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
1 �J�GE(q) < E�N�J�O�

E�N�B�Y−E(q)
E�N�B�Y−E�N�J�O

�J�GE�N�J�O≤ E(q) ≤ E�N�B�Y�


0 �J�GE(q) > E�N�B�Y��
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Pi =

{
e
−∆Ei

kT �J�G∆Ei > 0�


1 �J�G∆Ei ≤ 0��

�)�F�S�F�
∆Ei = E(ci+1) − E(ci)�� �s�F �X�F�J�H�I�U �P�G �U�I�F �F�E�H�F �C�F�U�X�F�F�Oq0 �B�O�Eq1 �J�T �U�I�F�O �E�F�m�O�F�E �B�T

w(q0, q1) =
n−1

∑
i=0

− log Pi.
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1 �P�U�I�F�S�X�J�T�F��

�&�B�D�I �O�F�J�H�I�C�P�S �P�Gvi �I�B�T �B �Q�S�P�C�B�C�J�M�J�U�Z �P�G1/di �P�G �C�F�J�O�H �D�I�P�T�F�O�� �4�P �U�I�F �Q�S�P�C�B�C�J�M�J�U�Z �P�G �B �U�S�B�O�T�J�U�J�P�O
�G�S�P�Nvi �U�Pvj �J�T1di

Aij = Pij��
�*�G �B �S�B�O�E�P�N �X�B�M�L �J�T �N�B�E�F �P�O �U�I�J�T �S�P�B�E�N�B�Q�
 �U�I�F�O �F�B�D�I �T�U�B�U�Fi �I�B�T �B �Q�S�P�C�B�C�J�M�J�U�Zπi �P�G �C�F��

�J�O�H �W�J�T�J�U�F�E�� �"�T �B �S�B�O�E�P�N �X�B�M�L �D�P�O�U�J�O�V�F�T �G�P�S �B�O �J�O�m�O�J�U�F�M�Z �M�P�O�H �U�J�N�F�
 �B�T�T�V�N�J�O�H �U�I�F �.�B�S�L�P�W
�D�I�B�J�O �J�T �F�S�H�P�E�J�D�
 �U�I�F �Q�S�P�C�B�C�J�M�J�U�J�F�Tπi �D�P�O�W�F�S�H�F �U�P �m�Y�F�E �W�B�M�V�F�T �U�I�B�U �B�S�F �U�I�F �T�B�N�F �G�P�S�B�O�Z�S�B�O��
�E�P�N �X�B�M�L�� �.�P�S�F�P�W�F�S�
 �J�G �U�I�F �D�P�O�G�P�S�N�B�U�J�P�O �T�Q�B�D�F �J�T �T�B�N�Q�M�F�E �N�P�S�F �B�O�E �N�P�S�F �m�O�F�M�Z�
 �J�U �D�B�O �C�F
�T�I�P�X�O �U�I�B�U �U�I�F �M�J�N�J�U �E�J�T�U�S�J�C�V�U�J�P�O �P�G �U�I�F �S�P�B�E�N�B�Q �J�T �U�I�F �T�B�N�F �B�T �U�I�F �M�J�N�J�U �E�J�T�U�S�J�C�V�U�J�P�O �P�G �B�O
���� �T�J�N�V�M�B�U�J�P�O �<�ê�ñ�>�� �*�O �P�U�I�F�S �X�P�S�E�T�
 �U�I�F �S�F�T�V�M�U�J�O�H �E�J�T�U�S�J�C�V�U�J�P�O �J�T �U�I�F�P�S�F�U�J�D�B�M�M�Z �D�P�O�T�J�T�U�F�O�U �X�J�U�I
�U�I�F �#�P�M�U�[�N�B�O�O �E�J�T�U�S�J�C�V�U�J�P�O �P�G �F�O�F�S�H�J�F�T �Q�S�F�E�J�D�U�F�E �C�Z �T�U�B�U�J�T�U�J�D�B�M �N�F�D�I�B�O�J�D�T�
 �B�O�E�
 �F�R�V�J�W�B�M�F�O�U�M�Z�

�X�J�U�I �U�I�F �S�F�T�V�M�U�T �P�G �B �M�B�S�H�F �O�V�N�C�F�S �P�G �.�P�O�U�F �$�B�S�M�P �T�J�N�V�M�B�U�J�P�O�T��

�0�O�D�F �D�P�O�T�U�S�V�D�U�F�E�
 �U�I�F �S�P�B�E�N�B�Q �D�B�O �C�F �J�O�U�F�S�Q�S�F�U�F�E �B�T �B �.�B�S�L�P�W �D�I�B�J�O�
 �B�O�E �U�I�F�S�F�G�P�S�F �C�F �B�O��
�B�M�Z�[�F�E �V�T�J�O�H �U�F�D�I�O�J�R�V�F�T �G�S�P�N �.�B�S�L�P�W���D�I�B�J�O �U�I�F�P�S�Z�� �s�J�T �D�B�O �C�F �V�T�F�E �U�P �D�B�M�D�V�M�B�U�F �B �R�V�B�O�U�J�U�Z
�G�P�S �F�B�D�I �O�P�E�F �D�B�M�M�F�EP�G�P�M�E�
 �U�I�F �Q�S�P�C�B�C�J�M�J�U�Z �U�I�B�U �U�I�F �T�U�S�V�D�U�V�S�F �B�U �U�I�B�U �O�P�E�F �X�J�M�M �C�F�D�P�N�F �D�P�N��
�Q�M�F�U�F�M�Z �G�P�M�E�F�E �C�F�G�P�S�F �J�U �C�F�D�P�N�F�T �D�P�N�Q�M�F�U�F�M�Z �V�O�G�P�M�E�F�E�� �s�J�T �R�V�B�O�U�J�U�Z �D�B�O �C�F �V�T�F�E �U�P �F�T�U�J�N�B�U�F
�X�I�J�D�I �T�U�S�V�D�U�V�S�F�T �D�P�O�T�U�J�U�V�U�F �U�I�F �U�S�B�O�T�J�U�J�P�O �T�U�B�U�F �P�G �U�I�F �G�P�M�E�J�O�H �Q�S�P�D�F�T�T�
 �B�T �X�F�M�M �B�T �U�P �F�T�U�J�N�B�U�F
�U�I�F �G�P�M�E�J�O�H �U�J�N�F �G�P�S �U�I�F �Q�S�P�U�F�J�O��

�-�F�UF �E�F�O�P�U�F �U�I�F �T�F�U �P�G �O�P�E�F�T �U�I�B�U �D�P�S�S�F�T�Q�P�O�E �U�P �D�P�O�G�P�S�N�B�U�J�P�O�T �U�I�B�U �B�S�F �D�P�O�T�J�E�F�S�F�E
�G�P�M�E�F�E�� �/�P�X �T�V�Q�Q�P�T�F �U�I�F�S�F �J�T �B�O�P�U�I�F�S �T�U�B�C�M�F �T�U�B�U�F �D�B�M�M�F�E �U�I�F �V�O�G�P�M�E�F�E �T�U�B�U�F�� �-�F�UU �E�F�O�P�U�F
�U�I�F �T�F�U �P�G �O�P�E�F�T �D�P�S�S�F�T�Q�P�O�E�J�O�H �U�P �D�P�O�G�P�S�N�B�U�J�P�O�T �D�M�P�T�F �U�P �U�I�F �V�O�G�P�M�E�F�E �T�U�B�U�F�� �s�F �Q�S�P�C�B�C�J�M�J�U�Z
�P�G �G�P�M�E�J�O�H�
P�G�P�M�E�
 �B�M�T�P �D�B�M�M�F�E �U�I�F �U�S�B�O�T�N�J�T�T�J�P�O �D�P�F�
�D�J�F�O�U �<�í�í�>�
 �G�P�S �B �H�J�W�F�O �O�P�E�Fvi �D�B�O �C�F �X�S�J�U�U�F�O
�B�T

P(i)
�G�P�M�E= ∑

vj∈F
Pij · 1 + ∑

vj∈U
Pij · 0 + ∑

vj ̸∈(F∪U )
Pij · P(j)

�G�P�M�E.

�s�F �Q�S�P�C�B�C�J�M�J�U�Z �P�G �G�P�M�E�J�O�H �J�T �D�P�O�E�J�U�J�P�O�B�M �P�O �U�I�F �m�S�T�U �U�S�B�O�T�J�U�J�P�O�� �*�G �B �O�P�E�F �J�OF �J�T �S�F�B�D�I�F�E�
 �U�I�F�O
F �I�B�T �C�F�F�O �S�F�B�D�I�F�E �C�F�G�P�S�FU �X�J�U�I �Q�S�P�C�B�C�J�M�J�U�Z �ê�� �4�J�N�J�M�B�S�M�Z�
 �J�G �B �O�P�E�F �J�OU �J�T �S�F�B�D�I�F�E�
 �U�I�F�OF
�I�B�T �C�F�F�O �S�F�B�D�I�F�E �C�F�G�P�S�FU �X�J�U�I �Q�S�P�C�B�C�J�M�J�U�Z �é�� �0�U�I�F�S�X�J�T�F�
P(i)

�G�P�M�E�E�F�Q�F�O�E�T �P�O �U�I�F �Q�S�P�C�B�C�J�M�J�U�Z

�P�GP(j)
�G�P�M�E�� �'�B�T�U �J�U�F�S�B�U�J�W�F �T�P�M�W�F�S�T �G�P�S �M�J�O�F�B�S �T�Z�T�U�F�N�T �D�B�O �C�F �V�T�F�E �U�P �D�P�N�Q�V�U�FP�G�P�M�E�G�P�S �B�M�M �O�P�E�F�T��

�'�P�S �U�I�F�J�S �J�O�J�U�J�B�M �X�P�S�L�
 �"�Q�B�Z�E�J�O�F�U �B�M���V�T�F�E �U�I�F �+�B�D�P�C�J �N�F�U�I�P�E �B�T �U�I�F�J�S �M�J�O�F�B�S �T�Z�T�U�F�N �T�P�M�W�F�S�
 �C�V�U
�O�P�U�F�E �U�I�B�U �P�U�I�F�S �B�Q�Q�S�P�B�D�I�F�T �N�J�H�I�U �Q�S�P�W�J�E�F �G�B�T�U�F�S �Q�F�S�G�P�S�N�B�O�D�F��

�4�"�# �I�B�T �C�F�F�O �B�Q�Q�M�J�F�E �U�P �U�I�F �$�P�M�&�ê �S�F�Q�S�F�T�T�P�S �P�G �Q�S�J�N�F�S �B�O�E �U�I�F �I�P�N�F�P�E�P�N�B�J�O �P�G �&�O�H�S�B�J�M�F�E�

�B �E�F�W�F�M�P�Q�N�F�O�U�B�M �Q�S�P�U�F�J�O�
 �X�I�J�D�I �B�S�F �T�U�P�S�F�E �J�O �U�I�F �1�S�P�U�F�J�O �%�B�U�B �#�B�O�L �<�í�î�> �B�T �ê�S�P�Q �B�O�E �ê�I�E�E�

�S�F�T�Q�F�D�U�J�W�F�M�Z �<�ê�ò�>�� �s�F �W�F�D�U�P�S �N�P�E�F�M �E�F�T�D�S�J�C�F�E �J�O �T�F�D�U�J�P�O �ë���ê �X�B�T �V�T�F�E �U�P �S�F�Q�S�F�T�F�O�U �U�I�F �E�F��
�H�S�F�F�T �P�G �G�S�F�F�E�P�N�� �8�J�U�I �U�I�J�T �N�P�E�F�M�
 �ê�S�P�Q �I�B�T �ï �E�F�H�S�F�F�T �P�G �G�S�F�F�E�P�N �B�O�E �ê�I�E�E �I�B�T �ê�ë �E�F�H�S�F�F�T �P�G
�G�S�F�F�E�P�N�� �&�O�F�S�H�Z �X�B�T �D�P�N�Q�V�U�F�E �C�Z �U�I�F �)���1 �F�O�F�S�H�Z �N�P�E�F�M �<�ì�é�> �N�F�O�U�J�P�O�F�E �Q�S�F�W�J�P�V�T�M�Z��P�G�P�M�E�

�X�B�T �D�P�N�Q�V�U�F�E �G�P�S �B�C�P�V�U �í�î �S�B�O�E�P�N�M�Z �T�F�M�F�D�U�F�E �D�P�O�G�P�S�N�B�U�J�P�O�T �V�T�J�O�H �#�"�# �B�O�E �V�T�J�O�H ���� �T�J�N�V��
�M�B�U�J�P�O�T�� �s�F �D�P�S�S�F�M�B�U�J�P�O �C�F�U�X�F�F�O �U�I�FP�G�P�M�E�W�B�M�V�F�T �P�G �U�I�F �U�X�P �N�F�U�I�P�E�T �R�V�J�D�L�M�Z �D�P�O�W�F�S�H�F�E �U�P �ê
�B�T �U�I�F �O�V�N�C�F�S �P�G �O�P�E�F�T �X�B�T �J�O�D�S�F�B�T�F�E�
 �C�V�U �#�"�# �X�B�T �S�P�V�H�I�M�Z �G�P�V�S �P�S�E�F�S�T �P�G �N�B�H�O�J�U�V�E�F �G�B�T�U�F�S



���� �4�� �4�V�S�S�� �+�� �:�J�O�^�H�Y�a�� �3���,�� �2�H�]�Y�H�R�P

�U�I�B�O �U�I�F ���� �T�J�N�V�M�B�U�J�P�O�T�� �8�J�U�I �#�"�# �U�I�F �S�P�B�E�N�B�Q �D�B�Q�U�V�S�F�T �B �T�V�C�T�U�B�O�U�J�B�M �T�B�N�Q�M�J�O�H �P�G �B�M�M �G�P�M�E�J�O�H
�B�O�E �V�O�G�P�M�E�J�O�H �Q�B�U�I�X�B�Z�T �T�J�N�V�M�U�B�O�F�P�V�T�M�Z�
 �B�O�EP�G�P�M�E�X�B�T �D�P�N�Q�V�U�F�E �G�P�S�B�M�M�O�P�E�F�T�
 �O�P�U �K�V�T�U �U�I�F
�í�î �U�I�B�U �X�F�S�F �S�B�O�E�P�N�M�Z �T�F�M�F�D�U�F�E�� �s�V�T�
 �#�"�# �B�Q�Q�F�B�S�T �U�P �C�F �B �Q�S�P�N�J�T�J�O�H �B�M�U�F�S�O�B�U�J�W�F �U�P �S�V�O�O�J�O�H
�N�B�O�Z �J�O�E�F�Q�F�O�E�F�O�U ���� �T�J�N�V�M�B�U�J�P�O�T �G�P�S �F�Y�B�N�J�O�J�O�H �Q�S�P�U�F�J�O �G�P�M�E�J�O�H �C�F�I�B�W�J�P�S��

�*�O �S�F�D�F�O�U �X�P�S�L�
 �J�U �I�B�T �C�F�F�O �E�F�N�P�O�T�U�S�B�U�F�E �U�I�B�U �#�"�# �D�B�O �C�F �V�T�F�E �U�P �F�T�U�J�N�B�U�F �U�I�F�U�S�B�O�T�J�U�J�P�O
�T�U�B�U�F �F�O�T�F�N�C�M�F�B�O�E �	�$�#���
 �B�O�E�G�P�M�E�J�O�H �S�B�U�F�P�G �Q�S�P�U�F�J�O�T�
 �B�T �X�F�M�M �B�T �U�I�FΦ���W�B�M�V�F�T�P�G �S�F�T�J�E�V�F�T �<�ê�ï�>��
�"�M�M �P�G �U�I�F�T�F �W�B�M�V�F�T �B�S�F �P�G �J�O�U�F�S�F�T�U �C�F�D�B�V�T�F �U�I�F�Z �B�S�F �R�V�B�O�U�J�U�J�F�T �U�I�B�U �D�B�O �C�F �N�F�B�T�V�S�F�E �C�Z �M�B�C�P��
�S�B�U�P�S�Z �F�Y�Q�F�S�J�N�F�O�U�
 �B�O�E �U�I�V�T �D�B�O �C�F �V�T�F�E �U�P �W�F�S�J�G�Z �I�P�X �X�F�M�M �B �T�J�N�V�M�B�U�J�P�O �N�F�U�I�P�E �T�V�D�I �B�T �#�"�#
�N�P�E�F�M�T �U�I�F �U�S�V�F �C�F�I�B�W�J�P�S �P�G �B �Q�S�P�U�F�J�O�� �"�E�E�J�U�J�P�O�B�M�M�Z�
 �U�I�F �$�#���
 �J�G �B�D�D�V�S�B�U�F�M�Z �E�F�U�F�S�N�J�O�F�E�
 �D�B�O
�Q�S�P�W�J�E�F �J�O�T�J�H�I�U �J�O�U�P �U�I�F �P�W�F�S�B�M�M �G�P�M�E�J�O�H �N�F�D�I�B�O�J�T�N �P�G �U�I�F �Q�S�P�U�F�J�O��

�s�F �$�#�� �J�T �U�I�F �T�F�U �P�G �D�P�O�G�P�S�N�B�U�J�P�O�T �U�I�B�U �S�F�Q�S�F�T�F�O�U �U�I�F �Q�F�B�L �P�G �U�I�F �F�O�F�S�H�Z �C�B�S�S�J�F�S �U�I�B�U �N�V�T�U
�C�F �D�S�P�T�T�F�E �C�Z �U�I�F �Q�S�P�U�F�J�O �J�O �U�S�B�O�T�J�U�J�P�O�J�O�H �C�F�U�X�F�F�O �U�I�F �V�O�G�P�M�E�F�E �B�O�E �O�B�U�J�W�F �T�U�B�U�F�T�� �"�M�U�F�S�O�B��
�U�J�W�F�M�Z�
 �U�I�F�Z �B�S�F �U�I�F �T�U�B�U�F�T �X�I�P�T�F�U�S�V�FP�G�P�M�E�J�T0.5�
 �U�I�F �T�U�S�V�D�U�V�S�F�T �U�I�B�U �I�B�W�F �B�O �F�R�V�B�M �Q�S�P�C�B�C�J�M�J�U�Z
�P�G �Q�S�P�D�F�F�E�J�O�H �F�J�U�I�F�S �U�P �U�I�F �G�P�M�E�F�E �P�S �V�O�G�P�M�E�F�E �T�U�B�U�F�� �5�P �B�D�D�P�V�O�U �G�P�S �N�P�E�F�M�J�O�H �F�S�S�P�S�
 �U�I�F �$�#��
�J�T �U�B�L�F�O �U�P �C�F �U�I�F �T�F�U �P�G �B�M�M �D�P�O�G�P�S�N�B�U�J�P�O�T �X�J�U�IP�G�P�M�E�C�F�U�X�F�F�O �é���í�î �B�O�E �é���î�î��

�"�Q�B�Z�E�J�O�F�U �B�M���U�F�T�U�F�E �U�I�F �N�F�U�I�P�E���T �B�C�J�M�J�U�Z �U�P �D�B�M�D�V�M�B�U�F �U�I�F �G�P�M�E�J�O�H �S�B�U�F �P�O �B �U�F�T�U �T�F�U �P�G �ê�ï
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