
3URILOH 'LUHFWHG &RPSLODWLRQ LQ '63 $SSOLFDWLRQV

6DQMD\ -LQWXUNDU�� -HVVH 7KLOR���� -RKQ *ORVVQHU���� 'HDQ %DWWHQ�� 3DXO 'DUF\�� 6WDPDWLV 9DVVLOLDGLV �

^VMLQWXUNDU� MWKLOR` #OXFHQW�FRP

�%HOO /DERUDWRULHV� /XFHQW 7HFKQRORJLHV� ���� 6� &HGDU &UHVW %OYG��

$OOHQWRZQ� 3$ ������

�'HOIW 8QLYHUVLW\ RI 7HFKQRORJ\� 'HOIW� 7KH 1HWKHUODQGV

$%675$&7

2SWLPL]LQJ FRPSLOHUV SOD\ DQ LPSRUWDQW UROH LQ

SURGXFLQJ F\FOH HIILFLHQW PDFKLQH FRGH IRU

DSSOLFDWLRQ SURJUDPV� 7KHVH FRPSLOHUV DSSO\ D

QXPEHU RI YHU\ DJJUHVVLYH RSWLPL]DWLRQV� ([DPSOHV

RI VXFK RSWLPL]DWLRQV LQFOXGH FRPPRQ VXEH[SUHVVLRQ

HOLPLQDWLRQ� UHJLVWHU DOORFDWLRQ� VWUHQJWK UHGXFWLRQ�

LQGXFWLRQ YDULDEOH HOLPLQDWLRQ� ORRS XQUROOLQJ�

VRIWZDUH SLSHOLQLQJ� HWF� 7R LPSURYH WKH HIIHFWLYHQHVV

RI WKHVH RSWLPL]DWLRQV� FRPSLOHUV PD\ XVH SURILOH

LQIRUPDWLRQ� ,Q WKLV SDSHU� ZH GLVFXVV WKH

HIIHFWLYHQHVV RI SURILOH GLUHFWHG IHHGEDFN FRPSLODWLRQ

LQ WKH *OREDO 6\VWHP IRU 0RELOH &RPPXQLFDWLRQV

�*60� (QKDQFHG )XOO 5DWH �()5� VSHHFK FRGHU� 2XU

H[SHULPHQWV LQGLFDWH WKDW WKH SHUIRUPDQFH

LPSURYHPHQW IRU WKH ()5 HQFRGHU LV DSSUR[LPDWHO\

��� ZKHQ SURILOH LQIRUPDWLRQ LV XVHG WR DSSO\

VWDQGDUG RSWLPL]DWLRQV DORQJ ZLWK IXQFWLRQ LQOLQLQJ�

7KH SHUIRUPDQFH LPSURYHPHQW IRU WKH GHFRGHU LV

���� 3HUIRUPDQFH GHJUDGDWLRQ LV OHVV WKDQ ILYH

SHUFHQW ZKHQ SURILOH�EDVHG FRGH LV H[HFXWHG RQ LQSXWV

QRW FKDUDFWHUL]HG E\ WKH RULJLQDO WUDLQLQJ VHW�

� ,1752'8&7,21

7UDGLWLRQDO FRPSLOHU RSWLPL]DWLRQV FRQVLGHU

WKH FRQVWUDLQWV LPSRVHG E\ DOO SRVVLEOH H[HFXWLRQ

SDWKV LQ D SURJUDP� 7KHVH FRQVWUDLQWV DUH GHWHUPLQHG

E\ VWDWLF DQDO\VLV WHFKQLTXHV VXFK DV OLYH YDULDEOH

DQDO\VLV� GHSHQGHQFH DQDO\VLV� ORRS DQDO\VLV� HWF�

+RZHYHU� WKHVH WHFKQLTXHV GR QRW GLVWLQJXLVK

EHWZHHQ PRUH DQG OHVV IUHTXHQWO\ H[HFXWHG UHJLRQV RI

D SURJUDP� :KLOH WKLV DSSURDFK JHQHUDWHV FRUUHFW

FRGH� LW PD\ QRW JHQHUDWH WKH PRVW HIILFLHQW FRGH�

7R LPSURYH HIILFLHQF\� D FRPSLOHU PD\ XVH

SURILOH LQIRUPDWLRQ� ,Q WKH SURILOH GLUHFWHG IHHGEDFN

FRPSLODWLRQ PHWKRGRORJ\� FRPSLODWLRQ LV SHUIRUPHG

LQ WZR VWHSV� )LUVW� WKH FRPSLOHU DSSOLHV VWDQGDUG

RSWLPL]DWLRQV >$KR��@ DQG LQVWUXPHQWV WKH FRGH� 7KH

SURFHVVRU WKHQ H[HFXWHV WKH LQVWUXPHQWHG FRGH RQ D

VHOHFWHG YHFWRU �WUDLQLQJ YHFWRU�� 'XULQJ WKLV SURFHVV�

WKH SURILOHU FROOHFWV VWDWLVWLFV UHJDUGLQJ WKH H[HFXWLRQ

RI WKH SURJUDP� 7KHVH VWDWLVWLFV LQFOXGH LQIRUPDWLRQ

DERXW WKH PRVW IUHTXHQWO\ H[HFXWHG EDVLF EORFNV� WDNHQ

RU QRW WDNHQ EUDQFKHV� FDFKH PLVVHV� IXQFWLRQ FDOOV� HWF�

,Q WKH VHFRQG VWHS� WKH SURILOH LQIRUPDWLRQ LV IHG EDFN

LQWR WKH FRPSLOHU� DQG D UH�FRPSLODWLRQ RI WKH

DSSOLFDWLRQ FRGH LV SHUIRUPHG� 7KH FRPSLOHU

RSWLPL]DWLRQV PD\ QRZ EH DSSOLHG PRUH HIIHFWLYHO\

VLQFH WKH PRVW IUHTXHQWO\ H[HFXWHG SDWKV WKURXJK WKH

DSSOLFDWLRQ DUH NQRZQ� 7KH SURILOH LQIRUPDWLRQ PD\

JXLGH EHWWHU SODFHPHQW RI WKH REMHFW FRGH WR DYRLG

FDFKH PLVVHV� DOORZV EHWWHU DOORFDWLRQ RI YDULDEOHV WR

UHJLVWHUV� DQG SURYLGHV EHWWHU EUDQFK SUHGLFWLRQ� 7KLV

QHZO\ FUHDWHG H[HFXWDEOH LV H[SHFWHG WR H[HFXWH IDVWHU

RQ WKH WUDLQLQJ YHFWRU� VLQFH LW LV RSWLPL]HG IRU WKH

H[HFXWLRQ SDWK� )LJXUH � VKRZV WKH VWHSV WDNHQ GXULQJ

SURILOH GLUHFWHG FRPSLODWLRQ�

:KLOH SURILOH GLUHFWHG FRPSLODWLRQ RQ D WUDLQLQJ

YHFWRU LV DQ LPSURYHPHQW� LW LV QRW VXIILFLHQW� $ EHWWHU

LPSURYHPHQW ZRXOG EH LI H[HFXWLRQ RI WKH SURJUDP

SURYLGHV HTXDOO\ JRRG SHUIRUPDQFH RQ D YDULHW\ RI

RWKHU LQSXW YHFWRUV� 7KH SURILOH LQIRUPDWLRQ FDQ WKHQ

EH XVHG LQ D JHQHULF IDVKLRQ WR RSWLPL]H DQ\

DSSOLFDWLRQ�

7\SLFDOO\� ZKHWKHU SURILOH LQIRUPDWLRQ KROGV

DFURVV GLIIHUHQW LQSXW YHFWRUV LV YHU\ DSSOLFDWLRQ

GHSHQGHQW� ,Q JHQHUDO SXUSRVH FRPSXWLQJ ZRUNORDGV�

SURILOH LQIRUPDWLRQ FROOHFWHG RQ RQH VHW RI LQSXWV PD\

QRW DLG LQ SURGXFLQJ DQ H[HFXWDEOH WKDW UXQV IDVWHU RQ

DQRWKHU VHW RI LQSXWV >:DOO��@�

� $33/,&$7,21

,Q WKLV SDSHU� ZH IRFXV RQ D 'LJLWDO 6LJQDO

3URFHVVLQJ �'63� DSSOLFDWLRQ� '63 DSSOLFDWLRQV WHQG

WR EH PRGHUDWHO\ ORRS LQWHQVLYH� $ EDVLF VHW RI

RSHUDWLRQV DUH SHUIRUPHG UHSHDWHGO\ RQ D VHW RI LQSXWV�

7KHUHIRUH� WKH\ DUH DPHQDEOH WR FRPSLOHU

RSWLPL]DWLRQV�
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WDWLRQ� DVVHPEOHG� OLQNHG DQG H[HFXWHG� 7KH H[HFXWLRQ FKDUDFWHULVWLFV DUH IHG EDFN LQWR WKH FRP�

SLOHU� 7KH FRGH LV UHFRPSLOHG ZLWK SURILOH LQIRUPDWLRQ DQG WKHQ UH�H[HFXWHG�

FRPSLOH 	 LQVWUXPHQW

DVVHPEOH 	 OLQN

H[HFXWH

FRPSLOH

DVVHPEOH 	 OLQN

H[HFXWH
S
UR

IL
OH

IH
HG

E
DF

N

6RXUFH &RGH 6RXUFH &RGH

7UDLQLQJ WHVW YHFWRU ([HFXWLRQ WHVW YHFWRU

:H IRFXV RQ WKH *60 (QKDQFHG )XOO 5DWH

�()5� VSHHFK FRGHU WKDW KDV EHHQ VWDQGDUGL]HG E\ WKH

(XURSHDQ 7HOHFRPPXQLFDWLRQV 6WDQGDUGV ,QVWLWXWH

�(76,� IRU WKH *60 PRELOH FRPPXQLFDWLRQ V\VWHP�

7KH (76, *60 ()5 VSHHFK WUDQVFRGHU LV D

VSHFLILFDWLRQ IRU HQFRGLQJ DQG GHFRGLQJ VSHHFK

VLJQDOV >(76,��D� (76,��E@ IRU ZLUHOHVV DSSOLFDWLRQV�

7KH VSHHFK HQFRGHU ILUVW FRQYHUWV ���� ��ELW�$�ODZ

LQSXW VDPSOHV WR ���� �� ELW XQLIRUP 3XOVH &RGH

0RGXODWHG �3&0� VDPSOHV ���PV RI VSHHFK GDWD DW

�N+] VDPSOLQJ UDWH�� 7KH LQSXW 3&0 VSHHFK GDWD

IUDPH LV HQFRGHG XVLQJ $OJHEUDLF &RGH ([FLWHG /LQHDU

3UHGLFWLRQ �$&(/3� DOJRULWKP ZKLFK FRQYHUWV WKH ���

VDPSOH LQSXW IUDPH WR D ��� ELW FRPSUHVVHG VSHHFK

IUDPH� 7KH FRPSUHVVHG VSHHFK GDWD WUDQVPLVVLRQ UDWH

LV ���� NE�V ���� ELWV ; �� IUDPHV�V�� 7KH FRPSUHVVHG

VSHHFK IUDPH LV F\FOLFDOO\ HQFRGHG �� SDULW\ � �

UHSHWLWLRQ ELWV� DQG WKH VXEVHTXHQW ����ELW IUDPH LV

SDVVHG WR WKH FKDQQHO FRGLQJ IXQFWLRQ� 7KH FKDQQHO

FRGHU SHUIRUPV FRQYROXWLRQDO HQFRGLQJ �FRQVWUDLQW

OHQJWK �� UDWH ����� 7KH RXWSXW IURP WKH FKDQQHO FRGHU

FRQVLVWV RI ��� ELWV \LHOGLQJ D JURVV WUDQVPLW ELW UDWH RI

���� NELWV�V� 7KH UHFHLYH GLUHFWLRQ SURYLGHV WKH LQYHUVH

RSHUDWLRQV� $IWHU VXFFHVVIXO FKDQQHO GHFRGLQJ�

HQFRGHG IUDPHV RI ��� ELWV DUH FRQYHUWHG WR ���

UHFRQVWUXFWHG VSHHFK VDPSOHV�

� (;3(5,0(17$/ )5$0(:25.

,Q RXU H[SHULPHQWV� ZH KDYH XVHG D UHVHDUFK &

FRPSLOHU ZKLFK XVHV SURILOH LQIRUPDWLRQ WR JHQHUDWH

HIILFLHQW FRGH� 7KH WDUJHW SURFHVVRU LV DQ LQ�RUGHU

5,6& VXSHUVFDODU SURFHVVRU ZLWK D ��LVVXH SHDN

FDSDELOLW\� 7KH FRPSLOHU SHUIRUPV D QXPEHU RI VWDWH RI

WKH DUW RSWLPL]DWLRQV ZKLFK JLYH H[HFXWLRQ WLPHV

FRPSDUDEOH �RU EHWWHU� WKDQ ZHOO NQRZQ H[LVWLQJ

RSWLPL]LQJ FRPSLOHUV VXFK DV WKH *18 & FRPSLOHU

>6WDO��@�

:H GHILQH D WUDLQLQJ WHVW YHFWRU DV DQ LQSXW

YHFWRU WR WKH LQVWUXPHQWHG DSSOLFDWLRQ FRGH IRU WKH

FROOHFWLRQ RI SURILOH LQIRUPDWLRQ� :H GHILQH DQ

H[HFXWLRQ WHVW YHFWRU DV DQ LQSXW YHFWRU WR WKH

DSSOLFDWLRQ FRGH IRU ILQDO H[HFXWLRQ� 7KLV PD\ RU PD\

QRW EH WKH VDPH DV WKH WUDLQLQJ WHVW YHFWRU�

)RU WKLV SDSHU� WKH H[SHULPHQWV ZHUH FRQGXFWHG

RQ WKH ()5 HQFRGHU DQG GHFRGHU XVLQJ WKH �� WHVW FDVHV

VXSSOLHG ZLWK WKH (76, *60 ()5 UHIHUHQFH

LPSOHPHQWDWLRQ� $OO RSWLPL]HG SHUIRUPDQFH UHVXOWV

PDLQWDLQ WKH ELW DFFXUDF\ UHTXLUHG E\ WKH (76, &

UHIHUHQFH LPSOHPHQWDWLRQ >(76,��F@� 7LPLQJV ZHUH

FROOHFWHG XVLQJ WKH 81,; �ELQ�WLPH SURJUDP� (DFK WHVW

FDVH ZDV UXQ WKUHH WLPHV DQG DQ DYHUDJH RI WKH WKUHH

UHDO �HODSVHG� WLPHV KDV EHHQ UHSRUWHG� 7KH H[HFXWLRQ

WLPH IRU WKH HQFRGHU RQ WKHVH WHVW FDVHV LV LQ WKH UDQJH

RI ���� VHFRQGV� ZKLOH WKH H[HFXWLRQ WLPH IRU WKH

GHFRGHU LV LQ WKH UDQJH RI ����� VHFRQGV� 6LQFH WKH

GHFRGHU LV H[HFXWHG IRU D YHU\ VKRUW GXUDWLRQ RI WLPH�

WKH PDUJLQ RI HUURU �GXH WR WKH OLPLWHG SUHFLVLRQ RI WKH

�ELQ�WLPH XWLOLW\� LQ LWV REVHUYHG WLPHV LV KLJKHU WKDQ

WKH HQFRGHU�



�

)LJXUH �� 3HUIRUPDQFH FRPSDULVRQ RI *18 & &RPSLOHU ZLWK RXU 5HVHDUFK &RPSLOHU LQGLFDWHV WKDW WKH *18 &

FRPSLOHU SHUIRUPV �� EHWWHU WKDQ WKH UHVHDUFK FRPSLOHU IRU WKH HQFRGHU DQG �� EHWWHU IRU WKH GHFRGHU�

3HUIRUPDQFH &RPSDULVRQ RI *18 & FRPSLOHU DQG 5HVHDUFK FRPSLOHU

>8QSURILOHG� VWDQGDUG RSWLPL]DWLRQV@
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� 5(68/76

:H SHUIRUP WKUHH H[SHULPHQWV� )LUVW� ZH

FRPSDUH WKH SHUIRUPDQFH RI WKH *18 & >6WDO��@

FRPSLOHU ZLWK RXU UHVHDUFK FRPSLOHU ZLWKRXW WKH XVH RI

SURILOH LQIRUPDWLRQ�7KLV H[SHULPHQW LV SHUIRUPHG WR

VKRZ WKDW ZLWKRXW SURILOH LQIRUPDWLRQ� WKH

SHUIRUPDQFH RI RXU UHVHDUFK FRPSLOHU LV FRPSDUDEOH WR

WKH SHUIRUPDQFH RI D ZLGHO\ XVHG RSWLPL]LQJ FRPSLOHU�

)LJXUH � VKRZV WKDW RQ DQ DYHUDJH� WKH SHUIRUPDQFH RI

*18 & FRPSLOHU DW RSWLPL]DWLRQ OHYHO �2� LV WKUHH

SHUFHQW EHWWHU WKDQ WKH SHUIRUPDQFH RI RXU UHVHDUFK

FRPSLOHU IRU WKH HQFRGHU DQG WZR SHUFHQW EHWWHU IRU WKH

GHFRGHU�

,Q WKH VHFRQG H[SHULPHQW� ZH FRPSDUH WKH

SHUIRUPDQFH RI RXU UHVHDUFK FRPSLOHU ZLWK DQG

ZLWKRXW SURILOH LQIRUPDWLRQ� ,Q WKLV H[SHULPHQW ZH

FRPSLOH WKH HQFRGHU DQG GHFRGHU� H[HFXWH LW RQ WKH

WUDLQLQJ WHVW YHFWRU� DQG FROOHFW SURILOH LQIRUPDWLRQ�

7KLV SURILOH LQIRUPDWLRQ LV IHG EDFN LQWR WKH FRPSLOHU�

8VLQJ WKH SURILOH LQIRUPDWLRQ� WKH HQFRGHU DQG GHFRGHU

DUH UH�FRPSLOHG� ,Q DGGLWLRQ WR WKH RSWLPL]DWLRQV

DSSOLHG LQ WKH XQSURILOHG FDVH� IXQFWLRQ LQOLQLQJ LV DOVR

DSSOLHG >%DFR��@� 7KH FRGH LV WKHQ UH�H[HFXWHG RQ WKH

WUDLQLQJ WHVW YHFWRU �L�H� H[HFXWLRQ WHVW YHFWRU LV WKH

VDPH DV WUDLQLQJ WHVW YHFWRU� DQG WLPLQJ LQIRUPDWLRQ LV

FROOHFWHG� 7KLV SURFHVV LV UHSHDWHG IRU HDFK RI WKH ��

WHVW FDVHV� 7KH REVHUYHG WLPLQJV DUH FRPSDUHG ZLWK WKH

WLPLQJV REVHUYHG LQ WKH XQSURILOHG FDVH�

)LJXUH � VKRZV WKH UHVXOW RI WKH FRPSDULVRQ�

7KLV H[SHULPHQW LQGLFDWHV WKDW ZKHQ SURILOH

LQIRUPDWLRQ LV XVHG DQG IXQFWLRQ LQOLQLQJ LV DSSOLHG�

WKH SHUIRUPDQFH LQFUHDVHV E\ DERXW ��� IRU WKH

HQFRGHU DQG ��� IRU WKH GHFRGHU�

7KH WKLUG H[SHULPHQW PHDVXUHV WKH SHUIRUPDQFH

GHJUDGDWLRQ ZKHQ WKH WUDLQLQJ WHVW YHFWRU DQG WKH

H[HFXWLRQ WHVW YHFWRU DUH GLIIHUHQW� 7KLV H[SHULPHQW LV

VLPLODU WR WKH VHFRQG RQH H[FHSW WKDW WKH SURILOH

LQIRUPDWLRQ LV FROOHFWHG IRU RQO\ RQH WUDLQLQJ WHVW

YHFWRU QDPHO\ YDG� �YDG� LV FKRVHQ EHFDXVH WKH

HQFRGHU DQG WKH GHFRGHU KDYH RQH RI WKH ORQJHVW

H[HFXWLRQ WLPHV RQ LW�� 7KLV SURILOH LQIRUPDWLRQ LV IHG

EDFN LQWR WKH FRPSLOHU� 8VLQJ WKH SURILOH LQIRUPDWLRQ�

WKH HQFRGHU DQG GHFRGHU DUH UHFRPSLOHG� 2SWLPL]HG

FRGH LV WKHQ H[HFXWHG RQ WKH HDFK RI WKH �� H[HFXWLRQ

WHVW YHFWRUV DQG WLPLQJ LQIRUPDWLRQ LV FROOHFWHG �L�H� WKH

H[HFXWLRQ WHVW YHFWRU LV GLIIHUHQW WKDQ WKH WUDLQLQJ WHVW

YHFWRU LQ DOO EXW YDG��� 7KHVH WLPLQJV DUH FRPSDUHG WR

WKH WLPLQJV REVHUYHG LQ WKH VHFRQG H[SHULPHQW� ZKHUH

WKH HQFRGHU DQG GHFRGHU ZHUH UH�H[HFXWHG RQ WKH

WUDLQLQJ WHVW YHFWRU LWVHOI�

)LJXUH � VKRZV WKH UHVXOWV RI WKLV FRPSDULVRQ

IRU WKH HQFRGHU� 7KH ILJXUH LQGLFDWHV WKDW RQ DYHUDJH�

WKH SHUIRUPDQFH RI WKH HQFRGHU ZLWK VDPH WUDLQLQJ DQG

H[HFXWLRQ WHVW YHFWRUV GLIIHUV IURP WKH SHUIRUPDQFH RI

WKH HQFRGHU ZLWK GLIIHUHQW WUDLQLQJ DQG H[HFXWLRQ WHVW

YHFWRUV E\ OHVV WKDQ WZR SHUFHQW� 7KH ILJXUH DOVR VKRZV



3HUIRUPDQFH &RPSDULVRQ RI 5HVHDUFK &RPSLOHU >1R 3URILOH LQIRUPDWLRQ@ ZLWK
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)LJXUH � 3HUIRUPDQFH FRPSDULVRQ RI RXU 5HVHDUFK &RPSLOHU RQ WKH *60 ()5 FRGHU ZLWK DQG ZLWKRXW SURILOH

LQIRUPDWLRQ� 5HVXOWV LQGLFDWH WKDW WKH SHUIRUPDQFH RI WKH HQFRGHU LPSURYHV E\ ��� DQG WKH SHUIRU�

PDQFH RI WKH GHFRGHU LPSURYHV E\ ����

WKH XSSHU DQG ORZHU ERXQGV RI WKH FRPSDULVRQ ZKHQ D

SRWHQWLDO HUURU LQWURGXFHG E\ WKH �ELQ�WLPH XWLOLW\ LV

WDNHQ LQWR DFFRXQW� )LJXUH � VKRZV WKH UHVXOWV IRU WKH

GHFRGHU� 7KH SHUIRUPDQFH GLIIHUHQFH IRU WKH GHFRGHU LV

OHVV WKDQ ILYH SHUFHQW� ,Q ERWK ILJXUHV� WKH UHVXOWV IRU

WHVW GW[�� VKRZ D ODUJH YDULDWLRQ VLQFH WKH VKRUW

H[HFXWLRQ WLPHV RI WKH HQFRGHU DQG WKH GHFRGHU

LQFUHDVHV WKH UDQJH RI SRWHQWLDO HUURU�

:H FRQGXFWHG WKH WKLUG H[SHULPHQW ZLWK D

QXPEHU RI GLIIHUHQW WUDLQLQJ VHWV� :H REVHUYHG WKDW WKH

UHVXOWV RI WKH DERYH H[SHULPHQWV UHPDLQ

DSSUR[LPDWHO\ WKH VDPH�

� &21&/86,216

2XU UHVXOWV LQGLFDWH WKDW WKH XVH RI SURILOH

GLUHFWHG IHHGEDFN LV RI EHQHILW LQ FRPSLOLQJ WKH *60

()5 VSHHFK FRGHU� 2XU UHVXOWV DOVR VKRZ WKDW WKH

SURILOH LQIRUPDWLRQ FROOHFWHG XVLQJ D WUDLQLQJ WHVW

YHFWRU ZKLFK LV GLIIHUHQW WKDQ WKH H[HFXWLRQ WHVW YHFWRU

LV XVHIXO LQ RSWLPL]LQJ WKH *60 ()5 FRGHU�

� %,%/,2*5$3+<

>$KR��@ $KR� $�� 6HWKL� 5�� 8OOPDQ� -�

¦&RPSLOHUV� 3ULQFLSOHV� 7HFKQLTXHV� DQG 7RROV§�

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

>%DFR��@ %DFRQ� '� )�� *UDKDP� 6� /�� DQG

6KDUS� 2� -�� ¦&RPSLOHU 7UDQVIRUPDWLRQV IRU +LJK�

3HUIRUPDQFH &RPSXWLQJ§� $&0 &RPSXWLQJ 6XUYH\V�

������ 'HF� ����� SS� ��������

>(76,��D@ (XURSHDQ 7HOHFRPPXQLFDWLRQ

6WDQGDUG �(76,�� �*60� 'LJLWDO FHOOXODU WHOHFRP�

V\VWHP� (QKDQFHG )XOO 5DWH �()5� VSHHFK SURFHVVLQJ

IXQFWLRQV� *HQHUDO 'HVFULSWLRQ�� 'RFXPHQW *60

������ 0DUFK� ����� (76,�9DOERQQH� )UDQFH� SS� �����

>(76,��E@ (XURSHDQ 7HOHFRPPXQLFDWLRQ

6WDQGDUG �(76,�� �*60� 'LJLWDO FHOOXODU WHOHFRP�

V\VWHP� (QKDQFHG )XOO 5DWH �()5� VSHHFK

WUDQVFRGLQJ� 'RFXPHQW *60 ������ 0DUFK� �����

(76,� 9DOERQQH� )UDQFH� SS� �����

>(76,��F@ (XURSHDQ 7HOHFRPPXQLFDWLRQ

6WDQGDUG �(76,�� �*60� 'LJLWDO FHOOXODU WHOHFRP�

V\VWHP� $16,�& FRGH IRU WKH *60 (QKDQFHG )XOO

5DWH �()5� VSHHFK FRGHF�� 'RFXPHQW *60 ������

0DUFK� ����� (76,� 9DOERQQH� )UDQFH� SS� �����

>+ZX��@ +ZX� :�� ¦6XSHU EORFN� $Q HIIHFWLYH

WHFKQLTXH IRU 9/,: DQG VXSHUVFDODU FRPSLODWLRQ§�

-RXUQDO RI 6XSHUVRPSXWLQJ� 9RO �� SS� ��������

>6WDO��@ 6WDOOPDQ� 5�� ¦8VLQJ DQG 3RUWLQJ *18

&§� )UHH 6RIWZDUH )RXQGDWLRQ� 0$�

>:DOO��@ :DOO� '�� ¦3UHGLFWLQJ 3URJUDP

%HKDYLRU 8VLQJ 5HDO RU (VWLPDWHG 3URILOHV§�

3URFHHGLQJV RI WKH $&0 6,*3/$1 &RQIHUHQFH RQ

3URJUDPPLQJ /DQJXDJH 'HVLJQ DQG ,PSOHPHQWDWLRQ�

7RURQWR� &DQDGD� SS� ������



)LJXUH � 3HUIRUPDQFH FRPSDULVRQ RI RXU 5HVHDUFK &RPSLOHU ZKHQ WKH *60 ()5 HQFRGHU LV H[HFXWHG ZLWK VDPH
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