
�
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5XD�GRV�%UDJDV�������3RUWR�&2'(;��3RUWXJDO�
7HO�������������������)D[�����������������
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$EVWUDFW�� ,Q� WKLV� SDSHU� ZH� DGGUHVV� WKH� 3�1(7�
0HGLXP� $FFHVV� &RQWURO� �0$&�� DELOLW\� WR� VFKHGXOH�
WUDIILF� DFFRUGLQJ� WR� LWV� UHDO�WLPH� UHTXLUHPHQWV�� LQ�
RUGHU� WR� VXSSRUW� UHDO�WLPH� GLVWULEXWHG� DSSOLFDWLRQV��
:H�SURYLGH�D�VFKHGXODELOLW\�DQDO\VLV�EDVHG�RQ�WKH�3�
1(7� VWDQGDUG�� DQG� SURSRVH� PHFKDQLVPV� WR�
RYHUFRPH�SULRULW\�LQYHUVLRQ�SUREOHPV�UHVXOWLQJ�IURP�
WKH�XVH�RI�),)2�RXWJRLQJ�EXIIHUV��

��� ,QWURGXFWLRQ�
:LWKLQ� LQGXVWULDO� FRPPXQLFDWLRQ� V\VWHPV��
ILHOGEXV�QHWZRUNV�DUH�VSHFLDOO\�GHYRWHG�IRU�WKH�
LQWHUFRQQHFWLRQ� RI�SURFHVV� FRQWUROOHUV�� VHQVRUV�
DQG� DFWXDWRUV�� DW� WKH� ORZHU� OHYHOV� RI� WKH�
DXWRPDWLRQ�KLHUDUFK\��ZKHUH�IXOILOPHQW�RI�WLPH�
FRQVWUDLQWV�LI�RIWHQ�D�PDQGDWRU\�UHTXLUHPHQW��

,Q� WKH�FRQWH[W�RI� WKLV�SDSHU��ZH�FRQVLGHU� WLPH�
FRQVWUDLQWV�RU�GHDGOLQHV��DV�WKH�PD[LPXP�GHOD\�
EHWZHHQ� VHQGLQJ� D� UHTXHVW� DQG� UHFHLYLQJ� WKH�
UHODWHG� UHVSRQVH� DW� WKH� DSSOLFDWLRQ� OHYHO�� ,Q�
RWKHU� ZRUGV�� ZH� DUH� HPSKDVLVLQJ� WKH�
DVVRFLDWLRQ� RI� GHDGOLQHV� WR� PHVVDJHV� F\FOHV�
�UHTXHVW�IROORZHG�E\�UHVSRQVH�DW�WKH�DSSOLFDWLRQ�
OHYHO���

7KH�PHVVDJH�F\FOH�GHOD\�LV�PDGH�XS�RI�PXOWLSOH�
IDFWRUV��VXFK�DV�WUDQVPLVVLRQ�WLPH��IUDPH�OHQJWK�
�� WUDQVPLVVLRQ� UDWH��� SURWRFRO�SURFHVVLQJ� WLPH��
SURSDJDWLRQ�GHOD\�RU�DFFHVV�DQG�TXHXLQJ�GHOD\��
$V� ZH� DUH� GHDOLQJ� ZLWK� UHDO�WLPH�
FRPPXQLFDWLRQ� DFURVV� D� VKDUHG� WUDQVPLVVLRQ�
PHGLXP�� WKH� PRVW� UHOHYDQW� IDFWRUV� WR� RXU�
DQDO\VLV� DUH� WKH� DFFHVV� DQG� TXHXLQJ� GHOD\V��
ZKLFK� KHDYLO\� GHSHQG� RQ� WKH�0HGLXP� $FFHVV�
&RQWURO��0$&��PHFKDQLVP��

'LIIHUHQW�DSSURDFKHV�IRU�WKH�0$&�PHFKDQLVP�
KDYH�EHHQ�DGRSWHG�E\�ILHOGEXV�FRPPXQLFDWLRQ�
V\VWHPV�� $V� VLJQLILFDQW� H[DPSOHV�� ZH� FDQ�
PHQWLRQ� WKH� WLPHG� WRNHQ� SURWRFRO� LQ�3URILEXV�

>�@�� WKH� FHQWUDOLVHG� SROOLQJ� LQ� ),3� >�@�� WKH�
&60$�&$� LQ� &$1� >�@� DQG� 9LUWXDO� 7RNHQ�
3DVVLQJ�LQ�3�1(7�>�@���

5HFHQWO\�� VHYHUDO� VWXGLHV� RQ� WKH� DELOLW\� RI�
ILHOGEXV� QHWZRUNV� WR� FRSH� ZLWK� UHDO�WLPH�
UHTXLUHPHQWV�KDYH�EHHQ�SUHVHQWHG��VXFK�DV�>�@�
RQ�&$1��>�@�DQG�>�@�RQ�),3�DQG�ILQDOO\�>�@�DQG�
>�@�RQ�3URILEXV��

,Q� WKLV� SDSHU� ZH� DGGUHVV� WKH� 3�1(7
V�0$&�
DELOLW\� WR� VFKHGXOH� ILHOG� OHYHO� WUDQVDFWLRQV�
DFFRUGLQJ� WR� LWV� UHDO�WLPH� UHTXLUHPHQWV�� LQ�
RUGHU� WR� VXSSRUW� UHDO�WLPH� GLVWULEXWHG�
DSSOLFDWLRQV�� 7KH� SURSRVHG� 3�1(7� SUH�UXQ�
WLPH� VFKHGXODELOLW\� DQDO\VLV� LV� EDVHG� RQ� WKH�
NQRZOHGJH� RI� WKH� ILHOG� OHYHO� WUDQVDFWLRQV�
WLPLQJ� UHTXLUHPHQWV�� H[SUHVVHG� E\� PHDQV� RI�
PHVVDJH� F\FOHV� OHQJWK� DQG� GHDGOLQH�� :H�
KLJKOLJKW�WKH�GUDZEDFN�LPSRVHG�E\�WKH�)LUVW�,Q�
)LUVW� 2XW� �),)2�� EHKDYLRXU� RI� WKH� QHWZRUN�
EXIIHU�� VXJJHVWLQJ� WKHQ� WKH� XVH� RI� D� SULRULW\�
EDVHG�LPSOHPHQWDWLRQ�RI�WKH�QHWZRUN�EXIIHU��

��� 3�1(7�0$&�'HVFULSWLRQ�
3�1(7�LV�D�PXOWL�PDVWHU�VWDQGDUG�EDVHG�RQ�D�
9LUWXDO� 7RNHQ� 3DVVLQJ� �973�� VFKHPH�� ZLWKRXW�
H[SOLFLW�WRNHQ�WUDQVPLVVLRQ�EHWZHHQ�PDVWHUV��

(DFK�PDVWHU� FRQWDLQV� WZR�FRXQWHUV��7KH� ILUVW�
RQH��WKH�$FFHVV�&RXQWHU��$&���KROGV�WKH�QRGH�
DGGUHVV� RI� WKH� FXUUHQWO\� WUDQVPLWWLQJ� PDVWHU��
:KHQ� D� UHTXHVW� KDV� EHHQ� FRPSOHWHG� DQG� WKH�
EXV�KDV�EHHQ�LGOH�IRU����ELW�SHULRGV�����µV�#�
����.ESV��� HDFK� RQH� RI� WKH� $&� FRXQWHUV� LV�
LQFUHPHQWHG� E\� RQH�� 7KH� PDVWHU� ZKRVH� $&�
FRXQWHU� YDOXH� HTXDOV� LWV� RZQ� XQLTXH� QRGH�
DGGUHVV� LV� VDLG� WR� KROG� WKH� WRNHQ�� DQG� LV�
DOORZHG� WR� DFFHVV� WKH� EXV�� :KHQ� WKH� $&�
FRXQWHU� LV� LQFUHPHQWHG� DV� LW� H[FHHGV� WKH�
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´PD[LPXP�1R�RI�0DVWHUVµ��WKH�$&�FRXQWHU�LQ�
HDFK�PDVWHU� LV� SUH�VHW� WR� RQH�� 7KLV� DOORZV� WKH�
ILUVW�PDVWHU� LQ� WKH� F\FOLQJ� FKDLQ� WR�JDLQ�DFFHVV�
DJDLQ��

7KH� VHFRQG� FRXQWHU�� WKH� ,GOH� %XV� %LW� 3HULRG�
&RXQWHU��,%%3&��� LQFUHPHQWV�IRU�HDFK�LQDFWLYH�
EXV� ELW� SHULRG�� 6KRXOG� DQ\� WUDQVDFWLRQV� RFFXU��
WKH� FRXQWHU� LV� UH�VHW� WR� ]HUR�� $V� H[SODLQHG�
DERYH�� ZKHQ� WKH� EXV� KDV� EHHQ� LGOH� IRU� ��� ELW�
SHULRGV�IROORZLQJ�D�WUDQVIHU��DOO�$&�FRXQWHUV�DUH�
LQFUHPHQWHG�E\�RQH��DQG�WKH�QH[W�PDVWHU�LV�WKXV�
DOORZHG�DFFHVV��

,I�D�PDVWHU�KDYH�QRWKLQJ�WR�WUDQVPLW��RU�LQGHHG�
LVQ·W� HYHQ� SUHVHQW��� WKH� EXV� ZLOO� FRQWLQXH�
LQDFWLYH�� )ROORZLQJ� D� IXUWKHU� SHULRG� RI� ���µV�
���� ELW� SHULRGV��� WKH� ,%%3&�ZLOO� KDYH� UHDFKHG�
���� ����� ���«�� DQG� DOO� WKH� $&� FRXQWHUV� ZLOO�
DJDLQ�EH�LQFUHPHQWHG��DOORZLQJ�WKH�QH[W�PDVWHU�
DFFHVV��7KH�YLUWXDO� WRNHQ�SDVVLQJ�ZLOO� FRQWLQXH�
HYHU\����µV��XQWLO�D�PDVWHU�GRHV�UHTXLUH�DFFHVV��

3�1(7�VWDQGDUG�DOVR�VWDQGV�WKDW�HDFK�PDVWHU�LV�
RQO\�DOORZHG�WR�SHUIRUP�D�PHVVDJH�WUDQVDFWLRQ�
SHU�WRNHQ�´YLVLWµ��
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)LJXUH���

$�VODYH�LV�DOORZHG�WR�DFFHVV�WKH�EXV��EHWZHHQ����
DQG� ��� ELW� SHULRGV� DIWHU� UHFHLYLQJ� D� UHTXHVW��
PHDVXUHG�IURP�WKH�EHJLQQLQJ�RI�WKH�VWRS�ELW�LQ�
WKH� ODVW� E\WH� RI� WKH� IUDPH�� 7KH� PD[LPXP�
DOORZHG� GHOD\� LV� WKHQ� ����V� �FRUUHVSRQGLQJ� WR�
���ELW�SHULRGV���

,I�WKH�,%%3&�FRXQWHU�LV�KLJKHU�WKDQ�RU�HTXDO�WR�
����� WKH� WRNHQ� PDVWHU� VKRXOG� VHQG� D� QRUPDO�
IUDPH�RU�D�V\QF��$�V\QF�LV�RQH�E\WH�WKDW�FRQWDLQV�
WKH� QRGH� DGGUHVV� RI� WKH� WRNHQ� PDVWHU�� 1R�
GHYLFH� ZLOO� UHFHLYH� WKH� E\WH� EXW� DOO� ,%%3&�
FRXQWHUV� ZLOO� EH� FOHDUHG�� WKXV� UHVXOWLQJ� LQ� $&�
FRXQWHUV�V\QFKURQLVDWLRQ��

)LJXUH���VXPPDULVHV�WKHVH�YLUWXDO�WRNHQ�SDVVLQJ�
SURFHGXUHV��

��� 3�1(7�6FKHGXODELOLW\�$QDO\VLV�
,Q� WKLV� VHFWLRQ�� ZH� HVWDEOLVK� D� SUH�UXQ�WLPH�
VFKHGXODELOLW\� FRQGLWLRQ� IRU� WKH� 3�1(7�
ILHOGEXV� QHWZRUN�� (VVHQWLDOO\�� ZH� SURYLGH�
IRUPXODH� WR� HYDOXDWH� WKH� PLQLPXP� PHVVDJH�
GHDGOLQH�� DV� IXQFWLRQ� RI� PHVVDJH� OHQJWKV��
QXPEHU� RI� GLIIHUHQW� PHVVDJH� VWUHDPV� DQG�
QXPEHU�RI�3�1(7�PDVWHU�VWDWLRQV��

2XU� SUH�UXQ�WLPH� VFKHGXODELOLW\� DQDO\VLV� LV�
EDVHG�RQ�WKH�DVVXPSWLRQ�WKDW�WKH�LQWHU�DUULYDO�
WLPH�EHWZHHQ�WZR�FRQVHFXWLYH�PHVVDJHV�DW�WKH�
VDPH� PHVVDJH� VWUHDP� LV� ORQJHU� WKDQ� WKH�
GHDGOLQH�RI�WKDW�VWUHDP��7KLV�PHDQV�WKDW�LQ�WKH�
RXWJRLQJ� EXIIHU� WKHUH� ZLOO� QRW� EH� WZR�
PHVVDJHV�IURP�WKH�VDPH�VWUHDP��

����� 1HWZRUN�DQG�0HVVDJH�0RGHOV�

$�QHWZRUN�LV�FRPSRVHG�RI�QP�PDVWHU�VWDWLRQV��
(DFK� N� PDVWHU� VWDWLRQ� KDV� DVVRFLDWHG� QV�N��
PHVVDJH� VWUHDPV�� HDFK� RQH� EHLQJ� D� WHPSRUDO�
VHTXHQFH�RI�PHVVDJH�F\FOHV� �SDLU�RI�PHVVDJHV�
FRQVWLWXWHG�E\�D�UHTXHVW�DQG�D�UHVSRQVH��ZKHQ�
DSSOLFDEOH���FRQFHUQLQJ��IRU�LQVWDQFH��D�VSHFLILF�
SURFHVV� YDULDEOH�� $� PHVVDJH� VWUHDP� LV�
FKDUDFWHULVHG�DV�6L

�N�� ��&L

�N���'L

�N����ZKHUH�&L

�N�
�

GHQRWHV�WKH�OHQJWK�RI�WKH�PHVVDJH�F\FOH��WLPH�
IRU� VHQGLQJ� WKH� UHTXHVW� DQG� UHFHLYH� WKH�
UHVSRQVH�� DQG� 'L

�N�� GHQRWHV� WKH� UHODWLYH�
GHDGOLQH�RI�WKH�PHVVDJH��7KH�PHVVDJH�UHODWLYH�
GHDGOLQH� LV� WKH� PD[LPXP� DGPLVVLEOH� WLPH� WR�
GHOLYHU� LW�� $GGLWLRQDOO\�� ZH� GHQRWH� D� 3�1(7�
ELW�SHULRG�DV�ES���

����� 0D[LPXP�9LUWXDO�7RNHQ�&\FOH�

2XU�DQDO\VLV�LV�EDVHG�RQ�WKH�NQRZOHGJH�RI�WKH�
PD[LPXP� YLUWXDO� WRNHQ� F\FOH� WLPH� �YWF\FOH���
7KLV� WLPH� LV�JLYHQ�E\�WKH�VXP�RI�HDFK�VWDWLRQ�
PD[LPXP�WRNHQ�KROGLQJ�WLPH��
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ZKHUH� ES×7 � FRUUHVSRQGV� WR� WKH� PDVWHU�
UHDFWLRQ�WLPH�DQG� ES×40 �WR�WKH�LPSOLFLW�WRNHQ�
SDVVLQJ� GHOD\�� 7KH� PHVVDJH� F\FOH�
WLPH ( ))(
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� LQFOXGHV� WKH� UHTXHVW� DQG�

UHVSRQVH� PHVVDJH� OHQJWKV� DQG� WKH� UHVSRQGHU�
WXUQ�DURXQG�WLPH��
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����� 'HDGOLQH�&RQVWUDLQW�

7KH� VWDQGDUG� VWDQGV� WKDW� WKH� PDVWHU� UHTXHVWV�
DUH� SDVVHG� WR� WKH� QHWZRUN� OD\HU� EXIIHU�� ZKLFK�
EHKDYHV�DV�D�),)2��7KXV��LQ�WKH�ZRUVW�FDVH��WKH�
PHVVDJH�F\FOH�ZLWK�WKH�HDUOLHVW�GHDGOLQH�PD\�EH�
WKH� ODVW� RQH� WR� EH� WUDQVIHUUHG�� WKDW� LV��ZH�PD\�
KDYH�D�SULRULW\�LQYHUVLRQ�ZLWK�D�OHQJWK��

YWF\FOHQV N ×)( � ����

7KXV�� WKH�3�1(7� WUDIILF� LV� VFKHGXODEOH�� WKDW� LV�
UHDO�WLPH� UHTXLUHPHQWV� DUH�PHW�� LI�� DQG�RQO\� LI��
DW�HDFK�VWDWLRQ�N�ZH�KDYH��
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7KXV�� ZH� PD\� FRQFOXGH� WKDW� RWKHU� TXHXLQJ�
VWUDWHJLHV�� VXFK� DV� SULRULW\� TXHXHV�� UDWKHU� WKDQ�
),)2V�ZRXOG�EH�DGYLVDEOH��

��� 2XWJRLQJ�3ULRULW\�4XHXHV�
:LWK�),)2�RXWJRLQJ�TXHXHV��WKH�VFKHGXODELOLW\�
FRQGLWLRQ�YHU\�PXFK�GHSHQGV�RQ�WKH�OHQJWK�RI�
SULRULW\�LQYHUVLRQV�ZH�PD\�KDYH��7KHVH�SULRULW\�
LQYHUVLRQV�DUH�DV�PXFK�LPSRUWDQW�DV�PRUH�KLJK�
SULRULW\� IORZV� DUH� DVVRFLDWHG� WR� D� SDUWLFXODU�
PDVWHU�VWDWLRQ��

7KLV� VKRUWFRPLQJ� FDQ� EH� DYRLGHG� LI� SULRULW\�
TXHXLQJ� LV� XVHG� LQVWHDG� RI�),)2�TXHXLQJ��:H�
SURSRVH� WKH� XVH� RI� D� GHDGOLQH� EDVHG� SULRULW\�
DOJRULWKP�� ZKHUH� WKH� RXWJRLQJ� TXHXH� LV�
G\QDPLFDOO\�PDQDJHG�EHLQJ�WKH�KLJKHVW�SULRULW\�
PHVVDJH��WKH�RQH�ZLWK�WKH�HDUOLHVW�GHDGOLQH��

2XU� 3�1(7� KLJK� SULRULW\� PHVVDJH� VWUHDPV�
�6KL

�N���DUH�FKDUDFWHULVHG�E\�WKH�UHODWLYH�GHDGOLQH�
�'KL

�N���DQG�WLPH�OHQJWK��&KL
�N���RI�WKHLU�PHVVDJHV��

,I�ZH�DVVXPH�WKHLU�ZRUVW�FDVH�LQWHU�DUULYDO�WLPH��
WKH\�FDQ�EH�FRQYHUWHG�LQWR�SHULRGLF�DUULYDOV��

,W� FDQ� EH� VKRZQ� WKDW� IRU� SHULRGLF� PHVVDJHV��
WKHUH� H[LVWV� D� IHDVLEOH� VFKHGXOH� LI� DQG� RQO\� LI�
WKHUH� H[LVWV� D� IHDVLEOH� VFKHGXOH� IRU� WKH� /&0�
�WKH�OHDVW�FRPPRQ�PXOWLSOH��RI�WKH�SHULRGV�>�@��
0RUHRYHU��LW�FDQ�EH�VKRZQ�WKDW�LI�WKH�PHVVDJHV�
VKDUH� D� FRPPRQ� UHTXHVW� WLPH�� LW� LV� D�
VFKHGXODELOLW\� VXIILFLHQW� FRQGLWLRQ� WKDW�
PHVVDJHV�DUH�VFKHGXODEOH�IRU�WKH�ORQJHVW�SHULRG�
>�@��7KXV�ZH�PXVW�DQDO\VH�WKH�VFKHGXODELOLW\�RI�
D� KLJK� SULRULW\� PHVVDJH� VWUHDPV� VHW� LQ� D� WLPH�
VSDQ��7θ

�N���FRUUHVSRQGLQJ�WR��
( ) ( ){ }N

L
L

N 'K7 max=θ � ����

,W� UHVXOWV� DOVR� IURP� RXU� DSSURDFK� WKDW� ZH�
VKRXOG� HYDOXDWH� WKH� PLQLPXP� ZRUVW� FDVH�
QXPEHU� RI� WRNHQ� YLVLWV� GXULQJ� 7θ

�N���
&RQVLGHULQJ� WKDW� LQ� WKH�ZRUVW� FDVH� WKH� WRNHQ�
ZLOO�YLVLW�WKH�VWDWLRQ�N�HDFK�YWF\FOH��WKH�QXPEHU�
RI�WRNHQ�YLVLWV�GXULQJ�7θ

�N��ZLOO�EH�JLYHQ�E\�WKH�
IROORZLQJ�H[SUHVVLRQ��
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ZKHUH�WKH�VXEWUDFWLRQ�RI�RQH�XQLW�UHVXOWV�IURP�
WKH�ZRUVW�FDVH�VFHQDULR�ZKHUH�PHVVDJH�F\FOHV�
DUH�SDVVHG�WR�WKH�RXWJRLQJ�EXIIHU�MXVW�DIWHU�WKH�
WRNHQ� UHOHDVH� E\� WKH� VWDWLRQ�� DQG� WKH� IORRU�
IXQFWLRQ�UHVXOWV�IURP�7θ

�N��QRW�EHLQJ�D�PXOWLSOH�
RI� YWF\FOH�� )LJXUH� �� LOOXVWUDWHV� WKHVH�
DVVXPSWLRQV��

�

6WDWLRQ�N

YWF\FOH

PD[^'KL
�N�`

)LUVW�WRNHQ�YLVLW�MXVW
EHIRUH�PHVVDJHV�KDYH
EHHQ�SDVVHG�WR�WKH
RXWJRLQJ�EXIIHU

7KXV�WKH
IORRU�IXQFWLRQ

�YLUWXDO�WRNHQ
�DUULYDO

�

)LJXUH���

&RQYHUVHO\� WR� WKH� FDVH� RI� RXWJRLQJ� ),)2�
TXHXHV��LW�FDQ�EH�VKRZQ�WKDW�LI�WKH�QXPEHU�RI�
PHVVDJH� WUDQVDFWLRQV� UHTXHVWV� GXULQJ� 7θ

�N�� LV�
OLPLWHG� WR�1θ

�N��� WKHQ�XVLQJ�D�HDUOLHVW�GHDGOLQH�
ILUVW� EDVHG� DOJRULWKP�� WKH� PHVVDJH� GHDGOLQHV�
DUH� JXDUDQWHHG�� ,Q� IDFW�� LI� ZH� GHILQH� WKH�
FRQFHSW� RI� WRNHQ� XVH� UDWH� E\� D� VWDWLRQ� N� DV�
EHLQJ� WKH� SHUFHQWDJH� RI� WRNHQ� YLVLWV� WKDW� WKH�
VWDWLRQ� XVHV� WR� WUDQVPLW� RQH� KLJK� SULRULW\�
PHVVDJH�� DQDORJLHV� WR� WKH� FDVH� RI� WDVN�
VFKHGXOLQJ� LQ� D� PRQRSURFHVVRU� HQYLURQPHQW�
>�@�FDQ�EH�PDGH���

,Q� >�@� /LX� VKRZHG� WKDW� IRU� D� JLYHQ� VHW� RI�P�
WDVNV�� WKH� GHDGOLQH� GULYHQ� VFKHGXOLQJ�
DOJRULWKP�LV�IHDVLEOH�LI�DQG�RQO\�LI��
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ZKHUH� &L� UHSUHVHQWV� WKH� SURFHVVRU� UXQQLQJ�
WLPH�RI�WDVN�L�DQG�7L�UHSUHVHQWV�LWV�SHULRGLFLW\���
,Q�RWKHU�ZRUGV��WKH�VHW�RI�WDVNV�LV�VFKHGXODEOH�
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LI� WKH� SURFHVVRU� XWLOLVDWLRQ� IDFWRU� �IUDFWLRQ� RI�
SURFHVVRU� WLPH� XVHG� WR� SURFHVV� WDVNV�� LV�
ERXQGHG� WR� �� �LQ� IDFW� WKH� DFWXDO� PD[LPXP�
ERXQG�OLPLW���

6R�� DW� D� RQH� KLJK� SULRULW\� PHVVDJH� SHU� WRNHQ�
YLVLW� EDVLV�� ZH� FDQ� IRUPXODWH� D� GHDGOLQH�
FRQVWUDLQW�DV�IROORZV��
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WKDW� LV�� WKH� QXPEHU� RI� KLJK� SULRULW\� PHVVDJH�
F\FOHV�WUDQVDFWLRQV�UHTXHVWV�� LQ�D�VWDWLRQ�N��WKDW�
DUULYH� ZLWKLQ� WKH� WLPH� FRUUHVSRQGLQJ� WR� WKH�
ORQJHVW�GHDGOLQH��SHULRG���VKRXOG�EH�ORZHU�WKDQ�
WKH� ZRUVW� FDVH� QXPEHU� RI� WRNHQ� YLVLWV� GXULQJ�
WKH�VDPH�WLPH��
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