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PRELIMINARIES

1. Conventions. The book is divided into 16 chapters, each subdivided
into sections numbered in order (e.g. chapter 12, section 3 is numbered 12.3).

Within each chapter results (Theorems, Propositions or Lemmas) are la-
belled by the chapter and then the order of occurrence (e.g. the fifth result
in chapter 3 is Proposition 3.5). The exceptions to this rule are: sublem-
mas which are presented within the context of the proof of a more important
result (e.g. the proof of Theorem 2.2 contains Sublemmas 2.2.1 and 2.2.2);
and corollaries (the corollary to Theorem 5.5 is Corollary 5.5.1).

We denote the end of a proof by �.
Finally, equations are numbered by the chapter and their order of occur-

rence (e.g. the fourth equation in chapter 5 is labelled (5.4))

2. Notation. We shall use the standard notation: R to denote the
real numbers; Q to denote the rational numbers; Z to denote the integer
numbers; N to denote the natural numbers; and Z

+ to denote the non-
negative integers. We use the convenient convention that: R/Z = {x +
Z : x ∈ R} (which is homeomorphic to the standard unit circle); R2/Z2 =
{(x1, x2) + Z2 : (x1, x2) ∈ R2} (which is homeomorphic to the standard 2-
torus); etc. However, for x ∈ R we denote the corresponding element in R/Z
by x (mod 1) (and similarly for R2/Z2, etc.).

We denote the interior of a subset A of a metric space by int(A), and we
denote its closure by cl(A).

If T : X → X denotes a continuous map on a compact metric space then
Tn (n ≥ 1) denotes the composition with itself n times.

If T : I → I is a C1 map on the unit interval I = [0, 1] then T ′ denotes its
derivative.

3. Prerequisites in point set topology (chapters 1-6). The first six
chapters consist of various results in topological dynamics for which the only
prerequisite is a working knowledge of point set topology for metric spaces.
For example:

Theorem A (Baire). Let X be a compact metric space; then if {Un}n∈N
is a countable family of open dense sets then

⋂
n∈N Un ⊂ X is dense.

xi
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Theorem B (sequential compactness). Let X be a metric space;
then X is compact if and only if every sequence (xn)n∈N in X contains a
convergent subsequence.

Theorem C (Zorn’s lemma). Let Z be a set with a partial ordering. If
every totally ordered chain has a lower bound in Z then there is a minimal
element in Z.

Two good references for this material are [4] and [5]

4. Pre-requisites in measure theory (chapters 7-12). Chapters 7-
12 form an introduction to ergodic theory, and suppose some familiarity (if
not expertise) with abstract measure theory and harmonic analysis. The
following results will be required.

Theorem D (Riesz representation). There is a bijection between
(1) probability measures µ on a compact metric space X (with the Borel

sigma algebra),
(2) Continuous linear functionals c : C0(X)→ R,

given by c(f) =
∫
fdµ.

Theorem E. Let (X,B, µ) be a measure space. For every linear func-
tional α : L1(X,B, µ) → L1(X,B, µ) there exists k ∈ L∞(X,B, µ) such that
α(f) =

∫
f · kdµ, ∀f ∈ L1(X,B, µ) [3, p.121].

In proving invariance of measures in examples the following basic result
will sometimes be assumed.

Theorem f (Kolmogorov extension). Let B be the Borel sigma-
algebra for a compact metric space X. If µ1 and µ2 are two measures for the
Borel sigma-algebra which agree on the open sets of X then m1 = m2 [3, p.
310].

The following terminology will be used in the chapter on ergodic measures.
Given two probability measures µ, ν we say that µ is absolutely continuous
with respect to ν if for every set B ∈ B for which ν(B) = 0 we have that
µ(B) = 0. We write µ << ν and then we have the following result.

Theorem G (Radon-Nikodym). If µ is absolutely continuous with re-
spect to µ then there exists a (unique) function f ∈ L1(X,B, dν) such that
for any A ∈ B we can write µ(A) =

∫
A
fdν.

We usually write f = dµ
dν and call this the Radon-Nikodym derivative of µ

with respect to ν.
We call two measures µ, ν mutually singular if there exists a set B ∈ B

such that µ(A) = 0 and ν(A) = 1. We then write µ ⊥ ν.
In chapter 8 we shall need a passing reference to Lebesgue spaces. A

Lebesgue space is a measure space which is measurably equivalent to the
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the union of unit intervals (with the usual Lebesgue measure) with at most
countably many points (with non-zero measure).

In chapter 11 we shall use the following result.

Theorem H (dominated convergence). Let h ∈ L1(X,B, µ) and let
(fn)n∈Z+

⊂ L1(X,B, µ), with |fn(x)| ≤ h(x), converge (almost everywhere) to f(x);
then

∫
fndµ→

∫
fdµ as n→ +∞.

Good general references for this material are [1], [2], [3].

5. Subadditive sequences. A simple result which proves its worth
several times in these notes is the following.

Theorem F (subadditive sequences). Let (an)n∈N be a sequence of
real numbers such that an+m ≤ an + am, ∀n,m ∈ N (i.e. a subadditive
sequence); then an → a, as n→ +∞, where a = inf{an/n: n ≥ 1}

Proof. First note that an ≤ a1 + an−1 ≤ . . . ≤ na1, and so a ≤ a1 For
ε > 0 we choose N > 0 with aN < N(a + ε). For any n ≥ 1 we can write
n = kN + r, where k ≥ 0 and 1 ≤ r ≤ N − 1. Then

an ≤ akN + ar ≤ kaN + ar ≤ kaN + sup
1≤r≤N

ar

and we see that

lim sup
n→+∞

an
n
≤ lim sup

k→+∞

kaN + sup1≤r≤N ar

kN
=
aN
N
≤ a+ ε.

This shows that an
n → a, as required.

�
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�®« â �|ï�e�Ê 2 â�|ËYÌ - 2 � c ä ) « â e�Ê 2 â�ßË â - 2 � �oï �fe â e�Ê 2 â�|ËYÌ - 2 � c ä�ä%R«gfz�|ï c m ) « â e Ê 2 â�ßË â - 2 � �oï�e Ê 2 â�ßË â - 2 � c ä%R«gfz�|ï c m ) «ûâ^e Ê 2 #�ßËkÌ - 2 � �oï�e Ê 2 #�ßËYÌ - 2 � cmä°68r=AFq5K<K<>_214+2TM1D+2_2P25>-01DSX<>BD\íTW1DSX<K3oP23«úâ^e Ê 2 â�ßËYÌ - 2 � �|ï�e Ê 2 â�|ËYÌ - 2 � cmä²%RØY«gfz�|ï c m 6
ß®14+98CBDBD\ © ?E<�3A<K<)-0/98;-

kØ « â e Ê 2 â�ßËkÌ - 2 � � ä % kØ « â e Ê 2 â�ßËYÌ - 2 � c ä ) « fh�|ï c m 6
}�<>-A-01D+2TÛØ�Ç )3ü TW1DSX<>3o-0/2<p5KFC=A=0<>5>-Z1D+2<KYqP98CBD1D-]\Xa �
¡ ¿m��¿m¢�¢LP��7~ Q�Àð÷�À[S2Àýø�õ � dsö9ù�ú,ý£ý>ö9ú � õ0ÿ���ÿ9û � úhù�úzùîõ÷ö9×o�Ñ¦�cËõ,A�¥ ] ý_EQû Z ýpú[E2û;ú

ïþæ
f[-o¦�c m Íbæ�f[-o¦7� m ï7%ÿ«gf[c�ï � m ) «gfz�|ï c m 6�:��¿�¿�»�À£çE\Ð1D+[-0<`=057/98C+2TW14+2T�� 8C+2_Xc¸14+N}�<KO O�8&tQa��M?@<£TW<>-p-A/98;-Dæ�f[-o¦�c m %æ�f[-o¦7� m ) « f�coï � m a



�� 	 �
��	.	r���
���e��� ��ÃI�¸�����o����Ã��e�o�)���k�[��� ���
����� �¨§����q���G�÷���Y© ��ªd�N�G�$���e� ªi�����Ã�2�$�����

j@FW+23A14_2<>=�8|O <^8C3APQ=0<s:2=0<K3A<>=RSQ14+2To-A=78C+23AUVFC=AO�8;-014FW+3- Æ ¥ÈÇ ¥ëFW+"8�:2=0FC��8;�914BD1D-]\
3R:�8C5K<"fh¥�¦0§Z¦7¨ m a�Â.<o?�8C+[-s-0F�8C3A3AFq5>1L8;-0<@-0F)-0/2143r8)+[P2OM<>=A145^8CB914+XS;8;=01L8C+X-^aeÂ.<o3R-78;=A-
UL=0FWOñ-0/2<"_2<>Ä9+21~-014FW+nFWU�-0/2<�<>+[-A=AFC:J\�=0<KBL8;-A1DSX<�-0F�8£:�8;=R-01D-01DFW+�� 8C+2_�-0/2<K+�=0<KO F$SX<
-0/2<p_2<>:�<K+2_2<>+25K<�FW+��.�J\í-78;êq14+2T¯8¯3APQ:2=0<>O£P2Ona
¹ º9»J¼V½�¼L¾�¼V¿�½ÁÀ�ÂÃ<�_2<>Ä9+2<£-A/2< B ý0û÷×ªØ � ý£úFE2ý7õ � ý`úzùîô¯ý>ö9ú � õ0ÿ���FWU�- Æ ¥ Ç ¥ UVFC=

-0/2<):2=0FC��8;�914BD1D-]\&3R:�8C5K<Mfh¥�¦0§Z¦7¨ m �[\Xæ ò f[- m � 3APQ:	� ��
 è Ó � Ô� à !�� æ
f�-|¦7� m aÂ.<�?o=01D-0<�-0/2<6OM<K8C3APQ=0<£¨g8C3p8&3APQ�93A5>=01~:2-�+2FC-)FW+2B~\�-0F�=0<KOM1D+2_NP23�-0/98;-c-0/2<>=A<
143&8C+�8CO��914<K+X-&OM<^8C3RPQ=0< © �9PQ-n8CBD3AFÃ-0F _2143Ó-014+2TWP21D3A/ -A/2<I+2FC-08;-014FW+¸UL=0FWO -A/98;-&FWU
-0FC:�FWB4FWTW145K8CB�<K+X-A=0FC:[\n1D+n57/98;:2-0<>=�vQaG 3£FW+2<�OM1DTW/[-£1DO�8CTW14+2< © 1~- 5^8C+ ��<íSX<>=A\ _21�� 5KP2BD-£-0FN5KFWO :9PQ-0<&-0/2<íOM<^8C3APQ=0<
-0/2<KFC=A<>-0145�<K+X-A=0FC:[\&UL=0FWOë-0/2<�_2<>Ä9+21~-014FW+íTW1DSX<>+�aÁÂÃ<)+2FG?´?�8C+X-�-0F6_2<K3A5>=A1D��<p8"SX<>=A\
14O¯:�FC=A-78C+X-)OM<>-0/2FJ_¤FWUÁÿ � û[ô`úzùîô0ûCü�5KFWO :9PQ-78;-A14FW+�a6Â.<£��<KTW14+N?Z1~-0/Ã8&=0<K3AP2B~-�?|/21457/=0<>:9B48C5K<K3�-0/2<�3APQ:2=A<KO6P2O 14+¸-0/2<�_2<>Ä9+21~-014FW+�FWUc-0/2<�OM<K8C3APQ=0<�-0/2<KFC=A<>-0145n<K+[-R=0FC:J\
?|1D-0/n8¯B41DOM1D-KaMÑºON:NKPÉQ�À��"w��@yr��P�Nd¿�ì��^À���ý`ú¿c â ÜUc�#£ÜÄ65656
ÜUc��íÜ�§ñÙªýMûCö.ù�ö�ô � ý0û÷×ªù�ö��×^ý��KØ9ý`ö�ô7ý õ,A&ÿ9û � úzù�úzùîõ÷ö2× ] ù�ú[Eb«gf[c�� m æ )_ü ¯���� Ü k! û;ö�ø ×ªØ�ôCE�úFEQû;ú�¬ Ê c���[ý`ö�ý � û;ú,ýª×)úFE2ý)×`ùv� B û;ÚAû;ü<�[ý^Ù � ûp§ V#" E2ý`ö�æ ò f[- m � B414O$� ç à ! æ
f�-|¦�c�� m�V
Â.<)3A/98CB4B�=0<`-0PQ=0+n-0F£-0/2<�:2=0FqFWUe1D+n3A<>5>-014FW+�tQa&%qa
b /2< UVFWB4BDF$?|14+2T�_2<>Ä9+21D-A14FW+ÃTW1~SX<K3�P23�8�?�8^\I-AF�TW<K+2<>=78;-A<¯-0/2<¯14+25>=0<K8C3A14+2Tn:�8;=R-01 u

-01DFW+23Ka
¹ º9»J¼V½�¼L¾�¼V¿�½ÁÀ�ÂÃ<I3A8G\¸-0/98;-�8.:�8;=A-01~-014FW+ � ?Z1~-0/"« fh� m æ )3ü 143&5^8CB4BD<K_�8

×ªú � õ÷ö��D�[ý`ö�ý � û;ú,õ � UVFC=o-0/2<p:2=0FC��8;�91DB41~-,\&3Ó:�8C5K<�fh¥�¦0§|¦7¨ m 14Ule !�ßËkÌ - 2 � �¤� §|a*,U�-¸143®1D+[SX<>=R-01D�9BD< © -0/2<K+6?@<@308^\�-0/98;-s8d:�8;=A-01D-A14FW+6��?Z1~-0/D«gfz� m æ )_ü 143®5K8CB4B4<>_80�[ý`ö�ý � û;ú,õ � UVFC=o-0/2<p:2=AFC��8;�914B41~-]\&3R:�8C5K<�f�¥�¦0§Z¦7¨ m 14U�e¿!�ßË 2Y! -32 � �¤� §MÑºON:NKPRQ�À�Qtw('�¼V½YP�¼F�GÀ W A|�ù�×"û \ ×ªú � õ;ö��C`¨�[ý>ö�ý � ûCú]õ � ú[E9ý`öhæ ò f[- m � æ�f[-o¦7� m�V
Â.<"3R/98CB4B
=0<>-0PQ=0+�-0F¯-0/2<�:2=0FJFWU®14+�3A<>5>-014FW+ÐtQa�%qaoç�<>UVFC=0<"_2<>SX<KBDFC:914+2TM-0/2<p-0/2<KFC=A\

+2<K<K_2<>_í-0F�:2=0FGSX<d-0/2<K3R<d-,?EF6=A<K3AP2BD-A3E?@<c3A/98CB4B�P23A<c-0/2<KO -AF�5KFWO :9PQ-0<Z-A/2<cOM<^8C3APQ=0<
-0/2<KFC=A<>-0145)<K+X-A=0FC:[\nFWU�3AFWOM<�3A14O¯:9B4<)<��98CO :9BD<K3Ka
�d�
���Ã�®��� �*) ����+-,®�����-./�Ã�9�10 � }�<>-@¥«��É32�4 © §g_2<K+2FC-A<Z-0/2<cç@FC=0<KB93A1DTWO�8 u

8CB4TW<`�2=78 © 8C+2_ ¨´-0/2<65�8W8;= u }�<>��<>3ATWP2<NO <^8C3APQ=0<CaËÂ.<ÐB4<`-f- Æ ¥ Ç ¥ ��<�-0/2<
_2FWPQ�9B41D+2T�O�8;:ý-"f�Ì m � l ÌgfhO Fq_ k$m aÁ}�<`-��¤����9 = ¦ â# m ¦�9 â# ¦ k$m  XÞ[-0/2<>+íFC�93R<>=ASX<Z-0/98;-

�fef- 2 â �I�87:9 = ¦ k� � ¦;9 k� ¦ kl � ¦;9 kl ¦ v� � ¦;9 v� ¦ k �#<



�>= ����)	���������	.�
��	��e��	������ 	����
���e���
8C+2_�OMFC=A<)TW<>+2<>=78CB4B~\ ©e Ê 2 â�ßËkÌ - 2 � �N� 7:9 µl Ê ¦ µ ) kl Ê � Æ µ�� = ¦565656�¦ l Ê Í k < 6
Â.<p5^8C+n+2FG? 5^8CB45KP2B48;-0<«gfÞe�Ê 2 â�|ËYÌ - 2 � � m �ÎÍ # Õ 2 âÏ �|ËYÌ ¨ �?9 µl Ê ¦ µ ) kl Ê �K� B4FWT �?9 µl Ê ¦ µ ) kl Ê �K�

�ÎÍ
# Õ 2 âÏ �|ËYÌ � kl Ê � BDFWTf� kl Ê �

�ÎÍ l&Ê � kl Ê � B4FWT4� kl Ê �
�®ØpBDFWT l 6

b /JP23"?@<�3R<K<M-0/98;- âÊ « f�elÊ 2 â�ßËYÌ -32 � � m �HB4FWT l 8C+2_.-0/JP23�BD<>-A-01D+2T�Ø�Ç )3ü TW1DSX<K3
-0/98;-1æ ò f[- m � BDFWT l a
�d�
���Ã�®��� ¦@) �$���G�2�$�������¤��� ��§��´�X���÷�X���A0 � }�<>-M¥ � É32�4 © B4<>-M§_2<K+2FC-A<

-0/2<�ç@FC=0<>Br3A1DTWO�8 u 8CBDTW<>�2=78 © 8C+2_.B4<>-6¨ ��<M-0/2<B5�8W8;= u }�<>��<K3RTWP2<�OM<^8C3APQ=0<;a&ÂÃ<MB4<>-- Æ ¥ Ç ¥ ��<�-0/2<í=0FC-78;-01DFW+I-"f�Ì m �ÈÌ ) ôIfhOMFJ_ k$m UVFC=M3RFWOM<íÄ��Q<K_ S;8CB4P2<K3ôMÖnÉoa
ß®1D=A3R-|8C3A3AP2OM<�-0/98;-Kô6� ( * 1D3Z8�=78;-01DFW+98CB�+JP2O���<`=^arß�FC=|8C+[\&:�8;=A-A1D-01DFW+fcÃ?E<p3A<><-0/98;-�- 2 * cI�®csa b /[P23 e Ê * 2 â�5ËYÌ - 2 � cÐ�Ýe * 2 â�5ËYÌ - 2 � c

8C+2_�3AF¯14+í:�8;=A-0145>P2BL8;= æ ò f[-o¦�c m � B41DOÊ7ç à ! kC Ø «ED�e Ê * 2 â�5ËYÌ - 2 � cGF
� B41DOÊ7ç à ! kC Ø «ED�e * 2 â�5ËYÌ - 2 � cGF
� = 6

b /JP23�-0/2<rO <^8C3APQ=0<Á-0/2<KFC=0<`-0145s<K+X-A=0FC:[\pFWUq8C+[\�:�8;=A-A1D-01DFW+p1D3�°K<`=0F © 8C+2_)-0/JP23�-0/2<sOM<^8 u
3APQ=0<�-0/2<KFC=A<>-0145�<K+X-A=0FC:[\£FWU�-A/2<o-A=08C+23AUVFC=0O�8;-01DFW+ © æ ò f[- m �´3APQ: è Ó � Ô� à ! æ�f[-o¦�c m �= a
é <��q- © 8C3A3RP2OM<M-0/98;-¨ôI143"1~=A=78;-01DFW+98CBza�Â.<�BD<>- c��«��9 = ¦ â# m ¦�9 â# ¦ k$m  Xanxq14+25K<M-0/2<3A<KYJP2<K+25K< â# ) ØkôIfhOMFJ_ k$m 1D3�_2<K+23A<I14+�-0/2<ÐP2+21D-&5K1~=05KBD< f�Â.<>\QBhy{3M-0/2<>FC=0<KO m ?@<3A<K<�-A/98;- -0/2<n:�8;=R-01D-01DFW+ 143�fh3R-A=0FW+2T m TW<K+2<>=78;-A14+2T2aIHÐFC=0<KFGSX<>= © ?@<�3A<><�-0/98;-M§ �e�!�5Ë â -_2 � csa G 3�?@<pFC�93A<>=ASX<K_���<KUVFC=0<æ�f[-o¦�c m � B41DOÊ7ç à ! «gf[c�ï e Ê 2 â� Ë â - 2 � c m � =



�� 	 �
��	.	r���
���e��� ��ÃI�¸�����o����Ã��e�o�)���k�[��� ��i
8C+2_n-0/2<`=0<KUVFC=0<Dæ ò f�- m �Ýæ�f[-o¦�c m � = aG 3eFW+2<�OM1DTW/[-�14O�8CTW1D+2< © 8c3A14O 14BL8;=�OM<>-0/2FJ_68;:2:9B41D<K3e-0Fc=0FC-78;-01DFW+�FW+�-0FC=01JÉ Ê 2�4 Ê ©ØåÜ l a
�d�
���Ã�®��� �J) �Î�9�LK��NMO�Ã�q���P+��$�Q�Q0 � }�<>-SR Æ ¥ Ç ¥ _2<K+2FC-0<�8£3APQ�93A/21DUL-�FWU

Ä9+21D-A<p-]\q:�<
¥È���Jf�Ì Ê m Ö à !T2�! � k ¦565656�¦U�9  Æ �WV�ÕQV�ÕUX�Ñ�� k  

?|/2<>=0<�� � fh�c� ² m 143|8Y��Z[��O�8;-R=01ð��?|1D-A/n<K+X-A=01D<K3Z<K1~-0/2<>=Z°K<>=0FMFC=|P2+21D-]\Xa
Â.<68C3A3RFq5K148;-0<�-0FM-0/21D3�8\�YZ*�í3R-0Fq57/98C3R-A145�O�8;-A=A1ð�\]Ý�ëf^]e� ² m f�5KUiaW_¿�28CO :9B4<p�

14+Ð3A<>5>-014FW+`%qa{v m 8C+2_ÐB4<>-1aÐ�ëf&a â ¦565656�¦a�� m ��<"-0/2<�B4<>UL-�<K14TW<K+XSX<K5>-AFC=)8C3A3AFq5>1L8;-0<K_�-0F-0/2<pB4<KUL-|<K14TW<>+[S;8CB4P2<pP2+21D-]\Xa
b /2<I:�8;=A-A1D-01DFW+�� � ��9 k > ¦565656�9&� >  IUVFC=n¥ 143&TW<K+2<>=78;-A14+2T2a }�<>-\R Æ ¥ Ç ¥

_2<K+2FC-0<d-A/2<d3A/214UL-@-R=78C+23AUVFC=0O�8;-A14FW+�a b /2<d=0<>Ä9+2<K_�:�8;=A-01~-014FW+fe Ê 2 â�5ËYÌ -32 � �¤5>FW+23A143R-A3@FWUHR5>\qB414+2_2<`=¥J 3A<`-03ZFWU�-0/2<�UVFC=0O9cb�Ì;¦565656�¦�b Ê 2 â > ���Jf�Ì Ê m Ê ¡!d�Ö�¥ Æ Ì����eb^�Ó¦ = %¸µ¿%RØ�Í k  
?|/2<>=0<�b^�ÁÖ¤� k ¦565656�¦U�9 Xa
çE\�-0/2<)_2<>Ä9+21D-01DFW+�FWU�-0/2<?HI8;=AêXFGS�O <^8C3APQ=0<p¨Ã8C3A3AFJ5K1L8;-A<K_�-0Ff] ?@<p/98^SX<p-A/98;-

¨Áf'9cb�ÌC¦565656�¦�b Ê 2 â >�m �ga�hÏÎP]ihÏÎ(h¥Ñ�]jh¥Ñkhmll65656m]ih�Õ×Önloh�Õ×Ö�Ñ�6
Â.<p<��Q:9BD145K1~-0BD\�5>FWO :9PQ-0< Æ«gfÞe Ê 2 â�5ËYÌ - 2 � � m
� Í Ïp hÏÎ�� öjöjö �qh'Õ×Ö�Ñ�r ¨Áf'9cb�ÌC¦565656�¦�b Ê 2 â >�m B4FWTs¨Áf�9sb�ÌC¦565656�¦�b Ê 2 â >�m
� Í Ïp hÏÎ�� öjöjö �qh'Õ×Ö�Ñ�r a�h,Ît]jh,Î�h
Ñ�]ih
Ñkhol�65656m]jh'Õ×Önl(h'Õ×Ö�Ñ�B4FWT âua�hÏÎt]ihÏÎ�h¥Ñ�]jh
Ñvhmll65656o]ih�Õ×Önlmh�Õ×Ö�Ñ
ä
� Í Ïp hÏÎ�� öjöjö �qh'Õ×Ö�Ñ�r a�h,Ît]jh,Î�h
Ñ�]ih
Ñkhol�65656m]jh'Õ×Önl(h'Õ×Ö�Ñ÷fhBDFWT�a�h,Î ) B4FWTw]jhÏÎ�h¥Ñ ) B4FWTw]jh
Ñkhol) B4FWTw]jhmlmhox ) 65656 ) BDFWT1]jh'Õ×Önl(h'Õ×Ö�Ñ m
� Í

�
Ï �|Ë â a��WBDFWT�a��
Í�f[Ø�Í k$m �

Ï��� ²CË â a��y]e� ²
BDFWT3]e� ²
f�?|/2<>=0<)?@<�P23A<)-0/98;-ja�]��gaI8C+2_\] 143o3R-0FJ57/98C3R-0145 m a
b /2<>=0<KUVFC=0<)?@<�3R<K<p-0/98;-æ ò f[- m � BD14OÊ7ç²à ! kØ «gfÞe�Ê 2 â�5ËYÌ - 2 � � m �ÎÍ �

Ï�F� ²CË â a��y]e� ²
BDFWT3]e� ²L6



��Á ����)	���������	.�
��	��e��	������ 	����
���e���
*,+´-0/2<.3R:�<K5K1L8CB�5^8C3A<Ã-0/98;-�¥ � ¥$�Ë� z à !2�! � k ¦565656�¦U�9 .?@<¤5^8C+Ë_2<>Ä9+2< 8HAç@<>=0+2FWP2BDB41eOM<K8C3APQ=0< J&UL=0FWOÈ8M:2=0FC��8;�91DB41~-,\nSX<K5>-0FC=¯f{a â ¦565656�¦a�� m fh1ha{<Ca¯f{a â ) 65656 )a��p� k$m �[\

¨Áf'9cb�ÌC¦565656�¦�b Ê 2 â >�m �|a�hÏÎoa�h¥Ñya�hml�65656}a�h�Õ×Ö�Ñ�6
b /2<íO <^8C3APQ=0<�-0/2<KFC=A<>-0145�<>+[-A=AFC:J\ 14+.-0/21D365^8C3A<&143Ûæ ò f[- m ��~ ��|Ë â a��WB4FWT	a��AaIß�FC=<��28CO :9B4< © ?|/2<>=0<"¥ �¥4#)8C+2_$a��Ýf â# ¦ â# m ?@<"/98^SX<p-A/98;-_æ ò f[- m �B4FWT l aEÂ /2<>=A<¥È� ¥ ó 8C+2_�aí� f âó ¦ âó ¦ âó m ?@<p/98GSX<)-0/98;-3æ ò f�- m � B4FWTrv © <>-05Ca

�
�u� �¨§��Ð���e�W�÷�J���^���-.��Ã�9�G�$�h�G.���������§��q���÷���
Â.<d+2FG? ��<KTW14+�-0F�_2<`SX<KB4FC:í3AFWOM<ZFWU�-0/2<cO�8C57/214+2<>=R\M+2<K<K_&-0F":2=0FGSX<d-0/2<Z=A<K3AP2BD-A3

14+�3A<K5>-A14FW+�tQa{vQa
Â.<"êq+2F$? -0/98;-�14UràÃÖ¤á â fh¥�¦0§Z¦7¨ m 8C+2_ÐÛ Ü´§ 143�8�3APQ� u 3R14TWO�8 u 8CB4TW<>�2=78 -A/2<K+

?@<�5K8C+�8C3R3AFq5K148;-0<�-A/2<�5KFW+2_21D-01DFW+98CB|<C�Q:�<>5>-78;-01DFW+ ìífîàrï Û m Ö á â f�¥�¦0Û�¦7¨ m a b /2<
14+25`=0<^8C3A1D+2T¯O�8;=R-014+2TX8CBD<d-0/2<KFC=0<KOH_2<>3A5>=01~��<K3o/2F$?Ëìífzàrï Û m _2<`:�<K+2_23|FW+í-0/2<�3A1DTWO�8 u
8CB4TW<`�2=78�Û�a b /21D3�143c5>=0P25>1L8CBe1D+IP2+2_2<`=03R-78C+2_21D+2Tí-0/2<65KFC=R=0<K3R:�FW+2_214+2T&��<K/98^SQ1DFWPQ=�FWU
-0/2<p14+2UVFC=0O�8;-A14FW+íUVP2+25>-014FW+�8C+2_�-0/[P23Z-0/2<)OM<^8C3APQ=A<)-0/2<>FC=0<>-01D5�<K+X-A=0FC:[\Xa
b /2<pUVFWBDB4FG?Z1D+2T 3A1DO :9B4<�B4<>OMO�86143�SX<>=A\íP23A<KUVP2BhaMÑºON:NKPÈQ�Àu��À W A&fh¥�¦0§|¦7¨ m ùV×&ûMÿ � õWÙ7ûXÙKù�ü ù�ú���×îÿ9û[ôªýíû;ö�øÐù Ap§ â Ü §¿#�Üã65656ÑÜ§��ÎÜ¸§û � ý)×`ùv� B û;ÚAû;ü<�[ý^Ù � û÷×�û;ö�ø�� ù = úFE2ý`öIù A ] ýpü4ý`ú

ìÎ���^ÌÐÖ�¥ Æ OM8×�â(� Ê � � ìífîàrï § Ê m f�Ì m ù �
 
úFE2ý`ö ] ýhEQû Z ýnú[E2ýnØ^ÿXÿ�ý � Ùªõ;ØJö�ø õ÷ö�ù�úh× B ý7û÷×ªØ � ý ¨Áfhì m % â� å ï àrï ã[¨ ] ù�úFENàÎÖá â fh¥�¦0§Z¦7¨ m�V�:��¿�¿�»�À�Â�1D-A/2FWPQ-dB4FW3R3dFWUeTW<K+2<>=08CB41D-]\&?@<"5K8C+Ð8C3A3AP2OM<)-0/98;-�àXÜ = f�FC-0/2<>=A?|143A<
?@<)=0<>:9BL8C5><�à��J\�O�8×���÷à®f�Ì m ¦ =   m a�Â.<p5^8C+n:�8;=A-A1D-01DFW+�ìÎ� ì â ¬å65656^¬íìW� ?|/2<>=0<

ì Ê ���^Ì�Ön¥ Æ ìífzàrï § Ê m f�Ì m ù �
¦0ìífîàrï §®� m f�Ì m %���¦0µ�� k ¦ l ¦565656�¦¥Ø&Í k  
fz8C+2_�FC�93A<>=ASX<�-A/98;-|ì Ê Ö�§ Ê m ÞQ-0/2<K+�ìd��±íìo²Z�´³¯UVFC=|µ|¶��·9a®Â.<p-A/2<K+n?o=01D-0<¬N��à�ãJ¨�� �

ÏÊ Ë â ¬N� Õ à�ãJ¨��
�
ÏÊ Ë â ¬A� Õ ìífîàrï § Ê m ã[¨ÀÜ

�
ÏÊ Ë â ��¨Áfhì Ê m ����¨Áfhì m 6

b /JP23Z¨Áfhì m % â� å à�ã[¨�� â� åÐï àrï ã[¨ea �
��ºON�P��	�ÑÀ b /21D3@143ÑSX<`=A\�3A1DOM14B48;=Ñ-0F"-0/2<)j@/2<>�[\Q3A/2<`S&14+2<KYJP98CB41D-]\ UVFC=|àÐÖ�á â fh¥�¦

§Z¦7¨ m 8C+2_/� ù = ?Z/21D5ª/n308G\q3|-0/98;-Z¨��^Ì�Ö�¥ Æ à®f�Ì m ù �
 _%@�����n� ð0ò� 6
b /2143��2=014+2TW3|P23|-0F6-0/2<�OM8C14+&=0<K3AP2B~-dFWU�-A/2143o3A<K5>-01DFW+�a



�� � �
��	x�|�e����	������|�i�É�p���2���|�i�e�opq	 �
��	��®��	�� � 	��� º9¿o��ºON Q�À[Sn� w]¼V½�{���ºOP�zG¼V½�� N�P��J¾�¼V½��oP�¢Xº ¾ � º9¿o��ºON3�^ÀB��ý`úZàÖ á|â$fh¥�¦
§Z¦7¨ m5VS� ×7×ªØ B ý�úFEQû;ú�§ â Ü�§¿#pÜU656562Ü�§ Ê ÜU656562Ü�§ ù�×�û;öNù�ö�ô � ý0û÷×ªù�ö��£×^ý��>Ø�ý`ö�ô7ýõ,A�×ªùv� B ûCÚRû;ü<�[ý^Ù � û÷×Ðû;ö�ø ú[EQûCú�ú[E2ý�Øqö9ùîõ÷ö ¬�!Ê Ë â § Ê �Jý`ö�ý � û;ú]ý`×£§ \^] � ù�úzú]ý`ög§ Ê Ç§°` V�" E2ý`ö ìífîàrï § Ê m Ç àÝù�ö á|â$fh¥�¦0§Z¦7¨ m û;ö�øIìífîàrï § Ê m f�Ì m Ç à®f�Ì m ¯Mû;ü B õ$×`úý Z ý � � ] E2ý � ý V�:��¿�¿�»�À b /2<n-0/2<>FC=0<KO 143 5>B4<^8;=0B~\g-R=0P2<nFW+ -A/2<�3APQ�93R:�8C5K<I¬�!�5Ë â á â fh¥�¦0§��J¦7¨ m3A1D+25K<Ã14U²�Öñá â f�¥�¦0§��J¦7¨ m -0/2<K+Ëìíf���ï § Ê m � ��UVFC=hØûÜ ��a�HÐFC=0<KFGSX<>= © -0/2143
3APQ�93R:�8C5><"143o_2<K+23A<"1D+ná â fh¥�¦0§Z¦7¨ m 1D+n-0/2<)á â +2FC=AO�a?)1~SX<K+£8C+ 8;=R�91D-A=78;=R\6àIÖná â fh¥�¦0§|¦7¨ m ?@<�5^8C+£57/2FqFW3A<�� ù = 8C+2_¨�&Ö�á â fh¥�¦0§��J¦
¨ m`© 308^\ © ?Z1~-0/�å�ï àMÍí��ï ã[¨Ðæ��KaÁÂ.<p-A/2<K+n3A<><p-0/98;-|UVFC=c8C+X\fØÀÜ��M?E<�/98^SX<)-0/98;-¬ ï ìífîàrï § Ê m Í àrï ã[¨% ¬ ï ìífîàrï § Ê m Í.ìíf���ï § Ê m ï ã[¨ ) ¬ ï ìíf|��ï § Ê m ÍÀ��ï ã[¨ ) ¬ ï ��Í àrï ãJ¨% l ¬ ï �"Í àrï ã[¨
f�?|/2<>=0< å ï ìíf|��ï § Ê m Í@��ï ã[¨&� = 3A1D+25K<Zìíf|��ï § Ê m �"�£8C+2_ ?@<oP23A<o-0/98;-Ñìíf,6hï § Ê m 143r85KFW+X-A=78C5>-A14FW+�FW+6á â f�¥�¦0§Z¦7¨ mAm a
*,+�:�8;=A-0145>P2BL8;= © BD14O�3APQ: ÊLç à ! å�ï ìífîàrï § Ê m Í�àrï ãJ¨X%l �KaÑxq14+25K<�� ù = 1D3Z8;=A�91~-A=78;=A\ © ?@<�3A<><p-0/98;-o?@<�/98^SX<)á â 5>FW+[SX<>=ATW<K+25K<Ca
b F�3R/2F$?-0/98;-�?@<&8CBD3AF�/98^SX<&8CB4OMFW3Ó-�<>SX<`=A\q?|/2<>=0<�5KFW+XSX<>=0TW<>+25K< © ?@<&8;=0TWP2<�8C3

UVFWB4BDF$?|3 Æ
¨��^ÌÐÖ�¥ Æ B41DO�3APQ:ÊLç à ! ï ìífîàrï § Ê m f�Ì m Í à®f�Ì m ï ù � â,+ #  %�¨��^ÌÐÖ�¥ Æ BD14O�3APQ:Ê7ç à ! f7ï ìífAfîà Íå� m ï § Ê m f�Ì m Í�fîà�ÍÀ� m f�Ì m ï) ï ìíf���ï § Ê m f�Ì m Íí�
f�Ì m ï m ù � â,+ #  %�¨��^ÌÐÖ�¥ Æ BD14O�3APQ:Ê7ç à ! ï ìífAfîà Íí� m ï § Ê m f�Ì m ï ) ï fzà�Íí� m f�Ì m ï ù � â,+ #  %�¨��^ÌÐÖ�¥ Æ BD14O�3APQ:Ê7ç à ! ï ìífAfîà Íí� m ï § Ê m f�Ì m ï ù kl � â,+ #  ) ¨��^ÌÐÖ�¥ Æ ï fîàMÍí� m f�Ì m ï ù kl � â,+ #  % l � k

â# � â,+ # � ¬ ï à�ÍÀ��ï ã[¨å% lY� k
â# � ÑlG  �K%¸�¡� â,+ #

f�?|/2<>=0<d?@<c/98^SX<cP23A<K_&}�<KOMO�8�tQa�¢�8C+2_�-0/2<�j@/2<>�[\Q3A/2<>S&1D+2<KYqP98CBD1D-]\ m asxq14+25K<£� ù =
143|8;=A�91~-A=78;=A\�-0/21D3Z3A/2FG?|3d8CB4O FW3R-�<>SX<>=A\J?Z/2<`=0<�5KFW+XSX<>=0TW<>+25K<Ca �
��ºON�P��	�ÑÀ b /2<`=0<@143Á8c5KFC=A=A<K3R:�FW+2_21D+2T�HR_2<>5>=0<^8C3A1D+2T�O�8;=A-01D+2TX8CB4<r-A/2<KFC=0<KOýJ © �9PQ-

?@<p3A/98CB4B
+2FC-|+2<K<K_�1~-^a



� � ����)	���������	.�
��	��e��	������ 	����
���e���
�
�¥¤ �����G�$���k© ���e���^�¦.��Ã�N§0���¦.���,��÷���

Â.<6?�8C+X-�-0Fn8;:2:9BD\I-0/2< 1D+25>=0<^8C3A1D+2T�O�8;=A-A14+2TX8CB4<"-A/2<KFC=0<KO -0F�-A/2< 14+2UVFC=AO�8;-014FW+
UVP2+25>-01DFW+23KaÑß®1~=03R-o?@<�+2<><K_�8¯3R14O :9BD<)-0<>5ª/2+21D5^8CB�B4<KOMOM8QaMÑºON:NKP Q�À[S�S2À W A�� ùV×Nûnÿ�û � úzù�úzùîõ÷ö ] ù�úFEí« fh� m æ )3ü û;ö�ø ] ýXEQû Z ýn×ªØ9Ù>Ú×ªùv� B û;ÚRû;ü<�Jý^Ù � û;×@Û â Ü¸Û$#cÜÅ65656QÜ¸§ úFE2ý`ö¬ �93RPQ:Ê©¨ â Å�fh�|ï Û Ê m � ã[¨À%R«gfz� m ) k\ û;ö�ø�¯rù�ö ÿ�û � úzùîô`ØqüDû � ¯eà®f�Ì m � 3APQ: Ê�¨ â Å�fz�|ï Û Ê m f�Ì m Ö�á â fh¥�¦0§Z¦7¨ m ` V�:��¿�¿�»�À�ÂÃ<�5^8C+í?|=01~-0< ¬ à®f�Ì m ã[¨Áf�Ì m � ¬ !Ì ª f[º m ã7º fzt�6{� m
?|/2<>=0< ª f[º m �Î¨��KÌÐÖ�¥ Æ à®f�Ì m ù º7  © :2=0FGSQ1D_2<K_�-0/2<"=014TW/X-�/98C+2_Ð3A14_2<6FWU|fztQa k$m 143
Ä9+21D-A<Ca
Â.<)5^8C+n?o=01D-A<ª f[º m �¨��^Ì�Ö�¥ Æ 3APQ:Ê�¨ â Å�fz�|ï Û Ê m f�Ì m ù º7 

�¨¬«sÌÐÖ�¥ Æ 3APQ:Ê©¨ â � Í ÏÔ ¡7� Ò�Ô f�Ì m B4FWTr¨Áfh�Mï Û Ê m f�Ì m   ù ºQ
�ñÏÔ ¡7� ¨��2�g±I�^Ì�Ö�¥ Æ 3APQ:Ê�¨ â fÓÍ�BDFWTE¨Áfh�Mï Û Ê m f�Ì mAm ù º7  �

fh3A1D+25K<p-A/2<p3A<`-03Z�Î8;=0<p_21D3[�ÓFW14+X- m a15cF$?E<>SX<>= © ?@<p5^8C+n3A1DO :9B41DUL\�-0/2143��[\�?o=01D-A14+2T
�^Ì�Ö�¥ Æ 3APQ:Ê�¨ â f,Í�B4FWTr¨Áfh�Mï Û Ê m f�Ì mAm ù º7 � �^Ì�Ö�¥ Æ 1D+2UÊ©¨ â fhB4FWTr¨Áfh�Mï Û Ê m f�Ì mAm æÍ.ºª � �^Ì�Ö�¥ Æ 1D+2UÊ©¨ â fz¨Áfh�Mï Û Ê m f�Ì mAm æI® 2�¯  c�¬ Ê�¨ â � Ê

?|/2<>=0<�� Ê � �^Ì Ö ¥ Æ ¨Áfh�Mï Û Ê m f�Ì m æ°®�2�¯@8C+2_�¨Áfh�Mï Û�� m f�Ì m Ü�®�2�¯ª¦oUVFC=dµ �
k ¦565656ª¦¥ØíÍ k  "8;=0<)_2143[�ÓFW1D+[-Z3A<>-03KaÁ*,U�?@<)?|=01~-0<

ª f[º m � ÏÔ ¡7� ¨ f�� ±Ãfz¬ Ê©¨ â � Ê mRm � ÏÔ ¡L� ÏÊ�¨ â ¨¯f�� ±�� Ê m
-0/2<K+�?@<�5^8C+�P23A<p-A/2<�<K3R-A14O�8;-0<>3
¨Áf�� ±�� Ê m � ¬ Ô Õ Ò�Ô ãJ¨n� ¬ Ô Õ ìíf Ò�Ô ï Û Ê m ãJ¨X% ¬ Ô Õ ® 2�¯ ãJ¨n��® 2�¯ ¨Áfh� Ê m 6



�� s 	r���
���e�����m�on®���¦�l�)�;±V�mp²�e	�³����l� � s
Â.<p+2F$?Ë/98^SX<p-]?@F£:�FW3A3A1~�9B4<pPQ:2:�<>=|��FWP2+2_23dFW+í-0/2<p3A8COM<p3RP2OMO�8;-01DFW+ Æ
ÏÊ�¨ â ¨Áfh�g±�� Ê m % Ï Ê ® 2�¯ ¨Áf�� Ê m ��® 2�¯ 8C+2_ ÏÊ�¨ â ¨Áfh� ±�� Ê m %�¨Áfh� m 6b /2<>=0<KUVFC=0< ª f�º m %´~ Ô ¡7� OM1D+��L®�2�¯7¦7¨Áfh� m  Xapß®1D+98CB4BD\ © ?@<65^8C+¤P23A<6-0/21D3���FWP2+2_N-0F<K3R-A14O�8;-0< ¬ !Ì ª f[º m ãLº�%"¬ !Ì � ÏÔ ¡L� OM1D+��L® 2�¯ ¦7¨Áfh� m     ã7º

�ÎÍ ÏÔ ¡7� � ¨Áf�� m BDFWTs¨Áfh� m Í ¬ !2¶µc·�¸ ò Ó Ô Ô ® 2�¯ ãLº  
�ÎÍ ÏÔ ¡7� fz¨Áf�� m BDFWTs¨Áfh� m Í ¨Áfh� mAm
�®«gfz� m ) k 6 �

Â.<p8;=0<)+2F$? 14+n8£:�FW3A1D-01DFW+�-0F£:2=0FGSX<)-0/2<pUVFWB4BDF$?|14+2T¯5>=0P25K148CB
=A<K3AP2BD-Ka��� º9¿o��ºONûQ�À[S�u�À W A��Ýù�×íûMÿ9û � úzù�úhùiõ÷ö ] ù�ú[E�«gfz� m æ )3ü û;ö�ø&Û â ÜëÛ$#�Ü65656�Ç §ëùV× û;ö ù�ö�ô � ý7û÷×ªù�ö��&×^ý��>Ø9ý>ö�ô7ýMõ,A6×ªØ9Ù>Úi×`ùv� B û;ÚAû;ü<�[ý^Ù � ûíú[E2ý>ö�Å�fz�|ï Û Ê m f�Ì m ÇÅ�fz�|ï § m f�Ì m ûCü B õ$×ªúdý Z ý � � ] E2ý � ý¯û;ö�øíù�öná â V¹" E[ØJ×:«gfz�oï Û Ê m Ç «gfz�|ï § m û;×KØNÇ)3ü V�:��¿�¿�»�À£çE\ b /2<KFC=0<>OtQa k�= ¨Áfh�Mï Û Ê m Ç ¨Áfh�Mï § m 8CB4O FW3R-®<>SX<>=R\q?|/2<>=0< © UVFC=r8C+[\
� Ö��Ña b /2143o14O¯:9B414<>3�-A/98;-ZÅ�fz�|ï Û Ê m f�Ì m Ç Å�fz�|ï § m f�Ì m 8CB4O FW3R-o<>SX<>=A\J?Z/2<>=A<Ca
çE\Ã}�<KOMO�8ntQa kWk ?@<�/98^SX<&-A/98;-6Å�fz�oï Û Ê m 8;=0<&_2FWOM14+98;-0<>_Ã�J\Ã-A/2<í1D+[-A<KTC=78;�9B4<UVP2+25>-01DFW+Ë3APQ: Ê�¨ â Å�fz�|ï Û Ê m f�Ì m a b /[P23��[\´}�<>��<K3RTWP2<Cy{3Ð_2FWOM1D+98;-0<K_´5KFW+XSX<>=0TW<>+25K<-0/2<KFC=A<KOÈ?@<6/98GSX<6-0/98;-�Å�fz�|ï Û Ê m f�Ì m Ç Å�fz�|ï § m f�Ì m 1D+¤á â f�1za{<;a�åÐï Å�fh�|ï Û Ê m f�Ì m ÍÅ�fz�|ï § m f�Ì m ï ã[¨Áf�Ì m Ç = 8C3KØ�Ç )3ü m a*,+[-A<KTC=78;-01D+2TM3A/2FG?Z3Z-A/2<"5KFC=A=0<>3R:�FW+2_21D+2T&=A<K3AP2BD-dUVFC=cOM<^8C3APQ=A<�-0/2<KFC=0<`-0145p<K+[-R=0FC:J\

1za�<Ca¿« fh�|ï Û Ê m f�Ì m Ç «gfz�|ï § m f�Ì m 8C3�ØnÇ )3ü a �
òc3A1D+2T b /2<KFC=0<KO tQa k$l ?@< 5K8C+Ã<��Q-A<K+2_¤-0/2<£��8C3A145¯14_2<K+X-01D-A14<K3 fh}�<KOMO�8ítQa l 8C+2_

}�<KOMO�8£tQa{� m -0F 8;=A�91D-A=08;=A\&3APQ� u 3R14TWO�8 u 8CB4TW<>�2=78C3»ºNÜ¸§ © 1za�<Ca
f k$m UVFC=o-0/2<�1D+2UVFC=0O�8;-01DFW+�UVP2+25`-014FW+23

Å�fh� e0coï º m � Å�fh�|ï ac4e�º m ) Å�f[c�ï º mfz8C+2_ © 1D+�:�8;=A-01D5KP2BL8;= © Å�fz�|ï º m Ü¸Å�f[c�ï º m 14U�� ù c m`©
f lWm UVFC=o-0/2<�O <^8C3APQ=0<�-0/2<KFC=0<`-0145)<K+X-A=0FC:[\« ò fh� e0coï º m �®« ò fz�|ï ac0e�º m ) æ ò f[c�ï º mfz8C+2_ © 1D+�:�8;=A-01D5KP2BL8;= © « ò fz�oï º m ÜR« ò f[c�ï º m 1DUe� ù c m ab /2143�FW+2B~\Ð=0<KYqP21~=0<K3)-0/98;-�?@<¯57/2FqFW3A<£:�8;=A-01D-A14FW+23�� 3RP25ª/Ã-A/98;-Xa�gÇ º 8C+2_.8;:2:9BD\

-0/2<)-0/2<KFC=0<KO fz8C+2_�-0/2143o143|8£��8C3A1D5p:2=0FC:�<>=A-]\íFWUe}�<>��<K3RTWP2<"3R:�8C5K<K3 m a



� ¤ ����)	���������	.�
��	��e��	������ 	����
���e���
����¼ #"�����e���$���������r�Q���G�$���Y©

Â.<s?�8C+[-�-0Fd5KFW+23A1D_2<>=®/2FG? 57/98C+2TW1D+2Td-0/2<E3A1DTWO�8 u 8CBDTW<>�2=78"f�?Z1~-0/�-0/2<r308COM<r:�8;=R-01 u
-01DFW+ m 8&��<K5>-03�-0/2<Ñ5KFW+2_21~-014FW+98CBXOM<K8C3APQ=0<r-A/2<KFC=0<>-01D5Ñ<K+X-A=0FC:[\Xa b /2<ÑUVFWBDB4FG?Z1D+2TZB4<>OMO�8C3
8;=0<)P23A<KUVP2BhaMÑºON:NKPÅQ�ÀFSL�À � ×7×ªØ B ý úFEQû;ú@à Ö á â fh¥�¦0§Z¦7¨ m ûCö�ø = % à®f�Ì m % k û V ý V û;ö�øúFEQû;úeÛñÜ § ùV×£ûM×ªØ9Ù>Úi×`ùv� B û;ÚAû;ü<�[ý^Ù � û V ��ý>új½ Æ 9 = ¦ k > Ç É�Ùªý¯ûnôªõ÷ö�ô0û Z ý AªØqö�ô`úzùîõ÷ö\ ù V ý V ½�fz��Ì ) f k Íc� mo¾Qm Ü��-½cf�Ì m ) f k Íc� m ½�f ¾Qm `  úFE2ý`ö?½�f�ìífîàrï Û mAm Ü¸ìíf^½�fîà m ï Û m ` V�:��¿�¿�»�À6ß®1~=03R-�5>FW+23A14_2<>=6-0/2<�5K8C3A<�FWU�3A14O :9BD<MUVP2+25>-01DFW+23¯à®f�Ì m �¿~ Ê�ßË â�À � Òm�
Õ7©?|/2<>=0<¯��g â ¦565656�¦
g Ê  "1D3Z86:�8;=A-01D-A14FW+nUVFC=|¥ açE\&B41D+2<^8;=01D-]\&FWUeìíf,6hï Û mª©

ìífzàrï Û m f�Ì m � ÊÏ �|Ë â À �zìíf Òm�
Õ ï Û m f�Ì m � ÊÏ �ßË â À �z¨Áf�gc�ªï Û m f�Ì m
8C+2_�FC�93A<`=ASX<p-0/98;-Á~ Ê�|Ë â ¨Áf�gc�`ï Û m f�Ì m � k asÂÃ<�5^8C+�5KFWO :9PQ-0<½If�ìífzàrï Û mAm Ü ÊÏ �|Ë â ½�f À � m ¨Áf�gc�ªï Û m � ìíf ÊÏ �ßË â ½�f À � mÓÒm�
Õ ï Û m �´ìíf^½�fîà m ï Û m 6ëfzt�6�; m
ß�FC=M8C+¸8;=R�91D-A=78;=R\gUVP2+25`-014FW+�àÎÖ áZâ^fh¥�¦0§Z¦7¨ m ?@<�5^8C+ 57/2FqFW3A<�8NOMFW+2FC-0FW+21D5^8CB4B~\
14+25`=0<^8C3A1D+2T¤3A<KYJP2<K+25K<�FWU|3R-A<>: UVP2+25>-A14FW+23�àQ�Ð1D+25>=0<^8C3R14+2TN-AFÃà¸8Qa{<;a xq14+25K<íìífÏÒ�ï Û m
-78;êX<K3®:�FW3A1D-01~SX<@UVP2+25>-01DFW+23s-0Fc:�FW3A1D-01~SX<�UVP2+25>-014FW+23Á?@<�3A<K<�-0/98;-ÁìífîàQ��ï Û m Ç ìífîàrï Û m a
Â.<�5^8C+¸+2F$?ñ-78;êX<íB41DOM1D-A3£1D+ËfztQaj; m -0FNTW<>- -A/98;-B½Ifhìífîàrï Û mAm Ü�ìíf^½cfîà m ï Û mª© 8C3
=0<KYJP21D=0<>_�a �
b /2<pUVFWBDB4FG?Z1D+2T 143|8¯3R14O :9BD<�8;:2:9BD145^8;-01DFW+�FWU�-0/2143�=0<K3AP2B~-^a�:��¿o¾9¿ozG¼L¾�¼V¿�½£Q�ÀFS�¼
À W A�cùV×�û�ÿ9û � úhù�úhùîõ;öÃû;ö�ø"Û$#pÜ Û â Ü § û � ýp×ªØ9Ù>Úi×`ùv� B û;Úû;ü<�[ýGÙ � û÷×pú[E2ý>ö0«gf[c�ï Û â m %R«gf[c�ï Û$# m5V
f b /2<p5>FC=A=0<K3R:�FW+2_214+2T =A<K3AP2BD-ZUVFC=d1D+2UVFC=0O�8;-01DFW+íUVP2+25`-014FW+23dOM8G\&+2FC-o��<)-A=0P2< m a�:��¿�¿�»�À6ß�FC=¯<^8C57/ÿg ÖUcË?@<íÄ�� -0/2<n57/2FW145><�à� ¨Áf�g�ï Û â m agÂ.<í-0/2<K+ Ä��½�f[º m �ñÍ�ºqB4FWT�f[º m UVFC= = æ º_% k fz8C+2_`½�f =Xm � =Xm a"Â.<£-0/2<K+¤/98^SX<¯-A/98;-�½�fzà m �

Í|¨Áf�g�ï Û â m B4FWT|fz¨ÁfFg�ï Û â mAm 8C+2_n-0/2<)B4<>OMO�8ífÂW<K+23AFW+�y�3d14+2<KYJP98CB41~-,\ m TW1DSX<K3o-0/98;-
Íoì´f�¨Áf�g�ï Û â m BDFWTZfh¨Áf�g�ï Û â mRm ï Û$# m %ÍZ¨ÁfFg�ï Û$# m B4FWTs¨Áf�g�ï Û$# m 6

*,+[-A<KTC=78;-01D+2TÐ��FC-0/ 3A14_2<>36?|1D-A/ =A<K3R:�<>5>-¯-AFN¨ fz8C+2_ 3AP2O OM14+2T�FGSX<>=$g Ö c m TW1DSX<K3
-0/98;-K«gf[c�ï Û â m %ÿ«gf[c�ï Û$# m a �



�� � �������lÃ��Û�lÃXpJ	��²�)� �� � �o�mn pJ	��_�p� �� � � �
���¥Ã 'p�$���rª]�M��ªWÄÑ�����Ã� �
�¥Ã ���e��ÄÑ�N���Ã� ���4�

Â.<�5^8C+ +2FG?ÈP23A<�-0/2<�=0<K3AP2B~-03&UL=0FWO -0/2<�:2=0<K5><K_214+2Tg3A<K5>-01DFW+23�-0F 3APQ:2:9BD\¸-0/2<
FWOM1~-A-0<K_&:2=0FqFWUV3|FWU�}�<KOMO�8C3otQa�%£8C+2_�tQa{tQa�:��¿�¿�»I¿�»åMÑºON:NKPÿQ�À¥��À"Â.<pêq+2F$?Ë-0/98;-3æ
f�-|¦�c Ê m %Uæ�f[-o¦�c á m ) «gf[c Ê ï ac á mUVFC=ÐØ®¦�ÅûÜ k a�HÐFC=0<KFGSX<>= © 1DU	ÅûÜRØ�-0/2<K+4c Ê Ü£c á 8C+2_�3AFD«gf[c Ê ï c á m � = a b /[P23æ�f[-o¦�c Ê m 1D3ZOMFW+2FC-0FW+21D5^8CB4B~\M_2<K5`=0<^8C3A1D+2T&8C+2_�3AF 5>FW+[SX<>=ATW<K3Kaß�FC=68C+[\¤:�8;=A-01D-A14FW+ � ?|1D-0/x«gfz� m æ )3ü ?E<í5K8C+ 3Ó-78;=A-"?|1D-0/.-0/2<�1D+2<KYqP98CBD1D-]\æ�f[-o¦7� m %Åæ ò f�-|¦�c Ê m ) «gfz�oï c Ê m f�:2=0FGSX<K_�14+�8):2=0<>SQ1DFWP23ÑBD<KOMO�8 m a�çE\M8)5KFC=0FWB4B48;=A\-0F£-0/2<�1D+25>=0<^8C3A1D+2TMO�8;=A-A14+2TX8CB4<d-A/2<KFC=0<KOñ?@<pêq+2F$?-A/98;-�«gfz�|ï c Ê m Ç «gfz�|ï § m � =fh3A1D+25K<"� Ü¸§ m asÂ.<p5KFW+25KBDP2_2<p-0/98;-æ�f[-o¦7� m %¸B414O�3APQ:Ê7ç à ! æ�f[-o¦�c Ê m 6
b 8;êq14+2T6-0/2<�3APQ:2=A<KO6P2O FGSX<>=Z8CB4B
3AP257/��gTW1~SX<K3�-0/98;-æ ò f�- m �´3APQ:� æ
f[-o¦7� m % B41DOÊ7ç à ! æ
f�-|¦�c Ê m 6
j@B4<^8;=0B~\ © æ ò f[- m Ü®æ�f[-o¦�c Ê m UVFC=�ØÀÜ k a b /JP23æ ò f[- m Ü¸3APQ:Ê æ�f[-o¦�c Ê m Ü B414OÊ7ç à ! æ�f[-o¦�c Ê m
8C+2_n-0/2<�:2=0FJFWUe143o5KFWO :9BD<>-0<Ca �
ç@<KUVFC=0<�OMFGSQ1D+2TcFW+¯-0Fc-0/2<�:2=0FqFWU�FWU�}�<KO O�8ctQawt © ?@<@=0<K5K8CB4BQ-0/2<�UVFWB4BDF$?|14+2T)P23A<KUVP2B

U�8C5>-^a�ñ» PY{�¾íP�y�¿GÆ
¾íMÑºOy�ºOzÇ�iÆ
ºhz�¾&P�{�ºOz[À"ß�FC=E}�<>��<>3ATWP2<�3R:�8C5K<K3�8"+2<K5><K3A308;=A\�8C+2_
3APN� 5K14<K+X-�5KFW+2_21~-014FW+¸UVFC=@c Ê Ç §143£-0/98;- -0/2<`=0<�<��Q143R-03 8¤3A<>- FWUd°K<>=AF.OM<^8C3APQ=0<È Ü ¥ 3AP257/ -0/98;-¯UVFC=¯Ì�¦ ¾ Ö ¥ ÍJÈ f�?Z1~-0/gÌ¶� ¾2m -0/2<>=0<�<��21D3R-@Ø Ü k 8C+2_gÖ c Ê 3AP257/�-0/98;-oÌ�Ö�g�9PQ- ¾ ¶Ö�g�a�:��¿�¿�»&¿�» Mrº�N�N�PµQ�À�Q�À b /2143r143E8C+M8;:2:9B4145K8;-014FW+MFWU G �2=78COMFGS�y{3®=0<>3AP2BD-r?Z/2<>=A<
?@<)-78;êX<_c Ê �Ýe Ê�|Ë 2 Ê -_2 � � FC=�c Ê �Ýe Ê�|ËYÌ -_2 � � © 8C3d8;:2:2=AFC:2=01L8;-0<;aÑÂ.<p-A/2<K+�/98GSX<-0/98;- æ
f�-|¦�c�� m �®«gf[c���ï�e !�|Ë â - 2 � c�� m�®«gfÞe � 2 â�|Ë â - 2 � �|ï�e !�ßË â - 2 � � m�Ýæ�f[-o¦7� m
8C+2_n?@<)+2<K<K_�FW+2B~\&B4<>-£�£Ç )3ü a �



�ª� ����)	���������	.�
��	��e��	������ 	����
���e���
���4� !>�K���Ã���$�l§e���P�_Ñ+X-A=0FC:[\)143�SX<>=A\)14O :�FC=A-78C+X-�14+�-0/2<r5KBL8C3R3A1DÄ95^8;-A14FW+"FWUQO <^8C3APQ=0<Á:2=0<K3A<`=ASQ1D+2Td-A=78C+23 u

UVFC=0O�8;-A14FW+23Ka®Â.<)��<KTW1D+�?|1D-0/n8¯_2<>Ä9+21~-014FW+�a
¹ º9»J¼V½�¼L¾�¼V¿�½ÁÀ6}�<>-£f�¥ �R¦0§®�Ó¦7¨�� mª© UVFC=cµr� k ¦ lq© ��<":2=0FC��8;�91DB41D-]\�3R:�8C5K<K3>Þ
-A/2<K+I8C+

ùV×^õ B õ � ÿ�E[ùV× B ��<>-]?@<K<K+ OM<^8C3APQ=0<@:2=0<>3A<>=ASq14+2T�-A=78C+23AUVFC=0OM8;-014FW+23�- â Æ ¥ â Ç ¥ â 8C+2_-k# Æ ¥4#oÇ ¥ý#)1D3Z8£O�8;:/É Æ ¥ â Ç ¥ý#�3RP25ª/�-A/98;-
f k$m É�143Z8£�91 �Ó<>5>-014FW+Ãfz8CUL-0<>=|=0<KOMFGSQ1D+2T¯3R<>-03oFWUe°K<>=0F¯OM<^8C3APQ=A< © 14Ue+2<K5><K3A308;=A\ m`©
f lWm ��FC-0//ÉI8C+2_/É 2 â 8;=0<)OM<^8C3APQ=08;�9B4< fh1za�<CaÊÉ 2 â §¿#�Ü¸§ â 8C+2_6É�§ â Ü¸§¿# m`©fzv m ¨ â fÉ 2 âCg m �´¨k#Cf�g m UVFC=:gÝÖ�§¿#Mfz8CBD3AF ¨k#WfÉ�g m �´¨ â fFg m UVFC=:gÖ�§ â m`©fh� m ÉD/�- â � -Y#°/�É�a��� º9¿o��ºON Q�ÀFS�ë�À$Ë�ö9ú � õ0ÿ��MùV×6û;öIùV×Gõ B õ � ÿrE[ùV× B ù�ö Z û � ùzû;ö9ú \ ù V ý V ùÂA.- â Æ ¥ â Ç¥ â û;ö�ø3-k# Æ ¥4#oÇ ¥4#�û � ý�ù�×^õ B õ � ÿrE[ùîô)úFE2ý`ö�æ ò Ñ÷f�- â m � æ ò lWf[-k# m ` V�:��¿�¿�»�À6}�<>-|�Ã��<)8�:�8;=A-01D-A14FW+&UVFC=o¥4#÷ÞQ-0/2<>+�5KBD<^8;=0B~\¬É 2 â7�N���QÉ 2 â$fh� mdÆ ��Ö

�r �143|8£:�8;=A-01~-014FW+�UVFC=Z¥ â awHIFC=A<KF$SX<`= © -A/2<):2=0FC:�<>=A-01D<K3ZUVFC=WÉÐ1DO :9BD\�-A/98;-
kØ « â e Ê 2 â�ßËYÌ - 2 �# � ä � kØ « â e Ê 2 â�ßËYÌ - 2 �â É 2 â � ä 6

}�<>-A-01D+2T ØÃÇ )3ü TW1~SX<K3c-0/98;- æ ò Ñ;f[- â ¦>É�2 â � m �Äæ ò lXf[-Y#;¦7� m a b 8;êq14+2T�-0/2<63APQ:2=0< uO6P2OñF$SX<>=Z8CB4B�:�8;=A-A1D-01DFW+23|� f�?|1D-0/f«gfz� m æ )_ü m TW1DSX<K3�-0/2<�=0<K3AP2B~-^a �
Ì�Í�P�N:¾O¢XºÉwvÎpºO��½
¿-Æk¢7¢X¼Kz � ¼V»J¾Yz&�^ÀDòc3A1D+2Tí-A/2<£UVFC=AO£P2B48�UVFC=)-A/2<¯<K+X-A=0FC:[\ÐFWUr8

ç@<>=0+2FWP2BDB41
OM<^8C3APQ=A<pUL=0FWOñ3A<>5>-014FW+�tQawv£?E<p3A<><p-0/98;-o-0/2<�3R/214UL-037 R Æ z Ê ¡!d � k ¦ l  ZÇ z Ê ¡!d � k ¦ l  p?|1D-A/�:2=0FC��8;�91DB41D-]\�SX<K5`-0FC=�f â# ¦ â# m ¦R Æ z Ê ¡!d � k ¦ l  ZÇ z Ê ¡!d � k ¦ l ¦7vq �?Z1~-0/�:2=0FC��8;�91DB41~-,\�SX<>5>-0FC="f âó ¦ âó ¦ âó m
/98^SX< <K+X-A=0FC:91D<K3�BDFWT l 8C+2_¤B4FWTrv © =0<>3R:�<K5`-01DSX<KB~\Xa b /2<>=0<KUVFC=A< -0/2<>\N8;=0<nö�õ÷ú®143RFWOMFC= u
:9/2145;a��ºON�P��	�ÑÀ�}�<`-@P23E5KFW+23A1D_2<>=o8�3ABD14TW/X-0BD\¯_21���<>=0<K+X-�3A1~-0P98;-014FW+¯?Z/2<>=A<Z?@<d_Q=0FC:&-0/2<
8C3A3AP2O¯:2-014FW+¸-0/98;-:É´1D3&8.�91Â�Ó<K5>-01DFW+�a b /98;-&1D3 © 1DUc?@<�5KFW+23A1D_2<>=¤fh¥ �Ó¦0§®�R¦7¨�� m`© UVFC=
µ@� k ¦ lq© -0F���<�:2=0FC��8;�914BD1D-]\�3R:�8C5><K3)-A/2<K+¤8DAKû[ô>ú]õ �¨B û7ÿ���<>-]?@<><K+À- â Æ ¥ â Ç ¥ â8C+2_h-Y# Æ ¥4#oÇ ¥4#c308;-0143ÓÄ9<K3
f k$m Éef�¥ â m 1D3�<KYqP98CBo-0F.¥4# fz8CUL-0<`=M=0<KOMFGSQ1D+2T 8.3A<>-&FWU�°K<>=0F ¨k# u OM<^8C3APQ=0< © 1DU+2<K5><K3A308;=A\ m`©
f lWm É�143|OM<^8C3APQ=78;�9BD< ©
fzv m ¨ â fÉ�2 â g m �´¨k#Cf�g m UVFC=:gÝÖ�§¿# ©fh� m ÉD/�- â � -Y#°/�É�a*,+n-0/21D3|5^8C3R<�1D-o1D3|<^8C3Ó\�-0F£3A<K<)-0/98;-1æ ò f�- â m Ü®æ ò f[-k# m aÂ.<�P23AP98CBDBD\&308^\�-0/98;-.- â 143o8C+ ýAþWú]ý>ö2×ªùîõ÷ö£FWU�-k#cFC=o-A/98;-Ð-k#c143o8C+ÛAKû[ô`ú,õ � FWUk- â a



�� � �k�l�²�)	����m�6�o�on ��	�Ã2	���	��e��	Y� � �
����Ï #������Ã�Q���$�£�������$��ªi�J�÷�q�e�W�Q��cPQ=@_2<>SX<KBDFC:9OM<K+X-@FWU�<K+X-A=0FC:[\M/98C3@UVFWB4BDF$?E<K_M-0/2<dBD14+2<K3EFWUY8Á8;=R=A\�y�3r-A=0<K8;-0OM<K+X-E1D+9 l×> a¯*]-"1D3):�FW3A3A1~�9B4< -0Fí=0<K_2P25K<�3RFWOM<¯FWUr-0/2<M8C+98CB~\Q3A1D3�14Us?@<�8C5K5><>:2-�?@FC=RêQ14+2TnFW+2BD\

?|1D-0/�5KFWP2+[-08;�9B4<�3R14TWO�8 u 8CB4TW<>�2=78C3_9<; > a
èZ<>UV<>=0<K+25K<>3®UVFC=�3AFWO <rOMFC=A<r8C_QS;8C+25K<K_"-AFC:9145K3�?@<r/98^SX<ÑFWO 1D-A-0<>_p1D+25KB4P2_2<:9�v ©©Ð %qa�; >

f^Ñ�=014<>TW<>=^y{3�TW<>+2<>=78;-0FC=�-0/2<>FC=0<KO m`© 9 v ©»Ð %qa�� > fÞ�c=A+23R-0<K1D+�y{36143AFWO FC=A:9/2143AO -0/2<KFC=0<>O m`©
8C+2_µ9 kW©ÒÐ^k�= a&% > f^Ñ)<^8C+2< u xqOMFC=0FJ_214+23RêJ\íÄ9+21~-78;=A\&*,3AFWOMFC=A:9/21D3AO b /2<>FC=0<KO m a

����ªi�J�÷�q�e�W�Q�i�m�ÞW��Ó>ÔyÕÇÖ{ÓU×cØÚÙL�L×ÃQÓUÛ»ÜÝÕ£ÞßÕLØ�����PÜÝÕLÞßÜuÙÚà�áãâtä�åßæ�çÁèÚé�ê�äßávë>Ù&�PìLÔyÜcÕLí>îmÔoÙ�³ÒîoÔy×ÝÜcÕÚÙ�i � ��Á�Á�;ïÀ$�AÞ�ÔÔðnÙ�è!äkñ!æ�çkò3æ{ó?à	á�âUä�åßæ�çÁèÚé�ê�äßávëßÙ;�oÂ�¿ ���Ù÷�ÒÞUÛ1ôLÔyÜcØLí>îUÙ�i � ��i�	 mn�$�GõLØLÓß×cìQö¡Ù©÷nøÇónåUùßú�êoó�û�ùßü�òÊä^ýjþ�ê�ù>òvøÇáùtÿoüÝê���ëßó!ùßú»æ�çkòvÙ&� Â�° ���Ù×���ÇÖ{Ó>ÔyØ¡Ù�i �ß� =�� k����ÇÜcÕQÞ>Ü�ÙÒè!äoñ!æ�çkòwæ{ó?à	á�âtä�å>æãçSè©éQê�äßávëßÙ$��Â�° �OÝÙG��ÔyÜcÕ��kî��^ÓUÕ��¿	�×�Ù�i �ß�
� s ���Lï�Þ>×
�^îmÔ��oÙ�ió��vó�û�áyä�å>ø�çkûãæ�äßó�û�ä¶à�áãâtä�åßæ�çÁèÚé�ê�äßávë>Ù��tìLÔyÜÝÕÇí>îmÔmÙQ³ÒîmÔ×ÝÜcÕÚÙ�i � � Á5



���������
	���
������������� �������
� �!�"�

#%$'&)(+*-,/.0(2143+&)57698:5;,<(21>=?=2.A@B$+,C*-D+576E&)(+5F,<&C6)@B$+GB576H3+6)@>3�576C&JI�@BK�576)GB@LD+*-.A*-&JIMKN@>6E1>$
*?$PO4146)*Q1>$P&R3+6)@>ST14S2*-=?*-&JI"UV5W1>,CXY6)5EZR[]\^(+*-,�3+6)@>3�576C&JI_*?,�UV@>6)5E143+3+6C@>3+6)*Q14&)5a`b1>UV@B$+GB,<&
@>&)(+576�&)(+*?$+GB,0c
KN@>6]X+$+D+576),d&01>$+D+*?$+G�&)(+5_e<=-@B$+Gf&)576)U�gf1WOP57601>GB5/S�5A(21�OL*?@BXY6�@BK21;&C601>$+,dh
KN@>6)U!14&C*?@B$i[

j
kml ��nporqRsNtusmvwqRx_yTqRz|{4}�y2~uyw{>t�n�~4s��Py2tus�vwq�vw�;nL~u�wv
zRsm{���n�ywxW��~�nLx
���2���N���Q���N���r�'��*-OP5A$�1�3+6)@>ST14S2*?=-*-&JI�,<3T1>.A5�`����)�F�0Z
c��E1�&C601>$+,CKN@>6CU!14&)*?@B$�� �

�¢¡£�¤*?,E.A1>=?=?57D¦¥�§©¨pª�«4¬©r*?KiKN@>6®5�OP576CIV,<57&®¯±°��²8;*³&)(V�µ´�¶0¯¸·¹¯¸8:5a(21WOP5;&)(214&
5A*³&)(+576aZr`�¯'c]·¹º»@>6aZr`b¯»c]·�¼B[
½ =-&C576)$214&)*³OP5A=-IV8E5",)1WI�&)(214&fZ¾*?,®�^h©576)GB@�D+*?.>[
\®(+5FKN@B=-=?@�8;*-$+Gµ=-5AUVU!1fGB*³OP5A,/1�,C*-U�32=?5®.0(214601>.7&)5�6)*?¿W14&C*?@B$�*-$»&C576)UV,r@BK�KNX+$+.�&)*?@B$+,A[
À/�2ÁfÁFÂÄÃi�mÅ+�_�Æ¬NÇ�¥�§©¨�ªW«4¬©MÈr¬�É�Ê�§)¥�Ç©ËT¥0�É^ÉJªMZ¹¬ÍÌÎÈ]Ê+¥7Ï�¥�Ð>¥�§�Ñ�°ÓÒ ¶ `m���)�;�0Z
c

ÇAÔ4Éb¬NÇ�Õ®¥ÖÇ^Ñ×·ØÑ»ÙE�ÚÉmÊ+¥7Ï×ÑÛ¬NÇ"Ô 0ª�Ï+ÇÖÉJÔ4Ï2ÉwÜÖÝLÏ��Éb¬©ª�Ï�Þ
ßfàw�����w�»\®(+*?,F*?,F1>$ 5W1>,dI�@>S2,<576CO414&)*?@B$�X+,<*?$+G�*-$+D+*?.W14&C@>6;KNX+$+.7&C*?@B$+,A[ á

jik�â�ã vwsmqR{ByT~]än�~�nL{P��~�~unYq�{Pn ywq�zæå�yT{+ç-x»tu}�n�vw~unY�
èÓ5�S�5AGB*-$ 8F*-&)(×@B$+5"@BK�&C(+5µUV@B,d&FKNX+$+D21>U�5A$p&)1>=�6)57,CX+=-&),F*?$�576)GB@LD+*-.é&C(+5A@>6CIP[
ê"ë �2��ài�2ÁìÃi�Qí¸îJßf���N�
ï�Â�àµð�Øài�2ï�ñ
àiài�2��ï��Ä� ë �2��ài�2Áéò���ó�¥7É^�£�/� ¡ �

ô ¥�Ô�õV¥)Ô4ÇÖÝ�§)Ô ô7ö ¥»Éb§CÔ4Ï2Ç�ÜWª�§�õ�Ô4Éb¬©ª�Ï²ª�Ï²Ô_Ë�§0ª ô Ô ô ¬ ö ¬�É�÷�Ç©Ë2Ôp0¥M`����)�F�0Z
c�Þ_ó�¥�Érø±°Ó�
ÊYÔ4ÐB¥fZr`�øécFùÄºLú:É�Ê+¥�Ï'ÜWª�§»Ô ö õVªuÇ�É�ËTª�¬�ÏTÉmÇ^ûü°�øÆÉ�Ê+¥'ª4§ ô ¬�É9ýW�;þYû�ÿ þ���� §)¥�ÉbÝ�§�Ï+Ç ÉJªø ¬�ÏWÕ9Ï2¬�É%¥ ö ÷�ª%ÜÖÉ%¥�Ï�Þ
ßfàw�����w����57&��¤·¢ýWû¹°Äø�H�FþLû	�°Äø_��
��� ¼>ÿP�]&)(+57$²*³&M,CX��V.A57,»&)@�,<(+@u8

&)(214&;Zr`��_cr·¹ºY[
\�@�8®146)D+,^&)(+*?,^5A$+Di�w8E5��+6),<&;@>S2,C576COP5µ&)(214&F� ´� ���!� ´ þ�� ·��»8;(+5A$���ù����

,)1WIP[ #%K9&)(+*-,�8E576)5�$+@>&�&)(+5».W1>,C5'1>$+D��±°¦� ´� � ��� ´ þ��Ú&)(+5A$�� � � °!� 1>$+D
�Fþ ´�� `m� � ��cE°"�$#Ûø_�+8;(+*-.Ö( .A@B$p&<601>D+*?.7&C,^&)(+5µD+5%�2$+*-&C*?@B$�@BK&��[

�('



�*) �,+r	��.-0/2143m�65é	��27,8���	97
\®(�X+,F,C*?$+.A5é&)(+5",<57&),�ýW�µ´ þ �'ÿ þ���� 146C5µD+*-,;:d@B*?$P&;8:5µ,C5A5é&)(214&<=

þ?>@� Zr`m� ´ þ �_cH·¹Zr`BA <þ?>@� � ´ þ �_cDC|Zr`���cr·�¼1>$+D &)(+57$ S�5A.A1>X+,C5_Zü*-,^�®h *-$pO4146)*Q1>$P&aZr`;�_cH·ØZr`�� ´�¶ �_cH·	EFEFEp·¹Zr`m� ´ þ�� c9·GEFEFE
,C@»8:5".W1>$ @B$+=-I�(21WOP5µ&)(214&;Zr`��_cr·¹ºY[ á

���2���N���Q���N���r����57&H�JIì��ø ¡ KMLNA|ýPO�Q ÿ�S�5�&C(+5��+6),<&�6)57&)XY6)$ &)*?UV5¾*b[ 5>[�JI®`mû�cEù|º'*?,®&)(+5µ,CU!1>=?=-5A,<&®O41>=?X+5éKN@>6;8F(+*?.0( �Fþ?RJSUT(Vbû�°�ø_[WEI�\®(+5A@>6)57U XY[ZY��JIE`mûic»*?,[�2$+*³&)5�1>=?U�@B,<&�5�OP576CIL8F(+576)54[¹\®(+5�$+5*\Y&V&C(+5A@>6)5AU
,C(+@�8;,^&)(214&^8;(+5A$ Z�*-,;1>$�576)GB@LD+*-.µU�5W1>,CXY6)5�&)(+5A$ &C(+5�Ô4Ð>¥�§)Ô�¨p¥/6)5�&)XY6)$ &)*-UV5a&)@»ø
.W1>$ S�5µ.A1>=?.AX+=?14&)5AD�5*\L32=?*-.A*-&)=³IP[
ê"ë �2��ài�2ÁÚÃi�^] î`_�Âiïbadc�� ë �2��ài�2Áéò���ó�¥7É]� �2�£¡ � ô ¥VÔ4Ï²¥�§©¨pª�«4¬©MÉ�§)Ô4Ï+Çfe

ÜWª�§�õ�Ô4Éb¬©ª�Ï�ª�Ï�ÔFË�§)ª ô Ô ô ¬ ö ¬�Éb÷"Ç©Ë2ÔpÖ¥;`����)�F�0Z
c�Þ/ó�¥�É�ø ° � Ê+Ô4Ð>¥/Zr`�øécEù|º×ÉmÊ+¥7Ï×ÈE¥
«p¥mÕ9Ï�¥"É�Ê+¥_§)¥�ÉbÝ�§�Ï¾Éb¬�õV¥EÜÖÝLÏ��Éb¬©ª�Ïg�JI���ø ¡ K L A¾ýPQ ÿ�h ÈrÊp¬©ÖÊ ¬NÇHÕHÏT¬�ÉJ¥fi:Ô ö õVªuÇ�É
¥�Ð>¥7§Ö÷4È]Ê+¥�§0¥kjBÞml�Ê+¥éÔ4Ð>¥�§)Ô�¨p¥F§0¥�É�ÝL§ÖÏ�É�¬mõV¥nh ÈH¬�ÉmÊ'§)¥ÖÇ©Ëw¥0�É�ÉJª ÉmÊ+¥f¬�Ï�«4ÝT0¥)«^Ë�§)ª ô Ô ô ¬ ö ¬�Éb÷
õV¥)Ô4ÇÖÝ�§0¥;Z@Ibj'¬�Ç o I �JI®`�ûicqppZ@I:`mû�cr· ¼

Zr`�øéc E
ßfàw�����w��WEI"D+5%�2$+*-&)*-@B$M@BK2Z@I�*-&]*-,]5srLX+*³O>1>=-5A$p&�&)@a,C(+@�8�&)(214&ut I �JI®`mû�cqp�Zr`�ûicr·¼B[r#%&F*?,^X+,C5AKNX+=
&)@'D+5%�2$+5"&)(+5µKN@B=?=?@�8F*?$+G»,C57&),A[
`b1PcwvT@>6;5A1>.Ö(H��� ¼µ8E5"D+5%�2$+5 ø þ ·�ýWû�°�ø±�u�JI:`mû�cH·x�RÿP�w1>$+D�8F6)*³&)5éø ·A þ�� ¶ ø þ `m8F*-&)(�øzy�� ø|{�·G�VKN@>6~}~�·x��c�[^#%$�3T146C&)*-.AX+=Q146A�@� <þ?> ¶ Zr`�ø þ c:·Zr`�øécÖ[
`mSwc�vT@>62��� ¼E8:5ED+5%�2$+5^¯ þ ·¸ýWû�°�� �r� { û!�°�ø KN@>6 ¼�C!��C����'¼B�C�;þpû�°ø ÿP[�\^(+5�,C5�&),�¯ þ 146)5�D+*-,;:d@B*?$P&�`m*b[ 54[ü¯zy.��¯|{�·���KN@>6�}��·��Lc_1>$+D¦S�I576CGB@LD+*?.7*-&JI�� ·�A þ�� ¶ ¯ þ `�,<*?$+.A5�A þ�� ¶ ¯ þ�� A þ�� ¶ � ´ þ+ø � øéc�,<@×&)(214&� <þ?> ¶ Zr`b¯ þ cH·�¼B[èÓ5µ.W1>$�6)5�8F6)*³&)5o I �JI®`mûic�p�Zr`mû�c]· <=� > ¶�� Zr`�ø � cH· <=� > ¶�� <=þ?> � Zr`�ø þ c����&)(+5A$�*?K�8:5µ.A1>$�,C(+@�8Ø&)(214&�� <þ?> � Zr`�ø þ cr·¹Zr`b¯ � cE&)(+*?,:8F*?=-=i.A@BU�32=?5�&)5f&)(+5�3+6)@L@BK [è (+5A$ � · ¼�8:5�(21WOP5²KQ6)@BU &)(+5�D+5%�2$+*³&)*?@B$+,�&)(214&�¯ ¶ · � ´�¶ ø 1>$+D�,<@� <þ?> ¶ Zr`�ø þ c¾· Zr`møéc�· Zr`b¯ ¶ c���1>,×6)5srLX+*³6)5ADi[�vT@>6 � ù ¼¾8:5�.W1>$ 3+6)@L.A575ADSpI�*-$+D+X+.7&)*-@B$i[»èÓ5'.W1>$�3T146<&)*-&)*-@B$¾� ´�¶ ¯ � · ¯ � LR¶ A�� ´�¶ ø � `m8F(+576)5»� ´�¶ ø � ·� ´�¶ ¯ � ��� ´�¶ ø¤1>$+Dæ¯ � LR¶ · � ´�¶ ¯ � �æ`�� � � ´�¶ øécCcÖ[¹\®(�X+,×Zr`m� ´�¶ ¯ � c ·Zr`b¯ � cF· Zr`�¯ � L]¶ cbO|Zr`m� ´�¶ ø � cF·ÎZr`�¯ � L]¶ c2OæZr`mø � ca1>$+DüX+,C*-$+G×&C(+5'*-$+D+X+.7&)*-OP5(PIL3�@>&C(+5A,C*?, 8E5V,C5A5V&)(214&_Zr`b¯ � LR¶ cµ· Zr`b¯ � c��ÛZr`�ø � c"·�� <þ?> � LR¶ Zr`�ø þ c�[�\®(+*?,.A@BU�32=-57&)5A,®&)(+5µ*?$+D+X+.7&)*³OP5µ,d&)573�1>$+D &C(+5é3+6)@�@BK [ á



�(+ � 	�b3;7��
	��R��	N/4�¾	��.-0/2143m�65é	��27,8���	97 �*�
jik�� ����smx7t�nYq�{Pn�vT�fn�~��Tv
zRsm{���nLyTxW��~unYx

è (+5A$V�Ø�B�¢¡£�¢*?,/1".A@B$P&)*?$pX+@BX+,:U!143V@B$V1".A@BU�3T1>.7&/UV57&C6C*?.^,<3T1>.A5;&)(+5�6)5f*?,
1_OP576CI!,C*-U�32=?5f6C5A=Q14&)*-@B$+,C(+*-3×S�5�&%8E5A5A$ 5�6)GB@LD+*-.éU�5W1>,CXY6)5A,^1>$+D×*?$PO>146C*Q1>$P&FU�5W1>,CXY6)5A,
8F(+*?.0( 8:5µ.W1>$ $+@�8 D+5A,C.76)*³S�5>[��57&�  D+5A$+@>&)5é&)(+5",C5�&;@BKR*-$pO4146)*?1>$p&^3+6)@>ST14S2*?=-*-&JI�UV5W1>,<XY6)5A,;@B$��¦[/\®(+576)5µ*?,F1
$214&)XY601>=+&)@>3�@B=?@BG>I_@B$'&)(+*?,H,<3T1>.A5F.W1>=?=-5AD'&)(+5"ÈE¥0ÔP¡(e ÇÖÉJÔ4§�&)@>3�@B=?@BG>IP�B*b[ 5>[R&)(+5^8:5W1£¢P5A,<&
&)@>3�@B=?@BG>I!,CX+.0( &C(214&f1M,C5sr�X+5A$+.A5_Z þ °"  .A@B$pOP5�6)GB5A,F&C@�Z¾°"  *^¤"
�Ñ�°¦¥��P`���c��t�Ñ9ppZ þ ¡ t'Ñ9p�ZR[\®(+5µKN@B=-=?@�8;*-$+G'3+6)@>3�576C&)*-5A,;@BK&  146)5�8:5A=-=³hB¢L$+@u8F$¦`b1>$+D�5W1>,C*-=-I×.0(+5A.§¢P5ADTc��

`�*Qcw  *-,�.A@B$POP5*\!`�*b[ 5>[R*-K+Z ¶ �0ZJ¨�°H  1>$+DMº�©�ª!© ¼B��&C(+5A$�ªRZ ¶ O�`d¼���ª]cdZJ¨µ°  c*�
`�*?*Qc�&)(+5�,C5�&|  *-,^.7@BU�3T1>.7&µ`�*-$�&C(+5é8:5A1£¢�h ,d&0146:&)@>3�@B=-@BG>I2c�«¬L�+\®(+5A@>6)5AU�®Y[?¼�º£¯b[
À/�2ÁfÁFÂ Ãi�^°
�±l�Ê+¥�¥q²BÉb§)¥�õVÔ ö ËTª�¬mÏ2ÉmÇ'¬�Ï¦É�Ê+¥�0ª�ÏTÐ>¥q²�ÇW¥7É³  Ô>§)¥�¥�§ ¨pªW«4¬ »õV¥)Ô£e

ÇÖÝL§)¥ÖÇwhJ¬bÞm¥WÞµZ�°!  ¬NÇV¥�§ ¨pªW«4¬©M¬ÍÜ_È]Ê2¥�Ï�¥�Ð>¥7§~´YZ ¶ �0ZJ¨_°!  Ô4Ï�«'ºw©Gªµ©Î¼�Èr¬mÉmÊ
Z�· ª�Z ¶ O¹`%¼|�!ª]cdZJ¨VÉ�Ê+¥�Ï×Z ¶ ·¹ZJ¨*jBÞ
\®(+5µ.A@B$POP576),<5 *?,F1>=?,C@»&C6)X+5>�+S2XY&F8:5µ,<(21>=?=�$+@>&F6)5%rLX+*-6C5µ*³&W[
ßfàw�����w�_#%KrZü*-,;$+@>&;576)GB@LD+*-."&)(+5A$�8E5".W1>$"�2$+D�¯ °�� 8F*-&C( � ´�¶ ¯Î·Ø¯Ú1>$+D

º�© Zr`�¯'c�©Ø¼B[bW®XY&�KN@>6r1>$PI",C5�&Rø�° �¾8:5/.W1>$ 8F6C*-&)59ø¹· `�øm�E¯'c*Aa`�ø��a`����é¯»cCc
1>$+D &)(pX+,

Zr`�øécr· Z�`d`�ø¶��¯»cJAü`�ø¶�ü`��·�Ó¯»cCcCc
· Zr`b¯»c|¸ Zr`�ø6� ¯»cZr`�¯'c ¹ O�Zr`����¦¯'c|¸ Zr`møº��`��»�Ó¯»cCcZr`����¦¯»c ¹
·�ªRZ ¶ `�øécJO¹`%¼|�!ª]cdZJ¨>`�øéc

8F(+576)5�ª�· Zr`b¯»c_1>$+D²Z ¶ `�øécM· ¼ S IJ½�¾ V¼ S ¾ V �9ZJ¨B`�øécM· ¼ S IJ½ SU¿ ´ ¾ V;V¼ SU¿ ´ ¾ V [¦\®(+*?,M,C(+@�8F,
&)(214&;Z�· ªRZ ¶ O¹`d¼��!ª]c<ZJ¨u[ á

ßfàw�bÀ2�bc��Q�i�N��� Ãi�ÂÁ î%��Ã��ÄcW�i�2�
ï��'���'�2àÅR�bÆ��Nï�Áf�+Â&c�ñ
ài�Çc4ò��'ó�¥�É+� ô ¥®Ô 0ª�õ�e
Ë2Ôp7ÉFõV¥7É�§�¬©»Ç©Ë2Ô�0¥VÔ4Ï�«V� ô ¥�ÉmÊ+¥�Èaª�§)¥ ö ÇÖ¬?¨4õ�ÔÉe<Ô ö ¨p¥ ô §CÔPÞ�Ê®¬mÐ>¥�Ï�Ô4ÏT÷�0ª4Ï2É�¬mÏ2Ý2ª4ÝpÇ
õ�Ô0Ë �Ø�B� ¡ � É�Ê+¥�§)¥'¥q²B¬NÇ�ÉmÇ"Ô4É ö ¥)Ô4ÇÖÉFª�Ï�¥®�neC¥�§©¨�ªW«4¬©EË�§0ª ô Ô ô ¬ ö ¬�Éb÷'õV¥0Ô�ÇÖÝL§)¥;Z9Þ
ßfàw�����w��Ë:(+@L@B,<5!1 D+5A$+,C5!,<57& @BK:KNX+$+.7&C*?@B$+,»Ñ � °�¥ � `m�ücÖ� � �ÎºY[wÌL*?$+.A5V&)(+5U!143MZ ¡ t Ñ � ppZV*?,R.A@B$P&)*-$�X+@BX+,r@B$m  &)(+576C5:5*\+*-,<&),�SpI×`m8:5A1£¢�h ,d&0146Öc�.A@BU'3T1>.7&)$+5A,C,

14&F=?5W1>,<&F@B$+5ÎÍ�°"  ,<X+.Ö(�&)(214&zt'Ñ � p�Í�·Ä,CXY3 ¼�ÏÑÐ ýPt'Ñ � p�Z�ÿP[rèÓ5é=?57&  � ·�ÒuÍ×°"  �
o
Ñ � p�Í'· ,CXY3¼�Ï?Ð ý o Ñ � p�Z�ÿÇÓg�

&)(+5A$ .A=?5W146C=-Ig  � *-,F$+@B$Lh©5AU�3+&JI�1>$+D�.A=-@B,C5ADi[MÌL*-UV*?=?146)=-IP��D+5%�2$+5  ¶ · Ò Í�°"  � � o Ñ ¶ p�Í'· ,<XY3¼�Ï?Ð�Ô ý o Ñ ¶ ppZ�ÿ Ó



�ÖÕ �,+r	��.-0/2143m�65é	��27,8���	97
1>$+D_&)(+5E,)1>U�5/6)5W1>,C@B$+*-$+Ga,C(+@�8;,R&)(214&2  ¶ #�  � #�  *?,R$+@B$Lh©5AU�3+&JI_1>$+DM.A=-@B,C5ADi[×96C@L.A5A57D+*?$+G�*-$+D+X+.7&)*³OP5A=-I�8:5µD+5%�2$+5  � ·�ØÙÍ×°"  � ´�¶ � o Ñ � p�Í�· ,CXY3¼�ÏÑÐ�Ú*Û�Ü ý o Ñ � p�Z�ÿÞÝ
1>$+D¾146C6)*³OP5 14&�1V$+5A,d&)5AD�,C5sr�X+5A$+.A5�  �   �n�   ¶ �  ß¨ � EFEFE �   � � EFEFE�[ÌL*?$+.75�&)(+5×,C57&),�146)5�1>=?=:.A=-@B,C5AD�*-$¶  `b1>$+D�(+5A$+.75 .A@BU�3T1>.�&Öc"8:5 (21WOP5×&C(214&'&)(+5
*?$P&)576C,C5A.7&)*-@B$�*?,F$+@B$Lh 5AU�3+&JIP[ ½ ,C,CX+U�5 Z�°�� � ÏÉà�á   � [:èÓ5µ8®1>$P&f&)@�,C(+@u8 &)(214&fZ*?,^576)GB@�D+*?.�S�I�,C(+@�8;*-$+G'&)(214&F*-&F*?,F1>$ 5f\Y&C6)57UV5é3�@B*?$P&;*-$H £[
½ ,C,CX+U�59&)(214&rZ'.W1>$ S�5E8^6)*-&<&)5A$_1>,]1>$M1£��$+5E.A@BU_S2*?$214&C*?@B$_Z�·�ªRZ ¶ O�`%¼��Îª]cdZJ¨`m8F*-&)(�ºµ©âªã© ¼ucf�F&)(+5A$�&C@�,C(+@�8 &)(214&VZ¹*?,�5�6)GB@LD+*-. 8:5�$+5A57D|&C@�,C(+@�8Æ&)(214&

Z ¶ ·±ZJ¨�['\®(�X+,µ*-&é,CX��V.75A,"&)@×,C(+@�8 &C(214&"KN@>6µ57OP576CIüÑ � °º¥Î�P`m�ücF8E5�(21WOP5»&)(214&t�Ñ � Ñ9p�Z ¶ ·�t�Ñ � Ñ9p�ZJ¨»`�,C*-$+.A5µ&C(+5µ,C5�&�Ñ � *?,^D+5A$+,C5�cÖ[èÓ5rS�5AGB*-$µ8F*-&)( � ·¹ºF1>$+D"@>S2,C5�6COP59&)(214&
SpIµ1>,C,CX+U�3+&)*-@B$ t Ñ � ppZ ·�ª t Ñ � p�Z ¶ O`d¼m�xª]cÇt'Ñ � ppZJ¨�[äÌL*-$+.A5�Z±°å  � 8:5�,C575�&C(214&!,CXY3 � Ï?Ð ýPt'Ñ � p?�¾ÿ�· t'Ñ � ppZ*?U'32=?*?57,®&C(214&zt'Ñ � p�Z ¶ ·�t�Ñ � p�ZJ¨F·Ä,CXY3 � Ï?Ð ýPt'Ñ � p?�¾ÿP[rèÓ5µ&C(�X+,F.A@B$+.A=?X+D+5`d¼uc�&)(+5~�+6),<&;*?D+5A$P&)*³&%IHt'Ñ � p�Z ¶ ·�t�Ñ � p�ZJ¨�*?,®3+6)@�OP5ADi[`BYBc�Z ¶ �0ZJ¨a°"  � [Ë:@B$p&)*-$�X+*-$+G²*-$+D+X+.7&)*³OP5A=-IP�^8:5�57,<&014S2=?*-,C( &C(214&�KN@>6�146CS2*³&C60146CI � �£ºÓ8:5¾(21�OP5t Ñ � p�Z ¶ · t Ñ � p�ZJ¨f1>$+D�Z ¶ �0ZJ¨f°"  � [H\®(+*?,:.A@BU�32=-57&)5A,E&C(+5f3+6)@L@BK9`�*�[ 5>[HZ ¶ ·¹ZJ¨1>$+D�Z¾*?,F1>$�5*\Y&<6)5AU!1>=�U�5W1>,CXY6)5�cÖ[ áæ_�2Á;Â�à@ç/�M\^(+5éKN@B=?=-@u8F*?$+G'K�1>.7&),;146)5µ5A1>,<I�&)@�.0(+5A.§¢�[
`éèPc�#%K4ÍL�0Z�146)5éD+*?,<&)*-$+.7&;�®h 5�6)GB@LD+*-.µUV5A1>,CXY6)5A,^&)(+5A$¦Í�ê¹ZR[
`�ëpc�#%K9Z�*-,é5�6)GB@LD+*-.»&)(+57$�*³&µ*-,é1>$�5*\L&C6)5AUV1>=RUV5W1>,CXY6C5»*-$� £[V`b\®(+5'.A@B$POP576),<5
&)@���57UVU!1�XY[ìë+[ cÌL*?$+.75�  *-,!1�.A@BU�3T1>.�&!.A@B$POP5*\|UV57&<6)*?.�,d3T1>.A5�&)(+576)5�*-,�1�GB5A$+57601>=F&)(+5A@>6)5AU @BKË:(+@�rLX+5�&;&)(214&;,)1�IL,'¥�Ð>¥�§�÷V¬�Ï2Ð4Ô4§�¬bÔ4Ï2ÉEõV¥0Ô�ÇÖÝL§)¥;Zü°¦  )Ô4Ï ô ¥"Èr§�¬�É�É%¥�ÏÓÔ�Ç_Ô�0ª�ÏÇe

Ð>¥q²�Öª�õ ô ¬�Ï�Ô4É�¬ ª�Ï²ª%Ü�¥q²BÉb§)¥�õ�Ô ö õV¥)Ô�ÇÖÝL§)¥�ÇM¬�ÏH £[�í�@>6)5M3+6)5A.A*-,C5A=-IP��8E5».A1>$î�2$+Dü1
UV5W1>,<XY6)5gï¾·�ï ¼ @B$Ó&)(+5!,<3T1>.75ð  `m8;*³&)(�6)5A,d3�5A.7&M&)@�&C(+5gW®@>6C5A=9,<*?GBU!1�h 1>=?GB57S+601
1>,C,C@�.A*Q14&C5AD�&)@»&)(+5µ8E5W1£¢�h©,<&0146^&)@>3�@B=-@BG>I2c/,CX+.0(�&)(214&
`d¼uc×KN@>6;1>$pI×KNX+$+.7&C*?@B$¾Ñ�°�¥ � `���c/8:5µ(21�OP5o

Ñ9ppZ · o Ð ¸ o Ñ9p�Í ¹ pñï�`BÍ+cfE
`BYBc�ïw`%ýPÍ¾��Í×*-,F5f\Y&C6)57U!1>=mÿ�cr·�¼B[

j
k^ò �
v���n¦óRyTxWsm{ {BvwqRx7t�~4��{Btus�vwqRx'smq|nL~u�wv
zRsm{�tu}�n�vw~,ô
#%$!&)(+*?,M�2$21>=i,C5A.�&)*?@B$×@BK�.0(2143+&)5�6�X 8:5�,C(21>=-=iD+5A,C.76)*³S�5a&J8:@MST1>,C*?.�.A@B$+,<&<6)X+.7&)*-@B$+,

*?$�576)GB@�D+*?.�&)(+5A@>6CIP[



�(+ Õ�7P/45µ	�õi�47F3m���J/2�47W���@8R���.3;/2�27ð3Ä�|	w�.-u/2143m�¦����	@/R��ö �%÷
jikdò�k�lTk �@øwn�ùßú�~�v
zR��{Btux k ��5�&;�Ø�B�¢¡ �ìS�5 1'U�5W1>,CXY6)5é3+6)5A,C576<OY*?$+G'&C601>$+,dh

KN@>6)U!14&C*?@B$ @BKT1;3+6)@>ST14S2*-=?*-&JI",<3T1>.A5é`����)�F�0Z
c�[b��57&F`éû»�)�:c�S�5®1f.A@BU�3T1>.7&4��*?5:G>6C@BXY3
8F*-&)(�&)(+5nW®@>6C5A=�,C*-GBU!1�hJ1>=-GB57S+601»�;[;èÓ5".W1>$�.A@B$+,C*?D+5�6a&)(+5"3+6)@�D+X+.7&�,<3T1>.A5_�ýü¦û
8F*-&)(×&)(+5µ3+6)@�D+X+.7&F,C*?GBU!1�h 1>=?GB57S+6)1�þ![
���2���N���Q���N���r�'��*-OP5A$�1�UV5W1>,CXY6)5M3+6)5A,<576COY*-$+G�&C6)1>$+,CKN@>6)U!14&)*-@B$�@BKH��w� ¡ �

1>$+D 1�U�5W1>,CXY6014S2=-5üU!143�ÿ ��� ¡ û£8:5üD+5*�2$+5¦1ÄÇÖ¡P¥�È Ë�§)ª�«4Ý27Éa&)@�S�5ü&)(+5
&C601>$+,<KN@>6)U!14&)*-@B$�� �é� ü�û ¡ � ü�û D+5%�2$+5ADØSpI��^`mû����2c¾· `m�^û��fÿR`mû�c��2cÖ[
�é*³OP5A$M1>$PIµ�®h *-$pO4146)*Q1>$P&�3+6C@>ST14S2*?=?*³&JI"UV5A1>,CXY6)5EZ�8E5E.W1>$_1>,C,<@L.A*?14&)59&)(+5��Rh©*?$PO>146)*?1>$p&
UV5W1>,<XY6)5nÍ×D+5%�2$+5AD�SpI"p�Í�· ppZ�üHp��Ö[
½ ,C*?U�32=-5µ5f\21>U�32=-5é*-,^&C(+5"KN@B=?=-@u8F*?$+G+[
	|Ã�Â�Á�À�
P���n��57&"�����£K�¡ ���£K¸S�5'GB*³OP5A$�SpI��_`mû�ca·Îû�O�ª `�UV@�D�¼uc�KN@>6

,C@BUV5¦ªÆ°��^[ ��5�&Hû ·����£K¢1>$+D|8:5�D+5%�2$+5�ÿ�����£Kì¡ ���£KÆSpI�ÿR`mû�c�·
û²`�UV@�D�¼uc"`�*b[ 5>[:&)(+5_*?D+5A$P&)*³&%I�U!143wc�[F\®(+5_1>,C,C@�.A*Q14&)57D�,q¢P578 3+6)@LD+X+.7&�*-,;&)(+5A$�&)(+5
U!143������ ¨ �£K ¨ ¡ � ¨ �£K ¨ GB*-OP57$�SpI��^`mû����+c]· `mû�O¶ª/�Cû�O��Ycµ`mUV@LD¾¼ucÖ[
jikdò�k�â�k �Aq�zR�R{BnYz¹t�~uywq�xA� vw~���y+tusmvwqRx�yTqRz �!v�}���smqØt�v�ù_nL~�x k ½ ,C,CX+U�5»&)(214&

�Ú�i� ¡ � *?, 1�UV5W1>,CXY6014S2=-5»&<601>$+,CKN@>6)U!14&C*?@B$ü@B$�1 UV5W1>,CXY6)14S2=?5�,d3T1>.A5�`����)�Ec�[
½ ,C,CX+U�5é&)(214&Føä#æ� 8;*³&)( ø °��;[
���2���N���Q���N���r�»\®(+5]&C601>$+,CKN@>6CU!14&)*?@B$a�9I²�Pø¹¡£ø�D+5%�2$+5AD"SpI��@I®`mû�cr· �;þ?R@SUT(Vbû

*?,9.W1>=?=-5AD�&)(+5"¬�Ï�«4Ý2Ö¥)« Éb§CÔ4Ï2Ç�ÜWª�§�õ�Ô4Éb¬©ª�Ï"@B$Vø_[Rè�5;D+5A$+@>&)5FS�I'�0I�· ýu¯��éø±�9¯±°
�Fÿµ&)(+5µ6C5A,<&C6)*-.7&)*-@B$ @BK�&)(+5é,C*-GBU!1�hJ1>=-GB57S+601M�æ&)@»ø_[
#%K Z *?,�1��®h *?$PO4146)*Q1>$P& ,<*?GBU!1�hé�2$+*-&)5�UV5W1>,<XY6)5�@B$¸`����)�:c�1>$+D¹º�© Zr`�øéc±©Q &)(+5A$¦8:5!.W1>$¦D+5%�2$+5×1 �9IRh©*?$PO>146C*Q1>$P&_UV5W1>,CXY6C5�Z@IØ@B$æ`mø_�)�0I]cµS�IÓZ@I®`b¯»c"·¼ S IJ½�¾ V¼ S I V [
	|Ã�Â�Á�À�
P� î������
���N��ñ
�ÇÆ��Là�Â�ï��i�N�����ià�Â��Jc��p��àiÁ;ÂY�i�N����ò���Ë:@B$+,C*?D+5�6�&)(+5r.W1>,<5

8F(+576)5¾`����)�Ec�*-,"&)(+5�3�@B,C*-&)*³OP5�(21>=-K?h =?*-$+5��³LÎ· `�ºY�fO�QÛca8;*³&)(ü&)(+5ðW:@>6)57=9,C*-GBU!1�h
1>=?GB5�S+601Y[Hè�5µD+5%�2$+5 1»&C601>$+,<KN@>6)U!14&)*-@B$×�Ø��� L ¡�� L SpI
`d¼uc��^û×·Äûð��¼µ*?K�û�°�«³¼B�fO�QÛc��21>$+D
`BYBc��^û×· ¶T *-K�û�°¦`�ºY�W¼uc�[èÓ5�.W1>$�.A@B$+,C*-D+576V&)(+5�*?$+D+X+.A57D�&C601>$+,CKN@>6)UV14&)*?@B$¦�@I �9ø ¡ ø @B$²&C(+5 *?$P&)576<O>1>=

øÄ· `�ºY�W¼s¯iD+5%�2$+5AD�SpI��9I�û×· ¶T ��� ¶T�� [\®(+5µUV5A1>,CXY6)5 Z@I�D+5%�2$+5AD�SpI�Z@I®`b¯»cH· ¶�! �" ¨ t ¾ ¶¶`L T pPû�*-,^�9I�h *?$PO4146)*Q1>$P&W[æ_�2Á;Â�à@ç/� èÓ5»$+5A5AD�$+@>&éS�5M&)@L@×.W146)57KNX+=/14S�@BXY&µ&)(+5»D+5%�2$+*³&)*?@B$�@BK/� 1>$+D��9I
@B$�1».A@BX+$P&014S2=?5µ,C57&f@BK�3�@B*-$p&),F,C*?$+.75µ&)(+57I×(21WOP5"¿A5�6)@�UV5A1>,CXY6)5>[Ë:@B$+,C*?D+576é1>$�`�576CGB@LD+*?.Wc^&C601>$+,CKN@>6CU!14&)*?@B$��Î�+� ¡ � @B$�1V3+6)@>ST14S2*?=-*-&JI�,<3T1>.75
`����)�F�0Z
c®1>$+D�=?57&Fø�° �æ(21WOP5 Zr`møéc:ù|ºY[



�$# �,+r	��.-0/2143m�65é	��27,8���	97
���2���N���Q���N���r�_è�5µ.W1>$ D+5%�2$+5_1',d3T1>.A5

ø þ?R · ý�`mû�� � cE°�ø üHK L �/º�C � C��JI®`mû�cÖÿP�8F(+576)5²8E5�*?D+57$p&)*-KQI±`mû��§�JIE`mûic<c&% `m�Fþ?R9SUT(V û��0ºPc��_1>$+D�*?$P&C6)@LD+X+.75²&)(+5¦3+6)@LD+X+.�&
,C*-GBU!1�hJ1>=-GB57S+601('�ì`�*b[ 5>[ &)(+5¾,CU!1>=-=?5A,d&�,C*?GBU!1�h 1>=?GB57S+6)1¦.7@B$p&01>*-$+*?$+G¦&)(+5�3+6)@LD+X+.7&C,
@BK�,<57&),;*-$��0I�1>$+D � à�á c�[èÓ5µD+5%�2$+5M1»3+6)@>ST14S2*-=?*³&%I�UV5W1>,<XY6)5"@B$ &C(+5",<3T1>.A5_øaþÑR�S�I"Í!· ¼*),+ þ- þ?R +§¼ `�8;(+576C5p?�ü.A@>6C6C5A,<3�@B$+D+,F&)@»&C(+5"X+,CX21>=�.A@BX+$P&)*?$+GVU�5W1>,CXY6)5é@B$HK L c�[v]*?$21>=-=-IP�L8E5"D+5%�2$+5"1»&C601>$+,<KN@>6)U!14&)*-@B$�� þ?RI �Bøaþ?R�¡£øaþ?R�SpI
`d¼uc�� þ?RI `mû�� � c]· `�û�� � OÄ¼uc:*?KRº�C � ©��JI®`�ûic��21>$+D`BYBc�� þ?RI `mû��§�JI/`mû�cCcr· � þ?RI `m�9I�û��0ºPcCc]· `��@I�û��W¼uc�[

\®(+*?,^.A@B$+,<&C6)X+.�&)*?@B$�*-,;.W1>=-=?5AD×&)(+5/.fªuÊ ö ¬mÏ¾É%ª�ÈE¥�§E@uOP5�6;ø_[
`10_[ìW�[ ½32 @B(+=?*-$�&)@�8:576F*?,:&)(+5é.A@B$POP576),C5é3+6)@L.A57,C,^&C@'*-$+D+X+.A5AD &C6)1>$+,CKN@>6)U!14&)*-@B$+,A[

èÓ5M6)573+6)@�D+X+.A5�&)(+5»@>6)*-GB*?$21>=R&C601>$+,<KN@>6)U!14&)*-@B$�@B$�� KQ6)@BU¢&)(+5'*?$+D+X+.A5AD�&C601>$+,CKN@>6<h
U!14&)*-@B$_@B$Mø_[ c \®(+5^KN@B=-=?@�8;*-$+Ga=?5AU�U!1F&)5A=-=?,]X+,]&)(+5 2 @B(+=?*?$_&)@�8:576H*-,r1�GB@�@LD_UV@�D+5A=
@BK�&C(+5"@>6)*-GB*?$21>=�&C601>$+,<KN@>6)U!14&)*-@B$i[
À/�2ÁfÁFÂ Ãi�54i��l�Ê+¥Óõ�Ô0Ëäÿ¢�×`�øaþ?RR�6'�F�fÍ+cÓ¡ `����)�F�0Z
c�«p¥�ÕHÏ�¥)« ô ÷!ÿR`�û�� � c· � � `mû�c"¬NÇµõV¥)Ô�ÇÖÝL§CÔ ô7ö ¥MÔ4Ï�«�ÇAÔ4Éb¬NÇ�Õ®¥ÖÇ�ÉmÊ2¥HÜWª öNö ª�ÈH¬�ÏL¨�7
`d¼uc"ÿ�¬NÇ Ô ô ¬98W¥07É�¬©ª4Ï!hdÔ ö õVªuÇ�É^¥7Ð>¥�§Ö÷4È]Ê+¥7§)¥kj�ú
`BYBcð
�¯°��¸È:¥éÊYÔ4Ð>¥"ÉmÊYÔ>É2Íi`Bÿ ´�¶ ¯»cr·¹Zr`b¯»cÖúEÔ4Ï�«
`éèPc"ÿT� þ?RI · ��ÿ�h<Ô ö õVªuÇÖÉF¥�ÐB¥�§Ö÷4È]Ê+¥�§0¥kjBÞ
ßfàw�����w�»\®(+5µ6C5A,CX+=-&FKN@B=?=-@u8F,f1>=-UV@B,<&®*-UVUV5AD+*?14&)5A=-I�KQ6)@BU &)(+5"D+5%�2$+*³&)*?@B$+,7[ áæ_�2Á;Â�à@ç/�M\^(+5HU!143mÿ»*?,�1>$!¬NÇWª�õ!ª�§©ËwÊ�¬NÇÖõ�8F(+*?.0( *-U�32=?*-5A,
&)(214&�KQ6C@BUØ&C(+593�@B*-$p&

@BK�OL*?578Ø@BK�576)GB@LD+*-.é&C(+5A@>6CI�&)(+5�&C601>$+,CKN@>6)UV14&)*?@B$+,®� 1>$+D � þ?RI 146)5�&)(+5",)1>U�5>[
jikdò�k��;: y2tu��~�y<�rn��it�nYq�xWsmvwqRx k ��*-OP5A$�1M$+@B$Lh *?$POP576C&C*-S2=?5éU!143��Ø�T`����)�F�0Z
c]¡

`����)�F�0Z
cH&)(+576)5�*-,®1M$214&CXY601>=�8®1WI!@BK�1>,C,C@L.7*Q14&)*-$+G &)@M*-&^1>$�*?$POP576C&)*³S2=?5a&C601>$+,<KN@>6)U!1�h
&)*-@B$>=�Ø�T`�=�Ó��=�F� =Zicr¡ `�=�Ó��=�F� =Zic:8F*-&C( ,C*-UV*?=?146®DYIY$21>UV*-.W1>=�3+6)@>3�5�6C&)*?57,A[èÓ5éD+5%�2$+5

=�¢· ý�`mû þ c þ Ï£à�á ° ?
þ ÏÉà�á � �H� `mû þ cH· û þ LR¶ �§�î�|ºLÿ

1>$+D�1>,C,<@L.A*?14&)5é&C(+5µ,C*-GBU!1�hJ1>=-GB57S+601MGB5A$+576014&C5AD SpI�&)(+5é,C57&C,
¯ � � ·A@�`mû þ c þ ÏÉà�á ° =� �]û � °�¯�B KN@>6f¯ °��Ä1>$+DH�¢°"K L E

èÓ5�$+5*\L&;D+5%�2$+5µ1_3+6)@>ST14S2*?=-*-&JI�UV5W1>,CXY6C5 =Z�@B$C=�|SpI =Zr`b¯ � cr·¹Zr`b¯»c�[0v]*?$21>=-=-IP�L8:5D+5%�2$+5"&C(+5V`�*-$pOP5�6C&)*-S2=-5�cE&C601>$+,CKN@>6)UV14&)*?@B$ =�Ø� =�¢¡ =�ìSpI
=� `mû � �Cû ¶ �Cû9¨u�FEFEFECcH· `��Fû � �Cû � �Cû ¶ �Cû@¨��FEFEFE<c*E



�,+ ÷_�J/45Î5é	����&7M�b�b1æ��	��+	���	��R��	@7 �ED
#J&_*?,"5W1>,<Iü&C@�,C5A5!KQ6)@BU &)(+5!.A@B$+,<&<6)X+.7&)*-@B$�&)(214&3=�*?, UV5A1>,CXY6014S2=?5V1>$+D�3+6)5A,C576<OP5A,
&)(+5é3+6)@>ST14S2*?=-*-&JI�UV5W1>,CXY6C5 =ZR[
���2���N���Q���N���r�_è�5µ.W1>=-= =�Ø� =�¢¡ =� &)(+5'Ï�Ô4É�ÝL§CÔ ö ¥q²BÉ%¥�Ï+Ç�¬©ª�Ï'@BK��"[
\®(+576)5 *-,a1�.W1>$+@B$+*-.W1>=�U!143�F�� =� ¡ �£D+5%�2$+5AD�S�IGFV`d`mû þ c þ ÏÉà�á cE·¹û � [F\^(+5$214&)XY601>=
5*\L&)5A$+,C*-@B$ =�Ø(21>,®&)(+5"KN@B=-=?@�8;*-$+G'3+6)@>3�576C&)*-5A,A�
`�*Qc =�Ø*-,;1>$�5f\Y&)5A$+,<*?@B$ @BK��Ø*?$�&C(+5",C5A$+,<5µ&)(214&�F!Ù =�æ·Ä��Ù�Fu�21>$+D
`�*?*Qc×*-Ké8:5¾D+5A$+@>&)5�SpI =� L # =�Ú&)(+5�,CXYSYh ,<*?GBU!1�h 1>=?GB57S+601¦GB5A$+576)14&)5AD SpI|,C57&C,

ýHF ´�¶ `b¯»cf�/¯ °��Fÿ &C(+5A$EFEFE�# =� ´�¶ =� L # =� L #�� =� L #�EFEFE�#µA þ ÏÉà�á � þ =� L ·¹��Eæ_�2Á;Â�à@ç/� #%$ÓK�1>.7&W�H1>$pI�&C601>$+,CKN@>6CU!14&)*?@B$Ó,C14&)*?,CKQIL*?$+G�`�*Qcµ1>$+D `�*-*Ncé8F*?=-=HS�5!*?,C@4h
UV@>6C32(+*-.é&C@»&)(+5µ$214&)XY601>=
5*\L&)5A$+,C*-@B$�1>,^8E5"(21WOP5µD+5%�2$+57D�*-&;14S�@�OP5�« è£¯©[
	|Ã�Â�Á�À�
P� î`c�ñJI�c ë �N���9c �����L�N�
�Q�i���*KbÀ2��òW����57&ML|��� LI ¡ � LI S�5�1ü`�@B$+5�h,C*-D+5ADTc�,<XYS2,C(+*?KQ&"@BK³�2$+*-&C5M&JI�3�5>�
D+5%�2$+5AD�SpI�&)(+5 � ü � U!14&C6)*U\�ø_[ 2 5A=Q14&C*-OP5_&)@�1í¾146 ¢P@�O�U�5W1>,CXY6)5>�2,)1WIP�+*-&C,F$214&)XY6)1>=�5f\Y&)5A$+,<*?@B$�*-,^&)(+5é,C(+*-KQ&NLü�P� ¡ �¦[

jikPO �_vw�Ó��nYq�tux»ywq�z|~unL� n�~�nLqR{BnYxí�@>6)5é.W1>$ S�5éKN@BX+$+D�@B$ 5�6)GB@LD+*-."UV5W1>,<XY6)5A,^*?$�« ¼s¯©�.«YP¯�1>$+D±«ì¬P¯b[
#%U�3�@>6<&01>$p&F143+32=-*?.W14&)*-@B$+,®@BKR576)GB@�D+*?.�&)(+5A@>6CI�S�5�IP@B$+D &)(+5é,C.A@>3�5µ@BK�&)(+5A,<5"$+@>&)5A,

146)5gí�@B,<&)@�8RQ ,_6)*?GB*-D+*-&JIü&)(+57@>6)5AU « ëÉ¯:1>$+D�&)(+5gí¾146)GBX+=-*?,M,CXY3�5�6<h©6)*-GB*?D+*³&%IÓ&C(+5A@>6)5AU«®Y�TS*¬L[-¼s¯©[
\®(+5F,q¢P5�8Û3+6)@LD+X+.7&95*\+1>U�32=?5®*?$»,CXYS2,C57.7&)*?@B$�XY[ìë+[?¼®8®1>,HX+,C5AD�SpI�vTXY6),<&)5A$PS2XY6)G &)@

GB*-OP5»1!,C*-U�32=?5_3+6)@�@BK9@BK91�6C5A,CX+=-&é@B$¾D+*?@>32(21>$P&)*?$+5'143+3+6)@F\+*-U!14&)*?@B$�D+X+5M&)@VU�146)DYI
1>$+D"��*-&C&C=?578:@�@LD�«ìYP¯b[

�!nL� n�~�nLqR{BnYx'*+���+PõXWZY[YZW[\H]_^1YZ`�acb�dJegfEh�ikjmlonqpsrthke�u�vkwciyxtw{z|hke�}~vk�gjmhkw�b���W[Y!`�acbP��`��Hö<�k����b�'d�k#*÷F+),+���+u��������acb*n�h|��jml|��j�w�dXe�f_h�ikjmlNnqpsrthke�ukb4�b+ 8u+Í��+�b��T�_������WZ��]$`_bñ'd�k�,'*+�(+���+4���k��YZW[\�b�d*�Ev_l���r�wciEh$}~hkeP��p�j���}���h�z� [r{¡tr|�1fk¢�r��P��vEltr�b4�£��`���+É5��$¤��ñ+Ñ7¥�¥¦f+B�,���k\�^�Y^+¨§�)k©�ª�«§�'d�k#ÖÕE©�b�'�¬Ä�$#,+ÕP+���+0�J�¥H��^®¤��k\qb,n�h���hk [htfku¯vkw�i�fErth$}~r��ge�u�h�zX��p�e�rtr�}~vkw�j z�h$ �i$��b$�\�°�H�sYZW[^��H`{��\H�$¤�`{^|b7�<��WZ\�¦|`�¤��k\8�\�WZ±k`���^1WZ¤Pa��u+9²P+[b4�<��W[\�¦�`�¤��k\qb?'d�ED��,+÷,+���+��³�$YZ¤1`���^�b�´£wµx�ws�me�h�i$¢sl|�gjmhkw¶��hydJegfEh�ikjmlNnqpsrthke�u$bÉ7E°���W[\H]$`���bP��`��"ö<�k����b�'d�k�Ö�,+#(+��u+�·cW��y��`���b�dXe�f_h�ikjmlon�p�rthke�uNvkw�i~¸�r|}�j5¹º��j�}»�� [r½¼Je�hk¢��s��b(õXW!���¥��¾�k�^1`���bPõX�k^®`{Ymb�'<�$�ÖÕP+



���������
	�����
������������� � �!�"���#��$&%

')(�*,+.-0/�12+4365.*,798;:<7=/>+43@?0?�A.7B/>198,-DC�7=*,+.7=798,EGFHA.-01I*,+.7BF@8>7BJK/�3@(.AL/>FGJK7 FGMN*,+.7B-O8
365.54?0-O1P36*,-OFG(./BQSRT+.7B/>7U/>-OJ�54?07NC4VW*X79?07BEY3@(Y*X*,+.7BF@8>7BJK/�368,7Z-OJ�5�F@8>*,3@([*�-0(IJK3@([\;F@*,+.798
368,7P3@/9Q
]^79* _`C�7a3�MbV.(.19*>-0FG(c:d+.-012+c-0/e3@(fF@C4/g798>h636C4?07�MbF@8I3i54+Y\W/>-O1P3@?NjkV43@(Y*,-O*l\YQamn(.7

FGMo*>+.7pJK3@-0(q*,+.7BJK7B/�-O(r798>EGFkA.-01=*,+.7BF@8g\q-0/n*,Fi/g*,V.AW\�*,+.7a3@/g\WJa5.*,F@*,-01IC�7B+43PhW-0FGVW8
FGM<*,+.7B-D8I*,-0J�7�79hYFG?OVW*,-0FG(tsu_�vxwxyHz y|{[}�~ Q!�n(.A.798 *>+.7K798,EGFHA.-01#+Y\k5�F@*>+.7B/>-0/9�X*,+.7B-O83PhY79823@EG7B/����� ��� �yB�
� _dv�w y 1BFG(YhY798,EG7d*>Fe*,+.7d/g5�3@1B7x3PhY79823@EG7x��_��[�XQSRT+.-0/o5.8>F@5�798>*l\3@?0/gFc-0J�54?O-07B/=*,+.7i:<7B?0?����k(.F|:d(t?�3P:�FGMx?�368>EG7�([V.J=C�798,/B�U:d+.-012+�-O/K3r�Y79\�1BFG(.1B7�5.*
-0(L/g*236*>-0/g*,-O1B/p��-�Q�7@Qn*,+.7=A.-0/�*>8,-OC4VW*>-0FG(qFGM�*>+.7p?OFG(.E#*,798,J�3PhY79823@EG7=1BFG(YhY798,EG79/;*,F#*,+.7
��-O823@1;JK7P3@/gVW8,7e/gVW5.5�F@8>*,79A�FG( � _��[�
��Q
�H�^��� �  �¡I¢�£�¤L¥!¡k¦X§c¨�¤X¤�¡H©uª�£
«X¬�;®| �¡H£�©|¡W§ � ]�79*U��¯�°,±d°2�
��C�7U3²JK7P3@/>VW8,7

/g5�3@1B7 :d-O*,+q�`3K5.8,F@C�36C4-O?0-D*)\�JK7P3@/>VW8>7@�³3@(.AL3@/>/>V.JK7e*,+436*xwµ´W¯·¶ ¯¸5.8,7B/>798ghY7B/
�XQK')(cEG7B(.798,3@?¹��7�8,EGFkA.-O1a*,+.7BF@8>7BJK/"A.79/>198,-DC�7#+.F�:&*>+.7K3PhY79823@EG7B/IFGMZMbV.(.19*,-0FG(./ _º´
¯ ¶ »¼3@?OFG(.Eq*>+.7�F@8>C4-D*,/KsPwd½W¾�zu¿½ �³� C�79+43�hY7iMbF@8���3@?0JKFG/g* 3@?0?b�e5�FG-0(Y*,/ ¾ÁÀÂ¯ÃQRT+.7"/>-OJ�54?07B/�*²*>+.7BF@8,7BJ�FGM�*,+.-O/²*l\k5�7e-O/²*>+.7"MbFG?0?OF|:d-0(.EfÄgJK7P3@(.Åa798,EGFHA.-01�*,+.7BF@8,7BJ�Q
Æ"Ç
È4É�Ê³È4ËÍÌGÎ³Ï�ÌqÐ�Ñ É�ÒÔÓ=È4Õ
Ë�Ö^Ò
ÒÔË�È4Ö^Ò`È4Ê�×�É�Ø^ÙbÚrÛ³Ç
È4É�Ê³È4Ë;ÜPÏKÝ�Þ�ß ��¯�°,±�°

�
�"à Þeáxâ�ã2ä à á àBåçæèå ß¹éIê�â4á[ë2Þíì�á6î�ï�á6ê2êíðkñKÞ�ß�òWá@ß wó´G¯ô¶ ¯ â�ã,Þíê�Þ�ãíõ@Þ�ê �oö=÷ ò4Þ�îIøPäuã
_�°gùKÀ!ú<ûG��¯�°,±d°2�
� ß�ò4Þ á6õ@Þ�ã,á�ü[Þíê

ý
þ
��� �ÿ
½ �³�

� _S��w ½ ¾��lù
�ç¾³�g�[�N��¾��
ë2äuî�õ@Þ�ã�üHÞ áuê þ�¶ ��� ö�� ø w å êIÞ�ã�üHäPï å ëeß�ò.Þ�î

ý
þ
��� �ÿ
½ �
�

� _S��w ½ ¾³� ù
��¾��g�[�N��¾��X¶ � _��[� � ùW�H�
áuê þ ¶ ��� ö
���<M Q
	��W���������	��W�W5.5
Q����u�������¹Qè�� Ê�É�É���Ï �<FG(./>-OA.798 *,+.7#/>VWC4/g5�3@197��! ôsu_ Àºú<ûG��¯�°,±d°2�
��´U_�w" �_�z�FGMUwÍ�

-0(Yh6368,-�3@(Y*IMbV.(.19*>-0FG(./BQL��')MZw&-O/"798,EGFHA.-01p*,+.7B(#��1BFG(./>-O/g*,/IFGMZ1BFG(./g*23@(Y*IMbV.(.19*>-0FG(./BQ ��<FG(./>-0A.798d*,FkF=*,+.7e/>VWC4/g5�3@1B7$% su_�À!ú û ��¯�°,±�°2�
�x´'&)(iÀ!ú û ��¯�°,±�°2�
�o:d-O*,+!_* +(Hw-,.(�z/0/



���� ��21N	��43658789��Ã�
��	:5X�^	�;=<
FGM ë2ä à äuðkî�ïYá@ã å Þíê Q
mn(!7P3@12+!FGM�*>+.7B/>7"/�5�3@1B7B/�*,+.7e3PhY79823@EG7B/�368,7e7B3@/>-0798d*,F�/�*,V.AW\YQ
mn(�*,+.7?>.8,/g*x/�5�3@1B7=�K:<7e/>7B7;*,+436*²MbF@8�_ � À@��3@(.A�3@(Y\iþBA ý

ý
þ
��� �ÿ
½ �
�

_ � ��w ½ ¾��C Á_ � ��¾��<À�ú û ��¯�°,±d°2�
�0D
mn(�*,+.7"/g7B1BFG(.A!/g5�3@197E$Í:<7e/>7B7;*,+436*�-OMS_ û  +("vUwF,.(iÀG$Í*,+.79(

ý
þ
��� �ÿ
½ �³�

_ û ��w ½ ¾��6 ý
þ H (³��w � ¾��I,.(
�ç¾³�KJ6DLU\#*,+.7M�T3@V.12+[\[��Nk12+Y:T368PO -0(.79jkV43@?0-D*l\#:<7"+43PhY7;*>+436*

ý
þRQ � H (
��w � ¾��8,.(³��¾��KJ�ù.�[�N��¾�� Q�S ý

þ TVUUUU
� ("vUw �-W ùW�H� UUUU � UUUU

� ( W ù.�[� UUUU
X

S ý
þ H QYQ (;v<w � QYQ û QYQ ù QZQ û � QYQ ( QZQ û QZQ ù QYQ û J �
þ QYQ ( QZQ û QYQ ù QYQ û

:d+.-012+!1BFG(YhY798,EG7B/²*,F[O9798,F#3@/²þ ¶ ��� Q
')M�:<7e1P3@(�:²8,-D*,7I_* Á_ � ��_ û :d-O*>+�_ � À@��3@(.A�_ û À\$ *,+.7B(

ý
þ
��� �ÿ
½ �³�

� _S��w ½ ¾��lù
�ç¾³�g�[�N��¾��
 ý
þ
��� �ÿ
½ �³�

� _ � ��w ½ ¾³�lù³��¾��g�[�N��¾³�]� ý
þ
��� �ÿ
½ �
�

� _ û ��w ½ ¾³� ù
��¾��g�[�N��¾��
 � _ � ��¾��lù
�ç¾³�g�[�N��¾��^� ý

þ
��� �ÿ
½ �³�

� _ û ��w ½ ¾��lù³��¾³���H�N��¾��
3@(.A�*,+.7�8,7BMbF@8,7

ý
þ
��� �ÿ
½ �³�

� _S��w ½ ¾��lù
�ç¾³�g�[�N��¾��X¶ � _ � ��¾³� ù
��¾��g�[�N��¾��
3@/²þ ¶ ��� QN'�M�wó-0/²798,EGFkA.-O1@�.*,+.7B(

ý
þ
��� �ÿ
½ �³�

� _S�çw ½ ¾³�lù³��¾��g�[�N��¾³�S¶ � _S��¾��g�H�N�ç¾³� � ù³��¾��g�H�N�ç¾³�



���������
	�� ��21&	��43V5I789��Ã�^��	:5X�^	�;E< ��|
3@/²þ ¶ ��� Q_qF@8,7�EG7B(.79823@?O?O\Y�.3@/g/>V.JK7n*,+436*TMbF@8d3@([\�`ba-c=:U7;1B3@(*>4(.A�_ � À@��3@(.A�_ û ÀG$ed/>Fp*,+.7B( � Q _e,º��_ � �t_ û � Q û9�[�gf-`d*>+.7B(�C[\i*>+.7M�T3@V.1í+Y\H�hNk12+[:T368iO -0(.7BjHV43@?0-O*l\

ý
þ
��� �ÿ
½ �³�

� ��_j, ��_ � ��_ û �>�B��w ½ ¾��lù
�ç¾³�g�[�N��¾��
S ý
þ
��� �ÿ
½ �³� QZQ �¹_j, ��_ � ��_ û �g�Hw ½ QZQ û QZQ ù QYQ û ý

þ
��� �ÿ
½ �³� QZQ �¹_j, ��_ � ��_ û �g� QYQ û QYQ ù QYQ ûSlk ` QYQ ù QZQ û��:d+.798,7L*,FtEG79*�M�8,FGJ *>+.7f/>7B19FG(.AÂ*,F�*,+.-D8,AÂ?O-0(.7r:U7cV./>7r*>+.7f5.8,F@5�7�8>*l\ *,+436*iw

5.8,7B/g798>hY7B/ �Ô*,F�:²8,-O*>7 QYQ (=v�wd½ QYQ ûû  � Q (=vdw�½ Q �H�m � Q ( Q v�w�½W�H�n � Q ( Q �H�n QYQ ( QZQ ûû �íQoRT+.798,79MbF@8,7"*,+.7e?0-0J�-O*e��5�FG-0(Y*,/2�<FGM�*,+.7e/>7BjkV.79(.1B7
ý
þ
��� �ÿ
½ �
�

� _S��w ½ ¾³� ù
��¾��g�N��¾��
?0-O7!-0(t*>+.7!-0(Y*,798>h63@? H �a_��H�e�IùW�[�o,p`B°í�a_��H�e�"ù.�[�q�.`PJGQlNk-0(.197\`!arcc1P3@(�C�7
12+.FG/>7B(q368>C4-D*>82368,-O?O\#/gJ#3@?0?�:<7e/>7B7;*,+436*

ý
þ
��� �ÿ
½ �
�

� _S��w ½ ¾³� ù
��¾��g�[�N��¾��X¶ � _��[� � ùW�H�
3@/²þ ¶ ��� QNkF�*,FK5.8>F|hY7"*>+.7"*,+.7BF@8,79J -O*�/>VtsK197B/x*,FK/>+.F�: *,+436*nú<û6��¯�°,±�°2�
�C u��� 1B?��v$p��Q
R�F�/>797�*>+.-0/B�N3@/>/gV.JK7K*,+436*a_Fwyx�z>�{$a�í�X-¹Q 7@Qq��_ W _ û �[�| }cW°�~�_ û À 1B?��v$p�;F@8=-O(5�368>*,-O1BV.?�368d�a_ W (xvNw��H�� Á��_ W (W�[�X��~�(�À!ú<û@��¯�°,±�°2�
��QNRX36�k-0(.E[([ Á_!EG-OhY79/<V./
*,+436* � Q _ Q û �[�* � _=vUw W _��H�ID � ý ctD ý ��`7�(.7B7BA�*,Fa/g+.F|:Â*>+436*x_qÀ@�q��-�Q�7@Qo_Ivow� Á_³�<3@(.Ai*,F *,+.-0/²7B(.A�:U7e1P3@(�:²8,-O*,7� Q _pv<wF,Ô_ Q û �[�@ � Q _pvUw Q û �H��� � Q _ Q û �[��,m� � _pvUwbDè_��[� l�.� T � Q _ Q û �H�o, � _pvUwbDè_��[� X �c
:d+.798,7r:U7rV./>7 � ý ctD ý ��3@(.A *,+436*�� Q _LvIw Q û9�[�" � Q _ Q û9�[�XQ R²+.-O/�/>+.F�:d/i*,+436*_pv<w| Á_L3WQ�7@Q���-�Q�7@Qo_�À@�W�íQ
RT+.-0/²1BFGJ�54?07�*,7B/T*,+.7e5.8,FHFGM Q �



���� ��21N	��43658789��Ã�
��	:5X�^	�;=<
�H�
��� �  �¡G�p¬ç©��
 �£��ó®| �¡k£�©|¡W§ ��� £�©#¡k©|ª�£
«X¬��§c¡k¨)�P¦�©|¡t���

]^79*"��¯�°�$#°2�
��C�7e3=5.8>F@C�36C4-0?0-D*l\#/g5�3@1B7@��3@(.A�3@/>/>V.JK7�*,+436*T*,+.7n*>823@(./>MbF@8>J#36*,-0FG(
w ´k¯¸¶ ¯ 5.8,7B/g798>hY7B/;�XQxRT+.7�L<-O8>�k+.F��óÄg-O(.A.-OhW-OA.V43@?0ÅK7�8,EGFkA.-O1"*,+.7BF@8,79JôEG-OhY7B/x3
/g*>8>FG(.E�*l\H5�7 FGM�798,EGFkA.-O1I*,+.7BF@8,79Jô-0(q*,+436*n-D*�A.7B/>198,-DC�7B/�*,+.7=3PhY79823@EG7 FGM�MbV.(.19*,-OFG(./
3@?0FG(.Ea-0(.A.-DhW-0A.V43@?²Ä�*l\H54-01P3@?OÅ�F@8>C4-D*,/BQ�`7G>.8,/g*i5.8,F�hY7L*>+.7q*>+.7BF@8,7BJ V.(.A.798�*,+.7L3@A.A.-O*,-OFG(43@?�3@/>/>V.J�5.*,-OFG( *>+436*��ó-0/
798,EGFHA.-01@��3@(.A�*>+.7B(!MbF@8�368>C4-O*>8,368>\�-0(Yh@368>-�3@(Y*�JK7B3@/>VW8,7B/BQ
Æ"Ç
È4É�Ê³È4ËµÌGÎ³ÏY�rÐh�eÙbÊ:��Ç
É����]�Z�;Û³Ç
È4É�Ê³È4ËÍÐ)È4Ê�×XÉ�Ø�ÙbÚ���È4Ê:��ÙbÉ�Ò�Ü9ÜPÏ��Zäuî.ê å ï[Þ�ã

_ ÀÔú � ��¯�°�$#°2�
��öq� øpß�ò4ÞañKÞ,áuê�ðHã2Þ �Áå êKÞ�ã ü[äPï å ëpß�ò.Þ�î�øPäuã�á æ ñ#ä|êíß;á æbæ�¾tÀÔ¯   Þ
òWá6õGÞeß�ò.á6ßUß�ò.Þ=á6õ@Þ�ã,á�ü[Þíê

ý
þ
��� �ÿ
½ �³�

_S��w ½ ¾³�N¶ � _��[�
áuê þ ¶ ��� ¡ å�ö Þ öo��sP¾�À�¯Ã´p?0-0J ��¢ ¿ ���� ��� �½ �
� _S��w ½ ¾³�¤£ � _��[��z
 �c¦¥Yö���<M Q
	��o ý Q§������	��W�.5
Q'��c¦�¹Qè�� Ê�É�É���Ï�¨ /g/>V.JK7 MbF@8�1BFG(YhY7B(.-079(.1B7 *,+436* � _��[�g %cWQ=��')MS*,+.-0/n-O/n(.F@*x*,+.7 1P3@/g7
*,+.7B(#8,7�54?�3@1B7;_iC[\i_=,!�K_��H�!-O(K*,+.7�*l:<F=/>-OA.7B/<FGM�*,+.7n7BjHV43@?0-O*l\a-0(K*,+.7n/�*236*,7BJK79([*
FGM�*>+.7e*,+.7BF@8>7BJ!Qè�©�F@8�3@(Y\�`ªa-cp:U7e1P3@(�A.7�>4(.7

«¤¬9��_³�6 sP¾�À!¯ ´�?0-OJº/>VW5��¢= ¿ ý
þ®Q ��� �ÿ
½ �³�

_S��w ½ ¾�� Q A-`9z¯D
R�F�5.8>F|hY7K*,+.7a*,+.7BF@8,7BJ·-O*I/gVtsK1B7B/ *,F�/>+.F|:Í*,+436* MbF@8 7B3@1í+m`[a°c�:<7#+43PhY7�*,+436*
�N�{«?¬��6 �cWQV�`7;A.F�*,+.-O/²hk-�3 *l:<FK?079JKJ#3@/BQ�`7�C�7BEG-O(�:d-O*,+�*,+.7"MbFG?O?0F�:�-O(.E�7B/�*,-0J#36*>7@Q± Õ�²^³YÈ4ËxË�ÖÁÌGÎ³ÏY��Ï�Ì.Ï �N�{« û ¬9��_³�>� S"´bµ·¶¯µ ¸�¹¬ D� Ê�É�É���Ï �c7?>.8>/g*T:d8,-D*,7;_� _  ,c_ � :d+.798,7"_  °í_ � A-c=3@(.A�J�-0(
��_  °í_ � �V ctD �`7;(.70ºW*dA.7�>4(.7"*>+.7"/>79*>/

«q»¬ ��_  �6 sP¾�À!¯ ´¼& ý S þ SF½ ° ��� �ÿ
½ �
�

_  ��w ½ ¾³�¼A-`>þ`z
3@(.A « »¬ �¹_ � �6 sP¾�À!¯ ´¼& ý S þ SF½ ° ��� �ÿ

½ �
�
_ � ��w ½ ¾³�¼A-`>þ`z



g�¾1·�I�
��	À¿:9b�4ÁN�85IÂÃÂf�
��	:5X��	^;ÅÄYÂt5S��	��4365I789��n;;	��8<ÇÆ��^	:<2È ��0É
MbF@8�3@([\ ½ A ý QÊn70ºk*KF@C4/>798ghY7!*,+436*#MbF@8�3@(Y\ ¾µÀ ¯ 3@(.Aº3@(Y\ÌË A ½ :<7�+43PhY7�*,+.7�?0F�:<798
C�FGV.(.A./ Í � �ÿ

½ �³�
_  ��w ½ ¾��¼A�` Í � »ÿÎ �³�\Ï�Ð8ÑÒqÓ ¶ ~^Ô ��w Î ¾³�

3@(.A Í � �ÿ
½ �³�

_ � �çw ½ ¾���A-` Í � »ÿÎ �³� Ï Ð8ÑÒ[Ó ¶PÕ Ô ��w Î ¾��
:d+.798,7 :<7IC�FGV.(.Af_  ��wd½k¾���F@8;_ � ��w�½H¾³��M�8,FGJ C�7B?OF|: CH\\`�F@8?c�3@/�365.5.8,F@5.8,-036*,7@Q')([*>7BE@8236*,-O(.E�7P3@12+!/>-OA.7"FGM^*,+.7B/>7I-OA.7B(Y*,-O*,-O7B/²EG-OhY7B/T*,+436*

� Ö Í � �ÿ
½ �³�

_  ��w ½ ¾���×Ã�[�N��¾³�6 �Ë � _  �[�!A �{Ël, ½ �K`,� H «q»¬ ��_  �KJ
3@(.A � Ö Í � �ÿ

½ �³�
_ � ��w ½ ¾���×Ã�[�N��¾³�6 ØË � _ � �H�\A �{Ël, ½ �K`,� H «q»¬ ��_ � �KJ

MbF@8�3@?0? ½ A ý Q
]^79*>*,-O(.E[Ë ¶ ��� EG-DhY7B/T*,+436*� _  �[�gA|`,� H « »¬ ��_  �KJ 3@(.A � _ � �[�!A-`,� H « »¬ ��_ � �KJ6D � ý ctDÙ�G�

�`7�>4(43@?0?O\�/g7B7e*,+436*
� H «q»û ¬ ��_³�KJ S ?0-OJº/>VW5» ¢E ¿ � H «q»¬ ��_  �KJ'� ?0-0Jº/>VW5» ¢E ¿ � H «q»¬ �¹_ � ��JS ��_  �[�` � �a_ � �H�` � Q _ Q �H�` D

RT+.-0/²1BFGJ�54?07�*,7B/T*,+.7e5.8,FHFGM�FGM6NkVWC4?O7BJKJ#3 ý cWQÙ�kQ ý Q �
RT+.7p-O(.7BjkV43@?O-O*l\�-O(ÀNkVWC4?O7BJKJ#3 ý cWQÙ�kQ ý -0/�(.F@*;7���7B1�*,-OhY7=V.(.?079/>/;:U7a1P3@(L1BFG(Y*>8,FG?

*,+.7�/>-ZOB7�FGMX� Q _ Q �[�XQ�R²+.7�(.70ºk*²/>VWC4?07BJ�J#3 3@?0?OF|:d/<V./²*>FpA.F=*,+.-O/"��3@(.Ai*,+.-O/T-0/T3@?0/gF:d+.798,7e*>+.7"798,EGFHA.-01B-D*l\�FGMS�r-O/dV./>79A���Q



���Ú ��21N	��43658789��Ã�
��	:5X�^	�;=<± Õ�²^³YÈ4ËxË�Ö�ÌGÎ³ÏÛ��ÏY��ÏKÝ�Þ�ß � _��H�* �c�ö�ÜTå õ@Þ�îMÝ a-ce  Þ;ë,á6î�ëíò.ä|ä|êPÞxáoøíðkî�ë�ß å äuî(iÀ!úU¿!��¯�°,±�°2�
�� Nå ß�ò � Q _j, �h(HwF,.(.� Q �[�gf Ý ö� Ê�É�É���Ï �c7"(.7B7BA�*,F�/>+.F�:ó*,+436*²*,+.7e/gVWC4/g5�3@1B7«Í´§ s�(kw-,m(f´�(iÀ!ú ¿ ��¯�°,±�°2�
�2z
-0/²A.7B(./>7"-0(�*>+.7"/>VWC4/g5�3@197$ �  su_�À!ú � ��¯�°,±�°2�
�x´ � _��[�� �ckz¯DLU\�*,+.7[Þ�3@+.(k�ßLT3@(43@1í+r*,+.7BF@8,7BJ -O*e/>Vts�1B7B/e*>F�/>+.F�: *,+436*I3@?O?S?0-O(.7P368"MbV.(.1�*,-0FG(43@?O/
:d+.-012+�h63@(.-0/>+!FG(*« 3@?O/>Fph63@(.-0/g+!FG(G$ � Q¨ /�-O/�:<7B?O?D�¹�W(.F�:�(³��MbF@8n7P3@12+�?0-O(.7P368nMbV.(.19*,-OFG(43@?Ià FG(�ú � ��¯�°,±d°2�
�<*,+.7�8,7I70ºW-0/g*,/á À�ú ¿ ��¯�°,±d°2�
��/>V.12+c*,+436*Mà<��_³�? � _ á �[�XQ�â;-DhY7B(Ã3�?0-O(.7P368IMbV.(.1�*,-0FG(43@?��N3@(.A
*,+[V./ á ÀLú<¿���¯�°,±�°2�
���4*,+.7I+Y\k5�F@*,+.7B/>-O/�*>+436*x*,+.7I?O-0(.7P368�MbV.(.19*>-0FG(43@?�h63@(.-0/g+.7B/�FG(«&-0J�54?O-07B/T*,+436* � �ß(kwF,.(.� á �[�@ �cW�ã~�(�À!úU¿!��¯�°,±�°2�
�íQ� -O*,+Ã*,+.7�/g5�791B-Z>41i12+.FG-01B7G(n á :<7�EG79*=*,+436*a� á w W á �[�Ø �� á û9�H��:d+.-012+
-0Ja54?0-079/T*>+436*� � á v<wF, á � û �H�� � � á v<wx� û �[�[� � � á � û �[��,m� � á vUwbD á �[�

 l� T � � á � û �H�o, � á vUwbD á �[� X �ctD
')(t5�368>*,-O1BV.?�368P� á v�wä á Q|LU\�*,+.7�798,EGFkA.-O1B-O*l\ 3@/>/>V.J�5.*>-0FG( *,+.-O/K-0Ja54?0-079/p*,+436*á -0/�1BFG(./g*23@(Y*PQlNkF`-OM;_ Àå$ � *,+.7B( ��_��[�+ æcW�U:�+.-O12+ -O(t*,VW8,(º-0Ja54?0-079/p*,+436*
��_ á �[�F çc�3@(.AÃ/>Fr_ -0/I-O(c*,+.7K�Y798,(.7B?ZFGMT*>+.7KMbV.(.19*,-OFG(43@?¹�N-¹Q 7@Q�*,+.7#MbV.(.1�*,-0FG(43@?
h63@(.-0/>+.7B/dFG(G$ � Q �
�`7r1P3@(Á3@/>/>V.J�7r:d-O*,+.FGVW*�?0FG/>/�FGMIEG7B(.79823@?O-O*l\º*,+436*q_¼Àç$ � ��F@*,+.798g:�-O/>7r:<78,7954?03@1B7;_�C[\i_E,L��_��[�
��Q8©�F@8<3@(�368gC4-O*>82368g\ Ý a-cI:<7n1P3@(�V./>7n/>VWC4?O7BJKJ#3 ý cWQÙ�kQÙ�

*,Fa1í+.FHFG/>7q(iÀ�ú<¿!��¯�°,±d°2�
�Z:�-D*,+ � Q _j, �h(HwF,.(4� Q �[�gf Ý Qè ©�8,FGJ *,+.7�A.7�>4(.-O*,-OFG(./p:U7i/g7B7i*>+436*=MbF@8K368>C4-D*>82368>\À`*açc!:<7�+43PhY7*«?¬���_³�[é« Òê ��_e,º�h(Hw-,n(4�g�4ë�« Òê �ß(kw-,n(.�d3@(.Ai*,+.798,79MbF@8,7
����«?¬9�¹_³�>� S � H « Òê ��_j, �h(HwF,.(.�>� J ��� H « Òê �h(HwF,.(4� J D � ý ctD§�Y�ÞnF�:<79hY798P�

� ý �i/>-O(.1B7?~�¾qÀ�¯
Q ýþ ��� �ÿ

½ �
�
�h(HwF,.(.�B��w ½ ¾³� Q  ý

þ®Q (³��w � ¾��I,.(
�ç¾³� Q¯S � QYQ ( QZQ ¿þ



g�¾1·�I�
��	À¿:9b�4ÁN�85IÂÃÂf�
��	:5X��	^;ÅÄYÂt5S��	��4365I789��n;;	��8<ÇÆ��^	:<2È ���ì
:<7;/>7B7e*,+436*b« Òê �>�ß(kwF,m(4�>�V �í�3@(.A�/>FK� H « Òê �g�h(kwÌ,.(4�>��J
 �cWQ���G��C[\i/>VWC4?07BJ�J#3 ý cWQ§�kQ ý :<7"+43PhY7�*,+436*

� H « Òê ��_e,º�h(Hw-,n(.�>�KJ S � Q _j, �h(kwÌ,.(4� Q �H�`�î¦ï S ï Ý` D
Nk-0(.197 Ý a-cd:T3@/S368>C4-D*>82368>\�:<7ZA.7BA.V.1B7<M�8,FGJ 5�368>*T���G�³*,+436*S� H « Òê ��_j, �h(kwÌ,.(4�>� J ðc#3@(.AL/>F#CH\Ô� ý cWQ§�Y�d3@(.Aq5�368>*a� ý �T*,+436*��a�{«?¬í��_³�>�� ðcW�)~^`�aucWQnR²+.-O/�/>VtsK1B79/
*,Fp5.8,F|hY7�*,+.7;8,7B/>V.?D*PQ �
RT+.7 MbFG?0?0F�:d-0(.E�1BF@8,FG?O?�368>\�/>+.F|:d/�*,+436*n*,+.7�L<-O8>�k+.F��ÃRT+.7BF@8,7BJ�EG-DhY7B/�3#jkV43@(Y*,-D�

*236*,-DhY7nhY798,/>-OFG(!FGM�*,+.7�ñSFG-0(.1P368�ò7;8,791BVW8>8,7B(.197I*,+.7BF@8,7BJ�Qó É�Ê�É�³�³GÖ^Ê¯ô�ÌGÎ³ÏÛ��Ï�Ì.Ï�Ý�Þ�ß ��¯�°�$#°2�
�dà Þná²â�ã,ä à á à9åçæèå ß¹é�ê â4á[ë2Þ2ìNá6î�ï=áuêíêíðHñ#Þdß�ò.á6ß
ß�ò.Þ=ß�ã,á6î.êçøPä6ãíñ�á6ß å äuî wµ´k¯¸¶ ¯ â�ã,Þíê�Þ�ãíõ@Þ�ê � á6î�ï�Þ�ã�üHäPï å ë ö�öi÷ ò.Þ�â�ã2ä,â�äuã�ß å ä6îÃä)ø
ß å ñKÞTê�â�Þ9î4ß à é á æ ñKä|êíßNá æbæ â�ä å î4ß�ê å î�á;ê�ð à ê�Þ�ß $ÍÀ!± å êoü å õ@Þ�î à é å ß
ñKÞ,áuê�ðHã2Þ �N�{$a� ì
å¹ö Þ ö

?O-0J��¢E ¿ ý
þ �T368,A�s2c SFõ�S þö, ýG÷ w ½ ¾�ÀG$Kz
 Â�N�v$p�

øPäuã á æ ñKä|ê�ßTá æbæ â�ä å î4ß�ê ¾!À!¯tö� Ê�É�É���Ï RT+.-0/dMbFG?0?OF|:d/�M�8,FGJ 365.54?O\k-0(.Ep*,+.7I798,EGFHA.-01�*,+.7BF@8,79J *,Fp*,+.7"-O(.A.-01P36*,F@8
MbV.(.19*,-OFG(!FG(�*,+.7;/>79*ùø Q �
úªû Ö^Ë
ü�³YÈLÐ�³GÖ³Ú��rÉ��KÚ�É�Ò���È4Ê�×XÈ4Ò^Ú�ÈKÉ�Ò�Ög��È4Û�É��[ýGÈ�Ê�ÉrË�È4Ö4��Õ
Ê³È�Ü�Ï �TFG(k�

/>-OA.798x*,+.7eJ#365!w ´[»'î¦þ ¶ »'î¦þóA.7�>4(.7BA�C[\�wI��¾³�V +�u¾���JKFkA ý �T3@(.A!*,+.7IV./>V43@?Þ�3G368g��]�79C�7B/>EGV.7pJK7P3@/>VW8>7a�XQE�TFG(./g-0A.798"3@([\q19FG([*,-O(HV.FGV./eMbV.(.19*,-OFG(c_�´.»'î¦þ ¶ »
/>V.12+!*,+436*x_S�vcY�
£ Á��_��[�XQ'�T?O7P368,?O\Y�

ý
þ
��� �ÿ
½ �³�

_S��w ½ cY�V Á_S�{cY�
/>-O(.1B7�w ½ c= �cW�HMbF@8<3@?O? õ A-cWQ6L<VW*U/>-O(.1B7n_S�{cY�?£ Á�a_��H��:<7�/g7B7�*,+436*Z36*o*>+.7d5�FG-O([*cp*>+.7"/>7BjHV.7B(.1B7eA.Fk7B/ î³äuß 1BFG(YhY798,EG7"*>Fp*,+.7e-0(Y*,7BE@823@?�Q
ÿ È4Ë�Ö^Ê:�ZÏ â;-DhY7B(`3��4F�:����"´³¯ ¶ ¯ 3@(.A`3@(`798>EGFkA.-01aJK7P3@/>VW8>7K��*,+.7�8,7K-0/

3f1BF@8g8,7B/g5�FG(.A.-0(.E`hY798,/>-OFG(�FGMx*,+.7!798>EGFkA.-01�*,+.7BF@8,7BJ�Q|©�F@8�_ À ú � ��¯�°,±d°2�
� *,+.7
3PhY79823@EG7B/ �� � �� _S������¾³���
	�¶ �a_S��¾³���H�N��¾���3@/�� ¶ ��� MbF@8�3@?OJKFG/g*�3@?O?�5�FG-O([*,/
¾qÀ!¯ÃQ



��� ��21N	��43658789��Ã�
��	:5X�^	�;=<
�H�^����������� ¬�G¨4®|¬ç£�¤I� £]��®| �¡!¡k©|ª�£
«�¬��®| �¡k£�©u¡k§#�

')(�*,+.-O/�/>7B1�*,-0FG(�:U7"/>+43@?O?�1BFG(./g-0A.798�/>FGJK7"FGM�*,+.7eC�7P3@VW*,-0MbV.?�365.54?0-O1P36*,-OFG(./�FGM�*,+.7L<-O8>�k+.F��q798,EGFHA.-01e*>+.7BF@8,7BJ!Q
������� ¬�G¨.®|¬�£�¤ � ��¥!£�©u§c¨ � ¤
¦X§���¡k©���� � ]^79* á A �!C�7�3!5�FG/>-D*,-OhY7K-O([*>7BEG798PQ©�F@8x3@(Y\*cqf�¾Gf ý :<7"1P3@(�70ºW5�3@(.A

¾� �� �á ��� ûá û �����á � �ØDÇDÇD
:d+.798,7 � � ° � û ° ��� °ÇDÇDÇD.À`s2cW° ý °ÇDÇDÇD�° á , ý zYQe�¹R²+.-O/�70ºk5�3@(./>-0FG(�JK3�\i(.F@*�C�7IV.(.-0jHV.7@Qè�� +.7B( á  ý c=*,+.-0/d-0/T*,+.7;V./>V43@?�A.791B-0J#3@?³7�ºW5�3@(./>-OFG(³Q�`7T/,3P\I*,+436*S¾#-O/N(.F@8,J#3@?H*>F�C�3@/g7 á -0M�MbF@8�7P3@12+ � Àfs2cW° ý °ÇDÇDÇD�° á , ý z²*>+436*S*,798,JFk191BVW8,/<-0(#*,+.7n7�ºW5�3@(./>-OFG(iMbF@8<¾�:�-D*,+#A.7B(./>-D*l\ �y �W-�Q�7@QS?O-0J ��¢E ¿ �� �T368,A�s ý SFõ�Sþ ´ � ½  � z? ·�y QRT+.7c*>823@(./>MbF@8,JK36*,-0FG(Âw ´�	�cW° ý �c¶ 	 cW° ý �iA.70>4(.7BA C[\Âw²¾} á ¾¼��JKFkA ý �
5.8,7B/g798>hY7B/r]�79C�7B/>EGV.7tJ�7P3@/>VW8,7��Í3@(.A -0/r��� 798>EGFkA.-016Q _qF@8,79F|hY798B�=:U7�/>797Ô*,+436*
wd½ � � �ç¾³�UÀ H��! y ° �!  �y JI3@(.A!/>FpCH\�RT+.7BF@8,7BJ ý cWQÙ� :<7e+43PhY7e*>+.7"MbFG?0?OF|:d-0(.E.Q� Ê�É�ü4É���Ù�Û³ÙbÉ�Ò ÌGÎ³Ï#"³Ï%$�ä6ã�á æ ñKä|êíßeá æbæ�c\f ¾-f ý ì ¾Âå êpî�äuã�ñ�á æ ß)äqá@î4é à áuêPÞá A|��ö
������� ¬�G¨.®|¬�£�¤ � �'&²¬�©��9®�«X¬�ª�¬b®2��£)� � £)( ¡k©��i£)� � � � �TFG(./>-OA.798;*,+.7=/>7BjkV.79(.1B7�k°Pï.°��W° ý �W°��¯�k°���ï.° ý ���k°ÇD D�D.°��6½a3@(.Ap1BFG(./>-OA.798�*,+.7d/g7BjkV.7B(.197�FGM�>.8,/g*oA.-0EG-O*>/V�k°Pï.°��W° ý °�W°��W° ý °ÇDÇDÇD�°+* ½ Àrs2cW° ý °ÇDÇDÇD�°-,kzYQ� Ê�É�ü4É���Ù�Û³ÙbÉ�ÒÍÌGÎ³Ï/.
Ï ÷ ò.Þ�øíã2Þ+09ð�Þ�î�ë�écä�øKß�ò.Þ�ä�ëíë�ðHã�ã,Þ�î³ë2Þ�ä�øKß�ò.Þ�êíé6ñ à ä æ á å ê

ü å õGÞ�î à é ?OFGE � � H ý � �y J@ì å¹ö Þ ö�?O-0J ��¢E ¿ �� �T368,A�s ý S õ S þÃ´1* ½  á zu 
?0FGE � � H ý � �y Jkö©�F@8�70º.3@J�54?076�4*>+.7IM�8,7BjHV.7B(.19\!FGMX*>+.7"Fk191BVW8>8,7B(.197 FGM�*,+.7I/g\kJ C�FG?��a-0/dEG-OhY7B(�CH\
?0FGE � � H ý � �2 J@QR�F�5.8,F�hY7�ñ�8,F@5�FG/>-D*,-0FG( ý cWQ ï.�
1BFG(./g-0A.798e*,+.7aA.-O/g*>8,-DC4VW*,-0FG(rFGMo*,+.7�>.8,/g*eA.-0EG-D*,/;FGM
s�� ½ zYQ�RT+.7M>.8,/g*�A.-0EG-D*nFGM'� ½ 7BjkV43@?O/ á - � á W ý c43 S � ½ f&� á � ý � W ý c43IMbF@8;/>FGJK7*MA|cWQd�65ZjHV.-Oh63@?07B(Y*,?O\Y� õ W ?OFGE � � � Àp	 ?OFGE � � � á � ý ��°,?0FGE � � á �;��JKFHA ý �>�íQL<VW*=/>-0(.197�7À ?0FGE � � �!-0/=-O8>8,36*,-0FG(43@?�*,+.7�J#365Ãwd¾F �¾*�87f-0/=798>EGFkA.-01K:d-O*>+
8,7B/�5�7B19*T*,F=]^79C�79/>EGV.7eJ�7P3@/>VW8,7@QV©48,FGJ *,+.7�798,EGFHA.-01x*,+.79F@8,7BJ -O*T-O/<7P3@/g\K*>FpA.79A.V.1B7
*,+436*^*,+.7Z5.8,F@5�F@8>*,-OFG("FGMk*,+.7oF@8>C4-O*�w�½tc�/g5�79([*S-O(e*,+.7Z-0(Y*,798>h63@?]	 ?0FGE � � � á � ý ��°,?OFGE � � á �-0/²7BjHV43@?
*>F�-O*>/d?O7B(.E@*,+ Q ?OFGE � � � á � ý �I,c?0FGE � � á Q  Â?0FGE � � � ý � �y �íQ
������� ¬�G¨.®|¬�£�¤ � �,�I£�¤�®|¬�¤^¦�¡W«�� ©|¨�@®|¬�£�¤I��� � RT+.7p1BFG([*>-0([V.7BAfM�823@1�*,-0FG(L*>823@(./��

MbF@8,J#36*>-0FG(�w ´��vcW° ý ��¶ �{cW° ý ��A.7�>4(.7BAfC[\qwd¾À �9 ,;: �9�< 5.8,7B/>7�8>hY7B/e*>+.7ÀÜ á6ðHê2êñKÞ,á6êíðHã2Þ
�N�v$p�6 ý

?0FGE'� � = �G¾
ý �Ô¾

:d+.798,7E$&À!± -0/²-0(�*,+.7�L<F@8,7B?
/>-OEGJ#3u�l3@?OEG79C.823WQ



��¾1 É �����?>�9����4��9 5�@8<e5IÂr�
��	`	��4365I789��Ã�
��	�5X��	^;E< ��BA
')(�5�368>*,-019V.?�368P��MbF@8;3@(Y\\$�Àc±��³-OMVzg�v$p�dA.7B(.F@*>7B/�-O*,/nJK7B3@/>VW8,7I:d-O*,+!8,79/g5�7B1�*e*,F

*,+.7�Þ�3G368g� ]^79C�79/>EGV.7"JK7B3@/>VW8,7�*,+.7B(
ý�N?OFGE'� zg�v$p� S �N�{$a� S ý

?0FGE'� zg�v$p�
��/>-O(.1B7º�û S ��  9 S ý �íQ@�<FG(./>-0A.7�8 *,+.7q��JK7B3@/>VW8236C4?07P��5�368>*,-D*,-0FG(fFGM;�vcW° ý ��C[\f*,+.7-0(Y*,798gh@3@?O/nFGMX*,+.7 MbF@8,JÅ� y ´§ � �y  � ° �y ��MbF@8 á A ý Qª©�F@8�3@(Y\ õ A ý :<7 1B3@(�A.7�>4(.73E>4(.798T5�368>*,-D*,-0FG(#-O([*,F=A.-O/DC�FG-0(Y*T-0(Y*,798>h63@?0/UC[\e� y-EGF w � � � yBHIF DÇDÇD F w � ½t� y  �H:�+.798>7á � ° á � °ÇDÇDÇD�° á ½ A ý Q�`7�:T3@(Y*�*,Fp/>+.F�: *>+436*x�L-0/�7�8,EGFkA.-O1@Q ¨ /²-0/²7P3@/>-O?O\�/>797B(³�

��-�� Q wKJ¹��¾�� Q a ý 3@(.A Q ��w û �'J �ç¾³� Q AFï.�4MbF@8�3@([\�¾qÀÃ�{cW° ý �����-0-���*,+.7�8,7�70º.-O/g*,/MLöa-c=/>V.12+�*,+436*T/>VW5 9ON PQNSR {
TVU µ WYXZX Ó 9 Ô µµ W X Ó P Ô W X Ó R Ô µ S L��ã~^c�ft¾Gf ý Q
RT+.7nJ#3654/Zwd½  � ´�� y-E[F w � � � yBHYF DÇDÇD F w � ½t� y  ¶ 	 cW° ý ��+43�hY7n-O([hY7�8,/>7B/<:d+.-012+

:<7eA.7B(.F@*,7eC[\�\ y]E_^`^`^ y  ´)	 cW° ý ��¶ � y]E1F w � � � yBH�F DÇDÇD F w � ½Ã� y  3@(.A�:<7e/>7B7;*,+436*
Q \ Jy-EB^`^a^ y  ��¾��\ Jy-EB^`^`^ y  

�6bW� Q¯S ½c
� �³�

T ý � Lïed Ó ½ � � � � Ôgf û'h Q w ½ ¾e,cw ½ b Q X Sji ° ~�¾�°+b#ÀÃ�vcW° ý �0D
©S- ºf3*LTF@8>7B?D��JK7P3@/>VW8236C4?O7a/g79*E« À ±ó*,+.7B(rCH\L*,+.7�12+43@(.EG7aFGMZh@368>-�36C4?079/"MbF@8,J=V.?�3
:<7eEG79*d*>+.7eMbFG?O?0F�:�-O(.Ea*l:<F�-O(.7BjkV43@?O-O*,-O7B/B´
�¹3Y��')M�z>�{« F � y-EkF w � � � yBH�FmlnF w � ½ � y  ��a|cW°9*>+.7B(=z H « F � y]E1F w � � � ykH�F DÇDÇD F w � ½ � y  Jù zW�6\ y]E_^`^`^ y  ��w ½ «p�>� �

W  Ð Q \ Jy-E_^`^`^ y  ��¾³� Q �G¾GAFz4�çw ½ «p� H -0(.M 9 { d � N � h Q \ Jy-EB^`^a^ y  ��¾�� Q J d��C��*z H � y]E1F w � � � ykH�F DÇDÇD F w � ½Ã� y  J S />VW5 9 { d � N � h H \ Jy]Ek^a^`^ y  ��¾�� J D©48,FGJ *,+.7eA.70>4(.-O*,-OFG(./d:<7e+43�hY7
��1��*zg��wd½�«p�¼A�?0FGE¼� W �N�çw�½t«p�6 ?OFGE��@�N��w � ½Hw�½t«p�¼A�?OFGE¼�@�N�{«p�'A �û z>�{«p��D

')(�5�368>*,-O1BV.?�368B�W:<7"/>797e*,+436*

zg�{« F � y-EIF w � � � ykH�F DÇDÇD F w � ½ � y  �¼A ý�oL zg�{«p� W zg�{� y-E?F w � � � ykH�F DÇDÇD F w � ½ � y  �0D
RT+HV./K:<7�/g7B7!*,+436*KMbF@8o« À ± MbF@8�:�+.-O1í+�w � � «  B« 3@(.Aº3@(Y\F`!aäcf:<7

1P3@(Ô12+.FkFG/>7 õ ?�368,EG7�3@(.A�3L19F|hY798pMbF@8 *,+.7�1BFGJa54?07BJK79([*��i	�cW° ý �:,F«p�[éçë � � � CH\-0(Y*,798gh@3@?O/[� � FGM�*,+.7�MbF@8,J � y]EpF w � � � yBHqF DÇDÇD F w � ½Ã� y  />V.12+t*,+436* � �
zg�{� � � S



���r ��21N	��43658789��Ã�
��	:5X�^	�;=<zg�i	 cW° ý ��,À«p���.`¼ ý ,#z>� «p�:�.`BQURT+.7B(zg�{«p� W zg�i	 cW° ý ��,#«p�
S zg�{«p� Ö ÿ

�
z>�{� � ���.` ×

S �oL Ö ÿ
�
zg�{« F � � � × �Ì` l�oL Ö ÿ

�
zg�{« F � � ��� Ö ÿ

�
z>� � � F �i	�cW° ý �t,#«p�>��,#zg�i	�cW° ý ��,#«p��×�×��Ì` l�oL Ö ÿ

�
zg�{� � �I,#z>�i	�cW° ý �t,À«p��×|�Ì` S ���oL%� ý �K` DNk-0(.197�`�alc#-0/�368>C4-D*>82368>\Y��:<7 />7B7 *,+436*�79-O*,+.798?zg�{«p�� %c#F@8?zg�i	 cW° ý �t,n«p�� ðcL��F@8

7BjHV.-Oh63@?07B(Y*,?O\Y�4�N� «p�8 �c�F@8x�N�K	 cW° ý �t,�«p�V �cY�íQ©�F@8U3@?OJKFG/g*�3@?0?)c�f�¾Gf ý :<7²1P3@(KA.7�>4(.7x3"/>7BjHV.7B(.1B7s7 ½  87 ½ ��¾��UÀfs ý °��k°ÇDÇDÇD,z��MbF@8 õ ARcY��C[\ �� ut  f w ½ �ç¾³�Ef �t  
Qj�`7K1P3@(r*,+.7B(c:²8,-O*,7p¾Ô-0(`-O*>/ ë2äuî�ß å î�ð4Þ,ï

øíã,á[ë�ß å äuîfÞwv�â�á6î.ê å ä6î 3@/
¾* ý

7 � � �t H  Hx ê ~eyayzy D�<FG(./>-0A.798 *>+.7iMbV.(.1�*,-0FG( _ ´T�vcW° ý �e¶ » A.7�>4(.7BAÔCH\Ô_S�ç¾³�E �?0FGE õ :d+.7B(.79hY7�8��  ½ ft¾Gf �½ QZmnC4/>7�8>hY7e*,+436*� _S�ç¾³�g�[�N��¾��8 ¿ÿ
½ � �

?OFGE õ ý
?0FGE'� � H HH ~  

ý
ý ��¾ �Y¾ ¿ÿ

½ � �
?0FGE õ?0FGE'� ?OFGE T � õ � ý �>ûõ � õ �F�G� X f����ØDLU\#*,+.7EL<-D8>�W+.F���*,+.79F@8,7BJ¼:<7"+43PhY7eMbF@8x3@?0JKFG/�*²3@?0?³5�FG-O([*,/T¾�*,+436*

ý
þ
��� �ÿ
½ �³�

?0FGE���7 ½ �C ý
þ
��� �ÿ
½ �³�

_S�çw ½ ¾��N¶ � _S��¾��g�[�
3@/²þ ¶ ��� QoRX36�W-O(.Ea70ºk5�FG(.7B(Y*,-03@?0/�FGM^C�F@*,+�/>-0A.79/xEG-OhY7B/T*,+436*

?0-OJ��¢E ¿ ��7 � 7 û DÇDÇD{7 � � H|  ¿c
½ � � T � õ � ý �>ûõ � õ �F�G� X~}Z���  }Z��� ê

MbF@8�3@?0JKFG/g*d3@?O?�5�FG-0(Y*,/²¾�Q



��¾1 É �����?>�9����4��9 5�@8<e5IÂr�
��	`	��4365I789��Ã�
��	�5X��	^;E< �� /
������� ¬�G¨.®|¬�£�¤��ð����¬ �o¡k£�§c£�© �  X¬ �P§#��(� X¬�u  � ©u¡��B¡k©|¢�¡Ãª�¡k£
«�¡��P¬�¯��� � ]�79*½ � 3@(.A ½ û C�7e*l:<Fq>4(.-O*,7�hYFG?0V.J�7;/gJKFkF@*,+���-O7BJ#3@(.(.-03@(�/>VW8,Mç3@197B/�:d+.FG/>7e19VW8>h@3u�*,VW8,79/�368,7 (.7BEY36*,-DhY7i�¹3@(.AqV.(.-0MbF@8,JK?D\�C�FGV.(.A.7BAr3�:T3P\�M�8,FGJöOB798,F[��Qn]^79*e_c´ ½ � ¶½ û C�7e3 i û A.- ��7BFGJKF@8g54+.-0/>J!Q
Æ"Ç
È4É�Ê³È4ËÍÌGÎ³Ï���Ï � ønß�ò.Þ å ñKá�ü[ÞIä)øeÞ,á[ëíòaü[Þ2ä�ï[Þíê å ë å î ½ � å ê�áIü[ÞíäPï[Þíê å ë å î ½ û ìß�ò.Þ�îLß�ò.Þ ï åS� Þ2äuñ#äuã�â�ò å êíñ _tå ê á6î å ê�äuñKÞ�ß¹ãíé ¡ ð�âcß)ä�áaò.ä6ñKäuß�ò.Þ�ß å ëeã,Þ�êPë,á æèå îWü ¥Gö
�`7#A.7B(.F@*>7iC[\�� �� ´m� ½ � ¶ � ½ � 3@(.A�� û� ´m� ½ û ¶ � ½ û *,+.7i3@/>/>FH1B-�36*,79AEG7BFHA.7B/>-01��4F|:d/nFG(!*,+.7IV.(.-D*x*23@(.EG7B(Y*nC4V.(.A.?07B/�� ½ � 3@(.A�� ½ û FGMX*,+.7"*l:<F#JK3@(.-D�MbFG?0A./9QZRT+.7eA.- ��7BFGJ�F@8>54+.-0/>J�_�´ ½ � ¶ ½ û 70ºk*,7B(.A./T*,F�3=J#365��µ´�� ½ � ¶ � ½ ûA.7�>4(.7BA!C[\��#�6� 9 �V �m� ¶ Ó/� � Ôµ§µ �m� ¶ Ó/� � Ô µ§µ QRT+.7;5.8,FHFGMX-0/TC�3@/>7BA�FG(�*,+.7;MbFG?0?0F�:d-0(.E�/gVWC4?07BJKJK3@/B´± Õ�²�È4ËxË�Ö ÌGÎ³Ï���Ï�Ì.Ï���î�ï[Þ9ã ß�ò.Þ�á à äuõ@ÞIò[é,â�äuß�ò4ÞíêPÞíê   Þ òWá6õ@Þ=ß�ò.Þ<øPä æbæ ä  �å îküiã,Þ��

êíð æ ß�ê ö
��-���� ë,á6ãíã å Þíênä6ã à9å ß�ênä)ø � � ßlä=ä6ã à9å ß�ênä)ø ��û�¡�à ðkß  �å ß�ò4äuðHßXî�Þíë2Þíê2êBá@ã åçæ é<â�ã,Þíê�Þ�ãíõ��
å îküKß�ò.ÞTâ4á6ã>á@ñKÞ�ß)Þ�ã å�� á6ß å äuî ¥Gö

��-0-���� á[ëíò���ä  �� �� � �  ý °��G� â�ã,Þ�êPÞ�ãíõGÞíê�ß�ò4ÞeêíñKä|äuß�ò�Ý å ä6ðHõ å�æbæ ÞIñKÞ2áuêíðkã,Þp� � äuîß�ò.Þ;ê�â�ò4Þ�ã,Þ à ðHî�ï æ Þ � ½ � ö��-0-0-�� ÷ ò.ÞpñKá2â � å êIî³äuî.ê å îWü6ð æ á@ã ¡ å¹ö Þ ö ë,á6ã�ã å ÞíêIêPÞ9ß�ê�ä)ø � Þ9ã,ä�ñKÞ,áuê�ðHã2Þaßlä�ê�Þ�ß�ê
ä)ø � Þ�ã,äañ#Þ,áuêíðkã,Þ ¥Yö

± Õ�²^³YÈ4ËxË�ÖÁÌGÎ³Ï���ÏÛ��Ï
��-��\� ø ½ � å êiáLê�ðHã�øBá[ë2Þ�ß�ò.Þ�î�øPäuã�á ¡ üHÞ2äPï[Þíê å ë ¥ á@ã,ë i � à Þ�ß   Þ2Þ�îtß   äKâ�ä å î4ß�ê¾�°+b�À ½ � ìTß�ò4ÞIê�Þ�ß �u� H ½ �  åë 9 { � H � 9 ½ � ò.áuê"ã2Þ æ á6ß å õ@Þ"Ý å äuðHõ åçæbæ Þ=ñKÞ,áo�êíðkã,Þ � � ���u� H ½ � �V l�o�^� » H �ç¾�°+bW��ö��-0-��\� ø ½ � å ê�ä�ønï å ñ#Þ�î.ê å ä6î õ A|� ß�ò.Þ�î�ø�äuã;á6î � õ , ý � �gï å ñ#Þ�î.ê å ä6î�á æ ü[ÞíäPï[Þíê å ëêíð à ñ�á6î å øPä æ ï i � ß�ò.ÞaêPÞ9ß �u� H ½ �  ë 9 { � H � 9 ½ � ò.áuêaã2Þ æ á6ß å õ@Þ Ý å äuðkõ åçæbæ ÞñKÞ,á6êíðHã2Þ � � ���u� H ½ � �6 ��oFG?����N½ � � � �oFG? Ó ½ � � Ô � i � ��ö¡ ê å ñ åçæ á6ãdë2äuî³ë æ ð[ê å äuî=ò4ä æ ïuêdäuîaã2Þ â æ á[ë å îkü ½ � à é ½ û á6î�ï i � é ½ � à éeádü[ÞíäPï[Þíê å ëá6ã2ë=äuãeêíð à ñ�á6î å ø�ä æ ï i û é ½ û öLU\ 3@/>/gV.J�5.*,-0FG(³�u*,+.7<-0J#3@EG7 i û ´Ù Á_S� i � ��-0/N3xEG7BFHA.7B/>-01²368,1<M�8>FGJ _S��¾��^*,F;_S�6bW��QLU\�365.54?O\k-0(.Ep/>VWC4?079JKJ#3 ý cWQ£¢kQ§�"FG( ½ û :U7;/g7B7;*>+436*�� û ���I� ê ½ û �6 l�o�^� » ê �ç¾�°+bW��Q
mxC4/>798>hY7I*,+436*d*,+.7I/>VWC4/g79*,/��u� H ½ � 3@(.A��u� ê ½ û FGMX*,+.7IV.(.-D*x*23@(.EG7B(Y*�C4V.(.A.?O7B/� ½ � 3@(.A�� ½ û �H8,79/g5�7B1�*,-OhY7B?D\Y�W368,7d*>823@(./ghY798>/>7�3@?0JKFG/�*Z79hY7�8>\k:d+.798,7�*>FI*,+.7�8,7B/�5�7B1��*,-DhY7¤�4F�:d/¥� � 3@(.A���û6Q=R�F#5.8,F|hY7aRT+.7BF@8,7BJ ý cWQ£¢K:<7=:T3@(Y*;*>F�/>+.F�:µ*,+.7p/>?0-OEG+[*>?O\

JKF@8,7<EG79(.79823@?W8,7B/gV.?O*N*,+436*N*,+.798,7T70ºW-0/g*>/o3n1BFG(./�*23@([* i a-c�:d-O*>+=*>+.7T5.8>F@5�798>*l\ *,+436*
-0M)$ � -O/N3x198,FG/>/���/>7B19*>-0FG(pMbF@8S*,+.7¦�4F�:j� � �¹3@(.AI*,+[V./V$ û  ��K�v$ � ��-0/X3�1�8,FG/>/���/>7B19*,-OFG(MbF@8n*,+.7¥�4F�:§��ûP�²*>+.7B(f� � �{$ � �� i W � û �v$ û ��Q�')(�5�368>*,-O1BV.?�368B��:<7 :T3@(Y*n*,F�365.54?O\*,+.-O/²:d-O*,+�$ �  ¨�u� H ½ � Q



íg� ��21N	��43658789��Ã�
��	:5X�^	�;=<�`7e/>+43@?0?^V./>7"*l:<FK/g-0J�54?O7e1BFG(./g7BjkV.7B(.197B/�FGM�*,+.7":<79?0?D�¹�W(.F�:�(@LT-D8>�W+.F��L798>EGFkA.-01
*,+.7BF@8>7BJ¸�ç5.8,7B/>7B(Y*,7BAq3@/²/>VWC4?O7BJKJ#3 ý cWQ£¢kQ �a3@(.A!/gVWC4?07BJKJK3 ý cWQ`¢kQ ï=C�7B?OF|:x��Q
© È4ËxËdÖÁÌGÎ³Ï���Ïª" Ð���Ù ýGÈfÖ^Ò
Ø�Ê³È4Û�Õ^Ê³ÒÔÛ³ÙbËxÈ��6Ü�Ï Ü²å õ@Þ�îfá;â�ä å î4ß ¾qÀ�� ½ � æ Þ�ß�o��¾�°{	g�8 �oá6ã,ï s2c S¬«GS 	 ÷ � �� ��¾��UÀG$ � z¯dß�ò.Þ�î"øPäuãeá æ ñ#ä|êíßUá æbæ[¾�À�� ½ � ¡ß Nå ß�ò#ã,Þ�ê�â�Þ2ë�ßSß)ä"Ý å ä6ðHõ å�æbæ Þ;ñKÞ,áuêíðkã,Þ ¥M  Þxò.á6õ@Þ�ß�ò.á6ß?0-OJ� ¢E ¿ ý 	 �o��¾�°{	>�8 Â� � �v$ � �øPäuã å®�¯ ì�° ö
RT+.-0/²/g*236*,7BJ�7B([*�3@(.A�-D*,/T5.8,FkFGMX79/>/>7B(Y*,-�3@?O?O\�365.5�7B368�FG(�5
Q'�4,
¢pFGM�	·ï���Q
mxC4/>798>hY7�*>+436*K/>-O(.1B7�*,+.7�J#365¬� 5.8,7B/>798ghY7B/�*,+.7!F@8gC4-O*,/aFGM�*,+.7�*l:<F±�4F�:d/B�<-O*

-0/I3�1BFG(QC�V.EY3@19\fVW5Ô*>F�3�12+43@(.EG7#FGMU5�36823@JK79*>798,-YOB36*,-0FG(³�^-¹Q 7@Q#*,+.798,7K7�º.-0/�*,/ 3�J#365à ´[� ½ ��² » ¶ » />V.12+`*,+436*³�K��� �� �ç¾³�>�� ´��ûµ Ó 9ON � Ô �6�;¾³�íQ�_qF@8,79F|hY798B�SM�8,FGJ *,+.7
A.7�>4(.-D*,-0FG(!FGM[�µ:<7"1P3@(�:d8,-D*,7�à<��¾�°{	>�8 Á� �� QYQ Li_S��� �¶ ¾³� QZQ � « QRT+.7�MbFG?0?OF|:d-0(.Ei-0/"3�A.-D8,7B19*I365.54?0-01B36*,-0FG(rFGMo*,+.7[LT-D8>�W+.F��Ô798>EGFkA.-01=*,+.7BF@8>7BJ MbF@8�4F�:�/BQ
© È4ËxËdÖ�ÌGÎ³Ï���Ï/.ÃÐ Ö���È4Ê�Ö³×XÈ�Ê³È�ü6Ö^Ê�Ö�Ë�È4Û�È�Ê³Ù ý@ÖkÛ³ÙbÉ�Ò�Ü�Ï·$�äuã;á æ ñKä|êíßoá æbæ â�ä å î4ß�ê

¾qÀ ½ �   ÞeòWá6õ@Þeß�òWá6ß
?0-OJ� ¢E ¿ à<�ç¾�°{	g�	  � QZQ Li_S��¾�� QYQ � � � ��¾��0D� Ê�É�É��ºÉ�� ÆeÇ^È4É�Ê³È�Ë ÌGÎ³Ï���Ï ©�F@8a3L*l\k54-O1P3@?U5�FG-O([*p¾ À ½ � ��:<7�1B3@(�:²8,-O*,7A.F�:�(Ô*,+.7r��-0(.198>7P3@/>-0(.E[�I/>79jkV.7B(.1B7iFGMT*,-0JK79/¥	 ½ />V.12+ *>+436*¸� ��  

¾ÁÀ�$ � Q!©�F@8=*,+.71BF@8>8>7B/g5�FG(.A.-O(.E�5�FG-0(Y*L_S��¾��ÔÀ ½ û ��:U7`1P3@(Â:d8>-O*,7cA.F�:d(Â*,+.7º��-O(.198,7P3@/>-O(.E[��/>7��jkV.79(.1B7�FGMx*,-0J�7B/¸	 J½ />V.12+�*,+436*�� û� X 
_S��¾���Àð$ û Q�ÊnF@*>-01B7i*,+436*�C[\t1BFG(./�*>8,V.19*,-OFG(:<7c+43PhY7c*,+436*¹�o��¾�°{	 ½ �� �o��_S��¾���°{	 J½ �íQöLU\ />VWC4?07BJ�J#3 ý cWQ£¢kQ ï :<7c+43PhY7f*,+436*	 J½·º 	 ½ H � QZQ Li_S��¾�� QYQ � � � ��¾�� J 3@/ õ ¶ ��� ��MbF@8�3@?0JKFG/�*�3@?O?�5�FG-O([*,/T¾qÀ ½ � ��Q©�F@8�3@?OJKFG/g*d3@?0?�¾qÀ ½ � :<7;*>+.798,7BMbF@8,7"+43�hY7�*,+436*

� � �v$ � �6 ?O-0J½ ¢E ¿ ý
	 ½ �Z�ç¾�°{	 ½ � ?O-0J½ ¢E ¿ ý
	 ½ �Z�D�e¾�°{	 J½ � T � QYQ Li_S�ç¾³� QZQ � � � �ç¾³� X ?0-0J½ ¢E ¿ ý

	 J½ �Z�D�e¾�°{	
J½ � T � QYQ Li_S�ç¾³� QZQ � � � �ç¾³� X � û �v$ û �0D�`7 (.7B79ALFG(.?D\!12+.FkFG/g7 FG(.7I5�FG-0(Y*x¾r-0(�*,+.-O/x/>79*�FGMSMbV.?O?XJK7P3@/>VW8>7"*,F#/>7B7I*>+436*x*,+.-0/

-0A.79([*,-D*l\eEG-DhY7B/^V./�*,+.7oA.7B/>-O8>7BA -0A.7B(Y*,-D*)\�:d-O*,+;*,+.7Z12+.FG-O1B7 i  H � QZQ Li_S��¾�� QYQ � � � ��¾�� J Q�



��21 Ú=�^��	À¿:9b�4Á��I5IÂÃÂf�
��	�5S�^	�;ÅÄZÂÃ5X�.9!@¼».���49b�G@��|;e	��I<¾Æ���	�<�È í�
�H�^� �Ô�  �¡G�p¬�©2�
 �£��ó®| �¡k£�©u¡k§ ��� £�©�¬�¤³¢W¨4©u¬�¨�¤�®a§c¡k¨)�P¦�©|¡t����`7�C�7BEG-O(�:d-O*,+�3�A.7�>4(.-D*,-0FG(³Q

½ È��HÙbÒ^Ù�Û�ÙbÉ�ÒNÏ �c7L?O79*¤¾r s¾ø À&± ´Nw � � ø  øIzLA.7B(.F@*,7q*,+.7�å î�õ6á6ã å á6î4ß
ê å ü@ñ�áo�gá æ üHÞ à ã>á �.-�Q�7@QS*,+.7e/>-0EGJK3u�l3@?0EG7�C.823p19FG(./>-0/g*>-0(.E�FGM�w²��-0(Yh@368,-03@([*d/>79*>/BQ
ÊnF@*,-O1B7p*>+436*E«i��_Kv�w Q ¾Z�? "«i��_ Q ¾Z�nMbF@8=_�À ú � ��¯�°,±�°2�
�=�²/g-0(.1B7�w � � ¾+ ¿¾

3@(.A!/>FK�nÀ�«i��_ vUw Q ¾Z�g�H�� Á�nÀa_=v<w��[�@ Á� W Õ H Àp_pv<w��[�� Á��À�_��[�
��Q')(�*,+.7e1P3@/>7;*,+436*Tw -O/d7�8,EGFkA.-O1;*,+.-O/d/g-0EGJ#3p3@?0EG79C.8,3a-0/T*>8,-DhW-03@?³-¹Q�76QI¾n s�¯�°�íkzYQ
Æ"Ç
È4É�Ê³È4Ë ÌGÎ³ÏªÁ�Ð��;ÙbÊ:��Ç
É��ã�^� ��È4Ê�×�É�Ø^ÙbÚfÛ³Ç
È4É�Ê³È4Ë;Ü�Ïg�Zäuî4ê å ï[Þ�ã _qÀ!ú � ��¯�°$#°2�
��öG� ø�ß�ò.Þ#ñKÞ,áuêíðkã,Þ � å ê w � å î4õ6á@ã å á6î�ß�ß�ò.Þ�î�øPäuã�á æ ñKäuêíß"á æbæ^¾ Àº¯   Þ#òWá6õ@Þ

ß�òWá6ßUß�ò4Þ á6õ@Þ�ã,á�ü[Þíê
ý
þ
��� �ÿ
½ �³�

_S�çw ½ ¾��N¶ «i��_ Q ¾Z�
áuê þ ¶ ��� ì�øPä6ã á æ ñ#ä|êíß²á æbæW¾qÀ!¯tö� Ê�É�É���Ï �c7 1P3@(f3@/g/>V.JK7IMbF@8;1BFG(YhY7B(.-079(.1B7 *,+436*?«i��_ Q ¾Z�¼ ðcWQp�ç'�MS*,+.-O/x-0/n(.F@**,+.7e1P3@/>7�:<7"1P3@(�8,7954?�3@197 _!CH\!_j,#«i��_ Q ¾Z�UFG(�C�F@*,+�/>-OA.7B/�FGM�*,+.7"-OA.7B([*>-O*l\YQè��`7;(.7B7BA!*,Fa/>+.F�: *>+436*�-OMI«i��_ Q ¾Z�8 lcp*>+.7B(�:<7e1P3@(!12+.FkFG/>7�(iÀ�ú ¿ ��¯�°,±�°2�
�:d-O*,+L� Q _�, �h(Hw-,-(.� Q �H�#f Ý ��-¹Q 7@Q��Y798�� «i��D Q ¾Z�>�� 1B? �v$p��Q
Nk-0(.1B7 :<7=368>7 3@?0/>Fi36*?0-DC�798g*)\�*,F�V./>7=/>VWC4?079JKJ#3@/ ý cWQ`¢kQ ý 3@(.A ý cWQ£¢kQ§�K3@/xC�7BMbF@8,7���/g-0(.1B7 *,+.7B-D8n5.8,FkFGMb/�A.-OA
(.F@*²8,7BjkV.-D8,7"7�8,EGFkA.-O1B-O*l\4�Z*,+.7�5.8,FHFGM�:�-O?0?�C�7e1BFGJa54?079*,76Q
]^79*�$ð s�(HwÀ,\(r´�(iÀ!úU¿!��¯�°,±d°2�
�íz=��A.79(.F@*,7BA#CH\[« -0(K*>+.7x5.8,79hW-OFGV./Z5.8,FHFGM

FGM�L<-D8>�W+.F��qÂ�/X*>+.7BF@8,7BJ��íQ8©S-O8,/g*�(.F@*,-O1B7T*,+436*C$°é��Y798��{«i��D Q ¾Z�>��/>-O(.1B7�-OM�_* +(kw�,�(:d-O*,+\(iÀ!ú<¿!��¯�°,±�°2�
�Z*,+.7B(«i�h(HwF,.( Q ¾Z�V Ø«i�h(kw Q ¾Z�I,À«i�h( Q ¾Z� Ø«i�h( Q ¾Z�)wF,À«i�h( Q ¾Z� �ctD
R�Fx/g+.F|:Ô*,+436*X�Y798�� «i� Q ¾Z�>�6 1B?��v$p�
-D*S/>VtsK197B/X*,Fx/>+.F�:Ô*,+436*N3@(Y\"?O-0(.7P368SMbV.(.1�*,-0FG(43@?:d+.-012+Ih@3@(.-O/>+.7B/XFG(E$ÂJpV./�*S3@?0/gF�h@3@(.-O/>+IFG(I�Y798�� «i� Q ¾Z�kQ��`7��W(.F�:Ã*,+436*S3@(Y\"?O-0(.7P368MbV.(.19*,-OFG(43@?X1P3@(�C�7I:²8,-D*>*,7B(q-0(�*,+.7 MbF@8>J _q¶ � _ á �H�X��:�+.798>7 á Àfú ¿ ��¯�°,±d°2�
��Q
')Mn:<7q368,7q3@/>/>V.J�7!*,+436*K*,+.-O/#MbV.(.19*,-0FG(43@?dh@3@(.-O/>+.7B/�FG(|$ *>+.7B(º-O*#-O/#7BjkV.-Dh@3@?O7B([*
*,F � ù á �H�R c�MbF@8�3@?0?�ùl (Hwå, (µÀ"$#��-�Q�7@Qµ�e(Hw á �[�® �e( á �H�X��~�( À
ú ¿ ��¯�°,±�°2�
��Q�� -D*,+�*,+.7x/�5�7B1B- >41x12+.FG-01B7�([ á :<7xEG79*o*,+436*U� á w W á �[�* Á� ákû �[�
:d+.-012+�-0J�54?O-07B/²*,+436*��²� á w-, á �>ûB�[�\ ucq�¹3@/�-O(!*,+.7"5.8,FHFGMXFGMNR²+.79F@8,7BJ ý cWQ§�G��QU')(
5�368>*,-O1BV.?�368B� á w- á Q
')MX:<7=3@/>/>V.J�7"*,+436*;_cÀq�Y798��{«i��D Q ¾Z�>�T*,+.79(q*>+.7I-0J#3@EG7eV.(.A.798�*,+.7I?O-0(.7P368nMbV.(.1í�*,-OFG(43@?³-0/ � _ á �H�* � «i��_ á Q ¾Z�g�[�� � á «i�¹_ Q ¾Z�g�[�* �c



íi� ��21N	��43658789��Ã�
��	:5X�^	�;=<
��C[\#5.8,F@5�7�8>*l\r��-0-O-b�>���H-¹Q 7@QS*,+.7�MbV.(.19*,-0FG(43@?³h63@(.-0/>+.79/dFG(��Y798P«i��D Q ¾Z��QNRT+.-0/T1BFGJ�54?O79*,7B/*,+.7;5.8,FkFGM Q �

�k�
�!Ã �I£�§`§c¡k¤�®2�a¨�¤X«�©u¡ã� ¡k©|¡W¤XG¡��_L3@([\I/>-0J�54?O7Z70º.3@J�54?07ZFGM�365.54?O-01P36*>-0FG(./SFGMW*,+.7<798>EGFkA.-01U*>+.7BF@8,7BJK/S1B3@(=C�7<MbFGV.(.A
-0(Ô*,+.7�365.5�7B(.A.-O1B7B/�FGM*	 ý ��Q ¨ (.-01B7i*>8,7P36*>JK7B(Y*=FGM�1BFG(Y*,-0([V.7BA�M�823@1�*,-0FG(./a3@(.A�*,+.7L<-O8>�k+.F��L798,EGFkA.-O1"*,+.7BF@8>7BJ -O/�1BFG(Y*23@-O(.7BA�-0(m	 ����Q<RT+.798,7I7�º.-0/�*�h6368,-0FGV./�3@?O*,798>(436*,-OhY7
5.8,FHFGMb/UFGM�*,+.7dhYFG(eÊn79V.J#3@(.(K798,EGFHA.-01²*,+.7BF@8,7BJô��1BM Qª	 �¦�¹� 	Ä,¦�ç�N3@(.AoLT-D8>�W+.F��i798>EGFkA.-01
*,+.7BF@8>7BJ¸��1BM Q
	z¢��ç��Q
mx*,+.798;-0(Y*,798,79/g*,-0(.E�798>EGFkA.-01 *,+.79F@8,7BJK/x:<7=+43PhY7 (.F@*;1BFG(./>-0A.7�8,7BAc368>7 A.-0/>1BV./g/>7BA

-0(À	 �¦�¹�4	 ����3@(.A#	��W�45.5 ý c ý � ý c��¦��Q
�#¡�� ¡H©u¡k¤XG¡t�

01¼»'1.�¼Å�Æ�Ç_ÈªÉSÊ%Ë]ÆnÊ��C1W�[Ì_Í'Î_Ï�ÐuÑ�ÒBÓ+Ô]Õ�Öq×uÑ�ÓBØ Ù`Ú'Û®ÜpÓ�Ý�Þ�Ùaß]Ü�ÜVÕ#Ö�ß�Ù?à¥Ú�Ö�áoß]âoÕ#Ö ÜVÏ�¿YÍ{Æ+ã6Ë_äæåzÆçÏ�@[Í'èé Ç�Å�ê4ÏH / ]r¾1�¾1��Ã1�¿uåzÈaÈzåaÆ�ë_ì6ÈzÍwíOÏ
ÐIÑ�ÒBÓ+Ô�Õ#ÖsîçáoÚ�Ó�ÑVïðß�âOÔMñ�â{Ý Ó�ÑVÛqß�ò�Õ#Ó�âQÏQó�åaÈÄÍwíOÏQ@[Í'è é Ç�Å�ê4ÏH / 0ìÇ1É21[ô�1K¿YÇ_õ�Å�ë�Ë�åzÆçÏ_öGâðß'÷B÷4Ñ�Ó+ßBÖ�ámò!Óu÷nÓ�Õ/âoò�ø�Õ£Ü'ÚIÚ'Ñ�Ò_Ó+Ô�Õ#Öuò£áoÚ�Ó�Ñ�Ú'Û®ÜVÏ03X��Â��¼ù�ì6Í{äMåzÆQË-ÅwÏ� / r_ABÏ�>çÍ{ú û�õ�Å�Í@[Ç]û�Íwì[åzÆ?;�Ë-û�ü�Í+äæË]û�åaú'ì'Ï�<kýnÅ�åzÆnë]ÍwÅ'Ï¦¿YÍ'Å�ÈaåzÆçÏH / r_AÇ1Ú�1�9�1G�?Ç]Å�Æ�þ/Í{ÈaÊ
Ï�<�1�ÂQÇ_äæåaÆ�Ë�ÆnÊ é 1�<�åzÆQË]å#ÏOÐIÑ�ÒBÓ+Ô�Õ#ÖpîçáoÚ�Ó�ÑVï]Ï¦<kýnÅ�åzÆnë]ÍwÅ'Ï�¿YÍwÅ�ÈaåzÆçÏ[ / r0�¾1ì¾1 é 1�ÁÿË-û�ÎwÆnÍwÈaìDÇ_ÆðË�ÆnÊª¿I1_ó³Í{åaì6ì'ÏQö�ÜVÕ/Û�÷4ÙaÚu÷oÑ�Ó+Ó�ÝGÓ�Ý¼Ü'Ó]ÛqÚ1Ú'Ñ�ÒBÓ+Ô�Õ#Ö�ò/áQÚ�Ó�Ñ�Ú Û®ÜVÏÇ9!ì6Å�Ë]ÍwÈOô�1¾;�Ë]û�ü�1
��� Ä� / r0�0ÈVÏ�� /  ù � / 2121�ÆC1�Á�Å�Í{Æ�ë]Í{È#ÏoÐuÑ�ÒBÓ+Ô]Õ�ÖsîçáoÚ�Ó]Ñ�Ú'Û®ÜVÏnÊ�Í'3�Å�õníkû6ÍwÅ'Ï¦¿YÍ'Å�ÈaåzÆçÏ[ / r0ì¾1AÇ1¼ó!1|� Ë-Å�Å�íOÏ�î4Ó ÷4Õ#Ö Ü¦Õ/â�ÐuÑ�Ò_Ó+Ô�Õ#ÖpîçáoÚ�Ó�ÑVï�Ï6��1 ÆV1 �Ã1`Ïu�YË_ä��nÅ�åzÊnë]Í_Ï[ / r]21r21�Á�1u�eÍ'û�ÍwÅ�ì6ÍwÆçÏQÐuÑ�ÒBÓ+Ô]Õ�ÖsîçáoÚ�Ó]Ñ ï]Ï6��1 ÆC1 �Ã1`Ïu�YË�ä��nÅ�åaÊ�ë]Í_Ï[ / r0É¾1/ 1��V1��
åaäqä®Í'ÅwÏ�ÐuÜ�Ü'Ú âoò�Õ#ß�Ù��[ÚVÜ
	nÙÄò#ÜIÓ�Ý��	�âOÖ'ò#Õ#Ó�âOß�ÙBöGâOß�ÙÄï-ÜVÕ/ÜVÏ9�YünåaúwË-ë]Ç8ÆGÆnåzÌ�ÍwÅ�ì6åzûgí���Å6Í{ì�ì Ï9�uünåaú'Ë-ùë�ÇnÏ[ /�/ �¾1



���������
	����
����������� ������������ !�"�$#

%'&)(+*-,�,/.0(21314*�5�*6(+798;:+&=<31>,/*�791?<?*6(+@6&=<3A+<4*0A�&"<?148;&=7B14CD.0(E&=<4@6*F:+8G5�8G1>HJILKMC+&�79&.N<4&3,/&O.NPRQR8TSU8;(+@V.0(+:W791?<4*6(+@XQR8TSU8;(+@!,YC+8;5ZC[.N<4&�8;Q�A�*0<?1Z.0(J1/\]<4*6Q^14C+&�791Z.N1?8;79148G5O.0_A�*68G(21Y*6\�`F8;&=,�aD.07M,b&$7?CD.0_G_c79&�&$8G([14C+&�(+&"SU1Y5ZCD.NA+14&=<OI
ded�fgdihkjmlenpo'qsrcqgt�uv�wDxmy{zcy]|�y{}�z�~V�c&=1!���c� � � ��&�.�Q�&O.07?�U<4&RA+<4&=7?&=<?`F8;(+@EQ�.NA'*6(�.�A+<4*0�U�.N�D8;_G8G1>H�79Ae.05�&E�g�i�4�L�Z�
�"��1?C+&�(�,/&R5O.0_G_����b�4�����>�V�T�6�g�F V8G\/\{*0<V.0(JH¢¡)�Z£¥¤¦��,/&CD.O`J&�14CD.N1 §¨ ©Lª�«¬J®°¯�± ���g� ª  ¡p²W£³�µ´'���g¡¶�9���·£X� ± � ¸

.07M¨¥� ¹¶º»I
%'&¶CD.-`J&¶14C+&¶\{*6_;_;*-,Y8;(+@�&=¼F�+8G`N.0_;&=(21Y5ZCD.N<Z.05=14&=<?8;½O.N148G*6(°I
¾¿wDÀBÀYÁÃÂ+Â+~ÄÂ+~�ÅcÆ+�ÈÇOÉ�Ê{Ê;É����g�F W�NËZ�V�4Ì=ÍF�sÎN�0Ê;�"�DÏ>Ð�Ä8]�W�Ñ�{Ò¶�b�4�N�Ó�>�V�T�J�s�F ÓÔ�Ä8;8]�³ÇOÉ�ËLÕ��9ÖR¤�×/Ø6�g�i�4�L�Z�
���b�¶ÆU�NÎ6��ÏgÆ+�NÏ

§¨ ©Lª�«¬J®°¯ ±
Ù Õ��  Ö+Ú2��´ Ù Õ�Ú2� Ù Ö+Ú2� ± � ¸

��ÒÛ¨¥� ¹¶ºÜÐ
ÝBÞ�}�}�x�~Vße*0<�àO�Ä8;8]�¿8;Q�AD_G8;&�7¶�g8{�âá),/&¶(+&�&�:�*6(+_TH�Q�.NPJ&314C+&�5ZC+*68;5�&=73ÕWã»ä�åæ.0(+:Ö�ãÜä�çLIYße*0<�àO�g8{�M8GQ�AD_;8G&�7)�g8;8{�èá�,/&!5O.0(E�+7?&V.0(E.N<?@6�+QR&�(J1B*6\�.NA+A+<4*OS+8;QR.N148;*6(W�mH7914&"Ai\{�+(+5=148G*6(+7)�géD(+8T14&$_G8;(+&O.N<Y5�*6Q)�D8;(D.N148G*6(+7Û*6\µ5ZCD.N<Z.05=14&=<?8;79148G5$\{�+(+5=1?8;*6(+7Z�"I ê
KÛC+&¶\{*6_G_;*-,L8G(+@)_;&�Q�Q�.!7?C+*-,L7/14CD.N1/,/&�.NPm�ëQ�8TS+8G(+@)8;7Û.)791?<?*6(+@6&=<ÛA+<4*0A�&=<91èH�1?CD.0(&=<4@6*m:+8;5�8T1>HJI

�9ì
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ð{	°ö
¾¿wDÀBÀYÁ÷Â+Â+~]ø�~�ù{Ç��æÏ·Ë?�0�+ÒsÇOÉ�Ë"���NÏ·�úÉ��æ� �3� � � É��Ü�iû�ËZÉ6üZ�Jü=�gÊý�sÏÄþ�ÒúûD�2ÿZ��Ä�i�4�Y�Z�
���{Ò¶�/�4���Ó�>�X�T�6�s�F RÏgÆ+�=�E�sÏ¿�{Ò¶���Zÿ���ÒZÒ��NË"�sÊýþW�"Ëú 2É��N�úÿOÐÝBÞ�}�}�x�~��è\2�'8;7
,/&O.NP2�ëQR8 S+8;(+@/14C+&=(��2H�:+&=éD(+8G148G*6(�,/&�CD.O`J&�14CD.N1c\{*0<�.0(2H�¡)�Z£ ¤� §¨ ©Lª�«¬J®°¯ ± ���g� ª  ¡p²W£³�µ´'���g¡¶�9���·£X� ± � ¸

.07M¨¥� ¹¶º»I��/H�14C+&�1?<48;.0(+@6_;&¶8;(+&�¼m�D.0_;8T1èH�,b&$CD.O`J&¶14CD.N1
±
§¨ ©Lª�«¬J®°¯ ���g� ª  ¡ ²[£X�µ´'���Ä¡¶�â���·£X� ±� §¨ ©Lª�«¬6®
¯ ± ���g� ª  ¡æ²�£X��´����Ä¡¶�9���·£X� ±� ¸��

� §6§ � § �
�è\c,b&$.07?79�+QR&³�Ä\{*0<Y.X5�*6(J1?<Z.0:+8G5=148G*6(e�È14CD.N1Û� ,/&=<4&¶(+*01Û&=<4@6*m:+8;5314C+&�(W14C+&=<4&�,/*6�+_G:&"SU8;791V.��Û�ë8G(2`N.N<48;.0(21V7?&"1�	 ¤ � ,Y8G14C�� ª�« 	÷ã
	 ,Y8G14C�¸�� ���	X��� § I��â\/,/&1Z.NPJ&�¡ ã�	 .0(+: £ ã � ´�	¥8;(»� §6§ I § ��14C+&�( 7?8;(+5�&[���g� ª �	k²¦�Ä� ´�	X�?�)ã���	 ² �g� ´�	X�9�"a�\{*0<¶.0_;_����Ü¸Ua�,/&):+&�:+�+5=&³14CD.N1¶���	X�������Ä� ´�	X�Mãk¸�@68T`U8;(+@14C+&¶<4&�¼F�+8T<4&�:[5�*6(219<Z.0:+8;5=1?8;*6(°IÈKMC2�+7L� 8;7M&=<4@6*m:+8;50I ê
KÛC+&³5�*6(J`J&=<479&R8;7¶(+*01�19<4�+&0��1?C+&=<4&�&�S+8;7â1$&"S+.0Q�AD_;&=7¶*6\È1?<Z.0(+7?\{*0<4QR.N148;*6(+73,YC+8;5ZC.N<4&¶&=<4@6*m:+8;5��D�U1Y(+*01M,/&O.NPm�úQR8TSU8;(+@+a+.07M14C+&¶\{*6_;_;*-,Y8;(+@�798;Q�AD_G&¶&�SD.0Q�AD_G&�7?C+*-,Y7�I���cÁcÀ����Jw! èwDÞ#"�}�$cy&%('Yz
}c|*)�w+Á,+.-4ÀBy/��y{z."10-~V��&=1$� ã325476Ba�_;&"1!� ��&�14C+&�/*0<4&�_�7?8G@6Q�.��>.0_G@6&=�+<Z.Ua�.0(+:�_;&=1$�æ��&³14C+&98�.6.N<9�ë�c&=��&=7?@6�+&RQR&O.079�U<4&0IRße*0<!.0(JH�8G<9�<Z.N148G*6(D.0_È(2�+Q)��&=<�:�¤�2 14C+&³1?<Z.0(+7?\{*0<4QR.N148;*6(����
� � � :+&=éD(+&�:��2H¢�!�<;°�¶ã;�¹=:��ÄQR*F: § �È8G7¿PU(+*-,Y(R14*!��&B&"<4@6*F:+8G50Iô%'&B5O.0(�7?&=&B14CD.N1/8G1¿8;7b(+*01¿,/&O.NPm�úQR8TSU8;(+@�2H�5ZC+*F*67?8G(+@E¡Ñã £¥ã?> ¸U� «ØA@ aô.0(+:�14C+&�( ���Ä¡¶�9���Ä£³��ã «B IDCF8;(+5�&R14C+&�7?&�¼F�+&=(+5�&�.:M¹�6 8;7Û�+(+8G\{*0<4QR_GH�:+8;7919<48G�D�U14&=:[,/&3PU(+*-,»1?CD.N1/14C+&3A+<4*0A�*0<?1?8;*6(�*6\c1?C+&�1?&=<4QR7/8G(14C+&�7?�U�U�ë7?&=¼F�+&�(+5�&��FE�\{*0<L,YC+8;5ZCG�FEH:�¤I> ¸U� «« ¯4¯ @ �ÄQR*F: § �/8;7 «« ¯4¯ I¿ße*0<M14C+&�7?&$1?&=<4QR7,/&�CD.-`J&�14CD.N1L���g� AJ ¡ ²[£X�µ´'���Ä¡¶�9���Ä£³�5� BLK« ¯4¯ ´ «B ã Ø B« ¯4¯ ,LC+8G5ZC�QR&O.0(+7Û14CD.N1

_G8;Q 8;(+\©NMPO.Q §¨ ©Lª�«¬J®°¯ ± ���g� AJ ¡æ²�£X��´����Ä¡¶�9���Ä£³� ± � §§ ¸6¸ �,R7S§ ¸6¸UT ¸��
d�defWVUXZY�jFt([Oq&\^]�_�t�ja`A_�tFb�jdc�uejUt(`6je`gf�l�c�lh`i\-j�c�qWj2lk\ÓqW_�t�_ml�n)jmlDn o'q{rcqÄt�uo37?8G(+@¶14C+&MA+<4&=`F8;*6�+7�_;&�QRQR.�*6(³7?&�¼m�+&�(+5�&�7¿1?C+&=<4&M8;7È.0_;7?*$.�5ZCD.N<Z.05=14&"<48;½O.N1?8;*6(�\{*0<,/&O.NPVQ�8TS+8G(+@B,LC+8G5ZC�8;7�5�_G*67?&=<�14*�14CD.N1�*6\�7919<4*6(+@�Q�8TS+8G(+@+I�%'&M74.OH)14CD.N1�.�7?&�¼F�+&=(+5�&p �FErq�E<sit�*6\�(D.N14�U<Z.0_
(2�+QV��&=<47BCD.07M:+&�(+7?8T1>H�*6(+&�8;\

_G8;Q MPO.Q §�vu .N<4: p �FE�¤I> ¸U� § �w�w�w���x��´ § @ �zyÈ¤e{|q)ã § �
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ÝBÞ�}��D}��-y]|°y{}�zÜÂ+Â+~��°~�Å�Æ+�!Ï·Ë?�0�+ÒsÇOÉ�Ë"���NÏ·�úÉ��W���{Ò!�b�4���Ó�è�V�T�6�s�U �� Ç!ÏÄÆ+�"Ë4���9�6�sÒ�ÏgÒ��ÒO�4Ì=Íe�"��ÿ�� p �FE�q�E<sit ÉèÇ��2�"�+Ò"�sÏÄþiÉ����)Ò�Íeÿ�ÆEÏgÆ+�NÏ����g� ª AJ ¡ ²�£X�Û� ���Ä¡¶�9���·£X�X��Òy�� ¹¶ºÜÐKÛC+&¶A+<4*m*6\�<4&�¼m�+8G<4&=7Y*6(+_THW1?C+&$\{*6_;_G*Ó,Y8;(+@X7?8GQ�AD_;&¶_;&�Q�Q�.)*6(�7?&�¼m�+&�(+5�&�7=I¾¿wDÀBÀYÁ Â+Â+~��
~�Å�Æ+�ôÇOÉ�Ê{Ê;É����g�F ³�0Ë4�!�4Ì=ÍF�sÎN�NÊ;�=�DÏ+ÇOÉ�Ë¶�Rü�É�ÍF�#�2�L�)Ò-�4Ì=Íe�"��ÿZ�$ÉèÇBË4�4�NÊûeÉÓÒ"�sÏÄ�gÎ0�¶�DÍF��ü��"Ë�Ò p :  qUÐ� § � «��  ª�«� ®°¯ : � � ¸¢��ÒN��� ¹�º Ô/�N�#�� R �[_;8GQ ��MPO.Q : �� ã÷¸�ÇOÉ�Ë�ÒOÉ��R�WÒ"Í+ü=�>ÒO�4Ì=Íe�"��ÿZ� p � � q��
{ ÉèÇD�2�"�+Ò"�sÏÄþ�É����� �·ÐÄ�OÐ�_G8;Q  MPO.Q « u .N<?: p �FE�¤�> ¸U� § �w�w�w�e�x�W´ § @ ��y�¤G{|qVã §�� ÐÝBÞ�}�}�x�~[� R �kãF� � § �"�B�c&=1�� ��&³.�7?&�¼m�+&�(+5�&³*6\È:+&�(+798G1>HE*6(+&0I���8G`J&�(a� T ¸,/&�5O.0(�5ZC+*F*679&$¨ 7?�+5ZC�14CD.N1Y\{*0<��=�¦¨ ,/&�CD.-`J&¶14CD.N1� :��0Ú p �FEô¤I> ¸U� § �w�w�w�e�x��´ § @ q������ § ´��Z�.0(+:�\{*0<��FEz�¦¨ ,/&$CD.O`J&�: �J � ��Iz�è(�Ae.N<?148G5��+_].N<Oa

§�  ª�«¬� ®°¯ : � ã §� ���  ©¬� ®
¯ : � ¹ ¬� s�¡ �J¢©v£#�g¤  ª�« : � ¹ ¬��¥s�¡ �J¦¢©v£#�g¤  ª�« : �
§©¨¨ª

� §� ©¬� ®°¯ : � ¹«���9� § ´I�Z�c¹ 79�UA p :�E�q����%'&V5O.0(�5�C+*m*67?&��æ7?��¬�5�8;&=(214_THE_].N<4@6&)14CD.N1 «P� ©� ®
¯ : � ���I�CF8;(+5�&9� T ¸W5�.0(���&5ZC+*67?&�(E.N<?�D8T1?<Z.N<48G_GH�79Q�.0_;_�,/&�CD.-`J&�14CD.N1 «P�  ª�«� ®°¯ : � � ¸UI� § �pãF� � R ���1®3797?�+QR&�1?CD.N1 «��  ª�«� ®
¯ : � � ¸UI�ße*0<Y&�.05�CD¯?� § ,/&$:+&"éD(+&��° ã p ��¤D{ �5:  � §¯ q.0(+:�*0�D7?&"<?`J&�14CD.N1M14C+8G7YCD.07Y:+&�(+7?8G1>HW*6(+&0ae7?8;(+5=&§¯ ± §�  ª�«¬� ®°¯ ä,t ª,²´³ �¶µF�r· � §�  ª�«¬� ®°¯ : � � ¸
.07¸�i� ¹�º»IÈKMC2�+7B\{*0<Y&O.05ZCG¯¹� § ,/&¶5O.0(�5ZC+*m*67?&º�F°k79�+5�C[14CD.N1§� ±  ª�«¬� ®°¯ ä.t ª,²´³ �¶µF��· � §¯\{*0<��U���F°VI�%�&¶14C+&=(�:+&=éD(+&�Eã¼» Q� ® « � � ²a>½� � �w�w�w���x� �wOµ« @.0(+:�8T1Y8G7L&O.07âHW1?*³7?&=&$14CD.N1¾�'CD.07Y:+&�(+7?8G1>H[*6(+&$.0(+:�_;8;Q  MPQ9¿  s ² :  ã ¸UI ê
KÛC+&�\{*6_G_;*-,L8G(+@�5�*0<4*6_G_].N<?H�8G7Y¼m�+8G14&¶�+7?&�\{�+_ÄI
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~gÂ+~ «P�  ª�«� ®°¯ : � � ¸��NÒ.��� ¹¶º � Ç/�N�#�¶É��eÊýþL� Ç «��  ª�«� ®°¯ : Ø�� ¸���ÒN�i� ¹¶ºÜÐ
d�def/ÄIX uejUt�j�cÓlmÅgqWj2lk\ÓqW_�t�_mlv\Æf�jebm_�t � j�Çµo�letµt¦j�cÓum_.Y�q`�\Æf�j�_hc�jFo%'&�,Û.0(J1�14*'A+<4&�79&�(21�14C+&E\{*6_G_;*-,L8G(+@'8;(J14&=<4&�7â148;(+@�@6&�(+&=<4.0_;8;½�.N148;*6( *6\314C+&eÈ¿*6(É3&��+Q�.0(+(�&=<4@6*F:+8G5Y14C+&=*0<4&�Q �·KMC+&=*0<4&�Q § ¸UI § �ô\{*0<¿,/&O.NP2�ëQR8 S+8G(+@¶1?<4.0(+7?\{*0<4Q�.N148G*6(+7�I�>1³,Y8;_G_Û*6(+_GH���&[�+7?&�:¦8;( 5�CD.NA+1?&=< §�Ê .0(+: 8;7�(+*01³<4&�¼m�+8G<4&�: \{*0<�14C+&W<4&�791�*6\L14C+8;75ZCD.NA+14&=<OIËºÌ wD}�Þ°wDÀ Â+Â+~ÎÍ�~ÐÏ�ÒZÒ�ÍF�R��ÏÄÆU�NÏbÕ « �w�w�w����Õ � ¤ × Q �Ä�i�4�L�Z�
�OÐ�ù{Ç3�Ñ��� � ��{Ò¶�/�4���Ó�>�X�T�6�s�F RÏgÆ+�=�
§¨ ©¬J® « Õ « �g�  ;°�9Õ Ø �g� Ø  ;��F�w�w�9Õ � �s� �  ;°��� Ù Õ « Úm� Ù Õ Ø Ú2���w�w� Ù Õ � Úm�� �s��ÏgÆ+�Y× Ø ÏèÉ4ûeÉNÊ;É4 Nþ � ��ÒM¨÷� ¹�ºÜÐÝBÞ�}�}�x�~XKÛC+&BA+<4*m*6\°8;7¿�2H�8;(+:+�+5"148;*6(°Iô% C+&�(ÑµVã § am14C+8G7b8;7ÈA+<4&�5�8G7?&�_GH�14C+&�È¿*6(É3&��+Q�.0(+([&=<4@6*m:+8;5�14C+&�*0<4&�Q �·KÛC+&�*0<4&�Q § ¸UI § ��I®37?7?�+Q�&�1?CD.N1Y14C+&�<4&�79�+_G1YCD.07Y��&=&�(�&�7914.N�D_;8;79C+&�:�\{*0<Òµ$´ § \{�+(+5=148G*6(+7�IÈ%�&�Q�.OH.07?7?�+Q�&X,Y8G14C+*6�U1¶_G*67?7�*6\¿@6&�(+&=<4.0_;8G1>Hi14CD.N1PÓ�Õ � Ú2��ã ¸��Ä*014C+&=<?,Y8;79&X,/&X(+&�&�:¢*6(+_GH<4&=AD_;.05�&)Õ � �2H�Õ � ´�Ó�Õ � Ú2�
�"I�KÛCm�+7B8T1M7?��¬R5�&=7L14*�79C+*Ó, 14CD.N1
Ù
±
§¨ ©¬6® « Õ « �s�  ;��?Õ Ø �g� Ø  ;°���w�w�9Õ � �g� �  ;�� ± Ø Úm���<;���� ¸³.07L¨ � ¹¶ºÔ�

ße*0<B.0(JH § � ¯ � ¨ ,/&�5O.0(�(+*-, ��*6�+(+:
Ù
±
§¨ ©¬J® « Õ « �g�  ;��?Õ Ø �g� Ø  ;����w�w�?Õ � �g� �  ;°� ± Ø Ú2���<;��� Ù ÕÕÕÕÕÕ §¨

©¬J® «
�  §¯ ° ª�«¬Ö ®°¯ Õ « �g�  O Ö ;��?Õ Ø �s� Ø©×  O ÖLØ ;����w�w�4Õ � �g� � ×  O Ö´Ø ;°� §ª ÕÕÕÕÕÕ

Ø Ú2���<;��
¹
Ù R ¯¨ ¹ ¯�Ø¨ ØkÚ ÙVQR.�S«�¤ E ¤#� ± ÕgE ± Q Ú Ø� §¨ ©¬J® «

�  Ù ±
§¯ ° ª�«¬Ö ®
¯ Õ « �g�  O Ö ;��?Õ Ø �s� Ø©×  O ÖLØ ;����w�w�?Õ � �g� � ×  O Ö´Ø ;�� ± Ø Ú2���<;�� §ª

¹ Ù R ¯¨ ¹ ¯ Ø¨ ØkÚ Ù QR.�S«�¤ E ¤#� ± ÕgE ± Q Ú Ø � � §6§ � R �



"�î ì)� óµ	�ò�	��c��ÛFð<�6�D�
ðgõôò»õ(ÜE�c��	'	��có�õ(}ôðg� �
��	�õµ��	�ï �xÝ
�·KÛC+&�é+<47â1L8G(+&�¼F�D.0_G8G1>H�5�*6QR&�7M\]<4*6Q 14C+&¶*0�D7?&=<?`N.N148;*6([14CD.N1
§¨ ©¬J® « :  � §¨ ©Lª × ° ª�« Ø¬6® «

�  §¯ ° ª�«¬Ö ®°¯ :  O Ö §ª ¹ ¯¨ Ù Q�.�S«�¤ E ¤ ° ± :�E ± ¹ Q�.�S©Lª ° ¤ E ¤�© ± :dE ± Ú\{*0<3.0(JHW<4&O.0_
(m�+Q)��&=<47¾: « �w�w�w���L: © I/KMC+&�7?&�5�*6(+:i8G(+&�¼F�D.0_G8G1>HW5�*6QR&�7Y\]<4*6Q 14C+&$*0�U�7?&=<9`0.N148G*6(�14CD.N1eÞ «© � ©J® «mß kà Ø � «© � ©J® « ± ß  ± Ø$\{*0<¶.0(JH�<?&O.0_�(2�+Q)��&=<47 ß « �w�w�w���ß © I � %�&�(+&"SF1L*0�D79&=<?`J&�1?CD.N1
Ù
±
° ª�«¬Ö ®°¯ Õ « �g�  O Ö ;°�?Õ Ø �g� Ø©×  O ÖLØ ;°���w�w�9Õ � �g� � ×  O Ö´Ø ;�� ± Ø Úm���<;��

ã ° ª�«¬ E ®
¯ ° ª�«¬Ö ®°¯ Ù ± �áâ ® « Õ â �g� â ×  O E Ø ;°��· ± �áâ ® « Õ â �g� â ×  O Ö´Ø ;°��·�Úm���<;��
ã ° ª�«¬ E ®
¯ ° ª�«¬Ö ®°¯ Ù ± �áâ ® « Þ-Õ â � Õ â�ã � â × Ö ª E Ø ���g� â ×  O E Ø ;�� à Ú2���<;°�´�

� §6§ �åäJ�
�bH�14C+&$8G(+:+�+5=148T`J&$CJHFA�*01?C+&�7?8;7M,/&�PU(+*-,Ã14CD.N1L\{*0<L&O.05ZCi¸ � y9�¶æ � ¯^´ § a

§¨ ©¬J® «
�áâ ® Ø ÞÓÕ â �ÓÕ â�ã � â × Ö ª E Ø à �g� â ×  O E Ø ;°��� �áâ ® Ø Ù Õ â �ÓÕ â�ã � â × Ö ª E Ø Ú2�

.07M¨¥� ¹¶º �Ä8G(W1?C+&$×/Ø314*0A�*6_G*6@0HD�b.0(+:�79*
§¨ ©¬J® «

Ù �áâ ® « Þ Õ â �ýÕ âdã � â × Ö ª E Ø à �g� â ×  O E Ø ;��9Ú2���<;��
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à ~ ¦ �NìNìNì���~� §�ù â ¨Éªon.´1| �m zSn � ¨�~ � �t½O�����d��u Âc}�
� à ~ ¦ �NìNìNì���~� §�ù â ¨����z~ ¦ ��|��z~ ¦ ��~ ù ��ìNìNì�|-�z~�� §Çû ��~� §�ù �nì��^'s Ò ��^3awl�^'jkpdv®Þ6p�_w°S�Ì¿6^+q�si¿6^3awjkr>h6e�^'q�s¸uWvcjÝsk¿6^��8s�ã�v(g�p�Þ6^+Þ<�Hk awjiç}v�oygi¿6p�uYsÝg�skpdb�b

awl6lSb�pd^+g`acq6Þ¶ã�^fgi^+^�si¿SawsÌx pdg`gÛsijkv>q6rwêöe$pæß6pdq6r=�Ae�vcjk^'v�o}^'j+·r���`íÖ½A���è_n�Ab�pdq6Þ6^'jkg<�ë·� ? í)½.gih6_t¿ sk¿Saws���¹ »�? acq6Þ acq��F_'�Abdp�q6Þ6^'j9� ã�^#¿Sa�o}^}� �\��� ¡ xf§ ¤ �ä��u
�\���(���\�z�ä�h�M���k�\���(���\�z�ä�n°����Fawl6l6jkv�ßAp�e-awsip�q6r.acq awji�Spæsijtawji�égi^'sy³þ´¾�«�U�Oa
_'�®b�p�q6Þ6^nj;�úã�^(gi^+^fsk¿Sawsmsk¿6^(giace�^fji^+gih6bds`¿6v>b�Þ6g`v>q�jk^nlSbYac_+pdq6r������1³-°� gigih6e$^�sk¿Saws<� ´ ¡\¢¤}¥Ç¦ x�§ ¤ �ðacq6Þ1ãÌjkpæsk^�� ¨{xf§ ¤ � ¤ °�å<vcj3acq}�¶_n�Ab�pdq6Þ6^'j��ã�^�gi^+^(uYjiv>eÔsi¿6^�aw��v�o}^fvc�Sgi^'jiowawskp�v>q6gÌsk¿Saws
�\���Ö¡7�y�²¨Á�\�z� ¡-x § ¤ � ¤ �m» �ÛÂ@u}�t���\�K� ¤ ���\���(�\¨µ� Â@u��t�Û�\�z�y���\���(�B�

gipdq6_+^���íÉ½äpdg(awj��Spdsijtawj��.ã�^ëg�^+^ysi¿Saws(�\�z�Á¡��y�f»É�\�z�y���\���(��uWvcj�acbdb²_'�Abdp�q6Þ6^'jkg�ë° ��� awl6l6jiv�ßAp�e-awskpdv>q©��� Þ6p�gK¡Ûv>pdq�säh6q6pdv>q6gäv>u&_'�®b�pdq6Þ6^'jkg�ã�^è_Nacq jk^'lSb�ac_+^.sk¿6p�g
��� �\�À³ ¡¢�y�ä»��\�z�y���\�À³y�n·M��³ ´ ��° Ú u�ã�^�stawç}^�³ ¨ |£ua� ã�^¶g�^+^�sk¿Saws
�\�z�y���\�8|¤u}�y�²¨{½A° �m¿6p�g�_'v>e$lSb�^'si^+gÌsi¿6^fl6jkvUv>u�sk¿SawsÌx p�gÌ^nßSac_nsN°
465�7�5 �Ç=�:6=�K8L'=�KM;>:�¥¸H�GID<H¸?UG�=�K�?ALºD�¦�H²K�?A;>?W§$KML+?¶?U9
HC:<@CBCK8@M¨}©É:<Ghª<D,« EF:SH²L
õ�v>q6gip�Þ6^'jÕa$lSp�^+_+^nã�pdgi^�^nßAl<acq6Þ6pdq6r¬� û gihAjK¡Û^+_'skpæo}^6k¼awj�ç}v�o�e-awl1xÉzW$~ �uWvcj

ã`¿6p�_t¿¶sk¿6^'ji^(^nßAp�g�skg¯®Oí{Â(ã`pdsi¿�pdq6uv° q�± � x<²ö�Kn��h�>»³®£°¸]F^(_Nacq�Þ6^�jSq6^�acq¶vcl�^'jtawskvcj´ z�� ù �z®�\~ � ù �z®�macgÌuWv>b�bdv�ã`g+°
P$QSRUTWV�TYX�TWZ�V\[0µ&pdo}^+q�� ´���ù��z®�(ã�^äÞ6^�jSq6^äsi¿6^�¶��'���k�w�Sô�·��t�w¸��n�<��Ñ��¶�k���n�i�w� �I�

��� ´ �²�¹nÇ�²¨ >ºhqw»M¼r½ ° �²�K¾6�� x ² �K¾6�h� ¿ ¨ À> 
 ¥ ù �²�KÁ�
zn��h� Á ²
 �Kn��h� Â »2±-Ã �Kn���Ä
�8ã`¿6^'jk^lÁ�
£Þ6^'q6vcsk^+g`si¿6^(p�q}o}^'jkg�^(v>u�x9� $
À�n°
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�ð���zÑ£���k�¬¸+Ï&��¨ÓÒ�ÔÒ ° �W��x(ô ���SÐw�w�n�À�w�S��Ù
Ã3Ä�Z�Z�R�[9�m¿6p�g�uWv>b�b�v�ã`g3uYjkv>eúsk¿6^(_�¿Sacq6r>^�v>u²owawjkpYaw�Sbd^+g3uWvcjkeºh6b�a$gip�q6_'^�ã�^�¿Sa�o}^
�\�8x §�ù Ò �\¨ / » ¼r½ m �²�¹nÇ�"1wnä¨Õ( À
 ¥ ù / »2±-Ã¹Ö m � Á ²
 �KnÇ�F�×�;�MÁ�
i�Kn��"1�n#¨ / m ´ �²�Kn��"1wnä¨�\� Ò �nì ï

]O^f¿Sa�o}^fsk¿6^fuWv>b�b�v�ã`p�q6rëji^+gih6bds+°
Ã3Ä�Z�ÅSZ�Æ�TYXÇTWZ�V È�Ê�[�ØÙ^�Æh[�Z�Z�X2g TWV2frZ�ÄÇTÚZ�VÇX�[3Q=Z�ÆFÛ�ÄÇQSÆ�R}Z�Ä ÅSTWQ]b�Q,Ü-TWÆ�Q1Q,Y4_
Å�Z�VJ`�TWVJÝÞcÙZ�Ä4e
Z2fa[;Z�ÅSÆ	iN[}ß��6�n�t�ë���}�W���M���w�F���SÐc�w���À�c�S�����k�w¸���¸'�¹à ���ÀÏ-���k�w��ÑU�t�3�
Ó ���ö�����W�m��¸n�N��à ÑU� �Bà Ï��t�w�S�M�8�SÑS�wÑ�� Ó ���M�(�t�����<���n��� �Õ�8�6��áö���w���$��à �Qâ��k�Dã@ä(���w��ô�å��o¸����kówÑS�
���k�w��ÑU�t�6æÐá��ÀÙ8�NÙ �M�6�n�k�����>�W�n�8�&�Ö´d��ù��z®�$��Ñ<���F�8�A�c���\�M³ë�f¨Ó/hç¬�²�¹nÇ�"1ræ��¹nÇ��ÍN�I�
�nÐc�'��Ï0èÕ�I�k��à��N�n�C³µ´1�Hã>Ù
Ã3Ä�Z�Z�R�[9���0��^'e�e-a$Â á °êéA·�skv�_'v>q6g�sijkh6_'s��1pds�gihAÜ$_+^+g�skv&jSq6Þ#gih6_t¿äa�uWh6q6_'skpdv>q� gkawsip�giuY�®p�q6r ´ � ¨Ó��°�]O^0j6jig�s�_t¿6v®v>gi^�a¶l�v>p�q}s�nÖ´�¼acq6ÞOuWvcj�acq��¼¹ð»)Â�ã�^

b�vUvcçäaws`si¿6^�u�ace�pdb�pd^+g�x�§ ¤ nèv>uCacbdb�¹�ê�pdsk^njtawsk^&l6jk^nêöpde-acr>^+gÌv>u�n�°
Ú�sÌp�g�^+acg��#skv$gi^'^(uYjkv>e)sk¿6^�_�¿Sacpdq¶jkh6bd^fsk¿Saws

´ ¤ Â��Kn��£¨ >ºhqw» ¼ë½ ° ´ ¤ §�ùNÂ��z¾A�� x ² �z¾6�h� ¨ >ºhqw» ¼ � ° Â� x ¤ ² �z¾6�h� ì
]O^èÞ6^+q6vcsk^èsk¿6^ p�q}o}^'jkgi^ v>u&x ¤ �}¡ ¤ §�ù� ¥Ç¦ x�§ � �
�ì t ½ ����Á�
 ½îíïíêí 
 � °ð��^'sòñ)��^ sk¿6^
l<awjiskpæskp�v>q.r>^'q6^'jtawsk^+Þ �U�éªNx��z�
��Õz`Â0�Õ~<�ð�S}°��m¿6^+q uWvcj�n��vnÅ²C´�ó�´}ñÁã�^y_+acq
_+v>e$l<awji^

� ´ ¤ Â��KnÇ�Mu ´ ¤ Â��Kn ² �h�I¨ô� >ºhqw» ¼ � ° Â� x ¤ ² �z¾A�h� u >ºoõöqw» ¼ � ° õ Â� x ¤ ² �K¾ ² �h� �
¨ >
 ½ + íïíêí + 
 �Í÷÷ � Á ²
 ½îíïíêí 
 � �KnÇ�F�ouÞ� Á ²
 ½�íïíïí 
 � �¹n ² �h� ÷÷ Â » � ±-Ã ½îøùøêø Ã � �KnÇ�

ã`¿6^'jk^��
 ½îíïíêí 
 � ¨{¡ ¤ §�ù� ¥Ç¦ x�§ � $
úì t ½ °üû3�Sgi^'jio}^(si¿Saws
b�v>r�� Á ²
 ½víïíïí 
 � �Kn ² �Á ²
 ½víïíïí 
 � �Kn�� �I¨ ¤>� ¥ ù b�v>r�� Á ²
�ì . Á�
úì t ½Díïíêí 
 � n ² 3Á ²
�ì . Á�
�ì t ½�íïíïí 
 � n 3 �

¨ ¤>� ¥ ù b�v>r�� x ² .Á�
úì íêíïí 
 � n ² 3x ² .�Á�
�ì íïíïí 
 � n�3 �� ¤>� ¥ ù b�v>rþýÇÂÝ×�� � nþu¢nÅ²��® ¤ § � ÿ
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ã`¿6^'jk^�����v>h6q6Þ6g�� » õ õ �� »4õ � v>q#<° �Ì¿6^'q¶ã�^(¿SaNo}^�ay_+v>q6g�stacq}s;�ýí Â�gih6_t¿¶sk¿Saws

gihAl ° qw»2±-Ã � � Á ²
 ½�íïíïí 
 � �¹nÇ�h�p�q6u�° qw»2±-Ã � � Á ²
 ½îíïíïí 
 � �Kn��h� �d��� �Å~ ù �NìNìNì���~ ¤ �k¹ íÖ½Aì�m¿6^fl6jkvcl�^'jis��¶acb�b�v�ã`gÌh6gÌskv0jSq6Þ1aë_+v>q6g�skacq�s����¾×�Ø gih6_t¿1sk¿Saws>
 ½ + íïíïí + 
 � � Á ²
 ½îíêíïí 
 � �Kn��h� Â »2±-Ã � �Kn�� ���¼� ��n�ì
]O^1_'v>q6_+b�h6Þ6^1sk¿Sawsësk¿6^'jk^.^�ß6p�gÛskg��þ²�íø½Fgih6_t¿ sk¿SawsÏ� ´ ¤ Â��¹nÇ�¯u ´ ¤ Â��¹n�²��h�¯��
	,� nþuÏ¾���� õùi§ ½���8ã`¿6^'jk^�q6v>q6^1v>u�sk¿6^ä��v>h6q6Þ6g�v>q©si¿6^�jkpdr>¿�s$¿Sacq6Þ gip�Þ6^¶Þ6^'l�^+q6Þ6g$v>q ¹��n°©]O^
_+v>q6_+bdh6Þ6^(sk¿Saws ��¹é»{Â
�ÛÂ��#sk¿6^fuWh6q6_'skpdv>q6g ´ ¤ Â(awjk^&��v>h6q6Þ6^+Þ.pdq�sk¿6^�gihAl6jk^+eºh6e�q6vcjke1·
� á �#sk¿6^fuWh6q6_'skpdv>q6g ´ ¤ Â(awjk^�acq1^��®h6pd_+v>q}skp�q�h6v>h6g�u�ace�pdbd�}°

]O^�_+v>q6g�sijkh6_nsÕaëq6^nã u�ace�p�bæ�#v>uCaNo}^'jtacr>^+g

� ¤ �KnÇ�\¨ Â¹ ¤ §�ù>À ¥
¦ ´ À Â��Kn��n� ¹¼»Ö½Aì

]O^(acr}acp�qägi^+^�si¿Saws
�ÛÂ��#sk¿6^fuWh6q6_'skpdv>q6g�� ¤ awjk^���v>h6q6Þ6^+Þ1pdq¶sk¿6^fgihAl6jk^+eºh6e�q6vcjke1·� á �#sk¿6^fuWh6q6_'skpdv>q6g�� ¤ awjk^�acq�^��®h6pd_+v>q}skp�q�h6v>h6g3u�ace�pdbd�}°���1sk¿6^ � gi_'v>b�p�sk¿6^'vcjk^+e1·�sk¿6^njk^ºeyh6gÛsÕ��^ya-b�p�e$pds�l�v>p�q}s�� ¤�� ~ � �Û» ½}��pdq sk¿6^

_+v>q}skp�q�h6v>h6g$uWh6q6_nskp�v>q6gëv>q©^Nac_t¿ _+v>eël�v>q6^+q}s$v>u à ½A�NÂ â u{ªon ¦ �NìNìNì��vn À .acq6Þ gip�q6_'^/ ´ ¤ ÂF1�n#¨«Â�ã�^�¿Sa�o}^ / �21ræ-¨ðb�p�e ¤}î ¢ / � ¤�� 1Wæ-¨«Â>ì]kèvcjk^+v�o}^'jN·Sã�^fgi^+^�si¿Saws´ � ¤�� �Kn��\¨ >º qw» ¼r½ ° � ¤�� �z¾6�� x ² �z¾6�h� ¨ >º qw» ¼r½ ° Â¹�� ¤�� §�ù>
À ¥Ç¦

´ À Â��z¾6�� x ² �K¾6�h�
¨ Â¹�� ¤�� §�ù>

À ¥
¦
>ºhqw» ¼ë½ ° ´ À Â��z¾6�� x ² �K¾6�h�

¨ Â¹�� ¤�� §�ù>
À ¥
¦ ´ À � ù Â��KnÇ�¨�� ¤�� �Kn��Uu Â¹�� �ÛÂ��Kn��Mu ´ ¤�� Â��¹nÇ�i�<ì��^'siskpdq6r��f~ ×�Ø ã�^�gi^'^�sk¿Saws´ �²�Kn��²¨ >º q	» ¼r½ ° �²�z¾A�� x ² �z¾A�h� ¨Õ�²�Kn��n�
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P$QSRUTWV�TYX�TWZ�V\[�]F^Õgka��$sk¿Saws�xÁpdgmawl�^'jip�v®Þ6pd_Õp�uÇsk¿6^'ji^f^�ß6p�gÛskg�a�l�v>gipæskpdo}^�qUh6e���^nj� gih6_t¿¶sk¿SawsÍæ��8xf§ ���
<¡7 � ��íÖ½A·W�Å~i�-�ëíÖ½A°! g
QSZ�ÄÇQ][ È�Ê�[#"�[Ïß��6����¸'�N� à Ñ®���Bà Ï��t�I�S�À���SÑ<�IÑU���8�SÐw�w�n�À�w�S�����k�w��ÑU�t�\� ���O¶��t�k�<�Iô
�����À���I�%$'&®Ù)(.�W�º���U���n��� ÍmxÁzë�~ é�����t�<�n�n���N�w�ö�NÙ
Ã3Ä�Z�Z�R�[9���+*¸jivcl�v>gipæskp�v>qÉÂ á °�Âépæs¶g�hAÜ�_+^+g1siv©gi¿6v�ã si¿Saws¶uWvcj1acq�� gi^'s Ò ´

��ã`pdsi¿ �\� Ò � í ½ acq6Þ{uWvcj.ã`¿6p�_t¿{x ¤ Ò ´��úuWvcjèacb�bf¹ » ½©ã�^F¿SaNo}^ésk¿Saws
b�pde ¤>î&� ¢ �\�8x ¤ Ò �\¨ Â>°µfpæo}^+q&~ ¨ÿ�z~ ù �NìNìNì���~ ¤ �
ã�^£ã`jipdsk^H$
 ¨{¡²¤� ¥ ù x § � � ù $
úì¸p�uApdq�sü.�¡C¤� ¥ ù x § � � ù $
�ì$3��¨¬A° � gÌxÁp�g�lSp�^+_'^'ã�pdgi^fp�q}o}^'jiskpæ�Sb�^&v>q¶^Nac_t¿¶awskv>e�$
Û·Aã�^fç®q6v�ãðsk¿Sawsmx ¤ � ±-Ã p�gÌa9�ëù�êÞ6p ��^+v>e�vcjilS¿6pdgie1°#å<vcj�acb�b $
 acq6ÞOuWvcjyacb�b£¹ðíµ½¶ã�^$ãÌjkpdsi^è�8x ¤ � ±-Ã ��§�ùº¨�Á�
 ì���^'sn���¾�´¶x`¤=$
 �À¨ x;$
 � �B�6sk¿6^+q¶pdsÌuWv>b�bdv�ã`g`uYjiv>e�sk¿6^fe�^Nacqäocacbdh6^fsi¿6^+vcjk^+eÔsk¿Saws� Á�
 �Kn��Mu}Á�
 �z¾A�h��¨ô� Á ²
 �-,}�h� � n0u}¾��
uWvcj�g�v>e�^.,è´Ù$
 ì
åSjkv>eøsk¿6^�aw��v�o}^y^��UhSacb�pds�� acq6Þési¿6^$_+v>q6Þ6pæskp�v>q �MpW�Õp�q l<acr>^�é0/A·
sk¿6^�Þ6p�ace�^'sk^njÕÞ6pYace .�$
 3�v>uS$
 Þ6^+_+a��®g3^nßAl�v>q6^+q}skpYacbdbd�1u�acgÛsy�MpÀ° ^c°�·<Þ6pYace1�z$
 �<� ù1 � �n°�m¿6p�g�pde$lSb�pd^+gysi¿Saws�sk¿6^¶l<awjisipdskpdv>q32Ô¨ ªF�
 èpdg�a54ër>^+q6^njtawskp�q6rFl<awj�skpdskpdv>q766° Ú q
l<awjiskpd_+h6bYawj+·3uWvcj1acq}�a� í ½�ã�^¼_+acqð_t¿6v®v>gi^éa�jSq6pæsk^¼Þ6pdgK¡Ûv>p�q}s1g�^'s¶v>u(_'�Abdp�q6Þ6^'jkg
ªF � z�� ¨þ� � ù �NìNìNì��-�h�Y��}·²ã�pæsk¿©� 	8	:9 �  � ��; Ò � ���+°Ï�m¿6^äuWv>bdb�v�ã�pdq6rè^+g�skpde-awsk^+g
ã`p�b�b���^(h6gi^'uWh6b�pdq¶sk¿6^&jk^+g�s�v>u�sk¿6^fl6jkv®v>uö°
�Àa}�òµ&pdo}^+q=<�íÖ½fsk¿6^'ji^`^nßAp�g�sig¸aws£bd^Nacg�s£v>q6^`_n�Ab�pdq6Þ6^'j  � �8ã`¿6^'jk^H� ¨ÿ�ö� ù ìNìNì��F�8�n·gkaN�S��uWvcjÌã�¿6pd_�¿ æ�� Ò ¡7 � ��» �ÛÂ<u><c�]æ��z � ��ì �ÛÂ á ì�Â��

� gig�h6e�^�uWvcj¸a&_'v>q�sijkacÞ6p�_'skpdv>q�sk¿Saws²sk¿6p�g²pdg\q6vcs²sk¿6^�_Nacgi^c·>sk¿6^'qëuWvcj¸acb�bU_'�Abdp�q®ê
Þ6^'jigÍ � ã�^(ã�v>h6b�Þ1¿SaNo}^6æ�� Ò ¡7 � �¯�É�ÛÂ;u?<w�væ��z � ��°Ý]O^(_+acq.^nßAsk^'q6Þ¶sk¿6p�gpdq6^��®hSacbdpds��ësiv�Þ6p�gK¡Ûv>pdq�s�h6q6pdv>q6g�v>u
_'�Abdp�q6Þ6^'jkg'·6acq6Þ-sk¿6^+q����#awl6l6jkvNß6p�e�awskp�v>q
skv�awji�Spdsijkawji�ägi^'skgÕ³)´è� siv�r>^'sÕ�\� Ò ¡¶³y�@�«�ÛÂ@u?<c���\�M³ë��°A@Õv�ã�^'o}^njN·�pdu
ã�^�skawç}^º³ ¨ Ò ·�sk¿6^'q ã�^�r>^nsf�\� Ò �Í�µ�ÛÂÍuB<c���\� Ò �n·�ã`¿6p�_t¿è_+v>q�s�jtacÞ6p�_'sig
�\� Ò ��íÖ½A°

�8���ä]O^Õvc�Sg�^'jio}^Õsk¿Saws�sk¿6^'ji^fpdgma�_+v>q6g�stacq}s<�ÿ»{Âfg�h6_�¿äsk¿SawsmuWvcjÌacq}�-_'�Abdp�q6Þ6^'j$

gihAl° + ºhqw» � ±-Ã � Á�
 ² �Kn��h�� Á�
 ² �K¾6�h� �d��ì �ÛÂ á ì á �

���m¿6p�gÌp�gÌh6gihSacbdbd�#jk^+uW^'j�jk^+Þ1skv$acgDC��'�SÏI�FE ���t�I���c���M�ö�I�6° �
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åSjkv>e)sk¿6^�_t¿Sacq6r>^�v>u�ocawjipYaw�Sb�^'g`uWvcjkeºh6b�ayã�^�gi^+^�si¿Saws

æ��8x �  � ¡é�8x � Ò �LKt� � 8 ± ì Ö m�M � �8x � � ² �KnÇ�F� 1ræ��Kn��� ¿ gihAlº qw± ì � �8x � � ² �z¾6�h� Ä æ��K � ¡ Ò Kt��d� ¿ pdq6uº qw± ì � �8x � � ² �z¾6�F� Ä�æ��z � ¡ Ò Kt� �Mh6gipdq6rè�ÛÂ á ° á ���

�d� / ± ì � �8x � ��²��¹nÇ�h� 1Wæ��Kn��æ��z � � æ��K � ¡ Ò Kt��d�N<�æ��8x �  � � �8h6gip�q6r1�ÛÂ á °�Â��i��°
Ú uCx � �z � ��¨)�·<sk¿6^+q.ã�^�_'v>h6b�Þ1l6jkvU_+^+^+Þ Þ6pdjk^'_'skbd�äskv�sk¿6^(^+q6Þèv>uCsk¿6^�l6jkv®v>uö°A@Õv�ãÌê
^'o}^'j+·<g�p�q6_+^fsk¿6p�g`q6^+^+Þ1q6vcsÌ��^fsk¿6^�_+acgi^c·Sã�^�jk^O�®h6pdji^fsk¿6^�uWv>b�bdv�ã`p�q6rygihA�Sb�^'e�e-aA°P ÛRQ�\}Q][Í[;Z È�Ê�[#"�[8È6[}ß��6�n�t�&���>�W�n� S©íÖ½��w���y����Ñ]¸n�N�n��ë²¸� ÍCx � �z � � Ó ���ö���y�W���Ñ£�S�8�����w�W�UTN�I���S�ÇÑ®�S���w�ä�ÛÍ`��à��n���n�S�M��� Í�V�W §�ù
 ¥Ç¦ xf§ 
 ªF ù ìNìNì� À ë�c���&�+�w�À�À��Ñ�����x W �zë²Y�£¨ÇÙ
Ã3Ä�Z�Z�R�[O��^'s�ªYX ù �NìNìNì��OX : -¨�ªNx< ù �NìNìNì��ix< À }·�ã�¿6^njk^�? ���<·�Þ6^+q6vcsk^$sk¿6^

_+v>bdb�^+_'sip�v>qFv>u�pde-acr>^+gfh6q6Þ6^'j�xµv>uÝsk¿6^�vcjip�r>p�qSacb\pdq�sk^njiocacbdg+°¬�m¿6^-awl�^'jip�v®Þ6pd_+pds��¼acgÛê
gih6e$l6sip�v>qÁpde$lSb�pd^+gäsi¿Saws1uWvcj1^+ac_�¿ÿÂÕ� �Ð� ? sk¿6^'jk^F^�ß6p�gÛskg1½Z� [ � � ×fØ
gih6_t¿ sk¿Sawsë^Nac_t¿�X�
i· ~y¨ Â>�NìNìNì���?�·�_+v>q}stacp�q6g�a¼_'�®b�p�q6Þ6^njþ � 
 + � �� ½ + íêíïí + ��\ ì gkawskpdgiuY�Apdq6rx�] ì  � 
 + � �� ½ + íïíêí + �^\ ì ¨_X � °£Ú q¶l<awj�skp�_+h6b�awjN·Aã�^�gi^+^�si¿Saws`x�] Ã X�
\÷ x�] Ã  � 
 + � �� ½ + íêíïí + ��\ ì ¨_X�
Û°��^'s3x � �K � �Ì¨`X�
i°�a®^'siskpdq6rbS©¨`c :� ¥ ù [ � acq6Þ�r²
¨ 9 :� ¥ ù  � 
 + � �� ½ + íïíêí + �^\ ì acbdb�v�ã�g`h6gskvë¿Sa�o}^&sk¿Saws< ²Rd x � �z � �Ìacq6Þ¶x W  ² ÷ 9 :� ¥ ù X � ¨ð| ° ï

]O^fq6^+^+Þ.v>q6bæ�#e�v®Þ6pduY�-sk¿6^�l6jk^noAp�v>h6g`awjkr>h6e�^'q�sÌskvëãÌjkpæsk^æ��8x W �K ² ¡é�8x � Ò � K �i� ���e<
uWvcjmgiv>e�^�h6q6p�uWvcjke)_+v>q6gÛstacq�s¯��íÖ½A°fa®p�q6_+^læ���x W �z ² ¡1�8x � Ò � K �i��» ÂHu�æ��8x W �z ² ¡
x � Ò ���n�Aã�^fgi^+^�si¿Saws æ��8x � � W Ò ��í�æ��8x W �z ² ¡äx � Ò �i��í Â@u}�e<�ì
a®p�q6_'^Ý�ºp�g�aw�Sgiv>bdhAsk^+bd�&_'v>q�skpdqUh6v>h6g�ã�pæsk¿&jk^+g�l�^+_'s�skv<æ�ã�^£_'v>q6_+b�h6Þ6^£sk¿Saws��\�8x ¤ Ò �£~
Â�acgÌ¹.~ ×fØð° ï
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g Z�Ä�Z�\ë\wZ�Ä�h)È�Ê�[#"�[8È6[ëñWÍ(x�z�F~  �W�-�t���n�������w���jiÕ�8�S�n� ���Õ�W�y�n�M�t�I�®ówô��y�æ�>���®ó
Ó ���M�¼�t�����<���n�`� �è�c�SÏ ��¸n�N� à Ñ®� �Bà Ïé�t�I�S�À���SÑ<�IÑU�ë���<Ðw�w�����w�S�����k�I��Ñ®�k��Ù�ñt�1�S�c���À���nÑWàd�w�ki
�M�6�n�k�y���>�W���M���-ÑU�S�ml'ÑS�º��¸n�N� à Ñ®� �Bà Ï¶�t�I�S�À���SÑ<�IÑU�����<Ðw�w�����w�S�����k�w¸t�ë¸'�¹à ���ÀÏë�-�k�I��Ñ®�k�NÙ
Ã3Ä�Z�Z�R�[9���n*£jkvcl�v>gipæskp�v>q�Â á °dÂºsi¿6^ë^nß6ac_'sfe�^NacgihAji^ë� p�gfacb�g�v�g�s�jkv>q6r�e$pæß6pdq6r6°���.*¸jkvcl�v>gipdskpdv>q1Â>Â>° á pdsÝp�g�acbdgiv�^'jir>v®Þ6p�_w·Aacq6Þ�gipdq6_+^Õq6v(s�ã�v�Þ6pdg�skpdq6_'s�^'jkr>vUÞ6p�_`e�^NaIê

gihAjk^'g�_Nacq&��^£^��®h6pæocacbd^+q}s�siv<��^'��^'gir>h6^Ýe�^+acgihAjk^��Àacq6Þfsi¿Uh6g�^Nac_t¿(vcsk¿6^'jt�Çh6q6po�®h6^+q6^'gig
uWv>b�bdv�ã`g+°
Ã3Ä�Z�ÅSZ�Æ�TYXÇTWZ�VðÈ�Ê�[qpÇ[y�Ö�W���jl'ÑU�8Ðw��à��n�S�Ý� �&æ²Ù
Ã3Ä�Z�Z�R�[ºå²pæjkg�sÌã�^(g�¿6v�ã sk¿6^fuWv>b�bdv�ã`p�q6rëu�ac_'sNz���`íÖ½A� � ? ���t��íÖ½ëg�h6_�¿1si¿Saws�uWvcj`^Nac_t¿#n.´#<�ix § : �or�� nèp�g<�ÛêöÞ6^+q6g�^�p�q#<°¶�ÛÂ á ìïé}�� g¸ã�^3¿Sa�o}^�acbdjk^+acÞA�$vc�Sgi^njio}^+Þ-p�q��Ì¿6^+vcji^+eúÂ á °ts®·�uWvcj �Å � ½îíêíïí �vu sk¿6^njk^3^nßAp�g�s�a�gi^'s�v>u_'�®b�p�q6Þ6^njkg(ªF � 
 �� ½�íêíïí ��\ Ã zë~\¨ Â>�NìNìNì�?��acq6Þ�S í¾½$giawskp�giuY�®p�q6r$x W � 9 :
 ¥ ù  � 
 �� ½�íïíïí ��\ Ã �Ý¨<ì=��^'s<n.´#Fw ½îíïíêí w'xt°H�Ì¿6^'q � ~Ýg+° sN° � ù ìNìNì � ] ÃLy ù ìNìNì y{z p�g`acq1acÞ6e�pdgigipd�Sbd^&gi^��®h6^'q6_+^acq6ÞygivlÁ � ½víïíïí ��\ Ã �Kn���´# � ½îíïíêí ��\ Ã d x �  � ½víïíïí � u ì0@Õ^+q6_'^mã�^Ì¿SaNo}^msk¿Saws²x §�� � � ] ÃK��z � nÝ¡ � ½îíïíïí � u �¨ý¬Aì|@Õ^'jk^ºã�^�stawç}^~}`¨�S}u�[o
�ì4��^'s��£¨Ð�����t�`��^$a�l�v>g�pdskpæo}^�p�q}sk^+r>^'j�gih6_t¿

sk¿SawsëgihAl ± ì ½îøùøêø ì u Þ6p�ace� � ½�íïíêí � u �{�+ìH�m¿6^+qÇ·�^Nac_t¿� � ½�íïíïí � u _+v>q}stacp�q6g$aws$bd^Nacg�s$a l�v>pdq�s��^'b�v>q6r>p�q6ryskvëxf§�� � � W �n�ì�õm¿6vUv>gip�q6r0?©�z�t�£¨������t�UuBSC�6ã�^(¿SaNo}^fsi¿6^(u�ac_'s��ÛÂ á °ïé}��°
Ú�s�ji^+e-acp�q6g�skv�g�¿6v�ã sk¿SawsS�ºp�g���v>h6q6Þ6^+ÞyaNãma���uYjkv>e ¯+^'jkv6° � gigih6e�^¸uWvcj\a�_+v>q}sijtaIê
Þ6p�_nskp�v>qfsk¿SawsM�²�KnÇ�\¨Á½A°M�Ì¿6^+q(gip�q6_+^¸uWvcjCacbdb>¹é»{Â>� ´ ¤ �²�Kn��£¨Õ( ºhqw» ¼ � ° � � º �� » � õ � º � � ¨½A�Uã�^fg�^+^Õsk¿Saws@�²�z¾A�²¨Á½�ã`¿6^+q6^'o}^njÌx ¤ ¾y¨an�ì,���$sk¿6^Õl6jkvcl�^'jis�� �ÛÂ á °êé}�\sk¿6^&gi^nsmv>u
gih6_t¿él�v>p�q}skg&p�g&Þ6^+q6gi^c°O�m¿6^º_+v>q}skp�q�h6pds�� v>u �Fpde$lSb�pd^+g3sk¿Saws���pdg&p�Þ6^+q}skp�_+acb�bd�1¯+^'jkv6·
_+v>q}sijtacÞ6pd_'skp�q6r�/��21ræ#¨«Â>ì ï

Ã3Ä�Z�ÅSZ�Æ�TYXÇTWZ�V È�Ê�[#��[�·��I�m���n�k�k�cÑS�n��¸�à��C�����t��� Ó �W�N�����n�<�w���w���Aó��é�w���>�IÐÕ�$�����²x{zº~ é�8�S�£ÍN� àQà�� Ó ���®ó����I���w���À���I�.�����kl'Ñ®��Ðw��à��'�S�����y�n�M�t�I�®ó$�º�d�>���®ó��æO�Ýx § ¤ � Ò �\~ �\� Ò �n�ë�I�`¹¶~ ×�Ø �Q� Ò ´¶���n�
Ó �6�'�k�;æ©�W�Íå��o¸����kówÑS�(���k�I��Ñ®�k��Ù
Ã3Ä�Z�Z�R�[�Ú�s`p�gÌ^+q6v>h6r>¿¶skvëvc�Sgi^'jio}^fsk¿Sawsæ��8x § ¤ Ò �\¨ 8 ± Â » ¼ ��m �Kn��"1Wæ��Kn��²¨ 8 Â m �8x ¤ nÇ�"�²�KnÇ� §�ù 1U�\�Kn��

~ � 8 Â m �Kn��"1��À�\�Kn��i����� 8 1ræ��Kn��i�²¨{�\� Ò �nì ï

��Q][;Z�Ä4eÝ[��Õq6Þ6^'jÌsk¿6^�r>^'q6^'jtawskpdq6r$_+v>q6Þ6pæskp�v>q#ã�^f_Nacq¶^nß®sk^+q6Þ¶si¿6^+gi^&jk^+gih6bæskg`skv
eºh6bdskp êöÞ6pde�^+q6gipdv>qSacbSlSpd^+_+^'ã`p�g�^f^�ßAl<acq6Þ6p�q6r6k awjiç}v�o�e�awlSgÝã�pæsk¿-_+v>h6q}staw�Sb�^Õpdq,jSq6pdsk^
l<awjiskpæskp�v>q6g'°
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a®p�q6_'^�sk¿6^mp�q}ocawjkp�acq�s\Þ6^'q6gipds��9��p�g²gÛsijkp�_nskbd��l�v>gipæskpdo}^c·Iã�^m_Nacqºe-awç}^Ýsk¿6^muWv>b�bdv�ã`p�q6r

Þ6^�jSq6pæskp�v>qÇ°
P$QSRUTWV�TYX�TWZ�V\[�]F^ÝÞ6^�jSq6^�acq(vcl�^'jtawsivcj?�´ zw��ù��z®�²~ �`ù��z®�Ç���`�´ � y �£¨ ù� ´ ��� y �ã`¿6^'jk^ y ´ò��ù��M|¼�n°
Ã3Ä�Z�ÅSZ�Æ�TYXÇTWZ�VðÈ�Ê�[q�Ç[��´A� �M�
�£¨Á��i¸�ÀÙ8�NÙ`�M�6���cÑ6��à²�k�<�n�k�w���w���´�� ���n�À���®ó#�I� ���k�wô
��Ñ®�k����áÛ���KÑ£�Ç�k�¬¸'Ï-� ´�� �
�'� Ò �\¨Õ/ ´ Â m 1U��ã@Ñ��®�����¸Ù
Ã3Ä�Z�Z�R�[�Ú�smpdg�acq#p�e�e�^'Þ6pYawsk^`_+v>q6gi^��Uh6^+q6_+^fv>u�a®hA�Sbd^+e�e-a�ÂF�6° á °ïé�acq6Þ#sk¿6^ÕÞ6^+u�ê

p�q6pæskp�v>qÇ° ï

! g
QSZ�ÄÇQ][ È�Ê�[o� ^�b�Z�V4f�QSÄ�Ý�Q<VJb�Q�XÇZ TWV4frZ�ÄÇTÚZ�V
X£`�QSV
Æ�TYX hSi�[ ´ ¤ � y � ~�¬.-/ y 1Wæ�3äÑU�S�ÎÍN�I���9à Ï3ÍN�I� y ´�� ¦ �z®��Ù
Ã3Ä�Z�Z�R�[��&^�jSq6^�!É¨ � � ° �� � » ° � � »4õ � ° � � ìmåSjkv>e ��^+q}�Ap��±gä_+v>q6Þ6pdskpdv>q ã�^ ¿SaNo}^ sk¿Saws

sk¿6^'ji^(^nßAp�g�skg`aëh6q6pduWvcjke�_+v>q6g�stacq}sÍ��»{Â(gih6_t¿1sk¿Saws ��n��vn�²Ç´�X À� �Kn��vn ² �\¨ÁgihAl
¤�� ù gihAlºhqw» ¼ � ° + º$õQqw» ¼ � ° õ ¤ §�ùp
 ¥ ù � !Ç�8x


 ¾A�h�� !Ç�8x 
 ¾ ² �h�
p�gm��v>h6q6Þ6^'Þèaw��v�o}^f���ò�úacq6Þ1uWhAjisk¿6^njke�vcjk^� �¹n��vn ² �£~ Â�acgO� nþuÏn ² �I~ ½Aì� q.^Nacg��1_Nacb�_+h6b�awskp�v>q.g�¿6v�ã`gÕsk¿Saws�ª��´ ¤ y z£¹ »{½®yp�g3^��Uh6p�_+v>q}skpdqUh6v>h6g&v>qè^Nac_t¿_+v>e$l�v>q6^+q}s&v>u OuB��ñÁuWvcjÍ� y ´¢� ¦ �K6u���ñ��nì�Ú�sÕuWv>bdb�v�ã�gÕuYjkv>e�sk¿6^�Þ6^�jSq6pdsip�v>q v>u�´ ¤ sk¿Sawsþ� �0�´ ¤ y � � ¢ p�g3��v>h6q6Þ6^+Þ¼���³� � y �ö� ¢ acq6Þègiv#sk¿6^�_+bdv>gihAjk^ºv>umª��´ ¤ y z6¹ » ½®p�q¬�$�z@u���ñ��£p�gÝ_+v>e$l<ac_'sN°�@Õ^'q6_+^3sk¿6^'jk^3awjk^Õa(gihA�Sg�^��®h6^+q6_'^yª�¹4
 Õ~ Ø �z~�~ Ø �
acq6Þ y � ´�� ¦ �z�u?��ñ���g�h6_�¿1si¿Saws��´ ¤wÃ y ~ y � h6q6p�uWvcjke�bæ�}°]O^m_Nacqëq6v�ã g�¿6v�ã sk¿Saws£acq}�ºb�pde�pds�l�v>p�q}s£v>u�sk¿6^mgi^O�®h6^+q6_+^`p�g£a&_+v>q6g�stacq}s¸ã`¿6p�_t¿Ç·
p�qOl<awjisip�_+h6b�awjN·²gi¿6v�ã�g�sk¿Saws�sk¿6^-bdp�e�pæs�^nßAp�g�sig+°¡ Õvcskp�_'^�sk¿Saws�e�pdq=° q�± �¢�´ À y � �Kn��i��¨e�pdq,° q�± � y � �¹nÇ�i��uWvcjÝacb�b���»Ö½A°²å�vcj¸acq}���-»Ö½&_t¿6v®v>gi^�£ë´#�gih6_t¿$si¿Saws��´ À y � �-£}�£¨e�pdq,° q�±¢y � �Kn��n° �Ì¿6^'q¶uWvcj�acb�b2¾-´¶xf§ À £ºã�^f¿SaNo}^fsk¿Saws y � �z¾6�²¨ðe�pdq,° q�±�y � �Kn��n°²Ú qu�ac_'sN· �´ À y � ��£}�¸¨ >»8¤DºN¥�¥ . !
�z¾A��ìNìNì!Ç�8x À §�ù ¾6� 3 y � �z¾6��» e�pdq° qw± y � �Kn��
ã`pdsk¿ ^��®hSacbdpds��Opdu�acq6Þ v>q6bd�Opdu y � �z¾6��¨�e$p�q=° q�±¢y � �Kn��n·M�Å¾ ´ðxf§ ¤ n�°¢���Ö�ÛÂ á °ïé}�ã�^ygi^+^ºsk¿Saws&sk¿6^ygi^'s�v>uü¾.gih6_t¿ésk¿Saws � � »µÂyã`pdsi¿¼x À ¾1¨�n�p�g&Þ6^+q6g�^c°9�Ì¿�h6g y �p�gfaä_+v>q6g�stacq}s(uWh6q6_nskp�v>q ã�pæsk¿ owacb�h6^ºe�pdq=° q�±¢y � �Kn��3v>qéa#Þ6^+q6gi^ëgi^'sN·�acq6Þ¼sk¿�h6g&�U�lSp�^'_+^'ã`p�gi^�_+v>q�sip�q�h6pds��¶pdg`_'v>q6g�stacq}sÕacb�e$v>g�sm^'o}^'ji�Uã�¿6^njk^c°kèvcjk^+v�o}^'jN·�si¿6p�gÕ_+v>q6g�skacq�sÕstawç}^'g�sk¿6^�owacb�h6^�b�pde ¤>î&� ¢ /¦�´ ¤ y 1U�¼¨�/ y 1��C°���^nêlSbYac_'p�q6r y ��� w � uWvcj y ´���¦}�zA��acq6Þ©awl6l�^Nacb�pdq6rèsivèsi¿6^-Þ6^�jSq6pdskpdv>q v>u �´ ã�^-r>^'s
sk¿Saws ´ ¤ � y �\¨ ´ ¤ ���e� y� �£¨)�§���´ ¤ � y� �£~ � ý 8 y� �h�21ræ ÿ ¨)�§� ý 8 y 1ræ ÿ
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4S5�7¬ !-D�JU¥8KM@�®dLº?A@�=�GID<H�¯�¦öD<GIE3°U¥�:
Ú q-sk¿6p�g�gi^'_'skp�v>q#ã�^Õãmacq}s�skvºr>pdo}^&a�uWvcjkeºh6bYa�uWvcjmsk¿6^Õ^'q�sijivclU�#v>u�acq#pdjijk^'Þ6h6_+pd�Sbd^k awjiç}v�o lSpd^+_+^'ã`p�gi^.^�ßAl<acq6Þ6p�q6rOpdq�si^'jiowacb`e-awl©xþz� ~ Oã`pdsk¿©ji^+g�l�^'_'s-skvésk¿6^
h6q6p�Uh6^�aw�Sgiv>bdhAsk^+bæ��_'v>q�skpdqUh6v>h6gÌl6jkvc�<aw�Sp�bdpds��äe�^NacgihAji^(�C°! g
QSZ�ÄÇQ][ÔÈ�Ê�[8È0±�^²�fZMgJ\}TWV QSVÇXÇÄ�Z�Å{h R}Z�Ä4[ÍÛJ\wZUi�[

y Ô ��xÕ�\¨ 8 b�v>r�� x ² �8x 
 n��h� 1U�\�Kn��nì
Ã3Ä�Z�Z�R�[9�m¿6^Õl6jkv®v>u�uWv>b�bdv�ã`gmp�e�e$^+Þ6pYawsk^'bd�yuYjkv>e sk¿6^&g�sijip�q6ryv>u�gÛstawsk^+e�^'q�skg��MpY��ê
�MpæoS�Ý��^+bdv�ã�°
�MpY�7���1sk¿6^y_t¿Sacp�q jkh6b�^ºã�^y_Nacq¼ãÌjkpdsi^ybdv>r�� �8x : � ² �Kn��h�®¨ ( : §�ù
 ¥Ç¦ b�v>r�� x ² �8x 
 n��h�uWvcjf^Nac_t¿ n�´}<·4? »ýÂ>°~a®pdq6_+^ºsk¿6^ºe�^NacgihAjk^y��p�g&^'jkr>vUÞ6p�_ä�M^no}^+qé^nß6ac_'s��
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�9à î a~á î ��UW��Óý{a���ýI�·a�9à ê a~á ê ��U �����ý�a��ZýÂ�·axxx �9à7}sa~á3}*��U � } ��Óý{a���ýI�·axxx �9à�úqp ì�ê a~ású�p ì�ê ��UË�#~ úqp ì�ê/� ��Óý{a���ýÂ�¡a�9à�úqpoa~ásúqp ��U(� ��ý�a��ZýÂ�
Àn�w��R�mÆgsr _` ¿Ihµ}�gs�lr1¼¨�~kn| �Oö*ý�a~õ�ýI��S~k��ÐS~moRejw¼Pmo�wrtheR��åR�ksf�moR��o��RÕS~}�gZS��g���c ���o��à î a~á î �o��ä^����öcý{a~õ�ýI�ec�Ü _` �9mo�lrtheR�c �9à î a~á î ��ä ��öcý{a~õ�ýÂ�ec8U�c ��Óý{a���ýI��ä��öcý�a~õ�ýÂ�ec�Übas����9f������9à7}sa~á3}F��U ���9� } ��Óý{a���}*�{�BU � }¡þ ê ���}Za��3}*��¼<ks����U&bnacùcùcù�a��8ý�ä�����gsrtp�Oh*�����9à�úqp ì�ê a~ású�p ì�ê ��U � úqp ���}Za��3}*�åû´çi�{��öcý{a~õ�ýI�·anaZ��hÞç��o��öcý{a~õ�ýI�¡a _` �o�¡xÚÓks��gsrÛ� ��ö6a~õz�¾ûøTô�åR3hcgsr hµ}tkvknmoR3mokn|-RÌ��öcýoa~õ�ý��¾�9ÿ)U bnacùcùcù�a�o¬���Æ}t�wh¡} �lma*¿Âhejlknm{R)Sok^��ö6a~õz�Ò�O��x�Rsx�c ��öcý�a~õ�ýÂ��ä ��ö6a~õz�ecâÜ�aZ�·x¬«ÉRÒS~}tR�ròmoR�R�S~}�gZS�So}tRigZf�kF��R_` ¿Âh¡}�gs�wrÉ¼¨�~kn| ��öcýoa~õ�ýÂ�zS~k´�wSomoRejl¼�gsjlmok´m{R��o��Rem�gsm'gsrÉñ�¿Ihµ}�gs�lr°¼¨�~kn| ��ö6a~õ��zS~k´�ÐS~moRejw¼knri�oR���j¨gshe�wrtÀ#f�ksSo}É�9à î a~á î ��gsrtp°�9à�úqpoa~ásúqp ��fv�q��ö6a~õ��¡xBÑ�k#moReRÕS~}t�lm�ksf�moR��{��R�S~}�gZSc��OpÓ��c ����ö6a~õz��äÉ�9à ê a~á ê �ecq!�c ����ö6a~õ��o��ä�����öcý�a~õ�ýI�ec�ã�c ����öcý{a~õ�ý���äi���9à ê a~á ê �ec�Ü_` ã _` U ñ°�Om{�lrtheRkc ��öcý{a~õ�ý���ä(��ö6a~õz�ecÕÜ a°�l|#��jw�lRem)S~}�gZS�c ����öcý{a~õ�ýI�zä����ö6a~õ��ec�Ü _` �-��OR*��c ���9à�úqpoa~ásúqp ��ä���ö6a~õ��3cW!�c ���9à�úqpoa~ásúqp ��äË��öcýoa~õ�ý��ec*ã�c ��öcý�a~õ�ýÂ��äË��ö6a~õ��ecW!_` ãPa�ÜÞñµ�·x
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«ÉR�gZ�~RÕknrtjw��jlRe¼¨S����wS~}�S~}tR'hµ}tks�~R�kn¼��t�~k*�6�lrtÀHS~}tRÕmou6f�jlRe|#|Ògsmex
HÇ�©�©�¤�©�¤ Ï �Ð�Ù�£�ÄÄÆÅ�	��8ª�Ã
ª	tª�Q+R�SPutmâgsm{mout|-RBSo}�gZS��O�Ð���8¼�gs�ljlm1�ZS~}tRer�S~k��t�~kF��RS~}tR�mou6f�jlRe|#|Òg���R�rtReR�p´S~k�m{}tkF�ÊS~}�gZS�Re�wSo}tR����O�¨�-�+�O�w�<��ks���9�l�l�¨��}tknjlptmexQ+R�S�utmÆgsmom{ut|-RzS~}�gZS'�O�w�t�2¼�gs�ljlmåf�RehcgsutmoR�£�Û KÞ_��GÕP�9à�a~á6�2û1VË[q]�_6acbed¢�qÕW�ãÜ�b�åR�}�g*��R�S~}�gZS�à ~ ú � ä¬àÝÜ�äNÛ x�«ÉR�}�g*��R�S �åk#��knmomo�wf��wjl�ÐS~�lRem�xÚâ�w�om{S~jw�q�t�w¼â¼<ks�mokn|#RÒ�9à�a~át��û V [°]�_6acbed8�åR'}�g*��R'So}�gZSÆS~}tR�moR ÷ utR�rtheR�à ~ ú � äqà?��äÜ b����wmÒgsjlm{kqf�knutrtptRep gZf�k*��R1S~}tRer@S~}tR1moR ÷ utR�rtheRò�(�� ý �9à�a~át�o� ×ý9m î �lm#heknr���rtRepS~k g1f�knutrtptRepÉ�~ReÀn�wknrÉkn¼�VW[@]`_6acbed2gsrtp°mok1|Hutm�S�}�g*��R-gsr°gsheheut|�utj¨gZS~�wknr���kn�wrÛS�9àåFa~á¼å��-�8mog*��xÕ½zkF��R���R����
¼<ks��gsrÛ�ÈauK _Ò�åR�rtReRep�knrtjÐ� hµ}tk�knmoR@�(æ5Kç�èÜøb����wSo}c3�� úqé �9à�a~át�Óä¬�9àåca~á²å��ec�Üëê` gsrtpãce�� ú �9à�a~át�Óä¬�9àå*a~á²å·�ec�Üëê` gsrtp�S~}tRer-S~}tR�moR ÷ utR�rtheRì �9à ~ ý � a~á ~ ý � �sí ú�éý9m�ú �wmÆg@a*¿Âh¡}�gs�wr1¼¨�~kn|®�9àåFa~á¼å��2fÓgsh�§)S~k1�9à»åFa~á²å��·x�Ñ�}Ûutm���à»åFa~á²å��å�wm�ghµ}�gs�lr1�oReheu6�o�~R�rÛS��kn�lr�Sgsrtpi�åR'gZ�oR'�lrihcgsmoR-�O�<�·xÑ�}tR�moR�heknrtp1��knm{mo�wf��wjl�wS �)�wm�S~}�gZS¶ÕP�9à�a~át�2û1V�[É]�_6acbed�S~}tR'moR ÷ utRertheRÕà ~ ú � ä�àÝÜäLÛ � ��Ü&_����wm�utr�f�knutrtptR�pË�9��x RZxî�� ú |Òg*�3|#kF��R���kn�wrÛS~m�gZ�of��ÐSo�µgZ�~�wjw�3¼�gZ�ÕS~kiS~}tR
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�~�wÀn}ÛS���f�u6S�rtR·��R���S~kÒS~}tR�jlRe¼¨S¡�¡x�x�r3�ÓgZ�oS~�wheutj¨gZ����¼<ks�'gsr��Ýï�KÊ_Ò�åR�hcgsr¾h¡}tkvknmoR�o���wS~}3à ~ l � äòàÙÜîïHxHÑ�}Ûutm��w¼���Üio S~}tRer¾à ~ ú � ä°àÉU ì à ~ l � í ~ ú ì l � äòà ~ l � ã�9à ~ l � ä�à��¹Ü�äLÛ ãèï�x���x�Rsx�jl�l|�úqÖ�þ×^à ~ ú � U�ã�Ø ��S~}vutm��åR�gZ�oR��wr1hcgsmoR-�O�l�¨�o�·xx�¼å�åR)}�gsp gsmom{ut|-Rep°S~}�gZS1�O�w�t��¼�gs�ljwRepÌf�RehcgsutmoRÒS~}tR)moR�heknrtp heknrtpt�ÐS~�lknrÌ�lr �O�Ð�����gsm�rtksS�|-R�SåS~}tR�r1g�mo�l|#�lj¨gZ�ågZ�~Ànut|-Rer�S��åknutjlp�}�g*��R�Àn�Ð��Rer�So}�gZS���R�gZ�oRÕ�wriR��wS~}tR��hcgsmoR-�O�<��ks��hcgsmoR-�O�l�w�<�·x I

HÇ�©�©�¤i©�¤ Ï �Ð�ÙÛ£�ÄÄ�Åf	��8ª�Ã
ªRQ�ª�«ÉRzrtR�Rep1g'�t�oRejl�w|-�lr�gZ�o��ksf�moR��{�sgZS~�wknr8xÔð�knr�¿mo�wptR���gsr��¾S �åki��kn�lr�S~m)� ��a����·aF��ñnaÇò{��û^T)��S~}tRerqfÛ��Q+Re|-|Òg3b3�6x¸�¬�O�<��åR-hegsr"��rtpgsr3ñ�¿Ihµ}�gs�wr^��Óý{a���ýI� úý9m î ¼¨�~kn| ��+a�����S~k¾��ñnaÇò{�·x�Q��w¼¨S~�lrtÀ-So}t�lmhµ}�gs�lr S~k-V [Ì]`_6acbed��åRÀnR�S�So}�gZSåS~}tR��~Rz�wmågsr�ñ�¿Ihµ}�gs�lr��lr-VÞ[´]�_6acbed�¼¨�~kn|ó��+a��6�âS~k���ñ�ã"ó�aÇò{�-�vm~g*�q�v¼<ks��mokn|-Ró-û¬Yx¶x�r¾gsptpt�ÐS~�lknr(�W�Éhcgsr f�R�f�knutrtptR�p�gZf�kF��R'fÛ�3g#f�knutrtpÈôg��m~g*�q��ptR���Rertpt�wrtÀknrtjw��knr1ñgsrtp1rtksS�knr1S~}tRÕhµ}tkn�lheR�kn¼���+a��6�ågsrtp°��ñnaÇò{�·xõÆR·S~u6�~rt�lrtÀ�S~k�S~}tR�t�ok�kn¼+kn¼�ð�u6f�jwRe|-|Òg-b3�6xÌËtx¸���vgsmomout|-�wrtÀ��t�~ks��R��{S��3�O�w�t�BjlR�S�utmSµg*§�R¯Û KbË�ôg��S~}tRer jwR�S���à�a~á6�·aF�Oõ�aµö��2û´V [°]`_6acbed8f�R�So}tR�S �åk#��kn�lr�S~mÆptRem{h��~�wf�Rep�lri�wS~m�m{SµgZSoRe|-Rer�Scx��g��Oö��w��Rer3gsr��i��kn�lr�SH��+a��6�åû V [Ì]�_6acbed
�åR�hcgsr h�knrtm{So�~uth�Szgsr3ñ�¿Ihµ}�gs�lr3¼¨�~kn|��+a����BS~k �9à�ã�ó ê a~á6�-�6¼<ks��mokn|-R�ó ê û´YÆ�vfÛ��So}tR'gZf�kF��RÕksf�moR��o�ZgZS~�wknrÉ�9���wS~}c ó ê cq!bô��·x�9f���«ÉR'hcgsr3heknrtm{So�~uth·S�gsr¾ñ�¿Ihµ}�gs�lr3�lr´V [Ì]`_6acbed�¼¨�okn| �9à�ãPó ê a~át�åS~k3�9à ~ ú � ãó ` a~á ~ ú � �-�2¼<ks�#mokn|-R÷ó ` ûÊY��âfv�ÌSµg*§6�wrtÀ¾So}tR1jl�w¼¨S#kn¼�S~}tRiks�{f��wS�moR ÷ utR�rtheRì à ~ ý � a~á ~ ý � í úý�m î xÔÊ��)}Û�v��ksS~}tRem{RemÎ�¼ó ` ÜbË�ô x�Oh*��«ÉR1hcgsr@heknrtm{So�outh�S�gsrÞñ�¿Ihµ}�gs�lrÞ�wr^V [ ]�_6acbed�¼¨�~kn| ��à ~ ú � ãßó ` a~á ~ ú � �HS~k��ãÈó ` a����-�Û¼<ks��mokn|-RNó�û Y��sfv��S~}tR�gZf�k*��Rksf�moR·�o�sgZSo�lknr¾�9���wS~}�c ó ` cq!�ô��·xÑ�}vutm�fv�)Q+Re|-|ÒgÒb3�6xwb���R�hcgsriheknrthcgZS~R�r�gZS~RÕSo}tRemoR�S~k�ÀnR·Sgsriñ�¿Ihµ}�gs�lr1¼¨�~kn|,��+a��6�S~k´���a����8ã��óFaµ_��2�Æ�ÐS~}Oó)Kf�*ôy mo�w|-�ljlgZ��gZ�~Ànut|#RerÛS)�Outmo�lrtÀ S~}tR#moReheknrtp°�ÓgZ�oS�kn¼å�t�~ks��R��oS �Þ�O�Ð���o��mo}tk*�Æm�S~}�gZSS~}tR��oR'�lm�gsr´ñ�¿Âhµ}�gs�lr ¼¨�~kn|�ö�S~k#ö�ä ��ñnaµ_��-�6mog*�q�t¼<ks�Æmokn|-R¯ñ'û´Yxx�¼¹ñÒUwó)S~}tRerq�åR-hegsrqutmoRÒQ+Re|-|Òg3b3�6xlb#Sok1hekn|�f��lrtR�S~}tR-ñ�¿Âh¡}�gs�wr°¼¨�~kn| ö1S~köPã��ó�aµ_��P���wS~}HS~}tRñ�¿Âh¡}�gs�wrÒ¼¨�~kn|(öâãq�óFaµ_��PS~k�ö�ãq�óâä´ñnaµ_��BU�öÕS~k'ÀnR�S2gsrÒñ�¿Âh¡}�gs�wr¼¨�~kn| ö�S~k��wS~moR�jl¼IxAx�¼'ó´tUßñq���åR�hcgsr#�~R���RcgZS¹ñ�So�l|-Rem�S~}tRÆñ�¿Ihµ}�gs�lr¾��gZ�t��jÐ�6�wrtÀ'Q+Re|-|Ògb3�6xlb��~R���RcgZS~ReptjÐ����¼¨�~kn| öHS~k�ö�ã��óFaµ_��z�9S~kHÀnR�Sgsr1ñ�¿Ihµ}�gs�lr1¼¨�~kn|�öHS~k#öÆã �ó�ñnaµ_��o�¼<knjljwkF��Repqfv�"ó�So�l|-RemÕS~}tRÒñ�¿Âh¡}�gs�wr°¼¨�~kn| ö1S~k´öHäÊ�¢ñ�aµ_��H��gZ�t��jw���lrtÀ´Q+Re|-|-g¬b3�6xlb�~R���RcgZS~ReptjÐ����S~k#ÀnR·SÆ¼¨�~kn|�öÆã��ó�ñnaµ_��BS~k-ö6x I
HÇ�©�©�¤)©�¤ Ï �Ð�Ù�£�ÄÄÆÅb	��8ª�Ã
ª��8ª'«ÉRÆmo}�gsjlj7�t�~m{S�mo}tkF�ÞS~}�gZS2¼<ks��Rcgshµ}´a)KÞ_��åRhcgsru��rtp´g�}tkn|#Rekn|-ks�o��}t�wmo|�ø �sV [3]`_6acbedÓ� VÞ[¾]`_6acbed�mouthµ}�S~}�gZSLøÌ}�gsm�g���]tR�p��kn�wrÛSÆgsrtp´mou6� ~�ù�ú û ��üeýAþWÿ î ú ê�� c3����9à�a~át�+ä�ø��9à�a~át�3csÜVê` xÊ���}�����ksSo}tRemo�lm1����R�hcgsrHhµ}tk�knmoR�g ê� ¿Â��m{ReutptkZ¿Iks�of��ÐSz��à�ý�a~ásýÂ���Ûÿ�U�_6acùcùcù�a�o��n¼¨�~kn|�9à�a~át�S~k´�ÐS~moRejw¼Ix-«ÉR-�lr�So�~kvptutheRÒg´}tkn|-R�kn|-ks�o��}t�lm{|��Ì�8V\[@]�_6acbed�� VW[@]`_6acbedmouthµ}�S~}�gZS��8�(����9à�ý{a~ásý��o��Uø�9à�ý¨þ ê a~ásý<þ ê ��gsrtp�mou6� ~�ù�ú û �¢ü�ý<þ�ÿ î ú ê�� c��8�9à�a~á6�Fä��9à�a~át�ecZÜ ê ` x



/.-. ��32547698P	�: �(;<6�=��?>@47;P�^�A;ABÕ	(;AB�;P�+���?6 >3B�>C;<4¬�
��	��?=?=ED?FGDA>
� x�r�S~ut�wS~�Ð��Rejw�q�tS~}t�wmmoReR�|-mRcgsm{�q��gsjwSo}tknutÀn} �lr1�t�µgsh·S~�lheR��ÐS�wmÆ}�gZ�~ptR��zSok#���o�wS~R�ptkF��rptR�Sµgs�wjlmex �x�¼��åR�ptR1��rtR��8�9à�a~át�PUW�	��
 ���e�9à�a~át�BS~}tR�r1�åR'hegsr´gZ�o�µgsrtÀnRÕS~}�gZS

mou6�~�ù�ú û �¢ü�ýAþWÿ î ú ê�� c3�����à�a~á6��ä�ø���à�a~á6�ecsÜ a� gsrtpÝø ú �9à�a~át�âUW�9à�a~át�·ù
Ñ�}vutmåS~}tR��oRÕR�]t�lm�S~m�g���R��~�wk�pt�lh��kn�lr�S�¼<ks�Æøògsrtp)S~}tR��~Re¼<ks�oR�fÛ�÷Ê��~knu��åR����m�So}tReks�~Re|S~}tR��oR'�lm�g@��]6Rep1��kn�lr�SÆ¼<ks��ø�x«ÉR´ksf�m{R��o��R S~}�gZSÒ�w¼�åR3gsmomout|-R1¼<ks��gqheknrÛS{�µgspt�lh�So�lknr@S~}�gZSV�� pt�lp º�Î�ÏÆ}�g*��Rg ��]tRep°��kn�wrÛS�S~}tR�r��9fÛ�°hekn|#�Ógsh·S~rtRemom�kn¼�TÕ��S~}tR)m~gs|-R#�åknutjwpÌf�RÒSo�~utR)¼<ks��gsrÛ�mou6Ô#he�lRer�S~jÐ�#hejwknmoR�}tkn|-Rekn|-ks�o��}t�w|äø�x�Ñ�}t�lm�heknr�So�µgspt�wh�S~mBSo}tRgZf�k*��R�heknrtm{So�~uth·S~�lknr8xÚâ�lr�gsjwjw�q��So}t�lm¹��]tRep1��kn�lr�SÆ¼<ks� ����t�~k���Reh�S~m�S~k-g���]tRep���kn�wrÛSÆ¼<ks���Ê�nTË� T�x

4�587�� �#M�DFN9:OC�=1?PJ�A8AÓGAÓG���J�A�M���=�J��lE�DFK�=�AÓJF=��
x�r�S~}tR��t�~R����lknutmâmoR�h�S~�lknr��åRå|-gsptR�utmoR�kn¼Óghej¨gsmom{�lhcgsj��9f�u6S�rtksS�m{Sµgsrtp�gZ�~pÓ���oRemoutjwSkn¼<Ê��~knu��åR��exÔx�riS~}t�wmÆmoR�h�S~�lknr��åR'm{}�gsjlj
knutjl�wrtRÕS~}tR�|Ògs�lr��lptRegsmÆ�lr�S~}tR��t�~k�kn¼Ix
� �8§8Ù�¥<¦
£�Ø�Ç�©�©�¤�ªHÑ�}tR��t�~kvkn¼P}�gsm�S���k-pt�lm{So�lrth�S��ÓgZ�oS~me��O�¨�´x�¼��ø��V ` � V ` �wm�gÒ}tkn|-R�kn|-ks�o��}t�lm{| ���wS~}¬g-��R��~�wk�pt�wh���kn�lr�SÕkn¼��t�o�l|-R��R��~�lkvpO�ãÜf�HS~}tRer1S~}tR·�~R'R-]6�lm{SomÆg#}tkn|#Rekn|-ks�o��}t�wmo| �Ææ
�nV ` � V ` ���wSo}Re�ÐS~}tR���g���]tRepÒ��kn�wrÛS2ks��g'��R·�~�lkvpt�lh���kn�lr�Såkn¼��t�~�w|-R���R��~�lkvp)gZS�|-knm�S¹�)¯Zº��Ï ��²�ÏÚåÎC�tÎ��Ò²µÎ��-Î�±I³W�Û¹<¶-��¶��6¯Z¸n²'Ï�t²Õ¶e¯*�Ò²�¶c²·Ï�Î/�5�?¦�²��Õ³�Î�¹�º�ÏO¶µx�O�l�¨�´x�¼��æ��V ` � V ` }�gsm�g3��R��~�wk�pt�lhÒ��kn�lr�S#kn¼��t�~�l|#R)��R��~�wk�pP� S~}tR�ròS~}tR��oRR-]6�lm{SomÆg���]tRep1��kn�lr�Scx

��gZ�oS#�O�¨�Æ�lmz�t�~k*��Rep¬fÛ�¾gsr��ÐS~R��µgZS~�Ð��R�|-R�S~}tkvp8x�ðv��Rehe����hegsjljw�q�'x�¼�� ��V ` � V ` �wmÕg}tkn|-Rekn|#ks�o��}t�lmo| ���wS~} gH��R��~�wk�pt�wh'��kn�wrÛS� ú à´UÊà¾kn¼P�t�~�w|-R���R��~�lkvpg��Ü���So}tRerknrtRÆm{}tkF��m2S~}tR��oRÆR-]6�lm{S~mBg'}tkn|-R�kn|-ks�o��}t�lm{|\�Ææ
�sV ` � V ` �Æ�ÐS~}-g���R��~�wk�pt�lh���kn�wrÛSkn¼��t�~�w|-R���R��~�wk�p gZSÆ|-knm{SN�iä@b�gsrtp´So}tR�S �åk-}tkn|-R�kn|-ks�o��}t�lm{|-m�}�gc��R�So}tR�m~gs|-RmoR�SÆkn¼E��]6Rep1��kn�wrÛSomexÑ�k�moReR�S~}t�wmÎ�theknrtmo�wptR���So}tR�¼�gs|-�wjw�#kn¼+fÓgsjwjlm�ç��9à�aµñµ��gZf�knu6S�à?��gsrtp)S~}tRe�Ð���w|ÒgsÀnRem�Ì�9çi��à�aµñµ�o��gsm
rtRe�wÀn}Ûf�knu6�~}tk�kvptm�kn¼���ài�9he¼Ix�Úâ�wÀnu6�~R�b3�6xwbF�·x
«ÉRBhµ}tkvknmoR�So}tR�¶��#¯*·�·l²¡¶·ÏñOK _¾mouthµ} S~}�gZSHhej���ç��9à�aµñµ�o�5r¾�Ì�9hej���ç��9à�aµñµ�o�{�ÝtU v6xq«ÉR�hcgsr hµ}tkvknmoR1g ��kn�wrÛSö û&hej���ç��9à�aµñµ�o��r��Ì�9hej���ç��9à�aµñµ�o���#gsrtp g¬�ÓgZS~}����wrÞç��9à�aµñµ��¼¨�~kn| � ì�ê öÉSokÉö�9�Ógsmom{�lrtÀÉS~}6�~knutÀn}@à��·x�Ê��^h�knrtm{So�~uth�So�lknr(��S~}t�lm-�ÓgZS~}���}�gsm-S~}tR´�t�~ks��R��oS � S~}�gZS
�Or¬�����+��U v6x°ð��wrtheR)à�û��Þ�åR)moReR)S~}�gZS�� ú ���+�5r �ätUªv¾gsrtpòm{k¬S~}tR"!â�t�~m{S$#�lr�S~R��omoReh�S~�wknrÉá°û^��%t�&�+�<r'�Ê��fÜ)(�ÜV�n�ÕÀn�Ð��Rem'�~�wmoR�S~k3gimo�l|#��jwR#hejwknmoRepÉheu6�{��Rheknr�Sµgs�lrt�wrtÀq���&�+�ÒjÉ� ` ���
��j^ùcùcùGjq� ú ì�ê ���+�·xÞÑ�}tR´}tkn|-R�kn|-ks�o��}t�lm{| ��hcgsr@f�Rhµ}�gsrtÀnRep#�wrHgÕheknr�S~�wrvutknutm���gc�q�nks��¹�¶cÎ�Ï�Î~³�¹Â²��z��f�u6SBknrtjÐ���wr#gzmo|Ògsjwj�rtRe�wÀn}Ûf�knu6�~}tk�kvpkn¼BSo}t�lmÕhejlknmoR�pqheu6�o��R*���+S~k�� æ ��V ` � V ` mokiS~}�gZS�öif�Rehekn|-R�m'g)��kn�lr�S�kn¼B��R·�~�lkvp
('ä@b'¼<ks���ÆæOxÚÓu6�oS~}tR��~|#ks�~R¤�tmo�wrtheRÕ�Êhegsr1}�gc��R'rtkC��]6Repi��kn�lr�S~m�knriS~}tRÕmo�l|���jlR�hejlknm{Rep1heu6�{��RS~}tRer �ÐSÆ}�gsmÆmokn|-R'rtR��lÀn}�f�knu6�~}tkvk�p+*ø�wr1��}t�lhµ}´S~}tR'mogs|-R'�wm�So�~utRZx x�¼��åR�gZ�o�µgsrtÀnR
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¯ V)°XL¡*Xð�³ñR²[]W0Z ¯ VX°XL�Ä¹¸�º#@B36:=C6D»E�795HGIE�g~�¢} þ�æI�HúHúHú��zþHÈ	�k�Ô£ Á �ì Â È ã � �G���ýÁ!ËFÌ6@�º95;GIE�:=Í�0�nÄ
¯ V)°XLÖ*���³w3;L+|=NQYÖW ¶ []YML�Ä Í :I7��wÁ=�HúHúHú��HÁ��ñ795HGIE²�wÁ=�HúHúHú��HÁ��T¤À��Ë�Ä 5IÄ~º9365�ºB7zGIÌ6@�×�:=@B5��nÄ

¨�© /0«)¬�'X&7P
¯ V)°XLÆï+�0³~�ñLSR²RÕV®ð�c]±²ÄÓ�~G�7Bº��UÁ���@B36:=C6DFE�795HGIE�Þ�� � �Ü� ì �9�~�q�;�]Î��M£âÞ�� � �;�]Î�� à
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�~G�7Bº��&=��@�36:=C6DFE$795;GIE�Þ�� � � R��8�]à�Î��´£âÞ��]à ë � � � à ë � R��;�]Î��nÄ
¯ V)°XL ï+�0³ ¶ []YMLÏ�¹LuÓ�NXP�L�WML	�~YM[y��[kN�YÔÄ ( 58DF58º95�º9365�587B79:=Ì658:=C6@�Ø;:=<"<�5;ÌÚº�ßX��Ë»Ì�×XG�7�º9ËFØ;C2¾

DfG�7;Ï 8� ËF@�Ø;:=C6Ì+ºzG�Û)DF5!GIÌ6E�Ø;:=Ì6@BË»@�º9@�:=ÍÖGIDFD�C6Ì6Ë»:=Ì6@#:=ÍM58DF5;<"58ÌÚº9@�Íf79:=< � �nÄîß
¯ V)°XLÆï���³ ¶ V�3F��WÖ[43 ¯´¶ VÚ_�LuW L+5  V6��[kN�YÔÄÖ¸wº�@B36:=C6D»E$795HGIEéÞ�� � � � � 8S �8�]Î�����3)G�º�<"Ë»@B@BË»Ì6Ð

ËFÌ 8S ��Ä
¯ V)°XLÆï�*�³ ¯ P�N�NQÓ#NXÓ ¶ LSR²RÕV·ð�cFÞ^Ä~¸�º�@B36:=C6D»E$Û�5ÒØ;:I7B7958Ø8º95;E$ºB:6J
ß Í :I7�×XG�7�º��GLÚ� � 5�3)G�A+5

À � � � S �´£ ® T
¦ ÉVUXW ó É�Y g~�� g�  �SDF:=Ð õ g~��  �  �g~�  � ÷

£ ®ZTó É�Y g~�  �\[ T
¦ ÉVU g~�] C�  �g~�  � DF:=Ð õ g~�] g�  �g~�  � ÷^]

H ® T
¦ ÉVU7_` Tó É�Y g~��  �  �bac"DF:=Ð _` Tó É�Y g~�� C�  �dac

H ® T
¦ ÉVU g~�� ��SDF:=Ð¹g~�� ��~£ À � � �

@BË»Ì6Ø;5!Í-:I7�õSÃ65;E� �� � � 5!Ø;GIÌ�Û�:=C6Ì6E
®ZTó É�Y g~�� C�  �g~�  � DF:=Ð õ g~�� C�  �g~�  � ÷ H ® _` Tó É�Y g~��  �  �bac D»:=Ð _` Tó É�Y g~�] g�  �bac

C6@BË»Ì6Ð"Ø;:=Ì6ØHG�ASË ºwÝ�:=ÍfeEg� ® eSD»:=ÐEe�Äîß
¨�© /0«)¬�'X&7h

¯ V)°XLÖ����³ ¶ []YML�Þjilk�58×)DFGIØ;5!�m&n1'
��¥ÛOÝ��o&@�¾Ä
¯ V)°XLÖ����³ ¶ []YMLÆÅ�� Ó�PqNQR �¹L ¶ N:$ i g~�� ��Ë�À¼�@B36:=C6DFE$Û�5!¼�½Àg~�� ��¢½Î�ýú
¯ V)°XLÖ��*�³ ¶ []YML¡� Ó�P�N�R �¹L ¶ N:$<i 8à J=� � � @B36:=C6D»E$Û�5 8à J 8� � 8�®ú
¯ V)°XLÖ��*�³ ¶ []YML²±7i�{�lIt�ru�Bl�p´v��=twvn{6j�h�o�{¾:=ÍM� @B:=C6D»E$Û�5¾{�l�t|ru�Bl�p~v��=twvn{6j�h�o�{�:=ÍMàÒÄ
¯ V)°XLÖ��*�³ ¶ []YMLÆÅ�il�"���]Î�È6� ÈuÉIÊ é �~£¥� @B36:=C6DFE�Û�5\�����kÎ�È)� ÈuÉIÊ é �~£÷Î�æ

¨�© /0«6¬�')&qp�r
¯ V)°XL²±2Ò�Ò0³ ¶ [�Y`LÆÅ�Ó�PqNQR �¹L ¶ N:$ i�£ ¤ �´�]Î��bs^�kÎ����Úg~�]Î��Ô@B36:=C6D»E$Û�5�795;<":�A+5;E�Ä
¯ V)°XL²±2Ò^±Q³ ¶ [�Y`LÖ*Ci J �t� sf�u� ì @�36:=C6DFE$Û�5wv J �t� sf�u� ì ú
¯ V)°XLi±2Ò^±Q³ ¶ [�YML23Æ±X±Q³]±SÞxiyk�5n×)DfGIØ;5¡Á ¤ ���Úg ¤ s6�Úg ® J � ¤ ���Úg ¤ sS�Og{� J Â @�36:=C6DFEÆÛ�5Á ¤�� � s6�Úg ® J ��¤�� � sS�Úg§� J Â Ä�� VXP�\{z ¨ª:u585FA+587HÄ»Ä}|B|~|��ª7�G�7B5ÒÝ+:=C�GI@B@�C6<"ËFÌ6Ð¾5879Ð=:uE6Ë»Ø;Ë»º�Ý|
¯ V)°XL²±2Ò�Å�³ ¶ [�Y`L¡��Ó�PqNQR �¹L ¶ N:$ i4ôÕ5!GI@B@�C6<"5!<"Ë»Ì^��� ã ��� ë �~£ÿ¼Sú
¯ V)°XL²±2Ò���³ ¶ [�Y`LÖ�Ci4ôÕ5�GI@B@BC6<�5Ò587BÐ=:uE6ËFØ8Ë»º�Ý+Ä
¯ V)°XL²±2Ò�*^³ ¶ [�Y`L+3�±)ïÚZH±uðji�k�58×)DfGIØ;5s& á � Ì á ÛOÝ�& È � ÌHÈ�795;@U×�5;Ø8ºBËÿA+5;D Ý+Ä
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¯ V)°XL ±	Ò�ï�i���ËFËf�Ô@B36:=C6DFEÂÛ�5�Ø8:I7B795;Ø8ºB5;E$GI@�Í-:=D»DF: � @8Ä��]ËFË-�~º93658795�5nÃSËF@�º9@��?� ¼�@BC6Øz3�º93)G�º

@BCS× ç W �~W5�;ÉV� ê " ¤����[ý ç � "" ¤ � ý � � ¤ � ý � � " H���Ï � ¼�½¥Î®½¡Á=Ä!24365;Ì���� �ê ï������ ê è ý ç �� �ê ï������ ê è ý � � �6Ë»@�Û�:=C6Ì6E65;EÆÍf7B:=< G�Û�:�A+5
ÛÚÝ È�

ö-å�æ
õ�ÁI� �L�� ý È ë ö ë � � ¬ ì=� � à È Î ® à È Ç�� ÷ H  ú

ô²5ÒGI@B@BC6<"5�ËFÌ²�|G+�ñº93)G�ºH���Gòu�$Þ á ïI��à ë � Þ á í � úHúHú���à ë È Þ á è ���À¼Sú
¯ V)°XL²±2Ò��^³ ¶ [�Y`L²±Sðjilk�58×)DFGIØ;5!ß§z#Û)@B:=DFCSºB5;D»Ý�Ø;:=Ì+º9ËFÌÚC6:=C6@�ß�ÛOÝ�ß�Ì6:=Ì6@�ËFÌ6Ð=C6DfG�7�ß6Ä
¯ V)°XL¾±X±2Ò^³ ¶ []YML�Å�i~��V)P�\�z{il� L¿3HK`N  ¶ W ¯  ��V¾P�LuÓ�LOPqLuYe|=L�Ó�NQPW��K`LÒLOPq°XN^WÖ[4|Ú[[��_

NXÓÈ��KML�°XLuN^WML23H[G|��´N:$$c]c]c�c
¯ V)°XL ±Q±X±X³ ¶ [�Y`L ±+� Ó�P�NQR �ÔL ¶ N%$ i�k�58×)DFGIØ;5�ß=@BCSÛ)DF5;<�<ÂGI@�Á�¼SÄ �uÄ»Á�GIÌ6E Á�¼SÄ �uÄ)&�ß"ÛOÝ

ß=@BCSÛ)D»5;<"<ÂGI@�Á�¼SÄ &uÄ»Á!GIÌ6EÆÁ�¼SÄ &uÄ &uÄîß
¨�© /0«6¬�')&qp�p

¯ V)°XL�±X±���i �ñLuR²RÕV ±X±Xcÿ��iÕß·GÆÛ�:=C6Ì6E65;EÀ@B5��OC65;Ì6Ø;5�:=Í#795HGID�ÌOC6<�Û�5879@Ï�]ÛOÈ���ß
@B36:=C6D»E$795HGIE�ß�G�Û�:=C6Ì6E65;E�@B5��OC65;Ì6Ø;5!:=Í`×�:=@BË º9ËÿA+5�ÌOC6<�Û�5879@o�]ÛÚÈ��+Ä¹ß
¯ V)°XL²±Q±6��³ ¶ [�Y`L�ÞÆÓ�PqNQR �¹L ¶ N:$ i � á � � á ã � @B36:=C6D»E$Û�5o� á � � á ã � 795;@�×�5;Ø8º9Ë"A+5;D»Ý+Ä¯ V)°XL�±X±)ï�³ ¶ [�Y`Lº*ÂÓ�PqNQR �ÔL ¶ N:$ iÔß¾�UÁ=ÁF¾BÁ��nÏX�UÁ=Á=Ä)&=�MGIÌ6E��wÁ=Á=Ä)(+�`ß�@B36:=C6D»E�Û�5�ß¾�UÁ=ÁF¾�&=�nÏ

�UÁ=Á=Ä�(+�4GIÌ6E²�UÁ=Á=Ä�LÚ�ñß
¯ V)°XL²±Q±uð^³ ¶ [�Y`L�ÞÆÓ�PqNQR �¹L ¶ N:$ i4¸�º�@B36:=C6DFE�795HGIE�� ���#ú
¯ V)°XL²±Q±2�^³ ¶ [�Y`L²±�i ¸�º�@B36:=C6DFE$7B5HGIEÏ�����#ú
¯ V)°XL²±)Å+Ò zªDFD \¡ @B36:=C6DFE$Û�5�¢ ¡ Ä
±6Å6Ò^³~ÑÒP�N�NQÓªNXÓ#Ñ�PqN ¯ N73H[[��[]NQY ±X±Xcfðji9£g E65;Ì6:IºB5;@�º9365Ò@�×�58Ø8ºB7zGID^<"5HGI@�CS795IÄ
¯ V)°XL²±)Å�±Q³|�,&=�i£¥¤ �(+�nJ zªD»D9��ö¹@�36:=C6DFE$Û � á ú¯ V)°XL²±)Å�±Q³ ¶ [�Y`L�ðÆÓ�PqNQR �¹L ¶ N:$ i g¾�kà ë ÈE� Çªö��n�sç���@B36:=C6D»E$Û�5�795;<":�A+5;E�Ä
¯ V)°XL²±)Å6Þ^³ ¶ [�Y`LÖ�Ci4¸�º�@B36:=C6DFE�795HGIE�ß��]ÛOÝ � 79Ë»ºBËFÌ6Ð9¦¡Ë»Ì�º9587B<"@4:=Í.Å=:I79E)GIÌ�Í-:I79<"@9��ß
¯ V)°XL²±)Å6Þ^³ ¶ []YMLÆï�Ó�PqNQR �¹L ¶ N:$<i�¸�º�@B36:=C6D»E$795HGIE$g~��  ��à ë ý È ã É � Ç¾�w� g~�� ���g~�Ç��

GI@ � � �o�ýÄ
¨�© /0«6¬�')&qpÚó

¯ V)°XL�±)Å���³ ¶ [�YML�ð�Ó�P�N�R �ÔL ¶ N:$§i ¸�º¢@B36:=C6D»E"795HGIEÂß§�IÙ�ö�ù0à È � ç èö-å�æ Í-:I7¢� ì �]à ë È �¢�%¨
� ì �]à ë ý È ã � � �¢�nÄ~¸wº�Í-:=DFD»: � @4º93)G�ºo�IÙ�öXù¢à È � ç èöfå�æ äÈ+å�æ ÄÔß
¯ V)°XLi±)Å6*^³ ¶ [�Y`L~�©i #¹Ã)GI<¾×)DF5ÂÁ�@B36:=C6DFE�Û�5�:=Ì65 ¾�@BË»E65;E²G�×�5879ËF:OE6ËFØt¸�G�7¢±+:�A�@B36ËFÍfº9@H�

G�×�5n79ËF:OE6ËFØ;Ë ºwÝ�Ë»@�<�ËF@B@BË»Ì6ÐÚ�nÄ
¯ V)°XL²±)ÅXï�³ ¶ [�Y`L �Zi ¤ ¦ �´�kÎ����=Î�@B36:=C6D»E$Û�5!¤ ¤lð í ¦ �´�]Î����=ÎMú
¯ V)°XL²±)Å6ð^³ ¶ [�Y`LÖ*Ci«ª�5nÃS× B � Î ® Çf�¬ �� ë í® D @B36:=C6D»E$Û�5Oª B � Î ® Çf�¬ �� ë í® D¯ V)°XLÿ±)Å6��³ ¶ [�Y`Lÿ±��Di ¸�º�@B36:=C6D»E®7B5HGIE·ß � 5�Ø;GIÌ®Øz36:O:=@B5�G�õ)Ì6Ë º95ÂE6ËF@�¯U:=ËFÌ+º¾@�58º�:=Í

Ø8ÝuDFËFÌ6E65n79@o��Þiç J!� £A�;� � �HúHúHú����]Ék�Æ�+Ï � Ë»ºB3$g B9B �!ç ÞÆç D±°   D ½ J Ä ß
¯ V)°XL²±)Å6� ¶ []YMLÆÅ�Ó�P�N�R �¹L ¶ N:$<i ¸wº�@B36:=C6D»E$795HGIE

@�CS×
ç W ��É ¤ è ��� � ²´ö � �]Î��B�� ²´ö � ��Ç6�B� H  ú �UÁ]&uú &=�

¯ V)°XL²±SÞ�Ò0³ �! � ¶ LuR²RÕV ±6Å�c[��c�±Xc�24365!@UºzG�º95;<"58ÌÚº�@B36:=C6D»E�795HGIE$ß+243658795Ò5nÃ6Ë»@�º �C�À¼
GIÌ6E�G4@BCSÛ)@B5nºlÞ � :=ÍÚà É �GÞiç � � 36Ë»Øz3!ËF@0G�õ)Ì6Ë»º95¹E6ËF@�¯U:=ËFÌ+º`C6Ì6Ë»:=Ì!:=ÍO5;DF5;<�5;ÌÚºB@0:=Í2� þ ë �ö-å�æ à ë ö ��Þ � úHúHúTÞ á �
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GIÌ6E$@BG�º9ËFESõ)5;@4à þM�GÞ��f�¹£âÞXÄ¹ß�¸wÌ�º9365�×679:O:=Í�Ï)à�´ � NÖö�á à�´ � Þ ý öµW ç �× í W�¶·¶·¶bW ×�¸ : @�36:=C6DFE�Û�5�à�´ : N´öwá
à�´ : Þ ý öµW ç �× í W·¶·¶�¶>W ×�¸ : ú
¯ V)°XL ±uÞ�±Q³�ÑÒP�N�NQÓ�NXÓ�ÑÒP�N ¯ N�3H[y��[kNQY ±6Å�c;*�i zªDFD.Þ ý ö �¹ × í ¶�¶·¶ ×�¸ � @B36:=C6DFEÆÛ�5%Þ ý ö �× í ¶·¶·¶ ×�¸ � úk�58DfGIØ;5y² ¹ × í ¶·¶·¶ ×�¸ �dº í ¶·¶·¶ º~» �kÎ���ÛÚÝ¼² × í ¶·¶·¶ ×�¸ � �]Î���ú�ßE¨ª58795 � 5�ºzGå±+5�e�£ � ® Ê�ö¢ß�:=Ì�º9365�DFËFÌ65

Á]½�@�36:=C6DFE$Û�5�×)CSº�Û�5;Í-:I795Òß%Ñ058º���£½�B� J ��ß�:=Ì�º9365ÒD»ËFÌ65�Á]�uÄ
¯ V)°XL ±uÞ�Å�³ ¶ []YML+3 �OZÆ*�i�¸�º!@�36:=C6DFEÆ795;GIEÕß 8¾�¿ �|g^�ª£ gÖÏ`Ë�Ä 5IÄ�º9365¾E6C)GID¹:I×�5n7zG�º9:I7 8¾ ¿

GIØ8º9Ë»Ì6Ð�:=Ì�<"5HGI@BCS7958@���E658õ)Ì658E�ÛOÝÆ� ¾ ¿ g^�8�� ��~£¥¤ ¾ÁÀ ¦ �Og^�¢õSÃ658@#gÖÄ¹ß
¯ V)°XL²±)Å2�`³ ¶ [�Y`LÆïÂi�Ë º�@�36:=C6DFE$795;GIE�ßºÃ�3)GIÌ6Ì6:=Ì2¾ª¸�Ø�¸�ËFD»DfGIÌ2¾ ° 795;ËF<"GIÌ�º93658:I795;< ß6Ä
¯ V)°XL²±SÞ6�`³ ¶ [�Y`L²±	�qi ¸wº�@B36:=C6D»E�795HGIE � È"£î� È ë �öfå^æ à ë ö,� Ä
¯ V)°XL ±uÞ7� ¶ [�YML ± Ó�PqNQR �¹L ¶ N:$ i Þ�� � ��� È ë öçzå � à ë ç � �wà ö @B36:=C6DFE®Û�5�7B58×)DfGIØ;E658E ÛOÝÞ�� � �i� È ë � ë öçzå � à ë ç�� �wà ö ú
¯ V)°XL²±SÞ7�OZ;±SÞ�*Zi���V)P�\�z÷ �N:$ ��N�|=NQP�P�L+|/�+c�c]c]c�c]c( 58õ)Ì65 Ã × �]Î��~£�J¥� Þ�� � �i� ×ç�å � à ë ç � �8�]Î�� ® Þ�� � �Æ� äçzå � à ë ç � �;�kÎ��B� ú

24365;Ì � 5Ò@B5;5ÒºB3)G�º
Á�jÄÄÄÄÄ
Þ��,� È ë �öfå^æ à ë ö � � ® È ë �T
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�Qà ö ÄÄÄÄÄ

H Á�
È ë �Tçzå�æ Ã

È ë ç;à ç �]Î��nú
¸�º�Í-:=DFD»: � @�Íf79:=< Ã�:I79:=DFDFG�7BÝÕÁ=Ä)&ÂË»Ì�×XGIÐ=5{¼�ÅÂËFÌ }�¸ GIÌ65�Æ @ªÛ�:O:/±2�MºB3)G�ºÒË»Í Ã

È�ËF@�GÂ@B5��uC658Ì6Ø;5
º93)G�º´Ø8:=Ì�A+587BÐ=5;@´º9:�¼�GIDF<":=@�ºM5FA+587BÝ � 365n7954GIÌ6E¾Ë»Ì����´º9365;Ì �È â È ë �çzå�æ Ã

È ë ç;à ç �kÎ��`Ø8:=Ì�A+587BÐ=5;@º9:�¼�GIDF<":=@�º¢5FA+587BÝ � 36587B5!GIÌ6E�ËFÌ����Húu¸�º�ËF@45HGI@UÝ �Ç|~|���º9:�@B5;5�×�:=ËFÌ+º � Ë»@B5�Ø;:=Ì�A+5879Ð=5;Ì6Ø;5!GIÌ6E
���¥¾�Ø;:=Ì�A+5879Ð=5;Ì6Ø85�:=Í Ã

È�º9:�¼$�Ç|�Ès�
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¯ V)°XL²±	��ï�³ ¶ [�Y`L²±)Å�i�¸�º�@B36:=C6D»E$795HGIE�ß"G�Ø;:=<�×XGIØ8º�<"58ºB7BËFØ�@�×XGIØ;5IÄÔß
¯ V)°XLý±��^ï�³ ¶ []YMLÿ±6ÅÀÓ�PqNQR �¹L ¶ N:$ i�¸�º�@B36:=C6E·795HGIE·ß�G�õ)Ì6Ë»ºB5 ° :I7B5;Dñ<"5;GI@BCS7zG�Û)DF5

×XG�7Bº9Ë º9ËF:=Ì�ß
¯ V)°XL²±	��ð^³ ¶ [�Y`LÆïÂiW¹uCSÛ+¾�DF5;<�<ÂG�Á�L6Ä»ÁÒ@B36:=C6D»E$Û�5s¹uCSÛ+¾�D»5;<"<ÂG�Á�L6Ä ½uÄ
¯ V)°XL²±	��ð^³ ¶ [�Y`LÆÅ�Ó�PqNQR �¹L ¶ N:$ i4¸�º�@B36:=C6E$795;GIE

ß%É%Ê Á à á �i� á ë �ö-å�æ à ë ö �eÂ £ DFËF<È�Ð ã^ä Á� À Ê Á � È ë �ö-å�æ à ë ö á Á � á ë �ç�å�æ à ë ç �eÂ�Â ß
¯ V)°XL²±	�7�^³ ¶ [�Y`L�ðCi4¸�º�@B36:=C6DFE�795HGIE

ß%É%Ê��]à á �Ë�xÉ:Ê{Á|à á � £%Ë	Ë á ë �ö-å�æ à ë ö � Â �ýÙ�É:Ê��]à�� � �Ë�ýÙ�É:Ê^�kàª� ® Ù J úîß
¯ V)°XL¾±6��±X³ ¶ []YML�Å�iÖ¸�º0@B36:=C6DFE�795HGIEÒß  ��à ë Éy� ý � � � Ë º93��]à É � ¿ ��È��n������J £¥�qÈ����]à ë É ���¹£

�qÈ����  �B��GIÌ6E  £ÿà ë É ��úîß
¯ V)°XL²±���±Q³ ¶ [�Y`L¡�Âi4¸�º�@B36:=C6DFE�795HGIEÕJ
ßE� DF:=ÐQ�,ÊÚ�G��öw� J �B�ËH

È�� ë �T É å�æÍÌÎ ® T¬ ÉVU G 
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CHAPTER XIII

MARKOV EXTENSIONS FOR INTERVAL MAPS

In section 4.3 we introduced piecewise expanding Markov interval maps and
showed they can be effectively modelled by a (one sided) subshift of finite type. This
was particularly useful in estimating numbers of periodic points. In this chapter we
shall describe a more general construction which works for non-Markov piecewise
expanding maps.

13.1 Basic constructions

Assume that T : I → I is a interval map which is expanding on each of the
intervals I = I1 ∪ . . .∪ Ik. We shall denote their endpoints by {x0, x1, . . . , xk} (i.e.
I1 = [x0, x1], . . . , Ik = [xk−1, xk]).

The following simple lemma will be used several times.

Lemma 13.1. Let J be a sub interval of one of the intervals I1, . . . , Ik. The image
T (J) will be a union either of the form:

(a) T (J) = DJ ⊂ Ii;
(b) T (J) = ∪tj=sIj ;
(c) T (J) = D−J ∪

(
∪tj=sIj

)
or T (J) =

(
∪tj=sIj

)
∪D+

J

(d) T (J) = D−J ∪
(
∪tj=sIj

)
∪D+

J

where DJ , D−J ⊂ Is−1 and D+
J ⊂ It+1 are each closed non-degenerate (strict)

sub-intervals.

fifth.eps

Figure 13.1. The image T (J) of J ∈ E gives rise to two more intervals
D−J and D+

J in E

Proof. Since T (J) is a closed interval in I it is clear that this exhausts all possibil-
ities.

Definition. We call E0 = {I1, . . . , Ik} the zeroth generation of intervals

We can apply Lemma 13.1 to each J = Ii (i = 1, . . . , n) to get new sub-intervals.
For example, DIi (when T (Ii) is as in case (a) or (c)) and D−Ii , D

+
Ii

(when T (Ii) is
as in case (d)). If T (Ii) corresponds to case (b) then no new intervals are created.

Definition. We call E1 = {D−Ii , D
+
Ii

or DIi : i = 1, . . . , k} the first generation of
intervals.

We define collections of intervals En, n ≥ 1, (each a closed sub-interval of one
of the original intervals I1, . . . , Ik) inductively. Given a collection of intervals En−1

(each a closed sub-interval of one of the original intervals I1, . . . , Ik) then we can

Typeset by AMS-TEX
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126 XIII. MARKOV EXTENSIONS FOR INTERVAL MAPS

apply Lemma 13.1 to each interval J ∈ En−1. We define the nth generation of
intervals to be the collection of closed intervals

En = {D−J , D
+
J or DJ : J ∈ En−1}

We write E = ∪∞n=0En.

If J ∈ En, say, then each of the sets J ′ in the appropriate union for T (J) (in
Lemma 13.1) is called a successor to J . We write J → J ′.

The essence of this construction is to compensate for the absence of the Markov
property by introducing more and more intervals so that the image of any J ∈ E is
again the union of other intervals from E . The complications over and above those
in the Markov case are that the larger family E will not in general be finite, and
intervals in E will not in general have disjoint interiors.

The following simple example illustrates this construction.

Example (β-transformation). Let I = [0, 1] and choose 2 > β > 1. We can define
an interval map T : I → I by

Tx =

{
βx if 0 ≤ x ≤ 1

β

βx− 1 if 1
β < x ≤ 1

In this case, we have that E0 = {[0, 1
β ], [ 1

β , 1]}. Since β < 2 we have that T [0, 1
β ] =

[0, 1
β ] ∪ [ 1

β , 1] and T [ 1
β , 1] = [0, 1

β ] ∪ [ 1
β , β − 1]. Thus E1 = {[ 1

β , 1 − β]}. If β <

51/2−1
2 ,say, then T [ 1

β , β − 1] = [0, β2 − β − 1] ⊂ [0, 1
β ] and so E2 = {[0, β2 − β − 1]}.

For the purposes of exposition we want to make the following simplifying as-
sumption (which, for example, holds for the β-transformation when β > 1 is not
an algebraic number.)

Simplifying Assumption. There are no choices 1 ≤ i ≤ k and n,m ≥ 1 such that
Tn(Tmxi) = Tmxi (i.e. none of the endpoints is pre-periodic).

The next lemma shows that there are some restrictions on the possible successors
to a given interval in En.

Lemma 13.2 (Restrictions on successors).
(1) If J ∈ En (n ≥ 1) then there are two possibilities. Either J ′ = T (J) or
T (J) = J ′′ ∪

(
∪s−1
i=r Ii

)
∪ J ′ where

(i) J ′′ ∈ Ej, for some 0 ≤ j ≤ n (perhaps with J ′′ = ∅),
(ii) Ir, . . . , Is−1 are original intervals (perhaps with ∪s−1

i=r Ii = ∅), and
(ii) J ′ ∈ En+1,

(2) Each element J ∈ En must be of one of the two types:
(i) J = Tn(Ii), for some 1 ≤ i ≤ k,
(ii) J has endpoints Tmxi, Tnxj with n − 1 ≥ m ≥ 0 (for some 1 ≤ i, j ≤ k)

(i.e. J = [Tmxi, Tnxj ] or J = [Tmxi, Tnxj ])

sixth.eps

Figure 13.2
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Proof. We prove the lemma by induction on n.
For n = 1 both parts of the lemma are immediate from Lemma 4.11 and As-

sumption (2). Assume that both part (1) and part (2) of the lemma are know for
J ∈ En.

If we first assume that J = TnIr = [Tnxs, Tnxs+1], say, then either
(a) T (J) = Tn+1Ir; or
(b) xi−1 ≤ Tn+1xs < xi < . . . < xj < Tn+1xs+1 ≤ xj+1, say (perhaps with the

order reversed)
In case (a) we immediately have T (J) ∈ En+1 (i.e. the “either” case in part (1) of
the statement and case (i) in part (2)). In case (b) we have by Lemma 13.1 that
the sucessors to J are [Tn+1xs, xi], Ii+1, . . . , Ij , [xj , Tn+1xs+1], (i.e. the “or” case
in part (1) of the statement). Moreover, we see that [Tn+1xs, xi] ∈ En+1 is in the
form of case (ii) of part (2).

Alternatively, we can assume J = [a, b] = [Tm(xj), Tn(xk)] ∈ En, say, with
0 ≤ m ≤ n− 1 (the case with the endpoints reversed being similar).

There are now two possibilities.
(c) xr−1 < T (a) < xr < . . . < xs < T (b) < xs+1, say.
(d) xr < T (a) < T (b) < xr+1

(where in each case T (a) and T (b) might be in the reverse order).
In case (c) we can take J ′ = [T (a), xr] ∈ En+1 and J ′′ = [xs, T (xj)] ∈ Em+1. In

case (d) we take J ′′ = [T (a), T (b)] ∈ En+1. (The case xr < T (b) < T (a) < xr+1

being similar). These both correspond to the “Or” case of part (1) in the statement.
Moreover, in both cases (c) and (d) J ′′ ∈ En+1

This completes the proof of the Lemma

Remarks.
(a) If we don’t assume the simplifying Assumption then there are yet more possi-
bilities with J ′ ∈ Di, 1 ≤ i ≤ n.
(b) Since the map T : I → I is clearly piecewise expanding, there are at most
finitely many successors of the form Tn(Ii).
(c) Assume that x ∈ J0 = [a, b] ∈ En. It is useful to enumerate the various
possibilities J0 → J1 with T (x) ∈ J1 (cf. Figure 13.3):

(1) If Ta < xi < Tx < Tb < xi+1 then J1 = [xi, T b];
(2) If Ta < xi < Tx < xi+1 < Tb then J1 = [xi, xi+1];
(3) If xi < Ta < Tx < xi+1 < Tb then J1 = [Ta, xi+1]
(4) If xi < Ta < Tx < Tb < xi+1 then J1 = [Ta, Tb]

and four more cases if T |J reverses orientation.
What characterises these cases is:
(i) In case (2) none of the endpoints of J1 are images of J0;
(ii) in cases (1) and (3) one of the end points of J1 is the image of an endpoint

of J0; and,
(iii) in case (4) both of the endpoints of J1 are images of endpoints of J0.

seventh.eps

Figure 13.3
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Let (Jn)n∈Z+ be a sequence of sucessor intervals (i.e.J0 → J1 → J2 → . . . ) then
we can associate a unique element π ((Jn)n∈Z+) ∈ I by

π ((Jn)n∈Z+) = ∩n∈Z+T−nJn

(in complete analogy with the Markov case).

Although x ∈ I will not in general have a unique sequence (Jn)n∈Z+ such that
π ((Jn)n∈Z+), the next lemma shows the remarkable fact that (generically) the “tail”
of such a sequence is uniquely determined.

Lemma 13.3. Let (Jn)n∈Z+ and (J ′n)n∈Z+ be two sequences of sucessors such that
π ((Jn)n∈Z+) = π ((Jn)n∈Z+) = x ∈ I. = ∩n∈Z+T−nJ ′n). If ∀m ≥ 0, Tm(x) 6∈
∪n≥0T

n{x1, . . . , xk} then ∃N ≥ 0 with Jn = J ′n for n ≥ N .

Proof.

Let us denote J0 = [a, b] and J ′0 = [c, d]. The proof is a little involved, depending
on analysing a number of similar cases. Here is a typical case (the others being
variations on the same theme). The approach is to analyse the endpoints of the
intervals Jn and J ′n and to show that that for sufficiently large n they must agree.
Step One (Comparing J0 and J ′0): Assume (for definiteness) that we begin
with a < c < x < b < d. By monotonicity of T on Ii the images of these points
must have the same order (or be reversed). Assume that the order of the images is
preserved and that Ta < xj < Tc < Tx < Tb < xj+1 < Td, say. The succesors to
J0, J

′
0 containing x are then J1 = [xj , T (b)] and J ′1 = [T (c), xj+1] (by cases (1) and

(3) above, respectively).
Step Two (JN and J ′N with a common endpoint): Let N be the smallest
positive integar such that TN (c, b) ∩ {x0, . . . , xk} 6= ∅. For 1 ≤ n ≤ N − 1 we
see (by repeated application of cases (1),(3) and (4) above) that the succesors Jn
each have one of their endpoints being equal to Tn(b). Similarly, J ′n will have an
endpoint equal to Tn(c).

Assume that we arrive at TN (c) < xi < TN (x) < TN (b) < xi+1, say, then xi
now usurps of TN (c) as the (left) endpoint of J ′N , by case (1) above. Furthermore,
xi is also the (left) endpoint of JN .

eighth.eps

Figure 4.8

Step Three (Jn and J ′n (n ≥ N) with a common endpoint): We need the
following easy sublemma.

Sublemma 13.3.1. If JN ⊂ J ′N with one (or both) of their endpoints the same,
then the same is true for Jn, J ′n, n ≥ N .

Proof of sublemma 13.3.1. This is something which one sees from the four cases
(1) to (4) above.

Four (JM and J ′M (M ≥ N) with two common endpoints): Assume that
M > N is the least integar for which TM (x, b) ∩ {x0, . . . , xk} 6= ∅. We see from
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sublemma 4.13.1 that for N ≤ n < M the point Tn−Nxi is an endpoint for Jn, J ′n.
Assume that TM (x) < xj < TM (b), say, then xj usurps TM (b) as an endpoint for
JM (by cases (1) or (2) above). Moreover, xj is also an end point for J ′M . We
conclude that JM = J ′M and so Jn = J ′n for n ≥ M (by sublemma 4.13.1 now
applied to both endpoints).

The other cases are similar. This completes the proof ♣

If T : I → I is not Markov then E = ∪∞n=0En is infinite (by the Simplifying
Assumption). We can define an infinite matrix A with entries 0 or 1, whose rows
and columns are indexed by E , in the following way

Definition. For J1, J2 ∈ E

A(J1, J2) =
{

1 if J2 succeeds J1

0 otherwise

The next Proposition gives us (amongst other things) a nice characterization of
periodic orbits for T : I → I.

Proposition 13.4.

(i) There exists C > 0 such that for all n ≥ 1 CardEn ≤ C
(ii) There is a bijection between periodic points Tnx = x and strings (i0, i1, . . . , in−1)

such that A(i0, i1) = A(i1, i2) = . . . = A(in−1, i0) = 1 (except possibly for
endpoints of the original intervals Ii )

(iii) There exists N > 0 such that every J ∈ E has at most N succesors.

Proof.

(i) From Lemma 13.1 we see that each Ii (i = 1, . . . , k) gives rise to either two,
one or no elements in E1. Thus CardE1 ≤ 2k. For n ≥ 1 we see from Lemma
4.12 (i) that each J ∈ En gives rise to at most one element J ′ ∈ En+1. Thus
CardEn+1 ≤ CardEn ≤ . . . ≤ CardEN . Thus part (i) is proved with C = 2k.

(ii) Let (Jn)∞n=0 be a sequence of sucessors which is periodic (i.e. ∃n ≥ 1 with
Jm+n = Jm, for k ≥ 0). Then if x ∈ I is the corresponding point (i.e. {x} =
∩m≥0T

−mJm) then Tn(x) is the corresponding point for (Jn+m)∞n=0 = (Jn)∞n=0

(i.e.{Tm(x)} = ∩m≥0T
−mJn+m). Thus Tn(x) = x

Assume that Tn(x) = x and choose a corresponding sequence of sucessors
(Jn)n∈Z+ . We know by Lemma 13.3 that provided x 6∈ ∪n≥0T

−n (∪m≥0T
m{x1, . . . , xk})

then the two sequences of sucesssors (for x = Tnx) (Jn)n∈Z+ and (Jn+m)n∈Z+ agree
for n ≥ N , say. If we choose nm ≥ N then the periodic sequence (J ′n)n∈Z+ =
(Jn+mN )n∈Z+ correspons to x since {x = TmNx} = ∩n∈Z+T−nJ ′n.

Assume that Tn(x) = x and Tm(x) = T q(xi), for some 1 ≤ i ≤ k and
q,m ≥ 0. In particular, if we choose (r − 1)n ≤ m < rn then we see x =
T rn(x) = T q+(rn−m)(xi). (i.e. x is characterised as the (unique) periodic orbit
{x, Tx, . . . , Tn−1x} into which the orbit of xi eventually falls). Since there are
only k boundary points x1, . . . , xk this means the bijection fails on at most k pe-
riodic orbits.

(iii) This is an easy consequence of the definitions.
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Corollary 13.4.1. The number of periodic points Tn(x) = x of period n is given
by

CardFix(Tn) :=
∑
J∈E

An(J, J)

13.2 The growth of periodic points

In this section we want apply the analysis from the previous section to study
the number of periodic points CardFic(Tn) via the matrix A. Rather than try
to analyse infinite matrices A it is simpler to fix some large k1 and consider the
truncated (finite) matrix Ak(J, J ′) = A(J, J ′) if J, J ′ ∈ ∪kn=0En

Proposition 4.?? we know that every string of sucessors corresponding to a fixed
point for Tn : I → I must be of length n. Moreover, since we can always choose
a string starting in E0 then the uniqueness conclusion of Proposition 13.(ii) tell us
that the string contains an interval from E0. Finally we see by 13.2 that all the
elements of the string must therefore be in ∪ni=1Ei. Thus by Corollary 13.4.1 we see
that

CardFix(Tn) =
∑
J∈E
An(J, J) =

∑
J∈E
Ank (J, J) = trace(Ank )

whenever k ≥ n.
Since Ak can be thought of as a finite matrix, we have the standard matrix

identity

Det(I − zAk) = exp

( ∞∑
m=1

zm

m
trace(Amk )

)
The right hand-side carries information on the traces trace(Amk ). To study the

left land side, it helps to fix 1 ≤ N ≤ k and write Ak =
(
AN BN
CN DN

)
where AN is

the square submatrix with indices ∪Ni=0Ei, and DN is the square sub-matrix with
indices ∪ki=N+1Ei, etc.

Lemma 13.5. For any k ≥ N ≥ 1, the sub-matrix DN has all of its eigenvalues
with modulus at most N1/N

We shall postpone the proof until later and first consider the implications of this
lemma.

Since DN − zI is invertable whenever |z| ≥ N
1
N (by Lemma 13.5), we have the

matrix identity(
AN − z BN
CN DN − z

)
=
(

(AN − z)−BN (DN − z)−1C B(DN − z)−1

0 1

)(
1 0
C D − z

)
.

and taking determinants gives that

Det(Ak − zI) = Det
(
(AN − z)−BN (DN − z)−1CB(DN − z)−1

)
Det (DN − z) .

The argument needs completing
The following theorem shows that the number of periodic points has a very

distinctive pattern.
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Theorem 4.16. For any β > 1 there exist constants
(i) λ1, . . . , λM , with |λi| > β (i = 1, . . . ,M), and
(ii) C1, . . . , CM ∈ C

such that

N(n) =
M∑
i=1

Ciλ
n
i + E(n)

where the error term E(n) satisfies |E(n)| ≤ Constantβn

Proof. The above identity shows that provided N1/n < β the eigenvalues of Ak (
for any k ≥ N) are determined by the determinant of a N ×N matrix (by Lemma
4.15).

The argument needs completing
Finally, with some additional bounds we can let k → +∞ to see that the power

series
∑∞
m=1

zm

m traceAmk .

It only remains to supply the proof of Lemma 4.15

Proof of Lemma 4.15. We can define a norm on the matrix Dk (and its powers) by
||DN || = sup

{∑
D′∈∪k

i=N+1Ei
DN (D,D′) : D ∈ ∪ki=N+1Ei

}
. By the spectral radius

theorem it suffices to show that lim supn→+∞ ||Dn
N ||

1
n ≤ N 1

N

For p ≥ 0 we let N (p) denote the number of possible strings of successors

J1 → J2 → . . .→ Jp−1 → Jp

with Ji ∈ ∪∞m=k+1Em for 1 ≤ i ≤ p. If we set

Tr =
{

0 if r ≤ 0
2k if r = 1

and then define inductively Tr+1 = Tr+Tr−k (r ≥ 1) then we claim thatN (p) ≤ Tp.
For p = 1 this is true by definition. We proceed by induction. and assume that

N (r) ≤ Tr for r = 1, . . . , p. Consider a typical string of successors

J1 → J2 → . . .→ Jp → Jp+1

(of length p+ 1) with Ji ∈ ∪∞m=k+1Em for 1 ≤ i ≤ p+ 1.
By Lemma 4.12 we see that there are three possible types of successor for J1 ∈ En

(n ≥ k). There are three possibilities
(i) If J1 = [Tnxi, T lxj ] (with 0 ≤ l ≤ n − 1), say, then assume that J2 =

[xk, T lxj ], say. To satisfy Ji ∈ ∪∞m=k+1Em for 2 ≤ i ≤ k + 3 the only
posibility is that J3 = [Txq, T l+1xj ], J4 = [T 2xq, T

l+2xj ], . . . , Ji+2 =
[T ixq, T l+ixj ], . . . , Jk+3 = [T k+1xq, T

l+k+1xj ] (or with the endpoints re-
versed). Thus only the remaining intervals Jk+4, . . . , Jp+1 are not deter-
mined, and by the inductive hypothesis the number of possible choices is
bounded by N (p− k) ≤ Tn−k.

(ii) Assume that J2 is a unique sucessor with J2 ∈ En+1. Then by the inductive
hypothesis there are at most N (n) ≤ Tn choices for the remaining succesors
Ji, 2 ≤ i ≤ n+ 1

(iii) Finally, the possibility J2 ∈ E0 is eliminated by our requirement that J2 ∈
∪∞m=k+1Em.
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Thus we see that Tp+1 ≤ Tp + Tp−k, completing the inductive step.
We now see that

Tp ≤ Tp−1 + Tp−k−1

≤ (Tp−2 + Tp−k−2) + Tp−k−1

≤ . . . ≤ Tp−k + (Tp−2k + . . .+ Tp−k−2) + Tp−k−1)

≤ kTp−k

and so Tmk ≤ kmT0, for m ≥ 1. In particular, we see that ||Dn
N || ≤ N(n) for n ≥ 1.

Since ||(A−Ak)n|| is sub-additive in n we see that

lim sup
n→+∞

||(A−Ak)n||1/n1 = lim sup
m→+∞

||(A−Ak)mk||
1
mk
1

≤ lim sup
m→+∞

N(mk)
1
mk

≤ lim sup
m→+∞

(Tmk)
1
mk ≤ k 1

k

This completes the proof of the sublemma.

13.3 Comments and references

The theory of Markov extensions was originated by Hofbauer [H]. The main
application we give to periodic points is based on work of Hofbauer and Keller.
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