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7*�'7* WHFKQLTXHV� 7KH UHVXOWV LQGLFDWHG WKDW WKH WKHUPDO GHFRPSRVLWLRQ SURFHVVHV RI WKH FRP�

SOH[HV FDQ EH GLYLGHG LQWR WKUHH VWHSV� 7KH ILUVW VWHS LV WKH ORVV RI FU\VWDO ZDWHU PROHFXOHV RU SDUW

RI WKH KLVWLGLQH PROHFXOHV IURP WKH FRPSOH[HV� 7KH VHFRQG VWHS LV WKH IRUPDWLRQ RI DONDOLQH VDOWV

RU PL[WXUHV RI QLWUDWHV ZLWK DONDOLQH VDOWV DIWHU WKH KLVWLGLQH KDV EHHQ FRPSOHWHO\ ORVW IURP WKH

FRPSOH[HV� 7KH WKLUG VWHS LV WKH IRUPDWLRQ RI R[LGHV RU PL[WXUHV RI R[LGHV ZLWK DONDOLQH VDOWV� 7KH UH�

VXOWV UHODWLQJ WR WKH WKUHH VWHSV LQGLFDWH WKDW WKH VWDELOLWLHV RI WKH FRPSOH[HV LQFUHDVH IURP /D WR /X�

.H\ZRUGV� /�α�KLVWLGLQH� UDUH HDUWK� WKHUPDO GHFRPSRVLWLRQ� WKHUPDO VWDELOLW\

,QWURGXFWLRQ

5DUH HDUWK �5(� LRQV SRVVHVV VSHFLDO IXQFWLRQV LQ ELRORJLFDO RUJDQLVPV� DQG α�
DPLQR DFLGV DUH WKH EDVLF XQLWV RI SURWHLQV� ,Q RUGHU WR H[SORUH WKH PHWDEROLVP DQG
ELRORJLFDO HIIHFWV RI WKH UDUH HDUWK LRQV LQ ELRORJLFDO RUJDQLVPV� VWXGLHV RQ WKH FRRU�
GLQDWLRQ EHKDYLRXU RI UDUH HDUWK VDOWV ZLWK DPLQR DFLGV KDYH EHHQ EHFRPH SRSXODU LQ
ELR�LQRUJDQLF FKHPLVWU\ LQ WKH SDVW WZHQW\ \HDUV� :DQJ 5XL\DR >�@� 0D $L]HQJ >�@
DQG *DR 6KHQJOL >�@ UHSRUWHG WKH VWUXFWXUHV� V\QWKHVLV DQG SURSHUWLHV RI WKH FRP�
SOH[HV RI UDUH HDUWKV ZLWK DPLQR DFLGV LQ GHWDLO� +RZHYHU� VWXGLHV RQ WKH FRPSOH[HV
RI UDUH HDUWKV ZLWK KLVWLGLQH KDYH UDUHO\ EHHQ UHSRUWHG >�� �@�

,Q WKH SUHVHQW ZRUN� D VHULHV RI VROLG FRPSOH[HV 5(�+LV��12���⋅+�2 �ZKLFK KDYH
QRW EHHQ UHSRUWHG SUHYLRXVO\� ZHUH SUHSDUHG� DQG WKHLU WKHUPDO GHFRPSRVLWLRQ SURF�
HVVHV ZHUH LQYHVWLJDWHG E\ XVLQJ 7*�'7* WHFKQLTXHV� 7KH WKHUPDO VWDELOLWLHV RI WKH
FRPSOH[HV ZHUH GHWHUPLQHG�

([SHULPHQWDO

3UHSDUDWLRQ DQG FRPSRVLWLRQ RI WKH FRPSOH[HV

5(�12���⋅Q+�2 DQG /�α�KLVWLGLQH �LQ D PROH UDWLR RI ���� ZHUH GLVVROYHG LQ
ZDWHU �S+≈����� DQG UHDFWHG WRJHWKHU RQ D ZDWHU�EDWK� DQG WKH PL[WXUH ZDV FRQFHQ�
WUDWHG XQWLO D FU\VWDO PHPEUDQH IRUPHG RQ WKH VXUIDFH� ,W ZDV WKHQ SODFHG LQ D GHVLF�
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$NDGpPLDL .LDGy� %XGDSHVW

.OXZHU $FDGHPLF 3XEOLVKHUV� 'RUGUHFKW


 $XWKRU WR ZKRP DOO FRUUHVSRQGHQFH VKRXOG EH DGGUHVVHG�



FDWRU FRQWDLQLQJ FRQFHQWUDWHG +�62� XQWLO FU\VWDOV VHSDUDWHG RXW� 7KHVH ZHUH ILOWHUHG
RII DQG ZDVKHG ZLWK D OLWWOH DOFRKRO ����� DQG WKHQ ZLWK DFHWRQH� 7KH FU\VWDOV ZHUH
QH[W SODFHG LQ D GHVLFFDWRU FRQWDLQLQJ 3�2�� XQWLO WKH PDVV RI WKH FU\VWDOV EHFDPH
FRQVWDQW� 7KH SURGXFWV ZHUH SRZGHUV� 7KH DQDO\WLF UHVXOWV RQ WKH FRPSRVLWLRQV DUH
JLYHQ LQ 7DEOH ��

([SHULPHQWDO DSSDUDWXV DQG FRQGLWLRQV

7* DQG '7* GDWD ZHUH REWDLQHG VLPXOWDQHRXVO\ E\ XVLQJ D 3HUNLQ (OPHU WKHU�

PRJUDYLPHWULF DQDO\VHU� $OO 7*�'7* WHVWV ZHUH FDUULHG RXW XQGHU D G\QDPLF DWPR�

VSKHUH RI GU\ R[\JHQ DW D IORZ UDWH RI �� PO PLQ−�� 7KH KHDWLQJ UDWH XVHG ZDV

�� GHJ PLQ−�� 6DPSOH PDVVHV ZHUH DERXW � PJ�

7KH ,5 VSHFWUD RI WKH LQWHUPHGLDWHV DQG ILQDO SURGXFWV RI KHDWLQJ RI WKH FRP�

SOH[HV ZHUH REWDLQHG ZLWK WKH XVH RI DQ ,5���� 0RGHO ,QIUDUHG 6SHFWURSKRWRPHWHU

�.%U 3DOOHU� �-DSDQ��

)LJ� � 7*�'7* FXUYHV IRU WKH FRPSOH[HV� � ± 3U�+LV��12���⋅+�2� � ± '\�+LV��12���⋅+�2
DQG � ± <E�+LV��12���⋅+�2
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5HVXOWV�DQG�GLVFXVVLRQ

)LJXUH � SUHVHQWV WKH 7*�'7* FXUYHV RI WKH FRPSOH[HV 3U�+LV��12���⋅+�2 ����
'\�+LV��12���⋅+�2 ��� DQG <E�+LV��12���⋅+�2 ����

7KH 7* FXUYHV RI WKH RWKHU FRPSOH[HV DUH VKRZQ LQ )LJ� �� )RU FRPSDULVRQ RI WKH
WKHUPDO EHKDYLRXU RI WKH FRPSOH[HV� WKH 7* FXUYHV RI FRPSOH[HV ���−��� LQ )LJ� �
DUH DOVR VKRZQ LQ )LJ� �� 7KH GDWD RQ WKH GHFRPSRVLWLRQ SURGXFWV� GHFRPSRVLWLRQ
WHPSHUDWXUHV DQG UHVLGXH DPRXQWV REWDLQHG IURP )LJ� � DUH OLVWHG LQ 7DEOH ��

7DEOH � DQG )LJV � DQG � DOORZ WKH IROORZLQJ REVHUYDWLRQV�

�� 7KH PDVV ORVV YDOXHV LQ WKH SURFHVVHV RI WKHUPDO GHFRPSRVLWLRQ DUH FORVH WR WKH
FDOFXODWHG YDOXHV� 7KH FRPSRXQG OLVWHG LQ 7DEOH � DUH SUHVXPHG GHFRPSRVLWLRQ
SURGXFWV�

�� 7KH WKHUPDO GHFRPSRVLWLRQ SURFHVVHV DUH VLPLODU IRU DOO FRPSOH[HV� 7KH\ FDQ
EH GLYLGHG LQWR WKUHH VWHSV� 7KH ILUVW VWHS LV WKH ORVV RI FU\VWDO ZDWHU RU SDUW RI WKH KLV�

)LJ� � 7* FXUYHV IRU WKH FRPSOH[HV LQ DQ DWPRVSKHUH RI R[\JHQ
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WLGLQH IURP WKH FRPSOH[HV� 7KH VHFRQG VWHS LV WKH IRUPDWLRQ RI DONDOLQH VDOWV RU PL[�
WXUHV RI QLWUDWHV ZLWK DONDOLQH VDOWV DIWHU WKH KLVWLGLQH KDV EHHQ ORVW FRPSOHWHO\ IURP
WKH FRPSOH[HV� 7KH WKLUG VWHS LV WKH IRUPDWLRQ RI R[LGHV RU PL[WXUHV RI R[LGHV ZLWK
DONDOLQH VDOWV�

�� 7KH GHFRPSRVLWLRQ SURFHVV IRU WKH FRPSOH[ <�+LV��12���⋅+�2 LV VLPLODU WR
WKRVH IRU WKH KHDY\ UDUH HDUWK VHULHV�

�� 7KH UHVXOWV UHODWLQJ WR WKH WKUHH VWHSV LQGLFDWH WKDW WKH WKHUPDO VWDELOLWLHV RI WKH
FRPSOH[HV LQFUHDVH IURP /D WR /X�

,Q RUGHU WR H[DPLQH WKH GHFRPSRVLWLRQ PHFKDQLVP PHQWLRQHG DERYH� WKH LQWHU�
PHGLDWHV DQG ILQDO SURGXFWV RI WKH WKHUPDO GHFRPSRVLWLRQV RI WKH FRPSOH[HV ZHUH
LGHQWLILHG YLD ,5 VSHFWURSKRWRPHWU\ DQG WKH VROXWLRQ SURSHUWLHV LQ ZDWHU� :KHQ WKH
WRWDO FU\VWDO ZDWHU RU SDUW RI WKH KLVWLGLQH ZDV ORVW IURP WKH FRPSOH[HV� WKH SURGXFWV
GLVVROYHG LQ ZDWHU� WKH ,5 VSHFWUD RI WKH SURGXFWV ZHUH WKHQ VLPLODU WR WKRVH RI WKH
FRPSOH[HV� 7KH FRPSRXQGV P5(�12���⋅Q5(212� ZHUH IRUPHG ZKHQ WKH KLVWLGLQH
ZDV ORVW FRPSOHWHO\� LW FDQ EH VHHQ WKDW D SURSRUWLRQ RI WKH FRPSRXQGV ZDV VROXEOH�
DQG WKH ,5 VSHFWUD H[KLELW WKH FKDUDFWHULVWLF SHDNV RI WKH DQK\GURXV VDOWV DQG DONDOLQH

)LJ� � ,5 VSHFWUD RI WKH FRPSOH[ 3U�+LV��12���⋅+�2 DW GLIIHUHQW VWDJHV GXULQJ WKH WKHUPDO
GHFRPSRVLWLRQ� VWHS � ± 3U�+LV��12���⋅+�2� VWHS � ± 3U�+LV������12����
VWHS � ± �3U212�⋅3U�2�� DQG VWHS � ± 3U�2��

7DEOH � &RQWLQXHG

&RPSOH[
3URGXFW

'HFRPS� WHPS��
R
&

5HVLGXH��


/X�+LV��12
�
�
�
⋅+

�
2

/X�+LV��12���
��±���±���
����������

�/X�12���⋅/X212�

���±���±���
����������

/X212�

���±���±���
����������

<�+LV��12
�
�
�
⋅+

�
2

<�+LV������12���
��±���±���
����������

<�12���⋅<212�

���±���±���
����������

<212�⋅<�2�

���±���±���
����������


7KH GDWD LQ EUDFNHWV DUH FDOFXODWHG YDOXHV
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VDOWV DW ���� FP−� >�@� ,I WKH FRPSRXQGV DUH [5(212�⋅\5(�2�� WKH\ GR QRW GLVVROYH
LQ ZDWHU FRPSOHWHO\� WKH ,5 VSHFWUD VKRZ WKH FKDUDFWHULVWLF SHDNV RI WKH DONDOLQH VDOWV
DQG R[LGHV �6DGWOHU 6WDQGDUG�� ,I WKH SURGXFWV DUH SXUH DONDOLQH RU R[LGHV� WKH\ DUH
HDVLO\ LGHQWLILHG� )LJXUH � GLVSOD\V WKH ,5 VSHFWUD RI WKH FRPSOH[ 3U�+LV��12���⋅
+�2 DW GLIIHUHQW VWDJHV GXULQJ WKH WKHUPDO GHFRPSRVLWLRQ�


 
 


:H WKDQN WKH 1DWLRQDO 6FLHQFH )RXQGDWLRQ RI &KLQD IRU ILQDQFLDO VXSSRUW�

5HIHUHQFHV

� :DQJ 5XL\DR� *DO )HQJ DQG -LQ 7LDQ]KX� &KHPLVWU\� �� ������ �� �LQ &KLQHVH��
� 0D $L]HQJ� /L /DLPLQJ DQG ;L 6KLTXDQ� $QDO\WLFDO &KHPLVWU\� � ������ ��� �LQ &KLQHVH��
� *DR 6KHQJOL� /L =KRQJMLQ� -L 0LDQ� /LX -LDQUXL� <DQJ ;XZX DQG 5HQ 'HKRX� -� 1RUWKZHVW
8QLY� �1DWXUDO 6FLHQFH (GLWLRQ�� � ������ ��� �LQ &KLQHVH��

� 1� 0� 6XGKLQGUD� *� .� -RVKL DQG 0� 3� %KXWUD� ,QGLDQ -� &KHP�� ��$ ������ ����
� &KHQ <DQTLQJ� 'DL /L\L DQG <DQJ %DROLQ� &KHPLFDO 5HVHDUFK DQG $SSOLFDWLRQ� � ������
��� �LQ &KLQHVH��

� *� %XHQ]OL� &� -HDQ DQG (� 0RQHW� +HOY� &KHP� $FWD� � ������ ����

-, HW DO�� 7+(50$/ %(+$9,285 2) &203/(;(6 ���

-� 7KHUP� $QDO� &DO�� ��� ����


