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PdRQW`D&K`Z[PS^JR{^JK�b,D#cdDeZ[PS^JR*^J]_D&K[FNZVPd^TR{PStCRED&Y#D&W[WVFTKVUzZV^>m�FNPdR.Z[FTPSR�OQFNc|FNR_YeDTnXACBED&U{b,^>RE^NZ
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m�FNPdR.Z[FNPdR>FNRzDe�,]EcdPdY#P�ZpOQFTcdFTRQYeDJn �vt�ZVD&KGFTY&YeD�WVW&aEF@ZVK[D#DsRE^,b,DrP|WCm7^$HJD&b�ZV^XZ[BEDrKV^�^TZ�O�U
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bEFNZ[FwcS^,Y&FNcdP�Z�U�D#��D�Y�ZLW#aJBQFIH�PSREMyZVBQDvm7^.W�Z�K[D&Y#D#R.ZVcdU}FJY#YeD�WVWVD&b}RE^,b,D&W�RED&FTK ^TK F$Z Z[BEDvKV^�^TZ
Y#FTR�O�D�F7OEPdM�MJFNPdR�n

ACBED�m�F$��^JKy]�^TPdR.Z}FNO�^T\,Z�WV]EcdFIU>Z[KVD&D&WsP|WwZVBQFNZsZVBED�FTm7^JK`Z[PS�&D&b{]_D&K`tu^JKVm�FNR_YeD7^Nt�F
WVD&~.\ED#R_YeDs^Nt ��^J]_D&K[FNZVPd^TRQWCP|WGhXiu��cSM�kfl�n�k*P|WCZVBQDrZV^TZ[FNcfR.\Qm}O�D#Kp^Tt PdRQWVD#KVZVPd^TRQWriuZVBED
m�F$�,Pdm}\Em¡W`Pd�#D<FNZ`ZLFNPdRQFNOEcdD<O�U�ZVBED�Z[KVD&D{b,\EK[PdREM0ZVBED�W`D�~.\ED#RQY#D�^Ntr�¢^J]_D&K[FNZVPd^TRQWLl�n
�pR�U7PSR_b,PSH�P|b,\QFTcQ^T]�D#KLF$Z[PS^JRXPSRXZ[BEDGWVD&~.\ED#R_YeDGY#^T\Ec|bXO_DyFTW�Y#^JW`ZVcdU@FJW�hXiukfle£�ZVBED&KVDvP|W�RE^
MT\_FNKLFNR.ZVD&D�Z[BQF$Z�F�]QFNKVZVP|Ye\Ec|FNK ^J]_D&K[FNZVPd^TRXPdRXZVBEDGWVD&~.\ED&RQYeDvqvPdcdcQO�DpDe¤�YePdD#R.Z�n ¥�^Jm7]_FNK[D
ZVBQPdW}qvP�Z[B0ZVBED�]�D#KVtu^TK[m�FNRQY#D�^NtpF�WVD&~.\ED#R_YeD�^Tt�^J]_D&K[FNZVPd^TRQWrPdR�FNR����y��ZVK[D#DTn � PdRQYeD
D&FJYLB�^J]_D&K[FNZVPd^TR�^TR�ZVBED*�f�w�¦ZVK[D#D�P|WXPSR§hXijcSM�kfl�a�ZVBED<WVD&~.\ED&RQYeD�^Tty�¨^J]_D&K[FNZVPd^TRQW
qvPdcSc�O�DrPdR�hXij�§cdM�kflen � ]Ec|FIU�ZVK[D#D�WCBQFIHTDyZVBQD�WVFTm7D�FJW`U�mX],Z[^NZVP|Yw]_D&K`tu^JKVm�FTRQYeDs^$HTD&K�F
WVD&~.\ED#R_YeDw^Nt�^J]_D&K[FNZVPd^TRQWCFJW�bE^7O_FNc|FNRQY#D&b�Z[KVD&D&W&n�©�R�Z[BEDrW`]QcdFIUXZ[KVD&DTaEWV^TmXDy^J]_D&K[FNZVPd^TRQW
PdR<ZVBQDXWVD&~.\ED&RQYeD7m�FIU>O_DXPdREDe¤�YePdD#R.Z�a�OE\,Zr^NZ[BED#Kw^T]�D#KLF$Z[PS^JRQWyqvPScdc O_D�WV\E]�D#KV�'D#¤�Y#PSD&R.Z
ZV^Xm�FNªJDs\E]ztu^TKCZVBQD#m>n
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^TKr·�®�¯E¸>^T]�D#KLF$ZVPd^TR_Wy]�D#KVtu^TK[mXD&b*PSR0OE\QPSc|b,PdREM<FNRQb*m�FNREPd]E\Ec|F$Z[PSRQM<FzWV]Ec|FIU>ZVK[D#D7tuK[^Tm
W[YeKLF$Z[YLBfnCACBQD#K[D}FNK[D�W`^JmXD}Ye^JRQW�Z[K[FTPSR.ZLW#aE^Tt�Ye^J\EK[WVDTnv¹Q^TKpD#�,FTmX]EcSDJaQZ[BED7º���Z[B<b,D#cdDeZ[PS^JR
m}\_W�ZvBQFIHJDwO�D#D&R>]EKVD�YeD�b,D&b�O�U�F$ZpcdD&FJW�ZGº�PSR_W`D&K`Z[PS^JRQW#n
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ACBEDv²E±I´�µJ¶E±G^T]�D#KLF$ZVPd^TRfaTFTW PdR7K[D#MJ\Ec|FNK�OEPdRQFNK[U.�WVD&FTK[YLBsZ[KVD&D&W&aNKVD&mX^$HTD&WfZVBQDpYe\EK[KVD&R.Z
D#cdD#mXD&RJZ�n�©�RXFwW`]Ec|FIUsZVK[D#DJaN²E±I´�µJ¶E±GPSR�HT^JcSHJD&WfZVBEK[D#DvWV]Ec|FIU.PdREMy^T]�D#KLF$ZVPd^TR_W#n ACBEDvYe\EK[KVD&R.Z
RE^,b,D7PdWsWV]Ec|FIUTD&bzZ[^�Z[BED7KV^�^NZ�a�]EKV^,b,\_YePdREMzF�RED#qÅW`]Ec|FIUzZVK[D#D7Æ�nr��D#ZwÆ�ÇÄFNR_b<Æ�È�O_D
ZVBQD}cdDet�ZwFTRQb�K[PSMJB.ZyW`\QO,ZVK[D#D�Wp^Nt�Æ}nGÉGP|W[Ye^TRQRED&YeZGZVBQD&WVD}W`\QO,ZVK[D#D�WptuK[^TmÁÆ�a_ZVBED&R{W`]QcdFIU
ZVBQD7c|FNK[MTD�W�ZyD#cdD#mXD#R.ZrPSR�Æ�ÇÄFNRQb{ZVBQD7WVm�FNcdcSD�W�ZsD#cdD#mXD#R.ZrPdR{Æ�È�afF$t�Z[D#KsqvBEP|YLB{Æ�ÇÄqvPdcSc
BQFIHJDpRE^}K[PdMTB.Z�WV\EO,Z[KVD&DyFNR_b�Æ È qvPdcdc�B_FIHTDpRE^@cSD#t�ZCWV\EO,Z[KVD&DTn �p^$qraJtu^TK[mÊFrRED&q�ZVK[D#DyÆ
O�U�m�FNª�PdREM@Æ È ZVBEDsK[PSMJBJZpWV\EO,Z[KVD&Dw^Tt�Æ Ç ij^TKvH�PdY#De�HTD&K[W[FEa.P�t�Æ Ç P|WvD#mX],Z�UEl�n�ACBQPdWCRED&q
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Ë ¿ÍÌ7¾p8�Ì�?#¾vÎ 9}Ï�6 Ð>¾¡Ñ�À�ÒeÂvÓz?#5>ÔÕ¿ÁÀ�¾p8 Âw6�?#9@5

�ÖOQPSRQFTKVU�ZVK[D#D@PdW}×'Ø�ÙSÚNÛTÜLÝ@FNZwF�RQ^�bED}Þ>O�U�Z[K[FIHJD#KLW`PdREM7ZVBQD�ZVK[D#D}tuKV^JmßÞ�Z[^�ZVBQD@K[^�^NZ&a
]�D#KVtu^TK[m7PdREMÄWVD&~.\ED#R_YeD&WX^TtwWVPSRQMTcdD�KV^TZ[F$Z[PS^JRQWXFNcd^TREM*ZVBQD�q�FIUJnàACBEDztu^TcdcS^$qvPdREMÄW`]QcdFIU
^T]�D#KLF$Z[PS^JR�P|WvK[D#]�DeZVPSZVPdHTD&cSU�FN]E]EcdPdD&b�aEO�D#MJPSRQREPSRQMXFNZpRE^,b,DsÞ�aE\ER.ZVPdc�Þ�P|WpF$ZCZ[BEDrKV^�^TZ&n
» n�©t�Þ�P|WCK[^.^TZ&aEb,^XRE^TZVBEPdREM_n
á n�©t�ÞzB_FTWyRE^�MJK[FTRQb,]QFTKVD&R.Z}i�âjã�Ü�ãda�ZVBED7]QFTKVD&RJZw^Nt�Þ�P|WGK[^�^NZ�l�a�KV^TZ[FNZVD�Þ�FNO�^T\EZwPSZ[W
]_FNK[D#R.Z&n ACBEP|WvqvPdcSc�m�FTªTDsÞ�O�DrKV^�^NZ�n � D#D�¹ PdMT\EK[D » n

P

X

A B

C

X

P

CB

A

¹ PdMT\EK[D »Tä �p^,b,D�oyFTWv�G^�åwK[FTRQb,]QFTKVD&RJZ

á



æ n�©t�Þ�B_FTWvF7MTKLFNRQbE]QFNK[D#R.Z ä
i�FJl�©t_ÞrFTRQb�PSZ[W�]QFTKVD&R.Z FNK[D�O�^NZ[B@cdDet�ZV�YLBQPSc|b,K[D#R}^JK�O�^NZ[B@K[PdMTB.Z`��YLBEPdcdb,K[D#Rfa�K[^NZLF$Z[D

ZVBQD�]QFTKVD&R.Z�FNO�^T\,Z ZVBQD�MTKLFNR_b,]QFNK[D#R.Z�a#Z[BED#R@KV^TZ[F$Z[D�ÞrFNO�^T\EZ�PSZ[W�]QFNK[D#R.Z&n � D#D
¹ PSMJ\EK[D á n

G

P

X

A B

C

D
X

A B C D

G

P

X

P

G

C D

B

A

¹�PdMT\QKVD á,ä �G^,b,DrFNRQb>ç FNK[D#R.ZvFNK[D � FNmXD�A�U�]�D

æ



iuO_l�©t�ÞXFNRQbXPSZ[W�]QFNK[D#R.Z�FTKVDv^J]E]_^.W`PSZVD#��Z�U�]�DGYLBEPdcdbEKVD&R<iu^TRQDpPdW�cSD#t�Z&a.ZVBQDp^NZ[BED#K�PdW
K[PSMJBJZ�lCK[^NZ[FNZVD�Þ>FNO�^T\EZyPSZ[Wy]QFNK[D#R.Z&aQZVBED&R<K[^NZ[FNZVD�Þ�FTO_^J\,ZGPSZ[WyRED#qè]QFTKVD&R.Z
i�âjã�Ü�ãda�P�ZLW�tu^TK[m7D&KvMTKLFNRQbE]QFNK[D#R.ZLlen � D#D�¹ PSMJ\EK[D æ n

G

P

XA

B C

D

G

DX

P

A B

C

P

A B C

G

X

D

¹ PdMT\EK[D æEä �G^�bEDsFTRQb>ç FNK[D#R.ZvFNK[Drxy]E]�^JWVPSZVD�A�U.]�D

é ê§ë Â�ì¢À�Ò#¾pÃ
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^TKLb,D&K&n �p^NZ[DpZ[BQF$Z�ZVBEDsW`D�~.\ED#R.ZVP|FNc_PSR_W`D&K`Z[PS^JRQW�K[D&WV\EcSZVD&b�PSR�Z[BEDyW[FNmXDvZ�U�]�DG^Tt�cS^JREMrZVK[D#D
ZVB_F$Zyq�^T\Qcdb�B_FIHTD�O�D#D&R{^TOEZ[FNPdRED�b�qvP�Z[B<^TKLb,PdRQFNK[UzOEPSR_FNK[UzWVD&FTK[YLB>Z[KVD&D&W&nG©�R{^JK[bEPSRQFTKVU
OEPdRQFNK[UXW`D�FNKLYLB@Z[KVD&D&W&aJD�FTYLB�PdRQWVD#KVZVPd^TR�PdR�ZVBQDyWVD&~.\ED#R_YeDp^Tt�tu^T\EK�PSR_W`D&K`Z[PS^JRQW�q�^T\Ec|bXBQFIHJD
Z[FTªTD&R�hXiukfl@Z[PSmXDJn�ACB�\QW&a�Z[BED�D#R.Z[PSK[DzWVD&~.\ED&RQYeD>^Tty^T]�D#KLF$Z[PS^JRQW@q�^J\Ecdb�BQFIHJD�ZLFNªTD&R
hXiuk�ñIl�n�ACBEPdWCP|WvRE^TZvZVBED�Y&FTWVDsqvP�Z[B�Z[BED�WV]EcdFIU�ZVK[D#DTn��G^NZ[PdY#DsZVBQFNZpD&FTYLBzPdRQW`D&K`Z[PS^JR�qCFTW
b,^JREDr��\QW`Z@O�D#cd^$qòZVBED�KV^�^TZ}O_D�Y#FT\QW`D�W`]Ec|FIU�PSRQM<mX^$HTD&b*Z[BED�RED&qvcSU0PdRQWVD#KVZVD&b0RQ^�bED�ZV^
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� ]Ec|FIU�PSREM7ZLFNªTD�WC]Ec|FTYeDrFNZvF7]QFTK`Z[PdY#\Ec|FNKvRE^,b,DJaEW`^�F�°IþQÿ�����mXDeZ[BE^,bzY&FNRzO_D�FJbEb,D�b
FTWvF7mXD#m@O_D&KCtu\ERQYeZVPd^TR>ZV^7Z[BEDrRE^,b,D�Yec|FTW[W&n
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ACBEDr·�®�¯,¸X^J]_D&K[FNZVPd^TRzW`D�FNKLYLBED&W�tu^TKvF7RE^,b,DrqvPSZVB>F7MTPdHTD#RzªTD&UTaEW`Z[FTK`Z[PSREM@tuK[^TmÍF7MTPdHTD&R
RE^,b,DJa,\QW`\_FNcdcSUXZ[BEDrKV^�^TZ�^TtfZVBQDyZ[KVD&DTn ACBEP|WCPdW�Z[BEDrWVFTmXDyZ�U�]�Ds^Nt WVD&FTK[YLB�FTW�PdWvbE^TREDsPdR
FNR�^JK[bEPSRQFTKVU@OEPdRQFNK[U7WVD&FTK[YLB7Z[KVD&DTn�©�R�F�WV]Ec|FIU}Z[KVD&DTaJZVBEDwW`D�FNKLYLB7P|W�tu^TcdcS^$q�D&b7O�U�F�W`]QcdFIU
^T]�D#KLF$Z[PS^JR�n ©t�ZVBEDsWVD&FNKLYLB�WV\QY#Y#D#D&bQW#a.ZVBQDyRE^,b,DsYe^JR.Z[FNPdREPdREM�Z[BEDwªTD#UXP|WCW`]Ec|FIUTD�b�n ©t�ZVBED
WVD&FNKLYLB�tjFTPSc|W&a�ZVBEDrc|FTW`ZpRE^,b,DsH�PdWVP�Z[D&bzP|WvW`]Ec|FIUTD�b�n
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©�RQWVD#KVZVPd^TRÄPdR�F{WV]Ec|FIU{Z[KVD&D�P|W@bE^TRED�PdR�]QKVD�YeP|W`D&cSU*ZVBEDzWVFTmXD�qCFIU*FTW@PdR�FNR�^JK[bEPSRQFTKVU
OEPdRQFNK[UÄW`D�FNKLYLB0ZVK[D#DJn0ACBQPdW7PdRQW`D&K`Z[PS^JR�mXDeZ[BE^,b�b,^�D&W7RE^TZXFTcScd^$q b,\E]EcdP|Y#F$Z[D�D&cSD&mXD#R.Z[W
ZV^*O_D�PSR_W`D&K`Z[D&b�n�©tpZVBQD�D#cdD#mXD&RJZ7ZV^*O_D�PSR_W`D&K`Z[D&bÄP|W@FTcSK[D&FJb,U�PSRÄZ[BED�ZVK[D#DTa�Z[BED#R�ZVBED

0



PdRQW`D&K`Z[PS^JR�P|WvRE^TZGb,^TRQDTaEOE\EZvZVBEDrRE^,b,DrBQ^Tc|b,PSRQMXZVBED�b,\Q]EcSP|Y#FNZVDrD&cSD&m7D&R.ZpPdWpWV]Ec|FIUTD�b�n ©t
ZVBQDrPSRQWVD#KVZVPd^TR>WV\QY#Y#D#D&bQW#a�Z[BED#RzZVBQDrRED#qvcdU.�'PdRQWVD#KVZVD&b�RE^,b,DsP|WpW`]QcdFIUJD&b�n
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ACBEDp²E±I´�µJ¶,±w^J]_D&K[FNZVPd^TR7tu^TK�FrW`]QcdFIU}ZVK[D#DGb,PS��D#KLW m�FNK[ªTD&bEcSU}tuKV^Jm Z[BQF$Z�PdR�FNR�^JK[bEPSRQFTKVU
� � Asn ©�R�tjFTYeZ&a�PSZ&« WXF<cd^NZXW`PdmX]EcSD&K&n0©tpZ[BEDzP�Z[D#m ZV^�O�D�b,D&cSD#ZVD&b�PdW7RE^TZ7PdRÄZ[BED�Z[KVD&DTa
ZVBQD�RE^,b,D�c|FTW`Z�H�PdWVP�Z[D&b0PdR0ZVBEDzW`D�FNKLYLB{tu^JK�PSZ}PdW@W`]QcdFIUJD&b0FNRQb�q�D�FNK[D�b,^JREDTn<xyR0ZVBED
^NZ[BED#K�B_FNRQb�aCPStsZVBED<PSZVD&m P|W�PdR�ZVBED>Z[KVD&DTaCPSZ[W�RE^,b,D{PdW�WV]Ec|FIUTD�b�FTRQb�ZVBED&Ràb,D#cdDeZ[PS^JR
^,Y#Y#\EK[W�FTW�b,D&W[YeK[PSO�D&bXO�D#cd^$qrn ©�R�D#PSZVBED&K�D&HTD&RJZ�a.F}·_®�¯E¸rtu^JK�Z[BEDGPSZVD&m qvPdcdc_K[D&WV\EcSZ�PdR�ZVBED
FN]Q]EKV^J]EK[PdFNZVDwRE^,b,DsO_D&PSREM�WV]Ec|FIUTD�b�ZV^XZ[BEDrK[^.^TZ&n

��D#Z&« W�cd^�^TªrF$Z ZVBQD�Y&FTWVD�PdR}qvBEP|YLB�Z[BED�PSZVD&mÖP|W�PdR�Z[BED�ZVK[D#DTn ACBEDCW`]Ec|FIUwZVBQFNZ K[D&WV\EcSZVD�b
tuK[^TmÅZVBEDw·_®�¯E¸r^J]_D&K[FNZVPd^TR�]E\,ZLW Z[BQF$Z�P�Z[D#m>« W�RE^,b,DGFNZ�ZVBQDGK[^.^TZ&n ©�R�MTD&RED#KLFNc'a$Z[BEDGRE^,b,D
BQFJWCO_^TZVB>cSD#t�ZGFNRQbzK[PSMJB.ZCYLBEPdc|b,KVD&R�n�Éy^@Z[BEDstu^Tcdcd^$qvPSREMX^J]_D&K[FNZVPd^TRQW ä
» nCÉyP|WVY#^TRERED�Y�ZsZVBQD�cSD#t�ZrFTRQb*KVPdMTB.Z�W`\QO,ZVK[D#D�WGtuK[^Tm�ZVBEDXK[^.^TZ&n�¥�FNcdc�ZVBED�W`DXÆ�Ç�FNR_b
Æ�È�aEK[D&WV]_D�Y�Z[PSHJD#cdUTn ÉGP|W[Y#FNKLb�ZVBEDrK[^�^NZvRE^,b,DTn

á n � ]EcdFIU�ZVBEDrm�F$�,Pdm}\Em P�Z[D#m PSR>Æ�Ç n�ACBEPdWpqvPScdc�K[D&WV\Ec�ZvPdRzZVBEDrK[^�^NZv^Nt Æ�Ç{BQFIH�PSRQM
RQ^*K[PSMJB.ZXYLBEPdc|b�n§ijACBQDzc|FNK[MTD�W�Z7D#cdD#mXD#R.ZXPdW�FNZ@Z[BED>KV^�^TZ&a�WV^<Z[BED>KV^�^NZXBQFJW}RE^
c|FNK[MTD&KCD#cdD#mXD#R.Z[W���RE^XKVPdMTB.ZpW`\QO,ZVK[D#DJn l

æ n � ]EcdFIU�ZVBEDrmXPdREPdm}\EmÁP�Z[D#m PSR�Æ�È�n�ACBEP|WvqvPdcSc�K[D&WV\EcSZpPSRzZ[BED�K[^.^TZv^Nt�Æ�È�BQFIH�PSRQM
RQ^�cdDet�Z�YLBEPdc|b�n�i�ACBED�W`m�FNcdcdD&W`Z7D&cSD&m7D&R.ZXP|W�F$Z7ZVBQDzK[^�^NZ�a�W`^*ZVBQDzK[^�^NZXBQFTW7RE^
WVm�FNcdcSD&KvD#cdD#mXD#R.ZLW���RE^XcSD#t�ZGW`\QO,ZVK[D#DJn l

í_nC�GcScfZVBED}D#cdD#mXD#R.Z[WGPSR>Æ�Ç�FNK[D�W`m�FNcdcdD#KCZVB_FNR>ZVBQD�D#cdD#mXD#R.ZLWvPSR�Æ�È�n%8{FNªTDrÆ�È�O_D
Z[BEDrK[PSMJBJZpWV\EO,Z[KVD&Dw^Tt�Z[BEDrK[^.^TZv^Nt�Æ�Ç�iu^TKvH�P|YeD#�'HJD#KLWVF.l�n

�p^TZVP|YeDsZVB_F$ZvZVBQD#K[DsFTKVDwZ[BEKVD&DrW`]Ec|FIU,Wvb,^TRQDTn
» nCACBQD�W`]Ec|FIU�b,^JREDsqvBED#R�WVD&FTK[YLBEPdREM}tu^TKvZ[BEDrP�Z[D#m PSR�ZVBEDsZ[KVD&DTn
á nCACBQD�W`]Ec|FIU�b,^JREDsPSRzZ[BEDrcSD#t�ZGW`\QO,ZVK[D#DsÆ�Ç�n
æ nCACBQD�W`]Ec|FIU�b,^JREDsPSRzZ[BEDrKVPdMTB.ZpWV\EO,ZVK[D#DsÆ�È�n
ACBED#K[D�FTKVD RQ^��VY&FTWVD&W[��ZV^pq�^TK[K[UyFNO�^T\EZ FTWfPSR�ZVBED�^TKLb,PdRQFNK[Uy� � AÄb,D&cSD#ZVPd^TRrmXDeZ[BE^,b�n
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ACBEDw®�¯�°T±J²�³y^J]_D&K[FNZVPd^TR@\QW`D�W ^TKLb,PSR_FNK[U>=3?�@rPSR_W`D&K`Z[PS^JR�aIZVBED&R7WV]Ec|FIU,W�Z[BEDCPSRQWVD#KVZVD�b�RE^,b,D
ZV^�ZVBEDpK[^�^NZ�n ¥�cdD&FTKVcdU�Z[BEDpPdRQW`D&K`Z[PS^JRX]_^JK`Z[PS^JR�^Nt�ZVBEP|W�^J]_D&K[FNZVPd^TRXBQFJW�ZVBEDwWVFTmXDpFTWVU.mX],�
ZV^TZVP|Y�O�D#B_FIH.Pd^TK�FJW}Z[BQF$Z7tu^TKA=3?�@,W#a R_FNmXD#cdU�hXijù.ú[ûQü`ý�l�nCB�BQF$Z�FNO�^T\EZ@Z[BED�W`]Ec|FIU�PSRQM
]�^TKVZVPd^TR_¬Ö©t�Z[BED�q�^TK[ª<KVD�~.\EPSK[D&b�F$Z@D&FTYLB0W`ZVD#]0^Tt�Z[BED�WV]EcdFIU{PdWrPdRQb,D&]_D&RQb,D&RJZ7^Nt�ZVBED
R�\Em}O�D#Kr^Tt�RQ^�bED&WrPdR0ZVBEDXZ[KVD&DTafZVBED�WV]Ec|FIU{]�^TKVZVPd^TR�qvPScdc�O�D�PSR�hXi » ls]�D#K}W`ZVD&]�n�ACBED
R�\Em}O�D#K}^NtvW�Z[D#]QWrP|W�O�^T\QRQb,D&b�O�U*ZVBED�b,D&],ZVBÄ^TtCZVBEDXZ[KVD&DTa�W`^>Z[BED�W`]QcdFIU�PdREM�]_^JK`Z[PS^JR
q�^T\Ec|b�FTcdWV^7O_DrPdR<hXijù.úVû_ü`ý_len

B*D&cSc'aTP|W ZVBQDCWV]Ec|FIU�PSREMw]�^TKVZVPd^TR7PSRQbED#]�D#RQb,D&R.Z�^NtEZ[BEDvR�\Em}O�D#K ^Tt_RE^,b,D�W�PdR7ZVBED�Z[KVD&D�¬
��^�^Jª�F$ZpqvBQFNZ&« WCPSR�HT^JcSHJD&b ä
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» nC¹ PdRQb�ZVBEDr]_FNK[D#R.Zv^Nt ZVBEDrRE^,b,DrFTRQbz]_D&KVBQFT]QWCPSZ[Wv]QFTKVD&R.Z�Z[^�^Qn
á nCÉyDeZ[D#K[mXPSREDrPSt ZVBEDrRE^,b,D�FTRQb�P�ZLWv]QFNK[D#R.ZpFNK[DwZVBED�W[FNmXDwZ�U�]_D�ijcSD#t�ZG^TKvK[PSMJB.ZLl�n
æ n�EpD&FNK[KLFNREMJDGZ[BEDrcS^,Y&FNc�W`ZVK[\QY�Z[\EKVDs^TtfZVBQDsZVK[D#DTn
ÉGD#ZVD&KVmXPdREPSRQM�Z[BED{Z�U�]�D*FTRQbàK[D&FTKVKLFNREMJPSRQM*Z[BED0W�Z[KV\QYeZV\EK[D*FTKVD{cS^,Y#FTcy^J]_D&K[FNZVPd^TRQW

PdR.HJ^TcdH�PSREM7^TRQcSU�F@tuD&q�RE^,b,D�Wri�Z[BED�RE^,b,DJa,P�ZLWv]QFNK[D#R.Z�a,P�ZLWvMTKLFNRQbE]QFNK[D#R.ZLlen ACBQD&WVDw^J]_D&K`�
F$Z[PS^JRQWCm}\_W�ZvO�DrPSR<hXi » l�n

ACBED�Ye^.W�Zp^Tt�bEDeZVD&KVmXPdREPdREM7ZVBED�]_FNK[D#R.Zv^Nt F@RQ^�bED�b,D#]�D#RQbQWp^TRzBE^$q�ZVBEDr]_FNK[D#R.ZvPdW
tu^T\QRQb�nr©t�D�FTYLB{RQ^�bED7W`ZV^JKVD�WGF�KVD#tuD#K[D#RQY#D�ZV^zPSZ[Ww]QFNK[D#R.ZXiu^TKwPSt�F�W`Z[FJYLª>^Nt�]QFTKVD&R.Z[WyPdW
m�FNPdR.Z[FNPdRED�bQl�a�Z[BED�Ye^.W�ZvP|WvPSR<hXi » l�aQªTD#D&]EPdREM7ZVBED�WV]Ec|FIU�^T]�D#KLF$Z[PS^JR�PdR�hXi�ùJú[û_ü`ý_len
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¹E^JK�ZVBQD<FIHTD#KLFNMJDR=3?�@�a�ùTS hXiucdM�kfleapW`^0^JRàFIHTD#KLFNMJDTa�^J]_D&K[FNZVPd^TRQWX^JRC=�?�@,W�FNK[D�PdR
hXiucdM�kflen ��WVD&~.\ED&RQYeD<^Ttr�õ^J]_D&K[FNZVPd^TRQW<i`®�¯�°T±J²�³�a�²E±I´�µT¶E±_aCFNRQb�·�®�¯E¸�l7qvPdcdcwY#^JW`Z
hXiu��cSM�kfl�n

ACBEDÄW`PSZV\_F$ZVPd^TR�qvP�Z[B¦WV]Ec|FIU�ZVK[D#D&WzP|W>b,P���D#K[D#R.Z�nÍACBED0W�Z[KV\QYeZV\EK[D�^Nt�Z[BED�ZVK[D#D�PdW
YLBQFTREMTD�b�qvPSZVB*D&FJYLB�^T]�D#KLF$ZVPd^TRfa_WV^�ZVBED@RE^NZ[PS^JR<^Nt�FIHJD#KLFNMTDsP|WGRQ^NZyK[D#cdD#H$FTRJZ�np�èZ[D&YLB,�
REP|~.\ED�ª�RE^$qvRÄFTW��[FNmX^TKVZVPd�#D�b{FNR_FNcdU�WVP|WV�zP|Wr\QWVD&b*ZV^{WVBE^$q ZVBQFNZ}^$HTD&KsF�WVD&~.\ED&RQYeD�^Tt
� ^T]�D#KLF$Z[PS^JRQWzijW`Z[FNKVZVPdREM0qvPSZVB�FNR�D#mX],Z�UÄZ[KVD&D�l}ZVBED<Y#^JW`Z7^TtGZ[BED<W`D�~.\ED#RQY#D�qvPdcdcpO_D
hXiu��cSM�kfl�n÷ACBEP|W�PdW�ZVBED*WVFTm7D<Y#^JW`Z�FTWXZ[BQF$Z�tu^JKU=3?�@�W�WV^Ä^$HTD&K[FTcScv]�D#KVtu^TK[m�FNRQY#D>PdW
ZVBQD�W[FNmXDTnPB�BQF$Z�« W7b,PS��D&KVD&RJZ7PdW}ZVB_F$Z}Z[BED>W`]Ec|FIU*ZVK[D#D�b,^�D�W}RE^TZ@MJ\QFNKLFNR.ZVD&D�hXiucdM�kfl
]�D#KVtu^TK[mXFTRQYeDytu^TK}ÜLÚ�VXW7^J]_D&K[FNZVPd^TR�n

Y Z [ ?#5>Â�Ò ê§ë Â�ìõÀ�Òe¾
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^T]�D#KLF$Z[PS^JR�n

_



A

B
Ar

C
Br

D
Cr

EDl

F
Er

G
Fl

Gl
H

Hl
X

Xl Xr

X

D

F
Dl

H
Fl

G
Xl

HlGl

B

C A

Cr
E

ErXr

Br Ar

Original Tree

After Splaying At Node "X"

¹�PdMT\QKVD 0,ä � � ]EcdFIU�PdREMA` �EFNmX]EcdD

a


