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,�ZRXOG�OLNH�WR�WKDQN�P\�SDUHQWV�IRU�WKHLU�ORYH��GHGLFDWLRQ��DQG�VXSSRUW�WKURXJK�P\

JUDGXDWH�FDUHHU���:LWKRXW�WKHP��,�ZRXOG�QHYHU�KDYH�EHHQ�DEOH�WR�SXVK�P\VHOI�HQRXJK�WR

FRPSOHWH�P\�JRDOV�

,� ZRXOG� DOVR� OLNH� WR� WKDQN� P\� DGYLVRUV�� � -RKQ� %RZOHV� DQG� -XDQ� 9DUJDV�� 7KHLU

FULWLFLVPV� DQG� VXJJHVWLRQV�KHOSHG�PROG� WKLV� WKHVLV� LQWR� D� UHDGDEOH� DQG� KRSHIXOO\� XVHIXO

ZRUN�
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6SHHFK� UHFRJQLWLRQ� DOORZV� IRU� H[WUHPHO\� HIILFLHQW� PDQ�PDFKLQH� FRPPXQLFDWLRQ�

6LQFH�PRVW�FRPSXWHUV�DUH�XVHG� WR� LQWHUDFWLYHO\� LQSXW�RU�RXWSXW�GDWD�� FRPPXQLFDWLRQ�E\

VSHHFK�UHSUHVHQWV�WKH�LGHDO�FRPSXWHU�LQWHUIDFH���5HFRJQLWLRQ�UHTXLUHV�LQWHOOLJHQFH��DQG�LV�

WKHUHIRUH��D�PXFK�PRUH�GLIILFXOW�SUREOHP�WKDQ�VSHHFK�SURGXFWLRQ���:KLOH�JHQHUDO�VSHHFK

UHFRJQLWLRQ�LV�D�GDXQWLQJ�WDVN��D�PXFK�VLPSOHU�V\VWHP�ZRXOG�VWLOO�EH�XVHIXO�� �7KLV�WKHVLV

SUHVHQWV� D� VLPSOH� VSHHFK� UHFRJQLWLRQ� V\VWHP� WKDW� FDQ� EH� LPSOHPHQWHG� ZLWK� D� SHUVRQDO

FRPSXWHU�DQG�D�VRXQG�FDUG���2QFH�D�OLPLWHG�V\VWHP�KDV�EHHQ�LPSOHPHQWHG��LWV�FDSDELOLWLHV

FDQ�EH�VFDOHG�E\�XVLQJ�IDVWHU�FRPSXWHUV�DQG�VSHFLDOL]HG�KDUGZDUH�DV�QHFHVVDU\�

)X]]\� ORJLF� DOORZV� HIIHFWLYH� GHFLVLRQ� PDNLQJ� LQ� WKH� SUHVHQFH� RI� XQFHUWDLQW\�

,GHQWLI\LQJ� VSRNHQ� ZRUGV�� HYHQ� LQ� DQ� LGHDO� HQYLURQPHQW� E\� D� WUDLQHG� VSHDNHU�� LV� D

FRPSOH[� WDVN� ILOOHG� ZLWK� XQFHUWDLQW\�� � 7KH� VSHHFK� ZDYHIRUP� LV� QRQOLQHDU� DQG� YDULDQW�

UHPRYLQJ� WKH� SRVVLELOLW\� RI� VLPSOH� DQDO\VLV�� �+RZHYHU�� E\� DQDO\]LQJ� WKH�ZDYHIRUP� IRU

UHRFFXUULQJ�DQG�VHPL�VWDEOH�IHDWXUHV��VPDOO�VHJPHQWV�PD\�EH�FODVVLILHG�� �$�IX]]\�H[SHUW

PD\� WKHQ� PDNH� GHFLVLRQV� EDVHG� RQ� WKHVH� IHDWXUHV� WR� LGHQWLI\� WKH� VSRNHQ� ZRUG�� � 7KH

LGHQWLILFDWLRQ�UHSUHVHQWV�WKH�GHFLVLRQ�WKDW� WKH�FKRVHQ�ZRUG�LV�SUHVHQW�DQG�DOVR�WKDW�RWKHU

ZRUGV�DUH�QRW�SUHVHQW�� �)XUWKHUPRUH�� WKH�V\VWHP
V�FRQILGHQFH�LQ� LWV� LGHQWLILFDWLRQ�FDQ�EH

XVHG�WR�DFFHSW�WKH�LGHQWLILFDWLRQ�RU�WR�UHTXHVW�IXUWKHU�LQIRUPDWLRQ�RU�KHOS�
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�����%DFNJURXQG

6SHHFK� LV� D� KXPDQ
V� PRVW� HIILFLHQW� FRPPXQLFDWLRQ� PRGDOLW\�� � %H\RQG� HIILFLHQF\�

KXPDQV� DUH� FRPIRUWDEOH� DQG� IDPLOLDU� ZLWK� VSHHFK�� � 2WKHU� PRGDOLWLHV� UHTXLUH� PRUH

FRQFHQWUDWLRQ��UHVWULFW�PRYHPHQW��DQG�FDXVH�ERG\�VWUDLQ�GXH�WR�XQQDWXUDO�SRVLWLRQV�

,Q� WKH� ����V�� PRVW� FRPSXWHU� V\VWHP� LQSXW� ZDV� DFKLHYHG� WKURXJK� VZLWFKHV�� DQG

UHVXOWV�ZHUH�UHDG�RII�RI�/('V���/DWHU��SXQFK�FDUGV�ZHUH�XVHG���,Q�WKH�ODWH�����V��WKH�&57

WHUPLQDO� EHFDPH� FRPPRQ�� DOORZLQJ� HDVLHU��PRUH� HIILFLHQW� LQSXW� DQG� RXWSXW�� �.H\ERDUG

HQWU\�LV�PXFK�IDVWHU�WKDQ�VHWWLQJ�VZLWFKHV�RU�FUHDWLQJ�SXQFK�FDUGV��DQG�UHDGLQJ�FKDUDFWHUV

LV�PXFK�IDVWHU�WKDQ�GHFLSKHULQJ�ELQDU\�UHVXOWV�IURP�/('V�RU�SXQFK�FDUGV���+RZHYHU��HYHQ

ZLWK� WUDLQLQJ�� W\SLQJ� LV� VORZHU� WKDQ� FRQWLQXRXV� VSHHFK�� � )XUWKHUPRUH�� ZKLOH� W\SLQJ� RU

UHDGLQJ��WKH�XVHU�PXVW�IRFXV�RQ�WKH�WDVN�RI�LQSXW�DQG�RXWSXW���'XULQJ�VSHHFK��WKH�XVHU�LV

DEOH�WR�SHUIRUP�RWKHU�WDVNV�DOORZLQJ�IRU�PXOWL�PRGDO�LQSXW�DQG�RXWSXW�

'XULQJ� VSRQWDQHRXV� VSHHFK�� DQ� DYHUDJH� RI� ���� WR� ���� ZRUGV� SHU� VHFRQG� FDQ� EH

FRPPXQLFDWHG�� � 6NLOOHG� W\SLVWV� FDQ� W\SH� DURXQG� ���� WR� ����ZRUGV� SHU� VHFRQG�� EXW� RQO\

ZKHQ� W\SLQJ� SUHSDUHG� WH[W�� �$� VNLOOHG� W\SLVW� DYHUDJHV� RQO\� ����ZRUGV� SHU� VHFRQG�ZKHQ

W\SLQJ� VSRQWDQHRXV� WH[W� RU�ZKHQ� SUREOHP� VROYLQJ�� � 7KLV� SURGXFWLYLW\� LV� FRPSDUDEOH� WR

XQVNLOOHG� W\SLVWV�ZKR� W\SH� RQO\� ���� WR� ����ZRUGV� SHU� VHFRQG� XQGHU� RSWLPDO� FRQGLWLRQV�

7KH�DYHUDJH�VSHHG�RI�KDQGZULWLQJ� WH[W� LV�DURXQG�����ZRUGV�SHU�VHFRQG��� �6LOHQW� UHDGLQJ

FDQ� DFKLHYH� ���� WR� ���� ZRUGV� SHU� VHFRQG�� EXW� WR� DFKLHYH� WKH� KLJKHU� UDWHV� ZLWK� KLJK

UHWHQWLRQ��WKH�UHDGHU�PXVW�FRQFHQWUDWH�RQO\�RQ�UHDGLQJ����7KHVH�FRPSDULVRQV�VXJJHVW�WKDW

����������������������������������������������������������
���/HD��S����
���1HZHOO��S�����
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DQ�RSWLPDO�PDQ�PDFKLQH�LQWHUIDFH�ZRXOG�LQFRUSRUDWH�VSHHFK�UHFRJQLWLRQ�DV�FRPSOHWHO\�DV

SRVVLEOH�

:LWK� FRPSXWHUV� EHFRPLQJ� HYHU� SUHVHQW� LQ� EXVLQHVV�� JRYHUQPHQW�� DQG� HGXFDWLRQ�

WKHUH� LV� D� WUHPHQGRXV� PDUNHW� IRU� IDVWHU�� PRUH� HIILFLHQW� PDQ�PDFKLQH� LQWHUIDFHV�� � 7KH

PDMRULW\�RI�FRPSXWHU�SURFHVVLQJ�WLPH�LV�XVHG�IRU�ZRUG�SURFHVVLQJ��GDWD�HQWU\��RU�ZDLWLQJ

IRU�WKHVH�LQSXWV���%\�DOORZLQJ�KXPDQV�WR�FRPPXQLFDWH�LQ�WKHLU�PRVW�QDWXUDO�PRGH�DQG�DW

QDWXUDO�VSHHGV��HIILFLHQF\��TXDOLW\��DQG�WKURXJKSXW�LQFUHDVH���6SHHFK�DOVR�RIIHUV�HDV\�DQG

FRVW�HIIHFWLYH�FRPPXQLFDWLRQ�RYHU�ORQJ�GLVWDQFHV�DQG�DFFHVV�WR�WKH�GLVDEOHG�

7KHVH� DUH� FRQYLQFLQJ� UHDVRQV� IRU� UHVHDUFKLQJ� DQG� GHYHORSLQJ� VSHHFK� UHFRJQLWLRQ�

+RZHYHU�� DFKLHYLQJ� UHFRJQLWLRQ� LV� D� FRPSOH[� DQG� GDXQWLQJ� WDVN�� �:KLOH� KXPDQV� OHDUQ

ODQJXDJH� DV� FKLOGUHQ� E\� H[SRVXUH� RQO\�� PDFKLQHV� UHTXLUH� FRPSOH[� V\VWHPV� WR� HYHQ

SHUIRUP� WKH� PRVW� EDVLF� RI� UHFRJQLWLRQ� WDVNV�� � (YHQ� DIWHU� RYHU� IRUW\� \HDUV� RI� UHVHDUFK�

VSHHFK�UHFRJQLWLRQ�DV�D�VFLHQFH�LV�VWLOO�LQ�LWV�LQIDQF\�

�����3UREOHP�'HILQLWLRQ

7KH�PDLQ�SUREOHP� LQ� VSHHFK� UHFRJQLWLRQ�� DV�ZLWK� RWKHU� FRPSOH[� WDVNV� WKDW� UHTXLUH

VRPH� IRUP�RI� LQWHOOLJHQFH�� LV� WKH� DPRXQW� RI� LQIRUPDWLRQ� WKDW�PXVW� EH� H[DPLQHG� EHIRUH

PDNLQJ� D� FODVVLILFDWLRQ� RU� GHFLVLRQ�� � 6SHHFK� UHFRJQLWLRQ� LV� QRWKLQJ� PRUH� WKDQ� DQ

H[WUHPHO\�FRPSOH[�SDWWHUQ�PDWFKLQJ�SUREOHP���7KH�FRPSOH[LW\�DULVHV�IURP�WKH�YDULDELOLW\

LQ� VSHHFK� UDWH�� SLWFK�� YROXPH�� DQG� HPRWLRQ�� � 7RJHWKHU� ZLWK� WKH� QDWXUDO� GLIIHUHQFHV� LQ

LQGLYLGXDO� KXPDQ� YRLFH� SURGXFWLRQ� V\VWHPV�� WKHVH� IDFWRUV� SURGXFH� D� YDULDEOH� DQG

QRQOLQHDU� ZDYHIRUP�� � $V� LI� WKHVH� FKDOOHQJHV� ZHUH� QRW� HQRXJK�� D� VSHHFK� UHFRJQLWLRQ

V\VWHP�PXVW�DOVR�GHDO�ZLWK�QRQ�VSHHFK�VRXQGV�DQG�HQYLURQPHQWDO�QRLVH�

%HIRUH� FUHDWLQJ� D� JHQHUDO� V\VWHP� WR� SHUIRUP� FRQWLQXRXV� UHFRJQLWLRQ� LQ� D� QRLV\

HQYLURQPHQW� ZLWK� PXOWLSOH� VSHDNHUV�� D� VLPSOHU� V\VWHP� VKRXOG� EH� GHVLJQHG� WR� DOORZ� D

VLQJOH� WUDLQHG�VSHDNHU� LQ�DQ� LGHDO�HQYLURQPHQW�� �)XUWKHU�VLPSOLILFDWLRQV�FDQ�EH�PDGH�E\

UHVWULFWLQJ�WKH�YRFDEXODU\�DQG�DWWHPSWLQJ�WR� LGHQWLI\�RQO\� LVRODWHG�ZRUGV�� �7KLV� WKHVLV� LV
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FRQFHUQHG�ZLWK�WKH�LVRODWHG�UHFRJQLWLRQ�RI�WKH�VHW�RI�WHQ�GLJLWV�>�����@�WKURXJK�WKH�XVH�RI

GLJLWDO�SURFHVVLQJ�WHFKQLTXHV�DQG�WKH�DSSOLFDWLRQ�RI�IX]]\�WHFKQLTXHV���$IWHU�VXFFHVVIXOO\

FRPSOHWLQJ�WKLV��VLPSOH��WDVN��WKH�YRFDEXODU\�PD\�EH�LQFUHDVHG�DQG�PXOWLSOH�VSHDNHUV�FDQ

EH�LQFRUSRUDWHG�

�����7KHVLV�2UJDQL]DWLRQ

,Q�&KDSWHU����WKH�VSHHFK�ZDYHIRUP�LV�H[DPLQHG���5HRFFXUULQJ�IHDWXUHV�RI�WKH�VSHHFK

ZDYHIRUP�DUH� VKRZQ�� �&KDSWHU���FRYHUV� WKH�KXPDQ�DXGLWRU\� V\VWHP��ZKLFK� LV� WKH�PRVW

DGHSW�DQG�FRPSUHKHQVLYH�UHFRJQLWLRQ�V\VWHP�NQRZQ���7KH�FKDSWHU�H[DPLQHV�LQIRUPDWLRQ

JDLQHG�IURP�ERWK�ELRORJLFDO�DQG�SV\FKRORJLFDO�VWXGLHV��DV�ZHOO�DV� WKH�VSHHFK�SURGXFWLRQ

V\VWHP���&KDSWHU���UHYLHZV�WKH�KLVWRU\�RI�VSHHFK�UHFRJQLWLRQ�DQG�FXUUHQW�PHWKRGV�� �7KH

FKDSWHU�IRFXVHV�RQ�PHWKRGV�XVHG�WR�ORFDWH�DQG�LGHQWLI\�WKH�UHRFFXUULQJ�IHDWXUHV�RI�VSHHFK

GLVFXVVHG�LQ�&KDSWHU�����&KDSWHU���UHYLHZV�IX]]\�VHW�WKHRU\�DQG�IX]]\�ORJLF���7KH�XVH�RI

IX]]\�ORJLF�DOORZV�HIIHFWLYH�GHFLVLRQ�PDNLQJ�HYHQ�LQ�WKH�SUHVHQFH�RI�XQFHUWDLQW\���&KDSWHU

�� GLVFXVVHV� WKH� LVRODWHG� GLJLW� UHFRJQLWLRQ� V\VWHP�GHYHORSHG� IRU� WKLV� WKHVLV�� � 7KH� GHVLJQ

WUDGHRIIV�DQG�UHTXLUHPHQWV�DUH� UHYLHZHG� LQ�GHSWK�� �&KDSWHU���SUHVHQWV� WKH� UHVXOWV�RI� WKH

V\VWHP��DQG�&KDSWHU���FRQWDLQV�FRQFOXVLRQV�DQG�VXJJHVWLRQV�IRU�IXWXUH�ZRUN�
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&+$37(5��

7+(�63((&+�:$9()250

�����3K\VLFDO�0DQLIHVWDWLRQ

7KH�VSHHFK�ZDYHIRUP�LV�FUHDWHG�E\�D�VHULHV�RI�GLVFUHWH�VWLPXOL�WKDW�FRQWURO�WKH�OXQJV�

YRFDO� WUDFW�� WRQJXH�� DQG�PRXWK�� � 7KH� UHVXOWLQJ� VRXQG� GHSHQGV� QRW� RQO\� RQ� WKH� FXUUHQW

VWLPXOXV�EXW� DOVR�RQ�SDVW� VWLPXOL� FDXVLQJ� D� FRDUWLFXODWLRQ� HIIHFW�� �:KLOH� WKH� LQSXWV� WKDW

SURGXFH�WKH�VSHHFK�ZDYHIRUP�DUH�GLVFUHWH��WKH�ZDYHIRUP�LWVHOI�LV�D��WZR�GLPHQVLRQDO�QRQ�

GHQXPHUDEOH� FRQWLQXXP���� �1R�PDWWHU� KRZ� SUHFLVHO\�ZH�PHDVXUH� WKH�ZDYHIRUP� DW� DQ\

LQVWDQW� LQ� WLPH�� D� ILQHU�� PRUH� SUHFLVH� PHDVXUHPHQW� LV� DOZD\V� SRVVLEOH�� � +RZHYHU�� WKH

FRQWLQXLW\�RI�WKH�VSHHFK�ZDYHIRUP�KDV�OLWWOH�WR�GR�ZLWK�UHFRJQLWLRQ���3URRI�UHVLGHV�LQ�WKH

HDU�LWVHOI�ZKLFK�GLVFUHWHO\�VDPSOHV�DQG�ILOWHUV�WKH�VSHHFK�ZDYHIRUP�EHIRUH�WUDQVPLWWLQJ�D

UHSUHVHQWDWLRQ�WR�WKH�EUDLQ���%DVHG�RQ�WKLV�LQIRUPDWLRQ��LW�FDQ�EH�LQIHUUHG�WKDW�WKH�VSHHFK

ZDYHIRUP�FRQWDLQV�PXFK�PRUH�LQIRUPDWLRQ�WKDQ�LV�QHFHVVDU\�IRU�UHFRJQLWLRQ�

�����,QIRUPDWLRQ�7KHRU\

,QIRUPDWLRQ� WKHRU\� SURYLGHV� DQ� HVWLPDWH� RI� WKH� LQIRUPDWLRQ� FRQWHQW� RI� WKH� VSHHFK

ZDYHIRUP�� �:RUGV� FDQ� EH� VHHQ� DV� XQLWV� RI� LQIRUPDWLRQ�� � ,QIRUPDWLRQ� WKHRU\� WHUPV� WKH

DYHUDJH�DPRXQW�RI�LQIRUPDWLRQ�SHU�V\PERO��PHDVXUHG�LQ�ELWV��DV�HQWURS\��
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(QWURS\� LQ� D� ZRUG� 6� FRPSRVHG� RI� V\PEROV� 6L� �L�  � ��� �� �� Q�� GHSHQGV� RQ� WKH

SUREDELOLW\� 3�6L�� RI� RFFXUUHQFH� RI� HDFK� V\PERO� 6L�� � )RU� ZULWWHQ� $PHULFDQ� (QJOLVK�

LQIRUPDWLRQ� WKHRU\� GHILQHV� DQ� HQWURS\� RI� ���� ELWV� �� V\PERO�� � 'HSHQGLQJ� RQ� WKH� XQLW� RI
����������������������������������������������������������
���/HD��S�����
���'H�0RUL��SS�����������
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LQIRUPDWLRQ�XVHG� IRU� DQDO\]LQJ� VSHHFK�� HQWURSLHV� RI� ���� WR� ���� ELWV� �� V\PERO� KDYH� EHHQ

FDOFXODWHG���+RZHYHU��XVLQJ�D�KHGJH�WR�DFFRXQW�IRU�FRQWH[W��DQ�HQWURS\�RI�DURXQG�����ELWV��

V\PERO� LV� JHQHUDOO\� DVVXPHG�� � 8VLQJ� WKLV� LQIRUPDWLRQ�� WKH� DYHUDJH� LQIRUPDWLRQ� UDWH� RI

VSHHFK�FDQ�EH�HVWLPDWHG�WR�EH�DURXQG����ELWV���VHF��

+RZHYHU�� VSHHFK� RI� WHOHSKRQH� TXDOLW\� PXVW� EH� VDPSOHG� DW� ��� N+]� ZLWK� ��� ELWV� �

VDPSOH�� �7KH�DYHUDJH�DPRXQW�RI� LQIRUPDWLRQ� LV� WKHQ���������ELWV� �� VHF�� �7KHUHIRUH�� WKH

DPRXQW�RI�LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�VSHHFK�ZDYHIRUP�LV�PRUH�WKDQ������WLPHV�JUHDWHU

WKDQ� WKH� DPRXQW� RI� LQIRUPDWLRQ� FRQWDLQHG� LQ� VSHHFK� LWVHOI�� � 7KH� WDVN� RI� D� VSHHFK

UHFRJQLWLRQ� V\VWHP� LV� WR� UHGXFH� WKH� DPRXQW� RI� LQIRUPDWLRQ� FRQWDLQHG� LQ� WKH� VSHHFK

ZDYHIRUP�WR�D�PRUH�PDQDJHDEOH�DQG�UHOHYDQW�OHYHO�

�����8QLW�RI�5HSUHVHQWDWLRQ

6SHHFK� FDQ� EH� EURNHQ� GRZQ� LQWR� VHYHUDO� FRPSHWLQJ� FRPSRQHQWV�� � DOORSKRQHV�

SKRQHPHV�� GLSKRQHV�� V\OODEOHV�� RU� ZRUGV��� � (DFK� UHSUHVHQWDWLRQ� KDV� DGYDQWDJHV� DQG

GLVDGYDQWDJHV����3KRQH��GHQRWHV�D�PLQLPDO�XQLW�RI�VSHHFK�VRXQG�� �+RZHYHU�� LGHQWLI\LQJ

DQ�LQGLYLGXDO�SKRQH� LV�SUDFWLFDOO\� LPSRVVLEOH�GXH� WR�DQ�DQWLFLSDWLRQ�HIIHFW�ZKLFK�FDXVHV

SKRQHV�WR�RYHUODS�

5HVHDUFKHUV� XVH� DOORSKRQHV� WR� UHSUHVHQW� WKH� VHW� RI� SKRQHV� FRQWDLQLQJ� WKH� VDPH

LQIRUPDWLRQ� FRQWHQW�� � $OORSKRQHV� FDQ� EH� LGHQWLILHG� UHOLDEO\�� EXW� UHTXLUH� FRPSOH[�� WLPH

FRQVXPLQJ� SURFHGXUHV�� � $OVR� XVHIXO� LV� WKH� IDFW� WKDW� DOORSKRQHV� FDQ� EH� HPSOR\HG� WR

LGHQWLI\� ZRUG� ERXQGDULHV�� � +RZHYHU�� OLNH� WKH� SKRQH�� WKH� DOORSKRQH� VXIIHUV� IURP� DQ

DQWLFLSDWLRQ�RU�FRDUWLFXODWLRQ�HIIHFW���$Q�HYHQ�JUHDWHU�GLVDGYDQWDJH�LV�WKH�ODUJH�QXPEHU�RI

DOORSKRQHV�WKDW�FDQ�EH�FRQWDLQHG�LQ�D�JLYHQ�ODQJXDJH�

3KRQHPHV� DUH� WKH� FROOHFWLRQ� RI� DOORSKRQHV� WKDW� RSHUDWH� VLPLODUO\� LQ� D� ODQJXDJH�

3KRQHPHV�KDYH�DQ�DGYDQWDJH�RYHU�DOORSKRQHV�LQ�WKDW�WKH�QXPEHU�RI�GLVWLQFWLYH�SKRQHPHV

����������������������������������������������������������
���'H�0RUL��SS����������
���/HD��SS������������
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LV�TXLWH�VPDOO���+RZHYHU��SKRQHPHV�DUH�QRW�HDV\�WR�GLVWLQJXLVK�DFRXVWLFDOO\��RYHUODS�HDFK

RWKHU��DQG�UHTXLUH�FRPSOLFDWHG�SURFHVVLQJ�SURFHGXUHV���7KH����SKRQHPHV�VKRZQ�LQ�7DEOH

���� EHORQJ� WR� WKH� ,QWHUQDWLRQDO� 3KRQHWLF� $OSKDEHW� �,3$��� � 7KH� V\PERO� XVHG� IRU� HDFK

SKRQHPH�LV�WKH�PRVW�FRPPRQO\�DFFHSWHG�V\PERO��EXW�RWKHUV�DUH�VRPHWLPHV�XVHG���$�OLVW

RI�WKH�,3$�FDQ�EH�IRXQG�LQ�PDQ\�OLQJXLVWLF�WH[WV�RU�LQ�D�JRRG�GLFWLRQDU\�

7DEOH�������,QWHUQDWLRQDO�3KRQHWLF�$OSKDEHW

7KH�,3$�FRQWDLQV����SKRQHPHV���$Q�H[DPSOH�RI�HDFK�LV

VKRZQ�ZLWK�WKH�VRXQG�XQGHUOLQHG�

$�GLSKRQH�LV�D� WUDQVLWLRQDO�VRXQG�LGHQWLILHG�E\�VHJPHQWLQJ�DGMDFHQW�SKRQHV�DW� WKHLU

VWHDG\�VWDWH�FHQWHUV���%\�WKHLU�YHU\�QDWXUH��GLSKRQHV�LQFOXGH�WUDQVLWLRQDO�LQIRUPDWLRQ�WKDW

3KRQHPH ([DPSOH 3KRQHPH ([DPSOH

� SDW K VLQJ

H SD\ R WRH

DERXW 8 ERRN

D� IDWKHU D SRW

HU FDUH X ERRW

E EHW ERXJKW

W FKXUFK D8 RXW

G GHEW , ER\

H EHW S SHW

L EHH UHQW

I ILUH V VDW

J JHW VKXW

K KDW T WKLQJ
, ELW W WHQ

D, E\ WKDW

LU SLHU / EXW

U EXWWHU U WHUP

G MXGJH Y YDW

N NLW Z ZLW

O OHW \ \RX

P PHW ] ]RR

Q QHW D]XUH
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FDQ� EH� XVHIXO� LQ� LGHQWLILFDWLRQ�� � /LNH� DOORSKRQHV�� WKH� QXPEHU� RI� GLSKRQHV� LQ� D� JLYHQ

ODQJXDJH�FDQ�EH�TXLWH�ODUJH�DQG�UHTXLUH�D�XQLTXH�VHW�RI�SKRQRORJLFDO�UXOHV�IRU�SURFHVVLQJ�

$� V\OODEOH� LV� EDVLFDOO\� �D� YRZHO� QXFOHXV� DQG� LWV� IXQFWLRQDOO\� UHODWHG� QHLJKERULQJ

FRQVRQDQWV�����6\OODEOHV�DUH�UHODWLYHO\�HDV\�WR�LGHQWLI\�LQ�WKH�DFRXVWLF�VWUHDP���$V�D�ERQXV�

PDQ\� UXOHV� GHYHORSHG� IRU� GHDOLQJ� ZLWK� SKRQHPHV� DUH� HDVLO\� H[WHQGHG� IRU� XVH� ZLWK

V\OODEOHV�� �7KH�PDMRU�SUREOHP�ZLWK� V\OODEOHV� LV� WKH� GLIILFXOW\� LQ� LGHQWLI\LQJ� ERXQGDULHV�

$JDLQ��DV�ZLWK�SKRQHPHV�DQG�GLSKRQHV��WKH�QXPEHU�RI�V\OODEOHV�LQ�D�JLYHQ�ODQJXDJH�FDQ

EH�XQPDQDJHDEO\�ODUJH�

)LQDOO\�� HYHU\� VSHDNHU� LQ� D� ODQJXDJH� NQRZV� LQVWLQFWLYHO\� ZKDW� D� ZRUG� LV�� \HW� LW� LV

GLIILFXOW� WR�GHILQH�SKRQRORJLFDOO\�� �+RZHYHU�� D�ZRUG� LV� WKH� VPDOOHVW�XQLW�RI� LQIRUPDWLRQ

WKDW� FRPPXQLFDWHV� D� FRPSOHWH�PHVVDJH�� � 8VLQJ�ZRUGV� DV� WKH� EDVLF� XQLW� RI� UHFRJQLWLRQ

HOLPLQDWHV� PDQ\� ORZHU� OHYHOV� RI� UHFRJQLWLRQ�� � +RZHYHU�� WHPSRUDO� GLIIHUHQFHV� EHWZHHQ

H[DPSOHV� RI� VSRNHQ� ZRUGV� PDNH� LGHQWLILFDWLRQ� GLIILFXOW�� HVSHFLDOO\� ZLWK� ODUJHU

YRFDEXODULHV�

6HJPHQWLQJ�WKH�VSHHFK�LQSXW�LQWR�XQLWV�UHGXFHV�WKH�DPRXQW�RI�LQIRUPDWLRQ�WKDW�PXVW

EH�SURFHVVHG�E\�KLJKHU� OHYHO� SURFHGXUHV�� �7KH� ODUJHU� WKH� XQLW�� WKH� OHVV� LQIRUPDWLRQ� WKDW

PXVW� EH� GHDOW�ZLWK�� EXW� WKH�PRUH� GLIILFXOW� DFFXUDWH� LGHQWLILFDWLRQ�� � ,GHQWLILFDWLRQ� RI� WKH

XQLWV�GHSHQGV�RQ�LGHQWLI\LQJ�WKH�VXE�IHDWXUHV�WKH\�FRQWDLQ�

�����6SHHFK�)HDWXUHV

7KH� VSHHFK� UHFRJQLWLRQ� WDVN� FDQ� EH� EURNHQ� LQWR� IRXU� SURFHVVHV�� � GDWD� DFTXLVLWLRQ�

ILOWHULQJ�� IHDWXUH� LGHQWLILFDWLRQ�� DQG� FODVVLILFDWLRQ�� � 7KH� ILUVW� WZR� SURFHVVHV� DIIHFW� WKH

DPRXQW� RI� GDWD� WKDW�PXVW� EH� SURFHVVHG�� EXW� WKH� ODVW� WZR� SURFHVVHV� DUH� E\� IDU� WKH�PRVW

GLIILFXOW�� � )HDWXUH� LGHQWLILFDWLRQ� LQYROYHV� VHDUFKLQJ� WKH� VSHHFK� ZDYHIRUP� IRU� VHPL�

FRQVWDQW�SDWWHUQV�WKDW�UHRFFXU�XQGHU�VSHFLILF�FRQGLWLRQV���,Q�RUGHU�IRU�D�VSRNHQ�ODQJXDJH�WR

����������������������������������������������������������
���/HD��S������
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FRQYH\� LQIRUPDWLRQ�� LW�PXVW� FRQVLVW� RI� D� ILQLWH� QXPEHU� RI� GLVWLQJXLVKDEOH� DQG�PXWXDOO\

H[FOXVLYH�VRXQGV��

7KH�IROORZLQJ�IHDWXUHV�FDQ�EH�XVHG�WR�LGHQWLI\�D�VSRNHQ�VRXQG�UHJDUGOHVV�RI�WKH�XQLW

RI� LGHQWLILFDWLRQ�� � +RZHYHU�� UHVHDUFKHUV� KDYH� SULPDULO\� XVHG� WKHVH� IHDWXUHV� ZKHQ

LGHQWLI\LQJ�SKRQHPHV��&KRPVN\�DQG�+DOOH�GHILQHG�WKHP�IRU�WKLV�UHDVRQ�LQ��������'XH�WR

WKH�YDULDQFH�LQ�WKH�VSHHFK�ZDYHIRUP��WKH�FODVVLILFDWLRQV�EHFRPH�OHVV�XVHIXO�DV�WKH�XQLW�RI

LGHQWLILFDWLRQ�EHFRPHV�ODUJHU���7KH�IHDWXUHV�DUH�JHQHUDOO\�JURXSHG�LQWR�PXWXDOO\�H[FOXVLYH

JURXSV�� �%XW�DV�ZLWK�PDQ\�RWKHU�SDUWV�RI� WKH�VRXQG�ZDYHIRUP��DEVROXWH�GLVWLQFWLRQV�DUH

GLIILFXOW�� �7KH�JURXSV�WHQG�WR�RYHUODS�FDXVLQJ�IXUWKHU�GLIILFXOWLHV�LQ�LGHQWLILFDWLRQ���8VHG

WRJHWKHU��WKH�JURXSV�FDQ�DFFXUDWHO\�GHILQH�D�VRXQG�XQLW�

9RLFHG�YV��8QYRLFHG�

9RLFHG�VRXQGV�DUH�FDXVHG�DV�DLU�SUHVVXUH�SXVKHV�WKH�YRFDO�FRUGV�RSHQ�DQG

FDXVHV� WKHP� WR�YLEUDWH�� �7KH� VRXQG�SURGXFHG�KDV� D�SLWFK�RU� IXQGDPHQWDO

IUHTXHQF\�WKDW� LV�GLUHFWO\�UHODWHG�WR� WKH�IUHTXHQF\�RI�YLEUDWLRQ�� �7KH�SHDN

DPSOLWXGH� RI� D� YRLFHG� VRXQG� LV� PXFK� KLJKHU� WKDQ� DQ� XQYRLFHG� VRXQG�

8QYRLFHG�VRXQGV�RFFXU�ZKHQ�WKH�YRFDO�FRUGV�DUH�KHOG�RSHQ�DOORZLQJ�DLU�WR

SDVV� WKURXJK� XQDIIHFWHG�� �7KH� WZR� IXQGDPHQWDO� XQYRLFHG� VRXQGV� DUH� WKH

SORVLYH� DQG� WKH� IULFDWLYH�� � $� SORVLYH� LV� JHQHUDWHG� E\� D� EXLOG� XS� RI� DLU

EHKLQG� WKH� OLSV�ZKLFK� LV� UDSLGO\� H[SHOOHG�� �$� IULFDWLYH� LV� JHQHUDWHG� E\� D

WXUEXOHQW�DLUIORZ�WKURXJK�D�FRQVWULFWLRQ�VXFK�DV�WKH�WHHWK��

9RFDOLF�YV��1RQYRFDOLF�

9RFDOLF�VRXQGV�KDYH�D�VKDUSO\�GHILQHG�IRUPDQW�VWUXFWXUH���7KH�IRUPDQW�LV�D

EDQG�RI�KLJK�HQHUJ\�FRQFHQWUDWHG�LQ�D�VSHFLILF�IUHTXHQF\�UDQJH���)RUPDQWV

DUH�JHQHUDOO\�IRXQG�LQ�YRZHOV���1RQYRFDOLF�VRXQGV�ODFN�D�GHILQHG�IRUPDQW

VWUXFWXUH�

&RQVRQDQW�YV��1RQFRQVRQDQW�

&RQVRQDQW� VRXQGV� KDYH� KLJK� WRWDO� HQHUJ\�� ZKLOH� QRQFRQVRQDQW� VRXQGV

KDYH�D�ORZHU�WRWDO�HQHUJ\�

7HQVH�YV��/D[�

7HQVH�VRXQGV�KDYH�KLJK�WRWDO�HQHUJ\�RYHU�D�UHODWLYHO\�ORQJ�SHULRG�RI�WLPH

LQ� D� ZLGH� IUHTXHQF\� EDQG�� � /D[� VRXQGV� KDYH� ORZHU� WRWDO� HQHUJ\

FRQFHQWUDWHG�LQ�D�VKRUWHU�WLPH�SHULRG�LQ�D�WLJKW�IUHTXHQF\�EDQG�

����������������������������������������������������������
���1HZHOO��S�����
���&KHQ��SS���������
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1DVDO�YV��2UDO�

1DVDO�VRXQGV�RFFXU�ZKHQ�WKH�QDVDO�SDVVDJH�LV�XVHG�DV�DQ�DX[LOLDU\�DFRXVWLF

WXEH���7KHVH�VRXQGV�FRQWDLQ�D�ZLGH�IUHTXHQF\�VSUHDG�DQG�D�UHGXFWLRQ�LQ�WKH

LQWHQVLW\�RI�IRUPDQWV���2UDO�VRXQGV�FRQWDLQ�D�PRUH�GHILQHG�IUHTXHQF\�UDQJH

DQG�XVXDOO\�KLJK�LQWHQVLW\�IRUPDQWV�

6WULGHQW�YV��0HOORZ�

6WULGHQW�VRXQGV�FRQWDLQ�KLJKHU�LQWHQVLW\�QRLVH�WKDQ�PHOORZ�VRXQGV�

*UDYH�YV��$FXWH�

*UDYH� VRXQGV� KDYH� D� KLJKHU� FRQFHQWUDWLRQ� RI� HQHUJ\� LQ� WKH� ORZHU

IUHTXHQFLHV��ZKLOH�DFXWH�VRXQGV�KDYH�D�KLJKHU�FRQFHQWUDWLRQ�RI�HQHUJ\� LQ

WKH�XSSHU�IUHTXHQFLHV�RI�WKH�VSHFWUXP�

&RPSDFW�YV��'LIIXVH�

&RPSDFW�VRXQGV�FRQWDLQ�D�KLJK�FRQFHQWUDWLRQ�RI�HQHUJ\�LQ�D�QDUURZ�UHJLRQ

RI�WKH�VSHFWUXP���'LIIXVH�VRXQGV�VSUHDG�WKHLU�HQHUJ\�DFURVV�D�ZLGHU�UHJLRQ�

)ODW�YV��3ODLQ�

)ODW� VRXQGV� DUH� FKDUDFWHUL]HG� E\� D� ZHDNHQLQJ� RI� WKH� KLJKHU� IUHTXHQF\

FRPSRQHQWV���3ODLQ�VRXQGV�FRQWDLQ�QR�VXFK�ZHDNHQLQJ�

�����$Q�([DPSOH

)LJXUHV� ���� DQG� ���� VKRZ� DQ� H[DPSOH� RI� WKH� VSHHFK� ZDYHIRUP� IRU� WKH� ZRUG

�UHFRJQLWLRQ����7KH�ZRUG�ZDV�VDPSOHG�DW����N+]�DQG�FRQWDLQV�������VLJQHG���ELW�VDPSOHV�

7KH�ZRUG�LV�HDVLO\�VHJPHQWHG�LQWR�V\OODEOHV�DV�UHF�RJ�QL�WLRQ��RU�DV�WLPH�SHULRGV����������

������������:KHQ�VHJPHQWHG�LQWR�SKRQHPHV��WKH�ZRUG�LV�UHSUHVHQWHG�DV� H�N� �J�Q�,� �

Q��ZLWK�HDFK�SKRQHPH�WDNLQJ�RQH�WLPH�SHULRG�>�����@�

(DFK�SKRQHPH�FDQ�EH�FKDUDFWHUL]HG�E\� LWV� GLVWLQFWLYH� IHDWXUHV�� �7KH�SKRQHPH� � LV

YRLFHG�� FRQVRQDQW�� RUDO�� DFXWH�� DQG� IODW�� � 7KH� SKRQHPH� H� LV� YRLFHG�� QRQFRQVRQDQW�� OD[�

DFXWH��DQG�FRPSDFW���7KH�SKRQHPH�N�LV�XQYRLFHG��QRQYRFDOLF��FRQVRQDQW��WHQVH��PHOORZ�

DQG� FRPSDFW�� � 7KH� SKRQHPH� � LV� YRLFHG�� QRQFRQVRQDQW�� WHQVH�� DFXWH�� GLIIXVH�� DQG� IODW�

7KH� SKRQHPH� J� LV� XQYRLFHG�� QRQYRFDOLF�� FRQVRQDQW�� OD[�� PHOORZ�� DQG� FRPSDFW�� � 7KH

SKRQHPH� Q� LV� YRLFHG�� FRQVRQDQW�� QDVDO�� DFXWH�� DQG� GLIIXVH�� � 7KH� SKRQHPH� ,� LV� YRLFHG�



��

QRQFRQVRQDQW��OD[��DFXWH��DQG�GLIIXVH���7KH�SKRQHPH� �LV�XQYRLFHG��YRFDOLF��FRQVRQDQW�

WHQVH��DFXWH��DQG�FRPSDFW�

)LJXUH�������$PSOLWXGH�*UDSK�RI�WKH�:RUG��UHFRJQLWLRQ�

7KH�WLPH�EDVHG�JUDSK�VKRZV�WKH�ZRUG�UHSUHVHQWHG�DV���ELW�VLJQHG�YDOXHV�

7KH�ZRUG�KDV�EHHQ�VHJPHQWHG�LQWR�SKRQHPHV������������3KRQHPHV���DQG���DUH

WKH�VDPH��DV�DUH���DQG������1RWH�WKH�VLPLODULWLHV�DQG�GLIIHUHQFHV�EHWZHHQ�WKHP�

7KHUH�DUH�WZR� �SKRQHPHV�LQ�WKH�ZRUG��VHJPHQWV���DQG���LQ�ILJXUH�����DQG�GHQRWHG

S��DQG�S����DQG�WKH�FRPSDULVRQ�LV�HQOLJKWHQLQJ���1RWLFH�WKH�DPSOLWXGH�GLIIHUHQFH��S��KDV�D

ORZHU�WRWDO�HQHUJ\�FRQWHQW�WKDQ�S����7KLV�LV�D�SURVRGLF�HIIHFW�FDXVHG�E\�WKH�QDWXUDO�VWUHVV

SRVLWLRQV�LQ�WKH�ZRUG���$OVR�S��FRQWDLQV�PRUH�KLJK�IUHTXHQF\�FRPSRQHQWV�WKDQ�S����7KH�

SKRQHPH� LV�D� IODW� VRXQG�� WKHUHIRUH�� WKH�KLJKHU� IUHTXHQF\� FRPSRQHQWV� LQ�S�� DUH� DFWXDOO\

FDUULHG� RYHU� IURP� WKH� SUHFHGLQJ� � SKRQHPH�� � 7KLV� FDUU\RYHU� LV� FDOOHG� D� FRDUWLFXODWLRQ

HIIHFW�� � 7KHUH� DUH� DOVR� WZR� Q� SKRQHPHV� �GHQRWHG� S�� DQG� S����� � $JDLQ�� WKH� DPSOLWXGH

GLIIHUHQFH�LV�FDXVHG�E\�SURVRGLF�HIIHFWV���1RWLFH�WKDW�WKH�IUHTXHQF\�FRPSRQHQWV�DUH�TXLWH

VLPLODU�� VLQFH� WKH�SUHFHGLQJ�SKRQHPHV� DUH� HLWKHU�XQYRLFHG�RU� FRQWDLQ� VLPLODU� IUHTXHQF\

FRPSRQHQWV�



��

)LJXUH�������6SHFWURJUDP�RI�WKH�:RUG��UHFRJQLWLRQ�

7KH�WLPH�EDVHG�VSHFWURJUDP�VKRZV�IUHTXHQF\�LQWHQVLW\�UHSUHVHQWHG�E\�JUD\�VKDGHV�

WKH�GDUNHU�WKH�VKDGH��WKH�KLJKHU�WKH�LQWHQVLW\���7KH�ZRUG�KDV�EHHQ�VHJPHQWHG�LQWR

SKRQHPHV������������3KRQHPHV���DQG���DUH�WKH�VDPH��DV�DUH���DQG����

1RWH�WKH�VLPLODULWLHV�DQG�GLIIHUHQFHV�EHWZHHQ�WKHP�

�����6XPPDU\

(YHQ�ZLWK�WKH�IHDWXUHV�RI�VSHHFK�VRXQGV�GHILQHG��WKH�WDVN�RI�VSHHFK�UHFRJQLWLRQ�LV�QRW

FRPSOHWH�� DV� KDV� EHHQ� VKRZQ� LQ� FRXQWOHVV� DWWHPSWV� DW� VSHHFK� UHFRJQLWLRQ� RYHU� WKH� SDVW

IRUW\�\HDUV���7KHUH�LV�VWLOO�WRR�PXFK�LQIRUPDWLRQ�LQ�WKH�VSHHFK�ZDYHIRUP��DQG�WKH�UHOLDEOH

GHWHFWLRQ� RI� LQIRUPDWLRQ� XQLWV� LV� WRR� VORZ�� � )XUWKHUPRUH�� WKH� HIIHFWV� RI� SURVRG\�

FRDUWLFXODWLRQ��DQG�DQWLFLSDWLRQ�FDXVH�QRQOLQHDU�GLVWXUEDQFHV�LQ�WKH�ZDYHIRUP���7KH�QH[W

FKDSWHU�SURYLGHV�ELRORJLFDO��DQG�SV\FKRORJLFDO��EDFNJURXQG�WKDW�FDQ�EH�XVHG�WR�HOLPLQDWH

XQQHFHVVDU\�LQIRUPDWLRQ�IURP�WKH�VSHHFK�ZDYHIRUP�



��

&+$37(5��

%,2/2*,&$/�,1)/8(1&(6

�����6WUXFWXUH�RI�WKH�(DU

7KH� HDU� LV� D�PHFKDQLFDO� WUDQVGXFHU� WKDW� FRQYHUWV� SUHVVXUH� LQWR� HOHFWULFDO� LPSXOVHV�

7KH�KXPDQ�HDU�FRQVLVWV�RI�WKUHH�GLVWLQFW�SDUWV���WKH�RXWHU�HDU��WKH�PLGGOH�HDU��DQG�WKH�LQQHU

HDU���7KH�RXWHU�HDU�LV�UHVSRQVLEOH�IRU�FROOHFWLQJ�VRXQG�ZDYHV�DQG�FRQFHQWUDWLQJ�WKHP�RQWR

WKH�HDUGUXP���7KH�PLGGOH�HDU�DFWV�DV�D�PHFKDQLFDO�DPSOLILHU���'XH�WR�WKH�FRPSUHVVLELOLW\

RI�DLU��RQO\�D�VPDOO� IRUFH� LV�QHFHVVDU\� WR�FDXVH� WKH�HDUGUXP�WR�YLEUDWH�� �$V� WKH�HDUGUXP

YLEUDWHV��WKH�ERQHV�RI�WKH�PLGGOH�HDU�PRYH��H[HUWLQJ�RYHU�WKLUW\�WLPHV�DV�PXFK�SUHVVXUH�RQ

WKH�IOXLG�ILOOHG�LQQHU�HDU�� �7KH�PDLQ�RUJDQ�RI�KHDULQJ�LV�KRXVHG�LQVLGH�WKH�FRFKOHD�� �7KH

FRFKOHD� LV� D� VSLUDO� VKDSHG� FRQH� WKDW� LV� GLYLGHG� LQWR� WZR� PDLQ� VHFWLRQV� E\� WKH� EDVLODU

PHPEUDQH���7KH�ERWWRP�KDOI� LV�FDOOHG�WKH�VFDOD� W\PSDQL�DQG�HQGV�DW� WKH�URXQG�ZLQGRZ�

7KH� WRS� KDOI�� FDOOHG� WKH� VFDOD� YHVWLEXOL�� LV� FRQQHFWHG� WR� WKH� RVVLFOHV�� WKH� ERQHV� LQ� WKH

PLGGOH�HDU��E\�WKH�RYDO�ZLQGRZ���7KH�VFDOD�YHVWLEXOL�LV�IXUWKHU�GLYLGHG�LQWR�WZR�SDUWV��WKH

ORZHU� KDOI�� WKH� VFDOD�PHGLD�� FRQWDLQV� WKH� SULPDU\� RUJDQ� RI� KHDULQJ�� WKH� RUJDQ� RI�&RUWL�

7KH�RUJDQ�RI�&RUWL�FRQWDLQV�������LQQHU�FLOLD�WKDW�UDLVH�LW�DERYH�WKH�EDVLODU�PHPEUDQH�DQG

�������RXWHU�FLOLD�WKDW�VXSSRUW� WKH�WHFWRULDO�PHPEUDQH�� �$W� WKH�EDVH�RI� WKH�KDLU�FHOOV�DUH

QHUYH� ILEHUV�ZKLFK� IRUP� WKH� FRFKOHDU� QHUYH�� �7KH� FRQQHFWLRQ� EHWZHHQ� QHUYH� ILEHUV� DQG

KDLU�FHOOV�LV�QRW�RQH�WR�RQH���)LJXUH�����VKRZV�WKH�WKUHH�SDUWV�RI�WKH�HDU�DQG�D�YLHZ�RI�HDFK

VHFWLRQ�RI�WKH�FRFKOHD�

3UHVVXUH�H[HUWHG�E\�WKH�RVVLFOHV�RQ�WKH�RYDO�ZLQGRZ�FDXVHV�WKH�EDVLODU�PHPEUDQH�WR

EXOJH� LQWR� WKH� VFDOD� W\PSDQL�� � 7KH� RUJDQ� RI� &RUWL� LV� VXSSRUWHG� E\� WZR� VWLII� URGV� LQ� D

WULDQJXODU� FRQILJXUDWLRQ� WKDW� FDXVH� LW� WR� URWDWH� WRZDUGV� WKH� FHQWHU� RI� WKH� VFDOD� YHVWLEXOL

UDWKHU�WKDQ�EXOJLQJ�LQWR�WKH�VFDOD�W\PSDQL���7KLV�URWDWLRQ�FDXVHV�WKH�FLOLD�OLQLQJ�WKH�RUJDQ



��

RI�&RUWL�WR�EH�EHQW�E\�WKH�VKHDULQJ�IRUFH�RI�WKH�WHFWRULDO�PHPEUDQH���7KH�QHUYHV�FRQQHFWHG

WR�WKH�EDVH�RI�WKH�FLOLD��H[FLWHG�E\�WKLV�EHQGLQJ�PRWLRQ��VHQG�LPSXOVHV�WR�WKH�EUDLQ�

)LJXUH�������7KH�(DU

7KH�SDWK�RI�VRXQG�ZDYHV�DV�WKH\�HQWHU�WKH�HDU��DUH�WUDQVPLWWHG�WKURXJK

WKH�PLGGOH�HDU��DQG�SDVV�WKURXJK�WKH�FRFKOHD��VKRZQ�XQFRLOHG��

7KH� LPSXOVHV� VHQW� WR� WKH� EUDLQ� HQFRGH� ERWK� DPSOLWXGH� DQG� IUHTXHQF\� LQIRUPDWLRQ�

$PSOLWXGH� LV� GHWHFWHG� E\� WKH� DPRXQW� RI� EHQGLQJ� LQ� WKH� FLOLD�� ZKLOH� IUHTXHQF\� LV

GHWHUPLQHG�E\�ZKLFK�FLOLD�PRYH���7KH�EDVLODU�PHPEUDQH�FKDQJHV�VWLIIQHVV�IURP�RQH�HQG

RI�WKH�FRFKOHD�WR�WKH�RWKHU���7KHUHIRUH��KLJK�IUHTXHQFLHV�WHQG�WR�FDXVH�YLEUDWLRQ�RQO\�LQ�WKH

IURQW�HQG�RI�WKH�EDVLODU�PHPEUDQH��PLGGOH�IUHTXHQFLHV�LQ�WKH�IURQW�DQG�PLGGOH��VWURQJHU��

DQG� ORZ� IUHTXHQFLHV� DOO� RYHU��ZLWK� WKH� VWURQJHVW� RFFXUULQJ� WRZDUGV� WKH� WLS�� � 8VLQJ� WKLV

LQIRUPDWLRQ�� WKH� EUDLQ� FDQ� GHWHUPLQH� D� VRXQG
V� IUHTXHQF\�� �7KH� KXPDQ� HDU� LV� JHQHUDOO\

FDSDEOH�RI�GHWHFWLQJ�IUHTXHQFLHV�LQ�WKH�UDQJH�RI����WR��������+HUW]��DOWKRXJK�VHQVLWLYLW\�LV

ORJDULWKPLFDOO\�GLVWULEXWHG�

([SHULPHQWV� KDYH� VKRZQ� WKDW� KXPDQV� DUH� ODUJHO\� SKDVH� LQVHQVLWLYH�� � 7KH� EDVLODU

PHPEUDQH�LV�RQO\�GHIRUPHG�ZKHQ�WKH�VWDSHV�SXVKHV�RQ�WKH�RYDO�ZLQGRZ��DQG�WKXV�YHU\

OLWWOH�LQIRUPDWLRQ�LV�DYDLODEOH�WR�WKH�EUDLQ�WR�GHWHUPLQH�D�ZDYHIRUP
V�SKDVH���$SSO\LQJ�WKLV

IDFW� WR� VSHHFK� UHFRJQLWLRQ� DOJRULWKPV� FDQ� UHGXFH� WKH� DPRXQW� RI� GDWD� LQ� WKH� HQFRGHG

ZDYHIRUP�E\�KDOI�



��

$W�WKH�LQLWLDO�RQVHW�RI�D�VRXQG��WKH�ILULQJ�UDWH�RI�DXGLWRU\�QHUYHV�LV�KLJKHVW���+RZHYHU�

DV�WLPH�SDVVHV��WKH�GLVFKDUJH�UDWH�ZLOO�GHFD\�WR�D�VWHDG\�VWDWH��DQ�HIIHFW�FDOOHG�DGDSWDWLRQ�

,QLWLDO� DGDSWDWLRQ�� NQRZQ� DV� UDSLG� DGDSWDWLRQ�� LV� FDXVHG� E\� D� UHIUDFWRU\� SURSHUW\� RI� WKH

QHUYH�ILEHUV�����7KH�VORZHU�DGDSWDWLRQ�LV�FDXVHG�E\�D�GHSOHWLRQ�RI�QHXURWUDQVPLWWHUV���)RU

ORZ� IUHTXHQF\� VRXQGV�� WKH� QHUYHV� WHQG� WR� ILUH� LQ� SKDVH�� KRZHYHU�� IRU� KLJK� IUHTXHQFLHV�

WKH\�ILUH�LQ�LQWHJUDO�PXOWLSOHV�RI�WKH�SHULRG���7KLV�GLIIHUHQFH�RFFXUV�EHFDXVH�D�QHXURQ�FDQ

RQO\�ILUH�VHYHUDO�KXQGUHG�WLPHV�SHU�VHFRQG��VLQFH�LW�XVHV�D�FKHPLFDO�SURFHVV�WR�UHEXLOG�WKH

HOHFWULFDO� GLIIHUHQWLDO� DIWHU� ILULQJ�� �$IWHU� DGDSWDWLRQ�� D� FKDQJH� LQ� IXQGDPHQWDO� IUHTXHQF\

ZLOO� RQO\� EH� QRWLFHDEOH� LI� WKH� DPRXQW� RI� FKDQJH� LV� DW� OHDVW� ������ RI� WKH� IXQGDPHQWDO

IUHTXHQF\���&KDQJHV�LQ�IRUPDQW�IUHTXHQF\�DUH�QRWLFHDEOH�RQO\�LI�WKH\�DUH�DW�OHDVW�����RI

WKH�IRUPDQW�IUHTXHQF\�

�����,QIDQW�/DQJXDJH�$FTXLVLWLRQ

,QIDQWV�DUH�DEOH�WR�DFTXLUH�ODQJXDJH�ZLWKRXW�WUDLQLQJ���7KH\�EXLOG�D�OH[LFRQ�WKURXJK

H[SRVXUH� RQO\�� � 7KLV� DELOLW\� LV� RI� H[WUHPH� LPSRUWDQFH� WR� PDFKLQH� VSHHFK� UHFRJQLWLRQ�

7KURXJK� WKLV� IHDW� DORQH�� WKH� DELOLW\� WR� SHUIRUP� VSHHFK� UHFRJQLWLRQ� FDQ� EH� SURYHQ�� � ,I

LQIDQWV�ZHUH� ERUQ�ZLWK� D� OH[LFRQ�� LW�PLJKW� QRW� EH� SRVVLEOH� IRU� D�PDFKLQH� WR� UHFRJQL]H

VSHHFK�� � 7KH� LQERUQ� OH[LFRQ� FRXOG� EH� XVHG� LQ� D� WRS�GRZQ� SURFHVV�� XVLQJ� VHPDQWLF� DQG

OLQJXLVWLF�LQIRUPDWLRQ�WR�SUHGLFW�WKH�VSHHFK�ZDYHIRUP���,I�VXFK�LQIRUPDWLRQ�ZHUH�UHTXLUHG

IRU� VSHHFK� UHFRJQLWLRQ�� WKHQ� LVRODWHG�ZRUG� UHFRJQLWLRQ� ZRXOG� QRW� EH� SRVVLEOH� VLQFH� QR

VXFK�LQIRUPDWLRQ�ZRXOG�EH�SUHVHQW���7KLV�LV�QRW�WR�VD\�WKDW�VXFK�LQIRUPDWLRQ�LV�QRW�XVHG�

EXW� UDWKHU� WKDW� WKH� LQIRUPDWLRQ� LV� XVHG� LQ� DQ� DX[LOLDU\� SURFHVV� WR� KHOS� UHFRJQL]H� PRUH

GLIILFXOW�ZDYHIRUPV�DQG�WR�SURYLGH�FRQWH[W�WR�D�GHFLSKHUHG�ZDYHIRUP���6LQFH�WKH�OH[LFRQ

LV�DFTXLUHG�WKURXJK�UHSHDWHG�H[SRVXUH��WKH�LQIDQW�PXVW�XVH�D�ERWWRP�XS�VWUDWHJ\�

����������������������������������������������������������
����:DLEHO��SS������������
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$W� DV� HDUO\� DV� IRXU� GD\V� ROG�� LQIDQWV� DUH� DEOH� WR� GLIIHUHQWLDWH� EHWZHHQ� VSHHFK� DQG

PXVLF�� �%\�IRXU�PRQWKV��LQIDQWV�FDQ�VHJPHQW�DQG�UHFRJQL]H�VSHHFK���7KH�NH\�WR� OH[LFRQ

DFTXLVLWLRQ� LV� WKH� LQERUQ� DELOLW\� WR� VHJPHQW� WKH� VSHHFK�ZDYHIRUP�� � 6HJPHQWDWLRQ� LV� WKH

NH\�IHDWXUH�RI�WKH�ERWWRP�XS�SURFHVVLQJ�PRGHO���6HJPHQWDWLRQ�LQYROYHV�LGHQWLI\LQJ�ZRUG

RQVHW�� GLYLGLQJ� WKH� ZRUG� LQWR� V\OODEOHV� DV� WKH\� DUH� SUHVHQWHG�� DQG� LGHQWLI\LQJ� ZRUG

FRQFOXVLRQ�� �7KLV� W\SH�RI� VHULDO� VHJPHQWDWLRQ� LV� LQFUHGLEO\�SRZHUIXO�� DQG� LV�SHUKDSV� WKH

RSWLPDO�VROXWLRQ�WR�RQH�RI�VSHHFK�UHFRJQLWLRQ
V�IXQGDPHQWDO�DQG�PRUH�GLIILFXOW�SUREOHPV�

2QFH� VHJPHQWHG�� SURVRGLF� DQG� V\OODELF� DQDO\VLV� DUH� SHUIRUPHG�� � 3URVRG\� DLGV� LQ

VHJPHQWDWLRQ�DQG�SURYLGHV�FRQWH[W�VHQVLWLYH�LQIRUPDWLRQ�WKURXJK�SURPLQHQFH��LQWRQDWLRQ�

DQG�PHORG\�� �1RWH� WKDW�V\OODELF�ZDV�FKRVHQ�RYHU�RWKHU�VHJPHQWDWLRQ�XQLWV�� �3V\FKRORJ\

KDV� VKRZQ� WKDW� LQIDQWV� VHJPHQW� VSHHFK� VRXQGV� LQWR� XQLWV� WKDW� DUH� EDVLFDOO\� V\OODELF� LQ

QDWXUH���

3URVRG\� FRPSULVHV� DOO� WKH� DWWULEXWHV� RI� VSHHFK� WKDW� DUH� QRW� SDUW� RI� WKH� V\OODELF

IHDWXUHV�����$W�WKLV�SRLQW�LQ�WLPH�SURVRG\�LV�D�XQLTXHO\�KXPDQ�IHDWXUH��DWWHPSWV�KDYH�EHHQ

PDGH� WR� PRGHO� SURVRG\�� EXW� PXFK� UHVHDUFK� UHPDLQV� EHIRUH� DFFXUDWH� PRGHOV� FDQ� EH

FUHDWHG�� �7KH�GLVWLQFWLRQ�EHWZHHQ�SURVRGLF�DQG�V\OODELF�IHDWXUHV� LV�TXLWH� LPSRUWDQW�� � ,I�D

FKLOG�KDG�WR�OHDUQ�D�QHZ�ZRUG�IRU�HDFK�W\SH�RI�LQWRQDWLRQ��WKH�QRUPDO�YRFDEXODU\�ZRXOG

H[SORGH�IURP��������FRPPRQO\�XVHG�ZRUGV�WR�LQILQLWH�YDULDWLRQV���,Q�RUGHU�WR�DFTXLUH�WKH

OH[LFRQ�� WKH� FKLOG�PXVW� VHSDUDWH� SURVRGLF� LQIRUPDWLRQ�� LGHQWLI\LQJ� WKH� ZRUG� XVLQJ� RQO\

V\OODELF� LQIRUPDWLRQ�� � 7KLV� PHDQV� WKDW� VSHHFK� FDQ� EH� UHFRJQL]HG� �QRW� QHFHVVDULO\

XQGHUVWRRG��ZLWKRXW�SURVRGLF�LQIRUPDWLRQ���7KHUH�PD\�EH�FDVHV�ZKHUH�PLVWDNHV�DUH�PDGH

GXH� WR� ODFN�RI� FRQWH[W�� EXW� IRU� WKH�PDMRULW\�RI� FDVHV�� LVRODWHG�ZRUG� UHFRJQLWLRQ� LV� TXLWH

UHOLDEOH���3URVRGLF�HIIHFWV�DUH�QRQOLQHDU�DQG�DIIHFW�WKH�VSHHFK�ZDYHIRUP�RQ�PDQ\�OHYHOV�

7KH\� DUH� LQYROYHG� LQ� WKH� DQWLFLSDWLRQ� DQG� FRDUWLFXODWLRQ� HIIHFWV� DV�ZHOO� DV� LQ� HPRWLRQDO

DQG�VWUHVV�UHODWHG�HIIHFWV���+RZHYHU��LW�LV�SRVVLEOH�WR�UHPRYH�WKHP�DV�LQIDQWV�KDYH�SURYHQ�

����������������������������������������������������������
����$OWPDQQ��SS������������
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6XFK�D�UHPRYDO�ZRXOG�GUDVWLFDOO\�VLPSOLI\�WKH�VSHHFK�ZDYHIRUP�DQG�UHGXFH�WKH�DPRXQW

RI�LQIRUPDWLRQ�D�VSHHFK�UHFRJQLWLRQ�V\VWHP�PXVW�SURFHVV�

$W� WKLV� VWDJH�� ZRUG� PDWFKLQJ� LV� SRVVLEOH� DJDLQVW� HQWULHV� DOUHDG\� SUHVHQW� LQ� WKH

OH[LFRQ���$VVXPLQJ�WKDW�WKH�ZRUG�H[LVWV�LQ�WKH�OH[LFRQ��D�PDWFK�ZLOO�KHOS�WR�UHLQIRUFH�RU

YHULI\�WKH�VHJPHQWDWLRQ�DQG�FDQ�DOVR�KHOS� LGHQWLI\�ZRUG�ERXQGDULHV�� �0DWFKHV�DOVR�KHOS

UHLQIRUFH�HQWULHV�LQ�WKH�OH[LFRQ���(QWULHV�WKDW�KDYH�QRW�EHHQ�DFFHVVHG�IRU� ORQJ�SHULRGV�RI

WLPH�WDNH�ORQJHU�WR�ILQG��LI�WKH\�DUH�IRXQG�DW�DOO���7KH�DELOLW\�WR�IRUJHW�LV�D�FRQFHSW�WKDW�KDV

QRW� EHHQ� FDSWXUHG� E\� PDQ\� FRPSXWHU� DOJRULWKPV� EXW� LV� XQLTXHO\� VXLWHG� WR� G\QDPLF

ODQJXDJH�DFTXLVLWLRQ���,I�D�PDWFK�LV�QRW�IRXQG��HLWKHU�WKH�VSHHFK�ZDYHIRUP�ZDV�LPSURSHUO\

VHJPHQWHG�RU�WKH�ZRUG�LV�QHZ���:KHQ�EXLOGLQJ�D�QHZ�OH[LFRQ��PRVW�XQNQRZQ�ZRUGV�DUH

QHZ�DQG�VKRXOG�EH�DGGHG�WR�WKH�OH[LFRQ���$IWHU�D�FHUWDLQ�DJH��DURXQG�����WKH�VHJPHQWDWLRQ

SURFHVV� KDV� PDWXUHG� DQG� H[FOXGHV� FHUWDLQ� VWUXFWXUHV�� � 7KLV� HIIHFW� LV� PDQLIHVWHG� E\

GLIILFXOWLHV� LQ� OHDUQLQJ� QHZ� ODQJXDJHV� ZKLFK� LQYROYH� GLIIHUHQW� V\OODELF� XQLWV�� � $QRWKHU

HIIHFW�LV�DQ�LQFUHDVLQJ�UHVLVWDQFH�WR�OHDUQLQJ�QHZ�ZRUGV�

:KLOH� WKH� DELOLW\� WR� VHJPHQW� VSHHFK�ZDYHIRUPV� LV� SUHVHQW� DW� ELUWK�� WKH� SURFHVV� LV

PRGLILHG�E\�H[SHULHQFH�� �7KH�TXHVWLRQ�RI�JHQHWLFV�YV��HQYLURQPHQW� LQ� WKLV�FDVH� LV�FOHDU�

+XPDQV�DUH�JHQHWLFDOO\�HQGRZHG�WR�VHJPHQW�LQFRPLQJ�VSHHFK�ZDYHIRUPV��EXW�LI�WKHVH�DUH

QRW�SURYLGHG�LQ�WKH�HQYLURQPHQW��WKH�DELOLW\�LV�ORVW���7KLV�HQYLURQPHQWDO�DGDSWDWLRQ�DLGV�LQ

LQFUHDVLQJ� WKH� HIILFLHQF\� DQG� UHOLDELOLW\� RI� WKH� VHJPHQWDWLRQ� SURFHVV�� � ,I� D� V\OODELF� XQLW

QHYHU�RFFXUV�LQ�WKH�HQYLURQPHQW��WLPH�LV�ZDVWHG�VHDUFKLQJ���0RUH�LPSRUWDQWO\��LI�WKH�XQLW

LV�VLPLODU�WR�RWKHU��QHLJKERULQJ��XQLWV��SRVVLEOH�FRQIXVLRQ�FDQ�EH�DYRLGHG��LQFUHDVLQJ�WKH

SUREDELOLW\�RI�FRUUHFW�LGHQWLILFDWLRQ�HYHQ�LQ�WKH�SUHVHQFH�RI�QRLVH�

)LQDOO\��SURVRGLF�LQIRUPDWLRQ��VHPDQWLFV��DQG�V\QWD[�DUH�XVHG�WR�UHPRYH�DPELJXLWLHV�

+RZHYHU�� LW� LV� LPSRUWDQW� WR�QRWH� WKDW� WKLV� LQIRUPDWLRQ�LV�QRW�YLWDO� WR�VSHHFK�UHFRJQLWLRQ�

RQO\�WR�VSHHFK�XQGHUVWDQGLQJ���6HPDQWLFV�DQG�V\QWD[�DUH�PLVXVHG�LQ�HYHU\GD\�VLWXDWLRQV�

EXW�LQ�PRVW�FDVHV��WKH�VSRNHQ�ZRUGV�DUH�VWLOO�XQGHUVWRRG���0HDQLQJ�RIWHQ�WDNHV�ORQJHU�WR

VRUW�RXW�



��

�����7KH�%UDLQ

7KH�EUDLQ� LV� WKH�PRVW� FRPSOH[�RUJDQ� LQ� WKH�ERG\�� � ,W� FRQWDLQV� ELOOLRQV� RI� QHXURQV�

HDFK�RI�ZKLFK�LV�FDSDEOH�RI�FRQQHFWLQJ�WR�PXOWLWXGHV�RI�RWKHU�QHXURQV�WKURXJK�V\QDSVHV�

$� V\QDSVH� VHUYHV� DV� D� FRQQHFWLRQ� EHWZHHQ� WKH� D[RQ� RI� RQH� QHXURQ� DQG� WKH� GHQGULWH� RI

DQRWKHU���7KH�EUDLQ��UHPDLQV�WKH�ELJJHVW�P\VWHU\�LQ�KXPDQ�SK\VLRORJ\���+RZ�WKH�OH[LFRQ

LV�VWRUHG�LQ�WKH�EUDLQ�LV�XQNQRZQ���6RPH�WKHRULHV�PDLQWDLQ�WKDW�ZRUGV�DUH�VWRUHG�LQ�VWDWLF

ORFDWLRQV��ZKLOH�RWKHU� WKHRULHV�K\SRWKHVL]H� WKDW�PHPRU\�� LQ�JHQHUDO�� LV�G\QDPLF�� �:KLOH

KRZ�PHPRU\� LV� VWRUHG� DQG� DFFHVVHG� LV� XQNQRZQ�� LW� LV� NQRZQ� WKDW� ODQJXDJH� SURFHVVLQJ

RFFXUV�LQ�D�VSHFLILF�UHJLRQ�RI�WKH�EUDLQ���7KLV�UHJLRQ�RI�WKH�EUDLQ�DFFHVVHV�WKH�OH[LFRQ�LQ

SDUDOOHO�

5HFHQW� VWXGLHV� KDYH� VKRZQ� WKDW� ZRUG� LGHQWLILFDWLRQ� LV� SHUIRUPHG� RQ� D� V\OODEOH� E\

V\OODEOH�EDVLV���� �:KHQ�WKH�LQLWLDO�V\OODEOH� LV�SUHVHQWHG�WR� WKH�ODQJXDJH�FHQWHU��D�SDUDOOHO

VHDUFK� LV� LQLWLDWHG� IRU� DQ\� ZRUGV� ZLWK� PDWFKLQJ� LQLWLDO� V\OODEOHV�� �0DWFKLQJ� ZRUGV� DUH

DFWLYDWHG�E\�WKH�VHDUFK�DQG�IXUWKHU�FRPSDULVRQ� LV�DOORZHG��ZRUGV� WKDW�GR�QRW�PDWFK�DUH

H[FOXGHG�IURP�IXUWKHU�DQDO\VLV���6WXGLHV�KDYH�VKRZQ�WKDW�HYHQ�UK\PLQJ�ZRUGV�WKDW�GLIIHU

RQO\� LQ� WKH� ILUVW� SKRQHPH� DUH� H[FOXGHG� IURP� IXUWKHU� DQDO\VLV�� � ,W� LV� FXUUHQWO\� XQFOHDU

ZKHWKHU� VXEVHTXHQW� V\OODEOHV�PXVW�PDWFK� RU� LI�PLVWDNHV� DUH� DOORZHG�� �+RZHYHU�� UHFHQW

HYLGHQFH� VXJJHVWV� WKDW�RQO\� H[DFW�PDWFKHV� DUH� DOORZHG�DQG� WKDW� KLJKHU� OHYHO� SURFHVVLQJ

LQYROYLQJ�VHPDQWLFV�DQG�V\QWD[�LV�XVHG�WR�FRUUHFW�PLVWDNHV�PDGH�LQ�LQLWLDO�VHJPHQWDWLRQ�

&RJQLWLYH�SV\FKRORJ\�SURYLGHV� IXUWKHU� LQIRUPDWLRQ�DERXW� WKH�EUDLQ� WKURXJK� LQGLUHFW

H[SHULPHQWDWLRQ�� � 7R� WHVW� WKH� HIIHFW� RI� ZRUG� SULPLQJ�� VXEMHFWV� DUH� LQVWUXFWHG� WR� OLVWHQ

FDUHIXOO\�WR�ZRUGV�SUHVHQWHG�WR�WKH�ULJKW�HDU�DQG�WR�WRWDOO\�GLVUHJDUG�WKH�OHIW�HDU���6XEMHFWV

DUH�IXUWKHU�LQVWUXFWHG�WR�ZULWH�GRZQ�ZRUGV�SUHVHQWHG�WR�WKH�ULJKW�HDU���'XULQJ�WKH�FRDUVH�RI

WKH�H[SHULPHQW��WKH�VXEMHFW�LV�SUHVHQWHG�ZLWK�VHYHUDO�DPELJXRXV�ZRUGV�VXFK�DV��VHD��DQG

����������������������������������������������������������
����$OWPDQQ��SS������������
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�VHH����-XVW�EHIRUH�WKHVH�ZRUGV�DUH�SUHVHQWHG�WR�WKH�ULJKW�HDU��D�SULPHU�LV�SUHVHQWHG�WR�WKH

OHIW� HDU� VXFK� DV� �RFHDQ��� �:KLOH� VXEMHFWV� UHSRUW� WKDW� WKH\� GLG� QRW� KHDU� WKH� SULPHU�� WKH\

UHSHDWHGO\� FKRRVH� WKH� DVVRFLDWHG� ZRUG���� � 7KHVH� UHVXOWV� UHYHDO� WKH� LQQHU� ZRUNLQJV� RI

SURVRG\�DQG�RWKHU�KLJKHU�RUGHU�SURFHVVLQJ�JRLQJ�RQ�LQ�WKH�EUDLQ
V�ODQJXDJH�FHQWHU���:KLOH

D�ZRUG�FDQ�EH�LGHQWLILHG�ZLWKRXW�DGGLWLRQDO�LQIRUPDWLRQ��WKH�FRQWH[W�SURYLGHG�FDQ�PDNH�D

GLIIHUHQFH�LQ�FRQWLQXRXV�VSHHFK�UHFRJQLWLRQ�DQG�VSHHFK�XQGHUVWDQGLQJ�

�����6RXQG�3URGXFWLRQ

7KH�KXPDQ�VSHHFK�SURGXFWLRQ�V\VWHP�FRQVLVWV�RI�D�SULPDU\�DFRXVWLF�WXEH��WKH�YRFDO

WUDFW��DQG�VRPHWLPHV�DQ�DX[LOLDU\�DFRXVWLF�WXEH��WKH�QDVDO�FDYLW\���7KH�DFRXVWLF�WXEH�VWDUWV

ZLWK�WKH�YRFDO�FRUGV�DQG�HQGV�ZLWK�WKH�OLSV���7KH�VKDSH�RI�WKH�WXEH�LV�GHWHUPLQHG�E\�WKH

SRVLWLRQ� RI� WKH� YHOXP�� WRQJXH�� MDZ�� DQG� OLSV���� � $� FURVV�VHFWLRQ� RI� WKH� KXPDQ� YRFDO

DSSDUDWXV� LV� VKRZQ� LQ� )LJXUH� ����� � 7KH� VKDSH� RI� WKH� YRFDO� WUDFW� DW� DQ\� JLYHQ� WLPH

GHWHUPLQHV� WKH� UHVRQDQW� IUHTXHQFLHV� RU� IRUPDQWV� WKDW� FUHDWH� DQ� HQYHORSH� DURXQG� WKH

UHVXOWDQW�VRXQG����)RU�DQ�DGXOW�PDOH�VSHDNHU��WKH�IXQGDPHQWDO�IUHTXHQF\�W\SLFDOO\�UDQJHV

IURP�����WR�����+]�}�IRU�DQ�DGXOW�IHPDOH��WKH�DYHUDJH�IXQGDPHQWDO�IUHTXHQF\�LV�QHDUO\

WZLFH�DV�JUHDW����

6RXQG� LV� SURGXFHG� E\� H[FLWLQJ� WKH� DFRXVWLF� WXEH� ZLWK� DQ� DSSURSULDWH� VRXUFH�� � )RU

YRLFHG�VRXQGV�� WKH�YRFDO� FRUGV�YLEUDWH�� SURGXFLQJ�TXDVL�SHULRGLF�SXOVHV�RI� DLU� SUHVVXUH�

8QYRLFHG�VRXQGV�GR�QRW�XVH�WKH�YRFDO�FRUGV�DQG�DUH�EHVW�FKDUDFWHUL]HG�DV�UDQGRP�QRLVH�

)RU� IULFDWLYHV�� WKH� YRFDO� WUDFW� LV� FRQVWULFWHG� DW� VRPH�SRLQW�� FDXVLQJ� D� WXUEXOHQW� DLU� IORZ

ZKLFK�FUHDWHV�WKH�VRXQG���3ORVLYHV�UHO\�RQ�D�EXLOG�XS�RI�DLU�DW�WKH�OLSV��ZKLFK�LV�UHOHDVHG�LQ

D�UXVK�

����������������������������������������������������������
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%HIRUH�WKH�ILUVW�VRXQG�LV�XWWHUHG��WKH�FRQFHSW�EHLQJ�H[SUHVVHG�LV�FRGHG�LQWR�ODQJXDJH�

*HQHUDOO\�� VSHHFK� LV� D� FRQWLQXRXV� RSHUDWLRQ� ZLWK� PXOWLSOH� ZRUGV� VSRNHQ� LQ� D� VLQJOH

EUHDWK���$V�WKH�EUDLQ�VWLPXODWHV�WKH�YRFDO�V\VWHP��LW�DQWLFLSDWHV�ZRUG�ERXQGDULHV��PHUJLQJ

RU� VOXUULQJ� WKHP� WRJHWKHU�� � 'HSHQGLQJ� RQ� PDQ\� IDFWRUV� LQFOXGLQJ� HPRWLRQ� DQG� UDWH� RI

VSHHFK��WKH�ERXQGDULHV�EHWZHHQ�ZRUGV�FDQ�EH�ORVW�DOWRJHWKHU���,Q�VRPH�FDVHV��SKRQHPHV�RU

V\OODEOHV�ZLWKLQ�D�ZRUG�DUH�PHUJHG��WKLV�SKHQRPHQRQ�LV�FDOOHG�FRDUWLFXODWLRQ�

)LJXUH�������&URVV�VHFWLRQ�RI�WKH�+XPDQ�9RFDO�$SSDUDWXV

7KH�YRFDO�WUDFW�FDQ�EH�YLHZHG�DV�DQ�DFRXVWLF�WXEH�VWDUWLQJ�DW

WKH�YRFDO�FRUGV�DQG�WHUPLQDWLQJ�DW�WKH�OLSV���7KH�QDVDO�FDYLW\

SURYLGHV�DQ�DX[LOLDU\�WXEH�LQ�VRPH�FDVHV�

1RW�DOO�VRXQGV�DUH�DSSURSULDWH�IRU� ODQJXDJH�� �7KH�YRFDO� WUDFW� LV�D�QRQOLQHDU�V\VWHP�

)RU�PDQ\�VRXQGV��VOLJKW�FKDQJHV�LQ� WKH�YRFDO� WUDFW�DQG�WRQJXH�SURGXFH�ODUJH�FKDQJHV�LQ

DFRXVWLF� RXWSXW�� � 2QH� RI� WKH� IXQGDPHQWDO� SURSHUWLHV� GLVFRYHUHG� E\� VSHHFK� UHVHDUFKHUV

RYHU�WKH�\HDUV�LV�WKDW�QR�WZR�VSHHFK�ZDYHIRUPV�DUH�H[DFWO\�WKH�VDPH�� �7KLV� LV� WUXH�HYHQ

ZKHQ� WKH� VDPH�SHUVRQ� LV� WDONLQJ�� �7KH�SUREOHP� LV� WKDW� D� VSHDNHU�PDNHV� VPDOO� HUURUV� LQ

UHDFKLQJ�DUWLFXODWRU\� WDUJHWV�� �/DQJXDJH�SV\FKRORJ\�K\SRWKHVL]HV� WKDW� ODQJXDJHV� WHQG� WR



��

VHOHFW�DUHDV�RI�DFRXVWLF�VWDELOLW\�� FDOOHG�SODWHDX� UHJLRQV�� IRU� VRXQGV�� � ,Q�SODWHDX� UHJLRQV�

VPDOO� HUURUV�SURGXFH�PLQLPDO�GLIIHUHQFHV� LQ� WKH� UHVXOWDQW� VRXQG���� �7KLV�K\SRWKHVLV� KDV

EHHQ�YHULILHG� IRU�YRZHOV���� �)XWXUH� VWXGLHV� FRXOG�SURYLGH� LPSRUWDQW� LQIRUPDWLRQ� IRU� WKH

GHYHORSPHQW�RI�VSHHFK�UHFRJQLWLRQ�V\VWHPV�

�����6XPPDU\

,QIRUPDWLRQ� JDLQHG� IURP� KXPDQ� SK\VLRORJ\� DQG� SV\FKRORJ\� FDQ� DLG� LQ� WKH

GHYHORSPHQW� RI� PDFKLQH� VSHHFK� UHFRJQL]HUV�� � 6WXGLHV� RI� WKH� HDU� VKRZV� WKDW� WKH� EUDLQ

UHFHLYHV� LQIRUPDWLRQ� DERXW� WKH� VSHHFK� ZDYHIRUP� LQ� ERWK� WLPH�DPSOLWXGH� DQG� WLPH�

IUHTXHQF\�IRUPV���7KH�HDU�LV�DOVR�SKDVH�LQVHQVLWLYH�VR�WKH�VSHHFK�UHFRJQLWLRQ�V\VWHP�FDQ

UHGXFH�WKH�DPRXQW�RI�GDWD�QHHGHG�WR�HQFRGH�WKH�VSHHFK�ZDYHIRUP�E\�KDOI���6PDOO�FKDQJHV

LQ� IUHTXHQF\� DUH� QRW� QRWLFHDEOH�� IXUWKHUPRUH�� VSHHFK� WHQGV� WR� FRQFHQWUDWH� LQ� SODWHDX

UHJLRQV�ZKHUH� VPDOO� HUURUV� LQ�SURGXFWLRQ�KDYH�PLQLPDO� HIIHFWV� RQ� WKH� UHVXOWDQW� VRXQGV�

7KHVH�IDFWV�DGG�FUHGHQFH�WR�WKH�XVH�RI�IX]]\�ORJLF�WR�SHUIRUP�VSHHFK�UHFRJQLWLRQ��DV�ZLOO

EH�IXUWKHU�H[SODLQHG�LQ�&KDSWHUV���DQG���

6WXGLHV�RI�WKH�EUDLQ�VKRZ�WKDW�ZRUG�SURFHVVLQJ�LV�D�VHULDO�SURFHVV��ZKLOH�ZRUG�DFFHVV

LV�D�SDUDOOHO�SURFHVV���$JDLQ��WKH�IX]]\�SDUDGLJP�VHHPV�DSSURSULDWH�VLQFH�IX]]\�UXOHV�DUH

HYDOXDWHG� LQ� SDUDOOHO�� ZKLOH� ZRUG� SURFHVVLQJ� ZRXOG� DOZD\V� EH� D� VHULDO� SURFHVV�

)XUWKHUPRUH�� LQLWLDO� V\OODEOH� LGHQWLILFDWLRQ� LV� SDUDPRXQW�� DV� LW� GLUHFWV� WKH� HQWLUH� VHDUFK�

7KLV�LQIRUPDWLRQ�LV�XVHIXO�IRU�FRQWLQXRXV�VSHHFK�UHFRJQLWLRQ�V\VWHPV��ZKLFK�FDQ�SHUIRUP

VLPLODU�VHDUFKHV���+RZHYHU��IRU�LVRODWHG�VSHHFK�UHFRJQLWLRQ��SURVRGLF�LQIRUPDWLRQ�FDQ�EH

LJQRUHG�� �:LWKRXW� SURVRGLF� LQIRUPDWLRQ�� WKH� UHFRJQL]HU� KDV� QR�ZD\� WR� FRUUHFW�PLVWDNHV

PDGH� LQ� LQLWLDO�V\OODEOH� LGHQWLILFDWLRQ�� �7KHUHIRUH�� WKH� UHFRJQL]HU�PXVW�FKHFN�ZRUGV� WKDW

GLIIHU�LQ�LQLWLDO�V\OODEOH�

����������������������������������������������������������
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%\� H[DPLQLQJ� WKH� KXPDQ� DXGLWRU\� V\VWHP�� VHYHUDO� LQVLJKWV� KDYH� EHHQ� JDLQHG� WKDW

DOORZ� VXEVWDQWLDO� UHGXFWLRQV� LQ� WKH� VL]H� RI� WKH� HQFRGHG� ZDYHIRUP�� � )RU� H[DPSOH�� WKH

KXPDQ� DXGLWRU\� V\VWHP� FDQ� KHDU� VRXQGV� IURP� ��� +]� WR� ��� N+]�� EXW� PRVW� RI� WKH

LQIRUPDWLRQ� QHFHVVDU\� IRU� LQWHOOLJLEOH� VSHHFK� LV� FRQWDLQHG� EHORZ� �� N+]�� � 7KHUHIRUH�

VSHHFK�FDQ�EH�HQFRGHG�ZLWK�D�PLQLPXP�VDPSOLQJ�UDWH�RI���N+]���7KHVH�LQVLJKWV�DOVR�DLG

LQ�VLPSOLI\LQJ�WKH�DOJRULWKPV�XVHG�WR�LPSOHPHQW�D�VSHHFK�UHFRJQLWLRQ�V\VWHP���7KH�QH[W

FKDSWHU� UHYLHZV� VHYHUDO� FODVVLFDO� VSHHFK� UHFRJQLWLRQ� V\VWHPV� DQG� SUHVHQWV� VHYHUDO

DOJRULWKPV�WKDW�H[WUDFW�IHDWXUHV�IURP�WKH�VSHHFK�ZDYHIRUP�
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�����7KH�(DUO\�'D\V

7KH� IROORZLQJ� KLVWRU\� LV� D� VXPPDU\� RI� :D\QH� /HD
V� �+LVWRU\� RI� 6SHHFK

5HFRJQLWLRQ����� � 7KH� HDUOLHVW� NQRZQ� VSHHFK� UHFRJQLWLRQ� V\VWHP�ZDV� D� WR\� GRJ�� �5DGLR

5H[��� � 7KH� GRJ� ZRXOG� MXPS� ZKHQ� LW� GHWHFWHG� LWV� QDPH� EHLQJ� VSRNHQ�� � 7KH� GHWHFWLRQ

V\VWHP� ZDV� H[WUHPHO\� VLPSOH�� DQG� WKH� GRJ� ZRXOG� MXPS� IRU� PDQ\� RWKHU� ZRUGV�� � 7KH

GHYHORSPHQW�RI� WKH� VSHFWURJUDSK� LQ� WKH� ODWH�����V�SURPSWHG�PRUH� VHULRXV�DWWHPSWV�� � ,Q

������'UH\IXV�*UDI�GHYHORSHG�DQ�DQDORJ�ILOWHU�EDVHG�V\VWHP�ZKLFK�VHSDUDWHG�D�ZDYHIRUP

LQWR� VL[� IUHTXHQF\� EDQGV�� � 7KH� UHVXOWLQJ� VLJQDOV� FRQWUROOHG� D� GHYLFH� VLPLODU� WR� DQ

RVFLOORVFRSH���$V�WKH�VLJQDOV�FKDQJHG��D�SDWWHUQ�ZDV�GUDZQ�RQ�WKH�GLVSOD\�

7KH�ILUVW�FRPSOHWH� UHFRJQLWLRQ� V\VWHP�ZDV�GHYHORSHG�DW�%HOO�/DERUDWRULHV� LQ������

7KH�V\VWHP�ZDV�FDSDEOH�RI�UHFRJQL]LQJ�WKH�WHQ�GLJLWV�>����@����7KLV�ZDV�DQ�DQDORJ�V\VWHP

WKDW� SHUIRUPHG� VLPSOH� SDWWHUQ� PDWFKLQJ� DJDLQVW� WHPSODWHV� IRU� HDFK� RI� WKH� GLJLWV�

0DWFKLQJ� ZDV� SHUIRUPHG� EDVHG� RQ� WZR� LQSXWV�� � D� IUHTXHQF\� FXW� DQG� D� IXQGDPHQWDO

IUHTXHQF\� HVWLPDWLRQ�� � 7KH� IUHTXHQF\� FXW� ZDV� SHUIRUPHG� E\� VHSDUDWLQJ� WKH� IUHTXHQF\

VSHFWUXP� LQWR� WZR� EDQGV�� DERYH� DQG� EHORZ� ���� +]�� � 7KH� IXQGDPHQWDO� IUHTXHQF\� ZDV

HVWLPDWHG�E\�FRXQWLQJ�WKH�QXPEHU�RI�]HUR�FURVVLQJV���7KH�V\VWHP�ERDVWHG�DQ�LPSUHVVLYH

���� DFFXUDF\� IRU� D� WUDLQHG� VSHDNHU�� � 7KH� ILUVW� SKRQHPH� EDVHG� UHFRJQLWLRQ� V\VWHP�

$XGUH\��ZDV�GHYHORSHG�LQ��������$Q�LQFRPLQJ�VLJQDO�ZDV�VHJPHQWHG�LQWR�SKRQHWLF�XQLWV

E\�VHDUFKLQJ�IRU�VSHFLILF�VWRUHG�VSHFWUDO�SDWWHUQV�� �7KLV�V\VWHP�DOVR�ERDVWHG�QHDU�SHUIHFW

DFFXUDF\�IRU�D�WUDLQHG�VSHDNHU�

����������������������������������������������������������
����/HD��SS����������
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�����&RPSXWHU�%DVHG�6SHHFK�5HFRJQLWLRQ

7KH�ILUVW�XVH�RI�D�GLJLWDO�FRPSXWHU�IRU�VSHHFK�UHFRJQLWLRQ�RFFXUUHG�LQ��������'HQHV

DQG�0DWWKHZV�LQWURGXFHG�WKH�FRQFHSW�RI�WLPH�QRUPDOL]DWLRQ���7LPH�QRUPDOL]DWLRQ�DOORZV

ZDYHIRUPV�RI�GLIIHULQJ�OHQJWKV�WR�EH�DXWRPDWLFDOO\�FRPSUHVVHG�RU�H[SDQGHG�WR�PDWFK�WKH

VWRUHG� WHPSODWH�� � 7KH� XVH� RI� WLPH� QRUPDOL]DWLRQ� EURXJKW� VSHHFK� UHFRJQLWLRQ� RQH� VWHS

FORVHU�WR�VSHDNHU�LQGHSHQGHQFH���7KH�XVH�RI�GLJLWDO�FRPSXWHUV�DOVR�DOORZHG�UHVHDUFKHUV�WR

H[SHULPHQW�ZLWK�ODUJHU�YRFDEXODULHV�DQG�PRUH�GLIILFXOW�UHFRJQLWLRQ�DOJRULWKPV�

2QH�RI�WKH�ELJJHVW�PRYHPHQWV�LQ�VSHHFK�UHFRJQLWLRQ�RFFXUUHG�LQ������ZKHQ�$53$

FRPPLVVLRQHG�WKH�6SHHFK�8QGHUVWDQGLQJ�5HVHDUFK��685��SURMHFW���7KH�SURMHFW�VSHFLILHG

WKH� GHYHORSPHQW� RI� D� V\VWHP� WKDW� FRXOG� DFFXUDWHO\� �RYHU� ����� UHFRJQL]H� FRQWLQXRXV

VSHHFK�IURP�PXOWLSOH�VSHDNHUV���6SHHFK�ZDV�WR�EH�FRQVWUDLQHG�WR�D�VSHFLILF�JUDPPDU�XVLQJ

D������ZRUG�YRFDEXODU\���:KHQ�WKH�SURMHFW�ZDV�FRPSOHWHG�LQ�������RQH�V\VWHP��+$53<�

GHYHORSHG� DW� &DUQHJLH�0HOORQ� 8QLYHUVLW\�� PHW� RU� H[FHHGHG� DOO� WKH� VSHFLILFDWLRQV�

+$53<� DFFHSWHG� VHQWHQFHV� IURP� �� PDOH� DQG� �� IHPDOH� VSHDNHUV�� KDG� D� YRFDEXODU\� RI

�����ZRUGV��UHTXLUHG�RQO\����WUDLQLQJ�VHQWHQFHV�SHU�VSHDNHU��DQG�VXVWDLQHG�����VHPDQWLF

DFFXUDF\� HYHQ� LQ� UHODWLYHO\� QRLV\� HQYLURQPHQWV�� � 'HYHORSPHQWV� IURP� WKH� $53$� 685

SURMHFW�VSDZQHG�D�PXOWLWXGH�RI�QHZ�WHFKQLTXHV�DQG�EURXJKW�VHULRXV�DWWHQWLRQ�WR�WKH�ILHOG

RI�VSHHFK�UHFRJQLWLRQ�

�����6SHHFK�5HFRJQLWLRQ�7HFKQLTXHV

0RGHOV�RI�VSHHFK�UHFRJQLWLRQ�FDQ�EH�GLYLGHG�LQWR�IRXU�SULPDU\�FDWHJRULHV���DFRXVWLF

VLJQDOV��VSHHFK�SURGXFWLRQ��VHQVRU\�UHFHSWLRQ��DQG�VSHHFK�SHUFHSWLRQ���7KH�ILUVW�FDWHJRU\

YLHZV� WKH� VSHHFK� ZDYHIRUP� DV� D� JHQHUDO� DFRXVWLF� VLJQDO�� � 5HFRJQLWLRQ� LV� DFKLHYHG� E\

DSSO\LQJ� GLJLWDO� VLJQDO� SURFHVVLQJ� WHFKQLTXHV� WR� LGHQWLI\� WKH� LQSXW�� � 6SHHFK� SURGXFWLRQ

PRGHOV�WKH�KXPDQ�YRFDO�V\VWHP�LQ�RUGHU�WR�GHWHUPLQH�KRZ�WKH�VLJQDO�ZDV�SURGXFHG�DQG

WKHUHE\�LGHQWLI\�WKH�LQSXW���7KH�VHQVRU\�UHFHSWLRQ�YLHZSRLQW�VXJJHVWV�UHFRJQLWLRQ�WKURXJK



��

ELRORJLFDO�PRGHOV�RI�WKH�HDU��QHUYRXV�V\VWHP��DQG�DXGLWRU\�VHFWLRQV�RI�WKH�EUDLQ���)LQDOO\�

WKH� VSHHFK� SHUFHSWLRQ� PRGHO� UHOLHV� RQ� SV\FKRORJLFDO� LQIRUPDWLRQ� WR� H[WUDFW� LPSRUWDQW

IHDWXUHV� DQG� WR� FDWHJRUL]H� WKH� LQSXW�� � (DFK� PRGHO� FRPHV� IURP� D� SDUWLFXODU� VFLHQWLILF

GLVFLSOLQH�����7KH�PRVW�VXFFHVVIXO�VSHHFK�UHFRJQLWLRQ�V\VWHPV�HPSOR\�WHFKQLTXHV�GHULYHG

IURP� DOO� IRXU�PRGHOV�� � +RZHYHU�� WKH�PDMRULW\� RI� FXUUHQW� WHFKQLTXHV� RULJLQDWH� IURP� WKH

DFRXVWLF�VLJQDO�DQG�VSHHFK�SURGXFWLRQ�PRGHOV�

7KH�VSHHFK�ZDYHIRUP�LV�QRQOLQHDU�DQG�YDULDQW���+RZHYHU��RYHU�VKRUW�SHULRGV�RI�WLPH

�|����WR����PV��� WKH�ZDYHIRUP�UHPDLQV� URXJKO\� LQYDULDQW�� �7HFKQLTXHV� IRU�GHDOLQJ�ZLWK

WKH�ZDYHIRUP�RYHU�VKRUW�SHULRGV�RI�WLPH�FDQ�EH�EURNHQ�LQWR�WZR�W\SHV���WLPH�GRPDLQ�DQG

IUHTXHQF\� GRPDLQ�� �7LPH�GRPDLQ� DQDO\VHV� YLHZ� WKH� VSHHFK�ZDYHIRUP� DV� D� IXQFWLRQ� RI

WLPH�DQG�DPSOLWXGH���)UHTXHQF\�GRPDLQ�DQDO\VHV�YLHZ�WKH�VSHHFK�ZDYHIRUP�DV�D�IXQFWLRQ

RI� WLPH� DQG� IUHTXHQF\�� � 8VLQJ� WKHVH� WZR� UHSUHVHQWDWLRQV�� WKH� UHOHYDQW� IHDWXUHV� LQ� WKH

VSHHFK�ZDYHIRUP�FDQ�EH�LVRODWHG�DQG�WKH�ZRUG�LGHQWLILHG�

7KH�DPSOLWXGH�RI� WKH� VSHHFK�ZDYHIRUP�IRU�YRLFHG�VSHHFK� LV�PXFK�JUHDWHU� WKDQ� IRU

XQYRLFHG�VSHHFK���7KHUHIRUH��WKH�PD[LPXP�SHDN�DPSOLWXGH�GXULQJ�DQ�LQWHUYDO�FDQ�EH�XVHG

WR�GLVFHUQ�EHWZHHQ�YRLFHG�DQG�XQYRLFHG�VSHHFK���7KH�PD[LPXP�SHDN�DPSOLWXGH�LV�RIWHQ

WDNHQ� DV� D� VLPSOH� LQGLFDWLRQ� RI� WKH� DPSOLWXGH� RI� WKH� HQWLUH� VDPSOH�� � 7KH� WLPH� EHWZHHQ

FRUUHVSRQGLQJ� SHDNV� LV� HTXDO� WR� WKH� IXQGDPHQWDO� SHULRG� �RU� SLWFK� SHULRG�� IRU� YRLFHG

VSHHFK�� � 8VLQJ� WKLV� YDOXH�� DQ� HVWLPDWH� IRU� WKH� IXQGDPHQWDO� IUHTXHQF\� RU� SLWFK� RI� WKH

LQWHUYDO�FDQ�EH�FRPSXWHG�

7KH�SUREOHP�ZLWK�SHDN�PHDVXUHPHQWV�LV�WKDW�WKHUH�PD\�EH�VHYHUDO�VLPLODU�SHDNV�LQ�D

JLYHQ� LQWHUYDO�� � $� EHWWHU� HVWLPDWH� IRU� WKH� IXQGDPHQWDO� SHULRG� RI� YRLFHG� VSHHFK� FDQ� EH

REWDLQHG�E\�FRXQWLQJ�]HUR�FURVVLQJV���$�]HUR�FURVVLQJ�RFFXUV�ZKHQ�

VLJQ�>[�Q�@�z�VLJQ�>[�Q���@

����������������������������������������������������������
����/HD��S�����
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ZKHUH�[�Q��DQG�[�Q����DUH�VDPSOHV�LQ�WKH�FXUUHQW�LQWHUYDO���$IWHU�FRXQWLQJ�WKH�QXPEHU�RI

]HUR�FURVVLQJV�LQ�D�JLYHQ�LQWHUYDO��WKH�IXQGDPHQWDO�IUHTXHQF\�IR�FDQ�EH�HVWLPDWHG�E\�

I
Q

W
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ZKHUH�QF� LV� WKH�QXPEHU�RI�]HUR�FURVVLQJV�DQG� W� LV� WKH� WLPH� LQWHUYDO� LQ� VHFRQGV�� �)RU�DQ

LQWHUYDO�RI����PV�WKH�PLQLPXP�IUHTXHQF\�WKDW�FDQ�EH�GHWHFWHG�LV����+]��IRU�DQ�LQWHUYDO�RI

��� PV� WKH� PLQLPXP� IUHTXHQF\� LV� DSSUR[LPDWHO\� ��� +]�� � 7KXV�� WKH� LQWHUYDO� SHULRG

GHWHUPLQHV�WKH�DFFXUDF\�RI�D�JLYHQ�HVWLPDWH��KRZHYHU��WKH�VLJQDO�VDPSOLQJ�UDWH�GHWHUPLQHV

WKH�XOWLPDWH�UHVROXWLRQ�RI�WKH�]HUR�FURVVLQJ�PHDVXUHPHQWV�

=HUR� FURVVLQJV� FDQ� DOVR� EH� XVHG� WR� GLVFHUQ� EHWZHHQ� YRLFHG� DQG� XQYRLFHG� VSHHFK�

9RLFHG�VSHHFK�WHQGV�WR�EH�FRQFHQWUDWHG�EHORZ���N+]��ZKLOH�XQYRLFHG�VSHHFK��HVSHFLDOO\

IULFDWLYHV��DUH�JHQHUDOO\�DERYH���N+]���7KHUHIRUH��ZKHQ�WKH�]HUR�FURVVLQJ�UDWH�LV�KLJK��WKH

LPSOLFDWLRQ�LV�XQYRLFHG��LI�WKH�]HUR�FURVVLQJ�UDWH�LV�ORZ��WKH�LPSOLFDWLRQ�LV�YRLFHG�

=HUR�FURVVLQJ�PHDVXUHPHQWV�KDYH�EHHQ�XVHG�LQ�PDQ\�VSHHFK�UHFRJQLWLRQ�DSSOLFDWLRQV

GXH� WR� WKHLU� VLPSOH� LPSOHPHQWDWLRQ� DQG� VSHHG�� � +RZHYHU�� ]HUR� FURVVLQJ� LV� HVSHFLDOO\

VXVFHSWLEOH�WR�QRLVH��GF�RIIVHW��DQG����+]�KXP���/RZ�SDVV�ILOWHULQJ�LV�XVXDOO\�QHFHVVDU\�WR

UHPRYH� IUHTXHQFLHV� EHORZ� ��� +]� EHIRUH� FRXQWLQJ� ]HUR� FURVVLQJV���� � 7KH� IXQGDPHQWDO

IUHTXHQF\� RI� YRLFHG� VRXQGV� LV� DIIHFWHG� E\� SURVRGLF� LQIRUPDWLRQ� VXFK� DV� VWUHVV� DQG

LQWRQDWLRQ�DV�ZHOO�DV�V\QWDFWLF�LQIRUPDWLRQ���7KH�HIIHFWV�RI�WKLV�DGGLWLRQDO�LQIRUPDWLRQ�FDQ

FDXVH�SUREOHPV�ZLWK�WKH�HVWLPDWH�GHULYHG�E\�]HUR�FURVVLQJ�PHDVXUHPHQWV�

8VLQJ� DQ� HQHUJ\� UHSUHVHQWDWLRQ� HOLPLQDWHV� PDQ\� RI� WKH� SUREOHPV� LQWURGXFHG� E\

SURVRGLF�LQIRUPDWLRQ���)RU�D�YDU\LQJ�VLJQDO�VXFK�DV�VSHHFK��WKH�HQHUJ\�RI�WKH�VLJQDO�FDQ�EH

GHILQHG�DV�WKH�FRQYROXWLRQ�
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ZKHUH� Z�P�� LV� D� ZLQGRZ� IXQFWLRQ�� WKH� FXUUHQW� LQWHUYDO� FRQWDLQV� 1� VDPSOHV�� DQG� [�Q�

GHQRWHV�WKH�VDPSOH�YDOXH�DW�LQWHUYDO�Q���7KH�ZLQGRZ�IXQFWLRQ�ZHLJKWV�WKH�VDPSOHV�VR�WKDW

SDVW� VDPSOHV� KDYH� OHVV� LPSRUWDQFH� WKDQ� PRUH� UHFHQW� VDPSOHV�� � 3LFNLQJ� DQ� DSSURSULDWH

ZLQGRZ�IXQFWLRQ�KHOSV�UHGXFH�YDULDQFH�LQ�WKH�HQHUJ\�FDOFXODWLRQ�RYHU�WLPH���7KH�VHFRQG

IRUP�RI�WKH�HTXDWLRQ�UHGXFHV�WKH�PHDVXUHPHQW
V�VHQVLWLYLW\�WR�DPSOLWXGH�OHYHOV�

/LNH� SHDN� DQG� ]HUR� FURVVLQJ� PHDVXUHPHQWV�� HQHUJ\� PHDVXUHPHQWV� FDQ� EH� XVHG� WR

VHSDUDWH�YRLFHG�VSHHFK� IURP�XQYRLFHG�VSHHFK�� �+LJK�YDOXHV� LPSO\�YRLFHG� VSHHFK�ZKLOH

ORZ�YDOXHV� LPSO\�XQYRLFHG� VSHHFK�� �$OVR��ZKHQ� WKH� TXDOLW\� RI� WKH� VSHHFK�ZDYHIRUP� LV

KLJK��WKH�HQHUJ\�PHDVXUHPHQW�FDQ�EH�XVHG�WR�VHSDUDWH�XQYRLFHG�VSHHFK�IURP�VLOHQFH�

6KRUW�WLPH� DXWRFRUUHODWLRQ� DQDO\VLV� FDQ� EH� XVHG� WR� VKRZ� VWUXFWXUH� LQ� WKH� VSHHFK

ZDYHIRUP� DQG� DOVR� WR� HVWLPDWH� WKH� SLWFK� SHULRG�� � 6KRUW�WLPH� DXWRFRUUHODWLRQ� LV� GHILQHG

DV���
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ZKHUH�O�LV�WKH�EHJLQQLQJ�RI�WKH�LQWHUYDO��P�GHQRWHV�WKH�ODJ����d�P�d�0R���DQG�1
�LV�HLWKHU

1�LI�GDWD�RXWVLGH�WKH�VHJPHQW�LV�WR�EH�XVHG�RU�1�P�LI�RQO\�GDWD�ZLWKLQ�WKH�VHJPHQW�LV�WR�EH

XVHG���,Q�WKH�ODWWHU�FDVH��D�ZHLJKWLQJ�IXQFWLRQ�LV�RIWHQ�XVHG�WR�VPRRWK�WKH�LQWHUYDO�HQGV�WR

]HUR�� � $XWRFRUUHODWLRQ� LGHQWLILHV� SHULRGLFLW\� LQ� WKH� VSHHFK� ZDYHIRUP�� WKHUHIRUH�� WKH

LQWHUYDO�SHULRG�VKRXOG�EH�LQFUHDVHG�WR�DW�OHDVW�WZLFH�WKH�SHULRG�XVHG�IRU�RWKHU�WHFKQLTXHV

����PV�WR����PV��

:KHQ� HVWLPDWLQJ� WKH� SLWFK� SHULRG�� UHFHQW� UHVHDUFK� KDV� VKRZQ� WKDW� UHPRYLQJ� WKH

PLGGOH�RI�WKH�ZDYHIRUP�KHOSV�UHGXFH�WKH�VDPSOH�WR�VDPSOH�FRUUHODWLRQ�RI�WKH�VLJQDO���7KLV

QRQOLQHDU�WHFKQLTXH��FDOOHG�FOLSSLQJ��FDQ�EH�HIILFLHQWO\�SHUIRUPHG�E\�VKLIWLQJ�WKH�VDPSOHV

WR�UHPRYH�ORZHU�DPSOLWXGH�LQIRUPDWLRQ���

7KH�PRVW�FRPPRQ�IUHTXHQF\�GRPDLQ�WHFKQLTXHV�LQFOXGH�WKH�)DVW�)RXULHU�7UDQVIRUP

�))7�� DQG� /LQHDU� 3UHGLFWLYH� &RGLQJ� �/3&��� � 7KH� )RXULHU� 7UDQVIRUP� FRQYHUWV� D� WLPH�

����������������������������������������������������������
����:DLEHO��SS����������
����:DLEHO��SS����������
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DPSOLWXGH� VLJQDO� WR� D� WLPH�IUHTXHQF\� VLJQDO�� � 7KH� ))7� LV� D� FRPSXWDWLRQDOO\� HIILFLHQW

LPSOHPHQWDWLRQ�RI�WKH�GLVFUHWH�)RXULHU�7UDQVIRUP���:KLOH�PRUH�FRPSXWDWLRQDOO\�HIILFLHQW

WKDQ� D� QDLYH� LPSOHPHQWDWLRQ�� HYHQ� WKH� EHVW� ))7� LPSOHPHQWDWLRQV� UHTXLUH� Q� ORJ��Q�

FRPSXWDWLRQV�

/3&�LV�EDVHG�RQ�D�PRGHO�RI�WKH�YRFDO�WUDFW���/3&�DVVXPHV��WKDW�D�VDPSOH�RI�VSHHFK

FDQ� EH� DSSUR[LPDWHG� E\� D� OLQHDU� FRPELQDWLRQ� RI� WKH� SDVW� S� VSHHFK� VDPSOHV����� � %\

PLQLPL]LQJ� WKH� GLIIHUHQFH� EHWZHHQ� WKH� DFWXDO� VLJQDO� DQG� WKH� SUHGLFWHG� YDOXHV�� WKH

FRHIILFLHQWV�RI�WKH�SUHGLFWRU�FDQ�EH�DGMXVWHG�WR�DFFXUDWHO\�UHIOHFW�WKH�VDPSOH���,I�WKH�VLJQDO

[Q�LV�DSSUR[LPDWHG�E\�
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WKHQ�WKH�WRWDO�VTXDUHG�HUURU�LV�JLYHQ�E\�
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7KH�DXWRFRUUHODWLRQ�IXQFWLRQ�LV�JLYHQ�E\�
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7KH� OLQHDU� SUHGLFWLRQ� FRHIILFLHQWV� FDQ� EH� FRPSXWHG� XVLQJ� WKH� UHFXUVLYH� DOJRULWKP

VKRZQ�EHORZ�����1RWH�WKDW�WKH�DOJRULWKP�UHTXLUHV�1��FRPSXWDWLRQV�
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2QFH� WKH� VSHFWUXP�KDV�EHHQ�REWDLQHG�� LW� FDQ�EH�DQDO\]HG� WR�GHWHUPLQH� WKH� IRUPDQW

IUHTXHQFLHV� DQG� WKH� SLWFK� RI� WKH� VSHHFK� ZDYHIRUP�� � :KLOH� DQDO\VHV� SHUIRUPHG� LQ� WKH

IUHTXHQF\� GRPDLQ� DUH� PRUH� DFFXUDWH� WKDQ� WKRVH� SHUIRUPHG� LQ� WKH� WLPH� GRPDLQ�� WKH

FRPSXWDWLRQDO� RYHUKHDG� LV� TXLWH� KLJK� HYHQ� E\� WRGD\
V� VWDQGDUGV�� � 5HDO�WLPH� VSHHFK

SURFHVVLQJ� LV� QRW� SRVVLEOH� RQ� D� SHUVRQDO� FRPSXWHU� ZLWKRXW� VSHFLDOL]HG� KDUGZDUH�

+RZHYHU�� LQ� WKH�FRPLQJ�\HDUV�� LW�ZLOO�EH�SRVVLEOH� WR� WDNH�DGYDQWDJH�RI� WKHVH� WHFKQLTXHV

ZLWK�YLUWXDOO\�QR�SHUIRUPDQFH�GHJUDGDWLRQ�

�����7LPH�1RUPDOL]DWLRQ

*LYHQ� WZR� UHSUHVHQWDWLRQV� RI� WKH� VDPH� VSRNHQ� ZRUG� E\� WKH� VDPH� VSHDNHU� XQGHU

VLPLODU�FRQGLWLRQV��LW�LV�KLJKO\�SUREDEOH�WKDW�WKH\�ZLOO�EH�RI�GLIIHUHQW�OHQJWKV�� �7KH�PDLQ

SUREOHP� LV� WKDW� YDULDWLRQV� LQ� VSHDNLQJ� UDWH� FDXVH� QRQOLQHDU� FKDQJHV� RQ� WKH� WLPH� D[LV�

'\QDPLF�3URJUDPPLQJ��'3��LV�RQH�WHFKQLTXH�WKDW�DWWHPSWV�WR�RSWLPDOO\�HOLPLQDWH�WLPLQJ

GLIIHUHQFHV� EHWZHHQ� WZR�ZDYHIRUPV�� � 7KH� DOJRULWKP�ZRUNV� E\� ZDUSLQJ� RQH� ZDYHIRUP

RQWR� WKH� D[LV� RI� WKH� RWKHU�� �+RZHYHU�� UDWKHU� WKDQ�PHUHO\� VWUHWFKLQJ� RU� FRPSUHVVLQJ� WKH

ZDYHIRUP�� WKH� DOJRULWKP� DWWHPSWV� WR� PDWFK� WKH� ZDYHIRUPV� VR� WKDW� VLPLODULWLHV� DUH

PDLQWDLQHG�DQG�WLPH�DOLJQHG�
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,Q� WKH�FODVVLF�DOJRULWKP��RQH�RI� WKH�ZDYHIRUPV� LV�ZDUSHG�RQWR� WKH� WLPH�D[LV�RI� WKH

RWKHU�� �+RZHYHU�� UHFHQW� UHVHDUFK� KDV� VKRZQ� WKDW�PDSSLQJ� ERWK�ZDYHIRUPV� RQWR� D� QHZ

FRPPRQ�D[LV�SHUIRUPV�PXFK�EHWWHU���7KH�IORZFKDUW�IRU�V\PPHWULF�G\QDPLF�SURJUDPPLQJ

LV� VKRZQ� LQ� )LJXUH� ���� IRU� WZR� ZDYHIRUPV�� $� DQG� %�� KDYLQJ� ,� DQG� -� VDPSOHV

UHVSHFWLYHO\���

)LJXUH�������6\PPHWULF�'\QDPLF�3URJUDPPLQJ�)ORZFKDUW

6\PPHWULF�G\QDPLF�SURJUDPPLQJ�FUHDWHV�D�FRPPRQ�WLPH�D[LV

IRU�WZR�ZDYHIRUPV�ZLWK�GLIIHULQJ�WLPH�D[HV�

7KH�SHUIRUPDQFH�RI�WKH�'3�HTXDWLRQ�IRU�V\PPHWULF�G\QDPLF�SURJUDPPLQJ�GHSHQGV

RQ�WKH�FKRVHQ�VORSH�UHVWULFWLRQ��7KH�VORSH�FRQGLWLRQ�HQVXUHV�WKDW�WKH�ZDUSLQJ�IXQFWLRQ�KDV

DQ�HYHQ�JUDGLHQW���7KH�VORSH�UHVWULFWLRQ�DOVR�HQVXUHV�WKDW�WKH�DOJRULWKP�GRHV�QRW�IRFXV�RQ

VLPLODULWLHV�WKDW�DUH�RXWVLGH�D�ZLQGRZ�RI�XVHIXOQHVV�� �([SHULPHQWDO�UHVXOWV�VKRZ�D�VORSH

UHVWULFWLRQ�RI�RQH�WR�EH�RSWLPDO���7KHUHIRUH��WKH�'3�HTXDWLRQ�LV���

����������������������������������������������������������
����:DLEHO��SS������������
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ZKHUH�WKH�GLVWDQFH�EHWZHHQ�DQ\�WZR�VDPSOHV�LV�JLYHQ�E\�

G L M D EL M� � �  �

7KH� '3�HTXDWLRQ� J�L�� M�� LQYROYHV� SLFNLQJ� WKH� SDWK� ZLWK� WKH� ORZHVW� GLVWDQFH� DQG� FDQ

WKHUHIRUH�EH�YLHZHG�DV�D�JUDGLHQW�� �:LWK�D� VORSH� UHVWULFWLRQ�RI�RQH�� WKUHH�SDWKV�PXVW�EH

H[DPLQHG�DV�VKRZQ�LQ�)LJXUH�������7KH�VORSH�UHVWULFWLRQ�UHTXLUHV�WKDW�WKH�IXQFWLRQ�VWHS�DW

PRVW� RQFH� LQ� WKH� KRUL]RQWDO� RU� YHUWLFDO� GLUHFWLRQV� EHIRUH� VWHSSLQJ� RUWKRJRQDOO\� RU

GLDJRQDOO\�

)LJXUH�������*UDGLHQW�3DWKV

:KHQ�WKH�VORSH�UHVWULFWLRQ�LV�VHW�WR�RQH��WKUHH�SDWKV

�PXVW�EH�H[DPLQHG�WR�ILQG�WKH�PLQLPXP�JUDGLHQW�

7KH� WRWDO� GLVWDQFH� EHWZHHQ� WKH� ZDYHIRUPV�� $� DQG� %�� LV� JLYHQ� DW� WKH� HQG� RI� WKH

DOJRULWKP�DV�'��$��%��� �7KLV�GLVWDQFH�FDQ�EH�XVHG�GLUHFWO\�DV�D�FRPSDULVRQ�EHWZHHQ�WKH

LQSXW�ZDYHIRUP�DQG�D�VWRUHG�WHPSODWH���$OWHUQDWLYHO\��WKH�FRPPRQ�D[LV�UHSUHVHQWDWLRQ�RI

WKH�ZDYHIRUP�DIWHU�ZDUSLQJ�FDQ�EH�XVHG�IRU�IXUWKHU�SURFHVVLQJ��VXFK�DV�IHDWXUH�H[WUDFWLRQ�

�����6XPPDU\

7KH�FKRLFH�RI�UHSUHVHQWDWLRQ�IRU�WKH�VSHHFK�ZDYHIRUP�GHSHQGV�RQ�WKUHH�IDFWRUV�

SURFHVVLQJ�FRPSOH[LW\��LQIRUPDWLRQ�UDWH��DQG�IOH[LELOLW\���7LPH�GRPDLQ�EDVHG

UHSUHVHQWDWLRQV�DUH�VLPSOH��IDVW��DQG�IDLUO\�IOH[LEOH��EXW�ODFN�DFFXUDF\�IRU�SURFHVVHV�QRW



��

LQYROYLQJ�WLPH�QRUPDOL]HG�WHPSODWH�PDWFKLQJ���)UHTXHQF\�GRPDLQ�UHSUHVHQWDWLRQV�DUH

FRPSOH[�DQG�VORZ�EXW�H[WUHPHO\�IOH[LEOH�DQG�DFFXUDWH���$V�WKH�VL]H�RI�D�UHFRJQL]HU
V

YRFDEXODU\�JURZV��WKH�SRWHQWLDO�IRU�FRQIXVLRQ�LQFUHDVHV���7KHUHIRUH��ODUJH�YRFDEXODU\

UHFRJQL]HUV�PD\�UHTXLUH�IUHTXHQF\�GRPDLQ�UHSUHVHQWDWLRQV�WR�DFKLHYH�DGHTXDWH�DFFXUDF\�

7R�DFKLHYH�IDVW�UHVXOWV��WKHVH�V\VWHPV�QHHG�VSHFLDOL]HG�KDUGZDUH�WR�TXLFNO\�SHUIRUP�WKH

UHTXLVLWH�IUHTXHQF\�WUDQVIRUPV�DQG�WR�KDQGOH�WKH�LQFUHDVHG�SURFHVVLQJ�GHPDQGV�RI�D�ODUJHU

YRFDEXODU\���5HVWULFWLQJ�DQDO\VLV�WR�WKH�WLPH�GRPDLQ�DOORZV�VSHHFK�SURFHVVLQJ�WR�EH

DFKLHYHG�LQ�UHDO�WLPH�RQ�FRPSDUDWLYHO\�VLPSOH�KDUGZDUH�
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&+$37(5��

)8==<�/2*,&

�����%DFNJURXQG

'HDOLQJ� ZLWK� XQFHUWDLQW\� KDV� FDXVHG� D� SDUDGLJP� VKLIW� LQ� VFLHQFH�� � ,Q� WKH� ROG

SDUDGLJP�� XQFHUWDLQW\� ZDV� FRQVLGHUHG� XQIDYRUDEOH�� VFLHQFH� VWURYH� IRU� SUHFLVLRQ� DQG

DFFXUDF\���+RZHYHU��ZLWK�WKH�GHYHORSPHQW�RI�PROHFXODU�SK\VLFV��XQFHUWDLQW\�EHFDPH�DQ

LVVXH� WKDW�FRXOG�QRW�EH� UHPRYHG�� �7KH�DELOLW\� WR�PHDVXUH�DQ�HYHQW�RU�REMHFW�KDG�D� OLPLW

WKDW�FRXOG�QRW�EH�RYHUFRPH���7KHUHIRUH��LW�EHFDPH�QHFHVVDU\�WR�GHYHORS�QHZ�WHFKQLTXHV�WR

GHDO� ZLWK� XQFHUWDLQW\�� � $V� WKHVH� WHFKQLTXHV� ZHUH� GHYHORSHG�� WKHLU� XVHIXOQHVV� LQ� RWKHU

ILHOGV�EHFDPH�DSSDUHQW�

)X]]\�VHW�WKHRU\�DQG�IX]]\�ORJLF�ZHUH�FRQFHLYHG�LQ������E\�/RIWL�=DGHK�DV�D�ZD\�RI

DOORZLQJ�XQFHUWDLQW\�RU�YDJXHQHVV�WR�EH�UHSUHVHQWHG�PDWKHPDWLFDOO\�� �)X]]\�VHWV�DUH�QRW

WKH�ILUVW�DWWHPSW�WR�GHDO�ZLWK�XQFHUWDLQW\�PDWKHPDWLFDOO\���3UREDELOLW\�WKHRU\�LV�FDSDEOH�RI

GHDOLQJ�ZLWK�VWDWLVWLFDO�XQFHUWDLQW\��DQG�$ULVWRWHOLDQ�WZR�YDOXHG�ORJLF�KDV�EHHQ�H[WHQGHG

WR�PXOWL�YDOXHG�ORJLFV��KRZHYHU��IX]]\�ORJLF�LV�SHUKDSV�WKH�PRVW�IOH[LEOH���

�����)X]]\�6HWV

)X]]\�VHWV�DUH�D�VXSHU�VHW�RI�FODVVLFDO�VHWV���(DFK�HOHPHQW�LQ�D�IX]]\�VHW�LV�DVVRFLDWHG

ZLWK�D�UHDO�QXPEHU�ZKLFK�UHSUHVHQWV�WKH�GHJUHH�RI�PHPEHUVKLS�RI�WKH�HOHPHQW�LQ�WKH�VHW�

)X]]\�VHWV�DUH�XVXDOO\�H[SUHVVHG�DV�D�VHW�RI�HOHPHQWV�KDYLQJ�GHJUHHV�RI�PHPEHUVKLS�RU

WUXWK�YDOXHV� LQ� WKH�FORVHG�XQLW� LQWHUYDO� >����@�� �)X]]\�VHWV�YLRODWH�VHYHUDO�NH\�D[LRPV�RI

$ULVWRWHOLDQ� VHWV�� � WKH� ODZ� RI� WKH� H[FOXGHG�PLGGOH� DQG� WKH� ODZ� RI� FRQWUDGLFWLRQ�� � 7KLV

����������������������������������������������������������
����.OLU������������
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PHDQV� WKDW� DQ� HOHPHQW� RI� D� IX]]\� VHW� FDQ� VLPXOWDQHRXVO\� EH� ERWK� D� PHPEHU� DQG� D

QRQPHPEHU�RI�WKH�VHW�� �:KHQ�DOO�HOHPHQWV�LQ�D�VHW�KDYH�HLWKHU�FRPSOHWH�PHPEHUVKLS�RU

FRPSOHWH�QRQPHPEHUVKLS��WKH�IX]]\�VHW�UHGXFHV�WR�D�FODVVLFDO�RU�FULVS�VHW�

)X]]\� VHWV� DUH� TXLWH� GLIIHUHQW� IURP� VWDWLVWLFDO� PRGHOV�� � 3UREDELOLWLHV� UHSUHVHQW� WKH

OLNHOLKRRG� RI� D� FHUWDLQ� RXWFRPH� JLYHQ� D� GLVWULEXWLRQ� RI� SDVW� HYHQWV�� � *LYHQ� D� SUREDEOH

RXWFRPH��WKHUH�LV�VWLOO�D�FKDQFH�WKDW�WKH�RSSRVLWH�ZLOO�RFFXU���)XUWKHUPRUH��DIWHU�WKH�HYHQW

KDV�RFFXUUHG�� LWV� SUREDELOLW\� FKDQJHV� WR� HLWKHU� �����RU� ���GHSHQGLQJ� RQ� WKH� REVHUYHG

RXWFRPH���7KH�HOHPHQWV�RI�D�IX]]\�VHW��RQ�WKH�RWKHU�KDQG��UHSUHVHQW�WKH�DSSOLFDELOLW\�RI�WKH

HOHPHQW� WR� WKH�VHW�� �:KLOH� WKH�HOHPHQW�PD\�QRW�EH� WRWDOO\� UHSUHVHQWDWLYH�RI� WKH�VHW�� LW�DW

OHDVW�KDV�VRPH�VLPLODULW\�WR�WKH�FRQFHSW�WKH�VHW�UHSUHVHQWV���)XUWKHUPRUH��WKLV�UHODWLRQVKLS

GRHV� QRW� FKDQJH� ZLWK� WLPH�� IX]]LQHVV� LV� DQ� LQWULQVLF� SURSHUW\� RI� WKH� HOHPHQW�� � 7KH

XQFHUWDLQW\� LQ� SUREDELOLW\� FRPHV� IURP� WKH� UDQGRPQHVV� RI� WKH� V\VWHP� EHLQJ� DQDO\]HG�

ZKLOH�LQ�D�IX]]\�VHW��LW�FRPHV�IURP�WKH�LQIRUPDWLRQ�VRXUFH�RU�WKH�LQDELOLW\�WR�FRPSOHWHO\

VSHFLI\�D�SURFHVV�RU�PRGHO�

(YHU\�IX]]\�VHW�FRQVLVWV�RI�WKUHH�SDUWV���D�KRUL]RQWDO�GRPDLQ�D[LV�ZKLFK�VSHFLILHV�WKH

VHW
V� SRSXODWLRQ�� D� YHUWLFDO� PHPEHUVKLS� D[LV� ZKLFK� VSHFLILHV� HDFK� HOHPHQW
V� GHJUHH� RI

PHPEHUVKLS��DQG�WKH�VXUIDFH�LWVHOI�ZKLFK�SURYLGHV�D�RQH�WR�RQH�FRQQHFWLRQ�EHWZHHQ�HDFK

HOHPHQW�DQG�D�GHJUHH�RI�PHPEHUVKLS���)X]]\�VHWV�DOVR�KDYH�D�FRQWH[W�WKDW�LQGLFDWHV�KRZ

WKH\�DUH�PHDQW� WR�EH� LQWHUSUHWHG�DQG�XWLOL]HG�� �)RU�H[DPSOH��)LJXUH����� VKRZV�D� VLPSOH

IX]]\�VHW�IRU�WKH�FRQFHSW�7DOO���7KLV�VHW�ZRXOG�QRW�EH�D�JRRG�UHSUHVHQWDWLRQ�LI�WKH�FRQWH[W

ZDV�6N\VFUDSHUV��EXW� LV�D�JRRG�UHSUHVHQWDWLRQ�RI�$PHULFDQ�:RPHQ�RYHU����� �:RPHQ��

IHHW� RU� OHVV� KDYH� QR� PHPEHUVKLS� LQ� WKH� VHW� 7DOO� ZKLOH� ZRPHQ� RYHU� �� IHHW� KDYH� WRWDO

PHPEHUVKLS�� �7R�GHWHUPLQH� D� VSHFLILF�PHPEHUVKLS�� WKH�SHUVRQ
V� KHLJKW� LV� IRXQG� RQ� WKH

KRUL]RQWDO�D[LV��IROORZHG�WR�WKH�VXUIDFH�IXQFWLRQ��DQG�WKHQ� WKH�GHJUHH�RI�PHPEHUVKLS��P

�[���LV�UHDG�IURP�WKH�YHUWLFDO�D[LV�
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)LJXUH�������$�)X]]\�6HW�5HSUHVHQWLQJ�7DOO

7KH�FRQFHSW�WDOO�UHSUHVHQWHG�DV�D�IX]]\�VHW�IRU�D�VSHFLILF�FRQWH[W���$Q\RQH

EHORZ���IHHW�WDOO�KDV�QR�PHPEHUVKLS�LQ�WKH�VHW�WDOO��ZKLOH�DQ\RQH�RYHU���IHHW

KDV�WRWDO�PHPEHUVKLS���+HLJKWV�LQ�EHWZHHQ�DUH�SURSRUWLRQDOO\�GLVWULEXWHG�

7KH� LGHD� RI� D� IX]]\� VHW� UHSUHVHQWLQJ� D� FRQFHSW� DQG� KDYLQJ� D� FRQWH[W� LV� IXUWKHU

H[SDQGHG�E\�OLQJXLVWLF�YDULDEOHV���$�OLQJXLVWLF�YDULDEOH�LV�DVVLJQHG�WR�D�IX]]\�UHJLRQ��D�VHW

RI�IX]]\�VHWV�� WKDW�UHSUHVHQWV�D�FRPSOHWH�FRQFHSW�� �)LJXUH�����VKRZV�DQ�H[DPSOH� IRU� WKH

FRQFHSW�+HLJKW���7KH�YDULDEOH�FRQVLVWV�RI�WKUHH�IX]]\�VHWV���6KRUW��0HGLXP��DQG�7DOO���$V

ZLWK� IX]]\� VHWV�� FRQWH[W� SOD\V� D� ODUJH� SDUW� LQ� WKH� LQWHUSUHWDWLRQ� RI� D� OLQJXLVWLF� YDULDEOH�

7KH�KRUL]RQWDO�D[LV�VSHFLILHV�WKH�EDVH�YDULDEOH�ZKLFK�LV�D�FULVS�LQWHUYDO���)RU�D�JLYHQ�EDVH

YDOXH�� WKH�GHJUHH�RI�PHPEHUVKLS� LQ� HDFK� IX]]\� VHW� FDQ�EH�GHWHUPLQHG�� �7KLV�SURFHVV� LV

FDOOHG�IX]]LILFDWLRQ�

)LJXUH�������$�/LQJXLVWLF�9DULDEOH�5HSUHVHQWLQJ�+HLJKW

/LQJXLVWLF�YDULDEOHV�DUH�DVVLJQHG�WR�IX]]\�VHWV�UHSUHVHQWLQJ�D�VLQJOH�FRQFHSW�



��

�����)X]]\�/RJLF

)X]]\�ORJLF�LV�D�VXSHU�VHW�RI�FODVVLFDO�ORJLF����/RJLF�LV�WKH�VWXG\�RI�WKH�PHWKRGV�DQG

SULQFLSOHV�RI�UHDVRQLQJ�LQ�DOO� LWV�SRVVLEOH�IRUPV�� �&ODVVLFDO� ORJLF�GHDOV�ZLWK�SURSRVLWLRQV

WKDW� DUH� UHTXLUHG� WR� EH� HLWKHU� WUXH� RU� IDOVH����� � )X]]\� ORJLF� H[WHQGV� WKH�PHPEHUVKLS� RI

SURSRVLWLRQV� WR� LQFOXGH� D� JUDGHG� PHPEHUVKLS� EHWZHHQ� QR� PHPEHUVKLS�� IDOVH�� DQG

FRPSOHWH�PHPEHUVKLS��WUXH���,Q�WKH�FDVH�ZKHUH�D�SURSRVLWLRQ�KDV�HLWKHU�QR�PHPEHUVKLS�RU

FRPSOHWH�PHPEHUVKLS��IX]]\�ORJLF�UHGXFHV�WR�FODVVLFDO�ORJLF�

)X]]\�SURSRVLWLRQV� DUH� FUHDWHG�XVLQJ� LQGLYLGXDO� IX]]\� VHWV� RU� JURXSV�RI� IX]]\� VHWV�

7KH� SRZHU� RI� IX]]\� ORJLF� FRPHV� IURP� LWV� DELOLW\� WR� UHSUHVHQW� FRQFHSWV� ODFNLQJ� FOHDUO\

GHILQHG� ERXQGDULHV�� � 7KHVH� FRQFHSWV� DUH� JHQHUDOO\� H[SUHVVHG� DV� OLQJXLVWLF� YDULDEOHV�

,QVWHDG� RI� GHYHORSLQJ� SURSRVLWLRQV�ZKLFK� GHSHQG� RQ� WKH�PDWKHPDWLFDO� YDULDEOHV�� IX]]\

SURSRVLWLRQV�XVH�OLQJXLVWLF�YDULDEOHV�WR�H[SUHVV�WKH�UHODWLRQVKLS�EHWZHHQ�FRQFHSWV���)X]]\

SURSRVLWLRQV�DOORZ� V\VWHPV� WR�EH� FUHDWHG� WKDW� UHDVRQ� LQ� D�PRUH�KXPDQ� IDVKLRQ� DQG� DUH�

WKHUHIRUH�� HDVLHU� WR� XQGHUVWDQG� DQG� PDLQWDLQ�� � 'XH� WR� WKH� GLUHFW� FRUUHODWLRQ� EHWZHHQ� D

OLQJXLVWLF�H[SUHVVLRQ�DQG�WKH�V\VWHP�EHLQJ�FRQWUROOHG��UXOHV�FDQ�EH�HOLFLWHG�IURP�DQ�H[SHUW

LQ�YDJXH�OLQJXLVWLF�WHUPV�WKDW�PLJKW�EH�LPSRVVLEOH�WR�UHSUHVHQW�LQ�PDWKHPDWLFDO�IRUP���)RU

H[DPSOH��D�UXOH�LQ�D�V\VWHP�WR�FRQWURO�WHPSHUDWXUH�PLJKW�UHDG�

,I�7(03(5$785(�LV�:$50�DQG�+80,',7<�LV�+,*+
WKHQ�$,5B&21',7,21,1*�LV�+,*+

7KLV� UXOH� LV� TXLWH� HDV\� WR� XQGHUVWDQG� LQ� WKH� FRQWH[W� RI� D� KRPH� FRROLQJ� V\VWHP�� �$

V\VWHP� RI� VXFK� UXOHV� PLJKW� EH� XVHG� WR� PDLQWDLQ� WKH� WHPSHUDWXUH� LQ� D� VWUXFWXUH� ZKLOH

PLQLPL]LQJ� WKH� DPRXQW� RI� HQHUJ\� XVHG�� � &KDQJHV� LQ� WHPSHUDWXUH� DQG� KXPLGLW\� FDXVH

JUDGXDO� FKDQJHV� LQ� WKH� DPRXQW� RI� DLU� FRQGLWLRQLQJ� WKDW� PXVW� EH� XVHG� WR� PDLQWDLQ� WKH

GHVLUHG�URRP�WHPSHUDWXUH���$OVR��LW�LV�QRW�QHFHVVDU\�WR�IXOO\�XQGHUVWDQG�WKH�WKHRU\�RI�KHDW

WUDQVIHU� RU� WR� NQRZ� PXFK� DERXW� WKH� SK\VLFDO� VWUXFWXUH� RI� WKH� URRP� EHLQJ� FRQWUROOHG�

����������������������������������������������������������
����.OLU��S������



��

)X]]\�ORJLF�LV�FDSDEOH�RI�GHDOLQJ�ZLWK�KLJKO\�QRQOLQHDU�V\VWHPV��WLPH�YDU\LQJ�SURFHVVHV�

RU�QRLV\�HQYLURQPHQWV�� �7KH�XOWLPDWH�JRDO�RI� IX]]\� ORJLF� LV� WR�SURYLGH�D� IUDPHZRUN� IRU

UHDVRQLQJ�DERXW�LPSUHFLVH�SURSRVLWLRQV���6XFK�UHDVRQLQJ�LV�FDOOHG�DSSUR[LPDWH�UHDVRQLQJ

DQG�LV�XVHG�WR�FUHDWH�IX]]\�FRQWURO�V\VWHPV�

�����)X]]\�6\VWHPV

$� IX]]\� V\VWHP� FRQVLVWV� RI� D� IX]]LILFDWLRQ� VXEV\VWHP�� D� IX]]\� LQIHUHQFH� HQJLQH�� D

IX]]\� UXOH� EDVH�� DQG� D� GHIX]]LILFDWLRQ� VXEV\VWHP�� � )LJXUH� ���� VKRZV� D� JHQHUDO� IX]]\

FRQWURO�V\VWHP�����*LYHQ�D�VHW�RI�FULVS�LQSXWV�WKDW�UHSUHVHQW�WKH�SURFHVV
�FXUUHQW�VWDWH��WKH

IX]]LILFDWLRQ� VXEV\VWHP� FRQYHUWV� WKHP� LQWR� DSSURSULDWH� IX]]\� VHWV� DQG� GHWHUPLQHV� WKHLU

GHJUHH� RI�PHPEHUVKLS� LQ� WKRVH� VHWV�� �1RWH� WKDW� D� JLYHQ� LQSXW�PD\� VLPXOWDQHRXVO\� EH� D

PHPEHU�RI�PRUH�WKDQ�RQH�VHW�ZLWKLQ�D�VLQJOH�IX]]\�UHJLRQ���7KH�IX]]\�LQSXWV�DUH�WKHQ�XVHG

E\� WKH� LQIHUHQFH� HQJLQH� WR�GHWHUPLQH� WKH� IX]]\�RXWSXWV�� �7KH� LQIHUHQFH� HQJLQH� LQWHUDFWV

ZLWK�WKH�UXOH�EDVH�DQG�XVHV�WKH�LQSXWV�WR�GHWHUPLQH�ZKLFK�UXOHV�DUH�DSSOLFDEOH���7KH�UXOHV

DUH� LQGHSHQGHQW�� DQG�� WKHUHIRUH��PD\�EH� HYDOXDWHG� LQ�SDUDOOHO�� �7KH�RXWSXWV� DUH� D� VHW� RI

IX]]\� VHWV� GHILQHG� RQ� WKH� XQLYHUVH� RI� SRVVLEOH� RXWSXWV�� � 7KHVH� IX]]\� RXWSXWV� DUH

GHIX]]LILHG�WR�JHQHUDWH�WKH�FULVS�RXWSXWV�XVHG�WR�FRQWURO�WKH�SURFHVV���0DQ\�PHWKRGV�H[LVW

IRU�GHIX]]LILFDWLRQ��EXW�WKH�PRVW�SRSXODU�LQFOXGH���FHQWURLG��FHQWHU�RI�PD[LPD��DQG�PHDQ

RI�PD[LPD�

����������������������������������������������������������
����.OLU��S������
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)LJXUH�������$�*HQHUDO�)X]]\�&RQWUROOHU

(YHU\�IX]]\�FRQWUROOHU�FRQVLVWV�RI�DW�OHDVW�IRXU�PDMRU�VXEV\VWHPV�

1RWLFH�WKDW�WKH�)X]]\�,QIHUHQFH�(QJLQH�LV�WKH�RQO\�VXEV\VWHP�WR�LQWHUDFW

ZLWK�WKH�)X]]\�5XOH�%DVH���7KLV�LQWHUDFWLRQ�FDQ�RFFXU�LQ�SDUDOOHO�

�����6XPPDU\

)X]]\�ORJLF�DOORZV�KLJKO\�QRQOLQHDU��SRRUO\�XQGHUVWRRG��RU�PDWKHPDWLFDOO\�FRPSOH[

V\VWHPV�WR�EH�PRGHOHG�UHOLDEO\�DQG�HIILFLHQWO\���)XUWKHUPRUH��IX]]\�ORJLF�GHDOV�ZHOO�ZLWK

XQFHUWDLQ� DQG� QRLV\� GDWD�� � 7KHVH� FKDUDFWHULVWLFV� VXJJHVW� WKDW� IX]]\� ORJLF� PLJKW� EH� DQ

HIIHFWLYH�WRRO�IRU�VSHHFK�UHFRJQLWLRQ�

2QH�RI�WKH�VWUHQJWKV�RI�IX]]\�V\VWHPV�LV�WKHLU�DELOLW\� WR�H[SUHVV�D�FRQILGHQFH�LQ� WKH

UHDVRQLQJ�UHVXOWV���5HFHQW�VWXGLHV�KDYH�VKRZQ�WKDW�IX]]\�V\VWHPV�DQG�QHXUDO�QHWZRUNV�DUH

ERWK�SDUW�RI�D�FODVV�RI�XQLYHUVDO�DSSUR[LPDWRUV�RI�FRQWLQXRXV�IXQFWLRQV�� �7KLV�VLPLODULW\

PHDQV� WKDW� D� IX]]\� V\VWHP� FDQ� EH� UHSODFHG� E\� VRPH� IRUP� RI� QHXUDO� QHWZRUN� DQG� YLFH

YHUVD���� � :KLOH� PXFK� VXFFHVV� KDV� EHHQ� JDLQHG� E\� XVLQJ� QHXUDO� QHWZRUNV� LQ� VSHHFK

UHFRJQLWLRQ�� WKH\� DUH� XQDEOH� WR� H[SUHVV� D� FRQILGHQFH� LQ� WKH� UHVXOWV� RU� H[SODLQ� KRZ� WKH

UHVXOWV�ZHUH�JHQHUDWHG�� �1HXUDO�QHWZRUNV�DUH�JHQHUDOO\�YLHZHG�DV�EODFN�ER[HV��DOWKRXJK

FXUUHQW� UHVHDUFK� LV� DWWHPSWLQJ� WR� JHQHUDWH� WHFKQLTXHV� IRU� WUDFLQJ� WKH� UHDVRQLQJ� SURFHVV�

)X]]\� V\VWHPV�� RQ� WKH� RWKHU� KDQG�� H[SUHVV� D� OHYHO� RI� FRQILGHQFH� LQ� WKH� RXWSXW� E\� WKH

����������������������������������������������������������
����.OLU��SS������������
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GHJUHH�RI�PHPEHUVKLS�RI�WKH�IX]]\�RXWSXWV���7KH�UHDVRQLQJ�WKDW�JHQHUDWHG�WKH�RXWSXWV�LV

DOVR�DYDLODEOH�E\�H[DPLQLQJ� WKH�DFWLYH� UXOHV�� �7KH�QH[W�FKDSWHU�GHVFULEHV�D� IX]]\�EDVHG

V\VWHP� WKDW� WDNHV� DGYDQWDJH� RI� WKH� FKDUDFWHULVWLFV� RI� IX]]\� V\VWHPV� WR� SHUIRUP� VSHHFK

UHFRJQLWLRQ�



��

&+$37(5��

,62/$7('�',*,7�5(&2*1,7,21

�����'LJLW�:DYHIRUPV

7KH�PDMRULW\�RI�LVRODWHG�ZRUG�UHFRJQL]HUV�XVH�D�SURFHVV�FDOOHG�WHPSODWH�PDWFKLQJ�WR

SHUIRUP�UHFRJQLWLRQ���7HPSODWH�PDWFKLQJ�LQYROYHV�JDWKHULQJ�ZDYHIRUPV�IRU�HDFK�ZRUG�LQ

WKH�YRFDEXODU\���(DFK�WHPSODWH�LV�DVVRFLDWHG�ZLWK�LWV�QDPH���:KHQ�DQ�XQNQRZQ�ZDYHIRUP

LV�SUHVHQWHG� WR� WKH�V\VWHP�� LW� LV�FRPSDUHG� WR�HDFK� WHPSODWH� WR� ILQG� WKH�EHVW�PDWFK�� � ,I� D

PDWFK�LV�IRXQG��WKDW�WHPSODWH
V�QDPH�LV�DVVLJQHG�WR�WKH�XQNQRZQ�ZDYHIRUP�

$OWKRXJK� WKH� UHFRJQLWLRQ�V\VWHP�GHVLJQHG�IRU� WKLV� WKHVLV�FDQ�SHUIRUP�JHQHUDO�ZRUG

UHFRJQLWLRQ�� LW�ZDV�GHVLJQHG�SULPDULO\� WR�SHUIRUP� LVRODWHG�GLJLW� UHFRJQLWLRQ�� �(DFK�GLJLW

FDQ�EH�FDWHJRUL]HG�E\�WKH�IHDWXUHV�GLVFXVVHG�LQ�VHFWLRQV�����DQG�������6LQFH�WKH�GLJLWV�DUH

UHODWLYHO\�VKRUW��WKH�XQLW�RI�UHFRJQLWLRQ�LV�D�ZRUG���+RZHYHU��H[DPLQLQJ�WKH�SKRQHPHV�DQG

V\OODEOHV�FDQ�SURYLGH�LPSRUWDQW�LQIRUPDWLRQ�

7DEOH� ���� VKRZV� WKH� SKRQHPHV� DQG� V\OODEOHV� LQ� HDFK� GLJLW�� � 6HYHUDO� SRVVLEOH

UHFRJQLWLRQ�SUREOHPV�DUH�DSSDUHQW�IURP�WKH�SKRQHPH�UHSUHVHQWDWLRQ���'LJLWV�VL[�DQG�VHYHQ

DQG�GLJLWV�IRXU�DQG�ILYH�VWDUW�ZLWK�WKH�VDPH�SKRQHPH�ZKLFK�LQFUHDVHV� WKH�SUREDELOLW\�RI

FRQIXVLRQ� EHWZHHQ� WKH� ZDYHIRUPV�� � 7KH� GLJLWV� WZR� DQG� WKUHH� VWDUW� ZLWK� D� VLPLODU

SKRQHPH��DQG�VLQFH�WZR�LV�TXLWH�VKRUW��LW�PD\�EH�HDVLO\�FRQIXVHG�ZLWK�WKUHH���7KH�GLJLWV

RQH��VHYHQ��DQG�QLQH�HQG�ZLWK�WKH�VDPH�SKRQHPH�ZKLFK�PD\�PDNH�WKHP�OLNHO\�FDQGLGDWHV

IRU� FRQIXVLRQ�� �7KH�GLJLWV� ]HUR� DQG� VHYHQ� DUH� WKH� RQO\�PXOWL�V\OODEOH�ZRUGV�� � 6LQFH� WKH

SULPDU\�VWUHVV�LV�RQ�WKH�LQLWLDO�V\OODEOH��WKH\�VKRXOG�ERWK�EH�HDVLHU�WR�GLVWLQJXLVK���'LJLWV

]HUR� DQG� HLJKW� DUH� WKH� RQO\� WUXO\� XQLTXH�ZRUGV� LQ� WKH� YRFDEXODU\� DQG� VKRXOG� WKHUHIRUH

KDYH�D�PXFK�KLJKHU�UHFRJQLWLRQ�UDWH���+RZHYHU��HLJKW�LV�DQ�H[WUHPHO\�VKRUW�ZRUG��ZKLFK

PD\�FDXVH�SUREOHPV�
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7DEOH�������'LJLW�5HSUHVHQWDWLRQV

7KH�GLJLWV�������UHSUHVHQWHG�DV�SKRQHPHV�DQG�V\OODEOHV�

�����)X]]\�6SHHFK�5HFRJQL]HU

7KH�V\VWHP�GHYHORSHG�IRU� WKLV� WKHVLV�XVHV�D�SHUVRQDO�FRPSXWHU�RSWLRQDOO\�HTXLSSHG

ZLWK�DQ���ELW�VRXQG�FDUG���:DYHIRUPV�DUH�VWRUHG�LQ�WKH�:$9(�IRUPDW�XVLQJ�SXOVH�FRGHG

PRGXODWLRQ��3&0������ELW�3&0�LV�D�VLJQHG�IRUPDW�ZLWK�WKH�PLQLPXP�DW��K��PLGSRLQW�DW

��K��DQG�PD[LPXP�DW�))K���7KH�V\VWHP�UHDGV�LQ�WKH�WHPSODWHV�IRU�HDFK�GLJLW�DW�SURJUDP

VWDUWXS���$IWHU�D�GLJLW�LV�UHDG��LW�LV�QRUPDOL]HG�VR�WKDW�LWV�PLQLPXP�LV��K�DQG�LWV�PD[LPXP

LV�))K�� �1RUPDOL]DWLRQ�KHOSV�DOOHYLDWH� WKH�HIIHFWV�RI�YROXPH�YDULDWLRQ�EHWZHHQ�VDPSOHV�

$GGLWLRQDO�PRGLILFDWLRQV��LQFOXGLQJ�WKUHVKROGLQJ��SKDVH�UHPRYDO��DQG�VXE�VDPSOLQJ��ZLOO

EH�GLVFXVVHG�LQ�FKDSWHU���

6DPSOHV� IRU� UHFRJQLWLRQ� FDQ� EH� HLWKHU� UHDG� IURP� D� SUH�UHFRUGHG� :$9(� ILOH� RU

UHFRUGHG� OLYH� XVLQJ� WKH� VRXQG� FDUG�� � 7R� HQVXUH� FRQVLVWHQW� IUHTXHQFLHV�� VDPSOHV� DUH

UHFRUGHG�DW�WKH�VDPH�VDPSOLQJ�IUHTXHQF\�DV�WKH�WHPSODWHV�� �$IWHU�UHFRUGLQJ�LV�FRPSOHWH�

WKH� V\VWHP� SHUIRUPV� VHJPHQWDWLRQ� WR� LVRODWH� WKH�ZRUG
V� EHJLQQLQJ� DQG� HQGLQJ�� �$W� WKLV

1XPEHU 3KRQHPH 6\OODEOH

]HUR ]�Lc�U�R ]H�x�UR

RQH Z�/�Q RQH

WZR W�X WZR

WKUHH T�U�L WKUHH

IRXU I� �U IRXU

ILYH I�D,�Y ILYH

VL[ V�,�N�V VL[

VHYHQ V�H�Yc� �Q VHY�x�HQ

HLJKW H�W HLJKW

QLQH Q�D,�Q QLQH



��

SRLQW��WKH�PRGLILHG�ZDYHIRUP�LV�VWRUHG�LQ�PHPRU\�DQG�PD\�EH�SOD\HG�EDFN�WR�WKH�VSHDNHU

WR�HQVXUH�WKDW�WKH�VDPSOH�KDV�EHHQ�FRUUHFWO\�UHFRUGHG�DQG�VHJPHQWHG�

$IWHU�D�VDPSOH�KDV�EHHQ�ORDGHG�RU�UHFRUGHG��LWV�WLPH�DPSOLWXGH�JUDSK�LV�GLVSOD\HG�DW

WKH�WRS�RI�WKH�ZLQGRZ���'XULQJ�WKH�DQDO\VLV�SURFHVV��WKH�XQNQRZQ�ZDYHIRUP�LV�GLVSOD\HG

DW� WKH� WRS� RI� WKH� ZLQGRZ�ZKLOH� WKH� WHPSODWH� LW� LV� FXUUHQWO\� EHLQJ� FRPSDUHG� DJDLQVW� LV

GLVSOD\HG�DW�WKH�ERWWRP��DV�VKRZQ�LQ�)LJXUH�������$�VWDWXV�EDU�VKRZV�WKH�SURJUHVV�IRU�HDFK

WHPSODWH�� �$IWHU� WKH�DQDO\VLV� LV� FRPSOHWH�� WKH� UHVXOW� �FDWHJRUL]DWLRQ��� LV� GLVSOD\HG� DERYH

WKH�XQNQRZQ�ZDYHIRUP�

&DWHJRUL]DWLRQ

8QNQRZQ�:DYHIRUP

7HPSODWH�:DYHIRUP

)LJXUH�������9RLFH�5HFRJQLWLRQ�6\VWHP�:LQGRZ

7KH�PDLQ�ZLQGRZ�IRU�WKH�YRLFH�UHFRJQLWLRQ�V\VWHP�GXULQJ�DQDO\VLV�

7KH�VWDWXV�ZLQGRZ�KDV�EHHQ�KLGGHQ�WR�FRPSOHWHO\�VKRZ�ERWK�ZDYHIRUPV�

�����6\PPHWULF�'\QDPLF�3URJUDPPLQJ

$V�GLVFXVVHG�LQ�VHFWLRQ������VRPH�IRUP�RI�WLPH�QRUPDOL]DWLRQ�LV�QHFHVVDU\�IRU�JHQHUDO

ZRUG�UHFRJQLWLRQ���6\PPHWULF�G\QDPLF�SURJUDPPLQJ�ZDV�FKRVHQ�GXH�WR�LV�SDVW�VXFFHVV�

:KLOH� ILQGLQJ� WKH� EHVW� WLPH� DOLJQPHQW� EHWZHHQ� D� WHPSODWH� DQG� DQ� XQNQRZQ�� G\QDPLF

SURJUDPPLQJ�DOVR�LVRODWHV�DQG�PDWFKHV�IHDWXUHV���7KH�LPSOHPHQWDWLRQ�HPSOR\HG�IRU�WKLV

WKHVLV� XVHG� G\QDPLF� SURJUDPPLQJ� RQ� WLPH�DPSOLWXGH� YDOXHV� RQO\�� QR� VSHFWUDO� DQDO\VLV



��

ZDV�SHUIRUPHG���:KLOH�QHJOHFWLQJ�VSHFWUDO�LQIRUPDWLRQ�OLPLWV�WKH�RYHUDOO�DFFXUDF\�RI�WKH

UHFRJQLWLRQ� SURFHVV�� G\QDPLF� SURJUDPPLQJ� ZLWKRXW� VSHFLDOL]HG� KDUGZDUH� LV� WRR� WLPH

FRQVXPLQJ� WR� SHUIRUP� DGGLWLRQDO� FRPSOH[� DQDO\VLV� VXFK� DV� )RXULHU� DQDO\VLV� RU� /LQHDU

3UHGLFWLYH�&RGLQJ�

'\QDPLF� SURJUDPPLQJ� KDV� D� FRPSOH[LW\� RI� 2�Q���� ZKLFK� FDQ� FDXVH� XQUHDVRQDEOH

GHPDQGV�RQ�ERWK�SURFHVVLQJ� WLPH�DQG�V\VWHP�PHPRU\�� �)RUWXQDWHO\�� VHYHUDO� FRQVWUDLQWV

FDQ�EH�HPSOR\HG� WR� UHGXFH� WKH�FRPSOH[LW\�� �%\�SURYLGLQJ�D�VORSH�FRQVWUDLQW�� WKH�VHDUFK

DUHD�FDQ�EH�OLPLWHG���%DVHG�RQ�ZRUN�E\�6DNRH�DQG�&KLED��DQ�RSWLPDO�VORSH�FRQVWUDLQW�RI

RQH�ZDV� FKRVHQ���� � '\QDPLF� SURJUDPPLQJ� FDQ� EH� YLHZHG� JUDSKLFDOO\� DV� D� SORW� RI� WKH

WHPSODWH�ZDYHIRUP��D��YV��WKH�XQNQRZQ�ZDYHIRUP��E����7KH�ZDUSLQJ�IXQFWLRQ�GHILQHV�WKH

RSWLPDO�SDWK�IURP�WKH�VWDUWLQJ�SRLQW��ZKLFK�LV�DOZD\V���������WR�WKH�HQGLQJ�SRLQW���$����%�

��� ZKHUH� $� DQG� %� DUH� WKH� OHQJWKV� RI� WKH� WHPSODWH� DQG� WKH� XQNQRZQ� ZDYHIRUPV

UHVSHFWLYHO\�� � :KHQ� WKH� WZR� ZDYHIRUPV� DUH� H[DFWO\� WKH� VDPH�� WKH� ZDUSLQJ� IXQFWLRQ

EHFRPHV�WKH�GLDJRQDO�OLQH�E� �D�

6LQFH� WKH� VWDUWLQJ� DQG� HQGLQJ� SRLQWV� DUH� IL[HG� DQG� WKH� VORSH� LV� FRQVWUDLQHG�� LW� LV

SRVVLEOH�WR�GHILQH�WKH�DUHD�RI�DOO�SRVVLEOH�VROXWLRQV���7KH�WRS�DQG�OHIW�VLGHV�DUH�ERXQGHG
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)LJXUH� ���� VKRZV� WKH� SRVVLEOH� SDWKV� WKDW� PD\� EH� WDNHQ� E\� WKH� ZDUSLQJ� IXQFWLRQ�

+RZHYHU��GXH�WR�WKH�UHFXUVLYH�QDWXUH�RI�WKH�G\QDPLF�SURJUDPPLQJ�DOJRULWKP��WKH�OHIW�DQG

ERWWRP�ERXQGDULHV�FDQQRW�EH�XWLOL]HG�VLQFH�YDOXHV�RXWVLGH�WKHLU�ERXQGDULHV�PD\�EH�QHHGHG

����������������������������������������������������������
����:DLEHO��SS������������
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IRU�FDOFXODWLQJ�YDOXHV�ZLWKLQ�WKH�DUHD�RI�SRVVLEOH�VROXWLRQV���1RWLFH�WKDW�WKH�WRS�DQG�ULJKW

ERXQGDULHV�FRUUHVSRQG� WR�VWDUWLQJ�DW� WKH�HQG�SRLQW�DQG� IROORZLQJ� WKH� OLQHV�RI�PD[LPXP

DQG�PLQLPXP� VORSH� WRZDUGV� WKH� VWDUW� SRLQW�� � 6LPLODUO\�� WKH� ERWWRP� DQG� OHIW� ERXQGDULHV

FRUUHVSRQG� WR� IROORZLQJ� WKH� OLQHV� RI� PD[LPXP� DQG� PLQLPXP� VORSH� IURP� WKH� VWDUWLQJ

SRLQW�DQG�PRYLQJ�WRZDUGV�WKH�HQG�SRLQW�

)LJXUH�������$UHD�6HDUFKHG�E\�'\QDPLF�3URJUDPPLQJ�$OJRULWKP

7KH�IRXU�OLQHV�ERXQG�WKH�UHJLRQ�RI�DOO�SRVVLEOH�VROXWLRQV���7KH�JUD\

UHJLRQ�VKRZV�WKH�DUHD�WKDW�PXVW�EH�VHDUFKHG�IRU�SRVVLEOH�VROXWLRQV�

7KH�'3�DOJRULWKP�LV�SHUKDSV�EHVW�H[SODLQHG�ZLWK�DQ�H[DPSOH���)LJXUH�����VKRZV�WKH

WZR�ZDYHIRUPV�WR�EH�QRUPDOL]HG��ZDYHIRUP�$�KDV�D�OHQJWK�RI�����DQG�ZDYHIRUP�%�KDV�D

OHQJWK�RI����



��

)LJXUH�������6\PPHWULF�'\QDPLF�3URJUDPPLQJ�([DPSOH

7KH�WZR�ZDYHIRUPV�$�DQG�%�XVHG�LQ�WKH�H[DPSOH�DUH�VKRZQ�

7KH�ILUVW�VWHS�LV�WR�FDOFXODWH�WKH�GLVWDQFH�IURP�HDFK�SRLQW�LQ�ZDYHIRUP�$�WR�HDFK�SRLQW�LQ

ZDYHIRUP�%���7DEOH�����VKRZV�WKHVH�GLVWDQFH�FDOFXODWLRQV�
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7DEOH�������:DYHIRUP�'LVWDQFH�0DWUL[

(DFK�FHOO�FRQWDLQV�WKH�GLVWDQFH�IURP�D�SRLQW�RQ

ZDYHIRUP�$�WR�D�SRLQW�RQ�ZDYHIRUP�%�

7KH�QH[W�VWHS�LV�WR�FDOFXODWH�WKH�UHFXUVLYH�JUDGLHQWV���7DEOH�����VKRZV�WKH�JUDGLHQW

FDOFXODWLRQV�
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7DEOH�������:DYHIRUP�*UDGLHQW�0DWUL[

(DFK�FHOO�FRQWDLQV�WKH�PLQLPXP�JUDGLHQW�IURP�D

SRLQW�RQ�ZDYHIRUP�$�WR�D�SRLQW�RQ�ZDYHIRUP�%�

7KH�ILQDO�VWHS�LV�WR�QRUPDOL]H�WKH�JUDGLHQW�DW��$����%���� ���������E\�GLYLGLQJ�E\�$���%� 

�����7KH�ILQDO�UHVXOW��������LV�WKH�EHVW�GLVWDQFH�EHWZHHQ�WKH�WZR�ZDYHIRUPV�

7KH� V\PPHWULF� G\QDPLF� SURJUDPPLQJ� DOJRULWKP� KDV� EHHQ� LPSOHPHQWHG� LQ� WZR

IRUPV��D�FODVVLFDO�FULVS�IRUP�DQG�D�IX]]\�IRUP���7KH�FULVS�IRUP�FDOFXODWHV�WKH�GLVWDQFH�DW

HDFK�VWHS�E\�WDNLQJ�WKH�DEVROXWH�PDJQLWXGH�RI� WKH�GLIIHUHQFH�EHWZHHQ� WKH�DPSOLWXGHV�RI

WKH�WZR�ZDYHIRUPV���7KH�WRWDO�GLVWDQFH�PHDVXUH�EHWZHHQ�WKH�WZR�ZDYHIRUPV�LV�WKHQ�JLYHQ

E\�WKH�VXP�RI�WKHVH�GLIIHUHQFHV�GLYLGHG�E\�WKH�VXP�RI�WKH�OHQJWKV�RI�WKH�ZDYHIRUPV���7KLV

ILQDO� QRUPDOL]DWLRQ� LV� QHFHVVDU\� VR� WKDW� VKRUW� ZDYHIRUPV� DQG� ORQJ� ZDYHIRUPV� KDYH� D

FRPPRQ�GLVWDQFH�PHDVXUH���7KH�EHVW�PDWFK�LV�FKRVHQ�E\�VHOHFWLQJ�WKH�ZDYHIRUP�ZLWK�WKH

VKRUWHVW�WRWDO�GLVWDQFH���7KH�QH[W�VHFWLRQ�GLVFXVVHV�WKH�IX]]\�LPSOHPHQWDWLRQ�
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�����)X]]\�6\PPHWULF�'\QDPLF�3URJUDPPLQJ

7KH� IX]]\� LPSOHPHQWDWLRQ� DVVXPHV� WKDW� DOO� ZDYHIRUPV� FRQWDLQ� XQFHUWDLQW\�� � 7KLV

XQFHUWDLQW\�FRPHV�IURP�VSHDNHU�YDULDWLRQ��ZDYHIRUP�TXDQWL]DWLRQ��QRLVH��DQG�WKH�LQDELOLW\

WR� FRPSOHWHO\� VSHFLI\� WKH� SURFHVV� RI� VSHHFK� UHFRJQLWLRQ�� � (DFK� DPSOLWXGH� LV� WKHUHIRUH

UHSUHVHQWHG� DV� D� IX]]\� QXPEHU�� � $� IX]]\� QXPEHU�PD\� EH� YLHZHG� DV� D� VHW� RI� QXPEHUV

DURXQG�D�FHUWDLQ�LQWHUYDO���)RU�H[DPSOH��LQWHJHUV�FORVH�WR�[�FDQ�EH�UHSUHVHQWHG�E\�D�IX]]\

VHW�LQ�ZKLFK�WKH�FORVHU�D�QXPEHU�LV�WR�[��WKH�KLJKHU�LWV�PHPEHUVKLS�LQ�WKH�IX]]\�VHW���7KH

IX]]\�VHW�PXVW�EH�QRUPDO��VLQFH�[�PXVW�KDYH�PD[LPXP�PHPEHUVKLS�

'XULQJ� WKH�GLVWDQFH�FDOFXODWLRQ��DPSOLWXGHV�DUH�DVVXPHG� WR�YDU\�E\�VRPH�VSHFLILHG

DPRXQW�IURP�WKH�PHDVXUHG�YDOXHV���9DULRXV�YDOXHV�ZHUH�WHVWHG��EXW�D�PD[LPXP�RI�r��ZDV

H[SHULPHQWDOO\� GHWHUPLQHG� WR� JLYH� WKH� EHVW� UHVXOWV�� � 7KHUHIRUH�� ZKHQ� WKH� DEVROXWH

PDJQLWXGH� RI� WKH� GLVWDQFH� EHWZHHQ� WZR� SRLQWV� LV� FRPSXWHG�� LW� LV� DGMXVWHG� WR� EH� D

PD[LPXP�RI����SRLQWV�FORVHU���7KH�PLQLPXP�LV�����7KH�PHPEHUVKLS�IXQFWLRQ��VKRZQ�LQ

)LJXUH������LV�
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)RU� GLVWDQFHV� EHORZ� WKH� IX]]\� GLVWDQFH� WKUHVKROG�� LQ� WKLV� FDVH� ���� WKH� GHJUHH� RI

PHPEHUVKLS�LV�FRPSXWHG�RQ�WKH�LQWHUYDO�>������@���)RU�GLVWDQFHV�DERYH�WKH�WKUHVKROG��WKH

GHJUHH� RI� PHPEHUVKLS� OLQHDUO\� GHFUHDVHV� WR� ]HUR� DV� WKH� GLVWDQFH� DSSURDFKHV� WKH

PD[LPXP�
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)LJXUH�������)X]]\�1XPEHU�0HPEHUVKLS�)XQFWLRQ

9DOXHV�FORVHU�WR�WKH�DFWXDO�YDOXH�KDYH�D�KLJKHU�GHJUHH�RI

PHPEHUVKLS��ZKLOH�YDOXHV�IXUWKHU�DZD\�KDYH�ORZHU�PHPEHUVKLS�

7KH�PHPEHUVKLS�RI�WKH�WRWDO�GLVWDQFH�LV�WKH�DYHUDJH�RI�WKH�GHJUHH�RI�PHPEHUVKLS�RI

HYHU\� SRLQW� DORQJ� WKH� RSWLPDO� SDWK�� � 7KH� UHVXOW� RI� FRPSDULQJ� HDFK� WHPSODWH� WR� WKH

XQNQRZQ�ZDYHIRUP�LV�D�IX]]\�VHW�FRQVLVWLQJ�RI� WKH�VHW�RI� WHPSODWHV�DQG� WKHLU�GHJUHH�RI

PHPEHUVKLS��ZKLFK� UHSUHVHQWV� WKH� WHPSODWH
V� VLPLODULW\� WR� WKH� XQNQRZQ�ZDYHIRUP�� �7R

GHIX]]LI\� WKH� UHVXOW� DQG� VHOHFW� WKH� PRVW� OLNHO\� FDWHJRU\�� WKH� PD[LPXP� GHJUHH� RI

PHPEHUVKLS�LV�LGHQWLILHG���7KHQ�WKH�HOHPHQW�IURP�WKH�VHW�RI�PD[LPXP�PHPEHUVKLS�ZLWK

WKH�PLQLPXP�GLVWDQFH�LV�VHOHFWHG�DV�WKH�EHVW�PDWFK�

�����6XPPDU\

5HSUHVHQWLQJ� DPSOLWXGH� YDOXHV� DV� IX]]\� QXPEHUV� DOORZV� WKH� VSHHFK� UHFRJQLWLRQ

V\VWHP�WR�GHDO�ZLWK�WKH�XQFHUWDLQW\�LQKHUHQW�LQ�FRPSOH[�V\VWHPV���,Q�DGGLWLRQ�WR�LPSURYHG

DFFXUDF\�� WKH� FUHGLELOLW\� RI� WKH� VROXWLRQ� FDQ� EH� TXDQWLILHG�� � 7KH� GHJUHH� WR� ZKLFK� WKH

VROXWLRQ� VKRXOG� EH� EHOLHYHG� LV� H[SUHVVHG� E\� LWV� GHJUHH� RI� PHPEHUVKLS�� � &KRRVLQJ� WKH

VROXWLRQ� ZLWK� D� PD[LPXP� GHJUHH� RI� PHPEHUVKLS� HQVXUHV� WKDW� WKH� VROXWLRQ� LV� WKH� EHVW

SRVVLEOH�� �$GGLWLRQDO� UHTXLUHPHQWV� FDQ� EH� LPSRVHG� WR� LJQRUH� VROXWLRQV� EHORZ� D� FHUWDLQ

WKUHVKROG�RI�FUHGLELOLW\�
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7KH� QH[W� FKDSWHU� SUHVHQWV� WKH� UHVXOWV� RI� WHVWV� XVLQJ� WKH� V\VWHP� GHVFULEHG� LQ� WKLV

FKDSWHU�� � 7HVWV� XQGHU� YDU\LQJ� FRQGLWLRQV�� PXOWLSOH� VSHDNHUV�� DQG� XWLOL]LQJ� YDULRXV

WKUHVKROGV� DQG� YDOXHV� DUH� SUHVHQWHG�� � 7KH� VRXUFH� FRGH� IRU� WKH� V\VWHP� LV� SUHVHQWHG� LQ

$SSHQGL[�$�
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&+$37(5��

6<67(0�5(68/76

�����6\VWHP�&RQILJXUDWLRQ

0XOWLSOH�WHVWV�ZHUH�FRQGXFWHG�WR�GHWHUPLQH�WKH�V\VWHP
V�SHUIRUPDQFH�XQGHU�YDU\LQJ

FRQGLWLRQV�� � ,Q� HDFK� WHVW�� WHPSODWHV� DQG� VDPSOHV� ZHUH� UHFRUGHG� XVLQJ� D� ORZ�FRVW

XQLGLUHFWLRQDO�PLFURSKRQH�LQ�D�QRLV\�HQYLURQPHQW�� �7KH�VDPSOLQJ�IUHTXHQF\�ZDV���N+]

ZLWK���ELWV�SHU�VDPSOH�

,QLWLDO�WHVWV�ZHUH�FRQGXFWHG�WR�WHVW�WKH�XVHIXOQHVV�RI�UHPRYLQJ�D�ZDYHIRUP
V�SKDVH�E\

LQYHUWLQJ�DOO�QHJDWLYH�VDPSOHV���:KLOH�WKLV�SURFHGXUH�PDNHV�VHQVH�IURP�D�ELRORJLFDO�SRLQW

RI�YLHZ�� WKH�UHFRJQLWLRQ�V\VWHP�VXIIHUHG�GHFUHDVHG�GLVFULPLQDWLRQ�DELOLW\�� �7KHUHIRUH�� LQ

DOO�IXUWKHU�WHVWV�WKH�ZDYHIRUP
V�SKDVH�ZDV�QRW�UHPRYHG�

&OLSSLQJ� SURFHGXUHV�ZHUH� DOVR� WHVWHG�� � &OLSSLQJ� LV� D� QRQOLQHDU� WHFKQLTXH� ZKHUHE\

VDPSOHV� EHORZ� D� VSHFLILHG� YDOXH� DUH� VHW� WR� ]HUR�� � 9DULRXV� YDOXHV� ZHUH� WHVWHG� XS� WR� D

TXDUWHU�RI�WKH�PD[LPXP�DPSOLWXGH�������&OLSSLQJ�ZDV�SUHGLFWHG�WR�LPSURYH�DFFXUDF\�E\

UHPRYLQJ�VPDOO�ORZ�YROXPH�YDULDWLRQV�LQ�WKH�ZDYHIRUP�VXFK�DV�EDFNJURXQG�QRLVH�DQG���

+]� KXP�� � +RZHYHU�� UHVXOWV� VKRZHG� WKDW� WKH� V\VWHP� DJDLQ� VXIIHUHG� IURP� UHGXFHG

GLVFULPLQDWLRQ��VR�QR�IXUWKHU�FOLSSLQJ�ZDV�SHUIRUPHG�

$IWHU�UHFRUGLQJ�D�WHPSODWH�RU�XQNQRZQ�ZDYHIRUP��WKH�V\VWHP�SHUIRUPV�VHJPHQWDWLRQ

WR� LVRODWH� WKH� ZRUG�� � 9DULRXV� WKUHVKROG� YDOXHV� XVHG� E\� WKH� VHJPHQWDWLRQ� URXWLQH� ZHUH

WHVWHG�� �7KH� WKUHVKROG�PD[LPXP�GHWHUPLQHV�KRZ� ORXG�D� VDPSOH�PXVW�EH� WR� LQGLFDWH� WKH

VWDUW� RU� HQG� RI� WKH� ZRUG�� � :KHQ� SURFHVVLQJ� WKH� ZDYHIRUP�� WKH� VHJPHQWDWLRQ� URXWLQH

VHDUFKHV� IRU� WKH� ILUVW� VDPSOH� WKDW� H[FHHGV� WKH� WKUHVKROG�� � 7KH� WKUHVKROG� PLQLPXP

GHWHUPLQHV� KRZ� ORXG� D� VDPSOH� PXVW� EH� WR� FRQVLGHUHG� SDUW� RI� WKH� ZRUG�� � 2QFH� WKH
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WKUHVKROG�PD[LPXP� LV� IRXQG�� WKH� URXWLQH� VHDUFKHV� EDFNZDUG� XQWLO� D� VDPSOH� EHORZ� WKH

PLQLPXP�LV�IRXQG���7KH�LVRODWHG�ZRUG�LV�WKHQ�QRUPDOL]HG�DQG�VWRUHG�LQ�PHPRU\�

�����,QLWLDO�7ULDO

7KH�ILUVW�IXOO�VFDOH�WULDO�ZDV�SHUIRUPHG�XVLQJ�D�WUDLQHG�PDOH�VSHDNHU���7KH�WKUHVKROG

PD[LPXP�ZDV�VHW�WR�����DQG�WKH�WKUHVKROG�PLQLPXP�ZDV�VHW�WR���� �7HPSODWH�ZDYHIRUPV

IRU�HDFK�RI�WKH�WHQ�GLJLWV�ZHUH�UHFRUGHG�DQG�VDYHG�ILUVW���7KHQ�IRU�HDFK�GLJLW��WHQ�VDPSOH

ZDYHIRUPV� ZHUH� UHFRUGHG� DQG� VDYHG�� � 7KH� V\VWHP� ZDV� WKHQ� VHWXS� WR� DQDO\]H� DOO� ���

�XQNQRZQ��ZDYHIRUPV� XVLQJ� ILUVW� WKH� FULVS� FODVVLILFDWLRQ� DOJRULWKP� DQG� WKHQ� WKH� IX]]\

FODVVLILFDWLRQ�DOJRULWKP���7KH�UHVXOWV�DUH�VKRZQ�LQ�7DEOH�����

7DEOH�������,QLWLDO�5HVXOWV�ZLWK�D�7UDLQHG�0DOH�6SHDNHU

7HQ�XQNQRZQ�VDPSOHV�IRU�HDFK�GLJLW�ZHUH�FODVVLILHG���7KH�V\VWHP�DFFXUDF\�IRU

HDFK�GLJLW�DQG�WKH�WRWDO�DFFXUDF\�DUH�VKRZQ�IRU�ERWK�FULVS�DQG�IX]]\��WHFKQLTXHV�

7KH�&KRVHQ�'LJLWV�FROXPQ�VKRZV�WKH�UHVXOWV�RI�PLVFODVVLILFDWLRQV�

(UURU� YDOXHV� UHSUHVHQW� WKH� DYHUDJH� GLVWDQFH� IURP� WKH� FRUUHFW� FODVVLILFDWLRQ� WR� WKH

DFWXDO� FODVVLILFDWLRQ�� � &ULVS� HUURU� YDOXHV� ZHUH� FDOFXODWHG� E\� DYHUDJLQJ� WKH� DEVROXWH

PDJQLWXGH�RI�WKH�GLIIHUHQFHV�EHWZHHQ�WKH�GLVWDQFH�IURP�WKH�FRUUHFW�FODVVLILFDWLRQ�DQG�WKH

GLVWDQFH�IURP�WKH�DFWXDO�FODVVLILFDWLRQ�

&ULVS )X]]\

'LJLW ��&RUUHFW (UURU &KRVHQ�'LJLWV ��&RUUHFW (UURU &KRVHQ�'LJLWV
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ZKHUH�(L�LV�WKH�(UURU�IRU�GLJLW�L��G
�LV�WKH�GLVWDQFH�IRU�WKH�FRUUHFW�FODVVLILFDWLRQ�IRU�GLJLW�L

DQG�G�LV�WKH�GLVWDQFH�IRU�WKH�DFWXDO�FODVVLILFDWLRQ�PDGH�E\�WKH�V\VWHP�IRU�GLJLW�L���)RU�WKH

UHVXOWV�XVLQJ�WKH�IX]]\�DOJRULWKP��WKH�HUURU�LV�H[SUHVVHG�DV�WKH�GHJUHH�RI�PHPEHUVKLS�HUURU

DQG�WKH�GLVWDQFH�HUURU���%RWK�HUURUV�DUH�FRPSXWHG�WKH�VDPH�ZD\�DV�WKH�FULVS�HUURU�

$QDO\VLV�RI�WKH�FULVS�UHVXOWV�UHYHDOV�WKDW�ZKHQ�WKH�V\VWHP�PLVFODVVLILHG�D�ZDYHIRUP�

LW� FODVVLILHG� LW� DV� WKH� ZDYHIRUP� 6L[� ���� RI� WKH� WLPH�� � ([DPLQDWLRQ� RI� WKH� WHPSODWHV

UHYHDOHG� WKDW� WKH� ZDYHIRUP� IRU� 6L[� ZDV� RQ� DYHUDJH� ����� WLPHV� VKRUWHU� WKDQ� WKH� RWKHU

WHPSODWHV�� � (YHQ� WKRXJK� GLVWDQFH� FDOFXODWLRQV� DUH� QRUPDOL]HG� WR� UHGXFH� WKH� HIIHFWV� RI

WHPSODWH� OHQJWK�� DQ� H[WUHPHO\� VKRUW� WHPSODWH�� UHODWLYH� WR� WKH� OHQJWKV� RI� WKH� RWKHU

WHPSODWHV�� ZLOO� SUHGLVSRVH� WKH� V\VWHP� WR� WKDW� FODVVLILFDWLRQ�� � 7KH� IX]]\� UHVXOWV� VKRZ� D

PRUH�HYHQ�GLVWULEXWLRQ�DPRQJ�PLVFODVVLILFDWLRQV�

7KH� ZDYHIRUP� IRU� WKH� WHPSODWH� 6L[� ZDV� PXFK� VKRUWHU� WKDQ� WKH� RWKHU� WHPSODWHV

EHFDXVH� LW� EHJLQV� DQG� HQGV�ZLWK� WKH�XQYRLFHG�SKRQHPH� V�� �8QYRLFHG� SKRQHPHV� KDYH� D

PXFK�ORZHU� UHODWLYH�YROXPH� WKDQ�YRLFHG�SKRQHPHV�� �6LQFH� WKH� WKUHVKROG�PD[LPXP�ZDV

VHW�WR�D�UHODWLYHO\�KLJK�YDOXH��WKH�EHJLQQLQJ�DQG�HQGLQJ�SKRQHPH�ZHUH�DOPRVW�FRPSOHWHO\

UHPRYHG� IURP� WKH� WHPSODWH�� � ,Q� RUGHU� WR� UHPRYH� WKH� FODVVLILFDWLRQ� ELDV�� D�PXFK� ORZHU

WKUHVKROG�PD[LPXP�QHHGV�WR�EH�XVHG�

�����$GGLWLRQDO�7ULDOV

8VLQJ�WKH�VDPH�WUDLQHG�PDOH�VSHDNHU�DV�LQ�WKH�LQLWLDO�WULDO��D�QHZ�VHW�RI�WHPSODWH�DQG

VDPSOH� ZDYHIRUPV� ZHUH� UHFRUGHG�� � 7KH� WKUHVKROG� PD[LPXP� ZDV� VHW� WR� ��� DQG� WKH

WKUHVKROG�PLQLPXP�ZDV�VHW�WR�����7KH�UHVXOWV�DUH�VKRZQ�LQ�7DEOH�����
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7DEOH�������5HVXOWV�ZLWK�D�7UDLQHG�0DOH�6SHDNHU

7HQ�XQNQRZQ�VDPSOHV�IRU�HDFK�GLJLW�ZHUH�FODVVLILHG���(DFK�WHPSODWH�DQG�XQNQRZQ

ZHUH�VHJPHQWHG�XVLQJ�D�ORZHU�WKUHVKROG�PD[LPXP�WR�UHPRYH�FODVVLILFDWLRQ�ELDV�

7KH� UHVXOWV� VKRZ� D� GUDPDWLF� LQFUHDVH� LQ� DFFXUDF\� IRU� WKH� FULVS� DOJRULWKP�

&ODVVLILFDWLRQ�DFFXUDF\�RI�DOO�ZDYHIRUPV�H[FHSW�7KUHH�DQG�6HYHQ�LQFUHDVHG���)RU�WKH�FULVS

DOJRULWKP�� WKH� V\VWHP� FRQIXVHG� WKH� ZDYHIRUP�7ZR� ZLWK� WKH� ZDYHIRUP�7KUHH� DQG� YLVD

YHUVD�� �7KH�V\VWHP�DOVR�FRQIXVHG�=HUR�ZLWK�)RXU��(LJKW�ZLWK�)LYH�� DQG�)LYH� DQG�(LJKW

ZLWK�1LQH�� � ,QWHUHVWLQJO\�� UHFRJQLWLRQ� IRU�6HYHQ�GURSSHG� IURP����� WR����� WKLV� UHVXOW� LV

TXLWH�XQH[SHFWHG�VLQFH�VHYHQ�LV�D�WZR�V\OODEOH�ZRUG�DQG�KDV�RQH�RI�WKH�PRVW�XQLTXH�DQG

FRQVLVWHQW�ZDYHIRUPV���)RU�WKH�IX]]\�DOJRULWKP��WKH�V\VWHP�PRVW�IUHTXHQWO\�FRQIXVHG�7ZR

ZLWK�7KUHH�DQG�=HUR�ZLWK�)RXU�� � ,W� LV� LQWHUHVWLQJ�WR�QRWH� WKDW� WKH�WHPSODWH�IRU�=HUR�ZDV

ORQJHU�WKDQ�WKH�WHPSODWH�IRU�)RXU��7ZR�ZDV�WKH�VKRUWHVW�WHPSODWH��

$QRWKHU� WULDO�ZDV� FRQGXFWHG�ZLWK� DQ� XQWUDLQHG� IHPDOH� VSHDNHU�� � 7KH� VHJPHQWDWLRQ

WKUHVKROGV�ZHUH� WKH� VDPH�DV�ZLWK� WKH�SUHYLRXV�PDOH� VSHDNHU�� �7KH� UHVXOWV� DUH� VKRZQ� LQ

7DEOH������ �7KH� V\VWHP�FRUUHFWO\� FODVVLILHG� DOO� ����ZDYHIRUPV�XVLQJ�ERWK� WKH� FULVS� DQG

IX]]\�DOJRULWKPV�

&ULVS )X]]\

'LJLW ��&RUUHFW (UURU &KRVHQ�'LJLWV ��&RUUHFW (UURU &KRVHQ�'LJLWV
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7DEOH�������5HVXOWV�ZLWK�DQ�8QWUDLQHG�)HPDOH�6SHDNHU

7HQ�XQNQRZQ�VDPSOHV�IRU�HDFK�GLJLW�ZHUH�FODVVLILHG���(DFK�WHPSODWH�DQG�XQNQRZQ

ZHUH�VHJPHQWHG�XVLQJ�D�ORZHU�WKUHVKROG�PD[LPXP�WR�UHPRYH�FODVVLILFDWLRQ�ELDV�

,Q� DQ� DWWHPSW� WR� H[SODLQ� WKH� SHUIHFW� UHVXOWV� RI� WKH� IHPDOH� VSHDNHU�� FULVS� WHPSODWH

FRUUHODWLRQV�IRU�HDFK�VSHDNHU�ZHUH�FDOFXODWHG���7KH�UHVXOWV�IRU�WKH�PDOH�VSHDNHU�DUH�VKRZQ

LQ�7DEOH� ����� WKH� UHVXOWV� IRU� WKH� IHPDOH� VSHDNHU� DUH� VKRZQ� LQ�7DEOH� ����� � 7KH� WHPSODWH

FRUUHODWLRQV�DUH�V\PPHWULF�

7DEOH�������&ULVS�7HPSODWH�&RUUHODWLRQ�IRU�0DOH�6SHDNHU

(DFK�FHOO�VKRZV�WKH�GLVWDQFH�EHWZHHQ�D�SDLU�RI�WHPSODWHV�

&ULVS )X]]\

'LJLW ��&RUUHFW (UURU &KRVHQ�'LJLWV ��&RUUHFW (UURU &KRVHQ�'LJLWV
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7DEOH�������&ULVS�7HPSODWH�&RUUHODWLRQ�IRU�)HPDOH�6SHDNHU

(DFK�FHOO�VKRZV�WKH�GLVWDQFH�EHWZHHQ�D�SDLU�RI�WHPSODWHV�

7KH�FRUUHODWLRQ�UHVXOWV��ZKLOH�LQWHUHVWLQJ��GR�QRW�SURYLGH�DQ\�UHYHDOLQJ�DQVZHUV�WR�WKH

TXHVWLRQ�RI�ZK\�WKH�IHPDOH�VSHDNHU
V�UHVXOWV�ZHUH�VR� LPSUHVVLYH�� �2Q�DYHUDJH�� WKH�PDOH

VSHDNHU©V� WHPSODWHV�ZHUH�PRUH�GLYHUVH��ZKLFK�VKRXOG�LQGLFDWH� WKDW� WKH\�ZRXOG�EH�EHWWHU

IRU�FODVVLILFDWLRQ���2QH�SRVVLEOH�DQVZHU�LV�WKDW�WKH�IHPDOH�VSHDNHU�ZDV�%ULWLVK��ZKLFK�PD\

SUHGLVSRVH�KHU�WR�VSHDN�FOHDUO\�DQG�DFFXUDWHO\���0RUH�WULDOV�DUH�QHHGHG�WR�GHWHUPLQH�ZKLFK

IDFWRUV�PRVW�SURPLQHQWO\�DIIHFW�WKH�V\VWHP�

�����6XE�6DPSOLQJ�7ULDOV

8VLQJ�WKH�WHPSODWHV�DQG�D�VXEVHW�RI�WKH�VDPSOH�ZDYHIRUPV�IURP�WKH�LQLWLDO�WULDO�VHW�

VXE�VDPSOLQJ�WULDOV�ZHUH�SHUIRUPHG�WR�GHWHUPLQH�KRZ�ZHOO�WKH�FULVS�DQG�IX]]\�DOJRULWKPV

UHVSRQG� WR� LQIRUPDWLRQ� ORVV�� � *LYHQ� D� ZDYHIRUP� UHFRUGHG� DW� D� VSHFLILF� VDPSOLQJ

IUHTXHQF\��VXE�VDPSOLQJ�LQYROYHV�ILQGLQJ�WKH�PD[LPXP��RU�SHDN��YDOXH�IURP�D�JURXS�RI

VDPSOHV�ZLWKLQ�D�VSHFLILF�WLPH�SHULRG���)RU�H[DPSOH��WKH�WHPSODWH�DQG�VDPSOH�ZDYHIRUPV

ZHUH�VDPSOHG�DW���N+]���6XE�VDPSOLQJ�DW������+]�LQYROYHV�ILQGLQJ�WKH�PD[LPXP�YDOXH

IURP�HYHU\��� VDPSOHV�� VXE�VDPSOLQJ�DW�����+]�PHDQV� WDNLQJ� WKH�PD[LPXP�YDOXH� IURP

HYHU\����VDPSOHV���7DEOH�����VKRZV�WKH�UHVXOWV�RI�VXE�VDPSOLQJ�

'LJLW � � � � � � � � � �
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7KH�FULVS�V\VWHP�WHQGV�WR�EH�HUUDWLF�DQG�WKH�UHVXOWV�DUH�QRW�FRQVLVWHQW�DV�WKH�GHJUHH�RI

LQIRUPDWLRQ�ORVV�LQFUHDVHV���7KH�IX]]\�V\VWHP�LV�PXFK�PRUH�WROHUDQW�WR�LQIRUPDWLRQ�ORVV�

DQG� GHJUDGHV� ZHOO� DV� WKH� GHJUHH� RI� LQIRUPDWLRQ� ORVV� LQFUHDVHV�� � 7KHVH� UHVXOWV� ZHUH

H[SHFWHG��DQG�FRQILUP�WKH�DVVHUWLRQ�WKDW�IX]]\�V\VWHPV�DUH�DEOH�WR�ZRUN�HIIHFWLYHO\�HYHQ

LQ�WKH�SUHVHQFH�RI�XQFHUWDLQW\�

7DEOH�������6XE�6DPSOLQJ�5HVXOWV

7KH�7DEOH�VKRZV�WKH�UHVXOWV�RI�VXE�VDPSOLQJ�D�YDULRXV�IUHTXHQFLHV�

�����6XPPDU\

7KH�DFFXUDF\�RI�WKH�IX]]\�VSHHFK�UHFRJQLWLRQ�V\VWHP�LV�JXDUDQWHHG�WR�EH�DW� OHDVW�DV

JRRG� DV� WKH� FULVS� V\VWHP�� KRZHYHU�� DV� WKH� UHVXOWV� VKRZ�� PXFK� EHWWHU� DFFXUDF\� FDQ

JHQHUDOO\� EH� DFKLHYHG�� � $V� WKH� UHVXOWV� ZLWK� WKH� IHPDOH� VSHDNHU� VKRZHG�� VRPH� VSHHFK

IDFWRUV�FDQ�DIIHFW�UHFRJQLWLRQ�DFFXUDF\�GUDPDWLFDOO\���,VRODWLQJ�WKHVH�IHDWXUHV�DQG�WUDLQLQJ

VSHDNHUV�WR�H[SORLW�WKHP�ZLOO�DLG�IXWXUH�UHFRJQLWLRQ�V\VWHPV�

6XE�6DPSOLQJ &ULVS )X]]\

)UHTXHQF\��+]� ��&RUUHFW ��&RUUHFW

���� �� ��

��� �� ��

��� �� ��

��� �� ��
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&+$37(5��

&21&/86,216

�����6XJJHVWLRQV�IRU�)XWXUH�:RUN

0RVW�LPSRUWDQWO\��PRUH�WULDOV�VKRXOG�EH�FRQGXFWHG���9DULRXV�VHJPHQWDWLRQ�WKUHVKROG

YDOXHV� VKRXOG� EH� WHVWHG� IRU� HDFK� VSHDNHU� WR� GHWHUPLQH� RSWLPDO� YDOXHV� IRU� JHQHUDO

UHFRJQLWLRQ�� �7HVWLQJ�UHFRJQLWLRQ�XVLQJ� ODQJXDJHV�RWKHU� WKDQ�(QJOLVK�FRXOG�DOVR�SURYLGH

XVHIXO� LQVLJKWV�� � 7HVWV� ZLWK� LQFUHDVHG� YRFDEXODU\� FDQ� EH� SHUIRUPHG� WR� GHWHUPLQH� WKH

V\VWHP
V�DELOLW\�WR�VFDOH�JUDFHIXOO\�

7KH� XOWLPDWH� JRDO� RI� VSHHFK� UHFRJQLWLRQ� LV� WKH� GHVLJQ� RI� D� V\VWHP� FDSDEOH� RI

UHFRJQL]LQJ�FRQWLQXRXV�VSHHFK�IURP�PXOWLSOH�VSHDNHUV�IURP�D�ODUJH�YRFDEXODU\���7HVWLQJ

VSHDNHUV� XVLQJ� WHPSODWHV� IURP� RWKHU� VSHDNHUV� VKRXOG� SURYLGH� UHVXOWV� WKDW� ZLOO� DLG� LQ

H[WHQGLQJ� WKH� V\VWHP©V�DELOLW\� WR� UHFRJQL]H� VSHHFK� IURP�PXOWLSOH� VSHDNHUV�� �$� VHULHV�RI

WHPSODWHV�FRXOG�EH�XVHG� LQ� D� FOXVWHULQJ� DOJRULWKP� WR�GHWHUPLQH� DQ�RSWLPDO� WHPSODWH� IRU

HDFK�ZRUG�LQ�WKH�YRFDEXODU\���$OVR��WKH�FOXVWHULQJ�DOJRULWKP�FRXOG�EH�XVHG�WR�GHWHUPLQH

WKH�XQFHUWDLQW\�LQKHUHQW�LQ�WKH�V\VWHP�DQG�EXLOG�IX]]\�PHPEHUVKLS�IXQFWLRQV�IRU�RSWLPDO

UHFRJQLWLRQ�

,I�KLJKHU�DFFXUDF\�LV�UHTXLUHG��VSHFWUDO�DQDO\VLV�FDQ�EH�DGGHG�WR�VHOHFW�WKH�PRVW�OLNHO\

FODVVLILFDWLRQ���7R�OLPLW�WKH�QXPEHU�RI�VSHFWUDO�DQDO\VHV�WKDW�PXVW�EH�SHUIRUPHG��RQO\�WKH

PRVW�OLNHO\�FDQGLGDWHV�VKRXOG�EH�H[DPLQHG�

�����&RQFOXVLRQV

7KLV� WKHVLV�H[DPLQHG� WKH� LVVXHV� LQYROYHG� LQ�GHVLJQLQJ� D� VLPSOH� VSHHFK� UHFRJQLWLRQ

V\VWHP�� � 7KH� VSHHFK� ZDYHIRUP� ZDV� DQDO\]HG� DQG� LWV� IHDWXUHV� GLVFXVVHG�� � ,QIRUPDWLRQ

JDLQHG� IURP� ELRORJLFDO� DQG� SV\FKRORJLFDO� VWXGLHV� ZDV� XVHG� WR� VLPSOLI\� WKH� VSHHFK
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ZDYHIRUP�� �7KH�KLJKOLJKWV�RI�VSHHFK�UHFRJQLWLRQ�KLVWRU\�ZHUH� UHYLHZHG�DQG�UHFRJQLWLRQ

WHFKQLTXHV�RXWOLQHG���%DVLF�IX]]\�VHW�WKHRU\�ZDV�SUHVHQWHG�DQG�UHODWHG�WR�WKH�SUREOHP�RI

VSHHFK�UHFRJQLWLRQ�

7KH� ODVW� KDOI� RI� WKH� WKHVLV� ZDV� FRQFHUQHG� ZLWK� WKH� GHVLJQ� RI� D� IX]]\� VSHHFK

UHFRJQLWLRQ�V\VWHP�� �$QDO\VLV�RI� WKH� UHFRJQLWLRQ� WHFKQLTXH� UHYHDOV� WKDW� WKH�XVH�RI� IX]]\

ORJLF�FDQ�RQO\�LPSURYH�WKH�V\VWHP
V�SHUIRUPDQFH���)RU�WKH�PDOH�VSHDNHU��WKH�IX]]\�V\VWHP

SHUIRUPHG� FRQVLGHUDEO\� EHWWHU� WKDQ� WKH� FULVS� V\VWHP�� � 7KH� UHVXOWV� DOVR� VKRZHG� WKDW� WKH

IX]]\� V\VWHP� GHJUDGHG� EHWWHU� WKDQ� WKH� FULVS� V\VWHP� DV� WKH� LQIRUPDWLRQ
V� XQFHUWDLQW\

LQFUHDVHG�
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$33(1',;�$

&2'(
>7KH�FRGH�IRU�WKLV�7KHVLV�KDV�EHHQ�UHPRYHG��IRU�PRUH
LQIRUPDWLRQ�SOHDVH�FRQWDFW�WKH�DXWKRU@
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*/266$5<

DOORSKRQH $�VHW�RI�SKRQHV�ZLWKLQ�D�ODQJXDJH�WKDW�FRQWDLQ�WKH�VDPH

LQIRUPDWLRQ�

GLSKRQH $�WUDQVLWLRQDO�VRXQG�LGHQWLILHG�E\�VHJPHQWLQJ�DGMDFHQW�SKRQHV

DW�WKHLU�VWHDG\�VWDWH�FHQWHUV�

G\QDPLF�SURJUDPPLQJ $�SDWWHUQ�PDWFKLQJ�WHFKQLTXH�ZLWK�D�QRQOLQHDU�WLPH

QRUPDOL]DWLRQ�HIIHFW��7KH�DOJRULWKP�DWWHPSWV�WR�RSWLPDOO\

HOLPLQDWH�WLPLQJ�GLIIHUHQFHV�E\�ZDUSLQJ�RQH�ZDYHIRUP�RQWR�WKH

D[LV�RI�DQRWKHU�ZKLOH�DOLJQLQJ�VLPLODULWLHV�

IRUPDQW $�EDQG�RI�KLJK�HQHUJ\�FRQFHQWUDWHG�LQ�D�VSHFLILF�IUHTXHQF\

UDQJH���0XOWLSOH�IRUPDQWV�PD\�H[LVW�DW�KDUPRQLFV�RI�WKH�EDVH

IRUPDQW���)RUPDQWV�DUH�WKH�UHVXOW�RI�WKH�QDWXUDO�UHVRQDQFHV�RI

WKH�KXPDQ�YRFDO�WUDFW���)RUPDQWV�DUH�JHQHUDOO\�IRXQG�LQ�YRZHOV�

IX]]\�QXPEHU $�VHW�RI�QXPEHUV�DURXQG�D�FHUWDLQ�LQWHUYDO���7R�TXDOLI\�DV�D

IX]]\�QXPEHU��WKH�VHW�PXVW�VDWLVI\�

�����7KH�VHW�PXVW�EH�D�QRUPDO�IX]]\�VHW�

�����D$�PXVW�EH�D�FORVHG�LQWHUYDO�IRU�HYHU\�D������@�ZKHUH
D$� �^[�_�$�[��t�D`�

�����7KH�VXSSRUW�RI�$����$��PXVW�EH�ERXQGHG�

IX]]\�VHW $�VHW�RI�HOHPHQWV�ZKLFK�PD\�KDYH�D�JUDGHG�GHJUHH�RI

PHPEHUVKLS�EHWZHHQ�QR�PHPEHUVKLS�DQG�FRPSOHWH

PHPEHUVKLS�

OLQJXLVWLF�YDULDEOH $�IX]]\�VHW�RU�FROOHFWLRQ�RI�IX]]\�VHWV�ZKLFK�UHSUHVHQW�D�VLQJOH

FRQFHSW�LQ�D�SDUWLFXODU�FRQWH[W�

SKRQH 0LQLPDO�XQLW�RI�VSHHFK�VRXQG���3K\VLFDOO\�XQLGHQWLILDEOH�GXH�WR

FRDUWLFXODWLRQ�DQG�DQWLFLSDWLRQ�HIIHFWV�

SKRQHPH 7KH�WRWDO�FROOHFWLRQ�RI�DOORSKRQHV�WKDW�RSHUDWH�VLPLODUO\�

V\OODEOH $�XQLW�RI�VSRNHQ�ODQJXDJH�FRQWDLQLQJ�D�YRZHO��GLSWKRQJ��DQG��

RU�D�FRQVRQDQW�

WLPH�QRUPDOL]DWLRQ $�WHFKQLTXH�XVHG�WR�HOLPLQDWH�QRQOLQHDU�WLPLQJ�GLIIHUHQFHV

EHWZHHQ�WZR�ZDYHIRUPV�
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YRFDOLF�VRXQG $�VRXQG�FRQWDLQLQJ�D�KLJKO\�GHILQHG�IRUPDQW�VWUXFWXUH�

YRLFHG�VRXQG $�VRXQG�LQ�ZKLFK�WKH�YRFDO�FRUGV�YLEUDWH���([DPSOHV�LQFOXGH

WKH�YRZHOV�DQG��P����Q���DQG��U����6RXQGV�OLNH��V����N���DQG��S�

DUH�XQYRLFHG�

ZRUG $�VRXQG�RU�FROOHFWLRQ�RI�VRXQGV�WKDW�FRPPXQLFDWHV�D�FRPSOHWH

PHVVDJH�
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%,%/,2*5$3+<

$EVH��'��:LOIUHG��0'���6SHHFK�DQG�5HDVRQ���/DQJXDJH�'LVRUGHU�LQ�0HQWDO�'LVHDVH���7KH

8QLYHUVLW\�3UHVV�RI�9LUJLQLD�������

$OWPDQQ��*HUU\�7��0���HG���&RJQLWLYH�0RGHOV�RI�6SHHFK�3URFHVVLQJ���3V\FKROLQJXLVWLF�DQG

&RPSXWDWLRQDO�3HUVSHFWLYHV���7KH�0,7�3UHVV�������

$PLQ]DGHK��)UHG�DQG�0RKDPPDG�-DPVKLGL��HGLWRUV���6RIW�&RPSXWLQJ���)X]]\�/RJLF�

1HXUDO�1HWZRUNV��DQG�'LVWULEXWHG�$UWLILFLDO�,QWHOOLJHQFH���3UHQWLFH�+DOO�������

$53$��VSRQVRU���+XPDQ�/DQJXDJH�7HFKQRORJ\���0RUJDQ�.DXIPDQQ�������

%H]GHN��-DPHV�&���$QDO\VLV�RI�)X]]\�,QIRUPDWLRQ���9ROXPH�,��0DWKHPDWLFV�DQG�/RJLF�

&5&�������

%H]GHN��-DPHV�&���$QDO\VLV�RI�)X]]\�,QIRUPDWLRQ���9ROXPH�,,��$UWLILFLDO�,QWHOOLJHQFH�

&5&�������

%H]GHN��-DPHV�&���$QDO\VLV�RI�)X]]\�,QIRUPDWLRQ���9ROXPH�,,,��$SSOLFDWLRQV���&5&�

�����

%H]GHN��-DPHV�&����)X]]\�0RGHOV�¤�:KDW�$UH�7KH\��DQG�:K\"���,(((�7UDQVDFWLRQV�RQ

)X]]\�6\VWHPV���9ROXPH����1XPEHU����)HEUXDU\��������

%ODKXW��5LFKDUG�(���)DVW�$OJRULWKPV�IRU�'LJLWDO�6LJQDO�3URFHVVLQJ���$GGLVRQ�:HVOH\�

�����

%XUUXV��&��6��DQG�7��:��3DUNV���')7�))7�DQG�&RQYROXWLRQ�$OJRULWKP���7KHRU\�DQG

,PSOHPHQWDWLRQ���-RKQ�:LOH\�	�6RQV�������

&KHQ��&��+���HG���'LJLWDO�:DYHIRUP�3URFHVVLQJ�DQG�5HFRJQLWLRQ���&5&�3UHVV�������

&OLSSLQJHU��-RKQ�+HQU\��-U���0HDQLQJ�DQG�'LVFRXUVH���$�&RPSXWHU�0RGHO�RI

3V\FKRDQDO\WLF�6SHHFK�DQG�&RJQLWLRQ���7KH�-RKQV�+RSNLQV�8QLYHUVLW\�3UHVV�������

&RRSHU��:LOOLDP�(���6SHHFK�3HUFHSWLRQ�DQG�3URGXFWLRQ���6WXGLHV�LQ�6HOHFWLYH�$GDSWDWLRQ�

$EOH[�3XEOLVKLQJ�������

&R[��(DUO����)X]]\�)XQGDPHQWDOV����,(((�6SHFWUXP���2FWREHU�������

&R[��(DUO���7KH�)X]]\�6\VWHPV�+DQGERRN���$FDGHPLF�3UHVV�������
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&XOOLQJIRUG��5LFKDUG�(���1DWXUDO�/DQJXDJH�3URFHVVLQJ���$�.QRZOHGJH�(QJLQHHULQJ

$SSURDFK���5RZPDQ�	�/LWWOHILHOG�������

'H�0RUL��5HQDWR���&RPSXWHU�0RGHOV�RI�6SHHFK�8VLQJ�)X]]\�$OJRULWKPV���3OHQXP�3UHVV�

�����

)ULHGPDQ��'DYLG�+���'HWHFWLRQ�RI�6LJQDOV�E\�7HPSODWH�0DWFKLQJ���7KH�-RKQV�+RSNLQV

3UHVV�������

.DQGHO��$EUDKDP���)X]]\�0DWKHPDWLFDO�7HFKQLTXHV�ZLWK�$SSOLFDWLRQV���$GGLVRQ�:HVOH\�

�����

.DUPLORII�6PLWK��$QQHWWH���$�)XQFWLRQDO�$SSURDFK�WR�&KLOG�/DQJXDJH���&DPEULGJH

8QLYHUVLW\�3UHVV�������

.OLU��*HRUJH�-���DQG�%R�<XDQ���)X]]\�6HWV�DQG�)X]]\�/RJLF���7KHRU\�DQG�$SSOLFDWLRQV�

3UHQWLFH�+DOO�������

/HD��:D\QH�$���HG���7UHQGV�LQ�6SHHFK�5HFRJQLWLRQ���3UHQWLFH�+DOO�������

/XGHPDQ��/RQQLH�&���)XQGDPHQWDOV�RI�'LJLWDO�6LJQDO�3URFHVVLQJ���-RKQ�:LOH\�	�6RQV�

�����

0DVVH\��&KULVWLQH����&RJQLWLYH�3V\FKRORJ\����6ZDUWKPRUH�&ROOHJH���)DOO������

1HZHOO��$OOHQ��HW�DO���6SHHFK�8QGHUVWDQGLQJ�6\VWHPV���)LQDO�5HSRUW�RI�D�6WXG\�*URXS�

1RUWK�+ROODQG�3XEOLVKLQJ�������

1LHPDQQ��+���HG���5HFHQW�$GYDQFHV�LQ�6SHHFK�8QGHUVWDQGLQJ�DQG�'LDORJ�6\VWHPV�

6SULQJHU�9HUODJ�������

1JX\HQ��+XQJ�7���0LFKLR�6XJHQR��5LFKDUG�7RQJ��DQG�5RQDOG�5��<DJHU���7KHRUHWLFDO

$VSHFWV�RI�)X]]\�&RQWURO���-RKQ�:LOH\�	�6RQV�������

2SSHQKHLP��$ODQ�9���HG���$SSOLFDWLRQV�RI�'LJLWDO�6LJQDO�3URFHVVLQJ���3UHQWLFH�+DOO�������

5RVV��7LPRWK\�-���)X]]\�/RJLF�ZLWK�(QJLQHHULQJ�$SSOLFDWLRQV���0F*UDZ�+LOO�������

7DWPDQ��*XQKDQ�+����5HDO�7LPH�1HXUDO�1HWZRUNV�IRU�6SHHFK�5HFRJQLWLRQ����7KHLV�

8QLYHUVLW\�RI�6RXWK�&DUROLQD�������

:DLEHO��$OH[�DQG�.DL�)X�/HH��HG���5HDGLQJV�LQ�6SHHFK�5HFRJQLWLRQ���0RUJDQ�.DXIPDQQ�

�����
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:DQJ��/LK����6SHDNHU�1RUPDOL]DWLRQ�([SHUW����7KHVLV���8QLYHUVLW\�RI�6RXWK�&DUROLQD�

�����
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$

DGDSWDWLRQ��������

DOORSKRQH�������

$53$����

DXWRFRUUHODWLRQ����

%

EUDLQ����¤��

&

FRDUWLFXODWLRQ��������������������������

'

GLSKRQH�������

G\QDPLF�SURJUDPPLQJ����¤������¤������

IX]]\����¤��

(

HDU����¤������

HQHUJ\�PHDVXUHPHQWV����

)

))7����

IX]]\�ORJLF����¤��

IX]]\�VHWV����¤��

IX]]\�V\VWHPV����¤��

+

+$53<����

,

LQIDQW�ODQJXDJH�DFTXLVLWLRQ����¤��

LQIRUPDWLRQ�WKHRU\���¤�����

/

/3&����

3

SHDN�PHDVXUHPHQWV����

SKDVH����������������

SKRQHPH������¤��������������

SODWHDX�UHJLRQV����

SURVRG\��������¤��

6

VHJPHQWDWLRQ������������

VSHHFK�IHDWXUHV���¤���������

VSHHFK�ZDYHIRUP��������������

VXE�VDPSOLQJ����¤��

V\OODEOH����������������������

7

WKUHVKROG����������������

WLPH�QRUPDOL]DWLRQ��������

:

ZRUG���

ZRUG�SULPLQJ����

=

]HUR�FURVVLQJV����


