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�Y�A>*$?$S�b�¤���Š�x�Ç�•�b�Q�•�ö�a�b0Ž�Ò�_�M+á$×�_#Ý�8�}�€�•�ö�•Ì#Õ#Ø�X�b�_���†/œ�8>*�Î�µ�º�¿�µ
�º�Ð�Ý�˜�™�”�b�Ñ�S�l�g�˜ [�b�6�‡�²�ó�†�Â�}�?�_ �M�• >,�I�}�_>*�Î�µ�º�¿�µ�º�Ð�Ý�˜�™�”�@�6�‡�•7u�_�>
�8�Z�Ñ�S�K�Z�K�r�W�S�\�ì���K�S�\�A�_>*�Q�b�Î�µ�º�¿�µ�º�Ð�Ý�˜�™�”�@�˜ [�_�¥�?�:�²�ó�†�Â�}�?�_�M�•>,
�q�‹�_>*�G�€�}�b�²�ó�_�ö�Y�C�X�Í0£'ì�_�|�~+¬�Š4�ì�º�Î�µ�º�¿�µ�º�b�¤���Ñ�S�b�ú�•+Ù�8�†1*�m�•>,  

�¿�µ�º�á�î�¡Æ�b²�Í�«�º�X�† 𝑁𝑁 �Ž>*�ì�I 𝑡𝑡 �_�>�8�Z+$�E"g�Â�_�6�•�Í�«�º�X�† 𝑆𝑆(𝑡𝑡)>*�¤��"g�Â�_�6�•
�Í�«�º�X�† 𝐼𝐼(𝑡𝑡)>*�–1¤"g�Â�_�6�•�Í�«�º�X�† 𝑅𝑅(𝑡𝑡) �\�M�•>,�G�b�\�A>*�›"g�Â�b�Í�«�º�X�b�"�)�ì6ë�6�S�~�b
�š�ì5��c>*�è�W�b�–�¤�(�‰&ì�'(Ô�_�|�~�Z�<�}�€�•>,  

𝑑𝑑𝑑𝑑(𝑡𝑡)
𝑑𝑑𝑡𝑡

= −𝛼𝛼𝑆𝑆(𝑡𝑡)𝐼𝐼(𝑡𝑡) + 𝛾𝛾(𝐼𝐼(𝑡𝑡) + 1)𝑅𝑅(𝑡𝑡) − 𝛿𝛿𝑆𝑆(𝑡𝑡)     (1) 

𝑑𝑑𝑑𝑑(𝑡𝑡)
𝑑𝑑𝑡𝑡

= 𝛼𝛼𝑆𝑆(𝑡𝑡)𝐼𝐼(𝑡𝑡) − 𝛽𝛽𝐼𝐼(𝑡𝑡)                       (2) 

𝑑𝑑𝑑𝑑(𝑡𝑡)
𝑑𝑑𝑡𝑡

= 𝛽𝛽𝐼𝐼(𝑡𝑡) − 𝛾𝛾(𝐼𝐼(𝑡𝑡) + 1)𝑅𝑅(𝑡𝑡) + 𝛿𝛿𝑆𝑆(𝑡𝑡)          (3)  

�G�G�[>* 𝛼𝛼 �c�Ð�Ý�˜�™�”�¤��"á>* 𝛽𝛽 �c�Ð�Ý�˜�™�”7V�d"á>* 𝛾𝛾 �c+$�E�ö�è��"á>* 𝛿𝛿 �c+$�E�ö7V�d"á�†/²�M�©�«
�¸�Ò�Ã�Û�Ó�î�±�[�6�•>,  

>&>0>'�¤���Ñ�S0Ž�Ò  

 �G�G�[�c>*+¬�Š4�ì�º�Î�µ�º�¿�µ�º�b�¤���²�–�¼�Ñ�¡�«�_�>�E�•�ö�•Ì#Õ#Ø�X�b�_���l�g�Q�€�_�ö�Y�C0Ž
�Ò�_�|�~>*+¬�Š4�ì�º�Î�µ�º�¿�µ�º�b�¤���Ñ�S�l�g�˜ [�b�6�‡�²�ó�†�_�C >,�ö�•Ì#Õ#Ø�X�c7Ÿ�K�_�8�•²�Z
�b�Í�«�º �@�¤�w�ö�†�w�K�S"g�Â>&+$�E"g�Â>'�[>*�M�Ç�b�¤���Í�«�º �@#Õ�s���M�§���Í�«�º�X�†/²�M�\�I�€>*
�M+á�_𝑅𝑅0 �\/²0°�I�€�•>, �'( 1) �_�>�8�Z>*+$�E"g�Â�b�Í�«�º�X�b�ì�I 𝑡𝑡 = 0 �_�>�E�•�6�‡�Í�† 𝑆𝑆(0) �\�M�•>,
�G�G�[>*�a�X�b�Í�«�º�@�¤���K�S�\�M�•�\>*�v/œ�6�‡�_�>�8�Z�è�W�b)z�g�ì�‰&ì�'�@�B�~'g�X>,  

𝑑𝑑𝑑𝑑(𝑡𝑡)
𝑑𝑑𝑡𝑡

= (𝛼𝛼𝑆𝑆(0) − 𝛽𝛽)𝐼𝐼(𝑡𝑡)      (4) 

�G�€�|�~>* 𝐼𝐼(𝑡𝑡) = 𝐼𝐼(0)𝑒𝑒(𝛼𝛼𝑑𝑑(0)−𝛽𝛽)𝑡𝑡 �\�^�~>*�Ð�Ý�§�«�b�2�N�_�‘�8�Q�ö�M�•>,�'( 4) �|�~>* 𝐼𝐼(𝑡𝑡) �@�6�‡"g�Â�_3Æ
�C�_�>�8�Z�ì�I�\�\�v�_�Q�•�M�•�S�u�_�c>* (𝛼𝛼𝑆𝑆(0) − 𝛽𝛽)𝑡𝑡 > 0 �[�6�•�²0[�@�6�•>,�G�€�†�š�g�M�•�\ 𝛼𝛼𝑆𝑆(0)/
𝛽𝛽 > 1 �\�^�•>,�M�‰>* (𝛼𝛼𝑆𝑆(0) − 𝛽𝛽)𝑡𝑡 < 0 �b���œ�c>* 𝐼𝐼(𝑡𝑡) �c�ö�a�K>* 𝛼𝛼𝑆𝑆(0)/𝛽𝛽 < 1�\�š�g�[�A�•>,�G�€�|�~+¬�Š
4�ì�º�Î�µ�º�¿�µ�º�b�¤���²�–�¼�Ñ�¡�«�_�>�E�•�ö�•Ì#Õ#Ø�X 𝑅𝑅0 �c  

𝑅𝑅0 =
𝛼𝛼𝑆𝑆(0)
𝛽𝛽

 

�[/²�I�€�•�G�\�@�ƒ�?�•>,�G�b 𝑅𝑅0 �b�Í�@ 1 �|�~�±�A�8�ì�_�Î�µ�º�¿�µ�º�Ð�Ý�˜�™�”�c�6�‡"g�Â�_�>�8�Z�¤
���Ñ�S�K>*�M�‰>*1 �|�~�`�I�8�ì�c�Î�µ�º�¿�µ�º�Ð�Ý�˜�™�”�@�¤���Ñ�S�O�N>*�6�‡"g�Â�?�}+¬!›�˜ [�M �•>,  

���_>* 𝑅𝑅0 > 1 �b���œ�_>*+¬�Š4�ì�º�Î�µ�º�¿�µ�º�@�Q�b�r�r-•���K)F�E�•�b�?>*�v�K�C�c�6�•�•7u�[�˜ [

�M�•�b�?�†*ƒ�9�M�•>,�G�G�[>*𝑡𝑡  ��„ �\�K�S���œ�_>*+$�E"g�Â�b�Í�«�º�X 𝑆𝑆(𝑡𝑡) �\�¤��"g�Â�b�Í�«�º�X 𝐼𝐼(𝑡𝑡) 

�@�Q�€�R�€>* 𝑆𝑆 �>�|�g 𝐼𝐼 �\�8�:���–"g�Â�_�p�°�M�•�v�b�\�M�•>,�G�b�\�A>*�'( 1) �>�|�g( 2) �|�~>*  
 

0 = −𝛼𝛼𝑆𝑆𝐼𝐼 + 𝛾𝛾(𝐼𝐼 + 1)(𝑁𝑁 − 𝑆𝑆 − 𝐼𝐼) − 𝛿𝛿𝑆𝑆 
0 =  𝛼𝛼𝑆𝑆 𝐼𝐼 −  𝛽𝛽𝐼𝐼 

20182040
過去なし
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�@�B'g�K>*𝑆𝑆 = 𝛽𝛽
𝛼𝛼
 �v�K�C�c 𝐼𝐼 =  0 �[�6�•�G�\�@�ƒ�?�•>, 𝑥𝑥 = 𝛼𝛼𝑆𝑆 −  𝛾𝛾𝑁𝑁 +  𝛾𝛾𝑆𝑆 +  𝛾𝛾>*𝑦𝑦 = 4𝛾𝛾(𝛿𝛿𝑆𝑆 − 𝛾𝛾𝑁𝑁 + 𝛾𝛾𝑆𝑆) �\

�K>*𝑆𝑆 = 𝛽𝛽
𝛼𝛼
 �b���œ�b 𝐼𝐼 �>�|�g>* 𝐼𝐼 = 0 �b���œ�b 𝑆𝑆 �†�Ó�u�•�\ >*�è�W�b�'�@�_�?�€�•>,  

(𝑆𝑆, 𝐼𝐼) = �
�𝛽𝛽
𝛼𝛼

, −𝑥𝑥−�𝑥𝑥
2−𝑦𝑦

2𝛾𝛾
� , 𝑥𝑥2  −  𝑦𝑦 ≥ 0 �b�\�A

� 𝛾𝛾𝛾𝛾
𝛾𝛾+𝛿𝛿

, 0� , �Q�b�Ú
    (5)  

 
>&>1>'0Û�o 

�'( 1) - ( 3) �_�ö�Y�8�S�X�Í0£'ì�_�|�~>*+¬�Š4�ì�º�Î�µ�º�¿�µ�º�b�¤���Ñ�S�b�ú�•+Ù�8�†1*�m�•>,�è�W�[�c>*
MATLAB�†#Ý�8�Z�X�Í0£'ì�†/œ�W�S)��Ý�†&g�M>,�r�N>*�ö�•Ì#Õ#Ø�X�_�|�W�Z>*+¬�Š4�ì�º�Î�µ�º�¿�µ�º�@�6
�‡"g�Â�?�}�Ñ�S>*�v�K�C�c�˜ [�_�¥�?�:�G�\�†&�1��M�•>,�'( 1) - ( 3) �_�>�E�•�›'��Ã�Û�Ó�î�±�c 𝛼𝛼 =  0.0001>*
𝛽𝛽 =  0.1>*𝛾𝛾 =  0.2>*𝛿𝛿 = 0.05�\�M�•>,  

�W 2 �_ 𝑅𝑅0 = 0.5 �b���œ�b)�4#�¥�X  𝑡𝑡 �_�P�M�•�¤���Í�«�º�X 𝐼𝐼(𝑡𝑡) �†&g�M>,�^�>>*�G�b�\�A�b�6�‡"g�Â�c
�𝑆𝑆(0), 𝐼𝐼(0),𝑅𝑅(0)� = (500,1,0) �[�6�~>* 𝑅𝑅0 = (0.0001 × 500)/0.1 = 0.5 �\�^�•>,�W�|�~>*�6�‡"g�Â�?�}�¤���Í
�«�º�X 𝑆𝑆(𝑡𝑡) �@�Q�•�O�N�_�˜ [�_�¥�?�:�G�\�@�ƒ�?�•>,�X�r�~>*+$�E�ö�b$Î0b+��Š�_6õ�ƒ�}�N>*�¤��"á  𝛼𝛼>*7V
�d"á 𝛽𝛽>*�6�‡"g�Â�[�b+$�E�Í�«�º�X 𝑆𝑆(0) �_�|�~�ô���I�€�• 𝑅𝑅0 �@1 �|�~�`�I�8���œ�_>*�6�‡"g�Â�b�È�@�~
�c�š�D�I�€�•�\�8�<�•>,�W 3 �_>*𝑅𝑅0 = 2 �b���œ�b)�4#�¥�X 𝑡𝑡 �_�P�M�•�¤���Í�«�º�X 𝐼𝐼(𝑡𝑡) �†&g�M>,�G�b�\�A
�b�6�‡"g�Â�c �𝑆𝑆(0), 𝐼𝐼(0),𝑅𝑅(0)� = (2,000,1,0) �[�6�~>*  𝑅𝑅0 = (0.0001 × 2,000)/0.1 = 2.0 �[�6�•>,�W�|�~>*�6
�‡"g�Â�?�}�¤�� �Í�«�º �X�@!ÿ$Î$×�_�Q�•�K>*�>�>�|�Q 1,000 �Ž�?�}�Q�•�v�ö�a�v�K�^�C�^�W�Z�8�•�G�\�@�ƒ
�?�•>,  

���_>* �X�Í0£'ì�_�|�~ >*�¤���Ñ�S�‹�b�ò�·�b&�1��†/œ�:>,�G�G�[>*)r�Í�«�º�X�† 10,000 �Ž>*�›'��Ã�Û�Ó�î
�±�† 𝛼𝛼 = 0.0001>*𝛽𝛽 =  0.2>*𝛿𝛿 =  0.05 �\�M�•>,�6�‡"g�Â�† �𝑆𝑆(0), 𝐼𝐼(0),𝑅𝑅(0)� = (9,999, 1, 0) �\�K>*�G�b�\�A
�b�ö�•Ì#Õ#Ø�X�c 𝑅𝑅0 ≈ 5.0 �[�6�•>,�X�r�~>*�6�‡"g�Â�?�}�¤���Í�«�º�X�@�Q�•�K�Z�8�C"g�#�†�•���K�Z�8
�•>,�V0°�Ã�Û�Ó�î�±�†�Z�< �S���œ�_ >*𝐼𝐼 ≥ 0 �\�^�•�S�u�_�c>* �'( 5) �_�>�8�Z>* 𝛾𝛾 ≥ 4.0983  × 10−5 �[�6�•�²
0[�@�6�•>, �W4 �_>* 𝛾𝛾 = 4.0 × 10−5 �b�\�A�b>*)�4#�ì6ë 𝑡𝑡 �_�P�M�•+$�E�Í�«�º�X>*�¤���Í�«�º�X>*�–1¤�Í�«
�º�X�b�N&ã�†&g�M>,�G�b�\�A>* 𝛾𝛾 < 4.0983 × 10−5 �[�6�•�S�u>*�¤���Í�«�º�X�c�M�ì$×�_�Q�•�M�•�@>*�ì6ë�\
�\�v�_�ö�a�K>*�q)
$×�_ 0 �\�^�•�G�\�@�ƒ�?�•>,�r�S>*�o�\�‡�]�b�Í�«�º�@�–1¤"g�Â�_4D&ã�K�Z�8�•�G�\�?
�}>*�Î�µ�º�¿�µ�º�Ð�Ý�˜�™�”�b�v/œ�c)
�%�_�¥�?�:�G�\�@&�1��[�A�•>,�W 5 �_>* 𝛾𝛾 = 4.1 × 10−5 �b�\�A�b>*
)�4#�ì6ë 𝑡𝑡 �_�P�M�•+$�E�Í�«�º�X>*�¤���Í�«�º�X>*�–1¤�Í�«�º�X�b�N&ã�†&g�M>,�G�b�\�A>* 𝛾𝛾 > 4.0983 × 10−5 
�[�6�•�S�u>*�¤���Í�«�º�X�c�M���b�Í�_�p�°�M�•>,�r�S>*�' ( 5) �_�|�~>* (𝑆𝑆, 𝐼𝐼,𝑅𝑅) = (2,000, 1,636, 6,365)�\0£
'ì�[�A>*�W�\�M+´�M�•�G�\�@�ƒ�?�•>,�X�r�~>*�Î�µ�º�¿�µ�º�Ð�Ý�˜�™�”�b�v/œ�c)
�%�_�¥�?�ƒ�N>*�–�_�¤��
�Í�«�º�@�Ñ�~�K)F�E�•�G�\�@�ƒ�?�•>,�G�€�}�b)��Ý�_�|�~>*+¬�Š4�ì�º�Î�µ�º�¿�µ�º�_�P� �K�Z�8�C�S�u�_
�c>*+$�E�ö�è��"á γ �†�a�K�[�v�š�D�M�•�G�\�@5�0[�\�^�•>,  
 

      

�W2 𝑅𝑅0 = 0.5 �b���œ                �W 3 𝑅𝑅0 = 2�b���œ  

20182040
過去なし
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3-2 �Î�Û�å�¸�•�”�Ô�¹�Ý�_�|�•�¤���P'Ç  

>&>/>'�Î�Û�å�¸�•�”�Ô�¹�Ý�b�¤���²�–�¼�Ñ�¡�«  

+¬�Š4�ì�º�Î�µ�º�¿�µ�º�l�b�P� �m�•�\�K�Z>*+$�E�ö�b$Î
0b�†�š�D�M�•�G�\�@*ƒ�<�}�€�•>,�Q�G�[�•%Ê'2�[�c>* �Î�Û�å�¸
�•�”�b�Í�«�º*L�b0£'ì2( ;�†#Ý�8�S�(�S�µ�”�Û*f�_�|�~�•%±
�b+$�E�ö�†+¬�Š4�ì�º�Î�µ�º�¿�µ�º�|�~�v›�_$Î0b�K>*�Q�€
�†�Ÿ�Ÿ�M�•�Î�Û�å�¸�•�”�Ô�¹�Ý �b�f�L�†/œ�: >,�•'��[�c�è�W
�b�•���b�v�\>*�Î�Û�å�¸�•�”�Ô�¹�Ý�b�ô��1=$×�Ô�¹�Ý�ì�†/œ
�:>,  

1)  �P1ß�\�^�•�¿�µ�º�á�î�¡Æ�_>*�Î�Û�å�¸�•�”�¢�Ý�î�É
�@�M�X�Ñ�~�M�•>,  

2) +$�E"g�Â�v�K�C�c�–1¤"g�Â�b�Í�«�º�c�Î�Û�å�¸�•�”�Í�«�º�_�^�•�G�\�@�•+��[�6�~>*�Î�Û�å�¸�•�”�¢
�Ý�î�ÉÆ�b�Í�«�º�X�@�¨�8 �o�]>*�Î�Û�å�¸�•�”�Í�«�º�_�^�~�x�M�8>,  

3) �Î�Û�å�¸�•�”�¢�Ý�î�É�c>*+$�E�ö$Î0b�b�_���†�¿�µ�º�á�î�¡Æ�b²�Í�«�º�_�f�j�K>*+$�E�ö�†�–1¤�M
�•�G�\�@�•+��[�6�•>,  

4)  �Î�Û�å�¸�•�”�Í�«�º�c>*�¢�Ý�î�É�?�}+¬#ä�_�¤�E���M�G�\�@�•+��[�6�• >,  
�W6 �_>*�G�€�}�†�•���K�S�Î�Û�å�¸�•�”�Ô�¹�Ý�_�>�E�•�›�Í�«�º�b"g�Â4D&ã�†&g�M>,�W�_�>�8�Z>*S 1 �>�|

�g S2 �c�Í�«�º�_�¤%±�b+$�E�ö�@�6�•"g�Â>&+$�E"g�Â>'>*I �c�Í�«�º�@�¤���K�Z�8�•"g�Â>&�¤��"g�Â>'>*R 1 �>�|
�g R2 �c�Í�«�º�_�¤%±�b+$�E�ö�@!“�8"g�Â>&�–1¤"g�Â>'�[�6�•�G�\�†&g�M>,�r�S>* S1 �>�|�g R1 �c�Í�«�º�@�Î�Û
�å�¸�•�”�¢�Ý�î�É�_�“�K�Z�8�^�8�G�\�†>* S2 �>�|�g R2 �c�Í�«�º�@�Î�Û�å�¸�•�”�¢�Ý�î�É�_�“�K�Z�8�•�G�\�†
/²�M>,�›�Í�«�º�c�è�W�b�–�Ë�å�º�_�‘�8"g�Â4D&ã�M�•>, 

a) +$�E"g�Â�b�Í�«�º�@�¤���M�•>,>&1 >*5>'>,  
b) �¤��"g�Â�b�Í�«�º�?�}�Ð�Ý�˜�™�”�@�v�~7V�?�€�•>&2 >'>,  
c) +$�E"g�Â�b�Í�«�º�?�}+$�E�ö�@7V�d�I�€�•>&4 >*10>'>,  
d) �Î�Û�å�¸�•�”�¢�Ý�î�É�?�}7³+:�M�•>,>&6 >*8>'>,  
e) �Î�Û�å�¸�•�”�¢�Ý�î�É�_�g�•�M�•>&7 >*9>'>,  
f) +¬�Š4�ì�º�Î�µ�º�¿�µ�º�@+$�E�ö�†$Î0b�M�•>&3 >*11>'>,  
�G�G�[>*�ì�I t �_�>�8�Z+$�E"g�Â S1 �>�|�g S2 �_�6�•�Í�«�º�X�†�Q�€�R�€ 𝑆𝑆1(𝑡𝑡) �>�|�g 𝑆𝑆2(𝑡𝑡)>*�¤��"g�Â I

�_�6�•�Í�«�º�X�† 𝐼𝐼(𝑡𝑡)>*�–1¤"g�Â R1 �>�|�g R2 �_�6�•�Í�«�º�X�†�Q�€�R�€ 𝑅𝑅1(𝑡𝑡) �>�|�g  𝑅𝑅2(𝑡𝑡) �\�M�•>,�G�b
�\�A>*�›"g�Â6ë�b�ì6ë�\�S�~�b�š�ì5��c�è�W�b�–�¤�(�‰&ì�'(Ô�_�|�W�Z/²�I�€�•>,  

𝑑𝑑𝑆𝑆1(𝑡𝑡)
𝑑𝑑𝑡𝑡

= −𝛼𝛼1𝑆𝑆1(𝑡𝑡)𝐼𝐼(𝑡𝑡) +
𝛾𝛾2𝐼𝐼(𝑡𝑡)2𝑅𝑅1(𝑡𝑡)

𝜓𝜓�𝑆𝑆2(𝑡𝑡) + 𝑅𝑅2(𝑡𝑡)� + 𝛾𝛾𝐼𝐼(𝑡𝑡)
+ 𝜃𝜃𝑆𝑆2(𝑡𝑡) − 𝛿𝛿1𝑆𝑆1(𝑡𝑡) − 𝜖𝜖𝑆𝑆1(𝑡𝑡)(𝑆𝑆2(𝑡𝑡) + 𝑅𝑅2(𝑡𝑡) + 1) 

𝑑𝑑𝑆𝑆2(𝑡𝑡)
𝑑𝑑𝑡𝑡

= −𝛼𝛼2𝑆𝑆2(𝑡𝑡)𝐼𝐼(𝑡𝑡) +
𝛾𝛾2𝐼𝐼(𝑡𝑡)2𝑅𝑅2(𝑡𝑡)

𝜓𝜓�𝑆𝑆2(𝑡𝑡) + 𝑅𝑅2(𝑡𝑡)� + 𝛾𝛾𝐼𝐼(𝑡𝑡)
− 𝜃𝜃𝑆𝑆2(𝑡𝑡) − 𝛿𝛿2𝑆𝑆2(𝑡𝑡)𝑅𝑅2(𝑡𝑡) 

            

�W4  𝛾𝛾 = 4.0 × 10−5 �b���œ               �W 5  𝛾𝛾 = 4.1 × 10−5�b���œ  

 

�W6  �Î�Û�å�¸�•�”�Ô�¹�Ý  
 

20182040
過去なし
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𝑑𝑑𝐼𝐼(𝑡𝑡)
𝑑𝑑𝑡𝑡

= 𝛼𝛼1𝑆𝑆1(𝑡𝑡)𝐼𝐼(𝑡𝑡) + 𝛼𝛼2𝑆𝑆2(𝑡𝑡)𝐼𝐼(𝑡𝑡) − 𝛽𝛽𝐼𝐼(𝑡𝑡) 

𝑑𝑑𝑅𝑅1(𝑡𝑡)
𝑑𝑑𝑡𝑡

= 𝛿𝛿1𝑆𝑆1(𝑡𝑡) −
𝛾𝛾2𝐼𝐼(𝑡𝑡)2𝑅𝑅1(𝑡𝑡)

𝜓𝜓�𝑆𝑆2(𝑡𝑡) + 𝑅𝑅2(𝑡𝑡)� + 𝛾𝛾𝐼𝐼(𝑡𝑡)
+ 𝛽𝛽𝐼𝐼(𝑡𝑡) − 𝜇𝜇𝑅𝑅1(𝑡𝑡)(𝑆𝑆2(𝑡𝑡) + 𝑅𝑅2(𝑡𝑡) + 1) + 𝜆𝜆𝑅𝑅2(𝑡𝑡) 

𝑑𝑑𝑅𝑅2(𝑡𝑡)
𝑑𝑑𝑡𝑡

= 𝛿𝛿2𝑆𝑆2(𝑡𝑡)𝑅𝑅2(𝑡𝑡) −
𝛾𝛾2𝐼𝐼(𝑡𝑡)2𝑅𝑅2(𝑡𝑡)

𝜓𝜓�𝑆𝑆2(𝑡𝑡) + 𝑅𝑅2(𝑡𝑡)� + 𝛾𝛾𝐼𝐼(𝑡𝑡)
− 𝜆𝜆𝑅𝑅2(𝑡𝑡) + 𝜇𝜇𝑅𝑅1(𝑡𝑡)(𝑆𝑆2(𝑡𝑡) + 𝑅𝑅2(𝑡𝑡) + 1)𝑅𝑅2(𝑡𝑡)

+ 𝜖𝜖𝑆𝑆1(𝑡𝑡)(𝑆𝑆2(𝑡𝑡) + 𝑅𝑅2(𝑡𝑡) + 1) 
 

�S�T�K >*𝛼𝛼1>*𝛼𝛼2 �c�Ð�Ý�˜�™�”�¤��"á>* 𝛽𝛽 �c�Ð�Ý�˜�™�”7V�d"á>* 𝛾𝛾 �>�|�g 𝜓𝜓 �c�Q�€�R�€+¬�Š4�ì�º�Î�µ�º�¿
�µ�º�>�|�g�Î�Û�å�¸�•�”�¢�Ý�î�É�b+$�E�ö$Î0b"á>* 𝛿𝛿1>*𝛿𝛿2 �c+$�E�ö7V�d"á>* 𝜖𝜖>*𝜇𝜇 �c�Î�Û�å�¸�•�”�¢�Ý�î�É
�g�•"á>* 𝜃𝜃>*𝜆𝜆 �c�Î�Û�å�¸�•�”�¢�Ý�î�É7³+:"á�[�6�•>,�Î�Û�å�¸�•�”�Ô�¹�Ý�[�c>*+¬�Š4�ì�º�Î�µ�º�¿�µ�º�b
+$�E�ö$Î0b+��Š 𝛾𝛾𝐼𝐼(𝑡𝑡) �@>*�Î�Û�å�¸�•�”�¢�Ý�î�É�b+$�E�ö$Î0b+��Š 𝜓𝜓�𝑆𝑆2(𝑡𝑡) + 𝑅𝑅2(𝑡𝑡)� �\�b�š�_�Â�L�Z�E�u
�}�€�•�G�\�†�•���K�Z�8�•>, 

 
>&>0>'0Û�o 

�Î�Û�å�¸�•�”�Ô�¹�Ý�_�>�8�Z>*²�Í�«�º�X�† 1000 �Ž�\�K�S�\�A�_>*�Ð�Ý�˜�™�”�@ 1 �Ž�b�Í�«�º�?�}�]�b
�|�:�_�Ñ�S>*�˜ [�M�•�?�†1*�m�•>,�©�«�¸�Ò�b�6�‡"g�Â�†  �𝑆𝑆1(0), 𝑆𝑆2(0), 𝐼𝐼(0),𝑅𝑅1(0),𝑅𝑅2(0)� =  (999,0,1,0,0) �\
�M�•>,�r�S>* 𝛼𝛼1 = 𝛼𝛼2 = 𝛽𝛽 = 𝛾𝛾 = 𝛿𝛿1 = 𝛿𝛿2 = 𝜓𝜓 = 𝜃𝜃 = 𝜆𝜆 = 0.1 �\�M�•>,�W 7(a)�>�|�g(b)�_�Q�€�R�€>*�Î�Û�å�¸
�•�”�¢�Ý�î�É�l�b�g�•"á�@  𝜖𝜖 = 𝜇𝜇 = 0.1 �>�|�g 𝜖𝜖 = 𝜇𝜇 = 0.198 �b�\�A�b>*)�4#�ì6ë�_�P�M�•�›"g�Â�b�Í�«�º
�X�†&g�M>,�W 7(a)�|�~>*�Î�Û�å�¸�•�”�¢�Ý�î�É�l�b�g�•"á�@�*�8���œ�c>*�6�‡�•7u�_�>�8�Z�Î�Û�å�¸�•�”�¢
�Ý�î�É�_�“�M�•�Í�«�º�X�@�a�K�Q�•�M�•�@>*%·�ì6ë�[�o�\�‡�]�b�Í�«�º�@�Ð�Ý�˜�™�”�_�¤���K�Z�K�r�:�G�\
�@�ƒ�?�•>,�M�‰>*�W 7(b)�|�~>*�Î�Û�å�¸�•�”�¢�Ý�î�É�l�b�g�•"á�@9×�8���œ�c>*�Î�Û�å�¸�•�”�¢�Ý�î�É�_�“
�M�•�Í�«�º�X�@� �Ý$×�_�Q�•�K>*�Q�b)��Ý>*�Ð�Ý�˜�™�”�b�¤���Ñ�S�†�š�D�[�A�Z�8�•�G�\�@�ƒ�?�•>, �Î�Û�å
�¸�•�”�Ô�¹�Ý�b1"8Ÿ�\�K�Z �c>*�]�b�|�:�_�›�Í�«�º�_�Î�Û�å�¸�•�”�¢�Ý�î�É�l�g�•�M�•�G�\�†�•�M�?�\�8�:
�G�\�†�¤�î�Ò#.1='¼�†�Q#Ý�K�Z*ƒ�9�M�•�²0[�@�6�•>,  

4 &�"á1=�Ô�¹�Ý�_�|�•�”�É�ß�î�³  

4-1 �¤�î�Ò#.1= �†#Ý�8�S�Ð�Ý�˜�™�”�¤���Ñ�S�Ô�¹�Ý�b*ƒ�9  
>&>/>'FLIPIT �¤�î�Ò�b4:#Ý  

�•%Ê'2�[�c>*+¬�Š4�ì�º�Î�µ�º�¿�µ�º�b�¤���Ô�¹�Ý�b�|�~0ò(ý�_*ƒ�9�M�•�S�u�_>*�¤�î�Ò#.1=�b4:#Ý�†/œ
�:>,+¬�Š4�ì�º�Î�µ�º�¿�µ�º�b�¤���Ô�¹�Ý�_�>�8�Z�c>*�Î�µ�º�¿�µ�º�†�Q#Ý�K�Z�Í�«�º�_�7�Á�†/œ�:�É�Þ�–
�Ö�†�7�Á*…>*�Q�b+#�>�?�}�Í�«�º�†75�š�M�•�É�Þ�–�Ö�†75�š*…�\*ƒ�<�•�G�\�@�[�A�•>,�¤�î�Ò#.1=�†#Ý�8�•

 
( a)  𝜖𝜖 = 𝜇𝜇 = 0.1                       (b) 𝜖𝜖 = 𝜇𝜇 = 0.198 

�W7  �›"g�Â�b�Í�«�º�X  

20182040
過去なし
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�G�\�[>*%&�m�@�]�b�|�:�^�–�î�ô���†�M�•�?>*�Q�b�ì+¬�(+¬3��@�]�b�|�:�^�–�î�ô��>*�S$��†�v�•�m�A�?�†
*ƒ�9�[�A�•>,�r�S>*�Q�b�–�î�ô���†�K�S���œ�b�<�“�c�]�b�|�:�_�^�•�?�†�(�Ò�[�A>*�Ð�Ý�˜�™�”�¤���†�š�D
�[�A�•�•+��ö�b�6�•75�š��b�–�î�ô���†0b�•�G�\�@�[�A�•>,�•%Ê'2 �[�c>*�7�Á*…>*75�š*…�_�•�<¹�w�Ü�¯�î
�«�†�›�Í�«�º�\�K>*¹�w�Ü�¯�î�«�†�ã�8�œ�:8�� �Š>*�ö��_���b 2 �Ç�S$��g�¤�î�Ò�†*ƒ�<�•>,�G�b�|�:�^¹
�w�Ü�¯�î�«�†�ã�8��:"g�#�c FLIPIT �¤�î�Ò[ 9] �\�ç�d�€�•�¤�î�Ò#.1=�b�ß)��s�†4:#Ý�K�(�Ò�M�•�G�\�@�[�A
�•>,  

��7•�b�Ð�Ý�˜�™�”�¤���[�c>*�Ç6ë� �ˆ�b)Å�@�~�x>*�|�C0b�• WEB�Ì�î�ª>*�K)F�K�Z�8�•�¿�µ�º�á�î�¡#”�C
�\�8�W�S�|�:�_>*�Ð�Ý�˜�™�”�b�¤���b�K�x�M�I�c�Í�«�º� �ˆ�b�K)F6õ�€�_�k�Ñ�M�•�\*ƒ�<�}�€�•>,�G�b�|�:
�^�K)F6õ�€�†/²#'�M�•�S�u�_>*�Í�«�º�[�S�B�I�€�• �œ�î�Â�î�Þ�–�¿�µ�º�á�î�¡�†�•���M�• >,�G�€�c>*�¤���Í
�«�º�c�œ�î�Â�î�Þ�– �¿�µ�º�á�î�¡�V�b7„�K�Í�«�º�b�s�†�¤���I�O�•�G�\�@�[�A>*�Q�b�Ú�b�Í�«�º�†�¤���I�O
�•�G�\�c�[�A�^�8�\�8�:�v�b�[�6�•>, �Q�b�:�<�[>*�©�Ñ�×�Þ�î�©�Ù�å��9‚�_�|�~�“�}�€�S�¹�î�±�†#Ý�8�Z>*
�<�“�x�ò�·�†�(�Ò�M�•�G�\�[>*�Î�µ�º�¿�µ�º�Ð�Ý�˜�™�”�¤���b�Ñ�±�†�š�D�[�A�•�•+��ö�b�6�•75�š��b�–�î
�ô���†�N ��M�•>,  

FLIPIT �¤�î�Ò�c>*2 �Ç�b�É�Þ�–�Ö�@¹�w�Ü�¯�î�«�b�ö²�D�š�†"Ó�“�M�•�S�u�_'‡�8�œ�8>*�<�“�c¹�w�Ü�¯
�î�«�@+¬�(�b�D�š�W�_�6�•�ì6ë�^�]�_�|�W�Z��*O�I�€�•>,¹�w�Ü�¯�î�«�†�ã�8�œ�:"g�#�†�›�Í�«�º�_�>�8�Z
�•���K>*�Q�b�ì�b�›�É�Þ�–�Ö�b�¹�’�D�š�ì6ë>&�›�É�Þ�–�Ö�@�Ü�¯�î�«�†+¬3��b�D�š�W�_�>�8�S�ì6ë>'>* FLIP �@
/œ�ƒ�€�S >&¹�w�Ü�¯�î�«�†�ã�v�K�S>'�G�X�_�|�~�<�“�†'ì���M�•>,�G�G�[>*�É�Þ�–�Ö 1 �c�Ð�Ý�˜�™�”�¤��>*
+$�E�ö$Î0b�†/œ�:�G�\�[�›�Í�«�º�†�¤���b+#�>�_�ù�K>*�É�Þ�–�Ö 2 �c+$�E�ö7V�d>*�Ð�Ý�˜�™�”7V�d�†/œ�:�G
�\�[�›�Í�«�º�†�Ð�Ý�˜�™ �”�^�]�b+#�>�?�}75�š�M�•�G�\�†*ƒ�<�•�G�\�?�}>*�É�Þ�–�Ö�c SIRS �Ô�¹�Ý�_�>�E
�•�›4D&ã �_�‘�8 FLIP �†/œ�:�v�b�\�M�•>,�X�r�~>*�•'��b FLIPIT �¤�î�Ò�[�c�7�Á*…�b�S$��†+$�E�ö$Î0b"á  𝛾𝛾 
�\�Ð�Ý�˜�™�”�¤��"á 𝛼𝛼 �b)��[>*75�š*…�b�S$��†�–1¤"á  𝛿𝛿 �\�Ð�Ý�˜�™�”7V�d"á 𝛽𝛽 �b)��[/²�M>,  

�G�G�[>*�Í�«�º�X�† 𝑁𝑁>*�Í�«�º7Ÿ�œ�† 𝒩𝒩 = {1,2, … ,𝑁𝑁}>*�É�Þ�–�Ö�b7Ÿ�œ ℐ = {1,2} �\�M�•>,�ì�I 𝑡𝑡 = 0 �?
�}�¤�î�Ò�@6ä���K�S�\�K�Z>*�ì�I 𝑡𝑡 �r�[�b�›�É�Þ�–�Ö�b�<�“ 𝐵𝐵𝑖𝑖(𝑡𝑡) �c>* 

 
𝐵𝐵𝑖𝑖(𝑡𝑡) = 𝐺𝐺𝑖𝑖(𝑡𝑡) − 𝐶𝐶𝑖𝑖(𝑡𝑡) 

 
�[�Z�<�}�€�•>,�S�T�K>* 𝐺𝐺𝑖𝑖(𝑡𝑡) �c�ì�I 𝑡𝑡 �r�[�b�É�Þ�–�Ö 𝑖𝑖 �b"Ó�“�Ï�–�å�º�[�6�~>* 𝐶𝐶𝑖𝑖(𝑡𝑡) �c�ì�I 𝑡𝑡 �r�[�_
�É�Þ�–�Ö 𝑖𝑖 �@�-�v�W�S�¥�«�º�[�6�•>,�Í�«�º 𝑗𝑗 �_�>�E�•�ì�I 𝑡𝑡 �r�[�b�É�Þ�–�Ö  𝑖𝑖 �b�D�š�ì6ë�b)r�ô�†  

𝐴𝐴𝑖𝑖
𝑗𝑗(𝑡𝑡) �\�M�•�\>*"Ó�“�Ï�–�å�º 𝐺𝐺𝑖𝑖(𝑡𝑡) �c�è�W�b�'�[/²�M�G�\�@�[�A�•>,  

𝐺𝐺𝑖𝑖(𝑡𝑡) =
1
𝑁𝑁
�𝐴𝐴𝑖𝑖

𝑗𝑗(𝑡𝑡) × 𝑛𝑛𝑖𝑖

𝛾𝛾

𝑗𝑗=1

  

�S�T�K>*𝑛𝑛 𝑖𝑖 �c�É�Þ�–�Ö  𝑖𝑖 �@¹�w�Ü�¯�î�«�†�D�š�K�Z�8�•���œ�_>*�"�)�ì6ë�6�S�~�_"Ó�“�[�A�•�Ï�–�å�º�†
/²�M>,�r�S>*�É�Þ�–�Ö 1>&�7�Á*…>'�b�-�v�8�¥�«�º 𝐶𝐶1(𝑡𝑡) �†  

𝐶𝐶1(𝑡𝑡) = 𝑇𝑇𝛼𝛼(𝑡𝑡)𝐶𝐶𝛼𝛼 + 𝑇𝑇𝜂𝜂(𝑡𝑡)𝐶𝐶𝜂𝜂
1

𝐼𝐼(𝑡𝑡) + 1
 

�[��*O�M�•>,�G�G�[ 𝑇𝑇𝛼𝛼(𝑡𝑡) �c�ì�I  𝑡𝑡 �r�[�_�7�Á*…�@�Î�µ�º�¿�µ�º�Ð�Ý�˜�™�”�†�Í�«�º�_�¤���I�O�S�G�X>*
𝑇𝑇𝜂𝜂(𝑡𝑡)  �c�ì�I 𝑡𝑡 �r�[�_�7�Á*…�@+$�E�ö�†$Î0b�K�S�G�X�†/²�M>,�r�S>*  𝐶𝐶𝛼𝛼 �>�|�g 𝐶𝐶𝜂𝜂 �c�Q�€�R�€>*�Ð�Ý�˜�™
�”�¤���>�|�g+$�E�ö$Î0b�6�S�~�_�7�Á*…�@�-�v�:�²0[�b�6�•�¥�«�º�[�6�•>, �r�S>* 𝐼𝐼(𝑡𝑡) �c�ì�I 𝑡𝑡 �_�>�E�•�¤
���Í�«�º�X�†/²�M>,�M�‰>*�É�Þ�–�Ö 2>&75�š*…>'�b�-�v�8�¥�«�º 𝐶𝐶2(𝑡𝑡)�†  
 

𝐶𝐶2(𝑡𝑡) = 𝑇𝑇𝛿𝛿𝑆𝑆(𝑡𝑡)𝐶𝐶𝛿𝛿𝑆𝑆 + 𝑇𝑇𝛿𝛿𝐼𝐼(𝑡𝑡)𝐶𝐶𝛿𝛿𝐼𝐼 
 

�\��*O�M�•>,�G�G�[>* 𝑇𝑇𝛿𝛿𝑆𝑆(𝑡𝑡) �c�ì�I 𝑡𝑡 �r�[�_75�š*…�@�Í�«�º�b+$�E�ö�†7V�d�K�S�G�X�†>* 𝑇𝑇𝛿𝛿𝐼𝐼(𝑡𝑡) �c�ì�I 𝑡𝑡 �r
�[�_75�š*…�@�Î�µ�º�¿�µ�º�Ð�Ý�˜�™�”�†�Í�«�º�?�}7V�d�K�S�G�X�[�6�•>,�r�S>* 𝐶𝐶𝛿𝛿𝑆𝑆 �>�|�g 𝐶𝐶𝛿𝛿𝐼𝐼 �c�Q�€�R�€>*
+$�E�ö7V�d�>�|�g�Ð�Ý�˜�™�”7V�d�6�S�~�_75�š*…�@�-�v�:�²0[�b�6�•�¥�«�º�†/²�M>,  
 
 

20182040
過去なし
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>&>0>'0Û�o 
�•%Ê'2�[�c>*�©�Ñ�×�Þ�î�©�Ù�å��9‚�_�|�~>*+¬�Š4�ì�º�Î�µ�º�¿�µ�º�b�¤���Ô�¹�Ý�_ FLIPIT �¤�î�Ò�†4:#Ý

�K�7�Á*…�>�|�g75�š*…�b �q4:�Â'Å�S$��x�<�“�b *ƒ�9 �†/œ�:>,�Í�«�º�[�S�B�I�€�• �œ�î�Â�î�Þ�– �¿�µ�º�á�î�¡
�\�K�Z>*�«�Ô�î�Ý�á�î�Ý�»�ö�\�«�£�î�Ý�Ç�Ü�î�ö�b�ö2A�†�â�X Barabasi- Albert �Ô�¹�Ý[10]�_�ö�Y�A�8�B�K
�S>*²�Í�«�º�† 100 �Ž>*�¹�’���X 4 �b�¿�µ�º�á �î�¡�†#Ý�8�•>,�©�«�¸�Ò�b�6�‡"g�Â�† �𝑆𝑆(𝑡𝑡), 𝐼𝐼(𝑡𝑡),𝑅𝑅(𝑡𝑡)� =
(99,1,0) �\�K>* 𝑛𝑛1 =  𝑛𝑛2 = 1>*𝐶𝐶𝛼𝛼  =  𝐶𝐶𝜂𝜂  = 𝐶𝐶𝛿𝛿𝐼𝐼   =  𝐶𝐶𝛿𝛿𝑆𝑆 = 1 �\�K�Z FLIPIT �¤�î�Ò�†4:#Ý�M�•>,  

�W8(a)�>�|�g(b)�_�Q�€�R�€>*�ì�I 𝑡𝑡 = 100 �b�\�A�b�–1¤"á�>�|�g�Ð�Ý�˜�™�”7V�d"á�_�P�M�•>*�7�Á*…�b
�q4:�Â'Å�S$��ì�b�<�“�>�|�g�¹�’�¤���Í�«�º�X�†&g�M>,� �]�_>*�W 9(a)�>�|�g(b)�_�Q�€�R�€>*�ì�I 𝑡𝑡 = 100 
�b�\�A�b+$�E�ö$Î0b"á�>�|�g�Ð�Ý�˜�™�”�¤��"á�_�P�M�•>*75�š*…�b�q4:�Â'Å�S$��ì�b�<�“�>�|�g�¹�’�¤���Í
�«�º�X�†&g�M>,�W 8 �|�~>*�Ð�Ý�˜�™�”7V�d"á�b�Q�•�_�|�~>*�7�Á*…�b�<�“�\�¤���Í�«�º�X�@�ö�a�M�•�G�\�@
�ƒ�?�•>,�M�‰>*�G�€�}�b�Í�c�–1¤"á�b�š�ì�_�P�K�Z�o�\�‡�]�š�·�K�^�8>,�W 9 �|�~>*75�š*…�b�<�“�\�¤���Í
�«�º�X�c>*�Ð�Ý�˜�™�”�¤��"á�>�|�g+$�E�ö$Î0b"á�@�Q�•�M�•�G�\�[9×�C�^�•>,�G�€�}�b)��Ý�_�c 2 �X�b�¼�µ
�©�×�’/®!l�@�Ñ�~�M�•>,�M�X% �c�S$� �(𝛼𝛼,𝛽𝛽), (𝛾𝛾, 𝛿𝛿)� = �(0.2,0.1), (1.0,0.9)� �b�\�A�[>*�G�b�\�A�7�Á*…�b�<
�“�c�x 0.336>*75�š*…�b�<�“�c 98.765 �[�6�•>,�§�X% �c�S$� �(𝛼𝛼,𝛽𝛽), (𝛾𝛾, 𝛿𝛿)� = �(0.1,0.1), (1.0,1.0)� �b�\�A�[>*
�G�b�\�A�b�7�Á*…�b�<�“�c �x0.135>*75�š*…�b�<�“�c 98.923 �[�6�•>, 

 
4-2 �µ�”�Û*f�†#Ý�8�S�Ð�Ý�˜�™�”�b�¤���Ñ�S�£ �  

>&>/>'�¹�î�±��µ�º�b�8�B  

&�"á1=$×�Ô�¹�Ý�_�‘�:0£'ì�µ�©�Ñ�×�Þ�î�©�Ù�å��9‚ �_�|�•�Ð�Ý�˜�™�”�¤���Ñ�S0Ž�Ò�[�c >*�¿�µ�º�á�î�¡�b
0d�•�@�±�A�C�^�•�o�]>* 0£'ì�ì6ë�@�±�œ�_�Q�•�M�•�e8Ÿ�@�6�• >,�Q�G�[�G�b�e8Ÿ�†0Ž�ô�M�•�S�u�_>* �¿�µ�º
�á�î�¡�S4��b�_���†#ì@�ì�K>*$��s3¸�s�½�×�î�Û�Ý�¿�µ�º�á�î�¡(Convolutional Neural Network: CNN)�†
#Ý�8�•�G�\�[(F�Æ$×�_�Ð�Ý�˜�™�”�b�¤���Ñ�S�Ø�œ�8�†�£ ��M�•�m�2 �†�f�L�M�•>,�•�m�2�[�c>* 0d�•�b�`�I�8
�¿�µ�º�á�î�¡�S4��†#Ý�8�S0£'ì�µ�©�Ñ�×�Þ�î�©�Ù�å��9‚�b)��Ý�_�|�~ CNN�b�Û*f�†/œ�8>* �Q�€�†�v�\�_0d�•

 

( a) �<�“                               (b) �¤���Í�«�º�X  
�W8  �7�Á*…�b�q4:�Â'Å�S$� 

 

( a) �<�“                               (b) �¤���Í�«�º�X  
�W9  75�š*…�b�q4:�Â'Å�S$� 

 

20182040
過去なし
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�b�±�A�8�¿�µ�º�á�î�¡�b1‘�9�†/œ�: >,0d�•�b�±�A�8�¿�µ�º�á�î�¡�†#ì@�ì�M�•7•�_�c>* �¿�µ�º�á�î�¡�S4��b
�_���†�»�ƒ�N�_#ì@�†�Ü�§�–�¬�K>* �Û*f�¹�î�±�b�§�–�¬�_�œ�ƒ�O�• >,�G�b�|�:�_�M�•�G�\�[>* �`0d�•�¿�µ�º
�á�î�¡�S4��b�_���?�}$��^�•�¿�µ�º�á�î�¡0d�•�_�>�E�•�Ð�Ý�˜�™�”�b�¤���Ñ�S�Ø�œ�8�†� "á$×�_�£ ��M�•�G
�\�@���¶�•>,  

�f�L�£ ��m�2�[�c>* �œ�î�Â�î�Þ�– �¿�µ�º�á�î�¡ �†5��s�Ü�A7„�K/œ�4�[/²#'�M�• >, �œ�î�Â�î�Þ�– �¿�µ�º�á�î
�¡�b�S4��†/²�M/œ�4�† 𝑨𝑨 �\�M�•�ì>* /œ�4�b0[(ò�c 𝑎𝑎𝑖𝑖,𝑗𝑗 ( 𝑖𝑖, 𝑗𝑗 = 1,2, … ,𝑁𝑁)  �\�^�•>, 𝑨𝑨 �c�Í�«�º�X�@ 𝑁𝑁 �b�ì>*
𝑁𝑁 × 𝑁𝑁 �b�G�‰/œ�4�[�6�•>, 𝑖𝑖 /œ% �b�›0[(ò�c>* �Í�«�º 𝑖𝑖 �\�Ú�b²�Z�b�Í�«�º�\�b�K)F"g�#�†&g�K�Z�8�• >,�G
�G�[ >*�›�Í�«�º6ë�b)Å�@�~�b�I�I�†*ƒ�Ö�M�•�S�u�_ >*𝑎𝑎𝑖𝑖,𝑗𝑗 �b�Í�\�K�Z>* �›�Í�«�º6ë�b�¤��"á  𝛼𝛼𝑖𝑖,𝑗𝑗 �†#Ý�8�•>,   

�G�b5��s�Ü�A7„�K/œ�4�†#Ý�8�Z CNN�b°�Š#Ý�b 𝑁𝑁 × 𝑁𝑁 �§�–�¬�b�¢�Þ�î�«�£�î�Ý#ì@�†�8�B�M�• >,½�/$×
�_�c>* 𝑎𝑎𝑖𝑖,𝑗𝑗 �† 0 �?�} 255 �b�Í�_�G0d�ì�K�S�:�<�[>* /œ�4�b�›0[(ò�@�›�Æ�¡��Ý�_�P�Â�M�•�|�:�_�¢�Þ�î�«�£
�î�Ý#ì@�†�8�B�M�•>, �›0[(ò�c>*)Å�@�~�@�I�8�o�] 255�_3Æ�C�^�~>*)Å�@�~�@�E�8�o�] 0 �_3Æ�C�^�•>, �^�>
�¢�Þ�î�«�£�î�Ý#ì@�b���œ >*/œ�4�b�›0[(ò�c 255�_3Æ�8�o�]$Ñ�C>* 0 �_3Æ�8�o�];î�C�^�• >,�S�T�K>*�G�b CNN
�†#Ý�8�S�¤���Ñ�S�£ ��2�[�c>*°�Š#ì@�b�§�–�¬�@ >*�¿�µ�º�á�î�¡0d�•>&�À�î�»�X>'�_�k�Ñ�M�•>,3û�– CNN
�[�c>*#ì@�†°�Š�M�•7•�_�Â�–�Ü�½�”/õ6ë�2�\�8�:�Ü�§�–�¬�‰�2�_�|�~+¬�·$×�_�§�–�¬�b1*�Z�@/œ�ƒ�€�•>,
�Q�b���œ >*�¿�µ�º�á�î�¡�S4��b�_���@�»�ƒ�€�•��€�@�6�~>*�£ �(�Ø�b�*�W�_�X�^�@�•�\*ƒ�<�}�€�• >,�Q�b
�S�u>*$��^�•�¿�µ�º�á�î�¡0d�•�b�Ð�Ý�˜�™�”#Õ�Ñ"á�†�£ ��M�•���œ�c>*#ì@�b�Ü�§�–�¬�‰�2�†*ƒ�Ö�K�^�E�€
�d�^�}�^�8>, �Q�G�[�f�L�m�2�[�c>* �¿�µ�º�á�î�¡�b�K)F6õ�€�†)T�â�K�^�@�}>* #ì@�b)°�`�†/œ�8>*�Q�€�†�¸
�«�º�¹�î�±�\�M�•�G�\�[ >*�£ �(�Ø�b�¥�V�†"z�:>, �è�W�_>*�f�L�m�2�_�>�E�•#ì@�b)°�`�m8p�_�X�8�Z1��Â
�M�•>,  

i)  �›�Í�«�º�_�P�K>*7„�K�À�î�»�b�¤��"á�b�œ0£�†'ì���K>*�¿�µ�º�á�î�¡Æ�[�q�v�¤��"á�b�œ0£�@�`�I�8
�Í�«�º�†4E�¥�M�•>,  

ii)   i) �[4E�¥�I�€�S�Í�«�º�_�K)F�K�Z�8�•�Í�«�º�b�p�[>*�q�v�¤��"á�b�œ0£�@�`�I�8�Í�«�º�†4E�¥�M�•>,  
iii)  i)�[4E�¥�I�€�S�Í�«�º�@�K)F�K�Z�8�•�›�Í�«�º�† ii)�[4E�¥�I�€�S�Í�«�º�_�K)F�M�•>,  
iv)   i)�[4E�¥�I�€�S�Í�«�º�†�P7V�M�•>,  
v)   % �†�Í�r�[ i)�?�} iv)�†)Þ�~3É�M >,  
 

>&>0>'0Û�o 
 �Û*f�í�s CNN�†#Ý�8�S0Û�o��9‚�_�|�~>* �f�L�m�2�b�¤���Ñ�S�£ ��ö+��†0Û�o�M�•>,�•'��[�c>* �Û*f�¹�î�±
�>�|�g�¸�«�º�¹�î�±�\�K�Z >*�¹�’���X�@ 4, 6, 8, 10 �b�œ�î�Â�î�Þ�– �¿�µ�º�á�î�¡�b)��Ý�†#Ý�8�•>,�›�Í�«
�º6ë�b�¤��"á 𝛼𝛼𝑖𝑖,𝑗𝑗 �c 0 �?�} 1 �b6ë�[�Û�å�²�Ò�_�Z�<�•>, �r�S>* �Û*f�¹�î�±�b#ì@�b�§�–�¬�† 100 × 100�Æ�¡
��Ý>&�Í�«�º�X 100>'�\�K >*19,200 �Û�b�Û*f�¹�î�±��µ�º�†#Ý�–�M�• >,�¸�«�º#ì@�c�›�Æ�¡��Ý�b�v�b�†�Q
�€�R�€ 4,800 �Û�N�X#Ý�–�K >*#ì@�b�§�–�¬�†)+�M�M�•�S�u�_>* �Í�«�º�X�@ 200�>�|�g 300�b#ì@�c100  × 100
�Æ�¡��Ý�b#ì@�_)°�`�M�• >,�r�S>* #ì@�b)°�`�‰�2�b�š3Q�\�K�Z>* #ì@�b�Ñ�±)°�`�_#Ý�8�}�€�•�¦�@�¨�8�Â
�–�Ü�½�”/õ6ë�2�†#Ý�8�•>,  

/² 1 �_�f�L�m�2�[&g�K�S#ì@)°�`�2�\�¤�Ñ�b#ì@)°�`�2�\�†�š3Q�K�S�¸�«�º�¹�î�±�b1‘�9)��Ý�†&g�M>, �G
�b1‘�9)��Ý�\�c>*0£'ì�µ�©�Ñ�×�Þ�î�©�Ù�å��9‚�_�|�~'ì���I�€�S�Ð�Ý�˜�™�”�b�¤���Ø�œ�8 �\>*CNN �_�|�~�£
 ��I�€�S�Ð�Ý�˜�™�” �b�¤���Ø�œ�8�b�j�b)/�P�Í�†&g�K�Z�8�•>, �Q�b�S�u>* �Í�@�`�I�8�o�]0£'ì�µ�©�Ñ�×�Þ�î
�©�Ù�å��9‚�_�|�~�Ó�u�}�€�S)��Ý�\ CNN�_�|�~�Ó�u�}�€�S)��Ý�_1��j�@�^�C >*�G&��_�£ ��[�A�Z�8�•�\�8�<
�•>,�G�b)��Ý�|�~>* �¤�Ñ�b#ì@)°�`�2�|�~>*�f�L�m�2�†#Ý�8�S���œ�b�‰�@�¹�’)/�P1��j�@�`�I�C>*�|�~�G&�
�_�£ ��[�A�Z�8�•�G�\�@&�1��[�A�• >,  

/² 1  1‘�9)��Ý  
�Í�«�º�X  100 200 300 
)°�`�‰�2  × �q �r �q �r 

�¹�’)/�P1��j  0.090 0.143 0.236 0.144 0.238 
�† =�ë�j  0.109 0.174 0.277 0.183 0.307 

�q�f�L�m�2  �r�Â�–�Ü�½�”/õ6ë�2  

20182040
過去なし
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5 �r�\�u  

 �•%Ê'2�[�c>*�W�¶�b�_��3û�™&k��b+#�>�\�^�~�:�• +¬�Š4�ì�º�Î�µ�º�¿�µ�º�_�P� �M�•�S�u�b>*�”�å�³�Ð
�Ý�˜�™�”�©�«�¸�Ò�Ô�¹�Ý�b�S(��†/œ�W�S>, �r�N�ô��1=$×�Ô�¹�Ý�ì�_�|�~>*+¬�Š4�ì�º�Î�µ�º�¿�µ�º�b�¤���²
�–�¼�Ñ�¡�«�†/²�K>*�]�b�|�:�^�²�ó�_�>�8�Z�¤���@�Ñ�±�M�•�b�?�†�Â�}�?�_�K�S>,�I�}�_>*�•�¤���b�¥�å�Æ
�×�î�±�†�<#Ý�K�Z�(�S�µ�”�Û*f�†/œ�8>*+¬�Š4�ì�º�Î�µ�º�¿�µ�º�|�~�v›�_�•%±�b+$�E�ö�†$Î0b�M�•�G�\�[
�6�}�?�L�u�¤���†75�D>*�Î�Û�å�¸�•�”�Ô�¹�Ý�†�f�L�K�S>, ���_>*&�"á1=$×�Ô�¹�Ý�ì�_�|�~>*�|�~0ò(ý�^�¤��
�š�D�b*ƒ�9�† /œ�W�S>,�r�N>* &�"á1=$×�¤���Ô�¹�Ý�_�¤�î�Ò#.1=�b4:#Ý�†�è0¦�K>*�Ð�Ý�˜�™�”�¤���†�š�D�[�A
�•�•+��ö�b�6�•75�š��b�–�î�ô���† &�1��K�S>, �I�}�_>* �Í�«�º6ë�b)Å�@�~�[�S �B�I�€�•�¿�µ�º�á�î�¡�†*ƒ�Ö
�K�S CNN�†#Ý�8�S�¤���Ñ�S�£ ��2�† �f�L�K�S >,�•%Ê'2�[�c>*�X�Í��9‚ �>�|�g�©�Ñ�×�Þ�î�©�Ù�å��9‚�_�|�~>*
�G�€�}�b�f�L�m�2�b�w� �ö�†&g�K�S>,  
 

���g*ƒ�e"©�� 

[ 1] T. Kudo, T. Kimura, Y. Inoue, H. Aman, and K. Hirata, “Stochastic modeling of self -evolving botnets 
with vulnerability discovery,” Computer Communications , vol. 124, pp. 101-110, 2018. 
[ 2] J. Gu, Z. Wang, J. Kuen, L. Ma, A. Shahroudy, and B. Shuai, “Recent  advances in convolutional 
neural networks,” arXiv preprint arXiv:1512.07108, 2015.  
[ 3]  J. Borello and L. Me, “Code obfuscation techniques for metamorphic viruses, ” Journal in Computer 
Virology , vol. 4, no. 3, pp. 211-220, 2008. 
[ 4] A. Cani, M. Gaudesi, E. Sanchez, G. Squillero, and A. Tonda, “Towards automated malware creation: 
code generation and code integration,” in Proc. Symposium on Applied Computing , Mar. 2014.  
[ 5] S. Noreen, S. Murtaza, M. Z. Shafiq, and M. Farooq, “Evolvable Malware,” in  Proc. Genetic and 
Evolutionary Computation Conference , Jul. 2009.  
[ 6]  R. Scandariato, J. Walden, A. Hovsepyan, and W. Joosen, “Predicting vulnerable software 
components via text mining,” IEEE Transactions on Software Engineering , vol. 40, no. 10, pp. 993-1006, 
2014. 
[ 7]  F. Yamaguchi, F. Lindner, and K. Rieck, “Vulnerability extrapolation: assisted discovery of 
vulnerabilities using machine learning,” in Proc. USENIX conference on Offensive Technologies , Aug. 
2011. 
[8]  J. Dean et al., “Large scale distr ibuted deep networks,” in Proc. Neural Information Processing 
Systems, Dec. 2012. 
[ 9]  M. Dijk, A. Juels, and A. Oprea, “FLIPIT: The Game of “Stealthy Takeover”,” Journal of Cryptology , 
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[ 10]  A. Barabasi and R. Albert, “Eme rgence of scaling in random  networks,” Science, vol. 286, pp.509–
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20182040
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