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 �������] �� �]� ���[ �� ������	 �~� �� ���������
 �� ��	
�[ �
�
 ��a����][ 
 b �� 
��
` �]� �m�[ ��� �� � ���a��[ �[ ���[ �	��	a� q��	����� 
�
���\����	 �
�	a � ���	 � �� �
 � ���[ ����� b �� ����� �]� ���\�\���
��� ���[ �	����	 ��� ��	��� ��	
�[ 6��� b �� ��
� �m��	
 �]�
 �������] �	 ��
�� �� [ ��
��� ���\�\����` �� �����
 �	� ���\�\���
��� ���	
����	 
`
��[ b�]� ��\���` �
 ��[ ��
�
 �� �]� �� ���6 �	a � ��
 p
)*�QP ¡	 �m��[ ���
����	 �� �]� �	������

[0, 1]
b �]� ���[ ����� �� ������	
 ��� \��	
�
 �

����	

(x, y) 7→ min(x + y, 1)
i [������������	

(x, y) 7→ x × y
�	
 �	 �	���
� ��	����	

x 7→ 1 − x
�


6��� �
 � ��	����	 6]��] �

� �����
 1
n+1

�� ���] �	��a��
n

b �� ��
� �	���
��� �]� ���
�����

≤

�	

=

�	
 � ���
�f����� \��	
 �	 ��� 
����	��
 �� ���[ �	�
 ��
[0, 1]

b
)USWU o�����
 ��������	
 �	
 ���������
 �� �� ������
 �	

[0, 1]
b �� 
��	� �]� ��������	


max
i� \��	
�
 
�����	��

(x, y) 7→ max(x − y, 0)
i �]� 
� ����� �� ������

x&y

��	�
 �


max(x +
y − 1, 0)

i �]� ��	����	

(n, x) 7→ xn i

(n, x) 7→ nx
i 6 ��]

n
�	 �	��a�� i �]� ��	����	

(f, n) 7→

Σi=n−1
i=0 f(i)

i �]� [ ��	 �� �6� ���	�

(x, y) 7→ 1

2x + 1
2y

b
M WX��Q o��	����	 �� �]� \�
�� [ �	�
 ��� ��	
�[ �F�
 ��	
�������	
 i �]� �`��

α
�
 [ ����
 �� �]��`� �

(α → [0, 1]) → [0, 1]
�� [ ��
��� ��	����	
 b �� 
��	� �]� �� �� �	
 ���� ��	
�������	
�	
 ����� �]�� �]�` 
���
�` �]� \�
�� [ �	�
�� ���� �����
 b ¡ [ ��
��� 6 ��� \ � � ��	����	 ���`� �

(α → [0, 1]) → [0, 1]
�]�� �	� �`
 �m��� ���������
 
��] �
 [ �	���	 ����`i 
��\����` 6 ��]��
� ��� �� \�
�� �� ������	
 b �� ����� �]�� ��	����	
 ���
���
 \` �� �� �	
 ���� 
���
�`�]�
� �m��� ���� �����
 �	
�� ���������� �

�[ ����	
 b

9 SW*�Q o��	����	 �� � 
���	
�	� �`� � ��� 
�
���\����	
 �	 � �`��
α

b ¡ 
�
���\����	 �	 � �`��
α�
 � �����
 ��	���	 �	a � ��	����	

µ
�� �`� �

(α → [0, 1]) → [0, 1]
�	
 �����
 �]�� �]�
 ��	����	�	� �`
 �]� 
��\����` ���� �����
 �� [ ��
���
 b �]�
� ���� �����
 ��� p

µ(f1 + f2) = µ(f1) + µ(f2)
µ(k × f) = k × µ(f)
µ(1 − f) ≤ 1 − µ(f)

µ(f) ≤ µ(g)
6]�	

f ≤ g (i.e. ∀x.f(x) ≤ g(x))

�� 
��	� �]� �	�����������	 �� 
� ����� ��	
�[ ���[ �����
 p �]� 
�
���\����	 �����
��	
�	a�� � ���	 � �� �	
 �]� 
�
���\����	 �����
��	
�	a �� �]� ��	
�[ ��	����	 6]��] ������
 ��
na���
 � 	�[\�� \ ��6��	

0
�	


n
6 ��] ���\�\����` 1

n+1

b
9 SW� o��	����	 �� ��	
�[ �F�
 ���a��[ 
 ��	
�������	
 b �� 
��	� �]� ��	
����	�� ��	
�������	�	
 � �m���	� �������� �\���	�
 \` �������	a � [ �	���	�� ��	����	�� b �� �	���
��� �	�m ��[ ���� 
�[ �	���
 ��� �]�
� ��	
�[ �F�
 ���a��[ 
 p ���

e
\� � ��	
�[ �F�
 �m���

��	 ���`� �

τ
i
p

\� �	 ���[ �	� ��
[0, 1]

�	

q

\� � ��	����	 �� �`��
τ → [0, 1]

i 6� 
��	�
p ≤ [e](q)�� \� �]� �������` p �]� [ ��
��� ��

q
\` �]� 
�
���\����	 �

� �����
 �� �]� �m���

��	

e
�
	�� ��

 �]�	

p
b �	 �]� ��
� 6]���

q
�
 �]� �]��������
��� ��	����	 �� � ���
�����

Q
i
p ≤ [e](q)��	 \� �	��������
 �
 ��]� ���\�\����` ��� �]� ��
��� �� �]� ���������	 ��

e
�� 
���
�`

Q
�
 	����

 �]�	

p� b �	 �]� ���������� ��
� 6]���
q

�
 �]� ��	
��	� ��	����	 ����� ��
1

i �]� �������	
p ≤ [e](q)

��	 \� �	��������
 �
 ��]� ���\�\����` ��� �]� ���������	 ��
e

�� ���[ �	��� �
 	����

 �]�	
p� b�� 
����� �	����	�� �� ��
 ��� �] �
 �������	 b

&VPS� �TU ¡ ����� �� ���\�\���
��� ���[ �	����	 ��� � ��	
�[ 6��� b �� ��	
�
�� �]� ���a��[
��� ��� ���� �  �� ���� !" ���� ���� !�# $" ���� �
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�� ����� �]�� �]� ���\�\����` �]�� �]�
 ���a��[ ���[ �	���
 �

1

b
��WTRP ¡ ����� �� ��[ ��
����	 �� �6� ��	
 �� � ���\�\���
��� ���a��[ i 6]�	 � �]���� ��	 �[ ������]� ������` �� �]� ��
��� b � ���	 �6� ��	
�[ �F�
 �m���

��	


p1
�	


p2
�� �`� �

τ
�	
 ���	����	

Q
�� \� �
��[ ���
 i 6� ��	
�
�� � ������ ��	����	 
��] �]�� �]� ����� ��

Q
���

������ lm i` n �
 	�� ��

 �]�	
Q(x) + Q(y)

b �� ����� �]�� ��
pi

��������

Q

	�� ��

 �]�	
ki�	
 ���[ �	���
 6 ��] ���\�\����`

1
�]�	 �]� �m���

��	 ������

(p1, p2)
��������


Q
	�� ��

�]�	

k1(1− k2) + k2 l6]��] �
 a������ �]�	 \��]
k1

�	

k2
6]�	

k1
�	


k2
��� 	�� ����� ��

0n b

 PSXWsT��T Z�	
�������	 �� � \ ��	������ 
�
���\����	 ���[ �]� � �� 
�
���\����	 b �� ��	
�
�� �]����a��[

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

�� ����� �]�� �]� ���\�\����` �� ������ ����
(p)

�� �	
6�� ���� �
 �m����`
p

b
�S�XQTVTWXQ ¡ ���\�\���
��� ���	
����	 
`
��[ �
 
��	�
 \` � 
�� �� 
����
 �	
 � ���\�\���
������	
����	 ��	����	 6]��] �

� �����
 �� � 
����

a
�]� ���\�\����` �� a� �� � 
����

b
b �	 ���
`
��[ �� �����
��	

 �� � ��	����	 ���[ 
����
 �� 
�
���\����	 �	 
����
 b �� �
� �]�
 ��	����	�	 ��
�� �� 
��	� �]� �����
��	
�	a 
�
���\����	 �	 ���]
 �� ��	a�]

k
��� � a���	 �	��a��

k
b�]�
 ��\���` �
�
 � [ �
��� ������ 
��	�	a 	�	 �[ ��` ��
�
 b

� � ��� 	
 � �
 �� �������� � �
U � �����
�! [0, 1]

������� �� �� �� � �G1B� b��� � �!�" �� # �J$2 �CGI b
% &' ()*+,- ,./),*0

( +%+% O P-XTVTWX W� TVPS�VWS 1234
0123 � $ C 5 �
 
��	�
 �


(f (u (n − 1))..(f(u 0) x))

6�� �� �7� 0123 l# p893 �n l� p #
→

#
→

# n l5 p # n l$ p CKG
→

# n lC pCKG n :IG�$0G C ; p # p?
2KG0H C < BGH =

⇒
5 > l� 3 n ⇒

� l$ 3 n l0123 � 5 $ 3 n �C�b
?�  @ 0123 A p

∀ l# p893 �n l� p #
→

#
→

# n l5 p # n l$ p CKG
→

# n i 0123 � 5 $ h ? 5 b
?�  @ 0123 � p

∀ l# p893 �n l� p #
→

#
→

# n l5 p # n l$ p CKG
→

# n lC pCKG n i
0123 � 5 $ l� C n ? � l$ C n l0123 � 5 $ C n b

( +%+( M WXWVWXTRTV
 W� QPBsPXRPQ �WS �X �S* TVS�S
 SP��VTWX
C�D 7�� �� 7 21C I�E l# p893 �n l	� p #

→
#

→ F �13 n l� pCKG
→
# np?

∀
C 2 i lC ≤

2 n → l	� l� C n l� 2 nn b
C�D 7�� �� 7 ��0� I�E l# p893 �n l	� p #

→
#

→ F �13 n l� pCKG
→
# np?

∀
C 2 i lC ≤

2 n → l	� l� 2 n l� C nn b
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% &% �� *� ,��/� ,�. ��
U£ Z�	
��	�
 p

0
�	


1£ Z�	
������� p @CGH
n(≡ 1

n+1 )£ §�������	
 p
x + y (≡ min(x + y, 1))

i
x ∗ y

i BCD
x (≡ 1 − x)£ �������	
 p

x ≤ y
i
x == y��� �!� 	
 �� @CBD��I�b

�@�@ ��� � @ p 893 �b
� �7� �"� �� @ I013 � < BGH @bC� !� �� �"� �� @ I013 � < BGH @b
�@�@ ��� �
 @�E @	� p @

→
@

→ F �13 b
�@�@ ��� �
 @A @� p @b
�@�@ ��� �
 @3 	$I @2$ 	G p @

→
@

→
@b

�@�@ ��� � @BCD p @
→

@b
�@�@ ��� � @CGH p CKG

→
@b

�7D� �7 � p? @3 	$I p @ I013 �b�7D� �
×
� p? @2$ 	G p @ I013 �b�7D� �?? � p? @�E lKG 	�D�	 4hn p @ I013 �b�7D� �

≤
� p? @	� p @ I013 �b

���@� �� 7 � gdfj 5 � p? l@BCD 5 n lKG 	�D�	 5A i �BJH G KII10BKGBDBG9 n p @ I013 �b
���@� �� 7 �h � p? @A p @ I013 �b
���@� �� 7 �d� p? @� p @ I013 �b
���@� �� 7 � gd�j d7 C � p? l@CGH C n lKG 	�D�	 5A i �BJH G KII10BKGBDBG9 n p @ I013 �b
� �� 7 ?� "@ ! �"� �� @ I013 �b
( +( +% 9 SWU PSVTPQ
�
 �����
 �
 @�E ��� p

∀
5 p@i 5 ?? 5 b

�
 �����
 �
 @�E I92 p
∀
5 9 p@i 5 ?? 9

→
9 ?? 5 b

�
 �����
 �
 @�B� A � p
¬

h ?? db
�
 �����
 �
 @31I p

∀
5 p@i h

≤
5 b

�
 �����
 �
 @CBG p
∀
5 p@i 5

≤
db

�
 �����
 �
 @3 	$I I92 p
∀
5 9 p@i l5 7 9 n ?? l9 7 5 n b

�
 �����
 �
 @3 	$I KII10 p
∀
5 9 � p@i l5 7 l9 7 � nn ?? l5 7 9 7 � n b

�
 �����
 �
 @3 	$I � ��1 	�� G p
∀
5 p@i lh 7 5 n ?? 5 b

�
 �����
 �
 @2 $ 	G I92 p
∀
5 9 p@i l5 ×

9 n ?? l9 ×
5 n b

�
 �����
 �
 @2 $ 	G KII10 p
∀
5 9 � p@i l5 × l9 ×

� nn ?? l5 ×
9
×

� n b
�
 �����
 �
 @2 $ 	G 1C� 	�� G p

∀
5 p@i ld ×

5 n ?? 5 b
�
 �����
 �
 @BCD 1C � p gdfj d ?? h b
�
 �����
 �
 @BCD 133 	�� G p

∀
5 i gdfj 5 7 5 ?? db

�`���]�
�
 p
1 − (x + y) + x = 1 − y

]��

 6]�	
x + y


��
 	�� ������6
�
 �����
 �
 @BCD 3 	$I 	�� G p

∀
5 9 i 9

≤
gdfj 5

→
gdfj l5 7 9 n 7 5 ?? gdfj 9 b

�`���]�
�
 p
(x + y) × z = x × z + y × z

]��

 6]�	
x + y


��
 	�� ������6
�
 �����
 �
 @�BIG� 3 	$I �BJH G p

∀
5 9 � i 5

≤
gdfj 9

→ l5 7 9 n ×
� ?? l5 ×

� 7 9
×

� n b
�`���]�
�
 p

1 − (x × y) = (1 − x) × y + (1 − y)�
 �����
 �
 @�BIG� BCD �BJH G p
∀
5 9 p@i gdfj l5 ×

9 n ?? lgdfj 5 n × 9 7 gdfj 9 b
�]� �������	

x ≤ y
�
 ����m ��� i ���	
����� �	
 �	��f
`[ [ �����

�
 �����
 �
 @�E 	� p
∀
5 9 p@i 5 ?? 9

→
5
≤
9 b

�
 �����
 �
 @	� G�KCI p
∀
5 9 � p@i l5 ≤

9 n → l9 ≤
� n → l5 ≤

� n b
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�
 �����
 �
 @�E �1$�	� C �J p

∀
5 9 p @i

¬ ¬
5 ?? 9

→
5 ?? 9 b

�
 �����
 �
 @	� G1GK 	 p
∀
5 9 p @i l5 ≤

9 n ∨ l9 ≤
5 n b

�]� �������	
x ≤ y

�
 ��[ ����\�� 6 ��] ��������

�
 �����
 �
 @3 	$I 	� 0123KG �BJH G p

∀
5 9 � p@i 5

≤
9
→ l5 7 � n ≤ l9 7 � n b

�
 �����
 �
 @2 $ 	G 	� 0123 KG �BJH G p
∀
5 9 � p@i 5

≤
9
→ l5 ×

� n ≤ l9 ×
� n b

�
 �����
 �
 @BCD 	� 0123 KG p
∀
5 9 p@i 5

≤
9
→

gdfj 9
≤

gdfj 5 b
� ��� �����
 �� 
�[ ���� �����	 �	 ��
� �]��� �
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�
 �����
 �
 @3 	$I 	� IB23 	 �BJH G p

∀
5 9 � i �

≤
gdfj 5

→ l5 7 � n ≤ l9 7 � n → 5
≤
9 b

�
 �����
 �
 @2 $ 	G 	� IB23 	 	�� G p
∀
5 9 � p @i

¬
h ?? �

→ l� ×
5 n ≤ l� ×

9 n → 5
≤
9 b

�`���]�
�
 @CGH 1
n+1 == 1 − n × 1

n+1�
 �����
 �
 @CGH 3 �13 p
∀
C i gd�j d7C ?? gdfj l0123 @3 	$I h l� $C �

⇒
gd�j d7C n C n b

( +( +( r SR�TN P�T�X USWU PSV

�
 �����
 �
 K�0H B2 ��BKC p

∀
5 i

¬
5 ?? h

→ ∃
C i gd�j d7C

≤
5 b

( +( +8 �P�QV sUU PS * WsX� . RWSSPQU WX�Q VW �TN TV �WS TXRSP�QTX� QPBsPXRPQ
�@��@� !� 	$� p lCKG → @ n → @b
�
 �����
 �
 	� 	$� p

∀ l� p CKG
→

@ n lC pCKG n i l� C n ≤ l	$� � n b
�
 �����
 �
 	$� 	� p

∀ l� p CKG
→

@ n l5 p@ n i l∀ C i � C
≤
5 n → l	$� � n ≤ 5 b

( +( +L �V�* T�TV
 USWU PSVTPQ W� �s* Q � TV� SPQU PRV VW � �X�
×

�
 �����
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 	$� �E 3 	$I 0G� �BJH G p
∀ l� pCKG

→
@ n l� p@ n i 	$� l� $C C ⇒ l� C n 7 � n ?? l	$� � n 7� b
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 	$� �E 2 $ 	G p
∀ l� p@ n l� pCKG

→
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×
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×
gdfj 5 b

� �7� � �I1	D� @2$ 	G BCD 3 	$I b
?�  @ @2$ 	G BCD 3 	$I 	� p

∀
5 9 � i 9

≤
�
→

5
×

gdfj 9 7 9
≤
5
×

gdfj � 7 � b
� �7� � �I1	D� @2$ 	G BCD 3 	$I 	�b
� &� � *�.,� ,�. ��

xn

6�� �� �7� @�53 l5 p@ n lC pCKG n :IG�$0G C ; p @ p?
2KG0H C < BGH =

⇒
d > l� 3 n ⇒ 5

×
@�53 5 3 �C�b

� &� � *�.,� ,�. /.� �)�� *)� ,*0 ��
x&y¡ ��	� �	����	 ��������	 6]��] ���	��
�
 6 ��] [ �	 �	
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C�D 7�� �� 7 @�I3 l5 9 p@ n p? gdfj lgdfj 5 7 gdfj 9 n b
�7D� �  � p? @�I3 l	�� G KII10BKGBDBG9 i KG 	�D�	 �hn p @ I013 �b
?�  @ @BCD 3 	$I �I3 p

∀
5 9 i gdfj l5 7 9 n ?? gdfj 5   gdfj 9 b

� �7� � �I1	D� @BCD 3 	$I �I3 b
?�  @ @BCD �I3 3 	$I p

∀
5 9 i gdfj l5   9 n ?? gdfj 5 7 gdfj 9 b

� �7� � �I1	D� @BCD �I3 3 	$I b
?�  @ @�I3 I92 p

∀
5 9 p @i 5   9 ?? 9   5 b

?�  @ @�I3 1C� �BJH G p
∀
5 p @i 5   d ?? 5 b

?�  @ @�I3 � ��1 p
∀
5 9 i 5

≤
gdfj 9

→
5   9 ?? h b

� �7� � �I1	D� @�I3 I92 @�I3 1C� �BJH G @�I3 � ��1b
?�  @ @�I3 � ��1 �BJH G p

∀
5 p @i 5   h ?? h b

?�  @ @�I3 � ��1 	�� G p
∀
5 p @i h   5 ?? h b

� �7� � �I1	D� @�I3 � ��1 �BJH G @�I3 ���1 	�� Gb
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C�D 7�� �� 7 @2BC$I l5 9 p@ n p? gdfj lgdfj 5 7 9 n b
�7D� �f � p? @2 BC$I p @ I013 �b
?�  @ @2BC$I 	� 0123 KG 	�� G p

∀
5 9 � i 5

≤
9
→

5 f �
≤
9 f � b

?�  @ @2BC$I 	� 0123 KG �BJH G p
∀
5 9 � i 9

≤
�
→

5 f �
≤
5 f 9 b

� �7� � �I1	D� @2BC$I 	� 0123 KG 	�� G @2 BC$I 	� 0123 KG �BJH Gb
	�� 
 1�3 H BI2 @2 BC$I p @2 BC$I �E 0123KGb
� �7� �  �� �@�� @2 BC$I �E 0123 KGb
?�  @ @2BC$I � ��1 �BJH G p

∀
5 i 5 f h ?? 5 b

?�  @ @2BC$I 1C � 	�� G p
∀
5 i d f 5 ?? gdfj 5 b

?�  @ @2BC$I 	� � ��1 p
∀
5 9 i 5

≤
9
→

5 f 9 ?? h b
� �7� � �I1	D� @2BC$I � ��1 �BJH G @2 BC$I 1C� 	�� G @2 BC$I 	� � ��1b
?�  @ @2BC$I 3 	$I IB23 	 p

∀
5 9 i 9

≤
5
→ l5 f 9 n 7 9 ?? 5 b

?�  @ @2BC$I 3 	$I � ��1 p
∀
5 9 i 5

≤
9
→ l5 f 9 n 7 9 ?? 9 b

� �7� � �I1	D� @2BC$I 3 	$I IB23 	 @2BC$I 3 	$I � ��1b
?�  @ @�I3 2 BC$I �BIG� 	�� G p

∀
5 9 � i l5   9 n f � ?? l5 f � n   9 b

?�  @ @�I3 2 BC$I �BIG� �BJH G p
∀
5 9 � i l5   9 n f � ?? 5   l9 f � n b

� �7� � �I1	D� @�I3 2 BC$I �BIG� 	�� G @�I3 2 BC$I �BIG� �BJH Gb
?�  @ @�I3 2 BC$I �BIG� p

∀
5 9 � Gi l5   9 n f l� 7 G n ?? l5 f � n   l9 f G n b

� �7� � �I1	D� @�I3 2 BC$I �BIG� b
� &'' � *�.,� ,�. /.� �)�� *)� ,*0 �� -/�
C�D 7�� �� 7 2K5 l5 9 p @ n p @ p? l5 f 9 n 7 9 b
?�  @ 2K5 	� �BJH G p

∀
5 9 p @i 9

≤
5
→ l2K5 5 9 n ?? 5 b

?�  @ 2K5 	� 	�� G p
∀
5 9 p @i 5

≤
9
→ l2K5 5 9 n ?? 9 b

� �7� � �I1	D� 2K5 	� �BJH G 2 K5 	� 	�� Gb
?�  @ 2K5 	� 0KI� p

∀
5 9 p @i l2K5 5 9 n ?? 5

∨ l2K5 5 9 n ?? 9 b
	�� 
 1�3 H BI2 2K5 p 2K5 �E 0123KGb
� &'% ���*) �)�� *)� ,*0
?�  @ @3 	$I 2 BC$I IB23 	 �BJH G p

∀
5 9 i 9

≤
gdfj 5

→ l5 7 9 n f 9 ?? 5 b
� �7� � �I1	D� @3 	$I 2 BC$I IB23 	 �BJH Gb
?�  @ @3 	$I 2 BC$I IB23 	 	�� G p

∀
5 9 i 9

≤
gdfj 5

→ l5 7 9 n f 5 ?? 9 b
?�  @ @2BC$I KII10 	�� G p

∀
5 9 � i l5 f 9 n f � ?? 5 f l9 7 � n b

� �7� � �I1	D� @2BC$I KII10 	�� Gb
?�  @ @2BC$I 	� 3 ��2 	�� G p

∀
5 9 � i 9

≤
5
→

5 f 9
≤

�
→

5
≤

� 7 9 b
?�  @ @3 	$I 	� 3 ��2 	�� G p

∀
5 9 � i 9

≤
5
→

5
≤
9 7 �

→
5 f 9

≤
� b
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?�  @ @2BC$I �E 3 ��2 	�� G p
∀
5 9 � i 9

≤
5
→

5 f 9 ?? �
→

5 ?? � 7 9 b
?�  @ @3 	$I �E 3 ��2 	�� G p

∀
5 9 � i 9

≤
gdfj �

→
5 ?? 9 7 �

→
5 f 9 ?? � b

� �7� � �I1	D� @2BC$I 	� 3 ��2 	�� G @2 BC$I �E 3 ��2 	�� Gb
� �7� � �I1	D� @3 	$I 	� 3 ��2 	�� G @3 	$I �E 3 ��2 	�� Gb
?�  @ @2BC$I 	� 3 ��2 �BJH G p

∀
5 9 � i �

≤
9
→

5
≤
9 f �

→
5 7 �

≤
9 b

?�  @ @3 	$I 	� 3 ��2 �BJH G p
∀
5 9 � i �

≤
gdfj 5

→
5 7 �

≤
9
→

5
≤
9 f � b

� �7� � �I1	D� @2BC$I 	� 3 ��2 �BJH G @3 	$I 	� 3 ��2 �BJH Gb
?�  @ @2BC$I 	� 3 ��2 p

∀
5 9 � i �

≤
9
→

5
≤

gdfj �
→

5
≤
9 f �

→
�
≤
9 f 5 b

� �7� � �I1	D� @2BC$I 	� 3 ��2 b
?�  @ @2BC$I �E 3 ��2 �BJH G p

∀
5 9 � i �

≤
9
→

5 ?? 9 f �
→

5 7 � ?? 9 b
� �7� � �I1	D� @2BC$I �E 3 ��2 �BJH Gb
?�  @ @2BC$I � ��1 	� p

∀
5 9 i 5 f 9 ?? h

→
5
≤
9 b

?�  @ @2BC$I 	G C 1C � ��1 p
∀
5 9 i 5 E 9

→ ¬
9 f 5 ?? h b

� �7� �  �� �@�� @2 BC$I � ��1 	� @2 BC$I 	G C1C ���1 b
?�  @ @	G 	� CGH p

∀
5 9 i 5 E 9

→ l∃ C i 5
≤
9 f gd�j d7C n b

?�  @ @2BC$I �BIG� 	�� G p
∀
5 9 � i l5 f 9 n × � ?? l5 ×

� n f l9 ×
� n b

� �7� � �I1	D� @2BC$I �BIG� 	�� Gb
?�  @ @2BC$I �BIG� �BJH G p

∀
5 9 � i 5

× l9 f � n ?? l5 ×
9 n f l5 ×

� n b
� �7� � �I1	D� @2BC$I �BIG� �BJH Gb
?�  @ @2BC$I KII10 �BJH G p

∀
5 9 � i 9

≤
5
→

�
≤
9
→

5 f l9 f � n ?? l5 f 9 n 7 � b
� &'� � *�.,� ,�. /.� �)�� *)� ,*0 �� �*.*)/+,�*� 0�-0
C�D 7�� �� 7 IBJ2 K lK	3 H K p CKG

→
@ n lC pCKG n p? 0123 @3 	$I h K 	3 H K C b

?�  @ IBJ2 KA p
∀ lK 	3 H K p CKG

→
@ n i IBJ2 K K 	3 H K = ? h b

?�  @ IBJ2 K� p
∀ lK 	3 H K p CKG

→
@ n lC pCKG n i IBJ2 K K 	3 H K l� C n ? lK 	3 H K C n 7 lIBJ2 K K	3 H KC n b

?�  @ IBJ2 K BC 0� p
∀ l� p CKG

→
@ n lC 2 pCKG n i lC ≤

2 n� CKG → lIBJ2 K � C n ≤ lIBJ2 K � 2 n b
� �7� � �I1	D� IBJ2 K BC0� b
?�  @ IBJ2 K �E 0123 KG p

∀ l� J p CKG
→

@ n lC pCKG n i
l∀ � i l� E C n� CKG → � � ?? J � n → lIBJ2 K � C n ?? lIBJ2 K J C n b
?�  @ IBJ2 K 	� 0123KG p

∀ l� J p CKG
→

@ n lC pCKG n i
l∀ � i l� E C n� CKG → � �

≤
J � n → lIBJ2 K � C n ≤ lIBJ2 K J C n b

� �7� � �I1	D� IBJ2 K �E 0123 KG IBJ2 K 	� 0123KGb
� &'� ()�� *)� ,*0 �� �� ��
?�  @ @CGH ���1 p gd�j d7 = ?? db
���@� �� 7 � gd��j � p? l@CGH l� = nn b
?�  @ @CGH 1C� p gd��j ?? gdfj gd��j b
� �7� � �I1	D� @CGH ���1 @CGH 1C�b
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?�  @ @CGH 1C� 3 	$I p gd��j 7 gd��j ?? db
� �7� � �I1	D� @CGH 1C� 3 	$I b
?�  @ @CGH C1G C$ 	 	 p

∀
C i

¬ lh ?? gd�j d7C n b
� �7� � �I1	D� @CGH C1G C$ 	 	b
?�  @ @CGH 3 �13 IBJ2 K p

∀
C i gd�j d7C ?? gdfj lIBJ2 K l� $C �

⇒
gd�j d7C n C n b

� �7� � �I1	D� @CGH 3 �13 IBJ2 Kb
?�  @ @CGH IBJ2 K C p

∀
C p CKGi

¬ ld ?? IBJ2 K l� $C �
⇒

gd�j d7C n C n b
?�  @ @CGH IBJ2 K �C p

∀
C p CKGi d ?? IBJ2 K l� $C �

⇒
gd�j d7C n l� C n b

� �7� � �I1	D� @CGH IBJ2 K C @CGH IBJ2 K �C b
?�  @ @CGH ��0� p

∀
C i gd�j d7 l� C n E gd�j d7C b

� �7� � �I1	D� @CGH ��0� b
?�  @ @CGH KCGB 2 1C p
∀
C 2 i lC ≤

2 n� CKG → gd�j d72
≤

gd�j d7C b
� �7� � �I1	D� @CGH KCGB 2 1C b
?�  @ @CGH 	� H K	� p

∀
C i gd�j d7 l� C n ≤ gd��j b

� �7� � �I1	D� @CGH 	� H K	� b
8 +%L +% M P�X W� V�W XsN* PSQ Y 1

2x + 1
2yC�D 7�� �� 7 2 �KC l5 9 p@ n p? gd��j

×
5 7 gd��j

×
9 b

?�  @ 2 �KC �E p
∀
5 p@i 2 �KC 5 5 ?? 5 b

?�  @ 2 �KC 	� 0123 KG �BJH G p
∀
5 9 � i 9

≤
�
→
2 �KC 5 9

≤
2 �KC 5 � b

?�  @ 2 �KC 	� 0123 KG 	�� G p
∀
5 9 � i 5

≤
9
→
2 �KC 5 �

≤
2 �KC 9 � b

� �7� � �I1	D� 2 �KC �E 2 �KC 	� 0123KG 	�� G 2 �KC 	� 0123KG �BJH Gb
?�  @ 2 �KC 	G 0123 KG �BJH G p

∀
5 9 � i 9 E �

→
2 �KC 5 9 E 2 �KC 5 � b

?�  @ 2 �KC 	G 0123 KG 	�� G p
∀
5 9 � i 5 E 9

→
2 �KC 5 � E 2 �KC 9 � b

� �7� � �I1	D� 2 �KC �E 2 �KC 	� 0123KG 	�� G 2 �KC 	� 0123KG �BJH Gb
� �7� � �I1	D� 2 �KC 	G 0123 KG 	�� G 2 �KC 	G 0123 KG �BJH Gb
?�  @ 2 �KC 	� $3 p

∀
5 9 i 5

≤
9
→
2 �KC 5 9

≤
9 b

?�  @ 2 �KC 	� �1<C p
∀
5 9 i 5

≤
9
→

5
≤
2 �KC 5 9 b

?�  @ 2 �KC 	G $3 p
∀
5 9 i 5 E 9

→
2 �KC 5 9 E 9 b

?�  @ 2 �KC 	G �1<C p
∀
5 9 i 5 E 9

→
5 E 2 �KC 5 9 b

� �7� � �I1	D� 2 �KC 	� $3 2 �KC 	� �1<C 2 �KC 	G $3 2 �KC 	G �1<C b
8 +%L +( 9 SWU PSVTPQ W� 1

2

?�  @ 	� H K 	� BCD p
∀
5 i 5

≤
gd��j

→
5
≤

gdfj 5 b
� �7� �  �� �@�� 	� H K	� BCD b
?�  @ J � H K	� BCD p

∀
5 i gd��j

≤
5
→

gdfj 5
≤
5 b

� �7� �  �� �@�� J � H K	� BCD b
?�  @ @BCD 	� H K 	� 	�� G p

∀
5 i 5

≤
gd��j

→
gd��j

≤
gdfj 5 b
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?�  @ @BCD 	� H K 	� �BJH G p
∀
5 i gd��j

≤
5
→

gdfj 5
≤

gd��j b
� �7� � �I1	D� @BCD 	� H K 	� 	�� G @BCD 	� H K 	� �BJH Gb
?�  @ H K	� G< B0� p

∀
5 i l5 ≤

gd��jn → lgd��jn × l5 7 5 n ?? 5 b
?�  @ H K	� G< B0� 	� p

∀
5 i lgd��jn × l5 7 5 n ≤ 5 b

?�  @ @BCD H K	� p
∀
5 i lgd��jn × lgdfj 5 n 7 lgd��jn ?? gdfj llgd��jn × 5 n b

?�  @ H K	� �I3 p
∀
5 i lgd��j

≤
5 n → lgd��jn × l5   5 n 7 gd��j ?? 5 b

?�  @ H K	� �I3 	� p
∀
5 i 5

≤ lgd��jn × l5   5 n 7 gd��j b
� �7� � �I1	D� H K	� �I3 	�b
?�  @ H K	� 	� p

∀
5 9 i 9

≤
gdfj 9

→
5
≤
9 7 9

→ lgd��jn × 5
≤
9 b

?�  @ H K	� @CGH p
∀
C i lgd��jn� lgd�j d7C n ≤ gd�j d7 l� C n b

� �7� � �I1	D� H K	� 	� H K 	� @CGH b
?�  @ H K	� �53 p

∀
C i @�53 lgd��jn C ?? @�53 lgd��jn l� C n 7 @�53 lgd��jn l� C n b

� &'� � *.0,��
?�  @ @	� 	G 	B2 p

∀
5 9 i l∀ Gi G E 5

→
G
≤
9 n → 5

≤
9 b

� &'� ()�� *)� ,*0 �� +*/0� ��� *) ���.�0
��"� �� 7 	$�I b
?�  @ 	$� 	� IGK�	� p

∀
� J i l∀ C i � C

≤
J C n → 	$� �

≤
	$� J b

� �7� � �I1	D� 	$� 	� IGK�	�b
?�  @ 	$� �E IGK�	� p

∀
� J i l∀ C i � C ?? J C n → 	$� � ?? 	$� J b

� �7� � �I1	D� 	$� �E IGK�	�b
?�  @ 	$� ���1 p l	$� l� $C C ⇒

hnn ?? h b
?�  @ 	$� $C p l	$� l� $C C ⇒

dnn ?? db
?�  @ 	$� 0G� p

∀
0 p@i l	$� l� $C C ⇒

0nn ?? 0b
� �7� � �I1	D� 	$� � ��1 	$� $C 	$� 0G�b
?�  @ 	$� �E 3 	$I 0G� 	�� G p

∀ l� p CKG
→

@ n l� p@ n i 	$� l� $C C ⇒
� 7 l� C nn ?? � 7 l	$� � n b

� �7� � �I1	D� 	$� �E 3 	$I 0G� 	�� Gb
�@��@� !�
 � J p CKG

→
@b

�
 �����
 �
 21C� p l21C I�E @	� � n b
�
 �����
 �
 21CJ p l21C I�E @	� J n b
?�  @ 	$� 	B� G p

∀
C i l	$� � n ?? l	$� l� $C �

⇒
� lC7 � n� CKG nn b

� �7� � �I1	D� 	$� 	B� Gb
?�� I$2 p? � $C C

⇒
� C 7 J C b

?�  @ 21C I$2 p 21C I�E @	� I$2 b
� �7� � �I1	D� 21C I$2 b
?�  @ 	$� �E 3 	$I p 	$� l� $C C ⇒ l� C n 7 lJ C nn ?? l	$� � n 7 l	$� J n b
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� �7� � �I1	D� 	$� �E 3 	$I b
�@��@� !�
 � p @b?�� 3 �1� p? � $C C

⇒
�
×

� C b
?�  @ 21C 3 �1� p 21C I�E @	� 3 �1�b
?�� BCD p? � $C C

⇒
gdfj lJ C n b

?�  @ 	$� BCD p l∀ C i � C
≤
BCD C n → 	$� �

≤
gdfj l	$� J n b

�7� 	$�I b
� &'� ()�� *)� ,*0 �� �/)��*.�)* �� ��� �� ,.�0
��"� �� 7 � K�90�CG��b
�@��@� !�
 K � p @b
�
 �����
 �
 I$2 	� 1C� p K

≤
gdfj �b

?�  @ @BCD �K�9 p
∀
5 9 p @i gdfj lK ×

5 7 �
×
9 n ?? K

×
gdfj 5 7 �

×
gdfj 9 7 gdfj lK 7 �n b�7� � K�90�CG��b

� &'� ()�� *)� ,*0 �� �*.*)/+,�*� 0�-0 ���� �

?�  @ IBJ2 K 3 	$I p
∀ l� J p CKG

→
@ n lC pCKG n i lIBJ2 K l� $C �

⇒ l� � n 7 lJ � nn C n ?? lIBJ2 K � C n 7 lIBJ2 K J C n b
C�D 7�� �� 7 ��G�K0G l� p CKG

→
@ n lC p CKG n p?

∀
� i l� E C n� CKG → l� � n ≤ gdfj lIBJ2 K � � n b

?�  @ ��G�K0GA p
∀ l� p CKG

→
@ n lC p CKG n i ��G�K0G � = b

?�  @ ��G�K0G 3 ��� p
∀ l� p CKG

→
@ n lC p CKG n i ��G�K0G � l� C n → ��G�K0G � C b

?�  @ ��G�K0G� p
∀ l� p CKG

→
@ n lC p CKG n i ��G�K0G � l� C n → � C

≤
gdfj lIBJ2 K � C n b

� �7� � �I1	D� ��G�K0GA b
� �7� �  �� �@�� ��G�K0G 3 ��� ��G�K0G� b
?�  @ IBJ2 K 2 $ 	G p
∀ l� p CKG

→
@ n C 0i ��G�K0G � C → lIBJ2 K l� $C �

⇒
0
× l� � nn C n ?? 0

× lIBJ2 K � C n b
� �7� � �I1	D� IBJ2 K 2$ 	Gb
?�  @ IBJ2 K 3 �1� 2K� p

∀ l� J p CKG
→

@ n C i
lIBJ2 K l� $C �

⇒ l� � n × lJ � nn C n ≤ lIBJ2 K � C n b
� �7� � �I1	D� IBJ2 K 3 �1� 2K� b
?�  @ IBJ2 K 3 �1� 	� p

∀ l� J p CKG
→

@ n l0 p@ n i
l∀ � i l� � n ≤ 0n → ∀

C i l��G�K0G J C n → lIBJ2 K l� $C �
⇒ l� � n × lJ � nn C n ≤ 0

× lIBJ2 K J C n b
?�  @ IBJ2 K 3 �1� J � p

∀ l� J p CKG
→

@ n l0 p@ n i l∀ � i 0
≤ l� � nn

→ ∀
C i l��G�K0G J C n → 0

× lIBJ2 K J C n ≤ lIBJ2 K l� $C �
⇒ l� � n × lJ � nn C n b

� �7� � �I1	D� IBJ2 K 3 �1� 2K� IBJ2 K 3 �1� 	� IBJ2 K 3 �1� J �b
?�  @ IBJ2 K BCD p

∀ l� J p CKG
→

@ n lC pCKG n i l��G�K0G � C n →gdfj lIBJ2 K l� $C �
⇒ l� � n × lJ � nn C n ?? lIBJ2 K l� $C �

⇒ l� � n × gdfj lJ � nn C n 7 gdfj lIBJ2 K� C n b
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6�� �� �7� �2$ 	G lC p CKG n l5 p @ n :IG�$0G C ; p @ p?

2KG0H C < BGH =
⇒

h > l� = n ⇒ 5 > � 3
⇒

5 7 l�2 $ 	G 3 5 n �C� b
Z�	
����	 ��� C

�� 5 �� \� �m���C�D 7�� �� 7 �2$ 	G ��� lC p CKG n l5 p @ n p?
2KG0H C < BGH =

⇒
8�$� > l� = n ⇒ 8�$� > � 3

⇒
5
≤

gd�j d73 �C� b
?�  @ �2$ 	G ��� = p

∀
5 i �2 $ 	G ��� = 5 b

� �7� � �I1	D� �2$ 	G ��� = b
?�  @ �2$ 	G ��� � p

∀
5 i �2$ 	G ��� l� = n 5 b

� �7� � �I1	D� �2$ 	G ��� � b
?�  @ �2$ 	G ��� BC G�1 p

∀
C 5 i 5

≤
gd�j d7C

→
�2 $ 	G ��� l� C n 5 b

� �7� � �I1	D� �2$ 	G ��� BC G�1b
?�  @ �2$ 	G ��� @CGH p

∀
C i �2 $ 	G ��� l� C n lgd�j d7C n b

� �7� � �I1	D� �2$ 	G ��� @CGH b
?�  @ �2$ 	G ��� 3 ��� p

∀
C 5 i �2$ 	G ��� l� C n 5 →

�2$ 	G ��� C 5 b
� �7� �  �� �@�� �2 $ 	G ��� 3 ��� b
?�  @ �2$ 	G ��� � p

∀
C 5 i �2$ 	G ��� l� C n 5 →

5
≤

gd�j d7C b
� �7� �  �� �@�� �2 $ 	G ��� � b
�7D� �

�� � p? �2 $ 	G lKG 	�D�	 �hn p @ I013 �b
?�  @ �2$ 	GA p

∀ l5 p@ n i l= ��5 n ? h b
?�  @ �2$ 	G� p

∀ lC pCKG n l5 p@ n i ll� = n��5 n ? 5 b
?�  @ �2$ 	G�� p

∀ lC pCKG n l5 p@ n i l� l� C n ��5 n ? 5 7 l� C �� 5 n b
?�  @ �2$ 	G� p

∀ l5 p@ n i l���5 n ? 5 7 5 b
?�  @ �2$ 	G� p

∀ lC pCKG n l5 p@ n i l� C �� 5 n ?? 5 7 lC ��5 n b
� �7� � �I1	D� �2$ 	G� �2$ 	G�� �2 $ 	G� �2 $ 	G� b
	�� 
 1�3 H BI2 �2 $ 	G p �2 $ 	G �E 0123KGb
� �7� � �I1	D� �2$ 	G �E 0123 KGb
?�  @ �2$ 	G �E 0123 KG �BJH G p

∀ lC 2 pCKG n l5 p@ n i lC ? 2 n� CKG → lC �� 5 n ?? l2 �� 5 n b
� �7� � �I1	D� �2$ 	G �E 0123 KG �BJH Gb
?�  @ �2$ 	G 	� 0123KG 	�� G p

∀
C 5 9 i l5 ≤

9 n → lC �� 5 n ≤ lC �� 9 n b
?�  @ �2$ 	G 	� 0123KG �BJH G p

∀
C 2 5 i lC ≤

2 n� CKG → lC �� 5 n ≤ l2 �� 5 n b
?�  @ �2$ 	G IBJ2 K p

∀ lC pCKG n l5 p@ n i C
�� 5 ?? IBJ2 K l� $C �

⇒
5 n C b

� �7� � �I1	D� �2$ 	G 	� 0123KG 	�� G �2 $ 	G 	� 0123 KG �BJH G
�2 $ 	G 	� 0123KG �BJH G �2 $ 	G IBJ2 Kb
?�  @ �2$ 	G @CGH 3 �13 p

∀
C pCKGi gd�j d7C ?? gdfj lC �� lgd�j d7C nn b

� �7� � �I1	D� �2$ 	G @CGH 3 �13 b
?�  @ �2$ 	G C @CGH p

∀
C pCKGi lC �� gd�j d7C n ?? gdfj lgd�j d7C n b

?�  @ �2$ 	G �C @CGH p
∀
C pCKGi l� C �� gd�j d7C n ?? db

� �7� � �I1	D� �2$ 	G C @CGH �2 $ 	G �C @CGH b
?�  @ �2$ 	G J � �C @CGH p

∀
C � i l� C ≤

� n� CKG → l� �� gd�j d7C n ?? db
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?�  @ �2$ 	G 	� C @CGH p
∀
C � i l� ≤

C n� CKG → l� �� gd�j d7C n ≤ gdfj lgd�j d7C n b
� �7� � �I1	D� �2$ 	G J � �C @CGH �2$ 	G 	� C @CGH b
?�  @ �2$ 	G @2$ 	G KII10 	�� G p

∀
C 5 9 i l�2$ 	G ��� C 5 n → lC �� l5×9 nn ?? lC ��5 n�9 b

� �7� � �I1	D� �2$ 	G @2 $ 	G KII10 	�� Gb
?�  @ �2$ 	G @2$ 	G KII10 �BJH G p

∀
C 5 9 i l�2$ 	G ��� C 9 n → lC �� l5×9 nn ?? l5 � lC ��9 nn b

� �7� � �I1	D� �2$ 	G @2 $ 	G KII10 �BJH Gb
?�  @ 3 	$I �2$ 	G �BIG� p

∀
C 2 5 i lC 7 2

�� 5 n?? lC �� 5 n 7 l2 �� 5 n b
?�  @ �2$ 	G @3 	$I �BIG� p

∀
C 5 9 i lC �� 5 7 9 n?? lC �� 5 n 7 lC �� 9 n b

?�  @ �2$ 	G 2 $ 	G KII10 p
∀
C 2 5 i lC ×

2
�� 5 n?? lC �� l2 �� 5 nn b

?�  @ �2$ 	G @CGH IB23 	 	�� G p
∀
C 5 i l� C n �� lgd�j d7C

×
5 n ?? 5 b

?�  @ �2$ 	G @CGH IB23 	 �BJH G p
∀
C 5 i l� C n �� l5 ×

gd�j d7C n ?? 5 b
� �7� � �I1	D� �2$ 	G @CGH IB23 	 	�� G �2$ 	G @CGH IB23 	 �BJH Gb
?�  @ @BCD �2$ 	G p

∀
� C i gdfj l� �� gd�j d7C n ?? ll� C n f � n �� gd�j d7C b

?�  @ �2$ 	G C �E � ��1 p
∀
C 5 i

¬
h?? 5

→ ¬
h?? � C

�� 5 b
� �7� � �I1	D� �2$ 	G C�E � ��1b
?�  @ �2$ 	G 	� IB23 	 p

∀ lC pCKG n l5 9 p@ n i
l�2$ 	G ��� l� C n 5 n → l�2 $ 	G ��� l� C n 9 n → l� C �� 5 n ≤ l� C �� 9 n →

5
≤
9 b

?�  @ �2$ 	G @CGH 	� p
∀ lC� C� 2 � 2 � pCKG n i

lC� ×
� C�

≤
2 �

×
� 2 � n� CKG → lC� �� gd�j d72 �

≤
2 �

�� gd�j d7C� n b
?�  @ �2$ 	G @CGH �E p

∀ lC� C� 2 � 2 � pCKG n i
lC� ×

� C�? 2 �
×
� 2 � n� CKG → lC� �� gd�j d72 � ?? 2 �

�� gd�j d7C� n b
� �7� � �I1	D� �2$ 	G @CGH 	� �2 $ 	G @CGH �Eb
� &%� �/�� ,� ��) 0,-� +,��/� ,�. �� ��/+0
?�@" @IB23 	 p?

2KG0H J 1K	 < BGH
`
01CG�5 G gl¢���
 h �mnj ⇒ I�G1B� ��< �BG� l@3 	$I � ��1 	�� G 5 n>

`
01CG�5 G gl¢��� 
 �m hnj ⇒ I�G1B� ��< �BG� l@3 	$I ���1 �BJH G 5 n>

`
01CG�5 G gl¢��� 
 d �m nj ⇒ I�G1B� ��< �BG� l@3 	$I 1C� 	�� G 5 n>

`
01CG�5 G gl¢��� 
 �m dnj ⇒ I�G1B� ��< �BG� l@3 	$I 1C� �BJH G 5 n>

`
01CG�5 G gl¢[��� h �m nj ⇒ I�G1B� ��< �BG� l@2$ 	G ���1 	�� G 5 n>

`
01CG�5 G gl¢[��� �m hnj ⇒ I�G1B� ��< �BG� l@2$ 	G ���1 �BJH G 5 n>

`
01CG�5 G gl¢[��� d �m nj ⇒ I�G1B� ��< �BG� l@2$ 	G 1C� 	�� G 5 n>

`
01CG�5 G gl¢[��� �m dnj ⇒ I�G1B� ��< �BG� l@2$ 	G 1C� �BJH G 5 n>

`
01CG�5 G gl¢[ �	�
 h �m nj ⇒ I�G1B� ��< �BG� l@2 BC$I 	� � ��1 h 5 n �g����` l¢��
 m n > �
���j>

`
01CG�5 G gl¢[ �	�
 �m hnj ⇒ I�G1B� ��< �BG� l@2 BC$I � ��1 �BJH G 5 n>

`
01CG�5 G gl¢[ �	�
 �m dnj ⇒ I�G1B� ��< �BG� l@2 BC$I 	� � ��1 5 dn �g����` l¢	�� m n > �
���j>

`
01CG�5 G glgdfj lgdfj �5 nnj ⇒ I�G1B� ��< �BG� l@BCD BCD 5 n>

`
01CG�5 G glgd�j d7 = nj ⇒ I�G1B� ��< �BG� @CGH � ��1>

`
01CG�5 G gl�[��� h �m nj ⇒ I�G1B� ��< �BG� l�2$ 	GA 5 n>

`
01CG�5 G gl�[��� d �m nj ⇒ I�G1B� ��< �BG� l�2$ 	G� 5 n
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>
` l@	� l@3 	$I �5 � 9 n l@3 	$I �5 �� nn ⇒

K33 	9 @3 	$I 	� 0123 KG 	�� G>
` l@	� l@3 	$I �5 �� n l@3 	$I � 9 �� nn ⇒ K33 	9 @3 	$I 	� 0123 KG �BJH G>
` l@	� l@3 	$I �5 �� n l@3 	$I �� �9 nn ⇒

I�G1B� ��< �BG� l@3 	$I I92 � 9 n �K33 	9 @3 	$I 	� 0123 KG �BJH G>
` l@	� l@3 	$I �5 � 9 n l@3 	$I �� �5 nn ⇒ I�G1B� ��< �BG� l@3 	$I I92 5 9 n �K33 	9 @3 	$I 	� 0123 KG �BJH G>
` l@�E l@3 	$I �5 � 9 n l@3 	$I �5 �� nn ⇒

K33 	9 @3 	$I �E 0123 KG 	�� G>
` l@�E l@3 	$I �5 �� n l@3 	$I � 9 �� nn ⇒ K33 	9 @3 	$I �E 0123 KG �BJH G>
` l@�E l@3 	$I �5 �� n l@3 	$I �� � 9 nn ⇒

I�G1B� ��< �BG� l@3 	$I I92 � 9 n �K33 	9 @3 	$I �E 0123KG �BJH G>
` l@�E l@3 	$I �5 � 9 n l@3 	$I �� �5 nn ⇒ I�G1B� ��< �BG� l@3 	$I I92 5 9 n �K33 	9 @3 	$I �E 0123KG �BJH G>
` l@	� l@2 $ 	G �5 � 9 n l@2 $ 	G �5 �� nn ⇒ K33 	9 @2$ 	G 	� 0123KG 	�� G>
` l@	� l@2 $ 	G �5 �� n l@2$ 	G � 9 �� nn ⇒

K33 	9 @2$ 	G 	� 0123 KG �BJH G>
` l@	� l@2 $ 	G �5 �� n l@2$ 	G �� � 9 nn ⇒

I�G1B� ��< �BG� l@2 $ 	G I92 � 9 n �K33 	9 @2$ 	G 	� 0123KG �BJH G>
` l@	� l@2 $ 	G �5 � 9 n l@2 $ 	G �� �5 nn ⇒ I�G1B� ��< �BG� l@2$ 	G I92 5 9 n �K33 	9 @2$ 	G 	� 0123KG �BJH G>
` l@�E l@2 $ 	G �5 � 9 n l@2 $ 	G �5 �� nn ⇒

K33 	9 @2 $ 	G �E 0123 KG 	�� G>
` l@�E l@2 $ 	G �5 �� n l@2 $ 	G � 9 �� nn ⇒

K33 	9 @2$ 	G �E 0123 KG �BJH G>
` l@�E l@2 $ 	G �5 �� n l@2 $ 	G �� � 9 nn ⇒

I�G1B� ��< �BG� l@2$ 	G I92 � 9 n �K33 	9 @2$ 	G �E 0123 KG �BJH G>
` l@�E l@2 $ 	G �5 � 9 n l@2 $ 	G �� �5 nn ⇒ I�G1B� ��< �BG� l@2$ 	G I92 5 9 n �K33 	9 @2$ 	G �E 0123 KG �BJH G�C�b

�7� @CBD 3 �13 b
� � ���"� 	
 � � ���"� ��� ���"�# ���" �������������

��� � �!�" �� # �J$2 �CGI b������� �� �� �� @3 �13 b
��� �!� 
 1CK� l@CBD p@CBD��I�n b
��� �!� @F p? l@CBD 3 �13 @CBD n b
� &' � *�.,� ,�. �� - �./� ,� �� *)/��)0
C�D 7�� �� 7 
 l# p893 �n p? l# →

@ n → @b
C�D 7�� �� 7 $CBG l# p893 �n l5 p# n p 
 # p? � $C �

⇒
� 5 b

C�D 7�� �� 7 IGK� l# � p893 �n lK p
 # n l� p#
→


 � n p 
 � p? � $C �
⇒
K l� $C 5 ⇒

� 5 � n b
� &% ()�� *)� ,*0 �� - �./� ,� �� *)/��)0
?�  @ 	K< � p

∀ l# � p893 �n l5 p# n l� p#
→


 � n l� p�
→

@ n i IGK� l$CBG 5 n � � ? � 5 � b
?�  @ 	K<� p
∀ l# p893 �n lK p
 # n l� p#

→
@ n i IGK� K l� $C 5 p#

⇒
$CBG 5 n � ? K l� $C 5 p#

⇒
� 5 n b

?�  @ 	K<� p
∀ l# � � p893 �n lK p
 # n l� p#

→

 � n l� p�

→

 � nl� p�

→
@ n i IGK� lIGK� K � n � � ? IGK� K l� $C 5 p#

⇒
IGK� l� 5 n � n � b
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L +8 +% ��VPXQTWX VW �sXRVTWXQ W� *�QTR WU PS�VTWXQ
C�D 7�� �� 7 � � l# p893 �n l� J p#
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∀
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→

@b?�  @ � 5 �$ 	� p
l∀ lB pCKG n l� p#f� l�BIG� � nn i
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� � 5 n E n
→
1�� $C l� $C 5 ⇒

	$� l3 5 nn l
� 5 � � 21C n Eb
�7� � B5 �$ 	�b

� +8 +/ � s�P �WS � �4
?�  @ 1� � B3 p

∀
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