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7KLV�SDSHU�SUHVHQWV�WZR�GLSKRQH�EDVHG�7XUNLVK�WH[W�WR�VSHHFK�
V\VWHPV�� 7KH� ILUVW� V\VWHP� LV� UHDOL]HG� LQVLGH� WKH� 0%52/$�
SURMHFW��D�IUHHO\�DYDLODEOH�PXOWLOLQJXDO�VSHHFK�V\QWKHVL]HU�DQG�
WKH� VHFRQG� V\VWHP� LV� EDVHG� RQ� VKDSH�LQYDULDQW� KDUPRQLF�
PRGHOLQJ�� %RWK� V\QWKHVL]HUV� XVH� WKH� VDPH� SDUDPHWULF�
UHSUHVHQWDWLRQV� RI� WZR� GLSKRQH� GDWDEDVHV� �PDOH�� IHPDOH��
REWDLQHG� E\� SURFHVVLQJ� VSHHFK� GDWD� ZLWK� D� SLWFK�
DV\QFKURQRXV�� IL[HG� IUDPH� OHQJWK� KDUPRQLF�QRLVH� DQDO\]HU��
7R� REWDLQ� D� SLWFK�V\QFKURQRXV� UHSUHVHQWDWLRQ� IURP� WKH�
RULJLQDO� DV\QFKURQRXV� UHSUHVHQWDWLRQ� IRU� WKH� KDUPRQLF�
V\QWKHVL]HU��KDUPRQLF�SKDVHV�DUH�VXEPLWWHG�WR�D�SKDVH�VKLIWLQJ�
DOJRULWKP�� ZKLFK� DOVR� HVWLPDWHV� PD[LPXP� KDUPRQLF�
IUHTXHQFLHV� IRU� HDFK� IUDPH� EDVHG� RQ� WKH� HYROXWLRQ� RI�
KDUPRQLF�SKDVHV��7KH�0%52/$�EDVHG�V\QWKHVL]HU�KDV�EHHQ�
LPSOHPHQWHG� LQ� D� UXGLPHQWDU\� 776� V\VWHP� LQVLGH� (8/(5�
DQG� WKH�KDUPRQLF� V\QWKHVL]HU� FDSWXUHV� ILOHV� SURGXFHG�E\� WKH�
(8/(5�V\VWHP�WR�SHUIRUP�V\QWKHVLV��,QIRUPDO�OLVWHQLQJ�WHVWV�
DUH�EHLQJ�SHUIRUPHG�IRU�TXDOLW\�DVVHVVPHQW��

��� ,QWURGXFWLRQ�

6SHHFK� LV�RIWHQ� V\QWKHVL]HG�E\� MRLQLQJ�GLSKRQH�XQLWV�XVLQJ�D�
GLSKRQH�EDVHG�FRQFDWHQDWLYH�VSHHFK�V\QWKHVL]HU��$W�V\QWKHVLV�
VWDJH��WKH�SURVRGLF�IHDWXUHV�RI�WKH�VHOHFWHG�GDWDEDVH�XQLWV�QHHG�
WR� EH� PRGLILHG� WR� SURGXFH� V\QWKHWLF� VSHHFK� ZLWK� WDUJHW�
SURVRG\��$GGLWLRQDOO\��XQLWV�QHHG�WR�EH�FRQFDWHQDWHG�VXFK�WKDW�
VSHFWUDO�GLVFRQWLQXLWLHV�DUH�ORZHUHG�DW�XQLW�ERXQGDULHV�ZLWKRXW�
GHJUDGLQJ� WKHLU� TXDOLW\�� 7KH� TXDOLW\� RI� GLSKRQH�EDVHG�
V\QWKHWLF� VSHHFK� KLJKO\� GHSHQGV� RQ� WKH� DOJRULWKPV� XVHG� WR�
DOWHU�SURVRG\�DQG�SHUIRUP�FRQFDWHQDWLRQ��

9DULRXV� PHWKRGV� KDYH� EHHQ� SUHVHQWHG� DV� D� V\QWKHVLV�
DOJRULWKP�� 7'�362/$� >�@� LV� RQH� RI� WKH� PRVW� SRSXODU�
DSSURDFKHV� DQG� LW� GRHV� QRW� UHTXLUH� D� SDUDPHWULF�PRGHO�� 7KLV�
IHDWXUH�SURYLGHV�YHU\�KLJK�TXDOLW\� V\QWKHWLF� VSHHFK�ZKHQ� WKH�
QHHG�RI�PRGLILFDWLRQV�RQ�XQLWV�LV�ORZ��ZKHQ�XQLWV�DUH�H[WUDFWHG�
IURP� D� YHU\� ODUJH� FRUSXV�� ZLWK� VHOHFWLQJ� XQLWV� ZLWK� SURVRG\�
FORVH� WR� WDUJHW� SURVRG\�� DQG� WKH� VSHFWUDO� GLVFRQWLQXLWLHV� DW�
VHOHFWHG�XQLW�ERXQGDULHV�LV�ORZ��DQRWKHU�LPSRUWDQW�FULWHULD�IRU�
XQLW�VHOHFWLRQ���%XW�LW� LV�DQ�LPSRUWDQW�OLPLWDWLRQ�ZKHQ�D�VPDOO�
GDWDEDVH� �L�H�� D� GLSKRQH� GDWDEDVH�� LV� XVHG� DV� WKH� VRXUFH� RI�
XQLWV�� ,Q� VXFK� D� V\VWHP�� LPSRUWDQW� SURVRGLF�PRGLILFDWLRQV� RU�
PLVPDWFKHV� DW� VHJPHQW� ERXQGDULHV� SUREOHPV� UHPDLQ��
+DUPRQLF�IUHTXHQFLHV�LQ�HDFK�IUDPH�DUH�QRW�DOWHUHG�GXULQJ�WKH�
SLWFK� DOWHUDWLRQ� SURFHVV�� 7KLV� GLVWRUWV� WKH� KDUPRQLF� FKDUDFWHU�
RI� VSHHFK��'LVWRUWLRQ� GXULQJ� V\QWKHVLV� LV� KLJK� LI� WKH� SURVRG\�
DOWHUDWLRQ� LV� KLJK�� $GGLWLRQDOO\�� 7'�362/$� V\VWHPV� UHTXLUH�
YHU\�DFFXUDWH�SLWFK�PDUNLQJ��

7KH� 0%52/$� >�@� DOJRULWKP� RYHUFRPHV� VRPH� RI� WKH�
FRQFDWHQDWLRQ� SUREOHPV� E\� UH�V\QWKHVL]LQJ� YRLFHG� SDUWV� RI�

GLSKRQHV�ZLWK�FRQVWDQW�SKDVH�DW�FRQVWDQW�SLWFK��7KLV�HQDEOHV�D�
WLPH�GRPDLQ� VPRRWKLQJ�SURFHVV� DW� VHJPHQW�ERXQGDULHV� LI� WKH�
VHJPHQWV�WR�EH�FRQFDWHQDWHG�DUH�YRLFHG�DQG�VWDWLRQDU\�DW�WKHLU�
ERXQGDULHV�� +RZHYHU� WKH� SUREOHPV� GXH� WR� WKH� WLPH�GRPDLQ�
RYHUODS�DGG�SURFHVV�UHPDLQ�DQG�WKH�SKDVH�VSHFWUXP�RI�VSHHFK�
XQLWV�VWLOO�JHWV�GLVWRUWHG���

+DUPRQLF�PRGHOV�>�������@�SURYLGH�WKH�IOH[LELOLW\�WR�ZRUN�
LQ� D� SDUDPHWULF� GRPDLQ� GXULQJ� V\QWKHVLV� VWDJH� �ZKLFK� DOVR�
EULQJV� DQ� H[WUD� FRPSXWDWLRQDO� ORDG� WR� WKH� V\VWHP��� 7KLV�
SURYLGHV�D�SURSHU�EDVH�WR�WU\�QHZ�LGHDV�WR�RYHUFRPH�SUREOHPV�
RI� SUHYLRXVO\� VWDWHG� DOJRULWKPV�� 7KH� VHFRQG� V\QWKHVL]HU� LV�
GHVLJQHG�DV�D�KDUPRQLF�V\QWKHVL]HU�H[SODLQHG�LQ�VHFWLRQ�����

,QIRUPDO� OLVWHQLQJ� WHVWV� DUH� EHLQJ� SHUIRUPHG� YLD� D� ZHE�
SDJH��ZKLFK�FRQWDLQV�VSHHFK�H[DPSOHV�V\QWKHVL]HG�ZLWK�ERWK�
V\QWKHVL]HUV�XVLQJ�WKH�VDPH�GLSKRQH�GDWDEDVH���

$� VLPSOH� PDSSLQJ� IURP� OHWWHUV� WR� SKRQHPHV� LV� XVHG� WR�
DFKLHYH� WH[W� WR� SKRQHWLFV� WUDQVFULSWLRQ� IRU� 7XUNLVK� LQVLGH�
(8/(5� >�@�� ZKLFK� LV� D� PXOWL�OLQJXDO� 776� V\VWHP�� 7KH�
LQWHOOLJLELOLW\�DQG�VHJPHQWDO�TXDOLW\�RI�WKH�UHVXOWLQJ�V\QWKHWLF�
VSHHFK� IURP� ERWK� V\VWHPV� LV� UHSRUWHG� WR� EH� YHU\� KLJK�� 7KH�
V\VWHPV� SURGXFH�PRQRWRQRXV� VSHHFK� �FRQVWDQW� SLWFK�� GXH� WR�
WKH� ODFN� RI� D� SURVRG\� XQLW�� 7KH� SURVRG\� XQLW� LV� LQ� WKH�
GHYHORSPHQW�VWDJH��

��� 0%52/$�6\QWKHVLV�

0%52/$� V\QWKHVLV� DLPV� DW� FRPELQLQJ� WKH� FRPSXWDWLRQDO�
HIILFLHQF\� RI� WLPH�GRPDLQ� V\QWKHVLV�ZLWK� WKH� IOH[LELOLW\� RI� D�
KDUPRQLF� PRGHO�� 7R� DFKLHYH� WKLV� WDUJHW�� XQLWV� DUH� ILUVW�
VXEPLWWHG� WR� KDUPRQLF�QRLVH� DQDO\VLV� ZLWK� FRQVWDQW� IUDPH�
OHQJWK�DQG�IUDPH�VKLIW��7KHQ�YRLFHG�IUDPHV�DUH�UH�V\QWKHVL]HG�
ZLWK�FRQVWDQW�SLWFK�DQG�FRQVWDQW�SKDVH�HQYHORSH��IRU�WKH�ORZ�
IUHTXHQF\� SDUW� RI� WKH� VSHHFK� VSHFWUXP�� ZLWK� D� KDUPRQLF�
V\QWKHVL]HU��
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ZKHUH� N$ DQG� Nf DUH� DPSOLWXGH� DQG� LQLWLDO� SKDVH� YDOXHV�

FRUUHVSRQGLQJ� WR� KDUPRQLF� QXPEHU� N�� 7KH� UH�V\QWKHVLV�
SURFHGXUH� LV� DSSOLHG� WR� YRLFHG� IUDPHV� RQO\� DQG� XQYRLFHG�
IUDPHV�DUH�GLUHFWO\�FRSLHG��
� 7KLV� HOLPLQDWHV� SLWFK� PLVPDWFK� DQG� VRPH� RI� WKH� SKDVH�
PLVPDWFK�GXULQJ�FRQFDWHQDWLRQ��$QRWKHU�LPSRUWDQW�DGYDQWDJH�
RI�SKDVH�UHVHW�LV�WKDW�VSHFWUDO�HQYHORSH�LQWHUSRODWLRQ�EHFRPHV�
HTXLYDOHQW�WR�GLUHFW�WHPSRUDO�LQWHUSRODWLRQ��7KLV�HQDEOHV�WLPH�
GRPDLQ� VPRRWKLQJ� DW� VHJPHQW� ERXQGDULHV��'XULQJ� V\QWKHVLV��
WKH� VPRRWKLQJ� RSHUDWLRQ� LV� DSSOLHG� WR� VWDWLRQDU\� YRLFHG�
IUDPHV� E\� GLVWULEXWLQJ� WKH� GLIIHUHQFH� RI� ERXQGDU\� IUDPHV�



OLQHDUO\� WR� WKH� QHLJKERU� VWDWLRQDU\� YRLFHG� IUDPHV� RQ� WKH� OHIW�
DQG�ULJKW�XQLWV��
� 7R�DOORZ�FRQVWDQW�SLWFK�UH�V\QWKHVLV�ZKLOH�SUHVHUYLQJ�WKH�
RULJLQDO� YRFDO� WUDFW� SURSHUWLHV�� KDUPRQLF� DPSOLWXGHV� DUH�
UHFDOFXODWHG� E\� UH�VDPSOLQJ� WKHLU� HQYHORSH� VSHFWUXP� DW� D�
FRQVWDQW� SLWFK� IUHTXHQF\�� 5H�V\QWKHVLV� DW� FRQVWDQW� SLWFK�
EULQJV� D� UHPDUNDEOH� DGYDQWDJH� WR� WKH�0EUROD� V\VWHP�� SLWFK�
PDUNV�DUH�DXWRPDWLFDOO\�VHW��7KLV�GUDVWLFDOO\�UHGXFHV�WKH�WLPH�
QHHGHG�IRU�GDWDEDVH�SUHSDUDWLRQ�EHFDXVH�WKHUH�LV�QR�QHHG�IRU�
PDQXDO�SLWFK�PDUN�HGLWLQJ��7KH�GDWDEDVH�SUHSDUDWLRQ�SURFHVV�
LV�UHGXFHG�WR�SUHSDULQJ�D�OLVW�RI�GLSKRQHV��D� OLVW�RI�ORJDWRPV��
DQG�WKHQ�UHFRUGLQJ�DQG�VHJPHQWLQJ�WKH�FRUUHVSRQGLQJ�VSHHFK�
FRUSXV���
� 9RLFHG� VWDEOH� VWDWHV� LQ� HDFK� VHJPHQW� DUH� DXWRPDWLFDOO\�
GHWHFWHG� IURP� WKH� 9�89� HQHUJ\� UDWLRV�� 9�89� GHFLVLRQ�
VOLJKWO\� VXIIHUV�� HVSHFLDOO\� DW� VRPH� IULFDWLYH�YRLFHG�
ERXQGDULHV��IURP�XVLQJ�WKUHVKROGV��ZKLFK�DUH�PDQXDOO\�VHW�IRU�
SURFHVVLQJ� VSHHFK� IURP� GLIIHUHQW� VSHDNHUV�� +RZHYHU� WKLV�
DUWLIDFW� LV� TXLWH� UDUH�� 9�89� GHFLVLRQ� LV� UHILQHG� E\� GHWHFWLQJ�
YRLFHG�DQG�XQYRLFHG� VWDEOH� VWDWHV� �WUDQVLHQWV� IURP� WKH�9�89�
HQHUJ\� UDWLRV�� 7KHUH� DUH� FXUUHQWO\� ��� SXEOLF� 0EUROD�
GDWDEDVHV�� ZKLFK� SURYLGH� KLJK� TXDOLW\� V\QWKHWLF� VSHHFK��
DOWKRXJK�PRVW�RI�WKHP�ZHUH�DQDO\]HG�DQG�UH�V\QWKHVL]HG�ZLWK�
WKH�VDPH�FRHIILFLHQWV�IRU�9�89�WKUHVKROGV���
�

�
)LJXUH���0%52/$�GDWDEDVH�SURFHVVLQJ�>�@���

�
7KH� 0EUROD� DOJRULWKP� SURGXFHV� KLJK� TXDOLW\� VSHHFK� EXW�
YDULRXV�SUREOHPV�UHPDLQ�XQVROYHG��$PRQJ�WKHP���

� 3KDVH�GLVWRUWLRQ�LV�LQWURGXFHG�GXULQJ�UH�V\QWKHVLV�
� 3KDVH� GLVFRQWLQXLW\� DULVHV� GXH� WR� WKH� XQGHUO\LQJ�

WLPH� GRPDLQ� VKLIW�DGG� DOJRULWKP� WR� REWDLQ� WDUJHW�
SLWFK�YDOXHV��ZKLFK� LV�GXH� WR�DGGLWLRQDO� WLPH�VKLIWV�
�GHOHWLRQV�� LQVHUWHG� EHWZHHQ� SLWFK� V\QFKURQRXVO\�
H[WUDFWHG�IUDPHV��

� 9�89� GHFLVLRQ� SUREOHPV� FDQQRW� EH� DYRLGHG�
HVSHFLDOO\�IRU�VHPL�YRLFHG�SDUWV��0%52/$�KHDYLO\�
UHOLHV�RQ�WKLV�GHFLVLRQ��XQYRLFHG�IUDPHV�PLJKW�WKXV�
JHW� HUURQHRXVO\� UH�V\QWKHVL]HG� DV�YRLFHG�� LQ�ZKLFK�
FDVH� WKH� FRQVWDQW� ORZ�IUHTXHQF\� SKDVHV� LPSRVHG�
FUHDWH� DUWLILFLDO� KDUPRQLFLW\�� &RQYHUVHO\��
PLVLQWHUSUHWLQJ�D�IUDPH�DV�XQYRLFHG�SURKLELWV�SLWFK�
PRGLILFDWLRQ�E\� WKH�0%52/$�V\QWKHVLV�DOJRULWKP�
�EXW� WKLV� LV� D� XVXDO� GUDZEDFN� HYHQ� ZLWK� RWKHU�
V\QWKHVL]HUV���

� /LQHDU� VPRRWKLQJ� LQ� WKH� WLPH� GRPDLQ� SURGXFHV�
DUWLILFLDO�VRXQGV��DOWKRXJK�QRW�PXFK�KHDUDEOH�LI�WKH�

OHIW� DQG� ULJKW� XQLWV� DUH� FORVH��� 1DWXUDO� WUDQVLWLRQV�
EHWZHHQ�VSHHFK�VRXQGV�GR�QRW�UHDOO\�FRUUHVSRQG�WR�
WKH� IRUPDQW� IDGH�LQ�IDGH�RXW�SURGXFHG�E\� WKLV�NLQG�
RI�LQWHUSRODWLRQ��

� 9RFDO� WUDFW� VSHFWUXP� LV� UH�VDPSOHG� ZLWK� FRQVWDQW��
IL[HG�I��EXW�QRW�ZLWK�WDUJHW�I��YDOXHV��

� )L[HG�IUDPH�VL]H�SLWFK�DV\QFKURQRXV�DQDO\VLV�ODFNV�
DFFXUDF\�LI�UHFRUGHG�VSHHFK�LV�QRW�FORVH�WR�FRQVWDQW�
SLWFK��

��� +DUPRQLF�6\QWKHVLV�

�
7KH� VHFRQG� V\VWHP� LV� EDVHG� RQ� KDUPRQLF� V\QWKHVLV�� 7KH�
KDUPRQLF�V\QWKHVL]HU�XVHV�WKH�VDPH�SDUDPHWULF�UHSUHVHQWDWLRQ�
�KDUPRQLF� DPSOLWXGHV� DQG� SKDVHV�� DV� WKH� RQH� XVHG� LQ� WKH�
0%52/$� V\QWKHVL]HU� �DFWXDOO\� LW� HYHQ� XVHV� WKH� VDPH�
KDUPRQLF�DQDO\]HU��EXW� LW� V\QWKHVL]HV� VSHHFK� LQ�D�FRPSOHWHO\�
KDUPRQLF�ZD\���
� 7KH�KDUPRQLF�PRGHO�ZH�XVH�LV�YHU\�VLPLODU�WR�WKH�+10�
PRGHO�>�@�ZLWK�WKH�IROORZLQJ�GLIIHUHQFHV��

� 7KH� GDWDEDVH� �RI� KDUPRQLF� SDUDPHWHUV�� LV� REWDLQHG�
E\� SURFHVVLQJ� SLWFK�DV\QFKURQRXV� IL[HG� IUDPH� VL]H�
KDUPRQLF�QRLVH� DQDO\VLV� UHVXOWV� WR� REWDLQ� SLWFK�
V\QFKURQRXV� UHSUHVHQWDWLRQV� �WKHUH� LV� QR� QHHG� IRU�
DFFXUDWH�SLWFK�PDUNLQJ����

� 6\QWKHVLV� VWDJH� LV� SLWFK� DV\QFKURQRXV�� 'XUDWLRQ�
DOWHUDWLRQ� LV� DFKLHYHG� E\� VFDOLQJ� WKH� IUDPH� OHQJWKV�
GXULQJ�V\QWKHVLV�DQG�SKDVH�FRQWLQXLW\�LV�DFKLHYHG�E\�
IRUFLQJ�SHUIHFW�FRQWLQXLW\�IRU�WKH�ILUVW�KDUPRQLF�DQG�
VKLIWLQJ�KLJKHU�RUGHU�KDUPRQLF�SKDVHV�OLQHDUO\���

� 0D[LPXP�YRLFHG� IUHTXHQF\� HVWLPDWLRQ� LV� EDVHG�RQ�
HYROXWLRQ�RI�KDUPRQLF�SKDVHV���

� 7KH� XQYRLFHG� SDUWV� RI� VSHHFK� �KLJKHU� RUGHU�
KDUPRQLFV��DUH�V\QWKHVL]HG�ZLWK�UDQGRPL]HG�SKDVHV��

7KHVH�GLIIHUHQFHV�DUH�IXUWKHU�H[SODLQHG�EHORZ��

���� 2EWDLQLQJ� 3LWFK�6\QFKURQRXV� 5HSUHVHQWDWLRQ�
)URP�3LWFK�$V\QFKURQRXV�5HSUHVHQWDWLRQ�

�
$� IHZ� RSHUDWLRQV� DUH� WR� EH� SHUIRUPHG� EHIRUH� WKH� V\VWHP� LV�
UHDG\� IRU� WKH� V\QWKHVLV� VWDJH��$�SKDVH� VKLIW� DOJRULWKP��ZKLFK�
DSSOLHV� D� OLQHDU� VKLIW� WR� KDUPRQLF� SKDVHV�� LV� XVHG� WR� REWDLQ�
SLWFK�V\QFKURQRXV� UHSUHVHQWDWLRQ� IURP� SLWFK�DV\QFKURQRXV�
UHSUHVHQWDWLRQ�� 7KH� RSHUDWLRQ� LV� VLPSOH�� WKH� ILUVW� KDUPRQLF�
SKDVH�LV�VKLIWHG�WR�D�FRQVWDQW�YDOXH�E\�Df�����WKHQ�WKH�VKLIW�WR�
EH�DSSOLHG�WR�WKH�QWK�KDUPRQLF�LV��
� ���
�� ff D=D QQ � � ����
7KLV�SURFHVV� LV�DSSOLHG�WR�DOO�RI� WKH�IUDPHV�VXFK�WKDW� WKH�ILUVW�
KDUPRQLF� SKDVH� LV� V\VWHPDWLFDOO\� VKLIWHG� WR� WKH� VDPH� LQLWLDO�
YDOXH��:H�REWDLQ�D�SLWFK�V\QFKURQRXV�UHSUHVHQWDWLRQ��VLQFH�WKH�
RSHUDWLRQ�FRUUHVSRQGV�WR�VKLIWLQJ�WKH�DQDO\VLV�IUDPH�LQ�WLPH�WR�
WKH�SRVLWLRQ�RI�D�SLWFK�PDUN��ZKLFK� LV� VHW� UHODWLYH� WR� WKH� ILUVW�
KDUPRQLF��$�VLPLODU� WHFKQLTXH�KDV�SUHYLRXVO\�EHHQ�SUHVHQWHG�
LQ� WKH� FRQWH[W� RI� ILQGLQJ� WKH� FHQWHU� RI� JUDYLW\� RI� VSHHFK�
ZDYHIRUPV�>�@��
� 7KLV�SLWFK�V\QFKURQRXV�UHSUHVHQWDWLRQ�PD\�DOVR�VHUYH�DV�
D� SKDVH� YLVXDOL]DWLRQ� WRRO�� ZKLFK� SURYLGHV� HYROXWLRQV� RI�
KDUPRQLF� SKDVHV� �UHODWLYH� WR� WKDW� RI� WKH� ILUVW� KDUPRQLF� DV� D�
IXQFWLRQ� RI� WLPH�� DQG�PD\� EH� XVHIXO� LQ� UHVHDUFK� IRFXVHG� RQ�
SKDVH�FRQWLQXLW\�SUREOHPV��,Q�)LJXUH���ZH�SUHVHQW�DQ�H[DPSOH�
RXWSXW�RI�VXFK�UHODWLYH�SKDVH�SORWV��



�

)LJXUH���3KDVH�HYROXWLRQ�RI�VHFRQG�KDUPRQLF�LQ�RULJLQDO�DQG�
V\QWKHWLF� VSHHFK� �ERWK� KDYLQJ� WKH� VDPH� DSSUR[LPDWHO\� IODW�
SLWFK� FXUYH��� D� �RULJLQDO� UHFRUGLQJ� IRU� 7XUNLVK� � ZRUG�
�JH]HJHQ���E�UHODWLYH�SKDVH�SORW�IRU�WKH�VHFRQG�KDUPRQLF�RI�WKH�
RULJLQDO� UHFRUGLQJ�� F�� VSHHFK� V\QWKHVL]HG� ZLWK� 0%52/$��
G�UHODWLYH� SKDVH� SORW� IRU� WKH� VHFRQG� KDUPRQLF� RI� 0%52/$�
VSHHFK��
�
� $V�D�VHFRQG�VWHS��ZH�DQDO\]H�WKHVH�SKDVH�SORWV�WR�HVWLPDWH�
PD[LPXP� YRLFHG� IUHTXHQF\�� :H� DVVXPH� WKDW� D� KDUPRQLF�
SKDVH� SORW� ZLOO� EH� VPRRWK� GXH� WR� TXDVL�VWDWLRQDU\�
FKDUDFWHULVWLF� RI� YRLFHG� VSHHFK�� ZKHUHDV� DQ� XQYRLFHG�
KDUPRQLF� SKDVH� �L�H�� WKH� SKDVH� RI� D� VSHFWUDO� SHDN�ZKLFK� KDV�
EHHQ�PLVWDNHQ�IRU�D�KDUPRQLF��SORW�ZLOO�QRW�EH�VPRRWK�LQ�WLPH��
7KH� HVWLPDWLRQ� SURFHVV� ILUVW� ODEHOV� HDFK� KDUPRQLF� E\�
FRPSDULQJ� WKH� SKDVH� GHULYDWLYH� WR� D� PDQXDOO\� VHW� WKUHVKROG��
:KHQ� WKH� FKDQJH� LQ� SKDVH� LV� ELJJHU� WKDQ� WKH� WKUHVKROG�� WKH�
KDUPRQLF�LV�ODEHOHG�DV�XQYRLFHG��7KHVH�ODEHOV�DUH�IXUWKHU�SRVW�
SURFHVVHG� DQG�PD[LPXP� YRLFHG� IUHTXHQF\� LV� WKHQ� HVWLPDWHG�
IRU�HDFK�IUDPH�E\�H[DPLQLQJ�WKH�UHVXOWV�RI� WKLV�KDUPRQLF�E\�
KDUPRQLF� 9�89� GHFLVLRQ�� ,Q� WKH� ILJXUH� ��� ZH� SUHVHQW� DQ�
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7KLV�ZD\��GXUDWLRQ�DOWHUDWLRQ�VWHSV�DUH�QR�PRUH�TXDQWL]HG� LQ�
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SHUIRUPHG�DQG�WKH�TXDOLWLHV�RI�WKH�WZR�V\VWHPV�DUH�JUDGHG�WR�
SURYLGH� YHU\� KLJKO\� LQWHOOLJLEOH� V\QWKHWLF� VSHHFK�� 7KH� HDUO\�
FRPSDULVRQV� RI� WKH� WZR� V\VWHPV� VKRZ� WKDW� WKH� 0%52/$�
V\VWHP� SURYLGHV� EHWWHU� TXDOLW\� LQ� XQYRLFHG� VHJPHQWV� RI�
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