
)X]]\�/RJLF�(QKDQFHG�6\PPHWULF�'\QDPLF�3URJUDPPLQJ

IRU�6SHHFK�5HFRJQLWLRQ

3DWULFN�0LOOV

8QLYHUVLW\�RI�6RXWK�&DUROLQD

(OHFWULFDO�DQG�&RPSXWHU�(QJLQHHULQJ

&ROXPELD��6&�������

SPLOOV#HFH�VF�HGX

-RKQ�%RZOHV

8QLYHUVLW\�RI�6RXWK�&DUROLQD

(OHFWULFDO�DQG�&RPSXWHU�(QJLQHHULQJ

&ROXPELD��6&�������

ERZOHV#HFH�VF�HGX

$EVWUDFW

)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�� '\QDPLF� SURJUDPPLQJ� LV� D� WLPH� QRUPDOL]DWLRQ

WHFKQLTXH� WKDW� DOORZV� VWDWLF� WHPSODWHV� WR� EH� XVHG� WR

LGHQWLI\� VSRNHQ� ZRUGV�� )X]]\� ORJLF� HQKDQFHPHQWV� HQDEOH

WKH� WHFKQLTXH� WR� KDQGOH� QRLVH� DQG� TXDQWL]DWLRQ� HUURUV

EHWWHU�DQG�LPSURYHV�FODVVLILFDWLRQ�DFFXUDF\��$Q�LPSRUWDQW

FRQVHTXHQFH� RI� XVLQJ� D� IX]]\� EDVHG� V\VWHP� LV� WKDW� WKH

V\VWHP
V� FRQILGHQFH� LQ� LWV� LGHQWLILFDWLRQ� FDQ� EH� XVHG� WR

DFFHSW�WKH�LGHQWLILFDWLRQ�RU�WR�UHTXHVW�IXUWKHU�LQIRUPDWLRQ�

���,QWURGXFWLRQ

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��>/($��@

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

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�

*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�

���'\QDPLF�3URJUDPPLQJ

7KH� '3� 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��,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�

7KLV� WHFKQLTXH�LV�FDOOHG�V\PPHWULF�G\QDPLF�SURJUDPPLQJ

�6'3���7KH�IORZFKDUW�IRU�6'3�LV�VKRZQ�LQ�)LJXUH���IRU�WZR

ZDYHIRUPV��$�DQG�%��KDYLQJ�,�DQG�-�VDPSOHV�UHVSHFWLYHO\�

>:$,%����SS�����������@

)LJXUH����6'3�)ORZFKDUW

6'3�FUHDWHV�D�FRPPRQ�WLPH�D[LV�IRU�WZR

ZDYHIRUPV�ZLWK�GLIIHULQJ�WLPH�D[HV�

7KH�SHUIRUPDQFH�RI�WKH�'3�HTXDWLRQ�IRU�6'3�GHSHQGV

RQ� WKH� FKRVHQ� VORSH� UHVWULFWLRQ�� 7KH� VORSH� UHVWULFWLRQ

HQVXUHV� WKDW� WKH�ZDUSLQJ�IXQFWLRQ�KDV�DQ�HYHQ�JUDGLHQW�� ,W

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��>:$,%����S�����@
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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� GLUHFWLRQ� 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� 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�

: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� SDSHU� 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�� >:$,%���� SS�� ������@� '\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�E\�
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7KH�ERWWRP�DQG�ULJKW�VLGHV�DUH�ERXQGHG�E\�

\ [ % $ [
\ %

$

\
[

 � � � �  
� �

� �

 
�

� � � �
�

�
�

�

�

� � � �
� �

� �

� �

�RU�

)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� �HTXDWLRQ

����WKH�OHIW�DQG�ERWWRP�ERXQGDULHV�FDQQRW�EH�XWLOL]HG�VLQFH

YDOXHV� RXWVLGH� WKHLU� ERXQGDULHV� PD\� EH� QHHGHG� 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� VWDUWLQJ� 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����$UHD�6HDUFKHG�E\�'3�$OJRULWKP

7KH� IRXU� OLQHV� ERXQG� WKH� UHJLRQ� RI� DOO

SRVVLEOH� VROXWLRQV�� 7KH� JUD\� UHJLRQ

VKRZV� WKH� DUHD� WKDW� PXVW� EH� VHDUFKHG

IRU��SRVVLEOH�VROXWLRQV�
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)LJXUH����6'3�([DPSOH

7KH� WZR� ZDYHIRUPV� $� DQG� %� XVHG� LQ� WKH

H[DPSOH�DUH�VKRZQ�
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7DEOH����:DYHIRUP�'LVWDQFH�0DWUL[

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

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

ZDYHIRUP�%�
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7DEOH����:DYHIRUP�*UDGLHQW�0DWUL[

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

7KH�'3�DOJRULWKP�LV�SHUKDSV�EHVW�H[SODLQHG�ZLWK�DQ

H[DPSOH��)LJXUH���VKRZV�WKH�WZR�ZDYHIRUPV�WR�EH

FRPSDUHG��ZDYHIRUP�$�KDV�D�OHQJWK�RI�����DQG�ZDYHIRUP

%�KDV�D�OHQJWK�RI�����7KH�ILUVW�VWHS�LV�WR�FDOFXODWH�WKH

GLVWDQFH�IURP�HDFK�SRLQW�LQ�ZDYHIRUP�$�WR�HDFK�SRLQW�LQ

ZDYHIRUP�%��7R�LOOXVWUDWH�WKH�FDOFXODWLRQV�DW�WLPH����%�LV��

DQG�$�LV����KHQFH���������LV����� ���LQ�7DEOH����$W�WLPH����$

LV����KHQFH���������LV����� ����7DEOH���VKRZV�WKH�UHVXOWV�RI

WKHVH�GLVWDQFH�FDOFXODWLRQV��7KH�QH[W�VWHS�LV�WR�DSSO\

HTXDWLRQ���DQG�FDOFXODWH�WKH�UHFXUVLYH�JUDGLHQWV�DV�VKRZQ

LQ�7DEOH����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]]\�6'3

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��>./,5��@

'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�

)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� GHJUHHV� RI� PHPEHUVKLS�� ZKLFK

UHSUHVHQW� WKH� WHPSODWHV
� 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�

���6\VWHP�&RQILJXUDWLRQ

7KH� PDMRULW\� RI� LVRODWHG� ZRUG� UHFRJQL]HUV� XVH� D

SURFHVV� FDOOHG� WHPSODWH�PDWFKLQJ� WR� SHUIRUP� UHFRJQLWLRQ�

>/($��@�:KHQ�DQ�XQNQRZQ�ZDYHIRUP�LV�SUHVHQWHG�WR�WKH

V\VWHP�� LW� LV�FRPSDUHG� WR�D� WHPSODWH� IRU�HDFK�ZRUG� LQ� WKH

V\VWHP� WR� ILQG� WKH� EHVW� PDWFK�� ,I� IRXQG�� WKDW� WHPSODWH
V

QDPH�LV�DVVLJQHG�WR�WKH�XQNQRZQ�ZDYHIRUP��>)5,(��@

$OWKRXJK� WKH� UHFRJQLWLRQ� V\VWHP� GHVLJQHG� IRU� WKLV

SDSHU� FDQ� SHUIRUP� JHQHUDO� ZRUG� UHFRJQLWLRQ�� LW� ZDV

GHVLJQHG� SULPDULO\� WR� SHUIRUP� LVRODWHG� GLJLW� UHFRJQLWLRQ�

6LQFH�WKH�GLJLWV�DUH�UHODWLYHO\�VKRUW��WKH�XQLW�RI�UHFRJQLWLRQ

LV�D�ZRUG�

0XOWLSOH� WHVWV� ZHUH� FRQGXFWHG� WR� GHWHUPLQH� WKH

V\VWHP
V� SHUIRUPDQFH� XQGHU� YDULRXV� 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�

$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� EH� FRQVLGHUHG� SDUW� RI� WKH� ZRUG�� 2QFH� WKH

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� WHVWV� ZHUH� FRQGXFWHG� WR� WHVW� WKH� XVHIXOQHVV� RI

UHPRYLQJ�WKH�ZDYHIRUP
V�SKDVH�DQG�FOLSSLQJ�VDPSOH�YDOXHV

EHORZ� D� VSHFLILHG� WKUHVKROG�� ,Q� ERWK� FDVHV�� WKH� V\VWHP

VXIIHUHG�IURP�UHGXFHG�GLVFULPLQDWLRQ��>0,//��@

���,QLWLDO�7ULDO

7KH� ILUVW� 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���
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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�

(UURU� YDOXHV� UHSUHVHQW� WKH� DYHUDJH� GLVWDQFH� IURP� WKH

FRUUHFW� FODVVLILFDWLRQ� WR� WKH� DFWXDO� FODVVLILFDWLRQ�� (UURU

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�
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ZKHUH�(L� LV� WKH�(UURU� IRU� GLJLW� L�� G
� LV� WKH� GLVWDQFH� WR� WKH

FRUUHFW�FODVVLILFDWLRQ�IRU�GLJLW�L�DQG�G�LV�WKH�GLVWDQFH�WR�WKH

DFWXDO�FODVVLILFDWLRQ�PDGH�E\�WKH�V\VWHP�IRU�GLJLW�L�

$QDO\VLV� RI� WKH� FULVS� UHVXOWV� UHYHDOHG� 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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FODVVLILHG��7HPSODWHV�DQG�XQNQRZQV�ZHUH

VHJPHQWHG� XVLQJ� D� ORZHU� WKUHVKROG
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7DEOH����5HVXOWV�ZLWK�DQ

8QWUDLQHG�)HPDOH�6SHDNHU

7KH� UHVXOWV� VKRZ�D�GUDPDWLF� LQFUHDVH� LQ� DFFXUDF\� IRU

WKH� FULVS� DOJRULWKP�� &ODVVLILFDWLRQ� DFFXUDF\� RI� DOO

ZDYHIRUPV� H[FHSW� 7KUHH� DQG� 6HYHQ� LQFUHDVHG�

,QWHUHVWLQJO\�� UHFRJQLWLRQ� IRU�6HYHQ� GURSSHG� IURP����� WR
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���� WKLV� UHVXOW� LV� TXLWH� XQH[SHFWHG� VLQFH� VHYHQ� LV� D� WZR

V\OODEOH� ZRUG� DQG� KDV� RQH� RI� WKH� PRVW� XQLTXH� DQG

FRQVLVWHQW� ZDYHIRUPV�� ,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�

,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�
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SDLU�RI�WHPSODWHV�
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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�

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��7KHVH� UHVXOWV�ZHUH�H[SHFWHG��DQG

FRQILUP� WKH�DVVHUWLRQ� WKDW� IX]]\� V\VWHPV�DUH� DEOH� WR�ZRUN

HIIHFWLYHO\�HYHQ�LQ�WKH�SUHVHQFH�RI�XQFHUWDLQW\�

6XE�6DPSOLQJ &ULVS )X]]\

)UHTXHQF\��+]� ��&RUUHFW ��&RUUHFW
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7DEOH����6XE�6DPSOLQJ�5HVXOWV

7KH� 7DEOH� VKRZV� WKH� UHVXOWV� RI� VXE�

VDPSOLQJ�D�YDULRXV�IUHTXHQFLHV�

���&RQFOXVLRQV

$QDO\VLV�RI�WKH�UHFRJQLWLRQ�WHFKQLTXH�SUHVHQWHG�KHUH

UHYHDOV�WKDW�WKH�XVH�RI�IX]]\�ORJLF�HQKDQFHV�WKH�FDSDELOLWLHV

RI�D�VSHHFK�UHFRJQLWLRQ�V\VWHP�ZLWK�OLWWOH�DGGLWLRQDO�FRVW�LQ

HLWKHU�KDUGZDUH�RU�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�

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
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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�� ,Q

DGGLWLRQ�� FOXVWHULQJ� DOJRULWKPV� FDQ� EH� XVHG� WR� GHWHUPLQH

RSWLPDO� WHPSODWHV� IRU� HDFK� ZRUG� LQ� WKH� YRFDEXODU\� DQG

YDULRXV�VHJPHQWDWLRQ� WKUHVKROG�YDOXHV� VKRXOG�EH� WHVWHG� WR

GHWHUPLQH�RSWLPDO�OHYHOV�IRU�JHQHUDO�UHFRJQLWLRQ�

5HIHUHQFHV

>'(02��@ 'H�0RUL��5HQDWR��&RPSXWHU�0RGHOV�RI�6SHHFK

8VLQJ�)X]]\�$OJRULWKPV��3OHQXP�������

>)5,(��@ )ULHGPDQ��'DYLG�+��'HWHFWLRQ�RI�6LJQDOV�E\

7HPSODWH�0DWFKLQJ��-RKQV�+RSNLQV�8QLYHUVLW\

3UHVV�������

>./,5��@ .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�������

>0,//��@ 0LOOV��3DWULFN�0���)X]]\�6SHHFK

5HFRJQLWLRQ���7KHVLV��8QLYHUVLW\�RI�6RXWK

&DUROLQD�������

>:$,%��@ :DLEHO��$OH[�DQG�.DL�)X�/HH��HG��5HDGLQJV�LQ

6SHHFK�5HFRJQLWLRQ��0RUJDQ�.DXIPDQQ�
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