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$EVWUDFW

7KLV SDSHU GHVFULEHV DQ DOJRULWKP WR VHJPHQW DQ LQSXW

7XUNLVK VWULQJ ZLWKRXW DQ\ VSDFHV� ZKLFK PD\ EH DQ RXWSXW RI

D VSHHFK�WR�WH[W DSSOLFDWLRQ� LQWR ZRUGV E\ XVLQJ

PRUSKRORJLFDO DQDO\]HU� ,W LV TXLWH SRVVLEOH WR XVH WKH

DOJRULWKP RQ RWKHU ODQJXDJHV� ZKLFK KDV D PRUSKRORJLFDO

DQDO\VLV FRPSRQHQW� DV ZHOO� 7XUNLVK PRUSKRORJLFDO DQDO\]HU

LV GHVLJQHG DQG LPSOHPHQWHG DV WKH OLQJXLVWLF HQJLQH RI WKH

DOJRULWKP� 7KH FRQVWUXFWLRQ RI WKH DQDO\]HU SURSRVHV D

WHFKQLTXH WKDW DWWHPSWV WR DFKLHYH JURXS YLVH PRUSKHPH

UHFRJQLWLRQ LQVWHDG RI VHDUFKLQJ VXIIL[HV RQH E\ RQH LQ D

ZRUG�

�� ,QWURGXFWLRQ

,Q VSHHFK UHFRJQLWLRQ� VHJPHQWDWLRQ LV RQH RI WKH PDLQ

SUREOHPV DQG LW LV YHU\ GLIILFXOW WR VHJPHQW D VHQWHQFH RI

VSHHFK LQWR ZRUGV PHUHO\ EDVHG RQ WKHLU DFRXVWLF IHDWXUHV >�@�

/LQJXLVWLF SURFHVVLQJ KDV WR EH GHSOR\HG WR RYHUFRPH WKDW

GLIILFXOW\� ,Q WKLV VWXG\� LW LV SURSRVHG WR FRQVWUXFW D V\VWHP

IRU 7XUNLVK WKDW ZLOO WDNH D FKDUDFWHU VWUHDP� ZKLFK LV

VXSSRVHG WR EH DQ RXWSXW RI D VSHHFK�WR�WH[W DSSOLFDWLRQ� DV

WKH LQSXW DQG UHWXUQ WKH VHQWHQFH VHJPHQWHG LQWR ZRUGV� 7KH

SUREOHP PD\ EH VXPPDUL]HG DV ILQGLQJ WKH ZRUG ERXQGDULHV

LQ DQ LQSXW VWULQJ ZLWKRXW DQ\ VSDFH FKDUDFWHU� 7KH VROXWLRQ

PD\ EH VWDWHG DV UHFRJQL]LQJ VXEVWULQJV LQ WKH LQSXW ZKRVH

FRQFDWHQDWLRQV FRQVWUXFW WKH RULJLQDO VWULQJ ZKHUH HDFK

VXEVWULQJ KDV D YDOLG PRUSKRORJLFDO SDUVH LQ WKH ODQJXDJH�

/DQJXDJH SURFHVVLQJ LV DQ LPSRUWDQW WDVN LQ ZRUG UHFRJQLWLRQ

V\VWHPV WKDW DUH XVLQJ ZRUGV DV XQLWV� )RU DJJOXWLQDWLYH

ODQJXDJHV LW LV PXFK PRUH GLIILFXOW DV D ZRUG FDQ DSSHDU LQ

PDQ\ GLIIHUHQW IRUPV DFFRUGLQJ WR LQIOHFWLRQV DQG GHULYDWLRQV�

,W LV DOPRVW LPSRVVLEOH WR VWRUH HYHU\ LQIOHFWHG RU GHULYHG IRUP

RI D ZRUG LQ WKH GLFWLRQDU\� 0RUSKRORJLFDO DQDO\]HUV DUH WKH

EDVH FRPSRQHQWV RI DSSOLFDWLRQV WR UHFRJQL]H ZRUGV� 7XUNLVK

PRUSKRORJ\ KDV EHHQ VWXGLHG ZLWK GLIIHUHQW IRUPDOLVPV RI

ILQLWH VWDWH WHFKQLTXHV� +DQNDPHU >�@ KDG JLYHQ D ILQLWH VWDWH

WUDQVLWLRQ QHWZRUN LPSOHPHQWDWLRQ� DQG *�QJ|U >�@

LPSOHPHQWHG DXJPHQWHG WUDQVLWLRQ QHWZRUN IRUPDOLVP� 2IOD]HU

>�@ KDG GHVFULEHG 7XUNLVK ZLWK WZR�OHYHO PRUSKRORJ\ >�@�

)XUWKHUPRUH� .|NVDO >�@� 6RODN >�@� DQG ùHKLWR÷OX >�@ KDYH

LQYHVWLJDWHG 7XUNLVK IURP D FRPSXWDWLRQDO OLQJXLVWLFV SRLQW RI

YLHZ� 7KH PRUSKRORJLFDO DQDO\]HUV RI WKH OLVWHG VWXGLHV GR URRW

PDWFKLQJ ILUVW DQG WKHQ VHDUFK IRU SRVVLEOH VXIIL[HV WKDW DUH

FRQFDWHQDWHG WR WKDW URRW RQH E\ RQH DV LQ H[DPSOH �

µHYOHULPGHNLOHUGHQ¶ �IURP WKH RQHV WKDW DUH LQ P\ KRXVHV�  

µHY¶ �URRW� � µOHU¶ �SOXUDOLW\ VXIIL[� � µLP¶�SRVVHVVLYH VXIIL[� �

µGH¶ �FDVH VXIIL[� � µNL¶ �UHODWLYH VXIIL[�� µOHU¶�SOXUDOLW\ VXIIL[�

� µGHQ¶ �FDVH VXIIL[�� ,Q WKLV VWXG\� PRUSKHPH VHDUFK LV

SHUIRUPHG LQ JURXSV� 7KH VDPH H[DPSOH DERYH ZLOO EH SDUVHG

DV µHY¶�URRW� � µOHULPGH¶ �QRXQ LQIOHFWLRQ PRUSKHPH JURXS� �

µNLOHUGHQ¶ �UHODWLYH PRUSKHPH JURXS� ZLWK WKH SURSRVHG

WHFKQLTXH� 7KDW W\SH RI VHDUFKLQJ LV DFKLHYHG E\ SUHSDULQJ DOO

RI WKH YDOLG PRUSKHPH FRPELQDWLRQV LQ WKH ODQJXDJH GLYLGHG

LQWR VRPH QXPEHU RI JURXSV� $OWKRXJK WKH VSDFH UHTXLUHPHQWV

LQFUHDVH� WKH SHUIRUPDQFH RI WKH PRUSKRORJLFDO DQDO\]HU LV

XWLOL]HG DV D FRQVHTXHQFH RI JURXS YLFH VXIIL[ UHFRJQLWLRQ�

�� 7XUNLVK /DQJXDJH

7XUNLVK LV DQ DJJOXWLQDWLYH ODQJXDJH ZLWK DQ DOSKDEHW RI ��

/DWLQ OHWWHUV� 7KH YRZHOV DUH µD¶� µH¶� ¶Õ¶� ¶L¶� ¶R¶� ¶|¶� µX¶� ¶�¶

DQG WKH FRQVRQDQWV DUH µE¶� µF¶� µo¶� µG¶� µI¶� µJ¶� µ÷¶� µK¶� µM¶�

µN¶� µO¶� µP¶� µQ¶� µS¶� µU¶� µV¶� µú¶� µW¶� µY¶� µ\¶� µ]¶� 7KH ZRUG

VWUXFWXUH RI WKH ODQJXDJH FDQ EH GHVFULEHG DV VXIIL[LQJ RI

GHULYDWLRQDO DQG LQIOHFWLRQDO PRUSKHPHV WR WKH URRW ZRUG�

0RUSKRSKRQHPLF UXOHV RI WKH ODQJXDJH VHUYH VRPH FRQVWUDLQWV

IRU FRQFDWHQDWLRQ RI WKH PRUSKHPHV� 9RZHOV LQ WKH DIIL[HG

PRUSKHPH PXVW EH FRQVLVWHQW ZLWK WKH SUHFHGLQJ YRZHO LQ WKH

ZRUG VWHP DFFRUGLQJ WR WKH YRZHO KDUPRQ\� )XUWKHUPRUH�

VRPH YRZHO�FRQVRQDQW PRGLILFDWLRQV RU GHOHWLRQV LQ WKH URRW

RU LQ WKH DIIL[HG PRUSKHPH FDQ WDNH SODFH� 7KH GHWDLOHG

GHVFULSWLRQ RI 7XUNLVK PRUSKRSKRQHPLF SURFHVVHV FDQ EH

IRXQG LQ 2IOD]HU >�@ DQG LW KDV EHHQ UHSUHVHQWHG ZLWK WZR�OHYHO

UXOHV LQ 2IOD]HU >�@� 7KH PRUSKRWDFWLFV RI WKH ODQJXDJH LV

FRPSOH[� EXW VWULFWO\ REH\V FHUWDLQ FULWHULD WKDW PDNH LW UDWKHU

HDV\ WR EH IRUPXOL]HG� 7KHUH DUH WRR PDQ\ ZRUGV DVVLPLODWHG

IURP IRUHLJQ ODQJXDJHV� ZKLFK FDXVHV H[FHSWLRQV LQ ZRUG

IRUPDWLRQV�

,Q WKLV VWXG\ DOO WKH ZRUGV WKDW DUH QRW YHUEV ZLOO EH ODEHOHG DV

QRXQV �VXEVWDQWLYHV�� 7KH QRPLQDO ZRUG LQIOHFWLRQ VWUXFWXUH

RI 7XUNLVK FDQ EH PRGHOHG DV LQ )LJXUH ��

1RPLQDO

5RRW

3OXUDO

6XIIL[

3RVVHVVLYH

6XIIL[

&DVH

6XIIL[

5HODWLYH

6XIIL[

1RPLQDO

9HUE�$GYHUE

&RQVWUXFWLRQ

)LJXUH �� 7XUNLVK QRPLQDO LQIOHFWLRQ VWUXFWXUH

7KH H[FHSWLRQDO FDVH RI WKH DERYH PRGHOLQJ LV VRPHWLPHV

SRVVHVVLYH VXIIL[ PD\ FRPH EHIRUH SOXUDO VXIIL[ �HVSHFLDOO\ WR

LQGLFDWH ORFDWLRQ DV LQ ZRUG µEDEDPODU �KRPH RI P\ IDWKHU�¶��
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7KH YHUE LQIOHFWLRQ PRGHO RI 7XUNLVK FDQ EH GHVFULEHG ZLWK

)LJXUH �� ,Q ZULWWHQ 7XUNLVK WKH VXIIL[ JURXS EHJLQQLQJ ZLWK

TXHVWLRQ VXIIL[HV DUH VHSDUDWHG IURP WKH ZRUG ZLWK VSDFH

�JHOPLúOHU PL\GL"�� ,Q WKLV VWXG\� WKH TXHVWLRQ VXIIL[HV µ�PL¶�

µ�PÕ¶� µ�PX¶� µ�P�¶ DUH WDNHQ DV VHSDUDWH URRW HQWLWLHV DQG

PDUNHG LQ WKH URRW OH[LFRQ ZLWK D VSHFLDO WDJ�

6RPHWLPHV SHUVRQ VXIIL[ DQG VHFRQG WHQVH VXIIL[ PD\

LQWHUFKDQJH WKHLU SRVLWLRQV LQ WKH YHUEDO LQIOHFWLRQDO VWUXFWXUH

GHSLFWHG LQ )LJXUH � �µJHOL\RUODUGÕ¶  µJHOL\RUGXODU¶��

&RPSOHWH ILQLWH VWDWH PDFKLQHV RI 7XUNLVK YHUEDO DQG QRPLQDO

PRUSKRWDFWLFV FDQ EH IRXQG LQ 2IOD]HU >���@�

9HUEDO 5RRW
9RLFH

6XIIL[HV

1HJDWLRQ

6XIIL[

&RPSRXQG

9HUE 6XIIL[HV

0DLQ 7HQVH

6XIIL[HV

4XHVWLRQ

6XIIL[

6HFRQG 7HQVH

6XIIL[HV

3HUVRQ

6XIIL[HV

)LJXUH �� 7XUNLVK YHUEDO LQIOHFWLRQ VWUXFWXUH

7KH GHULYDWLRQDO ZRUG IRUPDWLRQ LQ 7XUNLVK LV YHU\ SURGXFWLYH

DQG FDQ EH VWUXFWXUHG DV LQ )LJXUH ��

1�WR�1 'HULYDWLRQ 6XIIL[HV

1�WR�9 'HULYDWLRQ 6XIIL[HV

9�WR�1 'HULYDWLRQ 6XIIL[HV

9�WR�9 'HULYDWLRQ 6XIIL[HV

)LJXUH �� 7XUNLVK GHULYDWLRQDO ZRUG FRQVWUXFWLRQ VWUXFWXUH

�� 7XUNLVK 0RUSKRORJLFDO $QDO\]HU

���� 0RWLYDWLRQ

/HW D VDPSOH ILQLWH VWDWH PDFKLQH EH UHSUHVHQWHG DV LQ )LJXUH ��

,W LV SRVVLEOH WR HOLPLQDWH WKH QRGHV % DQG & LI ZH XQLI\ WKH

DUFV $% ZLWK %' DQG $& ZLWK &' E\ WDNLQJ &DUWHVLDQ

SURGXFWV RI WKH ODEHOV RQ HDFK FRPELQLQJ DUFV� 7KLV LPSOLHV

^D�� D�` ; ^E�` ^D�E�� D�E�` LV FRPSXWHG WR XQLI\ DUF $% DQG

%'� DQG VLPLODUO\ ^D�` ; ^F�� F�` ^D�F�� D�F�` IRU XQLILFDWLRQ

RI $& ZLWK &'� 7KH UHVXOWLQJ VFKHPD LV UHSUHVHQWHG LQ )LJXUH

�� 1RZ WKH VHDUFK SURFHVV IRU D SRVVLEOH SDWK IURP QRGH $ WR

QRGH ' LV HDV\� EXW WKH QXPEHU RI ODEHOV RQ WKH SDWK LQFUHDVHG�

%

E�
$ D�� D�

D� '

F��F�

&

)LJXUH �� 6DPSOH ILQLWH VWDWH PDFKLQH

$ D�E�� D�E� '

D�F�� D�F�

)LJXUH �� 5HGXFHG ILQLWH VWDWH PDFKLQH RI )LJXUH ;

7KH XSVLGH RI WKH SURSRVHG PHWKRG LV WKDW LW ZLOO EH HIILFLHQW

VLQFH WKH FRPSOH[LW\ RI WKH VHDUFK SURFHVV LV UHGXFHG DQG WKH

PRUSKHPHV DUH UHFRJQL]HG LQ JURXSV LQVWHDG RI VLQJOH

PRUSKHPH VHDUFK� 2Q WKH RWKHU KDQG� VSDFH UHTXLUHPHQWV

LQFUHDVH DV D FRQVHTXHQFH RI VWRULQJ DOO SRVVLEOH VXIIL[

VHTXHQFHV WKDW DUH FRPSXWHG ZLWK WKH SUHSURFHVVLQJ RQ WKH

ILQLWH VWDWH PDFKLQH GHVFULELQJ WKH FRPSOHWH PRUSKRORJ\ RI

WKH ODQJXDJH�

���� 'HILQLWLRQV

)ROORZLQJ GHILQLWLRQV DUH XVHG WR EXLOG XS WKH PRUSKRORJLFDO

DQDO\]HU ZLWK WKH SURSRVHG PHWKRG�

$OORSKRQHPLF $OORPRUSK 6HW �$$6��

$Q DOORSKRQHPLF DOORPRUSK VHW LV GHILQHG DV WKH FROOHFWLRQ RI

WKH GLIIHUHQW VXUIDFH IRUPV RI PRUSKHPHV WKDW EHKDYH VDPH

PRUSKRWDFWLFDOO\ �DOORPRUSKV� DQG KDYH WKH VDPH SKRQHPLF

FKDUDFWHULVWLFV� 7KH QHFHVVDU\ DQG VXIILFLHQW FRQGLWLRQ IRU WKH

HOHPHQWV RI DQ DOORSKRQHPLF DOORPRUSK�VHW FDQ EH VWDWHG DV�

D� ,I WKH DIIL[DWLRQ RI D PRUSKHPH µ;¶ LV YDOLG IRU RQH

RI WKH HOHPHQWV LQ DQ DOORPRUSK�VHW� WKHQ LW PXVW DOVR

EH YDOLG IRU DOO WKH RWKHU HOHPHQWV LQ WKH VDPH VHW�

E� ,I RQH RI WKH HOHPHQWV RI DQ DOORPRUSK�VHW FDQ EH

DIIL[HG WR D PRUSKHPH µ;¶� WKHQ LW PXVW DOVR EH YDOLG

IRU DOO WKH RWKHU HOHPHQWV LQ WKH VDPH VHW WR EH

DIIL[HG WR WKH PRUSKHPH µ;¶�

0RUSKHPH *URXS �0*��

7KH SRVVLEOH �PRUSKRWDFWLFDOO\ WUXH� FRQFDWHQDWLRQV RI

DOORSKRQHPLF DOORPRUSK�VHWV ZLWK HDFK RWKHU UHVXOW PRUSKHPH

JURXSV� 7KH FRQFDWHQDWLRQ RI WZR $$6V �$$6� ; $$6�� LV

GHILQHG DV WKH &DUWHVLDQ SURGXFW RI DOO WKH PRUSKHPHV LQ $$6�

ZLWK DOO WKH PRUSKHPHV LQ $$6��

0RUSKHPH *URXS *HQHUDWLRQ 7DEOH �0**7��

0RUSKHPH *URXS *HQHUDWLRQ 7DEOHV DUH WKH ORRN XS WDEOHV

WKDW VSHFLI\ ZKLFK $$6 FDQ EH DIIL[HG ZLWK ZKLFK $$6�

0**7V DUH WZR�GLPHQVLRQDO ZKHUH $$6V LQ WKH VDPH FROXPQ

DUH DOORPRUSKV DQG WKH $$6V LQ WKH VDPH URZ KDYH WKH VDPH

SKRQHPLF FKDUDFWHULVWLFV DV ZH QDPH DOORSKRQHPLF� 7KH $$6V

LQ WKH VDPH URZ FDQ EH FRQFDWHQDWHG� 7KH PRUSKRWDFWLF UXOHV

RI WKH ODQJXDJH VSHFLILHV ZKLFK FROXPQV RI WKH 0**7V DUH WR

EH DIIL[HG DQG DOO SRVVLEOH PRUSKHPH JURXSV UHJDUGLQJ WR WKDW

DUH JHQHUDWHG E\ FRPSXWLQJ WKH FRQFDWHQDWLRQ RI DOO $$6V LQ

WKH VDPH URZ RI VSHFLILHG FROXPQV�

���� 0HWKRG

7KH PRUSKHPHV RI WKH ODQJXDJH DUH OLVWHG ZLWK DOO RI WKHLU

GLIIHUHQW VXUIDFH IRUPV WKDW FDQ EH REVHUYHG DFFRUGLQJ WR WKH

PRUSKRSKRQHPLF UXOHV� $OORSKRQHPLF DOORPRUSK VHWV DUH

FRQVWUXFWHG IURP WKDW DIIL[ LQYHQWRU\� $Q H[DPSOH $$6 LV

^µLP¶� µLQ¶� µLPL]¶� µLQL]¶`� 7KH HOHPHQWV RI WKLV VHW DUH D VXEVHW

RI SRVVHVVLYH VXIIL[HV LQ 7XUNLVK� (DFK RI WKRVH VXIIL[HV KDV

WKH VDPH SKRQHWLF FKDUDFWHULVWLFV PHDQLQJ WKDW LI RQH RI WKHP

FDQ EH FRQFDWHQDWHG WR RU IROORZHG E\ D PRUSKHPH� VR GRHV

WKH RWKHUV� )RU H[DPSOH� SOXUDO VXIIL[ µ�OHU¶ PD\ EH SUHFHGHG

E\ DOO RI WKHVH DIIL[HV �µ�OHULP¶� µ�OHULQ¶� µ�OHULPL]¶� µ�OHULQL]¶��

DQG DOVR ORFDWLYH FDVH VXIIL[ µ�GH¶ PD\ EH FRQFDWHQDWHG WR

WKHP �µ�LPGH¶� µ�LQGH¶� µ�LPL]GH¶� µ�LQL]GH¶��

1RXQ 9HUE
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0RUSKHPH JURXS JHQHUDWLRQ WDEOHV KDYH WR EH EXLOW XS WR

JHQHUDWH WKH PRUSKHPH JURXSV DXWRPDWLFDOO\ DIWHU IRUPLQJ WKH

$$6V� 7KH PRUSKRWDFWLFV VXPPDUL]HG LQ ILJXUH � DQG ILJXUH �

VHUYHV WKH PDLQ JXLGHOLQHV WKDW GHVFULEH ZKLFK W\SH RI $$6V

FDQ FRPH FRQVHFXWLYHO\� )RU H[DPSOH� D SOXUDO VXIIL[ IROORZHG

E\ D SRVVHVVLYH VXIIL[ LV YDOLG DV VKRZQ LQ ILJXUH �� 7KLV

LPSOLHV WKDW WKH SOXUDOLW\ DQG SRVVHVVLYH FROXPQV ZLWK WKH

UHODWHG $$6V LQ WKHLU URZV ZLOO H[LVW LQ WKH FRUUHVSRQGLQJ

0**7� 7KH $$6V LQ WKH VDPH URZV ZLOO EH FRQFDWHQDWHG WR

EXLOG WKH PRUSKHPH JURXSV RI WKH VSHFLILHG W\SH�

,Q WKLV VWXG\ � W\SHV RI PRUSKHPH JURXSV DUH JHQHUDWHG YLD

0**7V WR FRYHU 7XUNLVK QRPLQDO DQG YHUEDO LQIOHFWLRQ

VWUXFWXUH�

�� *HUXQG PRUSKHPH JURXSV LQFOXGH JHUXQG VXIIL[HV�

�� 3HUVRQ VXIIL[ PRUSKHPH JURXSV LQFOXGH SHUVRQ

VXIIL[HV WKDW FDQ RQO\ EH SUHFHGHG E\ 1HJDWLRQ 	

&RPSRXQG 0*V�

�� 9RLFH PRUSKHPH JURXSV LQFOXGH YDOLG FRPELQDWLRQV

RI UHFLSURFDO� UHIOH[LYH� FDXVDWLYH DQG SDVVLYH

PRUSKHPHV�

�� 1HJDWLRQ 	 &RPSRXQG PRUSKHPH JURXSV LQFOXGH

QHJDWLRQ VXIIL[HV DQG WKH YDOLG FRPELQDWLRQV RI

FRPSRXQG PRUSKHPHV WKDW DUH LQGLFDWLQJ DELOLW\�

LPSRVVLELOLW\� XUJHQF\� DSSUR[LPDWLRQ DQG

FRQWLQXLW\ DVSHFWV RI WKH YHUEDO URRW LQ 7XUNLVK�

�� 7LPH�0RGHO LQIOHFWLRQ PRUSKHPH JURXSV LQFOXGH WKH

FRPELQDWLRQV RI PDLQ DQG VHFRQG WHQVH�PRGDO YHUE

LQIOHFWLRQ PRUSKHPHV DORQJ ZLWK WKHLU QHJDWLYH

IRUPV DQG ZLWK WKH SHUVRQ VXIIL[HV� )XUWKHUPRUH� WKH

FRQFDWHQDWLRQ RI WKH DOORPRUSKV RI µFDVÕQD¶� µNHQ¶

�DGYHUE� DQG µGÕU¶ �DVSHFW� VXIIL[HV WR DQ\ SRVVLEOH

PRUSKHPH JURXS LQ WKLV FODVV LV DOVR DGGHG�

�� 1RXQ LQIOHFWLRQ PRUSKHPH JURXSV LQFOXGH YDOLG

FRQFDWHQDWLRQV RI SOXUDO� SRVVHVVLYH DQG FDVH

PRUSKHPHV�

�� 5HODWLYH 6XIIL[ 0RUSKHPH *URXS LQYROYHV DOO RI WKH

PRUSKHPH JURXSV WKDW DUH YDOLG DFFRUGLQJ WR WKH

VWUXFWXUH� µNL¶ VXIIL[ � 3OXUDO 6XIIL[ � 3RVVHVVLYH

6XIIL[ � &DVH 6XIIL[� ,W LV SRVVLEOH WR JR DURXQG WKH

ORRS D QXPEHU RI WLPHV� EXW WKDW FDQ WDNH SODFH RQO\

IRU VRPH RI WKH UHODWLYH PRUSKHPH JURXSV� )RU

H[DPSOH µ«�NLOHU � NLOHU¶ LV QRW YDOLG DV µNLOHU¶

PRUSKHPH JURXS FDQQRW EH IROORZHG E\ DQRWKHU

UHODWLYH PRUSKHPH JURXS� +RZHYHU� WKH FDVH RI µ«�

NLOHUGH � NLOHU¶ LV YDOLG DV µNLOHUGH¶ 0* FDQ EH

FRQVHFXWHG E\ WKH RWKHUV� 7KH UHODWLYH PRUSKHPH

JURXSV WKDW HQG ZLWK ORFDWLYH VXIIL[HV RU JHQLWLYH

FDVH VXIIL[HV FDQ EH QHVWHG�

7KH FRPELQHG QRPLQDO DQG YHUEDO PRUSKRWDFWLFV RI 7XUNLVK

ZLWK WKH JHQHUDWHG 0*V LV DV VKRZQ LQ )LJXUH �� :KLOH

DQDO\]LQJ DQ LQSXW ZRUG� HDFK QRGH WUDYHUVHG LQ WKH ILJXUH

UHSUHVHQWV D PRUSKHPH�JURXS FRQFDWHQDWLRQ RU DQ HPSW\

WUDQVLWLRQ� 1RWH WKDW WKH PDFKLQH EHJLQV ZLWK D QRPLQDO RU

YHUEDO URRW DQG PD\ ODVW LQ DQ\ QRGH LQ WKH ILJXUH�

7KH PRUSKHPHV RI QRXQ�WR�YHUE� YHUE�WR�QRXQ� QRXQ�WR�QRXQ

DQG YHUE�WR�YHUE GHULYDWLRQV DUH OLVWHG VHSDUDWHO\� ,Q )LJXUH �

µ9HUEDO VWHP WR QRXQ GHULYDWLRQ VXIIL[HV¶ ER[ FRQWDLQV RQO\

VRPH RI WKH YHUE�WR�QRXQ GHULYDWLRQ VXIIL[HV�

7KH RFFXUUHQFH RI GHULYDWLRQV LQ WKH LQSXW ZRUG LV VHDUFKHG DW

WKH EHJLQQLQJ RI WKH DQDO\VLV� $IWHU ILQGLQJ SRVVLEOH URRW

FDQGLGDWHV IURP WKH ZRUG OH[LFRQ� HDFK FDQGLGDWH LV

LQYHVWLJDWHG IRU D IROORZLQJ GHULYDWLRQDO VXIIL[ FRQFDWHQDWLRQ

LQ WKH LQSXW DFFRUGLQJ WR WKH ILJXUH �� (YHU\ UHVXOWDQW ZRUG RI

GHULYDWLRQDO VXIIL[ FRQFDWHQDWLRQ LV DSSHQGHG WR WKH URRW

FDQGLGDWH OLVW� :KHQ WKHUH LV QR PRUH GHULYDWLRQDO VXIIL[LQJ IRU

DQ\ RI WKH FDQGLGDWHV� HDFK RI WKH UHFRJQL]HG SRVVLEOH URRWV LV

IHG LQWR WKH PDFKLQH GHSLFWHG LQ ILJXUH � WR ILQG DQ\ YDOLG

SDUVLQJ RI WKH LQSXW�

)LJXUH �� 7XUNLVK 0RUSKRORJ\ ZLWK 0RUSKHPH *URXSV

�� :RUG 6HJPHQWDWLRQ $OJRULWKP

/HW VWULQJ 6 F�F�F�F�F«F1 EH WKH LQSXW VWUHDP ZKHUH HDFK FM
LV D FKDUDFWHU� 7KH VWHS�E\�VWHS GHVFULSWLRQ RI WKH DOJRULWKP WR

SHUIRUP WKH ZRUG VHJPHQWDWLRQ RQ WKH LQSXW VWULQJ E\ XVLQJ

WKH PRUSKRORJLFDO DQDO\]HU LV DV IROORZV�

�� 6HDUFK WKH URRW OH[LFRQ WR ILQG WKH ZRUGV WKDW DSSHDU LQ

6� :KLOH GRLQJ WKDW VHDUFK� SRVVLEOH PRUSKRSKRQHPLF

DOWHUDWLRQV RI URRW ZRUGV DUH DOVR WDNHQ LQWR

FRQVLGHUDWLRQ �VXFK DV 7XUNLVK ZRUG µNLWDS¶ PD\ EH

VHHQ LQ WKH SDWWHUQ 6 DV µNLWDE¶ ��

�� &RQVWUXFW WKH VHW RI FXW SRLQWV� &XW SRLQWV DUH GHILQHG WR

EH WKH LQGLFHV RI SRVVLEOH ZRUG ERXQGDULHV LQ WKH VWULQJ

6� 7KDW LV� FL LV LQ WKH FXW SRLQW VHW LI WKHUH H[LVWV D ZRUG

EHJLQQLQJ DW SRVLWLRQ L LQ 6� $OVR DGG LQGH[ 1�� WR WKLV

VHW WR PDUN WKH HQG RI WKH VWULQJ� &XW SRLQWV DUH

UHSUHVHQWHG ZLWK SL�

�� /HW >FDFE> �D�E� UHSUHVHQW WKH VWULQJ SDWWHUQ

FDFD��FD��«FE��� 3HUIRUP WKH PRUSKRORJLFDO DQDO\VLV RI

>FDFE> VXEVWULQJV IRU DOO QXPEHUV D DQG E LQ WKH FXW SRLQW

VHW ZKHUH ��D�1 DQG D�E�1��� ,I WKH DQDO\]HU UHWXUQV D

9HUEDO

5RRW

9RLFH

0*V

1HJDWLRQ	

&RPSRXQG

0*V

*HUXQG

0*V

3HUVRQ

0*V

7LPH�0RGDO

,QIOHFWLRQ 0*V

9HUEDO 6WHP WR 1RXQ 'HULYDWLRQ 6XIIL[HV

1RPLQDO

5RRW

1RXQ ,QIOHFWLRQ

0*V

5HODWLYH 6XIIL[

0*V

1RPLQDO 9HUE � $GYHUE

&RQVWUXFWLRQ 0*V
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7DEOH �� 3RVVLEOH ZRUG ERXQGDULHV PDWUL[

�� 7DEOH � UHSUHVHQWV D WUHH VWUXFWXUH LQ DGMDFHQF\ PDWUL[

QRWDWLRQ� 'HSWK�ILUVW VHDUFK RI WKDW WUHH IRU WKH SDWKV�

ZKLFK DUH EHJLQQLQJ ZLWK F
�
DQG HQGLQJ ZLWK F
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>� 7KH LQSXW VWULQJ 6 LV

VHJPHQWHG E\ UHSODFLQJ µ�¶ VLJQ ZLWK VSDFH FKDUDFWHU�

([DPSOH�

/HW WKH VWULQJ 6 µNÕUPÕ]ÕEDúOÕNOÕNÕ]¶ �WKH JLUO ZLWK WKH UHG KDW�

EH WKH LQSXW� ,I ZH FDUU\ RXW WKH DOJRULWKP VWHS E\ VWHS�

�� 7KH ZRUGV µNÕU¶� µNÕUPÕ]Õ¶� µEDú¶� µDú¶ DQG µNÕ]¶ DUH

GHWHFWHG LQ WKH LQSXW VWULQJ DIWHU WKH URRW OH[LFRQ VHDUFK�

�� 7KH LQGLFHV RI WKH ILUVW FKDUDFWHUV RI WKRVH ZRUGV DUH SXW

LQWR SRVVLEOH FXW SRLQWV VHW DORQJ ZLWK WKH QXPEHU ��

�1���� 1RZ WKH VHW FRQWDLQV �� �� �� �� DQG ���

�� 7KH VXEVWULQJV >���> �NÕUPÕ]Õ�� >���> �NÕUPÕ]ÕE��

>����>�NÕUPÕ]ÕEDúOÕNOÕ�� >����> �NÕUPÕ]ÕEDúOÕNOÕNÕ]�� >���>

�E�� >����> �EDúOÕNOÕ�� >����> �EDúOÕNOÕNÕ]�� >����> �DúOÕNOÕ��

>����> �DúOÕNOÕNÕ]�� DQG >�����> �NÕ]� DUH IHG LQWR WKH

PRUSKRORJLFDO DQDO\]HU� 7KH YDOLG SDUVHV DUH UHWXUQHG

RQO\ IRU >���>� >����>� >����> DQG >�����>� 7KH PDWUL[ LV

IRUPHG DV LQ 7DEOH ��

�� 7KH GHSWK�ILUVW VHDUFK RI WKH WUHH �ZKLFK LV H[SUHVVHG LQ

WKH PDWUL[� IRU WKH SDWWHUQ EHJLQQLQJ ZLWK � DQG HQGLQJ

DW �� UHVXOWV WKH SDWK >���>: >����>: >�����>�

6R WKH LQSXW 6 µNÕUPÕ]ÕEDúOÕNOÕNÕ]¶ LV VHJPHQWHG LQWR WKH

ZRUGV µNÕUPÕ]Õ EDúOÕNOÕ NÕ]¶ ZKLFK LV WKH FRUUHFW SDUVH�
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7DEOH �� 3RVVLEOH ZRUG ERXQGDULHV PDWUL[ IRU WKH H[DPSOH

�� &RQFOXVLRQV

7KH VWUHQJWK RI VXFK D ZRUG VHJPHQWDWLRQ V\VWHP YHU\ PXFK

GHSHQGV RQ WKH PRUSKRORJLFDO DQDO\]HU LW HPSOR\V� :KLOH

SURFHVVLQJ DQ LQSXW VWULQJ ZLWK ; QXPEHU RI SRVVLEOH FXW

SRLQWV� WKH V\VWHP FDOOV WKH PRUSKRORJLFDO DQDO\]HU ;�;�����

WLPHV� 7KHUHIRUH WKH VSHHG RI WKH DQDO\]HU KDV WR EH LPSURYHG

DV PXFK DV SRVVLEOH� 7KH PRUSKRORJLFDO DQDO\VLV WHFKQLTXH

SURSRVHG LQ WKLV VWXG\ VHUYHV IRU WKDW SXUSRVH� $SSUR[LPDWHO\

���� PRUSKHPH JURXSV DUH JHQHUDWHG DQG XVHG WR DFKLHYH WKH

FRQVWUXFWLRQ RI WKH DQDO\]HU ZLWK D URRW ZRUG OLVW RI DERXW

������ ,W KDV EHHQ REVHUYHG WKDW 7XUNLVK ZRUGV DUH SDUVHG

ZLWKLQ QDQRVHFRQGV E\ WKH DQDO\]HU WKDW LV LPSOHPHQWHG LQ &

RQ D FRPSXWHU ZLWK DQ ,QWHO 3,,, SURFHVVRU DQG ��� 0%

5$0�

7KH ZRUG UHFRJQLWLRQ DOJRULWKP PD\ RIIHU PRUH WKDQ RQH

VXLWDEOH SDUVLQJ IRU DQ LQSXW VWULQJ� $OWKRXJK WKH UHVXOWDQW

ZRUGV DUH DOO YDOLG LQ 7XUNLVK� WKHUH H[LVWV LPSURSULHW\

DFFRUGLQJ WR WKH FRQWH[W DQG VHQWHQFH V\QWD[� )XUWKHU VWHSV RI

QDWXUDO ODQJXDJH SURFHVVLQJ ZLWK V\QWDFWLF DQG VHPDQWLF

IHDWXUHV PD\ EH GHSOR\HG WR VROYH VXFK SRVVLEOH DPELJXLWLHV�

�� 5HIHUHQFHV

>�@ )XUXL� 6�� 'LJLWDO 6SHHFK 3URFHVVLQJ� 6\QWKHVLV DQG

5HFRJQLWLRQ� SS����� 0DUFHO 'HNNHU ,QF�� 1HZ <RUN�

������

>�@ +DQNDPHU� -�� ³7XUNLVK JHQHUDWLYH PRUSKRORJ\ DQG

PRUSKRORJLFDO SDUVLQJ´� 6HFRQG ,QWHUQDWLRQDO &RQIHUHQFH

RQ 7XUNLVK /LQJXLVWLFV� øVWDQEXO� �����

>�@ *�QJ|U� 7�� .XUX� 6�� �5HSUHVHQWDWLRQ RI 7XUNLVK

0RUSKRORJ\ LQ $71�� 3URFHHGLQJV RI 6HFRQG

6\PSRVLXP RQ $UWLILFLDO ,QWHOOLJHQFH DQG $UWLILFLDO

1HXUDO 1HWZRUNV� SS� ������� øVWDQEXO� �����

>�@ 2IOD]HU� .�� �7ZR�OHYHO 'HVFULSWLRQ RI 7XUNLVK

0RUSKRORJ\�� 3URFHHGLQJV RI WKH 6HFRQG 7XUNLVK

6\PSRVLXP RQ $UWLILFLDO ,QWHOOLJHQFH DQG 1HXUDO 1HWZRUNV�

SS� ������ øVWDQEXO� �����

>�@ .RVNHQQLHPL� .�� 7ZR�OHYHO 0RUSKRORJ\� $ *HQHUDO

&RPSXWDWLRQDO 0RGHO IRU :RUG )RUP 5HFRJQLWLRQ DQG

3URGXFWLRQ� 3XEOLFDWLRQ 1R� ��� 'HSDUWPHQW RI *HQHUDO

/LQJXLVWLFV� 8QLYHUVLW\ RI +HOVLQNL� �����

>�@ .|NVDO� $�� �$XWRPDWLF 0RUSKRORJLFDO $QDO\VLV RI

7XUNLVK�� 3K�'� 7KHVLV� +DFHWWHSH 8QLYHUVLW\� $QNDUD�

�����

>�@ 6RODN� $�� ³'HVLJQ DQG LPSOHPHQWDWLRQ RI D VSHOOLQJ

FKHFNHU IRU 7XUNLVK´� 06 7KHVLV� %LONHQW 8QLYHUVLW\�

�����

>�@ ùHKLWR÷OX� 2� 7�� %R]úDKLQ &�� ³/H[LFDO UXOHV DQG OH[LFDO

RUJDQL]DWLRQ

 LQ %UHDGWK DQG 'HSWK RI 6HPDQWLFV� (�

9LHJDV �(G��� .OXZHU� %RVWRQ� �����

>�@ 2IOD]HU� .�� *|oPHQ (�� %R]úDKLQ� &�� ³$Q RXWOLQH RI

7XUNLVK PRUSKRORJ\³� 7HFKQLFDO 5HSRUW� %LONHQW

8QLYHUVLW\� ����


