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:H� SUHVHQW� RSWLPDOLW\� FRQGLWLRQV� IRU� UHDO�WLPH�
PXOWLVHUYHU� V\VWHP� ZLWK� ODUJH� QXPEHU� RI� LGHQWLFDO�
VHUYHUV� DQG� VHYHUDO� QRQ�LGHQWLFDO� FKDQQHOV� ZRUNLQJ�
XQGHU�PD[LPXP� ORDG� UHJLPH�ZLWK� OLPLWHG�PDLQWHQDQFH�
IDFLOLWLHV�� :H� FDOFXODWH� OLPLWLQJ� YDOXHV� RI� V\VWHP�
DYDLODELOLW\�DQG�LWV� ORVV�SHQDOW\�IXQFWLRQ�DQG�VKRZ�KRZ�
WR� REWDLQ� RSWLPDO� DVVLJQPHQW� SUREDELOLWLHV� ZKLFK�
RSWLPL]H�WKHVH�SHUIRUPDQFH�PHDVXUHV��
�
.H\ZRUGV�� DVVLJQPHQW� SUREDELOLWLHV�� DYDLODELOLW\�� ORVV�
SHQDOW\��PDLQWHQDQFH��UHDO�WLPH�V\VWHP�
�
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5HDO�WLPH� V\VWHPV� �576�� DUH� GHILQHG� DV� WKRVH� IRU�
ZKLFK� FRUUHFWQHVV� GHSHQGV� QRW� RQO\� RQ� WKH� ORJLFDO�
SURSHUWLHV� RI� WKH� FRPSXWHG� UHVXOWV�� EXW� DOVR� RQ� WKH�
WHPSRUDO� SURSHUWLHV� RI� WKHVH� UHVXOWV�� ,Q� 576� DQ� DFWLRQ�
SHUIRUPHG�WRR�HDUO\�ODWH��PD\�EH�XVHOHVV��DQG�VRPHWLPHV�
KDUPIXO��([DPSOHV�LQFOXGH�LQGXVWULDO�DXWRPDWLRQ��WUDIILF�
FRQWURO��URERWLFV��LQWHOOLJHQFH�DQG�GHIHQVH�V\VWHPV��HWF��

7KHUH� LV� D� JURZLQJ� FRQVHQVXV� WKDW� WKH� XVH� RI�
DQDO\WLFDO�PHWKRGV�RI�TXHXHLQJ�WKHRU\�>�@�WRJHWKHU�ZLWK�
PRGHUQ� FRPSXWDWLRQ� DSSURDFKHV� �VXFK� DV� $UWLILFLDO�
,QWHOOLJHQFH� $,� >�@�� *HQHWLF� DOJRULWKPV� >��@�� 1HXUDO�
1HWZRUNV� 11� >����@� DQG� (YROXWLRQDU\� &RPSXWDWLRQV�
(&� >�@�� DQG� VLPXODWLRQ� WHFKQLTXHV� �VXFK� DV� 6FRUH�
)XQFWLRQ�>��@�DQG�3HUWXUEDWLRQ�$QDO\VLV�>�@�FRXOG�KDYH�
VLJQLILFDQW�EHQHILWV�LQ�GHYHORSLQJ�576���

7KH�SDUWLFXODU�LQWHUHVW�LQ�576�ZLWK�D�]HUR�GHDGOLQH�
IRU� WKH� EHJLQQLQJ� RI� MRE� SURFHVVLQJ� ZDV� DURXVHG� E\�
PLOLWDU\� LQWHOOLJHQFH� SUREOHPV� LQYROYLQJ� XQPDQQHG� DLU�
YHKLFOHV��8$9���.UHLPHU�DQG�0HKUH]��KDYH�SURYHG�>�@�
WKDW� WKH�QRQ�PL[�SROLF\�PD[LPL]HV�WKH�DYDLODELOLW\�RI�D�
PXOWLVHUYHU�VLQJOH�FKDQQHO�576��,Q�>�@�DQG�>�@�.UHLPHU�
KDYH�DSSOLHG� ELUWK�DQG�GHDWK�SURFHVVHV� LQ�DQDO\VLV� RI� D�
PXOWLVHUYHU�576�ZLWK�GLIIHUHQW�FKDQQHOV�RSHUDWLQJ�XQGHU�
D� PD[LPXP� ORDG� UHJLPH�� ,DQRYVN\� DQG� .UHLPHU� >�@�

KDYH� REWDLQHG� RSWLPDO� DVVLJQPHQW� SUREDELOLWLHV� WR�
PD[LPL]H� DYDLODELOLW\� RI� 576� ZLWK� WZR� GLIIHUHQW�
FKDQQHOV��7KLV�SDSHU�FRQVLGHUV� WKH�PRGHO�GHYHORSHG� LQ�
>�@�DQG�H[WHQGV�WKH�UHVXOWV�RI�>�@�IRU�DUELWUDU\�QXPEHU�RI�
GLIIHUHQW�FKDQQHOV���

2XU� SXUSRVH� LV� WR� FDOFXODWH� OLPLWLQJ� YDOXHV� RI�
DYDLODELOLW\�DQG�ORVV�SHQDOW\�IXQFWLRQ�IRU�576�ZLWK�ODUJH�
QXPEHU� RI� VHUYHUV�� DQG� WKHQ� WR� REWDLQ� RSWLPDO�
DVVLJQPHQW� SUREDELOLWLHV� ZKLFK� RSWLPL]H� WKHVH�
SHUIRUPDQFH�PHDVXUHV��
�
�
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:H� FRQVLGHU� D� 576� ZLWK� D� ]HUR� GHDGOLQH� IRU� WKH�
EHJLQQLQJ�RI�MRE�SURFHVVLQJ��$V�D�PDWWHU�RI�IDFW�PRVW�RI�
PRQLWRULQJ�576�DUH�RI�WKLV�W\SH���
7KH� PRVW� LPSRUWDQW� FKDUDFWHULVWLFV� RI� 576� DUH�
VXPPDUL]HG� LQ� >�@�� -REV� LQ� 576� DUH� H[HFXWHG�
LPPHGLDWHO\� XSRQ� DUULYDO�� FRQGLWLRQDO� RQ� V\VWHP�
DYDLODELOLW\��6WRUDJH�RI�QRQ�FRPSOHWHG�MREV�RU�WKHLU�SDUWV�
LV� LPSRVVLEOH�� 1HYHUWKHOHVV�� TXHXHLQJ� WKHRU\�
PHWKRGRORJ\�FDQ�EH�VXFFHVVIXOO\�DSSOLHG�LQ�DQDO\VLV�RI�
576��

�
$�576� XQGHU� FRQVLGHUDWLRQ� FRQVLVWV� RI� �1� VHUYHUV�

WKDW� SURYLGH� VHUYLFH� IRU� WKH� UHTXHVWV� RI� UHDO�WLPH� MREV��
DUULYLQJ� YLD� U� GLIIHUHQW� FKDQQHOV�� 7KH� V\VWHP� ZRUNV�
XQGHU� D� PD[LPXP� ORDG� RI� QRQVWRS� GDWD� DUULYDO�� 7KXV�
WKHUH� LV� H[DFWO\� RQH� UHTXHVW� RI� UHDO�WLPH� MRE� LQ� HDFK�
FKDQQHO�DW�DQ\�LQVWDQW��DQG�WKHUHIRUH�RQH��VHUYHU�DW�PRVW�
LV� XVHG� WR� SURFHVV� WKH� MRE� LQ� WKH� FKDQQHO�� 7KH� WRWDO�
QXPEHU�RI�ZRUNLQJ�VHUYHUV�LV�DW�PRVW�U��DV�D�QXPEHU�RI�
FKDQQHOV���7KH�L�WK�VHUYHU�FDQ�SURYLGH� �6 �WLPH�XQLWV�RI�
VHUYLFH� EHIRUH� UHTXLULQJ� 5� FRQWLQXRV� WLPH� XQLWV� RI�
PDLQWHQDQFH��DIWHU�ZKLFK�LW�LV�DJDLQ�DYDLODEOH��DQG�VR�RQ��
%RWK� �6 ��L ������1��DQG�5�DUH�LQGHSHQGHQW�H[SRQHQWLDOO\�
GLVWULEXWHG�UDQGRP�YDOXHV�ZLWK�SDUDPHWHUV� � �� UL ��� ��
DQG� � UHVSHFWLYHO\�� 6HUYLFH� RI� D� MRE� FRQWLQXHV� ZKLOH�
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WKHUH�DUH�DYDLODEOH�VHUYHUV�LQ�WKH�V\VWHP��'LIIHUHQW�SDUWV�
RI� WKH� VDPH� MRE� FDQ� EH� SURFHVVHG� E\� GLIIHUHQW� VHUYHUV��
$Q\�SDUW�RI��WKH��MRE��WKDW��LV�QRW��VHUYHG�LPPHGLDWHO\�LQ�
UHDO�WLPH��LV�ORVW��

(DFK� FKDQQHO� KDV� LWV� RZQ� VSHFLILFDWLRQV� DQG�
UHTXLUHV� GLIIHUHQW� NLQGV� RI� VHUYLFH�� 6HUYHU�� ZKLFK� ZDV�
VHQW�WR�PDLQWHQDQFH��LV�DVVLJQHG�WR�WKH�L�WK�FKDQQHO�ZLWK�
SUREDELOLW\� �S �� UL ��� ���,W�JHWV�WKH�DSSURSULDWH�NLQG�RI�
PDLQWHQDQFH�� � DQG� WKHUHIRUH� FDQQRW� EH� VHQW� WR� DQRWKHU�
FKDQQHO�� 7KH� GXUDWLRQ� 5� RI� PDLQWHQDQFH� ZRUN� LV�
H[SRQHQWLDOO\� GLVWULEXWHG� ZLWK� SDUDPHWHU� �� DQG� GRHV�
QRW�GHSHQG�RQ�WKH�DVVLJQHG�FKDQQHO��$IWHU�PDLQWHQDQFH��
WKH� VHUYHU� ZLOO� HLWKHU� EH� RQ� VWDQG�E\� RU� VHUYLQJ� WKH�
DVVLJQHG�FKDQQHO��

,W� LV� DVVXPHG� WKDW� WKHUH� DUH� RQO\� .� � 1. d ��
PDLQWHQDQFH� WHDPV�� 7KXV� D� VKRUWDJH� RI� PDLQWHQDQFH�
WHDPV�RFFXUV�ZKHQ�WKHUH�DUH�PRUH�WKDQ�.�VHUYHUV�RXW�RI�
RUGHU��7KHQ�WKH�VHUYHU�ZLOO�ZDLW�IRU�UHSDLU�LQ�WKH�TXHXH��
�
�
���7+(�352%/(0�$1'�,76�62/87,21�

.UHLPHU� >�@� KDV� VKRZQ� WKDW� VWHDG\� VWDWH�
SUREDELOLWLHV� RI� WKH�576�XQGHU� FRQVLGHUDWLRQ� DUH� JLYHQ�
E\�WKH�IROORZLQJ�IRUPXODH��
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ZKHUH� .Q � � UL ��� �� LV� D� QXPEHU� RI� IL[HG� VHUYHUV�
DVVLJQHG� WR� WKH� L�WK� FKDQQHO�� /000S 12 2 211435 � WKH�
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� 77 S ���
�

)RU� D� PXOWLFKDQQHO� V\VWHP� �U!��� RSHUDWLQJ� XQGHU�
PD[LPXP� ORDG� UHJLPH�� WKH� DYDLODELOLW\� LV� JLYHQ� E\� WKH�
IROORZLQJ�IRUPXOD��VHH�>�@���
������$Y� �(>QXPEHU�RI�EXV\�VHUYHUV@��U�����������������������������
7DNLQJ�LQWR�DFFRXQW�HTXDWLRQV����������ZH�REWDLQ�
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ZKHUH�
@ A � �BCD3 ��������E � LV� WKH� SUREDELOLW\� WKDW� FKDQQHO�N�

� UN ��� ��LV�QRW�VHUYHG��
���� � � F4G � �¦H 
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LV� DQ�DYHUDJH� ORVV� SHQDOW\�FRVW��ZKHUH� M& � � UN ��� �� LV�
WKH�FRVW�RI�WKH�WLPH�XQLW�GXULQJ�ZKLFK�WKH�N�WK�FKDQQHO�LV�
QRW�VHUYHG��SHQDOW\����
$VVHUWLRQ�� � � � � U7&$Y NONO ����������������� PP � �� IRU�

� Q& �� UL ��� ��
)XQFWLRQV� ���� DQG� ���� FDQ� EH� PD[LPL]HG� DQG�

PLQLPL]HG� UHVSHFWLYHO\� IRU� DQ\� ILQLWH� YDOXH� RI�1�� EXW�
RQO\� QXPHULFDOO\� ±� DQDO\WLFDO� VROXWLRQV� DUH� DYDLODEOH��
:KHQ� fo1 �� DQDO\WLFDO� H[SUHVVLRQV� RI� DYDLODELOLW\�
DQG� ORVV�SHQDOW\� IXQFWLRQ�DV�ZHOO� DV� RSWLPDO� YDOXHV� IRU�
DVVLJQPHQW�SUREDELOLWLHV�FDQ�EH�REWDLQHG���
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