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0DNLQJ XVH RI D EDFN�WR�EDFN W\SH GRXEOH ILVVLRQ FKDPEHU DQG .\RWR 8QLYHUVLW\ /HDG

VORZLQJ�GRZQ 6SHFWURPHWHU �.8/6� GULYHQ E\ D �� 0H9 HOHFWURQ OLQHDU DFFHOHUDWRU �OLQDF� DW WKH

5HVHDUFK 5HDFWRU ,QVWLWXWH� .\RWR 8QLYHUVLW\ �.855,�� WKH QHXWURQ� LQGXFHG ILVVLRQ FURVV VHFWLRQ

RI 3D���� KDV EHHQ PHDVXUHG IURP ��� H9 XS WR �� NH9 ZLWK HQHUJ\ UHVROXWLRQ �):+0� RI DERXW

�� �� 7KH FURVV VHFWLRQ RI WKH ���8�Q�I� UHDFWLRQ LQ (1')�%�9, ZDV XVHG DV D UHIHUHQFH RQH IRU

WKH PHDVXUHPHQW RI WKH ILVVLRQ FURVV VHFWLRQ� 7KH PHDVXUHG UHVXOW KDV EHHQ FRPSDUHG ZLWK WKH

HYDOXDWHG GDWD LQ (1')�%�9,� -(1'/���� DQG -()����� ZKRVH GDWD ZHUH EURDGHQHG E\ WKH HQHUJ\

UHVROXWLRQ RI WKH .8/6�

�� ,QWURGXFWLRQ

3URWDFWLQLXP�3D����� LV RQH RI WKH PRVW LQWHUHVWLQJ QXFOHL ZKLFK DUH UHODWHG WR WKH

SURGXFWLRQ RI 8���� LQ WKH ���7K����8 IXHO F\FOH������ 7KH ILVVLRQ SKHQRPHQD� ILVVLRQ HQHUJ\

DQG PDVV GLVWULEXWLRQV IRU WKH QHXWURQ�LQGXFHG ILVVLRQ RI 3D���� KDYH EHHQ LQYHVWLJDWHG������

$OWKRXJK VHYHUDO PHDVXUHPHQWV RI WKH ���3D�Q� I� FURVV VHFWLRQ KDYH EHHQ UHSRUWHG DW KLJKHU

HQHUJLHV� WKH ILVVLRQ FURVV VHFWLRQ KDV UDUHO\ EHHQ PHDVXUHG LQ WKH ORZHU�UHVRQDQFH HQHUJ\ UHJLRQ����

2QH RI WKH UHDVRQV PD\ EH GXH WR VXE�EDUULHU ILVVLRQ ZKLFK UHVXOWV LQ D ORZ ILVVLRQ FURVV VHFWLRQ�

,Q DGGLWLRQ� 3D���� LV D UDGLRDFWLYH DFWLQLGH HOHPHQW� 7KHQ� WKH SXUH VDPSOH DQG DQ LQWHQVH

QHXWURQ VRXUFH DUH UHTXLUHG WR RYHUFRPH WKH VHYHUH H[SHULPHQWDO FRQGLWLRQV IRU WKH ILVVLRQ FURVV

VHFWLRQ PHDVXUHPHQW�

:DJHPDQV HW DO� PHDVXUHG WKH WKHUPDO QHXWURQ�LQGXFHG ILVVLRQ FURVV VHFWLRQ RI 3D�

��������� /HRQDUG HW DO� PDGH WKH FURVV VHFWLRQ PHDVXUHPHQW DW �� HQHUJ\ SRLQWV EHWZHHQ ����

H9 DQG ���� H9���� 1R H[SHULPHQWDO GDWD KDV EHHQ REWDLQHG LQ WKH HQHUJ\ UDQJH RI WKHUPDO

QHXWURQ WR ��� NH9 H[FHSW IRU WKRVH PHDVXUHG E\ /HRQDUG HW DO� 7KH HYDOXDWHG ILVVLRQ FURVV

VHFWLRQ GDWD DUH VWRUHG LQ (1')�%�9,���� -(1'/�������� DQG -()��������� 7KH (1')�%�9,

DQG WKH -()���� GDWD DUH PDUNHGO\ GLVFUHSDQW IURP WKH -(1'/����� HVSHFLDOO\ DERYH DERXW �� H9�

,Q WKH SUHVHQW VWXG\� ZH PHDVXUH WKH QHXWURQ�LQGXFHG ILVVLRQ FURVV VHFWLRQ RI 3D���� LQ

WKH UDQJH RI ��� H9 WR �� NH9 UHODWLYH WR WKDW RI WKH ���8�Q� I� UHDFWLRQ E\ PDNLQJ XVH RI D EDFN�WR�

EDFN �%7%� W\SH GRXEOH ILVVLRQ FKDPEHU���� DQG D OHDG VORZLQJ�GRZQ VSHFWURPHWHU���� FRXSOHG WR

WKH �� 0H9 HOHFWURQ OLQHDU DFFHOHUDWRU �OLQDF� RI WKH 5HVHDUFK 5HDFWRU ,QVWLWXWH� .\RWR 8QLYHUVLW\
�.855,�� %HORZ � NH9� WKH UHODWLYH PHDVXUHPHQW WR WKH ��%�Q�α� UHDFWLRQ KDV EHHQ GRQH ZLWK D

%)� FRXQWHU� DV EHIRUH�������� 7KH UHVXOW REWDLQHG LV FRPSDUHG ZLWK WKH GDWD HYDOXDWHG LQ

(1')�%�9,� -(1'/���� DQG -()�����

�� 6DPSOHV DQG )LVVLRQ &KDPEHU

���� &KHPLFDO 3XULILFDWLRQ RI 3D����



:H KDYH SXULILHG WKH 3D���� VDPSOH E\ DQ DQLRQ�H[FKDQJH PHWKRG IURP WKH GDXJKWHU

QXFOLGHV� EHIRUH ZH SURFHHG WR PDNH WKH HOHFWURGHSRVLWHG OD\HU� 7KH VWRFN VROXWLRQ RI 3D���� LQ

�0 +&O ZDV ORDGHG WR D FROXPQ SDFNHG ZLWK DQLRQ�H[FKDQJH UHVLQ �'2:(;�� ; � RI ��� PHVK��

DQG WKH FROXPQ ZDV ULQVHG ZLWK DERXW �� FROXPQV RI YROXPH RI �0 K\GURFKORULF DFLG WR ZDVK RXW

WKH GDXJKWHU QXFOLGHV� 7KHQ� 3D���� ZDV TXDQWLWDWLYHO\ HOXWHG ZLWK �0 K\GURFKORULF DFLG

FRQWDLQLQJ ��� 0 K\GURIOXRULF DFLG� :H KDYH UHSHDWHG WZLFH WKH SURFHGXUHV GLVVROYLQJ WKH 3D�

��� VDPSOH ZLWK QLWULF DFLG DQG PDNLQJ LW GU\ E\ HYDSRUDWLRQ� 7KH GULHG�XS VDPSOH ZDV

GLVVROYHG LQ D IHZ " RI ��PHWK\O�SURSDQRO� %\ XVLQJ WKLV VROXWLRQ IRU QRQ�DTXHRXV HOHFWURO\VLV�

3D���� ZDV HOHFWURGHSRVLWHG RQWR DQ DOXPLQXP SODWH RI FDWKRGH XQGHU ��� 9 ELDV IRU �� PLQXWHV�

���� 1XPEHU RI 3D���� DQG 8���� $WRPV

7KH DPRXQW RI 3D���� GHSRVLWHG ZDV GHWHUPLQHG E\ DQDO\]LQJ WKH α VSHFWUXP KDYLQJ

HQHUJLHV LQ WKH UDQJH RI ���� WR ���� 0H9� &RQVLGHULQJ WKH GHWHFWLRQ HIILFLHQF\� WKH α
LQWHQVLWLHV DQG WKH KDOI�OLIH� WKH QXPEHU RI WKH 3D���� DWRPV ZDV IRXQG WR EH �����±�����[�����

7KH XQFHUWDLQWLHV ZHUH HVWLPDWHG E\ WDNLQJ DFFRXQW RI �D� FRXQWLQJ VWDWLVWLFV RI WKH α
PHDVXUHPHQW� �E� JHRPHWULFDO GHWHFWLRQ HIILFLHQF\� DQG �F� XQFHUWDLQW\ LQ WKH GHFD\ GDWD XVHG�

)RU KLJKO\ HQULFKHG XUDQLXP VDPSOH �8����� �������� ZH DOVR HPSOR\HG WKH

HOHFWURGHSRVLWHG OD\HU ZKLFK ZH XVHG LQ WKH SUHYLRXV PHDVXUHPHQW����� 7KH QXPEHU RI WKH 8�
��� DWRPV ZDV GHWHUPLQHG WR EH �����±�����[���� E\ DQDO\]LQJ WKH α VSHFWUXP DW HQHUJLHV RI

����� WR ����� 0H9�

���� 'RXEOH )LVVLRQ &KDPEHU

$Q LRQL]DWLRQ FKDPEHU ZLWK WZR SDUDOOHO SODWH HOHFWURGHV KDV EHHQ HPSOR\HG IRU WKH

FXUUHQW PHDVXUHPHQW� 6LQFH WKH EDFN�VLGHV RI WKH 3D���� DQG WKH 8���� GHSRVLWV IDFH HDFK RWKHU�

LW LV FDOOHG D EDFN�WR�EDFN �%7%� W\SH GRXEOH ILVVLRQ FKDPEHU����� 7KH FKDPEHU LV PDGH RI
DOXPLQXP DQG LV �� PP LQ GLDPHWHU� �� PP LQ OHQJWK� DQG WKH ZDOO WKLFNQHVV RI WKH FKDPEHU LV ～
� PP�������� 7KH ILVVLRQ FKDPEHU LV ILOOHG ZLWK D PL[HG JDV RI �� � $U DQG � � 1� DW D

SUHVVXUH RI � DWP� 7KH ILVVLRQ FKDPEHU FROOHFWV PRVW RI WKH HQHUJ\ RI WKH ILVVLRQ IUDJPHQWV EXW
QRW WKRVH RI WKH α SDUWLFOHV� LQ RUGHU WR JHW JRRG GLVFULPLQDWLRQ EHWZHHQ SXOVHV RI α SDUWLFOH

DQG ILVVLRQ IUDJPHQW�

�� /HDG 6ORZLQJ�GRZQ 6SHFWURPHWHU

$ OHDG VORZLQJ�GRZQ VSHFWURPHWHU KDV EHHQ LQVWDOOHG LQ FRXSOLQJ WR WKH �� 0H9 OLQDF DW

.855,� 7KLV .\RWR 8QLYHUVLW\ /HDG 6ORZLQJ�GRZQ 6SHFWURPHWHU �.8/6����� LV FRPSRVHG RI

���� OHDG EORFNV �HDFK VL]H � �� [ �� [ �� FP�� SXULW\ � ���� �� DQG WKH EORFNV DUH SLOHG XS WR PDNH

D FXEH RI ��� [ ��� [ ��� P� �DERXW �� WRQV LQ ZHLJKW� ZLWKRXW DQ\ VWUXFWXUDO PDWHULDOV� 7KH

.8/6 LV FRYHUHG ZLWK &G VKHHWV RI ��� PP LQ WKLFNQHVV WR VKLHOG LW DJDLQVW ORZ HQHUJ\ QHXWURQV

VFDWWHUHG IURP WKH VXUURXQGLQJV� $W WKH FHQWHU RI WKH .8/6� DQ DLU�FRROHG SKRWRQHXWURQ WDUJHW RI

7D LV VHW WR JHQHUDWH SXOVHG IDVW QHXWURQV� 2QH RI WKH H[SHULPHQWDO KROHV LQ WKH .8/6 LV FRYHUHG
E\ %L OD\HUV RI �� WR �� FP LQ WKLFNQHVV WR VKLHOG IURP KLJK HQHUJ\ FDSWXUH γ�UD\V �� WR � 0H9�

SURGXFHG E\ WKH 3E�Q�γ� UHDFWLRQ LQ WKH VSHFWURPHWHU�

&KDUDFWHULVWLFV RI EHKDYLRU RI QHXWURQV LQ WKH .8/6 KDYH EHHQ VWXGLHG E\ H[SHULPHQWV

XVLQJ WKH UHVRQDQFH ILOWHU PHWKRG����� 7KH VORZLQJ�GRZQ FRQVWDQW . LQ WKH UHODWLRQ RI ( .�W�
ZDV GHWHUPLQHG WR EH ���±� �NH9・μV�� IRU WKH ELVPXWK KROH LQ WKH .8/6���� E\ WKH OHDVW VTXDUHV

PHWKRG XVLQJ WKH PHDVXUHG UHODWLRQ EHWZHHQ WKH QHXWURQ VORZLQJ�GRZQ WLPH W LQ μV DQG WKH

DYHUDJH QHXWURQ HQHUJ\ ( LQ NH9� 7KH HQHUJ\ UHVROXWLRQ IRU WKH H[SHULPHQWDO KROHV ZDV DOVR

GHGXFHG IURP WKH PHDVXUHG GDWD WR EH DERXW �� � DW HQHUJLHV EHWZHHQ D IHZ HOHFWURQ�YROWV DQG

DERXW ��� H9 DQG ZDV ZRUVH WKDQ WKDW EHORZ D IHZ HOHFWURQ�YROWV DQG DERYH DERXW ��� H9�����

7KH UHODWLRQ EHWZHHQ WKH QHXWURQ VORZLQJ�GRZQ WLPH DQG WKH HQHUJ\� DQG LWV HQHUJ\ UHVROXWLRQ ZHUH

DOVR YHULILHG E\ 0RQWH &DUOR FDOFXODWLRQV�����



�� 0HDVXUHPHQW DQG $QDO\VLV

���� )LVVLRQ 5DWLR 0HDVXUHPHQW

7KH HQHUJ\�GHSHQGDQW FURVV VHFWLRQ RI WKH ���3D�Q� I� UHDFWLRQ LV JLYHQ E\ WKH IROORZLQJ

UHODWLRQ �
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18 � QXPEHU RI 8���� DWRPV LQ WKH 8���� GHSRVLW�

13D � QXPEHU RI 3D���� DWRPV LQ WKH 3D���� GHSRVLW�
σ8�(� � HQHUJ\�GHSHQGHQW UHIHUHQFH FURVV VHFWLRQ RI WKH

���8�Q�I� UHDFWLRQ�

7KH ILVVLRQ FURVV VHFWLRQ RI 8���� LV D ZHOO�NQRZQ UHIHUHQFH FURVV VHFWLRQ DQG KDV EHHQ XVHG WR
GHWHUPLQH WKH QHXWURQ IOX[ LQ WKH FXUUHQW PHDVXUHPHQW� 7KH FURVV VHFWLRQ YDOXHV RI σ8�(��

ZKRVH GDWD ZHUH EURDGHQHG E\ WKH UHVROXWLRQ IXQFWLRQ RI WKH .8/6� ZHUH WDNHQ IURP (1')�%�

9,���� 7KH W\SLFDO RSHUDWLQJ FRQGLWLRQV WKDW WKH .8/6 ZDV GULYHQ ZHUH DV IROORZV � WKH SXOVH
UHSHWLWLRQ UDWH ZDV ��� +]� WKH SXOVH ZLGWK �� QV� WKH HOHFWURQ SHDN FXUUHQW ～� $� DQG WKH HOHFWURQ

HQHUJ\ ～�� 0H9� $IWHU WKH PHDVXUHPHQW IRU PRUH WKDQ ～�� KRXUV� WKH GHSRVLWHG OD\HUV RI

3D���� DQG 8���� LQ WKH %7% FKDPEHU ZHUH LQWHUFKDQJHG� DQG DQRWKHU PHDVXUHPHQW ZDV PDGH IRU
～�� KRXUV� $ EDFNJURXQG UXQ ZDV FDUULHG RXW ZLWKRXW WKH VDPSOH GHSRVLWV� ,W ZDV IRXQG WKDW

WKH HIIHFW RI WKH EDFNJURXQG�FRXQWV ZDV ～��� � DW PRVW LQ WKH FURVV VHFWLRQ YDOXHV DV WKRVH LQ

WKH SUHYLRXV H[SHULPHQWV��������

���� %)� &RXQWHU

%HORZ ��� H9� WKHUH H[LVW VWURQJ QHXWURQ UHVRQDQFH SHDNV LQ WKH ILVVLRQ FURVV VHFWLRQV RI
3D���� DQG 8����� 7KHUHIRUH� ZH KDYH HPSOR\HG WKH ��%�Q�α� FURVV VHFWLRQ WKDW VKRZV D

VPRRWK DQG D JRRG ��Y HQHUJ\ GHSHQGHQFH LQ WKH UHOHYDQW HQHUJ\ UHJLRQ� 7KH ��%�Q�α� UHDFWLRQ

LV D ZHOO�NQRZQ VWDQGDUG FURVV VHFWLRQ DQG LV RIWHQ DSSOLHG WR FURVV VHFWLRQ PHDVXUHPHQWV DV D

UHIHUHQFH����� ,Q RUGHU WR PHDVXUH WKH HQHUJ\�GHSHQGHQW QHXWURQ IOX[ LQ WKH UHVRQDQFH HQHUJ\

UHJLRQ� D %)� FRXQWHU ZDV SODFHG LQ WKH ELVPXWK KROH RI WKH .8/6 LQVWHDG RI WKH %7% FKDPEHU� DV

ZH GLG EHIRUH��������

���� (OHFWURQLFV DQG 'DWD 7DNLQJ

7ZR LGHQWLFDO HOHFWURQLF FLUFXLWV ZHUH HPSOR\HG IRU WKH ILVVLRQ�FRXQW PHDVXUHPHQWV E\

WKH 3D���� DQG WKH 8���� OD\HUV LQ WKH %7% FKDPEHU� DV ZH GLG EHIRUH�������� 7KURXJK WKH

DPSOLILHUV DQG WKH GLVFULPLQDWRUV� VLJQDOV IURP WKH FKDPEHU ZHUH IHG LQWR D WLPH GLJLWL]HU� ZKLFK

ZDV LQLWLDWHG E\ WKH OLQDF HOHFWURQ EXUVW� 7ZR VHWV RI ���� FKDQQHOV ZLWK D FKDQQHO ZLGWK RI ���
μV ZHUH DOORWWHG WR WKH VORZLQJ�GRZQ WLPH PHDVXUHPHQWV IRU WKH %7% FKDPEHU� 3XOVH KHLJKW

GLVWULEXWLRQV RI WKH ILVVLRQ HYHQWV ZHUH PHDVXUHG WRJHWKHU ZLWK WKH VORZLQJ�GRZQ WLPH

PHDVXUHPHQWV�
)RU WKH UHODWLYH PHDVXUHPHQW WR WKH ��%�Q�α� FURVV VHFWLRQ� RXWSXW VLJQDOV IURP WKH %)�

FRXQWHU ZHUH DOVR IHG WR WKH WLPH GLJLWL]HU WKURXJK WKH DPSOLILHUV DQG WKH GLVFULPLQDWRUV� DQG ZHUH

VWRUHG LQ DOPRVW WKH VDPH ZD\ DV IRU WKH PHDVXUHPHQW ZLWK WKH %7% FKDPEHU�

�� 5HVXOWV DQG 'LVFXVVLRQ

0DNLQJ XVH RI WKH %7% FKDPEHU DQG WKH .8/6� WKH FURVV VHFWLRQ RI WKH ���3D�Q� I�

UHDFWLRQ ZDV PHDVXUHG UHODWLYH WR WKDW RI WKH ���8�Q� I� UHDFWLRQ DW HQHUJLHV IURP ��� H9 WR �� NH9�



,Q WKH UHVRQDQFH HQHUJ\ UHJLRQ EHORZ � NH9� WKH ILVVLRQ FURVV VHFWLRQ ZDV DOVR PHDVXUHG UHODWLYH WR
WKH ��%�Q�α� FURVV VHFWLRQ WR DYRLG WKH UHVRQDQFH LQWHUIHUHQFH EHWZHHQ 3D���� DQG 8����� DQG WKH

UHVXOW ZDV QRUPDOL]HG WR WKH DEVROXWH YDOXH RI WKH 3D���� ILVVLRQ FURVV VHFWLRQ GHWHUPLQHG UHODWLYH

WR WKH ���8�Q� I� FURVV VHFWLRQ EHWZHHQ ��� H9 DQG � NH9� 7KH FURVV VHFWLRQ GDWD ZHUH REWDLQHG
E\ VXPPLQJ XS WKH VORZLQJ�GRZQ WLPH GDWD LQ LQWHUYDOV RI ～���� OHWKDUJ\ ZLGWK�

6LQFH WKH 3D���� VDPSOH ZDV FKHPLFDOO\ SXULILHG DQG ZDV DOPRVW IUHH IURP LPSXULWLHV� QR

FRUUHFWLRQ ZDV PDGH IRU WKH LPSXULW\ HIIHFW� 7KH H[SHULPHQWDO XQFHUWDLQWLHV DUH LQ WKH UDQJH
IURP � � WR �� �� DQG WKH PDMRU XQFHUWDLQWLHV DUH GXH WR WKH VWDWLVWLFDO HUURU��～����� WKH HUURU LQ

WKH UHIHUHQFH FURVV VHFWLRQ�～��� DQG WKH QXPEHU RI WKH 3D���� DQG 8���� DWRPV�������

7KH FURVV VHFWLRQV PHDVXUHG E\ /HRQDUG HW DO� DUH LQ WKH UDQJH IURP �� WR ��� PE DW ��

HQHUJ\ SRLQWV EHWZHHQ ���� H9 DQG ���� H9� ZKLOH WKH FXUUHQW GDWD VKRZ �� WR �� PE ZLWK WKH

XQFHUWDLQWLHV IURP ��� WR ��� �� )LJXUH � VKRZV WKH FXUUHQW PHDVXUHPHQW DQG WKH HYDOXDWHG GDWD

LQ (1')�%�9,� -(1'/���� DQG -()����� ZKRVH GDWD DUH EURDGHQHG E\ WKH UHVROXWLRQ IXQFWLRQ RI

WKH .8/6� 7KH (1')�%�9, DQG WKH -()���� GDWD DOPRVW RYHUODS DERYH ��� H9 DQG WKH ODWHU LV

VOLJKWO\ ORZHU WKDQ WKH IRUPHU EHORZ ��� H9� $OWKRXJK WKH (1')�%�9, YDOXHV DUH LQ JRRG

DJUHHPHQW ZLWK WKH PHDVXUHPHQW EHORZ � H9� WKH\ DUH KLJKHU QHDU WKH EXPS RI � H9 DQG DERYH

DERXW �� H9 REYLRXVO\� 7R WKH FRQWUDU\� WKH -(1'/���� GDWD DUH ORZHU WKDQ WKH PHDVXUHG UHVXOW

DERYH DERXW ��� H9 DV WKH QHXWURQ HQHUJ\ LQFUHDVHV�

)LJ� � &RPSDULVRQ RI WKH PHDVXUHG UHVXOW DQG WKH HYDOXDWHG GDWD

LQ (1')�%�9,� -(1'/���� DQG -()����� ZKRVH YDOXHV DUH

EURDGHQHG E\ WKH UHVROXWLRQ IXQFWLRQ RI WKH .8/6�



�� &RQFOXVLRQ

7KH FURVV VHFWLRQ RI WKH ���3D�Q� I� UHDFWLRQ KDV EHHQ PHDVXUHG IURP ��� H9 WR �� NH9

UHODWLYH WR WKDW RI WKH ���8�Q� I� UHDFWLRQ� PDNLQJ XVH RI WKH %7%�W\SH GRXEOH ILVVLRQ FKDPEHU DQG

WKH OHDG VORZLQJ�GRZQ VSHFWURPHWHU .8/6 DW .855,� 1R H[SHULPHQWDO GDWD KDV EHHQ PHDVXUHG

EHIRUH LQ WKH HQHUJ\ UHJLRQ IURP WKHUPDO QHXWURQ HQHUJ\ WR ��� NH9 H[FHSW IRU WKRVH E\ /HRQDUG HW

DO� DW HQHUJLHV EHWZHHQ ���� H9 DQG ���� H9� 7KH HYDOXDWHG GDWD LQ (1')�%�9, DQG -()���� DUH

LQ JHQHUDO DJUHHPHQW ZLWK WKH FXUUHQW PHDVXUHPHQW EHORZ � H9 DQG DUH PXFK KLJKHU DERYH �� H9�

7KH -(1'/���� GDWD DUH PXFK ORZHU WKDQ WKH PHDVXUHPHQW DERYH ��� H9�

5HIHUHQFHV

��� ,$($ 7HFKQLFDO 5HSRUWV 6HULHV 1R���� �8WLOL]DWLRQ RI 7KRULXP LQ 3RZHU 5HDFWRUV�� ,$($

�������

��� 6ULQLYDVDQ� 0� DQG .LPXUD� ,�� -� 1XFO� 6FL� 7HFKQRO�� ��� ��� ������� DQG 3URF� ,QGR�-DSDQ

6HPLQDU RQ 7KRULXP 8WLOL]DWLRQ� 'HF������� ����� %RPED\ �������

��� .X]
PLQRY� %� '� DQG 0DQRNKLQ� 9� 1�� �6WDWXV RI 1XFOHDU 'DWD IRU WKH 7KRULXP )XHO &\FOH��

,1'&�&&3������ ������������ 7UDQVODWHG IURP 5XVVLDQ� ,$($� S�� �������

��� :DJHPDQV� &� HW DO�� 1XFO� 3K\V�� $���� �� �������

��� $VJKDU� 0� HW DO�� 1XFO� 3K\V�� $���� ��� �������

��� 0F/DQH� 9� HW DO�� �1HXWURQ &URVV 6HFWLRQV�� 9RO��� 1HXWURQ &URVV 6HFWLRQ &XUYHV� $FDGHPLF

3UHVV� ,QF�� %RVWRQ �������

��� :DJHPDQV� &� HW DO�� $QQDOV RI 1XFOHDU (QHUJ\� �� ��� �������
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