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9DULHW\�0DQDJHPHQW�LQ�0DQXIDFWXULQJ��3URFHHGLQJV�RI�WKH���WK�&,53�&RQIHUHQFH�RQ�0DQXIDFWXULQJ� 
6\VWHPV� 

�'\QDPLF�/HDQ�$VVHVVPHQW�IRU�7DNW�7LPH�,PSOHPHQWDWLRQ��� 
5HKDE�0��$OLD
��$KPHG�0��'HLIE� 

DE,QGXVWULDO�DQG�6HUYLFH�(QJLQHHULQJ�'HSW���1LOH�8QLYHUVLW\��&DLUR��(J\SW�� 


�&RUUHVSRQGLQJ�DXWKRU��(�PDLO�DGGUHVV��UHKDE�DOL#QLOHX�HGX�HJ�� 

$EVWUDFW� 

,QFUHDVLQJ� YRODWLOLW\��JOREDO�FRPSHWLWLYHQHVV��DQG�VDOHV�FULVLV�DOO�IRUFH�WKH� PDQXIDFWXUHUV�WR�FRPPLW�WR�WKH�MRXUQH\�RI�ZRUOG�FODVV� 
PDQXIDFWXULQJ� SHUIRUPDQFH� YLD� DGRSWLQJ� ³OHDQ� V\VWHPV´� WR� HQDEOH� HFRQRPLF� VXFFHVV� LQ� GLIILFXOW� WLPHV�� $PRQJ� WKH� MRXUQH\� WR� 
OHDQ��RQH�RI�WKH�KDUGHVW�VWHSV�LV�PHDVXULQJ�WKH�SURJUHVV�RI�OHDQ�SROLFHV�LPSOHPHQWDWLRQ�HVSHFLDOO\�LQ�WKLV�KLJKO\�G\QDPLF�PDUNHW�� 
7KLV� SDSHU� SUHVHQWV� D� G\QDPLF� PRGHO� WR� HYDOXDWH� WKH� GHJUHH� RI� OHDQQHVV�LQ� PDQXIDFWXULQJ� ILUPV�� 7KH�PRGHO� LV� EDVHG� RQ� V\VWHP� 
G\QDPLFV� DSSURDFK� DQG� SUHVHQWV� D� ³OHDQQHVV� VFRUH´� IRU� WKH� PDQXIDFWXULQJ� V\VWHP�� ,Q� DGGLWLRQ�� LW� H[DPLQHV� WKH� G\QDPLFV� 
DVVRFLDWHG� ZLWK� WKH� DSSOLFDWLRQ� RI� ³2QH�SLHFH� IORZ´� FRQFHSW� YLD� ³7DNW� WLPH´�� 5HVXOWV� VKRZ� WKDW� ZRUNLQJ� RQ� DGMXVWLQJ� WKH� 
V\VWHP¶V�F\FOH�WLPHV�WR�IROORZ�WDNW�WLPH�ZLOO�LPSURYH� WKH�RYHUDOO� SHUIRUPDQFH�� ,PSURYHPHQWV�DUH�UHIOHFWHG�LQ�WKH�RYHUDOO�VHUYLFH� 
OHYHO�� RYHUDOO�:,3� HIILFLHQF\�� DQG� RYHUDOO� HTXLSPHQW�HIIHFWLYHQHVV��7KH�GHYHORSHG�PRGHO� ZLWK�LWV� SHUIRUPDQFH� PHWULFV� ZLOO�KHOS� 
WKH�GHFLVLRQ�PDNHUV�LQ�DGRSWLQJ�GLIIHUHQW�OHDQ�SROLFLHV�DQG�DVVLVW�LQ�RSWLPDO�SDUDPHWHUV�VHWWLQJV�RI�WKH�V\VWHP�� 
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��.H\ZRUGV��/HDQ�DVVHVVPHQW��WDNW�WLPH��RQH�SLHFH�IORZ��V\VWHP�G\QDPLFV�� � 

���,QWURGXFWLRQ�� 

'XH� WR� WKH� PDUNHW� LQVWDELOLW\� DQG� WKH� IUHTXHQW� LQWURGXFWLRQ� 
RI� LQQRYDWLRQV� LQ� SURFHVVHV� DQG� WHFKQRORJLHV�� PDQXIDFWXULQJ� 
V\VWHP¶� PDQDJHUV� DUH� IDFLQJ� WKH� QHHG� WR� FRQWLQXRXVO\� DGDSW� 
WKH�V\VWHP�DUFKLWHFWXUH�DQG�WKH�RSHUDWLRQDO�SDUDPHWHUV�WR�PHHW� 
SURILWDEOH� RSHUDWLQJ� FRQGLWLRQV� DQG� UHPDLQ� FRPSHWLWLYH� LQ� WKH� 
JOREDO� PDUNHW� >�@�� 1XPHURXV� FRPSDQLHV� KDYH� DGRSWHG� OHDQ� 
SURGXFWLRQ�LQ�RUGHU�WR�VXUYLYH�LQ�WRGD\¶V�FRPSHWLWLYH�PDUNHWV�� 

2QH� RI� WKH� PDLQ� WRROV� RI� OHDQ� PDQXIDFWXULQJ� LV� WDNW� WLPH�� 
$FFRUGLQJ� WR� WKH� %RHLQJ� ZHEVLWH� UHJDUGLQJ� /HDQ� LQLWLDWLYHV�� 
³/HDQ� GRHV� QRW� PHDQ� GRLQJ� WKLQJV� IDVWHU�� LW� PHDQV� GRLQJ� 
WKLQJV� DW� WKH� ULJKW� SDFH�� (VVHQWLDOO\�� WKH� FXVWRPHU V� UDWH� RI� 
GHPDQG� HVWDEOLVKHV� WKH� SDFH�� RU� WDNW� WLPH´�� 5DWKHU� WKDQ� 
PD[LPL]LQJ� WKH� SURGXFWLRQ�UDWH�DQG�IDFWRU\� XWLOL]DWLRQ� WR� WKHLU� 
IXOOHVW� SRWHQWLDO�� SURGXFWLRQ� UDWHV� DUH� GHWHUPLQHG� E\� FXVWRPHU� 
GHPDQG�� HQVXULQJ� WKDW� FXVWRPHU� QHHGV� FDQ� EH� VDWLVILHG� LQ� D� 
WLPHO\�DQG�SUHGLFWDEOH�IDVKLRQ�� 

7KH�  PDLQ�  DGYDQWDJHV�RI�  V\VWHP�G\QDPLFV�  LQFOXGH�D�PHDQV�  
WR� XQGHUVWDQG� WKH� V\VWHP� E\� LGHQWLI\LQJ� UHODWLRQVKLSV� DPRQJ� 
IDFWRUV�� WKH� XVH� RI� D� VWUXFWXUHG� PRGHO� WKDW� DOORZV� GHFLVLRQ� 
PDNHUV� WR� VLPXODWH� FXUUHQW� IXQFWLRQLQJ� RI� WKH� V\VWHP� DQG� WR�  
H[SORUH� RSSRUWXQLWLHV� IRU� LPSURYHPHQW�� DQG� DVVLVWDQFH� IRU� 
GHFLVLRQ� PDNHUV� LQ� SUHGLFWLQJ� V\VWHP� VXVWDLQDELOLW\� 
SHUIRUPDQFH�PHWULFV�IRU�YDULRXV�V\VWHP�DOWHUQDWLYHV�>�@�� 

7KLV�SDSHU�PHDVXUHV�WKH�GHJUHH�RI�OHDQQHVV� RI�D�SURGXFWLRQ� 
V\VWHP� DQG�HYDOXDWHV� WKH�HIIHFW�RI� SURGXFLQJ�DFFRUGLQJ�WR� WDNW� 
WLPH� RQ� OHDQQHVV� VFRUH�� $� V\VWHP� G\QDPLFV� DSSURDFK� LV� 
DGRSWHG� WR� PRGHO� D� PXOWL�SURGXFW�� PXOWL�VWDJH� SURGXFWLRQ� 
V\VWHP�IRU�WKDW�SXUSRVH�� 

���/LWHUDWXUH�UHYLHZ� 

6LPXODWLRQ� RI� OHDQ� V\VWHP� SHUIRUPDQFH� FRPSULVHV� D� 
VLJQLILFDQW� VKDUH� RI� OHDQ� G\QDPLFV� OLWHUDWXUH�� $Q� DQDO\VLV� RI� 
WKH� SHUIRUPDQFH� RI� MXVW�LQ�WLPH� SURGXFWLRQ� V\VWHPV� ZDV� 
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FRQGXFWHG� ZLWK� H[SORULQJ� WKH� HIIHFWV� RI� RSHUDWLQJ� SROLFLHV� RQ� 
V\VWHP�SHUIRUPDQFH�PHDVXUHV�LQ�>�@��$�IXUWKHU�ZRUN�ZDV�GRQH� 
E\� H[DPLQLQJ� WKH� SHUIRUPDQFH� RI� PXOWL�LWHP�� PXOWL�OLQH�� 
PXOWL�VWDJH� -,7� DQG� WKH� LPSDFW� RI� VRPH� IDFWRU� VHWWLQJV� RQ� 
VRPH� SHUIRUPDQFH� PHDVXUHV� YLD� VLPXODWLRQ� ZLWK� 6/$0� ,,� LQ� 
>�@�� 7KH� XVH� RI�GLVFUHWH�HYHQW� VLPXODWLRQ� ZDV� GHPRQVWUDWHG� DV� 
D� WRRO� WR� DVVLVW� RUJDQL]DWLRQV� ZLWK� WKH� GHFLVLRQ� WR� LPSOHPHQW� 
OHDQ� PDQXIDFWXULQJ�E\� TXDQWLI\LQJ�WKH� EHQHILWV�DFKLHYHG�IURP� 
DSSO\LQJ� OHDQ� SULQFLSOHV� LQ� >�@�� $Q� DVVHVVPHQW� RI� FXUUHQW� DQG� 
IXWXUH� YDOXH� VWUHDP� PDS� �960�� YLD� VLPXODWLRQ� ZLWK� $UHQD� 
ZDV�GHYHORSHG�E\�>�@�� 

7KH�QHHG�IRU� OHDQ�DVVHVVPHQW� LV� DSSDUHQW�DV� D� FRQVHTXHQFH� 
RI� WKH� GLYHUJHQFH� DPRQJ� DXWKRUV� LQ� LGHQWLI\LQJ� OHDQ� 
SURGXFWLRQ�ZKLFK�OHDG�WR�FRQIXVLRQ�LQ�WKH�WKHRUHWLFDO�OHYHO�DQG� 
SUREOHPDWLF�LVVXHV�LQ�WKH�SUDFWLFDO�OHYHO��6R��HDFK�RUJDQL]DWLRQ� 
ZDQW� WR� LPSOHPHQW� OHDQ� SURGXFWLRQ� VKRXOG� VHOHFW� WRROV�� 
FRQFHSWV�� WHFKQLTXHV� WKDW� VDWLVI\� LWV� RZQ� QHHGV� >�@�� 'DWD� 
(QYHORSPHQW� $QDO\VLV� �'($�� WHFKQLTXH� ZDV� XVHG� E\� >�@� WR� 
PHDVXUH� WKH� RYHUDOO� OHDQQHVV� RI� D� YDOXH� VWUHDP� PDSSLQJ� 
�960�� FRQVLGHULQJ�FRVW�� WLPH� DQG�RXWSXW� YDOXH�� 7R�DVVHVV�WKH� 
HQKDQFHPHQWV� DFKLHYHG� WKURXJK� WKH� DSSOLFDWLRQ� RI� OHDQ� WRROV� 
DQG� WHFKQLTXHV�� D� FRVW�WLPH� SURILOH� �&73�� WRRO� ZDV� GHYHORSHG� 
IRU� PRQLWRULQJ� WKH� DFFXPXODWLRQ� RI� FRVW� LQ� WKH� PDQXIDFWXULQJ� 
RI�D�SURGXFW�WKURXJK�WLPH�LQ�>�@��$Q�DGDSWLYH�OHDQ�DVVHVVPHQW� 
DSSURDFK�ZDV�XVHG�DV�D�  JXLGH� WR�  WKH�  OHDQ�  LPSOHPHQWDWLRQ�  E\�  
UHFRJQL]LQJ� ZHE�EDVHG� SURJUDP� IRU� HDFK� XVHU� WR� HYDOXDWH� WKH� 
FXUUHQW� VWDWXV� RI� RUJDQL]DWLRQ� DQG� WKH� RSSRUWXQLWLHV� IRU� 
LPSURYHPHQW� LQ� >��@�� )X]]\� PHPEHUVKLS� IXQFWLRQV� ZHUH� 
GHYHORSHG�DV�DQ�DSSURDFK�WR�HYDOXDWH�WKH�OHDQ�SHUIRUPDQFH�RI� 
PDQXIDFWXULQJ� V\VWHPV� E\� >��@�� :LWK� WKH� JURZWK� RI� JUHHQ� 
WHFKQRORJLHV� DQG� LWV� FRQQHFWLRQ� ZLWK� OHDQ� WHFKQRORJLHV�� DQ� 
DVVHVVPHQW� PHWKRGRORJ\� IRU� VLPXODWLQJ�� RSWLPL]LQJ�� DQG� 
YDOXDWLQJ� D� PDQXIDFWXULQJ� V\VWHP¶V� SHUIRUPDQFH� LQGLFDWRUV� 
ZKLOH� XVLQJ� D� WDLORUHG� FRPELQDWLRQ� RI� OHDQ� DQG� JUHHQ� 
VWUDWHJLHV�ZDV�GHYHORSHG�E\�>��@�� 

�$Q� DSSURDFK� WR� G\QDPLFDOO\� PRGHO� DQG� DQDO\]H� 
PDQXIDFWXULQJ�V\VWHPV��DQG�HVSHFLDOO\�WKHLU�GLIIHUHQW�SODQQLQJ� 
DQG� FRQWURO� SROLFLHV�� LV� V\VWHP� G\QDPLFV� �6'�� LQWURGXFHG� E\� 
>��@�� 6'� KDV� GLVWLQFWLYH� SHUIRUPDQFH� ZKHQ� FRQVLGHULQJ� 
VWUDWHJLF�LVVXHV�LQ�PDQXIDFWXULQJ�FRPSDQLHV�>��@��$SSOLFDWLRQ� 
RI� 6'� LQ� PDQXIDFWXULQJ� V\VWHPV� WR� GDWH� IRFXVHG� PDLQO\� RQ� 
SXUH� LQYHQWRU\� G\QDPLFV� DQG� VXSSO\� FKDLQ� ZKHUH� WKH� 
REMHFWLYH� ZDV� WR� VWXG\� KRZ� WKH� V\VWHP� FDQ� EH� GHVLJQHG� DQG� 
DQDO\]HG� WR� UHVSRQG� WR� XQDQWLFLSDWHG� GHPDQG� ZLWK� PD[LPXP� 
VWDELOLW\� DQG� PLQLPXP� FRVW� >�����@�� 6\VWHP� G\QDPLFV� 
VLPXODWLRQ� PRGHO� ZDV� DOVR� XVHG� E\� >��@� WR� H[SORUH� DQG� 
XQGHUVWDQG� KRZ� WKH� SK\VLFDO� IORZ�� LQIRUPDWLRQ� IORZV� DQG� 
FRPSDQ\� SROLFLHV� LQWHUDFW� WR� JHQHUDWH� WKH� G\QDPLFV� RI� WKH� 
UHPDQXIDFWXULQJ� SURFHVV� DQG� WR� LQYHVWLJDWH� DQG� HYDOXDWH� 
HIIHFWLYH� FRQWURO� VWUDWHJLHV� DLPHG� DW� LPSURYLQJ� WKH� 
SHUIRUPDQFH�RI�WKH�V\VWHP�� 

�$� G\QDPLF�  PRGHO� IRU� FDSDFLW\� VFDOLQJ�ZDV�  GHYHORSHG� LQ�  
UHFRQILJXUDEOH� PDQXIDFWXULQJ� V\VWHPV� �506�� DQG� ZDV� 
DQDO\]HG�EDVHG�RQ�FRQWURO�WKHRUHWLF�DSSURDFKHV�WR�LQGLFDWH�WKH� 
EHVW� GHVLJQ� IRU� WKH� VFDOLQJ� FRQWUROOHU� >��@�� $� SURSRVHG� 6'� 
VLQJOH� VWDJH� PRGHO� IRU� FDSDFLW\� VFDODELOLW\� LQ� PDNH�WR�RUGHU� 
PDQXIDFWXULQJ� ZDV� SUHVHQWHG� >��@�� ,W� XVHG� YDULRXV� 
SHUIRUPDQFH� PHDVXUHV� WR� H[DPLQH� WKH� EHVW� VFDOLQJ� SROLF\� 
XQGHU� GLIIHUHQW� GHPDQG� VFHQDULRV�� $OVR�� 6'� ZDV� XVHG� WR� 

FRPSDUH� EHWZHHQ� WUDGLWLRQDO� VXSSO\� FKDLQ� DQG� OHDJLOH� VXSSO\� 
FKDLQ� >��@�� 7KH� LPSDFW� RI� G\QDPLF� GLVWXUEDQFHV� LQ� 
PDQXIDFWXULQJ�SURFHVV�RQ�WKH�SURGXFWLRQ�SODQQLQJ�DQG�FRQWURO� 
�33&�� LQ� MRE�VKRS� PDQXIDFWXULQJ� ZDV� LQYHVWLJDWHG� E\� >��@�� 
&RPSDULQJ�EHWZHHQ�WZR�PRGHOV�IRU�D�VXSSO\�FKDLQ�XQGHU�WZR� 
FRQGLWLRQV�RI�VXSSO\�GLVUXSWLRQV��ZLWKRXW�EDFNXS�VXSSOLHU��DQG� 
ZLWK�D�FRQWLQJHQW�VXSSOLHU�ZDV�GRQH�E\�6'�>��@��%XLOGLQJ� 6'� 
PRGHO�WR� LQYHVWLJDWH� WKH� G\QDPLFV� DVVRFLDWHG�ZLWK� VLQJOH� OHDQ� 
PDQXIDFWXULQJ�FHOO�ZDV�GHYHORSHG�LQ�>��@��,W�ZDV�VKRZHG�WKDW� 
DOWKRXJK� OHDQ� FHOO� LV� H[SHFWHG� WR� EH� UHVSRQVLYH� WR� H[WHUQDO� 
GHPDQG� ZLWK� PLQLPXP� ZDVWH�� KRZHYHU�� WKLV� ZDV� QRW� WKH� FDVH� 
XQGHU�WKH�FRQVLGHUHG�XQFHUWDLQ�FRQGLWLRQV�� 

)URP�WKH�SUHYLRXV�UHYLHZ��PRVW�RI�WKH�ZRUN�IRFXVHG�RQ�WKH� 
UXOHV� DQG� UHFRPPHQGDWLRQV� WR� DSSO\� OHDQ� PDQXIDFWXULQJ� RU� 
WKH� GLIIHUHQW� DSSURDFKHV� WR� LPSURYH� PDQ\� DVSHFWV� RI� OHDQ� 
PDQXIDFWXULQJ� WRROV�� $OWKRXJK� WKH� OLWHUDWXUH� RIIHUHG� WRROV�� 
PRGHOV�� DQG� WHFKQLTXHV� WR� DVVHVV� WKH� OHDQQHVV� GHJUHH� RI� 
PDQXIDFWXULQJ� V\VWHPV�� IHZ� ZRUN� VWXGLHG� WKH� OHDQ� V\VWHPV� 
IURP�D�G\QDPLF�SHUVSHFWLYH��6XFK�G\QDPLF�DQDO\VLV�LQ�WRGD\¶V� 
XQFHUWDLQ� HQYLURQPHQW� LV� IXQGDPHQWDOO\� FULWLFDO� WR� XQGHUVWDQG� 
DQG� WKXV� EHWWHU� PDQDJH� OHDQ� PDQXIDFWXULQJ� V\VWHPV� DQG� NHHS� 
FRPSHWLWLYH�DGYDQWDJH�IRU�ILUPV��7KLV�SDSHU�DGDSWV�WKH�V\VWHP� 
G\QDPLFV� PRGHO� GHYHORSHG� E\� >��@� WR� DVVHVV� WKH� HIIHFW� RI� 
DSSO\LQJ� ³2QH�3LHFH� IORZ´� FRQFHSW� YLD� WDNW� WLPH� RQ� WKH� 
OHDQQHVV�VFRUH�� 

���'\QDPLF�OHDQ�PDQXIDFWXULQJ�PRGHO� 

7KH�V\VWHP�G\QDPLFV�PRGHO�GHYHORSHG�E\�>��@�LV�PRGLILHG� 
DQG� WKH� QHZ� PRGHO� LV� VKRZQ� LQ� )LJ�� ��� 7KH� DQDO\VLV� RI� WKH� 
PDQXIDFWXULQJ� V\VWHP� ZLOO� FRPSDUH� WZR� VFHQDULRV� RI� 
SURGXFWLRQ� VHW� E\� WKH� SURGXFWLRQ� SODQQHUV�� 7KH� ILUVW� LV� WR� 
SURGXFH�DW�WKH�RULJLQDO�F\FOH�WLPH�DQG�WKH�VHFRQG�LV�WR�SURGXFH� 
DW�WKH�WDNW�WLPH�� 

7KH� PDQXIDFWXULQJ� V\VWHP� LV� FRPSRVHG� RI� IRXU� 
FRPSRQHQWV� ZKLFK� DUH� SURGXFWLRQ� V\VWHP�� TXDOLW\� V\VWHP�� 
EDFNORJ� V\VWHP� DQG� OHDQQHVV� VFRUH� HYDOXDWLRQ� V\VWHP�� 7KH� 
SURGXFWLRQ� V\VWHP� LQYROYHV� IRXU� VWDJHV�� WKUHH� RI� WKHP� DUH� 
FRQFHUQHG� ZLWK� PDQXIDFWXULQJ� DQG� WKH� IRXUWK� LV� WKH� ILQLVKLQJ� 
VWDJH�� 7KH� IRXU� VWDJHV� DUH� FRQWUROOHG� E\� VWRFKDVWLF� F\FOH� WLPH� 
IRU� HDFK� VWDJH�� ,Q� DGGLWLRQ�� WKH� TXDOLW\� V\VWHP� LV� EDVHG� RQ� 
VDPSOLQJ� WHFKQLTXHV� DW� WKH� HQG� RI� WKH� PDQXIDFWXULQJ� SURFHVV� 
DQG�LV�FRQWUROOHG�E\�LQVSHFWLRQ�WLPH��)XUWKHUPRUH��WKH�EDFNORJ� 
V\VWHP� LV� DQ� LQGLFDWLRQ� RI� WKH� GHOD\� EHWZHHQ� WKH� SODFHPHQW� 
DQG� GHOLYHU\� RI� RUGHUV�� )LQDOO\�� WKH� OHDQQHVV� VFRUH� V\VWHP� LV� 
FRPSRVHG� RI� WKUHH� PHWULFV� ZKLFK� DUH� 2YHUDOO� (TXLSPHQW� 
(IIHFWLYHQHVV� �2((��� 2YHUDOO� :RUN�LQ�SURFHVV� (IILFLHQF\� 
�2:(���DQG�2YHUDOO�VHUYLFH�OHYHO��26/���� 

2((�PHDVXUHPHQW�LV�FRPPRQO\�XVHG�DV�D�NH\�SHUIRUPDQFH� 
LQGLFDWRU��.3,��LQ�FRQMXQFWLRQ�ZLWK�OHDQ�PDQXIDFWXULQJ�HIIRUWV� 
WR� SURYLGH� DQ� LQGLFDWRU� RI� VXFFHVV�� ,Q� DGGLWLRQ�� 26/� LV� WKH� 
OHYHO� DW� ZKLFK� WKH� FXVWRPHU� RUGHUV� LV� ILOOHG� RQ� WLPH�� 
)XUWKHUPRUH�� 2:(� LV� DQ� LQGLFDWRU� RI� WKH� DFFXPXODWLRQ� RI� 
:,3� RYHU� WLPH� UHIOHFWLQJ� LQWHUQDO� HIILFLHQF\� DV� ZHOO� DV� 
VWDELOLW\�� 

0RGHO� HTXDWLRQV� DUH� H[SODLQHG� LQ� WDEOH� ��� 7KH� HTXDWLRQV� 
ZLOO�UHIOHFW�WKH�XQFHUWDLQWLHV�DQG�G\QDPLFV�DVVRFLDWHG�ZLWK�WKH� 
PDQXIDFWXULQJ�V\VWHP�� 
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