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a\b,j"x"b�g]y w�c0w b,b,_Sk1jZ~"_Eb�g]Ë\m �&m jNc�f2g]e/�`f,r\_za\b,j"x"b�g]y y2t/c�f�ËC_8b,_Sc�f�g]bdf,_S� npb,j"y f,r\_z~"_Eb,� ËC_Ex"w e\e\w e\x/{�|}r\_8cdw f,t/gZf,w j"e
ËC_Sk1j"yi_Sc�_E~"_Ee0��j"b�cd_Üw e2gqa/g]b�g]m m _Em"a\b,j"x"b�g]y&�E�qr\w�k�r�w�c�b,t\e0j"e2�lw �o_Eb,_EeNf�k1j"yia\tlf,_Eb�cE{ 	hc�f,r\_�b,t\e\e\w e\xqf,w yi_�w e/k1b,_Sg"cd_ScE�
w f�ËC_Sk1j"yi_Sc}yij"b,_0g]e/��yij"b,_:m w �"_Em �zf,r/gZfqf,r\_0a/g]b�g]m m _Emoa\b,j"x"b�g]y e\_E~"_Eb�f,_Eb,yiw e/gZf,_Sc�cdt/kEk1_Sc,c�npt\m m �"{
- e�j"b��l_Eb�f,j*�l_Sg]mN�qw f,r�f,r\w�c%t\e/c,gZf,w�c�nsg"k
f,j"b,�*cdw f,t/gZf,w j"e��]�lw �o_Eb,_EeNf�f,_Sk�r\e\w��Nt\_Sc�npj"b%b,_Sk1jZ~"_Eb,w e\x�npb,j"y#k1b�g"cdr\_Sc��qw f,r\j"tlf

f,r\b,jZ�qw e\x�j"tlf2g]m m>j]n�f,r\_za\b,j"x"b�g]y&µ c*��j"b,�Hr/g
~"_�ËC_E_Ee�a\b,j"aCjNcd_S� w e`f,r\_zm w f,_Eb�gZf,t\b,_"{ �he f,r\_zj"e\_zr/g]e/�����\gZf�g]Ë/g"cd_
f,r\_Ej"b,�6r/g"c�g·m j"e\x�f,b�g"�lw f,w j"e w e f,r\w�c��/_Em�� f,r\j"t\x"r��hj"b,w x"w e/g]m m �"�qb,_Sk1jZ~"_Eb,�6k1j"e/k1_Eb,e\_S��j"e\m ���\gZf�g\�he\j]f�a\b,j"x"b�g]y
_1vl_Sk1tlf,w j"e�{ - e��\gZf�g]Ë/g"cd_ScE��c�f�g]Ë\m _ic�f,j"b�g]x"_�g]e/��m j"x��/m _Sc:g]b,_�t/cd_S�Hnpj"b*f,r\w�c:a\t\b,aCjNcd_	
 ¯/��­S²��Å{ �he�f,r\_ij]f,r\_Eb:r/g]e/���
f,r\_Eb,_2g]b,_:f,_Sk�r\e\w��Nt\_Scqnpb,j"yÃ�lw�c�f,b,w Ë\tlf,_S��k1j"yia\tlf,w e\x/�C_"{�x/{/b,_Ea\m w�kEgZf,_S�Hc�f�gZf,_�yzg"k�r\w e\_Sc�
 ³\­���g]e/�Hk�r\_Sk���aCj"w eNf,w e\x�
 ¹��Å{
|}r\_Scd_*f,_Sk�r\e\w��Nt\_ScE�lr\jZ��_E~"_EbS�lkEg]e\e\j]fqb,_Sk1jZ~"_Eb�npb,j"y gik1b�g"cdr�j]n>g]m m�k1j"yia\tlf,_Eb�cqgZf}f,r\_�c,g]yi_*f,w yi_"{
- e�f,r\w�c%a/g]aC_EbS�Z��_�a\b,_Scd_EeNf�gha\b,j]f,jlk1j"m"npj"b�f,r\_�nsg]t\m fduJf,j"m _Eb�g]eNf%_1vl_Sk1tlf,w j"e2j]n/m j"e\x]uÅb,t\e\e\w e\xha/g]b�g]m m _Em"a\b,j"x"b�g]yzc�j"e�g

e\_1f���j"b,�:j]nok1j"yia\tlf,_Eb�cE{%|}r\_qa\b,j]f,jlk1j"m�k1j"y2Ë\w e\_Sc%f,_Sk�r\e\w��Nt\_Sc�npb,j"y �\gZf�g]Ë/g"cd_�f,r\_Ej"b,��g]e/���lw�c�f,b,w Ë\tlf,_S��k1j"yia\tlf,w e\x��
f,r\_�a\b,j]f,jlk1j"m>f,j"m _Eb�gZf,_Sc�g]e��`e�t\y2ËC_Eb�j]n�k1b�g"cdr\_ScE{�|}r\_8a\b,j]f,jlk1j"m�w�c2gHx"_Ee\_Eb�g]m w �SgZf,w j"e�j]nqf,r\_�����w e/�\g��s��_Eb�cdw�c�f,_EeNf
��w e/�\g���a\b,j]f,jlk1j"m�
 ¬ ¿���f,j&k1j"e�~"_EeNf,w j"e/g]m�a/g]b�g]m m _Em%a\b,j"x"b�g]yzcE{ - e`g"�\�lw f,w j"e��of,r\_�a\b,j]f,jlk1j"m�k1j"y2Ë\w e\_Sc*w��l_Sg"chj]n���j"yi_1f
g]e/�0^`_Ew ��t\y�
 ¬ ²���npj"b%f,b�g]e/cda/g]b,_EeNf%g]a\a\m w�kEgZf,w j"e�b,_Sk1jZ~"_Eb,�h�qw f,r2w��l_Sg"c�j]n�+�_E~"_Sc�_1f>g]mJ{�
 ¬ ¹��Å�]�qr\w�k�r�t/cd_Sc�� �"!$#%#�&('�)*�"+�,.-$'
!$/0-$!$1(23#�)*�3,4)*��5]{
|}r\_2a\b,j]f,jlk1j"m�m _Sg
~"_Sc}f,r\_�w yia\m _Eyi_EeNf�gZf,w j"eHnpb,_E_�f,j�yzg]�"_2k�r\j"w�k1_Sc�w e cd_E~"_Eb�g]m�g]b,_Sg"cE{6�\j"bh_1v\g]yia\m _"�Cw f0�lj�_Sc�e\j]f

�l_1f,_Eb,yiw e\_zf,r\_7!$#�8989)*,:23#�)*�3,<;�j]n�f,r\_�a/g]b�g]m m _Em>a\b,j"x"b�g]y&��j"e`f,r\_�j"e\_zr/g]e/����Ë\tlf2w f�g]m m jZ��c:f,r\_8w yia\m _Eyi_EeNf�gZf,w j"e
f,j�w e/cd_Ebdfig k1j"yiyiw f�aCj"w eNfig]e��`f,w yi_"{7��w �"_E�qw�cd_"��w fz�lj�_Sc�e\j]fi�l_1f,_Eb,yiw e\_&gZf2�qr\w�k�r�f,w yi_�b,_Sg"��j"Ë)(�_Sk
f�c2y2t/c�f�ËC_
b,_Em _Sg"cd_S��{ ��f,r\_Eb�g"cdaC_Sk
f�cqg]b,_0k1j"yia\m _1f,_Em �8w x"e\j"b,_S�8w e�f,r\_0yijl�l_Em�j]n%j"t\bqa\b,j]f,jlk1j"mJ{�|}r\w�cqaC_Eb,yiw f�c}f,r\_:w yia\m _Eyi_EeNf�gZu
f,w j"e&f,j8f,t\e\_�f,r\_Scd_2a/g]b�g]yi_1f,_Eb�c�f,j�cdaC_Sk1w �Ck�_1�8k1w _Ee/k1��b,_S�Nt\w b,_Eyi_EeNf�cE{�|}r\_Eb,_1npj"b,_"�/��_2kEg]m m�f,r\_2a\b,_Scd_EeNf,_S�&a\b,j]f,jlk1j"m
g='>-�;�) 5?�@23+�,4,.-A&��9BA#�&C,D/0-�BA+�� E ,4F.,.#�E -A&(+��3,G-(H�-$!A� ,4)<#��7#IB�23+�&(+�E*E -AE 2"&(#(5?&(+�8�;
{
|}r\_�npjlk1t/c�j]nhf,r\w�cia/g]aC_Ebiw�c�j"e6g npj"b,yzg]m�a\b,j�j]nhj]nhf,r\w�cz�l_Scdw x"e·a/gZfdf,_Eb,e�{�^`_&a\b,jZ~"_8f,r/gZfif,r\_&_1vl_Sk1tlf,w j"e·j]n

f,r\_2a/g]b�g]m m _Em�a\b,j"x"b�g]y�j"eHf,j"a�j]n>f,r\_�a\b,j]f,jlk1j"m�ËC_Er/g
~"_Schg"chj"e g�k1j"e�~"_EeNf,w j"e/g]m�nsg]w m t\b,_1uJnpb,_E_2y2t\m f,w a\b,jlk1_Sc,cdj"bI��_E~"_Ee
w e·f,r\_Ha\b,_Scd_Ee/k1_�j]n:k1b�g"cdr�nsg]t\m f�cE{�|}r\_&e\j]f,w j"e6j]n:g npj"b,yzg]m}a\b,j�j]n*w�ci~Zg]x"t\_"{6^`_HkEg]m m�g`a\b,j�j]n�npj"b,yzg]mqw nhf,r\_Eb,_
w�c�g&yzgZf,r\_EyzgZf,w�kEg]mÜyijl�l_EmÜj]n�f,r\_8a\b,j]f,jlk1j"mJ�%g&yzgZf,r\_EyzgZf,w�kEg]mÜb,_Ea\b,_Scd_EeNf�gZf,w j"e j]n}f,r\_zb,_S�Nt\w b,_Eyi_EeNf0f,r/gZf�y2t/c�f2ËC_
yi_1fS��g]e/� f,r\_8a\b,j�j]n�w�c�w e`f,_Eb,yzc0j]n}f,r\w�c0yzgZf,r\_EyzgZf,w�kEcE{�^`_�kEg]m m�g&a\b,j�j]n�w elnpj"b,yzg]mÜw nqw f2w�c0e\j]f�w e�f,_Eb,yzc0j]n�f,r\w�c
yzgZf,r\_EyzgZf,w�kEcE�lË\tlf�w n�w f�w�cqw e�f,_Eb,yzc}j]n�j"t\b}t\e/�l_Eb�c�f�g]e/�lw e\xij]n%f,r\_0a\b,j]f,jlk1j"m�g]e/��j]n�f,r\_0b,_S�Nt\w b,_Eyi_EeNf�cE{
|���a\w�kEg]m m �"��a\b,j]f,jlk1j"m�chj]n�f,r\w�c0k1j"yia\m _1vlw f�� g]b,_�e\j]f0~"_Eb,w �/_S��npj"b,yzg]m m ��g]e��Hyij"b,_iËC_SkEg]t/cd_�f,r\_ia\b,j�j]nsc0g]b,_�m j"e\x/�

f,r\_E��g]b,_�f,_S�lw j"t/c�f,j�k1j"e/c�f,b,t/k
fÜg]e/��f,j0b,_Sg"��� f,r\w�c>g]a\a\m w _Sc%f,j0j"t\b>a\b,j�j]n/f,j�j/{�+�_E~"_Ebdf,r\_Em _Sc,cE�]��_}ËC_Em w _E~"_}f,r/gZf>npj"b,yzg]m
a\b,j�j]nscqg]b,_0e\_Sk1_Sc,c,g]b,�8ËC_SkEg]t/cd_�gia\b,j�j]n�w e&f,_Eb,yzcqj]n�j"t\b�t\e/�l_Eb�c�f�g]e/�lw e\xzj]n�f,r\_�a\b,j]f,jlk1j"m�yzg
��_Sg"cdw m ��yiw�c,c�giaCj"w eNf
w ezf,r\_*a\b,j�j]n��qr\w�k�r�w�c�g]m�cdj2yiw�c,cdw e\x2w e�j"t\b�t\e/�l_Eb�c�f�g]e/�lw e\x2j]n�f,r\_*a\b,j]f,jlk1j"mJ{�|}r\w�c��}g"c�g�a\b,j"Ë\m _Ey&�"npj"b�_1v\g]yia\m _"��w e
j]f,r\_Eb,�qw�cd_q_1v\k1_Em m _EeNf���j"b,��Ë��9Jht�g]e/�@��w�cd�"jZ~K
 ³ ¬ �Å{�LHj"b,_�g]b,x"t\yi_EeNf�c>w einsg
~"j"bÜj]nonpj"b,yzg]m\~"_Eb,w �CkEgZf,w j"ezkEg]eiËC_�npj"t\e/�
w e f,r\_iËCj�j"�Hj]n}�l_ �qj�_E~"_Eb:_1f�g]mJ{�
 ²��Å{  �m _Sg]b,m �"��w elnpj"b,yzg]m�a\b,j�j]nsc*yzg
�Hr\_Em a f,j&k1j"e/c�f,b,t/k
f0g]e/��f,jHk1j"yiy2t\e\w�kEgZf,_ig
npj"b,yzg]moa\b,j�j]n�{Ü��tlfS�\w elnpj"b,yzg]m�a\b,j�j]nsc}g]b,_:e\j]fhcdtl�8k1w _EeNfS{
- e�g"�\�lw f,w j"e�f,j�r/g
~"_8g&~"_Eb,w �/_S���l_Scdw x"e�a/gZfdf,_Eb,e�npj"b0f,r\_znsg]t\m fduJf,j"m _Eb�g]eNf�_1vl_Sk1tlf,w j"e�j]nqa/g]b�g]m m _EmÜa\b,j"x"b�g]yzcE��f,r\_

a\t\b,aCjNcd_�j]nhf,r\_&a\b,j�j]n*�}g"c�f,j��l_E~"_Em j"a6g]e/��f,j�~Zg]m w��\gZf,_�f,r\_Hg]a\a\m w�kEg]Ë\w m w f���j]n:g`a\b,j�j]nhyi_1f,r\jl�·npj"bzk1j"e/cdw�c�f,_Ee/k1�
yijl�l_Em�cE{�|}r\j"t\x"r�c�f,w m mÜt\e/�l_Eb��l_E~"_Em j"a\yi_EeNfS��f,r\_8yi_1f,r\jl��t/cd_S�M
 ­S³l��­ ¬ ��­E¯\� ¬"¬ � ¬ ³����}g"c��l_Scdw x"e\_S� npj"b�~"_Eb,w np��w e\x
��_Sg]��k1j"e/cdw�c�f,_Ee/k1��yijl�l_Em�c	
 ¸��}­"­]�q­Z¸N�Å{PO�_Eb,_"�Ü��_�r/g
~"_�cdr\jZ�qe�f,r/gZf�f,r\_&a\b,j�j]n�f,_Sk�r\e\w��Nt\_&kEg]e6g]m�cdj ËC_&g]a\a\m w _S�
f,j�cd_S�Nt\_EeNf,w�g]m�k1j"e/cdw�c�f,_Ee/k1��g]e/��f,j�gzyij"b,_�k1j"yia\m _1v&a\b,j]f,jlk1j"mJ�\�qr\w�k�r�k1j"y2Ë\w e\_Sc}nsg]t\m fduJf,j"m _Eb�g]e/k1_"�/b,_Ea\m w�kEgZf,w j"e��/g]e/�
m j"x"x"w e\x/{
|}r\_Eb,_qw�cÜcdj"yi_}j]f,r\_EbÜ��j"b,�0f,r/gZf��l_Sg]m�c>�qw f,r�f,r\_qnpj"b,yzg]ml~"_Eb,w �CkEgZf,w j"e�j]n �:É L&uécd�lc�f,_EyzcE{��\j"bÜ_1v\g]yia\m _"�]f,r\_Eb,_qw�cÜg

cdaC_Sk1w�g]m/w�c,cdt\_hj]n �hw�c�f,b,w Ë\tlf,_S�  �j"yia\tlf,w e\xQ
 ¬ ¸N�Å���qr\w�k�r��l_Sg]m�c��qw f,rzf,r\_hnpj"b,yzg]mC~"_Eb,w �CkEgZf,w j"eij]n%g�a/g]bdf,w�k1t\m�g]bÜa\b,j]f,jlk1j"m
kEg]m m _S�=E +%RASK!$+>!$/�)*��5T
 ­"�o­S¿��Å{:LHjNc�f}yi_1f,r\jl�\cU�p_"{dx/{V
 ¬ ¼l�\¼l��­
Æ%�D�
�lr\jZ��_E~"_EbS�Ng]b,_*b,_Sc�f,b,w�k
f,_S�if,jicd_S�Nt\_EeNf,w�g]m�k1j"e/cdw�c�f,_Ee/k1�
j"b2g]b,_i~"_Eb,w �/_S�`npj"b2g&m w yiw f,_S��e�t\y2ËC_Eb2j]nqa\b,jlk1_Sc,cdj"b�c*j"e\m �"{H|�j&f,r\_8ËC_Sc�f�j]nqj"t\b���e\jZ�qm _S�lx"_"��f,r\_Eb,_8w�c0e\jHnpj"b,yzg]m
a\b,j�j]n%j]n�g�a\b,j]f,jlk1j"m��qr\w�k�r&k1j"y2Ë\w e\_Sc�nsg]t\m fduJf,j"m _Eb�g]e/k1_"�lb,_Ea\m w�kEgZf,w j"e��lg]e/��m j"x"x"w e\x/{

³



� ��� ���	�>�0�����q���
- e�f,r\w�c�cd_Sk
f,w j"e��l��_:a\b,_Scd_EeNf}f,r\_:a\b,j]f,jlk1j"monpj"b�f,r\_:nsg]t\m fduJf,j"m _Eb�g]eNfq_1vl_Sk1tlf,w j"e�j]n�g�a/g]b�g]m m _Emoa\b,j"x"b�g]y&{�LHj"b,_EjZ~"_EbS�N��_
k�r/g]b�g"k
f,_Eb,w �E_0f,r\_insg]t\m f�c*f,r/gZf2g]b,_2f,j"m _Eb�gZf,_S��Ë��Hf,r\_za\b,j]f,jlk1j"mJ{ 	hc0g�npj"b,yzg]m�yijl�l_EmJ����_it/cd_zg]m x"_EË\b�g]w�k2��_1f,b,w�e\_1f�c

 ³"¿��o_S�Nt\w a\aC_S�8�qw f,r��lw �o_Eb,_EeNfqg]b�k
uJf���aC_Sc6
 ¬ ³��Å{��\j"b�f,r\_hf,w yi_*ËC_Ew e\x/����_*kEg]e�w x"e\j"b,_qf,r\_Scd_*cdaC_Sk1w�g]mCnp_SgZf,t\b,_Sc.����_��qw m m
k1j"yi_:Ë/g"k��if,jif,r\_��lw �o_Eb,_EeNfhg]b�k
uJf���aC_Sc�w e�É�_Sk
fS{\¯/{ ­"{ ³\{
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��_1npj"b,_�w eNf,b,jl�lt/k1w e\x0f,r\_*yijl�l_EmJ�N��_*�lw�c,k1t/c,c�j"t\b�~�w _E��j]n�gU23+�&(+�E*E -AE�2"&(#(5?&(+�8�{>^`_*g"c,cdt\yi_qf,r/gZfqg0a/g]b�g]m m _Em/a\b,j"x"b�g]y
k1j"e/cdw�c�f�c8j]n2g·cd_1f�j]n�;N-��A�3-A�3,4)<+�E�2"&(#%!$-�;$;N-�;`�qr\w�k�r;g]b,_ _1vl_Sk1tlf,_S� k1j"e/k1t\b,b,_EeNf,m �"{ ��g"k�r a/g]b�g]m m _Emha\b,j"x"b�g]y r/g"c�g
�lw�c�f,w e\x"t\w�cdr\_S��cd_1f:j]n ;(/0+�&(-$'���+�&�)<+! AE -�;�f,r/gZf0kEg]e ËC_ig"kEk1_Sc,cd_S�HË��&_Sg"k�r�j]n�w f�c:cd_S�Nt\_EeNf,w�g]m%a\b,jlk1_Sc,cd_ScE{ ��g"k�r�cdr/g]b,_S�
~Zg]b,w�g]Ë\m _*r/g"cqg�t\e\w��Nt\_0w��l_EeNf,w �/_EbS�/g]e/��g�a\b,jlk1_Sc,cqkEg]e&g"kEk1_Sc,c}gzcdr/g]b,_S�8~Zg]b,w�g]Ë\m _:j"e\m �8Ë��zf,r\w�cqt\e\w��Nt\_0w��l_EeNf,w �/_EbS{
- eif,r\_�a\b,j]f,jlk1j"mJ�"cdr/g]b,_S�2~Zg]b,w�g]Ë\m _ScÜg]b,_qc�f,j"b,_S��j"eQ;�,.+! AE - 8@-A8@#�&�SZ{�	�e8g"kEk1_Sc,c�j]n�g:a\b,jlk1_Sc,c%f,j2g0cdr/g]b,_S�2~Zg]b,w�g]Ë\m _

w e�~"j"�"_Sc�j"e\_:j]n%f,r\_:npj"m m jZ�qw e\xia\b,jlk1_S�lt\b,_Sc�j]n�f,r\_0a\b,j]f,jlk1j"mJ�
"$#�%�&!'�(!)$#�'+*-,�%-.0/1($'32$45/167/3'!#589.;:�<$=1)>'
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f,r\_�k1m w _EeNfSµ cqcdw��l_���wJ{d_"{lj"e�f,r\_�c,g]yi_:a\b,jlk1_Sc,cdj"b}g"c�f,r\_0w e�~"j"��w e\x�a\b,jlk1_Sc,cE{
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j"aC_Eb�gZf,w j"e�w�c}f,r\_�k1j"yiyiw fqaCj"w eNfh�lt\b,w e\x�f,r\_�k1j"yiyiw f�j"aC_Eb�gZf,w j"e�{
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f%g"c�t\e\m jlk��"_S��� f,r\j"t\x"r�c�f,w m m"m jlk��"_S�0gZf�f,r\_�m jlk��hyzg]e/g]x"_EbS{�^�r\_Ee2g]m mNk1j"a\w _Sc�g]b,_Üyzg]b,�"_S�*t\e\m jlk��"_S����w e/k1m t/�lw e\x
f,r\jNcd_8f,r/gZfir/g
~"_8ËC_E_Ee·b,_Sg"��j"e\m �>����_���e\jZ��f,r/gZfi��_�r/g
~"_�t\ao�\gZf,_S�·g]m m�j"Ë)(�_Sk
f�cig]e/��f,r\_&k1j"eNf,w e�t/gZf,w j"e�w e�f,r\_
�\gZf�g]Ë/g"cd_"{ |}r\w�czw�cib,_Sk1j"b��l_S��Ë����qb,w f,w e\x�g '>+�,.+! $+�;N-��%23'>+�,.-$'·b,_Sk1j"b�� �����G� b,_Sk1j"b��3�0npj"bza\b,jlk1_Sc,c % f,j`f,r\_Hm j"x
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{�^`_��qw m m%�lw�c,k1t/c,cqm�gZf,_Eb��qr���f,r\_ �*��tHb,_Sk1j"b���w�cqe\_Sk1_Sc,c,g]b,�"{ 	qn f,_Ebh�qb,w f,w e\xif,r\_ �*��tHb,_Sk1j"b����lf,r\_
a\b,jlk1_Sc,c�b,_Em _Sg"cd_Sc}g]m m�w f�cqm jlk��lcqgZf}f,r\_0m jlk��8yzg]e/g]x"_EbC��� �
� ��(��	� '
� �}g]e/�8�/e\w�cdr\_Sc}f,r\_�k1j"yiyiw fqj"aC_Eb�gZf,w j"e�{
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b,_Sk1jZ~"_Eb,��a\b,j]f,jlk1j"m�cqkEg]e�t\ao�\gZf,_:f,r\_��\gZf�g]Ë/g"cd_:g"kEk1j"b��lw e\x"m ���scd_E_�É�_Sk
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(p,l)

(p,l+(o,rd))

(o,m+p) (o,m) (o,p)

(p,l)

(p,l)

(p,l)

(p,[])

(p,[])

known

releasing

locks xlocks

(o,[])

(p,l+(o,wr))

t3 t4

t5 RelLck(p)
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known
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~"_�a\b,_Scd_EeNf,_S��yzg]e��·��_1f,b,w}e\_1f�cE���qr\w�k�r6yijl�l_Em _S�6�lw �o_Eb,_EeNf8g"cdaC_Sk
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RLck(o,p) in the combined model:
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Gives two versions of LdCpy(o,p) in the combined model:
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(o,valid)
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(o,valid)

r1
(p,o)

(p,o)

(p,o,rd)

(p,o)

(o,valid)

objectsLdCpy(o,p)
(o,valid)

w1

copies

r2

(p,o,wr)

w2

(p,o)

LdCpy(o,p) in write protocol
(client)
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copies

LdCpy(o,p) in read protocol

LdCpy(o,p)

w2

(p,o)

(client) (server)

LdCpy(o,p)

LdCpy(o,p) at data manager

(o,valid)

(o,valid)

objects

Ox[valid] Ox[valid]

Ox[valid]
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copies

c4

copies

(p,o,ud)

p

p

copies

(p,o,ud)

p

p

c4

Gives two versions of UpdObj(o,p) in the combined model

UpdObj(o,p) at data manager
(server)

UpdObj(o,p) in commit protocol
(client)

UpdObj(o,p)

(server fault model)
UpdObj(o,p) at data manager

known

(p,l)(p,l)

(o,invalid)

objects
(o,v)

UpdObj(o,p)

known

(p,l)(p,l)

objects

(o,valid)

UpdObj(o,p)

(o,v)

UpdObj(o,p)

(o,valid)

objects
(o,v)

known

(p,l) (p,l) (p,l)UpdObj(o,p)
(o,invalid)

objects
(o,v)

known

(p,l)

Ox[valid]

Ox[valid]Ox[valid]

Ox[valid]
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�*gZf�g�kEg]t/c,g]m w f���w�cix"b�g]a\r\w�kEg]m m ��b,_Ea\b,_Scd_EeNf,_S��Ë���ËCj"m���uJnsg"k1_S�6g]b,b,jZ��cE{·|}r\w�c8kEg]t/c,g]m w f���b,_Ea\b,_Scd_EeNf�c�f,r\_ */jZ�»j]n

~Zg]m t\_Sc�ËC_1f���_E_Ee�k1_Ebdf�g]w e��qb,w f,_0g]e/�8b,_Sg"�8_E~"_EeNf�cE{>|}r\j"t\x"r���_:�lj�e\j]fqb,_Ea\b,_Scd_EeNf�~Zg]m t\_Sc}_1vla\m w�k1w f,m �zw e�j"t\bq��_1f,b,woe\_1f
yijl�l_EmJ���\gZf�g0kEg]t/c,g]m w f��2b,_ */_Sk
f�c�f,r\w�c�w elnpj"b,yzgZf,w j"e�{%^`_hg"c,cdt\yi_��sk
n�{�É�_Sk
fS{N¯/{ ³���f,r/gZfS�Nnpj"bÜ_Sg"k�rib,_Sg"�i_E~"_EeNfS�]f,r\_Eb,_�w�c�g
t\e\w��Nt\_Em �z�l_1�/e\_S�8a/gZf,r8j]n��\gZf�g2kEg]t/c,g]m w f����}f,j�f,r\w�c�_E~"_EeNfS{>|}r\_*cd_S�Nt\_Ee/k1_hj]n��qb,w f,_h_E~"_EeNf�cÜj"ezf,r\w�c�a/gZf,r��l_1f,_Eb,yiw e\_Sc
f,r\_:~Zg]m t\_:b,_1f,t\b,e\_S��Ë��8g�b,_Sg"�8_E~"_EeNfS{Ü|}r�t/cE����_0k�r\j�jNcd_hf,r\w�cqcd_S�Nt\_Ee/k1_0g"c}g�b,_Ea\b,_Scd_EeNf�gZf,w ~"_hj]n�f,r\_0~Zg]m t\_:b,_1f,t\b,e\_S�
Ë���f,r\_:b,_Sg"�z_E~"_EeNfC�scd_E_ 
 ¬ ­��onpj"bqg�yij"b,_:�l_1f�g]w m _S���lw�c,k1t/c,cdw j"e �
{��\j"b}g2b,_Sg"�z_E~"_EeNf �N����_:kEg]m m/f,r\w�cqcd_S�Nt\_Ee/k1_hj]n��qb,w f,_
_E~"_EeNf�c�f,r\_ ��&�)*,.-C;N-��A�3-A�"!$-0j]n ��g]e/���l_Ee\j]f,_0w f�Ë��  ��� ���
{
- e g]e�_1vl_Sk1tlf,w j"e��og]e�_E~"_EeNf*m�g]ËC_Em _S�HË�� ��� � �*�>k1j"b,b,_ScdaCj"e/�\c}f,j8f,r\_2jlkEk1t\b,b,_Ee/k1_�j]n�g8b,_Sg"�&j"aC_Eb�gZf,w j"eHj"eHj"Ë)(�_Sk
f

� ­"�l��_0kEg]m m�f,r\w�cq_E~"_EeNf�gQ&(-$+>'K-U��-A�3,}j"bI��w n�f,r\_�g"kEk1_Sc,cd_S�8j"Ë)(�_Sk
f�yzgZfdf,_Eb�c.�¾gQ&(-$+>'K-U��-A�3,G#�� #! KJN-$!A, � ­"{:��w �"_E�qw�cd_"���_hkEg]m mog]ez_E~"_EeNf�m�g]ËC_Em _S�iË�� ��� � �*��g���&�)*,.- -U��-A�3,>j"b�g���&�)*,.-C-U��-A�3,�#��T#! KJN-$!A,�#��Z{ 	�e8_E~"_EeNfÜf,r/gZf�w�c�_Ew f,r\_Eb}g0�qb,w f,_
_E~"_EeNfqj"bqgib,_Sg"�8_E~"_EeNfqw�c�kEg]m m _S��g]e�+>!$!$-�;$;�-U��-A�3,J{
	�eH_E~"_EeNfqm�g]ËC_Em _S�&Ë�� �`w�c�kEg]m m _S�&g�!$#�8989)*,G-U��-A�3,J{ 	�m m�_E~"_EeNf�c�f,r/gZf*kEg]e�ËC_�w e�~"j"�"_S��Ë��8f,r\_0a/g]b�g]m m _Em�a\b,j"x"b�g]y

�pj"b�b�gZf,r\_Ebqw f�chcd_S�Nt\_EeNf,w�g]m�a\b,jlk1_Sc,cd_Sc$��g]b,_�kEg]m m _S��2"&(#(5?&(+�8 -U��-A�3,<;"�Ccdj8gza\b,j"x"b�g]y _E~"_EeNf�w�c�_Ew f,r\_Ebhg]e�g"kEk1_Sc,c}_E~"_EeNf�c
j"b:g�k1j"yiyiw f:_E~"_EeNfS{ ��gZf,_Eb*j"e��o��_��qw m m>g]m�cdj�b,_1np_Ebhf,j�_E~"_EeNf�c�f,r/gZf0k1j"b,b,_ScdaCj"e/�&f,j�f,r\_�jlkEk1t\b,b,_Ee/k1_2j]n�cdj"yi_�j]f,r\_Eb
f,b�g]e/cdw f,w j"e �}j]n%f,r\_0a\b,j]f,jlk1j"mJ����_0kEg]m m�f,r\w�cqg �C-U��-A�3,�npj"b�cdr\j"bdfS{
- e f,r\_ia\b,j�j]n�����_��qw m m>b,_1np_Eb*f,j�f,r\_zk1j"e/�lw f,w j"e/c*w yiyi_S�lw�gZf,_Em ��a\b,_Sk1_S�lw e\x&g]e`_E~"_EeNfS{�|}r\_zcd_1f:j]n}g]m mÜk1j"e/�lw f,w j"e/c

w yiyi_S�lw�gZf,_Em � a\b,_Sk1_S�lw e\x6g]e;_E~"_EeNf ��w�c�kEg]m m _S��f,r\_�2"&(-�;N-A,8j]n �N{ ��w �"_E�qw�cd_"����_�kEg]m mhf,r\_`w yiyi_S�lw�gZf,_�cdt/kEk1_Sc,cdj"b
k1j"e/�lw f,w j"e/c}j]n�g]e&_E~"_EeNf �:f,r\_ 23#�;�,<;N-A,�j]n �N{Ü|}r\_:t\e\w j"e&j]n%ËCj]f,rHcd_1f�cqw�cqkEg]m m _S�8f,r\_K!$#��3,.-(H>,�j]n�f,r\_0_E~"_EeNfS{
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f}~�w _E� j]n%_1vl_Sk1tlf,w j"e/cE�%f,r\_62"&(#(5?&(+�8�� ; �%)<-	�>{ - f�k1j"e/cdw�c�f�c�j]n�g]m moa\b,j"x"b�g]y
_E~"_EeNf�c �pwJ{ _"{Ng]m mCg"kEk1_Sc,cÜg]e/�ik1j"yiyiw f�_E~"_EeNf�c$�%j]nof,r\_�_1vl_Sk1tlf,w j"e8g]m j"e\x0�qw f,rif,r\_ha/gZf,r/c>j]n�a\b,j"x"b�g]y kEg]t/c,g]m w f���g]e/��f,r\_
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�%w x"t\b,_0³"¿\�>�Üb,j"x"b�g]yzc�~�w _E�;j]n%f,r\_0j]f,r\_Ebq_1vl_Sk1tlf,w j"e
_E~"_EeNf �
³iËC_SkEg]t/cd_0w f*w�cqe\_Ew f,r\_Eb*gia\b,j"x"b�g]y kEg]t/c,g]m w f���e\j"bhgz�\gZf�g8kEg]t/c,g]m w f��"{���w �"_E�qw�cd_"�\��_2�lb,j"a\aC_S��f,r\_2kEg]t/c,g]m w f��
npb,j"y»_E~"_EeNf �
²2f,ji_E~"_EeNf �N­S¿\{
|}r\_�a\b,j"x"b�g]y&µ cq~�w _E�#j]n�g]e�_1vl_Sk1tlf,w j"e�a\b,jZ~�w��l_Schg]m m%w elnpj"b,yzgZf,w j"e�e\_Sk1_Sc,c,g]b,��f,j�cdaC_Sk1w np�&f,r\_ik1j"b,b,_Sk
fh_1vl_Sk1tlf,w j"e

j]n�g�a/g]b�g]m m _Emoa\b,j"x"b�g]y&���Üb,j"x"b�g]y�kEg]t/c,g]m w f��zb,_ */_Sk
f�c�f,r\_�k1j"yia\tlf�gZf,w j"e/c�j]n%f,r\_0cd_S�Nt\_EeNf,w�g]m�a\b,jlk1_Sc,cd_Sc��qw f,r&w f�c}b,_Sg"�
g]e/�i�qb,w f,_�j"aC_Eb�gZf,w j"e/c>j"ezj"Ë)(�_Sk
f�c�g]e/�iw f�c�k1j"yiyiw f�j"aC_Eb�gZf,w j"e/cE{ �*gZf�g2kEg]t/c,g]m w f��2b,_ */_Sk
f�c�f,r\_ha\b,j"a/g]xNgZf,w j"e�j]n�~Zg]m t\_Sc
ËC_1f���_E_Ee �qb,w f,_�g]e/�6b,_Sg"�6_E~"_EeNf�cE{ - e�a/g]bdf,w�k1t\m�g]bS��f,r\_��qb,w f,_�cd_S�Nt\_Ee/k1_! ��� ���zg"c,cdjlk1w�gZf,_S�·�qw f,r g�b,_Sg"�6_E~"_EeNf �
b,_Ea\b,_Scd_EeNf�c�f,r\_0~Zg]m t\_:b,_1f,t\b,e\_S��Ë��8f,r\w�c}b,_Sg"��_E~"_EeNfS{
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 �
+�jZ�0����_:g]b,_ha\b,_Ea/g]b,_S�if,j�npj"b,yzg]m w �E_�f,r\_:w elnpj"b,yzg]mot\e/�l_Eb�c�f�g]e/�lw e\x�j]n%k1j"b,b,_Sk
f,e\_Sc,cÜj]n�f,r\_:a\b,j]f,jlk1j"mCw e8f,_Eb,yzc}j]n�f,r\_
_1vl_Sk1tlf,w j"e/cqj]n%f,r\_2��_1f,b,w�e\_1fhyijl�l_EmJ{ - elnpj"b,yzg]m m �"�lf,r\_�_1vl_Sk1tlf,w j"eHj]n%f,r\_2cd_S�Nt\_EeNf,w�g]m�a\b,jlk1_Sc,cd_Scqcdr\j"t\m��Hg]a\aC_Sg]bhg"cqw n
e\j�nsg]t\m f�cqjlkEk1t\b,b,_S��g]e/�&g"c�ËC_Ew e\xz_1vl_Sk1tlf,_S��j"e&gik1m�g"c,cdw�kEg]m�cdr/g]b,_S��yi_Eyij"b,�"{
- eif,_Eb,yzcÜj]nof,r\_�a\b,j"x"b�g]y&µ c�~�w _E�6j]nof,r\_�_1vl_Sk1tlf,w j"e��"f,r\w�cÜyi_Sg]e/c�f,r/gZfS�"npj"b�_Sg"k�ria\b,jlk1_Sc,cE�]��_hkEg]eiw��l_EeNf,w np�zg:a/gZf,r

j]n�a\b,j"x"b�g]y�kEg]t/c,g]m w f��2f,r/gZf�k1j"b,b,_ScdaCj"e/�\c>f,jig2k1j"b,b,_Sk
f}k1j"yia\tlf�gZf,w j"e�j]n�f,r\w�c�a\b,jlk1_Sc,cE{�LHj"b,_EjZ~"_EbS�]f,r\_:g"kEk1_Sc,c�_E~"_EeNf�c
j"e�f,r\_Scd_:a/gZf,r/c�g]a\aC_Sg]b}f,jiËC_0_1vl_Sk1tlf,_S��j"e&gik1j"e�~"_EeNf,w j"e/g]m�cdr/g]b,_S�8yi_Eyij"b,�"{
^`_zc�f�g]bdf:Ë��Hw��l_EeNf,w np��w e\xHcdt/k�r`g�a/gZf,r�npj"b:_Sg"k�r a\b,jlk1_Sc,chË��&f,r\_ir\_Em a`j]n�k1j"yiyiw f0_E~"_EeNf�cE��	�e�g"kEk1_Sc,ch_E~"_EeNf:w�c

!$#�8989)*,4,.-$'�w nCf,r\_Eb,_}_1vlw�c�f�c>g*a/gZf,r�j]noa\b,j"x"b�g]y#kEg]t/c,g]m w f��:npb,j"y#f,r\w�c>_E~"_EeNf�f,j0cdj"yi_qk1j"yiyiw fÜ_E~"_EeNfS{ - e�f,r\_q_1vl_Sk1tlf,w j"e
npb,j"y �%w x/{Z³"¿\�Z_E~"_EeNf�c �
³\� �S¯/� �ZÆl� �]¸��]g]e/� �
¹*g]b,_�k1j"yiyiw fdf,_S���"_E~"_EeNf�c �N­"� � ¬ �]g]e/� �N­S¿\�
r\jZ��_E~"_EbS�Zg]b,_�e\j]fÜk1j"yiyiw fdf,_S��{
�ht\bÜ�/b�c�f�b,_S�Nt\w b,_Eyi_EeNfÜw�c>f,r/gZfS�"npj"b�_Sg"k�ria\b,jlk1_Sc,c-%��"f,r\_*cd_1f�j]n�k1j"yiyiw fdf,_S�8g"kEk1_Sc,c>_E~"_EeNf�cÜj]n�a\b,jlk1_Sc,c-%znpj"b,yzc�g]e

)*�3)*,4)<+�E ) R%-$'U23+�,D/��:j]n�a\b,jlk1_Sc,c�%�­"���qr\_Eb,_:gicd_1f�� j]n%_E~"_EeNf�c�npj"b,yzc}g]e�w e\w f,w�g]m w �E_S��a/gZf,r�j]n%a\b,jlk1_Sc,c�%&w n�f,r\_*npj"m m jZ�qw e\x
k1j"e/�lw f,w j"e/c}r\j"m����
­"{G�\j"b�f���j�_E~"_EeNf�c � F � � ��� �#f,r\_Eb,_:_1vlw�c�f�g2a/gZf,r�j]n%a\b,j"x"b�g]y kEg]t/c,g]m w f��i_Ew f,r\_Eb}npb,j"y � F f,j � � j"b�npb,j"y � � f,j � F�sg]m m�_E~"_EeNf�cqg]b,_hf,j]f�g]m m �8j"b��l_Eb,_S��Ë��8a\b,j"x"b�g]y kEg]t/c,g]m w f��0�
{
¬ {G�\j"b�g]e`_E~"_EeNf �

�
��g]e/�`g]e�� g"kEk1_Sc,c*_E~"_EeNf � � �qw f,r�g�a/gZf,r�j]n�a\b,j"x"b�g]y kEg]t/c,g]m w f��&npb,j"y � � f,j �N����_ir/g
~"_
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�
� �	� w�cqa\b,_1�\v�k1m jNcd_S���qw f,r&b,_ScdaC_Sk
f}f,jza\b,j"x"b�g]y kEg]t/c,g]m w f��0�
{

^`_��qw m m%g]b,x"t\_:w e É�_Sk
fS{/¯/{ ³�f,r/gZfhg]e���w e\w f,w�g]m w �E_S�&a/gZf,rHj]n>gia\b,jlk1_Sc,c�%�k1j"b,b,_ScdaCj"e/�\c�f,j8gzk1j"b,b,_Sk
fhk1j"yia\tlf�gZf,w j"e
j]n%a\b,jlk1_Sc,c�%�{
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- eHf,r\_2_1vl_Sk1tlf,w j"e�j]n��%w x/{o³"¿\�\f,r\_icd_1f*j]nÜk1j"yiyiw fdf,_S� g"kEk1_Sc,c�_E~"_EeNf�c�j]nÜa\b,jlk1_Sc,c�%�­2w�c � �
³ � �S¯ � �ZÆ �N�\g]e/�&f,r\_�cd_1f
j]n�k1j"yiyiw fdf,_S��g"kEk1_Sc,cÜ_E~"_EeNf�c�j]n�a\b,jlk1_Sc,c�% ¬ w�c'� �]¸�� �
¹ �N{%��j]f,r�cd_1f�c�npj"b,y g]e�w e\w f,w�g]m w �E_S�8a/gZf,r�j]n�f,r\_:k1j"b,b,_ScdaCj"e/�lw e\x
a\b,jlk1_Sc,cE{
� w ~"_Ee�f,r\_Scd_:a/gZf,r/cE�l��_*y2t/c�fqyzg]�"_:cdt\b,_hf,r/gZf}f,r\_�g"kEk1_Sc,c�_E~"_EeNf�c�j"e�f,r\_Scd_:a/gZf,r/c}g]a\aC_Sg]b�f,jiËC_:_1vl_Sk1tlf,_S��j"e&g

k1j"e�~"_EeNf,w j"e/g]mocdr/g]b,_S�8yi_Eyij"b,�z�qw f,r&e\jiw eNf,_Ebdnp_Eb,_Ee/k1_*j]n%f,r\_:j]f,r\_Eb �pe\j"eluék1j"yiyiw fdf,_S�3��_E~"_EeNf�cE{>|}r\w�c}w�cqkEg]alf,t\b,_S��Ë��
f,r\_*e\j]f,w j"e�j]n:;N-��A�3-A�3,4)<+�E !$#��0;�) ;�,.-A�"!AS=
 ¬ Æ�� � cdm w x"rNf,m �8g"�\g]alf,_S�zf,j2f,r\_0cdw f,t/gZf,w j"e�j]n%w x"e\j"b,w e\x2e\j"eluék1j"yiyiw fdf,_S�8�qb,w f,_
_E~"_EeNf�cU�scd_E_�
 ¬ ­���npj"bqyij"b,_0�l_1f�g]w m�c$�
{
^`_hb,_S�Nt\w b,_}f,r/gZfÜf,r\_*cd_1f�j]n�g]m m/k1j"yiyiw fdf,_S�8g"kEk1_Sc,c>_E~"_EeNf�cÜw�c�cd_S�Nt\_EeNf,w�g]m m ��k1j"e/cdw�c�f,_EeNfS{�	 cd_1f �#j]n�g"kEk1_Sc,c>_E~"_EeNf�c

j]n}g�x"w ~"_Ee _1vl_Sk1tlf,w j"e`w�c ;N-��A�3-A�3,4)<+�E*E ST!$#��0;�) ;�,.-A�3,*w n�f,r\_Eb,_z_1vlw�c�f�c0g�m w e\_Sg]b0g]b,b�g]e\x"_Eyi_EeNf*j]n�� �pwJ{ _"{�g&cd_S�Nt\_Ee/k1_iw e
�qr\w�k�r�_Sg"k�r�_E~"_EeNfqj]n � jlkEk1t\b�c}_1v\g"k
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b,_1�/e\_Eyi_EeNfqj]n ��� �Z{:LHj"b,_EjZ~"_EbS�"f,r\_0b,_Scdt\m f,w e\xib,_S�Nt\w b,_Eyi_EeNf�c��qw m m�e\j]f�ËC_0b,_1�/e\_S�8npt\bdf,r\_EbS{
�q_S�Nt\w b,_Eyi_EeNf ��� � �scd_E_ia�{�³"¹��*c,g
�lc�f,r/gZf0f,r\_Eb,_�w�c:e\j&a\b,j"x"b�g]y kEg]t/c,g]m w f��&npb,j"y4g]e��He\j]f��lw b,_Sk
f,m � k1j"yiyiw fdf,_S�

_E~"_EeNf�f,jzgi�lw b,_Sk
f,m ��k1j"yiyiw fdf,_S��_E~"_EeNfS{���_1fqt/cqk1j"e/cdw��l_Eb}f���j�_E~"_EeNf�c�f,r/gZfhg]b,_*b,_Em�gZf,_S��Ë��za\b,j"x"b�g]y»kEg]t/c,g]m w f��"{�|}r\_
npj"m m jZ�qw e\x�b,_S�Nt\w b,_Eyi_EeNf�g]m m jZ��c�f,jz�lw�c�f,w e\x"t\w�cdr&ËC_1f���_E_Ee�f���jzkEg"cd_ScE�
� ��
 � � ��� � ����$�!�
�!:��" ,'��������$�� ��$�6 !�$(����
��90 - n �N­�w�c�g]e;g"kEk1_Sc,cz_E~"_EeNf��qw f,r;g�a\b,j"x"b�g]y kEg]t/c,g]m w f���f,j6cdj"yi_
a\b,j"x"b�g]y _E~"_EeNf � ¬ ��f,r\_Ee&_Ew f,r\_Eb

!$+�;N- )�����_:r/g
~"_0gia/gZf,r&j]n�a\b,j"x"b�g]y»kEg]t/c,g]m w f��znpb,j"y �N­*f,j � ¬ j"e&�qr\w�k�rHg]e&_E~"_EeNf �
³��qw f,rHg�(�#�� 
 ' �0k1j"e/�lw f,w j"e
w e�w f�c�aCjNc�f�cd_1f}g]e/��g �� )��#���� ' � �Ü_E~"_EeNf �S¯2jlkEk1t\b�c �sk
n�{ �%w x/{l³"¼��
{�LHj"b,_EjZ~"_EbS�Zf,r\_Eb,_*w�c�e\j��� )��#��Ü_E~"_EeNf}j"e
f,r\_0a/gZf,r�j]n�a\b,j"x"b�g]y»kEg]t/c,g]m w f��inpb,j"y �N­*f,j �
³\{
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!$+�;N- )*)�����_:r/g
~"_:gia/gZf,r�j]n�a\b,j"x"b�g]y kEg]t/c,g]m w f��znpb,j"y �N­*f,j � ¬ j"e&�qr\w�k�r�e\j �� )��#��}_E~"_EeNfqjlkEk1t\b�cE{
�q_S�Nt\w b,_Eyi_EeNf ��� � � ��w�c�x"b�g]a\r\w�kEg]m m ��b,_Ea\b,_Scd_EeNf,_S��w eM�%w x/{Ü³"¼\�Ü�qr\_Eb,_�f,r\_��lw�c�f,w e/k
f,w j"e6ËC_1f���_E_Ee�f,r\_&f���j�kEg"cd_Sc2w�c
w e/�lw�kEgZf,_S�HË��Hk1j"b,b,_ScdaCj"e/�lw e\xzm�g]ËC_Em�cE{��:+�;N- )qk1j"b,b,_ScdaCj"e/�\c}f,j�gzb,_Sc�f�g]bdfhj]nÜa\b,jlk1_Sc,c %�­2ËC_1f���_E_Ee�_E~"_EeNf�c �N­2g]e/� � ¬
�lt\_*f,jzgik1b�g"cdr�{ - e�!$+�;N- ) �lf,r\_0a\b,jlk1_Sc,c}�lj�_Sc}e\j]f�k1b�g"cdr�ËC_1f���_E_Ee �N­0g]e/� � ¬ {�+�j]f,_*f,r/gZfqf,r\w�c}b,_S�Nt\w b,_Eyi_EeNf�g]a\a\m w _Sc
f,j0g]m m\g"kEk1_Sc,c%b,_Scda�{
a\b,j"x"b�g]yÄ_E~"_EeNf�c.��e\j]f>j"e\m �0f,j*f,r\_qk1j"yiyiw fdf,_S��j"e\_ScE{�+�j]f,_�f,r/gZf>��_}b,_1np_Eb�f,j*f,r\_qjlkEk1t\b,b,_Ee/k1_�j]n�g
a\m�g"k1_�w e�f,r\w�c>cdw f,t/gZf,w j"e�{��q_Eyi_Ey2ËC_Eb%f,r/gZf>��_}kEg]m mNf,r\w�c%jlkEk1t\b,b,_Ee/k1_}g !$#��"'�)*,4)<#��/�"g]e/��f,r/gZf>g*k1j"e/�lw f,w j"e�b,_Ea\b,_Scd_EeNf�f,r\_
jlkEk1t\b,b,_Ee/k1_hj]n%g�a/g]bdf,w�k1t\m�g]b�f,j"�"_Ee�j"e�g�k1_Ebdf�g]w e�a\m�g"k1_:w e8f,r\_0��_1f,b,woe\_1fqyijl�l_EmJ{ - e�gicdw f,t/gZf,w j"e��Nf,r\_:w eNf,_Eb,a\b,_1f�gZf,w j"e
j]nqg]e�g]b�k�ËC_1f���_E_Ee�g]e�_E~"_EeNf2g]e/��gHk1j"e/�lw f,w j"e��lw �o_Eb�c0npb,j"y f,r\_�w eNf,_Eb,a\b,_1f�gZf,w j"e`j]n�g]e�g]b�k�ËC_1f���_E_Ee�f���jH_E~"_EeNf�cE�
	�e·g]b�k8ËC_1f���_E_Ee�f���j _E~"_EeNf�c�b,_Ea\b,_Scd_EeNf�c2g�a/gZf,r·j]nqf,r\_&k1j"b,b,_ScdaCj"e/�lw e\x kEg]t/c,g]m w f��`ËC_1f���_E_Ee�f,r\_Scd_�_E~"_EeNf�c�w e�f,r\_
t\e/�l_Eb,m ��w e\xi_1vl_Sk1tlf,w j"e�{�|}r\_0a/gZf,r&yzg
��_E~"_Ee&r/g
~"_:m _Ee\x]f,rH¿\�\w e&f,r/gZfhkEg"cd_"�lf,r\_�_E~"_EeNf�cqg]b,_:w��l_EeNf,w�kEg]mJ{ - e�k1j"eNf,b�g"c�fS�
g]e�g]b�kiËC_1f���_E_Ee�g�k1j"e/�lw f,w j"e�g]e/��g]e�_E~"_EeNf2w e�gHcdw f,t/gZf,w j"e�yi_Sg]e/c0f,r/gZf�f,r\_�k1j"b,b,_ScdaCj"e/�lw e\xHk1j"e/�lw f,w j"e�w�c�w e�f,r\_
a\b,_Scd_1f}j]n�f,r\_:_E~"_EeNfI��wJ{ _"{%f,r\_Eb,_:w�c}_1v\g"k
f,m �zj"e\_:g]b�k�npb,j"y f,r\_0k1j"e/�lw f,w j"e8f,j�f,r\_:_E~"_EeNfqw e&g]e�_1vl_Sk1tlf,w j"e�f,r/gZfqyi_E_1f�c
f,r\w�c}cdw f,t/gZf,w j"e�{ÜÉ�w yiw m�g]b,m �"�lg]e8_1vl_Sk1tlf,w j"e�yi_E_1f�c�g�cdw f,t/gZf,w j"e8�qw f,r&g]e�g]b�kqnpb,j"y»g]e8_E~"_EeNf�f,jig�k1j"e/�lw f,w j"e8j"e\m �zw n�f,r\_
k1j"e/�lw f,w j"e�w�c>w e�f,r\_qaCjNc�f�cd_1f>j]nCf,r\w�c>_E~"_EeNfS{�|}r�t/cE�"g]ezg]b�k�ËC_1f���_E_Eezg:k1j"e/�lw f,w j"ezg]e/��g]ei_E~"_EeNf �pj"b>~�w�k1_}~"_Eb�c,g���yi_Sg]e/c
f,r/gZfhf,r\_ik1j"e/�lw f,w j"e�jlkEk1t\b�c�w e�f,r\_K)*898@-$'�)<+�,.-K!$#��3,.-(H>,qj]n>f,r\_�_E~"_EeNfS{*|}r\_�k1j"e/�lw f,w j"e �l_Ee\j]f,_Sc*gzf,j"�"_Ee k1j"e/cdt\yi_S�
j"b}a\b,jl�lt/k1_S��Ë��zf,r\w�cqa/g]bdf,w�k1t\m�g]b}_E~"_EeNfS{
�ht\_ f,j·f,r\w�c�w eNf,_Eb,a\b,_1f�gZf,w j"e�����_`w eNf,b,jl�lt/k1_S� g]e\j]f,r\_Eb&k1j"e/�lw f,w j"e � ¬ ËC_1f���_E_Ee;k1j"e/�lw f,w j"e �Z­`g]e/� �S¯·w e f,r\_

x"b�g]a\r\w�kEg]mÜb,_Ea\b,_Scd_EeNf�gZf,w j"e�j]nqb,_S�Nt\w b,_Eyi_EeNf ��� � � �Z{ - n � ¬ �}g"c�j"yiw fdf,_S���6!$+�;N-K):��j"t\m���b,_S�Nt\w b,_zf,r/gZf��Z­8w�c2g]m�cdj�w e
f,r\_&a\b,_Scd_1fzj]n*_E~"_EeNf �S¯/{ +�j]f,_�f,r/gZfif,r\_&f���j�k1j"e/�lw f,w j"e/c �Z­Hg]e/� � ¬ k1j"t\m��·ËC_&w��l_EeNf,w�kEg]mqw e6f,r\_Hk1j"b,b,_ScdaCj"e/�lw e\x
_1vl_Sk1tlf,w j"e�{�	�e�g]b�k�ËC_1f���_E_Ee`f���jHk1j"e/�lw f,w j"e/c:w�c0w eNf,_Eb,a\b,_1f,_S�`g"c0g �paCjNc,cdw Ë\m � _Eyialf��0�*a/gZf,r�j]n�f,r\_8k1j"b,b,_ScdaCj"e/�lw e\x
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�%w x"t\b,_0³"¼\���q_S�Nt\w b,_Eyi_EeNf ��� � � ����|}��jzkEg"cd_Sc�j]n�a\b,j"x"b�g]y kEg]t/c,g]m w f��
kEg]t/c,g]m w f��0ËC_1f���_E_Ee�f,r\_Scd_qk1j"e/�lw f,w j"e/cE{>É�w e/k1_�g]b�kEc%ËC_1f���_E_Ee�f,r\_�c,g]yi_}��w e/��j]noe\jl�l_Sc>�lj:e\j]fÜjlkEk1t\b>w ez��_1f,b,wle\_1f�c>g]e/�
f,r\_Ew b:_1vl_Sk1tlf,w j"e/cE����_2�qw m m>e\j]f:ËC_�f,_Eyialf,_S��f,j�w eNf,_Eb,a\b,_1f*f,r\_Scd_ig]b�kEc:g"c*g]e w yiyi_S�lw�gZf,_zk1j"eNf,_1v�fS{ 	�m f,j"x"_1f,r\_EbS��j"t\b
w eNf,_Eb,a\b,_1f�gZf,w j"e�j]n>g]b�kEcE�\kEg]alf,t\b,_Sc�f,r\_�cda\w b,w f�j]nÜ��_1f,b,w�e\_1f�cE�&	�m m�a\m�g"k1_Sc}f,r/gZfhg]b,_:b,_Em�gZf,_S��Ë���g]eHg]b�khf,j8g�f,b�g]e/cdw f,w j"e
npj"b,y f,r\_�k1j"eNf,_1v�fqj]n%f,r\w�c�f,b�g]e/cdw f,w j"e�{

��_1f�t/chk1j"e/cdw��l_Ebqb,_S�Nt\w b,_Eyi_EeNf ��� ��g]xNg]w e�{ - e&j"b��l_Eb}f,jzx"t/g]b�g]eNf,_E_hf,r\w�c�b,_S�Nt\w b,_Eyi_EeNfq��_0y2t/c�f�yzg]�"_0cdt\b,_:f,r/gZf
g�b,_Sg"��j"b0�qb,w f,_i_E~"_EeNf�w�c0�lw b,_Sk
f,m � k1j"yiyiw fdf,_S�`�qr\_Ee\_E~"_Eb0w f�c�k1j"eNf,w e�t/gZf,w j"e w�c0�qb,w fdf,_Ee`f,j�f,r\_8�\gZf�g]Ë/g"cd_	� (�#�� 
 ' ���
{
|}r\w�c}w�c}npj"b,yzg]m w �E_S�8Ë��8f,r\_:npj"m m jZ�qw e\x�b,_S�Nt\w b,_Eyi_EeNfS�
� ��
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�!>����������
�0 ��_1f �N­qËC_�g]ezg"kEk1_Sc,c�_E~"_EeNfS�Ng]e/��m _1f � ¬ ËC_�g]ei_E~"_EeNfÜ�qw f,r
g]e·g]b�k8j]n�a\b,j"x"b�g]y±kEg]t/c,g]m w f�� f,j`cdj"yi_ (�#�� 
 ' ��k1j"e/�lw f,w j"e �Z{ LHj"b,_EjZ~"_EbS�%m _1f�f,r\_Eb,_�ËC_&g�a/gZf,r·j]n�a\b,j"x"b�g]y
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kEg]t/c,g]m w f���npb,j"y �N­2f,j � ¬ j"e��qr\w�k�r e\j �� )��#��h_E~"_EeNf*jlkEk1t\b�cE{0|}r\_Ee��of,r\_Eb,_�w�c:g�a/gZf,r j]n�a\b,j"x"b�g]y�kEg]t/c,g]m w f��
npb,j"y �N­:f,j�cdj"yi_�k1j"yiyiw fh_E~"_EeNf �
³ij"e&�qr\w�k�r&e\j �� )��#��}_E~"_EeNf�jlkEk1t\b�cE�/g]e/� � ¬ r/g]a\aC_Ee/c�kEg]t/c,g]m m ��gZn f,_Ebqf,r\_
k1j"yiyiw f�_E~"_EeNf �
³\{
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�%w x"t\b,_:¯N¿\���q_S�Nt\w b,_Eyi_EeNf ��� � � � ��^`b,w fdf,_EeHk1j"eNf,w e�t/gZf,w j"e�w yia\m w _Sc�k1j"yiyiw f
�q_S�Nt\w b,_Eyi_EeNf ��� � w�c8g]e�w yiyi_S�lw�gZf,_ k1j"e/cd_S�Nt\_Ee/k1_&j]n0b,_S�Nt\w b,_Eyi_EeNf�c ��� � � � g]e/� ��� � � � ����_1f�t/c8k1j"e/cdw��l_Eb�g

cdw f,t/gZf,w j"eiw e8g]ei_1vl_Sk1tlf,w j"e�f,r/gZf�yi_E_1f�c>f,r\_qm _1n f�r/g]e/�icdw��l_�j]nob,_S�Nt\w b,_Eyi_EeNf ��� � { - eza/g]bdf,w�k1t\m�g]bS�]��_q��e\jZ�·f,r/gZf>f,r\_Eb,_
w�chg]e g"kEk1_Sc,c�_E~"_EeNf �N­2�qw f,r g8a\b,j"x"b�g]y�kEg]t/c,g]m w f��8f,j�cdj"yi_��lw b,_Sk
f,m �&k1j"yiyiw fdf,_S��a\b,j"x"b�g]y _E~"_EeNf9�pb,_Eyi_Ey2ËC_Ebhf,r/gZf
g]e&g"kEk1_Sc,c�_E~"_EeNfqw�c�g�a\b,j"x"b�g]y�_E~"_EeNfqË����l_1�/e\w f,w j"e �
{&+�jZ�0�l��_:y2t/c�fhcdr\jZ��f,r/gZf�w e�f,r\w�c�cdw f,t/gZf,w j"e �N­:w�cqgz�lw b,_Sk
f,m �
k1j"yiyiw fdf,_S��_E~"_EeNfS{&�hË�~�w j"t/cdm �"�"f,r\_�g]ËCjZ~"_*cdw f,t/gZf,w j"e�yi_E_1f�c�f,r\_:m _1n f�r/g]e/��cdw��l_:j]n ��� � � ��g]m�cdj/{�|}r\_Eb,_1npj"b,_"����_*r/g
~"_
j"e\_ij]n}f,r\_8cdw f,t/gZf,w j"e/c0j"e`f,r\_8b,w x"rNf0r/g]e/��cdw��l_8j]n ��� � � �Z{ - e !$+�;N-�) ��f,r\_�cdw f,t/gZf,w j"e�yi_E_1f�c:f,r\_8m _1n f2r/g]e/��cdw��l_zj]n
��� � � � �>g]e/� f,r\_Eb,_1npj"b,_"����_z��e\jZ��f,r/gZf �N­iw�c�gH�lw b,_Sk
f,m �`k1j"yiyiw fdf,_S��_E~"_EeNfS�%�/e\w�cdr\w e\xHj"t\b0a\b,j�j]n}w e�f,r/gZf2kEg"cd_"{ - e
!$+�;N-@)*) ��f,r\_Eb,_iw�c:g�a/gZf,r`j]n�a\b,j"x"b�g]y kEg]t/c,g]m w f��&npb,j"y �N­2f,j � ¬ j"e`�qr\w�k�r`e\j �� )��#��*_E~"_EeNf0jlkEk1t\b�cE{9LHj"b,_EjZ~"_EbS�Cw e
f,r\_*k1j"e/cdw��l_Eb,_S�zcdw f,t/gZf,w j"e � ¬ w�c�g2�lw b,_Sk
f,m �zk1j"yiyiw fdf,_S�8_E~"_EeNfS�N�qr\w�k�r8Ë��z�l_1�/e\w f,w j"e��lyi_Sg]e/c>f,r/gZf}��_hr/g
~"_hg�a/gZf,r8j]n
a\b,j"x"b�g]y kEg]t/c,g]m w f��znpb,j"y � ¬ f,j8cdj"yi_ �`_E~"_EeNf � ��j"e��qr\w�k�r&e\j �� )��#��}_E~"_EeNfqjlkEk1t\b�cE{�É�w e/k1_:a/gZf,r/cqj]n>kEg]t/c,g]m w f��8g]b,_
f,b�g]e/cdw f,w ~"_@�sg]e/� � ¬ �}g"cqe\j]fhg!�� )��#��}_E~"_EeNf��
�\��_�r/g
~"_0gia/gZf,rHj]n�a\b,j"x"b�g]y»kEg]t/c,g]m w f��8npb,j"y �N­:f,j8gzk1j"yiyiw fh_E~"_EeNf
� � j"e��qr\w�k�r&e\j �� )��#��}_E~"_EeNfqjlkEk1t\b�cE�lË����l_1�/e\w f,w j"e��	�N­:w�cqgi�lw b,_Sk
f,m ��k1j"yiyiw fdf,_S��_E~"_EeNfS{
|}r\_*g]ËCjZ~"_hg]b,x"t\yi_EeNf�yzg
�ig]a\aC_Sg]b}g�Ë\w f}_1v\k1_Sc,cdw ~"_"{ �\b,j"y f,r\_*x"b�g]a\r\w�kEg]m/b,_Ea\b,_Scd_EeNf�gZf,w j"eij]n�f,r\_hb,_S�Nt\w b,_Eyi_EeNf�cE�

f,r\w�c2w yia\m w�kEgZf,w j"e�w�c�j"Ë�~�w j"t/cE{`|}r\_�a\t\b,aCjNcd_"�>j]nqf,r\_&�l_1f�g]w m _S��g]b,x"t\yi_EeNf�c2g]ËCjZ~"_8w�c�f,j`a\b,jZ~�w��l_�cdj"yi_znp_E_Em w e\x npj"b
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W[o1]

obj.o1

cp.(p1,o1,wr)

X[o1]

X[o1]

LdCpy(o1,p2)

case ii: W[o1]

cp.(p1,o1,wr)

LogObj(o1,p1)

=>

W[o1]

X[o1]
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case i:
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e2 e3
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e2
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obj.o1

LogObj(o1,p1)

=>

C

LdCnt

e3

e1

c

e1

e1’

�%w x"t\b,_�Æ]¿\���q_S�Nt\w b,_Eyi_EeNf � ��� � � � '�ao�\gZf,_S��j"Ë)(�_Sk
fqw yia\m w _Sc��lw b,_Sk
fhk1j"yiyiw f

X[o1], LogObj(o1,p1)

=>

X[o1], LogObj(o1,p1) 

LdCnt
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��_hr/g
~"_:g]m b,_Sg"�l��b,_S�Nt\w b,_S�8w e ��� � � ��f,r/gZf}f,r\_E�8g]b,_*j"b��l_Eb,_S�iw e�j"e\_*�}g
�ij"b�f,r\_:j]f,r\_EbI��_E~"_Ee8w n�f,r\_*_E~"_EeNf�c}g]b,_he\j]f
k1j"e)*/w�k
f,w e\x/{
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r2.(p1,o1), w2.(p1,o1)

k.(p1,[..(o1,.)..])

C

C

Lck(o1,p1)

LdCnt

C

C

LdCnt

LdCpy(o1,p1)

p=p1

X[o1]
p=p1

LdCnt

=>

X[o1]

cp.(p1,o1,.)

e1’

e5

e1’

e1

e1
e4

e3

�%w x"t\b,_�Æ]³\���q_S�Nt\w b,_Eyi_EeNf � � � � � �  �j"eNf,_1v�f�j]n�g]e&g"kEk1_Sc,c}_E~"_EeNf

WLck(o1,p1)

k.(p2,[..(o1,.)..])

Lck(o1,p2)

case iii: e1 = e2

k.(p1,[..(o1,wr)..]) =>

case i:

case ii:

e2

e4

e1

e3

e2

e3

e4

e1

�%w x"t\b,_�ÆZ¯/���q_S�Nt\w b,_Eyi_EeNf � � � ��� ��^`b,w f,_:m jlk��lcqg]b,_:_1v\k1m t/cdw ~"_
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	�m f,j"x"_1f,r\_EbS�lb,_S�Nt\w b,_Eyi_EeNf�c � � � � �Z� � � � � � � � � � ��� �og]e/� ��� � � �Hw yia\m ��b,_S�Nt\w b,_Eyi_EeNf � � �Z{

�
	�� B � � � ����� � 	 �
+�jZ�0�\��_0b,_1�/e\_0b,_S�Nt\w b,_Eyi_EeNf � � � �scd_E_�a�{/³"¼���Ë����lw�c�f,w e\x"t\w�cdr\w e\xzËC_1f���_E_Ee&f���jzkEg"cd_ScE�\�qr\w�k�rHg]b,_:f,r\_EeH�l_Sg]m fh�qw f,r
cd_Ea/g]b�gZf,_Em �"{�|}r\w�c�c�f,_Ea�w�c�g]m yijNc�f}f,r\_�c,g]yi_0g"c�f,r\_0b,_1�/e\_Eyi_EeNfqj]n�b,_S�Nt\w b,_Eyi_EeNf ��� � � � �scd_E_�É�_Sk
fS{/²\{ ³��
{

��_1f �N­:ËC_�gi�qb,w f,_:_E~"_EeNfqj"eHcdj"yi_:j"Ë)(�_Sk
fS�/g]e/��m _1f � ¬ ËC_�cdj"yi_0g"kEk1_Sc,c�_E~"_EeNf�j"e�f,r\_�c,g]yi_0j"Ë)(�_Sk
f}f,r/gZf�jlkEk1t\b�c
kEg]t/c,g]m m �8gZn f,_Eb �N­"{>|}r\_Ee��\b,_S�Nt\w b,_Eyi_EeNf � � � � � �lw�c�f,w e\x"t\w�cdr\_Sc}ËC_1f���_E_Ee�f���jzkEg"cd_ScE�
��$�!�
:��0 ËCj]f,r&_E~"_EeNf�cqg"kEk1_Sc,c�f,r\_0j"Ë)(�_Sk
f�~�w�g2f,r\_�c,g]yi_0k1j"a��"{
��$�!�
:�	��� � ¬ g"kEk1_Sc,cd_Sc:gH�lw �o_Eb,_EeNf2k1j"a��"���qr\w�k�r�w�c0m jNg"�l_S� Ë��`g �� )��'���_E~"_EeNf �ZÆ�kEg]t/c,g]m m � gZn f,_Eb2g&�lw b,_Sk
f2k1j"yiyiw f
_E~"_EeNf}npj"bq_E~"_EeNf �N­0g]e/�&gZn f,_Eb�g���(��:_E~"_EeNfS{

- e=!$+�;N- ) �Nb,_S�Nt\w b,_Eyi_EeNf � � � w�c�~Zg]m w���ËC_SkEg]t/cd_}j]n/f,r\_qa/gZf,r�j]no�\gZf�g:kEg]t/c,g]m w f��:npb,j"y �N­�f,j � ¬ { - e=!$+�;N-6)*) �"b,_S�Nt\w b,_Eyi_EeNf
� � � � � x"t/g]b�g]eNf,_E_Sc>f,r/gZf�f,r\_Eb,_*w�c}g�a/gZf,r�j]n%�\gZf�g2kEg]t/c,g]m w f���npb,j"y �
³0f,j �ZÆl{����if,b�g]e/cdw f,w ~�w f��"�"f,r\_Eb,_*w�c}g]m�cdj�g�a/gZf,r�j]n
�\gZf�gikEg]t/c,g]m w f��inpb,j"y �N­:~�w�g �
³ig]e/� �ZÆ�f,j � ¬ {

LdCnt

C

LdCpy(o1,p2)

LdCnt

w2.(p2,o1)
r2.(p2,o1),

Lck(o1,p2)

cp.(p1,o1,wr)

LogObj(o1,p1)

X[o1]

X[o]

cp.(p1,o1,wr)

C
W[o1]

C

case ii:

W[o1]

LdCnt

C

C

X[o1]

case i:

=>

W[o1]

LdCnt

C

e2

e1’

e4’

e1

e1 e1

e3’

e3

e1’

e1’

e2’

e2

�%w x"t\b,_�Æ"Æl���q_S�Nt\w b,_Eyi_EeNf � � � � ���}|}��jzkEg"cd_Sc

�
	�� B � � � ����� � 	 �
	 �
	�f:m�g"c�fS�o��_�b,_1�/e\_ � � � � � �scd_E_�a�{�Æ]³��
�o�qr\w�k�r b,_Scd_Ey2Ë\m _Sc�f,r\_�b,_1�/e\_Eyi_EeNf:j]n ��� � � � � � { - e/�l_E_S���of,r\_ig]b,x"t\yi_EeNf�c�npj"b
k1j"b,b,_Sk
f,e\_Sc,c*g]b,_�f,r\_8c,g]yi_zg"c:w e�É�_Sk
fS{�²\{ ¯/{@O�_Eb,_"����_ij"e\m ��r/g
~"_ig�yij"b,_zk1j"yia\m _1v`k1j"eNf,_1v�f:npj"b:f,r\_z�qb,w f,_z_E~"_EeNfS{
|}r\w�c�k1j"eNf,_1v�fS�\r\jZ��_E~"_EbS��w�cqe\j]f�e\_E_S�l_S��npj"bqa\b,jZ~�w e\x�f,r\_2k1j"b,b,_Sk
f,e\_Sc,c�j]n%f,r\_�b,_1�/e\_Eyi_EeNfhc�f,_Ea��\w fhw�cqj"e\m ��e\_Sk1_Sc,c,g]b,�
�pj"b�gZfqm _Sg"c�fqr\_Em alnpt\m*��npj"bqa\b,jZ~�w e\x2f,r\_0b,_Scdt\m f,w e\xib,_S�Nt\w b,_Eyi_EeNf�c�npj"bqf,r\_0��_1f,b,w�e\_1f�yijl�l_EmJ{
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w2.(p2,o1)

LdCnt

C

LdCpy(o1,p2)

LdCpy(o1,p2)

C

C

r2.(p2,o1),

LogObj(o1,p1)

=>

LogObj(o1,p1)

Lck(o1,p2)

LdCnt

C

e3

e3

e3’

e1 e1

e1’

e2

�%w x"t\b,_�Æ]²\���q_S�Nt\w b,_Eyi_EeNf � � � � � �  �j"b,b,_Sk
fqx"m j"Ë/g]moa\b,j"a/g]xNgZf,w j"e

LdCnt

C C

LdCnt

Lck(o1,p2)

LdCnt

WLck(o1,p1)

LdCpy(o1,p1)

cp.(p1,o1,wr)

w2.(p1,o1)

Lck(o1,p2)

LdCpy(o1,p2)
obj.o1

LogObj

C

log.(.,dbu,p1)

r2.(p2,o1),
w2.(p2,o1)

obj.o1

=>

p=p1

w2.(p2,o1)

k.(p1,[..(o1,wr)..])

C

Lck(o1)

C

LdCpy(o1,p2)

r2.(p2,o1),

LogObj(o1,p1)

LogObj(o1,p1) e5

e3

e3

e3’

e4

e1

e2

e1

e2

e1’

c1

c

e1’

e7

e8

�%w x"t\b,_�ÆN¸����q_S�Nt\w b,_Eyi_EeNf � � � � � � ��� �� )��'���� � � ��gZn f,_Ebqt\ao�\gZf,_0j]n%j"Ë)(�_Sk
fhg]e/���qb,w f,w e\xij]n�t\ao�\gZf,_0b,_Sk1j"b��zf,jzm j"x/{

Æ]³



LogObj

obj.o1

LdCnt

obj.o1

obj.o1

p=p1
W[o1]case i:

case ii:

w2.(p1,o1)

cp.(p1,o1,wr)

C

Lck(o1)

LdCpy(o1,p1)

WLck(o1,p1)

C

LogObj(o1,p1)

=>

p=p1
obj.o1

k.(p1,[..(o1,wr)..])

obj.o1

c

c2

c1

e10

e9

e1

e9

e1

e9

e1’

e7

c

e5

c1

e4

�%w x"t\b,_�Æ]¹\���q_S�Nt\w b,_Eyi_EeNf � � � � � � � � +�j8cd��w a�j]n�t\ao�\gZf,_ScE{

�
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�%w x"t\b,_0Æ]¼2x"w ~"_Sc}g]e�jZ~"_Eb,~�w _E��j"e�f,r\_:b,_1�/e\_Eyi_EeNf�c�f,_Ea/c}j]n%b,_S�Nt\w b,_Eyi_EeNf � � {/|}r\_:b,_Eyzg]w e\w e\x�a\b,j�j]n%j"Ë\m w xNgZf,w j"e/c�g]b,_
� � � � �Z� � � � � � � � � � ��� � � � � � �Z� � � � � � � �Z� � � � � � � � � � ��� � �Z� � ��� � � �og]e/� � ��� ��� {
+�j]f,_�f,r/gZfi��_�t/cd_S��b,_S�Nt\w b,_Eyi_EeNf ��� � � �6npj"b�a\b,jZ~�w e\xHf,r\_�b,_1�/e\_Eyi_EeNfij]n � � ��� f,r\w�cij"Ë\m w xNgZf,w j"e��}g"c�g]m b,_Sg"�l�

m w�c�f,_S��gZfqf,r\_0_Ee/��j]n�f,r\_0b,_1�/e\_Eyi_EeNf � {\|}r\_Eb,_1npj"b,_"�l��_0�ljie\j]f�m w�c�fqw f�r\_Eb,_�g]xNg]w e�{
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	�f�m�g"c�fS�"��_hb,_1�/e\_�b,_S�Nt\w b,_Eyi_EeNf � �scd_E_�a�{�³�¸?�
�N�qr\w�k�r�c�f�gZf,_Sc>f,r/gZf�_Sg"k�r8k1j"yiyiw fdf,_S�8g"kEk1_Sc,c>_E~"_EeNf�w�c�g]m�cdj�g2�lw b,_Sk
f,m �
k1j"yiyiw fdf,_S�z_E~"_EeNfS{�O�jZ��_E~"_EbS�"��_he\_E_S�8e\j�npt\bdf,r\_Eb�a\b,j�j]n�j"Ë\m w xNgZf,w j"e/cÜËC_SkEg]t/cd_hb,_S�Nt\w b,_Eyi_EeNf �;w�c�g2k1j"e/cd_S�Nt\_Ee/k1_�j]n
b,_S�Nt\w b,_Eyi_EeNf ��� � � ��g]e/� ��� � � � �scd_E_ha�{N¯N¿�g]e/�za�{N¯/­��
{���_1f�t/c�k1j"e/cdw��l_Eb�g�cdw f,t/gZf,w j"ezf,r/gZf�yi_E_1f�cÜf,r\_*m _1n f�r/g]e/�8cdw��l_
j]n�b,_S�Nt\w b,_Eyi_EeNf ����g]e`g"kEk1_Sc,c*_E~"_EeNf �N­��qw f,r�g�a/gZf,r j]n�a\b,j"x"b�g]yÃkEg]t/c,g]m w f���f,j&cdj"yi_ik1j"yiyiw f0_E~"_EeNf � ¬ {2É�w e/k1_zg
k1j"yiyiw fÜ_E~"_EeNfÜw�cÜg:a\b,j"x"b�g]y�_E~"_EeNfS�]f,r\w�cÜcdw f,t/gZf,w j"ezyi_E_1f�cÜg]m�cdj*f,r\_�m _1n f�r/g]e/�zcdw��l_qj]n�b,_S�Nt\w b,_Eyi_EeNf ��� � � �Z{ 	�a\a\m ��w e\x
��� � � ��x"w ~"_ScÜt/cÜf���j2kEg"cd_ScE� - e7!$+�;N-U)*) � � ¬ w�c�g2�lw b,_Sk
f}k1j"yiyiw f�_E~"_EeNfÜnpj"b �N­"{ - e7!$+�;N-U) �Nf,r\_*cdw f,t/gZf,w j"e8yi_E_1f�cÜf,r\_*m _1n f
r/g]e/��cdw��l_0j]n%b,_S�Nt\w b,_Eyi_EeNf ��� � � � {&	�a\a\m w�kEgZf,w j"e&j]n ��� � � � cdr\jZ��c�f,r/gZf �N­:w�c�gi�lw b,_Sk
f,m ��k1j"yiyiw fdf,_S��_E~"_EeNfS{
	�m f,j"x"_1f,r\_EbS�lb,_1�/e\_Eyi_EeNf�j]n%b,_S�Nt\w b,_Eyi_EeNf��#�lj�_Sc}e\j]fhg"�\��g]e��znpt\bdf,r\_Eb�a\b,j�j]n%j"Ë\m w xNgZf,w j"e/cE{
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������*��
1���
- e6f,r\_�a\b,_E~�w j"t/czcd_Sk
f,w j"e/cE�}��_Hr/g
~"_&b,_1�/e\_S�·f,r\_ cdaC_Sk1w �CkEgZf,w j"e�cdt/k�r6f,r/gZf�_Sg"k�r6b,_S�Nt\w b,_Eyi_EeNf8w�c8g]e w yia\m w�kEgZf,w j"e
ËC_1f���_E_Ee8f���jicdw f,t/gZf,w j"e/cE{ - e8f,r\_:b,_Sc�f}j]n�f,r\w�c�a/g]aC_EbS�l��_:cdr\jZ� f,r/gZfq_Sg"k�r�_1vl_Sk1tlf,w j"e�j]n�f,r\_0��_1f,b,woe\_1fqyijl�l_Emoyi_E_1f�c
f,r\_Scd_:b,_S�Nt\w b,_Eyi_EeNf�cE{>|}r\w�c}�qw m m�ËC_0a\b,jZ~"_Ee8npj"bq_Sg"k�r�b,_S�Nt\w b,_Eyi_EeNf�cd_Ea/g]b�gZf,_Em �"{
|}r\_�Ë/g"cdw�k�c�f,b,t/k
f,t\b,_�j]n�_Sg"k�r�a\b,j�j]n�w�chf,r\_2npj"m m jZ�qw e\x/��^`_zk1j"e/cdw��l_Eb:g]e`g]b,Ë\w f,b�g]b,��_1vl_Sk1tlf,w j"e j]nÜf,r\_z��_1f,b,w%e\_1f

yijl�l_Em}f,r/gZf8yi_E_1f�cif,r\_&b,w x"rNfduÅr/g]e/�·j]nhf,r\_Hb,_S�Nt\w b,_Eyi_EeNfS{�|}r\_Ee�����_Hk1j"e/c�f,b,t/k
fif,r\_�k1j"eNf,_1v�fzj]nhf,r\_�k1j"e/cdw��l_Eb,_S�
cdw f,t/gZf,w j"eznpb,j"y�f,r\_:��_1f,b,wCyijl�l_EmJ{:�\j"b�f,r\w�c}k1j"e/c�f,b,t/k
f,w j"e�����_*t/cd_*�lw �o_Eb,_EeNf}��w e/�\c�j]n%g]tlf,j"yzgZf�g\���qr\w�k�r�_1v�f,b�g"k
f�f,r\_
b,_Em _E~Zg]eNf>ËC_Er/g
~�w j"b>j]nCf,r\_h��_1f,b,wle\_1fÜyijl�l_EmJ��g]m m\a/gZf,r/c>ËC_1f���_E_Ee8cdaC_Sk1w �Ck}_E~"_EeNf�cE�Zf,r\_hk�r/g]w eij]n�kEg]t/cd_Sc�j]n�cdj"yi_q_E~"_EeNfS�
_1f�k]{ �h_1f�g]w m�c}�qw m m�ËC_0_1vla\m�g]w e\_S��ËC_Em jZ�0{
'�a0f,j���e\jZ�0�Sf,r\w�c�a\b,j�j]nlw�c�r/g]e/��uÅyzg"�l_"{�|}r\_�t/cd_S�*f,_Sk�r\e\w��Nt\_ScE�
r\jZ��_E~"_EbS�Sg]b,_�cdt/k�r:f,r/gZf�f,r\_E�0kEg]e0ËC_�g]tlf,j"yzgZf,_S��{

�\j"b:_1v\g]yia\m _"��yijNc�f�g]tlf,j"yzgZf�g�t/cd_S�`k1j"t\m�� ËC_zk1j"e/c�f,b,t/k
f,_S�Hnpt\m m �`g]tlf,j"yzgZf,w�kEg]m m ��npb,j"y f,r\_ib,_S�Nt\w b,_Eyi_EeNf0g]e/��f,r\_
��_1f,b,w�e\_1fiyijl�l_EmJ�qg]e/��yijNc�fi~"_Eb,w �CkEgZf,w j"e·c�f,_Ea/cik1j"t\m���ËC_&cdt\a\aCj"bdf,_S��Ë���f,_Sk�r\e\w��Nt\_Sc2npb,j"y(g]tlf,j"yzgZf,_S��f,r\_Ej"b,_Ey
a\b,jZ~�w e\x/{ '�elnpj"bdf,t\e/gZf,_Em �"�of,r\_Scd_�f,_Sk�r\e\w��Nt\_Sc:g]b,_2e\j]f0�"_1f:w yia\m _Eyi_EeNf,_S��� g�f,j�j"m>cdt\a\aCj"bdf,w e\x�f,r\w�c*f,_Sk�r\e\w��Nt\_�w�c0g]e
j"e\x"j"w e\x�a\b,j (�_Sk
fS{

�\j"b�t\e/�l_Eb�c�f�g]e/�lw e\x f,r\_�~"_Eb,w �CkEgZf,w j"e f,_Sk�r\e\w��Nt\_"��w f w�c�cdtl�8k1w _EeNf�f,j;k1j"e/cdw��l_EbHf,r\_�a\b,j�j]nscHj]n�f,r\_��/b�c�f�np_E�
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�EÆhj"e��qr\w�k�rij"e\m �2k1j"e/�lw f,w j"e/c>k1j"b,b,_ScdaCj"e/�lw e\xhf,j:j"e\_}j]nCf,r\_qa\m�g"k1_Sc�j]now e�~Zg]b,w�g]eNfG� ¬ �%jlkEk1t\bS{ - e�a/g]bdf,w�k1t\m�g]bS�Zf,r\_Eb,_}w�cÜg
k1j"e/�lw f,w j"e �1²hf,r/gZf�w�c�f,r\_}�/b�c�fÜjlkEk1t\b,b,_Ee/k1_}j]n�g�����
 ' �qk1j"e/�lw f,w j"eij"e�f,r\w�cÜa/gZf,rzg"c>cdr\jZ�qeiw e@�%w x/{�¸Z¿\{�����g"c,cdt\yialf,w j"e

k.p1

uk.p1

C

uk.p1

uk.p1
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�%w x"t\b,_2¸Z¿\��	Äa/gZf,rHk1j"b,b,_ScdaCj"e/�lw e\x�f,jzw e�~Zg]b,w�g]eNf ��
 %�­A� � ���>
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 %�­A� ��'�
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 %�­A� ��
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 %�­A� � +*
 � �Ä­
g]e/�Hw e�~Zg]b,w�g]eNf � ¬ �
�o��_���e\jZ� f,r/gZf*f,r\_Eb,_�w�che\j�jlkEk1t\b,b,_Ee/k1_�j]n�g�k1j"e/�lw f,w j"e ����
 ' �2ËC_1f���_E_Ee`k1j"e/�lw f,w j"e/c �
¯�g]e/� �1²\{
+�_1v�fS�l��_:cdr\jZ��f,r/gZf�f,r\_Eb,_:w�c�e\j��� )��#���� ' � ��_E~"_EeNf}ËC_1f���_E_Ee �N­���g]e/� �1²\{���_1fqt/c}k1j"e/cdw��l_Ebqg]e�g]b,Ë\w f,b�g]b,���� )��#���� ' � �
_E~"_EeNf �N������w e�~Zg]b,w�g]eNf ��­��}g]e/��f,r\_2k1j"e/�lw f,w j"e/c ��
 ' �:w e&f,r\_�k1j"eNf,_1v�f�j]n�_E~"_EeNf�c �2g]e/� �N­��p�/��_:��e\jZ�;f,r/gZf ��jlkEk1t\b�c
kEg]t/c,g]m m �&ËC_1npj"b,_ �N­ � j"b0kEg]t/c,g]m m �HgZn f,_Eb �N­ � { - e f,r\_2�/b�c�f0kEg"cd_"� �z�lj�_Sche\j]f0jlkEk1t\b*ËC_1f���_E_Ee �N­ � g]e/� �1²\{�É�j/��m _1f:t/c
k1j"e/cdw��l_Eb�f,r\_0kEg"cd_hf,r/gZf �:jlkEk1t\b�c}kEg]t/c,g]m m �zgZn f,_Eb �N­��Cw e�yij"b,_:�l_1f�g]w mJ{>|}r\_0g]tlf,j"yzgZf,j"e�w e	�%w x/{/¸�­:cdr\jZ��c�g�k�r/g]w e�j]n
kEg]t/cd_ScÜnpj"b�f,r\_��� )��#���� ' � ��_E~"_EeNf �N�>|}r\_Eb,_*y2t/c�fqËC_:g����$��(���� #�� ' � �Ü_E~"_EeNf � �CËC_1npj"b,_"���qw f,r&g ����
 ' �*k1j"e/�lw f,w j"e�w e�w f�c
a\b,_Scd_1fS{�����w e�~Zg]b,w�g]eNf6��­��
� � �\jlkEk1t\b�c�gZn f,_EbÜf,r\_hk1j"yiyiw f�_E~"_EeNf �N­��lËC_SkEg]t/cd_"�Nj]f,r\_Eb,�qw�cd_"�"+ 
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 ' �
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 ' �:k1j"e/�lw f,w j"e&ËC_1f���_E_Ee&k1j"e/�lw f,w j"e/c �
¯8g]e/�	�1²\{>|}r�t/cE�lf,r\_Eb,_:w�cqe\j �� )��#���� ' � ��_E~"_EeNfqËC_1f���_E_Ee �
¯zg]e/� �1²\{
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�`j]nhkEg]t/cd_Sc2g]m j"e\x&f,r\_�a/gZf,r�npb,j"y �
¯Hf,j �1²�g]m j"e\x�w e�~Zg]b,w�g]eNfQ� ¬ �
{`|}r\_�g]tlf,j"yzgZf,j"e�npb,j"y
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Redone(p1)

t11,15,t23
p=p1

t37
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case ii case iii

case iv

case i

�%w x"t\b,_2¸ ¬ �& �g]t/cd_Sc�j]n�����
 ' �0k1j"e/�lw f,w j"e �1²ig]m j"e\x�w e�~Zg]b,w�g]eNf �s²��

!$+�;N- )���|}r\_�a\b,jlk1_Sc,c�ËC_Sk1j"yi_Sc>t\e\��e\jZ�qe8gZf>f,r\_hcd_Eb,~"_Eb>b,w x"rNf�gZn f,_Eb�g:b,_S�lj0a\b,jlk1_S�lt\b,_}j]nof,r\_�a\b,jlk1_Sc,cE�]�qr\_Eb,_}f,r\_�b,_S�lj
a\b,jlk1_S�lt\b,_*�}g"c�f,_Eb,yiw e/gZf,_S���qw f,r\j"tlfhg]e��8t\ao�\gZf,_:ËC_SkEg]t/cd_:e\j8k1j"yiyiw fqb,_Sk1j"b��8�}g"c�_Ee/k1j"t\eNf,_Eb,_S���lt\b,w e\x�f,r\_
c,kEg]e�Ë/g"k��T� f,b�g]e/cdw f,w j"e/c ��� �"� ��� � �\g]e/� �
���2�qw f,r % � %�­��
{

!$+�;N- )*)��0f,r\_za\b,jlk1_Sc,c*ËC_Sk1j"yi_Sc0t\e\��e\jZ�qe`b,w x"rNf�gZn f,_Eb:f,r\_8cd_Eb,~"_Eb:r/g"c:t\ao�\gZf,_S��g&k1j"eNf,w e�t/gZf,w j"e npb,j"y f,r\_zm j"x�f,j&f,r\_
�\gZf�g]Ë/g"cd_:�lt\b,w e\xif,r\_0b,_S�lj�j]n%f,r\_0a\b,jlk1_Sc,cU� f,b�g]e/cdw f,w j"e �������qw f,r % � %�­��
{

!$+�;N- )*)*)��0f,r\_0a\b,jlk1_Sc,c}ËC_Sk1j"yi_Scqt\e\��e\jZ�qe&gZfqf,r\_�cd_Eb,~"_Eb}b,w x"rNf�gZn f,_Ebqf,r\_0b,_S�lj/�l�qr\_Eb,_:f,r\_0b,_S�ljia\b,jlk1_S�lt\b,_:�}g"c�f,_Eb,yiw u
e/gZf,_S��Ë��8b,_Sg"k�r\w e\x2f,r\_:�/b�c�fqm j"xib,_Sk1j"b��8�qw f,r\j"tlfh�lj"w e\xzg]e��8t\ao�\gZf,_�� f,b�g]e/cdw f,w j"e �������qw f,r % � %�­��
{

!$+�;N-�)L� �:f,r\_0a\b,jlk1_Sc,c}w�c}t\e\��e\jZ�qe�b,w x"rNf�gZn f,_Eb}f,r\_�cd_Eb,~"_Eb}b,_Sk1jZ~"_Eb,_S�inpb,j"y gzcd_Eb,~"_Eb}k1b�g"cdr � f,b�g]e/cdw f,w j"e �
� � �
{
+�j]f,_0f,r/gZf:g]m m�_E~"_EeNf�c�k1j"b,b,_ScdaCj"e/�lw e\x�f,j8j"e\_�j]n�f,r\_�g]ËCjZ~"_*f,b�g]e/cdw f,w j"e/cE�/r/g]a\aC_Ee�kEg]t/c,g]m m ��gZn f,_Eb �
¯8ËC_SkEg]t/cd_2g]m m

a\m�g"k1_Sc�w e�f,r\_�g]tlf,j"yzgZf,j"e&g]b,_:a\m�g"k1_Sc}j]n%w e�~Zg]b,w�g]eNf � ¬ ��g]e/� ��� ' �:�lj�_Scqe\j]fqjlkEk1t\bqw e�f,r\w�c�g]tlf,j"yzgZf,j"e�{
É�j/����_i�qw m m�k1j"e/cdw��l_Eb:f,r\_za/gZf,r�j"e f,r/gZf�w e�~Zg]b,w�g]eNf:npb,j"y f,r\_Scd_if,b�g]e/cdw f,w j"e/c:Ë/g"k��Hf,j �
¯/{��\j"b�k1m�g]b,w f��"����_8�l_Sg]m

�qw f,r&_Sg"k�r�j]n%f,r\_�g]ËCjZ~"_:kEg"cd_Scqcd_Ea/g]b�gZf,_Em �"{

/ Y\V ¨ ¢ 0 ��_1f%t/c%cd_E_��qr/gZf�k1j"t\m���kEg]t/cd_>f,r\_�jlkEk1t\b,b,_Ee/k1_Üj]n\j"e\_�j]nlf,r\_�g]ËCjZ~"_>f,b�g]e/cdw f,w j"e/c ��� �"����� � �
j"b �
���\{ �%w x"t\b,_}¸Z³
cdr\jZ��c}g2Ë/g"k����}g]b���g]tlf,j"yzgZf,j"e����qr\w�k�r&k1j"eNf�g]w e/c}j"e\m �za\m�g"k1_Sc}j]n%w e�~Zg]b,w�g]eNfC� ¬ �
{�É�w e/k1_���
 ' �0�lj�_Sc}e\j]fqjlkEk1t\b}w e�f,r\w�c
g]tlf,j"yzgZf,j"e��\��_0��e\jZ� f,r/gZf�f,r\_2k�r/g]w e&j]nÜkEg]t/cd_Scqw�c�w e\w f,w�gZf,_S�&Ë��&g]e � ��#$� 
��	� ' � ��_E~"_EeNf �
¹\�/g]e/�&��_���e\jZ�;f,r/gZf�f,r\w�c
_E~"_EeNf�jlkEk1t\b�c�kEg]t/c,g]m m ��gZn f,_Ebqf,r\_ ��
 ' ��k1j"e/�lw f,w j"e �
¯T�pe\j]f,_0f,r/gZf �
¹zk1j"t\m��&r/g]a\aC_EeHw yiyi_S�lw�gZf,_Em �HgZn f,_Eb �
¯��
{ - e&f,r\w�c
g]tlf,j"yzgZf,j"e��o��_2r/g
~"_2w e/�lw�kEgZf,_S� cdj"yi_2m j"x�b,_Sk1j"b��\cqf,r/gZf0g]b,_2b,_Sg"�HË��&f,r\_2f,b�g]e/cdw f,w j"e/chj]nÜf,r\_ig]tlf,j"yzgZf,j"e �s�lt\b,w e\x
f,r\_Hb,_Sc�f�g]bdfza\b,jlk1_S�lt\b,_��
{ |}r\_Scd_�g]b,_&b,_Ea\b,_Scd_EeNf,_S�·Ë��6�\g"cdr\_S�6m w e\_SczËC_SkEg]t/cd_&f,r\_Scd_�a\m�g"k1_Sczg]b,_&e\j]f�a/g]bdf8j]n*f,r\_
g]tlf,j"yzgZf,j"e�{>|}r\_E��g]b,_:j"e\m �8b,_Ea\b,_Scd_EeNf,_S�zf,jzr\w x"rluÅm w x"rNf}f,r\_0m j"x�b,_Sk1j"b��\c�b,_Sg"��j"e�f,r\w�cqa/gZf,r�{

�%w b�c�fÜj]nog]m mJ�"��_}��e\jZ��f,r/gZfS�"j"e�f,r\w�c>a/gZf,r��"j"e\_}j]nCf,r\_qm j"x:b,_Sk1j"b��\c�� � ��­	� � � %�­"�3� � ��­	� � 	�� � %�­��
�Zj"b � � ��­	����
 #�� %�­���}g"chb,_Sg"�Hnpj"b:cdj"yi_���{�É�w e/k1_�f,r\_ � ��#$� 
��2_E~"_EeNf �
¹�r/g]a\aC_Ee/c:kEg]t/c,g]m m �HgZn f,_Eb �
¯/��g]e/��f,r\_Eb,_1npj"b,_�g]m�cdj�kEg]t/c,g]m m ��gZn f,_Eb
f,r\_�k1j"yiyiw f2_E~"_EeNf �N­��s�%��_8��e\jZ� Ë����Üb,j"aC_Ebdf��`Æ �scd_S�Nt\_Ee/k1_8e�t\y2ËC_Eb�c2g]b,_iw e/k1b,_Sg"cdw e\x��hf,r/gZf � � �o{�É�w e/k1_zf,r\_
k1j"t\eNf,_Eb �hj]n�f,r\_8g]tlf,j"yzgZf,j"e`w�c �(w e\w f,w�g]m m �`g]e/�`w�c:j"e\m � �l_Sk1b,_Sg"cd_S� Ë�� g]m mÜ_E~"_EeNf�cE����_i��e\jZ� � � ��{�LHj"b,_EjZ~"_EbS�
��_i��e\jZ�#f,r/gZfS��j"e`_Sg"k�r`a/gZf,r`j]n�f,r\_8g]tlf,j"yzgZf,j"e���g�m j"x&b,_Sk1j"b��\c*�qw f,r�cd_S�Nt\_Ee/k1_ie�t\y2ËC_Eb � � ­iw�c0b,_Sg"�Hnpj"b0_Sg"k�r
�0�qw f,r � � � 
 ���qg]e/�·��_&��e\jZ�»f,r/gZfze\j"e\_&j]nhf,r\_Scd_Hm j"x`b,_Sk1j"b��\cig]b,_�b,_Sk1j"b��\c�j]n*a\b,jlk1_Sc,c %�­��sk
n�{Ük1j"e/�lw f,w j"e
%�� 
 � %�­��
{q����f,r\_2t\e\w��Nt\_Ee\_Sc,c�j]n�cd_S�Nt\_Ee/k1_0e�t\y2ËC_Eb�c�j]nÜm j"xzb,_Sk1j"b��\c �s�Üb,j"aC_Ebdf���²��
�/Ë���f,r\_2_1vlw�c�f,_Ee/k1_�j]n�f,r\_2m j"x
b,_Sk1j"b��T� � ��­	� � �	� � %�­��
�\g]e/��Ë���� ���o�\��_:��e\jZ� � ���o{
+�jZ�0��m _1f�t/c2w e�~"_Sc�f,w xNgZf,_"�%�qr\_Eb,_zf,r\_�g]ËCjZ~"_zm j"x�b,_Sk1j"b��\c�k1j"yi_znpb,j"y&{ |}r\w�c2w�c�b,_Ea\b,_Scd_EeNf,_S��w eP�%w x/{Ü¸
¯/{�|}r\_
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t10,t14,t19,t22
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pr1.(i+1,p1,false,o,p’):p’<>p1

pr4.(i+1,p1,false,p’):p’<>p1
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t21:p=p1<>p’
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l=i

pr.(i+1,p1,false)
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e7

e7

e7
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case b

LogObj(o1,p1)

LogDBu(p1)

t33

t17

�%w x"t\b,_2¸
¯/��^`b,w f,_0j"aC_Eb�gZf,w j"e/c�npj"bqm j"xib,_Sk1j"b��\c�w eP!$+�;N- )
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t\ao�\gZf,_�b,_Sk1j"b��&g]e/��f,r\_�k1j"eNf,w e�t/gZf,w j"e&b,_Sk1j"b��&kEg]e&j"e\m ��j"b,w x"w e/gZf,_:npb,j"yÃg!����������� � � ��
 ' � ��b,_Scda�{������)��#���� ' � ��_E~"_EeNf
�p�qw f,r aCjNc,cdw Ë\m �Hcdj"yi_2b,_Sg"�Hg"kEk1_Sc,cd_Sc�j"eHf,r\_Scd_�m j"x8b,_Sk1j"b��\c�w e ËC_1f���_E_Ee �
{:|}r\_icdw f,t/gZf,w j"eHnpj"bhf,r\_ �*��t�b,_Sk1j"b��&w�c:g
m w fdf,m _�Ë\w f�yij"b,_qw e�~"j"m ~"_S���%|}r\w�cÜb,_Sk1j"b���k1j"t\m��i_Ew f,r\_EbÜËC_h�qb,w fdf,_EezË���f,r\_�a\b,jlk1_Sc,c>w f�cd_Em n�Ë��ig ���������$��� ' � �%j"aC_Eb�gZf,w j"e��
Ë\tlf}w f}k1j"t\m���g]m�cdj�ËC_*�qb,w fdf,_Ee��lt\b,w e\x�g�b,_S�lj2j]n�f,r\_*a\b,jlk1_Sc,cÜj"b��lt\b,w e\x�f,r\_*b,_Sk1jZ~"_Eb,�2j]n�f,r\_:cd_Eb,~"_Eb6� f,b�g]e/cdw f,w j"e/c �����
g]e/� �������
{
^`_2�/b�c�f0k1j"e/cdw��l_Ebhf,r\_zkEg"cd_Q�(!$+�;N- ) � +��*w e`�qr\w�k�r�f,r\_�m j"x�b,_Sk1j"b��Hw�c*�qb,w fdf,_Ee Ë���g8m j"x�_E~"_EeNf �]¸ij]n�a\b,jlk1_Sc,c3%�­"{

|}r\_Ee���_0�qw m m�cdr\jZ� f,r/gZfqf,r\_0j]f,r\_Eb�kEg"cd_@�(!$+�;N- ) �  %�qw�c}w yiaCjNc,cdw Ë\m _:w e&j"t\b�cdw f,t/gZf,w j"e�{
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f,w j"e��/��_�a\b,jZ~"_:b,_S�Nt\w b,_Eyi_EeNf ��� � � � � � � � �scd_E_�a�{C¯�Æ>�
�\�qr\w�k�rHË/g"cdw�kEg]m m ��c,g
�lc}f,r/gZfhw eNf,_Eb,yi_S�lw�gZf,_�t\ao�\gZf,_Sc
f,j0f,r\_:�\gZf�g]Ë/g"cd_��lj2e\j]f��qb,w f,_hg]e8j"m��l_Eb�k1j"eNf,w e�t/gZf,w j"e�{��%w x"t\b,_h¹"³�cdr\jZ��c�g2cdw f,t/gZf,w j"eif,r/gZf�b,_Scd_Ey2Ë\m _Sc>f,r\_*cdw f,t/gZf,w j"e
j]n>f,r\_2m _1n f:r/g]e/� cdw��l_2j]nÜb,_S�Nt\w b,_Eyi_EeNf ��� � � � � � � � {2^`_2r/g
~"_2g"�\�l_S�Hf,r\_2w yiyi_S�lw�gZf,_ik1j"eNf,_1v�fhf,j8f,r\_������)��#��q_E~"_EeNf
�ZÆ2g]e/��f,j�f,r\_�k1j"yiyiw f�_E~"_EeNf �N­��s{Ü�����Üb,j"aC_Ebdf���Æl�l��_:��e\jZ� � 
��o{

�%w b�c�fS����_`�l_Sg]mh�qw f,r f,r\_`cdaC_Sk1w�g]m*kEg"cd_ �Z­ � �Z�:w e�f,r/gZf&kEg"cd_"�q��_`g]m�cdj���e\jZ� �]¸ � �
²�ËC_SkEg]t/cd_ g]e _E~"_EeNf
w yiyi_S�lw�gZf,_Em ��a\b,_Sk1_S�lw e\x�g`k1j"e/�lw f,w j"e·w�c�t\e\w��Nt\_&w e·j"t\bi_1vl_Sk1tlf,w j"e·yijl�l_EmJ{·|}r�t/cE�Ü��_�r/g
~"_&g a/gZf,r·j]nha\b,j"x"b�g]y
kEg]t/c,g]m w f��inpb,j"y �N­:~�w�g �
² � �]¸0f,j �Z­"{�É�j/�l��_:r/g
~"_�!$+�;N- )Üj]n%f,r\_0b,w x"rNfqr/g]e/��cdw��l_0j]n�b,_S�Nt\w b,_Eyi_EeNf ��� � � � � � � � {
- e�f,r\_:b,_Sc�f}j]n�f,r\w�c}a\b,j�j]n��l��_:g"c,cdt\yi_ �Z­ @� �Z{�	�xNg]w e��lË��zj"t\b}_1vl_Sk1tlf,w j"e�yijl�l_Em�g]e/�zf,r\_:w e�~Zg]b,w�g]eNf (�#��N
 %�­A� �#­

�pw e�~Zg]b,w�g]eNf��s³��
�%cd_E_8|%g]Ë\m _8Æ�j"e�a/g]x"_&­S¿NÆ>�
����_z��e\jZ��f,r/gZf �]¸8r/g]a\aC_Ee/c�kEg]t/c,g]m m � gZn f,_Eb�k1j"e/�lw f,w j"e �(�9j]f,r\_Eb,�qw�cd_
f,r\_Eb,_0g]b,_*f���jik1j"e/k1t\b,b,_EeNfqjlkEk1t\b,b,_Ee/k1_Sc�j]n�(�#�� 
 ' �0k1j"e/�lw f,w j"e/cE�l�qr\w�k�r&~�w j"m�gZf,_Sc�f,r\_0w e�~Zg]b,w�g]eNfS{
+�jZ�0�Üm _1fzt/ciw e�~"_Sc�f,w xNgZf,_8f,r\_H�lw �o_Eb,_EeNfi_E~"_EeNf�c2f,r/gZf8k1j"t\m���jlkEk1t\biw e�f,r\_&a\b,_Scd_1fij]n �Z­&g]e/��r/g
~"_�g a\b,j"x"b�g]y

kEg]t/c,g]m w f��if,j8k1j"e/�lw f,w j"e �Z­"{:�%w x"t\b,_0¹]¯zcdr\jZ��cqg]m m�aCjNc,cdw Ë\m _0w e/c�f�g]e/k1_Sc}j]n%f,b�g]e/cdw f,w j"e/c}j]n�f,r\_���_1f,b,w�e\_1f�yijl�l_Em��qr\w�k�r
t\ao�\gZf,_:f,r\_�k1j"eNf,w e�t/gZf,w j"e�j]n�a\b,jlk1_Sc,c�%�­:w e�f,r\_��\gZf�g]Ë/g"cd_"�

¸�­



sr2.(i+1,.,.,p1)

i:= i-1
t29i:= m

lc.m+1

t36

i:= i-1

t29

t31:c[p1]=0

sr2.(i+1,.,c):c[p1] =0

sr2.(i+1,.,c,p):c[p1]=0,p<>p1
sr1.(i+1,.,c):c[p1] =0

t25

t30,t31:p<>p1
t26,t27,t28

i:= i-1

sr3.(i+1,.,c,p):
c[p1]=0,p<>p1

t33:p<>p1t32:p<>p1
i:= i-1

t35
t34:p<>p1

i:= i-1

sr.(i+1,.,c):c[p1]=0
t29:p<>p1

case iv.b.2:case iv.b.1:

t30,t31:p=p1
i:= i-1

t33:p=p1

t32

sr3.(i+1,.,.p1)

�%w x"t\b,_0¹ ¬ � - x"e\j"b,w e\xig]e�t\e/k1j"yiyiw fdf,_S�Hk1j"eNf,w e�t/gZf,w j"e�b,_Sk1j"b���� !$+�;N- )L� �  

LdCnt

k.p1

cnt.p1

LdCnt,LogCnt,C

cnt.p1

C

LdCnt(p1)

log(k+1,cmt,p1)

log(j+1,cnt,p1)

X

LogCnt(p1)

c

c4

e5 c4

e1
p=p1

c3

c1

e1’

e6

e7

�%w x"t\b,_0¹"³\�ÜÉ�w f,t/gZf,w j"e&yzgZf�k�r\w e\x�f,r\_0m _1n f�r/g]e/�&cdw��l_:j]n ��� � � � � � � �

¸ ¬



e7

e7e7

e7

cnt.p1

cnt.p1

c3.p1 pr2.(l+1,p1,true,p1)

sr2.(l+1,r,[..p1..],p1):r[p1]=0

case i: case ii: case iii: case iv:

LdCnt(p1)

t16UpdCnt(p1)

t32

�%w x"t\b,_0¹]¯/���\j"t\b��lw �o_Eb,_EeNf�t\ao�\gZf,_0_E~"_EeNf�c�npj"b (�#�� 
 ' �

!$+�;N- )�� �Ü~"_EeNf �]¸&w�c�g�m jNg"��k1j"eNf,w e�t/gZf,w j"e�_E~"_EeNfS{ +�j]f,_�f,r/gZf2npb,j"y±f,r\_�a\b�g]x"yzgZf,w�kzaCj"w eNfij]n�~�w _E�0�>f,r\w�c�w�c2e\j]fzg]e
t\ao�\gZf,_�_E~"_EeNf0gZf:g]m mJ��Ë\tlf:f,_Sk�r\e\w�kEg]m m �"�ow f:w�c:g]e�_E~"_EeNf:�qr\w�k�r�a\tlf�c:g8f,j"�"_Ee�%�­�f,j�a\m�g"k1_ (�#��*g]e/�&f,r�t/c*y2t/c�f
ËC_�k1j"e/cdw��l_Eb,_S��w e�f,r\_0a\b,j�j]n�{
- e&f,r\w�c�kEg"cd_"�\r\jZ��_E~"_EbS�l��_0r/g
~"_0g�(�#�� 
 ' ��k1j"e/�lw f,w j"e � ¬ w e&f,r\_�a\b,_Scd_1f�j]n �]¸Q� f,r\_2k1j"eNf,w e�t/gZf,w j"e�m jNg"�l_S�3�}g]e/�
f,r\_Eb,_*w�cqg�a\b,j"x"b�g]y kEg]t/c,g]m w f���npb,j"y � ¬ f,j �]¸�{�LHj"b,_EjZ~"_EbS�"��_*��e\jZ� f,r/gZf � ¬ jlkEk1t\b�c�kEg]t/c,g]m m �zgZn f,_Eb �hËC_SkEg]t/cd_
j]n%f,r\_2g]ËCjZ~"_:w e�~Zg]b,w�g]eNf��s³��}g]e/�&ËC_SkEg]t/cd_ �]¸�r/g]a\aC_Ee/chkEg]t/c,g]m m ��gZn f,_Eb �Z� {qÉ�j/�\��_0r/g
~"_*f,r\_2cdw f,t/gZf,w j"e&j]n6!$+�;N-
)*)�j]n%f,r\_0b,w x"rNfqr/g]e/��cdw��l_0j]n%b,_S�Nt\w b,_Eyi_EeNf ��� � � � � � � � �p�qr\_Eb,_ �]¸2g]e/� �
¹ik1j"w e/k1w��l_��
{

!$+�;N- )*)�� �Ü~"_EeNf �]¸hw�cÜg � '" )��#���� ' � �%_E~"_EeNfS{��q_Eyi_Ey2ËC_EbÜf,r/gZf �]¸hr/g]a\aC_Ee/cÜkEg]t/c,g]m m �2gZn f,_Eb �Z{ - eza/g]bdf,w�k1t\m�g]bS� �]¸�r/g]a\aC_Ee/c
kEg]t/c,g]m m ��gZn f,_Eb}f,r\_ �����)��#���� ' � �Ü_E~"_EeNf �ZÆl�l�qr\w�k�r&�qw m m�ËC_0_1vla\m j"w f,_S��w e�f,r\_0a\b,j�j]n�npj"b}f,r\w�c�kEg"cd_:ËC_Em jZ�0{

!$+�;N- )*)*)�� �Ü~"_EeNf �]¸�w�cqg���� � _E~"_EeNfS�l�qr\w�k�r&t\ao�\gZf,_Sc�f,r\_�k1j"eNf,w e�t/gZf,w j"e�w e�f,r\_��\gZf�g]Ë/g"cd_:�lt\b,w e\xzgib,_S�lj�j]n�a\b,jlk1_Sc,c�%�­"{
!$+�;N-�)L� � �Ü~"_EeNf �]¸�w�c>g ��� �h_E~"_EeNfS�]�qr\w�k�r�t\ao�\gZf,_Sc%f,r\_�k1j"eNf,w e�t/gZf,w j"e2w e2f,r\_��\gZf�g]Ë/g"cd_}�lt\b,w e\xhf,r\_qb,_Sc�f�g]bdf�j]n/f,r\_qcd_Eb,~"_EbS{
É�w e/k1_@!$+�;N-U)��}g"c�g]m b,_Sg"�l��a\b,jZ~"_Ee8g]ËCjZ~"_"�N��_�e\_E_S�zf,j�k1j"e/cdw��l_Eb�j"e\m ��!$+�;N-�; )*)

�
)L�zw ezf,r\_hnpj"m m jZ�qw e\x/{%^`_*a\b,jlk1_E_S�

w e�f,r\b,_E_�c�f,_Ea/cE�@�%w b�c�fS�>m _1f�t·g"c,cdt\yi_T�sg�a\b,j�j]nq�qw m m�ËC_�x"w ~"_Ee�ËC_Em jZ�6�*f,r/gZfS�>w e !$+�;N-Q)*)*)�g]e/� !$+�;N-K)L�S�Ü��_8r/g
~"_�g
�����)��#���� ' � � �]¸ �l_E~"_EeNf��qw f,r�g:a\b,j"x"b�g]y kEg]t/c,g]m w f���f,j �]¸hf,r/gZf�kEg]t/c,g]m m �2r/g]a\aC_Ee/c�gZn f,_EbÜf,r\_ �����)��#���� ' � ��_E~"_EeNf �ZÆl{ - e
_Sg"k�r�j]n%f,r\_0b,_Eyzg]w e\w e\xT!$+�;N-�;C)*)

�
)L�S�o��_0_Ew f,r\_Eb�r/g
~"_:g � '" )��#���� ' � ��_E~"_EeNf �]¸ � � �]¸��qr\w�k�r&r/g]a\aC_Ee/chkEg]t/c,g]m m ��gZn f,_Eb

�ZÆK�pw e !$+�;N- )*).�}j"bq��_:r/g
~"_:g �����)��#���� ' � �Ü_E~"_EeNf �]¸ �Cf,r/gZf�r/g]a\aC_Ee/c�kEg]t/c,g]m m �8gZn f,_Eb �ZÆK�pw e !$+�;N- )*)*)�g]e/��!$+�;N- )L���
{
É�_Sk1j"e/������_���e\jZ�»f,r/gZfif,r\_Eb,_&_1vlw�c�f�czg �� )��#���� ' � �2_E~"_EeNf �
¹ �qw f,r�g`a/gZf,r6j]n*a\b,j"x"b�g]yÁkEg]t/c,g]m w f���f,j �]¸ �}Ë��

g]a\a\m ��w e\xz�Üb,j"aC_Ebdf��i¯/{:LHj"b,_EjZ~"_EbS�Nj"e�f,r\w�cqa/gZf,r&j"e\m ��k1j"e/�lw f,w j"e/c ��
 ' �:jlkEk1t\bS{
|}r\_Hb,_Scdt\m f,w e\x�cdw f,t/gZf,w j"e w�czcdr\jZ�qe6w e �%w x/{Ü¹NÆl{ �he·f,r\_�a/gZf,r6j]n:a\b,j"x"b�g]yÁkEg]t/c,g]m w f���npb,j"y �N­�f,j �N­��p�}j"e\m �

k1j"e/�lw f,w j"e/c ��
 ' �:jlkEk1t\bqË����Üb,j"aC_Ebdf�� ¬ {
|}r\w b����>��_8a\b,jZ~"_inpj"b2f,r\w�c�cdw f,t/gZf,w j"e��%f,r/gZf2f,r\_Eb,_�w�c�gHa/gZf,r�j]n�a\b,j"x"b�g]y kEg]t/c,g]m w f�� npb,j"y �N­zf,j �Z­T�(!$+�;N-Q):j]n

b,_S�Nt\w b,_Eyi_EeNf ��� � � � � � � � �
�/j"b�f,r/gZf�k1j"e/�lw f,w j"e � ¬ jlkEk1t\b�cÜkEg]t/c,g]m m �2gZn f,_Eb�k1j"e/�lw f,w j"e �Z{>|}r\_�g]b,x"t\yi_EeNf�cÜg]b,_qg"c�npj"m m jZ��cE�
���zw e�~Zg]b,w�g]eNfC��­��
�l��_:��e\jZ��f,r/gZf�g]m m�_E~"_EeNf�c�j"e�f,r\_*f���j�a/gZf,r/c}j]n%a\b,j"x"b�g]y kEg]t/c,g]m w f��inpb,j"y �N­hf,j �N­ � g]e/�znpb,j"y �
¹
f,j �]¸ ��g]b,_0cd_S�Nt\_EeNf,w�g]m m �8j"b��l_Eb,_S��{�|}r\w�cqx"w ~"_Sc�t/c}f,r\_:npj"m m jZ�qw e\xikEg"cd_ScE�

�
�Ü~"_EeNf �
¹�jlkEk1t\b�c}kEg]t/c,g]m m ��gZn f,_Eb �N­��s��É�w e/k1_:��_0��e\jZ��f,r/gZf�e\j!�� )��#���� ' � ��_E~"_EeNfqjlkEk1t\b�c}ËC_1f���_E_Ee �N­:g]e/� �
²\�
��_���e\jZ��f,r/gZf �
¹�r/g]a\aC_Ee/c�kEg]t/c,g]m m �0gZn f,_Eb �
²\{ 	�xNg]w e2Ë��:w e�~Zg]b,w�g]eNf�(�#��N
 %�­A� �#­U�pw e�~Zg]b,w�g]eNf��s³�� �
�Z��_���e\jZ��f,r/gZf
k1j"e/�lw f,w j"e � ¬ jlkEk1t\b�c�kEg]t/c,g]m m ��gZn f,_Eb}k1j"e/�lw f,w j"e �Z{>|}r\w�c�w�c>f,r\_*cdw f,t/gZf,w j"e8j]n�!$+�;N- )*)�j]n�b,_S�Nt\w b,_Eyi_EeNf ��� � � � � � � � {

�
�Ü~"_EeNf �
¹�jlkEk1t\b�c:j"e f,r\_ia/gZf,r`npb,j"y �N­�f,j �N­ � ��f,r\w�cE��r\jZ��_E~"_EbS��w�c:e\j]f0aCjNc,cdw Ë\m _iËC_SkEg]t/cd_i��_zg"c,cdt\yi_S��f,r/gZf
f,r\_Eb,_�g]b,_*e\j �� )��#��}_E~"_EeNf�c}w e�f,r\w�c}a/gZf,r�{

�
�Ü~"_EeNf �N­zjlkEk1t\b�c0j"e`f,r\_�a/gZf,r�j]n}a\b,j"x"b�g]y4kEg]t/c,g]m w f���npb,j"y �
¹�f,j �]¸ �p{H|}r\w�c�x"w ~"_Sc:t/c2gHa/gZf,r�j]n}a\b,j"x"b�g]y
kEg]t/c,g]m w f��inpb,j"y �N­:~�w�g �]¸ �Cf,j �Z­"{Ü|}r\w�c}w�c}f,r\_�cdw f,t/gZf,w j"e�j]n !$+�;N- )Üj]n�b,_S�Nt\w b,_Eyi_EeNf ��� � � � � � � � {

- f�b,_Eyzg]w e/c�f,j2cdr\jZ�6f,r/gZfS�Nw e7!$+�;N- )*)*)>g]e/��!$+�;N-U)L�S�N��_�r/g
~"_hg �����)��#���� ' � ��_E~"_EeNf �]¸ ��f,r/gZf�jlkEk1t\b�cÜkEg]t/c,g]m m �igZn f,_Eb
�N­ � g]e/�8f,r/gZf�r/g"cqg�a/gZf,r&j]n�a\b,j"x"b�g]y kEg]t/c,g]m w f��if,j �]¸�{
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LdCnt

cnt.p1

LdCnt

cnt.p1

LdCnt(p1)

UpdCnt(p1), LogCnt(p1)

cnt.p1

C

a.p1

LdCnt(p1)

a.p1

a.p1

X

LogCnt(p1)

c1

e7

e7’

c

e5

e1
p=p1

e1’

e6

c2

e8

�%w x"t\b,_0¹NÆl�>É�w f,t/gZf,w j"e&w eP!$+�;N-�;C)*)
�
)L�

log(l+1,cnt,p1)

t14:p’<>p1
i:= i-1

pr1.(i+1,p1,...)

pr4.(i+1,p1,...)
pr5.(i+1,p1,...)

t10,t12,t19,t20,t22

pr2.(i+1,p1,.,p’):p’<>p1

pr2.(i+1,p1,true,p1)

pr1.(i+1,p1,.)

t13

t16 cnt.p1

Ignore(p1)
m = i

lc.m+1

l = i

t13:p’<>p1
t9,t18,t21

�%w x"t\b,_0¹"²\�& �r/g]w e&j]n�kEg]t/cd_Sc�npj"b ��� � �(!$+�;N- )*)*).�

¸
¯



�����)��#���� ' � � ¨ � ¨�� W �]¸ �%¢ � ��$�!�
>�	�	� ^`_:c�f�g]bdf}�qw f,r8f,r\_:a\b,j�j]n�j]n�!$+�;N-U)*)*) {��%w x"t\b,_:¹"²2cdr\jZ��cÜf,r\_0g]tlf,j"yzgZf,j"eznpj"bf,r\_*k�r/g]w ezj]n�kEg]t/cd_Sc>npj"b�f,r\_ ��� � _E~"_EeNf �pt\ao�\gZf,_:�lt\b,w e\x2b,_S�lj�j]n�a\b,jlk1_Sc,c-%�­��
{�+�j]f,_"�Nf,r/gZf�f,r\w�c�g]tlf,j"yzgZf,j"e8k1j"eNf�g]w e/c
j"e\m �2a\m�g"k1_Sc>npb,j"y w e�~Zg]b,w�g]eNf6� ¬ �>g]e/����
 ' �h�lj�_ScÜe\j]f�jlkEk1t\b�w eif,r\w�c�g]tlf,j"yzgZf,j"e�{%|}r\_Eb,_1npj"b,_"�"_E~"_EeNf � ��#$� 
��	� ' � �%jlkEk1t\b�c
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f�k1j"yiyiw f�_E~"_EeNf�npj"b �N­"{
- fqb,_Eyzg]w e/c�f,jicdr\jZ� f,r/gZf}f,r\_0k1j"yiyiw fq_E~"_EeNf �ZÆ0npb,j"y �%w x/{\¼ ¬ _1vlw�c�f�c}w e�!$+�;N- )*)�g]e/� !$+�;N- )*)*)�g]e/�8f,r/gZfqf,r\_Eb,_*w�c
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< $�!�
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f,r\w�c
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f,r\_�cd_S�Nt\_Ee/k1_:e�t\y2ËC_Eb�cqj]n�m j"xib,_Sk1j"b��\cU�s�Üb,j"aC_Ebdf���²��
�\��_0��e\jZ� f,r/gZfqf,r\_Eb,_0w�cqe\j �����)��#���� ' � ��_E~"_EeNfqf,r/gZf��qb,w f,_Sc�g
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� �&_E~"_EeNf �
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 ��
 ��g]b,_i�lw �o_Eb,_EeNf:npb,j"y
��� � ­	� � 	�� � %�­��
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kEg]t/c,g]m w f��inpb,j"y �N­*f,j � ¬ g]e/��f,r\_Eb,_:w�cqe\j �� )��#���_E~"_EeNf�j"e�f,r\w�cqa/gZf,r�{
- f��qw m m�f,t\b,e&j"tlf}f,r/gZf���_0e\_E_S��gzcdm w x"rNf,m �8yij"b,_:x"_Ee\_Eb�g]mo~"_Eb�cdw j"e�j]n�f,r\w�cqa\b,j"aC_Ebdf��znpj"bq~"_Eb,w np��w e\xij]f,r\_Ebqb,_S�Nt\w b,_1u

yi_EeNf�cE{:|}r\_Eb,_1npj"b,_"�/��_2a\b,jZ~"_0f,r\_�yij"b,_�x"_Ee\_Eb�g]m%�Üb,j"aC_Ebdf��&¼8w e`É�_Sk
fS{�¹\{ ³\{ �q_S�Nt\w b,_Eyi_EeNf � ��� ��� w�c*g]e�w yiyi_S�lw�gZf,_
k1j"e/cd_S�Nt\_Ee/k1_*j]n>�Üb,j"aC_Ebdf��8¼ig]e/���Üb,j"aC_Ebdf��8³\{
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 � � � � �D�$� � � � �A�
- e�f,r\w�c2cd_Sk
f,w j"e��%��_8a\b,j�j]n}b,_S�Nt\w b,_Eyi_EeNf � � � � �Z�Ü�qr\w�k�r�f�g]m �lc2g]ËCj"tlf�f,r\_�k1j"eNf,_1v�f2j]n�gH�lw b,_Sk
f,m ��k1j"yiyiw fdf,_S���qb,w f,_
_E~"_EeNf �scd_E_:a�{CÆ]¿��
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��_h��e\jZ� f,r/gZf�f,r\_Eb,_*_1vlw�c�f�c�g (�'�
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 � ��
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 �Ük1j"e/�lw f,w j"e�w e8f,r\_*aCjNc�f�cd_1f}j]n�_E~"_EeNf �N­*g]e/��g2k1j"e/�lw f,w j"e 
 � (��*(�#�� 
 � ' ��
 ���
w e�f,r\_�aCjNc�f�cd_1f�j]n�f,r\_�k1j"yiyiw fi_E~"_EeNf �N­ � {�����w e�~Zg]b,w�g]eNfQ�Å¸?���scd_E_&|%g]Ë\m _&ÆHj"e�a/g]x"_�­S¿NÆ>�
�>��_���e\jZ� f,r/gZfiËCj]f,r
k1j"e/�lw f,w j"e/c}kEg]e\e\j]fqËC_0k1j"e/k1t\b,b,_EeNfS{>|}r�t/cE��f,r\_Eb,_:_1vlw�c�f�c}cdj"yi_:_E~"_EeNf �
²�f,r/gZfqb,_EyijZ~"_Sc�f,r\_*f,j"�"_Ee � %�­	� � ­	�� "�?��npb,j"ya\m�g"k1_	(�'ig"c�cdr\jZ�qe&w eT�%w x/{C¼NÆl{}|}r\_�j"e\m �8f,b�g]e/cdw f,w j"e/c}f,r/gZf*b,_EyijZ~"_*f,r\w�cqf,j"�"_EeP�sg]e/�H�ljze\j]f*g"�\�&w f:g]xNg]w e ��w e&f,r\_
��_1f,b,woe\_1fqyijl�l_Em�g]b,_hf,r\_ ����������� � � ��
 ' � ��f,b�g]e/cdw f,w j"e�g]e/�8f,r\_0k1b�g"cdr8f,b�g]e/cdw f,w j"e�j]n%a\b,jlk1_Sc,c�%�­"{ 	�e�jlkEk1t\b,b,_Ee/k1_*j]n�g
k1b�g"cdrzf,b�g]e/cdw f,w j"e8npj"b}a\b,jlk1_Sc,c�%�­*w�c�w yiaCjNc,cdw Ë\m _*npj"b�f,r\_*npj"m m jZ�qw e\x2b,_Sg"cdj"e�����_1fqt/cqg"c,cdt\yi_hf,r/gZf �
²�w�cqg�k1b�g"cdr�_E~"_EeNf
j]n�a\b,jlk1_Sc,c�%�­"{�|}r\_Ee�� �
²ir/g"c�gzk1j"e/�lw f,w j"e (�
 
 ' �0w eHw f�c�aCjNc�f�cd_1fS�/Ë����Üb,j"aC_Ebdf�� ¬ �\f,r\_Eb,_0_1vlw�c�f�c�g]m�cdj8gzk�r/g]w e&j]n ��
 ' �
k1j"e/�lw f,w j"e/c*ËC_1f���_E_Ee �N­ig]e/� �N­��s{iÉ�w e/k1_ �
²�jlkEk1t\b�c:kEg]t/c,g]m m �&ËC_1f���_E_Ee �N­�g]e/� �N­��p��f,r\w�c:w yia\m w _Sc*f,r/gZf0g�k1j"e/�lw f,w j"e
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 ' � ��_E~"_EeNfS{&É�w e/k1_if,r\w�c
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