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6KLJHUX 2ED\DVKL �
DQG $NLUD 2\DPD �

$EV$EVWWUDFWUDFW�� $ *HQHWLF $OJRULWKP KDV EHHQ DSSOLHG WR

RSWLPL]H D ZLQJ VKDSH IRU JHQHULF VXEVRQLF WUDQV�

SRUWDWLRQ DLUFUDIW E\ XVLQJ 1DYLHU�6WRNHV FRPSX�

WDWLRQV� 7R RYHUFRPH HQRUPRXV FRPSXWDWLRQDO

WLPH QHFHVVDU\ IRU WKLV RSWLPL]DWLRQ� 1XPHULFDO

:LQG WXQQHO DW 1DWLRQDO $HURVSDFH /DERUDWRU\� D

SDUDOOHO YHFWRU PDFKLQH ZLWK ��� SURFHVVLQJ HOH�

PHQWV� ZDV XVHG� 'HVLJQ UHVXOWV LQGLFDWH IHDVLELO�

LW\ RI WKH SUHVHQW DSSURDFK IRU WKH DHURG\QDPLF

RSWLPL]DWLRQ LQ DGYDQFHG FRPSXWDWLRQDO HQYLURQ�

PHQWV�

� ,1� ,17752'52'88&7,&7,2121��

$HURG\QDPLF VKDSH RSWLPL]DWLRQ LV D GLIILFXOW WDVN�

)RU H[DPSOH� LQ >�@� LW ZDV UHSRUWHG WKDW GLVWULEX�

WLRQ RI WKH REMHFWLYH IXQFWLRQ FRXOG EH H[WUHPHO\

URXJK HYHQ LQ D VLPSOLILHG SUREOHP� )XUWKHUPRUH�

HYDOXDWLRQ RI WKH GHVLJQ �FRPSXWDWLRQ RI IORZ

DERXW WKH JHRPHWU\� LV KLJKO\ FRVWO\� 7KXV� WKH

RSWLPL]DWLRQ SURFHGXUH LV FRPSXWHU�LQWHQVLYH� \HW

RQO\ D ORFDO RSWLPXP LV KRSHG IRU� 7R DFFRPSOLVK

WKLV WDVN VDWLVIDFWRU\� ZH QHHG D JOREDO RSWLPL]D�

WLRQ DOJRULWKP DQG D SRZHUIXO FRPSXWHU IDFLOLW\�

$PRQJ RSWLPL]DWLRQ DOJRULWKPV� *HQHWLF $OJR�

ULWKP �*$� VHH >�@� LV DWWUDFWLYH IRU DHURG\QDPLF

RSWLPL]DWLRQ VLQFH LW LV FDSDEOH RI ILQGLQJ D PRUH

JOREDO RSWLPXP WKDQ D VLPSOH KLOO FOLPELQJ VWUDW�

HJ\� *$V VLPXODWH HYROXWLRQ E\ VHOHFWLRQ� ,QLWLDO

SRSXODWLRQ FRQVLVWV RI LQGLYLGXDOV RI VWULQJV� IRU

H[DPSOH� ILQLWH VHWV RI ELQDU\ QXPEHUV� UHSUH�

VHQWLQJ GHVLJQ YDULDEOHV� 6HOHFWLRQ WDNHV SODFH

EDVHG RQ WKHLU ILWQHVV DV GHVLJQ FDQGLGDWHV� $ QHZ

SRSXODWLRQ LV WKHQ JHQHUDWHG IURP WKH VHOHFWHG

SDUHQWV E\ PXWDWLRQ DQG UHFRPELQDWLRQ RI WKHLU

VWULQJV� 7KH FRPELQDWLRQ RI PXWDWLRQ DQG UHFRP�

ELQDWLRQ DOORZV LQ SULQFLSOH IRU OHDYLQJ D VPDOOHU

KLOO DQG WKHUHIRUH SUHYHQWV HYROXWLRQ IURP JHWWLQJ

VWXFN RQ ORFDO H[WUHPH� 6HYHUDO *$ DSSOLFDWLRQV

ZHUH UHSRUWHG UHFHQWO\ LQ WKH ILHOG RI DHURQDXWLFV�

VXFK DV >�@� >�@� >�@� >��@ DQG >��@�

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

7RKRNX 8QLYHUVLW\� 6HQGDL ������� -$3$1� (�PDLO�

RED\DVKL#DG�PHFK�WRKRNX�DF�MS
� *UDGXDWH 6FKRRO� 7RKRNX 8QLYHUVLW\� 6HQGDL �������

-$3$1

&RS\ULJKW ���� 6� 2ED\DVKL DQG $� 2\DPD

(&&20$6 ���

3XEOLVKHG LQ ���� E\ -RKQ :LOH\ 	 6RQV� /WG�

,Q WKLV SDSHU� *$ LV DSSOLHG WR DHURG\QDPLF

VKDSH RSWLPL]DWLRQ RI D ZLQJ IRU VXEVRQLF WUDQV�

SRUW DLUFUDIW� 7KH DLP RI ZLQJ GHVLJQ LQ KLJK VXE�

VRQLF VSHHGV LV WR GHOD\ WKH GUDJ GLYHUJHQFH WR

KLJKHU 0DFK QXPEHUV DV H[SODLQHG LQ >��@� 7KH

GHVLJQ SROLF\ LV XVXDOO\ EDVHG RQ WKH VWUDLJKW LVR�

EDU SDWWHUQ WKDW LV REWDLQHG IURP WKH VDPH FKRUG�

ZLVH VHFWLRQDO SUHVVXUH GLVWULEXWLRQV DW DQ\ VSDQ�

ZL]H VWDWLRQ� ,I WKLV LV DFKLHYHG� WKH IORZ ZLOO EH

DSSUR[LPDWHO\ WZR�GLPHQVLRQDO DQG WKH GUDJ GL�

YHUJHQFH ZLOO RFFXU DW WKH VDPH 0DFK QXPEHU

HYHU\ZKHUH DORQJ WKH VSDQ� 7R DFKLHYH WKLV GHVLJQ

SROLF\� VSDQZLVH WKLFNQHVV DQG WZLVW DQJOH GLV�

WULEXWLRQV DUH NQRZQ WR SOD\ DQ LPSRUWDQW UROH DQG

WKXV WKH\ DUH VHOHFWHG IRU GHVLJQ YDULDEOHV LQ WKLV

VWXG\�

'LUHFW DSSOLFDWLRQ RI *$ WR WKH DHURG\QDPLF

VKDSH RSWLPL]DWLRQ� KRZHYHU� UHTXLUHV DQ HQRU�

PRXV DPRXQW RI FRPSXWDWLRQDO WLPH� EHFDXVH *$

UHTXLUHV D ODUJH QXPEHU RI IXQFWLRQ HYDOXDWLRQV�

7KH SUHYLRXV LQYHVWLJDWLRQV ZHUH WKHUHIRUH OLPLWHG

WR WKH WZR�GLPHQVLRQDO SUREOHPV� XQOHVV WKH IORZ

SK\VLFV ZDV JUHDWO\ VLPSOLILHG� ,Q FRQWUDVW� WKH

WKUHH�GLPHQVLRQDO 1DYLHU�6WRNHV HTXDWLRQV ZLOO

EH XVHG WR JXDUDQWHH DQ DFFXUDWH PRGHO RI WKH IORZ

ILHOG DQG WR DVVHVV WKH IHDVLELOLW\ RI WKH PHWKRGRO�

RJ\�

7R RYHUFRPH WKH H[SHFWHG GLIILFXOW\ LQ FRPSXWD�

WLRQDO WLPH� WKH SUHVHQW ZRUN FRQVLVWV RI WKUHH NH\

HOHPHQWV� )LUVW� DV PHQWLRQHG DERYH� RQO\ WKLFN�

QHVV DQG WZLVW DQJOH GLVWULEXWLRQV ZHUH VHOHFWHG DV

GHVLJQ YDULDEOHV WR PRGHO WKH HVVHQFH RI WKH ZLQJ

VKDSH� 6HFRQG� WKH PXOWLJULG WHFKQLTXH ZDV DS�

SOLHG WR WKH 1DYLHU�6WRNHV VROYHU WR DFFHOHUDWH WKH

FRQYHUJHQFH >��@� )LQDOO\� WKH FRPSXWDWLRQV ZHUH

SHUIRUPHG RQ 1XPHULFDO :LQG 7XQQHO �1:7� ZLQ�

QHU RI ,(((·V ���� *RUGRQ %HOO 3UL]H IRU SHUIRUP�

DQFH�� D SDUDOOHO YHFWRU PDFKLQH DW SHDN SHUIRU�

PDQFH RI ��� *)/236 ZLWK ��� SURFHVVLQJ HOH�

PHQWV� ORFDWHG DW 1DWLRQDO $HURVSDFH /DERUDWRU\

LQ -DSDQ�

� $3� $3335522$&$&++

��� &RG��� &RGLLQJ RIQJ RI 'HVL'HVLJJQ 9DUQ 9DULLDEODEOHHVV

7R PRGHO WKH HVVHQFH RI WKH GHVLJQ RI D WKUHH�

GLPHQVLRQDO ZLQJ� VSDQZLVH GLVWULEXWLRQV RI

PD[LPXP WKLFNQHVV DQG WZLVW DQJOH RI DLUIRLO VHF�

WLRQ DUH FRQVLGHUHG� %\ XVLQJ WKH VHFRQG�RUGHU

6SOLQH LQWHUSRODWLRQ� WKRVH GLVWULEXWLRQV FDQ
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IXUWKHU EH GHVFULEHG E\ SRO\JRQV �FRQWURO SRLQWV� RI

�\�W� DQG �\�é� ZKHUH \� W DQG éDUH WKH VSDQZLVH

ORFDWLRQ� WKLFNQHVV DQG WZLVW DQJOH� UHVSHFWLYHO\�

)LYH YHUWLFHV DUH XVHG WR GHWHUPLQH HDFK GLVWULEX�

WLRQ� LQFOXGLQJ WKH IL[HG ZLQJ URRW DQG WLS ORFD�

WLRQV� ,Q FRQWUDVW WR WKH VWDQGDUG *$ FKDUDFWHU�

L]HG E\ WKH XVH RI ELQDU\ FRGLQJ� WKH VHW RI UHDO

QXPEHUV DUH XVHG DV JHQHV�

,Q WKLV UHVHDUFK� WKH DLUIRLO VKDSH LV JLYHQ E\

1$&$���[[ ZKHUH [[ LV RULJLQDOO\ D WZR�GLJLW

QXPEHU LQGLFDWLQJ WKH PD[LPXP DLUIRLO WKLFNQHVV

WR WKH FKRUG LQ SHUFHQW� 7KLV SDUDPHWHU 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�

)RU WKH JLYHQ SODQIRUP RI WKH ZLQJ� DQ DLUIRLO

VKDSH DQG LWV WZLVW DQJOH VSHFLILHG DW HDFK VSDQ�

ZLVH VHFWLRQ ZLOO GHWHUPLQH WKH ZLQJ VKDSH� (DFK

DLUIRLO VKDSH FDQ EH VSHFLILHG E\ D FDPEHU OLQH DQG

WKLFNQHVV GLVWULEXWLRQ� :LWK WKH DLG RI 1$&$ DLU�

IRLO VHULHV� WKH VSHFLILFDWLRQ RI WKH DLUIRLO LV IXUWKHU

UHGXFHG WR VSHFLILFDWLRQ RI WKH PD[LPXP WKLFNQHVV

RI WKH DLUIRLO�

���� *$�� *$ 2SHUDWRU2SHUDWRUVV

$ VLPSOH *$ LV FRPSRVHG RI WKUHH RSHUDWRUV� ��

5HSURGXFWLRQ �VHOHFWLRQ�� �� &URVVRYHU� DQG �� 0X�

WDWLRQ>�@� 5HSURGXFWLRQ LV D SURFHVV LQ ZKLFK LQGL�

YLGXDO VWULQJV DUH FRSLHG DFFRUGLQJ WR WKHLU ILWQHVV

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� ,QVWHDG

RI WKH W\SLFDO URXOHWWH�ZKHHO PHWKRG GHVFULEHG LQ

>�@� WKH VWRFKDVWLF XQLYHUVDO VDPSOLQJ GXH WR >�@ LV

HPSOR\HG KHUH�

&URVVRYHU RSHUDWRU FRPELQHV SDUDPHWHUV IRUP

WKH VHOHFWHG SDUHQWV LQWR D JHQH DW UDQGRP� 0XWD�

WLRQ WDNHV SODFH DW D SUREDELOLW\ RI ��� DQG WKHQ

DGGV D UDQGRP GLVWXUEDQFH WR WKH SDUDPHWHU LQ WKH

DPRXQW XS WRr��

7KH LQLWLDO SRSXODWLRQ LV FUHDWHG UDQGRPO\� 'XU�

LQJ WKH HYROXWLRQ� WKH HOLWH VWUDWHJ\ >�@ LV HPSOR\HG�

WKDW LV� WKH EHVW DQG WKH VHFRQG EHVW LQGLYLGXDOV LQ

HDFK JHQHUDWLRQ DUH WUDQVIHUUHG LQWR QHZ JHQHUD�

WLRQ DXWRPDWLFDOO\�

��� (YDOXDW��� (YDOXDWLLRRQQ

,Q WKLV SDSHU� ZH PD[LPL]H WKH OLIW�WR�GUDJ UDWLR

/�' RI WKH ZLQJ� 7R HYDOXDWH /�'� D 1DYLHU�6WRNHV

VROYHU LV XVHG IRU HDFK PHPEHU �GHVLJQ FDQGLGDWH�

RI WKH SRSXODWLRQ DW HYHU\ JHQHUDWLRQ� 7KH IORZ

VROYHU XVHV 79' W\SH XSZLQG GLIIHUHQFLQJ �VHH >�@��

WKH /8�6*6 VFKHPH DQG WKH PXOWLJULG PHWKRG �VHH

>��@��

6WUXFWXUDO FRQVWUDLQW LV LQWURGXFHG WR DYRLG DQ

DSSDUHQW VROXWLRQ RI ]HUR WKLFNQHVV ZLQJ IRU ORZ

GUDJ LQ KLJK VSHHGV� )RU WKH EUHYLW\� WKH ZLQJ LV

DSSUR[LPDWHG E\ D FDQWLOHYHU DQG WKH OLIW GLVWULEX�

WLRQ LV UHSODFHG E\ VSDQZLVH FRQFHQWUDWHG ORDGV�

)URP WKH ORDGV� WKH EHQGLQJ PRPHQW GLVWULEXWLRQ

LV FDOFXODWHG� ZKLFK JLYHV WKH VWUXFWXUDO VWUHVV RI

WKH ZLQJ� 7KH FRQVWUDLQW LV WKHQ JLYHQ E\ WKH ORFDO

VWUHVV WR EH OHVV WKDQ WKH XOWLPDWH VKHDU VWUHVV RI

$OXPLQXP DOOR\ �����7��� �VHH� IRU H[DPSOH� >�@��

,Q WKH SUHVHQW *$� WKH SRSXODWLRQ FRQVLVWV RI ��

PHPEHUV DQG HYDOXDWLRQ RI HDFK PHPEHU LV GLV�

WULEXWHG WR RQH SURFHVVLQJ HOHPHQW RI 1:7� ,W

WDNHV DERXW �� PLQXWHV RI WKH UXQ WLPH WR DGYDQFH

D JHQHUDWLRQ�

� 5(6� 5(68/8/7766

,Q WKH SUHVHQW WHVW FDVH� IORZ FRQGLWLRQ ZDV VHW WR

WKH IUHHVWUHDP 0DFK QXPEHU RI ��� DQG DQ DQJOH RI

DWWDFN RI ]HUR� )LJXUH � VKRZV WKH SODQIRUP RI WKH

ZLQJ DQG WKH RSWLPL]HG DLUIRLO VHFWLRQV DW VHOHFWHG

VSDQZLVH VHFWLRQV�

)LJ)LJXXUH �UH ��� 2SWLPXP ZLQJ GHVLJQ

)LJXUH � VKRZV WKH RSWLPL]DWLRQ KLVWRU\ RI WKH

SUHVHQW *$� 6LQFH RQO\ D UHGXFHG VHW RI GHVLJQ

YDULDEOHV DUH XVHG LQ WKLV VWXG\� WKH RSWLPXP LV

IRXQG ZLWKLQ �� JHQHUDWLRQV�

7KH WKLFNQHVV GLVWULEXWLRQ RI WKH RSWLPXP ZLQJ

GHVLJQ LV VKRZQ LQ )LJ� �� 7KH VWUXFWXUDO FRQ�

VWUDLQW LV DOVR SORWWHG E\ WKH EURNHQ OLQH� 7KH

PD[LPXP WKLFNQHVV LV IRXQG QHFHVVDU\ DW WKH NLQN�

7KH RSWLPL]HG ZLQJ GHVLJQ VDWLVILHV WKLV FRQ�

VWUDLQW�

7KH WZLVW DQJOH GLVWULEXWLRQ RI WKH GHVLJQHG

ZLQJ LV VKRZQ LQ )LJ� �� 7R LQFUHDVH WKH OLIW� SRVL�

WLYH GLVWULEXWLRQ LV REWDLQHG� ,Q DGGLWLRQ� DQ DHUR�

6HFWLR6HFWLRQQ 7LW7LWOOHH 6� 2ED\DVKL DQG $6� 2ED\DVKL DQG $�� 2\DP2\DPDD
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G\QDPLF ZDVKRXW �WZLVW� LV VHHQ� %\ H[SHULHQFH

>��@� D WZLVW RI PRUH WKDQ ILYH GHJUHHV LV NQRZQ WR

UHVXOW LQ XQDFFHSWDEO\ ODUJH LQGXFHG GUDJ LQFUH�

PHQWV� 7KH SUHVHQW GHVLJQ VDWLVILHV WKLV FULWHULRQ�

)LJXUH � VKRZV WKH VSDQZLVH ORDG GLVWULEXWLRQ�

7KH VROLG OLQH LQGLFDWHV WKH SDUDEROLF ORDGLQJ GLV�

WULEXWLRQ WKDW LV NQRZQ WR JLYH WKH PLQLPXP LQ�

GXFHG GUDJ ZKHQ WKH VWUXFWXUDO FRQVWUDLQW LV FRQ�

VLGHUHG� 7KH GHVLJQ UHVXOW IROORZV WKH SDUDEROD

FORVHO\�

7KH SUHVVXUH FRQWRXUV RQ WKH XSSHU VXUIDFH RI

WKH GHVLJQHG ZLQJ DUH SORWWHG LQ )LJ� �� 7KH\ DS�

SHDU QHDUO\ WZR�GLPHQVLRQDO LQ WKH VSDQZLVH GL�

UHFWLRQ� GHVSLWH RI WKH ODUJH YDULDWLRQ RI WKLFNQHVV

DQG WZLVW DQJOH GLVWULEXWLRQV� 7KH UHVXOWLQJ LVREDU

SDWWHUQ LV FRQVLVWHQW ZLWK WKH H[LVWLQJ GHVLJQ SRO�

LF\�

7KH SUHVHQW GHVLJQ LV H[DPLQHG IRU WKH WKLFNQHVV�

WZLVW DQJOH DQG ORDG GLVWULEXWLRQV� DV ZHOO DV WKH

LVREDU SDWWHUQ RI SUHVVXUH FRQWRXUV� 7KH UHVXOWV

LQGLFDWH WKDW WKH RSWLPXP VROXWLRQ REWDLQHG KHUH

LV FRQVLVWHQW ZLWK WKH GHVLJQ SULQFLSOHV REWDLQHG

IRUP H[LVWLQJ WKHRU\ DQG H[SHULHQFH� )RU SUDFWLFDO

GHVLJQV� WKH DLUIRLO VKDSH LV DOVR QHHGHG WR EH RS�

WLPL]HG LQ IXWXUH�

� &2� &211&&//86,286,211

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

JHQHULF VXEVRQLF WUDQVSRUW DLUFUDIW E\ XVLQJ

1DYLHU�6WRNHV FRPSXWDWLRQV� 7R RYHUFRPH HQRU�

PRXV FRPSXWDWLRQDO WLPH QHFHVVDU\ IRU *$� ��

0D[LPXP WKLFNQHVV DQG WZLVW DQJOH GLVWULEXWLRQV

ZHUH VHOHFWHG DV GHVLJQ YDULDEOHV� �� 7KH PXOWLJULG

WHFKQLTXH ZDV DSSOLHG� �� 1:7 ZDV XVHG� 7KH

VWUXFWXUDO FRQVWUDLQW ZDV DOVR FRQVLGHUHG�

,Q WKH RSWLPXP GHVLJQ REWDLQHG IRUP WKH SUH�

VHQW *$� WKH GHVLJQ SULQFLSOHV IRU WKH ZLQJ GHYHO�

RSHG E\ H[LVWLQJ WKHRU\ DQG H[SHULHQFH DUH IRXQG

WR EH PDWHULDOL]HG� 7KLV LQGLFDWHV WKH IHDVLELOLW\ RI

WKH SUHVHQW DSSURDFK IRU WKH DHURG\QDPLF RSWLPL�

]DWLRQ LQ DGYDQFHG FRPSXWDWLRQDO HQYLURQPHQWV�

$$&.&.112:/(2:/(''*(0(1*(0(17676

7KH DXWKRUV ZRXOG OLNH WR WKDQN 1DWLRQDO $HUR�

VSDFH /DERUDWRU\� &KRIX� 7RN\R� -DSDQ� IRU

SURYLGLQJ WKH FRPSXWDWLRQDO WLPH RQ 1:7� 7KH

DXWKRUV DOVR WKDQN WR +LVDR )XNXQDJD RI 7RKRNX

8QLYHUVLW\ IRU KLV VXJJHVWLRQ DERXW WKH VWUXFWXUDO

FRQVWUDLQW�

55()(5()(5((1&(1&(66

>�@ -� (� %DNHU� 5HGXFLQJ ELDV DQG LQHIILFLHQF\ LQ

WKH VHFWLRQ DOJRULWKP� 3URFHHGLQJV RI �QG ,Q�

WHUQDWLRQDO &RQIHUHQFH RQ *HQHWLF $OJRULWKP�

�����

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

6WUHQJWK RI 0DWHULDOV 	 6WUXFWXUHV ZLWK DQ

,QWURGXFWLRQ WR )LQLWH (OHPHQW 0HWKRGV� (G�

ZDUG $UQROG� /RQGRQ� �UG HG�� �����

>�@ /� 'DYLV� KDQGERRN RI JHQHWLF $OJRULWKPV�

9DQ 1RVWUDQG 5HLQKROG� 1HZ <RUN� �����

>�@ 3� *DJH DQG ,� .URR� $ UROH IRU JHQHWLF DOJR�

ULWKPV LQ D SUHOLPLQDU\ GHVLJQ HQYLURQPHQW�

$,$$ 3DSHU �������� �����

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

2SWLPL]DWLRQ DQG 0DFKLQH /HDUQLQJ�

$GGLVRQ�:HVOH\ 3XEOLVKLQJ &RPSDQ\� ,QF��

5HDGLQJ� �����

>�@ 5� '� *UHJJ DQG .� 3� 0LVHJDGHV� 7UDQVRQLF

ZLQJ RSWLPL]DWLRQ XVLQJ HYROXWLRQ WKHRU\�

$,$$ 3DSHU �������� �����

>�@ 6� 2ED\DVKL DQG 6� 7DNDQDVKL� *HQHWLF RSWL�

PL]DWLRQ RI WDUJHW SUHVVXUH GLVWULEXWLRQV IRU

LQYHUVH GHVLJQ PHWKRGV� $,$$ 3DSHU ��������

�����

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

RSWLPL]DWLRQ DOJRULWKPV IRU DHURG\QDPLF

VKDSH GHVLJQ� $,$$ 3DSHU �������� �����

>�@ 6� 2ED\DVKL DQG <� :DGD� 3UDFWLFDO IRUPXOD�

WLRQ RI D SRVLWLYHO\ FRQVHUYDWLYH VFKHPH�

$,$$ -RXUQDO� ��� ���������� �������

>��@ '� 4XDJOLDUHOOD DQG $� '� &LRSSD� *HQHWLF

DOJRULWKP DSSOLHG WR WKH DHURG\QDPLF GHVLJQ

RI WUDQVRQLF DLUIRLOV� $,$$ 3DSHU ��������

�����

>��@ (� 7RUHQEHHN� 6\QWKHVLV RI 6XEVRQLF $LUSODQH
'HVLJQ� .OXZHU $FDGHPLF 3XEOLVKHUV� 'RU�

GUHFKW� �����

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

JHQHWLF DOJRULWKP WR DHURG\QDPLF VKDSH RS�

WLPL]DWLRQ� $,$$ 3DSHU �������� �����

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

DUWLILFLDO GLIIXVLRQ VFKHPH RQ PXOWLJULG FRQ�

YHUJHQFH� $,$$ 3DSHU �������������

6HFWLR6HFWLRQQ 7LW7LWOOHH 6� 2ED\DVKL DQG $6� 2ED\DVKL DQG $�� 2\DP2\DPDD
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)LJ)LJXXUH �UH ��� 2SWLPL]DWLRQ KLVWRU\

)LJ)LJXXUH �UH ��� 6SDQZLVH WKLFNQHVV GLVWULEXWLRQ

)LJ)LJXXUH �UH ��� 6SDQZLVH WZLVW DQJOH GLVWULEXWLRQ

)LJ)LJXXUH �UH ��� 6SDQZLVH ORDG GLVWULEXWLRQ

6HFWLR6HFWLRQQ 7LW7LWOOHH 6� 2ED\DVKL DQG $6� 2ED\DVKL DQG $�� 2\DP2\DPDD
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)LJ)LJXXUH �UH ��� 3UHVVXUH FRQWRXUV RQ WKH XSSHU VXUIDFH

RI WKH GHVLJQHG ZLQJ

6HFWLR6HFWLRQQ 7LW7LWOOHH 6� 2ED\DVKL DQG $6� 2ED\DVKL DQG $�� 2\DP2\DPDD


