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6XSHUSRVLWLRQDO PRGHOV RI LQWRQDWLRQ W\SLFDOO\ SURSRVH GHFRPSRV�
LQJ IXQGDPHQWDO IUHTXHQF\ �F0� FRQWRXUV LQWR SKUDVH FXUYHV DQG DF�
FHQW FXUYHV� DOLJQHG ZLWK SKUDVHV DQG OHIW�KHDGHG IHHW� UHVSHFWLYHO\�
([WUDFWLQJ WKHVH FRPSRQHQW FXUYHV IURP F0 FRQWRXUV ZLWKRXW PDN�
LQJ XQGXH DVVXPSWLRQV LV FKDOOHQJLQJ� :H SURSRVH D QRYHO PHWKRG
IRU GHFRPSRVLQJ SLWFK FXUYHV� EDVHG RQ WKH DVVXPSWLRQ WKDW DFFHQW
FXUYHV FDQ EH GHVFULEHG E\ FRPELQLQJ VNHZHG QRUPDO GLVWULEXWLRQV
DQG VLJPRLG IXQFWLRQV� ,Q FRQWUDVW WR DQ HDUOLHU SLWFK GHFRPSRVLWLRQ
DOJRULWKP �³35,60´�� WKLV DOORZV IRU VLPSOH MRLQW RSWLPL]DWLRQ RI
SKUDVH DQG DFFHQW FXUYH SDUDPHWHUV� XVLQJ IHZHU SDUDPHWHUV� 7KH
SURSRVHG PHWKRG ZDV HYDOXDWHG RQ WKUHH VSHHFK FRUSRUD FRQWDLQLQJ�
��� V\QWKHWLFDOO\ JHQHUDWHG SLWFK FXUYHV� ��� DOO�VRQRUDQW XWWHUDQFHV�
DQG ��� XWWHUDQFHV FRQWDLQLQJ ERWK VRQRUDQW DQG QRQ�VRQRUDQW VSHHFK
VRXQGV� 7KH URRW ZHLJKWHG PHDQ VTXDUHG HUURU LV VPDOO� DQG� RQ
WKH FRUSXV IRU ZKLFK FRPSDUDEOH GDWD DUH DYDLODEOH� LV VLJQLILFDQWO\
VPDOOHU WKDQ IRU 35,60�
,QGH[ 7HUPV� WH[W�WR�VSHHFK V\QWKHVLV� SURVRG\ PRGHOLQJ� VXSHUSR�
VLWLRQDO PRGHO

�� ,1752'8&7,21
,Q WH[W�WR�VSHHFK V\QWKHVLV� JHQHUDWLQJ H[SUHVVLYH� PHDQLQJIXO IXQ�
GDPHQWDO IUHTXHQF\ RU F0 FRQWRXUV LV VWLOO D FKDOOHQJH� )RU D SURMHFW
LQ RXU &HQWHU RQ JHQHUDWLQJ SHUVRQDOL]HG LQWRQDWLRQ XVLQJ D VPDOO
DPRXQW RI VLQJOH�VSHDNHU WUDLQLQJ GDWD� D FRPSDFW TXDQWLWDWLYH FKDU�
DFWHUL]DWLRQ RI LQWRQDWLRQ FRQWRXUV LV QHHGHG� )RU WKLV SXUSRVH� ZH
XVH PRGHOV LQ WKH WUDGLWLRQ RI VXSHUSRVLWLRQDO LQWRQDWLRQ PRGHOV�
7KHVH PRGHOV SRVLW WKDW F0 FRQWRXUV FDQ EH GHVFULEHG DV DQ RYHUOD\
�RU VXSHUSRVLWLRQ� RI FRPSRQHQW FRQWRXUV� (TXDWLRQ � LV D IRUPDOL]D�
WLRQ RI WKLV PRGHO� FDOOHG WKH *HQHUDO 6XSHUSRVLWLRQDO 0RGHO �*60��

F0(t) = ⊕
c∈C

⊕
k∈c

fc,k(t) ���

7KLV IRUPXODWLRQ JHQHUDOL]HV VHYHUDO PRGHOV VXFK DV gKPDQ¶V
PRGHO >��@� WKH )XMLVDNL PRGHO >�� �@� DQG WKH 6XSHUSRVLWLRQ RI )XQF�
WLRQDO &RQWRXUV PRGHO �6)&� ���

7KH *HQHUDOL]HG /LQHDU $OLJQPHQW PRGHO �*/$0� ��� ��� ��� LV
D ± VWLOO YHU\ JHQHUDO ± VSHFLDO FDVH RI WKH *60� ZKHUH WKH⊕�RSHUDWRU
UHSUHVHQWV DGGLWLRQ RI FRPSRQHQW FXUYHV� C LV WKH VHW RI WZR FXUYH
FODVVHV UHSUHVHQWLQJ DFFHQW DQG SKUDVH FXUYHV� c LV D SDUWLFXODU FXUYH
FODVV RI C� DQG k LV DQ LQGLYLGXDO FXUYH RI c¶V FODVV� 7KH SKUDVH
FXUYH LV WKH XQGHUO\LQJ FXUYH WKDW VSDQV DQ HQWLUH SKUDVH� ,W SURYLGHV
LQIRUPDWLRQ DERXW WKH EDVHOLQH SLWFK DQG WKH JOREDO GHFOLQDWLRQ� 7KH
DFFHQW FXUYHV VSDQ VWUHVV�WLPHG IHHW >�@ DQG WKH\ FRQYH\ WKH DPRXQW
DQG W\SH RI HPSKDVLV H[HUWHG RQ DFFHQWHG V\OODEOHV� $ IRRW LV GH�
ILQHG DV DQ DFFHQWHG V\OODEOH IROORZHG E\ ]HUR RU PRUH XQDFFHQWHG

7KLV PDWHULDO LV EDVHG XSRQ ZRUN VXSSRUWHG E\ WKH 1DWLRQDO 6FLHQFH
)RXQGDWLRQ XQGHU *UDQW 1R� ��������

V\OODEOHV XQWLO WKH QH[W DFFHQWHG V\OODEOH RU D SKUDVH ERXQGDU\� ,Q
WKH */$0� SKUDVH FXUYHV DUH PRGHOHG DV SLHFH�ZLVH OLQHDU �RU ORJ�
OLQHDU� FXUYHV FRQVLVWLQJ RI D VWDUW SRLQW� DQ LQIOHFWLRQ SRLQW DW WKH
VWDUW RI WKH V\OODEOH FRQWDLQLQJ WKH QXFOHDU SLWFK DFFHQW� DQG DQ HQG
SRLQW� $FFHQW FXUYHV DUH PRGHOHG DV VPRRWK VLQJOH�SHDNHG FXUYHV�
EXW OHIW XQVSHFLILHG RWKHUZLVH�

7KH XVHIXOQHVV RI WKLV VXSHUSRVLWLRQDO DSSURDFK LV VXSSRUWHG E\
VWXGLHV ZKHUH WKH PRGHO LV XVHG WR FKDUDFWHUL]H SURVRGLF FKDUDFWHULV�
WLFV RI D SDUWLFXODU VSHDNHU� HPRWLRQ� RU VHQWHQFH >�� ��� ��@� DQG E\
VWXGLHV RQ VSHHFK V\QWKHVLV WR SURGXFH PRUH QDWXUDO VRXQGLQJ SLWFK
FRQWRXUV WKDQ FHUWDLQ RWKHU DSSURDFKHV >�� ��@�

'HFRPSRVLQJ D QDWXUDO F0 FRQWRXU LQWR LWV FRPSRQHQW FXUYHV LV
FKDOOHQJLQJ IRU WZR UHDVRQV� )LUVW� XQOHVV FHUWDLQ DVVXPSWLRQV DUH
PDGH� WKHUH LV QR XQLTXH VROXWLRQ WR WKH GHFRPSRVLWLRQ RI D JLYHQ
F0 FRQWRXU EHFDXVH WKH DFFHQW FXUYHV DQG SKUDVH FXUYHV FDQ WUDGH WR
SURGXFH WKH VDPH F0 FRQWRXU� 6HFRQG� WKH F0 FRQWRXU LV RIWHQ QRW
VPRRWK� LQWHUUXSWHG E\ QRQ�VRQRUDQW VRXQGV RU SDXVHV� RU SHUWXUEHG
E\ VHJPHQWDO HIIHFWV >��@�

7KH FHQWUDO JRDO RI WKLV SDSHU LV WR GHVFULEH D QRYHO DOJR�
ULWKP IRU GHFRPSRVLWLRQ RI VPRRWKHG F0 FRQWRXUV LQWR WKHLU FRP�
SRQHQW FXUYHV� EDVHG RQ WKH */$0 LQ FRQMXQFWLRQ ZLWK UHODWLYHO\
PLOG DVVXPSWLRQV DERXW WKH VKDSHV RI WKH XQGHUO\LQJ FXUYHV� 7KH
ILUVW LPSOHPHQWDWLRQ RI D VLPLODU SLWFK GHFRPSRVLWLRQ DOJRULWKP ZDV
35,60 >��� ��� ��� ��@� ,W XVHG *DXVVLDQ WHPSODWHV YLD SDUDPHWUL]HG
WLPH ZDUS IXQFWLRQV IRU PRGHOLQJ WKH DFFHQW FXUYHV� 35,60 VKRZHG
SURPLVLQJ UHVXOWV� %XW� DV ZH VKDOO VHH� WKH VSHFLILF LPSOHPHQWDWLRQ
RI WKH DOJRULWKP KDG VRPH GUDZEDFNV�

,Q 6HFWLRQ ���� ZH ZLOO VXPPDUL]H WKH 35,60 DOJRULWKP DQG LQ
6HFWLRQ ���� ZH ZLOO GLVFXVV RXU QRYHO GHFRPSRVLWLRQ DOJRULWKP� )L�
QDOO\� LQ 6HFWLRQ � ZH GLVFXVV UHVXOWV RI XVLQJ WKH QRYHO GHFRPSRVL�
WLRQ DOJRULWKP RQ WKUHH VSHHFK FRUSRUD DQG SHUIRUP D GLUHFW FRPSDUL�
VRQ EHWZHHQ 35,60 DQG WKH QHZ DOJRULWKP RQ D VPDOO VSHHFK FRUSXV
FRQWDLQLQJ ERWK YRLFHG DQG XQYRLFHG VHJPHQWV RI VSHHFK�

�� 3,7&+ '(&20326,7,21

���� 35,60

35,60 LV D SLWFK GHFRPSRVLWLRQ DOJRULWKP GHYHORSHG E\
0LVKUD >��@� 0LVKUD VKRZHG WKDW GHFRPSRVHG SKUDVH DQG DF�
FHQW FXUYHV FRXOG EH XVHG LQ VSHHFK V\QWKHVLV WR FUHDWH F0 FRQWRXUV
WKDW VRXQGHG PRUH QDWXUDO WKDQ FRQFDWHQDWHG QDWXUDO F0 FRQWRXUV�
+RZHYHU� PRVW RI WKH FRUSRUD RQ ZKLFK 35,60 ZDV WHVWHG ZHUH
GHVLJQHG QRW IRU JHQHUDO�SXUSRVH VSHHFK V\QWKHVLV GHYHORSPHQW EXW
WR H[HUFLVH WKH PHWKRG LQ D FRUSXV ZLWK FDUHIXOO\ FRQWUROOHG YRLFLQJ
DQG DFFHQWXDWLRQ SDWWHUQV� $ VHFRQG H[SHULPHQW WHVWLQJ SHUFHLYHG
SURPLQHQFH E\ V\VWHPDWLFDOO\ YDU\LQJ */$0 SDUDPHWHUV VKRZHG
WKHUH ZDV D VLJQLILFDQW FRUUHODWLRQ EHWZHHQ DFFHQW FXUYH KHLJKW DQG
SHUFHLYHG SURPLQHQFH� VXSSRUWLQJ WKH SHUFHSWXDO VLJQLILFDQFH RI WKH
FRPSRQHQW FXUYHV DV H[WUDFWHG E\ KH PHWKRG�
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+RZHYHU� WKHUH DUH FHUWDLQ DVSHFWV RI 35,60 WKDW PXVW EH H[DP�
LQHG PRUH FORVHO\� )LUVW� WKH DOJRULWKP DVVXPHV WKH SKUDVH FXUYH LV
SLHFHZLVH�OLQHDU� FRQVLVWLQJ RI IRRW�OHQJWK OLQH VHJPHQWV LQVWHDG RI
WKH WZR OLQH VHJPHQWV DOORZHG E\ */$0� 7KLV LQWURGXFHV DGGLWLRQDO
SDUDPHWHUV LQ WKH SURFHVV �n + 1 LQVWHDG RI � SDUDPHWHUV SHU SKUDVH
FXUYH FRQWDLQLQJ n IHHW�� DQG PD\ DOVR XQGHUPLQH WKH SHUFHSWXDO UHO�
HYDQFH RI WKH SKUDVH FXUYH EHFDXVH WKHUH LV QR JOREDO GHFOLQDWLRQ�
6HFRQG� 35,60 DOORZV QHJDWLYH DFFHQW FXUYHV WR PRGHO F0 YDOXHV
WKDW IDOO XQGHU WKH SKUDVH FXUYH� $PHULFDQ (QJOLVK JHQHUDOO\ GRHV QRW
KDYH QHJDWLYH DFFHQWV� 7KLUG� 35,60 XVHV � SDUDPHWHUV IRU HVWLPDW�
LQJ HDFK DFFHQW� ZKLFK� JLYHQ WKH JHQHUDOO\ UHJXODU VKDSHV RI ORFDO
SLWFK H[FXUVLRQV VKRXOG QRW EH QHFHVVDU\ ± D IHZ SDUDPHWHUV IRU� H�J��
ORFDWLRQ� ZLGWK� DQG DV\PPHWU\� VKRXOG VXIILFH� )RXUWK� 35,60 RS�
WLPL]HV WKH SKUDVH DQG DFFHQW FXUYHV VHSDUDWHO\� ZKLFK LQYLWHV ORFDO
PLQLPXP SUREOHPV�

���� 7KH QRYHO GHFRPSRVLWLRQ DOJRULWKP

D� 5LVH�)DOO E� <�1�4XHVWLRQ F� &RQWLQXDWLRQ

)LJ� �� 7KUHH DFFHQW W\SHV LQ WKH QRYHO GHFRPSRVLWLRQ DOJRULWKP

7KH QHZ DOJRULWKP RSWLPL]HV SKUDVH DQG DFFHQW FXUYH SDUDPH�
WHUV VLPXOWDQHRXVO\� $IWHU LQLWLDOL]DWLRQ� WKH SDUDPHWHUV IRU SKUDVH
DQG DFFHQW FXUYHV DUH RSWLPL]HG XVLQJ 6HTXHQWLDO /HDVW 6TXDUHV 3UR�
JUDPPLQJ �6/643� ��� ZKLFK LV D VOLJKW UH�LPSOHPHQWDWLRQ RI DQ DO�
JRULWKP SURSRVHG E\ .UDIW >�@� 7KHUH LV DQ LWHUDWLYH OHDUQLQJ SURFHVV
WR PLQLPL]H WKH ILWWLQJ HUURU� ZKLFK LV GHILQHG DV WKH URRW ZHLJKWHG
PHDQ VTXDUH HUURU �5:06(� DV VHHQ LQ (TXDWLRQ �� ZKHUH WKH ZHLJKW
w LV FRPSXWHG DV WKH PXOWLSOLFDWLRQ RI WKH YRLFLQJ IODJ DQG WKH VLJ�
QDO HQHUJ\� X UHSUHVHQWV WKH VPRRWKHG F0 YDOXHV DQG Y UHSUHVHQWV
WKH HVWLPDWHG F0 YDOXHV DIWHU GHFRPSRVLWLRQ�

RWMSE(Xi, Yi) =

√∑
wi(Xi − Yi)2∑

wi
���

7KH SURFHVV LV DV IROORZV� )LUVW� SLWFK YDOXHV DUH H[WUDFWHG XV�
LQJ 1RUPDOL]HG &URVV�&RUUHODWLRQ �1&&� ��� FRXSOHG ZLWK D 9LWHUEL
VHDUFK WR ILQG SHUFHSWXDOO\ UHOHYDQW VPRRWK SLWFK FXUYHV� 7KLV OHG WR
EHWWHU UHVXOWV WKDQ XVLQJ WKH VWDQGDUG JHWBI� DOJRULWKP�

6HFRQG� WKH SKUDVH FXUYH SDUDPHWHUV DUH LQLWLDOL]HG� (DFK SKUDVH
KDV WKUHH SDUDPHWHUV IRU WKH VWDUW� LQIOHFWLRQ� DQG HQG SRLQW RI WKH
SKUDVH� ,I WKH VSHHFK LV YRLFHG LQ WKRVH DUHDV� WKH DFWXDO F0 YDOXHV
DUH XVHG DV DQ LQLWLDO JXHVV� ,I WKH VWDUW RI WKH SKUDVH LV XQYRLFHG�
WKH LQLWLDO SKUDVH VWDUW YDOXH LV VHW WR PDWFK WKH LQIOHFWLRQ SRLQW� ,I
WKH HQG RI WKH SKUDVH LV XQYRLFHG� WKH LQLWLDO SKUDVH HQG YDOXH LV VHW
WR PDWFK WKH ODVW F0 YDOXH LQ WKH SKUDVH� 7KHVH SRLQWV DUH DGMXVWHG
GRZQZDUGV LI WKHUH DUH DQ\ F0 YDOXHV IDOOLQJ XQGHU WKH SKUDVH FXUYH
WR DYRLG KDYLQJ WR PRGHO QHJDWLYH DFFHQW FXUYHV� 7KH SKUDVH FXUYH
LV FRQVWUXFWHG E\ OLQHDU LQWHUSRODWLRQ EHWZHHQ WKH WKUHH SRLQWV ps� pi�
DQG pe �(TXDWLRQ ���

P (t) = interpolate(ps, pi, pe) ���

7KH SKUDVH FXUYHV DUH VXEWUDFWHG IURP WKH F0 FRQWRXU WR REWDLQ
WKH LQLWLDO YDOXHV IRU WKH DFFHQW FXUYHV�

7KLUG� ZH SHUIRUP WKH FXUYH ILWWLQJ� )LJXUH � VKRZV WKH WKUHH
DFFHQW W\SHV XVHG� ULVH�IDOO� \HV�QR TXHVWLRQ� DQG FRQWLQXDWLRQ� 7KH

ULVH�IDOO DFFHQW LV PRGHOHG XVLQJ D VNHZHG QRUPDO GLVWULEXWLRQ ZLWK
IRXU SDUDPHWHUV �(TXDWLRQ �� A VWDQGV IRU WKH DPSOLWXGH YDOXH RI WKH
DFFHQW FXUYH� ZKLFK FRQWUROV WKH KHLJKW RI WKH FXUYH� ξ DQG ω VSHFLI\
WKH ORFDWLRQ DQG VFDOH� DQGα GHWHUPLQHV WKH VNHZQHVV RI WKH GLVWULEX�
WLRQ�� 7KH TXHVWLRQ LQWRQDWLRQ LV PRGHOHG XVLQJ D VLJPRLG IXQFWLRQ
ZLWK WKUHH SDUDPHWHUV �(TXDWLRQ �� B VWDQGV IRU WKH DPSOLWXGH YDOXH
RI WKH VLJPRLG� β DQG γ VSHFLI\ WKH VORSH DQG ORFDWLRQ RI WKH VWHHS�
HVW VORSH� DQG WKH FRQWLQXDWLRQ DFFHQW LV PRGHOHG DV D FRPELQDWLRQ RI
WKH VNHZHG QRUPDO GLVWULEXWLRQ DQG WKH VLJPRLG IXQFWLRQ XVLQJ VHYHQ
SDUDPHWHUV �(TXDWLRQ ���

f(t) = A
2
ω
φ(

t− ξ
ω

)Φ(α(
t− ξ
ω

)) ���

g(β(t− γ)) = B
1

1 + e−β(t−γ)
���

h(t) = f(t) + g(β(t− γ)) ���
7R LQLWLDOL]H D ULVH�IDOO DFFHQW ZH FRPSXWH WKH PHDQ �(TXDWLRQ ���

WKH YDULDQFH �(TXDWLRQ ��� DQG WKH VNHZQHVV �(TXDWLRQ �� RI WKH F0

YDOXHV LQ D IRRW� ,W VKRXOG EH SRLQWHG RXW WKDW DFFHQW FXUYHV LQ HDFK
SKUDVH FDQ RYHUODS ZLWK HDFK RWKHU� EXW WKH SHDN ORFDWLRQ RI HDFK
DFFHQW FXUYH LV OLPLWHG E\ WKH ERXQGDU\ RI WKH IRRW WKH\ EHORQJ WR�

PHDQ RI f(t) : ξ + ωδ

√
2
π

where δ =
α√

1 + α2
���

YDULDQFH RI f(t) : ω2

(
1− 2δ2

π

)
���

VNHZQHVV RI f(t) : 4− π
2

(
δ
√

2
π

)3

(
1− 2δ2

π

)3/2
���

8VLQJ (TXDWLRQV �� �� �� �� DQG �� ZH FDQ UHZULWH WKH IXQGDPHQWDO
IUHTXHQF\ EDVHG RQ RXU IXQFWLRQ FXUYHV �(TXDWLRQ ���� 7KH SDUDPH�
WHUV a DQG b DUH ELQDU\ WR WRJJOH EHWZHHQ WKH WKUHH DFFHQW W\SHV� 7KLV
HTXDWLRQ LV RSWLPL]HG XVLQJ 6/643�

F0(t) = P (t)+
n∑

i=0

(bi(aif(t)+(1−ai)g(t))+(1−bi)h(t)) ����

�� (;3(5,0(176
���� 'HFRPSRVLQJ V\QWKHWLF SLWFK FRQWRXUV
7KH ILUVW H[SHULPHQW ZLWK WKH QRYHO SLWFK GHFRPSRVLWLRQ DOJRULWKP
ZDV D SURRI�RI�FRQFHSW XVLQJ V\QWKHWLFDOO\ JHQHUDWHG F0 FRQWRXUV�
7KH FRQWRXUV ZHUH JHQHUDWHG XVLQJ RXU WH[W�WR�VSHHFK V\VWHP WKDW
XVHV WKH */$0 PRGHO WR JHQHUDWH SLWFK FRQWRXUV� :H JHQHUDWHG
V\QWKHWLF FXUYHV IRU ��� VHQWHQFHV WKDW PDNH XS WKH &6/8 (PSKD�
VLV 3URWRFRO >��@� 7KLV SURWRFRO ZDV GHVLJQHG WR HOLFLW F0 FRQWRXUV
SURGXFHG ZLWK YDULRXV OLQJXLVWLF DQG SURVRGLF IHDWXUHV� ,W SUHVFULEHV
ZKLFK V\OODEOHV DUH DFFHQWHG� ZKHUH HDFK IRRW VWDUWV DQG HQGV� DQG
ZKHUH SKUDVH ERXQGDULHV RFFXU� )LQDOO\� HDFK XWWHUDQFH LQ WKH SUR�
WRFRO KDV D WDUJHW ZRUG WKDW LV VSRNHQ ZLWK D SUHVFULEHG GHJUHH RI
HPSKDVLV� 7KH SURWRFRO V\VWHPDWLFDOO\ YDULHV WKH DFFHQW W\SH �VWDQ�
GDUG YV FRQWUDVWLYH�� WKH VHQWHQFH W\SH �GHFODUDWLYH� ZK�TXHVWLRQ� RU
\HV�QR TXHVWLRQ�� WKH QXPEHU RI V\OODEOHV LQ WKH IRRW ��� �� � RU PRUH��
DQG WKH SKUDVDO SRVLWLRQ RI WKH WDUJHW ZRUG �LQLWLDO� PHGLDO� RU ILQDO��
$Q H[DPSOH VHQWHQFH RI D ZK�TXHVWLRQ ZLWK IHHW ERXQGDULHV PDUNHG
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ZLWK EUDFNHWV DQG WKH WDUJHW ZRUG PDUNHG LQ DOO�FDSV� >:LOO ZH@ >UH�
DOO\ NQRZ@ >0$5,2@� >ZKHQ ZH¶UH LQ@ >0DLQH"@�

5HV\QWKHVLV ZLWK WKH QHZ SLWFK FRQWRXUV DV FUHDWHG E\ GHFRP�
SRVLWLRQ DQG VXSHUSRVLWLRQ RI WKH HVWLPDWHG SKUDVH DQG DFFHQW FXUYHV
VKRZHG D YHU\ VPDOO RYHUDOO 5:06( RI ��� +]� :KLOH KXPDQV FDQ
KHDU YHU\ ILQH GLVWLQFWLRQV EHWZHHQ WZR SXUH WRQHV ZKHQ OLVWHQLQJ WR
WKHP VHTXHQWLDOO\ DW D VKRUW WLPH LQWHUYDO� LQ D ORQJHU VHQWHQFH WKLV
W\SH RI HUURU LV QRW QRWLFHDEOH� .ODWW QRWHG WKDW VXEMHFWV FRXOG KHDU D
��� +] GLIIHUHQFH LQ D FRQVWDQW F0 FRQWRXU� EXW ZKHQ WKH V\QWKHWLF F0

FRQWRXU ZDV D OLQHDU GHVFHQGLQJ UDPS ��� +]�VHF� WKH MXVW�QRWLFHDEOH
GLIIHUHQFH �MQG� VOLSSHG WR ��� +] >�@� &RPSDULQJ SHUFHLYHG SLWFK LQ
WZR VHQWHQFHV� LW ZDV IRXQG E\ ¶W +DUW >��@ WKDW WKHUH ZDV VLJQLIL�
FDQW YDULDELOLW\ LQ WKH VXEMHFWV¶ VHQVLWLYLW\ WR SLWFK GLIIHUHQFHV� 6RPH
VXEMHFWV ZHUH DEOH WR SHUFHLYH GLIIHUHQFHV RI ��� � � VHPLWRQHV ZKHUH
RWKHUV ZHUH RQO\ DEOH WR KHDU GLIIHUHQFHV ZKHQ WKH SLWFK ZDV PRUH
WKDQ � VHPLWRQHV DSDUW� 7KH\ FRQFOXGHG WKDW RQO\ GLIIHUHQFHV RI PRUH
WKDQ � VHPLWRQHV SOD\ D SDUW LQ FRPPXQLFDWLYH VLWXDWLRQV� 6HPLWRQHV
DUH PHDVXUHG RQ D SHUFHSWXDO VFDOH DQG WKH DFWXDO IUHTXHQF\ GLIIHU�
HQFH GHSHQGV RQ WKH IUHTXHQF\ UDQJH� 6XSSRVH WKH EDVH IUHTXHQF\
LV ��� +]� WKHQ D � VHPLWRQH GLIIHUHQFH FRUUHVSRQGV WR D IUHTXHQF\
GLIIHUHQWLDO RI �� +]� %XW LI WKH EDVH IUHTXHQF\ LV UHDOO\ KLJK� VD\ ���
+]� WKHQ WKH VDPH � VHPLWRQH GLIIHUHQWLDO FRUUHVSRQGV WR D IUHTXHQF\
GLIIHUHQWLDO RI �� +]�

7KH VOLJKW GLVFUHSDQF\ EHWZHHQ WKH JHQHUDWHG DFFHQW FXUYHV DQG
WKH GHFRPSRVHG FXUYHV LV GXH WR WKH IDFW WKDW WKH DFFHQW FXUYHV JHQ�
HUDWHG E\ */$0 DUH DV\PPHWULF FXUYHV FREEOHG WRJHWKHU YLD FR�
VLQH LQWHUSRODWLRQ� ZKHUHDV WKH QHZ GHFRPSRVLWLRQ DOJRULWKP XVHV D
VPRRWK VNHZHG QRUPDO GLVWULEXWLRQ� 1RW RQO\ GR ZH VXVSHFW WKDW WKLV
GLVFUHSDQF\ LV LQDXGLEOH� ZH DOVR VXJJHVW WKDW WKH VNHZHG QRUPDO GLV�
WULEXWLRQ FDQ SURYLGH DFFXUDWH DSSUR[LPDWLRQV WR D EURDGHU UDQJH RI
FXUYHV�

���� 'HFRPSRVLQJ DOO�VRQRUDQW VSHHFK
7KH QH[W H[SHULPHQW LQYROYHG DFWXDO UHFRUGLQJV XVLQJ DOO�VRQRUDQW
VSHHFK IURP WKH VDPH &6/8 (PSKDVLV 3URWRFRO� 2QH PDOH VSHDNHU
VSRNH D VXEVHW RI �� VHQWHQFHV LQ WKLV SURWRFRO� 6LQFH WKH IRRW VWUXF�
WXUH ZDV SUH�GHWHUPLQHG� ODEHOLQJ WKH IHHW ZDV VWUDLJKWIRUZDUG� 7KH
UHFRUGLQJV ZHUH ILUVW IRUFHG�DOLJQHG WR WKH SKRQHPHV XVLQJ WKH &6/8
7RRONLW >�@� 7KHQ� WKH ODEHO ERXQGDULHV ZHUH PDQXDOO\ FRUUHFWHG DQG
IRRW ERXQGDULHV ZHUH LQVHUWHG EDVHG RQ WKH DFFHQWXDWLRQ SDWWHUQV�
2EYLRXVO\� WKLV PDQXDO SURFHVV LV LQ QHHG RI DXWRPDWLRQ�

)LJXUH � VKRZV DQ H[DPSOH SLWFK FRQWRXU IURP WKH &6/8 (P�
SKDVLV 3URWRFRO� :H ZHUH RQO\ DEOH WR GHFRPSRVH D VXEVHW RI WKH
FRUSXV XVLQJ 35,60� VR ZH DUH UHSRUWLQJ UHVXOWV IRU WKDW VXEVHW RQO\
��� VHQWHQFHV FRQVLVWLQJ RI �� SKUDVHV�� 7KH 5:06( IRU GHFRP�
SRVLWLRQ XVLQJ 35,60 LV ���� +]� 7KH 5:06( IRU WKH QRYHO GH�
FRPSRVLWLRQ DOJRULWKP LV ���� +]� $ WZR�WDLOHG W�WHVW UHYHDOHG WKH
GLIIHUHQFH EHWZHHQ 35,60 DQG WKH QHZ DOJRULWKP QRW WR EH VLJQLIL�
FDQW �t(47) = 0.530� p = 0.597��

���� 3LWFK GHFRPSRVLWLRQ RI UHFRUGLQJV ZLWK YRLFHG DQG XQYRLFHG
VSHHFK VRXQGV
,Q WKH SUHYLRXV H[SHULPHQWV SLWFK YDOXHV ZHUH DYDLODEOH IRU DOO IUDPHV
LQ WKH VSHHFK UHFRUGLQJV� VR WKDW ZH FRXOG DSSO\ RXU RSWLPL]DWLRQ RQ
FRQWLQXRXV F0 FXUYHV� $ FKDOOHQJH IRU SLWFK GHFRPSRVLWLRQ RI QDW�
XUDO VSHHFK UHFRUGLQJV LV WKH SUHVHQFH RI XQYRLFHG UHJLRQV� SDXVHV
ZKHUH WKHUH DUH QR SLWFK YDOXHV� DQG VHJPHQWDO SHUWXUEDWLRQV� $ FRP�
PRQ ZD\ WR VROYH WKLV LVVXH LV WR XVH OLQHDU LQWHUSRODWLRQ EHWZHHQ
YRLFHG DUHDV WR ILOO LQ XQYRLFHG DUHDV� 2QH VLGH�HIIHFW RI KDYLQJ XQ�
YRLFHG VHJPHQWV LQ VSHHFK LV WKDW DQ XQYRLFHG SKRQHPH SUHFHGLQJ
D YRLFHG SKRQHPH FDQ FDXVH D VHJPHQWDO SHUWXUEDWLRQ DW WKH VWDUW
RI WKH YRLFHG SKRQHPH� ZKHUH WKH REVHUYHG F0 YDOXHV DUH VOLJKWO\

)LJ� �� ([DPSOH SLWFK FRQWRXU DQG GHFRPSRVLWLRQ IURP WKH &6/8
(PSKDVLV 3URWRFRO IRU D ZK�TXHVWLRQ� ZKHUH WKH SLWFK ULVHV DW WKH
HQG� 7KHUH DUH IRXU SLWFK DFFHQWV LQ WKH SKUDVH� 7KH GRWWHG OLQHV
VKRZ WKH LQLWLDO SDUDPHWHU HVWLPDWHV� DQG WKH VROLG OLQHV DUH WKH ILQDO
SUHGLFWLRQV� 7KH JUHHQ OLQHV UHSUHVHQW WKH SKUDVH FXUYH� WKH PDJHQWD
OLQHV UHSUHVHQW WKH DFFHQW FXUYHV DQG WKH EOXH OLQH UHSUHVHQWV WKH VXP
RI WKHVH� IRUPLQJ WKH ILQDO SUHGLFWHG F0 FRQWRXU

KLJKHU WKDQ WKH\ VKRXOG EH >��@� 7KXV� OLQHDU LQWHUSRODWLRQ ZLOO JLYH
VXERSWLPDO UHVXOWV� $OVR� ZKHQ D SKUDVH VWDUWV RU HQGV ZLWK XQYRLFHG
VHJPHQWV� LW LV FKDOOHQJLQJ WR ILQG WKH EHVW LQLWLDOL]DWLRQ SRLQWV RI WKH
SKUDVH FXUYH� $V LW WXUQV RXW� RXU XVH RI ZHLJKWV LQ RXU 5:06(
FRVW IXQFWLRQ VXEVWDQWLDOO\ DGGUHVVHV WKHVH SUREOHPV DV WKH\ RFFXU
SULPDULO\ LQ UHJLRQV ZLWK ORZ HQHUJ\ RU YRLFLQJ SUREDELOLW\�

,Q RUGHU WR WHVW WKH QRYHO GHFRPSRVLWLRQ DOJRULWKP RQ D VSHHFK
FRUSXV ZLWK YRLFHG DQG XQYRLFHG VHJPHQWV DQG FRPSDUH LW GLUHFWO\
ZLWK 35,60� ZH GHFLGHG WR XVH WKH &6/8 DIIHFW FRUSXV ZKLFK KDV
EHHQ DQDO\]HG SUHYLRXVO\ XVLQJ 35,60 >�@� 7KLV FRUSXV ZDV QRW
VSHFLILFDOO\ GHVLJQHG IRU V\QWKHVLV SXUSRVHV� EXW ZDV FUHDWHG WR VWXG\
GLIIHUHQW DIIHFWV XVLQJ WKH VDPH DIIHFW�QHXWUDO WH[W IRU HDFK VHQWHQFH
WR EH VSRNHQ LQ IRXU GLIIHUHQW DIIHFWV �$QJU\� )HDUIXO� +DSS\� DQG
6DG�� 7KH SDSHU IRFXVHG RQ RQH IHPDOH FKLOG DFWRU UHDGLQJ D WRWDO RI
�� VHQWHQFHV LQ HDFK DIIHFW ��� XWWHUDQFHV WRWDO��� 7KH VHQWHQFHV DUH
IDLUO\ VKRUW� FRQVLVWLQJ RI D VLQJOH SKUDVH DQG ��� ZRUGV LQ D SKUDVH�
7KH FRUUHFW DIIHFW ZDV SURPSWHG E\ YLJQHWWHV WKDW SUHFHGHG HDFK VHQ�
WHQFH� )RU WKLV SDUWLFXODU VSHDNHU� WKH SLWFK UDQJHG IURP ������� +]�

)LJXUH � UHSUHVHQWV WKH SLWFK GHFRPSRVLWLRQ RI WKH VHQWHQFH ³1R
ZD\´ LQWR WKH FRPSRQHQW FXUYHV� IRU WKH IRXU DIIHFW W\SHV EDVHG RQ
WKH QRYHO GHFRPSRVLWLRQ DOJRULWKP �)LJXUH �� PLGGOH URZ� YHUVXV
35,60 �)LJ� �� WRS URZ�� 7KH ERWWRP URZ UHSUHVHQWV WKH VLJQDO
HQHUJ\ [ YRLFLQJ IODJ ZKLFK LV XVHG DV D ZHLJKW RQ WKH F0 YDOXHV�
35,60 GHWHFWHG QHJDWLYH DFFHQW FXUYHV IRU WKUHH W\SHV RI DIIHFWV�
+DSS\� )HDUIXO� DQG 6DG� 7KH QHJDWLYH DFFHQW LQ WKH ODVW IRRW RI WKH
+DSS\ VHQWHQFH PDNHV LW D EHWWHU ILW EHWZHHQ WKH DFWXDOF0 YDOXHV DQG
WKH GHFRPSRVHG YDOXHV� +RZHYHU� WKHUH DUH GRXEWV UHJDUGLQJ WKH XVH
RI QHJDWLYH DFFHQWV LQ $PHULFDQ (QJOLVK�

,Q WKH PLGGOH DQG ERWWRP URZV RI )LJXUH �� WKH PDJHQWD DUHD DW
WKH HQG RI WKH F0 FXUYH UHSUHVHQWV D SLWFK ULVH ZLWK D ZHDN VLJQDO
DPSOLWXGH� :H K\SRWKHVL]H WKDW WKLV SLWFK ULVH LV QRW SHUFHSWXDOO\
UHOHYDQW DQG DV VXFK ZH FDQ LJQRUH WKRVH SLWFK YDOXHV LQ RXU GHFRP�
SRVLWLRQ� :H DGGHG D WKUHVKROG WR WKH ZHLJKW WKDW LV DSSOLHG WR WKH
F0 YDOXHV WR UHPRYH WKHVH OHVV UHOLDEOH SLWFK YDOXHV� 7KH 5:06(
IRU RXU QHZ GHFRPSRVLWLRQ DSSURDFK DQG 35,60 DUH VKRZQ LQ )LJ�
XUH �� 7KH QRYHO SLWFK GHFRPSRVLWLRQ DOJRULWKP SHUIRUPV EHWWHU WKDQ
35,60 IRU PRVW RI WKH DIIHFWV� 7KH WRWDO 5:06( IRU WKH FRUSXV LV
ORZHU IRU RXU DOJRULWKP� 7KH IUHTXHQF\ UDQJH RI WKH DQJU\ DQG IHDUIXO
XWWHUDQFHV FRYHU WKH HQWLUH IUHTXHQF\ UDQJH RI WKH VSHDNHU ���� +]�
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)LJ� �� 7KH 5:06( RI RXU PHWKRG YV� 35,60� ,Q WKLV ILJXUH D�I�K�
DQG V UHSUHVHQW $QJU\�)HDUIXO�+DSS\� DQG 6DG JURXSV UHVSHFWLYHO\�
$OVR WKH WRWDOBHUURU VKRZV WKH 5:06( RI ZKROH GDWD

��� +]� DQG WKHUH DUH D IHZ SRLQWV VSHFLILFDOO\ DURXQG HDFK DFFHQW
SHDN WKDW KDYH KLJK ZHLJKW �)LJXUH �D� DQG DV D UHVXOW WKHVH SRLQWV
KDYH PRUH HIIHFW RQ WKH 5:06(� %XW VLQFH SLWFK SHUFHSWLRQ GRHV QRW
IROORZ D OLQHDU VFDOH� SLWFK GLVFUHSDQFLHV DW KLJKHU IUHTXHQFLHV DUH
OLNHO\ WR EH OHVV DXGLEOH� 2QO\ D SHUFHSWXDO H[SHULPHQW FDQ WHOO KRZ
ZHOO ERWK SLWFK GHFRPSRVLWLRQ DOJRULWKPV FDQ UHFRQVWUXFW WKH RULJL�
QDO F0 FRQWRXU� 7KH DYHUDJH GLIIHUHQFH EHWZHHQ WKH 5:06( RI WKH
WZR PHWKRGV LV ���� +]� :H DSSOLHG D RQH�VDPSOH WZR�WDLOHG W�WHVW WR

GHWHUPLQH ZKHWKHU WKLV GLIIHUHQFH LV VLJQLILFDQW� 7KH UHVXOWV VKRZHG
WKDW WKH QRYHO GHFRPSRVLWLRQ DOJRULWKP SHUIRUPV VLJQLILFDQWO\ EHWWHU
�t(95) = 2.22, p = 0.027��

�� &21&/86,216

:H SURSRVHG D QRYHO SLWFK GHFRPSRVLWLRQ DOJRULWKP WR GHFRPSRVH
F0 FRQWRXUV LQWR SKUDVH DQG DFFHQW FXUYHV LQ DFFRUGDQFH ZLWK WKH
*HQHUDOL]HG /LQHDU $OLJQPHQW PRGHO �*/$0�� D VXSHUSRVLWLRQDO
PRGHO WKDW PDNHV UHODWLYHO\ PLOG DVVXPSWLRQV DERXW WKH VKDSHV RI
WKH XQGHUO\LQJ FRPSRQHQW FXUYHV� :H FRPSDUHG WKH DOJRULWKP ZLWK
D SUHYLRXV HVWLPDWLRQ PHWKRG� 35,60� DQG IRXQG WKDW ZH ZHUH DEOH
WR SURGXFH HTXLYDOHQW RU EHWWHU UHVXOWV XVLQJ IHZHU SDUDPHWHUV�

:H DUH QRZ XVLQJ WKLV PHWKRG QRW RQO\ IRU SURMHFWV RQ LQGLYLGX�
DOL]HG VSHHFK V\QWKHVLV IRU 6SHHFK *HQHUDWLQJ 'HYLFHV� EXW DOVR IRU
JHQHUDO SXUSRVH V\QWKHVLV SURMHFWV EDVHG RQ RXU PXOWL�OHYHO XQLW VH�
TXHQFH DSSURDFK WR SURVRGLF PRGHOLQJ >��@�

)RU WKLV PHWKRG WR VHUYH DV D EURDGO\ XVDEOH VSHHFK DQDO\VLV WRRO�
H�J�� IRU HPRWLRQ UHFRJQLWLRQ RU VSHDNHU LGHQWLILFDWLRQ� ZH KDYH WR
GHPRQVWUDWH WKDW LW FDQ EH XVHG LQ VSHHFK VDPSOHV WKDW DUHPRUH YDULHG
DQG VSRQWDQHRXV� DQG OHVV VWUXFWXUHG� WKDQ WKH FRUSRUD XVHG LQ WKH
SUHVHQW VWXG\� 8VDJH DV DQ DQDO\WLF WRRO ZLOO DOVR UHTXLUH DXWRPDWLF
GHWHFWLRQ RI IRRW ERXQGDULHV� PRVW OLNHO\ UHTXLULQJ WKH LQWHJUDWLRQ RI
RXU PHWKRG ZLWK ERXQGDU\ GHWHFWLRQ DV ZHOO DV WKH LQFRUSRUDWLRQ RI
RWKHU VSHHFK SDUDPHWHUV VXFK DV HQHUJ\� MLWWHU� DQG VKLPPHU�
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>�@ 'DYLG $EHUFURPELH� (OHPHQWV RI JHQHUDO SKRQHWLFV� YROXPH
���� (GLQEXUJK 8QLYHUVLW\ 3UHVV (GLQEXUJK� �����

>�@ *� %DLOO\ DQG %� +ROP� 6IF� D WUDLQDEOH SURVRGLF PRGHO� 6SHHFK
&RPPXQLFDWLRQ� ���������±���� �����

>�@ +� )XMLVDNL� $ PRGHO IRU V\QWKHVLV RI SLWFK FRQWRXUV RI FRQ�
QHFWHG VSHHFK� $QQXDO 5HSRUW� (QJLQHHULQJ 5HVHDUFK ,QVWLWXWH�
8QLYHUVLW\ RI 7RN\R� �����±��� �����

>�@ +� )XMLVDNL� '\QDPLF FKDUDFWHULVWLFV RI YRLFH IXQGDPHQWDO IUH�
TXHQF\ LQ VSHHFK DQG VLQJLQJ� ,Q 7KH SURGXFWLRQ RI VSHHFK�
SDJHV ��±��� 6SULQJHU� �����

>�@ -�3� +RVRP� $XWRPDWLF WLPH DOLJQPHQW RI SKRQHPHV XVLQJ
DFRXVWLF�SKRQHWLF LQIRUPDWLRQ� 3K' WKHVLV� 2UHJRQ *UDGXDWH
,QVWLWXWH� %HDYHUWRQ� 25� �����

>�@ (� .ODEEHUV� 7� 0LVKUD� DQG -� YDQ 6DQWHQ� $QDO\VLV RI DI�
IHFWLYH VSHHFK UHFRUGLQJV XVLQJ WKH VXSHUSRVLWLRQDO LQWRQDWLRQ
PRGHO� ,Q 3URF� �WK ,6&$ :RUNVKRS RQ 6SHHFK 6\QWKHVLV
�66:��� %RQQ� *HUPDQ\� SDJHV ���±���� �����

>�@ (� .ODEEHUV� 7� 0LVKUD� DQG -� YDQ 6DQWHQ� 5HFRPELQDQW VSHHFK
V\QWKHVLV� 1DWXUDO WH[W�WR�VSHHFK V\QWKHVLV ZLWK SURVRGLF FRQ�
WURO� 7KH -RXUQDO RI WKH $FRXVWLFDO 6RFLHW\ RI $PHULFD� ����
����� �����

>�@ 'HQQLV + .ODWW� 'LVFULPLQDWLRQ RI IXQGDPHQWDO IUHTXHQF\ FRQ�
WRXUV LQ V\QWKHWLF VSHHFK� LPSOLFDWLRQV IRU PRGHOV RI SLWFK SHU�
FHSWLRQ� 7KH -RXUQDO RI WKH $FRXVWLFDO 6RFLHW\ RI $PHULFD� ���
�� �����

>�@ '� .UDIW� $ VRIWZDUH SDFNDJH IRU VHTXHQWLDO TXDGUDWLF SURJUDP�
PLQJ� 7HFKQLFDO UHSRUW�

>��@ 7� 0LVKUD� 'HFRPSRVLWLRQ RI )XQGDPHQWDO )UHTXHQF\ &RQ�
WRXUV LQ WKH *HQHUDO 6XSHUSRVLWLRQDO ,QWRQDWLRQ 0RGHO� 3K'
WKHVLV� 2UHJRQ +HDOWK DQG 6FLHQFH 8QLYHUVLW\� %HDYHUWRQ� 25�
�����

>��@ 7� 0LVKUD� -� YDQ 6DQWHQ� DQG (� .ODEEHUV� 'HFRPSRVLWLRQ RI
SLWFK FXUYHV LQ WKH JHQHUDO VXSHUSRVLWLRQDO PRGHO� ,Q 3URFHHG�
LQJV RI 6SHHFK 3URVRG\� 'UHVGHQ� *HUPDQ\� �����

>��@ (� 0RUOH\� -� YDQ 6DQWHQ� (� .ODEEHUV� DQG $� .DLQ� )� UDQJH
DQG SHDN DOLJQPHQW DFURVV VSHDNHUV DQG HPRWLRQV� 3URFHHGLQJV
RI ,&$663� �����

>��@ (� 0RUOH\� (� .ODEEHUV� -� YDQ 6DQWHQ� $� .DLQ� DQG 6�+� 0R�
KDPPDGL� 6\QWKHWLF I� FDQ HIIHFWLYHO\ FRQYH\ VSHDNHU LG LQ
GHOH[LFDOL]HG VSHHFK� ,Q ,17(563((&+� �����

>��@ 6� gKPDQ� :RUG DQG VHQWHQFH LQWRQDWLRQ� $ TXDQWLWD�
WLYH PRGHO� 6SHHFK 7UDQVPLVVLRQ /DERUDWRU\� 'HSDUWPHQW RI
6SHHFK &RPPXQLFDWLRQ� 5R\DO ,QVWLWXWH RI 7HFKQRORJ\� �����

>��@ S\2SW GHYHORSHUV� S\2SW� 6HTXHQWLDO /HDVW 6TXDUHV 3URJUDP�
PLQJ�

� ����� >2QOLQH� DFFHVVHG ���2FWREHU�����@�
>��@ -DQ YDQ 6DQWHQ DQG -XOLD +LUVFKEHUJ� 6HJPHQWDO HIIHFWV RQ WLP�

LQJ DQG KHLJKW RI SLWFK FRQWRXUV� ,Q 7KLUG ,QWHUQDWLRQDO &RQ�
IHUHQFH RQ 6SRNHQ /DQJXDJH 3URFHVVLQJ� �����

>��@ -RKDQ W +DUW� 'LIIHUHQWLDO VHQVLWLYLW\ WR SLWFK GLVWDQFH� SDUWLFX�
ODUO\ LQ VSHHFK� 7KH -RXUQDO RI WKH $FRXVWLFDO 6RFLHW\ RI $PHU�
LFD� ���������±���� �����

>��@ '� 7DONLQ� $ UREXVW DOJRULWKP IRU SLWFK WUDFNLQJ �UDSW�� 6SHHFK
FRGLQJ DQG V\QWKHVLV� �������� �����

>��@ -� YDQ 6DQWHQ DQG %�0|ELXV� $ TXDQWLWDWLYH PRGHO RI )0 JHQHU�
DWLRQ DQG DOLJQPHQW� ,Q $� %RWLQLV� HGLWRU� ,QWRQDWLRQ� $QDO\VLV�
0RGHOLQJ� DQG 7HFKQRORJ\� SDJHV ���±���� .OXZHU $FDGHPLF
3XEOLVKHUV� 1HWKHUODQGV� �����

>��@ -� YDQ 6DQWHQ� &� 6KLK� DQG %�0|ELXV� ,QWRQDWLRQ� ,Q 5� 6SURDW�
HGLWRU� 0XOWLOLQJXDO 7H[W�WR�6SHHFK 6\QWKHVLV� 7KH %HOO�/DEV
$SSURDFK� SDJHV ���±���� .OXZHU $FDGHPLF 3XEOLVKHUV� 'RU�
GUHFKW� WKH 1HWKHUODQGV� �����

>��@ -� YDQ 6DQWHQ� 7� 0LVKUD� DQG (� .ODEEHUV� (VWLPDWLQJ SKUDVH
FXUYHV LQ WKH JHQHUDO VXSHUSRVLWLRQDO LQWRQDWLRQ PRGHO� ,Q 3UR�
FHHGLQJV RI WKH �WK ,6&$ 6SHHFK 6\QWKHVLV :RUNVKRS� 3LWWV�
EXUJK� 3$� �����

>��@ -� 9DQ 6DQWHQ� $� .DLQ� (� .ODEEHUV� DQG 7� 0LVKUD� 6\QWKHVLV
RI SURVRG\ XVLQJ PXOWL�OHYHO XQLW VHTXHQFHV� 6SHHFK &RPPX�
QLFDWLRQ� ���������±���� �����

>��@ -� YDQ 6DQWHQ� (� .ODEEHUV� DQG 7� 0LVKUD� 7RZDUG PHDVXUH�
PHQW RI SLWFK DOLJQPHQW� ,WDOLDQ -RXUQDO RI /LQJXLVWLFV� ������
���� �����


