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K H M�R J [�M�3da0KU14M J K4MhV J a J XYT?Rya�K J R*K9O�«0R<5636i?M�XYT?Rya�K J R*KUa9:2K H M�R J [�M�X J R¯5 J K4M�1
�yMN}A3`sAM�R J VLMY®2R23�KU3`TAR��fu�}A3`sf36R<} J K4M�1U[ T?g�K H MN}?36s?M9R K�uf/�M?O

c



ýûþUÿ�� ª6ªed $S� ¦ R J [�MNT>g J � J a4M~K�u*/�Mh¨
f R ¦ � J a4M_K�uf/�MNT>g J KUT?[�36X~/<1UT?/�TAa43`K436T?R2aj¨
f ýûþUÿ��1g2ý�þUÿO� ¦ g�W<R2X´KU3`TAR�K�u*/�Mh¨

ýh����� ª6ªed �jÿ�ýh����� ¦ J /</<5636X J KU3`TAR KUM�1U[o¨
f _O$S�#��i´ýh����� ¦ 5 J [��£V JoJ �2a�KU1 J X´KU3`TARy¨
f _O$S�#��]´ýûþUÿ���i´ý������ ¦ 5 J [E��V JoJ �2azK41 J X´KU3`TAR ��3`K H VLTA[ J 3`R�¨
f ¦ ý�������¨

�jÿ�ýh����� ª6ªed $S� ¦ � J a436X_KUM�1U[o¨
f �jÿ�ýh�����j$S� ¦ J /</25`3dX J K436T?R�K4T J � J a43dX0KUM�1U[o¨
f �jÿ�ýh�����lk9ýh�����nm ¦ J /</<5636X J KU3`TAR KUT J KUM�1U[o¨

ÿ!�64Uÿ ª6ªed ýh����� ¦ J K4TA[�36X~/<1UT?/�TAa43�KU3`TAR]:L[�Wya�K H2J sAMnK�uf/�M R ¨f �jÿ�ýh�����ogtÿ��64jÿ ¦ 36[�/<5`3dX J K436T?Ry¨
f k�ÿ��X4Uÿ�m�gtÿ��X4Uÿ ¦ 36[�/<5`3dX J K436T?Ry¨
f p $S�#��iûÿ��X4Uÿ ¦ W<R<36s?M91Ua J 5 � W J RAKU3�®yM�1´¨
f p $S�#��]´ýûþUÿ���iûÿ��64jÿ ¦ W<R23`sAM�1ja J 5 � W J R*K43`®2M�1���3`K H VLTA[ J 3`R�¨

ÿ��X4�45[ ª6ªed �jÿ?ÿ��X4�45[ ¦ J /2/<5`3dX J K436T?R¥/<1UTfT>g]KUM�1U[o¨
f _O$S�#��iûÿ��X4�45[ ¦ 5 J [��£V JoJ �2a�KU1 J X´KU3`TARy¨
f _O$S�#��]´ýûþUÿ���iûÿ��64Z4\[ ¦ 5 J [E��V JoJ �2azK41 J X´KU3`TAR ��3`K H VLTA[ J 3`R�¨
f aO$S�#��iûÿ��X4�45[ ¦ /<1UT*T?g
5 J [E��V J�J �2a�KU1 J X´KU3`TARy¨
f aO$S�#��]ûÿ��X4Uÿqiûÿ!�64�45[ ¦ /<1UT*T?g�5 J [E��V J�J �2azK41 J X´KU3`TAR ��3`K H VLTA[ J 3`R�¨
f ¦ ÿ��64Z4\[�¨

�UÿAÿ��64Z4\[ ª6ªed $S� ¦ Jtv 36T?[°TA10XY5 J 36[�¨
f �jÿ?ÿ��X4�45[G$S� ¦ J /</<5636X J K436T?R�K4T J � J az3dX_K4M914[¥: Jtv 36T?[°TA10XY5 J 36[�¨
f �jÿ?ÿ��X4�45[rk�ýh�����	m ¦ J /</<5636X J KU3`TAR KUT J KUM�1U[o¨
f �jÿ?ÿ��X4�45[rkSÿ!�64Z4\[1m ¦ J /</<5636X J KU3`TAR KUT J /214TfT>gj¨

s�tAuwv
xzy|{�} qfufRAK Jtv g�TA1�K�uf/yMha�:LKUM�1U[oa�:L/<1UT?/ya J R2V�/<1UT*T?gÍa

• êLº�L $S�!]´ý�þUÿO�6~yýh������^.�V<V¥K H M�R J [�M�K4T�K H M�az36}?R J K4W<1UM J a J VLM�®2R<3`K436T?R]O~�nM�®2R<3`K436T?R2a J 1UM�M v / J R2VLMhV
VLW<1U3`R2}�/214TfT>g�X H M9Xjif36R<}2O

• êLº�L $S��~�ý�������^P g_K H M¥36V<M�R*K43`®2M�1�X�T?1U14Mhaz/�T?RyV<a�KUT J [�3da4a43`R2}�V<MY®2R<3`K436T?R�:!K H M�R K H 3daoX H MhXjifa�3`g
K H M�KUM�1U[ H2J a_K H MEM v /yMhX´K4MhV�K�uf/�M J R2V ¦ 3`g�a4T*¨0®25656a~36R¯K H M�[�3daUaz36R<}¥VLMY®2R23�KU3`TAR
��3�K H K H M�KUM�1U[¥O
P g£K H M�36VLM9R*K43`®2M�1�V<T*Mha�R<T>K�X�T?1U14Mhaz/�T?RyVNK4T J [�3da4a436R<}NVLMY®2R23�KU3`TAR
¦ J R2V½K H MoKUM�1U[c3daN�pM�565��ûK�uf/yMhV2¨~K H M�R�3�KE36a J V<VLMhV¯KUT¥K H M�az36}?R J K4W<1UM J a J R<M9�
VLMY®yR<3�KU3`TAR]O

• I�M ±t¶ é I ·¹¶ $S�#��^.�gìKUM�1 J �2azK41 J XYK436R<}rVLMY®2R23�KU3`TAR2a�:�K H M�u J 1UMoR<T�56T?R2}?M�1�M v / J RyVLM9V�VLW<1U36R<}�/<1UTfT>g
�



H�I é $S�"�Q]´ýûþUÿ���^ ¦ VLMhXY5 J 1UM J VLM�g J W<5`K�K�uf/yM�g�TA1�K H MNR J [�M9aj¨
¸�J*µ $S�z]�ÿ!�64Uÿ�^ ¦ VLMhXY5 J 1UM J VLM�g J W<5`K0/<1UT?/�g�T?1�K H MNR J [�M¹¨
·�K Â ±t¶ $S�!]´ý�þUÿO��^ ¦ VLM9X�5 J 14M J XYTAR2azK J R*K�T>g
K H MN}A3`sAM�R�K�uf/yM¹¨
êLºQL $S�z]jýûþUÿO�Q^ ¦ VLM9X�5 J 14M J [�36aUa43`R<}oVLM�®2R<3`K436T?R¥T>g
K H MN}A3`sAM�R�K�uf/yM¹¨
êLºQL $S�z]jýûþUÿO�5~�ýh������^ ¦ VLMhXY5 J 1UM J VLM�®2R<3`K436T?R¥T>g
K H MN}A3`sAM�R�K�uf/yM¹¨
êLºQL $S��~yýh������^ ¦ ®2565 J [�36aUaz36R<}oVLM�®2R<3`K436T?R¥T?1�VLMhXY5 J 1UM J R<M9�©V<MY®2R<3`K436T?R�¨
I�M ±t¶ é I ·t¶ $S�#��^ ¦ a�KUT?/�M v / J RyVL3`R2}EK H MN}?36s?M9R�V<MY®2R<3`K436T?Rya�VLW<1U3`R<}oX H MhXjif3`R<}f¨
I�M ±t¶ é I ·t¶ON I ëfë ^ ¦ azK4TA/�M v / J R2V<3`R<} J 5`5�/<1UM�sf36T?W2a�V<MY®2R<3`K436T?Rya�VLW<1U3`R<}oX H MhXjif3`R<}f¨
» Â K�P Â $S�!]ûÿ��64jÿ0^ ¦ VLM9X�5 J 14M J /<1UT?/ J apK41UW<M¹¨
·Aë I ²Y³ $S�!]ûÿ��64jÿ0^ ¦ V<M9XY5 J 1UM J R¥T?/�M�R¥XY5 J 36[�¨
I ·f·?º?µf¶ $S�"��^ ¦ J X9XYM�/<KpK H MN5636azK4MhV�TA/yM9R�X�5 J 3`[oa J R2V

[�3daUaz36R<}oVLMY®yR<3�KU3`TAR2aj¨
I ·f·?º?µf¶ON I ëfëQN<·Aë I ²´³]± ^ ¦ J X�X�M�/LK J 5`5�/<1UM�sf36T?W2a�TA/yM9R�X�5 J 3`[oa J R2V

[�3daUaz36R<}oVLMY®yR<3�KU3`TAR2aj¨
µ é K�KQL $S��~?ÿ��64Z4\[�^ ¦ }A3`sAM J /214TfT>g�T>g J R¥T?/�M�R¥XY5 J 36[�¨
² Â ·�K Â ±L²*±t¶<º Â ¶ ÿ��64Z4\[�^ ¦ }A3`sAM J /214TfT>g�T>g
g J 5dazM¹¨

s�tAuwv
xzy��z} qfufR*K Jtv g�TA1nVLTLXYW2[�M9R*K�3`K4M9[oa

X H M9Xjif36R<}2O¿P K�3da�36[�/�T?14K J R*KEKUT J �2azK41 J X´K�VLMY®yR<3�KU3`TAR2a�T?1�/<1UTfT>g_X H M9Xjif3`R2}¯��365`5
�yMhXYTA[�MEK4TfT�K436[�MY�SXYTAR2azW2[�36R<}yOE^_R<M�X J R J 56� J uLa~VLM9X�5 J 14M J VLM�®2R<3`K436T?R]:�/<14TtsAM
XY5 J 36[oapX�T?1U14Mhaz/�T?RyVL3`R2}�K4TEg�T?5dVL3`R2} J R2V�W<R<g�T?5dVL3`R2}�K H M�V<MY®2R<3`K436T?R�: J �2azK41 J X´KIK H M
VLMY®yR<3�KU3`TAR]: J RyV�K H M9R W2a4M_K H M_g�T?5dVL36R<} J R2VoW<R<g�T?5dVL3`R2}E1UM9a4W<5`KUaI� H M�R�R<M9X�M9aUa J 14uAO
PSR azTA[�M�X J a4M9a ¦ M?O }2O6: J R-36[�/25`M9[�M9R*K J KU3`TAR T>g�T?1jVLM�1UM9V / J 3`1ja�36R azM�K�K H M9T?1Uu<¨
�IMN[ J u�� J R*K�KUT�g�T?1U}?MYK�K H M�VLM�®2R<3`K436T?R J 5`K4TA}?MYK H M�1 J gìK4M910�IM HyJ s?M�/<1UTts?M�R K H M
g�W<R2V J [�M�R*K J 5]/<1UT?/�M�14K436M9apT>g�K H M�V<MY®2R<3`K436T?R�O

• I�M ±t¶ é I ·¹¶ON I ëfë ^.0�2azK41 J XYK J 565]/<1UM�sf3`TAW2a�VLMY®yR<3�KU3`TAR2a9O
• » Â K�P Â $S�!]ûÿ!�64Uÿ�^�nMhXY5 J 1UM J /<1UT?/~K4T���M!ifR<Tt��R]:h3�O M?O6: J R Jtv 36T?[¥O�m H 3da]3da�R<T?K J 565`Tt�pM9V~36R�a4T?56WLKU3`TAR2a�O
• ·Aë I ²Y³ $S�!]ûÿ!�64Uÿ�^�nMhXY5 J 1UM J R�T?/�M�RoXY5 J 36[¥O�m H 36a���36565<M�3`K H M91!��M�/<14TtsAM�R ¦ W2a436R<} µ é K�KQL ¨´: J X�XYM9/LK4MhV¦ W2a436R<} I ·f·?º?µf¶ T?1 I ·*·?º?µL¶ON I ëfë�N<·?ë I ²´³]± ¨Y:9TA1I56MYgìK�T?/�M�R g�T?1�azTA[�M9T?R<MnK4TE/<14TtsAM5 J K4M919O
• I ·*·?º?µL¶ $S�#��^.�X�X�M�/LK~K H ME5`3dazK4M9V¯T?/�M�R¯X�5 J 3`[oa ¦ Mha4a4M�R*K43 J 5656u J a J>v 36T?[oaj¨ J R2Vr[�36aUa43`R<}�VLMY®2R23��
K436T?R2a ¦ J a0X�T?R2azK J R*KUaj¨´O�m H 3da�36a�R2T>K J 565`Tt�pM9V 3`Rra4T?56WLK436T?Rya�O

• I ·*·?º?µL¶ON I ëfë�N<·?ë I ²Y³�± ^.�X�X�M�/LK J 5`5�TA/yM9R X�5 J 3`[oa J RyV¿[�3da4a43`R2}�V<MY®2R<3`K436T?Rya�O m H 3dao3da�R<T>K J 5656Tt�IMhV%36R
azTA5`W<K436T?R2a9O�m H Mn/<1U36[ J 14u�36R*K4M�RyVLM9V W2azM~T>g�K H 3da�36aI� H M�R K H M~/<1UT?�<56M�[°X�T?R*K J 3`Rya
J RfW<[���M�1pT>g]X�5 J 3`[oa!� H 36X H �pM H2J sAM�/<1UTts?M�R�:?�<WLK�VLT�R<T?KI� J R*K!KUT�14MhX H M9Xji�K H M
/<1UT*T?gÍa�� H M�R¥�pM�� J RAK�KUT�X H M9Xji J /<1UT?/�TAa4M9V�azTA5`WLKU3`TAR]O

�



• µ é K�KQL $S��~?ÿ!�64�45[�^� 3`sAM J /<14TfT?g]T>g J R T?/�M�R�X�5 J 3`[¥O�m H M~/<14TfT?g�K4M�1U[À36apX H MhXji?M9V�KUTEM9R2a4W<14Mn3�K H2J a
K H MN/214TA/�X�T?1U14Mhaz/�T?R2V<3`R<}�K4T�K H MNT?/�M�R¥XY5 J 36[¥O

• ² Â ·�K Â ±L²A±t¶<º Â ¶ ÿ��X4�45[�^� 3`sAM J /<14TfT?g
T>g ¡ g J 5dazMA: ¢�3�O M?O6: J /<1UTfT>g�KUM�1U[ T?g
K�uf/�M p µ ] R i µ ¦ T?1h:L3`R¥K H MNW2a4W J 5K�uf/yM K H M9T?1Uu¯R<T?K J KU3`TAR]:
Πp : ∗.p

¨´OrP g��pM X J R¾/<14TtsAM�K H 3da9:
K H M�R¿�IM HyJ s?M J R
3`RyXYT?Ryaz3da�KUM�R*K�az36}?R J K4W<1UM?O�m�MhX H R<3dX J 5`56u?:hK H M9a4Mp[�M J R2a�M�sAM�1Uu�/<14TA/yT*az3`K436T?R�36a�/<1UTts*�
J �<56M�14M95 J K436s?M~K4T�K H M�az36}?R J K4W214MAO
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m H M�X H MhXji?M91pX H MhXjiLapK H MN/<W214M~K�uf/yM�a4uLa�KUM�[ ¦ e m0q<¨ ¦ azM9M�ö Ã�ù�í ø�¨p��3�K H g�TAW<10a4T?14KUa
Kind, Type, P rop, ∗K H 14M9M Jtv 3`TA[oa

Type : Kind

∗ : Type

Prop : KindJ R2V�a4M�sAM�R�14W25`Mha
(Type, Type, Type)

(Type, ∗, P rop)

(Type, P rop, P rop)

(∗, ∗, P rop)

(∗, P rop, P rop)

(Prop, ∗, P rop)

(Prop, P rop, P rop).m H M�a4T?14K
∗
3da�K H M�azTA1zK�T>gG$��2ýh�����!�"�£/<1UT?/�TAa43�KU3`TAR2a9OEb H M9R��IM � W J R*KU3�g�u�TtsAM�1�/<1UM9Vf�

3dX J K436s?Mn/214TA/yT*az3`K436T?R2aIW2a43`R2}
Π
:L�IM~T?�LK J 36R J /<1UT?/�TAa43�KU3`TAR ¦ TA1��X�Aý����������?/<1UT?/�TAa43`K436T?Ry¨YO � u

VL36sf36V<3`R<}¥/<1UT?/�TAa43`K436T?R2a~36RAKUT¥K H T*azM�T?gpa4T?14K
∗
J R2V�K H TAa4MoT>g�azTA1zK

Prop
:��pM�/<1UM�s?M9R*K~K H M

J �<3`563`K�u ¦ J R2V H M�R2X�MIK H M�R<M9M9V2¨�K4TN36R2azK J RAKU3 J K4Mp/<1UT?/�TAa43�KU3`TAR J 5fs J 1U3 J �<56M9a���3�K H /<14TA/yT*az3`K436T?Rya
X�T?R2azK41UW2X´KUM9VEW2a43`R<}

Π
O�m H 36a�36a�K H MnX�M�R*K41 J 5L1UM J azTARE� H u�K H M�/<1UTfT>g�X H M9XjiAM�1�3da/��4>ý J /<1UTfT>g

X H MhXji?M91
g�TA1 H 36} H M91z� T?1jVLM91�56T?}A36X?O ¦ m H M0/<1UTfT>g£X H M9XjiAM�1�3da/��$��0ÿ£ý��1���1�1�t:*R<T?K���4����X�O�1�X�>O ¨�m H M
e m0q��pT?W<5dV�XYT?1U1UM9a4/yTAR2VoKUT ¦ 3`R*KUW<3�KU3`TAR<3da�KU36Xh¨ � ^~\(3`g��pM�36VLM9R*K43`®2M9V

∗
��3�K H

Prop
O

\]M�K�� a0VLMha4X�1436�yM�M J X H T?g
K H M9a4MN1UW<5`Mha�O�m H M~®21jazK014W<56MNXYTAR2a�KU14WyX´KUapg�W2R2X´KU3`TAR�K�uf/�M9a9O
• (Type, Type, Type)

O�P g
A,B : Type

36a J K�u*/�M?:2K H M9R
(A → B) : Type

3da�K H M
K�uf/yMNT?g�g�W2R2X´KU3`TAR2a�g�1UT?[

A
KUT
B
O�b(MN��1U3�KUM

A → B
¦ g�36R�._q G P4Pz¨�3`Rya�KUM J V�T?g

Πx : A.B
a436R2XYM

B
X J R<R<T>K0VLM9/yM9R2V¥T?R J s J 1U3 J �<5`MAO ¨

m H MIR<M v K
K��IT_14W<56M9a�XYTAR2azK41UW2X´K�/214TA/yT*az3`K436T?R2a
XYTA141UM9a4/yTAR2VL36R<}�K4T_W<R<36s?M91Ua J 5 � W J R*K43`®yX J K436T?R]O
• (Type, ∗, P rop)

O�P g
A : Type

3da J K�uf/yM J RyV
ϕ : ∗

3da J R�36RAKUM�1UR J 5£/<1UT?/�TAa43`K436T?R]:
K H M9R

(Πx : A.ϕ) : Prop
3da J /<1UT?/�TAa43�KU3`TAR [�M J R<3`R2}

∀x ∈ A.ϕ
¦ ��1U3�K4K4M�R¥W2a436R<}

p 36R¥.~q G PzPz¨YO
• (Type, P rop, P rop)

O�P g
A : Type

3da J K�uf/�M J RyV
P : Prop

36a J /<1UT?/�TAa43�KU3`TAR]:
K H M9R

(Πx : A.P ) : Prop
3da J /<1UT?/�TAa43�KU3`TAR�[�M J R<36R<}

∀x ∈ A.P
¦ ��143`KzKUM�R�W2a436R<}

p 36R¥.~q G PzPz¨YO
m H M~®2R J 5£g�T?W21p1UW<56M9a�X�T?R2azK41UW2X´K�/<1UT?/�TAa43�KU3`TAR2a�XYTA141UM9a4/yTAR2VL36R<}�KUTE36[�/<5636X J K436T?R�O�qf3`RyXYM~K H M
X�TfV<T?[ J 36R�X J R<R2T>K0VLM�/�M�RyV¥T?R J Rfu�s J 1U3 J �<56M~T?g�a4T?14K

∗
T?1
Prop

:2�pM���143`K4M
P → Q

¦ g�36R
.~q G PzPz¨p36R2azK4M J V T?g

Πu : P.Q
O

�X�



• (∗, ∗, P rop)
O�P g

ϕ, ψ : ∗
J 1UMN36RAKUM�1UR J 5�/<14TA/yT*az3`K436T?Rya�:LK H M�R

ϕ → ψ
3da J /214TA/yT?�

az3`K436T?RrX�T?1U14Mhaz/�T?R2V<3`R<}�K4T J R¥36[�/<5`3dX J K436T?R]O
• (∗, P rop, P rop)

O P g
ϕ : ∗

3da J R 3`R*K4M914R J 5�/<1UT?/�TAa43�KU3`TAR J R2V
Q : Prop

36a J
/<1UT?/�TAa43�KU3`TAR]:tK H M�R

ϕ→ Q
3da J /214TA/yT*az3`K436T?R�XYTA141UM9a4/yTAR2VL36R<}_K4T J R�36[�/25`3dX J K436T?R]O

• (Prop, ∗, P rop)
O P g

P : Prop
36a J /<1UT?/�TAa43`K436T?R J R2V

ψ : ∗
3da J R 3`R*KUM�1UR J 5

/<1UT?/�TAa43�KU3`TAR]:tK H M�R
P → ψ

3da J /<14TA/yT*az3`K436T?R�XYTA141UM9a4/�T?R2VL36R<}nK4T J R�36[�/25`3dX J K436T?R]O
• (Prop, P rop, P rop)

O%P g
P,Q : Prop

J 14M /<14TA/yT*az3`K436T?Rya�:�K H M�R
P → Q

36a J
/<1UT?/�TAa43�KU3`TAR�X�T?1U14Mhaz/�T?R2V<3`R<}�K4T J R�36[�/<5`3dX J K436T?R]O

m H M�K�u*/�MIa4uLa�KUM�[©T>gz��$��nÿ�ýh�X�O�X�1�!36a�a�KU14TAR<}�M�R2T?W<} H K4T J 5`56Tt�(T?R<M�K4T0��1U3�KUM J a436}?R J K4W<1UM
a4/yMhXY3`g�uf3`R<}�®y1UazKz� T?1jVLM�1�56T?}A36X J R2V Jtv 36T?[ J KU36X�a4MYK�K H M9T?1Uu?O � M�R2X�M�K H M!K�u*/�M�a4uLa�KUM�[©36a
a�KU14TAR<}
M9R<T?W<} H g�TA10T?R<M~KUT�a4/�M9XY3`g�u [ J K H M9[ J K43dX J 5�T?��V�MhX´KUa9:L/<1UT?/�TAa43�KU3`TAR2a9: J R2V�/<1UT*T?gÍa�O
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PSR�K H 3da�X H2J /LKUM�1��IMp}?36s?M J a436}?R J K4W<1UM!g�TA1
®y1UazKz� T?1jVLM�1
5`TA}?3dX J R2V�§£� G a4MYK�K H M9T?1Uu?O�m H 36a
a43`}AR J KUW<1UM�36aIXY56TAa4M�56uE1UM�5 J KUM9V�K4T�K H M~VLM�/�M�R2V<M�R*K456u�K�u*/�M9V azM�K�K H M�T?1UuEa436}?R J K4W<1UMnVLMha4X�1436�yMhV
36RrVLMYK J 365�36R¾ö-�LøûOpm H 3da03da�3`RyXY56W2VLM9V¥��3`K H K H M�VL3dazK41U3`�<W<K436T?RrT>g���$��0ÿ£ý��1���1�1�tO�P Kn3da�K H MN®21jazK
/ J 1zK�T?g�K H M�®25`M º�� I ³2µ2ë*º2± a�� Ly· Á��AÁ ·?ë I ²Y³]± O£m
ToX H M9Xji�K H 3da�®256M?:LuAT?W¥X J R¥VLT±L²Y³2µf¶�·¹¸2º2·¹» º�� I ³2µyë*º2± a�� Ly· Á��AÁ ·?ë I ²Y³�±TA1 ¦ g�T?10M v<J [�/<56Mh¨
±L²Y³2µf¶�·¹¸2º2·¹» Á¹ÓDÁ¹é º�� I ³<µyë*º2± a�� Ly· Á��?Á ·Aë I ²´³�±KUT¯}?M�K�a4T?[�M�T?WLKU/<WLK9O¡  J Rfu¾XY5 J 36[oa J 14M�VLM9X�5 J 14MhV¾36R º�� I ³2µyë*º2± a�� Ly· Á��AÁ ·Aë I ²Y³�± Orm
TX H MhXjioK H MN/<14TfT?gÍa�T>g�K H MhazMNXY5 J 36[oa�: J R2V�K4T�M9R2azW214M�K H2J K J 5`5]X�5 J 3`[oa J 14M~/<1UTts?M�R�:Lu?T?W¥X J R
VLT
±L²Y³2µf¶�·¹¸2º2·¹» Á¹é º�� I ³<µyë*º2± a�� Ly· Á��?Á ·Aë I ²Y³]± Á ±-º�� I ³2µyë*º2± a�� Ly· Á��AÁ µ é KQKQLy±îDÈ<ñ¹É�ÌÍÉ£¢�¤ m H 3da�[ J u½K J i?M J � H 3`56M?O�^_R%[�u�[ J X H 36R<M�3`K�K J iAM9a J �yTAWLK�Z J R2V J�H2J 5`g[�36R*W<K4M9a9O

«na4W J 5`56u_uAT?WNTAR<5`u~� J R*K]K4T~X H M9XjinK H MI/<1UT*T?gÍa]T?gLK H Mpaz/�M9X�3�®yXIXY5 J 36[oa]u?TAW
� 14M�36R*K4M�1UM9azK4MhV
36R]: J R2V J X�X�M�/LK J 565�T>K H M�1�XY5 J 36[oa�O e 14MhazW2[ J �<56u�uAT?W
� s?M�X H M9Xji?MhV¥/<1UT*T?gÍa�g�TA10K H M9a4M�T>K H M�1
X�5 J 3`[oa�36R�K H M�/ J azK9O

ÃyÄ8¥�Ì�ñtÒ9Ñ�¦YÏ�ñtÊ
Î*ñ�ËIÆY¢�ÌÍó¨§oÌ�Ñhï|©«ª < È�>ÍÌÍÑX@
b(M J a4a4W<[�M J X�T?R2azK J R*K

V : Type
T>g
a4T?14K

Type
:*� H 3dX H ��36565��yM~K H MNW<R<36s?M�1ja4M_T?g
azM�K

K H M�TA14uAO~b(M�R<M�MhV�R<T?K~M v /<5`3dXY3`K456u¯VLMhXY5 J 1UM
V
O B M v KN�pMEVLMhXY5 J 1UMEXYTAR2azK J R*Kja~X�T?1U14Mhaz/�T?RyVf�

36R<}½K4T(M � W J 563`K�u?:!R<M9} J K436T?R]:!36[�/<5636X J K436T?R�:!M � W<36s J 56M�R2X�M?:�X�T?R"V�W<RyX´K436T?R�:IVL3daAV�W2R2X´KU3`TAR]: J R2V
� W J RAKU3�®yM�1jaITtsAM�1

V
O

·�K Â ±¹¶ ºQ¬ ] Ó g Ó g R ^·�K Â ±¹¶ Â KA¶ ] R g R ^·�K Â ±¹¶�²Y³2µ ] R g R g R ^·�K Â ±¹¶ ºQ¬�­�² H ] R g R g R ^·�K Â ±¹¶ I Â ê ] R g R g R ^·�K Â ±¹¶:K é ] R g R g R ^·�K Â ±¹¶ I ëfë ]�k Ó g R m�g R ^·�K Â ±¹¶ º�� ]�k Ó g R m�g R ^·�K Â ±¹¶ º��Q­ ]�k Ó g R m�g R ^B M v K��pM�VLMhXY5 J 1UMIXYTAR2azK J R*Kja�XYTA141UM9a4/�T?R2VL36R<}�KUTnR J K4W<1 J 5*VLM9VLWyX´K436T?RE14W25`Mha�g�T?1�M � W J 5`3`K�u?:
R<M9} J K436T?R]:f36[�/25`3dX J K436T?R]:<M � W<3`s J 5`M9R2XYMA: J R2V�W<R<36s?M91Ua J 5 � W J R*KU3�®2M91Ua9O
» Â K�P Â ºQ¬Q® ] p � ] Ó i p J ] Ó i p µ*¸�² ] Ó g R i ºQ¬U�:J g µf¸�²¯� g µf¸�²UJ ^» Â K�P Â �>³�· I ±>º2± ] p µ*¸�² ] R i p µ£±*² ] R i�k µf¸�² g µ�±f² m�gwk Â K?¶¾µf¸£² g µ£±L² m�g µ£±L² ^» Â K�P Â Â KA¶�® ] p µf¸�² ] R i p µ£±f² ] R i µf¸£² g Â K>¶¿µf¸£² g µ£±L² ^» Â K�P Â ²Y³2µz° ] p µf¸�² ] R i p µ£±f² ] R i�k µ*¸£² g µy±L² m�g ²´³2µ%µf¸�²¾µ£±f² ^

�z�



» Â K�P Â ²Y³2µ�® ] p µf¸�² ] R i p µ£±f² ] R i ²Y³<µ%µf¸£²¿µ£±f² g µf¸�² g µ£±L² ^» Â K�P Â ºQ¬�­�² H ° � ] p µ*¸�² ] R i p µ£±*² ] R i µ*¸�² g µ£±f² g ºQ¬�­�² H µf¸�²¾µ£±L² ^» Â K�P Â ºQ¬�­�² H °�± ] p µ*¸�² ] R i p µ£±*² ] R i Â KA¶¾µf¸�² g Â KA¶-µ£±f² g ºQ¬�­£² H µf¸£²¿µ£±f² ^» Â K�P Â ºQ¬�­�² H ®£²Y³2µ � ] p µf¸�² ] R i p µ£±f² ] R i ºQ¬�­£² H µ*¸�²¾µ£±L² g µ*¸�² g µ£±f² ^» Â K�P Â ºQ¬�­�² H ®£²Y³2µO± ] p µf¸�² ] R i p µ£±f² ] R i ºQ¬�­£² H µ*¸�²¾µ£±L² g µ�±L² g µf¸£² ^» Â K�P Â I ëfëO° ] p µf¸�² ] Ó g R i�k p � ] Ó i µ*¸£²²� m�g I ëfë k1_ � i µf¸£²U� mw^
» Â K�P Â I ëfë�® ] p µf¸�² ] Ó g R i I ë*ë k�_ � i µf¸�²U� m�g p � ] Ó i µf¸�²³� ^b(M J a4a4W<[�M J>v 3`TA[�a�XYTA141UM9a4/�T?R2VL36R<}rKUT¾VLMY®2R23�KU3`TAR2aEg�T?1oXYTAR"V�W<R2XYK436T?R]:�V<36aSV�W<R2XYK436T?R]:
M v 3dazK4M�R*KU3 J 5 � W J R*K43`®yX J K436T?R]: J R2V�K H M � W J RAKU3�®yM�1pg�T?1�W<R23 � W<MNM v 3dazK4M�RyXYM?O
» Â K�P Â I Â êQ®�¬�­�² H ] p µf¸�² ] R i p µy±L² ] R i ºQ¬�­�² H k I Â ê-µf¸£²%µ�±L² mk Â KA¶ k ²Y³<µ µ*¸�² k Â KA¶ µ£±L² m�m�mw^» Â K�P Â K é ®�¬�­£² H ] p µ*¸�² ] R i p µ£±*² ] R i º�¬�­�² H k K é µf¸�²%µ£±L² m´k ²´³2µ k Â KA¶-µf¸£² m µ£±L² mw^» Â K�P Â º���®�¬�­£² H ] p µ*¸�² ] Ó g R i º�¬�­�² H k º�� k�_ � i µf¸�²³� m�mk Â KA¶ k I ëfë k�_ � i Â KA¶ k µf¸�²¯� mQm�m�mw^
» Â K�P Â º��Q­�®�¬�­�² H ] p µf¸�² ] Ó g R i ºQ¬�­£² H k º��Q­ k�_ � i µf¸�²�� mQmk º�� k�_ � i I Â ê k µf¸£²µ� m¶k I ëfë k�_ J i ²Y³2µ k µf¸£²µJ m¶k º�¬·�:J m�mQm�m�mw^

í]Ä ¬�¸ ÎfÒ9ó?ñ¹ÌÍÐ
ÑhÌÍÆ�É Ï�Ð�Î*ñtÈLÑhÆ2ñ
P KN36a�WyazM�g�W<5�K4T J 5da4T 36R2XY56W2VLM J VLM9aUXY1U36/LK436T?R½T?/�M�1 J K4TA1_M v K41 J X´KU3`R2} J R¯M�56M�[�M9RAK

x
¦ T?g

K�uf/�M
V
¨Ig�14TA[ J /<1UT?/�M�14K�u

p
¦ T>g�K�uf/yM

V → ∗
¨I3�g

x
3daIK H MNT?R25`u�M95`M9[�M�R*Kna J K43da�g�uf36R<}

V
O

·�K Â ±¹¶ êLº2±f· é ]�k Ó g R m�g Ó ^» Â K�P Â êLº2±f· é µ ] p µf¸£² ] Ó g R i º���­ k�_ � i µf¸�²³� m�g µf¸£² k êLº2±f· é k�_ � i µ*¸�²U� m�mw^

( Ä=9]Î*Ñ87�ï�Î*Æyñ#@
b(M�VLM9X�5 J 14M J XYTAR2a�K J R*K ² Â XYT?1U1UM9a4/yTAR2VL36R<}�KUT�K H MN[�M�[E�yM91Ua H 36/¥14M95 J K436T?R ∈

O
·�K Â ±¹¶�² Â ] Ó g Ó g R ^B M v Kp�pM_VLMhXY5 J 1UM_X�T?R2azK J RAKja�X�T?1U14Mhaz/�T?R2V<3`R<}�K4TEa4MYK�XYTAR2azK41UW2X´KUT?1ja J R2V Jtv 36T?[oa�O���3`1jazK
M v KUM�R2a436T?R J 5`3`K�u£ª
» Â K�P Â ±?ºA¶<º��*¶�¹�� ] I ëfë k�_ ¹ i I ëfë k�_�º�i ²´³2µ k I ëfë k�_ � i ºQ¬�­£² H k ² Â �:¹ m»k ² Â � º!m�m�mk ºQ¬¼¹ ºzmQm�mw^

B M v K�K H MNM9[�/<K�u�a4MYK9ª
·�K Â ±¹¶ º¹³2µL¶�Jy±?ºA¶ ] Ó ^» Â K�P Â º¹³2µL¶�Jy±?ºA¶�¹�� ] I ëfë k�_ � i Â KA¶ k ² Â �©º¹³2µL¶QJ�±?ºA¶ mQmw^PSR2azK4M J V¥T>g�K J if3`R<} W<R<T?1jVLM914MhV / J 3`1ja J a�/<1U3`[�3`K436s?M?:y�IM�K J iAM�azM�K J V"V�W<R2X´KU3`TAR ¦ K J if3`R2}
x
J R2V

A
KUT

{x} ∪ A
¨ J a�/<1436[�3�KU3`sAM?O

·�K Â ±¹¶¤±?ºA¶ I ê�½�Ky² Â ] Ó g Ó g Ó ^» Â K�P Â ±?ºA¶ I ê�½�Ky² Â ¹Q� ] I ëfë k�_ � i I ëfë k1_ ¹ i I ë*ë k�_ J i ºQ¬�­�² Hk ² Â J k ±?ºA¶ I ê�½�Ky² Â �¾¹ mQm»k K é k ºQ¬·J¿� m´k ² Â J:¹ m�m�mQm�mw^m H MN/�Tt�IM91�azM�K9ª
·�K Â ±¹¶-µOK�P2º é ±?ºA¶ ] Ó g Ó ^» Â K�P Â µOK�P2º é ±?ºA¶�¹�� ] I ëfë k�_ ¹ i I ëfë k�_"º�i ºQ¬�­£² H k ² Â º�k µOK�P2º é ±?ºA¶¡¹ m�mk I ëfë k�_ � i ²´³2µ k ² Â � ºzm¶k ² Â �¿¹ mQm�m�m�mw^m H MNW<R23`TAR�T?g J a4MYK�T>g�azM�KUa�}A3`sAM9a J azM�K9ª
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·�K Â ±¹¶¤±?ºA¶Q­ Â ²�K Â ] Ó g Ó ^» Â K�P Â ±?ºA¶Q­ Â ²�K Â ¹�� ] I ëfë k�_ ¹ i I ëfë k�_ � i ºQ¬�­£² H k ² Â � k ±?ºA¶Q­ Â ²�K Â ¹ m�mk º�� k�_�º�i I Â ê k ² Â � ºzm»k ² Â º ¹ m�m�m�m�m
^m H M914Mo3da J R(36RL®2R23�KUM azM�K
ω
� H 36X H 3da�K H M�56M J azK�a4MYKEX�T?R*K J 3`R<36R<}�K H M�M�[�/LK�uLa4MYK J R2V

X�5`T*azMhV_W2R2VLM�1�K H M J X´K
T>g J V#V�TA3`R23`R<} J [�M9[���M�1
T>g
ω
��3�K H 3�KjazM95�g ¦ 3�O M?O6:hK H M!TA1UV<3`R J 5?a4W2X�X�M9aUazTA1

g�W<RyX´K436T?R�¨´O
·�K Â ±¹¶:K¹³£º�Á I ] Ó ^» Â K�P Â K¹³£º�Á IQÂ ¹�� ] ² Â º¹³2µf¶�J�±?ºA¶¼K¹³£º�Á I ^» Â K�P Â K¹³£º�Á IQÃ ¹�� ] I ëfë k�_ � i ²Y³2µ k ² Â �ÄK¹³�º�Á I mÅk ² Â k ±?ºA¶ I ê�½�Ky² Â �¿� m K¹³£º�Á I m�mw^» Â K�P Â K¹³£º�Á I ° Â êQ¹�� ] I ëfë k�_ ¹ i ²Y³2µ k I Â ê k ² Â º¹³2µL¶QJ�±?ºA¶¼¹ mk I ëfë k�_ � i ²´³2µ k I Â ê k ² Â �¾K¹³£º�Á I mÅk ² Â �:¹ m�m»k ² Â k ±?º?¶ I ê�½�K2² Â �¿� m ¹ m�m�m�mk I ëfë k�_ � i ²Y³2µ k ² Â �ÄK¹³�º�Á I mÅk ² Â �:¹ m�mQm�mw^m H MN1UM�/<5 J X�M�[�M�R*K Jtv 36T?[¥ª
» Â K�P Â é º?µyë�¹Q� ] p µf¸£² ] Ó g Ó g R i I ëfë k�_ ¹ i ²Y³2µ k I ëfëk�_ � i ²Y³2µ k ² Â �:¹ m»k º��Q­ k�_ J i µf¸�²U�:J m�m�mQmk º�� k1_�º�i I ë*ë k�_ � i º�¬�­�² H k ² Â � ºzm»k º�� k�_ J i I Â ê k ² Â J¿¹ m»k µf¸£²µJ:� m�mQm�m�m�m�m
^m H M�g�TAW<R2V J K436T?R Jtv 3`TA[¥ª
» Â K�P Â L�K�­ Â ê I ¶£²�K Â ¹�� ] I ë*ë k1_ ¹ i ²Y³<µ k º�� k�_ � i ² Â �¿¹ m�m´k º�� k�_�º�i I Â ê k ² Â º ¹ mk Â KA¶ k º�� k1_ � i I Â ê k ² Â � º!m¶k ² Â �:¹ m�mQm�m�m�m�m
^.°sAM�1jaz36T?R�T?g�K H M��IM95`5`�ûTA1UV<M�1U3`R<}r/21436R2XY36/<56M ¦ � H 36X H 3daEM � W<36s J 5`M9R*K�K4T�K H M Jtv 36T?[#T>g
X H TA36X�Mh¨Yª
» Â K�P Â P2ºLëfëQK é êLº é ² Â Á�¹�� ] I ëfë k�_ ¹ i º�� k�_�º�i I Â ê k I Â ê k I Â êk I ëfë k�_�Æqi ²´³2µ k ² Â Æ¼ºzm¶k I ëfë k�_ � i ²Y³2µ k ² Â � Æ�m»k ² Â �¿¹ m�m�m�m�mk I ëfë k�_ � i I ëfë k�_ J i ²Y³2µ k I Â ê k ² Â �¾¹ m´k ² Â J:¹ m�mk ²Y³2µ k I ëfë k�_�Æqi ²Y³2µ k ² Â Æ:ºzm´k º�¬�­�² H k ² Â � Æ�m»k ² Â J ÆYm�m�m�mÅk º�¬:�:J m�m�mQm�m�mk I ëfë k�_�Æqi I ëfë k�_�Ç�i ²Y³2µ k I Â ê k ² Â Æ:ºzm´k ² Â Ç·ºzm�m´k K ék I ëfë k�_ � i ²Y³2µ k ² Â � Æ�m»k ² Â � Ç!mQm�mk I ëfë k�_ � i ²Y³2µ k ² Â � Ç!m»k ² Â � Æ�mQm�m�m�m�mQm�mk I ëfë k�_�Æqi ²´³2µ k I Â ê k I ëfë k�_ � i ²Y³2µ k ² Â � Æ�m»k ² Â �¿¹ mQm�m´k º�� k�_ � i ² Â � ÆYm�m�mk º�� k�_�Ç�i º�� k�_ � i I Â ê k I Â ê k I Â ê k ² Â Ç:ºzm´k ² Â � Æ�mQmk Â KA¶ k º�� k�_ J i I Â ê k ² Â J Ç!m»k ² Â J ÆYm�m�m�m�mk I ëfë k�_ ® i ²Y³2µ k ² Â ® ºzmk K é k I ëfë k�_ J i ²Y³2µ k ² Â J:® m»k ² Â J Ç!m�m�mk ² Â �¿® mQm�m�m�m�mQm�m�m�m�m
^��3`R J 565`uA:�K H TAW<} H 3`K�36a�1UM9VLW2R2V J R*Kh:��IM�36R2XY56W2VLM J azM�K�XYT?Rya�KU14W2XYK4TA1_g�TA1~g�T?1U[�36R<}ra4MYKUa
{x ∈ A|ϕ(x)}

}?36s?M9R
A
J R2V

ϕ
O

·�K Â ±¹¶ êy±?ºA¶�·�K Â ±t¶ é ] Ó g£k Ó g R m"g Ó ^» Â K�P Â êy±?ºA¶�·�K Â ±t¶ é ° ] p ¹ ] Ó i p µf¸�² ] Ó g R i p I ] Ó i ² Â I ¹ g µf¸£² I g² Â I k êy±?ºA¶�·�K Â ±t¶ é ¹ k1_ M i µf¸£² M m�mw^» Â K�P Â êy±?ºA¶�·�K Â ±t¶ é ®�È ] p ¹ ] Ó i p µf¸£² ] Ó g R i p � ] Ó i ² Â � k ê2±?ºA¶�·�K Â ±t¶ é ¹ k�_ I i µf¸�² I m�m�g² Â �¿¹ ^» Â K�P Â êy±?ºA¶�·�K Â ±t¶ é ®�É I ] p ¹ ] Ó i p µ*¸£² ] Ó g R i p I ] Ó i ² Â I ¹ g² Â I k êy±?º?¶�·�K Â ±¹¶ é ¹ k�_ M i µ*¸�² M m�m�g µf¸�² I ^
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PSR�K H 3da�X HyJ /LKUM�1��IMI}?36s?M J R�TtsAM�1Us*36M��(T>g2K H M�XYTLVLMAO��2T?1�[�TA14MpVLMYK J 365�:tTAR<MIX J RE5`TfT?i J K
K H M ³�ë2² 36R*K4M91zg J XYM�®256M9a9O!qf36R2XYMnK H M~XYTLVLM03da���1U3`KzK4M9R�36R�^ GpJ [�5û:A3`KI3da�1UM�5 J KU3`sAM�56uE1UM J V J �25`MAOm H M�[ J 36R ®y5`MN3da ±L²´³2µL¶�·¹¸<º2·t» i ³£ë O�m H M�X�TfV<M~36R�K H 3dap®256MN14M J V<aIK H M�XYT?[�[ J RyV�563`R<MJ 14}AW<[�M�R*KUa9:]X H M9XjiLa_K H M�®25`Mha�3`RyVL36X J KUM9V�: J R2V½/<1U3`R*KUaNX�T?1U14Mhaz/�T?RyVL3`R2} 36RLg�T?1U[ J K436T?R�O�m H M
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