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$ EVWUD FW� 7 KH SUHVHQ W Z RUN UHSRUWV WKH G\Q DP LF DQ G WKHUP DO EHKDYLRXU RI r RZ V WKDW

GHYHORS RYHU VXUIDFHV Z KLFK VKRZ D VXGGHQ FKDQ JH LQ VXUIDFH WHP SHUDWXUH DQ G URXJKQ HVV�

$ SDUWLFXODU LQ WHUHVW RI WKLV VWXG\ LV WR LQ YHVWLJDWH DQ \ H[LVWLQ J UHODWLRQ VKLS EHWZ HHQ WKH

HUURU LQ RULJLQ IRU ERWK WKH YHORFLW\ ��� DQ G WKH WHP SHUDWXUH �� W� SURq OHV� VR WKDW DQ \

DQ DORJ\ EHWZ HHQ WKH ORJDULWKP LF ODZ V IRU WKH YHORFLW\ DQ G WKH WHP SHUDWXUH SURq OHV FDQ EH

DVVHVVHG� 7 KHQ � E\ FRQ VLGHULQ J WKH YDOLGLW\ RI & ROHV
V ODZ RI WKH Z DNH IRU WKH RXWHU SDUW

RI WKH ERXQ GDU\ OD\HU� D UREXVW DOJHEUDLF HTXDWLRQ IRU WKH HVWLP DWLRQ RI 6 WDQ WRQ Q XP EHU LV

SURSRVHG� 7 KUHH GLp HUHQ W W\SHV RI VXUIDFHV DUH FRQ VLGHUHG KHUH� WZ R C. 
 W\SH RI VXUIDFHV

DQ G RQ H C' 
 W\SH RI VXUIDFH� 7 KH r RZ LV P DGH WR SDVV IURP D FROG VP RRWK VXUIDFH WR

D KRW URXJK VXUIDFH� 0 HDVXUHP HQ WV DUH SUHVHQ WHG IRU WKH P HDQ YHORFLW\ DQ G WHP SHUDWXUH

SURq OHV� $ OVR� DOO JOREDO SDUDP HWHUV WKDW FKDUDFWHULVH WKH YHORFLW\ DQ G WKH WHP SHUDWXUH

q HOGV DUH SUHVHQ WHG� 7 KH UHVXOWV VKRZ WKDW IRU VXUIDFHV RI W\SH C. 
 WKH EHKDYLRXU RI � DQ G

RI � W DUH YHU\ VLP LODU� IRU VXUIDFHV RI W\SH C' 
� KRZ HYHU� WKHLU EHKDYLRXU LV TXLW GLp HUHQ W�

. H\ Z R UG V� WXUEXOHQ FH� WKHUP DO ERXQ GDU\ OD\HU� URXJKQ HVV� HUURU LQ RULJLQ �
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$ FOD VVLFD O P HD Q V WR HQ K DQ FH WK H K HD W WUDQ VIHU D W D Z D OO LV WR X VH VX UIDFHV WK D W D UH Q R W

VP R RWK E X W URX J K � 7 K HQ � G HS HQ G LQ J R Q WK H J HRP HWU\ RI WK H URX JK Q HVV HOHP HQ WV� WK H

K HDW WUD Q VIHU FD Q E H DOWHUHG D W Z LOO� ,Q IDFW� WK H S UR E OHP R I VHOHFWLQ J VX UIDFHV WK DW Z LOO

IX UQ LVK D G HWHUP LQ HG K HD W WUD Q VIHU FR Hs FLHQ W WR D S DUWLFX ODU DS S OLFD WLR Q LV Q R W D WULY LDO

RQ H� $ FOD VVLFDO FDVH RI ID LOX UH LQ WK H G HVLJ Q RI K HDW H[ FK D Q J HUV LV WK H X VH RI VX UID FHV Z K HUH

WK H UR X JK Q HVV HOHP HQ WV DUH Y HU\ FOR VH WR JHWK HU VR WK D W Z HOO G Hq Q HG UHFLUFX ODWLQ J UHJ LRQ V

DUH IR UP HG LQ WK H J UR RY HV� ,Q WK LV VLWX D WLR Q � WK H WUD S S HG r X LG P D\ DFW D V DQ LQ VX ODWR U�

G UDP DWLFD OO\ G HFUHDVLQ J WK H K HDW WUD Q VIHU UDWH� 7 K X V� LQ WK LV H[ DP S OH� WK H URX J K VX UIDFH

K DV D G HWULP HQ WD O Hp HFW R Q WK H G HVLUHG r RZ S URS HUWLHV�



,Q S UHY LRX V VWX G LHV R I r RZ V RY HU URX J K VX UIDFHV� G Lp HUHQ W P HWK R G V K DYH E HHQ X VHG

WR FRQ VWUX FW WK H URX J K Q HVV� 7 K H HD UO\ VWX G LHV K DY H X VHG VD Q G J UD LQ V J OX HG R Q WK H VX U�

ID FH� 7 K H P R UH UHFHQ W VWX G LHV K DY H S UHIHUUHG WR P DFK LQ H S URWUX VLRQ V Z LWK D Z HOO G Hq Q HG

JHRP HWU\� ,Q WK H ODWWHU FD VH� DX WK RUV �VHH� H�J �� 3 HUU\ DQ G - RX E HUW�� �� �� $ Q WRQ LD D Q G

/ X [ WRQ ��� �� �� �� ��� : R R G DQ G $ Q WRQ LD���� �� �� K DYH FOD VVLq HG WK H URX JK VX UID FHV LQ WR

WZ R G LVWLQ FW W\ S HV R I VX UIDFHV� � � C. 
 W\ S H URX J K VX UID FHV D Q G � �� C' 
 W\ S H URX J K VX UID FHV�

,Q FDVHV Z K HUH WK H Q DWX UH R I WK H UR X J K Q HVV FDQ E H H[ S UHVVHG Z LWK WK H K HOS R I D VLQ J OH OHQ J WK

VFD OH � WK H K HLJ K W RI WK H S UR WUX VLR Q V� C. 
 � WK H VX UID FH LV WHUP HG RI W\ S H C. 
� ) ORZ V� R Q WK H

RWK HU K D Q G � Z K LFK D UH DS S D UHQ WO\ LQ VHQ VLWLYH WR WK H FK D UD FWHULVWLF VFD OH . � E X W G HS HQ G RQ

RWK HU J OR E DO VFDOH RI WK H r RZ DUH WHUP HG C' 
 W\ S H r RZ V� 7 K LV LV WK H FD VH� MX VW P HQ WLRQ HG

DE RYH� Z K HQ WK H UR X JK Q HVV LV JHR P HWULFD OO\ FK DUD FWHULVHG E \ D VX UIDFH Z LWK D VHULHV RI

FORVHO\ VS D FHG JUR RY HV Z LWK LQ Z K LFK WK H r RZ J HQ HUDWHV VWDE OH Y RUWLFDO FRQ q JX UDWLR Q V�

1 D WX UDOO\� P RVW R I WK H VWX G LHV R Q r RZ V RYHU UR X JK VX UIDFHV K DY H G HDOW VR IDU Z LWK

WK H Y HOR FLW\ q HOG � ,Q G HHG � WK H FR P S OH[ LWLHV FDX VHG E \ WK H UR X J K Q HVV R Q WK H S UR S HU D V�

VHVVP HQ W RI WK H r RZ S UR S HUWLHV D UH RI VX FK DQ R UG HU WK DW� HY HQ WR G D\� DIWHU WK H D G Y HQ W RI

YHU\ VRS K LVWLFDWHG P HD VX ULQ J WHFK Q LT X HV� P X FK VWLOO UHP DLQ V WR E H X Q G HUVWR R G DE R X W WK H

S URE OHP � 7 K DW LV WK H UHD VRQ Z K \ MX VW D VP DOO Q X P E HU R I Z RUN V RQ WK H WHP S HUDWX UH q HOG

DUH DYDLOD E OH LQ OLWHUD WX UH� 7 K H UHVX OW LV WK DW� IR U WK H HYD OX DWLRQ RI S UR S HUWLHV UHOD WHG WR

WK H WK HUP DO E R X Q G D U\ OD\ HU� WK H VWDQ G DUG DS S URD FK LV WR UHVRUW WR VR P H D Q DOR J\ E HWZ HHQ

WK H P RP HQ WX P D Q G WK H K HDW WUDQ VIHU S UR FHVVHV� ) R U VLP S OH r RZ VLWX D WLR Q V� VX FK DV r RZ V

LQ WK H FRP S OHWHO\ G HY HORS HG UHJ LP H� WK HVH DS S URD FK HV DUH VHHQ WR S URY LG H JR R G UHVX OWV�

) RU H[ DP S OH� WK H FODVVLFDO UHVX OW & I  �  6 W� Z K HUH & I LV WK H VN LQ �IULFWLR Q FR Hs FLHQ W D Q G

6 W LV WK H 6 WDQ WRQ Q X P E HU� LV D YHU\ J R R G Z R UN LQ J H[ S UHVVLRQ H[ WHQ VLY HO\ LQ WK H S DVW�

7 K H S X US R VH R I WK LV Z R UN LV WR LQ YHVWLJ DWH E R WK WK H YHOR FLW\ D Q G WK H WHP S HUD WX UH q HOG V

RI E RX Q G D U\ OD\HU r RZ V WK DW G HY HORS RYHU VX UID FHV Z LWK D VX G G HQ FK DQ J H LQ URX J K Q HVV�

,Q WK H FDVHV RI LQ WHUHVW WR E H VWX G LHG K HUH� D FR OG r RZ RYHU D VP R R WK VX UIDFH LV P D G H WR

S DVV RY HU D K R W� URX JK VX UID FH� ,Q WK LV VLWX DWLR Q � LW LV Q R W FOHD U WK DW D VWUDLJ K W 5 H\ Q ROG V

DQ D ORJ \ Z LOO Z RUN � + HUH Z H D UH VS HFLD OO\ LQ WHUHVWHG LQ VWX G \ LQ J WK H YD OLG LW\ R I WK H WZ R

X Q LYHUVD O UHOD WLR Q V� WK H ODZ R I WK H Z D OO D Q G WK H ODZ R I WK H Z D NH� IRU E RWK � WK H Y HOR FLW\ D Q G

WK H WHP S HUD WX UH q HOG V�

) RU r RZ V RY HU D URX J K VX UID FH� Z H N Q RZ WK D W & ) DQ G 6 W FDQ Q R W E H HYD OX D WHG G LUHFWO\

WK UR X JK P HWK R G V WK DW UHVR UW WR WK H JUDG LHQ W RI WK H ORJ �ODZ E HFD X VH WK H Hp HFWLYH R ULJ LQ RI

WK H E R X Q G D U\ OD\ HU LV Q R W N Q RZ Q D S ULR UL� 7 K LV S UR P S WHG VRP H DX WK RUV �H�J�� 3 HUU\ D Q G

- RX E HUW�� �� ��� 3 HUU\ HW D O��� �� �� WR G HYHOR S G HWDLOHG S UR FHG X UHV IR U WK H G HWHUP LQ D WLRQ RI

WK LV Hp HFWLY H R ULJLQ WK D W FRX OG E H X VHG WR HYD OX DWH & I G LUHFWO\ IURP WK H DQ J X OD U FR Hs FLHQ W

RI D ?FR UUHFWHG � ODZ R I WK H Z D OO�

,Q WK LV Z R UN � WK H E HK DY LR X U R I WK H HUUR U LQ RULJLQ IR U WK H Y HOR FLW\ DQ G WK H WHP S HUD WX UH

q HOG V Z LOO E H LQ Y HVWLJD WHG IRU WK UHH W\ S HV RI UR X J K VX UID FH� 7 K HQ � D Q \ D Q DOR J \ E HWZ HHQ WK H

YHOR FLW\ DQ G WK H WHP S HUDWX UH q HOG V Z LOO E H D VVHVVHG � 7 R D FK LHYH WK D W� WK H S UHVHQ W Z R UN

Z LOO LQ YHVWLJ DWH H[ S HULP HQ WD OO\ WK H FK D UD FWHULVWLFV RI WX UE X OHQ W E RX Q G DU\ OD\ HUV WK DW DUH

VX E MHFWHG WR D VWHS FK DQ J H LQ VX UIDFH URX JK Q HVV D Q G WHP S HUDWX UH� Z LWK HP S K D VLV RQ WK H

FK DUDFWHULVD WLR Q R I WK H LQ Q HU OD\HU YHOR FLW\ DQ G WHP S HUDWX UH S URq OHV� ' X H WR D S UHVVLQ J

VK R UWD JH R I VS DFH� Z H Z LOO UHIUD LQ IUR P P D N LQ J DQ \ OLWHUDWX UH UHY LHZ RQ WK H VX E MHFW� ) R U

WK DW� WK H UHDG HU LV UHIHUUHG WR * X LP DUaDHV HW D O��� �� ���
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7 K H H[ S HULP HQ WV Z HUH FD UULHG R X W LQ WK H K LJK �WX UE X OHQ FH Z LQ G WX Q Q HO VLWHG DW WK H / DE R �

UDWRU\ RI 7 X UE X OHQ FH 0 HFK D Q LFV R I 3 ( 0 � & 2 3 3 ( � 8 ) 5 - � 7 K H WX Q Q HO FK D UD FWHULVWLFV D Q G

LWV LQ VWUX P HQ WDWLRQ DUH G HWDLOHG G HVFULE HG LQ * X LP D UaD HV HW DO���� �� � D Q G IR U WK LV UHD VRQ

Z LOO Q RW E H UHS HDWHG K HUH�

7 K H r RZ Z DV VX E MHFWHG WR D VWHS FK DQ J H LQ UR X JK Q HVV DIWHU WUDYHOOLQ J WK H q UVW P HWHU

RY HU WK H JOD VV r R RU� 7 K UHH W\ S HV R I UR X JK VX UID FH Z HUH FR Q VLG HUHG Z K HUH WK H URX J K Q HVV

HOHP HQ WV FR Q VLVWHG R I HT X DOO\ VS DFHG WUDQ VYHUVD O UHFWDQ J X OD U VOD WV� 7 K H G LP HQ VLR Q V RI WK H

URX J K Q HVV HOHP HQ WV DUH VK RZ Q LQ 7 DE OH �� � Z HUH . G HQ R WHV WK H K HLJ K W� 6 WK H OHQ JWK � :

WK H JD S � D Q G z WK H S LWFK � ,Q FRQ VWUX FWLQ J WK H VX UID FH� H[ WUHP H FD UH Z D V WD NHQ WR NHHS WK H

q UVW URX J K Q HVV HOHP HQ W D OZ D\ V G HS UHVVHG E HORZ WK H VP R RWK VX UID FH� LWV FUHVW N HS W DOLJQ HG

Z LWK WK H VP R RWK J OD VV Z DOO VX UIDFH�

7 K H VP R RWK VX UID FH Z DV DOVR IR OORZ HG E \ D VWHS FK DQ J H LQ WHP S HUD WX UH� 7 K H URX JK

VX UID FH Z DV K HDWHG X S WR � �� �� h � �� R & � 7 K H P HD VX UHP HQ WV Z HUH S HUIRUP HG IRU YDOX HV

RI WK H IUHH�VWUHDP Y HOR FLW\ R I ���� P � V� WK H IUHH VWUHDP OHYHO RI WX UE X OHQ FH Z D V DE R X W � � �
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DQ G X � LV WK H IULFWLRQ YHOR FLW\� \ 7 LV WK H YHUWLFDO G LVWDQ FH P HD VX UHG IUR P WK H FUHVW R I WK H

URX J K Q HVV HOHP HQ WV� � LV WK H HUUR U LQ R ULJ LQ � Y  ��� � $  ��� � DQ G & L�L  . �' � LV D

FR Q VWD Q W FK D UDFWHULVWLF R I WK H URX J K Q HVV�

7 K H DE RYH HT X DWLRQ V� DOWK RX J K R I D X Q LYHUVD O FK D UDFWHU� K DY H WK H LQ FR Q Y HQ LHQ FH RI

Q HHG LQ J WZ R X Q N Q RZ Q S DUDP HWHUV IRU WK HLU G Hq Q LWLRQ � WK H VN LQ �IULFWLR Q Y HOR FLW\� X � � D Q G

WK H HUUR U LQ R ULJ LQ � ��

( T X D WLR Q V � D Q G � FDQ E H H[ WHQ G HG WR WK H R X WHU S D UW RI WK H r RZ E \ FRQ VLG HULQ J & R OHV
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Z DN H K \ S RWK HVLV WR K R OG � 7 K X V� WK H ODZ R I WK H Z DOO FDQ E H UH�Z ULWWHQ D V
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Z K HUH : LV D X Q LYHUVD O IX Q FWLRQ RI \  s DQ G h LV D S DUD P HWHU G HS HQ G HQ W R Q WK H X S VWUHDP

VK HD U VWUHVV DQ G S UHVVX UH G LVWULE X WLR Q �
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7 R H[ WHQ G H[ S UHVVLR Q V � DQ G � WR WK H WHP S HUD WX UH WX UE X OHQ W E RX Q G DU\ OD\HU Z H X VH

VR P H VLP S OH D Q DOR J\ D UJ X P HQ WV� 7 K H VLP LODULW\ LQ WUD Q VIHU S UR FHVVHV IR U WX UE X OHQ W r RZ V

VX J JHVWV WK DW �IRU P R UH G HWD LOV VHH * X LP DUaD HV HW DO���� �� ��
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DQ G ' L�L  . �' � LV D FR Q VWDQ W FK DUDFWHULVWLF R I WK H URX J K Q HVV�

( T X D WLR Q V � D Q G � DUH WK H ODZ R I WK H Z D OO IR UP X ODWLRQ IRU r RZ V RYHU UR X J K VX UID FHV

Z LWK WUD Q VIHU R I K HD W DW WK H Z DOO�

7 R G HVFULE H WK H WHP S HUDWX UH S URq OH LQ WK H G HIHFW UHJLR Q RI WK H E RX Q G DU\ OD\HU� Z H

P D\ FR Q VLG HU WK DW & R OHV
V Z DN H K \ S RWK HVLV DOVR K R OG V IR U WK H WHP S HUDWX UH q HOG VR WK D W

HT X DWLRQ � P D\ E H UH�Z ULWWHQ D V
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Z K HUH WK H Z DN H S URq OH h W VK RX OG � LQ S ULQ FLS OH� E H D IX Q FWLRQ R I WK H HQ WK DOS \ WK LFN Q HVV�

7 K LV HT X D WLR Q S URY LG HV D UHS UHVHQ WDWLRQ IRU WK H WHP S HUD WX UH q HOG Z K LFK FD Q E H DOORZ HG

WR VX VWD LQ D G Lp HUHQ W VWD WH RI G HY HORS P HQ W IUR P WK H Y HOR FLW\ q HOG � $ V D UHVX OW� 6 WD Q WRQ

Q X P E HU FD Q E H HYDOX D WHG LQ G HS HQ G HQ WO\ IURP WK H VN LQ �IULFWLR Q WK UR X J K DQ LQ G HS HQ G HQ W

DOJ HE UDLF HT X DWLRQ � 7 R q Q G WK LV HT X D WLR Q � Z H VX E VWLWX WH �\ �W� �sW�7 � � LQ WR HT X D WLR Q � WR

JHW
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7 K H P HD VX UHG Y HOR FLW\ S UR q OHV IRU WK H WK UHH G Lp HUHQ W r RZ FR Q q JX UDWLRQ V DUH VK RZ Q LQ

) LJ X UHV � WR � � ,W LV FOHD U IURP WK HVH ) LJ X UHV WK D W WK H Z RX OG E H OR JD ULWK P LF UHJ LR Q V RI

WK H r RZ K DYH VX p HUHG D VOLJK W G HIR UP D WLR Q WR WK H OHIW VLG H� ,Q ID FW� D V Z H VK DOO VHH� D



YHU\ S RS X ODU P HWK R G WR q Q G � LV E DVHG R Q D S UR FHG X UH WR UHVWRUH WK H ORZ HU S R UWLR Q R I WK H

YHOR FLW\ S UR q OH WR D OR JD ULWK P LF S URq OH�

7 K H J ORE DO S DUDP HWHUV R I WK H Y HOR FLW\ E R X Q G D U\ OD\HUV DUH VK RZ Q LQ ) LJX UHV � WR ��

Z K HUH s G HQ R WHV WK H E RX Q G DU\ OD\ HU WK LFN Q HVV� s
e WK H G LVS OD FHP HQ W WK LFN Q HVV D Q G w LV WK H

P RP HQ WX P WK LFN Q HVV� 2 I S D UWLFX ODU Q R WH DUH WK H UHVX OWV IRU WK H & OD X VHU ) D FWRU� * �VHH

G Hq Q LWLR Q LQ / LJUD Q L HW D O��� �� ���� 7 K LV S D UDP HWHU LQ G LFD WHV WK H VWDWH R I HT X LOLE ULX P RI

WK H E RX Q G DU\ OD\HU� ) RU WK H YDOX HV IRX Q G K HUH� WK H E RX Q G D U\ OD\ HU LV LQ D VHOI�S UHVHUY LQ J

VWD WH� 3 OHD VH� Q R WH WK DW WK H HYD OX DWLRQ RI * G HS HQ G V R Q WK H N Q RZ OHG J H R I & I  � Z K LFK � LQ

S ULQ FLS OH� LV Q RW N Q RZ Q D W WK H P R P HQ W� 7 K H G HWHUP LQ D WLR Q RI & I  � LV H[ S OD LQ HG LQ WK H

IR OORZ LQ J�

) LJ X UH �� 9 HOR FLW\ S UR q OHV� 5 R X JK Q HVV R I

W\ S H ,�

) LJX UH � � 9 HOR FLW\ S URq OHV� 5 RX J K Q HVV RI

W\ S H ,,�

) LJ X UH �� 9 HOR FLW\ S UR q OHV� 5 R X JK Q HVV R I

W\ S H ,,,�

) LJX UH � � * ORE D O S DUDP HWHUV� 5 R X J K Q HVV RI

W\ S H ,�

7 K H HUURU LQ RULJLQ � �� Z DV HVWLP D WHG E \ IR X U G Lp HUHQ W S UR FHG X UHV� ,Q ID FW� WK H S UR FH�
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