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Ro@^C�jlk^k/`TVXk^`TY\j}RoC{RoYZBDCX�!�¨h6jcfXjcYZh/PSR
PSC)BDjchHRTY\p{k/jc`SR>¡ORT@^C�jXPTPT]^BDkQRTYgVch<P"
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k/`TVXk<VHPS��k/jl`�EHRojcU^WgC�`�n^jlh/P�PTC)P�nQY/0m�)`TC)hHRoPJjl`TRTY\p�WgC)P�nQC�k/]^YgP;A>�c�CB�jl]�PT]}bdC�R�nQC>PJfc`qjlBDB�jlYg`TC>P�BDYZh/Y¢�
B�jcWZY\PdRoC)P)��z{Vc]/P�p�Vch/Pojcp�`TC)`TVXh/P�nQVch<p�]^h^C�k^`TC)BDYZA)`TC�k/jc`SRoYZC���C��Qk<VHPSC)`�WgC)PFn^��«/h^YZRTYgVch<P�]QRoYZWgC)P��6Wgj
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[H]^C£WgC�h^VX]^|cC>jl]���VX`TB�jcWZY\PSBDC£[X]/C�h^VX]/P�]QRTYgWZY\PTVch/P)�@'�C£nQC)`Th/YZC)`�C>PdR�]^h�@HNOU^`oY\nQC�C)hXRo`TC£WgC)P�fc`qjlBDB�jlYg`TC>P
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B�jcYZ`oC)P�C�R{pl� C)PSR{p�C�[H]^C�h^VX]/P
k^`oVckmVXPTC�`oVch/P�n^jch/P
]^h�Ro`TVXYgPTYZA)BDCeRoC�BDk/P)��'�C�RSRTC�p�Vc]/pq@/C�PS�)BDjchHRTY\[X]/C
`oC�H<A�RTC�W\j�B�j}bdC)]^`oC�k/jc`SRoYZC6nQC�BDVchÔRT`qj�|�jcYZW2���*C6U^]QR�C)PSR�n � jcPoPSVQp�YgC�`���]^h^C�k^@^`qjcPTC�]^h/C���VX`TB�]^WgC
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|}jcWZY\nQCGF��
<��=7,9,;�¯>;³­09 5 � U ���+� �.��	 ) �����TZ MTBYB�M � ���O�@��� �
�.�.	 ) � ��� � $,�.�TZ �iM
� ���/���*� ����	��#�*�QM
�����hl g F
<��=7,9,;�¯>;³­09 5 � K ����� ���!���.�*�/� � 	6P.�
�/�;�������@� ? � 	���PTM
�;��� $,����� �."�$�� �0P.�DM����YM������
�SR
� � U � � � �OK���� � �������
� � ��� �OK�� � � � U � � � �OK���� � �J� � �J� �	��� � � �
� � �
M �

� ���.�?�/��g M
������B ��M�� � � 	#" $��\F
�+�������/�Ig M
�����*� � �������!	#"�$��>F
� ��� � ����� � d ������� �����/�S�@��� �!���
	�� �5� C
� � � � 	#" $���� �3�S�.�
���>F
SELECTEUR = {= b, = B, B = |b ∈ BASE}� K � ������� d � �(� � �8� �/�8�@���*� �
�
	�� � �3�SP.�
� F
ASSIGN

�
= {−x|x ∈ FUN}

ASSIGNATEUR = {+x, +X |x ∈ FUN}
ªJjlh/PFp�C�`TRojcYZh/C)P�|cC)`oPTYgVch/P�nQC>P�fc`qjlBDB�jlYg`TC>PeBDYgh^YgBDjcWZY\PSRTC)P�D2EHRojcU^WgC�`>¡ A)�X�CB�F�¡tVch8YZhHRo`TVQnQ]^YZR�]^h^C

n^Y10t��`oC�h/p�C�C�hHRT`oC�nQC)P�jXPTPTYgfch/jlRTC�]/`oP���Vc`TRoP*D³h^VlRo�)P���
�F�C�R{nQC)P{jcPoPSYgfch/jlRTC)]^`oP��³jlYgU^WgC)P*D³h^VlRo�)P��{��F&�
<��=7,9,;�¯>;³­09 5 � U ��� �!���
	�� ��g M
���*�QM
����� ��- �TP $,��� ��� � $>�iP $,�/���
�!� 	��
��� �J� d 	������ ) ������	�� �f�3��� � ����	��#�_��$
�iM�$>�Tl ���i���
� ��� � 	����
�.�3� B��/�YP.�>F � M�$>�J-
� ����M
��� B��
�*� ����$,	����DP.��" $�� � M���� �/���D�3� B��/�YP.� ��� ��� �iF
<��=7,9,;�¯>;³­09 5 � �5$%PTM
� � ����	���� �/��� �!���
	�� �Ig��
	6� �/���TZ��QM
����� ��� ��	�� $>�iP�$,�/� � d ��� �!	���� ���*"�$�� �/��� �!���
	�� �
�QM
� l B ��M�� � � 	#" $���� F

'e� C)PSR�C)h��³jcYgPojlhHR�|}jc`TYgC�`DPS]/`Dp�C�`TRojcYZh/PFRT`qjlYZRoP�W\j�|}jlWgC�]^` 4d��Vc`TRoP��>�³jcYZU^WgC)P 6 [H]^C W2� VXh4VXUQRTYgC�hHR�nQC)P
|}jc`TY\j}RoYZVXh/P�n/jlh/PDW2� VX`on^`TC6nQC)PDBDVcRoP)� 'e� C>PdR�h^VcRojlBDBDC�hHR�p�C�[H]^Y
kmC�`oB�C�R n � jlh/jcWZNQPTC�`DnQC)PDW\jlh^fX]^C)P
E � =¦�aEO]}bdC�RS� � UQbdC�RT�!=vC)`TUmC{kmVc]/`�WgC5IHjlkmVch^h<jlY\Pv��VX]�E>= � �aEO]}bdC�RS� =vC�`oU<C�� � UQbdC�R�kmVc]^`�WZC �^`qjlh�<)jlY\P��
� h�nQVch^h/CFjlWgVc`qP{nQC�p�C�RSRTC�B�jlh^YgA�`oCF]^h/CF`o�)jlWgY\PTjlRTYgVch�nQCFW\j�h/VlRTYgVch�nQCFk/jc`ojcBDA�RT`oCF[H]^Y�p�VX`T`oC)PTk<VXh/n
jc]Q� k/jc`SRoYgp�]^W\jl`oY¢Ro�)P�n � ]^h^C�W\jlh^fX]^C�h/j}Ro]^`TC)WZWgCc�

�	}­ J�­m�\;³¯\;³­09 2VU �+�/�
� ) � ) �S�@� ? � 	0B(���*$,� �*��� ���/� ) ���������
	��
���������/�_P��a`�� $,�
�O��$ � � � 	#" $��*�iM
$>�*�/���
g M��0P � 	6M��(� ) ����������� ��	6P.��� � U �.��� � � U � U � � Z Φ

�
�YF
©{h^C{C��Ok/`TC>PTPTYZVXh�PSC)`oj�k<jl`�n^��«/h^YZRTYgVch ]^h jl`oU^`oC
U^Ygh/jlYg`TC{Vc`qnQVch^h/�
«/h^Ytj�|cC>p�k^`TVcbdC)p�RTYgVch*¡HnQVchHR�WgC)P

��C)]^YgWZWgC)P�PTVchHR�nQC>P�C�hHRT`o��C>P�WZC��OY\p�jcWZC>P£��RTY\[H]^C�Ro��C>P�¡^C�R{p�CX¡^jl]�B�V}NXC�h6nQC�PT]^Y¢RoC)P
nQC�Ro`ojcY¢RqP��

��
�� � �"��(0/�� � ��� � #.� #4��$,/1����(Q���
ªJjlh/PFWZC>P�fX`ojcB�B�jcYZ`oC)P�BDYgh^YZB�jcWZY\PdRoC)P)¡�p�VcBDBDC�h^Vc]<P�W2� j�|XVch/P�k/`T�>p��)n^C�BDBDC�hHR�nQYZR)¡$p�C�PTVchHR�WgC)P

Ro`ojcY¢RqP�[H]^Y�nQ�>p�WgC�h/pq@^C)hHR�WZC>P�Vckm��`qj}RoYZVXh/P�nQC�p�VXh/PSRT`o]/p&RoYZVXh*� _�Vc]^`Fp�C�W\j^¡ h^VX]/P�j�|XVch/PJUmC)PTVcYgh8n^C�nQ���
«<h^YZ`

Φ
W2� C�h/PTC�B�U^WZC�nQC)P���Vch/p�RTYgVch/P�fX��h^�)`ojlRT`oYgp�C)P�]QRoYZWgY\PS�)C)P)��z�VX]/P�C)h�j�|cVch<P�nQC�]Q� ¡�Wgj6��]<PSYgVch�C�RFWZC

n^��k^W\jcp�C�BDC�hHR)�
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243 � 365 � ���:���>;³­09
��j���]/PTYZVXh�C>PdR�]^h^C�Vckm��`qj}RoYZVXh�[X]/Y$`o��]/h^Y¢R�nQC)]Q��BDVc`qp�C)jc]Q�6C�h�WgC)PJp�VXBFU^Ygh/jchXRJC�h/PTC�B�U^WgCFkmVc]^`

C)h�nQVch/h^C�`�]/h�RT`oVcY\PSYgA�BDCX� '�C�RTRTCFVXk<�)`ojlRTYgVch6C)PSRenQ�>p�WgC�h/pq@/��C�k/jc`�W\j�k^`o�)PTC�h/p�C�n � ]/h�jcPoPSYgfch<j}RTC)]^`
C�R
n*� ]^h�jXPTPTYZfXh^�c�

<��=7,9,;�¯>;³­09 2 � �QM�	�� � $,� �*� � B �����.�.	6M���Z �YM���� �/�;� 8 � �*����� � � � �YF �'M
	�� R�� ��� � d � � B �����.��	6M
� M-������� $��*���
B���� ? � �
� � �/�E� �
�
	�� g 	*�/� ��$,	�� ���@�E�!���
	�� �E"�$,	 � � 	#" $�� � ����� � � � � �[Z �iM�	�� RGD³k^@^Vch D

α
F F � d � � B������
��	6M�� �:�@�
���

� �@" $������/�+�/�APTM��0P.�
�������
�!	6M
� �3����� �
�
	�� � B ��M
�����!	#"�$����+�����
α
Z��
�aM��.�"B�M
$,��� M
$,�����*� � B������.��	6M
��� t1

Z
t2

���
� M
$,�

c ∈ Base
R

fusion(t1[= c], t2[c]) = [< t1, t2]si t1 ∈ Lex
F

fusion(t1[= c], t2[c]) = [> t2, t1]sinon
F

z{Vc]/P
kmVc]/|cVch<P�`oC�k/`T�>PSC)hXRoC�`
PTVc]/P£��VX`TBDC�nQC�nQY\jlfc`qjlBDBDC�n � jc`TU/`TC�p�C>P�`TA)fcWgC)P��

fusion(t1[= c], t2[c]) =























<
��HH

t1 t2
si t1 ∈ Lex

>
��HH

t2 t1

PSYgh^VXh

_�Vc]/`���VX`TB�jcWZY\PSC)`�WgC)P�`oA�fXWZC>P�k/`T�>p��)n^C�hHRTC>P�¡Oh^VX]/P£WZC>P�YZhHRTC)`Tk/`T��RTVch<P�p�VcBDBDCJnQC>P�`TA)fcWgC)P£nQC�nQ�)n^]/p&�
RoYZVXh�h<j}RT]/`TC)WZWgCc�

t1[= c] t2[c]
fusion[t1 ∈ Lex]

[< t1, t2]
t1[= c] t2[c]

fusion[t1 /∈ Lex]
[< t2, t1]

z{Vc]/PJj�|cVXh/P�|O]�[H]*� YgW�C��OY\PSRTCF]/h�jl]^RT`oC�RdNOk<CDnQCFRT`qjlYZR)¡mWZC>P{Ro`ojcY¢RqP
��VX`SRqP��m_�Vc]^`J]^h^C���]/PTYZVXh�j�|cC>p
]/h�Ro`ojcY¢R���VX`SR �
<��=7,9,;�¯>;³­09 2'5 K ��� g.$>��	6M
� ��- �TP $,� � ����	��.g M���� � �APTM
��B�M���� � PTM
�;��� $,� ��g.$>��	6M�� �
-
�TP�$,� �!���
	��
g���	6��� �;� � �����/� g.$>��	6M
� � �+�/��� B��
���!	#��� B ��M�� � � 	#" $������ � �/���DPTM
�0P.��� � � �����?��- �TP�� d MTB(� ���
��� $,�

&
F

� 	
t1 ∈ Lex

R

fusion(t1[= C], t2[c]) = [< t1(phon(t1)&phon(t2)), t2(phon(ε))].
fusion(t1[C =], t2[c]) = [< t1(phon(t2)&phon(t1)), t2(phon(ε))].

� 	��0M�� R

fusion(t1[= C], t2[c]) = [< t2(phon(ε)), t1(phon(t1)&phon(t2))].
fusion(t1[C =], t2[c]) = [< t2(phon(ε)), t1(phon(t2)&phon(t1))].

z{Vc]/P
YghHRTC)`Tk^`o��RoVch/P�p�C)P�`oA�fcWgC)P�n^jch/P�W\j�nQ�)nQ]<p&RTYgVch�h/jlRT]^`oC�WgWZC �

Â�Â�º
L�M�N�O�P
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t1[= C] t2[c]
fusion[t1 ∈ Lex]

[< t1(phon(t1)&phon(t2)), t2(phon(ε))]
t1[C =] t2[c]

fusion[t1 ∈ Lex]
[< t1(phon(t2)&phon(t1)), t2(phon(ε))]

z{Vc]/P�jck^kmC�WgWZC)`TVXh/P�nQVch/pJW2� C)h/PTC�BFU/WZC�nQC�p�C)P�`oA�fcWgC)P�W\j g.$>��	6M
� �
ªJjlh/P£RoVc]/P£WgC)P
p)jcP�nQCe��]/PSYgVch�¡QWZC�h���]/n�`o�)PT]^W¢RqjlhHR�`oC <�VcYZR£WgC�PSC)h/P�nQC�Wgj�k^`oVlbdC>p&RTYgVch�C�R
WgC)P�RT`qjlYZRoP

]^RTYgWZY\PS�>P
PSVXhHR�C)h^WgC�|c�>P
nQC�W\j�WgY\PdRoC�WZC>P
p�VchHRoC�h/jchXR>�

243 � 3 2 � ' .$�=J$² �^± 'O� ' 9t¯
©{h^C�PSC>p�Vch<nQC{VXk<�)`ojlRTYgVch�C>PdR�]QRTYgWgYgPT��CX�Q�aWZWgC�C)PSR�n^YZ`oC)p�RTC�BDC)hXR�Ygh/PSk/YZ`o��C�nQ] k/`TVXfc`qjlBDBDC�BDYZh^YgB�j}�

WgY\PdRoCJC�R�BDC�R�C�h�j�|}jlhHR
W2� Y\nQ��C�nQC�n^��k^W\jcp�C�BDC�hHR�nQC)P{p�VcBDkmVXPojlhHRoP���W2� YghHRT��`oYgC�]^`�nQC�W\j�k^@^`qjcPTCc�

<��=7,9,;�¯>;³­09 2 2 �QM�	��
t∗

$,��� � � B������.��	6M
� " $,	 �����:B���M � �TP � 	6M�� ��� � 	������/� � d $,� ��� 8 � ��� F �QM
	�� Z,B�M�$,�
� M
$,���!��	 B �/� �.� d � � B �
���.��	6M
��� Z

t1
Z
t2
ZQM �+��PTM
� � 	#� �������!��	6P�������� ���

t1
����	�� ����P M����!	#��� �-B(�
�

t2
Z
t{t1/t2}� �������.$,�1� ����MY� � � ��$�������� � B��/��� �
� �

t1
B��
�

t2
�@���(� � Z �
	��(��	YB�M�$,� � M
$,��� � � B������
��	6M�� t1

� �4g���PTM����������
���
$,� ��� $,� �
�i� ���+��� � 	������

t2[−f ]∗
R

�@� B �/�-P.�
(t1 [+f ]) = [> t∗2, t1{t2[−f ]∗/λ}]M �

λ
������� d ���i���
�+�
� ��$,	�� 	 $,��� ��$,� ��� $��[Z -G	6�@�>F

��� VXk<�)`ojlRTYgVch6nQC�nQ��k^W\jcp�C�BDC�hHR�C>PdR�jlk/k^WZY\[H]^��C���W\jDk^`TVcbdC)p�RTYgVch B�jl�OYgB�jlWgC�nQ]�PSVX]/Pd�¨jl`oU^`oCej�NHjlhHR
WgC�Ro`ojcY¢R
�2�d� ¥ k^`TA>P
W2� C��HRo`ojXp&RoYZVXh6n^]�PSVX]/Pd�¨jl`oU^`oCJn^C�W¤� jl`oU^`oC�k^`oYZh/p�YZk<jlW*WgCFPTVc]/PS�:jc`TU/`TCJC)PSRenQ�)k^WgjXp���C)h
kmVXPTYZRTYgVch�nQCDPTk<�>p�YZ«/C�]^`�nQC�Wgj�R�:�RoC�n^C�W2� jc`TU/`TCX�<�*C>Pen^C�]Q��Ro`ojcY¢RqPej�NHjlhHRenQ�>p�WgC�h/pq@^��WZC�nQ��k/WgjXp�C�BDC)hXR
PTVchHR�jlWgVc`qP�jlU/jch/nQVXh^h^�)P)�

<��=7,9,;�¯>;³­09 2 b � 	 M
���!���
-
�
	���� �D�@���(�J$,� �J-
���.��	6M
�W�@�����?� " $,	�B�M �.� �T�@� �/���
	����!	��0P � 	6M��7��� � �
�*� � l
��	 ) � ��� � $,�.�Qg M����#� � � � �.��	 ) � �
��� $,�.�Qg���	6���/���TZ ���aM
�.��M
� �YM
	�� ����X ����� P.���!�����@� ? � 	�� 	6M��hB��
���@� B � �YP.����� ���
g M������ � �3� B��/�YP.� ��� ���'g���	6���/��R

�@� B �/�-P.�
(t1 [+F ]) = [> t∗2, t1{t2[−f ]∗/λ}]�@� B �/�-P.�
(t1 [+f ]) = [> t2(phon(ε))∗, t1{t2[−f ]∗/t′∗2 }]M��

t′2
������� d �
�i� ���

t2∗
��- �TP+�/�����!����	��#�*�0M���l B ��M
�����!	#" $�������$>BYB���	������iF

z{Vc]/P�C��Qk^`oYZBDVch<P���fXjcWZC)BDC�hHR�p�C)P�`TA)fcWgC)P�p�VXBDB�C�n^C)P�`oA�fXWZC>P�nQC�nQ�)n^]/p&RoYZVXh�h<j}RT]/`TC)WZWgCc¡*�)fXjcWZC)B�C)hHR
jck^kmC�Wg��C)P�`TA)fcWgC)P�n � ��WgYgB�Ygh/jlRTYgVch/P�n^C�RT`qjlYZRoP)����j�nQY10t��`oC�h<p�C�`o�)PTYgn^C�n^jlh/P�WZC�WgYgC�]�V@2�W\j6k^@^VXh^��RoYg[H]^C
PTC�Ro`TVX]^|cCX¡�p�C�[X]/Y�kmC�`oBDC�R�n^C�|c�)`TYZRojcU^WZC)BDC�hHR��³jlYg`oC�k/jcPoPTC�`�W\j�k^@/Vch^VXWZVXfcYgC�nQC p�C)`SRqjlYgh/P��)WZ�)BDC�hHRoP
n^C�|}jlhHR�n � jl]QRo`TC>P��

t1[+F ](t2[−f ]∗)
d
�
placement

[< t∗2, t1{t2[−f ]∗λ}]
t1[+f ](t2[−f ]∗)

d
�
placement

[< t2(phon(ε))∗, t1{t2[−f ]∗t′2}]
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� 28W\j6h^VlRqj}RoYZVXh
t(t′[−f ]∗)

PTYZfXh^YZ«/C+4Sjc`TU/`TC�R�p�VXhHRTC�h<jlhHR�]^h�PSVX]/PS�:jc`TU^`oC�BDjl�QYZB�jlWaj�NHjlhHR�WZCDRo`ojcY¢R
�2��6&� � h4j}bdVX]QRTC�]^h^C6nQC�]Q�QYgA�BDC6p�W\jl]/PTC�jc]ÔnQ�)k^WgjXp�C)B�C)hHR�kmVc]^`DWgC�p�jXPFV324YgW�N8j�k^`o�)PTC�h/p�C�n � ]^h^C
n^C�]Q�QYgA�BDC�nQC)B�jlh/nQC�nQC�p)jcP���p�C�[X]/Y£PTC k^`o�)PTC�hHRoC�`qj6C�h�k/jc`SRoYgp�]^WZYgC�`�k<VX]^`�WZC>PF[H]^C)PSRTYgVch<PFp�VXBDB�C
h/Vc]/P
WgC�|XC�`o`TVXh/P£k/jl`�W\j�PT]^Y¢RoCc�<_$VX]^`{p�C�W\j^¡^h^VX]/P
YghHRT`oVOn^]^YZ`oVch<P
]^h�nQC�]^�OYgA�BDCFn^��k^W\jcp�C�BDC�hHR)¡<p�CF[H]^Y
h/C�pq@<jlh^fXC{k/jXP�W\j���Vc`oBDCJnQC�W\jF`oA�fXWZC�jlk/k^WZY\[H]^��CX�Q©�h�C��QC�BDk^WgC�n � ]^RTYgWZY\PTjlRTYgVch�PSC)`oj�nQVch/h^�ek/WZ]/P�WgVcYgh*�

¥ |cC>p�p�C)PDh^VcRoj}RoYZVXh/P)¡$VXh4kmC�]QR�`oC�k^`o�)PTC�hHRoC�`�WZC6k^`oVQp�C)PoPT]/P�n*� C)h^fcC)h/nQ`oC�BDC�hHR�n � ]/h^C6k^@^`qjcPTC�nQC
B�jch^YZA)`TC�jc`TUmVc`oC)Pop�C)hXRoCej�|XC)pJnQC)P
k<jcP
nQCJ��]/PTYZVXh6C�R{nQC>P�k/jcP
nQC�n^��k^W\jcp�C�BDC�hHR)�

��
�� �c��$���� $:������� ������� $ �����-/ �
'�VXB�BDC�WgC)P�fX`ojcB�B�jcYZ`oC)P�p�jlRT�)fcVc`oYgC�WgWZC>P�¡tWgC)P�fc`qjlBDB�jlYg`oC)PJBDYZh^YgB�jlWgYgPSRTC>P�PSVXhHRFnQYZ`oYgfc��C>PJk/jl`�WgC)P

Ro`ojcY¢RqP�nQC>PaC)hXRo`T�)C)PvWgC��QY\p�jcWZC>P��cªJjlh<P�PTVch�jl`TRTY\p�WgCc¡ � � ��	�-
�
�!	6M
� ������	�� 	�������	���� ¡^EHRqjlU^WgC�`���RojcU^WgY¢R�WgC���VX`S�
B�jcWZY\PSBDC�nQC>P�fc`qjlBDB�jlYg`TC>P�BDYgh^YgBDjcWZY\PSRTC)P
[H]^Y�`T�>jlWgYgPTC�hHR�WZC�k^`oVcfX`ojcBDB�CeBDYZh^YgB�jlWgYgPSRTC�n^C�'�@^VcB�PT§HNX�
¥ n^jckQRT�)C�nQ]Ô��Vc`oBDjcWZY\PTB�C�nQC�EORojlU/WZC)`)¡v]^h/C�fX`ojcBDBDjcYZ`oC�C)PSR�n^��«/h^YgC�p�VXBDB�C6W\j8PSkm�)p�Y¢«<p)j}RoYZVXh

n*� ]^h6WgC��QY\[X]/C�C�R�W\j�n^��«/h^YZRTYgVch�n^C)P£��Vch<p&RTYgVch<P�nQC�p�VXBDk<VHPSYZRTYgVch6nQC)P���Wg��BDC�hHRoP
[H]^Y�p�Vch<PdRo`T]^Y\PTC�hHR�nQC)P
C��Qk^`TC>PTPTYgVch/P�p�VXBDk^WZC��QC)P���k/jl`TRTYg`�nQC)P��)WZ�)BDC�hHRoP�n^]�WgC��QY\[H]^Cc�

<��=7,9,;�¯>;³­09 2 � K ��� fc`qjlBDB�jlYg`TC�BDYZh/YZB�jlWgY\PdRoC ����� �@� ? ��	#� B��
���/� �YM
� � �.�8� d $,� "�$��-�
��$>B��/���
<
��Z

� ���6Z U � � Z Φ >
M � R

V = {P ∪ I}
� d ������� �����/� ? � 	"�@���*� ����	��#�*�QM
��l � C
� � � � 	#" $���� F

Cat = {base ∪ s
�
lecteur ∪ assignateur ∪ assign

�
}

� d � �(� ����� �/� ? ��	 �3���*�!���
	�� �
�TC
� � � � 	#"�$����iF
U � � ����� � d ������� �����/�8� d � � B �
���.��	6M
���OP M��(���!��$,	�� ��� 	hB(����� 	��D�3� V

�����@�
Cat

F
Φ = {d

�
placement∪ fusion}

� d ������� �����/�8�3��� g M
�QP��!	6M
��� ) � � � ����� ��	6P.��� F
¥ pq@/jX[H]^Ce��Rojck<C�nQC�W2� jch/jlWgNQPSCX¡HWgC)P£Ro`ojcY¢RqP
nQ�)p�WZC)h/pq@/jchXR�W\jF��]<PSYgVch�Vc]�WZC�BDVc]/|cC�BDC)hXR
PTVchHR�jlWgVc`qP

C)h^WgC�|c�>P�nQC)P�p�VcBDkmVXPojlhHRoPJWgC)P�kmVc`TRojlhHR>¡*pl� C)PSR�kmVc]/`�p�C�W\j6[H]^C�h^VXP�jc`TU/`TC>PePTC�`oVchHR�k^`oVcfc`oC)PoPTYZ|XC�BDC�hHR
n^��U/jc`T`qjcPoPS�>P{nQCDWgC�]^`qPeRT`qjlYZRoP)�*ªejch/P�p�C�RSRoC�|XC�`qPSYgVch�¡mWgC)PJC��Ok/`TC>PTPTYZVXh/PJPSC)`TVXhXR�nQC>P�jl`oU^`TC>P{VX`on^Vch^h^�>P�¡
«<h^YgP
j�|XC)pJk^`oVlbdC>p&RTYgVch��
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A)� � � � 	������5����� �
���

� � ����!��D	�� 	�����
��������D���

_�Vc]/`FW2� jch/jlWgNQPSC PTNOhHRoj}�QY\[H]^Cc¡*h/Vc]/P�k^`o�)PTC�hHRTC)`TVXh/P�WZC>P�RdNOkmC)P�PSNOhHRojl�OY\[H]^C)P)¡�C�R�W\j�p�VXYZh<nQC��^j}RoYZVXh
PT]^`Fp�C)P�RdNHkmC)P)¡�k/]^YgPFWZC>P�`oA�fXWZC>P�nQC�W\j�nQ��`oYg|�jlRTYgVch*���*C)PFfc`qjlBDB�jlYg`TC>PJB�Ygh^YgB�jlWgYgPSRTC>P���RqjlhHR�nQYg`oYZfX��C)P
k<jl`�WZC>PFC)hXRo`T�)C)P�WZC��QYgp)jlWgC)P)¡�h^VX]/P�B�VXhHRT`oC�`oVch/P�WgC�WZC��OY\[H]^C�]QRTYgWZY\PT�c��_a]^Y\P�h^Vc]/P�BDC�RTRT`oVch/P�C�h j�|�jchHR
W2� jlh/jcWZNQPTCJPTNOhXRqj}�QY\[X]/C�PT]^`�nQC>P�C��QC�BDk^WgC)P)�

��
�� �	��) ���%�
��� /1$�� ��
 � ���
� h6jcPoPSVQp�YZC��Dpq@/jc[H]^C�C�hHRo`T�)CeWgC��QY\p�jlWgC�]^h�RdNHkmC�PTNHhHRqj}�QYg[H]^CJV@26pq@/jX[X]/C{Ro`ojcY¢R�p�VX`T`oC)PTkmVch/n���]/h

Ro`ojcY¢R�nQC>P�fc`qjlBDB�jlYg`TC>P£B�Ygh^YgB�jlWgYgPSRTC>P��

<��=7,9,;�¯>;³­09 2 � �QM�	��
Sx

� d � �(� ����� �/�O�3���*� C B(����� C
����� � 	#"�$����e�@�S�
�
� ���
�
�iM>P�	#��� 	�$,���+� ���!���.�*�/� � 	 l
P.���/�

Sx = {d, k, n, v}
M��

� � PTM�������� B�M
�Q� 	 $,� ) � M
$>B�� �QM
�;	�� �
� F
� �WPTM�������� B�M
�Q� 	�$,� �0M
��F
� -�P M�������� B�M
�Q� 	 $,� -
���i�.�>F
��� P M�������� B�M
�Q� 	 $,� ���
�!� ��	6� $,� 	6M��W�3�OP.� �iF

U �*� C B��O� d $,� �;��� � ���.� �/� � 	6P.�
� �;����� $,���DPTM
��B�M ��	�� 	6M��N�3�OP.���*� C B����D�3�O�.� � �>F

GIH�'O��J�² ' � � M
$,�����.�
��	�� � �+� d ��� �
� C ����� C
����� � 	#"�$����3�;�/�eB �,��� � �;��$,	�-
�
������R�@ K � ��$,������M PTM
������� l
B�M
�Q� 	 � M�$,�?� � $���	#�
��� E Z �0M�$>�J$,�!	���	�� � ��M
����� � �/� � 	#"�$��;�
-
�TP��/���*� C B(����� C
����� � 	#"�$����eR

un : (k × d)/n
tout : (k × d)/n
num

�
ro : n�

tudiant : n
correspond � 	 : (k\(d\n))/d

��
 � � #4��� &:$,/�� �"� �
��� /1$�� ��
 � �
�ah¦]^RTYgWZY\PTjchHR�WZC>P�nQ��«/h/Y¢RoYZVXh/P�nQC>P�fc`qjlBDB�jlYg`TC>P�B�Ygh^YgB�jlWgYgPSRTC>P�¡vVXh kmC�]^R�p�VXh/PdRo`T]/YZ`oC�W2� jlh/jcWZNQPTC

PTNOhHRoj}�QY\[H]^C
n � ]/h^C�k^@^`qjcPTCc�l��j�nQ��`oYg|�jlRTYgVchDC)PSRa]^h^CePS]^YZRTC�n*� jck^k^WgYgp)j}RTYgVch<PanQC
`oA�fcWgC)Pvn^�)p�WgC�h<pq@^��C>Pvk/jl`
W2� jlk^k/jc`TYZRTYgVch�nQC�p�C)`SRqjlYgh/P£RT`qjlYZRoP
PT]^`
WgC)P�C)hXRo`T�)C)P�WgC��QY\p�jlWgC)P

<��=7,9,;�¯>;³­09 2 � � � ) � ���D�@���(� �/�_�@�T�
$�P �!	6M
� ���
�!$,��� ���/�*�iM�$>�:g M������8�@��B �
��$,-
�OR
� ��	��;	�� �
�!	6M
���@����R Γ ` x : A/B ∆ ` y : B

[/e]
Γ, ∆ ` xy : A

� ��	��;	�� �
�!	6M
���@�
\
R ∆ ` y : B Γ ` x : B\A

[\e]
∆, Γ ` xy : A

� ��	��;	�� �
�!	6M
���@�
×
R Γ ` α : A × B ∆, x : A, y : B, ∆′ ` γ : C

[×e]
∆, Γ, ∆′ ` γ[α/{x, y}] : C

Ì�Á$Â*ÌÍÕ
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ªJjlh/Pep�C�h^Vc]^|XC)jc]���VX`TB�jcWZY\PSBDC�nQC�fc`qjlBDB�jlYg`TC>P£B�Ygh^YgB�jlWgYgPSRTC>P�¡mh^Vc]<P{jlk/k<C)WZWgC�`oVch/P g.$>�.	6M�� W2� ��WgY¢�
BDYgh/j}RoYZVXh�n^C

/
VX]

\
¡^C�R �@� B � �YP.����� ��� W2� �)WZYgBDYZh/jlRTYgVch�nQC

×
�

'�C�RSRTC�k^`T�>PSC)hHRoj}RoYZVXh PTC�`qjlk^k^`oVQpq@^C�nQC)P�fc`qjlBDB�jlYg`TC6nQC���jcBFUmC)pq§t�a�ah¦C 0mC�R)¡�W¤� Vckm��`qj}RoYZVXh nQC
��]<PSYgVch8kmC�`oB�C�R�nQC�fX`TVX]^k<C)`�WZC>P��)WZ�)B�C)hHRoP�j�|XC)pDPSYgBDk^WgC�BDC�hHR�W2� �)WZYgBDYZh/jlRTYgVch�nQC VX]

\
� '�C�[H]^Y�C>PdR

k/WZ]/P p�VcBDk^WgC��QC���PTYZB�]^WZC)`)¡apc� C>PdR�WgC�nQ�)k^WgjXp�C)B�C)hHR)� '�C�nQC)`Th^YgC�`�BDC�R�C�h `TC)WgjlRTYgVch nQC�]^�ÔkmVXPTY¢RoYZVXh
n/jlh/P�W¤� jl`oU^`oC{nQCen^��`oYZ|}j}RoYZVXh�C�R>¡XC)h���Vch<p&RTYgVch�nQC)P£p�jc`ojXp&RT�)`TY\PSRTY\[X]/C)PvnQCJW¤� Vckm��`qj}RoYZVXh*¡ck/WgjXp�C{nQY/0t��`oC�hHRoP
�)WZ�)BDC�hHRoP�n/jlh/Pep�C)P�k<VHPSYZRTYgVch/P)�/��� Y\nQ��CFC)PSR{nQVch/pFn � jcU/jlh<nQVch^h/C�`
]^h^C�p�Vch<PdRo`T]/p�RTYgVch6`o�)p�]/`oPTYZ|XC�C�RenQC
k/`T�)|cVcYg`�WgC)PJkmVXPTY¢RoYZVXh/Pen/jlh/PeW¤� jl`oUmVc`oC)Pop�C�h<p�C�kmVc]^`�WgC�]^`�nQVch/h^C�`JWZC)]^`�p�VchHRoC�hO]�`o��C�W�[H]*� jl]�BDVcBDC)hXR
VXh�VXh�PojlYZR{[H]^C�WgWgC)P�k/jc`SRoYZC>P�|cVchHR�:�Ro`TC�VX]�h^VXh�n^��k^W\jcp�C�`>�
_�Vc]/`ep�C)WgjDh/Vc]/P{]QRTYgWZY\PTC�`oVch/P�n^Vch/p�n^C)P
@ONOk<VcRT@^A>PSC>P{[H]^C�h/Vc]/P
h/Vc]/Pep�VchHRo`ojcYZh/n^`TVXh/P�nQCF`oC�BDk^WgYZ`

��]^h6BDVcBDC)hXR�nQC�W\jDnQ��`oYg|�jlRTYgVch*�

��'O� �!	^] ��' � � M
$>�eP M��(��	6�@� ��� ��M
���
×
P M������+�0M
�WP M����;$,���
�!	 g F

'�C�RSRTCD`oC�B�jl`q[H]^C�C>PdR�YZBDkmVc`TRojchXRoC�p)jl`�PSC)]^W\P{WgC)PJ@ONOk<VcRT@^A>PSC>P{Ro`TVX]^|c�)C)Pen^jlh/PJ]^h�p�C)`SRqjlYgh�Vc`qnQ`oC
WgVc`qP�nQC�W\j�n^��`oYZ|}j}RoYZVXh�kmVc]/`T`oVchHR�:�RT`oC�BDYgPTC�C�h6`oC�W\j}RTYgVch�k/jl`
WgC�nQ�)k^WgjXp�C)B�C)hHR)�

GIH�'O��J�² ' � � � M-���!	#� ���?�/����$,	����D�3�O�3����	�-
�
�!	6M
��� ��$,	�- �������DR

c/v

(k × d)/n n
[/e]

(k × d)

k2

(k2\v)/v

(k × d)/n n
[/e]

(k × d)

k1

d2

(d2\(k1\v))/d1 d1

[/e]
(d2\(k1\v))

[\e]
k1\v

[\e]
v

[×e]
v

[/e]
k2\v

[\e]
v

[×e]
v

[/e]
c

'�C�RSRTCJjlh/jcWZNQPTC�k<C)]QR :�RT`oC�`TC)k^`o�)PTC�hHRT�)C�PSVX]/PvW\j���Vc`oBDC�n � ]/h jl`oU^`oCc�lz�VX]/Pak/`T����A�`oVch/Pap�C�RTRTC�`oC�k^`o���
PTC�hHRqj}RTYgVch�kmVc]^`
W\jDPS]^YZRTC�n^CJW\jDk^`o�)PTC�hHRojlRTYgVch*�

<��=7,9,;�¯>;³­09 2 � � M
$,��P
�(�@" $���$,�!	���	�� �
�!	6M
� �3���?� � ) �/��� � d ����	��;	�� ��� 	6M�� M���PTM��(��� ��$,	�� $,���
�i� ��� � 	�� ��	����
� C@�
� ��B�M
$,� �iM�������� �/�SPTM
�0P ��$>��	6M
� �@�5�/��B ��� $,-
� Z1B�M
$,�4?�� � ) ��$�P	���5�/��B���� ��	�� ��� � C B�M
� � ��� �*����B�M�$,�
?�� �e�
��M�	��?� ��� �TP M��0�3�\F

'�C�[H]^Y*h/Vc]/P
nQVXh^h^C�PT]^`
h^VlRo`TC�C��OC)BDk^WZC�p�VcBDBDC�`T�>PS]^WZRojlR
W¤� jl`oU^`oC�n^CeRdNOkmC�PSNOhHRojl�QYg[H]^C �
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H
H

HH

c/v v

�
�

��

H
H

HH

k × d

�
�

H
H

(k × d)/n n

v

�
�

�

H
H

H

k k\v

�
�

�
�

H
H

H
H

(k\v)/v v

�
�

�

H
H

H

k × d

�
�

H
H

(k × d)/n n

v

�
��

H
HH

k k\v

�
�

�

H
H

H

d d\(k\v)

�
�

H
H

d\(k\v)/d d

'�C6`o�)PT]^W¢Rqj}R�C)PSR�VcUQRoC�hO] C�h k^WZ]<PSYgC�]^`qP���RqjlkmC)P�p�VXBDB�C6W2� jc`TU/`TC6nQC6k^`oC�]^|XC�h^VX]/PDW2� j�BDVchHRT`o�c�
z{Vc]/P�k^`o�)PTC�hHRoC�`oVch/P�n^jlh<P�]/h^C�jl]QRo`TC�k/jl`TRTYgC6Wgj�nQ�)`TYg|}j}RTYgVch [H]^Y
h^Vc]<P�n^Vch^h^C�p�C�R�jl`oU^`oC�nQC�RdNOk<C
PTNOhHRoj}�QY\[H]^Cc�

��
�� �D$ (Q�"����!�� ��$./����"�
z{Vc]/P
j�|XVch/P�|O]�[H]^C�W2� �)WZYgBDYZh/jlRTYgVch6nQC

×
��RojlYZR
]^h^C�VXk<�)`ojlRTYgVch�[H]^Y*PT]^U/PSRTYZRT]<jlYZR
n^C�]Q� |}jl`oY\jlU^WgC)P

�DnQC)]Q��jc]QRT`oC)P�[H]^Y*VXhXR�PTC�`o|OYgP���WZC>P
nQ�)pq@<jl`ofcC�`�nQC�WgC�]^`
k^W\jcp�C�n^jlh/P�WgC�|cC)`TUmCc�^ªJjlh/P
p�C�p�jcP)¡QYgW �³jl]QR
]^RTYgWZY\PSC)`�nQC�]^��|}jl`oYgjcU^WgC)P�[H]^Y�jlfXYgPoPTC�hHR�jc]�B�:)B�C�h/YZ|XC)jl]��
_�Vc]/`�p�C�W\j^¡ h^VX]/PJ]QRTYgWgYgPTC�`oVch/PJ]^h/CDp�V � h/nQC��QjlRTYgVch�n^CDp�C)P�nQC)]Q��|}jl`oYgjcU^WgC)P)� '�VXB�BDCDWgC�|XC�`oU<C�C�R

W\j�k^`TC)BDYZA)`TCDj}RTRT`oYZU^]^RTYgVch�n^CDp)jcP�jlfXYgPoPTC�hHRJPT]^`�Wgj�B�:�BDC�p�VXh/PdRoY¢Ro]/jlhHR>¡mh/Vc]/PJWgC)P�Ygh/nQC��QVXh/P�j�|cC)pFWZC
B�:)B�CFYZh/n^Ygp�Cc��'e� C)PSR{kmVc]^`Jp�C)Wgj�[H]^CFn/jlh/P{Wgj�PT]^YZRTCFnQC�p�C�RSRTCFk^`T�>PSC)hHRoj}RoYZVXh*¡^WgC)P�RdNOkmC)PePSNOhHRojl�OY\[H]^C)P
kmVXPoPTA)nQC)hXR
]^h/C�p�V � h/nQC��^j}RTYgVch�nQC�p�C)`SRqjlYgh/P
nQC�PTC)P
p�VXBDk<VHPTjchXRqP��
ªJjlh/P6p�C�p)jcP)¡�jc]�WgYZC)] n � ]QRoYZWgYgPTC�`6WgC�RdNOkmC�PSNOhHRojl�OY\[H]^C

d\(k\v)/d
k<VX]^`6WZC�|cC)`TUmCc¡�h^VX]/P�WZ]^Y

k/`T����A�`oVch/P
d2\(k1\v)/d1

�

��
�� �D� � � � ��
 ���
��C�WgC��QY\[X]/CFC)PSR�nQVch/pFWgj�U/jXPSC�nQC�W\j n^��`oYZ|}j}RoYZVXh*� �¨W�p�Vc`o`TC>PSkmVch<n���W2� C)h/PSC)BFU^WgCDnQC)PeBDVlRoP�n � ]^h^C

W\jlh/fc]^C�j�|cC>p{W\j�WZY\PSRTC�nQC>P£RT`qjlYZRoP
jcPoPTVOp�YZ�>P��
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B

un (k × d)/n �
h �¨p�jXPSC�n

tout (k × d)/n �
h �¨p�jXPSC�n

num
�
ro n

h
�
tudiant n

h
correspond �

�
(k1\(d2\n))/d1 �

n
�
n��:p)jcPTCe|

ªJjlh/P£h^VcRT`oC�WgC��QYg[H]^Ceh^Vc]<P�nQC)|cVXh/P�jlbdVc]QRoC�`�]^h p�C)`SRqjlYgh�h^VXBFU^`oC{nQCJk^@^�)h^VcBDA�h/C)P£[X]/Y<h*� VchHR�k/jcP
��VX`op���BDC�hHR�nQC�`o�)jlWgY\PTjlRTYgVch�n/jlh/P�W\jDk^@^`qjcPTCeB�jcYgP
[H]^Y*N�bdVc]^C)hXR�]/h�`��cWgCc�
z{VlRojcBDB�C)hHR�n/jlh/PeRTVX]QRTCDk^@/`ojXPSCX¡m]/h�|XC�`oU<C�`oC <�VXY¢R�]^h^CDYgh,H/C��OYgVch�� � h8p�VXh/PTYgnQA)`TCD[H]^C�W¤� j}RTRT`oY¢�

U/]QRTYgVch�n^C�p�jXP�kmVc]^`JWgC�PT]}bdC�RJh^CFkmC�]QR�PTC��³jlYg`oCF[H]^C�PT]^`J]^h�|cC)`TUmCF[H]^Y�j�`oC <�]�PSVXh�YZh(H/C��QYgVch�kmVc]^`
p�Vch/PSRT`o]^Yg`TCD]^h/C�k^@^`qjcPTC�U^YgC�h8��Vc`oBD��CX��z�VX]/P�]QRoYZWgY\PSC)`TVXh/P�]^h^C C�hHRT`o��C�WgC��QY\p�jcWZC�nQC�RdNHkmC

(k × v)/vkmVc]/`$`oC�k/`T�>PSC)hXRoC�`�p�C£k^@^�)h^VcBDA�h/Cc�l��jJp�jlRT�)fcVc`oYgC�jcPoPTVOp�YZ�)C�C>PdRajlWgVc`qP
�
|
�Jp�jcPTC�|t�lz{Vc]/P�jlk/k<C)WZWgC�`oVch/P

	���� p�C�RSRTC�C)hHRT`o��C�WZC��QYgp)jlWgCc�
©{h�jl]QRo`TCap)jcPtC)PSR*Ro`TA>Pt��`T�>[H]^C�hHR*C�R*h/Vc]/P*n^C�|cVXh/P W2� YghHRT`oVQnQ]^Yg`TCvPTNOPSRT�)B�j}RTY\[H]^C�BDC)hXR�n/jlh/P W2� jlh/jcWZNQPTC

p)jl`£pl� C)PSR�Wg]^Ym[H]^Ym|}jlWgYgn^C�`qj�Wgj�nQ��`oYg|�jlRTYgVch�C)h nQVXh^h/jlhHR�WgC�RdNOkmCJp�Vc`o`TC>PSkmVch<n^jlhHR���]^h/Cek^@/`ojXPSC��Opl�O�*C
RdNOkmCFjcPoPTVOp�YZ�FC)PSR

c/v
¡m[H]^Y�h^Vc]<P{nQVXh^h^C�`qj�Wg]^Y�jc]/PoPSY�WZCFRdNHkmC

c
jXp�p�C�kQRojchHR{k<VX]^`{]/h^CFk^@/`ojXPSCX�/z�VX]/P

jck^kmC�WgWZC)`TVXh/P P M�� B p�C�RTRTC�C)hXRo`T�)C�WZC��OY\p�jcWZCX�
_�Vc]/`
W¤� jlh/jcWZNQPTC�nQC�h^VlRo`TC�k^@^`qjcPTC�h^Vc]<P
nQC�|XVch/P�jlWgVc`qP�j}bdVX]QRTC)`
WZC>P
nQC�]Q��C�hHRT`o��C>P��

infl (k\v)/v �
|��Jp)jcPTCe|

comp c/v �
|�p

'�C�fXC�h^`oC�nQC�pq@/jch^fcC)BDC�hHR{n^jlh<P
WZC>P�RdNOk<C>P{PTNOhXRqj}�QY\[X]/C)P
nQC�W\jDk^@^`qjcPTC�C)PSRenQY ��p�YgWZC�� jlh/jcWZNQPTC�`>�
_�VX]^`SRqjlhHR)¡)pl� C)PSR�p�C�`TRojcYZh/C�BDC�hHR�j�|cC>p�p�CafXC�h^`oCanQC�RT`qjlYZR�h^VXh�|HY\PTYZU^WgC�[H]^CvW2� VXh�k<C)]QR�C��Ok/WZY\[H]^C�`�p�C�`TRojcYZh/P
k/@^��h^VXBDA�h^C>P$[H]^C�WgC)P�WgYZh/fc]^Y\PdRoC)P$BDC�RTRTC�hHRaC)h�j�|}jlhHR>�>_vjc`$C��QC�BDk^WgCc¡�WZC>P$RT`qj�|}jl]Q�FnQCE'�W\jlYg`TC��£C�NQPTPojcn^C
BDVXhXRo`TC�[H]^C WZC>P�fc`oVc]/k<C>P�h^VcBDYgh/jl]^��VchHR�p�C�`TRojcYZh/P�RdNHkmC)P�[H]^C�h^VX]/P�h^C k^`TC)h^Vch<P�k/jcPFC�h�p�VcBDkQRTC
kmVc]/`£W2� YZh/PSRojchHR)¡/p�C�[H]^YtRoC�h/n^`ojcY¢R���k^`TVX]^|cC)`
[X]/CJW2� jlh/jcWZNQPTCeB�:�BDC�n � ]^h�fc`oVc]^kmC�h^VcBDYgh/jlWth*� C)PSR�k/jcP
C)h/p�VX`TC�jcPoPTC
�J«/h^C�kmVc]^`�BDVXhXRo`TC)`£RTVc]^RTC)P�WgC)P�YZhHRTC)`ojXp&RoYZVXh/P£C�hHRT`oC�nQ��RoC�`oB�Ygh/jchXR
C�R�h^VcB6�
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��� jch/jlWgNQPSC�PTNOhXRqj}�QY\[X]/C£C>PdR�k^`T�>PSC)hHRT��C
p�Y¢�¨nQC)PoPTVc]/P)�cz�VX]/Pv]QRoYZWgY\PSC)`TVXh/PvWgC)P�RdNOkmC)P�PTNOhHRoj}�QY\[H]^C)P�k^Wg]Q�

R��lRF[H]^C�WgC)P�RT`qjlYZRoP�PT]^`FnQC>P�jl`oU^`oC)P�PTYZBDYgWgjcYZ`oC)P)¡*pl� C)PSRS�¨�}�¨nQYg`TC�nQC>P�jl`oU^`oC)PJ«/h^Y\P�VX`onQVXh^h^�>P�j�|cC)p�k^`oVl�
bdC>p&RoYZVXh�p�VcBDBDC�h^VX]/P�WgC)P�j�|cVXh/Pek^`T�>p��>nQC�BDBDC�hHR�C��Qk<VHPS�>P�� z{Vc]/P�`qjlk^kmC�WgVch<PeY\p�Yv[H]^CDWgC)PJRT`qjlYZRoPJVX]
RdNOkmC)P
nQ�>p�WgC�h/pq@<jlhHR
Wgj���]/PTYZVXh6Vc]�WZC�BDVc]/|cC�BDC)hXR�PTVchHR
C�h^WgC�|X�)P
nQC>P£��C�]^YgWgWZC>P
WZC>P�k<VX`SRqjlhHR)�

_�Vc]/`�p�VXB�BDC)h/p�C)`vW¤� jlh/jcWZNQPTC£PTNOhHRoj}�QY\[H]^Cc¡}h^VX]/PanQC)|cVXh/PvnQ�)pq@<jl`ofcC�`$WgC
|cC�`oUmC�n^C�PSVXh�VXUQbdC�R>�l_�Vc]^`
p�C�W\j�h^Vc]/P£��]<PSYgVch^h/Vch/P�WgC�|cC)`TUmC

d2\(k1\v)/d1
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p�C�RTRTC���VcY\P�kmVc]^`
WgC�PS]lbdC�R{nQC�W\j�k^@^`qjcPTCc�
��RojlkmC�B���]/PTYZVXh �

>

�
�

�

H
H

H

<

�
�

�

H
H

H

v <

�
��

H
HH

<
��HH

>

�
�

H
H

>
�
�

H
H

<
��HH

'�VXB�BDC�k<VX]^`DW¤� VcU^bdC�R)¡�h^VX]/PDp�VXh/PdRo`T]/YgPTVch/P���k/jl`TR�W2� �)WZ�)BDC�hHR�[X]/Y���VX`TBDC�WZC�fc`oVc]/k<C�h^VcBDYgh/jlW
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W¤� jl`oU^`oCek^`o�)p����
n^C�hHR)� z�VX]/PJk<VX]^|cVXh/PJPS]^`�h^VcRT`oCFC��OC)BDk^WZC�h^VX]/PJk<C)h/pq@^C�`�nQC�k^Wg]/P�k^`oA)PJPS]^`�W\j�kmVXPTY¢RoYZVXh�nQC>PJB�VcRoP
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'�C�Rejl`oU^`oC�P)� VcUQRoYZC)hXR�C)h�p�VXB�BDC)h�<�jchXR�W2� jlh/jcWZNQPTCJk<jl`�W\j�p�VXh/PdRo`T]<p&RTYgVch6nQC�W2� VcUQbdC�R{nQC�W\jDk^@^`qjcPTC
k/]^YgPaC�h�W\jJ��]/PSYgVch/h/jlhHR�j�|cC>p£WZC
|XC�`oU<CX� � h�jlk^k^WgY\[X]/C
Wgj�B�:�BDC�k/`TVQp��>nQ]^`oC�k<VX]^`aWgC{PS]lbdC�R)� � h�j�jlWgVc`qP
]/h^CeWgY\PdRoCJnQCeWZY\PSRTC�nQC{Ro`ojcY¢RqP � �Jp)jcPTC{|t¡c�¨p�jXPSCX¡c�¨p�jXPSCX� � h�nQ�)p�WZC)h/pq@^CejcWZVX`oP�]^h�nQ��k^W\jcp�C�BDC�hHR�[X]/YmC>PdR
WgC�k^`TC)BDYZC)`Jh���]/n�]^h<jlYg`TCX�mªeCDWgj�B�:�BDC��³j@<�VXh*¡mVch���]<PSYgVch^h/CDj�|XC)p�W2� YZh,H<C��QYZVXh�[H]^Yvjck^k<VX`SRoCFWgC�p�jcP
n^]6PT]}bdC�R)¡<p�C�[H]^Y*h^VX]/P
kmC�`oB�C�R{]^h6h^VX]^|cC>jl]6nQ��k^W\jcp�C�BDC�hHR{p�Vc`o`TC>PSkmVch/n/jlhHR�jc]�PS]}bdC�R)�<�vR{C�h^«/h*¡^VXh
��]<PSYgVch^h/C�j�|XC)peW¤� C�hHRo`T�)C�nQC�k^@^`qjcPTC PTM�� B �

� h PT]^YZR�n^Vch/p{WgjFB;:)BDC{k^`oVQp��)n^]^`TCej�|cC)p�]^h^CJ`TC)k^`T�>PSC)hHRoj}RoYZVXhDWZ�)fcA�`oC�BDC)hXR£nQY10t��`oC�hHRoCc�H�ah C 0mC�R)¡
C)h�p�Vch/PTY\nQ��`qjlhHRJ[H]^C�WgC)P�h���]/n/Pe]/h/jlYg`TC>PJh^CDB�VQnQYZ«/C)hXR�k/jXPJWZC�PTC�h/P�nQCDW\j�k/`TVcbdC)p&RoYZVXh*¡tp�C)P�jc`TU/`TC>P
PTVchHR�«/h^Y\P�Vc`qnQVXh^h^�)P
j�|XC)pek^`oVlbdC)p�RTYgVch*�
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�ah C�0tC�R)¡Op�C���Vc`oBDjcWZY\PTB�C{C)PSR�k/jl`TRTY\p�]/WZYgA�`oC�BDC�hHRakmC�`T��Vc`oB�jlhHR�n^jch/PaW2� jch/jlWgNQPSC�n*� ]^h/C{[H]^C)PSRTYgVch�V32

W2� VcUQbdC�R�nQ]�|XC�`oU<C�PSC�k^W\jcp�C�nQC�|}jlhHR�WZ]^Y2¡�C�R�h^Vch�k/WZ]/P�jlk/`TA>P��$_a`oC�h^VXh/P�W\j�k^@/`ojXPSC�4��e]*� C)PSRS�¨p�C [H]^C
_�YZC)`T`oC�WZYZR���6q�/_$VX]^`
W2� jch/jlWgNQPSC)`)¡Oh^VX]/P�]QRTYgWgYgPTVch/P�WgC�WgC��QYg[H]^C �

qu′est
�
ce que (k × (wh × d))

�:p)jcPTCJ� 

@6n
Pierre d

n
lire (k\(d\n))/d �

n
�
n �:p)jcPTC�|

infl (k2\(k′

1\v))/(k′

1\v) �
| �Jp�jcPTCJ|

comp c/v �
|����¦@6p

�dp�Y¤¡mVch�C>PdR{VXU^WgYZfX�FnQCFnQ�>pq@/jl`ofcC)`
WZC�|cC)`TUmC�nQC�]^����VXYgPek<VX]^`{W2� j}RSRo`TYgU^]QRoYZVXh�nQCFp)jcP{n^C�W¤� VcU^bdC�R)¡mC�R
pc� C>PdRaW\j�nQC)`Th^YgA�`oC�Vckm��`qj}RoYZVXhD[H]^Y/k<C)`TBDC�RaW2� YZhHRT`oVQnQ]/p�RTYgVch�nQC{p�C�nQC�`oh^YgC�`�n^jch/P�W\j�k^@^`qjcPTCc�cªeC
k^Wg]/P�¡XWZC
Ro`ojcY¢R�C)PSRa��Vc`TR�n^jlh<P PTM
��B ¡HWZCenQ��k^W\jcp�C�BDC�hHR�PTC�`qj�nQVch<p���Vc`TR)� ¥ Ygh/PSY2¡HWgjJ��VX`TBDC�k^@/Vch^��RTY\[X]/C{nQC�W2� VXUQbdC�R
PTC�`qj��)fXjcWZC)B�C)hHRDnQ�)k^W\jcp��)C6|cC�`qP�WZC�@/jc]QR nQC6W¤� jl`oU^`oC�n^jch/PDW\j�kmVXPTY¢RoYZVXh [H]^Y�n^�)pq@/jc`TfXC W\j�PTC)p�Vch/n^C
jlRSRo`TYgU^]QRoYZVXh�nQC�p)jcP)�
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H
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H
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H
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H
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�
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�

H
H

H
H

H
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1\v)/(k′

1\v) k′

1\v

�
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�
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H
H

H
HH

k1 k1\k′
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�
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�

H
H

H
H

H

d2�}_aYgC�`o`TC � d2\(k1\k′

1\v)

�
�
�

H
H

H

d2\(k1\k′

1\v)/d1��WgYZR�� d1

� h�kmC�]^R���fHjlWgC�BDC�hHR��³jcYZ`oC�W2� jch/jlWgNQPSC�n^C k^@^`qjcPTC�C�hÔn � jc]QRT`oC)PFWgjch^fc]/C)P)��_�Vc]^`�WZC B;:)BDC fcC)h^`oC
n^C�[H]^C>PdRoYZVXh�C�h jlh^fXWgjcYgP)¡ @�� �>	6P
��� M>M � �YMG����� M �>� ��	 � ���\E ¡�W2� jch/jlWgNQPSC�C)PSR�W\j�B�:�BDCX� @ �-M ���^E C>PdR
W2� YZh,H<C��QYZVXh�n^C�Wgj�k^@^`qjcPTC�C�R @�� �>	6P
� �TM>M � E W¤� VcUQbdC�R)�

'�C ��Vc`oBDjcWZY\PTB�C�C>PdR���fXjcWZC)BDC�hHR�jlk/k^`TVXk^`oYZ��kmVc]^`�WZC>P�k^@/`ojXPSC>P�[H]^Y�p�VchHRTYgC�h^h/C�hHR�nQC>P�`oC�W\j}RTYg|cC>P�¡
k/]^YgPo[H]*� YZW�kmC�`oB�C�R6jcYgPT��BDC)hXR6nQC�k/jl`TRojcfcC�`�]^h��)WZ�)BDC�hHR6n^C�W\j�k^@/`ojXPSC�C�hHRT`oC�n^C�]Q�¦|cC)`TUmC)P�kmVc]^`
WgC)Po[H]^C�W\P£YZW h�� j�k/jXP�WZC�B�:�BDC�` �XWZCX¡Ok/jl`�C��QC)B�k/WZC�kmVc]^`
WgC)P£k^@^`qjcPTC)P�nQ]�RdNOk<C � @ U �*�1	�- ���;" $�� � 	#� �����
� � B-B�M���� ����������$,��� d � � � ) � �����
$ ���
$,� E � � h6|cVXY¢R�Y\p�Y�[X]/C ��	�- �
� C>PdR{�DW\j���VcY\P
WgC�PS]}bdC�R{nQ]�|cC)`TUmC 8 �!���
C�R�W¤� VcU^bdC�R�nQ]6|cC)`TUmC � BYB�M
����� � �

� h�|XVcYZR�jc]/PoPSY�PT]^`Fp�C�RFC��QC�BDk^WgCc¡�[H]*� ]^h�p�C)`SRqjlYgh�h/VcBFU/`TC�nQC�`qj
��h^C)BDC�hHRoP�kmC�]/|cC�hHR :�RT`oC jlkQ�
kmVc`TRT�>P��6p�C���Vc`oB�jlWgYgPTBDCc¡ C�h�p�Vch/PTYgn^��`qjlhHR�[H]^CDWgC�|cC)`TUmC �1	���� C>PdR�]^h/C�jcp&RoYZ|OYZRT��@O]^B�jlYgh^CX¡ C�RF[H]*� YZW
h/C�kmC�]^R�P�� jlk/k^WZY\[H]^C�`�[H]^C�PT]^`�]^h^CD�³jcB�YgWgWZC�n � VcUQbdC�RoP�k<jl`TRTY\p�]^WgYZC)`oP)�t�ah8C�0tC�R>¡*Vch�WZYZR�]^h8WgYZ|O`oCc¡ ]^h^C
`oC�|O]^C�B�jlY\P{k/jXP{]/h�jl`oU^`oC�Vc]�]^h^C�BDjcYZh�¡mU/YZC)h�[H]*� YZW�PSVXY¢R�kmVXPoPSYgU^WgC�nQC�WZYg`TC�WgC)PeWZYgfch^C>Pen^C�W\j�B�jlYgh*�
'�C)k<C)h/n^jchXR>¡mp�VcBDBDCF]^h�WZYg|O`TCFC)PSRJp�VXBDk<VHPS��nQCFWgYZfXh^C)P)¡mVch�kmVc]^`o`qjlYZR{��RoC�h/nQ`oCFh/VlRT`oC�Ro`ojcY¢R 4dWgY\PSYgU^WgC�6
jc]Q��WZYgfch/C)P$nQC�W\jeBDjcYZh���ªeC£WgjeB�:�BDC�B�jch^YZA)`TC£[H]^C�p�VcBDBDC � 	#� ����� C>PdR�]^h�@H]/BDjcYZh�¡>VXhFnQVXY¢R�k<VX]^|cVXYZ`
Wg]^Y*jXPTPTVQp�YgC�`£]^h�p�C�`TRojcYZh RdNHkmC�n � jcp&RoYZ|OYZRT�>P�C�R
WZ]/Y C�h�C�h^WgC�|XC�`
n � jl]QRo`TC>P���'�VchHRo`ojcYZ`oC�BDC�hHR�jl]Q��VXUQbdC�RqP�¡
� 	#������� B�jlh/fcCc¡XnQVc`TR)¡&bdVX]^C�VX]�n^jlh/PTCc¡cBDjcYgPaVch�h^C�BDC�R�k/jcP � 	#� ����� C�hD|cC)hXRoCc¡HnQVch/p�VXh�h^C�kmC�]QR£k/jcP
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h/VXP
jlh<jlWgNOPTC)P£h^C�PTVchHR
k/jcP�C)h/p�VX`TC�jXPTPTC
�J`TVXU^]/PSRTC>P�k<VX]^` :�Ro`TC�|}jlWgYgn^C)P�jc]Q� B�jl`ofcC>P£n^CJW\jDW\jlh^fX]^Cc�
©{h^C���VXYgP{W¤� jlh/jcWZNQPTC�PSNOhHRojl�QYg[H]^C�`o�)jcWZY\PS�)Cc¡^h/Vc]/P
|XVc]^WgVch<P�jcPoPSVQp�YZC)`���p�C�RJjl`oU^`oC�]^h^C�jch/jlWgNQPSC�PT���

B�jchXRoYg[H]^C
nQC�W\jJk^@^`qjcPTCc�lz�VX]/P�h^VX]/P�YZhHRo��`oC)PoPSC)`TVXh/P�jc]Q��RdNOkmC)P�BDYgP�C)h ��]^|O`TC£WZVX`oP�nQC
W\j�nQ��`oYg|�jlRTYgVch*¡
k/]^YgP
jlbdVc]QRoC�`oVch/P£]^h/C P M�$�P	��� � M ) 	#"�$�� kmVc]^`
W\j�PS�)B�jlhHRTY\[H]^Cc�
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��C�U^]^R$C>PdRvn � VcUQRoC�h^Yg`�]^h^C���Vc`oB�C�WZVXfcY\[H]^C�n � Vc`qnQ`oC�PT]^k<�)`TYgC�]/`�`oC�k^`o�)PTC�hHRqjlhHR�WgC£PTC�h/P�nQC£W\j�k^@^`qjcPTCc�
z{Vc]/P£j�|cVXh/Pv|O]�[H]*� ]^h^CJnQ��`oYg|�jlRTYgVch�BDYgh^YgBDjcWZY\PSRTC{��RojcY¢R
nQYg`TYgfc�)C�k/jl`£WgC)P�RT`qjlYZRoP�n^C)P£C�hHRT`o��C>PaWgC��QY\p�jlWgC)P
C�R�h^Vc]/PDnQC)|cVXh/P�BDjcYZhHRoC�h/jchXR�j}bdVX]QRTC)`���pq@/jX[X]/C�BDVlR�]^h pq@/jcB�kÔ`TC)k^`o�)PTC�hHRojchXRDPSVXhÔPTC�h/P)�v_�Vc]^`
p�C�W\j�h^Vc]/P�|cC�`o`oVch/P�[H]*� YZW��³jl]QRFn � jlUmVc`qn8j}RTRT`oYZU^]/C�`�]^h�RdNOkmC PS�)B�jlhHRTY\[H]^C��6k/jl`TRTYg`�nQC)P�RdNHkmC)P�PSNOhQ�
Rqj}�QY\[X]/C)P)¡}k^]^Y\PvnQVch^h/C�`vWgC)P�`oA�fcWgC)P�nQC�p�VcBDkmVXPTY¢RoYZVXh�nQC)k^]^Y\PvW¤� jlh<jlWgNOPTC�PSNOhHRojl�OY\[H]^C
[H]^YQh^Vc]<PvnQVch^h/C�`qj
]/h^CF`oC�k^`o�)PTC�hHRqj}RTYgVch�PT��B�jchXRoYg[H]^CX�/_�Vc]/`JjlbdVc]QRoC�`ep�C�RTRTC�p�Vc]/pq@/C�PT��B�jlhHRTY\[H]^CFjc]Q��fc`qjlBDB�jlYg`TC>P
BDY¢�
h/YZB�jlWgY\PdRoC)P)¡mh/Vc]/P�j}RTRT`oYZU/]^C�`oVch/PJ]^h8pq@/jcB�k�`TC)k^`o�)PTC�hHRojchXR�p�C�RSRTC�PT��B�jlhHRoYg[H]^C�k<VX]^`�pq@/jc[H]^C�C�hHRo`T�)C
WgC��QY\p�jcWZC�nQC�B�jlh^YgA�`oCJ��p�VXh/PTC�`o|cC�`£WgC)P£U<VXh/P£RdNOk<C>P�¡QC�R�nQVch^h/C�`�WZC>P�`TA)fcWgC)P�]QRTYgWgYgPT��C>P�C�h�`ojck^k<VX`SR�j�|cC>p
W\jDnQ��`oYg|�jlRTYgVch6PSNOhHRojl�QYg[H]^CX�

��
�� �	��) ���%�=# � $:� /���
 �����
?�Vc]QR�n*� jcU<VX`on ¡�h^VHP�C�hHRT`o��C>P$WZC��OY\p�jcWZC>P$k<VHPTPTA)nQC)hHR�]/h�RdNOkmC
PSNOhHRojl�OY\[H]^C�[X]/C£h/Vc]/P�|XVc]^WgVch/P�Ro`ojch/Pd�

��VX`TBDC)`$kmVc]/`vN�jcPoPTVOp�YZC)`�]^h
λ
�2RTC)`TBDC�`TC)k^`o�)PTC�hHRojchXR�WgC�PTC�h<P�WZVXfcY\[X]/C�n^C�p�C�BDVlR)�Xz�Vc]<PvnQ��«/h/YZ`oVch/P�]/h

@/VcBDVcBDVc`ok^@^Y\PTB�CenQC)P�RdNOk<C>P�PSNOhHRojl�OY\[H]^C)P�|cC)`oP�WZC>P�RdNHkmC)P�PT��B�jlhHRoYg[H]^C>P��Oª{��«/h^Y\PTPTVch<PaRoVc]QR�n � jlUmVc`qn
WgCJRdNOk<C�PT��B�jlhHRoYg[H]^CX�

��­<¯��^¯\;³­09�� �QM
	��
Se

� d ����� ������� �S�3���*� C B(����� �����
� � 	#" $����*����� " $��
Se
��� � Z � Z

∅ � M��jR
� �;�����?$,��	��0�
	�-G	6�
$�F
� �?$,� �*-
�
� ��$,�D�3� -
����	����>F
� ∅

$,�7� �/� ��� �����@�+� C B(�;"�$�� �aPTM
��"�$��SM
$�� � � C B(�+-G	6�@�>F

��CaRdNOk<C
∅
h/C�kmC�]QR�k/jcP :�Ro`TC�]QRTYgWgYgPT�aRoC�WQ[H]^C�WOn^jlh<P�W\j�nQ�)`TYg|}j}RTYgVch�PS�)BDjchHRTY\[X]/Cc��z�Vc]<P�`oC�|OYgC�h/nQ`oVch<P

k/WZ]/P�C)h�nQ��RqjlYgW�PS]/`�p�CJRdNOk<C�k^Wg]/P�Rqjl`qn �^z�VX]/P�kmVc]^|XVch/P
nQVXh/pJC��Qk^WgYgp�Y¢RoC�`
h^VcRT`oC�@^VcBDVcBDVX`Tk^@/YgPTBDCc�

<��=7,9,;�¯>;³­09 2 � �QM�	�� � d @/VcBDVcBDVc`ok^@^Y\PTB�C�nQC�RdNOkmC
H

R
Sx −→ Se

��� � "�$��
� � �
� � � Z � � � � � � �

→
� �[Z � �!- � � �

� � � � � ∅
Z M��

∅
� d �hB(�
�e�3��� C B��*� d 	�� �����?�TBYB���	#"�$���� ��$,� � C B�� B�M�� C
�8M�� B ����� d 	�� ������P M�� B�M � ���
-
�TP

×
M�$ ��� $,�aF

� � �
\

� � � � ��� �N� � � � � � � �
→
� � � �	�

� � �
×
� � � � � � � �

×
� � � �
�

GIH�'O��J�² ' 5
� �����YP.� 	*�QM
�!��� ��M
��M
��M
� B �>	������ Z �0M�$>�.B�M
$,-^M
����MY� � � ��	�� � � � C B(�E� � �������!	#"�$�� B�M�$,�
P
�(�3"�$��;� �/����� �����@�+�0M
�!���+�/� � 	#" $��SR

un : (e → t) → (∅ × e)
tout : (e → t) → (∅ × e)
num

�
ro : e → t�

tudiant : e → t
correspond � 	 : e → e → t
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'�@/jX[H]^C�C�hHRT`o��C£WZC��QYgp)jlWgC�kmVXPoPSA>nQC£]^hFRdNOkmC
PS�)BDjchHRTY\[X]/C£jc]/[H]^C�WOh^VX]/P�nQC�|XVch/P�jcPoPTVOp�YZC)`�]/hFRoC�`oB�C

`oC�k/`T�>PSC)hXRqjlhHRePTVch�PTC�h<P�� �*C�k^`oVcU^WgA�BDC�C)PSR�nQC��³jlYg`oC�p�V � h<p�Y\nQC�`�p�C>P�RoC�`oB�C>P�j�|cC)p�WZC>P{RdNOkmC)P�PT��B�jlhQ�
RoYg[H]^C>P��

� 3 24365
λ
°o¯�'*	}� 'O�OJ�­<��	�² ���)�O� ��9t¯\;6] � '

_�Vc]/`£VXUQRTC)h^Yg`£]/h^Ce`oC�k/`T�>PSC)hXRqj}RoYZVXh�PS�)BDjchHRTY\[X]/Cc¡Oh^Vc]<P�]^RTYgWZY\PSVXh/P�nQC)P
λ
�¤RoC�`oBDC)P£k<VX]^`£WZC)]^`oP£k^`oVl�

k/`TYg��Ro�)P�k/`TVXk<VHPSYZRTYgVch^h/C�WgWZC>P�� ¥ pq@/jcp�]^h^C�nQC>P{C)hHRT`o��C)P�WZC��OY\p�jcWZC>P�h^VX]/P{jXPTPTVQp�YgVch/P�]/h
λ
�2RTC)`TBDCX� '�C�RSRTC

k/`TVQp��>nQ]^`oCeC>PdR{p�WgjXPTPTY\[X]/CekmVc]^`{WgjDPT��B�jlhHRTY\[H]^Cc�
��­<¯��^¯\;³­09��
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	�-G	6�
$>�iF

x : e
U ���J-
�
��	#�-���/���;� � ��� � $>�iP $,�/���*��� B �
��� � ������� � �@����B ���T��	6P
���#�iF

P : (e → t)
U ���J-
�
��	#�-���/���;� � �/� �!� ����� ) ���TP." $�������� B ����� ��� � � �����@���e�TM>M
�/�.� �(�iF

α : t
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� B������ � �����
�!	6M
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�����!	#"�$�� ����� P
� ���/�f��$ �0M��DZ �@� � C B(�

(e → t)
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	6P.�
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$,�+�
�
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� �\F
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λxλy.
� �[g M
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(e → e → t)
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un : λPλQ.∃z(Pz) ∧ (Qz)
tout : λPλQ.∀z(Pz) ⇒ (Qz)
num

�
ro : λn.(num

�
ro n)�

tudiant : λn.(
�
tudiant n)

correspond � 	 : λxλy.(correspond � 	 y x)

inf : λP.pr
�
sent(P )

B�M
$,��� d 	���� � � 	6M
� .
comp : λα.α
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λ
�2RTC�`oBDC)PJh^CDp�VX`T`oC)PTk<VXh/nQC)hXRJk/jcP

jc]Q��RdNOkmC)P
PT��B�jlhHRTY\[H]^C)P �
� WZC>P λ

�¤RoC�`oB�C>P�h^C�p�VXh/PSRT`o]^YgPTC�hHR�k/jcP
n*� �)WZ�)B�C)hHR{nQC�RdNOk<C
k × d

�
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z{Vc]/P
jcWZWgVch/P£B�jlYghHRTC)h/jlhHR
|cVXYZ`
p�VXBDB�C)hHR£BDVQnQYZ«/C�`�p�C)P
λ
�¤RoC�`oB�C>P
j}«/h6n � VcUQRoC�h^Yg`
nQC)P

λ
�2RTC�`oBDC)P

kmVc]/`
WgjDPT��B�jlhHRTY\[H]^C�nQC�fc`qjlBDB�jlYg`oC)P�B�Ygh^YgB�jlWgYgPSRTC>P��
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λ
°o¯�'*	}� 'O��±X­ 9t¯ '=H ¯)�$�H�

��C)P
λ
�¤RoC�`oBDC)P�]QRoYZWgYgPT�)P�k<VHPTPTA)nQC)hHR�C)h8fc��h/��`qjlW�]^h8RdNOk<C�p�Vc`o`TC>PSkmVch/n/jlhHR�jc]�RdNHkmC�PT��B�jlhHRTY\[H]^Cc�

I�jlY\P�h^VX]/P£PTj�|XVch/P�[X]/CeW2� jch/jlWgNQPSCePSNOhHRojl�OY\[H]^Cen^�)pq@/jc`TfXC{PSNQPSRT�)BDjlRTY\[H]^C�BDC�hHR£W¤� VcUQbdC�R£C�R£WgCePT]}bdC�R
n^]
|XC�`oU<C{k<VX]^`�WgC)P�`oC�BDk^W\jcp�C)`ak/jc`�W2� �)WZYgBDYZh<j}RTYgVch�nQC

×
n^jch/PaW\jFPT]^YZRTCen^C{W\jFnQ�)`TYg|}j}RTYgVch��Xz�VX]/P£nQC�|O`oVch/P

n^Vch/p�nQ�>pq@/jl`ofcC)`�WgC�|cC)`TUmC�n � ]/h6n^C�PSC>P
p�VcBDkmVXPojlhHRoP£kmVc]^`
WgC�PT]^U/PSRTYZRT]^C)`���]/h6jc]QRT`oCc�
_�Vc]/`{p�C)Wgj/¡Qh^Vc]/P�YZhHRT`oVQnQ]^Y\PSVXh/P�]^h�p�VXhHRTC��ORoC��Dh^VXP

λ
�¤RoC�`oBDC)P�[H]^Y*h/Vc]/P
kmC�`oBDC�RTRT`qj�n^C�`T�)YZhHRo`TVc�

n^]^YZ`oC�]^h^C�|}jl`oY\jlU^WgCek/`T�>p��)n^C�BDBDC�hHR�]QRTYgWgYgPT��C�k/jc`
]^h^C�jlU<PdRo`ojXp&RTYgVch�PS]/`
W¤� ��Wg��BDC�hHR{p�Vc`o`TC>PSkmVch/n/jlhHR)�
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λ
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��C)P�`oA�fXWZC>P�nQCFp�VcBDkmVXPTY¢RoYZVXh�[X]/C�h^Vc]<P
|cC)`T`oVch/P�k/WZ]/PeWgVcYgh�p�Vch<PSC)`T|XC�hHR
WZCFp�VchHRTC��ORTCc¡<YZW$jlk^k<jl`qj��\R
n^Vch/p�PT]^`�RTVX]/P�WZC>P�h^VOC�]/n/P
nQC�W¤� jl`oU^`oCJn^CJW\jDnQ��`oYg|�jlRTYgVch6PS�)B�jlhHRTY\[H]^Cc��'�C�kmC�h<n^jlhHR)¡/YZW C>PdR�fX��h^�)`ojcWZC��
BDC)hXR�|OY\nQCc�
_�Vc]/`eh^VcRT`oCFnQ�)`TYg|}j}RTYgVch�¡<h^VX]/P{p�VcBDBDC�h�<�Vch/Pek/jc`enQ�>pq@/jl`ofcC)`�WZC�|cC)`TUmCFnQC�PSVXh�VcUQbdC�ReC�RJnQCDPSVXh

PT]}bdC�R)�Q_�Vc]^`
`o�)jcWZY\PTC�`�p�C�RTRTC�Vckm��`qj}RoYZVXh h^VX]/P
j�|cVXh/P�U<C>PSVXYZh6n � ]^h RdNOkmC�k/jl`TRTY\p�]^WgYgC�`
nQC�|}jl`oYgjcU^WZC>P�¡OWgC)P
|}jc`TY\jlU^WgC)P�nQC�p�VchHRTC��ORTCc�
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λ
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u ` u
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'�C)k<C)h/n^jlhHR>¡�W2� jck^k/jl`oYZRTYgVch8nQ]�p�VXhXRoC��ORTC�h/Vc]/P�p�VchHRT`qjlYghHR���j}bdVc]^RTC�`�]/h^C p�VXh/nQYZRTYgVch8kmVc]^`�W2� jcp&�
p�C�kQRqj}RoYZVXh�n � ]^h^CJ��Vc`oBF]/WZCeWZVXfcY\[X]/Ce`oC�k^`o�)PTC�hHRqjlhHR�WgCJPTC�h<P£n*� ]^h/CJk/@^`ojXPSCX�X��h�C 0mC�R)¡^PTY*�FW\j�«<h�n � ]^h^C
n^��`oYZ|}j}RoYZVXh�YgW C��QYgPSRTCJC�h<p�Vc`oC{]/h^Ce|}jc`TY\jlU^WgC�nQCJp�VchHRTC��ORTCc¡OW\jFk/@^`ojXPSCeC)PSR£B�jcW¢�2��Vc`oBD��C{C�R
W¤� jlh/jcWZNQPTCenQC
p�C�RTRTC�nQC)`Th^YgA�`oC�nQVcYZR :�Ro`TC�`oC���]/PT��CX�
��C�p�VchHRoC��ORTCDh^VX]/P�kmC�`oB�C�R�]^h^C�h^VX]^|cC)WZWgCDVckm��`qj}RoYZVXh*�*z�VX]/P�k<VX]^|cVXh/P�PTVc`TRTYg`�]^h^C�|}jl`oYgjcU^WgCDn^]

p�VchHRTC��ORTCc�@'�C�RSRTC�VXk<�)`ojlRTYgVch�C>PdRvW2� �>[X]/YZ|}jlWgC�hHRan � ]^h^C
jlU<PdRo`ojXp&RTYgVchFBDjcYgP$C)WZWgC
j{W\j{k<jl`TRTY\p�]^W\jl`oY¢Ro�£n*� jcU/Pd�
Ro`ojcYZ`oCJWgj�UmVch^h^C�|}jc`TY\jlU^WgC�n^jlh<P�Wgj���Vc`oBF]/WZCX�
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'�C�[H]^Y{p�Vc`o`TC>PSkmVch<n��8]^h^C�jlRSRT`oYgU^]QRTYgVch nQC�p)jcP�n^jch/PDW¤� jlh<jlWgNOPTC6PSNOhHRojl�OY\[H]^C6C)PSR�]^h^C6Vckm��`qj}�

RoYZVXh�Pojlh/Pe`o�)jlWgY\PTjlRTYgVch�k^@ONQPTYg[H]^C�n^jlh/PJWgC�p�Vc`ok^]/P)¡mp�VcBDBDC�W2� YZh,H<C��QYZVXh*¡tB�jlY\P{YgWvN�j W\� ]/h��)pq@<jlh^fXC
n*� YghQ��Vc`oB�j}RoYZVXh/P
n � ]^h�jl]QRo`TCJRdNOk<C�[H]^C�n^jch/P�W\j�PTYgB�k/WZC�p�Vch/PSRT`o]/p&RoYZVXh�n � ]^h�fX`TVX]^k<CJh^VXB�Ygh/jcW¤�
�ah�C�0tC�R>¡�Wgj{k<VHPSYZRTYgVch�n � jlRSRo`TYgU^]QRoYZVXhFnQC�p�jcP�C)PSR�WgC£WZYgC�]�nQC�`o�)p�C�kQRoYZVXhFnQC�Wgj{��Vc`oBDC�PT��B�jlhHRTY\[H]^C�n^]

fX`TVX]^kmC{h^VXB�Ygh/jcWmk/`T�>p��)n^C�BDBDC�hHR�n^�)pq@/jc`TfX��k/jl`�]^h/Ce|}jl`oY\jlU^WgCenQC�p�VchHRTC��HRoCc¡OC�R
[H]^Yth*� jFk/jXP£C�h/p�Vc`oC
��RT�Dp�VXh/PdRo`T]/Y¢R�D�WgC�PT]}bdC�R)¡ W2� VXUQbdC�R>¡$�g�g� F��*ª{VXh/pFWgCDh���]/n�p�Vc`o`oC)PTk<VXh/n^jlhHRe��§�h*� j k<jcPJ� k^`oVck/`TC)B�C)hHR
k<jl`oWZC)`�nQC
RdNOkmCePT��B�jlhHRTY\[H]^C
k^`o�)nQ��«/h^Y2�,'�Ce[X]/Y/h^VX]/PaC)B�k :)pq@/C{nQCep�Vch/PSRT`o]^Yg`TC
]/h�@^VcBDVcBDVX`Tk^@/YgPTBDC
C)hHRT`oC�RdNOk<C�PTNOhXRqj}�QY\[X]/C{C�R£RdNOk<C�PT��B�jlhHRTY\[H]^Cc�Qz{Vc]/P�p�VXh/PTYgnQ�)`TVXh/PaWgCeRdNHkmC�n � ]^h�RoC�W h���]/n |OYgnQC�D

∅
F&�

_vjl`�p�VchHRT`oCc¡Q`oC�h<p�VchHRo`TC)`�]^h6h���]<n�j�NHjlhHR£WgC�RdNOk<C�|OY\nQC�h^Vc]<P
jlk^kmVc`TRTC�p�C)`SRqjlYgh^C)P�YghQ��Vc`oB�j}RoYZVXh/P��
ª�� jlUmVc`qn�W\j nQ�)`TYg|}j}RTYgVch�nQVcYZR�:�RT`oC�) � �/�.� bd]/Po[H]*� ��[H]^CDp�C�h���]/n�`oC <�VcYg|cC�]^h�RdNOkmCc� _�Vc]^`�[H]*� ]^h�RoC�W
h���]/n�`oC <�VcYg|cC{]/h RdNOkmCc¡OYZWt�³jc]QR�[H]*� ]/h�jl]^RT`oCe�)WZ�)B�C)hHR
PTVcYZR
p�Vch<PdRo`T]^YZR�C�R
PSCJk^`oVlbdC�RTRTC�PS]/`£Wg]^Y2� 'e� C>PdR
p�C�[H]*� YgW�PTC�k/jXPTPTC�j�|cC>p�W\j�p�Vch/PSRT`o]/p&RoYZVXh�n*� ]^h��)WZ�)BDC�hHR�nQC�RdNOkmC

k × d
C�R�PSVXh8]QRTYgWZY\Poj}RTYgVch8|OY\j6Wgj

`oA�fXWZC�n � �)WZYgBDYZh<j}RTYgVch�nQC
×
�m�ah�C 0mC�R)¡tpq@/jc[H]^CFjlRSRo`TYgU^]QRoYZVXh�nQC�p)jcPen^jlh/P{Wgj�nQ��`oYZ|}jlRTYgVch�PTNHhHRqj}�QYg[H]^C

C>PdR
YgBDB��>nQY\j}RTC)BDC�hHR{PS]/YZ|OYgC�n � ]/h^C���WgYZBDYgh/j}RoYZVXh�n^C
×
� � h�PTC�`TC�RT`oVc]^|XCen^jch/P
W\j�PTYZRT]/jlRTYgVch �

PTNOhXRqj}�QC �
�

H
H

. × .
��HH§

· · ·

⇒
PT��B�jlhHRoYg[H]^C �

�
H

H

?×?
��HH

∅ tp�Vch/PSRT`o]/p&RoYZVXh�n � ]^h���Wg��BDC�hHR�nQCJRdNOk<C
×
�Qh/Vc]/P�j�|cVXh/P�|H]6[H]*� ]^h��)WZ�)BDC�hHR�p�VcBDkmVXPT�Jn^C

×
��RojcY¢R

kmVc]/`

W\jDPSNOhHRojl�QC (k × d)

�
�

H
H

(k × d)/n
h
C�R�W\jDPS�)BDjchHRTY\[X]/C

((e → t) → t, e)

�
�

�
��

H
H

H
HH

(e → t) → ((e → t) → t, e) e → tk^`oVlbdC>p&RoYZVXh�n � ]^h6��Wg��BDC)hXR�nQC�RdNOkmC
×
�
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π1(x1 × x2) = x1

π2(x1 × x2) = x2

z{Vc]/P£|cC)`T`oVch<P�n^jch/P£Wgj���Vc`oBDjcWZY\Poj}RTYgVch�nQC)P£`oA�fcWgC)P�k<VX]^`�Wgj�PT��B�jlhHRTY\[H]^Cep�VcBDBDC�hHR
P�� ]QRTYgWgYgPTCeW2� ��WgY¢�
BDYgh/j}RoYZVXh�n^C

×
� '�C)k<C)h/n^jchXR>¡ WZC>P�nQ��RoC�`oBDYZh/jchHRoPJ`TC)k^`o�)PTC�hHRT�>Pek<jl`�nQC)P�[H]/jchHRTYZ«<p�jlRTC�]/`oPJh*� VchHR�k/jcP

]/h RdNOkmC�PTYgB�YgW\jlYg`TCJC�hHRT`oC�PSNOhHRojl�OCJC�R�PT��B�jlhHRoYg[H]^CX� ¥ ]�h/YZ|XC)jl]�nQC�WgjDPTNOhXRqj}�QCc¡OYgWgP�PTVchHR
`TC)k^`o�)PTC�hHRT�>P
k<jl`�]^h�p�Vc]^k/WZCX¡�p�C�[H]^Y�h*� C)PSRFk/jcPFWZC�p�jcP�k<VX]^`�W2� Ygh/PSRojlhHR>��z�VX]/P�`qjlk/k<C)WZVXh/P�WgC�RdNOk<C n*� ]^h�fX`TVX]^kmC
h/VcBDYZh<jlW �

((e → t) → t, e)
��z�VX]/PFp�Vch/PTY\nQ��`oVch/P�n^Vch/p�[H]^C�WgC [H]/jchXRoY¢«mp�j}RoC�]^`Fh*� j�[H]*� ]^h4n^C�PSC>P

k/`T�>nQYgp)j}RqP�C�h�PS]^`T�³jcp�C�C�R�[H]*� YgW�nQVch^h/CF]^h�p�Vc]^k/WZC�p�VcBDkmVXPT�FnQC�Wgj���Vc`oB�CFWZVXfcY\[X]/C�C�hHRTYgA�`oC�C�R�n � ]^h^C
p�Vch/PSRojchHRTC�`oC�k^`o�)PTC�hHRqjlhHR�]^h�Ygh/nQYg|OYgn^]*¡mp�C�[H]^Y2¡ p�VcBDkmVXPT�Fj�|cC>p�]^h�k/`T�>nQYgp)j}R>¡<h^VX]/P{n^Vch^h^C�U^YgC�h�]/h
p�Vc]^k/WZC�j�|cC>p{]/h^C���Vc`oBF]^WgC�WZVXfcY\[H]^CeC�R�]^h6��Wg��BDC�hHR>�
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un ` λP (λQ.∃z(P z) ∧ (Q z), u) (e → t) → ((e → t) → t, e)
tout ` λP (λQ.∀z(P z) ⇒ (Q z), u) (e → t) → ((e → t) → t, e)
num

�
ro ` λn.(num

�
ro n) e → t�

tudiant ` λn.(
�
tudiant n) e → t

correspond � 	 ` λxλy.(correspond � 	 y x) e → e → t

inf ` λP.pr
�
sent(P ) t → t

comp ` λα.α t → t
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λ
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p�C�BDC�hHR>�Xz�VX]/P�jcWZWgVch<PvC��QkmVXPTC�`akmVc]^`£pq@/jcp�]^h^C{n*� C)WZWgC)P�WZC>Pa`oA�fcWgC)P�jlk^k^WgY\[X]/��C)P�jl]Q�
λ
�2RTC)`TBDC>P���k/jc`SRoYZ`

n^CJW\j�nQ�)`TYg|}j}RTYgVch6PTNHhHRqj}�QYg[H]^CX�

� 3 b 365 � ���:���>;³­09
��j���]/PTYgVch�C)PSR�W2� ��Rojck<C
[H]^YQ`oC�|OYgC�hHR$WgC£k^WZ]<P$��`T�>[X]/C�BDBDC�hHRan^jlh/P$W\j�nQ��`oYZ|}jlRTYgVchFC�RaPTjJp�VXhXRo`TYgU^]QRoYZVXh

PT��B�jchXRoYg[H]^C�C>PdR
h/jlRT]^`oC�WgWZC�n^jch/P�W\j�p�Vch<PdRo`T]/p�RTYgVch�nQC�Wgj�`oC�k^`o�)PTC�hHRqj}RTYgVch��

<��=7,9,;�¯>;³­09cb b�� $,� � g.$>�.	6M��9����� � �.�iM\P 	#�.��$,� � �TBYB �1	6P
��� 	6M��N�3�
λ
l������������ � � $,� �OP M��0P.�
��� � �
�!	6M
�

�3���DPTM
� � � � � ���e�@�SP
��� λ
l���� �������iF

Γ ` x : A/B (F ) ∆ ` y : B (y)
[/e]

Γ, ∆ ` xy : A (F (y))

∆ ` y : B (y) Γ ` x : B\A (F )
[\e]

∆, Γ ` xy : A (F (y))


�	}­ J�­m�\;³¯\;³­09�b U � � � ����� ��$�"�$�� � M
� � B-B ��	#" $�� � d ��$,� ��� �����5� M
$ � M�$,�.��� � � 8 � � �
$ �iM
$>� l ���i����� � 	 l
���
	����>F

��j���]/PTYgVch�j�|XC)p�]/h^C�p�Vch/PSRojchXRoC�nQCDp�VXhHRTC��ORoC�PTC�nQ�)`TVX]^WgC�PT]^YZ|}jchXRJWZC>PJB;:)BDC)Pe`TA)fcWgC)PJ[X]/CFkmVc]^`
]/h^C���]/PTYZVXh�h^VX`TB�jcWZCX�

GIH�'O��J�² ' 5 b � $,�*�QM
�!���+� � ����B � � Z?�/�O�3�\� $,���@���/� �@� ��	�- ��� 	6M��7� � g��
	�� ) ���YP.� 	 � ��g.$>��	6M
�N�@�8�@� $ �
��� ��������l��3�TP	���
� ) ����� �����@�+� d MY� � ������$ - � �i�.��B��
����� �!��	6� $,� 	6M�� � d $,���OPTM
����� �������D�@�8PTM
� � � � � �>F

x ` λv.(correspond � 	 v x)

�
�

�
��

H
H

H
HH

` λuλv.(correspond � 	 v u) x ` x

Â�Â�º
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wXy � � � 	������5����� �
���

� $,	�� �O�@���/� �3����	�-
�
�!	6M
��Z��3� P
�(��� ) ������� ����$ ��$ � ��� F

y, x ` (correspond � 	 y x)

�
�

�
�

�
��

H
H

H
H

H
HH

y ` y x ` λv.(correspond � 	 v x)

�
�

�
��

H
H

H
HH

` λuλv.(correspond � 	 v u) x ` x

¥ YZh<PSY2¡<h/Vc]/PJj�|cVXh/P�p�VXBDB�C)h/p��FWgj�p�Vch<PdRo`T]/p�RTYgVch�nQC�Wgj�`TC)k^`T�>PSC)hHRoj}RoYZVXh�PS�)BDjchHRTY\[X]/Cc�t�*CFk/`TVXU^WZA)BDC
[H]^C�h^Vc]/P `TC)h/p�VXhHRT`oVch/PDC>PdR�[H]*� ��W2� ��Rojck<C�PS]^Yg|}jlhHRTC�YZW{�³jl]QR���]/PSYgVch/h^C�` j�|XC)p6]^h/C�j}RTRT`oYZU/]QRTYgVch nQC
p)jcPFC�R�p�VcBDBDC h^VX]/P�W¤� j�|cVXh/P�C��QkmVXPT��k^`o�)p��)nQC)B�BDC)hXR>¡�h/Vc]/P�fcC)WZVXh/P�W\j�nQ�)`TYg|}j}RoYZVXh�C�h4jlRSRTC)h/n^jchXR
W2� ��WgYZBDYgh/j}RoYZVXh�nQC

×
¡^[H]^C�h/Vc]/P
jcWZWgVch/P�B�jcYZhHRTC)h/jlhHR
|cVXYZ`>�

� 3 b 3 2 � ' .$�=J$² �^± 'O� ' 9t¯
��C£nQ�)k^W\jcp�C)BDC�hHR�|OYgC�hHR��{WgjePS]/Y¢RoC£n � ]^h�fcC�WOnQC£Wgjep�VXh/PdRo`T]<p&RTYgVch�PS�)BDjchHRTY\[X]/C�PT]^Y¢RoC£�{W¤� jlk/k/jl`oY¢RoYZVXh

n*� ]^h�RTC�`oBDC�Pojlh/P�RdNOk<C�C)h�WgYZC)]�C�R�k^WgjXp�C�nQC�§t�$ªe]4kmVcYghHR�nQC�|H]/C�nQC�Wgj6��VX`TBDC PT��B�jchXRoYg[H]^CX¡�]/h
n^��k^W\jcp�C�BDC�hHR
p�Vc`o`oC)PTk<VXh/n��FW\j�k^`TC)BDYZA)`TCek^`TVcbdC)p�RTYgVch nQCJW2� �)WZ�)B�C)hHR

k × d
[H]^YtC>PdR£RTVX]QRTC�W\j���VX`TB�]^WZC

jXPTPTVQp�Yg��C���W¤� ��Wg��BDC�hHR
k × d

n^jlh/P�W\j�k<VHPSYZRTYgVch�n � j}RTRT`oYZU/]QRTYgVch6nQC�p�jXP��
� h8]QRoYZWgYgPTC�Y\p�YaW\j�p�VXYZh<nQC��^j}RoYZVXh�n^C)P�p�VcBDk<VHPTjchHRoP�n^jch/P�W2� jch/jlWgNQPSC�PTNHhHRqj}�QYg[H]^CDkmVc]^`F`TC)WZYgC�`�WgC)P

k/WgjXp�C)P
[H]^Yt��VX`TBDC)hXR
WgC�p�VX]^k^WgC�n^C�nQVch^h/��C)P)�
� h�PTCeRo`TVX]^|cC�n^jch/P
W\j�PTYZRT]/jlRTYgVch6PS]^Yg|}jlhHRTC �

v

�
��

H
HH

k × d v

�
��

H
HH

k k\v

�
��

H
HH

d d/(k\v)

�
�

H
H

d\(k\v)/d d

⇒

??

�
��

H
HH

?? e, e ` t

�
�

�

H
H

H

e ` e e ` e → t

�
��

H
HH

e → e → t e ` e

��j�p�VXh/PdRo`T]<p&RTYgVch�j���RT�Fjc`T`
:�Ro��C���W\jD`oC�h/p�VchHRT`oC�nQ]�h���]<n6§m�m�*CFn^��k^W\jcp�C�BDC�hHRejXPTPTVQp�YgC�nQVch/p��
p�C�RTRTC�k^W\jcp�C£W\j{��VX`TBDC�PS�)B�jlhHRTY\[H]^C
nQC

(k×d)
�
k
`oC <�VcYZR�nQVXh/p£]^h���Wg��BDC�hHRanQC£RdNOk<C

e
Vc]

(e → t) → tPTVch � C B�� �
�
	���	�� )c� ¥ p�C£B�VXBDC�hHRvWgjJp�VXh/PdRo`T]<p&RTYgVchFk<C)]QRajlWgVc`qP�`oC�k^`oC�h<nQ`TCX�>ªJjlh<P�W2� jl`oU^`TC�PT��B�jlhHRTY\[H]^Cc¡
WgC h���]/n4p�Vc`o`TC>PSkmVch/n/jlhHRF�

k × d
n^YgPTk/jl`qj��\R�C�R�VXh4PTC `oC�RT`oVc]/|cC jcWZVX`oP�n^jlh/P�WgC�h���]<n�nQVcBDYgh/jlhHR

W2� ��WgYZBDYgh/j}RoYZVXh�nQC
×
�Qi
C�k/`TC)h^Vch/P£jl]�h^Yg|cC)jc]�nQC�§�kmVc]^`�WgC)[H]^C)Wmh/Vc]/P�j�|cVXh/P�k^WZ]<PSYgC�]^`qP£k<VHPTPTYZU/YZWgY¢Ro�)P��

� �

�
�
�

H
H

H

(e → t) → t e, e ` t

VX]
� �

�� HH

e e, e ` t

Ì�Á$Â*ÌÍÕ



�����������
	��
������	���	����
��	���������������� �������!	#"�$�� w�A

z{Vc]/P�PTVcBDBDC)P£p�Vch^��`TVXhXRo�)P���]^h6p�VXh,H/YZR£nQCeRdNOk<CX�H_�VX]^`�WgCJ`T�>PSVX]/nQ`oC�h^Vc]<P�PTVc`TRTVXh/P�nQ]6p�VXhHRTC��ORoC
W\j�|}jl`oYgjcU^WZC�[H]^Y�p�Vc`o`TC>PSkmVch/n�jl]6n6nQ]�p�Vc]/k^WZC

k × d
�


�	}­ J�­m�\;³¯\;³­09 � � M
$>� B�M
$,-^M
��� �iM
���!	�� $,��� - ����	#�Y� �/� � d $,� P M������ � ��� Z P.��"�$,	 PTM
������� B�M��0� 	7$,� �

�TBYB���	6P.�
�!	6M
����$,� �/�J� C B��5��� ���
���!	#" $�� Z � M�	��"R e ` e → t

e, e ` t

Z:P.�*" $,	 � �J�!���Y��$,	���B��
�J$,� �5	�� � ��M>�
$�P �!	6M
�f�@�
-
�
��	#�-��� ��B�M�$,�J� �

λ
l�� � ����� Z�	6F��>F $,���+�Y����� �
�YP � 	6M��0F

� h6VcU^RTYgC�hHR �

t

�
�

�

H
H

H

(e → t) → t e ` e → t

e, e ` t

VX]
t

�
�

H
H

e e ` e → t

e, e ` t

'�C�RSRTC B�VXhHRT��C�n^CDRdNHkmC�h^VX]/P�kmC�`oBDC�RFnQC Poj�|cVXYZ`�PT]^`F[H]^C)WZWgC�|}jl`oYgjcU^WZCDh^VcRT`oC
λ
�2RTC)`TBDC�|}j :�Ro`TC

jck^k^WgYg[H]^�X�X©{h^C���VXYgP�p�C�RTRTC�VXk<�)`ojlRTYgVch�C 0mC>p&RT]/��Cc¡XW¤� ��WgYgB�Ygh/jlRTYgVch nQC
×
C>PdR�RTC�`oBDYZh/��C�C�R�Vch�`oC�k/`TC)h/n�Wgj

n^��`oYZ|}j}RoYZVXh�W\�{V32FC�WgWgC�je��Ro��fXC�Wg��CX¡�pc� C>PdRT�:�l�:n^YZ`oC�PT]^`$]^h^C£��]/PTYZVXh*��_$VX]^`�h^VlRo`TC���Vc`oBF]/WZC�PS�)B�jlhHRTY\[H]^C�VXh
p�VchHRTYghO]^CJWgjDnQ�)`TYg|}j}RTYgVch�p�VXB�BDCJk<VX]^`
]^h^CJ��]/PTYgVch6p�VcBDBDCJh^Vc]/P£W2� j�|XVch/P£k^`o�)p��)nQC)BDB�C)hHR£C��Ok/WZY\[H]^�c�

GIH�'O��J�² ' 5 � � �
�(� �0M
�!��� � � � ��B �/� ZJ�QM
$>���iM
�;����� �3�
��� �/�DB������;	#� � P.� �iF � � -
��$,�+" $�� �0M
�!���
M-� � � � � M�	���R

` (λQ.∀x(etud x) → (Q x), u)

�
�

�
�

��

H
H

H
H

HH

` λP (λQ.∀x(P x) → (Q x), u) ` λx.(etud x)

� �7� �
�aM��.�OR

y ` ∀x(etud x) → (correspond � 	 y x)

�
�

�
�

�
��

H
H

H
H

H
HH

` λQ.∀x(etud x) → (Q x) y ` λu.(correspond � 	 y u)

y, x ` (correspond � 	 y x)

¥ k^`o�)PTC�hHR>¡Qh^Vc]/P�kmVc]/|cVch<P£��Vc`oBDjcWZY\PTC�`�W¤� ��WgYgB�Ygh/jlRTYgVch6nQC
×
�

<��=7,9,;�¯>;³­09cb � U d � ��	��;	�� �
�!	6M
�*�3�
×
P M�������� B�M
�Q� 	 $,� � B � M � �TP��!	6M
�c�
$ B���� ��	�� �_PTM
��B�M
� �
���e��$

PTM�$>B �/�
(ki × d)

�@�
���*�/��B�M ��	��!	6M
�9	��0�@� � � ki

�@���(�*�/� �3����	�-
�
�!	6M
�9� C
����� � 	#" $��\F

∆ ` α × β (F, u) Γ[αi(z), βi(x)] ` γ(F ′)
[×]

Γ[∆] ` γ(let (z, x) = (F, u) in F ′)
� �

γ
�����?�/�+� C B��O�3� � ��g M�����$,�/� � F

Â�Â�º
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wH~ � � � 	������5����� �
���

� �;"�$,	0B�� ����� ���3� �
� B������Q�
���+�/�_�@� ��	�- ��� 	6M��7� � �������!	#"�$����
$�� 	�- �.�
$ �3� � ��g.$>��	6M
�QF

��'O� �!	^] ��' � U �*����$�� �@�*� � �@� ��	�-
�
�!	6M
�7�TC
� � � � 	#"�$��OP M�������� B�M
�Q�@����� 	 � d � ��	���	����
�!	6M
���@�
×
��	��Tl

B��
�
�
	����@�
���*� d �
�i� ���8� d ��� �
� C ����� � �������!	#"�$��>F

��C�k^Wg]/P�PTVc]^|XC�hHR)¡tn^jlh<PeWgC
λ
�2RTC�`oBDCc¡tWgC�p�VchHRTC��HRoC�C>PdR�|OYgn^C�C�RJW2� jch/jlWgNQPSC�PS�)BDjchHRTY\[X]/C�h*� C)PSR�jcp&�

p�C�kQRqjlhHRTC�[H]^C�PTY WZC�p�VchHRTC��ORTC�C)PSR
|HY\nQCX�

GIH�'O��J�² ' 5 � � M�$>��M-����� �0M
�����-M
�QP���$,���0M
�!��� � � ����B � � �/�D�@� ��	�- ��� 	6M�� � � �������!	#"�$�� �.$,	�-
�
� � �:B�M�$,�
�
� ) �/� �*�/��B���� ��	�� �������1	���	����
�!	6M
���@�

×
F

y ` ∀x(etud x) → (correspond � 	 y x)

�
�

�
�

�
�

�

H
H

H
H

H
H

H

λQ.∀x(etud x) → (Q x) y ` λu.(correspond � 	 y u)

y, x ` (correspond � 	 y x)

�
�

�
�

�
��

H
H

H
H

H
HH

y ` y x ` λv(correspond � 	 v x)

�
�

�
��

H
H

H
HH

` λuλv.(correspond � 	 v u) x ` x

� 3 b 3 b �*�,;�¯ ' . '�²���'=H�'H� J$² '��=7:9 . 'D² ��±c­09��)¯
	}�$±l¯\;¤­ 9 . '�² � 	�'=J�	}�O� '=9t¯ �Q¯\;¤­ 9��>�H� ��9t¯\; ] ��'
�ÇEO]^YZRTCJnQC�W2� C��OC)BDk^WZC � ¥ YZh<PSY<h^Vc]/P�k<VX]^|cVXh/PvkmVc]^`qPT]^YZ|O`oC
WgjFnQ��`oYZ|}jlRTYgVch�PS]/`�h^VcRT`oC
C��QC�BDk^WgC��
4S©{h

hO]^BD�)`TVDp�VX`T`oC)PTk<VXh/n ��RoVc]QR���RT]/nQY\jlhHR 6q�
z{Vc]/P*j�|OYgVch/P)¡�jlk/`TA>PtWgj�k^`oC�BDYgA�`oCv��WgYZBDYgh/j}RoYZVXh�nQC

×
¡�WgC

λ
�2RTC)`TBDC �

y ` ∀x(etud x) → (correspond �
�

y x)
�

¥ k^`o�)PTC�hHR)¡�h^VX]/PvnQC)|cVch<P�jck^k^WgYg[H]^C)`$W2� YZh,H<C��QYZVXh�n^]�|XC�`oU<C�[H]^YQk<VX`SRoC�WgC
λ
�2RTC)`TBDC �

` λP.pres(P )

y ` pres(∀x(etud x) → (correspond �
�

y x))

�
�

�
�

�
��

H
H

H
H

H
HH

` λP.pres(P ) y ` ∀x(etud x) → (correspond �
�

y x)

¥ W¤� ��RqjlkmC�PT]^Yg|�jchHRTC�n^C�W\j�p�Vch/PSRT`o]/p&RoYZVXh*¡�h/Vc]/P�`TC)h/p�VXhHRT`oVch/P���h^Vc]/|cC)jc]�]^h^C6j}RTRT`oYZU^]^RTYgVch4nQC
p)jcP)¡c[H]^Y<n^VcYZR :�RT`oC{jXPTPTVQp�Yg����Wgj�|}jl`oY\jlU^WgC�[H]^Y/����RT�{nQ�>pq@/jl`ofc�)C�WgVc`qPanQC{Wgj�nQC)]Q�QYZA)BDC���RqjlkmC

d2

�Xz{Vc]/P
n^C�|cVXh/P�nQVch<p�j}RSRoC�h/n^`TC�W2� �)WZYgBDYZh/jlRTYgVch6nQC

×
kmVc]/`�p�VchHRoYZhO]^C)`
WgjDp�VXh/PSRT`o]/p&RoYZVXh*�

??

�
�

�
�

�
�

H
H

H
H

H
H

?? y ` pres(∀x(etud x) → (correspond �
�

y x))

Ì�Á$Â*ÌÍÕ



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

��j�p�Vch/PSRT`o]/p�RTYgVch�k/jl`qjlWgWZA)WZC�nQ]�PT]}bdC�R�h^VX]/P
nQVXh^h^C �

` (λQ.∃z(numero z) ∧ (Q z), u)

�
�

�
�

��

H
H

H
H

HH

` (λPλQ.∃z(P z) ∧ (Q z), u) ` λy.(numeroy)
� h k<C)]QR nQVXh/p�k<VX]^`oPT]^Yg|O`TC6h^VcRT`oC�jc`TU^`oC�C�h¦j}RTRTC�hHRoC6[H]^Y�p�Vc`o`TC>PSkmVch<n4jl] k^`oC�BDYgC�`�jl`oU^`oC�p�Y¢�

n^C)PoPSVX]/P£k/jl`
WgC�PSC>p�VXh/n �

??

�
�

��

H
H

HH

?? y ` pres(∀x(etud x)
→ (correspond �

�
y x))

` ∃z(numero z) ∧ pres(∀x.(etud x) →
(correspond �

�
z x))

�
�

�
�

�
�

�
�

H
H

H
H

H
H

H
H

` λQ.∃z
(numero z) ∧ (Q z)

` λy. pres(∀x(etud x) → (correspond �
�

y x))

y ` pres(∀x(etud x) → (correspond �
�

y x))��jFnQC)`Th^YgA�`oC���RojlkmC{kmVc]/`�WgC PTM
��B h*� j�jl]/p�]^h jck^k<VX`SR£PS�)BDjchHRTY\[X]/Cc¡HVch�PTCep�VXhHRTC�hHRoCenQVXh/p{n � ]^h^C
Y\nQC)hXRoY¢Ro�J[H]^Ymh^VX]/P�kmC�`oBDC�R
n � VcUQRoC�h^Yg`�W\j���VX`TBDCJPS�)BDjchHRTY\[X]/CenQCJh^VlRo`TCek^@^`qjcPTC��

` ∃z(numero z)∧
pres(∀x(etud x) → (correspond �

�
z x))

Â�Â�º
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wc� � � � 	������5����� �
���

i�jck^kmC�WgVch/P�W2� C)h/PTC�BFU/WZC�nQC�W\j�nQ��`oYg|�jlRTYgVch �
` ∃z(numero z) ∧ pres(∀x(etud x) →

(correspond �
�

z x))

�
�

�
�

�
��

H
H

H
H

H
HH

` λX.X ` ∃z(numero z) ∧ pres(∀x(etud x) →
(correspond �

�
z x))

�
�

�
�

�
�

�
�

�

H
H

H
H

H
H

H
H

H

` π1(λQ.∃z
(numero z) ∧ (Q z), u)

�
�

�
�

H
H

H
H

` λP (λQ.∃z
(P z) ∧ (Q z), u)

` λy.
(numero y)

` λy.pres(∀x(etud x) → (correspond �
�

y x))

y ` pres(∀x(etud x) → (correspond �
�

y x))

�
�

�
��

H
H

H
HH

` λP.pres(P ) y ` ∀x(etud x) →
(correspond �

�
y x)

�
�

�
�

�
�
�

H
H

H
H

H
H

H

` π1(λQ.∀x.
(etud x) → (Q x), u)

�
�

�
�

H
H

H
H

` λP (λQ.∃z
(numero z) ∧ (Q z), u)

` λz.
(etud z)

y ` λu.(correspond �
�

y u)

y, x ` (correspond �
�

y x)

�
�

�
�

��

H
H

H
H

HH

y ` y x ` λv.
(correspond �

�
v x)

�
�

��

H
H

HH

` λuλv.
(correspond �

�
v u)

x ` x

��'O� �!	^] ��' � � M
�;���?�0M
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� � Z��QM
$>� B�M�$,-[M��(�*�/� � �
�
�(� g M������ �+���9�
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���
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v

�
�

�

H
H

H

k × d

�
�

H
H

(k × d)/n n

v

�
�

H
H

k1 k1\v

�
�

H
H

d2 d2\(k1\v)

�
��

H
HH

d2\(k1\v)/d1 d1

⇒

e ` t

�
�

�
��

H
H

H
HH

k1

` (e → t) → t

e ` e → t

e, e ` t

�
�

�
�

H
H

H
H

d2

e ` e
e ` e → t

�
��

H
HH

verbe
` e → e → t

d1

e ` e� $,	�� B�M
$,� ?���	��*�/�_�@� ��	�- ��� 	6M��NR
c

�
��

H
HH

c/v v

�
�

�
�

H
H

H
H

k × d

�
�

H
H

(k × d)/n n

v

�
�

��

H
H

HH

k2 k2\v

�
�
�

H
H

H

(k2\v)/v v

⇒

` t

�
�

�

H
H

H

comp
` t → t

` t

�
�

��

H
H

HH

k2

` (e → t) → t

` e → t

e ` t

�
�

�

H
H

H

	�� � � � 	6M
�
` t → t

e ` t

��
�� � � � � � � � ��(0/�� ��� ! �.��
 � $ � /�� ��(Q$,/1�
�����
	�) �"�1/1#4� �4/%! #4) � $ (Q� � ��� /
�¨W PTC{kmVXPTCenQCJB�jlh^YgA�`oC{�)|HY\nQC)hXRoC{]^h�k^`oVcU^WgA�BDCen^C{kmVc`TRT��Cek<VX]^`£Wgj�nQVc]^U/WZC�[H]/jlhHRTYZ«<p)j}RTYgVch�n/jlh/P

]/h^C
k^@^`qjcPTCc�cEO]/`ah^VlRo`TC
C��QC�BDk^WgC
h^Vc]/P�VXUQRTC)h^Vch<PvWgj�WgC)p�RT]^`oC
∃∀
�,'�C�kmC�h/n^jchHR)¡lYgW/C��OY\PSRTC�]^h^C{PTC)p�Vch/n^C

WgC)p�RT]^`oCF[H]^Y$nQVch^h/C
∀∃
[H]^C�h^VX]/P�|XVc]/n^`TYgVch/P
jc]/PoPSY*fX��h^�)`TC)`)�/_$VX]^`{p�C�W\j^¡/h/Vc]/P�n^C�|cVXh/P�nQVXh^h^C)`{]^h^C

jc]QRT`oCa��VX`TB�]^WgC�PT��B�jlhHRTY\[H]^C�� PTM
��B ���¨WH�³jl]<nQ`ojcY¢R�nQVch<p�jlbdVc]QRoC�`�n^C)P�RT`qjlYZRoP�]^h^Y\[H]^C�BDC�hHRaPT��B�jlhHRTY\[H]^Cc�
��h�C�0tC�R)¡<PSY*VXh�jl`o`TYg|cC��Dh^C�nQ�)k^WgjXp�C)`�[X]/C�Wgj���VX`TBDC�PT��B�jlhHRTY\[H]^C�n^jlh<P
WZC PTM�� B ¡/Vch6jlk/k^WZY\[H]^C�`qj�Wgj
��VX`TB�]^WgC{p�VXhXRoC�h/jchHR�WZC

∀
��p�C�WgWgCep�VXhHRTC�h<jlhHR�WgC

∃
� ¥ Ygh/PTY¤¡OVch�jl]^`qj�WZC>P�n^C�]Q��WgC)p&Ro]^`oC)P�k<VHPTPTYZU/WZC>PakmVc]^`

h/VlRT`oC�k^@^`qjcPTCc�
� h6VcU^RTYgC�hHR�jlWgVc`qP�W\j���Vc`oBF]^WgC �
` ∀x(etud x) → pres(∃z(numero z) ∧ (correspond �

�
z x))

©{h^C�`TC)BDjc`o[H]^C£YghXRo��`oC)PoPTjchHRTC�|OYgC�hHRvnQC
i�jcnO��VX`on � i ¥ ªJ�CB �:���¨WQC��QkmVXPTC�WgC�k^`oYZh/p�YZkmC
PS]/YZ|}jlhHR�WZC>[H]^C�W
W\jDPdRo`T]<p&RT]/`TC�nQC�p�VXh/PdRoY¢Ro]/jlhHRqP�YZhHRTC)`Th/C)P�jl]Q��PSNOhHRojcfcBDC)P£|cC)`TU<jl]Q��C>PdR�p�VXBDk^WZC��QCc�O�aWgWZC�PTC�nQYZ|OY\PSC�C)h
n^C�]Q� k/jl`TRTYgC)P)¡vWZC�=e_�YZhHRoC�`oh^C6C�R ]^h |Ok C��ORTC)`Th/Cc� '�C�`TRojcYZh<P�jl`ofc]^BDC�hHRqP�D³jlfXC�hHR.F�k/`TC)h^h^C�hHR�WgC�]^`
VX`TYgfcYgh^C�n^jch/P�WZCF|Hk�¡QRojch/nQY\P�[H]^C�n � jl]QRo`TC>P DÍRo@^A�BDC)P.F�k^`oC�h/h^C�hHR�WgC�]^`�VX`TYgfcYgh^C�n^jch/P�WZC+={_�� ¥ YZh/PTY2¡^Wgj
kmVXPTYZRTYgVch�n � Vc`oYZfXYZh/CFnQ]�PT]}bdC�R�C)PSRen^jch/PeWgj�PSRT`o]/p�RT]^`oCFk^`oVl��VXh/nQCFn^]�|cC)`TUmCc¡mnQVch/p�RTVX]QRJp�CF[H]^Y�kmVc`TRTC
PT]^`�WgC�|XC�`oU<CX¡akmVc`TRTC�jc]/PTPTYePT]^`�WZC�PT]}bdC�R)���*C�nQ�)k^W\jcp�C)BDC�hHR�p�VXh/PTC�`o|cC6��fHjlWgC�BDC�hHR�p�C�RSRoC�kmVXPTY¢RoYZVXh
n*� VX`TYgfcYgh^Cc¡HnQVch<p�pl� C)PSR�W\j�B�:�BDCepq@/VXPTC�k<VX]^`�W2� VcUQbdC�R)�Oªejch/PaRoVc]/P�WZC>P�p)jcP)¡cW2� Ygh,H/C��QYZVXh�k<VX`SRoC{PT]^`aRoVc]/P

Â�Â�º
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WgC)PFp�Vch<PdRoY¢Ro]/jlhHRoP�n^C�Wgj6k/@^`ojXPSCX�*�*CD�³jcY¢R�n*� j�|XVcYg`JWgCDRTC)BDk/PFnQ]8|XC�`oU<C�C)h8n^��U^]QR�nQC���Vc`oBF]/WZCDkmC�]QR
h/Vc]/P$kmC�`oB�C�RSRo`TC�]^h^C�p�Vch/p�Vc`qn^jlh<p�C�n^C)P$RTC)BDk/P�C�hHRT`oC£WZC>P�B�VX`op�C)jc]Q�FnQC�WgjJk^@/`ojXPSCX� � h�VcUQRoYZC)hHR�jlWgVc`qP
WgC)P
n^C�]Q��WZC>p&RT]/`TC>P �

` pres(∃z(numero z) ∧ ∀x(etud x) → (correspond �
�

z x))
` pres(∀x(etud x) → ∃z(numero z) ∧ (correspond �

�
z x))

��
�� � � ��� ������) � ��$ �=��� ��� / ������� � $,/�� & ���
'�VXB�BDCeh^Vc]/P£j�|cVXh/Pa|O] [H]^CJh^VX]/P�kmVc]/|HYgVch<Pv�³jlYg`oC{W2� jch/jlWgNQPSC{PTNOhHRoj}�QY\[H]^Cen � ]^h^CJ[H]^C)PSRTYgVch�h/Vc]/P

n^C�|cVXh/Pek<VX]^|cVXYZ`{�³jlYg`TC�WZC)]^`�jlh/jcWZNQPTCFPS�)B�jlhHRTY\[H]^Cc�t_�Vc]^`�p�C)Wgj/¡<h/Vc]/PJ]QRoYZWgYgPTVch<P{W\j�n^C�]Q�QYgA�BDC�p�Wgjc]/PTC
n^]4nQ��k/WgjXp�C�BDC)hXR>¡�[H]^Y£jl]�h^Yg|cC>jl]�PT��B�jlhHRTY\[H]^C p�Vc`o`TC>PSkmVch/n8��]/h^C�YghH|XC�`qPSYgVch�nQC>P�|}jl`oY\jlU^WgC)P�n/jlh/P
WgCFp�VchHRTC��HRoCc�m�*C��³jcY¢Re[H]*� ]^h^C�C�hHRT`o��C�WgC��QY\p�jcWZCFn^C�B�jlh/n^CFnQC�]^�6jlRSRT`oYgU^]QRTYgVch<P{nQCFp)jcP�PTYgfch^YZ«/CF[H]*� C�WgWZC
k<jcPoPSC)`oj�jck^`oA)PeWZC>PJjc]QRT`oC)PJk^]/YgPo[H]^C�WgC�|cC�`oUmC�h^C�kmC�]QR�k/jXPeWg]^Y$��Vc]/`Th^Yg`�PTj�PSC>p�VXh/nQCDj}RSRo`TYgU^]QRoYZVXh�nQC
p)jcP)¡tC�WgWZC�|OYZC)h/nQ`qj�nQVXh/p�n � ]/h8jc]QRT`oC���Wg��BDC�hHR�k^WZ]<PJRojl`qn�n/jlh/PJW\j�n^��`oYZ|}j}RoYZVXh*� ��j ��Vc`oBF]^WgC�WZVXfcY\[X]/C
[H]^C�W2� VXh6VcUQRoYZC)hXR
C>PdR��

` quel z pres(lit P ierre z)z{Vc]/P�k/`T�>PSC)hXRoVch/P�p�Y¢�¨nQC)PoPTVc]/P£W2� jc`TU^`oC�nQC�nQ��`oYg|�jlRTYgVch6[H]^Y*h^VX]/P
nQVch/h^C�p�C�`o�)PT]^W¢Rqj}R �
` quel z pres(lit P ierre z)

�
�

�
�

�
�

��

H
H

H
H

H
H

HH

` λP quel x(P x) ` λx.pres(lit P ierre x)

x ` pres(lit P ierre x)

�
�

�
�

�
�

�

H
H

H
H

H
H

H

` π1(λP.(P Pierre), u) x ` λy.pres(lit y x)

x, y ` pres(lit y x)

�
�

�
��

H
H

H
HH

` λP.pres(P ) x, y ` (lire y u)

y, x ` (lire y x)

�
�

�
�
�

H
H

H
H

H

y ` y x ` λv.(lire v x)

�
�

��

H
H

HH

` λuλv.(lire v u) x ` x

ªeC�Wgj�B�:�BDC�B�jlh^YgA�`oCc¡OVXh�kmC�]QR{jch/jlWgNQPSC)`�h/VlRT`oCJk^@^`qjcPTCJC)h�jch^fcW\jlY\P 4 �¦@^Y\pq@�U<VOVc§QP
nQVOC>P?IXVc@/h
WgYg§cC ��6�[H]^Y h/Vc]/P
nQVXh^h^C�W\j���Vc`oBF]^WgC�WZVXfcY\[X]/C �
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` quel z (livre z) ∧ pres(aime Jean z)[H]^Y�C)PSR{WgjDB�:)B�C�[X]/C�p�C�WgWgC�[X]�� VXh�VXUQRTYgC�h<nQ`ojcY¢R�C)h6��`ojch�<�jcYgP�kmVc]/` 4 �e]/C�W\P
WZYg|O`TC>P$bdC)jch�jlYgB�C ��6���C)h
PTVc]<Pd�:C�hHRTC)h/n^jchXR
[H]^C�pl� C)PSR{jlYgBDC�`
WgYZ`oCc�

� h�|cVXY¢RvY\p�Y^W2� YghHRT�)`�:�Rvn^C£W\je��Vc`oBDC£WgVcfXYg[H]^C
[H]^Y^PTC�`qjlYZRv]^h^C�Wgjch^fc]/C£k/YZ|XVlRanQ��`oYg|�jcU^WgC£|XC�`qP�n � jc]QRT`oC)P
W\jlh/fc]^C>P�h<j}RT]/`TC)WZWgC)P)� ¥ Ygh/PTY¤¡<Vch�B�C�RSRo`ojcY¢R�C)h���]/|H`oCJWZC�B�]^W¢RoYZWgYgh^fc]^Y\PTB�CX¡^|OYgj�WgC)P�fX`ojcB�B�jcYZ`oC)P£BDYZh/Y¢�
B�jcWZY\PdRoC)P)�

Â�Â�º
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©{h^CDk^`TC)BDYZA)`TC�|cC�`qPTYZVXh�n � ]^h�k<jl`qPSC)`ej���RT��k^`oVckmVXPT�Fk/jc`�����EHRojcU^WgC�`>¡mC)h�_a`oVcWgVcf<¡ '��JG�¡ [X]/Y�j
PTC�`o|OYvnQC�h^V}NXjc]�kmVc]^`�]/h^CDYZBDk^Wg��BDC�hHRqj}RTYgVch8C)h^`TY\pq@^YgC�I�� '��JG �{I�]^WZRTYgB�VQn^jcW��J`qjlBDB�jl`+'��JG��
_�WZ]/PTYgC�]^`qP�jl]^RT`oC)P�|cC)`oPTYgVch/PJVchHR�C)h/PS]/Y¢RoC���RT��n^��`oYZ|X��C)P�n^C�p�C�k/jc`oPTC�`>� �¨WaC��QY\PdRoC�]^h^C�YghHRTC�`T�³jcp�C 
�C)U
n^��|cC)WZVXk^km��C�k/jc` �r��=vC)`TB�jXj}Re[H]^Y�k<C)`TBDC�RJnQCFPTVc]^BDC�RTRT`oCFnQC>P
��`qjlfcBDC)hXRqP�nQC�k/@^`ojXPSC�� I�� '��JG��
©{h^Cejc]QRT`oC�|XC�`qPSYgVchDC�h '���� C>PdR�nQ��|XC�WgVck^km��C{k/jl`?K��>K{jl`o§cC)B�j^�l_�Vc]/`�`o�)p�]^k<C)`TC)`aWgC{k/jc`oPTC�`>¡l|OYgPTYZRTC
�
W\j�k/jlfXC�n � jXp�p�]^C�YgW*nQC�I�� '��JGrVc]�W\jDk/jlfXCJnQ]�PTVl�ÍR�
�jl`oC

@HRTRTk � � �}nQ@<p�kQ�.A)�Xy}�.A B@BQ� WgC�R>� ]/]*� h/W �}B�fHpq§ON �
@XRTRTk � � ��
�
�
�� WgYZh/fc]^Y\PdRoYgp)P�� ]/p�Wgj/� C>nQ] ��kmC�VXk^WgC �}PSRojcU^WgC�` ��C�k<PTP 
�� @HRoB

©{h^Ce|XC�`qPSYgVch k<VX]^`�WgC)P£fX`ojcB�B�jcYZ`oC)PvBDYgh^YgBDjcWZY\PSRTC)P£C>PdR�C�h�Ro`ojcYZh�n � :�RT`oCen^��|cC)WZVXk^km��CJk/jl`�I/�>K{jcWZC
� ��jlWZRTYgB�VX`TC{C�h � p)jlBDW¤�('�VcBDBDC{W2� �)[H]^Ygk<C � 	 ) � � nQ]���j �£i ��j�pq@^VcY\PTYmp�C{W\jlh^fHjlfcCep�VcBDBDC{W\jlh/fXjlfXC
k/`TYgh/p�Ygk/jcW^n � YgBDk^Wg��BDC�hHRojlRTYgVch*¡Xpl� C)PSR�PS]^`�p�C�RTRTC
|XC�`qPSYgVchDnQ]Dk/jl`qPTC�`v[H]^C�b�� jcYQRT`qj�|}jlYgWZWg�c��IXC
k^`o�)PTC�hHRTC�Y\p�Y
]/h^C�k^`oC�BDYgA�`oC�jlk^k^`oVQpq@^C�nQ]D��VXh/p&RoYZVXh^h^C�BDC)hXR�fc��h/��`qjlW^nQ]�k/jc`oPTC�`aRTC�Wm[H]*� YgW/C��QYgPSRTC�kmVc]/`aWZC{B�VXBDC�hHR)¡
jcYZh<PSY�[H]^C�nQYZ|XC�`qPSC>P£��Vch/p�RTYgVch/Pe[H]^Y�V@0m`oC�]^h^C�YghHRTC)`ojXp&RTYgVch6k^Wg]/PejlY\PS�)C�j�|cC)p�WgC�k/jc`oPTC�`�C�R{]^h^CFYZBDk^Wg���
BDC)hXRqj}RoYZVXh�n � ]^h^CDp�VX]/pq@^C�PT��B�jchXRoYg[H]^CDn^jch/P�p�C�Wg]^YZ�:p�Y¤� ��C)PeB�VQnQYZ«<p)j}RTYgVch<PJ[H]*� C�hHRo`ojcYZh^h/C�hHReW2� jlbdVc]QR
n*� ]^h/C�p�Vc]<pq@^CeWgVcfXYg[H]^C�n^jch/P�WgC�k/jl`qPSC)`
PSVXhXR
YgBDk<VX`SRqjlhHRTC�C�R{n^C�BDC�]^`oC�]^h�RT`qj�|}jlYgWt��`o�)jcWZY\PSC)`)�

��
�� � ��#��=��� /1$,/1���"� ! �L)�$:���=�4�
z{Vc]/PenQVch^h/Vch/P{Ygp�Y�WgC)P�fX`ojch/nQC>P
WZYgfch/C)P{n^C�W¤� YgB�k/WZ�)B�C)hHRoj}RoYZVXh�nQ]�k<jl`qPSC)`
k<VX]^`{WgC)P{fc`qjlBDB�jlYg`TC>P

BDYgh^YgBDjcWZY\PSRTC)P�j�|cC>pD]^h�W\jlh^fHjlfcCD��VXh/p&RoYZVXh^h^C)W¤� ¥ Ygh/PSY2¡$WZC>P�k/jc`SRoYZC PT]^Yg|}jlhHRTC>P�BDC�RTRTC�hHR�C�h4j�|}jlhHR�WgC)P
RdNOkmC)P�k/jc`SRoYgp�]^WgYZC)`oP�]QRoYZWgY\PS�>P�¡lp�C�[X]/Y/nQVch/h^C�]^h^C
Y\nQ��C
nQ]���Vch<p&RTYgVch/h^C�BDC�hHRafX��h^�)`ojcWOn^]�k<jl`qPSC)`�RoC�W/[H]^C
I<��K{jcWZC
WgC�nQ�)|cC�WgVck/k<CX�c�*C>P�k<C)`oPTk<C>p&RoYZ|XC�n � �)|cVXWZ]QRoYZVXh�PTC£RTVX]^`Th/C�hHR��Jk^`T�>PSC)hHRa|cC�`qP$]^h^C�VXkQRTYgBDYgPoj}RoYZVXh
n^]���VXh/p&RoYZVXh^h^C)B�C)hHR�C�R�W¤� j}bdVX]QR�n � ]^h^C�p�VX]/pq@^C�PT��B�jlhHRTY\[H]^Cc�
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�)fXjcWZC)B�C)hHR£nQC�p�VXh/PTC�`o|cC�`£p�C�R£Ygh/nQY\p�C�WgVc`qP�nQC�W\j�p�`T�>j}RoYZVXh nQC�Wgj�ªe��`oYZ|}j}RoYZVXh*� ¥ Ygh/PTY¤¡^nQC)k^]^Y\P£Y¢RoC�B VX]
n^��`oYZ|}j}RoYZVXh*¡�VXhJkmC�]^R$j�|cVXYZ` jXp�p�A>P*jl]^�Jjl]^RT`oC)P*pq@/jcBDk/P*nQCvW2� C)hHRT`o��CvWgC��QYgp)jlWgCc� � h�kmC�]^R�jlWgVc`qPt`T�>p�]^km��`oC�`
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W\j6��VX`TBDC PT��B�jlhHRoYg[H]^C�C�R�C�hHRqjlBDBDC�`FW\j�p�Vch/PSRT`o]/p&RoYZVXh�nQC W\j6��Vc`oBF]/WZC�WgVcfXYg[H]^C�C)h�jlk^k/WZY\[H]/jlhHRFWgC)P
`oA�fXWZC>P�k^`o�)p��)nQC)BDB�C)hHR�C��OkmVXPT��C>P�� '�C)P�`oA�fcWgC)P ��RqjlhHR6n^C)P6p�VXB�kmVXPTYZRTYgVch/P Vc] n^C)P6jlU/PSRT`qjcp�RTYgVch nQC
|}jc`TY\jlU^WgC)P�PT]^`�nQC>P

λ
�2RTC)`TBDC)P)�

_�Vc]/`�p�C�W\j^¡*p�C�`TRojlYgh/PeVc]QRoYZW\P�k/jc`T`qjlY\PTPTC�hHR{k<jl`TRTY\p�]^WgYZA)`TC)BDC�hHRJU/YZC)h�jXn^jlkQRo�)P)�t�ah8C�0tC�R)¡ W\j�U^YZU/WZYgVl�
Ro@^A)[H]^C ' '�E�nQC �JC)`ojc`on7K�]^C�R)¡�kmC�`oBDC�R�nQC�p�Vch/PSRT`o]^Yg`TC�C�h � p�jcBDWanQC)P

λ
�¤RoC�`oBDC)P�C�RFnQCDWZC>P�p�VXB��

kmVXPTC�`>� '�C [H]^YaC>PdR�W2� ]^h^C nQC>P���RqjlkmC)P�n^]�k^`TVcRTVQp�VXWZCX� �aWgWZC�k<jl`qj��\R�n^Vch/pD]^h�VX]QRTYgWaYgh/nQY\PSkmC�h<PTjcU^WZC��
W2� YZBDk^Wg��BDC�hHRqj}RTYgVch�nQC�Wgj�PS�)B�jlhHRTY\[H]^Cc�tI�jlWg@^C)]^`TC)]/PTC�BDC�hHR)¡mRoVc]QRoC)P�p�C>P{BDVQnQYZ«<p�jlRTYgVch/P�nQC)BDjch/nQC)hXR
n^C�`o���>p�`oYZ`oC ]/h^C6fc`qjlh/nQC�k/jc`SRoYZC6nQC)PD�)WZ�)BDC�hHRoP�nQ] k/jc`oPTC�`�C�R p�C6n^C�`oh^YZC)`Dh*� C>PdR�k/jXP�C�h/p�Vc`oC��8Poj
|XC�`qPSYgVch�nQ��«<h^Y¢RoYZ|XCc�

�¨W*h/Vc]/P£�³jc]/nQ`qj�n^Vch/p �
Ac� ¥ bdVX]QRTC)`{n � ]^h�pq@/jlBDk6PS�)BDjchHRTY\[X]/CJkmVc]/`�pq@/jc[H]^C�C�hHRo`T�)CJWgC��QY\p�jcWZCX�
~Q���/jcYZ`oC�k/jcPoPSC)`�W¤� YZh<nQYgp�C�nQC�kmVXPTY¢RoYZVXh�n^jch/P�W\j�p�Vch<PdRo`T]/p�RTYgVch�n � ]/h 	���� �
w^���/jcYZ`oC�k/jcPoPSC)`
p�C�R�Ygh/nQY\p�C�WgVc`qP�nQC�W\j�p�Vch/PSRT`o]/p�RTYgVch6nQC � � ��	�-
�
�!	6M
� �
�/�
i
�)p�]^km��`oC�`
WgC�`T�>PS]^WZRojlR�n^jlh/P
n^��`oYZ|}j}RoYZVXh�C�R�W¤� YghXRoC�`ok^`o��RTC)`�k<VX]^`
Wgj�PT��B�jchXRoYg[H]^CX�
EOY£W2� VXh�|XC�]QR�C�hO|OYgPojlfXC�`�]^h^C�p�VOVckm��`qj}RoYZVXh8n^C�Wgj�p�Vc]<pq@^C�PS�)B�jlhHRTY\[H]^C�n^jlh<P�WgC�k/jl`qPTC�`>¡ YZW��³jl]QR

[H]^C�p�C�[H]*� YgW�PTC�k/jcPoPTC�k<VX]^`
WZC>P
YZRTC�B�PePSVXY¢R�`o��kmC�`qp�]QRo��n^jlh/P�]^h^C�h^VX]^|cC)WZWgC�PdRo`T]<p&RT]/`TC�`oC�k^`o�)PTC�hHRqjlhHR
W\j�PT��B�jlhHRoYg[H]^CX�<ªeCFk^Wg]/P�YgW��³jl]QRJWZ]^Y�jcPoPTVOp�YZC)`
]^h^CF��Vch/p�RTYgVch�`oC�RTVX]^`oh/jlhHR�]^h�UmVOVcWg��C)h�k<VX]^`e|}jcWZY\nQC�`
W\jDPS�)B�jlhHRTY\[H]^C���W\j�B�:�BDC���RqjlkmC�[X]/C�n/jlh/P�W\j�p�VXh/PdRo`T]<p&RTYgVch�PSNOhHRojl�QYg[H]^CX�
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'�C£`ojck^kmVc`TR�j�|}jlYZR�k<VX]^`$YZhHRTC)hHRTYgVch*¡�n^jlh<P�]^h�k^`oC�BDYZC)`*RoC�BDk/P�nQC�k/`T�>PSC)hXRoC�`$nQC�B�jch^YZA)`TC�PSYgBDk^WZC£C�R
p�VcBDk^WgA�RoCeWgC���VX`TB�jlWgY\PSBDCen^C�EHRqjlU^WgC�`�kmVc]^`£WgC)P£fc`qjlBDB�jlYg`TC>PaBDYgh^YZB�jcWZY\PdRoC)P)�,'�C�nQC)`Th^YgC�`£��RqjlhHR
jcPoPSC��
WgVch/f���B�C�RSRo`TC�C�h ��]^|O`TCX�X��h�C 0mC�R)¡QYgW*nQC�B�jlh<nQCJn^CJB�j��gRo`TY\PSC)`�]/h�p�C)`SRqjlYgh h^VXBFU^`oCen^C�n^��«/h^YZRTYgVch<P�¡
B�jcYgP$]^h^C£��VXYgPvp�C�RSRoC���Rojck<C£��`qjlh/pq@/YZCX¡>W2� ]QRTYgWgPoj}RoYZVXh�n^]F��VX`TB�jlWgY\PSBDC£C�RaWgC)P$k<C)`oPTkmC)p&RoYZ|XC)P�[H]*� YZWQV@0m`oC�B�C
PTC�B�U^WgC�hHR£C)h �³jcYZ`oC�]^h�Vc]QRoYZW*nQC�k^`oC�BDYgC�`�Vc`qnQ`oCekmVc]/`£W2� jlh/jcWZNQPTCJn � ]^h^C�W\jlh/fc]^CJh/j}Ro]^`oC�WgWZCX�*�¨W `o��kmVch<n
��W\j���VcY\P�jl]Q��k<C)`oPTk<C>p&RoYZ|XC)P�WgYZh^fX]^Y\PdRoYg[H]^C>P
BDYgPTC)P�C)h6j�|}jchXR
k/jc`5'�@^VcB�PT§ON jl]QRqjlhHR�n^jlh<P�WZC>P�jlh^h/��C)P
ucy�V@2 YZWm|cVX]^WgjcY¢R£k^`oVckmVXPTC�`a]^h�BDVOn^A�WgC{]^h^Yg|cC)`oPTC�WmnQC���VX`TB�jcWZY\PSBDCek<VX]^`�WgC)P�Wgjch^fc]/C)P�h/j}Ro]^`TC)WZWgC)P)¡X[H]^C
n/jlh/P�WgC)P�jch^h^�)C)P��Xy�j�|XC)pDPTVch�k^`TVXfc`qjlBDBDC�BDYgh^YgBDjcWZY\PSRTC�V@28WgC)P�k/`TYgh/p�YgkmC)P�`o��fXYgPoPTjchHRJ]^h/C�Wgjch^fc]/C
PTVchHR
C�h�h^VXBFU^`oC�WZYgBDY¢Ro�c�

©{h^C���VXYgP�p�C�RSRTC�k^`o�)PTC�hHRojlRTYgVch�C�0tC)p�RT]^�)Cc¡>YZWX�³jlWgW\jlYZR�k^`oVckmVXPTC�`*]/h���Vc`oB�jlWgYgPTBDCak/jl`TRojchHR�nQC�W2� jlh/jcWZNQPTC
PTNOhHRoj}�QY\[H]^C�[H]^Y£��Vc]/`Th^Y\PoPSC�]^h^C���Vc`oBF]^WgC�WgVcfXYg[H]^C�n � Vc`qnQ`TC�PS]/k<�)`TYgC�]^`�`oC�k^`o�)PTC�hHRojchHRFWZC�PTC�h/P�nQC�Wgj
k/@^`ojXPSC�jlh/jcWZNQPT��CF� k/jl`TRTYg`Jn*� ]^h�PSC)h/PJnQVch^h/��� pq@<jc[H]^CF�)WZ�)BDC�hHR�n^CFW\j�k^@^`qjcPTCc� '�C�RTRTC���RqjlkmCFkmC�]QR
:�RT`oC
|O]^C�p�VXB�BDC�]/h^C�PSVXWZ]^RTYgVch�nQC�W\jlh^fHjlfXC�k^Yg|cVcR�kmVc]^`aWgC
BF]/W¢RoYZWgYZh/fc]^Y\PSBDCX�X��j�p�Vc]/pq@/C�PS�)BDjchHRTY\[X]/C
[H]^C�bdC�k^`oVckmVXPTC�C)PSRJjcPoPTC
��p�VXBDk^WZA�RTC�kmVc]/`eP)� C)hH|OY\PTjcfcC)`£YgBDk^Wg��BDC�hHRojcU^WgC�n^jch/P�WgC�k/jc`oPTC�` � p)jlBDW�nQC
IXVc@/h KejlWgCc�

'�C�RSRTC{k^@/jcPTC
PSC)`ojeYghXRo��`oC)PoPTjchHRTC
n^jlh<P�Wgj�|}jlWgY\n^j}RoYZVXh�nQC�p�C
h^Vc]/|cC)jc]���VX`TB�jlWgY\PSBDC�k<VX]^`aWgC)PvfX`ojcB��
B�jcYZ`oC)P�BDYgh^YZB�jcWZY\PdRoC)P�[X]/Y�Vc]/|H`oYg`oj�|c�)`TYZRojcU^WgC�BDC�hHR�|cC)`oP�W\j6k^`oVQnQ]/p&RoYZVXh�n � jlWgfcVc`oYZRT@^BDC)P�p�VcBDBDC�Wgj
`o�)PTVcWg]QRoYZVXh6n^C)P�k/`TVXU^WZA)BDC)P{n*� jch/jlk^@/Vc`oC�k<VHPS�>P�k/jc`�WZC>P�k^`oVch/VcB�P
��p�CF[H]^Y$C)PSR{WgCFPS]lbdC�RJn^CFW\jDRT@^A>PSC
n^C{i
VcUmC�`TRTV �£VXh/j}RoV�jc]���j �£i ����]/h^YZ|XC�`qPSYZRT��n^C ={�)`TVXh^C���B�jlY\Pajc]/PTPTY^W\j�nQ��«/h^YZRTYgVch�nQC�k<jl`qjlBDA�Ro`TC>P
k/`T�>p�Y\P$n^C�pq@/jc[H]^C£Wgjch^fc]/C£h<j}RT]/`TC)WZWgC�C�h�|H]�n � VcU^RTC�h/YZ`anQC>P���h^VXh/p��>Pvp�VXB�B�]^h/P$��PT]}bdC�RqP�Vc]^|XC�`TRoP$kmVc]^`
p�CJ��Vc`oBDjcWZY\PTB�CX�

I�jcWZfX`T�{RTVX]QR)¡QW\j�p�VOVckm��`qj}RTYgVch C�hHRT`oCeWgYgh^fc]^Y\PSRTC)P£C�R�YghQ��VX`TB�j}RoYgp�YZC)h/P£BDVchHRT`oCJ[H]*� jcp�RT]^C)WZWgC�BDC)hXR
p�C
��VX`TB�jcWZY\PSBDC�h/C�`o��kmVch/n�k/jcP���RoVc]/P�WgC)P�k^@^��h/VcBDA�h^C>PD[X]/C�p�C>PFk/`TC)B�YgC�`qP�C��Qk<VHPSC)hHR)�$�ah4C 0mC�R)¡vC�R
p�VcBDBDC�bdC�W2� jcY�`oC�W\j}Ro��n^jlh/P�p�C�`qjlk/k<VX`SR>¡�p�C)`SRqjlYgh/P�WgYZh^fX]^Y\PdRoC)P�`oC�BDC�RSRTC)hHRFC�h�p)jl]/PTC�WZC>P�RdNOkmC)PF[H]^C
h/Vc]/PD]QRoYZWgY\PSVXh/P�p�VXBDB�C�jXp�[H]^Y\P�¡ap�C�[H]^Y
RTC)h/nQ`qjlYZR �8k^`oVc]^|XC�`�[H]^C�nQC)P�Vckm��`qj}RTYgVch<P�YghHRTC)`Th^C>P���Wgj
PSRT`o]/p�RT]^`oC�h^C�PSVXhXR
k/jXP�C�h/p�Vc`oC�p�VcBDk^`oY\PSC>P£p)jl`�Pojlh/P£`oC�k^`o�)PTC�hHRqj}RTYgVch�k^@ONQPSY\[H]^C�n^jlh/P�W\jDk^@^`qjcPTCc�
ª�� jc]QRT`oC�k/jc`SR>¡�h^VX]/P Poj�|cVXh/P�[H]*� ]^h�p�C)`SRqjlYgh¦h^VcB�U^`oC�nQC�RT`qjlYZRoP�[H]^YekmVc]/`T`qjlYgC�hHR�nQVch/h^C�`�nQC)P

YghQ��VX`TB�j}RoYZVXh/P{p)jlk^YZRojcWZC>P�kmVc]^`JW\j�`o����]QRqj}RTYgVch�n*� �)h^Vch/p��)Peh^C�PTVchHRJk/jcP{k^`TY\PeC�h�p�VcBDkQRTCFRTC)WgPJ[H]^CFWgC)P
Ro`ojcY¢RqPF@O]^B�jcYZh/P���h/VchQ�:@O]^B�jlYgh/P�¡�C�Rqpl�vI�jlWg@^C)]^`TC)]/PTC�BDC�hHR)¡$W\j�kmC�`T��Vc`oB�jlh/p�C nQ] k/jl`qPSC)`�nQ�)k<C)h/n^jchXR
n^]�h^VXBFU^`oCDnQCFRo`ojcY¢RqP�]QRTYgWgYgPT�)P)¡th^Vc]/P�h/C�kmVc]/|cVch<P{k/jc`�p�Vch<PS�>[X]/C�hHRJk<jcPe�³jlYg`TCDp�`oV��\RT`oCDnQCDBDjch^YgA�`oC
Ygh/p�Vch/PTYgn^��`o��C�p�C�h^VXBFU^`oCc�Q©�h/C�PSVXWZ]QRoYZVXh�YghHRTC)`TBD�)n^YgjcYZ`oC�C)PSR
��C)hH|OY\PTjcfcC)`)�

'�C)k<C)h/n^jlhHR>¡�[H]^C�p�C�PTVcYZR�kmVc]/`�WZC>P�YZh^��Vc`oBDjlRTY\p�YgC�h/P�C�R�Wgj6k^`oVQnQ]/p�RTYgVch8n � jcWZfXVc`oY¢Ro@^BDC)PJVc]�kmVc]^`
WgC)P{WZYgh^fX]^YgPSRTC>P{[H]^Y�]QRTYgWZY\PTC�`oVchHRep�C>P{jcWZfXVc`oY¢Ro@^BDC)P
n � jlh/jcWZNQPTCc¡^h/VlRT`oC�h^VX]^|cC)WZWgC�k^`oYZVX`TYZRT�FC)PSRenQC�k/jXPTPTC�`
��W\j�k^@/jcPTC�n � YZBDk^Wg��BDC�hHRqj}RTYgVch�nQC�W\jDp�VX]/pq@^C�PS�)B�jlhHRTY\[H]^Cc�

�¨WQ�³jc]QRaC�h^«/hDB�C�RSRo`TC
C)hDj�|}jchXRvW\jJk<C)`S��VX`TB�jlh<p�C
nQC)Pafc`qjlBDB�jlYg`TC>P�BDYgh^YZB�jcWZY\PdRoC)Pa[H]^YQkmC�`oBDC�RTRTC�hHR
W2� jlh/jcWZNQPTC�n � �)h^Vch<p��)P�p�VXBDk^WZC��QC)P�[H]^C�n � jc]QRT`oC)P���Vc`oB�jlWgYgPTBDC)P�h�� jc`T`oYZ|XC�hHR�k/jXPF��YghHRT��fX`TC)`)¡�RTVX]QR�C)h
RoC�hHRojchHR�n^C�BDYgh^YgB�Y\PTC�`�Wgj�RqjlYgWZWgC�nQ]�WgC��QY\[H]^C�p�VcBDBDCDWZC>PJk^`TYgh/p�YZkmC)P�BDY\P�C�h ��]^|O`TCX�m��h�VX]QRT`oCc¡tWgC)P
fX`ojcBDBDjcYZ`oC)P{BDYZh^YgB�jlWgYgPSRTC>PJh^C�PSVXhXR�kmC�]QRT�!:�RT`oC�k/jXPJC�h/p�Vc`oCFW\j�n^C�`oh^YZA)`TC���RqjlkmC�B�jcYgP�P��^`TC)BDC�hHRJ]/h
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YghHRTC)`TBD�)n^YgjcYZ`oC�|cC)`oP�]^h���VX`TB�jlWgY\PSBDC�k^Wg]/P�fc�)h^��`qjlW�[H]^Y£`oC�k^`oC�h/n^`oj�WgC�]/`oP�j�|�jchHRojlfXC)P�C)h�fcVXBDBDjchHR
WgC�]/`oP�Ygh/p�VXhO|c��h/YZC)hXRqP��

�ah^«/h*¡/PTY p�C�PS]}bdC�R
B�� j�k/jl`TRTY\p�]^WgYgA�`oC�BDC�hHR�YZhHRT�)`TC>PTPT�epc� C>PdR
k/jc`op�Ce[H]*� YZW*PTC�PSYZRT]^C�jl]6p�VXh,H/]^C)hHR�nQC
n^C�]Q�8nQYgPop�Ygk^WgYZh/C)P�[H]^Y�Vc]^|O`oC�hHR�nQC)P�kmC�`qPTk<C>p&RTYg|cC>P�nQC�`oC)pq@^C)`opq@/C)PJk^`oVcBDC�RTRTC�]<PSC>P�k<VX]^`�W\j�p�VcBDk^`o���
@/C�h/PTYZVXh�C�R�W¤� ]QRoYZWgYgPoj}RoYZVXh�n^C)P
W\jlh^fX]^C)P£h/jlRT]^`oC�WgWgC)P)�

�������������������
��


IXC�PSVX]^@/jcY¢RoCJh<j}RT]/`TC)WZWgC�BDC�hHR
`oC�BDC�`qp�YgC�`�_a`J'�@/`TY\PdRoYgjch�i�C�RTVX`T��C�R�_a` ¥ W\jlYgh��*C)p�VcBFRTC�k<VX]^`
WgC�]^`
C)h/p�jXnQ`oC�BDC�hHR�WZVX`oP
nQC�BDC>P£RT`qj�|�jc]Q� ¡QjlYgh/PSY�[X]�� K{��WgA�h^C�kmVc]^`�PTVch�PTVc]QRoYZC)hXR
C�R
RTVc]<P�WZC>P�`TC��2WgC)p�RTC�]/`oP)�
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�!	6M
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�!	6M
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5 � 9t¯�	}­�.��$±l¯>;³­09 b

2 <��=7,9,;�¯>;³­09 . 'O� � 	��/��� ��; 	�'O��¬ ;69,;³� �^²6;¤��¯ 'H� �
~^�/A ¥ `TU/`TC>P£«/h^Y\P
Vc`qnQVch/h^�)P�j�|cC>p{k/`TVcbdC)p&RoYZVXh������������������J�����������������������J��� �

~^�/AX�/A ¥ `oU^`TC>P�«/h^Y\P®���������������J���������������������J�����������������������J��� �
~^�/AX� ~ ¥ `oU^`TC>P�«/h^Y\P
Vc`qnQVch/h^�)P{�����J���������������������J�����������������������J��� u
~^�/AX� w ¥ `oU^`TC>P�«/h^Y\P
Vc`qnQVch/h^�)P�j�|cC>p{k/`TVcbdC)p&RoYZVXh����������J�����������������������J��� x

~^� ~(i�A�fcWgC)P
PSRT`o]/p�RT]^`oC�WgWZC>P����������������J���������������������J�����������������������J��� B
~^� ~^�/A ?�:�RTCr�����������������������J���������������������J�����������������������J��� B
~^� ~^� ~ _a`TVcbdC)p�RTYgVch�BDjl�QYZB�jlWgC �����J���������������������J�����������������������J��� �
~^� ~^� w EOk<�>p�YZ«/C�]/` �����������������J���������������������J�����������������������J��� �
~^� ~^� � '�VcBDk^Wg��BDC�hHR �������������J���������������������J�����������������������J��� �

~^� w ��C)P£Ro`ojcY¢RqP��J�����������������������J���������������������J�����������������������J��� �
~^� � �/Vch/p�RTYgVch/P�fX��h^�)`ojlRT`oYgp�C)P������������J���������������������J�����������������������J��� A>y

~^� �<�/A ��j���]/PTYZVXh �����������������J���������������������J�����������������������J��� A3A
~^� �<� ~ �*C�nQ��k/WgjXp�C�BDC)hXR6�����������J���������������������J�����������������������J��� A�~

~^� u �J`qjlBDB�jlYg`oCeBDYgh^YZB�jcWZY\PdRoC ���������J���������������������J�����������������������J��� A>w

b � 9��^² )*��'��
)49t¯ �1H4;6] � ' 5 �
w/�/A ?�NOk<C>P
PSNOhHRojl�QYg[H]^C>P ���������������J���������������������J�����������������������J��� A)�
w/� ~(ªe��`oYg|�jlRTYgVch6PSNOhHRojl�QYg[H]^C �����������J���������������������J�����������������������J��� A)�
w/� w ��jDp�VcYgh/nQC��^j}RTYgVch8�������������������J���������������������J�����������������������J��� A>x
w/� � ��C�WZC��QYg[H]^C �J�����������������������J���������������������J�����������������������J��� A>x
w/� u(��� jch/jlWgNQPSC�PTNHhHRqj}�QYg[H]^C�nQC�W2� C��QC�BDk^WgCe���������������������J�����������������������J��� A
B
w/� x ©{h^C�jl]^RT`oCe�³j3<�VXh�nQC�k/`T�>PSC)hXRoC�`�WgC)P
pq@^VHPSC>P�¡QWgC)P
jc`TU^`oC)P�nQC�n^��`oYZ|}j}RoYZVXh �����������J��� ~(A
w/� B ¥ ]QRT`oC)P{jlh/jcWZNQPTC)P£C�R
`oC�B�jl`q[H]^C)P ���J���������������������J�����������������������J��� ~X~

� ���O� ��9t¯\; ] ��'(. ��9$��² 'O� �-	��^�4� ��; 	�'O�F� ;69,;³� �^² ;³�)¯�'O� 2 �
�<�/A ?�NOk<C>P
PS�)B�jlhHRTY\[H]^C)P ���������������J���������������������J�����������������������J��� ~Xu
�<� ~ �a�HRoC�h/PTYgVch�nQ]6WZC��QYg[H]^C���WgjDPT��B�jlhHRoYg[H]^C������������������J�����������������������J��� ~cx

�<� ~^�/A
λ
�2RTC)`TBDC)P�kmVc]/`
WgjDPT��B�jlhHRTY\[H]^C �����������������J�����������������������J��� ~cx

�<� ~^� ~
λ
�2RTC)`TBDC)P
p�VchHRTC��ORT]^�>P �����J���������������������J�����������������������J��� ~CB

�<� ~^� w i �cWgC�PS�)BDjchHRTY\[X]/C�n^C�W¤� j}RTRT`oYZU^]^RTYgVch6nQC�p�jXP �����J�����������������������J��� ~ �
�<� w i�A�fcWgC)P�kmVc]/`
WgjDPT��B�jlhHRTY\[H]^C �������J���������������������J�����������������������J��� ~c�

�<� w/�/A ��j���]/PTYZVXh �����������������J���������������������J�����������������������J��� ~c�
�<� w/� ~ �*C�nQ��k/WgjXp�C�BDC)hXR6�����������J���������������������J�����������������������J��� wXy
�<� w/� w EO]^YZRTC�nQC�W2� C��QC�BDk^WgCc¡O«/h�nQC�W\jDp�Vch<PdRo`T]/p�RTYgVch6nQC�WgjD`oC�k/`T�>PSC)hXRqj}RoYZVXh PS�)B�jlhHRTY\[H]^CÔwH~

�<� � ªeVc]/U^WZC�WgC)p�RT]^`oC�nQC)P{[X]<jlhHRTYZ«<p�jlRTC)]^`oP)¡Ok<VX`SRo��C�C�R{n^��k^W\jcp�C�BDC�hHR �����������������J��� wHu
�<� u _�VX]^`
WZC>P
k^@^`qjcPTC)P£YghHRTC�`o`oVcfXjlRTYg|cC>P �J���������������������J�����������������������J��� wXx
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 �!	}��'*	 J�­<��	 ² 'O� �-	��^�4� ��; 	�'O�F� ;69,;³� �^² ;³�)¯�'O� b �
u^�/A _�`T�>PSC)hXRqj}RoYZVXh�nQ]6k/jc`oPTC�`������������J���������������������J�����������������������J��� w �

u^�/AX�/A �J`ojcB�B�jcYZ`oC)P����������������J���������������������J�����������������������J��� w �
u^�/AX� ~ �:RTC�B�P ���������������������J���������������������J�����������������������J��� wX�
u^�/AX� w '�@/jl`TR ���������������������J���������������������J�����������������������J��� wX�
u^�/AX� � �e]^C�]^Cr���������������������J���������������������J�����������������������J���#�Hy
u^�/AX� u ©�h^YZ«<p�jlRTYgVch(���������������J���������������������J�����������������������J���#�Hy

u^� ~ '�VXhHRT`oYZU^]^RTYgVch/P�kmC�`qPSVXh^h^C)WZWgC)P�jl]6k/jc`oPTC�` �����������������J�����������������������J���#�Hy
u^� ~^�/A ¥ ��pq@/jlfXCJn^C�WgjDnQ�)`TYg|}j}RTYgVch ���������������������J�����������������������J���#� A
u^� ~^� ~ ��YgU^WgYZVcRT@^A>[H]^C�n � VX]QRTYgW\P
]QRTYgWgC)P �������������������J�����������������������J���#� A

u^� w =vC)`oP�]/h^C�YZBDk^Wg��BDC)hXRqj}RoYZVXh����������J���������������������J�����������������������J���#�O~

� ��­09�±X²³�$�\;¤­ 9 � �

� � 9.9 '=H�'H� � ° � � ± ����� ' .�'�² � .$�*	[;�� �Q¯\;¤­ 9 � �
BQ�/A �/Vch/p�RTYgVch/P�]^RTYgWZY\PS�)C)P ���������������J���������������������J�����������������������J���#�,B
BQ� ~(i��)PT]^W¢Rqj}R{n � ]^h�j
��pq@/jcfcC6�����������J���������������������J�����������������������J���#� �

� � 9.9 '=H�'H� 0 ° ] � 'H² ] ��'O� �:­ 9$±l¯>;³­09�����¯\;¤² 'O� � �
� �/A �¨h<nQC��^j}RoYZVXh�n^]�WgC��QY\[H]^C �����������J���������������������J�����������������������J���#�H�

� �/AX�/A I�VQnQY¢«mp�j}RoYZVXh�n^]�k<jl`qPSC)`�n^C�p�Vch/PSRT`o]/p�RTYgVch6nQC�Wgj�fX`ojcB�B�jcYZ`oC �����������J���#�H�
� �/AX� ~ I�VQnQY¢«mp�j}RoYZVXh�n^]�RdNOkmC �^C>j}RT]/`TC������������������J�����������������������J���#�H�

� � ~(I�jlh^Ygk^]^W\j}RoYZVXh�nQC>P
��Wg��BDC)hXRqP
n � ]^h6WZC��OY\[H]^C��Dk/jl`TRTYg`
nQC�WgC�]^`
kmVXPTY¢RoYZVXh�Ygh/nQ���Q��C �J��� ucy
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