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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"kf,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!$#�8989)*,:23#�)*�3,<;�j]n�f,r\_�a/g]b�g]m m _Em>a\b,j"x"b�g]y&��j"e`f,r\_�j"e\_zr/g]e/����Ë\tlf2w f�g]m m jZ��c:f,r\_8w yia\m _Eyi_EeNf�gZf,w j"e
f,j�w e/cd_Ebdfig k1j"yiyiw f�aCj"w eNfig]e��`f,w yi_"{7��w �"_E�qw�cd_"��w fz�lj�_Sc�e\j]fi�l_1f,_Eb,yiw e\_&gZf2�qr\w�k�r�f,w yi_�b,_Sg"��j"Ë)(�_Skf�c2y2t/c�f�ËC_
b,_Em _Sg"cd_S��{ ��f,r\_Eb�g"cdaC_Skf�cqg]b,_0k1j"yia\m _1f,_Em �8w x"e\j"b,_S�8w e�f,r\_0yijl�l_Em�j]n%j"t\bqa\b,j]f,jlk1j"mJ{�|}r\w�cqaC_Eb,yiw f�c}f,r\_:w yia\m _Eyi_EeNf�gZu
f,w j"e&f,j8f,t\e\_�f,r\_Scd_2a/g]b�g]yi_1f,_Eb�c�f,j�cdaC_Sk1w �Ck�_1�8k1w _Ee/k1��b,_S�Nt\w b,_Eyi_EeNf�cE{�|}r\_Eb,_1npj"b,_"�/��_2kEg]m m�f,r\_2a\b,_Scd_EeNf,_S�&a\b,j]f,jlk1j"m
g='>-�;�) 5?�@23+�,4,.-A&��9BA#�&C,D/0-�BA+�� E ,4F.,.#�E -A&(+��3,G-(H�-$!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/kfÜg]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/kf0g]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�kf,_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/{
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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{
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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�
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	 kEg]m m *-,�%5E!8 w e�~"j"�"_Sczg�b,_Sg"�6j"aC_Eb�gZf,w j"e6j"e f,r\_ cdr/g]b,_S�6~Zg]b,w�g]Ë\m _&�qw f,r w��l_EeNf,w �/_Eb %5E �ht\aCj"e f,_Eb,yiw e/gZf,w j"e���f,r\_j"aC_Eb�gZf,w j"e6b,_1f,t\b,e/c�cdj"yi_H~Zg]m t\_1F ��w elnpj"b,yzg]m m �"��f,r\w�c�kEg]e ËC_`k1j"e/cdw��l_Eb,_S�·f,j�ËC_�f,r\_�~Zg]m t\_�j]n:f,r\_ k1j"b,b,_ScdaCj"e/�lw e\x
~Zg]b,w�g]Ë\m _"{ 	;kEg]m m ?A,�%5E�GH:IE!8 w e�~"j"�"_ScÜg0�qb,w f,_�j"aC_Eb�gZf,w j"ezj]n�~Zg]m t\_ :IE j"eif,r\_*cdr/g]b,_S��~Zg]b,w�g]Ë\m _��qw f,rzf,r\_hw��l_EeNf,w �/_Eb %5E {
+�j]f,_}f,r/gZf>f,r\_Eb,_qw�cÜg0�lw �o_Eb,_Ee/k1_qËC_1f���_E_Eezg:cdr/g]b,_S�2~Zg]b,w�g]Ë\m _qg]e/��w f�c>w��l_EeNf,w �/_EbS{�|}r\_qw��l_EeNf,w �/_EbÜw�c�(�t/c�f�g*e/g]yi_��

�qw f,r�e\j �l��e/g]yiw�kEc�gZf�g]m mJ{H|}r\_�k1j"b,b,_ScdaCj"e/�lw e\xHcdr/g]b,_S�`~Zg]b,w�g]Ë\m _zw�c�gH~Zg]m t\_�g"c,cdjlk1w�gZf,_S�`�qw f,r�f,r\w�c�w��l_EeNf,w �/_EbS{ - e
a/g]bdf,w�k1t\m�g]bS�Cf,r\_8g"c,cdjlk1w�gZf,_S��~Zg]m t\_ikEg]e�k�r/g]e\x"_�w e f,r\_8k1j"t\b�cd_2j]n�f,w yi_"{z|}r\w�c0�lw �o_Eb,_Ee/k1_iw�c:j"Ë�~�w j"t/cE��j"e�f,r\_zj]f,r\_Eb
r/g]e/���Cj"e&f,r\_�j]f,r\_Ebhr/g]e/���/w f*w�chcdt\Ëlf,m _�g]e/�&j]n f,_Ee&npj"b,x"j]fdf,_Ee�{q|}r\_Eb,_1npj"b,_"�/��_�kEg]m m�f,r\_�cd_1fhj]n>w��l_EeNf,w �/_Eb�c�j]nÜcdr/g]b,_S�
~Zg]b,w�g]Ë\m _Sc9#! KJN-$!A,<;iw e�f,r\_�b,_Sc�f:j]n>f,r\w�c:a/g]aC_EbS{ 	�e/����_��qw m m�t/cd_�j"e\m ��f,r\_�f,_Eb,y #! KJN-$!A,*w e�f,r\_�npj"b,yzg]m%a/g]bdf*j]nÜf,r\w�c
a/g]aC_EbS{>|}r\_��l��e/g]yiw�k*a/g]bdfqj]n>g�~Zg]b,w�g]Ë\m _*w�c�kEg]alf,t\b,_S��Ë��zf,r\_0b,_1f,t\b,e&~Zg]m t\_Sc}j]n�f,r\_0b,_Sg"��j"aC_Eb�gZf,w j"e�{
- e;g"�\�lw f,w j"e�f,j�f,r\_�cdr/g]b,_S�6~Zg]b,w�g]Ë\m _ScE�q_Sg"k�r cd_S�Nt\_EeNf,w�g]mha\b,jlk1_Sc,c8yzg
�6r/g
~"_Q2"&�)L��+�,.-M��+�&�)<+! AE -�; f,r/gZf&kEg]e ËC_

g"kEk1_Sc,cd_S�iË��2f,r\w�c�a/g]bdf,w�k1t\m�g]b�a\b,jlk1_Sc,cÜj"e\m �"{�|}r\_*a\b,j]f,jlk1j"m/w�c�e\j]f}g
�}g]b,_qj]n�f,r\_*a\b,w ~ZgZf,_h~Zg]b,w�g]Ë\m _Sc>j]n%g0a\b,jlk1_Sc,cE{�|}r\_
a\b,j]f,jlk1j"mÜw�c�e\j]f2_E~"_Ee�g
�}g]b,_z�qr\_Ee�f,r\_�a\b,jlk1_Sc,c�g"kEk1_Sc,cd_Sc�gHa\b,w ~ZgZf,_8~Zg]b,w�g]Ë\m _"�%e\j"b2w�c0f,r\_�a\b,j]f,jlk1j"m�g
�}g]b,_zj]n}f,r\_
a\b,jlk1_Sc,cEµ c�w eNf,_Eb,e/g]m/k1j"yia\tlf�gZf,w j"e/cG�p_"{,x/{"g0kEg]m m\j]n�g]ezw eNf,_Eb,e/g]mla\b,jlk1_S�lt\b,_�g]m j"e\x:�qw f,rif,r\_�w e�~"j"m ~"_S��c�f�g"k��2j"aC_Eb�gZf,w j"e/c
j"b}g�kEg]m m�j]n%g�Ë\t\w m fduÅw e�npt\e/kf,w j"e �h{Ü|}r\_:a\b,j]f,jlk1j"mCw�cqg
�}g]b,_�j"e\m �zj]n�f,r\_:a\b,jlk1_Sc,cEµ c�a\b,jlk1_S�lt\b,_:kEg]m m�cU�pw e�~"jlkEgZf,w j"e/c$�>j]n
g"kEk1_Sc,c�j"aC_Eb�gZf,w j"e/c�f,j8cdr/g]b,_S�8~Zg]b,w�g]Ë\m _ScE{
��tlfS��r\jZ� kEg]e6��_&�l_Sg]m}�qw f,r k1b�g"cdr\_Sc�j]nha\b,jlk1_Sc,cd_Sc2w nhf,r\_&a\b,j]f,jlk1j"m}w�c�e\j]f8g
�}g]b,_�j]n�f,r\_&a\b,w ~ZgZf,_�~Zg]b,w�g]Ë\m _ScE�

�qr\w�k�r&�qw m m�ËC_0m jNc�f�t\aCj"e&f,r\_�k1b�g"cdr�j]n>gia\b,jlk1_Sc,c�NH|}r\_�g]e/cd��_Ebqw�cE� !$#��3,4)*�3�3+�,4)<#��0;{&	�!$#��3,4)*�3�3+�,4)<#��`k1j"yia\b,w�cd_Scqg]m m
a/g]bdf�chj]n�g�a\b,jlk1_Sc,cEµ c*c�f�gZf,_2f,r/gZf��l_1f,_Eb,yiw e\_�w f�c*nptlf,t\b,_iËC_Er/g
~�w j"bS{C�\b,j"y g�x"w ~"_Ee k1j"eNf,w e�t/gZf,w j"e��of,r\_zk1j"yia\tlf�gZf,w j"e
j]nqg&a\b,jlk1_Sc,c�kEg]e�ËC_8b,_Scdt\yi_S��_1v\g"kf,m �`gZf0f,r/gZf2aCj"w eNf2j]n}f,r\_�k1j"yia\tlf�gZf,w j"e��qr\_Eb,_if,r\_�k1j"eNf,w e�t/gZf,w j"e��}g"c�c,g
~"_S��{
	»k1j"eNf,w e�t/gZf,w j"e�j]nhg&a\b,jlk1_Sc,c0f���a\w�kEg]m m �`k1j"yia\b,w�cd_Sc0w f�c�k1jl�l_"�%w f�c2a\b,j"x"b�g]y4k1j"t\eNf,_EbS�%w f�c2c�f�g"k��o�%w f�c2r\_Sg]a���g]e/��g]m m
a\b,w ~ZgZf,_h~Zg]b,w�g]Ë\m _ScÜj]n�f,r\_*a\b,jlk1_Sc,cE{�+�j]f,_"��r\jZ��_E~"_EbS�]f,r/gZf�f,r\_:cdr/g]b,_S�i~Zg]b,w�g]Ë\m _Sc�g]b,_�e\j]f}a/g]bdf�j]n�f,r\_:k1j"eNf,w e�t/gZf,w j"ezj]n
g0a\b,jlk1_Sc,cE{%|}r\_*cdr/g]b,_S��~Zg]b,w�g]Ë\m _ScÜg]b,_�c�f,j"b,_S�ij"e8c�f�g]Ë\m _�yi_Eyij"b,�"�Ng]e/�if,r�t/c�cdt\b,~�w ~"_�k1b�g"cdr\_ScE{�	�a\b,jlk1_Sc,c�kEg]ezg"kEk1_Sc,c
gicdr/g]b,_S�8~Zg]b,w�g]Ë\m _:j"e\m �8~�w�g2f,r\_�g]ËCjZ~"_*a\b,jlk1_S�lt\b,_0kEg]m m�cE{

��_1f�t/c�w eNf,b,jl�lt/k1_Üg}b,t\e\e\w e\x�_1v\g]yia\m _>j]n\gqcd_S�Nt\_EeNf,w�g]m]a\b,jlk1_Sc,c�w e�cdj"yi_>��w e/�:j]nla/cd_Et/�lj�k1jl�l_"�
�qr\_Eb,_�f,r\_Ü�"_E����j"b��
OQP><!#�'�( w e/�lw�kEgZf,_Sc}f,r\_2�l_Sk1m�g]b�gZf,w j"e�j]nÜcdr/g]b,_S��~Zg]b,w�g]Ë\m _ScE�/g]e/��f,r\_��"_E����j"b�� "$#5/Q:�<!4�' w e/�lw�kEgZf,_Sc}f,r\_2�l_Sk1m�g]b�gZf,w j"e�j]na\b,w ~ZgZf,_:~Zg]b,w�g]Ë\m _ScE�
R ßZÓÔoÝJã âqÒQS ã Þ�ã Õ ÙUT�V�Ö�×
Ó�à
Ó�Õ�Þ�Óà
ÝJã ×
Ö�ÔCÕ ÙSÒ
ã à
á�Ó�å�Wä�ÔJã ä�ØQS Ö�Ý�X�Y�Õ5V�ã S S
ÕJÑ
ÔJàqÓÑSÕoÕJÚZä,Õ5V�Ö%à
Ö�Ö�×�à
Ó�Õ�×
Ödä�S1V�ã ÕJÚZWä�S Ñ
Ö�Ý�ä,Õ�ä�S SZã à}ÕJÚ
Ö�å ÓÔJâ�ä�SÒZä�ÔsÕ�X/ßZÓÔ�Ò
ÔJÓ�WSã ×
ã à
á�ÕJÚ
ÖÜÞ�ÓÔJÔJÖ�ÞéÕ�ã à1ÕJÑ
ã ÕJã Óà�TQV�Ö>ã à1ÕJÔJÓE×
Ñ
Þ�Ö[Wä�S Ñ
Ö�Ý�ã àhÕJÚ
ã Ý�ã àSå ÓÔJâ�ä�S"Ò
ÔJÖ�ÝJÖ�à1ÕÅä,ÕJã Óà�X

¯



"$#�%�&!'�O�O '���<���"7=�' B
OQP><!#�'�(��AG��AB
"$#5/Q:�<!4�'+PCB

�C.�� E�B
P
.����AB
�C.�� P

'32�(
	
	�e��&k1j"b,b,_Skfhk1j"yia\tlf�gZf,w j"eHj]n�f,r\w�cha\b,jlk1_Sc,cq�qw m m%w e�~"j"�"_*f,r\b,_E_2j"aC_Eb�gZf,w j"e/cqj]n�f,r\_2a\b,j]f,jlk1j"mJ� 	��qb,w f,_�j]n>~Zg]m t\_80f,j
j"Ë)(�_Skf � �\g�b,_Sg"�8j"e&j"Ë)(�_Skf � b,_1f,t\b,e\w e\xicdj"yi_:~Zg]m t\_��C�/g]e/�&g2�qb,w f,_0j]n%~Zg]m t\_��zf,jij"Ë)(�_Skf � { +�j]f,_*f,r/gZfqf,r\_Eb,_0g]b,_e\j�w e�~"jlkEgZf,w j"e/chj]n�b,_Sg"�Hj"b*�qb,w f,_�j"aC_Eb�gZf,w j"e/cqnpj"b:~Zg]b,w�g]Ë\m _ P ËC_SkEg]t/cd_2f,r\w�c*w�c:g�a\b,w ~ZgZf,_2~Zg]b,w�g]Ë\m _"�o�qr\w�k�r w�c:c�f,j"b,_S�g]e/���lw b,_Skf,m ��g"kEk1_Sc,cd_S��Ë��zf,r\_0a\b,jlk1_Sc,c�w f�cd_Em n�{
+�_1v�fS��m _1f�t/c�k1j"e/cdw��l_Eb*f,r\_z~Zg]m t\_Sc*f,r/gZf2k1j"t\m��`ËC_zb,_1f,t\b,e\_S� Ë��Hf,r\_zb,_Sg"� j"aC_Eb�gZf,w j"e j"e � {�É�w e/k1_�f,r\_za\b,jlk1_Sc,c�qw m m�ËC_�b,t\e\e\w e\x&k1j"e/k1t\b,b,_EeNf,m ���qw f,r`j]f,r\_Eb:cd_S�Nt\_EeNf,w�g]m%a\b,jlk1_Sc,cd_ScE�o��_�kEg]e\e\j]f*f,_Em m%npb,j"yÃf,r\_�a\b,jlk1_Sc,c*g]ËCjZ~"_��qr\w�k�r

~Zg]m t\_Sch�qw m m>ËC_�b,_1f,t\b,e\_S��Ë��&f,r\_�b,_Sg"�Hj"aC_Eb�gZf,w j"e�{C�\b,j"yÃf,r\_ia\b,jlk1_Sc,cEµ c�aCj"w eNf0j]n�~�w _E�0�ow f�k1j"t\m���ËC_ig]e��H~Zg]m t\_"{ - f
�qw m m>ËC_�f,r\_zb,_ScdaCj"e/cdw Ë\w m w f��Hj]n�j"t\b:a\b,j]f,jlk1j"m%f,j&b,_1f,t\b,e`g�~Zg]m t\_i�qr\w�k�r`w�c E - 5�+�E�w e�g�k1j"yia\tlf�gZf,w j"e`j]n�f,r\w�c:a\b,jlk1_Sc,c
k1j"e/k1t\b,b,_EeNf,m �&b,t\e\e\w e\x&�qw f,r�cdj"yi_�j]f,r\_Eb0a\b,jlk1_Sc,cd_ScE{2^`_z�qw m m>x"w ~"_ig&�l_1�/e\w f,w j"e�j]n E - 5�+�E:&(-A,4� &�� ��+�E �3-�;ij]n}g�b,_Sg"�
j"aC_Eb�gZf,w j"e�w e�É�_SkfS{\¯/{ ¬ {

O�_Eb,_"����_zk1j"e/cdw��l_Eb0j"e\m ���qr/gZf0w�cK+	E - 5�+�E"2"&(#%!$-�;$;K!$#�8 2"� ,.+�,4)<#��/{8��_Em jZ�0�of,r\_Eb,_8g]b,_2f���jHk1j"yia\tlf�gZf,w j"e/c:j]n�f,r\_
g]ËCjZ~"_�a\b,jlk1_Sc,cE�o�qr\_Eb,_���_�b,_Ea\b,_Scd_EeNf*j"e\m �&f,r\jNcd_2j"aC_Eb�gZf,w j"e/c*cd_E_Ee Ë��&f,r\_ia\b,j]f,jlk1j"mJ{0|}r\_�b,_1f,t\b,e ~Zg]m t\_�j]n�g�b,_Sg"�
j"aC_Eb�gZf,w j"e�w�c�b,_Ea\b,_Scd_EeNf,_S�&gZn f,_Ebqf,r\_2b,_Sg"��_E~"_EeNfhcd_Ea/g]b�gZf,_S��Ë���g8k1j"m j"e��\b,_Eyi_Ey2ËC_Eb�f,r/gZf�f,r\_�a\b,jlk1_Sc,cqw f�cd_Em n>r/g"c�e\j
w e)*/t\_Ee/k1_:j"e�f,r\w�cq~Zg]m t\_"�

?���AG E�� *�����A. E ?���AG E��

?���AG E�� *�����A.���� ?���AG������
��j]f,r�k1j"yia\tlf�gZf,w j"e/c�g]b,_�m _ExNg]m/npj"bÜf,r\_*a\b,jlk1_Sc,c '���<���"7=�' g]ËCjZ~"_"{�|}r\_��/b�c�f}k1j"yia\tlf�gZf,w j"e8w�cÜf,r\_*j"e\_qf,r/gZf}��_h��j"t\m��_1vlaC_Skf��qr\_Eeif,r\_�a\b,jlk1_Sc,c>w�c>b,t\ezw ezw�cdj"m�gZf,w j"e�{���tlfS�"f,r\_hcd_Sk1j"e/��_1vl_Sk1tlf,w j"e8k1j"t\m��ig]m�cdj0r/g]a\aC_Ee�� npj"b�_1v\g]yia\m _"�"�qr\_Ee
g]e\j]f,r\_Eb}a\b,jlk1_Sc,c}�qb,w f,_Sc ¬ ¸:f,jzj"Ë)(�_Skf � �{
+�_1v�fS�\��_0cdr\jZ� f,r\b,_E_0k1j"yia\tlf�gZf,w j"e/c}�qr\w�k�rHg]b,_:e\j]fqm _ExNg]m:�I)*E*E - 5�+�E<�}npj"b}f,r\_0a\b,jlk1_Sc,c '���<���"7=�' �

?���AG E�� *�����A.���� ?���AG E��

?���AG������ *�����A. E ?���AG E��

?���AG E�� *�����A. E ?���AG E��
|}r\_i�/b�c�f2j"e\_zw�c�w m m _ExNg]mÜËC_SkEg]t/cd_if,r\_�~Zg]m t\_z�qb,w fdf,_Ee�f,j � w�c�e\j]f�f,r\_8~Zg]m t\_8b,_1f,t\b,e\_S�`Ë�� f,r\_8b,_Sg"�`j"aC_Eb�gZf,w j"e�j"e
� {�|}r\w�c��lj�_Sc�e\j]fik1j"b,b,_ScdaCj"e/� f,j�f,r\_�cd_Eyzg]eNf,w�kEc�j]n}f,r\_�a\b,w ~ZgZf,_�~Zg]b,w�g]Ë\m _ P { |}r\_�~Zg]m t\_8b,_1f,t\b,e\_S��Ë�� f,r\_�b,_Sg"�j"aC_Eb�gZf,w j"eHj"e j"Ë)(�_Skf � g]e/�&f,r\_�~Zg]m t\_��qb,w fdf,_Ee�f,j�j"Ë)(�_Skf � cdr\j"t\m���ËC_2f,r\_ic,g]yi_"�of,r\_�a\b,jlk1_Sc,c�w�c*b,_ScdaCj"e/cdw Ë\m _�npj"ba\b,j"aC_Eb,m �0c�f,j"b,w e\x*w f�c�a\b,w ~ZgZf,_�~Zg]b,w�g]Ë\m _ScE{%|}r\_}cd_Sk1j"e/�2k1j"yia\tlf�gZf,w j"e�w�c%w m m _ExNg]m�ËC_SkEg]t/cd_�f,r\_��/b�c�f��qb,w f,_}_E~"_EeNf>�lj�_Sc%e\j]f
�qb,w f,_qf,r\_h~Zg]m t\_2�� f,r\_�~Zg]m t\_hj]nof,r\_*k1j"e/c�f�g]eNf�w ezf,r\_ha\b,jlk1_Sc,cEµ c�k1jl�l_"{  �m _Sg]b,m �"�"f,r\w�c�w�c�g0~�w j"m�gZf,w j"ezj]n�f,r\_ha\b,jlk1_Sc,cEµ c
cd_Eyzg]eNf,w�kEcE{0|}r\_�f,r\w b��`k1j"yia\tlf�gZf,w j"e�w�c*w m m _ExNg]m%ËC_SkEg]t/cd_2w f0w e\w f,w�g]m m �Hw e�~"j"�"_Schg�k1j"yia\m _1f,_Em �H�qb,j"e\x�_E~"_EeNfI� gz�qb,w f,_
j"e�j"Ë)(�_Skf � {^`_2�ljze\j]f�w eNf,b,jl�lt/k1_�gia\b,j"x"b�g]yiyiw e\xim�g]e\x"t/g]x"_:g]e/�Hg�npj"b,yzg]m�cd_Eyzg]eNf,w�kEc}npj"b�a\b,jlk1_Sc,cd_ScE{  �j"e/cd_S�Nt\_EeNf,m �"�\w f�w�c
w yiaCjNc,cdw Ë\m _�f,j�x"w ~"_2gznpj"b,yzg]m��l_1�/e\w f,w j"e�j]n6E - 5�+�E:!$#�8 2"� ,.+�,4)<#��P#IB + 2"&(#%!$-�;$;{*^`_�b�gZf,r\_Eb*g"c,cdt\yi_�f,r/gZfS�oj"e g8a/gZf,r
j]n>k1j"yia\tlf�gZf,w j"e&j]nÜgia\b,jlk1_Sc,c}�qw f,r\w e gix"w ~"_EeHk1j"e/k1t\b,b,_EeNf�-(H�-$!A� ,4)<#���j]nÜg]m m�a\b,jlk1_Sc,cd_Sc}j]n�f,r\_�a/g]b�g]m m _Em�a\b,j"x"b�g]y»Ë��
f,r\_:a\b,j]f,jlk1j"mJ�Nf,r\w�cqk1j"yia\tlf�gZf,w j"e�w�cqg�m _ExNg]m�k1j"yia\tlf�gZf,w j"e�j]n�f,r\_:a\b,jlk1_Sc,cE{>|}r\w�c}�qw m m�ËC_:yzg"�l_:a\b,_Sk1w�cd_*w eHÉ�_SkfS{l¯/{ ³\{
�\j"bhf,r\_�yij"yi_EeNfS��w f:w�c*cdtl�8k1w _EeNf*f,j���e\jZ�Äf,r/gZf:Ë���k1j"yia\tlf�gZf,w j"e��o��_2b,_1np_Ebhf,j�f,r\_ik1j"yia\tlf�gZf,w j"e j]n�g�cd_S�Nt\_EeNf,w�g]m
a\b,jlk1_Sc,cE{����K-(H�-$!A� ,4)<#��/�]��_��qw m m�b,_1np_Eb%f,jhf,r\_qk1j"e/k1t\b,b,_EeNf%_1vl_Sk1tlf,w j"e2j]nog]m m�a\b,jlk1_Sc,cd_Sc�j]n\f,r\_}a/g]b�g]m m _EmNa\b,j"x"b�g]yÄË��:f,r\_
a\b,j]f,jlk1j"mCw eNf,b,jl�lt/k1_S��w e�f,r\_0e\_1v�f�cd_Skf,w j"e/cE{�^�w f,r\w eHg]e�_1vl_Sk1tlf,w j"e��l��_:�qw m m�ËC_0g]Ë\m _*f,jiw��l_EeNf,w np�zf,r\_�k1j"yia\tlf�gZf,w j"e/c
j]n�f,r\_��lw �o_Eb,_EeNfhcd_S�Nt\_EeNf,w�g]m�a\b,jlk1_Sc,cd_ScE{

Æ



�
	 � ���� ����������� � �	����
 � �����
- e6f,r\w�c8cd_Skf,w j"e��}��_Hyijl�l_Emqf,r\_Q23+�&(+�E*E -AE:2"&(#(5?&(+�8 j"e6f,r\_Hm _E~"_Em�j]n0g]Ë/c�f,b�g"kf,w j"e6b,_Em _E~Zg]eNfinpj"bzf,r\_Ha\b,j]f,jlk1j"m �scd_E_
�lw�c,k1t/c,cdw j"e�g]ËCjZ~"_��{
�q_Eyi_Ey2ËC_Eb�f,r/gZf>g�a/g]b�g]m m _Em"a\b,j"x"b�g]y k1j"e/cdw�c�f�c�j]n/ghcd_1f�j]nV;N-��A�3-A�3,4)<+�EN2"&(#%!$-�;$;N-�;��qr\w�k�r2g]b,_�b,t\e\e\w e\x*k1j"e/k1t\b,b,_EeNf,m �"{

�\b,j"y f,r\_*a\b,j]f,jlk1j"mJµ c>aCj"w eNf}j]n�~�w _E�0��g2k1j"yia\tlf�gZf,w j"e8j]n�g2cdw e\x"m _�a\b,jlk1_Sc,cÜw�c�g2cd_S�Nt\_Ee/k1_�j]n�w e�~"jlkEgZf,w j"e/c>j]n�b,_Sg"�zg]e/�
�qb,w f,_0j"aC_Eb�gZf,w j"e/c}j"e�cdj"yi_0j"Ë)(�_Skf�c �scdr/g]b,_S��~Zg]b,w�g]Ë\m _Sc$�{}|}r\_0a\b,j]f,jlk1j"m�x"t/g]b�g]eNf,_E_Sc�f,r\_�aC_Eb�cdw�c�f,_EeNfhg]e/�Hk1j"e/cdw�c�f,_EeNf
c�f,j"b�g]x"_hj]n�f,r\_:j"Ë)(�_Skf�cqg]e/��k1j"eNf,w e�t/gZf,w j"e/c�j]n�f,r\_0a\b,jlk1_Sc,cE{ - eHg"�\�lw f,w j"e��\g2a\b,jlk1_Sc,c}kEg]e�w e�~"j"�"_*g2f,r\w b���j"aC_Eb�gZf,w j"e��
g�!$#�8989)*, #(23-A&(+�,4)<#��/{ 	�k1j"yiyiw fhj"aC_Eb�gZf,w j"e��\r\jZ��_E~"_EbS�lr/g"c�e\jz_1�o_Skf*j"e�f,r\_�a\b,jlk1_Sc,cEµ c�cd_Eyzg]eNf,w�kEcE{}|}r\_Eb,_1npj"b,_"�\��_
�lj&e\j]f�b,_S�Nt\w b,_�f,r/gZf�f,r\_zw e�~"jlkEgZf,w j"e`j]nqg&k1j"yiyiw f2j"aC_Eb�gZf,w j"e w�c0_1vla\m w�k1w f,m ��cdaC_Sk1w �/_S�`Ë���f,r\_8cd_S�Nt\_EeNf,w�g]m>a\b,jlk1_Sc,cE{
 �j"yiyiw f0j"aC_Eb�gZf,w j"e/c*k1j"t\m��`g]m�cdj�ËC_iw e/cd_Ebdf,_S��Ë�� g�k1j"yia\w m _Eb0j"b0g�b,t\eNf,w yi_zcd�lc�f,_Ey ËC_SkEg]t/cd_2f,r\_E� �lj&e\j]f0k�r/g]e\x"_
f,r\_0a\b,jlk1_Sc,cEµ c}cd_Eyzg]eNf,w�kEcE{&��n�k1j"t\b�cd_"��f,r\_E��yiw x"rNf�gZ�o_Skfqf,r\_0aC_Ebdnpj"b,yzg]e/k1_"{

�\b,j"y f,r\_�a\b,j]f,jlk1j"mJµ c�aCj"w eNf%j]n\~�w _E�0�Zg�a\b,jlk1_Sc,c�e\j"e/�l_1f,_Eb,yiw e\w�c�f,w�kEg]m m �:k�r\j�jNcd_Sc�npb,j"yÄj"e\_Üj]nlf,r\_�f,r\b,_E_�j"aC_Eb�gZf,w j"e/cE{
|}r\w�c}w�cqyijl�l_Em _S��Ë��8f,r\_���_1f,b,woe\_1fhcdr\jZ�qe�w e=�%w x/{�"{

R[o]

Rreq[o]

Creq

Cdone

W[o]

Wreq[o]

processes

p

p

p

p

p

p

�%w x"t\b,_i"�Ü|}r\_:a/g]b�g]m m _Em�a\b,j"x"b�g]y
��g"k�r2j"aC_Eb�gZf,w j"e2w�c>cda\m w f>w eNf,j*f���j*a/g]bdf�cE�%g�f,b�g]e/cdw f,w j"e2f,r/gZf>w e�~"j"�"_Sc%g]e�j"aC_Eb�gZf,w j"eQ���������� ���é���������� ���é�"g]e/�����������

g]e/�ig:f,b�g]e/cdw f,w j"e�f,r/gZfÜf,_Eb,yiw e/gZf,_Sc>f,r\_hk1j"b,b,_ScdaCj"e/�lw e\x:j"aC_Eb�gZf,w j"e=����� ���é����� ���é��g]e/���! "��#$���{�|}r\_Scd_qf,b�g]e/cdw f,w j"e/c>�qw m m
ËC_hyi_Eb,x"_S��f,j0f,r\_:k1j"b,b,_ScdaCj"e/�lw e\x:f,b�g]e/cdw f,w j"e/c>j]n�f,r\_*��_1f,b,w/e\_1f��qr\w�k�r8yijl�l_Em�cÜf,r\_ha\b,j]f,jlk1j"m\npj"bÜf,r\_*k1j"b,b,_ScdaCj"e/�lw e\x
j"aC_Eb�gZf,w j"e7�scd_E_2É�_SkfS{ ¬ { ³��{
^�r\_Ee�g�a\b,jlk1_Sc,cd_Sc&%�r/g"c:�/e\w�cdr\_S�`j"e\_zj"aC_Eb�gZf,w j"e`g]e/�`r/g"c0e\j]f��"_1f0w e\w f,w�gZf,_S��g]e\j]f,r\_Eb0j"aC_Eb�gZf,w j"e���f,r\_Eb,_zw�c�g

f,j"�"_Ee�%�j"e�a\m�g"k1_�'���)(*�,+�+��,+E{q^�r\w m _�gzf,j"�"_Ee�%�w�chj"eHa\m�g"k1_�'���)(*�,+�+��,+E�Ccdj"yi_�w eNf,_Eb,e/g]m%kEg]m�k1t\m�gZf,w j"e/c�j]n-%`g]b,_0x"j"w e\x
j"e��l�qr\w�k�r&kEg]e\e\j]fqËC_0j"Ë/cd_Eb,~"_S�zË��zf,r\_0a\b,j]f,jlk1j"mJ{ - e\w f,w�g]m m �"��f,r\_Eb,_:w�cqe\jia\b,jlk1_Sc,c�b,t\e\e\w e\xzcdw e/k1_"��npj"b�cdw yia\m w�k1w f��"�\��_
g"c,cdt\yi_0f,r/gZf:g]m m%a\b,jlk1_Sc,cd_Sc�g]b,_2c�f�g]bdf,_S�&Ë���f,r\_2b,_Sk1jZ~"_Eb,�8a\b,j]f,jlk1j"m�npj"b�f,r\_icd_Eb,~"_Eb��scd_E_�É�_SkfS{ ¬ { ¯/{ ²��{ 	 a\b,jlk1_Sc,cqw�c
c�f�g]bdf,_S�8Ë��z�qb,w f,w e\x�w f�cqk1j"eNf,w e�t/gZf,w j"ezf,j�f,r\_0�\gZf�g]Ë/g"cd_*g]e/�8w e�~"j"��w e\x�f,r\_:b,_Sc�f�g]bdf}a\b,jlk1_S�lt\b,_9�scd_E_0É�_SkfS{ ¬ { ³\{ ¯��{��\j"b
f,r\_*c,g]yi_hb,_Sg"cdj"e��Ng]m mCa\m�g"k1_Sc�j]n�f,r\_ha\b,j]f,jlk1j"mCg]b,_hw e\w f,w�g]m m �it\e\yzg]b,�"_S��{�|}r\_E�i�qw m moËC_*w e\w f,w�g]m w �E_S�8�lt\b,w e\x�f,r\_hb,_Sc�f�g]bdf
a\b,jlk1_S�lt\b,_"{

�
	/. ����10 � �H� �A�-2 � ����
 � 
 0 
3� �
- ezf,r\w�c}cd_Skf,w j"e��N��_ha\b,_Scd_EeNf�f,r\_*a\b,j]f,jlk1j"m\npj"b�_Sg"k�r8j"aC_Eb�gZf,w j"e8g�a\b,jlk1_Sc,cÜyzg
�iw e�~"j"�"_"{�|}r\_Scd_ha\b,j]f,jlk1j"m�c�g]b,_�b,t\e�j"e
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{
|}r\_�a\b,j]f,jlk1j"m\yzg]�"_ScÜ_1v�f,_Ee/cdw ~"_qt/cd_�j]n�m jlk��lcÜg]e/�iw�c�cdw yiw m�g]bÜf,j0f���j0a\r/g"cd_�m jlk���w e\x� ¯?�Å��	 a\b,jlk1_Sc,c>y2t/c�f�g"kE�Nt\w b,_

g�b,_Sg"��m jlk���ËC_1npj"b,_ib,_Sg"�lw e\x�g]e`j"Ë)(�_SkfS�%g�a\b,jlk1_Sc,c*y2t/c�f�g"kE�Nt\w b,_ig��qb,w f,_�m jlk���ËC_1npj"b,_i�qb,w f,w e\x&g]e`j"Ë)(�_SkfS{�^`b,w f,_
m jlk��lchg]b,_2_1v\k1m t/cdw ~"_"�C�qr\_Eb,_Sg"c�b,_Sg"�Hm jlk��lchg]b,_�e\j"eluÅ_1v\k1m t/cdw ~"_"{ 	 a\b,jlk1_Sc,c��"_E_Ea/c*g8�qb,w f,_2m jlk��&t\eNf,w m�w f0k1j"yiyiw f�chj"b
g]ËCj"bdf�c��pwJ{d_"{�k1b�g"cdr\_Sc$�4� g"cq��e\jZ�qeHnpb,j"y c�f,b,w�kfhf���j�a\r/g"cd_2m jlk���w e\x/{ - e k1j"eNf,b�g"c�f�f,j�f���j8a\r/g"cd_2m jlk���w e\x/�og8a\b,jlk1_Sc,c
yzg
�`b,_Em _Sg"cd_�g�b,_Sg"��m jlk���gZfig]e��`f,w yi_���j]n*k1j"t\b�cd_"��w fiyzg
��e\j]fib,_Em _Sg"cd_zf,r\_�m jlk����lt\b,w e\x`g�b,_Sg"��j"aC_Eb�gZf,w j"e�{ - f

²



yzg
�`_E~"_Ee6g"kE�Nt\w b,_�g�b,_Sg"��m jlk���cd_E~"_Eb�g]mÜf,w yi_Sc�ËC_1npj"b,_�w fzk1j"yiyiw f�cE{ - fi�qw m m�f,t\b,e·j"tlf�f,r/gZf�f,r\w�c�w�c�cdtl�8k1w _EeNf�npj"b
x"t/g]b�g]eNf,_E_Ew e\x�;N-��A�3-A�3,4)<+�E !$#��0;�) ;�,.-A�"!AS� ¬ Æ%�Å{
|}r\_0a\b,j]f,jlk1j"m�cdr\jZ��c�f���j�yij"b,_0�lw �o_Eb,_Ee/k1_Sc�f,jif���jia\r/g"cd_:m jlk���w e\xzg]e/�8f,r\_�k1m�g"c,cdw�kEg]m��\gZf�g]Ë/g"cd_:g]a\a\b,jNg"k�r��
"{}^�r\_Ee g a\b,jlk1_Sc,c�g"kEk1_Sc,cd_Sc2g]e·j"Ë)(�_SkfS�Üw f8g"kE�Nt\w b,_Sc�g E #%!$+�E !$#(2"S�j]n�f,r/gZfzj"Ë)(�_SkfS{�|}r\_&m jlkEg]m}k1j"a���w�c�j"e\m �
g"kEk1_Sc,cdw Ë\m _:Ë��zf,r\w�cqa\b,jlk1_Sc,cE{ - e�f,r\w�cqb,_ScdaC_SkfS�lf,r\_0a\b,j]f,jlk1j"m�k1j"b,b,_ScdaCj"e/�\c�f,jzg='�) ;�,4&�)  A� ,.-$'�8@-A8@#�&�S@8@#%'>-AE {
¬ {q|}r\_�a\b,j]f,jlk1j"m%w�c*b,_ScdaCj"e/cdw Ë\m _�npj"b*b,_Sc�f�g]bdf,w e\x�k1b�g"cdr\_S�Ha\b,jlk1_Sc,cd_ScE{:|}r�t/cE�of,r\_�a\b,j]f,jlk1j"m%y2t/c�f0g]m�cdj�c�f,j"b,_�k1j"elu
f,w e�t/gZf,w j"e/c}j]n�a\b,jlk1_Sc,cd_Sc�j"e&c�f�g]Ë\m _0yi_Eyij"b,�"{

- e�f,r\_*npj"m m jZ�qw e\xicd_Skf,w j"e/cE�l��_*a\b,_Scd_EeNf�g���_1f,b,woe\_1f�yijl�l_Emonpj"b}_Sg"k�r�j"aC_Eb�gZf,w j"e8f,r/gZfhkEg]e�ËC_0w e�~"j"�"_S�zË���g2a\b,jlk1_Sc,cE{
LHj"b,_EjZ~"_EbS�E��_�a\b,_Scd_EeNf%gh��_1f,b,w"e\_1f%f,r/gZf�yijl�l_Em�c�f,r\_}k1b�g"cdr0j]n/g�a\b,jlk1_Sc,cE�
g]e/����_�a\b,_Scd_EeNf�f,r\_�a\b,j]f,jlk1j"m]npj"b%b,_Sc�f�g]bdf,w e\x
g8k1b�g"cdr\_S�Ha\b,jlk1_Sc,cE{ +�j]f,_�f,r/gZf*f,r\_Scd_2a\b,j]f,jlk1j"m�c�w e�~"j"�"_�j"aC_Eb�gZf,w j"e/c�j]n>f,r\_icd_Eb,~"_EbS{h|}r\_�k1j"b,b,_ScdaCj"e/�lw e\x8a\b,j]f,jlk1j"m�c
j"e�f,r\_2cd_Eb,~"_EbSµ c}cdw��l_0�qw m m�ËC_�a\b,_Scd_EeNf,_S��w e É�_SkfS{ ¬ { ¯/�lf,r\w�c�w e/k1m t/�l_Sc�a\b,j]f,jlk1j"m�c�npj"bqf,r\_�E #%!$1�8@+��"+N5�-A&�/npj"b}f,r\_Q'>+�,.+
8@+��"+N5�-A&�Nnpj"b�f,r\_�E #(5 8@+��"+N5�-A&�\g]e/�inpj"b &(-$!$#1��-A&�SZ{ +�j]f,_�f,r/gZf�f,b�g]e/cdw f,w j"e/c�j]n�f,r\_*k1m w _EeNf}w e�~"j"��w e\x0a\b,j]f,jlk1j"m�cÜj"ezf,r\_
cd_Eb,~"_Eb}g]b,_0cdr/g"�l_S��{>|}r\_0a\b,_Sk1w�cd_:yi_Sg]e\w e\xij]n%f,r\_Scd_:w e�~"jlkEgZf,w j"e/c��qw m m�ËC_0_1vla\m�g]w e\_S��w e�É�_SkfS{ ¬ { Æl{

¤ � £ � �½¥�§%¨ X ¨ Y\  � ©�¨ XZYlWS¢s� �
^�r\_Ee·gHa\b,jlk1_Sc,c %·�}g]eNf�c0f,j b,_Sg"��cdj"yi_8j"Ë)(�_Skf � �>w f�w e�~"j"�"_Sc��zg�b,_Sg"��b,_S�Nt\_Sc�f2j"aC_Eb�gZf,w j"e�j"e � g"c�yijl�l_Em _S��w ef,r\_2a\b,jlk1_Sc,cEµ c�ËC_Er/g
~�w j"bhw e7�%w x/{%"{ 	�b,_Sg"�Hb,_S�Nt\_Sc�f �������� ���>w e�~"j"�"_Scqf,r\_2a\b,j]f,jlk1j"m%cdr\jZ�qe�w eT�%w x/{ ¬ � - n>f,r\_Eb,_2w�c:g

x = rd    x = wr

(p,o)

unlocked

Rreq[o]

(p,o)

(p,o)

LdCpy(o,p)

R[o] copies

(p,o)

(p,o)

(p,o)

(p,o) (p,o)

(p,o,x)

(p,o,x)

(p,o,rd)

UnLck(o,p)RLck(o,p)

(p,o,rd)

r1

r2

c1

(p,o)

p

(p,o)
t1

�%w x"t\b,_ ¬ �>|}r\_0b,_Sg"��j"aC_Eb�gZf,w j"e
m jlkEg]m�k1j"a��zj]n%j"Ë)(�_Skf � �lf,r\_:b,_Sg"��_E~"_EeNf ��� ����w�c}w yiyi_S�lw�gZf,_Em �8_1vl_Sk1tlf,_S��� f,_Eb,yiw e/gZf,w e\x�f,r\_:b,_Sg"�8a\b,j]f,jlk1j"mJ{ - n�f,r\_Eb,_w�che\j�m jlkEg]m�k1j"a��&j]n�j"Ë)(�_Skf � �of,r\_�a\b,j]f,jlk1j"m��/b�c�f:g"kE�Nt\w b,_Sc*g8b,_Sg"�Hm jlk���npb,j"y�f,r\_im jlk��&yzg]e/g]x"_Eb9������(��	� ��
 '� ��g]e/�
f,r\_Ee�b,_S�Nt\_Sc�f�c:gHk1j"a��Hj]n}j"Ë)(�_Skf � npb,j"y f,r\_8�\gZf�g�yzg]e/g]x"_Eb@���� )��'���� ��
 '� �{8|}r\_Ee�w f�a\b,jlk1_E_S�\c:w e f,r\_8c,g]yi_z�}g
�
g"c0�l_Sc,k1b,w ËC_S�`ËC_1npj"b,_"{�+�j]f,_if,r/gZf2a\m�g"k1_�� #�� �)(�� �� &w�c0yzg]b,�"_S� Ë�� g�f,j"�"_EeM� %�� � �:�qr\_Ee�e\jHm jlkEg]mÜk1j"a���j]n}j"Ë)(�_Skf �npj"b:a\b,jlk1_Sc,c %`w�c0g
~Zg]w m�g]Ë\m _"{iÉNf,w m mJ��a\m�g"k1_�� #�� �)(�� �� �w�c*w e\w f,w�g]m m ��t\e\yzg]b,�"_S��ËC_SkEg]t/cd_iw e\w f,w�g]m w �SgZf,w j"e`j]nÜf,r\_za\b,j]f,jlk1j"m�c
j"e�f,r\_�k1m w _EeNfSµ c�cdw��l_8w�c�a/g]bdf2j]n}f,r\_�b,_Sc�f�g]bdf�a\b,jlk1_S�lt\b,_8j]n}f,r\_�a\b,jlk1_Sc,c��scd_E_�É�_SkfS{ ¬ { ³\{ ¯��{�|}r\_8a\b,j]f,jlk1j"m�c:npj"b�f,r\_
m jlk��8yzg]e/g]x"_Eb�g]e/��npj"bqf,r\_2�\gZf�giyzg]e/g]x"_Ebq�qw m m�ËC_�a\b,_Scd_EeNf,_S��w e É�_SkfS{ ¬ { ¯/�\�qr\w�k�rH�lw�c,k1t/c,cd_Sc}f,r\_�a\b,j]f,jlk1j"m�c}j"e�f,r\_
cd_Eb,~"_EbSµ c�cdw��l_"{
	�m jlkEg]m>k1j"a��Hj]n�j"Ë)(�_Skf � npj"b:a\b,jlk1_Sc,c %�w�c:b,_Ea\b,_Scd_EeNf,_S��Ë�� g8f,j"�"_EeM� %�� � ���"�*j"e`a\m�g"k1_ (*��'	� �,+E���qr\_Eb,_���yzg
�"�Ë/g"cdw�kEg]m m �"�\f�g]�"_:f���j8~Zg]m t\_ScE������npj"b*g8k1j"a����qr\w�k�r��}g"c�g"kE�Nt\w b,_S��npj"bhb,_Sg"��j"e\m �Hg"kEk1_Sc,cE�/g]e/�! "�inpj"b*g8k1j"a����qr\w�k�r

�}g"c�g"kE�Nt\w b,_S��npj"bh�qb,w f,_Q�sg]e/�Hb,_Sg"�3�qg"kEk1_Sc,cE{h|}r\w�c��}g
�"�Ca\b,jlk1_Sc,c�% �pj"bhb�gZf,r\_Eb�f,r\_2a\b,j]f,jlk1j"m�b,t\e\e\w e\xznpj"bhw f����"_E_Ea/c
f,b�g"k�� j]nqw f�c2g"kE�Nt\w b,_S�`b,_Sg"��g]e/���qb,w f,_8m jlk��lcE{ +�j]f,_8f,r/gZf2��_8�qw m m�r/g
~"_8g&f,r\w b���~Zg]m t\_"�$#%�/�%npj"b&���qr\w�k�r��qw m m�ËC_
�lw�c,k1t/c,cd_S�2�lt\b,w e\x*f,r\_qk1j"yiyiw f>j"aC_Eb�gZf,w j"e�{ - nog*m jlkEg]mlk1j"a��0�qw f,ri~Zg]m t\_' "�hj"b$���:npj"b(�iw�c>g
~Zg]w m�g]Ë\m _"�]ghb,_Sg"��j"aC_Eb�gZf,w j"e
w�cqg]m m jZ��_S�8j"e�f,r\w�cqk1j"a��"{
)�* Ú
ã Ý�ÔJÖ�+EÑ
Ö�ÝsÕ�à
Ö�Ö�×:à
Ó�Õ%à
Ö�Þ�Ö�ÝJÝÅä�ÔJã S Ù�Ø]ÖÜÖ-,SÒQS ã Þ�ã Õ�Ö�ÝsÕÅä�ØQS ã ÝJÚ
Ö�×*Ø1Ù�ÕJÚ
ÖÜÔJÖdä�×*ÓÒ]Ö�ÔÅä,ÕJã Óà�.
ÕJÚ
ã Ý�Þ�ÓÑQS ×:ä�S ÝJÓ}Ø]ÖÜä�ÞÅÚ
ã ÖDW1Ö�×:Ø1Ù*ä�Ò
Ò
ÔJÓÒ
ÔJã ä,ÕJÖÚZä�ÔJ× V�ä�ÔJÖ0T V�Ú
ã ÞÅÚ*ã àUW1ÓëÖ�Ý�ÕJÚ
ÖÜÔJÖdä�×*ÓÒ]Ö�ÔÅä,ÕJã Óà*ÓàhÕJÚ
ã Ý�ÓØSèsÖ�ÞéÕ%Ñ
Ò]Óà:ä�ÔJÖdä�×0/ âqã ÝJÝoÖ-,SÞ�Ö�ÒSÕJã Óà�X

¸



	hc0g]m b,_Sg"�l�&yi_EeNf,w j"e\_S����g�b,_Sg"��m jlk��Hyzg
�HËC_ib,_Em _Sg"cd_S��gZf�g]e��&f,w yi_"���qr\_Ee f,r\_ia\b,jlk1_Sc,chr/g"c*b,_Sk1_Ew ~"_S� g�k1j"a��
j]nqf,r\_�k1j"b,b,_ScdaCj"e/�lw e\x�j"Ë)(�_SkfS{`|}r\_�a\b,jlk1_Sc,c�b,_Em _Sg"cd_Sc0f,r\_�b,_Sg"��m jlk��`j"e�j"Ë)(�_Skf � Ë���j"aC_Eb�gZf,w j"e � #���(��	� ��
 '���gZff,r\_�c,g]yi_0f,w yi_"�/f,r\_2m jlkEg]m%k1j"a���j]n�f,r\_2j"Ë)(�_Skf*w�ch�l_Em _1f,_S��{�+�j]f,_�f,r/gZf*j"e\m �&k1j"a\w _Scqf,r/gZf*��_Eb,_�g"kE�Nt\w b,_S��npj"b*gzb,_Sg"�
j"aC_Eb�gZf,w j"eikEg]eiËC_qb,_Em _Sg"cd_S�2Ë���f,r\w�cÜj"aC_Eb�gZf,w j"e�ËC_SkEg]t/cd_}��_q_1vla\m w�k1w f,m ��b,_S�Nt\w b,_�f,r\_}f,r\w b��zk1j"yiaCj"e\_EeNfÜj]nCf,r\_�b,_Em _Sg"cd_S�
k1j"a��8f,j�ËC_&���/{ - e�j"b��l_Ebqf,j�g]m m jZ�Äg"c�y2t/k�rHnpb,_E_S�lj"yÃg"c�aCjNc,cdw Ë\m _2w e g]eHw yia\m _Eyi_EeNf�gZf,w j"e�j]n>f,r\w�cha\b,j]f,jlk1j"m��pj"b:g]e
g]a\a\m w�kEgZf,w j"e&j]n�f,r\_2�l_Scdw x"eHa/gZfdf,_Eb,e ��/��_2�lj8e\j]fhw yiaCjNcd_2g]e���b,_Sc�f,b,w�kf,w j"e/c�g]ËCj"tlfh�qr\_Ee&f,j8b,_Em _Sg"cd_�gib,_Sg"��m jlk��o{ - f
�l_EaC_Ee/�\c�j"e&f,r\_�a/g]bdf,w�k1t\m�g]bhg]a\a\m w�kEgZf,w j"e&�qr\_1f,r\_Ebhw fhw�chcd_Ee/cdw Ë\m _0f,j8�"_E_Ea�f,r\_�m jlk���npj"bhcdj"yi_0f,w yi_�j"b��qr\_1f,r\_Ebhw fhw�c
cd_Ee/cdw Ë\m _*f,jib,_Em _Sg"cd_*f,r\_0m jlk��8b,w x"rNfqgZn f,_Ebqf,r\_0b,_Sg"�8j"aC_Eb�gZf,w j"e�{
+�j]f,_�f,r/gZf:w f*yiw x"rNf*r/g]a\aC_EeHf,r/gZf0gzb,_Sg"�&j"aC_Eb�gZf,w j"eHw�c*c�f,t/k��&�qr\w m _�g"kE�Nt\w b,w e\x�g8m jlk���j"e cdj"yi_�j"Ë)(�_Skf:�lt\_�f,j

k1�lk1m w�ki�l_EaC_Ee/�l_Ee/k1w _Sc0w e`f,r\_z�}g]w f�c�uJnpj"b0x"b�g]a\r �scd_E_� ¯?�D�{ - e`f,r/gZf�kEg"cd_"����_zg]m m jZ��f,r\_za\b,j]f,jlk1j"m�f,j��/b�c�f�_1vl_Sk1tlf,_8g
k1j"yiyiw f�j"aC_Eb�gZf,w j"e�{�|}r\w�c�w�c�b,_Ea\b,_Scd_EeNf,_S�*Ë��hf,b�g]e/cdw f,w j"e����"�S�qr\w�k�r0b,_EyijZ~"_Sc�g�f,j"�"_Ee�� %�� � �onpb,j"y a\m�g"k1_ �����w e/�lw�kEgZf,w e\xf,r\_�c�f�g]bdfÜj]n�g:b,_Sg"�2j"aC_Eb�gZf,w j"eij]noa\b,jlk1_Sc,c %8j"eij"Ë)(�_Skf � � g]e/�zg"�\�lw e\x�g*f,j"�"_Ee %if,j0a\m�g"k1_ (�����w e/�lw�kEgZf,w e\x:f,r\_hc�f�g]bdfj]n�gik1j"yiyiw f�j"aC_Eb�gZf,w j"e �scd_E_�É�_SkfS{ ¬ { ³\{ ³��{
	qn f,_Eb�f,r\_�k1j"yia\m _1f,w j"e�j]n}f,r\_�k1j"yiyiw f2j"aC_Eb�gZf,w j"e���f,r\_8a\b,jlk1_Sc,c:yzg
� w�c,cdt\_if,r\_8b,_Sg"�`j"aC_Eb�gZf,w j"e�g]xNg]w e�{&É�w e/k1_

k1j"yiyiw f0j"aC_Eb�gZf,w j"e/c*�lj&e\j]f0k�r/g]e\x"_2f,r\_zcd_Eyzg]eNf,w�kEc*j]n�f,r\_ia\b,j"x"b�g]y&�ow e/cd_Ebdf,w e\x&g&k1j"yiyiw f0j"aC_Eb�gZf,w j"e �qw m m>e\j]f��lj
g]e��2r/g]b,y&{ÜÉ�w e/k1_hg]m m/m jlk��lc�g]b,_qb,_Em _Sg"cd_S�z�lt\b,w e\x0f,r\_hk1j"yiyiw f�j"aC_Eb�gZf,w j"e��Nk1�lk1m w�k��l_EaC_Ee/�l_Ee/k1w _Sc�kEg]ezËC_hb,_Scdj"m ~"_S�2f,r\w�c
�}g
� �pe\j]f,_8f,r/gZf2�qb,w f,_8j"aC_Eb�gZf,w j"e/c0yzg
� a\b,jlk1_E_S��w e�f,r\_�c,g]yi_8�}g
�0�{&|}r\_Eb,_1npj"b,_"��f,r\_8a\b,j]f,jlk1j"m�g]m m jZ��c0b,_Scdj"m ~�w e\x
k1�lk1m w�k��l_EaC_Ee/�l_Ee/k1w _Sc0w e f,r\_z�}g]w f�c�uJnpj"b*x"b�g]a\r �qw f,r\j"tlf2g]ËCj"bdf,w e\x&g]e��Ha\b,jlk1_Sc,cE���qr\w�k�r`w�c:e\j]f�aCjNc,cdw Ë\m _�w e�k1m�g"c,cdw�kEg]m
f���j�a\r/g"cd_:m jlk���w e\x/{

¤ � £ � ¤ ¥�§%¨�� XZ¢pW ¨ � ©�¨ XZYlWS¢s� �
|}r\_0a\b,j]f,jlk1j"monpj"b�gi�qb,w f,_0j"aC_Eb�gZf,w j"e�w�c�cdw yiw m�g]b}f,jif,r\_0a\b,j]f,jlk1j"monpj"bhg�b,_Sg"��j"aC_Eb�gZf,w j"e�{Ü|}r\_0a\b,j]f,jlk1j"m�w�c�cdr\jZ�qe�w e
�%w x/{\³\{

LdCpy(o,p)

(p,n)(p,n+1)

wlckcount

copies
(p,o,wr)

(p,o,wr)

(p,o,wr)

WLck(o,p)

(p,o)

(p,o)

(p,o)

(p,o)

(p,o) (p,o)
unlocked

W[o]

Wreq[o]

(p,o)

w1

w2

(p,o)

p

c1

t2

�%w x"t\b,_0³\�Ü|}r\_:�qb,w f,_0j"aC_Eb�gZf,w j"e
�\j"b�gi�qb,w f,_0j"aC_Eb�gZf,w j"e��lw f�w�cqe\j]fhcdtl�8k1w _EeNfqf,j8k�r\_Sk��zf,r\_2g
~Zg]w m�g]Ë\w m w f��8j]n>g�m jlkEg]m�k1j"a��8j]n%f,r\_0j"Ë)(�_SkfS�/cdw e/k1_:f,r\_

k1j"a���yiw x"rNf*r/g
~"_�ËC_E_Ee g"kE�Nt\w b,_S��npj"b*b,_Sg"�&g"kEk1_Sc,c�j"e\m �"{�	�a\b,jlk1_Sc,cqyzg
�&g"kEk1_Sc,chg8k1j"a���j"e\m ��w n�w f*r/g"chg"kE�Nt\w b,_S�Hg
�qb,w f,_*m jlk��inpj"b�f,r\_:j"Ë)(�_SkfS{�	hcqg]m b,_Sg"�l�iyi_EeNf,w j"e\_S���lg�k1j"a��8g"kE�Nt\w b,_S�znpj"b}�qb,w f,_:g"kEk1_Sc,cd_Sc�w�c�w e/�lw�kEgZf,_S��Ë��8gZfdf,b,w Ë\tlf,_
 "��{ - n%f,r\_0a\b,jlk1_Sc,c�r/g"cqgi�qb,w f,_:m jlk��o�lw f�_1vl_Sk1tlf,_Sc�f,r\_0�qb,w f,_0j"aC_Eb�gZf,w j"e�j"e&w f�c}m jlkEg]m�k1j"a��8w yiyi_S�lw�gZf,_Em �"{
- nCf,r\_�a\b,jlk1_Sc,cd_Sc%r/g"c>e\j:�qb,w f,_qm jlk��2j"e�j"Ë)(�_Skf � �"w f�g"kE�Nt\w b,_Sc�g:�qb,w f,_qm jlk��0npb,j"y�f,r\_qm jlk���yzg]e/g]x"_Eb � � ��(��	� ��
 '� �{

	�f�f,r\_:c,g]yi_�f,w yi_"�lw f}w e/k1b,_Eyi_EeNf�cÜf,r\_*e�t\y2ËC_Eb}j]n�w f�c��qb,w f,_hm jlk��lc � f,j"�"_EeT� %��
	 �Üw�c�b,_EyijZ~"_S�zg]e/��g0f,j"�"_EeT� %��
	�����
w�c}g"�\�l_S�8f,jia\m�g"k1_� � (��*(*� � #��(�{�|}r\_Ee��\w fqb,_S�Nt\_Sc�fqg�m jlkEg]m�k1j"a��zj]n%j"Ë)(�_Skf � npb,j"y f,r\_0�\gZf�g2yzg]e/g]x"_EbC���� )��'���� ��
 '� ��f,r\_0m jlkEg]m�k1j"a��zb,_Sk1_Ew ~"_Sc�f,r\_�gZfdf,b,w Ë\tlf,_  "��{�|}r\_Ee���f,r\_0�qb,w f,_0j"aC_Eb�gZf,w j"e�w�cq_1vl_Sk1tlf,_S��j"e�f,r\_0m jlkEg]m�k1j"a��"{
+�j]f,_�f,r/gZf�f,b�g]e/cdw f,w j"e��
�2g]m m jZ��c�f,r\_*w e/cd_Ebdf,w j"ezj]n�g2k1j"yiyiw f�j"aC_Eb�gZf,w j"e8�qr\w m _*c�f,t/k��z�lt\b,w e\x2g"kE�Nt\w b,w e\x0f,r\_h�qb,w f,_

m jlk��o{ÜÉ�_E_:_Ee/��j]nÜÉ�_SkfS{ ¬ { ³\{ hnpj"bqyij"b,_0�l_1f�g]w m�cE{

¹



¤ � £ � £ ¥�§%¨ ["� � � ¢pW2� ©�¨ XZYlWS¢s� �
|}r\_�k1j"yiyiw f%j"aC_Eb�gZf,w j"e0�qb,w f,_Sc%g]m m�k�r/g]e\x"_Sc�yzg"�l_�Ë��*f,r\_�a\b,jlk1_Sc,c�cdw e/k1_Üf,r\_�m�g"c�f�k1j"yiyiw f%j"aC_Eb�gZf,w j"e:f,j�f,r\_C'>+�,.+! $+�;N-1{
|}r\w�c0w e/k1m t/�l_Sc0�qb,w f,w e\x�f,r\_8e\_E��k1j"eNf,w e�t/gZf,w j"e`j]n�f,r\_za\b,jlk1_Sc,cE{��ht\b,w e\x&f,r\_�k1j"yiyiw f�j"aC_Eb�gZf,w j"e���f,r\_Eb,_zw�c�g&��_Em m u
�l_1�/e\_S�M!$#�8989)*,�23#�)*�3,1�:ËC_1npj"b,_�f,r\_zk1j"yiyiw f0aCj"w eNfS��e\jHk�r/g]e\x"_Sc*g]b,_�yzg"�l_ij"e f,r\_z�\gZf�g]Ë/g"cd_"{ 	qn f,_Eb0f,r\_zk1j"yiyiw f
aCj"w eNfzg]m m}k�r/g]e\x"_Sc2g]b,_��qb,w fdf,_Ee�f,j ;�,.+! AE -	8@-A8@#�&�SZ�ÜË\tlf8g]b,_8e\j]fi�"_1fi�qb,w fdf,_Ee�f,j�f,r\_&�\gZf�g]Ë/g"cd_"{ - n�f,r\_&k1j"yiyiw f
j"aC_Eb�gZf,w j"ezf,_Eb,yiw e/gZf,_Sc}cdt/kEk1_Sc,c�npt\m m ��� f,b�g]e/cdw f,w j"e �! "��#$����lg]m m�k�r/g]e\x"_Sc}g]b,_*g]m�cdj��qb,w fdf,_Ee8f,j�f,r\_0�\gZf�g]Ë/g"cd_"{�O�jZ��_E~"_EbS�
f,r\_Eb,_qk1j"t\m��2ËC_�g:k1b�g"cdr2j]n/f,r\_qa\b,jlk1_Sc,c�gZn f,_Eb�f,r\_�k1j"yiyiw fÜaCj"w eNfS�"Ë\tlfÜËC_1npj"b,_�f,r\_}a\b,jlk1_Sc,c>k1j"t\m���cdt/kEk1_Sc,c�npt\m m ��t\ao�\gZf,_
w f�c0k�r/g]e\x"_Sc�f,j�f,r\_8�\gZf�g]Ë/g"cd_"{ - e`j"b��l_Ebhf,jH�l_Sg]m>�qw f,r f,r\w�c0a\b,j"Ë\m _Ey&�of,r\_za\b,j]f,jlk1j"m�t/cd_Sc:g7E #(5 � E -1���qr\w�k�r w�c0g]m�cdj
a/g]bdfqj]n%f,r\_�c�f�g]Ë\m _0yi_Eyij"b,�o�>|}r\_0a\b,jlk1_Sc,c}b,_Sk1j"b��\c}g]m m�w f�c�k�r/g]e\x"_Sc}w e�f,r\_0m j"x��/m _0ËC_1npj"b,_:f,r\_�k1j"yiyiw f�aCj"w eNfS{ - f�w�c
f,r\_icd_Eb,~"_EbSµ cqb,_ScdaCj"e/cdw Ë\w m w f���f,j�t\ao�\gZf,_2f,r\_ik�r/g]e\x"_Sc�j]n�g8a\b,jlk1_Sc,c�npb,j"y�f,r\_�m j"x8�/m _2f,j8f,r\_i�\gZf�g]Ë/g"cd_2w n�g8a\b,jlk1_Sc,c
k1b�g"cdr\_ScqgZn f,_Ebhw f�c*k1j"yiyiw fhaCj"w eNf*�qw f,r\j"tlf*t\ao�\gZf,w e\x8w f�c*k�r/g]e\x"_ScE{ 	�m f,j"x"_1f,r\_EbS� ;�,.+! AE -98@-A8@#�&�S�k1j"e/cdw�c�f�c�j]n�f,r\_KE #(5
� E -�g]e/�8f,r\_K'>+�,.+! $+�;N-2g"c}��e\jZ�qe�npb,j"y �\gZf�g]Ë/g"cd_*f,r\_Ej"b,�"{

p

p

p

p

c5

LogObj(o,p)

(p,o,ud)

p

n*[p]

p

p

p

p

p

(p,n)

(p,0)

p

p

LogCnt(p)

Creq
p

wlckcount

unlocked
p x O

p x O

UpdObj(o,p)
p

p

copies

(p,o,wr)

(p,o,ud)

RelLck(p)

LogDBu(p)

p

c1

c2

c3

c4

logged

c6

UpdCnt(p)

Cdone

C

�%w x"t\b,_:¯/�Ü|}r\_�k1j"yiyiw fqj"aC_Eb�gZf,w j"e
|}r\_�a\b,j]f,jlk1j"m�npj"bhf,r\_ik1j"yiyiw f:j"aC_Eb�gZf,w j"e�w�c:cdr\jZ�qe�w e7�%w x/{o¯/�6�%w b�c�fS�of,r\_�a\b,jlk1_Sc,ch�qb,w f,_Schw f�c:k1j"eNf,w e�t/gZf,w j"eHf,j

f,r\_hm j"x0�/m _9�������)��#���� '� �Üg]e/�if,r\_Ee��qb,w f,_Sc�w f�c�m jlkEg]mCk1j"a\w _Sc�j]n�g]m m/j"Ë)(�_Skf�c�w f��qb,j]f,_*cdw e/k1_hw f�c�m�g"c�f�k1j"yiyiw f�f,j�f,r\_hm j"x
�/m _K������������� � ��
 '� �{ - eHf,r\_2yijl�l_EmJ�o��_2�lj8e\j]f:g"c,cdt\yi_0f,r/gZfhf,r\_�k1j"a\w _Schg]b,_��qb,w fdf,_EeHw e g8a/g]bdf,w�k1t\m�g]b�j"b��l_Ebqf,j8f,r\_
m j"xz�/m _�����_�(�t/c�f:yzg]�"_2cdt\b,_�f,r/gZf0g]m m>k1j"a\w _Sc�r/g
~"_2ËC_E_Ee �qb,w fdf,_Ee�f,j8f,r\_�m j"x8�/m _2ËC_1npj"b,_2f,r\_ik1j"yiyiw f*aCj"w eNfS{0|}r\w�c
w�c*g"k�r\w _E~"_S�HË��&�"_E_Ea\w e\x8f,b�g"k���j]nÜf,r\_�e�t\y2ËC_Eb*j]n��qb,w fdf,_Ee j"Ë)(�_Skf�chw e�f,r\_ik1j"t\eNf,_Eb 	�npj"b*a\b,jlk1_Sc,c3% � f,j"�"_Ee � %��
	 � �
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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�{
- nCf,r\_�k1j"yiyiw fÜb,_Sk1j"b����}g"c>cdt/kEk1_Sc,c�npt\m m ���qb,w fdf,_Ee�f,j*f,r\_qm j"x*�/m _"�]f,r\_�k1j"eNf,w e�t/gZf,w j"e�g]e/�2f,r\_qj"Ë)(�_Skf�c>g]b,_}t\ao�\gZf,_S�

w e`f,r\_��\gZf�g]Ë/g"cd_�� � '" )��#���� '�0g]e/� � '" ������ � ��
 '� �{ '�aCj"e�cdt/kEk1_Sc,c�npt\mÜt\ao�\gZf,_"�%f,r\_8a\b,jlk1_Sc,c:yzg]b,�lc:f,r\_8a/g]bdf,w�k1t\m�g]b
j"Ë)(�_Skf%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)(�_Skf�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
�/m _������������$��� '� �{�^`_��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�{
+�j]f,_�f,r/gZf�w f�w�cÜaCjNc,cdw Ë\m _�f,r/gZfÜf,r\_*k1j"yiyiw f�j"aC_Eb�gZf,w j"ezk1b�g"cdr\_Sc>b,w x"rNf�gZn f,_EbÜf,r\_*k1j"yiyiw f�aCj"w eNfS{ - ezf,r/gZf}kEg"cd_"�]f,r\_

�\gZf�g]Ë/g"cd_2w�c*e\j]f:t\ao�\gZf,_S�`gZf0g]m mJ{2É�w e/k1_ig]m m>k�r/g]e\x"_Sc*g]b,_2b,_Sk1j"b��l_S�Hw e�f,r\_im j"x8�/m _iËC_1npj"b,_2f,r\_ik1j"yiyiw f0aCj"w eNfS�of,r\_
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�_SkfS{ ¬ { ³\{ ¯/� ¬ { ¯/{ ¯/�lg]e/� ¬ { ¯/{ ²��{
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+�_1v�fS�l��_hnpj"b,yzg]m w �E_hf,r\_*nsg]t\m f�yijl�l_Emonpj"b}a\b,jlk1_Sc,cd_ScE{%^`_0g"c,cdt\yi_hf,r/gZf�g�a\b,jlk1_Sc,c�kEg]e&k1b�g"cdr�gZf�g]e��if,w yi_"{>^�r\_EeHg
a\b,jlk1_Sc,c}k1b�g"cdr\_ScE�lw f�w e/c�f�g]eNf�g]e\_Ej"t/cdm �8m jNcd_Sc}g]m m�w f�cqw elnpj"b,yzgZf,w j"e&c�f,j"b,_S��{Ü|}r\w�cqw e/k1m t/�l_Sc}f,r\_0a\b,jlk1_Sc,cd_Sc}k1j"eNf,w e�t/gZf,w j"e
�pwJ{d_"{
w f�c�a\b,jlk1_Sc,c%~Zg]b,w�g]Ë\m _ScE�
w f�c�a\b,j"x"b�g]y#k1j"t\eNf,_EbS�Zw f�c�c�f�g"k��o�Z_1f�k]{ ��LHj"b,_EjZ~"_EbS�Sw f>w e/k1m t/�l_Sc>�\gZf�gh�"_Ealf�Ë��:f,r\_}a\b,j]f,jlk1j"m
�pwJ{d_"{lm jlk��lcE�lm jlkEg]m�k1j"a\w _Sc$��j"e�f,r\_�k1m w _EeNfSµ cqcdw��l_"{Ü��tlfS�\��_0g"c,cdt\yi_*f,r/gZfqf,r\_�k1b�g"cdr�j]n>g�a\b,jlk1_Sc,cqkEg]e�ËC_��l_1f,_Skf,_S��{
- e`f,r\_8��_1f,b,w>e\_1f�yijl�l_EmJ�%gHk1b�g"cdr j]n}a\b,jlk1_Sc,c&%�kEg]e`ËC_8b,_Ea\b,_Scd_EeNf,_S��Ë��`g�f,b�g]e/cdw f,w j"e f,r/gZfK�pw e/c�f�g]eNf�g]e\_Ej"t/cdm �0�

b,_EyijZ~"_Sc�g]m m�f,j"�"_Ee/c2�qw f,r6g�%6w e·w f�c2�/b�c�fik1j"yiaCj"e\_EeNf	�pwJ{d_"{%f,j"�"_Ee/c2j]nqf,r\_�npj"b,y � %��	� � � � �0npb,j"y(g]m m�a\m�g"k1_Sc2j]n�f,r\_
a\b,j]f,jlk1j"m�c�cdr\jZ�qe�w eQ�%w x/{o�
�¯�g]e/�zf,r\_*a\b,j]f,jlk1j"m/npj"b�f,r\_:b,_Sk1jZ~"_Eb,�2_1vla\m�g]w e\_S�8ËC_Em jZ�0{ - e�j"b��l_Eb�f,ji�l_1f,_Skf}f,r\_:k1b�g"cdr��
g2f,j"�"_Ee %&w�cqa\tlfqf,j�f,r\_0a\m�g"k1_ (��$+��$�� '���)(*�,+�+��,+E{
|}r\_8b,_Sc�f�g]bdf0j]nqg&a\b,jlk1_Sc,c0w�c0yijl�l_Em _S�`w eP�%w x/{%Æl{�^�r\_Ee�gHk1b�g"cdr�w�c��l_1f,_Skf,_S���%f,r\_za\b,jlk1_Sc,c�k�r\_Sk��lc:w e�gZf0f,r\_

cd_Eb,~"_Eb0Ë������$��(���� #�� '�{��}g"cdw�kEg]m m �"��f,r\_�k�r\_Sk��NuÅw e��l_1np_Eb�c0f,r\_�b,_Sc�f�g]bdf�j]n}f,r\_�a\b,jlk1_Sc,c0t\eNf,w mÜf,r\_�cd_Eb,~"_Eb0r/g"c�b,_S�lj"e\_
g]m m>k1j"yiyiw fdf,_S� ~Zg]m t\_Sc*j]nÜf,r\_zk1b�g"cdr\_S��a\b,jlk1_Sc,c*g]e/��r/g"c*b,_Em _Sg"cd_S� g]m m�m jlk��lc*r\_Em���Ë��Hf,r\_�a\b,jlk1_Sc,c*�qr\_Ee�f,r\_zk1b�g"cdr
jlkEk1t\b,b,_S��{0|}r\_�a\b,j]f,jlk1j"m�npj"b*f,r\w�c:b,_S�lj�a\b,jlk1_S�lt\b,_2w�c:�lw�c,k1t/c,cd_S��w e�É�_SkfS{ ¬ { ¯/{ ¯/{ 	qn f,_Eb�g�cdt/kEk1_Sc,c�npt\m>k�r\_Sk��NuÅw e��Cf,r\_
a\b,jlk1_Sc,c2m jNg"�\c2w f�czk1j"eNf,w e�t/gZf,w j"e�npb,j"y±f,r\_H�\gZf�g yzg]e/g]x"_Eb�Ë�� �� )��#���� '���w e\w f,w�g]m w �E_Sc2f,r\_&a\b,j]f,jlk1j"m�Ë���cd_1fdf,w e\x�g]m m
j"Ë)(�_Skf�c�f,j2t\e\m jlk��"_S�ig]e/�zcd_1fdf,w e\x�f,r\_*k1j"t\eNf,_Eb>npj"b��qb,w f,_�m jlk��lc�f,j�¿�g]e/�ib,_Sc�f�g]bdf�c�f,r\_hk1j"eNf,w e�t/gZf,w j"e��pË���a\m�g"k1w e\x0f,r\_
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ËC_:x"t/g]b�g]eNf,_E_S�z_E~"_Ee�j"e&g�k1b�g"cdr�j]n�f,r\_:m jlk��zyzg]e/g]x"_EbS��w fq�"_E_Ea/c}g]m�cdj2f,b�g"k��ij]n�g]m m�a\b,jlk1_Sc,cd_Sc��qr\w�k�r�r\j"m���g�m jlk��o{�	
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f,r�t/cE�>k1b�g"cdr�cdw y2t\m f�g]e\_Ej"t/cdm �M�scd_E_&É�_SkfS{ ¬ { ¯/{ Æ�npj"b��l_1f�g]w m�c2j"e�f,r\_8nsg]t\m f�yijl�l_Em*�{`|}r\w�c2b,_Sc�f,b,w�kf,w j"e�kEg]e�ËC_�_Sg"cdw m �
jZ~"_Eb�k1j"yi_0cdw e/k1_�f,r\_�j"e\m �&cdr/g]b,_S�Hw elnpj"b,yzgZf,w j"eHw�c�f,r\_�cd_1f:j]nÜa\b,jlk1_Sc,cd_Sc � ��e\jZ�qe�µ/f,j8f,r\_�cd_Eb,~"_EbS{h|}r\w�chw elnpj"b,yzgZf,w j"e
k1j"t\m���ËC_��"_Ealf�Ë��8_Sg"k�r�yzg]e/g]x"_Eb�cd_Ea/g]b�gZf,_Em �"{ - e�f,r/gZfhkEg"cd_"�lf,r\_0a\b,j]f,jlk1j"m�c}y2t/c�f�yzg]�"_0cdt\b,_*f,r/gZfhgZn f,_Ebhgik1b�g"cdr�j]n
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�%w x"t\b,_0²\�Ü|}r\_:m jlk��8yzg]e/g]x"_Eb
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m jlk��lc��]{Ü|}r\_:t\e\m jlk���j"aC_Eb�gZf,w j"e�w�c}f,r\_0b,_E~"_Eb�cd_hj]n%f,r\_�k1j"b,b,_ScdaCj"e/�lw e\x2m jlk��8j"aC_Eb�gZf,w j"e�����_:r/g
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�"�]f,r\_�a\b,j]f,jlk1j"m/g]e/���"w e8a/g]bdf,w�k1t\m�g]bS�
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^�r\_EeHf,r\_�cd_Eb,~"_Ebh�l_Sk1w��l_Scqf,j8w x"e\j"b,_2gza\b,jlk1_Sc,cE�\w fh�/b�c�f:c�f�g]bdf�c�gzb,_S�lj8a\b,jlk1_S�lt\b,_:npj"b�f,r\w�cha\b,jlk1_Sc,c�w eHj"b��l_Ebqf,j

yzg]�"_0cdt\b,_:f,r/gZf�f,r\_2�\gZf�g]Ë/g"cd_:w�c�w eHgzk1j"e/cdw�c�f,_EeNfhc�f�gZf,_"{}|}r\_0b,_S�ljza\b,jlk1_S�lt\b,_0w�cqyijl�l_Em _S�&w e�f,r\_2��_1f,b,w�e\_1f�cqnpb,j"y
�%w x/{�"�
oE¯&g]e/���qw m m�ËC_8_1vla\m�g]w e\_S��ËC_Em jZ�0{ 	qn f,_Eb�g�cdt/kEk1_Sc,c�npt\mÜf,_Eb,yiw e/gZf,w j"e�j]n}f,r\_8b,_S�lj�a\b,jlk1_S�lt\b,_"��f,r\_�cd_Eb,~"_Eb
b,_Em _Sg"cd_Sc�g]m m�m jlk��lc�r\_Em���Ë���f,r\_2a\b,jlk1_Sc,c�w eHf,r\_�c,g]yi_2�}g
�"�/m jlk��lchg]b,_�b,_Em _Sg"cd_S�&Ë���f,r\_2a\b,jlk1_Sc,cEµ c�b,_Em _Sg"cd_0j"aC_Eb�gZf,w j"e
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j]nlf,b�g]e/cdw f,w j"e � ��#$� ��	� '��"cd_E_��%w x/{�S¿���
f,r\_�b,_S�ljha\b,jlk1_S�lt\b,_�c,kEg]e/c�f,r\_�m j"x��/m _�Ë/g"k����}g]b��\cE{ - n/w f�_Ee/k1j"t\eNf,_Eb�c%ghk1j"yiyiw f
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f,r\_
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�}g"cÜ_Ee/k1j"t\eNf,_Eb,_S�8�lt\b,w e\x2f,r\_*Ë/g"k����}g]b��\cÜc,kEg]e�{ - e\w f,w�g]m m �"�Nf,r\_:c,kEg]e�k1j"t\eNf,_Eb�w�c}cd_1f�f,j�f,r\_*~Zg]m t\_*j]n�f,r\_&� ��� (*� � #�� ��Å�
�qr\w�k�rzb,_Ea\b,_Scd_EeNf�c%f,r\_hr\w x"r\_Sc�f�cd_S�Nt\_Ee/k1_qe�t\y2ËC_Eb�j]n�g0m j"x0b,_Sk1j"b���w eif,r\_�m j"x0�/m _"{�	 f,j"�"_Ee %8j"eza\m�g"k1_ '� � w e/�lw�kEgZf,_Sc
f,r\_:f,_Eb,yiw e/gZf,w j"e�j]n�f,r\_0b,_S�ljia\b,jlk1_S�lt\b,_"{>|}r\_Ee��lf,r\_�cd_Eb,~"_EbqkEg]e�a\b,jlk1_E_S�8f,jib,_Em _Sg"cd_hf,r\_0m jlk��lc}j]n�a\b,jlk1_Sc,c�%�{

�%w x"t\b,_0"�cdr\jZ��c%f,r\_hg"kf,w j"e/c�f�g]�"_Eei�qr\_Eezg]eit\ao�\gZf,_�b,_Sk1j"b��2w�cÜ_Ee/k1j"t\eNf,_Eb,_S�i�lt\b,w e\x:f,r\_�Ë/g"k����}g]b��\c�c,kEg]e�� - n�w f
w�c�g]e�t\ao�\gZf,_}b,_Sk1j"b���j]nCg:�lw �o_Eb,_EeNf>a\b,jlk1_Sc,c�%��J�Zf,r\_}b,_Sk1j"b��0w�c�w x"e\j"b,_S�2g]e/�0f,r\_�c,kEg]e�k1j"t\eNf,_Eb�w�c>�l_Sk1b,_Sg"cd_S��{ - now f>w�c>g]e
t\ao�\gZf,_0b,_Sk1j"b��8j]n�a\b,jlk1_Sc,c�%�g]e/�&gik1j"yiyiw fh�}g"c�_Ee/k1j"t\eNf,_Eb,_S� �pwJ{d_"{lf,r\_�k1j"yiyiw f *Cg]xzw�c �-� #�����\f,r\_�k1j"b,b,_ScdaCj"e/�lw e\x
j"Ë)(�_Skf�w�c�t\ao�\gZf,_S�if,j�f,r\_*�\gZf�g]Ë/g"cd_��pjlkEk1t\b,b,_Ee/k1_�j]nof,b�g]e/cdw f,w j"e ������� �{ - n�e\j2k1j"yiyiw f�b,_Sk1j"b��ir/g"cÜËC_E_Ee8_Ee/k1j"t\eNf,_Eb,_S�
�pwJ{d_"{lk1j"yiyiw f *Cg]x�w�c � � ��������Nf,r\_*b,_S�lj�a\b,jlk1_S�lt\b,_hnpj"b�%�f,_Eb,yiw e/gZf,_Sc�w yiyi_S�lw�gZf,_Em ���pjlkEk1t\b,b,_Ee/k1_*j]n�f,b�g]e/cdw f,w j"e/c ��� ���{
�%w x"t\b,_2"*cdr\jZ��c�g]m�cdj�f,r\_0g"kf,w j"ezf�g]�"_Ee��qr\_Ee8f,r\_:Ë/g"k����}g]b��\cÜc,kEg]e�b,_Sg"k�r\_Sc>f,r\_:_Ee/�T�pj"b}b�gZf,r\_Eb�f,r\_*ËC_Ex"w e ��j]n�f,r\_
m j"xi�/m _"��|}r\_�jlkEk1t\b,b,_Ee/k1_:j]n�f,b�g]e/cdw f,w j"e ������f,_Eb,yiw e/gZf,_Scqf,r\_�b,_S�ljza\b,jlk1_S�lt\b,_"{ +�j]f,_:f,r/gZfhf,r\w�chkEg]e&r/g]a\aC_EeHj"e\m ��w n
e\jzk1j"yiyiw f��}g"c�_Ee/k1j"t\eNf,_Eb,_S���lt\b,w e\x�f,r\_0Ë/g"k����}g]b��\c�c,kEg]e�{

(n+1,cnt,p’)

(n+1,p,b,p’)
log

pr2

(n+1,cnt,p’)

(n+1,p,true,p)

(n+1,p,false,p)
p<>p’

process redo

(n+1,p,b)

(n+1,p,b,p’)

(n,p,b)

(p,valid)
(p,v)

continuations

pr6
p

pr3
p p

m+1m

logcounter

0

p

t13

t14 t15

t17t16

(m+1,dbu,p)

P’x[valid]

�%w x"t\b,_i ¬ ���q_S�lj %�� �haC_Eb�gZf,w j"e/c�npj"b�gik1j"eNf,w e�t/gZf,w j"e�b,_Sk1j"b��
�%w x/{% ¬ cdr\jZ��cqf,r\_ig"kf,w j"e/cqf�g]�"_Ee��o�qr\_Ee g�k1j"eNf,w e�t/gZf,w j"e�b,_Sk1j"b���w�c*_Ee/k1j"t\eNf,_Eb,_S�H�lt\b,w e\x8f,r\_�b,_S�lj8a\b,jlk1_S�lt\b,_"{

	�xNg]w e���f,r\_0m j"xib,_Sk1j"b���w�cqw x"e\j"b,_S�8w n>w f�w�c}f,r\_0m j"xib,_Sk1j"b��8j]n>gia\b,jlk1_Sc,c�%����lw �o_Eb,_EeNfqnpb,j"y %�{ - n>w f�w�c�gik1j"eNf,w e�t/gZf,w j"e
b,_Sk1j"b���npj"b}a\b,jlk1_Sc,c!%&g]e/��g�k1j"yiyiw f}�}g"c�_Ee/k1j"t\eNf,_Eb,_S���Nf,r\_:k1j"eNf,w e�t/gZf,w j"e8w�c�t\ao�\gZf,_S�8f,j�f,r\_0�\gZf�g]Ë/g"cd_9� f,b�g]e/cdw f,w j"e
��� � ��Üg �*��t·b,_Sk1j"b���w�c��qb,w fdf,_Ee�f,j f,r\_�m j"x��/m _ � f,b�g]e/cdw f,w j"e ��������Üg]e/��f,r\_&b,_S�lj a\b,jlk1_S�lt\b,_8f,_Eb,yiw e/gZf,_ScE{ - nhf,r\_
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k1j"eNf,w e�t/gZf,w j"e�b,_Sk1j"b��0w�c�_Ee/k1j"t\eNf,_Eb,_S��ËC_1npj"b,_}g*k1j"yiyiw fS�]f,r\_}b,_S�ljha\b,jlk1_S�lt\b,_�f,_Eb,yiw e/gZf,_Sc�� f,b�g]e/cdw f,w j"e���� � �4���qw f,r\j"tlf
t\ao�\gZf,w e\x�f,r\_��\gZf�g]Ë/g"cd_0g]e/���qb,w f,w e\xzg �*��t&b,_Sk1j"b���{

(n+1,cmt,p’)

(n+1,p,b,p’)
log

pr4

(n+1,cmt,p’)

(n+1,p,false,p)

p<>p’

process redo

(n+1,p,b)

(n+1,p,b,p’)

(n,p,b)

(n,p,true)

t18

t19

t20

�%w x"t\b,_iS³\���q_S�lj %��&�haC_Eb�gZf,w j"e/c�npj"b�gik1j"yiyiw f�b,_Sk1j"b��
�%w x"t\b,_8S³8cdr\jZ��cqf,r\_�g"kf,w j"e/cqf�g]�"_Ee��C�qr\_Ee g�k1j"yiyiw f*b,_Sk1j"b���w�ch_Ee/k1j"t\eNf,_Eb,_S��{�	�xNg]w e��og8k1j"yiyiw f*b,_Sk1j"b��&j]n�g

a\b,jlk1_Sc,c�%��o�lw �o_Eb,_EeNf�npb,j"y1%�w�c�w x"e\j"b,_S��� f,b�g]e/cdw f,w j"e �������{ - n�w fqw�c}g�k1j"yiyiw f}b,_Sk1j"b��inpj"b}a\b,jlk1_Sc,c�%��Nf,r\_0k1j"yiyiw f *Cg]x
w�c:cd_1f*f,j	�-� #��=� f,b�g]e/cdw f,w j"e �
�����{ +�j]f,_2f,r/gZf0w f0kEg]e\e\j]f:r/g]a\aC_Ee f,r/gZf0g�k1j"yiyiw f:b,_Sk1j"b��Hw�c*_Ee/k1j"t\eNf,_Eb,_S�H�qr\_Ee f,r\_
k1j"yiyiw f *Cg]xiw�c}f,b,t\_0g]m b,_Sg"�l�"{
	�f�m�g"c�fS���%w x/{ÜE¯Hcdr\jZ��c*f,r\_8g"kf,w j"e/c*f�g]�"_Ee����qr\_Ee�g �*��t�b,_Sk1j"b���w�c0_Ee/k1j"t\eNf,_Eb,_S��{ 	�xNg]w e��%g �*��t�b,_Sk1j"b���j]n

g a\b,jlk1_Sc,c�%��}�lw �o_Eb,_EeNfinpb,j"y %6w�ciw x"e\j"b,_S� � f,b�g]e/cdw f,w j"e �
� ���{ - n:g �*��t6b,_Sk1j"b���npj"b %6w�c�_Ee/k1j"t\eNf,_Eb,_S���>f,r\_&b,_S�lj
a\b,jlk1_S�lt\b,_hf,_Eb,yiw e/gZf,_ScC� f,b�g]e/cdw f,w j"e �
�����{

(n+1,dbu,p’)

(n+1,p,b,p’)
log

pr5

(n+1,dbu,p’)

p<>p’

process redo

(n+1,p,b)

(n+1,p,b,p’)

(n,p,b)

p
pr6

(n+1,p,false,p)

t21

t22 t23

�%w x"t\b,_iE¯/���q_S�lj/� �haC_Eb�gZf,w j"e/c�npj"b�g �*��t&b,_Sk1j"b��

¤ � « � 
 ¥�§%¨ ÎÅY\¡%ªpW � ��  ¨ ª
	hchyi_EeNf,w j"e\_S��a\b,_E~�w j"t/cdm �"�/f,r\_zcd_Eb,~"_Eb��pm jlk��Hyzg]e/g]x"_EbS�o�\gZf�g8yzg]e/g]x"_EbS�og]e/�Hm j"x�yzg]e/g]x"_Eb��qy2t/c�f*ËC_zg]Ë\m _�f,j&�l_Sg]m
�qw f,r f���j&��w e/�\c:j]n�nsg]t\m f�cE� 	 k1b�g"cdr j]n�f,r\_za\b,jlk1_Sc,cdj"b*j"e`�qr\w�k�r f,r\_zcd_Eb,~"_Eb:w�c:b,t\e\e\w e\x��.;N-A&0��-A&K!A&(+�;(/ npj"b�cdr\j"bdf��
g]e/�`g&�qb,w f,_insg]t\m f�j"e`f,r\_��\gZf�g]Ë/g"cd_"{�	 k1b�g"cdr`j]n�f,r\_8cd_Eb,~"_Eb0b,_Scdt\m f�c:w e�g&m jNc,c:j]nqg]m mÜw f�c0~"j"m�gZf,w m _z�\gZf�g&Ë\tlf��lj�_Sc
e\j]f}gZ�o_Skf�f,r\_0c�f�g]Ë\m _hyi_Eyij"b,�=�s�\gZf�g]Ë/g"cd_"��m j"x��/m _"�lg]e/�8m j"x�k1j"t\eNf,_Eb��{�	;�qb,w f,_hnsg]t\m f}b,_Scdt\m f�c�w e�g]e8j"Ë)(�_Skf}�qw f,r&g]e
w e�~Zg]m w���k�r\_Sk��lcdt\y»w e�f,r\_��\gZf�g]Ë/g"cd_"{
|}r\_0k1b�g"cdr�kEg]e�ËC_:yijl�l_Em _S��w e�f,r\_0c,g]yi_:�}g
�"�lg"c}gik1b�g"cdr�j]n�g2a\b,jlk1_Sc,cE{�	;f,b�g]e/cdw f,w j"e��l�qr\w�k�r�w e/c�f�g]eNf�g]e\_Ej"t/cdm �

b,_EyijZ~"_Sc:g]m m�f,j"�"_Ee/c*npb,j"y g]m m�k1w b�k1m _1uécdr/g]aC_S� a\m�g"k1_Sc:j]n�f,r\_zyijl�l_Em�c�cdr\jZ�qe`npb,j"y �%w x/{�²�f,j��%w x/{>E¯�g]e/� _E~"_Ee`f,r\_
k1w b�k1m _icdr/g]aC_S��uÅa\m�g"k1_Sc*j]n�f,r\_ib,_Sk1jZ~"_Eb,��a\b,j]f,jlk1j"m>�l_1�/e\_S�`ËC_Em jZ�0{ 	�xNg]w e`��_zg"c,cdt\yi_2f,r/gZfS��t\aCj"e�k1b�g"cdr���g�cdaC_Sk1w �Ck
a\m�g"k1_ +��� �$���(��$+��2�qw m m�ËC_0yzg]b,�"_S�����qr\w�k�r&g]m m jZ��c�t/c�f,j8�l_1f,_Skfqf,r\w�c�k1b�g"cdr7�scd_E_0ËC_Em jZ�6�{
|}r\_h�qb,w f,_hnsg]t\m f�c�j]n�f,r\_:�\gZf�g�yzg]e/g]x"_Eb�g]b,_�yijl�l_Em _S�zw eQ�%w x/{C
Æl{ - f}a\b,jZ~�w��l_Sc�g]e\j]f,r\_Eb�w e/c�f�g]e/k1_�npj"b�f,b�g]e/cdw f,w j"e/c

� '" ������ � ��
 '��g]e/� � '" )��#���� '�Üf,r/gZf��lj�e\j]fqk1j"b,b,_Skf,m �i�qb,w f,_*f,r\_:j"Ë)(�_Skf}j"b�f,r\_0k1j"eNf,w e�t/gZf,w j"e��]{>���8g"c,cdt\yialf,w j"e��l��_
��e\jZ��f,r/gZf�w e�f,r\w�c�kEg"cd_"��f,r\_�k�r\_Sk��lcdt\y w�cqw e�~Zg]m w���{
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objects

known

UpdCnt(p)

(p,l)(p,l)

(o,invalid)

UpdObj(o,p)

continuations

(p,v)

(p,l) (p,l)

(p,invalid)

(o,v)

P’x[valid]

Ox[valid]

�%w x"t\b,_i
Æl��^`b,w f,_:nsg]t\m f�c

¤ � « � � � ¨ X � ¨ X�X ¨ ["� � ¨ X��
^�r\_Eezf,r\_*cd_Eb,~"_Eb>w�c�b,_Sc�f�g]bdf,_S�igZn f,_Eb�g�k1b�g"cdr��"w f��/b�c�f}c,kEg]e/c�f,r\_hm j"x0�/m _�npb,j"y f,r\_hr\w x"r\_Sc�f�cd_S�Nt\_Ee/k1_�e�t\y2ËC_EbÜf,j�¿0w e
j"b��l_Eb%f,j0t\ao�\gZf,_�g]m m\j"Ë)(�_Skf�c��qr\w�k�rir/g
~"_�ËC_E_Eei�qb,w fdf,_Ee��sg]e/��k1j"yiyiw fdf,_S�3��NË\tlf�r/g
~"_�aCjNc,cdw Ë\m �2e\j]f>ËC_E_Eezt\ao�\gZf,_S��w e
f,r\_q�\gZf�g]Ë/g"cd_}�lt\_�f,j*f,r\_�k1b�g"cdr�{ +�j]f,_�f,r/gZf>��_}j"e\m ��e\_E_S��f,j:b,_S�lj*j"aC_Eb�gZf,w j"e/c%Ë\tlfÜ�lj:e\j]f>e\_E_S�2f,j:t\e/�lj:j"aC_Eb�gZf,w j"e/c
ËC_SkEg]t/cd_:t\ao�\gZf,_Sc}f,j�f,r\_��\gZf�g]Ë/g"cd_*�qw m m�ËC_0j"e\m �8yzg"�l_�gZn f,_Eb}f,r\_�k1j"yiyiw f�aCj"w eNfS{
^�r\_Ee�f,r\_�Ë/g"k����}g]b��\c�c,kEg]eHw�ch�/e\w�cdr\_S���Cf,r\_�m jlk���f�g]Ë\m _2w�chw e\w f,w�g]m w �E_S� �pe\j�j"Ë)(�_Skf*w�chm jlk��"_S�3��g]e/�&f,r\_2f�g]Ë\m _2j]n

��e\jZ�qe&a\b,jlk1_Sc,cd_Scqw�c�w e\w f,w�g]m w �E_S���sg]m m�a\b,jlk1_Sc,cd_Sc�g]b,_0t\e\��e\jZ�qe �{q|}r\_Ee��/f,r\_2cd_Eb,~"_Eb�w�c�b,_Sg"�l�8f,j�g"kEk1_Ealfhb,_S�Nt\_Sc�f�c}npj"b
f,r\_0m jlk��zyzg]e/g]x"_EbS�Nf,r\_��\gZf�giyzg]e/g]x"_EbS�lg]e/�8f,r\_0m j"xiyzg]e/g]x"_EbS{

unkown locks

server restart

logcounter
n

n

server crash

P

(n,[],[])

(0,r,c)

O x [[]]

t24

t36 0

�%w x"t\b,_iS²\���q_Sk1jZ~"_Eb,�zj]n�f,r\_�cd_Eb,~"_EbS�>ÉNf�g]bdf�Ë/g"k����}g]b��\c�c,kEg]e&g]e/��w e\w f,w�g]m w �E_:f�g]Ë\m _Sc
�%w x"t\b,_ S²`cdr\jZ��c�f,r\_�w e\w f,w�gZf,w j"e·j]n�f,r\_&Ë/g"k����}g]b��\c�c,kEg]e��ÜË���b,_Sg"�lw e\x�f,r\_&m j"x`k1j"t\eNf,_Ebig]e/��w e\w f,w�g]m w �Ew e\x f,r\_

f�g]Ë\m _ij]n�j"Ë)(�_Skf�c0g]e/�`k1j"eNf,w e�t/gZf,w j"e`�qr\w�k�r`r/g
~"_�ËC_E_Ee�t\ao�\gZf,_S���lt\b,w e\x�f,r\_zË/g"k����}g]b��\c*c,kEg]e�g]e/�`g�f�g]Ë\m _i�qr\w�k�r
f,_Em m�c*�qr\w�k�r a\b,jlk1_Sc,cd_Schr/g
~"_�k1j"yiyiw fdf,_S�`�lt\b,w e\x8f,r\_zc,kEg]e\e\_S� cd_Skf,w j"e�j]n�f,r\_�m j"x��/m _	�scd_E_�ËC_Em jZ�6�{2|}r\_ic,kEg]e\e\w e\x
j]n�f,r\_�m j"x&�/m _8w f�cd_Em nhg]e/� f,r\_�j"aC_Eb�gZf,w j"e/c*f�g]�"_Ee��qr\_Ee�gHa/g]bdf,w�k1t\m�g]b0m j"xHb,_Sk1j"b��`w�c�_Ee/k1j"t\eNf,_Eb,_S��g]b,_zyijl�l_Em _S��w e
�%w x/{�Z¸	
 �%w x/{CS¼2ËC_Em jZ�0{Ü|}r\_:Ë/g"k����}g]b��\c�c,kEg]e8f,_Eb,yiw e/gZf,_ScE�l�qr\_Ee�f,r\_ ;N!$+��7!$#�� �3,.-A&�w�cq¿\{>|}r\_Ee���f,r\_:f�g]Ë\m _Sc}j]n�f,r\_
cd_Eb,~"_Eb}g]b,_:w e\w f,w�g]m w �E_S��{
	 f,j"�"_EeT� 	(����� �N�>j"e�a\m�g"k1_�+��� �$�����,+ � �� ��c,g
�lc>f,r/gZf 	Hw�c�f,r\_*cd_S�Nt\_Ee/k1_he�t\y2ËC_Eb�j]n�f,r\_*e\_1v�f}c,kEg]e\e\_S�zm j"x2b,_Sk1j"b��

�.;N!$+��M!$#�� �3,.-A&?�{&|}r\_�cd_Sk1j"e/��k1j"yiaCj"e\_EeNfS�$����w�c0f,r\_�cd_1f2j]nqg]m m�j"Ë)(�_Skf�c�g]e/��k1j"eNf,w e�t/gZf,w j"e/c:�qr\w�k�r�r/g
~"_8g]m b,_Sg"�l�
ËC_E_EeHt\ao�\gZf,_S���lt\b,w e\xzf,r\_2k1t\b,b,_EeNf*c,kEg]e&j]n�f,r\_2m j"xi�/m _Q�I&(-$'>#��"-9E ) ;�,(�{�|}r\_0f,r\w b��Hk1j"yiaCj"e\_EeNfS��Z�/w�c�f,r\_2cd_1fhj]n�g]m m
a\b,jlk1_Sc,cd_Sc�npj"b:�qr\w�k�r`g�k1j"yiyiw f0b,_Sk1j"b��H�}g"ch_Ee/k1j"t\eNf,_Eb,_S� �lt\b,w e\x�f,r\_zk1t\b,b,_EeNf0c,kEg]e �(!$#�8989)*,6E ) ;�,(�{ - e\w f,w�g]m m �"��f,r\_
b,_S�lj"e\_*m w�c�f"�ig]e/�8f,r\_�k1j"yiyiw f�m w�c�f �*g]b,_:_Eyialf��"{

�%w x"t\b,_�Z¸icdr\jZ��cqf,r\_ig"kf,w j"e/cqf�g]�"_Ee��qr\_Ee g]e�t\ao�\gZf,_2b,_Sk1j"b���npj"b*j"Ë)(�_Skf � j]nÜa\b,jlk1_Sc,c3% w�ch_Ee/k1j"t\eNf,_Eb,_S���pwJ{d_"{
gib,_Sk1j"b��7� 	 � 	� � � %"� �{ - n>f,r\_�a\b,jlk1_Sc,cqw�c�e\j]f�w eHf,r\_2k1j"yiyiw fhm w�c�f9�pwJ{d_"{ �? %0��� ¿���\f,r\w�c�b,_Sk1j"b���w�cqw x"e\j"b,_S�&g]e/��f,r\_
c,kEg]e k1j"t\eNf,_Eb*w�c*�l_Sk1b,_Sg"cd_S�HË��&j"e\_"{ - nÜf,r\_ij"Ë)(�_Skf*w�c*w e�f,r\_�b,_S�lj"e\_2m w�c�fS�of,r\_�m j"x�b,_Sk1j"b��&w�c:g]m�cdj�w x"e\j"b,_S�Hg]e/�Hf,r\_
c,kEg]e&k1j"t\eNf,_Eb�w�c��l_Sk1b,_Sg"cd_S��{ - n��/r\jZ��_E~"_EbS�Nf,r\_�a\b,jlk1_Sc,c}w�cqw e&f,r\_�k1j"yiyiw fhm w�c�fhg]e/��f,r\_0j"Ë)(�_Skf�w�c�e\j]f�w e�f,r\_�b,_S�lj"e\_

Z¸



m w�c�fK�pwJ{d_"{ �  ¿�� ��¿����f,r\_8j"Ë)(�_Skf0w�c0�qb,w fdf,_Ee`f,j&f,r\_8�\gZf�g]Ë/g"cd_"��f,r\_8c,kEg]e�k1j"t\eNf,_Eb0w�c��l_Sk1b,_Sg"cd_S����g]e/� f,r\_zj"Ë)(�_Skf0w�c
g"�\�l_S�8f,j�f,r\_0b,_S�lj"e\_:m w�c�fS{

(n+1,o,p)

(n+1,r,c,o,p)

(n+1,r,c+p,o,p)

server restart

(o,valid)
(o,v)

objects

log

(n+1,r+o,c,o,p) (n+1,r,c,o,p) (n,r,c)

(n,r+o,c)

(n+1,r,c) (n+1,o,p)

c[p]=0

r[o]=0

(n,r+o,c+p)

sr1

t25

t27

t28

t26

Ox[valid]
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UpdObj(o,p) in commit protocol
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|}r\_�_1v\g]yia\m _�_1vl_Sk1tlf,w j"e�npb,j"y �%w x/{ ¬ ¸Hg]m b,_Sg"�l�`w e/�lw�kEgZf,_Sc�f,r/gZfS�Ü_E~"_Ee�npj"b�cdw yia\m _&c,k1_Ee/g]b,w jNcE��f,r\_&k1j"b,b,_ScdaCj"e/�lw e\x
_1vl_Sk1tlf,w j"e&j]n%f,r\_2��_1f,b,w�e\_1fhyijl�l_Em�w�ch�Nt\w f,_0m�g]b,x"_"{�|}r\_0b,_Sg"cdj"e�w�c}f,r/gZf�f,r\w�c�_1vl_Sk1tlf,w j"eHkEg]alf,t\b,_Scqg]m m��l_1f�g]w m�c�j]n%f,r\_
a\b,j]f,jlk1j"mJ{ �\j"bdf,t\e/gZf,_Em �"�C��_2e\_E_S�He\j]f:�l_Sg]m��qw f,r`g]m m�f,r\_Scd_��l_1f�g]w m�chw eHf,r\_�cdaC_Sk1w �CkEgZf,w j"e�{*|}r\_Eb,_1npj"b,_"�/��_2w eNf,b,jl�lt/k1_
+! �;�,4&(+>!A, �%)<-	��;�j]n�g]e�_1vl_Sk1tlf,w j"e/c�yzg"cd��w e\x&f,r\jNcd_8�l_1f�g]w m�c0f,r/gZfig]b,_ze\j]f2b,_Em _E~Zg]eNf0npj"b�g&a/g]bdf,w�k1t\m�g]b�a\t\b,aCjNcd_"{=�\j"b
_1v\g]yia\m _"���%w x/{ ¬ ¹ cdr\jZ��c2f,r\_&_Sc,cd_Ee/k1_�j]nhf,r\_&_1vl_Sk1tlf,w j"e�npb,j"y �%w x/{ ¬ ¸&npb,j"yÁg�f,b�g]e/c,g"kf,w j"e/g]m�aCj"w eNfzj]n*~�w _E�0�&g
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�%w x"t\b,_ ¬ ¹\�>|�b�g]e/c,g"kf,w j"e/g]mo~�w _E�
k1j"eNf,w e�t/gZf,w j"e6j]n:a\b,jlk1_Sc,c %�&w�czm jNg"�l_S��npb,j"yÁf,r\_�cd_Eb,~"_Eb8g]e/�6c�f�g]bdf,_S��{;�Üb,jlk1_Sc,c %�Hw�c,cdt\_Sczg��qb,w f,_�g]e/� g`b,_Sg"�
j"aC_Eb�gZf,w j"e�j"e&j"Ë)(�_Skf � "{�|}r\_�b,_Sg"��j"aC_Eb�gZf,w j"e�b,_1f,t\b,e/c}f,r\_0~Zg]m t\_0�qb,w fdf,_EeHË��8f,r\_0�qb,w f,_0j"aC_Eb�gZf,w j"e���w e/�lw�kEgZf,_S��Ë��f,r\_hËCj"m���uJnsg"k1_S�8g]b�k}npb,j"y f,r\_h�qb,w f,_h_E~"_EeNf�f,j�f,r\_hb,_Sg"�z_E~"_EeNfS{>É�w e/k1_*��_�j"yiw fdf,_S�zf,r\_*k1j"e/�lw f,w j"e/c�w ezf,r\_*w yiyi_S�lw�gZf,_
k1j"eNf,_1v�f%j]n/_Sg"k�r�_E~"_EeNfS�Z��_�kEg]e\e\j]f%f,_Em mNnpb,j"yÄf,r\_�_E~"_EeNf%w f�cd_Em n/f,j*�qr\w�k�r�a\b,jlk1_Sc,c�w f�ËC_Em j"e\xNcE{%|}r\_Eb,_1npj"b,_"�Z��_�_1vla\m w�k1w f,m �
c�f�gZf,_�f,r\_hw e�~"j"m ~"_S�ia\b,jlk1_Sc,cÜË��zg�m�g]ËC_Em % � %�"�"f,_Sk�r\e\w�kEg]m m �"�Nf,r\w�c�m�g]ËC_Emow e/�lw�kEgZf,_ScÜf,r\_*~Zg]m t\_hj]n�~Zg]b,w�g]Ë\m _ %��qr\_Ee8f,r\_
k1j"b,b,_ScdaCj"e/�lw e\x2f,b�g]e/cdw f,w j"e&jlkEk1t\b,b,_S��{�^`_2kEg]m m�f,r\w�cqf,r\_�,4&(+��0;N+>!A,4)<#��"+�E �%)<-	�Äj]n>g]eH_1vl_Sk1tlf,w j"e&ËC_SkEg]t/cd_0��_�k1j"e/cdw��l_Eb
j"e\m �zf,r\_��qb,w f,_�g]e/��b,_Sg"��j"aC_Eb�gZf,w j"e/c}j]n%f,r\_0a\b,jlk1_Sc,cqg]m j"e\xi�qw f,r&f,r\_2k1j"yiyiw fhg]e/��m jNg"��k1j"eNf,w e�t/gZf,w j"e&j"aC_Eb�gZf,w j"e/cE{
	�m m%k1j"e/�lw f,w j"e/chg]e/�Hg]m m�j]f,r\_Ebh_E~"_EeNf�c�g]b,_2�l_Em _1f,_S��npj"b,y f,r\_2_1vl_Sk1tlf,w j"e�{GO�jZ��_E~"_EbS�\��_��"_E_Ea&f,r\_�g]b�kEcqËC_1f���_E_Ee&f,r\_
b,_Eyzg]w e\w e\x8_E~"_EeNf�cE� - nÜf,r\_Eb,_2w�c*g��lw b,_Skf,_S��a/gZf,r�j]n�g]b�kEc�j]n�g8a/g]bdf,w�k1t\m�g]bhf���aC_2ËC_1f���_E_Ee�f���j8_E~"_EeNf*w e�f,r\_�j"b,w x"w e/g]m
_1vl_Sk1tlf,w j"e���f,r\_Ee�f,r\_Eb,_:w�c�g]e&g]b�k*j]n�f,r\_�k1j"b,b,_ScdaCj"e/�lw e\x2f���aC_0ËC_1f���_E_Ee�f,r\_Scd_0_E~"_EeNf�c}w e�f,r\_:f,b�g]e/c,g"kf,w j"e/g]mC~�w _E�0{

�%w x"t\b,_ ¬ ¼�cdr\jZ��c0f,r\_8f,b�g]e/c,g"kf,w j"e/g]m�~�w _E��j]nhg]e\j]f,r\_Eb�_1vl_Sk1tlf,w j"e����qr\w�k�r�w e�~"j"m ~"_Sc0f���j�a\b,jlk1_Sc,cd_Sc %��g]e/� % ¬
g]e/��f���j`j"Ë)(�_Skf�c � &g]e/� � ¬ { +�j]f,_�f,r/gZfif,r\_&k1j"yia\tlf�gZf,w j"e6j]n3%�&k1b�g"cdr\_ScQ�sgZn f,_Eb�f,r\_��/b�c�fib,_Sg"��_E~"_EeNf��2g]e/��w�c
b,_Sc�f�g]bdf,_S�8m�gZf,_Ebqj"e�{Ü|}r\j"t\x"r�f,r\_:f,b�g]e/cdw f,w j"e&k1j"b,b,_ScdaCj"e/�lw e\x2f,jif,r\_�k1b�g"cdr�w�cqyzg"cd�"_S��w e�f,r\_:f,b�g]e/c,g"kf,w j"e/g]mo~�w _E�;j]n
g]ez_1vl_Sk1tlf,w j"e�����_h��e\jZ�6f,r/gZf�%�hy2t/c�f�r/g
~"_hk1b�g"cdr\_S�zgZn f,_Eb�f,r\_hb,_Sg"�z_E~"_EeNf�g]e/�z�}g"cÜb,_Sc�f�g]bdf,_S�zgZn f,_Eb,�}g]b��\cÜËC_SkEg]t/cd_
j]n>f,r\_��� )��#���� ' � �q_E~"_EeNfS{ +�j]f,_�f,r/gZf*f,r\_Eb,_�w�che\j�a/gZf,r j]n�a\b,j"x"b�g]y�kEg]t/c,g]m w f���npb,j"y�f,r\_2�/b�c�f*b,_Sg"�H_E~"_EeNf*j]n!%��f,j
f,r\_�cdt\Ë/cd_S�Nt\_EeNf �� )��#���� ' � ��_E~"_EeNfS��f,r\_Eb,_0w�c}j"e\m ��gie\j"b,yzg]moa/gZf,r&j]n�kEg]t/c,g]m w f��"{

�%w x"t\b,_ ¬ ¼zkEg]eHËC_2k1j"e/cdw��l_Eb,_S�Hg"c}f,r\_2_1vl_Sk1tlf,w j"eHj]n>a\b,jlk1_Sc,c '���<���"7=�' npb,j"y É�_SkfS{ ¬ { "�/w e&f,r\_�k1j"eNf,_1v�fhj]nÜcdj"yi_j]f,r\_Eb%a\b,jlk1_Sc,c�% ¬ {��hË)(�_Skf � }k1j"b,b,_ScdaCj"e/�\c�f,jh~Zg]b,w�g]Ë\m _ � g]e/�0j"Ë)(�_Skf � ¬ k1j"b,b,_ScdaCj"e/�\c�f,jh~Zg]b,w�g]Ë\m _ � { +�j]f,_"�Zr\jZ��_E~"_EbS�f,r/gZfÜf,r\_Eb,_*g]b,_hÆ:_E~"_EeNf�c�k1j"b,b,_ScdaCj"e/�lw e\x:f,j0f,r\_h_1vl_Sk1tlf,w j"ezj]n)%�h�lt\_�f,j0f,r\_hb,_Sc�f�g]bdf�j]n)%�hgZn f,_Eb�g�k1b�g"cdr�{�LHj"b,_EjZ~"_EbS�
f,r\_Eb,_qw�c�g0k1j"yiyiw f�_E~"_EeNf>npj"bÜa\b,jlk1_Sc,c-%�}f,r/gZf�yiw x"rNf�r/g
~"_qËC_E_Eezw e/cd_Ebdf,_S�iË���g�k1j"yia\w m _Eb�gZfÜf,r\_�_Ee/�ij]nof,r\_�a\b,jlk1_Sc,cE{
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�}g"cdw�kEg]m m �"�/g]e�g]Ë/c�f,b�g"kf�~�w _E�#j]nÜg]eH_1vl_Sk1tlf,w j"e�k1j"e/cdw�c�f�cqj]n�g8cd_1fhj]n6-U��-A�3,<;�C�qr\_Eb,_�_Sg"k�r&_E~"_EeNf*k1j"b,b,_ScdaCj"e/�\c}f,jzf,r\_
jlkEk1t\b,b,_Ee/k1_0j]nÜcdj"yi_�j"aC_Eb�gZf,w j"e�{q|}r\_2k1j"b,b,_ScdaCj"e/�lw e\xzj"aC_Eb�gZf,w j"e&w�c�b,_Ea\b,_Scd_EeNf,_S�&Ë��&gzm�g]ËC_EmJ{ LHj"b,_EjZ~"_EbS��f,r\_Eb,_�w�c*g
a/g]bdf,w�g]mCj"b��l_Eb �sg]m�cdj�kEg]m m _S�7!$+���;N+�E )*,4S����qr\w�k�r�b,_Ea\b,_Scd_EeNf�cÜf,r\_*j"b��l_Eb�w e��qr\w�k�r8f,r\_Scd_*_E~"_EeNf�c�jlkEk1t\b�w e8f,r\w�c}a/g]bdf,w�k1t\m�g]b
_1vl_Sk1tlf,w j"e�{�+�j]f,_*f,r/gZfqf,r\w�cqkEg]t/c,g]m w f��zw�c}j"e\m ��g�a/g]bdf,w�g]moj"b��l_EbS��_E~"_EeNf�c��qr\w�k�r&g]b,_:e\j]fqj"b��l_Eb,_S�8Ë��zw fhg]b,_:c,g]w��8f,jiËC_
k1j"e/k1t\b,b,_EeNfS{
- e�j"t\b�~"_Eb�cdw j"ezj]n�_1vl_Sk1tlf,w j"e/cE�N��_*w��l_EeNf,w np�if���j2a/g]bdf,w�k1t\m�g]b�kEg]t/c,g]m w f,w _ScE� 2"&(#(5?&(+�8 !$+���;N+�E )*,4Szg]e/�T'>+�,.+�!$+���;N+�E )*,4SZ{

�Üb,j"x"b�g]y»kEg]t/c,g]m w f���w�c�x"b�g]a\r\w�kEg]m m ��b,_Ea\b,_Scd_EeNf,_S��Ë��&g]b,b,jZ��c}�qw f,r gz�qr\w f,_2g]b,b,jZ� r\_Sg"��{q|}r\w�c*kEg]t/c,g]m w f���b,_Ea\b,_Scd_EeNf�c
f,r\_�j"b��l_Eb�ËC_1f���_E_EeH_E~"_EeNf�cqf,r/gZfhw�ch�lt\_�f,jzf,r\_2k1j"eNf,b,j"m */jZ�Äj]n�f,r\_2_1vl_Sk1tlf,_S�Hcd_S�Nt\_EeNf,w�g]m�a\b,jlk1_Sc,c��skn�{oÉ�_SkfS{ ¬ { ³\{ �
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LdCnt(p1)

W[o1]

R[o1]

LdCnt(p2)

LdCnt(p1)

W[o1]

R[o1]

W[o2]

C

p=p1

p=p1

p=p1

p=p1

p=p1

p=p1

p=p2
R[o2]

W[o1]

C
p=p2

p=p2
R[o1]

�%w x"t\b,_ ¬ ¼\�>|�b�g]e/c,g"kf,w j"e/g]mo~�w _E�;j]n�g]e\j]f,r\_Ebq_1vl_Sk1tlf,w j"e
�*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,_ */_Skf�c�f,r\w�c�w elnpj"b,yzgZf,w j"e�{%^`_hg"c,cdt\yi_��skn�{�É�_SkfS{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,_
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g]e/�&b,_Sg"�&_E~"_EeNf�cqË��H�\gZf�g8kEg]t/c,g]m w f��"{��ht\bhw eNf,_Eb,a\b,_1f�gZf,w j"eHw�cqf,r/gZf:gzb,_Sg"�&_E~"_EeNf �2b,_1f,t\b,e/cqf,r\_2~Zg]m t\_��qr\w�k�rHw�c�f,r\_
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�lcqf,r/gZfS�ow e�f,r/gZf0kEg"cd_"�CËCj]f,r _E~"_EeNf�c*g]b,_�_1vl_Sk1tlf,_S��Ë���f,r\_ic,g]yi_�a\b,jlk1_Sc,c
�lt\b,w e\x:f,r\_�c,g]yi_q_1vl_Sk1tlf,w j"eia\r/g"cd_���wJ{ _"{]�qw f,r\j"tlf�g]eiw eNf,_Eb,yi_S�lw�gZf,_�k1b�g"cdrib,_Scda�{ �� )��#��>_E~"_EeNfS{�+�j]f,_}f,r/gZfÜf,r\_h�lj]fÜw e
f,r\_qf,r\w b��zk1j"yiaCj"e\_EeNf�j]n!(�'� � ' ��
 � ��
  �:w e/�lw�kEgZf,_Sc>f,r/gZf���_h�lj�e\j]fÜb,_Sc�f,b,w�kfÜf,r\_�~Zg]m t\_�j]nof,r\w�c�k1j"yiaCj"e\_EeNfS{�|}r\_Eb,_1npj"b,_"�
f,r\_*k1j"a��ikEg]e8ËC_*g�b,_Sg"�ij"b�g��qb,w f,_*k1j"a��"{��q_S�Nt\w b,_Eyi_EeNf � ��� � � b,_Scd_Ey2Ë\m _ScÜb,_S�Nt\w b,_Eyi_EeNf ����� � � � - n%g�k�r/g]e\x"_�w�c�_E~"_Eb
�qb,w fdf,_Ee�f,jif,r\_��\gZf�g]Ë/g"cd_"�Nf,r\_�k1j"b,b,_ScdaCj"e/�lw e\x��qb,w f,_:j"aC_Eb�gZf,w j"e�w�cqk1j"yiyiw fdf,_S��{
	�m f,j"x"_1f,r\_EbS�/b,_S�Nt\w b,_Eyi_EeNf�c � ��� � �Z��� ��� � � ��g]e/� � ��� ��� w yia\m ��b,_S�Nt\w b,_Eyi_EeNf � ��� {h|}r\_2g]b,x"t\yi_EeNf�c�g]b,_2g]e/g]m j"x�f,j

f,r\_zj"e\_Sc:x"w ~"_Ee`w e�É�_SkfS{%²\{ �npj"b:f,r\_8b,_1�/e\_Eyi_EeNf0j]n}b,_S�Nt\w b,_Eyi_EeNf ��� � �9��_1f�t/c�k1j"e/cdw��l_Eb�g&cdw f,t/gZf,w j"e`f,r/gZf�yi_E_1f�c
f,r\_:m _1n fhr/g]e/��cdw��l_0j]n%b,_S�Nt\w b,_Eyi_EeNf � ��� �/wJ{ _"{�f,r\_Eb,_0w�cqgi�\gZf�gikEg]t/c,g]m w f��znpb,j"y g��qb,w f,_:_E~"_EeNf �N*f,jzg]e&g"kEk1_Sc,c}_E~"_EeNf
� ¬ ��g]e/� � ¬ w�c0g&�lw b,_Skf,m ��k1j"yiyiw fdf,_S�`_E~"_EeNfS{�^`_iy2t/c�f�cdr\jZ�#f,r/gZf �N�w�c0g]m�cdj&g��lw b,_Skf,m � k1j"yiyiw fdf,_S�`_E~"_EeNfS{�|}r\_
k1j"e/cdw��l_Eb,_S��cdw f,t/gZf,w j"e�yi_E_1f�cqg]m�cdj�f,r\_:m _1n f�r/g]e/�&cdw��l_:j]n%b,_S�Nt\w b,_Eyi_EeNf � ��� � �Z{�|}r�t/cE�l��_:r/g
~"_*j"e\_:j]n�f,r\_:f���jikEg"cd_Sc
j"e f,r\_zb,w x"rNf0r/g]e/��cdw��l_zj]n � ��� � �Z{ - e !$+�;N-�) �%b,_S�Nt\w b,_Eyi_EeNf � ��� ��� x"t/g]b�g]eNf,_E_Schf,r/gZf0f,r\_Eb,_iw�c�g&a/gZf,r�j]n�a\b,j"x"b�g]y
kEg]t/c,g]m w f��2npb,j"y�_E~"_EeNf �Nqf,j �N��/j"e8�qr\w�k�r8e\j��� )��#��Ü_E~"_EeNf�jlkEk1t\b�cE��b,_S�Nt\w b,_Eyi_EeNf � ��� � � x"t/g]b�g]eNf,_E_Sc�f,r/gZf�f,r\_Eb,_hw�c}g
a/gZf,rHj]n>a\b,j"x"b�g]y»kEg]t/c,g]m w f��8npb,j"y �N � f,j�cdj"yi_2k1j"yiyiw fh_E~"_EeNf�j"eH�qr\w�k�rHe\j!�� )��#��q_E~"_EeNfhjlkEk1t\b�cE{ 	�m f,j"x"_1f,r\_EbS�/��_
��e\jZ��f,r/gZf �N:w�cqgz�lw b,_Skf,m ��k1j"yiyiw fdf,_S��_E~"_EeNf�w eP!$+�;N- ) { - eP!$+�;N- )*) �/b,_S�Nt\w b,_Eyi_EeNf � ��� ��� x"t/g]b�g]eNf,_E_Sc�f,r/gZfqf,r\_Eb,_:w�c
g�a/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{�É�w e/k1_"�\Ë���g"c,cdt\yialf,w j"e�� � ¬ �}g"cqg
�lw b,_Skf,m ��k1j"yiyiw fdf,_S��_E~"_EeNfS� �N:w�cqg]m�cdjzgi�lw b,_Skf,m ��k1j"yiyiw fdf,_S��_E~"_EeNfS{

¯l¸



����������

� � � � � � � � � �

�
�
�
�
�
�
�

�
�
�
�
�
�
�

�
�
�
�
�
�
�

�
�
�
�
�
�
�

�
�
�
�
�
�
�

�
�
�
�
�
�
�

�
�
�
�
�
�
�

�
�
�
�
�
�
�

�����
	 �� ���

����	 �� ���

������	 �� ���

���������
	 �� ��� ����������	 �� ������������
	 �� ��� ����������	 �� ���

�������������
	 �� ��� ��������������	 �� ���

������������������	 �� �� �����������������
	 �� �� 

�%w x"t\b,_:¯N¹\�&�h~"_Eb,~�w _E� j"e&b,_1�/e\_Eyi_EeNf�c�f,_Ea/cqj]n%b,_S�Nt\w b,_Eyi_EeNf � �
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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]

obj.o1

case i:

e1

e4

e1

e2 e3

c

e2

e1’

c1

e1

e2

�%w x"t\b,_:¯N¼\���q_S�Nt\w b,_Eyi_EeNf � ��� � ���}|}��jzkEg"cd_Sc�j]n>�\gZf�gikEg]t/c,g]m w f��

LogObj(o1,p1)

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)(�_Skfqw yia\m w _Sc��lw b,_Skfhk1j"yiyiw f

X[o1], LogObj(o1,p1)

=>

X[o1], LogObj(o1,p1) 

LdCnt

X[o1] X[o1]

cp.(p1,o1,.)

e1

e2

e1

e2

�%w x"t\b,_�Æl"���q_S�Nt\w b,_Eyi_EeNf � ��� ��� � 	hkEk1_Sc,c}j"e&c,g]yi_0k1j"a��8w yia\m w _Sc�c,g]yi_:_1vl_Sk1tlf,w j"e�a\r/g"cd_

¯N¼



�
	 � B � � � ����� � 	��
+�_1v�fS�h��_ b,_1�/e\_ b,_S�Nt\w b,_Eyi_EeNf � � � �scd_E_`a�{q³"¹��iË�� f,r\_�f,r\b,_E_`b,_S�Nt\w b,_Eyi_EeNf�c � � � � �Z� � � � � � �0g]e/� � � � ��� �:�qr\w�k�r
g]b,_ix"b�g]a\r\w�kEg]m m � b,_Ea\b,_Scd_EeNf,_S� w e �%w x/{%Æ ¬ f,r\b,j"t\x"rP�%w x/{%ÆZ¯/{ �q_S�Nt\w b,_Eyi_EeNf�c � � � � �·x"w ~"_Sc:f,r\_�k1j"eNf,_1v�f2w e��qr\w�k�r�g

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

w2.(p1,o1)

p=p1

LdCpy(o1,p1)

C

LdCnt

C

LogObj(o1,p1)

WLck(o1,p1)

C

LdCnt

LogCnt(p1)

p=p1

W[o1]

cp.(p1,o1,wr)
C

LogObj

W[o1]

C

LogObj

=>

cp.(p1,o1,wr)

LdCnt

e1’

e5

e1

e6

e1’

e1

e4

e3

�%w x"t\b,_�Æ ¬ ���q_S�Nt\w b,_Eyi_EeNf � � � � ���  �j"eNf,_1v�fqj]n>g��qb,w f,_:_E~"_EeNf
�lw b,_Skf,m �`k1j"yiyiw fdf,_S���qb,w f,_8_E~"_EeNf�jlkEk1t\b�c.� c�f�g]bdf,w e\x�npb,j"y4f,r\_8m jlk�� j"aC_Eb�gZf,w j"e�t\a�f,jHf,r\_�k1j"yiyiw f2j"aC_Eb�gZf,w j"e�{ - e
a/g]bdf,w�k1t\m�g]bS�]f,r\_*a/gZf,r/c�j]n��\gZf�g2kEg]t/c,g]m w f��ig]b,_ha\b,_Sk1w�cd_Em �i�l_1�/e\_S��{ +�j]f,_hf,r/gZf�w e8f,r\_:kEg"cd_hj]n�g��qb,w f,_*_E~"_EeNf�f,r\_ha/gZf,r/c
j]n��\gZf�g�kEg]t/c,g]m w f���ËC_1f���_E_Eeif,r\_*k1j"b,b,_ScdaCj"e/�lw e\x0_E~"_EeNf�cÜj"e\m �icdr\jZ��(�'� � ' ��
 � ��
 � �>k1j"e/�lw f,w j"e/cE{�LHj"b,_EjZ~"_EbS�
f,r\_*cd_Eb,~"_Eb
��e\jZ��cqa\b,jlk1_Sc,c�%�0npb,j"y»f,r\_2m jlk���_E~"_EeNfht\eNf,w m�f,r\_�k1j"yiyiw fh_E~"_EeNf�jlkEk1t\b�cE{q|}r\w�c�w�c�w e/�lw�kEgZf,_S�&Ë���f,r\_�a/gZf,rHm�g]ËC_Em _S�
Ë�� �� � ' ��
 �   � � ��
 � �   �é�Ü�qr\_Eb,_8f,r\_�a/g]w b	� � 	�� "�?��w e/�lw�kEgZf,_Sc2f,r/gZfij"Ë)(�_Skf � �w�c�_1v\k1m t/cdw ~"_Em ��m jlk��"_S��npj"b�a\b,jlk1_Sc,c�%�f,r\b,j"t\x"r\j"tlfS{
É�w yiw m�g]b,m �"��� � � � � x"w ~"_Sc�f,r\_�k1j"eNf,_1v�fqj]n�g]e&g"kEk1_Sc,c}_E~"_EeNf �pwJ{ _"{/g�b,_Sg"�8j"b�g��qb,w f,_:_E~"_EeNfS��f,r�t/c � � � � ��w�cqgzcdaC_Sk1w�g]m

kEg"cd_hj]n � � � � � �{}É�w e/k1_:g]e�g"kEk1_Sc,c�_E~"_EeNf}kEg]e�ËC_*_Ew f,r\_Ebqg2b,_Sg"�zj"b}g2�qb,w f,_*_E~"_EeNfS����_*�lj�e\j]f}r/g
~"_*g"c�y2t/k�r��l_1f�g]w m _S�
w elnpj"b,yzgZf,w j"e6g"ciw e6f,r\_�kEg"cd_&j]n:g`�qb,w f,_&_E~"_EeNfS{ ��tlfS����_Hc�f,w m m���e\jZ�»f,r/gZfif,r\_Hj"Ë)(�_Skf8w�cia\b,j"a/g]xNgZf,_S��npb,j"y(f,r\_
�� )��'���� � ��
 ' � �*_E~"_EeNf0f,jHf,r\_�g"kEk1_Sc,c0_E~"_EeNfS{=LHj"b,_EjZ~"_EbS��f,r\_�j"Ë)(�_Skf2w�c�m jlk��"_S��gZf�f,r\_�cd_Eb,~"_Eb:npb,j"y4f,r\_8m jlk��`_E~"_EeNf
t\eNf,w m%f,r\_zg"kEk1_Sc,chj"aC_Eb�gZf,w j"e�r/g"c*r/g]a\aC_Ee\_S��{ +�j]f,_2f,r/gZf*f,r\_im jlk��&w�c:e\j]f:e\_Sk1_Sc,c,g]b,w m ��_1v\k1m t/cdw ~"_"{0^`_iw e/�lw�kEgZf,_2f,r\w�c
Ë��8f,r\_0m�g]ËC_Em �� � ' ��
 �   � � ��
  �   � �{�|}r\_0m�g]ËC_Em ��(��	� � ��
 ' � �Ünpj"b�_E~"_EeNf �
³iw e/�lw�kEgZf,_Sc}f,r/gZf �
³iw�c�g � ��(��	� � ��
 ' � ��_E~"_EeNf�j"b
g ����(��	� � ��
 ' � �Ü_E~"_EeNfS{
�q_S�Nt\w b,_Eyi_EeNf � � � ��� npj"b,yzg]m w �E_Sc*f,r/gZf�g&�qb,w f,_zm jlk�� w�c0_1v\k1m t/cdw ~"_"� ��_1f �Nzg]e/� � ¬ ËC_zf���jHm jlk���_E~"_EeNf�c0j"e`f,r\_

c,g]yi_}j"Ë)(�_Skf � qË��2a\b,jlk1_Sc,cd_Sc %�qg]e/� % ¬ �]�qr\_Eb,_ �N}w�cÜg:�qb,w f,_qm jlk��Q� � ��(����>g]e/� � ¬ w�cÜg:b,_Sg"�2j"b�g*�qb,w f,_�m jlk��K����(����{
LHj"b,_EjZ~"_EbS��m _1f�f,r\_Eb,_�ËC_�gia/gZf,rHj]n'�� � ' ��
 �   � � ��
 � �   � ��k1j"e/�lw f,w j"e/c}npb,j"y �N:f,j�cdj"yi_0_E~"_EeNf �
³\�/g]e/�&m _1fhf,r\_Eb,_0ËC_�g
a/gZf,rHj]n��� � ' ��
 �   � � ��
  �   � ��k1j"e/�lw f,w j"e/c}npb,j"y � ¬ f,j�cdj"yi_0_E~"_EeNf �S¯/{}|}r\_Ee�� � � � ��� b,_S�Nt\w b,_Sc�f,r/gZfh_Ew f,r\_Eb �
³ir/g]a\aC_Ee/c
kEg]t/c,g]m m �iËC_1npj"b,_ � ¬ �(!$+�;N- ).��\j"b �S¯�r/g]a\aC_Ee/c}kEg]t/c,g]m m �zËC_1npj"b,_ �N9�(!$+�;N- )*).��\j"b �N*g]e/� � ¬ k1j"w e/k1w��l_ �(!$+�;N- )*)*).�{&+�j]f,_
f,r/gZfq��_0r/g
~"_ %� � % ¬ w eP!$+�;N- )*)*) {

�\j"b�f���j:k1j"e)*/w�kf,w e\x:_E~"_EeNf�c%j]n/f���j:�lw �o_Eb,_EeNf>a\b,jlk1_Sc,cd_ScE�
f,r\_}f,r\b,_E_qg]ËCjZ~"_�b,_S�Nt\w b,_Eyi_EeNf�c%w yia\m ��f,r/gZf�f,r\_Scd_}_E~"_EeNf�c
g]b,_0kEg]t/c,g]m m ��j"b��l_Eb,_S��w eHj"e\_0�}g
��j"bqf,r\_�j]f,r\_Ebhg"cqb,_S�Nt\w b,_S��Ë�� � � �Z{G�\j"bqf���j8g"kEk1_Sc,cq_E~"_EeNf�cqj]n%f,r\_2c,g]yi_0a\b,jlk1_Sc,c
��_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�kf,w e\x/{

Æ]¿



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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	�� 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�_SkfS{/²\{ ³��{

��_1f �N:ËC_�gi�qb,w f,_:_E~"_EeNfqj"eHcdj"yi_:j"Ë)(�_SkfS�/g]e/��m _1f � ¬ ËC_�cdj"yi_0g"kEk1_Sc,c�_E~"_EeNf�j"e�f,r\_�c,g]yi_0j"Ë)(�_Skf}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�
��$�!�
:��0 ËCj]f,r&_E~"_EeNf�cqg"kEk1_Sc,c�f,r\_0j"Ë)(�_Skf�~�w�g2f,r\_�c,g]yi_0k1j"a��"{
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!$+�;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 �
� � �{
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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\_ � ��#$� ��2_E~"_EeNf �
¹�r/g]a\aC_Ee/c:kEg]t/c,g]m m �HgZn f,_Eb �¯/��g]e/��f,r\_Eb,_1npj"b,_�g]m�cdj�kEg]t/c,g]m m ��gZn f,_Eb
f,r\_�k1j"yiyiw f2_E~"_EeNf �N��s�%��_8��e\jZ� Ë����Üb,j"aC_Ebdf��`Æ �scd_S�Nt\_Ee/k1_8e�t\y2ËC_Eb�c2g]b,_iw e/k1b,_Sg"cdw e\x��hf,r/gZf � � �o{�É�w e/k1_zf,r\_
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t\ao�\gZf,_�b,_Sk1j"b��&g]e/��f,r\_�k1j"eNf,w e�t/gZf,w j"e&b,_Sk1j"b��&kEg]e&j"e\m ��j"b,w x"w e/gZf,_:npb,j"yÃg!����������� � � ��
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|}r\_Ee���_0�qw m m�cdr\jZ� f,r/gZfqf,r\_0j]f,r\_Eb�kEg"cd_@�(!$+�;N- ) �  %�qw�c}w yiaCjNc,cdw Ë\m _:w e&j"t\b�cdw f,t/gZf,w j"e�{

/ Y\V ¨ ¢ � Y 0 +�jZ�0�\��_0cdr\jZ� f,r/gZfS�lnpj"b�!$+�;N-�) � +Z�/��_0r/g
~"_:g]e&_E~"_EeNf �
²2f,r/gZf�t\ao�\gZf,_Sc}f,r\_�k1j"eNf,w e�t/gZf,w j"e�j]n�_E~"_EeNf �Nw eHf,r\_��\gZf�g]Ë/g"cd_K�scd_E_9�%w x/{o²"¹zj"e�²"³���g]e/�Hr/g]a\aC_Ee/c*kEg]t/c,g]m m ��gZn f,_Eb �N��%g]e/�HkEg]t/c,g]m m ��ËC_1npj"b,_ �1²��sg]e/�Hf,r�t/chËC_1npj"b,_
�Z��4���qr\w�k�r��/e\w�cdr\_Sc�f,r\_0a\b,j�j]n%j]n ��� � � � � � � � w e�f,r\w�c�kEg"cd_"{

�%w b�c�f}j]n�g]m mJ����_h��e\jZ� f,r/gZf�f,r\_*m j"x2_E~"_EeNf �]¸:jlkEk1t\b�c�kEg]t/c,g]m m �igZn f,_Eb �N��p�>|}r\_:cd_S�Nt\_Ee/k1_he�t\y2ËC_Eb�j]n�f,r\_*�qb,w fdf,_Ee
m j"xHb,_Sk1j"b�� w�c � �#"��g]e/����_zr/g
~"_���� �o{H�����Üb,j"aC_Ebdf��`Æ�� - e/k1b,_Sg"cdw e\x�cd_S�Nt\_Ee/k1_ze�t\y2ËC_Eb�c$�����_z��e\jZ� f,r/gZf �N��
jlkEk1t\b�c�kEg]t/c,g]m m ��ËC_1npj"b,_ �]¸�{��q_Eyi_Ey2ËC_Eb�f,r/gZf � ��hw�cÜf,r\_*cd_S�Nt\_Ee/k1_he�t\y2ËC_Eb�j]n�f,r\_:k1j"yiyiw f�b,_Sk1j"b��i�qb,w fdf,_Ee8Ë�� �N��
+�_1v�fS�
��_�f,r\_Eb,_>w�c�g}a/gZf,r0j]n�a\b,j"x"b�g]y;kEg]t/c,g]m w f��qnpb,j"y �N��
f,j �]¸�j"e:�qr\w�k�r�g � '" )��#���� ' � �CjlkEk1t\b�cE�����*g"c,cdt\yialf,w j"e��

��_}��e\jZ��f,r/gZf>f,r\_Eb,_}w�c�e\j �� )��#���� ' � �%_E~"_EeNf>ËC_1f���_E_Ee �N � g]e/� �1²\{ - e�a/g]bdf,w�k1t\m�g]bS�]e\j �� )��#���� ' � ��jlkEk1t\b�c%ËC_1f���_E_Ee �N �
g]e/� �]¸U�scdw e/k1_ �]¸}r/g]a\aC_Ee/c%kEg]t/c,g]m m �*ËC_1f���_E_Ee �N��Ng]e/� �1²�Ë��0k1j"e/c�f,b,t/kf,w j"e �{%���:w e�~Zg]b,w�g]eNf����� �  %�A� � (�. %�A� �	+% %�A� �
"�S��_Ü��e\jZ�`f,r/gZf�f,r\_Eb,_Üw�c�gqa/gZf,r0npb,j"y �N��Zf,j �]¸�j"e0�qr\w�k�r0j"e\m �*j"e\_Üj]n�f,r\_�a\m�g"k1_Sc�j]n�f,r\_�w e�~Zg]b,w�g]eNf�jlkEk1t\bS{ LHj"b,_EjZ~"_EbS�
��_���e\jZ�0�ZË��:f,r\_qg]ËCjZ~"_}g]b,x"t\yi_EeNfS�
f,r/gZf>e\j��� )��#���� ' � ��_E~"_EeNf�jlkEk1t\b�c�j"e2f,r\w�c�a/gZf,r�{�	�m mlaCjNc,cdw Ë\m _�a/gZf,r/c�ËC_1f���_E_Eeig]e
k1j"yiyiw f�_E~"_EeNf>g]e/��g&����������� � � ��
 ' � ��Zg&�����)��#���� ' � ��Zj"b>g&���������$��� ' � ��_E~"_EeNf>g]b,_�b,_Ea\b,_Scd_EeNf,_S��w e2f,r\_qg]tlf,j"yzgZf,j"e�j]n
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¯/�lg]e/�&¸Z²��{��\b,j"y j"t\b}g"c,cdt\yialf,w j"e/c�g]e/�
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 ' � ��_E~"_EeNf �N�g]e/��f,r\_Eb,_qw�c�g:a/gZf,rzj]n��\gZf�g0kEg]t/c,g]m w f��
npb,j"y �N2f,j�f,r\w�c:b,_Sg"��_E~"_EeNfS{�|}r\_ij"e\m ��_E~"_EeNf:j]n�f,r\_zg]tlf,j"yzgZf,j"e�f,r/gZf�kEg]e b,_Sg"�Hf,r\w�c:m j"x�b,_Sk1j"b���w�chf,r\_�� �
_E~"_EeNf:j"e f,r\_ib,w x"rNf:r/g]e/�`cdw��l_ij]n�f,r\_zg]tlf,j"yzgZf,j"e �p�qw f,r % � %�� � %���{�|}r\_Ee�����_ir/g
~"_�g]m�cdj&g ������_E~"_EeNfS�
�qr\w�k�r&t\ao�\gZf,_Scqf,r\_�j"Ë)(�_Skfqf,jif,r\_2�\gZf�g]Ë/g"cd_"{ �hË�~�w j"t/cdm �"�lf,r\_Eb,_0w�c�gia/gZf,rHj]n>�\gZf�gzkEg]t/c,g]m w f��znpb,j"y �N0~�w�g � �
f,j �����\{:É�j/�Cf,r\_�jlkEk1t\b,b,_Ee/k1_2j]n>f,r\_�t\ao�\gZf,_�_E~"_EeNf������8w�c�f,r\_�_E~"_EeNf �]¸ib,_S�Nt\w b,_S�&j"e�f,r\_�b,w x"rNfhr/g]e/� cdw��l_2j]n
� � � � � � �Z{�LHj"b,_EjZ~"_EbS�Zf,r\_ �����0_E~"_EeNf �NS¿0w�c>f,r\_*_E~"_EeNf �
¹0b,_S�Nt\w b,_S�ij"ezf,r\_hb,w x"rNf�r/g]e/�8cdw��l_hj]n�� � � � � � �Z{�����f,r\_
g]b,x"t\yi_EeNf�c�x"w ~"_Ee�ËC_1npj"b,_"�\��_:��e\jZ� f,r/gZf}f,r\_Eb,_�g]b,_*e\jzw eNf,_Eb,yi_S�lw�gZf,_ ��(��	� � ��
  ��_E~"_EeNf�cE{

� � � � |}r\_:k1j"eNf,w e�t/gZf,w j"ezb,_Sk1j"b��iw�c�j"e\_h�qr\w�k�r8w�c��qb,w fdf,_Ee8Ë��zg �����)��#���� ' � ��_E~"_EeNf �N"qf,r/gZf}r/g]a\aC_Ee/c�kEg]t/c,g]m m �zgZn f,_Eb
�
²\{&É�w e/k1_8��_8��e\jZ��f,r/gZf�f,r\_Eb,_8w�c0e\j �����)��#���� ' � �h_E~"_EeNf�ËC_1f���_E_Ee �
²Hg]e/� �N��s�%w f2y2t/c�f2ËC_�kEg]t/c,g]m m �`gZn f,_Eb
f,r\_8k1j"yiyiw f�_E~"_EeNf �N��s{z|}r�t/cE����_ir/g
~"_ig �����)��#���� ' � ��_E~"_EeNf �N"2f,r/gZf�jlkEk1t\b�c0kEg]t/c,g]m m ��gZn f,_Eb �N����qw f,r\j"tlf
w eNf,_Eb,yi_S�lw�gZf,_ �� )��#���� ' � ��_E~"_EeNf�cE{>|}r\w�cqkEg"cd_:r/g"cqg]m b,_Sg"�l�zËC_E_EeHk1j"e/cdw��l_Eb,_S��w eP!$+�;N- ) � +Z{

/ Y\V ¨ ¢s¢s¢ � �
¼ ¢sVhY �
� � ¨ � ¨�� W 0 	�f>m�g"c�fS�Z��_}k1j"e/cdw��l_Eb�f,r\_}kEg"cd_�f,r/gZf%f,r\_�_E~"_EeNf �
¼�w�c�f,r\_qcdt/kEk1_Sc,c�npt\mNf,_Eb,yiw e/gZf,w j"e2j]nCgb,_Sc�f�g]bdfÜj]nof,r\_hcd_Eb,~"_EbS{ �%w b�c�fS�N��_�cdr\jZ�6f,r/gZfÜf,r\_hm j"x0b,_Sk1j"b��\c��qb,w fdf,_Ee8Ë��2_E~"_EeNf�c �
²\� �N�g]e/� �N��/g]b,_qb,_Sg"�i�lt\b,w e\x0f,r\_
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b,_Sc�f�g]bdf�a\b,jlk1_S�lt\b,_>j]n�f,r\_�cd_Eb,~"_EbS{ �%w x"t\b,_q"S¿qcdr\jZ��cCf,r\_�k�r/g]w e:j]n\kEg]t/cd_Sconpj"b�f,r\_ �
� � _E~"_EeNf �
¼\{�É�w e/k1_>f,r\_�g]tlf,j"yzgZf,j"e
k1j"eNf�g]w e/c%e\j:a\m�g"k1_ �qg]e/�2Ë��0f,r\_}a\m�g"k1_}w e�~Zg]b,w�g]eNfG� ¬ � �� %�A� �����> %�A� � ���  %�A� � '� �  %�A� � ���  %�A� ���$+* � � + ��(� � �#"�]��_
��e\jZ�·f,r/gZf�f,r\_ ��� � _E~"_EeNf�w e\w f,w�gZf,w e\x�f,r\_hb,_Sc�f�g]bdfÜj]n�f,r\_*cd_Eb,~"_EbÜjlkEk1t\b�cÜkEg]t/c,g]m m �igZn f,_EbÜf,r\_*k1j"yiyiw f�_E~"_EeNf �N��s{�|}r�t/cE�
��_�r/g
~"_ � ��� �;2Ë��&�Üb,j"aC_Ebdf��HÆl{h����f,r\_�c�f,b,t/kf,t\b,_2j]n>f,r\_�g]tlf,j"yzgZf,j"eP�sg]m f,_Eb,e/gZf,w j"e�j]n>_E~"_EeNf�chb,_Sg"�lw e\x�gzm j"x
b,_Sk1j"b��zg]e/�8�l_Sk1b,_Sg"cdw e\x �I��g]e/�zË��if,r\_*t\e\w��Nt\_Ee\_Sc,c�j]n�f,r\_:cd_S�Nt\_Ee/k1_he�t\y2ËC_Eb�c�j]n�m j"x2b,_Sk1j"b��\c6�s�Üb,j"aC_Ebdf��i²���Nf,r\_*m j"x
b,_Sk1j"b��\c � ��� 	� � �	� � %����V� � � 	� � 	� %����lg]e/�7� � � 	� � 	�� � %����g]b,_hb,_Sg"��j"e8f,r\_0a/gZf,r�npj"b,y ��� � f,j �
� � {�	�m f,j"x"_1f,r\_EbS�

t24

t34,t35

i+1=0

sr.(i+1,.,.)

t25,t29

sr1.(i+1,...)
sr2.(i+1,...)

t26,t27,t28
t30,t31

i:= i-1

i:= i-1

t33

sr3.(i+1,...)

lc.m+1

t36

t32
i:=i-1

m = i

�%w x"t\b,_i"S¿\�>|}r\_�g]tlf,j"yzgZf,j"e8npj"b}f,r\_0b,_Sc�f�g]bdfqj]n�f,r\_�cd_Eb,~"_Eb
��_hr/g
~"_�f,r\_0cdw f,t/gZf,w j"e�cdr\jZ�qe�w eQ�%w x/{o"""��g]e/�zf,r\_���� � _E~"_EeNf}jlkEk1t\b�c�kEg]t/c,g]m m �zgZn f,_Eb�f,r\_:k1j"yiyiw f}_E~"_EeNf �N��p{Ü���8g

sri

sri

sri

t34

t25

e9

m = it36

lc.m+1

e1

sri

LogObj(o1,p1)

t24

t29

log.(k+1,cmt,p1)

log.(j+1,cnt,p1)

log.(l+1,o1,p1)

p=p1

p=p1

p=p1

�%w x"t\b,_i"""�>É�w f,t/gZf,w j"eH�lt\b,w e\x�f,r\_0b,_Sc�f�g]bdf}j]n%f,r\_�cd_Eb,~"_Eb
cdw yia\m _2g]tlf,j"yzgZf,j"e�g]e/�&f,r\_2t\e\w��Nt\_Ee\_Sc,chj]nÜcd_S�Nt\_Ee/k1_2e�t\y2ËC_Eb�c�j]nÜm j"x8b,_Sk1j"b��\cE�\��_2��e\jZ� f,r/gZfhf,r\_Eb,_�w�c*gza/gZf,r�j]n
�\gZf�gikEg]t/c,g]m w f��inpb,j"y f,r\_ ����������� � � ��
 ' � �Ü_E~"_EeNf �N*f,jif,r\_��
� � _E~"_EeNfS{
- eHf,r\_0npj"m m jZ�qw e\x/�/��_��qw m m%cdr\jZ� f,r/gZf*gZn f,_Eb�f,r\_ �
� � _E~"_EeNfS�/f,r\_Eb,_�w�chg]eH_E~"_EeNfht\ao�\gZf,w e\xzf,r\_2t\ao�\gZf,_2b,_Sk1j"b��8f,j

f,r\_��\gZf�g]Ë/g"cd_"{ - e�f,r\_�_Ee/���o��_2�qw m m>cdr\jZ� f,r/gZf:��_�g]m�cdj8r/g
~"_2g]e�_E~"_EeNf �
¹zf,r/gZf*�qb,w f,_Sc*g �*��t b,_Sk1j"b���f,j8f,r\_�m j"x
�/m _0gZn f,_Ebqf,r\_0t\ao�\gZf,_�g]e/��ËC_1npj"b,_:_E~"_EeNf �
¼\{
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��_1f�t/c0r/g
~"_zg&k1m jNcd_Eb0m j�j"�Hf,j&f,r\_��
� � _E~"_EeNf�c:f,r/gZf�b,_Sg"�\c*f,r\_�� � � 	� � 	� %���hb,_Sk1j"b���{@�%w x"t\b,_H" ¬ cdr\jZ��c*f,r\_
f,r\b,_E_:aCjNc,cdw Ë\m _0_E~"_EeNf�c�f,r/gZfhyzg
��cdt/kEk1_E_S��f,r\_��
� � _E~"_EeNfS{ +�j]f,_0f,r/gZf�j"e\_0j]n%f,r\_Scd_0_E~"_EeNf�c}y2t/c�f�_1vlw�c�f�ËC_SkEg]t/cd_:f,r\_
b,_Sc�f�g]bdfqj]n�f,r\_�cd_Eb,~"_Ebq�}g"c}f,_Eb,yiw e/gZf,_S�Hcdt/kEk1_Sc,c�npt\m m �7� f,_Sk�r\e\w�kEg]m m �"�\f,r\_2j"e\m ��aCjNc,cdw Ë\m _�a/gZf,r/cqnpb,j"y f,r\_ �
� � _E~"_EeNfqf,j
�
� � _E~"_EeNfqw�cq~�w�g2f,r\_Scd_:_E~"_EeNf�c$�{

p=p1
t28

sr1.(i+1,.,.,o1,p1)

p=p1
t25

obj.o1

t26
p=p1

t27
p=p1

case iii.a case iii.b case iii.c

�%w x"t\b,_i" ¬ �>��jNc,cdw Ë\m _:g"kf,w j"e/c�t\aCj"e&b,_Sg"��t\ao�\gZf,_0b,_Sk1j"b��

< $�!�
>�	�	� � $ 0 |}r\_it\ao�\gZf,_�b,_Sk1j"b��Hw�c*t\ao�\gZf,_S��f,j�f,r\_z�\gZf�g]Ë/g"cd_2Ë��&f,r\_ �
� �8_E~"_EeNfS{�|}r\w�c:w�chf,r\_it\ao�\gZf,_�_E~"_EeNf �]¸b,_S�Nt\w b,_S�ij"ezf,r\_*b,w x"rNf�r/g]e/�8cdw��l_hj]n�� � � � � � �Z{ - ezf,r\w�c}kEg"cd_"�Nw f�b,_Eyzg]w e/cÜf,j�cdr\jZ�6f,r/gZf}��_*g]m�cdj�r/g
~"_qf,r\_*_E~"_EeNf
�
¹2f,r/gZf��qb,w f,_Sc�f,r\_ �*��t&b,_Sk1j"b���gZn f,_Eb �]¸2g]e/��ËC_1npj"b,_ �
¼	�scd_E_:ËC_Em jZ�6�{

< $�!�
>�	�	� � �(0 |}r\_Ht\ao�\gZf,_�b,_Sk1j"b��·w�cze\j]f8t\ao�\gZf,_S�6f,j�f,r\_��\gZf�g]Ë/g"cd_&ËC_SkEg]t/cd_Hj"Ë)(�_Skf � Hw�c8g]m b,_Sg"�l��yzg]b,�"_S�6g"cb,_S�lj"e\_"��wJ{ _"{���_�r/g
~"_ +*��� ��� ����
 �   � ��  ��
  
 � ��
 ' � �{�^`_��qw m mqcdr\jZ� ËC_Em jZ��f,r/gZf�f,r\w�cikEg"cd_�w�c2w yiaCjNc,cdw Ë\m _"{�|}r\_
w elnpj"b,yzg]m\w��l_Sg:w�c�f,r/gZfS�"w e�f,r\w�c�kEg"cd_"�Zf,r\_Eb,_q�}g"c>g]eiw eNf,_Eb,yi_S�lw�gZf,_qm jlk���j"aC_Eb�gZf,w j"eij"e�j"Ë)(�_Skf � "�"f,r\w�cE�"r\jZ��_E~"_EbS�w�cqw yiaCjNc,cdw Ë\m _:ËC_SkEg]t/cd_*f,r\_0m jlk��8j]n %�:�}g"c�e\j]f��"_1fqb,_Em _Sg"cd_S��{

< $�!�
>�	�	� � ��0 |}r\_it\ao�\gZf,_ib,_Sk1j"b��Hw�c*e\j]f0t\ao�\gZf,_S��f,j�f,r\_i�\gZf�g]Ë/g"cd_�ËC_SkEg]t/cd_�a\b,jlk1_Sc,c %�2w�c:e\j]f0yzg]b,�"_S��g"c:k1j"y�uyiw fdf,_S�&w e&f,r\_�k1t\b,b,_EeNf,m ��c,kEg]e\e\_S��a/g]bdf�j]n%f,r\_�m j"x��/m _"�/wJ{ _"{\��_0r/g
~"_ +*��� ��� ����
  
 (	
 � ��
 ' � �Ü�qw f,r �? %�A� �;¿\{Ü^`_
�qw m m�cdr\jZ��ËC_Em jZ� f,r/gZfqg]m�cdj0f,r\w�c}kEg"cd_hw�c�w yiaCjNc,cdw Ë\m _"{>|}r\_hw elnpj"b,yzg]mCw��l_Sg2w�cÜf,r/gZfS�lw e8f,r\w�c�kEg"cd_"�Nf,r\_Eb,_hy2t/c�f}ËC_
g]e\j]f,r\_Eb �����)��#���� ' � �Ü_E~"_EeNfqËC_1f���_E_Ee �
²ig]e/� �N����qr\w�k�r�w�cqgzk1j"eNf,b�g"�lw�kf,w j"e8f,j�f,r\_�k1j"e/cdw��l_Eb,_S��cdw f,t/gZf,w j"e�{

+�_1v�fS����_8�qw m m�a\b,jZ~"_�f,r/gZf=!$+�;N-K)*)*) �  �g]e/� !$+�;N-K)*)*) � !�g]b,_zw yiaCjNc,cdw Ë\m _"{H|}r\_Ee�����_8�qw m m�k1j"eNf,w e�t\_7!$+�;N-K)*)*) � +`Ë��
cdr\jZ�qw e\x2f,r\_0_1vlw�c�f,_Ee/k1_:j]n�_E~"_EeNf �
¹��qb,w f,w e\x�f,r\_�k�r\_Sk���aCj"w eNfqb,_Sk1j"b���{

� ��© �CVSVS¢pU�¢sªs¢pW ���CÎ ��$�!�
;�	�	� � �(0 - n}��_ir/g
~"_ +*��	� � ����
 �   � ��  ��
  
 � ��
 ' � ��o��_i��e\jZ��f,r/gZf0f,r\_Eb,_iy2t/c�f�r/g
~"_iËC_E_Ee�g]e_E~"_EeNf �
� �&f,r/gZf2t\ao�\gZf,_Sc2j"Ë)(�_Skf � 8ËC_1npj"b,_"{��%w x"t\b,_�"S³Hcdr\jZ��c:f,r\_�k�r/g]w e�j]n�kEg]t/cd_Sc:npj"b�f,r\w�c�k1j"e/�lw f,w j"e�{�|}r\_Eb,_
y2t/c�f�ËC_8g]e�w eNf,_Eb,yi_S�lw�gZf,_��
� ��_E~"_EeNf0�qw f,r � � � if,r/gZf2t\ao�\gZf,_Sc�g&m j"x&b,_Sk1j"b�� � � � � 	� � 	� % ¬ ��f,j&f,r\_8�\gZf�g]Ë/g"cd_"��qr\_Eb,_ � � � ��{>���8g2cdw yia\m _0g]tlf,j"yzgZf,j"e8��_*��e\jZ� f,r/gZf}f,r\_Eb,_*y2t/c�f}ËC_0g�k1j"b,b,_ScdaCj"e/�lw e\x ����������� � � ��
 ' ���>_E~"_EeNf �N""{
��� � ��� � � ����_i��e\jZ�#f,r/gZf �N"�w�c0g&�lw b,_Skf,m ��k1j"yiyiw fdf,_S�`_E~"_EeNfS{i�����Üb,j"aC_Ebdf���S¿\����_ir/g
~"_2f,r\_zcdw f,t/gZf,w j"e�cdr\jZ�qe
w e �%w x/{}"E¯/{7��_1fit/c2w e�~"_Sc�f,w xNgZf,_��qr\_Ee�f,r\_Scd_�_E~"_EeNf�c �NS³\� �N ¬ � �N""�Üg]e/� �NE¯`k1j"t\m���jlkEk1t\b	�pw e·b,_Em�gZf,w j"e�f,j f,r\_
_E~"_EeNf�c�j]n�f,r\_0cdw f,t/gZf,w j"e�npb,j"y��%w x/{�S¿ ¬ �  �_Ebdf�g]w e\m � �N"hjlkEk1t\b�c}kEg]t/c,g]m m �zËC_1npj"b,_ �
¼\��Ë�� � � � �%��_*��e\jZ��f,r/gZf �N"hw�c
�lw �o_Eb,_EeNfÜnpj"b,y �N"{����i�Üb,j"aC_Ebdf���Æl� �N"qjlkEk1t\b�cÜkEg]t/c,g]m m �2gZn f,_Eb �N"{����i�Üb,j"aC_Ebdf��2¹\�]f,r\_�m jlk���_E~"_EeNf�c �S¯�g]e/� �NS³:g]b,_
g]m�cdj��lw �o_Eb,_EeNfS{Ü|}r�t/cE�lË����q_S�Nt\w b,_Eyi_EeNf � � � ��� �/��_:_Ew f,r\_Eb}r/g
~"_ �S¯�jlkEk1t\b�c}kEg]t/c,g]m m �zgZn f,_Eb �NE¯	�p�qr\w�k�r�_Sc�f�g]Ë\m w�cdr\_Sc}g
k1�lk1m w�k*a/gZf,r&j]n�kEg]t/c,g]m w f,w _Scqg]e/�8f,r�t/cqw�cqw yiaCjNc,cdw Ë\m _���j"b �NS³�jlkEk1t\b�c}kEg]t/c,g]m m ��gZn f,_Eb �N"{ - e�f,r\_0m�gZfdf,_Eb�kEg"cd_"�l��_:r/g
~"_
g�� (��� � � ��
 � � �}k1j"e/�lw f,w j"eHËC_1f���_E_Ee �N���g]e/� �
¼\{}|}r\w�cE�Cr\jZ��_E~"_EbS�l�}g"cqw yiaCjNc,cdw Ë\m _�w eHf,r\_2cdw f,t/gZf,w j"eHj]n:�%w x/{�S¿ ¬ ���1¹iw�c
f,r\_:�/b�c�fqjlkEk1t\b,b,_Ee/k1_*j]n>g�� (��� � � ��
  �2k1j"e/�lw f,w j"e �}gZn f,_Eb �S¯/{�	�m f,j"x"_1f,r\_EbS�l��_:��e\jZ� f,r/gZf9!$+�;N- )*)*) �  �w�cqw yiaCjNc,cdw Ë\m _"{

� ��© �CVSVS¢pU�¢sªs¢pW �Ä�CÎ ��$�!�
 �	�	� � ��0 ��_1fzt/czk1j"e/cdw��l_Eb2f,r\_Hcdw f,t/gZf,w j"e6j]n �%w x/{q""�g]e/� �%w x/{}" ¬ g]xNg]w e�{ - nhf,r\_ �
���
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 ' � �Ü_E~"_EeNf �S¯/{�^`_0�qw m m�cdr\jZ� f,r/gZf}f,r\_Eb,_:w�cqe\j �*��t&b,_Sk1j"b��8j]n%a\b,jlk1_Sc,c�% ¬ �qb,w fdf,_Ee�ËC_1f���_E_Ee �S¯ �og]e/�
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�
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 ' ����_E~"_EeNf �
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t25,t29

sr1.(i+1,r..);r[o1]=0
sr2.(i+1,r,.):r[o1] = 0

t26,t27,t28
t30,t31

i:= i-1

i:= i-1

t33

sr3.(i+1,r..):r[o1]=0

lc.m+1

m = it36

t32
i:=i-1

sr.(i+1,r,.):r[o1]=0

sr1.(i+1,r,[..p2..],o1,p2): r[o1]=0

t25: o=o1, p=p2

t34,t35

t28: o=o1, p=p2
i:= i-1e9

�%w x"t\b,_i ¬ Æl�  �r/g]w e&j]n�kEg]t/cd_Sc�npj"b �
� ��_E~"_EeNf

C

LdCnt

w2.(p1,o1)

sr1.(k+1,r,.,o1,p2):r[o1]=0

sri.(.,r,.):r[o1]=0

LogObj(o1,p2)

p=p2

WLck(o1,p1)

LdCpy(o1,p1)

p=p2

LogObj

Lck(o1)

t25

LogObj(o1,p1)

n=m

log.(k+1,o1,p2)

p=p1

Ignore(p2)

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

cp.(p1,o1,wr)

t28

LogObj(o1,p1)

p=p1

C

obj.o1

obj.o1

e4

e1

e2

e7

e5

c

e3’

c1
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e9

e7’
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C
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LdCnt
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sri.(.,r,.):r[o1]=0
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k.(p1,[..(o1,wr)..])

LdCnt

C

LogObj(o1,p2)

p=p2 p=p2

Ignore(p2)

LogObj
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cp.(p1,o1,wr)

p=p1

p=p2

Lck(o1)

w2.(p2,o1)

LdCpy(o1,p2)

obj.o1

obj.o1 t25
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n=m
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e2

e7

c

c1
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e9

e7’
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e5’
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e5

e4’

e3’
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jlkEk1t\b�c>kEg]t/c,g]m m �2gZn f,_Eb �]¸��qr\w�k�r��"Ë��2w e�~Zg]b,w�g]eNf �s²��>g]m�cdj:w yia\m w _Sc�� � � � �s{�^�w f,r � ¬ � � � �/g]e/� �NS¿ � � ¬ ��f,r\_�cdw f,t/gZf,w j"e
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p=p2

t25 o=o1

p=p1
n=l
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n=m
Ignore(p2)
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t26,t27,t28
t30,t31
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sr3.(i+1,.,[..p1..],p):p<>p1
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t34,t35
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sri.(.,.,.,p1)
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