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8 VH� RI� 0 DUNRY� &K DLQ � 0 RQ WH� &DUOR� 6DPSOLQ J� 0 HWK RGV� WR� �
$VVHVV� DQ G� ,PSURYH� 9DULDWLRQ DO� 0 2' , 6� &ORX G� 5HWULHYDOV�

�
'HUHN� 3RVVHOW � � 7ULVWDQ� /
(FX\HU� � DQG� *UDHPH� 6WHSKHQV�

'HSDUWPHQW� RI� $WPRVSKHULF� 6FLHQFH�� &RORUDGR� 6WDWH� 8QLYHUVLW\�
�
� � � , QWURGXFWL RQ�
�
0DQ\� UHFHQWO\�SURSRVHG� ³SK \VLFDO´� UHWULHYDO� DSSURDFKHV�
DQG� GDWD� DVVLPLODWLRQ� WHFKQLTXHV� DUH� EDVHG� RQ�
%D\HVLDQ� HVWLPDWLRQ� �RSWLPDO� HVWLPDWLRQ�� WKHRU\� � DQG� E\�
QHFHVVLW\� DVVXPH� PHDQ�]HUR� *DXVVLDQ� HUURU� VWDWLVWLFV� �
$V� D� UHVXOW� � D� *DXVVLDQ� SUREDELOLW\� GHQVLW\� GLVWULEXWLRQ�
LV� LPSRVHG� RQ� WKH� HVWLPDWHG� VWDWH� � DQG� GHVFULSWLRQ�RI�
WKH� HUURU� VWDWLVWLFV� LV� UHVWULFWHG� WR� PHDQ� DQG�
�FR�YDULDQFH� DORQH� � , I� WKH� HVWLPDWLRQ� SUREOHP� LV� ZHOO�
SRVHG� DQG� ZHOO�FRQVWUDLQHG� VXFK� WKDW� D� VLQJOH� � ZHOO�
GHILQHG� SUREDELOLW\� PD[LPXP� H[LVWV� � WKHQ� WKH� RSWLPDO�
HVWLPDWLRQ� PHWKRG� FDQ� EH� TXLWH� HIIHFWLYH� � + RZHYHU� �
WKHUH� LV� QR� ZD\� WR� NQRZ� ZKHWKHU� WKH� 3 ' ) � RI� WKH� HUURUV�
LV� WUXO\� *DXVVLDQ� LQ� IRUP� � DQG� KHQFH� ZKHWKHU� WKH�
YDULDWLRQDO� PHWKRG� KDV� SURGXFHG� D� UREXVW� UHVXOW� � *LYHQ�
UHOHYDQW� REVHUYDWLRQV� DQG� D� UDQJH� RI� UHDOLVWLF� YDOXHV� IRU�
HDFK� HVWLPDWHG� SDUDPHWHU� � 0DUNRY� FKDLQ� 0RQWH� &DUOR�
�0&0&�� DOJRULWKPV� FDQ� EH� XVHG� WR� VDPSOH� WKH� WUXH�
MRLQW� FRQGLWLRQDO� GLVWULEXWLRQ� � HIILFLHQWO\� VHHNLQJ� UHJLRQV�
RI� UHODWLYHO\� KLJK � SUREDELOLW\� YLD� D� TXDQWLWDWLYH� PHDVXUH�
RI� WKH� ILW� EHWZHHQ� REVHUYDWLRQV� DQG� HVWLPDWHG�
YDULDEOHV� � 2QFH� D� VX IILFLHQW� QXPEHU� RI� VDPSOHV� KDYH�
EHHQ� REWDLQHG� � WKH� UHVXOWLQJ� 3 ' )V� FDQ� EH� XVHG� WR�
TXDQWLWDWLYHO\� DVVHVV� WKH� UREXVWQHVV� RI� WKH� YDULDWLRQDO�
VROXWLRQ� IRU� HDFK� HVWLPDWHG� YDULDEOH� �
�
, Q � WKLV� SDSHU� � WKH� SURSHUWLHV� RI� WKH� 0&0&� DOJRULWKP� DUH�
GHPRQVWUDWHG� XVLQJ� D� UHODWLYHO\� VWUDLJKWIRUZDUG� WZR�
SDUDPHWHU� 02' , 6 � FORXG� UHWULHYDO� � 2EVHUYDWLRQV� FRQVLVW�
RI� 02 ' , 6 � UHIOHFWDQFHV� LQ� YLVLEOH� DQG� QHDU�LQIUDUHG�
FKDQQHOV� � DQG� D� SK \VLFDOO\� UHDOLVWLF� UDQJH� RI� SRVVLEOH�
YDOXHV� RI� FORXG� SDUWLFOH� HIIHFWLYH� UDGLXV� DQG� FORXG�
RSWLFDO� GHSWK� LV� XVHG� WR� GHILQH� WKH� SUREDELOLW\� VSDFH� WR�
EH� VDPSOHG� � 5HVXOWV� IURP� D� 0&0&�EDVHG� UHWULHYDO� DUH�
TXDQWLWDWLYHO\� FRPSDUHG� ZLWK� UHVXOWV� IURP� DQ� RSWLPDO�
HVWLPDWLRQ� UHWULHYDO� � DQG� WKH� XWLOLW\� RI� WKH� 0&0&� PHWKRG�
LV� H[SORUHG� � , W� LV� IRXQG� WKDW� WKH� 3 ' ) � RI� RSWLFDO� GHSWK�
REWDLQHG� IURP� 0&0&� LV� GHFLGHGO\� ORJ�QRUPDO� IRU� RSWLFDO�
GHSWKV� JUHDWHU� WKDQ� DSSUR[LPDWHO\� ��� � OHDGLQJ� WR� D� ORVV�
RI� VHQVLWLYLW\� WR� ODUJH� RSWLFDO� SDWKV� LQ� WKH� UHWULHYDO� ZKHQ�
D� *DXVVLDQ� 3 ' ) � LV� DVVXPHG� � :KHQ� WKH� YDULDWLRQDO�
UHWULHYDO� LV� PRGLILHG� VXFK� WKDW� WKH� QDWXUDO� ORJ� RI�RSWLFDO�
SDWK� LV� HVWLPDWHG� LQ� SODFH� RI� WKH� RSWLFDO� SDWK� LWVHOI� �
GLUHFW� LPSURYHPHQWV� LQ� WKH� YDULDWLRQDO� UHWULHYDO� UHVXOW� �
:H� FRQFOXGH� WKDW� WKH� 0&0&� PHWKRG� FDQ� SURYLGH�
XQLTXH� DQG� YDOXDEOH� LQIRUPDWLRQ� RQ� WKH� HUURU�
FKDUDFWHULVWLFV� RI� UHWULHYHG� YDULDEOHV� WKDW� FDQ� EH�XVHG�
WR� LPSURYH� WKH� SHUIRUPDQFH� RI� DQ� RSHUDWLRQDO�
YDULDWLRQDO� UHWULHYDO� �
�
&RUUHVSRQ GLQ J� DX WK RU� DGGUHVV� � �
'HUHN� 3RVVHOW� �
&RORUDGR� 6WDWH� 8 Q LYHUVLW\�
)RUW� &ROOLQ V� � &2� � � � � � � �
GHUHN� SRVVHOW#DWPRV� FRORVWDWH� HGX � �

�

�
� � � 5DGL DWL YH� 7UDQVIHU� 0RGHO � DQG� 9DUL DWL RQDO �
5HWUL HYDO �
�
�D� � 'HVFUL SWL RQ� RI� WKH� 5DGL DQW� 5DGL DWL YH� 7UDQVIHU�
0RGHO �
�
7KH� IRUZDUG� UDGLDWLYH� WUDQVIHU� PRGHO� XVHG� LQ� WKH�
UHWULHYDO� LV� D� VLPSOLILHG� YHUVLRQ� RI� WKH� 5DGLDQW� PRGHO�
�*DEULHO� HW� DO� � �� � � � � � ZKLFK � LV� D� PXOWL�VWUHDP� SODQH�



� �

SDUDOOHO� VROYHU� DSSOLFDEOH� WR� ERWK� YLVLEOH� DQG� LQIUDUHG�
SRUWLRQV� RI� WKH� HOHFWURPDJQHWLF� VSHFWUXP� � 5DGLDQW�
HPSOR\V� D� PXOWLSOH� VFDWWHULQJ� VROXWLRQ� EDVHG� RQ� D�
FRPELQDWLRQ� RI� WKH� ZHOO�NQRZQ� LQWHUDFWLRQ� SULQFLSOH� DQG�
WKH� HLJHQPDWUL[� PHWKRG� DQG� SURYLGHV� DQ� DFFXUDWH� DQG�
FRPSXWDWLRQDOO\� HIILFLHQW� VROXWLRQ� IRU� UDGLDQFHV� LQ� ERWK�
FORXG\� DQG� FOHDU� FRQGLWLRQV� � )RU� RXU� WHVW� FDVH� � ZH�
UHWULHYH� FORXG� RSWLFDO� SDWK� DQG� HIIHFWLYH� UDGLXV� IURP� �
PHDVXUHG� UHIOHFWDQFHV� LQ� �� ��� DQG� �� � � � PLFURQ�
ZDYHOHQJWKV� LQ� D� PDQQHU� DQDORJRXV� WR� WKH� PHWKRG�
GHVFULEHG� LQ� 1 DNDMLPD� DQG� .LQJ� �� � � � � � � 7KH� VFHQH� RI�
LQWHUHVW� ZDV� REVHUYHG� DW� DSSUR[LPDWHO\� �� � � � 8 7&� RQ� ��
-XO\� �� � � � E\� WKH� 02' , 6 � LQVWUXPHQW� RQ� (26� 7HUUD� � DQG�
FRQVLVWHG� RI� ORZ� EURNHQ� VWUDWXV� DQG� VWUDWRFXPXOXV�
FORXGV� RYHU� WKH� QRUWKHDVW� 3DFL ILF� 2FHDQ� �)LJ� � � � � � �
�
�E � � 9DUL DWL RQDO � 5HWUL HYDO � 0HWKRG�
�
*LYHQ� D� PRGHO� ) �[ � � WKDW� UHODWHV� D� VHW� RI� REVHUYHG�
UHIOHFWDQFHV�\ � WR� D� VHW� RI� VWDWH� SDUDPHWHUV�[ � ZH� ZRXOG�
OLNH� WR� HVWLPDWH� WKH� WUXH� DWPRVSKHULF� VWDWH� WKDW�
SURGXFHV� WKHVH� REVHUYDWLRQV� � 7KH� VROXWLRQ� WR� WKLV�
SUREOHP� FDQ� EH� REWDLQHG� E\� PD[LPL ]LQJ� WKH� FRQGLWLRQDO�
SUREDELOLW\� WKDW� WKH� VWDWH� LV� HTXDO� WR� WKH� WUXH� VWDWH� JLYHQ�
WKH� DYDLODEOH� REVHUYDWLRQV� DQG� WKH� UDGLDWLYH� WUDQVIHU�
PRGHO� � )RU� RXU� SXUSRVHV� � WKH� VWDWH� FRQVLVWV� RI� RSWLFDO�
WKLFNQHVV� DQG� FORXG� SDUWLFOH� HIIHFWLYH� UDGLXV� � DQG�WKH�
REVHUYDWLRQV� DUH� 02' , 6 � UHIOHFWDQFHV� DW� �� ��� DQG� �� �� �
PLFURQV� � %HFDXVH� WKH� VWDWH� DQG� REVHUYDWLRQ� HUURU�
SUREDELOLW\� GHQVLW\� GLVWULEXWLRQV� DUH� RIWHQ� QRW� NQRZQ� � LW�
LV� FRPPRQ� WR� DVVXPH� WKDW� WKH\� WDNH� D� *DXVVLDQ� IRUP��
7KLV� LV� ERWK� XVHIXO� DQG� DSSURSULDWH� ZKHQ� RQO\� WKH� PHDQ�
DQG� YDULDQFH� DUH� NQRZQ� DV� WKH� FKDUDFWHULVWLFV� RI� WKH�
*DXVVLDQ� 3 ' ) � DUH� IXOO\� GHWHUPLQHG� E\� RQO\� WZR�
SDUDPHWHUV� �'HYRUH� � �� � � � � *DXVVLDQ� GLVWULEXWLRQV� DUH�
DOVR� DOJHEUDLFDOO\� HDV\� WR� PDQLSXODWH� DQG� KDYH� WKH�
DGGHG� EHQHILW� WKDW� WKH� PRVW� SUREDEOH� VROXWLRQ� LV�
LGHQWLFDOO\� WKDW� ZKLFK � PLQLPL ]HV� WKH� HUURU�ZHLJKWHG�
GL IIHUHQFH� EHWZHHQ� VWDWH� DQG� REVHUYDWLRQV� � 7KH�
VROXWLRQ� LV� WKHQ� REWDLQHG� E\� PLQLPL ]LQJ� D� FRVW� IXQFWLRQ�
WKDW� FRQVLVWV� RI� WKH� QHJDWLYH� ORJ� RI� WKH� *DXVVLDQ� MRLQW�
SUREDELOLW\� GLVWULEXWLRQ�
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ZKHUH�[ D� LV� WKH�D� SULRUL� YDOXH� RI� WKH� VWDWH� �6 \ � DQG�6D� DUH�
WKH� REVHUYDWLRQ� DQG�D� SULRUL� HUURU� FRYDULDQFH� PDWULFHV� �
UHVSHFWLYHO\� � DQG� &� LV� WKH� QRUPDOL]DWLRQ� FRQVWDQW� IRU� WKH�
*DXVVLDQ� SUREDELOLW\� GLVWULEXWLRQ� � 7KH� PD[LPXP�
SUREDELOLW\� �PLQLPXP� YDULDQFH�� VROXWLRQ� LV� IRXQG� E\�
PLQLPL ]LQJ� WKH� JUDGLHQW� RI� WKH� FRVW� IXQFWLRQ� ZLWK� UHVSHFW�
WR� WKH� VHW� RI� XQNQRZQ�[ � � , Q � WKLV� FDVH� � ZH� VHW� WKH� FRVW�
IXQFWLRQ� JUDGLHQW� HTXDO� WR� ]HUR� DQG� VROYH� IRU�[� WKURXJK �
D� 1 HZWRQLDQ� LWHUDWLYH� VROXWLRQ� WR� WKH� UHVXOWLQJ� HTXDWLRQ�
�5RGJHUV� ��� � � �

�
� � � �
�

+ HUH� �[ L� LV� WKH� FXUUHQW� HVWLPDWH� �[ L ��� LV� WKH� SULRU�
HVWLPDWH� �. � LV� WKH� PDWUL[� RI� SDUWLDO� GHULYDWLYHV� RI� WKH�
IRUZDUG� PRGHO� ZLWK� UHVSHFW� WR�[ � �WKH� -DFRELDQ� PDWUL[�� �
DQG�. 7� LV� LWV� WUDQVSRVH� � (TXDWLRQ� ��� � PDNHV� LW� FOHDU� WKDW�

WKH� VROXWLRQ� GHSHQGV� ODUJHO\� RQ� ERWK� WKH� VSHFL ILFDWLRQ� RI�
WKH� IRUP� DQG� PDJQLWXGH� RI� HUURU� FRYDULDQFHV�6 \ � DQG�6D� �
7ZR� NH\� DVVXPSWLRQV� PXVW� EH� PDGH� �� � � PDJQLWXGH� RI�
WKH� FRYDULDQFHV� DQG� ��� � LPSRVLWLRQ� RI� D� *DXVVLDQ�
VKDSH� � , Q � WKH� QH[W� VHFWLRQ� � ZH� GHVFULEH� KRZ� 0&0&�
FDQ� EH� XVHG� WR� REWDLQ� WKH� IXOO� XQDSSUR[LPDWHG�
FRQGLWLRQDO� 3 ' ) � � DQG� KRZ� WKLV� 3 ' ) � FDQ� EH� XVHG� WR�
HVWLPDWH� HUURUV� WKDW� UHVXOW� IURP� WKH� *DXVVLDQ�
FRQVWUDLQW� � �
�

� � � 0&0&� 6DP SO L QJ� 3URFHGXUH�
�
, Q � WKH� UHWULHYDO� SURFHVV� � ZKDW� ZH� GHVLUH� LV� D� VHDUFK� RI�
WKH� SUREDELOLW\� VSDFH� IRU� WKH� PRVW� OLNHO\� YDOXHV� RI� WKH�
UHWULHYHG� VWDWH� JLYHQ� D� VHW� RI� REVHUYDWLRQV� � 7R� EH�DEOH�
WR� HYDOXDWH� WKH� UREXVWQHVV� RI� WKH� UHWULHYDO� � DV� ZHOO� DV�
WKH� HIIHFWLYH� LQIRUPDWLRQ� FRQWHQW� RI� WKH� REVHUYDWLRQV� �
WKH� IXOO� MRLQW� FRQGLWLRQDO� 3 ' ) � IRU� WKH� VHW� RI� UHWULHYHG�
VWDWH� SDUDPHWHUV� LV� UHTXLUHG� � , I� ZH� ZLVK � WR� UHWULHYH� RQO\�
RQH� RU� WZR� SDUDPHWHUV� VXFK� WKDW� WKH� VWDWH� VSDFH� LV�RQH�
RU� WZR� GLPHQVLRQDO� � WKHQ� LW� ZRXOG� EH� IHDVLEOH� WR� VWHS�
WKURXJK � WKH� UDQJH� RI� SRVVLEOH� YDOXHV� IRU� HDFK�
SDUDPHWHU� LQ� VPDOO� LQFUHPHQWV� � FRPSXWLQJ� DQ� HUURU�
ZHLJKWHG� GLVWDQFH� EHWZHHQ� VWDWH� DQG� REVHUYDWLRQV� DQG�
FRPSXWLQJ� WKH� 3 ' ) � LQ � WKH� SURFHVV� � + RZHYHU� � IRU� VWDWH�
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GLPHQVLRQV� JUHDWHU� WKDQ� RQH� RU� WZR� � WKLV� VRUW� RI� EUXWH�
IRUFH� VDPSOLQJ� TXLFNO\� EHFRPHV� LQWUDFWDEOH� � 0&0&� LV�
EDVHG� RQ� WKH� IDFW� WKDW� PRVW� YDOXHV� RI� WKH� VWDWH� DUH�
DVVRFLDWHG� ZLWK� YHU\� ORZ� SUREDELOLW\� � WKH� VWDWH� VSDFH� LV�
ODUJHO\� HPSW\� �7DUDQWROD� ��� � � � � , Q � IDFW� � DV� WKH�
GLPHQVLRQV� RI� WKH� HVWLPDWLRQ� SUREOHP� JURZ� � WKH� VWDWH�
VSDFH� WHQGV� WR� EHFRPH� LQFUHDVLQJO\� HPSW\� � 0&0&�
H[SORLWV� WKLV� IDFW� � VHDUFKLQJ� RXW� DUHDV� RI� FRQFHQWUDWHG�
SUREDELOLW\� ZLWKLQ� WKH� VWDWH� VSDFH� DQG� VDPSOLQJ� WKHP�
YLD� D� JXLGHG� UDQGRP� ZDON� � , Q � WKLV� SDSHU� � ZH� XVH� D� IRUP�
RI� 0&0&� VLPLODU� WR� WKH� ZHOO�NQRZQ� 0HWURSROLV�+ DVWLQJV�
DOJRULWKP� �0HWURSROLV� HW� DO� � � � � � � � + DVWLQJV� � �� � � � �)RU�
WKRURXJK � DQG� DFFHVVLEOH� GLVFXVVLRQV� RI� WKH� WKHRUHWLFDO�
XQGHUSLQQLQJV� RI� WKH� 0&0&� DOJRULWKP� � WKH� UHDGHU� LV�
UHIHUUHG� WR� 0RVHJDDUG� DQG� 7DUDQWROD� �� � � � � � � *HOPDQ�
HW� DO� � �� � � �� � DQG� 7DUDQWROD� ��� � � � � � �
�
7KH� 0DUNRY� FKDLQ� LV� VWDUWHG� IURP� D� VHW� RI� VWDWH�
SDUDPHWHUV� GUDZQ� IURP� D� ERXQGHG� 8 QL IRUP� 3 ' ) � � ZLWK�
ERXQGV� VHW� WR� SK\VLFDOO\� UHDOLVWLF� YDOXHV� IRU� HDFK�
SDUDPHWHU� � , Q � HDFK� 0&0&� VHDUFK� LWHUDWLRQ� D� UDQGRPO\�
FKRVHQ� VWDWH� SDUDPHWHU� LV� SHUWXUEHG� E\� DQ� DPRXQW�
HTXDO� WR� D� XQL IRUP� UDQGRP� YDULDEOH� PXOWLSOLHG� E\� WKH�
DOORZDEOH� SDUDPHWHU� UDQJH� DQG� PRGLILHG� E\� D� WXQLQJ�
IDFWRU� GHWHUPLQHG� GXULQJ� WKH� DGDSWLYH� EXUQ�LQ� �VHH�
GLVFXVVLRQ� EHORZ�� � , I� WKH� QHZO\�SHUWXUEHG� SDUDPHWHU�
YDOXH� H[FHHGV� LWV� DOORZDEOH� UDQJH� � WKH� QHZ� YDOXH� LV�
GLVFDUGHG� DQG� DQRWKHU� UDQGRP� SHUWXUEDWLRQ� LV� DSSOLHG� �
7KLV� SURFHVV� LV� UHSHDWHG� XQWLO� DQ� DFFHSWDEOH� SDUDPHWHU�
YDOXH� KDV� EHHQ� REWDLQHG� � DW� ZKLFK � SRLQW� QHZ� IRUZDUG�
REVHUYDWLRQV� DUH� FRPSXWHG� DQG� WKH� GLVWDQFH� EHWZHHQ�
VWDWH� DQG� REVHUYDWLRQV� LV� FDOFXODWHG� DQG� FRPSDUHG� WR�
WKH� SUHYLRXV� YDOXH� � )RU� WKH� FXUUHQW� DSSOLFDWLRQ� � ZH�
HPSOR\� D� *DXVVLDQ� �/� � � OLNHOLKRRG� IXQFWLRQ� GHILQHG�
LGHQWLFDOO\� WR� WKH� *DXVVLDQ� FRVW� IXQFWLRQ� LQ� HTXDWLRQ� ��� � �
H[FHSW� WKDW� 0&0&� QHHGV� QR�D� SULRUL� WHUP� � )RU�
FRQVLVWHQF\� � WKH� REVHUYDWLRQ� HUURU� FRYDULDQFH� LV�
VSHFL ILHG� DV� LQ � WKH� RSWLPDO� HVWLPDWLRQ� WHFKQLTXH�
DFFRUGLQJ� WR� LQVWUXPHQW� HUURU� FKDUDFWHULVWLFV� DQG�
IRUZDUG� UDGLDWLYH� WUDQVIHU� PRGHO� HUURUV� � 7KH� QHZ� VWDWH�
LV� DFFHSWHG� DQG� VWRUHG� L I� WKH� QHZ� OLNHOLKRRG� H[FHHGV�
WKH� ROG� � RU� L I� WKH� QHZ� YDOXH� LV� VX IILFLHQWO\� FORVH�WR� WKH�
SUHYLRXV� YDOXH� DV� GHWHUPLQHG� LQ� D� SDUWLDOO\� SUREDELOLVWLF�
PDQQHU� �)LJ� � � � � � 7KLV�SUREDELOLVWLF� DFFHSWDQFH� LV�
LPSRUWDQW� LQ� WKDW� LW� �� � � HQFRXUDJHV� WKH� DOJRULWKP� WR�
VDPSOH� UHJLRQV� FORVH� WR� DUHDV� RI� UHODWLYHO\� ODUJH�
SUREDELOLW\� � DQG� ��� � DOORZV� WKH� DOJRULWKP� WR� OHDYH�D� ORFDO�
SUREDELOLW\� PD[LPXP� � , Q � WKH� FXUUHQW� DSSOLFDWLRQ� � D� JLYHQ�
VWDWH� LV� SUREDELOLVWLFDOO\� DFFHSWHG� L I� WKH� UDWLR� RI� WKH� QHZ�
OLNHOLKRRG� WR� WKH� ROG� LV� JUHDWHU� WKDQ� D� UDQGRP� YDULDEOH�; �
EHWZHHQ� �� DQG� � � � %HFDXVH� ZH� KDYH� FRPSXWHG� WKH� ORJ�
OLNHOLKRRG� � WKH� QHZ� VWDWH� LV� DFFHSWHG� L I�
�
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� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
 � 7KH� ERXQGHG� XQLIRUP� 3')� LV� DSSURSULDWH� LQ� WKH�
UHWULHYDO� FRQWH[W� DV� LW� UHSUHVHQWV� WKH� PLQLPXP� SRVVLEOH�
SULRU� LQIRUPDWLRQ� RQ� WKH� VWDWH�� DQG� DVVXPHV� QR� RWKHU�
LQIRUPDWLRQ� DVLGH� IURP� D� UHDVRQDEOH� UDQJH� RI� YDOXHV�
IRU� HDFK� UHWULHYHG� SDUDPHWHU� �

ZKHUH�; � LV� GUDZQ� IURP� WKH�D� SULRUL�SUREDELOLW\�
GLVWULEXWLRQ� � $V� LV� FRPPRQ� SUDFWLFH� � ZH� XVH� D� EXUQ�LQ�
SHULRG� LQ� ZKLFK � VDPSOLQJ� LV� GRQH� � EXW� QR� VWDWHV� DUH�
VWRUHG� � IRU� WKH� SXUSRVH� RI� ³ IRUJHWWLQJ´� WKH� LQLWLDO� YDOXH� LQ�
WKH� FKDLQ� � 6LPLODU� WR� WKH� PHWKRG� HPSOR\HG� LQ�
7DPPLQHP� DQG� .\UROD� ��� � � � � DQG� ODWHU� PRGLILHG� LQ�
7DPPLQHP� ��� � �� � � ZH� DOORZ� WKH� DOJRULWKP� WR� DGDSWLYHO\�
FKDQJH� WKH� VWHS� OHQJWK� GXULQJ� WKH� EXUQ�LQ� SHULRG� �
7XQLQJ� WKH� VWHS� OHQJWK� GXULQJ� EXUQ�LQ� OHDGV� WR� PRUH�
HIILFLHQW� VDPSOLQJ� RI� WKH� VWDWH� VSDFH� RQFH� EXUQ�LQ�KDV�
ILQLVKHG� � $IWHU� EXUQ�LQ� � DGDSWLYH� VDPSOLQJ� LV� WXUQHG� RII�
WR� HQVXUH� VDPSOLQJ� IURP� WKH� FRUUHFW� SRVWHULRU�
GLVWULEXWLRQ� � , W� ZDV� IRXQG� WKDW� D� EXUQ�LQ� OHQJWK� RI� �� � � � �
VDPSOHV� ZDV� JHQHUDOO\� VX IILFLHQW� WR� FRQYHUJH� WR�
VDPSOLQJ� D� VWDWLRQDU\� 3 ' ) � �
�

�
�
7KH� 0&0&� DOJRULWKP� LV� UXQ� IRU� PDQ\� VXFFHVVLYH�
LWHUDWLRQV� WR� DOORZ� D� WKRURXJK � VDPSOLQJ� RI� WKH� VWDWH�
VSDFH� � DQG� D� SRVWHULRU� SUREDELOLW\� GHQVLW\� GLVWULEXWLRQ� LV�
EXLOW� IRU� HDFK� VWDWH� SDUDPHWHU� IURP� WKH� VHW� RI� DFFHSWHG�
VWDWHV� � %DVHG� RQ� LQLWLDO� WHVWV� � LW� ZDV� IRXQG� WKDW� D� VDPSOH�
VL ]H� RI� � � � � � � ZDV� VX IILFLHQW� WR� FKDUDFWHUL]H� WKH�
PRPHQWV� RI� WKH� SRVWHULRU� 3 ' ) � � 7R� HQVXUH� IXOO� VDPSOLQJ�
RI� WKH� 3 ' ) � LQ � HDFK� SL [HO� � ZH� FKRVH� WR� UXQ� WKH� DOJRULWKP�
XQWLO� ��� � � � � VDPSOHV� ZHUH� DFFXPXODWHG� IRU� HDFK� SL [HO� �



� �

'HSHQGLQJ� RQ� WKH� HUURU� FKDUDFWHULVWLFV� DQG� WKH� VKDSH�
RI� WKH� DFWXDO� MRLQW� FRQGLWLRQDO� 3 ' ) � � LW� WRRN� EHWZHHQ�
��� � � � � DQG� ��� � � � � � LWHUDWLRQV� DIWHU� WKH� DGDSWLYH� EXUQ�LQ�
WR� REWDLQ� D� ��� � � � � VDPSOH� VHW� � �
�
$Q � LOOXVWUDWLRQ� RI� WKH� FRQYHUJHQFH� RI� WKH� 0&0&�
DOJRULWKP� WR� VDPSOLQJ� D� VWDWLRQDU\� GLVWULEXWLRQ� LV�
SUHVHQWHG� LQ� ILJXUH� �� � ZKLFK � GHSLFWV� VDPSOHV� REWDLQHG�
IURP� WKH� MRLQW� 3 ' ) � RI� RSWLFDO� SDWK� DQG� HIIHFWLYH� UDGLXV�
IRU� SL [HO� �� � � � � � � LQ � WKH� 02' , 6 � GDWDVHW� � , W� LV� FOHDU�WKDW� E\�
DV� HDUO\� DV� ��� � VDPSOHV� �)LJ� � �D�� � WKH� 3 ' ) � LV� VWDUWLQJ�
WR� WDNH� VKDSH� � DQG� WKDW� E\� � � � � � � � VDPSOHV� �)LJ� � �G�� WKH�
3 ' ) � LV� ZHOO�FKDUDFWHUL]HG� � )RU� FRPSDULVRQ� � WKH� 3 ' ) �
REWDLQHG� IURP� � � � � � � � � � � VDPSOHV� �)LJ� � �H�� LV�
FRQWUDVWHG� ZLWK� WKH� UHVXOW� RI� EUXWH� IRUFH� VDPSOLQJ�
DFURVV� WKH� UDQJH� RI� YDOXHV� IRU� RSWLFDO� SDWK� DQG� HIIHFWLYH�
UDGLXV� �)LJ� � �I� � � %UXWH� IRUFH� VDPSOLQJ� ZDV� SHUIRUPHG� E\�
VWHSSLQJ� WKURXJK � WKH� UDQJH� RI� RSWLFDO� SDWK� DQG� HIIHFWLYH�
UDGLXV� LQ� LQFUHPHQWV� RI� �� � � � UXQQLQJ� WKH� IRUZDUG� PRGHO� �
DQG� FRPSXWLQJ� WKH� OLNHOLKRRG� IXQFWLRQ� LQ� HDFK� LWHUDWLRQ� �
7KRXJK � WKH� RSWLFDO� SDWK� 3 ' ) � KDV� D� VOLJKWO\� ORQJHU� WDLO� LQ�
WKH� 0&0&� UHVXOW� � WKH� 3 ' )V� DUH� UHPDUNDEO\� VLPLODU� �
GHPRQVWUDWLQJ� WKH� HIIHFWLYHQHVV� RI� 0&0&� LQ �
FKDUDFWHUL]LQJ� WKH� WUXH� 3 ' ) � �
�
�� � 5HVXO WV�
�
, Q � WKLV� VHFWLRQ� � ZH� SUHVHQW� UHVXOWV� IURP� WZR� GL IIHUHQW�
FRPSDULVRQV� EHWZHHQ� D� 0&0&� DQG� D� YDULDWLRQDO�
UHWULHYDO� � (UURUV� LQ� HDFK� FKDQQHO� ZHUH� VSHFL ILHG� DV� �� �
RI� WKH� REVHUYHG� UHIOHFWDQFH� �$� SULRUL�RSWLFDO� SDWK� DQG�
HIIHFWLYH� UDGLXV� IRU� ERWK� FDVHV� ZHUH� VHW� HTXDO� WR�
SK\VLFDOO\� UHDVRQDEOH� YDOXHV� IRU� OLTXLG� VWUDWXV� FORXGV� �
�� � DQG� � �� PLFURQV� � UHVSHFWLYHO\� �0LOHV� HW� DO� � �� � � �� �
(UURU� YDULDQFHV� RI� �� � � DQG� � �� �PP � � ZHUH� DVVLJQHG� WR�

WKHVH�D� SULRUL� YDOXHV� IRU� WKH� SXUSRVH� RI� VSDQQLQJ�
UDQJHV� RI� RSWLFDO� SDWK� DQG� HIIHFWLYH� UDGLXV� REVHUYHG� LQ�
QDWXUH� � �� WR� � �� � DQG� �� WR� ��� � UHVSHFWLYHO\� � , W� ZDV�
DVVXPHG� IRU� VLPSOLFLW\� WKDW� REVHUYDWLRQ� HUURUV� ZHUH�
XQFRUUHODWHG� EHWZHHQ� FKDQQHOV� � DV� ZHUH�D� SULRUL� HUURUV� �
DQG� FRQYHUJHQFH� WR� D� VROXWLRQ� IRU� WKH� VFHQH� RI� LQWHUHVW�
ZDV� XQLIRUPO\� REWDLQHG� ZLWKLQ� � �� LWHUDWLRQV� � , Q � ERWK�
&75/ � DQG� �;( 55� FDVHV� � ZH� FRPSDUH� ERWK� UHWULHYHG�
YDOXHV� DQG� 3 ' )V� � DV� ZHOO� DV� WKH� LQIRUPDWLRQ� FRQWHQW� �
DQG� FRPSDUH� WKH� YDULDWLRQDO� UHWULHYDO� ZLWK� WKH� PHDQ� DQG�
PRGH� RI� WKH� GLVWULEXWLRQ� REWDLQHG� IURP� 0&0&� � , I� WKH�
3 ' ) � LV� WUXO\� *DXVVLDQ� � RU� DW� OHDVW� FHQWHUHG� DQG�
XQLPRGDO� � WKH� PHDQ� DQG� PRGH� UHWULHYHG� YDOXHV� VKRXOG�
EH� LGHQWLFDO� �
�
5HWULHYHG� RSWLFDO� SDWK� DQG� HIIHFWLYH� UDGLXV� DUH� SORWWHG�
IRU� WKH� YDULDWLRQDO� UHWULHYDO� LQ� ILJXUHV� �D� DQG� �E�� IRU� WKH�
PRGH� RI� WKH� 0&0&� 3 ' ) � LQ � ILJXUHV� �F� DQG� �G� � DQG� IRU�
WKH� PHDQ� RI� WKH� 0&0&� 3 ' ) � LQ � �H� DQG� �I� � ( [DPLQDWLRQ�
RI� WKH� UHWULHYHG� RSWLFDO� SDWK� VKRZV� LPPHGLDWHO\� WKDW� �
WKRXJK � DOO� HVWLPDWHV� UHFRYHU� WKH� UHODWLYHO\� WKLQ� FORXG�
DQG� FOHDU� DUHDV� ZHOO� �W� � � � � � � � UHWULHYDO� RI� ODUJHU� YDOXHV�
RI� RSWLFDO� GHSWK� YDULHV� VLJQL ILFDQWO\� DFURVV� WKH� GLIIHUHQW�
UHWULHYDOV� � 7KLV� LV� DQ� HDUO\� LQGLFDWLRQ� RI� WKH� NQRZQ� ORVV�
RI� VHQVLWLYLW\� LQ � WKH� YLVLEOH� FKDQQHO� WR� RSWLFDO� GHSWKV�
JUHDWHU� WKDQ� DSSUR[LPDWHO\� ��� � 5HWULHYHG� HIIHFWLYH�
UDGLXV� H[KLELWV� DOPRVW� H[DFW� VLPLODULW\� DFURVV� DOO�
UHWULHYDOV� � ZLWK� WKH� RQO\� VLJQL ILFDQW� GL IIHUHQFHV� RFFXUULQJ�
LQ � UHJLRQV� RI� FOHDU� DLU� � RU� ZKHUH� FORXGV� DUH� H[WUHPHO\�
WKLQ� �
�



� �

�
�
5HWULHYHG� RSWLFDO� SDWK� DQG� HIIHFWLYH� UDGLXV� 3 ' )V� IURP�
ERWK� 0&0&� DQG� YDULDWLRQDO� WHFKQLTXHV� DUH� FRPSDUHG�
LQ� ILJXUH� �� IRU� D� �[� � SL [HO� VXEUHJLRQ� RXWOLQHG� E\� WKH�
ZKLWH� ER[� LQ � ILJXUHV� �F� DQG� �I� � , Q � JHQHUDO� � LW� FDQ� EH�
VHHQ� WKDW� DOO� 0&0&� 3 ' )V� DUH� PRQR�PRGDO� � LQGLFDWLQJ�
WKDW� D� TXDGUDWLF� PLQLPL ]DWLRQ� WHFKQLTXH� FDQ� EH�
H[SHFWHG� WR� SHUIRUP� ZHOO� � , Q � DGGLWLRQ� � WKH� HIIHFWLYH�
UDGLXV� 3 ' )V� �) LJ� � �G�� � DV� ZHOO� DV� 3 ' )V� LQ � SL [HOV� LQ�
ZKLFK � RSWLFDO� GHSWK� LV� OHVV� WKDQ�| � � � � � DSSHDU� WR� EH� ZHOO�
FKDUDFWHUL]HG� E\� D� *DXVVLDQ� GLVWULEXWLRQ� � + RZHYHU� �DV�
RSWLFDO� SDWKV� LQFUHDVH� EH\RQG� ��� � WKH� RSWLFDO� SDWK�
3 ' )V� LQFUHDVLQJO\� GHSDUW� IURP� *DXVVLDQ� � , Q � IDFW� � IRU�
RSWLFDO� SDWKV� JUHDWHU� WKDQ� ��� �SL [HOV� �� � � � � � � � � � �� �� � �
DQG� �� �� � � � � � � WKH� 0&0&� 3 ' ) � H[KLELWV� OLWWOH� GHSDUWXUH�
IURP� WKH�D� SULRUL� ERXQGHG� XQLIRUP� 3 ' ) � � LQGLFDWLQJ� WKDW�
WKH� REVHUYDWLRQV� KDYH� FRQWULEXWHG� YHU\� OLWWOH� LQIRUPDWLRQ�
WR� WKH� VROXWLRQ� � )RU� SL [HOV� ZLWK� RSWLFDO� GHSWKV� EHWZHHQ�
��� DQG� ��� � WKH� 0&0&� 3 ' )V� DSSHDU� WR� EH� ORJ�QRUPDO� LQ�
VKDSH� � ZLWK� D� PRGH� WKDW� LV� LQFUHDVLQJO\� GLVSODFHG� IURP�
WKH� YDULDWLRQDO� PRGH� ZLWK� LQFUHDVLQJ� RSWLFDO� SDWK� �7KH�
IDFW� WKDW� WKH� 3 ' )V� IRU� HIIHFWLYH� UDGLXV� DUH� QRW� DV�
VNHZHG� DV� WKRVH� IRU� RSWLFDO� SDWK� LV� FRQVLVWHQW� ZLWK� WKH�
SK\VLFDO� OLPLWDWLRQV� LPSRVHG� RQ� WKH� GURS� VL ]H�
GLVWULEXWLRQ� E\� WKH� FROOLVLRQ�FRDOHVFHQFH� SURFHVV� �$V�
GURS� UDGLL � LQFUHDVH� EH\RQG� ���PP � � WKH� GUL]]OH� SURFHVV�

EHFRPHV� LQFUHDVLQJO\� DFWLYH� � OLPLWLQJ� WKH� SUHVHQFH�RI�
ODUJH� FORXG� GURSOHWV²SDUWLFXODUO\� LQ � OLTXLG� FORXGV� RYHU�
WKH� RFHDQ� �&RRSHU� HW� DO� � �� � � � � �
�
7R� PRUH� FOHDUO\� GHPRQVWUDWH� WKH� VLPLODULWLHV� DQG�
GL IIHUHQFHV� EHWZHHQ� YDULDWLRQDO� DQG� 0&0&� UHWULHYHG�
3 ' )V� � W� DQG� UH� IURP � WZR� VHOHFWHG� SL [HOV� DUH� VKRZQ�
HQODUJHG� DW� WKH� ULJKW� VLGH� RI� ILJXUH� �� � ) LJXUHV� �E�DQG� �F�
GHSLFW� RSWLFDO� SDWK� 3 ' )V� IRU� SL [HOV� ZLWK� UHODWLYHO\�ORZ�
�� � �� � � � DQG� UHODWLYHO\� KLJK � �| � �� � � RSWLFDO� SDWK�
UHVSHFWLYHO\� � ZKLOH� ILJXUHV� �H� DQG� �I� GHSLFW� 3 ' )V� RI�
HIIHFWLYH� UDGLXV� LQ� WKHVH� VDPH� SL [HOV� � , Q � WKHVH� ILJXUHV� LW�
FDQ� EH� VHHQ� WKDW� WKH� REVHUYDWLRQV� FRQWULEXWH� HQRXJK�
LQIRUPDWLRQ� WR� HIIHFWLYHO\� FRQVWUDLQ� WKH� UHWULHYDO�IRU� ORZ�
RSWLFDO� SDWKV� �)LJ� � �F�� � WKH� 0&0&� DQG� YDULDWLRQDO�
VROXWLRQV� DUH� QHDUO\� LGHQWLFDO� LQ� WKLV� FDVH� � + RZHYHU� �
ZLWK� LQFUHDVLQJ� RSWLFDO� SDWK� �)LJ� � �E�� � WKH� VROXWLRQV�
GLYHUJH� � DQG� WKH� YDULDWLRQDO� 3 ' ) � SURYLGHV� D� SRRU�
DSSUR[LPDWLRQ� WR� WKH� VROXWLRQ� � 7KRXJK � SL [HOV� ZLWK� ERWK�
UHODWLYHO\� VPDOO� �)LJ� � �H�� DQG� ODUJH� �)LJ� � �I� � HIIHFWLYH�
UDGLL � DSSHDU� WR� EH� ZHOO�FKDUDFWHUL]HG� E\� D� *DXVVLDQ�
3 ' ) � � FDUHIXO� H[DPLQDWLRQ� RI� DOO� IRXU� ILJXUHV� UHYHDOV� WKDW�
HDFK� RI� WKH� 0&0&� 3 ' )V� KDV� D� WDLO��QRQH� DUH� SHUIHFWO\�
*DXVVLDQ� � 7KLV� WDLO� LV� XQL IRUPO\� PXFK � VPDOOHU� IRU� WKH�
HIIHFWLYH� UDGLXV� WKDQ� IRU� RSWLFDO� SDWK� � WKRXJK � LW� FDQ� EH�
PRUH� FOHDUO\� VHHQ� LQ� WKH� SL [HO� ZLWK� UHODWLYHO\� ODUJH�
HIIHFWLYH� UDGLXV� �)LJ� � �I� � � �
�
� � � 4XDQWL WDWL YH� $VVHVVP HQW� DQG� , P SURYHP HQW� RI�
9DUL DWL RQDO � 5HWUL HYDO �
�
�D� � , Q IRUP DWL RQ� &RQWHQW� DQG� $VVHVVP HQW� RI�
9DUL DWL RQDO � 5HWUL HYDO �
�
7R� EH� DEOH� WR� HIIHFWLYHO\� UHWULHYH� FHUWDLQ� VWDWH� YDULDEOHV�
IURP� REVHUYDWLRQV� � WKH� REVHUYDWLRQV� PXVW� FRQWDLQ�
VXIILFLHQW� LQIRUPDWLRQ� RQ� WKH� GHVLUHG� VWDWH� WR� EH� DEOH� WR�
FRQVWUDLQ� WKH� VROXWLRQ� � , W� LV� � WKHUHIRUH� � FRPPRQ� WR� XVH�
VR�FDOOHG� LQIRUPDWLRQ� FRQWHQW� PHDVXUHV� WR� TXDQWLI\�WKH�
DPRXQW� RI� LQIRUPDWLRQ� FRQWULEXWHG� WR� WKH� HVWLPDWH� RI� WKH�
VWDWH� E\� DQ� LQGLYLGXDO� REVHUYDWLRQ� RU� VHWV� RI�
REVHUYDWLRQV� �5RGJHUV� ��� � � � / 
 (FX \HU� HW� DO� � �� � � � � �
2QH� FRPPRQ� PHDVXUH� RI� LQIRUPDWLRQ� LV� WKH� 6KDQQRQ�
, Q IRUPDWLRQ� &RQWHQW� � LQ � ZKLFK � WKH� LQIRUPDWLRQ� FRQWHQW� RI�
DQ� REVHUYDWLRQ� RU� VHW� RI� REVHUYDWLRQV� LV� FRPSXWHG� DV�
WKH� UHGXFWLRQ� LQ� HQWURS\� GXH� WR� WKH� DGGLWLRQ� RI�
LQIRUPDWLRQ� IURP� REVHUYDWLRQV� � 6KDQQRQ� LQIRUPDWLRQ�
FRQWHQW� LV� WKHQ� GHILQHG� DV� WKH� GL IIHUHQFH� EHWZHHQ� WKH�
HQWURS\� RI� WKH�D� SULRUL� VWDWH� DQG� WKH� HQWURS\� RI� WKH�
UHWULHYHG� VWDWH� � ZKLFK � FDQ� EH� LQWHUSUHWHG� DV� WKH� H[WHQW�
WR� ZKLFK � WKH� QXPEHU� RI� DOORZDEOH� VWDWHV� LV� UHGXFHG�E\�
WKH� DGGLWLRQ� RI� LQIRUPDWLRQ� IURP� WKH� PHDVXUHPHQWV� �)RU�
WKH� YDULDWLRQDO� FDVH� � ERWK� HVWLPDWHG� DQG�D� SULRUL� 3 ' )V�
DUH� *DXVVLDQ� � DQG� WKH� LQIRUPDWLRQ� FRQWHQW� UHGXFHV� WR�
�5RGJHUV� ��� � � � / 
 (FX \HU� HW� DO� � �� � � � �
�

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� �
�
6LQFH� WKLV� H[SUHVVLRQ� LV� SUHGLFDWHG� RQ� WKH� DVVXPSWLRQ�
RI� *DXVVLDQ� VWDWLVWLFV� � D� TXDQWLWDWLYH� DVVHVVPHQW� RI� WKH�
UREXVWQHVV� RI� WKH� *DXVVLDQ� DVVXPSWLRQ� FDQ� EH�
REWDLQHG� E\� FRPSDULQJ� LQIRUPDWLRQ� FRQWHQW� IURP� WKH�



� �

YDULDWLRQDO� UHWULHYDO� ZLWK� WKDW� FRPSXWHG� H[SOLFLWO\�IURP�
WKH� 0&0&� 3 ' )V� � �
�

&RPSDULVRQ� RI� LQIRUPDWLRQ� FRQWHQW� EHWZHHQ� YDULDWLRQDO�
DQG� 0&0&� UHWULHYDOV� �)LJ� � �� � LQGLFDWHV� WKDW� WKH�
YDULDWLRQDO� VROXWLRQ� RYHU�HVWLPDWHV� WKH� LQIRUPDWLRQ�
FRQWHQW� RI� WKH� REVHUYDWLRQV� � 0HDQ� LQIRUPDWLRQ� FRQWHQW�
IRU� RSWLFDO� SDWK� ZDV� �� � � ELWV� KLJKHU� IRU� WKH� YDULDWLRQDO�
HVWLPDWH� � ZKLOH� PHDQ� LQIRUPDWLRQ� FRQWHQW� IRU� HIIHFWLYH�
UDGLXV� ZDV� �� � �� ELWV� KLJKHU� � 5HFDOO� WKDW� WKH� 0&0&�
UHWULHYHG� 3 ' )V� RI�W� DQG� UH� IRU� WKH� FRQWURO� FDVH� �)LJ� � � � �
ZHUH� GHFLGHGO\� ORJ�QRUPDO� IRU� ERWK�W� DQG� WR� D� OHVVHU�
H[WHQW� UH� � 7KLV� VXJJHVWV� WKDW� ODUJHU� YDOXHV� RI�W� ZLOO� KDYH�
D� KLJKHU� SUREDELOLW\� RI� RFFXUULQJ� LQ � WKH� 0&0&� UHWULHYDO� �
7KH� DEVHQFH� RI� VXFK � D� ³WDLO´� LQ � WKH� YDULDWLRQDO� VROXWLRQ�
IDOVHO\� OHDGV� RQH� WR� EHOLHYH� WKDW� WKH� REVHUYDWLRQV�GR� D�
EHWWHU� MRE� RI� FRQVWUDLQLQJ� WKH� VROXWLRQ� WKDQ� WKH\� DFWXDOO\�
GR� � 7KH� IDFW� WKDW� WKHUH� LV� D� JUHDWHU� GLVFUHSDQF\� IRU�
RSWLFDO� SDWK� DV� FRPSDUHG� WR� HIIHFWLYH� UDGLXV� LV� GXH� WR�
WKH� IDFW� WKDW� 0&0&�UHWULHYHG� RSWLFDO� SDWK� 3 ' )V�
H[KLELWHG� D� FRQVLVWHQWO\� JUHDWHU� GHSDUWXUH� IURP�
*DXVVLDQ� �
�
$� PRUH� TXDQWLWDWLYH� PHDVXUH� RI� WKH� GL IIHUHQFHV�
EHWZHHQ� YDULDWLRQDO� DQG� 0&0&� VROXWLRQV� FDQ� EH�
REWDLQHG� E\� FRPSXWLQJ� WKH� LQWHJUDWHG� DEVROXWH�
GL IIHUHQFH� �, $' � � EHWZHHQ� WKH� WZR� UHWULHYHG� 3 ' )V� � 7KLV�
PHDVXUH� LV� FRPSXWHG� E\� FDOFXODWLQJ� WKH� DEVROXWH� YDOXH�
RI� WKH� GL IIHUHQFH� EHWZHHQ� WKH� YDULDWLRQDO� DQG� WKH�
0&0&� 3 ' ) � LQ � HDFK� GLVFUHWH� ELQ� � WKHQ� VXPPLQJ� WKH�
UHVXOW� � 6LQFH� HDFK� 3 ' ) � XVHV� WKH� VDPH� ELQ� LQWHUYDOV��
DQG� VLQFH� WKH� 3 ' )V� DUH� QRUPDOL]HG� VR� WKDW� WKH\� HDFK�
LQWHJUDWH� WR� RQH� � WKLV� PHDVXUH� LV� LQGHSHQGHQW� RI� ELQ�
VL ]H� � 6LQFH� HDFK� 3 ' ) � LQWHJUDWHV� WR� � � � � � D� YDOXH� RI�, $' �
RI� � � � � LQGLFDWHV� D� � �� � � GL IIHUHQFH� EHWZHHQ� WKH� 3 ' )V� �
)RU� LOOXVWUDWLRQ� � YDOXHV� RI� , $' � IRU� RSWLFDO� GHSWK� 3' )V�
DUH� SULQWHG� LQ� WKH� XSSHU� ULJKW� KDQG� FRUQHU� RI� HDFK�SL [HO�
LQ� )LJXUHV� �D��F� � )URP� WKLV� ILJXUH� LW� FDQ� EH� VHHQ� WKDW�

, $' � YDOXHV� RI� �� � � WR� �� � � UHSUHVHQW� D� QHJOLJLEOH�
GL IIHUHQFH� EHWZHHQ� YDULDWLRQDO� DQG� 0&0&� 3 ' )V� � ZKLOH�
YDOXHV� DERYH� �� � � UHSUHVHQW� UHODWLYHO\� ODUJH� GHSDUWXUHV� �
�
�E� � 8 VH� RI� 0&0&� 5HVXO WV� WR� 0RGL I\� DQG� , P SURYH�
WKH� 9DUL DWL RQDO � 5HWUL HYDO �
�
7KH� SUHFHGLQJ� VHFWLRQ� SURYLGHV� H[DPSOHV� RI�
GLDJQRVWLFV� WKDW� FDQ� EH� XVHG� WR� TXDQWLI\� WKH� TXDOLW\� RI� D�
*DXVVLDQ�EDVHG� YDULDWLRQDO� UHWULHYDO� RQFH� WKH� IXOO�3 ' ) �
LV� NQRZQ� � 7KH� JUHDWHU� WKH� LQWHJUDWHG� GL IIHUHQFHV�
EHWZHHQ� 3 ' )6 � �DQG� FRQVHTXHQW� GL IIHUHQFHV� LQ�
LQIRUPDWLRQ� FRQWHQW�� � WKH� PRUH� QRQ�*DXVVLDQ� WKH�
VWDWLVWLFV� DUH� � DQG� WKH� SRRUHU� WKH� UHWULHYDO� ZLOO� EH� � , W� LV�
ORJLFDO� WR� DVN� ZKHWKHU� WKLV� LQIRUPDWLRQ� FDQ� � LQ � WXUQ� � EH�
XVHG� WR� LPSURYH� WKH� YDULDWLRQDO� UHWULHYDO� � VLQFH� LW� LV� VWLOO�
D� GHVLUDEOH� PHWKRG� E\� YLUWXH� RI� LWV� FRPSXWDWLRQDO� VSHHG�
DQG� LWV� EDVLV� LQ � WKH� SK\VLFV� RI� WKH� UDGLDWLYH� WUDQVIHU�
SUREOHP� �
�
, Q � WKHRU\� � YLVLEOH� UHIOHFWDQFH� VKRXOG� EH� VHQVLWLYH�WR�
RSWLFDO� SDWKV� XS� WR� ��� � KRZHYHU� � WKH� YDULDWLRQDO� UHWULHYDO�
GHPRQVWUDWHG� ORVV� RI� VHQVLWLYLW\� DW� RSWLFDO� SDWKV� DERYH�
��� �) LJ� � �� � � 7KH� IDFW� WKDW� WKH� 0&0&� DOJRULWKP� UHWXUQHG�
ORJ�QRUPDO� 3 ' )V� IRU�W� DQG� UH� LQ � ERWK� &75/ � DQG� �;( 55�
FDVHV� VXJJHVWV� WKDW� WKLV� SUREOHP� FRXOG� EH� SDUWLDOO\�
PLWLJDWHG� E\� UHWULHYLQJ� WKH� QDWXUDO� ORJ� RI� RSWLFDO�SDWK�
DQG� HIIHFWLYH� UDGLXV� � $� ORJ�QRUPDO� 3 ' ) � LV� WKXV� LPSRVHG�
RQ�W� DQG� UH� � DQG� EHFDXVH� WKH� QDWXUDO� ORJ� RI� D� ORJ�
QRUPDOO\� GLVWULEXWHG� UDQGRP� YDULDEOH� LV� GLVWULEXWHG�
*DXVVLDQ� � ZH� FDQ� UHWDLQ� WKH� *DXVVLDQ� YDULDWLRQDO�
IUDPHZRUN� � 7KH� RQO\� IXQGDPHQWDO� FKDQJH� LV� WKDW� WKH�
-DFRELDQ� LV� FRPSXWHG� ZLWK� UHVSHFW� WR� YDULDWLRQV� LQ�WKH�
QDWXUDO� ORJ� RI�W� DQG� UH� � DQG� WKH�D� SULRUL� HUURU� YDULDQFH� LV�
VSHFL ILHG� VXFK� WKDW� WKH� YDULDQFH� RI� WKH� ORJ�QRUPDO�D�
SULRUL� GLVWULEXWLRQV� IRU�W� DQG� UH� LV� LGHQWLFDO� WR� WKH�
YDULDQFH� RI� WKH� *DXVVLDQ�D� SULRUL� 3 ' )V� �
�
%HFDXVH� UHWULHYDO� RI� WKH� ORJ� RI� HIIHFWLYH� UDGLXV� ZDV�
HVVHQWLDOO\� LGHQWLFDO� WR� WKH� RULJLQDO� UHWULHYDO� HIIHFWLYH�
UDGLXV� �QRW� VXUSULVLQJ� JLYHQ� WKH� UHODWLYHO\� VPDOO� WDLOV� RQ�
WKH� 3 ' )V� RI� UH� � � ZH� IRFXV� RQ� WKH� UHVXOWV� RI� WKH� UHWULHYDO�
RI� ORJ� RI�W� � &RPSDULVRQ� RI� UHWULHYHG� RSWLFDO� SDWK� IURP�
WKH� RULJLQDO� YDULDWLRQDO� UHWULHYDO� � DQG� WKH� YDULDWLRQDO�
UHWULHYDO� RI� ORJ�W� IRU� WKH� FRQWURO� FDVH� �)LJV� � �D� DQG� �G��
GHPRQVWUDWHV� UHVWRUHG� VHQVLWLYLW\� WR� ODUJHU� YDOXHV�RI�
RSWLFDO� SDWK� IRU� WKH� ORJ�W� UHWULHYDO� � 5HWULHYHG� RSWLFDO�
SDWK� QRZ� PXFK� PRUH� FORVHO\� UHVHPEOHV� WKH� PRGH� RI�
WKH� 0&0&� UHWULHYDO� �)LJ� � �D�� � DQG� WKH� LQIRUPDWLRQ�
FRQWHQW� RI� WKH� YDULDWLRQDO� UHWULHYDO� �)LJ� � �H�� QRZ�PRUH�
FORVHO\� DSSUR[LPDWHV� WKDW� RI� WKH� 0&0&� HVWLPDWH� �)LJ��
�E�� � , Q � DGGLWLRQ� � LQWHJUDWHG� GL IIHUHQFHV� EHWZHHQ�
YDULDWLRQDO� DQG� 0&0&� 3 ' )V� DUH� UHGXFHG� E\�
DSSUR[LPDWHO\� ��� � LQ � UHJLRQV� ZKHUH� RSWLFDO� SDWK� LV�
JUHDWHU� WKDQ� ��� �) LJV� � �F� DQG� �I�� � 7KRXJK � IDLUO\� ODUJH�
GL IIHUHQFHV� VWLOO� H[LVW� LQ� UHJLRQV� RI� UHODWLYHO\� WKLFN� FORXG� �
WKHUH� DUH� QR� GL IIHUHQFHV� ODUJHU� WKDQ� �� � � OHIW� LQ� WKH�
GRPDLQ� �
�



� �

, PSURYHG� FRUUHVSRQGHQFH� EHWZHHQ� 0&0&�UHWULHYHG�W�
DQG� WKH� ORJ�W� UHWULHYDO� LV� IXUWKHU� LOOXVWUDWHG� LQ� D� VFDWWHU�
SORW� RI� YDULDWLRQDO� RSWLFDO� SDWK� YV� � WKDW� IURP� WKH�PRGH� RI�
WKH� 0&0&� 3 ' ) � �) LJ� � � � � � LQ � ZKLFK � LW� LV� FOHDU� WKDW� WKH�
YDULDWLRQDO� HVWLPDWH� ORVHV� VHQVLWLYLW\� DW� RSWLFDO� GHSWKV�
JUHDWHU� WKDQ� ��� IRU� WKH� *DXVVLDQ� FDVH� � ZKLOH� WKH� ORJ�W�
UHWULHYDO� UHWDLQV� D� FORVHU� PDWFK� WR� WKH� 0&0&� UHVXOW� IRU�
ODUJHU� RSWLFDO� SDWKV� � 1 RWH� � KRZHYHU� � WKDW� EHFDXVH� WKH�D�
SULRUL� RSWLFDO� SDWK� LV� VWLOO� VHW� DW� ��� � ODUJHU� YDOXHV� RI�
RSWLFDO� SDWK� VWLOO� WHQG� WR� H[KLELW� D� ORZ� ELDV� LQ� WKH�
YDULDWLRQDO� UHWULHYDOV� � 7KLV� KLJKOLJKWV� WKH� DGGHG� EHQHILW�
RI� WKH� 0&0&� WHFKQLTXHV� � WKH\� GR� QRW� UHO\� RQ� DQ\�
DVVXPHG�D� SULRUL� LQIRUPDWLRQ� � %HFDXVH� WKH� LQIRUPDWLRQ�
IURP� WKH� YLVLEOH� FKDQQHO� VDWXUDWHV� DW� YDOXHV� RI�W� ! � � � � �
UHVXOWV� DUH� FRPSDUHG� RQO\� IRU�W� LQ� WKH� UDQJH� RI� ]HUR� WR�
IL IW\� � �
�
� � � &RQFO XVL RQV�
�
*LYHQ� D� VHW� RI� REVHUYDWLRQV� DQG� D� PRGHO� WKDW� UHODWHV�
REVHUYDWLRQV� WR� D� VHW� RI� GHVLUHG� VWDWH� YDULDEOHV� � 0DUNRY�
FKDLQ� 0RQWH� &DUOR� PHWKRGV� FDQ� EH� XVHG� WR� JHQHUDWH�
WKH� IXOO� MRLQW� FRQGLWLRQDO� SRVWHULRU� 3 ' ) � IRU� WKH� XQNQRZQ�
VWDWH� � , Q � WKLV� SDSHU� ZH� KDYH� XVHG� 0&0&� WR� REWDLQ�
3 ' )V� IRU� RSWLFDO� SDWK� DQG� HIIHFWLYH� UDGLXV� UHWULHYHG�
IURP� YLVLEOH� DQG� QHDU�LQIUDUHG� 02' , 6 � UHIOHFWDQFHV� �7KH�
UHVXOWV� KDYH� EHHQ� XVHG� WR� HYDOXDWH� D� PRUH� WUDGLWLRQDO�
YDULDWLRQDO� UHWULHYDO� RI�W� DQG� UH� WKDW� DVVXPHV� *DXVVLDQ�
HUURU� FKDUDFWHULVWLFV� � , W� ZDV� IRXQG� WKDW� DVVXPSWLRQ� RI�
*DXVVLDQ� HUURUV� OHDGV� WR� D� ORVV� RI� VHQVLWLYLW\� LQ � WKH�
UHWULHYDO� WR� RSWLFDO� GHSWKV� JUHDWHU� WKDQ� ��� � , Q � DGGLWLRQ� �
DVVXPSWLRQ� RI� *DXVVLDQ� HUURUV� OHDGV� WR� D� FRQVLVWHQW�
RYHUHVWLPDWH� RI� WKH� LQIRUPDWLRQ� FRQWHQW� RI� WKH�
REVHUYDWLRQV� � &RPSDULVRQ� RI� 0&0&� 3 ' )V� ZLWK� WKRVH�

DVVXPHG� LQ� WKH� YDULDWLRQDO� UHWULHYDO� UHYHDOHG� WKDW�WKH�
3 ' )V� IRU� ERWK� UHWULHYHG� YDULDEOHV� ZHUH� ORJ�QRUPDO� LQ�
IRUP� � WKRXJK � WKH� HIIHFWLYH� UDGLXV� 3 ' )V� H[KLELWHG� D�
PXFK � VPDOOHU� WDLO� FRPSDUHG� ZLWK� WKRVH� IURP� WKH� RSWLFDO�
SDWK� � :KHQ� WKH� YDULDWLRQDO� UHWULHYDO� LV� PRGLILHG� VXFK�
WKDW� WKH� QDWXUDO� ORJV� RI�W� DQG� UH� DUH� UHWULHYHG� � WKH�
UHWULHYHG� YDOXHV� RI� HIIHFWLYH� UDGLXV� FKDQJH� OLWWOH�� EXW�
VHQVLWLYLW\� WR� ODUJH� RSWLFDO� SDWKV� LV� UHVWRUHG� DQG�YDOXHV�
RI� RSWLFDO� SDWK� XS� WR� ��� FDQ� EH� REWDLQHG� � , Q � DGGLWLRQ� �
DVVXPSWLRQ� RI� ORJ�QRUPDO� HUURUV� OHDGV� WR� EHWWHU� ILW�
EHWZHHQ� WKH� DVVXPHG� 3 ' )V� LQ � WKH� YDULDWLRQDO� UHWULHYDO�
DQG� WKRVH� REWDLQHG� IURP� 0&0&� � DQG� LQIRUPDWLRQ�
FRQWHQW� LV� PRUH� FRQVLVWHQW� EHWZHHQ� WKH� 0&0&� UHVXOW�
DQG� WKH� YDULDWLRQDO� �
�
7KH� UHODWLYHO\� VWUDLJKWIRUZDUG� DSSOLFDWLRQ� RI� WKH� 0&0&�
DOJRULWKP� LQ� WKLV� SDSHU� GHPRQVWUDWHV� WKH� XWLOLW\� RI�
0&0&� IRU� HYDOXDWLQJ� YDULDWLRQDO� HVWLPDWLRQ� PHWKRGV�� , Q �
SULQFLSOH� � WKH� WHFKQLTXH� FDQ� EH� H[WHQGHG� WR� PRUH�
FRPSOH[� HVWLPDWLRQ� SUREOHPV� � HVSHFLDOO\� RQHV� LQ� ZKLFK �
ZH� H[SHFW� WKDW� WKH� 3 ' )V� PD\� EH� KLJKO\� QRQ�*DXVVLDQ� �
, I� FRPSXWDWLRQDO� GL IILFXOWLHV� FDQ� EH� RYHUFRPH� � 0&0&�
DOVR� KDV� REYLRXV� DSSOLFDWLRQV� IRU� HYDOXDWLQJ� WKH�
*DXVVLDQ� DVVXPSWLRQV� XVHG� LQ� DWPRVSKHULF� GDWD�
DVVLPLODWLRQ� V\VWHPV� � %HFDXVH� 0&0&� LV� DOUHDG\�
WUDFWDEOH� IRU� VPDOO�GLPHQVLRQDO� SDUDPHWHU� VSDFHV� �H� J � � �
� � � � � � � LQLWLDO� H[SHULPHQWV� LQYROYLQJ� HVWLPDWLRQ� RI� WKH�
3 ' )V� RI� VHPL �HPSLULFDO� QXPHULFDO� PRGHO� SK\VLFV�
SDUDPHWHUV� VKRXOG� FXUUHQWO\� EH� SRVVLEOH� � 7KHVH� 3 ' )V�
ZRXOG� FRQWDLQ� LQIRUPDWLRQ� RQ� WKH� VHQVLWLYLW\� RI� WKH�
PRGHO� HYROXWLRQ� WR� VSHFL ILHG� FRQVWDQW� SDUDPHWHUV� � DQG�
FRXOG� SURYLGH� JXLGDQFH� RQ� ZD\V� WR� UHGXFH� PRGHO� HUURU� �
, W� VKRXOG� DOVR� EH� QRWHG� WKDW� 0&0&� FRXOG� DFWXDOO\� EH�
XVHG� WR�LQFUHDVH�WKH� HIILFLHQF\� RI� VRPH� UHWULHYDO�
PHWKRGV� � SDUWLFXODUO\� WKRVH� WKDW� H[SOLFLWO\� LQWHJUDWH�



� �

SUREDELOLWLHV� RYHU� D� ODUJH� GDWDEDVH� RI� VROXWLRQV� �H� J � � �
.XPPHURZ� HW� DO� � �� � � � � � , Q � WKHVH� UHWULHYDOV� � WKH�
GL IIHUHQFH� EHWZHHQ� REVHUYDWLRQV� DQG� VWDWH� LV� FRPSXWHG�
IRU� HYHU\� VROXWLRQ� LQ� WKH� GDWDEDVH� � OHDGLQJ� WR� D� FRQVWDQW�
DQG� ODUJH� QXPEHU� RI� QXPHULFDO� RSHUDWLRQV� IRU� HDFK�
UHWULHYHG� SURILOH� � , W� LV� SRVVLEOH� WKDW� 0&0&� FRXOG� EH�
XVHG� WR� VDPSOH� WKH� VHW� RI� VROXWLRQV� � UHWXUQLQJ� D� QHDUO\�
LGHQWLFDO� VROXWLRQ� IRU� D� PXFK � VPDOOHU� QXPEHU� RI�
LWHUDWLRQV� �
�

�
$FNQRZO HGJP HQWV�
�
7KLV� ZRUN� ZDV� IXQGHG� E\� 1 $6$� 1 03 � FRQWUDFW� 1 $6� �
�� � � � � � 0LFN� &KULVWL� � 3KLOLS� *DEULHO� � DQG� .\OH� /HHVPDQ�
KHOSIXOO\� ILHOGHG� TXHVWLRQV� DERXW� WKH� 5DGLDQW� UDGLDWLYH�
WUDQVIHU� PRGHO� � ZKLOH� 6WHYH� &RRSHU� DVVLVWHG� LQ�
HVWLPDWLQJ� WKH� HUURUV� DVVRFLDWHG� ZLWK� QHJOHFWLQJ�
DEVRUSWLRQ� LQ� WKH� QHDU�LQIUDUHG� � 7RPL � 9XNLFHYLF� DQG�
5LFKDUG� 'DYLV� SURYLGHG� JXLGDQFH� RQ� WKH� SURSHU�
DSSOLFDWLRQ� RI� WKH� 0&0&� DOJRULWKP� � �
�
5HIHUHQFHV�
�
&RRSHU� � 6 � � - � � � 7� � 6 � � / 
 (FX \HU� � DQG� * � � / � � 6WHSKHQV� �

�� � � � � 7KH� LPSDFW� RI� H[SOLFLW� FORXG� ERXQGDU\�
LQIRUPDWLRQ� RQ� LFH� FORXG� PLFURSK\VLFDO�
SURSHUW\� UHWULHYDOV� IURP� LQIUDUHG� UDGLDQFHV� �-� �
*HRSK\V� � 5HV�� �� � � � � ' 2 , � �
� � � � � � � �� � � �- ' � � � �� � �

�
'HYRUH� � - � � � � � � � � �3UREDELOLW\� DQG� 6WDWLVWLFV� IRU�

(QJLQHHULQJ� DQG� WKH� 6FLHQFHV� � �WK� (G� � �
:DGVZRUWK� � %HOPRQW� � &$� �

�
*DEULHO� � 3 � � 0 � � � 0 � � &KULVWL� � DQG� * � � / � � 6WHSKHQV� � �� �� � �

&DOFXODWLRQ� RI� -DFRELDQV� IRU� , QYHUVH� 5DGLDWLYH�
7UDQVIHU� � $Q � ( IILFLHQW� + \EULG� 0HWKRG� �-� �
4XDQW� � 6SHFW� � DQG� 5DG� � 7UDQV�� , Q � 3UHVV�

�

*HOPDQ� � $� � � - � � % � � &DUOLQ� � + � � 6 � � 6WHUQ� � DQG� ' � � % � � 5XELQ�
��� �� � %D\HVLDQ� 'DWD� $QDO\VLV� � �QG� (G� � �
&KDSPDQ� DQG� + DOO�&5&� � 1 HZ� <RUN� � 1 <� �

�
+ DVWLQJV� � :� � � � � � � � � 0RQWH� &DUOR� VDPSOLQJ� PHWKRGV�

XVLQJ� 0DUNRY� FKDLQV� DQG� WKHLU� DSSOLFDWLRQV� �
%LRPHWULFD� ��� � � � � �� � � � �

�
.XPPHURZ� � &� � � <� � + RQJ� � :� � 6 � � 2OVRQ� � 6� � <DQJ� � 5 � � ) � �

$GOHU� � - � � 0F&ROOXP� � 5 � � )HUUDUR� � * � 3HWW\� � ' � � % � �
6KLQ� � DQG� 7� � 7� � :LOKHLW� � �� � � � � 7KH� HYROXWLRQ� RI�
WKH� *RGGDUG� 3URILOLQJ� $OJRULWKP� �*352) �� IRU�
UDLQIDOO� HVWLPDWLRQ� IURP� SDVVLYH� PLFURZDYH�
VHQVRUV� �-� � $SSO� � 0HWHRU�� ��� � � � � � � �� � � � � �

�
/ 
 (FX \HU� � 7� � 6 � � � 3 � � 0 � � *DEULHO� � .� � /HHVPDQ� � 6� � - � �

&RRSHU� � DQG� * � � / � � 6WHSKHQV� � �� � � � � 2EMHFWLYH�
$VVHVVPHQW� RI� WKH� , Q IRUPDWLRQ� &RQWHQW� RI�
9LVLEOH� DQG� , Q IUDUHG� 5DGLDQFH� 0HDVXUHPHQWV�
IRU� &ORXG� 0LFURSK\VLFDO� 3URSHUW\� 5HWULHYDOV�
RYHU� WKH� *OREDO� 2FHDQV� � 3DUW� , � � /LTXLG� &ORXGV� �
-� � $SSO� � 0HWHRU�� , Q � 3UHVV� �

�
0HWURSROLV� � 1 � � � $� � :� � 5RVHQEOXWK� � 0 � � 1 � � 5RVHQEOXWK�� $� �

+ � � 7HOOHU� � DQG� ( � � 7HOOHU� � � � � � � � (TXDWLRQV� RI�
VWDWH� RQ� IDVW� FRPSXWLQJ� PDFKLQHV� �-� �
&KHPLFDO� 3K\VLFV� �� � � � � � � � �� � � � � �

�
0RVHJDDUG� � .� � � DQG� $� � 7DUDQWROD� � � � � � � � 0RQWH� &DUOR�

VDPSOLQJ� RI� VROXWLRQV� WR� LQYHUVH� SUREOHPV� �-� �
*HRSK\V� � 5HV�� �� � � � � � � � �� � �� � � ��� � �

�
0LOOHU� � 6� � ' � � � * � � / � � 6WHSKHQV� � &� � .� � 'UXPPRQG� � $� � .� �

+ HLGLQJHU� DQG� 3 � � 7� � 3DUWDLQ� � �� � � � � $�
PXOWLVHQVRU� GLDJQRVWLF� VDWHOOLWH� FORXG� SURSHUW\�
UHWULHYDO� VFKHPH� �-� � *HRSK\V� � 5HV�� �� � � � �
� � � � � �� � � � � � �

�
1 DNDMLPD� � 7� � � DQG� 0 � � ' � � .LQJ� � � � � � � � 'HWHUPLQDWLRQ� RI�

WKH� RSWLFDO� WKLFNQHVV� DQG� HIIHFWLYH� SDUWLFOH�
UDGLXV� RI� FORXGV� IURP� UHIOHFWHG� VRODU� UDGLDWLRQ�
PHDVXUHPHQWV� � 3DUW� , � � 7KHRU\� �-� � $WPRV� � 6FL�� �
�� � � � � � � �� � � � � �

�
5RGJHUV� � &� � ' � � � � � � � � �,QYHUVH� 0HWKRGV� IRU� $WPRVSKHULF�

6RXQGLQJ� � 7KHRU\� DQG� 3UDFWLFH� � :RUOG�
6FLHQWLILF� � 6LQJDSRUH�

�
7DPPLQHP� � - � � � DQG� ( � � .\UROD� � �� � � � � %D\HVLDQ� VROXWLRQ�

IRU� QRQOLQHDU� DQG� QRQ�*DXVVLDQ� LQYHUVH�
SUREOHPV� E\� 0DUNRY� FKDLQ� 0RQWH� &DUOR�
PHWKRG� �-� � *HRSK\V� � 5HV�� �� � � � � � �� � � � �
� �� � � � � �

�
7DPPLQHP� � - � � � � � � �� � 9DOLGDWLRQ� RI� QRQOLQHDU� LQYHUVH�

DOJRULWKPV� ZLWK� 0DUNRY� FKDLQ� 0RQWH� &DUOR�
PHWKRG� �-� � *HRSK\V� � 5HV�� �� � � � � ' � � � � � � �
GRL � � �� � � � � �� � � �- ' � � �� � � � �

�
7DUDQWROD� � $� � � � � � � �,QYHUVH� 3UREOHP� 7KHRU\� DQG�

0HWKRGV� IRU� 0RGHO� 3DUDPHWHU� (VWLPDWLRQ� �
6, $0 � � 3KLODGHOSKLD� � 3$� �


