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î b ~ QGB_«VïkKCTZ?WI|MG=LO�<CPRTZIATZB ?WT#=Z� s ^ZFEtVB ?AMN=YXEMVK>MVfEIAMN=5OHT,ðkKJT
?AIAMN=Y=gTUXHFET\O�T\BxPRQNIWS1MVI8}
ñ b£Ë�BEMxKC§JBHT\MxO�T�MGF�?WQNfH¨E=�?W<JTZBHT�XEMVI|MGOEMG=LT\B ñ XHFETZfHKJQN=vO�<�PRT\IWT\B ?WT\=\� s ^ZFEtVB ?AQN=�fE<�·KCKJT
?AT\=LO�<>=@?A<CB ?AQN=LO�T\f)T]?ATZBHT\I�TZK3^ZQGBEO�F)^8?WQNI�O�<>=gX&QGBH<JfHKJT\=|}

ò[+ óô2Yl�õönw4ª¤,pe6Z9,jq2L:
Ê�M��oO�QN=�?W<JX)Q =vOHT�X&TZIAS�F�?|MG^
<JQGBET\=\�HKJMN=�QNIAO�<JBEMGIW<>MG=Y�¦K>MG=�X&TZIAS�FH?AMG^Z<CQNBHT\=�^
QGB_IAT
·

X&T
?W<>^
<J©GB��3KJMN=UXHIA<CS[T\IAMN=a=WQGB�FHBz^ZMN=gQ¦XEMGIg?A<J^ZFHK>MVI,O�T1K>MG=]d�MVIA<>MG^
<JQGBET\=]=g<JB�IWT\X)TZ?W<>^
<J©GB3b
��MN=,=WTZDGFEBEOHMG=U=WQGB�FHB�X&Q�^
Q_S1MG=,^ZQGS[XHKJ<J^\MGOHMN=]�uBHT#^
T#=g<C?AMGIWT\S�Q =]T\=g?WFEOH<JMGI�MVB ?WT#=]TZK
PÌMG^
?WQNIW<>MVK�O�TUFHB¦B�¨HS[TZIAQEb

÷YÒgÓ�Ò øLÕ�Ø&ß�Ù�ÖE×gÕ�ùkú�ÛüûvÚýÚYþ�ÿ¾Û3ÖHÙ�Ú�ÕªßHû�ÖHÕ�ù
;aMGO�Q,FEBwB�¨HS[TZIAQUBEM�?AFHIAMGK

n > 1
�NO�TZ�EBH<JS�Q =�T\KEPÌMN^8?WQNIW<>MVK)O�T�â¦^
QNS�QUT\K&=W<JDGFH<JTZB ?WT

XHIAQ�O�FE^8?AQEä
n · (n − 1) · · · 3 · 2 · 1

�x=WTUT\=A^
IA<Cf&T
n!
bH�LOHTZS1tG=LO�TZ�EBH<JS[QN=

1! = 1
�

0! = 1
b

¥�K)PÌMG^
?WQGIA<>MVK)=WT�FH?W<JKC<J{\M�DGTZBETZI|MVKJS�T\B ?WT�XEMGIAMU=W<JS�XEKC<C�)^ZMGI5MGKCDNFHBEMN=�T
¸�XHIAT\=W<CQNBHT\=\�GX&QGI
T@`@T\S[XHKCQ)ä

V n
m =

m!

(m − n)!

­



÷YÒÄåLÒ �¦Û3ÖEÿ ûLß�Õ�Ø�×@Ù�Ú�Û�Ü�Ù�ÖEúv×gÚ�Õ�ÖE×gÕ�Ü
° TqKCK>MVS1MVBzX&TZIAS�FH?AMG^Z<CQNBHT\=�QGI|O�<JBEMVIA<JMN=,O�T$â³T\KCT\S�T\B ?WQN=�M_KJQN=�O�<>=@?A<CB ?WQ =,DNIWFHX&QN=

� FHTU=gTaXHFHT#O�TZBqPRQGIAS1MVILO�T]S1MVBHT\IAMk� FHT]TZB¦^ZMGOEM�DNIWFHX&Q�T\=g?AtVBqKCQ =]â¦TZKJTZS[TZB ?WQ =ZbH;vQN=
DGIAFHX&QN=Y=WQGB¦O�<J=g?W<JB ?WQ =�=g<3OH<��ET\IWT\B¦TZBoTZK3QNIAO�T\BoOHT]^ZQGKJQ�^ZMG^Z<C©NBqO�T,=WFE=YT\KCT\S�T\B ?WQN=\b

¥�KHB�¨HS[T\IWQUO�TYX&TZIAS�F�?|MG^
<JQGBET\=�QGI|O�<JBEMVIA<>MG=ªO�TUâ1TZKJTZS[TZB ?AQN=�=WTLIWT\XHIWT#=gT\B ?AMvX)QNI
Pn

b
¥�=5PÌtN^
<JK�dGTZIL� FHT]K>MG=5X)T\IWSkF�?AMN^
<JQGBHT#=Y=gQNBxFHB_^ZMN=gQkXEMVIW?W<>^
FEKJMGIYOHTaK>MG=5d�MVIA<>MG^
<JQGBET\=\�

TZK�^ZMG=WQ�TZB_� FHT
m = n

b���QGIY?|MVB ?WQ
Pn = n · (n − 1) · · · 2 · 1

�HT\=LO�T#^
<JI
Pn = n!

b

÷YÒÄëLÒ �¦Û3ÖEÿ ûLß�Õ�Ø�×@Ù�Ú�Û�ÜzØ'Ù�ÚæÖHÛ3ÞUÛ3ß�×WØ�×@à�Ú
¥�K5XHIAQGfHKJTZS1M�O�ToK>MG=,X&TZIAS�FH?AMG^Z<CQNBHT\=k^
QNByIWT\X)TZ?W<>^
<J©GBµMGXEMVIAT\^ZTx^
F)MVBEO�Qu�EM���� FHT

QGI|O�T\BEMVIYFHB_^
QNB�`@FHB ?WQ[T\BoT\K3� FHTU�EM��1TZKJTZS[T\BN?AQN=Y<JDGFEMGKCT#=Y�wTZKJTZS[T\BN?AQN=LO�<>=g?W<JBN?AQN=\b
° TqKCK>MVS1M�X&TZIAS�FH?AMG^Z<C©NBµ^
QNBµIATZX&T
?A<J^Z<C©NBµO�T�â T\KCT\S[TZB ?WQ =kO�QNBEO�TqTZKYXHIA<CS[TZI�TZKJT
·

S[TZB ?WQk=gTvIWT\XH<�?AT
a
dGT\^ZT\=\�GT\K&=WTZDNFHBEO�Q

b
�JbJbCb �[TZKE¨EK�?A<CS[Q

k
dGT\^ZT\=

(a+ b+ · · ·+ k = n)
�

M�KCQ =LO�<>=@?A<CB ?WQ =YDGIAFHX&QN=Y� FHTU=gT]XHFHT#O�TZBoPRQNIWS1MVILO�TUS1MGBHTZI|Mk� FHT]T\B¦^\MGOHMkDGIAFHX&Q1O�T]B
TZKJTZS[T\BN?AQN=�TZKEXEIW<JS[TZIAQ,=gT�IATZXE<�?AT

a
dNT\^
T#=Z�NTZK&=gT\DGFHBEOHQ

b
�CbJbJb ;vQN=�DGIAFHX)Q =�=WT�O�<CPRTZIATZBE^Z<JMGB

TZB¦T\K�QGI|O�TZB¦O�T,^
QNKCQ�^\MG^
<J©GBoO�TU=gF)=LTZKJTZS[TZB ?AQN=\b
¥�K�B�¨HS[TZIAQvO�TYX&TZIAS�F�?|MG^Z<CQNBHT\=�^
QGBkIWT\X)TZ?W<>^
<J©GB�O�Tvâ[T\KCT\S�T\B ?WQN=\��O�QGB)O�T�T\K�XHIW<JS[TZIAQ

=WTuIATZXH<C?WT
a
dNT\^
T#=Z�eTZK]=gT\DGFHBEOHQ

b
dGT#^
T\=\�JbCbJb�T\Kv¨HKC?W<JS[Q

k
dNT\^ZT\=\��=gT$IWT\XHIAT\=WTZB ?AM�X&QGI

P a,b,...k
n

b
~ QGS[XHIAQGf)MVIY^
QGBoT@`@T\S[XHKCQ =�� FHTU=gT]dNTZIA<��)^\MHä

P a,b,...k
n =

n!

a! · b! · · · k!

÷YÒRÑ�Ò ìUí Û3ÖEØ�×WØ�×@Ù�Ü
¿ b£Å�T\BHTZS[QN=L­�f&QGK>MG=LIAQV`gMN=5�xã[BHTZDNIAMN=Zb s ;vT,^
FEtGB ?AMG=5PRQNIWS1MN=YKJMN=YX)Q�O�T\S�Q =LQGI|O�TZ·

BEMVI8}
«�b s�~ F)tVB ?WQ =eB�¨HS[T\IWQ =LO�T î ^
<CPRIAMN=5=WTUXHFHT#O�TZBoT\=A^
IA<JfH<CI�^ZQGBoKJMN=L^
<CPRIAMN=LO�TU­G­Eb î ðGðV}
­Hb s�~ F)tVB ?WQ =LB�¨HS[TZIAQN=�O�Tk^
<JBE^
Qx^Z<�PRI|MG=v=gTUXEFHT\O�T\B�T\=A^
IA<JfH<CIv^
QGB_K>MG=v^
<CPRIAMN=�¬H� ¿ �'«

�x­N}
ãEb s ;vT,^
F)tVB ?AMN=�PRQNIWS1MN=LO�<J=g?W<JB ?AMN=YXHFHT\OHTZB¦KCKJTZD MVI î ^ZMGfEMVKJKCQ =YMkK>M[S[T
?|MN}
î b£Å�T\BHTZS[QN=v­1K>tVXH<>^
T#=�IAQV`@QN=\�E­wMG{ZFHKJT\=��_­1BHTZDNIWQ =Zb s ;vTk^ZFEtVB ?|MG=LPRQNIWS1MN=�KJQN=�X&QV·

O�TZS[QN=YQNIAOHTZBEMGI|}
ñ b s�~ F)tVB ?AMN=�XEMGKJMGfHIAMN=�=WT�XHFHT#O�TZBxPRQGIAS1MVIe^ZQGB1K>MG=eKCTZ?WI|MG=eO�TvK>M,X)MVK>MVfHI|MU��M�?ATZS1t�·

?W<>^ZMG=|} s�~ FEtGBN?|MG=YT\S�XE<CT\{\MVBoX&QGI�ºgS[MV?@»g}

�w+ � 9�õ .¦6
jo¤,pe6Z9,jq2L:
�YÒgÓ�Ò �$Ùeÿ��v×WÚ�Õ�Ø�×@Ù�Ú�Û�ÜzÙ�Ö)ú�×gÚ�Õ�ÖE×@Õ�Ü

° T5KCK>MVS1MGBk^
QNS�fH<JBEMN^
<JQGBHT#=�QNIAO�<JBEMGIW<>MG=�Qa=W<CB�IATZX&T
?W<>^
<J©GB�O�T]á TZKJTZS[T\BN?AQN=�?WQNS[MNO�QN=
O�T1â�T\BzâuM�KCQ =�O�<>=@?A<CB ?AQN=LDNIWFHX&QN=Y� FHT,=WTUXHFHT#O�TZB¦PRQNIWS1MVIL^ZQGB¦KCQ =]á T\KCT\S[TZB ?WQ =Z�HO�T
PRQGIAS1M�� FHT5TZB[^ZMNOHM�DNIWFHX&Q�T\B ?WIATZBxâ1T\KCT\S[TZB ?WQ =�O�<>=g?W<JBN?AQN=\b�;�Q =�DNIWFEX)Q =�=WQGB�O�<�PRT\IWT\B ?WT\=
=W<3=gT,O�<CPRTZIATZB)^
<>MVBoTZB_MVKJDG¨HBoTZKJTZS[T\BN?AQE��X&TZIAQ[BHQ[<CS[X&QGIW?AM�TZK3QNIAOHTZB¦O�TU^
QGKJQ�^ZMN^
<J©GB3b

ã



¥�K�B ¨ES�T\IWQwOHT�^
QNS�fH<JBEMG^Z<CQNBHT\=YQNIAOH<CBEMGIW<>MG=YO�Txá T\KCT\S�T\B ?WQN=L?WQGS1MNO�QN=�OHTwâuT\Bzâ
=WTaIATZXEIWT#=gT\BN?|M�X&QGI

Cn
m

©
Cm,n

b
° T]XHFHT#O�T,MVXEIWT#^
<>MVIL� FHTU=gT]dGT\IW<C�)^\MHä

Cn
m =

V n
m

Pn

�YÒÄåLÒ ��ÖE×	��Ú�
�û�ùgÙ ú�Û���Õ�Ö�ß�Õ

�ùg×gÕ
° T]KJKJMGS[Mk?AIW<>tVBHDNFHKJQ�O�T,ÅªMVIW?AMGDGKJ<JMkQ�?AMGS�fH<J¹ZB¦O�TU��MG=A^ZMGKÄ�HMGK3=g<JDGFH<JTZB ?ATv?AIW<>tVBEDGFHKJQEä

1 1
1 2 1

1 3 3 1
1 4 6 4 1

1 5 10 10 5 1
. . .

²�MVS[Q =�M�<JB ?WT\BN?|MVIkIWT#=gX&QGBEOHTZIkMuMVKJDGFHBEMN=,XHIATZDNFHB ?AMN=,XEMGIAM¦dNTZI�K>MG=kXHIAQGXH<JT\OEMGO�T#=
� FHTv?W<JTZBHT]T\=g?WTv?WIA<>tVBHDNFHKCQ�?AMGBxXEMGIg?A<J^ZFHKJMGI\ä s�~ ©GS[Q�T\S[XH<CT\{\Mk�wMG^\MVfEMk^ZMGOEMU�EK>MN} s ° QNB=W<CS[¹
?AIW<>^ZMN=5KJMN=5�EKJMN=A} s�~ ©NS[Q�=WTaPRQGIAS[MGBxKJQN=YT\KCT\S�T\B ?WQN=YO�TUFEBEMk�EKJM[� FHT]BHQ�T\=g?AtGBqT\B
KJQN=vT
¸�?WIATZS[QN=|} s Ê�M��_MVKJDGFHB)M1IWT\KJMN^
<J©GB_T\BN?AIWT�K>Mx=WFHS1MxO�T�KCQ =�T\KCT\S[TZB ?WQ =vO�TkFHBEMx�EK>M
�wK>M1=gFES[M[O�TUKJQN=LOHTaK>Mk�EK>M1=g<JDGFH<JTZB ?AT#}

�YÒÄëLÒ �Ðþ�ÿ¾Û3ÖHÙeÜyØ'Ù�ÿ��a×gÚ�Õªß�Ù�ÖE×gÙ�Ü
° TUO�TZ�EBHTUTZK�B ¨ES�T\IWQ[^
QNS�fH<JBEMV?WQGIA<JQ]º á����������,âE»U^ZQGS[Q[TZK�B�¨HS[TZIAQ1O�T,^
QNS�fH<JBEMV·

^
<JQGBET\=�O�Tqá T\KCT\S[TZB ?WQ =L?WQNS1MGO�Q =�O�Twâ$TZByâ)bE¥�KªB�¨HS[TZIAQw^
QGSkfH<JBEM�?AQGIA<CQ¦áý=gQNfHIAT1â
=WTaIATZXEIWT#=gT\BN?|Mk^ZQGS[QEä

(

m

n

)

¥�=�OHT\^
<JI#ä
(

m

n

)

= Cn
m =

m!

(m − n)! · n!¥�=L<JBHS[T\OH<JMV?WQ1^
QNS�XEIWQNfEMVIL� FHT]TZK�?AIW<>tVBEDGFHKJQ�OHT,Å�MGIg?|MVDGKJ<>M�=WTUXHFHT\OHTaT#=W^ZIW<JfH<JI�^
QNS�Q)ä
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1
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1
1

)

(

2
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)
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3
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3
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3
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)
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4
0

) (

4
1
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4
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4
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4
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�����������! #"%$'&
(�)+*-,.*-)+/0*-)21�$�/4365879):";$'/4<=$�7?>8(@3-,BAC$.";(@$'/
¿ b£Å�Q�OHMN=eK>MG=5�)KJMN=YTZS[XH<JTZ{\MGB¦�1?WT\IWS[<JBEMVB¦X&QGI ¿ b

(

m

0

)

=

(

m

m

)

= 1

«�b£Å�Q�OHMN=eK>MG=5�)KJMN=L=gQNBo=W<CS[¹Z?WIA<J^\MG=\ä
(

m

n

)

=

(

m

m − n

)

­Hb ~ MGOHM¦B�¨HS[TZIAQ�=WT1QGf�?A<CT\BHTx=WFHS1MVBEO�Q_KJQN=kO�QN=��NFET1?W<JTZBHTxTZBE^Z<CS1MH��T
¸H^
T\X�?WQ_KJQN=
TZKJTZS[TZB ?WQ =YO�TUKCQ =YT
¸�?WIATZS[Q =ZÃ

(

m

n − 1

)

+

(

m

n

)

=

(

m + 1
n

)

ãEb£��M[=gFES[M[O�T]KJQN=YT\KCT\S�T\B ?WQN=LOHTUKJMk�EK>M¦âE· ¹\=W<JS[MkT\=
2n

�YÒRÑ�Ò ìUí Û3ÖEØ�×WØ�×@Ù�Ü
¿ b£��MG=�d�MGIW<>MG^Z<CQNBHT\=�OHT�B1TZKJTZS[TZB ?AQN=�?AQGS1MGO�Q =�O�T�O�Q =�T\BwO�QN=�=WFHS1MVBwï «V¬aS1tG=�� FHT

KJMN=L^
QGSkfH<JBEMG^Z<CQNBHT\=5O�TUB¦TZKJTZS[TZB ?AQN=5?WQNS1MGO�Q =5OHT,O�QN=YT\B¦OHQN=\b ~ MVK>^
FHK>M�B�b
«�b s�~ F)tVB ?AMN=3`@FHD MGOHMN=eOH<�PRT\IWT\BN?AT\=Y=WTvXHFET\O�T\BxQGfH?WTZBETZIL=g<�=WTa=AMG^\MVBx^Z<CB)^
Q[^ZMVIW?AMN=�O�T

FHBEM�fEMVI|M�`gM�O�T]ãN¬ }
­Hb s�~ F)tVB ?AMN=�^
QNS�fH<JBEMN^
<JQGBHT#=�O�<>=@?A<CB ?|MG=ª=gTeXHFHT\OHTZB��)MG^
T\I�T\B�K>M��3QG?WT\IW<>ML��IA<CS[<C?W<Jd�MN}
ãEb£� FEBEM�IWT\FHBH<J©GBqMN=g<>=g?WTZB ¿ ð,X&TZI|=gQNBEMG=e�x=WTa<JB ?WT\IA^\MVS�fE<JMGBx=WMGKCF)O�QN=5TZB ?AIWTa?WQ�O�Q =Zb

s�~ F)tVB ?WQ =5=AMVKJFEO�Q =L=gT]<JB ?WTZI|^ZMGS�fH<>MVB&}
î b ¥�BuT#=@?AT ~ TZB ?AIWQq�EM�� ñ ð[XHIAQVPRT#=gQNIWT#=Z�E��=gT�O�T\^Z<JO�T�PRQGIAS1MVI�FEBEMq^ZQGS[<>=g<J©GB�O�T ñ b

s�~ F)tVB ?AMN=5^ZQGS[<>=g<JQGBHT#=LO�<>=@?A<CB ?AMN=L=gT]XHFET\O�T\BqPRQNIWS1MGI|}
ñ b£Ë�BuT\B ?WIATZBEMNO�QGI]O�T�PR¨�?Wf&QGK�OH<J=WX)QNBHT[O�Tw«V¬U`@FEDNMGOHQGIAT\=\b s�~ FEtGBN?|MG=]MVKJ<JBHT\MN^
<JQGBHT#=O�<J=g?W<JB ?AMN=YXHFHT\OHTU�EMG^ZTZI8}

D + E 6Zjq9�õ�6Z9 mq2GF 2IH�4�9,j
~ MVK>^
FEKJMGBEO�Q�KJMN=YX)QG?WTZB)^
<>MG=L=WFE^
T#=g<Jd�MG=LO�T

(a + b)
=WTUQGf�?A<CT\BHTGä

(a + b)1 = a + b

(a + b)2 = a2 + 2 · a · b + b2

(a + b)3 = a3 + 3 · a2 · b + 3 · a · b2 + b3

(a + b)4 = a4 + 4 · a3 · b + 6 · a2 · b2 + 4 · a · b3 + b4

. . .

° T\IW§>M�<JB ?WT\IWT#=WMGBN?ATeT\BE^
QNB ?WI|MVIªFHB[S�¹Z?WQ�O�Q]DGT\BHTZI|MVK�� FHTYBHQ =�X&TZIAS[<�?|M]^ZMVK>^
FEKJMGI
(a+b)n

b
±vfE=WTZIAd�MVBEO�QaKJQN=�O�T\=AMVIAIAQGKJKCQ =�MGBN?ATZIA<CQNIWT#=�dNTZS[QN=�� FHTLKJQN=�^
Q�TZ�)^
<JTZB ?WT#=�=gTL^ZQGIAIWT#=gX&QGBEOHTZB
^
QNB1KCQ =�T\KCT\S�T\B ?WQN=eO�TZK)?WIA<>tVBHDNFHKCQ,OHT�Å�MGIg?|MVDNKC<>MH�G=W<ET#=W^ZIW<JfH<JS[QN=�T#=@?AQN=�T\KCT\S[TZB ?WQ =�^
QNS[Q

ñ



B�¨HS[TZIAQN=�^ZQGS�fE<CBEMV?WQNIW<JQN=ªKJKCT\DNMVS[Q =ªM]K>M]T
¸�XHIAT\=W<J©GB[�NFETY=WT�^
QNBHQ�^
T�^ZQGS[Q �)���������R�KJ��
L �+M1����� ä

(a+b)n =

(

n

0

)

·an+

(

n

1

)

·an−1
·b+

(

n

2

)

·an−2
·b2+· · ·

(

n

n − 1

)

·a·bn−1+

(

n

n

)

·bn

��B)tVKJQGDNMGS[TZB ?WTaX)Q�O�T\S[QN=L^ZMGKJ^ZFHK>MVILTZK3OHT\=AMVIAIWQNKCKJQkO�T
(a − b)n

(a−b)n =

(

n

0

)

·an
−

(

n

1

)

·an−1
·b+· · ·

(

n

n − 1

)

·(−1)n−1
·a·bn−1+

(

n

n

)

·(−1)n
·bn

N ÒgÓ�Ò ìUí Û3ÖEØ�×WØ�×@Ù�Ü
¿ b£;�T#=WMGIWIAQGKJKJM

(2 − x)4
b

«�b ~ MVK>^
FHK>M
(2 − x)4 + (2 + x)4

­Hb ~ MVK>^
FHK>M�T\K�� FH<JBN?AQ�?W¹ZIAS[<CBEQ[OHT
(x − y)7

ãEb ��IWQNfEMVI�� FHT�KJMU=WFHS1MUO�T�KJQN=�T\KCT\S[TZB ?WQ =�O�T�K>M]�EK>M[âqO�T\KH?AIW<>tVBHDNFHKJQ]OHT�Å�MGIg?|MVDNKC<>M
d�MGKCT

2n
b

Ow+ óülª9,.QP
2�õ�¤�:/mq2SRUT
jk4�2L:�6
:
¿ b ~ QGB ?WT#=@?|M�dNTZI|OHMGO�T\IWQkQ[PÌMVK>=gQ[M1^ZMNOHMkFHBEM1O�T]K>MG=L=W<CDNFH<CT\B ?WT\=LMV�EIAS[MN^
<JQGBHT#=Zä
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?AIAMN=���QV?AIWQ]O�TLãUB�¨HS[TZIAQN=\� s ^
FEtGB ?WQN=ªDNIWFHX&QN=O�T�­YKJT
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<JQGBHT#=aX)Q =g<JfHKJT\=U�EM���=g<e^
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O�<�PRT\IWT\BE^
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ãN­Eb s�~ F)tVB ?AMN=�MVDNIWFEXEMG^Z<CQNBHT\=LO�TkT\=g?WT�?W<JX)Q¦=gTkXHFHT#O�TZB_PRQNIWS1MGIv=W<�QNfHKC<JDNMGS[QN=�Mw� FHT
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O�TZS1tG=efHK>MVBE^\MG=\bN��MN=WMGS�Q =�ãkf)QNKJMN=eMkQV?AIAM�f)QNKJ=AMHb�;�Tv?WQ�O�Q =�KJQN=5^ZMN=gQ =�X&QN=W<JfHKCT#=Z�
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<JQGB)MVIYXEMVIAT@`gMN=LXEMGIAM[� FHTY`@FHT\DGFHT\B
XEMVIW?W<>O�QN=�O�TvO�QNfHKJT\=�T\B ?WIATv=W§Äb s ;�Ta^
FEtGBN?|MG=�S[MGBHTZI|MG=�XHFHT\OHTZBwIATZXEMGIg?A<CI|=WT#} sYX =g<
PRFHT\=WTZB Í `@FHDNMNO�QGIAT\=e�xT#� FH<CX&QN=LOHT,­N}

ãNïEb s�~ F)tVB ?AMN=�X&TZIAS�F�?|MG^
<JQGBET\=�^ZQGB1IATZX&T
?A<J^Z<C©NBxO�<CPRTZIATZB ?WT#=�=WT�XHFHT#O�TZBx�EMG^ZTZIe^ZQGBwK>MG=
KCTZ?WI|MG=YO�TUK>MkX)MVK>MVfHI|M ~ �vc�� ~ �������a} À ~ QNBE=W<JO�T\IAMGIYKJM�TZKJKJT,^
QGS[Q1O�Q =YTZKJT\=\b Á

ã Í b s�~ F)tVB ?WQ =�B�¨HS[TZIAQN=eO�<J=g?W<JB ?WQ =eO�Ta­,^
<CPRI|MG=5=gTvXHFHT\OHTZB1PRQNIWS1MVI5^
QNB1KJMN=e^Z<�PRI|MG=eO�TZK
¿ MGK î }

î ¬Eb s�~ F)tVB ?AMN=5� FH<JBH<JTZK>MG=LO�<CPRTZIATZB ?AT\=�O�T ñ IAT\=WFHK�?|MGO�Q =5XHFHT\OHTZB¦T\=A^
IA<CfE<CI|=gT�}
î�¿ b Å�T\BHTZS[QN=�FHBµ=AMG^ZQ�KCKJTZBEQ$O�TqS�QNBHT\OEMG=�OHTxãu^ZKJMN=gT#=�O�<CPRTZIATZB ?WT#=Zä ¿ � î � ¿ ¬_�y«G¬

^
¹ZB ?A<CS[QN=\b ° MG^\MVS[QN=e­,S[QGBHT#OHMG=\b s�~ FEtGB ?WQN=ed�MVKJQGIAT\=eO�<�PRT\IWT\B ?WT\=eXHFHT#O�T]MGO�QNX�?AMGIKJM[=WFHS1M�OHTUKJMN=L­kS[QNBHT\OHMN=A}
î «Hbý¥�BxFHB)M�=AMG=g?WIATZIA§JMa?A<CT\BHTZBqf)QG?WQGBET\=5O�T î ^
K>MG=WT\=5O�<�PRT\IWT\B ?WT\=\b s ;vT]^
FEtGBN?|MG=�S[MGBHT
·

IAMN=eX&Q�O�TZS[Q =L^
QN=WTZIYKJQN=Yã1f&QV?AQGBHT#=LO�T]FHB_MVfHIA<CDNQ }
î ­Eb ~ QGS�fE<CBEMGBEO�QoKJMN=,^
<CPRI|MG=UO�T\K�B�¨HS[TZIAQN=�ðGðVïVãNã�ð�� s ^
FEtGB ?WQN=]B�¨HS[T\IWQ =UO�<�PRT\IWT\B ?WT\=

X)Q�O�T\S�Q =5PRQGIAS1MVI8}
î ã)b s�~ F)tVB ?WQ =�B�¨HS[TZIAQN=eO�<CPRTZIATZB ?WT#=5OHTvã�^
<CPRIAMN=5=WT�XEFHT\O�T\Bx�EMN^
T\I5^ZQGBxK>MG=5^
<CPRI|MG=5O�TZK

¬�MGK î }
îGî b Å�T\BHTZS[QN=vãof)QNKJMN=vfEKJMGBE^ZMN=v�_ãoBHT\DGI|MG=\b s ;vT[^ZFEtVB ?|MG=vS[MGBHTZI|MG=vXHFHT#O�TZB�QGI|O�TZ·

BEMVI|=gT�} s�~ FEtVB ?AMN=LO�TUTZKJK>MG=YTZS[XH<JTZ{#MVBoX)QNILFHBEM�f&QGK>MkfEKJMGBE^ZM }
îVñ b ;�T\K�XEMGKCQwOHT�QGIAQN=�O�T�FHB)M1fEMVI|M�`gM[TZ¸�?WI|MVTZS[Q =�=g<JS�FEK�?|tVBHT#MVS[TZB ?WTk­w^ZMGIg?|MG=\b ° <JB

�V`gMVIABHQN=5T\BqT\K�QGI|O�TZB3� s ^
F)tVB ?WQ =5?WIA§CQ =5OH<�PRT\IWT\BN?AT\=Y�EM��H} sYX =W<�BHQN=5�V`gMGS[QN=5TZBoTZK
QGI|O�TZB)}

î ð�b ;�T\KeXEMGKCQ$O�TxQNIWQ =,O�TxFEBEM_fEMGIAMV`gM¦T
¸�?WI|MVT\S�Q =,=WFE^
T#=g<Jd�MVS[TZB ?WTq­u^ZMGIg?|MG=\�3X&TZIAQ
^ZMGOEM[dGTZ{k�NFETk=AMG^ZMGS[QN=YFHBEMq^ZMGIg?|M[KJMwOHTZdGQNKCdNTZS[QN=�MVK�S1MG{ZQwMVB ?AT\=�OHTk=AMG^ZMGI�K>M
=g<JDGFH<JTZB ?AT\=\b s�~ FEtGB ?WQN=a?AIW§JQN=]O�<CPRTZIATZB ?AT\=,O�T1^\MVIW?AMG=a�EM��$=g<�BHQ_^ZQGBE=W<JOHTZI|MVS[QN=vTZK
QGI|O�TZBqTZB_� FHTU�EMVB¦=AMVKJ<JO�Q[K>MG=Y^ZMGIg?|MG=|} sYX ^
QNBE=g<>O�T\IAMGBEO�Q�TZK�QGI|O�T\B)}

î ïEb ��MVBE{\MVS[Q =�­�OHMGO�Q =e=WQGfEIWT�FEBEM�S[T#=WME� s ^ZFEtVB ?WQ =�IAT\=WFHKC?AMNO�QN=eO�<�PRT\IWT\B ?WT\=5XHFET\O�T\B=WMGKC<JI|}

¿ ¬



îVÍ b ÅY<CI|MVS[QN=�FHBEMvS[QGBHT#OHM�MGK�MG<CIAT ñ dGT#^
T#=��UMVBEQV?AMGS[QN=�KJMa=gT#^
FHT\BE^
<>M�OHTeIAT\=WFHKC?AMGOHQN=\�
s ^ZFEtVB ?|MG=5X)Q =g<JfH<JKC<>OHMNO�T\=Y�EM��H}

ñ ¬Eb ��MVBHTg`gMVBEOHQx=gQNKJMGS[TZB ?WT,K>MG=v^
<CPRIAMN=�<JS[XEMVIAT\= À ¿ �&­E� î �3ð[� Í Á8�'^ZMVK>^
FEKJMGI�^
FEtGB ?WQN=
B ¨ES�T\IWQ =5S�T\BHQGIAT\=YO�T ¿ b ¬N¬G¬�=gT]XHFET\O�T\BoT#=W^ZIW<JfH<JI\b

ñH¿ b s�~ F)tVB ?WQ =UIWT#=gFEK�?|MGO�Q =]�V`@QN=k�EM����NFETqO�Tg`gMVI�T\BzFHBEM$�NFE<CBH<JTZK>M�O�T ¿ ã_XEMGIAM_� FHT
`@FHDNMGBEO�QµT\K]IWT#=@?AQ O�T�KJQN=oXEMVIW?W<>O�Q =qM ¿ �Y®���«µBHQ³?WTZBEDNMVS[Q =xS1tG=¦O�T ¿ b ¬G¬N¬
MVXHFHT#=@?|MG=|}

ñ «Hb ° MVf&TZS[QN=��NFET�FHBwB�¨HS[TZIAQ,O�T�S1MV?WIA§J^ZFHKJM�O�T ñ ^Z<�PRI|MG=�?A<CT\BHT�^ZQGS[Q�=WTZDGFEBEOHMU^
<CPRI|M
FHBwãE� ^
QNS�Q,?WTZI|^
T\IAM,FHB ñ QkFHBxïH� � FHTvMN^ZMVf)MUTZBq«U�[� FHTvBHQU?A<CT\BHTv^ZTZIAQN=\b s Ê�M��S�FE^|�EMN=Y�NFET,^
FHS[XHK>MVBoT\=g?WQ =YIWT#�NFE<J=W<�?AQN=|}

ñ ­Eb s ;vT,^
F)tVB ?AMN=eS1MGBHTZI|MG=Y=WTUXHFHT\OHTZB¦QGI|O�TZB)MVI�ð,KJ<JfHIWQ =YTZB¦FHB¦T\=g?AMGB ?WT#}
ñ ã)b Ë�BEMw^ZTZIAIAMNO�FHI|M[O�Tk^\M�`gM�PRFHT\Ig?ATk=WT�MVfHIAT�^ZQGB_FHBEMq^
QNS�fH<JBEMG^Z<C©NB_O�T,ãxB�¨HS[T\IWQ =

O�TZK3¬[MVK Í b s�~ FEtVB ?|MG=L^
QNS�fH<JBEMN^
<JQGBHT#=5OH<�PRT\IWT\BN?AT\=Y�EM��H}
ñNî bý¥�B�FHBEMxIWFEKCTZ?AMxOHTZK ¿ MVK�­ ñ `@FEDNMVS[Q =L?WIAT\=vdGT#^
T#=Zb&;�T�?WQ�OHMG=�KJMN=�X&QN=W<JfH<CKJ<>OHMGO�T#=Z�

s T\Bo^ZFEtVB ?|MG=LO�TUT\KCK>MG=YBHQ =L=WMGKJOHIAtkTZBoKJMN=L­v`@FHDNMNOHMG=YFHB¦B�¨HS[TZIAQ�XEMVI8}
aBb+b�cIdfe+ehg:g+gIi	j=k:lBbWm�n+o:m=lWn:mBp;k�q+rhm\iso.t=e�m=uWo�v�vWw:oWt=e.rhoBt%xWm:j+w=y:kBm:n+m+p�z=k6r{u|rCvWeC}�m�b+o.t
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