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�

) � "*($¥m¥*�E. ­ �/(*�Y%+� O+9T( U S 1
V E�U

S 2
V E�U

T1
V E�U

T2
Vo¥=��� (��/(*%+�

� x | Satz (x,
�

) � D

•
W+6��/�F� F=¡\'�7;��9T( O+9T(¢>[��?�,��=.`#&�Y(*%\"*X�f�.E�� �"$#;¥u.	�$P;¡��¿> W=')XYOT'�Z&�5�E,��E.E�/(�7;��'�Z
W�" C #-7;� 7;"*���E. C '�.;¡��/� 7&Z O+9T(=Z ¡�9:.	�E,��E.E�/(+7;���/X X��/(uZ[#&� (*%T"*X�f�.	�/(=Z[ �"$#&¥u. �$P;¡��E(�?GD
>[�5 G?

(∀S 1, S 2, s1, s2, ref )
(Erg(S 2, S 1(s1//s2)) & s1 ≡ref s2 ⇒ S 1 ≡ref S 2)

�20 Qo0 D�¬ �/(*(
S 2
�/�Y(sd�.	%+� C (*��#�¥*�E.«7	�/�YXY85�/��#;�/( W�" C #-7;� 7;"=7;��9T(½O+9T({�/�Y($�/]

#&�Y(*%\"*X�f�.E�/(  �"$#;¥u.	"$P;¡
s1
�Y(��/�Y($�/] W='�7;�

S 1
¥="=.EP	Qq�/�Y($�/(q#&�Y(*%\"*X�f�.E�/(« �"$#-Z

¥u.	"$P;¡
s2
��#-75"*($¥`85�/(*(

s1
.E�/X�'�7;�YOq�F"

ref
¡�9:.E�E,��E.E�/(�7;���/XYX*]�� 7

s2
��#-7"E=¥$')(*(

��#-7
S 1
.E�/X�'�7;�YO¿�F"

ref
¡�9:.E�E,��E.E�/(�7;���/XYX»]�� 7

S 2
>�,��=.q')XYX��

S 1, S 2, s1, s2, ref
?E0

d»�Y(=, ':P	Q$�E.�%+�F#	')%T7"EFQ$�/� )\7�¥$':# D�¬ �/(*(
S 2
�/�Y(�d�.	%+� C (*��#�¥*�E.»7	�/�YXY85�/��#;�/(«W�" C Z

#-7;� 7;"=7;��9T(¿O+9T(Á�/�Y($�/]Ã#&�Y(*%\"*X�f�.E�/(� �"$#;¥u.	"$P;¡
s1
�Y( �/�Y($�/] W='�7;�

S 1
¥="=.EP	Q

�/�Y($�/(«#&�Y(*%\"*X�f�.E�/(� �"$#;¥u.	"$P;¡
s2
��#-7�"*($¥�85�/(*(

s1
¥$':#;#;�/X C � C �/���/��P	Q*($�E7�8����

s2
E*¥$')(*( C �/���/��P	Q*($�E7

S 1
¥$':#;#;�/X C �<8����

S 2
>�,��=.�')XYX��

S 1, S 2, s1, s2
?E0

ª:b



•
W+6��/�F� F=¡\'�7;��9T(¿O+9T(½>[��?5,��=.�©�./f:¥=� ¡\'�7	��> W=')XYOT'�Z&�5�E,��E.E�/(�7;��'�Z-W�" C #-7;� 7;"*���E.;Z
C '�.;¡��/� 7&Z O+9T(=Z ¡�9:.E�E,��E.E�/(�7;���/XYXY�/(=Z[©�./f)¥=� ¡\'�7	�/(�?GD
>[��©�?

(∀S 1, S 2, F1, F2, ref )
(Erg(S 2, S 1(F1//F2)) & F1 ≡ref F2 ⇒ S 1 ≡ref S 2)

•
W+6��/�F� F=¡\'�7;��9T( O+9T(¢>[��? ,��=.�W=f�7;��� > W=')XYOT'�Z&�5�E,��E.E�/(�7;��'�Z-W�" C #-7;� 7;"*���E. C '�.&Z
¡��/� 7&Z O+9T(=Z ¡�9:.E�E,��E.E�/(�7;���/XYX��/(=Z[W=f�7;���/(�?GD
>[��W=?

(∀S 1, S 2, T1, T2, ref )
(Erg(S 2, S 1(T1//T2)) & T1 ≡ref T2 ⇒ S 1 ≡ref S 2)

1��/]`f")¹¥=���F#;�/(mW+6��/�F� F=¡\'�7;��9T($�/( #&�Y($¥¿�Y( ­ �F¥*�/]@W='�7;�
S 1
O+9T( ��¡�9:.E�E,��EZ

.E�/(�7;���/XYX��»#&�Y(*%\"*X�f�.E�� �"$#;¥u.	�$P;¡���#;9)8�����¡�9:.E�E,��E.E�/(�7;���/XYX��
n
Z[#-7	�/XYXY�Y%+��©�./f:¥=� ¡\'�7	�

"*($¥¹W=f�7;���2#	')XYOT'!.E�E,��E.E�/(�7;��'�#&" C #-7;� 7;"*���E. C '�.)0
¤$"$#	')]�]^�/(=, ':#;#;�/($¥!¡\')(*(�]`')(�#	')%+�/(�ET¥$'")2�Y(�¥*�E.N($�/"=7&./')X��/(^Du9:.	]«"*XY���EZ

.	"*(*% ¥*�F#��NZ&¼�9T]q6�9\#&� 7;��9T(�')XY� 7Ef�7	#-6=.	� (*�F� 6�#�9:���/(*%+�/X�':#;#;�/(q��#-7"E�O+9T(`85�/X�P	Q$�E.
 5.;7G¥=���!O+9T(�¥*�/(ÁW=f�7;���/(�O+9T( � C �/���/��P	Q*($�/(�d»(�7;� 7Ef�7	�/(�#&�Y($¥�0$�����!]^�/(=Z
%+�/(�7;Q$�F9:.E�E7;��#;P	Q$�/(«W+7	�/XYXYO+�E.;7&.E�E7	�E.�,��=.5¥=���G�5�E,��E.E�/(*��9 C$­ �E¡�7	�5¥*�E.5W=f�7;����O+9T(
�185�E.E¥*�/( ($9�P	Q (*��P	Q�7G6$Q*�YX�9\#;9:6$Q*��#;P	Q¹�Y(�7	�E.;6*.E�E7;���E.;7"D�d�#!8�� .E¥Á(*��P	Q�7!%+�EZ
#	')%T7"E�9 C #&�����E7-8�' ')X�#q¬m')Q=.	Q$�/� 7	#&85�E.;7	�`9�¥*�E.`')X�#�W=':P	QuO+�E.	Q�')X 7	�`�E7	PT0��F"
O+�E.E#-7	�/Q$�/(¿#&�Y($¥�0* �"$#�¥*�E.� �(*(�')Q*]^� E*¥$'")`�F85�/��W=f�7;��� ¥$':#;#;�/X C � C �/���/��P	Q=Z
($�/(�E/,�9TXY%T7�¥*�F#&Q�')X C ')"$P	Q�]�� 7»¸5�YX ,��N¥*�F#o($�/"=7&./')X��/( �NZ&¼�9T]q6�9\#&� 7;��9T(�')XY� 7Ef�7	#-Z
6*.	�Y(*�F� 6�#«(*��P	Q�7	#^¥$'�.	� C �E.;E�"*]R85�/X�P	Q$�� 5.;7�O+9T( d»(�7;� 7Ef�7��F#`#&��P	Q ¥$' C �/�
Q�')($¥*�/X 7�0

(`� 7&7	�/X�#»¥*�E. (��E7;Q$9�¥*�/(q¥*�E.N' C #-7&./'�¡�7	�/(« �XY%+� C ./'H¡
3T(*(�7	�N]`')(«¥$':#�($�/"=Z
7&./')X��N�NZ&¼�9T]q6�9\#&� 7;��9T(�')XY� 7Ef�7	#-6*.;�Y(=�F� 6<"*($¥�#;�/�Y($��W+6��/�F� F=¡\'�7;��9T($�/(2($9�P	Q�O����/X
85�/� 7	�E.	%+�/Q$�/($¥*�E.<6*./f)�F��#&���E.E�/(�E�')X�#!�F#�,��=. ¥=���« �(*XY���/%+�/( ¥*�E.2O+9:.	XY���/%+�/($¥*�/(
 5. C �/� 7��E.;,�9:.E¥*�E.	XY��P	Q!��#-7�0T�G'�¥=���F#;�E.»')XY%+� C ./')��#;P	Q$�� �($#	'�7;�5' C �E.»�/�Y($�/(�( �=7;�/Z
XY��P	Q$�/( ¸5�Y(u85�/��#2')"=,H¥=��� X�9T%\��#;P	Q$�«Du9:.	] ¥*�E.�#;9�� C �/( C �F#-6*.E9�P	Q$�/($�/(�($�/"=Z
7&./')X��/(^.E�E,��E.E�/(*�/7;Q$�F9:.E�E7;��#;P	Q$�/(`©�.	�Y(*�F� 6$���/(^XY���E,��E.;7"Eu%+�/Q$�G��P	Q��Y]§,�9TXY%+�/($¥*�/(
¡u"=.	�q¥$'�./')"=,N�/�Y(�D�Wu9^¡\')(*( ]`')( ;�%+�/]`f")¹¥=���F#;�/]  �($#	'�7;��;¿#;9)859TQ*X�¥=���
W 
�(�7E'�e½O+9T( �°')X�#q')"$P	Q ¥=��� H5Q$�F9:.	���^¥*�E.`�5�E,��E.E�/(*��9 C$­ �E¡�7	�q,��=. �À�Y(
Du9:.	] O+9T(  �XY%+� C .E�/(�E�¥�0 Qo0»�Y( Du9:.	] O+9T(½,�"*(=¡�7;��9T(�')X��/( W+7&.	"=¡�7;"=.E�/( 9:.;Z
%�')(*��#&���E.E�/(�E\85�/X�P	Q$��O+9T(¹%\X��/��P	Q$�/] H 
+6Á#&�Y($¥�0u �(*%+�/($9T]�]^�/(¹�F#5X�f")\7<#&��P	Q
���/�Y%+�/(�E\¥$'")«¥=����(��/(*%+�G')XYX��E.5�5�E,��E.E�/(*�/,�"*(=¡�7;��9T($�/(

ref
O+9T(

X
�Y(

Y
,��=. �

ª\ª



��¥*�/(�7;��#;P	Q���#-7»]�� 7�¥*�E. (��/(*%+�5')XYX��E.�¸�9T]^9T]^9:.;6$Q*��#&]^�/(
h
O+9T(�¥*�E.�#�
�(�7E'�¡�Z

7;��#;P	Q$�/(` �XY%+� C ./'
L = 〈X, f1, . . . , fn〉

�Y(�¥=���G �XY%+� C ./'!¥*�E.G�5�E,��E.E�/(*��9 C$­ �E¡�7	�
R = 〈Y, g1, . . . , gn〉

0 � � (¹')(�¡\')(*(¿¥$')(*(�¥$':#�¼�9T(*%T.	"$�/(*�/.E�/X�'�7;��9T($#-7;Q*�F9:.	�/]
')"$#5¥*�E.�' C #-7&./'�¡�7	�/(¹ �XY%+� C ./' ')"=,�#;9TX�P	Q$�!�5�E,��E.E�/(*�/,�"*(=¡�7;��9T($�/(

ref
,��=. �

')(u85�/($¥*�/(o0F �"=,�%T.	"*($¥ ¥=���F#;�F#�H5Q$�F9:.E�/]^#�,�9TXY%T7�')X�#;9
E)¥$'") ­ �F¥*�E.�¸�9T]^9T]^9:.;Z
6$Q*��#&]«"$#

ref
O+9T(

L
�Y(

R
�/�Y($�N¼�9T(*%T.	"$�/(*�/.E�/X�'�7;��9T(

≡ref
')"=,

L
�/�Y($¥*�/"=7;�Y% C �EZ

#-7;�Y]�] 7N>�"*($¥2"*]�%+�E¡��/Q=.;7E?E0:�����N¥="=.EP	Q�¥*�/( ­ �/85�/�YXY�Y%+�/( ¸�9T]^9T]^9:.;6$Q*��#&]«"$#
ref
�/�Y($¥*�/"=7;�Y% C �F#-7;�Y]�] 7	�q¼�9T(*%T.	"$�/(*�/.E�/X�'�7;��9T(

≡ref
��#-7!Q*���E.2¥=��� * �+"*�YOT'�Z

X��/(*�/.E�/X�'�7;��9T(`¥*�E.�1 #&���ZY�������% �  -54  "�76 � E�85�/X�P	Q$��8������Y(m>[��b�?5¥*�GF*(*���E.;7�85�E.;Z
¥*�/({¡\')(*(�D

x1 ≡ref x2 :⇔ ref (x1) = ref (x2)
0Nd»�Y($��¼�9T(*%T.	"$�/(*�/.E�/X�'�7;��9T(

��#-7<�/�Y($� * �+"*�YOT')X��/(*�/.E�/X�'�7;��9T(�E\85�/X�P	Q$�!¥=��� ����� � �! "�!���! $#&% � �� � ��% �0/ ' -�Y �5,��=.
­ �F¥*��Du9:.	]`'�7;��9T($#-,�"*(=¡�7;��9T(

fi
')"$#

L
Q�'�7�0=�����F#;��W�" C #-7;� 7;"=7;��9T($#;�/�Y%+�/($#;P	Q�'�,�7

�/�Y($�E. * �+"*�YOT')X��/(*�/.E�/X�'�7;��9T(
≡ref

,��=.��/�Y($�¹#;9TX�P	Q$��Du9:.	]`'�7;��9T($#-,�"*(=¡�7;��9T(
fiX�f")\7�#&��P	Q¹8����G,�9TXY%T7<¥*�GF*(*���E.E�/( �*# D

>[�Gª\?@Wu�/�
fi
�/�Y($�

m
Z[#-7	�/XYXY�Y%+��Du9:.	]`'�7;��9T($#-,�"*(=¡�7;��9T({')"$#q�/�Y($�E.^#�
�(�7E'�¡�7;� Z

#;P	Q$�/(« �XY%+� C ./'
L = 〈X, f1, . . . , fn〉

E:"*($¥ #;�/�u85�/� 7	�E.E#
≡ref

�/�Y($� * �+"*� Z
OT')X��/(*�/.E�/X�'�7;��9T(�')"=,

X
0

≡ref
Q�'�7<¥=���2W�" C #-7;� 7;"=7;��9T($#;�/�Y%+�/($#;P	Q�'�,�7»,��=.

fi :⇔
(∀x1, . . . , xm, x′1, . . . , x′m) (x1 ≡ref x′1 & . . . & xm ≡ref x′m ⇒
fi(x1, . . . , xm) ≡ref fi(x′1, . . . , x′m))

! P	Q Q�' C �«¥=��� X�9T%\��#;P	Q$� Du9:.	] ¥*�F#��NZ&¼�9T]q6�9\#&� 7;��9T(�')XY� 7Ef�7	#-6=.	� (*�F� 6$#<;�"*($¥
¥$')]�� 7o')"$P	Q2¥=��� ­ �/(*�Y%+��#;�/�Y($�E.�W+6��/�F� F=¡\'�7;��9T($�/( ;!#;9585�/� 7�8������ C �/(2] 3T%\XY��P	Q
¥=���F#;�E.<�<�GF*(*� 7;��9T(`¥*�E.<W�" C #-7;� 7;"=7;��9T($#;�/�Y%+�/($#;P	Q�'�,�7��/�Y($�E.<¼�9T(*%T.	"$�/(*�/.E�/X�'�7;� Z
9T(¢')"=,��/�Y($�E.�#�
�(�7E'�¡�7;��#;P	Q$�/(  �XY%+� C ./'

L
')(*%+�E6�'")\7�0 (¹')(¾¡
3T(*(�7	���E7-8�'

>[�5 G?GEN�/�Y(*%+�F#;P	Q=./f)(=¡�7q')"=,�¥*�/( D=')XYX<¥*�E.^ N7	9T]^#	f�7;���`O+9T( � E�8����`,�9TXY%T7
')XY%+� C ./')��#;P	Q�,�9:.	]«"*XY���E.E�/(�D�Wu�/�

F
�/�Y($�

n
Z[#-7	�/XYXY�Y%+� ©�./f:¥=� ¡\'�7&¡�9T($#-7E')(�7	�2O+9T(

� E�"*($¥ #;�/���/(m85�/� 7	�E.E#
a1, . . . , an

"*($¥
b1, . . . , bn

!�($¥=�YO���¥="$�/(=¡�9T($#-7E')(�7	�/(
O+9T( � #;9)8����

fASn

�/�Y($� Du9:.	]`'�7;��9T($#-,�"*(=¡�7;��9T(¾')"$#
L
E5¥=���Á')"$#`#;9TX�P	Q$�/(

n
Z[#-7	�/XYXY�Y%+�/( ©�./f:¥=� ¡\'�7&¡�9T($#-7E')(�7	�/( #;9)8���� !�($¥=�YO���¥="$�/(=¡�9T($#-7E')(�7	�/(sO+9T( �
 N7	9T]^#	f�7;���¹O+9T( � C �YX�¥*�E7�0H�����Ád»�Y($#;P	Q=./f)(=¡u"*(*% ¥*�F#q.E�E,��E.E�/(*�/7;Q$�F9:.E�E7;� Z
#;P	Q$�/(�©�.	�Y(*�F� 6�#G>[�5 G?�')"=,»#;9TX�P	Q$�� N7	9T]^#	f�7;����X�')"=7	�E75(u"*(�D
� 8Qt�I9��O5% 8 ��?0ZQ?0ZQ?F�� 5!�% 7�ZHL97KVK:<8 �5��% #�% ?0�\T9>0@J49t��N4 *-s\�FL2E�354 /F/24
� = %�>0@J4 9;���K#�% �|*-,
' �U1N354 �$.QEK427�?-Cc% 8 � ,24

ª\£



> ª\?
(∀a1, . . . , an, b1, . . . , bn, ref ) (a1 ≡ref b1 & . . . & an ≡ref bn ⇒

fASn (F, a1, . . . , an) ≡ref fASn (F, b1, . . . , bn))

¤$"*]ºLN�/��#-6$���/XG,��=.
n = 1

DH¬ �/(*(
a1 ≡ref b1

E5¥$')(*(
pFa1q ≡ref pFb1q>�,��=.<')XYX��

a1, b1, ref
?E0�¬ �/(*(`]`')( ­ �E7;�/75($9�P	Q`¥=���GW�" C #-7;� 7;"=7;��9T($#-,�9:.	]^�/X=�Y]

 �(�7	�/���F¥*�/($# Q*�Y(*�F"=,��*%T7"E�¥$')(*( �E.	Q�f)X 7q]`')( �Y(s%\"=7	�E.^ �(*(�f)Q$�E.	"*(*% ­ �/($�
X�9T%\��#;P	Q$�<Du9:.	]§¥*�E.5($�/"=7&./')X��/(q.E�E,��E.E�/(*�/7;Q$�F9:.E�E7;��#;P	Q$�/(�©�.	�Y(*�F� 6$���/(�E:85�/X�P	Q$�
�Y(¹¥*�E.<O+9:.	XY���/%+�/($¥*�/(` 5. C �/� 7�%+�/8�f)Q*X 758�"=.E¥*�T0
! P	Q 85�/($¥*�¿]���P	Q (u"*(¾.E�E,��E.E�/(*�/7;Q$�F9:.E�E7;��#;P	Q$�/(¾©�.	�Y(*�F� 6$���/(¾�F"�EH�Y(¢¥*�EZ

($�/(�¥=���� 5.;7<¥*�E.5O+9T(¹¥*�/(�W=f�7;���/(�O+9T( � C �/���/��P	Q*($�E7	�/(�d»(�7;� 7Ef�7	�/(�(*��P	Q�7
]^�/Q=.N9:���/(*%+�/X�':#;#;�/( 8�� .E¥¹> ¥�0 #F0\¥=���5(*��P	Q�7&Z ($�/"=7&./')X��/(qDu9:.	]«"*XY���E.	"*(*%+�/(�¥*�F#
�NZ-¼�9T]q6�9\#&� 7;��9T(�')XY� 7Ef�7	#-6*.	� (*�F� 6�#	?E0

= ��� �
!o� ! ����� � � � � ��� � � �q� � 	 � � ��
�� � =���� ? ���
) ]@¥=�����H��P	Q�7;�Y%T¡��/� 7!#;�/�Y($�E.-H5Q$�F#;� E�¥$'")�¬m')Q=.	Q$�/� 7	#&85�E.;7	� ¥=�����5�E,��E.E�/(*�/Z
9 C$­ �E¡�7	�qO+9T( W=f�7;���/({#&�Y($¥�E��F" � C �E.;6*.	�=,��/(�E�#;P	Q*X�f)%T7«D+.E�/%+��¥=���q,�9TXY%+�/($¥*�
H��F#-7;]^�E7;Q$9�¥*�GO+9:.;E=¥=���GO+9T]Ã�NZ&¼�9T]q6�9\#&� 7;��9T(�')XY� 7Ef�7	#-6*.;�Y(=�F� 6^')"$#&%+�/Q�7"D

G	����� ,����0���#���;���#�-,>&#,������#� "#!@&#� � � �'&H( * ��. * � �-:�� * ��,>&#,���� ��� �����
A>��&#=����;�0��� �WGT��!>�#!���� &#�'
����0&�� �'&H(C�0/ �-,�. * � ���0��� ,��@I@������� * ���0&;D1� ��� 

D8���)(R
������ ��� � A>��&#=�&#��� � * ,>�?"#! ��� ����� 	+,�� * �#,1"#B I@/�� * ���#�0��� D8���
:�� * ��,>&#,����>(J��D8���-��� * ���#��� A7� �����E���#�0��&#=�& 
+� � * 5	��� *[* ����� �'&�� �
* ���43J��& * ���:����� � 5�
 � �
�� � � ���#B7� ���0&������?� * ��=�,�� 
R� * ,��9�0,��@&H( �@,1���
�0� D1� �-,>&#,�/ �0,>D1�'&#� &#,�� �8/��0�0,��@&H(��#��� IC� I@���#� &?��&#��% A>��� IC��
��;���#� &?��&#�

1



A7,>D1�'&#� &#,�� ���0D ���#BC��� & 
 I@/��;
 BC/��#� � ���#���@&#� ��� � ���;
 	+,�� * �#<1"#BC��� ' 5���7�#�������������HD�(8A 5 ��� �Z5 �

d�#�#&�Y($¥�Q*���E.!')X�#;9`W=f�7;��� ¥=���q¼�9T(�7	�Ee�7	� E*�Y(Á¥*�/($�/(½>�.E�/X�'�7;�YO��F"
ref
?5¡�9:.E�EZ

,��E.E�/(�7;���/XYX��q �"$#;¥u.	�$P;¡����E.E#;�E7;�/7 85�E.E¥*�/(o0»D+.E�/%+��(*�Y]�] 7 ¥$' C �/��6*.E9 C �/85�/� Z
#;� #;P	Q$9T(¢')(�E�¥$'") ¬m')Q=.	Q$�/� 7	#&85�E.;7	�¿¥=���ÁO+9T(¢#;9TX�P	Q$�/(¢W=f�7;���/( C �/���/��P	Q=Z
($�E7	�/( d»(�7;� 7Ef�7	�/( #&�Y($¥�0Nd�#�XY���/%T7�Q*���E.`#;9T]�� 7�')X�#�¥=���A1<.	"*($¥=X�')%+�`#;�/�Y($�E.
H��F#-7;]^�E7;Q$9�¥*��(*��P	Q�7�]^�/Q=.2¥$':#��NZ&¼�9T]q6�9\#&� 7;��9T(�')XY� 7Ef�7	#-6=.	� (*�F� 6¹�Y( ¥*�F#;#;�/(
"=.E#-6*.	�*(*%\XY��P	Q$�E.�Du9:.	]@O+9:.;E�#;9T($¥*�E.	(�¥=���F#;�F#«©�.	�Y(*�F� 6½#	')] 7«¥*�E.«�F"$#	f�7;�FXY� Z
P	Q$�/(¹ �(*(�')Q*]^� E�¥$'")q¬m')Q=.	Q$�/� 7	#&85�E.;7	��¥=���GO+9T(¹#;9TX�P	Q$�/(¹W=f�7;���/( C �/���/��P	Q=Z
($�E7	�/( d»(�7;� 7Ef�7	�/(½#&�Y($¥�0»D+.E�/%+�^#-6*.	��P	Q�72Q*���E. (�f)]�XY��P	Qm(*��P	Q�7�(u"=. O+9T({¥*�E.

ª+¯



d»�Y%+�/($#;P	Q�'�,�7<�/�Y($�F#�¼�9T(�7	�Ee�7	#2> W='�7;���F#	?GE�¥$'")`¥$'�.	�Y(�>�.E�/X�'�7;�YO`�F"
ref
?H¡�9:.E�EZ

,��E.E�/(�7;���/XYX��! �"$#;¥u.	�$P;¡��G,��=.E�/�Y(�')($¥*�E.�"*( C �F#;P	Q�':¥*�E7�¥*�E. C �/���/��P	Q*($�E7	�/(¿d»(=Z
7;� 7Ef�7`#&" C #-7;� 7;"*���E. C '�.q#&�Y($¥�0Nd�.�#-6*.	��P	Q�7qO����/XY]^�/Q=.`')"$P	QsO+9T(¾¥*�E.¹d»�Y%+�/(=Z
#;P	Q�'�,�7"EH¥$'"){¥$'�.	�Y(®>�.E�/X�'�7;�YO �F"

ref
?q¡�9:.E�E,��E.E�/(�7;���/XYX��� �"$#;¥u.	�$P;¡���,��=.E�/�Y(=Z

')($¥*�E.«"*( C �F#;P	Q�':¥*�E7«¥*�F# C �/���/��P	Q*($�E7	�/({¬m')Q=.	Q$�/� 7	#&85�E.;7	# #&" C #-7;� 7;"*���E. C '�.
#&�Y($¥�0GD �=.Á¥=���F#;� �F85�/� 7	��d»�Y%+�/($#;P	Q�'�,�7"E�¥=���m�/�Y( ¼�9T(�7	�Ee�7�> W='�7;�)?�Q�' C �/(
¡\')(*(�E:�Y(q¥*�/] ¡�9:.E�E,��E.E�/(�7;���/XYX��� �"$#;¥u.	�$P;¡��N�E.E#;�E7;�/7�85�E.E¥*�/(�ET#;P	Q*X�f)%T7»�E.N¥*�/(
H��E.	]��Y(u"$#�U W=')XYOT'�Z 0��E.	� 7E'�7	�EZ-W�" C #-7;� 7;"*���E. C '�.;¡��/� 7�VuO+9:.)0�¬s� .26*./f)%+�/(Á�Y(�¥*�E.
O+9:.	XY���/%+�/($¥*�/(� 5. C �/� 7�,��=.»¥=���F#;���F85�/� 7	�Nd»�Y%+�/($#;P	Q�'�,�7�¥*�/( H��E.	]��Y(u"$#�U W=')XYOT'�Z
0��E.	� 7E'�7	�

1
Z-W�" C #-7;� 7;"*���E. C '�.;¡��/� 7&Z O+9T(=Z ¡�9:.	�E,��E.E�/(+7;���/X X��/(uZ[ �"$#;¥�.	�*P;¡��/(;V 0 � �

�����m�F" �E.E#;�E7;���/($¥*�/(¢.E�E,��E.E�/(*�/, f)Q*�Y%+�/( H��/�YX�')"$#;¥u.	�$P;¡��Á#&�Y($¥®' C �E.Á�F"=Z
(�f:P	Q$#-7`($9�P	Q ¡��/�Y($� W=f�7;���T0 !�(¢¥*�E.�,�9TXY%+�/($¥*�/( H��Ee�7	#-7	�/XYX��¿85�/� 7	�E7ÁD+.E�/%+�
#;�/�Y($��H��F#-7;]^�E7;Q$9�¥*�!')"$P	Q�')"=,�¥=����H��/�YX�#	f�7;���GO+9T(¿W=f�7;���/(¿')"$# D


����0/�� �@�7,�� * � � �;���#�-,>&#,����>( * ��. * ����GT��!>�#!���� &#�'
����0&���� �����RA>��&#=����
* ���0�0��� :�� * ��,>&#,����F� �'&H()
���� &#���-�������#<�� &-
���� * ���)5)G � �-!1��D8���T����

� ,�� * ���)( * ��. * ��� GT��!>�#!���� &#�'
����0&���� �����+A>��&#=���� ,��@D8���#<�!>�0&�D1� ��� D�&H(

������ 
+� � * ���#� � ��� ������	+,�� * �#,1"#B * ,>�?"#! ��� �����-��� ��� "#!@D8� * ��,>&#��� * ���
���#�0��&#=������C
+� ��!1��D8��� ��D8��� * ��D8��� * ��� ����� ����/7"#! ��� "#!@&RD8��&0�?��"#!@&#��&H(
* ��. * ���J=�, ���#�0��&#=���� * �7	+,�� * �#,1"#B%�0��� D8���J��� �-A>��&#=R� �'&+% 	+,��'
���� &#,����
I@/�� �7�#��������3����'&#�W��&#!�/ * ����,�� * � �W3���� � � ��&#=�� I@/��TA ��&#=���� ' 5 G	������7,��[,����0���#�6	+���0� "#!@&4�#� "#!@&#� � � �'&H(8�0/��-,�. * ����GT��!>�#!���� &#�'
����0&%��� 

�����FA>��&#=�����( * ���2��� ����� ��� * ���#��� ��� ��3���� �%���@&#! ��� &H( ,��@I@������� * ���0&
D1� ��� D8���)(R
������ 
+� � � <>� * ��� 3���� � �#��&#=���� ����� ��� * ���#��� ��� ���0��&#=����)(
* ���0�0����GT��!>�#!���� &#�'
����0& * ���#�0��� D8�+� �'& % � * ��� * ���;GT��!>�#!���� &#� � ,���B@&#� /�

�1��� � &���& ' 5�	+,��0�1��!��W��� �0� � *F* �����2=�, ���0
����0&#���)(�
������ * �����%����=��/ * ��� * ���W3���� � �#��&#=W�����?� * � / * ���E,��������?� * ����� * ���0� � *���* �����T
+� �

+� �E�����0��!���� !1��D8���)(J� �'& * � � :�� * ��,>&#,���� * ���-G	/��0&#� * ����� ��� "#!@&
* � �-����
� �!���� � "#!���5�
�� �[A>��&#=�D8� * ��,>&#��&%� � * ���%�����?� * ������� * � 
+� ��

* ���%��� �����	A>��&#= ,�� * � � * ���%,��������?� * ��� ��� �����	�4� * ����BC���)5����7�#�����
�������HD�()A 5 0�
��Z5 �

� �Q:c% 8
wx�9O5% A-% 8=��L��9>
8=��a9@ q��K#[7�% _D!&O5�����FL97-10O5��u�Cc% ��% �d�
�� 5% #�8-@Y/Q�FL9_D!d�9?U_D!b�FL2E`8-% �98
�F�9O�8=��8B{M% >F8-�97�_D!��$E #dO�8=�&X�32�F@ T0�$V %�8=��% #��$#�8�pxVK32L9y�7K#�% #�L�% 8=��y5�$��a08-% #H7K#�?Fu08-�+C�8=��O�8-�N1<L��9O
ADC����R�FL2E2O5% 8�7�?F>F8-���F���0#�8-, 32�F@ T0�$V %�8=��% #��$#�8

2
VK32L9y�7K#�% #�L�% 8=��y5����a08-% #KVJTU?0�2Vxa0?F8DS2#�8-�97�% ?0�98-@ @ 8-�2V

�cL97�O���I9_�a08-��. 4 ~ % 8\Cc% �\�9?U_D! 7�8-!98-�
C�8=��O�8-�N1�% 7K#HO�8=� �<�0#�8=��7�_D!�% 8=O"ADCc% 7�_D!98-� O5% 8=7�8-�
yY8-% O�8-�
{M% >F8-�97�_D!��$E #�8-�
O5L9��_D!
O�8-���K8-��% >F8-�
ADCc% 7�_D!98-�^8-% �98=�RG�8DE 8=��8-�9ADEJL��9aU#�% ?0�
L��9O^8-% �98=�
{�S2#�8-�97�% ?0�97KEJL��9aU#�% ?0�\yY8=>F��I��9O�8D#-4

ªTa



¦�� C �/(¾�/�Y($�E.` �"$#&85�/� 7;"*(*%m#;�/�Y($�E. H��F#-7;]^�E7;Q$9�¥*��')"=,!¥=���,H��/�YX�#	f�7;����O+9T(
W=f�7;���/( ��#-72Q*���E.�')"$P	Qm¥=���
! ¥*�F�«¥*�E.2¬m')Q=.	Q$�/� 7	#-,�"*(=¡�7;��9T(�')XY� 7Ef�7�')(*%+�F#-6*.E9:Z
P	Q$�/(�D=W=f�7;��� E*¥=���2¥*�/($#;�/X C �/(`¬m')Q=.	Q$�/� 7	#&85�E.;7 C �/���/��P	Q*($�/(�Eu#&�Y($¥�¥*�/]�(�':P	Q
�Y(s�/�Y($�/]M¼�9T(�7	�Ee�7¹> W='�7;�)?«,��=.E�/�Y(�')($¥*�E.q#&" C #-7;� 7;"*���E. C '�.;E�9TQ*($��¥$'")�#&��P	Q
¥$' C �/�*¥*�E.H¬m')Q=.	Q$�/� 7	#&85�E.;7"ET¥*�/(^¥*�E.<¼�9T(�7	�Ee�7<> W='�7;�)? C �/���/��P	Q*($�E7"E\f)($¥*�E.;7�0
D+.E�/%+�N,��*%T7H' C �E.�6*./f)�F��#&���E.E�/($¥2Q*�Y(*�F"�ET¥$'")�#;9)859TQ*X$')(��/�Y($�/(�#;9TX�P	Q$�/(^¼�9T(=Z
7	�Ee�7�> W='�7;�)?GE5�Y( ¥*�/]º�E.E#;�E7;�/7¹8�� .E¥�E�')X�#¹')"$P	Q ')(¢¥*�/( �F" �E.E#;�E7;���/($¥*�/(
H��/�YX�#	'�7;��LN�F¥=�Y(*%\"*(*%+�/(q�F"�#-7	�/XYX��/(`#&�Y($¥�Du�<�E.G¼�9T(�7	�Ee�7G> W='�7;�)?N"*($¥^¥*�E.H�F"
�E.E#;�E7;���/($¥*� H��/�YX�#	'�7;��¥ �=.;,��/(«(*��P	Q�7��Y(q%+�E./':¥*�E.�9�¥*�E.�"*(*%+�E./':¥*�E.N�5�F¥*�5#;�/�Y(o0
�<�/(*( ¥$')(*( C �/���/��P	Q*($�E7�¥*�E.�W='�7;�«(*��P	Q�7��/�Y($�/(¿¬m')Q=.	Q$�/� 7	#&85�E.;7"E$#;9T($¥*�E.	(
�Y]§D=')XYX���¥*�E.�%+�E./':¥*�/(`�5�F¥*�5�/�Y($�/(^')($¥*�E.E�/(^W='�7;�<"*($¥«�Y] D=')XYX��5¥*�E.N"*(*%+�EZ
./':¥*�/(`�5�F¥*�5�/�Y($�/(�1��F¥$')(=¡��/(�> ¥�0 Qo0+#;�/�Y($�/(�V-%+�/8 3TQ*(*XY��P	Q$�/(u_HW��Y(*(�?E0 H�.E9:7;�
#;9TX�P	Q$�E.5 �"$#&(�')Q*]^�/(^��#-7��Y(�¥*�E.�O+9T(¿D+.E�/%+�GO+9:.	%+�F#;P	Q*X�')%+�/($�/( H��F#-7;]^�E7;Q$9:Z
¥*�!#;P	Q$9T(¹O+9:./')"$#&%+�F#;�E7;�/7"Eu¥$'")�¬m')Q=.	Q$�/� 7	#&85�E.;7	��¥=����O+9T(¿¥*�/(¿W=f�7;���/(�O+9T(
� C �/���/��P	Q*($�E7	�/(qd»(�7;� 7Ef�7	�/(�> ¥�0 Qo0:¥*�E.E�/(2V-%+�/8 3TQ*(*XY��P	Q$�	_N�5�E,��E.E�/(*��9 C$­ �E¡�7	�
.E�/X�'�7;�YO��F"

ref
?5#&�Y($¥�0

d�#N8�� .E¥^¥*�F#&Q�')X C �Y] ,�9TXY%+�/($¥*�/(�¥="=.EP	Q`�/�Y($���F"$#	f�7;�FXY��P	Q$�5 �(*(�')Q*]^�G')(=Z
%+�/%+� C �/(�E�O+9T({85�/X�P	Q$�E.« 5.;7�¥=����O+9T( ¥*�/( W=f�7;���/({O+9T( � C �/���/��P	Q*($�E7	�/(
d»(�7;� 7Ef�7	�/({#&�Y($¥�0» �(*%+�/($9T]�]^�/(�¬m')Q=.	Q$�/� 7	#&85�E.;7	��#&�Y($¥{¥=�����5�E,��E.E�/(*��9 C Z
­ �E¡�7	�!¥*�E.�W=f�7;���!O+9T( � .E�/X�'�7;�YO��F"

ref
E*¥�0 Qo0 D

>�¬
1
?

(∀x, y, ref ) (Satz (x,
�

) & y = ref (x) ⇒ Wahrw (y))

D �*%T7�]`')(�¥=���F#;�� �(*(�')Q*]^�!¥*�/]Ã�NZ&¼�9T]q6�9\#&� 7;��9T(�')XY� 7Ef�7	#-6=.	� (*�F� 6�Q*�Y(*�F" ;
¥�0 Qo0 C �YX�¥*�E7«]`')( ¥=����¼�9T( ­ "*(=¡�7;��9T(�O+9T(¢>[��? "*($¥ >�¬

1
? ;'E�#;9 �/(�7	#-7	�/Q�7

¥$'�./')"$#�¥$':#�,�9TXY%+�/($¥*�	� - ' ��'(�� "� � %������"�>-54 � �?X��ZY�������% �&# ����� � �"� ����' -54 ����%&) � �
1 #�+32�# �  "�! $#&%&-54  "�76 � � 2 �  % �  2�D

>�¬ ��?
(∀C1,C2, A1, A2, ref )
(Erg(C2,C1(A1//A2)) & A1 ≡ref A2 ⇒ C1 ≡ref C2) &
(∀x, y, ref ) (Satz (x,

�
) & y = ref (x) ⇒ Wahrw (y))

>�¬ ��? C �F#	')%T7G')"$#5¥*�E.�W���P	Q�7<¥*�E.GW=f�7;��� E*¥$'") ­ �F¥*�E.�¼�9T(�7	�Ee�72>�Q*���E.;D*W='�7;�)?
C1
O+9T( �U¥=���Nd»�Y%+�/($#;P	Q�'�,�7�¥*�E.�W=')XYOT'�Z 0��E.	� 7E'�7	�

1
Z-W�" C #-7;� 7;"*���E. C '�.;¡��/� 7&Z O+9T(=Z

¡�9:.E�E,��E.E�/(�7;���/XYX��/(=Z[ �"$#;¥u.	�$P&¡��/({Q�'�7�0G�G')]�� 7���#-7$;s8����Á%+�F#	')%T7 ; ¥=��� d»� Z
%+�/($#;P	Q�'�,�7!�/�Y($�F#�W='�7;���F#!%+�/]^�/�Y(�7"E�¥$'")�¥$'�.	�Y(Á¡�9:.E�E,��E.E�/(�7;���/XYX��� �"$#;¥u.	�$P;¡��

ª\3



,��=.E�/�Y(�')($¥*�E.<"*( C �F#;P	Q�':¥*�E7�¥*�F# C �/���/��P	Q*($�E7	�/(¿¬m')Q=.	Q$�/� 7	#&85�E.;7	#G#&" C #-7;� 7;"=Z
���E. C '�.�#&�Y($¥�0 � �

(¹')(s¡\')(*( #&��P	Qs(u"*(¾8����¹,�9TXY%T7 � C �E.	X��/%+�/(�E�¥$'") ')"$#^¥*�E.¹ �(*(�')Q*]^� E
¥$'"){�F85�/��W=f�7;��� ¥$':#;#;�/X C � C �/���/��P	Q*($�/(�EH')"=,�%T.	"*($¥sO+9T( >�¬ ��?`"*($¥ ¥*�E.
�<�GF*(*� 7;��9T(�>[��b�?»¥*�E.5¼�9:.E�E,��E.E�/(*�F��')XY� 7Ef�7�,�9TXY%T7"ET¥$'")�¥=��� C �/��¥*�/(^W=f�7;���<')"$P	Q
¥*�/($#;�/X C �/(`¬m')Q=.	Q$�/� 7	#&85�E.;7 C �/���/��P	Q*($�/(�D
 �(*%+�/($9T]�]^�/(®>���? C �/�Y]c¼�9T(�7	�Ee�7

C1
E��Y(¢¥*�/]M¡�9:.E�E,��E.E�/(�7;���/XYX��� �"$#-Z

¥u.	�$P;¡��»�E.E#;�E7;�/7o85�E.E¥*�/(�E/"*($¥��/�Y($�/] C �E7&.E�E���/($¥*�/( d�.E#;�E7;�F"*(*%+#;�E.	%+� C (*��#
C2Q�')($¥*�/X 7��F#<#&��P	Q¹"*]·W=f�7;��� E*"*($¥�')(*%+�/($9T]�]^�/(`85�/� 7	�E.E# E�>��Y��?

C1
C �/���/��P	Q=Z

($�E7G¥$':#;#;�/X C ��8����
C2
>&>���?�"*($¥ >��Y��?5�F"$#	')]�]^�/( C �F#	')%+�/(�E=¥$'")^�F85�/��W=f�7;���

¥$':#;#;�/X C � C �/���/��P	Q*($�/(�?E0T �"$#G>��Y��?»,�9TXY%T7H¥$')(*(`')"=,�%T.	"*($¥qO+9T(¿>[��b�?GE�¥$'")«¥=���
O+9T(

C1
C �/���/��P	Q*($�E7	��d»(�7;� 7Ef�7���¥*�/(�7;��#;P	Q ��#-7�]�� 7 ¥*�E. O+9T(

C2
C �/���/��P	Q*($�EZ

7	�/( d»(�7;� 7Ef�7�0$ �"$#<X��E7;�/7	�E.E�/]x"*($¥�>���?H,�9TXY%T7G85�/� 7	�E.E#G')"=,�%T.	"*($¥�O+9T(½>�¬
1
?GE

¥$'")«¥*�E.HO+9T(
C1
C �/���/��P	Q*($�E7	�5¬m')Q=.	Q$�/� 7	#&85�E.;7N��¥*�/(�7;��#;P	Qq��#-7H]�� 7H¥*�/]§O+9T(

C2
C �/���/��P	Q*($�E7	�/(`¬m')Q=.	Q$�/� 7	#&85�E.;7�0

C1
C �/���/��P	Q*($�E7�')X�#;9«¥*�/($#;�/X C �/(^¬m')Q=.;Z

Q$�/� 7	#&85�E.;7q8����
C2
0<>�¬

1
?«��#-7�' C �E.^�/�Y($�¹�/�Y(=, ':P	Q$�`X�9T%\��#;P	Q$��¼�9T($#;���+"$�/(*�

O+9T(½>�¬ ��?GE�"*($¥��F8�'�.�,�9TXY%T7«>�¬
1
?G')"$# >�¬ ��?�')"=,�%T.	"*($¥¹¥*�E.�W��Y]q6$XY� F=¡\'�Z

7;��9T($#-.E�/%+�/X 0��G')Q$�E.q,�9TXY%T7`')"$#�¥*�E.` �(*(�')Q*]^� E�¥$'")��F85�/��W=f�7;����¥$':#;#;�/X C �
C �/���/��P	Q*($�/(�E�')"$P	Q{')"=,�%T.	"*($¥mO+9T( >�¬ ��?�"*($¥¾>[��b�?GE»¥$'")m#&���^¥*�/($#;�/X C �/(
¬m')Q=.	Q$�/� 7	#&85�E.;7 C �/���/��P	Q*($�/(o0
! P	Q ,��*Q=.E�¹Q*���E.^O+9T(¾¥*�/( #&��P	Q ')"$#¹>�¬ ��? ;½,��=.�¥=����¥u.E�/�G 5.;7	�/(¾O+9T(

.E�E,��E.E�/(*�/, f)Q*�Y%+�/(« �"$#;¥u.	�$P;¡��/(qO+9T( � ;q�E.	%+� C �/($¥*�/(�W+6��/�F� F=¡\'�7;��9T($�/(�(u"=.
¥=��� ­ �/(*�Y%+�»,��=.NW=f�7;���H�Ee�6$XY�Y�F� 7�')(�> �F#�85�E.E¥*�/(q¥$' C �/��;28����HO+9:.	Q*�Y( C �/��>[��?�;
�F85�/��W+6��/�F� F=¡\'�7;��9T($#;#;P	Q=.	� 7&7	�<O+9:.	%+�/($9T]�]^�/(�?E0

•
W+6��/�F� F=¡\'�7;��9T(�O+9T(½>�¬ ��?�,��=.2W=f�7;���^> W=')XYOT'�Z 0��E.	� 7E'�7	�

1
Z-W�" C #-7;� 7;"*���E. C '�.;Z

¡��/� 7&Z O+9T(=Z ¡�9:.E�E,��E.E�/(�7;���/XYX��/(=Z[W=f�7;���/(�?GD
>�¬ ��W=?

(∀S 1, S 2, T1, T2, ref )
(Erg (S 2, S 1(T1//T2)) & T1 ≡ref T2 ⇒ S 1 ≡ref S 2) &
(∀x, y, ref ) (Satz (x,

�
) & y = ref (x) ⇒ Wahrw (y))

¬s����%+�F#	')%T7"E:,�9TXY%T75')"$#N¥*�E.5 �(*(�')Q*]^� E\¥$'")��F85�/��W=f�7;���<¥$':#;#;�/X C � C �/���/��P	Q=Z
($�/(�E+')"=,�%T.	"*($¥qO+9T(�>�¬ ��?�"*($¥¹>[��b�?GE�¥$'")«#&���<¥*�/($#;�/X C �/(q¬m')Q=.	Q$�/� 7	#&85�E.;7
� 	\:c% 8HG�?0@ @ 8F1UC�8-@ _D!98\' ~ G<6[EJI9�<O5% 8
7�?F>F8-���F���0#�8-� � �	�
� ��� ��� ����� � �	�������^7� 5% 8-@ #-1�!���yY8

% _D!b% � '
	N8=8=y /����2*=yY6[a9L9��A
yY8-!��F�9O�8-@ #-4

£\B



C �/���/��P	Q*($�/(o0 (¹')( ¡\')(*(s¥*�F#&Q�')X C ¥=����D+.E�/%+�F#;P	Q$��Du9:.	]«"*XY���E.	"*(*%m>�¬ ��W=?
¥*�F#�©�.	�Y(*�F� 6�#»¥*�E.�¬m')Q=.	Q$�/� 7	#-,�"*(=¡�7;��9T(�')XY� 7Ef�7o]�� 7&7	�/X�#�¥*�E.��5�/X�'�7;��9T(!V

x1
C �EZ

���/��P	Q*($�E7�¥*�/($#;�/X C �/(`¬m')Q=.	Q$�/� 7	#&85�E.;758����
x2
_28����G,�9TXY%T7�O+�E.E�/�Y(=, ':P	Q$�/(�D

> £\?
(∀S 1, S 2, T1, T2) (Erg(S 2, S 1(T1//T2)) &
T1
C �/���/��P	Q*($�E7�¥*�/($#;�/X C �/(`¬m')Q=.	Q$�/� 7	#&85�E.;758����

T2 ⇒

S 1
C �/���/��P	Q*($�E7�¥*�/($#;�/X C �/(�¬m')Q=.	Q$�/� 7	#&85�E.;7H8����

S 2)

�������5�/X�'�7;��9T(ÁV
x1
C �/���/��P	Q*($�E7 ¥$':#;#;�/X C �q8����

x2
_�¥$'�.;,<¥$' C �/��' C �E.«(*��P	Q�7

]�� 7¹¥*�E. �5�/X�'�7;��9T({V
x1
C �/���/��P	Q*($�E7¹¥*�/($#;�/X C �/( ¬m')Q=.	Q$�/� 7	#&85�E.;7`8����

x2
_

O+�E.	85�FP	Q$#;�/X 7^85�E.E¥*�/(�D������F#;� C �/��¥*�/( �5�/X�'�7;��9T($�/( , ')XYX��/( (�f)]�XY��P	Q ; ')"$#
¥*�E.qW���P	Q�7«¥*�E.qW=f�7;���
; (u"=.«¥$')(*(�]�� 7	�/�Y(�')($¥*�E.2�F"$#	')]�]^�/(�E�85�/(*(½]`')(
�F"$#	f�7;�FXY��P	Q�($9�P	Q¹')(*(*�Y]�] 7"E+¥$'")�W=f�7;���G¬m')Q=.	Q$�/� 7	#&85�E.;7	� C �/���/��P	Q*($�/(��+9TQ=Z
($�<¥=���F#;���F"$#	f�7;�FXY��P	Q$�� �(*(�')Q*]^�<#&�Y($¥ ­ �F¥*9�P	Q3;q8����<8�� .5%+�F#;�/Q$�/(^Q�' C �/(3;
­ �/($� C �/��¥*�/(Á�5�/X�'�7;��9T($�/(^O+9T($�/�Y(�')($¥*�E.H�F"¹"*(�7	�E.E#;P	Q$�/��¥*�/(o0

:������
:;!�� � � !�� ����� � � ��� � 	 � � ��
�� � =���� ? ���
¬s���!�Y(¿¥*�E.!d»�Y(*X��/� 7;"*(*%q#;P	Q$9T( C �F#-6*.E9�P	Q$�/(�8�"=.E¥*� E=��#-7<(�':P	QÁ45'�.	(�'�6¿�/�Y(
W=':P	QuO+�E.	Q�')X 7�')"$#�d»�Y(*���/X�¥=�Y(*%+�/(«"*($¥�d»�Y%+�/($#;P	Q�'�,�7	�/( C �F820u�5�/X�'�7;��9T($�/(«�F"=Z
#	')]�]^�/(*%+�F#;�E7;�/7�0T �(*%+�/($9T]�]^�/(q#;9TX�P	Q$��W=':P	QuO+�E.	Q�')X 7	�H#&�Y($¥q¥=���G�5�E,��E.E�/(*�/Z
9 C$­ �E¡�7	��¥*�E.�W=f�7;����O+9T( � .E�/X�'�7;�YO^�F"

ref
E*¥�0 Qo0 D

> W=?
(∀x, y, ref ) (Satz (x,

�
) & y = ref (x) ⇒ Sachv (y))

d�#H�/(�7	#-7	�/Q�75¥$')(*(�¥="=.EP	Q`¥=���F#;�<�F"$#	f�7;�FXY��P	Q$�� �(*(�')Q*]^�G')"$#H¥*�/]x�NZ&¼�9T]qZ
6�9\#&� 7;��9T(�')XY� 7Ef�7	#-6*.	�Y(*�F� 6`¥$':#5,�9TXY%+�/($¥*� �&- / ' � ����' -54 �"�>-54 � �?X��ZY�������% �&# ����� � �"�
����' -54 ����%&) � �71 #�+32�# �  "�! $#&%&-54  "�76 � � 2 �  % �  2�D

> W*��?
(∀C1,C2, A1, A2, ref )
(Erg(C2,C1(A1//A2)) & A1 ≡ref A2 ⇒ C1 ≡ref C2) &
(∀x, y, ref ) (Satz (x,

�
) & y = ref (x) ⇒ Sachv (y))

¬s���NO+9:.	Q*�Y( C �/��>�¬ ��?�,�9TXY%T7�')"$#�¥*�E.� �(*(�')Q*]^� E)¥$'")!�F85�/�*W=f�7;���H¥$':#;#;�/X C �
C �/���/��P	Q*($�/(�EN')"$P	Q ')"=,�%T.	"*($¥ O+9T( > W*��?�"*($¥ >[��b�?GE5¥$'"){#&���¿¥*�/($#;�/X C �/(
W=':P	QuO+�E.	Q�')X 7 C �/���/��P	Q*($�/(o0od�# �E.	%+� C �/(�#&��P	Qm85�/� 7	�E.E# ')"$#�> W*��? ;Á,��=.«¥=���

£=�



¥u.E�/�� 5.;7	�/( O+9T(¾.E�E,��E.E�/(*�/, f)Q*�Y%+�/(s �"$#;¥u.	�$P;¡��/(sO+9T( � ;s¥=��� � C XY��P	Q$�/(
W+6��/�F� F=¡\'�7;��9T($�/(�E�85�/X�P	Q$�G��P	Q�Q*���E.�' C �E.�(*��P	Q�7��/�Y%+�/($#�')(=,��*Q=.E�T0
¤$"$#	')]�]^�/(=, ':#;#;�/($¥G¡\')(*(«]`')(q')X�#;9G#	')%+�/(�E)¥$'")��Y(q¥*�/(«(*��P	Q�7&Z ($�/"=7&./')X��/(

¼�9T]q6�9\#&� 7;��9T(�')XY� 7Ef�7	#-6*.;�Y(=�F� 6$�Y�/(�>�¬ ��?H"*($¥Á> W*��?H(*��P	Q�75]^�/Q=.<9:���/(*%+�/X�':#-Z
#;�/( ��#-7"ENO+9T( 85�/X�P	Q$�E.� 5.;7¹¥=����O+9T( ¥*�/(¢W=f�7;���/( O+9T( � C �/���/��P	Q*($�E7	�/(
d»(�7;� 7Ef�7	�/(`#&�Y($¥�0u�����G 5.;75¥*�E.G�5�E,��E.E�/(*��9 C$­ �E¡�7	��¥*�E.�W=f�7;���GO+9T(��S.E�/X�'�7;�YO
�F"

ref
8�� .E¥`O����/XY]^�/Q=.�¥="=.EP	Q��/�Y($�<�F"$#	f�7;�FXY��P	Q$�G �(*(�')Q*]^��,��F#-7;%+�/X��/%T7�0*�����

 �"$#&8�� .;¡u"*(*%+�/(«¥=���F#;�E.�0��E.E#-7Ef�.;¡u"*(*%�O+9T(¹>[��?»#&�Y($¥�;«')"$#�¥*�E.H©��E.E#-6��E¡�7;�YO+�
¥*�E.�W=f�7;���!%+�F#;�/Q$�/( ;^%�'�.<(*��P	Q�7�#;9«"*( C �E7&./f:P	Q�7;XY��P	Q�D�Wu9q8�� .E¥�(�f)]�XY��P	Q`�Y]
($�/"=7&./')X��/(q�NZ&¼�9T]q6�9\#&� 7;��9T(�')XY� 7Ef�7	#-6*.;�Y(=�F� 6�(u"=.�%+�F#	')%T7"E)¥$'") ­ �F¥*�E.H¼�9T(�7	�Ee�7
> W='�7;�)?

C1
E=�Y(¹¥*�/] ¡�9:.E�E,��E.E�/(�7;���/XYX��< �"$#;¥u.	�$P;¡��G�E.E#;�E7;�/7�85�E.E¥*�/(�Eu¥$':#;#;�/X C �

C �/���/��P	Q*($�E7�8���� ')XYX�� C �E7&.E�E���/($¥*�/( d�.E#;�E7;�F"*(*%+#;�E.	%+� C (*��#;#;�
C2
>�85�F#&Q�')X C

¥=����O+9T( #;9TX�P	Q$�/(sW=f�7;���/( C �/���/��P	Q*($�E7	�/(¾d»(�7;� 7Ef�7	�/( ')"=,�%T.	"*($¥½O+9T(®>[��b�?
]�� 7	�/�Y(�')($¥*�E.���¥*�/(�7;��#;P	QÁ#&�Y($¥ ��¥=���q 5.;7�¥*�E.«d»(�7;� 7Ef�7	�/( C X��/� C 72¥$' C �/�N' C �E.
O�3TXYXY�Y%«9:���/(�?E0
�G')%+�/%+�/( 8�� .E¥ �Y]U¬m')Q=.	Q$�/� 7	#&85�E.;7&Z-')X�#-Z&�5�E,��E.E�/(*��9 C*­ �E¡�7&Z[�E.	Q$')X 7	�/($¥*�/(uZ

¼�9T]q6�9\#&� 7;��9T(�')XY� 7Ef�7	#-6*.;�Y(=�F� 6�>�¬ ��?�¥$'�.	� C �E.�Q*�Y(�')"$#»($9�P	Qq%+�F#	')%T7"ET¥$'") ­ �EZ
¥*�E.G¼�9T(�7	�Ee�7�> W='�7;�)?

C1
E��Y(�¥*�/] ¡�9:.E�E,��E.E�/(�7;���/XYX��� �"$#;¥u.	�$P;¡��<�E.E#;�E7;�/7585�E.;Z

¥*�/(�E»¥*�/($#;�/X C �/(�¬m')Q=.	Q$�/� 7	#&85�E.;7 C �/���/��P	Q*($�E7 8����¹')XYX�� C �E7&.E�E���/($¥*�/(sd�.;Z
#;�E7;�F"*(*%+#;�E.	%+� C (*��#;#;�

C2
>�"*($¥q')(�')X�9T%�¥$')�F"q�Y]�W=':P	QuO+�E.	Q�')X 7&Z-')X�#-Z&�5�E,��E.E�/(*�/Z

9 C$­ �E¡�7&Z[�E.	Q�')X 7	�/($¥*�/(=Z&¼�9T]«6�9\#&� 7;��9:(�')X � 7EfF7	#-6*.	� (*�F� 6`> W*��?GDu¥*�/($#;�/X C �/(`W=':P	Q=Z
O+�E.	Q�')X 7 C �/���/��P	Q*($�E7E?E0
¬s� .^#&�Y($¥ #;9T]�� 7«�Y(s¥=���F#;�/]� C #;P	Q*(*� 7&7«"o0 '�0N')"=,G�F85�/��d»�Y%+�/($#;P	Q�'�,�7	�/(

O+9T(`¼�9T(�7	�Ee�7	�/(¹> W=f�7;���/(�?»%+�F#-7	9 )��/(�E:85�/X�P	Q$�H8�� .N�Y] ,�9TXY%+�/($¥*�/(q C #;P	Q*(*� 7&7
�Y]Â¤$"$#	')]�]^�/(*Q�')(*%¹]�� 7�¥*�/( C �/��¥*�/(½.E�E,��E.E�/(*�/7;Q$�F9:.E�E7;��#;P	Q$�/(�d�e�7	�/($#&��9:Z
(�')XY� 7Ef�7	# C �/%T.	� ���/(½($9�P	Q (�f)Q$�E. C �/X��/"$P	Q�7	�/( 85�E.E¥*�/(o0�W�����#;9TXYX��/( ¥*�F#&Q�')X C
Q*���E.2($9�P	Q*]`')X�#<¡u"=.	�`')(*%+�E,��*Q=.;7�85�E.E¥*�/(�DoWu9¹��#-72�Y(s>[��?!O+9T(�¥*�E.«d»�Y%+�/(=Z
#;P	Q�'�,�7^�/�Y($�F#^¼�9T(�7	�Ee�7	#¹> W='�7;���F#	?q¥=���¿�5�F¥*� E�¥$'")½¥$'�.	�Y( � #&���ZY�������%��! $�94 4 �
' � � )&��� /�� ��Y � ���� %&-&%&) ��� � -54 � - ���ZY�������%��! - � ��� � �! "�!�  $���&�:-&�½#&�Y($¥�0��G'�Z
%+�/%+�/(s��#-7`�Y(®>�¬ ��? ;¾')"$#^¥*�E.¹W���P	Q�7^¥*�E.¹W=f�7;��� ; O+9T( �/�Y($�E.�')($¥*�E.E�/(
d»�Y%+�/($#;P	Q�'�,�7^¥=��� �5�F¥*� E�"*($¥¾�F8�'�.`O+9T( ¥*�E.�d»�Y%+�/($#;P	Q�'�,�7^�/�Y($�F#`W='�7;���F# E
¥$'"){¥$'�.	�Y( � #&���ZY�������%��! $�94 4 � ' � � )&��� /�� � Y � ���� %&-&%&) ��� � -54 � - � ���  "�7- ���

1� ��� � �! "�!�  $���&�:-&�^#&�Y($¥�0

£\K



����� ) (�7	�E.E#;P	Q*���F¥=XY��P	Q=¡��/� 7�¥=���F#;�E. C �/��¥*�/(qd»�Y%+�/($#;P	Q�'�,�7	�/(!7&.	� 7&7 C �F#;9T($¥*�E.E#
¥$')(*(`¡uX�'�.<�F" H»')%+� Eu85�/(*(¹]`')(¿')(*(*�Y]�] 7"Eu¥$'")^W=f�7;����')($¥*�E.E�!d»(�7;� 7Ef�7	�/(
')X�#�¬m')Q=.	Q$�/� 7	#&85�E.;7	� C �/���/��P	Q*($�/(�DT�<�/(*(�¥$')(*(�¡\')(*(��F#»�Y]�]^�E.�($9�P	Q«8�')Q=.
#;�/�Y(�E$¥$'")��/�Y( W='�7;� E��Y(Á¥*�/]x¡�9:.E�E,��E.E�/(�7;���/XYX��! �"$#;¥u.	�$P;¡��2�E.E#;�E7;�/7�85�E.E¥*�/(�E
¥$':#;#;�/X C � C �/���/��P	Q*($�E7`8���� �/�Y( C �E7&.E�E���/($¥*�F#¹d�.E#;�E7;�F"*(*%+#;�E.	%+� C (*��#�> �E7-8�'
85�/�YXo¥=��� C �/��¥*�/(¿W=f�7;���2¥*�/($#;�/X C �/(�W=':P	QuO+�E.	Q�')X 7 C �/���/��P	Q*($�/(�? �u�F#���#-7�' C �E.
#&��P	Q$�E.	XY��P	Q�, ')X�#;P	Q�E=¥$'")��F85�/��#;9TX�P	Q$�2W=f�7;���2¥*�/($#;�/X C �/(�¬m')Q=.	Q$�/� 7	#&85�E.;7 C �EZ
���/��P	Q*($�/(�> � C �/(^85�/�YX$#&�����/�Y($�/(`W=':P	QuO+�E.	Q�')X 7»"*($¥«(*��P	Q�7N�/�Y($�/(q¬m')Q=.	Q$�/� 7	#-Z
85�E.;7 C �/���/��P	Q*($�/(�?E0H¤$85�/�!W=f�7;��� EN85�/X�P	Q$��¥$':#;#;�/X C � C �/���/��P	Q*($�/(�E»¡
3T(*($�/(
')X�#;9«¥=�����E.E#-7	�2d»�Y%+�/($#;P	Q�'�,�75Q�' C �/(�"*($¥`�F"*%\X��/��P	Q�¥=�����F85�/� 7	�2d»�Y%+�/($#;P	Q�'�,�7
(*��P	Q�7NQ�' C �/(o0uDu9TXY%\XY��P	Q�#&�Y($¥^¥=��� C �/��¥*�/(�d»�Y%+�/($#;P	Q�'�,�7	�/(�O+�E.E#;P	Q*���F¥*�/(qO+9T(=Z
�/�Y(�')($¥*�E.;E:85�/(*(^]`')(�')(*(*�Y]�] 7"ET¥$'")qW=f�7;����')($¥*�E.E�<d»(�7;� 7Ef�7	�/(`')X�#�¬m')Q=.;Z
Q$�/� 7	#&85�E.;7	� C �/���/��P	Q*($�/(o0 � �
¬ �/(*(Á]`')(�' C �E.�')(*(*�Y]�] 7"E$¥$'")�W=f�7;��� ¬m')Q=.	Q$�/� 7	#&85�E.;7	� C �/���/��P	Q*($�/(�E

¥$')(*(�#&�Y($¥�¥=��� C �/��¥*�/(�d»�Y%+�/($#;P	Q�'�,�7	�/(^�Y]�]^�E.�($9�P	Q�O+�E.E#;P	Q*���F¥*�/(^O+9T($�/�Y(=Z
')($¥*�E.Á> ')"$P	Q 85�/(*(¢¥=��� ) (�7	�E.E#;P	Q*���F¥=XY��P	Q=¡��/� 7qO����/XYX��/��P	Q�7^(*��P	Q�7`]^�/Q=.�#;9
¥*�/"=7;XY��P	Q �F"�H»')%+� 7&.	� 7&7 8����q�F"*O+9:./?GD��<�/(*(½�/�Y({¼�9T(�7	�Ee�7 ;Á8����q�\0 L<0��/�Y(
¡�9T]q6$X��Ee=�F#

n
Z[#-7	�/XYXY�Y%+�F#�©�./f:¥=� ¡\'�7`9�¥*�E.¹�/�Y(s¡�9T]q6$X��Ee=�E.`#&�Y(*%\"*X�f�.E�E.^ �"$#-Z

¥u.	"$P;¡ ;�¡\')(*(«¥=���Hd»�Y%+�/($#;P	Q�'�,�7o¥*�E.�W=')XYOT'�Z&�5�E,��E.E�/(�7;��'�Z-W�" C #-7;� 7;"*���E. C '�.;¡��E� 7&Z
O+9T(=Z ¡�9:.E�E,��E.E�/(=7;���/XYX��/(=Z[ �"$#;¥u. �$P&¡��/(¿Q�' C �/(�E�9TQ*($�q�F"*%\X��/��P	Q½¥=��� ­ �/(*�Y%+�q¥*�E.
W=')XYOT'uZ 0��E.	� 7E'�7	�

1
Z�W�" C #-7;� 7;"*���E. C '�.;¡��/� 7)Z/O+9T(oZ	¡�9:.	�E,��E.E�/(+7;���/XYXY�/(oZF �"*#;¥u. �$P&¡��/(

Q�' C �/(��F"¿¡
3T(*($�/(½> � C �/(¿85�/�YX
n
Z[#-7	�/XYXY�Y%+�2©�./f:¥=� ¡\'�7	�2"*($¥¿#&�Y(*%\"*X�f�.E�! �"$#-Z

¥u.	�$P;¡��<�Y]·')XYXY%+�/]^�/�Y($�/(�¡��/�Y($��¬m')Q=.	Q$�/� 7	#&85�E.;7	� C �/���/��P	Q*($�/(�?E0
� 
 {�7�>0% @ #�>0�F�9A��F@ @ >F8-ZQ8-% �N1=O5��u
ADC�8-%�{M% >F8-�97�_D!��$E #�8-�

E1
1

E2
TU8=��7�_D!�% 8=O�8-��7�% �9O`1-C�8-���

8-% �;L��9O;O5��7�7�8-@ yY8
{M% �9A=8-@ O5% �9>
d
O5% 8^8-% �98^{M% >F8-�97�_D!��$E #<!���yY8-�;L��9O;O5% 8^�F�9O�8=��8^{M% >F8-�2V

7�_D!��$E #���% _D!0#�!���yY8-�BaF�F���N4`:<8-��� C�q���8-�BO5% 8QyY8-% O�8-� {M% >F8-�97�_D!��$E #�8-�B% O�8-�0#�% 7�_D!N15O5�F���
CcI9��O�8QO5�����FL97-15O5��u

d
O5% 8Q8-% �98\{M% >F8-�97�_D!��$E #^!��$#HL��9OBO5% 8\�F�9O�8=��8\��% _D!0#�!��$#-1YE ?0@ >F8-�N1

O5��u
d
8-% �&L��9O\O5% 8=7�8-@ yY8�{M% >F8-�97�_D!��$E #M!��$#[L��9O\A-L9>0@ 8-% _D!&��% _D!0#M!��$#-42:c% 8=7M% 7K#N�K8=O�?U_D!&8-% �

~ % O�8=��7� ���L9_D!N4

£TJ



��i � �slRL	l�r=lov<��t
	<l�|�r=l�t=n&y ��	<l ���5tulovGy�n-|Nv<���&n[tu��t=y��2l���r*n���l

!�(�¥=���F#;�/]¢ C #;P	Q*(*� 7&7�8�� .E¥�')(*Q�')($¥��/�Y($�E.o�/�Y(=, ':P	Q$�/(�Wu�/]`')(�7;� ¡�¥*�E. ) (�7	�E.;Z
#;P	Q*���F¥q�F8���#;P	Q$�/(�¥*�E.<d»�Y%+�/($#;P	Q�'�,�7N¥*�E.<W=')XYOT'�Z&�5�E,��E.E�/(�7;��'�Z-W�" C #-7;� 7;"*���E. C '�.&Z
¡��/� 7&Z O+9T(=Z ¡�9:.E�E,��E.E�/(�7;���/XYX��/(=Z  �"$#;¥u. �$P&¡��/(<#;9)8�����¥*�E. ­ �/(*�Y%+�/(!¥*�E.�W=')XYOT'�Z 0��E.	� Z
7E'�7	�

1
Z-W�" C #-7;� 7;"*���E. C '�.;¡��/� 7&Z O+9T(=Z ¡�9).E�E,��E.E�/(+7;���/X X��/(uZ[ �"$#&¥u.	�*P;¡��/(¾(�f)Q$�E.ÁO+�E.;Z

')($#;P	Q�')"*XY��P	Q�7�0)¬s� .585�E.E¥*�/(^85�/� 7	�E.E#N¥=���F#;� C �/��¥*�/(�d»�Y%+�/($#;P	Q�'�,�7	�/(�¥*�GF*(*���EZ
.E�/(�"*($¥ ')($#;P	Q*XY���G)��/($¥G]�� 7�¥*�E.E�/(«¸5�YX ,��N¥=��� C �/��¥*�/(!.E�E,��E.E�/(*�/7;Q$�F9:.E�E7;��#;P	Q$�/(
d�e�7	�/($#&��9T(�')XY� 7Ef�7	# C �/%T.	� ���5%+�/8��Y(*($�/(`¡
3T(*($�/(o0

(¹')(¹¡\')(*(Á#;�/X C #-7<�Y(¿¥*�E.<¡uX�':#;#&��#;P	Q$�/(��F85�/�Y85�E.;7;�Y%+�/(¿Wu�/]`')(�7;� ¡`,��=.!¥=���
 �"$#;#	')%+�/(*X�9T%\� ¡Á¥=��� C �/��¥*�/(m,�./')%\XY��P	Q$�/(�d»�Y%+�/($#;P	Q�'�,�7	�/(mO+9T($�/�Y(�')($¥*�E.2"*(=Z
7	�E.E#;P	Q$�/��¥*�/(�D+Wu92¡
3T(*($�/(^�F85�/�oW=f�7;�����/�Y($�E.�W+6*./':P	Q$� �����q,��=.�¥=���G �"$#;#	'�Z
%+�/(*X�9T%\� ¡�¥$':#;#;�/X C � C �/���/��P	Q*($�/(�E�9TQ*($�G¥$'")�#&���!¥*�F#&Q�')X C ¥*�/($#;�/X C �/(`¬m')Q=.;Z
Q$�/� 7	#&85�E.;7 C �/���/��P	Q*($�/( ] �$#;#;�/(o0 (¹')( C ./')"$P	Q�7��Y(��/�Y($�E.�#;9TX�P	Q$�/(qWu�/]`')(�7;� ¡
(u"=.!')(*�F"*($�/Q*]^�/(�E*¥$'") ­ �F¥*�E.�W='�7;� O+9T( �����¹%+�/(�')"Á�/�Y($� # - ' 4�')"$#�¥*�E.
(��/(*%+� � 1, 0 � C �/���/��P	Q*($�E7"E:9TQ*($�H¥=���F#;� C �/��¥*�/(^¤�')Q*X��/(q')X�#»]^�/(*%+�/(�7;Q$�F9:.E�EZ7;��#;P	Q$��W+7	�/XYXYO+�E.;7&.E�E7	�E.5,��=.G¥=��� C �/��¥*�/(`¬m')Q=.	Q$�/� 7	#&85�E.;7	�G¬m')Q=.�"*($¥�D=')X�#;P	Q
')"=,��F"=, ':#;#;�/(o0�¤$85�/��W=f�7;���2O+9T( �����`¡
3T(*($�/(¿¥$')(*(¿¥$':#;#;�/X C � C �/���/��P	Q*($�/(
>�(�f)]�XY��P	Q

1
9�¥*�E.

0
?GE:9TQ*($�N¥$'")2#&���N¥*�/($#;�/X C �/(�¬m')Q=.	Q$�/� 7	#&85�E.;7 C �/���/��P	Q*($�/(

] �$#;#;�/(¹> � C �/(^85�/�YX$#&���G¤�')Q*X��/(�"*($¥«¡��/�Y($�5¬m')Q=.	Q$�/� 7	#&85�E.;7	� C �/���/��P	Q*($�/(�?E0
d�.E#-7<')"=,�%T.	"*($¥^¥*�E.��F"$#	f�7;�FXY��P	Q$�/(` �(*(�')Q*]^� E�¥$'")�W=f�7;����¬m')Q=.	Q$�/� 7	#&85�E.;7	�
C �/���/��P	Q*($�/(�E),�9TXY%T75')"$#N¥*�E.H �(*(�')Q*]^� E\¥$'") �F85�/��W=f�7;���G¥$':#;#;�/X C � C �/���/��P	Q=Z
($�/(�E�¥$'")m#&���`')"$P	Q{¥*�/($#;�/X C �/(�¬m')Q=.	Q$�/� 7	#&85�E.;7 C �/���/��P	Q*($�/(o0&=:�F¥*�E.^W='�7;�
O+9T( ������¡\')(*(Á¥*�F#&Q�')X C ¥=��� d»�Y%+�/($#;P	Q�'�,�7G¥*�E.2W=')XYOT'�Z&�5�E,��E.E�/(�7;��'�Z-W�" C #-7;� Z
7;"*���E. C '�.;¡��/� 7&Z O+9T(=Z ¡�9:.E�E,��E.E�/(+7;���/X X��/(uZ[ �"$#;¥�.	�*PE¡��/( Q�' C �/(�E�9TQ*($�m¥=��� ­ �/(*�Y%+�
¥*�E.�W=')XYOT'�Z 0��E.	� 7E'�7	�

1
Z-W�" C #-7;� 7;"*���E. C '�.;¡��/� 7&Z O+9T(=Z ¡�9).E�E,��E.E�E(�7;���EXYXY�/(=Z[ �"$#&¥u. �=¡�Z

¡��/(�Q�' C �/(��F" ] �$#;#;�/(o0 ) ]�%+�E¡��/Q=.;7o]«"
)��E.»¥=���N�E.E#-7	�Nd»�Y%+�/($#;P	Q�'�,�7�Q�' C �/(�E
#;9 C ')X�¥`�E.G¥=�����F85�/� 7	��Q�'�7�0

C C XY��P	Q$�E.	85�/��#;�NQ$�/� )��/(�¼�9T(�7	�Ee�7	� E\�Y(`¥*�/($�/(�¡�9:.E�E,��E.E�/(�7;���/XYX��H �"$#;¥u.	�$P;¡��
,��=.E�/�Y(�')($¥*�E.q#	')XYOT'�.E�E,��E.E�/(�7;��'�#&" C #-7;� 7;"*���E. C '�.q#&�Y($¥�E4U �Ee�7	�/($#&��9T(�')X��¹¼�9T(=Z
7	�Ee�7	�7V 0$d»�Y($�2W+6*./':P	Q$�G8����������^Q$�/� )\7WU �Ee�7	�/($#&��9T(�')X'V E+85�/�YX�')XYX��2¼�9T(�7	�Ee�7	�
>�Q*���E.;D=W=f�7;����?HO+9T( �����«V&�Ee�7	�/($#&��9T(�')X _G�Y(�¥=���F#;�/] �E.E#-7	�/(¿W��Y(*($��#&�Y($¥�0 � �
�	��%�>0@J4 9;���K#�% � *-,
' �U1Y354 /F,FsHEK4

£:b



d�#¿�E.	%\� C 7�#&��P	Q ­ �F¥*9�P	Q �/�Y( ')($¥*�E.E�E.ÁW��Y(*( O+9T( U �Ee�7	�/($#&��9T(�')X'V E585�/(*(
]`')(�¥=����]^�/(*%+�/(�7;Q$�F9:.E�E7;��#;P	Q$�/(ÁW+7	�/XYXYO+�E.;7&.E�E7	�E.�,��=.«¥=���qO+9T(½¥*�/({W=f�7;���/(
O+9T( ����� C �/���/��P	Q*($�E7	�/(«d»(�7;� 7Ef�7	�/(�6$Q*�YX�9\#;9:6$Q*��#;P	QG�Y(�7	�E.;6*.E�E7;���E.;7"D�Wu9�¡\')(*(
]`')(m#&�����E7-8�'�')X�#!¬m')Q=.	Q$�/� 7	#&85�E.;7	�q')"=��':#;#;�/(o0� �"$#�¥*�E.  �(*(�')Q*]^� E�¥$'")
¥=����W=f�7;���2O+9T( ������¬m')Q=.	Q$�/� 7	#&85�E.;7	� C �/���/��P	Q*($�/(�E�,�9TXY%T7�' C �E.2')"=,�%T.	"*($¥
¥*�E.�H»'�7	#	':P	Q$� E$¥$'")�#&����¥=��� d»�Y%+�/($#;P	Q�'�,�7G¥*�E.�W=')XYOT'�Z&�5�E,��E.E�/(�7;��'�Z-W�" C #-7;� 7;"=Z
���E. C '�.;¡��/� 7&Z O+9T(=Z ¡�9:.E�E,��E.E�/(+7;���/X X��/(uZ[ �"$#;¥�.	�*PE¡��/(�Q�' C �/(�Eo¥$'")Á#&���`')"$P	Q�¥=���EZ
­ �/(*�Y%+�G¥*�E.�W=')XYOT'oZ�0��E.	� 7E'�7	�

1
ZuW�" C #-7;� 7;"*���E. C '�.;¡��/� 7=Z+O+9T(�ZT¡�9:.	�E,��E.E�/(+7;���/X X��/(uZ

 �"$#;¥u.	�$P;¡��/(`Q�' C �/(�] �$#;#;�/(o0
d»�Y(m¼�9T(�7	�Ee�7 > W='�7;�)?GE��Y(Á¥*�/]·¡�9:.E�E,��E.E�/(�7;���/XYX��� �"$#;¥u.	�$P;¡���,��=.E�/�Y(�')($¥*�E.

#	')XYOT'�O+�E.	� 7E'�7	�
1
#&" C #-7;� 7;"*���E. C '�.�#&�Y($¥�E\Q$�/� )��5(u"*(TU �Ee�7	�/($#&��9T(�')X*�Y] �F85�/� 7	�/(

W��Y(*($�7V 0�¬ �/(*(sD+.E�/%+�«�Y(½#;�/�Y($�E. H��F#-7;]^�E7;Q$9�¥*�qO+9T(½¥*�E.«W=')XYOT'�Z 0��E.	� 7E'�7	�
1
Z

W�" C #-7;� 7;"*���E. C '�.;¡��/� 7=Z*O+9T(!Z=¡�9:.E�E,��E.E�/(�7;���/XYX��/(<Z$ �"$#;¥u.	�$P;¡��/({#-6*.	��P	Q�7"E»¥$')(*(
]^�/�Y(�75�E.<#;9T]�� 7�V&�Ee�7	�/($#&��9T(�')X _��Y(¹¥=���F#;�/]§�F85�/� 7	�/(�W��Y(*($�T0 ) (�7	�E.<¥*�E.� �(=Z
(�')Q*]^� E�¥$'")mW=f�7;����¬m')Q=.	Q$�/� 7	#&85�E.;7	� C �/���/��P	Q*($�/(�E���#-7«�/�Y($�^W+6*./':P	Q$�«8����
�����m')"$P	Q��/�Y($�q�Y] �F85�/� 7	�/({W��Y(*($��V&�Ee�7	�/($#&��9T(�')X��	_qW+6*./':P	Q$� E�"*($¥m�F8�'�.
85�/�YX5¥$')(*( ­ �F¥*�E.`¼�9T(�7	�Ee�7�> W='�7;�)?�O+9T( �����¿V&�Ee�7	�/($#&��9T(�')X _��Y] �F85�/� 7	�/(
W��Y(*($�G��#-7�0
��"=.EP	Q�¥=���F#;�<¡u"=.	���! �(�')X 
u#;��8�� .E¥¹')"=,�%+�/���/�Y%T7"Eu¥$'")�¥=����%T.	"*($¥=X��/%+�/($¥*�EZ

.E�¹¥*�E. C �/��¥*�/(¾d»�Y%+�/($#;P	Q�'�,�7	�/(�E»¥=��� ­ �/(*�Y%+�`¥*�E.�W=')XYOT'�Z&�5�E,��E.E�/(�7;��'�Z-W�" C #-7;� Z
7;"*���E. C '�.;¡��/� 7&Z O+9T(=Z ¡�9:.E�E,��E.E�/(+7;���/X X��/(uZ[ �"$#;¥�.	�*PE¡��/(2��#-7�0��<�/(*(�ET8�����8�� .N%+�F#;�EZ
Q$�/(qQ�' C �/(�ET�E.	%\� C 7�#&��P	Q�¥=����')($¥*�E.E�5d»�Y%+�/($#;P	Q�'�,�7�; (�f)]�XY��P	Q«¥=��� ­ �/(*�Y%+�H¥*�E.
W=')XYOT'�Z 0��E.	� 7E'�7	�

1
Z-W�" C #-7;� 7;"*���E. C '�.;¡��/� 7&Z O+9T(=Z ¡�9:.E�	,��E.E�/(+7;���/XYXY�/(=Z  �"$#;¥u. �$P&¡��/( ;

�/�Y(=, ':P	Q ¥="=.EP	Q ¥=�����F"$#	f�7;�FXY��P	Q$�` �(*(�')Q*]^� E»¥$'"){W=f�7;����¬m')Q=.	Q$�/� 7	#&85�E.;7	�
C �/���/��P	Q*($�/(o0
¬s���^¡\')(*( (u"*(s¥=����d»�Y%+�/($#;P	Q�'�,�7q�/�Y($�F#�¼�9T(�7	�Ee�7	# E�¥$'")�¥$'�.	�Y(�¡�9:.E�E,��EZ

.E�/(�7;���/XYX��  �"$#;¥u.	�$P;¡���,��=.E�/�Y(�')($¥*�E.!#	')XYOT'^.E�E,��E.E�/(�7;��'�#&" C #-7;� 7;"*���E. C '�.!#&�Y($¥�E
¥�0 Qo0�¥=����V;d�e�7	�/($#&��9T(�')XY� 7Ef�7-_`�/�Y($�F#`¼�9T(�7	�Ee�7	#q�Y]Â�E.E#-7	�/( W��Y(*($��¥*�GF*(*���E.;7
85�E.E¥*�/( �
Wu�/�N¥$')�F"m�Y] ,�9TXY%+�/($¥*�/( � �/�Y($�qW+6*./':P	Q$� E�¥=���«%+�/]`f")�¥*�E.«W+7E')($¥$'�.E¥uZ

7	�FP	Q*(*� ¡�')"=,�%+� C ')"=75��#-7"E*#;�/��85�/� 7	�E.E#
ref
�/�Y($���5�E,��E.E�/(*�/,�"*(=¡�7;��9T(`O+9T(

X
�Y(

Y
,��=.�� E�"*($¥Á#;�/���/(

A1, A2,C1,C2 ∈ X
0�Wu�/��85�/� 7	�E.E#�9:���/(*%+�/X�':#;#;�/(�E*O+9T(

85�/X�P	Q$�E.< 5.;7G¥=����O+9T(�¥*�/(�W=f�7;���/(�O+9T( � C �/���/��P	Q*($�E7	�/(�d»(�7;� 7Ef�7	�/(¹#&�Y($¥�0
! P	Q ¥*�GF*(*���E.E� �F"*(�f:P	Q$#-7Á¥=��� �5�/X�'�7;��9T(®¥*�E.�W=')XYOT'�Z&�5�E,��E.E�/(�7;��'�Z-W�" C #-7;� 7;"=Z

£\ª



���E. C '�.;¡��/� 7<>[�����F#;�2�5�/X�'�7;��9T(`#;9TXYX 7	�<]`')(�(*��P	Q�7H]�� 75¥*�E.Gd»�Y%+�/($#;P	Q�'�,�7H�/�Y($�F#
¼�9T(�7	�Ee�7	#5O+�E.	85�FP	Q$#;�/XY(�E=¥$'")`¥$'�.	�Y(`¡�9:.E�E,��E.E�/(�7;���/XYX��� �"$#;¥u.	�$P;¡��G,��=.E�/�Y(�')(=Z
¥*�E.�#	')XYOT'�.E�E,��E.E�/(�7;��' #&" C #-7;� 7;"*���E. C '�.�#&�Y($¥ �*¥*�/(*(¿¥=���F#;��d»�Y%+�/($#;P	Q�'�,�7�8�� .E¥
�Y]§,�9TXY%+�/($¥*�/(¹¥="=.EP	Q ­ �/($���5�/X�'�7;��9T(�¥*�GF*(*���E.;7E?GD

>[�G£\?
A1
��#-7��Y(

C1
¥="=.EP	Q

A2
.E�/X�'�7;�YO��F"

ref
#	')XYOT'2.E�E,��E.E�/(�7;��'

#&" C #-7;� 7;"*���E. C '�.
:⇔

(∀C2) (Erg(C2,C1(A1//A2)) ⇒ C1 ≡ref C2)

0��E.E�/�Y(=, ':P	Q�7�')"$#&%+�F¥u.	�$P;¡�7"E C �F#	')%T7�¥=���F# D
A1
��#-7��Y( �/�Y($�/]c¼�9T(�7	�Ee�7

C1¥="=.EP	Q
A2
%+�/(�')"�¥$')(*(�#	')XYOT'G.E�E,��E.E�/(�7;��'G#&" C #-7;� 7;"*���E. C '�.;E�85�/(*(q,��=.�')XYX��

C2%\�YX 7"D=¬ �/(*(
C2
�/�Y( d�.	%+� C (*��#�¥*�E.<7	�/�YXY85�/��#;�/(ÁW�" C #-7;� 7;"=7;��9T(¹O+9T(

A1
�Y(

C1¥="=.EP	Q
A2
��#-7"E�¥$')(*( C �/���/��P	Q*($�E7

C1
¥$':#;#;�/X C ��8����

C2
��¥$')(*(2��#-7»')X�#;9�¥=���»O+9T(

C1
C �/���/��P	Q*($�E7	�«d»(�7;� 7Ef�7���¥*�/(�7;��#;P	Q¿]�� 72¥*�E.2O+9T(

C2
C �/���/��P	Q*($�E7	�/( d»(�7;� Z

7Ef�7�0\�����N#;9G¥*�GF*(*���E.;7	�H�5�/X�'�7;��9T(�¥*�E.�W=')XYOT'�Z&�5�E,��E.E�/(�7;��'�Z-W�" C #-7;� 7;"*���E. C '�.&¡��/� 7
C ':#&���E.;7�')"=,�¥*�/]xLN�/%T.	� �Á�/�Y($�E.��5�E,��E.E�/(*�/,�"*(=¡�7;��9T(o0
�����F#;�{�5�/X�'�7;��9T( ¥*�E.mW=')XYOT'�Z&�5�E,��E.E�/(�7;��'�Z-W�" C #-7;� 7;"*���E. C '�.&¡��/� 7`�F"*%T.	"*($¥*�

X��/%+�/($¥�EF¡\')(*(�¥=���5d»�Y%+�/($#;P	Q�'�,�7»�/�Y($�F#�¼�9T(�7	�Ee�7	# E:¥$'")2¥$'�.	�Y(�¡�9:.E�E,��E.E�/(�7;���/XYX��
 �"$#;¥u.	�$P;¡��<,��=.E�/�Y(�')($¥*�E.<#	')XYOT'�.E�E,��E.E�/(�7;��' #&" C #-7;� 7;"*���E. C '�.�#&�Y($¥�E=8����!,�9TXY%T7
¥*�GF*(*���E.;7585�E.E¥*�/(�D

>[��¯T?
C1
Q�'�7�¥=����d»�Y%+�/($#;P	Q�'�,�7�¥*�E.»W=')XYOT'�Z&�5�E,��E.E�/(�7;��'�Z-W�" C #-7;� 7;"*���E. C '�.;¡��E� 7&Z

O+9T(=Z .E�/X�'�7;�YO+Z �F"=Z
ref
Z ¡�9:.E�E,��E.E�/(�7;���/XYX��/(=Z[ �"$#;¥u.	�$P;¡+�/(

:⇔
(∀A1, A2) (A1 ≡ref A2 ⇒ A1

��#-7��Y(
C1
¥="=.EP	Q

A2
.E�/X�'�7;�YO��F"

ref#	')XYOT'!.E�E,��E.E�/(�7;��'�#&" C #-7;� 7;"*���E. C '�.
)
� �

�	� :c% 8�{M% >F8-�97�_D!��$E #RO�8=�[32�F@ T0�$V %�8=��% #��$#�8
1
VK32L9y�7K#�% #�L�% 8=��y5����a08-% #KVJTU?0�2Vx��8-@ �-#�% T2VJA-L2V

ref
Vxa0?�V

��8DE 8=��8-�2#�% 8-@ @ 8-�2Vx�cL97�O���I9_�a08-�&8=��>0% y9#
7�% _D!|�FL97M�K8-�98=�
O�8=�^32�F@ T0�$VKG�8DE 8=��8-�0#�% �$VK32L9y�7K#�% #�L�% 8=�KV
y5����a08-% #KVJTU?0�2Vx��8-@ �$#�% T2VxA-L2V

ref
Vxa0?F��8DE 8=��8-�0#�% 8-@ @ 8-�2Vx�cL97�O���I9_�a08-�<O5L9��_D!^O5% 8 �<% �9A-L2EJI9>0L��9>�O�8=�

�c�����F!�ZQ8<' ~
1
6�1FO5��u ~ �F!9��!98-% #�7KC�8=�K#�8[O5% 8�G�8DE 8=��8-�9A=?Fy9�K8=aU#�8�O�8=�[32q$#�A=8�TU?0� � ��8-@ �$#�% T

A-L
ref

7�% �9O`W
'):7'06

C1
!��$#<O5% 8�{M% >F8-�97�_D!��$E #<O�8=�^32�F@ T0�$V %�8=��% #��$#�8

1
VK32L9y�7K#�% #�L�% 8=��y5����a08-% #KVJTU?0�2Vx��8-@ �-#�% TUV

A-L2V
ref
Vxa0?F��8DE 8=��8-�0#�% 8-@ @ 8-�2Vx�cL97�O���I9_�a08-�

:⇔
C1
!��$#RO5% 8M{M% >F8-�97�_D!��$E #`O�8=��32�F@ T0�$VKG�8DE 8=��8-�0#�% �$VK32L9y�7K#�% #�L�% 8=��y5���Ka08-% #KVJTU?0�2Vx�K8-@ �-#�% TUV

A-L2V
ref
Vxa0?F��8DE 8=��8-�0#�% 8-@ @ 8-�2Vx�cL97�O���I9_�a08-�

&
(∀x, y, ref ) (Satz (x,

�
) & y = ref (x) ⇒ Wahrw (y))

£\£



d�#H,�9TXY%T7G')"$#!>[��¯T?N"*($¥ >[�G£\?N"*(*]�� 7&7	�/X C '�.�¥=���G,�9TXY%+�/($¥*�!Du9:.	]^�/X D

>[¯T?
C1
Q�'�72¥=���«d»�Y%+�/($#;P	Q�'�,�7!¥*�E.�W=')XYOT'�Z&�5�E,��E.E�/(�7;��'�Z-W�" C #-7;� 7;"*���E. C '�.;¡��E� 7&Z

O+9T(=Z .E�/X�'�7;�YO+Z �F"=Z
ref
Z ¡�9:.E�E,��E.E�/(�7;���/XYX��/(=Z[ �"$#;¥u.	�$P;¡��E(

⇔

(∀A1, A2) (A1 ≡ref A2 ⇒

(∀C2) (Erg(C2,C1(A1//A2)) ⇒ C1 ≡ref C2))

¦5"*(^��#-7�' C �E.5¥$':#�.E�FP	Q�7	�GL�� ¡�9T($¥=� 7;��9T(�')XY%\XY���F¥2O+9T(¿>[¯T?�X�9T%\��#;P	Q^f �+"*�YOT')X��/(�7
]�� 7"D

> a+?
(∀A1, A2,C2) (Erg(C2,C1(A1//A2)) & A1 ≡ref A2 ⇒ C1 ≡ref C2)

�����F#HX�f")\7<#&��P	Q�')"=,�%T.	"*($¥`¥*�F#2BG"�')(�7	9:.E�/(uO+�E.E#;P	Q*��� C "*(=%+#&%\�F#;�E7;���F# D

> 3\?
(p→ (/\x)Fx)↔ (/\x) (p→ Fx)

#;9)8�����¥*�E.2H»')"=7	9TX�9T%\��� D
>;��B\?

(p→ (q→ r))↔ (p ∧ q→ r)

"*($¥s¥*�E.�¼�9T]�]«"=7E'�7;�YO�� 7Ef�7^¥*�E.�¼�9T( ­ "*(=¡�7;��9T( #;9)8�����¥*�E.¹d�.E#;�E7;� C '�.;¡��/� 7
O+9T( X�9T%\��#;P	Q f �+"*�YOT')X��/(�7	�/(  �"$#;¥u.	�$P;¡��/({(�':P	Qu85�/��#;�/(o0� �"$#¹>[¯T? "*($¥ ¥*�E.
X�9T%\��#;P	Q$�/( * �+"*�YOT')X��/(*�5O+9T(¹> a+?�]�� 7�¥*�/] .E�FP	Q�7	�/(�L�� ¡�9T($¥=� 7;��9T(�')XY%\XY���F¥�O+9T(
>[¯T?�,�9TXY%T7G')"=,�%T.	"*($¥`¥*�E.�d�.E#;�E7;�F"*(*%+#-.E�/%+�/X�')"$P	Q¹¥$':#N,�9TXY%+�/($¥*��H5Q$�F9:.E�/] D

> H2��?
C1
Q�'�7�¥=����d»�Y%+�/($#;P	Q�'�,�7o¥*�E.»W=')XYOT'�Z&�5�E,��E.E�/(�7;��'�Z-W�" C #-7;� 7;"*���E. C '�.;¡��E� 7&Z

O+9T(=Z .E�/X�'�7;�YO+Z �F"=Z
ref
Z ¡�9:.E�E,��E.E�/(�7;���/XYX��/(=Z[ �"$#;¥u.	�$P;¡+�/(

⇔

(∀A1, A2,C2) (Erg(C2,C1(A1//A2)) & A1 ≡ref A2 ⇒ C1 ≡ref C2)

d»�Y(=, ':P	Q$�E.H%+�F#	')%T7"E+Q$�/� )\7�¥=���F# D=d»�Y(¿¼�9T(�7	�Ee�7
C1
Q�'�7�¥$')(*(`"*($¥^(u"=.<¥$')(*(

¥=����d»�Y%+�/($#;P	Q�'�,�7«¥*�E.^W=')XYOT'\Z/�5�E,��E.E�/(�7;��'\ZEW�" C #-7;� 7;"*���E. C '�.;¡��/� 7/Z;O+9T(�Z&¡�9:.	�E,��EZ
.E�/(�7;���/XYX��/(=Z[ �"$#;¥u.	�$P;¡��/(�E\85�/(*(¿,��=.�')XYX��

A1
#;9)8����

A2
"*($¥

C2
%\�YX 7"D*¬ �/(*(

C2
�/�Y(`d�.	%+� C (*��#�¥*�E.N7	�/�YXY85�/��#;�/(^W�" C #-7;� 7;"=7;��9T(qO+9T(

A1
�Y(

C1
¥="=.EP	Q

A2
��#-7

"*($¥285�/(*(
A1
¥$':#;#;�/X C � C �/���/��P	Q*($�E7o8����

A2
E:¥$')(*( C �/���/��P	Q*($�E7

C1
¥$':#;#;�/X C �

8����
C2
0

! P	Q!,��*Q=.E���F"=.o(�f)Q$�E.E�/(�0��E./')($#;P	Q�')"*XY��P	Qu"*(*%N¥*�E.o�Y(^> H2��?$,��F#-7;%+�/Q�')X 7	�/($�/(
d»�Y%+�/($#;P	Q�'�,�7`¥*�E.�W=')XYOT'�Z��5�E,��E.E�/(=7;��'�ZFW�" C #-7;� 7;"*���E. C '�.;¡��/� 7�ZEO+9T(oZ	¡�9:.	�E,��E.E�/(uZ
7;���/XYX��/(=Z[ �"$#;¥u.	�$PE¡��/(^�/�Y(¹"*]�%�')(*%+#;#-6*./':P	Q*XY�YP	Q$�/#�LN�/��#-6$���/Xo')(�D

£+¯



LN�/��#-6$���/X�� D'(¹')( C �E7&./':P	Q�7	��¥*�/(�W='�7;�

>;�\��?@4N��PF�E.E9 ��#-7�� 3T]^�E.)0

�����F#;�E. �/(�7;Q�f)X 72�F85�/�N.E�E,��E.E�/(*�/, f)Q*�Y%+�« �"$#;¥u.	�$P;¡�� E�"*($¥m�F8�'�.«¥*�/({d»�Y%+�/(=Z
(�')]^�/( U 4N��PF�E.E98V+"*($¥�¥$':#H�/�Y($#-7	�/XYXY�Y%+�G©�./f:¥=� ¡\'�7EU ��#-7G� 3T]^�E.CV$>[������¼�9:6$"*X�'
8�� .E¥ Q*���E.�¥*�E.Hd»�Y(=, ':P	Q*Q$�/� 7�Q�')X C �E.�¥*�/]�©�./f:¥=� ¡\'�7��F"*%+�E.E�FP	Q*($�E7E?E0�¬ �/($¥*�/(
8�� .2(u"*( > H2��?!')"=,G>;�\��?!')(o0od�#!#&�Y($¥ ¥$')(*(m')XYX�� ]�� 72U 4N��PF�E.E98V*¡�9:.E�E,��E.E�/(=Z
7;���/XYX��/(  �"$#;¥u.	�$P;¡���#;9)8���� 85�/� 7	�E.E#!')XYX���]�� 72U ��#-7 � 3T]^�E.CV*¡�9:.E�E,��E.E�/(�7;���/XYX��/(
 �"$#;¥u.	�$P;¡��<�F" C �E7&./':P	Q�7	�/(o0*�20 Qo0 D

>;��K\?@�<�E.�W='�7;��>;�\��?NQ�'�7<¥=���!d»�Y%+�/($#;P	Q�'�,�7�¥*�E.GW=')XYOT'�Z&�5�E,��E.E�/(=7;��'�Z-W�" C #-7;� Z
7;"*���E. C '�.;¡��/� 7&Z O+9T(=Z ¡�9:.E�E,��E.E�/(�7;�Y�/XYXY�/(=Z  �"$#;¥u. �$P&¡��/(q%*0 ¥�0 820
,��=.^')XYX��q.E�E,��E.E�/(*�/, f)Q*�Y%+�/(½ �"$#;¥u.	�$P;¡��

A2
#;9)8�����')XYX���¼�9T(�7	�Ee�7	�

C2%\�YX 7"D+85�/(*(
C2
�/�Y(�d�.	%+� C (*��#�¥*�E.H7	�/�YXY85�/��#;�/(¹W�" C #-7;� 7;"=7;��9T(�O+9T( U 4N� Z

PF�E.E98V*�Y({>;�\��?<¥="=.EP	Q¹¡�9:.E�E,��E.E�/(�7;���/XYX��
A2
��#-7"E�¥$')(*(¿��#-7«>;�\��?5¡�9:.E�E,��EZ

.E�/(�7;���/XYX�]�� 7
C2

E="*($¥`85�/� 7	�E.E#
,��=.^')XYX��q.E�E,��E.E�/(*�/, f)Q*�Y%+�/(½ �"$#;¥u.	�$P;¡��

A2
#;9)8�����')XYX���¼�9T(�7	�Ee�7	�

C2%\�YX 7"D=85�/(*(
C2
�/�Y(Ád�.	%+� C (*��#5¥*�E.�7	�/�YXY85�/��#;�/(¿W�" C #-7;� 7;"=7;��9T(¹O+9T( U ��#-7

� 3T]^�E.CV��Y( >;�\��?H¥="=.EP	Q^¡�9:.E�E,��E.E�/(�7;���/XYX��
A2
��#-7"E=¥$')(*(���#-7!>;�\��?�¡�9:.E�EZ

,��E.E�/(�7;���/XYX�]�� 7
C2

Wu9���#-72�\0 L<0o¥*�E.� �"$#;¥u.	"$P;¡ U Ho"*XYXY�Y"$#�V*¡�9:.E�E,��E.E�/(�7;���/XYX�]�� 7�¥*�/] �Y( >;�\��?G�F"
�E.E#;�E7;���/($¥*�/(  �"$#;¥u.	"$P;¡ U 4N��PF�E.E98V E�"*($¥Á�F#!��#-7285�/� 7	�E.E#!¥*�E.� �"$#;¥u.	"$P;¡ U ��#-7
�/�Y(� �(*%+�/Q�3:.	�Y%+�E.H¥*�F#5')(�7;� ¡��/( 0�9TX ¡��F# E�¥$':#N"*]·4NQ=.	��#-7;��1�� C "=.;7<�59T] C �EZ
#&���F¥*�/X 7	�7V�¡�9:.E�E,��E.E�/(�7;���/XYX�]�� 7G¥*�/]x�Y(�>;�\��?5�F"¿�E.E#;�E7;���/($¥*�/(� �"$#;¥u.	"$P;¡ U ��#-7
� 3T]^�E.CV 0�d�#o��#-7o(u"*(��F" C �/%T.	�*($¥*�/(�EF¥$'") >;�\��?�¥$':#;#;�/X C � C �/���/��P	Q*($�E7�8����H')X Z
X�� C �E7&.E�E���/($¥*�/(�d�.E#;�E7;�F"*(*%+#;�E.	%+� C (*��#;#;�T00! P	Q�#-¡u�Y�F�F���E.E�5�Y] ,�9TXY%+�/($¥*�/(q�F85�/�
¥*�E./'�.;7;�Y%+��LN�/%T.	�*($¥="*(*%+#	')($#	f�7;���T0
¦<':P	Q¹�/�Y($�/]x �($#	'�7;� C �/���/��P	Q*($�/(¹W=f�7;���!¬m')Q=.	Q$�/� 7	#&85�E.;7	�T0uWu9 C �/���/��P	Q=Z

($�E7`�E7-8�' ¥*�E.¹W='�7;�½>;�\��?q¥*�/(¾¬m')Q=.	Q$�/� 7	#&85�E.;7q¬m')Q=.;E�85�/�YX�¥$':#`d»�Y(*���/X Z
¥=�Y(*% 4N��PF�E.E9�"*(�7	�E.q¥*�/( LN�/%T.	� � � 3T]^�E. , f)XYX 7�0�D='")\7 ]`')({(u"*( ;�#;9¿8����
D+.E�/%+��;�LN�/%T.	� ���^')X�#«D�"*(=¡�7;��9T($�/(½')"=, E�¥$')(*( C �/���/��P	Q*($�E7�¥*�E.qW='�7;�¿>;�\��?
%+�/]`f")«¥=���F#;�E.5 �"=��':#;#&"*(*% ¥*�/(`¬m')Q=.	Q$�/� 7	#&85�E.;7N¬m')Q=.;E�85�/�YX�¥=���G�/�Y($#-7	�/XYXY� Z
%+��D�"*(=¡�7;��9T(Á� 3T]^�E.<¥*�/]· 5.	%\"*]^�/(�7G4N��PF�E.E9q¥*�/(¹¬m')Q=.	Q$�/� 7	#&85�E.;7�¬m')Q=.

£Ta



�F"$9:.E¥=($�E7�0�LN�E7&./':P	Q�7	�q(u"*(½')XYX���W=f�7;��� E�¥=���^')"$#�>;�\��?!¥$':¥="=.EP	Q Q$�E.	O+9:.	%+�EZ
Q$�/(�Eo¥$'")Á]`')(½¥=��� H��/�YX�')"$#;¥u.	�$P;¡�� O+9T(¾>;�\��?�¥="=.EP	Q� �"$#;¥u.	�$P;¡��q�E.E#;�E7;�/7"E
¥=����¥$':#;#;�/X C � C �/���/��P	Q*($�/(o0+d�#�] �$#;#;�/(^¥$')(*(`' C �E.�')"$P	Q`')XYX�� C �E7&.E�E���/($¥*�/(
d�.E#;�E7;�F"*(*%+#;�E.	%+� C (*��#;#;�»¥*�/(q¬m')Q=.	Q$�/� 7	#&85�E.;7»¬m')Q=. C �/���/��P	Q*($�/(�E�"*($¥«�F8�'�.
')"$#�¥*�/]·,�9TXY%+�/($¥*�/( 1<.	"*($¥�D$ �XYX�� ¥=���F#;�«W=f�7;��� Q�')($¥*�/XY( ;�#;9`8����`>;�\��? ;
O+9T(�¥*�/]^#;�/X C �/(½d»�Y(*���/X�¥=�Y(*% >�(�f)]�XY��P	Q�Do4N��PF�E.E9+?G"*($¥�¥*�E.E#;�/X C �/(½D�"*(=¡�7;� Z
9T({>�(�f)]�XY��P	Q�D�� 3T]^�E./? �$"*($¥Á¥=���F#;�qD�"*(=¡�7;��9T(Á9:.E¥=($�E7�(u"*(Á�/�Y(*]`')X ­ �/($�/]
d»�Y(*���/X�¥=�Y(*%2¥*�/(^¬m')Q=.	Q$�/� 7	#&85�E.;7�¬m')Q=.5�F"o0=�<�E.�W='�7;�«>;�\��? C �/���/��P	Q*($�E7H')X Z
#;9^¥$':#;#;�/X C �!8����q')XYX�� C �E7&.E�E���/($¥*�/( d�.E#;�E7;�F"*(*%+#;�E.	%+� C (*��#;#;� E+(�f)]�XY��P	Q¿¥*�/(
¬m')Q=.	Q$�/� 7	#&85�E.;7H¬m')Q=.)0
¦<':P	Q{�/�Y($�/] ')($¥*�E.E�/(½ �($#	'�7;� C �/���/��P	Q*($�/({W=f�7;���^�F"$#	')]�]^�/(*%+�F#;�E7;�/7	�

d»(�7;� 7Ef�7	�/(�E*85�/X�P	Q$� ')"$#�¥*�/]Ã�F"$#	')]�]^�/(*%+�F#;�E7;�/7G#&�Y($¥�E*8�':#G�YQ=.E�-H��/�YX�')"$#-Z
¥u.	�$P;¡�� C �/���/��P	Q*($�/(s>�859 C �/�5¥=���� 5.;7q¥*�E.�¤$"$#	')]�]^�/($#;�E7;�F"*(*%¹¥="=.EP	Q�¥=���
X�9T%\��#;P	Q$�!Du9:.	]·¥*�E.�W=f�7;��� C �F#-7;�Y]�] 7���#-7E?E0�Wu9 C �/���/��P	Q*($�E7<�E7-8�'�>;�\��?5�/�Y($�
d»(�7;� 7Ef�7"E+85�/X�P	Q$��')"$#5¥*�/]§�F"$#	')]�]^�/(*%+�F#;�E7;�/7N��#-7"E�8�':#5¥=���2H��/�YX�')"$#;¥u.	�$P;¡��
O+9T(^>;�\��? C �/���/��P	Q*($�/( ;2�E7-8�'�¥$':#»d»�Y(*���/X�¥=�Y(*%G4N��PF�E.E9�"*($¥�¥=���Nd»�Y%+�/($#;P	Q�'�,�7
� 3T]^�E.;Z �F"=Z[#;�/�Y(o0 (`� 7¹>;�\��? #-6*.	��P	Q�7 ]`')({%+�/]`f")m¥=���F#;�/]  �($#	'�7;�¹¥$'FO+9T(�E
¥$'")^4N��PF�E.E9 ¥=����d»�Y%+�/($#;P	Q�'�,�7�� 3T]^�E.;Z �F"=Z[#;�/�Y(qQ�'�7�0=LN�E7&./':P	Q�7	�<(u"*(`8����F¥*�E.
')XYX��HW=f�7;��� E:¥=���H')"$#H>;�\��?o¥$':¥="=.EP	Q��/(�7	#-7	�/Q$�/(�E)¥$'")�]`')(«¥=��� H��/�YX�')"$#;¥u.	�$P;¡��
O+9T(¾>;�\��?2¥="=.EP	Q½ �"$#;¥u.	�$P;¡��q�E.E#;�E7;�/7"Eo85�/X�P	Q$��¥$':#;#;�/X C � C �/���/��P	Q*($�/(o0»�����
­ �/85�/�YXY�Y%+�/( H��/�YX�')"$#;¥u.	�$P;¡���¥=���F#;�E.2W=f�7;��� #-7	�/"$�E.	(¿¥*�/(ÁO+9T(Á¥=���F#;�/(ÁW=f�7;���/(
C �/���/��P	Q*($�E7	�/( d»(�7;� 7Ef�7	�/(m#-7	�E7	#2¥=���F#;�/X C �qd»(�7;� 7Ef�7 C �/�<>�(�f)]�XY��P	QÁ¥$':#2d»�Y(=Z
���/X�¥=�Y(*%�4N��PF�E.E9 "*($¥s¥=����d»�Y%+�/($#;P	Q�'�,�7^� 3T]^�E.;Z �F"=Z[#;�/�Y(�?GE�"*($¥ �F8�'�.^85�/�YX
#&���$; X�')"=7� �(*(�')Q*]^�$;s¥$':#;#;�/X C � C �/���/��P	Q*($�/(s8���� ­ �/($� H��/�YX�')"$#;¥u.	�$P;¡��
O+9T(m>;�\��?GE*85�/X�P	Q$�!#&���2�E.E#;�E7;���/(o0$����� C �E7&.E�E���/($¥*�/(¿d�.E#;�E7;�F"*(*%+#;�E.	%+� C (*��#;#;�
C �/���/��P	Q*($�/(s')X�#;9�d»(�7;� 7Ef�7	�/(�E�85�/X�P	Q$��')"$#^¥*�/($#;�/X C �/(¾d»(�7;� 7Ef�7	�/(s�F"$#	')]qZ
]^�/(*%+�F#;�E7;�/7�#&�Y($¥�E»8����¹¥=����O+9T(¢>;�\��? C �/���/��P	Q*($�E7	�¹d»(�7;� 7Ef�7�0�¬ �/� 7	�E.E#«��#-7
')"$P	Qq¥=���� 5.;7N¥*�E.5¤$"$#	')]�]^�/($#;�E7;�F"*(*%G�Y]�]^�E.�¥=���F#;�/X C � DTW+7	�E7	#�85�E.E¥*�/(��/�Y(
"*($¥�¥$':#;#;�/X C �<d»�Y(*���/X�¥=�Y(*%«>�(�f)]�XY��P	Q�D�4N��PF�E.E9+?»#;9)8����<�/�Y(�"*($¥^¥=���F#;�/X C �<d»� Z
%+�/($#;P	Q�'�,�7�>�(�f)]�XY��P	Q�D�� 3T]^�E.;Z �F"=Z[#;�/�Y(�?<#;9��F"$#	')]�]^�/(*%+�F#;�E7;�/7!8����^�Y(½¥*�E.
O+9T(�>;�\��? C �/���/��P	Q*($�E7	�/(^d»(�7;� 7Ef�7 �+¥*�/(*(�]`')(`#-6*.	��P	Q�7�]�� 7H¥=���F#;�/(^W=f�7;���/(
;
#;9¿8����^]�� 7¹>;�\��? ;�¥$'FO+9T(�E�¥$'")m�/�Y({"*($¥½¥$':#;#;�/X C �`d»�Y(*���/X�¥=�Y(*%��/�Y({"*($¥
¥=���F#;�/X C ��d»�Y%+�/($#;P	Q�'�,�75Q�'�7�0$�<�E.�W='�7;��>;�\��? C �/���/��P	Q*($�E7<')X�#;9«¥$':#;#;�/X C �<8����

£\3



')XYX�� C �E7&.E�E���/($¥*�/(¿d�.E#;�E7;�F"*(*%+#;�E.	%+� C (*��#;#;� E\(�f)]�XY��P	Q¹�/�Y($�2')"$#�4N��PF�E.E9«"*($¥
� 3T]^�E.;Z �F"=Z[#;�/�Y(��F"$#	')]�]^�/(*%+�F#;�E7;�/7	��d»(�7;� 7Ef�7�0
LN�/��¥*�/(  �($#	f�7;���/( �F"=,�9TXY%+�ÁQ�'�7¿¥*�E.ÁW='�7;�¾>;�\��?�¥=����d»�Y%+�/($#;P	Q�'�,�7¹¥*�E.

W=')XYOT'�Z&�5�E,��E.E�/(�7;��'�Z-W�" C #-7;� 7;"*���E. C 'F.;¡��/� 7&Z O+9T(uZ ¡�9).E�E,��E.	�/(�7;�Y�/XYXY�/(=Z[ �"*#;¥u. �$P;¡+�/(o0
�����¹� C �/(¾¥*�GF*(*���E.;7	��d»�Y%+�/($#;P	Q�'�,�7�¥*�E.�W=')XYOT'�Z&�5�E,��E.E�/(�7;��'�Z-W�" C #-7;� 7;"*���E.;Z

C '�.;¡��/� 7&Z O+9T(=Z ¡�9:.E�E,��E.E�/(�7;���/X X��/(uZ[ �"$#;¥�.	�$P&¡��/(¾�/�Y($�F#Á¼�9T(�7	�Ee�7	# C ':#&���E.;7¿')"=,
¥*�E.��5�/X�'�7;��9T(½¥*�E.qW=')XYOT'�Z&�5�E,��E.E�/(�7;��'�Z-W�" C #-7;� 7;"*���E. C '�.&¡��/� 7G"*($¥�¥$')]�� 7«')"=,
¥*�/]ºLN�/%T.	� �®�/�Y($�E.¿�5�E,��E.E�/(*�/,�"*(=¡�7;��9T(o0"!�]R,�9TXY%+�/($¥*�/(¾8�� .E¥ ]�� 7¹¥=���F#;�E.
d»�Y%+�/($#;P	Q�'�,�7H¥=����V;d�e�7	�/($#&��9T(�')XY� 7Ef�7-_<�/�Y($�F#<¼�9T(�7	�Ee�7	#H�Y]g�E.E#-7	�/(�W��Y(*($��¥*�EZ
F*(*���E.;7"D

>[�G3\?
C1
��#-7<�Ee�7	�/($#&��9T(�')X

1
.E�/X�'�7;�YO^�F"

ref :⇔
C1
Q�'�7�¥=����d»�Y%+�/($#;P	Q�'�,�7�¥*�E.»W=')XYOT'�Z&�5�E,��E.E�/(�7;��'�Z-W�" C #-7;� 7;"*���E. C '�.;¡��E� 7&Z

O+9T(=Z .E�/X�'�7;�YO+Z �F"=Z
ref
Z ¡�9:.E�E,��E.E�/(=7;���/XYX��/(=Z[ �"$#;¥u.	�$P;¡��/(

�<�/]�(�':P	QÁ��#-7��/�Y(½¼�9T(�7	�Ee�72�Ee�7	�/($#&��9T(�')X
1
%*0 ¥�0 820�¥$'�.	�Y(  �"$#;¥u.	�$P;¡�� E�85�/X Z

P	Q$��¥$':#;#;�/X C � C �/���/��P	Q*($�/(�E$,��=.E�/�Y(�')($¥*�E.2"*( C �F#;P	Q�':¥*�E72¥*�E. C �/���/��P	Q*($�E7	�/(
d»(�7;� 7Ef�7<#&" C #-7;� 7;"*���E. C '�.H#&�Y($¥�0 � �
d�#�X�f")\72#&��P	QÁ(u"*( ;Á')"$#&%+�/Q$�/($¥�O+9T(m¥=���F#;�/] LN�/%T.	� �½¥*�E.�d�e�7	�/($#&��9T(�'�Z

XY� 7Ef�7
1
�/�Y($�F#`¼�9T(�7	�Ee�7	#�;½8����`,�9TXY%T7^¥*�GF*(*���E.E�/(�E�8�':#��F#qQ$�/� )\7"E�¥$'")��/�Y($�

W+6*./':P	Q$� �A�Ee�7	�/($#&��9T(�')X
1
��#-7"D

>[���\��? � ��#-7<�Ee�7	�/($#&��9T(�')X
1 :⇔

(∀C1, ref ) (C1
��#-7<�Ee�7	�/($#&��9T(�')X

1
.E�/X�'�7;�YO��F"

ref )
�0�

$��\:c% 8^{�S2#�8-�97�% ?0���F@ % #�q$#
2
8-% �98=7<��?0�0#�8DS2#�7
@ q�uF#�7�% _D!b>0�F�9A^8-% �2EJ��_D!&Cc% 8cE ?0@ >�#<O�8 �5��% 8DV

��8-�NW
'):�* �06

C1
% 7K#�8DS2#�8-�97�% ?0���F@

2
��8-@ �$#�% T&A-L

ref :⇔
C1
!��$#RO5% 8�{M% >F8-�97�_D!��$E #`O�8=�M32�F@ T0�$V %�8=��% #��$#�8

1
VK32L9y�7K#�% #�L�% 8=��y5����a08-% #KVJTU?0�2Vx��8-@ �-#�% TUV

A-L2V
ref
Vxa0?F��8DE 8=��8-�2#�% 8-@ @ 8-�2Vx�cL97�O���I9_�a08-�

/c8-Z\q�uBO5% 8=7�8-Z 3U_D!98-Z\�B@ ��7�7�8-�
7�% _D!
C�8-% #�8=��8|L��0#�8=��7�_D!�% 8=O5@ % _D!98&��% _D!0#KV)�98-L2#����F@ 8\��8DE 8DV
��8-�9AD#�!98=?F��8D#�% 7�_D!98Q{�S2#�8-�97�% ?0���F@ % #�q$#�7�yY8=>F��% �Y8c����_D!BzM8-@ % 8=yY8-�bO�8 �5��% 8=��8-�N4;9;�F�|y����FL9_D!0#
O5��A-Ld@ 8=O5% >0@ % _D!QO�8-Z :<8 �5��% 8-�97MTU?0�|'): �F6MO5% 8M�K8DC�8-% @ % >F8<�c�����F!�ZQ8
!�% �9A-L9A-L2EJI9>F8-�N1FTU?0�
C�8-@ _D!98=���<�K#HO5% 8HTU?0�"32q$#�A=8-�
yY8=A=8-% _D!��98D#�8-� {M�0#�% #�q$#�8-�B7�% �9O"'JAF4 z<4�32��_D!0TU8=��!��F@ #�8F1R32% V
#�L��$#�% ?0�98-�d8D#�_F4 6�4
$-� ~ 8=>F8-�HO�8=�`E ��I�!98=��8-�HzM8-ZQ8=��a9L��9>91$O5��uc% �^O�8=�`TU?F��@ % 8=>F8-�9O�8-�^�<��yY8-% #`TU8=��7�_D!�% 8=O�8-�98

3U?F�K#�8-�QTU?0� 9b8D#��=T0����% ��y5@ 8-�
EJI9�RTU8=��7�_D!�% 8=O�8-�98��<�K#�8-�HTU?0�HC�?0!�@ >F8DE ?F��Z^#�8-�\�cL97�O���I9_�a08-�

¯TB



d�#�,�9TXY%T7�')"$#�>[���\��?�#;9)8����m>[�G3\?q"*($¥ > H2��?�"*(*]�� 7&7	�/X C '�.^¥=����,�9TXY%+�/($¥*�
Du9:.	]^�/X D

>;�FJ+? � ��#-7<�Ee�7	�/($#&��9T(�')X
1 ⇔

(∀C1, ref )(∀A1, A2,C2)
(Erg(C2,C1(A1//A2)) & A1 ≡ref A2 ⇒ C1 ≡ref C2)

0��E.E�/�Y(=, ':P	Q�7�')"$#&%+�F¥u.	�$P;¡�7"E C �F#	')%T7N¥=���F# D+d»�Y($�<W+6*./':P	Q$���S��#-7N#;9T]�� 7N¥$')(*(
"*($¥¹(u"=.�¥$')(*(Á�Ee�7	�/($#&��9T(�')X

1
E$85�/(*(�,��=.2')XYX��«¼�9T(�7	�Ee�7	�

C1
O+9T( ��#;9)8����

')XYX����5�E,��E.E�/(*�/,�"*(=¡�7;��9T($�/(
ref
%\�YX 7"D�D �=.»')XYX��

A1
#;9)8����

A2
"*($¥

C2
%\�YX 7"D/85�/(*(

C2
�/�Y(`d�.	%+� C (*��#�¥*�E.N7	�/�YXY85�/��#;�/(^W�" C #-7;� 7;"=7;��9T(qO+9T(

A1
�Y(

C1
¥="=.EP	Q

A2
��#-7

"*($¥285�/(*(
A1
¥$':#;#;�/X C � C �/���/��P	Q*($�E7o8����

A2
E:¥$')(*( C �/���/��P	Q*($�E7

C1
¥$':#;#;�/X C �

8����
C2
0»d�e�7	�/($#&��9T(�')X��

1
W+6*./':P	Q$�/(�#&�Y($¥�#;9T]�� 7«W+6*./':P	Q$�/(�E��Y({¥*�/($�/({')XYX��

¼�9T(�7	�Ee�7	�
C1
¥=���Gd»�Y%+�/($#;P	Q�'�,�7N¥*�E.5W=')XYOT'�Z&�5�E,��E.E�/(�7;��'�Z-W�" C #-7;� 7;"*���E. C '�.;¡��E� 7&Z

O+9T(=Z ¡�9:.E�E,��E.E�/(�7;���/XYX��/(=Z[ �"$#;¥�.	�*P;¡��/(«Q�' C �/(o0
�G'�]`')( �Y(�>;�FJ+?`¥=���m�5�/�YQ$�/(=,�9TXY%+�¿¥*�E.ABG"�')(�7	9:.E�/( "*]^#-7	�/XYX��/( ¥$'�.;, E

�E.	%\� C 7�#&��P	Q¹#;9T]�� 7<')"$#!>;�FJ+?H¥$':#H,�9TXY%+�/($¥*�2H5Q$�F9:.E�/] D

> H<K\? � ��#-7<�Ee�7	�/($#&��9T(�')X
1 ⇔

(∀C1,C2, A1, A2, ref )
(Erg(C2,C1(A1//A2)) & A1 ≡ref A2 ⇒ C1 ≡ref C2))

d»�Y($��W+6*./':P	Q$� �°��#-7`#;9T]�� 7^¥$')(*( "*($¥ (u"=.`¥$')(*(¾�Ee�7	�/($#&��9T(�')X
1
EN85�/(*(

,��=. ­ �F¥*�/(m¼�9T(�7	�Ee�7
C1
O+9T( �1¥$':#2¼�9T]q6�9\#&� 7;��9T(�')XY� 7Ef�7	#-6*.	� (*�F� 6¹¥*�F#2�5�EZ

,��E.E�/(*��9 C$­ �E¡�7	#�%\�YX 7�0�Wu9 C ')X�¥¿¥$':#!�NZ&¼�9T]q6�9\#&� 7;��9T(�')XY� 7Ef�7	#-6*.;�Y(=�F� 6`"*($�/�Y(*%+�EZ
#;P	Q=./f)(=¡�7!,��=.q�/�Y($�^W+6*./':P	Q$� � %\�YX 7"E�Q�')($¥*�/X 7 �F# #&��P	Q�#;9T]�� 7 C �/� � "*]
�/�Y($���Ee�7	�/($#&��9T(�')X��

1
W+6*./':P	Q$�T0 ���

TU?0� � TU8=�KC�8-�9O�8D#NC�8=��O�8-�N1-aF�F���
!�% 8=�NO5% 8��c�0#�8=A=8=O�8-�97�yY8=O5% �9>0L��9>91DO5��u
C1
8-% �^��?0�0#�8DS2#

TU?0� � % 7K#-198-�0#KEJ�F@ @ 8-�N4
~ 8-% #�8=��7MaF�F���\Z\�F�&�F���F@ ?F>cA-L;'):�*F*$6�O5% 8�{�S2#�8-�97�% ?0���F@ % #�q$#

2
8-% �98=�[3U �����_D!98�Cc% 8�E ?0@ >�#

O�8 �5��% 8=��8-�NW
'):�*-/06 � % 7K#�8DS2#�8-�97�% ?0���F@

2 :⇔
(∀C1, ref ) (C1

% 7K#�8DS2#�8-�97�% ?0���F@
2
��8-@ �$#�% TdA-L

ref )

$ $��c���F@ ?F> A-L 'JP</06\8=��!�qF@ #dZ\�F�+�FL2E >F��L��9O TU?0��'):cs06\7�?-Cc% 8 '): �F6�1c'):7'06�1<'):�* �06�1
'):�*-/06�L��9O;O�8=7 �
L��F�0#�?F��8-�0TU8=��7�_D!�% 8=y5L��9>F7�>F8=7�8D#�A=8=7-W

¯u�



¤$"$#	')]�]^�/(=, ':#;#;�/($¥ X�f")\7�#&��P	Q{,�9TXY%+�/($¥*�F# #	')%+�/(�D������¹d»�Y%+�/($#;P	Q�'�,�7q¥*�E.
d�e�7	�/($#&��9T(�')XY� 7Ef�7

1
E�85�/X�P	Q$�«�/�Y({¼�9T(�7	�Ee�7q> W='�7;�)?�O+9T( �´Q�' C �/(Á¡\')(*(�E���#-7

¥=���Nd»�Y%+�/($#;P	Q�'�,�7o¥*�E.�W=')XYOT'$Z\�5�E,��E.E�/(�7;��'$ZTW�" C #-7;� 7;"*���E. C '�.;¡��/� 7\Z)O+9:(�Z�¡�9:.	�E,��EZ
.E�/(�7;���/XYX��/(=Z[ �"$#;¥u.	�$P;¡��/(o0�LN�/�$X��E7;�/7	�E.E�E.�d»�Y%+�/($#;P	Q�'�,�7 C X��/� C 7H' C �E.NO�3TXYXY�Y%29:,�Z
,��/(�ENO+9T( 85�/X�P	Q$�E.� 5.;7¹¥=����O+9T( ¥*�/( ¼�9T(�7	�Ee�7	�/(¾O+9T( � C �/���/��P	Q*($�E7	�/(
d»(�7;� 7Ef�7	�/(Á#&�Y($¥�0'+��/%T7�]`')(Á(u"*( ­ �F¥*9�P	Q ;�#;9^8���� C �/�5>�¬ ��?";�,��F#-7"E�¥$'")
¬m')Q=.	Q$�/� 7	#&85�E.;7	�q¥=���qO+9T(½¥*�/( ¼�9T(�7	�Ee�7	�/(s> W=f�7;���/(�?2O+9T( � C �/���/��P	Q*($�EZ
7	�/(�d»(�7;� 7Ef�7	�/( #&�Y($¥�E�¥$')(*(ÁQ�'�7!]`')(Á(*��P	Q�7�]^�/Q=.2¥=���F#;�«d»�Y%+�/($#;P	Q�'�,�7GO+9:.
#&��P	Q�Eu#;9T($¥*�E.	(¹�/�Y($�2')($¥*�E.E�!d»�Y%+�/($#;P	Q�'�,�7"E+"*($¥��F8�'�.G¥=��� ­ �/(*�Y%+��¥*�E.�W=')XYOT'�Z
0��E.	� 7E'�7	�

1
ZFW�" C #-7;� 7;"*���E. C '�.;¡��/� 7�ZEO+9T(�Z;¡�9:.	�E,��E.E�/(+7;���/X X��/(�ZE �"$#;¥u. �$P&¡��/(o0»¼�9T(=Z

7	�Ee�7	��> W=f�7;����?GE�85�/X�P	Q$��X��E7;�/7	�E.E�«d»�Y%+�/($#;P	Q�'�,�7�Q�' C �/(�E�#&�Y($¥¿#;9T]�� 7<V&�Ee�7	�/(=Z
#&��9T(�')X��	_<¼�9T(�7	�Ee�7	�!> W=f�7;����?��Y(`�/�Y($�/]§')($¥*�E.E�/(^')X�#N¥*�/] �E.E#-7	�/(�W��Y(*($�5O+9T(
U �Ee�7	�/($#&��9T(�')X'V 0)D �=.»¥=����#;9<O+�E.E#-7E')($¥*�/($��V;d�e�7	�/($#&��9T(�')XY� 7Ef�7-_��/�Y($�F#»¼�9T(�7	�Ee�7	#
> W='�7;���F#	?�O+�E.	85�/($¥*�2��P	Q¿¥*�/( H��E.	]��Y(u"$#EU �Ee�7	�/($#&��9T(�')X

2
V 0�! P	QÁ"*(�7	�E.E#;P	Q$�/��¥*�

')X�#;9<�F"*]��Y($¥*�F#-7��F8���#;P	Q$�/(«¥*�/( ,�9TXY%+�/($¥*�/( C �/��¥*�/( ���ZY�������% ���"'(� #&�����! �0/ '(��%
� � ����% �  $#&%&-54  "�76 � � � � � �  � ��% D

Z V;d�e�7	�/($#&��9T(�')X��	_`¼�9T(�7	�Ee�7	���Y] ��� � ����%��� %�% �{> ¥�0 Qo0»�Ee�7	�/($#&��9T(�')X��
1¼�9T(�7	�Ee�7	��?N#&�Y($¥¹¼�9T(�7	�Ee�7	� E+�Y(¹¥*�/($�/(� �"$#;¥u.	�$P;¡�� E+85�/X�P	Q$�G¥$':#;#;�/X C �

C �/���/��P	Q*($�/(�Eu,��=.E�/�Y(�')($¥*�E.<"*( C �F#;P	Q�':¥*�E7G¥*�E. C �/���/��P	Q*($�E7	�/( d»(�7;� 7Ef�7
#&" C #-7;� 7;"*���E. C '�.5#&�Y($¥ �
Z V;d�e�7	�/($#&��9T(�')X��	_!¼�9T(�7	�Ee�7	�G�Y] � %��� "����% �� %�% �¹> ¥�0 Qo0u�Ee�7	�/($#&��9T(�')X��

2¼�9T(�7	�Ee�7	��?�¥$')%+�/%+�/%+�/(«#&�Y($¥�¼�9T(�7	�Ee�7	��> W=f�7;����?GET�Y(�¥*�/($�/(� �"$#;¥u.	�=¡�Z
¡�� EH85�/X�P	Q$�¿¥$':#;#;�/X C � C �/���/��P	Q*($�/(�E»,��=.E�/�Y(�')($¥*�E.^"*( C �F#;P	Q�':¥*�E7^¥*�F#
C �/���/��P	Q*($�E7	�/(`¬m')Q=.	Q$�/� 7	#&85�E.;7	#5#&" C #-7;� 7;"*���E. C '�.5#&�Y($¥�0

!�]x¤$"$#	')]�]^�/(*Q�')(*%�]�� 7H¥*�E.<d�e�7	�/($#&��9T(�')XY� 7Ef�7
1
¡\')(*(^]`')(^O+9T(�¥*�E.-U ($�/"=Z

7&./')X��/(2.E�E,��E.E�/(*�/7;Q$�F9:.E�E7;��#;P	Q$�/(2d�e�7	�/($#&��9T(�')XY� 7Ef�7�VE.E�F¥*�/(�EF"*($¥��F8�'�.»85�/�YX C �/�
'�*=.U6

(/\x) (Fx ∧ p)↔ (/\x) (Fx) ∧ p
�FL9_D!dO5��7�E ?0@ >F8-�9O�8
P<!98=?F��8-ZbW
'JP �06 � % 7K#�8DS2#�8-�97�% ?0���F@

2 ⇔

(∀C1,C2, A1, A2, ref )
(Erg(C2,C1(A1//A2)) & A1 ≡ref A2 ⇒ C1 ≡ref C2)) &
(∀x, y, ref ) (Satz (x,

�
) & y = ref (x) ⇒ Wahrw (y))

¯TK



¥*�E.ÁD=':#;#&"*(*%{¥*�F#�O+9:.	XY���/%+�/($¥*�/( d�e�7	�/($#&��9T(�')XY� 7Ef�7	# C �/%T.	� ��#^9:���/( C X��/� C 7"E
O+9T(Á85�/X�P	Q$�E.! 5.;72¥=���q�5�E,��E.E�/(*��9 C$­ �E¡�7	�!O+9T(mW=f�7;���/(m#&�Y($¥�0*¬ �/� 7	�E.E#<¡\')(*(
]`')(!�Y]®¸5�Y( C XY��P;¡�')"=,u¥=����d�e�7	�/($#&��9T(�')XY� 7Ef�7

2
O+9T(��/�Y($�E.�W+6$���/X�'�.;7�¥*�E.�U (*��P	Q�7&Z

($�/"=7&./')X��/(¹.E�E,��E.E�/(*�/7;Q$�F9:.E�E7;��#;P	Q$�/(�d�e�7	�/($#&��9T(�')XY� 7Ef�7�V=#-6*.E�FP	Q$�/(�E="*($¥¿�F8�'�.
85�/�YX C �/��¥=���F#;�/] d�e�7	�/($#&��9T(�')XY� 7Ef�7	# C �/%T.	� �¿� C �/( (*��P	Q�7�¥=���  5.;72¥*�E.��5�E,��EZ
.E�/(*��9 C$­ �E¡�7	�5O+9T(�W=f�7;���/(�9:���/( C X��/� C 7"E+#;9T($¥*�E.	(3;q�Y]g¤$"*%+�<#;�/�Y($�E.H¥*�GF*(*� Z
7	9:.	��#;P	Q$�/( d»(�7-8���P;¡uXY"*(*%
;¿O+9:./')"$#&%+�F#;�E7;�/7G8�� .E¥�E�¥$'")��F#2#&��P	QÁQ*���E. C �/�»"*]
¬m')Q=.	Q$�/� 7	#&85�E.;7	�<Q�')($¥*�/X 7�0 � �
! P	Qq85�/��#;�<' C #;P	Q*XY���G)��/($¥�¥$'�./')"=,*Q*�Y(�ET¥$'")�¥=���F#;� ) (�7	�E.E#;P	Q$�/��¥="*(*%G85�/� 7	�EZ

.E�2¼�.E�/��#;�<�F���/Q�7"E�85�/(*(¹]`')(`"*(�7	�E.<¥*�E.NV !�(�7	�/($#&��9T(�')XY� 7Ef�7-_<�/�Y($�F#�¼�9T(�7	�Ee�7	#
#;�/�Y($��¦�9T(=Z�V;d�e�7	�/($#&��9T(�')XY� 7Ef�7-_¿O+�E.E#-7	�/Q�7"D��<�/( C �/��¥*�/(¢.E�E,��E.E�/(*�/7;Q$�F9:.E�E7;� Z
#;P	Q$�/(Ád�e�7	�/($#&��9T(�')XY� 7Ef�7	# C �/%T.	� ���/(��/(�7	#-6*.E�FP	Q$�/($¥`] �
)\7	�!]`')(Á¥$')(*(Á')"$P	Q
�F8���#;P	Q$�/(`]��Y($¥*�F#-7	�/($#N�F85�/��LN�F¥*�/"=7;"*(*%+�/(`O+9T( U �Y(�7	�/($#&��9T(�')X'VT"*(�7	�E.E#;P	Q$�/� Z
¥*�/(o0

��i � � r=l���loy � r=� ��l

¬s��� %+�F#	')%T7"E�#;�E7;�/7 D+.E�/%+� ¥=��� C �/��¥*�/(m©�9\#-7;"*X�'�7	��> ©���?G"*($¥½> ©�K\? C �/��¥*�E.
W�"$P	Q$��(�':P	Q2¥*�/(!O+9T(�¥*�/( W=f�7;���/(2O+9T(�� C �/���/��P	Q*($�E7	�/(�d»(�7;� 7Ef�7	�/(!O+9:./')"$#F0
�20 Qo0:�E.N#;�E7;�/7�¥$' C �/�uO+9:./')"$# E)¥$'") ­ �F¥*�E.NW='�7;�5O+9T( �U%+�/(�')"«�/�Y($�5d»(�7;� 7Ef�7�;
O+9T( 85�/X�P	Q$�E.¹ 5.;7�')"$P	Q �Y]�]^�E. ; C �/���/��P	Q*($�E7�0H C �E.¹O+9T( 85�/X�P	Q$�E.¹ 5.;7
��#-7�¥=���`O+9T(s�/�Y($�/]�W='�7;�

S 1
O+9T( � C �/���/��P	Q*($�E7	�`d»(�7;� 7Ef�7 � ¸<')($¥*�/X 7q�F#

#&��P	Q{Q*���E. C �/�5�E7-8�' ;�8����¿D+.E�/%+�^O+�E.	]«"=7	�E7�;½"*]��/�Y($�/({¬m')Q=.	Q$�/� 7	#&85�E.;7
9�¥*�E.<;q8����!45'�.	(�'�6^]^�/�Y(�7 ;q"*] �/�Y($�/(`W=':P	QuO+�E.	Q�')X 7"E\9�¥*�E.H%�'�.H"*] �E7-8�':#
')($¥*�E.E�F# �

(¹')(`]«"
) O+9T(^� .	%+�/($¥=85�/X�P	Q$�/(«.E�E,��E.E�/(*�/7;Q$�F9:.E�E7;��#;P	Q$�/(�©�.	�Y(*�F� 6$���/(^')"$#-Z
%+�/Q$�/(�EE"*]¢�F8���#;P	Q$�/(2¥=���F#;�/(�¡�9T(=¡u"=.;.	���E.E�/($¥*�/(2H5Q$�F#;�/( C �/%T.	�*($¥*�E7	�E.	85�/��#;�
�/�Y($�Gd»(�7	#;P	Q$�/��¥="*(*%�Q$�E. C �/� ,��*Q=.E�/(��F"�¡
3T(*($�/(�E\"*($¥��F8�'�.5O+9T(`#;9TX�P	Q$�/(�ET�Y(
¥*�/($�/(`¥$':#HLN�/���/��P	Q*($�/(�')X�#H�/�Y($��D�"*(=¡�7;��9T(�')"=,�%+�E, '")\7H8�� .E¥�0ud�#N%\� C 7HQ*���E.;Z
,��=.��/�Y($�/(¿�/�Y(=, ':P	Q$�/( 1<.	"*($¥�D$D+.E�/%+��,�./')%T7<(�f)]�XY��P	Q�(�':P	Q ) ���^O+9T(¿�/�Y($�/]
W='�7;� C �/���/��P	Q*($�E7	�/(¹d»(�7;� 7Ef�7 ��,�9TXY%\XY��P	Q^, '")\7G�E.<�Y(¹#;�/�Y($�E.�D+./')%+� ;^(�':P	Q¹¥*�E.
 5.;7<¥*�E.��5�E,��E.E�/(*��9 C$­ �E¡�7	��O+9T(�W=f�7;���/( ;`¥$':#�LN�/���/��P	Q*($�/(�')X�#5�/�Y($�2D�"*(=¡�Z
$*8Qt�I9��O5% 8&!�% 8=�H�F�9>F8=7� ���?U_D!98-�98-� ��8DE 8=��8-�9AD#�!98=?F��8D#�% 7�_D!98-�"{�S2#�8-�97�% ?0���F@ % #�q$#�7�yY8=>F��% �Y8

T9>0@J49�FL9_D! 	N8=8=y|/����2*-�24

¯:J



7;��9T(Á')"=,-0*¬s� .�859TXYX��/( D+.E�/%+��¥$'�.	�Y(�,�9TXY%+�/(�"*($¥�¥$':#�LN�/���/��P	Q*($�/(Á')X�#<�/�Y($�
#;9TX�P	Q$��D�"*(=¡�7;��9T(½')"=��':#;#;�/(�E�85�/�YXN¥$':¥="=.EP	Qm¥=���«6$Q*�YX�9\#;9:6$Q*��#;P	Q$�2 �(�')X 
u#;�
¥*�/"=7;XY��P	Q`O+�E.E�/�Y(=, ':P	Q�7H8�� .E¥�0
�G':#o�NZ&¼�9T]q6�9\#&� 7;��9T(�')XY� 7Ef�7	#-6*.	� (*�F� 6���#-7�(u"*(2�/�Y(�¥*�E./'�.;7;�Y%+�F#�©�.	�Y(*�F� 6 EE¥$':#

�/�Y($�Á�5�E,��E.E�/(*�/,�"*(=¡�7;��9T( C �E7&.	� �$7�0�d�#^8�� .E¥¾�F"$¥*�/]RO+9T(¢D+.E�/%+�Á')X�# +��/� 7&Z
6*.	�Y(*�F� 6 C �/�o¥*�E.�W�"$P	Q$��(�':P	Q¹¥*�/(¹O+9T(�¥*�/(¿W=f�7;���/(�O+9T( � C �/���/��P	Q*($�E7	�/(
d»(�7;� 7Ef�7	�/(m�/�Y(*%+�F#;�E7;�/7"DoWu9 C ')X�¥�¤$85�/� ,��/XN¥$'�.	� C �E. C �F#-7	�/Q$�/(�E�O+9T(m85�/X�P	Q$�E.
 5.;7�¥=���<O+9T(��/�Y($�/]gW='�7;�

S 1
O+9T( � C �/���/��P	Q*($�E7	�Gd»(�7;� 7Ef�7H��#-7"E C �F¥=���/(�75�E.

#&��P	Q�¥*�E.�W�" C #-7;� 7;"=7;��9T($#-7;Q$�F#;�`>[��?GE�"*] ¥=���F#;�^d»(�7;� 7Ef�7q')"$# F*($¥=�Y%¹�F"½]`'�Z
P	Q$�/(o0 �(#¹¬ �/(*( ' C �E.`¥=��� C �E7&.E�E���/($¥*��W�"$P	Q$�¹¥="=.EP	Q >[��?�')(*%+�/X��/� 7	�E7q��#-7"E
¥$')(*(^]«"
)q]`')(�#&��P	Q`(�'�7 �=.	XY��P	Q`')X�#�¦<f:P	Q$#-7	�F#�,�./')%+�/(�E+8�')(*(��/�Y($�!d»(�7;� 7Ef�7
')"=,�%T.	"*($¥¿O+9T(s>[��? � C �E.	Q�')"=6*7�')X�#2¥=���«O+9T(��/�Y($�/] W='�7;�

S 1
O+9T( � C �EZ

���/��P	Q*($�E7	��d»(�7;� 7Ef�7��Y( D+./')%+� ¡�9T]�] 7"D»�<�/(*(�#;P	Q*XY���G)+XY��P	Q¿¡\')(*( ;m#;9TX�')(*%+�
,��=.N¥=����W�"$P	Q$�G>[��?�]`'")+%+� C XY��P	Q���#-7&;

S 1
(u"=.��/�Y($�5#;9TX�P	Q$�5d»(�7;� 7Ef�7 C �/���/��P	Q=Z

($�/(�E)¥=���5')"$P	Qq')"=,�%T.	"*($¥2O+9T(`>[��?�¥$'�,��=.»�Y(^D+./')%+��¡�9T]�] 7�0T�����F#;�E.��F85�/� 7	�/(
D+./')%+�F#-7	�/XYXY"*(*%�E)85�/X�P	Q$��D+.E�/%+�F#5D+./')%+��(�':P	Q`¥*�E.� 5.;7�¥*�E.<�5�E,��E.E�/(*��9 C$­ �E¡�7	�
O+9T(`W=f�7;���/(��Y(�%+�/8���#;#;�E.5¸5�Y($#&��P	Q�7�O+9:.	%+�/X�')%+�E.;7»��#-7"ET85�E.E¥*�/(�8�� .N�Y(`¥=���F#;�/]
 C #;P	Q*(*� 7&7 C �F#;9T($¥*�E.E�G �"=,�]^�E.;¡=#	')]q¡��/� 7�#;P	Q$�/(=¡��/(o0
 �(*%+�/($9T]�]^�/( ¥*�E.¹W='�7;�

S 1
��#-7��/�Y( ¼�9T(�7	�Ee�7"EH')"=,2¥*�/( >[��?q�F"=7&.	� �$7"E

¥�0 Qo0
S 1
Q�'�7�¥=����d»�Y%+�/($#;P	Q�'�,�72¥*�E. W=')XYOT'�Z&�5�E,��E.E�/(�7;��'�Z-W�" C #-7;� 7;"*���E. C '�.;¡��E� 7&Z

O+9T(=Z ¡�9:.E�E,��E.E�/(�7;���/XYX��/(=Z[ �"$#;¥�.	�*P;¡��/(o0�!�(�7;"*� 7;�YO`%+�F#;�/Q$�/(�E=Q$�/� )\7G¥$':# E*¥$'")
S 1¥$':#;#;�/X C � C �/���/��P	Q*($�E7�8����Á')XYX�� C �E7&.E�E���/($¥*�/( d�.E#;�E7;�F"*(*%+#;�E.	%+� C (*��#;#;�

S 2
0

¬m':#q�Y]�]^�E.`')X�#;9 ¥=����O+9T(
S 1
C �/���/��P	Q*($�E7	�¹d»(�7;� 7Ef�7���#-7"E�#&����]«"
)���¥*�/(=Z

7;��#;P	Q¾#;�/�Y(¾]�� 7`¥*�/(¾O+9T(¾¥*�/( C �E7&.E�E���/($¥*�/( d�.E#;�E7;�F"*(*%+#;�E.	%+� C (*��#;#;�/(
S 2C �/���/��P	Q*($�E7	�/(«d»(�7;� 7Ef�7	�/(o0T�����N,�./')%\XY��P	Q$��d»(�7;� 7Ef�7»]«"
)2¥*�/]�(�':P	Q�"*(�7	�E.�¥*�E.

W�" C #-7;� 7;"=7;��9T(�O+9T(^¡�9:.E�E,��E.E�/(�7;���/XYX��/(� �"$#;¥u.	�$P;¡��/(^�Y(
S 1
�E.	Q�')X 7	�/( C X��/� C �/(o0

¬ �/%+�/(�>[��?5��#-7�')X�#;9�')(¿�/�Y($�2#;9TX�P	Q$�2d»(�7;� 7Ef�7G�/�Y($�2d�.	Q�')X 7;"*(*%+# C �F¥=�Y(*%\"*(*%
�F" #-7	�/XYX��/(�D» �XYX ­ �/($�`"*($¥½(u"=. ­ �/($�¹d»(�7;� 7Ef�7	�/(�E�85�/X�P	Q$�`¥=��� C �E7&.E�E���/($¥*�
d�.	Q�')X 7;"*(*%+# C �F¥=�Y(*%\"*(*%q�E.;,��*XYX��/(�E$¡�9T]�]^�/(�¥*�/]�(�':P	Qm')"=,�%T.	"*($¥ÁO+9T(s>[��?
')X�#�¥=���qO+9T({W=f�7;���/( C �/���/��P	Q*($�E7	�/(½d»(�7;� 7Ef�7	�/(��Y(sD+./')%+�T0�¬s� . 859TXYX��/(��Y]
,�9TXY%+�/($¥*�/(�¥="=.EP	Q½�/�Y($�^ �(�')X 
u#;��¥*�E.�d�.	Q�')X 7;"*(*%+# C �/%T.	� ��#2')"=,����/�Y%+�/(�E�"*]
85�/X�P	Q$�!d�.	Q�')X 7;"*(*%+# C �F¥=�Y(*%\"*(*%!�F#<#&��P	Q�Q*���E.�%+�/(�')"�Q�')($¥*�/X 7�0
$*=�%�>0@J45z[���KCc% 7�8���}R8=���K]|*-,
' �U1N354 .0/24

¯)b



 �"$#¹¥*�E.�,�9TXY%+�/($¥*�/(  �(�')X 
u#;�Á¥*�F#�d�.	Q�')X 7;"*(*%+# C �/%T.	� ��#q%+�/Q�7�(�f)]�XY��P	Q
Q$�E.	O+9:.;E�¥$'")^¥="=.EP	Q�¥=����(�':P	Q$#-7	�/Q$�/($¥*�!Du9:.	]^�/X
>;��ª\?

(∀A1, A2,C2)
(Erg(C2,C1(A1//A2)) & A1 ≡ref A2 & e = ref (C1) ⇒ e = ref (C2))

(*��P	Q�7 C X�9 )q� .	%+�/($¥*�/�Y($� E+#;9T($¥*�E.	(^7E'�7	#	f:P	Q*XY��P	Q�')"$P	Q¹�/�Y($��($9:7-85�/($¥=�Y%+��"*($¥
Q*�Y(=.E�/��P	Q$�/($¥*�<d�.	Q�')X 7;"*(*%+# C �F¥=�Y(*%\"*(*%2')"$#&%+�F¥u.	�$P;¡�7H8�� .E¥�0
¤$"*]�¦<':P	Qu85�/��# ¥=���F#;�E.^LN�/Q�')"=6*7;"*(*%¿8�� .E¥½�F"*(�f:P	Q$#-7«�/�Y(*]`')X�')(*%+�/%+�EZ

C �/(�EG8�':#Á�F#ÁQ$�/� )\7"E�¥$'")¢�/�Y($�{d»(�7;� 7Ef�7Á"*(�7	�E.m¥*�E.�W�" C #-7;� 7;"=7;��9T(®�/�Y($�F#
 �"$#;¥u.	"$P;¡=#��Y( �/�Y($�/]Â¼�9T(�7	�Ee�7q¥="=.EP	Q½�/�Y($�/(s')($¥*�E.E�/({ �"$#;¥u.	"$P;¡��E.	Q�')X Z
7	�/( C X��/� C 7"D
>[���FJ+?

e
C X��/� C 7�.E�/X�'�7;�YO��F"

ref
"*(�7	�E.�¥*�E.27	�/�YXY85�/��#;�/(�W�" C #-7;� 7;"=7;��9T(ÁO+9T(

A1
�Y(

C1
¥="=.EP	Q

A2
�E.	Q�')X 7	�/(

:⇔
(∀C2) (Erg(C2,C1(A1//A2)) & e = ref (C1) ⇒ e = ref (C2))

0��E.E�/�Y(=, ':P	Q�7�')"$#&%+�F¥u.	�$P;¡�7"E C �F#	')%T7�¥=���F# D�d»�Y($�md»(�7;� 7Ef�7
e
C X��/� C 7¹%+�/(�')"

¥$')(*(¿"*(�7	�E.!¥*�E.�7	�/�YXY85�/��#;�/( W�" C #-7;� 7;"=7;��9T(�O+9T(
A1
�Y( �/�Y($�/]@¼�9T(�7	�Ee�7

C1¥="=.EP	Q
A2
�E.	Q�')X 7	�/(�E$85�/(*(Á,��=.«')XYX��

C2
%\�YX 7"D�¬ �/(*(

C2
�/�Y(�d�.	%+� C (*��#G¥*�E.

7	�/�YXY85�/��#;�/(^W�" C #-7;� 7;"=7;��9T(�O+9T(
A1
�Y(

C1
¥="=.EP	Q

A2
��#-7N"*($¥�85�/(*(

e
¥=����O+9T(

C1
C �/���/��P	Q*($�E7	�^d»(�7;� 7Ef�7«��#-7"E�¥$')(*(���#-7

e
')"$P	Q½¥=����O+9T(

C2
C �/���/��P	Q*($�E7	�

d»(�7;� 7Ef�7�0
�����F#;�5�5�/X�'�7;��9T(��F"*%T.	"*($¥*��X��/%+�/($¥�EF¡
3T(*($�/(�8�� .�85�/� 7	�E.E#»¥*�GF*(*���E.E�/(�EF8�':#

�F#NQ$�/� )\7"E�¥$'")«�/�Y($��d»(�7;� 7Ef�7H"*(�7	�E.5¥*�E.<W�" C #-7;� 7;"=7;��9T(�O+9T(^¡�9:.E�E,��E.E�/(�7;���/XYX��/(
 �"$#;¥u.	�$P;¡��/(��E.	Q�')X 7	�/( C X��/� C 7"D
>[���/b�?

e
C X��/� C 7!"*(�7	�E.�¥*�E.!7	�/�YXY85�/��#;�/(�W�" C #-7;� 7;"=7;��9T(ÁO+9T( .E�/X�'�7;�YO��F"

ref¡�9:.E�E,��E.E�/(�7;���/XYX��/(` �"$#;¥u.	�$P;¡��/(`�Y(
C1
�E.	Q�')X 7	�/(

:⇔
(∀A1, A2) (A1 ≡ref A2 ⇒ e

C X��/� C 7�.E�/X�'�7;�YO¹�F"
ref
"*(�7	�E.2¥*�E.!7	�/�YX Z

85�/��#;�/(�W�" C #-7;� 7;"=7;��9T(�O+9T(
A1
�Y(

C1
¥="=.EP	Q

A2
�E.	Q�')X 7	�/(

)
 �"$#!>[���/b�?N"*($¥ >[���FJ+?�,�9TXY%T7�"*(*]�� 7&7	�/X C '�.5¥=���G,�9TXY%+�/($¥*�2Du9:.	]^�/X D
>;��£\?

e
C X��/� C 7^"*(�7	�E.�¥*�E.^7	�/�YXY85�/��#;�/( W�" C #-7;� 7;"=7;��9T(sO+9T(¾.E�/X�'�7;�YO{�F"

ref¡�9:.E�E,��E.E�/(�7;���/XYX��/(` �"$#;¥u.	�$P;¡��/(`�Y(
C1
�E.	Q�')X 7	�/(

⇔

(∀A1, A2) (A1 ≡ref A2 ⇒

(∀C2) (Erg(C2,C1(A1//A2)) & e = ref (C1) ⇒ e = ref (C2)))

¯Tª



�G':#».E�FP	Q�7	�<L�� ¡�9T($¥=� 7;��9T(�')XY%\XY���F¥2O+9T(�>;��£\?»��#-7N(u"*(�X�9T%\��#;P	Q�f �+"*�YOT')X��/(�7�]�� 7
>;��ª\?GE�"*($¥Á�F8�'�.�85�/%+�/(��/�Y($�E. f)Q*(*XY��P	Q$�/( LN�/%T.	�*($¥="*(*%^8����q�F"*O+9:.�#;P	Q$9T(
C �/�Y]Ã.E�FP	Q�7	�/(�L�� ¡�9T($¥=� 7;��9T(�')XY%\XY���F¥�O+9T( >[¯T?�"*($¥{> a+?E0o �"$#q>;��£\?�"*($¥ ¥*�E.
X�9T%\��#;P	Q$�/( * �+"*�YOT')X��/(*��O+9T(®>;��ª\?«]�� 7�¥*�/]�.E�FP	Q�7	�/( L�� ¡�9T($¥=� 7;��9T(�')XY%\XY���F¥
O+9T( >;��£\?�,�9TXY%T7�#;9T]�� 7<')"=,�%T.	"*($¥^¥*�E.Gd�.E#;�E7;�F"*(*%+#-.E�/%+�/X�')"$P	Q�¥$':#N,�9TXY%+�/($¥*�
H5Q$�F9:.E�/] D

> H5b�?
e
C X��/� C 7q"*(�7	�E.^¥*�E.�7	�/�YXY85�/��#;�/(sW�" C #-7;� 7;"=7;��9T( O+9T({.E�/X�'�7;�YO��F"

ref¡�9:.E�E,��E.E�/(�7;���/XYX��/(^ �"$#;¥u.	�$P;¡��/(`�Y(
C1
�E.	Q�')X 7	�/(

⇔

(∀A1, A2,C2) (Erg(C2,C1(A1//A2)) &
A1 ≡ref A2 & e = ref (C1) ⇒ e = ref (C2))

d»�Y(=, ':P	Q$�E.�')"$#&%+�F¥u.	�$P;¡�7"E C �F#	')%T7�> H5b�?GD�d»�Y($� d»(�7;� 7Ef�7
e
C X��/� C 7G¥$')(*(�"*($¥

(u"=.�¥$')(*(`"*(�7	�E.<¥*�E.57	�/�YXY85�/��#;�/(¹W�" C #-7;� 7;"=7;��9T(^O+9T(`¡�9:.E�E,��E.E�/(�7;���/XYX��/(` �"$#-Z
¥u.	�$P;¡��/( �Y( �/�Y($�/]º¼�9T(�7	�Ee�7

C1
�E.	Q�')X 7	�/(�E�85�/(*(s,��=.�')XYX��

A1
#;9)8����

A2"*($¥
C2
%\�YX 7"D�¬ �/(*(

C2
�/�Y({d�.	%+� C (*��#2¥*�E.�7	�/�YXY85�/��#;�/(½W�" C #-7;� 7;"=7;��9T(mO+9T(

A1
�Y(

C1
¥="=.EP	Q

A2
��#-7!"*($¥Á85�/(*(

A1
¥$':#;#;�/X C � C �/���/��P	Q*($�E7!8����

A2
"*($¥

85�/(*(
e
¥=���5O+9T(

C1
C �/���/��P	Q*($�E7	��d»(�7;� 7Ef�7N��#-7"E\¥$')(*(���#-7

e
')"$P	Q^¥=���5O+9T(

C2C �/���/��P	Q*($�E7	��d»(�7;� 7Ef�7�0
�G':#2.E�FP	Q�7	�`L�� ¡�9T($¥=� 7;��9T(�')XY%\XY���F¥¿¥*�F# H5Q$�F9:.E�/]^#�> H5b�?2��#-7�' C �E.«(*��P	Q�7	#

')($¥*�E.E�F#H')X�#H¥=���!Du9:.	]^�/X�>;��ª\?E0�¬ �/%+�/( > H5b�?�Q�'�7�#&��P	Q¹')X�#;92Q$�E./')"$#&%+�F#-7	�/XYX 7"E
¥$'")��Y(`>;��ª\?�7E'�7	#	f:P	Q*XY��P	Q��/�Y($��($9:7-85�/($¥=�Y%+�»"*($¥�Q*�Y(=.E�/��P	Q$�/($¥*��d�.	Q�')X 7;"*(*%+#-Z
C �F¥=�Y(*%\"*(*%�O+9:.	XY���/%T7�0
! P	Q�,��*Q=.E�N�Y] ,�9TXY%+�/($¥*�/( �/�Y(qLN�/��#-6$���/X=')(�E�"*] ¥=�����Y(�> H5b�?�')(*%+�F#-6*.E9�P	Q$�EZ

($�2d�.	Q�')X 7;"*(*%+# C �F¥=�Y(*%\"*(*%«>;��ª\?5')(��/�Y($�!d»(�7;� 7Ef�7�"*(�7	�E.<¥*�E.GW�" C #-7;� 7;"=7;��9T(
O+9T(`¡�9:.E�E,��E.E�/(�7;���/XYX��/(` �"$#;¥u.	�$P;¡��/(`�F"¹O+�E./')($#;P	Q�')"*XY��P	Q$�/(�D
LN�/��#-6$���/X=K4D+LN�E7&./':P	Q�7	�/(«8�� .�8����F¥*�E.�"*($#;�E.E�/(�LN�/��#-6$���/X�#	'�7;�G>;�\��?o"*($¥q¥=���

d»(�7;� 7Ef�7"E�85�/X�P	Q$���E.<%+�/]`f")q¥*�/( C �/��¥*�/(��Y(�LN�/��#-6$���/X���#-¡u�Y�F�F���E.;7	�/(¹ �($#	f�7&Z
���/( C �/���/��P	Q*($�E7"D�¦<':P	Q�¥*�/]@�/�Y($�/(� �($#	'�7;� C �/���/��P	Q*($�E7q>;�\��?!¥*�/(m¬m')Q=.;Z
Q$�/� 7	#&85�E.;7`¬m')Q=.;EN(�':P	Q ¥*�/]º')($¥*�E.E�/( ' C �E.¹�/�Y($� ')"$#`¥*�/]ºd»�Y(*���/X�¥=�Y(*%
4N��PF�E.E9�"*($¥½¥*�E.qd»�Y%+�/($#;P	Q�'�,�7«� 3T]^�E.;Z �F"=Z[#;�/�Y(Á�F"$#	')]�]^�/(*%+�F#;�E7;�/7	��d»(�7;� Z
7Ef�7�0 ) (�' C Q�f)(*%\�Y%`¥$'FO+9T(�E$85�/X�P	Q$�/(m¥*�E. C �/��¥*�/(m �($#	f�7;���«]`')(m�F"*%T.	"*($¥*�
X��/%T7"ET�F# C X��/� C 7�#-7	�E7	#�¥=���HO+9T(�>;�\��? C �/���/��P	Q*($�E7	�Hd»(�7;� 7Ef�7�"*(�7	�E.N¥*�E.NW�" C #-7;� Z
7;"=7;��9T(¿O+9T(�¡�9:.E�E,��E.E�/(�7;���/XYX��/(� �"$#;¥u.	�$P;¡��/(¹�Y({>;�\��?<�E.	Q�')X 7	�/(o0������F#��E.	%\� C 7
#&��P	Q^"*(*]�� 7&7	�/X C '�.�')"$#H¥*�E.�H»'�7	#	':P	Q$� E+¥$'")^')"=,�%T.	"*($¥�¥*�E. C �/��¥*�/(` �($#	f�7;���

¯T£



¥*�E.«W='�7;��>;�\��?�¥$':#;#;�/X C � C �/���/��P	Q*($�E7!8����^')XYX�� C �E7&.E�E���/($¥*�/(�d�.E#;�E7;�F"*(*%+#-Z
�E.	%+� C (*��#;#;� D�¬ �/(*( ¥=���F#;��W=f�7;���«' C �E.!')XYX���¥$':#;#;�/X C � C �/���/��P	Q*($�/(�8�����>;�\��?
"*($¥

e
¥=��� O+9T( >;�\��? C �/���/��P	Q*($�E7	�«d»(�7;� 7Ef�7!��#-7"E�¥$')(*( ��#-7

e
')"$P	Qm¥=��� O+9T(

­ �F¥*�/]®�/�Y(*���/XY($�/( ¥=���F#;�E.�W=f�7;��� C �/���/��P	Q*($�E7	�Nd»(�7;� 7Ef�75>�"*($¥2�F8�'�.�(�':P	Q ¥*�/]
�E.E#-7	�/(` �($#	'�7;��¥*�E.5¬m')Q=.	Q$�/� 7	#&85�E.;7N¬m')Q=.5"*($¥�%+�/]`f")«¥*�/]§�F85�/� 7	�/(��/�Y($�
')"$#<4N��PF�E.E9 "*($¥¿� 3T]^�E.;Z �F"=Z[#;�/�Y(��F"$#	')]�]^�/(*%+�F#;�E7;�/7	��d»(�7;� 7Ef�7E?E0
d�# ,�9TXY%T7«(u"*({85�/� 7	�E.E#q¥*�E.^¦<':P	Qu85�/��# E�¥$'")�#&��P	Q{¥=���F#;��d�.	Q�')X 7;"*(*%+# C �EZ

¥=�Y(*%\"*(*%¹>;��ª\?�X��/��P	Q�7<,��=. C �/XY��� C �Y%+� ¼�9T(�7	�Ee�7	� E�')X�#;9�(*��P	Q�7G(u"=.G,��=.�W=f�7;��� E
')"$#^¥*�E.¹W�" C #-7;� 7;"=7;��9T($#-7;Q$�F#;�Á>[��?`' C X��/� 7	�/(sX�f")\7�05Wu9�X�f")\7�#&��P	Q ')"$#¿>[��?
')"=,�%T.	"*($¥Á¥*�E.q�<�GF*(*� 7;��9T( >[��b�?!¥*�E.q¼�9:.E�E,��E.E�/(*�F��')XY� 7Ef�7G�F"*(�f:P	Q$#-72�/�Y(*]`')X
¥=���G,�9TXY%+�/($¥*�B� ��' -54 �!� % � � �"'(� � �q' C X��/� 7	�/(�Eu�Y(�¥*�E.G¥=� .E�E¡�7<O+9T(�¥*�/( ­ �/(*�Y%+�/(
d»(�7;� 7Ef�7	�/(¹¥=�����5�F¥*�G��#-7"E=85�/X�P	Q$��¥=����¼�9T(�7	�Ee�7	� C �/���/��P	Q*($�/(�D

>;�)¯T?
(∀C1,C2, A1, A2, ref , e)
(Erg(C2,C1(A1//A2)) & A1 ≡ref A2 & e = ref (C1) ⇒ e = ref (C2))

�20 Qo0 D�¬ �/(*(
C2
�/�Y( d�.	%+� C (*��#«¥*�E.�7	�/�YXY85�/��#;�/(¾W�" C #-7;� 7;"=7;��9T({O+9T(

A1
�Y(

�/�Y($�/]�¼�9T(�7	�Ee�7
C1
¥="=.EP	Q

A2
��#-7«"*($¥½85�/(*(

A1
.E�/X�'�7;�YOm�F"

ref
¡�9:.E�E,��EZ

.E�/(�7;���/XYX�]�� 7
A2
��#-7�"*($¥¹85�/(*(

e
¥$':#!�5�E,��E.E�/(*��9 C$­ �E¡�7<O+9T(

C1
.E�/X�'�7;�YO`�F"

ref
��#-7"E=¥$')(*(���#-7

e
')"$P	Q�¥$':#G�5�E,��E.E�/(*��9 C$­ �E¡�7HO+9T(

C2
.E�/X�'�7;�YO��F"

ref
>�,��=.

')XYX��
C1,C2, A1, A2, ref , e

?E0\d»�Y(=, ':P	Q$�E.�%+�F#	')%T7"E)Q$�/� )\7�¥$':# D:¬ �/(*(
C2
�/�Y(^d�.;Z

%+� C (*��#�¥*�E.N7	�/�YXY85�/��#;�/(^W�" C #-7;� 7;"=7;��9T(�O+9T(
A1
�Y(`�/�Y($�/] ¼�9T(�7	�Ee�7

C1
¥="=.EP	Q

A2
��#-7�"*($¥¿85�/(*(

A1
¥$':#;#;�/X C � C �/���/��P	Q*($�E7�8����

A2
"*($¥¿85�/(*(

e
¥=����O+9T(

C1
C �/���/��P	Q*($�E7	�^d»(�7;� 7Ef�7«��#-7"E�¥$')(*(���#-7

e
')"$P	Q½¥=����O+9T(

C2
C �/���/��P	Q*($�E7	�

d»(�7;� 7Ef�72>�,��=.�')XYX��
C1,C2, A1, A2, e

?E0
 �"$#^>;�)¯T?!��#-7q' C �E.«85�/� 7	�E.E# ¥="=.EP	Q�¥u.E�/�Y]`')XY�Y%+� ) (*�YO+�E.E#;�/XYX�� !�($#-7E')(*�F���EZ

.	"*(*%`¥=���«Du9:.	]^�/XH>;��ª\?G' C X��/� 7 C '�. >�859 C �/�»]`')( ¥=���«�5�/�YQ$�/(=,�9TXY%+�2¥*�E.2 �XYX Z
�+"�')(�7	9:.E�/( O+�E./f)($¥*�E.	(«¥$'�.;,	?E0�>;��ª\?���#-7N')X�#;9!')"=,�%T.	"*($¥�O+9T(¹>[��b�?��/�Y($�<¼�9T(=Z
#;���+"$�/(*��O+9T(m>[��?�>�O���'^>;�)¯T?&?E0
!�(`¥*�E. H»'�7H��#-7H(*��P	Q�7N(u"=.H¥=���Gd�.	Q�')X 7;"*(*%+#-7;Q$�F#;��>;�)¯T?�')"$#<>[��?H')"=,�%T.	"*($¥

¥*�E.Á�<�GF*(*� 7;��9T( >[��b�?`¥*�E.Á¼�9:.E�E,��E.E�/(*�F��')XY� 7Ef�7^' C X��/� 7 C '�.;EN#;9T($¥*�E.	( �F#`��#-7
')"$P	Q "*]�%+�E¡��/Q=.;7q¥=����W�" C #-7;� 7;"=7;��9T($#-7;Q$�F#;�¿>[��?�')"$#�>;�)¯T?�')"=,�%T.	"*($¥½O+9T(
>[��b�? "*($¥{¥*�E.��<�GF*(*� 7;��9T( >[�<J+?«�/�Y($�E.��5�E,��E.E�/(*�/,�"*(=¡�7;��9T( ' C X��/� 7 C '�.)0»d�#
Q�')($¥*�/X 7�#&��P	Q #;9T]�� 7 C �/��>[��?G"*($¥½>;�)¯T?<"*] X�9T%\��#;P	Q f �+"*�YOT')X��/(�7	�«Du9:.	]«"=Z
XY���E.	"*(*%+�/(�¥*�F#!�NZ&¼�9T]q6�9\#&� 7;��9T(�')XY� 7Ef�7	#-6*.;�Y(=�F� 6�#/0=�����F#<8�� .E¥Á¥*�E.�0�9TXYX�#-7Ef)(=Z

¯\¯



¥=�Y%T¡��/� 7<Q�')X C �E.��Y]·,�9TXY%+�/($¥*�/( H5Q$�F9:.E�/]g,��F#-7;%+�/Q�')X 7	�/(¿"*($¥Á')($#;P	Q*XY���G)��/($¥
C �/8����F#;�/(�D

> H<ª\?
|− � �N� = (∀C1,C2, A1, A2, ref )
(Erg(C2,C1(A1//A2)) & A1 ≡ref A2 ⇒ C1 ≡ref C2)⇔
(∀C1,C2, A1, A2, ref , e)
(Erg(C2,C1(A1//A2)) & A1 ≡ref A2 & e = ref (C1) ⇒ e = ref (C2))

LN�/85�/��#5O+9T(m> H<ª\? � � D

⇒
D

�T0
(∀C1,C2, A1, A2, ref )
(Erg(C2,C1(A1//A2)) & A1 ≡ref A2 ⇒ C1 ≡ref C2)

>[��?

Ku0
Erg (C2,C1(A1//A2)) & A1 ≡ref A2 & e = ref (C1)

 �(*(o0�,-0�¼�L
J=0

Erg (C2,C1(A1//A2)) & A1 ≡ref A2 ⇒ C1 ≡ref C2
) !<�

b*0
C1 ≡ref C2

 2+�K4E=J
ªu0

ref (C1) = ref (C2)
>[��b�?Hb

£u0
e = ref (C1)

W�! ( K
¯�0

e = ref (C2)
![�®£4E*ª

a=0
(∀C1,C2, A1, A2, ref , e) (Erg(C2,C1(A1//A2)) &
A1 ≡ref A2 & e = ref (C1) ⇒ e = ref (C2))

¼�L K ;*¯
E ) 1 � �

⇐
D

�T0
(∀C1,C2, A1, A2, ref , e) (Erg(C2,C1(A1//A2)) &
A1 ≡ref A2 & e = ref (C1) ⇒ e = ref (C2))

>;�)¯T?

Ku0
Erg (C2,C1(A1//A2)) & A1 ≡ref A2

 �(*(o0�,��=.2¼�L
$ � ~ % �Q@ 8=>F8-�(% �
O�8=�HTU?F��@ % 8=>F8-�9O�8-�
�<��yY8-% #QO�8-�"t9?F��Z\�F@ % 7�% 8=��L��9>F8-� TU?0�(zM8DC�8-% 7�8-�

8-% �98-�Q�
�F@ a9I�@UO�8=7�1<�$#�I9��@ % _D!98-�Q3U_D!�@ % 8=u08-�97�A-L9>F��L��9O�8F1FL��9O\ADC����MO�8-�\wJO�8-�0#�% #�q$#�7�aF�F@ a9I�@
EJI9��O5% 8^} 	�*

=
�FL97c'x�
�F@ % 7�!��
9b?0�0#���>0L98��
9;���

2
*-,
'��06�4

$ 	\:c�
�FL2E >F��L��9O O�8=�|zM8-ZQ8=��a9L��9>"�FL2EQ354 .0s ,
y = ref (x)

.<@ ?F>0% 7�_D!+q��9L�% T0�F@ 8-�0#&Z\% #
,
ref (x, y)

.`% 7K#-1Y8=��>0% y9#^7�% _D!BI9y���% >F8-�97
�FL97H'�* �F6
�FL2E >F��L��9O O�8=��{���7�8D#�A-L��9>F7���8=>F8-@�L���Z\% #KV
#�8-@ y5����O5��7[E ?0@ >F8-�9O�8 � ����� � � ���9W
'x�c�-*$6

(∀C1,C2, A1, A2, ref , e)
(Erg (C2,C1(A1//A2)) & A1 ≡ref A2 & ref (C1, e) ⇒ ref (C2, e))

¯:a



J=0
(∀C1)(∃!e) e = ref (C1)

85�/%+�/(m>[�<J+?
b*0

(∃e) e = ref (C1) &
(∀e1, e2) (e1 = ref (C1) & e2 = ref (C1) ⇒ e1 = e2)

>[����ª\? � � ) !�J

ªu0
(∃e) e = ref (C1)

W�! (Ãb
£u0

e3 = ref (C1)
d<!Nª`>

e3
($�/"�?

¯�0
Erg (C2,C1(A1//A2)) & A1 ≡ref A2 &
e3 = ref (C1) ⇒ e3 = ref (C2)

) !<�

a=0
e3 = ref (C2)

 2+�K4E*£4E$¯
3u0

ref (C1) = ref (C2)
![�®£4E=a

��Bu0
C1 ≡ref C2

>[��b�?�3
�\�T0

(∀C1,C2, A1, A2, ref )
(Erg(C2,C1(A1//A2)) & A1 ≡ref A2 ⇒ C1 ≡ref C2)

¼�L K ;���B4E ) 1

������W�" C #-7;� 7;"=7;��9T($#-7;Q$�F#;�«>[��?5"*($¥�¥=��� d�.	Q�')X 7;"*(*%+#-7;Q$�F#;��>;�)¯T?�#&�Y($¥�#;9T]�� 7
�Y(s¥*�/]ÂW��Y(*($�`X�9T%\��#;P	Q f �+"*�YOT')X��/(�7"E�')X�#q#&���¹')"$#;�/�Y(�')($¥*�E. ]�� 7`¸5�YX ,���O+9T(
�F85�/�»�<�GF*(*� 7;��9T($�/(^6*./f:¥=� ¡\'�7	�/(*X�9T%\��#;P	Q`' C X��/� 7 C '�.5#&�Y($¥�0
�G':#HDu9TXY%+�/($¥*�N��#-7H�/�Y(�¼�9:.E9TXYX�'�.»�F"¿> H<ª\?E0�d�# C �F#	')%T7N¥=���5X�9T%\��#;P	Q$� * �+"*� Z

OT')X��/(*��O+9T( U d»�Y(¹¼�9T(�7	�Ee�7
C1
Q�'�7H¥=���<d»�Y%+�/($#;P	Q�'�,�7N¥*�E.5W=')XYOT'�Z&�5�E,��E.E�/(�7;��'�Z

W�" C #-7;� 7;"*���E. C '�.;¡��/� 7TZ�O+9T(�ZF.E�/X�'F7;�YOoZ��F"�Z
ref
ZF¡�9:.E�E,��E.E�/(�7;���/XYX��/(�Z) �"$#;¥u.	�$P;¡��/(;V

]�� 7WU D �=.�')XYX��2d»(�7;� 7Ef�7	�/(
e
%\�YX 7"D

e
C X��/� C 7�"*(�7	�E.<¥*�E.�7	�/�YXY85�/��#;�/(¿W�" C #-7;� 7;"=Z

7;��9T(�O+9T(�.E�/X�'�7;�YO��F"
ref
¡�9:.E�E,��E.E�/(�7;���/XYX��/(` �"$#;¥u.	�$P;¡��/(`�Y(

C1
�E.	Q�')X 7	�/(;V D

>[¼�./K\?
|− � �N� = (∀A1, A2,C2)
(Erg(C2,C1(A1//A2)) & A1 ≡ref A2 ⇒ C1 ≡ref C2)⇔
(∀e, A1, A2,C2) (Erg(C2,C1(A1//A2)) &
A1 ≡ref A2 & e = ref (C1) ⇒ e = ref (C2))

�<�/]�(�':P	Q��E.	%\� C 7N#&��P	Q`')"$#�"*($#;�E.E�/]� �($#	'�7;�<"o0 '�0+¥$':#�,�9TXY%+�/($¥*� H5Q$�F9:.E�/] D

$ 
 ��?0�0#�8DS2#�L98-@ @ 8�:<8 �5��% #�% ?0�dO�8=7<�c�9A-�F!�@ �9L��F�0#�?F��7<, 8=7�>0% y9#�>F8-���FLb8-% ��.9�FL97cv58-% @ 8 �2W
'):�*-r06

(∃!v)Φv :⇔
(∃v)Φv & (∀v1, v2) (Φv1 & Φv2 ⇒ v1 = v2)

¯T3



> H<£\?
C1
��#-7<�Ee�7	�/($#&��9T(�')X

1
.E�/X�'�7;�YO^�F"

ref ⇔
(∀e) (e

C X��/� C 7�"*(�7	�E.�¥*�E.!7	�/�YXY85�/��#;�/(�W�" C #-7;� 7;"=7;��9T(¿O+9T( .E�/X�'�7;�YO¹�F"
ref
¡�9:.E�E,��E.E�/(�7;���/XYX��/(` �"$#;¥u.	�$P;¡��/(`�Y(

C1
�E.	Q�')X 7	�/(

)

LN�/85�/��# D*> H<£\?»%\�YX 7N85�/%+�/(¿>[�G3\?�#;9)8����2> H2��?GE*>[¼�./K\?GE�d�.E#;�E7;�F"*(*%+#-.E�/%+�/Xu"*($¥
> H5b�?E0
¦<':P	Q ¥=���F#;�/]Â¡u"=.	���/( d»�Y($#;P	Qu" C EN¥*�E.¹¥*�/]U¦<':P	Qu85�/��#`¥*�E.�X�9T%\��#;P	Q$�/(

* �+"*�YOT')X��/(*�2¥*�E.�W�" C #-7;� 7;"=7;��9T($#-7;Q$�F#;��>[��?5]�� 7G¥*�E.�d�.	Q�')X 7;"*(*%+#-7;Q$�F#;��>;�)¯T?
%+�F¥=���/(�7�Q�'�7"E�¡
3T(*($�/(¾8�� .�(u"*( ­ �/($� D+./')%+�F#-7	�/XYXY"*(*% C ��')(�7-859:.;7	�/(�E�85�/X Z
P	Q$��D+.E�/%+�F#«D+./')%+�q(�':P	Q{¥*�E.q 5.;7q¥*�E.^�5�E,��E.E�/(*��9 C$­ �E¡�7	�qO+9:.	%+�/X�')%+�E.;7!��#-7�0
¬s� . C ��')(�7-859:.;7	�/(¹#&���!�Y] ,�9TXY%+�/($¥*�/(�(*��P	Q�75(u"=.�,��=.!W=f�7;��� E*#;9T($¥*�E.	(�')"$P	Q
,��=. C �/XY��� C �Y%+��¼�9T(�7	�Ee�7	�

C1
0 ) ($#;�E.E�/( C ��#&Q$�E.	�Y%+�/(` �"$#-,��*Q=.	"*(*%+�/(`�F"=,�9TXY%+�

¡�9T]�] 7�(�f)]�XY��P	Q ')"=,�%T.	"*($¥2O+9T(`>[��?�¥$')(*( "*($¥�(u"=.»¥$')(*(«�/�Y($�Hd»(�7;� 7Ef�7�')X�#
¥=����O+9T(`�/�Y($�/]g¼�9T(�7	�Ee�7

C1
C �/���/��P	Q*($�E7	�<d»(�7;� 7Ef�7H�Y(¹D+./')%+� E\85�/(*(`#&����"*(=Z

7	�E.2¥*�E. W�" C #-7;� 7;"=7;��9T(�O+9T(¿¡�9:.E�E,��E.E�/(�7;���/XYX��/(¿ �"$#;¥u.	�$P;¡��/(��Y(
C1
�E.	Q�')X 7	�/(

C X��/� C 7�0��<�/(*(m¥$')(*( C �/���/��P	Q*($�/(
C1
"*($¥m')XYX�� C �E7&.E�E���/($¥*�/(md�.E#;�E7;�F"*(*%+#-Z

�E.	%+� C (*��#;#;� ;^8����!O+9T(m>[��?HO+�E.	X�')(*%T7<;`¥$':#;#;�/X C �T0

>[����£\?
e
¡�9T]�] 7�')"=,�%T.	"*($¥{O+9T( >[��?^')X�#^¥$':#`�5�E,��E.E�/(*��9 C$­ �E¡�7�O+9T(

C1.E�/X�'�7;�YO��F"
ref
�Y(¿D+./')%+�

:⇔
e
C X��/� C 7!"*(�7	�E.�¥*�E.!7	�/�YXY85�/��#;�/(�W�" C #-7;� 7;"=7;��9T(ÁO+9T( .E�/X�'�7;�YO��F"

ref¡�9:.E�E,��E.E�/(�7;���/XYX��/(` �"$#;¥u.	�$P;¡��/(`�Y(
C1
�E.	Q�')X 7	�/(

d�#H,�9TXY%T7G')"$#!>[����£\?N"*($¥Á> H5b�?H"*(*]�� 7&7	�/X C '�.�¥$':#N,�9TXY%+�/($¥*��H5Q$�F9:.E�/] D

> HG¯T?
e
¡�9T]�] 7�')"=,�%T.	"*($¥�O+9T(�>[��?G')X�#<¥$':#!�5�E,��E.E�/(*��9 C$­ �E¡�7�O+9T(

C1
.E�EZ

X�'�7;�YO��F"
ref
�Y(¿D+./')%+�

⇔

(∀A1, A2,C2)
(Erg(C2,C1(A1//A2)) & A1 ≡ref A2 & e = ref (C1) ⇒ e = ref (C2))

d»�Y(=, ':P	Q$�E.G%+�F#	')%T7"E$Q$�/� )\7!¥=���F# D�d»�Y($�qd»(�7;� 7Ef�7
e
¡�9T]�] 7!#;9T]�� 7!¥$')(*(¿"*($¥

(u"=.�¥$')(*(�')"=,�%T.	"*($¥�O+9T(�>[��?�')X�#�¥=���NO+9T(��/�Y($�/] ¼�9T(�7	�Ee�7
C1
C �/���/��P	Q*($�E7	�

d»(�7;� 7Ef�7H�Y(¿D+./')%+� E+85�/(*(^,��=.G')XYX��
A1
#;9)8����

A2
"*($¥

C2
%\�YX 7"D+¬ �/(*(

C2
�/�Y(

d�.	%+� C (*��#G¥*�E.!7	�/�YXY85�/��#;�/(mW�" C #-7;� 7;"=7;��9T(¿O+9T(
A1
�Y(

C1
¥="=.EP	Q

A2
��#-7!"*($¥

85�/(*(
A1
¥$':#;#;�/X C � C �/���/��P	Q*($�E758����

A2
"*($¥`85�/(*(

e
¥=����O+9T(

C1
C �/���/��P	Q=Z

($�E7	�2d»(�7;� 7Ef�7���#-7"E=¥$')(*(���#-7
e
')"$P	Q¹¥=����O+9T(

C2
C �/���/��P	Q*($�E7	��d»(�7;� 7Ef�7�0

a+B



LN�/��#-6$���/X�J
D�¬ �/%+�/(«¥*�F#�LN�/��#-6$���/X�#oK�¡�9T]�]^�/(«')"=,�%T.	"*($¥!O+9T(`>[��?o#;9)859TQ*X
¥*�E.N¬m')Q=.	Q$�/� 7	#&85�E.;7�¬m')Q=.5')X�#N')"$P	Q�¥=���<')"$#�¥*�/]§d»�Y(*���/X�¥=�Y(*%�4N��PF�E.E9�"*($¥
¥*�E.Hd»�Y%+�/($#;P	Q�'�,�7H� 3T]^�E.;Z �F"=Z[#;�/�Y(��F"$#	')]�]^�/(*%+�F#;�E7;�/7	�5d»(�7;� 7Ef�75')X�#�¥=���5O+9T(
>;�\��? C �/���/��P	Q*($�E7	�Nd»(�7;� 7Ef�7o�Y(�D+./')%+��>�X��E7;�/7	�E.E�Hd»(�7;� 7Ef�7o¡\')(*( ]`')(q')X�#o�/�Y($�/(
W=':P	QuO+�E.	Q�')X 75')"=��':#;#;�/(�?E0
¤$"$#	')]�]^�/(=, ':#;#;�/($¥�X�f")\7!#&��P	Q #	')%+�/(�E$¥$'")¿D+.E�/%+�F#2D+./')%+�2(�':P	Q ¥*�E.2 5.;7

¥*�E.��5�E,��E.E�/(*��9 C$­ �E¡�7	��O+9T(qW=f�7;���/(«�/�Y($�H')($¥*�E.E�ND+./')%+�F#-7	�/XYXY"*(*%5O+9:.	%+�/X�')%+�E.;7
��#-7"E�"*($¥`�F8�'�.<¥=���2D+./')%+�F#-7	�/XYXY"*(*%�DT¬ �/X�P	Q$�!d»(�7;� 7Ef�7	�/(^¡�9T]�]^�/(�')"=,�%T.	"*($¥
O+9T(½>[��? � C �E.	Q�')"=6*7�')X�#G¥=���2O+9T(Á¥*�/( W=f�7;���/(ÁO+9T( � C �/���/��P	Q*($�E7	�/(Ád»(=Z
7;� 7Ef�7	�/(¿�Y(�D+./')%+� � ) ($#;�E.E�E.! �(�')X 
u#;�2�F"=,�9TXY%+�!¡�9T]�] 7��/�Y($� d»(�7;� 7Ef�7!¥$')(*(
"*($¥ (u"=.N¥$')(*(�')X�#�¥=���HO+9T(��/�Y($�/] W='�7;�

S 1
C �/���/��P	Q*($�E7	�5d»(�7;� 7Ef�7��Y(�D+./')%+� E

85�/(*(Á#&���2"*(�7	�E.�¥*�E.G7	�/�YXY85�/��#;�/(¿W�" C #-7;� 7;"=7;��9T(�O+9T(�¡�9:.E�E,��E.E�/(�7;���/XYX��/(¹ �"$#-Z
¥u.	�$P;¡��!�Y(

S 1
�E.	Q�')X 7	�/( C X��/� C 7�0*¬s��� ¥$' C �/�»�/�Y($� #;9TX�P	Q$�!($9:7-85�/($¥=�Y%+�!"*($¥

Q*�Y(=.E�/��P	Q$�/($¥*��d�.	Q�')X 7;"*(*%+# C �F¥=�Y(*%\"*(*%<')"$#&�F"$#;�/Q$�/( Q�'�7�"*($¥ 8�����¥=���F#;�N]�� 7
¥*�E.5O+9:.	%+�/X�')%+�E.;7	�/(¹D+./')%+�F#-7	�/XYXY"*(*%!�F"$#	')]�]^�/(*Q�f)(*%T7"ET8�"=.E¥*�G�Y( > H5b�?N"*($¥
> HG¯T?<')"=,�%+�/���/�Y%T7�0��<�/]�(�':P	Q¹¡�9T]�]^�/(¿')"=,�%T.	"*($¥�O+9T(½>[��?<#;9)859TQ*X�¬m')Q=.;Z
Q$�/� 7	#&85�E.;7	��')X�#G')"$P	Q¿W=':P	QuO+�E.	Q�')X 7	�2')X�#<¥=��� �5�E,��E.E�/(*��9 C$­ �E¡�7	��O+9T(ÁW=f�7;���/(
8����EU 4N��PF�E.E9!��#-75� 3T]^�E.CV:�Y(�D+./')%+��> #&���/Q$�5"*($#;�E.E��LN�/��#-6$���/X���?E0��G'�./')"$#o¡\')(*(
]`')(�' C �E.�(u"=.<¥*�/(�WuP	Q*XY"
)q�F���/Q$�/(�Eu¥$'")�¥$':#<�NZ-¼�9T]q6�9\#&� 7;��9T(�')XY� 7Ef�7	#-6*.	�Y(uZ
�F� 6¹')XYX��/�Y($�H(*��P	Q�7NQ*�Y(=.E�/��P	Q$�/($¥ ��#-7"E\"*] ¥=���< 5.;75¥*�E.<�5�E,��E.E�/(*��9 C$­ �E¡�7	�5O+9T(
W=f�7;���/(��/�Y($¥*�/"=7;�Y% �F"�¥*�E7	�E.	]��Y(*���E.E�/(o0
¤$"=.�85�/� 7	�E.E�/( ) (�7	�E.	]`')"$�E.	"*(*%`¥=���F#;�E.«WuP	Q*XY"
)\,�9TXY%+�E.	"*(*%`#-¡u�Y�F�F���E.E�«��P	Q

�Y]I,�9TXY%+�/($¥*�/(s�/�Y($��¡�9T]q6�9\#&� 7;��9T(�')X��`Wu�/]`')(�7;� ¡>E��Y( ¥*�E.¹W=f�7;���¿W=':P	QuO+�E.;Z
Q�')X 7	� C �/���/��P	Q*($�/(�D=Wu9q¡\')(*(�]`')(��E7-8�' ,��=.��/�Y($��')"$#;#	')%+�/(*X�9T%\��#;P	Q$��W+6*./'�Z
P	Q$� ����� � ]�� 7` N7	9T]^#	f�7;���/( ; ¥�0 #F05W=f�7;��� EN¥=���¿')"$#^�/�Y($�/]

n
Z[#-7	�/XYXY�Y%+�/(

©�./f:¥=� ¡\'�7!"*($¥
n
#&�Y(*%\"*X�f�.E�/( H��E.	]^�/( %+� C �YX�¥*�E7!#&�Y($¥ ;Á�/�Y($�«#;9TX�P	Q$�2¡�9T]qZ

6�9\#&� 7;��9T(�')X��^Wu�/]`')(�7;� ¡{')(*%+� C �/(o0�(¹')({¡\')(*(s#&��P	Q{(�f)]�XY��P	Q�,��=.^¥=���`O+9T(
¥*�/(Á N7	9T]^#	f�7;���/(�O+9T( � ��� � C �/���/��P	Q*($�E7	�/(¿W=':P	QuO+�E.	Q�')X 7	��]^�/(*%+�/(�7;Q$�F9:Z
.E�E7;��#;P	Q$��W+7	�/XYXYO+�E.;7&.E�E7	�E. � C �E.	X��/%+�/(o0»������1<.	"*($¥=��¥*�F�q¥$' C �/�N��#-7"E�#&��P	Q½#;9TX Z
P	Q$�<W=':P	QuO+�E.	Q�')X 7	�5')X�#�%+�F9:.E¥=($�E7	�

m
Z Ho"=6��/X*O+9:.	�F"$#-7	�/XYX��/(�E:¥=���<')"$#N¥*�/(�O+9T(

¥*�/(
n
Z[#-7	�/XYXY�Y%+�/(¿©�./f:¥=� ¡\'�7	�/(�"*($¥�#&�Y(*%\"*X�f�.E�/(,H��E.	]^�/( C �/���/��P	Q*($�E7	�/(Ád»(=Z

7;� 7Ef�7	�/(^�F"$#	')]�]^�/(*%+�F#;�E7;�/7N#&�Y($¥�0�Wu9TX�P	Q$�
n
Z[#-7	�/XYXY�Y%+��©�./f:¥=� ¡\'�7	��"*($¥^#&�Y(*%\"=Z

X�f�.E� H��E.	]^� E�85�/X�P	Q$�`¥=���F#;�/X C �/( d»(�7;� 7Ef�7	�/( C �/���/��P	Q*($�/(�Eo#-7	�/XYX��/({(u"*(�,��=.
­ �/($�^W=':P	QuO+�E.	Q�')X 7	�q¥=���F#;�/X C �/(½d»X��/]^�/(�7	� ;m�E7-8�'¿45'�.	(�'�6�#;P	Q$�« N7&7&.	� C "=7	�

a*�



"*($¥^d»�Y(*���/X�¥=�Y(*%+� ; C �E.E�/� 7�0T¬ �/(*(`#&��P	Q`' C �E.H�F85�/�� N7	9T]^#	f�7;���5O+9T(������ �
Q�3�P	Q$#-7	�/($#G�Y(�#;9TX�P	Q$�/( H��/�YX�')"$#;¥u.	�$P;¡��/(¿"*(�7	�E.E#;P	Q$�/��¥*�/(�E*85�/X�P	Q$�«¥$':#;#;�/X C �
C �/���/��P	Q*($�/(
;^¥=���!')X�#;9«¥=���F#;�/X C �/(�W=':P	QuO+�E.	Q�')X 7	#;�/X��/]^�/(�7	� C �E.E�/� 7	#-7	�/XYX��/(
;'E
¥$')(*(�"*(�7	�E.E#;P	Q$�/��¥*�/(�#&��P	Q�(�':P	Q�¥*�/] ) (�7	�E.E#;P	Q$�/��¥="*(*%+#-6*.	�Y(*�F� 6�> ) ��?�¥=���
O+9T(s¥*�/( C �/��¥*�/(¾ N7	9T]^#	f�7;���/( C �/���/��P	Q*($�E7	�/(¾W=':P	QuO+�E.	Q�')X 7	��(*��P	Q�7q]^�/Q=.
O+9T($�/�Y(�')($¥*�E.)0)����� C �/��¥*�/(« N7	9T]^#	f�7;��� C �/���/��P	Q*($�/(2,�9TXY%\XY��P	Q ;28����HO+9T(¹>[��?
O+�E.	X�')(*%T7&;^¥$':#;#;�/X C �T04(¹')(^¡
3T(*(�7	�G¥=���F#;��1<.	"*($¥=��¥*�F�5(u"*(`85�/� 7	�E.<')"$#-,��*Q=Z
.E�/(�E\�Y($¥*�/] ]`')(�#&��P	Q`¥=����(��/(*%+�<¥*�E.<W=':P	QuO+�E.	Q�')X 7	�H"*(�7	�E.�¥*�/(^X�9T%\��#;P	Q$�/(
@<6��E./'�7;��9T($�/(¿' C %+�F#;P	Q*X�9\#;#;�/(¹¥*�/(=¡�7"E�¥�0 Qo0*�Y($¥*�/]·]`')( �E7-8�'^')"$P	Q ¦��/%�'�Z
7;��9T($#;#	':P	QuO+�E.	Q�')X 7	��"*($¥ ¼�9T( ­ "*(=¡�7;��9T($#;#	':P	QuO+�E.	Q�'�X 7	���/�Y(=,��*Q=.;7�05�����F#`#;9TXYX
Q*���E.!' C �E.G(*��P	Q�7<%+�F#;P	Q$�/Q$�/(�Eu85�/�YX�]`')( ')(¿¥=���F#;�E.!W+7	�/XYX���#;P	Q$9T(¿�E.;¡��/(*($�/(
¡\')(*(�E*¥$'")�>[��?<')XYX��/�Y($�G(*��P	Q�7�Q*�Y(=.E�/��P	Q$�/($¥���#-7"E="*]·¥=���! 5.;7�¥*�E.GO+9T(¿W=f�7&Z
���/( C �/���/��P	Q*($�E7	�/(2d»(�7;� 7Ef�7	�/(��/�Y($¥*�/"=7;�Y%H�F" ¥*�E7	�E.	]��Y(*���E.E�/(�D	 �"=,�%T.	"*($¥�O+9T(
>[��?�¡
3T(*($�/(¿(�f)]�XY��P	Q�(*��P	Q�7�(u"=.�¬m')Q=.	Q$�/� 7	#&85�E.;7	� E$#;9T($¥*�E.	( ')"$P	QÁ#;9TX�P	Q$�
W=':P	QuO+�E.	Q�')X 7	�<¥=�����5�E,��E.E�/(*��9 C$­ �E¡�7	�<O+9T(¿W=f�7;���/(�#;�/�Y(o0

a+K



� � ��� � ��� �
	�� ���;�	��� ���������	��
!����� � �/���4���

�����F#;�F#�¼�'�6$� 7	�/X5��#-7q�Y({O����/X��E.	X��/�<¸5�Y($#&��P	Q�7q')(�')X�9T%¿�F"*]IO+9:.	�Y%+�/(s¼�'�6$� 7	�/X
')"=,�%+� C ')"=7�0+d�#N%+�/Q�7N"*($#N(�f)]�XY��P	Qq�Y] ,�9TXY%+�/($¥*�/(�¥$'�.	"*] E+¥=���+*�Q*(*XY��P	Q=¡��/� Z
7	�/(�' C �E.G')"$P	Q¹¥=��� ) (�7	�E.E#;P	Q*���F¥*���F8���#;P	Q$�/(�¥*�/]·�NZ&¼�9T]q6�9\#&� 7;��9T(�')XY� 7Ef�7	#-Z
6*.	�Y(*�F� 6��/�Y($�E.E#;�/� 7	#N"*($¥¹¥*�/]xd�Z&¼�9T]q6�9\#&� 7;��9T(�')XY� 7Ef�7	#-6*.;�Y(*�F� 6^')($¥*�E.E�E.E#;�/� 7	#
Q$�E./')"$#&�F"�'�. C �/� 7	�/(o0E�G':#�d�Z&¼�9T]q6�9\#&� 7;��9T(�')XY� 7Ef�7	#-6*.;�Y(=�F� 6<�/(�7	#-7	�/Q�7 ;�8�����%+�EZ
#	')%T7&;^')"$#�¥*�/]g¼�9T]q6�9\#&� 7;��9T(�')XY� 7Ef�7	#-6*.	� (*�F� 6^> LH?�¥$':¥="=.EP	Q�ET¥$'") ]`')(�]�� 7
U C �F¥*�/"=7	�/(;V7U Q�'�7�')X�#»d�e�7	�/($#&��9T(;VFO+�E.E#-7	�/Q�7�0T�G':#�©�.	�Y(*�F� 6`> d�? C �E7&.	� �$7�#;9T]�� 7
�/�Y($�!d�e�7	�/($#&��9T($#-.E�/X�'�7;��9T(o0
LN�/��¥*�E.�d»�Y(=,��*Q=.	"*(*%m�/�Y($�E.�d�e�7	�/($#&��9T($#-.E�/X�'�7;��9T(

Ext
,��=.¹�/�Y($�¹%+�/]`f")

¥*�E.`W+7E')($¥$'�.E¥u7	�FP	Q*(*� ¡½')"=,�%+� C ')"=7	�¹W+6*./':P	Q$���¨Q�'�7�]`')(¾¥=���¹')(�')X�9T%+�/(
©�.E9 C X��/]^� C �/���*%\XY��P	Q!¥*�E. C �/��¥*�/(«�5�/X�'�7E'H�/�Y($�E.�#;9TX�P	Q$�/(��5�/X�'�7;��9T(2�F"�X 3\#;�/(�E
8����H#;P	Q$9T( �F"*O+9:. C �/�u¥*�E.Nd»�Y(=,��*Q=.	"*(*%<�/�Y($�E.N�5�E,��E.E�/(*�/.E�/X�'�7;��9T(

Ref
,��=. � D

>���? ¬ �/X�P	Q$�5 �"$#;¥u.	�$P;¡��HO+9T(��U¡
3T(*($�/( � C �E.	Q�')"=6*7��/�Y($��d�e�7	�/($#&��9T(qQ�'�Z
C �/(�E=¥�0 Qo0u8�':#�#&�Y($¥�¥=���!�Ee�7	�/($#&��9T($#-, f)Q*�Y%+�/(` �"$#;¥u.	�$P;¡��<O+9T( � �

>��Y��? 0�9T( 85�/X�P	Q$�E.Á 5.;7 #&�Y($¥®¥=���½d�e�7	�/($#&��9T($�/(®¥*�E. �Ee�7	�/($#&��9T($#-, f)Q*�Y%+�/(
 �"$#;¥u.	�$P;¡��GO+9T( � �

����� d»�Y(=,��*Q=.	"*(*%q�/�Y($�E.!d�e�7	�/($#&��9T($#-.E�/X�'�7;��9T(
Ext
,��=.!�/�Y($�2#;9TX�P	Q$��W+6*./':P	Q$�

� #&���/Q�7¹#&��P	Q ]�� 7�¥=���F#;�/( C �/��¥*�/( ©�.E9 C X��/]^�/(¾¡�9T(=,�.E9T(�7;���E.;7�0"! P	Q , ':#;#;�
¥*�F#&Q�')X C �Y] ,�9TXY%+�/($¥*�/( ­ �!�/�Y($�/(¹ �(�7-859:.;7;O+�E.E#&"$P	Q�¥$'�./')"=,o�F"$#	')]�]^�/(o0
-�)  �`Wu9�8������F"*O+9:.�¥=���!¬ 9TQ*XY%+�E,�9:.	] 7;Q$�/� 75"*($¥�¥=��� d»�Y%+�/($#-7Ef)($¥=�Y%T¡��/� 7

($9:7-85�/($¥=�Y%+��LN�F¥=�Y(*%\"*(*%+�/(Á,��=.�¥=���`�5�E,��E.E�/(*�/, f)Q*�Y%T¡��/� 7��/�Y($�F#  �"$#;¥u.	"$P;¡=#
O+9T( � 8�'�.E�/(�E�#;9q#&�Y($¥`#&�����F# ­ �E7;�/7G')"$P	Q`,��=.<#;�/�Y($��d�e�7	�/($#&��9T($#-, f)Q*�Y%T¡��/� 7"E
"*($¥«�F8�'�.�')"$#�¥*�/($#;�/X C �/( 1<.	�*($¥*�/(o0T �(�')X�9T%!�F"�O+9:.	Q*�Y(q8�� .E¥«,��=.H¥=���5O+9:.;Z
XY���/%+�/($¥*�2 5. C �/� 7�6�9\#-7;"*XY���E.;7"E�¥$'")��F"*]��Y($¥*�F#-7�¥=���«#&�Y(*%\"*X�f�.E�/(� �"$#;¥u.	�$P;¡��
#;9)8����5¥=���

n
Z[#-7	�/XYXY�Y%+�/(q©�./f:¥=� ¡\'�7	�H"*($¥�W=f�7;���5O+9T(��c�F"^¥*�/(��Ee�7	�/($#&��9T($#-, f�Z

Q*�Y%+�/(  �"$#;¥u.	�$P;¡��/(�O+9T( �º�F"«�)f)Q*X��/(«#&�Y($¥^> ¥�0 Qo0: �"$#;¥u.	�$P;¡���#&�Y($¥�E�85�/X�P	Q$�
�/�Y($�!d�e�7	�/($#&��9T(�Q�' C �/(�¡
3T(*($�/(�?E0
-�)   � D+.E�/%+�F#�W�"$P	Q$#-7&./'�7	�/%\��� (�':P	Q�¥*�E.« 5.;7«¥*�F#«�5�E,��E.E�/(*��9 C$­ �E¡�7	#2�/� Z

($�F#!W='�7;���F#
S 1
O+9T( ��X�f")\7!#&��P	Qm')"$P	Q C �/��¥*�E. D+./')%+��(�':P	QÁ¥*�E.2 5.;72#;�/� Z

($�E.2d�e�7	�/($#&��9T(¿�/�Y($#;�E7;���/(o0'(¹')(Á%+�/Q�7�¥$' C �/�»')XYX��E.E¥=�Y(*%+#H(*��P	Q�7<]^�/Q=.�O+9T]

a\J



�NZ-¼�9T]q6�9\#&� 7;��9T(�')XY� 7Ef�7	#-6*.	� (*�F� 6G')"$# EF#;9T($¥*�E.	(!#-7E'�7&7	¥*�F#;#;�/(!O+9T] d�Z&¼�9T]q6�9:Z
#&� 7;��9T(�')XY� 7Ef�7	#-6*.	�Y(*�F� 6�0E �(�')X�9T%<�F"qO+9:.	Q*�Y(2¡�9T]�] 7�#;9T]�� 7�')"=,�%T.	"*($¥2O+9T(�> d�?
')X�#!¥=���qd�e�7	�/($#&��9T(m�/�Y($�F#2W='�7;���F#

S 1
O+9T( �´(u"=.2�/�Y($�qd»(�7;� 7Ef�72�Y({D+./')%+� E

85�/X�P	Q$��"*(�7	�E.»¥*�E.�7	�/�YXY85�/��#;�/(«W�" C #-7;� 7;"=7;��9T(2O+9T(«#;�/�Y($�/( �Ee�7	�/($#&��9T($#-, f)Q*�Y%+�/(
H��/�YX�')"$#;¥u.	�$P;¡��/(Á¥="=.EP	Qm �"$#;¥u.	�$P;¡�� E�¥=���q¥=���F#;�/X C ��d�e�7	�/($#&��9T(mQ�' C �/(�E��E.;Z
Q�')X 7	�/( C X��/� C 7�0�¬s� .�85�E.E¥*�/(q¥=�����59TXYX���¥*�F#�d�Z&¼�9T]q6�9\#&� 7;��9T(�')XY� 7Ef�7	#-6=.	� (*�F� 6$#
C �/�$¥*�E.HW�"$P	Q$�5(�':P	Q�¥*�/(`d�e�7	�/($#&��9T($�/(«O+9T(`W=f�7;���/(��Y]�X��E7;�/7	�/(^ C #;P	Q*(*� 7&7
¥=���F#;�F#<¼�'�6$� 7	�/X�#N($9�P	Q�')"$#-,��*Q=.	XY��P	Q$�E.H"*(�7	�E.E#&"$P	Q$�/(o0
d�#�,�9TXY%+�/( �F"*(�f:P	Q$#-7!�/�Y(*�Y%+� C �/%T.	� ����P	Q$�2"*($¥Á7	�E.	]��Y($9TX�9T%\��#;P	Q$��0�9:. C �EZ

]^�E.;¡u"*(*%+�/(�E C �/O+9:.5��P	Q`]���P	Q`¥*�E.GD+./')%+�<8���¥=]^� E+8�':#5�/�Y($��d�e�7	�/($#&��9T($#-.E�EZ
X�'�7;��9T(��/�Y%+�/(�7;XY��P	Q`O+9T(¹�/�Y($�E.��5�E,��E.E�/(*�/.E�/X�'�7;��9T(^"*(�7	�E.E#;P	Q$�/��¥*�E7�0

(¹')(«�E.	�Y(*($�E.E��#&��P	Q«¥$'�./')(�E�¥$'")G]`')( �F"*O+9:. C �/�Y] LN�/���/��P	Q*($�/(��F8���#;P	Q$�/(
�F85�/��d»�Y%+�/($#;P	Q�'�,�7	�/(¿�/�Y($�F#� �"$#;¥u.	"$P;¡=#<"*(�7	�E.E#;P	Q$�/��¥*�/(¹]«"
)\7	� E$"*($¥¿�F8�'�.
�F8���#;P	Q$�/(^#;�/�Y($�E.��5�E,��E.E�/(*�/, f)Q*�Y%T¡��/� 7�"*($¥^#;�/�Y($�/] �5�E,��E.E�/(�7;���/XYX�#;�/�Y(o0Td C �/(=Z
#;9^]«"
)`]`')( ­ �E7;�/7�')"$P	Q¿�F8���#;P	Q$�/(Á¥*�E.�d�e�7	�/($#&��9T($#-, f)Q*�Y%T¡��/� 7<�/�Y($�F#� �"$#-Z
¥u.	"$P;¡=# ;�¥�0 Qo0F#;�/�Y($�E.�d»�Y%+�/($#;P	Q�'�,�7�]��Y($¥*�F#-7	�/($#��/�Y($��d»(�7;� 7Ef�7�')X�#�d�e�7	�/($#&��9T(
Q�' C �/( �F"«¡
3T(*($�/( ;�"*($¥«#;�/�Y($�/] V;d�e�7	�/($#&��9T($�/XYX�#;�/�Y(u_�; ¥�0 Qo0:#;�/�Y($�E.Nd»�Y%+�/(=Z
#;P	Q�'�,�7"E+7E'�7	#	f:P	Q*XY��P	Q^]��Y($¥*�F#-7	�/($#H�/�Y($�!d»(�7;� 7Ef�7G')X�#�d�e�7	�/($#&��9T(��F"¹Q�' C �/( ;
"*(�7	�E.E#;P	Q$�/��¥*�/(o0=�<�E.�H��E.	]��Y(u"$#-U d�e�7	�/($#&��9T($�/XYX�#;�/�Y(;V�8�� .E¥¹Q*���E.�')X�#G¦�9T]^�/(
�F" U �Ee�7	�/($#&��9T($�/XYX'V*%+� C ./')"$P	Q�7"E*#;9`8����«#;P	Q$9T(Á�F"*O+9:.2¥*�E.-H��E.	]��Y(u"$#WU �5�E,��EZ
.E�/(�7;���/XYX�#;�/�Y(;V\')X�#5¦�9T]^�/(`�F" U .E�E,��E.E�/(�7;���/XYX'VT%+� C ./')"$P	Q�7�8�"=.E¥*�T0�¬s� .H6*./f)%+�/(
Q*���E.<¥*�F#&Q�')X C ¥=����($�/"$�/(,H��E.	]��Y(*� U d�e�7	�/($#&��9T($�/XYX�#;�/�Y(;V+"*($¥ U �Ee�7	�/($#&��9T($�/XYX'V E
85�/�YXG¥$':#^¦�9T]^�/( U d�e�7	�/($#&��9T(�')XY� 7Ef�7�V��F"KU �Ee�7	�/($#&��9T(�')X'V�#;P	Q$9T( ]�� 7�O�3TXYXY�Y%
')($¥*�E.E�/(¹LN�F¥*�/"=7;"*(*%+�/(��Y(¿¥*�E.�6$Q*�YX�9\#;9:6$Q*��#;P	Q$�/(`D=':P	Q$#-6*./':P	Q$��%+� C ./f)"$P	Q=Z
XY��P	QÁ��#-7�> #&���/Q$�«�\0 L<0�¥=���«�F85�/�HLN�F¥*�/"=7;"*(*%+�/(ÁO+9T( U d�e�7	�/($#&��9T(�')XY� 7Ef�7��/�Y($�F#
¼�9T(�7	�Ee�7	#�V:')"$#» C #;P	Q*(*� 7&7��T0 J+?E0)¬ �/� 7	�E.E#�%\�YX 7�')(�')X�9T%<�F"qO+9:.	Q*�Y(�E�¥$'") ­ �F¥*�E.
�Ee�7	�/($#&��9T($�/XYX��H �"$#;¥u.	"$P;¡q�/�Y(^�Ee�7	�/($#&��9T($#-, f)Q*�Y%+�E.�#;�/�Y(�]«"
)�E+' C �E.H(*��P	Q�7 ­ �EZ
¥*�E.��Ee�7	�/($#&��9T($#-, f)Q*�Y%+�� �"$#;¥u.	"$P;¡�]«"
)!')"$P	Q2"*( C �F¥=�Y(*%T7��/�Y(��Ee�7	�/($#&��9T($�/XYX��E.
#;�/�Y(o0
¬ f)Q=.E�/($¥��F"*O+9:.�¥=����d»�Y%+�/(*(�')]^�/(��/�Y($�E.�(�'�7 �=.	XY��P	Q$�/( W+6*./':P	Q$�N¥=���5©�.E9:Z

7	9:7$
+6��/(`,��=.5.E�E,��E.E�/(*�/, f)Q*�Y%+�< �"$#;¥u.	�$P;¡��<8�'�.E�/(�Eu#&�Y($¥^(u"*(
n
Z[#-7	�/XYXY�Y%+�G©�./f�Z

¥=� ¡\'�7	�2')X�#�#;9TX�P	Q$�!©�.E9:7	9:7$
+6��/(�,��=.G�Ee�7	�/($#&��9T($#-, f)Q*�Y%+�G �"$#;¥u.	�$P;¡��!')(*�F"$#;�EZ
Q$�/(o0�Wu9TX�P	Q$��©�./f:¥=� ¡\'�7	��#&�Y($¥m¥*�/]��F"=,�9TXY%+�q¥$':# (`"$#-7	�E. C �/��#-6$���/X»,��=.q �"$#-Z
¥u.	�$P;¡�� EN85�/X�P	Q$�¿�/�Y($� d»(�7;� 7Ef�7�')X�#�d�e�7	�/($#&��9T( Q�' C �/(¾¡
3T(*($�/(�EN"*($¥ C �/�

aTb



¥*�/($�/(`�F#5W��Y(*(`]`':P	Q�7N�F"�#	')%+�/(�E+¥$'")q#&���G�/�Y($�Gd»(�7;� 7Ef�7�')X�#5d�e�7	�/($#&��9T(^Q�'�Z
C �/(o0u C �E.<8�':#5#&�Y($¥

n
Z[#-7	�/XYXY�Y%+�G©�./f:¥=� ¡\'�7	� � BG"*�Y($�<O+�E.E#-7	�/Q�75"*(�7	�E.��/�Y($�/]

�/�Y($#-7	�/XYXY�Y%+�/(`©�./f:¥=� ¡\'�7!> �E.E#-7	�E.GW+7;"=,���?H�/�Y($�/(¹#-6*./':P	Q*XY��P	Q$�/(� �"$#;¥u.	"$P;¡>E�¥*�E.
]��Y($¥*�F#-7	�/($#��/�Y($� +��F�E.E#-7	�/XYX��q,��=.��/�Y($�/({#&�Y(*%\"*X�f�.E�/(� �"$#;¥u.	"$P;¡ Q�'�7�>��\0 L<0
,��=.��/�Y($� !�($¥=�YO���¥="$�/(=¡�9T($#-7E')(�7	�!�/�Y($�E.!,�9:.	]`')X��/(mW+6*./':P	Q$� 9�¥*�E.��/�Y($�/(�d»� Z
%+�/(*(�')]^�/(¾�/�Y($�E.`(�'�7 �=.	XY��P	Q$�/(¾W+6*./':P	Q$��?E0Hd»�Y(

n
Z[#-7	�/XYXY�Y%+�F#^©�./f:¥=� ¡\'�7^Q�'�7

¥$' C �/�
n
O+�E.E#;P	Q*���F¥*�/($��#;9TX�P	Q$�E./+��F�E.E#-7	�/XYX��/(o0uD �*XYX 7H]`')(`(u"*(�¥=����+��F�E.E#-7	�/X Z

X��/( �/�Y($�F#G#;9TX�P	Q$�/(
n
Z[#-7	�/XYXY�Y%+�/(Á©�./f:¥=� ¡\'�7	#G¥="=.EP	Q

n
%+�F#;P	Q*X�9\#;#;�/($�!#&�Y(*%\"*X�f�Z

.E�^ �"$#;¥u.	�$P;¡���')"$# E�¥$')(*(½�/(�7	#-7	�/Q�7«¥$':¥="=.EP	Q��/�Y( W='�7;�¿> d»�Y(½%+�F#;P	Q*X�9\#;#;�EZ
($�E.�#&�Y(*%\"*X�f�.E�E.H �"$#;¥u.	"$P;¡���#-7<¥$' C �/���/�Y(¹#&�Y(*%\"*X�f�.E�E.N �"$#;¥u.	"$P;¡^9TQ*($�<,�.E�/���
!�($¥=�YO���¥="$�/(uOT'�.	��' C X��/( ;½�\0 L<0 !�($¥=�YO���¥="$�/(=¡�9T($#-7E')(�7	�/( ; C �F820�9TQ*($�¹©��E.;Z
#;9T(�')X 6*.E9T($9T]��Y(�'
E��Y($¥*�Eeu� ¡\')XY��#;P	Q$�2 �"$#;¥u.	�$P;¡�� �E7	PT0 ;��\0 L<0�d»�Y%+�/(*(�')]^�/(�?E0
Wu9TX�P	Q$� W=f�7;���q#&�Y($¥�8�')Q=.	Q$�/� 7	#-, f)Q*�Y%�E*¥�0 Qo0$¡
3T(*($�/( ;¹,��=.2#&��P	Qm')XYX��/�Y($��#-7	�EZ
Q$�/($¥ ;�8�')Q=.�9�¥*�E.�, ')X�#;P	Q¿#;�/�Y(m> C �F820�#&���2#&�Y($¥�8�')Q=.	Q$�/� 7	#&85�E.;7&, f)Q*�Y%�Eu¥�0 Qo0
¡
3T(*($�/(�¬m')Q=.	Q$�/� 7	#&85�E.;7	�2Q�' C �/(�?E0*¬ �/� 7	�E.E#<7&.	� �$7!�/�Y( �/�Y($#-7	�/XYXY�Y%+�F#<©�./f:¥=� Z
¡\'�7q')"=, ­ �F¥*�F#��/�Y(*���/XY($� O+9T( C �/XY��� C �Y%�O����/X��/(½d»�Y(*���/X�¥=�Y(*%+�/(Á�F"�D»Wu9�7&.	� �$7
�\0 L<0H¥$':#��/�Y($#-7	�/XYXY�Y%+��©�./f:¥=� ¡\'�7 U ��#-7�.E9:7�VH')"=, ­ �F¥*�F#«.E9:7	�¿d»�Y(*���/X�¥=�Y(*%Á�F"�E
85�/�YX�¥=���! �"$#-,��*XYXY"*(*%«¥*�E.G�/�Y(*�F�Y%+�/(,+��F�E.E#-7	�/XYX����Y(¹¥=���F#;�/]·©�./f:¥=� ¡\'�7�¥="=.EP	Q
� .	%+�/($¥*�/�Y($�/( d»�Y%+�/(*(�')]^�/(¿,��=.«�/�Y( .E9:7	�F#�d»�Y(*���/X�¥=�Y(*%��/�Y($�/(�W='�7;�`�E.	%\� C 7"E
85�/X�P	Q$�E.�8�')Q=.���#-7�04BG"*�Y($�5#	')%T7H')"$P	Q�D+������(��/(*%+�<')XYX��E.�.E9:7	�/(^d»�Y(*���/X�¥=�Y(*%+�
��#-7�¥=����d�e�7	�/($#&��9T(m¥*�F#�©�./f:¥=� ¡\'�7	# U ��#-7!.E9:7�V E C �F820o¥$':#�©�./f:¥=� ¡\'�7�U ��#-72.E9:7�V
Q�'�7G¥=��� (��/(*%+��')XYX��E.�.E9:7	�/( d»�Y(*���/X�¥=�Y(*%+�!')X�#Gd�e�7	�/($#&��9T(o0 ��WuP	Q*XY���G)+XY��P	Q`��#-7
¥=�����5�/X�'�7;��9T(`�F8���#;P	Q$�/(��/�Y($�/]g�/�Y($#-7	�/XYXY�Y%+�/(¹©�./f:¥=� ¡\'�7!> �E.E#-7	�E.!W+7;"=,���?H"*($¥
¥*�E. ­ �/85�/�YXY�Y%+�/( (��/(*%+�q')XYX��E.�d»�Y(*���/X�¥=�Y(*%+� E�')"=,H¥=���«�/�Y(�#;9TX�P	Q$�F#�©�./f:¥=� ¡\'�7
�F"=7&.	� �$7�;2¥�0 � 0:' C �E.»X�')"=7� �(*(�')Q*]^��¥=��� ­ �/85�/�YXY�Y%+��d�e�7	�/($#&��9T( �/�Y($�F#o#;9TX�P	Q$�/(
©�./f:¥=� ¡\'�7	#<;�')X�#<©�.E9:7	9:7$
+6�,��=.G�/�Y($�2d�e�7	�/($#&��9T($#-.E�/X�'�7;��9T(`')(*�F"$#;�/Q$�/(o0
¬ �/X�P	Q$� � %������ �0/ '  $�:) � C �F#-7	�/Q$�/({(u"*( �F8���#;P	Q$�/( �/�Y($�E.�45'�.	(�'�6�#;P	Q$�/(

� � ����% �  $#&% � ���94 - �! $#&%¿"*($¥«�/�Y($�E.HD+.E�/%+�F#;P	Q$�/( X��ZY�������% � ���94 - �! $#&% � 45'�.	(�'�6
¥=��#-¡u"=7;���E.;7��F"*(�f:P	Q$#-7 ]^�/Q=.E�E.E� ) (�7	�E.E#;P	Q*���F¥*�q�F8���#;P	Q$�/({¥*�E. 7&./':¥=� 7;��9T($�/X Z
X��/( (��E7;Q$9�¥*�2¥*�E.2�5�E,��E.E�/(*�/.E�/X�'�7;��9T(Á> C �F820�¦<')]^�/($#-.E�/X�'�7;��9T(�?�"*($¥�#;�/�Y($�E.
d�e�7	�/($#&��9T($#-Z !�(�7	�/($#&��9T($#-Z (��E7;Q$9�¥*�T0: �"$#�¥=���F#;�E.G����#-¡u"$#;#&��9T(`�F���/Q�7��E.G¥$')(*(
� �$P;¡=#;P	Q*X �$#;#;�»Q*�Y($#&��P	Q�7;XY��P	Q�¥*�E. ) (�7	�E.E#;P	Q*���F¥*� EF85�/X�P	Q$�N�F8���#;P	Q$�/(«�F85�/�=#;9TX Z
�7%�>0@J49O5% 8
% �bO�8=�<{M% ��@ 8-% #�L��9>�% �bt�L9uU�9?�#�8^/F,\�FL2EM354 �F/HA-% #�% 8=�K#�8-�|zM8-@ 8=>F7K#�8-@ @ 8-�N19% �97KV

yY8=7�?0�9O�8=��7 �
L�% �98
2
*-,FrFs21 � /�.91Y354 * �FrHEK4

a+ª



P	Q$�/(¿�5�/X�'�7;��9T($�/( C �F#-7	�/Q$�/(o0 ! P	Q�, ':#;#;���Y]§,�9TXY%+�/($¥*�/(`�Y(m>���?H"*($¥Á>��Y��?N�F85�/�
¥*�E./'�.;7;�Y%+� ) (�7	�E.E#;P	Q*���F¥*���F"$#	')]�]^�/( "*($¥�¡�9T]�]^�/(�7;���E.E�N#&���5')($#;P	Q*XY���G)��/($¥�0
>���?<¬ f)Q=.E�/($¥�,��=.2�/�Y($���5�E,��E.E�/(*�/.E�/X�'�7;��9T(�¥=���«¥u.E�/�»"*(�7	�/(m')(*%+�E,��*Q=.;7	�/(

©�.	�Y(*�F� 6$���/(G"*($�/�Y(*%+�F#;P	Q=./f)(=¡�7*%+�/X 7	�/(�E/��#-7o¥=���F#�,��=.��/�Y($��d�e�7	�/($#&��9T($#-.E�/X�'�7;��9T(
(*��P	Q�7�¥*�E.�D=')XYX 0
Wu9¹8�� .E¥�(�':P	Q�¥*�/]�45'�.	(�'�6�#;P	Q$�/(A0��E.E#-7Ef)($¥=(*��#2¥=���F#;�E.27&./':¥=� 7;��9T($�/XYX��/(

(��E7;Q$9�¥*�`�/�Y($���5�E,��E.E�/(*�/.E�/X�'�7;��9T(½¥="=.EP	Q{¥=���^,�9TXY%+�/($¥*�/({¥u.E�/�<©�.	�Y(*�F� 6$���/(
P	Q�'�./'�¡�7	�E.	��#&���E.;7�� D

>[�5�E,5��? �G':#<©�.	�Y(*�F� 6�¥*�E. ) (*�YO+9T�F� 7Ef�72>�"*(*�YO+9�P�')XY� 7$
=?GD
=:�F¥*�E.¹.E�E,��E.E�/(*�/, f)Q*�Y%+�Á �"$#;¥u.	"$P;¡

A
> ¥�0 Qo0Gd»�Y%+�/(*(�')]^� EH �XYXY%+�EZ

]^�/�Y(*(�')]^� EuW='�7;���E7	PT0 ? C �/���/��P	Q*($�E75%+�/(�')"¹�/�Y($�!d»(�7;� 7Ef�7�0
>[�5�E,�K\? �G':#<©�.	�Y(*�F� 6�¥*�E.�1��/%+�/($#-7Ef)($¥=XY��P	Q=¡��/� 7<> #&" C$­ �FPE7�]`'�7&7	�E./?GD

=:�F¥*�E.GW='�7;�
S 1
Q�')($¥*�/X 7NO+9T(¹¥*�/( ­ �/(*�Y%+�/(`d»(�7;� 7Ef�7	�/(�E�85�/X�P	Q$�G¥=���

�Y(
S 1
�/(�7;Q�')X 7	�/($�/(^.E�E,��E.E�/(*�/, f)Q*�Y%+�/(` �"$#;¥u.	�$P;¡�� C �/���/��P	Q*($�/(o0

>[�5�E,»J+? �G':#<©�.	�Y(*�F� 6�¥*�E.GW�" C #-7;� 7;"*���E. C '�.;¡��/� 7G> #&" C #-7;� 7;"=7;�YO�� 7$
=?GD
D �=.�')XYX��!W=f�7;���

S 1, S 2
"*($¥¹')XYX��! �"$#;¥u.	�$P;¡��

A1, A2
%\�YX 7"D

(Erg(S 2, S 1(A1//A2)) & A1
"*($¥

A2
C �/���/��P	Q*($�/(�¥$':#;#;�/X C �

⇒

S 1
"*($¥

S 2
C �/���/��P	Q*($�/(�¥$':#;#;�/X C �

)
�

45'�.	(�'�6 C �E7	9T(�7"Eu¥$'")q%+�/]`f")�¥*�E.57&./':¥=� 7;��9T($�/XYX��/(�(��E7;Q$9�¥*��¥*�E.��5�E,��E.E�/(*�/Z
.E�/X�'�7;��9T(2¥=���F#;�N¥u.E�/��©�.	�Y(*�F� 6$���/(2"*($�/�Y(*%+�F#;P	Q=./f)(=¡�7�')X�#�%&�*X 7;�Y%G')(*%+�/($9T]�]^�/(
85�E.E¥*�/(o05!�($# C �F#;9T($¥*�E.E#»8�� .E¥^¥*�/]��F"=,�9TXY%+��¥$':#N¥u.	� 7&7	�G©�.	�Y(*�F� 6¿>[�5�E,�J+?�"*(=Z
�/�Y(*%+�F#;P	Q=./f)(=¡�72,��=.^')XYX��¹¼�9T(�7	�Ee�7	�¿> W=f�7;����?

S 1
O+9T( �°')X�# %&�*X 7;�Y%m')(*%+�EZ

($9T]�]^�/(o0
 �"$# ¥*�E.q �(*(�')Q*]^��¥*�E.«"*($�/�Y(*%+�F#;P	Q=./f)(=¡�7	�/( 1 �*X 7;�Y%T¡��/� 72O+9T( >[�5�E,GJ+?

�E.	%\� C 75#&��P	Q�' C �E.G�/�Y(�O����/Xo¥=��#-¡u"=7;���E.;7	�F#5©�.E9 C X��/] E+85�/X�P	Q$�F#H��P	Q��Y] ,�9TXY%+�/(=Z
¥*�/(q')(*Q�')($¥2�/�Y($�F#»LN�/��#-6$���/X�#�O+9T(��H"$#;#;�/XYXT¡u"=.	�5¥=��#-¡u"=7;���E.E� D� �(*%+�/($9T]�]^�/(
>�� 0Y��?H¥*�E.!¼�9T(�7	�Ee�7!> W='�7;�)?

>;��? 1��F9:.	%+� ! 0�0=859TXYX 7	��8���#;#;�/(�E=9 C WuPF9:7&7G¥*�E.G �"=7	9:.�O+9T(o� - � ���04 �U����#-7
$&%�>0@J45���������� 

2
*-,FrFs21 � /�.915354 ,
'HEK4

8&')G�8DE �06�% 7K#c��% _D!0#�7<�F�9O�8=��8=7<�F@ 7�O5��7<}���% �9A-%  ')G<6��FL97�O�8=�c{M% ��@ 8-% #�L��9>�O�8=��TU?F��@ % 8DV
>F8-�9O�8-�b�<��yY8-% #-4

a+£



��#-7o8�')Q=.;EF"*($¥ ')(*%+�/($9T]�]^�/(!85�/� 7	�E.E# E\>�� 0 K\?�¥*�E.» �"$#;¥u.	"$P;¡ U ¥*�E.» �"=7	9:.»O+9T(
� - � ���04 �U�;V C �/���/��P	Q*($�E7�¥$':#;#;�/X C �N8����EU WuPF9:7&7�V 0+d�.E#;�E7;�/7�]`')(q(u"*(	U ¥*�E.N �"=Z
7	9:.HO+9T(�� - � ���04 �U�;V\�Y(¿>;��?�¥="=.EP	Q	U WuPF9:7&7�V Eu¥$')(*(q,�9TXY%T75')"$#<>�� 0 K\?N')"=,�%T.	"*($¥
O+9T( >[�5�E,�J+?GE*¥$'")�¥=���2W=f�7;���q>;��?N"*($¥
> K\? 1��F9:.	%+� ! 0�0*859TXYX 7	�G8���#;#;�/(�E=9 C WuPF9:7&7GWuPF9:7&7<��#-7
¥$':#;#;�/X C � C �/���/��P	Q*($�/(s] �$#;#;�/(o0H�����F#;� C �/��¥*�/( W=f�7;����Q�' C �/( ' C �E.�(*��P	Q�7
�F8��Y(*%+�/($¥�¥*�/($#;�/X C �/(�¬m')Q=.	Q$�/� 7	#&85�E.;7"E)¥*�/(*( 1��F9:.	%+��! 0�0:859TXYX 7	�NO����/XYX��/��P	Q�7
%�'�.»(*��P	Q�7�8���#;#;�/(�E)9 C WuPF9:7&7NWuPF9:7&7»��#-7�0+�G':# C �E7&.E�E���/($¥*�5d�.E#;�E7;�F"*(*%+#;�E.	%+� C Z
(*��#�> K\?�¡
3T(*(�7	��')X�#;9�, ')X�#;P	Q½#;�/�Y(�E�9 C 859TQ*X<>;��? ; X�')"=7  �(*(�')Q*]^��; 8�')Q=.
��#-7�0 #� �($¥*�E.E�E.E#;�/� 7	#<] �
)\7	�/(�' C �E.�¥=��� C �/��¥*�/(�W=f�7;���«85�/%+�/( >[�5�E,5J+?G"*($¥
>�� 0 K\?H¥*�/($#;�/X C �/(`¬m')Q=.	Q$�/� 7	#&85�E.;7 C �/���/��P	Q*($�/(�E+85�/(*(¹¬m')Q=.	Q$�/� 7	#&85�E.;7	�G¥=���
O+9T(sW=f�7;���/( C �/���/��P	Q*($�E7	�/( d»(�7;� 7Ef�7	�/( #&�Y($¥�0�45'�.	(�'�6{($�/(*(�7q¥=���F#;�F#«©�.E9:Z
C X��/] ¥=��� U  �(�7;�Y($9T]����<¥*�E.��5�E,��E.E�/(*�/.E�/X�'�7;��9T(;V 0u�����F#;���E.	%\� C 7�#&��P	Q ;^%+�/(�')"
%+�/($9T]�]^�/(3;`' C �E.5(u"=.;E+85�/(*(�]`')(`($� C �/(Á>[�5�E,»J+?N#;9)8�����>�� 0Y��?�"*($¥¿>�� 0 K\?
($9�P	Q¹�F85�/���E.	X��/�»')(*(*�Y]�] 7"Eu(�f)]�XY��P	Q�D�>�� 0 J+?<W=f�7;��� C �/���/��P	Q*($�/(¹¬m')Q=.	Q$�/� 7	#-Z
85�E.;7	� E)"*($¥^>�� 0 b�?o¥=���5�5�/X�'�7;��9T(�V

x1
Q�'�7�¥*�/($#;�/X C �/(�¬m')Q=.	Q$�/� 7	#&85�E.;7o8����

x2
_

8�� .E¥q')X�#�¥=���<�5�/X�'�7;��9T(!V
x1
C �/���/��P	Q*($�E7»¥*�/($#;�/X C �/(«¬m')Q=.	Q$�/� 7	#&85�E.;7»8����

x2
_

')"=,�%+�E, '")\7�> C �F820o"*(�7	�E. ¥*�E.3! ¥*�/(�7;� 7Ef�7	#-,�9:.	]^�/X%U
y
��#-7 ¥*�E. ¬m')Q=.	Q$�/� 7	#&85�E.;7

O+9T(
x
V�8�� .E¥m¥=���^Du9:.	]^�/X%U

y
��#-7 ¥*�E.2O+9T(

x
C �/���/��P	Q*($�E7	� ¬m')Q=.	Q$�/� 7	#&85�E.;7�V

O+�E.E#-7E')($¥*�/(�?E0
¤$"=.A0��E.	]^�/��¥="*(*%¾¥=���F#;�E.  �(�7;�Y($9T]����m#;P	Q*X�f)%T7 45'�.	(�'�6 O+9:.;E�>[�5�E,`J+?

¥="=.EP	Q!�/�Y(<V&#;P	Qu8�f:P	Q$�E.E�F#[_»©�.	�Y(*�F� 6!�F"��E.E#;�E7;���/(o0������F#;�F#*V&#;P	Qu8�f:P	Q$�E.E�	_�©�.	�Y(=Z
�F� 6�X�')"=7	�E7�¥$' C �/�=8����H,�9TXY%T7�>�859 C �/�*�Y] ,�9TXY%+�/($¥*�/(q¥*�E.N �"$#;¥u.	"$P;¡ U

x
��#-7N�/�Y(

�Ee�7	�/($#&��9T($#-, f)Q*�Y%+�E.` �"$#;¥u.	"$P;¡�VH¥="=.EP	QKU
EfA (x,

�
)
V�#�
�] C 9TXY��#&���E.;7^8�� .E¥$?GD

Wu�/���/(`�Y] ,�9TXY%+�/($¥*�/(`¥*�E.5¬ �E.;7	� C �E.E�/��P	Q�¥*�E.5%+� C "*($¥*�/($�/( 0�'�.	��' C X��/( U
S 1
V E

U
S 2
V�¥=��� (��/(*%+� � x | Satz (x,

�
) � #;9)8�����¥*�E. ­ �/(*�Y%+�«¥*�E.«%+� C "*($¥*�/($�/(A0�'�Z

.	��' C X��/( U
A1
V EJU

A2
V*¥=���-(��/(*%+� � x |EfA(x,

�
) � D

=Q{�7RCc% ��O\!�% 8=�`TU?F���FL97�>F8=7�8D#�AD#-1FO5��u
O5��7 ~ �F!9��7�8-% �Q'xL��9OQO5��7�t��F@ 7�_D!97�8-% �5658-% �98=7M32�$#KV
A=8=7�Cc% 8�E ?0@ >�#MA-LQTU8=��7K#�8-!98-�\7�% �9O`WF{M% �\32�$#�A

S 1
% 7K#�C��F!9�M>94 O`4 C�4

S 1
O�8-� ~ �F!9��!98-% #�7KC�8=�K#

~ �F!9��!��$#c'x�F���F@ ?F>�O5��A-L&EJI9�[O5��7�t��F@ 7�_D!97�8-% �NW
S 1
% 7K#MEJ�F@ 7�_D!&>94 O`4 C�4

S 1
O�8-� ~ �F!9��!98-% #�7KV

C�8=�K#
t��F@ 7�_D!|!��$#D6�4��cL97cO�8=�<�c�����F!�ZQ8Q'x%J4 *$6[E ?0@ >�#<O5�F���|�FL2E >F��L��9ObO5% 8=7�8=�<�cL �N��7�7�L��9>
O�8=7 ~ �F!9��7�8-% �97�8-% �98=7
32�$#�A=8=7-1YO5��u&AF4 z<45O�8=�^32�$#�A&'�*$6�O�8-� ~ �F!9��!98-% #�7KC�8=�K# ~ �F!9�c!��$# 1
O�8=��32�$#�A�'x/06�aF�F���&��yY8=�[�FL2E >F��L��9O\O�8=7 �<ZQ7K#��F�9O�7-10O5��u /c8=?F��>Qw %+T�% 8-@ @ 8-% _D!0#�>0������% _D!0#
Cc% 7�7�8-�^C�?0@ @ #�8F1$?Fy\3U_=?�#K#�3U_=?�#K#M% 7K#-1$O�8-� ~ �F!9��!98-% #�7KC�8=�K#�t��F@ 7�_D!�!���yY8-�N4F:<8=7�!��F@ y�!���yY8-�
O5% 8cyY8-% O�8-�;32q$#�A=8H��% _D!0#�ADCc% �9>F8-�9O;O�8-�97�8-@ yY8-� ~ �F!9��!98-% #�7KC�8=�K#-4

a�¯



> d�e�7GJ+?
(∀S 1, S 2, A1, A2, ext) (S 1

��#-7<�/�Y(�V&�Ee�7	�/($#&��9T(�')X��E.&_!¼�9T(�7	�Ee�7
&

Erg (S 2, S 1(A1//A2)) & A1 ≡ext A2 ⇒ S 1 ≡ext S 2)
�

�G':#�©�.	�Y(*�F� 6 > d�e�7`J+?�8�� .E¥ #;9T]�� 7q(u"=.«,��=. ­ �/($�`"*($¥ ')XYX ­ �/($��¼�9T(�7	�Ee�Z
7	��> W=f�7;����?

S 1
O+9T( �1')X�#�%&�*X 7;�Y%`')(*%+�/($9T]�]^�/(�Eu¥=���<V&�Ee�7	�/($#&��9T(�')X _!#&�Y($¥�0

�G')]�� 7�7E')"$P	Q�7�' C �E.�¥=���� �(�7;�Y($9T]����»¥*�E.��5�E,��E.E�/(*�/.E�/X�'�7;��9T(G�Y] ¤$"$#	')]�]^�/(=Z
Q�')(*%�]�� 7��/�Y($�E.<d�e�7	�/($#&��9T($#-.E�/X�'�7;��9T(�%�'�.5(*��P	Q�7N]^�/Q=.G')"=, E�"*($¥^�F8�'�.�85�/�YX
¥*�E.�¼�9T(�7	�Ee�7�> W='�7;�)?�>;��?�¡��/�Y( V&�Ee�7	�/($#&��9T(�')X��E.&_�¼�9T(�7	�Ee�7<> W='�7;�)?»��#-7"D�Wu�/X C #-7
85�/(*(�]`')(�¥=���� �(*(�')Q*]^�/(Á>�� 0 K\?H#;9)8�����>�� 0 J+?N"*($¥Á>�� 0 b�?N¥$')Q*�Y(*%+�/Q$�/($¥^' C Z
f)($¥*�E.	(^8 �=.E¥*� E�¥$'")q#&�Y(*(*%+�/]`f")�O+9T(¹�/�Y($�E.<d�e�7	�/($#&��9T($#-.E�/X�'�7;��9T(�¥=���!�5�F¥*�
8�f�.E� E�] �
)\7	�/( ¥=��� C �/��¥*�/(«W=f�7;���G>;��?�"*($¥^> K\?�(*��P	Q�7o]^�/Q=.»¥=���F#;�/X C �Nd�e�7	�/(=Z
#&��9T(`Q�' C �/(�"*($¥¹¥$')]�� 7<')"$P	Q�(*��P	Q�7H]^�/Q=.<¥*�/($#;�/X C �/(�¬m')Q=.	Q$�/� 7	#&85�E.;7�')X�#
d�e�7	�/($#&��9T(�Q�' C �/(o0+¦<'�7 �=.	XY��P	Qq8 �=.E¥*���F#��F"=. 0��E.	]^�/��¥="*(*%2¥*�E.H �(�7;�Y($9T]����
')"$P	Q¿%+�/( �*%+�/(�E=85�/(*( ]`')(Á�/�Y($� ¥*�E. C �/��¥*�/(  �(*(�')Q*]^�/(½>�� 0 J+?�"*($¥½>�� 0 b�?
')"=,�%\� C 7!> (¹')(�¡
3T(*(�7	��¥$')(*( >[�5�E,�J+?H"*($�/�Y(*%+�F#;P	Q=./f)(=¡�7 C �/� C �/Q�')X 7	�/(�?E0

1��/]`f")�¥*�E.�7&./':¥=� 7;��9T($�/XYX��/( (��E7;Q$9�¥*�5¥*�E.5�5�E,��E.E�/(*�/.E�/X�'�7;��9T( ��#-7�¥=���5 �(=Z
(�')Q*]^� E�¥$'")�¥=���«¥u.E�/��©�.	�Y(*�F� 6$���/(½>[�5�E,!��? C ��# >[�5�E,5J+?G"*($�/�Y(*%+�F#;P	Q=./f)(=¡�7
,��=.5�/�Y($�<#;�/]`')(�7;��#;P	Q$�<�5�/X�'�7;��9T(q%+�/X 7	�/(�E+�/�Y($��($9:7-85�/($¥=�Y%+��LN�F¥=�Y(*%\"*(*%2¥$'�Z
,��=.;ET¥$'")��/�Y($�5#;9TX�P	Q$���5�/X�'�7;��9T(q�/�Y($�<�5�E,��E.E�/(*�/.E�/X�'�7;��9T(���#-7�0\ �($¥*�E.E#�%+�F#	')%T7"D
¬ �/(*(Á�/�Y($�2#;�/]`')(�7;��#;P	Q$���5�/X�'�7;��9T(��/�Y($� �5�E,��E.E�/(*�/.E�/X�'�7;��9T(���#-7"E$¥$')(*(�%+�/X Z
7	�/({,��=.^�/�Y($��#;9TX�P	Q$�¹�5�/X�'�7;��9T({¥=���F#;�`¥u.E�/�G©�.	�Y(*�F� 6$���/(�"*($�/�Y(*%+�F#;P	Q=./f)(=¡�7�0
d�#�,�9TXY%T7H¥$'�./')"$#�')"=,�%T.	"*($¥q¥*�E.<¼�9T(�7&./'�6�9\#&� 7;��9T($#-.E�/%+�EX DF¬ �/(*(�,��=.5�/�Y($�<#;�EZ
]`')(�7;��#;P	Q$�«�5�/X�'�7;��9T( ¥=���F#;� ¥u.E�/�N©�.	�Y(*�F� 6$���/(¿(*��P	Q�7�"*($�/�Y(*%+�F#;P	Q=./f)(=¡�7<%+�/X Z
7	�/(�E�¥$')(*(2��#-7»¥=��� C �E7&.E�E���/($¥*�H�5�/X�'�7;��9T(!¡��/�Y($�N�5�E,��E.E�/(*�/.E�/X�'�7;��9T(o0F45'�.	(�'�6�#
d�e�7	�/($#&��9T($#-.E�/X�'�7;��9T(2��#-7�¥$')Q$�E.�¡��/�Y($�<�5�E,��E.E�/(*�/.E�/X�'�7;��9T(2(�':P	Qq¥*�E.»7&./':¥=� 7;��9:Z
($�/XYX��/( (��E7;Q$9�¥*� E:"*($¥«�F8�'�.N85�/�YX$')"=,�#;�/�Y($��d�e�7	�/($#&��9T($#-.E�/X�'�7;��9T(�¥$':#N©�.	�Y(=Z
�F� 6¢>[�5�E,!J+? (*��P	Q�7«�F"=7&.	� �$7�0H�G':#�©�.	�Y(*�F� 6 > d�e�7`J+?2¡uXY�Y(*%T7q�F8�'�.`f)Q*(*XY��P	Q
8����^>[�5�E,HJ+?GE$�Y] 1��/%+�/($#	'�7;���F"{>[�5�E,NJ+?<8�� .E¥¿�F#!' C �E.!(u"=.G,��=. ­ �/($��"*($¥
')XYX ­ �/($��¼�9T(�7	�Ee�7	�^> W=f�7;����?

S 1
O+9T( ��')X�#G%&�*X 7;�Y%�')(*%+�/($9T]�]^�/(�Eu85�/X�P	Q$�

V&�Ee�7	�/($#&��9T(�')X _G#&�Y($¥�0 �
¦<':P	Q�45'�.	(�'�6���#-7H' C �E.�D+.E�/%+�F#N�5�/X�'�7;��9T(�¥*�F#NLN�/���/��P	Q*($�/($#��/�Y($��#;�/]`')(=Z

7;��#;P	Q$�!�5�/X�'�7;��9T(�E\,��=.G¥=����¥=����¥u.E�/�o©�.	�Y(*�F� 6$���/(¿>[�5�E,5��? C ��#�>[�5�E,»J+?N"*($�/�Y(=Z
�HwJ_D!|C�8=��O�8\% �|�<y�7�_D!���% #K#
/24 *QO5% 8H!�% 8=�<TU?F���FL97�>F8=7�8D#�AD#�8&G�8-@ �$#�% ?0�|O�8=�^��?U8DS2#�8-�97�% V

?0���F@ % #�q$#<'
≡ext

6[O�8 �5��% 8=��8-�N4
	�%�>0@J45���������� 

2
*-,FrFs21 � /�.915354 ,Fs()5* ���dL��9O � �F/&354 *=. �24

a\a



%+�F#;P	Q=./f)(=¡�7!%+�/X 7	�/(o0�D+.E�/%+�F# �5�/X�'�7;��9T(m¥*�F#�LN�/���/��P	Q*($�/($#���#-7 #;9T]�� 7 #;�/�Y($�F#
d�./':P	Q�7	�/($#H�/�Y($�2�5�E,��E.E�/(*�/.E�/X�'�7;��9T(^%+�/]`f")�¥*�E.�7&./':¥=� 7;��9T($�/XYX��/(,(��E7;Q$9�¥*�T0
>��Y��?�¬ f)Q=.E�/($¥¾>�,��=.�D+.E�/%+��? ¥$':#��5�E,��E.E�/(*��9 C$­ �E¡�7 "*($¥ ¥*�E.^W��Y(*( �/�Y($�F#

#-6*./':P	Q*XY��P	Q$�/(¹ �"$#;¥u.	"$P;¡=#<¡�9T(�7	�Ee�7E' C Q�f)(*%\�Y%�#&�Y($¥�E$��#-72¥=���F# >�,��=.«45'�.	(�'�6�?
C �/�o¥*�F#;#;�/(�d�e�7	�/($#&��9T(�"*($¥ !�(�7	�/($#&��9T(`(*��P	Q�7�¥*�E.!D=')XYX 0
¤$"*(�f:P	Q$#-7��/�Y(*]`')X C �/] �*Q�7»#&��P	Q�D+.E�/%+� C �/���*%\XY��P	Q ¥*�E.HD+./')%+�/( (�':P	Q«¥*�/]

W��Y(*(^"*($¥^¥*�/]x�5�E,��E.E�/(*��9 C$­ �E¡�7N�/�Y($�F#HW='�7;���F#H¥$'�.	"*] E+¥=���5,�9TXY%+�/($¥*�/( C �/� Z
¥*�/( �5�F#&"*X 7E'�7	�q�F"{�E.	�F���/X��/(�D»¤$"*] �/�Y($�/(���#-7 ,��=.«�YQ*(½¥*�E.!V-%+�/8 3TQ*(*XY��P	Q$�	_
W��Y(*(¹�/�Y($�F#<W='�7;���F#

S 1
­ �/($�E.�1��F¥$')(=¡�� E=¥*�/(

S 1
;`��#;9TXY���E.;7N,��=.G#&��P	Q�')XYX��/�Y($�

#-7	�/Q$�/($¥ ;{')"$#;¥u.	�$P;¡�7 �o�F"*]Â')($¥*�E.E�/({��#-7�¥$':#!V-%+�/8 3TQ*(*XY��P	Q$�	_`�5�E,��E.E�/(*�/Z
9 C$­ �E¡�72O+9T(

S 1
­ �/($�E. ¬m')Q=.	Q$�/� 7	#&85�E.;7"E�¥*�/(

S 1
;Á8����F¥*�E.	"*] ��#;9TXY���E.;7�,��=.

#&��P	Q¹')XYX��/�Y($�<#-7	�/Q$�/($¥
; C �/���/��P	Q*($�E7�0ud�.�O+�E.E#&"$P	Q�7H¥=���F#;� C �/��¥*�/(¹�5�F#&"*X 7E'�7	�
�F"m�E.;.E�/��P	Q$�/(�E$�Y($¥*�/] �E. #;9)859TQ*X»O+9T(m�/�Y($�E..0��E.E#&��9T( ¥*�F# ¼�9T]q6�9\#&� 7;��9T(�'�Z
XY� 7Ef�7	#-6*.	�Y(*�F� 6�#!¥*�F#��5�E,��E.E�/(*��9 C$­ �E¡�7	# ')"$#&%+�/Q�7 ;m(�f)]�XY��P	Q¾>[�5�E,GJ+? ;'E�')X�#
')"$P	Q¹¥$':#<¼�9T]q6�9\#&� 7;��9T(�')XY� 7Ef�7	#-6*.	� (*�F� 6�¥*�F#<W��Y(*($#HO+9:./')"$#;#;�E7;�/7�0
D �=.�D+.E�/%+����#-7 ; 8����¿%+�F#	')%T7
;¾¥$':#��5�E,��E.E�/(*��9 C$­ �E¡�7`�/�Y($�F#�.E�E,��E.E�/(*�/Z

, f)Q*�Y%+�/(  �"$#;¥u.	"$P;¡=#�;½"*($¥ �Y($# C �F#;9T($¥*�E.E# ¥$':# ­ �/(*�Y%+�`�/�Y($�F#�W='�7;���F#
S 1
;

¡�9T(�7	�Ee�7E' C Q�f)(*%\�Y%�D !�(¹V-"*(*%+�E./':¥*�/(u_�¼�9T(�7	�Ee�7	�/(�O+9:.;¡�9T]�]^�/($¥*�G.E�E,��E.E�/(*�/Z
, f)Q*�Y%+�� �"$#;¥u.	�$P;¡��»Q�' C �/(�(�f)]�XY��P	Q!(*��P	Q�7o�YQ=.�V-%+�/8 3TQ*(*XY��P	Q$�F#[_GEE#;9T($¥*�E.	(2�YQ=.
V-"*(*%+�E./':¥*�F#[_��5�E,��E.E�/(*��9 C$­ �E¡�7�0�D �=.�D+.E�/%+�2��#-7�¥$' C �/�»¥$':#HV-"*(*%+�E./':¥*�	_ �5�EZ
,��E.E�/(*��9 C$­ �E¡�72�/�Y($�F#�.E�E,��E.E�/(*�/, f)Q*�Y%+�/(  �"$#;¥u.	"$P;¡=#�(*��P	Q�7	#�')($¥*�E.E�F#2')X�#2¥*�E.
V-%+�/8 3TQ*(*XY��P	Q$�	_`W��Y(*(¾¥*�F#;#;�/X C �/(o0<!�($# C �F#;9T($¥*�E.E# ��#-7^¥$':#�V-"*(*%+�E./':¥*�	_��5�EZ
,��E.E�/(*��9 C$­ �E¡�7^�/�Y($�F#^W='�7;���F#^(*��P	Q�7^#;�/�Y({V-%+�/8 3TQ*(*XY��P	Q$�F#[_¹�5�E,��E.E�/(*��9 C$­ �E¡�7
> ¥�0 Qo0:#;�/�Y(«¬m')Q=.	Q$�/� 7	#&85�E.;7E?GE)#;9T($¥*�E.	( O����/XY]^�/Q=.»#;�/�Y(2V-%+�/8 3TQ*(*XY��P	Q$�E.&_�W��Y(*(
> ¥�0 Qo0N#;�/�Y( 1��F¥$')(=¡���?E0"=:��(�':P	Q$¥*�/] E»�Y(¾85�/X�P	Q$�/]º¼�9T(�7	�Ee�7`�/�Y( #;9TX�P	Q$�E.
W='�7;�

S 1
O+9:.;¡�9T]�] 7"E C �/���/��P	Q*($�E7«�E.�#;9T]�� 7q�/(�7-85�F¥*�E.q�/�Y($�/(½¬m')Q=.	Q$�/� 7	#-Z

85�E.;7q9�¥*�E.��/�Y($�/( 1��F¥$')(=¡��/( > ' C �E.q(�'�7 �=.	XY��P	Q�(*��P	Q�7 C �/��¥*�F# �F"*%\X��/��P	Q��Y(
�/�Y(`"*($¥`¥*�/]^#;�/X C �/(�¼�9T(�7	�Ee�7E?GD=Wu9 C �/���/��P	Q*($�E7

S 1
�/�Y($�/(`¬m')Q=.	Q$�/� 7	#&85�E.;7"E

85�/(*(
S 1
�Y(��/�Y($�/] V-%+�/8 3TQ*(*XY��P	Q$�/(u_H¼�9T(�7	�Ee�7�O+9:.;¡�9T]�] 7 ��¡�9T]�] 7

S 1
Q*�Y(=Z

%+�/%+�/(Á�Y(m�/�Y($�/]gV-"*(*%+�E./':¥*�/(u_«¼�9T(�7	�Ee�7!O+9:.;E�¥$')(*( C �/���/��P	Q*($�E7
S 1
�/�Y($�/(

1��F¥$')(=¡��/(o0 �

 v�C�8-%���8DE 8=��8-�9ADEJqF!�% >F8��cL97�O���I9_�a08F1$C�8-@ _D!98c% �<�K8�8-% �98-Z�X�L��9>F8=����O�8-�Up���?0�0#�8DS2#MTU?F�KV

a0?0Z\ZQ8-�N1RyY8=A=8-% _D!��98-�
O�8-Z\����_D!
O5�F��� L��9O"�2L9��O5�F��� O5��7�7�8-@ yY8F1YC�8-���
7�% 8&O5��7�7�8-@ yY8
X�L��9>F8=����O�8�pbG�8DE 8=��8-�9A=?Fy9�K8=aU#&!���yY8-�('JO`4 !N4�O�8-�97�8-@ yY8-� XK>F8DC 2 !���@ % _D!98-�Upb32% ��� !���yY8-�56�4
zM8-%�8-% �98-Z X�L��9>F8=����O�8-�Up<��?0�0#�8DS2#
')32�$#�A$6[>F8-�2I9>�#�8=7��F@ 7�?���% _D!0#-1UO5��u�O�8=��O5����% �Q8=��7�8D#�ADV

a+3



!�] 1��/%+�/($#	'�7;�¹¥$')�F"{Q�'�7�(�':P	Q ¥*�E.`d�e�7	�/($#&��9T($#-Z !�(�7	�/($#&��9T($#-Z (��E7;Q$9�¥*�
�/�Y( W='�7;�

S 1
�Y]�]^�E.!¥=���F#;�/X C � d�e�7	�/($#&��9T(Á#;9)8�����¥=���F#;�/X C � !�(�7	�/($#&��9T(�E="*($¥

�F8�'�.¹O�3TXYXY�Y%�"*(�' C Q�f)(*%\�Y%�¥$'FO+9T(�EN�Y( 85�/X�P	Q$�/]U¼�9T(�7	�Ee�7¹�E.¹O+9:.;¡�9T]�] 7�0
45'�.	(�'�6�,�9TXY%T7!D+.E�/%+��')X�#;9«(*��P	Q�7<¥$')Q*�Y(*%+�/Q$�/($¥�E�¥$'")
;¹')"=,��/(�7	#-6*.E�FP	Q$�/($¥*�
¬ �/��#;�»%+�F#	')%T7 ;!�/�Y(2"*($¥!¥*�E.E#;�/X C ��W='�7;�

S 1
¡�9T(�7	�Ee�7E' C Q�f)(*%\�Y%H�/�Y(*]`')XT�/�Y($�/(

¬m')Q=.	Q$�/� 7	#&85�E.;7"E\¥$':#H')($¥*�E.E�2(¹')X��/�Y($�/(,1��F¥$')(=¡��/(�> C �F820u�/�Y($�/(`')($¥*�E.E�/(
W='�7;�)?�')X�# d�e�7	�/($#&��9T(�Q�f�7&7	�T0»d�. , '")\7«¥*�F#&Q�')X C #;�/�Y($�^d�e�7	�/($#&��9T($#-.E�/X�'�7;��9T(
#�8d�cL97�O���L9_�a
L��9O O�8=�QO5% 8=7�8-� 8=��7�8D#�A=8-�9O�8;�cL97�O���L9_�aBO5��7�7�8-@ yY8�XK>F8DC 2 !���@ % _D!98�p;G�8DE 8DV
��8-�9A=?Fy9�K8=aU#�!���yY8-�N15O5�FZ\% #
O5% 8=7�8=�^��?0�0#�8DS2#Q')32�$#�A$6
O5��7�7�8-@ yY8�yY8=A=8-% _D!��98D#
Cc% 8\�F@ @ 8^yY8DV
#���8 �Y8-�9O�8-�&{���7�8D#�A-L��9>F7�8=��>F8=y5��% 7�7�8F40:c% 8�yY8-% O�8-�H�cL97�O���I9_�a08�ZHI97�7�8-�QT�% 8-@ ZQ8-!9��O5����I9yY8=�
!�% ���FL97��FL9_D!dO�8-�97�8-@ yY8-�\XK>F8DC 2 !���@ % _D!98-�Up^32% ���b!���yY8-�N4
3U_D!�@ % 8=uU@ % _D!|Z 2 _D!0#�8&% _D!B�9?U_D! �F��ZQ8=��a08-�N1YO5��ub8-% �98�E ?F��Z\�F@ 8 �<ZQ7�8D#�A-L��9>bTU?0� t9��8DV

>F8=7 9b8=_D!��F��% 7�ZHL97HO�8=7\L��9>F8=����O�8-�"zM8=A=8-% _D!��98-�97Q7�?-C�?0!�@�O5% 8b:<8 �5��% #�% ?0�
8-% �98=�&G�8DE 8DV
��8-�9ADEJL��9aU#�% ?0�bL��9O|O�8-�;O5�����FL2E��FL2E y5�FL98-�9O�8-�b��?F��8DE 8=��8-�9A-% �F@ % #�q$#�7�yY8=>F��% ��1U�F@ 7<�FL9_D!;O5% 8
t9?F��ZHL�@ % 8=��L��9>�O�8=7
G[V)��?0ZQ Y?F7�% #�% ?0���F@ % #�q$#�7� ���% �9A-%  �7`TU8=��a0?0ZQ 5@ % A-% 8=��8-�&CcI9��O�8FW53U?\aF�F���
Z\�F�N1�L�Z O5% 8=7�8-� 9b8=_D!��F��% 7�ZHL97dE ?F��Z\�F@
L�ZQA-L97�8D#�A=8-�N1<yY8-%
8-% �98=�|G�8DE 8=��8-�9ADEJL��9aU#�% ?0�
ref

�98=yY8-�bO�8=��y5% 7�!98=�[8-% �9A-% >F8-�d�<��>0L�ZQ8-�0#�7K#�8-@ @ 8<EJI9�[8-% �98-�d��8DE 8=��8-�9ADEJqF!�% >F8-�&�cL97�O���L9_�a
�FL9_D!��9?U_D!H8-% �98�C�8-% #�8=��8MEJI9�R�<�K#�8-�^TU?0�H��?0�0#�8DS2#�8-�d'JAF4 z<4-EJI9�5XK>F8DC 2 !���@ % _D!98�p[��?0�0#�8DS2#�8F1
X�L��9>F8=����O�8�p<��?0�0#�8DS2#�8F1FXK>F8=����O�8�pc��?0�0#�8DS2#�8
8D#�_F4 6M!�% �9A-L��98-!�ZQ8-�N4U:c% 8<wJO�8-�0#�% #�q$#�7KE ?F��ZQ8-@
,
y = ref (x, z)

.[a 2 ���0#�8|Z\�F� O5�F��� Cc% 8;E ?0@ >�#d@ 8=7�8-�NW ,
y
% 7K#d% �"O�8=�b��?0�0#�8DS2#����K#

z
O5��7

G�8DE 8=��8-�9A=?Fy9�K8=aU#
TU?0�
x
��8-@ �$#�% T

ref
. 4N{M% �|��8DE 8=��8-�9ADEJqF!�% >F8=�c�cL97�O���L9_�a|!�q$#K#�8\O5�F���|7�8-% �

G�8DE 8=��8-�9A=?Fy9�K8=aU#<��% _D!0#��2L9����8-@ �$#�% T&A-Lb8-% �98=�<G�8DE 8=��8-�9ADEJL��9aU#�% ?0�b' Cc% 8^y5% 7�!98=�D6�1U7�?0�9O�8=���
�FL9_D!Q��8-@ �$#�% T�A-L9���<�K#MO�8=7[��?0�0#�8DS2#�7-1U% �HO�8-Z 8=��TU?F��a0?0Z\Z^#-42:<8-ZQ8-�0#�7� ���8=_D!98-�9OdZHI9uF#�8
Z\�F� ��yY8=�c�FL9_D!|O5% 8�y5% 7�!98=��% >F8H:<8 �5��% #�% ?0�;O�8=�
��?F��8DE 8=��8-�9A-% �F@ % #�q$#�Cc% 8�E ?0@ >�#
��y5qF�9O�8=���
' C�?FyY8-%9O�8=���cL97�O���L9_�a:,

x1
% 7K#M% ��O�8=�M��?0�0#�8DS2#����K#

z
��8-@ �$#�% T�A-L

ref
a0?F��8DE 8=��8-�0#�% 8-@ @2Z\% #

x2
.

O5L9��_D! ,
x1 ≡ref, z x2

.57K]�Z�yY?0@ % 7�% 8=�K#�Cc% ��OY6�W
x1 ≡ref, z x2 :⇔ ref (x1, z) = ref (x2, z)

4 ~ 8-% #�8=��7
ZHI9uF#�8�Z\�F�QO5�F���^C�8=>F8-�QO5% 8=7�8=� �c�9O�8=��L��9>F8-�HO5��7�G[Vx��?0ZQ Y?F7�% #�% ?0���F@ % #�q$#�7� ���% �9A-%  �7�Cc% 8
E ?0@ >�#�E ?F��ZHL�@ % 8=��8-�NW
')G
+
6

(∀C1,C2, A1, A2, ref , z)
(Erg(C2,C1(A1//A2)) & A1 ≡ref, z A2 ⇒ C1 ≡ref, z C2)

:c�b8=7\t9��8=>F8��K8=O�?U_D!"% � 7�8-% �98=�Ht9����>F8b����_D! O�8=�Q�<�K#HO�8=�&G�8DE 8=��8-�9A=?Fy9�K8=aU#�8&TU?0�"32q$#KV
A=8-�� ���% Z\q��bL�Z O�8=��8-�(XK>F8DC 2 !���@ % _D!98�p
G�8DE 8=��8-�9A=?Fy9�K8=aU#�8 >F8-!0# 'xL��9O �2L9�;7�8=a9L��9O5q��
L�Z O�8=��8-�bX�L��9>F8=����O�8-�UpHG�8DE 8=��8-�9A=?Fy9�K8=aU#�8$6�1Na 2 ���98-�;Cc% �
% �;O�8=�cTU?F��@ % 8=>F8-�9O�8-�;�<��yY8-% #
�FL2E�8-% �98�O�8=�����K#�% >F8
E ?F��Z\�F@ 8 �<ZQ7�8D#�A-L��9>bO�8=7&9b8=_D!��F��% 7�ZHL97<O�8=7
L��9>F8=����O�8-� zM8=A=8-% _D!2V
�98-�97�TU8=��A-% _D!0#�8-�N4N:c% 8=7�8!%�?F�����F�9>0% >Fa08-% #<O�8=�[XK>F8DC 2 !���@ % _D!98-�UpHG�8DE 8=��8-�9A=?Fy9�K8=aU#�8H>F8=>F8-�2V
I9yY8=�
O�8-�;X�L��9>F8=����O�8-�UpQG�8DE 8=��8-�9A=?Fy9�K8=aU#�8-�BTU?0� 32q$#�A=8-�
!98-% uF#[�K8=O�?U_D! ��% _D!0#-1YO5��ubO5��7
G[Vx��?0ZQ Y?F7�% #�% ?0���F@ % #�q$#�7� ���% �9A-%  B��% _D!0#QEJI9�QO5% 8\X�L��9>F8=����O�8-�Upb��?0�0#�8DS2#�8|>F8-@ #�8-�"CcI9��O�8FW
t�I9�dt9��8=>F8&�K8=O�8-�2EJ�F@ @ 7Q>0% @ #d8=7bL��98-% �9>F8=7�_D!9��qF�9aU#\EJI9�d�F@ @ 8b�<�K#�8-� TU?0�+��?0�0#�8DS2#�8-�N1�% �
O�8-�98-�|32q$#�A=8
TU?F��a0?0Z\ZQ8-�;a 2 ���98-�N1��F@ 7�?Q�FL9_D!dEJI9��7�?0@ _D!98�X�L��9>F8=����O�8�p^��?0�0#�8DS2#�8F4

3\B



(*��P	Q�7�')X�#2�/�Y($�^�5�E,��E.E�/(*�/.E�/X�'�7;��9T(Á(�':P	Q�¥*�E.27&./':¥=� 7;��9T($�/XYX��/( (��E7;Q$9�¥*��')"=,
>�"*($¥�#;9T]�� 7G')"$P	Q�(*��P	Q�7<')X�#5�/�Y($��D+.E�/%+�F#;P	Q$�!�5�E,��E.E�/(*�/.E�/X�'�7;��9T(�?E0 �
(¹')( ¡\')(*( ')X�#;9½85�/%+�/(¢¥*�/( �Y( >���?^"*($¥ >��Y��?�')(*%+�E,��*Q=.;7	�/( 1<.	�*($¥*�/(

�F8���#;P	Q$�/( �/�Y($�E.�D+.E�/%+�F#;P	Q$�/(s�5�E,��E.E�/(*�/.E�/X�'�7;��9T(�"*($¥ �/�Y($�E.�45'�.	(�'�6�#;P	Q$�/(
d�e�7	�/($#&��9T($#-.E�/X�'�7;��9T( "*(�7	�E.E#;P	Q$�/��¥*�/(o0\�G')]�� 7���#-75' C �E.5¥=���H,�9TXY%+�/($¥*� ) (�7	�E.;Z
#;P	Q$�/��¥="*(*%Á(*��P	Q�7 C X�9 )��/�Y($�¹�Y( ¥*�/(s¬ 9:.;7	�/(¾%+�/X��/%+�/($� E�#;9T($¥*�E.	( �Y( ¥*�E.
H»'�7�')"$P	Q{�/�Y($�`#	':P	Q*XY��P	Q C �/%T.	�*($¥*�E7	� ) (�7	�E.E#;P	Q$�/��¥="*(*%�D�¬ f)Q=.E�/($¥m(�f)]qZ
XY��P	Q¿.E�E,��E.E�/(*�/, f)Q*�Y%+�� �"$#;¥u.	�$P;¡�� d»(�7;� 7Ef�7	�/( C �/���/��P	Q*($�/(�¡
3T(*($�/(�E*¡
3T(*($�/(
�Ee�7	�/($#&��9T($#-, f)Q*�Y%+�� �"$#;¥u.	�$P;¡�� (*��P	Q�7�d»(�7;� 7Ef�7	�/( C �/���/��P	Q*($�/(�E�#;9T($¥*�E.	(ÁX��EZ
¥=�Y%\XY��P	Q`#;9TX�P	Q$�!d»(�7;� 7Ef�7	�/(�')X�#<d�e�7	�/($#&��9T($�/(`Q�' C �/( > C �F820 C �F#&� 7;���/(�?E0

�5i � ���5tulovGy�n-|NvGy\t
	<l�|�r=l�t=n&y ��	<l �ml���r*n���l

d�#�85�E.E¥*�/(2�Y]¢,�9TXY%+�/($¥*�/(2(u"*( ')"$P	Q ­ �/($���Ee�7	�/($#&��9T($#-7;Q$�F9:.E�E7;��#;P	Q$��LN�/%T.	� ���
¥*�GF*(*���E.;7"E�85�/X�P	Q$�N�F"=.�85�/� 7	�E.E�/(�©�./f)�F��#&���E.	"*(*%G¥*�F#�d�Z&¼�9T]q6�9\#&� 7;��9T(�')XY� 7Ef�7	#-Z
6*.	�Y(*�F� 6�#2�E.;,�9:.E¥*�E.	XY��P	Qm#&�Y($¥�D�¥�0 #F0»¥*�E.�LN�/%T.	� �s�/�Y($�E.�d�e�7	�/($#&��9T($#-,�"*(=¡�7;��9T(
"*($¥�¥*�E. ­ �/(*�Y%+�G¥*�E.!¼�9��Ee�7	�/($#&��9T(�')XY� 7Ef�7�0
�<�E. ��� ����% �  $#&% � �"'(� #&�����! �0/ '(� � � � %&) � � � �  �±��#-7^¥$' C �/��¥*�E.¿>�]��Y($¥*�EZ

#-7	�/($#	?»�F85�/��#-7	�/XYXY�Y%+��LN�/%T.	� �¹¥*�F#N �X�#-Z-d�e�7	�/($#&��9T(=Z-¸<' C �/($# D/V
x
Q�'�7

y
')X�#Hd�e�Z

7	�/($#&��9T(u_GE\859 C �/� U
x
V*�/�Y($�/(��Ee�7	�/($#&��9T($#-, f)Q*�Y%+�/(^ �"$#;¥u.	"$P;¡�O+�E.;7&.	� 7&75"*($¥ U

y
V

�/�Y($��>��Y] ')XYXY%+�/]^�/�Y($�/(�DF')"
)��E.E#-6*./':P	Q*XY��P	Q$��?$d»(�7;� 7Ef�7�0 (¹')(�¡\')(*(«¥=���F#;�/(«LN�EZ
%T.	� �¹¥*�F#H �X�#-Z-d�e�7	�/($#&��9T(=Z-¸<' C �/($#�;q8����G#;P	Q$9T(^�F"*O+9:. C �/�Y] LN�/���/��P	Q*($�/(3;
')X�#!�/�Y($���5�/X�'�7;��9T( 9�¥*�E. ' C �E. ')"$P	Qm')X�#!�/�Y($�^D�"*(=¡�7;��9T(m')"=��':#;#;�/(�D$¬ �/(*(
]`')(m')(*(*�Y]�] 7"E�¥$'")��/�Y(m�Ee�7	�/($#&��9T($#-, f)Q*�Y%+�E.G �"$#;¥u.	"$P;¡¿]��Y($¥*�F#-7	�/($#G�/�Y($�
9�¥*�E.�#;9T%�'�.G]^�/Q=.E�E.E��d»(�7;� 7Ef�7	�/(Á')X�#�d�e�7	�/($#&��9T(�Q�'�7"E$¥$')(*(�O+�E.E#-7	�/Q�7G]`')(
¥$':#� �X�#-Z-d�e�7	�/($#&��9T(=Z-¸<' C �/(�')X�#N�/�Y($�G�5�/X�'�7;��9T(��T(*�Y]�] 7�]`')(�Q*�Y(*%+�/%+�/(^')(�E
¥$'") ­ �F¥*�E.«�Ee�7	�/($#&��9T($#-, f)Q*�Y%+�q �"$#;¥u.	"$P;¡ %+�/(�')"{�/�Y($�`d»(�7;� 7Ef�7q')X�#«d�e�7	�/(=Z
#&��9T(¹Q�'�7"E*¥$')(*(�, '")\7G]`')(¿¥$':#< �X�#-Z-d�e�7	�/($#&��9T(=Z-¸<' C �/(¹')X�#<�/�Y($� D�"*(=¡�7;��9T(
')"=,-05! P	Q^#-7	�/XYX����Y] ,�9TXY%+�/($¥*�/(�¥$':#N �X�#-Z-d�e�7	�/($#&��9T(=Z-¸<' C �/(«�F"*(�f:P	Q$#-7N')X�#N�/� Z
($� �5�/X�'�7;��9T(¹"*($¥�')($#;P	Q*XY���G)��/($¥�')X�#<�/�Y($� D�"*(=¡�7;��9T(¹O+9:.)0* �"$#&%+�/Q$�/($¥�O+9T(
¥=���F#;�/( C �/��¥*�/(Á �"=��':#;#&"*(*%+#&85�/��#;�/(¿¥*�F#� �X�#-Z-d�e�7	�/($#&��9T(=Z-¸<' C �/($# E�¡
3T(*($�/(
¥$')(*(�85�/� 7	�E.E�<�Ee�7	�/($#&��9T($#-7;Q$�F9:.E�E7;��#;P	Q$�HLN�/%T.	� ���58����G�E7-8�'!¥*�E.�LN�/%T.	� �¹¥*�E.
¼�9��Ee�7	�/($#&��9T(�')XY� 7Ef�7H¥*�GF*(*���E.;7585�E.E¥*�/(o0

��%�>0@J45���������� 
2
*-,FrFs21 � /
'HEK4 1�354 *F*('()5*-/F,24

3=�



��� # � �/� 
�������
 � � � 
 ����� =N��
 � � � ����
�� � ��� � ��� � 

d�#«8�� .E¥{�F"*(�f:P	Q$#-7«�Y(s�/�Y($�E.`')XYXY%+�/]^�/�Y($�/(�¬ �/��#;��¥*�E.`LN�/%T.	� � �/�Y($�E.^d�e�Z
7	�/($#&��9T($#-.E�/X�'�7;��9T(^,��=.!�/�Y($��W+6*./':P	Q$����¥*�GF*(*���E.;7�0��<�/]�(�':P	Q¹��#-7��/�Y($� d�e�Z
7	�/($#&��9T($#-.E�/X�'�7;��9T(

Ext
,��=. � �/�Y($� �5�/X�'�7;��9T(¹�F8���#;P	Q$�/(��Ee�7	�/($#&��9T($#-, f)Q*�Y%+�/(

 �"$#;¥u.	�$P;¡��/(�O+9T( � �/�Y($�E.E#;�/� 7	#�"*($¥^�Ee�7	�/($#&��9T($#-, f)Q*�Y%+�/(`d»(�7;� 7Ef�7	�/(¹')($¥*�EZ
.E�E.E#;�/� 7	#�> d»�Y($�!�Ee�7	�/($#&��9T($#-, f)Q*�Y%+��d»(�7;� 7Ef�7���#-7G¥$' C �/�o�/�Y($�2d»(�7;� 7Ef�7"Eu85�/X�P	Q$�
')X�#<d�e�7	�/($#&��9T(�O+9T(�� .	%+�/($¥*�/�Y($�/] �Ee�7	�/($#&��9T($#-, f)Q*�Y%+�/(� �"$#;¥u.	"$P;¡`�Y(mD+./')%+�
¡�9T]�] 7E?E0�! P	Q«¡ �=.	���5¥$')�F"[U

x
��#-7N�/�Y(q�Ee�7	�/($#&��9T($#-, f)Q*�Y%+�E.» �"$#;¥u.	"$P;¡�O+9T( � V

¥="=.EP	Q	U
EfA (x,

�
)
V�' C #;9)8����WU

y
��#-7H�/�Y($�<�Ee�7	�/($#&��9T($#-, f)Q*�Y%+�5d»(�7;� 7Ef�7�V+¥="=.EP	Q

U
EXfE (y)

V 0
>[����?@Wu�/���A�/�Y($�G%+�/]`f")^¥*�E.GW+7E')($¥$'�.E¥u7	�FP	Q*(*� ¡^')"=,�%+� C ')"=7	�!W+6*./':P	Q$�T0

Ext
��#-7«�/�Y($��>��F85�/��#-7	�/XYXY�Y%+��?!d�e�7	�/($#&��9T($#-.E�/X�'�7;��9T(Á]�� 7 ¥*�/( �5�/X�'�7E'�Z

]^�/(*%+�/(
X
"*($¥

Y
,��=. �

:⇔
X ⊆ � x |EfA(x,

�
) � & Y ⊆ � y |EXfE (y) � & Ext ⊆ X × Y

¬ �/(*(
x
�Y( ¥*�E.��5�/X�'�7;��9T(

Ext
E5¥�0 Qo0H¥*�E.��5�/X�'�7;��9T(¾¥*�F#` �X�#-Z-d�e�7	�/($#&��9T(=Z

¸<' C �/($#o�F"
y
#-7	�/Q�7"E:¥$')(*( 8�� .E¥ ¥$')]�� 7�%+�F#	')%T7"E)¥$'")

x y
')X�#�d�e�7	�/($#&��9T(�Q�'�7�0

 �(�')X�9T%5�F" ¥*�E.o,��=.��5�/X�'�7;��9T($�/(��Y] ')XYXY%+�/]^�/�Y($�/(G%+� C ./f)"$P	Q*XY��P	Q$�/(�¦�9:7E'�7;��9T(
¡
3T(*($�/({8�� .�(u"*(¾')(¾W+7	�/XYX���O+9T( U

〈x, y〉 ∈ Ext
VN')"$P	Qs�/�Y(=, ':P	Q�U

Ext (x, y)
V

#;P	Q=.E�/� C �/(o0
d�#!8�� .E¥ Q*���E. ')X�#;9�¥$':#2 �X�#-Z-d�e�7	�/($#&��9T(=Z-¸<' C �/( ')X�#2�/�Y($�^�5�/X�'�7;��9T(ÁO+�E.;Z

#-7E')($¥*�/(�D:�<�E.� �"$#;¥u.	"$P;¡�U
x
#-7	�/Q�7��Y(«¥*�E.N�5�/X�'�7;��9T(

Ext
�F"

y
V�¡\')(*( (�f)]�XY��P	Q

')"$P	Q`')X�# U
x
#-7	�/Q�7H�Y(`¥*�E.G�5�/X�'�7;��9T(^¥*�F#N �X�#-Z-d�e�7	�/($#&��9T(=Z-¸<' C �/($#»�F"

y
V=')"=,�Z

%+�E, '")\7N85�E.E¥*�/( C �F8200;«($9�P	Q`�/�Y(=, ':P	Q$�E.�%+�F#	')%T7&;�')X�#%U
x
Q�'�7

y
')X�#Hd�e�7	�/($#&� Z

9T(;V 0;(¹')(!¡\')(*(2(u"*( ;G8������F"*O+9:. C �/�+�/�Y($�E.��5�E,��E.E�/(*�/.E�/X�'�7;��9T( ;G]�� 7&7	�/X�#�¥*�E.
(��/(*%+�/(

X
"*($¥

Y
%�')(*�!O+�E.E#;P	Q*���F¥*�/($��H��/�YXY]^�/(*%+�/(

Ext
¥*�F#H¡\'�.;7	�F#&��#;P	Q$�/(

©�.E9�¥="=¡�7	#�O+9T(
X
"*($¥

Y
C �YX�¥*�/(o0 1��/]`f")G¥*�E.�Q*���E.�%+�/8�f)Q*X 7	�/(!]^�/(*%+�/(�7;Q$�F9:Z

.E�E7;��#;P	Q$�/(q¸��E./')(*%+�/Q$�/($#&85�/��#;�N')(q¥*�/(^LN�/%T.	� �`¥*�F#» �X�#-Z-d�e�7	�/($#&��9T(=Z-¸<' C �/($#
��#-7^¥*�F#&Q�')X C ')"$P	Q ¥$':#^W 
�] C 9TXWU

Ext
VH')X�#q�/�Y($��0�'�.	��' C X���,��=.`#;9TX�P	Q$��d�e�Z

7	�/($#&��9T($#-.E�/X�'�7;��9T($�/(�')"=,��F"=, ':#;#;�/(o0ud�#5��#-75(�f)]�XY��P	Q^�Y(¹¥*�E.��<�GF*(*� 7;��9T(Á>[����?
(*��P	Q�7�O+9T(��/�Y($�E. C �F#-7;�Y]�] 7	�/( H��/�YXY]^�/(*%+�N¥*�F#o¡\'�.;7	�F#&��#;P	Q$�/(q©�.E9�¥="=¡�7	#»O+9T(
X
"*($¥

Y
¥=�����5�F¥*����#-7"E=#;9T($¥*�E.	(`O+9T(¹� .	%+�/($¥*�/�Y($�E.5#;9TX�P	Q$�/(�H��/�YXY]^�/(*%+�T0

¬ �/� 7	�E.E#�X�f")\7H#&��P	Q^¥*�E.<�<�GF*(*� 7;��9T($#-Zo#;9)8����<¥*�E.H¬ �E.;7	� C �E.E�/��P	Q^�/�Y($�E.5d�e�Z
7	�/($#&��9T($#-.E�/X�'�7;��9T(

Ext
8�����,�9TXY%T7G')(*%+� C �/(�D

3\K



>[�GK\?@Wu�/�
Ext

�/�Y($�^>��F85�/��#-7	�/XYXY�Y%+��?<d�e�7	�/($#&��9T($#-.E�/X�'�7;��9T(¹]�� 7!¥*�/(½�5�/X�'�7E'�Z
]^�/(*%+�/(

X
"*($¥

Y
,��=. �§0

'�0
Dom (Ext) B � x | (∃y) (Ext (x, y)) �C 0
Ran (Ext) B � y | (∃x) (Ext (x, y)) �

= � # � �/� 
�������
 � � � 
 ����� =N��
 � � � ����
�� � ��
 ? ��� � 

!�] ,�9TXY%+�/($¥*�/( 8�� .E¥ (u"*(½')"$P	Q½')"=,<')XYXY%+�/]^�/�Y($��¬ �/��#;�q¥*�E.qLN�/%T.	� �{�/�Y($�E.
d�e�7	�/($#&��9T($#-,�"*(=¡�7;��9T( ,��=.^�/�Y($�`W+6*./':P	Q$� �¨¥*�GF*(*���E.;7�0»d»�Y($��d�e�7	�/($#&��9T($#-Z
,�"*(=¡�7;��9T(

ext
,��=.
�º8�� .E¥ ¥*�/]��F"=,�9TXY%+��')X�#��/�Y($��XY�Y(=¡=#-7	9:7E')X��»"*($¥2.E�FP	Q�7	#;�/�Y(=Z

¥*�/"=7;�Y%+�<d�e�7	�/($#&��9T($#-.E�/X�'�7;��9T(«]�� 75¥*�/(��5�/X�'�7E')]^�/(*%+�/(
X
"*($¥

Y
¥*�GF*(*���E.;7"D

>[�<J+?@Wu�/���A�/�Y($�G%+�/]`f")^¥*�E.GW+7E')($¥$'�.E¥u7	�FP	Q*(*� ¡^')"=,�%+� C ')"=7	�!W+6*./':P	Q$�T0
ext
��#-7<�/�Y($�2d�e�7	�/($#&��9T($#-,�"*(=¡�7;��9T(^O+9T(

X
�Y(

Y
,��=. �

:⇔
ext
��#-7��/�Y($�¿>��F85�/��#-7	�/XYXY�Y%+��?�d�e�7	�/($#&��9T($#-.E�/X�'�7;��9T( ]�� 7�¥*�/(¾�5�/X�'�7E'�Z

]^�/(*%+�/(
X
"*($¥

Y
,��=. �

&
(∀x) (x ∈ X ⇒ (∃!y) (y ∈ Y & 〈x, y〉 ∈ ext))

Wu�/�
ext
�/�Y($��d�e�7	�/($#&��9T($#-,�"*(=¡�7;��9T({O+9T(

X
�Y(

Y
,��=.��§0Hd�#�#-7	�/Q$��¥$')(*(

U
ext (x)

V=,��=.!¥$':#<�/�Y(*�F�Y%+�
y ∈ Y

E�#;9^¥$'")^%\�YX 7"D
〈x, y〉 ∈ ext

>�,��=.2')XYX��
x ∈ X

?E0
d�#5%\�YX 7<#;9T]�� 7H,��=.�')XYX��

x ∈ X
"*($¥�')XYX��

y ∈ Y: y = ext (x)⇔ 〈x, y〉 ∈ ext
0

d�#�8�� .E¥qQ*���E.5')X�#;9 ;�f)Q*(*XY��P	Q«8�����O+9:.	Q*�Y( C �/�$�/�Y($�E.��5�E,��E.E�/(*�/,�"*(=¡�7;��9T(�;
¥$':#5 �X�#-Z-d�e�7	�/($#&��9T(=Z-¸<' C �/(�')X�#5�/�Y($��D�"*(=¡�7;��9T(¹')"=,�%+�E, '")\7"D$�<�E.G �"$#;¥u.	"$P;¡
U
x
#-7	�/Q�7!�Y( ¥*�E.!XY�Y(=¡=#-7	9:7E')X��/(�"*($¥�.E�FP	Q�7	#;�/�Y($¥*�/"=7;�Y%+�/(¿�5�/X�'�7;��9T(

ext
�F"

y
V

¡\')(*(�(�f)]�XY��P	Q¹')"$P	Q¿')X�#WU
x
#-7	�/Q�7<�Y(¿¥*�E.GXY�Y(=¡=#-7	9:7E')X��/(�"*($¥`.E�FP	Q�7	#;�/�Y($¥*�/"=Z

7;�Y%+�/( �5�/X�'�7;��9T( ¥*�F#` �X�#-Z-d�e�7	�/($#&��9T(=Z-¸<' C �/($#q�F"
y
VHO+�E.E#-7E')($¥*�/(¾85�E.E¥*�/(

C �F820 ;Á($9�P	Q��/�Y(=, ':P	Q$�E.2%+�F#	')%T7 ;m')X�#�U
x
Q�'�7^>�XY�Y(=¡=#-7	9:7E')X�"*($¥Á.E�FP	Q�7	#;�/�Y(=Z

¥*�/"=7;�Y%�?
y
')X�#5d�e�7	�/($#&��9T(;V 04(¹')(^¡\')(*(`(u"*(^]�� 7&7	�/X�#H¥*�E.2(��/(*%+�/(

X
"*($¥

Y%�')(*��O+�E.E#;P	Q*���F¥*�/($��#;9TX�P	Q$� D�"*(=¡�7;��9T($�/(
ext
C �YX�¥*�/(o0$d�#G��#-7!¥*�F#&Q�')X C ')"$P	Q

¥$':#�W 
�] C 9TX�U
ext
VH')X�#q�/�Y($��0�'�.	��' C X���,��=.�#;9TX�P	Q$�¹d�e�7	�/($#&��9T($#-,�"*(=¡�7;��9T($�/(

')"=,��F"=, ':#;#;�/(o0

:���� � ��� �o�=��� ��
��$��
 � � �`�`� � ������
 � � � 
 � �������u�
¦<':P	Q ¥*�/] 0�9:.E#;P	Q*X�')% O+9T( 45'�.	(�'�6 #&�Y($¥s�F85�/�!#-6*./':P	Q*XY��P	Q$�` �"$#;¥u.	�$P;¡��
¡�9��Ee�7	�/($#&��9T($�/XYX�> ¥�0 Qo0»Q�' C �/(s¥=���F#;�/X C ��d�e�7	�/($#&��9T(�?2%*0 ¥�0 820��/�Y( %�')(*� C �EZ

3TJ



#-7;�Y]�] 7	�E.GW='�7;� Eu85�/X�P	Q$�E.G')"$#�¥=���F#;�/( C �/��¥*�/(¹ �"$#;¥u.	�$P;¡��/(`%+� C �YX�¥*�E758�� .E¥�E
8�')Q=.«��#-7�0 ) ($#;�E.E�/] 0�9:.E#;P	Q*X�')%��F"=,�9TXY%+�^#&�Y($¥½#&��� ­ �F¥*9�P	Q�¡�9��Ee�7	�/($#&��9T($�/XYX
%*0 ¥�0 820�¥*�E.E�/( ­ �/85�/�YXY�Y%+�/( d�e�7	�/($#&��9T($�/(Á]�� 7	�/�Y(�')($¥*�E.���¥*�/(�7;��#;P	Q #&�Y($¥�0�! P	Q
¥=��#-¡u"=7;���E.E�o�Y] ,�9TXY%+�/($¥*�/(!�F"*(�f:P	Q$#-7��/�Y(*]`')X�45'�.	(�'�6�#�D=':#;#&"*(*%�¥*�F#oLN�/%T.	� ��#
¥*�E.�¼�9��Ee�7	�/($#&��9T(�')XY� 7Ef�7"E C �/O+9:.<��P	Q¹¥=����"*($#-.	�Y%+�<O+9:.E#-7	�/XYX��T0

:���� � �u� 
 �u�»� � �*�:�":;! � � � � 45'�.	(�'�6�#^D=':#;#&"*(*%�¥*�F#`LN�/%T.	� ��#^¥*�E.¹¼�9:Z
�Ee�7	�/($#&��9T(�')XY� 7Ef�7!X�f")\7«#&��P	Q{')] C �F#-7	�/( ')(*Q�')($¥m¥*�F# (`"$#-7	�E. C �/��#-6$���/X�#G,��=.
�Ee�7	�/($#&��9T($#-, f)Q*�Y%+�H �"$#;¥u.	�$P;¡�� E:(�f)]�XY��P	Q�')(*Q�')($¥q¥*�E.

n
Z[#-7	�/XYXY�Y%+�/(�©�./f:¥=� ¡\'�Z

7	��(�f)Q$�E.��E.	X�f)"=7	�E.	(o0=¬s����%+�F#	')%T7"E=��#-7�(�':P	Q BG"*�Y($�2�/�Y(
n
Z[#-7	�/XYXY�Y%+�F#<©�./f:¥=� Z

¡\'�7«> �E.E#-7	�E.�W+7;"=,���?G�/�Y(Á#-6*./':P	Q*XY��P	Q$�E.� �"$#;¥u.	"$P;¡>E*85�/X�P	Q$�E.
n
O+�E.E#;P	Q*���F¥*�/($�

+��F�E.E#-7	�/XYX��/(�,��=.�#&�Y(*%\"*X�f�.E�� �"$#;¥u.	�$P;¡���]�� 7�#&��P	Q C .	�Y(*%T7�0:d�#�#-7	�/Q$�/(«85�/� 7	�E.E#
#;9TX�P	Q$��©�./f:¥=� ¡\'�7	�«�Y(½¥*�E.^�5�/X�'�7;��9T(m¥*�F#«¤$"=7&.E�E���/($#-Z[ �"=,5�F" C �F#-7;�Y]�] 7	�/(
>��Y] ')XYXY%+�/]^�/�Y($�/(�DT')"
)��E.E#-6*./':P	Q*XY��P	Q$�/($?�d»(�7;� 7Ef�7	�/(o0�Wu9!7&.	� �$75�E7-8�'2�/�Y(^�/�Y(=Z
#-7	�/XYXY�Y%+�F#H©�./f:¥=� ¡\'�7<')"=, ­ �F¥*�F#5�/�Y(*���/XY($�<O+9T( C �/XY��� C �Y% O����/X��/(�d»�Y(*���/X�¥=�Y(*%+�/(
�F"�D�D �*XYX 7G]`')(¿(�f)]�XY��P	Q¿¥=�����/�Y(*�F�Y%+�-+��F�E.E#-7	�/XYX����/�Y($�F#G#;9TX�P	Q$�/(¿©�./f:¥=� ¡\'�7	#
¥="=.EP	Q¾�/�Y($�/( #&�Y(*%\"*X�f�.E�/(  �"$#;¥u.	"$P;¡{,��=.��/�Y($�F#^¥=���F#;�E.¹d»�Y(*���/X�¥=�Y(*%+�¹')"$# E
¥$')(*(¹�E.	%\� C 7<#&��P	Q��/�Y(ÁW='�7;� E=85�/X�P	Q$�E.<8�')Q=.<��#-7�0'(¹')(¹¡\')(*(�(u"*(¹�F8���#;P	Q$�/(
¥*�/]I¤$"=7&.E�E���/(½O+9T(½�F85�/�

n
Z[#-7	�/XYXY�Y%+�/(�©�./f:¥=� ¡\'�7	�/({')"=,<¥=���F#;�/X C �/(m%+�F9:.E¥uZ

($�E7	�/(
n
Z Ho"=6��/X�O+9T( d»�Y(*���/X�¥=�Y(*%+�/(½"*($¥ �YQ=.E�E.�¼�9��Ee�7	�/($#&��9T(�')XY� 7Ef�7«�/�Y($�/(

¥=� .E�E¡�7	�/( ¤$"$#	')]�]^�/(*Q�')(*% Q$�E.E#-7	�/XYX��/(�Eu85�/X�P	Q$�E.G#&��P	Q�O+9:./')"$# C XY��P;¡��/($¥^8����
,�9TXY%T7<')"=,�¥*�/(�©»"*(=¡�7 C .	�Y(*%+�/(^X�f")\7"D�¬ �/(*(¹�F85�/�

n
Z[#-7	�/XYXY�Y%+�G©�./f:¥=� ¡\'�7	��')"=,

¥=���F#;�/X C �/({%+�F9:.E¥=($�E7	�/(
n
Z Ho"=6��/X�O+9T( d»�Y(*���/X�¥=�Y(*%+�/(½�F"=7&.E�E���/(�EN¥$')(*( ��#-7

�/�Y(s%�')(*� C �F#-7;�Y]�] 7	�E.`')"$#�¥=���F#;�/( C �/��¥*�/( ©�./f:¥=� ¡\'�7	�/( %+� C �YX�¥*�E7	�E.^W='�7;�
8�')Q=.���"*($¥mX��E7;�/7	�E.E�E.qW='�7;�`��#-7 8�')Q=. %*0 ¥�0 820�#&���^¥=���F#;�/X C ��d�e�7	�/($#&��9T(�Q�'�Z
C �/(o0��G':# ¥=���F#;�/({¤$"$#	')]�]^�/(*Q�')(*%¹#-7;� ,�7	�/($¥*�^L��Y($¥*�/%\XY���F¥ ��#-7 ; 8����^#&��P	Q
���/�Y%+�/(¾8�� .E¥ ;s�/�Y(¾.E�/X�'�7;�YO+�E.^¬m')Q=.	Q$�/� 7	# C �/%T.	� � E�"*($¥s�F8�'�.¹¥*�E.�LN�/%T.	� �
V
x
��#-7�8�')Q=.�.E�/X�'�7;�YO��F"

ext
_E0

d�#q#;�/�5,��=.^¥$':#^Du9TXY%+�/($¥*��O+9:./')"$#&%+�F#;�E7;�/7"E�¥$'")�¥=���F#;�E.«.E�/X�'�7;�YO+�^¬m')Q=.;Z
Q$�/� 7	# C �/%T.	� ��#;P	Q$9T(2¥*�GF*(*���E.;7�8�"=.E¥*�T0 � (¹')(!¡\')(*(�¥$')(*(2¥$':#� �"=,�Z&�G':#;#;�/X C �EZ
¤$"=7&.E�E���/(�¥="=.EP	Q�¥$':#�¬m')Q=.E#;�/�Y(¹8����!,�9TXY%T7G�E.;¡uX�f�.E�/(�Du¬ �/(*(��F85�/�»�/�Y($#-7	�/X Z

��%�>0@J49���������� 
2
*-,FrFs21 � *F1�354 r^EK42L��9O;354 �249���������� &7�8D#�AD#<!�% 8=�[8-% >F8-�0#�@ % _D!\O�8-�d��8-@ �$V

#�% TU8-� ~ �F!9��!98-% #�7�yY8=>F��% �^X
x
% 7K#RC��F!9����8-@ �$#�% T^A-LQ8-% �98-Z 7�8-Z\�F�0#�% 7�_D!98-�\3U �����_D!97K]97K#�8-Z

y
p

�F@ 7
7�_D!9?0� O�8 �5��% 8=�K#
TU?F���FL97-4RvYL�Z�yY8=7�7�8=��8-��%�8=��>0@ 8-% _D! Z\% #HL��97�8=��8=�H:c����7K#�8-@ @ L��9>&O�8=7
G[Vx��?0ZQ Y?F7�% #�% ?0���F@ % #�q$#�7� ���% �9A-%  �7M!���yY8H% _D!|��yY8=�<O5% 8=7�8-�BzM8=>F��% � ��y�>F8-qF�9O�8=�K#-45wJ_D!|7�8D#�A=8

3:b



XY�Y%+�Á©�./f:¥=� ¡\'�7	�
F1
"*($¥

F2
.E�/X�'�7;�YOs�F"

ext
')"=, ¥=���F#;�/X C �/(¢d»�Y(*���/X�¥=�Y(*%+�

�F"=7&.E�E���/(�E=¥$')(*(���#-7<¥*�E.GW='�7;�

> J+?
p( /\x) (F1x↔ F2x)q

8�')Q=.�.E�/X�'�7;�YOÁ�F"
ext
0»Wu9¹7&.E�E���/(½�\0 L<0»¥=��� C �/��¥*�/(½�/�Y($#-7	�/XYXY�Y%+�/(�©�./f:¥=� ¡\'�Z

7	�	U ��#-7«� 3T]^�E.CV�"*($¥ U ��#-7 �/�Y(� �(*%+�/Q�3:.	�Y%+�E.!¥*�F# ')(�7;� ¡��/( 0�9TX ¡��F# E�¥$':#!"*]
4NQ=.	��#-7;��1�� C "=.;7 �59T] C �F#&���F¥*�/X 7	�7V*(u"=.2¥$')(*(m')"=,H¥=���F#;�/X C �/( d»�Y(*���/X�¥=�Y(*%+�
�F"�Eu85�/(*(�¥*�E.GW='�7;�

>�b�? D �=.<')XYX��
x
%\�YX 7"D

x
��#-7<� 3T]^�E.

↔ x
��#-7��/�Y(¹ �(*%+�/Q�3:.	�Y%+�E.N¥*�F#�')(�7;� ¡��/(

0�9TX ¡��F# Eu¥$':#5"*]Ã4NQ=.	��#-7;� 1�� C "=.;7G�59T] C �F#&���F¥*�/X 7	�

8�')Q=.^��#-7�05�����F#qX�f")\7^#&��P	Q ,��=. C �/XY��� C �Y%+�
n
Z[#-7	�/XYXY�Y%+�¹©�./f:¥=� ¡\'�7	��8�����,�9TXY%T7

O+�E./')XYXY%+�/]^�/�Y($�E.	( >[�G' C �/��85�E.E¥*����P	QÁ�Y]Ã,�9TXY%+�/($¥*�/(Á¥*�/(  �"$#;¥u.	"$P;¡ U
x
��#-7

8�')Q=.5.E�/X�'�7;�YO��F"
ext
V*¥="=.EP	Q U

Wahr (x, ext)
V*#�
�] C 9TXY��#&���E.E�/(�?GD

> ª\? ¤$85�/�
n
Z[#-7	�/XYXY�Y%+�¹©�./f:¥=� ¡\'�7	�

F1
"*($¥

F2
7&.E�E���/(¾.E�/X�'�7;�YO½�F"

ext
')"=,

¥=���F#;�/X C �/(`%+�F9:.E¥=($�E7	�/(
n
Z Ho"=6��/X�O+9T(�d»�Y(*���/X�¥=�Y(*%+�/(^�F"

⇒

Wahr (p( /\x1 . . .xn) (F1x1 . . .xn ↔ F2x1 . . .xn)q, ext)
���

�G':#�¤$"=7&.E�E���/(`O+9T(��F85�/�
n
Z[#-7	�/XYXY�Y%+�/(`©�./f:¥=� ¡\'�7	�/(�')"=,�¥=���F#;�/X C �/(^%+�F9:.E¥=($�EZ

7	�/(
n
Z Ho"=6��/XoO+9T( d»�Y(*���/X�¥=�Y(*%+�/(¹��#-7�¥*�/]�(�':P	Q¿�/�Y($�2Q*�Y(=.E�/��P	Q$�/($¥*��LN�F¥=�Y(=Z

%\"*(*%�,��=.�¥$':#o¬m')Q=.E#;�/�Y(«¥*�F# ­ �/(*�Y%+�/( W='�7;���F# E)85�/X�P	Q$�E.�')"=,*%�')(*� C �F#-7;�Y]�] 7	�
¬ �/��#;�2')"$#5¥=���F#;�/( C �/��¥*�/(�©�./f:¥=� ¡\'�7	�/(�%+� C �YX�¥*�E758�� .E¥�0
¬m')(*( Q�' C �/( (u"*( �F85�/�N#;9TX�P	Q$�

n
Z[#-7	�/XYXY�Y%+�«©�./f:¥=� ¡\'�7	�«¥=���F#;�/X C �«d�e�7	�/(=Z

#&��9T( � ¬ 9TQ*X�¥$')(*(�EH85�/(*(¢#&��� ')"=,«¥=���F#;�/X C �/( %+�F9:.E¥=($�E7	�/(
n
Z Ho"=6��/X!O+9T(

d»�Y(*���/X�¥=�Y(*%+�/( �F"=7&.E�E���/(o0�(¹')( #	')%T7«(�f)]�XY��P	Q½')"$P	Q�E�¥$'") �F85�/�
n
Z #-7	�/XYXY�Y%+�

©�./f:¥=� ¡\'�7	�^¥=���F#;�/X C ��d�e�7	�/($#&��9T(½Q�' C �/(�E�85�/(*( #&���¹')"=,G¥=���F#;�/X C �/(½%+�F9:.E¥uZ
($�E7	�/(

n
Z Ho"=6��/XHO+9T( d»�Y(*���/X�¥=�Y(*%+�/(m�F"=7&.E�E���/(o0»¬ 9TQ*XH]�� 7�¥=���F#;�E.q �"=��':#-Z

#&"*(*%^O+9:.! �"*%+�/(Á#;P	Q*X�f)%T7245'�.	(�'�6¿O+9:.;E�¥=���«¼�9��Ee�7	�/($#&��9T(�')XY� 7Ef�7�O+9T(¿�F85�/�
!�% 8=����qFZ\@ % _D!!)Q% Z /c8=>F8-�97��$#�A<A-L&���������� �)�O5% 8<:<8 �5��% #�% ?0�H8-% �98=��{�S2#�8-�97�% ?0�97KEJL��9aU#�% ?0�
7�_D!9?0�HTU?F���FL97�L��9OQaF�F���HO�8=7�!��F@ y^TU?0Z ��8-@ �$#�% TU8-� ~ �F!9��!98-% #�7�yY8=>F��% �^X

x
% 7K#�C��F!9����8-@ �$#�% T

A-L
ext
p��FL97�>F8-!98-�N4

�	�Q{�7�Cc% ��O\yY8-%9O5% 8=7�8=� %�8=���F@ @ >F8-ZQ8-% �98=��L��9>�TU?F���FL97�>F8=7�8D#�AD#-1UO5��u
EJI9�M�F@ @ 8�{M% �9A=8-@ O5% �9>F8
d
>0% @ #-W

d = 〈d〉
4

3\ª



#;9TX�P	Q$�/(«©�./f:¥=� ¡\'�7	�/(q')"=,��/�Y($�/( .E�/X�'�7;�YO+�/(�¬m')Q=.	Q$�/� 7	# C �/%T.	� �q�F"=.	�$P;¡u�F"=,��*Q=Z
.E�/(o0 �$�<Wu�/�Y($��¥=���F# C �/���*%\XY��P	Q$�G¼�9T(uO+�/(�7;��9T(^%+� C �G��P	Q¹#&�Y(*(*%+�/]`f") 8����G,�9TXY%T7
8����F¥*�E.;D

>[¼ ��?
F1
��#-75.E�/X�'�7;�YO��F"

ext
¡�9��Ee�7	�/($#&��9T($�/XYX�]�� 7

F2 ⇔

Wahr (p( /\x1 . . .xn) (F1x1 . . .xn ↔ F2x1 . . .xn)q, ext)

d�#��E.	%\� C 7�#&��P	Q�¥$')(*(�')"=,�%T.	"*($¥^O+9T(m> ª\?H"*($¥�¥*�E.!¼�9T(uO+�/(�7;��9T(¿>[¼ ��?GE*¥$'")
¥$':#5 �"=,�Z&�G':#;#;�/X C �EZ&¤$"=7&.E�E���/(^O+9T(��F85�/�

n
Z[#-7	�/XYXY�Y%+�/(�©�./f:¥=� ¡\'�7	�/(¹�/�Y($�GQ*�Y(=Z

.E�/��P	Q$�/($¥*�GLN�F¥=�Y(*%\"*(*%�,��=.G¥*�E.E�/(¿¼�9��Ee�7	�/($#&��9T(�')XY� 7Ef�7N��#-7"D

> £\? ¤$85�/�
n
Z[#-7	�/XYXY�Y%+�¹©�./f:¥=� ¡\'�7	�

F1
"*($¥

F2
7&.E�E���/(¾.E�/X�'�7;�YO½�F"

ext
')"=,

¥=���F#;�/X C �/(`%+�F9:.E¥=($�E7	�/(
n
Z Ho"=6��/X�O+9T(�d»�Y(*���/X�¥=�Y(*%+�/(^�F"

⇒

F1
��#-7�.E�/X�'�7;�YO��F"

ext
¡�9��Ee�7	�/($#&��9T($�/XYX�]�� 7

F2

�<�E.�.E�/X�'�7;�YO+��¬m')Q=.	Q$�/� 7	# C �/%T.	� � ,�"*(*%\���E.;7`Q*���E.¿')X�#;9{')X�#��/�Y( L��Y($¥*�/%\XY���F¥
�F8���#;P	Q$�/(¹¥*�E.!�5�/X�'�7;��9T(�¥*�F#� �"=,�Z&�G':#;#;�/X C �EZ&¤$"=7&.E�E���/($#N"*($¥�¥*�E.!�5�/X�'�7;��9T(
¥*�E.�¼�9��Ee�7	�/($#&��9T(�')XY� 7Ef�7�0

(¹')(½¡\')(*({85�/� 7	�E.E#^> £\?��F"*%T.	"*($¥*�qX��/%+�/(�Eo"*] ¥=����,�9TXY%+�/($¥*�`D+./')%+���F"
C ��')(�7-859:.;7	�/(�D*¬ �/X�P	Q$�q 5.;7	�/(mO+9T(�d»(�7;� 7Ef�7	�/(Á¡\')(*(m]`')(�')X�#!¥=���qd�e�7	�/(=Z
#&��9T($�/(^O+9T(

n
Z[#-7	�/XYXY�Y%+�/(`©�./f:¥=� ¡\'�7	�/(`8�f)Q*X��/( �  �X�#5¥*�E./'�.;7;�Y%+�Gd�e�7	�/($#&��9T($�/(

¡\')(*(�]`')(�85�/%+�/(¾> £\?2(u"=. #;9TX�P	Q$��d»(�7;� 7Ef�7	�/(�8�f)Q*X��/(�E�85�/X�P	Q$�
n
Z[#-7	�/XYXY�Y%+�

©�./f:¥=� ¡\'�7	� E)¥=���5')"=,$¥=���F#;�/X C �/(�%+�F9:.E¥=($�E7	�/(
n
Z Ho"=6��/X�O+9T(�d»�Y(*���/X�¥=�Y(*%+�/(2�F"=Z

7&.E�E���/(�E�%+�/]^�/�Y($#	')]·Q�' C �/(�� � D� �(*%+�/($9T]�]^�/(¿�F85�/�
n
Z[#-7	�/XYXY�Y%+� ©�./f:¥=� ¡\'�7	�

F1
"*($¥

F2
7&.E�E���/(`')"=,�¥=���F#;�/X C �/(«%+�F9:.E¥=($�E7	�/(

n
Z Ho"=6��/X=O+9T(`d»�Y(*���/X�¥=�Y(*%+�/(

�F"o0»¬ �/%+�/( > £\? Q�' C �/(s¥$')(*( ¥=���F#;� C �/��¥*�/(s©�./f:¥=� ¡\'�7	��¥=���F#;�/X C ��d�e�7	�/(=Z
#&��9T(o05W����¿Q�' C �/( ,�9TXY%\XY��P	Q �/�Y($� d»(�7;� 7Ef�7�%+�/]^�/�Y($#	')]�0N C �E.¹"*]M85�/X�P	Q$�
d»(�7;� 7Ef�7!Q�')($¥*�/X 72�F#2#&��P	QÁQ*���E. C �/� � ¦5"*(�E�85�/�YX�¥=��� C �/��¥*�/(m©�./f:¥=� ¡\'�7	�q')"=,
¥=���F#;�/X C �/(s%+�F9:.E¥=($�E7	�/(

n
Z Ho"=6��/XGO+9T(¢d»�Y(*���/X�¥=�Y(*%+�/( �F"=7&.E�E���/(�E5#&�Y($¥¾¥=���

­ �/85�/�YXY�Y%+�/( (��/(*%+�/( ')XYX��E.`%+�F9:.E¥=($�E7	�/(
n
Z Ho"=6��/XGO+9T(¢d»�Y(*���/X�¥=�Y(*%+�/(�E�')"=,

¥=���
F1
C �F820

F2
­ �/85�/�YX�#`�F"=7&.E�E���/(�EH]�� 7	�/�Y(�')($¥*�E.`��¥*�/(�7;��#;P	Qo0 =:�/($� C �/� Z

¥*�/(
n
Z #-7	�/XYXY�Y%+�/(½©�./f:¥=� ¡\'�7	�qQ�' C �/(�#;9T]�� 7 ¥=���F#;� (��/(*%+�qO+9T(½%+�F9:.E¥=($�E7	�/(

n
Z Ho"=6��/X�O+9T(md»�Y(*���/X�¥=�Y(*%+�/(�%+�/]^�/�Y($#	')]�0'(¹')(Á¡\')(*(m¥*�F#&Q�')X C 85�/%+�/({> £\?
�D�7%�>0@J4����������� 

2
*-,FrFs21 � .91�354 *(' EK4 1M% �97�yY8=7�?0�9O�8=��7\7�8-% �98;��?0�0TU8-�0#�% ?0�(.�V�*-/21[L��9O

354 *=.QEK4 19% �97�yY8=7�?0�9O�8=��7[7�8-% �98�:<8 �5��% #�% ?0� �$V)rF�24
��$&%�>0@J45���������� 

2
*-,FrFs21 � �215354 *-,\L��9ObCc% 8=O�8=��L�Z 354 *=.QEK4

3\£



(��/(*%+�/(¿O+9T( %+�F9:.E¥=($�E7	�/(
n
Z Ho"=6��/X�O+9T(�d»�Y(*���/X�¥=�Y(*%+�/(¿')X�#�¥=���«d�e�7	�/($#&��9:Z

($�/(�O+9T(
n
Z[#-7	�/XYXY�Y%+�/(�©�./f:¥=� ¡\'�7	�/(�8�f)Q*X��/(o0

45'�.	(�'�6 ]`':P	Q�7285�/� 7	�E.E#�')"=,5¥=��� (�3T%\XY��P	Q=¡��/� 72')"=,�]^�E.;¡=#	')] E�W=f�7;���^')X�#
1<.E�/(*�/, f)XYX��GO+9T(

n
Z[#-7	�/XYXY�Y%+�/(�©�./f:¥=� ¡\'�7	�/(¿')"=,��F"=, ':#;#;�/(�E�"*($¥��F8�'�.�')X�#<©�./f�Z

¥=� ¡\'�7	�!9TQ*($��+��F�E.E#-7	�/XYX��/(�Eu¥�0 Qo0=')X�#5(u"*XYX�#-7	�/XYXY�Y%+�<©�./f:¥=� ¡\'�7	�T0
0��E.E#-7	�/Q�7�]`')(
(u"*(^�F85�/�oW=f�7;���

S 1
"*($¥

S 2
>�]�� 7

n = 0
?H')"=,o¥*�E./'�.;7;�Y%+��¬ �/��#;� E�¥$')(*(`#&�Y($¥

85�/%+�/(s>[¼ ��?
S 1
"*($¥

S 2
.E�/X�'�7;�YO��F"

ext
¡�9��Ee�7	�/($#&��9T($�/XYX»%*0 ¥�0 820o¥*�E.«W='�7;�

pS 1 ↔ S 2q
.E�/X�'�7;�YO^�F"

ext
8�')Q=.<��#-7�0 � �

45'�.	(�'�6«���/�Y%T7�(u"*(q�/�Y($�/(«¬ �/% ')"=, E:8����5]`')(�#;�/�Y($���5�/X�'�7;��9T(«¥*�E.5¼�9��Ee�Z
7	�/($#&��9T(�')XY� 7Ef�7�O+9T(��F85�/�

n
Z[#-7	�/XYXY�Y%+�/(2©�./f:¥=� ¡\'�7	�/( ')"=,$')($¥*�E.E�� 5.;7	�/(�O+9T( �Ee�Z

7	�/($#&��9T($#-, f)Q*�Y%+�/(` �"$#;¥u.	�$PE¡��/(¹O+9T( ��')"$#&85�/� 7	�/(�¡\')(*(�D��<�/(*(¹(*��P	Q�7<(u"=.
�F85�/�

n
Z[#-7	�/XYXY�Y%+�^©�./f:¥=� ¡\'�7	�^O+9T( � ¡
3T(*($�/({¥=���F#;�/X C �`d�e�7	�/($#&��9T(½Q�' C �/(�E

#;9T($¥*�E.	(��E7-8�'�')"$P	Q��F85�/�5#&�Y(*%\"*X�f�.E�q �"$#;¥u.	�$P;¡��«O+9T( � 0�d�.«%+�/Q�7«¥$')�F"
O+9T]§LN�/%T.	� ���/�Y($�F#�O+�E./')XYXY%+�/]^�/�Y($�E.;7	�/( * �+"*�YOT')X��/(*��#	'�7;���F#�')"$#F0 �*# ¤$85�/�$�Ee�Z
7	�/($#&��9T($#-, f)Q*�Y%+�< �"$#;¥u.	�$P;¡���#&�Y($¥�¥*�/]^�/(�7	#-6*.E�FP	Q$�/($¥q.E�/X�'�7;�YO��F"¿�/�Y($�E.Gd�e�Z
7	�/($#&��9T($#-,�"*(=¡�7;��9T(

ext
¡�9��Ee�7	�/($#&��9T($�/XYX=%*0 ¥�0 820+¥*�E.NO+�E./')XYXY%+�/]^�/�Y($�E.;7	� * �+"*� Z

OT')X��/(*��#	'�7;� E*85�/X�P	Q$�E.!')"$#G¥=���F#;�/( C �/��¥*�/(Á �"$#;¥u.	�$P;¡��/(�%+� C �YX�¥*�E7<8�� .E¥�E=.E�EZ
X�'�7;�YO��F"

ext
8�')Q=.<��#-7�0

d»�Y(¢O+�E./')XYXY%+�/]^�/�Y($�E.;7	�E. * �+"*�YOT')X��/(*��#	'�7;�¿¡\')(*( ¥$' C �/�28����¿,�9TXY%T7�¥*�GF=Z
(*���E.;7^85�E.E¥*�/(�DHWu�/���/(

s1, s2 ∈ � x | SgA (x,
�

) � EH#;�/���/(¾85�/� 7	�E.E# F1, F2 ∈

� x |Prä(x,
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Wahr (pFt1. . . tnq, refM,g)⇔
〈refM,g (t1), . . . , refM,g (tn)〉 ∈ refM,g (F),-0
Wahr (pt1 = t2q, refM,g)⇔ refM,g (t1) = refM,g (t2)%*0
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� � �N� = ι �Y(
pιv (σ[c/v] ∧ v = c)q
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> H<K\?
|− � �N� = (∀σ, c, v, ref , M, g) (Wahr (σ[c], refM,g)⇒
Wahr (pσ[c]↔ c = ιv (σ[c/v] ∧ v = c)q, refM,g))
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Wahr (σ[c], refM,g)
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> K\?
Wahr (σ[c], refM,g)⇒ Wahr (pc = ιv (σ[c/v] ∧ v = c)q, refM,g)
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> J+?
(Wahr (σ[c], refM,g) & Wahr (pc = ιv (σ[c/v] ∧ v = c)q, refM,g)) g
(Falsch (σ[c], refM,g) & Falsch (pc = ιv (σ[c/v] ∧ v = c)q, refM,g))
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Wahr (pσ[c]↔ c = ιv (σ[c/v] ∧ v = c)q, refM,g)
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> ª\?
Wahr (σ[c], refM,g) ⇒
Wahr (pσ[c]↔ c = ιv (σ[c/v] ∧ v = c)q, refM,g)
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> +��o?
(∀S 1, S 2, ref , M, g) (LÄ (S 1, S 2) ⇒ S 1 ≡refM,g S 2)
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> +�K\? � > +��o? � |− � �N� = (∀σ, c, v, ref , M, g)
(LWahr (σ[c]) ⇒ σ[c] ≡refM,g pc = ιv (σ[c/v] ∧ v = c)q)
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(∀σ, c, v, ref , M, g) (Wahr (σ[c], refM,g) ⇒
Wahr (pσ[c]↔ c = ιv (σ[c/v] ∧ v = c)q, refM,g))

> H<K\?

Ku0
(∀S 1, S 2, ref , M, g) (LÄ (S 1, S 2) ⇒ S 1 ≡refM,g S 2)

> +���?
J=0

LWahr (σ[c])
 �(*(o0�,-0�¼�L

b*0
(∀ref , M, g) Wahr (σ[c], refM,g)

>[���/b�?HJ
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(∀ref , M, g) (Wahr (σ[c], refM,g) ⇒
Wahr (pσ[c]↔ c = ιv (σ[c/v] ∧ v = c)q, refM,g))

) !<�

£u0
(∀ref , M, g) (Wahr (σ[c], refM,g) ⇒
Wahr (pσ[c]↔ c = ιv (σ[c/v] ∧ v = c)q, refM,g)) ⇒
((∀ref , M, g) Wahr (σ[c], refM,g) ⇒ (∀ref , M, g)
Wahr (pσ[c]↔ c = ιv (σ[c/v] ∧ v = c)q, refM,g))
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¯�0
(∀ref , M, g) Wahr (σ[c], refM,g) ⇒ (∀ref , M, g)
Wahr (pσ[c]↔ c = ιv (σ[c/v] ∧ v = c)q, refM,g)
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a=0
(∀ref , M, g)
Wahr (pσ[c]↔ c = ιv (σ[c/v] ∧ v = c)q, refM,g)

(¹©{b�E$¯

3u0
LWahr (pσ[c]↔ c = ιv (σ[c/v] ∧ v = c)q)
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LÄ (σ[c]
E
pc = ιv (σ[c/v] ∧ v = c)q)
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σ[c] ≡refM,g pc = ιv (σ[c/v] ∧ v = c)q
(¹©¢��B4E ) !NK

��Ku0
LWahr (σ[c]) ⇒ σ[c] ≡refM,g pc = ιv (σ[c/v] ∧ v = c)q

¼�L¾J9;��\�
�FJ=0

(∀σ, c, v, ref , M, g) (LWahr (σ[c]) ⇒
σ[c] ≡refM,g pc = ιv (σ[c/v] ∧ v = c)q

) 1 ��K
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>[¼�.EJ+?
|− � �N� = (∀σ, c, v)
(LWahr (σ[c]) ⇒ LWahr (pσ[c]↔ c = ιv (σ[c/v] ∧ v = c)q))
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> +�J+?
|− � �N� = (∀σ, c, v)
(Erfüllbar (σ[c]) ⇒ Erfüllbar (pσ[c]↔ c = ιv (σ[c/v] ∧ v = c)q))
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( /\x) (Fx→ Gx)→ ((\/x) Fx→ (\/x) Gx)
V 0

��ª:b



¦<':P	Q¹¥*�/]Ã¼�9:.E9TXYX�'�.�>[¼�.EJ+?N�F"*]gO+9:.	�Y%+�/(,+��/]�]`'^> +�K\?H��#-7�(u"*(

> J+?
LWahr (σ[c])
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>�b�?
LWahr (pσ[c]↔ c = ιv (σ[c/v] ∧ v = c)q)
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> ª\?
LÄ (σ[c], pc = ιv (σ[c/v] ∧ v = c)q)
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Erfüllbar (pσ[c]↔ c = ιv (σ[c/v] ∧ v = c)q)

������D+./')%+� E�85�/X�P	Q$�`��P	Q{�Y] ,�9TXY%+�/($¥*�/({"*(�7	�E.E#&"$P	Q$� E�X�')"=7	�E7�(u"*(�D ! #-7^¥=���
 �(*(�')Q*]^�GO+9T(

> 3\?
Wahr (σ[c], refM,g)

E

859:./')"$#�>[¯T?!,�9TXY%T7"E�Q*�Y(=.E�/��P	Q$�/($¥¿,��=.�>�b�?�"*($¥½¥$')]�� 7 85�/%+�/( >[����ª\? ')"$P	Q
Q*�Y(=.E�/��P	Q$�/($¥�,��=.¹> ª\? � D=')XYX�# ­ '
E�¥$')(*(m¡
3T(*(�7	�q]`')( ')"=,�%T.	"*($¥ O+9T( > +���?
')"$#2> ª\?5,�9TXY%+�E.	(�E*¥$'")Á> £\?GE$85�/(*(½> 3\?<¥*�E.�D=')XYXo��#-7�0>1�3�¥*�/Xo¡
3T(*(�7	�2¥$')(*( ;
#;9TX�')(*%+�2�E.�> +��o?GO+9:./')"$#;#;�E7;�/7 ;Á')"=,N#;�/�Y($�«LN�/Q�')"=6*7;"*(*%¿> 1!?<O+�E.	�F��P	Q�7	�/(�E
¥$'")

σ[c] ≡refM,g pc = ιv (σ[c/v] ∧ v = c)q
>�,��=.!')XYX��

σ, c, v, ref , M, g
?59TQ*($�

­ �F¥*�<LN�F¥=�Y(*%\"*(*%�%\�YX 7�0������F#;�GLN�/Q�')"=6*7;"*(*%-1�3�¥*�/X�#�X�f")\7N#&��P	Q�(�f)]�XY��P	Q�;q#;9
8����q> +���? � C .	�Y%+�/($#5')"$P	Q$;`�Y(�¥*�E.<O+9:.	XY���/%+�/($¥*�/(¹Wu�/]`')(�7;� ¡^(*��P	Q�7 C �/85�/� Z
#;�/(�E=#;9T($¥*�E.	(`]«"
)^')X�#5%&�*X 7;�Y%�6�9\#-7;"*XY���E.;7585�E.E¥*�/(o0
! P	Q�85�/��#;�2�Y]g,�9TXY%+�/($¥*�/( ­ �F¥*9�P	Q¹(�':P	Q�E*¥$'")¿>[¯T?�(*��P	Q�7�Q*�Y(=.E�/��P	Q$�/($¥�,��=.

>�b�?<��#-7�0�(¹')(¿¡�9T]�] 7!¥*�F#&Q�')X C¿C �/��¥*�E.«Du9:.	]`')XY��#&���E.	"*(*%«¥*�F#-1�3�¥*�/X�#;P	Q$�/(

��ª\ª



 5.	%\"*]^�/(�7	#G')(Á�/�Y($�E.�%�')(*� C �F#-7;�Y]�] 7	�/( W+7	�/XYX���(*��P	Q�7G9TQ*($� ­ �/($���F"$#	f�7;�/Z
XY��P	Q$��LN�/Q�')"=6*7;"*(*% 1�3�¥*�/X�#�')"$#F0
! P	Q C �/85�/��#;�2(u"*(�E$¥$'")�¥*�E.G,�9TXY%+�/($¥*�!]^�E7E'�7;Q$�F9:.E�E7;��#;P	Q$�2W='�7;� �Y] ��')Q=Z

]^�/(¹¥*�E.<O+9:.	XY���/%+�/($¥*�/(�Wu�/]`')(�7;� ¡�, ')X�#;P	Q�"*($¥¹¥$')]�� 758���¥*�E.	X��/% C '�.H��#-7"D

> ¦/H<?
(∀σ, c, v)
(Erfüllbarσ[c] ⇒ LWahr (pσ[c]↔ c = ιv (σ[c/v] ∧ v = c)q)

�G')�F"`��#-7��F#HO�3TXYXY�Y%«')"$#-.E�/��P	Q$�/($¥�E+')(*Q�')($¥^�/�Y($�F#H�/�Y(*�F�Y%+�/(`#&�Y(*%\"*X�f�.E�/(^W='�7&Z
���F# E�85�/X�P	Q$�E.�¥=��� !�($¥=�YO���¥="$�/(uOT'�.	��' C X��

v
(*��P	Q�7��/(�7;Q�f)X 7"EF(�':P	Q*�F"u85�/��#;�/(�EF¥$'")

¥$':#�,�9TXY%+�/($¥*��, ')X�#;P	Qq��#-7&; 8����<�E7-8�'!')(*Q�')($¥«¥*�F#� N7	9T]^#	'�7;���F#�>�"*($¥q¥$')]�� 7
#&�Y(*%\"*X�f�.E�/(`W='�7;���F#	?

pFcq
D

> ! ¦/H<?
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Erg (pa = ιv ((v = b ∨ v , b) ∧ v = a)q, pa = ιv (σ1[a/v]∧ v = a)q
(pιv (σ1[a/v]∧ v = a)q//pιv ((v = b ∨ v , b) ∧ v = a)q))

> ©�./K\?
Erg (pb = ιv ((a = v ∨ a , v) ∧ v = b)q, pb = ιv (σ2[b/v]∧ v = b)q
(pιv (σ2[b/v]∧ v = b)q//pιv ((a = v ∨ a , v) ∧ v = b)q))

Wu�/���/(��Y] ,�9TXY%+�/($¥*�/(
σ1
"*($¥

σ2
C �/XY��� C �Y%+�»#&�Y(*%\"*X�f�.E��W=f�7;����O+9T( � � �N� =ι E

"*($¥ #;�/���/(Á85�/� 7	�E.E#
a
�/�Y($� C �/XY��� C �Y%+� !�($¥=�YO���¥="$�/(=¡�9T($#-7E')(�7	�!O+9T( � � �N� =ι E

85�/X�P	Q$���Y(
σ1
�/(�7;Q�')X 7	�/( ��#-7"ET#;9)8����

b
�/�Y($� C �/XY��� C �Y%+� !�($¥=�YO���¥="$�/(=¡�9T($#-7E')(�7	�

O+9T( � � �N� = ι Eo¥=��� �Y( σ2
�/(�7;Q�')X 7	�/( ��#-7�0��G':#GV;W�XY�Y(*%+#&Q$9:7&Z[ 5.	%\"*]^�/(�7-_!O+9T(

1�3�¥*�/X<>;��3:b\b�?<,��=.«¥*�/( D=')XYXN¥*�E. 8�')Q=.E�/(�#&�Y(*%\"*X�f�.E�/(mW=f�7;���qO+9T( � � �N� =ι
X�')"=7	�E7�¥$')(*(�8�����,�9TXY%T7"D

> H�J+? � > +���?GE�> +�K\?GEo>[��H<?GE�> 1!?GE�> ©�.:��?GE�> ©�./K\? � |− � �N� =
(∀σ1, σ2, a, b, ref , M, g)
(Wahr (σ1[a], refM,g) & Wahr (σ2[b], refM,g) ⇒ σ1[a] ≡refM,g σ2[b])

 �"=,�%T.	"*($¥�O+9T(Á>[� !&0Y�T0 b�?���#-7�¥=���!�5�/X�'�7;��9T(
≡ refM,g

�/�Y($� * �+"*�YOT')X��/(*�/.E�/X�'�Z
7;��9T(�Eu¥�0 Qo0u�/�Y($�G.E�F�$�Eeu�YO+� Eu#�
�]�]^�E7&.	��#;P	Q$�<"*($¥^7&./')($#&� 7;�YO+�!�5�/X�'�7;��9T(Á> #&���/Q$�
W�0 bu¯2,-0 ?E0*¬ �/(*(

A1
"*($¥

A2
�F85�/��.E�E,��E.E�/(*�/, f)Q*�Y%+�G �"$#;¥u.	�$P;¡���O+9T( � � �N� =ι

#&�Y($¥�E=¥$')(*(¹X�')"=7	�E7 ;�8����!%+�F#	')%T7 ;�¥*�E.!')XYXY%+�/]^�/�Y($�G �(u85�/($¥="*(*%+#-, ')XYX�O+9T(
>[� !&0Y�T0 b�?N8�����,�9TXY%T7"D

>;�\��?
A1 ≡refM,g A2 ⇔ refM,g (A1) = refM,g (A2)

d�# � C �E.;7&./f)%T7�#&��P	Q^#;9T]�� 7N¥=���G�5�F�$�Eeu�YO�� 7Ef�7H#;9)8�����¥=���GW 
�]�]^�E7&.	���5"*($¥�¥=���
H�./')($#&� 7;�YO�� 7Ef�75¥*�E. ! ¥*�/(�7;� 7Ef�7<')"=,»¥=�����5�/X�'�7;��9T(

≡refM,g
0$d�#�%+�/X 7	�/(�')X�#;9
D

>[�N,	?
(∀A1) A1 ≡refM,g A1

> W 
=?
(∀A1, A2) (A1 ≡refM,g A2 ⇒ A2 ≡refM,g A1)

��£TJ



> H�./?
(∀A1, A2, A3) (A1 ≡refM,g A2 & A2 ≡refM,g A3 ⇒ A1 ≡refM,g A3)

�<�E.<LN�/85�/��#N,��=.�¥$':# H5Q$�F9:.E�/]·> H�J+?�8�� .E¥^]�� 7<¸5�YX ,����/�Y($�E.5#;9TX�P	Q$�/( * �+"*� Z
OT')X��/(*�/.E�/X�'�7;��9T(

≡refM,g
¥="=.EP	Q*%+�E,��*Q=.;7�0

! P	Q�#-¡u�Y�F�F���E.E���F"*(�f:P	Q$#-7H¥=����LN�/85�/��#&��¥*�F��,��=.�¥=���F#;�F# H5Q$�F9:.E�/] E+¥$':#N]�� 7&Z
7	�/X�#�¼�9T($¥=� 7;��9T(�')X��/]ÃLN�/85�/��#�"*($¥m')($#;P	Q*XY���G)��/($¥*�E. ) (*�YO+�E.E#;�/XYX��E.-1��/($�E./'�Z
XY��#&���E.	"*(*%��Y(¹¥*�/(�,�9TXY%+�/($¥*�/(�¥u.E�/��WuP	Q=.	� 7&7	�/( C �/8����F#;�/(�8�� .E¥�D

� / ' �  "� � �
�����! �(*(�')Q*]^�<,��=.!¼�9T($¥=� 7;��9T(�')X��/(^LN�/85�/��#�X�')"=7	�E7"D

>;��?
Wahr (σ1[a], refM,g) & Wahr (σ2[b], refM,g)

�G'2,�9TXY%+�/($¥*�F#N%\�YX 7"D

> K\?
LWahr (pa = b ∨ a , bq)

E

,�9TXY%T7<')"$#!> K\?�')"=,�%T.	"*($¥^O+9T(m>[���/b�?GD

> J+?
(∀ref , M, g) Wahr (pa = b ∨ a , bq, refM,g)

d�#H,�9TXY%+�/(�85�/� 7	�E.E#<')"$#�> K\?�')"=,�%T.	"*($¥^O+9T(m> +�K\?GD

>�b�?
pa = b ∨ a , bq ≡refM,g pa = ιv ((v = b ∨ v , b) ∧ v = a)q

"*($¥

> ª\?
pa = b ∨ a , bq ≡refM,g pb = ιv ((a = v ∨ a , v) ∧ v = b)q

>[�<�E.G#&�Y(*%\"*X�f�.E�GW='�7;�
pa = b ∨ a , bq

�/(�7;Q�f)X 7��F85�/�(!�($¥=�YO���¥="$�/(=¡�9T($#-7E')(=Z
7	�/(�E*(�f)]�XY��P	Q

a
"*($¥

b
0>(¹')(�¡\')(*(Á¥*�F#&Q�')X C ¥=���F#;�/(ÁW='�7;� �Y(¿"*($#;�E.E�E.�¦�9:Z

7E'�7;��9T(�,��=.�#&�Y(*%\"*X�f�.E�GW=f�7;��� ')"=,»�F85�/���E.	X��/��¬ �/��#;��')($#;P	Q=.E�/� C �/(�E+"*($¥��F8�'�.
¥="=.EP	Q U

σ[a]
V$9�¥*�E.!¥="=.EP	Q U

σ[b]
V 0�LN�/�»¥*�E.!�E.E#-7	�/( Du9TXY%+�E.	"*(*%¹>�b�?5��#-7

σ[a]#;9T]�� 7G¥*�E.!#&�Y(*%\"*X�f�.E�2W='�7;�
pa = b ∨ a , bq

E*85�F#&Q�')X C
σ[a/v]

¥=���«Du9:.	]^�/X
pv = b ∨ v , bq

��#-7�0oLN�/��¥*�E.2�F85�/� 7	�/(½Du9TXY%+�E.	"*(*%�> ª\?G��#-7
σ[b]

� C �/(=, ')XYX�#
¥*�E. #&�Y(*%\"*X�f�.E�«W='�7;�

pa = b ∨ a , bq
Eo85�F#&Q�')X C

σ[b/v]
Q*���E. ¥=���`Du9:.	]^�/X

��£:b



pa = v ∨ a , vq
��#-7E?E0������F#;� C �/��¥*�/( Du9TXY%+�E.	"*(*%+�/(¢X�':#;#;�/( #&��P	Q #;P	Q$�/]`'�Z

7;��#;P	Q�8�����,�9TXY%T7<')($#;P	Q=.E�/� C �/(�D

pa = b ∨ a , bq
≡refM,g ≡refM,g

pa = ιv ((v = b ∨ v , b) ∧ v = a)q pb = ιv ((a = v ∨ a , v) ∧ v = b)q

�����F#;�E.H�E.E#-7	��WuP	Q=.	� 7&7NX�f")\7H#&��P	Q`¥="=.EP	Q�> +�K\?&;«�Y(�¥*�F#;#;�/(`LN�/85�/��#G> +���?��/�Y(=Z
%+�/%�')(*%+�/({��#-73;½.E�FP	Q�7&,��E.;7;�Y%+�/(o0<@ C 859TQ*X2> +�K\?q�/�Y($�¿Du9TXY%+�E.	"*(*%¿O+9T( > 1!?
��#-7"E���#-7q�F#q')( ¥=���F#;�E.qW+7	�/XYX���¡��/�Y($�F#&85�/%+# �E.;,�9:.E¥*�E.	XY��P	Q�E�')"=,G¥$':#q©�9\#-7;"*X�'�7
> 1!?�#;�/X C #-7��F"=.	�$P;¡u�F"*%T.E�/� ,��/(o0'(¹')(Á¡\')(*( Q*���E.2#-7E'�7&7	¥*�F#;#;�/( ¥$':#G(*��P	Q�72')X Z
X��/�Y(�')"=,�%T.	"*($¥�¥*�E.�O+9:.	XY���/%+�/($¥*�/( Wu�/]`')(�7;� ¡ C �/85�/��# C '�.E� +��/]�]`'�> +�K\?��F"=.
�5�FP	Q�7&,��E.;7;�Y%\"*(*% ¥=���F#;�F#�WuP	Q=.	� 7&7	�F#HO+�E.	85�/($¥*�/(o0

� / ' �  "� � �
�G'�85�/� 7	�E.E#H85�/%+�/(m>;��?H"*($¥Á> J+?H%+�/X 7	�/(�D

> £\?
Wahr (σ1[a], refM,g)

"*($¥

>[¯T?
Wahr (pa = b ∨ a , bq, refM,g)

E

,�9TXY%+�/(�')"$#�> £\?H"*($¥Á>[¯T?�')"=,�%T.	"*($¥^O+9T(m> +���?GD

> a+?
a ≡refM,g pιv (σ1[a/v]∧ v = a)q

"*($¥

> 3\?
a ≡refM,g pιv ((v = b ∨ v , b) ∧ v = a)q

 �"$#�> a+?�"*($¥�> 3\?�,�9TXY%T7�#;9T]�� 7o]�� 7�¸5�YX ,��N¥*�E.�W 
�]�]^�E7&.	����"*($¥-H�./')($#&� 7;�YO�� 7Ef�7
O+9T(
≡refM,g

D

>;��B\?
pιv (σ1[a/v] ∧ v = a)q ≡refM,g pιv ((v = b ∨ v , b) ∧ v = a)q

¬ �/� 7	�E.E#5��#-7<¥*�E. ! ¥*�/(�7;� 7Ef�7	#;#	'�7;�

��£\ª



>;�\��?
pa = ιv ((v = b ∨ v , b) ∧ v = a)q

O+9T( � � �N� = ι �/�Y(¿d�.	%+� C (*��#H¥*�E.57	�/�YXY85�/��#;�/(�W�" C #-7;� 7;"=7;��9T(`O+9T(

>;��K\?
pιv (σ1[a/v] ∧ v = a)q

�Y(

>;�FJ+?
pa = ιv (σ1[a/v] ∧ v = a)q

¥="=.EP	Q

>;�/b�?
pιv ((v = b ∨ v , b) ∧ v = a)q

�G'��F"$¥*�/] 85�/%+�/(m>;��B\?H#;P	Q$9T(�%\�YX 7"Eu¥$'")

>;��ª\?
pιv (σ1[a/v] ∧ v = a)q ≡refM,g pιv ((v = b ∨ v , b) ∧ v = a)q

E

,�9TXY%T7�#;9T]�� 7G')"$#�>;�\��? ;�>;��ª\?5')"=,�%T.	"*($¥^O+9T(m>[��H<?GD

>;��£\?
pa = ιv (σ1[a/v] ∧ v = a)q ≡refM,g pa = ιv ((v = b ∨ v , b) ∧ v = a)q

 �($¥*�E.E#;�/� 7	#N%+�/X 7	�/(¹85�/%+�/( >;��?H"*($¥ > J+?5')"$P	Q�D

>;�)¯T?
Wahr (σ2[b], refM,g)

"*($¥

>;�Fa+?
Wahr (pa = b ∨ a , bq, refM,g)

 �(�')X�9T%¹�F"¾> £\? ;�>;��£\?G,�9TXY%T7q')"$#q>;�)¯T?!"*($¥s>;�Fa+?2')"=,�%T.	"*($¥ O+9T(¾> +���?!"*($¥
>[��H<?�')"$P	Q�D

>;��3\?
pb = ιv (σ2[b/v] ∧ v = b)q ≡refM,g pb = ιv ((a = v ∨ a , v) ∧ v = b)q

�G':#<WuP	Q$�/]`'2X�f")\7�#&��P	Q�#;9T]�� 758�����,�9TXY%T7H,�9:.;7	#;�E7;���/(�D

��£\£



pa = b ∨ a , bq
≡refM,g ≡refM,g

pa = ιv ((v = b ∨ v , b) ∧ v = a)q pb = ιv ((a = v ∨ a , v) ∧ v = b)q

≡refM,g ≡refM,g

pa = ιv (σ1[a/v] ∧ v = a)q pb = ιv (σ2[b/v]∧ v = b)q

�����F#;�E.G�F85�/� 7	�«WuP	Q=.	� 7&7G8�� .E¥¿¥="=.EP	Q�> +���?";¹¥$':#�')"=,�%T.	"*($¥¹O+9T(½> H2��?�"*($¥
¥*�E.�.E�E,��E.E�/(*�/7;Q$�F9:.E�E7;��#;P	Q$�/(2¼<X�')"$#;�/XT,��=.»¥=���<! ¥*�/(�7;� 7Ef�7 C �/85�/��# C '�.���#-7�;�"*($¥
>[��H<?�%+�E.E�FP	Q�7&,��E.;7;�Y%T7�0T �(�¥=���F#;�E.5W+7	�/XYX���%+�/Q�75')X�#;92¥=���5¡�.	� 7;��#;P	Q$�� �(*(�')Q*]^�
>  G?q�/�Y(�E�85�/�YX2> +���?��/�Y($�^,�9:.	]`')X��¹d»(�7	#-6*.E�FP	Qu"*(*%�O+9T( >  G?«��#-7�0�¬ �/� 7	�E.E#
�E.;,�9TXY%T7�Q*���E.2�/�Y($�« �(u85�/($¥="*(*%`¥*�F#2�NZ&¼�9T]q6�9\#&� 7;��9T(�')XY� 7Ef�7	#-6*.	� (*�F� 6�# E�"*($¥
�F8�'�.»�/�Y($�� �(u85�/($¥="*(*%�¥*�E.�W+6��/�F� F=¡\'�7;��9T(^>[��H<?�O+9T(^>[��?�,��=.»%+�F#;P	Q*X�9\#;#;�/($�
#&�Y(*%\"*X�f�.E��H��E.	]^�T0

� / ' �  "� ���
d�#5%+�/X 7	�/(�')"=,�%T.	"*($¥^O+9T(m> 1!?H85�/� 7	�E.E# D

> K\B\?
σ1[a] ≡refM,g pa = ιv (σ1[a/v] ∧ v = a)q

"*($¥

> K=��?
σ2[b] ≡refM,g pb = ιv (σ2[b/v] ∧ v = b)q

d�#�,�9TXY%T75')X�#;9�')"$#<>�b�?GE$>;��£\?»"*($¥�> K\B\?�#;9)8����2> ª\?GE*>;��3\?�"*($¥¹> K=��?N')"=,�%T.	"*($¥
¥*�E.�H�./')($#&� 7;�YO�� 7Ef�75O+9T(

≡refM,g
D

> K\K\?
σ1[a] ≡refM,g σ2[b]

E

859T]�� 7�¥*�E.!¼�9T($¥=� 7;��9T(�')X��<LN�/85�/��#<' C %+�F#;P	Q*X�9\#;#;�/(^��#-7�0 ) 1 0
�����F#;�E.«¥u.	� 7&7	�^WuP	Q=.	� 7&7 X�f")\7 #&��P	Q�(*��P	Q�7 ¥="=.EP	Q½¥=���� �(*(�')Q*]^� Eo¥$'")

σ1[a]"*($¥
σ2[b]

C �/��¥*�58�')Q=.�.E�/X�'�7;�YO��F"
refM,g

#&�Y($¥�; 859:./')"$#�¥=���<d�.;,��*XYX C '�.;¡��/� 7
O+9T(

σ1[a]
"*($¥

σ2[b]
,�9TXY%T7 ;q#;9)8����<¥="=.EP	Q¹> ¦/H<?GE�>[����ª\?»"*($¥�> +���?».E�FP	Q�7&Z

,��E.;7;�Y%+�/(�Eu"*($¥��F8�'�.�')"$#�¥*�/(��Y(� C #;P	Q*(*� 7&7��T0 Ku0 �2')(*%+�E,��*Q=.;7	�/( 1<.	�*($¥*�/(o0
d�#2��#-7�(�f)]�XY��P	Q > ¦/H<?!�Y]I��')Q*]^�/(m¥*�E. O+9:.	XY���/%+�/($¥*�/( Wu�/]`')(�7;� ¡Á8���¥*�E.;Z
X��/% C '�.;E+85�F#&Q�')X C ')(�¥=���F#;�E.<W+7	�/XYX��!¥$':#<©�9\#-7;"*X�'�7!> 1!?H"*(uO+�E.	�F��P	Q�7 C '�.N��#-7�0

��£+¯



# � � -�+ + ��%7Y0- � � � % �
�����F#;��¥u.E�/��WuP	Q=.	� 7&7	�GX�':#;#;�/(¹#&��P	Q C �YX�¥=Q�'�,�758����G,�9TXY%T7��F"$#	')]�]^�/(=, ':#;#;�/(�D

pa = b ∨ a , bq

≡refM,g ≡refM,g

pa = ιv ((v = b ∨ v , b) ∧ v = a)q pb = ιv ((a = v ∨ a , v) ∧ v = b)q

≡refM,g ≡refM,g

pa = ιv (σ1[a/v] ∧ v = a)q pb = ιv (σ2[b/v]∧ v = b)q

≡refM,g ≡refM,g

σ1[a] ≡refM,g σ2[b]

LN�/85�/��#H,��=.�> H�J+?GD
�T0

(∀σ, c, v, ref , M, g) (Wahr (σ[c], refM,g) ⇒
c ≡refM,g pιv (σ[c/v] ∧ v = c)q

> +���?

Ku0
(∀σ, c, v, ref , M, g) (LWahr (σ[c]) ⇒
σ[c] ≡refM,g pc = ιv (σ[c/v] ∧ v = c)q)

> +�K\?

J=0
(∀S 1, S 2, t1, t2, ref , M, g)
(Erg(S 2, S 1(t1//t2)) & t1 ≡refM,g t2 ⇒ S 1 ≡refM,g S 2)

>[��H<?

b*0
(∀σ, c, v, ref , M, g)
σ[c] ≡refM,g pc = ιv (σ[c/v] ∧ v = c)q

> 1!?

ªu0
LWahr (pa = b ∨ a , bq)

(��E7E'�7;Q$�F9:.E�/]
£u0

(∀ref , M, g) Wahr (pa = b ∨ a , bq, refM,g)
>[���/b�?�ª

¯�0
Erg (pa = ιv ((v = b ∨ v , b) ∧ v = a)q,
pa = ιv (σ1[a/v] ∧ v = a)q (pιv (σ1[a/v] ∧ v = a)q//
pιv ((v = b ∨ v , b) ∧ v = a)q))

> ©�.:��?

a=0
Erg (pb = ιv ((a = v ∨ a , v) ∧ v = b)q,
pb = ιv (σ2[b/v] ∧ v = b)q (pιv (σ2[b/v] ∧ v = b)q//
pιv ((a = v ∨ a , v) ∧ v = b)q))

> ©�./K\?

3u0
Wahr (σ1[a], refM,g) & Wahr (σ2[b], refM,g)

 �(*(o0u,-0�¼�L
��Bu0

Wahr (σ1[a], refM,g)
W�! ( 3

��£Ta



�\�T0
Wahr (σ2[b], refM,g)

W�! ( 3
��Ku0

σ1[a] ≡refM,g pa = ιv (σ1[a/v] ∧ v = a)q
) !�b

�FJ=0
σ2[b] ≡refM,g pb = ιv (σ2[b/v] ∧ v = b)q

) !�b
�/b*0

a ≡refM,g pιv (σ1[a/v] ∧ v = a)q
(¹©¢��B4E ) !<�

��ªu0
b ≡refM,g pιv (σ2[b/v] ∧ v = b)q

(¹©¢�\� E ) !<�
��£u0

Wahr (pa = b ∨ a , bq, refM,g)
) !N£

�)¯�0
pa = b ∨ a , bq ≡refM,g

pa = ιv ((v = b ∨ v , b) ∧ v = a)q

(¹©sª4E ) !HK

�Fa=0
a ≡refM,g pιv ((v = b ∨ v , b) ∧ v = a)q

(¹©¢��£4E ) !<�
��3u0
pιv (σ1[a/v]∧ v = a)q ≡refM,g

pιv ((v = b ∨ v , b) ∧ v = a)q
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pa = ιv (σ1[a/v] ∧ v = a)q ≡refM,g

pa = ιv ((v = b ∨ v , b) ∧ v = a)q
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K=�T0
σ1[a] ≡refM,g pa = ιv ((v = b ∨ v , b) ∧ v = a)q
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K\Ku0

σ1[a] ≡refM,g pa = b ∨ a , bq
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KTJ=0
pa = b ∨ a , bq ≡refM,g

pb = ιv ((a = v ∨ a , v) ∧ v = b)q
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b ≡refM,g pιv ((a = v ∨ a , v) ∧ v = b)q
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pιv (σ2[b/v]∧ v = b)q ≡refM,g

pιv ((a = v ∨ a , v) ∧ v = b)q
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pb = ιv (σ2[b/v] ∧ v = b)q ≡refM,g

pb = ιv ((a = v ∨ a , v) ∧ v = b)q

(¹©  �� =«a
E$K\ª4E
) !�J

K+¯�0
σ2[b] ≡refM,g pb = ιv ((a = v ∨ a , v) ∧ v = b)q

> H�./?!�FJ
E*K\£
KTa=0

σ2[b] ≡refM,g pa = b ∨ a , bq
> H�./?�K+¯
E�> W 
=?<KTJ

K\3u0
σ1[a] ≡refM,g σ2[b]

> H�./?�K\K4E�> W 
=?<KTa
J+Bu0

Wahr (σ1[a], refM,g) & Wahr (σ2[b], refM,g) ⇒
σ1[a] ≡refM,g σ2[b]

¼�L 3 ;=K\3

J*�T0
(∀σ1, σ2, a, b, ref , M, g)
(Wahr (σ1[a], refM,g) & Wahr (σ2[b], refM,g) ⇒
σ1[a] ≡refM,g σ2[b])
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> H5b�? � > +��o?GE�> H�J+?GE�> ¦<?GE�>[��W=?GE�> ©�.EJ+? � |− � �N� =
(∀σ3, σ4, a, b, ref , M, g) (Falsch (σ3[a], refM,g) &
Falsch (σ4[b], refM,g) ⇒ σ3[a] ≡refM,g σ4[b])

�<�E.5LN�/85�/��#�,��=.5¥$':#�H5Q$�F9:.E�/]g> H5b�?»8�� .E¥�� C �/(=, ')XYX�#�]�� 7N¥*�E.
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≡refM,g
¥="=.EP	Q*%+�E,��*Q=.;7�0

LN�/85�/��#H,��=.�> H5b�?GD
�T0

(∀S 1, S 2, ref , M, g) (LÄ (S 1, S 2) ⇒ S 1 ≡refM,g S 2)
> +��o?

Ku0
(∀σ1, σ2, a, b, ref , M, g)
(Wahr (σ1[a], refM,g) & Wahr (σ2[b], refM,g) ⇒
σ1[a] ≡refM,g σ2[b])

> H�J+?

J=0
(∀σ, c, ref , M, g)
(Falsch (σ[c], refM,g) ⇒ Wahr (p¬σ[c]q, refM,g)

> ¦<?

b*0
(∀S 1, S 2, T1, T2, ref , M, g)
(Erg(S 2, S 1(T1//T2)) & T1 ≡refM,g T2 ⇒

S 1 ≡refM,g S 2)

>[��W=?

ªu0
Erg (p¬¬σ4[b]q, p¬¬σ3[a]q (p¬σ3[a]q//p¬σ4[b]q))

> ©�.EJ+?
£u0

Falsch (σ3[a], refM,g) & Falsch (σ4[b], refM,g)
 �(*(o0�,-0�¼�L

�)¯TB
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Falsch (σ3[a], refM,g)

W�! ( £
a=0

Falsch (σ4[b], refM,g)
W�! ( £

3u0
Wahr (p¬σ3[a]q, refM,g)

(¹©s¯
E ) !�J
��Bu0

Wahr (p¬σ4[b]q, refM,g)
(¹©{a
E ) !�J

�\�T0
p¬σ3[a]q ≡refM,g p¬σ4[b]q

(¹©{ �� =�34E���B4E
) !NK

��Ku0
p¬¬σ3[a]q ≡refM,g p¬¬σ4[b]q

(¹©{ �� =�ª4E��\� E
) !�b

�FJ=0
LÄ (p¬¬σ3[a]q, σ3[a])

(��E7E'�7;Q$�F9:.E�/]
�/b*0
p¬¬σ3[a]q ≡refM,g σ3[a]

(¹© �FJ
E ) !<�
��ªu0

LÄ (p¬¬σ4[b]q, σ4[b])
(��E7E'�7;Q$�F9:.E�/]

��£u0
p¬¬σ4[b]q ≡refM,g σ4[b]

(¹© ��ª4E ) !<�
�)¯�0

σ3[a] ≡refM,g σ4[b]
> H�./?G> W 
=?2�/b�E
��K4E���£

�Fa=0
Falsch (σ3[a], refM,g) & Falsch (σ4[b], refM,g) ⇒
σ3[a] ≡refM,g σ4[b]

¼�L¾£ ;��)¯

��3u0
(∀σ3, σ4, a, b, ref , M, g)
(Falsch (σ3[a], refM,g) & Falsch (σ4[b], refM,g) ⇒
σ3[a] ≡refM,g σ4[b])

) 1 �Fa
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> K\?
pλx(x = ∅ ∧ T1)q

.E�/X�'�7;�YOÁ�F"
extM∗,g

¥=���`d»�Y($�E.	]^�/(*%+� O+9T(
ext (∅)

')X�# d�e�7	�/($#&��9T(�"*($¥�¥*�E.
! ¥*�/(�7;� 7Ef�7	#;#	'�7;�

> J+?
pλx(x = ∅ ∧ T1) = {∅}q

��#-7 > � C �/($#;9�8����
T1)
8�')Q=.G.E�/X�'�7;�YO`�F"

extM∗,g
>�,��=.�')XYX��

T1, ext, M∗, g
?E0 ! #-7

' C �E.
T1
, ')X�#;P	Q .E�/X�'�7;�YO¿�F"

extM∗,g
E�¥$')(*(mQ�'�7 ¥*�E. (��/(*%+�/(�' C #-7&./'�¡�7;��9T($#-Z

7	�E.	]S> K\?�.E�/X�'�7;�YO �F"
extM∗,g

¥=���¿X��F�E.E� (��/(*%+�Á')X�#�d�e�7	�/($#&��9T( "*($¥ ¥*�E.
! ¥*�/(�7;� 7Ef�7	#;#	'�7;�2> J+?���#-7�> � C �/($#;928����

T1
?�, ')X�#;P	Q�.E�/X�'�7;�YO«�F"

extM∗,g
>�,��=.<')XYX��

T1, ext, M∗, g
?E0*d�#�%\�YX 7�¥$')Q$�E.5,��=. ­ �F¥*�F#

T1
D

>�b�?
LÄ∗(T1, pλx(x = ∅ ∧ T1) = {∅}q)

 �"
)��E.E¥*�/]ÃQ�')X 7	� ��P	QÁ,��F#-7"Eo¥$'")�¥=�����5�/X�'�7;��9T( ¥*�E.2X�9T%\��#;P	Q$�/( * �+"*�YOT')X��/(*�
LÄ∗

.E�F�$�Eeu�YO'E=#�
�]�]^�E7&.	��#;P	Q�"*($¥^7&./')($#&� 7;�YO���#-7�0

¬ �/� 7	�E.E#G¡\')(*( ]`')(m¥=���q©�./f)]���#;#;��> ©�./ª\?G8���� ,�9TXY%T7 C �/%T.	�*($¥*�/(�D�Wu�/���/(
T1, T2, ext, M∗

"*($¥
g
C �/XY��� C �Y% %+�/8�f)Q*X 7�0*�G'2,�9TXY%+�/($¥*�F#H%\�YX 7"D

>;��?
Erg(pλx(x = ∅ ∧ T2)q, pλx(x = ∅ ∧ T1)q (T1//T2))

"*($¥�¥$'�85�/� 7	�E.E#5X�')"=7� �(*(�')Q*]^�<,��=.!¼�9T($¥=� 7;��9T(�')X��/(`LN�/85�/��#5%\�YX 7"D

> K\?
T1 ≡extM∗,g T2

� �<�0#�8=�bO�8=�;% �0#�8-�9O5% 8=�K#�8-� wx�0#�8=�� ���8D#��$#�% ?0�"TU?0� ,
∅

.[7�?0@ @
ext (∅)

O5% 8 @ 8=8=��8 9b8-�9>F8
7�8-% �N4�/c8-���FL97�?F>0L2#^a 2 ���0#�8Q8=7^7�% _D!B!�% 8=��yY8-%���yY8=�^�FL9_D!BL�Z�8-% �B�F�9O�8=��8=7^{M@ 8-ZQ8-�0#��FL97

D
!��F�9O�8-@ �N4

�Fa*�



,�9TXY%T7<')"$#!>;��?H"*($¥Á> K\?�')"=,�%T.	"*($¥`¥*�F#<d�Z&¼�9T]q6�9\#&� 7;��9T(�')XY� 7Ef�7	#-6*.;�Y(=�F� 6�# D

> J+?
pλx(x = ∅ ∧ T1)¬ ≡extM∗,g pλx(x = ∅ ∧ T2)q

d�#H,�9TXY%T7<')X�#;9q')"$#�> K\?H"*($¥Á> J+?N]�� 7�¼�9T($¥=� 7;��9T(�')X��/] LN�/85�/��#5"*($¥ ) (*�YO+�E.;Z
#;�/XYX��E.21��/($�E./')XY��#&���E.	"*(*%�> ©�./ª\?E0

WuP	Q*XY���G)+XY��P	Q C �/(�3:7;�Y%T7�]`')(�,��=.q¥*�/( LN�/85�/��#�($9�P	Q½¥=���«,�9TXY%+�/($¥*�/(�¥u.E�/�
�/]q6$� .	��#;P	Q$�/(`©�./f)]���#;#;�/(�E+85�/X�P	Q$�!¥=���<7	�/�YXY85�/��#;�!W�" C #-7;� 7;"=7;��9T( C �E7&.E�E���/(�D

> ©�./£\?
Erg (C[pλx (x = ∅ ∧ T1) = {∅}q],
C[T1] (T1//pλx(x = ∅ ∧ T1) = {∅}q))

> ©�.F¯T?
Erg (C[pλx(x = ∅ ∧ T2) = {∅}q],
C[pλx(x = ∅∧T1) = {∅}q] (pλx(x = ∅∧T1)q//pλx(x = ∅∧T2)q))

> ©�.Ea+?
Erg (C[T2],
C[pλx(x = ∅ ∧ T2) = {∅}q] (pλx(x = ∅ ∧ T2) = {∅}q//T2))

 �"=,�%T.	"*($¥�O+9T(Á>[� !&0 Ku0 £\?���#-7�¥=���!�5�/X�'�7;��9T(
≡extM∗,g

�/�Y($� * �+"*�YOT')X��/(*�/.E�/X�'�Z
7;��9T(o0*¬ �/(*(

A1
"*($¥

A2
�F85�/���Ee�7	�/($#&��9T($#-, f)Q*�Y%+�! �"$#;¥u.	�$P;¡���O+9T( � � �N� =λ

#&�Y($¥�E=¥$')(*(¹X�')"=7	�E7 ;�8����!%+�F#	')%T7 ;�¥*�E.!')XYXY%+�/]^�/�Y($�G �(u85�/($¥="*(*%+#-, ')XYX�O+9T(
>[� !&0 Ku0 £\?N8�����,�9TXY%T7"D

>;��?
A1 ≡extM∗,g A2 ⇔ extM∗,g (A1) = extM∗,g (A2)

d�#�� C �E.;7&./f)%T7�#&��P	Q«#;9T]�� 7»¥=���5�5�F�$�Eeu�YO�� 7Ef�7"E:¥=���HW 
�]�]^�E7&.	����"*($¥ ¥=��� H�./')(=Z
#&� 7;�YO�� 7Ef�7�¥*�E. ! ¥*�/(�7;� 7Ef�7<')"=,�¥=���2�5�/X�'�7;��9T(

≡extM∗,g

0$d�#�%+�/X 7	�/(�')X�#;9
D

>[�N,
′
?

(∀A1) A1 ≡extM∗,g A1
> W 
 ′ ? (∀A1, A2) (A1 ≡extM∗,g A2 ⇒ A2 ≡extM∗,g A1)
> H�.
′
?

(∀A1, A2, A3) ((A1 ≡extM∗,g A2) & (A2 ≡extM∗,g A3)⇒ A1 ≡extM∗,g A3)

�<�E.»LN�/85�/��#�,��=.»¥$':#�(�':P	Q=,�9TXY%+�/($¥*��H5Q$�F9:.E�/]�> H2��?�8�� .E¥!]�� 7��/�Y($�E.o#;9TX�P	Q$�/(
* �+"*�YOT')X��/(*�/.E�/X�'�7;��9T(

≡extM∗,g

¥="=.EP	Q*%+�E,��*Q=.;7�0

�Fa+K



Wu�/���/(m�Y] ,�9TXY%+�/($¥*�/(
M∗ = 〈D, ext〉

�/�Y( C �/XY��� C �Y%+�F#��Ee�7	�/($#&��9T($#-7;Q$�F9:.E�EZ
7;��#;P	Q$�F#.(�9�¥*�/XYX�,��=. � � �N� =λ #;9)8���� g

�/�Y($� C �/XY��� C �Y%+�-0�'�.	��' C X��/( C �/X��/%\"*(*%
O+9T(

IV ������� =λ
�Y(

D
E�"*($¥¿#;�/���/(¿85�/� 7	�E.E#

T1
"*($¥

T2
C �/XY��� C �Y%+��W=f�7;����O+9T(

� � �N� =λ E�"*($¥2#;�/� C �/�Y( C �/XY��� C �Y%+�E.»¼�9T(�7	�Ee�7oO+9T( � � �N� =λ 0T�G':#$V;W�XY�Y(*%+#&Q$9:7&Z
 5.	%\"*]^�/(�7-_GO+9T(ABG"*�Y($� >;��3\ªTJ+?�X�')"=7	�E7<¥$')(*(�8����G,�9TXY%T7"D

> H2��? � >�¬ 2
?GEo> +�d�?GEo> d H<?GEo> ©�.	b�?GE�> ©�./ª\?GE�> ©�./£\?GE�> ©�.F¯T?GEo> ©�.Ea+? � |− � �N� =

(∀C, T1, T2, ext, M∗, g)
(Erg(C[T2],C[T1] (T1//T2)) & T1 ≡extM∗,g T2 ⇒

C[T1] ≡extM∗,g C[T2])

! P	Q^#-¡u�Y�F�F���E.E�5�Y]�,�9TXY%+�/($¥*�/(�¥=���<LN�/85�/��#&��¥*�F�H,��=.5¥=���F#;�F# H5Q$�F9:.E�/]x> H2��?GE
¥$':#�]�� 7&7	�/X�#`¼�9T($¥=� 7;��9T(�')X��/]ILN�/85�/��#^"*($¥ ')($#;P	Q*XY���G)��/($¥*�E. ) (*�YO+�E.E#;�/XYX��E.
1��/($�E./')XY��#&���E.	"*(*% C �/8����F#;�/(¹8�� .E¥�0$�����! �(*(�')Q*]^�G,��=.!¼�9T($¥=� 7;��9T(�')X��/(`LN�EZ
85�/��#5X�')"=7	�E7�¥$' C �/� D

>;��?
Erg (C[T2],C[T1] (T1//T2)) & T1 ≡extM∗,g T2

¦<':P	Q¹¥*�E.�©�./f)]���#;#;��> ©�./£\?H%\�YX 75(u"*(�D

> K\?
Erg (C[pλx(x = ∅ ∧ T1) = {∅}q],
C[T1] (T1//pλx(x = ∅ ∧ T1) = {∅}q))

¬ �/%+�/(�¥*�E.G©�./f)]���#;#;� > ©�.	b�?N%\�YX 7�85�/� 7	�E.E# D

> J+?
LÄ∗(T1, pλx(x = ∅ ∧ T1) = {∅}q)

 �"$#!> K\?H"*($¥Á> J+?N,�9TXY%T7G')"=,�%T.	"*($¥^O+9T(m> +�d�?GD

>�b�?
C[T1] ≡extM∗,g C[pλx(x = ∅ ∧ T1) = {∅}q]

�G'�85�/� 7	�E.E#H85�/%+�/(m>;��?H%\�YX 7"D

> ª\?
T1 ≡extM∗,g T2

,�9TXY%T7<')"$#!> ª\?H]�� 7<¥*�E.�©�./f)]���#;#;��> ©�./ª\?�,�9TXY%+�/($¥*�F# D

> £\?
pλx(x = ∅ ∧ T1)q ≡extM∗,g pλx(x = ∅ ∧ T2)q

�Fa\J



¦<':P	Q¹¥*�E.�©�./f)]���#;#;��> ©�.F¯T?H%\�YX 7585�/� 7	�E.E# D

>[¯T?
Erg (C[pλx(x = ∅ ∧ T2) = {∅}q],
C[pλx(x = ∅ ∧ T1) = {∅}q] (pλx(x = ∅ ∧ T1)q//pλx(x = ∅ ∧ T2)q))

 �"$#!>[¯T?H"*($¥Á> £\?N,�9TXY%T7G')"=,�%T.	"*($¥^O+9T(m> d H<?N,�9TXY%+�/($¥*�F# D

> a+?
C[pλx(x = ∅ ∧ T1) = {∅}q] ≡extM∗,g C[pλx(x = ∅ ∧ T2) = {∅}q]

¦<':P	Q¹¥*�E.�©�./f)]���#;#;��> ©�.Ea+?H%\�YX 7<')"
)��E.E¥*�/] D

> 3\?
Erg (C[T2],
C[pλx(x = ∅ ∧ T2) = {∅}q] (pλx(x = ∅ ∧ T2) = {∅}q//T2))

¬ �/� 7	�E.E#5%\�YX 7585�/%+�/(�¥*�E.�©�./f)]���#;#;��> ©�.	b�?GD

>;��B\?
LÄ∗(pλx(x = ∅ ∧ T2) = {∅}q, T2)

 �"$#!> 3\?H"*($¥Á>;��B\?�,�9TXY%T7<#;9T]�� 7G')"=,�%T.	"*($¥^O+9T( > +�d�?GD

>;�\��?
C[pλx(x = ∅ ∧ T2) = {∅}q] ≡extM∗,g C[T2]

d�#�,�9TXY%T72#;9T]�� 7�')"$#«>�b�?GE�> a+?G"*($¥{>;�\��?!')"=,�%T.	"*($¥Á¥*�E.-H�./')($#&� 7;�YO�� 7Ef�7�O+9T(
≡extM∗,g

D

>;��K\?
C[T1] ≡extM∗,g C[T2]

E

859T]�� 7�¥*�E.!¼�9T($¥=� 7;��9T(�')X��<LN�/85�/��#<' C %+�F#;P	Q*X�9\#;#;�/(^��#-7�0 ) 1 0

¤$"$#	')]�]^�/(*%+�E, '")\7"E+�E.	Q�')X 7	�/(�8�� .�')X�#;9«¥$':#N,�9TXY%+�/($¥*�2����')%T./')]�] D

C[T1] ≡extM∗,g C[pλx(x = ∅ ∧ T1) = {∅}q]

≡extM∗,g ≡extM∗,g

C[T2] ≡extM∗,g C[pλx(x = ∅ ∧ T2) = {∅}q]

�FaTb



LN�/85�/��#H,��=.�> H2��?GD
�T0

(∀C, T1, T2, ext, M∗, g)
(Erg(C[T2],C[T1] (T1//T2)) & LÄ

∗(T1, T2) ⇒
C[T1] ≡extM∗,g C[T2])

> +�d�?

Ku0
(∀C, t1, t2, ext, M∗, g)
(Erg(C[t2],C[t1] (t1//t2)) & t1 ≡extM∗,g t2 ⇒
C[t1] ≡extM∗,g C[t2])

> d H<?

J=0
(∀T1) LÄ∗(T1, pλx(x = ∅ ∧ T1) = {∅}q)

> ©�.	b�?
b*0

(∀T1, T2, ext, M∗, g)
(T1 ≡extM∗,g T2 ⇒

pλx(x = ∅ ∧ T1)q ≡extM∗,g pλx(x = ∅ ∧ T2)q)

> ©�./ª\?

ªu0
(∀x, y, ext, M∗, g)
(Satz (x,

� � �N� =λ) & y = extM∗,g (x) ⇒ Wahrw (y))

>�¬
2
?

£u0
Erg (C[T2],C[T1] (T1//T2)) & T1 ≡extM∗,g T2

 �(*(o0u,-0�¼�L
¯�0

Erg (C[pλx(x = ∅ ∧ T1) = {∅}q],
C[T1] (T1//pλx(x = ∅ ∧ T1) = {∅}q))

> ©�./£\?

a=0
LÄ
∗(T1, pλx(x = ∅ ∧ T1) = {∅}q)

) !�J
3u0

Erg (C[pλx(x = ∅ ∧ T1) = {∅}q],
C[T1] (T1//pλx(x = ∅ ∧ T1) = {∅}q)) &
LÄ∗(T1, pλx(x = ∅ ∧ T1) = {∅}q) ⇒
C[T1] ≡extM∗,g C[pλx(x = ∅ ∧ T1) = {∅}q]

) !<�

��Bu0
C[T1] ≡extM∗,g C[pλx(x = ∅ ∧ T1) = {∅}q]

(¹©½ �� =«¯
E+a
Eu3
�\�T0

T1 ≡extM∗,g T2 ⇒

pλx(x = ∅ ∧ T1)q ≡extM∗,g pλx(x = ∅ ∧ T2)q

) !�b

��Ku0
pλx(x = ∅ ∧ T1)q ≡extM∗,g pλx(x = ∅ ∧ T2)q

(¹©sW�! ( £4Eo�\�
�FJ=0

Erg (C[pλx(x = ∅ ∧ T2) = {∅}q],
C[pλx(x = ∅ ∧ T1) = {∅}q] (pλx(x = ∅ ∧ T1)q//
pλx(x = ∅ ∧ T2)q))

> ©�.F¯T?

�Fa+ª



�/b*0
Erg (C[pλx(x = ∅ ∧ T2) = {∅}q],
C[pλx(x = ∅ ∧ T1) = {∅}q] (pλx(x = ∅ ∧ T1)q//
pλx(x = ∅ ∧ T2)q)) &
pλx(x = ∅ ∧ T1)q ≡extM∗,g pλx(x = ∅ ∧ T2)q ⇒
C[pλx(x = ∅ ∧ T1) = {∅}q] ≡extM∗,g

C[pλx(x = ∅ ∧ T2) = {∅}q]

) !NK

��ªu0
C[pλx(x = ∅ ∧ T1) = {∅}q] ≡extM∗,g

C[pλx(x = ∅ ∧ T2) = {∅}q]

(¹©  �� =��FJ
E���K4E
�/b

��£u0
Erg (C[T2],C[pλx(x = ∅ ∧ T2) = {∅}q]
(pλx(x = ∅ ∧ T2) = {∅}q//T2))

> ©�.Ea+?

�)¯�0
LÄ∗(pλx(x = ∅ ∧ T2) = {∅}q, T2)

) !�J
E$W 
�]
LÄ∗

�Fa=0
Erg (C[T2],C[pλx(x = ∅ ∧ T2) = {∅}q]
(pλx(x = ∅ ∧ T2) = {∅}q//T2)) &
LÄ
∗(pλx(x = ∅ ∧ T2) = {∅}q, T2) ⇒

C[pλx(x = ∅ ∧ T2) = {∅}q] ≡extM∗,g C[T2]

) !<�

��3u0
C[pλx(x = ∅ ∧ T2) = {∅}q] ≡extM∗,g C[T2]

(¹©  �� =���£4E��)¯
E
�Fa

K\Bu0
C[T1] ≡extM∗,g C[T2]

> H�.
′
?���B4E���ª4E���3

K=�T0
Erg (C[T2],C[T1] (T1//T2)) & T1 ≡extM∗,g T2 ⇒

C[T1] ≡extM∗,g C[T2]

¼�L £ ;=K\B

K\Ku0
(∀C, T1, T2, ext, M∗, g)
(Erg(C[T2],C[T1] (T1//T2)) & T1 ≡extM∗,g T2 ⇒

C[T1] ≡extM∗,g C[T2])

) 1 K=�

d�#G,�9TXY%T7!#;9T]�� 72')"$#�¥*�/(A0�9:./')"$#;#;�E7;�F"*(*%+�/(�D�> +�d�?!#;9)8�����> d H<?GE�> ©�.	b�?GE
> ©�./ª\?GE�> ©�./£\?GE�> ©�.F¯T?5"*($¥�> ©�.Ea+?<¥$':#<,�9TXY%+�/($¥*�!($�/"=7&./')X��2�Ee�7	�/($#&��9T($#-7;Q$�F9:Z
.E�E7;��#;P	Q$��©�.	�Y(*�F� 6 D
> d�W=?

(∀C, T1, T2, ext, M∗, g)
(Erg (C[T2],C[T1] (T1//T2)) & T1 ≡extM∗,g T2 ⇒

C[T1] ≡extM∗,g C[T2])
> d�W=? C �F#	')%T7�')"$#!¥*�E. W���P	Q�72¥*�E. W=f�7;��� Eo¥$'")¹�Y( ­ �F¥*�/]@W='�7;�«¡�9��Ee�7	�/($#&��9:Z
($�/XYX���W=f�7;���5,��=.E�/�Y(�')($¥*�E.�#	')XYOT'!�Ee�7	�/($#&��9T($�5#&" C #-7;� 7;"*���E. C '�.�#&�Y($¥¹> ¥�0 Qo0+¥$'")

�Fa+£



­ �F¥*�E.^W='�7;�¹¥=����d»�Y%+�/($#;P	Q�'�,�7«¥*�E.^W=')XYOT'�Z-d�e�7	�/($#&��9T($�EZ-W�" C #-7;� 7;"*���E. C '�.;¡��E� 7&Z
O+9T(=Z ¡�9��Ee�7	�/($#&��9T($�/XYX��/(=Z-W=f�7;���/(qQ�'�7E?E0��G'�X�')"=7G �(*(�')Q*]^�!')"$P	Qm> d H<?5%\�YX 7"E
Q�'�7�]`')( C �E.E�/� 7	#H�F85�/�»LN�F#-7;�Y]�]«"*(*%+#;#-7 �$P;¡��5,��=.�¥=���!d�e�7	�/($#&��9T(�')XY� 7Ef�7

3
�Y(

¸<f)($¥*�/(�D�d�#�#&�Y($¥Á(�f)]�XY��P	Q #;9)859TQ*X»¡�9��Ee�7	�/($#&��9T($�/XYX��«W=f�7;���^')X�#2')"$P	Q ¡�9:Z
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(∀S 1, S 2, ref , M, g) (LÄ (S 1, S 2) ⇒ S 1 ≡refM,g S 2)
>;��ª\K\?

> +o��?
(∀S 1, S 2, T1, T2, ref , M, g)
(Erg(S 2, S 1 (T1//T2)) & LÄ (T1, T2) ⇒ S 1 ≡refM,g S 2)
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(Erg(C2,C1(A1//A2)) & A1 ≡ref A2 ⇒ C1 ≡ref C2) &
(∀x, y, ref ) (Satz (x,

�
) & y = ref (x) ⇒ Wahrw (y))�20 Qo0u')"$#N¥*�E.<W���P	Q�7H¥*�E.�W=f�7;��� D !�( ­ �F¥*�/]g¼�9T(�7	�Ee�7G> W='�7;�)?

C1#&�Y($¥�¡�9:.E�E,��E.E�/(�7;���/XYX��N �"$#;¥u.	�$P;¡���,��=.E�/�Y(�')($¥*�E.�#	')XYOT'<O+�E.	� 7E'�7	�
1#&" C #-7;� 7;"*���E. C '�.�> ª\3\?

>�¬ ��H<? !�( ­ �F¥*�/]ÂW='�7;��#&�Y($¥�¡�9:.E�E,��E.E�/(�7;���/XYX���%+�F#;P	Q*X�9\#;#;�/($��#&�Y(*%\"*X�f�Z
.E�2H��E.	]^�5,��=.E�/�Y(�')($¥*�E.�#	')XYOT'G.E�E,��E.E�/(�7;��'�#&" C #-7;� 7;"*���E. C '�.;E)"*($¥
¬m')Q=.	Q$�/� 7	#&85�E.;7	��#&�Y($¥�¥=���2�5�E,��E.E�/(*��9 C$­ �E¡�7	�GO+9T(¿W=f�7;���/(o0
>;��3=��?

>�¬ ��W=?
(∀S 1, S 2, T1, T2, ref )
(Erg(S 2, S 1(T1//T2)) & T1 ≡ref T2 ⇒ S 1 ≡ref S 2) &
(∀x, y, ref ) (Satz (x,

�
) & y = ref (x) ⇒ Wahrw (y))

> £\B\?
> W=?

(∀x, y, ref ) (Satz (x,
�

) & y = ref (x) ⇒ Sachv (y))
> £=��?

> W*��?
(∀C1,C2, A1, A2, ref )
(Erg(C2,C1(A1//A2)) & A1 ≡ref A2 ⇒ C1 ≡ref C2) &
(∀x, y, ref ) (Satz (x,

�
) & y = ref (x) ⇒ Sachv (y))�20 Qo0u')"$#N¥*�E.<W���P	Q�7H¥*�E.�W=f�7;��� D !�( ­ �F¥*�/]g¼�9T(�7	�Ee�7G> W='�7;�)?

C1#&�Y($¥{¡�9:.E�E,��E.E�/(�7;���/XYX��` �"$#;¥u.	�$P;¡��`,��=.E�/�Y(�')($¥*�E.q"*( C �F#;P	Q�':¥*�E7
¥*�F#<W=':P	QuO+�E.	Q�')X 7	#H')X�#G�5�E,��E.E�/(*��9 C$­ �E¡�75#&" C #-7;� 7;"*���E. C '�.�> £=��?

� ! � �*� � � �¹��
 � �N� �½�½� � �
> H !&0Y�T0Y��?

C1
Q�'�72¥=���qd»�Y%+�/($#;P	Q�'�,�7!¥*�E. W=')XYOT'�Z&�5�E,��E.E�/(�7;��'�Z-W�" C #-7;� 7;"*���E.;Z

C '�.;¡��/� 7&Z O+9T(=Z .E�/X�'�7;�YO+Z �F"=Z
ref
Z ¡�9:.E�E,��E.E�/(�7;���/XYX��/(=Z[ �"$#;¥u.	�$P&¡��/(

⇔

(∀A1, A2,C2)
(Erg(C2,C1(A1//A2)) & A1 ≡ref A2 ⇒ C1 ≡ref C2)

> £+¯T?

K\B\K



> H !&0Y�T0 K\? � ��#-7<�Ee�7	�/($#&��9T(�')X
1 ⇔

(∀C1,C2, A1, A2, ref )
(Erg(C2,C1(A1//A2)) & A1 ≡ref A2 ⇒ C1 ≡ref C2))

>[¯u��?
> H !&0Y�T0 J+? � ��#-7<�Ee�7	�/($#&��9T(�')X

2 ⇔

(∀C1,C2, A1, A2, ref )
(Erg(C2,C1(A1//A2)) & A1 ≡ref A2 ⇒ C1 ≡ref C2)) &
(∀x, y, ref ) (Satz (x,

�
) & y = ref (x) ⇒ Wahrw (y))

>[¯TK\?
> H !&0Y�T0 b�?

e
C X��/� C 7G"*(�7	�E.2¥*�E.G7	�/�YXY85�/��#;�/( W�" C #-7;� 7;"=7;��9T(¿O+9T(¿.E�/X�'�7;�YO��F"

ref
¡�9:.E�E,��E.E�/(�7;���/XYX��/(` �"$#;¥u.	�$P;¡��/(`�Y(

C1
�E.	Q�')X 7	�/(

⇔

(∀A1, A2,C2) (Erg(C2,C1(A1//A2)) &
A1 ≡ref A2 & e = ref (C1) ⇒ e = ref (C2))

>[¯T£\?
> H !&0Y�T0 ª\?

|− � �N� = (∀C1,C2, A1, A2, ref )
(Erg(C2,C1(A1//A2)) & A1 ≡ref A2 ⇒ C1 ≡ref C2)⇔
(∀C1,C2, A1, A2, ref , e)
(Erg(C2,C1(A1//A2)) & A1 ≡ref A2 & e = ref (C1) ⇒
e = ref (C2))

>[¯:a+?
> H !&0Y�T0 £\?

C1
��#-7G�Ee�7	�/($#&��9T(�')X

1
.E�/X�'�7;�YO��F"

ref ⇔
(∀e) (e

C X��/� C 7o"*(�7	�E.�¥*�E.�7	�/�YXY85�/��#;�/(«W�" C #-7;� 7;"=7;��9T(�O+9T(�.E�/X�'�7;�YO
�F"

ref
¡�9:.E�E,��E.E�/(�7;���/XYX��/(` �"$#;¥u.	�$P;¡��/(`�Y(

C1
�E.	Q�')X 7	�/(

)
> a+B\?

> H !&0Y�T0 ¯T?
e
¡�9T]�] 7�')"=,�%T.	"*($¥2O+9T(¹>[��?»')X�#»¥$':#��5�E,��E.E�/(*��9 C$­ �E¡�7�O+9T(

C1.E�/X�'�7;�YO��F"
ref
�Y(¿D+./')%+�

⇔

(∀A1, A2,C2) (Erg(C2,C1(A1//A2)) &
A1 ≡ref A2 & e = ref (C1) ⇒ e = ref (C2))

> a+B\?
> H ! !&0Y�T0Y��?

|− � �N� = (∀σ, c, v, ref , M, g)
(Wahr (σ[c], refM,g)⇒
Wahr (pc = ιv (σ[c/v] ∧ v = c)q, refM,g))

>;�/bu¯T?
> +�! !&0Y�T0Y��?

|− � �N� = (∀σ, c, v, ref , M, g)
(Wahr (σ[c], refM,g)⇒ c ≡refM,g pιv (σ[c/v] ∧ v = c)q)

>;��ª\B\?
> H ! !&0Y�T0 K\?

|− � �N� = (∀σ, c, v, ref , M, g) (Wahr (σ[c], refM,g)⇒
Wahr (pσ[c]↔ c = ιv (σ[c/v] ∧ v = c)q, refM,g))

>;��ª=��?

K\BTJ



> +�! !&0Y�T0 K\? � > +��o? � |− � �N� = (∀σ, c, v, ref , M, g)
(LWahr (σ[c]) ⇒ σ[c] ≡refM,g pc = ιv (σ[c/v]∧ v = c)q)

>;��ªTJ+?
> ¦<?

(∀σ, c, ref , M, g)
(Falsch (σ[c], refM,g) ⇒ Wahr (p¬σ[c]q, refM,g))

>;��£=��?
> H ! !&0Y�T0 J+? �G':#���4  % � � '(# �"� ' � � � + ��%���O+9T(A1�3�¥*�/X ;¹D=')XYX�� D

� > +�! !&0Y�T0Y��?GE�> +�! !&0Y�T0 K\?GE�>[��H<?GE�> 1!?GE�> ©�.:��?GE�> ©�./K\? � |− � �N� =
(∀σ1, σ2, a, b, ref , M, g)
(Wahr (σ1[a], refM,g) & Wahr (σ2[b], refM,g) ⇒
σ1[a] ≡refM,g σ2[b])�20 Qo0*')XYX���8�')Q=.E�/(¹#&�Y(*%\"*X�f�.E�/(`W=f�7;��� C �/���/��P	Q*($�/(�¥$':#;#;�/X C �
>;��£TJ+?

> H ! !&0Y�T0 b�? �G':#���4  % � � '(# �"� ' � � � + ��%���O+9T(A1�3�¥*�/X ;¹D=')XYXoK4D
� > +��o?GE�> H ! !&0Y�T0 J+?GE�> ¦<?GEo>[��W=?GE�> ©�.EJ+? � |− � �N� =
(∀σ3, σ4, a, b, ref , M, g)
(Falsch (σ3[a], refM,g) & Falsch (σ4[b], refM,g) ⇒
σ3[a] ≡refM,g σ4[b])�20 Qo0*')XYX��G, ')X�#;P	Q$�/(�#&�Y(*%\"*X�f�.E�/(�W=f�7;��� C �/���/��P	Q*($�/(�¥$':#;#;�/X C �
>;�)¯TB\?

���5tulovGy�n-|NvGy\t
	<l�|�r*n-l

� ���»
������ � 
���

>[� !&0 Ku0 £\? Wu�/���/(

x1
"*($¥

x2
�F85�/���Ee�7	�/($#&��9T($#-, f)Q*�Y%+�� �"$#;¥u.	�$P;¡��5O+9T( � E

"*($¥½#;�/�H85�/� 7	�E.E#
ext
�/�Y($�`d�e�7	�/($#&��9T($#-,�"*(=¡�7;��9T(mO+9T(

X
�Y(

Y,��=. �§0
x1 ≡ext x2 :⇔ ext (x1) = ext (x2)

> 3\3\?
>[� !&0 Ku0 ¯T?

A1
��#-7��Y(

C1
¥="=.EP	Q

A2
.E�/X�'�7;�YO^�F"

ext
#	')XYOT' �Ee�7	�/($#&��9T($�

#&" C #-7;� 7;"*���E. C '�.
:⇔

(∀C2) (Erg(C2,C1(A1//A2)) ⇒ C1 ≡ext C2)
>;�\��ª\?

K\B:b



>[� !&0 Ku0 a+?
C1
Q�'�7�¥=���!d»�Y%+�/($#;P	Q�'�,�7H¥*�E.<W=')XYOT'�Z-d�e�7	�/($#&��9T($�EZ-W�" C #-7;� 7;"*���E.;Z

C '�.;¡��/� 7&Z O+9T(=Z .E�/X�'�7;�YO+Z �F"=Z
ext
Z ¡�9��Ee�7	�/($#&��9T($�/XYX��/(=Z[ �"$#;¥u.	�$P;¡��/(

:⇔
(∀A1, A2) (A1 ≡ext A2 ⇒ A1

��#-7��Y(
C1
¥="=.EP	Q

A2
.E�/X�'�7;�YO¿�F"

ext
#	')XYOT' �Ee�7	�/($#&��9T($��#&" C #-7;� 7;"*���E. C '�./?5>;�\��£\?

>[� !&0 Ku0 3\?
C1
Q�'�7o¥=����d»�Y%+�/($#;P	Q�'�,�7�¥*�E.�W=')XYOT'�Z 0��E.	� 7E'�7	�

2
Z-W�" C #-7;� 7;"*���E. C '�.;Z

¡��/� 7&Z O+9T(=Z .E�/X�'�7;�YO+Z �F"=Z
ext
Z ¡�9\�Ee�7	�/($#&��9T($�/XYX��/(=Z[ �"$#;¥u.	�$P;¡��/(

:⇔
C1
Q�'�7�¥=���!d»�Y%+�/($#;P	Q�'�,�7H¥*�E.<W=')XYOT'�Z-d�e�7	�/($#&��9T($�EZ-W�" C #-7;� 7;"*���E.;Z

C '�.;¡��/� 7&Z O+9T(=Z .E�/X�'�7;�YO+Z �F"=Z
ext
Z ¡�9��Ee�7	�/($#&��9T($�/XYX��/(=Z[ �"$#;¥u.	�$P;¡��/(

&
(∀x, y, ext) (Satz (x,

�
) & y = ext(x) ⇒ Wahrw (y))

>;�\��£\?
>[� !&0 Ku0Y��B\?

C1
��#-7G�Ee�7	�/($#&��9T(�')X

3
.E�/X�'�7;�YO��F"

ext :⇔
C1
Q�'�7�¥=���!d»�Y%+�/($#;P	Q�'�,�7H¥*�E.<W=')XYOT'�Z-d�e�7	�/($#&��9T($�EZ-W�" C #-7;� 7;"*���E.;Z

C '�.;¡��/� 7&Z O+9T(=Z .E�/X�'�7;�YO+Z �F"=Z
ext
Z ¡�9��Ee�7	�/($#&��9T($�/XYX��/(=Z[ �"$#;¥u.	�$P;¡��/(

>;�\�)¯T?
>[� !&0 Ku0Y�\��?

C1
��#-7G�Ee�7	�/($#&��9T(�')X

4
.E�/X�'�7;�YO��F"

ext :⇔
C1
Q�'�7o¥=����d»�Y%+�/($#;P	Q�'�,�7�¥*�E.�W=')XYOT'�Z 0��E.	� 7E'�7	�

2
Z-W�" C #-7;� 7;"*���E. C '�.;Z

¡��/� 7&Z O+9T(=Z .E�/X�'�7;�YO+Z �F"=Z
ext
Z ¡�9��Ee�7	�/($#&��9T($�/XYX��/(=Z[ �"$#;¥u.	�$P;¡��/(

>;�\�)¯T?
>[� !&0 Ku0Y��K\? � ��#-7<�Ee�7	�/($#&��9T(�')X

3 :⇔
(∀C1, ext) (C1

��#-7<�Ee�7	�/($#&��9T(�')X
3
.E�/X�'�7;�YO��F"

ext)
>;�\�)¯T?

>[� !&0 Ku0Y�FJ+? � ��#-7<�Ee�7	�/($#&��9T(�')X
4 :⇔

(∀C1, ext) (C1
��#-7<�Ee�7	�/($#&��9T(�')X

4
.E�/X�'�7;�YO��F"

ext)
>;�\�Fa+?

>[� ! !&0 Ku0 ª\? Wu�/�
x
�/�Y($��Du9:.	]^�/X�O+9T( � � �N� =λ 0

LWahr∗(x) :⇔ (∀ext, M∗, g) Wahr (x, extM∗,g)
>;�)¯T3\?

>[� ! !&0 Ku0 £\? Wu�/���/(
x1
"*($¥

x2
Du9:.	]^�/XY(`O+9T( � � �N� =λ.

LÄ∗(x1, x2) :⇔ LWahr∗(px1 ↔ x2q)
>;�)¯T3\?

� ���o� �:� ����� ������
 � � � 
 � � ! � �*� �+��� �":;! � � � ��
��\� � ����

> d�e�7GJ+?

(∀S 1, S 2, A1, A2, ext) (S 1
��#-7<�/�Y(^V&�Ee�7	�/($#&��9T(�')X��E.&_!¼�9T(�7	�Ee�7

&
Erg (S 2, S 1(A1//A2)) & A1 ≡ext A2 ⇒ S 1 ≡ext S 2)

> a\a+?
> d�?

(∀C1,C2, A1, A2, ext)
(Erg(C2,C1(A1//A2)) & A1 ≡ext A2 ⇒ C1 ≡ext C2)

K\B\ª



�20 Qo0)�Y( ­ �F¥*�/]�¼�9T(�7	�Ee�7
C1
#&�Y($¥2¡�9��Ee�7	�/($#&��9T($�/XYX��� �"$#;¥u.	�$P;¡��

#	')XYOT' �Ee�7	�/($#&��9T($��#&" C #-7;� 7;"*���E. C '�.G>;��B\ª\?
> d� G?

(∀S 1, S 2, s1, s2, ext)
(Erg(S 2, S 1(s1//s2)) & s1 ≡ext s2 ⇒ S 1 ≡ext S 2)

>;��B+¯T?
> d H<?

(∀C, t1, t2, ext, M∗, g)
(Erg(C[t2],C[t1] (t1//t2)) & t1 ≡extM∗,g t2 ⇒
C[t1] ≡extM∗,g C[t2])

>;�Fa+B\?
> d�W=?

(∀C, T1, T2, ext, M∗, g)
(Erg(C[T2],C[T1] (T1//T2)) & T1 ≡extM∗,g T2 ⇒

C[T1] ≡extM∗,g C[T2])
>;�Fa+£\?

> +�d�?
(∀C, T1, T2, ext, M∗, g)
(Erg(C[T2],C[T1] (T1//T2)) & LÄ∗(T1, T2)⇒
C[T1] ≡extM∗,g C[T2])

>;�Fa+B\?

� � :;! � � 
����o� �:� ���¿� ������
 � � � 
 � � ! � �*� �+��� �":;! � � � ��
��\� � ����

>�¬

2
?

(∀x, y, ext) (Satz(x,
�

) & y = ext (x) ⇒ Wahrw (y))
>;��BTa+?

>�¬ d�?
(∀C1,C2, A1, A2, ext)
(Erg(C2,C1(A1//A2)) & A1 ≡ext A2 ⇒ C1 ≡ext C2) &
(∀x, y, ext) (Satz(x,

�
) & y = ext (x) ⇒ Wahrw (y))�20 Qo0H')"$#�¥*�E.�W���P	Q�7�¥*�E.�W=f�7;��� D !�( ­ �F¥*�/]M¼�9T(�7	�Ee�7¹> W='�7;�)?

C1
#&�Y($¥�¡�9��Ee�7	�/($#&��9T($�/XYX��� �"$#;¥u.	�$P;¡���,��=.E�/�Y(�')($¥*�E.�#	')XYOT'�O+�E.	� Z

7E'�7	�
2
#&" C #-7;� 7;"*���E. C '�.�>;��B\3\?

>�¬ d H<? !�( ­ �F¥*�/]x¼�9T(�7	�Ee�7!> W='�7;�)?H#&�Y($¥^¡�9��Ee�7	�/($#&��9T($�/XYX��5%+�F#;P	Q*X�9\#;#;�EZ
($��#&�Y(*%\"*X�f�.E� H��E.	]^�«,��=.E�/�Y(�')($¥*�E.2#	')XYOT'��Ee�7	�/($#&��9T($�q#&" C #-7;� Z
7;"*���E. C '�.;E�"*($¥ ¬m')Q=.	Q$�/� 7	#&85�E.;7	�«#&�Y($¥m¥=���^d�e�7	�/($#&��9T($�/( O+9T(
W=f�7;���/(o0�>;��3TJ+?

>�¬ d�W=?
(∀S 1, S 2, T1, T2, ext)
(Erg(S 2, S 1(T1//T2)) & T1 ≡ext T2 ⇒ S 1 ≡ext S 2) &
(∀x, y, ext) (Satz(x,

�
) & y = ext (x) ⇒ Wahrw (y))

>;��B\3\?
>�¬ +�d�? !�( ­ �F¥*�/]Â¼�9T(�7	�Ee�7�> W='�7;�)? #&�Y($¥�X�9T%\��#;P	Q{f �+"*�YOT')X��/(�7	�`W=f�7;���

,��=.E�/�Y(�')($¥*�E.q#	')XYOT'Á�Ee�7	�/($#&��9T($�`#&" C #-7;� 7;"*���E. C '�.;Eo"*($¥{¬m')Q=.;Z
Q$�/� 7	#&85�E.;7	�!#&�Y($¥�¥=���!d�e�7	�/($#&��9T($�/(�O+9T(¿W=f�7;���/(o0�>;��3TJ+?

K\B\£



� ! � �*� � � �
> H !&0 Ku0 J+? � ��#-7<�Ee�7	�/($#&��9T(�')X

3 ⇔

(∀C1,C2, A1, A2, ext)
(Erg(C2,C1(A1//A2)) & A1 ≡ext A2 ⇒ C1 ≡ext C2)

>;�\�Fa+?
> H !&0 Ku0 b�? � ��#-7<�Ee�7	�/($#&��9T(�')X

4 ⇔

(∀C1,C2, A1, A2, ext)
(Erg(C2,C1(A1//A2)) & A1 ≡ext A2 ⇒ C1 ≡ext C2) &
(∀x, y, ext) (Satz (x,

�
) & y = ext(x) ⇒ Wahrw (y))

>;�\�Fa+?
> H !&0 Ku0 £\?

e
¡�9T]�] 72')"=,�%T.	"*($¥�O+9T({> d�?�')X�#G¥=��� d�e�7	�/($#&��9T(¿O+9T(

C1
.E�EZ

X�'�7;�YO^�F"
ext
�Y(¿D+./')%+�

⇔

(∀A1, A2,C2) (Erg(C2,C1(A1//A2)) &
A1 ≡ext A2 & e = ext (C1) ⇒ e = ext (C2))

>;��K=��?
> H ! !&0 Ku0Y��? � � ����% �  $#&%&-54  "�76 � � � ' � � � + ��%���O+9T( BG"*�Y($� ;¹D=':#;#&"*(*%¹� D

� >�¬ 2
?GE�> +�d�?GE > d H<?GE�> ©�.	b�?GE�> ©�./ª\?GE2> ©�./£\?GE2> ©�.F¯T?GE�> ©�.Ea+? �

|− � �N� = (∀C, T1, T2, ext, M∗, g)
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(∀C1,C2, A1, A2, ext)
(Erg(C2,C1(A1//A2)) & Wahr ([A1 ≡ A2], ext) ⇒
Wahr ([C1 ≡ C2], ext))
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(∀S 1, S 2, s1, s2, ext)
(Erg(S 2, S 1(s1//s2)) & Wahr ([s1 ≡ s2], ext) ⇒
Wahr ([S 1 ≡ S 2], ext))
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(∀C, t1, t2, ext, M∗, g)
(Erg(C[t2],C[t1] (t1//t2)) & Wahr ([t1 ≡ t2], extM∗,g) ⇒
Wahr ([C[t1] ≡ C[t2]], extM∗,g))
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(∀C, T1, T2, ext, M∗, g)
(Erg(C[T2],C[T1] (T1//T2)) & Wahr ([T1 ≡ T2], extM∗,g) ⇒
Wahr ([C[T1] ≡ C[T2]], extM∗,g))
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(∀C, T1, T2, ext, M∗, g)
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Wahr ([C[T1] ≡ C[T2]], extM∗,g))
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Wahr ([C1 ≡ C2], ext)) &
(∀x, y, ext) (Satz(x,
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x1 ≡ext x2 ⇔ Wahr ([x1 ≡ x2], ext)
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(∀s1, s2, ref ) (s1 ≡ref s2 ⇔ Wahr ([s1 ≡ s2], ref ))

>[��¬ LH©�?
(∀F1, F2, ref ) (F1 ≡ref F2 ⇔ Wahr ([F1 ≡ F2], ref ))

>[��¬ LHW=?
(∀T1, T2, ref ) (T1 ≡ref T2 ⇔ Wahr ([T1 ≡ T2], ref ))
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