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M�� ;A ;D ?C>?;B= �>?> WPQ WPQ Q]QVYPOT aV VOS aQR Oi SWaU m a]]R pQTQPWYQU iPOl aTRXPWTVQ VOlSWTaQR

aTV]XUaTp YZQ � QUaVWPQ WTU � QUaVWaU SPOpPWl R ` �XVZ UWYW WPQ � aUQ]^ RQQT WTU WTW]^�QU aT YZQ

SXm ]aV ZQW]YZ WPQW q WR aT aT�QRYapWYaOTR Oi VWTVQP VOTYPO] q ZQW]YZ RQP� aVQ WVVQRRam a]aY^q WTU RSWYaW]

QS aUQl aO]Op^` �T WPQWR ]a	Q SO]aYaVW] RVaQTVQ WTU QUXVWYaOT q WUl aTaRYPWYa�Q UWYW WPQ W]RO alSOPYWTY `

oUl aTaRYPWYa�Q UWYW WPQ Y^S aVW]]^ RXllWPaQR O�QP QWVZ WUl aTaRYPWYa�Q XTaY bVOXTY^q � aS VOUQ q QYV `f

aT W SWPYaVX]WP RQY UQYQPl aTQU m^ pQOS O]aYaVW] m OXTUWPaQR q OP �ZWY RYWYaRYaVaWTR PQiQP YO WR >C=>6 UWYW `


O�Q�QP q YZQ RSWYaW] UQS QTUQTVQ aTZQPQTY aT WUl aTaRYPWYa�Q UWYW aR OiYQT apTOPQU m^ ZQW]YZ RQP� aVQR

PQRQWPVZQPR ` �ZaR VWT ]QWU YO SPOm ]Ql R aT QRYal WYaTp YZQ YPXQ XTUQP]^ aTp RSWYaW] RXPiWVQ q aTV]XUaTp

aTQ� VaQTY XRQ Oi UWYW WTU maWRQU VOTV]XRaOTR ` �T YZaR WPYaV]Q q �Q PQ� aQ� ZaQPWPVZaVW] RYWYaRYaVW]

lOUQ]aTp WTU mOXTUWP^ WTW]^RaR b�Olm]aTp f lQYZOUR iOP WPQW]h]Q�Q] RSWYaW] UWYW YZWY VWT m Q QWRa]^

VWPPaQU OXY XRaTp iPQQ]^ W�Wa]Wm ]Q RYWYaRYaVW] VOlSXYaTp SWV	WpQR ` 
Q W]RO SPOS ORQ W TQ� QUpQhUOl WaT

lQYZOU UQRapTQU YO UQYQVY pQOpPWSZaVW] m OXTUWPaQR VOPPQRS OTUaTp YO WmPXSY VZWTpQR aT YZQ WPQW]h

]Q�Q] RXPiWVQ ` 
Q a]]XRYPWYQ OXP lQYZOUR XRaTp VOXTY^h]Q�Q] mPQWRY VWTVQP ]WYQ UQYQVYaOT UWYW iPOl

YZQ RYWYQ Oi � aTTQROYW `

� =E � 5C�D � oPQW] UWYW � \OXTUWP^ WTW]^RaR � 
 aQPWPVZaVW] \W^QRaWT lOUQ] � � WP	O� VZWaT � OTYQ

NWP]O b�N�Nf RalX]WYaOT � �SWYaW] RYWYaRYaVR � 
Olm]aTp `

� ����	
��� �	�


 QW]YZ VWPQ V]Wal R OP WUl aTaRYPWYa�Q UWYW WPQ Q]QVYPOTaV VOS aQR Oi SWaU m a]]R pQTQPWYQU iPOl aTh

RXPWTVQ VOlSWTaQR aTV]XUaTp YZQ � QUaVWPQ WTU � QUaVWaU SPOpPWl R ` 
 aUQ]^ XRQU m^ PQRQWPVZQPR q

SWPYaW]]^ UQhaUQTYa�QU �QPRaOTR Oi YZQRQ UWYW WPQ W�Wa]Wm ]Q iPOl YZQ NQTYQPR iOP � QU aVWPQ WTU � QUah

d



VWaU �QP� aVQR bN��f q iPOl RYWYQR aT YZQ iOPl Oi ZORS aYW] UaRVZWPpQ RXllWPaQR q WTU iPOl ROlQ SPa�WYQ

aTRXPWTVQ VOlSWTaQR ` �T OPUQP YO SPOYQVY SWYaQTY �R SPa�WV^q YZQ UWYW WPQ RYPaSS QU Oi TWlQR WTU RYPQQY

WUUPQRRQR ` �T lWT^ VWRQR q ZO�Q�QP q � aS OP VOXTY^ VOUQ aR PQYWaTQU YO iWVa]aYWYQ RYXU^aTp pQOpPWSZaV

WRS QVYR Oi ZQW]YZ VWPQ ` �TQ Oi YZQ lORY � aUQ]^ 	TO�T WSS]aVWYaOTR Oi pQOpPWSZ^ YO V]Wal R UWYW aR

YZQ �WPYlOXYZ oY]WR Oi 
 QW]YZ NWPQ b��� �����	 
�����
�� �
�� f ` � aPRY PQ]QWRQU aT d��c q YZaR WY]WR

lWSR RQP� aVQR WTU ROlQ XYa]a�WYaOT SWYYQPTR � pPOXSaTp � QUaVWPQ m QTQ�VaWPaQR aTYO �ZORS aYW] PQiQPPW]

PQpaOTR q� �jjj � WTU �jjj � ����� � NWT �Y pXQRR �ZWY ^OX lQWTY ZQPQ � S]QWRQ �j ��

�T SPWVYaVQ q WUl aTaRYPWYa�Q UWYW WPQ XRXW]]^ >C=>6 b]WYYaVQ f UWYW b\WTQP� QQ QY W] `q ekkg f ` �ZWY aR q

YZQ UWYW WPQ W�Wa]Wm ]Q OT]^ WR UQhaUQTYa�QU RXllWPaQR O�QP pQOpPWSZaVW] PQpaOTR q RXVZ WR VOXTYaQR

OP � aS VO UQR ` �ZQPQ WPQ Y�O pQTQPW] RYPWYQpaQR VOllOT]^ XRQU m^ ZQW]YZ RQP� aVQR PQRQWPVZQPR YO

aTVOPSOPWYQ pQOpPWSZ^ aTYO RYXUaQR mWRQU OT RXVZ UWYW [ XRaTp Qj aRYaTp pQOS O]aYaVW] XTaYR � aYZOXY

pPOXS aTp b� aS q VOXTY^q RYWYQ q ��o q QYV `f q WTU VOlmaTaTp Qj aRYaTp pQOS O]aYaVW] XTaYR XRaTp WT WU

ZO V PX]Q bQ `p `q YZQ � WPYlOXYZ WY]WRf ` �ZQ iOPlQP WSSPOWVZ �OP	R �XaYQ �Q]] �ZQT RYXUaQR iO VXR

OT XTaYR � aYZ ]WPpQ TXlmQPR Oi m QTQ�VaWPaQR bQTYaPQ RYWYQR OP XPmWT WPQWR q iOP QjWlS]Qf mXY iWVQR

SPOm ]Ql R � aYZ XTRYWm ]Q QRYal WYQR �ZQT WSS]aQU YO PXPW] WPQWR OP iOP VOTUaYaOTR YZWY WPQ PQ]WYa�Q]^

XTVOllOT ` oU ZOV VOlmaTWYaOT Oi XTaYR lW^ QTVOXTYQP Ua� VX ]YaQR m QVWXRQ pPOXSaTpR l apZY TOY

WVVXPWYQ]^ PQ�QVY XTUQP]^ aTp S OSX]WYaOT UaRYPamXYaOTR WTU lW^ TOY lWj al a�Q W�Wa]Wm ]Q aTiOPlWYaOT q

SWPYaVX]WP]^ ai YZQ WppPQpWYaOT OmRVXPQR Rl W]]hRVW]Q RSWYaW] �WPaWYaOT aT YZQ UWYW ` ��QT WY �TQP RVW]QR q

WUl aTaRYPWYa�Q UWYW WTW]^RaR PXTR YZQ PaR	 Oi QVO]OpaVW] iW]]WV^ b Om aTROT q d�rkf WTU YZQ lOUa�Wm]Q

WPQW] XTaY SPOm ]Ql bRQQ Q `p ` !OY�W^ WTU "OXTp q ekke q iOP W PQ� aQ� f `

oT W]YQPTWYQ WSSPOWVZ aR YO XRQ lQYZOUR iPOl DF>?;>6 D ?>?;D?;3D YO RlOOYZ pQOpPWSZaV SWYYQPTR `

�ZaR WSSPOWVZ PQVOpTa�QR YZWY UWYW WPaRaTp iPOl TQapZmOPaTp XTaYR WPQ OiYQT lOPQ ZapZ]^ VOPPQ]WYQU

YZWT TOThTQapZm OPaTp XTaYR ` �ZaR XTUQP]^ aTp RSWYaW] RYPXVYXPQ TQQUR YO m Q WVVOXTYQU iOP aT OPUQP YO

OmYWaT �W]aU aTiQPQTVQR ` � iYQT q YZQ RSWYaW] RYPXVYXPQ aYRQ]i aR Oi RVaQTYa�V aTYQPQRY q WR �ZQT QRYal WYaTp

WT XTUQP]^ aTp pQOpPWSZaV ZQW]YZ VWPQ XRWpQ OP PaR	 RXPiWVQ `

e




 aRYOPaVW]]^q YZQ lORY VOllOT OXYSXY Oi pQOpPWSZaV UWYW WTW]^RaR aR W 345C5F 6=?4 bRZWUQU q XRaTp

VO]OP OP pPW^RVW]Q f lWS aTUaVWYaTp YZQ POXpZ lWpTaYXUQR Oi W SWPYaVX]WP �WPaWm ]Q iOP QWVZ XTaY bRQQ

Q `p ` � apXPQR dbWf WTU bVf m Q]O� f ` �XVZ lWSR WPQ VPXVaW] iOP aUQTYai^ aTp �ZaVZ XTaYR WPQ Wm QPPWTY

b]WPpQ OP RlW]]f q WR �Q]] WR WRRQRRaTp O�QPW]] RSWYaW] SWYYQPTR aT YZQ lWS �ZaVZ l W^ WPaRQ UXQ YO

XTUQP]^ aTp RSWYaW]]^ WRRO VaWYQU VO�WPaWYQR `  QVQTY UQ�Q]OSlQTYR aT pQOpPWSZaV aTiOPlWYaOT R^RYQl R

b! ��f YQVZTO]Op^ ZWR l WUQ YZQ UPW� aTp Oi RXVZ lWSR bVOlS]QYQ � aYZ SZ^RaVW] iQWYXPQR RXVZ WR POWUR q

PWa]POWUR q RYPQWl R q ]W	QR q QYV `f QWRaQP YZWT Q�QP q WTU ! �� QjS QPYR WPQ TO� POXYaTQ]^ QlS]O^QU aT W]]

�Q]UR YZWY VO]]QVY ]WPpQ WlOXTYR Oi pQOPQiQPQTVQU UWYW q iPOl iOPQRYP^ YO XPmWT S]WTTaTp `

o ]YZOXpZ PW� UWYW lWSR WTU VPORRYWmX]WYaOTR WPQ alSOPYWTY YOO]R iOP RXllWPa� aTp WUl aTaRYPWYa�Q

UWYW q aTZQPQTY PWTUOlTQRR WTU maWR VWT VWXRQ PW� UWYW RXllWPaQR YO m Q l aR]QWUaTp ` �OP QjWlS]Q q

YZQ PW� aTVaUQTVQ PWYQ q VW]VX]WYQU WR YZQ PWYaO Oi OmRQP�QU UaRQWRQ VWRQR �QPRXR S OSX]WYaOT Ra�Q WY

PaR	 q aR OiYQT Oi aTYQPQRY YO ZQW]YZ RQP� aVQR PQRQWPVZQPR ` 
O�Q�QP q W iQ� XTXRXW] VWRQR OmRQP�QU m^

VZWTVQ O�QP WT WPQW Oi RlW]] S OSX]WYaOT VWT ]QWU YO WT QjVQSYaOTW]]^ ZapZ PW� PWYQ q l aR]QWU aTp WTU

aTRX� VaQTY]^ PQ]aWm ]Q iOP PQSOPYaTp ` � OUQPT RYWYaRYaVW] l QYZOUR QTWm]Q YZQ XRQP YO m OYZ RlOOYZ WTU

WYYWVZ aTiQPQTYaW] RYWYQlQTYR YO VZOPOS ]QYZ lWSR q RXVZ WR W UQYQPl aTWYaOT Oi �ZQYZQP WT WSSWPQTY

�ZOY RS OY� OT W lWS aR aT iWVY RYWYaRYaVW]]^ RapTa�VWTY q OP l QPQ]^ YZQ PQRX]Y Oi WT XT]XV	^ ^QWP aT W

YZaT ]^ S OSX]WYQU PQpaOT ` �T SWPYaVX]WP q ZaQPWPVZaVW] \W^QRaWT RYWYaRYaVW] lOUQ]aTp W]]O� R m OPPO� aTp Oi

RYPQTpYZ WVPORR Ral a]WP bRW^q pQOpPWSZaVW]]^ WU� WVQTYf VOXTYaQR q ZQTVQ alSPO�QU QRYal WYaOT q SPQUaVYaOT

WTU lWSSaTp Oi XTUQP]^ aTp lOUQ] iQWYXPQR UPa� aTp YZQ UWYW `


 Za]Q WPQW] QRYal WYaOT WTU RlOOYZaTp PQlWaT Oi SPal WP^ alSOPYWTVQ aT WUl aTaRYPWYa�Q UWYW

WTW]^RaR q YZQ aUQTYa�VWYaOT Oi RYWYaRYaVW]]^ RapTa�VWTY :59A�>C;=D O�QP W pQOpPWSZaV RXPiWVQ aR WT aTh

VPQWRaTp]^ alSOPYWTY YOS aV ` �ZaR WPQW aR OiYQT PQiQPPQU YO WR :59A�>CE >A>6ED;D OP q ]QRR UQRVPaSYa�Q]^

mXY lOPQ VO]OPiX]]^q � 5� :6;A� q W TWlQ YZWY SW^R ZOlWpQ YO WT alSOPYWTY QWP]^ SWS QP aT YZQ WPQW

b
Olm]Q q d�r df `  QVQTY]^q YZQPQ ZWR m QQT aTVPQWRaTp aTYQPQRY WlOTp W � aUQ PWTpQ Oi PQRQWPVZQPR aT

YZQ RSWYaW] SPOm ]Ql Oi UQYQVYaTp mWPPaQPR RQSWPWYaTp PQpaOTR Oi Z apZ WTU ]O� PQRS OTRQ iOP VQPYWaT �WPah

�



Wm]QR Oi aTYQPQRY ` �T YZQ �Q]U Oi SXm]aV ZQW]YZ q �Olm]aTp aR XRQiX] iOP UQYQVYaTp PQpaOTR Oi RapT a�VWTY]^

Ua�QPQTY UaRQWRQ lOPYW]aY^ OP baT YZQ VWRQ Oi WUl aTaRYPWYa�Q UWYWf W�Wa]Wm a]aY^ Oi VWPQ q YZXR alSPO� aTp

UQVaRaOT lW	 aTp PQpWPUaTp UaRQWRQ SPQ�QTYaOT WTU VOTYPO] q W]]O VWYaOT Oi RO VaQY^ PQROXPVQR q WTU RO OT `

�XP \W^QRaWT lOUQ]aTp WSSPOWVZ aR �Qj am ]Q WTU W]]O� R VOTRaUQPWYaOT Oi lOUQ]R YO O Ua� VX]Y YO

ZWTU]Q XRaTp YPWUaYaOTW] q �iPQ�XQTYaRY� RYWYaRYaVW] WSSPOWVZQR ` \W^QRaWT WTW]^YaV SZ a]OROSZ^ aR W]RO

QWR^ YO XTUQPRYWTU WTU VOTVOPUWTY � aYZ YZQ WVVXlX]WYaOT Oi RVaQTYa�V Q� aUQTVQ ` o UPW�mWV	 Oi

\W^QRaWT lOUQ]aTp q ZO�Q�QP q aR YZWY YZQ lQYZOUR VWT m Q VOlSXYWYaOTW]]^ aTYQTRa�Q ` �OPYXTWYQ]^q

YZQ PWS aU UQ�Q]OSlQTY Oi WSSPOSPaWYQ VOlSXYQP ZWPU�WPQ WTU ROiY�WPQ ZWR RSXPPQU W VOPPQRS OTUaTp

pPO� YZ aT \W^QRaWT lQYZOUO]Op^` \W^QRaWT lOUQ]R WPQ TO� mPOWU]^ XRQU WTU ZW�Q m QVOl Q WT

WVVQSYQU SWPY Oi RYWYaRYaVW] SPWVYaVQ aT l WT^ WPQWR � iOP QjWlS]Q q POXpZ]^ dk� Oi WSS]aVWYaOTR YO YZQ

��o NQTYQP iOP � Q� aVQR WTU  WUaO]OpaVW] 
QW]YZ bN� 
 f WPQ TO� \W^QRaWT `

o \W^QRaWT lOUQ] iOP YZQ OmRQP�QU UWYW � � b�� � � � � � �� f m QpaTR � aYZ W SPOmWma]aY^ UaRYPamXYaOT

	 b� 
� f VW]]QU YZQ 6;�=6;455�q �ZQPQ � aR W �QVYOP Oi XT	TO�T SWPWl QYQPR ` �T YXPT q � aR WRRapTQU W F C;5C

UaRYPamXYaOT 
 b� 
� f q �ZQPQ � aR W �QVYOP Oi 4EF =CF>C>� =?=CD` �ZQ SPaOP UaRYPamXYaOT RXllWPa�QR OXP

bS ORRam ]^ �XaYQ �WpXQf 	TO� ]QUpQ Wm OXY � m QiOPQ �Q ZW�Q RQQT YZQ UWYW � ` �i � aR TOY 	TO�T q W iX]]^

\W^QRaWT WSSPOWVZ �OX]U RS QVai^ W 4EF =CF C;5C U aRYPamXYaOT iOP � ` o ]YQPTWYa�Q]^q �Q l apZY aTRYQWU

OmYWaT WT QRYal WYQ �� WTU XRQ aY WR ai � �QPQ 	TO�T � YZaR �RZOPYVXY� aR XRXW]]^ VW]]QU WT =�F ;C;3>6

� >E=D WSSPOWVZ ` o RRXl aTp iOP YZQ lOlQTY YZWY � aR 	TO�T q aTiQPQTVQ VOTVQPT aTp � aR mWRQU OT YZQ

F5D?=C;5C UaRYPamXYaOT Oi � q VOlSXYWm]Q XRaTp OPUaTWP^ SPOmWma]aY^ VW]VX]XR WR


 b� 
� f � 
 b� � � f

 b� f � 	 b� 
� f
 b� f

� 	 b� 
� f
 b� f�� bdf


Q PQiQP YO YZaR iOPlX]W WR � >E=D � �4=5C=� ` �ZQ UQTOl aTWYOP aR VW]]QU YZQ � >C� ;A>6 U aRYPamXYaOT Oi

YZQ UWYW � q �ZaVZ aR iPQQ Oi � ` �Y aR W RVW]aTp VOTRYWTY iOP YZQ S ORYQPaOP U aRYPamXYaOT Oi � WTU YZXR

g



UOQR TOY alSWVY YZQ UaRYPamXYaOT �R RZWS Q ` �ZXR Q�XWYaOT bdf aR OiYQT QjSPQRRQU VOlSWVY]^ WR


 b� 
� f � 	 b� 
� f
 b� f � bef

�WU]^q Q�QT �ZQT YZQ ]a	Q]aZOOU 	 b� 
� f WTU YZQ SPaOP 
 b� f ZW�Q VOT�QT aQTY q V]ORQUhiOPl QjSPQRh

RaOTR q YZQ S ORYQPaOP 
 b� 
� f lW^ TOY ` �TUQQU q Q�XWYaOT bef XRXW]]^ aT�O]�QR Z apZhUal QTRaOTW] aTYQpPWh

YaOT WTU ZWR TO WTW]^YaVW] RO ]XYaOT ` �PWUaYaOTW] TXlQPaVW] aTYQpPWYaOT lQYZOUR WPQ OiYQT XTRYWm ]Q OP

aTiQWRam ]Q �ZQT � aR Oi ZapZ UalQTRaOT ` �OPYXTWYQ]^q � WP	O� VZWaT � OTYQ NWP]O b�N�Nf lQYZOUR

O�QP WT aYQPWYa�Q VOlSXYWYaOTW] lQYZOU RX aYWm ]Q iOP RO]� aTp YZaR SPOm ]Ql ` �T W TXYRZQ]] q �N�N

lQYZOUR RWlS]Q �W]XQR � �� � � � � d � � � � �� q iPOl W VOT�QPpQTY � WP	O� VZWaT �ZORQ RYWYaOTWP^ UaRh

YPamXYaOT aR YZQ S ORYQPaOP q 
 b� 
� f ` o iYQP VOT�QPpQTVQ q QlSaPaVW] RXllWPaQR Oi YZQ � �� � �W]XQR lW^

m Q XRQU aT RYWYaRYaVW] QRYal WYQR WTU YQRYR VOTVQPT aTp � ` o �WPaQY^ Oi �N�N lQYZOUR ZW�Q m QQT

SPOS ORQU q YZQ lORY SPQ�W]QTY Oi �ZaVZ aR YZQ ! ammR RWlS]QP b!Q]iWTU WTU �laYZ q d��k � NWP]aT WTU

�OXaR q ekkk q �QV ` r `g f ` �TVQ � Y q \W^QRaWT lOUQ]R l W^ m Q WRRQRRQU � aW PQRaUXW] WTW]^RaR q WTU VOlh

SWPQU � aW S QTW]a�QU ]a	Q]aZOOU VPaYQPaW RXVZ WR YZQ o �N bo	Wa	Q q d���f q \ �N b�VZ�WP� q d���f WTU q iOP

ZaQPWPVZaVW] lOUQ]R q YZQ � Q� aWTVQ �TiOPlWYaOT NPaYQPaOT b� �N � �SaQpQ]ZW]YQP QY W] `q ekkef `

 QpWPUaTp XRQPhiP aQTU]^ ROiY�WPQ q 	 
��
�� aR W VOlSXYaTp SWV	WpQ YZWY VWPPaQR OXY \W^QRaWT WTW]h

^RaR XRaTp �N�N YQVZTa�XQR ` �Y aR iPQQ]^ W�Wa]Wm ]Q iPOl YZQ �QmRaYQ ��� �	���� �� ���	 ��� ������� � `

	 
��
�� aTV]XUQR WT QWR^hYOhiO ]]O� lWTXW] WTU RQ�QPW] �OP	QU QjWlS]QR q WTU WT OT]aTQ �
��� YXYOPaW]

aR W�Wa]Wm ]Q WY ��� ����� �
�� ���	 ��� ������� 
���� 
��������	 
� 
� ���	 
 ` �T WUUaYaOT YO SORYQPaOP

RXllWPaQR WTU WPQW] lWSR q YZQ � �N lOUQ] VOlSWPaROT RYWYaRYaV VWT m Q WXYOlWYaVW]]^ VW]VX ]WYQU

� aYZ aT 	 
��
�� ` o R RXVZ q �Q XRQ YZaR SWV	WpQ iOP W]] Oi YZQ lOUQ]R lQTYaOTQU aT YZaR WPYaV]Q `

�ZQPQ aR W ]WPpQ WTU pPO� aTp ]aYQPWYXPQ OT \W^QRaWT WTW]^RaR WTU �N�N lQYZOUR ` �OP iXPYZQP

PQWUaTp q RQQ YZQ YQjYm OO	 R m^ NWP]aT WTU �OXaR bekkkf OP !Q]l WT QY W] ` bekkg f ` ! a]	R QY W] ` bd��cf

O�QP WT QjVQ]]QTY RXllWP^ Oi WU�WTVQU �N�N lQYZOUR iOP \W^QRaWT WTW]^RaR `

r



�ZQ PQlWaTUQP Oi YZaR SWSQP aR OPpWTa�QU WR iO ]]O� R ` �QVYaOT e aTYPOUXVQR YQPl aTO]OpaQR WTU

VOTVQSYR Oi RYWYaRYaVW] WPQW] PWYQ QRYal WYaOT WTU mOXTUWP^ WTW]^RaR q WTU pa�QR W mPaQi UQRVPaSYaOT

Oi YZQ UWYWRQY �Q XRQ aT YZ aR SWSQP ` �QVYaOT � a]]XRYPWYQR RSWYaW] RlOOYZaTp ZaQPWPVZaVW] lOUQ]R

XRaTp WUl aTaRYPWYa�Q UWYW RQYR RS QVa�V YO VWTVQP ` �ZaR RQVYaOT W]RO UQRVPam QR m OXTUWP^ WTW]^RaR

lQYZOUR q aTV]XU aTp ROlQ YZWY OS QPWYQ OT YZQ RVW]Q Oi YZQ =�� =D m QY�QQT WPQWR q WR �Q]] WR lOPQ

YPWUaYaOTW] WSSPOWVZQR YZWY �OP	 � aYZ YZQ WPQWR YZQl RQ]�QR ` � aTW]]^q �QVYaOT g RXllWPa�QR WTU

UaRVXRRQR UaPQVYaOTR iOP iXYXPQ PQRQWPVZ aT YZaR WPQW `

� 
�	������� 
��� �� ������ ���� ��������	� ��
 �	��
��� ��������


Q a]]XRYPWYQ OXP RSWYaW] ZaQPWPVZaVW] lOUQ]aTp lQYZOUR XRaTp VOXTY^h]Q�Q] UWYW OT mPQWRY VWTVQP

]WYQ UQYQVYaOT aT YZQ �� RYWYQ Oi � aTTQROYW ` �ZQRQ UWYW WPQ WppPQpWYQU O�QP YZQ ^QWPR d��� YO d��� q

WTU �QPQ VO]]QVYQU m^ YZQ � aTTQROYW NWTVQP �XP�Qa]]WTVQ �^RYQl b�N��f q W SOSX]WYaOThmWRQU VWTVQP

PQpaRYP^ l WaTYWaTQU m^ YZQ � aTTQROYW � QSWPYlQTY Oi 
QW]YZ `

� WSR Oi RYWTUWPUa�QU ]WYQ UQYQVYaOT PWYaOR b��� Rf iOP YZQ � aTTQROYW mPQWRY VWTVQP UWYW WPQ

pa�QT aT � apXPQ dbWf ` �ZQ ��� iOP VOXTY^ � aR VW]VX]WYQU m^ Ua� aU aTp YZQ OmRQP�QU �W]XQ m^ YZQ

WpQhWU�XRYQU QjS QVYQU VOXTYR [

���� � � � ��	 � � �ZQPQ 	 � � 
��
 ,� �� ��
�
� �� � �

� � �� � � b�f


 QPQ q YZQ S OSX]WYaOTR WY PaR	 � �� WPQ YZQ TXlmQPR Oi aTVaUQTY mPQWRY VWTVQP VWRQR iOP WpQ pPOXS � aT

VOXTY^ � q WTU YZQ � �� WPQ YZORQ UQYQVYQU ]WYQ bPQpaOTW] OP UaRYWTY RYWpQf � iOP lOPQ UQYWa]R RQQ �ZOlWR

WTU NWP]aT bekk�f ` �ZQ Wm O�Q WSSPOWVZ YO VW]VX ]WYaTp YZQ 	 � aR VW]]QU ;A ?=CA>6 D ?>A�>C�;�>?;5A � YZQ
VOXTYR VWT W]RO m Q RYWTUWPUa�QU =� ?=CA>6 6E ai WT WSSPOSPaWYQ RYWTUWPU YWm ]Q Oi WpQhRS QVa�V mPQWRY

VWTVQP UQYQVYaOT PWYQR aR W�Wa]Wm ]Q ` oT ��� ]QRR YZWT d`k aTUaVWYQR iQ�QP YZWT QjS QVYQU mPQWRY

VWTVQP ]WYQ UQYQVYaOTR aT YZWY VOXTY^q �Za]Q W �W]XQ pPQWYQP YZWT d`k aTUaVWYQR lOPQ UQWYZR YZWT

c



[0.28,0.82)
[0.82,0.97)
[0.97,1.09)
[1.09,1.26)
[1.26,2]

(a) Raw SLDR

0%~60%
60%~80%
80%~90%
90%~100%

(b) Raw Dij

[11.11,30)
[30,34.1)
[34.1,39.76)
[39.76,44.81)
[44.81,69.23]

(c) Nonscreening rate, %

� apXPQ d[ \PQWRY VWTVQP ]WYQ UQYQVYaOT UWYW q VPXUQ mOXTUWPaQR q WTU \ ��� RVPQQT aTp UWYW `

QjSQVYQU ` �ZQ ��� R aT � apXPQ dbWf RXppQRY W lOUQRY WlOXTY Oi RSWYaW] V]XRYQPaTp aT YZQ UWYW `

o R lQTYaOTQU WmO�Q q aT YZQ WTW]^RaR Oi pQOpPWSZaV WUl aTaRYPWYa�Q UWYW q aTYQPQRY iO VXRQR TOY OT]^

OT QRYal WYaOT Oi WPQWh]Q�Q] PWYQR q mXY W]RO OT �TUaTp m OXTUWPaQR VOPPQRS OTUaTp YO RapT a�VWTY VZWTpQR

aT YZQ XTUQP]^ aTp PaR	 RXPiWVQ q W SPOm ]Ql 	TO�T WR :59A�>CE >A>6ED;D OP � 5� :6;A� ` �
����������

aR W VOllQPVaW] ! ��hmWRQU m OXTUWP^ WTW]^RaR ROiY�WPQ SWV	WpQ � � apXPQ dbm f RZO� R aYR WSS ]aVWYaOT YO

OXP mPQWRY VWTVQP ]WYQ UQYQVYaOT UWYW ` �OP WPQW] UWYW ]a	Q OXPR q �
���������� XRQR YZQ YOS �� Oi YZQ

:59A�>CE 6;� =6;4 55� B>69 =Dq VOllOT]^ UQ�TQU WR YZQ WmRO]XYQ PQpaOTW] U a�QPQTVQR q

� �� � 
���� � � ���� � 
 � bg f

YO UQYQPl aTQ YZQ RQplQTYR YZWY VOlSPaRQ YZQ m OXTUWP^` �T YZQ �pXPQ q YZQ UWP	QRY ]aTQR RZO� YZQ YOS

dk� Oi YZQ � �� � TOYQ YZWY YZQRQ RQplQTYR WPQ OiYQT UaRVOTTQVYQU ` �T WUUaYaOT q aY aR ZWPU YO 	TO�

ZO� lXVZ VOT�UQTVQ YO S ]WVQ aT YZQRQ m OXTUWPaQR q RaTVQ YZQ SPO VQUXPQ ZWR TOY WVVOXTYQU iOP YZQ

pPQWY]^ �WP^aTp RWlS]Q Ra�QR WVPORR YZQ VOXTYaQR ` �OP QjWlS]Q q YZQ �� aT NaYaQR lQYPO WPQW bOT YZQ

QWRY RaUQ Oi YZQ RYWYQ Wm OXY OTQ YZ aPU Oi YZQ �W^ XS f RQQl R YO aTV]XUQ TO lOPQ m OXTUWPaQR YZWT

WT^ OYZQP PQpaOT ` � aTW]]^q YZQ RQ]QVYaOT Oi � � dk� RQQl R �XaYQ WPm aYPWP^ � YZQ ROiY�WPQ � a]] aUQTYai^

�mOXTUWPaQR� PQpWPU]QRR Oi �ZQYZQP U a�QPQTVQR WVPORR PQpaOTR WPQ RapTa�VWTY OP TOY `

�T YZQ ]aYQPWYXPQ q YZQPQ aR UQmWYQ O�QP YZQ Q�QVYa�QTQRR Oi lWllOpPWSZ^ aT PQUXVaTp mPQWRY

�



VWTVQP ]WYQ UQYQVYaOT PWYQR ` �OlQ RYXUaQR ZW�Q RZO�T YZWY lWllOpPWSZ^ RVPQQT aTp VWT PQUXVQ

mPQWRY VWTVQP lOPYW]aY^ m^ �khgk� WlOTp �OlQT WpQU rk ^QWPR WTU O]UQP bNO]]QYYQ QY W] `q d��e �

\QPP^q d���f ` o PQVQTY RYXU^ Oi YZQ �WYaOTW] NWTVQP �TRYaYXYQ W]RO aTUaVWYQR YZWY TOY ZW� aTp ZWU W

RVPQQT aTp lWllOpPWl iOP OTQ YO YZPQQ ^QWPR SPaOP YO UaWpTORaR �WR WRRO VaWYQU � aYZ re SQPVQTY Oi ]WYQh

RYWpQ mPQWRY VWTVQP VWRQR b�WS]aT QY W] `q ekkg f ` �ZQRQ WXYZOPR RYWYQ YZWY aTVPQWRaTp lWllOpPWSZ^

RVPQQT aTp PWYQR RZOX]U mQ W YOS SPaOPaY^ YO alSPO�Q mPQWRY VWTVQP OXYVOlQ ` �ZXR �Q lW^ � aRZ YO

VOTRaUQP YZQRQ VOXTY^h]Q�Q] �W]XQR q QRYal WYQR Oi �ZaVZ WPQ W�Wa]Wm ]Q iPOl YZQ \QZW� aOPW]  aR	 �WVYOP

WTU �XP�Qa]]WTVQ �XP�Q^ b\ ��� f UWYW lWSS QU aT � apXPQ dbVf ` �ZQRQ �W]XQR l W^ m Q ZQ]S iX] WR W

RSWYaW]]^ �WP^ aTp VO�WPaWYQ q SPO� aUQU �Q WV	TO� ]QUpQ YZQaP PWYZQP ]WPpQ �WPaWm a]aY^ [ \ ��� UOQR TOY

RYPWYai^ m^ VOXTY^q RO lWT^ PXPW] VOXTYaQR ZW�Q �XaYQ ]O� RWlS]Q Ra�QR ` �TUQQU q YZQ lWSR Oi YZQ

��� R aT SWTQ] bWf WTU YZQ \ ���hmWRQU RVPQQTaTp QRYal WYQR aT SWTQ] bVf WSS QWP YO pQTQPW]]^ WpPQQ

aT YZQ TOPYZQPT SWPY Oi YZQ RYWYQ q mXY ZW�Q ]QRR aT VOllOT aT YZQ ROXYZQPT SWPY `

� ������� ���� �	
��� �	� ��	������� �
� �������� ��� 
���

� �� ���	
� 
��
� 
�������� 
�� 	����
�� ���������

�mRQP�QU VOXTYR � � WPQ OiYQT lOUQ]QU WR m aTOl aW] OP lX]YaTOl aW] p a�QT YZQ TXlmQPR WY PaR	

� � iOP � � d � � � � � � ` �OP PQ]WYa�Q]^ PWPQ Q�QTYR q W VOllOT RYWYaRYaVW] SPWVYaVQ aR YO XRQ W _OaRROT

WSSPOj alWYaOT q �ZaVZ ZQPQ �Q XRQ aT W Z aQPWPVZaVW] l ajQU Q�QVYR lOUQ] q

� � ������ � ������ b� � f �ZQPQ ]Op � � � ]Op 	 �  !"�#  $ � � � � d � � � � � � �


 QPQ YZQ 	 � WPQ aTYQPTW]]^ RYWTUWPUa�QU QjS QVYQU VOXTYR bWRRXlQU �jQU WTU 	TO�Tf OmYWaTQU WR aT

YZQ PapZY RaUQ Oi b�f q WTU YZQ ! � WPQ 	TO�T PQpaOThRS QVa�V VO�WPaWYQR OmRQP�QU O�QP YZQ � PQpaOTR ` �QY

% � � � �	 �
� QjS b! "�#  $ � f � � � d � � � � � � �

�



RO YZWY % � lQWRXPQR YZQ YPXQ XTUQP]^ aTp C=6>?;B = C;D� b  f aT WPQW � ` �ZQ ��� O�QP VPXUQ QRYal WYQR

Oi YZQ % � `

�T OXP ZaQPWPVZaVW] lOUQ] q YZQ $ � WPQ C>A�5� =� =3?D YZWY WVVOXTY iOP QjYPWh_OaRROT �WPaWm a]aY^ aT

YZQ OmRQP�QU UWYW ` �XSSORQ �Q lOUQ] YZQ $ � WR aTUQSQTUQTY WTU aUQTYaVW]]^ UaRYPamXYQU baaU f TOPlW]

b!WXRRaWT f PWTUOl �WPaWm ]QR � aYZ lQWT �QPO WTU SPQVaRaOT bPQVaSPO VW] Oi YZQ �WPaWTVQf � q a `Q `q

$ � ���� � bk � d�� f �

�ZQT YZQ SPO VQUXPQ � a]] VWXRQ YZQ � YYQU ]OphPQ]WYa�Q PaR	 R � � YO V]XRYQP WPOXTU YZQaP � 65:>6 bRYWYQ� aUQf

pPWTU lQWT ` �ZaR �mOPPO� aTp Oi RYPQTpYZ� WVPORR PQpaOTR aR OiYQT ZQ]S iX] aT alSPO� aTp YZQ QRYal WYQR Oi

QWVZ q WTU ZWR m QQT ]OTphXRQU aT Rl W]]hWPQW QRYal WYaOT ` 
O�Q�QP q WT^ 653>6 RSWYaW] UQS QTUQTVQ WlOTp

YZQ ]OphPQ]WYa�Q PaR	 R � a]] m Q apTOPQU m^ YZaR lOUQ] ` 
Q Y^S aVW]]^ RQY � Q�XW] YO ROlQ �jQU �W]XQ q

OP WRRapTQU W UaRYPamXYaOT aYRQ]i � W pWllW UaRYPamXYaOT aR OiYQT VZORQT lWaT]^ UXQ YO VOlSXYWYaOTW]

VOT�QTaQTVQ ` 
 QPQ �Q WUOSY W �WpXQ pWllW SPaOP UaRYPamXYaOT blQWT d mXY �WPaWTVQ dkkf UQRapTQU

YO ]QY YZQ UWYW UOl aTWYQ YZQ UQYQPl aTWYaOT Oi YZQ SORYQPaOP U aRYPamXYaOT ` � al a]WP]^q W TOTaTiOPlWYa�Q

��WY� bXTaiOPl f SPaOP UaRYPamXYaOT VWT m Q WRRXlQU iOP � � Q�QT YZOXpZ YZ aR U aRYPamXYaOT aR TOY SPOS QP

bUXQ YO � �R aT�TaYQ PWTpQf q YZQ S ORYQPaOP UaRYPamXYaOT � a]] RYa]] QlQPpQ WR SPOSQP ` �i �Q ZWU lOPQ

SPaOP aTiOPlWYaOT Wm OXY � q OYZQP lOPQ aTiOPlWYa�Q SPaOPR VOX]U W]RO m Q WUOSYQU q RXVZ WR W TOPlW]

UaRYPamXYaOT � aYZ lOUQPWYQ �WPaWTVQ ` �T YZaR SWS QP q �Q XRQ YZQ �WY SPaOP iOP � RO YZWY YZQ SORYQPaOP

QRYal WYQR Oi � WPQ UQYQPl aTQU SPalWPa]^ m^ YZQ UWYW `

\W^QRaWT QRYal WYaOT Oi YZQ YZQOPQYaVW] PQ]WYa�Q PaR	 R % � VWT TO� SPO VQQU � aW �N�N q iOP QjWlS]Q

WR W�Wa]Wm ]Q aT 	 
��
�� ` 
O�Q�QP q iOP m OXTUWP^ WTW]^RaR �Q lXRY � PRY UQ�TQ W iQ� lOPQ YQPl R `

\W^QRaWT WPQW] �Olm]aTp aR VOTVQPTQU � aYZ YZQ ?4 =5C=?;3>6 m OXTUWP^ ]a	Q]aZOOU �W]XQR q UQ�TQU WR

� �� � 
% � � %� 
� iOP W]] � WU� WVQTY YO � � brf

�



�Y aR QWR^ YO RQQ YZWY bg f aR W TOaR^ PQW]a�WYaOT Oi brf ` oT QlSaPaVW] S ORYQPaOP UaRYPamXYaOT VWT m Q

OmYWaTQU m^ pQYYaTp UPW� R �� �� � � � � d � � � � �� � iPOl YZQ S ORYQPaOP U aRYPamXYaOT 
 b� 
� f � aW WT �N�N

W]pOPaYZl ` 
Olm]QU mOXTUWPaQR WPQ YZQT mWRQU XSOT YZQ S ORYQPaOP UaRYPamXYaOT Oi YZQ � �� ` �OP

QjWlS]Q q �Q l apZY YW	Q YZQ m OPUQP RQplQTY m QY�QQT WPQWR � WTU � YO m Q SWPY Oi YZQ m OXTUWP^ ai

	 b� �� 
� f � � q �ZQPQ � aR W SPQRS QVa�QU VOTRYWTY m Q]aQ�QU YO m Q Oi RVaQTYa�V aTYQPQRY ` � P �Q l apZY

RalS]^ RQY YZQ m OXTUWP^ WR YZQ RQplQTYR VOPPQRS OTUaTp YO YZQ YOS �� Oi YZQ S ORYQPaOP l QWTR ` �T

QaYZQP VWRQ q YZQ QRYal WYQ Oi 	 b� �� 
� f aR

�	 b� �� 
� f � d
�

��
�
 , � �� ��� � d

�

��
�
 , 
% �� �� � % �� ��


� bcf

�XVZ mOXTUWPaQR WPQ PQiQPPQU YO WR 3C;DF m OXTUWPaQR ` o ]YQPTWYa�Q]^q �Q VWT XRQ YZQ aUQW Oi WT =� �
3==�>A3= F C5:>:;6;?Eq WTU UQ�TQ SWPYaW] bOP 7 9��Ef m OXTUWPaQR mWRQU OT �W]XQR Oi � � b� �� � � 
� f `

� al a]WP YO bcf q � � b� �� � � 
� f VWT m Q QRYal WYQU WR

�
 �� � �� � b� �� � � 
� f � d
�

��
�
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�
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�
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 � �� �

�ZQPQ d�� �� ��� � �� Q�XW]R d ai � �� ��� � � q WTU k OYZQP� aRQ `

�ZQ p]OmW] RlOOYZaTp lOUQ] Oi YZ aR RXmRQVYaOT VWT m Q QWRa]^ � Y aT 	 
��
�� � RQQ iOP QjWlS]Q

YZQ VOUQ W�Wa]Wm ]Q WY ��� �� 

���� ��	� ���� ��������
	����� ���	 
 ` 
Q WSS]aQU YZ aR lOUQ] YO OXP

� aTTQROYW mPQWRY VWTVQP UWYWRQY WTU ZQPQ UQRVPam Q OXP PQRX ]YR ` � apXPQ e bWf lWSR S ORYQPaOP QRYal WYQR

Oi � q YZQ PQ]WYa�Q PaR	 R q �Za]Q � apXPQ e bm f UO QR YZQ RWlQ iOP YZQ YZQOPQYaVW] mOXTUWP^ ]a	Q]aZOOU �W]XQR

� �� ` � apXPQ e bVf PQ�QPRQR YZQ OPUQP Oi YZQ QjSQVYWYaOT WTU WmRO]XYQ �W]XQ aT bcf q YO RQQ ai YZ aR � a]]

m QYYQP UaRYaTpXaRZ VOXTYaQR � aYZ Ua�QPaTp �WPaWm a]aY^ mXY Ral a]WP W�QPWpQ WmRO]XYQ U a�QPQTVQ ]Q�Q]R `

�ZQ lWS Oi �	 b� 
� f ]O O	R RlOOYZQP WTU RZO� R iQ�QP UaRVOPUWTY SWYVZQR YZWT YZQ PW� ��� lWS

aT � apXPQ dbWf ` o ]RO YZQ � �� SORYQPaOP lQWTR RQQl YO m Q ROl Q�ZWY m QYYQP VOTTQVYQU YZWT YZQ lWS

dk



[0.96,1)
[1,1.02)
[1.02,1.04)
[1.04,1.07)
[1.07,1.18]

(a) E( η | y )

0%~60%
60%~80%
80%~90%
90%~100%

(b) E( |ηi−ηj| | y )

0%~60%
60%~80%
80%~90%
90%~100%

(c) | E(ηi−ηj)| y |

� apXPQ e [ ! ]OmW]]^ RlOOYZQU SORYQPaOP RXllWPaQR q mPQWRY VWTVQP ]WYQ UQYQVYaOT UWYW

mWRQU OT YZQ PW� UWYW aT � apXPQ dbm f ` _WTQ]R bm f WTU bVf pQTQPW]]^ aTUaVWYQ m OXTUWP^ RQplQTYR

RQSWPWYaTp YZQ ROXYZQPT WTU TOPYZQWRY �WPPO�ZQWU� PQpaOTR iPOl YZQ PQl WaTUQP Oi YZQ RYWYQ `

 QpWPUaTp YZQ RSWYaW]]^h�WP^ aTp RVPQQT aTp VO�WPaWYQ q �Za]Q aYR VO Q� VaQTY aR VOTRaRYQTY � aYZ aTh

YXaYaOT bSORYQPaOP lQWT k `kk�r � VOXTYaQR � aYZ ZapZQP TOTRVPQQTaTp PWYQR ZW�Q ZapZQP ]WYQ UQYQVYaOT

PWYQRf q aY UO QR TOY QlQPpQ WR RapTa� VWTY]^ Ua�QPQTY iPOl k b�r� SORYQPaOP VOT�UQTVQ ]al aYR �k `kkee

WTU k `kk�kf ` �ZaR lQWTR YZWY YZQ m OXTUWPaQR UQYQPl aTQU m^ YZQ S ORYQPaOP l QWT Oi � �� � 
% � � %� 


QRRQTYaW]]^ iO ]]O� YZQ RlOOYZQU ]WYQ UQYQVYaOT PWYQR q TOY YZQ RVPQQTaTp VO�WPaWYQR aT � apXPQ dbVf ` �ZQ

m OXTUWPaQR aT � apXPQR e bm f WTU bVf PQRQlm]Q YZORQ aT � apXPQ dbm f q mXY YZQ m OXTUWP^ RQplQTYR WPQ

RYa]] l ORY]^ UaRVOTTQVYQU WTU O�QPW]] SWYYQPTR PQl WaT Ua� VX ]Y YO RQQ `

� �� �� �
� 
��
� 
�������� 
�� 	����
�� ���������

�T YZQ p]OmW] RlOOYZaTp b��� f lOUQ] Oi YZQ SPQ� aOXR RXmRQVYaOT q Y�O VOXTYaQR � aYZ Ral a]WP QjS QVYQU

VOXTYR � a]] VOTYPamXYQ Q�XW]]^ YO YZQ RlOOYZQU   QRYal WYQR Oi WT^ OYZQP VOXTY^` �ZaR l W^ TOY m Q

WSSPOSPaWYQ q RaTVQ WPQWR YZWY WPQ RSWYaW]]^ V]ORQP YOpQYZQP lW^ YQTU YO m Q lOPQ Ral a]WP YZWT WPQWR

YZWY WPQ iXPYZQP WSWPY ` �ZaR RXppQRYR ROlQ lOUa�VWYaOT Oi YZQ aTUQS QTUQTVQ WRRXlSYaOT aT OXP QjYPWh

_OaRROT �WPaWm a]aY^` o ]YZOXpZ RSWYaW] Ral a]WPaY^ aT YZQ UWYW � a]] ]QWU YO TOT�QPO S ORYQPaOP VOPPQ]WYaOTR

WlOTp   QRYal WYQR Q�QT XTUQP YZQ ��� lOUQ] q �Q l W^ SPQiQP YO aTVOPS OPWYQ YZaR 	TO� ]QUpQ QjS]aVaY]^

aTYO YZQ lOUQ]aTp YZPOXpZ YZQ UaRYPamXYaOT OT YZQ PWTUOl Q�QVYR $ � `

dd



(a) Area Adjacency

1 2 3 4

5 6 7 8

9 10 11 12

13 14 15 16

(b) Edge Adjacency

1 2 3 4

5 6 7 8

9 10 11 12

13 14 15 16

� apXPQ � [ � ]]XRYPWYaOT Oi WPQW] WTU QUpQ UOl WaT TQapZmOPZOOU RYPXVYXPQR [ bWf WPQW] TQapZm OPZOOU
RYPXVYXPQ � bm f QUpQ TQapZm OPZOOU RYPXVYXPQ `

�O UO YZaR q �Q iO ]]O� W VOllOT SPWVYaVQ aT WPQW] UWYW WTW]^RaR q TWlQ]^ lOUQ]aTp YZQ PWTUOl

Q�QVYR � � b$ , � � � � � $� f" XRaTp W 35A�;?;5A>6 6E >9?5C=� C=DD;B = �.M�� UaRYPamXYaOT b\QRWp q d��gf ` �ZQ

No lOUQ] RlOOYZQR YZQ UWYW WVVOPUaTp YO W VQPYWaT TQapZm OPZOOU RYPXVYXPQ RS QVa�QU aT WT � � �
F C5� ;� ;?E � >?C;� q � q �ZORQ Q]Ql QTYR � �� lQWRXPQ �V]ORQTQRR� OP WU� WVQTV^ Oi QWVZ F>;C Oi PQpaOTR

b� � � f ` �ZQ lOUQ] VOPPQRS OTUR YO W � OaTY RSWYaW] UaRYPamXYaOT iOP YZQ WPQW] PWTUOl Q�QVYR ZW� aTp

� OaTY UQTRaY^ SPOS OPYaOTW] YO QjS �� �	
 � " b�� � � f�� q �ZQPQ �
 aR W S ORaYa�Q RVW]Q SWPWl QYQP WTU

�� � � ��� b� �� f � � ��� b� � � �� f ` 
Q UQTOYQ YZaR �OaTY UaRYPamXYaOT WR ��� b�
 �� f ` �ZaR UQTRaY^ aR

W�	�WPU YO �OP	 � aYZ bWTU lW^ TOY Q�QT m Q SPOSQP � RQQ m Q]O� f q mXY aYR 7 9 6 6 35A�;?;5A>6 UaRYPamXYaOTR

ZW�Q YZQ iOPl

$ � 
 $� �
 � � �
�
��

�

� �� $�
� �� �

d
�
� ��

�
� � � � d � � � � � � � b�f

�ZQ lORY VOllOT VZOaVQ iOP � aR YZQ kh d WU� WVQTV^ lWYPaj a]]XRYPWYQU aT � apXPQ � bWf ` �ZWY aR q

�Q RQY � �� � d ai WTU OT]^ ai � �� � bW PQpaOT VWTTOY m Q W TQapZmOP Oi aYRQ]i f WTU PQpaOTR � WTU � RZWPQ

W mOXTUWP^ � OYZQP� aRQ � �� � k ` �T YZaR VWRQ �Q ZW�Q � �� � � � q YZQ TXlmQP Oi TQapZm OPR iOP PQpaOT

� q RO YZQ VOTUaYaOTW] UaRYPamXYaOT aT b�f m QVOl QR �XaYQ aTYXaYa�Q q ZW� aTp lQWT �$ � q YZQ W�QPWpQ Oi YZQ

TQapZm OPaTp $� q WTU �WPaWTVQ UQVPQWRaTp aT � � ` �ZQ lOUQ] � a]] YZXR QTVOXPWpQ 653>6 RlOOYZaTp Oi

de



[0.94,0.99)
[0.99,1.01)
[1.01,1.04)
[1.04,1.07)
[1.07,1.16]

(a) E( η | y )

0%~60%
60%~80%
80%~90%
90%~100%

(b) E( |ηi−ηj| | y )

0%~60%
60%~80%
80%~90%
90%~100%

(c) | E(ηi−ηj)| y | 

� apXPQ g [ �O VW]]^ RlOOYZQU SORYQPaOP RXllWPaQR q mPQWRY VWTVQP ]WYQ UQYQVYaOT UWYW

WPQW] PWYQR YO�WPU YZORQ Oi TQapZmOPaTp VOXTYaQR q � aYZ VOXTYaQR ZW� aTp lOPQ TQapZm OPR RXm� QVY YO W

pPQWYQP UQpPQQ Oi RlOOYZaTp ` �T � apXPQ � bWf q YZQ UWP	 R�XWPQ b QpaOT �f ZWR g TQapZmOPR b QpaOTR � q

c q � q WTU ddq RZWUQU ]apZY pPW^ f ` �OYQ YZWY UaWpOTW]]^ WU� WVQTY WPQWR WPQ XTRZWUQU � �Q OT]^ VOTRaUQP

Y�O WPQWR YO m Q WU� WVQTY ai YZQ^ RZWPQ W VOllOT mOXTUWP^ Oi S ORaYa�Q ]QTpYZ ` \OXTUWP^ WTW]^RaR

VWT m Q alS]Ql QTYQU ZQPQ � aW YZQ \W^QRaWT WSSPOWVZ Oi �X WTU NWP]aT bekkrf q XRaTp S ORYQPaOP l QWTR

OP QjVQQUWTVQ SPOmWm a]aYaQR mWRQU OT YZQ � �� WR UQRVPam QU Wm O�Q `


 Za]Q kh d WU� WVQTV^ lWYPaVQR WPQ lORY VOllOT aT SPWVYaVQ q YZQ No PQlWaTR W �W]aU UaRYPamXh

YaOTW] RS QVa�VWYaOT iOP lWT^ OYZQP VZOaVQR Oi � q SPO� aU aTp l^PaWU SORRam a]aYaQR iOP RSWYaW] RlOOYZaTp

bRQQ Q `p ` NPQRRaQ q d���f ` 
Q l apZY VZOORQ � �� aT�QPRQ]^ SPOS OPYaOTW] YO YZQ UaRYWTVQ RQSWPWYaTp YZQ

VQTYPOaUR Oi PQpaOTR � WTU � q OP Q�QT YP^ YO QRYal WYQ � iPOl YZQ UWYW q SORRam ]^ � aYZ YZQ ZQ]S Oi

VO�WPaWYQR b�X QY W] `q ekkr � � W QY W] `q ekkrf `

� apXPQ g O�QPR WT WTW]^RaR Oi YZQ mPQWRY VWTVQP UWYW WTW]OpOXR YO YZWY aT � apXPQ e q mXY WRRXl aTp

W ]O VW]]^ RlOOYZaTp kh d No SPaOP iOP YZQ PWTUOl Q�QVYR � ` _WTQ] bWf pPQWY]^ V]WPa�QR YZQ O�QPW]]

RSWYaW] YPQTU bZ apZQP ]WYQ UQYQVYaOT PWYQR aT YZQ TOPYZ�QRYQPT SWPY Oi YZQ RYWYQ q ]O�QP aT YZQ TOPYZQWRY

WTU ROXYZf q mXY WpWaT RXppQRYR W VO]]QVYaOT Oi PQ]WYa�Q PaR	R YZWY WPQ W]] V]ORQ YO d`k ` �ZQ �r� \W^QRaWT

VOT�UQTVQ aTYQP�W] iOP YZQ No RlOOYZaTp SWPWlQYQP � aR be� `dq ��� `�f q VOTRaRYQTY � aYZ YZQ UQpPQQ Oi

RlOOYZaTp ` _WTQ]R bm f WTU bVf RZO� �Olm]QU lWSR WTW]OpOXR YO YZORQ aT � apXPQ e bm f WTU bVf � WpWaT

d�



YZQPQ aR ROlQ Q� aUQTVQ Oi RSWYaW] RlOOYZaTp WTU W YQTUQTV^ YO�WPU m QYYQP VOTTQVYQU m OXTUWPaQR `

� �� �� �
� ���� 
�������� 
�� 	����
�� ���������

�T mOXTUWP^ WTW]^RaR q �Q WPQ aTYQPQRYQU aT �TUaTp QUpQR WVPORR �ZaVZ WPQW] XTaYR WPQ RapT a�VWTY]^

Ua�QPQTY ` �S XTYa] TO� OXP RYWYaRYaVW] lOUQ] ZWR m QQT S]WVQU OT UWYW WPaRaTp iPOl YZQ WPQW] XTaYR

YZQl RQ]�QR q � aYZ �TW] m OXTUWPaQR WPaRaTp iPOl YZQRQ bp]OmW]]^ OP ]O VW]]^ f RlOOYZQU QRYal WYQR ` o ]h

YZOXpZ RXVZ lQYZOUR WPQ RQTRam ]Q iOP WPQW] PWYQ QRYal WYaOT q YZQ^ WPQ ]QRR RO iOP m OXTUWP^ WTW]^RaR q

RaTVQ YZQ^ UO TOY U aPQVY]^ lOUQ] YZQ QUpQ �WPaWm ]QR WTU YZXR OiYQT UO TOY UQ]a�QP �Q]]hVOTTQVYQU

m OXTUWPaQR ` o R RXVZ q �Q TO� aTRYQWU SPOS ORQ YO lOUQ] UaPQVY]^ aT YZQ �QUpQ UOlWaT q� �ZQPQ YZQ

mWRaV UWYW Q]QlQTYR WPaRQ iPOl YZQ QUpQR bmOXTUWP^ RQplQTYRf YZQl RQ]�QR ` 
 aYZ RXaYWm ]Q lOUa�VWh

YaOT q OXP Qj aRYaTp ��� WTU No lOUQ]R VWT m Q WSS]aQU OT YZaR UOl WaT q ]QWUaTp baT YZQ No VWRQf YO

m QYYQPhVOTTQVYQU m OXTUWPaQR WTU QWRaQP lWS aTYQPSPQYWYaOT `

�YWPYaTp � aYZ UWYW VO]]QVYQU O�QP WPQW] XTaYR q �Q TQQU YO UQ�TQ VOPPQRS OTUaTp �OmRQP�WYaOTR�

aT YZQ QUpQ UOlWaT YZWY VWSYXPQ YZQ Ua�QPQTVQ m QY�QQT TQapZm OPaTp XTaYR ` o TXlmQP Oi lQYPaVR

VOX]U mQ XRQU YO lQWRXPQ YZaR U a�QPQTVQ ` 
 ZQT OmRQP�QU WPQW] PQRS OTRQR WPQ XTa�WPaWYQ q YZQ WmRO]XYQ

Ua�QPQTVQ 
� � � �� 
 O�QPR W RQTRam ]Q UQ�TaYaOT ` �OP lX]Ya�WPaWYQ WPQW] PQRSOTRQR q �Q VWT QaYZQP XRQ W

lX]Ya�WPaWYQ RXllWP^ OP RXl R Oi XTa�WPaWYQ RXllWPaQR � RQQ �QVYaOT g m Q]O� iOP iXPYZQP U aRVXRRaOT `

�i YZQ OPap aTW] PQRS OTRQR OmRQP�QU O�QP YZQ � PQpaOTR WPQ VOXTYR q �Q � PRY VW]VX]WYQ YZQ WpQhWU�XRYQU

QjSQVYQU VOXTYR WR aT b�f q WTU YZQT YW	Q

��� � ]Op
�
�
�
�
�

� �	 � �

��	� �
�
�
�
�

� ]Op 
���� � � ���� � 


WR OXP QUpQhRS QVa�V UWYW �W]XQR ` �ZQ ]Op YPWTRiOPlWYaOT ZQ]SR RYWm a]a�Q YZQ �WPaWm a]aY^ WTU SPOUXVQ W

lOPQ R^llQYPaV WTU POXpZ]^ TOPlW] QlSaPaVW] UaRYPamXYaOT iOP YZQ VO]]QVYaOT Oi ��� OT YZQ PQW] ]aTQ `

dg



�OP OXP RYWYaRYaVW] lOUQ] OT YZQ QUpQ UOl WaT q �Q WRRXlQ

��� � � ���� �
d

b� �  �� f� � � � WU� WVQTY YO � �

�ZQ �WPaWTVQ aR RalS ]^ WT aTYXaYa�Q]^ RQTRam ]Q VZOaVQ blOPQ S OSX]OXR VOXTYaQR VOTYPamXYQ YO ]QRR XTh

VQPYWaT ��� f aTRS aPQU m^ SPQ� aOXR �OP	 aT YZ aR WPQW bQ `p ` �ZOPY QY W] `q ekkef WTU UQ]YW lQYZOU WSSPOjh

al WYaOTR bQ `p ` \WTQP� QQ QY W] `q ekkg q S `dr�f ` �ZQ aTV]XRaOT Oi � � WTU �� aT YZQ �WPaWTVQ aTVOPS OPWYQR

YZQ U a�QPQTY UQpPQQR Oi SPQVaRaOT WRRO VaWYQU � aYZ YZQ OmRQP�QU UWYW `

� QjY q ]QY

��� � !"�� #  � �� � b�f

�ZQPQ ! �� aR W �QVYOP Oi �UaRVPQSWTV^� VO�WPaWYQR ` �ZQRQ lW^ VOPPQRS OTU YO 	TO�T QUpQR VPQWYQU

m^ lOXTYWaT PWTpQR q ]W	QR q OP OYZQP TWYXPW] mOXTUWPaQR b Qa]]^q ekk df q OP YZQ WmRO]XYQ Ua�QPQTVQR

Oi �WPaWm ]QR RXRS QVYQU YO m Q alSOPYWTY aT VWXRaTp aTZOlOpQTQaY^ aT � b�X QY W] `q ekkr � � W QY W] `q

ekkrf ` �ZQ PWTUOl Q�QVYR � �� lOUQ] PQRaUXW] QUpQ Q�QVYR ` �WPpQP WmRO]XYQ � �� �W]XQR aTUaVWYQ ]WPpQP

UaRVPQSWTVaQR m QY�QQT YZQ WU� WVQTY PQpaOTR WiYQP WVVOXTYaTp iOP YZQ Q�QVYR Oi YZQ VO�WPaWYQR `

�O QTVOXPWpQ YZQ lOUQ] YO iW�OP VOTYaTXOXR m OXTUWPaQR q �Q XRQ W ��� b� �� � f SPaOP iOP � q

�ZQPQ � � aR W �jQU WU� WVQTV^ lWYPaj iOP YZQ QUpQR ` �UpQ WU� WVQTV^ aR QRRQTYaW]]^ YZQ UXW] SPOm ]Ql

Oi WPQW] WU� WVQTV^` �O Q]XVaUWYQ YZaR UXW]aY^q VOTRaUQP YZQ QUpQ TQapZmOPZOOU RYPXVYXPQ a]]XRYPWYQU

aT � apXPQ � bm f ` �ZQ UWP	 RO ]aU m OXTUWP^ VOPPQRS OTUaTp YO QUpQ b� qddf ZWR Raj �TQapZmOPaTp� QUpQR q

ZapZ ]apZYQU WR UWRZQU ]aTQR ` �ZXR QUpQ RQplQTYR WPQ WU� WVQTY ai WTU OT]^ ai YZQ^ VOTTQVY YO OTQ

WTOYZQP ` �OYQ YZWY bc qdkf WTU b� qdef WPQ TQapZm OPR Oi b� qddf q Q�QT YZOXpZ YZQRQ RQplQTYR ZW�Q TO

WPQW] XTaYR aT VOllOT ` �T OPUQP YO VPQWYQ YZQ QUpQ WU� WVQTV^ lWYPaj � � q �Q �OX]U � PRY PQaTUQj QWVZ

Oi YZQ QUpQ SWaPR iPOl b� � � f YO W RaTp]Q aTUQj � PXTTaTp iPOl d YO � ��� q YZQ YOYW] TXlmQP Oi QUpQR

bWPQW WU� WVQTVaQRf aT YZQ lWS ` 
Q YZQT RalS]^ XRQ YZQ OPU aTWP^ kh d iOPlWY q � aYZ Y�O QUpQR � WTU �

ZW� aTp � �� � � d OT]^ ai YZQ^ WPQ UaRYaTVY WTU WU� WVQTY aT YZQ � apXPQ � bm f RQTRQ � OYZQP� aRQ � �� � � k `

dr



0%~60%
60%~80%
80%~90%
90%~100%

(a) E( δij | y)

0%~60%
60%~80%
80%~90%
90%~100%

(b) E( ψij | y )

[0,0.6)
[0.6,0.8)
[0.8,0.9)
[0.9,1]

(c) Pr( δij > −0.161 | y )

[0,0.6)
[0.6,0.8)
[0.8,0.9)
[0.9,1]

(e) Pr( δij > −1.20 | y )

� apXPQ r [ _ORYQPaOP ZaRYOpPWl R WTU mOXTUWPaQR OmYWaTQU � aW ]O VW] QUpQ RlOOYZaTp q mPQWRY VWTVQP ]WYQ
UQYQVYaOT UWYW


PaYaTp � � �� �� � q RapTa�VWTY mOXTUWP^ RQplQTYR lW^ TO� m Q RQ]QVYQU mWRQU OT YZQ WmRO]XYQ

�W]XQR Oi YZQ S ORYQPaOP QRYal WYQR 	 b��� 
� f q OP mWRQU OT YZQ QjVQQUWTVQ SPOmWma]aY^ WSSPOWVZ XRaTp

� b��� � � 
� f iOP ROl Q VOTRYWTY � ` �i aTYQPQRY ]aQR aT aUQTYa�VWYaOT Oi m OXTUWPaQR Oi WmPXSY VZWTpQR

>7 ?=C WVVOXTYaTp iOP VO�WPaWYQ Q�QVYR bC=D;�9>6�:>D=� mOXTUWPaQRf q �Q VOX ]U RQ]QVY m OXTUWP^ RQplQTYR

mWRQU OT SORYQPaOP RXllWPaQR Oi YZQ � �� aTRYQWU `

� a	Q YZQ WPQW] RlOOYZaTp lOUQ]R Oi �QVYaOT � `e q S ORYQPaOP QRYal WYQR mWRQU OT OXP QUpQ RlOOYZaTp

lOUQ] VWT m Q QWRa]^ � YYQU aT 	 
��
�� � WpWaT RQQ ��� �� 

���� ��	� ������������
	����� ���	 
 `

� apXPQ r SPQRQTYR YZQ PQRX]YR iOP YZQ mPQWRY VWTVQP ]WYQ UQYQVYaOT UWYW ` 
Q XRQ YZQ WmRO]XYQ Ua�QPQTVQ

Oi RVPQQTaTp PWYQ WR YZQ ]OTQ VO�WPaWYQ ! �� aT b�f q Q�QT YZOXpZ aYR VOQ� VaQTY U aU TOY Ql QPpQ WR

RapT a� VWTY]^ Ua�QPQTY iPOl k �ZQT aTV]XUQU aT YZQ SPQ� aOXR lOUQ]R ` _WTQ]R bWf WTU bm f WPQ YZQ l WSR

dc



mWRQU OT YZQ SORYQPaOP l QWTR Oi ��� WTU � �� q PQRS QVYa�Q]^` �ZQ^ WPQ �QP^ Ral a]WP q VOT� Pl aTp YZWY

YZQ aTV]XRaOT Oi YZQ lWllOpPWSZ^ VO�WPaWYQ ZWR ]aYY]Q alSWVY OT YZQ PQRX ]YR ` _WTQ]R bVf WTU bUf WPQ

QjVQQUWTVQ SPOmWma]aY^ lWSR iOP ��� XRaTp Y�O �W]XQR Oi � YZWY VOPPQRS OTU OT YZQ ]Op RVW]Q YO ��� 

Ua�QPQTVQR Oi k `e WTU k `� q PQRS QVYa�Q]^` �ZQ PQRX]YaTp lWSR WPQ TOY RVW]QhiPQQ q WTU Ua�QP iPOl YZORQ

RZO�T aT � apXPQR e WTU g XRaTp YZQ ��� WTU WPQW] No lOUQ]R q PQRS QVYa�Q]^q aT YZQaP RQ]QVYaOT Oi lWT^

lOPQ TOPYZ�QRYQPT m OXTUWP^ RQplQTYR `

� ������� ��
 ������ �	��

��OPYR YO RXllWPa�Q pQOpPWSZaV SWYYQPTR iPOl WUl aTaRYPWYa�Q UWYW XRaTp lWSR WPQ � aUQRSPQWU ` o

]al aYWYaOT Oi RXVZ Q�OPYR WTU WT OTpOaTp ROXPVQ Oi VPaYaVaRl aR YZQ ROlQYal QR WU ZO V �W^ Oi pPOXSaTp

WPQWR q W iWa]XPQ YO QjS]aVaY]^ PQVOpT a�Q YZQ RSWYaW] WRRO VaWYaOT aTZQPQTY aT WUl aTaRYPWYa�Q UWYW q WTU YZQ

aTWm a]aY^ YO VOTRaUQP lX]Ya�WPaWYQ PQ]WYaOTRZaS R ` �ZQ WSSPOWVZ �Q ZW�Q SPQRQTYQU VWT mQ WSS]aQU aT W

PQ]WYa�Q]^ RYPWapZYiOP�WPU lWTTQP YO WUl aTaRYPWYa�Q UWYW YZWY WPQ pPOXS QU YO YZQ � aS VOUQ q VOXTY^q

OP Q�QT RYWYQ ]Q�Q] ` �ZQ Wma]aY^ YO VOTYPO] iOP YZQ aTVOTRaRYQTY Q�QVYR YZWY WPQ YZQ PQRX ]Y Oi RlW]]

UQTOl aTWYOPR bRXVZ WR aT PXPW] WPQWRf OP RlW]] TXlQPWYOPR UXQ YO PQ]WYa�Q]^ XTVOllOT VOTUaYaOTR

bYZQ WTTXW] aTVaUQTVQ Oi mPQWRY VWTVQP aR d� f aR W 	Q^ iQWYXPQ ` �XP pPOXS ZWR WSS]aQU YZaR WSSPOWVZ

YO RYXUaQR Oi pQOpPWSZaV W�Wa]Wm a]aY^ Oi ZOlQhmWRQU ZQW]YZ RQP� aVQR � aYZ VOTRaUQPWm ]Q RXVVQRR ` � YZQP

WSS]aVWYaOTR �OX]U aTV]XUQ RYXUaQR Oi YZQ alSWVY Oi lWP	QY RYPXVYXPQR OT VZOaVQ Oi RQP� aVQ q WR �Q]]

WR WRRQRRaTp YZQ alSWVY Oi WT QT� aPOTlQTYW] iWVYOP YZWY l apZY aT�XQTVQ UaRQWRQ aTVaUQTVQ bRXVZ WR

RYXUaQR Oi YZQ alSWVY Oi WaP OP �WYQP �XW]aY^ f `

�XP �QVYaOT � `� RXppQRYaOT QjYQTUR YZQ aUQW Oi TQapZm OPZOOU RYPXVYXPQ lOUQ]aTp YO YZQ QUpQ

UOlWaT q WR W lOPQ UaPQVY WYYWV	 OT YZQ SPOm ]Ql Oi WPQW] m OXTUWP^ WTW]^RaR ` � a	Q lORY No lOUQ]

alS ]QlQTYWYaOTR q OXP TQapZm OPZOOU RYPXVYXPQR �QPQ WRRXlQU VOTRYWTY ba `Q `q YZQ SPOj al aY^ lWYPaVQR �
WTU � � �QPQ �jQU aT WU�WTVQf ` �T SPWVYaVQ PQRQWPVZQPR Y^S aVW]]^ lOUQ] Y�O WPQWR WR WU� WVQTY ai YZQ^

d�



RZWPQ W VOllOT mOXTUWP^` \XY iWVYOPR OYZQP YZWT YZ aR VOX ]U W]RO alSWVY YZQ �V]ORQTQRR� m QY�QQT Y�O

pQOpPWSZaVW]]^ WU� WVQTY WPQWR q RXVZ WR YZQ ]QTpYZ Oi RZWPQU m OXTUWPaQR q YZQ pQOpPWSZaVW] YOS O]Op^ TQWP

YZQ m OXTUWPaQR q Ral a]WPaY^ Oi RO VaO UQlOpPWSZaV VO�WPaWYQR RXVZ WR PWVQ q ]Q�Q] Oi XPmWTa�WYaOT q WTU RO
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