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7UDQVRQLF�:LQJ�2SWLPL]DWLRQ�8VLQJ�*HQHWLF�$OJRULWKP

$��2\DPD��6��2ED\DVKL��.��1DNDKDVKL

7RKRNX�8QLYHUVLW\��6HQGDL��-DSDQ

DQG

7��1DNDPXUD

1DWLRQDO�$HURVSDFH�/DERUDWRU\��7RN\R��-DSDQ

$EVWUDFW�

$ *HQHWLF $OJRULWKP �*$� KDV EHHQ DSSOLHG WR RSWLPL]H D

WUDQVRQLF ZLQJ VKDSH IRU JHQHULF WUDQVSRUW DLUFUDIW� $ WKUHH�

GLPHQVLRQDO FRPSUHVVLEOH 1DYLHU�6WRNHV �1�6� VROYHU LV

XVHG WR HYDOXDWH DHURG\QDPLF SHUIRUPDQFH� 7KH 1�6

HYDOXDWLRQ LV SDUDOOHOL]HG RQ 1XPHULFDO :LQG 7XQQHO

�1:7� DW 1DWLRQDO $HURVSDFH /DERUDWRU\ LQ -DSDQ� D

SDUDOOHO YHFWRU PDFKLQH ZLWK ��� SURFHVVLQJ HOHPHQWV�

'HVLJQHG ZLQJV VKRZ D WUDGHRII EHWZHHQ DQ LQFUHDVH RI WKH

DLUIRLO WKLFNQHVV GULYHQ E\ D VWUXFWXUDO FRQVWUDLQW DQG D

UHGXFWLRQ RI WKH ZDYH GUDJ SURGXFHG E\ D VKRFN ZDYH� 7KH

SUHVHQW UHVXOW LQGLFDWHV WKDW *$ KDV IRXQG D EHVW IHDVLEOH

VROXWLRQ LQ WKH JLYHQ GHVLJQ FRQVWUDLQWV�

� ,QWURGXFWLRQ

$XWRPDWHG GHVLJQ SURFHVV LV DWWUDFWLYH IRU FRPPHUFLDO

DLUFUDIW LQGXVWU\ DV LW JUHDWO\ UHGXFHV D GHYHORSPHQW SHULRG

E\ H[FOXGLQJ DQ\ KXPDQ LQWHUDFWLRQV� 7KLV LV YHU\ LPSRUWDQW

LQ WRGD\©V FRPSHWLWLYH HQYLURQPHQW EHFDXVH WKH FRPPHUFLDO

VXFFHVV GHSHQGV RQ WKH FRVW DQG WLPHOLQHVV RI SURGXFWV DV

ZHOO DV TXDOLW\� 7RZDUG WKH DXWRPDWHG GHVLJQ RI

� *UDGXDWH 6WXGHQW� 'HSDUWPHQW RI $HURQDXWLFV DQG 6SDFH

(QJLQHHULQJ�

� $VVRFLDWH 3URIHVVRU� 'HSDUWPHQW RI $HURQDXWLFV DQG 6SDFH

(QJLQHHULQJ� 6HQLRU 0HPEHU $,$$�

(PDLO� RED\DVKL#DG�PHFK�WRKRNX�DF�MS

� 3URIHVVRU� 'HSDUWPHQW RI $HURQDXWLFV DQG 6SDFH (QJLQHHULQJ�

$VVRFLDWH )HOORZ $,$$�

� 6HQLRU 6FLHQWLVW� &RPSXWDWLRQDO 6FLHQFHV 'LYLVLRQ�

&RS\ULJKW � ���� E\ WKH $PHULFDQ ,QVWLWXWH RI $HURQDXWLFV DQG

$VWURQDXWLFV� ,QF� $OO ULJKW UHVHUYHG�

DHURG\QDPLF VKDSHV� &RPSXWDWLRQDO )OXLG '\QDPLFV �&)'�

FRGHV KDYH EHHQ FRXSOHG ZLWK YDULRXV QXPHULFDO

RSWLPL]DWLRQ PHWKRGV�

7KH JUDGLHQW�EDVHG PHWKRG �*0� LV D ZHOO�NQRZQ

RSWLPL]DWLRQ DOJRULWKP� ,W SUREHV WKH RSWLPXP E\ FDOFXODWLQJ

WKH ORFDO JUDGLHQW LQIRUPDWLRQ� 7KLV PHWKRG LV VXSHULRU WR

RWKHU RSWLPL]DWLRQ DOJRULWKPV LQ WKH ORFDO VHDUFK� ZKLOH WKH

RSWLPXP REWDLQHG IURP WKLV PHWKRG PD\ QRW EH D JOREDO

RSWLPXP� XQOHVV WKH GLVWULEXWLRQ RI WKH REMHFWLYH LV

GLIIHUHQWLDEOH DQG FRQYH[�

+RZHYHU� GLVWULEXWLRQV RI REMHFWLYH IXQFWLRQV LQ UHDO�ZRUOG

DSSOLFDWLRQV PD\ EH WRR FRPSOH[ IRU *0 WR ILQG DQ RSWLPXP�

,W LV DOVR YHU\ GLIILFXOW IRU *0 WR WUHDW UHDOLVWLF FRQVWUDLQWV�

)XUWKHUPRUH� FRPSXWDWLRQDO WLPH IRU *0 EHFRPHV ODUJHU DV

WKH QXPEHU RI GHVLJQ YDULDEOHV LQFUHDVHV� DQG WKXV LW QHHGV

PRUH FRPSXWDWLRQDO WLPH� )RU WKHVH UHDVRQV� *0 LV QRW JRRG

HQRXJK IRU SUDFWLFDO RSWLPL]DWLRQV�

*HQHWLF $OJRULWKP �*$� LV DQ HPHUJHQW RSWLPL]DWLRQ

DOJRULWKP� ZKLFK KDV UHFHQWO\ EHHQ DSSOLHG WR DHURG\QDPLF

GHVLJQ SUREOHPV >���@� *$ LV PRGHOHG RQ WKH PHFKDQLVP RI

WKH QDWXUDO HYROXWLRQ� 7KH PDLQ LGHD LV WKH HYROXWLRQ RI D

SRSXODWLRQ WKDW FRQVLVWV RI VROXWLRQ FDQGLGDWHV E\ XVLQJ

VHOHFWLRQ� FURVVRYHU DQG PXWDWLRQ� *$ KDV WKH FDSDELOLW\ RI

ILQGLQJ D JOREDO RSWLPXP EHFDXVH *$ GRHV QRW XVH DQ\

GHULYDWLYH LQIRUPDWLRQ XQOLNH *0� ,Q DGGLWLRQ� &38 WLPH

UHTXLUHG IRU WKH RSWLPL]DWLRQ ZLOO QRW EHFRPH ODUJH DV WKH

QXPEHU RI GHVLJQ YDULDEOHV LQFUHDVHV� 7KXV� *$ LV GHVLUDEOH

IRU SUDFWLFDO RSWLPL]DWLRQV�
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7KH QXPHULFDO DHURG\QDPLF RSWLPL]DWLRQ UHTXLUHV HVWLPDWLRQ

RI DHURG\QDPLF SHUIRUPDQFH XVLQJ &)' FRGHV� $PRQJ

WKHVH FRGHV� WKH 1DYLHU�6WRNHV FRGH LV GHVLUDEOH VLQFH LW

HYDOXDWHV YLVFRXV DQG FRPSUHVVLEOH HIIHFW DFFXUDWHO\�

+RZHYHU� WKH 1�6 FDOFXODWLRQ LV YHU\ WLPH FRQVXPLQJ� 7KXV�

WKH JOREDO RSWLPL]DWLRQ FRXSOLQJ *$ ZLWK WKH 1�6

FDOFXODWLRQV UHTXLUHV LQFUHGLEO\ ODUJH &38 WLPH HYHQ RQ WKH

ODWHVW VXSHUFRPSXWHUV� 3UHYLRXV LQYHVWLJDWLRQV KDYH

WKHUHIRUH EHHQ OLPLWHG WR WKH WZR�GLPHQVLRQDO SUREOHPV�

XQOHVV WKH IORZ SK\VLFV ZDV JUHDWO\ VLPSOLILHG�

,Q >�@� D VXEVRQLF ZLQJ RSWLPL]DWLRQ E\ *$ ZLWK WKUHH�

GLPHQVLRQDO 1�6 FDOFXODWLRQV ZDV ILUVW SHUIRUPHG

VXFFHVVIXOO\ E\ FRPELQLQJ WKH IROORZLQJ IHDWXUHV�

FRQYHUJHQFH DFFHOHUDWLRQ E\ WKH 0XOWLJULG PHWKRG�

VLPSOLILHG DLUIRLO GHILQLWLRQ� DQG SDUDOOHO FRPSXWDWLRQ RQ

1XPHULFDO :LQG 7XQQHO �1:7� XVHG E\ ZLQQHUV RI ,(((©V

���� DQG ���� *RUGRQ %HOO 3UL]H IRU SHUIRUPDQFH�� $

VWUXFWXUDO FRQVWUDLQW ZDV DOVR DSSOLHG WR REWDLQ D UHDOLVWLF

WKLFNQHVV GLVWULEXWLRQ WKDW VXVWDLQV WKH EHQGLQJ PRPHQW GXH

WR WKH OLIW JHQHUDWHG E\ WKH GHVLJQHG ZLQJ LWVHOI >�@� 7KH

UHVXOWDQW GHVLJQ ZDV FRQVLVWHQW ZLWK WKH GHVLJQ SULQFLSOHV

REWDLQHG IURP H[LVWLQJ WKHRULHV DQG H[SHULPHQWV�

,Q WKLV SDSHU� DHURG\QDPLF VKDSH RSWLPL]DWLRQV RI D

WUDQVRQLF ZLQJ ZLWK DQG ZLWKRXW WKH VWUXFWXUDO FRQVWUDLQW DUH

SHUIRUPHG E\ XVLQJ WKH VLPSOLILHG DLUIRLO GHILQLWLRQ DV ZHOO

DV WKH H[WHQGHG -RXNRZVNL WUDQVIRUPDWLRQ� )RU WKH

VLPSOLILHG FDVHV� 1$&$ ILYH�GLJLW DLUIRLO GHILQLWLRQ LV XVHG

DQG RQO\ WKLFNQHVV DQG WZLVW DQJOH GLVWULEXWLRQV DUH GHVLJQHG�

)RU WKH H[WHQGHG -RXNRZVNL FDVH� WKH DLUIRLO VKDSH LV DOVR

RSWLPL]HG E\ ILYH SDUDPHWHUV WKDW GHILQH WKH WZR FRQVHFXWLYH

PDSSLQJV LQ WKH FRPSOH[ SODQH� 6LPLODU WR >�@� DHURG\QDPLF

SHUIRUPDQFH RI HDFK ZLQJ GHVLJQ ZLOO EH HYDOXDWHG LQ

SDUDOOHO E\ XVLQJ 1:7�

� 7UDQVRQLF ZLQJ RSWLPL]DWLRQ XVLQJ 1$&$ DLUIRLO

GHILQLWLRQ

7KH REMHFWLYH RI WKH SUHVHQW RSWLPL]DWLRQV RI D WKUHH�

GLPHQVLRQDO WUDQVRQLF ZLQJ LV WR GHVLJQ D ZLQJ JHRPHWU\

WKDW PD[LPL]HV D /LIW�WR�'UDJ UDWLR �/�'� ZKLOH PDLQWDLQLQJ

HQRXJK ZLQJ WKLFNQHVV WR VWDQG WKH EHQGLQJ PRPHQW GXH WR

WKH OLIW GLVWULEXWLRQ� )ROORZLQJV DUH WKH GHWDLO RI WKH SUHVHQW

DSSURDFK�

��� *HRPHWU\ UHSUHVHQWDWLRQ

7R PRGHO WKH HVVHQFH RI WKH GHVLJQ RI D ZLQJ� VSDQZLVH

GLVWULEXWLRQV RI PD[LPXP DLUIRLO WKLFNQHVV DQG WZLVW DQJOH

DUH VHOHFWHG DV GHVLJQ YDULDEOHV� 7R UHSUHVHQW WKH ZLQJ

JHRPHWU\� DLUIRLO VKDSHV DUH ILUVW VSHFLILHG DW VHYHUDO

VSDQZLVH VHFWLRQV XVLQJ 1$&$ ILYH�GLJLW DLUIRLO VHULHV� 7KH

DLUIRLO VKDSH LV JLYHQ E\ 1$&$���[[ ZKHUH [[ LV D WZR�

GLJLW QXPEHU LQGLFDWLQJ WKH PD[LPXP DLUIRLO WKLFNQHVV WR

FKRUG LQ SHUFHQW� 7KH FDPEHU OLQH LV VSHFLILHG E\ WKH ILUVW

WKUHH GLJLWV ���� %\ XVLQJ WKLV 1$&$ DLUIRLO GHILQLWLRQ� WKH

VSHFLILFDWLRQ RI WKH DLUIRLO VKDSH LV UHGXFHG WR RQO\ RQH

SDUDPHWHU� 3ODQIRUP RI WKH ZLQJ LV DVVXPHG WR EH JLYHQ E\ D

VXSHUFULWLFDO ZLQJ IURP WKH 1$6$ (QHUJ\ (IILFLHQW

7UDQVSRUW �((7� 3URJUDP >�@�

6SDQZLVH GLVWULEXWLRQV RI WKLFNQHVV DQG WZLVW DQJOH ZHUH

GHVFULEHG E\ 6SOLQH SRO\JRQV �FRQWURO SRLQWV� RI �\� W� DQG �\�

α� ZKHUH \� W DQG α DUH WKH VSDQZLVH ORFDWLRQ� WKLFNQHVV DQG

WZLVW DQJOH� UHVSHFWLYHO\� (LJKW SRO\JRQV DUH XVHG WR

GHWHUPLQH HDFK GLVWULEXWLRQ� LQFOXGLQJ WKH IL[HG ZLQJ URRW

DQG WLS ORFDWLRQV� 7KH SDUDPHWHU IRU WKH WKLFNQHVV LV JLYHQ E\

D UHDO QXPEHU EHWZHHQ � DQG �� KHUH� 7KH WZLVW DQJOH LV

JLYHQ LQ GHJUHH EHWZHHQ �� DQG ��� 7R DYRLG ZDY\ VXUIDFH

GHILQLWLRQ� WKH WKLFNQHVV DQG WZLVW DQJOH SDUDPHWHUV DUH

DOZD\V UHDUUDQJHG LQWR QXPHULFDO RUGHU IURP WLS WR URRW� 7KH

ZLQJ VXUIDFH LV LQWHUSRODWHG E\ XVLQJ WKH VHFRQG�RUGHU

6SOLQH LQWHUSRODWLRQ� 7KXV� LQ WRWDO� �� SDUDPHWHUV GHWHUPLQH

WKH ZLQJ GHVLJQ�

��� *$ RSHUDWRUV

,Q *$� GHVLJQ YDULDEOHV DUH FRGHG LQ D ILQLWH�OHQJWK VWULQJ DV

JHQRW\SH� 7KH UHDO QXPEHU FRGLQJ LV XVHG LQ WKLV SDSHU� ,Q

WKH UHDO QXPEHU FRGLQJ� WKH OHQJWK RI WKH VWULQJ WKDW

UHSUHVHQWV GHVLJQ FDQGLGDWHV FRUUHVSRQGV WR WKH QXPEHU RI

GHVLJQ YDULDEOHV� 7KHVH VWULQJV PDNH XS D SRSXODWLRQ WR EH

HYROYHG E\ *$� ,QLWLDO SRSXODWLRQ LV FUHDWHG UDQGRPO\�

7KH HYROXWLRQ SURFHVV RI *$ LV FRPSRVHG RI IRXU RSHUDWRUV�

HYDOXDWLRQ� VHOHFWLRQ� FURVVRYHU� DQG PXWDWLRQ >�@� )LJXUH �

LOOXVWUDWHV WKH IORZFKDUW RI *$� (YDOXDWLRQ RSHUDWRU DVVLJQV

D ILWQHVV YDOXH WR HDFK PHPEHU RI WKH SRSXODWLRQ DFFRUGLQJ

WR LWV REMHFWLYH IXQFWLRQ YDOXH� +HUH� WKH ILWQHVV YDOXH LV

GHWHUPLQHG E\ WKH UDQNLQJ RI HDFK LQGLYLGXDO DPRQJ WKH

SRSXODWLRQ� 7KH REMHFWLYH IXQFWLRQ LV /�' ZLWK D SHQDOW\ IRU

D VWUXFWXUDO FRQVWUDLQW LQ WKLV VWXG\� $ 1DYLHU�6WRNHV VROYHU

LV XVHG WR HYDOXDWH /�' RI HDFK PHPEHU �GHVLJQ FDQGLGDWH��

7KH IORZ VROYHU XVHV 79' W\SH XSZLQG GLIIHUHQFLQJ VFKHPH

>�@ DQG WKH /8�6*6 LPSOLFLW VFKHPH >�@� 0XOWLJULG PHWKRG

>��@ LV DSSOLHG WR WKH 1�6 FRGH WR DFFHOHUDWH WKH FRQYHUJHQFH�

(YDOXDWLRQ RI HDFK PHPEHU LV GLVWULEXWHG WR RQH SURFHVVLQJ

HOHPHQW RI 1:7 VR WKDW WKH HYDOXDWLRQV DUH SURFHVVHG LQ
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SDUDOOHO�

$ VWUXFWXUDO FRQVWUDLQW LV DOVR LQWURGXFHG WR REWDLQ D UHDOLVWLF

ZLQJ LQ WKH WUDQVRQLF UHJLPH� )RU WKH EUHYLW\� WKH ZLQJ DQG

LWV VSDQZLVH OLIW GLVWULEXWLRQ DUH UHSODFHG E\ D FDQWLOHYHU DQG

FRQFHQWUDWHG ORDGV� UHVSHFWLYHO\� )URP WKH ORDGV� WKH

EHQGLQJ PRPHQW GLVWULEXWLRQ LV FDOFXODWHG� ZKLFK JLYHV WKH

VWUXFWXUDO VWUHVV RQ WKH ZLQJ� 7KHQ WKH FRQVWUDLQW LV JLYHQ VR

WKDW WKH ORFDO VWUHVV LV OHVV WKDQ WKH XOWLPDWH VKHDU VWUHVV RI

$OXPLQXP DOOR\ �����7��� >�@�

6HOHFWLRQ LV D SURFHVV LQ ZKLFK LQGLYLGXDO VWULQJV DUH FRSLHG

LQ PDWLQJ SRRO DFFRUGLQJ WR WKHLU ILWQHVV IXQFWLRQ YDOXHV�

7KLV LPSOLHV WKDW D VWULQJ ZLWK D KLJKHU YDOXH KDV D KLJKHU

SUREDELOLW\ RI FRQWULEXWLQJ RQH RU PRUH RIIVSULQJV LQ WKH

QH[W JHQHUDWLRQ� 7KH VWRFKDVWLF XQLYHUVDO VDPSOLQJ >��@�

LQVWHDG RI WKH W\SLFDO URXOHWWH�ZKHHO PHWKRG >�@ LV XVHG DV D

VHOHFWLRQ RSHUDWRU� 7KH EHVW DQG WKH VHFRQG EHVW LQGLYLGXDOV

LQ HDFK JHQHUDWLRQ DUH WUDQVIHUUHG LQWR D QHZ JHQHUDWLRQ

ZLWKRXW FURVVRYHU RU PXWDWLRQ >��@�

,Q WKLV VWXG\� WZR GLIIHUHQW FURVVRYHU RSHUDWRUV DUH XVHG WR

JHQHUDWH RQH KDOI RI WKH QH[W JHQHUDWLRQ HDFK� WKH XQLIRUP

FURVVRYHU >��@ DQG WKH HYROXWLRQDU\ GLUHFWLRQ RSHUDWRU >��@�

,Q WKH XQLIRUP FURVVRYHU� HDFK SDLU RI VWULQJV XQGHUJRHV

H[FKDQJHV RI WKHLU JHQHV �GHVLJQ YDULDEOHV�� WKLV UHVXOWV LQ D

SDLU RI VWULQJV RI WKH QHZ JHQHUDWLRQ� 7KH SUREDELOLW\ RI

H[FKDQJLQJ HDFK JHQH LV VHW WR �� �� 7KLV FURVVRYHU

FRQWULEXWHV WR WKH JOREDO VHDUFK RI *$�

7KH HYROXWLRQDU\ GLUHFWLRQ RSHUDWRU LV D PRGLILHG FURVVRYHU

RSHUDWRU WKDW HVWLPDWHV WKH GLUHFWLRQ RI HYROXWLRQ IURP WKH

VHOHFWHG SDUHQWV� &RQYHQWLRQDO *$ LV JRRG DW ILQGLQJ D

QHLJKERUKRRG RI D JOREDO RSWLPXP EXW SRRU DW ORFDWLQJ DQ

H[DFW RSWLPXP ZLWKLQ WKLV QHLJKERUKRRG� ,Q RWKHU ZRUGV�

FRQYHUJHQFH RI *$ EHFRPHV VORZHU DV LW DSSURDFKHV WR WKH

RSWLPXP� 7KH HYROXWLRQDU\ GLUHFWLRQ RSHUDWRU LPSURYHV WKH

FRQYHUJHQFH ZLWKRXW DQ\ H[WUD &38 WLPH� 6HH >��@ IRU

GHWDLOV�

0XWDWLRQ LV D UDQGRP ZDON RI D VWULQJ WKDW ZLOO RFFXU GXULQJ

WKH FURVVRYHU SURFHVV DW D JLYHQ PXWDWLRQ UDWH� 7KLV RSHUDWRU

NHHSV GLYHUVLW\ RI D SRSXODWLRQ DQG SURPRWHV WKH VHDUFK LQ

WKH VROXWLRQ VSDFH WKDW FDQQRW EH UHSUHVHQWHG E\ WKH VWULQJV

RI WKH SUHVHQW SRSXODWLRQ� 7KH FRPELQDWLRQ RI PXWDWLRQ DQG

UHFRPELQDWLRQ DOORZV LQ SULQFLSOH IRU OHDYLQJ D VPDOOHU KLOO

DQG WKHUHIRUH SUHYHQWV HYROXWLRQ IURP JHWWLQJ VWXFN RQ ORFDO

H[WUHPH� ,Q WKLV SDSHU� PXWDWLRQ WDNHV SODFH DW D SUREDELOLW\

RI ��� DQG WKHQ DGGV D UDQGRP GLVWXUEDQFH WR WKH SDUDPHWHU

LQ WKH DPRXQW XS WRr� IRU WKH WKLFNQHVV W DQG WKH WZLVW DQJOH

α� DQG r��� IRU WKH VSDQZLVH ORFDWLRQ \�

��� 5HVXOWV

����� $HURG\QDPLF GHVLJQ RSWLPL]DWLRQ

7UDQVRQLF ZLQJ RSWLPL]DWLRQ ZLWKRXW WKH VWUXFWXUDO

FRQVWUDLQW ZDV ILUVW SHUIRUPHG� $HURG\QDPLF RSWLPL]DWLRQ

ZDV SHUIRUPHG DW WKH IUHHVWUHDP 0DFK QXPEHU RI ����� DQ

DQJOH RI DWWDFN RI � GHJUHH DQG WKH 5H\QROGV QXPEHU EDVHG

RQ WKH URRW FKRUG RI ����

7KH RSWLPL]DWLRQ KLVWRU\ LV LOOXVWUDWHG LQ )LJXUH �� 7KH HQWLUH

SRSXODWLRQ FRQYHUJHV WR DQ RSWLPXP ZLQJ LQ �� JHQHUDWLRQV�

,W WDNHV DERXW �� PLQXWHV RI &38 WLPH RQ 1:7 WR DGYDQFH D

JHQHUDWLRQ� 7KH DYHUDJH ILWQHVV FXUYH LV YHU\ FORVH WR WKH

EHVW ILWQHVV RI WKH SRSXODWLRQ� 7KLV LV SUREDEO\ EHFDXVH WKH

WKLFNQHVV UHDFKHG WKH ORZHU OLPLW RI ILYH SHUFHQW WR WKH FKRUG

DV VKRZQ ODWHU� 7KH SODQIRUP RI WKH GHVLJQHG ZLQJ DQG LWV

DLUIRLO SURILOHV DW VHOHFWHG VSDQZLVH VHFWLRQV DUH LOOXVWUDWHG LQ

)LJXUH ��

:LQJ WKLFNQHVV GLVWULEXWLRQ LV VKRZQ LQ )LJXUH �� 6LQFH WKH

WKLFNQHVV RI ���� FKRUG LV WKH PLQLPXP OLPLW RI WKH VHDUFK

VSDFH� WKH ZLQJ PLQLPL]HV WKH ZLQJ WKLFNQHVV DV PXFK DV

SRVVLEOH H[FHSW DW WKH URRW UHJLRQ� VR DV WR UHGXFH WKH ZDYH

GUDJ� :LQJV GHVLJQHG E\ LQYHUVH PHWKRGV ZHUH UHSRUWHG WR

KDYH GLVSURSRUWLRQDWHO\ ODUJH WKLFNQHVV QHDU WKH URRW VLPLODU

WR WKH ZLQJ GHVLJQHG KHUH�

)LJXUH � VKRZV WKH WZLVW DQJOH GLVWULEXWLRQ RI WKH GHVLJQHG

ZLQJ LQ GHJUHH� $HURG\QDPLF ZDVKRXW LV VHHQ WR PLQLPL]H

WKH LQGXFHG GUDJ� $ WZLVW RI PRUH WKDQ ILYH GHJUHHV LV NQRZQ

WR UHVXOW LQ XQDFFHSWDEO\ ODUJH LQGXFHG GUDJ LQFUHPHQWV E\

H[SHULPHQW >��@� 7KH SUHVHQW GHVLJQ VDWLVILHV WKLV GHVLJQ

FULWHULRQ�

)LJXUH � VKRZV WKH UHVXOWLQJ OLIW GLVWULEXWLRQ FRPSDUHG ZLWK

WKH SDUDEROLF GLVWULEXWLRQ ZKLFK LV NQRZQ WR JLYH WKH

PLQLPXP LQGXFHG GUDJ ZKHQ WKH VWUXFWXUDO FRQVWUDLQW LV

FRQVLGHUHG >��@� $OWKRXJK QR VWUXFWXUDO FRQVWUDLQW LV DSSOLHG

KHUH� WKH OLIW JHQHUDWHG DW WKH RXWERDUG VHFWLRQ RI WKH ZLQJ LV

VXSSUHVVHG WR DYRLG WKH H[FHVVLYH ZDYH GUDJ GXH WR WKH

VKRFN ZDYH� 7KLV LV VLPLODU WR WKH OLIW GLVWULEXWLRQ FRQVWUDLQW

E\ WKH EHQGLQJ PRPHQW� 7KHUHIRUH� WKH FRPSXWHG OLIW

GLVWULEXWLRQ FORVHO\ UHVHPEOHV WKH SDUDEROD� 7KLV ILJXUH

LQGLFDWHV WKDW WKH GHVLJQHG ZLQJ DFKLHYHV WKH PLQLPXP

LQGXFHG GUDJ�
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)LJXUH � VKRZV VXUIDFH SUHVVXUH FRQWRXUV RQ WKH XSSHU

VXUIDFH� $ ZHDN VKRFN ZDYH LV VHHQ QHDU WKH OHDGLQJ HGJH

RXWERDUG IURP WKH NLQN ORFDWLRQ� 1R IORZ VHSDUDWLRQ ZDV

IRXQG� 7KH VWUDLJKW LVREDU SDWWHUQ VXJJHVWV WKDW WKH IORZ ILHOG

LV QHDUO\ WZR GLPHQVLRQDO LQ WKH VSDQZLVH GLUHFWLRQ� ,W

LQGLFDWHV D JRRG GHVLJQ VLQFH LW JLYHV WKH VDPH GUDJ�

GLYHUJHQFH 0DFK QXPEHU IURP URRW WR WLS� )URP WKHVH

REVHUYDWLRQV� *$ KDV IRXQG DQ RSWLPXP VROXWLRQ LQ WKH

GHVLJQ VSDFH�

����� (IIHFW RI VWUXFWXUDO FRQVWUDLQW

1H[W� WKH VWUXFWXUDO FRQVWUDLQW LV DSSOLHG WR WKH DHURG\QDPLF

RSWLPL]DWLRQ� 7KH FRQYHUJHQFH KLVWRU\ RI WKH SUHVHQW

RSWLPL]DWLRQ LV VKRZQ LQ )LJXUH �� 7KH RSWLPXP ZDV

REWDLQHG LQ �� JHQHUDWLRQV� 'XULQJ WKH RSWLPL]DWLRQ� VRPH

PHPEHUV KDG D VWURQJ VKRFN ZDYH RU IDLOHG WR VDWLVI\ WKH

VWUXFWXUDO FRQVWUDLQW� +RZHYHU WKH\ ZHUH ZHHGHG RXW IURP

WKH SRSXODWLRQ EHFDXVH RI WKH UHVXOWDQW SHQDOWLHV WR WKH

ILWQHVV� :LQJ JHRPHWU\ RI WKH GHVLJQHG ZLQJ LV SUHVHQWHG LQ

)LJXUH ��

:LQJ WKLFNQHVV GLVWULEXWLRQ LV JLYHQ LQ )LJXUH ��� 7KH

PD[LPXP WKLFNQHVV FRQVWUDLQW DSSHDUV DW WKH NLQN DQG WKH

GHVLJQHG WKLFNQHVV GLVWULEXWLRQ VDWLVILHV LW� $W WKH ZLQJ WLS

WKH WKLFNQHVV LV ����� WKDW LV� WKH PLQLPXP WKLFNQHVV LQ WKH

VHDUFK VSDFH� 7KH GHVLJQHG ZLQJ LV WKH WKLQQHVW ZLQJ

DOORZHG E\ WKH VWUXFWXUDO FRQVWUDLQW� )LJXUH �� LOOXVWUDWHV WKH

WZLVW DQJOH GLVWULEXWLRQ�

)LJXUH �� FRPSDUHV WKH FRPSXWHG VSDQZLVH ORDG GLVWULEXWLRQ

ZLWK WKH SDUDEROLF ORDGLQJ GLVWULEXWLRQ� 7KH RSWLPL]HG ZLQJ

KDV IDLOHG WR UHDOL]H WKH SDUDEROLF GLVWULEXWLRQ� 7KH OLIW DW WKH

PLGVSDQ UHJLRQ LV UHTXLUHG WR EH LQFUHDVHG WR DFKLHYH WKH

SDUDEROLF GLVWULEXWLRQ� EXW LW ZRXOG UHVXOW LQ DQ XQDFFHSWDEO\

ODUJH ZDYH GUDJ DVVRFLDWHG ZLWK D VWURQJHU VKRFN ZDYH�

3UHVVXUH FRQWRXUV LQ )LJXUH �� LOOXVWUDWH WKH IORZ VWUXFWXUH

RQ WKH XSSHU VXUIDFH RI WKH GHVLJQHG ZLQJ� 7KH SUHVVXUH

FRQWRXUV DUH QHDUO\ WZR�GLPHQVLRQDO LQ WKH VSDQZLVH

GLUHFWLRQ� GHVSLWH RI WKH ODUJH YDULDWLRQ RI WKLFNQHVV DQG WZLVW

DQJOH GLVWULEXWLRQV� 1R IORZ VHSDUDWLRQ ZDV VHHQ� DOWKRXJK D

VWURQJ VKRFN ZDYH ZDV IRXQG DW WKH PLGVSDQ�

7KHVH UHVXOWV LQGLFDWH WKDW WKHUH LV D WUDGHRII EHWZHHQ WKH

LQFUHDVH RI WKH VWUXFWXUDO VWUHQJWK DQG WKH UHGXFWLRQ RI WKH

ZDYH GUDJ� :LWK WKH SUHVHQW VLPSOLILHG DLUIRLO GHILQLWLRQ� WKH

ZLQJ WKLFNQHVV HQRXJK WR VWDQG WKH EHQGLQJ PRPHQW FDXVHV

D VWURQJ VKRFN ZDYH VLQFH 1$&$ ��GLJLW VHULHV DUH VXEVRQLF

DLUIRLOV� 1HYHUWKHOHVV� *$ KDV IRXQG D EHVW IHDVLEOH VROXWLRQ

XQGHU WKH VWUXFWXUDO FRQVWUDLQW�

%UHDNWKURXJK IRU WKH GLOHPPD RI KDYLQJ HQRXJK WKLFNQHVV

DQG DYRLGLQJ D VWURQJ VKRFN ZDYH KDV EHHQ JLYHQ E\

VXSHUFULWLFDO DLUIRLO VHFWLRQV� 7KLV OHDGV WR D ZLQJ

RSWLPL]DWLRQ ZLWK WKH DLUIRLO VKDSH RSWLPL]DWLRQ DW HDFK

VHFWLRQ� +RZHYHU� VXFK DQ DSSURDFK ZLOO UHTXLUH PXFK PRUH

FRQWURO SRLQWV� ZKLFK OHDG WR DQ RUGHU RI PDJQLWXGH LQFUHDVH

RI WKH GHVLJQ YDULDEOHV� +HQFH D SURSHU HQFRGLQJ PHWKRG

ZLWK VPDOOHU GHVLJQ YDULDEOHV LV GHVLUHG� $V D FDQGLGDWH IRU

WKLV� WKH H[WHQGHG -RXNRZVNL DLUIRLO GHILQLWLRQ LV FRQVLGHUHG

LQ WKH QH[W VHFWLRQ�

� 7UDQVRQLF ZLQJ RSWLPL]DWLRQ XVLQJ WKH H[WHQGHG

-RXNRZVNL WUDQVIRUPDWLRQ

��� *HRPHWU\ UHSUHVHQWDWLRQ

,Q WKLV VHFWLRQ� DLUIRLOV DUH UHSUHVHQWHG E\ WKH H[WHQGHG

-RXNRZVNL WUDQVIRUPDWLRQ� ,W WUDQVIRUPV D XQLW FLUFOH WR

YDULRXV NLQGV RI DLUIRLOV LQ WKH FRPSOH[ QXPEHU SODQH E\ WZR

FRQVHFXWLYH FRQIRUPDO PDSSLQJV DV�

=� UH
Lθ � =F ���

=� =� � ε � � =� � ∆ � ���

=  =� � � � =� ���

KHUH =F� =�� =�� =� DQG ε DUH FRPSOH[ QXPEHUV DQG ∆� U� DQG θ
DUH UHDO QXPEHUV�

7KLV WUDQVIRUPDWLRQ LV WKHUHIRUH GHILQHG E\ =F� ε� DQG ∆
ZKHUH U LV GHWHUPLQHG VR WKDW =� SDVVHV WKH RULJLQ RI WKH

FRRUGLQDWH D[HV� ,Q WKLV VWXG\� D SRVLWLRQ �[F�\F� ZKLFK LV WKH

FHQWHU RI WKH XQLW FLUFOH =�� D SRVLWLRQ �[W�\W� ZKLFK LV

WUDQVIRUPHG WR WKH WUDLOLQJ HGJH RI WKH UHVXOWLQJ DLUIRLO� DQG

WKH SUHOLPLQDU\ PRYHPHQW LQ WKH UHDO D[LV ∆ DUH XVHG DV WKH

GHVLJQ YDULDEOHV� EHFDXVH [F� [W� DQG ∆ DUH NQRZQ WR

FRQWULEXWH WR WKH DLUIRLO WKLFNQHVV ZKLOH \F DQG \W GHILQH WKH

DLUIRLO FDPEHU OLQH� 7KH FRPSOH[ QXPEHU ε LV JLYHQ E\ �[W�\W��

$V D UHVXOW� DQ DLUIRLO VKDSH LV VSHFLILHG E\ ILYH SDUDPHWHUV�

6SDQZLVH GLVWULEXWLRQV RI WKH H[WHQGHG -RXNRZVNL

SDUDPHWHUV DQG WZLVW DQJOH DUH WKHQ GHVFULEHG E\ 6SOLQH

SRO\JRQV �FRQWURO SRLQWV� RI �\-�-L� L ����� DQG �\α�α� ZKHUH
\� -L DQG α DUH WKH VSDQZLVH ORFDWLRQ� WKH H[WHQGHG

-RXNRZVNL SDUDPHWHUV DQG WZLVW DQJOH� UHVSHFWLYHO\� 7KHVH
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GHVLJQ YDULDEOHV DUH ERXQGHG DV 7DEOH ��

'HVLJQ

9DULDEOH

/RZHU�ERXQG 8SSHU�ERXQG

-��[F� ���� �

-��\F� � ���

-��[W� � ����

-��\W� ����� ����

-��∆� � ���

\- � ����

α �� GHJ� �� GHJ�

<α � ����

7DEOH � %RXQGDULHV RI GHVLJQ YDULDEOHV

�URRW FKRUG  ��

)LYH SRO\JRQV DUH XVHG WR GHWHUPLQH HDFK GLVWULEXWLRQ�

LQFOXGLQJ WKH IL[HG SRO\JRQV DW WKH ZLQJ URRW DQG WLS� 7KH

H[WHQGHG -RXNRZVNL SDUDPHWHUV DUH DJDLQ UHDUUDQJHG IURP

WLS WR URRW DFFRUGLQJ WR WKH DLUIRLO WKLFNQHVV VR WKDW WKH

UHVXOWLQJ ZLQJV DOZD\V KDYH PD[LPXP WKLFNQHVV DW WKH ZLQJ

URRW� 7KH WZLVW DQJOH SDUDPHWHU LV DOVR UHDUUDQJHG LQWR

QXPHULFDO RUGHU IURP WLS WR URRW� 7KH ZLQJ VXUIDFH LV

LQWHUSRODWHG E\ XVLQJ WKH VHFRQG�RUGHU 6SOLQH LQWHUSRODWLRQ�

,Q WRWDO� �� SDUDPHWHUV GHWHUPLQH D ZLQJ JHRPHWU\�

:KHQ WKH LQLWLDO SRSXODWLRQ LV FUHDWHG UDQGRPO\� PRVW RI WKH

SRSXODWLRQ GR QRW VDWLVI\ WKH FRQVWUDLQW� 7KXV� *$ FRQYHUJHV

SUHPDWXUHO\� 7R DYRLG WKLV� WKH LQLWLDO SRSXODWLRQ LV FUHDWHG

DV IROORZV� �� 7KH SUHOLPLQDU\ SRSXODWLRQ LV FUHDWHG

UDQGRPO\ LQ WKH GHVLJQ VSDFH� �� 7KH SRSXODWLRQ LV HYROYHG

WR REWDLQ �� GHVLJQ FDQGLGDWHV WKDW VDWLVI\ WKH VWUXFWXUDO

FRQVWUDLQW� �� 7KH LQLWLDO SRSXODWLRQ LV FUHDWHG E\ WKHVH ��

LQGLYLGXDOV DQG WKHLU PXWDQWV� 0XWDQWV DUH PDGH IURP D

UDQGRP GLVWXUEDQFH WR WKH H[WHQGHG -RXNRZVNL SDUDPHWHUV

LQ WKH DPRXQW XSr��� RI WKH UDQJH JLYHQ LQ 7DEOH ��

��� 5HVXOWV

7KH ILQDO RSWLPL]DWLRQ ZDV SHUIRUPHG DW WKH IUHHVWUHDP

0DFK QXPEHU RI ���� DQ DQJOH RI DWWDFN RI � GHJUHH DQG WKH

5H\QROGV QXPEHU EDVHG RQ WKH URRW FKRUG RI ���� 7KH

IUHHVWUHDP 0DFK QXPEHU LV KLJKHU WKDQ WKDW RI WKH SUHYLRXV

FDVH E\ ����� 7KH SRSXODWLRQ VL]H LV UHGXFHG WR ��� )LJXUH ��

LOOXVWUDWHV WKH FRQYHUJHQFH KLVWRU\� 7KH UHVXOWDQW ZLQJ KDV

WKH UHDU ORDGLQJ� DV WKXV WKH OLIW�WR�GUDJ UDWLR KDV LQFUHDVHG WR

������

)LJXUH �� VKRZV VXUIDFH SUHVVXUH FRQWRXUV RQ WKH XSSHU

VXUIDFH RI WKH GHVLJQHG ZLQJ� &RPSDUHG WR )LJXUH ��� WKH

VKRFN ZDYH LV ZHDNHQHG DQG RQO\ VHHQ EHWZHHQ WKH WZR NLQN

ORFDWLRQV� DOWKRXJK WKH LVREDU SDWWHUQ LV ORVW� )LJXUH ��

LOOXVWUDWHV WKH VSDQZLVH OLIW GLVWULEXWLRQ� 7KH SDUDEROLF

GLVWULEXWLRQ ZDV QRW DFKLHYHG� HLWKHU� 7KLV LV SUREDEO\ GXH WR

D SUHPDWXUH FRQYHUJHQFH DV VHHQ LQ WKH WKLFNQHVV

GLVWULEXWLRQ RI WKH GHVLJQHG ZLQJ LQ )LJXUH ��� 7KH SORW

LQGLFDWHV WKDW WKH ZLQJ LV XQQHFHVVDULO\ WKLFN�

7R REWDLQ DQ RSWLPXP WKLFNQHVV� WKUHH RI WKH H[WHQGHG

-RXNRZVNL SDUDPHWHUV KDYH WR FRRSHUDWH ZLWK HDFK RWKHU�

7KHUH LV D SRVVLELOLW\� WKRXJK� WKDW FURVVRYHU RSHUDWRU

GHVWUR\V WKHLU FRRSHUDWLRQ� )XUWKHU LQYHVWLJDWLRQV DUH

QHFHVVDU\ IRU DSSURSULDWH *$ RSHUDWRUV DV ZHOO DV WKH DLUIRLO

GHILQLWLRQ�

� &RQFOXVLRQV

*$ KDV EHHQ DSSOLHG WR RSWLPL]H D WUDQVRQLF ZLQJ VKDSH IRU

JHQHULF WUDQVSRUW DLUFUDIW E\ XVLQJ WKH WKUHH�GLPHQVLRQDO

FRPSUHVVLYH 1DYLHU�6WRNHV HTXDWLRQV ZLWK D VWUXFWXUDO

FRQVWUDLQW RQ WKH ZLQJ WKLFNQHVV� 7R RYHUFRPH HQRUPRXV

FRPSXWDWLRQDO WLPH QHFHVVDU\ IRU WKLV RSWLPL]DWLRQ WKH 1�6

FRPSXWDWLRQV ZHUH SURFHVVHG LQ SDUDOOHO RQ 1:7� $V D

UHVXOW� WKH &38 WLPH IRU RQH JHQHUDWLRQ ZDV UHGXFHG WR

DERXW �� PLQXWHV RQ 1:7� DQG WKXV WKH WRWDO &38 WLPH

QHFHVVDU\ IRU WKH RSWLPL]DWLRQ EHFDPH DERXW � GD\V�

7KH WUDQVRQLF ZLQJ RSWLPL]DWLRQ XVLQJ 1$&$ DLUIRLO

GHILQLWLRQ ZHUH ILUVW SHUIRUPHG ZLWKRXW WKH VWUXFWXUDO

FRQVWUDLQW� 7KH GHVLJQHG ZLQJ KDV D IXOO\ DWWDFKHG IORZ DQG

WKH DOORZDEOH PLQLPXP WKLFNQHVV VR WKDW SURILOH GUDJ DQG

ZDYH GUDJ DUH PLQLPL]HG� 7KH UHVXOWLQJ SDUDEROLF ORDGLQJ

LQGLFDWHV WKDW WKH LQGXFHG GUDJ LV DOVR PLQLPL]HG LQ WKLV

SUREOHP� 7KHVH UHVXOWV FRQILUP WKH YDOLGLW\ RI WKH SUHVHQW

DSSURDFK�

,Q WKH QH[W RSWLPL]DWLRQ FDVH ZLWK WKH VWUXFWXUDO FRQVWUDLQW� D

WUDGHRII EHWZHHQ WKH LQFUHDVH RI WKH VWUXFWXUDO VWUHQJWK DQG

WKH UHGXFWLRQ RI WKH ZDYH GUDJ ZDV REVHUYHG� 7KH

PXOWLGLVFLSOLQDU\ RSWLPL]DWLRQ DSSURDFK FRQVLGHULQJ ERWK

VWUXFWXUDO DQG DHURG\QDPLF RSWLPL]DWLRQ ZLOO EH LQYHVWLJDWHG

LQ IXWXUH�

,Q WKH ILQDO RSWLPL]DWLRQ FDVH� WKH H[WHQGHG -RXNRZVNL

WUDQVIRUPDWLRQ ZDV XVHG IRU WKH DLUIRLO GHILQLWLRQ RI WKH ZLQJ�

7KRXJK /�' ZDV LPSURYHG HYHQ DW D KLJKHU 0DFK QXPEHU
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WKDQ WKH SUHYLRXV FDVHV� RQO\ D SUHPDWXUH VROXWLRQ ZDV

REWDLQHG� 7R REWDLQ D IXOO\ FRQYHUJHG RSWLPXP GHVLJQ�

IXUWKHU LQYHVWLJDWLRQV VKRXOG EH PDGH LQWR WKH *$ RSHUDWRUV

VXFK DV LQLWLDOL]DWLRQ RI D SRSXODWLRQ DQG FURVVRYHU� ,Q

DGGLWLRQ� DQ DSSURSULDWH DLUIRLO GHILQLWLRQ ZLOO EH H[DPLQHG

E\ XVLQJ WKH PXOWLSOH PDSSLQJV LQ WKH -RXNRZVNL

WUDQVRUPDWLRQ�

$FNQRZOHGJHPHQW

7KLV ZRUN ZDV SDUWO\ VXSSRUWHG E\ GH +DYLOODQG ,QF��

&DQDGD�

5()(5(1&(6

>�@ *DJH� 3� DQG .URR� ,�� ¦$ 5ROH IRU *HQHWLF $OJRULWKPV

LQ D 3UHOLPLQDU\ 'HVLJQ (QYLURQPHQW�§ $,$$ 3DSHU

�������� �����

>�@ 2ED\DVKL� 6� DQG 7VXNDKDUD� 7�� ¦&RPSDULVRQ RI

2SWLPL]DWLRQ $OJRULWKPV IRU $HURG\QDPLF 6KDSH

'HVLJQ�§ $,$$ 3DSHU �������� �����

>�@ <DPDPRWR� .� DQG ,QRXH� 2�� ¦$SSOLFDWLRQV RI *HQHWLF

$OJRULWKP WR $HURG\QDPLF 6KDSH 2SWLPL]DWLRQ�§

$,$$ 3DSHU �������� �����

>�@ 2ED\DVKL 6� DQG 2\DPD� $�� ¦7KUHH�'LPHQVLRQDO

$HURG\QDPLF 2SWLPL]DWLRQ ZLWK *HQHWLF $OJRULWKP�§

WKH 6HFRQG (&&20$6 &RQIHUHQFH RQ &RPSXWDWLRQDO

)OXLG '\QDPLFV� 3DULV� 6HSWHPEHU� �����

>�@ &DVH� -�� &KLOYHU� $� +�� DQG 5RVV� &� 7� )�� 6WUHQJWK RI

0DWHULDOV 	 6WUXFWXUHV ZLWK DQ ,QWURGXFWLRQ WR )LQLWH

(OHPHQW 0HWKRGV� �UG (GQ�� (GZDUG $UQROG� /RQGRQ�

�����

>�@ -DFREV� 3� )�� ¦([SHULPHQWDO 7ULP 'UDJ 9DOXHV DQG

)ORZ�)LHOG 0HDVXUHPHQWV RU D :LGH�%RG\ 7UDQVSRUW

0RGHO ZLWK &RQYHQWLRQDO DQG 6XSHUFULWLFDO :LQJV�§

1$6$ 73 ����� �����

>�@ *ROGEHUJ� '� (�� *HQHWLF $OJRULWKPV LQ 6HDUFK�

2SWLPL]DWLRQ DQG 0DFKLQH /HDUQLQJ� $GGLVRQ�:HVOH\

3XEOLVKLQJ &RPSDQ\� ,QF�� 5HDGLQJ� �����

>�@ 2ED\DVKL� 6� DQG :DGD� <�� ¦3UDFWLFDO )RUPXODWLRQ RI D

3RVLWLYHO\ &RQVHUYDWLYH 6FKHPH�§ $,$$ -RXUQDO� ���

���������� �����

>�@ <RRQ� 6�� -DPHVRQ� $� DQG .ZDN� '�� ¦(IIHFW RI

$UWLILFLDO 'LIIXVLRQ 6FKHPH RQ 0XOWLJULG

&RQYHUJHQFH�§ $,$$ 3DSHU �������� �����

>��@ -DPHVRQ� $�� ¦6ROXWLRQ RI WKH (XOHU (TXDWLRQV IRU 7ZR�

'LPHQVLRQDO 7UDQVRQLF )ORZ E\ D 0XOWLJULG 0HWKRG�§

$SSOLHG 0DWKHPDWLFV DQG &RPSXWDWLRQ� 9RO���� SS�

�������� 1RY� �����

>��@ %DNHU� -� (�� ¦5HGXFLQJ %LDV DQG ,QHIILFLHQF\ LQ WKH

6HFWLRQ $OJRULWKP�§ 3URFHHGLQJV RI �QG ,QWHUQDWLRQDO

&RQIHUHQFH RQ *HQHWLF $OJRULWKP� �����

>��@ 'DYLV� /�� +DQGERRN RI *HQHWLF $OJRULWKPV� 9DQ

1RVWUDQG 5HLQKROG� 1HZ <RUN� �����

>��@ 0LFKDOHZLF]� =� DQG 6FKRHQDXHU� 0�� ¦(YROXWLRQDU\

$OJRULWKPV IRU &RQVWUDLQHG 3DUDPHWHU 2SWLPL]DWLRQ

3UREOHPV�§ (YROXWLRQDU\ &RPSXWDWLRQ� 9RO� �� 1R� ��

SS� ����� �����

>��@ <DPDPRWR� .� DQG ,QRXH� 2�� ¦1HZ (YROXWLRQDU\

'LUHFWLRQ 2SHUDWRU IRU *HQHWLF $OJRULWKP�§ $,$$

-RXUQDO� 9RO� ��� 1R� ��� SS� ���������� 2FW� �����

>��@ 7RUHQEHHN� (�� 6\QWKHVLV RI 6XEVRQLF $LUSODQH 'HVLJQ�

.OXZHU $FDGHPLF 3XEOLVKHUV� 'RUGUHFKW� �����

>��@ -RQHV� 5�7�� :LQJ 7KHRU\� 3ULQFHWRQ 8QLYHUVLW\ 3UHVV�

�����

)LJXUH � )ORZFKDUW RI *$

,1,7,$/

3238/$7,21

(9$/8$7,21

6(/(&7,21

&526629(5

087$7,21

237,080

(92/87,21$5<

',5(&7,21 23(5$725
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)LJXUH � 2SWLPL]DWLRQ KLVWRU\

)LJXUH � 2SWLPXP ZLQJ GHVLJQ

)LJXUH � 6SDQZLVH WKLFNQHVV GLVWULEXWLRQ

)LJXUH � 6SDQZLVH WZLVW DQJOH GLVWULEXWLRQ

)LJXUH � 6SDQZLVH OLIW GLVWULEXWLRQ

)LJXUH � 3UHVVXUH FRQWRXUV RQ WKH XSSHU VXUIDFH
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)LJXUH � 2SWLPL]DWLRQ KLVWRU\

)LJXUH � 2SWLPXP ZLQJ GHVLJQ

)LJXUH �� 6SDQZLVH WKLFNQHVV GLVWULEXWLRQ

)LJXUH �� 6SDQZLVH WZLVW DQJOH GLVWULEXWLRQ

)LJXUH �� 6SDQZLVH OLIW GLVWULEXWLRQ
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)LJXUH �� 2SWLPL]DWLRQ KLVWRU\

)LJXUH �� 3UHVVXUH FRQWRXUV RQ WKH XSSHU VXUIDFH

)LJXUH �� 6SDQZLVH OLIW GLVWULEXWLRQ

)LJXUH �� 6SDQZLVH WKLFNQHVV GLVWULEXWLRQ
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