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+XQ]H &KHQ DQG &KXQJ�+VLHQ :X

'HSDUWPHQW RI &RPSXWHU 6FLHQFH DQG ,QIRUPDWLRQ (QJLQHHULQJ�

1DWLRQDO &KHQJ .XQJ 8QLYHUVLW\� 7DLQDQ� 7DLZDQ� 5�2�&�

(PDLO� ^FKHQKW� FKZX`#FVLH�QFNX�HGX�WZ

$%675$&7

7KH QRLVH UHGXFWLRQ RI VSHHFK SHUIRUPHG LQ

ZDYHOHW GRPDLQ LV UDWKHU VHOGRP XVHG� 7KH
)RXULHU WUDQVIRUP SHUIRUPV ZHOO XSRQ OLQHDU

WLPH�LQYDULDQW VLJQDO SURFHVVLQJ DQG LV
DSSURSULDWH IRU PDQ\ DSSOLFDWLRQV OLNH VWDWLRQDU\

VLJQDO SURFHVVLQJ� 1HYHUWKHOHVV LW FDQQRW GHDO
ZLWK PDQ\ WUDQVLHQW FKDUDFWHULVWLFV RI ZKLFK
VSHHFK VLJQDOV SRVVHVV� 7KH ZDYHOHW H[SDQVLRQ

JLYHV D PRUH DFFXUDWH ORFDO GHVFULSWLRQ DQG
VHSDUDWLRQ RI VLJQDO FKDUDFWHULVWLFV� :DYHOHWV FDQ

DGMXVW WKHPVHOYHV ZHOO WR VXLW WKH VLJQDO DQG
UHYHDO LWV SURSHUWLHV� %HVLGHV LWV WLPH FRPSOH[LW\

LV RQO\ 2�1�� 7KRXJK WKHUH DUH VRPH WKHRULHV
UHJDUGLQJ WR WKH ZDYHOHW VKULQNDJH� PRVW RI WKHP

IRFXV RQ DUWLILFLDO VLJQDO RU ��' LPDJH VLJQDO
SURFHVVLQJ� 7KH GHWHUPLQDWLRQ RI WKH WKUHVKROG

YDOXH IRU WKH ZDYHOHW VKULQNDJH RI VSHHFK VLJQDOV
LV HLWKHU XQVXLWDEOH RU ODFNV WKHRUHWLFDO
IRXQGDWLRQ� 7KLV SDSHU ZLOO ILQG RXW WKLV YDOXH

IURP WKH YLHZ RI PHDQ�VTXDUHG�HUURU SHUVSHFWLYH�
DQG GHULYH LW VWHS E\ VWHS PDWKHPDWLFDOO\� 2QFH

WKH WKUHVKROG FRXOG EH VHW DFFXUDWHO\� WKH QRLVH
UHGXFWLRQ RI VSHHFK WKURXJK ZDYHOHW VKULQNDJH

FRXOG EH VXFFHVVIXOO\ GRQH DQG LW PLJKW QRW DOWHU
WKH FKDUDFWHULVWLFV RI WKH VSHHFK RU GLVWRUW WKH

VSHHFK LWVHOI� ([SHULPHQWDO UHVXOWV VKRZ WKDW RXU
DSSURDFK JLYHV HQFRXUDJLQJ UHVXOWV LQ QRLVH

UHGXFWLRQ IRU VSHHFK VLJQDOV�

,� ,1752'8&7,21

'LJLWDO VLJQDO SURFHVVLQJ RI QRLV\ VSHHFK LQ D
EDFNJURXQG RI QRLVH LV LPSRUWDQW DV PRUH

DSSOLFDWLRQV RI VSHHFK UHFRUGLQJ RU UHFRJQLWLRQ
FDQ QRW DOZD\V EH SHUIRUPHG LQ D VRXQGSURRI

ERRWK RU PDGH LQ DQ DQHFKRLF FKDPEHU� 6SHHFK
UHFRJQLWLRQ UDWH KDV GURSSHG RZLQJ WR WKH

FRUUXSWHG VSHHFK VLJQDOV� $V QHZ WHFKQRORJLHV
GHYHORS� YRLFH ZLOO GRPLQDWH WR EH WKH LQSXW

PHGLD RI WKH FRPSXWHU LQ WKH IXWXUH� -XVW OLNH LQ
WKH ILOPV ³VWDU ZDU´ RU ³NQLJKW ULGHU´� WDONLQJ WR

D FRPSXWHU ZLOO GHILQLWHO\ EH SRVVLEOH DQG JHW D
IDLU UHVSRQVH�

6SHHFK VLJQDO SURFHVVLQJ LV XVXDOO\ DSSOLHG LQ
WKH IUHTXHQF\ GRPDLQ WKURXJK 'LVFUHWH )RXULHU
7UDQVIRUP �')7�� 7KH WLPH FRPSOH[LW\ RI )DVW

)RXULHU 7UDQVIRUP �))7� LV 2�1 ORJ 1�� ZKHUH 1
LV WKH VDPSOH VL]H� DQG LV RIWHQ D ODUJH QXPEHU DV

WKH VDPSOH UDWH PLJKW EH �N� ������ RU ����� +]
HWF� 6XFK DOJRULWKPV FRVW &38 WLPH IRU HYHQ

VHFRQGV RI VSHHFK VLJQDO�
7KHUH DUH VRPH UHVHDUFKHV XVLQJ :DYHOHW

7UDQVIRUP �:7� WHFKQLTXHV FRQFHUQLQJ QRLVH
UHPRYDO HLWKHU LQ RQH�GLPHQVLRQDO DUWLILFLDO

VLJQDO RU LQ ��' VLJQDO SURFHVVLQJ OLNH LPDJH
SURFHVVLQJ >���������@� %XW IHZ FRQFHUQ DERXW
DQG GHDO ZLWK VSHHFK VLJQDO� ,I ZH FDQ PDNH

QRLVH UHGXFWLRQ DQG LPSURYH WKH TXDOLW\ RI
VSHHFK VXFK DV VLJQDO�WR�QRLVH UDWLR �615�� WKH

VSHHFK UHFRJQLWLRQ UDWH ZLOO GHILQLWHO\ LQFUHDVH
DQG WKLV ZLOO PDNH FRPSXWHU YRLFH LQSXW PRUH

UHOLDEOH DQG OHVV HUURU SURQH�
'RQRKR DQG -RKQVWRQH >�@ KDG SURSRVHG WKH

XQLYHUVDO WKUHVKROG 1WK
H

ORJ�σ= ZKHUH 1 LV

WKH VWDQGDUG GHYLDWLRQ RI *DXVVLDQ QRLVH� )RU

ODUJH 1� WKLV WKUHVKROG VHHPV XQUHOHYDQW� DQG LV
DJDLQVW UHDVRQLQJ WR KDYH WKH WKUHVKROG WKDW
GHSHQGV XSRQ WKH VDPSOH VL]H� 6RRQ HW DO� >�@

WUHDW WKH WKUHVKROG DV WKH H[SHFWHG YDOXH RI WKH
QRLVH PDJQLWXGH LQ WKH GHFRPSRVHG VXEEDQG� EXW

WKLV YDOXH ODFNV VRXQG WKHRUHWLFDO SURRIV LQ
ZDYHOHW DUHQD�

7KH WLPH FRPSOH[LW\ RI GLVFUHWH ZDYHOHW
WUDQVIRUP �':7� LV 2�1�� L�H�� OLQHDUO\



SURSRUWLRQDO WR WKH VDPSOH VL]H� 7KDW PDNHV

QRLVH UHGXFWLRQ E\ ':7 UDWKHU IDVWHU� 7KHUH DUH
EDVLFDOO\ WZR W\SHV RI WKUHVKROG UXOH� RQH LV VRIW
WKUHVKROGLQJ��

V
�� DQG WKH RWKHU LV KDUG

WKUHVKROGLQJ��
K��
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ZKHUH Z LV ZDYHOHW FRHIILFLHQWV� DQG WK LV WKH

WKUHVKROG�
6SHHFK VLJQDOV DUH GLIIHUHQW LQ D ZD\ IURP

WKRVH DUWLILFLDO RQHV� ,W SRVVHVVHV LWV RZQ QDWXUH�
:H WKRXJKW LW LV RQH GLPHQVLRQ RI VLJQDO DQG

LPDJH VLJQDO DV WZR GLPHQVLRQDO� EXW WKHLU
FKDUDFWHULVWLFV DUH TXLWH GLIIHUHQW� 7KH UHVHDUFK

DERXW DFRXVWLF WKHRU\ RI VSHHFK SURGXFWLRQ VWDUWV
IURP SK\VLFV ODZV DQG WKH WKHRU\ EULQJV XS

ZDYHIRUP UHSUHVHQWDWLRQV DQG SDUDPHWULF
UHSUHVHQWDWLRQV� ,Q GLJLWDO VLJQDO SURFHVVLQJ RI
VSHHFK WKURXJK ZDYHOHW WUDQVIRUP� QRW PXFK

UHVHDUFK GRQH FRQFHUQV DERXW ILQGLQJ WKH
WKUHVKROG YDOXH�

7KLV SDSHU SURSRVHV D WKHRUHWLFDO PHWKRG WR
GHWHUPLQH WKH YDOXH RI WKH WKUHVKROG PRUH

VRXQGO\� 7KLV EHJLQV DSSUR[LPDWLRQ RI WKH QRLVH�
IUHH VLJQDO E\ PLQLPL]LQJ WKH PHDQ VTXDUHG

HUURU �06(�� 7KH IRXQGDWLRQV RI QRLVH UHGXFWLRQ
E\ WKUHVKROGLQJ FRHIILFLHQWV LQ WUDQVIRUPHG

ZDYHOHW VXEEDQGV DUH EDVHG XSRQ WKH
FRQFHQWUDWLQJ FDSDELOLW\ RI WKH ZDYHOHW
WUDQVIRUP� ,I D VLJQDO KDV LWV HQHUJ\ FRQFHQWUDWHG

RQ WKH VPDOO QXPEHU RI WUDQVIRUPHG FRHIILFLHQWV�
WKHVH FRHIILFLHQWV WHQG WR UHODWLYHO\ ODUJH

FRPSDUHG WR WKH WUDQVIRUPHG FRHIILFLHQWV RI WKH
QRLVH LQ HDFK VXEEDQG� :H DVVXPH WKH FOHDQ

VLJQDO LV LQGHSHQGHQW RI WKH QRLVH� 7KH VKULQNDJH
RI WKH FRHIILFLHQWV ZLOO UHPRYH WKH XQGHVLUHG

VLJQDO �WKH QRLVH� LQ WKH ZDYHOHW GRPDLQ� $QG
WKHQ WKH LQYHUVH RI WKH ZDYHOHW WUDQVIRUP ZLOO
WKHQ UHWULHYH WKH GHVLUHG VLJQDO� *HQHUDOO\

VSHDNLQJ� QRLVH UHGXFWLRQ LV DFKLHYHG E\
WKUHVKROGLQJ WKH ZDYHOHW FRHIILFLHQWV RI WKH

ZDYHOHW WUDQVIRUP RI WKH QRLV\ VLJQDO�
7KH UHVW RI WKH SDSHU LV RXWOLQHG DV IROORZV�

7KH ZDYHOHW WUDQVIRUP WKHRU\ LV GHVFULEHG LQ

VHFWLRQ ,,� 6HFWLRQ ,,, SURYLGHV WKH WKUHVKROG

VHOHFWLRQ� 7KH H[SHULPHQWDO UHVXOWV DQG DQDO\VLV
DUH LQ VHFWLRQ ,9� &RQFOXVLRQV DQG UHIHUHQFHV DUH
WKHQ DW ILQDO�

,,� 7KH :DYHOHW 7UDQVIRUP 7KHRU\

6XSSRVH WKH QRLV\ VLJQDO \ LQ WLPH GRPDLQ �W�

LV DGGLWLYH� L�H�� \>W@  I>W@ � Q>W@� DQG LV
GHFRPSRVHG LQ DQ RUWKRJRQDO EDVLV�
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ZKHUH I LV WKH FOHDQ VLJQDO WR EH UHFRYHUHG� Q LV
*DXVVLDQ QRLVH RI ]HUR�PHDQ DQG VWDQGDUG

GHYLDWLRQ 1�
:KHQ WKH VDPSOH VL]H �6� RI WKH QRLV\ VLJQDO LV

HTXDO WR �-��� 7KH :7 GHFRPSRVLWLRQ SURGXFHV
WKH VFDOLQJ IXQFWLRQ FRHIILFLHQWV ^FN� N  ��«� �/`

DW �FRDUVHVW� VFDOH OHYHO /� WKH ZDYHOHW
FRHIILFLHQWV ^ ZM�N � N  ��«� �M � M  /�«�-` DW

VFDOH OHYHO / WR -� DQG IRU D WRWDO RI
�/��/��/����/���«��-  �-��

 6 WUDQVIRUP
FRHIILFLHQWV�

%XW IRU VSHHFK VLJQDO WKH VDPSOH VL]H 6 LV
XVXDOO\ QRW LQ WKH IRUP RI �¶V SRZHU� (DFK OHYHO

RI :7 GHFRPSRVLWLRQ LV DFWXDOO\ DFKLHYHG E\
FRQYROYLQJ WKH GDWD VHTXHQFH ZLWK K

�
DQG GRZQ�

VDPSOLQJ WR REWDLQ WKH VFDOLQJ FRHIILFLHQWV RI
KDOI VL]H� DQG DOVR E\ FRQYROYLQJ WKH GDWD

VHTXHQFH ZLWK K
�
DQG GRZQ�VDPSOLQJ WR JHW WKH

ZDYHOHW FRHIILFLHQWV RI KDOI VL]H� K
�
LV D ORZ�SDVV

ILOWHU DQG LV WKH VFDOLQJ IXQFWLRQ�3� FRHIILFLHQWV�
ZKHUHDV K

�
LV D KLJK�SDVV ILOWHU DQG LV WKH ZDYHOHW

�%� FRHIILFLHQWV� 7KHLU UHODWLRQVKLS FDQ EH

GHQRWHG DV�
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�

Q

�
QKQK −= ���

7KH SURFHGXUH RI VSOLWWLQJ� ILOWHULQJ� DQG GRZQ�
VDPSOLQJ LV VKRZQ EHORZ LQ ILJXUH ��

)LJXUH �� 6FDOH OHYHO -�WR�/ 7ZR�EDQG 'HFRPSRVLWLRQ 7UHH

7KH WKUHVKROGLQJ LV DSSOLHG LQ ZDYHOHW
FRHIILFLHQWV LQ HDFK VXEEDQG ZKLOH OHDYLQJ
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XQFKDQJHG WKH VFDOLQJ IXQFWLRQ FRHIILFLHQWV ^F
N
�

N  ��«� �/` RI VFDOH OHYHO / �FRDUVHVW OHYHO��
7KH GLVFUHWH ZDYHOHW WKUHVKROGLQJ SURFHGXUH

H[HFXWHG LQ RXU PRGHO LV GLDJUDPHG LQ ILJXUH ��

7KH V\QWKHVLV RI WKH FOHDQ VSHHFK DQG WKH QRLVH
LV ILQLVKHG E\ WKH WRRO &RRO (GLW �����

':7 ���OHYHO

GHFRPSRVLWLRQ

��SDUDPHWHUV

REWDLQHG

��WKUHVKROGLQJ

DSSOLHG

,':7

UHFRQVWUXFWLRQ

��OLVWHQ WKH UHVXOW�

��FDOFXODWH 615�
¾

\>W@

FOHDQ

VSHHFK

I>W@

QRLVH Q>W@

)LJXUH �� 7KH ':7 WKUHVKROGLQJ IORZFKDUW�

,,,� 7+5(6+2/' 6(/(&7,21

:H REVHUYHG WKH QRLV\ VLJQDO \>W@  I>W@ � Q>W@

� 9
ELDVHG

� ZKHUH Q>W@ LV LQGHSHQGHQW RI I>W@ DQG
LGHQWLFDOO\ GLVWULEXWHG �LLG� DV QRUPDO SUREDELOLW\

GHQVLW\ IXQFWLRQ �SGI�� �1RUPDO��� �σ � 9
ELDVHG

LV

WKH GF RIIVHW DQG LV D FRQVWDQW� 7KH ZKROH QRLV\
VLJQDO FRXOG EH VKLIWHG WR ]HUR KRUL]RQWDO [�D[LV�

WKXV HOLPLQDWLQJ WKH ELDV� 6R WKH JRDO LV WR
UHPRYH WKH QRLVH Q>W@� DQG WR REWDLQ DQ HVWLPDWH

>W@
∧
I � 7KH FULWHULRQ RI ILQGLQJ >W@

∧
I LV WR

PLQLPL]H WKH PHDQ VTXDUHG HUURU �06(��

06(� >W@
∧
I �  ∑ � >W@

∧
I � I>W@ �� ���

/HW <  7�\>W@� EH WKH RSHUDWLRQ RI ZDYHOHW

WUDQVIRUP �7� RI QRLV\ VLJQDO� VLPLODUO\ )  
7�I>W@�� DQG 1  7�Q>W@�� 6LQFH WKH WUDQVIRUP LV

RUWKRJRQDO� 1 LV DOVR LLG QRUPDO

SGI� �1RUPDO��� �σ � ZLWK PHDQ  �� DQG

YDULDQFH  �σ � 6R DIWHU ':7� ZH JHW D IRUPXOD

LQ ZDYHOHW GRPDLQ DV�
<  ) � 1 ���

,Q GLJLWDO SURFHVVLQJ RI VSHHFK VLJQDOV>�@� WKH
SGI RI WKH DPSOLWXGHV RI VSHHFK LQ WLPH GRPDLQ

LV DSSUR[LPDWHO\ /DSODFLDQ GLVWULEXWLRQ �WKH
GRXEOH H[SRQHQWLDO GLVWULEXWLRQ� >���@� %HFDXVH

RI ':7 DSSOLHG LV RUWKRQRUPDO� VR LV )

/DSODFLDQ GLVWULEXWLRQ� 7KXV WKH REMHFWLYH LV WR
ILQG D VRIW�WKUHVKROG YDOXH WK ZKLFK PLQLPL]HV

WKH ULVN�

5LVN�WK�  ([S ^
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∧
) �WK�� ) `�

���

ZKHUH ([S LV WKH H[SHFWDWLRQ RI SUREDELOLW\� ) a

/DSODFLDQ���
�

)
σ �� ZLWK ]HUR PHDQ� DQG

YDULDQFH  
�

)
σ �

<_) a 1RUPDO�I� �σ �� <_) LV QRUPDO

GLVWULEXWLRQ DQG KDV WKH VDPH PHDQ DV I � ZKLFK
LV HTXDO WR ]HUR DIWHU HOLPLQDWLQJ WKH ELDV� <_)

DOVR KDV YDULDQFH HTXDO WR �σ �
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7KH ULVN ��� FDOFXODWLRQ QRZ LV WR VROYH WKH

%D\HVLDQ SUREDELOLW\ >��������@ DQG LW FRXOG EH
GHULYHG DV IROORZV�
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)URP WKH DERYH IRUPXODV� ZH FDQ JHW WKH

RSWLPDO YDOXH RI WK �

WK
 ��PLQDUJ WKULVN
WK

����

7KH WK
 REWDLQHG LV QRW LQ FORVHG IRUP DQG PXVW
EH FRPSXWHG WKURXJK QXPHULFDO LQWHJUDWLRQ IURP

IRUPXODV ��� � ���� WR ILQG WKLV YDOXH�
1HYHUWKHOHVV LW LV LQWHUHVWLQJ WR SRLQW RXW WKDW LI

ZH VHW WK  
)

σ
σ �

IRU HDFK VXEEDQG �ZKHUH �σ LV

WKH QRLVH YDULDQFH LQ HDFK VXEEDQG� DQG
)

σ LV

WKH VWDQGDUG GHYLDWLRQ RI VLJQDO LQ HDFK VXEEDQG��
WKH GHYLDWLRQ IURP WK
 �WKH WKHRUHWLFDO YDOXH�

ZLOO EH FRQWUROOHG ZLWKLQ FHUWDLQ UDQJH� ,W KDV QRW
RQO\ WKH VLPSOLFLW\� EXW LV DOVR IDVW WR VHW
DGDSWLYHO\ WKH WKUHVKROG LQ HDFK GHWDLOHG VXEEDQG�

L�H�� H[FHSW WKH FRDUVHVW OHYHO VXEEDQG RI VFDOLQJ
IXQFWLRQ FRHIILFLHQWV�



,9� ([SHULPHQWDO 5HVXOWV DQG $QDO\VLV

7KH ZDYHOHW EDVHV VHOHFWHG IRU SHUIRUPLQJ
':7 DUH 'DXEHFKLHV :DYHOHWV� ZKLFK DUH

FRPSDFWO\ VXSSRUWHG DQG RUWKRQRUPDO� DQG WKH
OHQJWKV RI ILOWHU FRHIILFLHQWV DUH �� �� ��� DQG ��

UHVSHFWLYHO\� 7KH FOHDQ VLJQDO LV WKH FOHDU DQG
QRLVH�IUHH VSHHFK� QDPHG DV µNWY�ZDY¶ DQG ��

VHFRQGV ORQJ� 7KH QRLVH µEDEEOH¶ �� VHFRQGV
ORQJ LV D PXPEOH VSHHFK RI SHRSOH� $V RSSRVHG

WR µEDEEOH¶ QRLVH� WKH QRLVH µI��¶� DOVR ��
VHFRQGV ORQJ� LV WKH VFUHDPLQJ RI MHW ILJKWHU

HQJLQH� %HIRUH DGGLQJ WKH QRLVH� WKH DPSOLWXGH
RI LW LV VFDOHG ��� DQG ��� UHVSHFWLYHO\ DV KLJK�
7KH ':7 GHFRPSRVLWLRQ DQG V\QWKHVLV LV ���

OHYHO� 7KH VDPSOLQJ UDWH LV ����� +]� 6R WKH
VDPSOH VL]H LV LQGHHG D KXJH QXPEHU� 7KH ZKROH

H[SHULPHQWV DUH DOO GRQH DQG SURJUDPPHG LQ
0DWODE �Y� ���� HQYLURQPHQW�

(YHQ LI WKH SHUIHFW UHFRQVWUXFWLRQ RI ':7� ZH
SDVV WKH FOHDQ VSHHFK WR D ��OHYHO GHFRPSRVLWLRQ

DQG V\QWKHVLV PRGHO WR HVWLPDWH WKH PD[LPXP
615 REWDLQDEOH� L�H�� QR WKUHVKROGLQJ DSSOLHG�
7KRXJK WKH VSHHFK QRW DOWHUHG D OLWWOH DQG DV

FOHDU� WKH PD[LPXP REWDLQHG LV ������ G% DV
FRPSXWHG� 7KLV FRXOG EH DWWULEXWHG WR WKH

FRPSXWHU URXQG�RII DQG WKH KXJH RI VDPSOH VL]H�
7KH 615 UHVXOWV DUH OLVWHG LQ WDEOH �� %HVLGHV WKH

DERYH UHDVRQV� WKH 615 YDOXH XSJUDGHG ZLWKLQ D
FHUWDLQ OLPLW LV GXH WR RQH�WLPH HVWLPDWLRQ RI WKH

SDUDPHWHUV� ,I WKH QRLV\ VSHHFK LV VHJPHQWHG�
DQG HDFK VHJPHQW� IRU H[DPSOH� ��� VHFRQGV ORQJ

LV SURFHVVHG LQGLYLGXDOO\� LW ZLOO PDNH HOHYDWLQJ
615 YDOXH KLJKHU SRVVLEOH DQG LV OHIW IRU IXUWKHU
UHVHDUFK�

615 DIWHU WKH H[SHULPHQWV 	 ZDYHOHW
VHOHFWHG

6LJQDO 	
1RLVH W\SH

615 EHIRUH
WKH
H[SHULPHQWV '� '� '�� '��

NWY � �����

EDEEOH QRLVH
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I�� QRLVH
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I�� QRLVH

������ ������ ������ ������ ������

7DEHO �� 615V �LQ G%�

1RWH� '�� 'DXEHFKLHV ZDYHOHW RI OHQJWK ��

9� &21&/86,21

)URP WKH DERYH� ZH PD\ REVHUYHG WKDW WKH
ODUJHU WKH OHQJWK RI ILOWHU FRHIILFLHQWV XVHG� WKH

EHWWHU 615 YDOXH REWDLQHG� 7KLV PHDQV WKDW
ODUJHU 'DXEHFKLHV ZDYHOHW KDV EHWWHU ILOWHULQJ

HIIHFWV� 7KH ZDYHOHW VKULQNDJH IRU QRLVH
UHGXFWLRQ RI VSHHFK LV SRVVLEOH� EXW ZH VKRXOG

ILUVW HVWLPDWH WKH SDUDPHWHUV FRUUHFWO\� 7KLV LV WKH
PDLQ SXUSRVH RI WKH SDSHU WR SURYLGH WKH

WKHRUHWLFDO WKUHVKROG IRU QRLVH UHGXFWLRQ� 2QH RI
WKH FKDUDFWHULVWLFV RI ZDYHOHW LV WKDW LW LV ZHOO
VXLWHG WR WUDQVLHQW VLJQDOV OLNH VSHHFK� DQG LW FDQ

VHSDUDWH WKH QRLVH IURP VLJQDO� 7KLV PDNH QRLVH
UHGXFWLRQ SRVVLEOH E\ WKUHVKROGLQJ LQ ZDYHOHW

GRPDLQ� :KHUHDV )RXULHU DQDO\VLV GHDOV PRVWO\
ZLWK VWDWLRQDU\ VLJQDOV DQG LV DSSURSULDWH IRU

SHULRGLF VLJQDOV ZKRVH VWDWLVWLFDO FKDUDFWHULVWLFV
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