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$EVWUDFW� 7KLV SDSHU GHVFULEHV UHVHDUFK LQ WKH DSSOLFDWLRQ RI DFRXVWLF HPLVVLRQ �$(� WR

ZKHHO�ZRUNSLHFH FRQWDFW GHWHFWLRQ� 7KLV SDSHU GLmHUHQWLDWHV LWVHOI E\ IRFXVLQJ RQ DQDO\]LQJ

WKH UDZ VLJQDO LQVWHDG RI WKH 506 VLJQDO DQG E\ H[SORULQJ WKH �JULW FRQWDFW� LQVWHDG RI

�ZKHHO FRQWDFW�� 7KH SRVVLELOLW\ DQG VHQVLWLYLW\ RI GHWHFWLRQ RI FRQWDFW ZLWK WKH KHOS RI

$( DUH GHPRQVWUDWHG� 5HVXOWV RI H[SHULPHQWDO HYDOXDWLRQ DUH SUHVHQWHG� 0HWKRGV VWXGLHG

LQFOXGH .XUWRVLV� 6NHZ� 09' VWDWLVWLFV� 523� ]HUR�FURVVLQJ DQG 3DJH
V WHVW�

.H\ZRUGV� &RQWDFW� *ULQGLQJ� $FRXVWLF HPLVVLRQ� 6LJQDO SURFHVVLQJ

�� ,1752'8&7,21

*ULQGLQJ LV D PDMRU PDQXIDFWXULQJ SURFHVV� ZKLFK DFFRXQWV IRU DERXW �� SHUFHQWV RI

WKH WRWDO H[SHQGLWXUH RQ PDFKLQLQJ RSHUDWLRQV LQ LQGXVWULDOL]HG FRXQWULHV �0DONLQ�������

0RUHRYHU� WKH JULQGLQJ SURFHVV LV YLUWXDOO\ WKH RQO\ PDFKLQLQJ RSHUDWLRQ ZKLFK FDQ EH

DSSOLHG WR DGYDQFHG FHUDPLF PDWHULDOV� 7KLV LQGXVWULDO LPSRUWDQFH DQG WKH IDFW WKDW WKH

JULQGLQJ SURFHVV LV FRQVLGHUHG D YHU\ H[SHQVLYH DQG WLPH FRQVXPLQJ WDVN PDNHV LW DSSUR�

SULDWH WR VWXG\ LWV RSWLPL]DWLRQ� &RQWDFW GHWHFWLRQ KHOSV WR PDLQWDLQ SRVLWLRQ DFFXUDF\ RI

WKH ZKHHO UHODWLYH WR ZRUNSLHFH� WR UHGXFH DLU JULQGLQJ WLPH� WR SUHYHQW ZRUNSLHFH GDPDJH

WKURXJK FUDVKLQJ DQG WR SUHYHQW UHODWHG SUREOHPV RI ORELQJ HWF��'RQJ HW DO� ������

7KH XVH RI $(� EDVLFDOO\ D WHFKQLTXH WR GHWHFW SXOVHV RI UHOHDVHG HODVWLF VWUDLQ HQHUJ\

FDXVHG E\ GHIRUPDWLRQ� FUDFN JURZWK DQG SKDVH FKDQJHV LQ D VROLG �$EXUDWDQL� ������ IRU

FRQWDFW GHWHFWLRQ� KDV EHHQ LQYHVWLJDWHG E\ 'RUQIHOG ������� ,QDVDNL HW DO�������� DQG KDV

VKRZHG SURPLVH DV D PRUH VXLWDEOH DQG VHQVLWLYH PHWKRG WKDQ WKRVH EDVHG RQ IRUFH RU



SRZHU �'RQJ HW DO� ����� ,QDVDNL HW DO�� ����� .DNLQR� ������ +RZHYHU� D FORVH ORRN DW WKH

SUHYLRXV UHVHDUFK UHYHDOV WKDW $(
UPV

�URRW PHDQ VTXDUH� ZDV SUHGRPLQDQWO\ VWXGLHG� WKH

UDZ $( VLJQDO KDV QRW UHFHLYHG WKH PXFK DWWHQWLRQ� 'XH WR $(UPV
V VWDWLVWLFDO�DYHUDJH

QDWXUH� VRPH LPSRUWDQW LQVWDQWDQHRXV IHDWXUHV� VXFK DV WKH LQLWLDO FRQWDFW RI WKH JULWV

ZLWK WKH ZRUNSLHFH� PD\ QRW EH UHYHDOHG WKURXJK LW� 7KHUHIRUH H[WUDFWLQJ FKDUDFWHULVWLFV

RI WKH UDZ $( VLJQDO LV DQ RSHQ DQG QHFHVVDU\ VWHS WR XVH HpFLHQWO\ $( IRU IDVW DQG

UHOLDEOH FRQWDFW GHWHFWLRQ�

:H DUH LQWHUHVWHG LQ �JULW FRQWDFW�� WKH LQLWLDO VWDJH RI FRQWDFW� 7KLV ZRUN GHDOV

ZLWK PHWKRGV IRU DQDO\]LQJ WKH $( VLJQDO� 7KHVH PHWKRGV DQG GLmHUHQW $( IHDWXUHV LQ

WKH WUDQVLWLRQ RI ZKHHO�ZRUNSLHFH FRQWDFW DUH VSHFLnFDOO\ GLVFXVVHG� DQG WKH UHVXOWV DUH

FRPSDUHG�

�� ([SHULPHQWV

7KH H[SHULPHQW ZDV FDUULHG RXW RQ (GJHWHN 6XSHUDEUDVLYH PDFKLQH� LQYROYLQJ WKH

PDWHULDO� LQFRQHO ���� )LJXUH � VKRZV WKH LQVWUXPHQW VHWXS� 7KH $( VLJQDO ZDV UHFHLYHG

E\ DQ $( VHQVRU �3$& 8��'���� ZKRVH IUHTXHQF\ FKDUDFWHULVWLFV DUH NQRZQ DQG PRXQWHG

GLUHFWO\ RQ WKH ZRUNVWDWLRQ� 7KH V\VWHP FRQVLVWV RI WKH VHQVRU� D SUHDPSOLnHU� D SRVW

DPSOLnHU DQG D GDWD DFTXLVLWLRQ V\VWHP ZKLFK LV D +3 (����$ UXQQLQJ LQ FRQWLQXRXV�

VDPSOLQJ PRGH DW ���� 0+]�

)LJ �� 6HWXS RI $( WHVW

*ULQGLQJ SDUDPHWHUV DUH DV IROORZLQJ�

q :KHHO SHULSKHUDO VSHHG� ���� USP

q :RUNSLHFH IHHG UDWH� �� LQ�PLQ�

q :KHHO GLDPHWHU� ��� LQ

q &RRODQW W\SH� 0DVWHU &KHPLFDO 9+3 ���

q &RRODQW oRZ UDWH� �� JDOORQ�PLQ�

q *ULQGLQJ ZKHHO W\SH� :2/)&2�&%1 �������������&%1� 0�2�6�����



:KHHO�ZRUNSLHFH FRQWDFW LQFOXGHV WZR VWDJHV� RQH FDQ EH GHnQHG DV �JULW FRQWDFW� LQ

ZKLFK WKH KLJKHU JULWV FRQWDFW ZLWK ZRUNSLHFH nUVW DQG JHQHUDWHV EXUVW W\SH $(� WKH RWKHU

LV �ZKHHO FRQWDFW� LQ ZKLFK WKH ZKHHO LV FRQWLQXRXVO\ LQ FRQWDFW ZLWK WKH ZRUNSLHFH DQG

WKXV JHQHUDWHV FRQWLQXRXV W\SH $(� 3UDFWLFDO FRQWDFW GHWHFWLRQ LV XVXDOO\ LPSOHPHQWHG LQ

�ZKHHO FRQWDFW� VWDJH� :H EHOLHYH LQ WKDW LW LV PRUH XVHIXO WR GHWHFW FRQWDFW LQ WKH �JULW

FRQWDFW� VWDJH� ZKLFK LV PLOOLVHFRQGV DKHDG RI IXOO FRQWDFW RI WKH ZKHHO DQG ZRUNSLHFH DQG

WKH SRVVLEOH FRQFRPLWDQW GDPDJH�

�� 7KH VLJQDO 3URFHVVLQJ

7ZR FULWHULD� WKH DPSOLWXGH LVVXH DQG WKH WLPH GXUDWLRQ LVVXH� FDQ EH HVWDEOLVKHG WR

GHWHFW FRQWDFW �:HEVWHU HW DO�� ������ ,I WKH WZR FULWHULD ZHUH PHW� LW ZRXOG EH UHDVRQDEOH

WR GHFODUH WKH FRQWDFW� )RU WKLV SXUSRVH� D QXPEHU RI VLJQDO SURFHVVLQJ WRROV ZHUH DSSOLHG�

6RPH VWDWLVWLFDO PHWKRGV� VXFK DV 1XWWDOO VWDWLVWLF� VKRZ QR SURPLVH KHUH� VR ZH GRQ
W

H[SORUH WKHP IXUWKHU�

���� .XUWRVLV DQG 6NHZ

7KH .XUWRVLV DQG 6NHZ VWDWLVWLFV KDYH DWWUDFWHG PXFK LQWHUHVW �-HPLHOQLDN 	 2WPDQ�

������ ,W LV VXSSRVHG WKDW DPRQJ WKH SDUDPHWHUV RI WKH $( VLJQDO� WKH 6NHZ DQG .XUWRVLV

RI DQ $( VLJQDO GLVWULEXWLRQ DUH VHQVLWLYH WR WKH SURFHVV FKDQJH� 7KH\ FDQ EH JLYHQ DV�
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���� =HUR�FURVVLQJ UDWH

$WWHQWLRQ ZDV SDLG WR ]HUR�FURVVLQJ UDWH IURP WKH YHU\ EHJLQQLQJ RI WKH XVH RI $(

�%DURQ 	 <LQJ� ������ $V WKH QDPH LPSOLHV� WKLV PHWKRG FRXQWV WKH QXPEHU RI ]HUR�

FURVVLQJ HYHQWV GXULQJ HDFK EORFN RI UDZ VLJQDO [�Q�� +HUH ZH FKRRVH 7  �� PV� PHDQLQJ

WKDW ZH FRXQW WKH QXPEHU RI ]HUR�FURVVLQJV LQ HDFK EORFN RI ��� VDPSOHV�



���� 523 �5DWLR RI 3RZHU�

7KH UDWLR RI SRZHU LV FDOFXODWHG IURP WKH SRZHU VSHFWUXP �36�� 7KH SRZHU LQ VRPH

IUHTXHQF\ UDQJH LQ WKH 36 LV GLYLGHG E\ WKH WRWDO� 7KH IRUPXOD LV

523  
Q�;

N Q�

M;
N
M� 

1b�;
N �

M;
N
M� ���

1 LV WKH FKRVHQ ))7 OHQJWK �KHUH LW LV ����� ;N LV WKH N
WK ))7 RXWSXW� DQG VXPPDWLRQ LV

RYHU DQ\ VSHFLnHG UDQJH RI IUHTXHQF\� SUHVHQWHG E\ Q� DQG Q�� ,Q RXU FDVH� XVH WKH UDQJH

������� N+]� $FWXDOO\� WKH UDQJHV ������� DQG ������� N+] DSSHDU WR EH XVHIXO DV ZHOO�

���� 09'�PHDQ YDOXH GLVSHUVLRQ�

7KH IRUP RI WKH VWDWLVWLF �&KHQ� ����� LV

09'�;�  
1b�;
N �

ORJ�
�

1

3
1b�

O �
;

O

;N

� ���

LQ ZKLFK ; GHQRWHV WKH ))7 YHFWRU RI D EORFN RI [�Q�� WKH FROOHFWHG UDZ VLJQDO� 1 LV WKH

EORFN OHQJWK� ;
N
LV WKH NWK ))7 RXWSXW� 6LQFH WKLV VWDWLVWLF UHTXLUHV [�Q� WR EH ZKLWHQLQJ

nUVW� ZH XVH WKH EDQG�OLPLWHG 09' LQVWHDG� 7KXV WKH IRUP LV DGDSWHG WR

09'�;�  
Q�;

N Q�

ORJ

�
�

Q�bQ���

3
Q�

O Q�
;O

;
N

�
���

7KH SUHIHUUHG IUHTXHQF\ EDQG LV GHWHUPLQHG E\ Q
�
DQG Q

�
� ,W LV IRXQG WKDW RQO\ WKH �����

N+] EDQG SURYHV WR EH XVHIXO WR FRQWDFW GHWHFWLRQ�

���� 3DJH
V 7HVW

7R VRPH H[WHQW� ZKHHO�ZRUNSLHFH FRQWDFW WULJJHUV D VZLWFK IURP RQH VWDWLVWLFDO VWDWH

�FRRODQW SURFHVV� WR DQRWKHU �JULQGLQJ SURFHVV�� :H DVVXPH WKDW WKHUH H[LVWV DQ LQGHSHQ�

GHQW REVHUYDWLRQV VHJPHQW [Q DQG DQ XQNQRZQ VZLWFKLQJ WLPH Q� IRU ZKLFK

[Q KDV GHQVLW\

|
I��[Q�� LI Q � Q�
I
�
�[

Q
�� LI Q ! Q

�

3DJH
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)LJXUH �� 5HVXOWV IURP LQFRQHO WHVW �� �D� $( 506� �E� EDQG�OLPLWHG $( 506 ���� �

I � ��� N+]�� �F� .XUWRVLV VWDWLVWLF� �G� 6NHZ VWDWLVWLF� �H� EDQG�OLPLWHG 09' VWDWLVWLF�

�I� EDQG�OLPLWHG 523 ���� � I � ��� N+]�� �J� ]HUR�FURVVLQJ UDWH� �K� 3DJH
V WHVW� 7KH

YHUWLFDO GDVKHG OLQHV UHSUHVHQW WLPH RI FRQWDFW GHWHFWLRQ�

�� 5HVXOWV DQG GLVFXVVLRQV

)LJXUH � VKRZV WKH UHVXOWV REWDLQHG IRU LQFRQHO WHVW � XVLQJ WKH DERYH VWDWLVWLFV� 1RWH WKDW

D SURPSW FRQWDFW GHWHFWLRQ FDQ EH REVHUYHG IURP WKLV nJXUH� 7KH\ DUH FRPSDUHG ZLWK WKH

WUDGLWLRQDO 506 PHWKRG� ERWK EURDGEDQG 506 DQG EDQG�OLPLWHG 506 �WKURXJK D EDQG

SDVV nOWHU nUVW�� ,W LV FOHDU WKDW EDQG�OLPLWHG 506 UHYHDOV WKH VDPH UHVXOW DV EURDGEDQG

506 GRHV� PHDQLQJ EDQG�OLPLWHG 506 WHOOV XV QRWKLQJ PRUH WKDQ WUDGLWLRQDO 506� DW

OHDVW LQ WKH FDVH RI FRQWDFW GHWHFWLRQ� KHQFH ZH VWXG\ 506 RQO\� 6LQFH KLJK DPSOLWXGHV

LPSO\ DEUXSW FKDQJH� DEVROXWH YDOXHV RI .XUWRVLV DQG 6NHZ ZHUH VKRZHG� ,Q WKH 09'

VWDWLVWLF DQG ]HUR�FURVVLQJ UDWH PHWKRGV� D ORZ SDVV nOWHU ZDV XVHG DV WKH ODVW VWHS�

,Q HDFK VWDWLVWLF� D WKUHVKROG LV DGDSWLYHO\ VHW� UHIHUUHG WR WKH YDOXH EHIRUH WKH FRQWDFW

KDSSHQV� :KHQ WKH DPSOLWXGH UHDFKHV WKH WKUHVKROG� WKH FRQWDFW GHWHFWLRQ LV GHFODUHG�

7KH FRQWDFW WLPH �W� ZLOO EH FRPSDUHG ZLWK WKDW RI WKH 506 PHWKRG XVLQJ ��(�YE�

WKUHVKROG DQG XVHG WR DVVHVV WKH HpFLHQF\ RI GLmHUHQW PHWKRGV� JLYHQ LQ 7DEOH ��

$V H[SHFWHG� .XUWRVLV YDOXH LV DVVHVVHG DQ LPSXOVH DW WKH PRPHQW RI FRQWDFW RFFXUV�

,W LV ZRUWK PHQWLRQLQJ WKDW� LQ )LJXUH � �F� DQG �G� �.XUWRVLV DQG 6NHZ VWDWLVWLFV�� ZH

FRQMHFWXUH WKDW WKH nUVW VSLNH LV UHODWHG WR �JULW FRQWDFW� DQG WKH VHFRQG VSLNH WR �ZKHHO



PHWKRG WKUHVKROG K W�PV� W506 b W �PV�

506 ��(�YE� ��� ���� �

.XUWRVLV ���(�YE� �� ���� ���

6NHZ ���(�YE� �� ���� ���

09' ���(�YE� ��� ���� ����

523 �(�YE� ��� ���� ���

]HUR UDWH ���(�YE� �� ���� ���

SDJH �������� ���� ���

7DEHOD �� &RQWDFW GHWHFWLRQ XVLQJ GLmHUHQW PHWKRGV� ,Q WKLV WDEOH� W PHDQV WKH WLPH RI

FRQWDFW� W506 UHSUHVHQWV WKH FRQWDFW WLPH GHWHFWHG E\ WKH 506 PHWKRG� YE DUH YDOXHV VHW

REWDLQHG XVLQJ HDFK VWDWLVWLF GXULQJ WKH WLPH LQWHUYDO ZKHQ ZKHHO�ZRUNSLHFH LV LPSRVVLEOH

LQ FRQWDFW�

FRQWDFW��

7KH DERYH VWDWLVWLFV DQG WKH WKUHVKROG VHWWLQJ UXOHV DUH DSSOLHG WR WKH RWKHU � ,QFRQHO

WHVWV� DQG W506�W LV UHFRUGHG DV FRQWDFW GHOD\ 7� ,W VKRZV WKDW WKH GLmHUHQFH RI WKH

WKUHVKROG YDOXH IRU GLmHUHQW WHVWV LV ZLWKLQ �� SHUFHQW LQ WKH 09'� 523� ]HUR�FURVVLQJ

DQG 3DJH
V WHVW PHWKRGV� 7KH DQDO\]HG UHVXOWV DUH VKRZHG LQ 7DEOH ��

PHWKRG (�7��PV� }
�
�7� PLQ�7� PD[�7�

.XUWRVLV ���� ���� ��� ���

6NHZ ���� ���� ��� ���

09' ���� ����� ���� ����

523 ���� ���� ��� ���

]HUR UDWH ���� ���� ��� ���

SDJH ���� ���� ��� ���

7DEHOD �� &RQWDFW GHWHFWLRQ IRU GLmHUHQW WHVWV� ,Q WKLV WDEOH� (�7� PHDQV WKH HPSLULFDO

7 DQG }
�
LV WKH HPSLULFDO YDULDQFH RI 7�

,W LV QRWHG WKDW WKH 506 PHWKRG KDV WKH ODUJHVW FRQWDFW GHWHFWLRQ WLPH W� ZKLFK

PHDQV 506 PHWKRG LV WKH OHDVW VHQVLWLYH WR WKH FKDQJH IDFWRU � WKH EHJLQQLQJ RI FRQWDFW�

$OO RWKHU VWDWLVWLFV FDQ GHWHFW WKH FRQWDFW VHYHUDO PLOOLVHFRQGV HDUOLHU WKDQ WKH 506� 7KH\

DOO SURYH WR FRQWULEXWH WR IDVW DQG UHOLDEOH FRQWDFW GHWHFWLRQ� %DVHG RQ 7DEOH �� LW LV VDIH

WR VD\ WKDW WKH VWDWLVWLFV� LQFOXGLQJ .XUWRVLV� 6NHZ� 09'� 523� UDWH�FURVVLQJ DQG 3DJH
V

WHVW� DUH DOO PRUH HpFLHQW LQ FRQWDFW GHWHFWLRQ WKDW 506 PHWKRG�

:H EHOLHYH WKDW WKH FRQWDFW GHOD\ 7 LV UHODWHG WR WKH GLmHUHQFH EHWZHHQ �JULW FRQWDFW�

DQG �ZKHHO FRQWDFW�� 7KH 506
V DYHUDJH QDWXUH PDNHV LW IDLO WR GHWHFW �JULW FRQWDFW� DQG

RQO\ FDQ UHVSRQG WR WKH ODWHU �ZKHHO FRQWDFW� ZKHUH VWDWLRQDU\ DQG ODUJH HQRXJK 506

YDOXHV DUH UHYHDOHG� ZKLOH RWKHU VWDWLVWLFV VXFFHHG WR GHWHFW WKH �JULW FRQWDFW� GXH WR WKHLU

VSHFLDO IHDWXUHV ZKLFK PDNH WKHP VHQVLWLYH WR WKH WUDQVLHQW HYHQWV�

�� &RQFOXVLRQV

0RWLYDWHG WR nQG DQ HmHFWLYH PHWKRG WR GHWHFW ZKHHO� ZRUNSLHFH FRQWDFW� GLmHUHQW

VWDWLVWLFV DUH HPSOR\HG XVLQJ D KLJK VDPSOLQJ UDWH $( VLJQDO� %DVHG RQ WKH ZRUN SUH�

VHQWHG DERYH� LW FDQ EH FRQFOXGHG WKDW� $( WHFKQRORJ\ LV D SRZHUIXO WRRO IRU FRQWDFW

GHWHFWLRQ� VLQFH WKH $( UDZ VLJQDO GRHV WHOO VRPHWKLQJ WKDW WKH 506 VLJQDO MXVW PLVVHV�



VRPH VWDWLVWLF WRROV FDWFKLQJ IHDWXUHV RI WKH UDZ VLJQDO KDYH SURYHG XVHIXO DQG UHOLDEOH

WR FRQWDFW GHWHFWLRQ� HVSHFLDOO\ .XUWRVLV� 6NHZ� WKH 09' VWDWLVWLF DQG 3DJH
V WHVW� WKH

GLVFXVVHG VWDWLVWLFV DUH VHQVLWLYH WR WKH ?JULW FRQWDFW�� WKXV FDQ GHWHFW FRQWDFW VHYHUDO

PLOOLVHFRQGV EHIRUH WKH WUDGLWLRQDO �ZKHHO FRQWDFW�� )XWXUH UHVHDUFK ZLOO EH IRFXVHG RQ

nQGLQJ VXLWDEOH VWDWLVWLF WRRO WR FDWFK IHDWXUHV RI UDZ $( VLJQDO IRU GLmHUHQW DSSOLFDWLRQV�

VXFK DV JULQGLQJ F\FOH� EXUQ DQG FUDFN GHWHFWLRQ�

$FNQRZOHGJPHQW

7KLV UHVHDUFK ZDV VXSSRUWHG E\ WKH 16) XQGHU FRQWUDFW '0,��������� 7KDQNV

WR )DSHVS IRU 6XSSRUWLQJ 'U� 3DXOR 5 GH $JXLDU� 3URF� 1R� �����������

5()(5A(&,$6

$EXUDWDQL� +�� DQG 8FKLQR .�� ����� $FRXVWLF HPLVVLRQ �$(� PHDVXUHPHQW WHFKQLTXH LQ

SLH]RHOHFWULF FHUDPLFV� -SQ� -� $SSO� 3K\V�� 9RO���� SS���������

%DURQ� -� $� 	 <LQJ� 6� 3�� ����� 6HFWLRQ ��$FRXVWLF (PLVVLRQ 6RXUFH /RFDWLRQ� 1RQGH�

VWUXFWLYH 7HVWLQJ +DQGERRN ��QG HG��� 9RO� ��

&KHQ� %�� :LOOHWW� 3�� DQG 6WUHLW� 5�� ����� $ 7HVW RI 2YHUGLVSHUVLRQ LQ D 'DWD 6HW ZLWK

$SSOLFDWLRQ WR 7UDQVLHQW 'HWHFWLRQ� 3URFHHGLQJV RI WKH ���� &,66� 3ULQFHWRQ 1-�

0DUFK�

'RQJ� -�� :HEVWHU� -�� DQG :LOOHWW� 3�� ����� $SSOLFDWLRQ RI $( WR ZKHHO�ZRUN DQG

ZKHHO�WUXHU FRQWDFW GHWHFWLRQ LQ KLJK�VSHHG F\OLQGULFDO JULQGLQJ RSHUDWLRQV� 5HSRUW

� IRU *ULQGLQJ &HQWHU� 8QLYHUVLW\ RI &RQQHFWLFXW� 86$�

'RQJ� -�� :HEVWHU� -� $�� DQG :LOOHWW 3�� ����� /DERUDWRU\ DQG LQGXVWULDO WHVWLQJ RI

D PLFURSURFHVVRU�EDVHG DFRXVWLF HPLVVLRQ V\VWHP IRU JDS HOLPLQDWLRQ DQG GUHVVLQJ

YHULnFDWLRQ� 5HSRUW IRU *ULQGLQJ &HQWHU� 8QLYHUVLW\ RI &RQQHFWLFXW�

'RUQIHOG� '� $� 	 &DL� +� *�� ����� $Q ,QYHVWLJDWLRQ RI JULQGLQJ DQG ZKHHO ORDGLQJ XVLQJ

DFRXVWLF HPLVVLRQ� 7UDQVDFWLRQ RI WKH $60(� -RXUQDO RI (QJLQHHULQJ IRU ,QGXVWU\�

9RO� ���� SS�������

,QDVDNL� ,� 	 2NDPXUD� .�� ����� 0RQLWRULQJ RI GUHVVLQJ DQG JULQGLQJ SURFHVVHV ZLWK

DFRXVWLF HPLVVLRQ VLJQDOV� $QQDOV RI WKH &,53� YRO� ��� SS���������

-HPLHOQLDN� -� 	 2WPDQ� 2�� ����� 7RRO IDLOXUH GHWHFWLRQ EDVHG RQ DQDO\VLV RI DFRXVWLF

HPLVVLRQ VLJQDOV� -RXUQDO RI 0DWHULDOV 3URFHVVLQJ 7HFKQRORJ\� 9RO� ��� SS���������

.DNLQR� <�� (GD� +�� DQG .LVKL� .�� ����� 'HWHFWLRQ RI WKH VWDUWLQJ WLPH RI JULQGLQJ E\

PDNLQJ XVH RI DFRXVWLF HPLVVLRQ� -RXUQDO RI WKH -DSDQ VRFLHW\ RI PHFKDQLFDO HQJL�

QHHULQJ� 9RO� ��� 1R� �� SS������

0DONLQ� 6�� ����� *ULQGLQJ 7HFKQRORJ\� WKHRU\ DQG DSSOLFDWLRQ RI PDFKLQLQJ ZLWK DEUD�

VLYHV� (OOLV +RUZRRG /LPLWHG� &KLFKHVWHU� (QJODQG�

3DJH� (� 6�� ����� &RQWLQXRXV ,QVSHFWLRQ 6FKHPHV� %LRPHWULND� 9RO� ��� SS� ��������

:HEVWHU� -�� 'RQJ� :� 3�� DQG /LQGVD\� 5�� ����� 5DZ DFRXVWLF HPLVVLRQ VLJQDO DQDO\VLV

RI JULQGLQJ SURFHVV� $QQDOV RI WKH &,53� 9RO� ���


