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$ QHZ PHWKRG WR GHDO ZLWK PHDVXUHG VSHFWUXP RI VHFRQGDU\ JDPPD�UD\V LQGXFHG E\ '�7 QHXWURQV ZLWK

*H GHWHFWRU LV SURSRVHG� 6XEWUDFWLQJ EDFNJURXQG FRPSRQHQWV DQG GLVFUHWH SHDNV IURP WKH UDZ VHFRQGDU\

JDPPD�UD\ VSHFWUXP� WKH FRQWLQXXP FRPSRQHQW RI VHFRQGDU\ JDPPD�UD\ ZDV VXFFHVVIXOO\ H[WUDFWHG� %\ XVLQJ

XQIROGLQJ SURFHVV� WKH FRQWLQXXP FRPSRQHQW RI WKH VHFRQGDU\ JDPPD�UD\ SURGXFWLRQ FURVV VHFWLRQ ZDV GHULYHG�

7KH PHDVXUHG FURVV VHFWLRQ GDWD REWDLQHG E\ WKLV PHWKRG DUH YHU\ XVHIXO IRU SUHFLVH HYDOXDWLRQ RI VHFRQGDU\

JDPPD�UD\ SURGXFWLRQ FURVV VHFWLRQV�

�� ,QWURGXFWLRQ

,Q D IXVLRQ UHDFWRU GHVLJQ� VHFRQGDU\ JDPPD�UD\ SURGXFWLRQ FURVV VHFWLRQ GDWD DUH LPSRUWDQW EHFDXVH RI

WKH QHFHVVLW\ RI HVWLPDWLRQV IRU QXFOHDU KHDWLQJ� UDGLDWLRQ GDPDJH� UDGLDWLRQ H[SRVXUH� DQG VR RQ� 7KH

H[SHULPHQWDO GDWD DUH GLVFUHWH JDPPD�UD\V�6'& � REWDLQHG ZLWK *H GHWHFWRU RU FRQWLQXXP HQHUJ\

VSHFWUXP�61D,� ZLWK 1D, GHWHFWRU� ,Q QXFOHDU GDWD ILOHV� FRQWLQXXP VSHFWUD DUH PDLQO\ LQFOXGHG FRQVLGHULQJ WKH

PHDVXUHG FRQWLQXXP VSHFWUD�61D,� ZLWK 1D, GHWHFWRU� %HFDXVH ZLWK *H GHWHFWRU� RQO\ SURPLQHQW GLVFUHWH

JDPPD�UD\V FDQ EH PHDVXUHG� EXW UHVLGXDO FRQWLQXXP FRPSRQHQW�6&&� FDQ QRW EH H[WUDFWHG�

,Q WKH SUHVHQW VWXG\� ZH SURSRVH D QHZ PHWKRG WR SURFHVV D PHDVXUHG JDPPD�UD\ VSHFWUXP ZLWK *H

GHWHFWRU� $W ILUVW� ZH VHSDUDWH JDPPD�UD\V LQGXFHG E\ '�7 QHXWURQV LQWR WZR FRPSRQHQWV VKRZQ LQ )LJ �� � 2QH

LV WKH GLVFUHWH FRPSRQHQW�6'&� LQFOXGLQJ UHODWLYHO\ SURPLQHQW GLVFUHWH SHDNV� 7KH RWKHU LV WKH FRQWLQXXP

FRPSRQHQW�6&&� ZKLFK LQFOXGHV D FRQWLQXRXV HQHUJ\ VSHFWUXP FRQWDLQLQJ VPDOO GLVFUHWH SHDNV� 7KH JDPPD�UD\

VSHFWUXP IRU WKH ODWWHU KDV QRW EHHQ REWDLQHG H[SHULPHQWDOO\� :H H[WUDFW WKHVH WZR GDWD IURP WKH PHDVXUHG

VSHFWUD ZLWK *H GHWHFWRU E\ D VSHFLDO GDWD SURFHVVLQJ SURFHGXUH� 7KH REWDLQHG GDWD ZHUH FRPSDUHG ZLWK WKH

WKHRUHWLFDO FDOFXODWLRQ UHVXOW ZLWK 6,1&526�� DV ZHOO DV WKH HYDOXDWHG QXFOHDU GDWD� 7KH FDOFXODWLRQ FRQWDLQHG

WKH HIIHFW RI GLUHFW UHDFWLRQV FDOFXODWHG ZLWK ':8&.<� 7KHVH PHDVXUHG GDWD DUH YHU\ XVHIXO IRU SUHFLVH

HYDOXDWLRQ RI VHFRQGDU\ JDPPD�UD\ SURGXFWLRQ FURVV VHFWLRQ� L�H�� PL[WXUH RI GLVFUHWH DQG FRQWLQXXP

FRPSRQHQWV�

�� ([SHULPHQW

0HDVXUHPHQWV RI VHFRQGDU\ JDPPD�UD\ SURGXFWLRQ FURVV VHFWLRQV KDYH EHHQ FDUULHG RXW DW WKH '�7

QHXWURQ VRXUFH IDFLOLW\ 2.7$9,$1 RI 2VDND 8QLYHUVLW\� :H DGRSWHG WKH 72) PHWKRG WR VHSDUDWH SURPSW

JDPPD�UD\ VLJQDOV IURP WKH ZKROH WLPH VSHFWUXP� $Q +3�*H GHWHFWRU ZDV XVHG DV D JDPPD�UD\ GHWHFWRU� 7KH

*H FU\VWDO YROXPH ZDV ����� FP
�
� (OHPHQWV ZKLFK DUH FRQVLGHUHG DV FDQGLGDWHV RI WKH VWUXFWXUDO PDWHULDO IRU

WKH IXVLRQ UHDFWRU ZHUH FKRVHQ DV VDPSOH PDWHULDOV� ,Q WKH SUHVHQW SDSHU� WKH UHVXOW IRU YDQDGLXP ZDV SUHVHQWHG�

7KH VKDSH RI WKH YDQDGLXP VDPSOH ZDV D KROORZ F\OLQGHU�2' � �� PP� ,' � �� PP� OHQJWK � �� PP�� 8VLQJ VXFK

D WKLQ VDPSOH� ZH FRXOG VXSSUHVV QHXWURQ PXOWLSOH VFDWWHULQJ DQG DWWHQXDWLRQ RI SURGXFHG JDPPD�UD\V LQ WKH

VDPSOH�



7KH H[SHULPHQWDO DUUDQJHPHQW LV VKRZQ LQ )LJ� �� 7KH VFDWWHULQJ DQJOH ZDV IL[HG DW ��� GHJ� VR WKDW ZH GLGQ¶W

KDYH WR FRQVLGHU WKH DQJXODU GLVWULEXWLRQ IRU VHFRQGDU\ JDPPD�UD\V WR HVWLPDWH WKH WRWDO JDPPD�UD\ SURGXFWLRQ

FURVV VHFWLRQ� 7KH GHWHFWRU ZDV KHDYLO\ VKLHOGHG ZLWK OHDG� KHDY\ FRQFUHWH� SRO\HWK\OHQH� DQG VR RQ� :LWK WKH

HOHFWURQLF FLUFXLW VKRZQ LQ )LJ� �� ZH REWDLQHG IRUHJURXQG VSHFWUXP� EDFNJURXQG VSHFWUXP DQG 72) VSHFWUXP�

�� 0HDVXUHG VSHFWUD

)LJXUHV �� �D DQG �E VKRZ 72)� IRUHJURXQG DQG EDFNJURXQG VSHFWUD� UHVSHFWLYHO\� 8WLOL]LQJ WKH VLJQDOV LQ

WKH DUHDV RI )* DQG %* GHVFULEHG LQ )LJ��� VSHFWUD IRU )* DQG %* ZHUH REWDLQHG DV VKRZQ LQ )LJV� �D DQG �E�

UHVSHFWLYHO\� ,Q WKH IRUHJURXQG VSHFWUXP� VHYHUDO GLVFUHWH JDPPD�UD\V ZHUH REVHUYHG� 7KRXJK VRPH RI WKHP

ZHUH EDFNJURXQG JDPPD�UD\V� WKH SHDNV IURP WKH YDQDGLXP VDPSOH FRXOG EH IRXQG E\ FRPSDULQJ )LJ� �D ZLWK

�E� %HVLGHV JDPPD�UD\V IURP WKH VDPSOH� WKH )* VSHFWUXP FRQWDLQV WLPH�LQGHSHQGHQW EDFNJURXQG

FRPSRQHQW�7,%� DQG WLPH�GHSHQGHQW EDFNJURXQG FRPSRQHQW�7'%�� 7KH %* VSHFWUXP LQ )LJ� �E FRUUHVSRQGV WR

WKH 7,% FRPSRQHQW� )LJ� � VKRZV WKH VDPSOH�RXW )* VSHFWUXP ZKLFK FRQWDLQV WKH 7,% DQG 7'% FRPSRQHQWV�

7KH 7'% FRPSRQHQW ZDV REWDLQHG ZLWK )* DQG %* VSHFWUXP LQ WKH VDPSOH�RXW PHDVXUHPHQW�

�� 'DWD DQDO\VLV

$W WKH ILUVW VWHS� ZH VXEWUDFWHG WKH 7,% DQG 7'% FRPSRQHQWV IURP WKH IRUHJURXQG VSHFWUXP LQ WKH

VDPSOH�LQ PHDVXUHPHQW WR REWDLQ WKH QHW IRUHJURXQG VSHFWUXP� 7KHQ WKH SURPLQHQW GLVFUHWH SHDNV ZHUH UHPRYHG

IURP WKH QHW IRUHJURXQG VSHFWUXP XVLQJ WKH UHVSRQVH IXQFWLRQV RI WKH SHDNV ZHUH FDOFXODWHG ZLWK 0&13��%� 7KH

UHVLGXDO VSHFWUXP LV VKRZQ LQ )LJ� � WRJHWKHU ZLWK WKH QHW IRUHJURXQG VSHFWUXP� 2Q WKH VHFRQG VWHS� WKH VSHFWUXP

ZDV XQIROGHG XVLQJ WKH XQIROGLQJ FRGH +(352 WR REWDLQ WKH 6&& KDYLQJ RQO\ WKH FRQWLQXXP FRPSRQHQW�

�� 5HVXOW DQG GLVFXVVLRQ

([SHULPHQWDO GDWD RI GLVFUHWH JDPPD�UD\ SURGXFWLRQ FURVV VHFWLRQV DERYH ���� 0H9 DUH OLVWHG LQ 7DEOH �

FRPSDUHG ZLWK WKH WKHRUHWLFDO FDOFXODWLRQ UHVXOW E\ WKH 6,1&526�� V\VWHP DQG ':8&.<� 7KH ':8&.<

LV EDVHG RQ WKH ':%$ WKHRU\� 7KH GDWD LQFOXGHV WKH HYDOXDWHG QXFOHDU GDWD LQ (1')�%�� QRW -(1'/����

EHFDXVH -(1'/���� LQFOXGHV MXVW FRQWLQXXP HQHUJ\ VSHFWUD� ,Q DGGLWLRQ WR WKHP� WKH PHDVXUHG GDWD ZHUH

FRPSDUHG ZLWK WKH FRPSLOHG GDWD E\ 6�3� 6LPDNRY HW DO>�@� 6LPDNRY¶V GDWD ZHUH SUHSDUHG E\ QRUPDOL]LQJ DQG

DYHUDJLQJ RWKHU H[SHULPHQWDO GDWD ZKLFK KDG EHHQ PHDVXUHG RYHU WKH ZRUOG� 7KH FDOFXODWLRQ UHVXOWV VXSSRUWHG

RXU H[SHULPHQWDO YDOXH DV D ZKROH� 2Q WKH RWKHU KDQG� 6LPDNRY¶V GDWD GHYLDWHG IURP RXU H[SHULPHQWDO GDWD�

6LQFH WKH QXPEHU RI GDWD ZKLFK KDG EHHQ XVHG WR REWDLQ WKH FRPSLOHG GDWD ZDV YHU\ VPDOO� ZH FRQFOXGHG WKDW

VRPH RI KLV GDWD ZHUH QRW UHOLDEOH� (1')�%�� GLGQ¶W KDYH DGHTXDWH GLVFUHWH GDWD WR FRPSDUH ZLWK RXUV�

7DEOH � VKRZV WKH WRWDO GLVFUHWH GDWD� WKH WRWDO FRQWLQXXP GDWD DQG WKH WRWDO FURVV VHFWLRQ GDWD� $QG )LJ� �

VKRZV WKH FDOFXODWHG HQHUJ\ GLIIHUHQWLDO FURVV VHFWLRQV WRJHWKHU ZLWK RXU H[SHULPHQWDO GDWD IRU WKH FRQWLQXXP

FRPSRQHQW� ,Q WKH WDEOH� GLVFUHWH GDWD DUH WKH VXP RI GLVFUHWH FURVV VHFWLRQV DERYH ���� 0H9� :H H[FHSWHG WKH

GDWD IRU JDPPD�UD\ HQHUJLHV RI ���� ���� ���� DQG ���� NH9 IURP WKH GLVFUHWH GDWD EHFDXVH WKHVH YDOXHV FRXOG

QRW EH LQFOXGHG LQ WKH WKHRUHWLFDO FDOFXODWLRQ RU 6LPDNRY¶V GDWD� 7KH H[SHULPHQWDO FRQWLQXXP GDWD DUH REWDLQHG

ZLWK WKH PHWKRG GHYHORSHG LQ WKLV VWXG\� ,4 LV QRWHG WKDW WKH SUHVHQW FRQWLQXXP YDOXH LQ 7DEOH � LV SUHOLPLQDU\�

7KH HQHUJ\ UHJLRQ RI WKH FRQWLQXXP DQG WRWDO FURVV VHFWLRQ GDWD LV IURP ���� WR ��� 0H9� (YDOXDWHG GDWD RI

-(1'/���� DQG (1')�%�� DUH DOVR VKRZQ LQ WKH WRWDO FURVV VHFWLRQ GDWD� 2XU FRQWLQXXP DQG WRWDO FURVV

VHFWLRQ GDWD DUH ODUJHU WKDQ WKH FDOFXODWLRQ UHVXOW DQG (1')�%�� GDWD� $FFRUGLQJ WR )LJ� �� RXU UHVXOW VKRZV D

OLWWOH ODUJHU GDWD DERYH � 0H9� %XW ZH WKLQN WKDW ZH FRXOG H[WUDFW WKH 6&&FRPSRQHQW VXFFHVVIXOO\� &RQVHTXHQWO\�

WKLV PHWKRG KDV D SURPLVLQJ SRWHQWLDO WR HQDEOH WR HVWLPDWH WKH VHFRQGDU\ JDPPD�UD\ SURGXFWLRQ FURVV VHFWLRQ

GDWD FRQVLVWLQJ PL[WXUH RI GLVFUHWH DQG FRQWLQXXP FRPSRQHQWV IURP WKH PHDVXUHG VSHFWUD ZLWK *H GHWHFWRU�

�� &RQFOXVLRQ

,Q GHVLJQ RI D IXVLRQ UHDFWRU� VHFRQGDU\ JDPPD�UD\ SURGXFWLRQ FURVV VHFWLRQ GDWD DUH LPSRUWDQW� :H
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LQWURGXFHG D QHZ PHWKRG WR HVWLPDWH GLVFUHWH DQG FRQWLQXXP VHFRQGDU\ JDPPD�UD\ SURGXFWLRQ FURVV VHFWLRQV

IURP WKH PHDVXUHG VSHFWUD ZLWK *H GHWHFWRU� 7KH SURFHGXUH LV DV IROORZV �

6WHS � � 6XEWUDFWLQJ 7'% DQG 7,% FRPSRQHQWV IURP )* VSHFWUXP�

6WHS � � 5HPRYLQJ GRPLQDQW GLVFUHWH SHDNV IURP QHW )* VSHFWUXP��7KHQ ZH JRW WKH UHVLGXDO

3XOVH +HLJKW 6SHFWUXP RI 6&& ��

6WHS � � 8QIROGLQJ WKH 3+6 WR REWDLQ WKH 6&& �

:H DSSOLHG WKLV PHWKRG WR VHFRQGDU\ JDPPD�UD\ VSHFWUD PHDVXUHPHQW RI YDQDGLXP ZLWK DQ +3�*H

GHWHFWRU DW WKH '�7 QHXWURQ VRXUFH IDFLOLW\ 2.7$9,$1� 7KRXJK RXU UHVXOW LV QRW LQ DJUHHPHQW ZLWK WKH

WKHRUHWLFDO FDOFXODWLRQ UHVXOW� E\ PHDQV RI WKLV PHWKRG ZH ZLOO EH DEOH WR HVWLPDWH VHSDUDWHO\ GLVFUHWH DQG

FRQWLQXXP FRPSRQHQWV YDOXDEOH IRU DFFXUDWH HYDOXDWLRQ RI VHFRQGDU\ JDPPD�UD\ SURGXFWLRQ FURVV VHFWLRQV�

7DEOH � 'LVFUHWH O �UD\ 3URGXFWLRQ &URVV 6HFWLRQV

DERYH ���� 0H9 IURP YDQDGLXP VDPSOH

HQHUJ\　　 　　　FURVV VHFWLRQ�PE�　　　　　
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