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6800$5<

7KLV SDSHU IRFXVHV RQ ('0 VLQNLQJ H[SHULPHQWV ZLWK WKH UHODWLYH PRWLRQ RI WKH HOHFWURGH WR WKH

ZRUNSLHFH LQ RUGHU WR H[DPLQH WKH SURGXFHG VXUIDFH SURSHUWLHV� 7KH FUDWHU IHDWXUHV ZHUH DQDO\]HG E\

PLFURVFRS\ ZKLFK KDV HQDEOHG XV WR FODVVLI\ WKHP LQWR WKUHH FDWHJRULHV� DFFRUGLQJ WR WKH FUDWHU VKDSH

DQG VL]H� ,Q DGGLWLRQ YROWDJH DQG FXUUHQW SXOVHV DQG WKHLU DWWULEXWHV ZHUH FDSWXUHG E\ WKH KLJK

IUHTXHQF\ RVFLOORVFRSH� %\ PHDQV RI LQGXFWLYH OHDUQLQJ ZH REWDLQHG WKH SHUIRUPDQFH UXOHV SUHGLFWLQJ

WKH FRUUHVSRQGLQJ FUDWHU FODVVHV WR WKH VSHFLILF SXOVH� 0LJUDWLRQ SKHQRPHQD ZDV GHWHFWHG GXH WR

UHODWLYH PRWLRQ DW ORQJHU SXOVH GXUDWLRQ� :H KDYH H[DPLQHG WKH SRVVLELOLW\ RI WHFKQRORJLFDO

DSSOLFDWLRQ RI WKH ('0 SURFHVV ZLWK WKH UHODWLYH PRWLRQ E\ PHDQV RI UHPRYDO UDWH DQG URXJKQHVV DW

GLIIHUHQW ZRUNLQJ FRQGLWLRQV DQG UHODWLYH VSHHG�

.(<:25'6 � FUDWHU� LQGXFWLYH OHDUQLQJ� FODVVLILFDWLRQ� WHFKQRORJ\

�� ,1752'8&7,21

7KH ('0 SURFHVV JHQHUDWHV WKH ZRUNSLHFH VXUIDFH E\ GLVFKDUJHV RFFXUULQJ LQ WKH JDS EHWZHHQ WKH

HOHFWURGH �WRRO� DQG WKH ZRUNSLHFH� 7KH WKLUG HOHPHQW LV WKH GLHOHFWULF ZKLFK IOXVKHV WKH ZRUNLQJ JDS�

0DWHULDO UHPRYDO LV HIIHFWHG RQ DWRPLF VFDOH E\ LQFUHDVLQJ LQWHUQDO HQHUJ\ RI DWRPV� $V D UHVXOW WKH

SURFHVVLQJ XQLW HYHQW�WKH FUDWHU LV SURGXFHG� 7KH VL]H DQG WKH VKDSH RI WKH FUDWHU GHSHQG RQ WKH PDFKLQH

VHWWLQJ DQG SURFHVV FRQWURO� 7KH KLJKO\ XQSUHGLFWDEOH JDS FRQGLWLRQV FDXVLQJ WKH VWURQJ UDQGRP QDWXUH

RI WKH ('0 SURFHVV PRVWO\ EHFDXVH RI FKDQJHDEOH GLHOHFWULF¶V SURSHUWLHV� 7KH PRQRGLVFKDUJH DV D

VLQJOH DFW RI HURVLRQ ZDV LQYHVWLJDWHG E\ PDQ\ DXWKRUV WR HQDEOH FUDWHU WR SXOVH DQDO\VLV� ,Q RXU RSLQLRQ

WKH PRQRGLVFKDUJH DQDO\VLV JLYHV YHU\ IHZ LQIRUPDWLRQ DERXW UHDO ('0 SURFHVV PRVWO\ EHFDXVH RI

UDQGRP JDS FRQGLWLRQV GHILQHG E\ WKH TXDOLW\ DQG WKH VWDWH RI WKH GLHOHFWULF IOXLG� ,Q WKLV SDSHU ZH

SUHVHQW DQ DWWHPSW WR LQWHJUDWLYH DSSURDFK� UHODWLQJ WKH SXOVH GLVFKDUJH WR WKH FRUUHVSRQGLQJ FUDWHU� E\

PHDQV RI WKH LQGXFWLYH OHDUQLQJ �,/� WHFKQLTXH ������ ('0 H[SHULPHQWV ZLWK WKH URWDWLQJ HOHFWURGH KDYH

EHHQ FDUULHG RXW LQ RUGHU WR HQDEOH FUDWHU WR SXOVH FODVVLILFDWLRQ DQG WR H[DPLQH WKH GLVWLQFWLRQ EHWZHHQ

VWHDG\ DQG PRYLQJ HOHFWURGH ��������

�� &5$7(5 72 38/6( (;3(5,0(17

7KH PRVW LPSRUWDQW SUREOHP LQ EDVLF ('0 LQYHVWLJDWLRQV LV GHILQLQJ H[SHULPHQWDO FRQGLWLRQV� 7KH

JUHDWHU SDUW RI WKH LQYHVWLJDWLRQV RI GLVFKDUJHV DUH EDVHG RQ WKH PRQR GLVFKDUJH SKHQRPHQD ZKLFK

GLVDEOH WKH LQVLJKW LQWR WKH UDQGRP ('0 SURFHVV� 7KH EDVLF VFRSH RI WKLV UHVHDUFK LV WR GHILQH UHODWLRQV

EHWZHHQ HOHFWULFDO FKDUDFWHULVWLF RI SXOVHV DQG WKH SURGXFHG FUDWHUV� 7KH H[SHULPHQW ZDV FDUULHG RXW RQ

DQ ,QJHUVROO (' VLQNLQJ PDFKLQH ZLWK WKH URWDWLQJ HOHFWURO\WLF FRSSHU HOHFWURGH �G ���PP�� RYHU WKH

ZRUNSLHFH PDGH RI WRRO VWHHO �G ���PP� �)LJ����� 7KH HOHFWURGH YHORFLW\ ZDV LQ WKH UDQJH RI WKH

YHORFLW\ LQ (' JULQGLQJ RSHUDWLRQ � Y ������P�PLQ�� ,Q RUGHU WR IDFLOLWDWH WKH GLVWLQFWLRQ RI VXFFHVVLYH

FUDWHUV UHODWLYHO\ ORQJ SXOVH GXUDWLRQ WL DQG SXOVH LQWHUYDO WR KDYH EHHQ VHOHFWHG �7DEOH ���� ,Q VXFK

ZRUNLQJ FRQGLWLRQV ZH H[SHFW D UDWKHU VWURQJ HIIHFW RI GLVFKDUJH PLJUDWLRQ RQ WKH FUDWHU WRSRJUDSK\�
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)LJXUH �� &UDWHU WR SXOVH FODVVLILFDWLRQ H[SHULPHQW

7DEOH �� ('0 ZRUNLQJ FRQGLWLRQV IRU FUDWHUV¶ FODVVLILFDWLRQ

5HJLPH WL�µV� WR�µV� LH�$� XL�9�

� ��� �� �� ���

� ��� �� �� ���

� ��� �� �� ���

(OHFWURGH� HOHFWURO\WLF FRSSHU ���

:RUNSLHFH� WRRO VWHHO ���

'LHOHFWULF IOXLG� (52=2/ ��

� WL �µV� SXOVH GXUDWLRQ

� WR �µV� SXOVH LQWHUYDO

� LH �$� PD[LPDO GLVFKDUJH FXUUHQW

� XL �9� RSHQ FLUFXLW YROWDJH

�� &5$7(56¶ &/$66,),&$7,21

7KH YROWDJH DQG WKH FXUUHQW SUREH ZHUH PRXQWHG DQG WKH WUDLQ RI WHQ VXFFHVVLYH VLJQDOV ZDV IHG LQWR WKH

IDVW ��*+]� WZR FKDQQHO GLJLWDO RVFLOORVFRSH +3 ����� �)LJ����� 7KH VDPSOLQJ LQWHUYDO RI � µV ZLWK WKH

UHVROXWLRQ RI ���9 DQG ����$ KDV EHHQ FKRVHQ VR DV WR HQDEOH WKH GHWHFWLRQ RI GLIIHUHQW FKDUDFWHULVWLF

YROWDJH DQG FXUUHQW DWWULEXWHV DV SUHVHQWHG� 7KH SXOVH GDWD �WUDLQV RI ���� SRLQWV UHSUHVHQWLQJ ����µV�
DUH VWRUHG LQ WKH FRPSXWHU V\VWHP IRU IXUWKHU HYDOXDWLRQ� :H KDYH FKRVHQ WKH IROORZLQJ DWWULEXWHV RI

SXOVHV WR GLVWLQJXLVK WKHP DQG HYDOXDWH ZLWK LQGXFWLYH PDFKLQH OHDUQLQJ�

� WH �µV� GLVFKDUJH GXUDWLRQ

� XH �9� DYHUDJH GLVFKDUJH YROWDJH

� PLQ�XH��9� PLQLPXP GLVFKDUJH YROWDJH

� PD[�XH� �9� PD[LPXP GLVFKDUJH YROWDJH

� VWG�XH� �9� VWDQGDUG GHYLDWLRQ RI XH

� LH �$� DYHUDJH GLVFKDUJH FXUUHQW

� PLQ�LH� �$� PLQLPXP GLVFKDUJH FXUUHQW

� PD[�LH� �$� PD[LPXP GLVFKDUJH FXUUHQW

� VWG�LH� �$� VWDQGDUG GHYLDWLRQ RI LH
� 3 �:� DYHUDJH GLVFKDUJH SRZHU

� : �-� DYHUDJH GLVFKDUJH HQHUJ\



� XH�LH �Ω� DYHUDJH JDS UHVLVWDQFH LQ GLVFKDUJH

3KRWRJUDSKV RI FUDWHUV FDSWXUHG E\ KLJK IUHTXHQF\ GLJLWDO RVFLOORVFRSH ZHUH WDNHQ ERWK E\ RSWLFDO DQG

VFDQQLQJ HOHFWURQ PLFURVFRSH LQ RUGHU WR HQDEOH YLVXDO FODVVLILFDWLRQ� &UDWHUV KDYH EHHQ UDQJHG LQWR

WKUHH FODVVHV� FODVV $ LV 60$//� FODVV % LV /$5*(�),1( DQG FODVV & LV /$5*(�528*+ �ILJ�����

)LJ���� 9LVXDO FUDWHUV¶ FODVVLILFDWLRQ

$VVLVWDQW 3URIHVVLRQDO SURJUDP ZDV DSSOLHG IRU OHDUQLQJ FUDWHU IHDWXUHV IURP SXOVH DWWULEXWHV ZKLFK

ZHUH HYDOXDWHG IURP YROWDJH DQG FXUUHQW VLJQDOV FDSWXUHG E\ RVFLOORVFRSH� 7KH SURJUDP EHORQJV WR WKH

IDPLO\ RI PDFKLQH OHDUQLQJ V\VWHPV 7,','7 �WRS�GRZQ LQGXFWLRQ RI GHFLVLRQ WUHHV����� ,W H[WUDFWV WKH

NQRZOHGJH GRPDLQ LQ WKH IRUP RI D GHFLVLRQ WUHH IURP D VHW RI D WUDLQLQJ H[DPSOHV VSHFLILHG E\

DWWULEXWHV YDOXHV DQG FODVVHV� $ GHFLVLRQ WUHH LV EXLOW UHFXUVLYHO\ XVLQJ HQWURS\ DV D PHDVXUH RI WKH PRVW

LQIRUPDWLYH DWWULEXWH� ,Q WKH LQGXFHG WUHH QRGHV GHQRWH DWWULEXWHV DQG OHDYHV DUH ODEHOHG DV FODVVHV� :H

KDYH JLYHQ WKH WUDLQLQJ VHW RI �� H[DPSOHV PDGH ZLWK UHJLPH � �WDEOH �� DQG $VVLVWDQW 3URIHVVLRQDO

LQGXFHG WKH GHFLVLRQ WUHH �ILJ�����

7KH DWWULEXWH DSSHDULQJ DV WKH PRVW LQIRUPDWLYH DW WKH URRW RI WKH GHFLVLRQ WUHH LV WKH GLVFKDUJH GXUDWLRQ

WH� 7KH WUHH VSOLWV LQ WZR EUDQFKHV� 3XOVHV ZLWK ORZHU GLVFKDUJH GXUDWLRQ JHQHUDWH VPDOO FUDWHUV ZKLOH

WKRVH ZLWK KLJKHU YDOXHV JHQHUDWH ODUJH FUDWHUV ZKLFK LV FRQVLVWHQW ZLWK WKH ('0 WKHRU\ DQG SUDFWLFH�

:KHWKHU WKH ODUJH FUDWHU LV ILQH �VKDOORZ� RU URXJK �GHHS� GHSHQGV RQ WZR RWKHU DWWULEXWHV VKRZLQJ XS LQ

WKH QRGHV RI WKH VHFRQG VXEVHW RI WKH WUHH� 3XOVHV ZLWK KLJKHU YDOXH RI WKH PLQLPXP LQVWDQWDQHRXV

YROWDJH SURGXFH ODUJH DQG URXJK FUDWHUV� 2Q WKH RWKHU VLGH ZKHWKHU SXOVHV ZLWK ORZHU LQVWDQWDQHRXV



YROWDJH SURGXFH ILQH RU URXJK FUDWHUV GHSHQGV RQ WKH UDWLR EHWZHHQ DYHUDJH SXOVH YROWDJH DQG DYHUDJH

SXOVH FXUUHQW UHSUHVHQWLQJ WKH UHVLVWDQFH RI WKH GLVFKDUJH SODVPD FKDQQHO� ,Q FDVH RI ORZHU UHVLVWDQFH WKH

SODVPD FKDQQHO LV PRUH VXVFHSWLEOH WR PLJUDWLRQ DQG HQHUJ\ GLVVLSDWLRQ UHVXOWLQJ LQ ODUJH DQG ILQH FUDWHU

�ILJ�����

LI WH ≤ ��� WKHQ FODVV $  60$//

HOVH

LI PLQ X
H
≤ �� WKHQ

LI X
H�LH ≤ � WKHQ FODVV %  /$5*(�),1(

HOVH FODVV &  /$5*(�528*+

HOVH FODVV &  /$5*(�528*+

)LJ���� 7KH GHFLVLRQ WUHH SUHGLFWLQJ WKH FUDWHU IHDWXUHV

7KH LQGXFHG GHFLVLRQ WUHH HQDEOHV FODVVLILFDWLRQ RI WKH QHZ FODVVHV ZLWK XQVSHFLILHG FODVVHV VR LW

HVWDEOLVKHV WKH UHODWLRQV EHWZHHQ SXOVH FKDUDFWHULVWLF DQG FUDWHU¶V VKDSH� 7KH DYHUDJH FODVVLILFDWLRQ

DFFXUDF\ RI WKH SURFHGXUH DSSOLHG WR QHZ GDWD � L�H� WKH UDWLR RI FRUUHFWO\ FODVVLILHG WHVWLQJ H[DPSOHV �

ZDV HVWLPDWHG WR EH ���� �� 7KLV UHVXOW ZDV DFTXLUHG WKURXJK D VHULHV RI �� WHVWV LQ HDFK RI ZKLFK �� �

UDQGRPO\ VHOHFWHG H[DPSOHV IURP WKH RULJLQDO VHW ZHUH XVHG IRU OHDUQLQJ DQG WKH UHPDLQLQJ ��� IRU

WHVWLQJ� 7KH DWWDLQHG FODVVLILFDWLRQ DFFXUDF\ LV VDWLVIDFWRU\ KDYLQJ LQ PLQG WKH VWURQJ UDQGRP QDWXUH RI

WKH ('0 SURFHVV�

�� 7+( &203$5,621 %(7:((1 ('0 352&(66 :,7+ 7+( 67($'< $1' 7+(

029,1* (/(&752'(

,Q VRPH VSHFLDO FDVHV HOHFWUR GLVFKDUJH SURFHVVHV PDNH XVH RI RUELWDO DQG SODQHWDU\ PRWLRQ RI WKH

HOHFWURGH DV D WRRO WR DFKLHYH EHWWHU ZRUNLQJ UHVXOWV� $V D WHFKQRORJLFDO HIIHFW WKH PRWLRQ RI HOHFWURGH

PHDQV LPSURYHG IOXVKLQJ FRQGLWLRQV LQ WKH ZRUNLQJ JDS DQG GHFUHDVHG SRVVLELOLW\ RI XQGHVLUDEOH SXOVHV�



7KH FRROLQJ HIIHFW RI WKH GLHOHFWULF IOXLG LV GLVWLQFWLYH WRR� /RZHU WHPSHUDWXUH RI WKH GLHOHFWULF IOXLG

PHDQV ORZHU SRUWLRQ RI DUFV� 7KH URWDWLRQ RI F\OLQGULFDO HOHFWURGH GHFUHDVHV WKH QXPEHU RI HOHFWURGHV

QHHGHG ZKHQ SURGXFLQJ F\OLQGULFDO KROHV�

7KH VFRSH RI RXU UHVHDUFK LV WR HVWDEOLVK WKH GLVWLQFWLRQ EHWZHHQ ERWK ('0 ZLWK VWHDG\ HOHFWURGH DQG

ZLWK UHODWLYH PRWLRQ RI WKH HOHFWURGH WR WKH ZRUNSLHFH �ILJ���� VR DV WR H[DPLQH WKH SRVVLELOLW\ RI WKLV

('0 WHFKQRORJ\ DSSOLFDWLRQ� 7KH H[SHULPHQWV ZHUH FRQGXFWHG ZLWK URWDWLQJ FRSSHU HOHFWURGH G ��PP

RYHU ZRUNSLHFHV PDGH RI WRRO VWHHO ZLWK GLPHQVLRQV ��[��[�PP LQ RUGHU WR HQDEOH URXJKQHVV DQG

ZHLJKW PHDVXUHPHQWV� :H KDYH DSSOLHG � GLIIHUHQW ZRUNLQJ UHJLPHV DW � YHORFLWLHV RI WKH HOHFWURGH

�WDEOH ��

7DEOH �� ('0 ZRUNLQJ FRQGLWLRQV IRU WHFKQRORJLFDO FRPSDULVRQ

(/(&752'(

:25.3,(&(

)LJ��� � 7KH SRVLWLRQ RI WKH HOHFWURGH HQDEOLQJ UHODWLYH PRWLRQ

7KH FUDWHUV¶ VKDSHV LQ ERWK SURFHVVHV DUH FRPSDUDWLYH� KRZHYHU WKHUH LV WKH FUDWHU RULHQWDWLRQ LQ WKH

GLUHFWLRQ RI WKH PRYLQJ HOHFWURGH LQ WKH FDVH RI WKH UHODWLYH PRWLRQ� 7KH DQDO\VLV RI WKH UHVXOWV

FRQILUPHG WKH DQWLFLSDWLRQ WKDW WKH LQFUHDVLQJ VSHHG RI WKH HOHFWURGH GHFUHDVHV UHPRYDO UDWH �ILJ����� 2Q

WKH RWKHU KDQG WKH UHODWLYH PRWLRQ RI WKH HOHFWURGH HQDEOHV ODUJHU UHPRYDO UDWH DW ILQHU UHJLPHV ZKLFK

SUHGRPLQDQWO\ GHPDQG DXWRPDWLF OLIWLQJ RI WKH HOHFWURGH E\ VHUYRV\VWHP WR LPSURYH IOXVKLQJ FRQGLWLRQV

LQ WKH ZRUNLQJ JDS DQG WR SUHYHQW DUFV�

UHJLPH WL �µV� WR�µV� LH �$� XL�9�

U� �� � ��� ���

U� �� �� ��� ���

U� �� � ��� ���

U� �� �� � ���

U� ��� �� �� ���

U� ��� �� �� ���

(OHFWURGH� HOHFWURO\WLF FRSSHU ���

:RUNSLHFH� WRRO VWHHO ���

'LHOHFWULF IOXLG� (52=2/ ��



)LJ���� 5HPRYDO UDWH YHUVXV HOHFWURGH VSHHG

)LJ���� 5RXJKQHVV RI WKH ZRUNSLHFH YHUVXV SXOVH WLPH

7KH UHVXOWV RI WKH URXJKQHVV PHDVXUHPHQWV VKRZ WKDW WKH LQFUHDVHG HOHFWURGH VSHHG GHFUHDVHV VXUIDFH

URXJKQHVV �ILJ����� 7KDW PHDQV ILQHU VXUIDFH TXDOLW\ DW URXJKHU ZRUNLQJ FRQGLWLRQV� 7KH HIIHFW RI WKH

UHODWLYH PRWLRQ RI WKH HOHFWURGH WR WKH ZRUNSLHFH FDXVHV UHJXODU GLVWULEXWLRQ RI WKH ZKLWH OD\HU WKURXJK

WKH VXUIDFH �ILJ����� 8VXDOO\ WKH ZKLWH OD\HU VKRXOG EH UHPRYHG DIWHU ('0 SURFHVVLQJ ZLWK SROLVKLQJ�

7KH UHODWLYH PRWLRQ IDFLOLWDWHV WKH UHPRYLQJ RI WKH ZKLWH OD\HU ZKLFK HQDEOHV ORQJHU WRRO OLIH�



:RUNLQJ FRQGLWLRQV� Y� �P�V

WL ���µV
WR ��µV
LH ��$

XL ���9

PDJQLILFDWLRQ� ���[

���µP Y� ����P�V

Y� ����P�V

)LJ���� 6XUIDFH OD\HUV DW GLIIHUHQW HOHFWURGH VSHHG

�� &21&/86,216

)URP WKH H[SHULPHQWDO UHVXOWV DQG WKH GLVFXVVLRQ� WKH IROORZLQJ FRQFOXVLRQV DUH GUDZQ�

� WKH YLVXDO REVHUYDWLRQ RI WKH FUDWHU DQG LWV SURILOH PHDVXUHPHQWV VKRZHG REYLRXV GLVFKDUJH PLJUDWLRQ

GXH WR ORQJ SXOVH GXUDWLRQ WL DQG PHFKDQLFDO GLVWXUEDQFHV RI WKH SODVPD FKDQQHO E\ WKH UHODWLYH HOHFWURGH

WR WKH ZRUNSLHFH PRWLRQ

� WKH LQGXFWLYH PDFKLQH OHDUQLQJ DSSURDFK KDV SURYHG WR EH D SURPLVLQJ SURFHGXUH IRU SUHGLFWLRQ RI WKH

FUDWHU VKDSH DQG VL]H DW FKDQJHDEOH ZRUNLQJ FRQGLWLRQV

� WKH UHODWLYH PRWLRQ RI WKH HOHFWURGH WR WKH ZRUNSLHFH HQDEOHV EHWWHU IOXVKLQJ FRQGLWLRQV LQ WKH ZRUNLQJ

JDS

� WKH SURGXFHG FUDWHUV DUH OHVV GHHS DQG RULHQWHG LQ WKH GLUHFWLRQ RI UHODWLYH PRWLRQ

� WKH VXUIDFH LV ILQHU KRZHYHU WKH UHPRYDO UDWH LV GHFUHDVLQJ ZLWK LQFUHDVLQJ VSHHG RI WKH UHODWLYH PRWLRQ

� WKH ZKLWH OD\HU LV UHJXODUO\ GLVWULEXWHG WKURXJK WKH VXUIDFH VR WKH SROLVKLQJ LV IDFLOLWDWHG

�� 5()(5(1&(6

��� -XQNDU 0�� )LOLSLa %�� #QLGDU^La 0�� $Q $, $SSURDFK WR WKH 6HOHFWLRQ RI 'LHOHFWULFXP LQ (OHFWULFDO

'LVFKDUJH 0DFKLQLQJ� �UG ,QWHUQDWLRQDO &RQIHUHQFH RQ $GYDQFHG 0DQXIDFWXULQJ V\VWHPV DQG

7HFKQRORJ\ � $067¶��� 8GLQH� ,WDO\ ����� �����

��� -XQNDU 0�� )LOLSLF %�� %UDWNR ,�� ,GHQWLI\LQJ WKH *ULQGLQJ 3URFHVV E\ 0HDQV RI ,QGXFWLYH 0DFKLQH

/HDUQLQJ� &RPSXWHUV LQ ,QGXVWU\ YRO� ��� 1RV� � � �� 1RYHPEHU ����� 1RUWK � +ROODQG� ����

����

��� .XQHLGD 0�� 1LVKLZDNL� 1�� 2EVHUYDWLRQ RI $UF &ROXPQ 0RYHPHQW GXULQJ 0RQRSXOVH 'LVFKDUJH LQ

('0� $QQDOV RI WKH &,53 9RO� ���������� ��������

��� .UDYHWV $�7�� 7KH (IIHFWV RI WKH 7RRO (OHFWURGH 2UELWDO 0RWLRQ RQ WKH 0HWDO 5HPRYDO 5DWH RI WKH

('0 RI WKH ��' 6XUIDFHV� ,6(0 �� 1DJR\D ����� �����

��� 6WDHOHQV )�� .UXWK -�3�� $ &RPSXWHU ,QWHJUDWHG 0DFKLQLQJ 6WUDWHJ\ IRU 3ODQHWDU\ ('0� $QQDOV RI

WKH &,53 9RO� ���������� �������


