
� � � � � � � � � � 	 
 � � � � � 
 	 � 
 � 
 � 	 � � � 	 � 	 � � � � 
 � � 
 � 
 � � � � � � 
 �

 � � � � � � � � � � � �

� � � � � � � � � � � � �
 � ! " � # $ � � # � % & � � ' " � � � " � ( � ) � � � � � � � )

* � � # ' � " � # � � � + � � , � � � � # -
� � � # � � . & /

0 " $ � � � � 1 " - � � �
 � ! " � # $ � � # � % ( � � � # � � � " � ( � ) � � � � � � � )

+ � � , � � � � # - � % * � 2 � � � � � 2 � � 3
4 � � 5 � � � � # � � . * � 6 / * /  /

� � � " ( � - � � $ " 7
 � ! " � # $ � � # � % & � � ' " � � � " � ( � ) � � � � � � � )

* � � # ' � " � # � � � + � � , � � � � # -
� � � # � � . & /

8 9 : ; < 8 = ;
> ? @ A B C D E F G H G D F I J F G A C B K @ L M F G G F B C A B F F @ G I ? G D M E L L G F D E F
N K K @ L K @ A N D F L @ J F @ L O N I L J F P L O N G H G D F I L O M L I K L B F B D G Q
R E A M E A G N M M L I K P A G E F J S H J F D F @ I A B A B C D E F N K K @ L K @ A N D F L @ T
J F @ L O D E F M L I K L B F B D G ? S I L J F P G U V F W F @ N P @ F G F N @ M E F @ G E N W FJ F W F P L K F J X Y Z [ \ ] Y ^ Z [ ^ ] Z [ Z _ ` a b Y c d \ e Y ^ b a f X g Q ? B J F @ D E F N G TG ? I K D A L B D E N D N P C L @ A D E I G O L @ G H B D E F G A h A B C M L I K L B F B D G ? S T
I L J F P G N @ F N W N A P N S P F U i E ? G D E F A G G ? F L O J F D F @ I A B A B C N K TK @ L K @ A N D F G ? S I L J F P L @ J F @ E N G S F F B N K @ A B M A K N P D L K A M U j B
K @ F W A L ? G F k L @ D G D E F K @ A I N @ H I F N B G D L J F D F @ I A B F I L J F P L @ T
J F @ N J F l ? N M H E N G S F F B D L O L M ? G L B D E F F A C F B W N P ? F G L O D E F
I L J F P U m B F N P C L @ A D E I Q D E F I L J F P T L @ J F @ J F J ? M D A L B N P C L T@ A D E I n o p q r s Q G H G D F I N D A M N P P H A B M @ F N G F G D E F L @ J F @ L O D E F G H G T
D F I I L J F P ? B D A P N B H G ? S G F l ? F B D A B M @ F N G F @ F G ? P D G A B N J J A B CG H G D F I F A C F B W N P ? F G L O I N C B A D ? J F L ? D G A J F N ? G F @ T G K F M A t F J
O @ F l ? F B M H @ N B C F L O A B D F @ F G D u v w x y z { | U } B L D E F @ N P C L @ A D E I Q
~ � � ~ � q ~ q � o p q r Q S F C A B G R A D E D E F G N I F I L J F P D E N D o p q r
G H B D E F G A h F G N B J A B M @ F N G F G D E F L @ J F @ O ? @ D E F @ ? B D A P D E F � � � � �
u v w x y z { | G F D D P F R A D E A B G L I F G K F M A t F J D L P F @ N B M F U

j B D E A G K N K F @ R F J F W F P L K N B F R N P C L @ A D E I Q � q � o p q r Q
D E N D ? G F G D E F M L B W F @ C F B M F L O D E F I L J F P A B D E F O @ F l ? F B M H
J L I N A B N G A D G K F @ O L @ I N B M F I F D @ A M U i E F I L J F P � G O @ F l ? F B M H
@ F G K L B G F A G S N G F J L B h F @ L G N B J K L P F G n F A C F B W N P ? F G s L O D E F
G H G D F I I L J F P Q G L A D K @ L W A J F G N I L @ F M L I K @ F E F B G A W F A B J A M N TD A L B L O I L J F P K F @ O L @ I N B M F D E N B � ? G D D E F F A C F B W N P ? F G U j D N P G LG F F I G D L S F I L @ F I F N B A B C O ? P A B D E F M L B D F � D L O O @ F l ? F B M H T
J L I N A B M L B D @ L P P F @ J F G A C B I F D E L J G Q F U C U � � L K D A I A h N D A L B U
� q � o p q r � G ? G F A G A P P ? G D @ N D F J R A D E D R L F � N I K P F G Q N B J A D G F � T
M N M H A B G F P F M D A B C N B N K K @ L K @ A N D F M L I S A B N D A L B L O M L I K L B F B D
G ? S I L J F P G A G D E F @ F S H J F I L B G D @ N D F J U j B N J J A D A L B D L ? G A B C NS @ L N J F @ K F @ O L @ I N B M F I F D @ A M D E N B K @ F W A L ? G N P C L @ A D E I G Q � q �
o p q r N P G L K @ L W A J F G W A G ? N P O F F J S N M � � O @ F l ? F B M H @ F G K L B G F
K P L D G � L O I L J F P M L B W F @ C F B M F D E N D N @ F I L @ F A B J A M N D A W F L O
I L J F P K F @ O L @ I N B M F D E N B N I N K L O K L P F P L M N D A L B G A B D E F � T
K P N B F U � F D E ? G M L B M P ? J F D E N D S H O L M ? G A B C L B O @ F l ? F B M H @ F T
G K L B G F N G N I L J F P K F @ O L @ I N B M F I F D @ A M � q � o p q r K @ L W A J F G

N ? G F O ? P N B J J A @ F M D I F N B G L O M L L @ J A B N D A B C D E F N ? D L I N D F JI L J F P G H B D E F G A G K @ L M F G G U

� � ; < � � � = ; � � �
� L J F P F @ G Q S L D E E ? I N B N B J N ? D L I N D F J Q I ? G D M L K F R A D E NS F R A P J F @ A B C B ? I S F @ N B J W N @ A F D H L O J F M A G A L B G R E F B J F W F P L K T
A B C N I N D E F I N D A M N P I L J F P L O N K E H G A M N P G H G D F I U i E F ? P T
D A I N D F L B ? G A G Q L O M L ? @ G F Q L B D E F E ? I N B I L J F P F @ D L I N � FD E F G F J F M A G A L B G R A G F P H U � L R F W F @ Q A D R L ? P J S F E A C E P H J F G A @ N S P FO L @ N ? D L I N D F J T I L J F P A B C G L O D R N @ F D L G ? K K L @ D D E A G J F M A G A L B T
I N � A B C K @ L M F G G D L D E F F � D F B D K L G G A S P F U

m B F F N @ P H J F M A G A L B A G D E F D H K F L O I L J F P A B C O L @ I N P A G ID L N J L K D U � L B D A B ? ? I T S N G F J I L J F P G Q t B A D F T F P F I F B D I L J F P G Q
N B J J A G M @ F D F n P ? I K F J K N @ N I F D F @ s I L J F P G N P P E N W F R A J F N B JO @ F l ? F B D P H L W F @ P N K K A B C N K K P A M N S A P A D H U � A D E A B N C A W F B O L @ I N P TA G I N I L J F P F @ I ? G D M L B D F B J R A D E M E L A M F G M L B M F @ B A B C D E F
N K K @ L K @ A N D F I L J F P L @ J F @ Q D E F F k F M D G D L A B M P ? J F A B N I L J F P Q
N B J E L R D L @ F K @ F G F B D n A O N D N P P s D E F A B E F @ F B D B L B P A B F N @ A D A F GA B W L P W F J A B I L G D K E H G A M N P G H G D F I G U

} C @ F N D G A I K P A t M N D A L B @ F G ? P D G A O D E F I L J F P F @ @ F K @ F G F B D G NK E H G A M N P G H G D F I A B D F @ I G L O N M L B D A B ? L ? G T D A I F Q G D N D F T J F D F @ I A B F J
I L J F P Q D N M A D P H N G G ? I A B C D E N D D E A G P ? I K F J K N @ N I F D F @ O L @ I N P TA G I N J F l ? N D F P H J F G M @ A S F G D E F G H G D F I ? B J F @ G D ? J H U i E A G @ F K T
@ F G F B D N D A L B n N P G L M N P P F J N � G D N D F T G K N M F � I L J F P s N P P L R G D E F
G H G D F I D L S F J F G M @ A S F J R A D E N t B A D F n L O D F B P L R s B ? I S F @ L O
G D N D F W N @ A N S P F G U i E F � G D N D F W N @ A N S P F G L O G ? M E N @ F K @ F G F B D N TD A L B N @ F C L W F @ B F J S H N G F D L O � L @ J A B N @ H T J A k F @ F B D A N P F l ? N TD A L B G U � W F B R A D E D E A G G A I K P A t M N D A L B Q E L R F W F @ Q N I L J F P F @ G D A P P
B F F J G D L � n A s G F P F M D D E F F k F M D G D L A B M P ? J F A B N I L J F P Q n A A s J F T
D F @ I A B F D E F N K K @ L K @ A N D F L @ J F @ O L @ N I L J F P Q N B J n A A A s J F G M @ A S F
I N D E F I N D A M N P P H D E F A I K L @ D N B D B L B P A B F N @ A D A F G U

� E A P F N C F B F @ N P D F M E B A l ? F O L @ A J F B D A O H A B C R E A M E F k F M D G
D L A B M P ? J F A B N I L J F P A G B L D N W N A P N S P F Q M L B G A J F @ N S P F D E F L @ H
A G N W N A P N S P F D L N J J @ F G G D E F K @ L S P F I G L O J F D F @ I A B A B C I L J F P
L @ J F @ N B J M E L L G A B C I L J F P G O L @ M L I I L B B L B P A B F N @ F k F M D G U

�



j B L ? @ R L @ � Q R F N @ F N D D F I K D A B C D L G H B D E F G A h F N B J F � D F B J
F � A G D A B C D E F L @ H D L M @ F N D F C F B F @ N P X Y Z [ \ ] Y ^ Z [ ^ Z [ Z _ ` a b Y c d \ ]
e Y ^ b a f X g n o p q r G s O L @ P A B F N @ N B J B L B P A B F N @ G H G D F I G U } B A I T
K L @ D N B D N D D @ A S ? D F L O L ? @ N K K @ L N M E A G D L M L B G A J F @ N I L J F P � G
� ^ [ � _ [ c ` � ] Z Y X d b c � [ f d � b Y ^ D L S F N � F H I F N G ? @ F L O A D G � C L L J TB F G G � U j B D E F B L B P A B F N @ M N G F Q K @ F P A I A B N @ H @ F G ? P D G n S N G F JL B J F G M @ A S A B C T O ? B M D A L B D F M E B A l ? F G s N @ F K @ F G F B D F J A B � A P G L B
N B J i N H P L @ n � � � � s � E F @ F R F O L M ? G L B N B N K K @ L N M E O L @ P A B F N @G H G D F I G M N P P F J � q � o p q r n O @ F l ? F B M H T J L I N A B I L J F P T L @ J F @ J F T
J ? M D A L B N P C L @ A D E I s U

9 8 = 	 
 < � � � �
i E F M L B D F � D L O D E F K @ F G F B D @ F G F N @ M E A B I L J F P T L @ J F @ J F J ? M T
D A L B A G N G O L P P L R G � � F N G G ? I F N D D E F L ? D G F D D E N D D E F I L J F P F @
A G J F N P A B C R A D E N B F P F M D @ L T I F M E N B A M N P G H G D F I D E N D A G N G G F I T
S P F J ? G A B C N B ? I S F @ L O M L I K L B F B D G n I L D L @ G Q C F N @ G Q G E N O D G s Q
N B J D E N D N B N ? D L I N D F J I L J F P A B C D F M E B A l ? F F � A G D G D E N D M N BS F ? G F J D L C F B F @ N D F N G H G D F I I L J F P L B M F D E F M L I K L B F B D G
N @ F G K F M A t F J U j B O N M D Q D E A G D F M E B A l ? F M N B K @ L J ? M F N c _ X � [ ^
L O J H B N I A M I L J F P G Q R E A M E J A k F @ A B D E F P F W F P L O J F D N A P ? G F J D L
I L J F P F N M E M L I K L B F B D U j B D E F P A B F N @ M N G F Q D E F � P F W F P L O J F T
D N A P � L O F N M E M L I K L B F B D G ? S I L J F P D @ N B G P N D F G A B D L A D G Y ^ Z [ ^ �
F U C U Q N I L @ F J F D N A P F J I L D L @ I L J F P I N H A B M P ? J F A B J ? M D A W F
P N C n L B F N J J A D A L B N P G D N D F W N @ A N S P F s Q L @ N I L @ F J F D N A P F J G E N O DI L J F P I A C E D A B M P ? J F L B F L @ G F W F @ N P I L J F G n N J J A B C D R L G D N D FW N @ A N S P F G D L A D G P ? I K F J T K N @ N I F D F @ I L J F P K F @ I L J F s U i E F
K @ L S P F I N J J @ F G G F J S H I L J F P T L @ J F @ J F J ? M D A L B N P C L @ A D E I G A G
J F M A J A B C R E N D X b c b X d \ P F W F P L O J F D N A P D L ? G F A B F N M E M L I K L T
B F B D G ? S I L J F P G L D E N D D E F @ F G ? P D A B C G H G D F I I L J F P A G G ? A D N S P H@ F N P A G D A M U

� F O L @ F D E A G K @ L S P F I M N B S F G L P W F J Q L B F I ? G D G K F M A O H
R E N D A G I F N B D S H D E F D F @ I � G ? A D N S P H @ F N P A G D A M U � i E A G M L B G A J T
F @ N D A L B A B D @ L J ? M F G D E F A J F N L O N � I L J F P K F @ O L @ I N B M F I F D T
@ A M U � � F S F P A F W F � N B J R A P P N D D F I K D D L � ? G D A O H � D E N D A B D E F
M L B D F � D L O M L B D @ L P G H G D F I N B N P H G A G N B J J F G A C B n N D P F N G D s D E F
N K K @ L K @ A N D F I F D @ A M G A B W L P W F D E F G H G D F I I L J F P � G O @ F l ? F B M H
@ F G K L B G F M E N @ N M D F @ A G D A M G U j B K N @ D A M ? P N @ Q R F R A P P O L M ? G L B N B� � I F D @ A M Q A U F U Q R F R A P P ? G F D E F g _ � c Y ^ X L O 
 � n � x s n D E F
B L @ I N P A h F J M E N B C F A B D E F I L J F P � G O @ F l ? F B M H @ F G K L B G F s N GD E F M @ A D F @ A L B O L @ � ? J C A B C D E F G ? A D N S A P A D H L O D E F G H G D F I I L J F P
N G R F A D F @ N D A W F P H A B M @ F N G F D E F L @ J F @ L O F N M E M L I K L B F B D G ? S T
I L J F P N B J P L L � O L @ M L B W F @ C F B M F U

� � � � � � � � � � � � � � � � � � � � � � � � �  
i E F I L J F P L @ J F @ J F J ? M D A L B N P C L @ A D E I J F G M @ A S F J A B D E A G K N TK F @ Q � q � o p q r Q A G S ? A P D R A D E A B N O @ N I F R L @ � L O M L I K L B F B D G Q
N ? D L I N D F J I L J F P G H B D E F G A G K @ L M F J ? @ F G Q N B J I L J F P F W N P ? N TD A L B D F M E B A l ? F G U i L J F t B F D E F O @ N I F R L @ � O L @ D E A G N P C L @ A D E I Q
R F S F C A B S H G K F M A O H A B C D E F G F D L O M L I K L B F B D G

! " # M $ w M % w & & & w M ' (
O @ L I R E A M E g � g a [ X g n L O M L I K L B F B D G s M N B S F M L B G D @ ? M D F J U
j B D E F J L I N A B L O F P F M D @ L T I F M E N B A M N P G H G D F I G Q ! R A P P A B T
M P ? J F M L I K L B F B D G G ? M E N G > � I L D L @ G Q D L @ G A L B N P G E N O D G Q N B J

C F N @ K N A @ G U � N M E M L I K L B F B D M � E N G N G F D L O @ F P F W N B D d a ]
a ^ b � _ a [ g D E N D N k F M D D E F J H B N I A M @ F G K L B G F L O D E N D M L I K L T
B F B D Q F U C U G E N O D P F B C D E Q J A N I F D F @ N B J I N D F @ A N P U � F J F B L D F
D E A G M L I K L B F B D T G K F M A t M G F D L O N D D @ A S ? D F G N G �

) � " # J * $ +� w J * % +� w & & & w J * , +� ( &
j B N J J A D A L B Q F N M E M L I K L B F B D M � E N G N M L @ @ F G K L B J A B C X Y Z [ \
e [ c [ ^ d a b c e � _ c ` a b Y c n o - � s D E N D I N K G D E F M L I K L B F B D A B D L
L B F L O A D G G ? S I L J F P G U i E F G F D L O o - � G O L @ ! A G

. " # O $ w O % w & & & w O ' ( &
� N M E O � A G M N K N S P F L O G H B D E F G A h A B C L B F L @ I L @ F M N B J A J N D FG ? S I L J F P G L O D E F M L I K L B F B D M � D L R E A M E A D M L @ @ F G K L B J G U
} B L B T B F C N D A W F A B D F C F @ Q @ F O F @ @ F J D L N G D E F ^ d c / L O N M L I T
K L B F B D G ? S I L J F P Q A G ? G F J D L G K F M A O H A D G M L I K P F � A D H U > F T
K F B J A B C L B D E F M L I K L B F B D Q D E F I N � A I ? I @ N B � A G F A D E F @
? B S L ? B J F J L @ S L ? B J F J U 0 c � Y _ c Z [ Z ^ d c / M L I K L B F B D G M N BS F I N K K F J A B D L N B A B t B A D F B ? I S F @ L O G ? S I L J F P G Q R E F @ F N G
� Y _ c Z [ Z ^ d c / M L I K L B F B D G M N B S F I N K K F J A B D L L B P H N t B A D F
n D H K A M N P P H G I N P P s B ? I S F @ L O G ? S I L J F P G U } 1 F � A S P F G E N O D A G N BF � N I K P F L O D E F O L @ I F @ M N G F Q R E A P F N I L D L @ R L ? P J C F B F @ N P P HS F L O S L ? B J F J @ N B � U

i E F G F D L O G ? S I L J F P G M L @ @ F G K L B J A B C D L D E F 2 3 4 M L I K L T
B F B D A G J F B L D F J N G �

5 � " # I * $ +� w I * % +� w & & & w I * 6 +� ( &

� N M E G ? S I L J F P I * 7 +� A B 5 � E N G N @ N B � N B J N G F D L O M L F � M A F B D G
D E N D K N @ N I F D F @ A h F A D U � A D E L ? D P L G G L O C F B F @ N P A D H Q R F N G G ? I F
D E F G ? S I L J F P G I * 7 +� N @ F L @ J F @ F J S H A B M @ F N G A B C @ N B � U � F
J F B L D F D E F M L @ @ F G K L B J A B C G F D L O M L F � M A F B D G N G �

8 * 7 +� " # l * 7 +� 9 $ w l * 7 +� 9 % w & & & w l * 7 +� 9 : ( &
i E F @ F N @ F ; M N B J A J N D F G ? S I L J F P G L O F N M E M L I K L B F B D Q N B JD E ? G ; K L G G A S P F G F D G L O G ? S I L J F P M L F � M A F B D G N @ F N G G L M A N D F J
R A D E A D U < L D F D E N D D E F G F M L F � M A F B D G F D G N @ F F � K P A M A D P H J F D F @ T
I A B F J S H D E F K E H G A M N P N D D @ A S ? D F G L O D E F 2 3 4 M L I K L B F B D Q A U F U Q
l * 7 +� 9 : " l * 7 +� 9 : n J � s U

i L M P N @ A O H D E F N S L W F A B D F @ @ F P N D A L B G E A K G Q G ? K K L G F R F R N B DD L G H B D E F G A h F D E F G F M L B J G ? S I L J F P n A B D F @ I G L O @ N B � L @ M L I T
K P F � A D H s L O D E F t @ G D M L I K L B F B D U � F R L ? P J ? G F D E F t @ G D o - �
n O $ s N B J G ? K K P H A D R A D E N @ C ? I F B D G = Q O L @ D E F G F M L B J T @ N B �I L J F P Q N B J J $ Q J F B L D A B C D E F N D D @ A S ? D F G L O D E F t @ G D M L I K L T
B F B D U j B N B N P C L @ A D E I A M B L D N D A L B Q

O $ n = w J $ s > I * % +$ n 8 * % +$ n J $ s s &
i E F @ F K F N D F J G ? S G M @ A K D � L O D E F G ? S I L J F P Q I $ Q N B J D E F N D TD @ A S ? D F G N B J M L F � M A F B D G L O D E A G G ? S I L J F P Q J $ N B J l $ Q N @ FB F F J F J D L A B J A M N D F D E N D S L D E D E F G ? S I L J F P N B J A D G M L F � T
M A F B D G N @ F J F @ A W F J O @ L I N G K F M A t M D H K F L O M L I K L B F B D U ? L @
F � N I K P F Q D E F t @ G D G ? S I L J F P L O N I L D L @ A G W F @ H J A k F @ F B D O @ L I
D E F t @ G D G ? S I L J F P L O N G E N O D U i E F @ ? B B A B C G ? K F @ G M @ A K D n = s
J F B L D F G D E F ? G F L O D E F G F M L B J T @ N B � G ? S I L J F P U m O M L ? @ G F Q
D E F B L D N D A L B M L ? P J S F L B F P F W F P I L @ F M L I K P A M N D F J A O R F N D TD F I K D D L J A G D A B C ? A G E S F D R F F B G E N O D $ N B J G E N O D % @ � L R F W F @ Q

A



D L N W L A J ? B B F M F G G N @ H B L D N D A L B Q N J J A D A L B N P G ? S G M @ A K D G N B J G ? T
K F @ G M @ A K D G R A P P S F N W L A J F J R E F B D E F L @ A C A B L O D E F G ? S I L J F P
A G M P F N @ L @ C F B F @ A M U

? A B N P P H Q R F R L ? P J P A � F D L F I K E N G A h F D E N D I L J F P G G H B D E F T
G A h F J ? G A B C � q � o p q r E N W F � f � g b ` d \ � d ^ d X [ a [ ^ g Q D E N D A G Q D E F
G D N D F W N @ A N S P F G N @ F C F B F @ N P A h F J J A G K P N M F I F B D G N B J I L I F B D N Q
N B J A B F @ D A N P Q M N K N M A D A W F Q N B J J A G G A K N D A W F F P F I F B D G N K K F N @ N GM L F � M A F B D G L O D E F G F G D N D F W N @ A N S P F G U i E A G A G A B G D N @ � M L B D @ N G DD L N S P N M � S L � N K K @ L N M E D L I L J F P A B C Q A B R E A M E A B O L @ I N D A L BA B D F @ B N P D L N K E H G A M N P G H G D F I A G B L D K N @ D L O D E F I L J F P U

} G I F B D A L B F J K @ F W A L ? G P H Q D E F O @ N I F R L @ � L O � q � o p q r
N P G L A B M P ? J F G N I F N B G D L N G G F I S P F D E F M L I K L B F B D G ? S I L J T
F P G A B D L N G H G D F I I L J F P N B J D L G H B D E F G A h F G D N D F F l ? N D A L B G UV ? S I L J F P N G G F I S P H A G N M M L I K P A G E F J S H � A B F I N D A M N P P H M L ? T
K P A B C N J � N M F B D A B F @ D A N P F P F I F B D G L O D E F M L I K L B F B D G ? S I L J F P G
N B J P ? I K A B C D R L L @ I L @ F A B F @ D A N G A B D L N G A B C P F A B F @ D A N U i E A G
A G l ? A D F G D N B J N @ J Q N B J A G J A G M ? G G F J A B D F � D G G ? M E N G � L G F B T
S F @ C N B J � N @ B L K K n � � � � s N B J � N @ B L K K F D N P U n � � � v s U j B
D E F G F G N I F D F � D G Q N P C L @ A D E I G N @ F K @ L W A J F J O L @ G H B D E F G A h A B C
D E F G D N D F F l ? N D A L B G L O N I L J F P F � K @ F G G F J N G N S L B J C @ N K E U
? L @ O ? D ? @ F @ F O F @ F B M F Q R F J F B L D F G ? M E N G H G D F I I L J F P N G �

� � " � n I * � � +� s � � " 	
� 
 �

R E F @ F � A B O L @ I N P P H J F B L D F G � N G G F I S P H � A B D E F N S L W F G F B G F Q
2 @ N B C F G L W F @ D E F G F D L O M L I K L B F B D G N B J � J F B L D F G D E F @ N B �L O � Q R E A M E A G @ F P N D F J D L A D G L @ J F @ U

� � � � � � � � � � � � � � 
 � � � �
m B F N K K @ L N M E D L I L J F P A B C A G D L S F C A B R A D E N E A C E T L @ J F @
I L J F P L O N K E H G A M N P G H G D F I N B J N K K P H I N D E F I N D A M N P D @ N B G TO L @ I N D A L B G D L K N @ F D E F E A C E O @ F l ? F B M H I L J F G O @ L I D E F I L J F P U
V ? M E N I L J F P L @ J F @ @ F J ? M D A L B N K K @ L N M E A G l ? A D F K L R F @ O ? P N B J
M L I I L B K P N M F � E L R F W F @ Q A D G ? G F K @ F G ? K K L G F G D E F F � A G D F B M F L O
N E A C E T L @ J F @ I L J F P D L G D N @ D R A D E U j B M L B D @ N G D D L D E A G N K TK @ L N M E Q X Y Z [ \ Y ^ Z [ ^ Z [ Z _ ` a b Y c S F C A B G R A D E N W F @ H P L R T L @ J F @
I L J F P L O N G H G D F I N B J d Z Z g G D N D F W N @ A N S P F G D L D E F I L J F P
� D E @ L ? C E D E F A B M P ? G A L B L O A B F @ D A N P N B J M L I K P A N B D F P F I F B D G
� ? B D A P D E F K F @ O L @ I N B M F K @ F J A M D F J S H D E F I L J F P B L P L B C F @
M E N B C F G n N K K @ F M A N S P H s N G I L @ F G D N D F W N @ A N S P F G N @ F N J J F J D L
D E F I L J F P U

i E F t @ G D N P C L @ A D E I D L N K K P H D E A G A J F N G H G D F I N D A M N P P H R N GD E F � I L J F P L @ J F @ J F J ? M D A L B N P C L @ A D E I � n o p q r s n � A P G L B N B J
V D F A B Q � � � = � � A P G L B N B J V D F A B Q � � � � s V A B M F D E N D M L B D @ A S ? T
D A L B Q G F W F @ N P N K K @ L N M E F G E N W F S F F B K @ L K L G F J O L @ A D G F � D F B G A L B
N B J A I K @ L W F I F B D U m B F N @ F N D E N D A G M P F N @ P H G A C B A t M N B D A B T
W L P W F G D E F J F t B A D A L B L O I F N G ? @ F G O L @ N I L J F P � G K F @ O L @ I N B M F QG A B M F D E F G F C L W F @ B D E F G F N @ M E O L @ N � C L L J � L @ � N J F l ? N D F �I L J F P N B J J F D F @ I A B F R E F B G ? M E N K @ L M F G G E N G M L B W F @ C F J U
i E F @ F O L @ F Q N J F D N A P F J J A G M ? G G A L B L O D E F P N G D F P F I F B D L O D E F
O @ N I F R L @ � � I L J F P K F @ O L @ I N B M F I F D @ A M G � A G B F F J F J D L M L I T
K P F D F D E A G S N M � C @ L ? B J F � K L G A D A L B U

� � � � � � � � � � � � � � 
 � � � � � � 
 �
i R L S N G A M D @ ? A G I G N @ F � � s N I L J F P G E L ? P J S F N M M ? @ N D F Q N B J
= s N B N M M ? @ N D F P L R T L @ J F @ I L J F P A G K @ F O F @ @ F J L W F @ N E A C E T
L @ J F @ I L J F P L O N K K @ L � A I N D F P H D E F G N I F N M M ? @ N M H U � ? N B TD A O H A B C N M M ? @ N M H A G Q E L R F W F @ Q G L I F R E N D F P ? G A W F Q S F M N ? G F A B
D E F J F G A C B G D N C F B L E N @ J R N @ F A G N W N A P N S P F N C N A B G D R E A M E D E F
K F @ O L @ I N B M F L O N I L J F P M N B S F F W N P ? N D F J U � W F B A O E N @ J R N @ FF � A G D G Q D E F D A I F N B J F � K F B G F @ F l ? A @ F J D L I F N G ? @ F G H G D F I
K F @ O L @ I N B M F I N H R F A C E N C N A B G D L S D N A B A B C D E A G J N D N D L F W N P T? N D F N I L J F P U

V A B M F I L J F P K F @ O L @ I N B M F L O D F B M N B B L D S F F W N P ? N D F J
N C N A B G D I F N G ? @ F J J N D N Q N @ F N G L B N S P F N P D F @ B N D A W F A G D L M L I T
K N @ F D E F K F @ O L @ I N B M F L O P L R F @ D L E A C E F @ T L @ J F @ I L J F P G L O D E F
G N I F G H G D F I D L C F D N B A B J A M N D A L B L O D E F G ? � M A F B M H L O I L J F P
L @ J F @ U ? L @ F � N I K P F Q A O � � K @ L W A J F G N K K @ L � A I N D F P H D E F G N I F
K @ F J A M D F J S F E N W A L @ N G E A C E F @ T L @ J F @ I L J F P � � � $ Q R F I A C E D
M L B M P ? J F D E N D � � E N G G ? � M A F B D L @ J F @ U � L B W F @ G F P H Q A O N P N @ C FJ A k F @ F B M F F � A G D G A B D E F K @ F J A M D A L B G L S D N A B F J O @ L I D E F G F D R L
I L J F P G Q R F R L ? P J M L B M P ? J F D E N D � � E N G A B G ? � M A F B D L @ J F @
N B J R F G E L ? P J A B M @ F N G F D E F L @ J F @ N B J M L I K N @ F I L J F P G � � � $
N B J � � � % Q N B J G L L B U

� @ F W A L ? G I L J F P T L @ J F @ J F J ? M D A L B N P C L @ A D E I G E N W F ? G F J
D E F M L B M F K D L O N � ^ [ � _ [ c ` � ^ d c e [ Y � b c a [ ^ [ g a n � � p � s N B J F A C F B T
W N P ? F G N G N K F @ O L @ I N B M F I F D @ A M U o p q r ? G F J � � � � � u v w x y z { |
N G N K F @ O L @ I N B M F I F D @ A M A B D E F G F B G F D E N D A D G H B D E F G A h F J NP L R T L @ J F @ I L J F P D E N D I A B A I A h F J D E F G K F M D @ N P @ N J A ? G Q R E A P F
G A I ? P D N B F L ? G P H C ? N @ N B D F F A B C D E N D N B H G ? S G F l ? F B D A B M @ F N G F A B
I L J F P L @ J F @ R L ? P J @ F G ? P D A B N G K F M D @ N P @ N J A ? G S F H L B J x y z { U
~ � � ~ � q ~ q � o p q r n ? F @ @ A G N B J V D F A B Q � � � � s N P G L O L M ? G F J L B
D E F � � � � � u v w x y z { | Q S ? D M L B D A B ? F J A B M @ F N G A B C I L J F P L @ J F @
? B D A P D E F G F F A C F B W N P ? F G B L P L B C F @ M E N B C F J N K K @ F M A N S P H R A D E
G ? S G F l ? F B D A B M @ F N G F G A B I L J F P L @ J F @ U j B D E F G F l ? F P R F R A P P
J A G M ? G G o p q r N B J ~ � � ~ � q ~ q � o p q r A B I L @ F J F D N A P N B J N P G LJ F I L B G D @ N D F D E N D D E F O @ F l ? F B M H @ F G K L B G F I F D @ A M K @ L W A J F G
N I L @ F M L I K @ F E F B G A W F I F N G ? @ F L O I L J F P K F @ O L @ I N B M F D E N B� � � � � u v w x y z { | U

� � � � � � � 
 � � � � � � � � � � � � � � � � �
i E F � � p � A G L O M L B G A J F @ N S P F A I K L @ D N B M F A B G H G D F I G F B C A T
B F F @ A B C Q N B J K @ L W A J F G N M L B D F � D R A D E A B R E A M E D L O L @ I ? P N D F@ F l ? A @ F I F B D G L B I L J F P K F @ O L @ I N B M F U i E F � � p � A G D E F O @ F T
l ? F B M H S N B J u x y � � w x y z { | L W F @ R E A M E N I L J F P Q A B D F @ I G L O
G D F N J H T G D N D F A B K ? D T L ? D K ? D K @ F J A M D A L B Q G E L ? P J C A W F N @ F P A N S P FA B J A M N D A L B L O G H G D F I @ F G K L B G F U ? L @ M L B W F B A F B M F Q h F @ L I N H L O T
D F B S F D N � F B N G D E F P L R F @ S L ? B J L O D E F � � p � n x y � � " v s U i E F
? K K F @ S L ? B J I N H S F J F D F @ I A B F J O @ L I N B A B K ? D G K F M A t M N D A L B Q
F U C U Q A O D E F O @ F l ? F B M H M L B D F B D L O M L I I N B J F J A B K ? D G L @ J A G T
D ? @ S N B M F A B K ? D G A G � B L R B D E F B D E F I L J F P G E L ? P J S F N M M ? @ N D FD L O @ F l ? F B M A F G = � � D A I F G D E F E A C E F G D A B K ? D O @ F l ? F B M H n x � � s
n � N @ B L K K F D N P U Q � � � v s � N M M L @ J A B C P H Q x y z { " � � x � � U j B D E F
M N G F L O M P L G F J T P L L K G H G D F I J F G A C B Q D E F L K F B T P L L K M @ L G G L W F @
O @ F l ? F B M H J @ A W F G D E F � � p � A B D E N D D E F I L J F P G E L ? P J K @ L W A J F
N @ F P A N S P F @ F G K L B G F N D O @ F l ? F B M A F G � D L = J F M N J F G S F H L B J D E F
M @ L G G L W F @ O @ F l ? F B M H x �  Q D E N D A G Q � v � x �  ! x y z { ! � v v � x �  U
� L D E L O D E F G F N K K @ L N M E F G N @ F I F @ F P H � @ ? P F G L O D E ? I S � � D E F

"



F B C A B F F @ I ? G D D F I K F @ D E F G F G ? C C F G D A L B G R A D E D E F K N @ D A M ? P N @ GL O D E F K @ L S P F I ? B J F @ M L B G A J F @ N D A L B U

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 
 � � � � � � 
 � �
o p q r M L L @ J A B N D F G D E F G F N @ M E O L @ D E F M L I S A B N D A L B L O M L I T
K L B F B D G ? S I L J F P G D E N D @ F G ? P D G A B N I L J F P D E N D Q O L @ N C A W F B
L @ J F @ Q I A B A I A h F G D E F G K F M D @ N P @ N J A ? G N B J C ? N @ N B D F F G D E N D
N B H A B M @ F N G F A B I L J F P L @ J F @ R A P P @ F G ? P D A B N G K F M D @ N P @ N J A ? G
S F H L B J D E F ? K K F @ S L ? B J L O D E F � � p � u v w x 6 � � | U i E A G A I K P A F G
D E N D N I L J F P G H B D E F G A h F J ? G A B C o p q r M L B D N A B G L B P H F A C F B T
W N P ? F G R A D E I N C B A D ? J F A B D E F � � p � U � A P G L B N B J V D F A B n � � � = �
� � � � s ? G F D E F D F @ I � ^ Y � [ ^ � Y Z [ \ D L @ F O F @ D L N I L J F P R A D E
K E H G A M N P P H S N G F J K N @ N I F D F @ G N B J G D N D F W N @ A N S P F G N B J D E N DI F F D G D E A G K F @ O L @ I N B M F I F D @ A M U

} P A I A D N D A L B L O o p q r M A D F J S H ? F @ @ A G N B J V D F A B n � � � � s A G
D E F P N M � L O N C ? N @ N B D F F @ F C N @ J A B C D E F N M M ? @ N M H L O D E F M L B T
J A D A L B � � � � � u v w x y z { | A B N I L J F P G H B D E F G A h F J ? G A B C o p q r U
i E N D J A k F @ F B D P ? I K A B C G L O M L B D A B ? L ? G M L I K L B F B D G A B N P N @ C F @G H G D F I I L J F P R A P P @ F G ? P D A B J A k F @ F B D F A C F B W N P ? F G A G R F P P � B L R B U
j B D E F M N G F L O o p q r Q N B A B M @ F N G F A B D E F L @ J F @ L O N � @ L K F @
� L J F P C F B F @ N P P H @ F G ? P D G A B G L I F G E A O D A B C L O � � � � � u v w x y z { | Q
R E A M E G ? C C F G D G D E N D N I L @ F N M M ? @ N D F K @ F J A M D A L B M N B S F L S T
D N A B F J S H A B M @ F N G A B C D E F L @ J F @ L O D E F � @ L K F @ � L J F P U

? F @ @ A G N B J V D F A B N J J @ F G G F J D E F A G G ? F L O F A C F B W N P ? F I A T
C @ N D A L B S H M @ F N D A B C N B F R I L J F P G H B D E F G A G N P C L @ A D E I D E N DI L B A D L @ G D E F I A C @ N D A L B L O D E F � � � � � u v w x y z { | Q R E A M E D E F H
@ F O F @ D L N G D E F ` ^ b a b ` d \ g � g a [ X [ b e [ c � d \ _ [ g U i E F B F R N P C L T@ A D E I ~ � � ~ � q ~ q � o p q r G H B D E F G A h F G N � @ L K F @ � L J F P A B D E F
G N I F I N B B F @ N G o p q r � A D D E F B M L B D A B ? F G A B M @ F N G A B C I L J F P
L @ J F @ ? B D A P D E F � � � � � u v w x y z { | @ F I N A B N K K @ L � A I N D F P H D E F
G N I F N G D E F I L J F P L @ J F @ A G A B M @ F N G F J U i E F J F C @ F F L O N K TK @ L � A I N D A L B M N B S F M L B D @ L P P F J S H N ? G F @ T G K F M A t F J D L P F @ N B M FJ F t B A B C D E F N M M F K D N S P F K F @ M F B D N C F M E N B C F U i E F M P N A I S H
? F @ @ A G N B J V D F A B A G D E N D ~ � � ~ � q ~ q � o p q r R A P P G H B D E F G A h F NI L J F P L O N K K @ L K @ A N D F M L I K P F � A D H D E N D K @ L W A J F G F G D A I N D F G L O
� � � � � u v w x y z { | D E N D E N W F M L B W F @ C F J D L G L I F ? G F @ T G K F M A t F J
K F @ M F B D N C F U

� � � � � � � 
 � � � � � � � � � � 	 � � � � � � � � � � � � � � � � � � � 
 � � � � � � 
 � �
i E F O @ F l ? F B M H @ F G K L B G F L O N G H G D F I Q J F B L D F J � n � x s Q A G N? G F O ? P K F @ O L @ I N B M F I F D @ A M N B J J F G A C B N A J U � E F B K P L D D F J L B
D E F � T K P N B F D E F O @ F l ? F B M H @ F G K L B G F A G D E F S N G A G O L @ < H l ? A G D
G D N S A P A D H N B N P H G A G Q N B J A G ? G F J D L M L I K ? D F C N A B N B J K E N G FI N @ C A B G U � E F B D E F I N C B A D ? J F N B J K E N G F N @ F K P L D D F J G F K T
N @ N D F P H Q N G A B � L J F K P L D G Q O @ F l ? F B M H @ F G K L B G F A G ? G F J O L @
O @ F l ? F B M H T J L I N A B S N G F J M L I K F B G N D L @ J F G A C B U

� F S F P A F W F D E N D M L B G A J F @ A B C N I L J F P � G O @ F l ? F B M H @ F G K L B G F
L W F @ N C A W F B O @ F l ? F B M H @ N B C F K @ L W A J F G N S @ L N J F @ I F N G ? @ FL O A D G K F @ O L @ I N B M F D E N B I L B A D L @ A B C F A C F B W N P ? F G R A D E A B D E A G
G N I F @ N B C F U ? @ F l ? F B M H @ F G K L B G F A G L S D N A B F J S H F W N P ? N D A B C
N D @ N B G O F @ O ? B M D A L B Q N @ N D A L L O K L P H B L I A N P G Q L W F @ N @ N B C F L O
O @ F l ? F B M A F G Q A U F U

� n � x s " � n � x s

 n � x s � x � u x y � � w x y z { | & n � s

i E F D @ N B G O F @ O ? B M D A L B n � s A G L S D N A B F J O @ L I D E F G D N D F I N D @ A M F G? G A B C D E F R F P P T � B L R B @ F P N D A L B �
� n � s " ! n � � � � s 
 $ � � 
 & n = s

j O R F O L M ? G n O L @ D E F K @ F G F B D s L B V j V m G H G D F I G Q R F M N B @ F R @ A D F
n = s N G

� n � s " � � 6� � $ n � � � � s
� '� � $ n � � � � s & n � s

R E F @ F ; ! � N B J ; � � A O 
 " v U i E F K L P F G L O n � s N @ F D E F
F A C F B W N P ? F G L O D E F G H G D F I U

� F B L R M L B G A J F @ n � s A B D E F M L B D F � D L O D E F I L J F P L @ T
J F @ J F J ? M D A L B N P C L @ A D E I G J F G M @ A S F J A B D E F K @ F W A L ? G G F M D A L B U
� L I K N @ A B C D E F O @ F l ? F B M H @ F G K L B G F L O n � s L W F @ N � � p �
u x y � � w x y z { | K @ L W A J F G N I L @ F I F N B A B C O ? P S N G A G O L @ J F M A J A B C
G ? S I L J F P @ N B � N B J F W N P ? N D A B C I L J F P K F @ O L @ I N B M F D E N B � ? G D
O L M ? G A B C L B D E F K L P F G U i E F @ F N @ F G F W F @ N P @ F N G L B G O L @ D E A G
N G G F @ D A L B �

� � G A B C F A C F B W N P ? F M L B W F @ C F B M F N G N M @ A D F @ A L B O L @ G F D D A B C
I L J F P L @ J F @ I N H E N W F P A D D P F S F N @ A B C L B D E F M L B W F @ T
C F B M F L O � n � x s U ? L @ F � N I K P F Q D E F W N @ A N D A L B L O � n � x s
O L @ N � v � M E N B C F A B N @ F N P F A C F B W N P ? F I N H S F l ? A D F
G I N P P Q R E A P F N � v � M E N B C F A B N K N A @ L O W F @ H P A C E D P H
J N I K F J F A C F B W N P ? F G I N H E N W F N I N � L @ A I K N M D U

� j B D E F M L B D F � D L O M L B D @ L P G H G D F I N B N P H G A G N B J J F G A C B Q
� n � x s D F P P G D E F � R E L P F G D L @ H � @ F C N @ J A B C C N A B N B J K E N G FI N @ C A B Q P L L K T G E N K A B C @ F l ? A @ F I F B D G n O L @ M L I K F B G N D L @J F G A C B s Q N B J D E F P A � F � F A C F B W N P ? F G M L B W F H L B P H K N @ D L O
D E A G A B O L @ I N D A L B U

j B D E F t B N P N B N P H G A G Q R F R N B D D E F G H G D F I I L J F P D L K @ L T
W A J F N @ F P A N S P F K @ F J A M D A L B L O I L J F P K F @ O L @ I N B M F O L @ x �
u x y � � w x y z { | U ? L @ D E A G D L L M M ? @ Q S L D E D E F h F @ L G N B J D E F K L P F G
L O n � s I ? G D E N W F M L B W F @ C F J G ? � M A F B D P H G ? M E D E N D A B M @ F N G F GA B I L J F P L @ J F @ J L B L D M N ? G F N K K @ F M A N S P F M E N B C F G A B D E F O @ F T
l ? F B M H @ F G K L B G F U i E A G M N B B L D S F J L B F S H M L B G A J F @ A B C L B P H
D E F F A C F B W N P ? F G U

� < � � � � � = � � � � � 8 � � � � ; � � � � � < � � � �  � � < � � <
� � � � = ; � � �
i E F I L G D G ? M M A B M D R N H D L K @ F G F B D D E F O @ F l ? F B M H T J L I N A BI F D E L J O L @ I L J F P T L @ J F @ J F J ? M D A L B A G D L J F t B F D E F L S � F M T
D A W F L O D E F � q � o p q r N P C L @ A D E I Q N B J G K F M A O H D E F P L C A M ? G F J
A B A D G F � F M ? D A L B U

� ! " � 
 � � � �
i E F A B K ? D N B J D E F J F G A @ F J L ? D K ? D G K F M A O H D E F @ F l ? A @ F I F B D G
L O D E F N P C L @ A D E I U i E F A B K ? D D L � q � o p q r A B M P ? J F G �

� N G H G D F I Q � Q L O G F @ A N P P H T M L B B F M D F J M L I K L B F B D G Q F U C U� " # M $ w M # w M % w M # w M $ ( Q
� N � � p � u x y � � w x y z { | Q N B J
� N O @ F l ? F B M H @ F G K L B G F M L B W F @ C F B M F D L P F @ N B M F Q % & ' U

(



i E F L ? D K ? D L O � q � o p q r A G D E F G F D L O @ N B � G L O D E F M L I K L T
B F B D G L O � Q A U F U � " # @ $ w @ # w @ % w @ # w @ $ ( U i E A G G F D G N D A G t F G D R L
M L B J A D A L B G �

� U D E F O @ F l ? F B M H @ F G K L B G F L W F @ u x y � � w x y z { | K @ F J A M D F J S H
N I L J F P G H B D E F G A h F J S N G F J L B � E N G M L B W F @ C F J R A D E A B
% & ' Q

= U D E F G ? I L O D E F @ N B � G Q � � @ � Q A G I A B A I ? I U
i E A G K @ L W A J F G N G H G D F I I L J F P D E N D A G L O N K K @ L K @ A N D F M L I T
K P F � A D H C A W F B D E F G K F M A t M N D A L B D E N D D E F O @ F l ? F B M H @ F G K L B G F
G E L ? P J S F N M M ? @ N D F L W F @ D E F � � p � U
� � � � � � � � � � � � � � � � � � � � � � � � � � 
 � � � � �

� U � � � � � � � � � 	
n N s j B A D A N P A h F N P P M L I K L B F B D @ N B � G D L h F @ L n @ � " v s
n S s V K F M A O H N D L P F @ N B M F % & '
n M s V K F M A O H N O @ F l ? F B M H L O A B D F @ F G D u x y � � w x y z { |
n J s � @ F N D F N C @ A J L O � K L A B D G Q x : � u x y � � w x y z { |
n F s V H B D E F G A h F N G H G D F I I L J F P � Q S N G F J L B M ? @ @ F B D

@ N B � G
n O s � L I K ? D F � n � x s O L @ N P P x :
n C s V F D � 
 n � x s " � n � x s

= U � 	 � 	 � 
 � � 	 � � � � � 	 � � � � � � 	 � � 
 � � � 	 � �
n N s Z � y z { " v
n S s � H M P F L W F @ D E F M L I K L B F B D G M � �

A U j B M @ F N G F @ N B � L O M �
A A U V H B D E F G A h F G H G D F I I L J F P Q S N G F J L B M ? @ @ F B D

@ N B � G
A A A U � L I K ? D F � n � x s O L @ N P P x : > � n � x : s
A W U 
 � : " n � 
 n � x : s T � n � x : s s � � 
 n � x : s
W U j O n � 
 � : � � " I N � : � 
 � : � s � Z � y z { D E F B �

} U Z � y z { " � 
 � : � �
� U 2 
 " 2

W A U > F M @ F N G F @ N B � L O M L I K L B F B D M �
� U � � � � � � � 	 � 	 	 � � � � � � � 	 � � 	 � � � 	 �

n N s j O Z � y z { � % & ' D E F B �
A U } ? C I F B D I L J F P L @ J F @ S H A B M @ F N G A B C @ N B � L O

M L I K L B F B D M � �
A A U V H B D E F G A h F G H G D F I I L J F P Q S N G F J L B M ? @ @ F B D

@ N B � G
A A A U � L I K ? D F � n � x s O L @ N P P x �
A W U � 
 n � x s " � n � x s
W U C L D L =

n S s F P G F Q M L B D A B ? F S F P L R
 U � � � � � � ! 	 � � � � �

n N s m ? D K ? D @ N B � G L O M L I K L B F B D G
n S s m ? D K ? D G H G D F I I L J F P

8  
 � < � ; � � � � � � � : ; < 8 ; � � �
� F R A P P J F I L B G D @ N D F � q � o p q r R A D E N B F � N I K P F D E N D A B T
W L P W F G G H B D E F G A h A B C N I L J F P L O N J @ A W F D @ N A B U i E F G F M D A L B
S F C A B G R A D E N J F G M @ A K D A L B L O D E F J @ A W F D @ N A B Q O L P P L R F J S H
N J A G M ? G G A L B L O D E F I L J F P C F B F @ N D A B C O ? B M D A L B G D E N D M L @ @ F T
G K L B J D L A D G M L I K L B F B D G U � A D E D E A G S N M � C @ L ? B J Q D E F G F M T
D A L B M ? P I A B N D F G R A D E N G D F K T S H T G D F K J F G M @ A K D A L B L O � q � o p q r T
M L L @ J A B N D F J I L J F P G H B D E F G A G U

� " � � � 
 � � # � � � � �
i E F J @ A W F D @ N A B Q G E L R B A B ? A C ? @ F � Q M L B G A G D G L O N > � I L D L @ Q
N 1 H R E F F P G ? K K L @ D F J S H @ L P P F @ S F N @ A B C G Q N D L @ G A L B N P G E N O D Q
N B J N G F M L B J 1 H R E F F P Q N P G L G ? K K L @ D F J S H @ L P P F @ S F N @ A B C G U

Flywheel FlywheelShaft
DC Motor

$ % & ' ( ) � * + ) , - . / 0 ( 1 0 % - . / 2 / 0 ) ,

� L I K L B F B D J A I F B G A L B G Q I L D L @ J N D N Q N B J I N D F @ A N P K N T@ N I F D F @ G O L @ D E F G H G D F I A B ? A C ? @ F � N @ F N G O L P P L R G �
� � 
 � � � � D L @ G A L B N P A B F @ D A N 3 � � U 4 F T  / e � ; % Q A B J ? M D N B M F

5 � � U � F T � � Q @ F G A G D N B M F 6 � � U  Y f X Q D L @ l ? F M L B G D N B D� 7 v U � 8 � ; 9 d X � Q W A G M L ? G O @ A M D A L B �
� 8 U  F T � � ; 9 ^ d Z 9 g [ `

: � ; < = 	 	 � > J A N I F D F @ v U = ; Q D E A M � B F G G v U v = �  ; Q J F B G A D H
8 8 8 � / e 9 ; # Q W A G M L ? G O @ A M D A L B M L F � M A F B D � F T � � ; 9 ^ d Z 9 g [ `

� = � ? � J A N I F D F @ v U v = ; Q P F B C D E � U v ; J F B G A D H 8 8 8 � / e 9 ; # Q
G E F N @ I L J ? P ? G 8 U � � F � v � 9 ; %

: � ; < = 	 	 � @ J A N I F D F @ v U = ; Q D E A M � B F G G v U v = �  ; Q J F B G A D H
8 8 8 � / e 9 ; # Q W A G M L ? G O @ A M D A L B M L F � M A F B D � F T � � ; 9 ^ d Z 9 g [ `

A � � � � � � � � # � ! � � � � � �
� L J F P G N @ F B F F J F J O L @ F N M E M L I K L B F B D A B D E F J @ A W F D @ N A B U
} G J A G M ? G G F J Q I L J F P C F B F @ N D A B C O ? B M D A L B G N @ F N G G ? I F J D L S F
N W N A P N S P F Q N B J D E F G F M N B S F ? G F J D L G H B D E F G A h F M L I K L B F B D
G ? S I L J F P G U j B D E N D G F M D A L B Q I L J F P C F B F @ N D A B C O ? B M D A L B G R F @ F
J F t B F J N G D N � A B C N B N @ C ? I F B D Q ^ d c / Q D E N D J A M D N D F G D E F M L I T
K P F � A D H L O D E F M L I K L B F B D G ? S I L J F P U � F B M F O L @ D E Q R F R A P P M N P PD E F I L J F P D E N D @ F G ? P D G O @ L I D E F @ N B � S F A B C G F D F l ? N P D L � Q
D E F � @ N B � T � � I L J F P U

? L @ D E F > � I L D L @ Q D R L I L J F P G N @ F N W N A P N S P F Q N @ N B � Tv I L J F P N B J N @ N B � T � I L J F P U } G J A G M ? G G F J A B I L @ F J F D N A PA B � A P G L B N B J V D F A B n � � � = s Q D E F @ N B � T v I L J F P J L F G B L D A B T
M P ? J F D E F A B J ? M D N B M F L O D E F R A B J A B C G Q N B J D E F @ N B � T � I L J F P

B



UUUUUUUUUUUUU

UUUUUUUUUUUUU UUUUUUUUUUUUU

UUUUUUUUUUUUU

UUUUUUUUUUUUU UUUUUUUUUUUUU

UUUUUUUUUUUUU
�

� � �
� D

�

j � � N j � � N

� � � N � � � W

V F � � A B

n � N B � � L B P H s

$ % & ' ( ) A * � - . � & ( 1 � 	 / 
 - ( ( 1 . � � 
 � + � , - 0 - (

A B M P ? J F G D E F A B J ? M D N B M F U i E F @ N B � T v N B J @ N B � T � > � I L T
D L @ S L B J C @ N K E G N @ F G E L R B A B ? A C ? @ F = Q N B J N @ F G D N B J N @ Jn � N @ B L K K F D N P U Q � � � v s U

i E F 1 H R E F F P I L J F P N B J D L @ G A L B N P G E N O D I L J F P G N @ F J A G T
D A B M D A B D E N D L B P H L B F I L J F P A G N W N A P N S P F O L @ D E F 1 H R E F F P N B J
N B A B t B A D F l ? N B D A D H L O I L J F P G N @ F N W N A P N S P F O L @ D E F G E N O D Um B F I L J F P A G N W N A P N S P F O L @ D E F 1 H R E F F P Q N B A B F @ D A N P F P F I F B D
M L ? K P F J D L N J A G G A K N D A W F F P F I F B D U < L N J J A D A L B N P A B F @ D A N P L @
M L I K P A N B D F P F I F B D G M N B S F ? G F J D L N ? C I F B D D E F 1 H R E F F P
I L J F P U i E F I L J F P O L @ D E F 1 H R E F F P A G G D N B J N @ J n � L G F B S F @ C
N B J � N @ B L K K Q � � � � s U j B D E F M N G F L O D E F D L @ G A L B N P G E N O D Q A D M N BS F I L J F P F J N G N D L @ G A L B N P A B F @ D A N Q L @ N G D R L @ A C A J G E N O D G G F K N T@ N D F J S H N D L @ G A L B N P G K @ A B C Q L @ N G � � � @ A C A J G E N O D G G F K N @ N D F JS H � D L @ G A L B N P G K @ A B C G U } G J A G M ? G G F J A B � A P G L B N B J V D F A B
n � � � = s Q D E A G P N D D F @ I L J F P A G D E F @ N B � T � G E N O D I L J F P U � L B J
C @ N K E G O L @ D E F 1 H R E F F P G Q D E F @ N B � T v G E N O D Q N B J D E F @ N B � T �
G E N O D N @ F G E L R B A B ? A C ? @ F � � B L D F D E F J A G D A B M D A L B S F D R F F B
@ N B � T v N B J @ N B � T � G E N O D I N J F A B ? A C ? @ F � U

UUUUUUUUUUUUUUUUUUUUUUUUUU UUUUUUUUUUUUUUUUUUUUUUUUUU

UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU

UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU UUUUUUUUUUUUUUUUUUUUUUUUUU UUUUUUUUUUUUUUUUUUUUUUUUUU

UUUUUUUUUUUUUUUUUUUUUUUUUU

� v ��

� � S �

j � � �

�

j � � =

� � S =

j � � G � = j � � G � =

� � � G

n � N B � � L B P H s

$ % & ' ( ) " * � - . � & ( 1 � 	 / 
 - ( � 2 � 	 ) ) � / � ( 1 . � � 
 � / 	 1 
 0

� � � � � � � � � � �
j B D E F � q � o p q r O @ N I F R L @ � I L J F P G H B D E F G A G @ F J ? M F G D L G F T
P F M D A B C D E F G F D L O M L I K L B F B D @ N B � G D E N D @ F G ? P D A B N I L J F P
D E N D E N G M L B W F @ C F J L W F @ N G K F M A t M � � p � U � L B W F @ C F A B D E A G
M L B D F � D A I K P A F G D E N D D E F I L J F P O @ F l ? F B M H @ F G K L B G F J L F G B L D
M E N B C F N K K @ F M A N S P H R E F B D E F @ N B � L O N B H M L I K L B F B D A G A B T
M @ F N G F J U ? L @ D E F J @ A W F D @ N A B A B ? A C ? @ F � L B P H D E F > � I L D L @
N B J D E F G E N O D M N B E N W F D E F A @ @ N B � G M E N B C F J U i E F 1 H R E F F P
I L J F P G N @ F G D @ A M D P H @ N B � T v U i E F M E L A M F G O L @ D E F > � I L D L @
N @ F @ N B � T v N B J @ N B � T � Q N B J D E F M E L A M F G O L @ D E F G E N O D @ N B C FO @ L I @ N B � T v D L @ N B � T � U m ? @ I L J F P B L D N D A L B E F @ F A G N G O L P T
P L R G � D E F n ; Q � s I L J F P M L @ @ F G K L B J G D L D E F @ N B � T ; I L D L @
n I L J F P s N B J D E F @ N B � T � G E N O D U � F N G G ? I F N � � p � L O � � � v v v
� z �
� � �

Q R A D E N � v v v T K L A B D C @ A J Q N B J N M L B W F @ C F B M F D L P F @ N B M F L O
v U = U

? L @ D E F t @ G D K N G G L O D E F N P C L @ A D E I Q R F S F C A B R A D E D E F
n v Q v s I L J F P N B J M L I K N @ F 
 � n � x s L O D E F n � Q v s N B J n v Q � s
I L J F P G U } G B L D F J A B i N S P F � Q D E F n v Q � s I L J F P E N G N I ? M E
P N @ C F @ Z � y z { D E N B D E F n � Q v s I L J F P Q R E A M E A I K P A F G D E N D D E F
G E N O D M L I K P A N B M F E N G N P N @ C F @ F k F M D L B I L J F P K F @ O L @ I N B M FD E N B I L D L @ A B J ? M D N B M F U } G D E F n v Q � s I L J F P E N G D E F P N @ C F G DZ � y z { Q D E A G I L J F P A G D E F t @ G D I L J F P O L @ D E F G F M L B J K N G G L O
D E F N P C L @ A D E I U

> ? @ A B C D E F G F M L B J K N G G L O � q � o p q r Q R F M L I K N @ F D E F
n v Q � s I L J F P R A D E D E F n � Q � s N B J D E F n v Q = s I L J F P G U } G D N S ? TP N D F J A B i N S P F � Q D E F n � Q � s I L J F P E N G N I ? M E P N @ C F @ Z � y z {
D E N B D E F n v Q = s I L J F P Q R E A M E A I K P A F G D E N D D E F I L D L @ A B J ? M T
D N B M F E N G N I L @ F G A C B A t M N B D F k F M D L B I L J F P K F @ O L @ I N B M FD E N B N D R L T G K @ A B C G E N O D I L J F P U i E ? G Q D E F n � Q � s I L J F P A G D E F
t @ G D I L J F P O L @ D E F D E A @ J K N G G L O D E F N P C L @ A D E I U

i E F I L J F P M L B W F @ C F G N O D F @ D E F G F M L B J K N G G U � A D E A B D E F
� � p � u � Q � v v v | � z �

� � � Q D E F @ F A G P A D D P F M E N B C F S F D R F F B D E F K F @ O L @ T
I N B M F K @ F J A M D F J S H D E F n � Q � s I L J F P N B J D E F n � Q = s I L J F P Q
R E A M E A G D E F L B P H N W N A P N S P F M E L A M F N D D E A G K L A B D Q A B D F @ I G L O
A B M @ F I F B D N P P H A B M @ F N G A B C M L I K P F � A D H U } G i N S P F � A B J A M N D F G QZ � y z { O L @ D E F n � Q = s I L J F P A G v U � 4 Q R E A M E A G P F G G D E N B D E F
G K F M A t F J D L P F @ N B M F n v U = s U

� N G G j D F @ U � L D L @ V E N O D � 
 n � x s Z � y z {
� v v v n v Q v s �
� � � v n � Q v s v U � � � �
� = v � n v Q � s � � v U �
= v v � n v Q � s �
= � � � n � Q � s v U � �
= = v = n v Q = s v U � �
� v � � n � Q � s �
� � � = n � Q = s v U � 4

� 1 � � ) � * � - , � - . ) . 0 ( 1 . � / � ' ( % . & � ( % � ) 0 ( 1 % . , - � ) �
/ 2 . 0 	 ) / % /

} P D E L ? C E < H l ? A G D K P L D G R F @ F ? G F J D L J F D F @ I A B F D E N D D E F
n � Q � s I L J F P A G D E F � @ L K F @ � L J F P O L @ D E F J @ A W F D @ N A B A B ? A C T

�



? @ F � Q � L J F I N C B A D ? J F K P L D G S F D D F @ A P P ? G D @ N D F D E F M E N B C F G A B
K @ F J A M D F J S F E N W A L @ N G D E F I L J F P @ N B � A G A B M @ F N G F J U

� L B G A J F @ D E F I N C B A D ? J F K P L D O L @ D E F n v Q v s � n � Q � s I L J T
F P G G E L R B A B ? A C ? @ F  U < L D F D E F P N @ C F J A k F @ F B M F S F D R F F B

10
0

10
1

10
2

10
3

−100

−80

−60

−40

−20

0

20

(0,0) ........

(1,0) −−−−−

(0,1) +++++

(1,1) solid

Plots for (0,0), (1,0), (0,1), and (1,1) Models

frequency, rad/s

m
ag

ni
tu

de
, d

B

$ % & ' ( ) ( * � - � ) , 1 & . % 0 ' � ) � � - 0 / 
 - ( � � � � � � � � � � � , - � ) � /

D E F n v Q v s N B J D E F n v Q � s K P L D G Q R E A M E M L @ @ F G K L B J G D L D E F G F T
P F M D A L B L O D E F n v Q � s I L J F P J ? @ A B C D E F t @ G D K N G G U < L D F N P G LD E F G I N P P F @ Q S ? D G D A P P G A C B A t M N B D Q J A k F @ F B M F S F D R F F B D E F n v Q � s
N B J D E F n � Q � s K P L D G Q R E A M E M L @ @ F G K L B J G D L D E F G F P F M D A L B L O D E F
n � Q � s I L J F P J ? @ A B C D E F G F M L B J K N G G U i E F I L J F P M L B W F @ C F G
J ? @ A B C � N G G = Q R E A M E A G F W A J F B D R E F B D E F B F N @ P H A J F B D A M N P
� L J F K P L D G O L @ D E F n � Q � s N B J n � Q = s I L J F P G N @ F K P L D D F J n B L D
G E L R B s U

= � � � 8 < � : � � � � � � � �  � � < � � < � � � � � = ; � � � 8  �

 � < � ; � � :
� F B L R F � N I A B F D E F G H B D E F G A G L O N I L J F P L O N G E N � F @ G H G D F I
J F G M @ A S F J S H ? F @ @ A G N B J V D F A B n � � � � s U i E F G E N � F @ Q G E L R B A B
? A C ? @ F � Q M L B G A G D G L O N @ L J Q N > � F P F M D @ L T I F M E N B A M N P P A B F N @
N M D ? N D L @ Q N G F M L B J @ L J Q N B J N W A S @ N D A L B A G L P N D L @ U � L I K L B F B D
J A I F B G A L B G N B J J N D N O L @ D E F G H G D F I A B ? A C ? @ F � N @ F N G O L P T
P L R G �
! � � > J F B G A D H 8 8 � � / e 9 ; # Q F P N G D A M I L J ? P ? G = U � F � v � 9 ; % Q

J A N I F D F @ v U v � ; Q P F B C D E = U v ; Q
� = � � 	 � C H @ N D L @ I L J ? P ? G � � 9 � Q @ F G A G D N B M F � Y f X Q A B J ? M T

D N B M F � F T  � Q S N G F I N G G � � � Q N @ I N D ? @ F I N G G � � � U
! � � @ G N I F N G � L J �
� � � � � � � � I N G G � v U � � � Q G K @ A B C G D A k B F G G � v v v v � 9 ; Q I N G G

= v U � � � U
i E F I L J F P G O L @ D E F @ L J G N @ F G D N B J N @ J D @ N B G P N D A L B N P G E N O DI L J F P G Q R E F @ F @ N B � T v M L @ @ F G K L B J G D L N @ A C A J G E N O D Q ^ d c / ] �

M L @ @ F G K L B J G D L D R L @ A C A J G E N O D G G F K N @ N D F J S H L B F n � s G K @ A B C Q

Rod 1 Rod 2

Output Velocity

Input Voltage

Actuator

Mass Spring Mass

Isolator

$ % & ' ( ) B * � 	 1 � ) ( / 2 / 0 ) ,

F D M U i E F @ N B � T v I L J F P L O D E F G E N � F @ L I A D G D E F A B J ? M D N B M F
L O D E F G E N � F @ Q R E A P F D E F @ N B � T � I L J F P A B M P ? J F G D E F A B J ? M T
D N B M F n G A I A P N @ D L N > � I L D L @ s U ? A B N P P H Q D E F @ N B � T v I L J F P L O
D E F A G L P N D L @ A G N G A B C P F I N G G L O � � � Q N B J D E F @ N B � T � I L J F P
M L B G A G D G L O D R L I N G G F G G F K N @ N D F J S H N G K @ A B C U < L D F D E N D D E F
I L J F P L O D E F G F M L B J @ L J A G J A k F @ F B D D E N B D E F L B F ? G F J S H
? F @ @ A G N B J V D F A B n � � � � s Q R E A M E R N G L S D N A B F J O @ L I N M P L G F J T
O L @ I G L P ? D A L B L O N M L B D A B ? ? I S N G F J I L J F P L O N D @ N B G P N D A L B N PG E N O D U i E F I L J F P ? G F J S H ? F @ @ A G N B J V D F A B N K K F N @ G D L N G TG ? I F O L @ M F T O @ F F S L ? B J N @ H M L B J A D A L B G Q N M L B J A D A L B D E N D R F
S F P A F W F J L F G B L D N M M ? @ N D F P H @ F 1 F M D D E F O L @ M F G D L R E A M E D E F
G F M L B J n @ A C E D s @ L J A B ? A C ? @ F � A G G ? S � F M D F J U

� q � o p q r R N G ? G F J D L G H B D E F G A h F N I L J F P L O D E F G E N � F @G H G D F I R A D E N � � p � u � w � v v v | � z �
� � � N B J N D L P F @ N B M F L O v U = U i E F

I L J F P G H B D E F G A G K @ L M F G G A G G ? I I N @ A h F J A B i N S P F = U

� U j D U � � V E N � U � = j G L P U � 
 n � x s Z � y z {
� v v v v v n v Q v Q v Q v s �
� � � v v v n � Q v Q v Q v s = U � F T  
� = v � v v n v Q � Q v Q v s  U � F T �
� � v v � v n v Q v Q � Q v s 4 U  F T �
�  v v v � n v Q v Q v Q � s � U v
= v v v v � n v Q v Q v Q � s �
= � � v v � n � Q v Q v Q � s = U � F T  
= = v � v � n v Q � Q v Q � s  U � F T �
= � v v � � n v Q v Q � Q � s 4 U v F T �
� v v v � � n v Q v Q � Q � s �
� � � v � � n � Q v Q � Q � s = U � F T  
� = v � � � n v Q � Q � Q � s  U � F T �
� � v v = � n v Q v Q = Q � s � U � F T �
 v v � � � n v Q � Q � Q � s �
 � � � � � n � Q � Q � Q � s � U � F T  
 = v � = � n v Q � Q = Q � s � U � F T �

� 1 � � ) A * � - , � - . ) . 0 ( 1 . � / 1 . � � ) ( 
 - ( , 1 . 	 ) � ' ( % . &
/ 	 1 � ) ( , - � ) � / 2 . 0 	 ) / % /






} G A B D E F K @ F W A L ? G F � N I K P F Q N P D E L ? C E < H l ? A G D K P L D G R F @ F
? G F J D L J F D F @ I A B F D E N D D E F n v Q � Q � Q � s I L J F P A G D E F � @ L K F @
� L J F P O L @ D E F G E N � F @ A B ? A C ? @ F � Q � L J F I N C B A D ? J F K P L D G S F D T
D F @ A P P ? G D @ N D F D E F M E N B C F G A B K @ F J A M D F J S F E N W A L @ N G D E F I L J F P
@ N B � A G A B M @ F N G F J U ? L P P L R A B C D E F G D F K G L O D E F I L J F P G H B D E F G A G Q
D E F S L J F I N C B A D ? J F K P L D G O L @ D E F n v Q v Q v Q v s � n v Q � Q � Q � s I L J F P G
N @ F G E L R B A B ? A C ? @ F 4 U

10
2

10
3

−100

−90

−80

−70

−60

−50

frequency, rad/s

m
ag

ni
tu

de
, d

B

Plots for (0,0,0,0), (0,0,0,1), (0,0,1,1), and (0,1,1,1) Models

(0,0,0,0) ........

(0,0,0,1) −−−−−

(0,0,1,1) +++++

(0,1,1,1) solid

$ % & ' ( ) � * � - � ) , 1 & . % 0 ' � ) � � - 0 / 
 - ( � � � � � � � � � � � � � � � � � � �
, - � ) � /

m S G F @ W F D E F P N @ C F J A k F @ F B M F S F D R F F B D E F n v Q v Q v Q v s N B J
D E F n v Q v Q v Q � s K P L D G Q R E A M E M N ? G F J D E F G F P F M D A L B L O D E F n v Q v Q v Q � s
I L J F P J ? @ A B C D E F t @ G D K N G G U < L D F N P G L D E F G I N P P F @ Q S ? D G D A P P
G A C B A t M N B D Q J A k F @ F B M F G J ? @ A B C D E F B F � D D E @ F F K N G G F G Q ? B D A P
D E F I L J F P M L B W F @ C F G J ? @ A B C D E F O L ? @ D E K N G G U i E F M E N @ N M TD F @ A G D A M � J A K � A B D E F � L J F I N C B A D ? J F K P L D @ F G ? P D G O @ L I D E F
W A S @ N D A L B A G L P N D L @ N M D A B C N G N J H B N I A M W A S @ N D A L B N S G L @ S F @ Q
R A D E N B N D ? @ N P O @ F l ? F B M H L O N S L ? D � � v @ N J � G F M U

} P D E L ? C E G K N M F J L F G B L D K F @ I A D J F D N A P G D L S F A B M P ? J F J
E F @ F Q I L J F P G R F @ F N P G L G H B D E F G A h F J ? G A B C ~ � � ~ � q ~ q � o p q r U
� A D E N � � p � L O u v w � v v v | N B J N B F A C F B W N P ? F D L P F @ N B M F L O v U � � Q
I L J F P G H B D E F G A G a [ ^ X b c d a [ g N D D E F n v Q v Q v Q � s I L J F P Q F W F B D E L ? C E Q
N G A B J A M N D F J A B ? A C ? @ F 4 Q D E F O @ F l ? F B M H @ F G K L B G F M L B D A B ? F G
D L M E N B C F G A C B A t M N B D P H L W F @ D E F � � p � N G D E F I L J F P L @ J F @ A G
A B M @ F N G F J O ? @ D E F @ U

: � � � 8 < � 8 � � = � � =  � : � � � :
# � � � � � 
 � � 
 �
i E F � q � o p q r N P C L @ A D E I @ F G ? P D G A B N B F � M A F B D G F N @ M E O L @ D E F
G F D L O M L I K L B F B D @ N B � G D E N D K @ L J ? M F N I L J F P D E N D I F F D G
N O @ F l ? F B M H T J L I N A B K F @ O L @ I N B M F M @ A D F @ A L B U i E F G F N @ M E ? G F G
N G H G D F I N D A M I F N B G L O D F G D A B C D E F F k F M D L B G H G D F I K F @ O L @ T
I N B M F L O I L @ F M L I K P F � M L I K L B F B D G ? S I L J F P G U i E F G F N @ M EA G F � M A F B D S F M N ? G F A D N J L K D G N C @ N J A F B D N K K @ L N M E n � A M E N B J� B A C E D Q � � � � s D L G F F � N I L J F P L O G ? � M A F B D M L I K P F � A D H D E N DI F F D G D E F K F @ O L @ I N B M F M @ A D F @ A L B Q A U F U D E F � @ L K F @ � L J F P U i E A G
D F M E B A l ? F N W L A J G D E F M L I S A B N D L @ A N P F � K P L G A L B D E N D R L ? P J @ F T
G ? P D O @ L I N B F � E N ? G D A W F G F N @ M E O L @ D E F M L I K L B F B D @ N B � G D E N D

@ F G ? P D A B N � @ L K F @ � L J F P U V K F M A t M N P P H Q O L @ � � M L I K L B F B D G
D E A G C @ N J A F B D G F N @ M E F W N P ? N D F G � � � n � � � ' �� � $ 
 � s I L J F P G Q
R E F @ F 
 � A G D E F t B N P @ N B � L O M L I K L B F B D M � U � E A P F D E A G l ? N B TD A D H I N H G F F I P N @ C F Q A D A G I ? M E G I N P P F @ D E N B D E F B ? I S F @ D E N D
R L ? P J @ F G ? P D O @ L I N B F � E N ? G D A W F G D @ N D F C H G ? M E N G S @ F N J D E Tt @ G D U

i E A G K F @ O L @ I N B M F I F D @ A M A G M L I K @ F E F B G A W F A B D E N D A D @ F T
1 F M D G D E F O @ F l ? F B M H J L I N A B S F E N W A L @ L O D E F F B D A @ F G H G D F I Q
B L D � ? G D D E F S F E N W A L @ L O A D G K L P F G U i E A G L S G F @ W N D A L B A G K N @ D A M T? P N @ P H A I K L @ D N B D A B D E F M L B D F � D L O I L J F P A B C K P N B D G O L @ M L B T
D @ L P G H G D F I J F G A C B U < L D F D E N D D E A G I F D @ A M M N B N P G L S F ? G F J O L @
M P L G F J T P L L K G H G D F I G Q G A B M F N M E N B C F A B M P L G F J T P L L K O @ F l ? F B M H
@ F G K L B G F J ? F D L N B A B M @ F N G F A B I L J F P L @ J F @ M N B S F F W N P ? T
N D F J N G F N G A P H N G L K F B T P L L K O @ F l ? F B M H @ F G K L B G F U ? A B N P P H Q D E F
O @ F l ? F B M H @ F G K L B G F @ F 1 F M D G G H G D F I K F @ O L @ I N B M F S H M L B M A G F P H
J F K A M D A B C A B K ? D T L ? D K ? D S F E N W A L @ L W F @ x � u x y � � w x y z { | U � B T
C A B F F @ G E N W F O L ? B J D E A G D H K F L O A B O L @ I N D A L B I F N B A B C O ? P O L @
L W F @ E N P O N M F B D ? @ H N B J M L B D A B ? F D L F I K P L H A D A B I L J F @ B
D F M E B A l ? F G G ? M E N G � � T S N G F J J F G A C B U

j B D E A G K N K F @ R F � W F F P F M D F J D L M L I K N @ F I L J F P G G H B D E F T
G A h F J ? G A B C � q � o p q r N B J ? G A B C N B L D E F @ I L J F P G H B D E F G A G N P TC L @ A D E I Q ~ � � ~ � q ~ q � o p q r U � F M E L G F D L M L I K N @ F D E F N P C L T@ A D E I G ? G A B C D E F G N I F G H G D F I D E N D ? F @ @ A G N B J V D F A B n � � � � s
? G F J D L J F I L B G D @ N D F ~ � � ~ � q ~ q � o p q r � E L R F W F @ Q ? B P A � F ? F @ T
@ A G N B J V D F A B Q R F I L J F P F J N M L B D A B ? L ? G M L I K L B F B D R A D E Nt B A D F G F C I F B D I L J F P Q @ N D E F @ D E N B R A D E N t B A D F I L J F P S N G F JL B n R F S F P A F W F s A B W N P A J S L ? B J N @ H M L B J A D A L B G U i E A G M L I K N @ A TG L B A G N @ F P N D A W F P H I A B L @ K N @ D L O D E A G K N K F @ Q N B J A G A B D F B J F J
D L J F I L B G D @ N D F D E F ? D A P A D H L O D E F M L I K @ F E F B G A W F I L J F P K F @ T
O L @ I N B M F I F D @ A M ? G F J S H � q � o p q r Q N G M L B D @ N G D F J R A D E D E F
F A C F B W N P ? F S N G F J N K K @ L N M E ? G F J S H ~ � � ~ � q ~ q � o p q r U i E F
I N A B M L B D @ A S ? D A L B A G N B F R I L J F P A B C N P C L @ A D E I Q � q � o p q r Q
N B J B L D D E F F � N I K P F A B W L P W A B C D E F M L I K N @ A G L B U

� � � � � � � � � �
} G B L D F J A B D E F K @ F W A L ? G G F M D A L B Q R F S F P A F W F D E N D � q � o p q r
K @ L W A J F G N B F � M A F B D I F N B G L O G H B D E F G A h A B C N P A B F N @ G D N D F TG K N M F I L J F P D E N D I F F D G N ? G F O ? P K F @ O L @ I N B M F M @ A D F @ A L B U � L R T
F W F @ Q R F E N W F A J F B D A t F J G F W F @ N P L K F B @ F G F N @ M E A G G ? F G D E N DI F @ A D M L I I F B D �

� } P P L O D E F F P F I F B D G L O D E F � q � o p q r O @ N I F R L @ � K @ F T
G F B D F J A B V F M D A L B N K K F N @ D L S F G L ? B J U � E N D @ F I N A B G
N B L K F B l ? F G D A L B A G K @ L L O D E N D � q � o p q r A B J F F J G H B T
D E F G A h F G N I L J F P L O X b c b X d \ L @ J F @ D E N D E N G M L B W F @ C F J
D L N t B N P O @ F l ? F B M H @ F G K L B G F R A D E N M M ? @ N M H R A D E A B
G L I F D L P F @ N B M F U � F E N W F B L D S F F B N S P F D L K @ L W F D E A G Q
N B J D E ? G P A I A D L ? @ M P N A I D L D E F O L P P L R A B C �

� q � o p q r K @ L W A J F G N B F k F M D A W F E F ? @ A G D A M O L @
M L L @ J A B N D A B C D E F G H B D E F G A G L O N I L J F P D E N DE N G M L B W F @ C F J Q @ F P N D A W F D L L D E F @ P L R F @ T @ N B �I L J F P G L O D E F G N I F G H G D F I Q D L N ? G F @ T G K F M A t F J
D L P F @ N B M F L W F @ N ? G F @ T G K F M A t F J O @ F l ? F B M H
@ N B C F u x y � � w x y z { | U

�



� � F M L B G A J F @ t B A D F T G F C I F B D n P ? I K F J T K N @ N I F D F @ s I L J T
F P G L O D E F n K L D F B D A N P P H s J A G D @ A S ? D F J T K N @ N I F D F @ M L I K L T
B F B D G A B D E F G H G D F I U m B F I A C E D N P G L ? G F N M L B D A B ? ? I T
S N G F J I L J F P O L @ D E F G N I F M L B D A B ? L ? G F P F I F B D U j D A G
B L D M P F N @ R E A M E N K K @ L N M E A G K @ F O F @ N S P F Q N G F N M E E N G A D G
K @ L S P F I G �

� ? A B A D F T G F C I F B D I L J F P G N @ F G A I K P F D L M @ F N D F N B J
G A I K P F D L ? G F A B N G D N D F T J F D F @ I A B F J G H G D F I I L J F P U
� L R F W F @ Q A D A G R F P P � B L R B D E N D M N @ F I ? G D S F
D N � F B D L A B M P ? J F G ? � M A F B D J F C @ F F G L O O @ F F J L I D L
N M E A F W F J F G A @ F J N M M ? @ N M H L W F @ N � � p � U

� � L B D A B ? ? I T S N G F J I L J F P G N @ F I L @ F N M M ? @ N D F S ? D
I L @ F J A � M ? P D D L L S D N A B U i E F H M N B S F @ F K @ F T
G F B D F J R A D E N t B A D F T I L J F S L B J C @ N K E n � N @ B L K K
F D N P U Q � � � v s N B J ? G F J A B S ? A P J A B C D E F G H G D F I
I L J F P � E L R F W F @ Q F W F B D E L ? C E G D N B J N @ J � G L P W F J �I L J F P G F � A G D O L @ A J F N P M L B D A B ? L ? G F P F I F B D G A B A G L T
P N D A L B n F U C U N D L @ G A L B N P G E N O D R A D E B L J A G M @ F D F A B T
F @ D A N G N D D N M E F J D L A D s Q D E F ? G F L O D E F G F G L P W F J
I L J F P G A B G A J F L O N P N @ C F @ G H G D F I I L J F P R A D E L ? D
M L B G A J F @ N D A L B O L @ N J � N M F B D F P F I F B D G I N H @ F G ? P D
A B G F @ A L ? G I L J F P A B C F @ @ L @ G U � E A P F K @ L M F J ? @ F G
D L G H B D E F G A h F M L B D A B ? ? I T S N G F J I L J F P G L O B L B T
? B A O L @ I F P F I F B D G n G ? M E N G N G E N O D R A D E J A G M @ F D F
A B F @ D A N G s J L F � A G D n � A h E L B C N B J � A P G L B Q � � �  s
D E F H N @ F D F J A L ? G D L ? G F U

i E F ? G F L O F A D E F @ D H K F L O I L J F P J F K F B J G L B D E F @ F T
l ? A @ F I F B D G L O D E F I L J F P Q S ? D G K F M A t M C ? A J F P A B F G O L @ G F T
P F M D A B C D E F N K K @ L K @ A N D F I L J F P N @ F B L D M ? @ @ F B D P H N W N A P T
N S P F U

� ? A B N P P H Q D E F C F B F @ N P A D H L O � q � o p q r M L ? P J S F C @ F N D P HS @ L N J F B F J S H F � D F B G A L B D L B L B P A B F N @ G H G D F I G U j B D E A G
M L B D F � D Q J F G M @ A S A B C T O ? B M D A L B I F D E L J G K @ L W A J F N J A @ F M D
N K K @ L N M E O L @ N M E A F W A B C D E A G C L N P Q N B J O @ F l ? F B M H T J L I N A BK F @ O L @ I N B M F I F D @ A M G N @ F F W F B I L @ F N K K @ L K @ A N D F D E N BA B D E F P A B F N @ M N G F n M O U i N H P L @ Q � � � � � i N H P L @ N B J m � > L B T
B F P P Q � � � v s O L @ F � N I K P F G L O ? G A B C > ? T S N G F J O @ F l ? F B M H T
J L I N A B I L J F P A B C O L @ B L B P A B F N @ M L B D @ L P G H G D F I J F G A C B s U� @ F P A I A B N @ H @ F G F N @ M E A B F � D F B J A B C o p q r O L @ B L B P A B F N @G H G D F I G R N G @ F K L @ D F J A B � A P G L B N B J i N H P L @ n � � � � s N B J
@ F G ? P D F J A B o p q r � � Q N o p q r O L @ B L B P A B F N @ G H G D F I G �
E L R F W F @ L B P H F A C F B W N P ? F G R F @ F M L B G A J F @ F J N G D E F K F @ T
O L @ I N B M F I F D @ A M A B D E N D R L @ � U i E F M L @ @ F G K L B J A B C
O @ F l ? F B M H T J L I N A B F � D F B G A L B Q � q � o p q r � � A G J F G M @ A S F J
A B i N H P L @ N B J � A P G L B n � � � � s U i E F S N G A M A J F N ? B T
J F @ P H A B C C F B F @ N D A B C d X � \ b a _ Z [ ] Z [ � [ c Z [ c a O @ F l ? F B M H T
J L I N A B I L J F P G D L S F ? G F J A B D E A G M L B D F � D A G N G O L P P L R G
n @ F O F @ N P G L D L i N H P L @ Q � � � � Q N B J � A P G L B N B J i N H P L @ Q
� � � � s �

� � @ F N D F N O ? P P H B L B P A B F N @ I L J F P L O D E F F P F M D @ L T
I F M E N B A M N P G H G D F I �

� N ? C I F B D A D S H N J J A B C G D N D F G D L G F @ W F N G ? L ? @ A F @
A B D F C @ N P G �

� F � M A D F D E F I L J F P R A D E N G A B ? G L A J N P A B K ? D L O G ? A D T
N S P F O @ F l ? F B M H x N B J N K K @ L K @ A N D F N I K P A D ? J F � �

� B ? I F @ A M N P P H A B D F C @ N D F D E F I L J F P O L @ N G ? � M A F B D
B ? I S F @ L O M H M P F G G L D E N D D E F ? L ? @ A F @ A B D F C @ N P GE N W F D A I F D L M L B W F @ C F � N B J

� ? G F D E F ? L ? @ A F @ A B D F C @ N P G N G D E F S N G A G O L @ F W N P ? T
N D A B C � n � x w � s U

m B M F N G F D L O O @ F l ? F B M H T J L I N A B I L J F P G A G L S D N A B F J O L @
D E F � � p � N B J N I K P A D ? J F @ N B C F L O A B D F @ F G D L B F I N H B L D
L B P H J F J ? M F E L R I N B H I L J F G D L ? G F A B I L J F P A B C F N M EM L B D A B ? L ? G M L I K L B F B D Q S ? D N P G L J F M A J F R E A M E B L B P A B T
F N @ A D A F G N @ F A I K L @ D N B D O L @ @ F N P A G D A M N P P H M E N @ N M D F @ A h A B CD E F S F E N W A L @ L O D E F G H G D F I U

A � � 
 � � � � � �
} ? D L I N D F J I L J F P A B C N K K @ L N M E F G L k F @ C @ F N D K @ L I A G F O L @ F � T
K F J A D A B C D E F J F W F P L K I F B D K @ L M F G G O L @ F P F M D @ L T I F M E N B A M N P G H G T
D F I G U j B I N B H M L B D F � D G Q I L G D F G K F M A N P P H A B J F W F P L K A B C M L B T
D @ L P G O L @ G ? M E G H G D F I G Q � q � o p q r K @ L W A J F G N ? G F O ? P D F M E B A l ? F
O L @ G H B D E F G A h A B C N P L R T L @ J F @ H F D N M M ? @ N D F G D N D F T G K N M F I L J F P
O L @ D E F F P F M D @ L T I F M E N B A M N P N G G F I S P H D E N D A G D L S F N B N P H h F J
N B J J F G A C B F J U

� � � � � � � � � 	

u � | � L E B � U ? F @ @ A G N B J � F k @ F H � U V D F A B U > F W F P L K I F B D L O
K @ L K F @ I L J F P G L O E H S @ A J G H G D F I G � } S L B J C @ N K E O L @ I ? T
P N D A L B U V A I ? P N D A L B V F @ A F G Q � L P ? I F = 8 Q < ? I S F @ � Q � N G
� F C N G Q < � Q � N B ? N @ H � � � � U i E F V L M A F D H O L @ � L I K ? D F @
V A I ? P N D A L B U � @ L M F F J A B C G L O D E F � � � � � F G D F @ B � ? P D A T
M L B O F @ F B M F U

u = | � N L � A h E L B C N B J � @ ? M F � U � A P G L B U i E F J F W F P L K I F B D
L O M L B D A B ? ? I T S N G F J I L J F P G L O G K A B J P F J @ A W F G E N O D G U j B� U � U > F � L @ N B J > U } U > @ N B O F P J Q F J A D L @ G Q 
 f [ � b ^ g a � 

� 
 � _ � � X � Y g b _ X Y c � d c _ � d ` a _ ^ b c e � ` b [ c ` [ � 0 
 � 

� 
 � [ c _ [ Q < L @ D E R F G D F @ B � B A W F @ G A D H Q � W N B G L B Q j � Q � N H
= � T = � � � �  U < L @ D E } I F @ A M N B � N B ? O N M D ? @ A B C � F G F N @ M E� L ? B M A P U

u � | > F N B � N @ B L K K Q > L B N P J � N @ C L P A G Q N B J � L B N P J � U� L G F B S F @ C U � � g a [ X � � c d X b ` g � � 0 c b� [ Z � � � ^ Y d ` f U
� A P F H T j B D F @ G M A F B M F Q < F R � L @ � Q < � Q � � � v U

u  | � P N A B F � A M E N B J � F W A B � B A C E D U � ^ a b� ` b d \ � c a [ \ \ b e [ c ` [ U
� M � @ N R T � A P P Q < F R � L @ � Q � � � � U

u � | � L B N P J � U � L G F B S F @ C N B J > F N B � N @ B L K K U � c a ^ Y Z _ ` a b Y c
a Y � f � g b ` d \ � � g a [ X � � c d X b ` g U � M � @ N R T � A P P Q < F R � L @ � Q
< � Q � � � � U

u 4 | � N I F G � U i N H P L @ U } G H G D F I N D A M B L B P A B F N @ M L B D @ L P P F @
J F G A C B I F D E L J S N G F J L B l ? N G A P A B F N @ G H G D F I I L J F P G U j B
� ^ Y ` [ [ Z b c e g Y � a f [ � X [ ^ b ` d c � Y c a ^ Y \ � Y c � [ ^ [ c ` [ Q V N B
? @ N B M A G M L Q � } Q � ? B F � � � � U

u 8 | � N I F G � U i N H P L @ N B J � N I F G � U m � > L B B F P P U V H B D E F G A G L O
B L B P A B F N @ M L B D @ L P P F @ G R A D E @ N D F O F F J S N M � W A N G A B ? G L A J N P TA B K ? D J F G M @ A S A B C O ? B M D A L B I F D E L J G U j B � ^ Y ` [ [ Z b c e g Y �
a f [ � X [ ^ b ` d c � Y c a ^ Y \ � Y c � [ ^ [ c ` [ Q V N B > A F C L Q � } Q � N H
� � � v U

�



u � | � N I F G � U i N H P L @ N B J � @ ? M F � U � A P G L B U } O @ F l ? F B M H
J L I N A B I L J F P T L @ J F @ T J F J ? M D A L B N P C L @ A D E I O L @ B L B P A B F N @G H G D F I G U } P S N B H Q < � Q V F K D F I S F @ � � � � U j � � � � L B O F @ T
F B M F L B � L B D @ L P } K K P A M N D A L B G U

u � | � @ ? M F � U � A P G L B N B J � F k @ F H � U V D F A B U } N P C L @ A D E IO L @ L S D N A B A B C I A B A I ? I T L @ J F @ I L J F P G L O J A G D @ A S ? D F J N B J
J A G M @ F D F G H G D F I G U j B � @ A N B ? N P � F B E N A B F @ N B J � F k @ F H � U
V D F A B Q F J A D L @ G Q � _ a Y X d a [ Z � Y Z [ \ b c e � � � � ] � Y \ 
 � � Q } B N TE F A I Q � } U i E F � � � = } V � � � A B D F @ } B B ? N P � F F D A B C U

u � v | � @ ? M F � U � A P G L B N B J � F k @ F H � U V D F A B U } N P C L @ A D E IO L @ L S D N A B A B C I A B A I ? I T L @ J F @ I L J F P G L O J A G D @ A S ? D F J N B J
J A G M @ F D F G H G D F I G U � 
 � � c d X b ` g � � g a [ X g � [ d g _ ^ [ X [ c a
d c Z � Y c a ^ Y \ Q � � � � U N M M F K D F J O L @ K ? S P A M N D A L B U

u � � | � @ ? M F � U � A P G L B N B J � N I F G � U i N H P L @ U } I L J F P T L @ J F @
J F J ? M D A L B N P C L @ A D E I O L @ B L B P A B F N @ G H G D F I G U j B � U � U
V D F A B Q F J A D L @ Q � _ a Y X d a [ Z � Y Z [ \ b c e � Y ^ � [ g b e c � � � � �
� � � ] � Y \ 
 � � Q K N C F G � � � � = Q < F R m @ P F N B G Q � } U i E F � � � �
} V � � � A B D F @ } B B ? N P � F F D A B C U

� �


