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HJILKNMPORQ-SUT�VWQYX[Z]\^K_M#O8Z'Z^X-Ma`@bdcfehg-ijO_Z
kFlmbonpON\mZrqsbut-\mlmvueft-\^O8Z

w'voxLx@bdl]\'y[O�lmO_z{IjO_lmz{ILO|t4}=~u~-�o~�V�T�vue��o�d�d~�V��_�#xLvu�uO_Z

�
���_�N���j�u�u��� t;v�z�chvuZmZ]ehzNvuc�xLvux@O_l�bo�J�R� ��� �R���/vul^lmONt%�D\mIjOPIje��uIjO_l]��bul{y[ONl�O��Y\^O_tLZ^efbdtLZUbo�sk l^bdcfbd�
¡ ONlmOFg-ijO_Z]\^e�butLO_y�vuZ%\^IjO_XUyjb'tjbo\�l^O8voc�cfX�xjl^b�¢Yehy[O=MPbulmOFO��[xjlmO_ZmZ^ef¢dO�x4b ¡ ONl£\mILvot�MPON\mv���xjlmbu�dlmvuM#MPe�tj�
xLl^O8y[e�z_v�\mO_Z_�%�¤e¥\mIjbuij\=yje�Z^xji[\meftj��\^ILe�Z�volm�uiLM#O_t-\mv�\mefbdt�eftR\^IjO
zNbut-\^ON�-\�bo�@vrcfbd�uehzFxjlmbu�dlmvuMPM#e�tj�rZ^X[Zp�
\mONM ¡ ef\^Ijbdi[\sMPb[y[ijc�O_Z_� ¡ OrZ^Ijb ¡ \^I@v�\ \mIjO�Z]ef\^iLvo\^e�but�ehZsyje¥¦DONlmONt-\se�t
v�zNcfb-Z]O8yPMPbYyjijcfO�Z^XYZ]\^O_M���§¨X
©Nªf«�¬�­{® ¡ OsMPO_vut�\^ILO¨xLl^bdx@O_l]\pX�\^ILvo\�\^IjO¨MPbYyjijcfOJZ^XYZ]\^O_M|e�Z�vu`jcfO \^bUxjlmON¢uO_t-\�votYX�z_voc�cu\mbr\mIjOsxLl^e�¢�v�\^O
xLl^O8y[e�z_v�\mO_Z�bo�'v�MPb[y[ijc�O��¯lmbuM°\mIjO+bu\^IjO_l�MPbYyjijcfO8ZN��e�t±xLvol^\^ehz�ijchvol�\mIjlmbuij�dI/MPON\mv���xjlmbu�dlmvuM#MPe�tj�
xLl^O8y[e�z_v�\mO_Z_�
�²O#Z]Ijb ¡ \mILv�\�\^IjehZrxLl^bdx@O_l]\pX�tjO_zNO_ZmZ]ef\mvo\^O8Z
\^b�y[ehZp\meftj�dijehZ]I�\mIjORON�YO8z�i[\mefbdt�bo� v�\^ONlmM
³ MPO�\mvo�´xLl^bd�ul{voMPMPeftj�UxjlmO_y[ehzNvo\^OUµu¶[·-·-¸��¯lmbuM¹\mIjO
O��[O8z�i[\mefbdt#bu�%vUzNcfb-Z]iLl^O ³ ILef�dIjONlFbdlmyjONlº¸º���/O'xjlmbo�
x4bdZ^O�vaMPb[y[ijc�O�Z]X[Z]\^O_M»�¯bulrqsbutLZ]\^l{voe�t-\J¼�bu�de�zrkFl^bd�ul{voMPMPeftL� ¡ ef\^I½vRtLbo\^e�but�bo��z�c�bdZ^ijl^O8Z e�tLZ^xje�l^O8y
�¯lmbuM¾¼%e�tjO_vulUqsbut@z�ijlml^O_t-\rqsbdtLZ]\^l{voe�td\
xjlmbu�dlmvuMPM#e�tj�@� HJIjehZ'MPb[y[ijc�ORZ]X[Z]\^O_M¿ehZrg-ijef\^O�Z^efMPxjc�ORvot@y
xLl^ON\]\pX5e�tLy[O_x@O_tLy[O_td\�bo��v;xjlmO_zNe�Z^O½c�vutj�ui@vo�uO ³ e¥\�e�Z+zNijlml^O_td\mcfXÀefMPxjc�ONMPO_td\mO_yÁ�¯bdl�Â�ÃrÄ'�´k l^bdcfbd�-¸º�
Å c¥\mIjbuiL�uI±\mIje�ZPZ^X[Zp\mONMÆzNvut5`4O�Z^ONO_t5vuZ#v�Z^efMPxjc�O�c�v>XdONl�bu��Z]XYt-\mvdzº\me�z�Z]ij�-vol8��e¥\�y[bYO_Zaxjlmb�¢-ehy[O
v
yje�Zmz�e�xjc�eftjO��¯bul#tLvuM#e�tj�²xjl^O8y[ehzNv�\mO_Z#votLy5Ijehy[eftL�²z�b[y[Od�FM�voÇYe�tj��x4bdZmZ]e�`jc�O+\mIjO�yjON¢uO_cfbdxjMPONt-\abu�rc�e¥�
`Llmvul^e�O_ZsvotLyP�Èvdz�e�cfef\mvo\^e�tj�a\^IjOUZ^vo�¯O�lmO���iLZ^O'bo��ON�[e�Z]\^e�tj�azNb[y[Ou�=ÉjiLl]\mIjONlmMPbulmO ¡ O�xjlmb�¢-ehy[Or\^IjOUMPbYyjijcfO
Z^X[Zp\mONM ¡ e¥\mI�c�bu�de�z_voc�vutLy½bux4ONl{v�\mefbdtLvoc�Z]O_MPvut-\^ehzNZ_�rHJIjehZ
�¯bulmM�voc�Z]ON\]\^e�tj��e�Z�iLZ^O_y½e�t½\^ILORxLvux@O_l'\^b
zNbuMPxLvul^O
bdijlsvuxjxjlmbdvuz{Ia\^bR\^IjO�bo\mIjONlsM#b[y[iLcfOrZ^X[Zp\mONM�ZFxLl^bdx@b-Z]O8y#�¯bul k l^bdcfbd�L� ¡ ILe�z{I��dONtjO_lmvucfc�Xay[b
tLbo\
ONtLZ^ijlmOU�¯ijcfc�z�b[y[O�xjlmbo\mO_zº\mefbdt%�
Ê½Ë-ÌDÍmÎRÏ ��Ð��u� zNbutLZ]\^l{voe�t-\Rcfbd�uehz+xjlmbu�dlmvuMPM#e�tj�@��MPb[y[ijc�O�Z^X[Zp\mONM��Fz�c�bdZ^ijlmO_Z_��ILef�dIjONl^�´bdlmyjONl�xjlmbo�
�dlmvuMPM#e�tj�@�-MPON\mv���xjlmbu�dlmvuM#MPe�tj�L�
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 � �UvotLZrijt�y[ORZ^O_Zrvol^\^ehz�c�O_Z'�a� �R� �a�4�/vul^lmONt½z�lmef\^ehgdi@voef\rcfO8Z
O��Y\mONtLZ^efbdtLZ'y[ORkFl^bdcfbd��xLvol
yjO_Z�M��_z_votjehZ^M#O8Z�y�� bul{y[l^OPZ^ijx��_l^e�ONiLl ³ tjbu\mvuM#MPO_td\�c�O_ZU�¯O_l^MPON\^ijlmO_Z{¸º� � c M#bdt-\^lmOu�%O_t/ON¦4ON\_��g-ijO�cfO
chvotL�dvo�dO�bu`[\mONtYi�t�� O8Zp\UxLvuZ�l��_ONc�cfO_MPONt-\�xjc�iLZUO��[xjlmO_ZmZ^e¥�Fg-i�� ijt�kFlmbuc�bu��v>¢uO_z�M��N\mvo�´xjlmbu�dlmvuMPMPvo\^e�but
Z^ONiLcfOd�5T��NMPO½Z^e
tjbuiLZ#tjO�lmONMPO�\^\^bdtLZ#xLvuZ#ONtÁzNvuiLZ]O�z�ON\]\mO�vul^�dijMPONt-\mvo\^e�but5yLvotLZ#c�O�z_vuy[lmO�y�� ijt
Z^X[Zp\mKNMPOrZmvotLZFM#b[y[iLcfOd�-tLbuiLZ M#bdt-\^lmbutLZFg-ijOrc�v�Z^ef\^iLvo\^e�but�O_Z]\sy[ef¦��NlmONt-\^OUyjvotLZ cfO�zNvuZsy�� ijt+Z]X[Z]\^K_M#O
yjO MPbYyjijcfO8Z½�¯O_l^M��u�Æk=vul
� ­ �"!$# tjbuiLZ�ONt-\^O_tLy[bdtLZN�RcfO±�Èvue¥\/gdi�� ijt Z]X[Z]\^KNMPO5yjO MPbYyjijcfO8Z�y[bde¥\
�N\^lmO+zNvuxLvo`jc�O+y�� ONMPx%�_z{IjO_l�\^bdi[\avoxLx@O_c voi[�;xLvul]\mefO8Z�xjl^e�¢&�_O_Z�y�� ijt±MPb[y[ijc�O+y[O_xjijehZ�c'� ON�-\(�NlmefO_ijlRy[O
zNONc�ijef��zNe9��ÃrbuiLZUMPbut-\^lmbut@Z�g-ijO�z�ON\]\mOaxjlmbuxLl^e)��\(�Rt*�8z�O_ZmZ^e¥\mO#y[O�y[ehZ]\^e�tj�uijO_l�c'� O��+�_zNi[\^e�but/y�� iLt�\mONlmM#O
³ zo� ,j� y£��c'� i[\^e�cfehZmv�\^e�but�yji�xjl��8y[ehzNv�\�y[OFM���\{v���xjl^bdl^�-voMPM�v�\mefbdtRµu¶[·Y·d¸4y[Osc-� O��+�8z�i[\mefbdt�y�� iLtjO=�¯ONlmMPO�\mijl^O
³ zo� ,j� y£�Pc-� i[\mefc�e�Zmv�\mefbdt/yjO#c'� bul{y[l^OPZ^ijx��_l^e�ONiLl{¸��#ÃrbuiLZ�xjlmbux4bdZ^but@Z�iLt/Z^X[Zp\mKNMPO�y[OPM#b[y[iLcfO8Z�x@bdijl�c�v
xLl^bd�ul{voMPM�v�\^e�but½c�bu�de�g-ijOPv>¢uO8zazNbut-\^l{voe�t-\^O8Z.�N\^ONt@y[ijO+v>¢uO8z�ijtLO�tjbo\mefbdt²y[OP�¯O_l^MPO�\mijlmOae�tLZ^xjefl(�NO�y[O
chv�xjlmbu�ul{voMPM�v�\mefbdt�c�eft*�8voe�l^O�zNbutLzNijl^lmONt-\mO#v>¢dO_z#z�but-\mlmvueft-\^O8ZN�+qsO+Z^XYZ]\^K_MPOPyjO�M#b[y[iLcfO8Z�O_Z]\RvuZmZ]O�/
Z^e�M#xLcfOsO�\�lmONchv�\mef¢dONMPONt-\�eftLy*�Nx4ONtLyjvut-\�y�� ijtRchvotL�dvo�dO=xLvol^\^ehz�iLcfe�ONl ³ e�c-O8Zp\�vuz�\^ijO_cfc�ONMPONt-\�y+�N¢dONc�buxjx%� O_t
Â�Ã�Ä
��kFlmbuc�bu�-¸���§¨e�ONt+g-i�� efc4xjijehZmZ]O0�N\^lmO'¢Yi+z�bdM#MPO'iLtjO�Z^efMPxjc�O'ON�-\mONtLZ^e�but+Z^X-t-\{v��[e�g-ijOd�dzNOrZ]X[Z]\^K_M#O
x4ONlmMPO�\=ijtjO
y[ehZmz�e�xjcfe�tjOJy[OJtjbuMPM�vo�dO¨yjO_Z�xjl(�_y[ehzNvo\mZ�x@O_l^MPON\]\mvut-\=yjOJy*�N¢uO_cfbdxjx4ONl=y[O_Z�`je�`jc�efbu\^IjK8g-ijO_Z
ON\�yjO��ÈvuzNefc�ef\^ONl�chv+l(�Ni[\mefc�ehZ^vo\^e�but�y[i/z�b[y[Od�U�UvotLZ�zNO�\Uvul]\me�zNcfOatjbui@ZUyjbutjtjbdtLZ.,�tjbu\^lmOaZ^XYZ]\^K_MPORijtjO
Z��NM�vutd\me�g-ijOsbux%�Nl{v�\mefbdtjtjONc�c�OFO�\�ijtjO¨Z1�_MPvut-\^ehgdiLO c�bu�uehg-ijOu��qsO�\]\mOsxLl��8Z]O_td\{v�\mefbdt��¯bulmM#O_cfc�O O8Zp\�i[\mefc�e�Z��NO
x4buiLlRz�bdM#x@volmONl�tjbu\^lmO+voxjxjlmb[z{IjO+voij�/voij\^lmO_Z�Z^X[Zp\mKNMPO_Z�yjO+MPbYyjijcfO8Z�x4buijlRkFl^bdcfbd��g-ijesy[OP�Èv32�bdt
�3�Nt*�_lmvucfOUtjO��dvulmvut-\^ehZ^Z^ONt-\JxLvuZJchv#xjl^bu\^O8zº\^e�but�y[i½z�b[y[Od�
4�Ï �8� Í �&5 
 �5� xjlmbu�dlmvuMPMPvo\^e�but;c�bu�uehg-ijO
v>¢dO_z+zNbut-\^l{voe�t-\^O_Z_��Z]X[Z]\^KNMPO�y[O
MPb[y[ijc�O_Z_���¯ONlmMPO�\^iLl^O8ZN�
xLl^bd�ul{voMPM�v�\^e�but�y�� bdlmyjl^O�Z]iLx��_l^e�ONijl8�[MPO�\{v���xjl^bd�ul{voMPM�v�\mefbdt%�
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� \FehZ=bu� \^ONt�O8vuZ^efO_l�\^b ¡ bulmÇ ¡ e¥\mI+v�Z]M�voc�cjtYijMa`@O_lFbo�£z�bdtLz�O_x[\mZ=e�tPMPeftLy%��HJIYiLZ=\^b�`4O ¡ l^ef\]\mONt%�dc�vul^�dO
xLl^bd�ul{voM�Z
MRi@Zp\U`@O#y[ef¢Yehy[O_y�eft-\mb
Z]M�vucfc�xLvol^\mZ_� Å c¥\mIjbuiL�uI½\mIje�ZUzNvut�`4O#y[bdtjORe�t�vut-X�chvotj�diLvo�dOu�@v
Z^ijef\mvu`jcfOaMPbYyjijcfO#Z]X[Z]\^O_M¾ILONc�xLZ'\mIjOPZ]O_�uMPONt-\mvo\^e�but½bu�Fxjl^bd�ul{voM�Z
`YX��¯bul{z�e�tj��\mIjORxjlmbu�dlmvuMPM#O_l
\^b
zNcfO8volmcfX�y[O��LtjOU\^ILO�c�efMPef\mZ
vutLy�\mIjO�eft-\^O_l]�Èvdz�OUbo��O8vuz{I+`Lcfb[z{ÇD�=�'ONt@z�O�M�votYX�ONlml^bdlmZszNvut
`4OUv>¢dbuehy[O_y£�
\mIjO'z�bdMPxjefc�ONl�`4ONe�tj��e�tPz{I@volm�uO¨bo�@¢dONlme¥�¯XYe�tj��\^ILvo\=\^IjO'z_voc�c�Z�`4O�\ ¡ ONO_taMPb[y[ijc�O_Z=lmO_Z^x4O_zº\�\mIjO'y[O_zNc�vul^O8y
e�t-\^O_l]�Èvdz�O_Z_��T�bulmONb�¢uO_lUZ^iLz{I±y[e�¢Ye�Z^efbdtLZ��Èvdz�e�cfef\mvo\^O�\mIjO+ijtLyjONl{Zp\{votLy[e�tj��bo�'v�xjlmbu�dlmvuM°`YX�ON�-\mONlmtLvoc
xLl^bd�ul{voMPMPONl{ZsvutLy
e�MPxjlmb�¢uO�\^IjO�lmONiLZmvo`Lefc�e¥\pX�bu��\mIjO�z�b[y[Od�
HJIjOaz�but-\mO��Y\rbo�=bdijl ¡ bulmÇ
ehZ
\^ILOay[O8Z]e��ut�bo�FvP�¯iLcfc�X�`@bYbo\{Zp\mlmvuxjx4O_y�efMPxjc�ONMPO_td\{v�\mefbdt½bo�Fv+¼%e�t[�

O8vol�c�bu�uehz+qsbutLzNijlml^O_td\Rqsbut@Zp\mlmvueft-\ ³ ¼�q
qJ¸����u�d���u~�� xLl^bd�ul{voMPMPeftj��c�vutj�ui@vo�uO#zNvucfc�O_y�������� �
�D�¯bul
! QYeh¼�q
q±e�ZF¼�eftLO_volsqsbdtLz�iLl^lmONt-\sqsbutLZ]\^l{voe�t-\=xjl^bd�ul{voMPMPeftL�	"º��HJIjO
xjijlmx4bdZ^O¨bu�@\mIjO
xjlmO_Z^ONt-\FxLvux@O_l=e�Z
\mb�xjlmO_Z^ONt-\=\^ILO'\^ILONbulmO�\me�z_vocLvutLyPxjl{vuz�\^ehzNvocjz{ILbuehz�O_Z ¡ O'M�vdy[O
�¯bul e¥\{Z MPb[y[ijc�OrZ^XYZ]\^O_M���ÉLbulF\mIjOrZmvoÇdO
bu�FZ]e�MPxjcfehz�ef\pX�vutLy�`4O_zNvuiLZ^O ¡ O�\mIje�tjÇD�@vuZr¼%ONlmb�X#���%$	�´�L\^ILvo\ ! MPb[y[ijchvolrxjl^bd�ul{voMPMPeftL�aILvdZ'c�e¥\^\^c�O�\^b
yjb ¡ e¥\mI�\^IjOrxLvol^\^ehz�ijchvol{Z�bo�%vut-Xaxjlmbu�ul{voMPMPe�tj��chvotL�uiLvu�uO�" ¡ O ¡ e�c�cLxjlmO_Z^ONt-\FbuiLlFMPbYyjijcfO�Z]X[Z]\^ONM e�t
\mIjO'�¯bdl^M�vuc@Z^O�\]\meftL��bo��qsbdtLZp\mlmvueft-\ ¼�bu�uehz
kFlmbu�dlmvuM�Z ³ q¨¼%k¨¸&���>�%�Dl{v�\^ILONl=\mILvot+e�t�\mIjOrMPbulmO
�uO_tjONl{voc
Z^O�\^\^e�tj�Pbo�=¼�q
q��
HJIjOPxjiLl^x4bdZ^Oabu�sv�MPbYyjijcfOPZ^XYZ]\^O_M°ehZ�tLbo\�ijtjehg-ijO�votLy�e¥\�ehZ�e�MPx@bdl]\{vot-\�\^b�cfehZ]\U\mIjO�y[ef¦4O_l^O_td\

xLijl^x4bdZ^O_ZJvPMPb[y[ijc�O�Z]X[Z]\^ONM M�v>X
Z]O_l^¢dO('

) ��* 5 Ë � Ë,+ �_�[� �ÈÏ-+/.0� Ð �1+3254 Å xjlmbu�ul{voMPMPONl¨Z]ILbuijchy
I@v>¢uO�\^IjO�x4bdZmZ]e�`je�cfef\pX�\^bPxjlmbo\mO_z�\¨IjehZ
z�b[y[O
�¯l^bdM \mIjOFe�t-\^lmiLZ]e�butU�¯lmbuM bo\mIjONl%MPb[y[ijc�O_Z_��HJILe�Z�M#O8votLZ%\^ILvo\�ef\�Z]ILbuijchy�`@O x@b-Z^Z^ef`LcfO=\mb'lmO_Z]\^lme�z�\
\^IjOJvuz_z�O8Z^Z�bo�Lv'MPb[y[ijc�O ³ e9� Ou��zNvucfchZ_�>yjX-t@voMPe�zsvuZmZ]O_l]\mefbdtLZ�6>lmO�\^l{vuz�\^e�butLZ_��Z^X-t-\{v���M#b[y[e7�@z_v�\^e�but@ZN�
�uc�bu`LvucL¢�volmehvo`jc�O�vdZ^Z^ef�dtjMPONt-\mZFO�\mza���f� ¸��¯lmbuM»ON�-\mlmvo�´MPb[y[ijchvolsz�b[y[Ou� � t
\^IjOr�¯buc�cfb ¡ e�tj�L� ¡ O ¡ e�cfc
Z^v>X�\^I@v�\Uv+M#b[y[iLcfO#Z]X[Z]\^ONM \^I@v�\�O_tLZ^ijl^O8Z ©{«8®u­98%�m«	� ­m©��;:È«	< ehZrv ©�ª�«>¬N­{® MPb[y[ijc�ORZ^XYZ]\^O_M��@bdt
\^IjO�z�bdtd\mlmvul^X²v�Z]X[Z]\^O_M�\mILv�\Pvoc�cfb ¡ Z�vutYX/z_voc�cF�¯lmbuM v½MPbYyjijcfO+\^b²vutjbo\mIjONl ¡ efc�cs`4O
z_voc�cfO8y
«=8L­>< �

�%Ë *��[���[� �9Ï
+;Ï-?3+ �*� Ë �%*��L� Ë-4 � tPc�vul^�dO5@ �	� ³ e9� Ou� ¡ ef\^Ijbdi[\FMPbYyjijcfO8Zm¸�Z^X[Zp\mONM��otLvuM#O
zNc�vdZ]IjO8Z�volmO
�¯l^O8g-ijONt-\rvot@y�yje�Z]\^ijlm`je�tj�L� � t@y[ONO8y£�[\^b�`4O�z�O_l]\{voe�t�\^b�v>¢ubde�y�Z]i@z{I�zNc�vdZ]IjO8ZN�Y\mIjO�xjlmbu�dlmvuM#MPO_l
e�Z�zNbutLZ]\^l{voe�tjO8y�\^b�Z]X[Z]\^O_MPvo\^ehzNvucfc�X�xjl^O��j�½\^ILO#t@voMPOabu�sIjehZUxjlmO_y[ehzNvo\^O_Z_� Å MPb[y[ijc�O#Z^X[Zp\mONM
ILvuZ¨\mb+v>¢ubde�y�Z]iLz{I�z�chvuZ^IjO8Z
voi[\mbuM�v�\me�z_voc�cfXd�

�%Ë *��[���[� Ë � Ï ��* � 5È�[� �ÈÏ-+A4 � \+Z]ILbuijchy `4O�x@b-Z^Z^ef`LcfO�\^b±z�bdMPxjefc�O�eft votÀeftLyjONx4ONtLy[O_t-\ ¡ v>X±O_vdz{I
MPbYyjijcfO�bu��v#xjlmbu�dlmvuM�� � t�xLvol^\^ehz�iLc�vul_�jZ]\mvutLyjvol{y+c�e�`jlmvul^e�O_Z¨MaiLZp\'`4O�z�bdMPxjefc�O_y�but@z�OU�¯bul'vucfc´�

BaÏ%Ï �_�_�N���C*3* �1+32D4FE�tjO#bo�s\^IjOPMPbdZ]\�bulmef�deftLvuc�vdZ]x4O_z�\mZ�bu�¨QYeh¼�q
q ehZU\^ILO#lmO_vucfe)/_vo\^e�but�bu�sv�z�bdMa�
xjc�O�\^O_cfX¤`4bYbo\{Zp\mlmvuxjx@O8y¤e�M#xLcfO_M#O_t-\mv�\mefbdt1bo�RvÀz�bdtLZp\mlmvueft-\
chvotL�uiLvu�uO½�¯lmbuM v5Z^M�voc�c�ÇdONlmtjONc
³ ¼�q
q ¡ e¥\mI�z�bdtLZ]\^l{voe�td\{Z'b�¢dONl'chvo`4ONc�O_y½�dlmvuxjILZ�votLy½c�e�tjO_vulrc�bu�uehzRzNbutLZ]\^l{voe�t-\mZ
xLl^b�¢Yehy[eftL�+efM#�
x@O_lmvo\^e�¢uO
�¯O8v�\mijl^O8Zm¸���T�bYyjijcfO8Z vul^O
O8Z^Z^ONt-\^ehvocj\^b�\mIjO'`4b-bu\mZ]\^l{vox�bu�£Z^iLz{I�v�zNbuMPxjc�O��Pc�vutj�uiLvu�uOd�

ÉLijl]\mIjONlmMPbulmOu��\^ILO�y[O8Z]e��ut bu�rv½MPb[y[ijc�O�Z^XYZ]\^O_M��¯bul#kFl^bdcfbd�½tjONO8yjZR\^b�MPO_O�\#Z^buMPO+bu\^IjO_lalmO��
g-ije�lmONMPONt-\mZ%'
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��� ��*�5 � � � � ÌL4=HJIjO¨MPbYyjijcfO
Z^X[Zp\mONM|Z]ILbuijchy�tjbu\�lmO_Z]\^lmehzº\�\mIjO¨iLZ]O¨bo�@kFl^bdcfbd�'�¯bdl�l{voxjehy�xjlmbo\mbo\pXYxje�tj�L�
eft�xLvul]\me�zNijchvol '


 \mIjOPz�but@z�ehZ]O_tjO_ZmZ'bu�FkFl^bdcfbd�
z�b[y[O#Z]ILbuijchy½`4OaxjlmO_Z^ONlm¢uO8y£�@v>¢dbuehy[e�tj�P\^bYb
M�vut-X�MPb[y[ijc�O��
lmONchv�\mO_y�y[O_zNc�vulmvo\^e�butLZ��


 MPON\mv���xjlmbu�dlmvuM#MPe�tj�RxLl^O8y[e�z_v�\mO_ZJZ]i@z{I�vdZ¨\^IjOPµu¶[·Y·Rxjl^O8y[ehzNv�\mO�Z]Ijbdijchy�`4O�Z^ijxjx4bul^\^O_y��

 tLO ¡ zNbutLzNONx[\{Z�Z]ILbuijchy�`4O�cfe�MPe¥\mO_y/e�t²bdlmy[O_lU\^b�`@O�vdy[bux[\mO_y²`YX�z�chvuZmZ]ehzNvuc�k l^bdcfbd��xjlmbo�
�dlmvuMPM#O_lmZ_�

�%Ë � � + � � �d� 4¨HJIjO'MPb[y[ijc�O�Z^XYZ]\^O_M Z]Ijbdijchy�z�buMPO ¡ e¥\mI
v��¯bulmM�voc4Z]O_MPvut-\^ehzNZ=�¯lmbuM ¡ Ijehz{I+butLOrzNvut
y[ONlme�¢uO�e¥\{Z
xjlmbux4ONl^\^e�O_Z_�

��� ��*�5 Ë � ��* 5 Ë � Ë,+ �_�j� �ÈÏ-+ 4a�/O ¡ vutd\U\^ILO�M#b[y[iLcfO�Z^XYZ]\^O_M \^b�`4OPO_vuZ^X�\^b½zNbYyjOPvutLy�\^b�x@bdl]\
but-\^b�y[ef¦DONlmONt-\'cfbd�uehzrchvotL�uiLvu�uO_Z_�Ylmvutj�ue�tj�a�¯l^bdM Â�ÃrÄ'�´k l^bdcfbd�a\mb+QYe�¼�q
q��

T½b[y[iLc�vul^ef\pX eft¤\mIjO;z�but-\mO��Y\�bu��cfbd�uehz�xjlmbu�dlmvuM#MPe�tj�±ILvdZ
`4ONO_t z�bdtLZ]ehy[O_lmvu`jcfX Z]\^iLy[e�O_y%��vot@y
\mIjONlmO#ILvuZU`4ONONt;Z^buMPO#Z]\mvutLyjvulmy[e)/_vo\^e�but�vo\]\mONMPx[\mZ ����� ��� � t/bul{y[O_lr\mb�y[O��LtjO�v�tjbo\mefbdt�bo�¨MPbYyjijcfO
\mILv�\�zNvux[\^ijlmO_Z
efMPx4bul^\mvutd\�vuZ^x@O8zº\{Z
Z^iLz{I vuZ
efMPx4bul^\�6�O��[x@bdl]\�votLy¤e�MPxjc�ONMPONt-\mvo\^e�but¤Ijehy[e�tj�L�r\^IjO
ª�«��(:È©N��ª �N8(8%�m«%�d©��L­º¬ l^O_cfX�but²vut²ON�Y\^ONt@Z]e�but²bo� \mIjOPijtLy[O_l^c�XYeftL��c�bu�de�zu�aÉjbdl�O��jvoMPxjc�Ou�%bdtjOPzNvot;z�ef\^O
ON�Y\^ONt@Z]e�butLZ ¡ e¥\mI
tjO8Zp\mO_y
efMPxjc�e�z_v�\mefbdtLZ9���_�	�´�YMPO�\{v���cfbd�uehz � �	�4bdl¨Z^O_zNbutLy+bul{y[ONlsxjl^O8y[ehzNv�\mO_Z9� � �´�FQYbdM#O
bu\^IjO_lrvoxLxjl^b-vuz{IjO8ZN�jZ^iLz{I½vuZ�z�bdtd\mO��Y\^i@voc%c�bu�de�z�xjlmbu�dlmvuMPM#e�tj� � �u� ���@bdl
bu`[npO8zº\]��bulme�ONt-\^O8y�ON�Y\^ONt@Z]e�butLZ
� �[�>�´�j�dbaO_¢uO_t
�¯ijl^\^ILONl'e�t�\^IjO�y[e�lmO_zº\mefbdt�bu���¯ijc�c�X�y[XYtLvuM#ehz�MPb[y[ijc�O�Z^X[Zp\mONM�Z_�
Er\mIjONl�xjlmbux4bdZmvochZ�vuyjy;zNbutLZ]\^lmiLzº\{ZU�¯bul�y[O8z�chvolmeftL��vutLy/ILvotLyjcfe�tj�½v�tjbo\mefbdt/bu�¨Z]\mvo\^ehzPM#b[y[iLcfO8ZN�

E�t
\^IjO�bdtjO�I@votLy£�Y\mIjONlmO�volmO �oª �d­�� � �	:È© �=8 8%�^«��u©��j­�¬ y[O>�LtLeftj�PMPb[y[ijc�O�zNvochz�iLcfeDbut�Z]ON\mZ¨bo��xjlmbu�ul{voM
zNc�vuiLZ^O_Z_��Z^iLz{I vuZ�\^IjO�MPbYyjijcfO�zNvochz�iLcfiLZRbo� E � ��ONON�¯O � �d������bdlRbu�
§¨ij�dcfe�O_Z^e´��¼�voMPM�v�O�\PT½ONc�cfb � � �´�
bdlU\^IjO+z_vochz�ijc�iLZ�bo�'Q[vutjONc�c�v�vutLy��;voc�c�ONt � � � � e�tLZ^xjeflmO_y��¯lmbuM �¯ijt@zº\^e�but@vocFxjlmbu�dlmvuMPM#e�tj�@� E�t/\^IjO
bu\^IjO_l�ILvutLy£��\^IjO�Z]bu��z_voc�cfO8y ¬��	<
� �d©>�;:È© �=8(8��^«��u©��j­�¬ y[O_vuc M�voe�tjc�X ¡ ef\^I;\mIjO�vucfxjI@vo`4O�\Rbu�
Z^XYMR`4buchZN�
HJILe�Zsvoxjxjlmbdvdz{IaehZ¨z�lme¥\me�zNe /_O_yPe�t0� �d�Y�Y� � �L�¯bdl ef\mZsc�vdz{ÇRbu�Dc�bu�de�z_vocLZ^ONM�vutd\me�z_ZN��Ã'O_¢uO_l]\mIjONc�O_ZmZ Z^XYtd\{vuz�\^ehz
MPb[y[ijc�OPZ]X[Z]\^ONM�ZUvolmO�bo� \mONt/z{IjbdZ^ONt½�¯bdlr\mIjONe�l�Z]e�MPxjcfehz�ef\pX�vot@y�z�bdMPxLv�\mef`je�c�e¥\pX ¡ ef\^I�ON�[e�Z]\^e�tj��zNb[y[Ou�
ÉLbulseftLZ]\mvutLz�Od�-\^IjO�O��[e�Z]\^e�tj�#z�b[y[Orbu�3E
� É Å � q¨¼%k ³ g@� lº¸&��� � �Dbul¨v�kFlmbuc�bu�RefMPxjc�ONMPONt-\{v�\^e�but
bo��q¨��w
� ���	�JZ^IjbuiLc�y±`4O�x@bdl]\mO_y vdZRc�ef`Llmvul^e�O_ZReft5v�MPbYyjijc�vul#Z^X[Zp\mONM��;T½bdZ]\abu�rz�ijlml^O_t-\aMPb[y[ijchvolRk l^bdcfbd�
Z^X[Zp\mONM�Z_�YZ^iLz{I�vuZ'Q � qJQ-\miLZ � �d�%���LQY� � � �o�	�´���¨q¨¼�efk¨QYO��f�>�´����Q[§ � � � ���@qse�vubF� � ���j�L~��´�Y�Èvucfc£e�t-\^b#\^ILe�Z
z_v�\mON�ubdl^Xd�½Ã'butLO+bo�
\mIjONM Ijb ¡ ON¢dONl�O_tLZ]iLl^O8Z�ON¢dONlmX²xjiLl^x4bdZ^O ¡ O+ILv>¢uO
O��[x@b-Z]O8y;xjlmON¢YefbdiLZ^cfXd��Éjbul
ON�jvoMPxjc�Ou�Y\^ILO�x@bdxjijchvol'Z^XYZ]\^O_M Q � qJQ-\miLZ'y[bYO8ZJtjbo\'xjlmb�¢Ye�yjOUvut-X
Ç-e�tLy�bo��efMPxjc�ONMPO_td\{v�\mefbdt�ILe�y[e�tj�@�
� t�\mIjehZ xLvux@O_l_� ¡ O�Z]Ijb ¡ \mILv�\szNcfb-Z]iLl^O8ZFvolmO'tjO_O_y[O8y#\^bRO_tLZ^ijl^O'zNb[y[Orxjlmbo\mO_z�\^e�butPeft�v�xjlmO_y[ehzNvo\^O��

`@vuZ^O_y±Z^X-t-\{vuzº\me�z+M#b[y[iLcfO�Z]X[Z]\^ONM����/O
xLl^bdx@b-Z]O+v�zNcfb-Z]O8y;MPbYyjijcfO�Z]X[Z]\^O_M ¡ ILe�z{I y[ehZ]\^e�tj�uijehZ^IjO_Z
MPON\mv���xjlmbu�dlmvuM#MPe�tj�
xjlmO_y[ehzNvo\^O8Z%�¯lmbuM¹zNcfb-Z]ijlmO_Z_�%�/Os�def¢dOsvutRbux4ONl{v�\mefbdtLvoc-Z]O_M�vot-\^ehzNZ ¡ Ijehz{IRehZ�i@Z]O8y
\mb�xjlmb�¢uO¨\^IjOrxjl^bdx@O_l]\mefO8Z�bo�D\^ILO
M#b[y[iLcfOrZ^X[Zp\mONM��dvutLy#\^b�zNbuMPxLvul^O¨\^ILOry[ef¦4O_l^O_td\FON�[e�Z]\^e�tj��Z^XYZ]\^O_M�ZN�
ÉLijl^\^IjO_l^MPbulmO ¡ O#xjl^b�¢Yehy[Oav�c�bu�uehzNvuc�Z^ONM�vutd\me�z_Z ¡ ef\^I;v
\^l{votLZ^c�vo\^e�but�bu� MPb[y[ijchvol�z�bdtLZp\mlmvueft-\Ucfbd�uehz
xLl^bd�ul{voM�Z e�t-\^b
q¨¼%k xjlmbu�dlmvuM�Z ¡ ef\^I�vPZ^efMPxjc�O�M#b[y[iLcfO�zNbutLZ]\^l{voe�t-\
Z^X[Zp\mONM��
HJIjO
xLvox4ONl�ehZ�bdl^�-votje)/NO8y�vdZ��¯buc�cfb ¡ Z_��HJILO+tjO��Y\aZ^O_z�\^e�but±y[O��LtjO_Z�\^IjO+Z^XYt-\mv��/bo�J\^ILO+MPbYyjijcfO

Z^X[Zp\mONM ¡ OaxLl^bdx@b-Z]OR�¯bulRq¨¼%k���QYO8zº\^e�but � xLl^O8Z]O_td\{Z�\^IjO#bux4ONl{v�\mefbdtLvoc�Z]O_M�vot-\^ehzNZUbo�sM#b[y[iLc�vul�zNbut[�
Z]\^l{voe�t-\�cfbd�uehzaxLl^bd�ul{voM�Z ³ T²q¨¼%k¨¸ ¡ e¥\mI;M#ON\mvo��z_voc�c�Z�vot@y/zNcfb-Z]iLl^O8ZN��vutLy/Z]Ijb ¡ ZU\mILv�\�\mIjehZ�MPbYyjijcfO

���3G��! 
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Z^X[Zp\mONMÆZmv�\^ehZ �LO_Z�\^IjO�z�b[y[O
xLl^bu\^O_z�\^e�but±xjlmbux4ONl^\pXu�/QYO_z�\^e�but � xjl^O8Z]O_t-\mZ�\mIjO
c�bu�de�z_voc¨Z]O_MPvut-\^ehzNZ�bu�
xLijl^O�T²q¨¼�kÀxjlmbu�dlmvuM�ZN�-e9� O ¡ e¥\mIjbuij\JMPON\mv���xjlmO_y[ehzNvo\^O8Z tjbdl
z�c�bdZ^ijl^O8ZN��HJIjO_t%�[eft�Z^O_zº\mefbdt�~j� ¡ O�y[ehZp�
zNiLZmZ
Z]bdM#O�xjl{vo�dM�v�\^ehz�vuZ^x@O8zº\{ZJbo��buijl'Z^X[Zp\mONM��FÉ�eftLvucfc�X ¡ O�z�bdM#x@volmOUbdijl
xjlmbux4bdZmvoc ¡ ef\^I�O��[ehZp\meftj�
Z^XYt-\mvuz�\^ehzUM#b[y[iLcfO�Z^XYZ]\^O_M�Z'votLy�z�bdtLz�c�iLy[Od�

� ������������	��������£$�	���� �a$ � ����� ��� 	�����	��R&(�

�/O�z�bdtLZ^e�y[O_l¨\^IjO��¯bdcfc�b ¡ eftL�Pyje�ZÈnpbue�t-\
vucfxLILvo`4O�\{Z�'


 V
vPZ]ON\'bo��zNbuijt-\{vo`jc�O�¢>vul^ehvo`LcfO8Z¨yjONtjbu\^O_y�`YX

x, y . . .
�


 ΣF

vPZ^O�\'bu��z�bdtLZ]\mvot-\'vot@y
�¯iLtLzº\mefbdt�Z^XYMR`4buchZ �


 ΣC

v#Z^O�\'bu��zNbutLZ]\^l{voe�t-\¨xjlmO_yje�z_v�\^O�Z^XYMR`4buchZ
z�but-\{voe�tjeftL�
=
votLy

true
�


 ΣP

vPZ^O�\'bu��xjlmbu�dlmvuM»xjl^O8y[ehzNv�\mO�Z]XYMR`4buchZ
z�bdt-\mvoe�tje�tj�
call/2

�
closure/3

votLy
apply/2

�


 ΣM

vPZ^O�\
bo��MPbYyjijcfO�t@voMPO_Z_�


 \ ¡ bPlmONchv�\mefbdtLZ M

!: ΣF × ΣM

votLy
P

!: ΣF × ΣP

vutLyU\^ILOFiLZ^iLvoc-Z]ON\mZ£bu�-\mONlmM�ZN�8�¯bulmMPO_y�b�¢dONl
V
vutLy

ΣF

��v�\^bdMPe�z=zNbutLZ]\^l{voe�t-\mZ_���¯bulmMPO_y ¡ ef\^I�xLl^O8y[e�z_v�\mO
Z^XYMR`4buchZJeft

ΣC

�4votLy�v�\mbuM�Z_�[�¯bulmMPO_y ¡ e¥\mI�xjl^O8y[ehzNv�\mO�Z]XYMa`@bdc�ZJe�t ΣP

� � t½vuyjyje¥\mefbdt%� ¡ O�z�but@Z]ehy[ONl
MPb[y[ijc�O�tLvuM#O8ZN�@tjbo\mO_y

µ
���f���f�4votLy�vo\^buM�Z
xLl^O��j�[O_y ¡ e¥\mI�vPMPbYyjijcfO�t@voMPOu�@tjbo\mO_y µ :A

votLy�zNvucfc�O_y
���L��ª : �s­{® � ��« !R¬ �
§¨O_z_voiLZ^O

ΣF

�
ΣP

vot@y
ΣM

vul^O�Z]iLxjx@b-Z]O8y�\mba`4O�y[e�Z]\^e�tLz�\_�[\mIjOU\ ¡ b#l^O_c�vo\^e�butLZ P

!
vutLy

M

!
¡ e�cfc

`4O+iLZ^O��¯iLcF\^b�eft-\^O_l^xLl^ON\��¯ijtLz�\^e�but Z^X-Ma`@bdc�Z�l^O8Z]x4O_z�\^e�¢uONc�X²vdZ�xjlmO_y[ehzNvo\^O8ZRZ^X-Ma`@bdc�ZRvotLy;vuZRMPbYyjijcfO
t@voMPO_Z ¡ Ije�cfO�v²M#ON\mvo��z_voc�c9� � t z�chvuZmZ^e�z_voc¨kFl^bdcfbd�²Z^X[Zp\mONM�ZN� ¡ IjONlmO
�¯iLtLzº\mefbdtÁZ^XYMR`4buchZN�FxLl^O8y[e�z_v�\mO
Z^XYMR`4buchZRvutLy±MPb[y[ijc�O�tLvuMPO_ZRvul^O�tjbo\PZ]XYt-\mvdzº\me�z_voc�cfX;y[ehZp\meftj�dijehZ]IjO8y£��\^ILe�ZR\ ¡ b²l^O_c�vo\^e�butLZazNvut `@O
¢Ye�O ¡ O_y�vuZ¨\mIjO�\^lmef¢Yehvoc£`je npO_z�\^e�butLZ_�
ÉLbul�\^IjO
ZmvoÇdO bo�4Z]e�MPxjcfehz�ef\pXu� ¡ OJvuZmZ]iLM#OsIjONlmOs\^ILvo\=vucfc[vo\^buM�Z�volmO¨g-iLvucfe7�LO8yRvot@yRy[bUtjbo\=y[O8Z^zNl^e�`@O

\mIjOaZ]\mvutLyjvulmy½zNbutY¢uO_td\mefbdtLZ ³ �def¢dONt�e�t�Z^O_z�\^e�but�~u¸
\^ILvo\Uvul^O�iLZ^O_y½�¯bulrxLl^O��j�[eftj��voi[\mbuM�v�\me�z_voc�cfX�\^IjO
vo\^bdMPZJ�def¢dONt ¡ e¥\mIjbui[\'MPb[y[ijc�O�tLvuM#O8ZJeft½vPz�chvoi@Z]O�bul'v#�dbdvoc´�

��Ë	�3+3� � �ÈÏ-+�
 4
�����	����������� :h¬�� � « �"! �[ª7��« � ���j­ � « �"!

© losure(x, µ :A, z)

� �L­ �m­ x �	<4® z � �^­�� � ��:1� �Nªf­º¬�� � :h¬��	< � ��« ! � <4® µ :h¬�� !P«8®	�[ªf­�:È®u­�<L�;: �s­ �! 
HJIjO+zNcfb-Z]iLl^OPz

losure(x, µ : A, z)
vuZmZ]b[zNe�vo\^O_Z�\mb�¢�vul^ehvo`jc�O

z
v�g-iLvucfe7�LO8y²vo\^buM

µ : A
eft ¡ Ijehz{I

\mIjO+¢�volmehvo`jc�O
x
ehZRvu`LZp\mlmvdzº\mO_y£� Å z�c�bdZ^ijlmO

z
ehZ�voxLxjcfe�O_y/\mb�vot vul^�dijMPONt-\

x ¡ ef\^I;\mIjO
xjlmO_yje�z_v�\^O
apply(z, x)

�
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	�� � � :h¬�� � « �"! �[ª7�
« � �!�L­ � « �"!

A0 ← c1, . . . , cl|κ1, . . . , κn|µ1 :A1, . . . , µm :Am.

� �L­ �m­ �!�L­ κi � ¬ � �^­�©Nªf«�¬N�+�m­º¬�� ���j­ Ai � ¬ � �^­ �	� « !a¬������j­ ci � ¬ � �^­��	� « ! :È©�©{«	<L¬N�'� � : <L�9¬��	<4®F���j­ µi � ¬� �^­ !P«8®	�[ªf­�<-� !P­�¬! 
��Ë	�3+3� � �ÈÏ-+�
 4
� ��� ����� ��� :h¬ � �;��84ª�­ (µ,Dµ, Iµ) � �L­ �^­ µ ∈ ΣM

:h¬ ���j­ tLvoMPO « � �!�L­ !�«_® �[ªf­ �
Dµ

�+¬N­>�
« � ©�ª7� �Y¬N­º¬�:h¬a©N��ª ª�­m® e�M#xLcfO_M#O_t-\mv�\mefbdt « � �!�L­ !P«8®	�[ªf­ � <4® Iµ ⊂ ΣP
:h¬��!�L­ e�t-\^ONl^�ÈvuzNO « �

���j­ !P«8®	�[ªf­  �� � �#¬�� ! �m«oª p �{­�ªf« < �o¬ � « ���j­ : <
��­ � � �u©{­a« � ��!�«_® �[ªf­R©N��ª ª�­m® µ � � ­�� : ª ª£¬��	� ��� �	� p :h¬xLij`jc�e�z : < µ �s«	���j­ � � :h¬N­�� ­�� : ª ª�¬>� ���!�L�	� p :h¬ xjl^e�¢�v�\mO : < µ  
��Ë	�3+3� � �ÈÏ-+�
 4�� ������������� ��� ��	��

P :h¬��+¬�­��¨« � !P«8®	�[ª�­º¬�� �L«>¬N­�< � !�­º¬�� �^­a® :h¬���: <D©>�  
��Ë	�3+3� � �ÈÏ-+�
 4�� ��������������	 � :h¬�� � « �"!��[ª7�

c1, . . . , cl| 〈ν1 − κ〉 , . . . , 〈νn − κn〉 | 〈ν
′
1 − µ1 :A1〉 , . . . , 〈ν

′
m − µm :An〉

� �L­ �m­��!�L­ ci � ¬�� �^­ � ��« !�:È©r©m« <j¬��'� �	: <
�È¬�� �!�L­ κi
� �m­'©�ª�«>¬��+�^­�¬�� ���j­ (µi :Ai) � ¬ � �^­ ���L��ª : �¨­m® � ��« !R¬�� <4®�{« �!���!�L­ νi � ¬9�	<D® ���j­ ν′

i � ¬ � �^­.!P«8®	�[ªf­9<-� !P­�¬r©N��ª ªf­{®�: < �!�C:h¬r©=��¬N­ z_voc�cfe�tj��z�bdtd\mO��Y\mZ  〈νi − µi :Ai〉 � ¬� �^­#©=�oª ªf­{® vo\^bdMPZ ¡ ef\^I½zNbut-\^ON�-\ � �j­ �^­N�>¬ 〈νi − κi〉 � ¬�� �^­#©N��ª ªf­{® z�c�bdZ^ijlmO_Z ¡ e¥\mI½z�but-\mO��Y\  
� t�\^IjOR�¯buc�cfb ¡ e�tj� 〈ν − (κ1, . . . , κn)〉 ¡ e�cfc�`4Oav
tjbo\{v�\^e�but��¯bul�\^IjO#Z]O8gdiLONtLzNO_Z�bo� z�c�bdZ^ijlmO_Z ¡ ef\^IzNbut-\^ON�Y\

(〈ν − κ1〉 , . . . , 〈ν − κn〉)
votLy
〈ν − (µ1 :A1, . . . , µm :Am)〉

v�tjbu\mvo\^e�but#�¯bul \^IjOUZ]O8gdiLONtLzNO
bu��vo\^buM�Z ¡ ef\^I½z�bdt-\^O��Y\ (〈ν − µ1 :A1〉 , . . . , 〈ν − µm :Am〉)

�
��� �*��* 5 Ë 
�4��! �j­ � «�ª ªf« � : < ��©Nª7�>¬{¬�:È©N��ª-: !&8Dªf­ !P­�<L� �	�;:È«	<�« � ���j­�"$#&%(' ¶[·Y·*)*+ 8��^­{®	:È©N�	� ­�: ª ª �Y¬��-� � ��­�¬
���j­#®	: ,�­ �^­�<4©{­ �{­>� � ­{­>< � !P­�� ��-]©N��ª ª �	<4® �!�L­��N8(8Dª :È©N�	�;:È«	< « � ��©�ª�«>¬��+�^­�: < �$!�«8®	�[ªf­  
"$#&%(' ¶[·Y·/.103214527698;:=<1µo¶[·Y·>.74�8?2

¶(@�@BADC�E[¶F. "HGBI*%(' .10J8*8K2
" ¶ # ·5L

"$#&%(' ¶[·Y·/.M6F2=6F2ON$8;:=<1µ G ·Y·*ALµPE5.�QSR52ON$8>L

µ G ·Y·*ALµ�ET.=UT21N$8V:M<WC(ADE�C[¶Lµ�E5. "�GBI�%(' .O0J8*8?2
µ G ·Y·DALµ�E5.�QX0ZY[U*R52ON$8/L

µ G ·Y·*ALµ�ET.7N521N$8/L
 �L­&�Y¬N­r« �Jµu¶[·-· : < ���,:h¬ : !&8Dªf­ !P­�<L� �	�;:È«	<½®u«8­º¬ <D«	�C8��^­!�>­�<L�3: <L�'���Y¬�:È«	< � �^« ! � <4« �!�L­ ��!�«_® �[ªf­ � : �!�
� �d«���ªsª :]\d­^"$#�%(' ¶[·Y·>.1052OC(ADE�C[¶Lµ�ET. "�GBID%(' .O0$8*8?21N98  �_ </�!�L­�« �!�L­ � �L�	<D® � � < : !984ªf­ !�­><
� � ��:È« < « �
"$#�%(' ¶Y·Y· �Y¬�: < �
©Nªf«>¬��+�^­�¬��	<4® ¶B`*`@·Ba : <L¬���­N�u®�« �Uµu¶[·Y· �>¬��{­Nªf«��
"$#&%(' ¶[·Y·/.7b52=698V:M<Á¶B`�`@·ca5.10321b�8?2

¶9@�@BABC�Ej¶F. "�GBI�%(' .O0J8*8?2
" ¶ # ·TL

"$#&%(' ¶[·Y·/.M6F21N$8V:M<1µ G ·Y·DALµ�E5.�Q[R521N$8>L

���3G��! 
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­�<j¬��+�^­�¬ �!�L­�8��^«	� ­{©>�;:È«	< « � ���j­;©{«8®u­  ��« �0: <j¬�� �	<4©{­ � ���j­;©Nª7�	�Y¬N­�¬��^­>�'� �d©>� ­{® ���/�!�L­²©Nªf«�¬N�+�m­#: <
µd· G @ I C(AF.1032 C(ADE�Cj¶[µ�E5. "HGcI�%�' .10�8�8K21b98?2 "9#�%H' ¶Y·-·>.Ob52ON$8 � : ª ª �{­/¬�� � ­Nª � �m­>�'� �u©�� ­m® : < �!�L­À©N��ª ª : < �
!�«8®	�[ªf­ � �	<D® <D«	�A: < �!�L­a©N�oª ªf­{® !�«_® �[ªf­  

�><#���j­ �^­!�>­ �{¬N­a® : �^­{©>�;:È«	< � � ���=8 :È©=�oª5�Y¬N­#« � !�­�� �c-]©=�oª ª ¬�: <j¬�� ­N�u®
« � ©Nªf«>¬��+�^­�¬ :h¬ � « �����j­ � ��: �;: < �
« � ��� «=8J- ªf­ ��­Nª�« ��� !P­�� ��- : <L� ­ �;8%�^­���­ �! 

� ��� �J	���$ ���������Á ��'&(���a$ � �¨�

���	� 
���
���������������������� �"!
��Ë	�3+3� � �ÈÏ-+ ��4
�$# ­>� P �{­�� � � #"% 8��^«�� � � !   �L­��^­!� ��: ��: < � �^­Nª7� ��:È« < −→ «	< �d«���ª ¬�:h¬a®u­
� <4­{®
��¬ �!�L­�ªf­N��¬N� �^­Nª7�	�;:È«	<²¬��	�;:h¬ � �	: < �F�!�L­����[ªf­�¬ : <#� � �Nªf­'&  

4¹Ï Ð�� 59�[�
� �D� �

(µ,Dµ, Iµ)∈P (ν =µ)∨(p ∈ Iµ)

(p(~s)←c′|k|β)θ∈Dµ X |= ∃(c ∧ ~s=~t ∧ c′)

(c|K|γ,
〈

ν − µ :p(~t)
〉

, γ′) −→ (c, ~s=~t, c′|K, 〈µ− k〉 |γ, 〈µ− β〉 , γ′)

� �*5 5 X |= ∃(c ∧ t=g ∧ s=f(~x)) f P

! p g M

! µ
(c|K|γ, 〈ν − ν :call(t, s)〉 , γ ′) −→

(c, t=g, s=f(~x)|K|γ, 〈ν − µ :p(~x)〉 , γ ′)

� *5* 5 Ì 〈µ−
z
losure(x, µ′ :A, z)〉 ∈ K X |= c⇒ z=y

(c|K|γ, 〈ν − ν :apply(y, t)〉 , γ ′) −→ (c|K|γ, 〈µ− µ′ :A[x\t]〉 , γ′)

H�vu`jc�O��('=H�l{vot@Z]ef\^e�but�l^O_c�vo\^e�but
�¯bul'T²q¨¼�kÁ�dbdvuc�Z ¡ ef\^I½zNvucfchZ
votLy�zNcfb-Z]ijlmO_Z_�

�D4 �-4 � 4¹Ï Ð�� 59�[� � ��� �#4
HJILO !P«8®	�[ª � � � 
 #"(|lmO_Z^buc�i[\^e�but�lmijc�O�e�Z�v�l^O8Zp\ml^ehzº\mefbdt�bo��\^IjO#z�chvuZmZ]ehzNvuc�qJQ[¼���l^ijc�O��¯bdlUq¨¼%k ���>���´�
HJILO�vdyjy[ef\^e�butLvuc'z�bdtLy[ef\^e�but

(ν = µ) ∨ (p ∈ Iµ)
e�MPx@b-Z]O8Z#\^ILvo\

µ : p(~t)
z_votÁ`@O½ON�YO8z�i[\mO_yÀbutjc�X

ef�p�%O_e¥\mIjONl�\mIjO�zNvoc�c�e�Z�M�vdy[O#�¯l^bdM eftLZ^ehy[O#\^IjOPMPb[y[ijc�O ³ e9� Ou�a�¯lmbuM \mIjO�zNvoc�c�eftj��z�bdt-\^O��Y\
µ
¸º��bulU\^IjO

xLl^O8y[e�z_v�\mO
p
ehZ
v#xjij`jc�e�z�xLl^O8y[e�z_v�\mOUe�t

µ
�FT½bulmONb�¢dONl8�o\^ILe�Z
lmijc�O�xjl^bdxLvo�-v�\mO_Z \^IjO�z_voc�cfe�tj��z�bdtd\mO��Y\J\^b

\mIjO�tjO ¡ v�\mbuM�ZJbo��\^ILO�`@b[y[X+bu��\mIjO�Z^ONc�O_zº\mO_y�z�chvoiLZ^Ou�
� t�\^IjOU�¯bdcfc�b ¡ eftL�L� ¡ O�zNvucfc 8 �+�^­ � � #"%5chvotj�diLvo�dO_Z_�u\mIjO�z�chvuZmZ bu��T²q¨¼�kÀchvotL�uiLvu�uO_Zs`jije�cf\ ¡ ef\^I

\mIjO !P«8®	�[ª7� � � 
 #)(�l^iLcfO#butjc�Xu� � t�\^IjehZ�z�chvuZmZN�£zNcfb-Z]ijlmO_ZUzNvutjtjbu\�`4OaON�YO8z�i[\mO_y²votLy²volmO��¯bulm`jehyjy[O_t
e�t½z�chvoiLZ^O_ZJvutLy��ubdvuc�Z_�

G5GIH	JLK�K>MNK



$ � # !������d­ !�!�­ �ºª #������ �	<	�8« :h¬
�D���d­�¬

�D4 �-4 
 4¹Ë �_� Í �u�*5-5 4
HJILO ©=�oª ª lmijcfO��def¢dO_Z�vut±bux4ONl{v�\^e�but@vocFZ^ONM�vot-\^ehzNZU\mb�MPO�\{v�� zNvoc�chZN� � \R\^l{votLZ^c�vo\^O8ZU\ ¡ b�\mONlmMPZ�eft-\^b�v
g-iLvucfe7�LO8y5v�\mbuM�� lmO_Z^x4O_zº\meftL�²`4bo\mI5\mIjO�z�bdt-¢dONl{Z]e�but±lmONchv�\mefbdtLZ

P

!
vutLy

M

!
� � \+e�Z ¡ bul^\^IÀtjbo\meftj�

\mILv�\�\^IjehZ�l^iLcfO/y[bYO_Z+tLbo\½z{ILvotj�dO½\^ILO²zNvucfc�e�tj�ÀzNbut-\^ON�-\8� ¡ Ijehz{I1ehZ
tjO8z�O8Z^ZmvolmX \mb5�ui@vol{vot-\^O_O½\^IjO
e�MPxjc�ONMPONt-\mvo\^e�but�Ijehy[eftL�L�
ÉLbul�\^ILOPZmvoÇdOabu�¨Z^efMPxjc�ehz�ef\pXu�%bdijl�y[O>�LtLe¥\mefbdt/bu�

call/2
yjb-O8ZUtjbo\�voc�c�b ¡ \^IjO�MPON\mv�� zNvucfc�bu�¨z�bdt[�

npiLtLzº\mefbdtLZ
bo�Fvo\^buM�ZJtjbdl
\^ILO�M#ON\mvo��z_voc�c%bo�=v�z�bdtLZp\mlmvueft-\8� HJIjO_Z^O�zNvucfchZ
zNvut�`@O�O_MRijchv�\mO_y�Ijb ¡ ON¢dONl8�
`YX�Z]ijxLx@b-Z]e�tj� ³ �

,
�
/2 P

! and/2
¸¨vutLy�`-X�vuyjyjeftj�P\mIjORzNc�vuiLZ]O

(and(x, y) ← µ :call(x), µ :call(y))\mb#\^IjO�e�MPxjcfO_MPONt-\mvo\^e�but�bo��votYX+MPb[y[ijc�O
µ
�

� t�\mIjehZF�¯bdl^M�voc4Z]O_M�vot-\^ehzNZ bo�%MPO�\{v�� zNvoc�chZN�u\^IjO��ubdvuc
(c| 〈µ− ν :call(t, s)〉)

Z^iLzNzNONO_yLZFON¢dONt�ef�%\^ILO
vul^�dijMPONt-\ bu�

call/2
ehZJv��¯lmONO�¢>vul^ehvo`LcfOd� Å �Èvoe�cfiLl^O ¡ bdijc�yPtLbo\J`@O�v�`4O�\^\^ONlJZ^buc�i[\^e�but+ILb ¡ O_¢uONl8�dvdZ ef\

¡ buiLc�yatjbo\=xjlmO_Z^ONlm¢uOs\^ILO
eftLyjONx4ONtLy[O_tLz�O
bu�@\mIjO'Z^ONc�O_zº\mefbdt#Z]\^l{v�\mON�dXu��HJIjehZFz_vot#`@O
e�cfc�iLZ]\^l{v�\mO_ya`-XR\^IjO
�¯bdcfc�b ¡ e�tj�
�dbdvoc ³ 0��*E�C I AT2�µu¶[·Y·/.10J8�8Y� � �F\^ILO#MPON\mv�� zNvucfc�bu�sv+�¯lmONO#¢�volme�vu`jc�O��Èvoe�c�O_y£�%v�cfON� \]�´\^bu�´lmef�dI-\
Z^ONc�O_z�\^e�butRZ]\^l{v�\mON�dX ¡ buijchy�c�O_vdy�\^b�\^IjOJz�bdMPxji[\^O8y�vot@Z ¡ ONl/0��*E�C I A ¡ IjO_l^O8vuZ�v'lmef�dId\^�9\mbo��cfON� \�Z]\^l{v�\^O_�uX
¡ buiLc�y#c�O_vuya\mb�v��Èvoe�cfiLl^Od��HJIjO
xLl^bdx@O_l ¡ v>X�\^b�ILvutLy[c�O'Z]i@z{I#O_l^lmbul{Z�ehZ�\^b�l{voehZ]O'vutPO��jz�O_x[\^e�but%� ¡ Ijehz{I
ehZJtjbu\
�¯bulmMPvucfe)/NO8y
ILONlmOu�

�D4 �-4�� � 5 Ï � ��� Ë-4
HJILO �=8 84ª � lmijc�O�voc�cfb ¡ Z#\mIjO�e�tY¢ub[zNvo\^e�butÁbo��v±z�c�bdZ^ijlmO�z�bdcfc�O_z�\^O_yÁ`YX v;xjl^O_¢YefbdiLZ�xjlmO_y[ehzNvo\^O�z_voc�c9�
� t/xjl{vuz�\^ehz�Ou�£ef\�c�b-bdÇ[Zr�¯bdlU\^IjO+zNcfb-Z]ijlmOPvuZmZ]b[z�ehv�\mO_y�\mb�\^IjO+zNcfb-Z]ijlmOR¢�vul^ehvo`jc�O ³ �¯bulmM�voc�cfX²z{IjO_z{Ç[Z�\^IjO
O8g-iLvoc�e¥\pX�bo��¢�volme�vu`jcfO8Z

z =y
¸��Lvot@y½voxjxjc�e�O_ZJ\mIjORz�c�bdZ^ijlmOU\^b�\mIjORvolm�uiLM#O_t-\Je�t�\^ILORz�c�bdZ^ijlmO�zNbut-\^ON�Y\_�

E�tLO�zNvut+lmONM�volmÇR\mILv�\
closure/3

votLy
apply/2

z_vot+`4OUyjO>�LtjO8y+e�t�¼�q
qÁvuZsM#O_l^O�Z^X-t-\{vuzº\me�zrZ]ij�-vol

closure(x, A, z) ≡ !∀x.((arg(z, x))→ A)
apply(t, z) ≡ arg(z, t)

� t�\mIjehZ�y[O��Ltjef\^e�but%�£v+zNcfb-Z]iLl^O�ehZrvut�¼�q
q vo�dONt-\ ¡ Ijehz{I ¡ voef\mZ
�¯bdlref\mZUvolm�uijMPO_td\'�def¢dONt½e�t�v�\mbuÇuO_t
³ cfe�tjO8vol
c�bu�uehz�z�bdtLZp\mlmvueft-\º¸

arg(z, x)
\^ILvo\'e�Z'x@b-Zp\mO_y�`-X+\^IjO�vuxjxjc�X�vo�dONt-\_�

��� �*��* 5 Ë �D4 
 � ªf«>¬��+�^­�¬±©N� < �{­ �Y¬N­{® � «¤®u­
� <4­ �-­�<4­ � ��ª : � ­ �=�	� « � 8%�^­{®	:È©N� ��­�¬ � « �;® �	� �Á¬��-���L© -
�;�+�^­�¬! 5��< � !P«8®	�[ª�­�®u­
� <L: < �a¬N« !�­�®(�	� �a¬��-���L©��;�+�^­ �5: � :h¬ 8j«�¬{¬N: �Nªf­ � «P®u­
� <D­ �!�L­ �>: < � ���98%�^­{®	:È©N� ��­�¬
"HG Cj¶[·-·�)�� �	<4® A�� # @�E$@B)�� ��� �	��©��L­m©=\ ��� � ��­!�>­ �����'�m­º¬;8  ��	�%ª�­=��¬���«	<D­
	�­�ªf­ !�­><
��« � ��® �	� �U¬��-���L©����+�m­
8L�>¬{¬N­{®�: < ���j­ � �{¬�� � � � �+!�­�<L� � ��­ ��: �s­�¬�� 8%�^«N8j­ ����� 8L�>¬{¬N­{® ��¬��
©�ªf«�¬��+�^­ : < �!�L­�¬N­{©m« <4® � � �(�+!P­�<L�  
��« � : <L¬�� � <4©{­ � : < ��ª : � � � ��� � « ��ª :h¬��9¬��=¬N�L©�� : � ­ � �	� « �{¬R©N�	< �m­#®u­
� <D­{® �>¬ � «oª ªf«���¬��
"HG Cj¶[·Y·>.9QSR52 b�8>L
"HG Cj¶[·Y·>.9Q[0ZY�
HRT2 b$8�:M<À¶B`�`L·Ba5.7b52 0$8?2 "HG Cj¶[·-·>.�
32��98>L

A�� # @�E$@?.9Q[0ZYS6DRT2 b$8�:M<À¶B`�`L·Ba5.7b52 0$8>L
A�� # @�E$@?.9QO6 Y�
HRT2 b$8�:M< A�� # @�E$@?.�
52 b$8>L

��� �*��* 5 Ë �D4�� ����:h¬ : <j¬��-���L©��;: �>­ � « �-��� ��« ­ !&8Dªf«	� � !�­>� ��-]©N��ª ª : <L¬N� ­N�u® « � �¤©Nªf«>¬��+�^­ : < ���j­
8��^­!�%:È« �Y¬�­��,� !984ªf­  
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"HG Cj¶[·Y·>.9QSR52��$8>L
"HG Cj¶[·Y·>.9Q��ZY 
�R52��$8>:M< 4���L*LHQ��32��HRT2/µo¶[·Y·>.74�8?2

"HG C[¶[·Y·>.�
52��J8>L
�a«�� ªf­>�Z"HG�G )�� �m­0� 8���: � � ��­ 8%�^­{®	:È©N� ��­�®d­ �A<4­{® : < �±®	: ,r­ �^­�<L� !�«_® �[ªf­ � �^« ! ���j­½«	<D­�®u­
� <
: < �
"HG Cj¶[·-·�)��   �L­>< ��� �d«���ª�ª :]\d­ "HG Cj¶Y·Y·>.�Q	�J2��T27+*RT2 "�G�G 8 � : ª ªA��ª �A�	�>¬ � �	: ªA�>¬ "�G�G :h¬ <4« � �%:h¬�: �Nªf­  
 « �>�=8L�>¬{¬ �!�C:h¬
�^­�¬N�'��:È©���:È« <���� <-�	: ��­�¬N«�ª �C�;:È«	<1©{«	<L¬�:h¬N�9¬�« � ®u­{©Nª7� ��: < � ��¬ 8-� �Nª :È©½­!�>­ ��� 8��^­{®	:È©N�	� ­
�Y¬N­{® �>¬ �C: ���H-]« �^®d­ ��®(� � � ��"HG*G )�� : <½« �+��­�� � !&8Dªf­ 	  �
�­{©=� �Y¬N­9���,:h¬ !P­��!�L«_®���:È«�ª7� ��­�¬����j­ 8��^«	� ­{©>�;:È«	<
« � ���j­�©{«8®u­ : !984ª :È­{® ��� : !984ª�­ !�­><
� � ��:È« < �,:È® : < ���&: � :h¬�<4« �9�u©{©{­ 8 � � ��ªf­  �><4®u­{­{® ���j­a¬��>¬���­ ! :h¬�<4«
!�« �m­a©N�=8L� �Nªf­�� « 8%�m­ ��­><
��� <L�
©N��ª ª�« � � 8%�^­{®	:È©N� ��­��Y¬N­{® �>¬
�,: � ��-]« �^®u­ �#® �	� �  

���
� ��!������ ! � ��� 
 ��������� ��� � ���
� t�\^IjehZ�Z]O8zº\^e�but�� ¡ ORxLl^bdx@b-Z]O#v��¯bulmM�voc�y[O>�@tje¥\mefbdt�bo� \^IjO#efMPxjc�ONMPO_td\{v�\mefbdt�Ijehy[eftL��xjlmbux4ONl^\pXu�Dvot@y
Z^Ijb ¡ \mILv�\'bdijl
MPb[y[ijc�O�Z]X[Z]\^ONM¿l^O8Z]x4O_z�\mZJef\_�
�sË � � � �D4]� � � (c|K|α) −→ (c′|K ′|β′, 〈ν −A〉 , β′′) :h¬�� �-� � <j¬�: �;:È«	<#���j­�< �

&  ���: ���j­ ���!�L­ �m­a­�� :h¬N�9¬ 〈ν − µ :p(~x)〉 : < α �
�  a« � ���j­ �^­#­�� :h¬��È¬ 〈ν − closure(x, B, z)〉 : < K � : �!� A=B[x\t]

� « ��¬N« !�­ t �
�  a« � ���j­ �^­#­�� :h¬��È¬ 〈µ− ν :p(~x)〉 : < α ¬��L©��0�!�L�	� p :h¬�8-� �Nª :È©�: < ν  

� � Ï%Ï-?=4#¼�O�\�iLZ�Z]iLxjx@b-Z]Oa\^I@v�\
〈ν −A〉

ehZUtjbo\�e�t
α
�%vuZUe¥�se¥\�ehZrtjbu\�\mIjO�zNvdZ]O ¡ OPvolmO�\^lme�¢-ehvoc�c�X½eft

z_vuZ^O & � � �%\^IjO�\^l{vot@Z]ef\^e�but+ehZJv !�«_® �[ª7� � � 
 #"( \^l{votLZ^e¥\mefbdt%� α e�Z¨bo�£\mIjOU�¯bulmM γ′, 〈ν′ − ν :p(~x)〉 , γ′′

¡ ef\^I (ν′ =ν) ∨ (p ∈ Iν)
� � �

(ν′ =ν)
\^IjO_t ¡ ORvul^O�e�t�zNvdZ]O & �@bu\^IjO_l ¡ ehZ]O (p ∈ Iν)

votLy ¡ O�volmO�e�t
z_vuZ^O � � � �D\^ILO'\^l{vot@Z]ef\^e�but�ehZ v ©N�oª ª � α ehZFbu�£\^IjO
�¯bdl^M γ′, 〈ν − ν :call(s, t)〉 , γ ′′ ¡ ILe�z{I+zNbulml^O8Z]x4butLyLZ\mb�zNvdZ]O & �=É�e�tLvoc�cfXae¥�4\^ILO
\^l{votLZ^ef\^e�but#e�ZFvut �=8(8Dª � � 〈ν − closure(x, B, z)〉

ehZ=e�t
K ¡ e¥\mI A = B[x\t]�¯bdl'Z]bdMPO�\mONlmM

t
� ¡ Ijehz{I�z�bulmlmO_Z^x@bdtLyjZs\^b+z_vuZ^O � �

�

�sË � � � �D4
� � � (c0|K0|α0) −→ (c1|K1|α1) −→ . . . −→ (cn|Kn|αn) :h¬ �;®u­ ��: �	�	�;:È«	< �	<D® : �
〈ν − κ〉 :h¬��
©Nªf«�¬N�+�m­�� : ����©{«	<
��­�� �A: < ���j­�¬N­ �>�L­�<4©{­ Kn

�!�L­>< �
&  ���: ���j­ ���!�L­ �m­a­�� :h¬N�9¬ 〈ν − κ〉 :h¬ : < K0 �
�  a« � ���j­ �^­#­�� :h¬��È¬ 〈ν − ν :p(~x)〉 : < �	< αi

¬��L©��0�!�L�	� 0 ≤ i < n �
�  a« � ���j­ �^­#­�� :h¬��È¬ 〈µ− ν :p(~x)〉 : < � < αi

¬��L©��0�!�L�	� 0 ≤ i < n � <4® p ∈ Iν
�

� � Ï%Ï-?=4�§¨X�e�tLy[i@zº\^e�but;bdt�\mIjO�cfO_tj�o\mI;bo� \mIjO+y[O_l^e�¢�v�\^e�but�� � �
n = 0 ¡ O+volmOR\ml^e�¢Ye�vucfc�X�e�t;z_vuZ^O & �

Er\mIjONl ¡ ehZ]OUONef\^IjO_l 〈ν − κ〉
ehZJe�t

Kn−1
�je�t ¡ ehz{I�zNvuZ^O ¡ O�zNbutLzNcfiLyjOU`YX
\^IjO�e�tLy[iLz�\^e�but�IYX-x4bo\mIjO_Z^ehZN�

bdl
〈ν − κ〉

ehZ xjlmb[y[iLzNO_y�`YXPv !�«_® �[ª7� � � 
 #)(1\^l{vot@Z]ef\^e�but%� � t�\mIjOrchv�\^\^ONlJzNvdZ]O αn−1
ehZsbo�£\^ILO'�¯bulmM

γ′, 〈ν′ − ν :p(~x)〉 , γ′′ ¡ ef\^I (ν′ = ν) ∨ (p ∈ Iν)
� � �

(ν′ = ν) ¡ OavolmO�eft²zNvuZ^O � �@bu\^IjO_l ¡ ehZ]O ¡ ORvul^Oe�t½zNvdZ]O � �
�HJIjOaxjlmbux4ONl^\pX
bo�Fe�MPxjc�ONMPONt-\mvo\^e�but�ILe�y[e�tj���¯bdl^M�vucfc�X�Z]\mvo\^O8Z
\^I@v�\r\mb+ONt-\mONl�v�MPbYyjijcfO ¡ ORtjONO8y

\mbPxLvuZmZ¨\^IjlmbuiL�uI�vaxLij`jc�e�z�xjlmO_yje�z_v�\^O�bu��\^ILe�Z
MPb[y[ijc�Ou�

G5GIH	JLK�K>MNK



�8� � # !������d­ !�!�­ �ºª #������ �	<	�8« :h¬
�D���d­�¬

� � Ï * Ï � � � �ÈÏ-+ ��4
��� ) ��* 5 Ë � Ë,+ �_�j� �ÈÏ-+/.0� Ð ��+52�� # ­>� (c0|K0|α0) −→ (c1|K1|α1) −→ . . . −→
(cn|Kn|αn) �{­ �
®d­ ��: �	�	�;:È«	<  Z� � 〈ν −A〉 �m­Nªf« < �o¬ � «����j­�¬N­ �>�L­�<4©{­ αn

���j­�< �
&  ���: ���j­ ���!�L­ �m­a­�� :h¬N�9¬ 〈ν − µ :p(~x)〉 : < α0 �
�  a« � ���j­ �^­#­�� :h¬��È¬ 〈ν − κ〉 : < K0 �
�  a« � �!�L­ �m­�­�� :h¬��È¬ 〈µ− ν :p(~x)〉 : </�	< αi

� 0 ≤ i < n 	�¬��L©��#��� � � p :h¬&8-� �Nª :È© : < �!�L­�!P«8®	�[ª�­
ν �

� � Ï%Ï-?=4r§¨X
e�tLy[iLz�\^e�but�but�\mIjO�c�ONtj�u\^I½bo��\^ILORy[ONlme�¢>vo\^e�but%� � �
n = 0

\^ILONt ¡ O�volmO�\ml^e�¢Ye�vucfc�X
e�t�zNvdZ]O
& � Er\^IjO_l ¡ ehZ^OU`YX+c�ONMPM�v � � � ¡ O�ÇYtjb ¡ \mILv�\�'


 �Fef\^IjO_l
\mIjONlmO½O��[ehZp\{Z
〈ν − µ :p(~x)〉

eft
αn−1

�
eft ¡ Ijehz{I1zNvdZ]O�\mIjO�xLl^bdx@b-Z]ef\^e�but ehZP\^lmijO�`YX
eft@y[iLzº\mefbdt�I-XYx4bo\mIjO_Z^e�Z��


 bul¨\^ILONlmO�ON�YehZ]\mZ 〈ν − κ〉
e�t

Kn−1
�[eft ¡ Ije�z{I�zNvdZ]Or\^IjO�zNbulml^O8zº\^e�but
e�ZJy[O8y[iLz�O8y
`YX�c�ONMPM�v � � ~

votLy�e�tLy[iLz�\^e�but�IYXYx@bu\^IjO8Z]ehZ �

 bul
\mIjONlmO�ON�YehZ]\mZ 〈µ− ν :p(~x)〉

e�t
α
Z^iLz{I�\^ILvo\

p
ehZ
xjij`jc�ehz�e�t

ν
� ¡ Ijehz{I�z�bdl^lmO_Z^x4butLyjZ¨\mb�\^ILO

zNvdZ]O � �

�

� � ����� �¨���Á ��'&(���a$ � �¨�

� �	� � � ��� �	�"� 
�� 

	 ����� � ��
�� ��� � ��� � �"!
M

H�b+v��def¢dONt½T²q¨¼%k¤xLl^bd�ul{voM
P
�@butjO�z_vot�vuZmZ^bYzNe�vo\^O�v�Z^efMPxjc�O�MPb[y[ijc�ORz�bdtLZp\mlmvueft-\rZ^X[Zp\mONM

M
�@eft

¡ ILe�z{I#\^ILO'z�but@Zp\mlmvueft-\ allow(ν, µ, p)
\^I@v�\ Z]\mv�\mO_Z�\mILv�\=\mIjO
xjlmO_y[ehzNvo\^O

p
bu�4MPb[y[ijc�O

µ
z_votP`4O'zNvoc�c�O_y

e�t�MPbYyjijcfO
ν
�Le�Z'yjO>�LtjO8y�`-X+\^IjO��¯bdcfc�b ¡ eftL�#vo�Ye�buM Z^z{IjO_M�vuZ%'

ν ∈ ΣM p ∈ ΣP

M |= allow(ν, ν, p)

ν, µ ∈ ΣM (µ,Dµ, Iµ) ∈ P p ∈ Iµ

M |= allow(ν, µ, p)
HJILe�Z�z�but@Zp\mlmvueft-\�Z^X[Zp\mONM y[ONx4ONtLyLZ�Z^buc�ONc�X�bdt�\^IjOseft-\mONl^�Èvuz�O bo�[\^ILOsy[ef¦4O_l^O_t-\�MPbYyjijcfO8Z%\mILv�\�z�bdM#x4bdZ^O_Z
\mIjO�xjlmbu�dlmvuM

P
�jvutLy�tjbo\
bdt�ef\mZJe�MPxjc�ONMPONt-\mvo\^e�but%�

� �
� 
���
���� �	
 � �	�������
��	������
X � � ��� � ��
�! � � ��� ��	������

M,X � � ��� � ��
�! �
HJILOrc�bu�uehzNvuc@Z^ONM�vot-\me�z_Z bu�%M#b[y[iLc�vul
q¨¼�k5xjlmbu�dlmvuMPZFe�Zsbu`[\{voe�tjO_y+`-X�v��¯bulmMPvucL\mlmvutLZ^c�vo\^e�but�bo�%xLijl^O
T/q¨¼%k ³

X
¸sxjl^bd�ul{voM�ZFe�t-\^babul{y[eft@volmX�q¨¼�k ³

M,X
¸ xLl^bd�ul{voM�ZN��HJIjehZ¨vuc�Z^baZ^Ijb ¡ ZF\^ILvo\s\mIjO�M#b[y[iLcfO

Z^X[Zp\mONM¿z_vot�`@O�¢Ye�O ¡ O_y�vuZ
Z^efMPxjc�O�Z^X-t-\{vuzº\me�z�Z^ij�dvul_�
HJIjO#voc�xjILvu`@ON\

Σ̇P

bu�=\^IjO#vuZmZ]b[z�ehv�\mO_y�q¨¼%k ³
M,X

¸rxjlmbu�dlmvuM��@e�ZUz�bdtLZ]\^lmiLzº\mO_y�`YX½vuZmZ]b[z�ehv�\meftL�
bdtjO�vot@y�butjc�X
bdtjO�xjlmO_y[ehzNvo\^O�Z^X-Ma`@bdc

ṗ ∈ Σ̇P

bu�=vul^ef\pX
n + 2

\^b�O8vuz{I�xjlmO_y[ehzNvo\^O�Z^X-Ma`@bdc
p ∈ ΣPbu��vul^ef\pX

n
�FHJIjOU\^l{vot@Z]chv�\mefbdt

Π
bo��\^IjO�T/q¨¼%k xjlmbu�ul{voM»ehZ'vuZ¨�¯bdcfc�b ¡ Z%'

���3G��! 



� ªf«�¬��+�^­º¬�� �^­��a­{­m®d­{® � « � � ª�«>¬N­{®���«8®	�[ªf­�

�>¬�� ­ !a¬ �d�

Πµ(ν :p(~t)) = ṗ(µ, ν,~t)
Πµ(A, A′) = Πµ(A), Πµ(A′)

Πµ

(

p0(~t)← c|α
)

= ṗ0(y, µ,~t)← allow(µ, y, p0), c|Πµ(α)
Πµ (

⋃

{(A← c|α)}) =
⋃

{Πµ(A← c|α)}

Π (
⋃

{(µ,Dµ, Iµ)}) =
⋃

{Πµ(Dµ)}

Π〈〉
(〈

ν − µ :p(~t)
〉)

= ṗ(ν, µ,~t)

Π〈〉 (γ, γ′) = Π〈〉 (γ) , Π〈〉 (γ′)

H�vu`jcfO�� 'FÉjbulmM�voc4\mvutLZ^c�vo\^e�but�bo�=T²q¨¼%k ³
X
¸¨\mb+q¨¼�k ³

M,X )

� � Ï * Ï � � � �ÈÏ-+ �D4
� �=�%Ï � + Ð +�Ë �8� � # ­�� P �	<D® (c|γ) �{­/� 8 �+�^­ � � #"% 8��^«�� � � ! � <4® � 8 �+�^­
� � #"% �d«���ª

if
(

(c|γ)
P
−→ (d|γ′)

)

then

(

(c|Π〈〉(γ))
Π(P)
−−−→ (d, allow(y, µ, p), y = ν|Π〈〉(γ′))

)

� « ��¬N« !�­ ν � µ � p �	<D®P¬��L©��0�!�L�	� y :h¬ <D«	� � �m­m­�: < d  

� � Ï%Ï-?=4¤¼%O�\�iLZPZ^ijxjx4bdZ^O
((c|γ) P−−→ (d|γ′))

�Á¼%O�\ 〈

ν − µ :p(~t)
〉 `4O�\mIjO½Z]O_cfO8zº\mO_y5vo\^bdMÆeft

γ
�

HJILONt
γ
ehZ�bo�s\^IjO#�¯bdl^M (

γ1,
〈

ν − µ :p(~t)
〉

, γ2

) �¯bdl�Z]bdMPO
γ1
votLy

γ2
�#�rONtLzNO ¡ OPILv>¢dO Π〈〉(γ) =

(

Π〈〉(γ1), ṗ(ν, µ,~t), Π〈〉(γ2)
) ��¼�O�\

(p(~s)← c′|α)θ
`@OJ\mIjO'Z]O_cfO8zº\mO_yPz�chvoiLZ^OJeft#MPb[y[ijc�O

µ
��HJILONt ¡ O

I@v>¢uO
(ṗ(y, µ,~s))← c, allow(y, µ, p)|Πµ(α)) θ

eft#\^ILO
\^l{votLZ^chv�\^e�but#bo�
P
���/O'vochZ^bUI@v>¢uO

d = (c,~t=
~s, c′)

�
X |= ∃(d)

vot@y
(ν =µ)∨(p ∈ I)

� Å Z
(ν =µ)∨(p ∈ I)

ehZ£\ml^iLOu�8\^IjO¨z�bdtLZp\mlmvueft-\
allow(ν, µ, p)ehZ�\^lmijO#eft

M
�£IjONt@z�O ¡ O#ILv>¢dO X ,M |= ∃d′ ¡ ef\^I d′ = (c, (ν, µ,~t) = (y, µ,~s), c′, allow(y, µ, p)

�
HJILONlmO��¯bulmO ¡ O�ILv>¢dO ((c|Π〈〉(γ))

Π(P)
−−−−→ (d′|Π〈〉(γ′)))

�
�

�sË � � � �54 
! �j­ � �C<4©���:È« <j¬ Πµ
�	<D® Π〈〉 � �^­�: < � ­{©>�;: ��­  

� � Ï%Ï-?=4
Πµ

but±g-iLvoc�e �@O_y/v�\^bdMPO_Z_��v�\mbuM�Z^O_g-ijO_tLz�O8Z�votLy;zNc�vuiLZ]O8Z�e�ZRv½z�buMPx4bdZ^e¥\mefbdt²bu�¨e�t�npO8zº\^e�¢uO
�¯iLtLzº\mefbdtLZ�vot@y�\mIjONlmO��¯bdl^O�ehZ�e�t�npO_z�\^e�¢uOd��Éjbdl�\^IjO�Z^vuM#O�lmO_vdZ]bdt

Π〈〉 ehZ�eftonpO_zº\mef¢dOu��§sO8zNvuiLZ]O Πµ

bdt
MPb[y[ijc�O_ZJehZJ\mIjO�x@bdeft-\ ¡ ehZ]O�ON�-\mONtLZ^e�but�bo� Πµ

yjO>�LtjO8y�but�z�chvoiLZ^O_Z_�[e¥\'ehZJe�t�npO_z�\^e�¢uO�\^bYb@�
�

� � Ï * Ï � � � �ÈÏ-+ �D4
���=�aÏ ��* 5 Ë � Ë +�Ë �_� � # ­>� P �	<D® (c|γ) �{­ � 8 �+�^­ � � #"% 8%�m«��&� � ! � <4® � 8 �+�^­
� � #"% �d«���ª

if

(

(c|Π〈〉(γ))
Π(P)
−−−−→ (d|α)

)

then
(

(c|γ)
P
−−→ (d′|γ′)

)
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�>� � # !������d­ !�!�­ �ºª #������ �	<	�8« :h¬
�D���d­�¬

� �L­ �m­ Π〈〉(γ′) = α � <4® d′ =(d, allow(y, µ, p), y = ν)
� « ��¬N« !�­ ν � µ � p � <4®�¬N�L©�� ��� � � y :h¬ <4« �� �m­m­�: < d  

� � Ï%Ï-?=4F¼%ON\�iLZ�Z]ijxLx@b-Z]O=\mILv�\
((c|Π〈〉(γ))

Π(P)
−−−−→ (d|γ′))

��HJILO z�bdtLZp\mlmvueft-\
c
y[bYO8Z%tjbu\�z�bdtd\{voe�t�votYX

allow/3
z�but@Zp\mlmvueft-\=Z]e�tLz�O

(c|γ)
e�Z=vUT²q¨¼%k;�dbdvoc´��¼�O�\

q(~t)
`@O¨\mIjO
Z]O_cfO8zº\^O8yavo\^bdM��

Π〈〉(γ)
ehZ�bo�@\^IjO

�¯bdl^M (

γ1, q(~t), γ2

) �¯bul�Z^buMPO
γ1
votLy

γ2
���'ONt@z�O ¡ O=ILv>¢uO γ =Π〈〉−1

(γ1), p(ν, µ, ~t′), Π〈〉−1
(γ2)

¡ ef\^I
q= ṗ

votLy
t=(ν, µ, ~t′)

� ¼%ON\
q(~s)← c′|β

`4O�\^ILO�Z]O_cfO8zº\^O8y�z�chvoiLZ^Ou���/O�ILv>¢uO
p(~s′)← c′′|Πµ′

−1(β)e�t \^ILO½efMPxjc�ONMPONt-\{v�\^e�but¤bu��Z^buMPO½MPb[y[ijc�O
µ′ � ¡ e¥\mI ~s = (y, µ′, ~s′)

vutLy
c′′ = c′, allow(y, µ′, p)¡ ILONlmO y

e�Z
�¯l^O8Z]I����/O�ILv>¢dO
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� HJIjO_l^ON�¯bulmO¤���¯bdl
α =

(Π〈〉−1
(γ1), Π

〈〉−1
(β), Π〈〉−1

(γ2))
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bu��\mIjO�iLZ^O_y�MPbYyjijcfO�vul^OUe�M#x4bul^\^O8y£�

) ��* Ï �8� �1+32 ��Ë �&59�[���[� �9Ï
+ � §¨X#iLZ]e�tj��\mIjO I @BAH6 � G*'DI ·*A�)��Uy[O8z�chvol{v�\^e�but��uZ]bdMPOry[O_zNc�vulmvo\^e�butLZ volmO
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HJILO��¯bdl^M�vuc'Z]O_MPvut-\^ehzNZPxjlmbux4bdZ^O_y5eft¤Z^O_zº\mefbdtLZ+�/votLy � ³ bdl � ¸Pz�c�O_vul^c�X y[O��LtjO�\^ILO½¢-ehZ^ef`je�c�e¥\pX bu�
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v#Z^Ijbdl]\{z�i[\J�¯bul�µo¶[·Y·>. � G*'DI ·*AF2 0J8-�
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-v>¢�v�chvotL�uiLvu�uO¨ILvuZ=`4ONO_tPeft-\^lmb[y[iLzNO_y£�
Å x@vuz{Ç�vo�dOsehZFy[O��LtjO_yPvdZ=vUZ^O_g-ijO_tLz�OJbu�Dvo\^buM�Z=Z^ONxLvulmvo\^O¨`YXRZ]chvuZ^IjO8ZN��HJIjO
tjbo\mefbdtPbo�@MPb[y[ijc�O
tLvuM#O
ehZJO��Y\mONtLy[O8y�\^b�vot½v�\mbuM�bdl'v#xLvoe�l
xLvuz{Ç�vu�uO'�¨v�\^bdM¿Z^ONxLvulmvo\^O_y
`YX
v�Z]chvuZ^I%�
ÉLbul ZmvoÇdO¨bu�DzNbutLzNe�Z^ONtLO_ZmZN�>\mIjOry[e�l^O8zº\mef¢dO # �9` G C*E9)��sILvuZF`@O_ONt�vuyjyjO_ya\^b�e�MPx@bdl]\FMPb[y[ijc�O
tLvoMPO8ZN�

ÉLbul�O��jvoMPxjc�Ou�'\^IjO²iLZ]O/bo� :M< # �9` G C�E5. G A " ¶ # )[µu·c`*CJ8�eft@y[e�z_v�\mO_Z
\^b \mIjO;Z]X[Z]\^ONM \mILv�\�\^IjO/v�\mbuM
µd·c`HC²lmO��¯O_lmZ�\^b�\^IjO�MPbYyjijcfO�µd·�`HC/`@O_cfbdtj�ue�tj��\^b�\mIjO�xLvuz{Ç�vo�dO G A " ¶ # � � t \mIjO�Z^vuM#O ¡ v>Xd� ¡ ef\^I:M< # �9` G C�E5. G A " ¶ # )D698Y�8\^IjO�iLZ^ONl
zNvut�e�MPx@bdl]\'vucfc£MPb[y[ijc�O_ZJbu��\^ILOUx@vuz{Ç�vo�dO G A " ¶ # ��HJIjO�efMPx4bul^\Jbu�
\ ¡ bPMPbYyjijcfO8Z ¡ e¥\mI�\^IjO�ZmvoMPO�tLvoMPO�ehZ
Ijb ¡ ON¢uO_l �¯bdl^`Le�yjyjONt%�

���
� � � � ��� ����� ��!������"! �"��� 
 � �	���
HJILORvuz�\^iLvuc�e�M#xLcfO_M#O_t-\mv�\mefbdt�bo�=bdijlrMPb[y[ijc�OaZ^X[Zp\mONM z�but@Z]ehZp\{Z'bu�=v
c�v>XdONl8� ¡ lme¥\^\^ONt�eft½kFlmbuc�bu�@�Lbdt
\mIjO�\^bdxÀbu��Â�Ã�Ä kFlmbuc�bu�;w'� � �	�´�
v/¢uO_lmZ^efbdt5bu��Â�ÃrÄ k l^bdcfbd�²ON�-\mONtLyjO_y ¡ e¥\mI¤z�bulmbuij\^e�tjO_ZPvot@y
vo\]\ml^e�`ji[\mO_y�¢�volme�vu`jcfO8ZN��HJIjehZ
chv>XuONl¨ehZ'z�bdM#x4bdZ^O_y�bo� '


 v#xjl^O_xjlmbYzNO_ZmZ]bdl \mILv�\rzNbutY¢uO_l]\{Z¨M#b[y[iLc�vul'z�b[y[O�eft-\mb�tjbut[��MPb[y[ijchvol
z�b[y[O �


 v#cfe�`jl{volmX�\^bPILvutLy[c�O�y[XYtLvoMPehzUz_voc�c�Z �


 vUtjO ¡ \^bdx[�´c�ON¢dONc´�>\^ILvo\=\^l{votLZ^xLvul^O_td\mcfX�e�t-\^O_l^xjlmO�\{Z�M#b[y[iLc�vul=xjl^bd�ul{voM�Z�votLy#ehZ=vo`jc�O¨\^b�y[XYtLvoM#�
e�z_voc�cfX�z�buMPxje�c�O�votLy�cfb-vuy�MPbYyjijcfO8Z
votLy�\mIjONe�l'y[ONx4ONt@y[ONtLzNefO8ZN�

���3G��! 
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Å \^\^lmef`Li[\^O8y�¢�volmehvo`jc�O_Z�volmOaiLZ^O_y�\^b�l^O_xjlmO_Z^ONt-\UzNcfb-Z]ijlmO_Z_�DvotLy²volmOaiLZ^O��¯iLc�\mb�xLl^bu\^O_z�\�\mIjONM°�¯l^bdM v
! lmON¢uO_lmZ^O�ONtL�ue�tjONO_l^e�tj�	"Rvuxjxjlmbdvuz{I��4vdZ'\mIjONX��¯bdl^`jehy�\mIjOai@Z]O_lr\mb�ILvdz{Ç�\^IjO#eft-\mONlmtLvoc�l^O_xjlmO_Z^ONt-\mvo\^e�but
bu��z�c�bdZ^ijlmO_Z_��HJILe�ZJehZs\^IjO�butLcfX�lmO_vdZ]bdt�\^bPiLZ^OUvo\]\ml^e�`ji[\mO_y�¢>vul^ehvo`LcfO8Z e�t
\mIjO�efMPxjc�ONMPO_td\{v�\mefbdt
bo��\^IjO
MPb[y[ijc�O�Z^XYZ]\^O_M��

� ���R& � ��	��N������� �º$�����$����J	¾�����������! #"��%$��'&(�

� t5\^IjehZ�Z^ij`LZ^O_zº\mefbdt%� ¡ O�xLl^O8Z]O_td\�v�`Ll^e�O��Ub�¢uONlm¢YefO ¡ bo�rON�YehZ]\^e�tj�/Z^XYt-\mvuz�\^ehz
MPb[y[ijc�O�Z]X[Z]\^ONM�ZPvot@y
Z^Ijb ¡ ILb ¡ \^ILONX�yjO_voc ¡ ef\^I�\mIjO�xjlmbu`jc�ONM�bu��ILef�dI[�´bdlmyjONl8�

���	� � � 	 � � � � � ��� �	� ���
� t±Q � qJQ-\miLZ � �d�%����vucfc�xjlmO_y[ehzNvo\^O8ZUvul^O#xjij`Lcfehz ³ �¯bdl^M�voc�c�X��¯bul�voc�c�MPbYyjijcfO

(µ,Dµ, Iµ) ∈ P ¡ O#ILv>¢uO
Iµ = ΣP

¸��0E�t;\mIjO+bo\mIjONlRILvotLy%��\mIje�ZaZ]X[Z]\^O_M�y[bYO_Z�tjbo\RxLl^b�¢Yehy[O�votYX�ÇYe�tLy;bo�
z�b[y[O+xLl^bu\^O_z�\^e�but%�
HJI@votjÇ[Z¨\^b#\mIjO �JADE[¶H6c`HC(A '$# µu¶DEHA�y[eflmO_z�\^e�¢uOd�Y\^ILvo\rvoc�cfb ¡ Zs\^b�ON�[xjcfehz�ef\^c�X�yjO_z�chvolmOUM#ON\mvo�´xjlmO_yje�z_v�\^O8ZN�
\mIjOaZ^X[Zp\mONM¾e�ZUvo`LcfO�\mb
e�MPxjcfehz�ef\^c�X½vuyjy½\^IjO#zNvoc�c�eftj��z�but-\mO��Y\'\^b
M#ON\mvo��yjvo\mvL�rHJIjO�xjlme�tLz�e�xLvoc�y[O��¯O8zº\
bu��\mIje�Zrvoxjxjlmbdvdz{I
ehZ¨\^IYiLZJ\mIjO�vo`@votLy[bdtjMPONt-\
bo��\^IjO�xjlme�tLz�e�xjc�OUbu��e�MPxjc�ONMPONt-\mvo\^e�but�Ijehy[e�tj�L�

���
� � 	��'� � � � �
�Jq¨¼%e�ksQYO ���>��xjl^bdx@b-Z]O8Z
vot�e�td\mONlmMPO_y[ehvolmX
Z^buc�i[\^e�but%� � t��Èvuz�\'e¥\�xjl^b�¢Yehy[O_Z¨\ ¡ b+y[ef¦4O_l^O_t-\rxjlmO_y[ehzNvo\^O_Z
\mb½eftY¢dbuÇuOPMPO�\{v�� zNvucfchZN��HJIjO �Ll{Zp\�bdtjO :1)��½`@O_ILv>¢uO8Z�vuZPµu¶[·Y·*)�� ³ y[O>�LtLO_y;e�t;Z^O_z�\^e�but � ¸ ¡ ILONlmO_vuZ
\mIjO�Z]O8z�bdtLy
bdtjO��H)��Pyjb-O8Z¨tjbo\'M�voÇdOUvutYX�x@O_l^MPehZ^Z^efbdt
\mO_Z]\_� � \
xjlmb�¢Ye�y[O8ZJvochZ]bPvPy[eflmO_z�\^e�¢uO E G*G ·�)��d�
³ votLvucfbd�ubdiLZ
\mb�\mIjO �JABEj¶H6c`HCHA '$# µu¶BE(APy[e�lmO_zº\mef¢dO8¸'\^ILvo\�voc�cfb ¡ Zr\^IjOPe�MPxjcfehz�ef\RvuyLy[e¥\mefbdt�bu� \^ILOPz_voc�c¥�
e�tj��z�bdtd\mO��Y\�vuZ�volm�uijMPO_td\Ubo�s\^IjO#MPO�\mvo�´xLl^O8y[e�z_v�\mOu�R�rONtLzNOR�¯bdl�v�z�bdMPM#bdt�iLZ^O#\^IjO#xjlmbu�dlmvuM#MPO_l
O_MPxjcfb�X[Z :O)���vot@y��H)��
�¯bdl�MPO�\{v���xjlmO_y[ehzNvo\^O_Z_��HJILe�Z�Z^buc�i[\^e�but�I@vuZr\^IjOPvuy[¢�vutd\{vo�dO�bo� c�e�M#ef\^e�tj��\^IjO
iLtLvoi[\mIjbulme)/NO_y#zNvucfchZ=M�vuyjO
eft+v�ijt@z�but@Z^zNefbdiLZ ¡ v>Xd��ÃrbutjON\^IjO_cfO8Z^Z_�uvdZ=`@ON�¯bulmONILvutLy£�de¥\ ehZ=tjbu\Fx@b-Z^Z^e�`jcfO
\mb
O_tLZ]iLl^O�\mIjORILe�y[e�tj��bo� votYX�xjlmO_y[ehzNvo\^Od� � \Uz_vot�`4ORtjbu\^ehz�O8y�\^ILvo\�\mIjehZrxjlmbux4bdZmvoc�e�Z�¢uO_l^X�z�c�bdZ^O�\^b
\mIjO � QLE|butjO ����� ���

��� � �
	 ��� ��� ��� ���
ÉLbulaM#ON\mv�xjl^bd�ul{voMPMPeftL�L�=QY� � kFlmbuc�bu�/� �o�	�¨iLZ^O_Z#v�Z^c�ef�dId\mcfX;y[ef¦4O_l^O_t-\PZ^ONM�vot-\me�z_Z��¯lmbuM�\^IjO�butjO
xLl^bdx@b-Z]O8y
e�t½Z]O8zº\^e�but � � � t��Èvdzº\8�@QY� � ILvot@y[cfO8Z¨\ ¡ b�y[ehZ]\^e�tLzº\�z_voc�cfe�tj��z�bdt-\^O��Y\{ZN� HJILO��¯bulmM#O_l_�Y\mILv�\
¡ O�zNvucfc ¬�� � ��:È©�©{«	<
��­�� � �£xjchv>X[Z�\^IjO�lmbuc�Oabu� \mIjO+zNvucfc�eftL��zNbut-\^ON�-\�e�t±v
MPb[y[ijchvolaqJQ[¼��»\^l{vot@Z]ef\^e�but%�
HJILO�c�vo\]\mONl8�J\^ILvo\ ¡ O²zNvoc�c ® �	<-� !�:È©±©{«	<
��­�� � �Jxjchv>X[ZP\^ILO�lmbuc�O½bo��\^IjO/zNvucfc�eftL� z�but-\mO��Y\
e�t v±zNvucfc
\mlmvutLZ^e¥\mefbdt%�a§¨X�y[ON�Èvoijcf\�\^IjO�y[XYtLvuMPe�zPz�bdt-\^O��Y\�e�ZU\mIjO�Z^vuMPOR\mILv�\�\mIjO�Zp\{v�\^ehzPz�bdtd\mO��Y\_�#�'b ¡ ON¢dONl8�
�¯bdl�v
M#ON\mvo�´xjlmO_yje�z_v�\^Od�L\mIjOayjX-t@voMPe�zaz�bdtd\mO��Y\rehZ'\mIjOPz�but-\mO��Y\rbo�=\mIjO#�ubdvuc%\mILv�\�zNvoc�chZ'ef\_� � t²QY� � �
xLl^O8y[e�z_v�\mO_Z ¡ e¥\mIÁ\^IjehZ�`4ONILv>¢Ye�bul�volmO�z_voc�cfO8y ! MPb[y[ijc�O�\mlmvutLZ^xLvolmONt-\ "�votLyÁvolmO�yjO_z�chvolmO_y ¡ ef\^IÁ\^IjO
yjeflmO_z�\^e�¢uO � G*'BI ·*AH6BE*Cj¶ % @P`j¶DC(A % E9) �d�P§¨X;y[O_zNc�vul^e�tj� "HG Cj¶Y·Y·�)���vuZ ! MPb[y[ijc�O�\^l{vot@Z]xLvul^O_t-\ "º��QY� � �
k l^bdcfbd�aON�YO8z�i[\mO_Z¨\mIjO�xjlmON¢YefbdiLZ¨O��jvoMPxjc�O�vuZ¨ON�Yx4O_z�\^O8y£�
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ÃrbutjON\^IjO_cfO8Z^Z_�4v
y[XYtLvoMPehz�zNvucfc�yjb-O8Z'tjbu\�`4ONILv>¢dO�vuZ�v+Zp\{v�\me�z�bdtjOu�
HJIjO_l^ON�¯bulmO ¡ e¥\mI�v ! MPbYyjijcfO
\mlmvutLZ^xLvolmONt-\ "�xjlmO_y[ehzNvo\^Ou�j\^IjOR\ ¡ b��dbdvochZ `3.��$8#votLy .74��D`5.��J8?2�µu¶Y·Y·>.74$8*8�y[b
tjbo\�z_voc�cK`�)���e�t½\^IjO
ZmvoMPO�MPb[y[ijc�Ou�
HJIjO��¯bdl^MPONlrMPvuÇuO8ZJ\^IjOazNvoc�c%e�t�\^IjO#Zp\{v�\me�z�zNbut-\^ON�-\8� ¡ IjO_l^O8vuZ¨\mIjO�chv�\]\mONl�MPvuÇuO8Z
e¥\
e�t�\^IjO�yjX-t@voMPe�z�zNbut-\^ON�-\8�
T½bdl^O_b�¢uO_l_�u\^IjO8Z]O�z�bdt-¢dONt-\^e�but@Zsy[b#tjbu\¨xjlmb�¢Ye�yjO�v#z�b[y[OUxjl^bu\^O8zº\^e�but�vuZJZp\ml^bdtj�RvdZ ¡ O ¡ vutd\8�=Éjbul

e�tLZ]\mvutLz�Od�u\mIjO�i@Z]O�bo�%\mIjOre�MPxjcfO_MPONt-\mvo\^e�but
bu�£\^IjO "$#�%H' ¶[·Y·�)D+UxLl^O8y[e�z_v�\mO ³ yjO>�LtjO8y+e�t+\mIjOrON�[vuMPxjcfO
�j� �-¸
y[bYO_Z�tjbu\ ¡ bulmÇ
`4O�\]\mONlUONef\^IjO_l�e�t²QY� � �£vucfc�vuZmZ]O_l]\mefbdt-6>lmO�\mlmvdzº\^e�but�`4ONe�tj�
M�vuyjO�eft�\^IjOPzNvucfc�eftL�
MPb[y[ijc�O�e�tLZp\mO_vdy
bu��\^ILO�zNvoc�c�O_y�MPbYyjijcfOd�

��� � 	 � ��� � ��� �	� ���
qsbdtLz�O_x[\^i@voc�cfXd��q � Å E kFlmbuc�bu�#� � �Fvdy[bux[\{Z�v�zNcfb-Z]O8y�MPb[y[ijc�OPZ^X[Zp\mONM�� � t/bul{y[ONl�\^b�voc�c�b ¡ \^IjOPM�v��
tLefxjiLc�vo\^e�but�bo��MPON\mv�� yjvo\mv�\mIjlmbuij�dI
\mIjO�M#b[y[iLcfO�Z^XYZ]\^O_M��[e¥\
xjlmb�¢Ye�y[O8ZJvot�vdy[¢�votLzNO_y
¢uONl{Z^efbdt
bo��\^IjO
yjeflmO_z�\^e�¢uO �JADEj¶�6c`HC(A '�# µu¶DE(A�)��u�
§¨O��¯bdl^O
z_voc�cfe�tj�½\mIjO
MPON\mv���xjlmO_y[ehzNvo\^O8ZN��\^IjO�Z]X[Z]\^O_M zNbuMPxje�cfO8Z�bdt
\mIjO �LX�MPO�\{v�� yjv�\{v��¯bdcfc�b ¡ eftL��v�MPO�\^ILbYy/vot@voc�bu�uiLbuiLZr\^b�\^IjOPbdtjOPxjl^O8Z]O_t-\^O_y�eft;Z^O_zº\mefbdt � �#QYe�tLz�O
\mIjehZ
z�buMPxje�chv�\^e�but�ehZ
y[butjOU`4O��¯bulmOU\^IjO�z_voc�cDbo��\mIjO�MPO�\{v���xjl^O8y[ehzNv�\mOu�-\^ILO�Z^X[Zp\mONM�ehZJÇYtjb ¡ Zs\^IjO�z_voc�c¥�
e�tj�±z�bdt-\^O��Y\+e�t ¡ Ije�z{IÁ\mIjO½MPO�\mvo��yLv�\mv/MaiLZp\+`4O�zNvucfc�O_y%�s\mb;bu`[\{voe�tÀ\mIjO½O��[x4O_z�\^O_yÁlmO_Z^ijcf\_� HJIjO
MPON\mv���xjlmO_y[ehzNvo\^O�ILvutLy[c�O_ZJ\mIjONt�v�zNbuMPxje�cfO8y�¢dONl{Z]e�but�bo��\^ILO�M#ON\mvo��yjvo\mv#\mILv�\'ehZ'x4bdZmZ]e�`jc�OU\^b+e�tY¢ubuÇdO
¡ ef\^I�\mIjORxLl^O8y[e�z_v�\mOPµo¶[·Y·�)��u� Å Zr�ÈvolrvdZ
\mIjORZ^XYZ]\^O_M¾yjb-O8Z'tjbu\�y[b[z�iLM#O_t-\�votYX
xLl^O8y[e�z_v�\mO ³ ON�[zNONx[\
µu¶[·Y·�) �>¸svo`jc�O�\^b�z�lmO_v�\mO�bul'M�votLefxjiLc�vo\^O�Z^iLz{I½z�buMPxje�c�O_y�MPO�\{v�� yjv�\{vj�[\mIjO�efMPxjc�ONMPO_td\{v�\mefbdt½Ije�yjeftj�
xLl^bdx@O_l]\pX�ehZ
xjlmO_Z^ONlm¢uO8y£�
Å c¥\mIjbuij�dIRtjbu\�zNcfO8volmcfX�Z]\mvo\^O_yReftR\^IjO¨M�votYiLvuc9�dq � Å EÀkFlmbuc�bu�Uy[bYO_Z�M�voÇuO¨v�yje�Z]\^e�tLzº\mefbdtR`4O�\ ¡ ONO_t

\mONlmM�Z�vutLy�Ije��uIjO_l]��bul{y[O_l�yjv�\{v ³ e´� Ou��z�bdM#xLefc�O_y�¢dONl{Z]e�but@Z%bo�j�dbdvuch¸����'b ¡ ON¢dONl8�_e�tLZ]\^O_vdy�bo�@Ije�yjeftj�r\^IjO8Z]O
bd`[npO_z�\mZJ`4ONIje�tLy�vPy[e�l^O8zº\^e�¢uOd� ¡ O�xjlmbux4bdZ^OU\^bPM�votje�xjijchv�\mO�z�c�bdZ^ijlmO_ZJvuZ��Ll{Z]\]� z�chvuZmZ¨zNe¥\me /_ONtLZ_�

��� � � ���
HJILO��UQ[§ Z^X[Zp\mONM � � � ��ehZrvuc�Z^b
zNbutLZ^e�yjONlmO_y�vuZ�v+Z]XYt-\mvdzº\me�z�Z^X[Zp\mONM��4`ji[\r�¯bdcfc�b ¡ Z'v+g-ijef\^O#y[ef¦4O_l^O_td\
vuxjxjlmbdvdz{I%� � t¤�Èvuz�\_�
\mIje�Z�Z^XYZ]\^O_M `4ONc�butL�dZ�\mb±\^ILO²z�chvuZmZ+bu� �	� « ! - �N�>¬N­{® Z^XYZ]\^O_M�ZN�
l{v�\mIjONl
\^ILvut
8��^­{®	:È©N�	� ­ �N�>¬N­{® �sHJILO�MPvueft½y[ef¦DONlmONtLzNO�e�ZJ\mILv�\
�UQ[§ M#b[y[iLc�vul^e)/NO8Z¨�¯ijtLzº\mefbdt½Z]XYMR`4buchZJ\mb-b@� �'O_tLz�O
\ ¡ bazNbuMPx4buijtLy+\^O_l^M�ZJz�bdtLZp\ml^i@zº\^O8y+e�t
\ ¡ bayje¥¦DONlmONt-\JM#b[y[iLcfO8Z
zNvot�tjbo\J`4O�ijtLe �LO8y£� � t�vRMPb[y[ijc�Ou�
ef\'ehZ
x@b-Z^Z^e�`jcfO�Ijb ¡ ON¢dONl¨\^b�e�MPx@bdl]\'xLij`jc�e�z�Z^XYMR`4buchZJ�¯l^bdM¿votLbo\^ILONl
MPb[y[ijc�Ou�[\mIjORZ^XYZ]\^O_M¿z�bdtLZ^e�y[O_lmZ
\mIjONt�\^I@v�\J\^IjOU\ ¡ baMPb[y[ijc�O_Z
Z^ILvul^O�\^IjO�ZmvoMPO�Z]XYMR`4buchZ_��HJILOUZ^ONM�vot-\me�z_Zsbu��\mIjO#µo¶[·Y·�)��rxLl^O8y[e�z_v�\mO
ehZsIjONtLzNO�¢dONlmX�Z]e�MPxjcfO '�\^IjOUMPO�\{v�� zNvoc�cLbu��vR\^ONlmM z�bdl^lmO_Z^x@bdtLyjZF\^ba\^IjO�zNvucfc4bo�%\mIjOUxjl^O8y[ehzNv�\mOrbu�%\^IjO
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