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#(wait) ?8 ?6?4H F6462 � p = 2 ∧ w = 0 ∧ i = 0 �
Da : p≥1→ {p′ =p−1 ∧ w′ =w+1 ∧ i′ = i} �
Ds : i≥1→ {p′ =p+1 ∧ w′ =w ∧ i′ = i−1} �
Dg : w≥1→ {p′=p ∧ w′ =0 ∧ i′ = i+w} �
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Ŝ = SK × · · · × S1
�¢ &
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�� �� BoundedSaturation ���
r? ← ���� �� � �� �		 �
��� �
� f(i) = 0 ��

i ∈ Sinit 
 � 
� f(i) =∞ �� �� �� ���� ��	
l = 1 
� K �� ��	���� 
��� p �� ���� � l �� BoundedSaturate(p) �


��� BoundedSaturate �
��� p��
l ← p.lvl �� 	����
� ������ α ∈ El, i ∈ Sl, j ∈ Sl

� �� � p[i].val < B �
� Dα[i][j] 6= 0
�


〈v,q〉 ← BoundedImage(p[i],Dα[i][j]) ��
p[j]← Minimum(p[j], Truncate(v+1, q)) � •�� ��� �� ��� ��� ������ ��
 �� p �� �� 
�� ��� 
�� � 	�
�	� p �

���� BoundedImage ����� 〈v,q〉 
 ��� f �� �� f = 0 
��� 	�
�	� 〈∞,⊥〉 � �� f = 1
� � q =⊥ 
��� 	�
�	� 〈v,q〉 ��

k ← q.lvl � •! �"�# �$� %$�& �' ��($��( )��� * f.lvl = k �& +�,,�
s← NewNode(k) � •���� �� -.. #�(� � � ,�"�, k +��/ �(! �& & �� �� 〈∞,⊥〉
 ��	����

i ∈ Sk, j ∈ Sk
� �� � q[i].val ≤ B � 
� f [i][j] 6= 0 ���

〈w,o〉 ← Truncate(BoundedImage(q[i], f [i][j])) � •�� ��� �� ��� ��� ������
s[j]← Minimum(s[j], 〈w,o〉) � 

s← BoundedSaturate(s) �0
〈γ,s〉 ← Normalize(s) �1 	�
�	� 〈γ+v,s〉 �

���� Minimum ����� 〈v,p〉 
 ���� 〈w,q〉�� �� v =∞ 
��� 	�
�	� 〈w,q〉 � �� w =∞ 
��� 	�
�	� 〈v,p〉 ��
k ← p.lvl � •! �"�# �$� %$�& �' ��($��( )��� * q.lvl = k �& +�,,� �� k = 0 
��� 	�
�	� 〈min{v, w},⊥〉 � •�/� �#,2 #� (� � � ,�"�, k = 0 �& ⊥

s← NewNode(k) � •���� �� -.. #�(� � � ,�"�, k +��/ �(! �& & �� �� 〈∞,⊥〉�
γ ← min{v, w} �� ��	����

i ∈ Sk �� 
s[i]← Minimum(〈v−γ+p[i].val,p[i].node〉, 〈w−γ+q[i].val,q[i].node〉) �0 	�
�	� 〈γ,s〉 �

���� Normalize �
��� p��
v ← min{p[i].val : i ∈ Sp.lvl}

�� ��	����
i ∈ Sp.lvl �� p[i].val ← p[i].val − v �� 	�
�	� 〈v,p〉 �

���� TruncateExact ����� 〈v,p〉�� �� v 3 bound 
��� 	�
�	� 〈∞,⊥〉 �� ��	����
i ∈ Sp.lvl �� p[i]← TruncateExact (〈v+p[i].val,p[i].node〉) �� 	�
�	� 〈v,p〉 �

���� TruncateApprox ����� 〈v,p〉�� �� v 3 bound 
��� 	�
�	� 〈∞,⊥〉 � � �4� 	�
�	� 〈v,p〉 �

�
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�	���
 �� ��
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&��
Dg
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BoundedImage(C[1],Ds[1][2])

�¢ )&--,� �� Ó�&°¢¦*0 º' ½ ¥ ,'*(, �*�, C
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B + 1
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