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•
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•
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•
[�EyG2F(VLEQW�_,FHG�IL_LV,X-WA_,N�WAe E"VjFHe d"V,FJwLNQV,[}e VgI,NQZHWAe�X�_LT�NQZ<FHI,N"X�G2FJw

•
RSGJd"e V,F(RymuN�T G�WHWAGJZ2�
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+GJT TÝwLWAKLG?X�KLE1FHGJV}i(N4m.EQ]7X�E�[�e VLdjt:eÝ� G"�0WAKLG�W>myISG EQ]0k�NQZAe�NQRLT G4{7]:E"Z�N$Vy_LP�RSGJZ<i<e T Ts[�G�WAGJZAP$e VLG"Æ
•
WAKLG P$e VLe P�_LP NQV,[}P.N���e P�_LP�k�NQT _LG2F<EQ]sWAKLG Vy_LP�RSGJZ�F(i<KLe�X�KgXJNQVgRSG?F>WAE"ZAG2[@e VuWAKLG k�NQZAe�NQRLT G"w

•
WAKLG?N"XJX�_LZ�N"X�m.EQ]�WAKLG2FHG�Vy_LP�RSGJZ�F t:e VuWAKLG?XJN"FHG�EQ]7[�G2X�e P.NQToVy_LP�RSGJZ�F�{-�

� T TLWAKLG�T�NQVLd"_,NQd"G2F�E ) GJZ6N FHG�W6EQ]�Vy_LP$GJZAe�XJNQTyW>myISG2FJw1i<KLE1FHG<[�G�W�NQe TSXJNQV.FHT e d"K1WAT m�X�K,NQVLd"GO]:ZAE"P N�T�NQVLd"_,NQd"GWAE$EQWAKLGJZ2� 'O_�W<iOG d"GJVLGJZ�NQT T m$\,V,[}WAKLG Z�NQVLd"G2FORSGJT E�i Æ
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'Om1WAG �LZAE"P
0
WAE

255rye P$ILT G?e V1WAGJd"GJZ ]:ZAE"P
−32768

WAE
327670�E"VLd$e V1WAGJd"GJZ �LZAE"P

−2147483648
WAE

2147483647rye P$ILT G ZAG2NQT �LZAE"P
−3 ∗ 1038

WAE
−1.40 ∗ 10−45

]:E"Z�VLGJd1N�WAe k"Gak�NQT _LG2F
�LZAE"P

1.40 ∗ 10−45
WAE

3 ∗ 1038
]:E"Z�ISE1FHe WAe k"G�k�NQT _LG2F

� E"_LRLT G�ZAG2NQT �LZAE"P
−1.79 ∗ 10308

WAE
−4.94 ∗ 10−324

]:E"Z�VLGJd1N�WAe k"Gak�NQT _LG2F
�LZAE"P

4.94 ∗ 10−324
WAE

1.79 ∗ 10308
]:E"Z�ISE1FHe WAe k"G�k�NQT _LG2F

¢Kym$VLEQWO[�G2X�T�NQZAe VLd?NQT T,Vy_LP$GJZAe�XJNQT,k�NQZAe�NQRLT G2F^N"F6[�E"_LRLT G�ZAG2NQT �}q�V,[�GJG2[ow
iOG<iOE"_LT�[�RSGYFH_LZAG(WAK,N�W^iOG<iOE"_LT�[�VLEQW6K,N4k"G<NQVym�ILZAE"RLT GJPg�5+GJT TÝw"ILZAEQl
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VLE�i �
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•
WAKLG �.�%���B W>myISG"wLi<KLe�X�KgE"VLT m}NQT T E�i�F6W>iOE.[�G2X�e P.NQToILT�N"X�G2FJw

•
U(KLG )"#���� W>myISG@t�[L[<84P$P 84mymymymL{-�
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�LE"ZHWA_LV,N�WAGJT m"wQWAKLG<RSE4��G2F�WAK,N�WONQZAG(k�NQZAe�NQRLT G2F0XJNQV.X�E"V1W�NQe V�P.NQVym?WAKLe VLd1F^[�e ) GJZAGJV1W7]:ZAE"P Vy_LP�RSGJZ�FJ� ¢e WAK�lE"_�W<WAKLe�F<ISE1FAFHe RLe T e W>m"w�iOG�iOE"_LT�[}K,N4k"G FHE"P$G [�e @X�_LT WAe G2F(]:E"Z�F>WAE"ZAe VLd$N�]�NQP$e T m}V,NQP$Ga]:E"Z<G��LNQP$ILT G"�
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•
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�{
NQV,[@WAKLG?FH_LR,F>WAZ�N"X-WAe E"V�t8l>{OE"ISGJZ�N�WAE"Z�FJ�
0�G�W�_,F�d"E}R,N"X�~}WAE}N ) G2X-W�N�WAe E"V�� � VLEQWAKLGJZ�X�E"V,[�e WAe E"V�t:e V+N"[L[�e WAe E"VjWAE}RSEQWAK;ILZAGJkye E"_,F�E"VLG2F�{O]:E"Z�NQVN ) G2X-W�N�WAe E"Vue V,F>WAZA_,X-WAe E"V}WAE.RSG k�NQT e�[}e�F(WAK,N�W2Æ
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•
�7��ILZAG2FAFHe E"V+T E�XJN�WAG2[;WAEuWAKLG.ZAe d"K1W EQ]OWAKLG@NQZAZAE�i¤RSGJT E"VLd1FaWAEgWAKLG@FANQP$G.X�T�N"FAFYWAK,NQV+WAKLG.k�NQZAe�NQRLT G
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qn](N�W T G2N"F>W E"VLG$EQ]6WAKLG.NQRSE�k"G�WAKLZAGJG$ISE"e V1W�F�e�F�VLEQW ZAG2FHISG2X-WAG2[owoWAKLG@X�E"P$IL_�WAGJZ�i<e T T^VLEQW RSG.NQRLT G�WAE
G���G2X�_�WAG WAKLG�N ) G2X-W�N�WAe E"VjNQV,[gi<e T TsILZAE�kye�[�G NQVjGJZAZAE"Z<P$G2FAFANQd"G"� +G�NQZAG�VLE�i
d"E"e VLd$WAE}[�G�\,VLG i<K,N�WYiOGXJNQT T G2[uNQV A�,���A#����� �
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U(KLGJmuNQZAGYWAKLG�]:E"_LZ�NQZAe WAKLP$G�WAe�XJNQToE"ISGJZ�N�WAe E"V,FOWAK,N�W�NQT T�EQ]�m"E"_u~yVLE�i Æ
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WAKLG?FH_LP t 
�{-w

•
WAKLG?FH_LR,F>WAZ�N"X-WAe E"V+t8l>{-w

•
WAKLG ILZAE�[�_,X-W?t��Q{-w

•
WAKLG?[�e kye�FHe E"V�t 8Q{-�

0�G�W�_,F<P$GJV1WAe E"V}WAK,N�W<WAKLG?FHmyP�RSE"T
∧
P$G2NQV,F(ISE�iOGJZ2� � ��F �1_,NQZAGai<e T T�RSG i<ZAe WHWAGJV
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qnWaX�E"V,FHe�F>W�F<e VuWAKLG�X�E"VLVLG2X-WAe k"G2FOWAK,N�WYiOG?FAN4i�e V � e�FAX�ZAG�WAG?z;N�WAKLGJP.N�WAe�XJFJÆ ����� w�vax w � vaU
NQV,[ �avaxt:G��LX�T _,FHe k"G�vax w�WAK,N�W<e�F<E"VLG�RSEyE"T G2NQVuE"Z<EQWAKLGJZ<RL_�W�VLEQW<RSEQWAKS{-� +G i<e T TsFHGJGaWAKLGJP�T�N�WAGJZ2�

<H�#" � % / -*$�) %(02A 5P$104QH)
� E�i WAK,N�W$iOGuNQZAG@]�NQP$e T e�NQZ�i<e WAK'k�NQZAe�NQRLT G2FJw0q�[�Z�N4i m"E"_LZ�N�WHWAGJV1WAe E"V�WAE;WAKLGj[�G2X�GJI�WAe k"GuFHe P$e T�NQZAe W>m�EQ]k"E�XJNQRL_LT�NQZAm.RSG�W>iOGJGJVuP.N�WAKLGJP.N�WAe�XJF<NQV,[gX�E"P$IL_�WAGJZ�FAX�e GJV,X�G"�0q�VgP.N�WAKLGJP.N�WAe�XJFJwLN b>k�NQZAe�NQRLT G-hae�F(_,FH_,NQT T m
_LVL~yVLE�i<V�w�i<KLe�X�Kge V,X�T _,[�G2F�NQVu_LV,FHISG2X�e \,G2[uVy_LP�RSGJZ<EQ]0k�NQT _LG2FJ� ¢KLGJVgqOi<ZAe WAG"Æ

y = 3x + 2
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WAKLG Vy_LP�RSGJZ<EQ]�b>k�NQZAe�NQRLT G2F�h
x
NQV,[

y
i<KLe�X�KgFAN�WAe�F>]:m@WAKLe�F(G��1_,N�WAe E"Vue�F�NQVue V�\,VLe W>m"� ¢KLGJVgqOi<ZAe WAG

ax2 + bx + c = 0

WAKLG<b>k�NQZAe�NQRLT G-h
x
[�G2FHe d"V@WAKLG�FHE"T _�WAe E"V,FOEQ]�WAKLe�FOG��1_,N�WAe E"V�w1WAK,N�W(e�F (JGJZAE,wyE"VLGYE"ZOW>iOE�k�NQT _LG2F(N�WOWAKLG�FANQP$G

WAe P$G"� � �

� q�Vgc^ZAE"d"Z�NQP$P$e VLd,w�N�WYN�d"e k"GJV}WAe P$G"wSN�k�NQZAe�NQRLT G�G��LN"X-WAT m@K,N"F<E"VLG
NQV,[}E"VLT m}E"VLG�k�NQT _LG"�

r1WAZAe�X-WAT m@FHISG2NQ~ye VLd,w1e W<XJNQV@K,N4k"G�VLE�k�NQT _LGaN�W<NQT T0t:E"V,X�GYe W<i(N"F6[�G2X�T�NQZAG2[owyNQV,[}FHe V,X�GYe W(i(N"F6VLEQW(N ) G2X-WAG2[o�vYVLG FHKLE"_LT�[}VLEQWAGaWAK,N�W�e VgFHE"P$G�T�NQVLd"_,NQd"G2FJw1WAKLG�VLEQW�m"G�W�N"FAFHe d"VLG2[@k�NQZAe�NQRLT G2F(NQZAG�NQ_�WAE"P.N�WAe�XJNQT T m@FHG�W<WAE
(JGJZAEy{-� 'O_�W<i<K,N�W<e�F(e P$ISE"ZHW�NQV1W<e�FOWAK,N�W<WAKLe�F(k�NQT _LG�ILZAG2X�e�FHGJT m.k�NQZAe G2FOE"VLT m@i<KLGJVue W�e�FOWAKLG FH_LR�`>G2X-W�EQ]0NQV
N"FAFHe d"VLP$GJV1W<F>W�N�WAGJP$GJV1W2�
U(KLG�FHG2X�E"V,[}ISE"e V1WaX�E"V,X�GJZAV,FOWAKLG?FHe d"VgEQ]�WAKLG�N"FAFHe d"VLP$GJV1W2�7q�V;NQT d"E"ZAe WAKLP.FJwLN"F(iOG K,N4k"G FHGJGJVge�F(WAKLG

FHe d"V
←
��'O_�W?e V�ILZ�N"X-WAe�X�G"wsNQT P$E1F>W?NQT T^T�NQVLd"_,NQd"G2FY_,FHG$WAKLG.G��1_,NQT^FHe d"V�� � V,[+WAKLGJZAG"wo]:E"Z�F>W�NQZHWAGJZ�FJw�WAKLGX�E"V�]:_,FHe E"V+i<e WAK�z;N�WAKLGJP.N�WAe�XJF�e�F G2N"FHm"�$q�V+P.N�WAK,FJw

A = B
NQV,[

B = A
NQZAG�W>iOEgF>WAZAe�X-WAT m�G��1_Le k�NQT GJV1W

ILZAE"ISE1FHe WAe E"V,FJ� 'O_�W?NQR,FHE"T _�WAGJT m;VLEQW?i<e WAK�NgX�E"P$IL_�WAGJZ2w�FHe V,X�G�WAKLe�F?NQP$E"_LV1W�FaWAEgi<ZAe WAG �
←
'ÀNQV,[ '

←
� i<KLe�X�K�NQZAG�W>iOEuk"GJZAm;[�e ) GJZAGJV1W�WAKLe VLd1FJ�.rye P$e T�NQZAT m"w

A = A + 1
woi<KLe�X�K+e�F NQV+G��1_,N�WAe E"V�i<e WAKLE"_�W

FHE"T _�WAe E"V@e Vuz;N�WAKLGJP.N�WAe�XJFJwye�FON�X�E"P$ILT G�WAGJT m.NQ_�WAKLE"ZAe (JG2[@N"X-WAe E"V@e V}c^ZAE"d"Z�NQP$P$e VLd}t�NQV,[@NQT�FHE�G��yWAZAGJP$GJT m
X�E"P$P$E"VS{-�.ryEgRSGJi(NQZAGu� � �.U(KLG$RSG2F>W?k�N"XJX�e V,N�WAe E"V+NQd1NQe V,F>WaWAKLe�F X�E"V�]:_,FHe E"V+e�FaWAEgILZAE"ISGJZAT mj_,FHG�WAKLG

←FHe d"V;e V;I,FHGJ_,[�EQl�X�E�[�G"� vYV,X�G�N"X �1_Le ZAG2[jd"EyE�[gZAG ) G���G2FYi<e WAK;WAKLe�FaFHe d"V�w�m"E"_ji<e T T0VLEQWaK,N4k"G�NQVymuWAZAE"_LRLT GI,N"FAFHe VLd�WAE$WAKLG
=
EQ]0ILZAE"d"Z�NQP$P$e VLd�T�NQVLd"_,NQd"G2FJ�
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v��$w�iOGgX�E"P$IL_�WAG2[�WAKLGgF �1_,NQZAG}EQ]?f � � 'O_�W$e ]YiOG}i(NQV1W�WAE�X�E"P$IL_�WAGJZ�WAKLGgF �1_,NQZAG@EQ]aNQVym�[�e ) GJZAGJV1WVy_LP�RSGJZ2wLiOG�P�_,F>W<ZAGJi<ZAe WAGaWAKLG ILZAE"d"Z�NQPg� � �
zjE"ZAGJE�k"GJZ2w�GJk"GJV�e ]OWAKLG.ZAG2FH_LT W?K,N"F�RSGJGJV�X�E"P$IL_�WAG2[+Rym;WAKLG.P.N"X�KLe VLG"wse W?e�F?F>WAE"ZAG2[+FHE"P$GJi<KLGJZAG$e V

WAKLG P$GJP$E"ZAm@EQ]sWAKLG?X�E"P$IL_�WAGJZYNQV,[@WAKLG _,FHGJZ<i<e T T�VLGJk"GJZ(~yVLE�i�i<K,N�W<e�F(WAKLG?F �1_,NQZAGaEQ](f � � � �
U(K,N�W$# F�i<KymjWAKLGJZAG.NQZAG�]:E"ZHWA_LV,N�WAGJT m;e V,F>WAZA_,X-WAe E"V,F�i<KLe�X�K�NQT T E�iÀWAKLG.X�E"P$IL_�WAGJZ�WAEj[�e�NQT E"dgi<e WAK�WAKLG

_,FHGJZ2�
q�V}N�[�e ZAG2X-WAe E"V�w"WAKLG2FHGYe V,F>WAZA_,X-WAe E"V,FONQT T E�i WAKLGY_,FHGJZ6WAE�GJV1WAGJZOFHE"P$GYk�NQT _LG2F6i<e WAK.WAKLGa~"GJmyRSE1NQZ�[�WAE�RSG

_,FHG2[uRym.WAKLG ILZAE"d"Z�NQPg�0U(KLe�F(E"ISGJZ�N�WAe E"Vue�F<XJNQT T G2[�� ��#")��8%y/ �
q�VgWAKLG�EQWAKLGJZa[�e ZAG2X-WAe E"V�wLWAKLG2FHG�e V,F>WAZA_,X-WAe E"V,FYNQT T E�i�WAKLG�ILZAE"d"Z�NQP WAE}X�E"P$P�_LVLe�XJN�WAG�FHE"P$G?k�NQT _LG2F<WAE

WAKLG _,FHGJZ<Rym@ILZAe V1WAe VLd$WAKLGJP�E"VgFAX�ZAGJGJV��7U(KLe�F(E"ISGJZ�N�WAe E"Vue�F<XJNQT T G2[�� �-�8�Ý�8%y/ �

� +G?FHKLE"_LT�[}RSG?FH_LZAILZAe�FHG2[.WAK,N�W<ILZAE"d"Z�NQP$P$GJZ�FOXJNQT T G2[.WAKLG2FHG E"ISGJZHl
N�WAe E"V,F�N"F(WAKLGJmg[�e�[o�Oq�V,[�GJG2[ow,i<KLGJVuWAKLG?_,FHGJZ<W>myISG2F�E"Vg~"GJmyRSE1NQZ�[ow�iOG
XJNQT TOe W$ZAG2N"[�e VLd,��vYV�WAKLGgX�E"V1WAZ�NQZAm"w�i<KLGJV�e W$ZAG2N"[LF?i<K,N�W�e�F�ILZAe V1WAG2[
E"V;FAX�ZAGJGJV�w,iOG�XJNQT Tse Wai<ZAe WAe VLd,�<q�Vg]�N"X-W2wSiOG?P�_,F>W�X�K,NQVLd"G EQ]7ISE"e V1WaEQ]
kye GJi Æ7i<KLGJVgN�ILZAE"d"Z�NQP e�F<ZA_LV�w�e W<e�F(WAKLG�P.N"X�KLe VLG�i<KLe�X�Kue�F(iOE"ZA~ye VLd,w
VLEQW�WAKLGu_,FHGJZ2� ¢KLGJV N�P.N"X�KLe VLG}ZAG2N"[LF�N;k�NQT _LG"w^e W$e P$ILT e G2F�WAK,N�W.N
P.NQV�i<e T T�GJV1WAGJZae W2�?vYV;WAKLG�X�E"V1WAZ�NQZAm"w,i<KLGJV�iOG�N"FH~}WAKLG�P.N"X�KLe VLG?WAE
ILZAe V1W�N�k�NQT _LGaE"VgFAX�ZAGJGJV�wye W�e�F([�E"VLG�e VuE"Z�[�GJZOWAKLG�_,FHGJZ(ZAG2N"[LFOe W2� � F<NX�E"V,FHG��1_LGJV,X�G"wyx<G2N"[�e VLd�NQV,[ +ZAe WAe VLd�e V,F>WAZA_,X-WAe E"V,F^K,N4k"G�RSGJGJV}[�G�\,VLG2[
]:ZAE"P WAKLG(X�E"P$IL_�WAGJZ0ISE"e V1W0EQ],kye GJi � � V,[�GJk"GJZAm1WAKLe VLd�RSG2X�E"P$G2F�T E"d"e�XJNQTÝ�
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� ¢KLGJV�N�ILZAE"d"Z�NQP P$GJG�W�FuN�x<G2N"[Ïe V,F>WAZA_,X-WAe E"V�w<WAKLG�G���G2X�_�WAe E"V
F>WAE"I,FJw�i(NQe WAe VLd�]:E"Z(WAKLG k�NQT _LGaWAK,N�W<WAKLG _,FHGJZ<i<e T T�i<ZAe WAG"�

vYV,X�G.WAKLG@�^V1WAGJZ�RL_�WHWAE"V�K,N"F RSGJGJV�ILZAG2FAFHG2[owsWAKLG}G���G2X�_�WAe E"V�d"EyG2F E"V��jq�V�WAKLG@E"ILISE1FHe WAG"w0e V�E"Z�[�GJZ WAE
i<ZAe WAG FHE"P$G�WAKLe VLd$E"VjFAX�ZAGJGJV�wye W�e�F�NQT�FHE$FHe P$ILT G"Æ
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�

'OG�]:E"ZAG<i<ZAe WAe VLd�N k�NQZAe�NQRLT G"w"q^FH_Ld"d"G2F>W^m"E"_$WAE�NQT i(N4m�F7i<ZAe WAGYFHE"P$GYFHGJV1WAGJV,X�G2F^E"V@FAX�ZAGJGJV�w"e V@E"Z�[�GJZ7WAE WAGJT T
WAKLG$_,FHGJZaWAK,N�W?KLG$i<e T T7VLGJG2[;WAEuGJV1WAGJZ?FHE"P$G�WAKLe VLd�t:EQWAKLGJZAi<e�FHG"woWAKLG$ISEyE"Z�_,FHGJZ�i<e T T7i(N"F>WAG$NQT T7KLe�FaWAe P$G
iOE"V,[�GJZAe VLd�i<K,N�W<WAKLG X�E"P$IL_�WAGJZ�e�F<[�E"e VLd,� {

6À���:�2��b ¢K,N�W�e�F(m"E"_LZ(V,NQP$G9�-h
�¾}�y�4���,NQP$e T m � NQP$G �

x<G2N"[�e VLd.NQV,[ +ZAe WAe VLd@NQZAG�e V,F>WAZA_,X-WAe E"V,F<i<KLe�X�Kj[�E.VLEQW�ILZAG2FHGJV1W�FHE"P$G I,NQZHWAe�X�_LT�NQZ�[�e @X�_LT WAe G2FJwLE"V,X�G iOG
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X�E"P$I,NQZAe VLd WAKLGaiOE"Z�[�WAE�X�KLG2X�~$i<e WAK@WAKLGYiOE"Z�[.i<KLe�X�K@e�F6e V@WAKLGYP$e�[L[�T GaEQ]�WAKLGa[�e�X-WAe E"V,NQZAm"��qn]�WAKLGaiOE"Z�[
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k�NQT _LG2FJwsqYi<e T T^T E�XJN�WAG$e W WAK,NQVL~�FaWAEuW>iOEge V,[�e�X�G2F@t:T e ~"G$e V+WAKLG � N4k�NQT �NQZ2w�E"Z��7�LX�GJT0�;G��LX�GJI�W WAK,N�W?e V�7�LX�GJTÝw�iOG�_,FHGaT G�WHWAGJZ�F(NQV,[}Vy_LP�RSGJZ�F(NQV,[@VLEQW<E"VLT m.T G�WHWAGJZ�F�{-�^�LE"Z(E"_LZ(I,N4i<V�w1WAKLe VLd1F(NQZAGad"E"e VLd�WAE�T e d"K1W
_LI��^U(KLG�F �1_,NQZAG�i<KLe�X�KuX�E"V1W�NQe V,F^WAKLG�I,N4i<V@e�FOVLEQW�r��1_,NQZAG1t:eÝw `A{-� � V,[@WAKLGY]:E"_LZ(N"XJX�G2FAFHe RLT GYRSE4��G2F6e V@WAKLGW�NQRLT G?NQZAG"Æ^r��1_,NQZAG1t:e l�f"w `�l�f4{-wLr��1_,NQZAG1t:e 
�f"w `�l�f4{-wLr��1_,NQZAG1t:e 
�f"w ` 
�f4{-w�r��1_,NQZAG1t:e l�f"w ` 
�f4{-�

�!&
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� U(KLGJZAG}e�F�VLE �1_,NQT e W�N�WAe k"Gu[�e ) GJZAGJV,X�GuRSG�W>iOGJGJV N � � l�NQZAZ�N4m�i<e WAKX�EyE"Z�[�e V,N�WAG2F
(i, j)

NQV,[}N�P$E"VLEQl�[�e P$GJV,FHe E"V,NQT�NQZAZ�N4m�i<e WAKgX�EyE"Z�[�e V,N�WAG2F
(i ∗ j)

�7�7�LN"X-WAT m@N"FOe V@WAKLG X�KLG2X�~"GJZ�F^d1NQP$GYiOG6`>_,F>WOW�NQT ~"G2[}NQRSE"_�W2w�NQVym
ILZAE"RLT GJP XJNQV RSGgP$E�[�GJT G2['i<e WAK E"VLGgi(N4m�E"Z�WAKLGgEQWAKLGJZ2� ��E�iOGJk"GJZ2w
E"VLG}E"Z�EQWAKLGJZ�EQ]<WAKLG2FHG@WAG2X�KLVLe �1_LG2F�FHGJGJP.F�P$E"ZAG@V,N�WA_LZ�NQT^WAE+N;d"e k"GJV
ILZAE"RLT GJPgw1NQV,[�WAKy_,F7P.NQ~"G2F7G2N"FHe GJZ�t:E"Z^K,NQZ�[�GJZ^e ]oiOG�[�E?VLEQWOX�KLEyE1FHGOWAKLG
d"EyE�[}E"I�WAe E"VS{^WAE.i<ZAe WAG NQVjNQT d"E"ZAe WAKLP�NQV,[}e P$ILZAE�k"G2FOe W�F<ZAG2N"[LNQRLe T e W>m"�

� VLEQWAKLGJZOZAGJP.NQZA~�Æ�E"VLGYX�T�N"FAFHe�XJNQT �1_LG2F>WAe E"V@NQRSE"_�W � � l�NQZAZ�N4m�F0X�E"V,FHe�F>W�F^e V@~yVLE�i<e VLd e ]oWAKLG�\,Z�F>Wat:ZAG2FHI��WAKLG.FHG2X�E"V,[,{Ye V,[�G���ZAGJILZAG2FHGJV1W�FYZAE�i�F�t:ZAG2FHI��$X�E"T _LP$V,F�{YE"Z�e ]Oe W e�FaWAKLG.X�E"V1WAZ�NQZAm"�?qYiOE"V�# W?NQV,FHiOGJZYWAKLe�F
�1_LG2F>WAe E"V  6�y¦"�L��¥2���:�@�����S�y¥@���S����¥2�y��¥2�S�7bHx<E�i�F�h?NQV,[@b�M6E"T _LP$V,F�h?NQZAG kye�FH_,NQTÝw,d"Z�NQILKLe�XJNQTsX�E"V,X�GJI�W�F
i<KLe�X�KÏNQILILT m�WAE�ZAG2NQT lniOE"Z�[�E"R�`>G2X-W�FJ� q�V,[�e�X�G2F$e V'WAKLGgW�NQRLT G2F$E"VLT m�NQZAGuT E"d"e�XJNQT<X�EyE"Z�[�e V,N�WAG2F�ISE"e V1WAe VLd
x � zÅP$GJP$E"ZAm$N"[L[�ZAG2FAFHG2FJ�sqn]se W<[�EyG2F^VLEQW<X�E"Vykye V,X�G�m"E"_�w"WAKLe VL~�WAE�WAKLG � N4k�NQT '(N�WHWAT GYd1NQP$G?Æ0P�_,F>W6WAKLGT G�WHWAGJZ�FYNQV,[jVy_LP�RSGJZ�F�ZAG2FHI��Y[�G2FHe d"VgWAKLG�ZAE�i�F�NQV,[gWAKLG�X�E"T _LP$V,F�� � E}P.N�WHWAGJZ2���6N"X�K;ILT�N4m"GJZYXJNQVjGJk"GJVX�KLEyE1FHG�Nu[�e ) GJZAGJV1W?X�E"Vyk"GJV1WAe E"V�w�VLEuP.N�WHWAGJZ2� ��E�iOGJk"GJZ2w�i<KLGJV+NuX�E"Vyk"GJV1WAe E"V;e�F X�KLE1FHGJV�w�WAKLG$ILT�N4m"GJZYEQ]X�E"_LZ�FHGa~"GJGJI,F(e W�_LV1WAe ToWAKLG GJV,[uEQ]sWAKLG d1NQP$G"�

� ���
N
� C
' 5PAB+
) '*/�+
$�- $10402$ � )

qn]�m"E"_$_LV,[�GJZ�F>WAEyE�[�WAKLGYILZAe V,X�e ILT G�EQ] � � l�NQZAZ�N4m�FJw4WAKLGJZAG�e�F6VLE?ILZAE"RLT GJPÀWAE?P.NQVLe IL_LT�N�WAGaNQZAZ�N4m�F�i<e WAK �Lw �,wE"Z0GJk"GJV ,a[�e P$GJV,FHe E"V,FJ��qnW7e�F0G��LN"X-WAT m WAKLG<FANQP$GOWAKLe VLd,��qn]�q�[�G2X�T�NQZAG(NQV$NQZAZ�N4m��"Ì�ÒL³��	��
��
���
���yw�qsZAG2FHGJZAk"G
N�P$GJP$E"ZAm@FHI,N"X�G X�E"V1W�NQe VLe VLd

3 ∗ 4 ∗ 5 ∗ 4 = 240
k�NQT _LG2FJ�0�6N"X�Kuk�NQT _LG�e�F<T E�XJN�WAG2[}Rym.]:E"_LZ�X�EyE"Z�[�e V,N�WAG2FJ�

U(KLG�P.NQe V.[�e @X�_LT W>m�EQ]SWAKLGYFHm�F>WAGJP.N�WAe�X(_,FHG<EQ]�WAKLG2FHG�NQZAZ�N4m�F�i<e WAK.P$E"ZAGOWAK,NQV�� [�e P$GJV,FHe E"V,F7e�F0WAK,N�W2w
i<KLGJV�KLG}ILZAE"ISE1FHG2F�KLe�F�NQT d"E"ZAe WAKLPgw�WAKLG}ILZAE"d"Z�NQP$P$GJZ _,FH_,NQT T m�T E�k"G2F�WAE;P.NQ~"G}FHE"P$G@FHP.NQT TO[�Z�N4i�FJwsWAE
e P.NQd"e VLG�T EyE"I,Fae V�KLe�FaP$e V,[owoG�W�XQ� 'O_�W2woGJk"GJV;e ]Oe W�e�FaG2N"FHmuWAEgX�E"V,X�ZAG�WAGJT mge P.NQd"e VLG�N}E"VLG�l�[�e P$GJV,FHe E"V,NQT
NQZAZ�N4m"w1GJk"GJVue ]0e W�e�FO]:G2N"FHe RLT GaWAE.[�E$i<e WAKuW>iOE.[�e P$GJV,FHe E"V,FJw�e W�RSG2X�E"P$G2FOWAKLG�ILZAGJZAE"d1N�WAe k"GYEQ]0N�ILZAe kye T GJd"G2[
P$e VLE"ZAe W>m?]:E"Z7WAKLZAGJG�l�[�e P$GJV,FHe E"V,NQTLNQZAZ�N4m�F0NQV,[�E"_�W6EQ]oZAG2N"X�K�EQ]oNQVym�P$E"ZHW�NQTLRSGJm"E"V,[o�0U(K,N�W$# F7T e ]:G"Æ0Ky_LP.NQV
P$e V,[g\,V,[LF�K,NQZ�[uWAE@ZAGJILZAG2FHGJV1W<WAKLe VLd1F�e V�FHI,N"X�G"wSNQV,[jX�ZAe G2F<E"_�WYi<KLGJV;e W�[�G2NQT�F<i<e WAK;KymyISGJZ�FHI,N"X�G@t:m"G2FJw
WAKLe�F<e�FOWAKLG _,FHG2[uV,NQP$G�i<KLGJVuWAKLGJZAG NQZAG�P$E"ZAGYWAK,NQV �$[�e P$GJV,FHe E"V,F�{-�
� FON?X�E"V,FHG��1_LGJV,X�G"wQ]:E"Z^ILZ�N"X-WAe�XJNQT,ZAG2N"FHE"V,FJw"NQZAZ�N4m�F�i<e WAK@P$E"ZAG<WAK,NQV$WAKLZAGJGY[�e P$GJV,FHe E"V,F6NQZAG<VLEQW6_,FHG2[Rym@VLE"V�lnP.N�WAKLGJP.N�WAe�X�e�NQV}ILZAE"d"Z�NQP$P$GJZ�FJ�sq�V,[�GJG2[owLRSG2XJNQ_,FHG�EQ]sWAKLGJe ZYF>WA_,[�e G2FJw�P.N�WAKLGJP.N�WAe�X�e�NQV,F<NQZAGa_,FHG2[

WAE@P.NQVLe IL_LT�N�WAG�FHI,N"X�G2F�i<e WAK
N
[�e P$GJV,FHe E"V,FJ��'O_�WYWAKLG2FHG�NQZAG WAKLG�E"VLT muE"VLG2FJw�NQV,[gT G2N4k"G�WAKLGJP e VjWAKLGJe Z

X�E"ZAVLGJZ2w1WAKLGJmuNQZAGaVLEQW�ISGJE"ILT G�T e ~"G _,FJ�
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ryE"P$G�WAZAG2N�WAP$GJV1W�F6XJNQVLVLEQW6RSGYISGJZH]:E"ZAP$G2[$Rym$NQV}NQT d"E"ZAe WAKLPg�7vYV.WAKLGaX�E"V1WAZ�NQZAm"wQEQWAKLGJZ6E"VLG2F^E"VLT m$XJNQV.RSG
[�E"VLG?N�]8WAGJZ�NQVu_LV1WAE"T�[gFH_ ) GJZAe VLd,�vYVLG<G��LNQP$ILT G"Æ0X�E"P$IL_�WAe VLd WAKLGYFHe Vy_,F^EQ]�NQV.NQVLd"T G"�0�LE"Z6NQILILZAE4��e P.N�WAe VLdaWAKLe�F6k�NQT _LG"wQWAKLGYX�E"P$ILT G���e W>m
EQ]SWAKLGYNQT d"E"ZAe WAKLPÀe�F7KLE"ZAZAe RLT G"�5'O_�W2w1KLE�i [�EyG2F7e W6iOE"ZA~ i<e WAK@FHP.NQT T,XJNQT�X�_LT�N�WAE"Z�FsWAK,N�W6G2N"X�K�EQ]�m"E"_�~yVLE�i��9^E"_jNQZAG�ILZAE�kye�[�G2[uFHE"P$G FHISG2X�e�NQTo~"GJm�FJwLXJNQT T G2[ =���%����Ý���%j!"��B4� w,i<KLe�X�KjNQT T E�i m"E"_}WAE.e P$P$G2[�e�N�WAGJT m}~yVLE�i
WAKLe�F?ZAG2FH_LT W2� ¢e WAK�m"E"_LZ?XJNQT�X�_LT�N�WAE"Z2wse ]�m"E"_�i(NQV1W WAE;~yVLE�i WAKLG@k�NQT _LG@EQ](WAKLG}FHe Vy_,F?EQ]

35◦
w�m"E"_�i<e T T

GJV1WAGJZ2� ��wyWAKLGJVuWAKLG��	��
.~"GJm"wLNQV,[um"E"_ui<e T ToK,N4k"GaWAKLG ZAG2FH_LT W2�
� VymgILZAE"d"Z�NQP$P$e VLd.T�NQVLd"_,NQd"G�WAKy_,FYE ) GJZ�FYN}FHG�WaEQ]^d"e k"GJV =���%����Ý���%L� ��ryE"P$G�EQ]7WAKLGJPÅNQZAG?G2FAFHGJV1WAe�NQT

RSG2XJNQ_,FHGYWAKLGJm}XJNQVuISGJZH]:E"ZAP WAZAG2N�WAP$GJV1W�F6WAK,N�W<iOE"_LT�[@RSG�e P$ISE1FAFHe RLT GYWAE.[�E�i<e WAKLE"_�W(WAKLGJPg�Ov�WAKLGJZ(E"VLG2F
NQZAG�_,FHG2[@WAE.KLGJT IuWAKLG _,FHGJZ�FHI,NQZAe VLd�KLe P�T E"VLd.NQV,[}I,NQe V�]:_LTsNQT d"E"ZAe WAKLP.FJ�

�� � � ��AB+
A�02$�- ) % 0  � %  02AB) /�L L 
+ � %4'*/�+
)
0�G�W?_,F�W�NQ~"G�WAKLG@G��LNQP$ILT G$EQ]OWAKLG@FHe Vy_,FJ�@c^ZAE"d"Z�NQP$P$e VLduT�NQVLd"_,NQd"G2F$t:i<KLe�X�K�P�_,F>W?RSG@NQRLT G$WAE;[�EuWAKLG
FANQP$GYWAKLe VLd�WAK,NQVgN$XJNQT�X�_LT�N�WAE"ZOi<KLe�X�KuX�E1F>W�Faf$, ,�z � � {6_,FH_,NQT T m.ILZAE"ISE1FHG�N��	��
$]:_LV,X-WAe E"V��7qn]�iOGai(NQV1WWAE@F>WAE"ZAGYWAKLG k�NQT _LG EQ] � ��e VjN�k�NQZAe�NQRLT G � wLiOG i<ZAe WAG

�
← sin 35 �

� ]:_LV,X-WAe E"Vge�F�X�E"P$ISE1FHG2[}EQ]sWAKLZAGJG I,NQZHW�FJÆ
•
WAKLG�N"X-WA_,NQT %�#��.� EQ]�WAKLGY]:_LV,X-WAe E"V��^U(KLe�F(V,NQP$G�XJNQVLVLEQWORSG�e Vyk"GJV1WAG2[o�0qnW(P�_,F>W�X�E"ZAZAG2FHISE"V,[�WAE$NQV
T�NQVLd"_,NQd"GY]:_LV,X-WAe E"V��7q�VgE"_LZ<G��LNQP$ILT G"wyWAKLe�F<V,NQP$G�e�F�	��
��

•
UsiOE�RLZ�N"X�~"G�W�FYt�NQV}E"ISGJVLe VLd$NQV,[}N�X�T E1FHe VLd�E"VLG4{^i<KLe�X�KuNQZAGaNQT i(N4m�F^���y�o���:��� �6¨��1§S�y� � " �S�S� ���
���,� � ���:�2�j�L�$�o�2������������¥2� ���S�

•
� T e�F>W�EQ]0k�NQT _LG2FJw�i<KLe�X�KjNQZAG�G2FAFHGJV1WAe�NQTS]:E"Z<WAKLG ILZAE"ISGJZ<G���G2X�_�WAe E"VuEQ]�WAKLG�]:_LV,X-WAe E"V��6U(KLG2FHG�k�NQT _LG2FNQZAG?XJNQT T G2[ #��Ý/Q���.��%,� E"Z �,#��A#��.��������� �YryE"P$G?]:_LV,X-WAe E"V,F�E"VLT muVLGJG2[gE"VLG�NQZAd"_LP$GJV1W2�Yv�WAKLGJZ�F<W>iOE,w
G�W�X�NQV,[jT�N"F>WAT m"woFHE"P$G�[�EuVLEQWaVLGJG2[�NQVym"�ac^T G2N"FHG�VLEQWYWAK,N�W�GJk"GJV;e V;WAKLe�FaT�N"F>W�XJN"FHG"w�RLZ�N"X�~"G�W�FYNQZAG
P.NQV,[LN�WAE"ZAm��(U(KLG?Vy_LP�RSGJZYEQ]7VLG2X�G2FAFANQZAm}NQZAd"_LP$GJV1W�FO]:E"ZaN.d"e k"GJVu]:_LV,X-WAe E"V;XJNQVLVLEQWYRSG?e Vyk"GJV1WAG2[oÆ
e W<e�FO\L��G2[}Rym.WAKLG�T�NQVLd"_,NQd"G"�0�LE"Z(G��LNQP$ILT G"wyWAKLG FHe Vy_,FO]:_LV,X-WAe E"VuE"VLT m@VLGJG2[LF(E"VLG�NQZAd"_LP$GJV1W t8WAKLe�F
e�FaVLEQW?FH_LZAILZAe�FHe VLd,Æ<WAKLe�F NQZAd"_LP$GJV1Wae�FYWAKLG$k�NQT _LG�EQ]6WAKLG.NQVLd"T G4{-� qn]Om"E"_;WAZAmgWAEuG���G2X�_�WAG$e W i<KLe T G
d"e kye VLd}W>iOEgNQZAd"_LP$GJV1W�FaE"Z�VLEuE"VLG"woWAKLe�F�i<e T T^ILZAE�kye�[�G�NQV+GJZAZAE"Z�[�_LZAe VLdgG���G2X�_�WAe E"V���c^T G2N"FHG.NQT�FHE
VLEQWAGaWAK,N�W(WAKLG2FHG?NQZAd"_LP$GJV1W�F6RSGJT E"VLd1FOWAE.N�d"e k"GJV@W>myISG"w,NQV,[}m"E"_}P�_,F>W�ZAG2FHISG2X-W(WAKLG2FHGaW>myISG2FJ�7�LE"Z
G��LNQP$ILT G"w�i<ZAe WAe VLd,Æ

� ,
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�
← sin

t b 0�_L~"G"w�qONQP�m"E"_LZO]�N�WAKLGJZ2� � � � hH{
�

e�F<VLE"V�l�FHGJV,FHG$t�NQV,[ue W�e�F<E"Rykye E"_,FJ� {-�
� V,[uGJV1WAZAm"w�iOGa\,V,[o� � �

� Ä?���j�,���y��� �2� �S�j��"(�2��� � ���S�,���L�����1� �^qnW<e�FOWAE$N"FAFHe d"VLe VLd$N]:_LV,X-WAe E"V�wLi<K,N�W�FHEyGJk"GJZ2�
� Vym�i<ZAe WAe VLd;ILT�N"X�e VLd�Nj]:_LV,X-WAe E"V�E"V�WAKLGuT G�]8W�EQ]YNQV �*) G2X-W�N�WAe E"V�e V�lF>WAZA_,X-WAe E"Vue�F�NQR,FH_LZ�[.]:E"Z(W>iOE$ZAG2N"FHE"V,FJÆ
•
iOGY~yVLE�i¢]:ZAE"P M6K,NQI�WAGJZ � EQ]�WAKLe�F<NQP.N#(Je VLd�[�E�X�_LP$GJV1WOWAK,N�W<iOGXJNQVuE"VLT m}N ) G2X-WYN�k�NQZAe�NQRLT G"�

•
U(KLGJV�woRSG2XJNQ_,FHG�WAKLG$d"E1NQT�EQ](N@]:_LV,X-WAe E"V�X�E"V,FHe�F>W�FYe V+ILZAE�[�_,X�e VLd
N�ZAG2FH_LT W2w�VLEQW�ZAG2X�GJe kye VLd�E"VLG"�

� FAFHe d"VLe VLd}N$]:_LV,X-WAe E"V�i<e T TsRSG$X�E"V,FHe�[�GJZAG2[gN"F�E"VLG�EQ]0WAKLG�iOE"Z�F>WYNQT d"EQlZAe WAKLP$e�X�P$e�F>W�NQ~"G2FJ�

�� �;< � A
	 % L 
+ � %4'*/�+
)
vYVLGu_,FHG�]:_LT<X�T�N"FAF�EQ]�]:_LV,X-WAe E"V,F$e�F�E"VLG}i<KLe�X�K NQT T E�i�F�_,F�WAE+P.NQVLe IL_LT�N�WAGgF>WAZAe VLd1F�EQ]aX�K,NQZ�N"X-WAGJZ�FJ� +G
NQT ZAG2N"[�m}FAN4i WAK,N�WYiOG?X�E"_LT�[gX�E"V,XJN�WAGJV,N�WAGaW>iOE@F>WAZAe VLd1F(EQ]^X�K,NQZ�N"X-WAGJZ�F6WAK,NQVL~�F(WAE$WAKLG / E"ISGJZ�N�WAE"Z2� 'O_�W
i<K,N�W�iOG@iOGJZAG.VLEQW$NQRLT G.WAE�[�E,w7NQV,[+WAK,N�W�i<e T TORSG}NQRLT G@VLE�i w7X�E"V,FHe�F>W�F e V�ISGJZH]:E"ZAP$e VLdjG��yWAZ�N"X-WAe E"V�EQ]
F>WAZAe VLd1F t:T G2FAF(I,NQe V�]:_LToWAK,NQVj[�GJV1W�NQToG��yWAZ�N"X-WAe E"VS{-�
�Y�8� T�NQVLd"_,NQd"G2F ILZAE"ISE1FHG.WAKLG@]:E"T T E�i<e VLdj]:_LV,X-WAe E"V,FJw^GJk"GJV�e ]<WAKLGuV,NQP$GuNQV,[�WAKLGgFHmyV1W�N���P.N4m+k�NQZAm

i<e WAKgZAG2FHISG2X-W(WAE$WAKLG T�NQVLd"_,NQd"G"Æ

•
��³Q´�� �"«yÈ�±2´�¹ �YZAG�WA_LZAV,FOWAKLG Vy_LP�RSGJZ�EQ]0X�K,NQZ�N"X-WAGJZ�F6e VjN$F>WAZAe VLd,�

• �
±�º�� �"«yÈ�±2´�¹�
�´�� 
�´���� ZAG�WA_LZAV,F NgFANQP$ILT G$EQ]6WAKLG$´��Ql�X�K,NQZ�N"X-WAGJZ�F�T E"VLdjF>WAZAe VLd,wsF>W�NQZHWAe VLdu]:ZAE"P WAKLG
´���lÝWAKgX�K,NQZ�N"X-WAGJZ2�

U(KLGaNQRSE�k"G(]:_LV,X-WAe E"V,F^e ]sF>WAZAe VLd1F^EQ]sX�K,NQZ�N"X-WAGJZ�F7NQZAG(WAKLGYE"VLT m�E"VLG2F6N"X-WA_,NQT T m�VLGJG2[�G2[o� ��E�iOGJk"GJZ2wQe V@E"Z�[�GJZ
WAE.XJNQV,X�GJT�WAe P$G�l�X�E"V,FH_LP$e VLd.NQT d"E"ZAe WAKLP.FJwyT�NQVLd"_,NQd"G2F(NQT�FHE�ILZAE"ISE1FHG"Æ

•
��³1µ1« � �"«yÈ�±2´�¹�
�´ ��ZAG�WA_LZAV,FOWAKLG�´@\,Z�F>WYX�K,NQZ�N"X-WAGJZ�F6EQ]sWAKLG?F>WAZAe VLd,�

• �
±4¹1ª�« � �"«yÈ�±2´�¹�
�´ ��ZAG�WA_LZAV,FOWAKLG�´}T�N"F>W�X�K,NQZ�N"X-WAGJZ�F6EQ]�WAKLG?F>WAZAe VLd,�

• �
±2´Lº�� �"«yÈ�±2´�¹�� 
 �"«yÈ�±J´�¹ ����ZAG�WA_LZAV,F?NjVy_LP�RSGJZ�X�E"ZAZAG2FHISE"V,[�e VLduWAE;WAKLG@ISE1FHe WAe E"V�EQ]@²�«yÈ�±2´�¹ �ue V
²�«yÈ�±2´�¹��"�sqn] ²�«yÈ�±2´�¹ ��[�EyG2F(VLEQW<RSGJT E"VLd$WAEu²�«yÈ�±2´�¹��"w"WAKLGJVuWAKLG�]:_LV,X-WAe E"VgZAG�WA_LZAV,F�(JGJZAE,�

�7�LNQP$ILT G2FJÆ
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�
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���
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�S�

�
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��³1µ1« ��� ��µ ¶Q´S¸��O°y°y°�� 
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¶Q´S¸	�
�
±4¹1ª�« ��� ��µ¢¶Q´S¸��O°y°y°�� 
����YZAG�WA_LZAV,F��y´S¸��O°y°y°��

�
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��y¬yÌ�ÈL³�� ��ZAG�WA_LZAV,F�f"�

�
±2´Lº����,·'¬yÌ�ÈL³ ª,·Q¬o±2´,³L²y²�� 
��y¬yÌ�ÈL³�� ��ZAG�WA_LZAV,F*�L�

�
±2´Lº����y¬yÌ�ÈL³�ª,·Q¬o±2´,³L²y²�� 
���«L³LÇ4ªy´,¶�� �aZAG�WA_LZAV,F*-L�

qnW(NQT�FHE G���e�F>W�F7e V}NQT TLILZAE"d"Z�NQP$P$e VLd�T�NQVLd"_,NQd"G2F7N�]:_LV,X-WAe E"V.i<KLe�X�K.ZAG�WA_LZAV,F7WAKLGYX�K,NQZ�N"X-WAGJZ^X�E"ZAZAG2FHISE"V,[�e VLd
WAE@N�d"e k"GJV � r,M6qHq(X�E�[�G.t��L_LV,X-WAe E"V��S²yÇ"{-wLNQV,[}WAKLG e Vyk"GJZ�FHGY]:_LV,X-WAe E"V�t8]:_LV,X-WAe E"V��"ª�ÈL{-Æ

�S²yÇ ��� 
�� ��e�F�&=+L�
�"ª�È ��� ����e�F����	�S�

q�GJP$ILK,N"FHe (JG"ÆYG��LX�GJI�W�e ]Om"E"_�NQZAG�ILZAE"d"Z�NQP$P$e VLd@e V+N}RLe W?FHISG2X�e�NQT0T�NQVLd"_,NQd"G}t:T e ~"G}M
i<KLe�X�K�e V�]�N"X-W
WAZAG2N�W�F6F>WAZAe VLd1F^EQ]sX�K,NQZ�N"X-WAGJZ�F^N"F7W�NQRLT G2F�{-w1m"E"_@X�E"_LT�[.VLEQW([�E?i<e WAKLE"_�W(RSEQWAK ��³Q´.NQV,[

�
±�º?]:E"Z6ILZAE�X�G2FAFHe VLd

WAKLG�F>WAZAe VLd1FJ� 'O_�WYe ]7X�E"P$IL_�WAGJZ�ILZAE"d"Z�NQP.FO_,FH_,NQT T m@K,N4k"GaWAE.iOE"ZA~@i<e WAKgVy_LP�RSGJZ�FJw�WAKLGJmuNQT�FHE�]:ZAG��1_LGJV1WAT m
K,NQV,[�T G�FHGJZAe G2F<EQ]^X�K,NQZ�N"X-WAGJZ�F t�F>WAZAe VLd1F�{-��q(~yVLE�i e WaRSG2X�E"P$G2FYN.ZAG�]:Z�NQe VgRL_�Wa~yVLE�i<e VLd$WAKLG�R,N"FHe�XJFYNQRSE"_�W
F>WAZAe VLd1F(e�F(P$E"ZAGaWAK,NQVg_,FHG�]:_LTÝwLe W�e�F(e V,[�e�FHISGJV,FANQRLT G"�

�� ��� � 65PA�02' �T$�- L 
+ � %4'*/�+
)
q�V
N"[L[�e WAe E"V¢WAE�WAKLG�X�T�N"FAFHe�XJNQT�Vy_LP$GJZAe�XJNQTY]:_LV,X-WAe E"V,F}i<KLe�X�K�NQZAG+NQT�FHE�ILZAE"ISE1FHG2[ÏRymÏR,N"FHe�X;XJNQT�X�_LT�N�WAE"Z
t:ZAGJP$GJP�RSGJZoWAKLG^e V1WAZAE�[�_,X-WAe E"V�EQ]1WAKLe�FsX�K,NQI�WAGJZ-{ST e ~"G(²�±2´owQÇ"¶L²�wJ«L·Q´owQ²��1Èy«�wJG�W�XQwJWAKLGJZAG^NQZAG7EQWAKLGJZo]:_LV,X-WAe E"V,F
WAK,N�W<WAKLGJmu[�E$VLEQW�VLG2X�G2FAFANQZAe T m.ILZAE�kye�[�GaRL_�W�i<KLe�X�KjNQZAGaZAG2NQT T m@_,FHG�]:_LTÝ�
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U(KLZAGJG6]:_LV,X-WAe E"V,F0i<KLe�X�K�NQZAGOG��yWAZAGJP$GJT m�ISE"IL_LT�NQZ7NQT T E�i�WAE�~"GJGJI?WAKLG(e V1WAGJd"GJZ�I,NQZHW0EQ]SNQVym Vy_LP�RSGJZ<t:T E�iOGJZ2w
_LILISGJZ�E"Z�X�T E1FHGJZ(e V1WAGJd"GJZ-{-�

� ]8WAGJZ2Æ � f
←
��T EyE"Z4t �L� f:�,f9� ,1{-w � f e�F*�L�

� ]8WAGJZ2Æ � �
←
��T EyE"Z4t �L� , �,f9� ,1{-w � � e�F*�L�

� ]8WAGJZ2Æ � �
←
M6GJe Tnt �L� f:�,f9� ,1{-w � ��e�F*�,�

� ]8WAGJZ2Æ � �
←
M6GJe Tnt �L� , �,f9� ,1{-w � �$e�F*�,�

� ]8WAGJZ2Æ � �
←
x<E"_LV,[�t �L� f:�,f9� ,1{-w � ��e�F2�L�

� ]8WAGJZ2Æ � �
←
x<E"_LV,[�t �L� , �,f9� ,1{-w � ��e�F2�L�
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U(KLe�F�]:_LV,X-WAe E"V$NQT T E�i�Fsm"E"_?WAE�ZAG2X�E�k"GJZ�WAKLG(ZAGJP.NQe V,[�GJZ�EQ],WAKLG<[�e kye�FHe E"V�EQ]�NYVy_LP�RSGJZ0Rym?NQVLEQWAKLGJZ0Vy_LP�RSGJZ2�
�LE"Z<G��LNQP$ILT G"Æ

�
←
zjE�[�t>f$-Lw �1{

� � e�F f�RSG2XJNQ_,FHG
10 = 3 ∗ 3 + 1'

←
zjE�[�t>f � w � { � ' e�F*-�RSG2XJNQ_,FHG

12 = 6 ∗ 2M
←
zjE�[�t � �,w +1{

�
M¢e�F �$RSG2XJNQ_,FHG

44 = 5 ∗ 8 + 4
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� VLEQWAKLGJZ?X�T�N"FAFHe�XJNQT�]:_LV,X-WAe E"V�e�FaWAKLG.E"VLG$i<KLe�X�K+d"GJVLGJZ�N�WAG2F�NuZ�NQV,[�E"PÅVy_LP�RSGJZ2� � T P$E1F>W?NQT T0WAKLG.d1NQP$GILZAE"d"Z�NQP.F^VLGJG2[.WAKLe�FO~ye V,[}EQ]�WAEyE"TÝwyi<KLG�WAKLGJZOWAE$FHe P�_LT�N�WAG�N?WAKLZAE�i¢EQ]�[�e G2FOEQ]sWAKLG�X�K,NQEQWAe�X�P$E�k"GJP$GJV1WOEQ]
WAKLG�FHI,N"X�G2X�Z�N�]8W<]:ZAE"P�WAKLG?KLGJT T�EQ]^[�G2N�WAKjT G2[gRym}WAKLG?KLE"ZAZAe RLT G���NQILI,N$i<KLE@i(NQV1W�F(WAE@Z�NQe�[}WAKLG�p�VLe k"GJZ�FHG
t8]:E"ZHWA_LV,N�WAGJT m"w�m"E"_gNQZAG�KLGJZAGaWAE.F>WAE"IgKLe Pg� {-�
'O_�W<d"GJVLGJZ�N�WAe VLd�Vy_LP�RSGJZ�FOe�FOVLEQW(T e P$e WAG2[}WAE�d1NQP$G2FJÆ�e W<e�FO_,FHG�]:_LToe Vuz;N�WAKLGJP.N�WAe�XJFJw�c^Kym�FHe�XJFJwLrye d"V,NQT

c^ZAE�X�G2FAFHe VLd,w,�6X�E"VLE"P$e�XJFJwSG�W�X�i<KLe�X�K�FHE"P$G�WAe P$G2F�VLGJG2[;F>WAE�X�K,N"F>WAe�X P$E�[�GJT�F�t8WAKLGJmjNQZAG?P$E�[�GJT�FYe V�i<KLe�X�K
G2N"X�K@k�NQZAe�NQRLT GaXJNQV}RSGaG2F>WAe P.N�WAG2[.WAK,NQVL~�F6WAE?WAKLG�EQWAKLGJZ�F7�.eÝ� G"��WAK,NQVL~�F6WAE�XJNQT�X�_LT�N�WAe E"V,F7�.RL_�W(i<KLGJZAGaiOG
FHe P�_LT�N�WAG NQVgNQP$E"_LV1W<EQ]7X�K,NQV,X�G�Rym}N b>Z�NQVLd"G-haEQ]0X�K,NQV,X�G"�
�LE"Z<G��LNQP$ILT G"wLN�[�GJP$E"d"Z�NQILKLe�XYP$E�[�GJT�N"FAFH_LP$G2[.WAK,N�WYN�iOE"P.NQV}K,N"F<NQVgN4k"GJZ�NQd"G

x
X�KLe T�[�ZAGJVg[�_LZAe VLd

KLe�F$T e ]:G"wOFAN4m¢f"� ��� 'O_�W.e W@NQT�FHE�N"FAFH_LP$G2[�WAK,N�W.E"VÏN�d"e k"GJV'ISE"IL_LT�N�WAe E"V�w^WAKLe�F$Vy_LP�RSGJZ@XJNQV ) _,X-WA_,N�WAGRSG�W>iOGJGJV@f"� � �<NQV,[@f"� � � t:e ],iOG6T G2N4k"G6FHE"P$G6_LV,X�GJZHW�NQe V1W>maEQ]sf$-���{-�s�6N"X�K?m"G2NQZ2w2eÝ� G"��G2N"X�K?FHG�W0EQ],XJNQT�X�_LT�N�WAG2[
k�NQT _LG2F6EQ]�WAKLGaP$E�[�GJTÝwyiOGYi<e T TSWAKy_,F6VLGJG2[.WAE�T G�WOWAKLGaP.N"X�KLe VLGaX�KLEyE1FHGYN�Z�NQV,[�E"P Vy_LP�RSGJZORSG�W>iOGJGJV�f"� � �
NQV,[�f"� � ���0q�VjNQT T�WAKLG T�NQVLd"_,NQd"G2FJw"WAKLe�F(]:_LV,X-WAe E"VgG���e�F>W�F�NQV,[}ZAG�WA_LZAV,FOWAKLG�]:E"T T E�i<e VLd�ZAG2FH_LT W2� � ]8WAGJZ2Æ

0�_L~"G
←
x�NQV,[�tÝ{

�

iOG�K,N4k"G
0 ≤

0�_L~"G
< 1

�
q�V�]�N"X-W2w�iOG.ZAG2NQT e (JG$WAK,N�W�i<e WAK�NgT e WHWAT G@ILZ�N"X-WAe�X�G"w�WAKLe�F

�
·Q´Lºg]:_LV,X-WAe E"V�NQT T E�i�F�_,F WAEjd"GJVLGJZ�N�WAG.NQVym

Vy_LP�RSGJZ<e VjNQVym@Z�NQVLd"G"�
•
qn]ox�NQV,[�tÝ{�d"GJVLGJZ�N�WAG2F�NaVy_LP�RSGJZ7RSG�W>iOGJGJV -�NQV,[@f"w"x�NQV,[�tÝ{�P�_LT WAe ILT e G2[�Rym

Z
d"GJVLGJZ�N�WAG2F0NaVy_LP�RSGJZ

RSG�W>iOGJGJV -@NQV,[
Z
� � FaN}X�E"V,FHG��1_LGJV,X�G"wSe W�i<e T T0FH_ @X�G?WAE}G2F>WAe P.N�WAG�WAKLG�b>i<e�[yWAKyh�EQ]^WAKLG�i(NQV1WAG2[Z�NQVLd"G NQV,[}P�_LT WAe ILT mux�NQV,[�tÝ{ORym.WAKLe�F�[�G2FHe ZAG2[$b>i<e�[yWAKyh-�

•
U(KLGJV�woe ]^WAKLG$Z�NQVLd"G�[�EyG2FYVLEQW�RSGJd"e V�Rym (JGJZAE,w�e W�i<e T T7FH_ @X�G?WAEgN"[L[jE"Z�FH_LR�WAZ�N"X-W�FHE"P$G�WAKLe VLd}WAE
bHXJNQT e RLZ�N�WAG-hYWAKLG Z�NQVLd"Gae VuWAKLG ZAe d"K1W<ILT�N"X�G"�

�LE"Z�G��LNQP$ILT G"w�e ]OqYi(NQV1W�WAEud"GJVLGJZ�N�WAG$N}Vy_LP�RSGJZ RSG�W>iOGJGJV f"� � �@NQV,['f"� � ��w�WAKLG$i<e�[yWAK�EQ]6WAKLG$Z�NQVLd"G�e�F
-L� � -L�7ryE

0 ≤
x�NQV,[�tÝ{

∗ 0.30 < 0.30
�

qnW�e�F(WAKLGJZAG�]:E"ZAG�FH_ @X�e GJV1W<WAE.N"[L[+f"� � � WAE.E"R�W�NQe V}WAKLG?[�G2FHe ZAG2[}Z�NQVLd"G"��qn]0qOi<ZAe WAG"Æ
0�_L~"G

←
x�NQV,[�tÝ{

∗0.30 + 1.35 �

U(KLG k�NQT _LG�EQ] 0�_L~"G i<e T ToRSG?X�E"P$ILZAe�FHG2[}RSG�W>iOGJGJV+f"� � ��NQV,[�f"� � ��� � V,[ue W�e�F<[�E"VLG"�
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)
U(KLe�F.e�F.WAKLG;T�N"F>W@P.N�`>E"Z}XJN�WAGJd"E"ZAm�EQ]�]:_LV,X-WAe E"V,F.i<KLe�X�K NQZAGjKLGJZAG;NQd1NQe VÏN4k�NQe T�NQRLT Gge V NQT T�T�NQVLd"_,NQd"G2FJw
RSG2XJNQ_,FHGaWAKLGJe ZY[�_�W>m@e�F�FHE"P$G�WAe P$G2F(_LV,N4k"E"e�[LNQRLT G"�
x<GJP$GJP�RSGJZ0i<K,N�W�iOGOFAN4i�e V.M6K,NQI�WAGJZ � ÆoWAKLGJZAGOG���e�F>W0[�e ) GJZAGJV1W�W>myISG2FsEQ]Lk�NQZAe�NQRLT G2FJw4i<KLe�X�K�[�G�WAGJZAP$e VLGe VÏI,NQZHWAe�X�_LT�NQZ�WAKLG;X�E�[�e VLd+W>myISGgWAK,N�W@i<e T T�RSGj_,FHG2[o� 0�G�W@_,F�W�NQ~"GuWAKLG;[�e d"e W �L�Ïqn]�q$F>WAE"ZAGge W@e V¢NQV

NQT ILK,NQVy_LP$GJZAe�XJNQTLk�NQZAe�NQRLT G"w"e WOi<e T T,RSGaF>WAE"ZAG2[.N"F6N?X�K,NQZ�N"X-WAGJZ2wQE"V.E"VLG�Rym1WAG"� ��E�iOGJk"GJZ2wQe ]�q^F>WAE"ZAG<e W(N"F6NQV
e V1WAGJd"GJZ2wSe Wai<e T T0RSG�X�E�[�G2[ji<e WAK;W>iOE@Rym1WAG2FJ� � V,[gWAKLG$X�E"V�\,d"_LZ�N�WAe E"VgEQ]7WAKLG�Rym1WAG2FYi<e T T�RSG$X�E"P$ILT G�WAGJT m[�e ) GJZAGJV1W�e VuRSEQWAKjFHe WA_,N�WAe E"V,FJ�
vYVLG$E"Rykye E"_,FaX�E"V,FHG��1_LGJV,X�G"woE"V�i<KLe�X�K+iOG$NQT ZAG2N"[�mgGJP$ILK,N"FHe (JG2[ow�e�FYWAK,N�W iOG.XJNQVLVLEQW [�EgNQVym1WAKLe VLd

i<e WAK+NQVym1WAKLe VLduNQV,[gWAK,N�WaiOG�G"� d,�aXJNQVLVLEQWaP�_LT WAe ILT m}b �4h�Rym@b �2h-wSe ] �}NQV,[ �@NQZAG�F>WAE"ZAG2[;N"FaX�K,NQZ�N"X-WAGJZ�FJ�
p�V1WAe T�VLE�i w�m"E"_uP.N4m}FAN4m$WAK,N�W<WAKLGJZAG�e�F<VLE.FAX�EyE"I�� 'O_�W�i(NQe W�N�P$e Vy_�WAG�WAKLGJZAG2N�]8WAGJZ2�
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¢Kym�VLEQW.[�Z�N4i<e VLdjWAKLGgX�E"V,FHG��1_LGJV,X�G2FJw^NQV,[�ILZAE"ISGJZAT m�F>WAE"ZAe VLd�Vy_LP�RSGJZ�F�e V'Vy_LP$GJZAe�XJNQTOk�NQZAe�NQRLT G2FJw

X�K,NQZ�N"X-WAGJZ�F6e VjNQT ILK,NQVy_LP$GJZAe�XJNQT�k�NQZAe�NQRLT G2FJwLN"FOiOG?NQT i(N4m�FO[�e�[ �
'OG2XJNQ_,FHG?WAKLGJZAG.NQZAG�FHE"P$G$FHe WA_,N�WAe E"V,Fai<KLGJV+iOG$[�EuVLEQW K,N4k"G?WAKLG.X�KLE"e�X�G"��U(KLGJZAG�G���e�F>W�F�N}i(N4mu]:E"Z

F>WAE"ZAe VLdut8WAG��yW(\,T G2F�{^i<KLGJZAGaNQVym@[LN�W�N�NQZAGaF>WAE"ZAG2[@N"F(X�K,NQZ�N"X-WAGJZ�FJ�0ryE,wye ]sE"VLGai(NQV1W�F^WAE�ZAG�WAZAe GJk"G�Vy_LP�RSGJZ�F
NQV,[uP.NQ~"GaP.NQ~"G X�E"P$IL_�W�N�WAe E"V,F(i<e WAK�wLE"VLG FHK,NQT ToRSG?NQRLT G�WAE.X�E"Vyk"GJZHWOWAKLG2FHG?F>WAZAe VLd1FOEQ]7X�K,NQZ�N"X-WAGJZ�FJ�
� T�FHE,w7NQT T6WAKLGuT�NQVLd"_,NQd"G2F ILZAE"ISE1FHG}N;FHG�W�EQ]�]:_LV,X-WAe E"V,F?WAE�P.NQ~"G}FH_,X�K'X�E"Vyk"GJZ�FHe E"V,FJ� +G}i<e T T6\,V,[N�WuT G2N"F>WuN�]:_LV,X-WAe E"V�[�G2F>WAe VLG2[ÏWAE�WAKLG�X�E"Vyk"GJZ�FHe E"V EQ]�N�F>WAZAe VLd'N"F}N�Vy_LP�RSGJZ�t:T G�W$# FuXJNQT TYe W��"´yÌ"¼ e V
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EQ]0T�NQVLd"_,NQd"G�[�EyG2F(VLEQW�X�E"V1W�NQe Vue V,F>WAZA_,X-WAe E"V,F<N"F(�^V,[!¢KLe T G WAK,N�WYX�T E1FHG N�RLT E�X�~��
0�G�W$# FOW�NQ~"G NQVuG��LNQP$ILT G i<e WAKjNQV.b>qn](� � �^U(KLGJV+� � �7�^T�FHG-h?F>WAZA_,X-WA_LZAG"�

�o�J����¦Q�2�s��� � � ���S�,���L���������
	 "�M6E"V,[�e WAe E"VjÄ?���y�q�V,F>WAZA_,X-WAe E"V,FJf

�Ãa��¥2�
q�V,F>WAZA_,X-WAe E"V,F � �Ãa�5� 	 "q�V,F>WAZA_,X-WAe E"V,F �

�

�u��¥J�J����¦Q�2�s��� � � ���S�,���L���������
f$- - - 	 " 'OEyE"T G2NQVuÄ?���y��Âu�,�2��f � - - �f"f$- - q�V,F>WAZA_,X-WAe E"V,F � �f"f"f$- � � �
f"f � - � � �
f"f$� - � � �
f"f$, - Âu�,�2��f:� - -

�f � - - q�V,F>WAZA_,X-WAe E"V,FJf
�f � f$- � � �

f � � - � � �
f:� - - q�V,F>WAZA_,X-WAe E"V,F �

�
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� F7m"E"_�XJNQV$FHGJG"w"NaILZAE"d"Z�NQP¤i<ZAe WHWAGJV�e V.FH_,X�K�T�NQVLd"_,NQd"G2Fse�F0ILZAG2FHGJV1WAG2[�N"F7�}¥2�1�����y¥Y��"7¦"�S�����y¦Q�2���S��¥�2�L���S��� � �����2�'�y�L¦4���,�2���1�y�avYVgWAKLG�E"VLG K,NQV,[owSiOG�XJNQVgVLEQW�FAN4m@WAK,N�W�WAKLe�FYILZAE"P$EQWAG2F<ZAG2N"[LNQRLe T e W>m@EQ]
WAKLG ILZAE"d"Z�NQPg�^vYV}WAKLG?EQWAKLGJZ<K,NQV,[ow�e�F�N�P.N�`>E"Z�FHE"_LZ�X�GaEQ]0GJZAZAE"Z�FJw1RSG2XJNQ_,FHG FHEyE"VLGJZ<E"Z(T�N�WAGJZ<m"E"_}]:E"ZAd"G�W
N$b %aEQWAE�h�E"Zam"E"_;IL_�W?NQV�G��yWAZ�N@E"VLG"woG�W�XQ� � F�NuX�E"V,FHG��1_LGJV,X�G"w�i<KLGJV+NuX�E"P$ILT G��;NQT d"E"ZAe WAKLP G���e�F>W�FJwoe W
XJNQVuRSG2X�E"P$G?N�W�NQVLd"T G2[?`>_LVLd"T G"�
M6E"Vyk"GJZ�FHGJT m"wQF>WAZA_,X-WA_LZAG2[�ILZAE"d"Z�NQP$P$e VLd,w4G2FHISG2X�e�NQT T m?e ]oXJNQZAG(e�F�W�NQ~"GJV�WAE?F>WAZAG2NQP$T e VLGOWAKLG<ILZAG2FHGJV1W�N�WAe E"V

WAKLZAE"_Ld"K�X�E"P$P$GJV1W T e VLG2F?NQV,[�ILZ�N"X-WAe�X�e VLduWAKLG.e V,[�GJV1W�N�WAe E"V�w�N4k"E"e�[LFaP$e�F>W�NQ~"G2FJwsNQV,[�ZAGJk"G2NQT�Fae W�F T E"d"e�XJNQT
F>WAZA_,X-WA_LZAG.k"GJZAm+X�T G2NQZAT m"�gU(KLG}[LNQVLd"GJZ?e�F WAK,N�W�i<KLe T G@P$E1F>W�ILZAE"d"Z�NQP$P$e VLdgT�NQVLd"_,NQd"G2F NQZAG@F>WAZA_,X-WA_LZAG2[ow
WAKLGJm�F>WAe T T^ILZAE�kye�[�G�P$E1F>WAT mjWAKLG$E"ILISE"ZHWA_LVLe W>mjWAEgILZ�N"X-WAe�X�G$_LV,F>WAZA_,X-WA_LZAG2[�ILZAE"d"Z�NQP$P$e VLd,�?q�V+WAKLe�F XJN"FHG"w
WAKLG�T e VLG2F�NQZAG�VLEQW [�G2FHe d"V,N�WAG2[;RymgVy_LP�RSGJZ�FJwoRL_�W FHE"P$G$XJNQV;RSG$e�[�GJV1WAe \,G2[;RymjV,NQP$G2F�t�XJNQT T G2[ub>T�NQRSGJT�F�hH{
NQV,[}iOG E"R�W�NQe VgN�RLZ�NQV,X�Kue V,F>WAZA_,X-WAe E"V��

� � V�NQR,FHE"T _�WAG�ZA_LT G$EQ]OKymyd"e GJVLG$X�E"V,FHe�F>W�Fae V�FHm�F>WAGJP.N�WAe�XJNQT T mj_,FHe VLdF>WAZA_,X-WA_LZAG2[$ILZAE"d"Z�NQP$P$e VLd,wQG��LX�GJI�W6e V}XJN"FHG<EQ]oe P$ISGJZ�N�WAe k"GY[�G�WAGJZAP$e VLG2[
Rym.WAKLG T�NQVLd"_,NQd"G$t:i<KLe�X�Kge�F(VLE�i�e V,X�ZAG2N"FHe VLd"T m.Z�NQZAG4{-�

r�NQe�[u[�e ) GJZAGJV1WAT m"w�GJk"GJV}i<KLGJVgN�T�NQVLd"_,NQd"GYE ) GJZ�FOm"E"_.WAKLG�ISE1FAFHe RLe T e W>m.WAE�P.NQ~"G�FHILZ�NQe V,F6WAE$F>WAZA_,X-WA_LZAGILZAE"d"Z�NQP$P$e VLd,wy[�E"V�# WYFHGJe (JG�e W�e VjNQVym@ILZAG�WAG��yW2�

� <H�;< ? + %4A�0� 
02AT%4'*+
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.
¢e WAK}WAKLe�F(FHG2X-WAe E"V�wyiOGaT G2N4k"GYN"X-WA_,NQToNQT d"E"ZAe WAKLP.F7]:E"Z(GJV1WAGJZAe VLd�e V@WAKLG�P$E"ZAG�WAG2X�KLVLe�XJNQT,\,GJT�[}EQ]sILZ�N"X-WAe�XJNQT
ZAG2NQT e (2N�WAe E"V�� vYZ.e ] m"E"_ÏILZAG�]:GJZ2wOWAKLG2FHGjT e VLG2F}NQZAGuWAKLG�X�_LT P$e V,N�WAe E"V�wOWAKLG;d"Z�NQV,[�\,V,NQT G"wOWAKLG;_LT WAe P.N�WAG
G2XJF>W�N"FHm"wyWAKLG d"ZAG2N�W<X�E"V,FHG2X�Z�N�WAe E"V}EQ]sWAKLe�F�[�E�X�_LP$GJV1W2�
q�VjNQT ToP$E�[�G2F>W>m"wLEQ]0X�E"_LZ�FHG"�
p�V1WAe T�VLE�i wyiOGYK,N4k"G�iOE"ZA~"G2[$E"V.WAKLGY\,Z�F>W(F>W�NQd"GYEQ]oWAKLGae P$ILT GJP$GJV1W�N�WAe E"V@EQ]�N?ILZAE"d"Z�NQPgÆsi<ZAe WAe VLd�NQV

NQT d"E"ZAe WAKLPg�
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q�Vu]�N"X-W2w�e ]�WAKLG NQT d"E"ZAe WAKLP e�F(iOGJT Toi<ZAe WHWAGJV�w�i<e WAKLE"_�W�T E"d"e�XJNQT�P$e�F>W�NQ~"G"w1WAKLG VLG��yW�F>WAGJIuP�_,F>W<VLEQW�ILZAEQl
kye�[�G NQVym}X�E"V,X�GJI�WA_,NQToILZAE"RLT GJPg� +GO`>_,F>WYK,N4k"GYWAE.[�E@N$FHe P$ILT G�WAZ�NQV,FHT�N�WAe E"V��
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�LZAE"PÅKLGJZAG"woWAKLG$iOE"ZA~jEQ]6WAKLG$ILZAE"d"Z�NQP$P$GJZae�Fakye ZHWA_,NQT T mj\,VLe�FHKLG2[ t:e V�ZAG2NQT e W>m"w�WAKLGJZAG$e�F�F>WAe T T6NQV+e V�l
GJkye W�NQRLT G}ILK,N"FHGuEQ]�WAG2F>WAe VLd,w6X�E"ZAZAG2X-WAe E"V,FJw�G�W�X}i<KLe�X�K'e�F�EQ]8WAGJV'k"GJZAm�T E"VLdy{-� 'O_�W$Rym�WAKLGui(N4m"w0]:E"Z�WAKLG
X�E"P$IL_�WAGJZ2w�WAKLe�F�e�FaKLGJZAG�WAK,N�WaWAZAE"_LRLT G2FaRSGJd"e V��?q�V,[�GJG2[ow�VLEgX�E"P$IL_�WAGJZ�e�Fae V+e W�FHGJT ](NQRLT G�WAEuG���G2X�_�WAG$e V�l
F>WAZA_,X-WAe E"V,F?N"F i<ZAe WHWAGJV�e V�NgI,NQZHWAe�X�_LT�NQZ?T�NQVLd"_,NQd"G"�}U(KLG}X�E"P$IL_�WAGJZ?E"VLT m+_LV,[�GJZ�F>W�NQV,[LF E"VLG.T�NQVLd"_,NQd"G"w
X�E�[�G2[}e VgRLe V,NQZAm�t:E"Z<KLG��LN"[�G2X�e P.NQT8{OXJNQT T G2[@WAKLG �.#"��9y�8%�� t:E"Z #4���J���.Ð�� B {(T�NQVLd"_,NQd"G"�
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U(KLe�F�e�F<WAKLG?d"E1NQToEQ]^NQVymuT�NQVLd"_,NQd"G"Æ^FAN4kye VLd.m"E"_u]:ZAE"P ILZAE"d"Z�NQP$P$e VLd�e VjRLe V,NQZAm�t:IL_LZAG?KLE"ZAZAE"Z2w�m"E"_
XJNQV'e P.NQd"e VLG4{?NQV,[�P.NQ~ye VLd�m"E"_LZ�FHGJT ]�_LV,[�GJZ�F>W�NQV,[LNQRLT G@]:E"Z�WAKLGgX�E"P$IL_�WAGJZ$e V N't:ZAGJT�N�WAe k"GJT mL{ ZAG2N"[LNQRLT G
i(N4m"�
U(K,N�W$# F0i<Kym�NQVym?T�NQVLd"_,NQd"GOP�_,F>W^ILZAE�X�GJG2[�WAE N �Ý�A#�%L�-� #��Ý���% e V.P.N"X�KLe VLG(T�NQVLd"_,NQd"GOe V$E"Z�[�GJZ0WAE P.NQ~"G

WAKLG ILZAE"d"Z�NQP G���G2X�_�W�NQRLT G"�
U(KLGJZAG�G���e�F>W(W>iOE�WAZ�NQV,FHT�N�WAe E"VuF>WAZ�N�WAGJd"e G2FJwyi<KLe�X�KjNQZAG FHE"P$G�WAe P$G2F<N4k�NQe T�NQRLT Gae VuWAKLG?FANQP$G�T�NQVLd"_,NQd"G"Æ
•
WAKLG T�NQVLd"_,NQd"GYWAZ�NQV,FHT�N�WAG2FOe V,F>WAZA_,X-WAe E"V,F<N"F<NQV,[}i<KLGJVuWAKLGJmuNQZAe�FHG"�0U(KLe�F<e�F<XJNQT T G2[ �8%,�����Ý���A����#��Ý���% �

•
U(KLG^T�NQVLd"_,NQd"G0RSGJd"e V,FoRymYWAZ�NQV,FHT�N�WAe VLd<NQT TQWAKLG^ILZAE"d"Z�NQP¢e V1WAE<WAKLG^P.N"X�KLe VLG7T�NQVLd"_,NQd"G"w�WAKy_,FsX�ZAG2N�WAe VLd
N}FHG2X�E"V,[jILZAE"d"Z�NQP ILKym�FHe�XJNQT T mjNQV,[jT E"d"e�XJNQT T mj[�e�F>WAe V,X-Wa]:ZAE"P WAKLG�\,Z�F>W2� U(KLGJV+NQV,[;E"VLT muWAKLGJV�woe W
G���G2X�_�WAG2FOWAKLG?FHG2X�E"V,[}ILZAE"d"Z�NQPg�0U(KLe�F(e�F�XJNQT T G2[ ��������8� �8%y/ �

qnW(d"EyG2F6i<e WAKLE"_�W<FAN4mye VLd WAK,N�W(e V1WAGJZAILZAG�WAG2[.T�NQVLd"_,NQd"G�e�FOP$E"ZAGYP.NQV,NQd"G2NQRLT G"Æse W<XJNQVu[�e ZAG2X-WAT m$G���G2X�_�WAG
e W�F�X�E�[�G@l�NQV,[+WAKLGJV�WAG2F>W�e W�l N"F�NQV,[�i<KLGJV�iOG.W>myISG}e W2w7i<e WAKLE"_�W�G2N"X�K�WAe P$G}I,N"FAFHe VLdjRym+WAKLG}G��yWAZ�N
F>WAGJI�EQ]YX�E"P$ILe T e VLd,� 'O_�W�e W�e�F�G��1_,NQT T m�X�T G2NQZ WAK,N�W$N�X�E"P$ILe T G2[�ILZAE"d"Z�NQP ZA_LV,F?P�_,X�K�]�N"F>WAGJZ?WAK,NQV'NQV
e V1WAGJZAILZAG�WAG2[}ILZAE"d"Z�NQPgÆsWAKLG d1NQe Vue�F<X�E"P$P$E"VLT m}N�]�N"X-WAE"Z<EQ](f$-�E"Z � -�E"Z(P$E"ZAG"�qnW�P�_,F>W�RSGuX�T G2NQZ WAK,N�W�]:E"Z�NjILZAEQ]:G2FAFHe E"V,NQT^_,FHG"w7NQVym�NQILILT e�XJN�WAe E"V�e�F�ILZAE"d"Z�NQP$P$G2[�e V'N;X�E"P$ILe T G2[
T�NQVLd"_,NQd"G"� ��E�iOGJk"GJZ2w"e V}FHE"P$GaX�E"P$I,NQVLe G2FJw"WAKLGY\,Z�F>W(F>WAGJI}EQ]sN?iOE"ZA~�e�F([�E"VLGYi<e WAK}e V1WAGJZAILZAG�WAG2[@X�E�[�G"wye V
E"Z�[�GJZ0WAE?G2N"FHe T m�NQV,[��1_Le�X�~yT m�k�NQT e�[LN�WAG�NQV$e�[�G2NL�^vYV,X�G<e W6e�F6[�E"VLG"w"e W6e�F^NQT i(N4m�FsWAZ�NQV,FHT�N�WAG2[�e V@N X�E"P$ILe T G2[
T�NQVLd"_,NQd"G"w1]:E"Z(WAKLG?FANQ~"GaEQ]7FHISGJG2[o�
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9^E"_+~yVLE�iÀKLE�i¤WAKLG$ILZAE"d"Z�NQP$P$GJZ�FYNQZAG"Æam"E"_+XJNQV�VLEQW d"e k"G�WAKLGJP NQVym1WAKLe VLdui<e WAKLE"_�W�WAKLGJPÅWAZAmye VLd}WAE
ILT�N4m@i<e WAK�w,NQV,[}WAKLG iOE"Z�F>W(e�FOWAK,N�W<WAKLGJmuFH_,XJX�GJG2[o�
U(KLGgILZAE"d"Z�NQP$P$e VLd�EQ]�X�_,F>WAE"P ]:_LV,X-WAe E"V,F.ILZAE�kye�[�G2[�[�GJk"GJT E"ILP$GJV1W.EQ]�N+FHISG2X�e�NQT<T E"d"e�XQw^G2FHISG2X�e�NQT T m

FH_Le WAG2[+WAEgWAKLG$WAZAG2N�WAP$GJV1W?EQ]<FHE"P$G$P.N�WAKLGJP.N�WAe�XJNQT^ILZAE"RLT GJP.F�E"Z?d1NQP$G2FJÆ �A���������-�8Î������AA/Q�A#������8%y/ �uq�V
E"Z�[�GJZOWAE.G���ILT�NQe Vum"E"_uKLE�i�e W�iOE"ZA~�FJwyT G�W�_,FOW�NQ~"GaWAKLG G��LNQP$ILT G�EQ]�WAKLG?X�E"P$IL_�W�N�WAe E"VuEQ]0N�]�N"X-WAE"ZAe�NQTÝ�
x<GJP$GJP�RSGJZ(WAK,N�W<WAKLG k�NQT _LG�EQ]�WAKLG�]�N"X-WAE"ZAe�NQT�EQ]7NQVue V1WAGJd"GJZ

n
ZAG2N"[LFJÆ

n! = 1 · 2 · 3 · · ·n

+G ILZAE"d"Z�NQP$P$G2[@e W�i<e WAKjN$�0vax�T EyE"IgNQV,[ue W�i(N"F([�E"VLG"�
'O_�WaNQVLEQWAKLGJZ�i(N4m@EQ]^FHGJGJe VLd$WAKLG WAKLe VLd1FJw,VLEQWYP$E"ZAG E"Z�T G2FAF<ZAe d"K1W2wLiOE"_LT�[jFAN4m.WAK,N�W�WAKLG ]�N"X-WAE"ZAe�NQT�EQ]

NQVym@Vy_LP�RSGJZ
n
ZAG2N"[LFJÆ

n! =

{

1
e ]

n = 0
n · (n− 1)!

EQWAKLGJZAi<e�FHG
r�NQe�[�e V��^VLd"T e�FHK�w0e W�P$G2NQV,F�WAK,N�W?WAKLG.]�N"X-WAE"ZAe�NQT^EQ]�NgVy_LP�RSGJZ?e�F?G��1_,NQT7WAEjWAKLG@ILZAE�[�_,X-W�RSG�W>iOGJGJV�WAKLe�F
Vy_LP�RSGJZ�NQV,[uWAKLG?]�N"X-WAE"ZAe�NQT�EQ]7WAKLG�ILZAGJkye E"_,F<Vy_LP�RSGJZ2�avYV,X�G�NQd1NQe V�wLe Wae�FYVLEQWYP$E"ZAG?E"ZYT G2FAF�ZAe d"K1W�WAK,NQV
i<e WAKuWAKLG?�0vax�T EyE"I��7qnW�e�F�`>_,F>WY[�e ) GJZAGJV1W2�qn]SiOG(ILZAE"d"Z�NQP e W2wQiOG<XJNQV�WAKy_,F0e P.NQd"e VLG(NY]:_LV,X-WAe E"V$XJNQT T G2[

�
·LÇ�«�i<KLe�X�K�i<e T T,X�E"P$IL_�WAGOWAKLGO]�N"X-WAE"ZAe�NQTÝ�

U(KLe�FO]:_LV,X-WAe E"VuISGJZH]:E"ZAP.F6WAKLG�P�_LT WAe ILT e�XJN�WAe E"VuEQ]�WAKLG�Vy_LP�RSGJZ<I,N"FAFHG2[}N"F(NQVuNQZAd"_LP$GJV1W(Rym$WAKLGa]�N"X-WAE"ZAe�NQT
EQ]LWAKLGOILZAGJkye E"_,F�Vy_LP�RSGJZ2� � V,[ WAKLe�Fs]�N"X-WAE"Z�EQ]LWAKLG6ILZAGJkye E"_,FsVy_LP�RSGJZ�i<e T TyEQ],X�E"_LZ�FHG6RSGOe W�FHGJT ]S[�G�WAGJZAP$e VLG2[Rym@WAKLG�]:_LV,X-WAe E"V

�
·LÇ�«��
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q�V;EQWAKLGJZYiOE"Z�[LFJw,iOG?i<e T T0X�ZAG2N�WAG�N$]:_LV,X-WAe E"V;i<KLe�X�Kji<e T T0¦"�L�����:�2¥2�y� "Y���S�:§S�y���o���  6�1�u��"Y�2�����y¥
e VgE"Z�[�GJZOWAE$ILZAE�kye�[�G�e W�F(E"_�W�X�E"P$G"�^U(KLe�F(e�F(WAKLG ZAG2X�_LZ�FHe E"V��
U(KLGJZAG�e�F<NQVLEQWAKLGJZ(I,NQZHW(EQ]sWAKLG�ZAG2X�_LZ�FHe k"Ga[�G�\,VLe WAe E"VgEQ]sWAKLGa]�N"X-WAE"ZAe�NQTSWAK,N�W<iOG�[�e�[uVLEQW<_,FHG"�0q�V,[�GJG2[ow

i<KLGJV
n = 0

w1WAKLGJV
n! = 1

�6M6E"V1WAZ�NQZAm?WAE$U(KLG 9^E"_LVLd�NQV,[.WAKLG�x<G2F>WAT G2FAFJw1WAKLGaZAG2X�_LZ�FHe E"V.i<e T ToF>WAE"I@i<KLGJV
n
i<e T T�RSG G��1_,NQT�WAE (JGJZAE,�
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