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DU �B� UHDWH � IR � HDF�C��� MHFW � 2Q � VSKHU ���D� � �*�E9 DU � WLJKWO� ILWWLQ � WK � REMHFW " WK � RWKH � VSKHU ��� QG
ER 9 ERXQG � WK � REMHF � D� � D  ? R � LW � FKLOGUHQ � (DF� D[LV�DOLJQH � �*� . � � LQ � ER 9 �$$%% F L � GHILQH � � \
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[DPLQLQ � � GULYLQ � VLPXODWLRQ��EX �����	��
 HDVLO � SRLQWH �������� KD ��� K ��� RU � R � PRV � � � JDPH 
 LV
VRP � VRU � R � � G\QDPL � VLPXODWRU � 7K � VFHQ ��� RPSULVH 
 REMHFW 
 PRYLQ � DU ������ D �� LQWHUDFWLQ � ZLWK
HDF��� WKH� D�� WK

�
UHV � R � WK

�
YLUWXD  ZRUOG ! D�� Z

�"�
WWHPS �#�$� FUHDW

�"�
UHDVRQDEO � UHDOLVWLF

H[SHULHQ
�%�

IR� WK � SOD\HU��7KHU ��� U � WZ � PDL � DSSURDFKH 
 IR� G\QDPL
�
VLPXODWLRQ�

&RQVWUDLQW�EDVH  PRGHO 
 XV � QRQ�SHQHWUDWL ��� FRQWDF � IRUFH 
 W � DYRL '&��� LH 
 IUR ( SHQHWUDWLQJ

HDF�)� WKHU � 0RGHOOLQ � WK
�
IRUFH 
 L 
 HLWKH� DFFRPSOLVKH *&�� SHQDOW � R � DQDO\WL � PHWKRGV � 3HQDOW\

PHWKRG 
 >0:�� + LQVHU �,� HPSRUDU � VSULQJ 
 WKD � SXV � WK �-� ROOLGLQ � ERGLH 
 DSDUW ! WKRXJ� DGMXVWLQJ

VSULQ � FRQVWDQW 
 SUDFWLFDOO � UHTXLUH 
 PDJLF � $QDO\WL � PHWKRG 
 WUDQVODWLQ � QRQ�SHQHWUDWL ��� FRQVWUDLQV
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,PSXOV
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EDVH  V\VWHP 
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 FROOLVLRQV � %RGLH 
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���� VHHP 
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�
VLPXODWL ��� FRQVLVW 
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2UWKRJRQD
�
PDWULFH � D������� DWHUQLRQ � DU 	 ERW
������ �PLQLPD

�
SDUDPHWUL]DWLRQ � R  � � RULHQWDWLRQ

D����
 DY 	���� VLQJXODULWLHV � +RZHYHU � PDWULFH � KDY 	���� DUDPHWHU � D������� V 	 REYLRX � UHGXQGDQF� RYHU
WK 	������ DWHUQL ����� DUDPHWHUV � 1RQ�PLQLPD

�
SDUDPHWUL]DWLRQ � PD� GULI � R � WK 	 PDQLIRO � D��� WKH\

PXV � E 	 SURMHFWH � � DF! W � DYRL � LQYDOL �"� ULHQWDWLRQV � $VVXULQ # WK 	 RUWKRJRQDOLW � R  PDWULFH � LV
VRPHZKD � PRU 	�$ RPSOH % WKD�&��� UPDOL]LQ #�' TXDWHUQLRQ � V �(�)��*+� TXDWHUQLRQ � DU 	 JHQHUDOO� WK 	 EHVW
FKRLFH�

��� '\QDPL ,�- YROXWLRQ
$ � ORQ # D � WK 	 REMHFW � DU 	 PRYLQ # ZLWKRX � FROOLGLQJ � WKH� DU 	 RQO � LQIOXHQFH �.�/� IRUFH � OLN 	 JUDYLW\�
GUD # D������� VVLEO 	 VSULQJV � $ �0� IRUFH � FD�1�2	 VXPPDUL]H � D �3' VLQJO 	 IRU $4	 ZRUNLQ #5��� WK 	.$4	 QWH6 RI
PD �7� D��� VLPLODUO � D �8� PRPHQW � FD �9�2	 VXPPDUL]H � D �:' VLQJO 	 PRPHQW � 8Q �;* � � K 	 ILUV � FROOLVL ��� ZH
FD� HYROY 	 WK 	 VFHQ 	 XVLQ # WK 	 1HZWRQ�(XOH6 HTXDWLRQ � ���� < D��� ������

� � � �I DW P W¦  �����

� � � � � � � �WW DD ZZ ZZW W W W¦  � u, , �����

*UDYLW � D���=� UD # DU 	 PRGHOOH � D � IRUFH � DSSOLH � D �>� K 	?$4	 QWH6 R  PDVV � WKX � WKH�@�)�����A�B* QGXFH
WRUTXH � 6SULQJ � DU 	?' WWDFKH � W � VSHFLIL $ SRLQW �C��� WK 	 ERGLHV � +DYLQ # ILJXUH �@���/�>� K 	 SRLQW � ZKHUH
WK 	 IRUFH � KDY 	 W �D�2	E' SSOLHG � DGYDQFLQ # WK 	 V\VWHF L �G' SUREOH F R  QXPHULFD

� * QWHJUDWLRQ�
,QWHJUDWL ���9�/ RULHQWDWL ��� ZLW 
9��� DWHUQLRQ � L � FRYHUH � L� >0LU��@�

��� &ROOLVLR H(I HWHFWLRQ
: 	 QHH � W � IL��� WK 	 ILUV � FROOLVL ��� L � WK 	 VFHQH � VLQ $4	 WK 	 V\VWH F FD���2	 LQWHJUDWH �.�)�/�;* � � KD � SRLQW

L � WLPH � : 	 KDY 	 W �9� HWHF � FROOLVLRQ � EHWZHH�����)� LH � D���9' ERG � D��� WK 	 WHUUDLQ � ZKLF 
 L �J' %�VSOLQH
VXUIDFH�

����� 2EMHF ���;�.�K� MHF � FROOLVLRQV
/H � X � FRQVLGH6 SDLU � R  REMHFW � L� WK 	 VFHQH � (DF
L�K� MHF � PD� E 	 PRYLQ # D �M'N$ RQVWDQ � YHORFLW � DQG
Z 	�' U 	 LQWHUHVWH � L � ZKHWKH 6 WKH � FROOLG 	 XQ �O* � � K 	P	Q�����/ WK 	 WLP 	 VWHS � D��� L  WKH� GR � ZKH�?�)� H � WKH
FROOLVL ���9� FFXU��$ � GHVFULEH � L � VHFWL ���?R � SN�K� MHFW � KDY 	 ERXQGLQ # VSKHUH � D ���C�����)��� LQ # ER[HV�

'HWHFWLQ # REMHF �T�O�5�K� MHF � FROOLVLRQ � H[SORLW � WK 	 KLHUDUFK � LQIRUPDWL ��� L � WK 	 REMHF �U� UHH � 6SDUVH
VLWXDWLRQ � DU 	 TXLFNO� GLVFRYHUH �V�/� WHVWLQ # ERXQGLQ # VSKHUHV � ([DF � FROOLVL ��� LQIRUPDWL ��� LV

DFTXLUH �C�/� WHVWLQ # WK 	 ERXQGLQ # ER[H � R  REMHFW � WKD � DU 	 L � WK 	 YLFLQLW � R  HDF
9� WKHU�
$� LQWHUVHFWL ��� WHV � IR 6 PRYLQ # VSKHUH � FD�L�2	 GHULYH �1�/� ILQGLQ # WK 	 PLQLPX F GLVWDQ $4	 R  WKH

OLQ 	 VHJPHQW �B� ZHS � E � WK 	 VSKHUH � D � WKH� WUDYHO�
,QWHUVHFWL ��� WHVW � IR 6 ERXQGLQ # ER[H � DU 	 PRU 	W$ KDOOHQJLQJ �MX IDV �N* QWHUIHUHQ $4	�' OJRULWK F IRU

RULHQWH �?�����)��� LQ # ER[H � �2%%V < HPSOR\LQ # WK 	 VHSDUDWLQ # D[L � WKHRUHF L � SUHVHQWH � L � >*/0��@�

(QKDQFHPHQ �T�;� PRYLQ # 2%% � L � LQWURGXFH � L� >(E��E@ � $� 2 YZY FD�1�2	 GHILQH ���/� LW �3R D[H � DQG
LW � H[WHQW � DORQ # WK 	�' [HV�

:KH� ILQGLQ # REMHF ���O�.�K� MHF � FROOLVLRQ � Z 	 VWDU � D ��� K 	 REMHF ��� UHH � QRGH � IR6 WK 	 REMHFW � LQYROYHG
D��� VLPXOWDQHRXVO � WUDYHUV 	 WK 	 WU 	4	@��� WZ �[� DWKV � 7K 	 IROORZLQ # SVHXGRFRG 	W	 [SODLQ � WK 	 WHVWV
SHUIRUPHG � ,� WK 	 SVHXGRFRG 	 2 \ D��� 2 ] DU 	 WK 	 REMHFW � LQYROYHG � % \ D��� % ] DU 	 WK 	 ERXQGLQ # ER[HV
IR 6 2 \ D��� 2 ] � 6 \ D ��� 6 ] DU 	 WK 	 ERXQGLQ # VSKHUH � IR6 2 \ D��� 2 ] � 6 \0^ D��� 6 ]_^ DU 	 WK 	 ERXQGLQJ
VSKHUH � WKD �2* QFOXG 	�$ KLOGUHQ�
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6LQ 3'4 Z 4 W\SLFDOO 5 KDY 4 IH6 REMHFW 7 PRYLQ 8 DURXQG 9 WHVWLQ 8 HDF:<;
=-4?> JDLQV @ D ABA RWKHU 7 L 7 DQ
DFFHSWDEO 4C> SSURDFK��6 ; WK 4D> ERY 4 WHV @)EF7 SHUIRUPH G IRH HDF:JI DL H R K REMHFWV�

7K 4 QXPEHH R K VWDWL 3 REMHFW 7 L 7L> OR @ PRUH 9 KRZHYHU M 7 ; DYRL G WHVWLQ 8N> PRYLQ 8 REMHF @ DJDLQV @ DOO
R K WKHP��WK 4 PRYLQ 8 REMHFW¶ 7 ERXQGLQ 8 ER O L 7 SURMHFWH GP;
= W ; WK 4 ;� Q SODQH M 7KH= Z 4 IL =�G WK 4 WHUUDLQ
ERXQGLQ 8 ER[H 7 WKL 7 SURMHFWL ;
= LQWHUVHFWV M 7K 4 REMHF @ QHHG 7 W ;?R)4 WHVWH G DJDLQV @S@ K 4 VWDWL 3 REMHFWV
OLVWH G L= WKHV 4 ERXQGLQ 8 ER[HV�
����� 2EMHF @-@T; JU ;
U�=�G FROOLVLRQV
7K 4 REMHFW¶ 7 ERXQGLQ 8 ER O L 7 WHVWH G DJDLQV @V@ K 4 WHUUDL= $$%%�WU 4'4 W ; ORFDW 4 WK 4W4 [SHFWH G DUHD 7 RI
FROOLVLRQ M ,= WKHV 4X> UHD 7 WK 4 WHUUDL= L 7 UHFXUVLYHO 5 VXEGLYLGH G D=�G D= DSSUR[LPDW 4 ORFDWL ;
= IR H WKH
FROOLVL ;
= L 7 GHWHUPLQHG�

&ROOLVL ;
=YG HWHFWL ;
=NR HWZHH= D=Y;,R MHF @ D =�G WK 4 WHUUDL =ZG�; H 7 QR @ XV 4 WK 4 EXPI PDI[I URSHUO\ M 6LQFH
WK 4 EXPI PDI L 7 LQWHQGH G W ; UHSUHVHQ @ GLIIHUHQFH 7 L = WK 4 PDJQLWXG 4 R K FHQWLPHWUHV 9 WKL 7 L 7 JHQHUDOO\
QR @\> SUREOHP�
��� &ROOLVLR ] UHVSRQVH

:KH=^>_3 ROOLVL ;
=[: DSSHQ 7 EHWZHH= WZ ; ULJL GPR-;�G LHV 9 WK 4 OLQHDH D=�G DQJXODH YHORFLWLH 7 R K WK 4 REMHFWV
LQYROYH G FKDQJ 4`> EUXSWO\ M 7K 4 GXUDWL ;
=W;�K WK 4`3 ROOLVL ;
= L 7 LQILQLWHVLPDO M $ ABA QRQ�FROOLVL ;
= IRUFH 7 FDQ
E 4 QHJOHFWH G VLQ 3'4 WKH5 KDY 4Z=�; HIIHF @ GXULQ 8 D= LQILQLWHVLPD A SHUL ;�Ga;�K WLPH M 7KL 7 EHKDYLRXH LV
PRGHOOH GbR�5 LPSXOV 4 EHLQ 8 DSSOLH G W ; WK 4D3 ROOLGLQ 8 ERGLH 7 D @�@ K 4 SRLQ @ R K FROOLVLRQ�

7 ; UHVROY 4D>D3 ROOLVL ;
= Z 4 QHH Gc;
=-4D> GGLWLRQD A SL 4'3'4 R K LQIRUPDWLRQ d,@ K 4e3 ROOLVL ;
=P=�; UPDO M :KH= DW
OHDV @ RQ 4 I >'3'4 L 7 LQYROYH G L = WK 4_3 ROOLVLRQ 9 WK 4 QRUPD AfEF7 QDWXUDOO5 WK 4 QRUPD A R K WK 4 IDFH M :KH = WZR
HGJH 7 R K WK 4 ERXQGLQ 8 ER[H 7 FROOLGH 9 WK 4 QRUPD A PXV @ E 4 SHUSHQGLFXODH W ;WR-; W : IDFH 7 WKD @ PHH @ RQ
WK 4D3 ROOLGLQ 8 HGJ 4 L =JR-; W:JR-; [HV��7KX 7 WK 4D3 ROOLVL ;
=c=�; UPD A�EF7 WK 4D3 UR 7g7 SURGXF @ R K WK 4 QRUPDO 7 R K WKH
IDFH 7 QR @ VKDULQ 8 WK 4b3 ROOLGLQ 8 HGJH M ,= WK 4h3i> V 4 R K REMHF @\@F; JU ;
U�=�G FROOLVL ;
= WK 4_3 ROOLVL ;
=W=�; UPD AfE V
WK 4 QRUPD A R K WK 4 %�VSOLQ 4 SHUWXUEH GjR�5 WK 4 EXPI PDS M 7KL 7 FD=kR)4 GHULYH G L =.> ZD5 MXV @bABE NH
WUDGLWLRQD A EXPI PDS 7 D 7 L = >6.H��@�
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