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k6`[u,P_O,}EJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ Ø c

� J Ï J c ¨©O,PRW�P�` ] P_�H`?WhP X OÝJtJtJKJtJ�JtJ�JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ Ø Ï

� J Ï J � \�X O(WhT X(] J�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ Ø Ï

� J � \�X O)Q(SBTh}^SBO"p�S|J�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ e(Ï

� J � J c f�`^T�� X Q;I�P_T�W�k ¬ ~�Si`?W�k \ k6`^PRO6U�`[ThS � `^u,P�a ]R1 f�Px�
P_O,}ÞJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ e(Ï

� J � J � Ë m6`(U�PR��L�Wh` 0 P ] PRW 1 `[O6a � SHSHa ZzX T ��X O ] P_O,SH`^T \�X O�W�T X^] JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ e(d

ß � �,` n u ] SHU d(Ï

Ñ J cÖ� �,` n u ] S¤à c ���{k,S � S�W � X Th��P_O,};L)m 0 U 1 U�WhS n JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ d�Ñ

Ñ J c J c �+Q(SBThQ�P_S � X[ZF� S�W � X Th� \�X^n�n m,O,P�pB`?WhP X OÌJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ d Ú

Ñ J c J � IlL
~ � S�W � X Th�Yf�S n�X T 1 f `[O6`^}^S n SHO(WÀJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ d(e

Ñ J c J Ï �{k,S � S�W � X Th�;¨©O�W�SBT Z `^pBS�JtJ�JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ c � Ï

Ñ J c J � � Whk,SBThO,SBW�o,TV` n S � SHpBSBu
WhP X Ov`^O6aE��TV`[O6U n P_UhU�P X OÌJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ c �^�

Ñ J c J Ñ f�`^T�� X Q;f X a
S ]4ZzX T ns0 m Z p ] m6U�W�SHThUáJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ c � d

Ñ J c J Ú f 0 m Z�\�] m6U�W�SHT \�X O�W�T X^]_] SBT{~�SiU�P_}^O�JtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ c^c(c

Ñ J c J Ø �+u@SBO6IlL
~ \�X O�W�T X^]_] SHT{¨ n u ] S n SHO�Wh`?WhP X O JtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ c^c �

Ñ J c J e � SiU�m ] WVUÙJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ c^c Ø

Ñ J � � �,` n u ] S¤à � �§£+PRT�W�m6` ] f�S n�X T 1Y� `^}^SHU�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ c �^�

Ñ J � J c � k 1 U�P_pH` ] f�S n¢X T 1 j ]_]RX pB`[W�P X OEm,O6a
SHT�N�£Kf JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ c � c



Q)P_PRP

Ñ J � J � N�£+f ¬ �+u"SHO6IlL
~ãâ�SBThO,S ] ¨©O6U�WhT�m n SHO�Wh`?WhP X O JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ c �(�

ä \�X O"p ] m6U�P X OE`[O6avo6m
W�m,ThS�Ã X T�� c �[�

Ú,J cÌ\�X O�WhT�P 0 m
WhP X O6UgJtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ c �[�

Ú,J � o,m,W�m,ThStÃ X T�� JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ c � Ñ

å¢æzç�èªæ«>"é"<?3
È Ç#ê c ��Ø
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Ñ J c f 0 m Z p ] m"U�WhSBT�p X O�W�T X^]_] SHT�WhSHU�WlT�SiU�m ] WhUíJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ c^cid
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c J cÓ� SBW � X T�� 0 m
�#SBTlm6Uh`[}(S��©a
P_U�W�ThP 0 m
W�P X O"UñJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ Ï

c J � f�`^T�� X QYI�P_T�W�k ¬ ~�Si`?W�k \ k6`^PROòJ�JtJ�JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ Ñ

c J Ïó��X O ] PRO,Si`[T�`(a,`[u
WhPRQ(Stp X O�WhT X(]R] SBT.JtJ�JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ Ø

Ï J c f�`^T�� X Q \ k6`[P_O=ThSH`(pVk6` 0 P ] PxW 1 JtJ�JtJ�JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ Ï(Ï

Ï J � f�`^T�� X Q \ k6`[P_OEp ] `(U�U�SHUÓJtJKJtJ�JtJ�JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ Ï �

Ï J Ï f�`^T�� X Q \ k6`[P_O ZzX T�L�Wh`[W�P X O6`^T 1 ~+P�U�WhT�P 0 m
WhP X O � �
` n u ] SvJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ Ï�Ñ

Ï J � j L)P n u ] S|o6SBSia 0 `^pV� \�X O�W�T X^] L 1 U�W�S n J�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ � c

Ï J ÑÝ� SiU�P�U�W X T�`^O6a \ `^u6`^pBPxW X T \ P_ThpBm,PxW+L 1�n¤0"X(] UôJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ �)�

Ï J Ú �+u@SBTV`?W�P X O j n u ] P w SBT \ P_TVp�m,PRW�L 1)ns0@X^] JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ � Ï

Ï J Ø L)Sip X O"a)� X Tha,SBT��+u
� j n uEo6SBSia 0 `^pV�EL 1 U�WhS n J�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ �(�

Ï J e \�X O�WhT X(] L)u"SHSHaEQ
UBJ�L�WV` 0 P ] PxW 1 J�JtJ�JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ � Ñ

Ï J d �+O ¬ ��� \�X O�W�T X^]_] SHT \ k6`[TV`^p�W�SBThP�U�WhP_pHU�JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ �
Ø

Ï J c � � T X u X T�W�P X O6` ] � � �{o6SBSia 0 `^pV� \�X O�W�T X^] L 1 U�W�S n JKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ � e

Ï J c^c oF¨ � oDP ] W�SBT+I ]_X pV�q~+P_`^}^TV` n JtJ�JtJ�JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ Ñ^Ï

Ï J c � j P_T ] P_O,Stu6`(U�U�SBO,}(SBT�W X Wh` ] UáJKJtJ�JtJ�JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ Ñ �

Ï J cHÏ f�`^}^O,PRW�m6a,StT�SiU�u X O6U�S X[Z oD¨ � oFP ] WhSBT;JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ Ñ Ú

Ï J c � � `^UhU�SHO,}^SHTla,`?WV` w"] WhSBThSHa 0)1 oF¨ ��w"] WhSBTõJtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ Ñ Ø

Ï J ciÑ ¨�¨ � oFP ] WhSBT�I ]_X pV�=~�P�`[}(Th` n JtJ�JtJ�JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ Ñ^e



�)P

Ï J c Ú�~K`[P ]R1�\�X^n�n�X O�L�W X pV� \�]_X U�PRO6} � T�P�p�SiU.JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ Ñ^d

Ï J c Ø oFP ] W�SHT�Siav~+`^P ]_1v\�X(n¢n�X OvL�W X pV� \�]RX U�P_O,} � ThP_pBSHUòJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJÛÚ �

Ï J cHe j � f j oFP ] W�SHT�I ]RX pV�q~+P_`^}^TV` n JtJ�JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJÛÚ c

Ï J cHd j a,`^u
W�P_Q^StoF¨ � oDP ] W�SBTöJtJtJKJtJ�JtJ�JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJÛÚ �

� J c I�PRT�W�k ¬ ~+SH`?Whk�f�`[Th� X Q \ k6`^PROòJ�JtJ�JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJÛÚ Ø

� J � f�`^T�� X Q \ k6`[P_OEU�Wh`[W�St`[O"aqWhTh`^O6U�PxWhP X OE`^O,O X WV`?WhP X O6U÷J�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJÛÚ d

� J Ï Ë+X LEL)u@SHpBP w pH`?WhP X Ov`^O6aEU�`[W�P�U Zz1 P_O,};U�WV`?W�P X O"`[T 1 a
P_U�W�ThP 0 m
W�P X O J�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ Ø(Ø

� J � L�WV`?W�P X O"`[T 1 a
P�U�WhT�P 0 m
WhP X O6U � PxWhkvPRO6p X ThT�Sip�W Rβ−1
JtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ Ø e

� J Ñ \�X O�WhT X(] U 1 U�W�S nø0,]RX pV�qa,P_`^}^TV` n JtJ�JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ e �

� J Ú \�X O�WhT X(] U 1 U�W�S n a
S�WV`[P ] SiaEa,P_`^}^TV` n JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ e �

� J Ø \ k6`^PRO�U�PR�HS�`^O6aEf�Px�
P_O,} � `[W�S�J�JtJ�JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ e Ø

� J e f�PR�
PRO,};TV`?WhSt`^U{` Z m,O6p�W�P X O X[Z�Ë+X L=U�u@SHpBP w pH`?WhP X OEU�PR�HSáJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ e Ø

� J d f�PR�
PRO,};TV`?WhSt`[O6a \ k6`[P_O \�X O6a
m"p�Wh`^O6p�SíJtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ e(e

� J c � Ë m6`(U�PR��U�Wh` 0,] SKp X O)Q^SHT�}(SBO6pBStJKJtJ�JtJ�JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ d �

Ñ J cÖns0 m Z k,SH`(a
SBTlU�W�Thm6p�Whm,T�SôJtJKJtJ�JtJ�JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ d(d

Ñ J � � ¨ \+b#\�� N b `[O6a � j fùP_O�W�SBTVp X O,O,Sip�WhUúJtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ c � Ï

Ñ J Ï N�u ]RX `^a � `^pV�^SBW{~+SHUhp�ThP_u
W X T�a,`?WV`¢U�W�Thm6p�W�m,ThS�J�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ c � Ñ

Ñ J � �+u@SBO6IlL
~ n `^O6`[}(S n SBO�W�U�WhT�m"p�W�m6T�SiU ZzX T{W�k6S Ï�\{Ñ � d�\ m,u ] P�U�WVUõJtJ�JtJtJKJtJ�JtJ�JtJ�JtJ c � Ú

Ñ J Ñ �+u@SBO6IlL
~ãN � ~ãThP_O,} X Th}(`[O6PR�i`?W�P X O�JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ c �)Ø

Ñ J Ú � `[TV` 0@X^] P_p Ë+X L=L)u@SHpBP w pB`?WhP X OÐJ�JtJ�JtJ�JtJtJ�JtJKJtJ�JtJtJ�JtJ�JtJ�JtJtJKJtJ�JtJ�JtJ�JtJ c^c �
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� SHU X m6ThpBS n `^O6`[}(S n SBO�W�P�U�` Z m,O"a,` n SBO�WV` ] `^O6a;p�ThPRW�P�pB` ] Wh`^U��sP_OYSHQ^SBT 1 O X O�W�ThPRQ)P�` ] U X[Z W � `[ThSlU 1 U��

W�S n JqL)SBThQ)P_pBS n `^O6`[}(SBTVU n m6U�W|u6T�SiU�SHO(W|p X O6U�P_U�W�SHO�W�P_O�W�SHT Z `(p�SHU+W X m,O6a
SHT ]_1 PRO,}vThSHU X m,TVp�SiU+`^O6a�p X O�WhT X(]

`^pHp�SiU�U�W X Whk,S n `(pBp X TVa
PRO6}sW X a,SHU�PRThSHaqu X(] P�p�P_SHUHJ�¨©OvpBm,ThT�SHO(W{u,TV`^p�W�P�p�S b k X � SBQ(SBT b Whk,P�UlPRO)Q X^] Q^SHU X �#SBThP_O,}

ThSHU X m,TVp�SiU�W X � k"`?W�SHQ^SHT¤`[m,W�k X T�P_�BSiagU X m,ThpBS n `[�^SiUs`�ThSHy�m,SiU�W�þ¡m6ugW X `^O�`[T 0 PRW�TV`[T 1^b u,T�Sia
S�WhSBT n PRO,Sia

] P n PRW b ` Z WhSBT � k,P�pVkqThSHU X m,TVp�SiU�`[ThS�Uh`?Whm,Th`[W�SiaY`[O6aYW�k,S�U 1 U�W�S nÍ0 Sip X^n SiU�m6O�m"U�` 0,] S+m,O�W�P ] U X(n S+T�SiU X m,TVp�S

m6U�SBT � P ]_] PRO,} ]R1 ThS�Whm,ThO6U � k"`?W�PRW{k6`^U�ThSHU�SBThQ^SHa�JD�{k,P�U�W�k,SiU�P�U�`(a,a
ThSHUhU�SiU n S�Whk X a,U�W X¢n�X a,S ] `[O6aqp X O�WhT X(]

W�k6SHU�SY�)PRO6a6U X[Z U 1 U�W�S n Utm,O6a
SHT¤°H·Åÿ[®���ÿ
·«¶­±?¹�p X O6a,PxWhP X O6U b � k,SHOgT�SiU X m,ThpBSHU�`[ThSYUhpB`[TVp�S��DP_O8U�m6pVk8p X O6a
PR�
W�P X O"U b W�k,S�ThSHU X m6ThpBS n `[O6`^}^SHT¢PRWhU�S ]RZ�n ` 1�0 S�m,O"` 0,] SEW X ThSHU�SBThQ^SqThSHy�m,P_ThSHa�T�SiU X m,ThpBSHU¢`[O6a¡p X O�W�P_O)m,S

O X T n ` ]
n `^O6`[}(S n SBO�W�a
m
WhPRSiU b `|U�PxWhm6`?WhP X O¤Whk6`?W�pH`[O ] SH`(asW X U 1 U�W�S n P_O6U�WV` 0 P ] PxW 1 `[O6a Z `^P ] m,ThS^JF¨F`(a,a
ThSHUhU

ThSHU X m,TVp�S�U�WV`[ThQ?`?W�P X O 0)1�������	�

����� W�k6Ssa 1 O6` n P�ptU�WV`?WhS X[Z T�SiU X m,ThpBSHU b�����	������ ��������� a,`^O,}^SHT X m6U�T�SH}^P n SHU b
`[O"agU�S ] Sip�W�P_Q^S ]R1��������! "�#
�
$����� `(pBpBSHUhU�W X T�SiU X m,ThpBSHUKWhk,T X m,}^kgU�SBThQ)P_pBSqa
SB}(Th`(a,`?WhP X O�Jvf 1 `^u,u,T X `(pVk�SB�)�
W�SHO6a,U+p�m,ThT�SHO�W�T�SiU�Si`[TVpVk=P_O ZzX m6T � ` 1 UH� w ThU�W b"0�1 m6U�PRO6}qU�W X pVk6`^U�W�P�p n�X a,S ] PRO,}=`^UlWhk,S 0 `(U�P�U ZzX T X O
� ] P_O,S

p X O�W�T X^]§n SHpVk6`^O,P�U n UKW�k"`?W¤a 1 O6` n P_pH` ]_]R1 `(a,`[u,WtW X W�k6SqU�WV`?WhS X[Z W�k,SqU 1 U�WhS n �§U�Sip X O6a b�0)1 `^a
Q?`[O"p�P_O,}
p X O�W�T X^] �«Whk,S X T�SBW�P�p�p X O6p�SHu
WhUlW 1 u6P_pH` ]_]R1 m"U�Sia=P_Ovu,k 1 U�P�pB` ] U 1 U�WhS n U�`(Ul` n SipVk6`[O,P�U n¦ZzX T�ThSHU X m6ThpBS n `[O,�

`[}(S n SBO�W%��W�k6PRTVa b�0)1 m6U�P_O,} ] P_O,SH`^T w6] W�SBTVUKW X SiU�WhP n `?WhS'&#®�±,¸^ÿ,¸[¶Rº_¶_°H·ª¶«³�T�SiU X m,ThpBS¢U 1 U�WhS n u"`[TV` n S�WhSBTVU�W X
`^pVk6PRSHQ^S n�X a
S ] `^a,`^u
Wh`[W�P X O(�
`[O"a ZzX m6T�Whk b
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êdt
J j U

U�k X � O�P_O�W�k6S n P�a,a ] S X^Z W�k,S 0,]_X pV��a
P�`[}(Th` n P_O/oFP_}^m,ThS c J Ï6b SH`^pVk X[Z W�k6SHU�SsWhk,T�SHS|WhSBT n U+P�U � SBP_}^k�WhSHa

0)1 `;p X O6U�Wh`^O(W|�
Kp
b
Ki
b"X T

Kd
��Whk6`?W�P�U�pVk X U�SHO)þ 0�1qn SBW�k X a,U�a
SHUhp�ThP 0 SHaEP_O \ k6`[u,W�SBT Ï þ¡W X `^pVk,P_SBQ(S

W�k6S+a
SiU�P_T�Sia;p X O(WhT X(] ThSHU�u X O6U�S(JF�{k6SHU�S�p X O(WhT X(],] ` ��� SBP_}^k�WVU�a
SBW�SBT n PRO6SlW�k,SKU�u@SBSiaY`[O"a;U�WV` 0 P ] PRW 1¢X[Z W�k6S

ThSHU�u X O6U�S b `^O6aÂpB`^O 0 SqU�S ] SHp�W�SiaÂm6U�P_O,} � S ]_] �Å�)O X � O�k,SBm6T�P�U�WhP_p X Ts`^O6` ]_1 W�P�pB` ]�n SBW�k X a,U|W X�n `[WhpVkÂW�k6S

a
SiU�P_T�Sia=pVk"`[TV`^p�WhSBThP_U�W�P�pBU ZzX T�`¢u6`^T�WhP_pBm ] `[T�p X O�W�T X^]_] SHTHJ



d

¨©O \ k6`[u
WhSBT Ñ,b W�k,S¤p X^n¤0 P_O6`?WhP X O X^ZFn�X a
S ] P_O,} b SiU�WhP n `[W�P X O b `^O6avp X O(WhT X(]#n SBW�k X a,UlW�k6`[W ZzX T n U

W�k6S;W�SipVk,O,P�pB` ] p X O�W�ThP 0 m
W�P X O X^Z Whk,P_U|W�k,SiU�P�UtP�U|a
S n¢X O6U�W�TV`?W�Sia X Og`[OÂP n u X T�Wh`^O(W|SB�,` n u ] S^�¢É 	�����2�
Ê�>�
Ë 	� /1%����	Ì2#�!�©2���Í�, �ª~ X L,� b PRO � k6P_pVk8SB�)W�SBThO6` ] `[}(SBO�WhUsa
Th`^PRO�`�U 1 U�W�S nùX^Z T�SiU X m,ThpBSHU|`^O6a 0 ThP_O,} ` 0@X m,W

PRWhU Z `[P ] m6T�S(J�¨©O'Whk,SgU�` n SÂpVk6`^u
W�SHT b ¨EU�k X � k X � W�k6S n S�Whk X a,U�a
SHQ^S ]_X u@SHa'k,SBThS n ` 1¥0 S�`^u,u ] PRSia

W XÎ1��� /��.�2�
Ê�j	����� /��¨�2���	Ì2�
�
y����2�������� u6T X(0,] S n U|P_O X TVa
SBT|W X n PRW�P_}(`[W�S n S n¢X T 1 p X(n u@S�WhPxWhP X O b � k,P�pVk
pB`^O�p�ThP_u,u ] S=` U 1 U�WhS n JÂ�{k,SHU�S=`^u,u ] P_pH`?W�P X O"U b ` ] W�k X m,}(k�`[u,u"`[ThSBO�W ]_1 y�m,PRW�SvU�u"Sip�P w p b ThSH`^u,u"Si`[T¤PRO�`^O

S��)WhTh` X TVa
PRO"`[ThP ]_1 � P_a
St`^T�TV` 1�X[Z�ZzX T n Ul`^O6a=`^T�S�` n�X O,}sWhk,S n�X U�Wlu,T�SiU�U�P_O,}¢U�SHpBm,ThPxW 1 P�U�U�m,SiU{PRO�U 1 U�W�S n U

SBO6}^P_O,SBSHT�P_O,}6J'L X(] m,W�P X O6U;SHO6` 06] Sia 0)1 Whk,P�U;T�SiU�Si`[TVpVk�`^T�SEW�k6SBThS ZzX ThS � P_a,S ]_1 `[u6u ] P�pB` 0,] S=W X p X(n u6m
W�SHT

Uhp�P_SBO6pBS/u,T X^06] S n U b P_O6p ] m6a,PRO,}¡p X(n u X O,SBO�WhU X^Z¤X u@SBTV`?WhPRO6}�U 1 U�W�S n U b �zS^J }6Jøu,T X W X p X(] U�Wh`(pV�
U b �^SBThO,S ]

Wh` 0,] SHUV� b `[WlW�k,Ss`^u,u ] P_pH`?WhP X O ] ` 1 SHT|�zS^J }6J�U�SHT�Q(SBTVU ZzX T�S n `^P ]Åb ~ � L b@� o§L b Ã¥Ã¥Ã b ~+PRThSHp�W X T 1 �«Ä�~ j � � b

a,`[Wh` 0 `^U�SHU b S�Whp^J � b `^O6a¥P_O'u,T X }^TV` n�n P_O,} ] `^O,}^m"`[}^SiU��zS(J }"J b }(`[T 0 `^}^S�p X(]R] SHp�W�P X O"��J f X ThS X Q^SHT b W�k6SHU�S

ThSHU�m ] WVU�`^u,u ]_1 Siy(m"` ]_]R1 � S ]R] PRO/`[ThSH`^U X m
WVU�P�a
S X^Z U X[Z W � `[ThStSBO6}^P_O,SBSHT�P_O,} b U�m"pVk�`^UlWhS ] SBu,k X O 1^b Th`^P ] � ` 1 U b

U n `^T�W{WhTh`[�;p�U 1 U�WhS n U b `^O6a3¤6PR}(k�Wl`^O6avU�u"`^p�Sip�TV` Z WlU 1 U�W�S n UHJ�¨©Ov}^SBO6SBTV` ]Åb Whk,S|`[u6u,T X `^pVk=PRO=W�k,P�U{Whk,SHU�P_U
pB`^O 0 Stm6U�SHaEP_O�`[O 1 SHO�Q)P_T X O n SBO�W � k,SBThStPRW�P_UlP n u X T�WV`[O�WlW X u6T�SiU�SHT�Q(S�pBT�PRW�P�pB` ]#Z m,O6p�W�P X O6U b `^O6a � k,SBThS

U�m6pVk�u,ThSHU�SBThQ?`?W�P X O/pB`[O 0 S�`^pVk,P_SBQ(SHavWhk,T X m,}(k `qp X O�W�T X^]_] Sia�Uh`^p�ThP w p�S X^Z `[O"p�P ]R] `[T 1 U�m 0 U 1 U�W�S n UHJ j UK`

ThSHU�m ] W b a,`[Wh` X Q(SBT ]RX `^a,U�W�k6`[W � X m ] a X W�k6SBT � P_U�S{T�SiU�m ] W�P_OY`tpB`?WV`^U�W�T X u,k6P_p Z `[P ] m6T�S 0 SHp X^n SlO Xtn�X ThS{W�k6`^O

`YO)m,P�Uh`[O6pBS^J+�{k6S n S�Whk X a a
SiU�pBT�P 0 Sia�P_O�W�k,S ZzX^]_]_X � PRO,}=pVk6`[u
WhSBTVU b W�k6SBO b#n `[�(SHU�P_O ZzX T n `?WhP X O U 1 U�W�S n U

n�X ThSlT X(0 m6U�W b u X � SBT Z m ]Åb `[O"a Z `[m ] W��ÅW X(] SHTh`^O(WiJ j U�¨ � P ]R] U�k X � b W�k,P�U�`^u,u,T X `(pVk¤P�U ] PR}(k�W � SHPR}(k(W b P_O(Whm,PRW�P_Q^S b

`[O"a � P�a
S ]_1 `^u,u ] P_pH` 0,] S^J



-�û������)
��ÐÏ

� 
����F�

��ÒÑ ���6¼

Ã X T���T�S ] `[W�SHa8W X W�k6P_U�Whk,SHU�P�U;U�u6`^O6U;`�Q?`[ThPRSBW 1gX[Z a,P_U�u6`[TV`?WhS w S ] a,UHJ�¨©O�W�k6P_UYU�SHp�W�P X O b ¨ w TVU�W

a
SiU�pBT�P 0 S � X Th�+ThS ] `?WhSHa�W X Whk,S{m,O6a
SHT ]_1 PRO,} n�X a,S ] PRO,}Ku6`^Th`(a
PR} n � Ë m6` ] PxW 1�X^Z L)SBThQ)P_pBS b f�`^T�� X Q+~+SHpBP_U�P X O

� T X p�SHUhU�SHU b `[O6a�f�`[Th� X Q \ k6`^PROÂf X O�WhS \ `^T ]_Xqn SBW�k X a,UHJ j OÂP n u X T�Wh`[O�W ZzX p�m6U X^Z W�k6P_UKWhk,SHU�P_U�P�UKW�k6S

u,T X^0,] S n.X^Z�w O"a
PRO6}v`^O SB�@Sip�W�P_Q^S;a
SBW�SHT�ThSBO�WKW X ~ X L `[W�WV`^pV�
U b `^O6a/U X ¨�u,T X Q)P_a
S n�X ThS¢a,S�Wh`^P ]�X O Whk,P_U

u,T X^0,] S n `^O6a8PRWhU�pBm,T�ThSBO�W�U X(] m
WhP X O6UHJ8�{k,P_U ] SH`(a,U¤W X `[O�P_O�W�T X a
m6p�WhP X O8W X Whk,SEpBm,ThT�SHO(W;U�Wh`?WhS X^Z W�k6S

p X O�W�T X^]#X[Z U X^Z W � `^T�S�U 1 U�W�S n U b `^O6a=`�a
P�p�m"U�U�P X O X^Z `(a,`[u,W�P_Q^S w6] WhSBThPRO6}6J

Ï�Ó�ü Ô8 ��§��	©��Õ���ÖØ×�
��
��	�!#


Ù ²(ÿ?º_¶Å·yl ±�ªsÚ"¯V®%�i¶«³�¯¢� Ë+X L,��P_U+`;}^SHO,SBTV` ] W�SBT n p X Q^SHT�P_O,}�ThSHU�SH`[TVpVkEPRO�W Xqn SBW�k X a,U ZzX T+u,T X Q�P�a
P_O,}
y�m6`[O�WhPxWV`?W�P_Q^S�}^m6`^Th`^O�W�SBSiU X^Z U X(n S��)PRO"a X[Z U�SHT�Q)P�p�S^JF�{k,SHU�S�}(m6`[TV`[O�WhSBSHUD`[ThS�W 1 u,P�pB` ]R]_1 U�u@SHpBP w Sia|P_O|WhSBT n U

X[Z u"SHT ZzX T n `^O6p�S ] SBQ^S ] U�þ¥S^J }6J b ` n P_O,P n m n ` n�X m,O�W X[Z{0 `^O6a � P�a)W�k�W Xv0 S;u,T X Q�P�a
Sia b�X Tt` n `?�
P n m n

SBO"a)�«W X ��SBO6a�a
S ] ` 1 þ'`[O6a�`[ThSqW 1 u,P�pB` ]R]_1 Uh`?WhP_U w SHa 0)1 ThSHy�m,P_T�P_O,}�T�SiU X m,TVp�SqThSHU�SBThQ?`?WhP X O�P_O¡`(a
Q?`[O6pBS X[Z

O,SHSHa,UHJ Ë+X Lv`^u,u,T X `(pVk,SHUl`^T�S|p X^n�n�X O�P_OÂ³�±?¹,¹@¯i³i·ª¶z±&¹"´�±&®h¶z¯V¹#·�¯&µ;`^u,u ] P_pH`?WhP X O6U�U�m6pVk�`^U j U 1 O6pVk,T X O X m6U

�DTh`^O6U Z SHTFf X a,S�� j �lf �/n d,c p b PRO � k,P�pVk¢p X O,O,Sip�WhP X O6U�`[ThS�ThSHy�m,SHU�W�Sia b O,SH} X WhP_`[W�Sia b SHU�Wh` 0,] P_U�k,SHa b `[O6asW�k,SHO
SBQ(SBO�W�m"` ]_]R1v0 T X �(SBO�J|~+m,ThPRO,}EWhk,S¤O6SB} X W�P�`?WhP X O u,k6`(U�S b `=p ] P_SBO�W�T�Siy�m,SHU�WhU+W�k"`?WtU�SHT�Q(SBTVU�P_O Whk,S;p X O6O,SHp��

W�P X OEu6`[W�kET�SiU�SHT�Q(S�ThSHU X m,TVp�SiU�W X U�m,u,u X T�Wl`¤u"`[T�W�P�p�m ] `[T{y�m6` ] PxW 1qX[Z U�SBThQ)P_pBS��)P Z W�k6SKThSHU X m6ThpBSHU�pB`[O6O X W 0 S
ThSHU�SBThQ^SHa b Whk,S|O,SH} X W�P�`?W�P X OEP�U{W�SHT n P_O6`?WhSHav`[O6a=Whk,StSBO�W�P_ThS|p X O6O,SHp�W�P X OEP_U 0 T X �^SBO�J Ë+X L��©pB`^u6` 06] S j �lf

U � PxWVpVk,SHUtk"`&Q^S 0 SHSBO � P�a
S ]_1 a,SBu ]_X?1 Sia ZzX TtW�S ] SHu,k X O 1 `[u,u ] P�pB`?WhP X O6U b � k,SHT�S�Whk,S 0 `^O6a � P�a)W�kgThSHy�m,P_T�SB�

n SBO�WhU X^Z `¤p X O,O6SHp�WhP X O=pH`[O 0 S�u,T�SiU�u@SHpBP w SHaq`^O6aYThSHU X m6ThpBSHU�pH`[O 0 S�T�SiU�SHT�Q(SHa;`[W�Si`^pVkqU � PxWVpVk,P_O,}¤O X a,S



c(c

P_O�Whk,S=u"`?W�k X[Z `/pH` ]_] JgÃ¥PRW�k�W�k,SvS n SHT�}(SBO6pBS X^Z £�P�a
S X�X O�~�S n `[O6a �z£ X ~K��n c(cHd p `^O6a8£ X P_pBS�� X Q^SBT��
¨ � �ª£ X ¨ � ��n c(cHÏ p `^O6avW�k6SBP_TKp X O6p X^n PxWV`[O�W�O,SBW � X T��Eu@SBT ZzX T n `^O6p�SsT�Siy(m6PRThS n SBO�WVU b�Ë+X LvP�U 0 SH}^P_O,O,P_O,}YW X
w O6a=PRWhU � ` 1 P_O�W X ³�±?¹,¹@¯i³i·ª¶z±&¹,ºz¯�°h°�O,S�W � X Th�)PRO,} b `(U�SB�
S n u ] P w Sia 0)1 � \���¬ ¨ � J6L)PRO"p�S�� \���¬ ¨ � a X SHU�O X W

S��
u ] P�p�PRW ]_1 }^m"`[TV`[O�W�SHS|W�k6SY`&Q&`^P ] ` 0 P ] PxW 1�X^Z O6S�W � X Th��P_O,}ET�SiU X m,TVp�SHU b W�k,S Z ThSBS 0 `^O6a � P�a)W�k X Q(SBTKW�k,S;O6S�W��

� X Th� ] PRO6�)UKP_O `E� \���¬ ¨ � ¤ X � m�n ` 1 pVk6`[O6}^S|SHT�TV`?WhP_pH` ]_]R1(b"] SH`(a
PRO6}YW X=0 m
�#SBThSHa��ª`[O"a�k,SBO"p�S�a
S ] ` 1 Sia6�
u6`(pV�^S�WVU�`?W�PRO�WhSBT n Sia
P�`?W�S�O X a
SHU�`[O6a�O,SBW � X T�� ] P_O,�;p X O,}^SiU�WhP X O¢W�k6`[W�Q)P X(] `[W�SiU Ë+X L¤}(m6`[TV`[O�W�SHSHUHJD»�SBO6pBS

ThSHU�SH`[TVpVk8P_O�Whk,P�UY`[ThSH`/p�SBO�WhSBTVU�m,u X O�³�±&¹0v,¯�°H·ª¶z±&¹¡ÿ��&±&¶«µ�ÿ[¹4³�¯�W X u,T X Q�P�a
S=W�k,Svu@SBT ZzX T n `[O6pBS X^ZtË+X L)�
pB`^u6` 06] S�p X O,O,SHp�W�P X O6U X Q(SBT�SBO"a)�«W X ��SBO6a/� \���¬ ¨ � ¤ X � U b�X^Z � k,P�pVk � �)u ] P�p�PRW \�X O,}(SHU�W�P X O ��X WhP w pB`?WhP X O
� �{\�� �/n Ï � b�Ñ[e
b�d(Ï p P_U � P�a
S ]_1 `(pBp�SHu
W�Sia�`(UsWhk,S*) 0 SHU�W + `[u,u,T X `(pVk�J ��\�� T�SiU�Si`[TVpVk X Q^SHT ] `[u"UsU�PR}(O,P w �
pB`^O�W ]_1 � PRW�k a,SBO,P�` ]FX[Z U�SBThQ�P�p�S¤`[O6a�U X[Z W � `[ThS|p X O(WhT X(] U 1 U�W�S n U b U X `Ya
SHUhp�ThP_u
W�P X O X^Z���\�� P�U+a,S Z SBThThSHa

W X U�SHp�W�P X O � J Ï J c J

Ë+X L�P�UFm6U�SHatP_O|Whk,P_UDWhk,SHU�P_UFP_OsPRWhUDm6U�m6` ] U�SBO6U�S+�ªP«J S^J b }^m6`^Th`^O�W�SBSHPRO6}�U�SHT�Q)P�p�S ] SBQ(S ] Uh� 0 m
W�P_O¤`�U X^n SB�

� k6`[W�O X O�W�TV`^a
PRW�P X O"` ]DZ `^U�k,P X O�J¤�{k6S�a,Px�#SBThSBO6pBS�P_UKW � X[ZzX(] a4J¤oDP_TVU�W b W�k,S;}(m6`[TV`[O�WhSBSHU+`[ThS¤u6T X(0 ` 0 P ] P_U�W�P�p

TV`?W�k6SBT�W�k"`[O8` 0 U X(] m
WhS^�tWhk,SqU�SBThQ)P_pBS ] SBQ(S ] U|`[ThSYU�u"Sip�P w SHa�m,u X OÂWhk,Sqa
P�U�WhT�P 0 m
WhP X O X[Z T�SiU X m,TVp�S;U�WV`?WhSHU b

`[O"aqk,SHO6p�StpH`[O 0 St}^m"`[TV`[O�W�SHSHaY` 0 U X(] m,W�S ]_1 P_OqWhk,St`^U 1�n u
W X WhP_p ] P n PRW b
0 m
W X O ]_1 u,T X(0 ` 0 P ] P_U�W�P�pB` ]R]_1;X Q^SHT

` w O,PxWhS¤u@SBThP X a X[Z WhP n S^JtL)Sip X O"a b W�k,SiU�S¢}^m6`^Th`^O�W�SBSiU�`[ThSsU�u"Sip�P w SHa PRO W�SHT n U X[Z k X � U�SBThQ)P_pBS|P_U�W XE0 S

µ)¯�v(®�ÿ)µ)¯&µ=TV`?W�k6SBTKW�k6`^OÂk X � PRWsU�k X m ] a 0 So&#®�±��i¶«µ)¯&µ���Whk,S;PRO�WhSBO�W X[Z Whk,P�UtP_UKW X a
SBQ(S ]_X u�`=u6T�P_O6p�P_u ] SHa b
}^SHO,SBTV` ] P_�BSHa;`^u,u,T X `(pVk¤W X k6`^O6a ] PRO6} X Q^SHT ]_X `(a¤p X O6a,PxWhP X O6UBJ � ThSBQ)P X m6U ]_1^b u,T X(0 ` 0 P ] P_U�W�P�p Ë+X L�`[O6aYU�SBThQ)P_pBS

a
SH}^TV`^a,`[W�P X OYk6`&Q(S 0 SBSHO=m"U�SiaqP_O Z TV` n S � X T��
U�a
SHU�PR}(O,SHa ZzX Tl`�U�P_O,} ] S+W 1 u"S X[Z T�SiU X m,TVp�S b `[O"aYWhk�m"UlpB`[O,�

O X W 0 S+Si`^U�P ]_1 WhTh`^O6U ] `[W�SHa;W X `¤a
PR�@SHT�SHO(W{U 1 U�W�S n J � �,` n u ] SiU�P_O6p ] m6a
SKQ)P_a,S X U�W�ThSH` n U�W�TV`[O"U n PRW�W�Sia X Q^SHT

¨ � Whk6`?W�m6U�S=u6T X(0 ` 0 P ] P_U�W�P�p 0 `^O6a � P�a)W�k�}^m6`^Th`^O�W�SBSiUtW X k6`^O6a ] PRO,}=��PRW�W�SHT�PRO�SBO6a)�ÅW X �ÅSHO6aÂWhTh`^O6U n P�U�U�P X O

a
S ] ` 1 U�n d Ú p ��U X^Z W¢a
Si`^a ] PRO6SHU¤PRO8ThSH` ] WhP n SEU�pVk,Sia
m ] SBTVU�n ��p ��`[O"a ]RX U�U 1 p X O,O,SHp�W�P X O8U�S�Whm,u 0 S�W � SBSHO j �lf
U � PxWVpVk,SHU�n d�Ñ p J��{k6SHU�SKU X^] m
W�P X O"U�`^T�SK` ]_] ÿ
µo�@±,³ b U 1 U�WhS n �©U�u@SHpBP w p b `[O6aYa X O X W�}(SBO,SHTh` ] P_�BS b � k6SBThSH`^U�W�k6S
m6U�S X^Z{Ë+X L�`[O6a/p X O�WhT X(]R] SHa�U�SBThQ)P_pBS¤a
SH}^TV`^a,`[W�P X O b `^U�a
SiU�pBT�P 0 Sia�P_O Whk,P_U+Whk,SHU�P_U b `[u6u ] P_SHU+SHy�m6` ]R]_1 � S ]R]

W X ` ]R]�X^Z Whk,SHU�StS��,` n u ] SHUHJ
z _kÛ ��Ü I Y H { I | {%Ý J=R e R?J ` F ZQZ R ` K I F Z G#R K�T R>R Z K�T F Z R K�T F E!U Z F f R Y K!{ H K P H L I=Z e F J e R H Z L Z N%P G#R E F�S I=Z K R E P R f I H K RZ F f R Y 7¼Þ F E R©� H P a%J=R�ß K�{ R K E H Z Y P I Y!Y I F Z F�S HÊe I f R F ` J I a F e R E K�{ R�à Z K R E Z R K ` F Z Y I Y K I=Z | F�S P H Z L K!{ F N Y H Z f Y F E P I J=J I F Z YF�S I=Z f I e I f N H J�á »¼D a H�` U R K Y ` F Z Y K I K N K R Y H�â F T 7



c �

Ï�Ó!Ï ã ���,¼��D�ñ-�û���	����

f�`[Th� X Q \ k6`^PRO6U�`[ThS � P�a
S ]R1 m6U�SHa=`[O6a=p X Q(SBThSHa¢PROEO)m n SBT X m6U�W�SB�)WhUHJ ��X UhU�n c �(�%p `^O6a ��X ThT�P�U�n e �Qp
p X Q(SBTsW�k,Sv}^SHO,SBTV` ] PRO�WhT X a
m6p�W X T 1Ân `?Whk,S n `?WhP_pHU b `[O6a � S ] U X O(n e^Ï p a
SiU�pBT�P 0 SHU¢f�`[Th� X Q \ k6`[P_O6U � PxWhk,P_O
W�k6S¢p X O�W�SB��W X[Z�Ë m,SHm,SBP_O,}=�{k6S X T 1 `[O6a X W�k,SHTKp X^n u,m
WhSBTKU�pBPRSHO6p�S¢`[u,u ] P�pB`?WhP X O6UHJ+�{k,S¢U�u@SHpBP w psm6U�SHU X[Z

f�`^T�� X Q \ k6`^PRO"UsWhk6`?W;`[ThS n¢X U�W�ThS ] SBQ?`[O�WsW X Whk,P�U¢W�k,SiU�P�U�`[ThSu� ÿ[®"�
±��ä�t¯i³h¶_°�¶­±?¹Îå�®�±,³�¯�°�°�¯�°¢`[O"agW�k6S
�/¯?·ª®�±�&�±&º_¶_°V´�æKÿ[°H·ª¶_¹0v�°lÿ[º
v,±&®h¶«·!�g� b ` ]RX O,} � PxWhkv`(U�U X p�P�`?WhSHaEp X O)Q(SBTh}^SBO"p�S�ThSHU�m ] WhUHJ

Ê(ç�Ê(çªÉ è 3
<Qé@>)A-êE74ë^æª9iæª>@Cíì�<?>(ë^7)9i9H7)9
f�`[Th� X Qga
Sip�P�U�P X O�u,T X p�SHUhU�SHUv�ªf�~ � UV�Åþ'` ] U X pH` ]_] Siaît�±?¹@·«®�±?ºRºz¯iµï� ÿ?®��)±��ðt¡�@ÿ?¶_¹6° b °B·©±,³?�"ÿ[°H·ª¶«³

µ�l,¹"ÿ#�¢¶«³W&#®�±%v�®Vÿ#�;° bDX To� ÿ[®"�
±���³�±&¹#·ª®�±&ºb&4®�±,³�¯�°�°�¯�°�þ'`[ThS¢f�`^T�� X Q \ k6`^PRO n�X a
S ] U|W�k6`[W¤`[ThSYm6U�SHa�W X
a
SHQ^S ]_X uÂ}(SBO,SHTh` ] U�WhTh`[W�SH}^P_SHU�Whk6`?W n `[�
P n P_�BS�W�k6S=`&Q^SHTh`^}^S¢u"SHT ZzX T n `^O6p�S X^Z U X(n SYU 1 U�WhS n n �[� b �?� b � c[b
Ñ
c^b#d(e p Jt¨©O/`Ef�~ ��b `�³�±&¹#·«®�±?º�ÿ�v
¯V¹#· X^0 U�SBThQ^SiUlW�k6S¢U�Wh`[W�S X[Z W�k6S¢u6T X p�SiU�U+`?Wta
P�U�pBT�SBW�S¤W�P n S¢P_O(WhSBThQ?` ] U
`[O"a Whk,SBO�u"SHT ZzX T n Ut`�p X O�W�T X^] `(p�W�P X O 0 `(U�Sia�m,u X OÂW�k6`[W X^0 U�SHT�Q?`?WhP X O�Jq�{k,SqT�SiU�m ] W|P�Us`vThS � `[TVa�� X T b

SHy�m,P_Q?` ] SBO�W ]_1^b `gp X U�WV�¤W�k"`?W=`[�@Sip�WhU;W�k,S�O6S��)WqU�WV`?WhS�W�TV`[O6U�PRW�P X O�PRO¡Whk,S n�X a
S ] J×�{k,S/U�SBW X[Z p X O�WhT X(]

`^p�W�P X O6U+WV`[�^SHO 0)1 Whk,S;`[}^SHO�W X Q(SBT�`EU�S�W X^Z
n
U�W�SHu6U�P_UtpH` ]_] Sia�Whk,Sv³�±?¹@·«®�±?ºF°H·ª®�ÿ
·©¯�v�l b `^O6a�Whk,S;} X ` ] P_U

W X p X^n u,m
WhS|`�U�WhTh`[W�SB} 1 W�k"`?W � P ]R]�n `[�)P n PR�HSKW�k,Ss`&Q(SBTV`[}(S�ThS � `[TVa,U�� X T n P_O,P n P_�BS�Whk,Ss`&Q(SBTV`[}^SKp X U�WVUh��J

f X T�S ZzX T n ` ]R]_1^b P Z `^p�W�P X O
a
WV`[�(SBOYP_O=U�Wh`[W�S

i
T�SiU�m ] WhU�P_OE`sT�S � `^Tha R(i, a)

`[O6a=`su6T X(0 ` 0 P ] PxW 1
Pij(a)

X^Z

n�X Q)PRO,};P_O�W X U�Wh`[W�S
j
`?W�Whk,S|O,SB��W�W�TV`[O6U�PxWhP X O b Whk,SBOvWhk,Ss`&Q^SHTh`^}^SKT�S � `^Tha X Q^SHT n U�WhSBu6U b U�Wh`^T�WhPRO,} Z T X^n

U�Wh`?WhS
i
b P_Ula
SHO X WhSHa 0)1

Vn(i)
`[O6aEP�U{}^P_Q^SBO 0)1 W�k6StT�Sip�m,ThT�SHO6p�SKSHy�m6`[W�P X O

Vn(i) = max
a


R(i, a) +

∑

j

Pij(a)Vn−1(j)


 � � J c �

� k,P�pVk|P�U�Whk,S�U�m nÒX[Z W�k,S�U�P_O,} ] S��©U�W�SBusT�S � `^ThaKP_O|W�k6S�pBm,T�ThSBO�WDU�Wh`[W�S�u ] m"U�Whk,S�SB�
u"Sip�Wh`[W�P X O X^Z W�k,S�ThS � `[TVa,U

P_O=Whk,S ZzX(]R]_X � PRO6} n− 1
U�Wh`[W�SiUBJ��{k6P_U{Siy(m"`?W�P X OvThSBu,ThSHU�SBO�WVU�`^O X u
WhP n P_�H`?WhP X OEWh`^U��;Whk6`?W�pH`[O 0 S|U X^] Q^Sia

0)1 a 1 O6` n P_pKu,T X }(Th` n¢n P_O,}v�zk,SHO6p�S�Whk,StO6` n S|°H·�±,³?�"ÿ^°B·«¶ª³�µ�l,¹"ÿ#�¢¶«³Ê&#®�±%v�®Vÿ#�ñ��¶_¹0v)��JD¨�WVU�U X^] m
W�P X OvP�Ul`
}^SHO,SBTV` ] p X O�WhT X(] U�W�TV`?W�SH} 1 W�k6`[W � P ]R]�n `?�
P n P_�BS�W�k,S{`&Q^SHTh`^}^S�T�S � `^Tha6U X Q^SBT n `[O 1 a,Px�#SBThSBO�WFUh` n u ] S�u6`[W�k6U

X[Z W�k,S{u,T X p�SHUhU�W�k6`[WFm,O"a
SBT ] P_SHUDWhk,Slf�`[Th� X Q \ k6`[P_O b `(U X u,u X U�SHa�W X+n `?�
P n PR�HPRO,}+W�k6S�ThS � `[TVa�P_O¢`KU�P_O,} ] S b



ciÏ

U�u"Sip�P w p§u6`[W�k�JF�{k,S�f�~ � n S�Whk X aKW�k,SHT�S ZzX ThS�`^a&��m"U�WVU4W�k6S�U�Wh`?WhP X O6`[T 1 a
P�U�W�ThP 0 m,W�P X O�ò X[Z `lf�`[Th� X Q \ k6`[P_O
U�m6pVk�Whk6`?WKW�k,S n SH`^O X[Z W�k6`[Wta,P_U�W�ThP 0 m
W�P X O/P_U X u,W�P n ` ] PRO�U X(n S¢a
SHU�P_T�Sia U�SBO6U�S^J|o X T+W�k,P�UKT�Si`^U X O b W�k6S

f�~ � `[u,u,T X `(pVk�pB`^O,O X W�m6U�SHa W X p X O�W�T X^] W�k,S;a
P�U�WhT�P 0 m
WhP X O X^Z `  /.0�������4� f�`[Th� X Q \ k6`^PRO n¢X a
S ] � X T
`YU 1 U�WhS n W�k6`[W+PRW n�X a
S ] Uh�lPRO `^O�PRO"U�WV`[O�Wh`^O,S X m6U n `[O6O,SBTiJl�{k,S n S�Whk X a,U X[Z W�k,P�U�W�k,SiU�P�U b P_O�p X O�WhTh`(U�W b

`[ThS+a,SHU�PR}(O,SHaYW X¢Z `^pBP ] PxWV`?WhS+SB�
`(p�W ]R1 Whk6`?Wl�)PRO"a X[Z a
P�U�WhT�P 0 m
WhP X O=p X O�W�T X^] J j u,u ] P_pH`?WhP X O6U X[Z f�~ � U{TV`[O,}(S

Z T X^n � P ] a ] P Z SKu X u,m ] `?WhP X O n `[O6`^}^S n SHO�W+�ªU�S�W�W�P_O,}¤`^u,u,T X u,ThP_`[W�S 1 SH`[T ]_1 k6`^T�Q(SHU�W�ThSHU�W�ThP_p�W�P X O6UV�FW X U�P n u ] S

`^U�u@SHp�WVU X^Z p X^n�n m6O,P_pH`?WhP X O6U���O,SBW � X T�� Ë m6` ] PRW 1EX[Z L)SBThQ)P_pBSq�ªU�S�W�W�P_O,}qp X O6a
PRW�P X O"UlW�k"`?W n m6U�W 0 S n SBW�W X

}^m"`[TV`[O�W�SHS Ë+X L,�/n �?� b�c(c Ø�p J

Ê(ç�Ê(ç�Ê ì Ç 7 è 7�GB<?>"È�>@èªæª9�ó�ô�369BGiæªCFé"9'õ=èªé@>6<?æªG Ç 5
� ÿ?®��)±��jt¡�"ÿ?¶_¹3�/±?¹#·�¯�t§ÿ[®�ºz±��ªf \ f \ ��WhSHpVk,O,P�y�m,SHU�`[ThS�`^Oq`[u,u ] P�pB`[W�P X O X[Z f `[Th� X Q \ k"`[P_O6U§W X

n `[�)P_O,};S��Yp�P_SBO�W�U�Wh`[W�P�U�WhP_pH` ] SiU�WhP n `?WhSHUHJ�¨©O�f \ f \+b6X O6StP_U Z `^p�Sia � PxWhkvW�k,S|u6T X(0,] S nøX^Z a
SBW�SHT n P_O,PRO6}

U X^n S¢U�Wh`[W�P�U�WhP_pE�zS(J }"J b `[O/`&Q(SBTV`[}(Si� Z T X^n Whk,S�a
P_U�W�ThP 0 m
W�P X O X[Z `q�)O X � O 0 m
Wtk,P_}^k ]_1 p X(n u ] SB� U 1 U�W�S n J

¨ Z Whk,S;U�WV`?W�P�U�W�P�p|P�U�W X)X a
PR�Yp�m ] WKW X p X^n u,m,W�S b4X O,S�pB`[O }^SBO6SBTV`?W�S¢`qf�`^T�� X Q \ k"`[P_O � k X U�S¢U�WV`?W�P X O"`[T 1

a
P�U�WhT�P 0 m
WhP X OqP�U�Whk,StU�` n S+`^U�W�k6SKU 1 U�WhS n a
P�U�WhT�P 0 m
WhP X O b `[O6aYW�k,SHOYW X Uh` n u ] S�W�k6SKf�`^T�� X Q \ k"`[P_OqU�WV`?WhS

P_O X TVa
SHT|W X/ZzX T n `[O8SiU�WhP n `[W�S X[Z W�k6SEa
SiU�P_ThSHa8U�Wh`[W�P�U�WhP_p^J�¨ Z W�k,Svf�`[Th� X Q \ k6`[P_O�k"`^U¢p X O)Q(SBTh}^SHa/W X

PRWhUqU�Wh`[W�P X O6`^T 1g0 SBk"`&Q�P X T b `[O6a�P Z SHO X m6}^k¥U�` n u ] SiU;`[ThSvWh`^�^SBO b Whk,SBO¡Whk,S Ä�` � X[Z Ä�`^T�}(S � m ns0 SBTVU�ö
}^m"`[TV`[O�W�SHSHU�W�k6`[WlW�k,StSiU�WhP n `?WhS � P ]_] `^U 1)n u
W X W�P�pB` ]_]_1 `[u,u6T X `^pVk;Whk,S|p X T�ThSHp�W{Q?` ] m,S(J

�{k,SÌ�/¯&·«®�±�&F±?ºR¶�°V´�æKÿ[°H·ª¶_¹0v�°¢` ] } X T�PRW�k n n e � b�d(d p P�U�m6U�SiagW X }(SBO,SHTh`[W�SqW�k,S�f�`^T�� X Q \ k"`[P_O ZzX T
f \ f \ U�P n m ] `?W�P X O"UBJ=rKP_Q^SHOÂW�k,S;u6T X(0 ` 0 P ] PxW 1 a
P_U�W�ThP 0 m
W�P X O Z m,O"p�W�P X O'� � ~Ko�� X[Z W�k6S;Wh`^T�}(S�W|U 1 U�W�S nEb

f�SBW�T X u X^] P_U���»+`^U�W�P_O,}(U�}(SBO,SHTh`[W�SHUl`¢WhP n SB�ÅThSBQ(SBTVU�P 0,] SKf�`^T�� X Q \ k6`[P_O � k X U�StU�Wh`?WhP X O6`[T 1 a
P�U�W�ThP 0 m,W�P X OvP_U

W�k"`?W � ~Ko�J,¨©OEW�k,P�U{W�k6SHU�P_U{¨�Wh`^�^St`�U�P n P ] `[Tl`[u6u,T X `^pVk b)0 m,W�Th`[W�k,SHT�Whk6`[Ov}(SBO,SHTh`[W�P_O,}¢`�f�`^T�� X Q \ k6`[P_O

� PRW�kÂ`=a
SiU�P_ThSHa U�Wh`[W�P X O6`^T 1 a
P�U�WhT�P 0 m
WhP X O b ¨�a,SBQ^S ]RX u/`^O/` ] } X T�PRW�k n W X=n�X a
P Zz1 W�k6S¤WhTh`^O6U�PxWhP X O u,T X^0 `[�

0 P ] PRW�P_SHU X^Z `[OqSB�
P_U�W�P_O,}¤f `[Th� X Q \ k"`[P_OqU X `^U�W X `^pVk,P_SBQ(SlW�k,S�a
SiU�P_T�SiaYU�Wh`?WhP X O6`[T 1 a
P_U�W�ThP 0 m
W�P X O � PxWhk X m,W

pVk6`^O,}^P_O,}{W�k6S \ k6`^PRO�W X u X^]_X } 1 JDL)P_O6pBS�W�k6S�p X O)Q^SHT�}(SBO6pBS X^Z `�f�`^T�� X Q \ k6`^PRO�W X PRWhUFU�WV`?W�P X O"`[T 1 a
P�U�WhT�P 0 m
�

W�P X OEk6`(U{P n u X T�Wh`[O�W 0 SH`[ThP_O,} X O=W�k,StQ?` ] P�a
PxW 1qX[Z Whk,StThSHU�m ] WVU X^0 WV`[P_O,SHaqW�k6T X m,}^kEf \ f \ U�P n m ] `?WhP X O6U b
÷ á { R ` F Z ` R>a K F�S H Y K H K I F Z H E L f I Y K E I G N K I F Z T I J=J�G�R ` F e R E R f I=Z f R K H I J I=Z ` { H a K R E @%7ø _ J Y F ` F e R E R f I=Z ` { H a K R E @%7



c �

n m"pVk8S�� X T�W¤k6`(Us} X O,S=PRO�W X a
SBW�SBT n PRO6PRO,} 0"X m,O6a,U X O�f�`[Th� X Q \ k6`[P_O�p X O)Q^SHT�}(SBO6pBS�n � Ú b �)Ø b � d
b§e6c p J
�{k,S�p X O�Q(SBTh}^SHO6p�S b,X TW��¶ r ¶_¹0vETV`?WhS b P_U�` n Si`^U�m,ThS X[Z k X � y(m6P_pV� ]_1 ` \ k6`[P_O Á U�S n u,PRThP�pB` ] a
P�U�WhT�P 0 m
WhP X O
`[u6u,T X `^pVk,SiU�PxWVU�U�Wh`?WhP X O6`[T 1q] P n PRWHJlN+U�P_O,};Whk,S n S�Whk X a,U�P_OvW�k,P�UlWhk,SHU�P�U b `Yf�`[Th� X Q \ k"`[P_O�pB`[O X O ]R1E0 S

p X O�W�T X^]_] Siag`^U Z `^U�W¢`^U¤PRW n PR�)SiUBJÂ»�SHO6p�SE`/U ]_X � ]R1�n Px�
P_O,} \ k6`^PRO�T�Siy(m6PRThSHU|W�k,SEm6U�S X[Z ` U ]RX � b�]_X � �

u@SBT ZzX T n `^O6p�S+p X O�WhT X(]R] SBTiJF�{k6SBThS ZzX ThS�PRW�P�U�P n u X T�Wh`[O�W�W X U�k X � Whk6`?Wlf�`[Th� X Q¢I�PRT�W�k ¬ ~�Si`?Whk \ k6`[P_O6U�`[ThS

®�ÿ�&#¶«µ^º
lù��¶ r ¶R¹0v b P«J S^JÂWhk6`?W¤W�k,S 1 p X O�Q(SBTh}^S;P_O�`/O)m ns0 SBT X[Z U�W�SHu6UsW�k6`[W¢P�Usu X^]_1 O X^n P�` ]_]R1 ThS ] `?WhSHaÂW X
W�k6SsO)m ns0 SBT X[Z U�Wh`[W�SHU�PRO�W�k,S \ k6`[P_O�J j WKu,ThSHU�SBO�W b"X O ]_1 ` Z S � ZzX T n ` ] T�SiU�m ] WVU�`[ThSs`&Q?`[P ] ` 0,] S|` 0@X m
WK`

f�`^T�� X Q \ k6`^PRO Á U n PR�)P_O,}ETh`[W�S(Js¨�WtP_U � S ]_] �)O X � O�Whk6`?W�Whk,S;U�Sip X O"a ] `[Th}^SHU�W+SHPR}(SBO)Q?` ] m,S X[Z `Ef�`^T�� X Q

\ k6`^PRO�W�TV`[O"U�PRW�P X O n `?W�ThPR� P_U|T�S ] `[W�SHa W�k6S n Px�
P_O,}vTh`[W�S X[Z W�k6S;m,O6a
SHT ]_1 PRO,} \ k6`^PRO¥�«U�SHS b�ZzX T|S��,` n u ] S b

n Ñ[d p ZzX TKS��
SBTVp�P�U�SHU�P ]_] m6U�W�TV`?WhPRO6};W�k,P�U�p X O,O,SHp�W�P X O"� b P n u ]_1 P_O,}v`;ThS ] `?W�P X O"U�k,P_u 0 S�W � SBSHO�W�k,SsW X u X(]RX } 1EX[Z
W�k6S \ k6`^PRO=`[O6a;PRWhU n Px�
P_O,}su6T X u"SHT�WhPRSiUBJ�f�PR�)P_O,}¤Th`[W�SHU�`[ThSlW 1 u,P�pB` ]_]_1 `(U�U�SHUhU�SHa�m6U�PRO6}tW�k,S¤³�±?¹4µ6²
³i·Åÿ[¹4³�¯B´

¸^ÿ^°V¯&µ¢`[u6u,T X `^pVkYa
SiU�pBT�P 0 SHaYP_Oún �
Ø�p b � k,P�pVkqm"U�SiU�U�S�W�³�ÿ�&�ÿ
³�¶Å·yl��zW�k,St` n¢X m,O�W X^Z U�Wh`?WhP X O6`[T 1 u,T X(0 ` 0 P ] PxW 1
n `^UhU�P_Oq`¤U�SBW X^Z U�WV`?W�SiUh��T�S ] `[W�P_Q^SlW X ¯�®>v,±,µ^¶ª³Êû@±�ü'�ª` n Si`^U�m,ThS X[Z Whk,S�TV`?WhS X^Z u,T X(0 ` 0 P ] PxW 1�n `^UhU§WhTh`^O6U��
Z SBT X m
W X[Z W�k6S=U�S�WV�tW X P�a
SHO(WhP Zz1 ¸
±)·�·ªºz¯V¹@¯&³?�)°"ý=`^O6a�W�k6SBThS 0)1 p X O)Q^SHT�}(SBO6pBS 0"X m,O6a,UHJ �{k,P�UtWhSHpVk,O,P�y�m,S b
� k,P�pVk ThS ] `?WhSHU�W�k,S¤W X u X(]RX } 1vX[Z ` \ k6`^PRO b PRWhU+WhTh`^O6U�PRW�P X O u,T X(0 ` 0 P ] PxWhPRSiU b Whk,S¢U�SHp X O6a SBP_}^SHO�Q?` ] m,S X[Z PRWhU

W�TV`[O"U�PRW�P X O n `?W�ThPR� b `^O6aEPxWVU�p X O)Q^SBTh}^SHO6p�S+Th`[W�S b P_UlO X � W�k6S�W�S��)W 0"X)X � n S�W�k X a X^Z u,T X Q)PRO6}¢`(U 1)n u
W X W�P�p

p X O)Q^SBTh}^SHO6p�SKpVk6`[TV`^p�W�SHT�P�U�WhP_pHU+�ªS^J }6J�U�SBSjn e �%p b u,u�J Ï �^�Qþ Ï � Ï ��J
�{k,S�p X O"a
m6p�WV`[O6pBS�WhSHpVk,O,P�y�m,S�k"`^U 0 SHSBO=U�m6pHp�SHUhU Z m ]R]_1 `[u6u ] P_SHa;W X U�Whm6a
P_SHU X[Z Whk,S n PR�
PRO,}¤Th`[W�S X[Z

¯ r &�ÿ[¹4µ)¯�®h° b }^TV`[u,k"U�Whk6`?W|u X UhU�SiU�U+k,P_}^k�Q^SHT�WhS�� X T�Sia
}^S�S��
u6`^O6U�P X O�JÌÿ@¯V®i·�¯ r ¯ r &�ÿ[¹6°�¶­±?¹ ThS Z SBTVU+W X W�k6S
U�PR�HS X^Z Whk,StO,SBP_}^k 0@X Thk X)X a X[Z `[O 1 U�S�W X[Z Q^SHT�WhP_pBSHU�T�S ] `[W�P_Q^S+W X W�k6S|U�P_�BS X[Z W�k,S|U�S�WlPRWhU�S ]RZ�b � k,SHT�Si`^U�¯iµ#v,¯
¯ r &�ÿ[¹6°�¶­±?¹gT�S Z SBTVUtW X W�k,SvU�PR�HS X[Z Whk,SEU�S�W X[Z Sia
}^SiU 0 S�W � SBSBO�` U�S�W X^Z Q^SHT�WhP_pBSHUs`^O6agPRWhU¢p X(n u ] S n SHO�W
ThS ] `?W�P_Q^S=W X Whk,S�U�PR�HS X^Z Whk6`?WYU�S�WiJ¥¨©O¡`Âf�`^T�� X Q \ k6`[P_O � PxWhk�} X)X a�Q^SHT�WhS��8SB�)u"`[O6U�P X O b SH`^pVk�U�WV`?WhS

u X UhU�SiU�U�SHU n `^O 1 O,SBP_}^k 0@X TVU��(PRO X O,S � PRW�kY} X)X a¢Sia
}^S�SB�
u6`[O6U�P X O b SH`^pVk;U�Wh`[W�S�k6`(U�`tk,P_}^k;u6T X(0 ` 0 P ] PxW 1¤X[Z
W�TV`[O"U�PRW�P X O,P_O,}�W X `�O,SBP_}^k 0@X T�U�Wh`[W�S^J�£�`[ThP X m6Ul`^m
W�k X ThU�k6`&Q^S X^0 Wh`[P_O,Sia n PR�
PRO6} 0"X m,O6a,U X OvS��
u6`^O6a
SBTVUHJ

n � Ú p `^O6a-n c � Ñ p U�k X � SHa W�k"`?W n PR�)P_O,}�TV`?WhSHUt`[ThS;` Z m,O6p�W�P X O X[Z W�k6S�W�TV`[O6U�PxWhP X OÂu,T X(0 ` 0 P ] PxWhPRSiUKW�k,T X m6}^k
W�k6S 0"X W�W ] SHO,SHpV��U�Sip�W�P X O"U X[Z W�k,SYf `[Th� X Q \ k6`^PRO)þ¥PÅJ S(JYW�k"`?Ws}(Th`^u,k6U � PRW�kÂ} X)X a�SHa
}(S;S��
u6`[O"U�P X OÂ`[ThS
� _ G F K�K J=R Z R ` U I Y H Y R ` K I F Z F�S K!{ R » { H I=ZWI=Z Tb{ I ` {\K!{ R E R H E R S R T F E F Z J L J F T(Ý a E F G H G I J I K L K E H Z Y I K I F Z Y 7



c&Ñ

TV`[u,P�a ]_1¤n PR�)P_O,}"J¶n Ú ��p U�k X � SHa¤W�k"`?W n PR�
PRO6}sP n u6T X Q(SHU§P_Oq}(Th`^u,k6U§P_O � k,P�pVkqU n ` ]_] U�m 0 U�S�WhU�u X UhU�SiU�U�k,PR}(k
S��
u6`^O6U�P X O b `^O6akn e,c p u,T X Q(SHa�SHQ^SBO Z `^U�W�SHT n PR�)P_O,}¢P Z W�k,SK}^TV`[u6kYu X U�U�SHUhU�SHU 0"X W�kq} X)X aqQ^SHT�WhS��Y`[O6aqSHa
}(S
S��
u6`^O6U�P X O�J�¨©O�W�k6S¢}(SBO,SHTh` ] pH`^U�S�þ¥P«J S^J � k,SHO/`=}^TV`[u,k�P�UKO X Wt`[O S��
u6`[O"a
SBT�þ�Whk,S¢S��,`^p�W+ThS ] `?W�P X O"U�k,P_u

0 S�W � SBSBO \ k6`^PRO�p X O6a
m6p�Wh`^O6p�St`[O"a=p X O)Q^SHT�}(SBO6pBS�TV`?W�S�P�Ulm,O,�)O X � O�J

¨©O�W�k,P�U�W�k6SHU�P_U b ¨�` n O X WYP_O�W�SHT�SiU�WhSHa�PRO�W�k6S�}^SBO6SBTV` ] pB`(U�S b�0 m,WqTh`[W�k,SHT�PRO�W�k6S p X O�Q(SBTh}^SHO6p�S

X[Z Whk,S ��¶_®H·!�g���t¯�ÿ,·�� ZzX T nõX[Z f `[Th� X Q \ k6`^PRO�JÀ�{k,S�I�P_T�W�k ¬ ~�Si`?W�k \ k"`[P_O¥W X u X(]RX } 1 P�UEU�P_}^O,P w pH`[O�W

P_O¥W�k6`[W=PRWv`^u,u@SH`[TVU;ThSBu@SH`[W�SHa ]R1 P_O'T�Si` ] � � X T ] a�`^u,u ] P_pH`?W�P X O"U b `^O6a'U X^n S n Px�
P_O,}�TV`?WhS�ThSHU�m ] WVUYk6`&Q(S

0 SBSBO X(0 Wh`^PRO6SHa ZzX T|Q?`^T�P X m6U�ThSHU�W�ThP�p�W�SiaÂI�P_T�W�k ¬ ~�Si`?W�k \ k6`^PRO"U�n � d p J=¨©Og` ]R] pH`^U�SHU b Whk,SHU�SYThSHU�m ] WVUt`[u,u ]R1
W X�\ k6`^PRO6U � PRW�k w �
SHa�W X u X^]_X }(PRSiU+`^O6a�WhTh`^O6U�PRW�P X O u,T X(0 ` 0 P ] PxWhPRSiU©þ'`^U X u,u X U�SHa�W X W�k,S n�X a
S ] U X[Z Whk,P_U

W�k6SHU�P_U b � k,P_pVkqu X U�U�SHUhU�a 1 O6` n P_pH` ]_]R1¢n�X a,P w Sia;WhTh`^O6U�PRW�P X O"UBJ�o,m,T�W�k6SBT � X T��¢PROqP_a
SHO�W�P Zz1 P_O,}�p X O�Q(SBTh}^SHO6p�S

pVk6`^Th`(p�W�SHT�P�U�W�P�pBU X^Z f�`^T�� X Q¢I�P_T�Whk ¬ ~+SH`[W�k \ k6`[P_O6U�P_U�Whk,SBThS ZzX T�SKO,SBSia
SHa 0 S ZzX ThSK`^O 1�ZzX T n ` ] T�SiU�m ] WhU�pB`^O

0 S���m6U�W�P w SHa�J j ] W�k X m,}^k ¨�u6T�SiU�SHO(W+O X u,T X)X[Z U b ¨lU�k X � W�k,T X m,}(k�O)m n SBThP_pH` ] U�P n m ] `?W�P X O"U�P_O \ k6`[u,W�SBT �

W�k"`?WqI�PRT�W�k ¬ ~+SH`?Whk \ k"`[P_O6U � PxWhk¡a 1 O"` n P_p=WhTh`^O6U�PRW�P X O"U;`[u,u@SH`^T¤W Xg0 SvTV`[u,P�a ]_18n Px�
P_O,}Âm,O6a
SHT n�X U�W

p�P_TVp�m n U�Wh`[O"p�SHU b�0 m,W � PxWhkÂy�m6`(U�PR�©U�WV` 0,] S;pVk6`[TV`^p�W�SBThP�U�WhP_pHU�Whk6`?W|O,Sip�SiU�U�PxWV`?WhS¤Whk,S;m6U�S X[Z U�u@SHpBP_` ] p X O�WhT X(]

W�SipVk,O,P�y�m,SHUt�ªQ�P_�^J b O X O ] PRO,Si`[ThPxW 1 ��J

Ï�Ó�� %¥
���	��§�s��Ök×�
��,�l	�!#


~�SHO,P�` ]#X[Z L
SBThQ�P�p�S¢�ª~ X L,��P�U{a
S w O6SHaq`(U{`[Oq`[W�Wh`(pV��PRO � k,P�pVkYW�k6S+} X ` ] P�U�W X a
SHO 1 W�k,SKQ)P_p�W�P n �«Uh�

`^pHp�SiU�U�W X `�ThSHU X m6ThpBS�n � Ï p J��{k,P_U�P_Ul` 0 T X `(a=a,S w O,PRW�P X OEWhk6`?W�p X m ] av`[u,u ]_1 `(U � S ]R] W X u X U�W X �Yp�S 0"X �
SiU
`^U�PRW|p X m ] a/W X p X^n u,m
WhPRO6}vU 1 U�WhS n U���P_O/Whk,P�UKW�k,SiU�P�U b W�k,S ZzX p�m"UtP_U�m6u X OÂa,P_U�W�ThP 0 m
W�Sia b O,SBW � X T���� 0 `^U�SHa
~ X L¤`[}(`^PRO"U�W�Q)P_p�W�P n U X Q(SBT�� \���¬ ¨ � O,SBW � X T��
U b pB` ]_] SHa � S�W � X Th�t~ X L|P_O;U�P n u ] S{pH`^U�SHU�`[O"as~+P_U�W�ThP 0 m
W�Sia

~ X L��ª~K~ X L,� � k,SHO=Whk,SBThSt`[ThS n m ] W�P_u ] S|`?W�WV`^pV�(SBTVUBJ

L)P_O6p�S cHd(e^d6b P_O6pBP_a
SHO6p�SiU X[Z�� S�W � X Th��~ X L�`^O6a/~K~ X U�k6`&Q(S 0 SBSBOÂP_O6p�ThSH`(U�P_O,}=Th`^u,P_a ]R1 P_O 0@X Whk

S��)WhSBO�W�`[O6aEU�SHT�P X m"U�O,SiU�UHJ � `[T ]R1 T�SiU�Si`[TVpVkYPRO"a
P_pH`?WhSHaqW�k6`[W�T�SHu X T�WhSHaq~ X L=`?W�Wh`(pV�)U�P_O6p�ThSH`(U�Sia Ñ � 5 Si`^pVk
1 Si`[T 0 SBW � SHSBO cHd^e(d `^O6a cid^d(Ñ n �(�%p b `[O6a�W�k,Sv®�ÿ
·©¯ X[Z `?W�Wh`^pV�
U¤PxWVU�S ]xZ O X � `^u,u"Si`[TVU|W XÂ0 SvP_O6p�ThSH`(U�P_O,}
TV`[u,P�a ]_1 n e �%p J�f X W�P_Q?`?W�P X O"U ZzX T�Whk,S�`?W�Wh`^pV�
U;`^u,u"Si`[T�W Xg0 S�pVk6`^O,}^P_O,}g`^U � S ]_] J � `[T ]_1 `?W�Wh`^pV�
U � SBThS
u,T X^0 ` 0,]_1 Whk,SqThSHU�m ] W X[Z u@SBTVU X O6` ] `[O6P n�X U�PRW�P_SHU X TsThS ] `?WhPRQ(S ]_1 P_O,O X p�SHO(W¢k6`^pV�)P_O,} `[W�W�S n u
WhU b§0 m
W;~ X L



c Ú

`?W�Wh`(pV�)U¢k6`&Q(SEU�P_O6p�S 0 SHp X(n S�` n SipVk6`[O,P�U n ZzX TYa
P�U�Thm,u
WhPRO6}Âp X^n�n SBTVp�P�` ]{X O ] P_O,SvW�TV`[O"U�`(p�W�P X O"U�n Ï�b Ú d
b
Ø Ñ p b ThS�Wh` ] P�`?WhP X Og`[}(`^PRO"U�W ] `[Th}^SYp X Thu X Th`[W�P X O6U�n c � b§Ñ � b�c^c �Qp b U�P ] SHO6p�P_O,} n SHa,P_`�U X m6ThpBSHU�n c � Ï p b `^O6aÂSBQ(SBO
S��)W X T�W�P X O 0)1�X T�}�`[O,P_�BSia�pBT�P n PRO"` ] U�n e(Ñ�bKc ���%p Jã�{k6SHU�S Z `^p�WhU=PRO6a,P_pH`?W�S/`g}^T X � PRO6}gO,SBSia ZzX TqSB�@Sip�WhPRQ(S
a
SBW�SBThThSBO�WhU b
0 m
W�U X^] m
W�P X O"Ul`[ThSKp X^n u ] P_pH`?W�Sia 0)1 W�k,S n `[O,P ZzX^] aEQ?`[ThPRSBW 1YX[Z ~ X L n SBW�k X a,UHJ

~ X L¥`?W�Wh`(pV�)UqpB`[O 0 S/U�m6pHp�SHUhU Z m ]R]_1 pB`[ThThPRSia X m
Wqm6U�P_O,}8SBQ(SBT 1 W�k,P_O,} Z T X^n � Si`[�)O,SiU�U�SHU�P_O¥W�k6S

O,SBW � X T��|u6T X W X p X(] U�W X|0 Thm
W�SB� ZzX ThpBS�W�TV`?�YpÄ¤ X)X a,U�W X p ] SBQ(SBT ]R1 �©a
SHU�PR}(O,SHa¢U ]RX � ��Th`[W�S{`[u,u6T X `^pVk,SiUFW�k6`[W�`[ThS
S��)WhT�S n S ]R1 a
PR�Yp�m ] W�W X a
S�WhSHp�WiJ�L X^n S X^Z W�k6SHU�S�`[W�Wh`(pV�
U�`[ThS�u X UhU�P 0,] S�a,m,S�W X ` Z `[P ] m,T�S X OtWhk,S{u6`[T�W X^Z W�k6S

X ThP_}^P_O6` ] a
SiU�P_}^O,SHThUFW X u"SHT ZzX T n÷0"X m,O6a,U�pVk,SHpV�)P_O,} b?] SH`(a
PRO6}�W X�X Q^SHT>¤ X � p�TV`^U�k,SHU��?W�k6S�å�¶R¹gv�±Qª���¯Bÿ
·!���{P_U
X O6S�SB�,` n u ] S^J��{k,SHU�S{W 1 u"SiU X[Z `?W�WV`^pV�
U§pB`^O 0 S�p X^n u ] S�W�S ]R1s0,]RX pV�(SHa 0�1 u6`?WVpVk,P_O,}KW�k,S�p X a,PRO,}tu6T X(0,] S n J

f X U�W w �
SHU{`[ThS�O X W{W�k,P�UlU�P n u ] S b U�PRO6pBSK`[W�WV`^pV�
U{pB`[O=S��
u ]_X PRW�Whk,S Z `^p�W�Whk6`?W�°�±Q�q¯ ] SBQ(S ]@X[Z U�SHT�Q)P�p�S n m6U�W
0 Slu,T X Q)P�a
SHasW X `^O X O 1)n�X m6U�p ] P_SBO�WhUHJFo X T§SB�
` n u ] S b P_O X TVa
SBTFW X SiU�WV` 0,] P_U�k;`�� \�� p X O,O6SHp�WhP X O 0 S�W � SBSHO

W � X O,SBW � X T��¢k X U�WhU b `sU X �©pB` ]R] SHa�·!�,®�¯B¯�´>ü§ÿ�lj�"ÿ[¹4µ(°"�"ÿ��
¯�¶�°+²(°V¯&µ6J�¨©OYW�k6P_U�k6`^O6a,U�k6`[�(S b W�k,S�p ] PRSHO�W{U�Wh`^T�WVU
0)1 U�SBO"a
PRO6}Y`Yp X O,O,SHp�W�P X O
�©U�S�W�m6uEu"`^pV�^SBW�þ'pB` ]R] SHav`Y°?l,¹4³?�,®�±&¹,¶��iÿ,·ª¶z±&¹ X T+L�� � u6`(pV�^SBW�þ¡W X W�k,S¢U�SHT�Q(SBTiJ
Ã¥k,SHO Whk,S;U�SHT�Q(SBTKT�Sip�SBP_Q^SiU�Whk,SYL�� � u6`(pV�^SBW b PxWtThSHU�SBThQ^SiU�Whk,S�T�SiU X m,ThpBSHU�O,SHpBSHUhU�`^T 1 W X SHU�Wh` 0,] P_U�k/`^O6a
n `[P_O�Wh`[P_O�W�k6S+p X O,O,Sip�W�P X O b `[O"a¢W�k,SHO � `^PxWVU ZzX T�W�k6S+p ] P_SBO�W�W X `^pV�)O X � ] SHa
}(S{`^O6a�Whk,SBThS 0)1 p X^n u ] S�WhS�W�k6S

p X O,O,Sip�W�P X OEU�SBW�m,u�JF¨©O=W�k6S
	�t¡å�Ú��swÒ`[W�Wh`(pV� b Whk,S�`?W�WV`^pV�(SBT&�ªUV��U�W X uEp X(n¢n m,O,P�pB`[W�P_O,}¤` Z W�SBT�Whk,S�PRO,PRW�P�` ]
L�� �|b#] Si`^a
P_O,};W X k"` ]RZ � X u"SHO�� \�� p X O,O,Sip�W�P X O"U X O�W�k,S¢Q)P_p�W�P nEb u,T X W X p X^] a,`?WV`qU�W�Thm6p�Whm,ThSsU�WV`[ThQ?`?W�P X O b
]_X UhU X[Z O6S�W � X Th�¤p X(n�n m,O,P�pB`[W�P X O6U b `^O6a;u X UhU�P 0,] S�U 1 U�W�S n pBTh`(U�k6SHU�n ciÏ p J§� � X � ` 1 U X[Z a,SH` ] P_O,} � PRW�k;Whk,P_U
u,T X^0,] S n `^T�S�`jÚ��sw ³�ÿ)³?�@¯�`[O6aØÚ��swÀ³�±�±��)¶­¯�°BJ�¨©Ov`¢L�� � pB`^pVk6S b)X O ]_1Yn P_O,P n ` ] U�WV`?W�SKP_O ZzX T n `?W�P X O=P_U
U�S�W�m,uY`[W§W�k,S 0 SH}^P_O,O,P_O,} X[Z Whk,SlW�k6T�SHS�� � ` 1 � \�� k"`[O6a,U�k6`^�^S b � PxWhk Z m ]R] T�SiU X m,TVp�Sl` ]_]RX pH`?W�P X O X pBpBm,ThT�P_O,}

X O ]R1 `?WKW�k6S¢p X^n u ] S�W�P X O X[Z W�k6S¤k6`^O6a,U�k6`[�(S�n Ñ Ú p J�Ã¥k,SBO/m6U�P_O,}vL�� � p X)X �)P_SHU b k6` ]RZ � X u"SHO p X O,O,Sip�W�P X O"U
W�k"`?Wq`[ThS�p X O6U�m n P_O,}g�(SBThO,S ] ThSHU X m,TVp�SiU�`[ThSva,T X u,u"Sia � k,SBO�W�k6S p X O,O,SHp�W�P X O�Wh` 0,] S w"]R] UY`[O"a�`ÂO6S �
p X O,O,Sip�W�P X O�ThSHy�m,SiU�W�`^u,u"Si`[TVU��^W�k,S|³�±)±Q�)¶z¯�P_U�`tU�u@SHp�P�` ]_]_1 pVk X U�SHO¤P�a
SHO(WhP w SBT�Whk6`?W�` ]_]RX � UFWhk,S n `^pVk,P_O,S{W X
ThSHp X O6U�W�Thm6p�W�W�k,S�Q)PRWh` ] p X^n u X O,SHO(WVU X[Z `¤p X O,O,Sip�WhP X O=P Z PRW � `(U�O X Wlu6`^T�W X[Z W�k,S|L�� � ¤ X)X a=`^O6aqk6SBO6pBS
a
T X u,u@SHa8P n u,T X u@SBT ]R1 n c �%p J��{k6SvL�� � pH`^pVk,S=` ]_X O,S=P_U¤O X W�`[O8SB�@Sip�WhPRQ(S=U X^] m
W�P X O 0 SHpH`[m6U�SqPRW n SHT�S ]R1

 á { R D I=Z | F�S �¡R H K!{ I=Z e F J e R f Y R Z f I=Z | H { N | R�à »¼½�DØº ` { F ¹ R?À N R Y K ] F E ������� ^�� <>8�� K�{ H K�T H Y S E H | P R Z K R foH KbK�{ RY R Z f R E H Z f E R H Y�Y R P GQJ=R f£H K�K!{ R e I ` K I P 7 á { R S E H | P R Z K R f a I R ` R Y T R E R H J=J Y P H J=J=R E K!{ H Z K!{ R P H � I P¶NQP à D a H�` U R K Y I � R/ßG N K(K!{ R E R H Y!Y R P GQJ=R f S E H | P R Z K Y F e R E â F T R f K!{ R e I ` K I P�� Y Z R K�T F E!U G N%X R E ß `"H N Y I=Z | H Y L Y K R P ` E H Y { 7



c Ø

u,m6U�k,SiUsWhk,Sv` ]_]RX pB`[W�P X OgW X `�`[O X W�k6SBT ] SHQ^S ] �YWhk,S�L�� � pB`(pVk,SYWV` 0,] S=W�k6`[W n `^PRO�Wh`^PRO"U|Whk,S*) n P_O,P n ` ]$+
p X O,O,Sip�W�P X O�PRO ZzX T n `[W�P X OgP�U���m6U�W;` U�Wh`?WhP_pYWh` 0,] S=W�k"`?W¢pH`[O 0 Sv`?W�WV`^pV�(SHa 0)1Ân SBW�k X a,U¢U�P n P ] `^TsW X W�k6S

0 `(U�P�pKL�� � ¤ X)X aqPxWVU�S ]xZ�b Whk,SBThS 0)1 u,ThSHp ] m"a
PRO6}|W�k6SKSiU�WV` 0,] P�U�k n SHO(W X[Z Q&` ] P�aqp X O,O6SHp�WhP X O6UHJ�L�� � p X)X �)P_SHU b
X OqW�k,S X W�k,SHT�k6`^O6a b
]_X U�S�Whk,St� \���X u,W�P X O6U�P_O ZzX T n `?W�P X OqW�k6`[W�P�U�SHU�Wh` 0,] P�U�k,SHa=a
m,ThPRO,}�`|O X T n ` ] W�k,ThSBSB�

� ` 1 k6`^O6a,U�k6`[�(S^J�»�SBO6pBS¤O6SBPRW�k,SHTKU X^] m
W�P X O P_U � k X^]_]_1 `(a
SHy�m6`[W�StW X u,ThSBQ(SBO�W£¤ X)X a
P_O,}=`[W�WV`^pV�
U�`^}(`[P_O6U�W
W�k6S/� \�� p X O,O,Sip�W�P X O¡WV` 0,] S b Whk X m6}^k'U X^n S Z m,T�W�k,SHT 0 SBO,S w W=k6`(U 0 SBSHO'T�SHu X T�WhSHa Z T X^n m6U�P_O,}�¸
±)·!�
`[u6u,T X `^pVk,SiUB��` w ThU�W�� ] SHQ^S ] L�� � pB`^pVk6S ZzX^]_]RX � SHa 0)1 L�� � p X)X ��P_SHU � k,SBO¡Whk,S pB`(pVk,S w6]_] U�n Ñ Ú p J �{k6S
n S�Whk X a,U�PRO�WhT X a
m6pBSHa�PRO�W�k6P_U¢Whk,SHU�P_U;`^T�S n�X ThS=SB�@Sip�WhPRQ(Sv`[W n `^O6`[}(PRO6}�W�k6Sv� \�� p X O,O,Sip�WhP X O8Wh` 0,] S

W�k"`[O�L�� � pH`^pVk,SiU b `^O6a=W�k,S 1 p X(n u ] S n SBO�W{W�k,Stm6U�S X[Z L�� � p X)X �)PRSiUBJ
j ] W�k X m,}^k�Whk,S;S��#SHp�W�P_Q^SBO6SHUhU X[Z L�� � �!¤ X)X a)�ÅW 1 u"SY`[W�Wh`(pV�
UtU�WhS n U Z T X(n Whk,SY`[O X O 1�n PRW 1�X[Z W�k6S

`?W�Wh`(pV�^SBTVU b ThSHy�m,P_T�P_O,}�`^m
W�k X T�P_�H`[W�P X O�P�U�O X WF`^OtS��#SHp�WhPRQ(S�U X^] m
W�P X O�J j O X W�k6SBTD~ X L�W�k,ThSH`[WDP�U4W�k6S�U X �©pB` ]R] SHa

`[m,W�k X T�P_�H`[W�P X O ¬ `[m
Whk,SBO�W�P�pB`[W�P X O�`[W�Wh`(pV� b � k6P_pVkÂa
SBThP_Q^SHU+PRWhU�O6` n S Z T X^n W�k6S�p X^n u,m
WV`?WhP X O6` ]FX Q^SHT�k,Si`^a

`^UhU X pBP_`[W�Sia � PRW�k�m"U�P_O,}qU�W�T X O,}Y`^m
W�k6SBO�W�P�pB`[W�P X O�J{¨©OvW�k6P_UK`?W�Wh`^pV� b `^O�`[O X O 1�n�X m6Ul`?W�Wh`^pV�(SBT�ThSBu@SH`[W�Sia ]R1

`?W�W�S n u,WhU=W X `[m
Whk,SBO�W�P�pB`[W�S/PxWVU�S ]xZ W X `�Q�P�p�WhP n P_O X Tha,SBTYW X m6U�S/U X^n S�U�SHT�Q)P�p�S b ThSHU�m ] W�P_O,}�P_O n `^O 1

� `^U�W�SHaEp X(n u,m
Wh`[W�P X O6` ] p 1 p ] SHUHJ��{k,S|`[W�Wh`(pV�YpB`^O=WV`[�(S n `^O 1YZzX T n U b P_O6p ] m6a
P_O,}YU�W�TV`[P_}^k�W ZzX T � `[TVa ]_X }^P_O

`[m,W�k,SHO(WhP_pH`?WhP X O|W X ThSBu@SH`?WhSHatThS n�X W�S�u,T X pBSHa
m,ThS�pH` ]_] `?W�WhS n u
WVU�n c^c ��p JF¨ Z SHO X m,}(k|ThSHy�m,SHU�WhUF`[ThS�PRO,PRW�P�`?WhSHa b
W�k6S�Q�P�p�WhP n � P ]_] m6U�S n�X U�W X T;` ]_]�X[Z PxWVU \�� N.p 1 p ] SiU¢W X Q(SBThP Zz1 `^O6a�T�S Z m6U�SvSi`^pVk�T�Siy(m6SHU�W b W�k,SHT�S 0�1

a
SHO 1 P_O,}EW�k X U�S�ThSHU X m,TVp�SiU�W X Q&` ] P�a�m6U�SBTVUBJ�~ X L `[W�WV`^pV�
UKW�k6`[WtS��
u ]_X PRWKWhk,SHU�S � SH`[�)O,SiU�U�SHUK`[ThS�m6U�m6` ]_]R1

Z `[P_T ]R1 U X u6k,P_U�W�P�pB`[W�Sia b T�Siy�m,PRThP_O,}¤SB�
u"SHT�W��)O X � ] SHa
}(S�W X PRO,PRW�P�`?WhS^J

L X u6k,P_U�W�P�pB`[W�P X O8P�U¢O X W;` ] � ` 1 UsO,SHpBSHUhU�`^T 1(b k X � SBQ^SHT b P_O X Tha
SHT|W X pH`[ThT 1�X m
W;`�U�m6pHp�SiU�U Z m ] `?W��

Wh`(pV�#J j �t±#Ú��Dºz±)±,µEP�U�` 0 Thm
W�SB� ZzX ThpBSsu,T X p�SiU�U�W�k6`[WtT�Siy(m6PRThSHU�O X SB�
u"SHT�WhP_U�S¢`^O6a U�m6pHp�SBSia,U 0�1 U�P n u ]R1
X Q^SHT � k6S ]_n P_O,}vPRWhU|Q)P�p�WhP n � PRW�kÂW�TV`?�Yp^Jv�{k6Sqf 1 ~ X)X(n Q)P_T�m6U � `(U|`�~+~ X L8`?W�WV`^pV�(SBT�W�k"`?WsP_O Z SHp�W�Sia

W�k X m6Uh`[O6a6U X^Z ¨©O�W�SBThO,SBW¢k X U�WVU b `^O6agWhk,SBO�`?W�Wh`^pV�(SHagPRWhU¢Q)P�p�W�P n U�`?W;`�u,ThSHa
SBW�SHT n P_O,SHa8W�P n S�n Ñ � b{c^c �Qp J
o ]RX)X a
P_O,}s`[W�Wh`(pV�
U§u X U�U�SHUhU§`tu6`^T�WhP_pBm ] `[T§WhTh`[�;plpVk"`[TV`^p�WhSBThP_U�W�P�pVþ¥k,P_}^k¢Th`[W�SiU X[Z W�TV`?�Yp�þ�Whk6`?W Z `(p�P ] PRWh`[W�SHU

W�k6SBP_T�a
S�WhSHp�WhP X OE`^O6aqU�m 0 U�SHy�m,SHO�W{u6T�SHQ^SBO�WhP X O�JFo X T{S��,` n u ] S b U X ��pH` ]_] Sia�û"ÿ[°"�/³�®�±�ü{µ(°©þ'`c¤ X)X a X[Z O6S�W��
� X Th�;W�TV`?�YpKW�k"`?W+`^u,u"Si`[TVU{PRO�ThSHU�u X O6U�S�W X U X^n StSBQ(SBO�W b U�m6pVk�`(U{W�k,S'¤ X)X a6UlW X;X O ] PRO,StO6S � U � S 0 U�PRW�SiU
X OgL)SHu
W�S ns0 SBT c(c^b �^�^� c þ¡SB�
k,P 0 PxW�®Vÿ#�'&�´�²%& b °H²^°H·Åÿ?¶_¹@¯&µ�´�·«®Vÿ��E³ b `[O"a/®�ÿ��'&�´�µ)±�ü§¹/u,k6`^U�SHU�n � bDÑ p JYN�O
�



cie

ZzX T�W�m6O6`?WhS ]_1 W�k,SHT�S¤S��
P_U�Wt~ X L�`?W�Wh`(pV�)U�W�k"`?Wtu X U�U�SHUhU�SHPxWhk,SBTt`Ea
PR�;pBm ] W��ÅW X �©a
SBW�SHp�W w O,}^SHT�u,ThP_O(W X TKO X O6S

`?W�` ]R] J

Ú)ºz±�ü�´z®�ÿ
·©¯ X TK°B·©¯�ÿ?ºÅ·���l ~ X L�`[W�WV`^pV�
U�`^T�Ss`qO X Q^S ] `^O6a�S n SHT�}(PRO6};W�k,ThSH`[W�Whk6`?Wt`[ThS|O X WKSi`^U 1 W X
a
SBW�SHp�W 0 SHpH`[m6U�S�W�k,S 1 m6U�SsQ^SBT 1q]_X � W�TV`?�Yp ] SBQ^S ] UlW�k6`[WKpB`^O�p X O6U�P�U�W X[Z p X(n u ] SBW�S ]_1 Q&` ] P�avWhTh`[�;p^Jl� � X

Q?`[ThP_`^O�WhU�`^T�S � S ]_] �)O X � O b(0"X W�k X^Z � k6P_pVk;ThS ]_1 m,u X O � Si`[�)O,SHUhU�SHU�P_OY� \�� u,T X W X p X^] JD�{k,S w ThU�W b W�k,S+U X �

pB` ]R] SHa;°"�,®�¯Qü8ÿ
·�·Åÿ
³?� b � a
SH}^TV`^a
SiU 0 `^O6a � P�a)W�kYP_Oq`|� \�� ¤ X � 0)1 m6U�PRO6} 0 m,TVU�WVU X^Z WhTh`^O6U n P�UhU�P X O6U � k X U�S
`&Q^SHTh`^}^S¢Th`[W�S�P�U ]_X � b Wh`^�)PRO,}�`(a
Q?`[O�Wh`^}^S X[Z � SH`[�)O,SiU�U�SHUKP_OÂW�k,S=� \�� T�SBW�TV`[O6U n P_UhU�P X O�` ] } X T�PRW�k n UKW X

P_O6p�m,T�ThSBu@SH`[W�SHa�W�P n S X m
WVU�`[O6a�ThS�WhTh`^O6U n P�UhU�P X O6U�n Ñ[Ï p J|L)k6T�S � ~ X L�`[W�Wh`(pV�
U�ThSHy�m,P_T�SsW�k6`[W+Whk,S¢`[W�WV`^pV�^SHT
0 S�` ] PRO,�¢P_O�W�k,S�� \�� ¤ X � Whk6`?W�PRW�P�U�`[W�Wh`(pV�)PRO,} b `^O6a�`[ThS�` 0,] SlW X ThSHa,m6p�S�SB�@Sip�WhPRQ(S 0 `[O6a � P_a)WhkYP_O�W�k6`[W
¤ X � 0)1 m,u�W X `^O X TVa
SBT X^Z{n `^}^O,PRW�m6a,S � PxWhk8`=Q(SBT 1 U n ` ]_] ` n�X m,O�W X^Z pH`[ThS Z m ]_]R1 �©pVk X U�SBOÂa
P�U�Thm,u
WhPRQ(S
W�TV`?�Yp^J

j O X W�k,SHT�W 1 u"S X[Z U ]_X � ��Th`[W�S�~ X L¤`?W�Wh`(pV�tk X^] a,U�� \�� ¤ X � U X u@SBO¢PRO6a,S w O,PRW�S ]R1(b Whk,SBThS 0)1 a
TV`[P_O,P_O,}
W�k6S�Q)P�p�WhP nÞX^Z W�k,Sga,`[Wh`[��U�W�Thm6p�Whm,ThS U�u"`^p�S�O,Sip�SHUhUh`[T 1 W X U�m,u,u X T�W=Whk X U�SÂp X O6O,SHp�W�P X O6U�n d ��p J �+O6p�S�`
� \�� p X O6O,SHp�W�P X O P�U�U�SBWtm,u b Whk,S��^SBThO,S ] ThSHU X m,TVp�SiU�ThSHy�m,P_ThSHavW X U�m,u,u X T�WtPxW n m"U�W 0 S��(SBu
W�PRO�m6U�S^J j

Q)P_p�W�P n pH`[O 0 S�pBT�P_u,u ] SHa�`^O6a ] S Z W�m,O6` 06] S{W X p X^n�n m,O,P�pB`?WhS � PxWhk X W�k6SBT§O,SBW � X T��(SHa n `(pVk,PRO6SHU�P Z SHO X m6}^k

p X O,O,Sip�W�P X O"U�`[ThS X u@SBO6SHaY`^O6a�k,S ] a X u"SHO b p X O6U�m n P_O,}s` ]_] Whk,S+`&Q?`^P ] ` 0,] S n S n�X T 1 m"U�Sia ZzX T�k X^] a
P_O,}tW�k6S

a,`[Wh`sU�W�Thm6p�W�m,ThSHU ZzX T�� \�� p X O,O,SHp�W�P X O6UHJ��{k,P_U�P�U�U�P n P ] `^T�W X `sL�� � ¤ X)X aq`?W�WV`^pV� b�0 m
W{PRO;Whk,P�U�pH`^U�S�W�k6S
p X O,O,Sip�W�P X O¤P_U�SiU�WV` 0,] P�U�k,Sias`^O6asQ?` ] P�a,`?WhSHa 0)1 W�k,S{Q)P_p�W�P nvb U X L�� � p X)X �)P_SHU � P ]_] O X W§U X^] Q^S�W�k,Slu6T X(0,] S n J
�{k,ThSBS 0 `^U�P_p§`^u,u,T X `^pVk6SHU4`[ThS�m6U�SHa 0)1 ~ X L�`?W�Wh`^pV�(SBTVU@W X �^SBSHut`�p X O,O,SHp�W�P X O X u"SHOtPRO6a,S w O,PRW�S ]R1 ��U�SBO"a
PRO6}

ThSHy�m,SHU�WhU�W X Whk,S�Q)P_p�W�P n Q^SHT 1 U ]RX � ]_1 �zS(J }"J b U�SBO6a,PRO,};`¤T�Siy�m,SHU�W{W�k6`[Wlp X O�Wh`^PRO"U �^�^�(� 0)1 W�SHU 0 m,WlU�SBO"a
PRO6}

PRW � PRW�k X O ]_1�X O,S 0)1 WhS¤u@SBTKu6`(pV�^S�W��/�4ThSH`(a
PRO6};W�k,S�ThSHU�m ] WhU+Q^SBT 1 U ]_X � ]R1 �ªS^J }6J b ThSHy�m,SiU�WhPRO6}=` � S 0 u6`[}(S
X[Z �^�^�^� 0)1 W�SiU�`[O"aEW�k,SHO�T�Si`^a
P_O,};PRW X O6S 0�1 WhSs`?W+`;W�P n S&�/�#`[O6a�U�SBO"a
PRO6}q`^pV�)O X � ] SHa
}(S n SBO�WVU ZzX T�Si`^pVk
ThSHp�SHPRQ(SHa�u"`^pV�^SBW+Q(SBT 1 U ]_X � ]R1(b W�k,SHT�S 0�1 P_O6pBm,T�ThP_O,}qThS�WhTh`^O6U n P�U�U�P X O6U Z T X(n W�k,S�Q)P_p�W�P n Js�{k,P�U ] P�U�W�P�U 0)1

O X�n SH`[O"U;`/p X^n u ] S�W�SEWV`?� X O X(ns1ÂX[Z ~ X L8`[W�Wh`(pV�
U b�0 m
WYPxW;P�U¢T�SHu,T�SiU�SHO�Wh`?WhPRQ(S X^Z W�k6SBP_T;Q&`^T�P_S�W 1 `^O6a

p X(n u ] SB�
PxW 1 J j n¢X T�SB��p X^n u ] S�WhS¤SB�)u X U�PRW�P X O X O/W�k,S;W 1 u@SHU X^Z u,ThSHU�SBO�W ]R1 m6O6a
SBTVU�W X)X a/`[W�Wh`(pV�
UKpH`[O 0 S

ZzX m6O6aEPROïn Ø^Ø�p J
 á { R Y { E R T I Y H K I=Z L H ZQI P H J K�{ H K I Y H GQJ=R K F ` { H J=J=R Z | R H Z f\f R S R H K P¶N ` { J H E�| R E F aQa F Z R Z K Y 7



cid

~ X LE`?W�WV`^pV�Yu6T�SHQ^SBO�WhP X O b W X a,`[W�S b k6`^Ulp X O6U�P�U�WhSHa=u,T�P n `[ThP ]_1YX^Z P�a
SBO�WhP Zz1 P_O,}�W�k,S�W 1 u@S X[Z `?W�Wh`^pV�

`[O"aÂW�k,SHO�a
SiU�P_}^O6PRO,}�`[O�ÿ
µ��@±,³¢U X^] m
WhP X OgW X�0,]_X pV�ÂPRWHJÂo X T¤SB�
` n u ] S b§n�X U�W¢~ X L8`[W�WV`^pV�
U n m6U�W 0 S
n `[P_O�Wh`[P_O,Sia ZzX TD`^OtS��)W�SHO6a
Sia�u"SHT�P X a X[Z W�P n S�P_O X TVa
SBT�W X�0 S�U�m6pBpBSHUhU Z m ]«b U X `?W�WV`^pV�(SBTVU n PR}(k(WDm6U�S ZzX Th}^SHa b

X Tl°±&F±)±�ª«¯iµ b O,SBW � X T��Y`(a,a
ThSHUhU�SiU�W X k,P_a,S+Whk,S|U X m,TVp�S X[Z W�k,St`?W�Wh`(pV�@J�L)u X)X[Z Siaqu6`(pV�^SBWhU{pB`^O 0 S 0,]RX pV�(SHa
� PRW�k'P_O,}^ThSHUhUq`^O6a¡SB}(T�SiU�U w6] W�SBTVU�n � d)b Ø^�%p � k6P_pVk�`^T�S m6U�Sia¡W X u,T�SHQ^SHO(W=T�Sip�SBP_Q)PRO6}�� X TYW�TV`[O"U n PRW�W�P_O,})�
u6`(pV�^S�WVU;Whk6`?Wvk6`&Q^S/PRO)Q?` ] P�a'`^a,a,T�SiU�U�SHUHJÍL
m6pVk w6] W�SHThU 0,]_X pV��Whk,SÂ`?W�WV`^pV�¥`?W=W�k,S�Q)P_p�W�P n �Y·ª®�ÿ)³�¯?¸^ÿ
³?�
n S�Whk X a,UtpB`^O�W�k6SBO 0 S�m6U�SHa�W X P_a
SHO�W�P Zz1 W�k,S�`?W�Wh`(pV�^SBTVU+PRO�`=U�u X)X^Z SHa)�©`^a,a,T�SiU�UK~ X L�`[W�Wh`(pV� b ` ]_]RX � P_O,}

`^a n P_O,P�U�WhTh`[W X ThU�W X U�W X u¥W�k,SÂ`?W�Wh`(pV��`[WqW�k6S�U X m,TVp�S�n e(e)b+c � c p JÀÃ¥k6SBO×`(a,a
ThSHUhU�SiUq`^T�S�O X WEU�u X�X^Z SHa b
�zS(J }"J b � k,SHOvW�k,S¢`?W�WV`^pV�)P_O,} n `^pVk,P_O,S|k6`(U�PRWhU�S ]RZ�0 SHSBO�k,P ��`^pV�(SHavP_O X TVa
SHTlW X WV`[�(Stu6`[T�W�P_O�W�k,S¢`?W�Wh`^pV�,� b

w6] W�SHT�P_O,}YP�U�O X WKa
SiU�P_TV` 0,] S 0 SipB`^m6U�SsQ&` ] P�aEW�TV`?�Yp Z T X^n W�k6S¤`?W�Wh`(pV�^SBT�P_U�W�k,SHO 0,]_X pV�(SHa4J{¨©O�Whk,SHU�SspH`^U�SHU b

0 Thm
W�SB� ZzX ThpBS¢`[W�WV`^pV�
U�`[ThS X^Z W�SBO�m6U�SHa/PRO X TVa
SHT+W XvX Q^SBT � k,S ]Rn Q)P_p�W�P n Uty(m6P_pV� ]_1 J���TV`?�Yp���TV`?W�S ] P n PxWhPRO6}

P�Ul`¢U�Wh`^O6a,`^Tha=U X(] m
WhP X O=P_O=W�k,SiU�S|pH`^U�SHU b `^O6a=PxW�P_O)Q X^] Q^SiU�m"U�P_O,}�SBPRW�k,SHT�U X^Z W � `^T�SK`[O,O X Wh`[W�P X O6U X Tl`^p�WhPRQ(S

p X O�W�T X^]4n SHpVk6`^O,P�U n UHJ�L X[Z W � `[ThSK`^O,O X Wh`?WhP X O6UlpB`^O 0 S|m6U�SHa=W X p X O�W�T X^] `(pBpBSHUhU�W X `�u6`[T�W�P�p�m ] `^T{U 1 U�WhS n

ThSHU X m,TVp�S�W�k6`[W�P_U{Q)m ] O,SBTV` 06] S+W X ~ X LE`?W�Wh`^pV��n d ��p b
0 m
WlWhk,S 1 `^T�SKS��)WhT�S n S ]R1 PRO)Q?`^U�PRQ(S�W X W�k,S|`^O,O X WV`?WhSHa
U X[Z W � `[ThS�`[O6aqT�Siy�m,PRThS�SB��WhSBO6U�P_Q^S��)O X � ] SHa,}^S X^Z W�k,StU X[Z W � `[ThS X u@SBTV`?WhP X O�J§L X[Z W � `[ThS�`[O6O X WV`?W�P X O"U�u ] `^pBS

W�k6S�ThSHU X m,TVp�S n `^O6`[}(S n SBO�W 0 m,Tha,SBO X O|SBQ(SBT 1 U�m 0 U 1 U�WhS n W�k"`?W�m6U�SiUD`�T�SiU X m,TVp�S b P_O6U�W�SH`(a X[Z pBSBO�W�TV` ] P_�BP_O,}

n `[O6`^}^S n SHO�W|PRO X O,SYu ] `^pBS^J�o X T|S��,` n u ] S b m,O6a,SBT|Whk,S=`^O,O X Wh`?WhP X Og`[u,u,T X `(pVk b Whk,S=p X a,S;W X u6T X W�SHp�W

`[}�`[P_O6U�W�`^O¢`[W�Wh`(pV�|} X SiUDO X W§PRO¢Whk,S n S n�X T 1 ` ]_]RX pH`?W X T��«`tU�P_O,} ] S ]RX pH`?W�P X O@� b[0 m,W�Th`[W�k,SHT§PRO¤W�k,S�U X[Z W � `[ThS

W�k"`?W�P_O)Q X �(SHU�W�k"`?W+` ]R]_X pB`?W X T|� n m ] W�P_u ] S ]RX pH`?W�P X O"Uh��J j p�WhPRQ(Ssp X O�W�T X^]4n SHpVk6`^O,P�U n U�a X O X W�ThSHy�m,P_T�S�Whk,P_U

�)PRO"a X[Z S��)W�SHO6U�P_Q^S+T�SBW X)X^] P_O,} X[Z S��
P_U�W�P_O,}¢U X^Z W � `^T�S(JD�{k,S�~���Ã j � ~ U 1 U�W�S nEb�ZzX T�SB�
` n u ] S b P_U�a
SBu ]RX?1 SHa

`?W�W�k,S+O,S�W � X Th�sSia
}^SiU 0 S�W � SBSHOYU�Sip�m,ThPxW 1 � X O,SHU+�zS(J }"J b�0 SBW � SHSBO;Whk,S�m6O(WhT�m"U�WhSHa;¨©O�W�SHT�O6S�W�`^O6aY`�WhT�m6U�W�Sia

P_O(WhSBThO6` ] O6S�W � X Th�
� b `[O6a=m6U�SHU�p X^n u ] S�� 0 SBk"`&Q�P X TV` ]#n�X a
S ] U X[Z O,SBW � X T���WhTh`[�;p ZzX TlSH`(pVk=u,T X W X p X^] `^O6a

U�u"Sip�P w pY`[u6u ] P�pB`[W�P X OÂW X a
SHpBP_a,S � k,SBO8a6`?Wh`Ì¤ X � U|`[ThSq` 0 O X T n ` ] `^O6aÂT�Siy�m,PRThS;TV`?W�SB� ] P n PRW�P_O,}�n Ø Ú b Ø e p J
��W�k6SBTt`^p�W�P_Q^S¤p X O�W�T X^]Fn SHpVk6`^O,P�U n UK`[ThS¢U�Wh`^O6a,`[TVa�p X^n u X O,SBO�WVU�P_O/O6S�W � X Th�Ep X O,}(SHU�W�P X O p X O�W�T X^]Åb Q�P_�^J

Ë m,SHm,SBP_O,}=~+P�U�pBPRu ] P_O,SHU�`[O"a � �,p�u ] P�p�PRW \�X O,}^SiU�WhP X O ��X WhP w pB`?WhP X O�WhSHpVk,O,P�y�m,SHU b � k,P�pVk `[ThS¤a
SiU�pBT�P 0 SHa�P_O

W�k6S ZzX^]_]RX � P_O,}�U�Sip�W�P X O�J



�^�

Ê(ç_ÕOçªÉ ! ðF7)ðD7)æ«CDéúê=æ«9�ë(æzÈ�èªæ«CD7)9¢3,C ¥#"%$ È�èªæ�ë(æzG Æ >"CFé"7)9HGHæ«>"C'&�>6Giæ)(�ë^3
Giæª>@C
�{k,Squ6T X(0,] S nÐX^Zl0 T�m,W�S�� ZzX TVp�S=~ X Lg`?W�Wh`^pV�
U|`^O6a�W�k6SqS n SHT�}(SBO6pBS X[Z `[u6u ] P�pB`[W�P X O6U � PxWhk�U�W�ThP_p�W

0 `^O6a � P�a)W�k�T�Siy�m,PRThS n SHO(WVU b U�m6pVk/`(UK£ X ~¢n c(cHd p `^O6a�£ X ¨ � n c(cHÏ p b k6`(U ] Sia�W X P_O�W�SBO"U�S¢T�SiU�Si`[TVpVk�P_O(WhSBThSHU�W
P_O � ` 1 U{W X u,T X Q)P_a,StTh`[W�S ] P n PRWhU�`[O"a Ë+X LE}^m"`[TV`[O�W�SHSHU X Q(SBT�� \���¬ ¨ � O,SBW � X T��
UHJ{N�O ] PR�(S¤p X O,O,Sip�W�P X O,�

X ThP_SBO�W�Sia¥O,S�W � X Th�
U�W�k"`?Wvu,T X Q)P�a
S/a,S ] PRQ(SBT 1 }(m6`[TV`[O�W�SHSHU X O6p�S�`�p X O,O6SHp�WhP X O'k6`(U 0 SBSHO'SHU�Wh` 0,] P�U�k,SHa b

� \���¬ ¨ � P_U�`|¸)¯�°B·�´Å¯+*4±?®H·6u,T X W X p X(] U�m,PxWhS§W�k"`?W�P�U�Q)m ] O,SBTV` 06] S§W X a,`[Wh` ]_X UhU�`?WD`^O 1 WhP n S^JD¨©O|`�p X O,O,Sip�W�P X O,�
X ThP_SBO�W�SiaYO,SBW � X T��(þ X[Z � k,P�pVk=`sW�S ] SHu,k X O6SKO6S�W � X Th�¢P�U{`s} X)X aqS��,` n u ] S�þ'` w �
SHaYu"`?W�kEP�U{SHU�Wh` 06] P�U�k6SHa

0 S�W � SBSBOqW�k,SKW � X SHO6aYO X a,SHU b `^O6aqW�k,S�y�m6` ] PxW 1;X^Z W�k6S�p X O,O6SHp�WhP X O/� 0 `[O6a � P_a)Whk b W�TV`[O"U n P�U�U�P X Oqa
S ] ` 1 U b

S�WVp[JM�.P�U;SHU�Wh` 0,] P_U�k,SHa¡`^O6a¡m,O6pVk6`^O,}^Sia ZzX T;W�k6S ] P Z S X^Z Whk,S p X O,O,Sip�WhP X O�J�¨©O¥` 0 SHU�W���S�� X T�WqO,S�W � X Th� b

k X � SBQ(SBT b Si`^pVktWhTh`^O6U n P�U�U�P X O|P�U�`[O|P_O6a
P_Q)P_a
m"` ] u,P_SHp�S X[Z p X^n�n m,O,P�pB`?WhP X O b `[�)P_OtW X `KU�P_O,} ] S�u"`^pV�?`[}(S�U�SHO�W

W�k6T X m,}^k�W�k6SYu X U�WV` ] U 1 U�W�S n Jvf�`?� X T|`^a
Q?`^O(WV`[}(SHU X[Z p X O,O,Sip�WhP X O ] SiU�Uq� 0 SHU�W���S�� X T�WV� X Q(SBT|p X O,O,Sip�W�P X O,�

0 `(U�Sia+O6S�W � X Th��P_O,}{`[ThS�W�k,S�T�S ] `[W�P_Q^S§U�P n u ] P_pBPxW 1+X[Z PxWVU�P n u ] S n SHO�Wh`?WhP X Ot`[O6a+W�k6S�PRO"a
SBu@SBO6a,SBO6pBS�PxWFp X O Z SBTVU

m,u X OvO,SBW � X T��YO X a,SHUH��` Z `[P ] Sia=O X a,StT�SiU�m ] WhU�PRO 0 T X �(SBOvp X O6O,SHp�W�P X O6U{P_OEW�k,StWhS ] SBu,k X O,StO,SBW � X T�� b)0 m
W

n SBThS ]_1 `�T�SHT X m
W�P_O,} X^Z W�TV`?�Yp�P_OtW�k6S�u X U�Wh` ] O,SBW � X T��#J��{k,P�UDPRO6a,SBu@SBO6a
SHO6p�S X[Z O,SBW � X T��+W X u X(]RX } 1Kn SH`[O"U

W�k"`?W ] PRO,� X TlO X a,S Z `[P ] m,ThSHU n ` 1 pVk6`[O,}(S�Whk,Ssa,`[Wh`�u6`[W�k6U�WV`[�(SBO 0)1 P_O6a
P_Q�P�a
m6` ] u6`(pV�^S�WVU{PRO�`;� \���¬ ¨ �

¤ X � bF] Si`^a
P_O,}�W X k,P_}^k ]_1 Q&`^T�P�` 06] SYa
S ] ` 1 U|`^O6a 0 `^O6a � P�a)W�k Z T X^nùX O6S;W�TV`[O6U n P_UhU�P X O/W X W�k6SqO,SB��WiJ�¨©O

`^a6a
PxWhP X O b p X O6}^SHU�W�P X O�`?W�`�O X a
S n ` 1 ThSHU�m ] W�PRO;SHT�TV`?WhP_pla,S ] ` 1 U�SBQ^SHO�P Z a,`[Wh`�WhTh`&Q(S ] UFW�k,S�Uh` n S�O6S�W � X Th�

u6`[W�k X Q^SHT�Si`^pVk=W�TV`[O6U n P_UhU�P X O b � k6P_pVkvO,Sip�SHUhU�PxWV`?W�SiUlU X(n S n `^O,O,SBT X^Z ¤ X � p X O(WhT X(]#n `^O6`[}(S n SBO�WiJ
� \���¬ ¨ � u X UhU�SHUhU�SiU�` 0 m,P ] W��ÅP_Osp X O,}(SHU�W�P X Ot`&Q X P_a,`^O6p�S�`[O"atp X O�WhT X(] ` ] } X T�PRW�k n pB` ]_] SHa'Ú)ºz±�üØÚ4·Åÿ?®i·�J

�{k,P�UtP�U�W�k,SYU�Wh`^O6a,`^Tha/u,ThPRO6pBPRu ] S 0)1 � k6P_pVkga,`[Wh`EPROú¤ X � U�P�UtP_O?��SHp�W�SiaÂPRO�W X Whk,S;O,SBW � X T���P_O X TVa
SBTKW X
`&Q X P_a�p X O,}^SiU�WhP X O�J�¨©O¡Whk,P�Uq`[u6u,T X `^pVk b `g� \�� U�SBO6a,SBT 0 SB}(PRO6U 0�1 W�TV`[O"U n PRW�W�P_O,}8a,`[Wh`8U ]_X � ]R1(b `^O6a

W�k6SBO�}(Th`(a
m6` ]R]_1 P_O6pBT�Si`^U�SHU|PRWhU¢TV`?WhSqm,O�W�P ] W�k,SEThSHp�SHPRQ(SBT Z `^P ] U¤W X `^pV�)O X � ] SHa
}(SY`�WhTh`^O6U n P�U�U�P X O�J��{k,P_U

`^pV�)O X � ] SHa,}^S n SHO(W Z `^P ] m,ThSsP_O6a
P�pB`[W�SHUK`;u6`(pV�^SBW ]RX U�U b � k,P_pVk PRO W�m,ThO U�PR}(O6` ] UlWhk,S X O6U�S�W X^Z p X O6}^SHU�W�P X O�J

�{k,P�UKP_U+SHUhU�SHO�W�P�` ]_]R1 `q®�¯�ÿ
³H·«¶!�?¯�`[u,u6T X `^pVkEW X k6`[O"a ] P_O,}=O,S�W � X Th�Ep X O,}(SHU�W�P X O�J�» X � SBQ(SBT b6X O,S¤pH`[O ` ] U X
&#®�±[ÿ
³H·ª¶��&¯�º$l=a,T X uEu"`^pV�^SBWhU{P_O�`¢O,S�W � X Th��¤ X � b,0 S ZzX T�S|p X O,}(SHU�W�P X Ov`[u,u@SH`^ThU b `[O"aqWhk,SBThS 0)1 PRO,PRW�P�`?WhStW�k6S
U�SBO6a
SHT Á U�� \�� ¤ X � p X O�W�T X^]6n SipVk6`[O,P�U n U�PROE`^a
Q?`^O6p�S X^Z p X O,}^SiU�WhP X O;u,T X^0,] S n UHJF�{k,SKU�WV`[O6a6`[TVa n SH`[O"U



� c

0)1 � k,P�pVk¡W X `(pVk,P_SBQ^SEWhk,P_U=`[ThS j p�W�P_Q^S Ë m,SBm,S�f `[O6`^}^S n SHO(W�� j Ë f �¢W�SipVk,O,P�y�m,SHU�Whk6`?W=m6U�S�u"`^pV�^SBW

`^a n P�UhU�P X Ovp X O(WhT X(]R] SBTVU�`[O6a Ë m,SBm6SBP_O,};~�P�U�pBPRu ] P_O,SHUHJ

j u6`(pV�^S�Wq`(a n P_UhU�P X O¡p X O�W�T X^]_] SBTYa
Sip�P�a
SHU � k6S�W�k6SBT X TYO X W;W X `(pBp�SHu
W/�«`^a n PRWV�;`^O¥PRO6p X^n P_O,}

u6`(pV�^S�W ZzX T�u,T X pBSHUhU�P_O,} b `[O"aY` Ë m,SHm,SBP_O,}¢~�P�U�pBPRu ] P_O,SKP_U�W�k,S�U�W�TV`?W�SH} 1 m6U�SHa;W Xsn `[�(S�Whk,S+a
Sip�P�U�P X O�J��{k6S

u,m,Thu X U�S X[Z m6U�PRO,}+`[Ot`^a n P�U�U�P X Otp X O(WhT X(]R] SBT4P�U�p X O,}(SHU�W�P X O�`&Q X P_a,`^O6p�S b U�PRO"p�S�u,T X u@SBT�y�m,SHm,S n `[O"`[}^S n SBO�W

pB`^O�U�Wh` 0 P ] PR�HSYWhk,S=Q?`^T�P�` 0 P ] PxW 1 P_O�u@SBT��ÅO X a
SEa
S ] ` 1 U 0)1 W�TV`^a,PRO,} X �'y�m,SBm,S=m
W�P ] PR�i`?W�P X O�Q^SHThU�m6U|u"`^pV�^SBW

a
S ] ` 1 J j p X O�W�T X^]_] SHT�Whk6`?Ws`(a n PxWVU n�X U�W�P_O6p X^n PRO6}Eu"`^pV�^SBWhU � P ]R]§n `?�
P n PR�HS¢m,W�P ] P_�H`[W�P X O X[Z W�k,S;y�m,SBm6S

`[O"a n P_O,P n PR�HS�u6`^pV�(S�W ]_X UhU b{0 m,W 0 SipB`^m6U�S�W�k X U�S�u6`(pV�^SBWhU n m6U�WqW�TV`&Q^SBTVU�SqWhk,S ] SBO,}^W�k X[Z Whk,S y�m,SBm6S

0 S ZzX ThS 0 SBP_O,}�u,T X p�SHUhU�SHa b PRW � P ]R] ` ] U Xvn `?�
P n PR�HS;W�k,SYa,S ] ` 1 `[O"a n P_O,P n P_�BSYW�k,T X m,}(k,u,m
W X^Z W�k,S�¤ X � J
Ã¥PRW�kqpH`[ThS Z m ] Whm,O,P_O,} b `^a n P�U�U�P X O;p X O(WhT X(]R] SBTVU§pB`^O 0 S�m"U�SiasW X u,T X Q)P_a
SlU X^n S n SH`(U�m,ThS X[Z O,SBW � X T�� Ë+X L

}^m"`[TV`[O�W�SHSHUHJ

Ë m,SBm6SBP_O,}8~�P�Uhp�P_u ] P_O,SiUYk6`&Q(SEm6O6a
SBTh} X O,S�` ]RX O,}8a
SHQ^S ]_X u n SHO�Wq`[O6a¡`[ThS�O X � T�S ] `[W�P_Q^S ]R18n `[�

W�m6T�S(J��{k,SKa,S Z `[m ] W 0 SBk6`&Q)P X T X[Z `[Ov`^a n P�U�U�P X O=p X O�W�T X^]_] SHT � PRW�k X m
W j Ë fñP�U��+®�±�&�´�·�ÿ?¶_º§� X T��F`[P ] ~�T X u@�
y�m,SBm6SBP_O,}6� � k6SBO|Whk,S�PRO,u6m
W�y(m6SBm,S ZzX T�p�m6U�W X(n SHThU-, 0 SHp X^n SHU Z m ]_]Åb W�k,S�O,S � SiU�W{�­Wh`^P ] �D`[ThT�P_Q?` ] P_UFa
T X u,u@SHa4J
~+T X u
�«WV`[P ] y�m,SHm,SBP_O,}�k"`^UF`�U�P_}^O6P w pH`[O�WF`^O6a|a
S ] SBW�SHT�P X m6U�S��#SHp�W X O|� \�� W�k6T X m,}^k,u6m
W 0 SHpH`[m6U�S�`�a,T X u,u"Sia

u6`(pV�^S�W{pB`^m6U�SiU�U�SBO"a
SBTVU�W X P n�n Sia
P�`?W�S ]R1 ThS���SBO�WhSBTlL ]RX � L)Wh`[T�WHJ§I�SHpH`[m6U�S�O6S�W � X Th�sWhTh`[�;p+P�U 0 m,ThU�W 1 n Ñ(Ñ p b
` Z m ]R] y�m,SHm,S�m"U�P_O,}+`Ka
T X u
�ÅWh`^P ] u X^] P_p 1 pH`[O¢p�ThSH`?WhS�` 0 m,TVU�W X[Z a,T X u,u"Siatu6`(pV�^S�WVU b `^O6a � k,SHO|Whk,S�a,T X u,u"Sia

u6`(pV�^S�WVU�p X O�Wh`^PRO=U�SH} n SBO�WhU Z T X^n a
PR�@SHT�SHO�W{� \�� ¤ X � U b Whk,P_U�ThSHU�m ] WhU�PRO=} ]_X^0 ` ] U 1 O6pVk,T X O,P_�H`[W�P X OY`(Ul¯��[´
¯V®>lqU�SHO6a
SHT Z ` ]R] U 0 `^pV�¢W X L ]RX � L)Wh`[T�W�n � Ï p J j Ë f n SipVk6`[O,P�U n U�`^a6a
T�SiU�U�W�k,SiU�SKP�U�U�m,SHU 0)1 a
T X u,u,P_O,}¤pBm6U��
W X(n SBTVU�m"U�P_O,} n¢X T�SB��U X u6k,P_U�W�P�pB`[W�Sia n S�W�k X a6UBJ � `^O6a X(n ~�T X u(n � Ñ p X u@SBTV`?W�SiU 0)1 `(U�U�P_}^O,P_O,}su6T X u X T�WhP X O6U
X[Z y(m6SBm,S�U ]_X W Z `[P_T ]_1�0 `^U�SHasm,u X Osp�m"U�W X^n SBT�p ] `^UhU�P w pH`?W�P X O"UBJ�o"`[P_T Ë m6SBm,SHPRO,}�n cid p `^a,a
ThSHUhU�SHU�m6O Z `[P_T�O6SHUhU�SiU
P_O � `[O6a X^n ~+T X u Á U�p ] `^UhU�P w pH`?WhP X O�UhpVk,S n S b `^O6a;L�W X pVk6`(U�WhP_p�o"`[P_T�O6SHUhU Ë m,SBm,SHPRO6}�n Ø Ï p SB�)W�SBO"a
SHa¢Whk,P_U�a
S��
Q^S ]RX u n SBO�W 0)1 ThSHa
m"p�P_O,}vW�k,SEU�u"`^p�SYp X^n u ] S��
PRW 1�.�X^Z W�k,Sqp ] `(U�U�P w pB`[W�P X O6UHJ � `^O6a X^nù� `^T ]_1 ~+S�WhSHp�WhP X O

� ��� ~K��n Ï ��p �ª` ] U X ThS Z SHT�ThSHaYW X `(U � `[O6a X^nø� `[T ]R1 ~+P�U�pH`[TVa6��` 0 `^O6a X O"Ul`?W�WhS n u
WVU�`?W�p ] `(U�U�P w pB`?WhP X O=`^O6a
Z `[P_ThO,SHUhU�`[O"a�a
T X u6U�`^T�ThP_Q&` ] U 0 `^U�SHavm,u X O�Whk,Ss`&Q(SBTV`[}^S ] SBO,}^W�k X^Z W�k,Ssy�m,SHm,S^J ��� ~Íy(m6P_pV� ]_1qn `?Whm,T�Sia
/ à Z À N R N R I=Z | K!{ R F E L ß H10+2 ~43h�-5��76 I Y H À N R N R P R P G#R E)8 I=Z K!{ R `>H Y R F�S á »¼D a H�` U R K Y H E!E I e I=Z | H Z f À N R N R I=Z | H K HZ R K�T F E�U { F Y K ß H a H�` U R K 79 «;:�<�°±¬¶°±´/Æ=:�> ¬�?�¯
¸A@ I Y H Z H Y L P a K F K I ` P R H Y N E R F�S K!{ R H P F N Z K F�S Y a H�` R ] P R P F E L ^ N Y R f G L H Z H J | F E I K�{ P 7



�(�

P_O(W X j a,`[u
WhPRQ(S �l� ~¢n ��Ø b^Ï6c p � � k,P�pVk;`^a,`^u
WhUFWhk,S �l� ~�` ] } X ThPRW�k n W X a
Px�#SBThSBO�W�p�m"U�W X^n SBT�`^T�ThPRQ?` ] TV`?WhSHUV�
`[O"a=o ]_X � �l� ~í�ªo �l� ~��/n Ñ Ø�p b � k,P_pVk�`^u,u ] PRSiU �l� ~ W X PRO6a,PRQ)P�a
m6` ] ¤ X � UBJ§I{Ä�N � n � Ú p P�Ul` ZzX^]_]RX � m6uqW X
�l� ~øW�k"`?W|m6U�SHU|` n m6pVkgU�P n u ] SBTs`^u,u,T X `(pVk W X `^pVk,P_SBQ)P_O,}�`^a,`^u
W�P_Q^S 0 SBk6`&Q)P X T b `[O"a8L�W X pVk6`(U�WhP_p;o"`[P_T

I{Ä�N � n � e p P�U|I{Ä�N � � PxWhk8p�m6U�W X(n SBTsp ] `(U�U�P w pB`?WhP X O�`^O6a Z `[P_T�O6SHUhUtT�SHPRO"p X Thu X TV`?W�Sia4JY~ 1 O"` n P_p;I�m
�#SBT
Ä�P n PxWhPRO6}��ª~KI{ÄD�tP�Us`^O8`[u,u6T X `^pVk/W X y�m,SHm,S n `[O6`^}^S n SHO�WtW�k6`[W¢`^UhU�m n SHU�Whk,SYu,ThSHU�SBO6pBS X[Z U X �©pB` ]R] SHa

¸
¯Vº_ºR¶�v
¯�®�¯�¹@·�O,S�W � X Th�vu"SHSBTVUBJ|~KI{Ä�P�U�U�P n P ] `[T+W X o �l� ~ b `[O6a � X T��
U 0)1E] P n PRW�P_O,}EW�k6S¢` n¢X m,O�W X^Z W�k6S
y�m,SBm6SYW�k"`?W;pB`[O 0 S X pBpBm,u,P_SHa 0)1 ¤ X � UsW�k6`[W¢u,T X Q^Sqm,O,ThSHU�u X O6U�P_Q^SYW X p X O6}^SHU�W�P X OgO X W�P w pH`?W�P X O"UBJ�¨©O
~KI�Ä b `ñ¤ X � W�k"`?W+p X O�W�P_O)m,SHU{W X a
S ] m,}(S|`;Q)P_p�W�P nvb a
SiU�u,PRW�S 0 SHPRO,}=`^U��^SHa=O X W�W X"b � P ]R]D0 Ssa 1 O"` n P_pH` ]_]R1
] P n PRW�SHa=W X `�U n ` ]_] O�m ns0 SBT X[Z y�m,SBm,StU ]RX WhU��,`[O 1 u6`(pV�^SBWhU�W�k6`[W�`[ThT�P_Q^S � k,SBOEW�k6S\¤ X � k6`(U{m6U�Sia=` ]R] PRWhU
`&Q?`[P ] ` 0,] S¤U ]RX WhUK`[ThS¤a
T X u,u@SHa�J|~+I{Ä�`^UhU�m n SiU b#] PR�(SsWhk,S¢`^u,u,T X `(pVk�Wh`^�^SBO PRO W�k,P�UKW�k,SiU�P�U b Whk6`?WtThS n�X WhS

W�TV`[O"U n PRW�W�SHThU n ` 1;0 S n ` ] P�p�P X m6U b
0 m
WlPRWhUlp X O�W�T X^]#n SHpVk6`^O,P�U n P�U{SHUhU�SHO�W�P�` ]_]R1 a
T X u
�ÅWh`^P ] y�m,SHm,SBP_O,} X O6pBS

` ¤ X � P�U n `[Th�^SHa�`^U n ` ] P�p�P X m6U b `[O"a�u@SBT ZzX T n `[O6pBSEU�m
�#SBTVU Z T X(n W�k,S�`(U�U X p�P�`?W�Sia�a
TV` � 0 `(pV�)UHJ n Ï Ú p
p X(ns0 P_O,Sia�U X(n S X[Z Whk,SsP�a
Si`^U X[Z ~KI�Ä � PxWhk/pBm6U�W X^n SBTKp ] `^UhU�P w pH`?W�P X O"U�`[O"avW�k,S¢Ä�P_O)m
� Ë+X L n `[O"`[}^SHT

W X p�ThSH`?WhSq`�Thm6a
P n SBO�Wh`^T 1gË+X L�� 0 `^U�SHa 0 m,�@SHT n `[O6`^}^S n SHO�WsU�pVk,S n S;W�k6`[W b ` ] Whk X m,}(kÂO X W�`�p ] `^UhU�P�pB` ]

p X O�W�T X^] `[u,u,T X `(pVk b U�m,u,u X T�WhU{`|W�SBO6S�W X[Z Whk,P�U�W�k,SiU�P�U b Q)P_�^JFW�k6`[W{U 1 U�WhS n � ] SHQ^S ] u,T X WhSHp�WhP X O=`^}(`[P_O6U�W n ` ] PR�

p�P X m"U X Q(SBT ]RX `^a�P�U 0 SiU�Wlu@SBT ZzX T n Siaq`[W�Whk,S�T�SiU X m,ThpBS n `[O6`^}^S n SHO�W ] SBQ(S ] JCB  "2ED-� ËGF 2�¨}���4� P�U{`sQ?`[ThP�`[O�W
j Ë fõU�pVk6S n S;W�k"`?Wsm6U�SHUsa
S ] ` 1 UtPRO"U�WhSH`^a X^Z a,T X u6U�W X U�k6`^u"S=p�m6U�W X(n SHTs`[ThThPRQ?` ] a,P_U�W�ThP 0 m
W�P X O6UHJv�{k,P_U

n S�Whk X a/pH`[O 0 S�m6U�SHa�W X PRO6pBT�Si`^U�SsO,SBW � X T��EWhk,T X m,}^k6u,m
W b `^O6a/P_UKu X UhU�P 0,] S¢a
m6S¤W X Whk,S�k,P_}^k Q?`^T�P�`[O6pBS

P_O=O,SBW � X T���u6`(pV�^SBW{`^T�ThPRQ?` ] WhP n SHUHJ�L)m6pVk=u6`^pV�(S�W�W�TV`?�Yp�W�SBO"a,U�W X¢0 StU�S ]RZ ��U�P n P ] P_`^T b ThSHU�m ] WhPRO6}¤P_O Z m6O6a,`?�

n SBO�Wh` ]R]_1E0 m,TVU�W 1 W�TV`?�Yptu6`[W�WhSBThO6U�n Ï^Ï)b4Ñ^Ñ
b@e Ø b�c(cHe p J+L)k6`^u,P_O,} n S�Whk X a,U�a
S ] ` 1 U X^n Ssp ] `^UhU�SHU X^Z W�TV`?�Yp
P_O�`^O/`?W�W�S n u,WKW X SB�@Sip�WhPRQ(S ]_1 m6U�SsWhk,S�u"SHT�P X a,U�a
m,ThPRO,} � k,P�pVk Whk,SBThS�`[ThSsO Xv0 m,TVU�WhU b4X TKS ] U�S�`?W�W�S n u
W

W X u,ThS Z SBWhpVk�W�k,Sva,`?WV`/a,m,T�P_O,}/W�k X U�SvUh` n SqWhP n SiUBJ��{k,P_U¢P_O6p�ThSH`(U�SiU|Whk,SEW�k,T X m6}^k,u,m,W X Q(SBT¤W�k,S�p X(n �

n m6O,P_pH`?WhP X O6U ] P_O,�
U 0)1 ThSHa
m6pBPRO6}qWhk,S X Q(SBTV` ]_] a
S ] ` 1 n �^� b4Ï Ø�p J|�{k,S�`[u,u6T X `^pVk,SiU�m6U�SHa�P_O �l� ~ b I�ÄDN ��b
`[O"ag~+I{Ä'`^T�S�ThSBu,ThSHU�SBO�Wh`[W�P_Q^S X[Z Whk,SqU�Wh`?WhS X[Z W�k6Sq`[T�W|PRO j Ë fÞp X O�W�T X^]_] SBTVUBJqf `[O 1 Q?`[ThP�`[O�WhU X^Z ` ]R]

X[Z Whk,SHU�S|` ] } X T�PRW�k n Ulk"`&Q^S 0 SHSBO�a
SHQ^S ]RX u"Sia b `^O6a �l� ~ `[O6a�I{Ä�N �¡ZzX T n Whk,S 0 `(U�P�U X[Z ` � P�a
S ]_1 m6U�Sia

y�m,SBm6SBP_O,} n `[O6`^}^S n SHO�W�U X^Z W � `^T�S{u6`(pV�&`^}^S b j Ä
� Ë n ciÑ p J�L X^n S�P n u X T�WV`[O�W�a
SBWh`^P ] U X^Z Whk,SHU�S+` ] } X ThPxWhk n U
`[ThSta
SHUhp�ThP 0 Sia 0 S ]_X � J



� Ï

�l� ~ P�U¤a
SiU�P_}^O6SHaÂW X a
T X u83,C ê p�m"U�W X^n SBT¢`[ThT�P_Q?` ] � k,SHO8Whk,S X Q(SBTV` ]_] `&Q^SHTh`^}^S;y�m,SBm,S ] SHO,}[Whk

S��,pBSBSHa6U|`vu,ThSHU�S�W ] P n PRWHJ�L�Wh`^T�WhPRO,} Z T X^n W�k,P�U ] P n PRW=�zW�k,S*��¶_¹,¶y�q²#�õ·��6®�¯�°>�@±?ºªµ)� bD��� ~øP_O6pBT�Si`^U�SHUKW�k6S
u,T X^0 ` 0 P ] PRW 1�X[Z a,T X u,u,P_O,}¤`¤O,S � `[ThT�P_Q?` ]@] P_O,Si`[T ]R1 � PRW�k=W�k,Sty�m,SBm6S Á U�`&Q(SBTV`[}(S ] SHO,}[Whk)þ Z T X(n �BSBT X m6uqW X

` n `?�
P n m n a
T X uvTV`?W�S�Whk6`?WKP_U�T�Si`^pVk,Sia=`[W+`YU�u"Sip�P w SHa n `[�)P n m n `&Q(SBTV`[}^S�y�m,SBm6S ] SHO,}[Whk�W�k6T�SiU�k X(] a�J

�{k,SYThSHU�m ] WsP�Us`[O8` ] } X ThPxWhk n Whk6`?W¢P_UsS��#SHp�W�P_Q^SYP_O n `[O6`^}^P_O,}�y�m,SBm6S ] SHO,}[Whk6U bF0 m
W|W�k"`?W¤P�U|m6O6` 0,] S;W X

u,T X Q)P_a
S Z `[P_T���U�k6`[ThS�`^pBpBSHUhU�W X W�k6S|y(m6SBm,S b U�P_O6pBS�` ]R] u"`^pV�^SBWhUl`^T�S�a
T X u,u@SHa � PRW�kEW�k,S|Uh` n S�u,T X^0 ` 0 P ] PRW 1 �

W�k6S Z S � u6`(pV�^S�WVU{PRO�`;U n ` ]_] p ] `^UhU�`[ThS���m6U�W+`^U ] P_�^S ]_1 W X;0 S¤a
T X u,u@SHav`^U{Whk,S n `[O 1 u6`^pV�(S�WhU{P_O�` ] `[Th}^S

X O6S^Jv�{k,P_U|P_U 0 `^a�P Z Whk,SqU n ` ]_] �©p ] `^UhUtp X O,O,SHp�W�P X O6Us`[ThS;P n u X T�Wh`[O�Wq�ªS^J }6JES n `[P ] � 0 m
W|Whk,S ] `[Th}^S��©p ] `^UhU

X O6SHU¢p X O"U�m n SqW�k,SvO,SBW � X T�� 0 `[O"a � P_a
W�k×�ªS^J }6Jg`/Q�P�a
S X U�W�ThSH` n � b `^U¤PxWYp�ThSH`[W�SiUsa
P�U�u6T X u X T�WhP X O6`?WhS ]_1

] `[Th}^S ] `?W�SHO6p�P_SHU�PROvWhk,S¤U n ` ]_] �©p ] `^UhU�W�TV`?�Yp^Jl¨©O�`^a,a
PRW�P X O b Whk,Ssu6`^Th` n S�W�SHThU X^Z��l� ~ n m6U�W 0 S¤pH`[ThS Z m ]_]R1

W�m6O,SHa ZzX T{U�u@SHpBP w p�W�TV`?�Yp�Uhp�SHO6`[ThP X UHJ=HKµ�ÿ�&�·ª¶��&¯JI q � X Q^SHThp X^n SHU§W�k,S � Si`[�)O,SiU�U X[Z u,ThSHU�S�W�u6`[TV` n S�WhSBTVU
0)1 `^a&��m6U�W�P_O,}sW�k,S n a 1 O6` n P�pB` ]_]_1 Q)P�`s`[OEÿ)µo�@±,³�u,T X u X T�WhP X O6` ] p X O�WhT X(] U 1 U�W�S nvb�0 `^U�SHa X OYW�k,S�p�m,ThThSBO�W
`&Q^SHTh`^}^SKy(m6SBm,S ] SBO,}^W�k�`[O6aE`�U�P_O,} ] S�u,ThSHU�S�Wlu6`^Th` n SBW�SHTH�FW�k6S|a
SHU�PRThSHaE`&Q^SHTh`^}^S�y�m,SHm,S ] SBO,}^W�k�J

I{Ä�N � WV`[�^SiU§`[O;`[u6u,T X `^pVk¢U�P n P ] P_`^T�W X|�l� ~ 0)1 a
T X u,u6PRO,}tpBm6U�W X^n SBTVU � PRW�k X m
W�T�SH}(`^Tha|W X p ] `^UhU b

0 m
W�PRW n `^PRO�Wh`^PRO"U+`=U�P_O,} ] S¤y�m,SHm,S�a
T X u�u,T X^0 ` 0 P ] PRW 1 PRO6U�W�Si`^a X^Z W�k6S¢`^T�TV` 1=X^Z u6`^Th` n SBW�SHThUlO6SBSHa,SHa 0)1

�l� ~¤J��{k,P�U�u,T X^0 ` 0 P ] PRW 1 P_U�P_O6pBT�S n SHO�W�SHa � k,SHO/u6`(pV�^SBW ]_X UhU�P_UKO X W�Sia�`^O6a a,SHp�ThS n SHO(WhSHa � k,SBO/W�k6SBThS

P�UtO X O6S^Jq¨©OÂWhk,P�UsU�SBO6U�S;PxW¤P_U|U X^n S � k6`?Ws`^��P_O�W X j a,`^u
W�P_Q^S ��� ~ � PRW�kgPRWhU¤U�P_O,} ] S;u,ThSHU�S�W|u6`^Th` n S�W�SHT

�­Whk,Sla
SHU�P_T�Sias`&Q^SHTh`^}^S�y�m,SHm,S ] SBO6}[W�k@��J§I{Ä�N � P_U�SB�@Sip�WhPRQ(S 0 SHpH`[m6U�S�` ] Whk X m6}^k|u@SBTVU�P�U�W�SBO�W ]R1t]_X O,}�`&Q^SHTh`^}^S

y�m,SBm6S ] SBO,}^W�k6UF`[ThSb&�±?°h°�¶�¸?ºz¯�P_O6a
P�pB`?W X TVU X^Z p X O6}^SHU�W�P X O b u"`^pV�^SBW ]_X UhU�P_O¤`lO,SBW � X T��KP�UD`|µ)¯�x,¹6¶«·©¯�U�PR}(O X[Z PRWHJ
¨©O|`^a6a
PxWhP X O b O X k)m n `[O�Whm,O,P_O,} X^Z u6`[TV` n S�WhSBTVU4P�U�O,Sip�SHUhUh`[T 1 `^U � PxWhk �l� ~ b `^O6at`[m,W X^n `[W�P�p�`^a&��m"U�W n SHO�W

X[Z Whk,S+U�PRO6} ] S b PRO�W�m6PxWhPRQ(S�a
T X u;u,T X^0 ` 0 P ] PRW 1¤X^Z I�ÄDN � P�U�Si`^U�PRSHT§W�k"`[O;Whk,S n m ] WhPRu ] S+u6`[TV` n S�WhSBTVU X[Z��l� ~sJ

�{k,S¢a,`?WV` ]_X UhU+pBT�Si`?W�Sia 0)1 j Ë f n SBW�k X a,U ] PR�(S �l� ~ X T+I{Ä�N ��b � k,P�pVk�m6U�Ssu6`(pV�^S�W�a
T X u6U�W X U�P_}^O6` ]

P n¢n P_O,SBO�W|O,SBW � X T��/p X O6}^SHU�W�P X O b T�SiU�m ] WhU�P_OÂT�SBW�TV`[O6U n P_UhU�P X O6U+W�k6`[WspB`[O�S��,`(p�SBT 0 `[W�S�p X O6}^SHU�W�P X O�J��{k6S

U X^] m
W�P X O�W X W�k,P�U�u6T X(0,] S n P�U4W X m6U�S�S��
u ] P�p�PRW�O X WhP w pB`?WhP X O6U�P_O6U�W�Si`^a X[Z u6`(pV�^SBW�a
T X u6U#W X U�P_}^O"` ] p X O,}(SHU�W�P X O

W X m,u"U�WhT�Si` n�n S n¤0 SHThU X[Z `¢O,SBW � X T��j¤ X � J
qsr &#º_¶ª³h¶«·�t�±&¹0v,¯�°H·ª¶z±&¹�wK±
·ª¶yx4³Vÿ,·ª¶z±&¹�� ��\�� ��`?W�W�S n u
WVU�W X `(pVk,PRSHQ^S{Whk,P_U 0)1 `^UhU�P_}^O,P_O,}tO,S � n SH`[O,�

P_O,}�W X S��
P_U�W�P_O,} 0 PxW w S ] a,U|P_O8¨ � u"`^pV�^SBWhU|`^O6aÂm6U�PRO6}�W�k,SiU�S 0 PxWVU¤`(Usp X O,}(SHU�W�P X O
��PRO"a
P_pH`?WhP X O�¤"`^}(U�n d(Ï p J



�[�

Ã¥k,SHOv`¢O,SBW � X T��;O X a,S�a,S�W�Sip�WVU{P n�n PRO6SBO�W ]RX pH` ] p X O,}^SiU�WhP X O/�«`^U n SH`(U�m,ThSHa 0)1 W�k,S ] SBO6}[W�k X[Z PxWVU X � O

u6`(pV�^S�W�y�m,SBm,SiUh� b PRW;pH`[O�U�P_}^O6` ] PRWhU¢O,SHPR}(k 0"X ThUsW X u,ThSBS n u
WhPRQ(S ]_1 PRO,PRW�P�`?WhSEW�k,SHPRTñ¤ X � p X O�W�T X^]�n SHpVk6`[�
O,P�U n UHJt�{k,P_UK`[u6u,T X `^pVk X(0 Q)P X m6U ]_1 ThS ] PRSiU�m6u X O/p X)X u"SHTh`[W�P X O 0 S�W � SBSBO O,S�W � X Th�=O6SBP_}^k 0"X ThUK`^U � S ]R] `(U

n�X a
P w pB`?WhP X O6U�W X S��
P�U�WhPRO6}¢� \���¬ ¨ � P n u ] S n SBO�Wh`[W�P X O6UHJ ��\�� u@SBT ZzX T n U � S ]_] PROvp X)X u@SBTV`?WhPRQ(S+O6S�W � X Th�

SBO)Q)P_T X O n SBO�WhU b `[O"a¤P�U§P_O¢W�k,S�u6T X p�SiU�U X^Z@] `[Th}^S ]R1 ThSBu ] `(p�P_O,}�u6`^pV�(S�W�a
T X u6U§`(U�W�k,S�p X O,}(SHU�W�P X O
�©U�PR}(O6` ]_] P_O,}

UhpVk,S n S X[Z pVk X P_pBS�n d �Qp JsI�SHpH`[m6U�S X^Z PxWVUKT�Siy(m6PRThS n SBO�W ZzX TKO X a
S��ÅW X �ÅO X a,S¢p X�X u"SHTh`[W�P X O b k X � SBQ(SBT b"��\��
pB`^O,O X W 0 Ssm6U�SHa�P_O�Whk,S|W 1 u@SHU X[Z�n ` ] P�p�P X m6U�SBO)Q)PRT X O n SHO�WhU�`(a,a
ThSHUhU�SiavPRO�W�k,P�U+W�k,SiU�P�U+U�P_O6p�S n ` ] P�p�P X m"U

P_O(WhSBO�W b60�1 a
S w O6PxWhP X O b u,ThSHp ] m6a,SHU{S��#SHp�W�P_Q^S|p X�X u"SHTh`[W�P X O�J

j ]_]6X^Z Whk,SHU�S j Ë f n S�W�k X a6U�`[ThS�ÿ)µ��@±,³ b^] PRO,Si`[T b u,T X u X T�W�P X O"` ] p ]_X U�SHa
� ]_X)X u Z SBSHa 0 `^pV�¢U�pVk,S n SHUHJ
�{k,S 1 k6`&Q^S�W � X � Si`[�)O,SiU�U�SHU � PxWhk=ThSHU�u"Sip�W�W X ~ X L;u,ThSBQ(SBO�W�P X O�J�oFP_ThU�W b Whk,S�Q&`^T�P�` 06] SiU�W X¤0 SKp X O�W�T X^]_] SHa

`[ThS;m6U�m6` ]_]_1 }(`^m6UhU�P�`[OÂU�WV`?WhP_U�W�P�pBU b U�m6pVkg`^UtW�k,Sq`&Q(SBTV`[}(S¤y�m,SBm6S ] SHO,}[Whk�Jv�{k,P_UsP_U|O,SHpBSHUhU�`^T 1 W X�X^0 WV`[P_O

` n SH`^U�m,ThS X^Z U�Wh` 0 P ] PRW 1 PRO�W�k6S Z `(p�S X[Z W�k,S�SHO X T n�X m6U¤Q?`[ThP_`^O6p�SEu,ThSHU�SBO�W;PRO�O,SBW � X T��ÂWhTh`[�;pEy�m,SBm6S

] SBO,}^W�k6U b(0 m
W�p�ThSH`[W�SiU�W�k,S+a,`[O,}(SBT§Whk6`?W�W�k,SK`&Q^SBTV`[}(S�y�m,SHm,S ] SBO,}^W�k n P_}^k�W�O X W 0 S�T�S ] `[W�SHa¤W X W�k,SK`^p�W�m6` ]

p X O,}^SiU�WhP X O�U�Wh`?WhS^J8o X T¢S��,` n u ] S b P Z Whk,SEW�TV`?�YpqpVk6`^Th`(p�WhSBThP_U�W�P�pBUsS��
k,P 0 PxW;` 0 P n�X a,` ] a,P_U�W�ThP 0 m
W�P X O X[Z

a
S ] ` 1 Us�ªP«J S^J b U X(n S 0 m,TVU�WVU X^Z u6`^pV�(S�WhU+`[ThT�P_Q^S � PRW�k ]RX � a
S ] ` 1(b `^O6a�U X^n S � PRW�k k6PR}(k�a
S ] ` 1 � b W�k,SHO�W�k6S

`&Q^SHTh`^}^SKy(m6SBm,S ] SBO,}^W�k n ` 1q0 S ]_X � a
m6T�P_O,}�u"SHT�P X a,U X[Z k,P_}^k�p X O,}^SiU�WhP X O�JF�{k6P_U Z `(p�W�pB`^O 0 StS��
u ]_X PRW�Sia

0)1 `�U ]RX � ��TV`?W�S;~ X L�`?W�Wh`(pV�@JvL)SHp X O6a b W�k6SHU�S j Ë fõ` ] } X ThPRW�k n U � SBThS¢O X W¤a
SiU�P_}^O6SHa�m6U�PRO,}�` ZzX T n ` ]

p X O�W�T X^] W�k,S X ThS�WhP_pt`^u,u,T X `^pVk b `^O6aqW�k,StThSHU�m ] W�P_U{P_O6U�Wh` 0 P ] PxW 1 J �l� ~À`[O6a j a,`^u
W�P_Q^S �l� ~ b,ZzX T�S��,` n u ] S b

`[ThS��)O X � OqW X p�ThSH`[W�S�y(m6SBm,SB� ] SBO,}^W�k X U�pBP ]_] `?W�P X O"U�m,O"a
SBT�pBSBT�Wh`[P_O ]_X `(a,U�n Ï,c p b `¤u,T X(0,] S n W�k"`?W�W�TV`[O6U ] `[W�SiU
a
P_T�Sip�W ]R1 PRO�W X P_O6p X O6U�P_U�W�SHO�WsU�SHT�Q)P�p�SYa
S ] ` 1 Ut`[O"a�~ X L�Q)m ] O,SHTh` 0 P ] PRW�P_SHUHJ=�{k,SiU�S X U�pBP ]_] `[W�P X O6Ut`^T�S;`�U�P_a,S

S��#SHp�W X[Z m6U�P_O,}qU ]RX � u,T X u X T�WhP X O6` ] p X O�W�T X^]Åb `(UlS��
u ] `[P_O,SHavP_O \ k6`^u
W�SHT Ï J�¨©O �l� ~ b Whk,P�U�u,T X^0,] S n k6`(U

0 SBSBO/`^a,a
ThSHUhU�SHa 0)1 Whk,S¤`^u,u ] P_pH`?W�P X O X^Z p ] `(U�U�P�pB` ] p X O�WhT X(] W�k,S X T 1 W X P n u6T X Q(S�W�k,S¢U�u@SBSia X[Z W�k,S �l� ~

p X O�W�T X^] T�SiU�u X O6U�S�n ����p m"U�P_O,}v`*¤6m6P_a)��¤ X � n�X a
S ]FX^Z � \�� n Ø d p J�L)P n m ] `?W�P X O/T�SiU�m ] WVU+P_O-n �)�%p U�k X � W�k6`[W
U�PR}(O,P w pB`[O�W�P n u,T X Q^S n SHO(WVU4P_O �l� ~ Á U�p X O�W�T X^] ThSHU�u X O6U�S�pB`^O 0 S{`^pVk6PRSHQ^SHa � PRW�k|SHQ^SHOs`�U�P n u ] S�p X O�W�T X^]_] SHT

X[Z W�k,SKW 1 u"S�a
SiU�pBT�P 0 SiaYP_OEL)Sip�WhP X O Ï J � J�¨©OEp X O�WhTh`(U�W�W X W�k,SiU�S j Ë fô`^u,u,T X `^pVk6SHU b W�k6S n SBW�k X a,U�P_OqWhk,P_U

W�k6SHU�P_U�`[ThS�a
SHU�PR}(O,SHa¢W X m6U�S n�X ThS�U X u,k,P�U�WhP_pH`?WhSHa�p X O(WhT X(] `[u6u,T X `^pVk,SiU b a X O X W�a
SBu@SBO6aYm,u X OY`[}(}^ThSB}(`[W�S

U�Wh`?WhP_U�W�P�pBU§`(U�p X O�WhT X(] Q?`^T�P�` 0,] SHU b `[ThS{`[u,u ] P�pB` 06] S�W X ` � P_a,S�Q?`^T�P_S�W 1tX^Z ThSHU X m,TVp�S n `^O6`[}(S n SBO�W�u,T X^0,] S n U b



� Ñ

`[O"a=P_O6p X Thu X Th`[W�SKO X O ] P_O,SH`^T�PRW�P_SHU{P_O X TVa
SBT{W X `^pVk,P_SBQ(SKp X O6U�P_a,SBTV` 0,] S�u"SHT ZzX T n `[O"p�S�P n u,T X Q^S n SBO�WhU X Q^SHT

] PRO,Si`[T j Ë f n S�W�k X a6UBJ

Ï�Ó)K -/�����
�,������
�� ×{��Öh�[½Â�F�6
 ×¶Õ��^�

�¿Í�

�{k,S 0"X a 1qX[Z�] PRW�SHTh`[W�m,ThS X O=u6T�P_O6p�P_u ] SHaEp X O(WhT X(] �ÅW�k6S X ThS�WhP_p n SBW�k X a,U�þ¡W�k X U�SKW�k"`?W�m6U�S�WhTh`^O6U Z SBT��

Z m,O6p�W�P X O
� 0 `(U�Sia X T � ¨�~�� 0 `^U�SHaEa
SHU�P_}^O=`^O6aE`[O6` ]R1 U�P_U�`[u,u6T X `^pVk,SiU©þ¥P_U�Q?`^U�WHJ§Ä�P_O,Si`[Tlp X O(WhT X(] P�Ulp X Q(SBThSHa

P_O n `[O 1 WhS��)WhU b?X[Z � k,P_pVkän Ï(e p `[O"a*n e^d p �ª}^SBO6SBTV` ] W�k,S X T 1 �D`[O"a*n Ø%p � � ¨�~�W�k,S X T 1 �D`[ThS�u"SHThU X O6` ]^Z `&Q X ThPxWhSHUHJ
� ¨�~ p X O(WhT X(]«b P_Ogu6`[T�W�P�p�m ] `[T b k6`^U 0 SHSBO8U�W�m6a
P_SHa8S��)W�SHO6U�P_Q^S ]R1 a
m,SqW X PRWhUsu,T�SHQ?` ] SBO6pBSYPRO n `^O�m Z `^p�Whm,T��

P_O,}�u,T X p�SHUhU�SHU��§PxW¢P_U¤SHU�W�P n `?W�Sia�W�k6`[W X Q(SBT d � 5 X[Z p X O�W�T X^]�]_X)X u6U¤`[ThS X[Z W�k6S � ¨�~íW 1 u"S�n Ø%p J�HKµ �@±,³
p X O�W�T X^]_] SHThU ZzX T�U X[Z W � `[ThS�U 1 U�W�S n U�`^T�S � P_a
SiU�u6T�Si`^a b `[O6a;U X^n S�`^u,u ] P_pH`?W�P X O"U X[Z p X O�W�T X^] �«Whk,S X T�SBW�P�p�WhSHpVk
�

O,P�y�m,SHUKW X U X^Z W � `^T�S¢a 1 O6` n P�pBUt`[ThS¢S n SBTh}^P_O,}6J�¨©O/W�k,S w S ] a X^Z ThSH` ] �ÅW�P n S�U 1 U�WhS n U b4ZzX TtSB�
` n u ] S b W�k6S

o,SHSHa 0 `^pV��� \�X O�W�T X^]
� `^T ] PRSiU�W�~+SH`(a ] PRO,SKoFPRTVU�WK�ªo \ � � ~Ko§��` ] } X T�PRW�k n P�U§W�k6S�p X O(WhT X(] �ÅW�k6S X ThS�WhP_p{U�m6pBpBSHUhU X T

W X W�k,S � `[T ] P_SHU�W�~�Si`^a ] P_O,S�oFPRTVU�W+� � ~Ko§��UhpVk,Sia
m ] SBTiJ � ~Ko�P_U�` � S ]R] ��SHU�Wh` 06] P�U�k6SHa¢p X O�WhT X(] `[u,u6T X `^pVk¤W�k6`[W

u,ThP X T�PRW�P_�BSiU�� X^0 U�`^pHp X TVa
P_O,}¢W X Whk,SBP_T � X TVU�W��©pB`^U�S�a
SH`(a ] P_O,SiUBJ \�] `^UhU�P�pB` ] k6`[TVa)��T�Si` ] �«WhP n StU�pVk6SHa
m ] P_O,}q`[u,�

u,T X `(pVk,SHU�U�m"pVkE`(U � ~+o�`[ThSs±�&�¯V¹"´ªº­±)±�&�`[u6u,T X `^pVk,SiU�Whk6`?W b � k,SHO=u,T X Q)P_a,SHa � PxWhkEp X^n u ] S�W�S��)O X � ] SHa
}(S
X[Z Whk,S|WV`^U��
U{W X=0 S¢U�pVk,Sia
m ] SHa�`^O6avW�k6S|W�P n SsP_O � k,P�pVkvW X U�pVk,Sia
m ] StW�k6S nvb pB`[O�p X^n u,m
WhS¤`^O X u
WhP n ` ]

UhpVk,SHa
m ] S(JEÃ¥PRW�k X m
W�U�m6pVk�ÿ3&#®�¶z±&®h¶��)O X � ] SHa
}(S b k6`[TVaÂU�pVk6SHa
m ] P_O,}�}^m"`[TV`[O�W�SHSHUtpB`^O,O X W 0 S n `(a
Sq`^O6a
u@SBT ZzX T n `^O6p�S n ` 1 U�m,�@SHTY`^U�`Âp X O"U�Siy(m6SBO6pBS^J�¨©O�W�k6P_U;pH`^U�S b�X O,S n ` 1 )�U X[Z WhSBO + Whk,S�}^m"`[TV`[O�W�SHSHU 0)1
` ]_]_X � PRO,}tU X^n SF� X^0 U�W Xtn P�U�U�Whk,SBP_T�a
Si`^a ] P_O,SHU b U�m6pVk;`^U�P_O�W�k,S�u,T X(0 ` 0 P ] P_U�W�P�p n SH`[O,�«WhP n S�UhpVk,SHa
m ] P_O,}|`[u,�

u,T X `(pVk X[Z n c �[��p J�¨©OvU�m6pVkE°V±�ª©·F®�¯�ÿ[º�´�·ª¶y�q¯�UhpVk,Sia
m ] SBTVU b�Z SBSia 0 `(pV�YpB`[O 0 SKP_O6p X Thu X Th`[W�SHa;W X�X u
WhP n P_�BSKW�k6S
UhpVk,SHa
m ] SiU 0 `(U�Sia X O/a
P�U�pBT�SBW�SB�«WhP n SsP_O6U�Wh`^O(WV`[O,S X m6U+u@S ZzX T n `[O6pBS^Jt�{k,S Z SBSia 0 `^pV��`^u,u,T X `(pVk�PROÎn e p b#ZzX T
S��,` n u ] S b u,T X Q)P_a,SHU ZzX T�� X^0 U§W�k"`?W n P�U�U�W�k,SHPRT{a
Si`^a ] PRO6SHU§W X U�SBO6aY`|O X WhP w pH`?WhP X O 0 `^pV�¤W X Whk,S+UhpVk,Sia
m ] SBTiJ

�{k,P�UlO X W�P w pB`[W�P X O�pB`^O=Whk,SBO 0 S|m6U�SHa=W X P_O6pBT�Si`^U�S+Whk,S{� X^0 U Á u6T�P X ThPxWhPRSiU{PROvWhk,StO,SB��WKU�pVk,Sia
m ] PRO6}¢SHu X pVk�J

�{k,P�U�U�P n u ] Sta
P_Uhp�ThS�WhS��ÅW�P n S�`^u,u,T X `(pVk b � k,P_pVkvP�UlU�P n P ] `[T{W X W�k6`[WlWh`^�^SBO 0)1Y0@X W�k � �
u ] P�p�PRW \�X O,}(SHU�W�P X O

��X W�P w pB`[W�P X O¥�­W X PRO"a
m6p�S Z `(U�W|O6S�W � X Th��u"SHSBTVU�W X U ]RX � a X � O/W�k,SHPRTsp X^n�n m6O,P_pH`?WhP X O6Uh�K`(U � S ]R] `(U�W�k6S

I{Ä�N � ` ] } X T�PRW�k n �zW X U�W�SHSBT�W�k,S�`&Q^SHTh`^}^S ] SBO,}^W�k X^Z O,S�W � X Th�¢y�m,SHm,SHU�W X � `[TVa,U�`¤a
SHU�P_T�Sia;Q?` ] m,Si� b � X Th�
U

� S ]_] P_O�u,TV`^p�WhP_pBS^Jl» X � SBQ(SBT b PRW+P�U+`;k6SBm,ThP_U�W�P�p n S�Whk X avW�k"`?W�P�U�O6SBPRW�k,SHT+` n SHO6` 0,] StW X;ZzX T n ` ] `^O6` ]_1 U�SiU



� Ú

W�k6T X m,}^kvWhP n S�� X T Z T�Siy�m,SBO6p 1 ��a X(n `[P_O=WhTh`^O6U ZzX T n U�þ¥PRO�p X O�W�TV`^U�W�W XY] P_O,SH`^T�W�TV`[O"U ZzX T n � Z m,O6p�WhP X O
� 0 `^U�SHa

p X O�W�T X^] W�k6S X ThS�WhP_p�`^u,u,T X `^pVk6SHU�þ¡O X T�U�m,u,u X T�W�Sia 0)1 ` 0 T X `^a 0 `^U�S X[ZFX u@SBTV`?W�P X O"` ] S��
u@SBThPRSHO6p�St`^O6aET�SB�

U�SH`[TVpVkv�zP_OYp X O�WhTh`(U�W§W Xt� ¨�~×`^u,u,T X `(pVk,SHUV��J�¨©OY`(a,a
PRW�P X O b W�k,S�W�P n SKy�m6`[O�Wh`Km6U�SHa;pH`[O�k6`&Q(S�`tU�P_}^O,P w pH`[O�W

P n u"`^p�W X OÂW�k6Sqp X O(WhT X(] U 1 U�W�S n ThSHU�u X O6U�S^J j Us`�T�SiU�m ] W b W�k6Squ@SBT ZzX T n `^O6p�S X^Z ` ] } X ThPxWhk n U 0 `(U�Sia X O

W�k6P_UY`^u,u,T X `(pVk�pB`^O X O ]_180 S�pVk"`[TV`^p�WhSBThPR�HSHaÂWhk,T X m,}(k�P_O6a
P_Q)P_a
m"` ]Åb S n u6PRThP_pH` ] U�W�m6a,PRSiU b `[O6a�O X u,T X Q��

` 06] S�U�WV`?WhS n SBO�WhUKpB`^O 0 S n `(a
S¢` 0"X m
WKW�k,S 0 SHk6`&Q)P X T�Whk,S�p X O�WhT X(] U 1 U�WhS n UBJ|�{k6S ZzX T n ` ]Fn S�Whk X a,U X[Z

p X O�W�T X^] W�k6S X T 1^b PROYp X O�W�TV`^U�W b[Z `^p�P ] PxWV`?W�S 0@X Whk;u"SHT ZzX T n `^O6p�S�`^O6` ]_1 U�P�U§`^U � S ]_] `(U§u,ThPRO6pBPRu ] Sia;p X O�WhT X(] U 1 U��

W�S n a
SiU�P_}^O�J��{k6S�o \ � � ~+o8` ] } X ThPxWhk nvb�ZzX TlS��,` n u ] S b � `^U{a
SiU�P_}^O6SHaE`^U{` � ¨�~ãp X O�W�T X^] U 1 U�W�S n � k X U�S

n�X a
S ] u6`^Th` n S�W�SHThU � SBThS�pVk X U�SBO�` Z W�SHT�U X ��pH` ]_] Sia'�1L?�NM'�ªI X m,O6a
Sias¨©O,u6m
W ¬ I X m,O6a
Sia��+m,W�u,m
W���U�WV` 0 P ] PxW 1
`[O"` ]_1 U�SHU b `YU�Wh`^O6a,`^Thavp X O�W�T X^] �«Whk,S X T�SBW�P�pKa,SHU�PR}(O�u,T X pBSHa
m,ThS^Jl�{k,SsT�SiU�m ] W�P�U�`Yp X O�W�T X^] ` ] } X ThPRW�k n W�k6`[W

X u,W�P n P_�BSiU�u@SBT ZzX T n `[O6pBS n S�WhT�P�pBU�U�m6pVk `^U�W�k,S�UhpVk,SHa
m ] SHT n P�U�U��ÅTV`?WhP X�O n Ú � b Ú Ñ p b � k,P ] S¢U�P n m ] WV`[O,S X m6U ]R1
0 SBP_O,}qu,T X Q?` 0,]_1 U�Wh` 0,] S^J�L�Whm6a
P_SHUKU�k X � Whk6`?W�o \ � � ~+o¡a
TV` n `[W�P�pB` ]_]_1qX m,W�u@SBT ZzX T n U � ~Ko¡PRO U X[Z W+T�Si` ] �

W�P n StU�pVk,Sia
m ] PRO6} b `[O6aqW�k"`?W{PxW�a X SHU{U X P_Ov` n `[O6O,SBTlp X O6U�P_U�W�SHO(W � PRW�kEu"SHT ZzX T n `[O"p�S�u6T�Sia
P_p�W�P X O6U n `^a,S

u X UhU�P 0,] S 0�1 W�k,S;W X)X^] U X[Z p X O�WhT X(] W�k,S X T 1 JY�{k,S n S�Whk X a,UtP_O�W�k,P�UtWhk,SHU�P_Ut`^T�S;a
SiU�P_}^O6SHa/W X U�m,u,u X T�W|`

p ]_X U�SHa
� ]_X)X u b p X O�W�T X^] �«Whk,S X T�SBW�P�p�`[u6u,T X `^pVk b `^O6as¨Fa X O X W�p X O6U�P_a
SHT X u@SBO
� ]RX)X u X T�O X O
�©p X O�WhT X(] �ÅW�k,S X ThS�WhP_p

n S�Whk X a,U Z m,T�W�k,SHTHJ

\�]RX U�Sia)� ]RX)X u b p X O�W�T X^] �ÅW�k,S X ThS�W�P�p n S�Whk X a,U¢k6`&Q^SE` ] U X�0 SBSHO�`^u,u ] PRSia8P_O�`�Q?`^T�P_S�W 1�X[Z U X[Z W � `[ThS

`[u6u ] P�pB`[W�P X OÂ`[ThSH`(U�P_Og`^a,a
PRW�P X O/W X Whk X U�SK��m6U�W n SHO�W�P X O,Sia P_OE� X^0 U�pVk,Sia
m ] PRO6}6J � �,` n u ] SHU X^Z p X O�W�T X^] �

W�k6S X ThS�WhP_p�`^u,u ] P_pH`?W�P X O"U{PRO�U X[Z W � `[ThS+P_O6p ] m6a,S|`^a n P�U�U�P X OEp X O�W�T X^]#ZzX T{W�k,S¤Ä X Whm6U ��X W�SiUlS ] SHp�W�T X O,P�p n `^P ]

U�SBThQ^SBT%n Ï(Ñ(b,e Ú p b
X u@SBTV`?WhPRO6}¢U 1 U�WhS n u,T X p�SiU�U{UhpVk,SHa
m ] P_O,}�n Ú c?b Ú � b Ú Ñ
b4c � d p b a
P�U�W�ThP 0 m,W�SHaEUhpVk,SHa
m ] P_O,}�n c � e p b
U�SBThQ�P�p�S=a
S ] ` 1 U|P_O � S 0 U�SBThQ^SHThU�n c&b Ú � b Ú(Ú b Ú Ø b�d Ø�p b u,T X p�SiU�U�PRO6} a
S ] ` 1 U|P_O � S 0 U�SBThQ^SHThU�n �(��p b�n S n¢X T 1
`[O"a \�� N m6Uh`[}(S 0)1 � S 0 U�SHT�Q(SBTVU�n � c p b pH`^pVk,Sva
SHpH` 1 n c(c Ú p b a,`[Wh` n P_}^TV`?WhP X O�P_O�U�W X Th`^}^SqU 1 U�WhS n U�n Ú Ï p b
P_O(WhSB}(Th`[W�SHatpBPRTVp�m6PxWDW�k,SHT n ` ]�n `[O6`^}^S n SHO�W�n c � Ú p b `[O6a¤a 1 O6` n P�p�Q X^] Wh`[}(S�U�pH` ] PRO6}�n Ú e)b�c �^�Qp JD¨©O¤` ]_]�X[Z W�k6SHU�S
pB`(U�SiU b ` n�X a
S ])X[Z W�k,SlU 1 U�W�S n W X�0 S�p X O�W�T X^]_] Sia�þ¡W�k,Ss&#º­ÿ?¹#· b P_OsWhk,S�W�SHT n P_O X^]_X } 1KX^Z p X O�W�T X^] W�k,S X T 1 þ¥P�U
ThSHy�m,P_T�Sia=P_O X TVa
SHTlW X `^u,u ]_1 p X O�W�T X^] �«Whk,S X T�SBW�P�p+W�SHpVk6O,P_y�m,SiUBJ j ] W�k X m,}(kvW�k,P�U n�X a
S ] pB`^O 0 S¢a
SBQ(S ]_X u@SHa

Z T X^n×w ThU�W�u,ThP_O6p�P_u ] SHU b ` n�X T�SB��p X^n�n�X Ot`[u,u6T X `^pVkKP_U�W X m6U�S�U 1 U�WhS n �ÅP�a
SHO(WhP w pB`?WhP X O�W�SipVk,O,P�y(m6SHU � PRW�k X �"�
P á { R P I Y�Y Ý E H K I F I Y K!{ Rsa E F a F E K I F Z F�S�Q�F G Y K!{ H K P I Y�Y K!{ R I E f R H�f J I=Z R Y F N K F�S H J=J K�{ F Y R Q!F G Y K!{ H KOT R E R Y ` { R f N J=R f 7



��Ø

] PRO,S¢U�WV`?WhP_U�W�P�pB` ]�n SH`^U�m,ThS n SBO�WVU{W Xqw W�u6`^Th` n SBW�SHThU{W X `;u,ThS��©pVk X U�SHO b pB`^O X O6P_pH` ] a
PR�#SBThSBO�W�P�` ] �ÅSiy�m6`?WhP X O
�

0 `(U�Siavu ] `^O�W n�X a,S ] J��{k,S¤U�W�SHu6U�ThSHy�m,P_T�Sia=W X m"U�SsU�m6pVk�`YU 1 U�WhS n ��P_a
SHO�W�P w pB`[W�P X O�`[u,u6T X `^pVkvk6`&Q^S 0 SBSHO

ZzX T n ` ] PR�HSHaEP_OvW�k,SØt�±&¹#·ª®�±&º4R;ÿ[®�¯ n P�a,a ] S � `[ThS|`[TVpVk,PxWhSHp�W�m,ThS�n c � c p Jl»�SHT�S b P_O�p X O�WhTh`(U�W b ¨{m6U�S¤`�u,T X pBSHUhU
n�X a
S ] �«`�f�`[Th� X Q�I�P_T�Whk ¬ ~+SH`[W�k \ k6`[P_O"� b � k,P�pVkÂu X U�U�SHUhU�SiUt`EO6`?Whm,Th` ] p X T�ThSHU�u X O6a
SHO6p�S¤W X Whk,SYU�WV`?WhS

`[O"a 0 SBk6`&Q)P X T X[Z W�k,S�u ] `[O�W b `^O6aqm"U�S X O,� ] PRO6S+SiU�WhP n `?WhP X OYW X a,S�W�SHT n P_O,S+W�k,S n�X a
S ] u6`^Th` n S�W�SHThUHJ��{k,P_U

`[u6u,T X `^pVk;k6`(U�W�k,St`^a,Q&`^O�Wh`[}(SHU X[ZD0 SBP_O,}�`^pHp�SHUhU�P 0,] S��­W�k6S�U�Wh`[W�S X[Z Whk,Stf�`[Th� X Q \ k6`^PRO=T�S ] `[W�SHU�a
P_T�Sip�W ]R1

W X W�k6S¢U�Wh`[W�S X[Z Whk,S¤ThSHU X m6ThpBSi�l`^O6a `(a,`[u
WV` 0,] S b TV`?Whk,SBT+W�k6`^O/` 0 U�WhTh`(p�W+`^O6a w �)Sia4J|oFPRO"` ]_]R1(b W�k,S �l� ~

O,SBW � X T���p X O,}(SHU�W�P X O/` ] } X ThPxWhk n þ¥`^O SiU�WV` 0,] P_U�k,Sia b k,SHm,ThP_U�W�P�p�p X O�WhT X(] `^u,u,T X `(pVk)þ¡k"`^U 0 SHSBOg`[O6` ]R1 �HSHa

Z T X^n `�p X O(WhT X(] �ÅW�k6S X ThS�WhP_pFu@SBTVU�u@SHp�W�P_Q^S�m"U�P_O,}�`Ä¤"m,P_a
�«WhTh`^O6U Z SHT n�X a
S ]�X[Z u6`(pV�^S�WVU4P_OtW�k,S�O,S�W � X Th��n �)� b Ø d p b
� k,P�pVk×` ]R]_X � Sia¥PRWhUEu,ThSBQ)P X m6U ]R1 u X�X T ]_1 �Åm6O6a
SBTVU�W X)X a�W�m,O,P_O,}¡u6`^Th` n SBW�SHThUYW X�0 SgpVk X U�SHO'PROÒ` n�X T�SB�

u,ThPRO"p�P_u ] Sia n `[O,O6SBTiJÀÃ¥PRW�k�W�k,S�S��,p�SHu
W�P X O X[Z n d Ø�p b Whk,SHU�S�p X O�W�T X^] U 1 U�W�S n U��ª`^O6a¡Whk,S�`^O6` ]_1 U�SiUYP_O
n ��� b Ø d p �¤`[ThS ] P_O,SH`^THJ8�{k6P_U�P�U¢O X W;`/p X^n u ] S�WhSEU�m,ThQ^S 1(b�0 m
W�Whk,SE`^u,u ] P_pH`?WhP X O6U�`[O6a�`[u,u,T X `(pVk,SHU¤`[ThS
ThSBu,ThSHU�SBO�Wh`[W�P_Q^S X[Z pBm,ThT�SHO(W�ThSHU�SH`^ThpVk�J j ] W�k X m,}(k;SH`^pVk X^Z W�k,SK`[u,u ] P�pB`?WhP X O6U�P_O�W�k6P_U�u6`[TV`[}(Th`^u,k¢u6`[T�W�P�` ]_]R1

X Q^SHT ] `[u � PRW�k¡W�k6S `[u,u6T X `^pVk8WV`[�(SBO¥P_O�Whk,P�U;W�k6SHU�P_U�þ¡S(J }"J b n Ú^Ú p P_U=`^a,`^u
W�P_Q^S b n d Ø%p P�UYO X O ] P_O,Si`[T b `^O6a
` ]_] m6U�Stu,ThPRO6pBPRu ] SiaEp X O�W�T X^] �ÅW�k,S X ThS�W�P�p n SBW�k X a,U�þ�Whk,S|`[u6u,T X `^pVk=PROEW�k6P_U{Whk,SHU�P�U{P_U{Whk,S w TVU�W{W X p X^n¤0 P_O,S

`^a6`[u
WhPRQ)PRW 1^b O X O ] PRO,Si`[ThPxW 1(b `[O6a¢a
P�U�WhT�P 0 m
WhP X O
� 0 `^U�SHa¤p X O�WhT X(] P_O;`£v,¯V¹@¯�®Vÿ[ºR¶��&¯&µ+P_O6U�WhSH`(a X^Z ÿ)µW�@±,³�p X O�WhT X(]
`[TVpVk,PRW�Sip�W�m6T�S(J

j p X^n�n�X O Z `^p�W X T�P_O¤` ]_] p X O(WhT X(] `^u,u ] P_pH`?WhP X O6UFP_UDW�k6S�O6SBSHa ZzX T��q¯�ÿ^°B²[®�ÿ,¸[¶Rº_¶«·yl�J�¨©O�U X^n S�pH`^U�SHU�þ
u6`^T�WhP_pBm ] `^T ]_1 P_O�ThSH` ] �ÅW�P n S|U 1 U�WhS n U�P_O � k,P�pVkvW�k,S¤Q?`[ThP_`^O6p�StP_O�� X^0 UhpVk,SHa,m ] SiU n ` 1q0 S ]_X � a
m,S|W X W�k6S

u,ThSHU�SBO6pBS X[Z p 1 p ] P�p{WV`^U��)U�þ¡W�k,P�U�P�U�`(pBp X^n u ] P_U�k,SHa¤Whk,T X m,}^k�Whk,S�m"U�S X^Z `[O;P_O6U�Wh`[O�WV`[O,S X m6U n Si`^U�m,T�S n SBO�W

X[Z W�k6Stu ] `^O�WHJ�o X TlS��,` n u ] S b W�k,S���¶�°�°�®Vÿ,·ª¶z±|m"U�Sia=P_Oïn Ú � b Ú Ñ p ThSBu,ThSHU�SBO�WhU�Whk,StP_O6U�WV`[O�Wh`^O,S X m6U b a
P_Uhp�ThS�WhS
U�Wh`?WhS^J�� Z W�SHO b k X � SBQ(SBT b `[O=PRO"U�WV`[O�Wh`^O,S X m6U n SBW�ThP_p+S��
k,P 0 PRWhU�S��,p�SiU�U�P_Q^S�Q?`[ThP�`[O6pBS+`[O"aqU X PRW�P�U�W�k,SHT�S ZzX ThS

`&Q^SHTh`^}^Sia X Q^SHT�WhP n S b S^J }6JDW�k,Sl`&Q(SBTV`[}^Sia ] SBO,}^W�k X[Z Whk,S�U�SBThQ^SBT��©p X O6O,SHp�W�P X Osy�m,SHm,S{PROun Ï�Ñ)b^e Ú p J�» X � SBQ(SBT b
U�m6pVk�`YU X^] m
W�P X OvP�U�O X W+` ] � ` 1 Ul`^u,u,T X u,ThP_`[W�S(��P_O n `^O 1 `[u6u ] P�pB`[W�P X O6U b Whk,SsP_O6U�Wh`^O(WV`[O,S X m6UlU�Wh`[W�S|P�UlW X)X

0 m,TVU�W 1YZzX TKU�WV` 0,] Ssp X O�W�T X^] `^O6aEW�k,S¤`&Q^SBTV`[}(S n ` 1 O X W 0 S|ThSBu6T�SiU�SHO(WV`?WhPRQ(S X^Z W�k,SsW�Thm,SsU 1 U�W�S n U�Wh`[W�S�þ

u6`^T�WhP_pBm ] `^T ]_1 � k,SHO X O,St`^UhU�m n SiU�W�k,S�u,ThSHU�SBO"p�S X[Z�n ` ] P_pBP X m6U{`?W�WV`^pV�(SBTVUBJ

�{k,Sg`[u,u6T X `^pVk'P_O�Whk,P�UEW�k,SiU�P�UEP_U�`�O X Q^S ] p X^n¤0 P_O6`?WhP X O X[Z `^a,`^u
W�P_Q^S b O X O ] PRO,Si`[T b ThSHU X m,TVp�SB�



� e

a
P�U�WhT�P 0 m
WhP X Oqp X O�W�T X^] Whk6`?W 0"X T�T X � U Z T X(n `^O6a�S��)WhSBO6a,U�m,u X O;Whk,S�u X U�PRW�P_Q^S�pVk6`^Th`(p�WhSBThP_U�W�P�pBU X^Z u6T�SHQ�P X m"U

n S�Whk X a,UBJ�¨©O p X O(WhTh`(U�WlW X ` ]_]FX W�k6SBT�ThS ] `?WhSHa�U X[Z W � `[ThS��©p X O(WhT X(] � X T�� b Whk,S n S�Whk X a,U+PRO�Whk,P�U�Whk,SHU�P_U�m6U�S

W�k6S Z m ]_] µ^¶�°B·«®�¶�¸
²,·«¶­±?¹ X[Z ThSHU X m6ThpBS�U�WV`?WhSHU � k,SBO n `^�)PRO,}¤p X O�WhT X(] a
Sip�P�U�P X O"U�`[O"aYk,SHO6p�SK`&Q X P�a¢W�k6S+u,T X^0 �

] S n U X[Z U�Wh`[W�S�`&Q^SHTh`^}^P_O,}6Jgf X T�S X Q^SHT b Whk,S�p X O�WhT X(] ` ] } X ThPxWhk n m6U�SHa8k6SBThSva X SiU¢O X W;ThSHy�m,P_T�S X �@� ] PRO6S

u6`^Th` n SBW�SHT�SHU�W�P n `?WhP X O b PROEp X O�WhTh`(U�W�W X U 1 U�WhS n ��P_a
SHO�W�P w pB`[W�P X Oq`^u,u,T X `^pVk6SHU b `[O6aqPxW{P�U{ÿ
µ�ÿ�&§·ª¶��&¯ b P_OYW�k6S
U�SBO6U�S�Whk6`?W{Whk,Stp X O�WhT X(]R] SBT n Si`^U�m,ThSHU�PxWVU{SBO)Q)PRT X O n SHO(W{`[O6aE`[m,W X^n `[W�P�pB` ]_]_1 Whm,O,SiUl`¤p X O�W�T X^]_] SHT�u"`[TV` n �

S�WhSBT+PRO X Tha
SHT{W XYX u
W�P n PR�HStW�k6S|u ] `[O�W�ThSHU�u X O6U�S(J�oFP_O6` ]_]_1^b m6O ] P_�^Ssu,T�SHQ)P X m6U � X Th� � � PRW�k�Whk,S|SB�
pBSBu
WhP X O

X[Z n d Ø�p � b W�k,S|p X O�W�T X^]4n SBW�k X a�a
SiU�pBT�P 0 SiaEPROvWhk,P_U�W�k,SiU�P�UlP�Ul¹@±?¹,ºR¶_¹@¯Bÿ?® b � k,P�pVk Z `(p�P ] PRWh`[W�SiU{W�k,S¤a
SHU�PR}(O X[Z
k,P_}^k,SHT���u@SBT ZzX T n `^O6p�SKp X O(WhT X(]R] SBTVU b `(U � P ]_]40 S|a
SHUhp�ThP 0 SHaEP_O�a
S�WV`[P ] PRO \ k6`^u
W�SHT � J

Ï�Ó�S ���������
	���
 î 	��©�

��6	���¾

j w6] W�SBTtP�U|` n SHpVk6`^O,P�U n Whk6`?W|SiU�WhP n `[W�SHUt`vy�m6`^O(WhPxW 1 `?W�W�P n S
t
Z T X^n PRWhU|u6`^U�Wtk,P_U�W X T 1 J;� � X

ThS ] `?W�Sia�p X O6p�SHu
WhUK`[ThS|°>�q±)±)·!�,¶_¹0vE`^O6a*&#®�¯iµ^¶«³H·«¶­±?¹�JKL n�X)X Whk,P_O,}Ym6U�SHUK`^a,a,PxWhP X O6` ] a,`?WV`q`^pHy�m,PRThSHav` Z W�SBT
t
W X `^pVk6PRSHQ^SlWhk,S+Uh` n S�} X ` ] `^U�` w"] WhSBT b `^O6aYP�U�O X W�pH`[m6Uh` ] J � T�Sia
P�p�W�P X OqP_U{` n Si`[O6U 0�1 � k,P�pVkYW Xsn `[�(S

` ZzX T�SipB`^U�W�` 0@X m,W�W�k,S¢y�m6`[O�W�PRW 1#Á U�pVk6`[TV`^p�W�SBThP�U�WhP_pHUl` Z W�SHT
t
Jl¨©OvWhk,P_U�W�k6SHU�P_U b ¨�` n p X O6pBSBThO,SHa X O ]R1 � PxWhk

w6] W�SHT�P_O,}6J

oFP ] W�SHThUY`^T�SEm 0 P�y�m,PRW X m"U;PRO¥p X^n u,m
WhSBTYUhp�P_SBO6pBSv`^O6a¡`[ThSEp X Q^SHT�Sia8P_O�O)m n SHT X m6U¢W�SB��WVUBJ'� 1 u,PR�

pB` ] W 1 u"SiU X[Z�w"] WhSBTVUt`[ThS n�X Q)PRO6}E`&Q(SBTV`[}^SiU¤� w O,PRW�S;P n u,m ] U�S�ThSHU�u X O6U�S b4X T|oF¨ �÷w6] WhSBTVUh� b SB�)u X O6SBO�W�P�` ]_]R1

� SBP_}^k�W�Sia n�X Q)PRO6}¢`&Q(SBTV`[}^SiU��ªPRO w O,PxWhS|P n u6m ] U�S�T�SiU�u X O"U�S b
X T{¨�¨ �×w6] W�SHThUV� b `^O6a=T�Sip�m,TVU�P_Q^S ] SH`^U�W��©Uhy(m"`[ThSHU

ThSB}^ThSHUhU�P X O w6] W�SBTVUHJ��{k,SiU�Sv}^SHO,SBTV` ] W 1 u"SiU X[Z+w6] WhSBTVU;`[ThS=º_¶_¹@¯�ÿ[®�`^O6a×·ª¶y�Y¯q¶_¹���ÿ[®�¶­ÿ?¹#· b ` ]_]_X � PRO,} W�k,SHPRT
w6] W�SHT�P_O,}�pVk6`[TV`^p�W�SHT�P�U�WhP_pHUlW XE0 S;u,ThSHpBP_U�S ]_1 y�m6`[O�W�P w Sia�Whk,T X m,}^k W�P n S�� X T Z ThSHy�m,SHO6p 1 �©a X^n `^PRO `^O6` ]_1 U�P�UHJ

j a,`^u
W�P_Q^S w6] W�SHThU�p X O�Wh`^PROv`^a?��m6U�WV` 0,] S�u6`[TV` n SBW�SBTVU�W�k6`[W�`[ThStU�SBWl`^m
W X(n `?W�P�pB` ]R]_1^b m"U�m6` ]R]_1 `(Ul` Z m,O6p�WhP X O

X[Z W�k,StU�Wh`[W�P�U�WhP_pH` ] pVk6`[TV`^p�W�SHT�P�U�WhP_pHU X^Z W�k6S w"] WhSBTlP_O,u,m
WiJ��{k,Stât` ]_n `^O=oFP ] WhSBT b)ZzX T{PRO"U�WV`[O6pBS b P�Ul`[O=`(a,`[u,�

W�P_Q^S w6] WhSBT+W�k6`[W+`^a?��m6U�WVU�PRWhU X � Ovu6`[TV` n SBW�SBTVU 0 `(U�Siavm,u X O�Whk,SsSHQ X^] Q)PRO6};SBThT X TlPRO�Whk,S w"] WhSBT�SiU�WhP n `[W�S^J

r X)X aYWhS��)WhU X O=`^a6`[u
WhPRQ(S w6] W�SHThUl`^O6a ] Si`^U�W��©U�y�m6`^T�SiU�`[u6u,T X `^pVk,SiU ] P_�^S+W�k,Stât` ]_n `[OEoDP ] W�SBT�`^T�Sñn Ï^d p `^O6a
n c^ciÑ p J



-�û������)
��T�

ë û�
����,
4�,	�!#�§�VUÂ�§!,¼{¾��,�� +���

�{k,P�UlpVk6`[u
WhSBT�T�SHQ)PRS � U�p X O6pBSBu
WVU�PRO � T X(0 ` 0 P ] PxW 1 �{k6S X T 1^b L�W X pVk6`^U�W�P�p � T X p�SiU�U�SHU b p ] `^UhU�P�pB` ] Ä�PRO
�

SH`^T \�X O(WhT X(] �{k,S X T 1^b `^O6a;Ä�P_O,Si`[T�oFP ] WhSBThPRO6}s�{k,S X T 1 W�k"`?W�U�SBThQ^S�`(U 0 `(pV�)}^T X m,O6a ZzX T�W�k,P�U�W�k,SiU�P�UBJ � T X^0 �

` 0 P ] PxW 1 P�U�a,P_Uhp�m6UhU�SHa;P_O=U�SHp�W�P X O Ï J c � Z m,O6a6` n SBO�Wh` ] p X O"p�SBu,WhU�PROqU�SHp�W�P X O Ï J c J c `[O6a�Whk,S n¢X T�SB��`(a
Q?`[O6pBSHa

W X u,P�pBU X^Z L)W X pVk6`^U�W�P�p � T X p�SHUhU�SHUl`[O"aEf `[Th� X Q \ k6`^PRO6U�PRO�U�SHp�W�P X O6U Ï J c J � `^O6a Ï J c J Ï,b ThSHU�u"Sip�WhPRQ(S ]_1 J�I{`[�

U�P_p ] P_O,Si`[T�p X O�WhT X(] `^O6a�PRWhU � ¨�~ÍQ?`[ThP�`[O�WK`^T�S¢a
P_Uhp�m"U�U�SHa PRO�U�Sip�W�P X O Ï J � b@ZzX^]_]_X � Sia 0)1 `^a,`^u
W�P_Q^S b@] P_O,SH`^T

w6] W�SHT�P_O,}qP_O U�SHp�W�P X O Ï J Ï J�Ã¥PRW�k�Whk,S¢S��,p�SHu
W�P X O X^Z W�k,S n `?WhSBThP_` ] P_O U�Sip�WhP X O Ï J c J Ï;X O�W�k,S�p X O�Q(SBTh}^SHO6p�S

X[Z f�`^T�� X Q \ k6`^PRO6U b W�k,S=PRO ZzX T n `[W�P X OÂPRO8W�k,P�UspVk6`^u
W�SHTspB`^O 0 S ZzX m,O6a8PROÂWhS��)W 0@X)X �
U|P_OÂW�k,S=T�S ] SHQ?`[O�W

`[ThSH`���PRWhU�u,ThSHU�SBO�Wh`[W�P X O/k,SBThS�P_U�P_O�W�SBO"a
SHa n�X ThS¢`(U�`=m6O,P w SHa b p X O"U�P�U�WhSBO�WtT�S Z SBThSBO6pBS X^Z O X(n SBO6p ] `[W�m,ThS
`[O"aqO X Wh`[W�P X O ZzX T{W�k6S ZzX^]_]RX � P_O,};pVk6`[u,W�SBTVU�W�k6`^O�`¢a,S�Wh`^P ] SHaESB�)u X U�PRW�P X O X[Z Whk,S�W X u,P�pBUHJ

��Ó�ü W �,��*+��*+	���	©�#Õ ë û�
����gÕ��o×��
�{!"û��§�(�,	�!#W/�,�l!#
��)�(
D�"���§��� ã �F�6¼����ô-�û��§	����

�{k,P�UtU�Sip�W�P X O/PRO�WhT X a
m6pBSHU+W�k6S 0 `^U�P_p¤u,ThPRO"p�P_u ] SiU X[Z�� T X(0 ` 0 P ] PxW 1 �{k,S X T 1^b L�W X pVk6`^U�P_p � T X p�SHUhU�SHU b

`[O"agf�`[Th� X Q \ k"`[P_O6U b m,u X O � k6P_pVkgWhk,S n�X a
S ] P_O,} n S�Whk X a,U¤`^O6agp X O�W�T X^] ` ] } X ThPxWhk n UtPRO8W�k,P�UtWhk,SHU�P_U

`[ThS 0 m,P ] WHJ ��n u,k6`^U�P�U|P�Utu ] `^p�Sia�m,u X O8f�`[Th� X Q \ k"`[P_O6Us`^O6a�u6`[T�W�P�p�m ] `[T ]_1 m,u X OÂW�k6Sqp X O6p�SHu
W X[Z W�k6S

°H·Åÿ
·«¶­±?¹"ÿ?®>l�µ^¶�°B·«®�¶�¸
²,·«¶­±?¹ X[Z `¤f `[Th� X Q \ k6`[P_O�J�L�WV`?W�P X O"`[T 1 a,P_U�W�ThP 0 m
W�P X O6U�u ] ` 1 ` Z m,O6a,` n SHO�Wh` ] u"`[T�W�P_O
W�k6S|p X O�WhT X(] ` ] } X ThPxWhk n U{a
SHUhp�ThP 0 SHa=P_O \ k"`[u
WhSBT � `[O6a=W�k6Stu,T X)X^Z � X^Z ��p X O6pBSBu
W�S��,` n u ] SHU{P_O \ k6`[u
WhSBT Ñ J

¨©O�u6`^T�WhP_pBm ] `^T b PxW�P�U�pBT�PRW�P�pB` ] W�k"`?W�Whk,SsThSH`(a
SBTlm,O"a
SBTVU�WV`[O6aEWhk,S|ThS ] `?WhP X O6U�k6PRu 0 S�W � SBSBO � y�m6`[W�P X O8� Ï J Ú(� b

W�k6S�µ)¯&·�ÿ?¶_º­¯&µ�¸^ÿ[º�ÿ[¹4³�¯{¯QÈ)²�ÿ
·ª¶z±&¹v�ªU�SHp�W�P X O Ï J c J Ï � b `[O6a¤W�k6S{U�Wh`[W�P X O6`^T 1 a,P_U�W�ThP 0 m
W�P X O X[Z `�f�`[Th� X Q \ k6`^PRO�J
j ] W�k X m,}^kvWhk,SsP_O ZzX T n `?WhP X OvPROvWhk,P_U+U�Sip�WhP X O�P_U�u,T�SiU�SHO�W�SHa ZzX T n ` ]_]_1^b PRW�P�U�O,SHPxWhk,SBT+T�P_} X T X m6U{O X T



Ï �

p X(n u ] SBW�S(JF�{k,S�P_O(WhSBO�W�P_UFW X u,T X Q)P_a,S�W�k6S�ThSHy�m,P_T�Sia n `?Whk,S n `[W�P�pB` ]�0 `(pV��}(T X m,O6a � PRW�k X m
W X Q^SHT � k,S ]Rn P_O,}

W�k6S¢ThSH`(a
SBT � PRW�k�S��,p�SiU�U�P_Q^S�a
S�WV`[P ] J�f X ThS�p X^n u ] S�WhS�T�S Z SBThSBO6pBSHU+PRO6p ] m"a
S;PRO�WhT X a
m6p�W X T 1 W�SB�)W 0@X�X �
U�n e^Ï
b
e � b�c �(�%p b `(U � S ]R] `(Ula
S�WV`[P ] SiaET�S Z SBThSBO6pBSHU�n Ñ � b�c^c^c p J

ÕOçªÉ}çªÉ ì�<?>6ç�3
ç�æªè«æzG ê ì Ç 7)>6< ê
f X a
SBThO � T X^0 ` 0 P ] PRW 1 �{k,S X T 1 P_U 0 `^U�SHa/m,u X O j �
P X(n `?W�P�p � T X^0 ` 0 P ] PRW 1 �{k,S X T 1 n Ñ ��p `[O6aÂp X(n �

u,ThP_U�SHUKp X O6p�SHu
WhU 0@X ThT X � SHa Z T X^n U�S�WKW�k6S X T 1 `[O"a n SH`(U�m,ThS|Whk,S X T 1 n c^c(c p Js» X � SHQ^SHT b@n m6pVk X[Z PRWhU ] `[O,�
}^m"`[}^S�k6`(U 0 SBSBO�pH`[ThT�P_SHa ZzX T � `[TVa Z T X^n PRWhU 0 SH}^P_O,O,P_O,}(U�`^Ul`;U�W�m6a 1EX[Z }(` n SHU X[Z pVk6`^O6p�S b P_O,PxWhP_`[W�Sia 0)1

� `^UhpB` ]«b o,SBT n `?W b `[O"a;Ä�`[u ] `(p�S�n c^c �%p J j �
P X^n `?WhP_p � T X(0 ` 0 P ] PxW 1 �{k,S X T 1 p X O6U�P�U�WhU X^Z Whk,ThSBS�`[�)P X^n U�P_O;W�k6S
p X O�W�S��)W X[Z `Yu6T X(0 ` 0 P ] PxW 1 U�u"`^p�S¢`[O6a�W�k,S¤W�k,S X ThS n UlWhk6`?W ZzX^]_]_X � J+�{k,Sc&#®�±,¸^ÿ,¸[¶Rº_¶«·yl�°±&�ÿ)³�¯�P�U+`YW�ThPRu ] S b
(Ω,
ï
, P )

b p X O"U�P�U�WhPRO6} X^Z

• ` ,�2#�£¨�
�	j,�¨�2���	�b Ω
b ThSBu,ThSHU�SBO�W�P_O,}�Whk,S¢U�S�W X[Z ` ]R] u X U�U�P 0,] S¤SBQ(SBO�WhU X T X m
WVp X^n SiU�P_O `YTV`[O"a X^n

SB�)u@SBThP n SHO�W��

• `ñªªÿ���¶_º$l�±Qª�°B²6¸^°V¯?·«° X[Z W�k6S|U�` n u ] StU�u6`^pBS b ï ⊂ Ω
b U�m6pVkqWhk6`?W�ï×P�Ul`

σ
�©` ] }^S 0 TV`�m'�6`[O"a

• `¢u,T X^0 ` 0 P ] PRW 1;n SH`^U�m,ThS bYX�b W�k6`[W�`^UhU�P_}^O6U{`¢O X O,O,SB}�`?WhPRQ(S+Q?` ] m,S P (A)
W X ` ]_] A ∈ ï�J

j O 1 U�m 0 U�S�W X[Z
Ω
b PRO"p ] m6a
P_O,}

Ω
PxWVU�S ]xZ�b pH`[O 0 S�Whk X m,}(k�W X^Z `^U{`¤u X U�U�P 0,] SKSBQ(SBO�WHJ��{k6S�Whk,T�SHSNH r ¶­±��;°l±�ª

å�®�±
¸^ÿ6¸?¶_ºR¶Å·ylE`[ThS^�
� c �Eo X Tl` ]_] A ∈ ï b 0 ≤ P (A) ≤ 1

J

� � �
P (Ω) = 1

J

� Ï �Eo X Tl`[O 1 U�S�W X^ZDn m,W�m6` ]R]_1 a
P�Uª� X P_O(W�U�m 0 U�S�WVU {E1, E2, . . . , Ei} ⊂ Ω
b

P (E1 + E2 + . . .+ Ei) = P (E1) + P (E2) + . . .+ P (Ei)

�{k,S�U�SHp X O6a�`?�
P X^n P n u ] PRSiU�W�k6`[W�W�k6SBThS�`[ThS�O X SBQ^SHO�WhU X m,WhU�P_a
S{Whk,S�Uh` n u ] SlU�u6`(p�S b `[O"a ] SH`(a,U�O6`[W�m,TV` ]_]R1

W X W�k,S�a
SHU�P_}^O6`[W�P X O X[Z
Ω
`(U4W�k6S ��	� /�©2���� SBQ(SBO�WHJF�{k,S�Whk,P_That`[�)P X^n �ª` ] U X pH` ]_] SiaKW�k,S{ÿ)µ,µ^¶Å·ª¶��&¶«·yl\&#®�±�&�¯V®i·yl"�

z à Z SyF E P H J=J L ß H σ Ý H J | R?G E H
I Y H |/E F N a F�S Y R K Y K!{ H K I Y ` J F Y R f N Z f R E G F K�{ ¿ ZQI K R H Z f I=Z ¿ ZQI K R N ZQI F Z Y ß I=Z K R E!Y R ` K I F Z Y ßH Z f\` F P a%J=R P R Z K Y 7



Ï6c

U�Wh`?WhSHU�W�k6`[W�Whk,S¤u6T X(0 ` 0 P ] PxW 1EX[Z�X O,SsSHQ^SHO(W Z T X(n `q}^T X m,u X[Z P_O6a
SBu@SBO"a
SBO�W�SBQ^SHO�WhU X pHp�m,ThThPRO,};P�UKSHy�m6` ]

W X W�k6S�U�m n�X^Z Whk,S�u,T X(0 ` 0 P ] PxWhPRSiU X^Z Whk,S�PRO6a,PRQ)P�a
m6` ] SHQ^SBO�WVU��)Whk,St`^a,a
PRW�P_Q)PxW 1 u6T X u"SHT�W 1 a X SHU{O X W{k X^] aqP Z
W�k6StSBQ^SHO�WhUl`[ThSKO X W�P_O6a
SHu"SHO6a
SBO�Ws�ªP«J S^J b W�k6StSBQ^SHO�WlU�S�WVU�`[ThSKO X W�a
P�Uª� X P_O(W���J

�{k,S[Z�3]\ò>_^ ì >6Gi3,èoì�<?>"çF3
ç�æªè«æzG ê'ZzX(]R]_X � U|P n�n SHa
P�`?WhS ]_1/Z T X^n W�k6S j �)P X^n U 0 m
W�P_U X[Z U�m6pVk

P n u X T�Wh`^O6p�SsW�k6`[WKPRW�P_UKm6U�m6` ]_]_1 U�Wh`[W�Sia U�SBu6`^Th`[W�S ]_1 J�Ä�SBW Bi, 1 ≤ i ≤ n
b40 S¢`qu6`[T�W�PRW�P X O X[Z Whk,S¢U�S�W

Ω
J

�{k,SHO ZzX T
n ≥ 1

`^O6av`[O 1 SHQ^SBO�W A b

P (A) =

n∑

i=1

P (ABi)
� Ï J c �

� k,SHT�S ABi ThSBu6T�SiU�SHO(WVU@W�k,S�PRO�W�SHThU�SHp�W�P X O X^Z U�S�W A � PRW�k|U�S�W Bi JD¨©O ZzX T n ` ]_]R1(b Whk,S ] ` � X^Z W X WV` ] u,T X(0 ` 0 P ] PxW 1

U�Wh`?WhSHU�W�k6`[W�Whk,S�u,T X^0 ` 0 P ] PRW 1¢X[Z `[OqSBQ^SHO�W�P�U�Siy(m"` ] W X Whk,SKU�m nÍX[Z Whk,SKu,T X(0 ` 0 P ] PxWhPRSiU X^Z W�k X U�S¢�ªa
P�Uz� X PRO�W��

SBQ(SBO�WhU X^Z � k,P�pVk¢PxW�P�U§p X(n u X U�SHa�JFo X T�S��,` n u ] S b P Z � S{T X^]_] `Ku6`[P_T X[Z a
P_pBS b Whk,Slu,T X^0 ` 0 P ] PRW 1tX[Z#X^0 WV`[P_O,P_O,}

W � X T X^]_] U|W�k6`[W�U�m n W X�c^c P_UsW�k,SEu,T X^0 ` 0 P ] PRW 1ÂX[Z T X^]_] P_O,}/`/U�PR� X O�W�k,S w TVU�W�a
PRSv`[O"a8` w Q(S X O8W�k6S

U�SHp X O6a b u ] m6U�W�k,SKu,T X^0 ` 0 P ] PRW 1¤X^Z T X^]_] P_O,}¤` w Q^S X OYW�k,S w TVU�W{a
P_SK`^O6aq`¤U�PR� X O;Whk,StU�Sip X O6a4J��{k,P_U ] ` � P_U

u6`^T�WhP_pBm ] `^T ]_1 m6U�S Z m ] � k,SBO�p X(n u,m
W�P_O,}E³�±?¹4µ^¶Å·ª¶z±&¹"ÿ[º�&#®�±
¸^ÿ6¸?¶Rº_¶Å·yl b � k6P_pVkEP_U Z m,O6a,` n SHO�Wh` ] W X U�W X pVk6`^U�W�P�p
u,T X p�SHUhU�SHU b `[O6a�P_UEa
S w O,SHa×`^UqW�k,S�u,T X^0 ` 0 P ] PRW 1 Whk6`?WvSBQ(SBO�W A X pHp�m,TVU b }^P_Q^SBO¡Whk6`?W B k6`^UE` ] T�Si`^a 1

X pBpBm,T�ThSHa b `^O6aEP_Ula,SBO X W�SHa 0)1
P (A|B)

J

�{k,S�p X O"p�SBu,W X^Z W�k,S¢TV`[O6a X(n Q&`^T�P�` 06] S¤P_U+W�k6S�p X O6pBSBu
Whm6` ]F0 ThP_a,}^S 0 S�W � SBSHO 0 `(U�P�p � T X(0 ` 0 P ] PxW 1

�{k,S X T 1 `[O"asL�W X pVk6`(U�WhP_p � T X pBSHUhU��{k,S X T 1 J j ®�ÿ?¹�µ)±Q� ��ÿ?®h¶�ÿ6¸?º­¯
X
X O|`lu,T X^0 ` 0 P ] PRW 1 U�u6`^pBS�P�U�` n `[u6u,PRO6}

X : Ω → S b�ZzX T|U X(n S�U�S�W S JqL
m6pVk/Q?`^T�P�` 0,] SHU�`^T�S=µ^¶�°�³h®�¯?·�¯sP Z Ω
P�U|p X m,O�Wh` 0,] S b ò;`[O6a�`[ThS X W�k6SBT � P_U�S

³�±?¹#·ª¶_¹@²)±)²^°HJ � `[O6a X(n Q?`[ThP_` 0,] SiUq`^T�S/PRO Z `^p�W Z m,O6p�W�P X O6U b�0 m
WvW�k,S Z m,O6p�W�P X O6` ] O X Wh`[W�P X O'P�UEm6U�m6` ]_]R1

U�m,u,u,ThSHUhU�Sia4J�o X T�S��,` n u ] S b P Z W�k6SKUh` n u ] S+U�u6`^pBS�P�U�}(PRQ(SBO 0)1 W�k6S X m,Whp X(n SHU X[Z4w Q(S£¤6P_u6U X[Z `¤p X P_O b W�k6S
a
P�U�pBT�SBW�S�Th`^O6a X(n Q?`^T�P�` 0,] S

X
n PR}(k(W�ThSBu,ThSHU�SBO�W�Whk,S{O)m ns0 SBT X[Z k,SH`(a,UFPRO¤W�k X U�S w Q(S�¤6P_u6UHJF�{k,S X m
Whp X^n S

A = {H,H, T,H, T} P�UD`^OsSHQ^SBO�WFPRO Ω
b?0 m
W�Th`[W�k,SHT�Whk6`[O¤m6U�P_O,}+W�k,S�O X Wh`?WhP X O

X({H,H, T,H, T}) = 3

X T
X(A) = 3

b ¨�m6U�m6` ]_]_1 ��m6U�W�U�` 1
X = 3 � k,SHOqWhk,StSBQ(SBO�W�P�Ulp ] SH`^THJ§�{k,S 	�§�¨g	����±	���1�2�

.�	o�?�¢2j "2������#�

1�2� /��2�i�
�	 P�U+PxWVUK`&Q(SBTV`[}(SKQ?` ] m,S(JKrKP_Q^SHO `qa
P�Uhp�ThS�W�SsTh`^O6a X^n Q?`[ThP_` 0,] S
X
b PxWVU+SB�
u"Sip�W�Sia�Q?` ] m,S=�«a
SBO X W�Sia

÷ � { F E K�{ H Z f S�F E 0 � 2 ��3A`�a�b cN���ed��e�A3�� 7



Ï �

0)1
E[X ]

��P_U{}(PRQ(SBO 0�1

E[X ] ≡
∞∑

i=−∞
iP (X = i)

u,T X Q)P_a
P_O,}¤W�k6`[WlW�k,S|U�m n�n `?WhP X OEp X O)Q^SHT�}(SHU�` 0 U X^] m
W�S ]R1 ö J
j OgP n u X T�WV`[O�WsThSHU�m ] W|ThSB}�`[TVa
P_O,}vTh`^O6a X^n Q?`[ThP_` 0,] SiU�P_U|W�k,SuÚ#·ª®�±&¹0v�fFÿ�ü ±�ªJfDÿ?®"v
¯¢ws²#�=¸
¯V®V°BJ

\�X O"U�P�a
SBT�`�U�S�W X[Z P_O6a
SBu@SBO"a
SBO�W�`[O"a=P�a
SHO(WhP_pH` ]_]R1 a
P_U�W�ThP 0 m
W�SiaETh`^O6a X^n Q?`^T�P�` 0,] SHUH�

X1, X2, . . . , Xn

SH`(pVk8k6`&Q)P_O,} n Si`[O
µ
`[O6a�Q&`^T�P�`[O"p�S

σ
J��{k,S ] ` � X^Z+] `[Th}^SYO)m n¤0 SHThU�U�Wh`?WhSHU¤W�k"`?W¢W�k,S�`&Q^SHTh`^}^SY`^O6a

Q?`[ThP_`^O6p�S X^Z W�k,SiU�SsQ&`^T�P�` 06] SiUt³�±?¹��&¯V®"v
¯�°lÿ?ºy�Y±[°B·�°B²[®�¯Vº
lgýtW X
µ
`[O6a

σ
b ThSHU�u"Sip�WhPRQ(S ]_1^b `(U

n → ∞ J��{k6`?W

P�UKW X Uh` 1^b W�k6SYU�` n u ] S;`&Q^SHTh`^}^Ss`^O6a�Q?`[ThP_`^O6p�S � P ]_] p X O)Q^SBTh}^SsW X Whk,S¢W�Thm,SY`&Q^SHTh`^}^Ss`^O6a Q?`^T�P�`[O6pBS�P Z `

] `[Th}^S�SHO X m6}^kqO)m n¤0 SHT X[Z Uh` n u ] SHU�`[ThS+Wh`[�(SBO�J j ThS ] `?W�SiaYThSHU�m ] W b W�k,S*t�¯�¹@·«®Vÿ[ºgf�¶y�¢¶Å·h	¡�@¯B±?®�¯/� b U�Wh`[W�SiU
W�k"`?W{W�k,Sta
P�U�W�ThP 0 m,W�P X O X[Z Uh` n u ] S�`&Q^SBTV`[}(SHU � P ]_] `[u,u6T X `^pVkq`¤}(`^m6U�U�P�`[Oqa
P�U�W�ThP 0 m,W�P X Ov`^U�W�k,StO)m n¤0 SHT X[Z

Uh` n u ] S�`&Q(SBTV`[}(SHU�PRO6pBT�Si`^U�SHUHJF�{k6SBThSKP�U{O X � SBO X m,}^k 0 `^pV�)}(T X m,O6a;W X PRO�W�T X a
m6pBS�U�W X pVk6`(U�WhP_pKu,T X p�SiU�U�SHUHJ

ÕOçªÉ}ç�Ê i GH>(ë Ç 3,9BGiæ�ëØì�<?>(ë^7)9i9H7)9
j ,/�±�%� F 2Q,/�����c¨� "����	�,�, P�U|`vU�S�W X[Z Th`^O6a X(n Q?`[ThP_` 0,] SiU {X(t) : t ∈ T } a
S w O6SHa X OÂ`�p X(n¢n�X O

u,T X^0 ` 0 P ] PRW 1 U�u6`(p�S b � k,SBThS t P�U�m"U�m6` ]R]_1 p X O6U�P�a
SHT�SiasW Xs0 S+`|W�P n SK`[O6a T `|U�S�W X^Z u X PRO�WVU�P_O;W�P n S^J X(t)

W�k6SBO;ThSBu,ThSHU�SBO�WhU§W�k,S�Q?` ] m,S X[Z W�k,S+U�W X pVk"`^U�W�P�p{u,T X pBSHUhU�`?W�WhP n S
t
J ��X W�S�W�k6`[W�W�k6P_U�U�WV`[O6a,`^Tha¢O X Wh`[W�P X O�P_U

U X^n S � k6`[W�m,O6p ] Si`[Ti��SH`(pVk X(t)
P�U�`(p�Whm6` ]_]R1 `[O

X(t, ω) � k,SHT�S ω ∈ Ω
P�UlWhk,S|SHQ^SBO�W�Whk6`?W X pHp�m,ThThSHav`?W

W�P n S
t
J jkj 2# "Í��#1lX¶ "�%��	/,�, P�U�`sU�W X pVk6`^U�W�P�plu,T X p�SiU�U�Whk6`?W�u X U�U�SHUhU�SHU§Whk,S+f `[Th� X Q � T X u"SHT�W 1(b S��
u,ThSHUhU�SHa

ZzX T n ` ]_]R1 `^UH�

P{X(s+ t) = j|X(s) = i,X(u) = xu, 0 ≤ u < s} = P{X(s+ t) = j|X(s) = i}

� k,SHT�S xu T�SHu,T�SiU�SHO�WhU�W�k,S�Q?` ] m,S X[Z W�k,Stu6T X p�SiU�U{`[W�WhP n S u J�¨©O(Whm,PRW�P_Q^S ]_1^b W�k,Stf�`^T�� X Q � T X u"SHT�W 1 U�Wh`[W�SiU

W�k"`?W¢W�k,SEu,T X pBSHUhU Á U|O6S��)W¢Q?` ] m,Sva
SHu"SHO6a,U X O ]_1 m,u X O�PRWhU�pBm,T�ThSBO�WsQ?` ] m,S b `[O"agO X W�m,u X O�PxWVU¤k6P_U�W X T 1 J
ø _ Y R E I R Y P

xn

I Y H G Y F J N K R>J L ` F Z e R E�| R Z K I S P |xn|
` F Z e R E!| R Y� _ Y R?À N R Z ` R F�S E H Z f F P e�H E I H G%J=R Y

Xn

` F Z e R E�| R Y H J P F Y K Y N E R?J L K F H J I P I K L
I S P (limn→∞Xn = L) = 1

7



Ï(Ï
Ïm ü

oFPR}(m,ThS Ï J c �§f�`[Th� X Q \ k6`^PRO � Si`^pVk6` 0 P ] PRW 1 J��+O ]_1 U�WV`?WhSHU c `[O6a � p X(n�n m,O,P�pB`[W�S(J

I�SHpH`[m6U�S X[Z W�k,P�U b p�SHT�WV`[P_O���P_O6a,U X[Z f�`[Th� X Q � T X p�SiU�U�SHU§`^T�S�Uh`[P�a|W X ºz±?°�¯��q¯/�Y±?®?l X[Z W�k,SHPRT�u6`^U�W��ª`^O¢P�a
Si`
W X�0 S n `^a
S n�X ThSKu,T�Sip�P�U�StU�k X T�W ]_1 ��J

�{k,S=W�SBT n PRO X^]_X } 1 ThSB}(`^Tha,PRO,}vWhk,Sva
P_Uhp�ThS�WhSBO,SiU�U X T¢p X O(WhPRO)m,PRW 1ÂX[Z `/f�`[Th� X Q � T X pBSHUhU�SiUsP�U¤PRO
�

p X O6U�P_U�W�SHO(W¢PRO�W�k,S ] PxWhSBTV`?W�m6T�S(J ¨ � P ]R] pH` ]_] `/f�`[Th� X Q � T X pBSHUhU¤` � ÿ?®��)±��ït¡�"ÿ?¶_¹8P Z S P�U¢a
P_Uhp�ThS�WhS X T
p X m,O�Wh` 0,] S��"P Z W�k,S¤u X W�SHO(WhP_` ]�ZzX T�p X O Z m6U�P X O�S��
P�U�WVU b ¨lpB` ]_] PRWK` ���#��������.��#.4,�n©������	 f�`^T�� X Q \ k6`^PRO � k,SHO
T P_Ulp X O�W�P_O)m X m"U b `^O6a=` �#�h,��� "	��±	;n©�����j	 f�`[Th� X Q \ k6`^PRO � k,SHO T P�Ulp X m,O�Wh` 06] S(J��{k6StS ] S n SBO�WhU X^Z S P_O
f�`^T�� X Q \ k6`^PRO"U�`^T�S�pB` ]R] SHaqPxWVUl°B·�ÿ
·©¯�° b `^O6aqW�k,SHPRT{O)m ns0 SBT�`^O6aYThS ] `?WhP X O6U�k,PRuqW X SH`(pVk X Whk,SBTla
S w O,SKW�k6S

\ k6`^PRO Á U 0 SBk6`&Q)P X T X Q^SHT�WhP n S(J

ÕOçªÉ}ç_Õ è 3
<Qé@>)A Æ¤Ç 3,æªCF9
f�`[Th� X Q \ k"`[P_O6Ul`[ThS�m6U�m"` ]_]R1 T�SHu,T�SiU�SHO�W�SHaqm6U�PRO,};}(Th`^u,k6U b � PxWhk X O,StQ(SBT�W�S�� ZzX TlSH`(pVkEU�Wh`[W�S|`^O6a

a
P_T�Sip�WhSHa�SHa,}^SHU ZzX TDu X U�U�P 06] S�U�Wh`[W�S�W�TV`[O6U�PxWhP X O6UHJ��{k,S�U�Wh`[W�SHU�W�k,S n U�S ] Q(SHU�ThSBu6T�SiU�SHO(W4Whk,S�U�u@SHp�P w p b a
P_Uhp�ThS�WhS

Q?` ] m,SHU+Whk6`?W n ` 1�0 S�`(U�U�m n SHa 0)1 W�k,SYf�`^T�� X Q � T X p�SiU�U+Whk6`?W�W�k6S¢}(Th`^u,k P�U n SH`^O(WKW X u X T�W�TV` 1 Js�{k6S

u,ThSHU�SBO6pBS X^Z `|WhTh`^O6U�PRW�P X O 0 SBW � SHSBO;W � X U�Wh`[W�SHU�P_O6a
P�pB`?WhSHU{`|u X U�PRW�P_Q^S�u6T X(0 ` 0 P ] PxW 1 W�k"`?W�Whk,SKu,T X pBSHUhU � P ]R]

n `[�(S�W�k6S�`(U�U X p�P�`?WhSHaYU�Wh`[W�S�pVk6`[O,}(S^JF¨ Z `|W�TV`[O6U�PxWhP X OqSB�)P�U�WhU 0 SBW � SHSBOEU�WV`?W�SiU i `[O6a j b ¨ � ThPRW�S i→ j
J§¨ Z

U X^n StU�SHT�P_SHU X[Z U�Wh`?WhSHUl`^O6aYWhTh`^O6U�PxWhP X O6U{S��
P�U�W�U�m6pVkEW�k6`[W

i→ k0 → k1 → . . . kn → j
� Ï J � �

W�k6SBOg� Ï J � ��P_U�pH` ]_] Sia=` ,�2#�£¨�
�	£¨g2#� F Z T X^n
i
W X
j
J�¨©OEWhk,P_U�pB`^U�S b ¨{Uh` 1 W�k6`[W

j
P�U 2�����	/,�,/��i�
�	tZ T X^n

i
`[O"a

a
SHO X WhSlW�k,P�U Z `(p�W 0)1 W�k,S+O X WV`?WhP X O
i j

JD¨ Z
i j

`^O6a
j  i

W�k,SHO
i
`^O6a

j
`[ThS�U�`^P_a¤W Xu���#�¢�ñ.0������2#�±	Bb

a
SHO X WhSHa 0�1
i! j

J�¨©O�oFPR}(m,T�S Ï J c^b U�Wh`[W�SHU c `[O"a � `[ThS�`^pBpBSHUhU�P 0,] S Z T X^n U�Wh`[W�S � �
0→ 1

b
0→ 1→ 2

b

`[O"a
0 2

� b,0 m,W X O ]_1 U�Wh`?WhSHU c `[O"a � p X^n�n m,O6P_pH`?W�S;�
1! 2

��J

L�Wh`[W�S¢p ] `^UhU�P w pB`[W�P X O�P�U X^Z§Z m,O6a,` n SBO�Wh` ] P n u X T�WV`[O6pBS|P_O�W�k6S|W�k6S X T 1vX[Z f�`^T�� X Q \ k6`^PRO"U b U�P_O6pBS

n�X U�W|S��
P�U�WhPRO,} n `?Whk,S n `[W�P�pB` ] T�SiU�m ] WhU|k6`&Q^S 0 SHSBOgu,T X Q^Sia � PRW�kgThSHU�u"Sip�WtW X p ] `^UhU�SiU X^Z U�WV`?W�SiUBJY�{k6SHU�S



Ï �

S

m ü

Ï �

o

pq

r

K

oFPR}(m,ThS Ï J � �sf�`^T�� X Q \ k"`[P_OÂp ] `(U�U�SHUH�|` 0 U X T 0 P_O,}Â�ªU�Wh`[W�S � �/�DW�TV`[O6U�PRSHO�Wq�ªU�Wh`?WhSHU c(b � `^O6a Ï �/��u X U�PxWhPRQ(S
ThSHp�m6T�ThSBO�Wt�ªU�Wh`?WhSHU � b"Ñ `[O6aEÚ(���6`[O6a=u@SBThP X a
P�p b u X U�PRW�P_Q^S�T�Sip�m,ThThSBO�W��«U�WV`?WhSHU Ø b,e `^O6a d ��J

ThSHU�m ] WVUs`^T�S;�)O X � Og`^U¢ë^è«3,9H9 ÈD<?>"È�7�<&GHæª7)9(JE�{k6P_UsP_U¤U�P n P ] P_`^TtW X W�k,SEp X O"p�SBu,W X[Z p X(n u ] SB�
PxW 1 p ] `^UhU�SiU
P_OÂW�k,S X ThS�W�P�pB` ] p X(n u,m
W�SHTsUhp�P_SBO6pBS^�|P Z `vO,S � W�k6S X ThS�WhP_pH` ] u6T X(0,] S n pH`[O 0 S=U�k X � O�W X�0 SYP�U X^n�X Thu,k,P�p

W X `E�)O X � O ��� �©p X(n u ] SBW�S;u,T X^0,] S nvb4ZzX T�S��,` n u ] S b W�k,SHO/PRW|P_Ul��m6U�W|`(UVs k6`^Tha Á W X U X(] Q(S¢`(Ut`[O 1�X W�k,SHT
u,T X^0,] S n P_O=W�k,S ��� ��p X^n u ] S�W�Stp ] `(U�U b `?W ] Si`^U�W{P_Ov`[O=`(U 1)n u
W X W�P�pKU�SHO6U�S(J§�{k,StU�` n SKP�U�WhT�m6S X^Z f�`^T�� X Q

\ k6`^PRO�p ] `^UhU�SHUl`[O"aEp ] `(U�U{u6T X u"SHT�WhPRSiUB�§P Z `;f�`[Th� X Q \ k6`^PRO�U�Wh`[W�S|pB`^O 0 S|U�k X � OEW X;0 S|` n S ns0 SBT X[Z `

u6`^T�WhP_pBm ] `^Tlp ] `^UhU X[Z U�Wh`[W�SiU{PROEW�k6S|pVk6`[P_O b W�k6SBOvPxW�u X UhU�SHUhU�SiU�` ]R] W�k6`[W�p ] `^UhU Á U�u,T X u"SHT�WhPRSiUBJ

� `^pVk�U�Wh`[W�S¤PRO `qf�`[Th� X Q \ k"`[P_O�pB`[O 0 S¢p ] `^UhU�P w SHa 0 `(U�Siavm,u X O�PRWhUKp X O,O,SHp�W�P_Q)PxW 1 �­WhTh`^O6U�PRW�P X O"U

W X�X W�k,SHT�U�WV`?W�SiUh��J�o X m,Tlu,ThP n `[T 1 p ] `^UhU�SHUl`[ThSKT�SHu,T�SiU�SHO�W�SHa=P_OEoFP_}^m,ThS Ï J � �

• j O 2�i�,��� �i������ U�Wh`[W�S=P_U X O6S Z T X(n � k,P_pVk�W�k,S=S��
PRW¤WhTh`^O6U�PRW�P X Ogu6T X(0 ` 0 P ] PxW 1 P_U � J�Ã¥k,SHO8W�k6S

pVk6`^PROvSHO(WhSBTVU�`[O�` 0 U X T 0 PRO6}�U�Wh`[W�S b PRW+P�U{W�TV`[u,u@SHaEWhk,SBThS ZzX T�SHQ^SBT b `(UlPRO�U�Wh`[W�S � X^Z W�k,S¢oDP_}^m6T�S(J

�{k,S�O)m n¤0 SHT X[Z U�WV`?W�SiU{PRO�`^OE` 0 U X T 0 PRO,}�p ] `^UhU{P�Ul` ] � ` 1 U X O,S(J

• j �� "2#�g,/��	���� U�WV`?W�StP�U X O,StW X � k,P�pVk=Whk,SBThS|SB�)P�U�WhU�`;u X U�PRW�P_Q^Stu,T X^0 ` 0 P ] PRW 1qX^Z O6SBQ^SHT�ThS�W�m6T�O,P_O,}"J
L�WV`?WhSHU c^b � `^O6a Ï `^T�S+W�TV`[O"U�P_SBO�WHJ

• j  "	���.0 / "	���� U�WV`?WhStP_U X O,StW X � k,P_pVk b6X O"p�StSBO�WhSBThSHa b Whk,S|u,T X^0 ` 0 P ] PRW 1qX^Z ThS�Whm,ThO,PRO6};P_U c J ��X WhS
Whk6`?W{W�k6P_UlP n u ] PRSiU{W�k6`[W X Q^SHT�`^OEP_O w O6PxWhStu"SHT�P X a X^Z WhP n S b ` ]_] T�Sip�m,ThT�SHO�W{U�Wh`[W�SHU � P ]_]�0 StQ)P�U�PRW�Sia

P_O w O,PRW�S ]R1=X[Z WhSBO�J � Sip�m,ThThSBO6pBSKpH`[O 0 S|a
P�U�W�P_O,}^m,P�U�k,SHaEP_O(W X W � X W 1 u"SiUB�



Ï�Ñ

ü �m Ï

oFP_}^m,ThS Ï J Ï �§f�`[Th� X Q \ k"`[P_O ZzX T�L�Wh`[W�P X O6`^T 1 ~+P�U�WhT�P 0 m
WhP X O � �,` n u ] S

� c �=�{k,StS��
u@SHp�WhSHa=W�P n S 0 SBW � SHSBOEQ)P_U�PxWVU�W X ` ¨��Q,/���!��1�	¢ "	���.0 / �	���� U�Wh`?WhStP_U w O,PxWhS^J
� � �=�{k,StS��
u@SHp�WhSHa=W�P n S 0 SBW � SHSBOEQ)P_U�PxWVU�W X ` ��.0
�
O "	���.0 / "	���� U�WV`?WhSKP�UlP_O w O,PRW�S(J
¨©O�oFP_}^m,ThS Ï J � b U�Wh`[W�SiU � � d `^T�Squ X U�PRW�P_Q^SYThSHpBm,ThT�SHO(WiJ � m ]R] ThSHp�m6T�ThSBO�WsU�Wh`?WhSHU¢a X O X W¤SB�
P_U�W¤P_O

w O6PxWhS|f�`[Th� X Q;pVk6`^PRO6Ul`^O6a � P ]_] O X Wl`^u,u@SH`[T�`^}(`^PRO=PROEW�k6P_U{Whk,SHU�P�UBJ

• j ¨g	� /�����#��� U�WV`?WhS P�U=`8U�Wh`[W�S W�k6`[WEpB`^O X O ]R1¡0 S Q)P_U�PRW�SHa'SBQ^SHT 1
d
U�W�SHu6U b � k,SBThS d P�U w �
Sia

`^O6a }(T�Si`?WhSBTKW�k6`^O � JY�{k,P�UtP�UtO X Ws`=ThP_} X T X m"UKa,S w O,PRW�P X O bD0 m,W|u"SHT�P X a
P_pBPxW 1 k6`^Ut`^OÂPRO�W�m6PxWhPRQ(S

P_O�W�SBThu,ThS�WV`?W�P X O�`^U�P ]R] m6U�W�TV`?WhSHa 0)1 U�WV`?WhSHU Ø b�e `[O"a d J�L)P n P ] P_`^T ]_1^b�X O,Sv}(T X m,u X^Z�2�¨g	� /���%�����
p X m,O�W�SHT�u"`[T�WhU�P_U{Whk,St}^T X m6u X[Z U�Wh`?WhSHU � b6Ñ `^O6avÚ,J

j U�WV`?WhS¤Whk6`?W|P�U�u X U�PxWhPRQ(S¢ThSHpBm,ThT�SHO(W�`[O6a�`[u@SBThP X a,P_p¢P�UtpB` ]_] SHa�`[O 	� !�����#��� U�Wh`[W�S^J¢¨ Z `=f�`^T�� X Q \ k6`[P_O
u X UhU�SiU�U�SHU X O ]R1YX O,S�p ] `^UhU X[Z U�Wh`[W�SiU�W�k,SHO=PRW�P_UlUh`[P�aqW X�0 S �� / �	��#.�����i�
�	 J j OvP_T�ThSHa,m6p�P 0,] SKf�`^T�� X Q \ k6`[P_O
p X O6U�P_U�W�P_O,} X^Z SBTh} X a
P�psU�Wh`[W�SHU+P�U X^Z W�SBO�pB` ]R] SHa�`^O 	� !���%����� j 2� "Í���1�t F 2���� J¤f�`[O 1 m6U�S Z m ] T�SiU�m ] WVU�k6`&Q(S
0 SBSBOgu6T X Q(SBO ThSB}�`[TVa
P_O,}=SHT�} X a
P_p;f `[Th� X Q \ k6`^PRO6UHJq�{k,S�W � X�n�X U�W|P n u X T�Wh`^O(W b�ZzX TtW�k,Squ,m,Thu X U�SiU X[Z

W�k6P_U{Whk,SHU�P�U b `^T�St`^U ZzX(]R]_X � UHJ

� c � � Th} X a
P�plf�`^T�� X Q \ k6`[P_O6U�u X U�U�SHUhU�`t°H·Åÿ
·«¶­±?¹"ÿ?®>l=µ(¶_°H·ª®h¶Å¸,²,·ª¶z±&¹�J§�{k6`[W�P�U b W�k,SHT�SlP�U�`|u,T X(0 ` 0 P ] PxW 1
a
P�U�W�ThP 0 m,W�P X O=W X � k,P�pVkqWhk,S|U�Wh`?WhS 0 SHk6`&Q)P X T X^Z U�m6pVkv`�f�`[Th� X Q \ k6`^PRO � P ]R] p X O)Q^SHT�}(S^J

� � �E�{k,StU�Wh`[W�P X O6`^T 1 a
P�U�W�ThP 0 m,W�P X O X[Z `[OESBTh} X a
P�pKf `[Th� X Q \ k6`[P_OvP_U{m6O,P_y�m,S(J

� T X)X[Z U ZzX T{Whk,SHU�S|`^UhU�SBT�W�P X O6U�pB`^O 0 S ZzX m6O6aqP_OvO)m n SBT X m6U�WhS��)WhU b S^J }6J�n e^Ï p J
¨�WlP_U{P_O ZzX T n `?WhPRQ(S�W X P ]R] m6U�W�TV`?WhS�Whk,Stp X O"p�SBu,W X^Z W�k6S�U�Wh`[W�P X O6`^T 1 a
P�U�W�ThP 0 m,W�P X O=W�k,T X m,}(k=`¢U�P n u ] S

S��,` n u ] S{Whk6`?W�` ] U X P_O(WhT X a
m"p�SHU n `^O 1 P�a
SH`(U�W�k"`?W�`^T�SlP n u X T�WV`[O�W§W X m6O6a
SBTVU�Wh`[O"a
PRO6}�W�k,S�`(p�WhPRQ(S�p X O�WhT X(]

U�W�TV`?W�SH} 1 a
P_Uhp�m"U�U�SHa�P_O \ k6`[u,W�SBTVU � `^O6a Ñ Jv¨©O ZzX T n ` ]R]_1^b ¨ta
S w O6SYW�k6SqU�WV`?WhP X O6`[T 1 a
P�U�W�ThP 0 m,W�P X O ZzX T¤`

\ k6`^PROvW XY0 SsW�k,S¤U�SBW X[Z§] P n PRW�P_O,}Yu,T X^0 ` 0 P ] PRW�P_SHU�W�k6`[W�W�k6S \ k6`^PRO�P�U�P_O�`;}^P_Q^SHO�U�WV`?W�S¤`?W+`;}(PRQ(SBOvWhP n S^J



Ï Ú

�{k6`[W�P�U b Wh`^�^S�`^OYSBTh} X a
P�plf�`[Th� X Q \ k6`[P_OY`[O"a ] SBW�PRWus T�m6O Á^ZzX T�U X^n S�u@SBThP X a X^Z W�P n S^J�¨©O;W�k6S ] P n PRW b W�k6S
u@SBTVp�SBO�WV`[}^S X[Z W�P n S�W�k6`[W�PxW�U�u@SBO6a,U{P_OvSH`(pVkEU�Wh`[W�S�P_UlW�k,S|U�Wh`[W�P X O6`^T 1 a
P�U�W�ThP 0 m,W�P X O�J

� X�n `[�(SKW�k,P�U n�X ThS ZzX T n ` ]«b ¨ � X T���Whk,T X m,}(kqWhk,StS��,` n u ] St`^U ZzX(]R]_X � UB�

� c �vrKP_Q^SHO�W�k6S�I�P_T�Whk ¬ ~+SH`[W�kÂf�`[Th� X Q \ k6`^PRO X[Z oFP_}^m,ThS Ï J Ï,b ¨�p X O6U�W�Thm6p�W�PRWhU�·«®Vÿ[¹6°�¶«·«¶­±?¹��Yÿ
·«®�¶ r b
ìí�ªa
S w O,SHa 0 S ]_X � ��J

� � �E~+SBThPRQ(S|Whk,SsW � X �©U�W�SBu�W�TV`[O6U�PxWhP X O u,T X^0 ` 0 P ] PRW 1 P (X2 = j|X0 = i)
ZzX TK`^O 1 W � X U�Wh`[W�SiU i, j X^Z

Whk,S \ k6`[P_O�J ��X WhS�W�k6`[W¤`�9HGH7�È'pB`^O 0 SYSHPxWhk,SBTs` w �)Sia X T|Q?`[ThP�` 0,] S�PRO�W�SHT�Q?` ]«b a
SBu@SBO6a,PRO,} X O

� k,SBW�k,SHT{W�k,S|f `[Th� X Q \ k6`[P_OvP_Ula,P_Uhp�ThS�WhS�� X Tlp X O�W�P_O)m X m6U��ÅW�P n S(J

� Ï �vL)k X � k X � Whk,P�UlT�SiU�m ] W�}(SBO,SHTh` ] P_�BSiU�W X n U�W�SBu"UBJ

I�S ]_X � P�UKW�k,S�WhTh`^O6U�PRW�P X O n `?WhT�PR� b ì b4ZzX T�Whk,SYf�`^T�� X Q \ k"`[P_O X^Z oFP_}^m,ThS Ï J Ï J;�{k,S�W�TV`[O6U�PRW�P X O
n `?WhT�PR� ZzX T¤`^O

N
��U�Wh`[W�Sqf `[Th� X Q \ k6`^PROgP�Us`^O

N × N n `?WhT�PR� b P_O � k,P�pVkgS ] S n SHO(W �
ij
Z T X(n T X � i

b

p X(] m n O
j
X^Z Whk,P�U n `?W�ThPR�sT�SHu,ThSHU�SBO�WhUDW�k6Slu,T X(0 ` 0 P ] PxW 1 W�k6`[W§W�k,Slu,T X p�SiU�U n `[�(SHU§`+W�TV`[O6U�PRW�P X O Z T X(n U�WV`?WhS

i
W X U�WV`?W�S

j
J j U�P_U{m6U�m6` ] PRO�p X(n u,m
W�SHT�U�pBPRSHO6p�St`^u,u ] P_pH`?W�P X O"U b Whk,StPRO"a
P_pBSHU X^Z Whk,S n `?W�ThPR� 0 SH}^P_O�`?W � J

ì
=

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

1− P01 P01 0 0

P10 1− P10 − P12 P12 0

0 P21 1− P21 − P23 P23

0 0 P32 1− P32

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣
��X W�S�Whk6`?W|Whk,P�U n `?W�ThPR�/ThSBu,ThSHU�SBO�WhUKWhk,S ����	vn±,/�©	±¨ W�TV`[O6U�PxWhP X O n `[W�ThPx� b P«J S^J bD�

ij
P�U�W�k,Squ,T X(0 ` 0 P ] PxW 1 X[Z

0 SBP_O,};PROvU�Wh`?WhS
j
P_O X O,SKW�P n SsU�WhSBuv` Z WhSBT�U�Wh`[T�W�P_O,} Z T X^n U�Wh`[W�S

i
J

�{k,S�O,SB�)WFU�W�SButP�U4W X a
SHT�P_Q^S�Whk,S�W � X �©U�WhSBuKW�TV`[O"U�PRW�P X O n `?WhT�PR� b ì (2) b � k X U�S�U�m,u@SBTVU�pBT�P_u
W�P_O6a
P�pB`[W�SHU

PRWhU�a
P�U�W�P_O6p�WhP X O Z T X^n W�k,S X O,S��©U�W�SBu n `?WhT�PR�¢`^O6a � k X U�SlSBO�W�T 1 ì (2)
ij

P�U�Whk,Slu,T X^0 ` 0 P ] PRW 1|X[Z T�Si`^pVk,P_O,}�U�WV`?WhS

j
` Z W�SHT�W � X U�W�SBu"U Z T X^n U�WV`?W�S i J�¨§U�Wh`[T�W 0)1 S��,` n P_O,PRO6}tW�k,S+U�pBSBO6`^T�P X � k,SBThSlWhk,S+pVk6`^PRO;U�Wh`^T�WVU�`[O"a�SBO6a,U

P_O�U�WV`?W�S � J��{k,P�U�P�Ulu X UhU�P 0,] S � PxWhk X O,S X^Z W � X U�` n u ] Stu6`[W�k6U b SHPxWhk,SBT 0→ 0→ 0
b6X T

0→ 1→ 0
�,Whk,S

ThSHU�u"Sip�W�P_Q^S�u,T X^0 ` 0 P ] PRW�P_SHU�`[ThS
P00 × P00

`[O"a
P01 × P10

J j pBp X TVa
PRO6}¤W X W�k,S ] ` � X[Z W X WV` ] u6T X(0 ` 0 P ] PxW 1(b

W�k6Stu,T X(0 ` 0 P ] PxW 1qX[Z�0 SHPRO,};P_O�U�WV`?WhS � ` Z W�SHTlW � X U�W�SHu6UlP�U�W�k,SsU�m níX[Z W�k,S�W � X �©U�WhSBuvU�` n u ] S�u6`[W�k6UlW�k6`[W

U�Wh`[T�W�`^O6a;SBO"aY`?W � b O6` n S ]_1
P 2

00 +P01P10
J�L)P n P ] `[T ]R1(b P Z � SKU�SHSB�¤W�k,S+u,T X^0 ` 0 P ] PRW 1¤X^Z�0 SHPRO,}¤PRO=U�WV`?W�S c



Ï Ø

W � X U�W�SBu"U�` Z W�SHT{U�Wh`^T�WhPRO6} Z T X^n U�Wh`?WhS � b W�k,SKu X U�U�P 0,] S�Uh` n u ] S�u6`[W�k6U{`[ThS^� 0→ 0→ 1
`^O6a

0→ 1→ 1
b

� PRW�kvT�SiU�u@SHp�W�P_Q^S�u,T X^0 ` 0 P ] PRW�P_SHU P00 × P01
`^O6a

P01 × P11
J \�X O�W�P_O�m6PRO,}¢P_O=Whk,P�U Z `^U�k,P X O b � StpB`[O 0 m6P ] a

W�k6S�W � X ��U�W�SHuYW�TV`[O"U�PRW�P X O n `?W�ThPR�#�

ì (2) =

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

P 2
00 + P01P10 P00P01 + P01P11 P01P12 0

P10P00 + P11P10 P10P01 + P 2
11 + P12P21 P11P12 + P12P22 P12P23

P21P10 P21P11 + P22P21 P21P22 + P 2
22 + P23P32 P22P23 + P23P33

0 P32P21 P32P22 + P33P32 P32P23 + P 2
33

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣
j pH`[ThS Z m ] PRO6U�u@SHp�WhP X O X[Z W�k6S�S ] S n SBO�WVU X[Z ì (2) � P ]_] ThSBQ(SH` ] W�k6`[W�W�k6S 1 `[ThS{W�k,S�Uh` n S�`(U�W�k X U�S X[Z ì × ìj�
P_O Z `^p�W b PxW�pH`[O 0 S+U�k X � O¢W�k6`[W�Whk,S n �©U�WhSBu;u,T X^0 ` 0 P ] PRW 1 WhTh`^O6U�PRW�P X O n `[W�ThPx��pB`[O 0 S X(0 Wh`^PRO6SHa¢W�k6T X m,}^k n
n `?WhT�PR� n m ] W�P_u ] P�pB`[W�P X O6U X[Z ì � PRW�ktPRWhU�S ]RZ JF»�SBO6pBS � S�pB`[O|a,T X u�W�k,S�u"`[ThSBO�W�k,SiU�SiU X O�Whk,S�U�m,u@SBTVU�pBT�P_u
W�`^O6a
ThS Z SBTFW X Whk,S�W � X �©U�W�SBusW�TV`[O6U�PRW�P X O n `?WhT�PR�sU�P n u ]_1 `^U�ì 2 JF¨©O¤W�k,S�W�k,S X T 1tX[Z f `[Th� X Q \ k6`[P_O6U b W�k,SiU�S{P�a
SH`(U

`[ThS ZzX T n ` ] P_�BSia 0)1 Whk,S t F 2�¨}��2���nxwj�#
$�j������ "�#1zyJ{�.�2#�!���#�g, n e^Ï p ZzX T
n
�©U�WhSBu=W�TV`[O6U�PRW�P X OEu,T X(0 ` 0 P ] PxWhPRSiU X[Z

a
P�U�pBT�SBW�SKW�P n S|f�`[Th� X Q;pVk6`^PRO"UB�

P
(n)
ij =

∑

k∈S
P

(m)
ik P

(n−m)
kj 0 ≤ m ≤ n � Ï J Ï �

� k,SHT�S P (n)
ij

ThSBu6T�SiU�SHO(WVU�W�k6S�u,T X^0 ` 0 P ] PRW 1 W�k"`?WYWhk,S \ k6`^PRO¥U�Wh`[W�S � P ]R] W�TV`[O6U�PRW�P X O¡PRO�W X U�WV`?WhS j P_O n
U�W�SBu"U b p X O6a
PRW�P X O,Sia;m,u X OqU�Wh`^T�WhPRO,}sPROEU�WV`?W�S

i
J§�{k,S

n
��U�W�SHu;W�TV`[O"U�PRW�P X O n `?WhT�P�p�SiU�`^T�S�ThS Z SHT�ThSHa¢W X `^U�W�k6S

·ª®�ÿ?¹"°�¶z¯V¹#·+µ^¶_°H·ª®h¶�¸
²,·ª¶z±&¹"° b `[O6a/SBO�W�T 1
P

(n)
ij

P_Usa
PRThSHp�W ]_1 u,T X u X T�W�P X O6` ] W X W�k,S;`&Q^SHTh`^}^S¢` n�X m,O�W X[Z W�P n S

U�u"SHO(W|P_OÂU�WV`?W�S
j
` Z W�SHT

n
U�W�SHu6U Z T X^n U�Wh`[W�S

i
J j U|`ET�SiU�m ] W b W�k,S;T X � U X[Z W�k,S¢W�TV`[O"U�P_SBO�W|a
P�U�WhT�P 0 m
WhP X O

n `?WhT�P�p�SiU � P ]_] }^SHO,SBTV` ]_]R1;0 S|a
PR�@SHT�SHO�W ZzX T ]_X � Q?` ] m,SHU X^Z n J

j U
n
`^u,u,T X `(pVk,SHUFP_O w O,PRW 1^b ` ]_] T X � U X[Z W�k,S n `?W�ThPR� X[Z `[O;SHT�} X a
P_plf `[Th� X Q \ k6`^PRO � P ]R] p X O�Q(SBTh}^S

W X Whk,SqUh` n S;U�WV`?WhP X O6`[T 1 T X � Q^Sip�W X T b `vT�SiU�m ] W X[Z Whk,SYf�`[Th� X Q � T X u"SHT�W 1 `^O6a/W�k,S=p X^n�n m,O,P�pB` 0 P ] PxW 1

X[Z SH`^pVk×U�WV`?W�S � PRW�k�SHQ^SHT 1¡X Whk,SBT%n e^Ï p J��{k,P_UEQ(SHp�W X T b ThSBu,ThSHU�SBO�W�Sia 0)1 π b P�UvpB` ]_] SHa¡Whk,Sg°B·�ÿ
·ª¶z±&¹@ÿ?®>l
µ^¶�°B·«®�¶�¸
²,·«¶­±?¹ b `^O6aqPRW�Uh`?W�P�U w SHU�Whk,S ZzX^]_]RX � P_O,}¢v(ºz±
¸^ÿ[º�¸^ÿ?º­ÿ?¹�³�¯K¯%È
²(ÿ
·«¶­±?¹��

π = π
ì � Ï J � �

�{k,S¢Q^Sip�W X T
π
P�U ,��©2���������2� /�Ø���ï�!����	 ��PRW � P ]_] O X WtpVk6`[O,}(S � PRW�k/`^O 1 O)m n¤0 SHT X[Z U�W�SBu"UBJt�{k,P�UKm,O,P�y(m6S

Q^Sip�W X T�P_U�a
Px�#SBThSBO�W Z T X^n Whk,S
n
�©U�WhSBu¤W�TV`[O6U�PRSHO�W�Q(SHp�W X TVUFPRO¢Whk6`?W�PRW�T�SHu,ThSHU�SBO�WhUDW�k6S�U�WV`?W�P X O"`[T 1^b m,O6pVk"`[O,}^�



Ï(e

P_O,} ]RX O,}[�ÅW�SHT n WhT�SHO6a X[Z W�k,SYf�`^T�� X Q \ k6`[P_O�J j UsU�m6pVk b W�k6S;S ] S n SBO�WhU X^Z Whk,SYU�Wh`?WhP X O6`[T 1 Q^Sip�W X Tt`[ThS

ðFCbë(>"C ¥ æªGHæ«>"CF3,è b#n SH`^O,P_O,}qWhk6`?W�Whk,S¤P_O,PRW�P�` ] U�Wh`[W�S X[Z Whk,S¢pVk"`[P_O P�U+m6O,P n u X T�Wh`^O(W b PROÂp X O�W�TV`^U�W�W X W�k6S
n
�©U�WhSBuEu,T X(0 ` 0 P ] PxWhPRSiU b � k6P_pVkv`[ThStp X O"a
PxWhP X O,SHa=m,u X OEW�k6S|U�WV`[T�W�P_O,};U�WV`?W�S X^Z Whk,Stf�`[Th� X Q \ k6`^PRO�J

� � X P n u X T�Wh`[O�W�u,T X u@SBT�W�P_SHU X[Z SHT�} X a,P_p¤f�`[Th� X Q \ k6`[P_O6U�pB`^O 0 S�PRO Z SHT�ThSHa Z T X(n W�k,S Z `^p�W�W�k6`[W

W�k6S�W�TV`[O6U�PRSHO�Wla,P_U�W�ThP 0 m
W�P X O6Ul` ] � ` 1 U{p X O)Q(SBTh}^S�W X `¢U�Wh`[W�P X O6`^T 1 a,P_U�W�ThP 0 m
W�P X O��

� c � è 7)58>"< ê èª7)9i9HCF7)9H9(��f�`[Th� X Q \ k"`[P_O6U 
��Q,�	o�j	����� /�YX^Z W�k6SBP_T�PRO6PxWhP_` ] U�WV`?WhS^J
� � � Æ >)A"7�<?3,é@7@�§�+Q(SBT�`^O;PRO w O,PxWhS�u@SBThP X a X^Z WhP n S b Si`^pVk;U�Wh`?WhS � P ]R]@0 S�Q�P�U�PxWhSHaY`^O¢P_O w O6PxWhS�O)m ns0 SBT

X^Z W�P n SHUlP Z PxWVU�U�WV`?WhP X O6`[T 1 u,T X^0 ` 0 P ] PRW 1 P_UlO X O,�HSBT X J

I X Whk X[Z Whk,SHU�S Z `^p�WVU�`[ThSsm6U�S Z m ]FZ T X^n `Ep X O�WhT X(] U�Wh`[O"a
u X PRO�Wi� j 	����� /��
�	�,�,/�}	�,�, P n u ] P_SHU+W�k"`?Wtp X O�WhT X(]
U 1 U�W�S n U�O,SHSHa;O X W 0 S�` � `^T�S X^Z U 1 U�W�S n k6P_U�W X T 1(b(X O ]R1 p�m6T�ThSBO�W 0 SBk"`&Q�P X T b � k6P ] S t��#1Q	� "2���	�n SH`^O6U�W�k6`[W
P Z `|s 0 `^a Á U�WV`?W�SsP_U�T�Si`^pVk6` 0,] S b PRW � P ]_]F0 S|SHO�W�SBThSHa�`[W+U X^n S|u X P_O(WiJ�o X T�p X O(WhT X(] u,m,Thu X U�SHU b W�k6P_U n SH`[O"U
W�k"`?WlW�k6S|U 1 U�W�S n O,SBSia,U�W X;0 Sta
SHU�PR}(O,SHaqW X;n `^�^SKm,O6a
SiU�P_Th` 0,] S�U�Wh`[W�SiU{m,O,ThSH`^pVk"` 0,] S 0)1 ThSHa,m6p�P_O,}¢W�k,SHPRT

U�Wh`?WhP X O6`[T 1 u,T X^0 ` 0 P ] PRW 1 W X �HSBT X J

�{k,S U�Wh`[W�P X O6`^T 1 a,P_U�W�ThP 0 m
W�P X O'pH`[O 0 S/a
S�WhSBT n P_O,Sia�W�k,T X m,}(k¡SH`^U�P_SBT n SH`^O6U�W�k"`[O'`[O¡P_O w O,PRW�S

O)m ns0 SBT X[Z�n `[W�ThPx� n m ] W�P_u ] P_pH`?WhP X O6UBJ��{k,S|U�Wh`?WhP X O6`[T 1 Siy(m"`?W�P X O
π = π

ì÷P�U�`;U 1 U�W�S nøX^Z
n
SHy�m6`[W�P X O6U

P_O
n
m,O,�)O X � O"U b � k,P�pVk�pB`[O 0 S|U X(] Q(SHa ZzX T π J�» X � SBQ(SBT b PROvSBQ(SBT 1 f�`[Th� X Q \ k6`^PROEWhTh`^O6U�PRW�P X O n `?WhT�PR� b

W�k6SBThS+SB�)P�U�WhU X O,S�p X(] m n O;Whk6`?WlP�U�` n m ] WhPRu ] S X[Z U X^n S X W�k,SHTt�ªU�SBS b S(J }"J b n e^Ï p ZzX T{a
SBWh`[P ] U X O � k 1 W�k,P�U�P_U
W�Thm,S&��J��{k,S|ThSHU�m ] W�P�U�Whk6`?W�Whk,SBThSs`^T�S X O ]_1

n − 1
SHy�m6`[W�P X O6U ZzX T�Whk,S

n
m,O,�)O X � O"UBJ � SHQ^SHT�Whk,S ] SHUhU b W�k,S

U 1 U�W�S n pB`^OEU�W�P ]_]�0 S|U X^] Q^Sia ZzX T
π
m6U�P_O,}¢W�k,S w TVU�W�`?�
P X(n¦X[Z u,T X^0 ` 0 P ] PRW 1^b � k,P�pVkEP n u ] PRSiU{W�k6`[W

n∑

i=0

πi = 1
� Ï J Ñ �

�{k,P�U�P�Ul�)O X � O�`^UlW�k,S ���� /��2�
$�~}%2#�!���#�ù���#�}����������� J�� X U X^] Q^S n SipVk6`[O,P�pB` ]R]_1YZzX TlW�k6SsU�WV`?WhP X O6`[T 1 Q^Sip�W X T b
X O6S�T�SHu ] `^p�SiU�W�k6S�a
m,u ] P�pB`?WhSHa X T�UhpB` ] SHa;p X^] m n O � PxWhk X O6SlW�k6`[W�ThSH` ] P_�BSHU§W�k,S+O X T n ` ] PR�i`?W�P X O�p X O6a
PRW�P X O b

` Z WhSBT � k,P�pVk�`[O 1 U�WV`[O6a,`^Tha ] P_O,SH`^T n `?WhT�PR�vU X^] m
WhP X O n S�W�k X a��zS^J }6J b r�`[m6UhU�P_`^O ��] P n PRO"`?W�P X O b�\ TV` n SHT Á U

� m ] S b S�Whp^J �¢pH`[O 0 Stm6U�SHa�J

�{k,S=U X^] m
WhP X O X^Z�� y�m6`?WhP X O'� Ï J � � 0)1 � ` 1 X^Zl� y�m6`?WhP X O�� Ï J Ñ ��P_U|W�k,S=}^SHO,SBTV` ]�n SBW�k X aÂW X a
S��

W�SHT n P_O,SvW�k6S�U�WV`?W�P X O"`[T 1 a
P�U�WhT�P 0 m
WhP X O X^Z `^O 1 f�`[Th� X Q \ k"`[P_O b�0 m
WYW�k6S�u,T X pBSHUhU;pB`[O 0 S U�P n u ] P w Sia



Ï(d

SBQ(SBO Z m,T�W�k,SHT ZzX TYpBSBT�Wh`^PRO \ k6`[P_O�W X u X(]RX }^P_SHUHJ¥¨©O¥u6`[T�W�P�p�m ] `[T b�ZzX Tq`[O 1 W � X U�WV`?WhSHU i `^O6a j X^Z ` w �

O,PRW�S¢I�P_T�W�k ¬ ~�Si`?W�k�f `[Th� X Q \ k"`[P_O)þ�Whk,S \ k6`^PRO�W X u X^]_X } 1qX^Z PRO�W�SHT�SiU�W+PRO�Whk,P�U�Whk,SHU�P_U�þ¡W�k,S¢U�WV`?W�P X O"`[T 1

a
P�U�WhT�P 0 m
WhP X O X[Z Whk,S \ k6`^PROEP_U�T�S ] `[W�SHaqW X PRWhU{WhTh`^O6U�PxWhP X O=u,T X^0 ` 0 P ] PRW�P_SHU 0)1 �

πiPij = πjPji
� Ï J Ú��

�{k,P�UYThS ] `?WhP X O6U�k6PRu¡P�U;�)O X � O¥`^U;Whk,Sgµ)¯?·Åÿ[¶Rºz¯iµ'¸^ÿ[º�ÿ[¹4³�¯�¯QÈ)²�ÿ
·ª¶z±&¹�J �ª¨�W=P�Uq` ] U X �)O X � O¥`(U�W�k,S�·ª¶y�q¯
®�¯Q�&¯�®h°�¶�¸?ºR¶Å·yl�³�±&¹4µ^¶Å·ª¶z±&¹¥P_O'U X^n S�W�SB�)WhU b `[O6a¡f�`^T�� X Q \ k6`[P_O6UYW�k6`[W=U�`[W�P�U Zz1 PxWv`[ThS�U�`^P_a�W X80 S�·ª¶y�q¯
®�¯Q�&¯�®h°�¶�¸?º­¯?J �|o X^]_]_X � PRO,}3n e(Ï p b ¨�ThS Z SBT�W X W�k,SKy(m"`[O�W�PRW 1 πiPij `^U�W�k,SÄ&#®�±,¸^ÿ,¸[¶Rº_¶«·yl�û�² r X m
W X^Z U�Wh`[W�S i `^O6a
P_O(W X U�Wh`[W�S

j
JsL
PRO6pBS

Pij
P�U b P_O/`=U�SHO6U�S b ` n SH`(U�m6T�S X[Z Whk,S¤TV`?WhS X^Z U�WV`?WhSsWhTh`^O6U�PRW�P X O"U Z T X^n U�Wh`?WhS

i
W X

U�Wh`?WhS
j
b PxW�P_U�p X O�Q(SBO,P_SBO�W�W X Whk,PRO6� X^Z u,T X^0 ` 0 P ] PRW 1 ¤6m,�;`(U§Whk,S�TV`?WhS X[Z pVk6`^O,}^S�PRO;Whk,S�u6T X(0 ` 0 P ] PxW 1¢n `^UhU

W�k"`?W�¤ X � U Z T X(n i
W X
j
P_Oq`|U�P_O,} ] S�U�W�SBu X[Z W�k,SKf�`[Th� X Q¤pVk6`[P_O�J � T X(0 ` 0 P ] PxW 1 ¤6m
�;P�U§Whk,S 0 `(U�P�p�y�m6`^O(WhPxW 1

0)1 � k,P�pVkEW�k,S|p X O)Q^SHT�}(SBO6pBS�TV`?W�S X^Z f�`^T�� X Q \ k"`[P_O6UlP�Uly(m"`[O�W�P w SHa�J

è 3
<Qé">)A Æ¤Ç 36æªC Æ >"C#A@7�<&é@7)Cbë(7
~�SBW�SHT n P_O,PRO6}vW�k,S;p X O)Q^SBTh}^SHO6p�S¤Th`[W�S X[Z f�`[Th� X Q \ k6`^PRO"U�P_U|`^O X u"SHO/ThSHU�SH`^ThpVk�`[ThSH` � k,P_pVkg`(U

1 SBWYk6`^U 1 P_S ] a
Sia Z S � }^SHO,SBTV` ] ThSHU�m ] WhU b `(U;a
SHUhp�ThP 0 Sia¡PRO \ k6`^u
W�SHT � J ¨©O ZzX T n ` ]_]R1(b a,S�W�SHT n P_O,P_O,}gW�k6S

p X O)Q^SBTh}^SHO6p�S¤Th`[W�S¢P_Us` n `?W�W�SHT X[Z pVk6`[TV`^p�W�SBThP_�BP_O,}Yk X � SH`^U�P ]R1 Whk,S�u,T X^0 ` 0 P ] PRW 1�n `(U�U n�X Q(SHU+W�k,T X m6}^k

W�TV`[O"U�P_SBO�WDa
P�U�W�ThP 0 m,W�P X O6U�W X � `[TVa,U#Whk,S \ k"`[P_O Á UFU�Wh`?WhP X O6`[T 1 a,P_U�W�ThP 0 m
W�P X O)þ¥PÅJ S(J b k X � Whk,S�u6T X(0 ` 0 P ] PxW 1 ¤6m
�
0 S�W � SBSBO;U�Wh`[W�SHU�P_U�T�S ] `[W�SHa¤W X W�k,S�U�Wh`[W�P X O6`^T 1 a
P_U�W�ThP 0 m
W�P X O�JFf�`^T�� X Q \ k6`[P_O6U 0 SH`^T�`tp ]_X U�SlThS ] `?W�P X O"U�k,P_u

W X S ] SHp�W�ThP_pH` ] pBPRTVp�m6PxWVU��ªU�SBS b&ZzX TDS��,` n u ] S b n e ��p �/�?Whk,S�U�Wh`[W�P X O6`^T 1 a
P�U�WhT�P 0 m
WhP X O X[Z ` \ k6`[P_O|P�UD`^O6` ]_X } X m6U@W X
W�k6S�U�WhSH`^a 1 U�WV`?WhS X[Z `KpBPRTVp�m6PxWiJ�L)P n P ] `[T ]_1^b P_O;` n `^O,O,SHT§T�S n O6P_Uhp�SHO(W��«` ] W�k X m,}^k¢O X W�U�WhT�P�p�W ]R1 `^O6` ]_X } X m6UV�

W X p X O6a
m"p�Wh`^O6p�SvP_O¥`[O�S ] SHp�WhT�P�pB` ] p�P_ThpBm,PRW b W�k,SÂ³�±&¹4µ6²,³H·Åÿ[¹4³�¯ X[Z `Âf�`[Th� X Q \ k6`^PRO�P�U;T�S ] `[W�Sia8W X PRWhU

`^U 1)n u
W X W�P�pKp X O)Q^SHT�}(SBO6pBS�W X U�Wh`[W�P X O6`^T�PRW 1 J

¨ Z � S+p X O"U�P�a
SBT�W�k,SKf�`[Th� X Q \ k6`[P_OY`^U�`t}^TV`[u,k b G b W�k,SHO � S+pB`[OYa,S w O,SKp X O"a
m6p�WV`[O6pBS 0)1 ThS Z SHT��

SBO"p�P_O,}|Whk,S�u,T X^0 ` 0 P ] PRW 1 ¤6m
� X Q^SHT§W�k6S+p�m,W 0 S�W � SBSHOq`|O X O
��S n u
W 1 U�m 0 U�SBW S ⊂ G `^O6a;PRWhU�p X^n u ] S n SHO(W
S̄
J��{k,S¢³�ÿ�&�ÿ
³�¶Å·yl X[Z

S
P�Ula
S w O,SHav`(U

CS =
∑

i∈S
πi

� Ï J Ø �



���

`[O"a�ThSBu,ThSHU�SBO�WhU�W�k,S¤W X Wh` ] u6T X(0 ` 0 P ] PxW 1vn `^UhU�Whk6`?WtpB`^O SB�)P�U�WKP_O
S
J�¨ Z u,T X(0 ` 0 P ] PxW 1vn `^UhU+P_U�` n�X Q)P_O,}

y�m6`[O�WhPxW 1 `^O6a�u,T X^0 ` 0 P ] PRW 1 ¤6m
��W�S ]_] U�k X � n m6pVk X[Z PxWYP�U n�X Q)PRO,}¥�«`[O6a�P_O � k6P_pVk¡a
P_T�Sip�W�P X O@� b W�k,SHO
pB`^u6`^pBPxW 1=n SH`^U�m,ThSHUlk X � n m6pVk�`^pHp�m n m ] `?W�SiUlP_O�SH`(pVkvU�Wh`[W�S(J��{k,S¤U�m n X[Z ` ]_] Whk,S'¤6m,�)SiU ] SH`&Q)P_O,} S P_U
pB` ]R] SHaqW�k6S¤¯V®"v
±,µ^¶«³Äû#±�ü X m
W X^Z Whk6`?W�U�Wh`[W�S b `[O6a=P_U�}^P_Q^SBO 0)1

FS =
∑

i∈S,j∈S̄
Pijπi

� Ï J e �

�{k,S�y�m6`[O�WhPxW 1
FS/CS

P_U;pH` ]_] SiagWhk,SÂ³�±?¹4µ6²
³i·Åÿ?¹�³�¯ X[Z
S
`[O"a8P�U;a
SBO X W�Sia 0)1

ΦS
J \�X O6a
m6p�Wh`^O6p�SEP_U

W�k6S�u,T X(0 ` 0 P ] PxW 1 Whk6`?Wq`�f�`^T�� X Q \ k6`[P_O�U�Wh`[W�S�p�T X UhU�SHUsW�k,S�pBm
W Z T X(n
S
W X

S̄
b p X O"a
PxWhP X O,SHa X O�W�k6S

u,T X^0 ` 0 P ] PRW 1 W�k"`?W|PRWsP_Us` ] T�Si`^a 1 P_O
S
J ��X W�S�Whk6`?W¤m,O ] PR�(S;PxWVUtS ] SHp�W�ThP_pH` ] p X m,O�W�SHT�u6`^T�W b f�`^T�� X Q \ k6`[P_O

p X O6a
m6p�Wh`^O6p�S¤P_UKO X WtU 1)n�n SBW�ThP_p^�
ΦS

O,SBSia�O X W 0 S�SHy�m6` ] W X
ΦS̄
J|I�SH`^T�P_O,}YWhk,P�U+P_O n P_O6a b Whk,S¢v(ºz±
¸^ÿ[º

³�±?¹4µ6²
³i·Åÿ[¹4³�¯ X[Z `�}^TV`[u,k
G
P�Ula
S w O,SHav`(U

Φ(G) = min
0<|S⊆G|<N

max ΦS ,ΦS̄
� Ï J d �

� k,P�pVk U�Wh`?WhSHU�W�k6`[W�W�k6S ]_X � SiU�W���p X O6a
m"p�Wh`^O6p�StU�m 0 U�S�W X[Z `;}(Th`^u,k�a
S�WhSBT n P_O,SiU�Whk,S¤p X O6a
m"p�Wh`^O6p�S X[Z W�k6S

}^TV`[u6k `^UK` � k X^] S^Jsr ]_X^0 ` ] p X O6a
m"p�Wh`^O6p�S¢P�UK` n SH`^U�m,ThS X^Z W�k,S�ThS ] `?WhPRQ(Ssp X O,O,SHp�W�P_Q)PxW 1�X^Z W�k,S�U�m 0 U�S�WhU

X[Z U�Wh`[W�SiU�P_O=`¤f�`[Th� X Q \ k6`[P_O b `[O6aqk,SBO6pBS�k6`(U 0 SH`^T�P_O,} X O;W�k6SKpVk6`^PRO Á U�p X O�Q(SBTh}^SHO6p�S�W X � `[TVa,U�U�WV`?W�P X O,�

`[ThPRW 1 Jqf�`^T�� X Q \ k6`[P_O6U � PRW�k ]_X � } ]RX(0 ` ] p X O6a
m"p�Wh`^O6p�S;u X UhU�SHUhUtU�m 0 U�SBWhU X^Z U�Wh`[W�SHUtW�k6`[Ws`[ThS¢P_O8U X^n S

U�SBO6U�S�P_U X^] `?WhSHa b4] SH`(a
PRO6}=W X `kÈ
²(ÿ^°�¶­´ª°H·Åÿ6¸?ºz¯|p X O6a
PRW�P X O�P_O � k,P�pVk/W�k,S \ k6`^PROÂp X O)Q^SBTh}^SiU�y�m,P�pV� ]R1 W X `^O
P_O(WhSBT n SHa
P�`?WhS b O X O6U�WV`?WhP X O6`[T 1 a
P�U�W�ThP 0 m,W�P X O b�0 m
W X O ]_1 U ]_X � ]R1 SBQ X^] Q^SHUtW X � `[TVa,U|PRWhUsW�Thm,S b U�WV`?W�P X O"`[T 1

a
P�U�WhT�P 0 m
WhP X O�J

��Ó!Ï -/�����
�,��� ë û�
����0Õ

¨©O8Whk,P_U�U�SHp�W�P X O b ¨tP_O�W�T X a,m6p�SEU X(n S=T�S ] SHQ?`[O�W¢p ] `(U�U�P_pH` ]�Z SBSHa 0 `^pV�gp X O�W�T X^] p X O6pBSBu
WVUBJ \�X O�WhT X(]

W�k6S X T 1 P�Uq`gp X^n¤0 PRO"`?W�P X O X^Z ÿ[¹"ÿ?º
l6°�¶�° n S�Whk X a,U;Whk6`?W=`^T�Svm6U�SHa�W X pVk6`^Th`(p�W�SHT�P_�BS=W�k6S�PRO6u,m
W�� X m,W�u,m
W
0 SBk6`&Q)P X T X[Z `EU 1 U�WhS n `^O6a/°?l,¹#·��@¯�°�¶�°KW�SipVk,O,P�y(m6SHU ZzX Tta
SiU�P_}^O6PRO,}�p X O�W�T X^] U 1 U�W�S n UKW X p X O�WhT X(] U�m6pVk�`
U 1 U�W�S n J�¨©O�W�k,S ] `[O,}(m6`[}(S X^Z W�k6P_U;a
P�Uhp�P_u ] P_O,S b Whk,S*&#º�ÿ[¹#·KP�U¤W�k,S�U 1 U�WhS n W X�0 S�p X O(WhT X(]R] SHa�`[O6a�W�k6S

®�¯�ª«¯V®�¯V¹�³�¯|P_UKWhk,S ] SHQ^S ] W X � k,P_pVk/W�k6SYp X O�WhT X(]R] SBT+W�ThPRSiUKW X k X(] a W�k,S�u ] `[O�W X m,W�u,m
WiJ;�{k,S Z m,O6a,` n SHO�Wh` ]
n S�Whk X a 0)1 � k,P_pVk¢Whk,P_U�P_U�`(pVk,P_SBQ^SiasP�U�Whk,T X m,}^k¢P_O�Q(SBTVU�P X O b `^U§P ]R] m6U�W�TV`?WhSHa 0�1 W�k,S�U�P n u ] S�p X O�W�T X^]
n�X a
S ]



� c

�J�~�G�G��-�A���+����7���-���-�-��� �E���4������� ���4���v�4��u� �G��� � �A�����
Σ

oFPR}(m,ThS Ï J � � j L)P n u ] S;o6SBSHa 0 `^pV� \�X O�WhT X(] L 1 U�W�S n Jt�{k,S�a
PR�@SHT�SHO6p�S 0 SBW � SHSBO�Whk,S¢u ] `^O�W X m
W�u,m,W�`^O6a
W�k6SKThS Z SHT�SHO6p�SKU�P_}^O"` ] }^SHO,SBTV`?WhSHU�`[OqSHT�T X T{U�PR}(O6` ] W�k6`[W{W�k,S \�X O�WhT X(]R] SBT�m6U�SHU�W X U�WhSBSHT�Whk,S�u ] `[O�W X m
Whu,m
WHJ

X[Z oFP_}^m,ThS Ï J � �DPRO)Q(SBT�W§W�k,S X m
Whu,m
W X^Z W�k,S�u ] `^O(W b `(a,a¢W�k6S�T�SiU�m ] W�W X W�k6S+a
SiU�P_T�Sia X T�®�¯�ª«¯�®�¯�¹4³�¯ ] SBQ(S ]Åb `^O6a
m6U�S¢W�k,S�ThSHU�m ] WhPRO6}�¯�®�®�±&®�`^UKP_O,u,m
W�W X Whk,S;p X O�WhT X(]R] SBT b � k,P_pVk/W�k6SBO�}^m,P�a
SHU+Whk,S�u ] `^O�W X m
W�u6m
W�W X � `[TVa,U

W�k6S�T�S Z SBThSBO6pBS^J��{k,P�U�ThS Z SBThSBO"p�S�U�PR}(O6` ] P�U�pVk X U�SBO¢W X Uh`?WhP_U Zz1 SBO,}(PRO,SHSBThPRO6}tO,SBSia,UBJ�o X T�S��,` n u ] S b PRW n PR}(k�W

0 SsWhk,S|WhS n u"SHTh`[W�m,ThS¤U�S�Whu X PRO�WKPRO `qk X^n S Á U�W�k,SHT n�X U�WV`?W b `qU�S�W���U�u@SBSHavP_O/`qpB`[T Á U�p�Thm,P�U�S¢p X O(WhT X(]«b"X TK`

a
SiU�P_T�Sia=` ] WhPxWhm6a
StP_O�`[Ov`[P_T�u ] `[O6S Á U�`^m
W X u,P ]RX WHJ

�{k,S�a
SiU�P_}^O X[Z `gp X O�W�T X^]_] SHT¢P_O)Q X(] Q(SHU 0 ` ] `^O6p�P_O,}g`ÂO)m ns0 SBT X^Z WhTh`(a
S X �#U b ` n�X O,}�Whk,S n�X U�W

P n u X T�Wh`^O�W X[Z � k,P�pVk `[ThStThSHU�u X O6U�S|U�u@SBSHa `[O6a�U�Wh` 0 P ] PRW 1 J|�ª�{k6SHU�S¤`[ThS 0)1 O Xqn SH`^O6U{W�k6S X O ]R1 pVk6`[TV`^p��

W�SHT�P�U�W�P�pBU X[Z `=p X O�WhT X(]R] SBT�W�k6`[W�pH`[O 0 S X u
WhP n P_�BSHa�J �/� X p ] `[ThP Zz1 Whk,P�U b ¨�u@SBT ZzX T n `[O `^O6` ]_1 U�P�U+S��,` n u ] S

Z T X^n `�p ] `(U�U�P_pH` ] p X O�W�T X^] a X(n `[P_O��§S ] SHp�W�ThP_pH` ] SHO,}^P_O,SBSHT�P_O,}"J�� X `^O6` ]_1 �BS X T�a
SiU�P_}^Ov`;p X O�W�T X^]_] SHT�P_OvW�k6S

n `[O,O6SBT X[Z W�k6S;S��,` n u ] S¢W�k6`[W ZzX^]_]RX � U b PRWsP_U�O6SHp�SiU�Uh`[T 1 W X k"`&Q^S;`vp ]_X U�SHa)� ZzX T n S��
u,ThSHUhU�P X O ZzX T 0@X Whk

W�k6S \�X O�W�T X^]_] SHT¤`[O"a8Whk,S ��] `^O�W�p X^n u X O,SBO�WVU X^Z oFPR}(m,ThS Ï J � J�� Z W�SHO b k X � SBQ(SBT b W�k,Svu ] `[O�W n�X a,S ] P_U

m,O,�)O X � O
þ 1 S�Wtp X O�WhT X(] P�UtU�WhP ]_] ThSHy�m,P_T�Sia4Js¨©O/W�k,SiU�S;pH`^U�SHU b k6SBm,ThP_U�W�P�p�p X O(WhT X(]Dn SBW�k X a,Ut`^T�S¢T�Siy�m,PRThSHa�J

j OvP n u X T�WV`[O�Wlk,SBm,ThP�U�WhP_p�p X O�W�T X^] u6`[TV`^a,PR} n P_U�Whk,StU X ��pH` ]_] Sia � T X u X T�W�P X O6` ]­¬ ¨©O�W�SB}(Th` ]­¬ ~�SHT�P_Q?`?WhPRQ(S�p X O,�

W�T X^]_] SBT b6X T � ¨�~ \�X O�W�T X^] Jl�{k,P_U+p X O(WhT X(] W 1 u"S¤P_U�u6`[T�W�P�p�m ] `^T ]_1 ThS ] SBQ?`[O�W�W X a
P�U�WhT�P 0 m
WhP X O p X O�W�T X^]Åb U�P_O6pBS

�ª`(U � P ]R],0 SHp X^n S�`[u6u6`[ThSBO�W§PRO \ k6`^u
W�SHT � � b Whk,Slu ] `[O�W n�X a,S ]6X^Z `�f�`^T�� X Q \ k6`[P_O�P_U�a
Px�YpBm ] W�W X a
SHT�P_Q^S(J

j U�PROvu,ThSBQ)P X m6U�U�SHp�W�P X O6U b Whk,StPRO ZzX T n `[W�P X OvP_OvW�k,P�U�U�SHp�W�P X OvP_U�U�P n u ] P w Sia�`[O6avp X O6a
SHO6U�Sia4J � ���

p�S ]R] SBO�W�p X O�W�T X^] W�k6S X T 1 ThS Z SBThSBO"p�SHU�Whk6`?W�p X Q^SBT 0@X Whk ] P_O,SH`^T Z SHSHa 0 `^pV�qp X O�W�T X^] U 1 U�W�S n Ul`^U � S ]_] `^U � ¨�~

p X O�W�T X^] `[ThSjn Ï(e
b6e^d p J



�)�

®;� ¸ � �

¯)��¸ �

�

�

] H�^ ¹ R Y I Y K F E

�

¯�� ¸ �

�

�

®;��¸ �

] G ^ » H a H�` I K F E

oFPR}(m,ThS Ï J Ñ � � SHU�P_U�W X Tl`[O6a \ `[u"`^p�PRW X T \ PRTVp�m,PRW�L 1)ns0@X^] UBJ

ÕOç�Ê(çªÉ ï�7)7 ¥ çF3gë%é Æ >"C#GH<&>@è���õ��÷>"<Qé"7 ¥#"u$ 365gÈFè«7
�{k,S�SB�,` n u ] S�PROYW�k,P�U�U�SHp�W�P X O b � k,P�pVkYP ]R] m6U�W�TV`?W�SiU§Whk,S 0 `(U�P�p{WhTh`(a
S X �#U�PROqp X O�W�T X^] a
SHU�PR}(O b p X^n SiU

Z T X^n Whk,S|a X(n `^PRO X^Z S ] Sip�W�ThP�pB` ] SHO,}^P_O,SHSBThPRO,}"J�¨�W�p X O6U�P_U�WhU X^Z `;°�¯i³�±&¹4µ)´Å±?®Bµ)¯�®\�?±&ºÅ·Åÿ�v
¯�ª«±&º_º­±�ü�¯V®lpBPRTVp�m,PRW b
� k X U�S X m,W�u,m
W§P�U�a
SiU�P_}^O,Sia|W X�n `[WhpVkv� ZzX(]R]_X � �DPxWVU X m
Whu,m
WiJ�� j ] W�k X m,}^k;`[u6u6`[ThSBO�W ]_1 m6U�S ] SHUhU b W�k,P�U§p�P_ThpBm,PRW

w O6a6U�`[u,u ] P�pB`[W�P X O � k,SBThSBQ(SBT 0 m
�#SBThP_O,};P_U�T�Siy(m6PRThSHa4JM���{k,S ZzX(]R]_X � PRO6}�a,S w O,PRW�P X O"U ZzX TlQ X^] Wh`[}(S b pBm,T�ThSBO�W b

ThSHU�P_U�Wh`^O6p�S b pB`^u6`^pBPxWV`[O6pBS b `[O"a X u"SHTh`[W�P X O6` ] ` n u ] P w SHThU�`[ThS�U�Wh`^O6a,`[TVa 0 `^pV�)}^T X m6O6a ZzX T§W�k,P�U�a X(n `[P_O¢`^O6a

p�P_TVp�m,PRWHJ

j �?±&ºÅ·Åÿ�v
¯DP�UF`�u X W�SBO�WhP_` ] Whk6`?WFQ?`[ThPRSiU�P_O|W�P n S � PRW�k¤T�SiU�u@SHp�W�W X `��HSBT X ThS Z SBThSBO"p�S^JD�{k,P_UFP�UDU�P n P ] P_`^T
W X }(Th`&Q)PRW 1 � X O,S�U�u"Si`[�
U X[Z W�k6Sl}^TV`&Q�PRWh`[W�P X O6` ] u X W�SBO�WhP_` ]
0 SBW � SHSBO¢W � X�0@X a
PRSiU b O X W4��m"U�W X^Z Whk,S�s }^TV`&Q�PRW 1#Á
X[Z ` n `(U�UHJ j OÂPRO"U�WV`[O�Wh`^O,S X m6UKQ X^] Wh`^}^S�pB`^O 0 S;u X U�PRW�P_Q^S X TtO6SB}(`[W�P_Q^S¢T�S ] `[W�P_Q^S¤W X W�k6S;T�S Z SBThSBO6pBS¢`^O6a

P�UKa,SBO X W�SHa 0)1
v(t)

b�X T
V (s)

` Z W�SHTt`=ÄD`[u ] `^pBS|W�TV`[O"U ZzX T n � � k6SBThS s ThSBu6T�SiU�SHO(WVU�` Z ThSHy�m,SBO"p 1 ��a X^n `[P_O

Q?`[ThP_` 0,] S b W�k6S�p X m,O�WhSBThu6`[T�W{W X
t
b `¤W�P n S��©a X^n `[P_OEQ&`^T�P�` 06] S&��J

j ³H²^®�®�¯V¹#·4P�U�`�W�P n S���Q?`[T 1 P_O,}tU�PR}(O6` ] Whk6`?W�P_U�PRO6a,m6p�Sia 0�1 `�Q X(] WV`[}^Sl`^O6a¢W�k6`[W�¤ X � U Z T X^n k,P_}^k,SHT
W X�]_X � SHT�u X WhSBO�W�P�` ] P Z `�p X O6a
m"p�W�P_Q^SKu6`[W�k ZzX TlPRW{SB�
P_U�WhU��,p�m,ThThSBO�WhU{`[ThS+a,SBO X W�SHa 0)1 i(t) b
X T I(s)

` Z W�SBTl`

Ä�`^u ] `^p�S+W�TV`[O"U ZzX T n J

å�ÿ[°h°�¶��&¯�³�¶_®B³i²[¶«·�¯�º­¯/�Y¯�¹#·«°l`[ThS�u6k 1 U�P_pH` ] a
SHQ�P�p�SiU�W�k6`[Wla X O X Wl` n u ] P Zz1 pBPRTVp�m6PxW�U�PR}(O6` ] U�`^O6aqW�k6`[W
u X UhU�SiU�U¤U�u@SHpBP w p=p X O6U�WhPxWhm
W�P_Q^SEp�m,ThThSBO�W ¬ Q X^] Wh`^}^S¢T�S ] `[W�P X O6U�k,P_u6UHJ �{k6`?W¢P_U b m,u X O�`^u,u ] P_pH`?WhP X O X[Z U X^n S

v(t)
W X `Eu6`(U�U�PRQ(S�S ] S n SBO�W b `vU�u@SHpBP w p

i(t)
¤ X � UKWhk,T X m,}(k/PRWHJ j ®�¯�°�¶�°B·©±&® b `^U�P_OÂoFP_}^m,ThS Ï J Ñ �«`(� b P_Ut`

p X O6a
m6p�W�P_Q^Slp�P_TVp�m,PRW§S ] S n SBO�W � PxWhk�Q&` ] m6S R � n SH`(U�m,ThSHasPRO � F �o, � b � k X U�S�pBm,ThT�SHO(W ¬ Q X^] Wh`[}(S�ThS ] `?W�P X O"U�k,P_u



� Ï

 ¢¡A£4¤ ¥ ¡A£4¤§¦©¨�ª  ¢¡A£4¤¬«�­_¡A£4¤�®«¯
­_¡A£4¤

oFPR}(m,ThS Ï J Ú,�§�+u"SHTh`[W�P X O6` ] j n u ] P w SBT \ PRTVp�m,PRW�L 1)n¤0"X(] J§�{k,S X m
W�u6m
W�Q X^] Wh`[}(SlP_U�W�k,SKa
PR�@SHT�SHO6p�S 0 S�W � SBSHO
W�k6Stu X U�PRW�P_Q^S�P_O,u,m
W b

a(t)
b"n P_O)m6U�W�k6StO,SB}�`?W�P_Q^S�P_O,u,m
W b

b(t)
b,n m ] WhPRu ] P_SHa 0)1 `�}(`^PROEp X O"U�WV`[O�W b

K
J

P�U
V (s) = I(s)R

b �)O X � Os`(Uh° F �²± ,´³b2¶µ J j pB`[u"`^p�PRW X T b `^UDP_O¤oFPR}(m,ThS Ï J Ñ � 0 � b P�U�`[O|S ] S n SHO�WDWhk6`?W�U�W X ThSHU
S ] SHp�W�ThP_pH` ] pVk6`[Th}^S(J�¨�W�k6`(U�`;Q?` ] m,S

C
� n SH`(U�m,ThSHavP_O ��2# "2���, ��`^O6a�PRWhUKp�m,ThThSBO�W ¬ Q X^] Wh`^}^SKT�S ] `[W�P X O6U�k,P_u�P_U

I(s) = 1/(sC)V (s)
J��{k,P�U�ÄD`[u ] `^pBS+ThS ] `?WhP X O6U�k,PRu=P_U�Q?` ] P�a=`(U ]_X O6}¤`^U�O X P_O,PRW�P�` ] pVk6`[Th}^S+P_U{k6S ] a 0)1 W�k6S

pB`^u6`^pBPxW X T b � k,P_pVkEP�U � k6`?Wl¨{`^UhU�m n S ZzX T{W�k,P�UlS��,` n u ] S(J

HK³H·«¶!�?¯�³�¶_®H³H²[¶Å·#¯�º­¯/�Y¯�¹#·«° b � k,P_pVk¢`[ThS n�X ThS�p X^n u ] P_pH`?W�Sia�W�k"`[O|u6`(U�U�P_Q^S�S ] S n SHO�WhU b pB`[O 0 S�m6U�SHa�W X
` n u ] P Zz1 Q X(] WV`[}^SiU X T§p�m,ThT�SHO�WhUHJ�¨ � P ]_] m6U�S X O ]R1|X O,S{`^p�WhPRQ(S�pBPRTVp�m6PxW§S ] S n SHO(Wi��Whk,S�±�&�¯V®�ÿ
·ª¶z±&¹@ÿ?º,ÿ��'&#º_¶�x#¯V® b
U�k X � OvPRO�oFPR}(m,ThS Ï J Ú,J j O X u@SBTV`?WhP X O6` ] ` n u ] P w SBT¤� X T�±�&�´Åÿ��'&���u X UhU�SiU�U�SHUl`�}�`[P_O b K b � k,P�pVkEP�UlWV`[�(SBO
W X 0 SYP_O w O6PxWhS ZzX Ts`^O's P�a
SH` ]«ÁDX u
�©` n u�J=¨�WhU X m
Whu,m
WsQ X^] Wh`[}(S b

o(t)
b P�U�W�k,P�U|}�`[P_O�W�P n SiUtWhk,Sqa
PR�@SHT�SHO6p�S

0 S�W � SBSBO¢Whk,SlQ X(] WV`[}^S X O¢Whk,SlO X O6PRO)Q^SHT�WhPRO6}+P_O,u,m
W b b(t) b `[O6a¤W�k6SlQ X^] Wh`^}^S X O¢W�k6SlPRO)Q^SHT�WhPRO6}KP_O,u,m,W b a(t)
J

¨�a
Si` ]
X u,��` n u"U�u X U�U�SHUhUDW � X P n u X T�Wh`^O�W�u6T X u"SHT�WhPRSiUB��¶_¹gx,¹6¶«·©¯�¶R¹�&�²,·4®�¯�°�¶_°H·Åÿ[¹4³�¯��ªU X O X p�m,ThThSBO�W�pB`[O¢¤ X �
P_O(W X W�k6SBP_T�P_O,u,m
WVUh� b `^O6a;`��&¶_®H·�²(ÿ?º@°>�@±?®H·�³�¶_®B³i²[¶«· 0 SBW � SHSBO�W�k6S�W � X PRO6u,m
WhU b U�m6pVk�Whk6`?W a(t) = b(t)

J§�{k,S

X u@SBO,� ]_X)X u�pVk6`^Th`(p�W�SHT�P�U�W�P�p X[Z `[O�P�a
Si` ]�X u
�©` n u�P_U�W X u,T X a
m"p�S
o(t) = +∞ b o(t) = 0

b@X T
o(t) = −∞ b

a
SHu"SHO6a
P_O,} X OEPxWVUlP_O,u,m
WVUBJ

j O'SB�,` n u ] S p�P_ThpBm,PRWYW�k6`[Wqm6U�SHUYW�k,SiU�S�S ] S n SBO�WhUqP_U=U�k X � O¥P_O'oFPR}(m,ThS Ï J Ø J �{k,P�UYP�Uq` Z SHSHa)�

0 `(pV�Ep X O�W�T X^]_] SHT � PRW�k�ThS Z SHT�SHO6p�S|U�PR}(O6` ] Vi(s) `^O6a X m
W�u,m,WKU�PR}(O6` ] Vo(s) J+¨�WhUKU�WhSH`^a 1 �©U�Wh`?WhS|`[O6` ]R1 U�P_U�P_U

U�W�TV`[P_}^k�W ZzX T � `[TVa�P_O�W�k,SqÄD`[u ] `^pBSYa X^n `^PRO b m6U�PRO6}�â�PRTVpVk,k X � Á U \ m,ThThSBO�WsÄ�` � b � k,P_pVk8U�Wh`[W�SiU�W�k6`[W|W�k6S

U�m nñX[Z p�m,ThT�SHO�WhU\¤ X � P_O,}=P_O�W X `[O 1 u X P_O(WtP_O�`Ep�P_TVp�m,PRW n m6U�W 0 S��BSHT X JsN�U�PRO6}=Whk,S�u6`^UhU�PRQ(S¤p�P_TVp�m,PRWKS ] �
S n SHO(Wtp�m6T�ThSBO�W ¬ Q X(] WV`[}^S�ThS ] `?WhP X O6U b W�k6S¢pVk6`^Th`(p�WhSBThP_U�W�P�pBU X[Z�X u,��` n u"U b `[O"avW�k,P�U ] ` � b � S¤pH`[O p X^n u,m
WhS

W�k6SlQ X^] Wh`^}^SiUDP_O¢W�k,P�U�pBPRTVp�m,PRW 0)1 U�m n�n P_O,}KW�k6S�p�m,ThT�SHO�WhU¡¤ X � P_O,}KPRO�W X u X P_O�WhU1sM` Á `^O6a·s p Á[X O¤W�k,P�U�pBPRTVp�m,PRWH�



�(�

Vo(t)¯ « ¯ «

¸¢¹�ºx»½¼�¹�¾�¹�º�¹�¿�À�¹

Á
Â ÃVi(t)

R1

C1

R2

C2

oDP_}^m6T�S Ï J Ø ��L)Sip X O6a)� X TVa
SBT��+u
� j n u�o,SBSia 0 `(pV�qL 1 U�WhS n J

Vo(s)− Vi(s)
R1

+ (Vo(s)− Vb(s))sC1 = 0

−Vb(s)
R2

− Vo(s)sC2 = 0

L X(] Q)P_O,} ZzX T{W�k6S�W�TV`[O6U Z SBT Z m,O6p�W�P X O b
G(s)

b � k6P_pVkET�S ] `[W�SiU�W�k,S|pBPRTVp�m,PRW X m
Whu,m
WlW X PxWVUlPRO6u,m
WH�

G(s) =
Vo(s)

Vi(s)
=

1/(R1R2C1C2)

s2 + (1/R2C2)s+ 1/(R1R2C1C2)

� Ï J c � �

Ä�SBW�WhPRO,}
ω2

0 = 1/(R1R2C1C2)
`[O6a

ζ =
√
R1C1/(4R2C2)

n `[�(SHU�u X U�U�P 0,] SKWhk,S ZzX^]_]RX � P_O,};U�m,}^}(SHU�W�P_Q^S

W�TV`[O"U ZzX T n `?WhP X O X^Z � Ï J c � �V�

G(s) =
ω2

0

s2 + 2ζω0s+ ω2
0

� Ï J c^c �

�{k,P�UlSHy�m6`[W�P X O b � k6P_pVkET�SHu,ThSHU�SBO�WhU�W�k6S|p X^n¤0 P_O,SHa n�X a,S ]�X^Z Whk,S|p X O(WhT X(]R] SBT{`[O"aqWhk,Stu ] `[O�W|� � k,P�pVk�`[ThS

a
PR�Yp�m ] W�W X U�SBu6`^Th`[W�S§P_O�W�k,P�U�SB�,` n u ] Si� b P�U X O,S X^Z U�SBQ(SBTV` ] U�Wh`^O6a,`^Tha ZzX T n U ZzX TD`�pH`[O X O,P_pH` ] U�Sip X O"a)� X Tha,SBT

W�TV`[O"U Z SHT Z m,O6p�WhP X O b `^O6aqP_O � k,P�pVk ζ P�UlpB` ]R] SHaqW�k6S ��2���¨}���4�ä "2������ `[O"a ω0
W�k,S ��2���.0 "2�
#�� "	�{�.�	������ J

�{k,S¤W�TV`^a
S X � X[Z ThSHU�u X O6U�S¤U�u"SHSHa Q^SBTVU�m6U+U�Wh` 0 P ] PRW 1 P_U�a
S n�X O6U�W�TV`?WhSHa 0)1 `[u6u ]R1 P_O,}v` .0�����Ä,��©	©¨
Z m,O6p�W�P X OEW X Whk,S

vi(t)
PRO6u,m
W X[Z W�k,P�U�pBPRTVp�m,PRWHJ��{k6Stm,O,PRW�U�WhSBu b

u(t)
b P_U�a
S w O6SHav`^U ZzX(]R]_X � UB�

u(t) =





0 t < 0

1 t > 0

¨�WhU+Ä�`^u ] `(p�StWhTh`^O6U ZzX T nEb
U(s)

b P_U
U(s) = 1/s

JlN�U�PRO6};W�k,S¢U 1 U�W�S n WhTh`^O6U Z SHT Z m,O6p�W�P X O `^O6aEW�k6P_U�W�TV`[O6U��



� Ñ

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

0 2 4 6 8 10 12 14 16 18 20

Volts

Seconds

Less damping

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
33
33
33333333333333

3
3
3
3
3
33333333333333333333

333
33
33
33
333
333
3333
33333333333333333333333333333333333333333333333

333333333
33333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333

3
More damping

++++
+++
+++
++
++
++
++
++
++
++
++
++
+++
+++
+++
+++
++++
+++++
++++++++

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

+

oFPR}(m,ThS Ï J e �t�{k,SqL)u@SBSHa ¬ L�WV` 0 P ] PRW 1 �DTh`(a
S X �FJ j Z `(U�WhSBT|p X O�W�T X^] T�SiU�u X O"U�S;`[u6u,T X `^pVk,SiU�Whk,S X^0 ��SHp�WhPRQ(S
� c J � Q X^] WV� n�X ThS�y�m,P�pV� ]R1(b
0 m
W�PRW X Q^SHThU�k X)X WVU�`^O6a X Uhp�P ]R] `?WhSHU n�X ThS+Whk6`[Ov`;U ]RX � SBT X O,S(J

ZzX T nvb � S�k6`&Q(S^�

Vo(s) = G(s)U(s)

=
ω2

s (s2 + 2ζωs+ ω2)

� Ï J c � �

�{k,StThSBQ(SBTVU�SKÄ�`[u ] `(p�SKW�TV`[O6U ZzX T n¦X[Z W�k6P_U{SB�)u6T�SiU�U�P X OqP�U

vo(t) = 1− 1

β
e−ζωt sin(βωt+ θ)

� Ï J cHÏ �

� k,SHT�S β =
√

1− ζ2
`[O6a

θ = tan−1(β/ζ)
J�oFP_}^m,ThS Ï J e U�k X � U§Whk,S X m,W�u,m
W�T�SiU�u X O"U�S ZzX T§W � X a
PR�@SHT�SHO(W

U�S�WhU X[Z p X(n u X O,SBO�W�Q?` ] m,SiU ZzX T�W�k,S+T�SiU�P�U�W X TVU§`[O"aYpB`^u6`^pBPxW X TVU©þ X O,S X^Z Whk,S n U�S ] SHp�W�SHa ZzX T Z `(U�W�ThSHU�u X O6U�S

`[O"a|Whk,S X W�k6SBT ZzX T�}(T�Si`?W�SHT§U�WV` 0 P ] PRW 1 J��{k,S{ThSHU�m ] WVU�p ] SH`[T ]_1 P ]_] m"U�WhTh`[W�S�W�k,S�WhTh`(a
S X �FJ��{k,S Z `^U�W�SHTFThSHU�u X O6U�S

ThP_U�SHU n�X ThS¤y�m,P�pV� ]_1^b#0 m,W�PRW X Q^SBTVU�k X)X WhU�PxWVUtU�SBW�W ] P_O,}=u X P_O�W�� c Q X^] WV�+`[O6a�W�k,SHO X Uhp�P ]_] `[W�SHUHJt�{k,S�U ]_X � SHT

ThSHU�u X O6U�S b�X OÂW�k,S X W�k,SHTsk6`^O6a b Wh`^�^SHU ]RX O,}^SHTtW X ThP�U�S bD0 m,W X Q^SHThU�k X)X WVU ] SHUhUs`^O6aÂThSH`^pVk6SHU�PRWhUsU�S�W�W ] PRO6}

u X P_O(W � PxWhk Z S � SHT X Uhp�P ]_] `[W�P X O6UHJ/�{k,S=} X ` ]�X^Z W�k,P�U¢p X O�WhT X(] U 1 U�W�S n � `(UtW X pB`^m6U�SYW�k,SEu ] `[O�W X m
W�u,m,W

�­Whk,S X m,W�u,m
W X^Z Whk,S�p�P_TVp�m,PRWV�sW XÂZzX(]R]_X � Whk,Svm,O,PRW=U�W�SBu�P_O,u,m
WqSB�,`^p�W ]R1(b PÅJ S(J b W X u6T X a
m6pBS � Q X^] WhU ZzX T

W�P n S
t < 0

b `[O"agS��,`^p�W ]_1¡c Q X(] W�` Z WhSBT � `^Tha,UHJ ¨�W � `(U¤` 0,] SYW X u"SHT ZzX T n Whk,P_U¤WV`^U���P_O 0@X Whk�pB`(U�SiU©þ



� Ú

` ]_0 SBPRW � PxWhkYU X(n Sla
S ] ` 1(b[X Q^SHThU�k X)X W b `[O6a¢ThPRO6}^P_O,}?þ'`[O6asPxW�u"SHT ZzX T n SHa¢a
PR�@SHT�SHO�W ]_1|ZzX T�a,Px�#SBThSBO�W�u6`(U�U�PRQ(S

p X(n u X O,SBO�W=pVk X P_pBSHUHJÒ¨ Z|X O,S � SBThSvW X a
SHU�P_}^O'`gO,S � p�P_ThpBm,PxW b W�k,S�pVk X P�p�S X[Z W�k,S�pB`^u6`^pBPxW X TYQ?` ] m,SiU

� X m ] a 0 SYa
P�p�WV`?WhSHa 0)1 W�k6SYa
SHU�PRThSHaÂp X O�W�T X^] ThSHU�u X O6U�S�U�u@SBSHa(� X O,S n PR}(k(WspVk X�X U�S;U n ` ]_] SHTtQ&` ] m6SHU ZzX T
Z `^U�W�SHTtT�SiU�u X O"U�S 0 m
W¢U�`(p�ThP w pBS¢U�Wh` 0 P ] PRW 1 0)1 a X P_O,}�U X J ��X WhS�W�k6`[W|W�k6SY`[O6` ]R1 U�P_U�ThSBQ(SH` ] UKS��,`^p�W ]_1 F ��µ
W�k6Ssu@SBT ZzX T n `^O6p�S¤a
Px�#SBTVUK`^U�u"`[TV` n S�WhSBTVUlQ?`[T 1^b `^O6a�P�U�Whk,SBThS ZzX T�S¤`;u X � SBT Z m ] W X)X^]DZzX TKp X O�WhT X(] �©U 1 U�W�S n

a
SiU�P_}^O,SHThU�W X;0 ` ] `[O6pBS�WhTh`(a
S X �#UHJ

� X U 1 O�Whk,SHU�PR�HS+`¢p X O(WhT X(]R] SBT�PROqW�k,P�U Z `^U�k,P X O b `[O=SBO,}(PRO6SBSBT n m"U�W{�)O X � W�k,S n�X a
S ]#X^Z W�k,SKu ] `[O�W b

pVk X)X U�S�W�k6S n�X a,S ]�X^Z W�k,SEp X O�WhT X(]R] SBT b `^O6aÂU�S ] Sip�W 0 S�W � SBSHO8a
SHU�PR}(OÂW�TV`^a
S X �4UBJ��+O,S;WhTh`(a
S X �6þ'U�u"SHSHa

Q^SHThU�m6UtU�Wh` 0 P ] PRW 1 þ¥k6`(U|` ] T�Si`^a 1�0 SBSHO8a
S n�X O6U�WhTh`[W�Sia b�0 m,W¤`^p�W�m6` ] p X O(WhT X(]R] SBT|a,SHU�PR}(OÂpH`[OÂP_O�Q X^] Q^S¢W�k6S

U�S ] SHp�WhP X O X[Zln `[O 1 a
SiU�P_}^Ogu"`[TV` n S�WhSBTVU b S(J }"JEp X O�W�T X^]_] SBT X Q^SHThU�k X)X W b U�S�W�W ] P_O,}�WhP n S b u6k6`^U�S;T�SiU�u X O"U�S b

`[O"a n�X ThS^J�Ã¥k,SBO¡a
SHU�P_}^O,P_O,}Â` ] PRO6SH`[T;p X O�W�T X^]_] SHT ZzX T;` ] PRO6SH`[T�u ] `[O�W n�X a,S ]Åb `^O�SBO6}^P_O,SBSHT�pVk X�X U�SiU

0 S�W � SBSBO¢Whk,SHU�SlW�TV`^a,S X �4U 0)1 Whm,O,P_O,}�W�k6S�u6`[TV` n SBW�SBTVU X[Z W�k6S�p X(ns0 P_O,SHaE·«®Vÿ[¹6°>ª«¯�®�ª©²[¹4³i·ª¶z±&¹ X^Z u ] `[O�W�`^O6a
p X O�W�T X^]_] SHTHJ�o X T§SB�
` n u ] S b p X O6U�P_a
SHTFW�k,SlU�P n u ] Slp X O�WhT X(]R] SBT X[Z oFPR}(m,T�S Ï J � JF¨�WhU�P_O,u,m,W��­W X Whk,S�p X O(WhT X(]R] SBT��

P�U
e(t)

b�X T
E(s)

P_O�W�k,SKÄ�`^u ] `(p�S�a X(n `[P_O(��`^O6a � S�pB`[OYa,SBO X W�S�PRWhU X m
Whu,m
WK� Z T X(n Whk,S�u ] `[O�W�� 0)1 o(t) b)X T
O(s)

P_O¢W�k,S�ÄD`[u ] `^pBS{a X^n `[P_O�J j U§P_O¤Whk,Slu,ThSBQ)P X m6U�S ] Sip�W�ThP�pB` ] pBPRTVp�m6PxW§S��,` n u ] S b W�k6S�p X^n¤0 P_O,SHasW�TV`[O6U Z SBT

Z m,O6p�W�P X O b
G(s)

b P�U{}^P_Q^SHO 0)1

G(s) =
O(s)

E(s)

I�SHpH`[m6U�S¢W�k,Sqp X^n¤0 PRO6SHaÂU 1 U�W�S n P�U ] P_O,Si`[T b W�k6P_U|W�TV`[O6U Z SBT Z m,O"p�W�P X O8pH`[O 0 Sqa
SHp X^n u X U�SHa/PRO�W X p X O�W�ThPR�

0 m
WhP X O6U Z T X^n Whk,SYp X O�W�T X^]_] SHT n�X a
S ] `[O6a W�k6SYu ] `[O�W n¢X a
S ] `[O"a � P ]_] ` ] � ` 1 UKT�Sia
m6pBS¤W X `vpB`[O X O,P�pB` ]

w TVU�W�� X Tha,SBT b U�Sip X O"a)� X Tha,SBT b Whk,P_Tha)� X TVa
SHT b SBWhp[J ZzX T n JY�{k,S X Tha
SHT X[Z W�k,S�WhTh`^O6U Z SHT Z m,O6p�WhP X O�W�TV`[O6U ] `[W�SiU

P_O(W X `sU�u@SHp�P w p�p X O�W�T X^] `[TVpVk,PRW�SHp�W�m,ThS b `[O6a¢Whk,S+a,SHU�PRThSHa;pVk6`^Th`(p�WhSBThP_U�W�P�pBU�`^T�S�a,PRThSHp�W ]_1 ThS ] `?WhSHa¢W X W�k,SKa
S��

Wh`^P ] U X[Z W�k"`?Wl`[TVpVk,PxWhSHp�W�m,ThS^JFo X T�S��,` n u ] S b P Z W�k6SKp X^ns0 PRO,Sia�W�TV`[O"U Z SHT Z m,O6p�W�P X O X[Z u ] `[O�W�`^O6aYp X O�W�T X^]_] SHT

p X T�ThSHU�u X O6a
SiavW Xv� y�m6`[W�P X O�� Ï J c^c � b Whk,SBO/W�k,S;a
SiU�P_}^O�SBO6}^P_O,SBSHT n m6U�W|pVk X)X U�S¤W�k,S¢W � X u6`^Th` n S�W�SHThU ω
`[O"a

ζ
b,Z T X^n � k,P�pVk=W�k,StThSHU�P_U�W X Tl`[O6aEpB`^u6`^pBPxW X T{Q?` ] m,SHU�pH`[O 0 S|a,PRThSHp�W ]_1 p X(n u6m
W�Sia4J

�{k,P�Us`[u6u,T X `^pVk Z `[P ] U � k,SHOÂW�k,S=u ] `^O�W n�X a,S ] P�U|m6O,�)O X � O b U�P_O6pBS;W�k,SEa
SHU�P_}^OgpVk6`[TV`^p�W�SHT�P�U�WhP_pHU

pB`^O,O X W 0 S�ThS ] `?WhSHa 0 `^pV��W X Whk,S�Q?`[ThP_` 0,] SHU X[Z Whk,S�W�TV`[O6U Z SBT Z m,O6p�WhP X O b `[O6aKk,SHO6p�S§O6SBPRW�k,SHT�W�k6S�`[TVpVk,PxWhSHp�W�m,ThS



�
Ø

Ä�Å ¿
Æ

ÇÄ=È�É

] H�^ M FËÊ L Y K R E R Y I Y
Ä¬Å ¿

Æ

Ç

Ì »EÍ Î Å�Ï Î

Ä½È7É

] G ^_Ð I K�{ Ê L Y K R E R Y I Y

oDP_}^m6T�S Ï J d ���+O ¬ ��� \�X O�W�T X^]_] SBT \ k6`[TV`^p�W�SBThP�U�WhP_pHU � PRW�k�`^O6a � PxWhk X m
Wlk 1 U�WhSBThSHU�P_UHJ

X[Z `^O|`[u,u6T X u,T�P�`?WhS�p X O(WhT X(]R] SBT�O X TDPxWVUDa
SiU�P_}^Otu"`[TV` n S�WhSBTVU�pB`^O 0 S{a
S�WhSBT n PRO,Sia4J�¨�W�` ] U X�Z `[P ] U � k,SBO|SHPxWhk,SBT

W�k6Ssu ] `[O�W X TlW�k,S¢p X O(WhT X(]R] SBT�`^T�SsO X O ] P_O,SH`^T b U�P_O6p�StWhk,Ssu6T�P_O6p�P_u ] S X[Z U�m,u@SBThu X U�PRW�P X O)þ'`[O"avk,SBO6pBStW�k6SHU�S

] PRO,Si`[T�p X O�W�T X^]#n S�Whk X a,U©þ'a X O X W�`[u,u ]_1 P_OvO X O ] P_O,SH`^T�U 1 U�W�S n UHJ�L X[Z W � `[ThStU 1 U�W�S n U b)ZzX TlSB�
` n u ] S b `[ThS

}^SHO,SBTV` ]_]_1 O X O ] P_O,SH`^T�`[O6a¢u X UhU�SiU�UFm,O,�)O X � O�u ] `[O�W n�X a
S ] UHJD¨©O¢W�k6SHU�S�pB`^U�SHU b � S n ` 1 U�WhP ]_] m6U�S Z SBSia 0 `^pV�

p X O�W�T X^]Åb�0 m
WlW�k,S X O ]_1 p X O�W�T X^]#X u
WhP X O=P�Ul`�k,SHm,T�P�U�W�P�p X O,StU�m"pVkE`(U � ¨�~÷p X O�W�T X^] J

ÕOç�Ê(ç�Ê ìNÑ�ê Æ >@C#GB<?>"è

� T X u X T�W�P X O6` ]­¬ ¨©O(WhSB}(Th` ]­¬ ~�SHT�P_Q?`?W�P_Q^S�� � ¨�~��§p X O(WhT X(] a X SHU�O X W�T�Siy(m6PRThS�`tp ]RX U�Sia)� ZzX T n S��
u,ThSHUhU�P X O

ZzX T¢Whk,SEU 1 U�WhS n n�X a
S ] J8¨©O�W�k,S � ¨�~ñp X O�W�T X^] u6`[TV`^a,PR} nEb Whk,S \�X O�W�T X^]_] SBT 06]RX pV� X[Z oDP_}^m6T�S Ï J � P�U�`

p X(ns0 P_O6`[W�P X O X[Z4��b ¨ b `[O6a;~×U�WV`[}^SiU�PRO;u"`[TV` ]_] S ] W�k6`[W�p X O�W�ThP 0 m,W�S{W X W�k,S�p X O�W�T X^] T�SiU�u X O6U�S{PROY` n `^O,O,SHT

W�k"`?W�P_U�u,T X u X T�W�P X O"` ] W X Whk,S¢SBThT X T b W X W�k6S¤P_O�W�SB}(Th` ]DX^Z W�k6S¢SHT�T X T X Q^SHT�W�P n S b�X T�W X Whk,S;a
SBThP_Q&`[W�P_Q^S X[Z

W�k6SKSHT�T X T X Q^SHT�WhP n S b T�SiU�u@SHp�W�P_Q^S ]_1 J��+O,S X T n�X ThS X^Z W�k6S�U�Wh`^}^SiU n ` 1�0 S n P�U�U�P_O,}E�ªS^J }6J b W�k,Stp X O�W�T X^]_] SHT

n ` 1/0 S � T X u X T�WhP X O6` ]�X O ]_1 � b§0 m
W¢¨ � P ]_] ThS Z SHT|W X `[O 1 p X^n¤0 P_O6`?WhP X O X[Zl��bF� ¨ bD� ~ b S�WVp[J p X O�W�T X^]_] SHT

`^U�`�) � ¨�~ \�X O�WhT X(]R] SBTiJ +¥� ¨�~íp X O�WhT X(]R] SBTVU+`^T�S¢u,ThSBQ?` ] SBO�W�PROg`^u,u ] P_pH`?W�P X O"U � k6SBThSsWhk,S;u ] `[O�W n¢X a
S ] P_U
a
PR�Yp�m ] W�W X a
SHT�P_Q^S b P_O�u6`[T�W�P�p�m ] `^T�PRO u,T X pBSHUhUlPRO"a
m6U�W�ThPRSiUs�zS(J }"J n `[O)m Z `(p�W�m6T�P_O,} b pVk,S n P�pB` ] u,T X p�SHUhU�PRO,} b

u,m ] u�`[O6a=u6`^u"SHT�u,T X a,m6p�WhP X O"� b � k,SHT�S X Q(SBT d � 5 X[Z W�k,S|p X O�W�T X^]#]_X�X u6Ul`[ThS X[Z W�k,S � ¨�~ãW 1 u"S�n Ø�p J
�{k,S�U�P n u ] SiU�W�W 1 u"S X^Z�� ¨�~ p X O�W�T X^]_] SHT�P�U�Whk,S � � X O ]_1 p X O(WhT X(]R] SBT � PxWhkqP_O w O,PRW�S�}�`[P_O�J§�{k,P_U�W 1 u@S

X[Z p X O�W�T X^]_] SHTFP�U�U X^n SBW�P n SiU§pB` ]R] SHa�`[Oq�+O ¬ ���qp X O(WhT X(]R] SBTiJ j O=�+O ¬ ���qp X O�W�T X^]_] SBT�u,T X Q�P�a
SiU§`tp X O"U�WV`[O�W



� e

umax

e

u

u0

umin
elo ehi

oFPR}(m,ThS Ï J c � � � T X u X T�W�P X O6` ] � � �lo6SBSHa 0 `^pV� \�X O�W�T X^] L 1 U�WhS n

p X O�W�T X^]#X m
Whu,m
W 0 `(U�Sia X OEW�k,StSHT�T X T{U�P_}^O"` ]Åb `^pBp X TVa
P_O,}sW X W�k,S ZzX(]R]_X � PRO6}¢p X O�W�T X^]4] ` � �

u =





umax e > 0

umin e < 0

�{k,S�`(a
Q?`[O�Wh`^}^S X[Z Whk,P_U�p X O(WhT X(]R] SBT§P�U§PRWhU�U�P n u ] P�p�PRW 1 `[O6a¢T X^0 m6U�W�O6SHUhUBJ��{k,S�a
P�Uh`^a
Q?`[O�WV`[}^S{P�U�W�k"`?W�PRW�pB`^O

ZzX TVp�S�W�k,SKu ] `[O�W�W X¢X Uhp�P ]R] `?WhS+`[T X m6O6a�W�k6S+ThS Z SHT�SHO6p�S ] SHQ^S ]Åb `[O=S��#SHp�W�W�k"`?WlpB`[O 0 S n PxWhPR}�`?WhSHa 0)1 `(a,a
P_O,}

U X^n S�k 1 U�W�SHT�SiU�P�U�W X W�k6S�p X O�W�T X^]_] SBTi�

u =





umax e > ehi

umin e < elow

�{k,P�U n�X a
P w pB`[W�P X O�` ]_]RX � U�Whk,S|u ] `[O�W�W X Q?`[T 1 U ] P_}^k�W ]_1 `^T X m,O6a e = 0 � PRW�k X m
W�WhT�P_}^}(SBThPRO6} X U�pBP ]_] `?W�P X O"U

Z T X^n W�k,Sqp X O�W�T X^]_] SBTiJE~ X^n SHU�W�P�p�Whk,SBT n�X U�Wh`?WVUq�ªS^J }6J X Q^SHO6Uh��`^T�SYW 1 u6P_pH` ]_]R1 �+O ¬ ���¡p X O�WhT X(]R] SBTVU � PxWhk

k 1 U�WhSBThSHU�P_UHJFI X W�k�pB`(U�SiU�`^T�Sta
SHu,P�p�W�SiaEPRO�oFPR}(m,ThS Ï J d J

� Q^SHO � PRW�ksk 1 U�W�SBThSHU�P�U b W�k,Sl�+O ¬ ����p X O(WhT X(]R] SBT X Uhp�P ]R] `?WhSHU#W X)X�n m"pVktW X u,T X Q)P�a
S�SB�@Sip�W�P_Q^S�p X O�WhT X(]

P_O n `^O 1 pB`(U�SiU b `[O6a�PRWhU�T�S ] P�`[O6pBS{m,u X OY`tU�P_O,} ] S�k6PR}(k X T ]_X � p X O�W�T X^]
] SBQ(S ] P�U�}(SBO,SHTh` ]R]_1 W X)X ThSHU�W�ThP_p�W�P_Q^S(J

�{k,SqU X^] m
WhP X OÂW X Whk,P_UsP_UsW X W�m,ThOÂW�k,S=` 0 Thm,u
W|WhTh`^O6U�PxWhP X O6U 0 S�W � SBSHO umin `^O6a umax PRO�W X `�U n�X)X Whk

p X O�W�P_O�m6m n�0)1 P_O�W�T X a,m6p�P_O,};` w O,PRW�Stu,T X u X T�W�P X O6` ] }(`[P_O�J

� T X u X T�W�P X O6` ] p X O�W�T X^] `^u,u ] PRSiUl`;p X O(WhT X(] U�P_}^O6` ] W�k6`[W�pVk6`[O6}^SHU ] P_O,SH`^T ]_1Y0 S�W � SBSBO elow `[O"a ehi b



� d

`^UlU�k X � OEPRO�oFP_}^m,ThS Ï J c � J�¨�WhU�p X O�WhT X(]@] ` � P�UlU�m n�n `^T�P_�BSia=`(U ZzX^]_]RX � UH�

u =





umax e > ehi

u0 +Kpe elow < e < ehi

umin e < elow

»�SHT�S b
Kp
P_U�pB` ]_] SHa¤W�k,S�&4®�±�&F±?®H·«¶­±?¹"ÿ?º4v
ÿ?¶_¹�JD¨©O;U X^n S�pB`(U�SiUFW�k,P�U�}�`[P_O;pB`[O 0 S�pB` ] pBm ] `?W�Sia b[0 m,W�PxW�P_U§m"U�m
�

` ]_]_1 pVk X U�SBO 0)1 W�k,Stp X O�W�T X^] U 1 U�W�S n a
SiU�P_}^O,SHT 0 `^U�SHaqm,u X O�`[Ov±,¸[°�¯V®%�&¯iµ¤W�TV`^a
S X � 0 S�W � SBSBO X Q^SHThU�k X)X W b
X Uhp�P ]_] `[W�P X O b `^O6a�T�SiU�u X O"U�SYU�u"SHSHa4J=o X TsS��,` n u ] S b PRO8`^O/S ] Sip�W�ThP�p X Q^SBO b W�k6SYa
SHU�PRThSHa 0 `^�)PRO,}EWhS n u"SHT��

`?Whm,ThS¤ThSBu,ThSHU�SBO�WVUlW�k6S¢ThS Z SHT�SHO6p�S¢U�P_}^O"` ] `[O6a�W�k,S�}(`^PRO T�SHu,T�SiU�SHO�WhU�W�k,S;` n�X m,O�W X[Z u X � SBT+W X `[u,u ]R1 W X

W�k6Ssk,Si`?W�P_O,}YS ] S n SBO�WhUHJ�¨�W � X m ] a 0 Ssu X UhU�P 0,] S|W X U�S�W�Whk,Ssk6SH`?WhPRO6}qS ] S n SHO(WVUlW Xqn `?�
P n m n �zThSHa)��k X WV� b

� k,P�pVk � X m ] aÂTh`^P_U�S�W�k,SYW�S n u@SBTV`?Whm,T�S=y(m6P_pV� ]_1^bF0 m
W¤PRW � X m ] ag` ] U X�X Q^SBTVU�k X)X Wt`[O6a 0 SHp X^n S;W X)X k X W b

U�PRO6pBS�W�k,SlS ] S n SHO�WhU�u X UhU�SiU�U�U�PR}(O,P w pB`[O�W�W�k6SBT n ` ] PRO6SBT�W�P�`,JD�{k6S�a
SHU�PR}(O,SBT � X m ] a¤O X WhS�Whk,P�U�u,k,SBO X^n SBO X O

`[O"a;T�Sia
m6pBS
Kp
J ��X WhS�Whk6`?W�W�k,P�U{`[u,u,T X `(pVk;a X SHU�O X W�PRO)Q X(] Q(S�` n `?Whk,S n `[W�P�pB` ]_]_1 u6T�Sip�P�U�S ZzX T n m ] `?W�P X O b

0 m
W�TV`?Whk,SBT�`¢}(SBO,SHTh` ] S n u,PRThP�pB` ] k6SBm,ThP_U�W�P�p�`[O6av`�)�W�m,O,P_O,} + u,k6`(U�S(J
� T X u X T�W�P X O6` ] p X O�W�T X^]_] SHThU�`&Q X P�avWhk,S X U�pBP ]_] `?W�P X O u,T X(0,] S n U X^Z �+O ¬ ���Âp X O�W�T X^]_] SHThU b@0 m
WtU�m
�#SBT

Z T X^n U�W�SH`(a 1 ��U�Wh`[W�S=SBThT X ThU � `?W ]_X � }(`[P_O�`^O6a X Q(SBTVU�k X�X W X T�ThPRO,}(PRO6}/`?W�k,P_}^k�}(`[P_O�J8f X T�S ZzX T n ` ]_]R1(b
P Z � Sqa
S w O,S ess `(UtW�k6SqU�WhSH`(a 1 ��U�Wh`[W�S;SBThT X Tt`[O6a uss `^U|W�k,S=U�WhSH`^a 1 �©U�Wh`?WhSYp X O(WhT X(]§X m
Whu,m
W b Whk,SBO 0)1

ThSH`[ThTV`[O,}(PRO,}|W�k,S � �©p X O�W�T X^]_] SHT ] ` ��� S X^0 WV`[P_O��

ess =
uss − u0

Kp

� Ï J c � �

�{k,P�UsP n u ] PRSiUsWhk6`?W¢W�k6SEU�W�Si`^a 1 �©U�WV`?W�SqSBThT X T � P ]_]{X O ]_1Â0 SE�BSHT X P Z Whk,SE}(`[P_O Kp
P�UsP_O w O6PxWhS b�X T¤P Z W�k6S

U�W�SH`(a 1 ��U�Wh`[W�S�p X O�W�T X^]�X m
W�u6m
W=P�UqSiy�m6` ] W X
u0
�ªU X^n SBW�P n SiUqpH` ]_] Sia�W�k,S�³�±&¹#·«®�±?ºRºz¯V® ¸[¶�ÿ^°h��þ � k,P�pVk b P_O

}^SHO,SBTV` ]Åb � P ]_] O X W 0 SKWhT�m,S(J

¨©O6p�ThSH`(U�P_O,}lWhk,S{u,T X u X T�W�P X O6` ] }(`^PROsPRO6pBT�Si`^U�SHU�W�k,SlU�u"SHSHa X^Z W�k6S�p X O�W�T X^] T�SiU�u X O"U�S�þ¡ThSHa
m"p�P_O,}lW�k6S

U�W�SH`(a 1 U�Wh`?WhS�SBThT X T�þ 0 m
WKS��#SHp�WhPRQ(S ]_1 W�m6T�O6U+Whk,S � p X O�W�T X^]_] SBTKPRO�W X `^O X Uhp�P ]_] `[W X T 1 �+O ¬ ���8p X O�W�T X^]_] SHT

`^U¢Whk,S�}�`[P_O�P�U;P_O6p�ThSH`(U�Sia b Whk,SBThS 0)1 ThSHa
m"p�P_O,}gU�WV` 0 P ] PRW 1 J j O¡S��#SHp�W�P_Q^S�U X^] m
W�P X O�W X Whk,S�u,T X^0,] S n X[Z

U�W�SH`(a 1 ��U�Wh`[W�SESBThT X TsWhk6`?WYa X SiU�O X W;P_O�Q X^] Q^SEPRO w O,PRW�S�u,T X u X T�W�P X O6` ] }�`[P_O�P�U�W�k6Sv`(a,a
PRW�P X O X[Z `[O X W�k,SHT

 á { R f I X R E R Z ` R�G#R K�T R>R Z K!{ R F N K a N K F�S K�{ Rsa%J H Z K H Z f K!{ R E R S R E R Z ` R I=Z K�{ R�J I P I K H Y K I P R | F R Y K F I=Z ¿ ZQI K L



Ñ �

p X O�W�T X^] `^p�WhP X OYWhk6`?W�p X T�ThSHp�WhU ZzX T�U�W�Si`^a 1 �©U�WV`?W�S+SBThT X T 0)1 P_O�W�SB}(Th`[W�P_O,}¢PxW X Q^SHT�WhP n St`[O"a Z `^p�W X T�P_O,}¤W�k6`[W

y�m6`[O�WhPxW 1 P_O�W X W�k6S|p X O�WhT X(] J

�{k,S|`^a6a
PxWhP X O X^Z `^Ov¨©O(WhSB}(Th` ] p X O�W�T X^] U�Wh`^}^StpB`^O=SB�@Sip�W�P_Q^S ]R1 `^a,a,T�SiU�U�W�k6Stu,T X(0,] S n U X[Z U�WhSH`(a 1 �

U�Wh`?WhS�SBThT X ThU � PxWhk X m,W|T�Siy(m6PRThPRO6} ] `[Th}^S¢u,T X u X T�W�P X O6` ] }�`[P_O6UHJ¢�{k,S;p X O�W�T X^]�] ` � b � PxWhk�W�k,SY`(a,a
PRW�P X O X[Z

W�k6St¨©O(WhSB}(Th` ] U�Wh`^}^S b P_Ul`(U ZzX^]_]RX � UH�

u =





umax e > ehi

Kp

(
1
Ti

∫
edt+ e

)
elow < e < ehi

umin e < elow

� k,SHT�S Ti P�U�W�k,S+W�P n S X^Z PRO�WhSB}^TV`?WhP X O�J��{k,SKy�m X W�P_SBO�W Kp/Ti
P�U{U X(n SBW�P n SHU�T�S Z SBThT�Sia�W X `^U�W�k,SK¶_¹@·©¯�v�®Vÿ[º

v)ÿ[¶R¹ b a
SHO X WhSHa
Ki
J�L)S ] Sip�W�P X O X[Z

Ki
P_U{a
P�p�WV`?WhSHa 0)1 k X � n m"pVkqU�WhSH`(a 1 U�WV`?W�S+SBThT X T�O,SHSHa,U�W X¤0 S X �4U�S�WHJ

¨©O/W�k,S�S��,` n u ] S X[Z W�k,S X Q(SBO b `^O P_O(WhSB}(Th` ] U�Wh`^}^S¢P_U�SB�@Sip�WhPRQ(S ]_1 PRO�W�T X a
m6pBSHa 0�1 `(a,a
P_O,}vPRO"U�m ] `?WhP X O�W X

W�k6S X Q^SHO � ` ]R] U�U X Whk6`?Wlp X O6a
m6p�W�P X O ]_X UhU�SiU�`[ThS�ThSHa
m"p�SHa X T b P�a
SH` ]R]_1^b�X �4U�SBW�SB�
`(p�W ]R1 J��{k6S � ¨�p X O�W�T X^]_] SHT

P�UtPROgSB�@Sip�W���m"U�W¤` � p X O�WhT X(]R] SBT � PRW�k8`[OÂP_O�W�SB}(Th` ] W�SHT n T�SHu ] `^p�P_O,}
u0
b U X PRW¤`^a6`[u
WhPRQ(S ]_1 U�S ] SHp�WVU�W�k6S

p X T�ThSHp�W
u0
PRO X Tha
SHT�W X S ] P n P_O6`?WhS;U�WhSH`^a 1 �©U�Wh`?WhS¤SHT�T X TVUHJ � ¨�p X O(WhT X(] pB`[O/T�Sia
m6pBS�U�W�Si`^a 1 �©U�WV`?WhS¤SHT�T X TVU

W X �BSHT X"b)0 m
WlPxW{WhT�Si`?WhU�TV`[u,P�a ]_1 `[O6a=U ]_X � ]_1 pVk6`[O,}(PRO6}su ] `[O�W X m
Whu,m
WhU{P_O=W�k,StUh` n S n `^O,O,SBT b � k,P�pVk=pB`^O

pB`^m6U�S¢u6T X(0,] S n U�P Z W�k,S X Q(SBO/P_U{��m"U�W 0 S ]_X � Whk,SYU�SBW�u X P_O�W 0 m
W|k,Si`?W�P_O,}vm,uÂTV`[u,P�a ]_1^b4ZzX TtPRO6U�Wh`^O6p�S(J;¨©O

W�k"`?W+pH`^U�S b Whk,Ssp X O�W�T X^] U 1 U�WhS n U�k X m ] avT�Si`^p�W�a,Px�#SBThSBO�W ]_1 W�k6`^O�P Z PRW+P�U�`?WlWhk,S¤Uh` n S�WhS n u"SHTh`[W�m,ThS 0 m
W

p X)X(] P_O,}�a X � O�J j a,a,PRO,}/` w O6` ] p X O(WhT X(] W�SHT n W�k"`?WsP�U|ThS ] `?WhSHa/W X Whk,S=a,SBThPRQ?`?WhPRQ(S X[Z W�k6SYSBThT X T�W�SHT n

`^a6a
T�SiU�U�SHU�Whk,P_UHJ

j ~�SHT�P_Q?`?WhPRQ(S�U�Wh`^}^S�` ]_]RX � U+Whk,SYp X O(WhT X(]R] SBT+W X `&Q X P�a�S��,pBSHUhU�P_Q^S X Q^SHThU�k X)X WiJ¤�{k,SYp X O�W�T X^]�] ` � b

� PRW�kEW�k,S|`(a,a
PRW�P X O X[Z W�k,S|~+SBThP_Q&`[W�P_Q^StU�Wh`[}(S b pB`^O 0 S|U�m n�n `[ThPR�HSHaq`(U ZzX^]_]RX � UH�

u =





umax e > ehi

Kp

(
e+ 1

Ti

∫
edt+ Td

de
dt

)
elow < e < ehi

umin e < elow

� k,SHT�S Td P_U�Whk,S=a,SBThPRQ?`?WhPRQ(S�W�P n S �­Whk6`?W¢P_U b Whk,SYTV`?WhS X[Z pVk6`^O,}^S X[Z Whk,SYSBThT X T X Q^SHT�W�k,SqW�P n SYu"SHT�P X a

Td
��J j U 0 S ZzX T�S b Whk,S�y�m X WhPRSHO(W

Kp/Ti
P_U�Whk,S�P_O�W�SB}(Th` ] }(`^PRO b(0 m
W�Whk,SBThSlP�U§O X � `[O;`^a,a,PxWhP X O6` ] µ
¯V®h¶!��ÿ
·«¶!�?¯



Ñ,c

v)ÿ[¶R¹=W�SHT nvb
KpTd

J \ k X P�p�S X^Z
Kd

P_U�a
P_p�Wh`[W�SHa 0)1 k X � n m"pVkEa,` n u,PRO6} � P ]_]�0 StO,SHpBSHUhU�`^T 1 P_O X TVa
SBT�W X

`&Q X P_a X Uhp�P ]_] `[W�P X O6U � k,SHO�W�k,S�u ] `^O�W X m
Whu,m
W�pVk"`[O,}(SHUHJDo X T�`[O X Q(SBO b W�k,S�a,SBThPRQ?`?WhPRQ(S�W�SBT n � X m ] a¢O X W 0 S

P n u X T�Wh`^O�W�a
m6T�P_O,}qO X T n ` ]DX u"SHTh`[W�P X O b#0 m,Wt`(U+U X)X O `(U+U X^n S X O,S X u@SBO6U+W�k6S�a X�X T b k,Si`?W � P ]_] SHUhpB`^u"S(J

�{k,S|TV`?WhS|`?W � k,P�pVkvW�k6Stk,SH`[W�SHUhpB`^u"SiU Z T X(n Whk,P_U�SBQ(SBO�W�a
SBu@SBO"a,U�m,u X O � k6S�W�k6SBTlWhk,S X Q^SHOvP_UlP_O�`�k X W

X T�` Z ThP_}^P�a�k X m"U�S b O,Sip�SiU�U�PxWV`?WhPRO,}qW�k,S�pVk X P_pBS X[Z `=U n ` ]R]
Kd

PRO�W�k,S ZzX T n SBT�pB`^U�Ss`^O6a ` ] `^T�}(SBT
Kd

P_O

W�k6S ] `[W�W�SHT�pB`(U�S b P Z�X O,S � `[O�WhU�Whk,S|Uh` n S�T�SiU�u X O6U�SKTh`[W�S^J

j � ¨�~¦p X O(WhT X(]R] SBT � PRW�kÂ` ]_] Whk,ThSBS ��b ¨ b `[O6a/~¦U�WV`[}^SiU©þ � k,SHO�u,T X u@SBT ]R1 Whm,O,SHa)þ¥pH`[O u6T X Q)P�a
S

W�k6S�) 0 SHU�W + p X O�W�T X^] PRO�W�k6SvU�SBO"U�SqW�k6`[W�PRWhU;p X O�W�T X^] ThSHU�u X O6U�S=P_U Z `(U�WhSBT�`[O6a n�X ThS=U�Wh` 0,] S=W�k"`[O �ÀX T
� ¨Kp X O�WhT X(]R] SBTVUBJt�{k,S�u,ThP n `^T 1 a
TV` � 0 `(pV�=P_O WhTh`(a
PRW�P X O6` ] a,SHU�PR}(O X[Z�� ¨�~¦p X O(WhT X(]R] SBTVU+P_U+W�k6S�a,Px�Yp�m ] W 1

X[Z Whm,O,P_O,}�Whk,S nvb PÅJ S(J X[Z U�S ] SHp�W�P_O,}�Whk,SBP_TsWhk,ThSBSY}�`[P_O8p X O"U�WV`[O�WhUHJ L 1 O�W�k,SiU�P�U X^Zl� ¨�~ p X O�WhT X(]R] SBTVUtk6`(U

k,P�U�W X ThP_pH` ]_]R1 u6T X p�SHSHa
SiaqP_O w Q^StU�W�SHu6U b W�k,S ] `^U�W X[Z � k6P_pVkvP�U�W�k,P�U{W�m6O,PRO6}YU�WhSBu�J��{k,SiU�S�u6`^T�WVUl`[ThS^�

� c � \ k6`^Th`(p�WhSBThPR�HS�Whk,S¢±�&�¯V¹@´zºz±)±�&/®�¯�°�&�±&¹"°V¯ � X[Z W�k,S|u ] `^O(W+PRO X Tha
SHT{W X a,S�W�SHT n P_O,S � k6`[W�O,SBSia,U{W X
0 S�P n u,T X Q^Sia4J

� � � j a,a � T X u X T�W�P X O6` ] p X O�WhT X(] W X P n u,T X Q^SKThP_U�SKW�P n S(J

� Ï � j a,a=¨©O�W�SH}^TV` ] p X O�W�T X^] W X S ] P n P_O6`[W�S|U�W�SH`(a 1 ��U�Wh`[W�SKSBThT X THJ

� � � j a,aE~+SBThPRQ?`?WhPRQ(Stp X O�WhT X(] W X a
SHpBT�Si`^U�S X Q(SBTVU�k X�X WHJ

� Ñ � j a&��m"U�W�Si`^pVk X^Z
Kp
b
Ki
b `[O"a

Kd
W X `^pVk6PRSHQ^S+W�k,S|a
SiU�P_ThSHa X Q^SBTV` ]_] T�SiU�u X O"U�S(J

�{k,P�U�)�ThSHpBPRu@S +|ZzX T 0 m,P ] a
P_O,}v`[O6a/`^a&��m6U�W�P_O,}v` � ¨�~¦p X O�WhT X(]R] SBT+P_U�U�P n u ] P w SHa4�KPxW�P�U+P n u X T�WV`[O�WKW X O X WhS
W�k"`?Wt`^a,a
P_O,}E¨�`[O"a ~ÍU�WV`[}(SHU¢�zPÅJ S(J b P_O6p�ThSH`(U�P_O,}qW�k,S X TVa
SBT X[Z Whk,S;p X O(WhT X(]R] SBT��lU�k X m ] a 0 S�a X O6S X O ]R1 P Z

` 0 U X(] m
WhS ]_1 T�Siy�m,PRThSHa b U�P_O6pBS�Whk,SBP_T§P_O6p ] m6U�P X O¤P_O6p�ThSH`(U�SiUDW�k,S�p X^n u ] S��
PxW 1 �ª`[O"a¤pH`[O¢u X U�U�P 06]R1 a,SHp�ThSH`(U�S�W�k6S

U�Wh` 0 P ] PxW 1 � X[Z W�k6SKThSHU�m ] W�P_O,};p X O(WhT X(]R] SBT%n Ø/p J��{k,S w O"` ] `^a?��m6U�W n SBO�W�U�WhSBuEP_Ula,Px�Yp�m ] W 0 SHpH`[m6U�SKW�k,StSB�@Sip�WhU
W�k"`?W�`[ThS�}(SBO,SHTh` ]R]_1 `?W�W�ThP 0 m
Wh` 0,] S�W X Whk,S�W�k,ThSBSlp X^n u X O,SBO�WVUl�zThP_U�S�WhP n S b U�W�SH`(a 1 ��U�Wh`[W�S�SBThT X T b&X Q(SBTVU�k X)X WV�

`[ThS�O X W ] P_O,SH`^Th` ]R]_1 U�SHu6`[TV` 06] S��[`^a&��m6U�W�P_O,}
Kp
W X P n u,T X Q^S�W�k,S�ThP_U�S�WhP n S b?ZzX T�S��,` n u ] S b pB`[O¤` ] U X PRO6pBT�Si`^U�S

W�k6S X Q^SBTVU�k X)X WHJ �FX)X T ]_1 m,O6a
SHThU�W X)X a W�m,O,P_O,}^�Åu6`^Th` n S�W�SHT�S��#SHp�WVU b `^U n SBO�W�P X O6SHa/PRO \ k6`^u
W�SHT c(b `[ThS�`
 á { RsG#R { H>e I F E F�S K!{ R Y L Y K R P T I K�{ F N K S R?R f G H�` U ` F Z K E F J 7



Ñ �

U�PR}(O,P w pB`[O�Wva
Th` � 0 `^pV�#J¦o X T�W�m6O6`?WhS ]_1^bK� ¨�~ùW�m,O6PRO,}�P�U�` � S ]_] �©U�Whm6a
P_SHa'W X u6P_p^��Whm,O,P_O,} n SBW�k X a,U ZzX T

� ¨�~Ðp X O�WhT X(]R] SBTVUsTV`[O6}^S Z T X(n U�P n u ] S X O,SiU��zS(J }"J¥O X O,S�`[Wq` ]_]«b�X TYU�P n u ]_1 WhT 1 P_O,}�W XÂn PRO6P n P_�BS X O6S

pVk6`^Th`(p�W�SHT�P�U�W�P�ptU�m6pVk�`(U X Q(SBTVU�k X�X WV��W XYX Whk,SBTVUlWhk6`?Wt`[ThS n�X ThSsp X(n u ] P�pB`[W�Siag�zS^J }6J�W�k,SÓÒ@¶z¯�v(ºz¯V®�´!w�¶«³?�@±&º�°
n S�Whk X a¼n c � Ï p X T+PRWhU n�X a
SBThO Q(SBTVU�P X O b ®�¯Vº­ÿ�lÌª«¯H¯iµ"¸(ÿ)³?��n Ú p ��J j U�W�TV`[P_}^k�W ZzX T � `^ThaE`[u,u6T X `^pVkvW�k"`?W ZzX T n U
W�k6S 0 `(U�P�U ZzX T n `^O 1 Whm,O,P_O,} n SBW�k X a,U+P_U+W X U�S�W

Kp
W X ` ]RX � Q?` ] m,S b U ]_X � ]R1 PRO"p�ThSH`^U�StWhk6`?W�}(`^PRO�m6O(WhP ]

W�k6Ssp X O(WhT X(]�]_X�X u 0 SH}^P_O6UlW XYX Uhp�P ]_] `[W�S b `[O6aEWhk,SBO�W X ThSHa
m6pBStW�k6S|}(`^PROEW X T�SiU�W X ThS|U�WV` 0 P ] PRW 1 Jl�{k,SsQ&` ] m6S

W X � k,P�pVk PRWKP�U�ThSHa,m6p�Sia�P�U � k6`[W�a,P_U�W�P_O,}^m6P_U�k,SHU�W�k6S¤Q?`[ThP�`?W�P X O"U X[Z W�k,SÓÔ@PRSH} ] SBT�� � P_pVk X^] U n S�Whk X a b � PxWhk
W�k"`?W�Q?` ] m,SsU�S�W 0 `^U�SHavm,u X OvWhk,S|}�`[P_Ov`[W � k,P�pVkvW�k,S¢U 1 U�W�S nøX Uhp�P ]_] `[W�SHav`^O6avPxWVU�u@SBThP X a X^Z�X U�pBP ]_] `?W�P X O�J

j } X)X av}(SBO,SHTh` ] ThS Z SHT�SHO6p�S X O � ¨�~Íp X O(WhT X(] `[O"avW�m,O6PRO,}=P_U¢n Ø�p b `^O6a�`;WhS��)WKa
Sia
P�pB`?WhSHa�p X^n u ] S�WhS ]_1 W X
W�m6O,PRO6};P_Ucn c �^�Qp J

��Ó�� Õs	���
���� î 	��©�

��6	���¾

j w6] W�SBT b `(U§a
S w O6SHa¢PROYL)Sip�WhP X O � J Ñ,b P_U§` n SHpVk"`[O,P�U n W�k6`[W�SHU�W�P n `[W�SiU§`Ky�m6`^O�W�PRW 1 `?W�W�P n S
t
Z T X^n

PRWhU�u"`^U�W�k,P�U�W X T 1 JloFP ] W�SHThU n ` 1=0 S¢p X O(WhPRO)m X m6U X T�a
P�U�pBT�SBW�S b"0 m
WK¨{p X O6U�P�a
SBT X O ]_1 Whk,S ] `?W�W�SBTiJl�{k,StW � X

Z m,O6a6` n SBO�Wh` ] W 1 u@SHU X[Z�w"] WhSBTVU+`^T�SÖ�F¶_¹,¶Å·�¯CL©��&§²[º_°�¯NIK¯�°±&F±?¹6°V¯Y�ªoF¨ � �+`[O6a×L©¹gx,¹,¶Å·�¯CL©�'&�²[º�°V¯ÖI+¯�°±&�±&¹6°�¯
�z¨�¨ � � w6] WhSBTVU b � k,P�pVk�¨�a
SiU�pBT�P 0 S|PROÂL)SHp�W�P X O6U Ï J Ï J c `[O"a Ï J Ï J � b T�SiU�u@SHp�W�P_Q^S ]_1 JKoF¨ � `[O6a�¨�¨ � w"] WhSBTVU�pB`^O

0 S¢p X^ns0 PRO,Sia�W XqZzX T n j m,W X ThSB}(T�SiU�U�P_Q^S b f X Q)P_O,}[� j Q(SBTV`[}(S�oFP ] WhSBTVU�� j � f j � b � k,P_pVk/¨�a
P�U�pBm6UhU 0 T�P_S�¤ 1
P_O U�Sip�WhP X O Ï J Ï J Ï Jl�{k,SHU�StW 1 u"SiU X^ZFw"] WhSBTVU�`[ThS|�)O X � O�`^U ] P_O,Si`[T b W�P n S���PRO)Q?`[ThP�`[O�W w6] W�SBTVUs�«Ä
�{¨�� 0 SHpH`[m6U�S

W�k6SBP_T�T�SiU�u X O"U�S{P�U ] P_O,Si`[T ]R1 a,SHp X(n u X U�` 0,] S b `[O6a 0 SHpH`[m6U�S{W�k,SHPRT�u6`[TV` n S�WhSBTVU�`[ThS�m6O6pVk6`[O6}^P_O,} X Q(SBT�WhP n S^J

HKµ�ÿ�&�·ª¶��&¯ w"] WhSBTVU b � k6P_pVk¥¨Ya
SiU�pBT�P 0 S�PRO×U�Sip�W�P X O Ï J Ï J � b `[ThS�S��)W�SHO6U�P X O6U X^Z W�k,S 0 `^U�P_p oD¨ � `[O6a¥¨�¨ �
u6`^Th`(a
PR} n U§W�k"`?W Z `^pBP ] PxWV`?WhSK`^m
W X(n `[W�P�p+`(a&��m6U�W n SBO�W X[Z Whk,S w6] W�SBT{u6`^Th` n S�W�SHThU�PRO X TVa
SHT�W X¤n `[P_O�Wh`^PROq`^O

X u,W�P n ` ]�X m
Whu,m
WHJt�{k,SiU�S¤W 1 u"SiU X^Z�w6] W�SHThU�`[ThSs` ] U Xq] PRO6SH`[T b#0 m
W�O X WKW�P n S���PRO)Q?`[ThP�`[O�WHJK¨©O�Whk,S ZzX(]R]_X � P_O,}

U�SHp�WhP X O6U b ¨ � P ]_] P ]_] m6U�WhTh`[W�Svk X � Q&`^T�P X m"U w"] WhSBTVU;pB`[O 0 Svm6U�Sia�W X a
P�U�WhP ]_] m6U�S Z m ] PRO ZzX T n `[W�P X O Z T X^n `

W�P n S��©U�SHT�P_SHUla6`?Wh`(U�SBWHJ

j U�P_O ] P_O,SH`^T|p X O�WhT X(] Whk,S X T 1(b�] P_O,Si`[T w6] W�SBThP_O,}qWhk,S X T 1 P�U � S ]_] �©a
SBQ(S ]_X u@SHa/`[O6a/S��)W�SHO6U�PRQ(S^J¤�{k6S

X Q^SHT�Q)P_S � P_O�W�k,S ZzX^]_]_X � PRO,}vU�SHp�WhP X O6Utp X O)Q^S 1 U�W�k,S;u X � SBT X[Z W�k,S�WhSHpVk,O,P�y�m,SHU b�0 m,W|PxW|P�U 0)1 O Xvn SH`[O"U

p X(n u ] SBW�S(J��{k,S|`[O"` ]_1 U�P�U�`^O6avU 1 O�W�k6SHU�P_U X^ZDw6] W�SHThUlW�k6`[W�u X U�U�SHUhU 0"X W�kvu X^] SHU�`^O6aE�BSBT X U b PROvu6`^T�WhP_pBm ] `[T b



Ñ^Ï
yt

Ø�Ù�Ú ÛÜ�ÝxÞ ß�à

Ø�Ù�Ú ÛÜ�ÝxÞ ß�à

b1

b2

Ø�Ù�Ú ÛÜ�ÝxÞ ß�à bn

Σ
xt

oFPR}(m,ThS Ï J c^c ��oF¨ � oFP ] WhSBT�I ]_X pV�=~�P�`[}(Th` n J��{k,S|P_O,u,m
W�WhP n SB��U�SBThPRSiU b
xt
b u6`(U�U�SHU�Whk,T X m,}(kv`;U�S�W X^Z m6O,PxW

a
S ] ` 1 U b � PRW�k�W�SHT n U�`?W�Si`^pVk¢Wh`^uYu X PRO�W � SBP_}^k�WhSHa 0)1 `|p X O6U�Wh`^O�W�`[O6a;U�m n�n SHa¢W X u,T X a
m"p�SlWhk,S X m
W�u,m,W
U�SBThPRSiU b

yt
J

pB`^O 0 S `gp X^n u ] S��¡u,T X pBSHUhU ZzX T � k6P_pVk�W�k6S�PRO�WhSBThSHU�W�SHa¡ThSH`(a
SBTYU�k X m ] a�ThS Z SHT;W X Whk,S n�X ThS�a
S�WV`[P ] Sia

ThS Z SBThSBO"p�SHU{pBPxWhSHaEPROEWhk,S ZzX^]_]RX � P_O,}�U�Sip�WhP X O6UBJ

ÕOç_ÕOçªÉ ïlæªCFæzGi7áÑ�5gÈ�ðDè«9H7ãâq7)9HÈ�>@CD9i7vïlæªèzGi7�<&9
j �F¶R¹,¶Å·�¯%L©�'&�²^º_°�¯%I+¯�°±&F±?¹6°�¯ w"] WhSBTs�«oD¨ � � b ` ] U X �)O X � Ov`^Ul`j�/±��&¶_¹0vÓH��?¯V®�ÿQv
¯|�ªf j � w6] W�SHT b
X T

`�	@ÿ�&g&�¯iµ3�t¯Vº­ÿ�l|f�¶R¹#¯ b@X T�`�	6®�ÿ?¹6°��&¯�®h°Vÿ?º w6] W�SHT b p X O"U�P�U�WVU X[Z WV`[u,u@SHa b"Z SBSia)� ZzX T � `^Tha b U�SHT�P_SHU���p X O,O6SHp�WhSHa
m,O,PRW|a
S ] ` 1 S ] S n SHO(WVU��ªoFPR}(m,ThS Ï J c(c ��J¤I�SipB`^m6U�SsW�k,SHT�S¢P�U�O XqZ SHSHa 0 `^pV� Z T X^n W�k6S w"] WhSBT X m
Whu,m
W b `qm6O,PxW

P n u6m ] U�SYP_O,u,m
W¤W X U�m6pVk8` w6] W�SHT¤pB`^m6U�SHU|`^O X m
Whu,m
W|Whk6`?W¤a,SHpB` 1 U�W X �BSHT X P_O8` w O,PRW�Squ"SHT�P X a X[Z W�P n S
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Whu,m
WHJ��{k,S|ThS ] `?WhP X O6U�k6PRu 0 SBW � SHSBOEW�k6StW � X P_O�`;oF¨ � w6] WhSBT�P�Ul}(PRQ(SBO

0)1

yt =

N−1∑

k=0
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b
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k,P 0 PxWVUl`
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·«¶­±?¹ � k,SBO n�X ThS�u@S X u ] S�¤ 1 a
m,ThPRO6}sWhk,S � P_O�W�SHT�`^O6aqU�m n�n SBT�k X^] P_a6` 1 UHJ�f X ThS X Q(SBT b W�k6S
U�SH`^U X O"` ] Q?`[ThP_`[W�P X OE}^T X � U X Q^SBT{WhP n S X T�þ¥P_O n�X T�S ZzX T n ` ] WhSBT n U©þ¡W�k,SsQ&`^T�P�`[O"p�S�P_U+p X T�ThS ] `?WhSHa;W X W�k6S

n SH`^O�JloDP ] W�SBThP_O,} b PRO�Whk,Ssp X O�W�SB��W X[Z W�k,SiU�Ssu6`^UhU�SHO,}^SHT{W X Wh` ] U b P�U�`Yy�m,SiU�WhP X O X^Z u,T�Sia
P�p�W�P_O,}Yk X � n m6pVk

¤6P_}^k�WlpB`[u"`^p�PRW 1 � P ]_]#0 SKO,SBSia
SHaqPROqW�k,SKO,SB��W 1 Si`[TiJFo X T�W�k,P�U�u,m,Thu X U�S b ¨ � P_U�kYW X a
SHT�P_Q^SK`[OYSiU�WhP n `[W�S X[Z
W�k6S�W�ThSBO6a 0)1 ThS n�X Q)PRO,}¤W�k6S|U�Si`^U X O6` ] Q?`[ThP�`?W�P X O�J

�{k,S�a
SHU�PR}(O�u6`^Th` n SBW�SHThU ZzX Tt`qoF¨ � w6] W�SHTKp X O6U�P�U�W X[Z Whk,SsO)m n¤0 SHT X^Z a
S ] ` 1 U�WV`[}(SHUs�zW�k,S X TVa
SHT
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� X TVa
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c � Uh` n u ] SHU�`?W�SHQ^SBT 1 U�W�SHu b � k6P_pVkvP�UlW�k6Ssa
SHU�P_T�Sia=SB�@Sip�W ZzX T�ThS n�X Q)PRO6}�` 1 SH`^T ]_1 p 1 p ] S(J��{k6S|SHy�m6`[W�P X O

ZzX T{Whk,P�U w6] W�SBTlP�UH�
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1
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� PRW�k�`�p X ThThSHU�u X O6a
P_O,}¤�B�«WhTh`^O6U ZzX T n , X[Z

Y (z) =

N−1∑

k=0

bkz
−k � Ï J cHe �

`[O"a=` Z ThSHy�m,SHO6p 1 ThSHU�u X O6U�S¢� � k,SBO z = eiω
� X[Z

Y (iω) =

N−1∑

k=0

bke
−ikω � Ï J cHd �

=

N−1∑

k=0

bk [cos(kω)− i sin(kω)]
� Ï J �^� �

��X W�StWhk6`?W � y�m6`?WhP X OÂ� Ï J cHe ��u X U�U�SHUhU�SiU X O ]_1 �&¯V®�±?° b PÅJ S(J�Q?` ] m,SiU X[Z
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ZzX T � k,P_pVkEWhk,S X m,W�u,m
W Y (z)
þ

`[O"avk,SBO6pBS
Y (iω)

þ¡P�U�Siy�m6` ] W X �BSHT X J{¨©OvW�SBT n U X^ZFZ ThSHy�m,SHO6p 1 ThSHU�u X O6U�S b Whk,SHU�S|u X P_O(WVU�p X ThT�SiU�u X O6aqW X

Z ThSHy�m,SBO"p�P_SHUFW�k"`?W�W�k,S w"] WhSBT�U�m,u,u,ThSHUhU�SiU�� ZzX TFW�k,SlSB�,` n u ] S X^Z oFP_}^m,ThS Ï J c � b � S{S��
u"Sip�W§W X U�SBSlp 1 p ] P�p{a,`?WV`
`?W�W�k6S w6] W�SHTlPRO6u,m
W�W�k6`[W X pHp�m,TVU�SHQ^SHT 1vc � n�X O�W�k6U�W X¤0 SKU�m,u,u6T�SiU�U�SHaY`[W�Whk,S w6] W�SBT X m
W�u,m,Wt�ªP«J S^J b `|�HSBT X

`?W X O6S��©p 1 p ] S���u"SHT��ÅW � S ] Q^S�� n�X O�W�k"Uh��JK� X a,S�W�SHT n P_O,S¢P Z W�k,P�U�P_U+Whk,S;pB`^U�S b � S¢p X^n u,m
WhSsWhk,S n `[}^O6PxWhm6a
S b

X TÄv
ÿ?¶_¹ X^Z Whk,S w6] W�SBT+`^U{` Z m,O6p�W�P X O X[ZDZ T�Siy(m6SBO6p 1 �ªa
SHO X WhSHaEk,SHT�S 0)1
H(iω)

� b Whk6`?W�P�U{}^P_Q^SHO 0)1
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� S

Y (iω)]
2

+ [
¨ n

Y (iω)]
2

X T

|H(iω)| =

√√√√
[
N−1∑

k=0

bk cos(kω)

]2

+

[
N−1∑

k=0

bk sin(kω)

]2

»�SHT�S
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P�U�Whk,S�P_O,u,m
W§U�SBThPRSiU��­Whk,S�Th` � u6`^UhU�SBO,}(SBTDa6`?Wh`��4`[O"a y(t) � P ]_](0 S�Whk,S�ThSHU�m ] W�P_O,}�a
SiU�Si`^U X O6` ] P_�BSia

U�SBThPRSiUBJ¥�{k,S n `[}(O,PRW�m6a
SvThSHU�u X O6U�S X^Z Whk,S w6] W�SHT;P_UYU�k X � O�PRO¥oFP_}^m,ThS Ï J cHÏ J¡Ã�S�U�SHSvPRO�W�k6P_U w }^m,ThS

W�k"`?WKW�k,SHT�S�`[ThS|W � S ] Q^S¤SBQ^SHO ]_1 �©U�u6`^pBSHa��HSBT X U Z T X^n −π W X π b � k,SBThS π T�SHu,T�SiU�SHO�WhU�k"` ]RZ W�k,S;Uh` n u ] PRO6}
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oFPR}(m,ThS Ï J cHÏ �{f `[}^O6PxWhm6a
SsThSHU�u X O6U�S X[Z Whk,S c � Whk
� X Tha,SBT�oF¨ �Òw6] W�SHTHJ��{k,S¤�BSBT X `[W
π/6

p X ThT�SiU�u X O"a,U{W X
W�k6SsThS n�X Q?` ]�X^Z ` c � ��u@SBThP X aÂ�z¶±Ç ¯#Çl`[O,O)m6` ] ��p 1 p ] S b `[O6aEWhk,Ssm,O6PxW 1 }(`^PRO�`[W

ω = 0
W X W�k,S¤u,T�SiU�SHT�Q?`[W�P X O

X[Z W�k6S+WhT�SHO6a4J

� X O,S;WhP n SYu@SBT 1 SH`^T bDX T c � � n�X O�W�kÂp 1 p ] SHUV� b
2π/6

�­W � X W�P n SiU|u@SBT 1 SH`^T bDX TsÚ[� n�X O(Whkgp 1 p ] SHUV� b 3π/6

� � � n�X O(WhkYp 1 p ] SHUV� b
4π/6

� Ï � n�X O�W�kYp 1 p ] SHUV� b
5π/6

� � J � � n¢X O�W�k;p 1 p ] SHUV� b `[O"a
π
� � � n�X O�WhkYp 1 p ] SHUV��J��{k,S

m,O,PRW 1 }(`^PROY`[W
ω = 0

U�SBThQ^SHU§W X u6T�SiU�SHT�Q(S{W�k,S�W�ThSBO6a4J ��X W�S�W�k6`[W�W�k6S+k,P_}^k6SHU�W�� Z T�Siy(m6SBO6p 1 p 1 p ] S�W�k6`[W�pB`^O

0 StO�m ]R] SHaEP�U{k6` ]RZ Whk,S|Uh` n u ] PRO,} Z ThSHy�m,SHO6p 1(b ` � S ]_] �Å�)O X � O=u,T X u"SHT�W 1 pB` ]_] SHaqW�k,S ��1 y�m,P�U�W � �@Sip�WHJ

¨ Z � S�`^u,u ]_1 Whk,P�U w6] W�SHT�W X W�k,S�a,`?WV` X[Z oFPR}(m,ThS Ï J c � b � S X^0 WV`[P_O�W�k,S�T�SiU�m ] WhUDU�k X � OKP_OsoFP_}^m,ThS Ï J c � b

P_O � k,P_pVkEWhk,Ssp 1 p ] SiUlk6`&Q^S 0 SBSHO�T�S n¢X Q(SHa4J ��X WhStW�k"`?W�Whk,SBThStS��
P�U�WVU�`'&��"ÿ^°V¯B´©µ)¯�º�ÿ�l X[Z W � S ] Q(S|U�` n u ] SiU
� n�X O(Whk6UV� b a
S n¢X O6U�W�TV`?W�Sia 0)1 Whk,Sv` 0 U�SBO6pBS X[Z `^O 1 w6] W�SHT�Sia X m,W�u,m
W�P_OgW�k,S w TVU�W 1 Si`[T X^Z a,`?WV`,J/�{k6S

pB`^m6U�S X[Z W�k,P�U�a
S ] ` 1 U�k X m ] a 0 S�`[u6u6`[ThSBO�WH�lSHQ^SHT 1 PRO6u,m
W|a,`?WV`Yu X P_O�W n m6U�W�u6`(U�U�W�k,T X m6}^k�W � S ] Q^S|m6O,PxW

a
S ] ` 1 S ] S n SBO�WhU 0 S ZzX T�S�PRWhU Z m ]_] SB�@Sip�W�P�U Z S ] W�`?WlWhk,S w6] WhSBT X m
W�u6m
WHJ

~�P�Uhp�ThS�W�S�oF¨ �íw6] W�SBTVU;u X UhU�SiU�U�`�O)m ns0 SBT X^Z `[W�WhTh`(p�W�P_Q^SvpVk6`^Th`(p�W�SHT�P�U�W�P�pBU ZzX T;Whk,Svu,m,Thu X U�SiU X[Z

W�k6P_U+W�k6SHU�P_UHJKoFP_ThU�W b Whk,S 1 pH`[O 0 S¤Si`^U�P ]_1 T�Si` ] PR�HSHavP_O SHPxWhk,SBT�k6`^Tha � `[ThS X T�U X[Z W � `[ThS^J+L)Sip X O6a b W�k,S 1 `[ThS

U�Wh` 06] S 0 SHpH`[m6U�S�W�k,S 1 a X O X W�p X O�Wh`[P_O Z SBSia 0 `^pV� ]RX)X u6UBJ�oDP_O6` ]R]_1^b Whk,SBP_T+`^O6` ]_1 U�P�U b `^U{P ]R] m6U�W�TV`?W�SiaEPROvWhk,P_U

L)Sip�W�P X O b P_U�U�W�TV`[P_}^k�W ZzX T � `[TVa4JK¨©O�W�k6S¢O6S��)WtL
SHp�WhP X O b ¨+a,SHUhp�ThP 0 S¢pVk"`[TV`^p�WhSBThP_U�W�P�pBU X[Z ¨�¨ � w6] W�SHThU b � k,P�pVk

`[ThS;U X(n S�W�P n SHUtk"`[TVa
SBT�W X T�Si` ] PR�HS;T�S ] P�` 0,]_1 P_O8U X^Z W � `^T�S b pB`^O 0 Sip X^n S;m,O"U�WV` 0,] S b `[O6ag`^T�S;U X^n S � k6`[W
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SBTtoF¨ � w6] W�SBT|W X W�k6Sq`[P_T ] P_O,S�u6`^UhU�SHO,}^SHT|a,`?WV`,Jq�{k6S
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n�X ThSta
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W n ` 1 O,SBQ(SBT�T�Si`^pVk

�BSHT X J�rKP_Q^SHO=`^OYPRO6u,m
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Whu,m
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� Ï J � c �
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η ≥ 1
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m,S¢W X W�k6S
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K�Ó�ü %¥
gýK�+	©�,	������

�{k,S|a
SBWh`[P ] UlPROEWhk,P_U�U�Sip�W�P X O ZzX T n ` ] PR�HSKW�k,S|O X W�P X O"U X[Z Ù ²(ÿ?º_¶«·yl�±QªsÚ6¯V®%�&¶ª³�¯�°±&�¯i³�¶yx4³�ÿ
·ª¶z±&¹"° b ¯/�;´
&#¶_®�¶«³Vÿ[ºFµ^¶_°H·ª®h¶�¸
²,·ª¶z±&¹"° b `[O"a�·ª®�ÿ?¹"°�¶Å·ª¶z±&¹=®Vÿ,·ª¶z±?°�W�k6`[Wl`^T�S+m6U�SHaYP_O=W�k,P�U�W�k,SiU�P�UHJF¨©OE`^a,a,PxWhP X O b W�k,S�O X Wh`[W�P X O
ZzX T�U�SHQ^SHTh` ] y�m6`[O�W�PRW�P_SHU X[Z P_O(WhSBThSHU�W ZzX T�p X O(WhT X(] P�U�P_O�W�T X a,m6p�Sia b O6` n S ]_1 Whk,S�ª­®�¯B¯�`[O6aE³�±&¹6°H·ª®�ÿ?¶_¹@¯iµ�&#®�±
¸(´
ÿ,¸[ºR¶Å·yl �Yÿ[°h° b Whk,S;¶_¹6°B·�ÿ?¹#·Åÿ[¹@¯B±
²^°�t¡�"ÿ?¶_¹Â°B·�ÿ
·�¯ b W�k6SY¯�°B·«¶��Yÿ,·�¯iµÂ·ª®�ÿ?¹"°�¶Å·ª¶z±&¹Ì&#®�±
¸^ÿ6¸?¶Rº_¶Å·ª¶z¯�° b W�k,Svµ)¯�°�¶_®�¯iµ
®�¯%È
²�¯�°H·(&#®�±
¸^ÿ6¸?¶Rº_¶Å·yl b `^O6a=W�k,St¹@¯&³�¯�°�°Vÿ?®>l�µ^®�±�&ä&4®�±,¸^ÿ,¸?¶_º_¶«·yl0Ç

� SHpH` ]_]§Z T X^n Whk,S \ k6`^u
W�SHT Ï W�k6`[W¤`�f�`^T�� X Q�I�P_T�W�k ¬ ~�Si`?W�k \ k6`^PROÂP�U|`�f�`^T�� X Q \ k6`[P_O � PxWhk

W�TV`[O"U�PRW�P X O6U X O ]R1;0 S�W � SBSHOEU�Wh`[W�SiU�Whk6`?W�a
PR�#SBTlP_O=P_O6a
SB� 0)1;X O,S;�ªoFP_}^m,ThS � J c ��J§o X T n ` ]R]_1^b }(PRQ(SBO=` w O6PxWhS

U�Wh`?WhS;U�SBW S = {0, 1, 2, . . . , n} b `ux,¹,¶Å·�¯qµ^¶�°B³�®�¯&·�¯B´�·«¶��q¯¢� ÿ[®"�
±��j��¶_®H·!�g���t¯�ÿ,·���t¡�"ÿ?¶_¹ÂP_Ut`vU�W X pVk6`(U�WhP_p
u,T X p�SHUhU {Mt, t ∈ Z∗}

b W�k"`?W�WV`[�(SHU X O�Q?` ] m,SHU Z T X(n S J+¨©O X TVa
SBTlW X }(m6`[TV`[O�W�SHS�W�k,S¤S��
P�U�WhSBO6pBS X[Z `[O"a
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oFP_}^m,ThS � J c � j }^SHO,SBTV` ] f�`^T�� X QYI�PRT�W�k ¬ ~�Si`?Whk \ k6`^PRO

p X O)Q^SBTh}^SHO6p�S�W X `EU�WV`?WhP X O6`[T 1 u,T X^0 ` 0 P ] PRW 1 a
P�U�WhT�P 0 m
WhP X O b ¨�p X O6U�P�a
SHT X O ]R1Ew O,PRW�S \ k6`^PRO"UBJ��{k,P�U�P�UK�^S 1

W X SiU�WV` 0,] P_U�k,P_O,};p X O(WhT X(]R] ` 0 P ] PxW 1 J

�{k,S;U�WV`?WhSsWhTh`^O6U�PRW�P X O n `?W�ThPR� X[Z M b P_O�W�T X a
m6p�Sia P_OgL)SHp�W�P X O Ï J c J Ï6b P_U�`vU�W X pVk6`^U�W�P�p
n + 1

0)1

n+ 1
n `?W�ThPR� P � k,SHT�S¢S ] S n SBO�W Pij a
SHO X WhSHU+W�k,S;u6T X(0 ` 0 P ] PxW 1vX[Z�n `[�)PRO6}=Whk,S¢W�TV`[O6U�PRW�P X O i → j

ZzX T

i, j ∈ S �

P =

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

1− p p 0 0 . 0 0 0

q 1− p− q p 0 . 0 0 0

0 q 1− p− q p . 0 0 0

. . . . . . . .

0 0 0 0 . q 1− p− q p

0 0 0 0 . 0 q 1− q

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣
j Ù ²(ÿ[ºR¶Å·yl�±�ª�Ú6¯�®��&¶«³�¯K°±&F¯&³�¶yx4³Vÿ,·ª¶z±&¹ X O M P_U+`;a
P�U�pBT�SBW�S Z m,O6p�W�P X O

Q : S → [0, 1]
J�¨�W+Uh`?W�P�U w SHU

W�k6S�p X O"a
PxWhP X O ∑n
i=0 Q(i) = 1.00

b `^O6a�P_UYa,S w O,Sia ZzX T;SBQ(SBT 1 S ] S n SBO�W X^Z W�k6S�a X^n `[P_O S = {S −

{0, . . . , β − 1}} b `^O6a β ∈ {2, . . . , n} J�»�SBO6pBS Q P�Ul`¢u6`[T�W�P�` ]@Z m,O6p�W�P X O X O S W�k6`[W�P_Ula,S w O,Sia X Q(SBT�W�k6S

P_O(WhSBThQ?` ]
[β, n]

��¨�ThS Z SBT+W X U�Wh`?WhS
β
`^U�W�k,S�¸
±)·�·ªºz¯V¹@¯&³?��°B·�ÿ
·�¯ ZzX T�ThSH`^U X O"UlW�k"`?W � P ]_]�0 Sip X^n S�`[u,u"`[ThSBO�W

P_O�L)SHp�W�P X O � J Ï J � J ��X W�S;Whk6`?WsO X `^UhU�m n u,W�P X O X[Zln�X O X W X O,P_pBPxW 1 P_U n `^a
S;k,SHT�SqT�SH}(`[TVa
P_O,}
Q
bD0 m,W¤P_O

u,TV`^p�W�P�pB` ] `^u,u ] P_pH`?W�P X O"U � SKO X T n ` ]_]R1 `^UhU�m n S+W�k6`[W Q P�U n�X O X W X O6P_pH` ]_]R1 a
Sip�ThSH`(U�P_O,}sP_O s � 0 SHpH`[m6U�S � S

� P�U�kEW X a
SH}^TV`^a
SKu@SBT ZzX T n `^O6p�S�P_OE`;p X O�W�T X^]_] SHa Z `(U�k6P X O"��J

�{k,S�³�±?¹6°H·ª®�ÿ?¶_¹@¯iµ£&#®�±
¸^ÿ6¸?¶Rº_¶Å·yl¢�Yÿ[°h° b
πc
b P�U�W�k,S�U�m nÀX[Z W�k,SlS ] S n SHO�WhU§P_O¢W�k,S Ë+X L¤U�u@SHp�P w pH`?W�P X O b



Ú e

� k,P ] S�Whk,S�ª­®�¯B¯¶&#®�±
¸^ÿ6¸?¶Rº_¶Å·yl3�;ÿ^°�° b πf b P�U X O6S n P_O)m6U{W�k6P_U{Q?` ] m,S(�

πc =

n∑

i=β

Q(i)
� � J c �

πf = 1.00− πc
� � J � �

I�SHpH`[m6U�SYWhk,S Ë+X LgU�u"Sip�P w pB`[W�P X O�P_U�` n `(a
S=m6u X O�`/a
P_U�W�ThP 0 m
W�P X O b
πc
n m6U�W¢O,SHQ^SHT¢U�m n W X ` Q&` ] m6S

}^ThSH`[W�SHT{W�k6`^O c J �(� J��{k6P_U�U�u@SHp�P w pH`?W�P X OvP�Ulm6U�SHa�`(U{W�k,S�)�ThS Z SBThSBO"p�StU�P_}^O"` ]
++ZzX T�W�k,Ssp X O�W�T X^] U 1 U�WhS n UlP_O
W�k6P_U�Whk,SHU�P�UB�FU�m6pHp�SiU�U Z m ] p X O�W�T X^])n SH`[O"UFW�k6`[WFWhk,S�U�Wh`?WhP X O6`[T 1 a
P�U�WhT�P 0 m
WhP X O X^Z `�p X O�W�T X^]_] SiasI�P_T�Whk ¬ ~+SH`[W�k

f�`^T�� X Q \ k"`[P_O�P�UtSiy(m"` ] W X � X T|`[W ] Si`^U�W�O X }(T�Si`?WhSBTKW�k6`^O"�KWhk,S Ë m6` ] PRW 1�X[Z L)SBThQ)P_pBS�U�u@SHp�P w pH`?W�P X OÂP_O

W�k6SKU�S�W S J§N�U�m6` ]R]_1^b � SKa X O X W � `[O�W�Whk,S�U�WV`?W�P X O"`[T 1 a,P_U�W�ThP 0 m
W�P X OqW X¢0 S ]RX � SBT�W�k6`^O S b�0 SHpH`[m6U�S+W�k6`[W

� X m ] a n Si`[O=W�k6`[WlW X)X;n `[O 1 T�SiU X m,TVp�SKT�Siy(m6SHU�WhU � SBThS 0 SBP_O,}Ya
SHO,PRSia4J

�{k,S�¯/�'&#¶R®h¶«³Vÿ?º�µ^¶�°B·«®�¶�¸
²,·«¶­±?¹ X[Z M P�U+T�S ] `[W�SHaEW X PRWhUKU�WV`?WhP X O6`[T 1 a,P_U�W�ThP 0 m
W�P X O�Whk,T X m,}(k P J j U

a
SiU�pBT�P 0 Sia|P_O�L
SHp�WhP X O Ï J c J Ï6b W�k,SlU�Wh`?WhP X O6`[T 1 a
P�U�WhT�P 0 m
WhP X O X[Z M b a
SBO X W�Sia 0)1
π
b pH`[O 0 Sla
S�WhSBT n PRO,Sia 0)1

p X(n u,m
W�P_O,} Pt `[O6a�` ]_]_X � PRO,} t→∞ b � k,SBThS t a
SBO X W�SiUFW�k,S�O�m ns0 SBT X^Z a
P�Uhp�ThS�W�S�U�W�SHu6U��«U�WV`?W�S�pVk"`[O,}(SHUV�

n `^a
S 0�1 Whk,S \ k6`^PRO�J$m ¨ Z
t
P_U w O,PRW�S b Whk,SBO Pt P�U�pH` ]_] Sia;`;·ª®�ÿ?¹"°�¶z¯V¹#·§µ^¶�°H·ª®h¶Å¸
²6·ª¶z±&¹*�Yÿ
·«®�¶ r `[O6a�S ] S n SHO�W

Ptij
T�SHu,T�SiU�SHO�WhU�W�k,S{u,T X^0 ` 0 P ] PRW 1 W�k6`[WFWhk,S \ k6`[P_O¢P_UFP_O¢U�Wh`[W�S

j
` Z WhSBT

t
U�W�SHu6U b p X O"a
PxWhP X O,SHasm,u X O�U�WV`[T�W�P_O,}

P_O/U�Wh`?WhS
i
J j U

t
`^u,u,T X `^pVk6SHUlP_O w O,PRW 1^b ` ]R] W�k6S¤T X � U X^Z W�k,P�U n `?W�ThPR��p X O)Q^SHT�}(S�W X W�k,S�Uh` n SsQ?` ] m,S b π J

�ª�{k6P_U+P_UK`YThSHU�m ] W X^Z W�k,S n S n�X T 1)] SiU�U�O,SHUhU X^Z W�k,S�f�`[Th� X Q \ k6`[P_O�JM���{k,SY¯��'&#¶_®�¶«³Vÿ[ºDa
P�U�W�ThP 0 m,W�P X O X^Z `
f�`^T�� X Q \ k6`[P_OvP_U+`�W�TV`[O"U�P_SBO�W�a
P�U�WhT�P 0 m
WhP X OvW�k6`[W�P�U�pB` ] pBm ] `?W�Sia X Q^SBT�`;W�P n Ssu"SHT�P X a

∆t
0)1 T�Sip X TVa
P_O,}

W�k6S�u@SBTVp�SHO�Wh`[}(S X^Z WhP n S�W�k6`[W�W�k,S \ k6`^PRO¢U�u@SBO"a,U�PRO¢SH`(pVk¢U�Wh`[W�S b `[O6asW�k,SHO�O X T n ` ] PR�HPRO,}�W�k,SiU�S{Q?` ] m,SiU 0)1

∆t
J \ ` ] pBm ] `?W�SiasP_O¢W�k,P�U n `[O6O,SBT b W�k6SlS n u,P_T�P�pB` ] a
P_U�W�ThP 0 m
W�P X O¢P�U�`[O

n+1
��S ] S n SBO�W§T X � Q^Sip�W X T§a
SBO X W�Sia

0)1 E∆t PRO � k6P_pVk�S ] S n SBO�W E∆t
i

P_O6a
P�pB`[W�SiU�Whk,SsS n u6PRThP_pH` ]_]R1En SH`(U�m,ThSHavu6T X(0 ` 0 P ] PxW 1 W�k6`[W+Whk,S \ k"`[P_O�P_U

P_O�U�Wh`[W�S
i
` Z W�SHT

∆t
U�WhSBu6U b#Z T X(n U X(n S=²[¹"°�&�¯i³h¶�x@¯&µvU�Wh`^T�WhPRO6}=U�Wh`?WhS^Jq� E∆t � P ]R]�0 S�T�S Z SBThT�SiavW X `^U+W�k6S

∆t
´Å¯/�'&#¶R®h¶«³Vÿ?º�µ(¶_°H·ª®h¶Å¸,²,·ª¶z±&¹vP_OvW�k,P�U{W�k6SHU�P_UHJ �Y»�SBO"p�S�W�k6S|S n u,P_T�P�pB` ] a
P�U�WhT�P 0 m
WhP X O�pB`[O 0 StW�k X m,}^k�W X^Z `(U

`qUh` n u ] S X^Z�X O,SsT X � X[Z Whk,S¤W�TV`[O6U�PRSHO�W+a
P�U�WhT�P 0 m
WhP X O n `?W�ThPR�#JK�{k,S=³�±&¹��?¯V®"v
¯V¹�³�¯�®Vÿ,·�¯ X[Z W�k6S¤f�`^T�� X Q
\ k6`^PRO b `^U�m6U�Sia�P_OvW�k,P�U�Whk,SHU�P�U b P_U+` n SH`(U�m,ThS X[Z k X � y�m,P�pV� ]R1 E∆t `[u,u6T X `^pVk,SiU π X OvW�k,S¤PRO�WhSBThQ&` ] S J

L)Sip�W�P X O � J � p X Q(SBTVU \ k"`[P_OEp X O)Q^SHT�}(SBO6pBS�P_OE}(T�Si`?WhSBTla
S�WV`[P ] J
z ¹ R `>H J=J K�{ H K

π

I Y H¶e R ` K F E�þ I=Z K�{ I Y K�{ R Y I Y ß π H J T H L YbE R S R E�Y K F K!{ R Y K H K
I F Z H E L f I Y K E I G N K I F Z F�S H ½ H E!U F e » { H I=Z ßH Z f Z R e R E K!{ R e/H J N R

3.14159265 . . .
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oFPR}(m,ThS � J � � j O,O X Wh`[W�P X O6U X O�W�k,SgU�Wh`[W�SHUE`[O"a¥W�TV`[O"U�PRW�P X O6U X[Z `�f�`^T�� X Q�I�P_T�Whk ¬ ~+SH`[W�k \ k6`[P_O ZzX T
p X(n u,m
W�P_O,}KW�k6S{W�TV`[O6U�PxWhP X OsTV`?WhP X+Z m,O6p�W�P X O��

ω(i) = pi/qi+1
J§�DTh`^O6U�PxWhP X Osu,T X^0 ` 0 P ] PRW�P_SHU�`[ThS{U�m 0 U�pBT�P_u
W�Sia

� PRW�kEW�k,StP_O6a
SB� X^Z W�k6S|°V±
²[®B³�¯�U�Wh`[W�S(J

f�`?Whk,S n `[W�P�pB` ]@n `[O,P_u,m ] `?WhP X O X[Z Whk,S+S n u,PRThP�pB` ] `[O6aqU�WV`?W�P X O"`[T 1 a
P�U�W�ThP 0 m,W�P X O6U X[Z I�P_T�Whk ¬ ~+SH`[W�k

f�`^T�� X Q \ k6`[P_O6U�P_U n `^a
S�u X UhU�P 0,] SlWhk,T X m,}^k�Whk,S�m"U�S X^Z W�k,S¤·ª®�ÿ?¹6°�¶Å·ª¶z±&¹;®�ÿ
·ª¶z±\ª©²[¹4³i·ª¶z±&¹;Whk6`?W�T�S ] `[W�SiU§W�k6S
U�Wh`?WhP X O6`[T 1 a,P_U�W�ThP 0 m
W�P X OÂW X W�k,SqW�TV`[O6U�PRW�P X OÂu,T X^0 ` 0 P ] PRW�P_SHUHJ��{k,P_U Z m,O6p�W�P X O b

ω : {S − n} → [0, 1]
b `

p X O6U�SHy�m,SBO"p�S X[Z W�k,S�WhP n S���ThSBQ^SHThU�P 0 P ] PRW 1;X[Z I�P_T�Whk ¬ ~+SH`[W�k \ k6`[P_O6U b P�Ula
S w O6SHav`^U ZzX(]R]_X � UB�

ω(i) =
πi+1

πi

� � J Ï �

=
pi
qi+1

� � J � �

�{k,P�U�ThS ] `?WhP X O6U�k6PRuEP_U�P ]_] m6U�WhTh`[W�Sia=P_O�oFPR}(m,ThS � J � J ��X WhStW�k6`[W � y�m6`[W�P X Og� � J � �{P_U�SHy�m6` ] W X
p/q

U�P_O6p�S|` ]R]

m,u � `[TVa�`[O6a�a X � O � `[TVa=W�TV`[O6U�PxWhP X O6UlP_O�W�k6S \ k6`^PRO"U�m6U�SHavP_O�W�k6P_U+W�k6SHU�P_U+`[ThSs`^UhU�m n SiaEW X=X pHp�m,T � PxWhk

W�k6SYU�` n S¢u,T X^0 ` 0 P ] PRW�P_SHU
p
`[O"a

q
b ThSHU�u"Sip�WhPRQ(S ]_1 J¢¨©O(Whm,PRW�P_Q^S ]_1^b

ω
pB`^O 0 S�W�k X m,}(k(W X^Z `^U+Whk,S�W�SHO6a
SBO"p 1

X[Z Whk,S n�X a
S ] �«`[O6a�W�k,S¢U 1 U�W�S n PRWKa
SiU�pBT�P 0 SHUV�{W X SBO�W�SHTK`^O X Q^SHT ]_X `(a
SHaEp X O6a
PRW�P X O��{P Z
ω > 1.00

b Whk,SBO

p > q
b)] SH`^a,PRO,}sW X¤n¢X T�S+u,T X^0 ` 0 P ] PRW 1¤n `^UhU�`^pBpBm n m ] `[W�P_O,}|P_OYk,P_}^k,SHT���O)m ns0 SBThSHa;U�Wh`[W�SHUK� � k6SBThS�k,P_}^k,SHT��

O)m ns0 SBTVU n Si`[O n¢X T�S=T�SiU X m,TVp�SHUsPRO�m6U�S b `^O6a8k6SBO6pBSE`u) n�X ThS ]_X `(a
SHa +qX u@SBTV`?W�P_O,}�p X O"a
PxWhP X O"��J8�{k6S
·ª®�ÿ?¹"°�¶Å·ª¶z±&¹Â®�ÿ
·ª¶z±3�Yÿ
·ª®h¶ r b a
SHO X WhSHa 0)1 R b P_U|W�k,S n `[W�ThPx� X[Z W�TV`[O"U�PRW�P X O�Th`[W�P X U ZzX T|SH`(pVk�U�Wh`[W�SYP_OÂW�k6S
Ë+X L=U�u"Sip�P w pB`[W�P X O b PÅJ S(J Ri = ω(i)

ZzX TlSBQ(SBT 1
i ∈ S J

�{k,SYThS n `[P_O,P_O,}vO X WV`?WhP X OgO,SHpBSHUhU�`^T 1vZzX T|W�k6P_U \ k6`[u
WhSBT|P�UtThS ] `?WhSHa/W X Whk,Sqp X O�W�T X^] ` ] } X ThPxWhk n J

�{k,St¶_¹6°H·Åÿ?¹#·�ÿ?¹@¯H±)²^°�t¡�"ÿ[¶R¹�°H·Åÿ
·©¯ b
s
b P�U�W�k,S|pBm,ThT�SHO(WlQ?` ] m,S X^Z W�k6S|f�`[Th� X Q \ k6`^PROvU�Wh`?WhS^J�»�SBO6pBS

s ∈ S
`?W§` ]_] W�P n SHUHJF�{k6Sl¯�°B·«¶��Yÿ
·©¯iµ�¶R¹�&�²,·#®�¯QÈ
²�¯�°H·4&4®�±,¸^ÿ,¸?¶_º_¶«·yl b

p̂in
b P�U§`[O¤SHU�W�P n `[W�S X[Z W�k,S{Q?` ] m,S X[Z

p
ç�7�^�>"<&7

`[O 1 p X O�WhT X(] P_U+`[u,u ] P_SHa b � k,P ] StWhk,S¢¯�°H·ª¶y�Yÿ
·©¯iµq°�¯V®%�i¶«³�¯Ä&4®�±,¸^ÿ,¸?¶_º_¶«·yl b q̂ b P�U�`^OvSHU�W�P n `[W�S X^Z Whk,SsQ?` ] m,S X^Z
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m6p�SiaYW X W�ThP_pV� ] SHUHJ

o,SHSHa 0 `(pV�|p X O(WhT X(](X^Z f�`^T�� X QKI�P_T�Whk ¬ ~+SH`[W�k \ k"`[P_O6UFPRO)Q X(] Q(SHU ] SHQ^SBTV`[}(PRO6}lW�k,S�WhP n S���ThSBQ^SHThU�P 0 P ] PRW 1

X[Z Whk,SHU�S \ k"`[P_O6U�W Xqn `[O"`[}^S|W�k,So¤ X � X[Z u,T X^0 ` 0 P ] PRW 1En `(U�U 0 SBW � SHSBO \ k"`[P_O U�WV`?WhSHUHJ � SipB` ]_] Whk6`?WKW�k6S
ThS ] `?W�P X O"U�k,P_u 0 S�W � SBSHOqWhk,S|U�Wh`?WhP X O6`[T 1 u,T X^0 ` 0 P ] PRW�P_SHU X[Z O,SBP_}^k 0@X TlU�WV`?WhSHU{P_OqWhk,S|I�PRT�W�k ¬ ~�Si`?Whk=f�`^T�� X Q

\ k6`^PRO�P_U�}(PRQ(SBO 0)1 W�k,S�a
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Q(5) = 0.40 R5 = 0.30/0.40

Q(6) = 0.30 R6 = 0.20/0.30 = 8/9R5

Q(7) = 0.20 R7 = 0.10/0.20 = 2/3R5

Q(8) = 0.10
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P�U�WhT�P 0 m
WhP X OE`^O6a
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Q(x)

� � P ]_]#0 Sta
P_ThSHp�W ]R1 ThS ] `?WhSHa�W X Rβ−1
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P_U�W�ThPR�

0 m
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P�U+W�k)m6U+SHy�m,P_Q?` ] SBO�W�W X p X O�W�T X^]_] P_O,};Whk,S¢¤ X � X[Z u,T X^0 ` 0,] PxW 1

n `^UhU{PRO�W X
β
b `[O6aEp X O6U�SHy�m,SBO�W ]R1 Whk,S|` n�X m6O(W X^ZFn `^UhU�PRO�` ]R]4X^Z W�k6S|p X O"U�WhTh`^PRO,SiaqU�Wh`[W�SHUHJ��{k,P�U{P_U � k 1
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oFPR}(m,ThS � J Ï ��Ä�P_O,Si`[T Ë+X L;U�u"Sip�P w pB`[W�P X OE`[O6aY`¤u,T X^0 ` 0 P ] PRW 1 a,P_U�W�ThP 0 m
W�P X O Z T X(n `sf�`^T�� X Q¢I�P_T�Whk ¬ ~+SH`[W�k
\ k6`^PRO�Whk6`?WtUh`?W�P�U w SHU�W�k,S�U�u@SHpBP w pB`?WhP X O�J+�{k6S¤�(S 1 W X `(pVk,P_SBQ)PRO6};W�k,P�UKP_UKU�S�W�WhPRO6} Rβ−1

W X W�k6S¢p X ThT�Sip�W
Q?` ] m,S/�«a
SBu@SBO"a
PRO6} X OÂWhk,SqQ?` ] m,SiU X^Z

p
`[O"a

q
��J � S Z SBT¤W X oDP_}^m6T�S c J c � 0 � ZzX T¤`^O8P ]R] m6U�W�TV`?W�P X O X^Z W�k,S

a
P�U�WhT�P 0 m
WhP X O X[Z `^O=m6O6p X O(WhT X(]R] SHaEf�`^T�� X Q�I�P_T�Whk ¬ ~+SH`[W�k \ k6`[P_O�J

¨{pB` ]_]
β
W�k,SY¸
±)·�·ªºz¯V¹@¯&³?�q°H·Åÿ
·©¯ b `^O6a � k 1 PxW�u ] ` 1 UlU�m"pVkE` ] `[Th}^SKT X(] S�P_O n¤1 p X O�W�T X^] U�WhTh`[W�SH} 1 J
�{k,P�UDU�PxWhm6`?WhP X O|P�U�P ]R] m6U�W�TV`?W�SiatP_OsoFPR}(m,T�SiU � J Ï `^O6a � J � b P_O � k,P�pVks`�p X O�W�T X^] U 1 U�W�S n P�UFU�k6`^u,P_O,}lW�k6S

U�Wh`?WhP X O6`[T 1 a,P_U�W�ThP 0 m
W�P X O X^Z ` c � c �©U�WV`?W�S�f `[Th� X QsI�P_T�Whk ¬ ~+SH`[W�k \ k6`^PRO�J§oFP_}^m,ThS � J Ï �«`(�§a,SBu,P�p�WVU�` ] P_O,SH`^T

Ë+X L/U�u"Sip�P w pB`[W�P X O X O/W�k,S;U�S�W X[Z U�WV`?WhSHU
[75, 100]

b `[O"a/P�U�P�U 0 SHPRO,}�Uh`?WhP_U w Sia P_O�oFP_}^m,ThS � J Ï � 0 ��J;�{k,S

U�k6`[u@SHa¤U�WV`?W�P X O"`[T 1 a,P_U�W�ThP 0 m
W�P X O¢PRO¢oFPR}(m,T�S � J Ï � 0 ��P_UFWhk,S{T�SiU�m ] W X[Z `Kp X O(WhT X(]R] P_O,}+`Kf�`[Th� X Q \ k6`^PRO � PxWhk

q = 0.40
`^O6a

p = 0.60
P_OEW�k,Ssm,O6p X O6U�W�TV`[P_O,SHaEU�WV`?WhSHUHJ�Ã¥PxWhk X m,W+`[O 1 p X O�W�T X^] `[W�` ]_]«b W�k,S|a
P�U�W�ThP 0 m,W�P X O

� X m ] a 0 S¢W�k,S;Uh` n S¢`(U+W�k6`[WtU�k X � O�P_OÂoDP_}^m6T�S c J c � 0 ��J¢�{k,S¤Q?` ] m,S X^Z Rβ−1
m6U�SHa PRO/W�k6P_Utp X O�W�T X^]_] SHT

P�UÄ)�p X T�ThSHp�W + P_O�W�k6S¢U�SBO6U�S¤W�k6`[WKSB�
`(p�W ]R1 W�k6S¢ThP_}^k�WK` n¢X m,O�W X^Z u,T X^0 ` 0 P ] PRW 1En `(U�UKk6`(U£¤ X � SHa�PRO�W X W�k6S
p X O6U�W�TV`[P_O,SHa�T�SH}^P X O�J¡I 1 p X O(WhTh`(U�W b oFPR}(m,ThSHU � J � �«`(�¢`[O6a � J � � 0 �¤P ]_] m6U�WhTh`[W�SEW�k6SvU�PRW�m6`[W�P X O � k,SBO�W�k6S

Q?` ] m,S X^Z Rβ−1
P�U�W X)X|]_X � X T§W X�X k,PR}(k b ThSHU�u@SHp�WhPRQ(S ]_1 J ��X W�SlWhk6`?W�Whk,S�`(p�W�m"` ] u6T X(0 ` 0 P ] PxW 1 a,P_U�W�ThP 0 m
W�P X O6U

P_OvW�k,Ssp X O6U�W�TV`[P_O,SiaqThSB}(P X O6U X[Z W�k6SHU�S�W � X SB�
` n u ] SiU�`[ThS ] PRO,Si`[T ]R1 U�pH` ] SHaEQ^SHThU�P X O6U X[Z W�k6Ssp X O6U�WhTh`^PRO6SHa

a
P�U�WhT�P 0 m
WhP X OqP_O=oFP_}^m,ThS � J Ï � 0 � b `^O6a X^Z W�k6S Ë+X L;U�u@SHpBP w pB`?WhP X O b
Q(x)

b `|ThSHU�m ] W X^Z W�k,S�` ZzX T�S n SBO�W�P X O,Sia

] PRO,Si`[T�ThS ] `?W�P X O"U�k,P_u 0 S�W � SBSHO�Whk,S�Q&` ] m6SHU X[Z W�k,S¢W�TV`[O"U�PRW�P X O/Th`[W�P Xqn `?WhT�PR�4J ��X W�S b W X)X6b Whk6`?W|` ]R] W�k6T�SHS

u,T X^0 ` 0 P ] PRW 1 a
P�U�WhT�P 0 m
WhP X O6U©þ'oFPR}(m,ThSHU � J Ï � 0 � b � J � �ª`�� b `^O6a � J � � 0 �Åþ'a
SBu6P_p�WKWhk,S Z ThSBS�u,T X^0 ` 0 P ] PRW 1�n `^UhU



Ø e

6

6%7 6/A

6%7=<

6%7=<>A

6%7 8

6 <>6 8/6 @/6 9�6 A/6 :/6 B�6 ;/6 C/6

D E
FG H
G I
JI
KL

½ H E�U F e V I E K�{54 �bR H K!{ » { H I=Z � K H K R

Á F���� a#R ` I ¿ `>H K I F Z

] H�^ Rβ−1

Y R KOK F�F764F T

6

6%7 6/A

6%7=<

6%7=<>A

6%7 8

6 <>6 8/6 @/6 9�6 A/6 :/6 B�6 ;/6 C/6

D E
FG H
G I
JI
KL

½ H E!U F e V I E K!{54 �¡R H K�{ » { H I=Z � K H K R

Á F��\� a#R ` I ¿ `"H K I F Z

] G ^ Rβ−1

Y R KOK F�FJÊ I | {
oFPR}(m,ThS � J � � � T X(0 ` 0 P ] PxW 1 a
P_U�W�ThP 0 m
W�P X O"U Z T X(n f `[Th� X Q|I�PRT�W�k ¬ ~+SH`?Whk \ k6`[P_O6U�P_O � k,P�pVk Rβ−1

P�U�U�S�W§W X)X
]_X � `[O"a|W X�X k,P_}^k b T�SiU�u@SHp�W�P_Q^S ]R1(b T�SiU�m ] W�P_O,}�P_O¤Whk,Sl`^pHp�m n m ] `[W�P X O X[Z W X)X�n m6pVk X TFW X)X�] PxW�W ] Slu,T X(0 ` 0 P ] PxW 1
n `^UhU�PRO�Whk,S Ë+X L��©p X O6U�W�TV`[P_O,SHa/U�WV`?W�SiUBJY�{k6S;Q^SHp�W X T�a,Px�#SBThSBO6pBS 0 SBW � SHSBO�W�k6S Ë+X L/U�u@SHpBP w pH`?WhP X O�`^O6a
W�k6SYU�WV`?W�P X O"`[T 1 a
P�U�WhT�P 0 m
WhP X O�P_O�W�k,SiU�SYpH`^U�SHUtpH`[O 0 SYm"U�Sia � PRW�k Z SHSHa 0 `(pV� p X O�W�T X^] W X a,S�W�SHT n P_O,S�W�k6S
p X T�ThSHp�W�Q?` ] m,S X^Z Rβ−1

J

)�u,P ] P_O,}�m,u + PROvU�WV`?WhS
β − 1

�ªU�Wh`[W�S Ø&� ��J§�{k,P�Ulu,P ] SHm,u X[Z u6T X(0 ` 0 P ] PxW 1Yn `(U�U{P�Ula
m,S�W X Whk,S Z `^p�WlW�k6`[WlW�k,S

O6`[W�m,TV` ],n `(U�U�¤ X � P�U�U�W�T X O6} ]_1 W X � `[TVa,U�k,P_}^k6SBT�U�Wh`[W�SiU�� 0.60 > 0.40
� b^0 m
W�W�k,S+p X O�WhT X(]R] SBT§P�U n `^O6`[}(PRO,}

W�k6S�O"`?W�m6Th` ] ¤ X � JD�{k,P�U�P_U b `^}(`[P_O b W�k6S n¢X W�P_Q?`?W�P X O ZzX TFW�k6S�WhSBT n ¸
±)·�·«º­¯�¹@¯i³?�¤°B·�ÿ
·�¯�P_O¤ThS Z SHT�SHO6p�S�W X U�WV`?WhS
β
J j U n ` ]R] SBTÓsMU�u,PR�(S Á � X m ] a�S��
P�U�W � PRW�k8` n�X ThS ] P 0 SBTV` ]�Ë+X L/U�u@SHp�P w pH`?W�P X O b S^J }6J X O,S�Whk6`?W¢` ]_]RX � SHa
n�X ThS�u,T X(0 ` 0 P ] PxW 1qn `(U�U�PRO�W X Whk,S Ë+X L)��p X O6U�W�TV`[P_O,SHa=U�WV`?WhSHUHJ��{k,SHU�S w }(m,T�SiU{P n u ]_1 Whk6`?W�W�k,S|a
PR�#SBThSBO6pBS

0 S�W � SBSBO�Whk,S Ë+X L�U�u"Sip�P w pB`[W�P X O¥`[O6a E∆t b W�k6S ∆t
�ÅS n u6PRThP_pH` ] a
P�U�W�ThP 0 m,W�P X O b{X[Z `ÂThm,O,O,P_O,}gf�`^T�� X Q

I�PRT�W�k ¬ ~+SH`?Whk \ k"`[P_OvpH`[O 0 Stm6U�Siav`^Ul` n SH`^U�m,ThS X[Z W�k,StSHT�T X T{P_O Rβ−1
P Z Whk,StThm,O�W�P n S�þ

∆t
þ¥P_U ]RX O,}

SBO X m,}(kqW X ` ]R]_X � Whk,StS n u,P_ThP_pH` ] a
P�U�WhT�P 0 m
WhP X OqW X `[u,u6T X `^pVkYPRWhU�U�Wh`[W�P X O6`^T 1;] P n PRWHJ

�{k,Sla
PR�@SHT�SHO6p�S 0 S�W � SBSBO¤W�k6S ∆t
��S n u,P_T�P�pB` ] a
P_U�W�ThP 0 m
W�P X O�`[O"a|Whk,S Ë+X L|U�u@SHp�P w pH`?W�P X O
þ¥` n S�W�ThP�p

ZzX T n SH`^U�m,ThPRO6}qU�m"pBp�SiU�U�þ'pB`[O 0 S¤p X^n u,m
WhSHa�P_O `qQ&`^T�P_S�W 1EX[Z � ` 1 UBJ+�{k,P_U n S�W�ThP�pq� � k6P_pVk�¨+a
SBO X W�S 0)1

ε
� b pH`[O 0 S|`(UlU�P n u ] S�`(U�W�k,StQ(SHp�W X T�a,Px�#SBThSBO6pBS

ε =

n∑

i=β

E∆t
i −Q(i)

� � J c Ø �
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P�U;W X)X k,P_}^k b p ]RX U�S�W X �HSBT X � k,SBO Rβ−1

P�Uqp X ThT�Sip�W b

`[O"a�O,SH}(`?WhPRQ(S � k,SHO Rβ−1
P�U+W X)Xq]_X � J j a
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0 S n P�U ] SH`(a
PRO6} P Z W�k,S \ k6`[P_O�k"`^U¤O X W�p X O)Q(SBTh}^SHa�J � X `^a,a,T�SiU�U|W�k,P�U b W�k,Sva
PR�@SHT�SHO6p�S n SBW�ThP_pEpB`^O 0 S

p X(n u,m
W�Siav`^U�W�k6St®�¯�º�ÿ,·ª¶��&¯Ê&F±?¶R¹#·©ü§¶�°V¯|µ^¶�°B·�ÿ?¹4³�¯¤�z<&È ¥ �{a
S w O6SHaEPROïn c � Ñ p �
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i

∣∣E∆t
i −Q(i)

∣∣
Q(i)

� � J cHe �

X T{Whk,S;·�±
·Åÿ[ºs��ÿ[®�¶­ÿ
·«¶­±?¹�µ^¶�°H·Åÿ?¹�³�¯¢�zGHA ¥ ���«`;U�WV`[O6a6`[TVaqa
P�U�WhT�P 0 m
WhP X O n Si`^U�m,ThSi���
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T ⊆S

∣∣∣∣∣
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i∈T
E∆t
i −

∑

i∈T
Q(i)
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� � J cHd �

X T¢`[O 1 ¹@±&®�� b U�m6pVk�`^U
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b§X T

L∞
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n SH`(U�m,ThSHU X^Z Whk,S�` 0 U X(] m,W�S{Q?` ] m,S X[Z W�k,S+a
P_U�Wh`^O6p�S 0 S�W � SBSHO¢W�k,S�Q(SHp�W X TVU b U XtX W�k,SHT n Si`[O6U n m6U�W 0 Slm6U�Sia

W X a,S�W�SHT n P_O,S;Whk,Sq°�¶
v�¹ X^Z Whk6`?W¢a
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`[u6u,T X `^pVk b pB` ] pBm ] `[W�P_O,}tSBThT X U�P_}^O"` ]Åb

ε
b `^U§Whk,S+a,Px�#SBThSBO6pBS 0 S�W � SBSHO;W�k,S+S n u,P_T�P�pB` ] a
P�U�W�ThP 0 m,W�P X Oq`^O6a�W�k6S

Ë+X L=U�u"Sip�P w pB`[W�P X O�J

ε
U�SBThQ^SiU�`(U{PRO6u,m
W�W X ` � ¨�~÷p X O�W�T X^] U 1 U�W�S n W�k"`?W n�X a
P w SHU Rβ−1

J��{k6P_Ulp X O�W�T X^]_] SHTlp X^n u,m,W�SHU

`[O X �#U�S�W
ε̂
W X Rβ−1

p X^n u X U�SHa X[Z � SHPR}(k(WhSHa�U�m n X[Z W�k,S SBThT X T b PRWhUYPRO�W�SH}^TV` ]Åb `^O6a�PxWVUYa
SBThP_Q&`[W�P_Q^S(J

�{k,P�U�pB` ] pBm ] `?W�P X OvpB`^u
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