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6HPL�$XWRPDWLF *UDPPDU ,QGXFWLRQ IRU

%L�GLUHFWLRQDO (QJOLVK�&KLQHVH 0DFKLQH 7UDQVODWLRQ

.�&� 6LX DQG +HOHQ 0� 0HQJ

+XPDQ�&RPSXWHU &RPPXQLFDWLRQV /DERUDWRU\

'HSDUWPHQW RI 6\VWHPV (QJLQHHULQJ DQG (QJLQHHULQJ 0DQDJHPHQW

7KH &KLQHVH 8QLYHUVLW\ RI +RQJ .RQJ

6KDWLQ� 1�7�� +RQJ .RQJ 6$5� &KLQD
^NFVLX� KPPHQJ`#VH�HGX�FXKN�KN

$EVWUDFW

:H KDYH SUHYLRXVO\ GHVLJQHG D PHWKRGRORJ\ IRU VHPL�

DXWRPDWLF JUDPPDU LQGXFWLRQ IURP XQ�DQQRWDWHG FRUSRUD

EHORQJLQJ WR D UHVWULFWHG GRPDLQ� 7KH LQGXFHG JUDPPDU

FRQWDLQV ERWK VHPDQWLF DQG V\QWDFWLF VWUXFWXUHV� DQG

H[SHULPHQWV ZLWK WKH $LU 7UDYHO ,QIRUPDWLRQ 6HUYLFH �$7,6���

FRUSXV GHPRQVWUDWHG WKH YLDELOLW\ RI RXU DSSURDFK >�@ IRU

QDWXUDO ODQJXDJH XQGHUVWDQGLQJ� 7KLV ZRUN H[SORUHV WKH

SRUWDELOLW\ RI RXU JUDPPDU LQGXFWLRQ DSSURDFK WR &KLQHVH�

EDVHG RQ D FRUSXV RI WUDQVODWHG $7,6�� TXHULHV� 7R DVVHVV

JUDPPDU TXDOLW\� ZH GHYHORSHG D IUDPHZRUN EL�GLUHFWLRQDO

(QJOLVK�&KLQHVH H[DPSOH�EDVHG PDFKLQH WUDQVODWLRQ XVLQJ WKH

LQGXFHG JUDPPDUV� 2XU WUDQVODWLRQ IUDPHZRUN FDQ KDQGOH ZRUG

RUGHU GLIIHUHQFHV EHWZHHQ WKH ODQJXDJH SDLU GXULQJ WUDQVODWLRQ�

7UDQVODWLRQV EDVHG RQ WKH $7,6�� WHVW VHWV VKRZHG D KLJK

SHUFHQWDJH ���� WR ���� RI XVHU�DFFHSWHG WUDQVODWLRQV�

�� ,QWURGXFWLRQ

:H KDYH SUHYLRXVO\ GHVLJQHG D PHWKRGRORJ\ IRU VHPL�DXWRPDWLF

JUDPPDU LQGXFWLRQ IURP XQ�DQQRWDWHG FRUSRUD EHORQJLQJ WR D

UHVWULFWHG GRPDLQ� 7KH JUDPPDU FRQWDLQV ERWK VHPDQWLF DQG

V\QWDFWLF VWUXFWXUHV� DQG LV FRQGXFLYH WRZDUGV QDWXUDO ODQJXDJH

XQGHUVWDQGLQJ� 3UHYLRXV H[SHULPHQWV FRPSDUHG WKH VHPL�

DXWRPDWLFDOO\�LQGXFHG JUDPPDU �*6$� ZLWK D KDQGFUDIWHG

JUDPPDU �*+� EDVHG RQ WKH (QJOLVK $7,6�� FRUSXV >�@� ,W WRRN D

PRQWK WR GHYHORS *+� EXW RQO\ D ZHHN WR GHYHORS *6$� ZLWK

VOLJKW GHJUDGDWLRQV LQ ODQJXDJH XQGHUVWDQGLQJ� 2XU DSSURDFK LV

VHPL�DXWRPDWLF EHFDXVH JUDPPDU UXOHV DUH ILUVW LQIHUUHG

DXWRPDWLFDOO\ IURP FRUSRUD� DQG WKHQ KDQG�HGLWHG IRU UHILQHPHQW

RQO\� +HQFH ZH FDQ UHGXFH PDQXDO KDQGFUDIWLQJ LQ JUDPPDU

GHYHORSPHQW� REWDLQ D FORVHU PRGHO RI UHDO GDWD� DQG SRWHQWLDOO\

DFKLHYH HQKDQFHG SRUWDELOLW\ DFURVV GRPDLQV DQG ODQJXDJHV� 2XU

FXUUHQW ZRUN H[SORUHV WKH SRUWDELOLW\ RI RXU JUDPPDU LQGXFWLRQ

DSSURDFK WR &KLQHVH� :H KDYH WUDQVODWHG WKH $7,6�� FRUSRUD WR

&KLQHVH LQ RUGHU WR VXSSRUW WKLV LQYHVWLJDWLRQ� (QJOLVK DQG

&KLQHVH DUH RI UHJLRQDO LPSRUWDQFH LQ +RQJ .RQJ� DQG DUH

SURMHFWHG WR EHFRPH WKH WZR SUHGRPLQDQW ODQJXDJHV XVHG E\ WKH

,QWHUQHW XVHU SRSXODWLRQ E\ �����
�
7KH\ DUH DOVR YHU\ GLIIHUHQW

OLQJXLVWLFDOO\ �H�J� LQ ZRUG RUGHU� DQG LQ WKH SUHVHQFH � DEVHQFH

RI LQIOHFWLRQDO IRUPV
�
�� DQG WKHUHIRUH SUHVHQWV LQWHUHVWLQJ

FKDOOHQJHV IRU QDWXUDO ODQJXDJH UHVHDUFK�

$V GHVFULEHG DERYH� ZH REWDLQHG DQ (QJOLVK JUDPPDU �*6$�

DQG D &KLQHVH JUDPPDU �*&6$� E\ UXQQLQJ RXU VHPL�DXWRPDWLF

JUDPPDU LQGXFWLRQ SURFHGXUH RQ WKH (QJOLVK DQG &KLQHVH

FRUSRUD VHSDUDWHO\� $VLGH IURP HYDOXDWLQJ WKH JUDPPDU TXDOLW\

LQ WHUPV RI ODQJXDJH XQGHUVWDQGLQJ SHUIRUPDQFH� ZH DOVR XVHG

WKH JUDPPDUV WR GHYHORS D EL�GLUHFWLRQDO PDFKLQH WUDQVODWLRQ

� 6RXUFH� *OREDO 5HDFK�
� (QJOLVK LV DQ LQIOHFWHG ODQJXDJH EXW &KLQHVH LV QRW�

�07� V\VWHP� 7KH XVH RI JUDPPDUV LQ 07 LV PRUH GHVLUDEOH WKDQ

GLFWLRQDU\�EDVHG� ZRUG�E\�ZRUG WUDQVODWLRQ XVLQJ D ELOLQJXDO

WUDQVODWLRQ GLFWLRQDU\� 7KH JUDPPDUV SUHVHUYH ZRUG RUGHU DQG

KHQFH PD\ SURGXFH KLJKHU TXDOLW\ WUDQVODWLRQV� :H SUHVHQW D

XQLILHG� EL�GLUHFWLRQDO WUDQVODWLRQ IUDPHZRUN� LQ ZKLFK *6$ LV

XVHG WR SDUVH DQ LQSXW (QJOLVK TXHU\� DQG WKH SDUVHG FRQFHSWV

FDQ WKHQ EH XVHG ZLWK *&6$ WR JHQHUDWH D &KLQHVH WUDQVODWLRQ�

6LPLODUO\� ZH FDQ SDUVH ZLWK *&6$ DQG JHQHUDWH ZLWK *6$ IRU

&KLQHVH�WR�(QJOLVK WUDQVODWLRQ� 7KH IUDPHZRUN LV LOOXVWUDWHG LQ

)LJXUH ��

)LJXUH �� $ XQLILHG IUDPHZRUN IRU EL�GLUHFWLRQDO (QJOLVK�

&KLQHVH PDFKLQH WUDQVODWLRQ� XVLQJ VHPL�DXWRPDWLFDOO\ LQGXFHG

JUDPPDUV� 7KH EROG�IDFHG ZRUGV LQGLFDWH (QJOLVK�WR�&KLQHVH

WUDQVODWLRQ� 7KH UHPDLQLQJ ZRUGV LQGLFDWH &KLQHVH�WR�(QJOLVK

WUDQVODWLRQ�

$V ZLOO EH H[SODLQHG ODWHU� RXUV LV D WUDQVODWLRQ�E\�DQDORJ\

�DOVR NQRZQ DV H[DPSOH�EDVHG PDFKLQH WUDQVODWLRQ� RU (%07�

DSSURDFK� (%07 KDV WKH DGYDQWDJH RI EHLQJ UDSLGO\ UHWDUJHWDEOH

WR RWKHU ODQJXDJH SDLUV� DQG WKH XVH RI VHPL�DXWRPDWLFDOO\

LQGXFHG JUDPPDUV �LQVWHDG RI KDQGFUDIWHG JUDPPDUV� UHLQIRUFHV

WKLV DGYDQWDJH� 3RVVLEOH DSSOLFDWLRQV RI WKLV ZRUN LQFOXGH

WUDQVODWLRQ IRU RQ�OLQH LQIRUPDWLRQ V\VWHPV� DV ZHOO DV VSHHFK�WR�

VSHHFK WUDQVODWLRQ�

0XFK SUHYLRXV ZRUN H[LVWV LQ WKH DUHD RI 07� 7KH 3$1*/266

V\VWHP >�@ DSSOLHV WKH (%07 WHFKQLTXH WR 6SDQLVK DQG (QJOLVK�

DQG UHFHQWO\ DWWHPSWHG WR DGDSW WKH V\VWHP IRU &KLQHVH�WR�

(QJOLVK WUDQVODWLRQ >�@� 7KH &$1','( V\VWHP XVHV D VWDWLVWLFDO

�LQIRUPDWLRQ�WKHRUHWLF� DSSURDFK IRU )UHQFK�WR�(QJOLVK

WUDQVODWLRQ >�@� 7KH .$17 V\VWHP XVHV D NQRZOHGJH�EDVHG

DSSURDFK �.%07� ZKLFK LQYROYHV DQ LQWHUPHGLDWH LQWHUOLQJXD

IRU (QJOLVK�WR�6SDQLVK DQG (QJOLVK�WR�)UHQFK WUDQVODWLRQ >�@�

(IIRUWV LQ VSHHFK�WR�VSHHFK WUDQVODWLRQ LQFOXGH� WKH $75�0$75,;

V\VWHP ZKLFK XVHV WKH (%07 DSSURDFK WKDW FDQ WUDQVODWH

UHFRJQL]HG FRQYHUVDWLRQDO -DSDQHVH VSHHFK WR (QJOLVK >�@� WKH

-$186 V\VWHP ZKLFK FDQ WUDQVODWH FRQYHUVDWLRQDO VSHHFK DPRQJ

VHYHUDO ODQJXDJHV �(QJOLVK� *HUPDQ� 6SDQLVK� -DSDQHVH DQG

.RUHDQ� ZLWK LQWHUOLQJXD IRU OLPLWHG GRPDLQV VXFK DV WUDYHO

SODQQLQJ DQG DSSRLQWPHQW VFKHGXOLQJ >�@� DQG WKH 9(5%02%,/

V\VWHP ZKLFK FDQ DOVR WUDQVODWH VSRQWDQHRXV GLDORJV DPRQJ

*HUPDQ� (QJOLVK DQG -DSDQHVH� IRU OLPLWHG GRPDLQV XVLQJ

VHYHUDO GLIIHUHQW 07 DSSURDFKHV >�@�

,Q WKH IROORZLQJ� ZH SUHVHQW D UHYLHZ RI RXU VHPL�DXWRPDWLF

JUDPPDU LQGXFWLRQ DOJRULWKP� GHVFULEH LWV SRUWDELOLW\ IURP

(QJOLVK VHQWHQFHV

&KLQHVH VHQWHQFHV

(QJOLVK JUDPPDU

&KLQHVH JUDPPDU

&KLQHVH WUDQVODWLRQV

(QJOLVK WUDQVODWLRQV

&KLQHVH JUDPPDU

(QJOLVK JUDPPDU

3DUVHG FRQFHSWV
3DUVH *HQHUDWH
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(QJOLVK WR &KLQHVH $7,6� DQG SUHVHQW RXU ZRUN LQ EL�GLUHFWLRQDO

(QJOLVK�&KLQHVH PDFKLQH WUDQVODWLRQ�

�� 7KH 3DUDOOHO $7,6 &RUSRUD

2XU WDVN FRUSXV ZDV EDVHG RQ WKH $LU 7UDYHO ,QIRUPDWLRQ

6HUYLFH �$7,6��� GRPDLQ >�@� :H SUHSDUHG D SDUDOOHO $7,6

FRUSXV WR VXSSRUW RXU LQYHVWLJDWLRQ� $ ODUJH QXPEHU RI VXEMHFWV

ZHUH UHFUXLWHG WR WUDQVODWH $7,6�� TXHULHV� 7UDQVODWRUV ZHUH

DVNHG WR UHDG WKH (QJOLVK TXHU\� DQG WKHQ IRUPXODWH D

�&DQWRQHVH� &KLQHVH WUDQVODWLRQ IUHHO\ DV ORQJ DV WKH PHDQLQJ LV

SUHVHUYHG� &DQWRQHVH LV WKH NH\ GLDOHFW RI &KLQHVH XVHG LQ +RQJ

.RQJ� 0DFDX� 6RXWK &KLQD DQG PDQ\ RYHUVHDV &KLQHVH

FRPPXQLWLHV� DQG LW LV YHU\ FRQYHUVDWLRQDO LQ VW\OH� )RU H[DPSOH�

WKH (QJOLVK TXHU\� ³VKRZ PH RQH ZD\ IOLJKWV IURP GHWURLW WR

ZHVWFKHVWHU FRXQW\´ LV WUDQVODWHG DV� ³é(z57�ýó�ð

ëçNýÄ�âÓp�´� 2XU WUDLQLQJ VHW KDV ���� TXHULHV�

WHVW VHW ���� DQG WHVW VHW ���� KDYH ��� DQG ��� TXHULHV

UHVSHFWLYHO\�

�� 6HPL�$XWRPDWLF *UDPPDU ,QGXFWLRQ

$ GHWDLOHG GHVFULSWLRQ RI WKLV SURFHGXUH LV SUHVHQWHG LQ >�@� :H

SURYLGH D EULHI UHYLHZ LQ WKH IROORZLQJ IRU WKH VDNH RI FRQWLQXLW\�

*UDPPDU UXOHV DUH LQGXFHG E\ DQ LWHUDWLYH DJJORPHUDWLYH

FOXVWHULQJ SURFHGXUH� (DFK LWHUDWLRQ LQYROYHV VSDWLDO FOXVWHULQJ

WR IRUP VHPDQWLF FOXVWHUV� DQG WHPSRUDO FOXVWHULQJ WR IRUP

SKUDVDO VWUXFWXUHV� 6SDWLDO FOXVWHULQJ DGRSWV D GLVWDQFH PHDVXUH

FRPSXWHG IURP D V\PPHWUL]HG GLYHUJHQFH ZKLFK LQFRUSRUDWHV

WKH .XOOEDFN /LHEOHU GLVWDQFH �VHH (TXDWLRQ ���
�
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7HPSRUDO FOXVWHULQJ DGRSWV PXWXDO LQIRUPDWLRQ DV WKH GLVWDQFH

PHDVXUH �(TXDWLRQ ��� WR LQGLFDWH WKH GHJUHH RI FR�RFFXUUHQFH RI

WZR FRQVHFXWLYH HQWLWLHV �H� DQG H���
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7ZR IUHH SDUDPHWHUV DUH LQYROYHG LQ WKH FOXVWHULQJ SURFHVV� 0 LV

WKH SUH�VHW PLQLPXP FRXQW WKUHVKROG LQ WKH FRUSXV� EHORZ ZKLFK

WKH HQWLW\ ZLOO QRW EH FRQVLGHUHG IRU FOXVWHULQJ� 1 LV WKH QXPEHU

RI PHUJHV DOORZHG IRU HDFK LWHUDWLRQ� L�H� WKH 1 HQWLW\ SDLUV ZLWK

ORZHVW YDOXHV IRU 'LVW�H��H��� DQG WKH 1 SDLUV ZLWK KLJKHVW YDOXHV

IRU 0,�H� �H�� ZLOO EH PHUJHG� %RWK DUH HPSLULFDOO\ VHW WR ��

&OXVWHULQJ LV DOORZHG WR UXQ IRU ��� LWHUDWLRQV� )URP WKH

RXWSXW JUDPPDU� ZH VHOHFWHG WKH �� FDWHJRULHV WKDW ZH UHJDUG DV

EDVLF VHPDQWLF FODVVHV IRU WKH $7,6 GRPDLQ� 7KHVH FRUUHVSRQG

WR FODVVHV VXFK DV $,5/,1(B1$0(� ',*,7� )$5(B&/$66� HWF� :H

PDQXDOO\ FRPSOHWH WKH WHUPLQDOV IRU WKHVH VHPDQWLF FODVVHV� DQG

XVH WKHP DV VHHG FDWHJRULHV WR FDWDO\]H WKH UH�UXQ RI WKH

DJJORPHUDWLYH FOXVWHULQJ SURFHGXUH� 7KH RXWSXW JUDPPDU RI WKLV

UXQ LV WKHQ KDQG�HGLWHG IRU UHILQHPHQW� +DQG�HGLWLQJ LQYROYHV �L�

JLYLQJ PHDQLQJIXO ODEHOV WR WKH JUDPPDU UXOHV� H�J� &,7<B1$0(�

0217+B1$0(� HWF�� �LL� FRPSOHWLQJ WKHLU VHW RI WHUPLQDOV� �LLL�

FRQVROLGDWLQJ VLPLODU UXOHV DQG �LY� SUXQLQJ LUUHOHYDQW UXOHV�

7KLV VHPL�DXWRPDWLF JUDPPDU LQGXFWLRQ SURFHGXUH ZDV

DSSOLHG WR WKH $7,6�� FRUSXV� 7KH JUDPPDU KDV �� QRQ�

WHUPLQDOV DQG ��� WHUPLQDOV� 7KH VHPL�DXWRPDWLF DSSURDFK VSHG

�
S�

OHIW LV WKH SUREDELOLW\ GLVWULEXWLRQ WR WKH OHIW RI WKH ILUVW HQWLW\ LQ WKH

SDLU� DQG WKH GHILQLWLRQV RI S�
ULJKW� S�

OHIW� S�
ULJKW IROORZ DFFRUGLQJO\�

XS JUDPPDU GHYHORSPHQW GUDPDWLFDOO\� VXIIHULQJ RQO\ VOLJKW

GHJUDGDWLRQV LQ ODQJXDJH XQGHUVWDQGLQJ SHUIRUPDQFH FRPSDUHG

WR D KDQGFUDIWHG JUDPPDU�

���� 3RUWDELOLW\ WR &KLQHVH

:H DSSOLHG WKH VHPL�DXWRPDWLF JUDPPDU LQGXFWLRQ DSSURDFK WR

WKH &KLQHVH $7,6 TXHULHV� 6LQFH WKH &KLQHVH ODQJXDJH ODFNV

H[SOLFLW ZRUG GHOLPLWHUV� DQG RXU FOXVWHULQJ DOJRULWKP RSHUDWHV

RQ WKH ZRUG XQLW� ZH SUH�SURFHVVHG DOO &KLQHVH TXHULHV E\ ZRUG

WRNHQL]DWLRQ� 7KLV LV D JUHHG\ VWULQJ PDWFKLQJ SURFHGXUH WKDW

UHIHUHQFHV D &KLQHVH ZRUG OH[LFRQ� &8/(;�
�
:H KDYH DOVR

DXJPHQWHG &8/(; ZLWK WUDQVODWHG DLUSRUW DQG FLW\ QDPHV IRXQG

LQ WKH $7,6�� WUDLQLQJ VHW� 5HIHUULQJ WR RXU SUHYLRXV H[DPSOH�

WKH &KLQHVH TXHU\ LV WRNHQL]HG �ZLWK D VSDFH GHOLPLWHU� DV�

é(z5 7 �ýó �ð ëçNýÄ � âÓ p�

�$SSUR[LPDWH WUDQVODWLRQ� �VKRZ PH! �IURP! �GHWURLW! �IO\

WR! �ZHVWFKHVWHU FRXQW\! �SDUWLFOH! �RQH ZD\! �IOLJKW!�

:H DSSOLHG WKH VDPH SURFHGXUHV DV ZDV XVHG IRU (QJOLVK� DQG

REWDLQHG D &KLQHVH JUDPPDU �*&6$� ZLWK �� QRQ�WHUPLQDOV DQG

��� WHUPLQDOV� 7KH GLVFUHSDQF\ EHWZHHQ WKH VL]HV RI WKH

&KLQHVH DQG (QJOLVK JUDPPDUV DUH GXH WR D GLIIHUHQW PHWKRG RI

FRXQWLQJ� )RU H[DPSOH� VDOW ODNH FLW\ LV FRXQWHG DV WKUHH

WHUPLQDOV� EXW LWV &KLQHVH IRUP� ��Ä LV FRXQWHG DV D VLQJOH

WRNHQL]HG WHUPLQDO� 7DEOHV �D DQG �E SUHVHQW UHVXOWV RQ &KLQHVH

ODQJXDJH XQGHUVWDQGLQJ XVLQJ WKH LQGXFHG JUDPPDUV�

7HVW �� 7HVW ��

8QGHUVWDQGLQJ *&6$ *6$ *&6$ *6$

)XOO ���� � ���� � ���� � ���� �

3DUWLDO ���� � ���� � ���� � ���� �

1R ��� � ��� � ��� � ��� �

7DEOH �D� 7HVW VHW FRYHUDJH RI WKH VHPL�DXWRPDWLFDOO\ LQGXFHG

&KLQHVH JUDPPDU �*&6$� LQ ODQJXDJH XQGHUVWDQGLQJ� )XOO

XQGHUVWDQGLQJ UHIHUV WR WKH SHUFHQWDJH RI TXHULHV ZLWK H[DFW

PDWFKHV EHWZHHQ WKH JHQHUDWHG VHPDQWLF IUDPH DQG WKH UHIHUHQFH

64/ LQ $7,6��� 3DUWLDO XQGHUVWDQGLQJ UHIHUV WR SDUWLDO PDWFKHV�

1R PDWFK LV RIWHQ FDXVHG E\ RXW�RI�YRFDEXODU\ ZRUGV LQ WKH WHVW

VHW�

7HVW �� 7HVW ��

*&6$ *6$ *&6$ *6$

&RQFHSW (UURU 5DWHV ���� � ���� � ���� � ���� �

7DEOH �E� &RQFHSW HUURU UDWHV IRU WKH VHPL�DXWRPDWLFDOO\�

LQGXFHG &KLQHVH JUDPPDU� 5HIHUHQFH YDOXHV IURP WKH (QJOLVK

JUDPPDU DUH DOVR SURYLGHG�

6LQFH ZH GLG QRW KDQGFUDIW D &KLQHVH JUDPPDU� WKHVH UHVXOWV

VKRXOG EH FRPSDUHG ZLWK WKH (QJOLVK UHVXOWV� :H VHH WKDW *&6$

WUDLOV *6$ LQ ODQJXDJH XQGHUVWDQGLQJ SHUIRUPDQFH� $QDO\VLV

VKRZV WKDW WKLV LV FDXVHG E\ PDQXDO WUDQVODWLRQ HUURUV LQ WKH

SDUDOOHO FRUSRUD� 7KH VPDOO GLVFUHSDQF\ EHWZHHQ *6$ DQG *&6$

VXJJHVWV WKDW RXU VHPL�DXWRPDWLF JUDPPDU LQGXFWLRQ DSSURDFK LV

SRUWDEOH WR &KLQHVH� ,W LV DOVR LQWHUHVWLQJ WR FRPSDUH WKH (QJOLVK

DQG &KLQHVH JUDPPDU UXOHV� ,QIOHFWLRQDO UXOHV� H�J� �6& L → VHUYH

_ VHUYHV�� DUH FRPPRQ IRU (QJOLVK EXW UDUH IRU &KLQHVH� &HUWDLQ

UXOHV H[KLELW ZRUG�IRU�ZRUG FRUUHVSRQGHQFHV EHWZHHQ (QJOLVK

DQG &KLQHVH� H�J� �&,7<B1$0(Æ DWODQWD _ EDOWLPRUH _ ERVWRQ _ «�

YHUVXV �&,7<B1$0( Æ �ý^U _ £10ÿ _ �SE _ «�� EXW

RWKHUV H[KLELW UHYHUVH ZRUG RUGHU� H�J� �)/,*+7B180%(5 →

�
&8 /(; LV SDUW RI WKH &8 &RUSRUD� D &DQWRQHVH VSHHFK UHVRXUFH

GHYHORSHG E\ WKH &KLQHVH 8QLYHUVLW\ RI +RQJ .RQJ�

�KWWS���GVS�HH�FXKN�HGX�KN�VSHHFK��
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)/,*+7 180%(5� LQ (QJOLVK� YHUVXV �)/,*+7B180%(5 →
180%(56 )/,*+7� LQ &KLQHVH��

�� %L�GLUHFWLRQDO 0DFKLQH 7UDQVODWLRQ

$V PHQWLRQHG HDUOLHU� ZH DWWHPSW WR DVVHVV WKH TXDOLW\ RI WKH

VHPL�DXWRPDWLFDOO\ LQGXFHG JUDPPDUV �IRU (QJOLVK DQG &KLQHVH�

E\ XVLQJ WKHP VLPXOWDQHRXVO\ LQ DQ H[DPSOH�EDVHG PDFKLQH

WUDQVODWLRQ �(%07� V\VWHP� DV GHSLFWHG LQ )LJXUH �� :H EHJDQ

E\ FUHDWLQJ D ELOLQJXDO WHUP OLVW IURP WKH JUDPPDUV� )RU HDFK

(QJOLVK DQG &KLQHVH WUDLQLQJ TXHU\ SDLU� ZH SDUVH IRU WKH

FRUUHVSRQGLQJ SDLU RI FRQFHSW VHTXHQFHV� ZKLFK DUH WKHQ DOLJQHG

DQG VWRUHG� *LYHQ D WHVW TXHU\ LQ WKH VRXUFH ODQJXDJH� ZH DOVR

SDUVHG IRU LWV FRQFHSW VHTXHQFH ZLWK WKH VRXUFH ODQJXDJH¶V

JUDPPDU� DQG WKHQ VHDUFK IRU WKH WUDLQLQJ TXHU\ �LQ WKH VRXUFH

ODQJXDJH� ZKLFK KDV WKH VDPH �RU D VLPLODU� FRQFHSW VHTXHQFH�

7KHQ WKH FRQFHSW VHTXHQFH WKDW FRUUHVSRQGV WR WKH WUDLQLQJ

TXHU\ �LQ WKH WDUJHW ODQJXDJH� LV XVHG WR JHQHUDWH WKH WUDQVODWLRQ

RI WKH WHVW TXHU\ LQ WKH WDUJHW ODQJXDJH� +HQFH RXU WUDQVODWLRQ

DSSURDFK GUDZV IURP WUDLQLQJ TXHU\ H[DPSOHV XVLQJ FRQFHSW

DOLJQPHQWV ,Q WKH IROORZLQJ ZH ZLOO GHVFULEH RXU ELOLQJXDO WHUP

OLVW� ZKLFK LV XVHG LQ WKH VXEVHTXHQW SURFHGXUHV RI FRQFHSW

DOLJQPHQW DQG WUDQVODWLRQ JHQHUDWLRQ�

���� %LOLQJXDO 7HUP /LVW

2XU ELOLQJXDO WHUP OLVW LV H[WUDFWHG IURP WKH WZR JUDPPDUV� )RU

H[DPSOH� UHIHUULQJ WR WKH WZR JUDPPDU UXOHV RQ &,7<B1$0(6

SUHVHQWHG LQ WKH SUHYLRXV VHFWLRQ� ZH FDQ JHQHUDWH WKH IROORZLQJ

PDSSLQJV �E\ KDQG��

DWODQWD ↔�ý^U � EDOWLPRUH ↔£10ÿ � HWF�

7KHUH DUH DOVR FDVHV ZLWK PDQ\�WR�PDQ\ PDSSLQJV� VXFK DV

ORV DQJHOHV _ O D ↔ V�ú � VDOW ODNH FLW\ _ VDOW ODNH ↔ ��Ä �

DQG ZDVKLQJWRQ LV PDSSHG WR ��E DV D FLW\� EXW WR ��E 

DV D VWDWH� 2YHUDOO� RXU ELOLQJXDO WHUP OLVW KDV ��� WUDQVODWLRQ

SDLUV H[WUDFWHG IURP WKH WZR JUDPPDUV�

���� &RQFHSW $OLJQPHQW LQ WKH 3DUDOOHO 7UDLQLQJ &RUSRUD

7KH HVVHQFH RI RXU (%07 DSSURDFK OLHV LQ D VHW RI DOLJQHG

FRQFHSW VHTXHQFHV LQ WKH SDUDOOHO WUDLQLQJ FRUSRUD� )RU HDFK SDLU

RI (QJOLVK DQG &KLQHVH WUDQVODWLRQV LQ WKH WUDLQLQJ VHW� ZH REWDLQ

D SDLU RI FRQFHSW VHTXHQFHV E\ VKDOORZ SDUVLQJ ZLWK WKH LQGXFHG

JUDPPDUV� &RQVLGHU WKH IROORZLQJ SDLU RI WUDQVODWLRQV�

(QJOLVK� ZKDW¶V WKH HDUOLHVW IOLJKW IURP QDVKYLOOH WR WDFRPD RQ

DPHULFDQ RQ WXHVGD\ WKH HLJKWHHQWK RI PD\

&RQFHSWV �(QJOLVK�� �(�48(5<!�(�683(5/$7,9(!�(�)/,*+7!

�(�5287,1*!�(�$,5/,1(B1$0(!�(�'(3$5785(B'$7(!

&KLQHVH� °��­�p<�ùv´<6#Z27OyBÿ�

ðÔ�ÍÈ°!�²

&RQFHSWV �&KLQHVH�� �&�48(5<!�&�$,5/,1(B1$0(!

�&�'(3$5785(B'$7(!�&�5287,1*!�&�683(5/$7,9(!�&�)/,*+7!�

'LIIHUHQFHV LQ FRQFHSW RUGHULQJ UHIOHFW WKH GLIIHUHQFHV LQ ZRUG

RUGHU EHWZHHQ (QJOLVK DQG &KLQHVH� &RQFHSWV PD\ EH QHVWHG�

H�J� 25,*,1 DQG '(67,1$7,21 DUH QHVWHG LQ 5287,1*�

:H DSSOLHG WZR UXOHV LQ DOLJQLQJ FRQFHSW VHTXHQFHV IURP WKH

VRXUFH DQG WDUJHW ODQJXDJHV�

� )RU H[DPSOH� LQ (QJOLVK ZH VD\ ³IOLJKW IRXU VHYHQWHHQ�´ EXW LQ &KLQHVH

ZH VD\ ³�+.p�´�
� 7KH SUHIL[HV (�;;; DQG &�;;; GHQRWHV WKDW WKH FRQFHSW ;;; LV

REWDLQHG IURP WKH (QJOLVK RU &KLQHVH TXHU\ UHVSHFWLYHO\�

�L� ,I WKH FRQFHSW ;;; DSSHDUV RQFH LQ WKH (QJOLVK VHTXHQFH DQG

RQFH LQ WKH &KLQHVH VHTXHQFH� (�;;; DQG &�;;; DUH PDSSHG

WR HDFK RWKHU GLUHFWO\ �H�J� UHIHU WR WKH FRQFHSW

$,5/,1(B1$0( LQ )LJXUH ���

�LL� ,I WKH FRQFHSW ;;; DSSHDUV PXOWLSOH WLPHV LQ WKH (QJOLVK �

&KLQHVH FRQFHSW VHTXHQFHV� ZH PDS WKHP WR HDFK RWKHU RQO\

LI WKHLU WHUPLQDOV IRUP WUDQVODWLRQ SDLUV DFFRUGLQJ WR RXU

ELOLQJXDO WHUP OLVW� $V DQ H[DPSOH� UHIHU WR )LJXUH �� ZKHUH

(�&,7<B1$0(� LV PDSSHG ZLWK &�&,7<B1$0(� EHFDXVH

QDVKYLOOH DQG OyBÿ IRUP D WUDQVODWLRQ SDLU� DQG

(�&,7<B1$0(� LV PDSSHG ZLWK &�&,7<B1$0(� EHFDXVH

WDFRPD DQG Ô�Í IRUP D WUDQVODWLRQ SDLU� 7KH UHVXOWLQJ

DOLJQPHQW LV VKRZQ LQ )LJXUH ��

)LJXUH �� $Q H[DPSOH RI FRQFHSW DOLJQPHQWV IURP WKH (QJOLVK

DQG &KLQHVH YHUVLRQV RI D WUDLQLQJ TXHU\�

:H DOVR VWRUH WKH VFRUH FRUUHVSRQGLQJ WR HYHU\ DOLJQPHQW� 7KH

DOLJQPHQW VFRUH �6$� LV GHILQHG DV�
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ZKHUH &0 LV WKH QXPEHU RI PDWFKHG FRQFHSWV� DQG &1 LV WKH

QXPEHU RI FRQFHSWV ZLWKRXW D PDWFK� +HQFH WKH DOLJQPHQW LQ

)LJXUH � VFRUHV ����� VLQFH WKH RQO\ PLVPDWFKHG FRQFHSW LV WKH

SUHSRVLWLRQ (�35(�� 7KH RWKHU RUSKDQ FRQFHSWV �H�J� (�'$<�

(�35(�� HWF�� DUH QHVWHG LQ KLJKHU�OHYHO PDSSHG FRQFHSWV�

���� ,Q 6HDUFK RI DQ ([DPSOH 7UDQVODWLRQ

*LYHQ D WHVW TXHU\ LQ WKH VRXUFH ODQJXDJH� ZH REWDLQ LWV FRQFHSW

VHTXHQFH E\ VKDOORZ SDUVLQJ� 7KHQ ZH UHIHU WR RXU FRQFHSW

DOLJQPHQWV LQ WKH WUDLQLQJ VHW WR VHDUFK IRU DQ H[DPSOH

WUDQVODWLRQ� :H FRPSDUH WKH WHVW TXHU\¶V FRQFHSW VHTXHQFH ZLWK

HDFK WUDLQLQJ TXHU\¶V FRQFHSW VHTXHQFH� DQG PD\ HQFRXQWHU WKH

IROORZLQJ FDVHV�

�L� ([DFW PDWFK ± WKLV LV PRVW GHVLUDEOH DV ZH FDQ ILQG D

WUDLQLQJ TXHU\ ZLWK WKH VDPH FRQFHSW VHTXHQFH DV RXU WHVW

TXHU\� +HQFH ZH WDNH WKH FRUUHVSRQGLQJ WUDLQLQJ FRQFHSW

VHTXHQFH �LQ WKH WDUJHW ODQJXDJH� DQG SURFHHG WR JHQHUDWH

D WUDQVODWLRQ�

�LL� 5REXVW PDWFK ± LI ZH IDLO WR ILQG DQ H[DFW PDWFK� ZH

UHPRYH QRQ�FRQWHQW�FDUU\LQJ FRQFHSWV IURP WKH WHVW

TXHU\¶V FRQFHSW VHTXHQFH� DQG VHDUFK IRU D PDWFK DJDLQ�

([DPSOHV RI UHPRYDEOH FRQFHSWV LQFOXGH 35( �IRU

SUHSRVLWLRQV�� DQG ),//(5 �H�J� SOHDVH� RND\� HWF���

�LLL� 1R PDWFK ± LI ZH IDLO WR ILQG D UREXVW PDWFK� WKH WHVW

TXHU\¶V FRQFHSW VHTXHQFH �LQ WKH VRXUFH ODQJXDJH� LV XVHG

GLUHFWO\ LQ WKH QH[W VWHS WR JHQHUDWH D WUDQVODWLRQ�

(DFK PDWFKHG H[DPSOH SURGXFHV D FRQFHSW VHTXHQFH LQ WKH

WDUJHW ODQJXDJH� DQG WKH VHTXHQFH LV VFRUHG LQ WHUPV RI WKH

RULJLQDO DOLJQPHQW VFRUH� ,W PD\ DOVR RFFXU WKDW PXOWLSOH
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PDWFKHG H[DPSOHV �Q!�� SURGXFH WKH VDPH �WDUJHW ODQJXDJH�

FRQFHSW VHTXHQFH� 8QGHU WKLV VLWXDWLRQ� ZH VFRUH WKH FRQFHSW

VHTXHQFH E\ DYHUDJH DFURVV DOO WKH PDWFKLQJ DOLJQPHQW VFRUHV�

���� *HQHUDWLQJ D 7UDQVODWLRQ

7KH PDWFKLQJ �IXOO � UREXVW� WUDLQLQJ H[DPSOHV SURYLGH D FRQFHSW

VHTXHQFH LQ WKH WDUJHW ODQJXDJH IRU JHQHUDWLQJ D WUDQVODWLRQ

RXWSXW� )RU HDFK FRQFHSW LQ WKH VHTXHQFH� ZH UHIHU WR WKH WDUJHW

ODQJXDJH JUDPPDU� WKH ELOLQJXDO WHUP OLVW� LWV DOLJQHG VRXUFH

ODQJXDJH FRQFHSW DQG LWV WHUPLQDO WR JHQHUDWH D SRUWLRQ RI WKH

WUDQVODWLRQ RXWSXW� ,I ZH REWDLQ PXOWLSOH SRVVLEOH JUDPPDU

WHUPLQDOV� H�J� �(�)/,*+7 → IOLJKW _ IOLJKWV�� D VHOHFWLRQ LV PDGH

DW UDQGRP� ,I ZH HQFRXQWHU QHVWHG FRQFHSWV� WKLV JHQHUDWLRQ

SURFHGXUH LV SHUIRUPHG UHFXUVLYHO\� 7KH RXWSXWV IURP DOO

FRQFHSWV DUH WKHQ DSSHQGHG �LQ WKH RUGHU RI WKH WDUJHW ODQJXDJH

FRQFHSW VHTXHQFH� WR SURGXFH WKH RYHUDOO RXWSXW� +HQFH ZH

SUHVHUYH WKH ZRUG RUGHU LQ WKH WDUJHW ODQJXDJH DV ZH JHQHUDWH

RXU WUDQVODWLRQ RXWSXW� +RZHYHU� WKH ZRUG RUGHU LV QRW SUHVHUYHG

LI ZH JHQHUDWH GLUHFWO\ IURP WKH VRXUFH ODQJXDJH¶V FRQFHSW

VHTXHQFH� L�H� LQ WKH FDVH RI QR PDWFK� ([DPSOHV RI WUDQVODWLRQ

RXWSXWV DUH VKRZQ LQ 7DEOH �� $V FDQ EH VHHQ� RXWSXWV LQ

&KLQHVH�WR�(QJOLVK WUDQVODWLRQ PD\ VXIIHU IURP WKH XVH RI

HUURUIXO LQIOHFWLRQDO IRUPV� 7KLV LV GXH WR WKH UDQGRP VHOHFWLRQ

RI YLDEOH WHUPLQDOV GXULQJ WKH JHQHUDWLRQ SURFHVV�

(QJOLVK LQSXW � \HV L
G OLNH WR ILQG D IOLJKW IURP PHPSKLV WR

WDFRPD VWRSSLQJ LQ ORV DQJHOHV

&KLQHVH RXWSXW

�([DFW 0DWFK�

� zã7oMN�ðÔ�ÍÖV�ú�p²

��L
G OLNH! �IURP! �PHPSKLV! �WR!

�WDFRPD! �VWRS LQ! �ORV DQJHOHV! �IOLJKW!�

&KLQHVH LQSXW � zÞ+�7ls/¦�Uª@ v�)R

ãB�­�p<�² ��L ZDQW! �IURP!

�PLDPL! �WR! �DURXQG! �ILYH S P! �WR!

�FKLFDJR! �DPHULFDQ DLUOLQHV! �IOLJKW!�

(QJOLVK RXWSXW

�5REXVW 0DWFK�

� L ZDQW IURP PLDPL WR FKLFDJR RQ DPHULFDQ

IOLJKWV GHSDUW DERXW ILYH S P

&KLQHVH LQSXW � #Z²Kªð®NBãNuoMNð®N

BãN ��VXQGD\! �QHZ \RUN! �WR! �ODV

YHJDV! �DQG! �PHPSKLV! �WR! �ODV YHJDV!�

(QJOLVK RXWSXW

�1R 0DWFK�

� GHSDUW RQ VXQGD\ IURP QHZ \RUN WR ODV YHJDV

DQG IURP PHPSKLV WR ODV YHJDV

7DEOH �� 7KUHH H[DPSOHV RI WUDQVODWLRQ RXWSXWV� ��� $ FDVH RI

([DFW PDWFK IRU (QJOLVK�WR�&KLQHVH WUDQVODWLRQ� ��� $ FDVH RI

5REXVW PDWFK IRU &KLQHVH�WR�(QJOLVK WUDQVODWLRQ� ��� $ FDVH RI

1R PDWFK IRU &KLQHVH�WR�(QJOLVK WUDQVODWLRQ�

���� (YDOXDWLQJ WKH 7UDQVODWLRQV

:H JHQHUDWHG WUDQVODWLRQV IRU ERWK $7,6�� WHVW VHWV ����� DQG

������ DQG DOVR WUDQVODWHG IURP (QJOLVK�WR�&KLQHVH DV ZHOO DV

IURP &KLQHVH�WR�(QJOLVK� :H DOVR UHFUXLWHG DQ LPSDUWLDO VXEMHFW

WR HYDOXDWH WKH RXWSXW RI WKH WUDQVODWLRQV� 7KH HYDOXDWRU LV DVNHG

WR JUDGH HDFK WUDQVODWLRQ ZLWK IRXU OHYHOV� )8// � LQGLFDWHV D

IXOO\ DFFHSWDEOH WUDQVODWLRQ� )8// � LQGLFDWHV D WUDQVODWLRQ WKDW

SUHVHUYHV PHDQLQJ� EXW ODFN LQ IOXHQF\� 3$57,$/ LQGLFDWHV VRPH

FRQFHSWV DUH PLVVLQJ� %$' LQGLFDWHV D WUDQVODWLRQ LV QRQVHQVLFDO�

(YDOXDWLRQ UHVXOWV DUH VKRZQ LQ 7DEOH ��

(QJOLVK�WR�&KLQHVH &KLQHVH�WR�(QJOLVK

*UDGH ���� 7HVW ���� 7HVW ���� 7HVW ���� 7HVW

)XOO� ����� ����� ����� �����

)XOO� ���� ���� ����� ����

3DUWLDO ���� ����� ����� �����

%DG ���� ���� ���� ����

7DEOH �� (YDOXDWLRQ RI WUDQVODWLRQ RXWSXWV E\ D KXPDQ VXEMHFW�

�� 6XPPDU\ DQG &RQFOXVLRQV

,Q WKLV SDSHU� ZH KDYH SUHVHQWHG DQ DSSURDFK IRU VHPL�DXWRPDWLF

JUDPPDU LQGXFWLRQ IURP XQ�DQQRWDWHG FRUSRUD� 7KH DSSURDFK

KDV EHHQ DSSOLHG WR (QJOLVK $7,6 TXHULHV� DQG LQ WKLV ZRUN ZH

GHPRQVWUDWH LWV SRUWDELOLW\ WR &KLQHVH TXHULHV� 7KH LQGXFHG

&KLQHVH JUDPPDU DFKLHYHG WKH VDPH OHYHO RI ODQJXDJH

XQGHUVWDQGLQJ SHUIRUPDQFH DV WKH (QJOLVK JUDPPDU� 7KH VHPL�

DXWRPDWLF QDWXUH RI RXU DSSURDFK JUHDWO\ UHGXFHV WKH DPRXQW RI

KDQGFUDIWLQJ LQ JUDPPDU GHYHORSPHQW� DQG WKH XVH RI XQ�

DQQRWDWHG FRUSRUD LPSOLHV PLQLPDO UHVRXUFHV DUH QHHGHG IRU

FRUSRUD SUHSDUDWLRQ� 7KH LQGXFHG JUDPPDUV ZHUH DOVR

LQFRUSRUDWHG LQ D EL�GLUHFWLRQDO (%07 IUDPHZRUN� 2XU

JUDPPDUV SUHVHUYH WKH ZRUG RUGHU GLIIHUHQFHV EHWZHHQ (QJOLVK

DQG &KLQHVH� 0RVW RI WKH WUDQVODWLRQ RXWSXWV ���� WR ���� DQG

ZHUH IOXHQW DQG DFFHSWDEOH E\ DQ LPSDUWLDO KXPDQ HYDOXDWRU� $Q

DGYDQWDJH RI WKH (%07 DSSURDFK LV WKDW WKH WUDQVODWLRQ TXDOLW\

FDQ EH LQFUHPHQWDOO\ LPSURYHG DV PRUH WUDLQLQJ GDWD LV DYDLODEOH�

,Q WKH IXWXUH� ZH SODQ WR H[WHQG WKH &KLQHVH�WR�(QJOLVK

WUDQVODWLRQ PHFKDQLVP ZLWK WKH DELOLW\ RI JUDPPDU FKHFNLQJ WR

JHQHUDWH DSSURSULDWH LQIOHFWLRQDO IRUPV�

�� $FNQRZOHJGHPHQWV

7KLV UHVHDUFK LV VXSSRUWHG E\ WKH +RQJ .RQJ *RYHUQPHQW

5HVHDUFK *UDQW &RXQFLO (DUPDUNHG *UDQW 1R� &8+.��������(�

�� 5HIHUHQFHV

>�@ 6LX� .� &�� 0HQJ� +� 0�� ³6HPL�$XWRPDWLF $FTXLVWLRQ RI

'RPDLQ�6SHFLILF 6HPDQWLF 6WUXFWXUHV´� 3URF� RI

(XURVSHHFK¶��� 9RO� �� SS� ���������� �����

>�@ %URZQ� 5�� ³([DPSOH�%DVHG 0DFKLQH 7UDQVODWLRQ LQ WKH

3DQJORVV 6\VWHP´� 3URF� RI &2/,1* ��� SS� ��������

>�@ =KDQJ� <�� %URZQ� 5�� DQG )UHGHUNLQJ� 5�� ³$GDSWLQJ DQ

([DPSOH�EDVHG 7UDQVODWLRQ 6\VWHP WR &KLQHVH´� +/7�����

�����

>�@ %HUJHU� $�� %URZQ� 3�� 'HOOD 3LHWUD� 6�� 'HOOD 3LHWUD� 9��

*LOOHWW� -�� /DIIHUW\� -�� 0HUFHU� 5�� 3ULQW]� +� DQG 8UHV /��

³7KH &DQGLGH 6\VWHP IRU 0DFKLQH 7UDQVODWLRQ´� 3URF� RI

WKH $53$ +/7 :RUNVKRS� �����

>�@ 1\EHUJ� (�� 0LWHUPXD� 7�� DQG &DUERQHOO� -�� ³7KH .DQW

0DFKLQH 7UDQVODWLRQ 6\VWHP� IURP 5	' WR ,QLWLDO

'HSOR\PHQW´� 3URF� RI WKH /,6$ :RUNVKRS RQ ,QWHJUDWLQJ

$GYDQFHG 7UDQVODWLRQ 7HFKQRORJ\� �����

>�@ 7DNH]DZD� 7�� 0RULPRWR� 7�� 6DJLVDND� <�� &DPSEHOO� 1��

,LGD� +�� 6XJD\D� )�� <RNRR� $� DQG <DPDPRWR� 6�� ³$

-DSDQHVH�WR�(QJOLVK 6SHHFK 7UDQVODWLRQ 6\VWHP� $75�

0$75,;´� 3URF� RI ,&6/3 ¶��� �����

>�@ :DLEHO� $�� /DYLH� $� DQG /HYLQ� /�� ³-DQXV� $ 6\VWHP IRU

7UDQVODWLRQ RI &RQYHUVDWLRQDO 6SHHFK´� .XHQVWOLFKH

,QWHOOLJHQ] �.,�� 9RO� �� �����

>�@ %XE� 7�� :DKOVWHU� :�� DQG :DLEHO� $�� ³:HUEPRELO� 7KH

&RPELQDWLRQ RI 'HHS DQG 6KDOORZ 3URFHVVLQJ IRU

6SRQWDQHRXV 6SHHFK 7UDQVODWLRQ´� 3URF� 2I ,&$663 ¶���

SS� ������ �����

>�@ 3ULFH� 3�� ³(YDOXDWLRQ RI 6SRNHQ /DQJXDJH 6\VWHPV� 7KH

$7,6 'RPDLQ´� 3URF� RI WKH $53$ +/7 :RUNVKRS� SS� ���

��� �����


