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'HSDUWPHQW RI (OHFWULFDO (QJLQHHULQJ
1DWLRQDO &KHQJ .XQJ 8QLYHUVLW\

7DLQDQ� 7DLZDQ� 5�2�&�

$EVWUDFW

,Q WKLV SDSHU� ZH VROYH WKH SUREOHPV RI KD]DUG�

IUHH V\QWKHVLV DQG GHFRPSRVLWLRQ RI DV\QFKURQRXV

VSHHG�LQGHSHQGHQW FLUFXLWV IRU WHFKQRORJ\ PDSSLQJ�
$OO KLJK IDQLQ JDWHV DUH GHFRPSRVHG LQWR JDWHV WKDW

FDQ EH LPSOHPHQWHG E\ WKH JDWH OLEUDU\� :H ILUVW DQD�

O\]H WKH FRQGLWLRQV ZKHUH KD]DUGV PD\ RFFXU GXULQJ
GHFRPSRVLWLRQ DQG WKHQ JLYH FRUUHVSRQGLQJ VWUDWHJLHV

WR VROYH WKHP� $OO WKH SURSRVHG DOJRULWKPV KDYH EHHQ

LPSOHPHQWHG DQG DSSOLHG WR WKH DV\QFKURQRXV EHQFK�
PDUNV WR YHULI\ WKHLU FRUUHFWQHVV� ([SHULPHQWDO UH�

VXOWV VKRZ WKDW OHVV DUHD LV UHTXLUHG LQ RXU ILQDO LP�

SOHPHQWDWLRQV�

� ,QWURGXFWLRQ

$V\QFKURQRXV VSHHG�LQGHSHQGHQW FLUFXLWV DUH

KD]DUG�IUHH XQGHU WKH XQERXQGHG JDWH GHOD\ DVVXPS�
WLRQ WKDW JDWH GHOD\V DUH XQERXQGHG EXW ILQLWH� DQG

WKHUH LV QR GHOD\ RQ ZLUHV� 6HYHUDO ZRUNV KDYH EHHQ

GRQH RQ WKH LPSOHPHQWDWLRQ RI VSHHG�LQGHSHQGHQW
FLUFXLWV XVLQJ EDVLF JDWHV >�� �� �@� *DWHV XVHG LQ WKHLU

LPSOHPHQWDWLRQV DUH DVVXPHG WR KDYH QR IDQLQ OLPLWV�

'HFRPSRVLWLRQ RI VSHHG�LQGHSHQGHQW FLUFXLWV KDV DOVR
EHHQ GRQH E\ >�� �� ��@� 7KH PHWKRG LQ >��@ GHFRP�

SRVHV KLJK IDQLQ JDWHV KD]DUG�IUHHO\ RQO\ IRU VRPH

JDWHV VLQFH IXUWKHU LPSOHPHQWDWLRQ VSDFH VHDUFKLQJ
DQG JDWH VKDULQJ DUH QRW FRQVLGHUHG� ,Q >�@� WKH VH�

TXHQWLDO HOHPHQW LQ D VSHHG�LQGHSHQGHQW FLUFXLW LV

GHFRPSRVHG LQWR WZR VHTXHQWLDO HOHPHQWV� RU D VH�
TXHQWLDO DQG D FRPELQDWLRQDO HOHPHQW DIWHU WKH FRU�

UHFWQHVV FRQGLWLRQV DUH DQDO\]HG� ,Q >�@� WKH\ SHUIRUP

ERWK FRPELQDWLRQDO DQG VHTXHQWLDO GHFRPSRVLWLRQV RI
FRPSOH[ JDWHV ZKLOH SUHVHUYLQJ WKH RULJLQDO EHKDYLRU

DQG VSHHG�LQGHSHQGHQFH�

6SHFLI\LQJ DQG DQDO\]LQJ VSHHG�LQGHSHQGHQW FLU�
FXLWV EDVHG RQ WKH 6LJQDO 7UDQVLWLRQ *UDSK �67*� KDV
WKH DGYDQWDJH WKDW LWV SUREOHP FRPSOH[LW\ LV MXVW SUR�

SRUWLRQDO WR WKH QXPEHU RI VLJQDOV� (DUO\ V\QWKHVLV RI
DV\QFKURQRXV FLUFXLWV RQ WKH 67* OHYHO KDV EHHQ GRQH

LQ >�� �� �@� +HUH� DOVR EDVHG RQ WKH 67* OHYHO� ZH

DQDO\]H WKH FRQGLWLRQV ZKHUH KD]DUGV PD\ RFFXU
ZKLOH GHFRPSRVLQJ D VSHHG�LQGHSHQGHQW FLUFXLW LQWR

FRPSRVHG RI ORZHU�IDQLQ JDWHV LPSOHPHQWDEOH E\ WKH

JDWH OLEUDU\� 6RPH VWUDWHJLHV IRU RYHUFRPLQJ WKHVH
SUREOHPV DUH DOVR SURSRVHG� 7KHQ WKH SURSRVHG DORJ�

ULWKPV DUH LPSOHPHQWHG DQG LQFRUSRUDWHG LQWR RXU

HDUOLHU DV\QFKURQRXV V\QWKHVLV V\VWHP >�@ IRU WKH

KD]DUG�IUHH V\QWKHVLV DQG GHFRPSRVLWLRQ RI VSHHG�

LQGHSHQGHQW FLUFXLWV�

� 3UHOLPLQDULHV

:H ILUVW LQWURGXFH WKH EDVLF SURSHUWLHV LQKHUHQW LQ

RXU LQSXW VSHFLILFDWLRQ� L�H�� VLJQDO WUDQVLWLRQ JUDSK

�67*��

��� 3HWUL QHW

$ 3HWUL QHW >�@ LV D TXDGUXSOH 1  �3� 7� )� P
�
��

ZKHUH 3 LV D VHW RI SODFHV� 7 LV D VHW RI WUDQVLWLRQV� ) ⊆
�3×7� ∪ �7×3� LV WKH IORZ UHODWLRQV EHWZHHQ SODFHV

DQG WUDQVLWLRQV� DQG P
�
LV WKH LQLWLDO PDUNLQJ� $ WUDQ�

VLWLRQ LV HQDEOHG ZKHQ DOO LWV IDQLQ SODFHV DUH PDUNHG�
:KHQ DQ HQDEOHG WUDQVLWLRQ ILUHV� LW UHPRYHV D WRNHQ

IURP HDFK IDQLQ SODFH DQG DGGV D WRNHQ WR HDFK IDQRXW

SODFH� $ VLPSOH SDWK LQ D 3HWUL QHW LV D VHTXHQFH RI
QRGHV ZKHUH DQ\ WZR DGMDFHQW QRGHV VDWLVI\ WKH IORZ

UHODWLRQ DQG QR QRGH DSSHDUV RQ LW PRUH WKDQ RQFH� $

VLPSOH F\FOH LV D VLPSOH SDWK EHVLGHV WKDW WKH ILUVW DQG
ODVW QRGHV DUH LGHQWLFDO�

��� 6LJQDO WUDQVLWLRQ JUDSK

$ VLJQDO WUDQVLWLRQ JUDSK �67*� LV DQ LQWHUSUHWHG
3HWUL QHW ZKRVH WUDQVLWLRQV DUH LQWHUSUHWHG DV WKH ULVLQJ
RU IDOOLQJ WUDQVLWLRQV RI VLJQDOV� )RU D VLJQDO D ZLWK
PXOWLSOH WUDQVLWLRQV� D

L LV XVHG WR VSHFLI\ WKH L�WK JHQ�
HULF WUDQVLWLRQ� $ WUDQVLWLRQ E

L LV D WULJJHU WUDQVLWLRQ RI
D

L LI LW©V D IDQLQ WUDQVLWLRQ RI D

L� $QG LW©V SHUVLVWHQW
ZLWK UHVSHFW WR D

L LI LWV QH[W WUDQVLWLRQ E

L�� LV RUGHUHG
ZLWK D

L� $Q 67* FDQ EH GHFRPSRVHG LQWR D VHW RI
PDUNHG JUDSKV �0*V� ZKHUH HDFK SODFH KDV RQO\ RQH
IDQLQ DQG RQH IDQRXW WUDQVLWLRQ� 7ZR WUDQVLWLRQV DUH
RUGHUHG LI WKHUH H[LVWV D VLPSOH F\FOH WR ZKLFK WKH\
EHORQJ� DQG DUH FRQFXUUHQW LI WKH\ EHORQJ WR WKH VDPH
0* EXW QRW RUGHUHG� RWKHUZLVH WKH\ DUH LQ FRQIOLFW�

� 7DUJHW FLUFXLW DUFKLWHFWXUH DQG LP�

SOHPHQWDWLRQ UHTXLUHPHQWV

��� 7DUJHW FLUFXLW DUFKLWHFWXUH
,Q )LJ� ��D�� WKH DUFKLWHFWXUH RI D VLJQDO QHWZRUN

IRU LPSOHPHQWLQJ VLJQDO D LV VKRZQ� ,W FRQWDLQV WKH
FRPELQDWLRQDO SDUWV� VHW DQG UHVHW WUDQVLWLRQ QHWZRUNV�
DQG D VWRUDJH XQLW� &�HOHPHQW� 7KH EHKDYLRU RI D &�

HOHPHQW� ZLWK WZR LQSXWV $� % DQG RQH RXWSXW &� FDQ
EH GHFULEHG DV &  $% � �$�%�&� $ JDWH LV HQ�
DEOHG �GLVDEOHG� LI LWV RXWSXW LV UHDG\ IRU D ULVLQJ �IDO�

OLQJ� WUDQVLWLRQ� 7KH VHW DQG UHVHW WUDQVLWLRQ QHWZRUNV



DUH UHVSRQVLEOH IRU HQDEOLQJ DQG GLVDEOLQJ WKH &�
HOHPHQW UHVSHFWLYHO\� 7KH WUDQVLWLRQ QHWZRUN� EHIRUH

GHFRPSRVLWLRQ� LV FRPSRVHG RI RQO\ RQH $1' JDWH

ZLWK SRVVLEOH KLJK�IDQLQ LQSXWV� 2XU SXUSRVH KHUH LV WR
GHFRPSRVH LW LQWR FDVFDGHG JDWHV LPSOHPHQWHG E\

JDWHV IURP WKH JDWH OLEUDU\� DV VKRZQ LQ )LJ� ��E��

��� 6SHHG�LQGHSHQGHQW DQG KD]DUG�IUHH LP�

SOHPHQWDWLRQ UHTXLUHPHQWV

,Q D VSHHG�LQGHSHQGHQW FLUFXLW� GXH WR WKH ODFN RI

D JOREDO FORFN� QR LQWHUQDO RU RXWSXW VLJQDO WUDQVLWLRQ
LV DOORZHG WR RFFXU XQH[SHFWHGO\� (DFK RXWSXW WUDQVL�

WLRQ VKRXOG IROORZ WKH LQSXW 67* VSHFLILFDWLRQ�

ZKHUHDV WKH LQWHUQDO WUDQVLWLRQV� WKRXJK QRW SHUFHLYHG
E\ WKH RXWVLGH HQYLURQPHQW� VKRXOG EH DFNQRZOHGJHG
E\ RWKHU SHUFHLYDEOH RXWSXW VLJQDOV WR JXDUDQWHH LWV

FRPSOHWLRQ� 7KH FRQGLWLRQV IRU VSHHG�LQGHSHQGHQW
FLUFXLWV WR EH LPSOHPHQWHG XVLQJ XQOLPLWHG IDQLQ

$1' JDWHV� FDOOHG PRQRWRQRXV FRYHU �0&� FRQGL�

WLRQV� KDYH EHHQ JLYHQ LQ >�� �@�

'HILQLWLRQ � $ JDWH FKDQJHV PRQRWRQRXVO\ LI LW
H[SHULHQFHV D ULVLQJ DQG IDOOLQJ WUDQVLWLRQ DW PRVW
RQFH DIWHU D WUDFLQJ RI WKH 67* IURP WKH LQLWLDO
PDUNLQJ�

7KHRUHP � )RU D VLJQDO QHWZRUN WR ZRUN VSHHG�
LQGHSHQGHQWO\ ZLWKRXW KD]DUGV� WKH IROORZLQJ FRQGL�
WLRQV KDYH WR EH VDWLVILHG� ��� HDFK WUDQVLWLRQ QHWZRUN
LV HQDEOHG RQO\ DIWHU DOO WKH WULJJHU WUDQVLWLRQV KDYH
EHHQ ILUHG� DQG VKRXOG EH GLVDEOHG EHIRUH WKH QH[W
WUDQVLWLRQ LV HQDEOHG� ��� QR WZR WUDQVLWLRQ QHWZRUNV
FDQ EH HQDEOHG DW WKH VDPH WLPH� DQG ��� HDFK WUDQVL�
WLRQ QHWZRUN VKRXOG FKDQJH PRQRWRQRXVO\�

'XH WR WKH RQH�KRW SURSHUW\ PHQWLRQHG LQ FRQGL�

WLRQ ���� DQ\ GHFRPSRVLWLRQ RI WKH 25 JDWH LV VWLOO

KD]DUG�IUHH� +HQFH WKH 25 JDWH FDQ EH GHFRPSRVHG DV
QHFHVVDU\ ZLWKRXW DQ\ DGGLWLRQDO FRQGVLGHUDWLRQV�

+HUH� ZH RQO\ SD\ RXU DWWHQWLRQ WR WKH GHFRPSRVL�

WLRQ RI KLJK�IDQLQ $1' JDWHV ZKLOH SUHVHUYLQJ WKH
LQKHUHQW KD]DUG�IUHH SURSHUWLHV DW WKH VDPH WLPH�

� 5HTXLUHPHQWV IRU KD]DUG�IUHH GH�

FRPSRVLWLRQ

)RU WZR FDVFDGHG JDWHV� KHUH WKH JDWHV UHIHU WR

$1' JDWHV LI QRW SDUWLFXODUO\ VSHFLILHG� WKH ULVLQJ

WUDQVLWLRQ RQ WKH LQWHUPHGLDWH JDWH FDQ EH DFNQRZO�
HGJHG E\ WKH ULVLQJ WUDQVLWLRQ RQ WKH ILQDO JDWH� 6LQFH

WKH ULVLQJ WUDQVLWLRQ RQ WKH ILQDO JDWH LV FDXVHG E\ WKH

LQWHUPHGLDWH JDWH DQG WKH SULPDU\ LQSXWV� +RZHYHU�
VXFK DFNQRZOHGJHPHQW SURSHUW\ FDQ QRW DOZD\V EH

DSSOLHG WR WKH LQWHUPHGLDWH IDOOLQJ WUDQVLWLRQ� 6LQFH WKH

IDOOLQJ WUDQVLWLRQ RQ WKH ILQDO JDWH FDQ EH FDXVHG HLWKHU
E\ WKH LQWHUPHGLDWH JDWH RU E\ WKH SULPDU\ LQSXWV�

%HVLGHV� VLQFH WKH WUDQVLWLRQ RQ WKH ILQDO JDWH

FKDQJHV PRQRWRQRXVO\� WKH KLJK�IDQLQ JDWH KDV WR EH
GHFRPSRVHG VR WKDW WKH LQWHUPHGLDWH JDWH DOVR

FKDQJHV PRQRWRQRXVO\ WR VROYH WKH DFNQRZOHGJHPHQW

SUREOHP RI WKH LQWHUPHGLDWH IDOOLQJ WUDQVLWLRQ� +HUH
VRPH VWUDWHJLHV DUH SURSRVHG IRU WKLV�

��� 'LUHFW DFNQRZOHGJHPHQW

6LQFH WKH WUDQVLWLRQ QHWZRUN RI D

L VKRXOG EH GLV�

DEOHG EHIRUH D

L�� LV HQDEOHG� WKLV GLVDEOHG FRQGLWLRQ

PD\ EH FDXVHG E\ WKH IDOOLQJ WUDQVLWLRQ HLWKHU RQ WKH
LQWHUPHGLDWH JDWH RU RQ WKH SULPDU\ LQSXWV RI WKH ILQDO

JDWH� 7KH LQWHUPHGLDWH IDOOLQJ WUDQVLWLRQ FDQ KHQFH EH

DFNQRZOHGJHG E\ WKH ILQDO JDWH LI WKH WUDQVLWLRQ QHW�
ZRUN FDQ EH JXDUDQWHHG WR EH GLVDEOHG E\ WKH LQWHU�

PHGLDWH JDWH EXW QRW E\ DQ\ RQH RI WKH SULPDU\ LQSXWV

RI WKH ILQDO JDWH�

'HILQLWLRQ � $ SULPDU\ LQSXW ] RI WKH ILQDO JDWH LV

DFNQRZOHGJHPHQW�IUHH LI LWV QH[W WUDQVLWLRQ ]L�� LV

HQDEOHG DIWHU WUDQVLWLRQ DL�� LV ILUHG�

7KHRUHP � )RU WZR FDVFDGHG $1' JDWHV LQ D WUDQ�

VLWLRQ QHWZRUN� LI DOO WKH SULPDU\ LQSXWV RI WKH ILQDO

JDWH DUH DFNQRZOHGJH�IUHH� ERWK WKH ULVLQJ DQG IDOOLQJ
WUDQVLWLRQV RQ WKH LQWHUPHGLDWH JDWH FDQ EH DFNQRZO�

HGJHG E\ WKH ILQDO JDWH�

)RU H[DPSOH� D ��LQSXW JDWH LV GHFRPSRVHG LQWR
WZR FDVFDGHG ��LQSXW JDWHV LQ )LJ� ��D�� ,I ]� ILUHV DIWHU

D� DV VKRZQ LQ )LJ� ��E�� QR KD]DUG RFFXUV VLQFH WKH

ILQDO IDOOLQJ WUDQVLWLRQ LV FDXVHG E\ WKH LQWHUPHGLDWH
JDWH� %XW LQ )LJ� ��F�� WKH ILQDO IDOOLQJ WUDQVLWLRQ FDQ

EH HLWKHU FDXVHG E\ \� RU ]��

��� &KDQJLQJ WKH SULPDU\ LQSXWV RI WKH ILQDO

JDWH

:KHQ V\QWKHVL]LQJ WKH WUDQVLWLRQ QHWZRUN RI WUDQ�

VLWLRQ D

L� WKH VLJQDOV QHFHVVDU\ IRU D PRQRWRQRXV
FRYHU FDQ EH SURSHUO\ UHDUUDQJHG VR WKDW WKH LQWHUPH�

GLDWH JDWH VWLOO NHHSV FKDQJLQJ PRQRWRQRXVO\ ZKLOH

PDNLQJ DOO WKH SULPDU\ LQSXWV RI WKH ILQDO JDWH DF�
NQRZOHGJHPHQW�IUHH� 7KLV� KRZHYHU� ZLOO LQFUHDVH WKH

V\QWKHVLV WLPH EHFDXVH WKH VHDUFKLQJ VSDFH LV HQ�

ODUJHG�

��� 1HZ DFNQRZOHGJHPHQW ZLUH

:KHQ WKH SULPDU\ LQSXWV RI WKH ILQDO JDWH FDQ QRW

EH PDGH DFNQRZOHGJHPHQW�IUHH DIWHU UHDUUDQJLQJ WKH
VLJQDOV� WKH LQWHUPHGLDWH IDOOLQJ WUDQVLWLRQ VKRXOG EH

DFNQRZOHGJHG HOVHZKHUH� 2QH VWUDWHJ\ SURSRVHG LQ

>��@ VROYHV WKLV E\ LQVHUWLQJ DQ DFNQRZOHGJHPHQW
ZLUH ZKLFK FRQQHFWV WKLV LQWHUPHGLDWH JDWH� ZLWK DQ

LQYHUWHU DWWDFKHG� WR RQH RU PRUH JDWHV LQ WKH FRPSOH�

PHQWDU\ WUDQVLWLRQ QHWZRUN� +RZHYHU� WKLV ZRUNV RQO\
ZKHQ WKH JDWH LV VWLOO LPSOHPHQWDEOH DIWHU WKH DGGL�

WLRQDO DFNQRZOHGJHPHQW ZLUH LV LQVHUWHG�

��� 25 JDWH VXEVWLWXWLRQ

7KLV VWUDWHJ\ UHSODFHV WKH QRQ�DFNQRZOHGJHPHQW�

IUHH VLJQDO ZLWK DQRWKHU DFNQRZOHGJHPHQW�IUHH RQH�

7KH VLJQDO LV LQVHUWHG VXFK WKDW RQO\ DQ 25 JDWH LV
HQRXJK IRU LWV LPSOHPHQWDWLRQ� 7R DYRLG WKH DGGLWLRQ�

DO DUHD RYHUKHDG E\ LQVHUWLQJ QHZ VLJQDOV� WKH EDVLF

FULWHULD IROORZHG KHUH LV QRW WR LQWURGXFH DGGLWLRQDO
WULJJHU WUDQVLWLRQV WR RWKHU VLJQDOV� 7DNH )LJ� ��D� IRU

H[DPSOH� WKH UXOHV IRU LQVHUWLQJ D QHZ DFNQRZOHGJH�

PHQW�IUHH VLJQDO L LQ WKH QHZ 67* FDQ EH VLPSO\ GH�
VFULEHG DV IROORZV�



�� 7KH IDQLQ WUDQVLWLRQ RI L� LV ]��

�� 7KH IDQRXW WUDQVLWLRQ RI L� LV D��

�� 7KH IDQLQ WUDQVLWLRQV RI L� DUH ]� DQG D�� DQG

�� 7KH IDQRXW WUDQVLWLRQV RI L� FDQ EH WKRVH H[�

LVWLQJ RQ WKH SDWKV IURP L� WR ]��

7KH HEHUJHQ�J FLUFXLW VKRZQ LQ )LJ� � LV XVHG DV
DQRWKHU H[DPSOH IRU GHFRPSRVLWLRQ� )LJ� ��D� LV WKH

UHVXOWLQJ 67* E\ LQVHUWLQJ D QHZ VLJQDO L IRU 25 JDWH

VXEVWLWXWLRQ� +HUH WKH IDQLQ WUDQVLWLRQV RI L� DUH VXS�
SRVHG WR EH D��� DQG [�� DQG WKH DUF IURP [� WR L� FDQ

EH UHPRYHG GXH WR LWV UHGXQGDQF\� )LJ� ��E� LV LWV

V\QWHKVL]HG UHVXOW�

��� $1' JDWH VXEVWLWXWLRQ

+HUH DQ DGGLWLRQDO VLJQDO L LV LQVHUWHG VXFK WKDW LW

UHIOHFWV WKH EHKDYLRU RI WKH LQWHUPHGLDWH JDWH� $OVR
WDNH )LJ� ��D� DV DQ H[DPSOH� WR PDNH L D VLJQDO LP�

SOHPHQWHG E\ $1' JDWH� WKH UXOHV IRU LQVHUWLQJ WUDQ�

VLWLRQV L� DQG L� LQ WKH QHZ 67* FDQ DOVR EH VLPSO\
GHVFULEHG DV IROORZV�

�� 7KH IDQLQ WUDQVLWLRQV RI L� DUH [� DQG \��

�� 7KH IDQRXW WUDQVLWLRQ RI L� LV D��

�� 7KH IDQLQ WUDQVLWLRQ RI L� LV HLWKHU [� RU \� EXW

QRW ERWK� DQG

�� 7KH IDQRXW WUDQVLWLRQV RI L� FDQ EH WKRVH H[�

LVWLQJ RQ WKH SDWKV IURP L� WR [� DQG \��

)LJ� ��D� LV WKH UHVXOWLQJ 67* E\ LQVHUWLQJ D QHZ

VLJQDO L IRU $1' JDWH VXEVWLWXWLRQ� +HUH WKH IDQLQ
WUDQVLWLRQV RI L� DUH VXSSRVHG WR EH F� DQG G�� DQG

WKH DUF IURP F� WR L� FDQ EH UHPRYHG DOVR GXH WR LWV

UHGXQGDQF\� )LJ� ��E� LV LWV LPSOHPHQWDWLRQ DIWHU V\Q�
WKHVLV�

� ([SHULPHQWDO UHVXOWV
7KH VWUDWHJLHV IRU GHDOLQJ ZLWK WKH GHFRPSRVLWLRQ

SUREOHPV KDYH EHHQ LPSOHPHQWHG DQG LQFRUSRUDWHG

LQWR RXU HDUOLHU V\QWKHVLV V\VWHP >�@� ,Q RXU H[SHUL�

PHQWV� WKH PD[LPXP IDQLQ RI $1' JDWHV LV DVVXPHG
WR EH WZR� 6R HYHU\ FLUFXLW LV V\QWKHVL]HG WR EH LP�

SOHPHQWHG XVLQJ RQO\ ��LQSXW $1' DQG 25 JDWHV�

$IWHU D QHZ VLJQDO LV LQVHUWHG� WKH QHZO\ FRQVWUXFWHG
67* KDV WR EH UHV\QWKHVL]HG XQWLO WKH UHVXOWLQJ FLUFXLW

FDQ EH LPSOHPHQWHG E\ JDWHV IURP WKH JDWH OLEUDU\�

$OO WKH H[SHULPHQWDO UHVXOWV FDQ EH REWDLQHG E\ RXU
V\QWKHVLV DQG GHFRPSRVLWLRQ V\VWHP ZLWKLQ D IHZ

VHFRQGV� ,W WDNHV RQO\ D IHZ PLQXWHV HYHQ IRU VRPH

ODUJHU H[DPSOHV�

7KH UHVXOWV DUH VKRZQ LQ 7DEOH �� &ROXPQV

¦�$GGV�§ DQG ¦�,WHUV�§ UHVSHFWLYHO\ UHSUHVHQW WKH

QXPEHU RI LQVHUWHG VLJQDOV DQG WKH QXPEHU RI LWHUD�
WLRQV IRU UHV\QWKHVLV� 7R FRPSDUH ZLWK >�@� RXU UHVXOWV

DUH DOVR VKRZQ DV �OLWHUDOV��&�HOHPHQWV� :KHQ WKH

VWRUDJH XQLW� L�H�� &�HOHPHQW� LV FRXQWHG DV WKUHH OLWHU�
DOV� ZH FDQ REWDLQ WKH WRWDO QXPEHU RI OLWHUDOV XVHG LQ

RXU UHVXOWV DQG WKRVH LQ >�@� )URP WKH UHVXOWV� ZH FDQ

VHH WKDW RXU V\QWKHVL]HG UHVXOWV XVH OHVV VWRUDJH XQLWV
DQG KHQFH OHVV DUHD�

� &RQFOXVLRQV
,Q WKLV SDSHU� ZH KDYH LQYHVWLJDWHG WKH SUREOHPV

RI V\QWKHVLV DQG GHFRPSRVLQJ DQ DV\QFKURQRXV VSHHG�

LQGHSHQGHQW FLUFXLW FRPSRVHG RI KLJK�IDQLQ JDWHV�
6RPH VWUDWHJLHV� DQDO\]HG RQ WKH 67* OHYHO� KDYH

EHHQ SURSRVHG IRU VROYLQJ WKHVH SUREOHPV� 7KH DOJR�

ULWKPV KDYH DOVR EHHQ LPSOHPHQWHG DQG LQFRUSRUDWHG
LQWR RXU HDUOLHU V\QWKHVLV V\VWHP� $OO WKH DV\QFKUR�

QRXV EHQFKPDUNV FDQ EH HDVLO\ V\QWKHVL]HG XVLQJ RXU

V\QWKHVLV V\VWHP ZLWK JDWHV VXSSRUWHG E\ WKH JDWH
OLEUDU\�

5HIHUHQFHV

>�@ 3� $� %HHUHO DQG 7� +��<� 0HQJ� $XWRPDWLF JDWH�OHYHO

V\QWKHVLV RI VSHHG�LQGHSHQGHQW FLUFXLWV� ,Q 3URF� ,Q�

WHUQDWLRQDO &RQIHUHQFH RQ &RPSXWHU�$LGHG 'HVLJQ�

SDJHV �������� �����

>�@ 6� 0� %XUQV� *HQHUDO FRQGLWLRQV IRU WKH GHFRPSRVL�

WLRQ RI VWDWH KROGLQJ HOHPHQWV� ,Q 3URF� 6\PSRVLXP RQ

$GYDQFHG 5HVHDUFK LQ $V\QFKURQRXV &LUFXLWV DQG

6\VWHPV� SDJHV ����� �����

>�@ -� &RUWDGHOOD� 0� .LVKLQHYVN\� $� .RQGUDW\HY� /�

/DYDJQR� DQG $� <DNRYOHY� 3HWULI\� D WRRO IRU PD�

QLSXODWLQJ FRQFXUUHQW VSHFLILFDWLRQV DQG V\QWKHVLV RI

DV\QFKURQRXV FRQWUROOHUV� ,Q ,(,&( 7UDQV� ,QI� 	 6\VW��

YRO� (���'� QR� �� SDJHV �������� 0DUFK �����

>�@ -��0� -RX� 5��'� &KHQ DQG .��0� /LQ� $Q LQWHJUDWHG

V\QWKHVLV V\VWHP IRU VSHHG�LQGHSHQGHQW DV\QFKURQRXV
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