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$EVWUDFW� 6FKHGXOLQJ LV RQH RI WKH PRVW VXFFHVVIXO DSSOLFDWLRQ DUHDV RI

FRQVWUDLQW SURJUDPPLQJ DQG� UHFHQWO\� PDQ\ VFKHGXOLQJ SUREOHPV ZHUH

PRGHOOHG DQG VROYHG E\ PHDQV RI FRQVWUDLQWV� 0RVW RI WKHVH PRGHOV DUH

FRQILQHG WR D FRQYHQWLRQDO IRUPXODWLRQ RI D FRQVWUDLQW VDWLVIDFWLRQ SUREOHP WKDW

UHTXLUHV DOO WKH YDULDEOHV DQG DOO WKH FRQVWUDLQWV WR EH VSHFLILHG LQ DGYDQFH�

+RZHYHU� PDQ\ DSSOLFDWLRQ DUHDV OLNH FRPSOH[ SURFHVV HQYLURQPHQWV UHTXLUH D

G\QDPLF PRGHO ZKHUH QHZ DFWLYLWLHV DUH LQWURGXFHG GXULQJ VFKHGXOLQJ� ,Q WKH

SDSHU ZH SURSRVH D IUDPHZRUN IRU PRGHOOLQJ G\QDPLF VFKHGXOLQJ SUREOHPV

ZKHUH VRPH DFWLYLWLHV FDQ EH LQWURGXFHG GXULQJ VFKHGXOLQJ� :H DOVR VKRZ KRZ

SUREOHPV OLNH VFKHGXOLQJ DOWHUQDWLYHV� VHW�XSV� DQG SURFHVVLQJ RI E\�SURGXFWV

FDQ EH PRGHOOHG LQ WKLV IUDPHZRUN�

�� ,QWURGXFWLRQ

3ODQQLQJ DQG VFKHGXOLQJ DUH FORVHO\ UHODWHG DUHDV WKDW DWWUDFW D FRQWLQXRXV DWWHQWLRQ RI

RSWLPLVDWLRQ FRPPXQLW\ IRU PDQ\ \HDUV� 3ODQQLQJ GHDOV ZLWK ILQGLQJ SODQV WR DFKLHYH

VRPH JRDO RU� PRUH SUHFLVHO\� ZLWK JHQHUDWLQJ D VHTXHQFH RI DFWLYLWLHV WKDW ZLOO

WUDQVIHU WKH LQLWLDO ZRUOG LQWR RQH LQ ZKLFK WKH JRDO GHVFULSWLRQ LV WUXH� 6FKHGXOLQJ

VROYHV D ELW GLIIHUHQW WDVN RI DOORFDWLQJ NQRZQ DFWLYLWLHV WR DYDLODEOH UHVRXUFHV RYHU
WLPH� %ULHIO\ VSHDNLQJ� SODQQLQJ KHOSV DQVZHU WKH TXHVWLRQ� ³:KDW VKRXOG , GR"´

ZKLOH VFKHGXOLQJ KHOSV ZLWK WKH TXHVWLRQ ³+RZ VKRXOG , GR LW"´

'XH WR D GLIIHUHQW FKDUDFWHU RI SODQQLQJ DQG VFKHGXOLQJ WDVNV� L�H�� JHQHUDWLQJ YV�

DOORFDWLQJ DFWLYLWLHV� LW LV D FRPPRQ SUDFWLFH WKDW ERWK WDVNV DUH VROYHG VHSDUDWHO\

XVLQJ UDWKHU GLIIHUHQW PHWKRGV� 7KLV LV QRW LQWHOOLJLEOH WR DQ LQGXVWULDO FRPPXQLW\

ZKHUH SODQQLQJ LV MXVW D IRUP RI ORQJ�KRUL]RQ VFKHGXOLQJ RU� LQ RWKHU ZRUGV�
VFKHGXOLQJ LV D KLJK�UHVROXWLRQ SODQQLQJ� &RQVHTXHQWO\� WKHUH LV D VWURQJ GHPDQG IRU

$GYDQFHG 3ODQQLQJ DQG 6FKHGXOLQJ �$36� V\VWHPV LQWHJUDWLQJ ERWK SODQQLQJ DQG

VFKHGXOLQJ WDVNV�

,Q >�@ ZH SUHVHQWHG D JHQHUDO IUDPHZRUN IRU LQWHJUDWLQJ SODQQLQJ DQG VFKHGXOLQJ

�VHH 6HFWLRQ � IRU D VXUYH\� DQG LQ WKH SUHVHQW SDSHU ZH VKRZ KRZ WR UHDOLVH WKLV

IUDPHZRUN LQ SUDFWLFH� ,Q SDUWLFXODU ZH GHDO ZLWK WKH VFKHGXOLQJ SUREOHPV WKDW UHTXLUH


 6XSSRUWHG E\ WKH *UDQW $JHQF\ RI WKH &]HFK 5HSXEOLF XQGHU WKH FRQWUDFW QR� �������'����



LQWURGXFWLRQ RI DFWLYLWLHV LQ FRXUVH RI VFKHGXOLQJ� %HFDXVH JHQHUDWLRQ RI DFWLYLWLHV LV D

SODQQLQJ WDVN� ZH DUH VSHDNLQJ DERXW VFKHGXOLQJ HQKDQFHG E\ SODQQLQJ FDSDELOLWLHV�

1HYHUWKHOHVV� LW LV SRVVLEOH WR FDOO WKLV DSSURDFK SODQQLQJ XQGHU UHVRXUFH FRQVWUDLQWV

>�@ DV ZHOO�

:H XVH FRQVWUDLQW SURJUDPPLQJ �&3� DV WKH PDLQ WHFKQRORJ\ EHKLQG WKH SURSRVHG
VFKHGXOLQJ HQJLQH VLPSO\ EHFDXVH LW SURYLGHV ULFK PRGHOOLQJ FDSDELOLWLHV WKDW FDQQRW

EH UHDFKHG E\ RWKHU DSSURDFKHV OLNH RSHUDWLRQ UHVHDUFK� ,Q &3� WKH SUREOHP LV

IRUPXODWHG E\ VWDWLQJ FRQVWUDLQWV RYHU SUREOHP YDULDEOHV DQG WKHVH FRQVWUDLQWV FDQ EH

RI PDWKHPDWLFDO �HTXDWLRQV� FRPSDULVRQV� HWF��� ORJLFDO �FRQMXQFWLRQV� LPSOLFDWLRQV�

HWF��� RU V\PEROLF �WDEXODU UHODWLRQV«� QDWXUH� 7KLV H[SUHVVLYH SRZHU LV YHU\
LPSRUWDQW EHFDXVH PDQ\ UHDO�OLIH SUREOHPV FDQ KDUGO\ EH PRGHOOHG XVLQJ VLQJOH W\SH

RI FRQVWUDLQWV�� 0RUHRYHU� WKH PHFKDQLVP RI FRQVWUDLQW SURSDJDWLRQ SURYLGHV D

SRZHUIXO ZD\ RI UHGXFLQJ WKH VHDUFK VSDFH DQG VSHFLDO VFKHGXOLQJ WHFKQLTXHV OLNH

HGJH ILQGHU FDQ EH GHVFULEHG DV FRQVWUDLQW SURSDJDWLRQ >�@�

7KH PDLQ GLIILFXOW\ RI &3 ZKHQ DSSOLHG WR PL[HG SODQQLQJ DQG VFKHGXOLQJ

SUREOHPV LV WKH VWDWLF IRUPXODWLRQ RI FRQVWUDLQW VDWLVIDFWLRQ SUREOHP �&63��� +RZHYHU�
ZKHQ SODQQLQJ LV LQYROYHG� LW LV LPSRVVLEOH WR SUHGLFW ZKLFK DFWLRQV ZLOO EH XVHG LQ

ZKLFK FRPELQDWLRQV >��@� 7KLV LV WKH PDLQ UHDVRQ ZK\ &3 LV UDUHO\ XVHG LQ SODQQLQJ�

WKH ZRUNV >����@ DUH VWLOO ZKLWH FURZV WKHUH� 5HFHQW GHYHORSPHQW RI '\QDPLF &63

>��@ RU 6WUXFWXUDO &63 >�@ VKRZV WKDW WKH FRQVWUDLQW FRPPXQLW\ LV DZDUH RI VXFK

G\QDPLF UHDO�ZRUOG SUREOHPV� ,Q 6HFWLRQ � ZH FRPSDUH WKH VWDWLF DQG G\QDPLF

IRUPXODWLRQ RI VFKHGXOLQJ SUREOHPV DQG ZH JLYH H[DPSOHV ZKHUH G\QDPLF
IRUPXODWLRQ LV QHFHVVDU\� 7KLV DOVR MXVWLILHV ZK\ VFKHGXOLQJ HQKDQFHG E\ SODQQLQJ

FDSDELOLWLHV LV D XVHIXO DSSURDFK WR VROYH UHDO�OLIH SUREOHPV�

,Q WKH SURSRVHG DSSURDFK ZH H[SHFW VRPH DFWLYLWLHV WR EH LQWURGXFHG GXULQJ

VFKHGXOLQJ �WKLV LV WKH SODQQLQJ WDVN LQVLGH VFKHGXOLQJ�� 7KH DFWLYLWLHV FDQ EH

JHQHUDWHG G\QDPLFDOO\ EXW ZH ORVH WKH SRZHU RI FRQVWUDLQW SURSDJDWLRQ WKHQ�

7KHUHIRUH ZH SURSRVH XVLQJ VORWV WR UHVHUYH VSDFH IRU DFWLYLWLHV � WKH VORWV DUH EHLQJ
ILOOHG E\ DFWLYLWLHV LQ FRXUVH RI VFKHGXOLQJ� %HFDXVH VORWV FDQ FRQWDLQ �VRPH� DFWLYLW\

YDULDEOHV HYHQ LI WKH DFWLYLW\ LQ WKH VORW LV QRW NQRZQ \HW� ZH FDQ SRVW FRQVWUDLQWV

DPRQJ WKHVH YDULDEOHV HDUOLHU DQG WKXV ZH FDQ H[SORLW FRQVWUDLQW SURSDJDWLRQ� 7KLV LV

WKH PDLQ DGYDQWDJH RYHU G\QDPLF LQWURGXFWLRQ RI DFWLYLWLHV EHFDXVH HDUO\ FRQVWUDLQW

SURSDJDWLRQ FDQ UHGXFH WKH VHDUFK VSDFH GUDPDWLFDOO\ DQG WKXV LW VSHHGV XS WKH
VFKHGXOHU� 1RWH DOVR� WKDW RXU VORW PRGHO LV GLIIHUHQW IURP WKH WUDGLWLRQDO VORW PRGHOV

XVHG LQ WLPHWDEOLQJ EHFDXVH ZH DOORZ WKH VORWV WR VOLGH RYHU WLPH� 7KLV LV QHFHVVDU\ WR

NHHS UHDVRQDEOH PHPRU\ UHTXLUHPHQWV ZKHQ GRLQJ LQGXVWULDO VFKHGXOLQJ >�@� 7KH VORW

PRGHOV DUH GHVFULEHG LQ GHWDLO LQ 6HFWLRQ �� :H LQWURGXFH WKH VORW FKDLQV DQG ZH

FODVVLI\ WKH YDULDEOHV DQG FRQVWUDLQWV KHUH� ,Q 6HFWLRQ � ZH VNHWFK KRZ WR VROYH

VHYHUDO SUREOHPV WKDW DSSHDU GXULQJ VFKHGXOLQJ ZLWK VORW PRGHOV�

� )RU H[DPSOH� LQ VFKHGXOLQJ DSSOLFDWLRQV ZH XVH DQ HTXDWLRQ WR ELQG VWDUW WLPH� HQG WLPH� DQG

GXUDWLRQ RI WKH DFWLYLW\� D GLVMXQFWLRQ WR H[SUHVV DOWHUQDWLYHV� DQG D WDEXODU UHODWLRQ WR

GHVFULEH WUDQVLWLRQV EHWZHHQ DFWLYLWLHV�
� 2SHUDWLRQ UHVHDUFK PRGHOV DUH FRQILQHG WR D VWDWLF IRUPXODWLRQ RI WKH SUREOHP DV ZHOO�



�� 6WDWLF�YV��'\QDPLF�3UREOHP�)RUPXODWLRQ

&RQYHQWLRQDO &RQVWUDLQW 6DWLVIDFWLRQ 3UREOHP �&63� LV GHILQHG VWDWLFDOO\� L�H�� DOO WKH

YDULDEOHV DQG DOO WKH FRQVWUDLQWV DUH H[SHFWHG WR EH NQRZQ LQ DGYDQFH� 7KHUHIRUH� PRVW

PHWKRGV IRU VROYLQJ &63 IROORZ WKH VFKHPD�
�� LQWURGXFH DOO WKH YDULDEOHV�

�� SRVW DOO WKH FRQVWUDLQWV�

�� ODEHO DOO WKH YDULDEOHV UHVSHFWLQJ WKH FRQVWUDLQWV�

1DWXUDOO\� WKLV VFKHPD LV UHIOHFWHG LQ FRQVWUDLQW PRGHOV RI UHDO�ZRUOG SUREOHPV� L�H��

ZH H[SHFW DOO WKH HQWLWLHV �YDULDEOHV� DQG UHODWLRQV DPRQJ WKH HQWLWLHV �FRQVWUDLQWV� WR

EH VSHFLILHG EHIRUH ZH VWDUW VROYLQJ WKH SUREOHP� %HFDXVH QHLWKHU WKH YDULDEOHV QRU WKH
FRQVWUDLQWV DUH FKDQJLQJ GXULQJ WKH SURFHVV RI VROYLQJ WKH SUREOHP� ZH DUH VSHDNLQJ

DERXW D VWDWLF SUREOHP IRUPXODWLRQ�

$ SXUH VFKHGXOLQJ SUREOHP� L�H�� WKH DOORFDWLRQ RI NQRZQ DFWLYLWLHV WR DYDLODEOH

UHVRXUFHV RYHU WLPH� FDQ EH IRUPXODWHG VWDWLFDOO\ LQ WKH DERYH VHQVH� (DFK DFWLYLW\ LV

GHVFULEHG E\ D VHW RI SDUDPHWHUV�YDULDEOHV �H�J�� D VWDUW WLPH� D UHVRXUFH HWF�� DQG WKH
VFKHGXOLQJ WDVN LV WR ILQG YDOXHV RI WKHVH SDUDPHWHUV� W\SLFDOO\ WR ILQG ZKHQ DQG ZKHUH

WKH DFWLYLW\ LV SURFHVVHG� %HIRUH WKH VFKHGXOLQJ VWDUWV� WKH SDUDPHWHUV DUH ERXQG E\

SRVWLQJ FRQVWUDLQWV UHVWULFWLQJ WKH SRVVLEOH FRPELQDWLRQV RI SDUDPHWHUV¶ YDOXHV�

7KH VWDWLF IRUPXODWLRQ KDV WKH DGYDQWDJH RI H[SORLWLQJ IXOO\ WKH FRQVWUDLQW

SURSDJDWLRQ EHFDXVH DOO WKH FRQVWUDLQWV DUH SRVWHG LQ DGYDQFH�� 7KH IROORZLQJ H[DPSOH

VKRZV KRZ FRQVWUDLQW SURSDJDWLRQ UHGXFHV GRPDLQV RI YDULDEOHV DQG� WKXV� LW SUXQHV
WKH VHDUFK VSDFH�

([DPSOH� /HW DOO WKH UHVRXUFHV EH VLQJOH FDSDFLW\ UHVRXUFHV� L�H�� D VLQJOH

DFWLYLW\ FDQ EH SURFHVVHG DW JLYHQ WLPH� DQG OHW DFWLYLWLHV D� DQG D� KDYH

GXUDWLRQ � DQG � WLPH XQLWV UHVSHFWLYHO\� 7R H[SUHVV WKH UHODWLRQ WKDW WKHVH

WZR DFWLYLWLHV FDQQRW RYHUODS ZKHQ VFKHGXOHG WR WKH VDPH UHVRXUFH ZH FDQ
XVH WKH IROORZLQJ FRQVWUDLQW �GRW QRWDWLRQ LGHQWLILHV DFWLYLW\ SDUDPHWHUV��

D��UHVRXUFH  D��UHVRXUFH ⇒
D��VWDUW�� ≤ D��VWDUW ∨ D��VWDUW�� ≤ D��VWDUW

6XFK FRQVWUDLQW LV VSHFLILHG IRU HYHU\ SDLU RI DFWLYLWLHV WR H[SUHVV WKH UHVRXUFH

FDSDFLW\ UHVWULFWLRQ��
1RZ� LI ERWK DFWLYLWLHV DUH SURFHVVHG DW WKH VDPH UHVRXUFH� D��VWDUW LV LQ WKH

LQWHUYDO ������ DQG D��VWDUW LV LQ WKH LQWHUYDO ������� WKHQ WKH FRQVWUDLQW

SURSDJDWLRQ UHGXFHV WKH GRPDLQ RI D��VWDUW WR WKH LQWHUYDO ������� �D� FDQQRW

EH FRPSOHWHG EHIRUH D� VR LW PXVW VWDUW DIWHU D���

7KH FRQVWUDLQW SURSDJDWLRQ LV QRW GLUHFWLRQDO� IRU H[DPSOH ZKHQ D��VWDUW LV

LQ WKH LQWHUYDO ������ DQG D��VWDUW LV � RU �� WKH FRQVWUDLQW SURSDJDWLRQ GHGXFHV
WKDW WKH IROORZLQJ FRQVWUDLQW KROGV�

D��UHVRXUFH ≠ D��UHVRXUFH

� 2WKHU VROYLQJ PHWKRGV OLNH ORFDO VHDUFK UHTXLUH WKH VWDWLF SUREOHP IRUPXODWLRQ DV ZHOO�
� (YHQ EHWWHU FRQVWUDLQW SURSDJDWLRQ FDQ EH DFKLHYHG ZKHQ VLQJOH JOREDO FRQVWUDLQW RYHU DOO WKH

DFWLYLWLHV LV XVHG LQVWHDG RI WKH VHW RI VLPSOH FRQVWUDLQWV >�@�



'HVSLWH WKH DGYDQWDJHV RI WKH VWDWLF SUREOHP IRUPXODWLRQ WKHUH H[LVW UHDO�OLIH SUREOHPV

WKDW FDQQRW EH PRGHOOHG VWDWLFDOO\ EHFDXVH RI HIILFLHQF\ LVVXHV� 7KHQ ZH DUH VSHDNLQJ

DERXW D G\QDPLF SUREOHP IRUPXODWLRQ ZKHUH LQWURGXFWLRQ RI QHZ FRQVWUDLQWV DQG QHZ

YDULDEOHV LV DOORZHG GXULQJ YDULDEOH ODEHOOLQJ� ,Q SDUWLFXODU ZH DOORZ DGGLQJ QHZ
DFWLYLWLHV� L�H�� FKXQNV RI YDULDEOHV DQG FRQVWUDLQWV FRQQHFWLQJ WKHP� GXULQJ

VFKHGXOLQJ� 7KLV DSSURDFK VKRXOG QRW EH FRQIXVHG ZLWK WKH G\QDPLF FRQVWUDLQW

VDWLVIDFWLRQ >��@ WKDW WULHV WR UHYLVH D FXUUHQW YDULDEOH DVVLJQPHQW ZLWK JLYHQ FKDQJHV

LQ WKH FRQVWUDLQW JUDSK� ,Q WKH VORW UHSUHVHQWDWLRQ GHVFULEHG EHORZ ZH DUH UHILQLQJ WKH

JLYHQ FRQVWUDLQW JUDSK E\ DGGLQJ PRUH YDULDEOHV GHVFULELQJ QHZ DFWLYLWLHV� )URP WKLV
SRLQW RI YLHZ� RXU DSSURDFK LV FORVHU WR VWUXFWXUDO FRQVWUDLQW VDWLVIDFWLRQ >�@�

��� :KHQ WKH G\QDPLF SUREOHP IRUPXODWLRQ LV DSSURSULDWH"

7KH G\QDPLF IRUPXODWLRQ RI VFKHGXOLQJ SUREOHPV� L�H�� HQKDQFLQJ VFKHGXOLQJ E\

SODQQLQJ� LV PRWLYDWHG E\ UHTXLUHPHQWV RI FRPSOH[ SURFHVV HQYLURQPHQWV� ,Q

LQGXVWULHV OLNH FKHPLFDO� SKDUPDFHXWLFDO� RU IRRG IDFWRULHV� WKH DSSHDUDQFH RI �VRPH�

DFWLYLWLHV LQ WKH VFKHGXOH GHSHQGV RQ DOORFDWLRQ RI RWKHU DFWLYLWLHV� ,Q VWDWLF PRGHOV�
WKHVH SURFHVV�GHSHQGHQW DFWLYLWLHV DUH XVXDOO\ PRGHOOHG XVLQJ GXPP\ DFWLYLWLHV WKDW

FDQ EH RPLWWHG �GHDFWLYDWHG� E\ VHWWLQJ WKH DFWLYLW\ GXUDWLRQ WR ]HUR �RU XVLQJ DQRWKHU

WHFKQLTXH OLNH D %RROHDQ LQGLFDWRU RI XVDJH�� +RZHYHU� GXPP\ DFWLYLWLHV DGG

RYHUKHDG ZKLFK LV LQWUDFWDEOH LQ ODUJH�VFDOH VFKHGXOLQJ SUREOHPV VR ZH SURSRVH WR XVH

VORW UHSUHVHQWDWLRQ LQVWHDG RI GXPP\ DFWLYLWLHV WR UHPRYH WKH RYHUKHDGV�

7\SLFDO H[DPSOHV RI SURFHVV�GHSHQGHQW DFWLYLWLHV FDQ EH LGHQWLILHG LQ FKHPLFDO�
IRRG� RU VWHHOPDNLQJ LQGXVWULHV ZKHUH LW LV QHFHVVDU\ WR LQVHUW VSHFLDO VHW�XS� FOHDQLQJ�

RU UH�KHDW DFWLYLWLHV EHWZHHQ SURGXFWLRQ DFWLYLWLHV� ,Q PDQ\ FXUUHQW VFKHGXOLQJ

V\VWHPV� VHW�XSV DUH PRGHOOHG E\ WUDQVLWLRQ WLPHV EHWZHHQ WZR FRQVHFXWLYH DFWLYLWLHV

>��@� 8QIRUWXQDWHO\� WKLV PRGHO FDQQRW EH DSSOLHG ZKHQ VHW�XS DFWLYLWLHV SURGXFH VRPH

ORZ�TXDOLW\ SURGXFWV WKDW PXVW EH VWRUHG RU FRQVXPHG E\ RWKHU UHVRXUFHV�� ,Q >��@

DQRWKHU H[DPSOH RI SURFHVV�GHSHQGHQW DFWLYLW\ LV VWXGLHG� LQ SDUWLFXODU UH�KHDW DFWLYLW\
WKDW LV PRGHOOHG XVLQJ GXPP\ DFWLYLWLHV�

)LJ� �� 6HW�XS �OHIW� DQG UH�KHDWLQJ �ULJKW�� ,Q ERWK FDVHV D VSHFLDO DFWLYLW\ �VWULSHG UHFWDQJOH� LV

QHFHVVDU\ EHFDXVH WKLV DFWLYLW\ LV FRQQHFWHG WR DFWLYLWLHV LQ RWKHU UHVRXUFHV�

� 7\SLFDOO\� WKHVH VR�FDOOHG E\�SURGXFWV DUH QRW DVVXPHG LQ VFKHGXOLQJ V\VWHPV� ZKLFK PD\

FDXVH SUREOHPV ZLWK VWRULQJ LI D ELJ TXDQWLW\ RI E\�SURGXFWV DSSHDU� 0RUHRYHU� WKH E\�

SURGXFWV FDQ EH XVHG LQ IXUWKHU SURGXFWLRQ DV UDZ PDWHULDO WKDW PD\ GHFUHDVH WKH SURGXFWLRQ

FRVW�

UH�KHDW

VHW�XS

WRR ORQJ GXUDWLRQ

WUDQVLWLRQ ZLWK

D E\�SURGXFW

E\�SURGXFW FRQVXPHU
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H
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V



([LVWHQFH RI PDQ\ DOWHUQDWLYH DFWLYLW\ FKDLQV LV DQRWKHU IHDWXUH RI FRPSOH[ SURFHVV

HQYLURQPHQWV� 8VXDOO\� VLQJOH DFWLYLW\ FKDLQ LV FKRVHQ GXULQJ SODQQLQJ VR WKH

VFKHGXOHU JHWV D ³IL[HG¶ VHTXHQFH RI DFWLYLWLHV WR EH DOORFDWHG� +RZHYHU� DV QRWHG LQ

>�@ WKLV DSSURDFK UHTXLUHV WKH SODQQHU WR KDYH LQIRUPDWLRQ DERXW SRVVLEOH DFWLYLW\

DOORFDWLRQ EHFDXVH RWKHUZLVH� WKHUH FRXOG EH FRQIOLFWV DPRQJ FKRVHQ DFWLYLW\ FKDLQV�
7KHVH FRQIOLFWV DUH GHWHFWHG GXULQJ VFKHGXOLQJ EXW UHVROYHG GXULQJ SODQQLQJ E\

VHOHFWLQJ DQRWKHU DOWHUQDWLYH� 7KXV� EDFNWUDFNLQJ IURP VFKHGXOLQJ WR SODQQLQJ LV

UHTXLUHG� 7KHUH LV DQ DWWHPSW WR SRVWSRQH FKRRVLQJ WKH DOWHUQDWLYH DFWLYLWLHV WR WKH

VFKHGXOLQJ VWDJH� ,Q >�@� D PHWKRG RI VFKHGXOLQJ DOWHUQDWLYH DFWLYLWLHV LV SURSRVHG�

7KLV PHWKRG UHTXLUHV DOO WKH DOWHUQDWLYH DFWLYLWLHV WR EH JHQHUDWHG LQ WKH IRUP RI D
SURFHVV SODQ� 8QIRUWXQDWHO\� LI WKH QXPEHU RI DOWHUQDWLYHV LV ODUJH� OLNH LQ FRPSOH[�

SURFHVV HQYLURQPHQWV� WKHQ WKH SURFHVV SODQ LV KXJH DQG� WKXV� LQWUDFWDEOH� %XW� LI WKH

DFWLYLWLHV DUH LQWURGXFHG RQ GHPDQG GXULQJ VFKHGXOLQJ WKHQ WKHUH DUH QR PHPRU\

RYHUKHDGV�

)LJ� �� $ SURFHVV SODQ ZLWK DOWHUQDWLYHV �HDFK UHFWDQJOH FRUUHVSRQGV WR DQ DFWLYLW\�� ([DFWO\ RQH

SDWK IURP WKH OHIWPRVW WR WKH ULJKWPRVW DFWLYLW\ ZLOO EH VHOHFWHG GXULQJ VFKHGXOLQJ�

/DVW EXW QRW OHDVW WKHUH LV D QRQ�RUGHUHG SURGXFWLRQ� ,Q FRPSOH[�SURFHVV

HQYLURQPHQWV WKHUH H[LVW SODQWV ZKHUH WKH UDWLR RI RUGHUHG SURGXFWLRQ LV YHU\ ORZ� VD\

OHVV WKDQ ���� DQG WKH UHPDLQLQJ SURGXFWLRQ LV GULYHQ E\ D PDUNHWLQJ IRUHFDVW� ,W LV

SRVVLEOH WR LQWURGXFH YLUWXDO RUGHUV GHVFULELQJ WKH PDUNHWLQJ IRUHFDVW VR WKH SODQQHU

JHQHUDWHV DFWLYLWLHV DFFRUGLQJ WR WKHVH RUGHUV� +RZHYHU� WKHUH LV D GDQJHU WKDW WKH
PDUNHWLQJ SODQ LV WRR WLJKWHQ DQG LW FDQQRW EH VFKHGXOHG WRJHWKHU ZLWK JLYHQ VHW RI

RUGHUV RU WKH SURGXFWLRQ FRVW LV WRR KLJK �H�J� GXH WR PDQ\ H[SHQVLYH VHW�XSV��

7KHUHIRUH LW VHHPV WR EH PRUH DSSURSULDWH WR SRVWSRQH GHFLVLRQ DERXW QRQ�RUGHUHG

SURGXFWLRQ XQWLO WKH VFKHGXOLQJ VWDJH ZKHQ ZH PD\ FKRRVH IURP VHYHUDO DOWHUQDWLYH

PDUNHWLQJ SURFHVV SODQV� )RU H[DPSOH ZH PD\ VFKHGXOH FRQWLQXDWLRQ RI D SURGXFWLRQ
RI VRPH LWHP HYHQ LI WKHUH LV QR GHPDQG IRU WKH LWHP EHFDXVH LW LV OHVV H[SHQVLYH WR

FRQWLQXH LQ WKH SURGXFWLRQ WKDQ VWRSSLQJ WKH PDFKLQH�

�� ,QWHJUDWHG�3ODQQLQJ�DQG�6FKHGXOLQJ

,Q WKH DERYH SDUDJUDSKV� ZH JDYH VHYHUDO H[DPSOHV ZKHUH DSSHDUDQFH RI WKH DFWLYLW\

LQ WKH ILQDO VFKHGXOH GHSHQGV RQ DOORFDWLRQ RI RWKHU DFWLYLWLHV� :H DOVR DUJXHG KHUH IRU

D G\QDPLF LQWURGXFWLRQ RI DFWLYLWLHV GXULQJ VFKHGXOLQJ �LQVWHDG RI XVLQJ PDQ\ GXPP\

DFWLYLWLHV� DQG IRU SRVWSRQLQJ GHFLVLRQV DERXW DOWHUQDWLYH DFWLYLWLHV IURP SODQQLQJ WR

VFKHGXOLQJ �D WKRURXJK GLVFXVVLRQ FDQ EH IRXQG LQ >�@�� )URP WKH JOREDO SRLQW RI YLHZ�

ZH DUJXH KHUH IRU V\VWHPV GRLQJ SODQQLQJ WDVN �LQWURGXFWLRQ RI DFWLYLWLHV� DQG
VFKHGXOLQJ WDVN �DOORFDWLRQ RI DFWLYLWLHV� WRJHWKHU� 7KH DUFKLWHFWXUH RI VXFK PL[HG



SODQQLQJ DQG VFKHGXOLQJ V\VWHPV ZDV SURSRVHG LQ >�@� 7KH IXQFWLRQDO GHFRPSRVLWLRQ

WR WKH PRGXOH IRU JHQHUDWLQJ DFWLYLWLHV �SODQQHU� DQG WR WKH PRGXOH IRU DOORFDWLQJ

DFWLYLWLHV �VFKHGXOHU� LV SUHVHUYHG KHUH EXW ERWK PRGXOHV FR�RSHUDWH PRUH WLJKWO\� ,Q

SDUWLFXODU� DV VRRQ DV WKH JHQHUDWRU LQWURGXFHV D QHZ DFWLYLW\� WKLV DFWLYLW\ LV SDVVHG LQ

WKH DOORFDWRU WKDW FRPSRVHV WKH QHZ DFWLYLW\ LQWR WKH FXUUHQW �SDUWLDO� VFKHGXOH�
,QIRUPDWLRQ DERXW DOORFDWLRQ RI DOUHDG\ LQWURGXFHG DFWLYLWLHV FDQ EH XVHG ZKHQ

GHFLGLQJ DERXW QH[W DFWLYLWLHV� 7KLV LV D ELJ DGYDQWDJH EHFDXVH WKH SODQLQJ PRGXOH FDQ

H[SORLW LQIRUPDWLRQ IURP WKH VFKHGXOLQJ PRGXOH HYHQ LI WKLV LQIRUPDWLRQ LV SDUWLDO

RQO\�� 0RUHRYHU� WKH VFKHGXOHU PD\ DVN H[SOLFLWO\ WKH SODQQHU WR LQWURGXFH QHZ

DFWLYLWLHV�

)LJ� �� 7KH VWUXFWXUH RI PL[HG SODQQLQJ DQG VFKHGXOLQJ V\VWHP

7KH GHFRPSRVLWLRQ LQWR WKH JHQHUDWRU DQG WKH DOORFDWRU LV IXQFWLRQDO RQO\� LQ WKH UHDO

V\VWHP ERWK IXQFWLRQV FDQ EH JRYHUQHG XVLQJ WKH VDPH PHFKDQLVP� ,Q WKH VORW
UHSUHVHQWDWLRQ� GHVFULEHG LQ WKH QH[W VHFWLRQ� ZH H[SHFW WR XVH VORWV DV D VKHOO IRU DQ

DFWLYLW\� ,QWURGXFLQJ D QHZ DFWLYLW\ PHDQV GHFLGLQJ ZKLFK DFWLYLW\ ZLOO EH ILOOHG LQ WKH

VORW� 8VLQJ D VSHFLDO $FWLYLW\ YDULDEOH GHVFULELQJ ZKLFK DFWLYLWLHV FDQ EH ILOOHG LQ WKH

JLYHQ VORW GRHV WKH MRE� 0DNLQJ WKLV YDULDEOH D VLQJOHWRQ FRUUHVSRQGV WR JHQHUDWLQJ WKH

DFWLYLW\ VR QR VSHFLDO DFWLYLW\ JHQHUDWRU LV XVHG� %RWK DFWLYLW\ DOORFDWLRQ �GHFLGLQJ

DERXW WLPHV DQG UHVRXUFHV� DQG DFWLYLW\ JHQHUDWLRQ �GHFLGLQJ DERXW WKH YDOXH RI WKH
$FWLYLW\ YDULDEOH� LV GRQH XVLQJ WKH FRQVWUDLQW VDWLVIDFWLRQ WHFKQRORJ\�

�� 6ORW�0RGHOV�IRU�'\QDPLF�$FWLYLWLHV

6ORWV DUH XVHG LQ WLPHWDEOLQJ DQG URVWHULQJ DSSOLFDWLRQV WR UHSUHVHQW D ILHOG ZKHUH DQ
DFWLYLW\ FDQ EH SODFHG� 8VXDOO\� WKH GHILQLWLRQ RI VORWV LV SDUW RI WKH SUREOHP

IRUPXODWLRQ � WKH VORWV DUH DVVLJQHG WR D JLYHQ UHVRXUFH DQG WKH\ DUH IL[HG LQ WLPH� )RU

H[DPSOH� LQ VFKRRO WLPHWDEOLQJ� WKHUH DUH WLPH VORWV IRU HDFK FODVVURRP UHSUHVHQWLQJ

WLPH LQWHUYDOV ZKHQ OHFWXUHV FDQ EH JLYHQ� ,I D OHFWXUH � DFWLYLW\� LV DOORFDWHG WR D

JLYHQ VORW WKHQ WKH OHFWXUH RFFXSLHV WKH ZKROH VORW� ,W LV QRW SRVVLEOH WR KDYH RQH

� 7KH DOORFDWLRQ LV GRQH JUDGXDOO\ E\ UHVWULFWLQJ GRPDLQV RI DFWLYLW\ SDUDPHWHUV �VWDUW WLPH

HWF��� 8QWLO WKH GRPDLQ LV D VLQJOHWRQ� RQO\ SDUWLDO LQIRUPDWLRQ DERXW DFWLYLW\ DOORFDWLRQ LV

DYDLODEOH �H�J� LQWHUYDO IRU WKH VWDUW WLPH��

*(1(5$725

$//2&$725

GHPDQGV

VFKHGXOH

IDFWRU\
GHVFULSWLRQ

DFWLYLW\ �VORW�
YDOXHV RI
DWWULEXWHV

LQLWLDO
DFWLYLWLHV

GDWD IORZ

FRQWURO IORZ



OHFWXUH FRPSOHWLQJ LQ WKH PLGGOH RI WKH WLPH VORW DQG DQRWKHU OHFWXUH VWDUWLQJ WKHUH� ,I

WKLV LV WKH FDVH WKHQ WKH VORW LV GLYLGHG LQWR WZR RU PRUH VORWV DQG D VLQJOH OHFWXUH FDQ

RFFXS\ PRUH FRQVHFXWLYH WLPH VORWV LI QHFHVVDU\�

,QVSLUHG E\ WKH VORWV LQ WKH WUDGLWLRQDO WLPHWDEOLQJ PRGHO �ZKLFK LV VWDWLF LQ LWV

QDWXUH� ZH JHQHUDOLVH WKH QRWLRQ RI VORW WR ZRUN EHWWHU ZLWK DFWLYLW\ EDVHG PRGHOV >�@�
6WLOO� VORW LV D ILHOG ZKHUH DQ DFWLYLW\ FDQ EH SODFHG� 7KH QHZ WKLQJ KHUH LV WKDW WKH

VORWV FDQ IORZ LQ WLPH RU EHWZHHQ UHVRXUFHV� ,Q IDFW� WKH VORWV EHKDYH OLNH DFWLYLWLHV VR

WKH\ DUH DOORFDWHG WR UHVRXUFHV RYHU WLPH GXULQJ VFKHGXOLQJ� :KDW LV WKH GLIIHUHQFH

IURP WKH DFWLYLW\ WKHQ" ,Q 6HFWLRQ � ZH JDYH VHYHUDO H[DPSOHV ZKHUH DQ DFWLYLW\ LV QRW

NQRZQ XQWLO ZH DOORFDWH VRPH RWKHU DFWLYLWLHV� 6WLOO� ZH NQRZ WKDW WKHUH ZLOO EH VRPH
DFWLYLW\ LQ WKH VFKHGXOH EXW ZH GR QRW NQRZ ZKLFK RQH \HW� 6R� LQVWHDG RI ZDLWLQJ

XQWLO ZH LGHQWLI\ ZKLFK DFWLYLW\ VKRXOG EH LQWURGXFHG ZH JHQHUDWH D VORW WR UHVHUYH WKH

WLPH DQG VSDFH IRU WKH DFWLYLW\� %HFDXVH WKH VORW FDQ XVH VRPH DFWLYLW\ SDUDPHWHUV OLNH

VWDUW WLPH DQG GXUDWLRQ LW FDQ SDUWLFLSDWH LQ FRQVWUDLQW SURSDJDWLRQ DQG YLFH YHUVD�

FRQVWUDLQW SURSDJDWLRQ FDQ UHVWULFW IXUWKHU ZKLFK DFWLYLWLHV FDQ EH ILOOHG LQ WKH VORW�

&RQVHTXHQWO\� HYHQ LI WKH DFWLYLWLHV DUH LQWURGXFHG G\QDPLFDOO\ GXULQJ VFKHGXOLQJ� ZH
FDQ H[SORLW WKH SRZHU RI FRQVWUDLQW SURSDJDWLRQ�

��� 6ORW &KDLQV

,Q D W\SLFDO VFKHGXOLQJ SUREOHP WKH DFWLYLWLHV DUH JURXSHG LQ D VHTXHQFH� IRU H[DPSOH

D SURFHVV SODQ GHVFULEHV WKH VHTXHQFH RI DFWLYLWLHV QHFHVVDU\ WR SURGXFH DQ RUGHUHG

LWHP �RU D VHW RI DOWHUQDWLYH VHTXHQFHV LV XVHG�� :H PD\ JURXS WKH VORWV LQ WKH VDPH

ZD\ VR ZH DUH ZRUNLQJ ZLWK VORW FKDLQV LQVWHDG RI LQGLYLGXDO VORWV WKDW DUH QRW
FRQQHFWHG�

,Q >�@ WZR GLIIHUHQW JURXSLQJV RI DFWLYLWLHV DUH LGHQWLILHG� JURXSLQJ SHU WDVN �WDVN�

FHQWULF PRGHO� DQG JURXSLQJ SHU UHVRXUFH �UHVRXUFH�FHQWULF PRGHO�� 7KH VORW

UHSUHVHQWDWLRQ SURSRVHG LQ WKH SUHVHQW SDSHU FDQ EH PDSSHG WR ERWK JURXSLQJV EXW LWV

DGYDQWDJH LV PRUH HYLGHQW LQ WKH UHVRXUFH�FHQWULF PRGHOV ZKHUH WKH QXPEHU RI

DOWHUQDWLYHV LV YHU\ ODUJH DQG XVLQJ GHDFWLYDEOH DFWLYLWLHV LV LQWUDFWDEOH KHUH�
0RUHRYHU� WKH UHVRXUFH�FHQWULF PRGHO LV PRUH DSSURSULDWH WR UHSUHVHQW SUREOHPV ZLWK

FRPSOLFDWHG UHVRXUFH FRQVWUDLQWV LQFOXGLQJ VHW�XSV� FOHDQLQJ DFWLYLWLHV HWF� DV ZH

VKRZHG LQ >�@ ZKHUH ZH GHVFULEH WKH FULWHULD IRU FKRRVLQJ WKH ULJKW JURXSLQJ IRU D

SDUWLFXODU SUREOHP XVLQJ WKH FODVVLILFDWLRQ RI FRQVWUDLQWV�

7KH VORW FKDLQ FRUUHVSRQGLQJ WR WKH JURXS RI DFWLYLWLHV FDQ EH JHQHUDWHG EHIRUH ZH
VWDUW VFKHGXOLQJ� ,Q VXFK D FDVH� ZH QHHG WR HVWLPDWH LWV OHQJWK RU PRUH SUHFLVHO\ ZH

QHHG WR FRPSXWH WKH XSSHU ERXQG IRU WKH FKDLQ OHQJWK� ,Q FDVH RI WKH WDVN�FHQWULF

PRGHO� ZH LQWURGXFH D VLQJOH FKDLQ SHU WDVN DQG WKH OHQJWK RI WKH FKDLQ LV HTXDO WR WKH

PD[LPXP QXPEHU RI DFWLYLWLHV LQ DOO DOWHUQDWLYH SURGXFWLRQ SODQV IRU WKH WDVN� ,Q WKH

UHVRXUFH�FHQWULF PRGHO ZH XVH VLQJOH VORW FKDLQ SHU UHVRXUFH DQG WKH OHQJWK RI WKH

FKDLQ LV FRPSXWHG E\ GLYLGLQJ WKH VFKHGXOH GXUDWLRQ E\ WKH GXUDWLRQ RI WKH VKRUWHVW
DFWLYLW\ WKDW FDQ EH SURFHVVHG LQ WKLV UHVRXUFH�� %HFDXVH XSSHU HVWLPDWH IRU WKH QXPEHU

RI VORWV LV XVHG LW PD\ KDSSHQ WKDW VRPH VORWV UHPDLQ HPSW\ DIWHU VFKHGXOLQJ� 7R

� ,W LV SRVVLEOH WR XVH EHWWHU XSSHU HVWLPDWH WKDW WDNHV LQ DFFRXQW WKH DGPLVVLEOH VHTXHQFHV RI

DFWLYLWLHV� 6WLOO� WKLV HVWLPDWH LV QRW SUHFLVH� HVSHFLDOO\ LI WKH GLIIHUHQFH EHWZHHQ WKH VKRUWHVW

DQG WKH ORQJHVW DFWLYLW\ LV ODUJH�



SUHYHQW HPSW\ VORWV ZH FDQ ILOO WKHP E\ D GXPP\ DFWLRQ �WKLV LV QRW UHTXLUHG EXW LW

VLPSOLILHV KDQGOLQJ VORWV � DIWHU VFKHGXOLQJ� HYHU\ VORW LV ILOOHG E\ DQ DFWLYLW\��

7KHUH H[LVWV D PRUH G\QDPLF DSSURDFK WR VORW LQWURGXFWLRQ WKDW LV XVHIXO LI WKH

XSSHU HVWLPDWH IRU WKH QXPEHU RI VORWV LV ODUJH�� :H FDQ XVH ORZHU ERXQG IRU WKH

QXPEHU RI DFWLYLWLHV WR LQWURGXFH D PLQLPDO QXPEHU RI VORWV FRUUHVSRQGLQJ WR WKH
PLQLPDO QXPEHU RI DFWLYLWLHV WR EH VFKHGXOHG� ,I ZH ILQG ODWHU GXULQJ VFKHGXOLQJ WKDW

PRUH DFWLYLWLHV DUH QHFHVVDU\ WKHQ ZH FDQ JHQHUDWH PRUH VORWV G\QDPLFDOO\� 7KLV LV WKH

DSSURDFK WKDW ZH FXUUHQWO\ XVH LQ WKH 9LV2SW V\VWHP IRU VFKHGXOLQJ FRPSOH[�SURFHVV

HQYLURQPHQWV >��@� 1RWH WKDW QR GXPP\ DFWLYLWLHV DUH QHFHVVDU\ WKHUH EHFDXVH ZH

JHQHUDWH VORWV RQ GHPDQG� (DFK WLPH D VORW LV LQWURGXFHG ZH NQRZ WKHUH PXVW EH DQ
DFWLYLW\ VFKHGXOHG LQ WKH VORW�

6ORWV YV� GHDFWLYDEOH DFWLYLWLHV� :KLOH WKH WUDGLWLRQDO DSSURDFK ZLWK GHDFWLYDEOH

DFWLYLWLHV >����@ LV HDJHU LQ JHQHUDWLQJ DFWLYLWLHV� RXU DSSURDFK ZLWK VORWV LV PRUH

PRGHVW� :KHQ GHDFWLYDEOH DFWLYLWLHV DUH XVHG WR UHSUHVHQW DOWHUQDWLYHV RU SURFHVV�

GHSHQGHQW DFWLYLWLHV� DOO WKH DFWLYLWLHV PXVW EH JHQHUDWHG DQG VRPH �PRVW� RI WKHP ZLOO
EH GHDFWLYDWHG GXULQJ VFKHGXOLQJ� ,Q FDVH RI SURFHVV SODQ IURP )LJXUH �� ZH QHHG WR

LQWURGXFH WHQ DFWLYLWLHV HYHQ LI ZH NQRZ WKDW PD[LPDOO\ VL[ DFWLYLWLHV ZLOO EH LQFOXGHG

LQ WKH ILQDO VFKHGXOH� +RZHYHU� LI WKH VORW PRGHO LV XVHG WR UHSUHVHQW WKH VDPH SUREOHP

ZH FDQ LQWURGXFH VL[ VORWV RQO\ �RU ILYH LQ FDVH RI G\QDPLFDOO\ LQWURGXFHG VORWV�� 7KH

DGYDQWDJH RI WKH VORW PRGHO EHFRPHV HYHQ PRUH HYLGHQW ZKHQ WKH QXPEHU RI

GHDFWLYDEOH DFWLYLWLHV LV YHU\ ODUJH�

)LJ� �� 7KH SURFHVV SODQ ZLWK WHQ DFWLYLWLHV FDQ EH UHSUHVHQWHG XVLQJ VL[ FRQQHFWHG VORWV �WKH

QXPEHUV LQ WKH VORWV LQGLFDWH ZKLFK DFWLYLWLHV FDQ EH ILOOHG LQ JLYHQ VORW� � LV D GXPP\ DFWLYLW\��

7KHUH LV D FRQVWUDLQW EHWZHHQ HDFK SDLU RI FRQVHTXHQW VORWV WKDW ELQGV WKH DFWLYLW\ DWWULEXWHV

�H�J�� LI ZH FKRRVH DFWLYLW\ � IRU WKH VHFRQG VORW� ZH FDQ GHGXFH � XVLQJ FRQVWUDLQW SURSDJDWLRQ �

WKDW WKH ILIWK VORW FRQWDLQV DFWLYLW\ �� DQG WKH VL[WK VORW LV ILOOHG E\ D GXPP\ DFWLYLW\ ���

� 7KLV LV XVXDOO\ WKH FDVH RI UHVRXUFH�FHQWULF PRGHOV� LQ WKH WDVN�FHQWULF PRGHO WKH QXPEHU RI

VORWV FRUUHVSRQGV WR WKH QXPEHU RI DFWLYLWLHV XVHG�
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��� 6ORW 3DUDPHWHUV

2QH RI WKH PDLQ UHDVRQV ZK\ ZH SURSRVH WR ZRUN ZLWK VORWV LQVWHDG RI ZLWK DFWLYLWLHV

GLUHFWO\ LV WKDW ZH FDQ PRYH VRPH DFWLYLW\ SDUDPHWHUV WR WKH VORW� 7KLV LV YHU\
LPSRUWDQW EHFDXVH LQ WKH G\QDPLF SUREOHP IRUPXODWLRQ ZH GR QRW NQRZ WKH DFWLYLWLHV

LQ DGYDQFH VR ZH FDQQRW SRVW FRQVWUDLQWV DPRQJ WKH DFWLYLW\ SDUDPHWHUV XQWLO WKH

DFWLYLW\ LV LQWURGXFHG� +RZHYHU� ZKHQ �VRPH RI� WKHVH SDUDPHWHUV DUH PRYHG WR WKH

VORW WKHQ ZH FDQ SRVW WKH FRQVWUDLQWV DV VRRQ DV WKH VORW LV LQWURGXFHG DQG WKLV LV HDUOLHU

WKDQ WKH DFWLYLW\ LV NQRZQ� $ W\SLFDO H[DPSOH RI VXFK VWDWLF VORW SDUDPHWHUV LV VWDUW

WLPH DQG GXUDWLRQ RI WKH DFWLYLW\� 0RUH JHQHUDOO\� DOO WKH SDUDPHWHUV WKDW DUH FRPPRQ
IRU WKH DFWLYLWLHV� ZKLFK FDQ EH ILOOHG LQ WKH JLYHQ VORW� FDQ EH PRYHG WR WKH VORW�

$V ZH DOUHDG\ PHQWLRQHG� WKHUH LV DOVR D VSHFLDO $FWLYLW\ YDULDEOH LQ HYHU\ VORW

ZKRVH GRPDLQ GHVFULEHV ZKLFK DFWLYLWLHV FDQ EH ILOOHG LQ WKH VORW� %\ XVLQJ WKLV

YDULDEOH ZH QDWXUDOO\ LQFOXGH SODQQLQJ WDVN ZLWKLQ VFKHGXOLQJ DQG QR VSHFLDO SODQQLQJ

PHFKDQLVP LV UHTXLUHG� 7KH $FWLYLW\ YDULDEOH SDUWLFLSDWHV LQ FRQVWUDLQW SURSDJDWLRQ
OLNH RWKHU YDULDEOHV� PDNLQJ WKH GRPDLQ IRU WKH $FWLYLW\ YDULDEOH VLQJOHWRQ

FRUUHVSRQGV WR LQWURGXFLQJ WKH DFWLYLW\ LQWR WKH VFKHGXOH�

)LQDOO\� WKHUH LV D JURXS RI G\QDPLF VORW SDUDPHWHUV WKDW DUH VSHFLILF IRU SDUWLFXODU

DFWLYLW\� )RU H[DPSOH� GLIIHUHQW DFWLYLWLHV FDQ SURGXFH GLIIHUHQW LWHPV VR WKH YDULDEOHV

GHVFULELQJ LWHP TXDQWLWLHV DUH VSHFLILF IRU WKH DFWLYLW\�� 7KHVH YDULDEOHV FDQQRW EH

LQWURGXFHG EHIRUH ZH NQRZ WKH DFWLYLW\ LQ WKH VORW WKXV ZH FDOO WKHP G\QDPLF VORW
SDUDPHWHUV� $V VRRQ DV WKH $FWLYLW\ YDULDEOH EHFRPHV JURXQG �WKLV FRQGLWLRQ PD\

VHUYH DV D WULJJHU�� ZH FDQ JHQHUDWH G\QDPLF VORW SDUDPHWHUV�

,W VKRXOG EH QRWHG WKDW ZH FRXOG UHSUHVHQW WKH G\QDPLF VORW SDUDPHWHUV VWDWLFDOO\

WRR� L�H�� DOO WKH SDUDPHWHUV DUH LQWURGXFHG LQ WKH VORW DQG LI WKH DFWLYLW\ LQ WKH VORW GRHV

QRW XVH WKHP WKHQ WKHVH SDUDPHWHUV DUH LJQRUHG� 7KH GLVFXVVLRQ KHUH LV VLPLODU WR

XVLQJ GHDFWLYDEOH DFWLYLWLHV � LI WKH VHW RI G\QDPLF SDUDPHWHUV LV ODUJH� H�J� WKHUH DUH
WKRXVDQG RI LWHPV SURFHVVHG E\ VHYHUDO DFWLYLWLHV LQ GLIIHUHQW FRPELQDWLRQV� WKHQ WKHLU

VWDWLF UHSUHVHQWDWLRQ LV LQWUDFWDEOH GXH WR ELJ PHPRU\ FRQVXPSWLRQ�

��� &RQVWUDLQWV

:KHQ WKH YDULDEOHV LQ VORWV DUH GHILQHG ZH PD\ LQWURGXFH WKH FRQVWUDLQWV DPRQJ WKHP�

:H SURSRVH WR FODVVLI\ WKH FRQVWUDLQWV LQ WKUHH JURXSV DFFRUGLQJ WR WKH IXQFWLRQ RI D
SDUWLFXODU FRQVWUDLQW LQ WKH VORW PRGHO� 7KLV FODVVLILFDWLRQ KHOSV XV WR PDS SDUWLFXODU

SUREOHP WR WKH VORW PRGHO DQG LW VLPSOLILHV XQGHUVWDQGLQJ WKH GLIIHUHQFHV EHWZHHQ

SRVWLQJ WKH FRQVWUDLQWV�

6ORW FRQVWUDLQWV �LQWUD�VORW FRQVWUDLQWV�� )LUVW� WKHUH DUH FRQVWUDLQWV ELQGLQJ YDULDEOHV
LQ D VLQJOH VORW� 8VXDOO\� WKHVH FRQVWUDLQWV WDNH FDUH RI ILOOLQJ WKH VORW E\ DQ DFWLYLW\ VR

WKH\ ELQG WKH $FWLYLW\ YDULDEOH ZLWK UHPDLQLQJ YDULDEOHV LQ WKH VORW� 7\SLFDOO\�

� %HFDXVH VLQJOH DFWLYLW\ FDQ SURGXFH JLYHQ LWHP LQ GLIIHUHQW TXDQWLWLHV ZH XVH D YDULDEOH WR

FDSWXUH LWHP TXDQWLW\� %\ XVLQJ LWHP TXDQWLW\ YDULDEOHV ZLWK FRQVWUDLQWV DPRQJ WKHP ZH FDQ

QDWXUDOO\ PRGHO FDSDFLW\ RI WKH UHVRXUFH �H�J� �� WRQV RI LWHP � DQG � FDQ EH SURFHVVHG

VLPXOWDQHRXVO\ DQG WKLV TXDQWLW\ FDQ EH DUELWUDU\ GLVWULEXWHG DPRQJ WKH LWHPV��



GLIIHUHQW DFWLYLWLHV KDYH GLIIHUHQW GXUDWLRQ DQG GLIIHUHQW WLPH ZLQGRZV ZKHQ WKH\ FDQ

EH SURFHVVHG� 7KLV FDQ EH H[SUHVVHG E\ WZR ELQDU\ FRQVWUDLQWV RU E\ D VLQJOH WHUQDU\

FRQVWUDLQW LQ WKH IRUP RI WDEOH� 1RWH WKDW WKH SURSDJDWLRQ WKURXJK WKH FRQVWUDLQW LV

QRQ�GLUHFWLRQDO VR WKH VDPH FRQVWUDLQW FDQ EH XVHG WR GHFLGH DERXW WKH DFWLYLW\ LQ WKH

VORW DV ZHOO DV DERXW WKH GXUDWLRQ RI WKH VORW� )RU H[DPSOH� LI ZH NQRZ WKDW WKH VWDUW
WLPH RI WKH VORW LV JUHDWHU WKDQ �� WKHQ ZH FDQ GHGXFH WKDW RQO\ DFWLRQ � FDQ EH ILOOHG

LQ WKH VORW ZKLFK IXUWKHU VHWV WKH GXUDWLRQ WR EH � �VHH WDEOH EHORZ��

$FWLYLW\ � � � �

6WDUW WLPH ������ ������ ������ ������

'XUDWLRQ � �� ���� �

1DWXUDOO\� WKH VORW FRQVWUDLQW PD\ DOVR GHVFULEH UHODWLRQV WKDW GR QRW LQYROYH WKH

$FWLYLW\ YDULDEOH OLNH WKH IROORZLQJ H[DPSOH VKRZV�

6WDUW � 'XUDWLRQ  (QG

&KDLQ FRQVWUDLQWV �LQWHU�VORW FRQVWUDLQWV RU LQWUD�FKDLQ FRQVWUDLQWV�� 7KH VHFRQG
JURXS RI FRQVWUDLQWV FRUUHVSRQGV WR UHODWLRQV EHWZHHQ YDULDEOHV IURP GLIIHUHQW VORWV RI

D VLQJOH VORW FKDLQ� 7\SLFDOO\� WKHVH FRQVWUDLQWV ELQG WZR VXFFHVVLYH VORWV LQ WKH VORW

FKDLQ DQG WKH\ GHVFULEH WKH SUHFHGHQFH UHODWLRQV�

∀L VORW�L��6WDUW � VORW�L��'XUDWLRQ ≤ VORW�L����6WDUW

RU WKH WUDQVLWLRQ SDWWHUQV�SURFHVV SODQV �)LJXUH � JLYHV D SDUWLFXODU H[DPSOH RI VXFK
FRQVWUDLQW GHVFULELQJ DOWHUQDWLYH SURFHVV SODQV��

VORW����$FWLYLW\  � ⇒ VORW����$FWLYLW\ LQ ^���`

$JDLQ� WKH SURSDJDWLRQ LV EL�GLUHFWLRQDO VR LQIRUPDWLRQ IURP JLYHQ VORW LV SURSDJDWHG

WR ERWK HDUOLHU DQG ODWHU VORWV� 7KLV LV D QLFH IHDWXUH EHFDXVH ZH FDQ ILOO WKH VORWV LQ

DUELWUDU\ RUGHU DQG WKH SURSDJDWLRQ JXDUDQWHHV WKDW ZH FDQ VWLOO ILOO WKH UHPDLQLQJ

VORWV� )LQDOO\ QRWH WKDW ZH GR QRW UHVWULFW WKH FKDLQ FRQVWUDLQWV WR ELQG VXFFHVVLYH VORWV
LQ WKH FKDLQ RQO\ EXW DUELWUDU\ VORWV PD\ EH FRQQHFWHG� 7KLV DOORZV XV WR GHILQH PRUH

FRPSOLFDWHG FKDLQ VWUXFWXUHV �QRW RQO\ WKH OLQHDU VWUXFWXUH��

,QWHU�FKDLQ FRQVWUDLQWV� 7KH ODVW JURXS FRQWDLQV WKH FRQVWUDLQWV ELQGLQJ VORWV IURP
GLIIHUHQW FKDLQV� 7KHVH FRQVWUDLQWV H[SUHVV WKH GHSHQGHQFLHV EHWZHHQ GLIIHUHQW VORW

FKDLQV� L�H� EHWZHHQ GLIIHUHQW WDVNV LI WKH VORW FKDLQ UHSUHVHQWV D WDVN� RU EHWZHHQ

GLIIHUHQW UHVRXUFHV LI WKH VORW FKDLQ FRUUHVSRQGV WR D UHVRXUFH� )RU H[DPSOH� LQ WKH

UHVRXUFH�FHQWULF PRGHO ZH FDQ H[SUHVV WKH IROORZLQJ V\QFKURQLVDWLRQ FRQVWUDLQW�

∀N �FKDLQ�L��VORW�N��$FWLYLW\  � ⇒
∃O �FKDLQ�M��VORW�O��$FWLYLW\  � 	

FKDLQ�L��VORW�N��6WDUW  FKDLQ�M��VORW�O��6WDUW��



ZKLFK VD\V� LI WKH UHVRXUFH L SURFHVVHV WKH DFWLYLW\ � WKHQ WKH UHVRXUFH M PXVW SURFHVV

WKH DFWLYLW\ � VWDUWLQJ DW WKH VDPH WLPH���

7KH H[LVWHQWLDO TXDQWLILHU LQ WKH FRQVWUDLQW PDNHV GLIILFXOW\ ZKHQ SRVWLQJ VXFK

FRQVWUDLQW EHFDXVH ZH PXVW ILQG ZKLFK VORWV DUH FRQQHFWHG� 7KLV LV PRUH YLVLEOH LI ZH

UHZULWH WKH FRQVWUDLQW XVLQJ GLVMXQFWLRQ�

∀N �FKDLQ�L��VORW�N��$FWLYLW\  � ⇒
∨O �����Q �FKDLQ�M��VORW�O��$FWLYLW\  � 	

FKDLQ�L��VORW�N��6WDUW  FKDLQ�M��VORW�O��6WDUW��

ZKHUH Q LV D QXPEHU RI VORWV LQ WKH UHVRXUFH M� :H GLVFXVV PHWKRGV IRU SRVWLQJ LQWHU�

FKDLQ FRQVWUDLQWV LQ WKH QH[W VHFWLRQ�

,Q >�@ ZH SURSRVHG D JHQHUDO JURXSLQJ RI FRQVWUDLQWV IRU VFKHGXOLQJ SUREOHPV� LQ

SDUWLFXODU ZH GLVWLQJXLVKHG EHWZHHQ�

� UHVRXUFH FRQVWUDLQWV GHVFULELQJ OLPLWDWLRQV RI VLQJOH UHVRXUFH LQ JLYHQ WLPH� H�J�
UHVWULFWHG FDSDFLW\�

� WUDQVLWLRQ FRQVWUDLQWV GHVFULELQJ UHODWLRQV EHWZHHQ VWDWHV RI VLQJOH UHVRXUFH LQ

GLIIHUHQW WLPH SRLQWV� H�J� WUDQVLWLRQ SDWWHUQV�

� GHSHQGHQF\ FRQVWUDLQWV GHVFULELQJ UHODWLRQV EHWZHHQ GLIIHUHQW UHVRXUFHV� H�J�

VXSSOLHU�FRQVXPHU UHODWLRQ�
:H FDQ QRZ GHILQH WKH PDSSLQJ EHWZHHQ WKH FODVVLILFDWLRQ LQ UHVRXUFH�FHQWULF DQG

WDVN�FHQWULF UHSUHVHQWDWLRQ DQG WKH FRQVWUDLQW JURXSV LQ WKH VORW PRGHOV�

7DEOH �� 0DSSLQJ EHWZHHQ WKH VORW PRGHO DQG UHVRXUFH�FHQWULF DQG WDVN�FHQWULF UHSUHVHQWDWLRQV

6ORW PRGHOV 5HVRXUFH�FHQWULF

UHSUHVHQWDWLRQ

7DVN�FHQWULF

UHSUHVHQWDWLRQ

6ORW FRQVWUDLQWV 5HVRXUFH FRQVWUDLQWV 5HVRXUFH FRQVWUDLQWV

&KDLQ FRQVWUDLQWV 7UDQVLWLRQ FRQVWUDLQWV 'HSHQGHQFLHV

,QWHU�FKDLQ FRQVWUDLQWV 'HSHQGHQFLHV 7UDQVLWLRQ FRQVWUDLQWV

�� 6FKHGXOLQJ�ZLWK�WKH�VORW�UHSUHVHQWDWLRQ

+DYLQJ D GHFODUDWLYH PRGHO RI WKH UHDO�OLIH SUREOHP LV WKH ILUVW VWHS WR VROYH WKH
SUREOHP� ZH DOVR QHHG DQ HIILFLHQW VROYHU� 7KH XQGHUO\LQJ VROYLQJ PHFKDQLVP LV EDVHG

RQ FRQVWUDLQW VDWLVIDFWLRQ� LQ SDUWLFXODU ZH DUH XVLQJ FRQVWUDLQW SURSDJDWLRQ IRU

SUXQLQJ WKH GRPDLQV RI WKH YDULDEOHV DQG ODEHOOLQJ WR DVVLJQ YDOXHV WR WKH YDULDEOHV� ,Q

WKH UHVW RI WKH SDSHU ZH FRQFHQWUDWH RQ D QHZ DVSHFW RI WKH SURSRVHG UHSUHVHQWDWLRQ�

L�H� WKH G\QDPLF FKDUDFWHU � QHZ YDULDEOHV DQG FRQVWUDLQWV DUH LQWURGXFHG LQ FRXUVH RI

VROYLQJ�

�� &RQVWUDLQWV RI WKLV W\SH H[SUHVV V\QFKURQLVDWLRQ EHWZHHQ DFWLYLWLHV� H�J� FOHDQLQJ DFWLYLWLHV

PXVW EH SURFHVVHG LQ SDUDOOHO LQ WZR UHVRXUFHV RU DQ DFWLYLW\ LQ RQH UHVRXUFH PXVW SURGXFH DQ

LWHP DW JLYHQ WLPH WKDW LV FRQVXPHG E\ DQRWKHU DFWLYLW\ LQ DQRWKHU UHVRXUFH�



*HQHUDWLQJ G\QDPLF YDULDEOHV� %HFDXVH WKH VHW RI G\QDPLF VORW YDULDEOHV PD\ GLIIHU
IURP DFWLYLW\ WR DFWLYLW\ ZH GHFLGHG WR LQWURGXFH WKHP DV VRRQ DV WKH $FWLYLW\ YDULDEOH

LQ WKH VORW EHFRPHV JURXQG �LWV GRPDLQ EHFRPHV VLQJOHWRQ�� ,W LV QDWXUDO WR XVH HYHQW�

EDVHG SURJUDPPLQJ WR LPSOHPHQW LQWURGXFWLRQ RI G\QDPLF YDULDEOHV XVLQJ WKH VDPH

PHFKDQLVP DV FRQVWUDLQW SURSDJDWLRQ LV LPSOHPHQWHG �W\SLFDOO\� WKH SURSDJDWLRQ LV
ZDNHG�XS ZKHQ WKH GRPDLQ RI VRPH FRQVWUDLQHG YDULDEOH LV FKDQJHG��

3RVWLQJ WKH FRQVWUDLQWV� 7R H[SORLW FRQVWUDLQW SURSDJDWLRQ� WKDW UHGXFHV WKH GRPDLQV
RI YDULDEOHV DQG SUXQHV WKH VHDUFK VSDFH� ZH SUHIHU WR SRVW WKH FRQVWUDLQWV DV VRRQ DV

SRVVLEOH� 1DWXUDOO\� ZH FDQ SRVW DOO WKH FRQVWUDLQWV ELQGLQJ WKH VWDWLF YDULDEOHV LQ

DGYDQFH �LI ZH NQRZ ZKLFK YDULDEOHV DUH ERXQGHG�� 6WLOO� ZH FDQ LGHQWLI\ WZR PDLQ

UHDVRQV OHDGLQJ WR SRVWSRQLQJ WKH FRQVWUDLQW LQWURGXFWLRQ�

� )LUVW� WKH FRQVWUDLQW LQFOXGHV VRPH G\QDPLF YDULDEOHV� 6XFK FRQVWUDLQW PXVW EH

SRVWSRQHG XQWLO WKH G\QDPLF YDULDEOHV DUH LQWURGXFHG � ZH FDQ SRVW WKLV FRQVWUDLQW

LPPHGLDWHO\ DIWHU FUHDWLQJ WKH G\QDPLF YDULDEOHV�

� 6HFRQG� LW LV QRW FOHDU ZKLFK YDULDEOHV DUH ERXQG E\ WKH FRQVWUDLQW� 7KLV LV WKH

FDVH RI LQWHU�FKDLQ FRQVWUDLQWV ZKHUH ZH GR QRW NQRZ ZKLFK VORWV VKRXOG EH
FRQQHFWHG E\ WKH FRQVWUDLQW� 7KHUH DUH WZR H[WUHPH PHWKRGV IRU SRVWLQJ VXFK

FRQVWUDLQWV �DQG PDQ\ YDULDQWV LQ�EHWZHHQ�� HDJHU DQG OD]\ PHWKRG�

9 (DJHU PHWKRG FRUUHVSRQGV WR WKH VWDWLF IRUPXODWLRQ RI WKH GLVMXQFWLYH

FRQVWUDLQW� L�H�� ZH FRQQHFW DOO WKH VORWV XVLQJ WKH GLVMXQFWLYH FRQVWUDLQW DV

)LJXUH � VKRZV� ,W LV D NQRZQ ZLVGRP WKDW SURSDJDWLRQ WKURXJK D GLVMXQFWLYH
FRQVWUDLQW LV ZHDN EXW RQ WKH RWKHU VLGH WKHUH H[LVW VSHFLDO SURSDJDWLRQ

PHWKRGV GHVLJQHG IRU VFKHGXOLQJ SUREOHPV WKDW FDQ EH XVHG WKHUH >�@� 7KH

SUREOHP ZLWK ODUJH GLVMXQFWLYH FRQVWUDLQWV LV PHPRU\ RYHUKHDG QHFHVVDU\ WR

PDLQWDLQ FRQVLVWHQF\ ZKLFK FRXOG EH LQWUDFWDEOH LW ODUJH�VFDOH VFKHGXOLQJ

SUREOHPV�

9 /D]\ PHWKRG ZDLWV XQWLO ZH NQRZ ZKLFK VORWV VKRXOG EH FRQQHFWHG� L�H�� XQWLO

ZH KDYH HQRXJK LQIRUPDWLRQ DERXW WKH YDOXHV RI YDULDEOHV� 7KH DGYDQWDJH RI

WKH OD]\ PHWKRG LV WKDW LW JHQHUDWHV QHFHVVDU\ FRQVWUDLQWV RQO\ �LW QHHGV QR

GLVMXQFWLRQ�� XQIRUWXQDWHO\� WKH FRQVWUDLQWV DUH JHQHUDWHG WRR ODWH �LQ UHDOLW\

ZH PXVW ZDLW XQWLO PRVW RI WKH YDULDEOHV DUH JURXQG� DQG� WKXV� WKH\ GR QRW
FRQWULEXWH WR SUXQLQJ WKH VHDUFK VSDFH� ,Q IDFW� WKH FRQVWUDLQWV SRVWHG E\ WKH

OD]\ PHWKRG EHKDYH OLNH D WHVW RQO\�

)LJ� �� 7KH HDJHU PHWKRG �OHIW� SRVWV WKH ODUJH GLVMXQFWLYH FRQVWUDLQW� L�H�� LW FRQQHFWV DOO

SRWHQWLDOO\ GHSHQGHQW VORWV� ZKLOH WKH OD]\ PHWKRG �ULJKW� ZDLWV XQWLO ZH NQRZ ZKLFK VORWV DUH

GHSHQGHQW DQG WKHQ SRVW WKH FRQVWUDLQW �LW VHOHFWV RQH FRQVWUDLQW IURP WKH GLVMXQFWLRQ��

RU RU RU



,Q SUDFWLFH� WKH PL[WXUH RI ERWK HDJHU DQG OD]\ PHWKRG VHHPV XVHIXO WR UHGXFH

PHPRU\ RYHUKHDG RI WKH HDJHU PHWKRG DQG WR LPSURYH WKH SURSDJDWLRQ RI WKH OD]\

PHWKRG� ,W PHDQV WKDW ZH FDQ JHQHUDWH SDUW RI WKH GLVMXQFWLRQ DQG LI ZH ILQG ODWHU WKDW

WKHUH DUH QR GHSHQGHQW VORWV WKHUH WKHQ ZH FDQ JHQHUDWH QH[W SDUW RI WKH GLVMXQFWLRQ

DQG VR RQ� 7KH )LJXUH � VKRZV WKLV PHWKRG�

)LJ� �� :H FDQ SRVW SDUW RI WKH GLVMXQFWLYH FRQVWUDLQW ILUVW DQG LI ZH ILQG WKDW GHSHQGHQW VORWV DUH

QRW SUHVHQW WKHUH WKHQ ZH SRVW WKH QH[W SDUW HWF� 7KLV LV XVHIXO LI OHIW WR ULJKW VFKHGXOLQJ LV XVHG

�OHIW VORWV DUH ODEHOOHG ILUVW��

�� &RQFOXVLRQV�DQG�UHVXOWV

,Q UHDO�OLIH LQGXVWULDO VFKHGXOLQJ WKHUH H[LVWV SUREOHPV WKDW UHTXLUH DGGLQJ QHZ

DFWLYLWLHV GXULQJ VFKHGXOLQJ� L�H� HQKDQFLQJ VFKHGXOLQJ E\ SODQQLQJ FDSDELOLWLHV�

%HFDXVH WKH FRQYHQWLRQDO VWDWLF FRQVWUDLQW PRGHOV DUH QRW DEOH WR KDQGOH VXFK

SUREOHPV ZH SURSRVHG VORW PRGHOV IRU VFKHGXOLQJ SUREOHPV HQKDQFHG E\ SODQQLQJ

FDSDELOLWLHV� 7KLV HQDEOHV XV WR IRUPXODWH DQG VROYH ZLGHU UDQJH RI UHDO�OLIH SUREOHPV
XVLQJ WKH FRQVWUDLQW SURJUDPPLQJ WHFKQRORJ\�

7KH SURSRVHG VORW UHSUHVHQWDWLRQ RI WKH UHVRXUFH�FHQWULF PRGHO LV XVHG LQ WKH

JHQHULF VFKHGXOLQJ HQJLQH RI 9LVRSW V\VWHP >��@� 7KLV V\VWHP LV GHVLJQHG WR VROYH

PL[HG SODQQLQJ DQG VFKHGXOLQJ SUREOHPV LQ KLJKO\ FRPSOH[ SURFHVV LQGXVWULHV DQG LW

LV WKH ILUVW V\VWHP WKDW FDQ KDQGOH WKH FRPSOH[LW\ RI VXFK LQGXVWULHV LQFOXGLQJ IXOO

PRGHOLQJ RI VHW�XSV� FOHDQLQJ� DOWHUQDWLYH UHVRXUFHV HWF� 7KH ILUVW SLORW SURMHFW� ZKHUH
WKH V\VWHP LV WHVWHG� LV D FRPSOH[ FRWWDJH SURGXFWLRQ OLQH LQ D GLDU\� 7KH PRGHO

FRQVLVWV RI �� UHVRXUFHV ZLWK PRUH WKHQ ��� DOWHUQDWLYH SURFHVV OLQHV� $ FRPSOHWH

VFKHGXOH�SODQ IRU � GD\V ZLWK WKH UHVROXWLRQ RI �� PLQXWHV FRQVLVWV RI DERXW � ���

REMHFWV �PDMRULW\ RI WKHP LV LQWURGXFHG�SODQQHG GXULQJ VFKHGXOLQJ� DQG LW WDNHV DERXW

WKUHH PLQXWHV WR ILQG LW RQ &HOHURQ ��� ZLWK ��� 0% PHPRU\�

$FNQRZOHGJHPHQWV

$XWKRU¶V ZRUN LV VXSSRUWHG E\ WKH *UDQW $JHQF\ RI WKH &]HFK 5HSXEOLF XQGHU WKH

FRQWUDFW QXPEHU �������'��� DQG E\ 9LVRSW 7HFK /WG� , ZRXOG OLNH WR WKDQN <RVVL

5LVVLQ DQG WKH WHDP RI 9LVRSW 7HFK IRU LQWURGXFLQJ PH WR WKH SUREOHP DQG IRU
LQWHUHVWLQJ DQG HQFRXUDJLQJ GLVFXVVLRQV FRQFHUQLQJ UHDO�OLIH SUREOHPV RI LQGXVWULDO

SODQQLQJ DQG VFKHGXOLQJ� , DP DOVR JUDWHIXO WR +HOPXW 6LPRQLV IURP &RV\WHF IRU

XVHIXO GLVFXVVLRQV FRQFHUQLQJ FRQVWUDLQW VFKHGXOLQJ�
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