
��

&RGHERRN�,QGH[�$VVLJQPHQW�E\�DQ�$SSUR[LPDWH�6ROXWLRQ�RI�WKH

7UDYHOLQJ�6DOHVPDQ�3UREOHP

$��6SLUD��5��0D\UHQFK�DQG�'��0DODK

'HSDUWPHQW�RI�(OHFWULFDO�(QJLQHHULQJ

7HFKQLRQ��+DLID��������,VUDHO

VSDORQ#VLJODE�WHFKQLRQ�DF�LO

$%675$&7

,QGH[� $VVLJQPHQW� �,$�� LV� D� SURFHVV� RI� LQGH[LQJ� WKH

YHFWRUV� LQ� D� FRGHERRN� �YHFWRU� TXDQWL]HU�� IRU� WKH�SXUSRVH

RI� UHGXFLQJ� WKH� GLVWRUWLRQ� FDXVHG� E\� WUDQVPLVVLRQ� RYHU� D

FKDQQHO�ZLWK� HUURUV��$FKLHYLQJ� DQ�RSWLPDO� ,$� LV� GLIILFXOW

VLQFH� LW� LV� DQ� 13�FRPSOHWH� SUREOHP�� &RPPRQ

DSSUR[LPDWH� VROXWLRQV� WR� WKH� ,$� SUREOHP� FRQVLVW� RI

LWHUDWLYH� DOJRULWKPV� ZKLFK� JUDGXDOO\� UHGXFH� D� GLVWRUWLRQ

PHDVXUH��WLOO�UHDFKLQJ�D�ORFDO�PLQLPXP�

,Q� WKLV� SDSHU�ZH� SURSRVH� D� QHZ�PHWKRG� IRU� ,$�ZKLFK� LV

EDVHG� RQ� DQ� DSSUR[LPDWH� VROXWLRQ� RI� WKH� 7UDYHOLQJ

6DOHVPDQ�3UREOHP��763���7KH�SURSRVHG�PHWKRG�KDV�D�ORZ

FRPSOH[LW\� GHSHQGHQW� RQO\� RQ� WKH� QXPEHU� RI� YHFWRUV� LQ

WKH� FRGHERRN�� ,W� UHVXOWV� LQ� D� GLVWRUWLRQ� QRW� PXFK� ODUJHU

WKDQ�WKDW�DFKLHYHG�E\�WKH�³QDWXUDO´�RUGHULQJ�REWDLQHG�IURP

WKH� /%*�VSOLWWLQJ� FRGHERRN� GHVLJQ� DOJRULWKP�� WKXV

HQDEOLQJ�D�IDVW�DQG�VLPSOH�,$�ZKHQ�WKH�³QDWXUDO´�,$�LV�QRW

JLYHQ�

�� ,1752'8&7,21

7KH�LQGLFHV�DVVLJQHG�WR�FRGHYHFWRUV�LQ�D�FRGHERRN�DUH�RI

LPSRUWDQFH� ZKHQ� WKHVH� LQGLFHV� DUH� WUDQVPLWWHG� YLD� D

FKDQQHO�ZLWK� HUURUV��:KHQ� DQ� HUURU� RFFXUV�� WKH� UHFHLYHG

LQGH[� LV� GLIIHUHQW� IURP� WKH� WUDQVPLWWHG� RQH� DQG� WKH

UHFHLYHU�H[WUDFWV� WKH�ZURQJ�YHFWRU� IURP� WKH�FRGHERRN��$

SURSHU� ,$� FDQ� UHGXFH� WKH� GLVWRUWLRQ� E\� WU\LQJ� WR� DYRLG

VLWXDWLRQV�LQ�ZKLFK�D�YHFWRU�LV�UHSODFHG�E\�D�GLVWDQW�YHFWRU�

,I�D�ELQDU\�V\PPHWULF�FKDQQHO� �%6&�� LV�XVHG�� WKH� LQGLFHV

RI� WKH� RULJLQDO� DQG� UHSODFLQJ� YHFWRUV� W\SLFDOO\� KDYH� D

+DPPLQJ�GLVWDQFH�RI���EHWZHHQ�WKHP�

7KH� ,$� SUREOHP� LV� D� 4XDGUDWLF� $VVLJQPHQW� SUREOHP

ZKLFK�6DKQL�DQG�*RQ]DOH]�>�@�QRW�RQO\�KDYH�VKRZQ�WR�EH

13�FRPSOHWH�� EXW� EHORQJLQJ� WR� WKH� KDUGHVW� W\SH� RI� WKHVH

SUREOHPV�� ILQGLQJ� DQ� �DSSUR[LPDWH� VROXWLRQ� WR� LW� LV� DOVR

13�FRPSOHWH�� 3UREOHPV� RI� VL]H� JUHDWHU� WKDQ� ��� DUH

FRQVLGHUHG�GLIILFXOW�WR�VROYH�>�@�

.QRZQ�VXE�RSWLPDO�VROXWLRQV�IRU�WKH�,$�SUREOHP�LQFOXGH�D

%LQDU\� 6ZLWFKLQJ� $OJRULWKP� �%6$�� SUHVHQWHG� E\� =HJHU

DQG�*HUVKR�>�@��D�6LPXODWHG�$QQHDOLQJ�$OJRULWKP��6$$�

LQWURGXFHG�E\�)DUYDUGLQ�>�@��DQG�D�/LQHDULW\�,QFUHDVLQJ

6ZDS� $OJRULWKP� �/,6$�� VXJJHVWHG� E\� .QDJHQKMHOP� >�@�

7KHVH� PHWKRGV� DUH� EDVHG� RQ� GHFUHDVLQJ� D� GHILQHG

GLVWRUWLRQ� IXQFWLRQ� E\� VZLWFKLQJ� LQGLFHV� EHWZHHQ

FRGHYHFWRUV�� 6XFK� DQ� DSSURDFK� UHVXOWV� LQ� LWHUDWLYH

DOJRULWKPV� ZKLFK� JUDGXDOO\� UHGXFH� WKH� GLVWRUWLRQ�� WLOO

UHDFKLQJ�D�ORFDO�PLQLPXP�

&KHQJ�DQG�.LQJVEXU\�PHQWLRQHG�LQ�>�@� WKDW� WKH�³QDWXUDO´

,$� JHQHUDWHG� E\� WKH� YHFWRU� TXDQWL]DWLRQ� /%*�VSOLWWLQJ

DOJRULWKP�>�@�WHQGV�WR�EH�VLJQLILFDQWO\�VXSHULRU�WR�UDQGRP

,$�� $FFRUGLQJ� WR� RXU� VLPXODWLRQ� UHVXOWV�� WKH� %6$

LQLWLDOL]HG� E\� D� UDQGRP� DVVLJQPHQW� W\SLFDOO\� UHDFKHV� WKH

OHYHO� RI� GLVWRUWLRQ� RI� WKH� ³QDWXUDO´� DVVLJQPHQW� RQO\� DIWHU

PDQ\�LWHUDWLRQV��,I�WKH�%6$�LV�LQLWLDOL]HG�E\�WKH�³QDWXUDO´

DVVLJQPHQW��LWV�LPSURYHPHQW�LV�QRW�VLJQLILFDQW�

7KH� SDSHU� LV� RUJDQL]HG� DV� IROORZV�� ,Q� 6HFWLRQ� �� ZH

GHVFULEH�WKH�,$�SUREOHP��7KH�WUDYHOOLQJ�VDOHVPDQ�SUREOHP

DQG�LWV�VROXWLRQ�E\�WKH�IDUWKHVW� LQVHUWLRQ�DOJRULWKP�DSSHDU

LQ� 6HFWLRQ� ��� ,Q� 6HFWLRQ� �� ZH� SUHVHQW� WKH� SURSRVHG� ,$

PHWKRG��,Q�6HFWLRQ���ZH�FRPSDUH�WKH�SHUIRUPDQFH�RI�WKH

SURSRVHG� PHWKRG� WR� WKRVH� RI� WKH� ³QDWXUDO´� ,$� DQG� D

UDQGRP�,$��&RQFOXGLQJ�UHPDUNV�DUH�PDGH�LQ�6HFWLRQ���

�� 7+(�,1'(;�$66,*10(17�352%/(0

$� FRGHERRN� RI� VL]H� 1� LV� FRPSRVHG� RI� 1� YHFWRUV� �RU

FRGHYHFWRUV�� ZKLFK� DUH� GHQRWHG� E\� 1L\ � ������ � �

$� PHDVXUH� IRU� WKH� DYHUDJH� GLVWRUWLRQ� FDXVHG� E\

WUDQVPLVVLRQ�RYHU�D�FKDQQHO�ZLWK�HUURUV�LV�

� �¦¦� ��
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������ \\GSS' ��� � ���

ZKHUH� 	S �LV�WKH�SUREDELOLW\�RI�WUDQVPLWWLQJ�WKH�FRGHYHFWRU


\ �� ��S � LV� WKH� SUREDELOLW\� RI� VHQGLQJ� WKH� LQGH[� L � DQG

UHFHLYLQJ�WKH�LQGH[ M GXH�WR�FKDQQHO�HUURUV�DQG� � �� \\G �

LV�WKH�GLVWDQFH�EHWZHHQ�WKH�YHFWRU� 
\ �DQG�WKH�YHFWRU� �\ �

,Q�WKH�FDVH�RI�D�%6&�ZLWK�D�VPDOO�ELW�HUURU�SUREDELOLW\�RI

T ZH�FDQ�DSSUR[LPDWH� ��S �E\�
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MLKDP

MLKDPT
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ZKHUH� ��� MLKDP � LV� WKH� +DPPLQJ� GLVWDQFH� EHWZHHQ� L

DQG� M �

�S � LV� GHSHQGHQW� RQ� WKH� GLVWULEXWLRQ� RI� WKH� GDWD� YHFWRUV

UHSUHVHQWHG� E\� WKH� FRGHYHFWRU� �\ �� ,I� WKLV� GLVWULEXWLRQ� LV

QRW� NQRZQ�� LW� LV� FRPPRQ� WR� DVVXPH� WKDW� LW� LV� XQLIRUP�

1S � � �

8QGHU�WKHVH�DVVXPSWLRQV�WKH�DYHUDJH�GLVWRUWLRQ�EHFRPHV�

� �¦ ¦� �
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,W� LV� WKLV� GLVWRUWLRQ�ZH¶UH� WU\LQJ� WR�PLQLPL]H� KHUH� E\� WKH

SURFHVV�RI�LQGH[�DVVLJQPHQW��,$��

�� 7+(�75$9(/,1*�6$/(60$1

352%/(0

7KH�763�LV�WKH�SUREOHP�RI�ILQGLQJ�WKH�VKRUWHVW�FORVHG�WRXU

SDVVLQJ� RQO\� RQFH� WKURXJK� HDFK� RQH� RI� 1� SRLQWV� LQ� D� .

GLPHQVLRQDO� VSDFH� >�@�� 7KLV� WRR� LV� DQ� 13�FRPSOHWH

SUREOHP��EXW�RQH�IRU�ZKLFK�H[WHQVLYH�UHVHDUFK�KDV�\LHOGHG

PDQ\� DSSUR[LPDWH� VROXWLRQV� WKDW� JLYH� YHU\� JRRG� UHVXOWV

ZLWK�UHODWLYHO\�ORZ�FRPSOH[LW\�

2QH� RI� WKH� VLPSOHVW� VROXWLRQV� LV� WKH� )DUWKHVW� ,QVHUWLRQ

$OJRULWKP��),$��>�@��7KLV�DOJRULWKP�ZRUNV�IRU�763V�ZLWK

D� GLVWDQFH� PHDVXUH� WKDW� VDWLVILHV� WKH� WULDQJOH� LQHTXDOLW\�

7KH�),$¶V�VWHSV�DUH�

6WHS��� 6WDUW� ZLWK� D� SDUWLDO� WRXU� FRQVLVWLQJ� RI� D� VLQJOH

SRLQW�L�

6WHS��� ,I� WKH�FXUUHQW�SDUWLDO� WRXU�7�GRHV�QRW� LQFOXGH� DOO

WKH� SRLQWV�� ILQG� WKH� SRLQW� N� QRW� RQ� 7� ZLWK� WKH

PD[LPXP� GLVWDQFH� IURP� 7�� L�H��� ZLWK� WKH

PD[LPXP�GLVWDQFH�IURP�WKH�FORVHVW�SRLQW� M�RQ�7

�)LJ���D��

6WHS��� $GG� N� WR� WKH� SDUWLDO� WRXU� 7� E\� LQVHUWLQJ� LW

EHWZHHQ�M�DQG�RQH�RI�WKH�WZR�WRXU�QHLJKERUV�RI�M�

7KH� QHLJKERU� LV� VHOHFWHG� DV� WR� PLQLPL]H� WKH

DGGHG�WRXU�OHQJWK��)LJ���E��

1RWH��,Q�WKH�ILUVW�WZR�LWHUDWLRQV�M�KDV�OHVV�WKDQ�WZR

QHLJKERUV�� ,Q� WKHVH� LWHUDWLRQV� DGG� N� WR� 7

DQ\ZKHUH�

6WHS��� 5HSHDW� VWHSV� ����1� WLPHV�� WLOO� DOO� WKH� SRLQWV� DUH

DGGHG�WR�WKH�WRXU�7�

6WHS��� 5HSHDW� VWHSV� ���� 1� WLPHV�� HDFK� WLPH� EHJLQQLQJ

ZLWK� D� GLIIHUHQW� SRLQW� L�� )URP� WKH� 1� JHQHUDWHG

WRXUV�VHOHFW�WKH�VKRUWHVW�RQH�

7KH� ),$� KDV� FRPSOH[LW\� RI� 2�1
�
��� ,W� LV� D� KHXULVWLF

DSSURDFK� WKDW� GRHVQ¶W� KDYH� DQDO\WLF� ERXQGV� RQ� LWV

SHUIRUPDQFH�� 7KHUH� KDYH� EHHQ� VSHFLDOO\� JHQHUDWHG

LQVWDQFHV� RI� WKH� 763� IRU�ZKLFK� WKH� ),$� WRXU� ZDV� QHDUO\

����ORQJHU�WKDQ�WKH�RSWLPDO�RQH��EXW�IRU�W\SLFDO�LQVWDQFHV

LW�LV�ZLWKLQ����RI�WKH�RSWLPDO�WRXU�>�@�

)LJ������D��6HOHFWLQJ�WKH�SRLQW�WR�EH�DGGHG�WR�WKH�WRXU�

�E��$GGLQJ�WKH�SRLQW�WR�WKH�WRXU�

$� FUXGH� EXW� XVHIXO�PHWKRG� IRU� HYDOXDWLQJ� WKH� TXDOLW\� RI

WKH�),$�WRXU��IRU�D�JLYHQ�VHW�RI�1�SRLQWV��LV�FRPSDULQJ�LWV

OHQJWK� WR� WKH� OHQJWK� RI� WKH� 0LQLPXP� 6SDQQLQJ� 7UHH

�067��RI�WKH�SRLQWV��$�067�LV�D�FRQQHFWHG�JUDSK�SDVVLQJ

WKURXJK�DOO� WKH�SRLQWV�DQG�KDYLQJ�D�PLQLPXP�VXP�RI� WKH

DUFV¶�OHQJWKV��7KH�OHQJWK�RI�WKH�067�LV�D�ORZHU�ERXQG�RQ

WKH�OHQJWK�RI�WKH�RSWLPDO�WRXU�IRU�WKH�763��ZKLOH�WZLFH�LWV

OHQJWK�LV�DQ�XSSHU�ERXQG�RQ�WKH�OHQJWK�RI�WKH�RSWLPDO�763

WRXU��7KH�067�FDQ�EH�IRXQG�LQ�2�1
�
��>�@�

7KH� ),$� UHVXOWV� FRXOG� EH� LPSURYHG� E\� DSSO\LQJ� DQRWKHU

KHXULVWLF� DSSURDFK�� XVLQJ� WKH� GXDO� 1HDUHVW� ,QVHUWLRQ

$OJRULWKP��1,$��>�@��DQG�VHOHFWLQJ�WKH�EHVW�WRXU�IURP�WKH

UHVXOWV� RI� ERWK� DOJRULWKPV�� 7KH� DYHUDJH� SHUIRUPDQFH� RI

WKH�1,$�IRU�W\SLFDO�LQVWDQFHV�RI�WKH�763�LV�VLPLODU�WR�WKDW

RI� WKH� ),$�� 7KH� FRPSOH[LW\� RI� WKH� 1,$� LV� DOVR� 2�1
�
��

8VLQJ�ERWK�DOJRULWKPV�FDQ�JLYH�D�VRPHZKDW�EHWWHU�WRXU�LQ

VRPH�LQVWDQFHV�DW�WKH�H[SHQVH�RI�GRXEOLQJ�WKH�FRPSOH[LW\�

�� 352326('��,$��0(7+2'

7KH�VROXWLRQ�SURSRVHG�LQ�WKLV�SDSHU�LV�IRU�FDVHV�ZKHUH�WKH

³QDWXUDO´�,$�LV�QRW�JLYHQ��HLWKHU�EHFDXVH�WKH�FRGHERRN�ZDV

QRW� GHVLJQHG� E\� WKH� XVHU� RU� WKH� FRGHERRN� GHVLJQ� ZDV

SHUIRUPHG� E\�PHDQV� RWKHU� WKDQ� WKH� /%*� DOJRULWKP�� 7KH

SURSRVHG�PHWKRG�LV�WR�XVH�DQ�DSSUR[LPDWH�VROXWLRQ�RI�WKH

763� �6HFWLRQ� ���� ,Q� WKH� FDVHV� ZH� WHVWHG� WKH� UHVXOWLQJ

GLVWRUWLRQ�ZDV� RQO\� VOLJKWO\� KLJKHU� WKDQ� WKDW� REWDLQHG� E\

WKH�³QDWXUDO´�LQGH[�DVVLJQPHQW��7KLV�,$�FDQ�WKHQ�EH�XVHG

DV� LV�� RU� IXUWKHU� LPSURYHG� E\� DQ\� RI� WKH� LWHUDWLYH� ,$

PHWKRGV�PHQWLRQHG�LQ�6HFWLRQ���

� N M

� 7

� �D�

� N M

� 7

� �E�
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,W� LV� VKRZQ� LQ� >�@� WKDW�E\� VROYLQJ� WKH�763�RQH� FDQ� VROYH

WKH�³&RPSXWHU�:LULQJ�3UREOHP´�ZKLFK�LQ�RXU�FDVH�LV� WKH

SUREOHP�RI�RUGHULQJ��LQGH[LQJ��WKH�FRGHYHFWRUV�LQ�VXFK�D

ZD\� WKDW� WKH� VXP� RI� WKH� GLVWDQFHV� DORQJ� WKH� WRXU� LV

PLQLPDO�

� � PLQ�

�

�
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�

�

�
�� \\G ���

7KH�HIIHFWLYHQHVV�RI� WKH�SURSRVHG�PHWKRG� OLHV� LQ� WKH�IDFW

WKDW� DQ� RUGHULQJ� WKDW�PLQLPL]HV� � �¦
�

�
�
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�� \\G � WHQGV� WR

PLQLPL]H� � �¦ ¦� �
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� �

7KH� FRGHZRUG� JLYHQ� WR� HDFK� FRGHYHFWRU� LV� WKH� ELQDU\

UHSUHVHQWDWLRQ� RI� WKH� FRGHYHFWRU¶V� LQGH[� LQ� WKH� RUGHULQJ�

7KLV� RUGHULQJ� XVXDOO\� KDV� WZR� SURSHUWLHV� UHJDUGLQJ

FRGHYHFWRUV�ZLWK� FRGHZRUGV�KDYLQJ� D�+DPPLQJ�GLVWDQFH

RI���EHWZHHQ�WKHP��0LQLPDO�GLVWDQFH�EHWZHHQ�FRGHYHFWRUV

ZLWK� FRGHZRUGV� GLIIHUHQW� RQO\� LQ� WKH� /6%� DQG� D

PRQRWRQLFDOO\�LQFUHDVLQJ�GLVWDQFH�EHWZHHQ�FRGHYHFWRUV�DV

WKH�ELW�E\�ZKLFK�WKH�FRGHZRUGV�GLIIHU�PRYHV� WRZDUGV� WKH

06%��7KH�³QDWXUDO´�RUGHULQJ�RI�WKH�/%*�JHWV�LWV�VWUHQJWK

IURP� WKH� VDPH� SURSHUWLHV�� DQG� WKHUHIRUH� WKH� ),$� LV

H[SHFWHG�WR�JLYH�UHVXOWV�VLPLODU�WR�WKRVH�RI�WKH�/%*�EDVHG

RUGHULQJ�

$V�SUHYLRXVO\�PHQWLRQHG��WKH�FRPSOH[LW\�RI�WKH�),$�LV�RI

2�1
�
��� ,�H��� LW� LV� GHSHQGHQW� RQO\� RQ� WKH� VL]H� RI� WKH

FRGHERRN� DQG� QRW� RQ� WKH� GLVWULEXWLRQ� RI� LWV� FRGHYHFWRUV�

7KH�DFWXDO� UXQ� WLPH� LV� VLPLODU� IRU� GLIIHUHQW� FRGHERRNV�RI

WKH� VDPH� VL]H� DQG� LV� UHODWLYHO\� VKRUW�� 7KH� UXQ� WLPH� RI� D

QRQ�RSWLPL]HG� YHUVLRQ� RI� WKH� DOJRULWKP� LV� DERXW� ��� RI

WKDW�RI�WKH�%LQDU\�6ZLWFKLQJ�$OJRULWKP��%6$��DSSOLHG� WR

WKH�VDPH�FRGHERRN�

�� 6,08/$7,21�5(68/76

:H� WHVWHG� WKLV� PHWKRG� RQ� FRGHERRNV� RI� VL]H� �
�
� DQG� �

�

IURP�>�@��(DFK�FRGHERRN�FRQWDLQV�HLWKHU���GLPHQVLRQDO�RU

��GLPHQVLRQDO� FRGHYHFWRUV� SURGXFHG� E\� WKH� /%*

DOJRULWKP�IURP�/LQH�6SHFWUDO�)UHTXHQF\��/6)��YHFWRUV�RI

VSHHFK� >��@�� 7KH� GLVWDQFH� XVHG� ZDV� WKH� (XFOLGHDQ

GLVWDQFH�� 7KH� UHVXOWLQJ� GLVWRUWLRQ� ZDV� PHDVXUHG� DV� WKH

PHDQ� RI� WKH� VTXDUHG� GLVWDQFHV� EHWZHHQ� FRGHYHFWRUV

KDYLQJ�FRGHZRUGV�ZLWK�D�+DPPLQJ�GLVWDQFH�RI���EHWZHHQ

WKHP��)RU�WKHVH�FRGHERRNV�WKH�³QDWXUDO´�,$V�DUH�EHWWHU�E\

���G%�� RQ� DYHUDJH�� WKDQ� WKH� DYHUDJH� GLVWRUWLRQ� REWDLQHG

IRU����UDQGRP�,$¶V��7KH�SURSRVHG�PHWKRG� UHVXOWV� LQ� ,$V

ZLWK�D�GLVWRUWLRQ�KLJKHU� WKDQ� WKDW�RI� WKH�³QDWXUDO´� ,$V�E\

OHVV� WKDQ����G%��7KDW� LV�� WKH�763� VROXWLRQ� UHVXOWHG� LQ� DQ

LPSURYHPHQW�RI�DW� OHDVW����G%�RYHU� UDQGRP�DVVLJQPHQWV�

:KHQ�WKH�%6$�ZDV�DSSOLHG�WR�DQ\�RI�WKH�PHQWLRQHG�,$¶V�

WKH\�DOO�UHDFKHG�D�VLPLODU�OHYHO�RI�GLVWRUWLRQ��ZKLFK�DW�EHVW

LV����G%�EHORZ�WKDW�RI�WKH�LQLWLDO�³QDWXUDO´�,$�

)LJ����VKRZV�WKH�FRQYHUJHQFH�RI�WKH�%6$�IRU�D�FRGHERRN

RI� VL]H� �
�
� ZLWK� ��GLPHQVLRQDO� YHFWRUV�� 7KH� %6$� ZDV

LQLWLDOL]HG� E\� WKUHH� GLIIHUHQW� ,$V�� WKH� ³QDWXUDO´� ,$�� D

UDQGRP�,$�DQG�WKH�763�,$��,W�FDQ�EH�VHHQ�WKDW�WKH�LQLWLDO

763� ,$� KDV� D� GLVWRUWLRQ� PXFK� VPDOOHU� WKDQ� WKDW� RI� WKH

LQLWLDO�UDQGRP�,$�DQG�RQO\�VOLJKWO\�ELJJHU�WKDQ�WKDW�RI�WKH

LQLWLDO�³QDWXUDO´�,$��,W�LV�DOVR�HYLGHQW�WKDW�WKH�%6$�GRHVQ¶W

UHGXFH�PXFK�WKH�GLVWRUWLRQ�RI�ERWK�WKH�LQLWLDO�³QDWXUDO´�,$

DQG�WKH�LQLWLDO�763�,$�

)LJ���� VKRZV� WKH� WRWDO�GLVWRUWLRQ�RI� WKH� V\VWHP��TXDQWL]HU

DQG� FKDQQHO�� IRU� GLIIHUHQW� %LW� (UURU�5DWHV� �%(5��� 7KHVH

UHVXOWV�ZHUH�REWDLQHG�E\�HQFRGLQJ�DQG�GHFRGLQJ�D�VSHHFK

VHJPHQW� XVLQJ� D� 94� ZLWK� �
�
� YHFWRUV� RI� OHQJWK� ���� 7KH

YHFWRUV�ZHUH�JHQHUDWHG�E\� MRLQLQJ� WKH���GLPHQVLRQDO� DQG

��GLPHQVLRQDO� YHFWRUV� PHQWLRQHG� DERYH� >��@�� 7KH

GLVWRUWLRQ� LV� PHDVXUHG� DV� WKH� PHDQ� RI� WKH� VTXDUHG

GLVWDQFHV� EHWZHHQ� WKH� RULJLQDO� YHFWRUV� DQG� WKH� UHVWRUHG

RQHV��7KH�UHVXOWV�DUH�IRU�WKH�LQLWLDO�³QDWXUDO´�,$��WKH�LQLWLDO

763�,$�� WKH� LQLWLDO� UDQGRP�,$�DQG�IRU�DOO� WKHVH� ,$V�DIWHU

XVLQJ�WKH�%6$�RQ�WKHP��7KH�UHVXOWV�DIWHU�WKH�%6$�DUH�YHU\

VLPLODU�DQG�FRLQFLGH�LQ�)LJ����

)LJ�����&RQYHUJHQFH�RI�WKH�%6$�IRU�WKUHH�GLIIHUHQW

LQLWLDO�,$V��7KH�WRS�OLQH�LV�WKH�UDQGRP�,$��WKH�PLGGOH

OLQH�LV�WKH�763�,$�DQG�WKH�ERWWRP�RQH�LV�WKH�³QDWXUDO´

,$��7KH�GLVWRUWLRQ�LV�PHDVXUHG�DV�WKH�PHDQ�RI�WKH

VTXDUHG�GLVWDQFHV�EHWZHHQ�YHFWRUV�ZLWK�LQGLFHV�WKDW

KDYH�D�+DPPLQJ�GLVWDQFH�RI���EHWZHHQ�WKHP�

:H� VKRXOG� QRWH� WKDW� IRU� /6)� YHFWRUV� WKH� /RJ� 6SHFWUDO

'LVWDQFH� �/6'�� LV� PRUH� DSSURSULDWH� WKDQ� WKH� (XFOLGHDQ

GLVWDQFH��7KH�SURSRVHG�PHWKRG� VKRXOG�ZRUN� DOVR� IRU� WKH

/6'�VLQFH�LW�VDWLVILHV�WKH�WULDQJOH�LQHTXDOLW\�>�@�

�� &21&/86,21

7KH� SURSRVHG� DOJRULWKP�� ZKLFK� LV� EDVHG� RQ� DQ

DSSUR[LPDWH� VROXWLRQ� RI� WKH� 763�� LV� D� VLPSOH� DQG� IDVW

PHWKRG�IRU�JHQHUDWLQJ�D�JRRG�,$�ZKHQ�D�³QDWXUDO´�,$��DV
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REWDLQHG� IURP� WKH�/%*�VSOLWWLQJ� DOJRULWKP�� LV� QRW� JLYHQ�

7KH�SHUIRUPDQFH�RI�WKLV�,$�LV�VXEVWDQWLDOO\�EHWWHU�WKDQ�WKDW

RI� DQ� DYHUDJH� UDQGRP� ,$� DQG� LWV� FRPSXWDWLRQDO� ORDG� LV

PXFK� VPDOOHU� WKDQ� WKDW� RI� WKH�%6$� RU� RWKHU� LWHUDWLYH� ,$

PHWKRGV�DSSOLHG�WR�DQ�LQLWLDO�UDQGRP�,$�

)LJ�����7KH�WRWDO�GLVWRUWLRQ�RI�WKH�V\VWHP��TXDQWL]HU

DQG� FKDQQHO�� DV� D� IXQFWLRQ� RI� %(5� IRU� IRXU

GLIIHUHQW� ,$V�� 7KH� WRS� OLQH� LV� WKH� UDQGRP� ,$�� WKH

PLGGOH� OLQH� LV� WKH�763� ,$��7KH�ERWWRP� OLQH� LV� WKH

³QDWXUDO´� ,$� DQG� WKH� GRWV� DUH� WKH� ,$V� DIWHU� %6$�

'LVWRUWLRQ�LV�PHDVXUHG�DV�WKH�PHDQ�RI� WKH�VTXDUHG

GLVWDQFH� EHWZHHQ� WKH� RULJLQDO� YHFWRUV� DQG� WKH

UHVWRUHG�RQHV�

5()(5(1&(6

�>�@�6��6DKQL��7��*RQ]DOH]��³3�FRPSOHWH�DSSUR[LPDWLRQ

SUREOHPV´��-RXUQDO�RI�WKH�$VVRFLDWLRQ�RI�&RPSXWLQJ

0DFKLQHU\��YRO������SS����������������

>�@�3�0��3DUGDORV��)��5HQGO��+��:RONRZLF]��³7KH

4XDGUDWLF�$VVLJQPHQW�3UREOHP��$�6XUYH\�DQG�5HFHQW

'HYHORSPHQWV´��',0$&6�6HULHV�LQ�'LVFUHWH

0DWKHPDWLFV�DQG�7KHRUHWLFDO�&RPSXWHU�6FLHQFH��YRO�

���������

>�@�.��=HJHU�DQG�$��*HUVKR��³3VHXGR�*UD\�&RGLQJ´�

,(((�7UDQV��&RPPXQ���YRO��&RP�����1R������SS�

�����������'HF�������

>�@�1��)DUYDUGLQ��³$�6WXG\�RI�9HFWRU�4XDQWL]DWLRQ�IRU

1RLV\�&KDQQHOV´��,(((�7UDQV��,QIRUP��7KHRU\��YRO�

����1R�����SS�����������-XO\������

>�@�3��.QDJHQKMHOP��³7KH�+DGDPDUG�7UDQVIRUP�±�$�7RRO

IRU�,QGH[�$VVLJQPHQW´��,(((�7UDQV��,QIRUP��7KHRU\�

YRO������1R�����SS�������������-XO\������

>�@�1�7��&KHQJ�DQG�1�.��.LQJVEXU\��³5REXVW

]HUR�UHGXQGDQF\�YHFWRU�TXDQWL]DWLRQ�IRU�QRLV\

FKDQQHOV�´�LQ�3URF��,(((�LQW��&RQI��2Q

&RPPXQLFDWLRQ��%RVWRQ��0$��SS�������������-XQH

�����

>�@�<��/LQGH��$��%X]R�DQG�5�0��*UD\��³$Q�$OJRULWKP�IRU

9HFWRU�4XDQWL]HU�'HVLJQ�´�,(((�7UDQV��&RPPXQ��

YRO��&RP�����QR�����SS���������-DQXDU\������

>�@�(�/��/DZOHU�HW�DO���HG���7KH�7UDYHOLQJ�6DOHVPDQ

3UREOHP��$�*XLGHG�7RXU�RI�&RPELQDWRULDO

2SWLPL]DWLRQ��,QWHUVFLHQFH�6HULHV�LQ�'LVFUHWH

0DWKHPDWLFV��1HZ�<RUN��:LOH\�������

>�@�5��0D\UHQFK��³/RZ�%LW�5DWH�6SHHFK�&RGLQJ�8VLQJ

-RLQW�6HJPHQWDWLRQ�DQG�9HFWRU�4XDQWL]DWLRQ´��0�6F�

7KHVLV��LQ�+HEUHZ���7HFKQLRQ��((�'HSW��-DQ�������

>��@�5��0D\UHQFK�DQG�'��0DODK��³/RZ�%LW�5DWH�6SHHFK

&RGLQJ�8VLQJ�4XDQWL]DWLRQ�RI�9DULDEOH�/HQJWK

6HJPHQWV´��(XURVSHHFK�����%XGDSHVW��+XQJDU\��SS�

�����������6HS�������

>��@�5��0D\UHQFK�DQG�'��0DODK���&RGHERRN�GHVLJQ

FRQVLGHUDWLRQV�IRU�ORZ�ELW�UDWH�VSHHFK�FRGLQJ�XVLQJ

MRLQW�VHJPHQWDWLRQ�TXDQWL]DWLRQ�����VW�,(((

&RQYHQWLRQ�RI�WKH�(OHFWULFDO�DQG�(OHFWURQLF�(QJLQHHUV

LQ�,VUDHO
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