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 6RSKLH DQG :LOOLDP 6KDPEDQ 3URIHVVRU RI $HURVSDFH (QJLQHHULQJ�

0HPEHU� 7HFKQLRQ $VKHU 6SDFH 5HVHDUFK ,QVWLWXWH� ,((( )HOORZ� $,$$ )HOORZ�

7KLV UHVHDUFK ZDV VXSSRUWHG E\ 7+( ,65$(/ 6&,(1&( )281'$7,21

IRXQGHG E\ 7KH ,VUDHO $FDGHP\ RI 6FLHQFHV DQG +XPDQLWLHV ± 7KH -DFN $GOHU )RXQGDWLRQ�
i $GMXQFW 6HQLRU 7HDFKLQJ )HOORZ� /DG\ 'DYLV 9LVLWLQJ 6FLHQWLVW� 2Q 6DEEDWLFDO OHDYH IURP 5$)$(/�

3�2�%� ����� 'HSW� ��� +DLID ������ ,VUDHO�

$EVWUDFW

7KLV SDSHU GLVFXVVHV DOJRULWKPV IRU DWWLWXGH

GHWHUPLQDWLRQ XVLQJ *36 GLIIHUHQWLDO SKDVH PHDVXUHPHQWV�

DVVXPLQJ WKDW WKH F\FOH LQWHJHU DPELJXLWLHV DUH NQRZQ� 7KH

SUREOHP RI DWWLWXGH GHWHUPLQDWLRQ LV SRVHG DV D SDUDPHWHU

RSWLPL]DWLRQ SUREOHP ZKHUH D QHZ TXDWHUQLRQ�EDVHG FRVW

IXQFWLRQ LV XVHG� 8QOLNH WKH FRVW IXQFWLRQ DVVRFLDWHG ZLWK WKH

YHFWRUL]HG PHDVXUHPHQWV� WKH QHZ FRVW IXQFWLRQ LV QRW D VLPSOH

TXDGUDWLF IRUP DQG WKHUHIRUH 'DYHQSRUW¶V T�0HWKRG LV QRW

DSSOLFDEOH LQ WKLV FDVH� 7KUHH DOJRULWKPV IRU ILQGLQJ WKH RSWLPDO

TXDWHUQLRQ DUH GHULYHG� WZR RI ZKLFK DUH GLVFUHWH� 7KH WKLUG RQH LV

D FRQWLQXRXV YHUVLRQ RI WKH 1HZWRQ�5DSKVRQ DOJRULWKP� 7KLV

FRQWLQXRXV YHUVLRQ LV QHZ DQG KDV D JXDUDQWHHG H[SRQHQWLDO

FRQYHUJHQFH WR WKH FORVHVW ORFDO PLQLPXP ORFDWHG RQ WKH JUDGLHQW

GLUHFWLRQ LQ UHJLRQV ZKHUH WKH DVVRFLDWHG +HVVLDQ PDWUL[ LV

SRVLWLYH GHILQLWH� 7KH DOJRULWKPV SUHVHQWHG LQ WKLV SDSHU FDQ

KDQGOH FDVHV RI SODQDU DQWHQQD DUUD\V DQG WKXV FRYHU D GHILFLHQF\

LQ HDUOLHU DOJRULWKPV� 7KH HIILFLHQF\ RI WKH QHZ DOJRULWKPV LV

GHPRQVWUDWHG WKURXJK QXPHULFDO H[DPSOHV�

,� ,1752'8&7,21

$WWLWXGH GHWHUPLQDWLRQ XVLQJ *36 FDUULHU VLJQDOV KDV

EHHQ JLYHQ D FRQVLGHUDEOH DWWHQWLRQ LQ WKH ODVW GHFDGH���� 0XFK

DWWHQWLRQ ZDV JLYHQ WR FRQFHSW� KDUGZDUH� DQG DOJRULWKP

GHYHORSPHQW DV ZHOO DV WR WHVWLQJ� $OJRULWKPV IRU *36 DWWLWXGH

GHWHUPLQDWLRQ JLYHQ GLIIHUHQWLDO SKDVH PHDVXUHPHQWV FDQ EH

EURNHQ LQWR LQWHJHU UHVROXWLRQ DQG DWWLWXGH FDOFXODWLRQV� 6HYHUDO

PHWKRGV IRU LQWHJHU UHVROXWLRQ DUH SUHVHQWHG LQ WKH OLWHUDWXUH �VHH

H�J� 5HIV� � DQG ��� ,Q WKLV ZRUN ZH DVVXPH WKDW WKH LQWHJHU

DPELJXLW\ LV VROYHG DQG ZH DUH FRQFHUQHG RQO\ ZLWK DWWLWXGH

FDOFXODWLRQ� 7KH SUREOHP RI DWWLWXGH GHWHUPLQDWLRQ FDQ EH

H[SUHVVHG DV WKH SUREOHP RI PLQLPL]LQJ WKH IROORZLQJ FRVW

IXQFWLRQ ZLWK UHVSHFW WR WKH DWWLWXGH PDWUL[
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7KH FRVW IXQFWLRQ LV GHILQHG IRU Q VDWHOOLWHV DQG D SODQDU DUUD\ RI �

DQWHQQDH ZKHUH LV LV D XQLW YHFWRU LQ WKH GLUHFWLRQ RI DQ REVHUYHG

*36 VDWHOOLWH� ZKLFK LV GHVLJQDWHG DV VDWHOOLWH QXPEHU L� H LV WKH

UHIHUHQFH �HDUWK� FRRUGLQDWH V\VWHP LQ ZKLFK LV LV UHVROYHG� D LV

WKH ERG\ FRRUGLQDWH V\VWHP� MD LV WKH
WK
M D[LV RI WKH ODWWHU

V\VWHP�
H
D' LV WKH WUDQVIRUPDWLRQ PDWUL[ IURP H WR D� DQG ML% LV

WKH SURFHVVHG SKDVH PHDVXUHPHQW� ZKLFK LV GHILQHG DV WKH

SURMHFWLRQ RI VL� WKH XQLW YHFWRU WR VDWHOOLWH L� RQ WKH ERG\

FRRUGLQDWH V\VWHP D[LV M� 7KH WUDQVSRVH LV GHQRWHG E\ 7 DQG LS LV

D QRUPDOL]HG ZHLJKW JLYHQ WR WKH PHDVXUHPHQW UHODWHG WR WKH
WK
L

VDWHOOLWH� ZKHUH ¦
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�S � ,W LV DVVXPHG WKDW WKH FRPSRQHQWV

RI LV LQ H DUH NQRZQ� 1RWH WKDW ZH DUH FRQVLGHULQJ D SODQDU

SUREOHP LQ ZKLFK RQO\ WZR FRPSRQHQWV RI % DUH PHDVXUHG IRU

HDFK VDWHOOLWH� 7KHVH FRPSRQHQWV DUH WKH SURMHFWLRQV RI SURFHVVHG

SKDVH PHDVXUHPHQWV RQ WKH ERG\ FRRUGLQDWH D[HV

,W ZDV VKRZQ� LQ WKH SDVW WKDW WKH SKDVH PHDVXUHPHQWV

FRXOG HDVLO\ EH FRQYHUWHG LQWR YHFWRU PHDVXUHPHQWV� DQG WKHQ WKH

OHDVW VTXDUHV ILW FRXOG EH IRXQG XVLQJ RQH RI WKH DYDLODEOH

DOJRULWKPV OLNH 48(67� $QRWKHU SRVVLEOH DSSURDFK LV EDVHG RQ D

OHDVW VTXDUHV ILW RI WKH DWWLWXGH TXDWHUQLRQ WR WKH EDVLF *36 SKDVH

PHDVXUHPHQWV� )ROORZLQJ WKLV DSSURDFK� WKH FRVW IXQFWLRQ FDQ EH

H[SUHVVHG DV D IXQFWLRQ RI WKH TXDWHUQLRQ RI URWDWLRQ� 7KLV ZDV

PRWLYDWHG E\ WKH VXFFHVV DWWDLQHG LQ TXDWHUQLRQ ILWWLQJ WR YHFWRU

PHDVXUHPHQWV� ZKLFK ZDV DFKLHYHG XVLQJ WKH T�0HWKRG VROXWLRQ�

+RZHYHU� XQOLNH WKH FDVH RI YHFWRU PHDVXUHPHQWV� ZKHUH WKH FRVW

IXQFWLRQ UHGXFHV WR D TXDGUDWLF IRUP RI D V\PPHWULF PDWUL[� LQ WKH

FDVH RI SKDVH PHDVXUHPHQWV� WKH FRVW IXQFWLRQ LV D VXP RI TXDUWLF

IRUPV� 7KHUHIRUH WKH T�0HWKRG VROXWLRQ LV QRW DSSOLFDEOH LQ WKLV

FDVH� $ SRVVLEOH VROXWLRQ WR WKH SUREOHP RI ILQGLQJ WKH RSWLPDO

TXDWHUQLRQ� ZKLFK PLQLPL]HV WKLV FRVW IXQFWLRQ� LV DQ LWHUDWLYH

RQH� ,QGHHG� VXFK D VROXWLRQ ZDV SUHVHQWHG LQ WKH OLWHUDWXUH�� 7KDW

VROXWLRQ XVHG WKH JUDGLHQW SURMHFWLRQ WHFKQLTXH WR GHYHORS D

VWHHSHVW GHVFHQW VHDUFK IRU WKH ORFDO PLQLPXP RI WKH FRVW

IXQFWLRQ� ,W ZDV IRXQG WKDW WKLV LWHUDWLYH SURFHVV FRQYHUJHG

VORZO\� 7KHUHIRUH D IDVWHU FRQYHUJLQJ DOJRULWKP ZDV VRXJKW LQ WKH

SUHVHQW ZRUN�

,,� $77,78'( '(7(50,1$7,21 86,1* *36

9(&725,=(' 2%6(59$7,216

6HYHUDO HIILFLHQW DOJRULWKPV IRU DWWLWXGH GHWHUPLQDWLRQ

EDVHG RQ D OHDVW VTXDUHV ILW RI WKH DWWLWXGH WR YHFWRU PHDVXUHPHQWV

ZHUH LQWURGXFHG LQ WKH SDVW� 7R PDNH XVH RI WKHVH DOJRULWKPV� WKH



SKDVH PHDVXUHPHQWV KDYH WR EH FRQYHUWHG LQWR YHFWRU

PHDVXUHPHQWV LQ WKH ERG\ FRRUGLQDWH V\VWHP DV IROORZV�
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1RWH WKDW WKH WKLUG FRPSRQHQW RI VLD LV FKRVHQ WR EH WKH SRVLWLYH

URRW RI WKH H[SUHVVLRQ LQ SDUHQWKHVHV� 7KLV ZDV GRQH VLQFH RQO\

WKH VLJQDOV RI WKRVH *36 VDWHOOLWHV ZKLFK DUH DERYH WKH DQWHQQD

SODQH� DQG WKXV LQ WKH SRVLWLYH GLUHFWLRQ RI WKH �D D[LV� DUH

UHFHLYHG E\ WKH DQWHQQDH� 7KH YHFWRU VLD� UHVROYHG LQ HDUWK

UHIHUHQFH FRRUGLQDWHV� LV GHQRWHG E\ VLH� ZKLFK LV HTXLYDOHQW WR VL�

7KH ODWWHU LV HDVLO\ FRPSXWHG VLQFH ERWK WKH VDWHOOLWH DQG WKH

YHKLFOH SRVLWLRQV DUH NQRZQ LQ HDUWK FRRUGLQDWHV� :LWK WKH SDLUV

VLD� VLH RQ KDQG� Q����L � � RQH FDQ UHSODFH (T� ��� E\ WKH

IROORZLQJ FRVW IXQFWLRQ LQWURGXFHG E\ :DKED�
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DQG XVH 48(67�� VLPLODU DOJRULWKPV WKDW XVH WKH T�0HWKRG�� RU

RWKHU DOJRULWKPV� WR REWDLQ D ZHLJKWHG OHDVW VTXDUHV DWWLWXGH

TXDWHUQLRQ ILW ZKLFK PLQLPL]HV 
U � )RU WKH VDNH RI FRPSDULVRQ

EHWZHHQ 48(67� ZKLFK RSHUDWHV RQ PHDVXUHG YHFWRUV DQG WKH

DOJRULWKPV WKDW ZLOO EH GHYHORSHG ODWHU� ZKLFK RSHUDWH RQ SKDVH

PHDVXUHPHQWV� D VKRUW GHVFULSWLRQ RI 48(67 LV JLYHQ QH[W�

6LQFH
H
D' LV D NQRZQ IXQFWLRQ RI WKH DWWLWXGH TXDWHUQLRQ� T� WKHQ
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T ZKLFK PD[LPL]HV WKH FRVW IXQFWLRQ
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7KH PDWUL[ , LV WKH WKLUG RUGHU LGHQWLW\ PDWUL[� ,W WXUQV RXW WKDW T


LV WKH HLJHQYHFWRU ZKLFK FRUUHVSRQGV WR WKH ODUJHVW HLJHQYDOXH RI

.� 48(67� LV DQ DOJRULWKP ZKLFK \LHOGV WKLV T
�
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ZKHUH RQH ZLVKHV WR ILQG
H
D' ZKLFK PLQLPL]HV �'�

H
DU � 1RWH

WKDW LQ FRQWUDVW WR (T� ��� ZKHUH WKH FRVW ��Z T ZDV IRUPXODWHG DV

D IXQFWLRQ RI YHFWRU PHDVXUHPHQWV� KHUH WKH FRVW IXQFWLRQ LV EDVHG

RQ WKH UDZ SKDVH PHDVXUHPHQWV� 6LQFH� DV PHQWLRQHG HDUOLHU�
H
D'

LV D NQRZQ IXQFWLRQ RI WKH DWWLWXGH TXDWHUQLRQ T� WKHQ �'�
H
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FDQ EH UHSODFHG E\ -�T� ZKHUH
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,Q RUGHU WR IDFLOLWDWH WKH VHDUFK IRU WKH TXDWHUQLRQ T
 ZKLFK

PLQLPL]HV -�T� WKH ODWWHU LV QRZ FRQYHUWHG LQWR D IXQFWLRQ RI D

TXDUWLF TXDWHUQLRQ IRUP� 7R PHHW WKLV HQG GHILQH
7
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2EYLRXVO\� WKH SUREOHP RI ILQGLQJ WKH PDWUL[
H
D' ZKLFK

PLQLPL]HV �'�
H
DU � GHILQHG LQ (T� ���� KDV EHHQ WUDQVIRUPHG LQWR

ILQGLQJ T WKDW PLQLPL]HV -�T� RI HLWKHU (T� ���� RU (T� �����

8QIRUWXQDWHO\ -�T�� LV TXDUWLF LQ T ZKHUHDV WKH FRVW IXQFWLRQ

ZKLFK KDV WR EH RSWLPL]HG ZKHQ VROYLQJ :DKED¶V SUREOHP LV RQO\

TXDGUDWLF LQ T� )RU WKLV UHDVRQ WKH T�0HWKRG� VROXWLRQ LV QRW

VXLWDEOH LQ WKH SUHVHQW FDVH� 2QH QHHGV WR XVH VRPH RWKHU PHWKRGV

IRU PLQLPL]LQJ -�T�� $Q LWHUDWLYH VROXWLRQ ZDV VXJJHVWHG�� ZKLFK

ZDV EDVHG RQ WKH JUDGLHQW SURMHFWLRQ WHFKQLTXH�� 7KDW DOJRULWKP

FRQYHUJHG TXLWH VORZO\ WKHUHIRUH IDVWHU DOJRULWKPV ZHUH VRXJKW�
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7KHQ� WKH TXDUWLF FRVW IXQFWLRQ RI (T� ���� FDQ EH ZULWWHQ DV

TTTT ��&��-
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:H ZLVK WR PLQLPL]H - ZLWK UHVSHFW WR T ZKHUH WKH ODWWHU KDV WR

VDWLVI\ WKH QRUPDOLW\ FRQVWUDLQW
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7R DFFRPSOLVK WKLV� GHILQH WKH IROORZLQJ /DJUDQJH IXQFWLRQ
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7KH T� ZKLFK� PLQLPL]HV - VXEMHFW WR WKH FRQVWUDLQW RQ T� DV ZHOO

DV WKH /DJUDQJH PXOWLSOLHU� O� DUH VWDWLRQDU\ SRLQWV RI /� WKHUHIRUH

WKH\ VDWLVI\ WKH HTXDWLRQV
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:KHQ SHUIRUPLQJ WKH GLIIHUHQWLDWLRQ DQG DIWHU VRPH HODERUDWH

PDQLSXODWLRQV RQH REWDLQV WKH IROORZLQJ FRUUHVSRQGLQJ

HTXDWLRQV��
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ZKHUH ��O�� DQG
�

T � (TV� ���� DQG ���� GHILQH D VHW RI �

QRQOLQHDU DOJHEUDLF HTXDWLRQV� 7KH VRXJKW T
 VDWLVILHV WKHVH

HTXDWLRQV ZKLFK GHWHUPLQH D QHFHVVDU\ FRQGLWLRQ IRU T
 WR EH D

PLQLPXP� 2EVHUYH WKDW ���-��&
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7KH QDWXUH RI (TV� ���� DQG ���� FDOOV IRU DQ LWHUDWLYH

VROXWLRQ� 2QH VXFK VROXWLRQ WKDW LPPHGLDWHO\ FRPHV WR PLQG LV

WKH IROORZLQJ� *XHVV DQ LQLWLDO T DQG XVH LW LQ (T� ���� WR

FRPSXWH &� 7KHQ� ILQG WKH HLJHQYDOXHV DQG HLJHQYHFWRUV RI &� ,W

ZDV VKRZQ LQ 5HI� �� WKDW - LV PLQLPDO ZKHQ T LV WKH XQLW

HLJHQYHFWRU� ZKLFK FRUUHVSRQGV WR WKH VPDOOHVW HLJHQYDOXH RI &�

7KHUHIRUH VHOHFW WKLV HLJHQYHFWRU RI & DQG XVH LW DV T IRU WKH

IROORZLQJ LWHUDWLRQ� 7KLV DOJRULWKP� KRZHYHU� LV SUREOHPDWLF�

([SHULPHQWV VKRZHG WKDW LWV FRQYHUJHQFH ZDV VORZ DQG QHDU WKH

HQG LW DOWHUQDWHG EHWZHHQ WZR YDOXHV� QRQH RI ZKLFK LV WKH FRUUHFW

VROXWLRQ��� ,W ZDV REVHUYHG� KRZHYHU� WKDW WKH WZR YDOXHV ZHUH

DOPRVW V\PPHWULF DERXW WKH FRUUHFW VROXWLRQ� 7KHUHIRUH WKH

DOJRULWKP ZDV PRGLILHG LQ WKH IROORZLQJ ZD\� 7KH VROXWLRQV

REWDLQHG IURP WZR VXFFHVVLYH LWHUDWLRQV ZHUH DYHUDJHG� 7KH

DYHUDJH VROXWLRQ ZDV WKHQ IHG LQWR WKH LWHUDWLYH DOJRULWKP� ZKLFK

ZDV UXQ WZLFH DJDLQ� 7KH UHVXOWV RI WKHVH WZR LWHUDWLRQV ZHUH

DYHUDJHG DJDLQ DQG VR RQ�

$ VWHS�E\�VWHS GHVFULSWLRQ RI WKH DOJRULWKP LV DV IROORZV�

�� *XHVV NT � DQG VHW ��N  

�� &RPSXWH ���& NN T

�� )LQG WKH HLJHQYDOXHV DQG HLJHQYHFWRUV RI ���& NN T

�� 6HW �N�T WR WKH HLJHQYHFWRU FRUUHVSRQGLQJ WR WKH

VPDOOHVW HLJHQYDOXH RI ���& NN T

�� *R RQFH PRUH WR 6WHS �� UHSHDW 6WHSV � DQG ��

�� 5HSODFH �N�T E\ WKH DYHUDJH RI WKH ODVW WZR �N�T ¶V�

�� ,I Gd�
� N�N TT ZKHUH G LV D SUH�GHWHUPLQHG

FRQVWDQW� WKHQ VWRS� RWKHUZLVH LQFUHDVH WKH DUJXPHQW E\

� DQG JR EDFN WR VWHS ��
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:KHQ FRQYHUJHQFH RFFXUV WKH ILUVW IRXU HOHPHQWV RI [ FRQVWLWXWH

WKH VRXJKW T� 2EVHUYH WKDW ��- N
�
[
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H[LVWV LQ WKH FDVH RI D SODQDU

DUUD\ RI DQWHQQDH ZLWK DW OHDVW � QRQSDUDOOHO EDVHOLQHV DQG ZLWK

PHDVXUHPHQWV IURP DW OHDVW � VDWHOOLWHV� $OVR REVHUYH WKDW

��  O FDQ EH XVHG WR LQLWLDOL]H WKH DOJRULWKP QHDU WKH PLQLPXP

SRLQW�

7KH GLVFUHWH 1HZWRQ�5DSKVRQ DOJRULWKP����� UHTXLUHV WKDW WKH

LQLWLDO SRLQW �[ EH DW WKH YLFLQLW\ RI WKH ORFDO PLQLPXP� DQG WKDW

WKH +HVVLDQ PDWUL[� ��- N[ � DW WKDW SRLQW EH SRVLWLYH GHILQLWH� ,Q

JHQHUDO� WKH +HVVLDQ PDWUL[ PD\ EH QRQ�SRVLWLYH GHILQLWH�

WKHUHIRUH WKH H[HFXWHG VHDUFK GLUHFWLRQ ZLOO QRW QHFHVVDULO\ EH D

GHVFHQGLQJ RQH� 0RUHRYHU� WKH +HVVLDQ PDWUL[ PD\ EH VLQJXODU

DQG WKHQ LWV LQYHUVH GRHV QRW H[LVW�

1RWLFH WKDW QHDU WKH PLQLPXP SRLQW D FRQYHUJHQFH RI RUGHU � LV

DFKLHYHG IRU D TXDGUDWLF DSSUR[LPDWLRQ RI WKH IXQFWLRQ WR EH

PLQLPL]HG� ,Q WKH FDVH ZKHUH WKH IXQFWLRQ LV HVVHQWLDOO\ GLIIHUHQW

IURP WKDW DSSUR[LPDWLRQ� WKH LWHUDWLYH VHDUFK PD\ ZDQGHU DQG

HYHQ GLYHUJH� $OWKRXJK LQ WKH GLVFXVVHG FDVH WKH H[LVWHQFH RI

��- N
�
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LV JXDUDQWHHG� RQH FDQQRW JXDUDQWHH WKH SUHYHQWLRQ RI D

ZDQGHULQJ VHDUFK RU� D FRQYHUJHQFH WR D QRQ�GHVLUHG SRLQW� ZKLFK

LV QRW LQ WKH YLFLQLW\ RI WKH LQLWLDO SRLQW �[ � 7KH H[DPSOH LQ WKH

QH[W VHFWLRQ GHPRQVWUDWHV VXFK D VLWXDWLRQ� ,W LV SRVVLEOH�

KRZHYHU� WR GHYLVH 1HZWRQ DOJRULWKPV� LQYROYLQJ VHFRQG RUGHU

GHULYDWLYHV WKDW SRVVHVV ORFDO TXDGUDWLF FRQYHUJHQFH TXDOLW\

ZLWKRXW WKH DIRUHPHQWLRQHG GLVDGYDQWDJHV� 6XFK DQ DOJRULWKP LV

SUHVHQWHG QH[W�

9,�� 7KH &RQWLQXRXV 1HZWRQ�5DSKVRQ $OJRULWKP
7KH QHZ DOJRULWKP LV EDVHG RQ WKH JUDGLHQW IORZ

FRQFHSW��� 7KLV 1HZWRQ�5DSKVRQ JUDGLHQW IORZ DOJRULWKP

FRQYHUJHV IDVW LQ DQ H[SRQHQWLDO PDQQHU IURP HYHU\ LQLWLDO

FRQGLWLRQ� ,W LV� LQ IDFW� D FRQWLQXRXV YHUVLRQ RI WKH

1HZWRQ�5DSKVRQ DOJRULWKP EDVHG RQ D VROXWLRQ RI DQ RUGLQDU\

GLIIHUHQWLDO HTXDWLRQ �2'(�� 7KH VWHDG\ VWDWH VROXWLRQ RI WKH

DVVRFLDWHG 2'( LV WKH GHVLUHG VROXWLRQ RI WKH QRQOLQHDU DOJHEUDLF

HTXDWLRQ� 0RUHRYHU� DV ZLOO EH VKRZQ ODWHU� WKH LWHUDWLYH

1HZWRQ�5DSKVRQ DOJRULWKP LV D VSHFLDO FDVH RI WKH FRQWLQXRXV

YHUVLRQ REWDLQHG E\ D VSHFLDO VHOHFWLRQ RI WKH LQWHJUDWLRQ VWHS

XVLQJ WKH (XOHU LQWHJUDWLRQ VFKHPH�
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��� 2EVHUYH WKDW �o[� DV �oI � 7KHUHIRUH



[ ZKLFK

VDWLVILHV ���

  [I LV WKH DV\PSWRWLF VROXWLRQ RI WKH GLIIHUHQWLDO

HTXDWLRQ DVVRFLDWHG ZLWK [ �

��� /HW [� GHILQH D VPRRWK YHFWRU ILHOG RQ
Q� � $VVXPH WKDW
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LV WKH DVVRFLDWHG HTXLOLEULXP SRLQW� /HW
Q��: EH D FRPSDFW

QHLJKERUKRRG RI



[ � 7KHQ Y LV D /\DSXQRY IXQFWLRQ RQ : DQG
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2EVHUYH WKDW D VHOHFWLRQ RI WKH LQWHJUDWLRQ VWHS DV
K
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�

W OHDGV

WR WKH ZHOO�NQRZQ LWHUDWLYH 1HZWRQ�5DSKVRQ DOJRULWKP RI

(T� �����

9,,� (;$03/(6

,Q WKLV VHFWLRQ ZH XVH WKH DOJRULWKPV GLVFXVVHG LQ WKH

SUHFHGLQJ VHFWLRQV WR VROYH WKH VDPH SUREOHP� 7KH ILUVW VROXWLRQ

XVHV WKH 9HFWRUL]HG 3KDVH 0HDVXUHPHQWV DOJRULWKP ZKHUH WKH

SKDVH PHDVXUHPHQWV DUH FRQYHUWHG WR YHFWRU PHDVXUHPHQWV DQG

48(67 LV XVHG WR REWDLQ



T � 7KH VHFRQG VROXWLRQ XVHV WKH

,WHUDWLYH (LJHQSUREOHP DOJRULWKP� 1H[W WKH SUREOHP LV VROYHG

XVLQJ WKH 'LVFUHWH 1HZWRQ�5DSKVRQ DOJRULWKP� :H VKRZ WKDW

HYHQ WKRXJK WKH LQLWLDO JXHVV RI WKH TXDWHUQLRQ LV WKH VDPH DV WKH

RQH XVHG E\ WKH (LJHQSUREOHP DOJRULWKP� WKH DOJRULWKP VHWWOHV RQ

WKH ZURQJ TXDWHUQLRQ� ,Q IDFW WKDW TXDWHUQLRQ \LHOGV D ORFDO

PD[LPXP UDWKHU WKDQ WKH GHVLUHG PLQLPXP� )ROORZLQJ WKH IDLOXUH

RI WKLV DOJRULWKP ZH VROYH WKH SUREOHP XVLQJ WKH &RQWLQXRXV

1HZWRQ�5DSKVRQ DOJRULWKP DQG VKRZ WKDW WKLV DOJRULWKP

FRQYHUJHV WR WKH FRUUHFW VROXWLRQ HYHQ ZKHQ XVLQJ WKH VDPH LQLWLDO

TXDWHUQLRQ� :H DOVR VKRZ WKDW ZKHQ ZH VWDUW WKH 'LVFUHWH

1HZWRQ�5DSKVRQ DOJRULWKP ZLWK DQ LQLWLDO JXHVV FORVHU WR WKH

FRUUHFW VROXWLRQ WKH DOJRULWKP FRQYHUJHV�

9,,�� 3UREOHP 6WDWHPHQW
*LYHQ DUH ILYH *36 VDWHOOLWHV� ZKLFK DUH XVHG WR

JHQHUDWH WKH PHDVXUHPHQWV� 7KH YHFWRUV LV � ������L � DUH

WKH XQLW YHFWRUV WR WKHVH VDWHOOLWHV� ,Q WKH UHIHUHQFH FRRUGLQDWH

V\VWHP WKH\ KDYH WKH IROORZLQJ YDOXHV�
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6HFWLRQ ,�� 7KXV
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7KH FRUUHVSRQGLQJ (XOHU DQJOHV RI WKLV DWWLWXGH DUH
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ZKHUH WKH RUGHU RI URWDWLRQV LV ³�����´�)RU WKLV JHRPHWU\ WKH

QRPLQDO SKDVH PHDVXUHPHQWV DUH
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7KH FRUUXSWHG SKDVH PHDVXUHPHQWV DUH JHQHUDWHG XVLQJ ]HUR

PHDQ *DXVVLDQ HUURU� 7KH VWDQGDUG GHYLDWLRQV RI WKH HUURU

DVVRFLDWHG ZLWK HDFK RI WKH ILYH VDWHOOLWHV DUH

�����  V �����  V �����  V �����  V �����  V

7KH HUURUV WKHPVHOYHV DUH HUURUV LQ ML% � WKH SURMHFWLRQ RI LV � WKH

XQLW YHFWRU WR VDWHOOLWH L� RQ WKH ERG\ FRRUGLQDWH V\VWHP D[LV M� :H

ZLVK WR ILQG WKH TXDWHUQLRQ WKDW PLQLPL]HV WKH FRVW IXQFWLRQ

GHILQHG LQ (T� ���� �VHH DOVR (T� ���� 7KH ZHLJKWV
L

S XVHG LQ (TV�

��� DQG ���� DUH FDOFXODWHG YLD WKH UHODWLRQV

9,,�� $WWLWXGH (VWLPDWLRQ 8VLQJ 9HFWRUL]HG 3KDVH

0HDVXUHPHQWV
:KHQ YHFWRUL]LQJ WKH QRLVH IUHH QRPLQDO SKDVH

PHDVXUHPHQWV DFFRUGLQJ WR (T� ���� DQG XVLQJ 48(67 WR

FRPSXWH WKH RSWLPDO TXDWHUQLRQ T
� WKH DFKLHYHG DFFXUDF\ LV
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7KH VDPH FRPSXWDWLRQ IRU WKH QRLV\ SKDVH PHDVXUHPHQWV OHDGV WR

WKH IROORZLQJ TXDWHUQLRQ HUURU
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ZKHUH
H

M LV WKH (XOHU DQJOH DVVRFLDWHG ZLWK WKH TXDWHUQLRQ HUURU


 TTT a
H

� DQG



Ta GHQRWHV WKH DGMRLQW RI



T � 7KH

FRUUHVSRQGLQJ HUURUV LQ \DZ� SLWFK� DQG UROO DUH

q� GIq GTq� G\ ������������������

9,,�� $WWLWXGH (VWLPDWLRQ 8VLQJ 'LUHFW SKDVH

PHDVXUHPHQWV
,QVWHDG RI XVLQJ WKH YHFWRUL]HG PHDVXUHPHQWV DQG

FRQVHTXHQWO\ WKH 48(67 DOJRULWKP� KHUH WKH DWWLWXGH TXDWHUQLRQ

LV HVWLPDWHG XVLQJ WKH DOJRULWKPV GHYHORSHG IRU ILQGLQJ



T

GLUHFWO\ IURP WKH SKDVH PHDVXUHPHQWV WKHPVHOYHV� 7KHVH

DOJRULWKPV \LHOG WKH TXDWHUQLRQ� ZKLFK PLQLPL]HV - RI (T� �����

9,,���� $WWLWXGH (VWLPDWLRQ 8VLQJ WKH ,WHUDWLYH (LJHQSUREOHP

$OJRULWKP

7KH LWHUDWLRQ VWDUWV ZLWK �Ö
�
 O DQG

������@���������������������>Ö 7
�
 T ZLWK FRUUHVSRQGLQJ

LQLWLDO DQJXODU HUURU
$�������

�H
 M � 7KLV FKRLFH RI WKH LQLWLDO

TXDWHUQLRQ LV DVVRFLDWHG ZLWK WKH IROORZLQJ LQLWLDO DQJXODU HUURUV�

q� GIq� GTq G\ ���������������������

$IWHU � LWHUDWLRQV WKH VROXWLRQ VHWWOHV RQ

@���������������������������>Ö 7
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ZKLFK \LHOGV D FRVW IXQFWLRQ YDOXH RI ������� 7KH FRUUHVSRQGLQJ

ILQDO DWWLWXGH HVWLPDWLRQ HUURU LQ WHUPV RI \DZ� SLWFK DQG UROO

DQJOHV LV

q� GIq GTq� G\ ������������������

7KH DEVROXWH YDOXH RI WKH GLIIHUHQFH EHWZHHQ WKH ILQDO TXDWHUQLRQ

DQG WKH WUXH TXDWHUQLRQ DVVRFLDWHG ZLWK WKLV FDVH LV

������Ö
�
 � TT �

$������
�H
 M

9,,���� $WWLWXGH (VWLPDWLRQ 8VLQJ WKH 'LVFUHWH

1HZWRQ�5DSKVRQ DOJRULWKP

6WDUWLQJ WKH LWHUDWLRQV ZLWK WKH VDPH LQLWLDO FRQGLWLRQV

DV EHIRUH� WKH VROXWLRQ VHWWOHV DIWHU �� LWHUDWLRQV RQ
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ZLWK FRUUHVSRQGLQJ DQJXODU HUURU
$��������

��H
 M � 7KH

DVVRFLDWHG DWWLWXGH HVWLPDWLRQ HUURU LV

q� GIq� GTq G\ ���������������������

,Q WKLV FDVH WKH VROXWLRQ FRQYHUJHV WR WKH ZURQJ VWDWLRQDU\ SRLQW�

ZKLFK LV D PD[LPXP UDWKHU WKDQ D PLQLPXP RI WKH FRVW IXQFWLRQ�

7KH VLWXDWLRQ LV GHVFULEHG LQ )LJXUH ��

,Q GUDZLQJ )LJ� �� RQH LV IDFHG ZLWK WKH SUREOHP RI GUDZLQJ D
WK� GLPHQVLRQDO VKDSH� �1RWH WKDW WKH YDOXH RI O GRHV QRW

DIIHFW WKH SORW DV ORQJ DV WKH XQLW\ TXDWHUQLRQ OHQJWK FRQVWUDLQW LV

PDLQWDLQHG�� 1H[W� LW ZDV REVHUYHG WKDW WKH EDVLF VKDSH RI WKH FRVW

IXQFWLRQ L�H�� WKH YDOOH\ DQG KLOO FKDUDFWHULVWLF� LV LQYDULDQW WR WKH

YDOXH RI
�T DV ORQJ DV LW VDWLVILHV WKH XQLW\ SURSHUW\ RI WKH

TXDWHUQLRQ� 7KH ILJXUH LV GUDZQ ZLWK ������T�
 ZKLFK LV WKH

WKLUG FRPSRQHQW RI WKH PLQLPL]LQJ TXDWHUQLRQ�



T � 7KH YDOXH RI

�T LV GHWHUPLQHG E\ WKH YDOXHV RI
��� TDQGT�T � 7KH

FDOFXODWHG YDOXHV RI
�T DQG

�T XVHG LQ WKH ILJXUH VDWLVI\ WKH

FRQVWUDLQW
�

�

�

�

�

�

�

� TT�TT �� � � ,Q )LJ� � ZH VHH WKH PLQLPXP

SRLQW RI -� 2ZLQJ WR WKH IDFW WKDW ZH VHW
�T WR EH D FRPSRQHQW RI

WKH PLQLPL]LQJ TXDWHUQLRQ� WKH PD[LPXP SRLQW RQ ZKLFK WKH

DOJRULWKP VHWWOHV LQ WKLV H[DPSOH LV QRW WKH RQH VKRZQ LQ WKLV

ILJXUH� +RZHYHU� WKH VKDSH RI WKH VXUIDFH LV VLPLODU WR WKH RQH

REWDLQHG ZKHQ WKH VXUIDFH FRQWDLQV WKH PD[LPXP SRLQW�

)LJXUH �� 7\SLFDO EHKDYLRU RI WKH FRVW IXQFWLRQ

TTTT ��&��-
7 �

9,,���� $WWLWXGH (VWLPDWLRQ 8VLQJ WKH &RQWLQXRXV

1HZWRQ�5DSKVRQ DOJRULWKP

7KH H[DFW VDPH GDWD WKDW KDV EHHQ XVHG SUHYLRXVO\ LV

XVHG KHUH� %HFDXVH �D� WKH TXDUWLF FRVW IXQFWLRQ KDV RQH PLQLPXP

DQG RQH PD[LPXP DQG� �E� ��
 O LQLWLDOL]HV WKH DOJRULWKP QHDU

WKH PLQLPXP SRLQW� WKHQ ��- N[ LV SRVLWLYH GHILQLWH DQG WKH

FRQWLQXRXV 1HZWRQ�5DSKVRQ DOJRULWKP KDV D JXDUDQWHHG

H[SRQHQWLDO FRQYHUJHQFH WR WKDW PLQLPXP�

7KH 2'( LV VROYHG XVLQJ
�

�� K � ZKLFK VHWV WKH WLPH

FRQVWDQW RI (T� ���� WR
�

��
�

� DQG D �WK RUGHU 5XQJH�.XWWD

LQWHJUDWLRQ VFKHPH� 2EVHUYH WKDW D GLIIHUHQW VHOHFWLRQ RI WKH

LQWHJUDWLRQ VFKHPH FDQ EH XVHG� 7KH VHOHFWLRQ GHSHQGV RQ WKH

VWLIIQHVV RI WKH 2'( DQG D SURSHU VHOHFWLRQ PD\ VLPSOLI\ WKH

LPSOHPHQWDWLRQ� ,Q RXU FDVH WKH VWLIIQHVV LV GHILQHG E\ K WKDW FDQ

EH VHW WR DQ\ GHVLUHG YDOXH� ,W WDNHV DERXW �� WLPH FRQVWDQWV IRU

WKH DOJRULWKP WR UHDFK WKH VWHDG\ VWDWH YDOXH RI WKH 2'(� ZKLFK LV

WKH PLQLPXP YDOXH RI WKH FRVW IXQFWLRQ� 7KH HVWLPDWHG DWWLWXGH

DOPRVW FRLQFLGHV ZLWK WKDW RI WKH ,WHUDWLYH (LJHQSUREOHP

$OJRULWKP� 7KH GLIIHUHQFHV LQ WKH ILQDO (XOHU DQJOHV EHWZHHQ ERWK

DOJRULWKPV DUH RI WKH RUGHU RI
�

��
�

� 7KH FRQYHUJHQFH RI WKH

&RQWLQXRXV 1HZWRQ�5DSKVRQ DOJRULWKP YHUVXV WKDW RI WKH

,WHUDWLYH (LJHQSUREOHP DQG WKH 'LVFUHWH 1HZWRQ±5DSKVRQ

DOJRULWKPV LV SUHVHQWHG LQ )LJXUHV �� )RU WKH VDNH RI FRPSDULVRQ�

WKH UXQ WLPH RI WKH FRQWLQXRXV 1HZWRQ±5DSKVRQ DOJRULWKP LV

FRQYHUWHG WR LWHUDWLRQV XVLQJ K ' �W �
�

�� K ZKHUH D WLPH

LQWHUYDO RI W' FRUUHVSRQGV WR RQH LWHUDWLRQ� $V LV ZHOO NQRZQ� WKH

GLVFUHWH 1HZWRQ±5DSKVRQ DOJRULWKP LV VHQVLWLYH WR WKH LQLWLDO

FRQGLWLRQV� 7KH LQLWLDO FRQGLWLRQV GHWHUPLQH LI WKH DOJRULWKP ZLOO

FRQYHUJH DQG WR ZKLFK H[WUHPH SRLQW� 7R GHPRQVWUDWH WKH FDVH

FRQVLGHU WKH VDPH GDWD DV EHIRUH EXW ZLWK GLIIHUHQW LQLWLDO

FRQGLWLRQV� ������@���������������������>Ö
�

� T DQG

�Ö
�
 O ZLWK FRUUHVSRQGLQJ LQLWLDO DQJXODU HUURU
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 M � 7KH FRQYHUJHQFH RI WKH WKUHH DOJRULWKPV LQ

WKLV FDVH LV GHVFULEHG LQ )LJXUH �� $OO WKUHH DOJRULWKPV FRQYHUJH

WR WKH PLQLPXP SRLQW ZLWK DFFXUDF\ VLPLODU WR WKDW REWDLQHG

EHIRUH�

)LJXUH �� 3HUIRUPDQFH &RPSDULVRQ RI WKH ,WHUDWLYH $OJRULWKPV�

)LJXUH �� 3HUIRUPDQFH &RPSDULVRQ RI WKH ,WHUDWLYH $OJRULWKPV

8VLQJ ,QLWLDO &RQGLWLRQV 'LIIHUHQW IURP 7KRVH 6KRZQ LQ )LJ� ��

9,,,� &21&/86,216

7KLV SDSHU SUHVHQWV DOJRULWKPV IRU DWWLWXGH

GHWHUPLQDWLRQ XVLQJ SKDVH GLIIHUHQFH EHWZHHQ *36 VLJQDOV

DUULYLQJ DW GLIIHUHQW DQWHQQDH� 6LQFH WKH QXPEHU RI PHDVXUHPHQWV

LV JUHDWHU WKDQ WKH QXPEHU RI WKH XQNQRZQ DWWLWXGH SDUDPHWHUV�

DQG VLQFH WKH SKDVH PHDVXUHPHQWV DUH FRUUXSWHG E\ QRLVH� LW LV

DGYDQWDJHRXV WR ILQG WKH DWWLWXGH DV D OHDVW VTXDUHV ILW�

7R PHHW WKLV HQG� WKH SUREOHP RI DWWLWXGH HVWLPDWLRQ LV

SRVHG DV D SDUDPHWHU RSWLPL]DWLRQ SUREOHP ZKHUH D QHZ

TXDWHUQLRQ�EDVHG TXDUWLF FRVW IXQFWLRQ LV XVHG� 7KHQ D /DJUDQJH

IXQFWLRQ LV GHILQHG WKDW LQFOXGHG WKH TXDWHUQLRQ XQLW\�FRQVWUDLQW�

7KH FRQGLWLRQV UHTXLUHG IRU WKH /DJUDQJH IXQFWLRQ WR EH

VWDWLRQDU\ \LHOG ILYH QRQOLQHDU DOJHEUDLF HTXDWLRQV ZLWK ILYH

XQNQRZQV� IRXU RI ZKLFK DUH WKH FRPSRQHQWV RI WKH RSWLPDO

TXDWHUQLRQ� )RXU RI WKH HTXDWLRQV KDYH WKH IRUP RI

HLJHQYDOXH�HLJHQYHFWRU SUREOHP� 7KLV VWUXFWXUH OHDGV WR WKH

GHULYDWLRQ RI D FRUUHVSRQGLQJ LWHUDWLYH DOJRULWKP�

7ZR DGGLWLRQDO DOJRULWKPV DUH GHYHORSHG IRU VROYLQJ

WKH VHW RI WKH ILYH QRQOLQHDU DOJHEUDLF HTXDWLRQV� 2QH LV EDVHG RQ

WKH ZHOO�NQRZQ LWHUDWLYH 1HZWRQ�5DSKVRQ DOJRULWKP� 7KH RWKHU

RQH LV D FRQWLQXRXV YHUVLRQ RI WKH ODWWHU DOJRULWKP ZLWK D

JXDUDQWHHG H[SRQHQWLDO FRQYHUJHQFH WR WKH QHDUHVW ORFDO

PLQLPXP ORFDWHG RQ WKH JUDGLHQW GLUHFWLRQ LQ UHJLRQV ZKHUH WKH

DVVRFLDWHG +HVVLDQ PDWUL[ LV SRVLWLYH GHILQLWH�

,Q DOO WKH H[DPLQHG H[DPSOHV� ZKHUH WKH DOJRULWKPV

FRQYHUJHG� ZH REVHUYHG WKDW QRW RQO\ WKH\ UHDFKHG WKH VROXWLRQ

YHU\ IDVW� 7KHLU DFFXUDF\ ZDV EHWWHU WKDQ WKDW RI 48(67�

SDUWLFXODUO\ ZKHQ WKH HOHYDWLRQ RI WKH *36 VDWHOOLWHV ZDV ORZ�

7KLV ZDV VR QRW EHFDXVH RI D GHILFLHQF\ LQ WKH T�0HWKRG RU LQ

48(67� ZKLFK LPSOHPHQWV WKLV PHWKRG� EXW EHFDXVH WKH

PHDVXUHPHQW HUURUV ZHUH DPSOLILHG E\ ORZ HOHYDWLRQ ZKHQ WKH

SKDVH PHDVXUHPHQWV ZHUH FRQYHUWHG WR YHFWRU PHDVXUHPHQWV� D

VWHS DOZD\V QHHGHG ZKHQ 48(67 LV XVHG� ,W LV SURYHG LQ 5HI� ��

WKDW WKH WUDQVIRUPDWLRQ WR YHFWRUV SURGXFHV D FRUUHODWHG QRLVH

PDWUL[� ZKHUHDV :DKED¶V SUREOHP DVVXPHV DQ LVRWURSLF

PHDVXUHPHQW HUURU FRYDULDQFH PDWUL[�

)LQDOO\� LW VKRXOG EH QRWHG WKDW WKH DOJRULWKPV SUHVHQWHG

LQ WKLV ZRUN FRYHU D GHILFLHQF\ LQ HDUOLHU ZRUN LQ WKDW WKH\ DUH

DOVR DSSOLFDEOH WR DWWLWXGH GHWHUPLQDWLRQ V\VWHPV HPSOR\LQJ

SODQDU DQWHQQD DUUD\V�

5HIHUHQFHV
� &RKHQ� &�(�� ³$WWLWXGH 'HWHUPLQDWLRQ XVLQJ *36´� 3K�'�

7KHVLV� 6WDQIRUG 8QLYHUVLW\� �����
� /LJKWVH\� (�*�� &RKHQ� &�(�� )HHVV� :�$�� DQG 3DUNLQVRQ�

%�0�� ³$QDO\VLV RI 6SDFHFUDIW $WWLWXGH 0HDVXUHPHQWV 8VLQJ

2QERDUG *36´� $GYDQFHV LQ $VWURQDXWLFDO 6FLHQFHV� 9RO� ���

$$6 ������� SS���������
� &RQZD\� $�� 0RQWJRPHU\� 3�� 5RFN� 6�� &DQQRQ� 5� DQG

3DUNLQVRQ� %�� ³$ 1HZ 0RWLRQ�%DVHG $OJRULWKP IRU *36

$WWLWXGH ,QWHJHU 5HVROXWLRQ´� 1DYLJDWLRQ� -� RI 7KH ,QVWLWXWH

RI 1DYLJDWLRQ� 9RO� ��� 1R� �� 6XPPHU ����� SS� ��������
� %DU�,W]KDFN� ,�<�� 0RQWJRPHU\� 3� DQG *DUULFN� -��

³$OJRULWKPV IRU $WWLWXGH 'HWHUPLQDWLRQ 8VLQJ *36´� -� RI

*XLGDQFH� &RQWURO DQG '\QDPLFV� 9RO� ��� 1R� �� 1RY��'HF�

����� SS� ��������
� :DKED� *�� ³$ /HDVW 6TXDUHV (VWLPDWH RI 6SDFHFUDIW

$WWLWXGH´� 6,$0 5HYLHZ� 9RO� �� 1R� �� -XO\ ����� S� ����
� 6KXVWHU� 0�'� DQG 2K� 6�'�� ³7KUHH�$[LV $WWLWXGH

'HWHUPLQDWLRQ IURP 9HFWRU 2EVHUYDWLRQV´� -� RI *XLGDQFH

DQG &RQWURO� 9RO� �� 1R� �� -DQ��)HE� ����� SS� ������
� .HDW� -�� �$QDO\VLV RI /HDVW�6TXDUHV $WWLWXGH 'HWHUPLQDWLRQ

5RXWLQH '2$23�� &RPSXWHU 6FLHQFHV &RUS��

&6&�70��������� 6LOYHU 6SULQJ� 0'� )HE� �����
� :HUW]� -�5�� �(G��� 6SDFHFUDIW $WWLWXGH 'HWHUPLQDWLRQ DQG

&RQWURO� 5HLGHO 3XEO� &R�� 'RUGUHFKW� +ROODQG� ����� S� ����
� /HLWPDQQ� *�� �(G��� 2SWLPL]DWLRQ 7HFKQLTXHV ZLWK

$SSOLFDWLRQ WR $HURVSDFH 6\VWHPV� 1HZ <RUN� $FDGHPLF

3UHVV� ����� SS� ��������
�� 1DGOHU� $�� ³'HYHORSPHQW RI DQ $WWLWXGH 'HWHUPLQDWLRQ

$OJRULWKP IURP *36 0HDVXUHPHQWV´� 0�6F� 7KHVLV� )DFXOW\

RI $HURVSDFH (QJLQHHULQJ� 7HFKQLRQ�,VUDHO ,QVWLWXWH RI

7HFKQRORJ\� +DLID ������ ,VUDHO� ����� �,Q +HEUHZ��
�� *LOO� (� 3�� 0XUUD\� :� DQG :ULJKW 0� +�� 3UDFWLFDO

2SWLPL]DWLRQ� 6DQ 'LHJR� $FDGHPLF 3UHVV� ����� SS�

��������
�� /XHQEHUJHU� '� *�� /LQHDU DQG 1RQOLQHDU 3URJUDPPLQJ�

$GGLVRQ :HVOH\� 0HQOR 3DUN� &DOLIRUQLD� VHFRQG HGLWLRQ�

�����
�� +HOPNH� 8� DQG 0RRUH� -� %�� 2SWLPL]DWLRQ DQG '\QDPLFDO

6\VWHPV� /RQGRQ� 6SULQJHU ± 9HUODJ� �����
�� &UDVVLGLV -�/� DQG 0DUNOH\ )�/�� ³$OJRULWKP IRU $WWLWXGH

'HWHUPLQDWLRQ 8VLQJ *OREDO 3RVLWLRQLQJ 6\VWHP 6LJQDOV´� -�

RI *XLGDQFH� &RQWURO DQG '\QDPLFV� 9RO� ��� 1R� ��

6HSW��2FW� ����� SS� ��������
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