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8D�G LV�WKH�DFFHOHUDWLRQ�RI�ERG\���UHODWLYH�WR�WKH�XQLYHUVDO�IUDPH�RI�UHIHUHQFH8� DQG� �� ��� F5+ RJRJQ US[ ) +HUH� JRU LV� WKH� DYHUDJH� JUDYLWDWLRQDOPDVV�GHQVLW\�RI�WKH�GLVWDQW�XQLYHUVH�� R5 LV�WKH�UDGLXV�RI�WKH�NQRZQ�XQLYHUVHUHODWHG�ZLWK�+XEEOH¶V�FRQVWDQW� R+ E\� RR +F5 � ��7KH�YDOXH�RI�Q�GHSHQGVRQ�WKH�FRVPRORJLFDO�PRGHO�DGRSWHG��8WLOL]LQJ�D� ILQLWH�XQLYHUVH�DQG� LQWHJUDW�LQJ�XS� WR� R5 \LHOGV� � Q �� )RU� DQ� LQILQLWH� DQG�ERXQGOHVV� XQLYHUVH�ZH� FDQLQWHJUDWH� WR� LQILQLW\� XWLOL]LQJ� DQ� H[SRQHQWLDO� GHFD\� LQ� JUDYLWDWLRQ�� R5UH �� �\LHOGLQJ�Q  ��
:H�ZLOO�DQDO\]H�KHUH�RVFLOODWRU\�PDFURVFRSLF�PRWLRQV�GXH�WR�JUDYLWDWLRQDO�HOHFWULF�DQG�HODVWLF�LQWHUDFWLRQV��$V�UHJDUGV�WKH�ORFDO�IRUFHV�ZH�ZLOO�FRQVLGHU

RQO\� VORZ�PRWLRQV� LQ�ZKLFK� �U FLM� ��� DQG� U U FLM LM�� �� � ��7KH� HODVWLF� IRUFHZLOO�EH� UHSUHVHQWHG�E\� � �. R� �GA GA� ��ZKHUH� GA� LV� WKH� SRVLWLRQ�RI� ERG\��ZKHQ� WKH�VSULQJ� LV�FRPSUHVVHG�RU� VWUHWFKHG�� DQG� GAR WKH�SRVLWLRQ�RI�ERG\��ZKHQ� WKH� VSULQJ� LV� UHOD[HG�� ZLWK� .� EHLQJ� WKH� HODVWLF� FRQVWDQW� LQ� UHODWLRQDOPHFKDQLFV��7KH�JHQHUDO�HTXDWLRQ�RI�PRWLRQ�RI�UHODWLRQDO�PHFKDQLFV�IRU�ERG\��RI�JUDYLWDWLRQDO�PDVV�PJ� DQG�HOHFWULFDO�FKDUJH�T� LQWHUDFWLQJ�ZLWK�JUDYLWD�WLRQDO�PDVV�PJ� ��ZLWK�HOHFWULFDO�FKDUJH�T� ��ZLWK�D�VSULQJ�RI�HODVWLF�FRQVWDQW�.DQG�ZLWK�WKH�GLVWDQW�XQLYHUVH�FDQ�WKHQ�EH�ZULWWHQ�DV��ZLWK�WKH�DSSUR[LPDWLRQDERYH�RI�VORZ�PRWLRQV�� � � �ÖÖ ��������
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)URP�(T������ZH�VHH�WKDW�WKH�LQIOXHQFH�RI�WKH�GLVWDQW�XQLYHUVH�LV�HPERGLHGLQ�WKH�FRQVWDQW�) ��7KH�ORFDO�JUDYLWDWLRQDO�PDVVHV�PJ� DQG�PJ� DQG�WKH�ORFDOFKDUJHV� T� DQG� T� DUH� VXSSRVHG� WR� EH� LQGHSHQGHQW� RI� WKH� GLVWDQW� XQLYHUVH�WKDW�LV��ZH�DVVXPH�WKDW�WKH\�GR�QRW�GHSHQG�RQ�+R QRU�RQ�UJR �

� 6WDWLF�6LWXDWLRQV�
:H�EHJLQ� DQDO\]LQJ� VWDWLF� VLWXDWLRQV�� WKDW� LV�� VLWXDWLRQV� LQ� ZKLFK� WKH� WHVWERG\� LV� QRW� DFFHOHUDWHG� UHODWLYH� WR� WKH� GLVWDQW� XQLYHUVH�� GD 8� � ��2XU� ILUVWJRDO�LV�WR�XQGHUVWDQG�WKH�GHSHQGHQFH�RI�WKH�FRQVWDQWV�* ��HR DQG�N RQ�+XE�EOH¶V�FRQVWDQW�DQG�RQ�UJR �
&RPSDULQJ�(TV������DQG�����ZH�REVHUYH�WKDW�WKH�XQLYHUVDO�FRQVWDQW�RI�FODV�VLFDO�SK\VLFV�LV�SURSRUWLRQDO�WR�WKH�VTXDUH�RI�+XEEOH¶V�FRQVWDQW�DQG�LQYHUVHO\SURSRUWLRQDO�WR�WKH�DYHUDJH�JUDYLWDWLRQDO�GHQVLW\�RI�GLVWDQW�PDWWHU��QDPHO\�
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ZKHUH�U $� DQG�U %� DUH�WKH�GLVWDQFHV�RI�ERG\���WR�ERGLHV�$�DQG�%��UHVSHFWL�YHO\�� &KDQJLQJ� WKH� JUDYLWDWLRQDO� GHQVLW\� RI� WKH� GLVWDQW� XQLYHUVH� ZLOO� QRWFKDQJH�WKH�UDWLR�P PJ$ J%� ��)URP�(T������WKLV�PHDQV�WKDW�ERG\���ZLOO�UHPDLQLQ�HTXLOLEULXP�DQG�WKH�UDWLR�U U% $� �� ZLOO�UHPDLQ�WKH�VDPH��QR�PDWWHU�WKH�YD�OXH�RI�UJR �
&RQVLGHU�QRZ�WKH�IUHH�WHVW�ERG\���EHLQJ�KHOG�LQ�VWDWLF�HTXLOLEULXP�EHWZHHQWKH� JUDYLWDWLRQDO� PDVV�PJ$ DQG� D� FKDUJH�4% �� 2QFH� PRUH� ZH� VXSSRVH� WKHERGLHV�$�DQG�%�DW� UHVW� LQ� WKH�XQLYHUVDO� IUDPH�RI� UHIHUHQFH��ZLWK� WKH�HOHFWULFDQG�JUDYLWDWLRQDO�IRUFHV�EHWZHHQ�WKHP�EHLQJ�EDODQFHG�E\�D�ULJLG�PHFKDQLFDOEDU��7KH�IUHH�WHVW�ERG\���FDQ�EH�LQ�VWDWLF�HTXLOLEULXP�EHWZHHQ�WKHP��DW�D�GLV�WDQFH� U $� WR� WKH� FHQWHU� RI� ERG\� $� DQG� U %� WR� WKH� FKDUJH� %�� SURYLGHG*P P U T 4 UJ J$ $ % R %� �� � ���� � S H �� 7KLV� FDQ� DOVR� EH� ZULWWHQ� DVH SR % J J$ $ %* T 4 P P U U � � �� � �� � �� � � � � � � ��$V� WKH� FKDUJHV�� WKH� JUDYLWDWLR�QDO�PDVVHV�DQG�WKH�UDWLR�RI�GLVWDQFHV�GR�QRW�GHSHQG�RQ� WKH�GLVWDQW�XQLYHUVH�WKH�VDPH�PXVW�EH�FRQFOXGHG�RI�WKH�OHIW�KDQG�VLGH�RI�WKLV�HTXDWLRQ��)URP�(T�����ZH�WKHQ�FRQFOXGH�WKDW
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&RQVLGHU�QRZ�WKH�WHVW�ERG\�EHLQJ�KHOG�LQ�VWDWLF�HTXLOLEULXP�GXH�WR�D�JUDYLWD�WLRQDO�DQG�DQ�HODVWLF�IRUFH��:H�FDQ�WKLQN�RI�ERG\���EHLQJ�DWWUDFWHG�JUDYLWDWLR�QDOO\�E\�WKH�JUDYLWDWLRQDO�PDVV�PJ$ DW�D�GLVWDQFH�U $� IURP�LWV�FHQWHU��ZLWK�DVSULQJ�FRPSUHVVHG�DQG�DW�UHVW�EHWZHHQ�WKH�VXUIDFH�RI�ERG\�$�DQG�ERG\����,IWKH�UHOD[HG�OHQJWK�RI�WKH�VSULQJ�LV� AR DQG�LWV�OHQJWK�ZKHQ�FRPSUHVVHG�LV� AWKH� FRQGLWLRQ� RI� HTXLOLEULXP� LV� *P P U NJ J$ $ R� ��� � � �A A �� 6XSSRVLQJWKDW� WKH� GLVWDQFHV� GR� QRW� GHSHQG� RQ� WKH� GLVWDQW� XQLYHUVH� \LHOGV�* N� DVFRQVWDQW ZKDWHYHU�WKH�YDOXH�RI�UJR ��)URP�(T������ZH�WKHQ�FRQFOXGH�WKDW
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:H�DUH�QRZ�UHDG\�WR�DQDO\]H�WKH�LQIOXHQFH�RI�WKH�JUDYLWDWLRQDO�GHQVLW\�RIGLVWDQW�PDWWHU�RQ�WKH�IUHTXHQF\�RI�RVFLOODWLRQ�RI�PDFURVFRSLF�ERGLHV�DFFRUG�LQJ�WR�UHODWLRQDO�PHFKDQLFV�

� *UDYLWDWLRQDO�,QWHUDFWLRQV�
:H�ILUVW�FRQVLGHU� WZR�HTXDO�ERGLHV�RI�JUDYLWDWLRQDO�PDVVHV�PJ VHSDUDWHGE\� D� GLVWDQFH��5 SHUIRUPLQJ� D� FLUFXODU� RUELW� DURXQG�RQH� DQRWKHU� UHODWLYH� WRWKH� XQLYHUVDO� IUDPH� RI� UHIHUHQFH�� 7KHLU� DFFHOHUDWLRQ� LV� WKHQ� WKH� FHQWULSHWDODFFHOHUDWLRQ�JLYHQ�E\�D 58 8� �� Z ��ZKHUH�Z�8 LV�WKH�DQJXODU�URWDWLRQ�RI�RQHRI�WKH�ERGLHV�UHODWLYH�WR�WKH�IUDPH�RI�GLVWDQW�JDOD[LHV��HDFK�ERG\�LV�DW�D�GLV�WDQFH� 5 IURP�WKH�FHQWHU�RI�WKH�FLUFXODU�RUELW���7KH�HTXDWLRQ�RI�PRWLRQ�LQ�WKLVFDVH�LV�JLYHQ�E\�*P 5 P 5J J 8� � ���� � �  Z ��7KH�IUHTXHQF\�RI�URWDWLRQ�LV�WKHQJLYHQ�E\�Z� ��8 J*P 5 � ��:LWK�����DQG�DVVXPLQJ�WKDW�PJ DQG�WKDW�5�GRQRW�GHSHQG�RQ�WKH�GLVWDQW�XQLYHUVH�\LHOGV

JR
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:H�FDQ�DOVR�VD\�WKDW�LI�ZH�PXOWLSO\�WKH�JUDYLWDWLRQDO�GHQVLW\�RI�WKH�GLVWDQWXQLYHUVH�E\��� WKHQ� WKH� IUHTXHQF\�RI� URWDWLRQ�ZLOO� E\�GLYLGHG�E\��� SURYLGHGERGLHV�RI�WKH�VDPH�JUDYLWDWLRQDO�PDVV�DUH�URWDWLQJ�DURXQG�RQH�DQRWKHU�UHODWLYHWR�WKH�GLVWDQW�XQLYHUVH�VHSDUDWHG�E\�WKH�VDPH�GLVWDQFH��5��7KDW� LV�� LI�Z R LVWKH� IUHTXHQF\� RI� RVFLOODWLRQ� ZKHQ� WKH� GLVWDQW� XQLYHUVH� KDV� D� JUDYLWDWLRQDOPDVV�GHQVLW\� U JR DQG�Z LV�WKH�IUHTXHQF\�RI�RVFLOODWLRQ�IRU�WKH�VDPH�PRWLRQZKHQ�WKH�XQLYHUVH�KDV�D�JUDYLWDWLRQDO�PDVV�GHQVLW\� U J ��(T������FDQ�DOVR�EHZULWWHQ�DV��Z Z U U� �R JR J �
&RQVLGHU�QRZ�D�VSKHULFDO�ERG\�RI�JUDYLWDWLRQDO�PDVV� 0J DQG�UDGLXV� 5ZLWK� DQ� XQLIRUP� GHQVLW\� U SJ J0 5 � � � �� �� �� ,I� ZH� KDYH� D� UDGLDOWXQQHO�SDVVLQJ�WKURXJK�LWV�FHQWHU�DQG�D�WHVW�ERG\�RI�JUDYLWDWLRQDO�PDVV�PJ LV
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UHOHDVHG�DW�D�GLVWDQFH� U U 5R R� �� IURP�WKH�FHQWHU�RI�WKH�VSKHUH�WKH�HTXDWLRQRI�PRWLRQ�ZLOO�EH��*0 P U 5 P UJ J J� ���  ��7KH�VROXWLRQ�RI�WKLV�HTXDWLRQ�LVU W U WR� � FRV Z ��ZKHUH�Z  *0 5J � � ��)URP�(T������DQG�VXSSRVLQJWKDW� 0J DQG� 5 GR�QRW�GHSHQG�RQ�WKH�GLVWDQW�XQLYHUVH�ZH�REWDLQ�RQFH�PRUH(T������

$QRWKHU�VLWXDWLRQ�LQYROYLQJ�JUDYLWDWLRQ�DQG�URWDWLRQ�LV�UHODWHG�ZLWK�WKH� IL�JXUH�RI� WKH�HDUWK��'XH� WR� LWV�GLXUQDO� URWDWLRQ� UHODWLYH� WR� WKH� GLVWDQW� XQLYHUVHZLWK�D�SHULRG�RI�RQH�GD\�WKH�HTXDWRULDO�UDGLXV�RI�WKH�HDUWK�5! LV�ELJJHU�WKDQWKH�SRODU�UDGLXV�5� ��7KH�IUDFWLRQDO�FKDQJH��LWV�REODWHQHVV��DFFRUGLQJ�WR�UHOD�WLRQDO�PHFKDQLFV�LV�JLYHQ�E\�>$VVLV��������6HFWLRQ������@�5 55 +JR
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,Q� WKLV� H[SUHVVLRQ�UJH LV� WKH� JUDYLWDWLRQDO�PDVV� GHQVLW\� RI� WKH� HDUWK� DQGZH8 LV�LWV�DQJXODU�URWDWLRQ�UHODWLYH�WR�WKH�GLVWDQW�XQLYHUVH��,I�WKH�JUDYLWDWLRQDOGHQVLW\� RI� WKH� GLVWDQW� XQLYHUVH� JRHV� WR� ]HUR�� WKH� VDPH�ZLOO� KDSSHQ�ZLWK� WKHIUDFWLRQDO�FKDQJH��WKDW�LV��WKH�HDUWK�ZLOO�EHFRPH�VSKHULFDO��7KLV�LV�UHDVRQDEOHEHFDXVH�LQ�WKLV�FDVH�WKHUH�ZLOO�EH�RQO\�WKH�HDUWK�LQ�WKH�XQLYHUVH��ZKLFK�PHDQVWKDW�ZH�FDQQRW�VSHDN�RI� LWV�URWDWLRQ��6XSSRVLQJ�QRZ�D�FRQVWDQW�JUDYLWDWLRQDOPDVV� GHQVLW\� IRU� WKH� HDUWK� DQG� D� IL[HG� IUDFWLRQDO� FKDQJH� RU� REODWHQHVV�� ZHREWDLQ�IURP�(T������WKH�VDPH�UHVXOW�DV�(T������
� (OHFWURPDJQHWLF�,QWHUDFWLRQV�

:H�QRZ�FRQVLGHU� WZR�RSSRVLWH�FKDUJHV� �T DQG� �T VHSDUDWHG�E\�D�GLV�WDQFH� �5� RUELWLQJ� DURXQG� RQH� DQRWKHU� UHODWLYH� WR� WKH� GLVWDQW� XQLYHUVH� ZLWKDQJXODU� IUHTXHQFLHV�Z�8 ��:H�VXSSRVH� WKH\�KDYH� HTXDO� JUDYLWDWLRQDO�PDVVHVPJ DQG�WKDW�WKH�HOHFWULFDO�IRUFH�EHWZHHQ�WKHP�LV�PXFK�ODUJHU�WKDQ�WKH�JUDYL�WDWLRQDO� IRUFH� EHWZHHQ� WKHP�� 7KH� HTXDWLRQ� RI� PRWLRQ� LV� WKHQ� JLYHQ� E\T 5 P 5R J 8� � ��� �� � �S H Z ��6XSSRVLQJ� WKDW�T ��PJ DQG�5 GR�QRW�GHSHQGRQ�WKH�GLVWDQW�XQLYHUVH�DQG�XWLOL]LQJ�(T������\LHOGV�RQFH�PRUH�(T������
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:H�QRZ�FRQVLGHU�D� WHVW� FKDUJH�T RI� JUDYLWDWLRQDO�PDVV� PJ GHVFULELQJ� DFLUFXODU�RUELW� LQ�DQ�XQLIRUP�PDJQHWLF� ILHOG�%��$V�WKH�VRXUFH�RI� WKLV� ILHOG�ZHFRQVLGHU�D�VSKHULFDO�VKHOO�RI�UDGLXV�5 XQLIRUPO\�FKDUJHG�ZLWK�D�WRWDO�FKDUJH�4DQG� VSLQQLQJ� UHODWLYH� WR� WKH� XQLYHUVDO� IUDPH�RI� UHIHUHQFH�8 ZLWK� D� FRQVWDQWDQJXODU� YHORFLW\� G: :48 48 ] � �� $FFRUGLQJ� WR� FODVVLFDO� HOHFWURPDJQHWLVPWKLV� V\VWHP� JHQHUDWHV� DQ� XQLIRUP� PDJQHWLF� ILHOG� LQVLGH� WKH� VKHOO� JLYHQ� E\G% 4 ] 5R 48 P S: � � � ��:H�FRQVLGHU�WKH�WHVW�FKDUJH�PRYLQJ�LQ�D�FLUFXODURUELW� LQ� WKH� [\ SODQH� LQVLGH� WKH� VKHOO�� GHVFULELQJ� D� FLUFOH� RI� UDGLXV� U 5�FHQWHUHG�RQ�WKH�FHQWHU�RI�WKH�VKHOO�GXH�WR�D�PDJQHWLF�IRUFH�TY %G Gu �� >$VVLV�����E@� DQG� >$VVLV�� ����@�� :H� DUH� WKHQ� OHG� WR� TY% P DJ 8 � RUT U% P U8 J 8Z Z� �� �� 7KLV� \LHOGV� Z �8 JT% P � �� :LWK� WKH� SUHYLRXVYDOXH�RI�WKH�PDJQHWLF�ILHOG�ZH�DUH�OHG�WRZ PS� �8
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$V�WKH�OHIW�KDQG�VLGH�RI�WKLV�HTXDWLRQ�LV�D�UDWLR�RI�WZR�IUHTXHQFLHV��LW�FDQ�QRW�GHSHQG�RQ�+R JR� � U ��7KH�VDPH�PXVW�WKHQ�EH�WUXH�RI�WKH�ULJKW�KDQG�VLGH�$V�T��4 DQG�PJ DUH�ORFDO�TXDQWLWLHV�DQG�ZH�DUH�VXSSRVLQJ�WKDW�WKH�UDGLXV�5RI� WKH� VKHOO� GRHV� QRW� GHSHQG�RQ� WKH�GLVWDQW� XQLYHUVH��ZH� FRQFOXGH� WKDW� P RPXVW�EH�D�FRQVWDQW�ZKDWHYHU�WKH�YDOXH�RI��+R JR� � U �
P R  �FRQVWDQW�ZKDWHYHU�WKH�YDOXH�RI� +R
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:H�DUH�QRZ�DEOH� WR�DQDO\]H�/&�FLUFXLWV��7KH� IUHTXHQF\�RI� RVFLOODWLRQ�RIWKHVH� FLUFXLWV� LV� JLYHQ� E\� Z  � � /& �� ZKHUH� / DQG� & DUH� WKH� VHOI�LQGXFWDQFH� DQG� FDSDFLWDQFH� RI� WKH� FLUFXLW�� UHVSHFWLYHO\��:H� FRQVLGHU� RQO\� DUHSUHVHQWDWLYH�FDVH�DV�DOO�WKH�RWKHUV�ZLOO�EHKDYH�VLPLODUO\��D�FDSDFLWRU�FRPSR�VHG� RI� WZR� ODUJH� SODQH� DUHDV�$ VHSDUDWHG� E\� D� VPDOO� GLVWDQFH�G�� VXFK� WKDW& $ GR H � ��LQ�VHULHV�ZLWK�D�VROHQRLG�RI�OHQJWK� A DQG�UDGLXV�D FRPSRVHG
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RI�1 WXUQV�RI�D�ZLUH��VXFK�WKDW� / 1 DR P S� � �A A� � ��8WLOL]LQJ�����������Z  � � /& DQG�VXSSRVLQJ�RQFH�PRUH�WKDW�DOO�GLVWDQFHV�DQG�VL]HV�GR�QRWGHSHQG�RQ�WKH�GLVWDQW�XQLYHUVH�\LHOGV�RQFH�PRUH�(T������
� (ODVWLF�,QWHUDFWLRQV�

:H�QRZ�FRQVLGHU� D� ERG\� RI� JUDYLWDWLRQDO�PDVV�PJ GHVFULELQJ� D� FLUFXODURUELW�UHODWLYH�WR�WKH�XQLYHUVDO�IUDPH�RI�UHIHUHQFH�DURXQG�D�FHQWUDO�SRLQW�GXH�WRD�VWUHWFKHG�VSULQJ��:KHQ�UHOD[HG�WKH�OHQJWK�RI�WKH�VSULQJ�LV� AR ��ZKLOH�VWUHW�FKHG� LW� LV� JLYHQ� E\� A �� 7KH� HTXDWLRQ� RI� PRWLRQ� LV� WKHQ� JLYHQ� E\N PR J 8� �A A A�  Z �� ��:LWK�(T������ZH�REWDLQA AA�   R J 8
Q J JR

R J 8. P +. + P) Z S [ U Z�� � ��� � � ����
,I�UJR JRHV� WR�]HUR�� WKH�VSULQJ�UHWXUQV� WR� LWV� UHOD[HG� OHQJWK��2Q� WKH�RWKHUKDQG��VXSSRVLQJ� A A� � � �R + . PJ J IL[HG�QR�PDWWHU� WKH�YDOXH�RI�UJR DQG+R ��ZH�WKHQ�WKH�VDPH�UHVXOW�DV�(T������,QVWHDG�RI� URWDWLRQ�ZH�QRZ�FRQVLGHU� D� VSULQJ� IL[HG� DW� RQH� H[WUHPLW\� DQGZLWK� D� ERG\� RI� JUDYLWDWLRQDO� PDVV� PJ RVFLOODWLQJ� DURXQG� WKH� HTXLOLEULXPSRVLWLRQ��RQH�GLPHQVLRQDO�UHFWLOLQHDU�PRWLRQ���UHODWLYH�WR�WKH�XQLYHUVDO�IUDPHRI� UHIHUHQFH�� 7KH� HTXDWLRQ� RI�PRWLRQ� LV� WKHQ� JLYHQ� E\� N PR J� � ��A A A�  �7KH�VROXWLRQ�RI�WKLV�HTXDWLRQ�JLYHV�WKH�SRVLWLRQ�RI�WKH�WHVW�ERG\�DV�D�IXQFWLRQRI� WLPH�� QDPHO\�� A� � FRV� �W $ W %8 �Z � �� ZKHUH�Z�8 JN P � LV� LWVIUHTXHQF\�RI�RVFLOODWLRQ�UHODWLYH�WR�WKH�XQLYHUVDO�IUDPH�RI�UHIHUHQFH��$SSO\LQJ(T������ZH�REWDLQ�RQFH�PRUH�(T������
&RQVLGHU�QRZ�D�VLPSOH�SHQGXOXP�RVFLOODWLQJ�LQ�D�YHUWLFDO�SODQH�GXH�WR�WKHJUDYLWDWLRQDO�IRUFH�RI�WKH�HDUWK�DQG�WR�WKH�WHQVLRQ�LQ�WKH�VWULQJ��7R�FODULI\�WKHDQDO\VLV�ZH�UHSODFH�WKH�VWULQJ�E\�D�VSULQJ�RI�VWUHWFKHG�OHQJWK� A DQG�UHOD[HGOHQJWK� AR �� LQ� VXFK� D�ZD\� WKDW� WKH� WHQVLRQ�7 LQ� WKH� VWULQJ� FDQ�EH�ZULWWHQ� DV
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7 N R �� �A A ��N EHLQJ�WKH�HODVWLF�FRQVWDQW�RI�WKH�VSULQJ��6XSSRVH�WKH�SHQ�GXOXP� LV� GLVORFDWHG� DW� DQ� DQJOH�T IURP� WKH� YHUWLFDO� GLUHFWLRQ� DQG� UHOHDVHGIURP� UHVW�� :H� REWDLQ� WKH� HTXDWLRQV� RI� PRWLRQ� LQ� WKH� UDGLDO� DQG� WDQJHQWLDOGLUHFWLRQV� DV�� UHVSHFWLYHO\�� P J NJ RFRV � �T  �A A DQGP JVLQ PJ JT T A�� �� 6XSSRVLQJ� VPDOO� GLVSODFHPHQWV� VXFK� WKDW� VLQT T|WKLV� ODVW� HTXDWLRQ� \LHOGV� WKH� VROXWLRQ� T Z� � FRV� �W $ W %8 �� �� ZKHUHZ � �8 H JHJ 5 *0  A A� � LV� WKH� DQJXODU� IUHTXHQF\� RI� WKH� SHQGX�OXP�UHODWLYH�WR�WKH�XQLYHUVDO�IUDPH�RI�UHIHUHQFH��+HUH�0JH LV�WKH�JUDYLWDWLR�QDO�PDVV�RI�WKH�HDUWK�DQG�5H LWV�UDGLXV��$SSO\LQJ�(T������DQG�VXSSRVLQJ�RQFHPRUH�WKDW�0JH ��5H DQG� A GR�QRW�GHSHQG�RQ�+R JR� � U \LHOGV�RQFH�PRUH�(T�����
7KH�VDPH�FRQFOXVLRQ�FDQ�EH�REWDLQHG�IRU�D�FRQLFDO�SHQGXOXP��,Q�WKLV�FDVHZH�KDYH�D�WHVW�ERG\�RI�JUDYLWDWLRQDO�PDVV�PJ PRYLQJ�LQ�D�FLUFXODU�RUELW�LQ�DSODQH�RUWKRJRQDO�WR�WKH�JUDYLWDWLRQDO�ILHOG�RI� WKH�HDUWK�FRQQHFWHG�WR�D�VWULQJ�2QFH�PRUH�ZH�UHSODFH�WKH�VWULQJ�E\�WKH�VSULQJ�DERYH��7KH�DQJOH�RI�WKH�VSULQJZLWK�WKH�YHUWLFDO�GLUHFWLRQ�LV�JLYHQ�E\�D�FRQVWDQW�I ZKHQ�WKH�ERG\�PRYHV�LQ�DFLUFXODU�RUELW��&DOOLQJ�E\�U WKH�UDGLXV�RI�WKH�FLUFOH�DQG�E\�K WKH�GLVWDQFH�RI�LWVFHQWHU� WR� WKH�SRLQW�RI� VXSSRUW�RI� WKH� VSULQJ�ZH�KDYH� WDQ �I  U K ��7KH�DQ�JXODU�URWDWLRQ�RI� WKH�WHVW�ERG\�UHODWLYH�WR�WKH�XQLYHUVDO�IUDPH�RI� UHIHUHQFH� LVUHSUHVHQWHG�E\�Z�8 ��7KH�KRUL]RQWDO�DQG�YHUWLFDO�FRPSRQHQWV�RI�WKH�HTXDWLRQRI� PRWLRQ� DUH� JLYHQ� E\�� UHVSHFWLYHO\�� N VLQ P 5R J 8� �A A�  I Z �� DQGN *P 0 5R J JH H� � FRV �A A�  I � ��)URP�WKHVH�HTXDWLRQV�DQG�IURP�(T�����ZH�REWDLQ
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6XSSRVLQJ�DV�DERYH�WKDW�WKH�GLVWDQFHV� � � � � �5 U KH R �A A GR�QRW�GHSHQGRQ�+R JR� � U ��WKH�VDPH�ZLOO�KDSSHQ�ZLWK� WDQ I ��$V�0JH LV�DOVR�LQGHSHQGHQWRI��+R JR� � U ��ZH�GHULYH�RQFH�PRUH�(T������
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7KHUH�LV�DQ�DOWHUQDWLYH�IRUPXODWLRQ�RI�UHODWLRQDO�PHFKDQLFV�ZKLFK�OHDGV�HV�VHQWLDOO\�WR�WKH�VDPH�UHVXOWV��>*XDOD�9DOYHUGH������D�DQG�����E@��,QVWHDG�RI(T������ZH�REWDLQ � �� � � � �  P PU U T TU U N P DJ J
R R * J 8� �
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ZKHUH�)* Q JR R+ � � �S [ U � ��)ROORZLQJ�WKH�VDPH�SURFHGXUHV�DV�DERYH\LHOGV� * +R JRD U� �� �� HR FRQVWDQW� ZKDWHYHU� WKH� YDOXH� RI� +R JR� � U �P D UR JR R+� � DQG�WKH�HODVWLF�FRHIILFLHQW�N FRQVWDQW�ZKDWHYHU�WKH�YDOXH�RI+R JR� � U ��$OWKRXJK�WKHVH�UHVXOWV�DUH�GLIIHUHQW�IURP�(TV�����������DQG������WKLVLV�QRW�LPSRUWDQW��$IWHU�DOO�ZH�GR�QRW�PHDVXUH�GLUHFWO\�*��HR QRU�N��:KDW�ZHPHDVXUH�DUH�GLVWDQFHV�DQG�SHULRGV��RU�IUHTXHQFLHV���$QG�WKLV�IRUPXODWLRQ�DOVROHDGV�WR�(T������LQ�DOO�FDVHV��VXSSRVLQJ�DV�DERYH�WKDW�WKH�PDVVHV��FKDUJHV�DQGORFDO�GLVWDQFHV�DUH�LQGHSHQGHQW�RI�+R JR� � U �
� &RQFOXVLRQ�DQG�([SHULPHQWDO�7HVWV�

6XSSRVLQJ�WKDW�WKH�FKDUJHV�DQG�JUDYLWDWLRQDO�PDVVHV�RI�ORFDO�ERGLHV�GR�QRWGHSHQG� RQ� +R JR� � U �� DQG� VXSSRVLQJ� WKDW� WKH� VDPH� KDSSHQV� ZLWK� DOO� ORFDOGLVWDQFHV��ZH� FRQFOXGHG� WKDW� WKH� IUHTXHQFLHV� RI� URWDWLRQ� RU� RI� YLEUDWLRQ� DUHLQYHUVHO\�SURSRUWLRQDO�WR�WKH�VTXDUH�URRW�RI�WKH�PHDQ�GHQVLW\�RI�JUDYLWDWLRQDOPDVV�RI�WKH�GLVWDQW�XQLYHUVH��(T�������7KDW�LV��LQFUHDVLQJ�WKH�GHQVLW\�RI�JUDYL�WDWLRQDO�PDVV�RI�GLVWDQW�JDOD[LHV�ZLOO�VORZ�GRZQ�WKH� IUHTXHQFLHV�RI� WKH�ORFDOPRWLRQV�DQDO\]HG�KHUH��7KLV� VHHPV� WR�EH�DQ�XQLYHUVDO�SURSHUW\� YDOLG� IRU� DOORVFLOODWRU\� RU� YLEUDWRU\�PRWLRQV�� ,I� WKH� IUHTXHQF\� RI� D� FLUFXODU� RU� YLEUDWRU\PRWLRQ� LV�JLYHQ�E\�Z R LQ� RXU� XQLYHUVH�ZLWK� DQ� DYHUDJH�JUDYLWDWLRQDO�PDVV
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GHQVLW\� U JR DQG�ZH� FKDQJH� WKLV� GHQVLW\� WRU J �� WKH� QHZ� IUHTXHQF\�ZLOO� EHJLYHQ�E\��Z Z U U� �R JR J �

$V�WKH�UDGLL�RI�FXUYDWXUH�RI�FLUFXODU�PRWLRQV�DUH�VXSSRVHG�LQGHSHQGHQW�RIWKH� GLVWDQW� XQLYHUVH� DQG� WKH� FHQWULSHWDO� DFFHOHUDWLRQ� LV� JLYHQ� E\D Y +8 8 R JR� �� � � � �� U�� �D U �� ZH� FRQFOXGH� WKDW� DOO� YHORFLWLHV� VFDOH� DV�Y +8 R JR� D U� ��(YHQ�OLJKW�YHORFLW\�ZLOO�VFDOH�OLNH�WKLV�XWLOL]LQJ�(TV�����DQG�������,I� WKH�YHORFLW\�RI�D�SDUWLFOH� LQ�RXU�XQLYHUVH�ZLWK� U JR LV� YR �� WKHQWKH�QHZ�YHORFLW\�LQ�DQ�XQLYHUVH�ZLWK�U J LV�JLYHQ�E\�� Y YR JR J� � U U �2Q�WKH�RWKHU�KDQG�DOO�WKH�DFFHOHUDWLRQV�VFDOH�DV��D DR JR J� � U U �
$V�WKHVH�HIIHFWV�DUH�XQLYHUVDO��LW�PLJKW�EH�WKRXJKW�WKDW�LW�ZRXOG�EH�LPSRV�VLEOH� WR� GHWHFW� LW�� 7KDW� LV�� DV� DOO� IUHTXHQFLHV� �DQG� YHORFLWLHV�� VFDOH� DV� � U JR ��WKH�UDWLR�RI�DQ\�WZR�IUHTXHQFLHV��RU�RI�DQ\� WZR�YHORFLWLHV�� LV� LQ�GHSHQGHQW�RI�WKH�GLVWDQW�XQLYHUVH��$V�ZH�RQO\�PHDVXUH�IUHTXHQFLHV��RU�YHOR�FLWLHV��E\�FRPSDULQJ� LW�ZLWK�RWKHU� IUHTXHQFLHV� �RU�YHORFLWLHV��� WKH�HIIHFW�ZLOOQRW�EH�GHWHFWHG�E\�FKDQJLQJ� WKH�GHQVLW\�RI� JUDYLWDWLRQDO�PDVV�RI� WKH�GLVWDQWXQLYHUVH��IRU�LQVWDQFH��WKH�UDWLR�RI�WKH�RUELWDO�SHULRG�RI�WKH�HDUWK�RI�RQH�\HDUGLYLGHG�E\�LWV�GLXUQDO�SHULRG�RI�RQH�GD\��7 7R G� � ���� ��ZLOO�QRW�FKDQJHE\�PRGLI\LQJ�WKH�JUDYLWDWLRQDO�GHQVLW\�RI�WKH�GLVWDQW�XQLYHUVH���%XW�WKH�HIIHFWFDQ�EH�GHWHFWHG�LQ�SULQFLSOH�LQ�WKH�ODERUDWRU\�E\�PRGLI\LQJ�WKH�VXUURXQGLQJVRI�VRPH�V\VWHPV�EXW�QRW�RI�RWKHU�V\VWHPV��6XSSRVH�ZH�KDYH� WZR�HTXDO�V\V�WHPV�ZLWK�HTXDO�RVFLOODWRU\�PRWLRQV�RI�IUHTXHQF\�Z R ��:H�QRZ�VXUURXQG�RQHRI�WKH�V\VWHPV�ZLWK�D�VSKHULFDO�VKHOO�RI�JUDYLWDWLRQDO�PDVV�0J DQG�UDGLXV�5DW� UHVW� UHODWLYH� WR� WKH� XQLYHUVDO� IUDPH� RI� UHIHUHQFH�� $FFRUGLQJ� WR� UHODWLRQDOPHFKDQLFV�WKLV�VKHOO�ZLOO�H[HUW�D�JUDYLWDWLRQDO�IRUFH�RQ�DQ\�LQWHUQDO�WHVW�SDUWL�FOH� ZKLFK� LV� XQGHUJRLQJ� DQ� RVFLOODWRU\� PRWLRQ� JLYHQ� E\� �>$VVLV�� ����@���+ P 0 D F 5J J J 8[ G� ��� �� &RPELQLQJ� WKLV� ZLWK� (T�� ���� VKRZV� WKDW� ZHREWDLQ� (T�� ���� ZLWK� WKH� PDVV� PJ LQ� WKH� ULJKW� KDQG� VLGH� UHSODFHG� E\
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7KLV�DOORZV�DQ�H[SHULPHQWDO�YHULILFDWLRQ�RI�WKH�HIIHFW��7KDW�LV��E\�FRPSD�ULQJ�WKH�IUHTXHQFLHV�RU�YHORFLWLHV�RI�WKH�V\VWHP�LQVLGH�WKH�VKHOO�ZLWK�WKH�RWKHUHTXDO� V\VWHP�ZKLFK� LV� RXWVLGH� DQG� IDU� DZD\� IURP� WKH� VKHOO� �VR� WKDW�ZH� FDQQHJOHFW�LWV�LQIOXHQFH���7KLV�PLJKW�EH�GHWHFWHG�LQ�SULQFLSOH��DOWKRXJK�WKH�HIIHFWLV� XVXDOO\� YHU\� VPDOO�� )RU� LQVWDQFH�� LI� 0 NJJ  ���� DQG�5  � ��P ZHREWDLQ�D�IUDFWLRQDO�FKDQJH�RI��ZLWK�[  � IRU�JUDYLWDWLRQ��� � �� ��u � �
,QVWHDG�RI�SODFLQJ�D�QHXWUDO�VKHOO�DURXQG�WKH�V\VWHP�LW�PLJKW�EH�SXW�DQ�XQL�IRUPO\�FKDUJHG�VSKHULFDO�VKHOO�RI�UDGLXV�5 DQG�WRWDO�FKDUJH�4 DW�UHVW�UHODWLYHWR� WKH� XQLYHUVDO� IUDPH� RI� UHIHUHQFH�� ,Q� WKLV� FDVH� :HEHU¶V� HOHFWURG\QDPLFVSUHGLFWV�D�IRUFH�RQ�DQ�LQWHUQDO�DFFHOHUDWHG�WHVW�FKDUJH�JLYHQ�E\��>$VVLV������@�>$VVLV������@�DQG� >$VVLV��������&KDS���@��� P SRT4D 5G � �� ��ZKHUH� GD LVWKH�DFFHOHUDWLRQ�RI� WKH� WHVW�FKDUJH� UHODWLYH� WR� WKH�VKHOO��&RPELQLQJ� WKLV�ZLWK(T������VKRZV�WKDW�WKH�WHVW�FKDUJH�VKRXOG�EHKDYH�DV�KDYLQJ�DQ�HIIHFWLYH�LQHU�WLDO�PDVV� JLYHQ� E\� P T F� ) � � � ��ZKHUH� P LV� WKH� XVXDO�PDVV� RI� WKH� WHVWFKDUJH� DQG� )  4 5R� �S H LV� WKH� HOHFWURVWDWLF� SRWHQWLDO� RI� WKH� VKHOO�FKRRVLQJ�]HUR�SRWHQWLDO�DW� LQILQLW\���,I�T4�!�� �T4������ WKHUH� LV�D�GHFUHDVH�LQFUHDVH��LQ�WKH�HIIHFWLYH�LQHUWLDO�PDVV�RI�WKH�WHVW�FKDUJH��7KLV�VKRXOG�DIIHFW
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WKH�PRWLRQ�RI�FKDUJHG�SDUWLFOHV�� LQ�SDUWLFXODU�HOHFWURQV�ZKLFK�DUH�YHU\� OLJKW�7KH� IUDFWLRQDO� FKDQJH� RI�PDVV� IRU� DQ� HOHFWURQ� GXH� WR� D� SRWHQWLDO� RI� �N9� LVJLYHQ� E\� � �� �u � �� $QG� WKLV� FDQ� EH� GHWHFWHG� LQ� WKH� ODERUDWRU\�� 7KH� ILUVWH[SHULPHQWV�RI�WKLV�NLQG�NQRZQ�WR�XV�DUH�GXH�WR�0LNKDLORY��ZKR�GHWHFWHG�DQHIIHFW�RI�WKLV�RUGHU�RI�PDJQLWXGH�DQG�FRLQFLGLQJ�LQ�VLJQ�ZLWK�WKH�SUHGLFWLRQ�RI:HEHU¶V�HOHFWURG\QDPLFV�� >0LNKDLORY������@�DQG� >0LNKDLORY������@�� ,Q� WKLVFDVH�WKH�HIIHFW�LV�QRW�XQLYHUVDO�DQ\PRUH��DV�LW�DIIHFWV�RQO\�WKH�PRWLRQ�RI�FKDU�JHG�ERGLHV��)RU� LQVWDQFH�� LW�ZLOO� QRW� DIIHFW� WKH� IUHTXHQF\�RI� RVFLOODWLRQ�RI� DQHXWUDO�SHQGXOXP�LQVLGH�WKH�FKDUJHG�VKHOO��QRU�WKH�IUHTXHQF\�RI�RVFLOODWLRQ�RID�QHXWUDO�ERG\�FRQQHFWHG�WR�D�VSULQJ��,Q�DQ\�HYHQW�WKLV�HIIHFW�LV�SUHGLFWHG�RQO\E\� :HEHU¶V� HOHFWURG\QDPLFV�� QRW� E\� /RUHQW]¶V� IRUFH�� )RU� WKLV� UHDVRQ0LNKDLORY¶V�H[SHULPHQWV�DUH�VR�LPSRUWDQW��7KH\�VKRXOG�EH�UHSHDWHG�DQG�SHU�IRUPHG�ZLWK�JUHDWHU�DFFXUDF\�E\�RWKHU�ODERUDWRULHV�DURXQG�WKH�ZRUOG�
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