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$EVWUDFW

7KLV SDSHU FRPSDUHV WKH IRUHFDVWLQJ SHUIRUPDQFH RI DOWHUQDWLYH PRGHOV

RI WKH TXDUWHUO\ LQoDWLRQ UDWH LQ 3RUWXJDO� :H VKRZ WKDW D PRGHO WKDW

FRPELQHV QRW RQO\ VKRUW�UXQ GHWHUPLQDQWV EXW DOVR LQGLFDWRUV RI GHYLDWLRQV

IURP ORQJ�UXQ HTXLOLEULXP SHUIRUPV EHWWHU WKDQ RWKHU DSSURDFKHV� )URP WKH

DQDO\VLV RI WKH WKUHH SRWHQWLDO VRXUFHV IRU LQoDWLRQDU\ SUHVVXUHV FRQVLGHUHG�

WKH PRQHWDU\ VHFWRU VHHPV WR EH WKH RQH WKDW KHOSV WR EHWWHU IRUHFDVW LQoDWLRQ�

7KH RWKHU WZR� ODERU DQG IRUHLJQ VHFWRUV� DUH SUREDEO\ KHOSIXO LQ IRUHFDVWLQJ

RWKHU YDULDEOHV VXFK DV ZDJHV� XQHPSOR\PHQW RU H[FKDQJH UDWHV� 2XU UHVXOWV

DOVR VKRZ WKDW EHWWHU LQoDWLRQ IRUHFDVWV FDQ EH PDGH LI D UHOLDEOH LQGLFDWRU

RI HFRQRPLF DFWLYLW\ LV PRUH UHDGLO\ DYDLODEOH�

6XPuDULR

(VWH DUWLJR FRPSDUD D FDSDFLGDGH SUHYLVLRQDO GH PRGHORV DOWHUQDWLYRV GD

WD[D GH LQoDzFaDR WULPHVWUDO HP 3RUWXJDO� 0RVWUD�VH TXH XP PRGHOR TXH FRP�

ELQD QaDR DSHQDV GHWHUPLQDQWHV GH FXUWR�SUD]R PDV WDPEuHP LQGLFDGRUHV GH

GHVYLRV GR HTXLOurEULR GH ORQJR�SUD]R FRPSRUWD�VH PHOKRU GR TXH RXWUDV DERU�

GDJHQV� 'D DQuDOLVH GDV WUAHV RULJHQV SRWHQFLDLV GH SUHVVaRHV LQoDFLRQLVWDV

FRQVLGHUDGDV� R VHFWRU PRQHWuDULR SDUHFH VHU R TXH DMXGD D PHOKRU SUHYAHU D

LQoDzFaDR� $V RXWUDV GXDV� PHUFDGRV GH WUDEDOKR H H[WHUQR� VaDR SURYDOYHOPHQWH

uXWHLV QD SUHYLVaDR GH RXWUDV YDULuDYHLV FRPR VHMDP RV VDOuDULRV� R GHVHPSUHJR

RX D WD[D GH FADPELR� 2V UHVXOWDGRV WDPEuHP PRVWUDP TXH uH SRVVurYHO REWAHU

PHOKRUHV SUHYLVaRHV GD LQoDzFaDR VH XP ERP LQGLFDGRU GD DFWLYLGDGH HFRQuRPLFD

HVWLYHU SURQWDPHQWH GLVSRQLELOL]DGR�
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� ,QWURGXFWLRQ

,Q WKLV SDSHU ZH FRPSDUH WKH IRUHFDVWLQJ SHUIRUPDQFH RI DOWHUQDWLYH PRGHOV

RI WKH TXDUWHUO\ LQoDWLRQ UDWH LQ 3RUWXJDO� :H VKRZ WKDW D PRGHO WKDW FRP�

ELQHV QRW RQO\ VKRUW�UXQ GHWHUPLQDQWV EXW DOVR LQGLFDWRUV RI GHYLDWLRQV IURP

ORQJ�UXQ HTXLOLEULXP SHUIRUPV EHWWHU WKDQ RWKHU DSSURDFKHV� 7KLV PRGHO

FRQVLGHUV WKUHH SRWHQWLDO VRXUFHV RI LQoDWLRQ� PRQHWDU\ LQoDWLRQ� ZDJH LQoD�

WLRQ DQG LPSRUWHG LQoDWLRQ� 7KH HFRQRPHWULF IUDPHZRUN IROORZHG LV EDVHG RQ

WKH PXOWLYDULDWH FRLQWHJUDWLRQ DSSURDFK RI -RKDQVHQ ������� +RZHYHU� GXH

WR WKH OLPLWHG VDPSOH VL]H DYDLODEOH� LW LV LPSRVVLEOH WR IROORZ WKH VWDQGDUG

DSSURDFK RI D IXOO\ VLPXOWDQHRXV PXOWLYDULDWH PRGHO� ,QVWHDG� DQ DOWHUQDWLYH

DSSURDFK LV IROORZHG �PRUH GHWDLOHG GHVFULSWLRQV DUH JLYHQ LQ -XVHOLXV� �����

%RVZLMN� ����� DQG (ULFVVRQ� ������ )LUVW� HDFK VXEV\VWHP �PRQHWDU\� ZDJH

DQG LPSRUWHG LQoDWLRQ� LV HVWLPDWHG E\ VWDQGDUG PXOWLYDULDWH FRLQWHJUDWLRQ

PHWKRGV� )URP HDFK HVWLPDWHG VXEV\VWHP� LW LV WKHQ SRVVLEOH WR FRPSXWH

D PHDVXUH RI WKH GHYLDWLRQ IURP ORQJ�UXQ HTXLOLEULXP� 7KHVH DUH JLYHQ E\

WKH HVWLPDWHG FRLQWHJUDWLRQ UHODWLRQV� $QG VHFRQG� D SDUVLPRQLRXV VKRUW�UXQ

PRGHO ZKLFK LQFOXGHV WKH DERYH FRLQWHJUDWLRQ UHODWLRQV LV HVWLPDWHG�

,Q DQRWKHU VWXG\� 0DUTXHV �����E� DOVR FRQVLGHUV WKH SUREOHP RI IRUH�

FDVWLQJ LQoDWLRQ WDNLQJ LQWR DFFRXQW GRPHVWLF GHPDQG� ZDJHV DQG LPSRUWHG

SULFHV DV SRWHQWLDO VRXUFHV RI LQoDWLRQDU\ SUHVVXUHV� $OWKRXJK WKH FRQFOX�

VLRQV LQ WKH WZR SDSHUV GLmHU� WKH\ DUH QRW FRQWUDGLFWRU\� 7KH DSSURDFK

LQ 0DUTXHV �����E� GLmHUV IURP RXUV LQ VHYHUDO LPSRUWDQW DVSHFWV� )LUVW�

KH FRQVLGHUV WKH DQQXDO LQoDWLRQ UDWH ZKLOH ZH IRFXV RQ TXDUWHUO\ LQoDWLRQ�

)RU H[DPSOH� &HFFKHWWL ������ VKRZV WKDW IRU WKH 8QLWHG 6WDWHV GLmHUHQW

LQGLFDWRUV SURYLGH LQIRUPDWLRQ DERXW LQoDWLRQ DW GLmHUHQW KRUL]RQV� $OVR�

0DUTXHV �����E� UHVXOWV DUH EDVHG RQ VLQJOH HTXDWLRQ UHJUHVVLRQV ZKLOH RXU

UHVXOWV DUH EDVHG RQ D PXOWLYDULDWH DSSURDFK� 7KLV DSSURDFK DOORZV DOO YDUL�

DEOHV WR EH SRWHQWLDOO\ HQGRJHQRXV DQG JLYHV WKH GDWD WKH MRE WR FODULI\ ZKLFK

YDULDEOHV FDQ EH FRQVLGHUHG H[RJHQRXV� )LQDOO\� WKH GDWD VHW XVHG LQ WKH WZR

SDSHUV FRYHU GLmHUHQW WLPH VSDQV�

,Q WKH QH[W WKUHH VHFWLRQV� ZH DQDO\]H HDFK RI WKH SRWHQWLDO VRXUFHV RI

LQoDWLRQ FRQVLGHUHG� ,Q VHFWLRQ � ZH FRPELQH ORQJ�UXQ DQG VKRUW�UXQ GH�

WHUPLQDQWV DQG DUULYH DW D nQDO SDUVLPRQLRXV IRUHFDVWLQJ PRGHO ZKLFK LV

WHVWHG DJDLQVW DOWHUQDWLYH PRGHOV LQ VHFWLRQ �� 6HFWLRQ � SUHVHQWV VRPH JHQ�

HUDO FRQFOXVLRQV� ,Q WKH DSSHQGL[ ZH JLYH D YHU\ EULHI UHYLHZ RI -RKDQVHQ
V

PXOWLYDULDWH FRLQWHJUDWLRQ DSSURDFK IROORZHG LQ WKLV SDSHU�

� 0RQHWDU\ ,QoDWLRQ

&RQVLGHU WKH SRWHQWLDO VRXUFH RI LQoDWLRQ FRPLQJ IURP GRPHVWLF GHPDQG SUHV�

VXUHV� 0DUTXHV �����E� FRQVLGHUHG WKH UDWLR RI GRPHVWLF GHPDQG WR *'3 DV
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DQ LQGLFDWRU� +H IRXQG WKDW WKLV LQGLFDWRU FRXOG H[SODLQ LQoDWLRQ RQO\ ZLWK

D ODJ RI � WR � \HDUV� +RZHYHU� KH GLG QRW FRQVLGHUHG H[SOLFLWO\ DQ\ FRP�

SRQHQW RI GRPHVWLF GHPDQG� ,Q WKLV SDSHU ZH IRFXV RQ PRQHWDU\ VXSSO\ DV

D SRWHQWLDO VRXUFH RI GHPDQG SUHVVXUHV� 7R GHWHUPLQH KRZ H[FHVV PRQH\

PD\ FDXVH LQoDWLRQDU\ SUHVVXUHV LW LV QHFHVVDU\ WR HVWLPDWH D VWDEOH ORQJ�UXQ

PRQH\ UHODWLRQVKLS� 7KHUH KDYH DOUHDG\ EHHQ VHYHUDO VWXGLHV RI WKH GHPDQG

IRU PRQH\ LQ 3RUWXJDO �0DUTXHV DQG /RSHV ������ DQG 6RXVD �������� 7KHVH

VWXGLHV KDYH FRQnQHG RQO\ WR VLQJOH HTXDWLRQ PRGHOV� :H H[WHQG WKH DQDO\VLV

WR D PXOWLYDULDWH FRQWH[W� :H FRQVLGHUHG VHYHUDO PRQHWDU\ DJJUHJDWHV �0��

0� DQG /��� 3UHOLPLQDU\ LQYHVWLJDWLRQ LQGLFDWHG WKDW RQO\ 0� SURYLGHG D

UHDVRQDEOH ORQJ�UXQ PRQHWDU\ UHODWLRQVKLS� :H DOVR H[SHULPHQWHG ZLWK DO�

WHUQDWLYH VHWV RI LQWHUHVW UDWHV� 7KH nQDO PRGHO FRQVLGHUHG RQO\ WKH IROORZLQJ

YDULDEOHV�

10�  ORJ RI QRPLQDO 0��

<  ORJ *'3 DW FRQVWDQW SULFHV�

3&  ORJ RI FRQVXPHU SULFH LQGH[�

,'  JURVV QRPLQDO LQWHUHVW UDWH RI ��PRQWK WLPH GHSRVLWV�

$Q H[DPLQDWLRQ RI WKH JUDSKV RI WKHVH YDULDEOHV DQG WKHLU nUVW GLmHUHQFHV LQ

nJXUHV � DQG � VXJJHVWV WKDW WKH\ FDQ EH PRGHOHG DV GLmHUHQFH VWDWLRQDU\

SURFHVVHV ZLWK WKH SRVVLELOLW\ RI RQH RU PRUH EUHDNV LQ WKH PHDQ JURZWK UDWH�

8QLW�URRW WHVWV DOORZLQJ XS WR WZR EUHDNV �QRW UHSRUWHG KHUH� DV LQ 1XQHV�

1HZEROG DQG .XDQ ������ FRQnUPHG WKH LQVLJKWV IURP WKH JUDSKLFDO DQDO\VLV�

:H SURFHHG WKH DQDO\VLV DVVXPLQJ GLmHUHQFH VWDWLRQDULW\ RI WKHVH YDULDEOHV�

+RZHYHU� WKH DSSDUHQW EUHDNV LQ WKH XQLYDULDWH GLVWULEXWLRQV RI WKH VHULHV DUH

QRW FRQVLGHUHG IRU QRZ� ,W LV SRVVLEOH WKDW WKH FRLQWHJUDWLRQ UHODWLRQV DUH VWD�

EOH RYHU WKH VDPSOH SHULRG FRQVLGHUHG EXW VRPH H[RJHQHRXV YDULDEOHV LQGXFH

EUHDNV LQ WKH PDUJLQDO XQLYDULDWH GLVWULEXWLRQV� :H FRQVLGHUHG VHYHUDO H[�

RJHQRXV YDULDEOHV HQWHULQJ XQUHVWULFWHG� D FRQVWDQW WHUP� VHDVRQDO GXPPLHV�

DQG WKH IROORZLQJ GXPP\ YDULDEOHV�

'800,'�  � LQ ������� � HOVHZKHUH�

'800,'�  � LQ ������� � HOVHZKHUH�

'800,'� �  � LQ ������� � HOVHZKHUH�

'800<�  � LQ ������� � HOVHZKHUH�

'800<�  � LQ ������� � HOVHZKHUH�

7KH nUVW WKUHH GXPPLHV FRUUHVSRQG WR KXJH VKLIWV LQ WKH LQWHUHVW UDWH LQ D

SHULRG RI PRQHWDU\ UHJXODWLRQ� 7KH ODVW WZR GXPPLHV FRUUHVSRQG WR SR�

WHQWLDO RXWOLHUV SUHVHQW LQ WKH < VHULHV GXH WR FKDQJHV LQ QDWLRQDO DFFRXQWLQJ

PHWKRGRORJ\� :H KDYH DOVR FRQVLGHUHG VHYHUDO RWKHU H[RJHQRXV YDULDEOHV VXFK

DV ZDJHV� HQHUJ\ SULFHV� 37(�'(0 DQG 37(�86' H[FKDQJH UDWHV� *HUPDQ

DQG 86 LQWHUHVW UDWHV� +RZHYHU� QRQH RI WKHVH YDULDEOHV ZHUH VWDWLVWLFDOO\ VLJ�

QLnFDQW� 7KH VDPSOH UXQV IURP ������ WR ������� 7KH UHVXOWV IURP -RKDQVHQ
V

FRLQWHJUDWLRQ SURFHGXUH DUH SUHVHQWHG LQ WDEOH ��
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6WDUWLQJ IURP D 9$5 ZLWK D ODJ RI N  �� VHTXHQWLDO WHVWLQJ VXJJHVWV D

nQDO YDOXH RI N  �� 6HYHUDO GLDJQRVWLF WHVWV SUHVHQWHG LQ WDEOH � IRU N  �

DOVR FRQnUP WKLV FKRLFH� 5DQN WHVWV LQ WDEOH � VXJJHVW WKH SUHVHQFH RI RQO\

RQH FRLQWHJUDWLRQ UHODWLRQ� &RQGLWLRQDO RQ WKLV UHVXOW� ZH SURFHHG WR WHVW IRU

DGGLWLRQDO UHVWULFWLRQV�

$ WHVW IRU KRPRJHQHLW\ RI GHJUHH RQH LQ LQFRPH DQG SULFHV UHVXOWV LQ D

S�YDOXH RI ������� WKHUHE\ UHMHFWLQJ WKLV K\SRWKHVLV� +RZHYHU D WHVW IRU WKH

ZHDNHU K\SRWKHVLV WKDW WKH FRHpFLHQWV RI LQFRPH DQG SULFHV VKRXOG EH HTXDO�

EXW SRVVLEO\ GLmHUHQW IURPb�� LV QRW UHMHFWHG �WKH S�YDOXH LV HTXDO WR ��������

7KHUHIRUH� IURP WKH UHVXOWV LQ WDEOH �� LW LV SRVVLEOH WR PHDVXUH GHYLDWLRQV

IURP ORQJ�UXQ PRQHWDU\ HTXLOLEULXP E\ WKH YDULDEOH (&0 10� JLYHQ E\�

(&0 10�  10�b ������� �3& � <� � ������ ,'�

5HJDUGLQJ WKH DGMXVWPHQW SDUDPHWHUV� GLVHTXLOLEULXP LV UHVWRUHG E\ DG�

MXVWPHQW LQ ERWK SULFHV DQG WKH LQWHUHVW UDWH �ERWK m SDUDPHWHUV DUH KLJKO\

VLJQLnFDQW�� 7KH UHFXUVLYH UHVXOWV SUHVHQWHG LQ nJXUH � FRQnUP WKH VWDELOLW\

RI WKH UHODWLRQ DQG WKH YDOLGLW\ RI WKH UHVWULFWLRQV RYHU WLPH�

� :DJH ,QoDWLRQ

$QRWKHU SRWHQWLDO VRXUFH RI LQoDWLRQDU\ SUHVVXUHV LV WKH ODERU PDUNHW� :H

VHDUFKHG IRU DQ HTXLOLEULXP UHODWLRQ EHWZHHQ ZDJHV� SULFHV� WKH XQHPSOR\�

PHQW UDWH DQG SURGXFWLYLW\� 0DUTXHV �����D� DQG /X] DQG 3LQKHLUR ������

KDYH DOVR FRQVLGHUHG WKH H[LVWHQFH RI HTXLOLEULXP EHWZHHQ UHDO ZDJHV DQG

XQHPSOR\PHQW EXW XVLQJ VLQJOH�HTXDWLRQ DSSURDFKHV� :H FRQVLGHUHG WKH IRO�

ORZLQJ YDULDEOHV�

:+  ORJ QRPLQDO KRXUO\ ZDJHV�

3&  ORJ RI FRQVXPHU SULFH LQGH[�

8  ORJ XQHPSOR\PHQW UDWH�

&  ORJ RI RXWSXW�KRXU LQ LQGXVWU\�

7KHVH VHULHV DQG WKHLU nUVW GLmHUHQFHV DUH SUHVHQWHG LQ nJXUHV � DQG �� $JDLQ�

ZH SURFHHG DVVXPLQJ WKDW WKH YDULDEOHV DUH GLmHUHQFH VWDWLRQDU\�

:H DOVR FRQVLGHUHG WKH IROORZLQJ H[RJHQRXV YDULDEOHV HQWHULQJ XQUHVWULFWHG�

D FRQVWDQW WHUP� VHDVRQDO GXPPLHV DQG WKH nUVW GLmHUHQFH RI WKH ORJ RI DQ

HQHUJ\ FRVW LQGH[ LQ 37( �'3(1((6&�� 7KH DYDLODEOH VDPSOH UXQV IURP

������ WR �������

6WDUWLQJ IURP D ODJ OHQJWK RI N  � LW IROORZV IURP VHTXHQWLDO WHVWLQJ

DQG VHYHUDO GLDJQRVWLF WHVWV SUHVHQWHG LQ WDEOH � WKDW WKH EHVW FKRLFH LV N  

�� &RLQWHJUDWLRQ UHVXOWV SUHVHQWHG LQ WDEOH � VXJJHVW DJDLQ WKDW RQO\ RQH

FRLQWHJUDWLRQ UHODWLRQ LV SUHVHQW�
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,PSRVLQJ WKH UHVWULFWHG UDQN� ZH WHVWHG ZKHWKHU WKH HTXLOLEULXP UHOD�

WLRQVKLS ZDV LQ WHUPV RI UHDO ZDJHV RU QRPLQDO ZDJHV� $ S�YDOXH RI ������

FOHDUO\ VXJJHVWV D UHDO�ZDJH IRUPXODWLRQ� $ VLPLODU UHVXOW ZDV REWDLQHG E\

0DUTXHV �����D�� $Q DGGLWLRQDO WHVW RI ZKHWKHU WKH ORQJ�UXQ UHODWLRQVKLS LV

EHWZHHQ SURGXFWLYLW\ FRUUHFWHG UHDO ZDJHV DQG XQHPSOR\PHQW JLYHV D S�YDOXH

RI ������� ,PSRVLQJ WKLV FRQVWUDLQW JLYHV WKH UHVXOWV LQ WDEOH �� ,W IROORZV

WKDW D PHDVXUH RI GHYLDWLRQV IURP ORQJ�UXQ HTXLOLEULXP FDQ EH FRPSXWHG DV�

(&0 :+  :+b 3&b & � �������� 8�

$ ORRN DW WKH m FRHpFLHQWV UHYHDOV WKDW DGMXVWPHQWV WR DSSURDFK HTXL�

OLEULXP WDNH SODFH ERWK LQ ZDJHV DQG XQHPSOR\PHQW� QRW LQ SULFHV� 7KH

UHFXUVLYH HVWLPDWLRQ UHVXOWV SUHVHQWHG LQ nJXUH � FRQnUP WKH VWDELOLW\ RI WKH

UHODWLRQ DQG WKH YDOLGLW\ RI WKH UHVWULFWLRQV RYHU WLPH�

� ,PSRUWHG ,QoDWLRQ

7KH ODVW VHFWRU FRQVLGHUHG LV WKH IRUHLJQ VHFWRU� )RU D VPDOO RSHQ HFRQRP\

WKLV LV FOHDUO\ D SRWHQWLDO VRXUFH IRU LQoDWLRQDU\ SUHVVXUHV� ,W LV SRVVLEOH

WR FRQVLGHU WZR HTXLOLEULXP UHODWLRQV� SRWHQWLDOO\ UHODWHG� JLYHQ E\ HTXLOLE�

ULXP LQ WKH JRRGV PDUNHW DQG LQ WKH FDSLWDO PDUNHW� )RU H[DPSOH� -RKDQVHQ

DQG -XVHOLXV ������ FRQVLGHU D PXOWLYDULDWH FRLQWHJUDWLRQ PRGHO IRU WKH 8.

DQG nQG WKDW ERWK D SXUFKDVLQJ SRZHU SDULW\ �GHVFULELQJ HTXLOLEULXP LQ WKH

JRRGV PDUNHW� DQG DQ XQFRYHUHG LQWHUHVW UDWH SDULW\ UHODWLRQ �GHVFULELQJ HTXL�

OLEULXP LQ WKH FDSLWDO PDUNHW� KROG� :H DOVR FRQVLGHUHG D PRGHO ZLWK ERWK

GRPHVWLF DQG IRUHLJQ SULFHV� H[FKDQJH UDWHV� DQG GRPHVWLF DQG IRUHLJQ LQ�

WHUHVW UDWHV� +RZHYHU� LQ 3RUWXJDO� WKH FDSLWDO PDUNHW ZDV UHJXODWHG GXULQJ

PRVW RI WKH VDPSOH DYDLODEOH� $V H[SHFWHG� ZH FRXOG QRW nQG VHQVLEOH DQG

VWDEOH UHODWLRQVKLSV LQFOXGLQJ DOO WKHVH YDULDEOHV� 2QO\ ZKHQ LQWHUHVW UDWHV

ZHUH H[FOXGHG� FRXOG D VHQVLEOH UHODWLRQ EH IRXQG EHWZHHQ SULFHV DQG WKH H[�

FKDQJH UDWH� 7KXV� D PXOWLYDULDWH FRLQWHJUDWLRQ DSSURDFK WR VWXG\ ORQJ�UXQ

HTXLOLEULXP LQ WKH FDSLWDO PDUNHW GRHV QRW VHHP DGHTXDWH GXH WR WKH OLPLWHG

VDPSOH DYDLODEOH�

2WKHU VWXGLHV KDYH DOUHDG\ GRFXPHQWHG WKDW D SXUFKDVLQJ SRZHU SDULW\

�333� UHODWLRQ IRU 3RUWXJDO H[LVWV RQO\ ZLWK UHVSHFW WR *HUPDQ SULFHV �VHH

IRU H[DPSOH 0DUTXHV� %RWDV DQG 0DFKDGR ������ XVLQJ D VLQJOH HTXDWLRQ

DSSURDFK�� :H FRQVLGHUHG WKH IROORZLQJ YDULDEOHV�

3&  ORJ RI FRQVXPHU SULFH LQGH[�

3  ORJ RI *HUPDQ FRQVXPHU SULFH LQGH[�

'(0  ORJ RI 37(�'(0 H[FKDQJH UDWH�

7KH JUDSKV RI WKHVH VHULHV DQG WKHLU nUVW GLmHUHQFHV DUH JLYHQ LQ nJXUHV �

DQG �� :H DOVR FRQVLGHUHG D FRQVWDQW WHUP DQG VHDVRQDO GXPPLHV� 7KH

VDPSOH UXQV IURP ������ WR �������

�



7KH UHVXOWV SUHVHQWHG LQ WDEOH � VXJJHVW D nQDO FKRLFH RI N  �� 5DQN WHVWV

SUHVHQWHG LQ WDEOH � RQFH DJDLQ VXJJHVW WKH SUHVHQFH RI RQO\ RQH FRLQWHJUDWLRQ

UHODWLRQ� &RQGLWLRQDO RQ WKLV UHVWULFWLRQ� ZH WHVWHG ZKHWKHU WKH PRYHPHQW

LQ SULFHV LQ 3RUWXJDO ZDV HTXDO WR WKDW LQ *HUPDQ\ FRQYHUWHG WR 37(� 7KLV

K\SRWKHVLV ZDV UHMHFWHG ZLWK D S�YDOXH RI ������� $ ZHDNHU K\SRWKHVLV WHVWHG

ZDV ZKHWKHU WKH FRHpFLHQW RI 3 DQG '(0 ZDV HTXDO� 7KH UHVXOWLQJ S�

YDOXH ZDV ������� ,PSRVLQJ WKLV UHVWULFWLRQ JLYHV WKH UHVXOWV LQ WDEOH �� 7KH

HVWLPDWHG GHYLDWLRQV IURP WKH ORQJ�UXQ UHODWLRQ DUH JLYHQ E\�

(&0 333  3&b ������ �3e �'(0��

7KHUHIRUH� LW VHHPV WKDW SULFHV LQ 3RUWXJDO IROORZ SULFHV LQ *HUPDQ\ FRU�

UHFWHG IRU D FRQVWDQW IDFWRU� 7KH m FRHpFLHQWV VXJJHVW WKDW DGMXVWPHQW

WR HTXLOLEULXP GRHV QRW FRPH IURP PRYHPHQWV LQ GRPHVWLF SULFHV EXW IURP

FKDQJHV LQ WKH H[FKDQJH UDWH� 7KH UHFXUVLYH UHVXOWV SUHVHQWHG LQ nJXUH �

FRQnUP WKH VWDELOLW\ RI WKH UHODWLRQ DQG WKH YDOLGLW\ RI WKH UHVWULFWLRQV RYHU

WLPH�

� )RUHFDVWLQJ 0RGHO

,Q WKH SUHYLRXV VHFWLRQV ZH VWXGLHG WKUHH SRWHQWLDO VRXUFHV RI LQoDWLRQ� ,Q

WKLV VHFWLRQ ZH FRPELQH WKH DERYH UHVXOWV LQ D VLQJOH PRGHO WR IRUHFDVW TXDU�

WHUO\ LQoDWLRQ �'3&  c 3&�� 2XU DSSURDFK LV VLPLODU WR WKDW IROORZHG LQ

-XVHOLXV ������ DQG 0HWLQ ������ IRU WKH 'DQLVK DQG 7XUNLVK HFRQRPLHV UH�

VSHFWLYHO\� 7KHVH SDSHUV IRFXV RQ H[SODLQLQJ SDVW LQoDWLRQ� 7KH SXUSRVH RI

WKLV SDSHU LV WR REWDLQ D IRUHFDVWLQJ PRGHO� 7KHUHIRUH� WKH LQIRUPDWLRQ VHWV

DYDLODEOH DW HDFK SHULRG LQ WLPH DUH QRW H[DFWO\ WKH VDPH� :H FRQVLGHU WKH

IROORZLQJ LQIRUPDWLRQ VHWV DW WLPH Wb ��

,/5Wb�  I(&0 10�Wb��(&0 :+Wb��(&0 333Wb�J�

,65Wb�  I'3&WbL�'317WbL�'10�WbM �'<WbM �','WbM�':+WbM�

'&WbM�'8WbM�'3
e

WbM �''(0WbM� L  �� �� �� �� M  �� �J�

7KH nUVW VHW FRQVLGHUV GHYLDWLRQV IURP ORQJ�UXQ HTXLOLEULXP DV SRWHQWLDO

VRXUFHV RI LQoDWLRQ� 7KH VHFRQG VHW DOORZV IRU VKRUW�UXQ LPSDFWV RI VHYHUDO

YDULDEOHV RQ WKH LQoDWLRQ UDWH� :H KDYH DOVR LQFOXGHG LQoDWLRQ LQ QRQ�WUDGHG

JRRGV �'317�� :H GLG QRW WU\ WR IRUPXODWH D PRGHO WKDW DOORZV IRU GLmHUHQW

HYROXWLRQV RI WUDGHG�QRQ�WUDGHG SULFHV� +RZHYHU� VKRUW�UXQ PRYHPHQWV DQG

LQWHUDFWLRQV LQ ERWK SULFHV DUH SRWHQWLDOO\ FDSWXUHG E\ LQFOXGLQJ WKLV YDULDEOH�

5HVXOWV LQ SUHYLRXV VHFWLRQV VXJJHVWHG WKDW PRYHPHQWV LQ SULFHV ZHUH LP�

SRUWDQW LQ WKH DGMXVWPHQW WR ORQJ�UXQ HTXLOLEULXP LQ WKH PRQHWDU\ VHFWRU

�



RQO\� +RZHYHU� LW PD\ EH WKH FDVH WKDW VXFK D FRQFOXVLRQ FRXOG KDYH EHHQ

ELDVHG E\ QRW FRQVLGHULQJ DOO IDFWRUV VLPXOWDQHRXVO\ �VHH -XVHOLXV ������ IRU

D GLVFXVVLRQ RI WKLV SRLQW�� ,Q WDEOH �� DUH SUHVHQWHG WKH UHVXOWV IURP D UH�

JUHVVLRQ RI '3& RQ ERWK LQIRUPDWLRQ VHWV� 7KH VDPSOH UXQV IURP ������ WR

������� 7KH HVWLPDWHG S�YDOXHV DVVRFLDWHG ZLWK WKH WKUHH ORQJ�UXQ LQGLFDWRUV

�(&0 10�� (&0 :+ DQG (&0 333� FRQnUP WKDW SULFHV� DSDUW IURP WKH

VKRUW�UXQ LQoXHQFHV FRQVLGHUHG LQ ,
65
Wb�� DGMXVW RQO\ WR GHYLDWLRQV IURP PRQ�

HWDU\ HTXLOLEULXP� 'HYLDWLRQV IURP ORQJ�UXQ ZDJH DQG IRUHLJQ HTXLOLEULXP

UHODWLRQV DUH UHVWRUHG E\ FKDQJHV LQ RWKHU YDULDEOHV�

1H[W� ZH WHVWHG ZKHWKHU YDULDEOHV UHODWHG WR WKH ODERU PDUNHW FRXOG EH

UHPRYHG� :H DOUHDG\ VDZ WKDW WKH (&0 :+ LQGLFDWRU ZDV QRW VLJQLnFDQW�

$OVR� HDFK RI WKH ODERU PDUNHW YDULDEOHV �':+WbM� '&WbM DQG '8WbM� LV

QRW VWDWLVWLFDOO\ VLJQLnFDQW ZKHQ FRQVLGHUHG LQGLYLGXDOO\� :KHQ DOO WKHVH

YDULDEOHV DUH UHPRYHG IURP WKH UHJUHVVLRQ� WKH FRUUHVSRQGLQJ S�YDOXH KDV D

YDOXH RI ������� 7KHUHIRUH� LV VHHPV WKDW FRQVLGHULQJ WKH ODERU PDUNHW GRHV
QRW KHOS WR EHWWHU IRUHFDVW WKH LQoDWLRQ UDWH�

(QODUJLQJ WKH VDPSOH VL]H WR �������������� ZH WHVWHG IRU WKH LPSRUWDQFH

RI LPSRUWHG LQoDWLRQ� 1RW RQO\ DUH DJDLQ GHYLDWLRQV IURP 333� PHDVXUHG E\
(&0 333� QRW VLJQLnFDQW� EXW DOVR ERWK IRUHLJQ SULFH DQG H[FKDQJHV UDWH
YDULDEOHV QRW VLJQLnFDQW� 2PLWWLQJ DOO WKHVH YDULDEOHV UHVXOWV LQ D S�YDOXH RI
�������

)XUWKHU WHVWV DOORZ XV WR IXUWKHU VLPSOLI\ WKH PRGHO� 7KH nQDO PRGHO

LQFOXGHV RQO\� (&0 10�Wb�� '10�Wb�� '10�Wb�� '<Wb�� '3&Wb�� '3&Wb��
'317Wb�� D FRQVWDQW WHUP DQG D VHDVRQDO GXPP\ 6($6 4�W� 7KH UHVXOWV
DUH SUHVHQWHG LQ WDEOH ���

7KHVH UHVXOWV FRQWUDVW ZLWK 0DUTXHV �����E� UHVXOWV WKDW WKH PDMRU VRXUFHV
RI LQoDWLRQ ZHUH LPSRUWHG LQoDWLRQ DQG ZDJHV� +H IRXQG WKDW GRPHVWLF GH�

PDQG SUHVVXUHV ZHUH DOVR UHOHYDQW EXW ZLWK D GHOD\ RI DOPRVW � \HDUV� +RZ�

HYHU� DV GLVFXVVHG LQ WKH LQWURGXFWLRQ WR WKLV SDSHU� WKH WZR UHVXOWV DUH QRW
QHFHVVDULO\ FRQWUDGLFWRU\� ,Q WKH QH[W VHFWLRQ ZH HYDOXDWH WKH RXW�RI�VDPSOH
SUHGLFWLYH DELOLW\ RI RXU PRGHO�

� )RUHFDVW &RPSDULVRQV

,Q WKLV VHFWLRQ ZH FRPSDUH WKH nQDO PRGHO HVWLPDWHG LQ WKH SUHYLRXV VHFWLRQ
ZLWK IRXU DOWHUQDWLYH PRGHOV�

7KH VHFRQG PRGHO FRQVLGHUHG LV D PRGLnFDWLRQ RI WKH PRGHO SUHVHQWHG

LQ WKH ODVW VHFWLRQ� ,Q IDFW� WKH nUVW PRGHO UHTXLUHV WKDW WKH YDULDEOH < EH
DYDLODEOH DW WLPH W IRU D IRUHFDVW WR EH PDGH IRU WLPH W��� +RZHYHU LW LV RIWHQ

WKH FDVH WKDW WKLV YDULDEOH �RU HYHQ D FRLQFLGHQW LQGLFDWRU� LV DYDLODEOH RQO\
IRU Wb �� $Q DOWHUQDWLYH PRGHO FRQVLGHUV WKH IROORZLQJ PRGLnHG LQIRUPDWLRQ

�



VHWV DW WLPH Wb ��

,
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)ROORZLQJ WKH DSSURDFK RI WKH SUHYLRXV VHFWLRQ WKH nQDO HVWLPDWHG IRUHFDVWLQJ

PRGHO LV JLYHQ LQ WDEOH ���

7KH WKLUG PRGHO LV D nUVW GLmHUHQFHV 9$5 RI WKH PRQHWDU\ VHFWRU� 7KLV

PRGHO LJQRUHV WKH SRWHQWLDO LQIRUPDWLRQ FRPLQJ IURP ORQJ�UXQ FRLQWHJUDWLRQ

UHODWLRQ DPRQJ WKH YDULDEOHV� )ROORZLQJ D JHQHUDO WR SDUWLFXODU PHWKRGRORJ\

D SDUVLPRQLRXV 9$5 ZDV HVWLPDWHG�

7KH IRXUWK PRGHO GHFRPSRVHV LQoDWLRQ EHWZHHQ WUDGHG DQG QRQ�WUDGHG
JRRGV LQ D nUVW GLmHUHQFHV 9$5 PRGHO� )ROORZLQJ WKH VDPH PHWKRGRORJ\ DV
EHIRUH� ZH HVWLPDWHG D SDUVLPRQLRXV 9$5�

)LQDOO\� D nIWK PRGHO FRPELQHV WKH SUHYLRXV WZR PRGHOV LQ D nUVW GLmHU�
HQFHV 9$5 PRGHO� $JDLQ� ZH IROORZHG WKH VDPH PHWKRGRORJ\ DV EHIRUH�
7KH UHFXUVLYH RQH TXDUWHU DKHDG LQoDWLRQ IRUHFDVWV IRU HDFK PRGHO DUH

SUHVHQWHG LQ nJXUH ��� ,Q WDEOH �� ZH FRPSDUH WKH RQH TXDUWHU DKHDG RXW�RI�
VDPSOH IRUHFDVWLQJ SHUIRUPDQFH RI DOO nYH PRGHOV IRU WKH SHULRG ������ XS WR

������� 7KLV SHULRG LV DOVR GLYLGHG LQ WZR VXE SHULRGV� 7KH HVWLPDWLRQ VDPSOH
EHJLQV LQ ������ IRU DOO PRGHOV� 7R FRPSXWH WKH URRW PHDQ VTXDUH HUURUV
�506(�� WKH IRUHFDVWV LQ HDFK SHULRG ZHUH WDNHQ IURP PRGHOV HVWLPDWHG
XVLQJ REVHUYDWLRQV RQO\ XS WR WKH SUHYLRXV SHULRG�
7KH EHVW PRGHO LV WKH RQH SUHVHQWHG LQ WKH SUHYLRXV VHFWLRQ� 7KHUHIRUH�

LW LV YDOXDEOH WR FRPELQH ERWK VKRUW�UXQ DQG ORQJ�UXQ LQGLFDWRUV ZKHQ IRUH�

FDVWLQJ TXDUWHUO\ LQoDWLRQ� +RZHYHU� ZKHQ WKH DOWHUQDWLYH LQIRUPDWLRQ VHW
LV XVHG� WKH IRUHFDVWLQJ SHUIRUPDQFH GHFUHDVHV DQG SHUIRUPV ZRUVH WKDQ WKH
WUDGHG�QRQ�WUDGHG SULFHV 9$5� 7KH RWKHU WZR VKRUW�UXQ 9$5 PRGHOV� DOO

SHUIRUP ZRUVH� $QRWKHU LQWHUHVWLQJ IDFW LV WKDW LQoDWLRQ KDV EHFRPH PRUH

SUHGLFWDEOH WRZDUG WKH HQG RI WKH DYDLODEOH VDPSOH� 7KLV FRQFOXVLRQ KROGV IRU

IRXU RI WKH nYH PRGHOV FRQVLGHUHG DQG PLJKW EH DVVRFLDWHG ZLWK WKH GHFUHDVH

LQ WKH YDULDQFH RI WKH SURFHVV RYHU WLPH�

� &RQFOXVLRQV

)URP WKH DQDO\VLV RI WKH WKUHH SRWHQWLDO VRXUFHV IRU LQoDWLRQDU\ SUHVVXUHV
FRQVLGHUHG� WKH PRQHWDU\ VHFWRU VHHPV WR EH WKH RQH WKDW KHOSV WR EHWWHU
IRUHFDVW TXDUWHUO\ LQoDWLRQ� 7KH RWKHU WZR� ODERU DQG IRUHLJQ VHFWRUV� DUH

�



SUREDEO\ KHOSIXO LQ IRUHFDVWLQJ RWKHU YDULDEOHV VXFK DV ZDJHV� XQHPSOR\PHQW

RU H[FKDQJH UDWHV� $QRWKHU FRQFOXVLRQ WKDW HPHUJHV LV WKDW D PRGHO WKDW

FRPELQHV ERWK VKRUW�UXQ DQG ORQJ�UXQ IDFWRUV IRUHFDVWV EHWWHU WKDQ SXUHO\

VKRUW�UXQ PRGHOV� 2XU UHVXOWV DOVR VKRZ WKDW EHWWHU LQoDWLRQ IRUHFDVWV FDQ

EH PDGH LI D UHOLDEOH LQGLFDWRU RI HFRQRPLF DFWLYLW\ LV PRUH UHDGLO\ DYDLODEOH�

)LQDOO\� LQ UHFHQW \HDUV� LQoDWLRQ KDV EHFRPH HDVLHU WR IRUHFDVW�

��



$SSHQGL[� 0XOWLYDULDWH &RLQWHJUDWLRQ $QDO\�

VLV

7KLV VHFWLRQ JLYHV D EULHI RYHUYLHZ RI WKH PXOWLYDULDWH FRLQWHJUDWLRQ DSSURDFK

RI -RKDQVHQ ������� $ GHVFULSWLRQ RI WKLV PHWKRG DQG LWV DGYDQWDJHV RYHU

D VLQJOH HTXDWLRQ DSSURDFK FDQ EH IRXQG LQ +DUULV ������� /HW [W GHQRWH D

S d � YHFWRU RI VWRFKDVWLF YDULDEOHV� $V DQ DSSUR[LPDWLRQ RI WKH WUXH GDWD

JHQHUDWLQJ SURFHVV FRQVLGHU WKH IROORZLQJ 9$5 PRGHO�

[W  $�[Wb� � c c c�$N[WbN � x � �'W � qW�

ZKHUH qW LV D UDQGRP YHFWRU 1 L�L�G� ���h�� DQG 'W DUH VHDVRQDO GXPPLHV�

%\ UHSDUDPHWHUL]LQJ WKH DERYH PRGHO LQ DQ HUURU FRUUHFWLRQ IRUP� LW EH�

FRPHV SRVVLEOH WR GLVWLQJXLVK EHWZHHQ VKRUW�UXQ DQG ORQJ�UXQ UHODWLRQV�

c[W  b� �c[Wb� � c c c� bc[WbN�� �g[WbN � x� �'W � qW�

$VVXPLQJ WKDW DOO HOHPHQWV LQ [W DUH ,���� WKH H[LVWHQFH RI FRLQWHJUDWLRQ
EHWZHHQ WKH [W YDULDEOHV GHSHQGV RQ WKH UDQN RI WKH g PDWUL[� ,I WKHUH H[LVWV

FRLQWHJUDWLRQ WKHQ � � U � S ZKHUH U GHQRWHV WKH UDQN RI g ZKLFK FDQ EH
ZULWWHQ DV

g  mn ��

ZKHUH m DQG n DUH S d U PDWULFHV� 7KH GHWHUPLQDWLRQ RI WKH UDQN U FDQ
EH GRQH E\ D OLNHOLKRRG UDWLR WHVW� *LYHQ WKH UDQN U LW IROORZV WKDW WKH U

FRLQWHJUDWLRQ UHODWLRQV n �[W DUH VWDWLRQDU\ DQG UHSUHVHQW GHYLDWLRQV IURP WKH
HTXLOLEULXP ORQJ�UXQ UHODWLRQV� 7KH SDUDPHWHUV m GHVFULEH KRZ WKH YDULDEOHV
[W DGMXVW WR DWWDLQ WKH ORQJ�UXQ HTXLOLEULXP�

��



5HIHUHQFHV

%RVZLMN� +� 3� ������� (pFLHQW LQIHUHQFH RQ FRLQWHJUDWLRQ SDUDPHWHUV LQ

VWUXFWXUDO HUURU FRUUHFWLRQ PRGHOV� -RXUQDO RI (FRQRPHWULFV� ��� ���^

����

&HFFKHWWL� 6� *� ������� ,QoDWLRQ LQGLFDWRUV DQG LQoDWLRQ SROLF\� LQ 1%(5

0DFURHFRQRPLFV $QQXDO ����� 0,7 SUHVV�

(ULFVVRQ� 1� 5� ������� &RQGLWLRQDO DQG VWUXFWXUDO HUURU FRUUHFWLRQ PRGHOV�

-RXUQDO RI (FRQRPHWULFV� ��� ���^����

-RKDQVHQ� 6� ������� 6WDWLVWLFDO DQDO\VLV RI FRLQWHJUDWLRQ YHFWRUV� -RXUQDO RI

(FRQRPLF '\QDPLFV DQG &RQWURO� ��� ���^����

-RKDQVHQ� 6� DQG .� -XVHOLXV ������� 6WUXFWXUDO WHVWV LQ D PXOWLYDULDWH FRLQ�
WHJUDWLRQ DQDO\VLV RI WKH 333 DQG WKH 8,3 IRU 8.� -RXUQDO RI (FRQR�

PHWULFV� ��� ���^����

-XVHOLXV� .� ������� 'RPHVWLF DQG IRUHLJQ HmHFWV RQ SULFHV LQ DQ RSHQ HFRQ�
RP\� 7KH FDVH RI 'HQPDUN� -RXUQDO RI 3ROLF\ 0RGHOLQJ� ��� ���^����

/X]� 6� DQG 0� 3LQKHLUR ������� :DJH ULJLGLW\ DQG MRE PLVPDWFK LQ (XURSH�
6RPH HYLGHQFH� %DQFR GH 3RUWXJDO� :3 �^���

0DUTXHV� &� 5� �����D�� 3URGXWR SRWHQFLDO� GHVHPSUHJR H LQoDzFaDR HP 3RU�
WXJDO� %DQFR GH 3RUWXJDO� :3 �^���

0DUTXHV� &� 5� �����E�� ,QoDzFaDR HP 3RUWXJDO� 8P HVWXGR HFRQRPuHWULFR
SDUD R SHUurRGR ���������� FRP SURMHFzFaRHV SDUD ���� H ����� %DQFR GH
3RUWXJDO� :3 �^���

0DUTXHV� &� 5� DQG 0� &� /RSHV ������� &KRRVLQJ DQ DJJUHJDWH IRU PRQHWDU\

SROLF\� D FRLQWHJUDWLRQ DSSURDFK� %DQFR GH 3RUWXJDO� :3 ��^���

0DUTXHV� &� 5�� 6� %RWDV DQG -� $� )� 0DFKDGR ������� 3DULGDGH GRV SRGHUHV

GH FRPSUD H LQoDzFaDR HP 3RUWXJDO� %ROHWLP (FRQRPLFR� %DQFR GH 3RU�

WXJDO� 'H]� ����� ��^���

0HWLQ� .� ������� $Q LQWHJUDWHG DQDO\VLV RI 7XUNLVK LQoDWLRQ� 2[IRUG %XOOHWLQ

RI (FRQRPLFV DQG 6WDWLVWLFV� ��� ���^����

1XQHV� /� &�� 3� 1HZEROG DQG &��0� .XDQ� ������� 7HVWLQJ IRU XQLW URRWV

ZLWK EUHDNV� (YLGHQFH RQ WKH JUHDW FUDVK DQG WKH XQLW URRW K\SRWKHVLV

UHFRQVLGHUHG� 2[IRUG %XOOHWLQ RI (FRQRPLFV DQG 6WDWLVWLFV� ��� ���^����
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6RXVD� -� ������� $ PRQH\ GHPDQG IXQFWLRQ IRU 3RUWXJDO� %DQFR GH 3RUWXJDO�

:3 �^���
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)LJXUH �� *UDSKV RI nUVW GLmHUHQFHV RI 10�� <� 3& DQG ,'�
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)LJXUH �� 5HFXUVLYH HVWLPDWLRQ UHVXOWV IRU WKH PRQHWDU\ LQoDWLRQ VXEV\VWHP�
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)LJXUH �� *UDSKV RI nUVW GLmHUHQFHV RI :+� 3&� 8 DQG &�
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)LJXUH �� 5HFXUVLYH HVWLPDWLRQ UHVXOWV IRU WKH ZDJH LQoDWLRQ VXEV\VWHP�
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)LJXUH �� 5HFXUVLYH HVWLPDWLRQ UHVXOWV IRU WKH LPSRUWHG LQoDWLRQ VXEV\VWHP�
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)LJXUH ��� 5HFXUVLYH RQH TXDUWHU DKHDG IRUHFDVWV�
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7DEOH �� &RLQWHJUDWLRQ UHVXOWV IRU WKH PRQHWDU\ LQoDWLRQ VXEV\VWHP�

&RLQWHJUDWLRQ DQDO\VLV ������ WR ������

1XPEHU RI ODJV XVHG LQ WKH DQDO\VLV� �

9DULDEOHV HQWHUHG XQUHVWULFWHG�

&RQVWDQW GXPP,'� GXPP,'� GXPP,'�B� GXPP<� GXPP<�

VHDVBT� VHDVBT� VHDVBT�

HLJHQYDOXH ORJOLN UDQN

������� �

�������� ������� �

�������� ������� �

�������� ������� �

��������� ������� �

+R�UDQN S �7ORJ���?PX� XVLQJ 7�QP ��� �7?6XP ORJ��� XVLQJ 7�QP ���

S   � ����� ����� ���� ����� ����� ����

S � � ����� ����� ���� ����� ���� ����

S � � ����� ����� ���� ����� ����� ����

S � � ����� ����� ��� ����� ����� ���

VWDQGDUGL]HG ?EHWD
 HLJHQYHFWRUV

10� < 3& ,'

������ �������� �������� ������

������� ������ ������ �������

������� ������ ������ �������

������� ������� �������� ������

VWDQGDUGL]HG ?DOSKD FRHIILFLHQWV

10� �������� ������� �������� ��������

< �������� ��������� ��������� ��������

3& ������� ���������� ��������� ���������

,' ��������� �������� ��������� ���������
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7DEOH �� 7HVWV IRU WKH PRQHWDU\ LQoDWLRQ VXEV\VWHP LQ WDEOH ��

10� �3RUWPDQWHDX � ODJV ������

< �3RUWPDQWHDX � ODJV �����

3& �3RUWPDQWHDX � ODJV �����

,' �3RUWPDQWHDX � ODJV ������

10� �$5 �� � )� �� ���  ������� >������@

< �$5 �� � )� �� ���  ������ >������@
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