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%URZVLQJ 7KH &KLQHVH :HE 3DJHV 8VLQJ 0DQGDULQ 6SHHFK

+VLQ�PLQ :DQJ�<X�KVXHK &KRX� DQG %HUOLQ &KHQ

,QVWLWXWH RI ,QIRUPDWLRQ 6FLHQFH� $FDGHPLD 6LQLFD�

7DLSHL ������ 7DLZDQ� 5HSXEOLF RI &KLQD

(�PDLO� ZKP#LLV�VLQLFD�HGX�WZ

$EVWUDFW
$ VSHHFK LQWHUIDFH WKDW DOORZV HDV\ DFFHVV WR LQIRUPDWLRQ RQ WKH ::: KDV WKH SRWHQWLDO WR PDNH WKH

EURZVHU PRUH IULHQGO\ DQG SRZHUIXO� 7KLV SDSHU SUHVHQWV D ZRUNLQJ 0DQGDULQ VSHHFK LQWHUIDFH IRU XVLQJ

XQFRQVWUDLQHG 0DQGDULQ VSHHFK WR FRQWURO WKH ::: EURZVHU IRU FRQYHQLHQWO\ EURZVLQJ WKH &KLQHVH :HE

SDJHV� 7KH LQWHUIDFH FXUUHQWO\ SURYLGHV VSHDNDEOH FRPPDQGV� ERRNPDUNV� DQG OLQNV� 7KH H[SHULPHQWDO

UHVXOWV VKRZ WKDW RXU DSSURDFK VSHFLDOO\ FRQVLGHULQJ WKH FKDUDFWHULVWLFV RI WKH &KLQHVH ODQJXDJH LV YHU\

HIIHFWLYH� DQG YHU\ KLJK DFFXUDF\ FDQ EH DFKLHYHG�

� ,QWURGXFWLRQ

7KH SRSXODULW\ RI WKH ::: DQG WKH KXJH DPRXQW RI

LQIRUPDWLRQ DYDLODEOH RQ LW KDYH DWWUDFWHG PDQ\

QHZFRPHUV ZKR KDYH QHYHU XVHG FRPSXWHUV EHIRUH� )RU

WKHVH SHRSOH� LQVWHDG RI XVLQJ NH\ERDUG DQG PRXVH� D

VSHHFK LQWHUIDFH WKDW DOORZV HDV\ DFFHVV WR LQIRUPDWLRQ RQ

WKH ::: KDV WKH SRWHQWLDO WR PDNH WKH EURZVHU PRUH

IULHQGO\ DQG SRZHUIXO� 'XULQJ WKH SDVW \HDUV� WKH &KLQHVH

FRPPXQLW\ KDV DOVR VKRZQ LWV JUHDW HQWKXVLDVP IRU WKH

:::� :H DUH VHHLQJ D VXGGHQ LQFUHDVH LQ WUDIILF DQG

WKH QXPEHU RI :HE SDJHV ZULWWHQ LQ &KLQHVH KDV

LQFUHDVHG YHU\ IDVW� %HFDXVH WKH &KLQHVH ODQJXDJH LV QRW

DOSKDEHWLF DQG LQSXW RI &KLQHVH FKDUDFWHUV LQWR

FRPSXWHUV LV YHU\ GLIILFXOW� IRU WKH JHQHUDO &KLQHVH

SRSXODWLRQ ZKLFK KDG PXFK ORZHU DFFHVV WR FRPSXWHUV

FRPSDUHG WR RWKHU FRXQWULHV XVLQJ DOSKDEHWLF ODQJXDJHV�

VXFK D VSHHFK LQWHUIDFH WR DFFHVV WKH FRPSXWHU DQG WKH

LQWHUQHW LV DFWXDOO\ YHU\ KLJKO\ GHVLUHG� $FFRUGLQJO\� WKLV

SDSHU SUHVHQWV D 0DQGDULQ VSHHFK LQWHUIDFH IRU XVLQJ

XQFRQVWUDLQHG 0DQGDULQ VSHHFK WR FRQWURO WKH :::

EURZVHU IRU FRQYHQLHQWO\ EURZVLQJ WKH &KLQHVH :HE

SDJHV� 7KH LQWHUIDFH FXUUHQWO\ SURYLGHV�

��� VSHDNDEOH FRPPDQGV� $OORZ XVHUV WR VSHDN EURZVHU

FRQWURO FRPPDQGV� H�J� ¦Ú�ò�[§ �¦EDFN§��

¦¿È§ �¦SULQW§�� HWF�

��� VSHDNDEOH ERRNPDUNV� $OORZ XVHUV WR JR WR D

IDYRULWH SDJH E\ VSHDNLQJ WKH XVHU�GHILQHG NH\

SKUDVH RU WKH QDPH RI WKDW SDJH� H�J� ¦Ñ�ÝP§

�¦0\ FRPSDQ\§� RU ¦Ä^ë)�§ �¦$FDGHPLD

6LQLFD§��

��� VSHDNDEOH OLQNV� $OORZ XVHUV WR VSHDN DQ\ YLVLEOH

OLQN QDPHV RQ WKH FXUUHQW SDJH DQG LQYLVLEOH OLQN

QDPHV RQ WKH SUHYLRXVO\ YLVLWHG SDJHV WR JR WR D

OLQN� +HUH� WKH VSHDNDEOH OLQNV RQ WKH SUHYLRXVO\

YLVLWHG SDJHV HQDEOH XVHUV WR SHQHWUDWH DQ\ OLQN RQ

WKRVH SDJHV ZLWKRXW WKH QHHG WR H[KDXVWHGO\ NLFN

WKH EDFN ERWWRP WR ILQG RXW WKDW OLQN�

7KHVH IXQFWLRQV DUH DFWXDOO\ VLPLODU WR WKRVH RI WKH

V\VWHPV SURSRVHG E\ &KDUOHV HW DO LQ >�@>�@ IRU (QJOLVK

DQG -DSDQHVH� H[FHSW WKDW� LQ WKHLU V\VWHPV� RQO\ YLVLEOH

OLQNV RQ WKH FXUUHQW SDJH DUH VSHDNDEOH� +RZHYHU� RXU

DSSURDFK VSHFLDOO\ FRQVLGHULQJ WKH FKDUDFWHULVWLFV RI WKH

&KLQHVH ODQJXDJH LV WRWDOO\ GLIIHUHQW IURP WKHLU

DSSURDFKHV�

7R HQDEOH XVHUV WR DFFHVV WKH &KLQHVH :HE SDJHV E\

YRLFH� WKHUH DUH DW OHDVW WZR PDMRU LVVXHV WKDW QHHG WR EH

VROYHG� SUREOHPV RFFXUULQJ IURP FRQYHUWLQJ WKH &KLQHVH

VHQWHQFH LQWR D SKRQHWLF VWULQJ DQG IURP VSHHFK

UHFRJQLWLRQ� &KLQHVH VHQWHQFHV DUH FRPSRVHG ZLWK VWULQJV

RI FKDUDFWHUV ZLWKRXW EODQNV WR PDUN ZRUGV� 7R PDNH WKH

FRPPDQGV� ERRNPDUNV� DQG OLQNV VSHDNDEOH� WKH ILUVW VWHS

LV WR LGHQWLI\ WKH ZRUGV �L�H�� VHJPHQW WKH FKDUDFWHU VWULQJV

RI WKH VHQWHQFHV LQWR ZRUG VWULQJV� E\ PDWFKLQJ WKH

VHQWHQFHV ZLWK D OH[LFRQ� VXFK WKDW WKH SURQXQFLDWLRQ FDQ

EH REWDLQHG� 7R DOORZ XVHUV WKH IOH[LELOLW\ WR MXVW VSHDN D

IHZ ZRUGV RI OLQNV LQVWHDG RI WR VSHDN WKH IXOO OLQN QDPHV�

WKHVH ZRUGV DV ZHOO DV WKH IXOO OLQN QDPHV VKRXOG EH SXW

WRJHWKHU WR IRUP D G\QDPLF NH\ZRUG OH[LFRQ IRU VSHHFK

UHFRJQLWLRQ� ,W LV EHOLHYHG WKDW D YHU\ ODUJH OH[LFRQ ZLWK

VXIILFLHQW DPRXQW RI OH[LFDO HQWULHV ZKLFK FRYHUV DOO RI

WKH &KLQHVH ZRUGV LV FULWLFDO IRU FRUUHFW ZRUG

LGHQWLILFDWLRQ� +RZHYHU� VXFK D ODUJH OH[LFRQ LV QHYHU

H[LVWLQJ QRU ZLOO EH FRPSRVHG QRW RQO\ EHFDXVH WKHUH DUH

XQOLPLWHG QXPEHU RI FRPSRXQGV DQG SURSHU QDPHV EXW

DOVR EHFDXVH QHZ ZRUGV NHHS RQ JURZLQJ YHU\ IDVW HYHU\

GD\� 7KH FRPSRXQGV� SURSHU QDPHV� DQG QHZ ZRUGV�

ZKLFK DUH IUHTXHQWO\ XVHG DV OLQN QDPHV RU SDUW RI OLQN

QDPHV� DQG RQ WKH VDPH WLPH DUH YHU\ OLNHO\ WR EH XVHG DV

NH\ WHUPV WR UHSUHVHQW D VSHFLILF OLQN E\ XVHUV� ZLOO EH

VHJPHQWHG LQWR VKRUW ZRUGV RU FKDUDFWHUV� 7KLV ZLOO

LQHYLWDEO\ GHJUDGH WKH DFFXUDF\ LQ VSHHFK UHFRJQLWLRQ� ,Q

RXU DSSURDFK� DW ODWHU VWDJH DIWHU ZRUG LGHQWLILFDWLRQ� D

SRVW�SURFHVVRU LV VSHFLDOO\ GHVLJQHG WR UHJURXS VKRUW

ZRUGV RU FKDUDFWHUV LQWR FRPSRXQGV DQG SURSHU QDPHV�

7R DOORZ XVHUV WKH IOH[LELOLW\ WR VSHDN QDWXUDOO\ ZLWKRXW

WKH QHHG WR IROORZ D ULJLG VSHDNLQJ IRUPDW� D YRFDEXODU\�

IOH[LEOH NH\ZRUG VSRWWHU LQWHJUDWHG ZLWK XWWHUDQFH
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YHULILFDWLRQ WHFKQLTXHV LV DGRSWHG DV WKH VSHHFK

UHFRJQLWLRQ HQJLQH�

� $ %ULHI $QDO\VLV RI WKH &KLQHVH :HE 3DJHV

,Q &KLQHVH ODQJXDJH� HYHU\ FKDUDFWHU LV D PRUSKHPH ZLWK

LWV RZQ PHDQLQJ DQG SURQRXQFHG DV D PRQRV\OODEOH ZKLOH

D ZRUG LV FRPSRVHG RI RQH WR VHYHUDO FKDUDFWHUV �RU

V\OODEOHV�� 7KH WRWDO QXPEHU RI &KLQHVH ZRUGV LV EHOLHYHG

WR EH XQNQRZQ� EXW WKH WRWDO QXPEHU RI SKRQRORJLFDOO\

DOORZHG V\OODEOHV LQ 0DQGDULQ &KLQHVH LV RQO\ DERXW ���

LI WKH WRQHV DVVRFLDWHG ZLWK WKH V\OODEOHV DUH GLVUHJDUGHG�

7KH FRPELQDWLRQ RI WKHVH ��� V\OODEOHV DFWXDOO\ JLYHV

XQOLPLWHG QXPEHU RI ZRUGV� 7KLV PRQRV\OODELF VWUXFWXUH

RI WKH &KLQHVH ODQJXDJH DFWXDOO\ EHFRPHV WKH NH\ IRU WKH

SURSRVHG DSSURDFK DQG PDNHV RXU DSSURDFK REYLRXVO\

GLIIHUHQW IURP DSSURDFKHV SUHYLRXVO\ SURSRVHG IRU RWKHU

ODQJXDJHV�

%HIRUH JRLQJ WR WKH GHWDLOV RI RXU DSSURDFK� D EULHI

DQDO\VLV RI WKH &KLQHVH :HE SDJHV LV GLVFXVVHG LQ WKLV

VHFWLRQ ILUVW� 7KH DQDO\VLV LV EDVHG RQ <DP©V 7DLZDQ

3RS��� PRVW IUHTXHQWO\ YLVLWHG &KLQHVH :HE SDJHV LQ

'HFHPEHU ���� >�@� $OO ORFDO K\SHUOLQNV IURP WKHVH ���

SDJHV DUH FROOHFWHG� ZKLOH WKRVH OLQNV WKDW FRQQHFW WR

GLIIHUHQW :HE VLWHV DUH VLPSO\ GLVFDUGHG IRU VLPSOLFLW\�

7KH WRWDO QXPEHU RI SDJHV XVHG IRU DQDO\VLV LV ������

ZKLOH WKH WRWDO QXPEHU RI OLQNV RQ WKHVH SDJHV LV DERXW

�������� L�H�� WKH DYHUDJH QXPEHU RI OLQNV RQ HDFK SDJH LV

������ 7KH QXPEHU RI OLQNV RQ HDFK SDJH LV VXPPDUL]HG

LQ 7DEOH �� ,W ZDV IRXQG WKDW WKLV QXPEHU UDQJHV IURP � WR

PRUH WKDQ ���� $ERXW ��� RI SDJHV FRQWDLQ OHVV WKDQ ��

OLQNV� EXW VWLOO PRUH WKDQ �� RI SDJHV FRQWDLQ PRUH WKDQ

�� OLQNV� ,W©V YHU\ LQWHUHVWLQJ WKDW DERXW ��� RI SDJHV GR

QRW FRQWDLQ DQ\ OLQN ZKLOH ��� RI SDJHV FRQWDLQ RQO\ �

RU � OLQNV� 7KH VPDOO QXPEHU RI OLQNV RQ HDFK &KLQHVH

SDJH LQGLFDWHV WKDW LQ DGGLWLRQ WR WKH YLVLEOH OLQNV RQ WKH

FXUUHQW SDJH� WKH LQYLVLEOH OLQNV RQ WKH SUHYLRXVO\ YLVLWHG

SDJHV FDQ EH KDQGOHG YHU\ ZHOO E\ WKH NH\ZRUG VSRWWHU�

DQG WKXV FDQ DOVR EH VSHDNDEOH� 0RUHRYHU� LW ZDV IRXQG

WKDW WKH OHQJWK RI HDFK OLQN UDQJHV IURP � WR PRUH WKDQ ��

FKDUDFWHUV� 7KH DQDO\VLV LV VXPPDUL]HG LQ 7DEOH �� ,W ZDV

IRXQG WKDW ��FKDUDFWHU OLQNV DUH PRVW IUHTXHQWO\ XVHG�

7KRXJK PRVW RI OLQNV �������� FRQWDLQ �� RU OHVV WKDQ ��

FKDUDFWHUV� DERXW ������ RI OLQNV FRQWDLQ PRUH WKDQ ��

FKDUDFWHUV DQG VRPH OLQNV HYHQ FRQWDLQ PRUH WKDQ �� RU

�� FKDUDFWHUV� 2Q DYHUDJH� HDFK OLQN FRQWDLQV ���

FKDUDFWHUV� 7R DOORZ XVHUV WKH IOH[LELOLW\ WR VSHDN

QDWXUDOO\ ZLWKRXW DQ\ FRQVWUDLQW� WKH VSHHFK LQSXW LV

DOORZHG WR EH DQ\ FRPELQDWLRQ RI ZRUGV RU FKDUDFWHUV

WKDW FRPSULVH WKH FRUUHVSRQGLQJ ERRNPDUN RU OLQN�

$FWXDOO\� PRVW XVHUV ZRQ©W WU\ WR LQSXW WKH IXOO QDPH RI D

OLQN� HVSHFLDOO\ IRU WKRVH OLQNV ZLWK ORQJ QDPHV� 0RVW RI

WLPH� XVHUV RQO\ VSHDN RQH RU WZR WR WKUHH NH\ZRUGV

UDQGRPO\ VHOHFWHG IURP WKH IXOO OLQN QDPHV DQG KRSH WKH

VSHHFK LQWHUIDFH WR UHVSRQVH H[DFWO\� 7KLV LV ZK\ ZH

FKRRVH YRFDEXODU\�IOH[LEOH NH\ZRUG VSRWWLQJ DV WKH

VSHHFK UHFRJQLWLRQ HQJLQH KHUH� DQG ZK\ LQ DGGLWLRQ WR

SHUIRUPLQJ ZRUG LGHQWLILFDWLRQ WR REWDLQ WKH

SURQXQFLDWLRQ RI OLQNV� NH\ZRUG H[WUDFWLRQ LV XVHG WR

IXUWKHU H[WUDFW WKH SRWHQWLDO NH\ZRUGV�
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7DEOH �� 7KH OHQJWK RI OLQNV RQ WKH &KLQHVH :HE SDJHV�

� 2YHUYLHZ RI WKH 3URSRVHG $SSURDFK

)LJXUH � VKRZV WKH LQWHUDFWLRQ EHWZHHQ WKH VSHHFK

LQWHUIDFH� EURZVHU� DQG WKH :::� 7R DOORZ DQ\RQH WR

XVH WKH VSHHFK LQWHUIDFH QDWXUDOO\ ZLWKRXW WUDLQLQJ� KHUH

ZH XVH D UHDO�WLPH� VSHDNHU�LQGHSHQGHQW� YRFDEXODU\�

IOH[LEOH NH\ZRUG VSRWWHU DV WKH VSHHFK UHFRJQLWLRQ HQJLQH�

7R VROYH WKH SUREOHP RI G\QDPLF OLQN QDPHV RQ HDFK

SDJH� WKH UHFRJQL]HU XVHV WKH YRFDEXODU\�LQGHSHQGHQW

FRQWH[W�GHSHQGHQW ,1,7,$/�),1$/ PRGHOV >�@ WR DOORZ

UHFRJQLWLRQ RI DQ\ YRFDEXODU\ ZRUG ZLWKRXW WUDLQLQJ RQ

WKDW VSHFLILF ZRUG�

)LUVW RI DOO� DOO FRPPDQGV DUH DXWRPDWLFDOO\ GHILQHG DV

NH\ZRUGV DQG WKXV DGGHG WR WKH G\QDPLF NH\ZRUG

OH[LFRQ� )RU ERRNPDUNV� XVHU�GHILQHG NH\ SKUDVHV DUH

DOVR GHILQHG DV NH\ZRUGV DQG WKXV DGGHG WR WKH G\QDPLF

NH\ZRUG OH[LFRQ� ZKLOH WKH QDPHV RI ERRNPDUNV PXVW EH

IXUWKHU SURFHVVHG WR DOORZ XVHUV WR JR WR D IDYRULWH SDJH

E\ VSHDNLQJ WKH QDPH RI WKDW SDJH� :RUG LGHQWLILFDWLRQ >�@

LV ILUVW DSSOLHG WR REWDLQ WKH SURQXQFLDWLRQ DFFRUGLQJ WR D

JHQHUDO &KLQHVH OH[LFRQ >�@� WKHQ NH\ZRUG H[WUDFWLRQ LV

SHUIRUPHG EDVHG RQ WKH ZRUGV FRQWDLQHG LQ WKHVH

ERRNPDUNV WR H[WUDFW WKH SRWHQWLDO NH\ZRUGV� DQG ILQDOO\

WKHVH NH\ZRUGV DUH DOVR DGGHG WR WKH G\QDPLF NH\ZRUG

OH[LFRQ� :KLOH IRU WKH QHZ ERRNPDUNV DQG YLVLEOH OLQN

QDPHV� H[DFWO\ WKH VDPH ZRUG LGHQWLILFDWLRQ DQG NH\ZRUG

H[WUDFWLRQ SURFHGXUHV FDQ EH DSSOLHG� 1RWH WKDW� WKH ZRUG

LGHQWLILFDWLRQ DQG NH\ZRUG H[WUDFWLRQ SURFHGXUHV PXVW EH
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SHUIRUPHG RQ�OLQH LQ UHDO�WLPH RQFH D QHZ ERRNPDUN LV

DGGHG WR WKH ERRNPDUN OLVWV RU WKH EURZVHU KDV VZLWFKHG

LQWR D QHZ SDJH� 7R JXDUDQWHH KLJK NH\ZRUG VSRWWLQJ

DFFXUDF\� WKH VL]H RI WKH G\QDPLF NH\ZRUG OH[LFRQ PXVW

EH OLPLWHG� 7KH OH[LFRQ PDQDJHPHQW PRGXOH LV WKXV

GHVLJQHG WR NHHS WKH OH[LFRQ VL]H XQGHU D SUH�GHWHUPLQHG

QXPEHU EDVHG RQ WKH ILUVW�LQ�ILUVW�RXW FULWHULRQ� ,Q WKLV

VWXG\� WKH G\QDPLF NH\ZRUG OH[LFRQ LV GHVLJQHG WR EH

XQGHU ����� NH\ZRUGV� 7KHUHIRUH� LQ DGGLWLRQ WR WKH

NH\ZRUGV QHHGHG IRU FRPPDQGV� ERRNPDUNV� DQG YLVLEOH

OLQNV RQ WKH FXUUHQW SDJH� WKH G\QDPLF NH\ZRUG OH[LFRQ

DOVR UHFRUGV WKH NH\ZRUGV IRU LQYLVLEOH OLQNV RI PDQ\

SUHYLRXVO\ YLVLWHG SDJHV� 7KH XVHUV WKXV FDQ SHQHWUDWH

DQ\ OLQN RQ WKH SUHYLRXVO\ YLVLWHG SDJHV ZLWKRXW WKH QHHG

WR H[KDXVWHGO\ NLFN WKH EDFN ERWWRP WR ILQG RXW WKDW OLQN�

*LYHQ D VSHHFK LQSXW� WKH YRFDEXODU\�IOH[LEOH NH\ZRUG

VSRWWHU WKXV ILUVW JHQHUDWHV D VHW RI SRVVLEOH NH\ZRUG

FDQGLGDWHV� WKHQ WKH XWWHUDQFH YHULILFDWLRQ PHFKDQLVP

ZKLFK DFWV DV D SRVW�SURFHVVRU LV XVHG WR IXUWKHU YHULI\

WKHVH FDQGLGDWH NH\ZRUGV� )LQDOO\� WKH NH\ZRUG PDWFKLQJ

DQG VFRULQJ PRGXOH FKRRVHV WKH FRPPDQG� ERRNPDUN� RU

OLQN WKDW PRVW ILWV WKHVH NH\ZRUGV� DQG WKH VSHHFK

LQWHUIDFH VHQGV D EURZVHU FRQWURO FRPPDQG RU D 85/

GLUHFWLYH WR WKH :HE EURZVHU� +HUH� WKH VSHHFK LQSXW FDQ

EH DQ\ FRPELQDWLRQ RI ZRUGV RU FKDUDFWHUV WKDW FRPSULVH

WKH FRUUHVSRQGLQJ ERRNPDUN RU OLQN� DQG WKH XVHUV QHHG

QRW WU\ WR LQSXW WKH IXOO QDPH RI D OLQN RU D ERRNPDUN�

)XUWKHUPRUH� WKH KLJK GHJUHH RI IOH[LELOLW\ RI WKLV

LQWHUIDFH HYHQ DOORZV XVHUV WR LQSXW VSHHFK OLNH ¦JR WR

OLQN �RU ERRNPDUN� QDPH§� ¦, ZDQW �§ DQG VR RQ� 6RPH

RI WKH NH\ PRGXOHV ZLOO EH GHVFULEHG LQ GHWDLO LQ WKH

IROORZLQJ VHFWLRQV�

� :RUG ,GHQWLILFDWLRQ DQG .H\ZRUG

([WUDFWLRQ

)RU HDFK OLQN RU ERRNPDUN� ZRUG LGHQWLILFDWLRQ LV XVHG WR

REWDLQ WKH SURQXQFLDWLRQ DV ZHOO DV WKH ZRUGV FRQWDLQHG�

DFFRUGLQJ WR D JHQHUDO &KLQHVH OH[LFRQ >�@� 7KH OH[LFRQ

XVHG LQ WKLV VWXG\ FRQVLVWV RI D WRWDO RI ������ VLQJOH

FKDUDFWHU ZRUGV DQG DQRWKHU ������ ZRUGV WKDW DUH

FRPSRVHG RI IURP � WR � FKDUDFWHUV� 7KH EDVLF LGHD LV WKH

ZRUGV WKDW FRPSULVH WKH FRUUHVSRQGLQJ OLQN RU ERRNPDUN

DUH GHILQHG DV NH\ZRUGV DQG DGGHG WR WKH G\QDPLF

NH\ZRUG OH[LFRQ� $V VKRZQ LQ 7DEOH �� DERXW ��� RI

OLQNV FRQWDLQ �� RU OHVV WKDQ �� FKDUDFWHUV� )RU WKRVH

SHRSOH ZKR ZRXOG OLNH WR VSHDN WKH IXOO OLQN QDPHV WR

DFKLHYH WKH KLJKHU VSHHFK UHFRJQLWLRQ DFFXUDF\� WKH IXOO

OLQN QDPHV WKDW FRQWDLQ �� RU OHVV WKDQ �� FKDUDFWHUV DUH

DOVR GHILQHG DV NH\ZRUGV� 7KH QXPEHU RI NH\ZRUGV

H[WUDFWHG IURP ����� OLQNV RI ��� &KLQHVH SDJHV LV

VXPPDUL]HG LQ 7DEOH �� 7KHVH ��� &KLQHVH SDJHV ZHUH

UDQGRPO\ VHOHFWHG IURP WKH ������ SDJHV SUHYLRXVO\ XVHG

IRU DQDO\VLV LQ 6HFWLRQ �� ,Q DGGLWLRQ WR WKH NH\ZRUGV IRU

WKHVH ����� OLQNV� D WRWDO RI �� EURZVHU FRQWURO

FRPPDQGV ZHUH FRQVLGHUHG DV NH\ZRUGV LQ WKLV DQDO\VLV

IRU UHDOLVWLF FRQVLGHUDWLRQV� 7KH ILUVW URZ RI 7DEOH �

VKRZV WKH UHVXOWV RI WKH DERYH EDVHOLQH DSSURDFK� 6LQFH

WKH ZRUGV LQ WKH &KLQHVH OH[LFRQ DW PRVW FRQWDLQ �

FKDUDFWHUV� DOO NH\ZRUGV ZLWK PRUH WKDQ � FKDUDFWHUV

UHSUHVHQW WKH FRQWURO FRPPDQGV DQG WKH IXOO OLQN QDPHV�

$ ODUJH QXPEHU RI VLQJOH FKDUDFWHU NH\ZRUGV ZHUH IRXQG

LQ WKH G\QDPLF NH\ZRUG OH[LFRQ� ,W LV EHFDXVH QHZ ZRUGV�

FRPSRXQGV DQG SURSHU QDPHV WKDW DUH YHU\ IUHTXHQWO\

XVHG DV OLQN QDPHV RU SDUW RI OLQN QDPHV XVXDOO\ DUH QRW

LQFOXGHG LQ WKH JHQHUDO OH[LFRQ DQG WKXV ZLOO EH

VHJPHQWHG LQWR D VWULQJ RI VLQJOH FKDUDFWHU ZRUGV� 6XFK D

ODUJH QXPEHU RI VLQJOH FKDUDFWHU NH\ZRUGV LQHYLWDEO\

LQFUHDVH WKH DPELJXLW\ DQG WKXV GHJUDGH WKH DFFXUDF\ LQ

NH\ZRUG VSRWWLQJ� 7KH NH\ZRUG H[WUDFWLRQ DSSURDFK WR

IXUWKHU UHJURXS WKHVH VLQJOH FKDUDFWHU NH\ZRUGV LV

WKHUHIRUH KLJKO\ GHVLUHG� $ VLPSOH EXW YHU\ HIIHFWLYH

)LJXUH �� ,QWHUDFWLRQ EHWZHHQ WKH VSHHFK LQWHUIDFH� EURZVHU� DQG WKH :::�

:HE

%URZVHU

%RRNPDUN QDPHV

9LVLEOH OLQN QDPHV

85/ GLUHFWLYH

%URZVHU FRPPDQG
85/ UHTXHVW

:RUOG

:LGH

:HE

+70/

6SHHFK

,QWHUIDFH

:RUG ,GHQWLILFDWLRQ 	

.H\ZRUG ([WUDFWLRQ

*HQHUDO

&KLQHVH

/H[LFRQ

'\QDPLF

.H\ZRUG

/H[LFRQ

/LQNV

&RPPDQGV %RRNPDUNV

6SHDNHU�

,QGHSHQGHQW

$FRXVWLF

0RGHOV

.H\ZRUG 6SRWWLQJ

	 9HULILFDWLRQ

.H\ZRUG 0DWFKLQJ 	

6FRULQJ

3RVVLEOH NH\ZRUGV

6SHHFK

LQSXW

8VHU�GHILQHG

NH\ SKUDVHV

/H[LFRQ

0DQDJHPHQW



�

DSSURDFK LV WR GLUHFWO\ UHJURXS WKHVH VLQJOH FKDUDFWHU

NH\ZRUGV LQWR D PXOWL�FKDUDFWHU NH\ZRUG� )LJXUH � VKRZV

DQ H[DPSOH� ZKHUH ¦�¬+§ LV D SURSHU QDPH� DQG WKXV

WKH FKDUDFWHU VWULQJ ¦�§ ¦¬§ ¦+§ ZLOO EH FRQVLGHUHG DV

D ��FKDUDFWHU NH\ZRUG ¦�¬+§� :KHQ WKH DERYH VLPSOH

DSSURDFK LV DSSOLHG� WKH VHFRQG URZ RI 7DEOH � LQGLFDWHV

WKDW WKH QXPEHU RI VLQJOH FKDUDFWHU NH\ZRUGV LV

VLJQLILFDQWO\ UHGXFHG IURP ��� WR ���� FRPSDUHG WR WKH

ILUVW URZ RI 7DEOH �� 0RVW RI WKHP ZHUH PHUJHG LQWR ��

FKDUDFWHU RU ��FKDUDFWHU NH\ZRUGV� DQG VRPH RI WKHP

ZHUH PHUJHG LQWR HYHQ ORQJHU NH\ZRUGV� 7KH PRVW

LPSRUWDQW DGYDQWDJH DFKLHYHG IURP WKH VLJQLILFDQW

UHGXFWLRQ RI WKH QXPEHU RI VLQJOH FKDUDFWHU NH\ZRUGV LV

WKH UHGXFWLRQ RI DPELJXLW\ LQ NH\ZRUG VSRWWLQJ�

)XUWKHUPRUH� DV VKRZQ LQ 7DEOH �� DERXW ��� RI OLQNV DUH

ZLWK � FKDUDFWHUV� ZKLOH WKH RWKHU ��� DUH ZLWK RQO\ � WR

� FKDUDFWHUV� )RU WKRVH OLQNV ZLWK RQO\ � RU OHVV WKDQ �

FKDUDFWHUV� LW LV QRW QHFHVVDU\ WR VHJPHQW WKHP LQWR

VKRUWHU NH\ZRUGV VLQFH PRVW XVHUV DUH OLNHO\ WR LQSXW VXFK

VKRUW IXOO OLQN QDPHV� %DVHG RQ WKLV FRQVLGHUDWLRQ� WKH

WKLUG URZ RI 7DEOH � VKRZV WKDW WKH QXPEHU RI VLQJOH

FKDUDFWHU NH\ZRUGV� ��FKDUDFWHU NH\ZRUGV� DQG ��

FKDUDFWHU NH\ZRUGV FDQ EH VOLJKWO\ UHGXFHG ZKLOH WKH

QXPEHU RI ��FKDUDFWHU NH\ZRUGV DQG RWKHU ORQJHU

NH\ZRUGV NHHSV XQFKDQJHG� FRPSDUHG WR WKH ILUVW URZ RI

7DEOH �� 7KH WRWDO QXPEHU RI NH\ZRUGV LV UHGXFHG IURP

����� WR ������ 7KH UHGXFWLRQ RI WKH QXPEHU RI VKRUW

NH\ZRUGV LQGLFDWHV WKH UHGXFWLRQ RI DPELJXLW\ LQ

NH\ZRUG VSRWWLQJ� $V VKRZQ LQ WKH ODVW URZ RI 7DEOH ��

ZLWK DOO FRQVLGHUDWLRQV PHQWLRQHG DERYH� WKH WRWDO

QXPEHU RI NH\ZRUGV LV UHGXFHG IURP ����� WR ������ ZLWK

VLJQLILFDQW UHGXFWLRQ LQ WKH QXPEHU RI VKRUW NH\ZRUGV EXW

VOLJKW LQFUHDVH LQ WKH QXPEHU RI ORQJ NH\ZRUGV� :LWK WKH

DERYH NH\ZRUG H[WUDFWLRQ SURFHGXUH� WKH DPELJXLW\ LQ

NH\ZRUG VSRWWLQJ FDQ EH VLJQLILFDQWO\ UHGXFHG ZKLOH WKH

KLJK GHJUHH RI IOH[LELOLW\ FDQ EH UHWDLQHG�

/HQJWK RI NH\ZRUGV � � � � � � � � � �� 7RWDO

%DVHOLQH ��� ���� ��� ��� ��� ��� ��� ��� �� �� ����

5HJURXS VLQJOH FKDUDFWHU ZRUGV ��� ���� ��� ��� ��� ��� ��� ��� �� �� ����

1R ZRUG VHJPHQWDWLRQ RQ VKRUW OLQNV ��� ���� ��� ��� ��� ��� ��� ��� �� �� ����

%RWK ��� ���� ��� ��� ��� ��� ��� ��� �� �� ����

7DEOH �� 7KH QXPEHU RI NH\ZRUGV ZLWK GLIIHUHQW OHQJWKV LQ DQ H[DPSOH G\QDPLF NH\ZRUG OH[LFRQ�

� 9RFDEXODU\�)OH[LEOH .H\ZRUG 6SRWWLQJ >�@

+HUH� WKH DFRXVWLF PRGHOV IRU YRLFH UHFRJQLWLRQ DUH

GHVLJQHG WR EH LQGHSHQGHQW RI WKH NH\ZRUG YRFDEXODU\

EDVHG RQ WKH PRQRV\OODELF VWUXFWXUH RI WKH &KLQHVH

ODQJXDJH VXFK WKDW YHU\ KLJK GHJUHH YRFDEXODU\ IOH[LELOLW\

FDQ EH DFKLHYHG IRU WKH WLPH�YDU\LQJ SDJH FRQWHQWV� ,Q

&KLQHVH ODQJXDJH� HYHU\ FKDUDFWHU LV D PRUSKHPH ZLWK LWV

RZQ PHDQLQJ DQG SURQRXQFHG DV D PRQRV\OODEOH� ZKLOH D

ZRUG LV FRPSRVHG RI RQH WR VHYHUDO FKDUDFWHUV �RU

V\OODEOHV�� 7KH WRWDO QXPEHU RI SKRQRORJLFDOO\ DOORZHG

V\OODEOHV LQ 0DQGDULQ &KLQHVH LV RQO\ DERXW ��� LI WKH

WRQHV DVVRFLDWHG ZLWK WKH V\OODEOHV DUH GLVUHJDUGHG� :KHQ

WKH V\OODEOHV DUH IXUWKHU GHFRPSRVHG LQWR VXE�V\OODELF

XQLWV� DQ HYHQ PXFK VPDOOHU QXPEHU RI XQLWV ZLOO EH

QHHGHG� 7KH VXE�V\OODELF XQLWV DGRSWHG KHUH DUH

,1,7,$/©V DQG ),1$/©V� LQ ZKLFK WKH ,1,7,$/ LV WKH

LQLWLDO FRQVRQDQW RI WKH V\OODEOH ZKLOH WKH ),1$/ LV WKH

YRZHO �RU GLSKWKRQJ� SDUW RI WKH V\OODEOH EXW LQFOXGLQJ DQ

RSWLRQDO PHGLDO RU QDVDO HQGLQJ� 7KH FRPELQDWLRQ RI

WKHVH ��� V\OODEOHV RU VPDOOHU QXPEHU RI VXE�V\OODELF

XQLWV DFWXDOO\ JLYHV XQOLPLWHG QXPEHU RI ZRUGV�

7KH VHDUFK IUDPHZRUN RI NH\ZRUG VSRWWLQJ LV EDVHG RQ

D OH[LFDO QHWZRUN FRQFDWHQDWHG ZLWK D OHIW ILOOHU PRGHO

DQG D ULJKW ILOOHU PRGHO� EXLOW VSHFLILFDOO\ DFFRUGLQJ WR WKH

G\QDPLF NH\ZRUG OH[LFRQ REWDLQHG IURP WKH ZRUG

SURFHVVLQJ SURFHGXUH DV GHVFULEHG DERYH� (DFK DUF RI WKH

OH[LFDO QHWZRUN UHSUHVHQWV D VXEZRUG XQLW� WKXV WKH

QHWZRUN LV DEOH WR KDQGOH DUELWUDULO\ DVVLJQHG YRFDEXODU\

VHW� +HUH� WKH V\OODEOH LV FKRVHQ DV WKH VXEZRUG XQLW DQG

HDFK V\OODEOH LV FRPSRVHG RI WZR VXE�V\OODELF PRGHOV�

7KH OHIW DQG ULJKW ILOOHU PRGHOV WKDW FRQVLVW RI D VLOHQFH

PRGHO� D JHQHUDO DFRXVWLF ILOOHU PRGHO� DQG D VHW RI

V\OODEOH ILOOHU PRGHOV DUH XVHG WR DEVRUE WKH QRQ�NH\ZRUG

SDUW RI WKH LQSXW XWWHUDQFHV� 7KHQ� WKH NH\ZRUG VSRWWLQJ

SURFHVV LV EDVHG RQ D WZR�SDVV VHDUFK VWUDWHJ\� ,Q WKH ILUVW

SDVV� WKH OHIW DQG ULJKW ILOOHU PRGHOV DUH GHFRGHG OHIW�WR�

ULJKW DQG ULJKW�WR�OHIW UHVSHFWLYHO\� ZLWK WKH 9LWHUEL VFRUHV

VWRUHG DW HYHU\ WLPH LQGH[� $W WKH VDPH WLPH� D FRPSDFW

V\OODEOH ODWWLFH LV JHQHUDWHG IURP WKH OH[LFDO QHWZRUN

EDVHG RQ FRQVWUDLQW JUDPPDU FRQVLGHULQJ WKH NH\ZRUG

VWUXFWXUH� ZLWK WKH UHVSHFWLYH ODWWLFH QRGH VFRUHV

HYDOXDWHG OHIW�WR�ULJKW LQFOXGLQJ WKH OHIW ILOOHU PRGHO

VFRUHV� 7KH QRGH VFRUHV DUH WKHQ WDNHQ DV WKH KHXULVWLF

2ULJLQDO OLQN QDPH� *ûÒ7Ú�¬+�[

:RUG LGHQWLILFDWLRQ� *û Ò7Ú � ¬ + �[

.H\ZRUG H[WUDFWLRQ� *û Ò7Ú �¬+ �[ *ûÒ7Ú�¬+�[

)LJXUH �� $Q H[DPSOH RI ZRUG SURFHVVLQJ IRU WKH OLQN ¦7KH KRPHSDJH RI D SURJUDPPHU� �¬+§�
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VFRUHV� ,Q WKH VHFRQG SDVV� D EDFNZDUG WLPH�

DV\QFKURQRXV $
 VHDUFK RQ WKH ULJKW ILOOHU PRGHO DQG WKH

OH[LFDO QHWZRUN LV SHUIRUPHG ULJKW�WR�OHIW� ZLWK WKH DLG RI

WKH KHXULVWLF VFRUHV REWDLQHG SUHYLRXVO\� ,Q WKH $
 VHDUFK

SURFHVV� LQ HYHU\ LWHUDWLRQ D SDUWLDO SDWK KDYLQJ WKH

PD[LPDO HYDOXDWLRQ IXQFWLRQ LV SRSSHG� H[WHQGHG� DQG

VWRUHG LQ D VWDFN� DQG WKH VWDFN LV VRUWHG E\ WKH HYDOXDWLRQ

IXQFWLRQV RI DOO WKHVH H[WHQGHG SDUWLDO SDWKV� 7KLV SURFHVV

LV WHUPLQDWHG ZKHQ WKH 1�EHVW FRPSOHWH SDWKV �FDQGLGDWH

NH\ZRUGV� DUH REWDLQHG VHTXHQWLDOO\�

)RU HDFK VSRWWHG NH\ZRUG� WKH VXE�V\OODEOH OHYHO

YHULILFDWLRQ LV WKHQ SHUIRUPHG� +HUH� WKH VXE�V\OODEOH

OHYHO YHULILFDWLRQ VFRUH RI D VSHFLILF VXE�V\OODELF XQLW V

LV GHILQHG DV D ORJ OLNHOLKRRG UDWLR �//5��

���

ZKHUH 2 LV WKH REVHUYHG VSHHFK VHJPHQW REWDLQHG IURP

9LWHUEL GHFRGLQJ�
�

λ LV WKH FRUUHVSRQGLQJ VXE�V\OODELF

PRGHO� DQG
�

λ LV WKH FRPSHWLQJ PRGHO� 7KHQ� WKH ORJ

OLNHOLKRRG UDWLR LV WUDQVIRUPHG WR D UDQJH EHWZHHQ � DQG �

E\ D 6LJPRLG IXQFWLRQ ζ � DQG WKH FRQILGHQFH PHDVXUH

�&0� RI NH\ZRUG N LV UHSUHVHQWHG DV�

���

ZKHUH 1 LV WKH WRWDO QXPEHU RI VXE�V\OODELF XQLWV

FRQWDLQHG LQ NH\ZRUG N � 2QO\ WKH NH\ZRUG FDQGLGDWHV

ZLWK WKH FRQILGHQFH PHDVXUH XSSHU WKDQ D SUHGHWHUPLQHG

WKUHVKROG τ ZLOO EH DFFHSWHG ZKLOH WKRVH ZLWK ORZHU

FRQILGHQFH PHDVXUH ZLOO EH UHMHFWHG�

� .H\ZRUG 0DWFKLQJ DQG 6FRULQJ

%DVHG RQ WKH SRVVLEOH NH\ZRUG FDQGLGDWHV REWDLQHG IURP

WKH NH\ZRUG VSRWWHU� WKH NH\ZRUG PDWFKLQJ DQG VFRULQJ

PRGXOH WKHQ FDOFXODWHV WKH VLPLODULW\ EHWZHHQ WKH VSHHFK

XWWHUDQFH DQG FRPPDQGV� ERRNPDUNV� RU OLQNV� DQG VHOHFW

WKH RQH ZLWK WKH KLJKHVW VFRUH DV WKH RXWSXW� 7KH

VLPLODULW\ VFRUH LV GHILQHG DV�

���

ZKHUH 6L LV WKH VLPLODULW\ VFRUH RI WKH L�WK VHQWHQFH �HDFK

FRPPDQG� ERRNPDUN� RU OLQN FDQ EH WKRXJKW DV D

VHQWHQFH�� :L LV WKH QXPEHU RI NH\ZRUGV WKDW WKH L�WK

VHQWHQFH FRQWDLQV� - LV WKH QXPEHU RI NH\ZRUGV WKDW ZHUH

PDWFKHG IURP WKH VSRWWHG NH\ZRUG FDQGLGDWHV� DQG &0M

LV WKH FRQILGHQFH PHDVXUH RI WKH PDWFKHG NH\ZRUG M�

7KXV� WKH FRPPDQG� ERRNPDUN� RU OLQN ZLWK D KLJKHU

SHUFHQWDJH RI NH\ZRUGV WKDW DUH PDWFKHG IURP WKH

VSRWWHG NH\ZRUG FDQGLGDWHV DQG RQ WKH VDPH WLPH WKHVH

NH\ZRUGV DUH ZLWK KLJKHU FRQILGHQFH PHDVXUH ZLOO KDYH

KLJKHU SULRULW\ WR EH FKRVHQ DV WKH RXWSXW�

,Q WKH IROORZLQJ� VHYHUDO ZHLJKWLQJ IDFWRUV ZLOO EH

LQWURGXFHG WR IXUWKHU LPSURYH WKH DFFXUDF\ RI WKH

NH\ZRUG PDWFKLQJ DQG VFRULQJ SURFHGXUH� 7KH VLPLODULW\

VFRUH GHILQHG SUHYLRXVO\ LQ HTXDWLRQ ��� LV WKXV PRGLILHG

DV�

���

ZKHUH OM LV WKH OHQJWK �QXPEHU RI FKDUDFWHUV� RI WKH

PDWFKHG NH\ZRUG M ZKLOH /L LV WKH OHQJWK RI WKH L�WK

VHQWHQFH� DQG GM LV WKH GXUDWLRQ RI WKH PDWFK NH\ZRUG M

ZKLOH ' LV WKH GXUDWLRQ RI WKH VSHHFK XWWHUDQFH� 7KH ILUVW

ZHLJKWLQJ IDFWRU PDNHV WKH VHQWHQFH ZLWK D KLJKHU

SHUFHQWDJH RI PDWFKHG FKDUDFWHUV KDYH KLJKHU SULRULW\ WR

EH FKRVHQ� ZKLOH WKH VHFRQG ZHLJKWLQJ IDFWRU PDNHV WKH

VHQWHQFH ZLWK D KLJKHU SHUFHQWDJH RI PDWFKHG GXUDWLRQ

KDYH KLJKHU SULRULW\ WR EH FKRVHQ� $V PHQWLRQHG DERYH�

HDFK NH\ZRUG FDQ FRQWDLQ � WR �� FKDUDFWHUV� ([SHULHQFH

KDV VKRZQ WKDW D ORQJ NH\ZRUG LV PRUH UHOLDEOH WKDQ D

VKRUW RQH� 7KH EDVLF LGHD IRU WKH WKLUG ZHLJKWLQJ IDFWRU LV

WKDW WKH VHQWHQFH ZLWK D ORQJHU DYHUDJH OHQJWK RI PDWFKHG

NH\ZRUGV VKRXOG KDYH KLJKHU SULRULW\ WR EH FKRVHQ� 7KXV�

I�[� FDQ EH DQ\ PRQRWRQLFDOO\ LQFUHDVLQJ IXQFWLRQV� ,Q

WKLV VWXG\� I�[� LV D VLPSOH OLQHDU IXQFWLRQ ZLWK I���� �

DQG I��� ����

0DOH )HPDOH

1XPEHU

RI WHVWHUV

1XPEHU

RI XWWHUDQFHV

1XPEHU

RI WHVWHUV

1XPEHU

RI XWWHUDQFHV

&PG � ��� � ���

)XOO/N � ��� � ���

&PG,U:G � ��� � ���

)XOO/N,U:G � ��� � ���

.H\/N � ��� � ���

7DEOH �� 7KH QXPEHU RI WHVWLQJ XWWHUDQFHV�

� ([SHULPHQWV

7KLV VHFWLRQ SUHVHQWV WKH H[SHULPHQWDO UHVXOWV� 7KH

IROORZLQJ H[SHULPHQWV ZHUH EDVHG RQ ��� &KLQHVH SDJHV

SUHYLRXVO\ XVHG IRU DQDO\VLV LQ 6HFWLRQ �� � PDOH XVHUV

DQG � IHPDOH XVHUV ZHUH DVNHG WR XWWHU WKH EURZVHU

FRQWURO FRPPDQGV �&PG�� IXOO OLQN QDPHV �)XOO/N��

FRQWURO FRPPDQGV ZLWK LUUHOHYDQW ZRUGV �&PG,U:G�� IXOO

OLQN QDPHV ZLWK LUUHOHYDQW ZRUGV �)XOO/N,U:G�� DQG

NH\ZRUGV RI OLQN QDPHV �.H\/N�� 7KH QXPEHU RI WHVWLQJ

XWWHUDQFHV LV VXPPDUL]HG LQ 7DEOH � DQG DQ H[DPSOH RI

SRVVLEOH VSHHFK LQSXW IRU D OLQN LV VKRZQ LQ )LJXUH �� 7KH

H[SHULPHQWDO UHVXOWV DUH VXPPDUL]HG LQ 7DEOHV � DQG �

IRU PDOH DQG IHPDOH XVHUV� UHVSHFWLYHO\� 7KH EDVHOLQH

WHVWV XVHG RQO\ ZRUG LGHQWLILFDWLRQ WR REWDLQ WKH

SURQXQFLDWLRQ DQG ZHUH EDVHG RQ WKH VLPLODULW\ PHDVXUH

GHILQHG LQ HTXDWLRQ ���� WKH UHVXOWV PDUNHG E\ ¦:LWK .(§

ZHUH REWDLQHG ZLWK WKH VSHFLDO NH\ZRUG H[WUDFWLRQ

DSSURDFK GLVFXVVHG LQ 6HFWLRQ � DSSOLHG� ZKLOH WKH UHVXOWV
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PDUNHG E\ ¦:LWK .(	,6§ ZHUH REWDLQHG ZLWK WKH

NH\ZRUG H[WUDFWLRQ DSSURDFK DSSOLHG DQG EDVHG RQ WKH

VLPLODULW\ PHDVXUH GHILQHG LQ HTXDWLRQ ���� 7KH EDVHOLQH

UHVXOWV DUH DFWXDOO\ QRW JRRG� ZLWK RQO\ ������ DQG

������ RI DYHUDJH DFFXUDF\ IRU PDOH DQG IHPDOH XVHUV

UHVSHFWLYHO\� %XW WKH\ FDQ EH LPSURYHG WR ������ DQG

������ UHVSHFWLYHO\ ZLWK WKH VSHFLDO GHVLJQHG NH\ZRUG

H[WUDFWLRQ DSSURDFK DSSOLHG DQG IXUWKHU LPSURYHG WR

������ DQG ������ UHVSHFWLYHO\ EDVHG RQ WKH LPSURYHG

VLPLODULW\ PHDVXUHPHQW� %RWK WKH VSHFLDO GHVLJQHG

NH\ZRUG H[WUDFWLRQ DSSURDFK DQG WKH LPSURYHG VFRULQJ

DSSURDFK DUH VKRZQ WR EH YHU\ HIIHFWLYH LQ LPSURYLQJ WKH

DFFXUDF\ RI XVLQJ DOO WKH � GLIIHUHQW ZD\V WR EURZVH WKH

&KLQHVH :HE SDJHV� 0RUHRYHU� LW FDQ EH IRXQG WKDW YHU\

KLJK DFFXUDF\ FDQ EH DFKLHYHG LI WKH LQSXW XWWHUDQFHV

FRQWDLQ RQO\ WKH SXUH FRQWURO FRPPDQGV� L�H�� WKH &PG

FDVH LQ 7DEOHV � DQG �� RU IXOO OLQN QDPHV ZLWKRXW DQ\

LUUHOHYDQW ZRUG� L�H� WKH )XOO/N FDVH LQ 7DEOHV � DQG �� 2Q

WKH RWKHU KDQG� VOLJKWO\ ZRUVH UHVXOWV ZHUH DFKLHYHG IRU

WKH RWKHU WKUHH FDVHV LQ ZKLFK PRUH IOH[LEOH VSHHFK LQSXW

ZDV XVHG� 7KRXJK� WKH DFFXUDF\ UHGXFWLRQ LV WKH

QHFHVVDU\ SULFH SDLG WR DFKLHYH WKH KLJKHU GHJUHH RI

IOH[LELOLW\� LQ DQ\ FDVH EURZVLQJ WKH :HE SDJHV XVLQJ

TXDVL�QDWXUDO�ODQJXDJH VSHHFK LV WKH PRVW QDWXUDO DQG

DWWUDFWLYH DQG WKXV KLJKO\ GHVLUHG� 7KHUHIRUH� EHWWHU

DSSURDFKHV WR IXUWKHU LPSURYH WKH SHUIRUPDQFH RI VXFK

FDVHV DUH YHU\ LPSRUWDQW� )RU H[DPSOH� PRUH FRPSOLFDWHG

DFRXVWLF PRGHOV DUH EHOLHYHG WR EH KHOSIXO LQ LPSURYLQJ

WKH VSHHFK UHFRJQLWLRQ DFFXUDF\ DQG WKXV WKH DFFXUDF\ RI

WKH V\VWHP�

� &RQFOXVLRQ

:H KDYH GHVFULEHG D ZRUNLQJ LQWHUIDFH WKDW HQDEOHV XVHUV

WR EURZVH WKH &KLQHVH :HE SDJHV XVLQJ XQFRQVWUDLQHG

0DQGDULQ VSHHFK LQ D YDULHW\ RI ZD\V� H�J� XVLQJ VSHHFK

FRPPDQGV WR FRQWURO WKH EURZVHU� VSHDNLQJ DQ\ YLVLEOH

OLQN QDPH RQ WKH FXUUHQW SDJH DQG LQYLVLEOH OLQN QDPH RQ

WKH SUHYLRXVO\ YLVLWHG SDJHV WR JR WR D OLQN� DQG VSHDNLQJ

WKH XVHU�GHILQHG NH\ SKUDVH RU WKH QDPH RI D ERRNPDUNHG

SDJH WR JR WR D IDYRULWH SDJH� 2QFH D QHZ &KLQHVH :HE

SDJH LV YLVLWHG� ZRUG SURFHVVLQJ LV SHUIRUPHG RQ�OLQH LQ

UHDO�WLPH WR REWDLQ WKH SURQXQFLDWLRQ DQG SRWHQWLDO

NH\ZRUGV RI OLQNV RQ WKDW SDJH� 7KH VL]H RI WKH G\QDPLF

NH\ZRUG OH[LFRQ LV DOZD\V NHSW XQGHU D SUHGHWHUPLQHG

QXPEHU EDVHG RQ D ILUVW�LQ�ILUVW�RXW FULWHULRQ� WKH NH\ZRUG

VSRWWHU WKXV FDQ SHUIRUP YHU\ ZHOO� 7KH H[SHULPHQWDO

UHVXOWV KDYH VKRZQ WKDW YHU\ KLJK DFFXUDF\ FDQ EH

DFKLHYHG�

%DVHOLQH :LWK .( :LWK .(	,6

&PG ������ ������ ������

)XOO/N ������ ������ ������

&PG,U:G ������ ������ ������

)XOO/N,U:G ������ ������ ������
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