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0DJLF�QXPEHUV�GHULYHG�IURP�D�YDULDEOH�SKDVH�QXFOHDU�PRGHO�

;DYLHU�%RUJ�%�(QJ��+RQV���

��%OD]H�/DEV�5HVHDUFK�

H�PDLO��FRQWDFW#EOD]HODEV�FRP 

)LUVW�HOHFWURQLF�HGLWLRQ�SXEOLVKHG�LQ��������RQ�ZZZ�EOD]HODEV�FRP�I�S�PDJLF�DVS�

7KH�HW\PRORJ\�RI�WKH�WHUP�QXFOHXV�LV�IURP�������PHDQLQJ�³NHUQHO�RI�D�QXW´��,Q�������0LFKDHO�

)DUDGD\�XVHG�WKH�WHUP�WR�UHIHU�WR�WKH�FHQWUDO�SRLQW�RI�DQ�DWRP��7KH�PRGHUQ�DWRPLF�PHDQLQJ�RI�

WKH� WHUP� ZDV� SURSRVHG� E\� (UQHVW� 5XWKHUIRUG� LQ� ������ IROORZLQJ� WKH� GHWHFWLRQ� RI� D� FHQWUDO�

PDVVLYH�HQWLW\�E\�WKH�VFDWWHULQJ�H[SHULPHQWV�RI�+DQV�*HLJHU�DQG�(UQHVW�0DUVGHQ��FDUULHG�RXW�

XQGHU�KLV�RZQ�VXSHUYLVLRQ>�@��7R�WKH�SUHVHQW�GD\�� WKLV� LPSRUWDQW�FRPSRQHQW�RI�WKH�DWRP�KDV�

EHHQ�ERPEDUGHG�E\�PRUH�HQHUJHWLF�SUREHV�LQ�DQ�DOPRVW�GHVSHUDWH�DWWHPSW�WR�UHYHDO�LWV�LQWHUQDO�

SK\VLFV��7RGD\��DOPRVW�D�FHQWXU\�DIWHU�LWV�GLVFRYHU\��ERWK�PHFKDQLVP�DQG�SKDVH�RI�PDWWHU�RI�

WKH�QXFOHRQV�DUH�VWLOO�DQ�HQLJPD��9DULRXV�PRGHOV�KDYH�EHHQ�GHYHORSHG�WR�XQGHUVWDQG�VHOHFWLYH�

SURSHUWLHV�RI�WKH�QXFOHL��6RPH�RI�WKH�PRVW�SRSXODU�DUH�WKH�VKHOO�>�@��OLTXLG�GURS�>�@���FOXVWHU>�@��

0RRQ¶V>�@��DQG�GRXEOH�WHWUDKHGURQ>�@�PRGHOV��ZKLFK�DVVXPH�D�JDV��OLTXLG��VHPL�VROLG��SODWRQLF�

VROLG�DQG�WHWUDKHGUDO�VROLG�SKDVH�IRU�WKH�QXFOHL�UHVSHFWLYHO\��,W�LV�LQWHUHVWLQJ�WR�QRWH�WKDW�HDFK�RI�

WKHVH�PRGHOV� LV� DEOH� WR� GHVFULEH� YHU\� VXFFHVVIXOO\� FHUWDLQ� VHOHFWHG� SURSHUWLHV� RI� WKH�QXFOHL��

KRZHYHU��QRQH�RI�WKHP�LV�DEOH�WR�JLYH�D�FRPSUHKHQVLYH�GHVFULSWLRQ��0RVW�RI�WKH�FKDUDFWHULVWLFV�

RI�WKH�GLIIHUHQW�SKDVHV�DUH�PXWXDOO\�H[FOXVLYH��,�VKDOO�KHUH�LQWURGXFH�WKH�9DULDEOH�3KDVH�0RGHO�

RI�WKH�QXFOHXV>�@��EDVHG�RQ�WKH�SURMHFWLRQ�RI�D�K\SHUWHWUDKHGUDO�QXFOHDU�VWUXFWXUH�LQWR�RXU�YLHZ�

RI�SHUFHSWLRQ��ZKLFK�LV�OLPLWHG�WR�WKH�REVHUYDWLRQ�RI�WKUHH�GLPHQVLRQV��,Q�WKLV�PRGHO��WKH�SKDVH�

RI�WKH�QXFOHXV�YDULHV�EHWZHHQ�WKH�YDULRXV�SKDVHV�RI�PDWWHU�DFFRUGLQJ�WR�WKH�DQJOH�RI�SURMHFWLRQ�

RI�WKH�K\SHU�GLPHQVLRQDO�QXFOHDU�HQWLW\��WKXV�UHGHILQLQJ�PDVV�DV�D�SK\VLFDO�SDUDPHWHU�KDYLQJ�

ERWK�UHDO�DQG�LPDJLQDU\�FRPSRQHQWV��

�

'LVFRYHU\�RI�WKH�PDJLF�QXPEHUV�

�0DJLF� QXPEHUV�� ZHUH� ILUVW� GLVFRYHUHG� E\� SK\VLFLVW� 0DULD� *RHSSHUW�0D\HU>�@�� &DUHIXO�

REVHUYDWLRQ� RI� WKH� QXFOHDU� SURSHUWLHV� RI� HOHPHQWV� VKRZHG� FHUWDLQ� SDWWHUQV� WKDW� VHHPHG� WR�

FKDQJH�DEUXSWO\�DW�VSHFLILF�NH\�HOHPHQWV��0D\HU�QRWLFHG�WKDW�PDJLF�QXPEHUV�DSSOLHG�ZKHWKHU�

RQH�FRXQWV�WKH�QXPEHU�RI�QHXWURQV��1���WKH�DWRPLF�QXPEHU��=���RU�WKH�VXP�RI�WKH�WZR��NQRZQ�

DV�PDVV�QXPEHU��$���([DPSOHV�DUH�+HOLXP�= ���/HDG�= ����+HOLXP�1 ���2[\JHQ�1 ���/HDG�

1 �����1HRQ�$ ����6LOLFRQ�$ ����0DJLF�QXPEHUV�LQ�WKH�QXFOHDU�VWUXFWXUH�KDYH�EHHQ�FRPLQJ�XS�

GXULQJ� DOO� WKLV� WLPH�� EXW� QR� SODXVLEOH� H[SODQDWLRQ� IRU� WKHLU� H[LVWHQFH� KDV� HYHU� EHHQ� JLYHQ��

,QWHUHVWLQJO\��WKHUH�DUH�SHDNV�DQG�GLSV�IRU�ELQGLQJ�HQHUJ\��UHSHDWLQJ�HYHU\�IRXUWK�QXFOHRQ��7KLV�

SHULRGLFLW\� LV�RQH�FOHDU� LQGLFDWLRQ�RI�D�JHRPHWULFDO�VWUXFWXUH�ZLWKLQ�WKH�QXFOHXV��,Q�SDUWLFXODU��
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WKRVH�QXFOHL�WKDW�FDQ�EH�WKRXJKW�RI�DV�FRQWDLQLQJ�DQ�H[DFW�QXPEHU�RI�DOSKD�SDUWLFOHV���3��1���

DUH�PRUH�WLJKWO\�ERXQG�WKDQ�WKHLU�QHLJKERXUV��7KLV�HIIHFW�LV�PRUH�SURQRXQFHG�IRU�WKH�OLJKWHVW��

QXFOHL�� EXW� LV� VWLOO� SHUFHSWLEOH� XS� WR� $�  � ���� )RU� WKRVH� QXFOHL� ZLWK� $� !� ���� WKH� QXPEHU� RI�

QHXWURQV�H[FHHGV�WKH�QXPEHU�RI�SURWRQV��VR�VRPH�VRUW�RI�GLVWRUWLRQ�RFFXUV�ZLWKLQ�WKH�FOXVWHU��DV�

ZH�VKDOO�GLVFXVV���

,W�LV�IRXQG�WKDW�QXFOHL�ZLWK�HYHQ�QXPEHUV�RI�SURWRQV�DQG�QHXWURQV�DUH�PRUH�VWDEOH�WKDQ�WKRVH�

ZLWK�RGG�QXPEHUV��7KLV� FRPHV� IURP� WKH� IDFW� WKDW� WKH�SK\VLFDO�VWUXFWXUH�PXVW�KDYH�DQ�HYHQ�

QXPEHU�RI�YHUWLFHV��$�W\SH�RI�UHJXODU�SRO\KHGURQ�ZRXOG�VDWLVI\�WKLV�FRQGLWLRQ��VLQFH�QR�UHJXODU�

SRO\KHGURQ�H[LVWV�ZLWK�DQ�RGG�QXPEHU�RI�YHUWLFHV��7KHVH�VSHFLILF��PDJLF�QXPEHUV��RI�QHXWURQV�

RU�SURWRQV�ZKLFK�VHHP�WR�EH�SDUWLFXODUO\�IDYRXUHG�LQ�WHUPV�RI�QXFOHDU�VWDELOLW\�DUH���

��������������������������

�

1RWH�WKDW�WKH�VWUXFWXUH�PXVW�DSSO\�WR�ERWK�SURWRQV�DQG�QHXWURQV�LQGLYLGXDOO\��VR�WKDW�ZH�FDQ�VSHDN�RI�

�PDJLF�QXFOHL��ZKHUH�DQ\�RQH�QXFOHRQ�W\SH��RU�WKHLU�VXP��LV�DW�D�PDJLF�QXPEHU�  

:H�ILQG�PDJLF�QXPEHUV�LQ�WKH�HOHPHQWV�PRVW�DEXQGDQW�LQ�QDWXUH��
��

�+���+\GURJHQ���VW�PRVW�DEXQGDQW�������RI�WKH�XQLYHUVH������ ��� �PDJLF��

�+H���+HOLXP���QG�PRVW�DEXQGDQW�±�����RI�WKH�XQLYHUVH������ �ERWK�PDJLF�

��2���2[\JHQ��UG�PRVW�DEXQGDQW�±����RI�WKH�XQLYHUVH������ �ERWK�PDJLF�

0DULD�*RHSSHUW�0D\HU�SURSRVHG�WKDW�PDJLF�QXPEHUV�VKRXOG�EH�H[SODLQHG�LQ�WKH�VDPH�ZD\�DV�

WKH�HOHFWURQ�VKHOO�PRGHO�DSSOLHV�WR�HOHFWURQV��6R��LQ�VXFK�D�QXFOHDU�VKHOO�PRGHO��ZKHQ�D�QXFOHDU�

VKHOO�LV�IXOO�DQG�WKH�VWUXFWXUH�LV�IRUPHG��HTXLYDOHQW�WR�VD\LQJ�WKDW�WKH�QXFOHRQV�KDYH�XVHG�XS�DOO�

RI�WKH�SRVVLEOH�VHWV�RI�TXDQWXP�QXPEHU�DVVLJQPHQWV���D�QXFOHXV�RI�XQXVXDO�VWDELOLW\�IRUPV��7KLV�

FRQFHSW� LV� VLPLODU� WR� WKDW� IRXQG� LQ�DQ�DWRP�ZKHUH�D� ILOOHG� VHW�RI� HOHFWURQ�TXDQWXP�QXPEHUV�

UHVXOWV�LQ�DQ�DWRP�ZLWK�XQXVXDO�VWDELOLW\��XVXDOO\�DQ�LQHUW�JDV��:KHQ�DOO�WKH�SURWRQV�RU�QHXWURQV�

LQ�D�QXFOHXV�DUH�LQ�ILOOHG�VKHOOV��WKH�QXPEHU�RI�SURWRQV�RU�QHXWURQV�LV�FDOOHG�D��PDJLF�QXPEHU���

9LVXDOL]LQJ�WKH�GHQVHO\�SDFNHG�QXFOHXV�LQ�WHUPV�RI�RUELWV�DQG�VKHOOV�VHHPV�PXFK�OHVV�SODXVLEOH�

WKDQ�WKH�FRUUHVSRQGLQJ�VKHOO�PRGHO�IRU�DWRPLF�HOHFWURQV��<RX�FDQ�SRVVLEO\�DFFHSW�WKH�IDFW�WKDW�

DQ� HOHFWURQ� FDQ� FRPSOHWH�PDQ\� RUELWV�ZLWKRXW� UXQQLQJ� LQWR� DQ\WKLQJ�� EXW� \RX�ZRXOG�H[SHFW�

SURWRQV�DQG�QHXWURQV�LQ�D�QXFOHXV�WR�EH�LQ�D�FRQWLQXRXV�SURFHVV�RI�FROOLVLRQ�ZLWK�HDFK�RWKHU��

'HVSLWH�WKH�H[SHFWDWLRQV��GHQVH�JDV�PRGHOV�RI�QXFOHL�ZLWK�PXOWLSOH�FROOLVLRQV�EHWZHHQ�SDUWLFOHV�

GLGQ
W�ILW�WKH�GDWD��DQG�UHPDUNDEOH�SDWWHUQV�OLNH�WKH��PDJLF�QXPEHUV��LQ�WKH�VWDELOLW\�RI�QXFOHL�

VXJJHVWHG� WKH�VHHPLQJO\� LPSUREDEOH�VKHOO�VWUXFWXUH��ZKLFK�GHILQHV�QXFOHL� LQ� OD\HUV�VLPLODU� WR�

WKRVH�RI�WKH�HOHFWURQ�VKHOO�PRGHO��)LJ�����,Q�RXU�PRGHO��D�VKHOO�LV�EXLOW�XS�RI�D�VWUXFWXUHG�OD\HU��

�

�
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4XRWLQJ�0DULD�0D\HU�LQ��7KH�VKHOO�PRGHO����2QH�RI�WKH�PDLQ�QXFOHDU�IHDWXUHV�ZKLFK�OHG�WR�WKH�

GHYHORSPHQW� RI� WKH� VKHOO� VWUXFWXUH� LV� WKH� H[LVWHQFH� RI� ZKDW� DUH� XVXDOO\� FDOOHG� WKH� PDJLF�

QXPEHUV�� 7KDW� VXFK� QXPEHUV� H[LVW� ZDV� ILUVW� UHPDUNHG� E\� (OVDVVHU� LQ� ������:KDW�PDNHV� D�

QXPEHU�PDJLF�LV�WKDW�D�FRQILJXUDWLRQ�RI�D�PDJLF�QXPEHU�RI�QHXWURQV��RU�RI�SURWRQV��LV�XQXVXDOO\�

VWDEOH�ZKDWHYHU�WKH�DVVRFLDWHG�QXPEHU�RI�WKH�RWKHU�QXFOHRQV��:KHQ�7HOOHU�DQG�,�ZRUNHG�RQ�D�

SDSHU�RQ�WKH�RULJLQ�RI�WKH�HOHPHQWV��,�VWXPEOHG�RYHU�WKH�PDJLF�QXPEHU��:H�IRXQG�WKDW�WKHUH�

ZHUH�D�IHZ�QXFOHL�ZKLFK�KDYH�D�JUHDWHU�LVRWRSLF��DV�ZHOO�DV�FRVPLF��DEXQGDQFH�WKDQ�RXU�WKHRU\��

RU� DQ\� RWKHU� UHDVRQDEOH� FRQWLQXXP� WKHRU\�� FRXOG� SRVVLEO\� H[SODLQ�� 7KHQ� ,� IRXQG� WKDW� WKRVH�

QXFOHL�KDG�VRPHWKLQJ�LQ�FRPPRQ��WKH\�HLWKHU�KDG����QHXWURQV��ZKDWHYHU�WKH�DVVRFLDWHG�SURWRQ�

QXPEHU��RU����QHXWURQV��(LJKW\�WZR�DQG�ILIW\�DUH�PDJLF�QXPEHUV��7KDW�QXFOHL�RI�WKLV�W\SH�DUH�

XQXVXDOO\�DEXQGDQW�LQGLFDWHV�WKDW�WKH�H[FHVV�VWDELOLW\�PXVW�KDYH�SOD\HG�D�SDUW�LQ�WKH�SURFHVV�RI�

WKH�FUHDWLRQ�RI�WKH�HOHPHQWV������

)LJ���5HODWLRQ�EHWZHHQ�TXDQWXP�VKHOOV�DQG�PDJLF�QXPEHUV�

'RXEO\�0DJLF�QXFOHL�

'RXEO\�PDJLF� QXFOHL�� DUH� WKRVH�QXFOHL�ZKLFK�KDYH�ERWK�QHXWURQ�QXPEHU�DQG�SURWRQ�QXPEHU�

HTXDO�WR�D�PDJLF�QXPEHU��$OO�VXFK�QXFOHL�DUH�SDUWLFXODUO\�KLJKO\�VWDEOH�DQG�DUH�FDOOHG��GRXEO\�

PDJLF����

�

/HDG�����LV�RQH�VXFK�H[DPSOH�RI�D��GRXEO\�PDJLF��QXFOHXV�DV�LW�KDV�ERWK����SURWRQV�DQG�����

QHXWURQV��&DOFLXP�LW�\HW�DQRWKHU�H[DPSOH�RI�WKLV�H[FHSWLRQDO�VWDELOLW\�TXDOLW\�VLQFH�LW�KDV�WZR�RI�

WKHP��7KH�H[LVWHQFH�RI�VHYHUDO�VWDEOH�LVRWRSHV�RI�FDOFLXP�LV�GXH�WR�LWV�PDJLF�SURWRQ�FRXQW�RI�����

7KH�WZR�KLJKOLJKWHG�LVRWRSHV�KDYH�QHXWURQ�QXPEHUV����DQG����DQG�D�SURWRQ�FRXQW�RI�����DOO��
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PDJLF�QXPEHUV��$WRPLF�QXFOHL�FRQVLVWLQJ�RI�VXFK�D�PDJLF�QXPEHU�RI�QXFOHRQV�KDYH�D�KLJKHU�

DYHUDJH�ELQGLQJ�HQHUJ\�WKDQ�WKDW�FDOFXODWHG�IURP�WKH�VHPL�HPSLULFDO�:HL]VDHFNHU�IRUPXOD��DQG�

DOVR�DQRPDORXVO\�ORZ�PDVVHV�DQG�KLJK�QDWXUDO�DEXQGDQFHV���

7KH� H[LVWHQFH� RI� WKHVH�PDJLF� QXPEHUV� VXJJHVWV� VRPH� VSHFLDO� VKHOO� FRQILJXUDWLRQV�� OLNH� WKH�

HOHFWURQ�VKHOOV�LQ�WKH�DWRPLF�VWUXFWXUH��7KH\�UHSUHVHQW�RQH�OLQH�RI�UHDVRQLQJ�ZKLFK�OHG�WR�WKH�

GHYHORSPHQW�RI�D�VKHOO�PRGHO�RI�WKH�QXFOHXV��2WKHU�IRUPV�RI�HYLGHQFH�VXJJHVWLQJ�D�JHRPHWULFDO�

VWUXFWXUH�LQFOXGH�WKH�IROORZLQJ�>�@���

x� (QKDQFHG�DEXQGDQFH�RI�WKRVH�HOHPHQWV�IRU�ZKLFK�=�RU�1�LV�D�PDJLF�QXPEHU���
�
x� 7KH�VWDEOH�HOHPHQWV�DW�WKH�HQG�RI�WKH�QDWXUDOO\�RFFXUULQJ�UDGLRDFWLYH�VHULHV�DOO�KDYH�D��PDJLF�QXPEHU��RI�

QHXWURQV�RU�SURWRQV���
�

x� 7KH�QHXWURQ�DEVRUSWLRQ�FURVV�VHFWLRQV�IRU�LVRWRSHV�ZKHUH�1� �PDJLF�QXPEHU�DUH�PXFK�ORZHU�WKDQ�
VXUURXQGLQJ�LVRWRSHV���

�
x� 7KH�ELQGLQJ�HQHUJ\�IRU�WKH�ODVW�QHXWURQ�LV�D�PD[LPXP�IRU�D�PDJLF�QHXWURQ�QXPEHU�DQG�GURSV�VKDUSO\�IRU�

WKH�QH[W�QHXWURQ�DGGHG���
�
x� (OHFWULF�TXDGUXSROH�PRPHQWV�DUH�QHDU�]HUR�IRU�PDJLF�QXPEHU�QXFOHL���
�
x� 7KH�H[FLWDWLRQ�HQHUJ\�IURP�WKH�JURXQG�QXFOHDU�VWDWH�WR�WKH�ILUVW�H[FLWHG�VWDWH�LV�JUHDWHU�IRU�FORVHG�VKHOOV���

�

7HWUDKHGUDO�VWDFNLQJ�

)ROORZLQJ�WKH�LQWHUSUHWDWLRQ�RI�0DULD�0D\HU��WKH�VWULNLQJ�HYLGHQFH�IRU�D�VWUXFWXUH�LQ�WKH�QXFOHXV�

ZDV� VXUSULVLQJ� DW� ILUVW�� EHFDXVH� FRPPRQ� VHQVH� WHOOV� XV� WKDW�� D� GHQVH� FROOHFWLRQ� RI� VWURQJO\�

LQWHUDFWLQJ�SDUWLFOHV�VKRXOG�EH�EXPSLQJ�LQWR�HDFK�RWKHU�DOO�WKH�WLPH��UHVXOWLQJ�LQ�UHGLUHFWLRQ�DQG�

SHUKDSV� ORVV� RI� HQHUJ\� IRU� WKH�SDUWLFOHV��7KLV� LGHD�DW� ILUVW� VHHPV� WR�YLRODWH�3DXOL
V� H[FOXVLRQ�

SULQFLSOH��EXW�LW�GRHV�QRW��.HHS�LQ�PLQG�WKDW�WKH�H[FOXVLRQ�SULQFLSOH�LWVHOI�KDV�EHHQ�GHYLVHG�LQ�WKH�

ILUVW�SODFH�GXH�WR�WKH�ODFN�RI�LQIRUPDWLRQ�DERXW�WKH�JHRPHWULFDO�VWUXFWXUH�RI�WKH�HOHFWURQ�VKHOOV���

)LJ����

/HW�XV�KDYH�D�FORVHU�ORRN�DW�WKH�QXFOHXV��$VVXPLQJ�VRPH�VRUW�RI�FORVH�SDFNLQJ�DUUDQJHPHQW�IRU�

WKH�QXFOHRQV��DQG�DVVXPLQJ�WKDW�WKH�QXFOHXV�LV�SHUFHLYHG�DV�D�WKUHH�GLPHQVLRQDO�REMHFW��LW�FDQ�

EH�VKRZQ�WKDW�WKH�OHDVW�QXPEHU�RI�QRGHV�D�WKUHH�GLPHQVLRQDO�VWUXFWXUH�FDQ�KDYH�LV�HTXDO�WR�

IRXU�� DQG� WKDW� WKH� VLPSOHVW� VWDEOH� VWDFNLQJ� VWUXFWXUH� LV� WKDW� RI� D� WHWUDKHGURQ� �)LJ����� )RXU�
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QXFOHRQV�DUH�WKXV�UHTXLUHG�WR�ILOO�WKH�QRGHV�RI�D�WHWUDKHGURQ��$�QXFOHXV�ZLWK�WZR�SURWRQV�DQG�

WZR�QHXWURQV�ZRXOG�WKXV�VDWLVI\�WKH�PRVW�EDVLF�VWDEOH�WKUHH�GLPHQVLRQDO�VWUXFWXUH��ZKLFK�ZRXOG�

LQ�IDFW�JLYH�WKH�QXFOHDU�VWUXFWXUH�RI�+HOLXP���±�RWKHUZLVH�NQRZQ�DV�WKH�DOSKD�SDUWLFOH���

&DOFXODWLRQV�RI�SRWHQWLDO�PRGHO��FRQVWUDLQHG�E\�WKH�KDGURQV�VSHFWUXP�IRU�WKH�FRQILQHPHQW�RI�WKH�

UHODWLYLVWLF� TXDUN>��@� � DQG� FRORXUHG� TXDUN� H[FKDQJH� PRGHO>��@�� DUH� DOVR� FRQVLVWHQW� ZLWK� D�

WHWUDKHGURQ�IRUPDWLRQ�RI�WKH�QXFOHXV��$OVR�QRWH�WKDW�WKLV�WHWUDKHGURQ�VWUXFWXUH�LV�QRW�VRPHWKLQJ�

QHZ�� EXW� GDWHV� EDFN� WR� ����� LQ� WKH� ZRUN� RI� /LQXV� 3DXOLQJ�>��@� 2QFH� DOO� IRXU� QRGHV� RI� D�

WHWUDKHGURQ�DUH�RFFXSLHG��WKH�QH[W�QXFOHRQ�FDQQRW�EH�SHUPLWWHG�DW�WKH�VDPH�HQHUJ\�OHYHO��DQG�

WKH� QH[W� VSKHULFDO� VWDQGLQJ� ZDYH>��@� �VSKHULFDO� WHWUDKHGURQ�� KDV� WR� VWDUW� IRUPLQJ�� 5HFHQWO\��

WHWUDKHGURQ� VWUXFWXUHV� KDYH� UHJDLQHG� LQWHUHVW� LQ� WKH� VWXG\� RI� WKH� QXFOHDU� VWUXFWXUH�>�@� 7KLV�

WKHRU\� DOVR� H[SODLQV� WKH� HPLVVLRQ� RI� DOSKD� SDUWLFOHV� IURP� WKH� QXFOHXV�� 0DQ\� UDGLR�QXFOLGHV�

DFKLHYH�LQFUHDVHG�QXFOHDU�VWDELOLW\�E\�HPLWWLQJ�DQ�DOSKD�SDUWLFOH��D�WHWUDKHGUDO�VWUXFWXUH��UDWKHU�

WKDQ�D�VLQJOH�SURWRQ�RU�QHXWURQ��7KLV�VXJJHVWV�WKDW�PDQ\�LVRWRSHV�FRQWDLQ�RQH�RU�PRUH�DOSKD�

SDUWLFOHV�LQ�WKHLU�QXFOHXV��

)LJ����

,I� \RX�FRQVLGHU�HYHU\�SDUWLFOH��EHLQJ� LW� D�SURWRQ��QHXWURQ��RU�HOHFWURQ��DV�EHLQJ�UHVWULFWHG� LQ�

VSDFH�UHODWLYH�WR�LWV�QHLJKERXU�SDUWLFOH�E\�WKH�VKDSH�RI�D�SDUWLFXODU�VWUXFWXUH��VSKHULFDO�VWDQGLQJ�

ZDYH���WKHUH�ZRXOG�EH�QR�QHHG�IRU�DQ\�SULQFLSOH�WR�VKRZ�KRZ�DQG�ZK\�WKHVH�SDUWLFOHV�FDQ�QHYHU�

FROOLGH�ZLWK�HDFK�RWKHU��VLQFH�WKH\�ZRXOG�EH�VHDWLQJ�ZLWKLQ�WKH�QRGHV�RI�WKH�IUDPH��:H�NQRZ�

WKDW�FROOLVLRQV�EHWZHHQ�HOHFWURQV�RU�QXFOHRQV�LQ�D�SDUWLFOH�DUH�YHU\�LQIUHTXHQW��$V�,�VKDOO�GLVFXVV�

ODWHU� RQ�� WKH� SRVVLELOLW\� WKDW� PDWWHU� H[LVWV� LQ� KLJKHU� GLPHQVLRQV� WKDQ� WKUHH� PXVW� QRW� EH�

H[FOXGHG�� LQ�ZKLFK� FDVH�� WZR�GLVWLQFW� WKUHH�GLPHQVLRQDO�REMHFWV�FDQ�RYHUODS�ZLWKLQ�WKH�VDPH�

WKUHH�GLPHQVLRQDO�VSDFH�ZLWKRXW�FROOLGLQJ���,Q�IDFW�IURP�P\�RZQ�VSDFH�WLPH�FRQYHUVLRQ�V\VWHP�

>��@�RQH�FDQ�HDVLO\�GHGXFH�WKDW�PDVV�LV�D�WKUHH�GLPHQVLRQDO�VWUXFWXUH�RI�HQHUJ\��WKDW�LV�D�VL[�

GLPHQVLRQDO�XQLW��DQG�QRW�D�VWUXFWXUH�RI�SRLQW�SDUWLFOHV��

1RWH�LQ�WKH�DERYH�GLDJUDP��)LJ����WKDW�HDFK�QXFOHRQ�LV�LWVHOI�D�VSKHULFDO�WHWUDKHGURQ��HDFK�RI�

ZKLFK�KDV�WKUHH�RI�LWV�QRGHV�WRXFKLQJ�WKH�QHLJKERXULQJ�QXFOHRQV��DQG�RQH�WRXFKLQJ�WKH�H[WHUQDO�

VSKHULFDO� WHWUDKHGURQ�RI� WKH� IRUPDWLRQ��7KXV� WKH�QRGHV�RI� WKH�VSKHULFDO� WHWUDKHGUDO�VWDQGLQJ�

ZDYH��DUH� IRUPHG�DW� WKH�SRLQWV�ZKHUH�WKH�VWDFNHG�QXFOHRQV�WRXFK�WKH�H[WHUQDO�VSKHUH��,Q�D�

WKUHH�GLPHQVLRQDO�QXFOHXV��D�WHWUDKHGUDO�VWDFN�FRQVLVWLQJ�RI� IRXU�QXFOHRQV��VXFK�DV�DQ�DOSKD�

SDUWLFOH�� FDQ� DFFRPPRGDWH� DQ� LQILQLWH� QXPEHU� RI� VWDFNHG� OD\HUV�� ZKLOH� NHHSLQJ� WKH� VDPH�

SURSHUWLHV�RI�D�WHWUDKHGURQ���)RU�H[DPSOH�LI�VL[�RWKHU�QXFOHRQV�DUH�DGGHG�DW�WKH�EDVH�RI�D�IRXU�
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QXFOHRQ�WHWUDKHGUDO�VWDFN��D�QHZ�WHWUDKHGUDO�VWUXFWXUH�FRQVLVWLQJ�RI�WHQ�QXFOHRQV�ZLOO�EH�IRUPHG��

KDYLQJ�LWV�WKUHH�RXWHUPRVW�QXFOHRQV�WRXFKLQJ�D�ELJJHU�H[WHUQDO�VSKHULFDO�WHWUDKHGURQ���

:KDW�GRHV�DQ�LQFRPSOHWH�WHWUDKHGURQ�VWDQGLQJ�ZDYH�ORRN�OLNH�

8S�WR�QRZ�ZH�KDYH�FRQVLGHUHG�ILOOHG�XS�VKHOOV�ZKLFK�HTXDWH�WR�D�FRPSOHWH�VSKHULFDO�WHWUDKHGURQ��

HTXLYDOHQW�WR�WKH�+HOLXP���QXFOHXV��)LJ�����%XW�ZKDW�GRHV�WKH�VWDQGLQJ�ZDYH�ORRN�OLNH�ZKHQ�WKH�

QXPEHU�RI�QRGHV�LV�QRW�HTXDO�WR�WKH�QXPEHU�RI�YHUWLFHV��IRU�H[DPSOH�LQ�D�+\GURJHQ�QXFOHXV"�

'RHV� WKLV� UHVXOW� LQ� D� QRQ�XQLIRUP� VWUXFWXUH�ZLWKLQ� WKH� VSKHULFDO� VWDQGLQJ�ZDYH"�+RZ� FDQ� D�

VSKHULFDO�ZDYH�FRQWDLQ�RQH��WZR�RU�WKUHH�QRGHV"�,Q�WKH�DQDORJRXV�VLWXDWLRQ�RI�WKH�HOHFWURQ�VKHOO�

PRGHO��FKHPLVWV�MXVW�SXW�XS�WKH�QH[W�VKHOO�DQG�SODFH�WKH�H[WUD�HOHFWURQV�RUELWLQJ�DURXQG��EXW�

WKLV�SLFWXUH�LV�WRWDOO\�ZURQJ���

/HW� XV� DVVXPH� WKDW� D� FRPSOHWH� VKHOO� VWUXFWXUH�� VD\�VKHOO� 
V
� KDV� MXVW�EHHQ�FRPSOHWHG�DQG�D�

VSKHULFDO�WHWUDKHGURQ�KDV�IRUPHG��:H�NQRZ�WKDW�WKUHH�VLPLODU�VSKHULFDO�VWDQGLQJ�ZDYHV��NQRZQ�

DV� VXEVKHOO� S��DUH�QRZ�UHTXLUHG�XQWLO�ZH�KDYH�HQRXJK�QRGHV�WR�FUHDWH�D�ELJJHU�WHWUDKHGURQ�

VKHOO��$Q�DQDORJRXV�H[DPSOH�WR�WKLV�SURFHVV�LV�ZLWK�WKH�FDVH�RI�XVLQJ�DQ�RVFLOORVFRSH�WUDFH�ZKLOH�

LQFUHDVLQJ� WKH� LQSXW� IUHTXHQF\�� ,I� WKH�ZDYH�VLJQDO� IUHTXHQF\�DW� LWV� LQSXW�PDWFKHV�H[DFWO\� LWV�

WLPH�EDVH�IUHTXHQF\�I��WKHQ��D�VLQJOH�ZDYH�ZLOO�DSSHDU�DW�D�VWDQGVWLOO�RQ�WKH�VFUHHQ��,I�ZH�GRXEOH�

WKH�LQSXW�IUHTXHQF\�WR��I���ZH�VHH�WZR�VWDQGVWLOO�ZDYHV�RQ�WKH�VFUHHQ��%XW�ZKDW�GR�ZH�VHH�LQ�

EHWZHHQ�WKH�WZR�IUHTXHQFLHV"�,I�RQH�LQFUHDVHV�WKH�IUHTXHQF\�VORZO\�IURP�I�WR��I��WKH�UHVXOW�LV�

WKDW�WKH�VLQJOH�ZDYH�ZLOO�VWDUW�PRYLQJ�DFURVV�WKH�VFUHHQ�XQWLO�LW�VORZV�GRZQ�DJDLQ�DQG�µPRUSKV¶�

LQWR�WKH�VKDSH�RI�WZR�ZDYHV��7KLV�LV�H[DFWO\�ZKDW�KDSSHQV�DW�WKH�QXFOHDU�OHYHO�DV�H[WUD�QRGHV�

DUH�DGGHG��7KLV�PRYHPHQW�RI�WKH�VWDQGLQJ�ZDYH�UHVXOWV�LQ�527$7,21�RU�VSLQ�RI�WKH�VWUXFWXUH��

XQWLO�LW�EXLOGV�XS�IXUWKHU�QRGHV�DQG�
VORZV�GRZQ
�LQWR�WKH�QHZ�]HUR�VSLQ�FRPSOHWH�VKHOOV��$QRWKHU�

DQDORJ\��WKLV�WLPH�PHFKDQLFDO��LV�WKDW�RI�D�WZR�VSRNH�ZKHHO�EHLQJ�YLHZHG�XQGHU�WKH�OLJKW�RI�D�

VWURERVFRSH��6ORZLQJ�GRZQ�WKH�VSHHG�RI�WKH�ZKHHO�ZLOO�UHVXOW�LQ�WKH�REVHUYDWLRQ�RI�D�VWDWLRQDU\�

WZR��IRXU��VL[��HLJKW�«�VSRNH�ZKHHO��)RU�UHYROXWLRQV�ZKLFK�DUH�QRW�H[DFW�LQWHJHU�IUDFWLRQV�RI�WKH�

VWURERVFRSH�IUHTXHQF\��WKH�VSRNHV�ZLOO�DSSHDU�WR�EH�HLWKHU�LQ�UDQGRP�SRVLWLRQV��RU�URWDWLQJ�DQG�

WKH�REVHUYHU�FDQQRW�GHWHUPLQH�WKH�DFWXDO�QXPEHU�RI�VSRNHV��

$OO� LQFRPSOHWH�� VSKHULFDO���G� VWDQGLQJ�ZDYHV�KDYH�QRQ�]HUR� VSLQ�YDOXHV�DQG�DUH�SLFWXUHG�DV�

YDULRXV�VWDQGLQJ�ZDYH�FRPSRQHQWV��=HUR�VSLQ�DQG�FRPSOHWH�VKHOOV�DUH�DFKLHYHG�DW�WKH�VDPH�

WLPH� IRU� WKH� VDPH� UHDVRQ� �� WKH� QXPEHU� RI� QRGHV� DUH� HTXDO� WR� WKH� QXPEHU� RI� QRGHV� RI� D�

VSKHULFDO� SODWRQLF�� +\GURJHQ���� KDV� D� QRQ� ]HUR� VSLQ� VLQFH� LW� KDV� ���� WKH� QRGHV� UHTXLUHG� WR�

FRPSOHWH�WKH�VPDOOHVW�DQG�VLPSOHVW�VSKHULFDO�WHWUDKHGURQ��ZKLFK�LV�DFKLHYHG�E\�D�PLQLPXP�RI�

IRXU�QRGHV�HTXLYDOHQW�WR�WKH�DOSKD�SDUWLFOH��ZKLFK�LQ�IDFW�GRHV�KDYH�D�]HUR�VSLQ���

)RU�PDQ\�\HDUV��SK\VLFLVWV�KDYH�NQRZQ�WKDW�HQHUJ\�SDUWLFOHV�VSLQ�DV�WKH\�WUDYHO��)RU�H[DPSOH��

HOHFWURQV�DSSHDU�WR�EH�FRQWLQXDOO\�PDNLQJ�VKDUS�����GHJUHH�WXUQV�RU�KDOI�VSLQV�DV�WKH\�PRYH�

WKURXJK�WKH�DWRP��4XDUNV�DUH�RIWHQ�VHHQ�WR�PDNH�RQH�WKLUGV�DQG�WZR�WKLUGV�VSLQV�ZKHQ�WKH\�

WUDYHO��1R�RQH�LQ�WKH�PDLQVWUHDP�KDV�SURYLGHG�D�WUXO\�DGHTXDWH�H[SODQDWLRQ�DV�WR�ZK\�WKLV�LV�

KDSSHQLQJ��,Q�RXU�PRGHO��VSLQ�LV�MXVW�WKH�PRYHPHQW�RI�WKH�VSKHULFDO�VWDQGLQJ�ZDYH�ZKHQHYHU�

WKH�VWUXFWXUH�RI�QRGHV�GRHV�QRW�µOHQG�LWVHOI¶�WR�FUHDWH�D�FRPSOHWH�WKUHH�GLPHQVLRQDO�VWUXFWXUH���

�
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:KDW¶V�ZURQJ�ZLWK�WKH�VWDQGDUG�PRGHO�

7KH�FRQYHQWLRQDO�
EXQFK�RI�JUDSHV
�QXFOHDU�VWUXFWXUH��)LJ����GHVFULEHG�LQ�WKH�VWDQGDUG�PRGHO�>��@�

KDV�ELJ�IODZV��DQG�ODFNV�WR�SUHGLFW�WRR�PDQ\�ZHOO�NQRZQ�FKDUDFWHULVWLFV�RI�WKH�QXFOHXV��2QH�RI�

LWV�ELJJHVW�IODZV��LV�WKDW�LW�UHJDUGV�DOO�HOHPHQWDU\�SDUWLFOHV�DV�SRLQW�SDUWLFOHV��]HUR�GLPHQVLRQ���

ZKLFK�UHVXOWV� LQ� LQILQLWH�HQHUJ\��ZKHQ�HOHFWULF� ILHOG�HQHUJ\� LV�WDNHQ�LQWR�DFFRXQW��+RZHYHU��LW�

GRHV�JLYH�XV�D�YDJXH�FOXH� WKDW�PXOWLSOH� VSKHULFDO� VWDQGLQJ�ZDYHV� FDQ�FRPELQH� LQWR�DQRWKHU�

ELJJHU�HQWLW\��ZKLOH�PDLQWDLQLQJ�WKHPVHOYHV�DV�VHSDUDWH�LGHQWLILDEOH�VLPLODU�VWUXFWXUHV��(YLGHQFH�

IRU�WKLV�FOXVWHUHG�VWUXFWXUH�FRPHV�IURP�HOHFWURQ�DQG�DOSKD�SDUWLFOH�HPLVVLRQV�IURP�WKH�DWRP���

+RZHYHU� GXH� WR� WKH� ODFN� RI� D� GHILQHG� VWUXFWXUH�� WKH� FRQYHQWLRQDO�


EXQFK�RI�JUDSHV
�PRGHO�WHQGV�WR�EH�DQ�RYHUO\�FRPSOLFDWHG�PRGHO��,Q�

VXFK� D�PRGHO�� WKHUH� LV� WKH�QHHG� IRU� WKH�QXFOHDU�ELQGLQJ�HQHUJ\� WR�

RYHUFRPH� WKH� WHQGHQF\� RI� WKH� QXFOHDU� FRPSRQHQWV� WR� IO\� DSDUW��

EHFDXVH�RI�WKH�PXWXDO�UHSXOVLRQ�RI�WKH�SRVLWLYH�SURWRQ�FKDUJHV��7KH�

PDVV�GHILFLHQF\�RI�DWRPLF�QXFOHL�KDV�EHHQ�K\SRWKHVL]HG�DV�WKH�FDXVH��������������������������������

RI� WKLV� QXFOHDU� ELQGLQJ�� DQG� IRU� WKLV� WR� WDNH� SODFH�� D� QHZ� W\SH� RI�

VWURQJ�IRUFH�KDV�EHHQ�K\SRWKHVL]HG�WR�H[LVW�LQ�WKH�IRUP�RI�
H[FKDQJH�

IRUFHV
�EHWZHHQ�QXFOHDU�FRPSRQHQWV��7R�FRPSOLFDWH�WKH�LVVXH�IXUWKHU��

D�QHZ�FODVV�RI�SDUWLFOHV�OLNH�WKH�PHVRQ�KDYH�EHHQ�LQYHQWHG�WR�DFFRXQW�IRU�WKH�IRUFH�H[FKDQJH�

PHFKDQLVP��7KLV�K\SRWKHVLV�KDV�LQ�IDFW�QHYHU�EHHQ�SURYHG��7KH�VWDQGDUG�PRGHO�DOVR�JLYHV�QR�

KLQW�WR�WKH�H[LVWHQFH�RI�WKH�QXFOHDU�PDJLF�QXPEHUV�DQG�QR�ZD\�WR�SUHGLFW��RU�HYHQ�H[SODLQ�WKH�

H[LVWHQFH�RI�LWV�REYLRXV�VKHOO�VWUXFWXUH��6LQFH��%RKU
V�RUELWLQJ�HOHFWURQ�PRGHO�IDLOHG�WR�GHVFULEH�

WKH�DFWXDO�RUELWDO�GLVWULEXWLRQ�RI� WKH�HOHFWURQ�FORXG�� LW�KDG�EHHQ�FRQFOXGHG�WKDW� WKH�HOHFWURQV�

PRWLRQ� LV�QRW�JRYHUQHG�E\�DQ\�RUGHUHG�PRWLRQ�RU�VWUXFWXUH��EXW�LV�FRPSOHWHO\�UDQGRP��)URP�

WKDW�WLPH��HYHQ�LI�WRGD\�ZH�QR�ORQJHU�OHDUQ�DERXW�µRUELWLQJ�HOHFWURQV¶��+HLVHQEHUJ�SULQFLSOH�KDV�

XQIRUWXQDWHO\�EHHQ�HVWDEOLVKHG�LQWR�PDLQVWUHDP�VFLHQFH��7KH�LQWHUSUHWDWLRQ�RI�VXFK�SULQFLSOH�LV�

WKDW�WKH�DWRPLF�VWUXFWXUH�DQG�WKH�LQWHUDFWLRQV�RI�LWV�HOHFWURQV�DUH�UDQGRP�DQG�FDQ�EH�GLVFXVVHG�

RQO\�VWDWLVWLFDOO\�DV�SUREDELOLVWLF�GLVWULEXWLRQV�RI�D�UDQGRP�PRWLRQ��2Q�WKH�RWKHU�KDQG��ZH�KDYH�

QDWXUH��WKDW�VKRZV�XV�RWKHUZLVH�±�FU\VWDO�ODWWLFHV>��@�GR�QRW�EXLOG�XS�LQ�UDQGRP�VKDSHV��EXW�LQ�

YHU\� VSHFLILF� VKDSHV� OLNH� VLPSOH� FXELF�� ERG\� FHQWUHG� FXELF�� FXELF� FORVH� SDFNHG� HWF���

8QIRUWXQDWHO\��WR�WKH�SUHVHQW�GD\��VFLHQFH�JDYH�XS�WKH�VHDUFK�IRU�D�
SK\VLFDO
�PRGHO�DQG�PRVW�

SHRSOH� SUHIHU� WR� LJQRUH� KDUG� HYLGHQFH� LQ� IDYRXU� RI� DQ� RXWGDWHG� SULQFLSOH�� UHIHUULQJ� WR�

HOHFWURPDJQHWLF�UDGLDWLRQ�SDWWHUQV��)LJ�����DV�SUREDELOLVWLF�GLVWULEXWLRQ�RI��HOHFWURQ�µFORXGV¶���

)LJ����±�6RPH�µHOHFWURQ�SUREDELOLW\�GHQVLW\¶�SORWV�IRU�WKH�+\GURJHQ�DWRP�

2QH�FDQ�VROYH�WKH�ELQGLQJ�IRUFH�SUREOHP��E\�VKRZLQJ�WKDW�WKH�PRVW�VWDEOH�QXFOHL��DUH�WLJKWO\�

ERXQG�GXH�WR�EHLQJ�LQ�WKH�VWDEOH�QRGDO�SRVLWLRQV�RI�D�VSKHULFDO�VWDQGLQJ�ZDYH��%HIRUH�JRLQJ�LQWR�

WKH� DFWXDO� K\SHU� JHRPHWULF� VWUXFWXUH� PRGHO� RI� WKH� QXFOHXV�� ZH� VKDOO� ILUVW� KDFN� WKH� PDJLF�

QXPEHU�VHTXHQFH�LQWR�D�SUHGLFWDEOH�WKUHH�GLPHQVLRQDO�FRQILJXUDWLRQ��
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'HULYLQJ�WKH�0DJLF�1XPEHU�VHTXHQFH�XVLQJ�D�SK\VLFDO�PRGHO�

7KH�ILUVW�DWWHPSWV�WR�KDFN��RU�UHYHUVH�HQJLQHHU��WKH�0DJLF�QXPEHU�VHTXHQFH�LQWR�D�JHRPHWULF�

SURJUHVVLRQ�E\� WKH�XVH�RI�D�SK\VLFDO�PRGHO��GDWH�EDFN�WR������GXULQJ�3DXOLQJ
V�UHVHDUFK>��@��

)URP�KLV�UHFRUGV�ZH�FDQ�VHH�WKDW�WRGD\¶V�PDJLF�QXPEHUV�DUH�H[DFWO\�WKH�VDPH�DV�WKRVH�OLVWHG�

XQGHU� KLV� 
2EVHUYHG
� YDOXHV�� 8QIRUWXQDWHO\� LW� VHHPV� WKDW� 3DXOLQJ� QHYHU� JRW� D� VROXWLRQ� WR�

JHQHUDWH�WKH�FRUUHFW�VHTXHQFH��

$Q�LQWHUHVWLQJ�FKDUDFWHULVWLF�RI�WKH�FROOHFWLRQ�RI�SURWRQV�DQG�QHXWURQV�LV�WKDW�D�QXFOHXV�RI�RGG�

PDVV�QXPEHU�$�ZLOO�KDYH�D�KDOI�LQWHJHU�VSLQ�DQG�D�QXFOHXV�RI�HYHQ�$�ZLOO�KDYH�DQ�LQWHJHU�VSLQ��

7KLV�KLJKO\�VXJJHVWV�WKDW�WKH�UHDO�VWUXFWXUH�LV�EDVHG�RQ�SDLULQJ�RI�QXFOHRQV��7KH�VXJJHVWLRQ�WKDW�

DQJXODU�PRPHQWD�RI�QXFOHRQV�WHQG�WR�IRUP�SDLUV�LV�VXSSRUWHG�E\�WKH�IDFW�WKDW�DOO�QXFOHL�ZLWK�

HYHQ� =� DQG� HYHQ� 1� KDYH� QXFOHDU� VSLQ� , ��� ,Q� WKLV� VHFWLRQ�� ZH� ZLOO� QHHG� WR� VWDFN� SDLUV� RI�

WHWUDKHGURQV�LQ�RXU�QXFOHDU�VWUXFWXUH��VR�,�VKDOO�ILUVW�FLWH�WKH�WULDQJXODU�DQG�WHWUDKHGURQ�QXPEHU�

VHTXHQFHV�
� >�����@

� 7KHVH� DUH� YHU\� VLPSOH� QXPHULFDO� VHTXHQFHV�ZKLFK�DUH�YHU\�XVHIXO� IRU� WKLV�

VWXG\��

7ULDQJXODU�1XPEHUV��

�

$�WULDQJXODU�QXPEHU�LV�D�QXPEHU�WKDW�FDQ�EH�DUUDQJHG�LQ�WKH�VKDSH�RI�DQ�HTXLODWHUDO�WULDQJOH��

7KH�QWK� WULDQJXODU�QXPEHU� LV� WKH� VXP�RI� WKH� ILUVW�Q�QXPEHUV�DGGHG�XS�� IRU�H[DPSOH���� ���

����� ���������� ������������ ����HWF���7KH�VHTXHQFH�RI�WULDQJXODU�QXPEHUV�LV��

�������������������������������

7KH�IRUPXOD�IRU�WKH�QWK�WULDQJXODU�QXPEHU�LV�JLYHQ�E\��

75,�Q�� ��Q����Q������

�

6TXDUH�1XPEHUV���UHODWLRQ�WR�WULDQJOH�QXPEHUV�

$Q�LPSRUWDQW�UHODWLRQ�ZH�ZLOO�ILQG�XVHIXO��EHWZHHQ�VTXDUH�DQG�WULDQJXODU�QXPEHUV�LV��

645�Q�� �75,�Q������75,�Q�� �Q��
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7HWUDKHGUDO�1XPEHUV��

$QDORJRXVO\��D�WHWUDKHGUDO�QXPEHU��LV�D�QXPEHU�WKDW�FDQ�EH�DUUDQJHG�OLNH�D�WHWUDKHGURQ��

)LJ������'�YLHZ�RI�WHWUDKHGUDO�VWDFN�

7KH�QWK�WHWUDKHGUDO�QXPEHU�LV�WKH�VXP�RI�WKH�ILUVW�Q�WULDQJXODU�QXPEHUV�DGGHG�XS��IRU�H[DPSOH�

��� �������� ���������� ����HWF���7KH�VHTXHQFH�RI�WHWUDKHGUDO�QXPEHUV�LV�WKXV��

������������������������������� ����

�
7KH�IRUPXOD�IRU�WKH�QWK�WHWUDKHGUDO�QXPEHU�LV�JLYHQ�E\��

7(75$�Q�� ��Q����Q������Q����

�

+DFNLQJ�WKH�0DJLF�HOHPHQWV�VWUXFWXUH�

1RZ�OHW¶V�VHH�KRZ�WKHVH�WZR�QXPEHU�VHULHV�DSSO\�WR�D��'�WHWUDKHGUDO�SDFN�RI�QXFOHRQV��/HYHO�

Q ��LV�WKH�WRS�OHYHO���WKH�EODFN�VSKHUH��OHYHO�Q ��LV�WKH�UHG��Q ��LV�WKH�\HOORZ�DQG�VR�RQ����7KH�

ILUVW�HTXDWLRQ� IRU� WKH�WULDQJXODU�QXPEHUV�DW�Q ��JLYHV�XV�WKH�QXPEHU�75,��� ���6R����LV�WKH�

QXPEHU�RI�VSKHUHV� LQ�WKH�\HOORZ� OD\HU��3XWWLQJ�Q ��LQ�WKH�WHWUDKHGUDO�HTXDWLRQ��JLYHV�XV�WKH�

QXPEHU� 7(75$��� ���� DQG� WKDW� LV� HTXDO� WR� WKH� WRWDO� RI� VSKHUHV�PDNLQJ�XS� WKH� WHWUDKHGURQ�

ZKRVH�EDVH�LV�IRUPHG�E\�WKH�\HOORZ�VSKHUHV��WKDW�LV��WKH�WRWDO�RI�\HOORZ��UHG�DQG�EODFN�VSKHUHV��

,I�RQH�ZDQWV�WR�ILQG�WKH�QXPEHU�RI�VSKHUHV�UHTXLUHG�IRU�WKH�ZKROH���OD\HU�WHWUDKHGURQ��LW�ZLOO�EH�

WKH�ILIWK�QXPEHU�LQ�WKH�WHWUDKHGURQ�QXPEHU�VHULHV��RU�7(75$�����WKDW�LV�����,I�\RX�VXEWUDFW�WKH�

�WK�WULDQJXODU�QXPEHU�IURP�����\RX�JHW�WKH�QXPEHU�RI�VSKHUHV�RI�WKH�ZKROH�WHWUDKHGURQ��OHVV�

WKH�EOXH�VOLFH��ZKLFK�ZLOO�EH�7(75$����75,��� ������� ������

�

�

�

�

�

�
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1H[W�ZH�ZLOO�DSSO\�WZR�RWKHU�IDFWV�DOUHDG\�PHQWLRQHG�WR�KDFN�WKH�PDJLF�QXPEHU�VWUXFWXUH��)DFW�

QR��� LV� WKDW�QXFOHL�XS�WR�PDJLF�QXPEHU�= ���KDYH�HTXDO�QXPEHUV�RI�SURWRQV�DQG�QHXWURQV��

ZKLOVW� IRU� =!���� WKH� EDODQFH� LV� ORVW�� )DFW� QR��� LV� WKDW� IURP� WKH� ELQGLQJ� HQHUJ\� JUDSK� RI�

HOHPHQWV��IURP�ZKLFK�LW�LV�FOHDU�WKDW�WKH�QXFOHL�EXLOG�XS�DV�D�GRXEOH�VWUXFWXUH>��@��)URP�IDFW�

QR���ZH�GHGXFH�WKDW�XS�WR�WKH�IRUPDWLRQ�RI�WKH�VWUXFWXUH�FRQWDLQLQJ����SURWRQV��WKH�QXFOHXV�ZLOO�

ORRN�DV�D�SHUIHFWO\�V\PPHWULFDO�VWUXFWXUH��LQ�HOHFWURPDJQHWLF�WHUPV��D�SHUIHFW�GLSROH��$FWXDOO\�

DGGLQJ�D�VLPLODU�VWUXFWXUH�IRU�QHXWURQV��LW�ZLOO�ORRN�DV�D�SHUIHFW�TXDGUXSROH��)URP�IDFW�QR����ZH�

GHGXFH�WKDW�HDFK�WHWUDKHGURQ� OHYHO��EXLOGV�XS� LQ�SDLUV��DQG�WKH�QH[W� OHYHO� WHWUDKHGURQ� LV�QRW�

VWDUWHG�XQOHVV�ERWK�SDLUV�RI�WKH�SUHYLRXV�VWDJH�KDYH�EHHQ�FRPSOHWHG���

)LJ��� 

�

$SSO\LQJ�WKHVH�UXOHV�ZH�FDQ�QRZ�VWDUW�IURP�OHYHO�Q ��XQWLO�ZH�JHW�WR�= ���DW�Q ���

)RU�Q ���7(75$��� ���VR�WKH�GRXEOH�WHWUD�VWUXFWXUH�FORVHV�DW��[�� ���

)RU�Q ���7(75$��� ���VR�WKH�GRXEOH�WHWUD�VWUXFWXUH�FORVHV�DW��[�� ���

)RU�Q ���7(75$��� ����VR�WKH�GRXEOH�WHWUD�VWUXFWXUH�FORVHV�DW���[�� ����

<RX�PD\�KDYH�DOUHDG\�QRWLFHG��WKDW�WKHVH�DUH�WKH�ILUVW���RI�WKH�PDJLF�QXPEHU�VHULHV��

��������������������������

�

�

�

�

�

�
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1RZ�WKDW�ZH�DUH�DW�= ����Q ����ZH�NQRZ�WKDW�WKH�JHRPHWULFDO�V\PPHWU\�IURP�KHUH�RQ�LV�ORVW��

WKDW� LV�� WKH� GRXEOH� VWUXFWXUH� �RU� �� GLPHQVLRQDO� GLSROH�� ZLOO� QR� ORQJHU� DFW� DV� WZR� SHUIHFW�

WHWUDKHGURQ� VWUXFWXUHV�� DQG� VR�� ZH� FDQ� QR� ORQJHU� DVVXPH� D� VLPSOH� V\PPHWULF� GRXEOH�

WHWUDKHGUDO�VWUXFWXUH��+RZHYHU�� WKLQJV�GR�QRW�FRPSOLFDWH�PXFK��EHFDXVH�ZKDW�KDSSHQV�IURP�

KHUH�LV�WKDW�WKH�WZR�WHWUDKHGURQ�SDLUV�QRZ�KLQJH�WRJHWKHU�RU�VKDUH�WKH�VDPH�VSDFH��PXFK�OLNH�

FRYDOHQW�ERQGV�DUH�NQRZQ�WR�VKDUH�WKH�VDPH�RUELWV�LQ�FKHPLVWU\��,Q�HOHFWURPDJQHWLF�WHUPV��WKH�

GLSROH� ZLOO� QR� ORQJHU� DFW� DV� D� SXUHO\� UHVLVWLYH� HOHFWURPDJQHWLF� VWDQGLQJ� ZDYH�� EXW� EHFRPH�

VOLJKWO\�UHDFWLYH�GXH�WR�WKHLU�RYHUODS���

)LJ�����

)RU� H[DPSOH�� LI� ZH� WDNH� WKH� DERYH� ��� QXFOHRQ� WHWUDKHGURQ� �Q ��� VKRZQ� LQ� )LJ��� �OHIW��� LWV�

FRPSDQLRQ�WHWUD�ZLOO�EH�XQGHUQHDWK�LW��LQ�LQYHUWHG�SRVLWLRQ��ZLWK�LWV�JUHHQ�OD\HU�RFFXS\LQJ�WKH�

VDPH� VSDFH� SUHYLRXVO\� RFFXSLHG� E\� WKH� EOXH� OD\HU� �WULDQJXODU� OHYHO� � Q���� RI� WKH� WRS�

WHWUDKHGURQ� �)LJ��� ULJKW��� 7KH� JUHHQ� OD\HU� RI� WKH� ODWWHU�� ZLOO� DOVR� RFFXS\� WKH� VDPH� VSDFH�

SUHYLRXVO\�RFFXSLHG�E\�WKH�EOXH�OD\HU�RI�WKH�LQYHUWHG�WHWUD��7KXV��WKH�WRWDO�QXPEHU�RI�QXFOHRQV�

IRU�WKH�PDJLF�GXDO�VWUXFWXUH�IRU�Q ���ZRXOG�EH�JLYHQ�E\�0DJLF�Q�� ��>7(75$�Q��75,�Q���@�

 ���������� �����7KLV�VLPSOH�UXOH� LV�REVHUYHG�IRU�DOO�PDJLF�QXFOHL�KDYLQJ�=!����WKDW�LV�IRU�

Q!���7KH�WDEOH�EHORZ�VKRZV�KRZ�WKHVH�QXPEHUV�FDQ�EH�HDVLO\�ZRUNHG�RXW�E\�VXEWUDFWLQJ�WKH�

UHVSHFWLYH�WULDQJXODU�KLQJH�OD\HU��Q����IURP�HDFK�WHWUDKHGURQ�QXPEHU��DQG�PXOWLSO\�WKH�UHVXOW�

E\�WZR�WR�JHW�WKH�QXPEHU�RI�QXFOHRQV�RI�WKH�FRPSOHWH�GRXEOH�VWUXFWXUH��7KH�ERQGLQJ�OD\HU��DV�

FKHPLVWV�ZRXOG�FDOO�LW��LV�DOZD\V�RQH�OD\HU�DERYH�WKH�EDVH�RI�WKH�WHWUDKHGURQ��

�

/HYHO�Q� �� �� �� �� �� �� �� ��

7(75$��Q�� �� �� ��� ��� ��� ��� ��� ����

75,��Q���� �� �� �� �� ��� ��� ��� ���

7RWDO�QXFOHRQV�SHU�GRXEOH�VWUXFWXUH�0DJLF�Q��
�0DJLF�QXPEHU�FORVHG�VKHOO�=�VHTXHQFH��

)RU����Q�����=�Q�� ��7(75$�Q��
)RU�Q!���=�Q� ��>7(75$�Q��75,�Q���@�

�� �� ��� ��� ��� ��� ���� ����

7DEOH���
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�

�
�

�
�

�
�

�
�

�

�

�

�

 
 
 
 
 

)LJ����±�5HVLVWLYH��OHIW��	�5HDFWLYH��ULJKW��GLSROH�FRQILJXUDWLRQV�

7KH� ORZHVW�YDOXHV�������DQG����DJUHH�ZLWK�LQGHSHQGHQW�QXFOHRQ�PRWLRQ�LQWR�D�VLQJOH�SDUWLFOH�

SRWHQWLDO��OLNH�D�KDUPRQLF�RVFLOODWRU��1XFOHRQV¶�VWDFNLQJ�SRVLWLRQV�RFFXU�DW�WKH�YHUWLFHV�RI�WKH�WZR�

VSKHULFDO�VWDQGLQJ�ZDYHV�RU�WKH�UHVLVWLYH�FRQILJXUDWLRQ��VKRZQ�DERYH�LQ�)LJ����0DWKHPDWLFDOO\�

WKH�VHTXHQFH�RI�FRPSOHWH�VKHOO�QXFOHRQ�QXPEHUV�IRU�=� ���LV�JLYHQ�E\�WKH�VDPH�HTXDWLRQ�WKDW�

JLYHV�WKH�WRWDO�QXPEHU�RI�VSKHUHV�RI�WZR�V\PPHWULFDO�WHWUDKHGURQ�VWDFNV�IRUPLQJ�DQ�LGHDO��'�

GLSROH��

)RU����Q�����=� �0DJLF�Q�� ��7(75$�Q�� �Q����Q����Q����

)RU����Q�����0DJLF�Q�� ��Q����Q���Q����

JLYLQJ�VHULHV������������

7KH�PDJLF�QXPEHUV�������������DQG�����DJUHH�WR�WKRVH�QXFOHL�ZLWK�D�VWURQJ�VSLQ�RUELW�FRXSOLQJ�

�E\�0DULD�0D\HU�DQG�-HQVHQ��ZKLFK�KDYH�WKH�PHQWLRQHG�QXFOHDU�FR�YDOHQW�ERQG�W\SH�VWUXFWXUH�

DV� GLVFXVVHG� DERYH�� 1XFOHRQ� VWDFNLQJ� SRVLWLRQV� RFFXU� DW� WKH� YHUWLFHV� RI� WKH� WZR� VSKHULFDO�

VWDQGLQJ�ZDYHV�VKRZQ�RQ�WKH�ULJKW��RU�WKH�UHDFWLYH�FRQILJXUDWLRQ�RI�WKH�DERYH�ILJXUH��6R��IRU�

=!����WKH�WRWDO�QXPEHU�RI�QXFOHRQV�LV�JLYHQ�E\�WKH�DERYH�HTXDWLRQ��OHVV�D�SDLU�RI�WZR�WULDQJXODU�

OD\HUV� ZKLFK� UHSUHVHQW� WKH� ELQGLQJ� HQHUJ\� �RU� QXFOHDU� DQRPDORXV� � PDVV� GHILFLHQF\��� ,Q�

HOHFWURPDJQHWLF�WHUPV��WKLV�ELQGLQJ�HQHUJ\�RU�PLVVLQJ�PDVV�LV�GXH�WR�WKH�UHDFWLYH�FRPSRQHQW�RI�

WKH�FDSDFLWLYH�GLSROH��D�VLWXDWLRQ�DQDORJRXV�WR�WKH�UHDO�DQG�DSSDUHQW�HOHFWULF�SRZHU�LQ�UHDFWLYH�

ORDGV�ZH�OHDUQ�LQ�HOHFWULFDO�WKHRU\���

)RU�Q!���0DJLF�Q�� ��7(75$�Q�����75,�Q���� ��Q����Q����Q������Q�Q����

)RU�Q!���0DJLF�Q�� ��Q����Q�����

JLYLQJ�VHULHV������������������������«��
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:H�KDYH�WKHUHIRUH�ILQDOO\�KDFNHG�WKH�PDJLF�QXPEHU�VHTXHQFH�LQWR�D�SK\VLFDO�PRGHO�EDVHG�RQ�

WKH�GRXEOH�WHWUDKHGURQ�VWUXFWXUH�DQG�VLPSOH�GLSROH�VWUXFWXUH�RI�WKH�QXFOHXV�DV�SURSRVHG�KHUH��

1RW� RQO\� GR� WKH� DERYH� WZR� JHRPHWULFDO� VHTXHQFHV� GHULYH� DOO� NQRZQ� PDJLF� QXPEHUV�����������������

����������������������������EXW�DOVR�GHULYH�WKH�PDJLF�QXPEHU������ZKLFK�LV�SUHGLFWHG�E\�PDQ\�

VFLHQWLVWV�WR�EH�WKH�QH[W�KLJKHU�PDJLF�QXPEHU��,�KDYH�DOVR�VKRZQ�KRZ�WRGD\¶V�FODVVLFDO�
EXQFK�

RI� JUDSHV
� QXFOHDU�PRGHO� FDQ� EH� JHRPHWULFDOO\� DUUDQJHG� IRU� WKH�PDJLF�QXFOHRQV� FDVH��ZKLOH�

JLYLQJ� D� SODXVLEOH� H[SODQDWLRQ� IRU� WKH� PLVVLQJ� PDVV� WKDW� LV� QRUPDOO\� DWWULEXWHG� WR� ELQGLQJ�

HQHUJ\�� %LQGLQJ� HQHUJ\� KDV� EHHQ� UHSODFHG� E\� WKH� HOHFWURPDJQHWLF� HQHUJ\� ZKLFK� KROGV� WKH�

QXFOHRQV�IL[HG�XSRQ�WKH�QRGHV�RI�D�VSKHULFDO�VWDQGLQJ�ZDYH��

�

'HULYLQJ�WKH�4XDQWXP�WKHRU\�QXFOHRQ�DQG�HOHFWURQ�VKHOO�FDSDFLW\��

,I� ZH� VOLFH� D� VWDFNHG� WHWUDKHGURQ� LQ� WZR� OHYHO� OD\HUV��ZH� ILQG� RXW� WKDW� WKH� WRWDO� QXPEHU� RI�

QXFOHRQV�DJUHHV�ZLWK�WKDW�SUHGLFWHG�IURP�4XDQWXP�7KHRU\�IRU�HDFK�TXDQWXP�VKHOO��DVVXPLQJ�

WKDW�WKH�QXPEHU�RI�SURWRQV�DQG�QHXWURQV�DUH�HTXDO��

/HYHO�Q� �� �� �� �� �� �� �� ��

6KHOO�QXPEHU�Q� � ��.�� � ��/�� � ��0�� � ��1��

75,�Q�� �� �� �� ��� ��� ��� ��� ���

1XFOHRQV�LQ�4XDQWXP�6KHOO� ��
1XFOHRQV�LQ�WZR�OHYHO�VOLFH� ��
75,���Q����75,��Q�±���

� �� � ��� � ��� � ���

)RU�WKH�FDVH�3URWRQV �òQXFOHRQV� � �� � �� � ��� � ���

�
7DEOH���

,I�ZH�GHILQH�HDFK�SULQFLSDO�TXDQWXP�VKHOO�QXPEHU�Q��DV�D�WZR�OHYHO�VOLFH�RI�D�WHWUDKHGURQ��WKHQ���

WKH�QXPEHU�RI�QXFOHRQV�SHU�VOLFH� �75,�Q����75,�Q����ZKHUH�Q �Q��$V�DOUHDG\�PHQWLRQHG��WKH�

VXP� RI� WZR� FRQVHFXWLYH� WULDQJXODU� QXPEHUV� LV� DOZD\V� WKH� VTXDUH� QXPEHU� RI� WKH� KLJKHVW�

WULDQJXODU�OHYHO��

7KH�WRWDO�QXPEHU�RI�SURWRQV�RU�HOHFWURQV�LQ�VXFK�D�VOLFH� �ò��WRWDO�QXFOHRQV�LQ�VOLFH�

6R��=PD[� �ò�>75,��Q�����75,��Q����@�

=PD[� �ò�Q
���

=PD[� �ò�>��Q
� @�

=PD[� ��Q
����JLYLQJ�WKH�VHTXHQFH��������������IRU�SULQFLSDO�TXDQWXP�QXPEHUV��������«�

�

7KLV�LV�WKH�ZHOO�NQRZQ�HPSLULFDO�IRUPXOD�ZKLFK�GHILQHV�WKH�PD[LPXP�QXPEHU�RI�HOHFWURQV�LQ�WKH�

VHW� RI� RUELWDOV�� DOVR� NQRZQ� E\� WKHLU� VSHFWURVFRSLF� GHVLJQDWLRQ� .�� /�� 0�� 1�� HWF�� ��� :H� QRZ�

UHFRQILUP�� WKDW� HDFK� TXDQWXP� VKHOO�� LV�PDGH� XS� RI� WZR� VXE� VKHOOV�� RU�D� WZR� OD\HU� VOLFH�RI�D�

WHWUDKHGUDO� VWUXFWXUH��ZKLFK� LV�FRPSRVHG�RI� WKH�WULDQJXODU� OHYHOV�75,��Q��DQG�75,��Q� ������ ,W�

WKXV�IROORZV��WKDW�WKH�HOHFWURQ�VWUXFWXUH�LV�FORVHO\�UHODWHG�RU�VLPSO\�D�GLUHFW�HIIHFW�RI�WKH�QXFOHDU�

VWUXFWXUH��7KLV�LV�WKH�VDPH�DV�VD\LQJ�WKDW�WKH�IDU�ILHOG�UDGLDWLRQ�SDWWHUQ�RI�D�UDGLR�DQWHQQD��FDQ�

EH�GLUHFWO\�GHGXFHG�E\�NQRZLQJ�HLWKHU�LWV�QHDU�ILHOG�SDWWHUQ��RU�LWV�GLSROH�VWUXFWXUH>��@���
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1XFOHDU�VWUXFWXUH�RI�LQHUW�JDVHV�

7ZR� LQGHSHQGHQW� WHWUDKHGURQ� VWDFNV� ZLOO� HDFK� JHQHUDWH� =PD[� VHTXHQFH� ��� ��� ���� ��� «�� � $�

WHWUDKHGURQ�VWDFN�SDLU�ZRXOG�JHQHUDWH�=PD[�VHTXHQFH����������������������������«���$�VLPSOH[�

VWDFN�SDLU�KDYLQJ�WKHLU�WRS�VLPSOH[�SURMHFWHG�RYHU�WKH�VDPH�VSDFH�LQ��'��ZLOO�WKXV�JHQHUDWH�=PD[�

VHTXHQFH�������������������������«�� �DQG�EH� OLNH�WZR�WHWUDKHGUDO�VWDFN�VWUXFWXUHV�ZLWK�WKHLU�

XSSHUPRVW�WHWUDKHGURQV�RYHUODSSLQJ�WKH�VDPH�VSDFH��,W�ZLOO�DOVR�EH�HTXLYDOHQW�WR�D�FRQYHQWLRQDO�

HOHFWURQ�VKHOO�VWUXFWXUH��V��VS��VS��VSG��VSG��VSGI��VSGI��

%XLOGLQJ� XS� WKH� GXDO� RYHUODSSLQJ� VWDFN�� JLYHV� WKH� HOHPHQW� VHTXHQFH� ��� ����� �������

���������� ������������� ���������������� ������������������ ZKLFK� UHVXOWV� LQ�

HOHPHQWV����������������������������±�ZHOO�NQRZQ�DV�WKH� LQHUW�JDVHV��LQFOXGLQJ�WKH�UHFHQWO\�

GLVFRYHUHG�8QRQRFWLXP���HOHPHQW��������$JDLQ�� WKH� VKDULQJ�RI� WKH�WRS�WHWUDKHGURQ� LQGLFDWHV�

KLJKHU�GLPHQVLRQDO�HQWLWLHV��7DNLQJ�LQWR�DFFRXQW�ERWK�SURWRQV�DQG�QHXWURQV��WKH�VWUXFWXUH�ZLOO�

ORRN�OLNH�IRXU�WHWUDKHGUDO�VWDFNV��VKDULQJ�D�FRPPRQ�FHQWUDO�WHWUDKHGURQ��)RU�WKH�VDNH�RI�FODULW\��

ILJXUH����VKRZV�RQO\�WZR�RI�WKH�WHWUDKHGUDO�VWDFNV��WKH�RWKHU�WZR�ZRXOG�EH�VWDFNHG�RYHU�WKH�

RWKHU�WZR�IDFHV�RI�WKH�FHQWUDO�WHWUDKHGURQ��

)LJ�����

7KLV� SK\VLFDO� PRGHO� DOVR� XQYHLOV� D� SURSHUW\� RI� PDVV� ZKLFK� LV� QRW� \HW� FRQFHLYHG� LQ� WRGD\
V�

VFLHQFH�OLWHUDWXUH���WKH�UHDFWLYH�RU�LPDJLQDU\�FRPSRQHQW�RI�PDVV��$V�LV�HDVLO\�REVHUYHG�DERYH��

DOO�PDJLF�QXPEHU�VWUXFWXUHV�FDQ�EH�XQGHUVWRRG�LQ�WHUPV�RI�HOHFWURPDJQHWLF�HQHUJ\�FRPSRQHQWV��

DQG�VLQFH�VXFK�FRPSRQHQWV�DUH�FRPSOH[� LQ�QDWXUH��FRPSOH[�PHDQV�WKH\�KDYH�ERWK�UHDO�DQG�

LPDJLQDU\�SDUWV���D�VWUXFWXUH�ZKLFK�FDQ�EH�FRPSOHWHO\�GHVFULEHG� LQ�VXFK�WHUPV�ZLOO�KDYH�WKH�

VDPH�SURSHUWLHV�RI�LWV�FRQVWLWXHQWV��/RRNLQJ�DW�WKH�SHULRGLF�WDEOH�RI�HOHPHQWV��RQH�VKRXOG�QRW�

RQO\� YLVXDOLVH� QXFOHRQV� VLPSO\� EXQFKLQJ� XS� DV� WHWUDKHGUDO� VWDFNV� RI� KDUG� VWHHO� EDOOV�� EXW�

�K\SHU�WHWUDKHGUDO� VWDFNV� RI� VSKHULFDO� HOHFWURPDJQHWLF� VWDQGLQJ�ZDYHV�ZLWK�YDU\LQJ� UHDO� DQG�

LPDJLQDU\�HQHUJ\�FRPSRQHQWV��6SLQ�DQG�DQJXODU�PRPHQWXP�DUH�GLUHFW�HIIHFWV�RI�WKH�LPDJLQDU\�

FRPSRQHQWV��2QO\�ZKHQ�ZH�WDNH�WKHVH�FRPSRQHQWV�LQWR�DFFRXQW��FDQ�ZH�VWDUW�WR�DSSUHFLDWH��

SUHGLFW�DQG�PDVWHU�WKH�SURSHUWLHV�RI�WKH�HOHPHQWV���

�
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7HWUDKHGUDO�RU�+\SHUWHWUDKHGUDO�VWDFNLQJ"��

7KH�VWUXFWXUH� IRU� WKH�SDLU�RI� WHWUDKHGURQV� IRU�=!����VKRZQ� LQ�)LJ���� OHDGV�RQH�WR�FRQVLGHU�D�

K\SHUWHWUDKHGURQ� �VLPSOH[� RU� KLJKHU� GLPHQVLRQ�� W\SH� RI� VWDFNLQJ�� LQ� IDYRXU� RI� WKH� VLPSOH�

WHWUDKHGURQ�VWDFNLQJ��7R�XQGHUVWDQG�ZK\��OHW
V�DQDO\VH�D�VLPSOHU�VLWXDWLRQ�ZLWK�D�SDLU�RI�WKUHH�

GLPHQVLRQDO�VSKHUHV��DV�VKRZQ�EHORZ�LQ�)LJXUH�����

)LJ�����

<RX�FDQ�VHH�WZR�GLIIHUHQW�FDVHV��VKRZLQJ�WKH��'�VSKHUHV�DW�D�GLIIHUHQW�DQJOH�RI�SURMHFWLRQ�RQWR�

D��'�SODQH��RQH�DW�VD\��WLPH W��DQG�DQRWKHU�DW�WLPH�W W�'W��7KH�UHODWLRQ�RI�WKHLU�SRVLWLRQ�ZLWK�

UHVSHFW�WR�WKH��'�SURMHFWLRQ�SODQH�LV�GHVFULEHG�E\�WKH�SURMHFWLRQ�RU�SKDVH�DQJOH��,Q�UHDO�OLIH�ZH�

FDQ�VHH�WKH��'�YLHZ�ZLWK�QR�SUREOHP��,I�RQH�WDNHV�SKRWRV�IURP�XQGHUQHDWK�WKHP�KRZHYHU��RU�

VLPSO\�SURMHFWV�WKHLU�VKDGRZV�RQ�D�VFUHHQ��WKH�UHVXOW�ZRXOG�EH�WKDW�VKRZQ�LQ�WKH��'�SURMHFWLRQ��

1RZ��LI�RQH�KDV�JRW�RQO\�D�SKRWR�RI�WKH��'�SURMHFWLRQ��LW�ZLOO�EH�FRQIXVLQJ��VLQFH�LW�ZLOO�DSSHDU�

WKDW�WZR�LQGLYLGXDO�FLUFOHV��ORZHU�OHIW��DUH�PHUJLQJ�LQWR�WZR�RYHUODSSLQJ�FLUFOHV��ORZHU�ULJKW���7KH�

VXUIDFH�DUHD�RI� WKH�WZR�FLUFOHV�RQ�WKH�ULJKW�LV�OHVV�WKDQ�WKDW�RI�WZR�VHSDUDWH�FLUFOHV��DQG�FDQ�

GLPLQLVK�WR�WKH�VXUIDFH�DUHD�RI�D�VLQJOH�FLUFOH��DW�ZKLFK�SRLQW�WKH�REVHUYHU�FDQQRW�HYHQ�NQRZ�

ZKHWKHU� WKHUH� LV�RQH�RU� WZR�FLUFOHV��7KH�REVHUYHU�ZLOO� FDOO� WKH�HIIHFW�DV�PLVVLQJ�DUHD��DQG� LI�

GHQVLW\��LQ�D��'�ZRUOG�OLNH�)ODWODQG��LV�GHILQHG�DV�PDVV�SHU�XQLW�DUHD��WKH�HIIHFW�ZRXOG�EH�WKDW�RI�

D�PLVVLQJ�PDVV���

1RZ�� \RX� GR� QRW� UHDOO\� KDYH� WR� LPDJLQH� ZKDW� D� �'� K\SHU� VSKHUH� ZRXOG� ORRN� OLNH� �LW� LV�

LPSRVVLEOH��HYHQ�LI�\RX�WU\���EXW�MXVW�DSSO\�ZKDW�\RX�XQGHUVWRRG�IRU�WKH�ORZHU�GLPHQVLRQDO�FDVH��

WR�WKH�FDVH��ZKHUH�WKH�VSKHUHV�H[LVW�LQ��'��DQG�WKH�SURMHFWLRQ�LV�RQ�D��'�NLQG�RI�VFUHHQ��7ZR�

K\SHU� VSKHUHV� VHSDUDWHG� DW� D� GLVWDQFH� JUHDWHU� WKDQ� WKHLU� GLDPHWHU�� ZRXOG� ORRN� OLNH� WZR�

LQGHSHQGHQW� �'� VSKHUHV�� DQG� WKH� LPDJH�ZRXOG� ORRN� OLNH� LW� LV� WKH� UHDO� WKLQJ��%XW�ZKHQ� WKHLU�

KRUL]RQWDO�GLVWDQFH�LV�GHFUHDVHG��RU�WKH�SKDVH�DQJOH�LQFUHDVHV��VWUDQJH�WKLQJV�VWDUW�WR�KDSSHQ��

7KH\� VHHP� WR�EH�RYHUODSSLQJ� LQWR� WKH� VDPH�VSDFH��XQWLO� \RX� FDQ�VHH�RQO\�RQH�VSKHUH��2QH�

ZRXOG�DFWXDOO\�VHH�WKH�WZR�VHSDUDWH�PDVVHV�FRPELQLQJ�LQWR�D�VLQJOH�PDVV��VKDULQJ�WKH�VDPH��
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VSDFH�XQWLO�WKHLU�PDVV�EHFRPHV�WKDW�RI�D�VLQJOH�VSKHUH��7KH�REVHUYHU�ZLOO�FDOO�WKH�HIIHFW�RI�WKH�

PLVVLQJ�YROXPH�DV�PLVVLQJ�PDVV���D� µPDVV�GHIHFW¶��DV�(LQVWHLQ�FDOOHG�LW��DFFRPSDQLHG�ZLWK�D�

UHVSHFWLYH�LQFUHDVH�LQ�LQWHUQDO�RU�ELQGLQJ�HQHUJ\��,Q�WKH�PDFUR�ZRUOG��WKH�HIIHFW�ZLOO�VKRZ�DV�D�

GHFUHDVH� LQ�GHQVLW\��RU�FKDQJH�RI�SKDVH�RI�PDWWHU� IURP�VROLG� WR� OLTXLG�WR�JDV�WR�SODVPD�DQG�

ILQDOO\�WR�YDFXXP��DFFRPSDQLHG�ZLWK�D�UHVSHFWLYH�LQFUHDVH�LQ�LQWHUQDO�HQHUJ\��$V�\RX�FDQ�VXUHO\�

XQGHUVWDQG��ZKHQ�VXFK�HIIHFW� LV�REVHUYHG�� LW� LV�D�FOHDU�LQGLFDWLRQ��WKDW�\RXU�LPDJH�LV�QRW�WKH�

FRPSOHWH�SLFWXUH��DQG�WKDW�WKH�UHDO�WKLQJ�LV�RSHUDWLQJ�DW�D�KLJKHU�GLPHQVLRQDO�OHYHO��2QH�FDQQRW�

UHDOO\�NQRZ�LI�LW
V�MXVW�RQH�RU�PDQ\�OHYHOV�XS��EXW�LW�LV�FHUWDLQ�WKDW�WKH�REVHUYHG�GLPHQVLRQ�LV�D�

OLPLWHG�SURMHFWLRQ�RI�WKH�HQWLW\�EHLQJ�REVHUYHG��$QG�WKDW
V�H[DFWO\�ZKDW
V�KDSSHQLQJ�ZLWK�RXU�

WHWUDKHGUDO� VWDFNLQJ� ZLWKLQ� WKH� QXFOHXV�� )RU� =����� ZH� VHH� SDLUV� RI� �'� WHWUDKHGUDO� VWDFNLQJ�

RSHUDWLQJ�DV�QRUPDO��'�VWDFNV�ZRXOG�GR��2QO\�DV�=�LQFUHDVHV�IXUWKHU��ZH�UHDOL]H�WKDW�VWUDQJH�

WKLQJV�VWDUW�WR�KDSSHQ��WKH�SDLU�RI�WHWUDKHGUDO�VWDFNV�RYHUODS�DQG�SDUWO\�VKDUH�WKH�VDPH�VSDFH��

UHVXOWLQJ�LQ�D�PDVV�GHIHFW��$W�WKDW�VWDJH��LW�EHFRPHV�FOHDU�WKDW�D�WHWUDKHGUDO�QXFOHDU�PRGHO�LV�

MXVW�D�OLPLWHG�SURMHFWLRQ�LQ��'��RI�D�KLJKHU�GLPHQVLRQDO�HQWLW\���D�K\SHUWHWUDKHGUDO�VWDFN��<RX�

ZLOO�QRZ�FOHDUO\�XQGHUVWDQG��WKDW�LI�ZH�GHILQH�PDVV�DV�D��'�HQWLW\��LW�ZLOO�DOZD\V�EH�D�VKDGRZ�

HIIHFW�� ,Q�RWKHU�ZRUGV�� WKH�WHUP�PDVV�UHIHUV�WR�WKH�DSSDUHQW�FRPSRQHQW�RI�D�PXFK�FRPSOH[�

HQWLW\��7KLV�LV�WKH�UHDVRQ�RI�WKH�ORQJ�WLPH�IDLOXUH�RI�JHQHUDWLQJ�D��'�SK\VLFDO�PRGHO�WR�UHSUHVHQW�

WKH�FRPSOHWH�OLVW�RI�NQRZQ�HOHPHQWV��7KH�YDULDEOH�SKDVH�DQJOH�LV�WKH�UHDVRQ�IRU�ZKLFK�D�QXFOHDU�

PRGHO�FDQQRW�DVVXPH�DQ\�VLQJOH�VSHFLILF�SKDVH�RI�PDWWHU��6LPLODUO\�WR�HOHFWURQLF�FRPSRQHQWV��

ZKHUH�LQ�SUDFWLFH��QR�FRPSRQHQW�FDQ�EH�DVVXPHG�SXUHO\�UHVLVWLYH�RU�SXUHO\�UHDFWLYH��WKH�SKDVH�

RI�PDWWHU�DQG�KHQFH�RI�WKH�QXFOHXV��FDQQRW�EH�FRQVLGHUHG�WR�EH�HLWKHU�SXUHO\�VROLG��RU�SXUHO\�

YDFXXP�HQHUJ\��ERWK�RI�ZKLFK�DUH�SXUHO\�WKHRUHWLFDO�OLPLWV��6XFK�PRGHO�PXVW�EH�FRQVLGHUHG�DV�

D�K\SHU�GLPHQVLRQDO�VWUXFWXUH��RWKHUZLVH��DOO�WKRVH�HOHPHQWV�ZKLFK�GR�QRW�KDSSHQ�WR�SURMHFW�

LQWR�D�VLPSOH�HQRXJK��'�VWUXFWXUH�OLNH�WKH�FDVH�IRU�PDJLF�QXPEHUHG�QXFOHRQV�DQG�LQHUW�JDVHV��

ZLOO� KDYH� VSLQ�� ZKLFK� ZLOO� UHVXOW� LQ� D� URWDWLQJ�RYHUODSSLQJ� WKUHH� GLPHQVLRQDO� SURMHFWLRQ� RI�

K\SHUWHWUDKHGUDO�VWDFNV�SRSSLQJ�LQ�DQG�RXW�RI�WKH��'�µVFUHHQ¶���
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