW�)RUHVWU\�8QLYHUVLW\��������
>��@�4L�;LQ���:LVHU�WKDQ�(LQVWHLQ���ZZZ�HVKXQHW�FRP��(OHFWURQLF�%RRNV��
>��@�KWWS���ZZZ�[GOEM�FRP
>��@�KWWS���ZZZ�G\QWP�FRP
>��@�KWWS���ZZZ�SK\VLFVZG�FRP
>��@�7KH�)LUVW�$QQXDO�&ROOHFWLRQ�RI�%HLMLQJ�5HODWLYLW\�6WXG\�6RGDOLW\��%HLMLQJ�������
>��@�'LVFXVVLQJ�&RUSXV�RQ�5HODWLYLW\� DQG�0RGHUQ�3K\VLFV�� ,QQRYDWLRQ�,QWHUQDWLRQDO�&RQIHUHQFH��

;L
DQ�������
>��@� .RQJ� ;LDRQLQJ�� �1DWXUDO� 'XW\�/LVWHQ� 5HVSHFWIXOO\� $FDGHPLFLDQ� 6RQJ� -LDQ�:RUGV��� &KLQD�

'DLO\�������������
>��@�)X�<LKXD���$�%ULHI�,QWURGXFWLRQ�RQ�&KLQD
V�6WXG\LQJ�DQG�&KDOOHQJLQJ�5HODWLYLW\�DW�3UHVHQW���

7KH�7KLUG�$QQXDO�&RQIHUHQFH�RI�%HLMLQJ
V�5HODWLYLW\�6WXG\�6RGDOLW\��%HLMLQJ�������
>��@� &KHQ� <LZHQ�� $WWHQGLQJ� WKH� ��WK +DGURQ� 0HFKDQLFV� ,QWHUQDWLRQDO� 6\PSRVLXP� 5HSRUW� ZLWK�

&KLQHVH�0DWKHPDWLFLDQ�-LDQJ�&KXQ[XDQ��7KH�7KLUG�$QQXDO�&RQIHUHQFH�RI�%HLMLQJ
V�5HODWLYLW\�
6WXG\�6RGDOLW\��%HLMLQJ�������

>��@�/L�=LIHQJ���6SHFLDO�5HODWLYLW\�%HLQJ�IURP�0LVXQGHUVWDQGLQJ�RI�3ULQFLSOH�RI�&RQVWDQW�6SHHG�RI�
/LJKW��)LQGLQJ��������6XSSOHPHQW����������
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/HDG�$XWKRU
V�%LRJUDSK\
/L� =LIHQJ� LV� D� SURIHVVRU� RI� <DQVKDQ� 8QLYHUVLW\�� &KLQD�� 63(� PHPEHU� DQG� D� PHPEHU� RI�

3HWUROHXP�6RFLHW\�RI�&DQDGD��%HIRUH�MRLQLQJ�<DQVKDQ�8QLYHUVLW\��KH�ZDV�ILUVW�D�SURIHVVRU�RI�'DTLQJ�
3HWUROHXP�,QVWLWXWH�DQG�WKHQ�D�SURIHVVRU�RI�&KLQD�8QLYHUVLW\�RI�*HR�VFLHQFHV��+H�KDV�SXEOLVKHG����
SDSHUV�DQG���ERRNV�RQ�GULOO�VWULQJ��FDVLQJ��URG�SXPSLQJ�PHFKDQLFV�	�ZHOO�ERUH�VWDELOLW\��+H�KROGV�D�
%6� GHJUHH� LQ� GULOOLQJ� HQJLQHHULQJ� DQG� DQ� 06� GHJUHH� LQ� PDFKLQHU\�HQJLQHHULQJ� IURP� 'DTLQJ�
3HWUROHXP� ,QVWLWXWH� DQG� D� 3K'� GHJUHH� LQ� SHWUROHXP� GHYHORSPHQW� HQJLQHHULQJ� IURP� 3HWUROHXP�
8QLYHUVLW\��&KLQD�

&RPPHQWV
���,��E\�WKH�H[SHULHQFH�RI�GLDORJXH�ZLWK�WKH�6RYLHW�VFLHQWLVWV��KDYH�FRPH�WR�RWKHU�FRQFOXVLRQ��7KH�
PDMRULW\�RI�WKHP�FRQVLGHU�WKDW�657�� LV�HUURQHRXV��,�WKLQN�WKDW�IURP�WKRVH��ZKR�GHHSO\�H[SORUHG
LW��WKH����SHUFHQWV�RI�VFLHQWLVWV�DUH�VR�FRQVLGHULQJ�
��� ,PSRVVLELOLW\� RI� VXSHUOXPLQDO�PRYHPHQWV� RI� ERGLHV� LV� SRVLWLRQ�ZLWKRXW�ZKLFK� 657�ZLOO� EH�
GLVRUJDQL]HG�� +RZHYHU� 657� LV� HUURQHRXV�� DQG� DOO� LWV� SRVLWLRQV� DQG� FRQFOXVLRQV� DOVR� DUH�
HUURQHRXV��$FWXDOO\�� WKHUH� DUH�QR� UHVWULFWLRQV� IRU� VSHHG�RI�PRYHPHQW�RI�ERGLHV�� ,Q������ LQ� WKH�
6WDWH�&RPPLWWHH�RQ� ,QYHQWLRQV� ,�KDYH VHQW $SSOLFDWLRQ RI 1R���������������RI�����������RQ�
LQYHQWLRQ�6PXOVN\�-�-��³7KH�PHWKRG�RI�DFFHOHUDWLRQ�RI�SDUWLFOHV�XS�WR�VXSHUOXPLQDO�YHORFLW\´�>�@��
,Q�ERRNV�>���@�,�KDYH�JLYHQ D�OLQH�RI�VFKHPDWLFV�IRU�SURGXFLQJ�RI�VXSHUOXPLQDO�SDUWLFOHV��DQG�LQ�
WKH�ERRN�>�@�WKH�VFKHPDWLF�SURSXOVLRQ�HQJLQH�ZLWK�D�VXSHUOXPLQDO�MHW�RI�WKH�FKDUJHG�SDUWLFOHV�LV�
JLYHQ��7R�WKH�SUREOHP�RI VXSHUOXPLQDO�PRYHPHQWV��WR�VRPH�H[WHQW�,�JLYH�DWWHQWLRQ�LQ�ZRUNV�>��
�@��$ERXW�DFKLHYHPHQW�RI�SODQHWV�RI�RWKHU�VWDUV�ZLWK�D�VXSHUOXPLQDO�MHW�,�ZURWH�LQ�PDWHULDOV�>��
��@�
���,�KDYH�FRPH�WR�ILUP�RSLQLRQ��WKDW�DOO�7KHRU\�RI�5HODWLYLW\��657�DQG�*57�DUH�HUURQHRXV��7KH\�
QHHG� WR�EH� WKURZQ�RXW�DQG� IRUJRWWHQ�PRUH� VRRQ�� ,QVWHDG�RI�657�WKH�FDOFXODWLRQ�RI� LQWHUDFWLRQV�
EHWZHHQ�WKH�PRYHG�FKDUJHG�SDUWLFOHV�LW�LV�QHFHVVDU\�WR�VSHQG�XQGHU�WKH�IRUPXOD�RI�IRUFH�� �
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ZKHUH� ��5
& LV�D�UDGLXV�YHFWRU�IURP�WKH�VHFRQG�FKDUJH�WR�WKH�ILUVW��H LV�WKH�GLHOHFWULF�SHUPLWWLYLW\�RI�

PHGLXP EHWZHHQ� FKDUJHV��P LV�PDJQHWLF�SHUPHDELOLW\�RI�PHGLXP�� ��� �FY&&

 E �� HP � FF� LV�
VSHHG�RI�HOHFWURPDJQHWLF�LQWHUDFWLRQ�SURSDJDWLRQ�LQ�WKLV�PHGLXP��DQG� ��Y& LV�YHFWRU�RI�YHORFLW\�RI�
WKH�VHFRQG�SDUWLFOH�UHODWLYHO\�WKH�ILUVW�RQH�

7KH�IRUPXOD�����LV�GHULYHG�E\�PH�IURP�WKH�H[SHULPHQWDO�ODZV�RI�HOHFWURPDJQHWLVP��$QG�
LQVWHDG�RI�*75�WKH�DOO�JUDYLWDWLRQDO�LQWHUDFWLRQV�LW�LV�QHFHVVDU\�WR�GHWHUPLQH ZLWK�WKH�KHOS�RI�WKH�
1HZWRQ�JUDYLW\�IRUFH��1DWXUDOO\��DW�WKHVH�FDOFXODWLRQV�LW�LV�QHFHVVDU\�WR�XVH�WKH�FODVVLFDO��EHIRUH�
HLQVWHLQLXQ��WKH�PHFKDQLFV�
���5HDOO\��WKH�SULQFLSOH�RI�FRQVWDQW�OLJKW�VSHHG�LV�WKH�WKHRUHWLFDO�EDVLV�RI�WKH�657��+RZHYHU��ZLWK�
WKH�JLYHQ�VWDQGDUG�FULWLFLVP�RI�WKLV�SULQFLSOH�E\�WKH�&KLQHVH�DXWKRUV�,�GLVDJUHH�

7KLV�TXHVWLRQ�LQ�GHWDLOV�FRQVLGHUHG�LQ�P\�ZRUNV��IRU�H[DPSOH��>���@�DQG�D�ORW�RI�SODFH�DQG�
WLPH�DUH�GHPDQGHG�WKDW�KHUH LW�WR�VWDWH��+RZHYHU�,�VKDOO�QRWH�VRPH�PRPHQWV��)LUVWO\��WKH�OLJKW�LW�
QRW�D�ERG\��DQG�VSHHG�RI�OLJKW�LV�QRW�YHORFLW\�RI�D�ERG\��6HFRQGO\��OLJKW�LV�DQ�DFWLRQ�RI�RQH�ERG\�
RQ�DQRWKHU��7KHUHIRUH�DW�FRQVLGHUDWLRQ�RI� � LQWHUDFWLRQ�RI�ERGLHV E\ OLJKW� ZKLFK�PRYH�UHODWLYHO\�
HDFK�RWKHU��LW�LV�LQWHUHVWHG�QR�VSHHG�RI�OLJKW��EXW�WKRVH�HIIHFWV��ZKLFK�RQH�ERG\�PDNHV�RQ�DQRWKHU�
ZLWK� WKH� KHOS� RI� OLJKW�� 7KHVH� TXHVWLRQV� DUH� FRQVLGHUHG� LQ�P\�ZRUNV��$QG� WKH� FDXVHG� E\� 657�
SUREOHPV�RI�SURSDJDWLRQ�RI�OLJKW�LQ�WKH�UHODWLYH�PRYLQJ�UHIHUHQFH�V\VWHPV�KDYH�QR�DQ\�VHQVH�DQG�
SUDFWLFDO�DSSOLFDWLRQ�
���,Q�WKH����FHQWXU\�WKHUH�ZDV�DQ�HUURQHRXV�HTXDWLQJ�RI�HIIHFWV�DW�PRYHPHQW�RI�D�VRXQG�VRXUFH�
DQG�OLJKW��LQ�WKH�FRQVLGHUHG�WH[W�� ODPSV���,I�WKH�VRXQG�LV�SURSDJDWHG�LQ�WKH�PHGLXP��IRU�H[DPSOH��
LQ�DLU��WKH�OLJKW�GRHV�QRW�UHSUHVHQW�SURSHUW\�RI�PHGLXP��,�UHSHDW��OLJKW�UHSUHVHQWV�HOHFWURPDJQHWLF�
LQIOXHQFH� RI� D� ODPS� RQ� RWKHU� ERG\�� IRU� H[DPSOH�� LWV� LQIOXHQFH� RQ� D� KXPDQ� H\H�� $W� UHODWLYH�



�

PRYHPHQW� RI� D� OLJKW� VRXUFH� UHODWLYHO\� WKH� UHFHLYHU�� FKDUDFWHULVWLFV� RI� WKHLU� LQWHUDFWLRQ� DUH�
GHWHUPLQHG�E\�WKH�H[SHULPHQWDO� ODZV�RI�HOHFWURPDJQHWLVP��,Q�WKH�ERRN�>�@�RQ�SDJH�����,�EULQJ�
WKH�IROORZLQJ�IRUPXODV�IRU�F\FOLF�IUHTXHQF\� #Z  ��S�I DQG�DQJOHV�RI�DQ�DEHUUDWLRQ�

��
Ö�
E
EDZZ

�

�
 # ��������������� ���

ED
EDD Ö�

ÖÖ
�

�
 # ������������������������������������������������������������������

EED
EE Ö
Ö�

�Ö �

�

�
 # �������������������������������������������������������������

JED
EJ ÖÖ�

�Ö
�

�

�
 # ������������������ ���

ZKHUH� ### JED Ö�Ö�Ö UHSUHVHQW� GLUHFWLQJ� FRVLQHV� RI� QRUPDO� WR� D� SODQH� �IURQW� RI� D� OLJKW� VXUIDFH��
�ÖÖÖ ���  �� ### JED �

&KDUDFWHULVWLFV� RI� OLJKW�ZLWK� DQ� LQGH[�³Y´ FRQFHUQ� WR� LQWHUDFWLRQ� RI� WKH� UHFHLYHU� DQG� D�
VRXUFH��ODPS���LI�WKH\�PRYH�IURP�HDFK�RWKHU�ZLWK�YHORFLW\�Y��,�VKDOO�UHSHDW�WKH�LQWHUDFWLRQ�RI�WKH�
UHFHLYHU�DQG�D�OLJKW�VRXUFH�LV�GHILQHG�QRW�DEVROXWH��EXW�RQO\�E\�WKHLU�UHODWLYH�PRYHPHQW��$V�ZHOO�
DV�DW�PRYHPHQW�RI�D�PDJQHW�LQVLGH�WKH�FRLO�ZLWK�D�ZLQGLQJ��WKH�YDOXH�RI�D�YROWDJH�RQ�LWV�HQGV�LV�
GHWHUPLQHG�E\�UHODWLYH�YHORFLW\�RI�WKHLU�PRYHPHQW�DQG�GRHV�QRW�GHSHQG�RQ�PRYHPHQW�RI�WKH�FRLO�
RU�D�PDJQHW�UHODWLYHO\�RWKHU�ERGLHV��7KHUHIRUH�IRUPXODV�GHVFULELQJ�HIIHFW�'RSSOHU������ ����IRU�WKH�
OLJKW� SKHQRPHQD� GLIIHU� IURP� HIIHFW� 'RSSOHU� IRU� DFRXVWLFV�� ZKHUH� PRYHPHQW� DV� D� VRXUFH� RI� D�
VRXQG�DQG�LWV�UHFHLYHU�UHODWLYHO\�PHGLXP LV�LPSRUWDQW�
��� ,Q� ��� FHQWXU\� WKHUH� ZDV� DQ� HUURQHRXV� WUHDWPHQW� RI� WKH� SKHQRPHQRQ� RI� GLPLQXWLRQ� RI�
DFFHOHUDWLRQ�RI� WKH� HOHFWULILHG�SDUWLFOH� DW� LQFUHDVH�RI� LWV� YHORFLW\��5HGXFWLRQ�RI� DFFHOHUDWLRQ�KDV�
EHHQ� H[SODLQHG� E\� LQFUHDVLQJ� RI�PDVV� RI� D� SDUWLFOH��$FWXDOO\�� IRUFH� RI� LQWHUDFWLRQ� EHWZHHQ� WKH�
HOHFWULILHG� ERGLHV� GHSHQGV� RQ� GLVWDQFH� EHWZHHQ� WKHP� DQG� IURP� WKHLU� UHODWLYH� YHORFLW\�� $OO�
H[SHULPHQWDO�ODZV�RI�HOHFWURPDJQHWLVP�WHVWLI\�WR�LW��$V�IROORZV�IURP�WKH�IRUPXOD�����WKH�IRUFH�RI�
DFWLRQ�RQ�LW�DVSLUHV�WR�]HUR�ZLWK�DSSURDFK�RI�YHORFLW\�RI�D�SDUWLFOH�WR�VSHHG�RI�OLJKW�
���,�KDYH�GHULYHG�IRUPXOD�(  �PF� LQ������>�@ E\ XVLQJ�WKH�PHFKDQLFV�RI�YDULDEOH�PDVV� ,I�WR�EH�
VHW��WKDW�DOO�VXEVWDQFH�RI�D�ERG\�PD\�VFDWWHU�ZLWK�VSHHG�RI�OLJKW��WKH�PHFKDQLFDO�HQHUJ\��SRWHQWLDO�
DQG�NLQHWLF��ZLOO�EH�HTXDO�PF���+RZHYHU��,�WKLQN��WKDW�WR�QXFOHDU�WUDQVIRUPDWLRQV�WKLV�IRUPXOD�KDV�
QR�WKH�UHODWLRQ��$OO�YDOXHV�RI�HQHUJLHV�QXFOHDU FRQQHFWLRQV��DV�ZHOO�DV�YDOXHV�RI�FKHPLFDO�HQHUJ\�
RI�FRQQHFWLRQ��DUH�UHFHLYHG�H[SHULPHQWDOO\�
��� ,Q� P\� ZRUNV� >���@� LW� LV� VKRZQ�� WKDW� /RUHQW]� WUDQVIRUPDWLRQ� DULVH� IURP� WKH� IROORZLQJ�
DVVXPSWLRQ�� 7KH� HOHFWURPDJQHWLF� LQWHUDFWLRQ� RI� PRWLRQOHVV� ERGLHV� DV� ,� DOUHDG\� VWDWHG�� GLIIHUV�
IURP� LQWHUDFWLRQ� UHODWLYHO\� PRYLQJ� ERGLHV�� ,I� WKH� HTXDWLRQV� GHVFULELQJ� WKHVH� LQWHUDFWLRQV� DQG�
GLVWLQJXLVKHG� IURP� HDFK� RWKHU� WR� HTXDWH�� LW� LV� QHFHVVDU\� WR� WUDQVIRUP� WHUPV� RI� RQH� HTXDWLRQV�
WKURXJK� WHUPV� RI� RWKHU� HTXDWLRQV�� $V� ,� KDYH� VKRZQ LQ� P\� ZRUNV�� WKHVH� WUDQVIRUPDWLRQV� DUH�
/RUHQW]�WUDQVIRUPDWLRQ��%HVLGHV�LW�WKH�RWKHU�WUDQVIRUPDWLRQV�DUH�DOVR�SRVVLEOH�

6R�� /RUHQW]� WUDQVIRUPDWLRQV� DOORZ� WUDQVIRUPLQJ� WKH� HTXDWLRQV� IRU� LQWHUDFWLRQ� RI�
PRWLRQOHVV�ERGLHV�LQWR�WKH�HTXDWLRQV�IRU�LQWHUDFWLRQ�UHODWLYHO\�PRYLQJ�ERGLHV��$OO�WKLV�LV�SRVVLEOH�
RQO\�IRU�HOHFWURPDJQHWLF�LQWHUDFWLRQV�
���$ERXW� WKDW� WKH�PRGHUQ�SK\VLFV�ZDV�SXOOHG�WRJHWKHU�WR�UHOLJLRQ��DUH�VWDWHG E\ PDQ\�EHOLHYHUV��
RQ�WKH�RQH�KDQG��$QG�RQ�WKH�RWKHU�KDQG��PDQ\�SK\VLFLVWV�DUH�LQFOLQHG�WR�VXSHUVWLWLRQV�DQG�WKRVH�
LQ�WKH�JUHDWHU�GHJUHH��WKDQ�PRUH�WKH\�KDYH�OLNHG�LGHDV�RI�657��$ERXW�LW�,�ZURWH�LQ�D�QXPEHU�RI�
WKH�ZRUNV��IRU�H[DPSOH�>��@�
���:KDW�LV�PHQWDOLVP��,�GLG�QRW�NQRZ��7KHUHIRUH�KDV�W\SHG�WKLV�ZRUG�IRU�VHDUFK�LQ�WKH�,QWHUQHW��,�
EULQJ�LWV�W\SLFDO�H[SODQDWLRQ�WR�WKH�DGGUHVV�KWWS���KVWHDFKHUV�QDURG�UX�WHDFKHUV�GLOLQ�OHN���KWPO�

³7KH�/DZV�RI :LWFKHU\��/DZ�RI�0HQWDOLVP�



��

$W SUHSDUDWLRQ�RI�D�OHVVRQ�WKH�PDWHULDO�RI�/RUL .HERW�ERRN��)25&(�RI�:,7&+(6��LV�XVHG�
,W� LV� IDU� IURP� EHLQJ� HYHU\RQH� LW� LV� IDPLOLDU� ZLWK� SRVLWLRQV� QHZ� SK\VLFV«B)RU� 6DJHV DQG� WKH�
ZLWFKHV�ZKR� KDYH� DFTXLUHG� DQFLHQW� DUW� RI� RXU� DQFHVWRUV�� WKH�PDJLF� DQG� D� VFLHQFH� DUH� LGHQWLFDO�
SRZHU� VWULQJV�� LQWHUWLVVXHG� LQ� D� XQLIRUP� IDEULF� RI� OLIH�� 6R�ZDV� DOZD\V�� 7KH�PDJLF� DQG� QDWXUDO�
VFLHQFHV�� DOOLHV��DQG�LQ�D�FRPELQDWLRQ�ZLWK�HDFK�RWKHU�WKH\�IRUP�D�VFLHQFH�RI�ZLWFKHU\« /DZ�RI�
PHQWDOLVP� WKH� ILUVW� KHUPHWLF� SULQFLSOH� LV� WKH� SULQFLSOH RI PHQWDOLVP� ZKLFK� VD\V�� WKDW� WKH�
XQLYHUVH� LV�0LQG« PHQWDOLVP PHDQV� WKH� IROORZLQJ�� �DOO� SKHQRPHQDO�ZRUOG� RU� WKH� XQLYHUVH� LV�
DQ\WKLQJ� WR� RWKHUV� DV� FUHDWLRQ�RI� WKH�:KROH 0LQG�� DQG� WKH�XQLYHUVH� H[LVWV�RQO\� LQ� WKLV�0LQG´��
'LIIHUHQWO\�� DOO� H[LVWV� LQ� PLQG� RI� WKH� *RG� RU� WKH� *RGGHVV� ZKLFK� �KDYH� WKRXJKW� XS��� WKDW� ZH�
H[LVW´�

7R� HSLWRPL]H� LQ� WKH� VLQJOH� ZRUG�� WKH� PHQWDOLVP� DQG� WKH� ZLWFKHU\� DUH� FORVH IRUPV� RI�
LQVDQLW\��$QG�DV�LW�LV�VHHQ�WKH�675�LV�FORVH�WR�WKHP�
����:LWK� VRPH SRVLWLRQV�RI�FODVVLFDO�PDWHULDOLVP� ,�GLVDJUHH�� ,Q� LWV� IUDPHZRUNV� WKH� LGHDO�REMHFW�
µPDWWHU¶�LV�DFFHSWHG��6XFK�REMHFW�LV�QRW�SUHVHQW�LQ�ZRUOG�DURXQG��,W�LV�ILFWLWLRXV REMHFW��7KHUHIRUH�
REMHFW� µPDWWHU¶� LV� DVVXPHG�ZLWK� LPDJLQHG� SURSHUWLHV�� ZKLFK� YDU\�LQ� GXULQJ WLPH� 7KHUHIRUH� LQ�
µPDWWHU¶� EHJLQV� WR� LQFOXGH� QRW� RQO\� UHDO� ERGLHV� RI�ZRUOG� DURXQG�� EXW� DOVR� LPDJLQHG� REMHFWV�� D�
ILHOG��HQHUJ\��PDVV��VSDFH�HWF��7KXV��VXFK�PDWHULDOLVP�VPRRWKO\�SDVVHV�LQ�LGHDOLVP��,�QDPH�WKLV�
LGHDOLVP�DV�LGHDOLVP�RI�WKH�VHFRQG�FODVV��,WV�DWWULEXWH�LV�WKDW�WR�WKH�FRQFHSWV��ZKLFK�KDYH�DULVHQ�LQ�
WKH� VFLHQWLILF� VRFLHW\�� LV� DWWDFKHG� VLJQLILFDQFH RI� UHDO� REMHFWV� RI� ZRUOG� DURXQG�� ,� VKDOO� EULQJ�
H[DPSOHV�� SKORJLVWRQ�� HWKHU�� D� ILHOG�� HQWURS\�� WKH� HQHUJ\�� FXUYHG� VSDFH�WLPH�� VXSHUVWULQJV��
QHXWULQR��JUDYLWRQ�HWF�

7KHUHIRUH�,�RIIHU�WR DOO SHUVRQV WR�XQGHUVWDQG�PDWWHU�DV�WKH�FRPPRQ�QDPH�RI�DOO�REMHFWV�RI�
ZRUOG� DURXQG��$V� WKH� WUHH� LV� WKH� FRPPRQ� QDPH� RI� D� ELUFK�� DQ�RDN�� DQ� DOGHU� HWF���PHWDO� LV� WKH�
FRPPRQ�QDPH RI OHDG��PHUFXU\��LURQ�HWF���VXEVWDQFH�� WKH�FRPPRQ�QDPH�RI�WKH�VROLG��OLTXLG��JDV�
HWF��6R�WKH�PDWWHU�LV�WKH�FRPPRQ�QDPH�RI�DOO�WKHVH�REMHFWV�

,�VKDOO�DGG�RQH�PRUH�VSHFLILFDWLRQ��µPDWWHU¶�� LV�QRW�WKH�FRPPRQ�PDWHULDO�IURP�ZKLFK�DOO�
REMHFWV�RI�ZRUOG�DURXQG�DUH�FRQVWUXFWHG�
���� ,Q� WKH�ERRN�>�@�,�KDYH�GHILQHG�FRQFHSWV��:LWKRXW�D�FRQWH[W�RI� WKH�ERRN�WKH\�PD\�QRW� WR�EH�
FOHDU� WR� DOO��7R� IDFLOLWDWH�XQGHUVWDQGLQJ�� ,� VKDOO�EULQJ�DQ�HSLJUDSK� �PLQH WRR�� WR�P\�ERRN��³$OO�
FRQVLVWV� RI� WZR��ZRUOG� DURXQG�DQG� LWV� XQGHUVWDQGLQJ� 7KHUHIRUH� ,� GHILQH� WKH� FRQFHSWV�ZLWK� WKH�
KHOS�RI�REMHFWV�RI�ZRUOG� DURXQG�� LQVWHDG�RI�ZLWK� WKH�KHOS�RI� LPDJLQHG�REMHFWV��6R�� WKHUH� LV�P\�
GHILQLWLRQ�RI�WLPH�

7KH�WLPH FKDUDFWHUL]HV�D�YDULDELOLW\�RI�REMHFWV�DQG�LV�GHWHUPLQHG�DV�WKH�UHVXOW�RI�FRPSDULVRQ�
WKH�FKDQJLQJ�RI�REMHFWV�ZLWK�WKH�FKDQJH�RI�D�VWDQGDUG�ERG\�RU�REMHFW�
����%HIRUH�WR�GHILQH�VSDFH�,�GHILQH�VL]H�RI�REMHFW�DQG�DQ�LQWHUYDO�

6L]H� RI� REMHFW� �ERG\�� LV� UHVXOW� RI� FRPSDULVRQ� DW� LPSRVLQJ� WKH� VWDQGDUG� RQ REMHFW�� LW� LV�
H[SUHVVHG�E\�DPRXQW�RI�VWDQGDUGV�RU�DPRXQW�RI�SDUWV�RI�WKH�VWDQGDUG�ZKLFK�FDQ�EH�LPSRVHG�RQ�
REMHFW�

6L]H�RI�DQ� LQWHUYDO�EHWZHHQ�REMHFWV� LV� UHVXOW�RI�FRPSDULVRQ�E\�DFFRPPRGDWLRQ�RI�VWDQGDUGV�
EHWZHHQ�REMHFWV��LW�LV�H[SUHVVHG�E\�DPRXQW�RI�VWDQGDUGV�RU�WKHLU�SDUWV�

6SDFH�LV�VHW�RI�REMHFWV�DQG�LQWHUYDOV�EHWZHHQ�WKHP�
����,�GHILQH�PDVV�WKURXJK�PHFKDQLFDO�LQWHUDFWLRQ��,Q�WKH�ERRN�VRPH�GHILQLWLRQV��ZKLFK�,�KHUH�GR�
QRW�EULQJ��DUH�GHYRWHG�WR�WKLV�

0DVV RI�D�ERG\�LV�TXDQWLWLHV RI�VWDQGDUG�ERGLHV��ZKLFK�DW�DFWLRQ�DUH�FKDUDFWHUL]HG�E\�VRPH�
DFFHOHUDWLRQ��GULYH WKH�VDPH�FKDQJH�RI�SURSHUWLHV�RI�FRXQWHUDFWLYH�ERG\�DV�WKH�ZHOO�DV�FRQVLGHUHG�
ERG\�
���� ,�GHILQH� WKH�FRPSRQHQWV�RI�PHFKDQLFDO�HQHUJ\�DFFRUGLQJ�WR�WKHLU�DSSOLFDWLRQ��7KHVH�DUH� WKH�
XVXDO�GHILQLWLRQV�LQ�WKH�WKHRUHWLFDO�PHFKDQLFV�

:RUN RI�IRUFH� )& DW�PRYLQJ�ERG\�RQ�GLVWDQFH�G O& LV�PXOWLSOLFDWLRQ�RI�GLVWDQFH G O& RQ�IRUFH�
SURMHFWLRQ�WR�LW��G$� � )& G O& �



��

3RWHQWLDO�HQHUJ\ ��� RI�LQWHUDFWLRQ�RI�ERGLHV�LV�WKH�YDOXH��HTXDO�WR�WKH�ZRUN�ZLWK�D�FRQYHUVH�
VLJQ�

.LQHWLF� HQHUJ\ �7� RI� D� ERG\� LV� D� KDOI� RI� PXOWLSOLFDWLRQ� RI� D� ERG\� PDVV� RQ D� VTXDUH� LWV�
YHORFLW\�

7KH� ODZ�RI�SUHVHUYDWLRQ�RI�PHFKDQLFDO�HQHUJ\�( DW� WKH�PRYHPHQW�XQGHU�DFWLRQ�RI�SRWHQWLDO�
IRUFHV

L����I�� �L����I�� �?  �FRQVW������������������������������������������������
IROORZV�IURP�GHILQLWLRQ�HQHUJ\��SRWHQWLDO�DQG�NLQHWLF�>��@�
����$W�P\�GHILQLWLRQ�RI� WLPH�DQG� VSDFH�DV� WZR�SURSHUWLHV�RI�REMHFWV�RI�ZRUOG�DURXQG�ZLWK� WKLV�
RIIHU�RI�WKH�&KLQHVH�VFLHQWLVWV��³7KH\�DUH�ERWK�IXQGDPHQWDO�HOHPHQWV�RI�GHVFULELQJ�WKH�PDWHULDO�
ZRUOG��DQG�FDQ�QR�ORQJHU�FKDQJH�DIWHU�EHLQJ�GHILQHG´�,�FRPSOHWHO\�DJUHH�
����$V�,�GR�QRW�NQRZ��WKDW�WKH�&KLQHVH�VFLHQWLVWV�PHDQ�µTXDOLW\¶� WKLV�LWHP�LV�QRW�FOHDU�WR PH�
����,�WKLQN�WKDW�WKHUH�DUH�QR�EDVHV�IRU�VWDWHPHQWV�DERXW�LGHQWLW\�RI�PDVV�DQG�HQHUJ\�DQG�DERXW�DQ�
RSSRUWXQLW\�RI�WKHLU�PXWXDO�WUDQVIRUPDWLRQV��$OO�WKLV�LGHDV�IROORZ�IURP�657��7KH\�DUH�HUURQHRXV��
7KH� WUXWK ZLOO� EH� HVWDEOLVKHG� WKHQ� ZKHQ� DOO� SURFHVVHV� LQ D� PLFURFRVP�� VLQFH� 5XWKHUIRUG¶V�
H[SHULHQFHV�ZLOO�EH�UHFRQVLGHUHG�ZLWKRXW�657��DQG�RQ�WKH�EDVLV�RI�WKH�IRUFH�ODZ�����
����,Q�FDVH�RI�WKH�JXQ�DQG�D�EXOOHW�WKH�PDVV�RI�DOO�FRPSRQHQWV��WKH�JXQ��D�EXOOHW�DQG�JXQSRZGHU�
UHPDLQV�ZLWKRXW�FKDQJH�� ,QWHUQDO�HQHUJ\�RI SRZGHU�JDVHV�ZLOO�EH�WUDQVIRUPHG�WR�NLQHWLF�HQHUJ\�
RI� WKHVH�WKUHH�REMHFWV�DQG�LQ�WKHLU� WKHUPDO�HQHUJ\��$OO�RFFXUV�DFFRUGLQJ�WR�ODZV�RI�WKH�FODVVLFDO�
PHFKDQLFV�DQG�WKHUPRG\QDPLFV�

$FFRUGLQJ� WR� WKHVH� ODZV� WKHUH� VKRXOG� EH� SURFHVVHV� LQ� D� PLFURFRVP�� 7KH�PDLQ�WDVN� RI�
VFLHQWLVWV� LV� WR� WKURZ� RXW� 657� DQG� WR� EULQJ� WKH� GHVFULSWLRQ� RI� D� PLFURFRVP� LQWR� DFFRUG� ZLWK�
DERYH�PHQWLRQHG�ODZV�
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