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$EVWUDFW��7KLV�SDSHU�GHVFULEHV�D�YDULDQW�RI�*HQHWLF�$OJRULWKP��*$��ZLWK�DGDSWLYH�SUREDELOLWLHV�
RI�FURVVRYHU�DQG�PXWDWLRQ��7KH�DSSOLFDWLRQ�RI�*$�SUHVHQWHG�KHUH�UHIHUV�WR�PXOWLPRGDO�IXQFWLRQ�
RSWLPL]DWLRQ�DQG�VRPH�GHFHSWLYH�SUREOHPV��$GDSWLYH�SUREDELOLWLHV�GR�QRW��KRZHYHU��UHVWULFW�WKH�
DSSOLFDELOLW\�LQ�DQ\�ZD\��7KH�DGDSWLYH�PHWKRG�LV�GHVLJQHG�IRU�VWHDG\�VWDWH�*$�ZLWK�HOLPLQDWLRQ�
VHOHFWLRQ��7KH�PDLQ�LGHD�RI�WKH�PHWKRG�OLHV�LQ�VHOHFWLYH�FKRRVLQJ�RI�VROXWLRQV�WR�EH�FURVVHG�DQG�
LQ� YDU\LQJ� QXPEHU� RI� PXWDWLRQV�� 7KH� DGDSWLYH� *$� LV� DQDO\]HG� FRQFHUQLQJ� LWV� FDSDELOLW\� RI�
ORFDWLQJ� WKH� JOREDO� RSWLPXP� LQ� D� PXOWLPRGDO� ODQGVFDSH�� 6HYHUDO� WHVW� IXQFWLRQV� ZLWK� YDULRXV�
GHJUHHV� RI� FRPSOH[LW\�� HPSOR\HG� HDUOLHU� IRU� FRPSDUDWLYH� VWXGLHV�� KDYH� EHHQ� RSWLPL]HG�� 7KH�
SHUIRUPDQFH�RI�VWDQGDUG�VWHDG\�VWDWH�*$�LV�FRPSDUHG�ZLWK�WKDW�RI�WKH�DGDSWLYH�*$��$�QRWDEOH�
LPSURYHPHQW�FDQ�EH�SHUFHLYHG�LQ�WKH�UHVXOWV��WKH�DGDSWLYH�*$�FRQYHUJHV�IDVWHU�DQG�JHWV�VWXFN�DW�
D� ORFDO� RSWLPXP� IHZHU� WLPHV�� 7KHUH� LV� DOVR� OHVV� SUHSDUDWLRQ� QHHGHG� IRU� WKH� XVHU� WR� JHW� WKH�
DOJRULWKP�WR�ZRUN��DV�LW�FDOFXODWHV�VRPH�RI�LWV�FRQWURO�SDUDPHWHUV�LWVHOI��

.H\ZRUGV��JHQHWLF�DOJRULWKP��HOLPLQDWLRQ�VHOHFWLRQ��JHQHUDWLRQ�JDS��ORFDO�DQG�JOREDO�RSWLPD�
�
����,QWURGXFWLRQ�

*HQHWLF� DOJRULWKPV� >�@>�@>�@�ZHUH�SURSRVHG�E\� -RKQ�+��+ROODQG� LQ� HDUO\� VHYHQWLHV� DQG� LQ� WKH�
IROORZLQJ� WZHQW\� \HDUV� WKH\� KDYH� IRXQG� DSSOLFDWLRQ� LQ� D� QXPEHU� RI� SUDFWLFDO� SUREOHPV�� 7KH�
VWUHQJWK� RI�*$V� OLHV�PDLQO\� LQ� WKHLU� FDSDELOLW\� WR� ORFDWH� WKH� JOREDO� RSWLPXP� LQ� D�PXOWLPRGDO�
VXUURXQGLQJ��8QIRUWXQDWHO\��WKH\�FDQ�RQO\�ORFDWH�WKH�VROXWLRQ�ZLWK�VRPH�SUREDELOLW\�RI�VXFFHVV��
$�FRQVLGHUDEOH�DWWHQWLRQ�KDV�EHHQ�SDLG�WR�WKH�HIIRUWV�WR�LQFUHDVH�WKDW�SUREDELOLW\��DQG�WKLV�ZRUN�
KDV�WKH�VDPH�SXUSRVH��,Q�DFKLHYLQJ�WKLV�JRDO��WZR�PDMRU�DSSURDFKHV�FDQ�EH�UHFRJQL]HG��WKH�ILUVW�
RQH�LV�WR�GHVLJQ�D�*$�IRU�D�FODVV�RI�SUREOHPV�WKDW�ZH�DUH�GHDOLQJ�ZLWK���7KLV�LQFOXGHV�FUHDWLQJ�
GDWD�VWUXFWXUHV�DQG�JHQHWLF�RSHUDWRUV�FKDUDFWHULVWLF�WR�D�SUREOHP�DW�KDQG��FUHDWLQJ�DQ�HYROXWLRQDU\�
SURJUDP�� 7KH�PHWKRG� LV�� KRZHYHU�� SUREOHP� VSHFLILF� DQG� UHTXLUHV� D� ORW� RI�PRGHOLQJ� IRU� HDFK�
SXUSRVH�� 7KH� VHFRQG� DSSURDFK� DFWV� RQ� *$� GLUHFWO\� DQG� WULHV� WR� LQFUHDVH� WKH� HIILFLHQF\� E\�
FKDQJLQJ�LWV� LQWHUQDO�VWUXFWXUH��7KLV�PHWKRG�LV�QRW�SUREOHP�VSHFLILF�DQG�LW�GRHV�QRW�UHVWULFW�WKH�
DSSOLFDELOLW\�DW�DOO��0RUHRYHU��*$V�WKDW�KDYH�EHHQ�DOWHUHG�LQ�WKLV�ZD\�FDQ�DOVR�EH�WUDQVIRUPHG�
LQWR�HYROXWLRQDU\�SURJUDPV�� VR�HYHU\�SURJUHVV� LQ� WKLV�DUHD�FDQ�EH�UHIOHFWHG� WR�D�ZLGH�UDQJH�RI�
DSSOLFDWLRQV��7KH�DGDSWLYH�PHWKRG�SUHVHQWHG�KHUH�LV�DQ�H[DPSOH�RI�WKLV�DSSURDFK��

$� *HQHWLF� DOJRULWKP� PD\� EH� YLHZHG� DV� DQ� HYROXWLRQDU\� SURFHVV� ZKHUHLQ� D� SRSXODWLRQ� RI�
VROXWLRQV� HYROYHV� RYHU� D� VHTXHQFH� RI� JHQHUDWLRQV�� 7KH� DOJRULWKP�PDLQWDLQV� D� VHW� RI� VROXWLRQV�
FDOOHG� FKURPRVRPHV�� ZKLFK� DUH� HYDOXDWHG� E\� ILWQHVV� IXQFWLRQ� LQ� HDFK� JHQHUDWLRQ�� $IWHU�
HYDOXDWLRQ��VROXWLRQV�DUH�VHOHFWHG�IRU�UHSURGXFWLRQ�EDVHG�RQ�WKHLU�ILWQHVV��6HOHFWLRQ�HPERGLHV�WKH�
SULQFLSOH�RI��
VXUYLYDO�RI�WKH�ILWWHVW
��
JRRG
�VROXWLRQV�DUH�VHOHFWHG�IRU�UHSURGXFWLRQ�DQG�
EDG
�RQHV�
DUH�HOLPLQDWHG��7KH�VHOHFWHG�VROXWLRQV� WKHQ�XQGHUJR�UHFRPELQDWLRQ�XQGHU� WKH�DFWLRQ�RI�JHQHWLF�
RSHUDWRUV�� FURVVRYHU� DQG� PXWDWLRQ�� &URVVRYHU� FDXVHV� H[FKDQJH� RI� JHQHWLF� PDWHULDO� EHWZHHQ�
VROXWLRQV��FURVVHG�VROXWLRQV�FDQ�SURGXFH�RQHV�ZLWK�EHWWHU��RU�ZRUVH��ILWQHVV�YDOXH��,W�RFFXUV�RQO\�
ZLWK� VRPH� SUREDELOLW\� S � � �� WKH� FURVVRYHU� SUREDELOLW\� RU� FURVVRYHU� UDWH�� 0XWDWLRQ� LV� GRQH� E\�
PRGLI\LQJ�D�VROXWLRQ�ZLWK�VRPH�SUREDELOLW\�S� ���WKH�PXWDWLRQ�SUREDELOLW\��7KH�UROH�RI�PXWDWLRQ�LV�
LQ�UHVWRULQJ�ORVW�RU�XQH[SORUHG�JHQHWLF�PDWHULDO��$IWHU�SHUIRUPLQJ�JHQHWLF�RSHUDWRUV��D�JHQHUDWLRQ�
F\FOH�LV�FRQFOXGHG�DQG�D�WHVW�LV�SHUIRUPHG�LQ�RUGHU�WR�GHWHUPLQH�ZKHWKHU�D�WHUPLQDWLRQ�FRQGLWLRQ�
LV�UHDFKHG�RU�QRW��$�VWRSSLQJ�FULWHULRQ�WKDW�LV�JRLQJ�WR�EH�XVHG�LV�LQ�PRVW�LQVWDQFHV�FKRVHQ�E\�WKH�
XVHU��7KH�SUREDELOLWLHV�RI�FURVVRYHU�DQG�PXWDWLRQ��KHUHDIWHU�UHIHUUHG�WR�DV�S � DQG�S� ��UHPDLQ�RQ�
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WKH�XVHU�WR�EH�GHWHUPLQHG��7KH�FKRLFH�RI�S � DQG�S� �LV�NQRZQ�WR�FULWLFDOO\�DIIHFW�WKH�EHKDYLRXU�DQG�
WKH�SHUIRUPDQFH�RI�WKH�*$��DQG�D�QXPEHU�RI�JXLGHOLQHV�H[LVW�LQ�WKH�OLWHUDWXUH�IRU�FKRRVLQJ�S � DQG�
S� ��7KDW� FKRLFH� DOVR�EHFRPHV� VSHFLILF� WR� WKH�SUREOHP�XQGHU�FRQVLGHUDWLRQ�� ,W� LV� IRU� WKH�DERYH�
UHDVRQ� WKDW� WKH�DGDSWLYH�PHWKRGV�DUH�EHLQJ�GHYHORSHG�� WR� IRUP�D�VHOI�FRQWDLQHG�DOJRULWKP�WKDW�
ZLOO�EH�ERWK�HIILFLHQW�DQG�HDV\�WR�XVH��
�
����(OLPLQDWLRQ�VHOHFWLRQ�DQG�HOLWLVP�

7KH� DGDSWLYH� PHWKRG� GHVFULEHG� LQ� WKLV� SDSHU� LV� GHVLJQHG� IRU� VWHDG\�VWDWH� *$� LQYROYLQJ� DQ�
HOLPLQDWLRQ� VHOHFWLRQ� PHFKDQLVP�� 7KH� ILUVW� HYHU� JHQHWLF� DOJRULWKP�� DOVR� FDOOHG� 6*$� �VLPSOH�
*$���HPSOR\V�D�JHQHUDWLRQDO�SULQFLSOH��WKDW�LV��LW�UHSODFHV�WKH�ZKROH�SRSXODWLRQ�GXULQJ�VHOHFWLRQ�
ZLWK�D�QXPEHU�RI�FKRVHQ�LQGLYLGXDOV��7KH�PRUH�JHQHUDO�VWHDG\�VWDWH�FRQFHSW�UHSODFHV�RQO\�D�SDUW�
RI� WKH� SRSXODWLRQ� SHU� F\FOH�� ,W� HOLPLQDWHV� D� SUHGHILQHG� QXPEHU� RI�PHPEHUV� �D� SHUFHQWDJH� RI�
SRSXODWLRQ��DQG�WKHQ�FUHDWHV�WKH�VDPH�QXPEHU�RI�QHZ�FKURPRVRPHV��WR�PDLQWDLQ�WKH�SRSXODWLRQ�
VL]H��XVLQJ�FURVVRYHU�DV�D�PDNLQJ�WRRO��7KH�SHUFHQWDJH�RI�SRSXODWLRQ�WR�EH�HOLPLQDWHG�LV�FDOOHG�
WKH�JHQHUDWLRQ�JDS��

:KDW� DUH� WKH� GLIIHUHQFHV� LQ� WKHVH� WZR� DSSURDFKHV"�$� JHQHUDWLRQDO�*$�XVHV� VRPH�PHWKRG� WR�
VHOHFW� WKH� IXOO�QXPEHU�RI�VROXWLRQV� WR� IRUP�D�QHZ�VHW� IURP�WKH�ROG�RQH�� ,Q� WKDW�SURFHVV��EHWWHU�
VROXWLRQV� FDQ� JHW� PRUH� WKDQ� RQH� RIIVSULQJ� LQ� WKH� QHZ� JHQHUDWLRQ�� ZKLOVW� ZRUVH� RQHV� FDQ�
GLVDSSHDU�� $� VWHDG\�VWDWH� *$� ZLWK� HOLPLQDWLRQ� VHOHFWLRQ� ZRUNV� LQ� D� GLIIHUHQW� PDQQHU�� 7KH�
VROXWLRQV�VHOHFWHG�IRU�WKH�QH[W�JHQHUDWLRQ�QHYHU�JHW�PRUH�WKDQ�RQH�RIIVSULQJ��2Q�WKH�RWKHU�KDQG��
WKH� FURVVHG� VROXWLRQV� DUH� QRW� GHVWUR\HG� �LQ� JHQHUDWLRQDO�*$� FURVVRYHU� UHSODFHV� FKURPRVRPHV�
ZLWK�LWV�SURGXFWV��EHFDXVH�ZH�KDYH�WR�FRPSHQVDWH�WKH�JHQHUDWLRQ�JDS���FURVVRYHU�JHQHUDWHV�QHZ�
FKURPRVRPHV� IRU� WKH� SRSXODWLRQ�� 7KH� SDUDPHWHU� S � � KDV� QR� PHDQLQJ� LQ� HOLPLQDWLRQ� *$��
*HQHUDWLRQ�JDS��ZKLFK� LV�XVHG� LQVWHDG�� WHOOV�XV�H[DFWO\�ZKDW�QXPEHU�RI�FURVVRYHUV�ZH�KDYH�WR�
SHUIRUP�� 7KH� DGDSWLYH� PHWKRGV� IRU� JHQHUDWLRQDO� *$V� KDYH� EHHQ� GHYHORSHG� HDUOLHU� [�]�� EXW�
EHFDXVH� RI� WKH� DERYH� GLIIHUHQFHV� WKH� VDPH� ORJLF� FDQQRW� EH� DSSOLHG� WR� HOLPLQDWLRQ� EDVHG�
DOJRULWKP��

$QRWKHU� IHDWXUH� WKDW� VWHDG\�VWDWH� *$V� SRVVHV� LV� LPSOLFLW� HOLWLVP�� (OLWLVP� LV� UHDOL]HG� WKURXJK�
SUHVHUYDWLRQ� RI� WKH� EHVW�PHPEHU� LQ� WKH� SRSXODWLRQ��'XULQJ� WKH� HOLPLQDWLRQ� VHOHFWLRQ�� WKH� EHVW�
PHPEHU�DOZD\V�JHWV�DQ�RIIVSULQJ��ZKLOH�WKDW�LV�QRW�FHUWDLQ�IRU�DQ\�RWKHU�VROXWLRQ��DQG�WKDW�LV�ZK\�
DUH� VWHDG\�VWDWH� *$V� VDLG� WR� KDYH� DQ� LPSOLFLW� HOLWLVP�� 7KH� LGHD� RI� HOLWLVP� FDQ� HDVLO\� EH�
LPSOHPHQWHG�LQ�DQ\�*$��ZH�KDYH�WR�SLFN�WKH�EHVW�PHPEHU�LQ�HYHU\�JHQHUDWLRQ�DQG�SUHVHUYH�LW�
IURP�FKDQJLQJ��,W�LV�D�FRPPRQ�SKHQRPHQRQ�WKDW�ZLWKRXW�HOLWLVP�WKH�EHVW�PHPEHU�RIWHQ�EHFRPHV�
GLVUXSWHG��DQG�LW�LV�SRVVLEOH�WKDW�DW�WKH�HQG�RI�D�*$�UXQ�ZH�GR�QRW�KDYH�WKH�EHVW�PHPEHU�HYHU�
SUHVHQW�LQ�SRSXODWLRQ��7KDW�LV�ZK\�ERWK�WKH�*$�YDULDQWV�WHVWHG�LQ�WKLV�ZRUN�HPSOR\�WKH�HOLWLVP�
FRQFHSW��
�

���$GDSWLYH�FURVVRYHU�DQG�PXWDWLRQ�RSHUDWRUV�

7ZR�FKDUDFWHULVWLFV� DUH�KHOG� WR�EH�HVVHQWLDO� LQ�*$V� IRU�RSWLPL]LQJ�PXOWLPRGDO� IXQFWLRQV��7KH�
ILUVW�RQH�LV� WKH�FDSDELOLW\� WR�FRQYHUJH�WR�DQ�RSWLPXP��ORFDO�RU�JOREDO��DIWHU� ORFDWLQJ�WKH�UHJLRQ�
FRQWDLQLQJ�WKH�RSWLPXP��7KH�VHFRQG�FKDUDFWHULVWLF�LV�WKH�FDSDFLW\�WR�H[SORUH�QHZ�UHJLRQV�RI�WKH�
VROXWLRQ� VSDFH� LQ� VHDUFK� RI� WKH� JOREDO� RSWLPXP��7KH� EDODQFH� EHWZHHQ� WKHVH� FKDUDFWHULVWLFV� LV�
GHWHUPLQHG�E\�WKH�YDOXHV�RI�S � DQG�S� �DQG�WKH�W\SH�RI�WKH�RSHUDWRUV�HPSOR\HG��$V�ZH�VSHDN�LQ�
WHUPV�RI�VWHDG\�VWDWH�*$��ZH�ZLOO�QRW�XVH�WKH�YDOXH�RI�S � ��EXW�LQVWHDG�ZH�ZLOO�DIIHFW�WKH�ZD\�WKH�
VROXWLRQV�DUH�SLFNHG�XS�IRU�WKH�FURVVRYHU��

,W� LV� FRPPRQO\� XQGHUVWRRG� WKDW� FURVVRYHU� SOD\V� D�PDLQ� UROH� LQ� FRQYHUJLQJ��E\� FRPELQLQJ� WKH�
VROXWLRQV�FORVH�WR�DQ�RSWLPXP��,I�ZH�FKRRVH�VROXWLRQV�ZLWK�KLJKHU�ILWQHVV�YDOXHV�IRU�FURVVRYHU��
ZH� PD\� H[SHFW� *$� WR� FRQYHUJH� IDVWHU� WR� WKH� QHDUE\� RSWLPXP�� 2Q� WKH� RWKHU� KDQG�� ZKHQ�
SRSXODWLRQ�EHFRPHV� WRR�KRPRJHQRXV� LW� LV� QRW� FOHYHU� WR� IDYRXU� VROXWLRQV� LQ� WKDW�ZD\��EHFDXVH�
WKHUH�LV�D�GDQJHU�RI�JHWWLQJ�VWXFN�WR�D�ORFDO�RSWLPXP��
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0XWDWLRQ�LV�WKH�RSHUDWRU�ZKLFK�LV�PDLQO\�UHVSRQVLEOH�IRU�SUHYHQWLQJ�WKH�*$�RI�EHFRPLQJ�VWXFN��
,I� D� SRSXODWLRQ� FRQYHUJHV� WR� D� ORFDO� RSWLPXP�� LW� LV� SRVVLEOH� WR� GULYH� LW� DZD\�ZLWK� LQFUHDVHG�
PXWDWLRQ�SUREDELOLW\��%XW�WR�YDU\�WKH�FKRLFH�RI�VROXWLRQV�WR�EH�FURVVHG�DQG�WKH�PXWDWLRQ�UDWH��LW�LV�
HVVHQWLDO�WR�EH�DEOH�WR�LGHQWLI\�ZKHWKHU�WKH�*$�LV�FRQYHUJLQJ�WR�DQ�RSWLPXP��

:H� FDQ� JHW� D� UDWKHU� JRRG� SLFWXUH� RI� WKH� VWDWH� WKH� SRSXODWLRQ� LV� LQ� E\� REVHUYLQJ� WZR� RI� LWV�
FKDUDFWHULVWLF�YDOXHV�� I ��� � ���ILWQHVV�YDOXH�RI�WKH�EHVW�PHPEHU��DQG� I ���DYHUDJH�ILWQHVV�RI�WKH�VHW�
RI�VROXWLRQV��ERWK�DVVLJQHG�WR�D�FXUUHQW�JHQHUDWLRQ��7KH�H[SUHVVLRQ� I I��� � - �LV�OLNHO\�WR�EH�OHVV�
IRU�D�SRSXODWLRQ� WKDW�KDV�FRQYHUJHG� WKDQ� IRU�D�SRSXODWLRQ�VFDWWHUHG� LQ� WKH�VROXWLRQ�VSDFH��7KH�
DERYH�SURSHUW\�KDV�DOUHDG\�EHHQ�UHFRJQL]HG�HDUOLHU�LQ�OLWHUDWXUH�[�]�DQG�LW�KDV�SURYHQ�LWVHOI�LQ�DOO�
H[SHULPHQWV� DFFRPSDQ\LQJ� WKLV�ZRUN��+RZHYHU��ZLWKRXW�SURSHU� VFDOLQJ�PHFKDQLVP��DGMXVWLQJ�
WKH�YDOXHV�RI�ILWQHVVHV�WR�KDYH�VLPLODU�UHODWLRQV�UHJDUGOHVV�RI�WKH�SUREOHP�XQGHU�FRQVLGHUDWLRQ���
WKLV�YDOXH�FDQ�YDU\�VLJQLILFDQWO\�IURP�FDVH�WR�FDVH��7KDW�LV�ZK\�DQRWKHU��QRUPDOL]HG�H[SUHVVLRQ�
KDV�EHHQ�XVHG�KHUH�LQ�GHWHUPLQLQJ�WKH�GHJUHH�RI�SRSXODWLRQ�GLYHUVLW\��
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%HIRUH�HYDOXDWLQJ������ILWQHVV�YDOXH�RI�WKH�ZRUVW�PHPEHU�LV�VXEWUDFWHG�IURP�� I � � � �DQG� I �LQ�RUGHU�
WR�PDNH�WKHP�DOZD\V�JUHDWHU�WKDQ�]HUR��7KH�H[SUHVVLRQ�DVVXPHV�YDOXHV�EHWZHHQ���DQG����XVXDOO\�
EHWZHHQ������DQG�����IRU�PRVW�RI�WKH�DSSOLFDWLRQV��,I�WKH�YDOXH�LV�ORZ�WKH�SRSXODWLRQ�FRQYHUJHV�WR�
ORFDO� RSWLPXP�� LI� LW� JHWV� KLJKHU� WKH� SRSXODWLRQ� LV� PRUH� GLYHUVHG�� +RZHYHU�� LQ� RSWLPL]LQJ�
SUREOHPV�ZLWK�D�ODUJH�VROXWLRQ�VSDFH��ORQJ�ELQDU\�VWULQJV��WKLV�YDOXH�WHQGV�WR�EH�YHU\�ORZ�LQ�WKH�
EHJLQQLQJ� DQG� WR� UDLVH� VORZO\� RYHU� WKH� SURFHVV�� 7KLV� LV� GXH� WR� WKH� IXQFWLRQV� WKDW� KDYH�
DSSUR[LPDWHO\�DYHUDJH�YDOXHV�LQ�PRVW�RI�WKH�GHILQHG�VHDUFK�VSDFH��ZKHUHDV�WKH�KLJKHU�IXQFWLRQ�
YDOXHV�DUH�ORFDWHG�LQ�FRQVLGHUDEO\�VPDOOHU�DUHD��7R�HIIHFWLYHO\�H[SORLW������D�FRUUHFWLRQ�WHFKQLTXH�
LV�SHUIRUPHG�LQ�HDFK�JHQHUDWLRQ��,Q�WKH�EHJLQQLQJ�RI�WKH�SURFHVV�WKH�H[SUHVVLRQ�LV�HYDOXDWHG�DQG�
LWV�YDOXH�VWRUHG�LQ�D�VWDWLF�YDULDEOH��,W�LV�FDOFXODWHG�LQ�HDFK�JHQHUDWLRQ�DQG�FRPSDUHG�WR�WKDW�VWRUHG�
LQ� WKH�YDULDEOH�� ,I� WKH�QHZ�YDOXH� LV�JUHDWHU� WKDQ� WKH�ROG�RQH�� WKH�YDOXH�RI� WKH�YDULDEOH� LV� WKHQ�
UHSODFHG�ZLWK�WKH�QHZ�RQH��,I�LW�LV�ORZHU��WKH�DGDSWLYH�PHFKDQLVP�WDNHV�HIIHFW��

,Q� *$� LPSOHPHQWDWLRQ� XWLOL]HG� LQ� WKLV� ZRUN� WKH� VROXWLRQV� DUH� UDQNHG� UHJDUGLQJ� WKHLU� ILWQHVV�
YDOXHV�� 7KH� FKRLFH� RI� WKH� VROXWLRQV� WR� EH� FURVVHG� LV� GRQH� E\� FDOFXODWLQJ� WKHLU� LQGH[HV� LQ� WKH�
IROORZLQJ�PDQQHU��
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ZKHUH�1� LV�SRSXODWLRQ�VL]H�� L� LQGH[�RI�D�PHPEHU� WR�SDUWLFLSDWH� LQ�FURVVRYHU�DQG�U�D� UDQGRPO\�
JHQHUDWHG�QXPEHU�EHWZHHQ���DQG����7KH�EHVW�PHPEHU�LV�DVVLJQHG�QXPEHU���DQG�WKH�ZRUVW�1��,I��
H[S��HTXDOV����WKH�FKURPRVRPHV�DUH�SLFNHG�XQLIRUPO\��LI��H[S�LV�JUHDWHU�WKDQ����LQGH[�L�LV�ORZHU�
DQG�
EHWWHU
�VROXWLRQV�DUH�IDYRXUHG��7KH�SDUDPHWHU�H[S�LV�HYDOXDWHG�DV��
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ZKHUH�S�VWDQGV�IRU������LQ�FXUUHQW�JHQHUDWLRQ��DQG�FRUU�IRU�WKH�YDOXH�VWRUHG�LQ�WKH�VWDWLF�YDULDEOH��
%HIRUH�FDOFXODWLQJ����� WKH�DOJRULWKP�FRPSDUHV�S�DQG�FRUU�DQG�UHSODFHV�FRUU�ZLWK�QHZ�YDOXH�LI�
S!FRUU��7KH�H[SHULPHQWV�KDYH�VKRZQ�WKH�VXLWDEOH�FKRLFH�RI�YDOXHV�����IRU�N � �DQG�����IRU�N� ��,Q�
WKH�EHJLQQLQJ�RI�WKH�UXQ�S�HTXDOV�FRUU�DQG�H[S ���WKDW�LV��WKH�VWUHVV�LV�RQ�WKH�
EHWWHU
�VROXWLRQV��,I�
*$�WHQGV�WR�EHFRPH�VWXFN��H[S�LV�ORZHU�DQG�WKH�FKRLFH�JHWV�PRUH�XQLIRUP��,Q�VRPH�FDVHV�H[S�
FDQ� HYHQ� JHW� EHORZ� RQH� �� DOJRULWKP� WKHQ� FURVVHV� 
ZRUVH
� VROXWLRQV� WR� SUHYHQW� SUHPDWXUH�
FRQYHUJHQFH��

0XWDWLRQ�LV�DGDSWHG�LQ�D�GLIIHUHQW�ZD\�� WKH�PHWKRG�RQO\�YDULHV� WKH�QXPEHU�RI�PXWDWLRQV�WR�EH�
GRQH��1XPEHU�RI�PXWDWLRQV�Q�LV�FDOFXODWHG�DV�IROORZV��

� � � � ������Q N 1
FRUU S

FRUU
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-
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ZKHUH�1� LV� SRSXODWLRQ� VL]H��7KH� FRQVWDQW�N � � LV� DVVLJQHG�YDOXH�RI������ ,I�S� LV� ORZHU� WKDQ�FRUU��
ZKLFK� FRUUHVSRQGV� WR� D� PRUH� KRPRJHQRXV� SRSXODWLRQ�� WKH� QXPEHU� RI� PXWDWLRQV� LQFUHDVHV�
OLQHDUO\��

7KH� JHQHUDO� FKDUDFWHULVWLF� WKDW� VWHDG\�VWDWH� *$V� VKRZ� LV� VRPHZKDW� VORZHU� FRQYHUJHQFH� WKHQ�
JHQHUDWLRQDO�*$V��EXW�WKH\�DOVR�WHQG�OHVV�WR�JHW�VWXFN�DW�D�ORFDO�RSWLPXP��7KLV�DGDSWLYH�VWUDWHJ\�
UDSLGO\� LQFUHDVHV� WKH� H[SORLWDWLRQ� RI� JRRG� VROXWLRQV� WKXV� VSHHGLQJ� XS� FRQYHUJHQFH� DQG� DOVR�
SUHYHQWV�WKH�SRSXODWLRQ��LQ�PRVW�FDVHV��IURP�JHWWLQJ�VWXFN��6XFK�PRGLILHG�*$�ZLOO�EH�KHUHDIWHU�
FDOOHG� 
($*$
� �(OLPLQDWLRQ�$GDSWLYH� *HQHWLF� $OJRULWKP��� ZKHUHDV� WKH� VWDQGDUG� HOLPLQDWLRQ�
YDULDQW�XVHG�LQ�FRPSDUDWLYH�WHVWV�ZLOO�EH�UHIHUUHG�WR�DV�
*$
��QRW�WKH�JHQHUDWLRQDO�RQH����
�

���7HVW�IXQFWLRQV�

7KH�FKRLFH�RI�VXLWDEOH�IXQFWLRQV�WR�YHULI\�WKH�SHUIRUPDQFH�RI�*$V�LV�QRW�DQ�HDV\�WDVN��$OO�WKH�
IXQFWLRQV�VKRZQ�KHUH�KDYH�DOUHDG\�EHHQ�XVHG�LQ�VLPLODU�SXUSRVHV�DQG�FDQ�EH�IRXQG�LQ�OLWHUDWXUH��
7KHLU�YDULHW\�JLYHV�DQ�DPRXQW�RI�FUHGLELOLW\�WR�WKH�WHVWV�SHUIRUPHG��7KH�IXQFWLRQV�DUH�JLYHQ�LQ�Q�
GLPHQVLRQDO�IRUP��

)XQFWLRQ�I��>�@�7KLV�LV�D�UDSLGO\�YDU\LQJ�PXOWLPRGDO�IXQFWLRQ�V\PPHWULF�DERXW�WKH�RULJLQ��(DFK�
YDULDEOH�DVVXPHV�YDOXH�LQ�UDQJH�[�������������]��DQG�WKH�JOREDO�RSWLPXP�LV�ORFDWHG�LQ�WKH�RULJLQ��
,W�LV�DOVR�UHIHUUHG�WR�DV�
VLQH�HQYHORSH�VLQH�ZDYH
�IXQFWLRQ��
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)XQFWLRQ�I���>�@�7KLV�IXQFWLRQ�KDV�WKH�VLPLODU�SURSHUWLHV�DV�I���7KH�YDULDEOHV�DVVXPH�YDOXHV�LQ�
UDQJH�[�������������]��
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)XQFWLRQ�I���>�@�7KLV�IXQFWLRQ�LV�UHIHUUHG�WR�DV�*ULHZDQN
V�IXQFWLRQ��,W�KDV�D�QXPEHU�RI�DGMDFHQW�
PLPLPD�ZLWK�D�YHU\�VPDOO�GLIIHUHQFH�WR�WKH�JOREDO�RSWLPXP�LQ�WKH�RULJLQ��7KH�YDULDEOHV�DVVXPH�
YDOXHV�RI�[�������������]��
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'HFHSWLYH�SUREOHPV��'HFHSWLYH�IXQFWLRQV�DUH�EHLQJ�XVHG�H[WHQVLYHO\�WR�HYDOXDWH�WKH�SHUIRUPDQFH�
RI�*$V��7KUHH�GHFHSWLYH�SUREOHPV�ZHUH�XWLOL]HG�LQ�WKLV�ZRUN��7KH�ILUVW�RQH�LV�GHILQHG�DV�IROORZV�
>�@��
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ZKHUH�[�LV�DQ�LQWHJHU�YDULDEOH�WKDW�DVVXPHV�YDOXHV�IURP���WR��������7KH�RWKHU�WZR�IXQFWLRQV�DUH�
PDGH�E\�FRQFDWHQDWLQJ�ILYH�DQG�WHQ���RUGHU�IXQFWLRQV��7KH���RUGHU�ELW�IXQFWLRQ�>�@�LV�GHILQHG�LQ�
7DEOH����

7DEOH����$�WKUHH�RUGHU�ELW�GHFHSWLYH�IXQFWLRQ�

%LQDU\�&RGH� ���� ���� ���� ���� ���� ���� ���� ����

)XQFWLRQ�9DOXH� ��� ��� ��� �� ��� �� �� ���

���([SHULPHQWDO�UHVXOWV�

7KH�SHUIRUPDQFH�RI� WKH�*$V�LV�H[SUHVVHG�DV�D�QXPEHU�RI� WLPHV��RXW�RI�WRWDO�QXPEHU�RI�WULDOV��
ZKHQ� WKH\�JRW�VWXFN�DW�D� ORFDO�RSWLPXP��L�H��� WKH\�ZHUH�QRW�DEOH�WR�ORFDWH�WKH�JOREDO�RSWLPXP�
ZLWKLQ�D�VHW�QXPEHU�RI�JHQHUDWLRQV��7KH�*$�ZDV�FRQVLGHUHG�WR�UHDFK�WKH�JOREDO�RSWLPXP�LI�DQ\�



�

PHPEHU
V�ILWQHVV�YDOXH�H[FHHGHG�FHUWDLQ�WKUHVKROG��7KLV�WKUHVKROG�LV�JUHDWHU�WKDQ�DQ\�RI�WKH�ORFDO�
RSWLPXP�YDOXHV��VR�WKH�DOJRULWKP�PXVW�KDYH�ORFDWHG�WKH�JOREDO�RSWLPXP��7KH�SRSXODWLRQ�VL]HV�
ZHUH� YDULHG� WR� LOOXVWUDWH� WKH� HIIHFWLYHQHVV� RI� WKH� *$V�� 7HVWV� ZHUH� PDGH� IRU� WZR�� DQG� ILYH�
GLPHQVLRQDO�YHUVLRQV�RI�WKH�IXQFWLRQV��7KH�FKDUDFWHULVWLFV�RI�WKH�DOJRULWKPV�ZHUH�DV�IROORZV��

� ELQDU\�HQFRGLQJ�ZLWK�IL[HG�SRLQW�HQFRGLQJ�VFKHPH��
� JHQHUDWLRQ�JDS�RI���������SHUFHQW�RI�WKH�SRSXODWLRQ�LV�HOLPLQDWHG�LQ�VHOHFWLRQ���
� S�  �������WKLV�SDUDPHWHU�KDV�QR�HIIHFW�LQ�($*$���
� HOLPLQDWLRQ�VHOHFWLRQ��
� XQLIRUP�FURVVRYHU��
� XQLIRUP�PXWDWLRQ��
� HOLWLVP��

)RU� H[SODQDWLRQ� RI� WKH� DERYH� IHDWXUHV�� UHDGHU� LV� DGYLVHG� WR� >�@�>�@�>�@�� 7KH� RQO\� GLIIHUHQFH�
EHWZHHQ�*$V�ZDV�WKH�DGDSWLYH�PHWKRG�HPSOR\HG�LQ�($*$��7KH�UHVXOWV�IRU�WKH�WZR�GLPHQVLRQDO�
IXQFWLRQV�DUH�VKRZQ�LQ�7DEOH����

7DEOH����7ZR�GLPHQVLRQDO�IXQFWLRQV�

IXQFWLRQ� SRSBVL]H� *$� ($*$� VWUBOHQ� PD[BJHQ� WKUHVK�

�GLP���I�� ��� ������� ������� ��� ���� �������
�GLP���I�� ��� ������� ������� ��� ���� �������
�GLP���I�� ��� ������� ������� ��� ���� ���
�GLP���I�� ���� ������� ������� ��� ���� �������
�GLP���I�� ���� ������� ������� ��� ���� �������
�GLP���I�� ���� ������� ������� ��� ���� ���

�
7KH�QXPEHUV� LQ� 
Q�P
� IRUPDW�VKRZ�KRZ�PDQ\� WLPHV��Q��*$�RU�($*$�KDV�EHFRPH�VWXFN�DW�D�
ORFDO�RSWLPXP�RXW�RI� WRWDO�QXPEHU�RI� UXQV� �P���)LHOG�IXQFWLRQ�GHQRWHV�D�FHUWDLQ� WHVW� IXQFWLRQ�
EHLQJ�RSWLPL]HG��SRSBVL]H� LV� WKH�SRSXODWLRQ�VL]H�DQG�VWUBOHQ� LV� WKH�OHQJWK�RI� WKH�ELQDU\�VWULQJ�
�FKURPRVRPH���PD[BJHQ�VWDQGV�IRU�PD[LPXP�QXPEHU�RI�JHQHUDWLRQV�DOORZHG�WR�DOJRULWKP�DQG�
WKUHVK�LV�WKH�ILWQHVV�YDOXH�D�*$�PXVW�UHDFK�WR�ILQLVK�WKH�SURFHVV�VXFFHVVIXOO\��

,W� FDQ� EH� VHHQ� IURP� WKH� UHVXOWV� WKDW� ERWK� DOJRULWKPV�KDYH� EHHQ� HTXDOO\� VXFFHVVIXO�ZLWK� ODUJH�
HQRXJK�SRSXODWLRQ�VL]HV��:KHQ�WKH�VL]H�RI�SRSXODWLRQ�LV�VPDOO��RQ�WKH�RWKHU�KDQG��($*$�VKRZV�
EHWWHU�SHUIRUPDQFH��3RSXODWLRQ�VL]HV�ZHUH�DGMXVWHG�LQ�WKDW�ZD\�WKDW�WKLV�GLIIHUHQFH�FDQ�EH�QRWHG��

7DEOH����)LYH�GLPHQVLRQDO�IXQFWLRQV�

IXQFWLRQ� SRSBVL]H� *$� ($*$� VWUBOHQ� PD[BJHQ� WKUHVK�

�GLP���I�� ���� �������� ������� ���� ���� �������
�GLP���I�� ���� ������� ������� ���� ���� �������
�GLP���I�� ���� ������� ������� ���� ���� ����
�GLP���I�� ���� ������� ������ ���� ���� �������
�GLP���I�� ���� ������� ������� ���� ���� �������
�GLP���I�� ���� ������� ������� ���� ���� ����

�
5HVXOWV� IRU� WKH� ILYH�GLPHQVLRQ� IXQFWLRQ� RSWLPL]DWLRQ� DUH� VKRZQ� LQ� 7DEOH� ��� 7KH� UHVXOWV� DUH�
VLPLODU�WR�WKH�RQHV�LQ�WKH�SUHYLRXV�WDEOH��2QO\�LQ�RSWLPL]LQJ�ILYH�GLPHQVLRQDO�I��VWDQGDUG�*$�GLG�
QRW� FDWFK� XS�ZLWK�($*$��($*$� VKRZHG� D� YHU\� JRRG� HIILFLHQF\� �UHODWLYH� WR�*$�� LQ� VROYLQJ�
GHFHSWLYH�SUREOHPV��ZKLFK�LV�GLVSOD\HG�LQ�7DEOH�����

7DEOH����5HVXOWV�IRU�GHFHSWLYH�SUREOHPV�

IXQFWLRQ� SRSBVL]H� *$� ($*$� VWUBOHQ� PD[BJHQ� WKUHVK�

������GHF� ��� �������� ������� ��� ���� ������
�
RUG��� ��� �������� ������� ��� ���� ����



�

��
RUG��� ��� ������� ������� ��� ���� ����

�
7KH� GHFHSWLYH� QDWXUH� RI� WKH� SUREOHPV� XQGHU� FRQVLGHUDWLRQ� KDV� WKH� SURSHUW\� WR� GULYH� WKH�
SRSXODWLRQ� RII� WKH� JOREDO� RSWLPXP��+RZHYHU��ZKHQ�SRSXODWLRQ� FRQYHUJHV� WR� WKH� 
ZURQJ� HQG
��
LQFUHDVHG�QXPEHU�RI�PXWDWLRQV�VFDWWHUV�WKH�FKURPRVRPHV�RYHU�WKH�VROXWLRQ�VSDFH�DQG�HYHQWXDOO\�
ORFDWHV�WKH�ULJKW�VROXWLRQ���
�

���&RQFOXVLRQ�

,Q� WKH� ODVW� IHZ� \HDUV� WKH� HPHUJHQFH� RI� QHZ� LGHDV� WKDW� GUDVWLFDOO\� FKDQJH� IXQFWLRQLQJ� DQG�
SHUIRUPDQFH�RI�*$V�KDV�DFFRPSDQLHG� WKHLU� LQFUHDVLQJ�XVH� LQ�PDQ\�DUHDV�RI�DSSOLFDWLRQ��*$V�
KDYH� SURYHG� WKHPVHOYHV� WR� EH� UREXVW�� HIILFLHQW� DQG� HDV\�WR�XVH�ZLWK� HYHU� JURZLQJ� FRPSXWLQJ�
SRZHU�WRGD\�DW�KDQG��7KLV�SDSHU�GHVFULEHV�DQ�DGDSWLYH�PHWKRG�IRU�VWHDG\�VWDWH�*$�WKDW�DOWHUV�WKH�
PDQQHU� LQ� ZKLFK� JHQHWLF� RSHUDWRUV� ZRUN�� 2Q� RQH� KDQG�� LW� LQFUHDVHV� WKH� HIIHFWLYHQHVV� RI� WKH�
DOJRULWKP�E\�SUHVHUYLQJ�LW�WR�JHW�VWXFN�DW�WKH�ORFDO�RSWLPXP��2Q�WKH�RWKHU��LW�UHOLHYHV�WKH�XVHU�RI�
SURYLGLQJ� DQRWKHU� SDUDPHWHU� ZKRVH� FKRLFH� VLJQLILFDQWO\� DIIHFWV� WKH� DOJRULWKP
V� SHUIRUPDQFH��
5DWKHU�� LW� XVHV� FHUWDLQ�SRSXODWLRQ�VSHFLILF�YDOXHV� WR�GHWHUPLQH� WKH�QHHG� IRU� HDFK�RSHUDWRU� DQG�
DSSOLHV� LW�� %HWWHU� VROXWLRQV� JHW� KLJKHU� FKDQFHV� RI� XQGHUJRLQJ� FURVVRYHU�� WKXV� KHOSLQJ� WKH�
FRQYHUJHQFH�FDSDFLWLHV�RI�WKH�*$��ZKLOH�YDU\LQJ�PXWDWLRQ�UDWH�SURYLGHV�WKH�QHFHVVDU\�GLYHUVLW\�
RI�WKH�SRSXODWLRQ��

,Q� PRVW� RI� WKH� WHVW� FDVHV�� DGDSWLYH� *$� RXWSHUIRUPHG� WKH� VWDQGDUG� YHUVLRQ� DQG� DFKLHYHG� D�
VLJQLILFDQW�LPSURYHPHQW��1HYHUWKHOHVV��PRUH�WHVWLQJ�RQ�D�ZLGH�UDQJH�RI�SUREOHPV�LV�QHHGHG�WR�
HVWLPDWH�WKH�*$
V�SRWHQWLDOV��ZKLFK�LV�PDLQO\�GRQH�LQ�SUDFWLFH��)XWXUH�XSJUDGHV�RI�($*$�FRXOG�
LQFOXGH� DXWRPDWLF� FKRLFH� RI� JHQHUDWLRQ� JDS�� WKH� H[SHULPHQWV� SRLQW� WKDW� WKH� FKRLFH� RI� WKLV�
SDUDPHWHU�DIIHFWV�WKH�*$
V�SHUIRUPDQFH�LQ�D�JUHDW�PHDVXUH��
�
$FNQRZOHGJPHQW�

7KLV�ZRUN�ZDV�FDUULHG�RXW�DV�SDUWLDO�IXOILOOPHQW�IRU�JUDGXDWLRQ�DQG�FRQWLQXHV�ZLWKLQ�WKH�UHVHDUFK�
SURMHFW��3UREOHP�6ROYLQJ�(QYLURQPHQWV�LQ�(QJLQHHULQJ���VXSSRUWHG�E\�WKH�0LQLVWU\�RI�6FLHQFH�
DQG�7HFKQRORJ\�RI�WKH�5HSXEOLF�RI�&URDWLD�
�
5HIHUHQFHV�

>�@� )LOKR�� -�/�5��� 7UHOHDYHQ�� 3�&��� $OLSSL�� &�� �������� �*HQHWLF�$OJRULWKP� 3URJUDPPLQJ�
(QYLURQPHQWV���,(((�7UDQV��&RPSXWHU��-XQH�������

>�@� -DNRERYLF��'�� ��������7KH�(IIHFW�RI�$GDSWLYH�2SHUDWRU�3UREDELOLWLHV�RQ�3HUIRUPDQFH�RI�
*HQHWLF� $OJRULWKP��� �LQ� &URDWLDQ�� XQGHUJUDGXDWH� GLVVHUWDWLRQ�� )((&�� 8QLYHUVLW\� RI�
=DJUHE��

>�@� 0LFKDOHZLF]��=����������*HQHWLF�$OJRULWKPV���'DWD�6WUXFWXUHV� �(YROXWLRQDU\�3URJUDPV��
6SULQJHU�9HUODJ��%HUOLQ��

>�@� 6FKRHQHQEXUJ�� (��� +HLQ]PDQQ�� )��� )HGGHUVHQ�� 6�� ������� *HQHWLVFKH� $OJRULWKPHQ� XQG�
(YROXWLRQVVWUDWHJLHQ��(GGLVRQ�:HVOH\��������

>�@� 6ULQLYDV�� 0��� 3DWQDLN�� /�� 0�� �������� �*HQHWLF� $OJRULWKPV�� $� 6XUYH\��� ,(((� 7UDQV��
&RPSXWHU��-XQH�������

>�@� 6ULQLYDV��0���3DWQDLN��/��0�����������$GDSWLYH�3UREDELOLWLHV�RI�&URVVRYHU�DQG�0XWDWLRQ�LQ�
*HQHWLF�$OJRULWKPV���,(((�7UDQV��6\VWHPV��0DQ�DQG�&\EHUQHWLFV��$SU��������


