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HJILK½a�QªOÂ[gRÐY�[)NLQUY�k�QªO�TVTVblWLkºbxp�KdWLIPO�WPa�K�eÑuXqCRmILK½NLQmY�Ò
oXbxpmbcY9WÓY�[>Ô9^2O�tlbÕRiq½RmY4Y�txp%Öfn>W_[×Y9QSRU^LWPO�RmK%tlq�v�RmIPKØO�oÂO�bltlO�uLbctcÒ
bÕRiqÙY�[ÚeLK%uL^Lk9k�blWLkºRmY4Y�txp�[×Y�QrWLY9W_Ò»pSRmQUbxayR�[×^LWPayRUbcY9WPO�t"tlO�W_Ò
k�^PO�k�Kdp@bxpÚtcblTVbÕRUKdeÅv7OÐ[�O9ayRmY9Q�a%Y�WPpmbxe_K%QUKdeºe_K�RUQmblTVK%WXRUO�t�RUY
RmILKdbcQ�NAY�NP^LtlO�QmbcRiqCÛ�ÜÓO9e_tcKdQ�|dÝ9Ý�ÞXßyÖVÜ�IPOÂR�blpÚRUILKrQUKdO�pmY�W
[×Y�QÐpm^PaªI�NPO�^Pa�bcRiqLàâá�QUY�u2O�uLtlqãRmIPK½TrO�blWÑRmK�aªILWLbxa%O�t@bcWLÒ
ILbcuPbÕRUY�QÇblp6RmILK@ILblk�I�tlK%o9K%tPY�[7O�uPpSRmQªO�a�RmblY�W�pm^PaªIrtxO�WLk9^PO�k9Kdp
NLQmK�pSKdWXR�RUYäRmIPKfNPQmY9k�QªO�TVTVK%Q�v�TVY9pSRVWLY�RªO�uLtlqÓRmQªO�WPpmNPO�QmÒ
K%WXR6Y�NAK%QªOÂRUbcY9WPO�tLpmK%TrO�W9RUbladp%v9N2Y9tcq4TVY�QUNLILbxpmTåO�W2e�IPbck9ILK%QmÒ
Y�Qªe_K%QÚ[×^LW2ayRmblY�W2p%Öäæ@WÃRmILKØY�WLKrIPO�WPeÃpS^2aªIº[×K�OÂRU^LQmK�p�O�QUK
OVu2Y4Y�WfRUYrNLQmY_e_^2ayRmblo4bÕRiq9ÖÇæ@WfRmILK)Y�RmILKdQ>IPO�WPeÐRmILK)k9QmK�OÂR
e_bco4bxe_K�uAK�RihÇK%KdWftxO�WPk�^PO�k�K)O�WPefTrO�aªIPbcWLK)TrO�ç�KdpJbcR"TVY�QUK
e_bÕè�a%^LtÕRÚRUYÐQUKda%Y�WPa%bctlK�RUILK�K%é_Kda�^LRmblY�WäY�[]OØNPQmY9k�QªO�TêO�WPe
bÕRªp>pSY9^LQªa�KÚa�Y_e_K�Ö
HJILKÇTVY9pSR�uPO9pSbxa�[×^LWPa�RmblY�W�Y�[PO"eLK%uL^Lk9k�KdQ7bxpÁRUY"NLQUKdpmK%WXR

RmILKÇK%oÂO�tl^PO�RmblY�W�Y�[PO>NLQUY�k9QUO�TëblW�pmTVO�tct4aªI4^LWLç_pdÖ7HJILKÇ^PpSKdQ
Y�[PRUILKZe_K%uP^Lk�k9K%Q�a�Y�TVNPO�QmK�pÁRUILKZO�a�Rm^PO�tXuAK%I2O�oXblY�QJÛ�O9p�hZbÕRmÒ
WLKdpUpSK�e�u4q)RUILKZe_K%uP^Lk�k9K%QyßÁhZbcRmI�RmIPKÇblWXRmKdWPe_Kde�uAK%IPO�o4blY�^LQ�Ö
Ü�ILK%QUKZRmIPK%QUKZblp]O)e_blpUa�QUK%N2O�WPa%q)RmILKdQmK"blp�O�N2Y�RmK%WXRUblO�tLuL^Lk2Ö
}>WÙK%ìAK�ayRmblo�KÐe_K%uL^Pk�k�blWLkäpmKdpUpSblY�WÃY_a%a%^LQªp)hZILK%WÃRUILKÐeLblpSÒ
a�QUK%NPO�WPa�q@blpÁO9a%a%^LQUO�RmKdtcq@ble_KdWXRmbcíPKdeÚhZbcRmI�OJWPO�QmQUYÂhºpmKda�RmblY�W
Y�[ÅNLQUY�k�QªO�TîRUK�é4RdÖ�ïÇK�[×Y9QmKZhÇKZuL^LbltxerO�e_K%uP^Lk�k9K%Q�hÇKZT�^PpSR
O�pmç�Y�^LQªpmK%tlo�Kdpd~�OÂR>hZIPO�R>tcKdo�KdtÅY�[�O�uPpSRmQªO�a�RmblY�W�pSILY9^LtxeÐhÇK
NLQmK�pSKdWXRÇRUILK)K%oÂO�tc^PO�RmblY�WfY�[�O�NLQmY9k�QªO�T�à
ÜÓKrY�N_RÚ[×Y�Q)OfILblk�I_Ò»tlK%o�Kdt�NLQmK�pSKdWXRUOÂRUbcY9W½hZILbxaªIÓblp)O�u_Ò

piRUQUO9ayRmK�eð[×QmY9TñRUILK½^PWPe_K%QUtlqXblWLkÙKdoÂO�tl^POÂRUbcY9WðY9QUeLK%Q�vJO�WPe
a�tlY9pmK%tlqãQmK%òPKda�RUp�RmIPK�pmq4WXRUO�a�Rmbxa�e_KdpUa�QUbcNLRmblY�WCY�["RUILK�NLQmY�Ò
k�QªO�T�Ö�ó»Räblpäk�K%WPK%QªO�tltcq-e_bcè�a�^LtcRä[×Y9Q$NLQmY9k�QªO�TVTVK%Qªp�RUY
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V"Y4eLKdpÃblWåRUILK�RUQmKdKðQUK%NPQmK�pSKdW9RÃ[×^LW2ayRmblY�W O�NLNLtlbladOÂRmblY�W2p%v
pSRmY9QmblWLk�RmILK�WPO�TVKØÛ�Y�Q>QUK%NLQUKdpmK%WXRªOÂRmblY�WAßÇY�[�RmILK�[×^LWPayRUbcY9WÁv
bcRUprO�Qmk9^LTVK%WXRUp�O�WPe
QUKdpm^LtÕR�ÖðHJIPK�j]M@H blp�RUILKf[×Y�^LW2eLOÂÒ
RUbcY9W$Y�[�TrO�W4qfeLKda�txO�QªOÂRUbco9K�e_K%uP^Lk�k9bcWLkVRUY4Y�txp%vAh]K�e_blpUa�^2pmp
O�W4^LT�uAK%QZY�[�RUILKdpmKÚbcW$pmKda�RmblY�WRW4Ö
æ@^LQ�RmK�aªILWLbxÔX^LKJ[×Y�Q�NPQmY_e_^Pa%bcWPk�O�W�j6M�H
blp6uXq�pSY9^LQªa�K�Ò

RUY�Ò©pSY9^LQUa%KÚRmQªO�WPpS[×Y�QUTrOÂRUbcY9WÁÖZHJILK�Y9Qmblk�blWPO�t7NLQmY9k�QªO�T RmK�é4R
bxp)RUQUO�WPpi[×Y9QmTVK�eÃbcWXRmYºOäWLKdh NPQmY9k�QªO�T hZIPblaªICa%Y�TVNL^_RUKdp
RUILKäoÂO�tl^LKäY�[�RUILK½Y9Qmblk�blWPO�tZNLQmY9k�QªO�TñO�WPeÑNLQUY_e_^Pa�K�pØO�W
j]M@H e_KdpUa�QUbcuPbcWLkðRUIPOÂR½a%Y�TVNL^_RªOÂRmblY�W7Ö ÜÓKãuAK%k�blW RmILbxp
NPO�N2KdQ�hZbcRmIÙO$e_K%íPWLbcRmblY�WãY�[JRUILKØj6M�HÚÖÁÜÓK�Y�^LRmtlbcWLK�RmILK
RUQUO�WPpi[×Y9QmTrO�RmblY�W-O�W2eëa�Y9WPpmble_KdQØRUILKÃe_bÕè�a%^LtÕR$TrOÂRmRmKdQÐY�[
ILblk�IPK%QmÒFY9QUe_KdQÚNLQmY9k�QªO�TVTVbcWPkPÖ�ÜÓKrRmIPK%WÙpSRUOÂRUKVRmILKÐa�Y�T�Ò
NLtlK�RUK�RUQUO�WPpi[×Y9QmTrO�RmblY�WäO�p�OØpmK%QUblKdp@Y�[�KdÔX^PO�RmblY�WPp@YÂo�KdQ@O�W
O�uPpiRUQUO9ayR"pmq4W9RªOÂéfY�[�RmILK�tlO�WLk�^2O�k�K9Ö]ÜÓK�QUK%txOÂRUK)Y�^LQ@h]Y9Qmç
RUY)RmILK"QmK�piR6Y�[�RmILK"íPK%txerO�WPe�RUILK%WÐa�Y�W2a�tl^Pe_K�ÖNXPO�TVbctlblO�QmbcRiq
hZbcRmI$÷"O9pSç9K%tlt�blp>O9pmpm^LTVKdeÁÖ

Y Z\[�]R^`_ �ba�Î��_�dÏ¥Ì Ëdce]'f
]XË Í ]XË � ]gZ � ],]
HJILK�j]M@HõQUK%NLQUKdpmK%WXRUpZO�W�bcWPpSRUO�WPa�K�Y�[�RmILK�KdoÂO�tl^POÂRUbcY9WÐY�[
O�NLQUY�k9QUO�TfÖ�V"Y_e_KdpZblW�RmIPKÚRmQUK%K�a�Y9QmQUKdpmNAY�WPeØRmYV[×^LW2ayRmblY�W
O�NLNLtlbladOÂRmblY�W2p�RUIPOÂRrhÇK%QUKØTrO�e_K$e_^PQmblWLkÓNLQmY9k�QªO�T K%oÂO�tl^_Ò
O�RmblY�WÁv"a%Y�WXRUO�bcWPbcWLkC[×^LWPa�RmblY�W WPO�TVKdpfO�W2e-QUK�[×K%QUK%W2a�KdpØRmY
RUILK%blQäO�QUk�^LTVKdW9Rªp�O�WPeõQmK�pS^PtÕR�Ö HJIPKÃpSRUO�Rmbxaãa%O�tct)k9QUO�NLI
Y�[ÁRmILK�NLQUY�k9QUO�T e_K%RmKdQmTVblWLKdp]RmIPK�e_KdN2KdWPe_KdWPa�blKdpÇuAK�RihÇK%K%W
WLY_e_K�p%Ö6\]Y9WPpSbxe_KdQJRmILKÚRUYÂq�NLQUY�k�QªO�T;uAK%tlYÂh)~
���ihkjmlon)p�n1q�r�sbtvu,wdqBtxn�y_�4�dz,{X�L�}|_�_�L���it
y_�4�}qm~mlon�jP�'��~+rejP�'�on1qL��{�q�~Bt,t
jP�'��z,{X�P�}l�|L�_�L���
jP�'��|L�_�L���dl�z,{9�P�
qL�'{�z,{X�P�dqml�jL�'��q
qL�'{�|L�_�L����q�l�q

X�blk�^LQUK
|Ãbltctl^PpSRmQªOÂRUKdpÐRmILKÙj]M@H a�Y9QmQUKdpmN2Y9WPe_blWLkÙRUYðRmILK
Kdo�O�tc^2OÂRmblY�W$Y�[Ç���ih/jÅÖ>HJILK�WLY_e_K�[×Y9QÇ���ih/j�IPO9pZRihÇYØaªILbltÕÒ
e_QUK%W7v�Y9WLKr[×Y9Q�RmIPKØblWLWLK%Q�a%O�tct6RmYgy_�4�2v�O�WPeÃY�WPKr[×Y�Q�RmILK
Y9^_RmKdQ]a%O�tctPRmY)RUILK�tlO�T�u�eLO�O�u2piRUQUO9ayRmblY�We�Pp�n�q+rRsbt}u�w}qB�cv
hZILbxaªIÚK�é4RmQªO�a�RUp�RUILK�íPQªpSR7oÂO�tl^LK�[×QUY�TõO>NPO�blQdÖ��7O�T�uAePOZO�u_Ò
pSRmQªO�a�RmblY�WPp�O�QUK]O�WLY�W4q4TVY�^Pp7hZILK%W�WLY�R�uAY�^LWPe�RmYÚO�W�ble_KdW_Ò
RUbÕíPKdQdv�O�p)O�uAYÂo�K9Ö�HJIPK�RUK�é4Rm^2O�t6e_K%íPWLbcRmblY�WÓY�[ZO�WÃO�WLY9W4q9Ò
TVY�^2pÁtxO�T�u�eLO>O�uPpSRmQªO�ayRUbcY9WÚblp7^PpSK�eÚRmY"WPO�TVK�RUILK�[×^LW2ayRmblY�W
blWrRmIPK@j6M�HÚÖXó©WÐO�tltPY�RmILKdQÇadO�pmKdp6h]K>^2pSK"RmILK�bleLK%WXRmbcíPK%Q]RmY
hZILbxaªIÃRmIPKr[×^LWPa�RmblY�WÙbxp�uAY�^LW2eÅÖäHJILKr[×^LW2ayRmblY�Wvy4�4�äIPO�p
RUILQmKdK�aªILbltleLQmKdWäa�Y�QUQUKdpmN2Y9WPe_blWLk�RmYrRUILK�RihÇYØa%O�tctxpJRUY�jP�'�Av
O�WPe�RUILK>Y9WLKZa%O�tlt_RUY�q_�'{�Ö�HJIPKZtlO�T�u�eLO)O�uPpSRmQªO�a�RmblY�WÁv2jL�'�
O�WPe�qL�'{Ø[×Y9QmT RmIPK�RmKdQmTVblWPO�txp@Y�[�RmIPK�RUQmKdK�u2K�a%O�^PpSK�RmILKdq
e_YVWLY�R>a%O�tlt7O�WXqØY�RmIPK%QJ[×^LWPa�RmblY�WPpdÖ
HJILKõO�Qmk9^LTVK%WXRUpðO�WPeöQmK�pS^LtcRUp
Y�[ÓO�NLNLtlbxa%OÂRUbcY9WPpCO�QmK

e_QªO�hZWVbcW2pSbxe_KZRUILK"WLY_e_K�p%v9RmIPY�^Lk9IrbcWrNLQªO�a�Rmbxa�K>hÇK>TVK%QUK%tlq
pSRmY9QmKÚQUK�[×K%QUK%W2a�KdpZRmYVRmIPY9pmK)o�O�tc^PKdpdÖ6Ü�ILKdW½OVWLY_e_K)blW�RmILK
RUQmKdK�bxp�eLblpmNLtxO�q�Kde½RmIPKrQmK%[×K%QUK%WPa%Kdp�O�QmK�[×Y�tltlYÂh]K�eºO�WPeºRmILK
oÂO�tl^LK�pÐO�QmKäNPQmblWXRmKdeëO�a%a%Y�Qªe_blWLk�tlq�Ö á�QUbcWXRmblWLkCadO�W-blWXRmKdQSÒ
QªO�a�RÚu2O�e_tlqºhZbcRmIãWPY�W_Ò©piRUQmbxayR�KdoÂO�tl^POÂRUbcY9WÁÖØó©WÓRmIPK�K�éLO�T�Ò
NLtlK�NLQmY9k�QªO�TåY�WLtlqVRmILK@íPQªpiRJa�Y9T�NAY�WPK%WXRÇY�[ÁRmIPK"RU^LNLtlK@QUK�Ò
RU^LQmWPKderu4q���y4�4�dz,{X�P�d|L�_�_���i��bxpÇWLKda%KdpUpmO�Qmq�RmY�a�Y9T�NP^_RmK
RUILK�oÂO�tc^LK�Y�[Z�A�ihkjÅÖ@n"WLK%oÂO�tl^PO�RmKde½K�é_NLQUKdpUpSblY�W2p%v�pS^2aªI½O�p
RUILK�pSK�a�Y9WPe�a�Y�TVNAY�WLKdWXRJY�[�RUILK)RU^LNLtlK�v2O�QmK)pmILYÂhZW�O�p��P�b�cÖ



main = True

not False
= True

= True
(\(x,_) −> x) (True, ?)

not ? = ?

   = (True, ?)
foo True False

xor True False = ?
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ó»R�bxp�bcTVNAY9pUpSbluLtlKrRmY½eLK�RmKdQmTVblWLKØhZIPK�RmIPK%Q�O�WãK�é_NLQUKdpSÒ

pSblY�WÓblpÚKdoÂO�tl^POÂRUKde½[×QmY9T hZbÕRUILblWÃ÷@O�pmç�KdtctFÖ�HJIPK%QUK�[×Y�QUK�v�RUY
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k�QªO�TåRmY�a%Y�TVNLtlK�RUbcY9W�u2K%[×Y�QUK>hÇK>RmQªO�o�KdQUpmKJRmIPK@j6M�HÚÖ4HJILK
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RmILK)QU^LWXRmblTVK)K%W4o4bcQUY�WLTVKdW9R�Ö <
HJILKÚj6M�H�bxp]blTVNLtlK%TVK%WXRmK�e�hZbcRmIÐRmILK@[×Y�tltlYÂhZbcWLk�Riq4N2K9~
� ���L�����,z�l�����z���qX���
	L�_���
	L�4�������,z��
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blpÐNPO�pUpmKde�O�pÐO�WëO�Qmk9^LTVK%WXR�RUY
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oÂO�tl^LK9Ö�HJILKZ\Óa�Y_e_K6bxp�^LWXRiq4N2K�eÅv�pSY"bÕR�TrO�q"[×QUK%KdtcqÚY�u2pSKdQmo9K
RUILK"QUK%NLQUKdpmK%WXRªOÂRmblY�WrY�[ÅRmILK�^LWPeLK%QUtcq4blWLk�oÂO�tl^LK9vXQUK%kXO�Qªe_tlKdpUp
Y�[4bcRUpÁRiq4N2K9Ö�HJILK�blTVNL^LQUbÕRiqÚY�[XRUILKÇ\ºa�Y_e_K6blp�a�Y�WXRªO�blWLKdeÚu4q
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uLQªO�bxaÇRiq4N2K�p6adO�WruAK"NLQUbcWXRUKdeVNLQUYÂo4ble_blWLk�RmI2OÂRÇa%Y�WPpSRmQU^Pa�RmY�Q
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HJILK�pSK@a%O�N2O�uLbltcbcRmblKdp]e_K%NAK%W2e�Y�WVRUILK�ILKdO�NrQmKdNLQmK�pSKdWXRUOÂRUbcY9W
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