
0RGHOLQJ DUELWUDULO\ ORQJ VHQWHQFH�VSDQQLQJ )� FRQWRXUV

E\ SDUDPHWULF FRQFDWHQDWLRQ RI ZRUG�VSDQQLQJ SDWWHUQV�

(YLWD )�)RWLQHD� 0LFKDHO $�9ODKDNLV� DQG *HRUJH 9�&DUD\DQQLV�

1DWLRQDO 7HFKQLFDO 8QLYHUVLW\ RI $WKHQV� (OHFWULFDO DQG &RPSXWHU (QJLQHHULQJ 'SW� 'LYLVLRQ RI &RPSXWHU 6FLHQFH�

'LJLWDO 6LJQDO 3URFHVVLQJ /DE�� �� +HURRQ 3RO\WHFKQLRX 6W� =RJUDSKRX ��� ��� $WKHQV� *UHHFH�

H�PDLO� HYLWD#LOVS�JU RU HIRWLQ#LPDJH�QWXD�JU

�,QVWLWXWH IRU /DQJXDJH DQG 6SHHFK 3URFHVVLQJ� ��� 0DUJDUL 6W� $WKHQV ������ *UHHFH

7HO � ���� ������� )D[ � ���� �������� (�PDLO� JFDUD#LOVS�JU�

$%675$&7

0RGHOLQJ )� FRQWRXUV RI DUELWUDULO\ ORQJ DQG FRPSOH[

VHQWHQFHV RI WKH *UHHN ODQJXDJH PD\ SURYH WR EH D

GLIILFXOW WDVN LI RQH FRQVLGHUV WKH YDULRXV SDUDPHWHUV

LQYROYHG� QDPHO\ IRFXV� SRVLWLRQ RI WKH SURPLQHQW YRZHO

ZLWKLQ ZRUGV� V\QWDFWLF VWUXFWXUH DQG W\SH RI H[SUHVVLRQ�

1RQH WKH OHVV� WKLV FRPSOH[LW\ PD\ EH VLJQLILFDQWO\

UHGXFHG LI WKH H[SUHVVLYH UHTXLUHPHQWV RI WKH DSSOLFDWLRQ

DUHD LQ PLQG DUH WDNHQ LQWR DFFRXQW� 6WXG\ RI WKH

H[SUHVVLYH UHTXLUHPHQWV RI WKH LQIRUPDWLRQ EURDGFDVWLQJ

DSSOLFDWLRQV UHYHDOHG WKDW WKH DIILUPDWLYH W\SH RI

H[SUHVVLRQ LV KHDYLO\ XVHG DQG UHJDUGOHVV RI VL]H DQG

FRPSOH[LW\� HDFK VHQWHQFH�VSDQQLQJ FRQWRXU PD\ EH FR�

PSRVHG RI RQO\ IRXU ZRUG�VSDQQLQJ SDWWHUQV� 7KLV UHVXOW

QRW RQO\ OHDGV WR VLJQLILFDQW VDYLQJV LQ WKH UHVRXUFHV

UHTXLUHG IRU D QDWXUDO VRXQGLQJ VSHHFK RXWSXW EXW DOVR

LQGLFDWHV D KLJKO\ VWUXFWXUHG LQWRQDWLYH FRPSRQHQW�

�� ,1752'8&7,21

6LQJOH ZRUG XWWHUDQFHV DUH H[WHQVLYHO\ XVHG LQ HYHU\GD\

GLVFRXUVH DQG SURYLGH WKH VLPSOHVW IRUP RI DQ RUDO

PHVVDJH� (DUOLHU ZRUN >�@� UHSRUWHG RQ WKH PRGHOLQJ RI

WKH )� SDWWHUQ E\ ZKLFK WKHVH XWWHUDQFHV FRQYH\

DIILUPDWLYH VWDWHPHQWV� 7KH VKDSH RI WKH SDWWHUQ GHSHQGV

RQ WKH SRVLWLRQ RI WKH SURPLQHQW YRZHO DV ZHOO DV WKH

QXPEHU RI YRZHOV SUHFHGLQJ �ZKLFK DUH FDOOHG OHDGLQJ�

DQG WKH QXPEHU RI YRZHOV WKDW IROORZ WKH SURPLQHQW RQH

�ZKLFK DUH FDOOHG WUDLOLQJ�� 6WXG\ RI WKH RUDO LQIOHFWLRQ RI

*UHHN YHUEV� D VOLJKWO\ PRUH FRPSOLFDWHG XWWHUDQFH�

UHYHDOHG DOVR WKDW WKH SDWWHUQV UHSRUWHG LQ >�@ PD\ EH

VXFFHVVIXOO\ XVHG WR PRGHO WKH LQIOHFWLRQDO HQYLURQPHQW�

7KH IDFW WKDW WKH VWUXFWXUH RI HDFK HQWLW\ PHQWLRQHG DERYH

LV PHUHO\ DQ DSSRVLWLRQ �RI VLPLODU REMHFWV�YHUEV�� D

VXEVWUXFWXUH RIWHQ IRXQG LQ WKH ODQJXDJH� VXJJHVWHG WKDW

ODUJH VHQWHQFHV VKRXOG DOVR EH H[DPLQHG� $UH WKH DERYH

PHQWLRQHG SDWWHUQV HQFRXQWHUHG LQ RWKHU VSHHFK

VWUXFWXUHV DV ZHOO RU GR VHQWHQFH�OHYHO )� SDWWHUQV

GHYHORS LQ D GLIIHUHQW ZD\ GXH WR VHQWHQFH�OHYHO IDFWRUV "

,Q RUGHU WR DQVZHU WKLV TXHVWLRQ DQ H[WHQVLYH H[SHULPHQW

ZDV IRUPXODWHG E\ WDNLQJ LQWR DFFRXQW WKH IROORZLQJ

SURVRGLF DWWULEXWHV DQG SDUDPHWHUV�

�� 6(17(1&( /(9(/ 35262',& $775,%87(6

:RUG 3URPLQHQFH� (YHQ WKRXJK WKH �(PSKDVLV� RU

�:RUG 3URPLQHQFH� PHFKDQLVP LV H[DPLQHG E\ RWKHU

UHVHDUFKHUV >�@ DQG LV ZHOO XQGHUVWRRG� LW LV UHFRQVLGHUHG

KHUH PDLQO\ IRU WKH IROORZLQJ UHDVRQ� ,Q RXU H[SHULPHQWV

LW ZDV IRXQG WKDW HYHQ WKRXJK WKH VHQWHQFHV XVHG� ZHUH

XWWHUHG ZLWK QR HPSKDVLV SODFHG ZKDWVRHYHU RQ DQ\ RI

WKH ZRUGV XVHG� WKHUH GR H[LVW FHUWDLQ V\QWDFWLF VWUXFWXUHV

UHDOL]HG RQO\ WKURXJK :RUG 3URPLQHQFH� $ GLVWLQFWLRQ

VKRXOG EH WKHUHIRUH GUDZQ EHWZHHQ :RUG 3URPLQHQFH DV

D PHFKDQLVP IRU LQWHQWLRQDOO\ DOWHULQJ WKH IRFXV ZLWKLQ D

VHQWHQFH DQG DV DQ LQWULQVLF SURSHUW\ RI FHUWDLQ V\QWDFWLF

VWUXFWXUHV� ,Q WKLV SDSHU RQO\ WKH VHFRQG FDVH LV

FRQVLGHUHG�

7\SH RI H[SUHVVLRQ� ,W LV NQRZQ >�@� WKDW VRPH RI WKH

PRVW LPSRUWDQW DSSOLFDWLRQV RI 6SHHFK 6\QWKHVLV OLH LQ

WKH LQIRUPDWLRQ EURDGFDVWLQJ DUHD� ,Q WKLV UHVSHFW� RQO\

DIILUPDWLYH VWDWHPHQWV ZHUH FRQVLGHUHG LQ WKLV

H[SHULPHQW EHFDXVH WKH UHVXOWV REWDLQHG FRXOG EH HDVLO\

LQWHJUDWHG LQ RXU FXUUHQW 776 V\VWHP DQG SRVVLEOH

DSSOLFDWLRQV FRXOG LPPHGLDWHO\ EH DGGUHVVHG�

�� 6(17(1&( /(9(/ 3$5$0(7(56

6\QWDFWLF VWUXFWXUH� ,W LV WKH PDLQ VHQWHQFH OHYHO

SDUDPHWHU WKDW ZDV WDNHQ LQWR DFFRXQW LQ RUGHU WR

LQYHVWLJDWH WKH GHSHQGHQFH RI WKH )� SDWWHUQ VWUXFWXUH RQ

WKH V\QWDFWLF VWUXFWXUH RI WKH XWWHUDQFH� 7KH OLVW RI WKH

V\QWDFWLF VWUXFWXUHV XVHG LV H[KDXVWLYH DQG FRYHUV D YDVW

YDULHW\ RI WH[WV WKDW PD\ EH HQFRXQWHUHG LQ WKH

DSSOLFDWLRQ DUHDV RI LQWHUHVW� 7KH SUHVHQWDWLRQ GHYHORSV

LQ WKUHH OHYHOV DQG IRU HDFK OHYHO� WKH V\QWDFWLF

SKHQRPHQD LQYHVWLJDWHG DUH UHSRUWHG LQ VKRUW EHORZ�

3KUDVH OHYHO�

• $JUHHPHQW EHWZHHQ DUWLFOH DQG QRXQ

• $JUHHPHQW EHWZHHQ DGMHFWLYH DQG QRXQ

• 1RXQ SKUDVH� 1RXQ � PRGLILHU

• 1RXQ SKUDVH� 1RXQ � FRPSOHPHQW

• &RRUGLQDWLRQ 'HSHQGLQJ RQ WKH NLQG RI FRQMXQFWLRQ�

WKH �DQG�� �RU�� �QHLWKHU QRU� DQG �HLWKHU RU� W\SHV RI

FRRUGLQDWLRQ ZHUH LQYHVWLJDWHG�

6HQWHQFH OHYHO�

• 7HQVH�

• $ULW\� 7KH IROORZLQJ FDVHV ZHUH LQYHVWLJDWHG

6XEMHFW � YHUE� �69 ��

6XEMHFW � YHUE � REMHFW� �692 ��

6XEMHFW � YHUE � REMHFW � GLUHFW REMHFW �6922��

• 1HJDWLRQ� û0� �GR�GRHV QRW� DQG������ �GR QRW��

• 4XDQWLILHUV ��VRPH���

• $GYHUELDOV�

• 3DVVLYH YRLFH�

• &OLWLFV� %RWK HQFOLWLFV DQG SURFOLWLFV ZHUH H[DPLQHG�



• 5HIOH[LYHV�

• &RPSDULVRQ�� 5HODWLYH� $EVROXWH DQG &RLQFLGHQFH�

• ([WUDSRVLWLRQ� WKH WHUPV RI WKH 692 VWUXFWXUH DUH

UHRUGHUHG ZLWKRXW DQ\ PRGLILFDWLRQ RI WKH PHDQLQJ�

• ([WHQVLRQV RI WKH EDVLF 692 VWUXFWXUH� LQFOXGLQJ

VHQWHQFHV FRQVWUXFWHG E\ DGGLQJ D YHUE RU HYHQ PRUH

WHUPV WR DOO RI WKH DERYH SKUDVHV� DV ZHOO DV VHQWHQFHV

FRQWDLQLQJ SUHSRVLWLRQDO SKUDVHV�

&RQQHFWHG VHQWHQFHV OHYHO�

• &RRUGLQDWLRQ� 'HSHQGLQJ RQ WKH NLQG RI FRQMXQFWLRQ

XVHG� VHYHUDO FDVHV ZHUH LQYHVWLJDWHG

• 6XERUGLQDWLRQ� 'HSHQGLQJ RQ WKH NLQG RI FRQMXQFWLRQ

VHYHUDO FDVHV ZHUH DOVR LQYHVWLJDWHG

• 6XERUGLQDWLRQ�

6SHDNLQJ UDWH� 7KLV SDUDPHWHU DIIHFWV WKH VKDSH RI WKH

SDWWHUQV� (VSHFLDOO\ GXULQJ IDVW UDWHG VSHHFK� )� SDWWHUQV

GR QRW IXOO\ GHYHORS GXH WR SRRU DUWLFXODWLRQ� ,Q RXU

H[SHULPHQW WKH PDWHULDO ZDV XWWHUHG LQ QRUPDO UDWH� WKH

QRUPDO UDWH EHLQJ FRQVLGHUHG DV WKH WDUJHW VSHHFK UDWH RI

RXU 776 V\VWHP�

3DXVHV� 3DXVHV DUH LQVHUWHG HLWKHU DW WKH SRVLWLRQ RI D

FRPPD RU D IXOOVWRS RU LQWHQWLRQDOO\ DW DQ\ RWKHU SRVLWLRQ

ZLWKLQ DQ XWWHUDQFH LQ RUGHU WR UHQGHU WKH VSHHFK PHVVDJH

FOHDU� ,Q WKLV H[SHULPHQW� WKH VSHDNHUV ZHUH OHIW IUHH WR

SDXVH DW DQ\ WLPH LW VHHPHG FRQYHQLHQW LQ RUGHU WR

SURGXFH DV FOHDUHU VSHHFK PDWHULDO DV SRVVLEOH�

�� :25' /(9(/ 3$5$0(7(56

7KH RQO\ SDUDPHWHU WKDW ZDV WDNHQ LQWR DFFRXQW LV WKH

SRVLWLRQ RI WKH SURPLQHQW YRZHO RI D ZRUG SURQRXQFHG

ZLWKLQ D VHQWHQFH� ,Q *UHHN� RQO\ RQH RI DQ\ RI WKH ODVW

WKUHH YRZHOV PD\ EH SURPLQHQW ZLWKLQ D ZRUG� 7KH UDQJH

DQG WKH VKDSH RI WKH )� SDWWHUQV VSDQQLQJ D VLQJOH ZRUG�

DUH DIIHFWHG E\ ERWK WKH SRVLWLRQ RI WKH SURPLQHQW YRZHO�

DQG WKH SRVLWLRQ RI WKH SURPLQHQW YRZHO RI WKH SUHFHGLQJ

DQG WKH IROORZLQJ ZRUG�

�� )2508/$7,21 2) (;3(5,0(176

)RU WKH DFWXDO H[SHULPHQW� D VHW RI SURWRW\SH WHPSODWH

VHQWHQFHV � HDFK FRUUHVSRQGLQJ WR D VSHFLILF V\QWDFWLF

VWUXFWXUH � ZDV IRUPHG E\ XVLQJ PXOWLYRZHO ZRUGV� (DFK

ZRUG FRQVLVWHG RI DW OHDVW WZR OHDGLQJ DQG WZR WUDLOLQJ

YRZHOV WKXV� DOORZLQJ IRU WKH FRPSOHWH GHYHORSPHQW RI

WKH ZRUG�OHYHO )� SDWWHUQV� 2XU LQYHVWLJDWLRQ WRRN LQWR

DFFRXQW D JUHDW QXPEHU RI SRVVLEOH YDULDWLRQV >�@ RI WKH

WHPSODWH VHQWHQFH� 0RUHRYHU� PRUH FRPSOLFDWHG

VWUXFWXUHV ZHUH XWWHUHG DQG H[DPLQHG E\ FRQFDWHQDWLQJ D

JUHDW YDULHW\ RI SURWRW\SH WHPSODWH RQHV�

7KH VHQWHQFHV ZHUH XWWHUHG WZLFH� LQ D UHOD[HG PDQQHU E\

D PDOH DV ZHOO DV D IHPDOH QDWLYH *UHHN VSHDNHU� ,Q WKLV

ZD\� D WRWDO RI ��� XWWHUDQFHV ZDV REWDLQHG� 7KH

VWUXFWXUH RI HDFK VHQWHQFH DV ZHOO DV WKH H[SUHVVLRQ

FRQYH\HG �QRQ HPSKDWLF DIILUPDWLRQV� ZDV LQIRUPDOO\

FRQILUPHG E\ *UHHN VWXGHQWV XQIDPLOLDU ZKDWVRHYHU ZLWK

WKH VSHDNHUV� )RU HDFK VHQWHQFH� WKH )� FXUYH ZDV

H[WUDFWHG� REVHUYHG� PRGHOHG DQG WKH UHVXOWLQJ PRGHO

TXDOLW\ ZDV LQIRUPDOO\ HYDOXDWHG�

�� 35(6(17$7,21 2) 7+( 5(68/76

���� 0RGHOLQJ RI WKH ZRUG�VSDQQLQJ SDWWHUQV

$FFRUGLQJ WR WKH WKRURXJK H[DPLQDWLRQ RI WKH XWWHUDQFHV

XVHG IRU WKLV H[SHULPHQW WKH IROORZLQJ SDWWHUQV ZHUH

H[WUDFWHG DQG PRGHOHG XVLQJ SLHFHZLVH OLQHDU

DSSUR[LPDWLRQ�

,QWURGXFWLYH >,Q@� 7KH SDWWHUQ LV XVHG IRU WKH

LQWURGXFWLRQ RI D PDLQ RU D VXERUGLQDWH FODXVH DQG LV

XVHG LQ HYHU\ QRQ ILQDO DQG QRQ SUH�SDXVDO SRVLWLRQ� ,W

FRQYH\V WKH PHVVDJH WKDW PRUH LQIRUPDWLRQ IROORZV DQG

WKH VHQWHQFH KDV QRW WHUPLQDWHG� ,Q ILJXUH � WKH SLHFHZLVH

OLQHDU DSSUR[LPDWLRQ WR WKLV SDWWHUQ LV VKRZQ� 3RLQW �

FRLQFLGHV ZLWK WKH EHJLQQLQJ RI WKH ZRUG� SRLQW � ZLWK

WKH EHJLQQLQJ RI WKH V\OODEOH WKDW FRQWDLQV WKH SURPLQHQW

YRZHO� SRLQW � ZLWK WKH EHJLQQLQJ RI WKH XOWLPDWH� SRLQW �

ZLWK WKH PLGGOH ZLWK WKH XOWLPDWH YRZHO ZKLOH � ZLWK WKH

HQG RI WKH ZRUG�

(PSKDVL]LQJ >(P@� 7KH SDWWHUQ LV HQFRXQWHUHG DW D

VHQWHQFH QRQ ILQDO SRVLWLRQ DQG LWV PLVVLRQ LV WKH

LQWHQWLRQDO DOWHUDWLRQ RI WKH IRFXV� (YHQ WKRXJK LW LV

VLPLODU WR WKH ,QWURGXFWLYH SDWWHUQ� LWV DOLJQPHQW LV

VLJQLILFDQWO\ GLIIHUHQW� 3RLQW � FRLQFLGHV ZLWK WKH

EHJLQQLQJ RI WKH ZRUG� SRLQW � ZLWK WKH EHJLQQLQJ RI WKH
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SURPLQHQW YRZHO� SRLQW � ZLWK WKH HQG RI WKH XOWLPDWH

YRZHO� SRLQW � ZLWK WKH EHJLQQLQJ RI WKH XOWLPDWH ZKLOH

SRLQW � ZLWK WKH HQG RI WKH ZRUG�

3DXVLYH >3V@� 7KLV SDWWHUQ LV HQFRXQWHUHG DW D SUH�ILQDO�

SUH�SDXVDO SRVLWLRQ DQG LQ ILJXUH � LWV SLHFHZLVH OLQHDU

DSSUR[LPDWLRQ LV VKRZQ� 3RLQW � FRLQFLGHV ZLWK WKH

EHJLQQLQJ RI WKH ZRUG� SRLQW � ZLWK WKH EHJLQQLQJ RI WKH

XOWLPDWH DQG SRLQW � ZLWK WKH HQG RI WKH ZRUG� ,Q FDVHV

ZKHUH WKH GXUDWLRQ RI WKH XOWLPDWH YRZHO LV VHYHUHO\

OHQJWKHQHG WKHQ WKH SDUW ��� LV DOVR GHYHORSHG� VSDQQLQJ

WKH VHFRQG KDOI RI WKH XOWLPDWH YRZHO�

&RQFOXVLYH >&Y@� 7KLV SDWWHUQ LV DOZD\V XVHG DW WKH

VHQWHQFH ILQDO SRVLWLRQ DQG FRQYH\V WKH PHVVDJH WKDW WKH

XWWHUDQFH KDV WHUPLQDWHG� ,Q ILJXUH � LWV SLHFHZLVH OLQHDU

DSSUR[LPDWLRQ LV VKRZQ� 3RLQW � FRLQFLGHV ZLWK WKH

EHJLQQLQJ RI WKH ZRUG� SRLQW � ZLWK WKH EHJLQQLQJ RI WKH

SURPLQHQW YRZHO� SRLQW � ZLWK WKH HQG RI WKH SURPLQHQW

YRZHO� SRLQW � ZLWK WKH PLGGOH RI WKH V\OODEOH IROORZLQJ

WKH SURPLQHQW RQH ZKLOH SRLQW � ZLWK WKH HQG RI WKH ZRUG�

,W LV ZRUWKZKLOH QRWLQJ WKDW LQ WKH FDVH RI DQ DIILUPDWLYH

VHQWHQFH FRPSRVHG RI MXVW D VLQJOH ZRUG� WKH VHQWHQFH

VSDQQLQJ FRQWRXU LV UHGXFHG WR WKLV ZRUG VSDQQLQJ

SDWWHUQ�

3DUDPHWHUV DIIHFWLQJ WKH VKDSH RI WKH SDWWHUQV�

7KH VKDSH RI WKH SDWWHUQV GHSHQG RQ WKH OHQJWK RI HDFK

ZRUG DV ZHOO DV RQ WKH SRVLWLRQ RI WKH SURPLQHQW YRZHO�

0RUHRYHU� WKH\ GHSHQG RQ WKH OHQJWK DV ZHOO DV RQ WKH

SRVLWLRQ RI WKH SURPLQHQW YRZHO RI WKH ZRUG WKDW IROORZV�

,Q FDVH WKDW WKH SURPLQHQW YRZHO LV IRXQG DW WKH XOWLPDWH

DQG WKH SURPLQHQW YRZHO RI WKH ZRUG WKDW IROORZV LV

IRXQG DW WKH EHJLQQLQJ� D SDWWHUQ OLQNDJH SKHQRPHQRQ LV

REVHUYHG� ,Q VRPH RWKHU LQVWDQFHV WKH SDWWHUQV DUH QRW

IXOO\ GHYHORSHG DQG RQO\ WKH SLHFHV RI WKH SDWWHUQV LQ WKH

YLFLQLW\ RI WKH SURPLQHQW YRZHO VHHP WR EH JHQHUDWHG�

���� 0RGHOLQJ RI WKH VHQWHQFH VSDQQLQJ FRQWRXU

,W ZDV IRXQG WKDW DV IDU DV )� LV FRQFHUQHG� WKH WHPSODWH

VHQWHQFHV PD\ EH FODVVLILHG LQWR WZR FDWHJRULHV� )RU WKH

ILUVW� FRPSULVLQJ D WRWDO RI ��� WKH WUHQG RI WKH )� FRQWRXU

LV IODW� )RU WKH VHFRQG� D IDOOLQJ )� WUHQG VWDUWLQJ IURP WKH

SRVLWLRQ RI D VSHFLDO ZRUG � XVXDOO\ D SDUWLFOH RU

FRQMXQFWLRQ �/0��QRW�� �����GR QRW��  *20�QHLWKHU�� HWF� �

XS WR WKH HQG RI WKH XWWHUDQFH LV REVHUYHG� 7KLV LV WKH ZD\

WKDW D QHJDWLRQ� FRPSDULVRQ RU GLVMXQFWLRQ LV FOHDUO\

FRQYH\HG� ,W VHHPV WKDW WKH HPSKDWLF PDQQHU LQ ZKLFK

WKHVH ZRUGV DUH XWWHUHG� LV LQWULQVLFDOO\ XQDYRLGDEOH HYHQ

WKRXJK WKH VHQWHQFHV H[DPLQHG ZHUH XWWHUHG ZLWK QR

HPSKDVLV SODFHG RQ DQ\ ZRUG XVHG� 7KH VXJJHVWLRQ LV

IXUWKHU VXSSRUWHG E\ WKH IDFW WKDW WKH XWWHUDQFH RI RWKHU

VHQWHQFHV LQ ZKLFK WKH IRFXV ZDV LQWHQWLRQDOO\ SODFHG RQ

VRPH ZRUGV GHPRQVWUDWHG WKH VDPH SDWWHUQ� 7KH

V\QWDFWLF VWUXFWXUHV WKDW IDOO LQWR WKLV FDWHJRU\ DUH

SUHVHQWHG EHORZ�

�D� 1HJDWLRQ�

,Q QHJDWLYH VHQWHQFHV WKH SHDN RI WKH SLWFK FRQWRXU

FRLQFLGHV ZLWK WKH SRVLWLRQ RI WKH QHJDWLYH DGYHUE

�/0��QRW� RU �����GR QRW�� )URP WKDW SRLQW RQ� WKH )�

GHFUHDVHV XQWLO WKH HQG RI WKH VHQWHQFH� 2Q WKH RWKHU

KDQG� LQ GRXEOH QHJDWLRQ� QHJDWLYH VHQWHQFHV� WKH )�

GHFUHDVHV MXVW DIWHU WKH VHFRQG ZRUG XVHG IRU WKH GRXEOH

QHJDWLRQ� )RU H[DPSOH LQ >� /�.�!.��.20#2�" /0� /��0�

�.���. �*1��7KH QHJRWLDWRU GRHV QRW JLYH DQ\ VROXWLRQ@

WKH )� LV GHFUHDVHG MXVW DIWHU WKH ZRUG ��.���.� �DQ\��

�E� 5HODWLYH FRPSDULVRQ�

7KH REVHUYDWLRQ PDGH IRU WKH FDVH �D� KROGV DOVR KHUH $

SHDN LV REVHUYHG DW WKH SRVLWLRQ RI WKH FRPSDUDWLYH ���) �

PRUH� RU WKH SURPLQHQW YRZHO RI WKH FRPSDUDWLYH

DGMHFWLYH ��0�.�*20! "�ROGHU� DQG IURP WKDW SRLQW RQ WKH

)� GHFUHDVHV�

� F� &RRUGLQDWLRQ�

7KH REVHUYDWLRQV PDGH IRU FDVHV �D� DQG �E� DOVR KROG

KHUH IRU WKH FRQMXQFWLRQ ZRUGV �0�20�HLWKHU�RU� ��RU�

 *20�QHLWKHU�QRU� HWF�

�G� 6XERUGLQDWLRQ�

,Q ERWK FDVHV RI FRQMXQFWLRQ ZRUGV DQG UHODWLYH SURQRXQV

WKH YDOXHV RI )� RI WKH LQWRQDWLRQ ZRUG WKDW SUHFHGHV WKH

FRPPD � SDXVH � LQFUHDVH RQO\ DW WKH ODVW V\OODEOH�

UHJDUGOHVV RI WKH SRVLWLRQ RI WKH SURPLQHQW YRZHO�

�H� &OLWLFV�

,Q WKH FDVH RI HQFOLWLFV ZKHUH WKH HQFOLWLF ZRUG UHVXOWHG LQ

WKH DSSHDUDQFH RI D VHFRQG VWUHVV ZLWKLQ WKH VDPH

JUDPPDWLFDO ZRUG� WKH UHVXOWLQJ SDWWHUQ PD\ EH EURNHQ

GRZQ LQWR WZR GLVWLQFW SDWWHUQV DQG PRGHOHG OLNH LQ WKH

FDVH RI WZR FRQVHFXWLYH LQWRQDWLRQ ZRUGV� ,Q WKLV FDVH WKH

VKDSH RI WKH UHVXOWLQJ SDWWHUQV GHSHQG RQ WKH SRVLWLRQV RI

WKH SURPLQHQW YRZHOV� )RU H[DPSOH �	 ������ � #

20�0�&10� �0\ OHVVRQ LV RYHU� PD\ EH EURNHQ GRZQ LQWR

WKH IROORZLQJ LQWRQDWLRQ ZRUGV DQG PRGHOHG DFFRUGLQJO\

�	 ���� � ��� # 20�0�&10��

,Q WKH FDVH ZKHUH QR VHFRQG VWUHVV DSSHDUV� WKH FOLWLF

ZRUG LV VLPSO\ LQFRUSRUDWHG LQWR WKH LQWRQDWLRQ ZRUG WR

ZKLFK LW UHIHUV�

���� ,PSOHPHQWDWLRQ

%HORZ� VRPH TXDOLWDWLYH H[DPSOHV RQ WKH LPSOHPHQWDWLRQ

RI WKH VHQWHQFH VSDQQLQJ FRQWRXUV DUH JLYHQ��

*UDPPDWLFDO ZRUGV �*�� 7UDQVODWLRQ �7�� 3KRQHWLF

GHVFULSWLRQ �3�� ,QWRQDWLRQ ZRUGV �,�� )� DQG WKH 0RGHO

VHTXHQFH �0� DUH GHSLFWHG LQ DOO H[DPSOHV�

([DPSOH ��

*� /�.�!.��.20#2�" 30*�0�� ��.2� � /�.�!.���20#1� ���0��

7� WKH QHJRWLDWRU OHDYHV EHFDXVH WKH QHJRWLDWLRQ HQGV�

3� R /MDSUD�PDWHIW¶LV I¶HY�L� MDW¶L µL /MDSUD�P¶DWHIVL O¶L�L�

,�  /�.�!.��.20#2�" 30*�0�� ��.2��/�.�!.���20#1� ���0��

0� ,Q 3V ,Q &Y

([DPSOH ��
*�  /�.�!.��.20#2�" ��!0�� ��.2� � /�.�!.���20#1� ���0��

7� WKH QHJRWLDWRU NQRZV ZK\ WKH QHJRWLDWLRQ HQGV�

3� R /MDSUD�PDWHIW¶LV NV¶HUL� MDW¶L µL /MDSUD�P¶DWHIVL O¶L�L�

,�  /�.�!.��.20#2�" ��!0� ��.2� �/�.�!.���20#1� ���0��



0� ,Q ,Q ,Q ,Q &Y

([DPSOH ��
*� 2 ������ � # 20�0�&10�

7� P\ OHVVRQ LV ILQLVKHG�

3� WR P¶D�LP¶D PX WHO¶LRVH�

,� 2 ������� # 20�0�&10�

0� ,Q ,Q &Y

([DPSOH ��
*� 2 �.�/� /�.���0� 2 ������ 2 #�

7� WKH FKLOG VWXGLHV LWV OHVVRQ�

3� WR SH/¶L /MDY¶D]L WR P¶D�LP¶D WX�

,� 2 �.�/� /�.���0� 2 ������2 #�

0 ,Q ,Q &Y

)RU WKH DFWXDO LPSOHPHQWDWLRQ WKH IROORZLQJ UHVRXUFHV

DUH UHTXLUHG �

− $ GLFWLRQDU\ FRQWDLQLQJ WKH LQGHFOLQDEOH ZRUGV�

− 7KH SLHFHZLVH OLQHDU DSSUR[LPDWLRQ PRGHOV RI WKH

ZRUG�VSDQQLQJ SDWWHUQV�

− 7KH UXOHV IRU LPSOHPHQWLQJ WKH VHQWHQFH�OHYHO WUHQGV�

7KH DOJRULWKP SURFHHGV DV IROORZV RQ D SHU VHQWHQFH

EDVLV �

� 7KH RUWKRJUDSKLF WH[W LV FRQYHUWHG WR SKRQHWLFV�

� 7KH FRPPDV DQG SURPLQHQW YRZHOV DUH ORFDWHG�

� 7KH LQGHFOLQDEOH ZRUGV DUH ORFDWHG DQG LGHQWLILHG�

� 7KH LQWRQDWLRQ ZRUGV DUH IRUPHG�

� 7KH VHQWHQFH OHYHO WUHQGV DUH LPSOHPHQWHG�

� 7KH &RQFOXVLYH DQG 3DXVLYH SDWWHUQV DUH DSSOLHG�

� 7KH ,QWURGXFWLYH SDWWHUQV DUH DSSOLHG�

7KH TXDOLW\ RI WKH UHVXOWLQJ PRGHOV ZDV LQIRUPDOO\

HYDOXDWHG XVLQJ WKH PHWKRGV GHVFULEHG EHORZ� $W ILUVW�

HDFK VHQWHQFH ZDV /3& FRGHG DQG UHV\QWKHVL]HG XVLQJ D

ODWWLFH V\QWKHVL]HU� WKH QDWXUDO )� EHLQJ UHSODFHG ZLWK WKH

RQH UHSUHVHQWHG E\ WKH PRGHO LQWURGXFHG KHUHLQ� 7KHQ

WKH 776 V\VWHP ZDV XVHG� ,Q DOO FDVHV� ERWK WKH

H[SUHVVLRQ FRQYH\HG DV ZHOO DV WKH SURSHU DFRXVWLF

UHJLVWUDWLRQ RI WKH SRVLWLRQ RI WKH VSHFLDO ZRUGV RU WKH

SRVLWLRQ RI WKH SURPLQHQW YRZHOV ZHUH HYDOXDWHG� 7KH

VSHHFK JHQHUDWHG ZDV QRW PRQRWRQRXV� IOXHQW DQG

WKHUHIRUH HDV\ DQG SOHDVDQW WR OLVWHQ WR�

�� &21&/86,21

,Q WKLV SDSHU LW LV SURSRVHG WKDW DUELWUDULO\ ORQJ )�

FRQWRXUV H[SUHVVLQJ DIILUPDWLYH VWDWHPHQWV� FDQ EH

PRGHOHG E\ XVLQJ RQO\ IRXU ZRUG�VSDQQLQJ SDWWHUQV� D

VPDOO VL]H GLFWLRQDU\ DQG DQ HPSKDVLV UXOH� 7KH UHVXOW�

DOWKRXJK VLPSOH� SURSRVHV DQ LQWHUHVWLQJ SULQFLSOH�

'XULQJ D GLVFRXUVH� QHZ LQIRUPDWLRQ LV LQWURGXFHG E\

XVLQJ WKH �,QWURGXFWLYH� SDWWHUQ DQG SURPSWLQJ WKH

OLVWHQHU WKDW PRUH LQIRUPDWLRQ IROORZV XQWLO WKH VSHDNHU

GHFLGHV HLWKHU WR SDXVH RU FRPSOHWH� ,Q HLWKHU FDVH WKH

FRUUHVSRQGLQJ SDWWHUQ LV XVHG� ,Q FDVHV ZKHUH WKH IRFXV

QHHGV WR EH DOWHUHG� D SHDN RI WKH )� FXUYH UHQGHUV D

FHUWDLQ ZRUG SURPLQHQW� )URP WKDW SRLQW RQ XS WR WKH HQG

RI WKH VHQWHQFH� WKH )� GHYLDWLRQ LV VHYHUHO\ GHFUHDVHG

WKXV FRQWULEXWLQJ PRUH WR WKH SURPLQHQFH RI WKH ZRUG�

7KH DFRXVWLF HIIHFW SHUFHLYHG� LV WKDW IXUWKHU SURVRGLF

HODERUDWLRQ LV QRW UHTXLUHG EHFDXVH WKH VLJQLILFDQW SDUW RI

WKH PHDQLQJ LV DOUHDG\ WUDQVPLWWHG�

7KH DSSURDFK GRHV QRW UHTXLUH DQ\ H[WHQVLYH V\QWDFWLF

DQG�RU PRUSKRORJLFDO DQDO\VLV >�@� PD\ VWLOO FRSH ZLWK D

JUHDW YDULHW\ RI DUELWUDULO\ ORQJ WH[WV DQG LV VXLWDEOH IRU

UHDO WLPH LPSOHPHQWDWLRQ� (YHQ WKRXJK HODERUDWH

H[SUHVVLYH SKHQRPHQD PD\ QRW EH SURGXFHG WKH VSHHFK

REWDLQHG LV QDWXUDO� SOHDVDQW QRW FDXVLQJ DQ\ IDWLJXH

ZKDWVRHYHU�

5()(5(1&(6

>�@ 0�9ODKDNLV� (�)RWLQHD� *�&DUD\DQQLV ��������:RUG

OHYHO VWUHVV DV DQ LQWULQVLF SURSHUW\ RI ZRUG OHYHO SURVRG\

DQG SLWFK PRGHOLQJ WKURXJK D SHQFLO RI IXQFWLRQV��

(85$6,3�(86,3&2���� ����� 6HSWHPEHU �����

(GLQEXUJK� 6FRWODQG� 6LJQDO 3URFHVVLQJ 9,, �7KHRULHV

DQG $SSOLFDWLRQV�� 9RO�,� SS�����

>�@ %RWLQLV ������� 6WUHVV DQG SURVRGLF VWUXFWXUH LQ

*UHHN� /XQG XQLYHUVLW\ SUHVV�

>�@ /DZUHQFH 5� 5DELQHU� )HOORZ ,(((� �������

$SSOLFDWLRQV RI 9RLFH 3URFHVVLQJ LQ

7HOHFRPPXQLFDWLRQV� 3URFHHGLQJV RI WKH ,(((� 9RO ���

1R �� )HEUXDU\ �����

>�@ 0DODYDNLV ������� 6\QWDFWLF DQG LQWRQDWLYH

SKHQRPHQD� 3URF RI WKH 9LWK &RQJUHVV RI *UHHN

OLQJXLVWLFV� 7KHVVDORQLNL� ������

>�@ 0DODYDNLV ������� ,QWRQDWLRQ SDWWHUQV LQ *UHHN� ��WK

,&3KV����� 7DOOLQQ 8665�

>�@ *HRUJH (SLWURSDNLV� 1LFNRODV <LRXUJDOLV� *HRUJH

.RNNLQDNLV ������� 3URVRG\ FRQWURO RI 776�6\VWHPV

EDVHG RQ OLQJXLVWLF DQDO\VLV� (XURVSHHFK ���


