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�®�ß�_�p�a�M�•�^�]�
% �†�c�/;ò$×�^���œ�v�6�•��>'  
 
4) ��7•�_/œ!m�@/œ�ƒ�€�•�
�6�•�8�c��7•�_�¦1ß�@$Î#Õ�M�•�ì�\�
�Q�€�†%±0l�M�•�ì�b6ë�_



��
�

�c�
3û�–�ì6ë$×4��€�@�6�•���G�b�G�\�_�|�W�Z�
�©�«�¸�Ò�b�ú�•+Ù�8�b�š�ì�@�Ã�±�î�å�\
�K�Z#Õ�r�€�•���[�<�d�
�_���b��2A�†�š�<�S�‹�
�ì6ë4��€�[8³���c�
��2A�@�š�ƒ�W�S�G�\
�†%±0l�M�•��  
 
5) 3û�–�
%·�‡$×�^�o�Â�\6×�‡$×�^�o�Â�c�9�[�6�•���‘�W�Z�
�9�b�Ç�•�î�»�Â�µ�¡�í�Ý�î�É
�\�K�Z0°3Ù�M�•�‰�@�8�8���[�<�d�
- 3¸�‡�T�~�
�¼�(�@�M�W�A�~�K�^�8�ì�_�
.�"@�_�|�W
�Z�M�W�A�~�I�O�•�G�\�@�[�A�•�@�
�G�€�_8—�~�M�B�•�\�
.�"@�p�˜�_�^�W�Z�K�r�8�
�?�<
�W�Z6×�‡$×�_�c�O�s8j�†�l�p�M��  
 
6) 2 �X�b0[(ò�b�I�Ý6õ�€�_6õ�K�
�v�K�
�¨�C�b1��Â�@�²0[�[�6�€�d�
�p6ë�_�9�b0[(ò�†�ó�s�

�""‚�[�b6õ4��ö�†�"(ç�ì�?�X�Â&��ì�M�•�‰�@�8�8��  
 
7) �I�Ý6õ�€�W�c�^�•�m�C�"(ç�^�S4��_�M�•�‰�@�8�8��
²�Z�b)�� $×�^0[�I�†�I�Ý6õ�€�W�_
�v�~3¸�t�²0[�c�^�C�
�z0[�^0[�I�@�6�~�
% $×�\�M�•�Ç�•�î�»�Â�µ�¡�í�Ý�î�É�b�ú�•+Ù�8
�†1��Â�[�A�€�d�8�8��  
 
(6) �r�\�u  
�� �G�b'v�[�c�
 SD �c�
�P1ß�†�©�«�¸�Ò�\�K�Z#.0Ž�K�
0Ž�Ò�M�•�‰�2�[�6�•�G�\�
�©�«�¸�Ò
�c�ö�•$×�^�ú�•+Ù�8�
�6�•�8�c�Q�b)��s�œ�ƒ�O�[/²#'�I�€�•�ú�•+Ù�8�†�M�•�G�\�
�©�«�¸
�Ò�†���ö�Ô�¹�Ý�\�K�Z/²#'�M�•�‰�2�\�K�Z�
 CLD>&�I�Ý6õ�€�W>'�b�i�A�‰�†1��Â�K�r�K�S��  
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3.�Ô�¹�Ý�Ô�¹�Ý�Ô�¹�Ý�Ô�¹�Ý  
 
(1) �«�º�µ�¡�í�Ç�ß�î�í�Ô�¹�Ý>&��5��Ô�¹�Ý>'>8�«�º�µ�¡�í�Ç�ß�î�í�Ô�¹�Ý>&��5��Ô�¹�Ý>'>8�«�º�µ�¡�í�Ç�ß�î�í�Ô�¹�Ý>&��5��Ô�¹�Ý>'>8�«�º�µ�¡�í�Ç�ß�î�í�Ô�¹�Ý>&��5��Ô�¹�Ý>'>8  

 
�W3-1>8�I�Ý6õ�€�W�\�«�º�µ�¡�í�Ç�ß�î�í�Ô�¹�Ý  

 
�]�b�|�:�^�Å�ª�¿�«�[�6�€�
�Q�b�Ô�¹�Ý�c�
�«�º�µ�¡�
�Ç�ß�î�
�Q�K�Z�_���[�S�B�I�€

�r�M���r�S�
3û�–�c�
�Ô�¹�Ý�c�
�ì6ë�_�P�K�Z�š�ì�M�•�š�X�[�S�B�I�€�r�M��
›�_1��Â�K
�S�
�I�Ý6õ�€�W�c�
�G�b�«�º�µ�¡�í�Ç�ß�î�í�Ô�¹�Ý>&��5��Ô�¹�Ý>'�[0Ž5��[�A�r�M���I�Ý
6õ�€�W�[�c�
�«�º�µ�¡�
�Ç�ß�î�
�_���b�
�9�c�6�~�r�O�‡�[�K�S�@�
�G�b�
��5��Ô�¹�Ý�[
�c�
�«�º�µ�¡�
�Ç�ß�î�
�_���†�
�9�K�r�M���S�T�
�G�b�•7u�[�c�
�r�T'¼�'�[�Ã�Û�Ó�î�±
�î�†0d���K�Z�8�8�b�[�
�G�b�Ô�¹�Ý�†�«�º�µ�¡�í�Ç�ß�î�í�Ô�¹�Ý�\�ç�g�r�M���W 3-1 �_�§�å
�É�Ý�b�I�Ý6õ�€�W�\�«�º�µ�¡�í�Ç�ß�î�í�Ô�¹�Ý�†&g�K�Z�8�r�M��  
�� �W�b�v�b�@�
�«�º�µ�¡�í�Ç�ß�î�í�Ô�¹�Ý�[�
'ý�c�«�º�µ�¡�†&g�K�r�M���«�º�µ�¡�c�È =
>&�Þ�Ë�Ý>'�
�6�•�8�c(ü0£�†&g�M�v�b�[�M��/��¿�¡�±�–�b�|�:�^�v�b�@�Ç�ß�î�†/²�K�Z�8�r
�M���Ç�ß�î�c�v5��
�6�•�8�c"á>&�Þ�–�º>'�†&g�M�v�b�[�M��  
 
(2) �«�º�µ�¡�í�Ç�ß�î�í�Ô�¹�«�º�µ�¡�í�Ç�ß�î�í�Ô�¹�«�º�µ�¡�í�Ç�ß�î�í�Ô�¹�«�º�µ�¡�í�Ç�ß�î�í�Ô�¹�Ý>&��5��Ô�¹�Ý>'>8�Ý>&��5��Ô�¹�Ý>'>8�Ý>&��5��Ô�¹�Ý>'>8�Ý>&��5��Ô�¹�Ý>'>8  
�� SD �Ô�¹�Ý�c�
�q�* 1 �¶�b�«�º�µ�¡�\�Q�€�_4�)��M�•�q�* 1 �¶�b�Ç�ß�î�[�S�B�I�€�r�M��
�X�r�~�
 SD �Ô�¹�Ý�c�
�«�º�µ�¡�
�Ç�ß�î�
�š�X�[�S�B�I�€�r�M���q�6�_�G�b/²#'�‰�2�†�Ç
�›�Þ�«�±�î�@$Î�Â�K�S�b�[�M�@�
�G�b�"(ç�I�c8	�è$×�[�
�Ú�b�¥�å�Æ�×�î�±�î�_�|�•�Ô�¹
�Ý�[�c�v�W�\�8�•�‡�^�v�b�†�Q�8�r�M���[�<�d�
�Ç�ß�î�í�³�Õ�î�º�c�v�W�\�¨�C�b'�8®�b
0°�•�†�Q�8�r�M��  
 
(3) �«�º�µ�¡�\�Ç�ß�î>8�«�º�µ�¡�\�Ç�ß�î>8�«�º�µ�¡�\�Ç�ß�î>8�«�º�µ�¡�\�Ç�ß�î>8  
1) �«�º�µ�¡  

�«�º�µ�¡�c"@#.$×�^�v�b�[�
(ü'��I�€�•�ö�A�b�v�b�[�M���ö�•$×�_0£ ��[�A�•�v�b�c�«
�º�µ�¡�[�6�~�
�ì6ë�†�F�u�S�ì�_�
"@#.$×�^5��@�Ñ�~�M�•�v�b�[�M���d�Û�[�c"g�Â�š�X (state 
variable)�\�ç�d�€�•�v�b�[�M��  

�G�G�[�c)�� �†�P1ß�_*ƒ�<�Z�8�r�M�b�[�
"@�
�Ç�
2(#Ø�
�w$Î�@�
5 �b 5 �X�@�æ/²$×�^
�«�º�µ�¡�_�^�~�r�M��  

 
�í"@>8�N�¦�q�
�Ù�C���
�ö�B���^�]�[�
�d���[0����_�^�•�S�[�6�W�Z�v�
0����_�^�W�Z�?

�}�[�6�W�Z�v�
�I�}�_�c�
�~�Ü�x�v3û�³�Õ�¿�Ý�_�v�€�Z�v�
*(�?�€�Z�8�•"g�Â�_�€�}�N�

"@�\�K�Z*ƒ�<�
�«�º�µ�¡�_�^�~�r�M��  

�í�Ç>8��7•�b�Ç�
�S�T�K�›
>�ì6ë�c�«�º�µ�¡�[�c�6�~�r�O�‡��  
�í2(#Ø>8�d���
�µ�”�
0¿
��^�]0����†0�4��K�S�~�§�î�Å�«�†�f�j�M�•�S�u�b�v�b�[�M��  

 �̄~8³�� 2
�Ž �¤�Ñ8³��
+

- +
B

�¤�Ñ8³�� �̄~8³��
2
�Ž

B



���
�

�í�w$Î�@>80�4��æ&g�
�G#Ý�
�Y�·#Ø2N
°�
0¿
��ž2(>&�d����0¿�
�µ�”2N
°>'�^�]  
�í5 >8�ö�•$×�_�c#'5 ���-�v�

°5 �^�]�c�Ç�ß�î�_�^�~�r�M�@�
4*�W�S�«�º�µ�¡�b"g�Â�b

5 �b6ë�†&ã�·�M�•�_���\0Ž5��[�A�•�?�v�K�€�r�O�‡��#'5 �v�
�q3Æ�c�¡�Þ�ª�µ�º�í�•�î
�»�ô'ì�^�b�[��7•�_�>5 �†�w�E�û�M�ƒ�E�[�c�^�8�b�?�v%±�€�r�O�‡�@�
0£ ��[�A�
�ì6ë
�†�F�u�Z�v5 8 �@�Ñ�~�M�•�b�[�«�º�µ�¡�_�^�~�r�M��  

 
"@�
�Ç�
2(#Ø�c"@#.$×�^�v�b�^�b�[�M�D�_�«�º�µ�¡�\�(�?�~�x�M�8�b�[�M�@�
�q�‹�b�w

$Î�@�\5 �c�
�q3Æ�c�¥�å�Æ�×�î�±�î�[��#.�I�€�
"@#.$×�^�v�b�\�K�Z�c�…�ƒ�€�^�8�b�[�

�a�K�(�?�~�_�C�C�^�W�Z�8�r�M��  
 
2) �Ç�ß�î  

�G�€�_�P�K�
�Ç�ß�î�c�
(ü'��I�€�^�8�v�b�[�
�ö�•$×�_0£ ��[�A�^�8�v�b�c�Ç�ß�î�_�^
�~�
�ì6ë�†�F�u�S�ì�_�
�Í�@�Ñ�~�K�^�8�v�b�[�M��  
 
3) �_��  

%®�3�@�_���†&g�K�Z�8�r�M���W 3-1 �b�Ô�¹�Ý�[�c�
 ¯�~8³���?�}2
�Ž�_%®�3�@�6�~�
�G�€
�c ¯�~8³���_6õ�M�•�_���@2
�Ž�\�8�:�Ç�ß�î�_�v�S�}�I�€�•�G�\�†&g�K�Z�8�r�M���K�?�K�

�G�b�W�[�c�
�¤�Ñ8³���?�}2
�Ž�\�8�:%®�3�c�^�8�b�[�
�¤�Ñ8³���_6õ�M�•�_���c2
�Ž�_�c
�s8j�K�^�8�G�\�_�^�~�r�M��  
 

�?�W�Z�c�
�p6ë'ö#.*Ë�c�
�V�™4Š�\�W�™4Š�b6ë�_�_���†�v�~�â�X�G�\�@�Ù�¦�[�K�S�@�

7Á'ì�ì�ì�æ�†3Ä�<�
�Q�b�²0[�ö�c!“�C�^�W�S�|�:�_�î�ƒ�€�r�M���r�S�
�?�W�Z�c�
�_���†
�]�:�v�~�…�8�
��4)�M�•�?�@�e8Ÿ�T�W�S�b�[�M�@�
#'�~�c�
7Á'ì�µ�†�Q�8�
�8�X�[�v�
�T
�€�[�v�
%•�ì�_�_����4)�@�•+��\�^�~�
�_����4)�|�~�v�
�]�b�|�:�^�_���†�]�:��#.�M�•
�?�@5�0[�\�^�W�Z�A�Z�8�r�M��"@$×�^�v�b�c�
%•�ì�_&ã�·�M�•�\�?�
� �ì&ã�·�M�•�\�8�W
�S�G�\�@�[�A�r�O�‡�@�
�_���c%•�ì�_0
�X�b%&�m�_���<�}�€�•�b�[�
�Ô�¹�Ý�\�K�Z/²#'�K
�_�C�C�^�W�Z�8�r�M��  
 
(4) �r�\�u  
�� �G�b'v�[�c�
�Ô�¹�Ý�†�«�º�µ�¡�\�Ç�ß�î�[0°3Ù�[�A�•�G�\�
�Q�b�‰�2�†1��Â�K�r�K�S��  
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4.)�� �†�©�Ñ�×�Þ�î�©�Ù�å�M�•)�� �†�©�Ñ�×�Þ�î�©�Ù�å�M�•)�� �†�©�Ñ�×�Þ�î�©�Ù�å�M�•)�� �†�©�Ñ�×�Þ�î�©�Ù�å�M�•  
 
�«�º�µ�¡�í�Ç�ß�î�W�c�I�Ý6õ�€�W�|�~�c�¨�C�b�_���†/²#'�[�A�r�M�@�
�S�T�
�G�b�r�r

�[�c�
�©�«�¸�Ò�b�X5�$×�^�š�ì�c�(�?�~�r�O�‡���[�<�d�
�W 3-1 �b�W�b�
 ¯�~8³���\�¤�Ñ8³
���b�Ô�¹�Ý�[�c�
 ¯�~8³���@�]�:�š�ì�M�•�b�?�r�T�(�?�}�^�8�[�K�{�:���Q�b�S�u�_�c�

�¢�Û�Ç�[�X5�$×�^�š�ì�†&g�M�²0[�@�6�~�r�M��  
 

�Ô�¹�Ý�S(��[�c�
�]�G�r�[(ý4Š�†�Ô�¹�Ý�_�v�~3¸�t�?�
�]�:�Y&���0[(ò�†�…�:�?�@5�0[
�^�¦8o�\�^�~�r�M��)�� �Ô�¹�Ý�[�c�
�p6ë�Þ�Ë�Ý�_!”!l�†�œ�ƒ�O�Z�8�C�G�\�@5�0[�[�
�W
�™4Š�_�œ�ƒ�O�•�\�
�µ�”�b0¿*(���d�\�8�W�S(ý�?�8�¦8o�_�ú�~�G�I�€�•�G�\�_�^�~�r�M�K�

�º�µ�É�_�œ�ƒ�O�•�\�
5��z�b�¶�Ç$×�–�¿�ô���[�@�}�W�\�š�ƒ�W�Z�K�r�:�\�8�W�S�Y&����ö
�_�ú�~�G�I�€�Z�K�r�8�r�M���r�S�
��7•�_�c�
&k�c�p6ë�™�[�·�8�Z�8�Z�
�G�b4Š�(�_�e8Ÿ
�5�•�b� �Ý�@�6�~�r�M���G�b4Š�(�[�c�
���u�Z(ý4Š�_�ƒ�S�•�Ô�¹�Ý�c�²0[�6�~�r�O�‡���[
�<�d�
�‚0����†���M�S�u�_�c2
�Ž+��Š�I�ì�
0¿
��ž2(�b�–�¿�ô���x2(5 1*4)�\�8�W�S�¦8o
�@6õ�€�K�Z�C�•�[�K�{�:���G�G�[�
2
�Ž+��Š�I�ì�_6õ�K�
� ���«�±�µ�Ç�l�b�Ç�¦�‰5*�\��
�»��2A�c6õ�€�M�•�b�[�
�Ô�¹�Ý�S(��[*ƒ�Ö�M�m�A�?�v�K�€�r�O�‡�@�
�T�?�}�\�8�W�Z�
�¶��
�b�‘���(�b)%�Z�È =�\�?�w)%���$�b�«�£�ª�×�î�Ý�\�8�W�S�v�b�†*ƒ�Ö�M�•�G�\�r�[�c�K�^
�C�\�v�8�8�[�K�{�:��3û�–�c�
�v�W�\)+�œ$×�^�”�É�ß�î�³�[���(�[�M��  
�� )�� �Ô�¹�Ý�S(��[�c�
�¤�Ñ�b���»�É�ß�­�«�†�5�•�M�•�G�\�_% $×�@�6�~�
0ò(ý�^�Ô�¹�Ý
�†�S(��M�•�G�\�@% $×�[�c�6�~�r�O�‡���|�C�
0ò(ý�^�Ô�¹�Ý�†�8�•�:�\�M�•�Ç�@�8�r�M��
�K�?�K�
0ò(ý�^�Ô�¹�Ý�†�8�•�:�\�M�•�\�¹�î�±�p7Ÿ�[�ì6ë�†2��x�K�Z�K�r�8�
�K�?�v�ö�B
�K�S8m�_�c�
�P1ß�\�K�Z�8�S)�� �e8Ÿ�c�v�:�\�W�C�_��#.�I�€�Z�K�r�8�
�Ô�¹�Ý�c�z�_�S
�S�^�8�\�8�:�G�\�v�¨�C�6�~�r�M���š3Q$×�"(ç�^�Ô�¹�Ý�†�8�W�Z�
�±�–�Ò�Ü�î�_)�� �5�•
�_�z'g�X�|�:�_�M�•�G�\�b�‰�@�w%��[�M��  
 
�� SD �[�b�©�Ñ�×�Þ�î�©�Ù�å�c�
���c 2 �X�b�G�\�†�S�f�_�K�Z�8�r�M��  
 
1) �É�ß�­�«
Æ4Š�b�v�€�c4�)F�K�Z�8�•  
�� �X5��c4�)F�K�Z�É�ß�­�«�_�"�W�Z�ì6ë�š�ì�M�•��  
 
2) �É�ß�­�«�_�c�Û�å�²�Ò�^0[(ò�†�µ�r�^�8  
�� �X5��c�É�ß�­�«�_�"�W�Z0d�N�š�ì�K�
�t�U�w�C�U�w�^�
�ô�r�~�v�^�_�v�^�8�|�:�^"g�Â

�[�c�š�ì�K�^�8�� deterministic variable=&����š�X�[�6�~�
�Y&����š�X�[�c�^�8��  
 

��7•�_�c�
)�� �[�b���»�É�ß�­�«�c�
4�)F$×�\�8�:�|�~�c7³�S$×�^�b�[�M�@�
�Q�€�c�Ç
�\�?�_���\�8�W�S�v�b�[�6�~�
�ö�•$×�_�c4�)F�\*ƒ�<�Z��#.�[�A�•�\*ƒ�<�}�€�r�M��  
 

�Û�å�²�Ò�ö>&�Y&����ö>'�v��7•�b)�� �_�|�C�6�•�b�[�M�@�
�Q�€�†�(�Ò�K�
�Y&����ö�†
�ö�}�M�
�6�•�8�c!“�C�M�•�G�\�@)�� �b�Ï�–�å�º�\�^�•�|�:�_�î�8�r�M���r�S�
�6�•&ì�Ø
�Y&����ö�†�µ�‡�[�v�
�Q�b&ì�Ø�@�*�C�
���»�É�ß�­�«�[��#.�[�A�•�v�b�[�6�€�d�
�6�r�~
���»�_�c�s8j�c�^�8�\*ƒ�<�Z�8�8�[�K�{�:���[�<�d�
�5���(�@8¼4g�†�,�8�Z�
&k�†���t�\
�8�:�G�\�c�6�~�:�•�b�[�M�@�
�²�N�Q�:�^�•�ƒ�E�[�c�^�8�b�[�
�Y&����^�ƒ�E�[�M���S�T�

�‘���(�b 1 �Ç�x 2 �Ç8¼4g�_�^�W�Z�v�
���»
²�/�_�c�6�r�~�s8j�c�^�8�\*ƒ�<�}�€�r�M���Y
&����ö�[�c�
�s8j�Ø�v�I�~�^�@�}�
�1�@�Y&����ö�†#Õ�t�b�?�†$Î0b�M�•�G�\�@5�0[�[�M��  
 
(1) �«�º�µ�¡�b��*O�'>8�«�º�µ�¡�b��*O�'>8�«�º�µ�¡�b��*O�'>8�«�º�µ�¡�b��*O�'>8  

�Ô�¹�Ý�c�È4('ö�b�©�«�¸�Ò�b�|�:�^�v�b�[�
�«�º�µ�¡�c�È�@
°�W�S�±�å�¡�x�Ž�t�
�Ç�ß
�î�c�Ã�–�É�x�Ï�å�É�\�î�W�Z�v�}�<�€�d�8�8�[�K�{�:����5��Ô�¹�Ý�S(��[�c�
�q�6�_�«�º



���
�

�µ�¡�b�6�‡�Í�†�ô�u�
���_�
�Ç�ß�î�b��*O�'�†�ô�u�r�M��  
�«�º�µ�¡�c�X�'$×�_�c�è�W�b�|�:�_��*O�I�€�r�M���M�^�ƒ�U�
�ì6ë 0 �?�}�ì6ë t �r�[�b2


�Ž�b d�  �"�)�ì6ë�_�|�•'��(�Í�[�M���Ò�
�W 3-1 �b�W�b�Ô�¹�Ý�b��*O�'�†*ƒ�<�r�M���G�G�_
�c�
 ¯�~8³���\�¤�Ñ8³���b 2 �X�b�«�º�µ�¡�@�6�~�r�M��  
 
   ¯�~8³��>; � 2
�Ž � � � ��

�
�

 

�� �¤�Ñ8³��>; � 2
�Ž � � � ��
�

�  
 

�S�T�K�
 Vensim PLE�[�c+¬�·$×�_'��(0£'ì�b��*O�†/œ�W�Z�C�€�•�b�[�
3û�–�c�G�b+¬�·
��*O�†#Ý�8�
�6�‡�Í�T�E�†��*O�K�r�M���v�U�•�‡�
��*O�'�†�Ÿ�G�M�•�G�\�v�•+��[�M���6
�‡�Í�\�K�Z�
 ¯�~8³�� 10 �S�Ç�
�¤�Ñ8³�� 0 �Ç�\�K�r�M��  
 
(2) �Ç�ß�î�b��*O�'>8�Ç�ß�î�b��*O�'>8�Ç�ß�î�b��*O�'>8�Ç�ß�î�b��*O�'>8  

�Ç�ß�î�c�A�U�‡�\��*O�'�†�Z�<�•�²0[�@�6�~�r�M���[�<�d�
�|�C�6�~�@�U�^��*O�b�x�~
�‰�\�K�Z�
� ���¸�\�_*º�8�S�}�
�v�_ 25,000�¶0����@�Ž�€�•>& 2,500�Ç�@�¤�Ñ8³���_�^�•>'
�\�8�:�b�[�Q�b�Í�†0¿���K�r�M���S�T�
�–1‘$×�_*ƒ�<�Z�
 ¯�~8³���b�X�@�®�ß�_�^�W�S�}
2
�Ž�c�®�ß�_�^�•�b�[�
  

�� 2
�Ž (t)=�
	
������  ¯�~8³�� � � � 
�

�� �� �� �Q�b�Ú�b���œ
� �  

 
�� �\�8�W�S��*O�_�K�r�M��  
 
�� �G�b��*O�b�x�~�‰�@6ë4*�W�Z�8�•�\�8�:�ƒ�E�[�c�^�8�b�[�M�@�
 ¯�~8³���c�
�6�•�m�œ
>&�[�<�d 2.5%�b8³��>'�[0����†2N2��M�•�\*ƒ�<�•�‰�@�v�W�\#'��$×�^�b�[�
  
 
�� 2
�Ž (t)=0.025�  ¯�~8³�� ���  
 
�� �\�K�Z�s�r�M��  
 
�� 2 �X�b��*O�b�x�~�‰�†�š3Q�K�Z�s�r�K�{�:���W 4-1 �_�Q�b)��Ý�†&g�K�Z�8�r�M���q�6�b�v
�b�[�c�
 40 �£�v% �[ ¯�~8³���c�®�ß�_�^�~�r�M�@�
 2 $�% �b�v�b�[�c�
 100 �£�v�S�W�Z�v�

 ¯�~8³���c�®�ß�_�c�^�W�Z�8�r�O�‡���Â�}�?�_�
 2 $�% �b�v�b�b�‰�@#'���_3Æ�8�\�î�8�r�O
�‡�?>=  
�� �G�G�[�c�
2
�Ž"á�† 2.5%�\�[���_�K�Z�8�r�M�@�
�G�€�v�š�ì�M�•�\*ƒ�<�}�€�r�M���‘�W
�Z�
�Ô�¹�Ý�[�c�
 2 $�% �b�v�b�b�|�:�_�M�•�b�[�6�€�d�
�I�}�_�
2
�Ž"á�†�9�b�š�X�\�K�Z
�K�r�:�‰�@�|�C�
�G�:�M�€�d�
�8�•�8�•2
�Ž"á�†�š�<�Z�
�©�Ñ�×�Þ�î�©�Ù�å)��Ý�b4*�8�†
0b�•�G�\�v�[�A�r�M��  

�Ô�¹�Ý�†*ƒ�<�Z�8�C�V�[�
0[(ò�b6õ�€�†�"(ç�_*ƒ�<�Z�K�r�:�\�
�X�8�
 2 �X�b0[(ò�b6õ�€
�c�

›�b�|�:�_�
�–�v 25,000�¶�Y�X�Ž�€�Z�8�•�\�8�W�S�|�:�_*ƒ�<�Z�K�r�8�@�U�[�M���6
�•�8�c�
�Q�b�|�:�_*ƒ�<�Z�8�•�Ç�@�¨�C�G�b�a�_�c�Ñ�~�K�r�M���S4��†*ƒ�<�^�8�\�
�G�:
�8�W�S%·)!$×�^*ƒ�<�‰�_7W�~�@�U�_�^�~�
�T�‡�T�‡�ö�W�Z�8�C�
�m�œ�[�š�ì�M�•�\�8�:�|
�:�_�c*ƒ�<�^�8�v�b�[�M���@�–�K�r�K�{�:��  
 



���
�

 
�W4-1>8�Ç�ß�î2
�Ž�_�P�M�•��*O�†4*�<�S�©�Ñ�×�Þ�î�©�Ù�å)��Ý  

 

 
�W4-2>8�W3-1 �b�Ô�¹�Ý�b�5�•  

 
�� �g*ƒ�r�[�_�
 2 �X�b�Ô�¹�Ý�b��*O�'�†0°3U�K�Z�>�A�r�M��2e�[&g�K�S (7)�'�@4*�W�Z�8�•'à
�d�[�M��  
 
�q�6�b�v�b�b��*O�'>8  
(1)FINAL TIME  = 100 
Units: Month 
The final time for the simulation. 
(2)INITIAL TIME  = 0 
Units: Month 
The initial time for the simulation. 
(3)SAVEPER  = TIME STEP  
Units: Month [0,?] 

�q�6FþG�Fþ

 �̄~8³��
1 M

750,000

500,000

250,000

0
0 10 20 30 40 50 60 70 80 90 100

Time (Month)

D
m

nl

 �̄~8³�� $�% PÔPèPÔ : 2

2
�Ž
30,000

22,500

15,000

7500

0
0 10 20 30 40 50 60 70 80 90 100

Time (Month)

D
m

nl

2
�Ž $�% PÔPèPÔ : 2

� $�% FþG�Fþ

 �̄~8³��
1 M

750,000

500,000

250,000

0
0 10 20 30 40 50 60 70 80 90 100

Time (Month)

D
m

nl

 �̄~8³�� �q�6PÔPèPÔ : 

2
�Ž
30,000

22,500

15,000

7500

0
0 10 20 30 40 50 60 70 80 90 100

Time (Month)

D
m

nl

2
�Ž �q�6PÔPèPÔ : 

�¤�Ñ8³�� �̄~8³��
2
�Ž

2
�Ž"á



���
�

The frequency with which output is stored. 
(4)TIME STEP  = 1 
Units: Month [0,?] 
The time step for the simulation. 
(5)�¤�Ñ8³�� = INTEG (2
�Ž ,0) 
Units: Dmnl 
(6) ¯�~8³�� = INTEG (-2
�Ž ,1e+006) 
Units: Dmnl 
(7)2
�Ž = IF THEN ELSE( ¯�~8³�� >0, 25000, 0) 
Units: Dmnl 
 
2 $�% �b�v�b�b��*O�'>8  
(1)FINAL TIME  = 100 
Units: Month 
The final time for the simulation. 
(2)INITIAL TIME  = 0 
Units: Month 
The initial time for the simulation. 
(3)SAVEPER  = TIME STEP  
Units: Month [0,?] 
The frequency with which output is stored. 
(4)TIME STEP  = 1 
Units: Month [0,?] 
The time step for the simulation. 
(5)�¤�Ñ8³�� = INTEG (2
�Ž ,0) 
Units: Dmnl 
(6) ¯�~8³�� = INTEG (-2
�Ž ,1e+006) 
Units: Dmnl 
(7)2
�Ž =  ¯�~8³�� *0.025 
Units: Dmnl 
 
(3) �r�\�u  
�� �G�b'v�[�c�
�«�º�µ�¡�\�Ç�ß�î�[/²�I�€�•�Ô�¹�Ý�b��*O�b�x�~�‰�†1��Â�K�r�K�S��'¼�'
��*O�[�c�
�"�_�v�_�1�¶0����@�Ž�€�•�\�8�W�S�|�:�^�"(ç�^��*O�_�M�•�b�[�c�^�C�
2
�Ž
"á�[2
�Ž�X�@�š�ƒ�W�Z�8�C�|�:�_��*O�M�•�^�]�
�|�~#'���_�œ�:�|�:�^��*O�†/œ�:�G�\�@
5�0[�[�M��  
 
 
 

  



���
�

5.�Ç�•�î�»�Â�µ�¡�S4��Ç�•�î�»�Â�µ�¡�S4��Ç�•�î�»�Â�µ�¡�S4��Ç�•�î�»�Â�µ�¡�S4�  
�I�Ý6õ�€�W�[�c�Ç�•�î�»�Â�µ�¡�S4��†1��Â�M�•�G�\�@�[�A�
�•+��ö�\�K�Z�6�~�:�•�©�«

�¸�Ò�b�ú�•+Ù�8�†���ö$×�_1��Â�c�[�A�Z�v�
��5�$×�_�c1��Â�[�A�^�8�\�8�:��!l�@�6�~�r
�M��)�� �[�c�
�Q�€�[�–�¿�ô���†/œ�^�ƒ�^�E�€�d�^�}�^�8�b�[�
�1�?�†�A�U�‡�\1��Â�M�•
�S�u�_�c��5�$×�^1��Â�@�Ó�u�}�€�r�M��  

4 �X�b�ö�•$×�^�©�«�¸�Ò�b�ú�•+Ù�8�@�6�~�
�Q�€�c�
�Ç�•�î�»�Â�µ�¡�b�S4��[�ô�r�•�\1�
�Â�K�r�K�S���Q�€�_�X�8�Z0Ž1��†�•�<�Z�s�r�K�{�:��  
 
(1) �æ�X�š�ì>8�æ�X�š�ì>8�æ�X�š�ì>8�æ�X�š�ì>8  

�æ�X$×�š�ì�c�
�¸�
�¸�_�^�W�Z�8�C�|�:�^�š�ì�[�
�q�6�c�z�W�C�~�Q�•�K�r�M�@�
�ì6ë
)�4#�\
¹�_�Q�•�@�Q�<�Z�8�A�r�M���r�S�
 1 �@2 �_�Q�<�•�‡6ë�\�
 1,000�@2,000�_�Q�<�•
�‡6ë�
 1,000,000�@2,000,000�_�Q�<�•�‡6ë�c� �L�[�M���W 4-2 �b�æ�X�š�ì�b�¢�Û�Ç�†0b�Z�W
�I�8���G�€�c�
�W 4-1 �b��5��Ô�¹�Ý�†�Q�€�R�€�
 40 �º�
 200�º�[�©�Ñ�×�Þ�î�©�Ù�å�K�S�v�b
�[�M��0ò(ý�_0b�€�d�
�æ�X�š�ì�K�Z�8�•�b�[�M�@�
 200 �º�b�‡6ë>&�W 4-2 �‘>'�[0b�S���œ�

�q�6�b 40 �º�c�š�ì�K�Z�8�^�8�|�:�_0b�<�r�M���K�?�K�
 40 �º�b�‡6ë�[�©�Ñ�×�Þ�î�©�Ù�å�K
�S)��Ý>&�W 4-2 �e>'�[�c&��?�_�æ�X�š�ì�K�Z�8�r�M��  
�� �W4-3 �b�V�_&g�K�S�|�:�^�S4��b�
�G�:�8�W�S�
�«�º�µ�¡�?�}
°�Š
��b�Ç�ß�î�_�Q�I�Ý�î
�É�b�Ç�•�î�»�Â�µ�¡�í�Ý�î�É�@�6�•�S4��b�©�«�¸�Ò�b�ú�•+Ù�8�c�²�N�æ�X$×�š�ì�_�^�~�r
�M���S�T�K�
�Ç�ß�î�@�G�[�6�•�²0[�@�6�~�r�M���r�S�
�Ç�•�î�»�Â�µ�¡�@�^�E�€�d�
%$)z
�š�ì�_�^�~�r�M��  

 
�W5-1:�æ�X�š�ì�b�Ô�¹�Ý  

 

 
�W5-2:�æ�X�š�ì�b�©�Ñ�×�Þ�î�©�Ù�å)��Ý  

8x5 8 
�<�Ê

�<�Ê"á

+ + R
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�<�Ê
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30

20

10

0

0 4 8 12 16 20 24 28 32 36 40
Time (Year)

�S

Ç

�<�Ê  : Current

�� �ºF÷0£'ìFçFï���œ
FÿFóFÝG�Fø�æ�X�š�ìFçFöFÔG�FþFðFÜF¸

��� �ºF÷0£'ìFçFï���œ
�q�6Fþ �� �ºFÿ�š�ìFçFöFÔFúFÔG�FÖFû
0bFØG� 8x5 8 

3 M

2.25 M

1.5 M

750,000

0
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�<�Ê
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�S

Ç
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�	�
�

 

 
�W5-3:�æ�X�š�ì�\%$)z�š�ì  

 
�� �Õ�b�S�u�
�W 5-1 �b��5��Ô�¹�Ý�b'¼�'�†&g�K�Z�>�A�r�M���G�b�©�Ñ�×�Þ�î�©�Ù�å)��Ý�c�

�W5-2 �b�e�[&g�K�S�|�:�_�^�~�r�M�� (1)�'�[ 40 �_�^�W�Z�8�r�M�@�
�©�Ñ�×�Þ�î�©�Ù�å��/œ
�²�ó��*O#ì8��[�
)
�¢�ì�† 200 �_�š�f�M�•�\�
 (1)�'�b�Í�@ 200 �\�^�~�
�©�Ñ�×�Þ�î�©�Ù�å
)��Ý�c�
�W 5-2 �b�‘�_�K�u�K�S�|�:�_�^�~�r�M��  
 
(1)FINAL TIME  = 40 
Units: Year 
The final time for the simulation. 
(2)INITIAL TIME  = 0 
Units: Year 
The initial time for the simulation. 
(3)SAVEPER  = TIME STEP  
Units: Year [0,?] 
The frequency with which output is stored. 
(4)TIME STEP  = 0.0625 
Units: Year [0,?] 
The time step for the simulation. 
(5)�<�Ê = �<�Ê"á *8x5 8   
Units: �S
Ç 
(6)�<�Ê"á =0.05 
Units: Dmnl 
(7)8x5 8  = INTEG (�<�Ê ,100) 
Units: �S
Ç 
 
(2) �p�a>8�p�a>8�p�a>8�p�a>8  

�p�a�c�
�1�?�_�¥�?�W�Z�Q�•�M�•�
�6�•�8�c�ö�a�M�•�|�:�^�ú�•+Ù�8�[�M���G�b�ú�•+Ù
�8�†/²#'�M�•�S�u�_�
�W 5-4 �b�|�:�^�Ô�¹�Ý�†�[�_�v�~�V�F�Z�s�r�M���G�G�[�c�
2
�Ž�†�

2
�Ž�‡6ë�[�
�¹�’2
�Ž5��\�8�:�«�º�µ�¡�†�Q�W�Z�¹ =�ì�K�Z�8�r�M��)�� �Ô�¹�Ý�[�c�
8³
���?�}�b�š�·�M�•�w�@�†�Q�b�r�r$Î�@�M�•�ƒ�E�_�c�8�?�^�8�b�[�
�6�•�‡6ë�b�¹�’�†�v�•

4.1 �æ�X�š�ì>8

�í�¥�Ó�å�º>8�G�:�8�W�S�
�«�º�µ�¡�?�}
°�Š
��b�Ç�ß�î�_�Q�I�Ý�î�É�b
�Ç�•�î�»�Â�µ�¡�í�Ý�î�É�@�6�•�S4��b�©�«�¸�Ò�b�ú�•+Ù�8�c�²�N�æ�X
$×�š�ì�_�^�•���S�T�K�
�Ç�ß�î�@�G�[�6�•�²0[�@�6�•��
�r�S�
�Ç�•�î�»�Â�µ�¡�@�^�E�€�d�
%$)z�š�ì�_�^�•��

8x5 8 
�<�Ê

�<�Ê"á

+ + R

8x5 8 
�<�Ê

�<�Ê"á

+

8x5 8 
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�S

Ç
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�
�
�

�^�]�b�¹ =�ì�†/œ�8�
�Q�G�[$Î�@�X�†�ô�u�•�\�8�:�x�~�‰�†/œ�:�b�@3û�–�b�x�~�‰�[�M��
�K�?�K�
8³���@�6�•�ì�
�@�e�X�†�š�<�r�K�S���G�G�[�c�
2
�Ž>&5�>'�†�ì6ë 10 �[�Q�•>&�ö
�a>'�I�O�Z�8�r�M���Ô�¹�Ý�[�c�
�G�b�Q�•>&�6�•�8�c�ö�a>'�K�S�Í�@�
% �†�Í�_�^�W�Z�

�G�b% �†�Í�_�¥�?�W�Z�p�a�K�Z�8�C�|�:�_�ú�•+Ù�8�r�M��  
 

 
�W5-4:�p�a�b�Ô�¹�Ý  

 
�� �W5-5 �_�Q�€�R�€�
�Q�ö�I�O�S���œ�
�ö�a�I�O�S���œ�b�©�Ñ�×�Þ�î�©�Ù�å)��Ý�†&g�K�Z�8
�r�M���p�a�c�
3û�–�c% �†�Í>&#.�•�Í>'�@�6�~�
�Q�€�_�¥�?�W�Z4)�B�K�Z�8�C�|�:�^�S4�
�b�’/®�Ý�î�É�[0b�}�€�•�ú�•+Ù�8�[�M���[�<�d�
�W 5-6 �c�Q�b
¾�º$×�^�v�b�[�
�G�:�8�W�S�

% �†�Í�@�6�~�

°�Š
��_�
#'�~�b��)¼�Í�\�b� �Õ�µ�É�†�Ù�u�•�|�:�^�q�·�†/œ�:�’/®�Ý�î
�É�@�Ñ�~�K�€�d�
�Q�b�Ô�¹�Ý�b�ú�•+Ù�8�c�²�N�É�Û�«�b�p�a�†&g�K�r�M�K�
�‘�W�Z�
3û�–
�c�Ô�¹�Ý�_�c�1�?% �†�Í�@�Ã�Û�Ó�î�±�î�\�K�Z�Ñ�~�K�r�M���K�?�K�
% �†�Í�c�®�ß�^�]�/
;ò$×�[�6�•���œ�@�6�~�
�Q�b���œ�c�«�º�µ�¡�í�Ç�ß�î�W�_�c&g�I�^�8�G�\�v�¨�C�6�~�r�M��  
 

 
�W5-5:�p�a�b�Ô�¹�Ý�b�©�Ñ�×�Þ�î�©�Ù�å)��Ý  
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�W5-6:�p�a  

 
�� �[�<�d�
�p�a�†&g�M�\�8�:�G�\�[�6�€�d�
�W 5-7 �_&g�K�S�|�:�^�
�«�º�µ�¡�?�}�b���Š
�
�[�’/®�Ý�î�É�†�g�B�M�•�Ô�¹�Ý�b�S4��v�|�C�6�•�Ã�±�î�å�[�M���G�b�S4��[�c�
�²�N�Ô�¹
�Ý�b�ú�•+Ù�8�c�Ð�–�¼�«�b�p�a�†&g�K�r�M���G�€�@)�� �Ô�¹�Ý�T�\�K�Z�
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�W5-7:�p�a�\�^�•�Ô�¹�Ý�S4�  

 
�� �Õ�b�S�u�_�
�W 5-4 �b�Ô�¹�Ý�b��*O�'�†0°3U�K�Z�>�A�r�M��  
(1)FINAL TIME  = 20 
Units: Week 
The final time for the simulation. 
(2)INITIAL TIME  = 0 
Units: Week 
The initial time for the simulation. 
(3)SAVEPER  = TIME STEP  
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Units: Week [0,?] 
The frequency with which output is stored. 
(4)TIME STEP  = 0.0625 
Units: Week [0,?] 
The time step for the simulation. 
(5)�¹�’2
�Ž5� = INTEG (2
�Ž5��š�ì ,100) 
Units: �¶  
(6)2
�Ž = 100+STEP(20,10) 
Units: �¶  
(7)2
�Ž�‡6ë =2 
Units: Week 
(8)2
�Ž5��š�ì =(2
�Ž  - �¹�’2
�Ž5� )/2
�Ž�‡6ë  
Units: �¶  
 

�G�G�[�
�W 5-5 �b�‘�b�¢�Û�Ç�[�c�
�' (6)�†�è�W�b�|�:�_�š�<�Z�8�r�M��  
(6)2
�Ž = 100 - STEP(20,10) 
�� �8�N�€�v�
 (8)�'�[2
�Ž�\�¹�’2
�Ž5��b�j�@2
�Ž�‡6ë�[�¹ =�ì�I�€�r�M���Q�b�S�u�
2
�Ž
�‡6ë�_�æ���K�S 2 �[�
���(�Y�X1*�Z�I�€�Z�8�A�r�M�� 10 4�% �_ 20 �Q�<�r�M>&�š�f�‹�c 20
�ö�•>'���‘�W�Z�
 10�
 5�
 2.5�
 1.25�
 0.625 �\1*�Z�I�€�
 6 4��è7F�c�
1*�Z�X�c% 'g�S�^�C�^
�~�
�o�p 120�¶>&�v�K�C�c 80 �¶>'�_�ó���K�Z�8�A�r�M��  
 
(3) S�º�š�ì>&�Q�•>'>8�º�š�ì>&�Q�•>'>8�º�š�ì>&�Q�•>'>8�º�š�ì>&�Q�•>'>8  

S �º�š�ì�c�
�q�6�c8p1*�_�Q�•�M�•�@�]�G�?�[�p�a�K�Z�K�r�:�v�b�[�M���W 4-8 �_&g�K�S
�|�:�^�S4��c�
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�¤�Ñ8³���_�^�•�|�:�^�G�\�†�•���K�Z�8�r�M���G�b�'�c�
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�� �\�^�~�r�M��  
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�¤�Ñ8³���b�Q�•�@)†�x�?�_�^�W�Z�8�A�r�M���W 4-9 �[�Q
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�W5-9:���l�Ô�¹�Ý�\ S �º�š�ì  

 
�Õ�b�S�u�
�W 5-8 �b�Ô�¹�Ý�b'¼�'�†&g�K�Z�>�A�r�M��  

 
(01)"1 �G�b2
�Ž�X "=0.01 
Units: �ó  
(02)FINAL TIME  = 100 
Units: Month 
The final time for the simulation. 
(03)INITIAL TIME  = 0 
Units: Month 
The initial time for the simulation. 
(04)SAVEPER  = TIME STEP 
Units: Month [0,?] 
The frequency with which output is stored. 
(05)TIME STEP  = 0.0625 
Units: Month [0,?] 
The time step for the simulation. 
(06)�¤�Ñ8³�� = INTEG (2
�Ž ,10) 
Units: �ó  
(07) ¯�~8³�� = INTEG (-2
�Ž ,500) 
Units: �ó  
(08)2
�Ž =2
�Ž"á *"1 �G�b2
�Ž�X "* �¤�Ñ8³�� *  ¯�~8³��  
Units: �ó  
(09)2
�Ž"á =0.02 
Units: Dmnl 
 
(4) S�º�š�ì>&5.6•�º�š�ì>'>80���2
�Ž�b�Ô�¹�Ý�\�K�Z�º�š�ì>&5.6•�º�š�ì>'>80���2
�Ž�b�Ô�¹�Ý�\�K�Z�º�š�ì>&5.6•�º�š�ì>'>80���2
�Ž�b�Ô�¹�Ý�\�K�Z�º�š�ì>&5.6•�º�š�ì>'>80���2
�Ž�b�Ô�¹�Ý�\�K�Z  

S �º�š�ì�b�^�?�[�
�Q�•�b�‹�
�p�a�K�
�I�}�_�ö�a�_3?�L�
�ö�a�@�z�W�C�~�p�a�K�Z�8�C
�v�b�[�
5.6•�_���Z�8�•�b�[�
5.6•�º (bell shape)�\�ç�d�€�Z�8�r�M���W 5-10 �c�
�S�_&g�K
�S�W5-8 �b�v�b�\�ö�•$×�_�S4��@� �M�[�M��4*�8�c�
0����†�Q�ƒ�^�C�^�•8³���b0[(ò�†3ã�•
�K�S�T�E�[�M���W 5-8 �[1��Â�K�S3û�~�
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�� �Õ�b�S�u�
�W 5-10�b��*O�'�†&g�K�Z�>�A�r�M��  
 

 
�W5-10:���l�Ô�¹�Ý�\ S �º�š�ì  

 

 
�W5-11:���l�Ô�¹�Ý�\ S �º�š�ì  

 
(01)"1 �G�b2
�Ž5� "=0.1 
Units: �ó  
(02)FINAL TIME  = 100 
Units: Month 
The final time for the simulation. 
(03)INITIAL TIME  = 0 
Units: Month 
The initial time for the simulation. 
(04)SAVEPER  =  
TIME STEP  
Units: Month [0,?] 
The frequency with which output is stored. 
(05)TIME STEP  = 0.0625 
Units: Month [0,?] 
The time step for the simulation. 
(06)�¤�Ñ8³�� = INTEG (2
�Ž -�¤�Ñ8³���?�}�b+:- ,10) 
Units: �ó  
(07)�¤�Ñ8³���?�}�b+:- =�¤�Ñ8³�� *+:- "á  
Units: �ó  
(08) ¯�~8³�� = INTEG (- ¯�~8³���?�}�b+:- -2
�Ž ,500) 
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Units: �ó  
(09) ¯�~8³���?�}�b+:- = ¯�~8³�� *+:- "á  
Units: �ó  
(10)+:- "á =0.2 
Units: Dmnl 
(11)2
�Ž =2
�Ž"á *"1 �G�b2
�Ž5� "* �¤�Ñ8³�� *  ¯�~8³��  
Units: �ó  
(12)2
�Ž"á =0.02 
Units: Dmnl 
 
(5) �ú�·>8�§�É�Û�–�í�³�™�î�å�b�S4��\�K�Z�ú�·>8�§�É�Û�–�í�³�™�î�å�b�S4��\�K�Z�ú�·>8�§�É�Û�–�í�³�™�î�å�b�S4��\�K�Z�ú�·>8�§�É�Û�–�í�³�™�î�å�b�S4��\�K�Z  

�G�G�[�c�
�W 5-12 �b�|�:�^(F�"�^�`�Ž�í0�4��Ô�¹�Ý�†*ƒ�<�r�M���G�G�[�c�
�d���c�
�`
�Ž�Ñ�?�}�b�w�@�†�Q�b�r�r0�4��M�•�\�K�Z�8�r�M���S�T�K�
0�4��‡6ë�\4Ä3æ�ì6ë�[�œ0£ 3
4��@�?�?�~�
�‘�W�Z�
0����@�`�Ž�Ñ�_�†�C�r�[�_ 3 4�6ë�b4����@�6�•�\�K�Z�8�r�M��  
�� �`�Ž�Ñ�b8³���c�
�_���†�–4� 100�¶$Î�@�K�Z�C�€�Z�8�r�K�S�@�
 5 4�% �?�}$Î�@�X�@ 120
�¶�_�Q�<�r�K�S��  
�� �`�Ž�Ñ�c�
#.�•$×�^�~�Ü>&�† =�~�Ü>'�† 200 �¶�\�K�Z�8�Z�
�G�b�~�Ü�X�\��7•�b�~�Ü�X
�b�j�† 2 4�6ë�[1*�Z�K�S�X5��_�
8³���?�}�w�E�S�w�@�X�†�V�Œ�O�K�S�X5��†�d���_$Î�@�M
�•�G�\�_�K�Z�8�r�M���G�b�S4��[�c�
�Ç�•�î�»�Â�µ�¡�í�Ý�î�É�_4���>&�\1*�Z>'�@�¸�î�K�

�©�«�¸�Ò�b�ú�•+Ù�8�c�ú�·�†&g�K�r�M���©�Ñ�×�Þ�î�©�Ù�å)��Ý�†�
�W 4-13�_&g�K�Z�8�r�M��  

�ú�·�†2s�G�M�_�c�
�G�b�[�b�|�:�_�
4����†��
°�K�Z�v�8�8�K�
�«�º�µ�¡�\�Ç�ß�î�b)�
�†�¸�î�I�O�Z�v�ú�·�c$Î#Õ�K�r�M���S�T�Q�b���œ�c�
$Î�S�M�•�?�p�°�M�•�G�\�@�¨�C�
4�
���v�«�º�µ�¡�\�Ç�ß�î�b)��b�¸�î�v�
)�� �Ô�¹�Ý�[�c�|�C�6�•�S4��^�b�[�
�ú�·#'1ß�@#'
�€�•�b�v�H�C��3û�b�G�\�T�\*ƒ�<�Z�W�I�8��  
�� �Õ�b�S�u�
�W 5-12�b�Ô�¹�Ý�b��*O�'�†&g�K�Z�>�A�r�M��  
01)FINAL TIME  = 50 
Units: Week 
The final time for the simulation. 
(02)INITIAL TIME  = 0 
Units: Week 
The initial time for the simulation. 
(03)SAVEPER  = TIME STEP 
Units: Week [0,?] 
The frequency with which output is stored. 
(04)TIME STEP  = 0.0625 
Units: Week [0,?] 
The time step for the simulation. 
(05) �Ø�‡ =13 
Units: Week 
(06)�~�Ü1*�Z�‡6ë =2 
Units: Week 
(07)�`�Ž�Ñ�?�}�b�w�@ =�`�Ž�Ñ2
�Ž +(#.�•$×�^�~�Ü5� -�`�Ž�Ñ�~�Ü )/�~�Ü1*�Z�‡6ë  
Units: �¶  
(08)�`�Ž�Ñ�~�Ü = INTEG ($Î3æ-�`�Ž�Ñ2
�Ž ,200) 
Units: �¶  
(09)�`�Ž�Ñ2
�Ž =100+STEP(20,5)*SIN(2*3.14159*(Time-5)/�Ø�‡ ) 
Units: �¶  
(10)#.�•$×�^�~�Ü5� =200 
Units: �¶  
(11)$Î3æ=DELAY FIXED(0�4��æ&g , 4Ä3æ4��€, 0�4��æ&g ) 
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Units: **undefined** 
(12)0�4��� = INTEG (0�4��æ&g-$Î3æ,300) 
Units: �¶  
(13)0�4��æ&g=�`�Ž�Ñ�?�}�b�w�@  
Units: �¶  
(14)4Ä3æ4��€=3 
Units: Week 
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5-12 �b�Ô�¹�Ý�b1��Â�[�c�`�Ž�Ñ2
�Ž�[ 20 �¶�Q�•�M�•�\�K�Z�8�r�M�@�
�G�b 20 �¶�b�Q�•�_
�Ø�‡�@�6�•�\�K�r�M���8�C�X�?�š�·�Ã�±�î�å�†*ƒ�<�Z�s�r�M���G�G�[�c�
 4 4��Ø�‡>&�v��>'�
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 524��Ø�‡>&�º>'�b 3 '�8®�b�š�ì�b�£�î�«�†*ƒ�<�Z�s�r�M��  
 

 
�W5-14:
¹;�  

 
�� �W5-12�b�Ô�¹�Ý�\�ö�•$×�_� �L�[�
�K�?�K�
�`�Ž�Ñ2
�Ž�[ 20 �¶�Q�•�M�•�š�·�b�‰�2�†�æ
���M�•�S�u�_�
���Ø�‡���\�8�:�Ã�Û�Ó�î�±�î�†3ã�•�K�S�b�@�W 5-14 �b�Ô�¹�Ý�[�M���Q�K�Z�

�Ø�‡�† 4�
 13�
 52 �[�š�ì�I�O�
�©�Ñ�×�Þ�î�©�Ù�å�†/œ�W�S)��Ý�†&g�K�S�b�@�W 5-15�[�M��  
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�� �ú�·�@�6�€�d
¹;�#'1ß�@2s�A�•�G�\�@�|�C�6�~�r�M���G�b�Ô�¹�Ý�b���œ�[�c 12 4��Ø�‡�[
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(01)FINAL TIME  = 50 
Units: Week 
The final time for the simulation. 
(02)INITIAL TIME  = 0 
Units: Week 
The initial time for the simulation. 
(03)SAVEPER  = TIME STEP 
Units: Week [0,?] 
The frequency with which output is stored. 
(04)TIME STEP  = 0.0625 
Units: Week [0,?] 
The time step for the simulation. 
(05) �Ø�‡ =13 
Units: Week 
(06)�~�Ü1*�Z�‡6ë =2 
Units: Week 
(07)�`�Ž�Ñ�?�}�b�w�@ =�`�Ž�Ñ2
�Ž +(#.�•$×�^�~�Ü5� -�`�Ž�Ñ�~�Ü )/�~�Ü1*�Z�‡6ë  
Units: �¶  
(08)�`�Ž�Ñ�~�Ü = INTEG ($Î3æ-�`�Ž�Ñ2
�Ž ,200) 
Units: �¶  
(09)�`�Ž�Ñ2
�Ž =100+STEP(20,5)*SIN(2*3.14159*(Time-5)/�Ø�‡ ) 
Units: �¶  
(10)#.�•$×�^�~�Ü5� =200 
Units: �¶  
(11)$Î3æ=DELAY FIXED(0�4��æ&g , 4Ä3æ4��€, 0�4��æ&g ) 
Units: **undefined** 
(12)0�4��� = INTEG (0�4��æ&g-$Î3æ,300) 
Units: �¶  
(13)0�4��æ&g=�`�Ž�Ñ�?�}�b�w�@  
Units: �¶  
(14)4Ä3æ4��€=3 
Units: Week 
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(01) FINAL TIME  = 50 
 Units: Week 
 The final time for the simulation. 
(02) INITIAL TIME  = 0 
 Units: Week 
 The initial time for the simulation. 
(03) SAVEPER  =  TIME STEP 
 Units: Week [0,?] 
 The frequency with which output is stored. 
(04) TIME STEP  = 0.25 
 Units: Week [0,?] 
 The time step for the simulation. 
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(06) �`�Ž�Ñ�b2
�Ž =8³���b$Î�@  
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(07) �`�Ž�Ñ�b2
�Ž�¹�’ =SMOOTH(�`�Ž�Ñ�b2
�Ž , �¹�’�‡6ë ) 
 Units: �¶  
(08) �`�Ž�Ñ�l�b4Ä3æ =0�4�5�  
 Units: �¶  
(09) �`�Ž�Ñ�~�Ü = INTEG (�`�Ž�Ñ�l�b4Ä3æ -�`�Ž�Ñ�b2
�Ž ,400) 
 Units: �¶  
(10) �d���w�@�g = INTEG (�`�Ž�Ñ�?�}�b�w�@ -0�4��æ&g,200) 
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 Units: �¶  
(11) �¹�’�‡6ë =1 
 Units: Week 
(12) #.�•�\�M�•0�4�5� =�d���w�@�g /% �†�\�M�•0�4��‡6ë  
 Units: �¶  
(13) % �†�\�M�•0�4��‡6ë =2 
 Units: Week 
(14) 0�4��æ&g=0�4�5�  
 Units: �¶  
(15) 0�4��‡6ë =4 
 Units: Week 
(16) 0�4�5� =SMOOTH(#.�•�\�M�•0�4�5�  , 0�4��‡6ë  ) 
 Units: �¶  
(17) 8³���b$Î�@ =100+STEP( 20 ,10 ) 
 Units: �¶  
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(01) FINAL TIME  = 50 
 Units: Week 
 The final time for the simulation. 
(02) INITIAL TIME  = 0 
 Units: Week 
 The initial time for the simulation. 
(03) SAVEPER  =  TIME STEP 
 Units: Week [0,?] 
 The frequency with which output is stored. 
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(04) TIME STEP  = 0.25 
 Units: Week [0,?] 
 The time step for the simulation. 
(05) �~�Ü1*�Z�‡6ë =2 
 Units: Week 
(06) �`�Ž�Ñ�?�}�b�w�@ =�`�Ž�Ñ�b2
�Ž�¹�’ +(% �†4:�G�~�Ü -�`�Ž�Ñ�~�Ü )/�~�Ü1*�Z�‡6ë  
 Units: �¶  
(07) �`�Ž�Ñ�b2
�Ž =8³���b$Î�@  
 Units: �¶  
(08) �`�Ž�Ñ�b2
�Ž�¹�’ =SMOOTH(�`�Ž�Ñ�b2
�Ž , �¹�’�‡6ë ) 
 Units: �¶  
(09) �`�Ž�Ñ�l�b4Ä3æ =0�4�5�  
 Units: �¶  
(10) �`�Ž�Ñ�~�Ü = INTEG (�`�Ž�Ñ�l�b4Ä3æ -�`�Ž�Ñ�b2
�Ž ,400) 
 Units: �¶  
(11) �d���w�@�g = INTEG (�`�Ž�Ñ�?�}�b�w�@ -0�4��æ&g,200) 
 Units: �¶  
(12) �¹�’�‡6ë =1 
 Units: Week 
(13) #.�•�\�M�•0�4�5� =�d���w�@�g /% �†�\�M�•0�4��‡6ë  
 Units: �¶  
(14) % �†�\�M�•0�4��‡6ë =2 
 Units: Week 
(15) % �†4:�G�~�Ü =400 
 Units: �¶  
(16) 0�4��æ&g=0�4�5�  
 Units: �¶  
(17) 0�4��‡6ë =4 
 Units: Week 
(18) 0�4�5� =SMOOTH(#.�•�\�M�•0�4�5�  , 0�4��‡6ë  ) 
 Units: �¶  
(19) 8³���b$Î�@ =100+STEP( 20 ,10 ) 
 Units: �¶  
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�Ž  : Current
� �̀Ž�ÑPÔ2
�Ž�¹�’  : Current

� �̀Ž�ÑP±PïPÔ�w�@
600

427.5

255

82.5

-90

0 5 10 15 20 25 30 35 40 45 50
Time (Week)

�¶

� �̀Ž�ÑP±PïPÔ�w�@ : Current

�d���w�@�g

� �̀Ž�Ñ�~�Ü

� �̀Ž�ÑP±PïPÔ�w�@ 0�4��æ&g

� �̀Ž�ÑPÞPÔ4Ä3æ
� �̀Ž�ÑPÔ2
�Ž

% �†4:�G�~�Ü �~�Ü1*�Z�‡6ë

� �̀Ž�ÑPÔ2
�Ž�¹�’

�¹�’�‡6ë

#.�•PÎP¿Pñ0�4�5� 0�4�5�

% �†PÎP¿Pñ0�4��‡6ë

0�4��‡6ë

8³��PÔ$Î�@

$�% PÔQFQ+QO2

3$�% �b�Ô�¹�Ý>8
�G�b4Š�(�†7V�d�K�Z�s�•



���
�

 

 
�W6-9>83 $�% �b�Ô�¹�Ý  

 
�� �W 6-8 �_&g�K�S�
 2 $�% �b�Ô�¹�Ý�b2e�[�V�W�S�
8³��$Î�@�b/õ
˜�(�†�v�~�¥�K�Z�s�r�M��
�Q�€�@�
�W 6-9 �_&g�K�S 3 $�% �b�Ô�¹�Ý�[�M���G�b�Ô�¹�Ý�[�c�
(ç(‹�_�† =�~�Ü�†�–�X�T�E
�_�K�r�M�� 2 $�% �b�Ô�¹�Ý�[�b�©�Ñ�×�Þ�î�©�Ù�å)��Ý�|�~�v�
 3 $�% �b�Ô�¹�Ý�b�©�Ñ�×�Þ�î
�©�Ù�å)��Ý�c�I�}�_�O�C�^�W�Z�8�r�M��  

 
�W6-10>83 $�% �b�Ô�¹�Ý�[�b�©�Ñ�×�Þ�î�©�Ù�å)��Ý  

3$�% �b�Ô�¹�Ý>8

�d���w�@�g

� �̀Ž�Ñ�~�Ü

� �̀Ž�ÑP±PïPÔ�w�@ 0�4��æ&g

� �̀Ž�ÑPÞPÔ4Ä3æ
� �̀Ž�ÑPÔ2
�Ž

% �†4:�G�~�Ü �~�Ü1*�Z�‡6ë

#.�•PÎP¿Pñ0�4�5� 0�4�5�

% �†PÎP¿Pñ0�4��‡6ë

0�4��‡6ë

8³��PÔ$Î�@

$�% PÔQFQ+QO3

� �̀Ž�ÑPÔ2
�Ž
200

172.5

145

117.5

90
0 5 10 15 20 25 30 35 40 45 50

Time (Week)

�¶

�`�Ž�ÑPÔ2
�Ž  : Current

Selected Variables
10,000

5000

0

-5000

-10,000

0 5 10 15 20 25 30 35 40 45 50
Time (Week)

�¶

�d���w�@�g  : Current 0�4�5�  : Current

� �̀Ž�Ñ�~�Ü
6000

3000

0

-3000

-6000

0 5 10 15 20 25 30 35 40 45 50
Time (Week)

�¶

�`�Ž�Ñ�~�Ü  : Current

� �̀Ž�ÑP±PïPÔ�w�@
3000

1500

0

-1500

-3000
0 5 10 15 20 25 30 35 40 45 50

Time (Week)

�¶

� �̀Ž�ÑP±PïPÔ�w�@ : Current



�	�
�

 
�W6-11>83 �X�b�Ô�¹�Ý�[�b�©�Ñ�×�Þ�î�©�Ù�å)��Ý�b�š3Q  

 
�`�Ž�Ñ�c4:�G�~�Ü�\�K�Z 400 �¶�†�–�\�:�\�K�r�M���K�?�K�
$Î�@�?�}
°,´�r�[�b4��€�@

�6�~�
�Q�b6ë�†�~�Ü1*�Z�K�|�:�\�M�•�b�[�
$Î�@�@�]�‡�]�‡+~�€�V�@�W�Z�K�r�8�r�M��  
3û�–�b�Å�ª�¿�«�[�c�
�w$Î�@�c)E)F�K�Z�8�Z�
�–�_$Î�@�I�€�
�–�_�w�@�I�€�Z�8�r�M��

�G�€�c�Ã�–�É�Û�–�å� �Ý�\�ç�d�€�Z�8�•�v�b�[�M���K�?�K�
�G�b�Ô�¹�Ý�[�c�Q�b�G�\�†*ƒ
�Ö�K�Z�8�^�8�[�
�""‚�b�w$Î�@�\�K�Z�v�~�…�W�Z�8�r�M���Q�G�[�
 4 $�% �b�Ô�¹�Ý�\�K�Z�

4�)F�w$Î�@�@�^�I�€�Z�8�Z�
�Q�b�V�[�
�`�Ž�c�
�~�Ü1*�Z�b�S�u�b�(�\�
8³���_�Ž�W�S�(
�b/õ
˜�(�T�E�†�d���_$Î�@�M�•�\�K�r�M���d���c�
4�)F�w$Î�@�†*ƒ�Ö�K�Z0�4��K�
�Q�b�V
�[�
�`�Ž�Ñ�?�}�w�E�S�@�e�†�•�<�Z�
�w�@�g�_�K�
�w�@�g�?�}0�4��K�Z�8�C�\�K�r�M��  

 
�G�b�Ã�–�É�Û�–�å� �Ý�c�a�K�(�?�~�_�C�8�?�v�K�€�r�O�‡�a���W 6-1 �_&g�K�S�
�¥�å�­�É

�³�×�”�Ý�í�Ô�¹�Ý�b�'�†0b�Z�s�r�K�{�:��  
 

(05)�`�Ž�Ñ�?�}�b�w�@ =�`�Ž�Ñ2
�Ž  
(06)�`�Ž�Ñ
°�Ü =0�4�  
(07)�`�Ž�Ñ�~�Ü = INTEG (�`�Ž�Ñ
°�Ü -�`�Ž�Ñ2
�Ž ,400) 
(08)�`�Ž�Ñ2
�Ž =8³��$Î�@  
(09)�d�����Ü =0�4�  
(10)�d���w�@�g = INTEG (�`�Ž�Ñ�?�}�b�w�@ -�d�����Ü ,200) 
(11)0�4� =100 
(12)8³��$Î�@ =100 

 
�G�G�_�c�
8³��$Î�@�b�š�·�v�
�`�Ž�Ñ�b�š�^�¹ e�ì�v�
�d���[�b�¹ e�ì�v�6�~�r�O�‡��

�‘�W�Z�
�©�Ñ�×�Þ�î�©�Ù�å)��Ý�c�
�’/®"g�Â�_�^�~�
�1�v�š�ì�K�^�8���–"g�Â�_�^�~�r�M��  
 

 
430

397.5

365

332.5

300

0 5 10 15 20 25 30 35 40 45 50
Time (Week)

�¶

� �̀Ž�Ñ�~�Ü  : Current

� �̀Ž�Ñ�~�Ü
6000

3000

0

-3000

-6000

0 5 10 15 20 25 30 35 40 45 50
Time (Week)

�¶

� �̀Ž�Ñ�~�Ü  : Current

� �̀Ž�Ñ�~�Ü
900

450

0

-450

-900
0 5 10 15 20 25 30 35 40 45 50

Time (Week)

�¶

� �̀Ž�Ñ�~�Ü  : Current

�q�6�b�Ô�¹�Ý

2$�% �b�Ô�¹�Ý�[�b�©�Ñ�×�Þ�î�©�Ù
�å)��Ý�|�~�v�
 3$�% �b�Ô�¹�Ý�b�©
�Ñ�×�Þ�î�©�Ù�å)��Ý�c�I�}�_�O�C
�^�W�Z�8�•��

3$�% �b�Ô�¹�Ý

2$�% �b�Ô�¹�Ý



�
�
�

 
�W6-12>8�¥�å�­�É�³�×�”�Ý�í�Ô�¹�Ý�b�©�Ñ�×�Þ�î�©�Ù�å)��Ý  

 
�W6-12 �_�Q�b�©�Ñ�×�Þ�î�©�Ù�å)��Ý�†&g�K�Z�8�r�M�@�
&��?�_�’/®"g�Â�[�
�1�v�š�ì�K

�Z�8�r�O�‡���q�6�b�Ô�¹�Ý�v�
 2 $�% �\ 3 $�% �v�
�G�b�¥�å�­�É�³�×�”�Ý�í�Ô�¹�Ý�†�Ë�î�«
�_�8�B�K�Z�8�r�M�b�[�
�•�¶�[�6�€�d�
�Ô�¹�Ý�c�G�b�|�:�_�’/®�M�•�c�N�b�v�b�[�M���’
/®�K�Z�8�•�b�c�

°,´�(�\�~�Ü�S�B�(�
8³���_�Ž�W�S�(�b/õ
˜�†�’/®"g�Â�_�–�X�|�:�_$Î
�@�K�Z�8�•�ƒ�E�[�M���Q�b�S�u�b�G�\�†�À�€�
8³���?�}�b�@�e�b/õ
˜�(�\�
�~�Ü1*�Z�(�b
$Î�@�T�E�†*ƒ�<�Z�8�S�ƒ�E�[�M��  

 
�S�T�
��7•�b�`�Ž�Ñ�x�:�^�]�[�c�
�G�b�~�Ü1*�Z�b�s�†*ƒ�<�Z$Î�@�M�•�‰�2�c�|�C�6�•

0ð�[�
�]�:�Ž�€�|�:�\�
�\�_�?�C�† =�~�Ü�b�s�†)T�â�[�A�•�|�:�_*ƒ�<�Z$Î�@�K�r�M��"I
�_�
�Ù
°�€�@�~�Ü'ö#.�v
À�õ�K�Z�8�•�|�:�^�
&k�[�c�
�G�b$Î�@�‰�'�†�G�¥�K�Z�8�•�\�G
�•�@�¨�8�|�:�_0b�w�E�}�€�r�M��  
 
�� �Õ�b�S�u�
 3 $�% �b�Ô�¹�Ý�b'¼�'�†&g�K�Z�>�A�r�M��  
 
(01) FINAL TIME  = 50 
(02) INITIAL TIME  = 0 
(03) SAVEPER  = TIME STEP 
(04) TIME STEP  = 0.25 
(05) �~�Ü1*�Z�‡6ë =2 
(06) �`�Ž�Ñ�?�}�b�w�@ =(% �†4:�G�~�Ü -�`�Ž�Ñ�~�Ü )/�~�Ü1*�Z�‡6ë  
(07) �`�Ž�Ñ�b2
�Ž =8³���b$Î�@  
(08) �`�Ž�Ñ�l�b4Ä3æ =0�4�5�  
(09) �`�Ž�Ñ�~�Ü = INTEG (�`�Ž�Ñ�l�b4Ä3æ -�`�Ž�Ñ�b2
�Ž ,400) 
(10) �d���w�@�g = INTEG (�`�Ž�Ñ�?�}�b�w�@ -0�4��æ&g,200) 

Current

�d���w�@�g
200

175

150
125

100
� �̀Ž�ÑP±PïPÔ�w�@

100
97.5

95
92.5

90
�d�����Ü

100
97.5

95
92.5

90
0 50 100

Time (Month)

Current

� �̀Ž�Ñ�~�Ü
400

375

350

325

300
� �̀Ž�Ñ
°�Ü

100

97.5

95

92.5

90
� �̀Ž�Ñ2
�Ž

100
97.5

95
92.5

90
0 50 100

Time (Month)



���
�

(11) #.�•�\�M�•0�4�5� =�d���w�@�g /% �†�\�M�•0�4��‡6ë  
(12) % �†�\�M�•0�4��‡6ë =2 
(13) % �†4:�G�~�Ü =400 
(14) 0�4��æ&g=0�4�5�  
(15) 0�4��‡6ë =4 
(16) 0�4�5� =SMOOTH(#.�•�\�M�•0�4�5� , 0�4��‡6ë ) 
(17) 8³���b$Î�@ =100+STEP(20 ,10 ) 
 
(4) 4$�% �b$�% �b$�% �b$�% �b�Ô�¹�Ý>8�Ô�¹�Ý>8�Ô�¹�Ý>8�Ô�¹�Ý>8�d��
��[�b�Ã�–�É�Û�–�å� �Ý�b�v�~
°�€�d��
��[�b�Ã�–�É�Û�–�å� �Ý�b�v�~
°�€�d��
��[�b�Ã�–�É�Û�–�å� �Ý�b�v�~
°�€�d��
��[�b�Ã�–�É�Û�–�å� �Ý�b�v�~
°�€  

�Ô�¹�Ý�† 2 $�% �b�v�b�_�`�K�
���ƒ�r�K�84�)F$Î�@5����
���ƒ�r�K�84�)F$Î�@�_�M�•�S�u�b
1*�Z�‡6ë���
���`�Ž�Ñ$Î�@�b�ì6ë4��€���†3ã�•�K�r�M��  

���ƒ�r�K�84�)F$Î�@5����c�
�š�·�@�^�E�€�d�–�_�
�`�Ž�Ñ�_�d���?�}4Ä3æ�M�•5��[�M�@�

�š�·�K�r�M�b�[�
�¹ e�ì�K�S8³���b$Î�@�†�ì6ë4��€�†*ƒ�Ö�K�Z�
5��†�Q�x�K�S�v�b�\�K�r
�M���M�•�\�'�c>8  

 
���ƒ�r�K�84�)F$Î�@5���>;���`�Ž�Ñ�b2
�Ž�¹�’���™���`�Ž�Ñ$Î�@�b�ì6ë4��€��  
 
�\�^�~�
�G�€�c�
�d���?�}0b�•�\�
�ƒ�r�K�80�4�5��\�o�p� �L�_�^�~�r�M��  

�d��
��c�
�d���b�w�@�g�\���ƒ�r�K�84�)F$Î�@5����†�š3Q�K�Z�
�‡6ë1*�Z�†/œ�8�
0�4�
�æ&g�b5��_�M�•�c�N�[�M�
�‘�W�Z�d���c�w�@�g�_0£�V�M�•5��\�K�Z>8  

 
>&���ƒ�r�K�84�)F$Î�@5��� � ���d���w�@�g��>' /���ƒ�r�K�84�)F$Î�@5��_�M�•�S�u�b1*�Z�‡6ë��  
 
�� �†�Ë�î�«�_�
�`�Ž�Ñ�@��7•�_/œ�:$Î�@>&�`�Ž�Ñ�@/œ�:�~�Ü1*�Z�(�b$Î�@�\8³���_�Ž�W�S
�(�b/õ
˜�(>'�†�•�<�Z�
�w�@�g�_0£�V�M�•�c�N�[�M��  

1*�Z�‡6ë�c�~�Ü1*�Z�b�‡6ë�\� �L 2 4�6ë�\�K�r�M��  

 
�W6-13>8'¨ 4 �b�Ô�¹�Ý>8�Ã�–�É�Û�–�å$Î�@�†�•�<�•  

 

4$�% �b�Ô�¹�Ý>8

�d���w�@�g

� �̀Ž�Ñ�~�Ü

� �̀Ž�ÑP±PïPÔ�w�@ 0�4��æ&g

� �̀Ž�ÑPÞPÔ4Ä3æ
� �̀Ž�ÑPÔ2
�Ž

% �†4:�G�~�Ü �~�Ü1*�Z�‡6ë

� �̀Ž�ÑPÔ2
�Ž�¹�’

�¹�’�‡6ë

#.�•PÎP¿Pñ0�4�5� 0�4�5�

% �†PÎP¿Pñ0�4��‡6ë

0�4��‡6ë

8³��PÔ$Î�@

� �̀Ž�Ñ$Î�@PÔ
�ì6ë4�Pò

�ƒPäP½Pª4�)F$Î�@5�

�ƒPäP½Pª4�)F$Î�@PÑP¿
PñPÅPçPÔ1*�Z�‡6ë

$�% PÔQFQ+QO4



���
�

 
�W6-14>8�Ã�–�É�Û�–�å$Î�@  

��  
�©�Ñ�×�Þ�î�©�Ù�å)��Ý�c�
8³���b$Î�@�š�·�_�P�Â�K�Z�
�d���b�`�Ž�Ñ�?�}�b�w�@�c�M�ì

$×�_�š�·�K�r�M�@�
�S�b�v�b�_�š�m�ó���K�
4�)F�w$Î�@�_3Æ�C�^�W�Z�8�r�M��  
 

 
�W6-15>8'¨ 4 �b�Ô�¹�Ý�b�©�Ñ�×�Þ�î�©�Ù�å  

 

�ƒG�FçFÔ4�)F$Î�@5�

�`�ŽFþ�~�Ü1*�ZFþFï
G�Fþ$Î�@5�

8³��Fû�ŽFóFï5�Fþ/õ

˜�(Fþ$Î�@5�

H�H�H�H�

H�H�H�H�

G‰FÔFôG�FãFþ5�Fÿ�`�Ž�ÑFû(á��FéG�F¹
G‰FïFðFçF¸�`�ŽFÛG�Fþ�w�@�š�·FÜFÒG����œFÿF¸1*
�Z�‡6ëF÷�š�ìFåFëF¸�q�*�w�@5�G"�QG�FéF¸FÒG�FÔ
Fÿ�öG�FéF¹

G‰�d��FÜ�w�@�gFû0£�VFéG�5�FÿF¸FéF÷Fû�wFáFöFÔ
G��w�@�gFøFþ
ÀFý�œFÔF÷�ôG�G�F¹

G‰�`�Ž�ÑFþ�~�Ü1*�ZFþFïG�Fþ$Î�@
G‰$Î�@FÛG�
°,´G�F÷Fþ6ëFû4���FÜFÒG�FþF÷F¸�~�Ü
�š�·FÜ#ÕG�G�G�F¹FíFþ�š�·FðFáG"0bFö1*�ZFéG�F¹

G‰�`�Ž�ÑFÜ8³��Fû�ŽFóFï5�G"/õ
˜FçFöFÚFßFïG�Fþ
$Î�@F¹

�`�Ž�ÑFÜ��7•Fû/œFÖ�d��G�Fþ$Î�@

Selected Variables
200

172.5

145

117.5

90

0 5 10 15 20 25 30 35 40 45 50
Time (Week)

�¶

� �̀Ž�ÑPÔ2
�Ž�¹�’  : Current
8³��PÔ$Î�@ : Current

�d���w�@�g
300

250

200

150

100
0 5 10 15 20 25 30 35 40 45 50

Time (Week)

�¶

�d���w�@�g  : Current

� �̀Ž�Ñ�~�Ü
500

450

400

350

300

0 5 10 15 20 25 30 35 40 45 50
Time (Week)

�¶

� �̀Ž�Ñ�~�Ü  : Current

� �̀Ž�ÑP±PïPÔ�w�@
200

172.5

145

117.5

90
0 5 10 15 20 25 30 35 40 45 50

Time (Week)

�¶

� �̀Ž�ÑP±PïPÔ�w�@ : Current

� �̀Ž�ÑPÞPÔ4Ä3æ
200

172.5

145

117.5

90

0 5 10 15 20 25 30 35 40 45 50
Time (Week)

�¶

� �̀Ž�ÑPÞPÔ4Ä3æ : Current
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�W6-16>8'¨ 4 �b�Ô�¹�Ý�b�š�f  

 

 
�W6-17>8'¨ 4 �b�Ô�¹�Ý�b�š�f  

 
�S�T�
&¾�b�¶�Ç$×�¤�•�[�M�@�
3û�–�c�

›�_�|�:�_�r�[�c*ƒ�<�^�8�|�:�_�î�8�r�M���t

�K�•�
�`�Ž�Ñ�c�
�Ž�€�S�(�b/õ
˜�\�~�Ü1*�Z�(�b�s�†$Î�@�K�
�d��
��c�
�`�Ž�Ñ�?�}�w�E
�S�@�e�†�
�d���w�@�g�b�º�L�K�
�d��
��b�w�@1*�Z�‡6ë�[1*�Z�K�
�w�@�g�_0£�V�M�•�b�@
��3û�b�|�:�_�î�8�r�M���Q�:�^�•�\�
'¨ 4 �b�Ô�¹�Ý�c�
�W 6-16 �b�|�:�_�^�~�
�©�Ñ�×�Þ�î
�©�Ù�å)��Ý�c�
�W 6-18�b�|�:�_�^�~�r�M��  
�� �Ã�–�É�Û�–�å$Î�@�†*ƒ�Ö�K�S'¨ 4 �b�Ô�¹�Ý�b�‰�@�w$Î�@�x�~�Ü�c�ó���K�r�M�@�
3û�–�c
�G�U�}�b�g�_3Æ�8�š�ì�_�^�•�\�î�8�r�M��  
�� �6�•�8�c�
�`�Ž�Ñ�[�b$Î�@�[�
���–$Î�@5��†*ƒ�Ö�M�•���œ�
�d��
��[�]�:1*�Z�K�Z�8�•
�?�c�`�Ž�Ñ
��[�c�Y�Â�^�b�[�
�•�q�[�A�•�d���?�}�b
°,´�X�†�¹ =�ì�K�
�Q�b�X5��†���–
$Î�@5��\�K�r�M���Q�K�Z�
8³���_2
�Ž�K�S�_���b/õ
˜�l�g�~�Ü1*�Z�b�S�u�b$Î�@�\�•�<�Z�

�d���_$Î�@�K�r�M���S�T�
�d���?�}�b
°,´�X�†�¹ =�ì�K�S�T�E�T�\�
4#�k$Î�@�_�^�•�b�[�

�€�X�†�?�E�Z�
�X5��†�ö�}�K�r�M��� �L�C�
�~�Ü1*�Z�b�S�u�b$Î�@�v�Q�b�r�r�[�M�\4#�k

�d���w�@�g

� �̀Ž�Ñ�~�Ü

� �̀Ž�ÑP±PïPÔ�w�@ 0�4��æ&g

� �̀Ž�ÑPÞPÔ4Ä3æ
� �̀Ž�ÑPÔ2
�Ž

% �†4:�G�~�Ü

�~�Ü1*�Z�‡6ë

� �̀Ž�ÑPÔ2
�Ž�¹�’

�¹�’�‡6ë

#.�•PÎP¿Pñ0�4�5� 0�4�5�

% �†PÎP¿Pñ0�4��‡6ë

0�4��‡6ë

8³��PÔ$Î�@

�d��
��w�@1*�Z�‡6ë

$�% PÔQFQ+QO�5,�4

� �̀Ž�Ñ$Î�@

�d��
�F÷Fþ�w�@1*�Z

�`�ŽFþ�~�Ü1*�ZFþFï
G�Fþ$Î�@5�

8³��Fû�ŽFóFï5�Fþ/õ

˜�(Fþ$Î�@5�

H�H�H�H�

G‰FøG�FÒFØFêF¸�`�Ž�ÑFÛG��wFáFï$Î�@FÿF¸�w�@�gFû
0£�VFéG�

G‰�d��Fþ�w�@�gFøF¸�`�Ž�ÑFÛG��wFáFï$Î�@Fþ�jG"
1*�ZFçFï5�G"3ã�•FÒG�FÔFÿ�ö�aFåFëG�F¹

G‰�`�Ž�ÑFþ�~�Ü1*�ZFþFïG�Fþ$Î�@
G‰$Î�@FÛG�
°,´G�F÷Fþ6ëFû4���FÜFÒG�FþF÷F¸�~�Ü
�š�·FÜ#ÕG�G�G�F¹FíFþ�š�·FðFáG"0bFö1*�ZFéG�F¹

G‰�`�Ž�ÑFÜ8³��Fû�ŽFóFï5�G"/õ
˜FçFöFÚFßFïG�Fþ
$Î�@F¹

�`�Ž�ÑFÜ��7•Fû/œFÖ�d��G�Fþ$Î�@
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$Î�@�_�^�W�Z�K�r�:�b�[�
�x�c�~�€�X�†�?�E�Z1*�Z�K�
$Î�@�@�¹ =�ì�I�€�•�|�:�_�d�µ�K
�r�M���W 6-19�c�Q�b�|�:�_�K�S�Ô�¹�Ý�[�
�W 6-20�c�Q�b�©�Ñ�×�Þ�î�©�Ù�å)��Ý�[�M���G�U
�}�b�‰�@�
�W 6-16 �b�©�Ñ�×�Þ�î�©�Ù�å)��Ý�_3Æ�C�^�W�Z�8�•�\�î�8�r�M���S�T�
�G�b�‰�2
�[�c�
4:�)�^$Î�@�€�X�†�ô�u�•�G�\�@�a�K7´�K�8�?�v%±�€�r�O�‡��  
 

 
�W6-18>8�š�f�K�S'¨ 4 �b�Ô�¹�Ý�[�b�©�Ñ�×�Þ�î�©�Ù�å  

 

 
�W6-19>8�9�b'¨ 4 �b�Ô�¹�Ý�b�š�f  

 

Selected Variables
200 �¶
200

145 �¶
145

90 �¶
90

0 10 20 30 40 50 60 70 80 90 100
Time (Week)

� �̀Ž�ÑPÔ2
�Ž  : Current �¶
� �̀Ž�ÑPÔ2
�Ž�¹�’  : Current �¶
� �̀Ž�Ñ$Î�@  : Current

Selected Variables
400

300

200

100

0
0 10 20 30 40 50 60 70 80 90 100

Time (Week)

�¶

� �̀Ž�ÑP±PïPÔ�w�@ : Current
�d���w�@�g  : Current

0�4�5�
200

170

140

110

80
0 10 20 30 40 50 60 70 80 90 100

Time (Week)

�¶

0�4�5�  : Current

� �̀Ž�Ñ�~�Ü
400

350

300

250

200
0 10 20 30 40 50 60 70 80 90 100

Time (Week)

�¶

� �̀Ž�Ñ�~�Ü  : Current

�d���w�@�g

� �̀Ž�Ñ�~�Ü

� �̀Ž�ÑP±PïPÔ�w�@ 0�4��æ&g

� �̀Ž�ÑPÞPÔ4Ä3æ
� �̀Ž�ÑPÔ2
�Ž

% �†4:�G�~�Ü

� �̀Ž�ÑPÔ2
�Ž�¹�’

�¹�’�‡6ë

#.�•PÎP¿Pñ0�4�5� 0�4�5�

% �†PÎP¿Pñ0�4��‡6ë

0�4��‡6ë

8³��PÔ$Î�@

�d��
��w�@1*�Z�‡6ë

� �̀Ž�Ñ$Î�@

���–$Î�@1*�Z�‡6ë

$Î�@�€�X

���–$Î�@5�

���–$Î�@5�< >

���–$Î�@�€�X
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�W6-20>8�9�b'¨ 4 �b�Ô�¹�Ý�†�š�f�K�S�v�b�[�b�©�Ñ�×�Þ�î�©�Ù�å)��Ý  

 
�� �Õ�b�S�u�
'¨ 4 �b�Ô�¹�Ý�b'¼�'�†&g�K�Z�>�A�r�M��'¨ 6 �'�@0
7§�_�^�W�Z�8�r�M��  
 
(01) FINAL TIME  = 50 
(02) INITIAL TIME  = 0 
(03) SAVEPER  = TIME STEP 
(04) TIME STEP  = 0.25 
(05) �~�Ü1*�Z�‡6ë =2 
(06) �`�Ž�Ñ�?�}�b�w�@ =�`�Ž�Ñ�b2
�Ž�¹�’ +(% �†4:�G�~�Ü -�`�Ž�Ñ�~�Ü )/�~�Ü1*�Z�‡6ë
 +(�ƒ�r�K�84�)F$Î�@5� -�d���w�@�g )/�ƒ�r�K�84�)F$Î�@�_�M�•�S�u�b1*�Z�‡6ë  
(07) �`�Ž�Ñ�b2
�Ž =8³���b$Î�@  
(08) �`�Ž�Ñ�b2
�Ž�¹�’ =SMOOTH( �`�Ž�Ñ�b2
�Ž , �¹�’�‡6ë ) 
(09) �`�Ž�Ñ�l�b4Ä3æ =0�4�5�  
(10) �`�Ž�Ñ�~�Ü = INTEG (�`�Ž�Ñ�l�b4Ä3æ -�`�Ž�Ñ�b2
�Ž ,400) 
(11) �`�Ž�Ñ$Î�@�b�ì6ë4��€ =2 
(12) �d���w�@�g = INTEG (�`�Ž�Ñ�?�}�b�w�@ -0�4��æ&g,200) 
(13) �¹�’�‡6ë =1 
(14) �ƒ�r�K�84�)F$Î�@�_�M�•�S�u�b1*�Z�‡6ë =2 
(15) �ƒ�r�K�84�)F$Î�@5� =�`�Ž�Ñ$Î�@�b�ì6ë4��€ *�`�Ž�Ñ�b2
�Ž�¹�’  
(16) #.�•�\�M�•0�4�5� =�d���w�@�g /% �†�\�M�•0�4��‡6ë  
(17) % �†�\�M�•0�4��‡6ë =2 
(18) % �†4:�G�~�Ü =400 
(19) 0�4��æ&g=0�4�5�  
(20) 0�4��‡6ë =4 
(21) 0�4�5� =SMOOTH(#.�•�\�M�•0�4�5� , 0�4��‡6ë  ) 
(22) 8³���b$Î�@ =100+STEP( 20 ,10 ) 
 

Selected Variables
200 �¶
200

145 �¶
150

90 �¶
100

0 10 20 30 40 50 60 70 80 90 100
Time (Week)

�`�Ž�ÑPÔ2
�Ž  : Current �¶
�`�Ž�ÑPÔ2
�Ž�¹�’  : Current �¶
�`�Ž�Ñ$Î�@  : Current

Selected Variables
300

225

150

75

0
0 10 20 30 40 50 60 70 80 90 100

Time (Week)

�¶

�`�Ž�ÑP±PïPÔ�w�@ : Current
�d���w�@�g  : Current

� �̀Ž�Ñ�~�Ü
500

450

400

350

300
0 10 20 30 40 50 60 70 80 90 100

Time (Week)

�¶

�`�Ž�Ñ�~�Ü  : Current

� �̀Ž�ÑPÞPÔ4Ä3æ
200

172.5

145

117.5

90
0 10 20 30 40 50 60 70 80 90 100

Time (Week)

�¶

�`�Ž�ÑPÞPÔ4Ä3æ : Current
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(5) 5$�% �b$�% �b$�% �b$�% �b�Ô�¹�Ý>8�Ô�¹�Ý>8�Ô�¹�Ý>8�Ô�¹�Ý>83æ��(á
°4��€�†�£�•�K�Z�b$Î�@3æ��(á
°4��€�†�£�•�K�Z�b$Î�@3æ��(á
°4��€�†�£�•�K�Z�b$Î�@3æ��(á
°4��€�†�£�•�K�Z�b$Î�@  
 

 
�W6-21>8'¨ 5 �b�Ô�¹�Ý>8(á�‡4��€�†�£�•�K�Z$Î�@  

 
�� 4 $�% �b�Ô�¹�Ý�[�c�
�ƒ�r�K�84�)F$Î�@5��\�K�Z�
�¹ e�ì�K�S8³���?�}�b�@�e�†�"(ç�_�

$Î�@�b�ì6ë4��€�†0b2z�K�Z�
�Q�b�(�Q�x�K�S�T�E�^�b�[�
�G�G�†�v�W�\(­)“�ì�K�
4Ä3æ4�
�€�†�£ ��K�
�Q�€�_�P�Â�M�•�|�:�^$Î�@�†*ƒ�<�Z�s�r�M��  
�� 4Ä3æ4��€�c�
�d���@�]�€�T�E�w�@�g�†�ª�<�Z�8�•�?�_6õ�€�K�Z�8�Z�
�w�@�g�†�ª�<�€�d
�ª�<�•�o�]�
0�4�4��€�b�S�u�
4Ä3æ�@4��€�•�G�\�@�£�•�I�€�r�M���G�b4��€�•�€�X�c>8  
 
���£�•�K�Z�8�•4Ä3æ4��€��>;���d���w�@�g�� /��0�4�5���  
 
�� �\�^�~�r�M���I�}�_�
�`�Ž�Ñ
��_�\�W�Z�s�€�d�
4Ä3æ4��€�b&�1��_�ì6ë�@�?�?�~�
�G�b
�£�•�c�v�W�\4����K�r�M���d���w�@�g�v0�4�5��v4�)F�K�Z�8�•0ð�^�b�[�
0£'ì�c�¹ e�ì�š
�X�†�Q�W�Z0£'ì�K�r�M��4Ä3æ4��€�b&�1��ì6ë�[�¹ e�ì�K�S�€�X�[�ƒ�r�K�8$Î�@5��†�Q�x�M
�\�K�r�M���Q�K�Z�
4Ä3æ4��€�b&�1��_ 2 4�6ë�?�?�•�\�K�r�M���Ô�¹�Ý�†�W 6-21 �_�
�©�Ñ�×
�Þ�î�©�Ù�å)��Ý�†�W 6-22 �_&g�K�Z�8�r�M���w�@�g�\0�4�5��\�b6õ�€�[�b0�4�2�,´�?�}�C�•
4Ä3æ4��€�_�P�K�
�Q�€�†�£�•�K�Z1*�Z�M�•�|�:�^�K�C�s�†)��s3¸�‡�T�}�
�S�b�|�~�v�O�C
�^�~�
�Ø�‡�š�·�M�•�|�:�_�^�W�Z�8�r�M���G�b�[�@&g�M�|�:�_�
�£ ��K�Z�1�?�P'Ç�†�v�•
�\�8�:�G�\�c�²�N�K�v�:�r�C�8�C�\�c7H�}�^�8�v�b�[�M��  
�� ��7•�b�Å�î�Ý�í�¤�î�Ò�[�v�
�T�€�?�@�
�1�?�†�£�•�K�Z$Î�@5��†1*�Z�M�•�\�
�Q�€�@�š
�·0[�I�_�^�W�Z�
�š�·�@�Ñ�±�M�•�\�8�:#'1ß�@�|�C0b�}�€�r�M��  
 

�d���w�@�g

� �̀Ž�Ñ�~�Ü

� �̀Ž�ÑP±PïPÔ�w�@ 0�4��æ&g

� �̀Ž�ÑPÞPÔ4Ä3æ
� �̀Ž�ÑPÔ2
�Ž

% �†4:�G�~�Ü �~�Ü1*�Z�‡6ë

� �̀Ž�ÑPÔ2
�Ž�¹�’

�¹�’�‡6ë

#.�•PÎP¿Pñ0�4�5� 0�4�5�

% �†PÎP¿Pñ0�4��‡6ë

0�4��‡6ë

8³��PÔ$Î�@

�d��
�P²�£�•P½PÅ4Ä3æ4�Pò� �̀Ž�Ñ
�P²�£�•P½PÅ4Ä3æ4�Pò

�ƒPäP½Pª4�)F$Î�@5�

�ƒPäP½Pª4�)F$Î�@PÑP¿
PñPÅPçPÔ1*�Z�‡6ë

4Ä3æ4�PòPÔ&�1�PÑP±P±Pñ�ì6ë 0�4�5�< >$�% PÔQFQ+QO5



���
�

 
�W6-22>8'¨ 5 �b�Ô�¹�Ý�b�©�Ñ�×�Þ�î�©�Ù�å)��Ý  

 
�� �Õ�b�S�u�
'¨ 5 �b�Ô�¹�Ý�b'¼�'�†&g�K�Z�>�A�r�M��  
(01) FINAL TIME  = 50 
(02) INITIAL TIME  = 0 
(03) SAVEPER  = TIME STEP 
(04) TIME STEP  = 0.25 
(05) �~�Ü1*�Z�‡6ë =2 
(06) �`�Ž�Ñ�?�}�b�w�@ =�`�Ž�Ñ�b2
�Ž�¹�’ +(% �†4:�G�~�Ü -�`�Ž�Ñ�~�Ü )/�~�Ü1*�Z�‡6ë  
 +(�ƒ�r�K�84�)F$Î�@5� -�d���w�@�g )/�ƒ�r�K�84�)F$Î�@�_�M�•�S�u�b1*�Z�‡6ë  
(07) �`�Ž�Ñ�b2
�Ž =8³���b$Î�@  
(08) �`�Ž�Ñ�b2
�Ž�¹�’ =SMOOTH( �`�Ž�Ñ�b2
�Ž , �¹�’�‡6ë ) 
(09) �`�Ž�Ñ�l�b4Ä3æ =0�4�5�  
(10) �`�Ž�Ñ
��@�£�•�K�S4Ä3æ4��€ =SMOOTH(�d��
��@�£�•�K�S4Ä3æ4��€ ,4Ä3æ4��€�b

&�1��_�?�?�•�ì6ë ) 
(11) �`�Ž�Ñ�~�Ü = INTEG (�`�Ž�Ñ�l�b4Ä3æ -�`�Ž�Ñ�b2
�Ž ,400) 
(12) �d��
��@�£�•�K�S4Ä3æ4��€ =�d���w�@�g /0�4�5�  
(13) �d���w�@�g = INTEG (�`�Ž�Ñ�?�}�b�w�@ -0�4��æ&g,200) 
(14) �¹�’�‡6ë =1 
(15) �ƒ�r�K�84�)F$Î�@�_�M�•�S�u�b1*�Z�‡6ë =2 
(16) �ƒ�r�K�84�)F$Î�@5� =�`�Ž�Ñ
��@�£�•�K�S4Ä3æ4��€ * �`�Ž�Ñ�b2
�Ž�¹�’  
(17) #.�•�\�M�•0�4�5� =�d���w�@�g /% �†�\�M�•0�4��‡6ë  
(18) % �†�\�M�•0�4��‡6ë =2 
(19) % �†4:�G�~�Ü =400 
(20) 0�4��æ&g=0�4�5�  

Selected Variables
200

172.5

145

117.5

90

0 5 10 15 20 25 30 35 40 45 50
Time (Week)

�¶

� �̀Ž�ÑPÔ2
�Ž  : Current
� �̀Ž�ÑPÔ2
�Ž�¹�’  : Current

�d���w�@�g
400

300

200

100

0
0 5 10 15 20 25 30 35 40 45 50

Time (Week)
�¶

�d���w�@�g  : Current

� �̀Ž�Ñ�~�Ü
500

450

400

350

300

0 5 10 15 20 25 30 35 40 45 50
Time (Week)

�¶

� �̀Ž�Ñ�~�Ü  : Current

� �̀Ž�ÑP±PïPÔ�w�@
200

172.5

145

117.5

90
0 5 10 15 20 25 30 35 40 45 50

Time (Week)

�¶

� �̀Ž�ÑP±PïPÔ�w�@ : Current

� �̀Ž�ÑPÞPÔ4Ä3æ
200

170

140

110

80
0 5 10 15 20 25 30 35 40 45 50

Time (Week)

�¶

� �̀Ž�ÑPÞPÔ4Ä3æ : Current
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(21) 0�4��‡6ë =4 
(22) 0�4�5� =SMOOTH(#.�•�\�M�•0�4�5�  , 0�4��‡6ë  ) 
(23) 4Ä3æ4��€�b&�1��_�?�?�•�ì6ë =2 
(24) 8³���b$Î�@ =100+STEP( 20 ,10 ) 
 
(6) �w�@�š�·�w�@�š�·�w�@�š�·�w�@�š�·  
�� 8³��$Î�@�_�š�·�@�6�•�G�\�c��3û�b�G�\�[�M���G�G�[�c 2 $�% �\ 4 $�% �b�Ô�¹�Ý�[�
 100
�¶�†�ö =�_�É�Û�«�b 20 �¶�†�˜�X�š�ì�I�O�Z�s8j�†0b�Z�s�r�M�� 2 $�% �b 19 �'�
 4 $�% �b 22
�'�†�è�W�b�|�:�_�i�A�n�<�r�M�� STEP�[ 20�
8³���c$Î�@5��†�Q�x�K�Z�8�r�M�@�
�G�b�Q�•
�(�@�
�˜�X�_�|�W�Z 0 �?�} 1 �r�[�š�ì�K�r�M��  
 
8³���b$Î�@ =100+STEP( 20 ,10 )*RANDOM UNIFORM( 0 , 1 , 0) 
 

�W 6-23�
 6-24 �_)��Ý�†&g�K�Z�8�r�M�@�
8³���l�b2
�Ž�†�˜�X�š�ì�I�O�Z�v�

²�/$×�^
4
�¥�_�š�ì�@�6�•�ƒ�E�[�c�^�C�
�S�T�
�`�I�^�š�ì�\�K�Z#'�€�•�T�E�[�6�•�G�\�@�(�?�~�r
�M�� 2 $�% �b�Ô�¹�Ý�[�c�
�Ñ�S#'1ß�@#'�€�Z�8�r�M�@�
�G�€�c�
8³���b�@�e�š�ì�\�8�:�|�~
�c�
�`�Ž�Ñ�\�d���[�g�B�I�€�•�K�C�s�@#Õ�s���K�S�v�b�[�6�•�G�\�@�
�G�b�G�\�?�}�(�?
�•�\�î�8�r�M���X�r�~�
�¥4Š�?�}�b�1�?�@�G�:�8�W�S�š�ì�†�8�~���K�S�b�[�c�^�C�
���»
�É�ß�­�«�[�6�•�`�Ž�Ñ�b$Î�@�\�d���b�w�@�b�K�C�s�[�G�:�8�W�S�š�ì�_�^�W�Z�8�r�M��  
 
�� �G�b�|�:�_�
�8�•�8�•�Ô�¹�Ý�†�8�L�~�
�Q�b4”�Ø�©�Ñ�×�Þ�î�©�Ù�å�†/œ�W�Z)��Ý�†&��?
�u�^�@�}�Ý�ì�I�O�Z�8�A�
#'���_3Æ�8"g�Â�†���(/²#'�[�A�•�|�:�_�^�W�S�\�î�ƒ�€�•�ì!l
�[�
�ö�B�\�K�r�M���g�Õ�^�@�}�
�Ô�¹�Ý�Ý�ì�_�1�?�† =$×�^�x�~�‰�@�6�•�ƒ�E�[�c�^�C�

�Ô�¹�Ý�b�ö�B�Ø�_6õ�K�Z�v�
�1�?�Â&��^�ö =�@�6�•�ƒ�E�[�c�6�~�r�O�‡���S�T�
�Ô�¹�Ý�_
�5�•�†�•�<�Z�8�C�x�~�‰�\�K�Z�
3û�–�c�
�è�W�b�|�:�_�K�r�M��  
 
1)�+�Õ�Ô�¹�Ý�\�ç�d�€�•�
�Q�G�?�}���r�•�|�:�^(F�"�^�Ô�¹�Ý�†�8�•���G�b�Ô�¹�Ý�c�
"I�_

�©�Ñ�×�Þ�î�©�Ù�å�[�A�^�C�\�v�8�8�@�
�P1ß�_�K�Z�8�•�v�b�†0Ž5��K�S9µ)��x�z0[0[(ò
�@�µ�r�€�Z�8�•�²0[�@�6�•��  

2)�z0[�µ+��_�(�E�Z*ƒ�<�
�z0[�µ+��–�_(­)“�ì�K�Z�8�C��  
3)�Ô�¹�Ý�@�6�r�~�_�v0
7§�_�^�•�|�:�[�6�€�d�
�z�µ+��9�_�Ô�ª�×�î�Ý�\�8�:�g�[�(�E�Z�8

�C��  
�G�b*ƒ�<�‰�_�‘�<�d�
�G�b�Ô�¹�Ý�[�c�
�`�Ž�Ñ�
�d���_�(�E�
�`�Ž�Ñ�c�
8³���?�}�b�w

�@�
$Î�@�
�~�Ü1*�Z�_�
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7. 4���4���4���4���  
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°�Š�Í�[�6�• 10 �†�æ�X�ì�K�Z�Q�•�I�O�Z�8�r�M��  
 

 
�W7-6>8DELAY1 �\ DELAY3 �b�š3Q 

 
�W2-7>8DELAY1 �b�N#.  

 

4����b�8�•�‡�^6õ�X

receiving 1=DELAY1(shipping, 
shipping time)
�M���b�æ�X4��€

receiving 3=DELAY3(shipping, 
shipping time)
3���b�æ�X4��€

Selected Variables
1

.75

.5

.25

0
0 10 20 30 40 50 60 70 80 90 100

Time (Day)

bo
xe

s/
D

ay

receiving 1 : DELAY 1 3 N P
shipping : DELAY 1 3 N P

Selected Variables
1

.75

.5

.25

0
0 10 20 30 40 50 60 70 80 90 100

Time (Day)

bo
xe

s/
D

ay

receiving 3 : DELAY 1 3 N P
shipping : DELAY 1 3 N P

shipments in
transitshipping receiving

Equivalent 1st
order structure

<shipping time><shipping time>

�1�†�x�W�Z�8�•�?�T�@�
 1���b�æ�X4��€�[�c�
�Q�•�b���œ�c�
�"�_�
�«�º�µ�¡�_�Í
�†(ü'��K�
�Q�€�†1*�Z�ì6ë�[�m�W�Z�8�•��
�ö�a�b���œ�c�
�«�º�µ�¡�?�}�Í�†�,�8�Z�8�A�
�«�º�µ�¡�†1*�Z�ì6ë�[�m�W�Z�8�•
�T�E���‘�W�Z�
'��(�K�Z�8�•�b�\� �L�_�^�•��

Selected Variables
1

.75

.5

.25

0
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Time (Day)

bo
xe

s/
D

ay

receiving : DELAY 1I 3I PLE
shipping : DELAY 1I 3I PLE
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�W7-7>8DELAY1I �\ DELAY3I �b�š3Q 

 

 
�W7-8>8DELAY1I �\ DELAY3I �b�š3Q 

 
(3) �ú�·  
�� 
›�b�[�c�
�M�¼�_�Q�<�•�\�8�:�v�b�[�M�@�
3û�–�c�
�M�¼�_�Q�<�•�T�E�[�c�^�C�
�ú�·
�K�
�X�Í�@�V�W�_�ú�€�•�G�\�@�|�C�6�~�r�M���G�b�ú�·�b�Ø�‡�@�
�æ�X�º4����\�b6õ4��[

Selected Variables
1

.75

.5

.25

0
0 10 20 30 40 50 60 70 80 90 100

Time (Day)

bo
xe

s/
D

ay

receiving 3I : DELAY 1I 3I PLE
shipping : DELAY 1I 3I PLE
shipping : C:\Users\Public\Vensim\help\models\FunctionExamples\DELAY 1 3 PLE

4����b�8�•�‡�^6õ�X

receiving 1=DELAY1I(shipping, 
shipping time, shipping)
�M���b�æ�X�_��4��€
DELAY 1�\�b4*�8�c�
4����r�[�b6ë
�b�6�‡�Í�†�æ���[�A�•�?�[�A�^�8�?
�b4*�8�T�E���G�b�|�:�_�
4����r�[
�_6ë�b�6�‡�Í�_4����K�S�‹�b5��†�æ
���M�•�\�

²�C� �L�_�^�W�Z�K�r�:��

receiving 3=DELAY3I(shipping, 
shipping time, shipping)
3���b�æ�X�_��4��€
DELAY 3�\�b4*�8�c�
4����r�[�b6ë
�b�6�‡�Í�†�æ���[�A�•�?�[�A�^�8�?
�b4*�8�T�E��

Selected Variables
5

3.75

2.5

1.25

0
0 10 20 30 40 50 60 70 80 90 100

Time (Day)

bo
xe

s/
D

ay

receiving 1I : DELAY 1I 3I PLE
shipping : DELAY 1I 3I PLE
shipping : C:\Users\Public\Vensim\help\models\FunctionExamples\DELAY 1 3 PLE

Selected Variables
5

3.75

2.5

1.25

0
0 10 20 30 40 50 60 70 80 90 100

Time (Day)

bo
xe

s/
D

ay

receiving 3I : DELAY 1I 3I PLE
shipping : DELAY 1I 3I PLE
shipping : C:\Users\Public\Vensim\help\models\FunctionExamples\DELAY 1 3 PLE

4���$Î#Õ�r�[�b�6�‡�Í�†�æ���[�A�•
�b�[�
�G�G�[�c 5�†�æ���K�Z�8�•��
�‘�W�Z�
4���$Î#Õ�r�[�c�
 5�?�}�®
�ß�r�[�
�Q�€�R�€�
 1�� 3���[�æ�X�š
�ì�K�
�Q�b�‹�
 5�¥% �?�}�
�š�ì5�
�\�K�Z�æ���I�€�Z�8�• 1�_�^�~�
 50
�¥6ë)E)F�M�•��
receiving 1=DELAY1I(shipping, 
shipping time, 5)

receiving 1=DELAY3I(shipping, 
shipping time, 5)
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�e8Ÿ�_�^�•�G�\�@�6�~�r�M���[�\�K�Z�
�G�G�[�c�

°�Š�† 4 4��Ø�‡>&1 �£�v>'�
 13 4��Ø�‡>&�Ø
(�>'�
 52 4��Ø�‡>&1 �º6ë>'�[�š�·�I�O�Z�s�r�K�S���Ø�‡�@�±�A�C�^�•�_�X�€�
�š�·�œ�@�±�A
�C�^�W�Z�8�A�r�M���r�S�
�Ø�‡�c�a�K�Y�X�‹�_�N�€�Z�8�A�r�M���G�€�c�d�Û#Ý1��[�c�Ç�•
�Ý�±�î (filters)�\�ç�d�€�Z�8�•#'1ß�[�M���ú�·�œ�@�`�I�8���œ�c�
�ú�·�@�v�€�•�|�:�^�g�_
�^�•�b�[�M�@�
�ú�·�@�±�A�8���œ�
�ú�·�c7V�d�I�€�N�
�I�}�_�Ø�‡�š�·�@2s�A�r�M��  
�� )�� �[�c�ì�\�K�Z�
�e8Ÿ�@�,�A2s�G�M#'1ß�@�N�€�Z/²8��ì�M�•�G�\�@�6�~�r�M�@�
�G�b
�|�:�^���œ�b�N�I�_�
�|�C�G�b�Ç�•�Ý�±�î#'1ß�@�?�}�‡�[�8�•�G�\�@�6�~�r�M���[�<�d�

� ���?�}�b8–)¾�^)m�ô0�4��æ&g�^�]�@3û�–�b�§�–�¡�Ý�b0�4��_(î�€3¸�‡�[�
�6�•�ì�
�N�I
�@�M�D�_�(�?�}�^�8�Û�–�å�b)m�ô�«�º�µ�É�b�|�:�^�G�\�@2s�A�r�M���G�b�|�:�^�¦�>�b�N
�I�b�M�X�@�
3û�–�[�6�€�d2s�A�^�8�b�[�M�@�
�S�r�S�r�
4����_�|�W�Z�§�–�¡�Ý�b4*�:�v
�b�@�6�•�d�[�j�X�?�W�Z�K�r�8�
�Ù�C���b�X�@�6�•�d�[':!›�Y2Š�K�Z�K�r�:�^�]�b$��–�õ
 k�†�,�A2s�G�M�G�\�@�6�~�r�M��  

 
�W7-9>8�æ�X4��€�\�ú�·�b�Ô�¹�Ý  

 
�W7-10>8�©�Ñ�×�Þ�î�©�Ù�å)��Ý  

 


°�Š
�Q�Q,Q'Q� ���Š
�Q�Q,Q'Q�


°�Š 4����ì6ë


°�Š
�4��� ���Š
�4���

�š�·�‡6ë <Time>
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(01) FINAL TIME  = 100 
(02) INITIAL TIME  = 0 
(03) SAVEPER  =   TIME STEP  
(04) TIME STEP  = 0.5 
(05) 
°�Š =100+STEP(20,10)*SIN(2*3.14159*(Time-10)/�š�·�‡6ë ) 
(06) 
°�Š
��«�º�µ�¡ = INTEG (-
°�Š
�4��� ,10000) 
(07) 
°�Š
�4��� =
°�Š  
(08) ���Š
��«�º�µ�¡ = INTEG (���Š
�4��� ,0) 
(09) ���Š
�4��� =DELAY3(
°�Š
�4���  , 4����ì6ë ) 
(10) �š�·�‡6ë =4 
(11) 4����ì6ë =10 
 
(4) �¹ e�ì  

�š�·�@�˜�X$×�[�6�•�\�K�Z�v�
$Î�@�x�w�@�
0�4��^�]�†�˜�X$×�_/œ�:�G�\�c�[�A�r�O�‡��
�Q�:�M�•�\�
)�� 2( ;�b�ž
°�@�ú�~�G�I�€�
8�� "á�_�^�~�r�M���[�<�d�
0�4��[�c�
�š�ì
�@�6�W�S�\�K�Z�v�z�•�x�?�_�š�ì�I�O�
�^�•�m�C�M���b�Ì�î�«�[0�4��K�S�8�K�
��7•�_�v
�Q�:�8�W�S�|�:�_�K�?�[�A�^�8�v�b�[�M���[�<�d�
0�4�5��†�M�¼�_ 2 �¸�_�Q�x�Q�:�\�K�Z
�v�
�‘���(�†&��–�M�•�b�c�Q�:�M�¼�_�c�[�A�^�C�
�Ç�X�c�M�¼�_�c�Q�<�^�8�K�
�Q�x�K�S
�\�K�Z�v�
�º�Þ�î�½�å�¢�^�]�@�²0[�^�b�[�
�ô�_0�4��† 2 �¸�_�\0•�ƒ�€�Z�v�M�D�_�c�P�Â
�[�A�r�O�‡���Q�G�[�
3û�–�
�¹�’�6�•�8�c�¹ e�†�Q�:�b�[�M�@�
�"(ç�¹�’�T�\�
�š�ì�_�²
�N�K�v�:�r�C�P�Â�[�A�r�O�‡���[�<�¹�’�[�6�W�Z�v�
�q3Æ�b�v�b�†�|�~5�0[0i�M�•�\�
�ô
 í�^�š�ì�_�|�~�:�r�C�P�Â�[�A�r�M���G�b�S�u�_�
�G�:�8�W�S���œ�
&ã�·�¹�’�†�Q�8�r�M��
SD �Ô�¹�Ý�[�|�C�
�«�º�µ�¡�Í�†�6�•�‡6ë�[�m�•�\�8�:��#.�†% �_�M�•�G�\�@�6�•�\�î�8�r
�M�@�
�G�€�c&ã�·�¹�’�†/œ�W�Z�8�•�¦�\� �L�[�M��  

�I�}�_�c�
�¹ e�ì�†�Q�W�Z�æ�X$×�_�¹ =�ì�K�S�‰�@�v�W�\(­�Ø�@�|�C�^�~�r�M�� Vensim
�[�c�
 SMOOTH�
 SMOOTH3�
 SMOOTHI�
 SMOOTH3I�^�]�b�¹ e�ì6õ�X�@#Ý�–�I�€�Z�8�r
�M��  

 
�W7-11>8�¹ e�ì  

 


°�Š

4���

�¹ e�ìP»PòPÅ���Š

(1) FINAL TIME  = 100
(2) INITIAL TIME  = 0
(3) SAVEPER  = TIME STEP 
(4) TIME STEP  = 1
(5) 
°�Š =100+STEP(20,10)
(6) �¹ e�ì�I�€�S���Š =SMOOTH(
°�Š ,4��� )
(7) 4��� =10


°�Š
200

172.5

145

117.5

90
0 10 20 30 40 50 60 70 80 90 100

Time (Week)


°�Š  : Current

�¹ e�ìP»PòPÅ���Š
200

172.5

145

117.5

90
0 10 20 30 40 50 60 70 80 90 100

Time (Week)

�¹ e�ìP»PòPÅ���Š  : Current
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�W7-12>8�¹ e�ì  

 
 

 
�W7-13>8�_���Ü�A�¹ e�ì  

Selected Variables
1

.5

0

-.5

-1
0 6 12 18 24 30 36 42 48 54 60

Time (Month)

w
id

ge
ts

/M
on

th

input : SMOOTH I 3I PLE
SMOOTH input : SMOOTH I 3I PLE

Selected Variables
1

.5

0

-.5

-1
0 6 12 18 24 30 36 42 48 54 60

Time (Month)

w
id

ge
ts

/M
on

th

input : SMOOTH I 3I PLE
SMOOTH3 input : SMOOTH I 3I PLE

�¹ e�ì�b�8�•�‡�^6õ�X

SMOOTH input
=SMOOTH(input,smoothing time)
�M���b�¹ e�ì

SMOOTH3 input=
SMOOTH3(input,smoothing time)
3���b�¹ e�ì

Selected Variables
1

.5

0

-.5

-1

0 6 12 18 24 30 36 42 48 54 60
Time (Month)

w
id

ge
ts

/M
on

th

input : SMOOTH I 3I PLE
SMOOTHI input : SMOOTH I 3I PLE

Selected Variables
1

.5

0

-.5

-1

0 6 12 18 24 30 36 42 48 54 60
Time (Month)

w
id

ge
ts

/M
on

th

input : SMOOTH I 3I PLE
SMOOTH3I input : SMOOTH I 3I PLE

�¹ e�ì�b�8�•�‡�^6õ�X

SMOOTH input = 
SMOOTI(input, smoothing time, input)
�M���b�_���¹ e�ì

SMOOTH3 input=
SMOOTH3I(input, smoothing time , 
input)
3���b�_���¹ e�ì
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�W7-14>8�_���Ü�A�¹ e�ì  

 
�W7-13>8�¹ e�ì�b�N#.  

 

�¹ e$Î#Õ�r�[�b�6�‡�Í�†�æ���[�A�•
�b�[�
�G�G�[�c 5�†�æ���K�Z�8�•��
�‘�W�Z�
 5�?�}�Ž���_�š�·�†���8�^
�@�}�ö�a�M�•���š�·�c 1���[�¹ e�ì
�I�€�S�ú�œ�\� �L��

�G�U�}�c 3���[�¹ e�ì�K�Z�8�•���š
�·�@�|�~ e�}�?�_�^�•��

Selected Variables
5

3.5

2

.5

-1
0 6 12 18 24 30 36 42 48 54 60

Time (Month)

w
id

ge
ts

/M
on

th

input : SMOOTH I 3I PLE
SMOOTH input : SMOOTH I 3I PLE
SMOOTHI input : SMOOTH I 3I PLE

Selected Variables
5

3.5

2

.5

-1
0 6 12 18 24 30 36 42 48 54 60

Time (Month)

w
id

ge
ts

/M
on

th

input : SMOOTH I 3I PLE
SMOOTH3 input : SMOOTH I 3I PLE
SMOOTH3I input : SMOOTH I 3I PLE

�1�†�x�W�Z�8�•�?�T�@�
 1���b�¹ e�ì�[�c�
�"�_�
�«�º�µ�¡�_�Í�†(ü'��K�
�Q�€�†
1*�Z�ì6ë�[�m�W�Z�8�•�T�E��

smoothed input

smoothing time

Equivalent 1st
order structure

Adjustinginput

period

<Time>

Selected Variables
1

.5

0

-.5

-1
0 6 12 18 24 30 36 42 48 54 60

Time (Month)

w
id

ge
ts

/M
on

th

input : SMOOTH I 3I PLE
smoothed input : SMOOTH I 3I PLE
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�� SMOOTH�c�M���b�¹ e�ì�[�M�@�
 SMOOTH3�c 3 ���b�¹ e�ì�[�
9×���_�^�•�o�]�

Ç
 e�ì�c�|�~ e�}�?�_�^�~�r�M��  

�S�_�æ�X4��€�\�8�:6õ�X�b�N#.�_�X�8�Z1��Â�K�r�K�S�@�
�¹ e�ì�[�v�
�"�_�
�«�º�µ�¡
�_�Í�†(ü'��K�
�Q�€�†1*�Z�ì6ë�[�m�W�Z�8�•�T�E�^�b�[�
���c�
4����b�N#.�[1��Â�K�S�G
�\�\� �L�|�:�^�G�\�†�x�W�Z�8�•�G�\�_�^�~�r�M��  
 

�æ�X4��€�\� �L�|�:�_�
�¹ e�ì�[�v SMOOTH�[�c�6�‡�Í�c Vensim PLE�@+¬�·0£'ì�K�Z
�C�€�r�M�b�[�
�æ���K�r�O�‡���S�T�
�x�c�~�
 DELAY3 �^�]�\� �L�C�
�Ô�¹�Ý�b�8�~�‰�_
�|�W�Z�c�
�6�‡�Í� �ì�æ���b�e8Ÿ�@$Î#Õ�K�
��/œ�ì�š�Û�î�_�^�•�G�\�@�6�~�r�M��4���6õ
�X�\� �L�C�
�_���Ü�¹ e�ì6õ�X�@#Ý�–�I�€�Z�8�r�M�b�[�
�²0[�_�Â�L�Z�Q�U�}�†�Q�W�Z�W
�I�8���W 7-14 �_&g�K�Z�8�r�M�@�
�6�‡�Í�@�®�ß�[�c�^�8�v�b�b���œ�
�_���Ü�A�¹ e�ì�†�Q
�8�
�G�b�|�:�_�
�š�ì�I�O�•�G�\�@�[�A�r�M��  
 
(5) �r�\�u  

4��€�_�c�
�Ã�–�É�Û�–�å�º�b�"(ç�_4��€�•�T�E�b�v�b�\�
�æ�X4��€�b 2 '�8®�@�6�~�r�M��
�æ�X4��€�c�
�ô í�^�š�ì�_�M�D�_3ã�8�X�E�^�8�|�:�^�š�ì�[#Ý�8�r�M��  
�� �ô í�^�š�ì�†�ô�}�F�•�\�?�

4�¥�†%±�•�‰�2�\�K�Z�
�¹�’�x�¹ e�ì�@�6�~�r�M���"(ç�^
�¹�’�[�c�
�ô í�^�š�ì�_�c�:�r�C�P�Â�[�A�^�8�b�[�
�q3Æ�b�v�b�†�|�~5�0[0i�M�•&ã�·�¹
�’�@#Ý�8�}�€�r�M���¹ e�ì�c�G�b&ã�·�¹�’�_*ƒ�<�‰�@3Æ�8�v�b�[�
�š�ì�†�æ�X�ì�K�S�v�b
�[�M���Q�8�‰��'¨�[�M�@�
 Smooth6õ�X�†�Q�W�S�ì!l�[�
 1 �ì6ë�"�)>&�¥�
4��
�v>'�b4��€
�@$Î#Õ�M�•�b�[�
�æ�X4��€�b Delay6õ�X�†�Q�W�S�b�\� �L�|�:�^�s8j�@�6�•�\*ƒ�<�•�G�\�v
�[�A�r�M��  
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8. �–�î�ô���–�î�ô���–�î�ô���–�î�ô��  
 

�–�î�ô���c�
)�� �[�c�_���\"@�v�†)��g�Ü�E�•�v�b�[�M�� 2 '�8®�b�_���@�6�~�r�M���M�X
�c�
�]�b�|�:�^�_���†7Ÿ�u�
�]�b�|�:�_��#.�M�•�?�\�8�:�G�\�_6õ�M�•�v�b�[�
�G�b�–�î
�ô���[�c�
�_���¿�µ�º�á�î�¡�†3û�L�Z"@�v�¿�µ�º�á�î�¡�†�¥�å�º�ß�î�Ý�K�r�M���v�:�M�X
�c�
�]�b�|�:�^�_���¿�µ�º�á�î�¡�b�Ô�¹�Ý�_�M�•�?�\�8�:�v�b�[�
�S(��I�€�S�–�î�ô���Ô
�¹�Ý�_�ö�Y�A�
�_���©�«�¸�Ò�_�|�•�¥�–$×�
���–$×���»�b+¬�·�–�î�ô���†/œ�8�r�M��  
�� �K�?�K�^�@�}�
�r�T�¨�C�b�¥�–$×�
���–$×�^���»�_�>�E�•�–�î�ô���c�Ç6ë�_�|�W�Z/œ�ƒ
�€�Z�8�r�M���\�c0•�W�Z�v�
�Ç6ë�b�–�¿�ô���†�Ô�¹�Ý�_�K�Z�è0¦�K�Z�s�•�G�\�c5�0[�[�M��  
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�� �G�b�Ô�¹�Ý�b'¼�'�c�è�W�b3û�~�[�M��  
(01) FINAL TIME  = 10 
(02) INITIAL TIME  = 0 
(03) SAVEPER  = TIME STEP 
(04) TIME STEP  = 0.015625 
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(06) �W�v�æ�:��1*�Z�Ù4Ä =0.05 
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(07) �š�· =STEP(0.1,0.5) 
(08) �:�� =6×�‡$×�^�¹�’�v
°5� *( 2��È�å�b1*�Z�Ù4Ä *( 2��È�å�b�È5� /% �†2��È5� )+(1-�W

�v�æ�:��1*�Z�Ù4Ä )*(1+�W�v�æ�:��1*�Z�Ù4Ä -�W�v�æ�:��1*�Z�Ù4Ä )*( �W�v�æ�l�b�:
�È5� /% �†�:��5� )) 

(09) �v
° =6×�‡$×�^�¹�’�v
°5� +�š�·  
(10) �v�� =0.5*�W�v�æ�l�b�:�È5�  
(11) % �†�:��5� =1 
(12) % �†2��È5� =2*6×�‡$×�^�¹�’�v
°5�  
(13) 2��È�å�b�È5� = INTEG (�v
° -�:�� ,% �†2��È5� ) 
(14) 2��È�å�b1*�Z�Ù4Ä =0.5 
(15) 6×�‡$×�^�¹�’�v
°5� =0.5 
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�� �G�b�Ó�î�•�î�c�
8³���?�}�w�E�S$Î�@�_�P�K�
�G�b��2A�è��+��Š�[�è���K�
�Q�b"á�[8³
���_��,´�K�Z�8�r�M��8³���c�
�Ó�î�•�î�?�}(á���I�€�S�_���† SMOOTH6õ�X�[ 6 �£�v�[�¹
 e�ì�K�
��,´"g�#�v�µ�u��2A�†�8�•�K�
$Î�@�†�
 10,000 �¶�_�P�K�Z�]�b�C�}�b�m�œ�[�Q�ö
�M�•�?�†"á�[�ô�u�Z�8�r�M��  

�G�G�[�
 SMOOTH6õ�X�†�Q�:�\�
 SMOOTH6õ�X�c4��€6õ�X�\� �L�^�b�[�
4��€�r�[�b6ë
�b�6�‡�Í�†0[�Ó�K�
�v�K�
 SMOOTH6õ�X�@�«�º�µ�¡�_�P�M�•�Ç�ß�î�[�Q�ƒ�€�•�b�[�6�€�d
�e8Ÿ�@�^�8�b�[�M�@�
�G�b�Ô�¹�Ý�[�c�š�X�[�Q�ƒ�€�Z�8�•�b�[�
�¯�Ç�º�[�c+¬�·$×�_�6�‡
�Í�†0¿���K�Z�C�€�^�C�
��/œ�ì�š�Û�î�_�^�~�r�M���e8Ÿ�c�
�«�º�µ�¡�@�^�8�\�?�
�š�^�Ó
�µ�­�î�ª�[�
�N�I�@�š�Û�î�í�Ó�µ�­�î�ª�T�E�[�c"I���[�A�^�8�G�\�[�M��  
�� �G�b�Ç�•�î�»�Â�µ�¡�í�Ý�î�É�_�v�K�«�º�µ�¡�@�Ñ�~�M�€�d�
�«�º�µ�¡�_�c�6�‡�Í�†0¿��
�M�•�b�[�
�Q�b�6�‡�Í�†�Q�W�Z0£'ì�K�Z�C�€�
�G�b�G�\�c2s�A�r�O�‡���K�?�K�
�G�b�Ç�•

�•%Ê�Ÿ*…�X
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�î�»�Â�µ�¡�í�Ý�î�É�[�c�Q�€�@�Y�•+��_�^�W�Z�8�r�M��  
 

 
�W10-3>8+¬�·� �ì�6�‡�Í0¿���b�Ô�¹�Ý  

 
(5)��2A�è��+��Š = 10000 
(6)8³���b��2A1�%± =SMOOTH(8³���l�b�_����,´ ,6) 
(7) 8³���b$Î�@ =10000*8³���b��2A1�%±  
(8)8³���l�b�_����,´ =��2A�è��+��Š /8³���b$Î�@  
�b�' (6)�b�O�8�[�G�b�Ô�¹�Ý�c��/œ�ì�_�š�Û�î�_�^�~�r�M���G�€�†75�D�_�c�
�Ç�•�î�»�Â�µ
�¡�í�Ý�î�É�b�]�G�?�[�6�‡�Í�†�Z�<�€�d�8�8�b�[�M�?�}�
 (6)�'�†�
�6�‡�Í0¿���¹ e6õ�X�[
�6�• SMOOTHI �†�Q�8�
  
 
SMOOTHI(8³���l�b�_����,´ ,6,1) 
 
�\�M�€�d0Ž�ô�K�r�M��  
 

 
�W10-4>8+¬�·� �ì�6�‡�Í0¿���b�G4J  

 
�� �6�•�8�c�
�W 10-4 �b�|�:�_�
 DELAY FIXED �†�ó�‡�[�
�6�‡�Í�†�Z�<�Z�v�G�b�e8Ÿ�†0Ž
�ô�[�A�r�M��  

8³��PÔ$Î�@

8³��PÞPÔ�_����,´ ��2A�è��+��Š

8³��PÔ��2A1�%±

(5)��2A�è��+��Š = 10000
(6)8³���b��2A1�%± =SMOOTH(8³���l�b�_����,´ ,6)
(7) 8³���b$Î�@ =10000*8³���b��2A1�%±
(8)8³���l�b�_����,´ =��2A�è��+��Š /8³���b$Î�@

�G�b�O�8�[�G�b�Ô�¹�Ý�c��/œ�ì�_�š�Û�î�_�^�•
�G�€�†75�D�_�c�

SMOOTHI(8³���l�b�_����,´ ,6,1)�_�M�•��

�G�b�Ç�•�î�»�Â�µ�¡�í�Ý�î�É
�_�c�«�º�µ�¡�@�Ñ�~�K�^�8��
3û�–�
�«�º�µ�¡�Í�†0£'ì�M�•
7•�_�
�6�‡�Í�†0£'ì�K�Z�C�€
�•�b�[�
�Q�G�[�b0£'ì�@�6�‡
�Í�\�K�Z0¿���I�€�•�@�
�G�b
�Ç�•�î�»�Â�µ�¡�í�Ý�î�É�[�c
�Q�€�@�Y�•+���

(05)��2A�è��+��Š =10000
(06)0�4� = INTEG (0�4��æ&g-8³���l�b�_����,´ ,10000)
(07)0�4��æ&g=IF THEN ELSE( 0�4� >10000,0,8³���b$Î�@ /10000)
(08)8³���b��2A1�%± =SMOOTH(8³���l�b�_����,´ ,6)
(09)8³���b$Î�@ =DELAY FIXED(8³���b$Î�@ /��2A�è��+��Š , 0.2, 10000) 
(10)8³���l�b�_����,´ =8³���b$Î�@ /��2A�è��+��Š�b�|�:�_�
 DELAY FIXED
�†�ó�‡�[�
�6�‡�Í�†�Z�<�Z�v�G�b�e8Ÿ�†0Ž�ô�[�A�•��

8³��PÔ$Î�@

��2A�è��+��Š

0�4�
0�4��æ&g8³��PÞPÔ�_����,´

8³��PÔ��2A1�%±
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(05)��2A�è��+��Š =10000 
(06)0�4� = INTEG (0�4��æ&g-8³���l�b�_����,´ ,10000) 
(07)0�4��æ&g=IF THEN ELSE( 0�4� >10000,0,8³���b$Î�@ /10000) 
(08)8³���b��2A1�%± =SMOOTH(8³���l�b�_����,´ ,6) 
(09)8³���b$Î�@ =DELAY FIXED(8³���b$Î�@ /��2A�è��+��Š , 0.2, 10000)  
(10)8³���l�b�_����,´ =8³���b$Î�@ /��2A�è��+��Š  
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�è�W�b 4 'v�c�
 Business Process Analysis Workshops: System Dynamics Models, by Craig W. 
Kirkwood, 1998�b
Æ���[�
�G�€�c�
�Ò�r�[�x�W�Z�A�S�
 System Dynamics Method: A Quick 
Introduction �b�Â#Ý�b�|�:�^�)*(�Y�E�b�v�b�[�M���Ò�r�[�v�~�V�F�Z�A�S0ð8Ÿ�x�Ô�¹�Ý�
�•
�2�†�Q�W�Z�
)�� �e8Ÿ�b�N�I�†"I���ì�K�
0Ž�ô�M�•�x�~�‰�†&g�K�Z�8�r�M��  
 

11. ��2A��2A��2A��2A  
 
�� �G�G�[�c�
�6�•�p�`0�4����b��2A�è���É�ß�­�«�b���»�5�•�_�X�8�Z�v�~�V�F�Z�8�r�M��  
(1) ��2A�_6õ�M�•�31ß  
�� �G�G�[�P1ß�\�K�Z�8�•�û���c�
�p�`�[7Á�Ê4Š���†�8�W�Z�8�•�Ó�î�•�î�
 FEC: Future 
Electronics Company�[�M���G�b�
&k�b)�� *…�@�
�6�•8³���?�}�
��2�&k�b0����b��2A�x(á��
"g�Â�_�c�ö�•$×�_�c 62Š�K�Z�c�8�•�@�
�ì�\�K�Z�
(á���b�p�_�c�Y 62Š�^��2A�b�v�b�@�µ
�r�€�
(á�‡4��v0b�}�€�•���Q�:�8�W�S�G�\�@$Î#Õ�M�•�\�
�ƒ�@&k�b0����b(á�‡�_�v6õ�€�M
�•�b�[�
2�&k�|�~�v�±�m�b�û���[�6�W�Z�v�
�ƒ�@&k�\�K�Z�c�³�™�µ�¡�I�O�Z�8�S�T�8�Z�

$Î�@�†�ô�u�Z�8�•�����\0•�ƒ�€�S���G�b)�� *…�c�
�G�b�
&k�?�}�c�±5��b3É���†�w�E�•�G�\
�v�6�€�d�
�M�W�A�~(á���†1��u�•�G�\�v�6�•�G�\�†�î�8���K�r�K�S��0�����2A�c FEC �_�\
�W�Z5�!l�_*(�8�Z�8�•�¦8o�[�v�6�•�b�[�
�G�b FEC �b)�� *…�c�
��2A�d&ì�_�v�W�\�‘���(
�†�?�E�Z�
�v�W�\��2A�è���†5�0[0i�K�^�E�€�d�^�}�^�8�\�î�8�r�K�S��  
�� �G�G�[�b)�� *…�b�–�¿�ô���c�
��2A�è���(�b7 #Ý�†�Q�x�K�è��"á�†�V�F�•�?�
��2A�è��
�É�ß�­�«�†�5�•�K�
�Y,����b0b3è�K�†�ö�}�M�G�\�_�^�~�r�M���è���•/¡�b�e8Ÿ�v�6�•�[�K
�{�:�@�
�M�[�_�•/¡$×�_�c0Ž�ô�I�€�
�è���•/¡�b�e8Ÿ�c�^�8�\�î�ƒ�€�r�M��  
 
>&��2A�è���b���»�É�ß�­�«>'  

�G�b�
&k�b��2A�è���d&ì�[�c�
!Í)Ž�d�@�
�Ð�å�¶�î�Ð�å�[�‚0d�G#Ý*…�_�M*ñ�K�
�M�Ç�S
�_�è���[�A�•�|�:�_0«)Ž�M�•�\�8�:�©�«�¸�Ò�†�G�¥�K�Z�8�r�M���G�b�S�u�
!Í)Ž�d�c�
(Ù
���(�b+��Š�†�G�b8�!Í)Ž�d�b�º�Þ�î�½�å�¢�_�m�8�Z�8�r�M��8�!Í)Ž�d�_�c�
�©�C�è���•/¡
�†*f�“�K�M�Ç�S�_�^�•�Ç�v�8�€�d�
�^�?�^�?*f�“�K�^�8�Ç�v�8�Z�d�}�X�A�@�6�~�r�M�@�

�¹�’ 3 �£�v�b OJT�[�M�Ç�S>&!Í)Ž�d>'�_�^�~�r�M��  
 

 
�W11-1>8��2A�\,^�_�X  

 
��,´�S�b��2A�è���[�c�
��2A�è��+��Š�@ 0.01�b�ì�c 100 �¶�\�S�~�_�P�K�Z�
�Q�€�è�V�[

�6�€�d 10 �¶�\�S�~�_�P�K�Z/œ�W�Z�8�r�M��  
��2A�è���b�²0[�ö�c�
�¹�’,^�_�X�@ 0.5 �è�W�[�6�€�d!“�8�\*ƒ�<�
�K�?�K�
 0.5 �è�V�_�^

�W�S�}�
0��� 200 �¶�_�P�K�Z�M�Ç�b�è���d�@&��–�[�A�•�|�:�^�è���d�b�X�@�^�W�Z�8�•�?
0b�Z�
�Y2Š�M�€�d�
�²0[�^�Ç�(�b7 #Ý�†*ƒ�<�r�M��  
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(2) �q�6�b�Ô�¹�Ý  
 

 
�W11-2>8�q�6�b�Ô�¹�Ý  

 
(05)�€�X A=0 
(06)��,´�S�b��2A�è��"á =��7•�b��2A�è��+��Š /#Õ#Ø"á 
(07)��7•�b��2A�è��+��Š =!Í)Ž�d -0.5*%Ê�Ÿ�d 
(08)�¹�’�ì�K�S,^�_�X =SMOOTH(,^�_�X ,,^�_��#.�b�¹�’4��€�ì6ë ) 
(09)�‚0d7 #Ý�b�ì6ë4��€ =2 
(10)�è���[�b4*�8 =STEP(0.2,5)*((1-�€�X A)+�€�X A*RANDOM UNIFORM(-0.5,0.5,7§8b�b$Î

#Õ)) 
(11)�è���b�²0[�ö =IF THEN ELSE(�¹�’�ì�K�S,^�_�X <0.5,0,200*(�¹�’�ì�K�S,^�_�X -0.5)) 
(12)!Í)Ž�d = INTEG (%Ê�Ÿ)
�¢"á -3å*Ë"á,100*24/23) 
(13)#Õ#Ø�[�b4��€ =3 
(14)#Õ#Ø"á=DELAY FIXED($Î�@"á,#Õ#Ø�[�b4��€ ,$Î�@"á) 
(15)$Î�@"á=10000*8³���b��2A�b1�%± *(1+�è���[�b4*�8 ) 
(16)%Ê�Ÿ�d= INTEG (7 #Ý"á-%Ê�Ÿ)
�¢"á ,(3/36)*(100*24/23)) 
(17)%Ê�Ÿ)
�¢"á =%Ê�Ÿ�d/3 
(18),^�_��#.�b�¹�’4��€�ì6ë =2 
(19),^�_�X =(3/8³���b��2A�b1�%± )-2 
(20)0� �� �b �� 2A =IF THEN ELSE(�� ,´ �S �b �� 2A �è �� "á <0.01,100*�� ,´ �S �b �� 2A �è ��

"á,1+10*(��,´�S�b��2A�è��"á -0.01)) 
(21)3å*Ë"á=!Í)Ž�d /36 
(22)7 #Ý"á=MAX(0,3å*Ë"á+(�è���b�²0[�ö -��7•�b��2A�è��+��Š )/�‚0d7 #Ý�b�ì6ë4��€ ) 
(23)7§8b�b$Î#Õ=1013 
(24)8³���b��2A�b1�%± =SMOOTHI(0����b��2A ,6,1) 
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�W11-3>8�q�6�b�Ô�¹�Ý�[�b�©�Ñ�×�Þ�î�©�Ù�å)��Ý  

 
�� �W11-2�_�
�q�6�b�G�b��2A�è�����»�É�ß�­�«�b SD �Ô�¹�Ý�†�
�W 4-3 �_�Q�b�©�Ñ�×�Þ�î�©
�Ù�å)��Ý�†&g�K�Z�8�r�M���©�Ñ�×�Þ�î�©�Ù�å�K�Z�s�•�\�
�è���b�²0[�ö�b�š�·�?�}�
&��?
�_��2A�_�t�}�@$Î#Õ�K�Z�8�•�G�\�@�(�?�~�r�M��  
 
(3) �q�6�b�Ô�¹�Ý�_6õ�M�•�¦8o  
>&�6�‡�²�ó0¿��>'  

�ì6ë�"�)�c�G�G�[�c 1 �£�v�_�K�Z�8�r�M�� 1 �£�v6ë�_,^�_�X�@ 1 �ó�[�6�€�d�
����7•�b��
2A�è��+��Š��>; 1 �\�^�~�r�M���v�K��$Î�@"á���_�š�·�@!“�E�€�d�
�š�X�c
²�Z�M���_�^�•�c
�N�[�M���‘�W�Z�
��%Ê�Ÿ�d���v��!Í)Ž�d���v�M���_�^�~�
�Q�b�è���X�[�6�•����7•�b��2A�è
��+��Š���v�M���_�^�•�c�M�[�M��  

�\�M�€�d�
��$Î�@"á���v�
��0����b��2A���v�M���_�^�•�c�N�[�M���‘�W�Z�
  1 �£�v6ë�b,^
�_�X�c 1 �ó�_�^�•�c�N�[�M���X�r�~�
�G�€�c�
�’/®"g�Â�\�|�d�€�Z�8�•"g�Â�[�

²�Z�b�š
�X�c�š�·�K�^�8�c�N�[�M��  
�� �S�T�
�Q�€�[�c�e8Ÿ�@"I���[�A�^�8�b�[�
�G�b�Ô�¹�Ý�[�c�
�G�b�’/®"g�Â�_�š�ì�†�Z�<
�•�S�u�_�
���è���[�b4*�8���\�8�:�Ã�Û�Ó�î�±�î�†
°�€�Z�
�«�¸�µ�É6õ�X�[ 5 �£�v% �_�š�ì
�M�•�|�:�_�K�Z�8�r�M���S�T�
�q�6�b 5 �£�v�r�[�c���è���[�b4*�8���c�®�ß�[�6�•�m�A�[
�M���Q�K�Z�
 5 �£�v�‹�?�}�c�
 -0.1 �?�} +0.1�r�[�
�˜�X�š�ì�I�O�Z�
�š�ì�†�Z�<�
�©�«�¸�Ò
�b�o�Â�†0b�Z�8�r�M��  
�� �G�b�Ô�¹�Ý�@�’/®�Ô�¹�Ý�[�6�•�G�\�†&�1��M�•�S�u�_�
  ���è���[�b4*�8���[�š�·�†!“�C
�K�
�’/®"g�Â�_�^�•�G�\�†&��?�u�r�M���V�b 10 �'�†�š�f�K�
�š�·�†�®�ß�_�K�r�M��  
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�� �W11-4�_�Q�b)��Ý�†&g�K�Z�8�r�M�@�
���è���[�b4*�8���[�š�ì�†$Î#Õ�I�O�^�8�|�:�_�M�•
�\�
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�A�r�K�S���Q�€�[�c�
�6�‡�Í�†�±�A�C�K�Z�s�r�M���v�K�
�’/®�_�^�W�Z�8�€�d�
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�É�@�µ+��K�Z�
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�[�<
�d�
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�G�b�Ô�¹�Ý�b�q�6�b'¼�'�†�W�_&g�K�Z�>�A�r�M��2e�@�
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(06) �p
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(07) �w�@=� ���Ç�( * � ��� "á  
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(08) �w�@�~�Ü= INTEG (�w�@-��,´ ,5*� ���Ç�(�b�6�‡�Í ) 
(09) � ���Ð�å�_�P�M�•2
�Ž��4Ø =25 
(10) � ���Ç�( = INTEG (�‚0d7 #Ý�\3å*Ë , � ���Ç�(�b�6�‡�Í ) 
(11) � ���Ç�(�b�6�‡�Í =4 
(12) � ��� "á =5-0.25*((á�‡�b1�%± -2) 
(13) � ��2��b4Ä2? =�p
° * � ��2�#Ý4Ä2?"á  
(14) � ��2�#Ý4Ä2?"á =0.4 
(15) ��7•�b0�4�+��Š =0�4�+��Š *0�4�+��Š�b�m�~�\�Z  
(16) �¹ e�ì�I�€�S(á�‡ =SMOOTHI((á�‡ ,0�4�+��Š�I�ì�b4��€ ,1.4) 
(17) �‚0d7 #Ý�\3å*Ë =(�ƒ�r�K�8� ���Ç�(�X -� ���Ç�( )/�‚0d7 #Ý�í3å*Ë�b4��€  
(18) �‚0d7 #Ý�í3å*Ë�b4��€ =3 
(19) �ƒ�r�K�8� ���Ç�(�X =� ��2��b4Ä2? /� ���Ð�å�_�P�M�•2
�Ž��4Ø  
(20) (á�‡ =�w�@�~�Ü/��,´  
(21) (á�‡�b1�%± =SMOOTH((á�‡ ,1�%±4��€) 
(22) (á�‡�b7H#ú�Í =5.5 
(23) 0��� 1 �¶�\�S�~�b�p
°8  =15 
(24) 0�4�+��Š = INTEG (0�4�+��Š3ã�• ,0�4�+��Š�6�‡�Í ) 
(25) 0�4�+��Š�b�m�~�\�Z =0�4�+��Š�m�~�\�Z�€�X (�¹ e�ì�I�€�S(á�‡ ) 
(26) 0�4�+��Š�6�‡�Í =20 
(27) 0�4�+��Š�m�~�\�Z�€�X

([(0,0)-(10,1)],(0,0),(1,0.63),(2,0.75),(3,0.83),(4,0.9),(5,0.945),(6,0.99),(7,0.99),(8,0.99),(9
,0.99),(10,0.99)) 

(28) 0�4�+��Š�I�ì�b4��€ =1 
(29) 0�4�+��Š3ã�• =DELAY FIXED(3ã�•0¿
��b$Î�@ ,0¿
��ž2(�b4��€ ,0) 
(30) 0¿
��ž2(�b�²0[�ö =IF THEN ELSE((á�‡ >(á�‡�b7H#ú�Í :AND: 3ã�•0�4�+��Š =0,1,0) 
(31) 0¿
��ž2(�b4��€ = 6 
(32) 0¿
��ž2(5� =20 
(33) 1�%±4��€=2 
(34) 3ã�•0�4�+��Š = INTEG (3ã�•0¿
��b$Î�@ -0�4�+��Š3ã�• ,0) 
(35) 3ã�•0¿
��b$Î�@ =(0¿
��ž2(�b�²0[�ö *0¿
��ž2(5� )/TIME STEP 
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�Z2
�Ž�K�r�M���~�Ü�@�¨�E�€�d�o�A�†�W�F�
�~�Ü�@�a�^�C�^�€�d�
�o�A�†�V�F�r�M���˜2�
*…�c�o�A�_�o�Â�K�Z2N2�5��†�š�<�r�M���ó�E�€�d�¨�C2��8�
9×�C�^�€�d2��:5��†�ö�}�K�r
�M��  

0�4��­�¡�±�î�[�c0�4�*…�@�
�w���o�A�b�š�·�†0b�^�@�}�
0�4�+��Š�†*ƒ�<�
0¿
��ž2(�†
/œ�8�
0�4��K�r�M��0�4��­�¡�±�î�_�c�
 3 �£�d�[4��€�@�6�~�r�M���r�N�
0�4��[ 12 �£�v�b
4��€�@�6�~�r�M���r�S�
�o�A�š�·�†0b�^�@�}�
�‡�…�o�A�†�ô�u�•4��€>& 5 �£�v>'�
�Q�€�_�ö
�Y�A0¿
��ž2(�†/œ�:�b�[�M�@�
��7•�_0¿
��ž2(�@/œ�ƒ�€�•�r�[�_4��€>& 4 �£�v>'�@�6�~�r�M��  

 
�o�A�c�
�:�@�:�b�~�Ü5��†0b�Z�ô�u�r�M���G�G�c�
/²�_�^�W�Z�8�Z�
/² 13-1 �V�•�b�|�:

�^8�)z�º�[�M��� �L�C�
�M�Ç�\�S�~�b2N2�5��v�
2N2�*…�@�
�o�A�†0b�Z2N2�5��†�ô�u�r�M��
�G�G�v/² 13-1�p�•�b�|�:�^8�)z�º�_�^�W�Z�8�r�M��  

0¿
��ž2(�v�
�‡�…�o�A>&�M'��b�o�A�£�•���¹ e�ì�K�Z�ô�u�•>'�†0b�Z�
0�4�*…�@�
0¿
�
�ž2(5��†�ô�u�r�M���G�G�v/² 13-1�W�•�b�|�:�^8�)z�º�_�^�W�Z�8�r�M��  
�� 0�4��I�€�S0����@��#Õ#Ø�í
°�Ü���_
°�Š�_�^�~�r�M�@�
�G�G�c�æ�X4��€�_�K�Z�8�r�M��  
 

��0�4�+��Š���\���:�b�~�Ü���†�p�°�_�š�·�†0b�•�G�\�_�K�r�M���ö�•$×�_�c�’/®�Ô�¹�Ý
�^�b�[�
�š�ì�c�^�8�c�N�^�b�[�
�Q�b�Ú�b�Ã�Û�Ó�î�±�î�c0b�^�8�G�\�_�K�r�M���W 6-2 �_&g
�K�Z�8�r�M�@�
&��?�_�’/®�K�Z�8�Z�
�š�ì�@0b�}�€�r�O�‡��  
 

/² 13-1>8�~�Ü�\�o�A�
2N2�5��
0�4�+��Š  

 
 

 
�W13-2>8�©�Ñ�×�Þ�î�©�Ù�å)��Ý  

 
(2) 0����w���Ô�¹�Ý>82N2��š�·�†�•�<�•  
�� �G�b�Ô�¹�Ý�_�
�V�W 25%�b2N2��š�·�†�•�<�Z�s�r�M���š�·�c�6�•�v�b�b�
�ö�•$×�_�c�š

�v3û��*…Fþ�o�A0¿��
�:�b�~�Ü 0 2,000 4,000 6,000 8,000 10,000
�o�A 100 94 80 50 20 10

2N2�*…Fþ2N2�5�
�o�A 0 20 40 60 80 100
�M�Ç�\FïG�Fþ2N2�5� 7 6 4 2 1 0

0�4���*…Fþ0¿
��ž2(
�o�A 0 20 40 60 80 100
�ƒG�FçFÔ0�4�+��Š 0 40 200 1,000 1,200 1,280

 
7000

6500

6000

5500

5000
0 24 48 72 96 120 144 168 192 216 240

Time (Month)

�:PÔ�~�Ü : Current

 
800

700

600

500

400

0 24 48 72 96 120 144 168 192 216 240
Time (Month)

0�4�+��Š  : Current



����
�

�ƒ�}�^�8�’/®"g�Â�[�6�•�G�\�@�(�?�~�r�M��  

 
�W13-3>82N2��š�·�†�•�<�S�Ô�¹�Ý�[�b�©�Ñ�×�Þ�î�©�Ù�å  

 
�W13-4>82N2��š�·�†�•�<�S�Ô�¹�Ý  

 
(3) 0����w���Ô�¹�Ý>82N2�*…�Ç�•�Q�†�•�<�•  
�� 2N2�*…�Ç�•�@�v5%�[�Q�•�M�•�|�:�^�š�ì�†�•�<�Z�s�r�M���:�b�~�Ü�@�ö�W�Z�8�C�M�‰�[�

0�4�+��Š�@�Q�<�Z�8�C�G�\�@�(�?�~�r�M��  

 
�W13-5>82N2�*…�Ç�•�Q�†�•�<�S�Ô�¹�Ý  

�:PÔ�~�Ü
7000

6500

6000

5500

5000
0 24 48 72 96 120 144 168 192 216 240

Time (Month)

�:PÔ�~�Ü : Current

0�4�+��Š
1000

875

750

625

500

0 24 48 72 96 120 144 168 192 216 240
Time (Month)

0�4�+��Š  : Current

�:PÔ�~�Ü

0�4�+��Š
0¿
��ž2(

2
�Ž"á#Õ#ØQ_
°�Ü

0�4�PÍPÔ4���

0¿
��ž2(PÔ4�Pò

�o�A

�‡�…�o�A

�ƒPäP½Pª0�4�+��Š

2N2��Ç�•

�M�Ç�\PÅPð2N2�5�

0�4�

�o�A/²

0�4�+��Š/²

�o�A�š�f4�Pò

2N2�5�/²

2N2N2N2N2�2�2�2��š�š�š�š�·�·�·�·

�:PÔ�~�Ü

0�4�+��Š
0¿
��ž2(

2
�Ž"á#Õ#ØQ_
°�Ü

0�4�PÍPÔ4���

0¿
��ž2(PÔ4�Pò

�o�A

�‡�…�o�A

�ƒPäP½Pª0�4�+��Š

�M�Ç�\PÅPð2N2�5�

0�4�

�o�A/²

0�4�+��Š/²

�o�A�š�f4�Pò

2N2�5�/²

2N2��š�·

2N2�*…�Ç�•
2N2�*…�Ç�•�Q

2N2�*…�Ç�•�Q�•"á

2N2�*…�Ç�•�ö



��	�
�

 

 
�W13-6>82N2�*…�Ç�•�Q�†�•�<�S�Ô�¹�Ý�b�©�Ñ�×�Þ�î�©�Ù�å)��Ý  

 
(4) 0����w���Ô�¹�Ý>82N2�*…�Ç�•�c�š�<�^�C0�4�+��Š�ö*–�†�•�<�•  
�� 2N2�*…�Ç�•�c�š�<�^�C0�4�+��Š�ö*–�†�•�<�Z�s�r�K�{�:��0�4�+��Š�@ 10 �º>&120 �£�v>'
�[�ö*–�M�•�|�:�_�K�r�M��0�4�+��Š�b�ö*–�c�
0�4�+��Š�b�š�ì�_�c�s8j�†�l�p�M�v�b�b�

�:�b�~�Ü�_�c�6�r�~�±�A�^�s8j�†�Z�<�^�8�G�\�@�(�?�~�r�M��  
 

 
�W13-7>80�4�+��Š�ö*–�†�•�<�S�Ô�¹�Ý  

 

 
�W13-8>80�4�+��Š�ö*–�†�•�<�S�Ô�¹�Ý�b�©�Ñ�×�Þ�î�©�Ù�å)��Ý  

�:PÔ�~�Ü
7000

6250

5500

4750

4000
0 24 48 72 96 120 144 168 192 216 240

Time (Month)

�:PÔ�~�Ü : Current

0�4�+��Š
2000

1625

1250

875

500
0 24 48 72 96 120 144 168 192 216 240

Time (Month)

0�4�+��Š  : Current

�:PÔ�~�Ü

0�4�+��Š
0¿
��ž2(

2
�Ž"á#Õ#ØQ_
°�Ü

0�4�PÍPÔ4���

0¿
��ž2(PÔ4�Pò

�o�A

�‡�…�o�A

�ƒPäP½Pª0�4�+��Š

�M�Ç�\PÅPð2N2�5�

0�4�

�o�A/²

0�4�+��Š/²

�o�A�š�f4�Pò

2N2�5�/²

2N2��š�·

�ö*–

�ö*–"á

2N2�*…�Ç�•

�:PÔ�~�Ü
7000

6500

6000

5500

5000
0 24 48 72 96 120 144 168 192 216 240

Time (Month)

�:PÔ�~�Ü : Current

0�4�+��Š
1000

875

750

625

500

0 24 48 72 96 120 144 168 192 216 240
Time (Month)

0�4�+��Š  : Current
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�
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(5) 0����w���Ô�¹�Ý>8�Ü�§�–�¡�Ý0����b�v3û�†�•�<�•  
�� �_���@�Ž�€�•�|�:�_�^�•�\�
�Ü�§�–�¡�Ý��*…�@#'�€�
�ë���\�^�W�S�_���†�G�p�K�
�Q�b
�«�¡�Û�µ�É�b�p�[�r�T�Q�<�•4Š���†7Ÿ�u�
0����_�Ù'g�Z�
�w���[2
�Ž�M�•�G�\�†*ƒ�<�•�|
�:�_�^�~�r�M���G�€�@�Ü�§�–�¡�Ý�_���\�ç�d�€�Z�8�•�v�b�[�M��  

3û�–�c�
�‚0d�_4Š���†0�4��M�•�²0[�@�^�C�
�"(ç�_)��s'g�Z�•�d�†/œ�:�T�E�^�b�[�
0�
4��¥�«�º�@�ó�C�X�A�
�Ü�§�–�¡�Ý0����c�‚���_�š�m�
�Ž�Í�v�A�•�_�ó�C�^�~�r�M���Q�€�[
�v�
�µ+�$×�_�c3û�–�b0����\�š�ƒ�~�r�O�‡��  

 
�v�W�\�v�

Ì#Õ(ì�^�]�
�_���_�|�W�Z�c�
�‚0d�_0����†0�4��K�S�‰�@�ó�8���œ�v�6�~�r

�M���r�S�

›�_3Ù�m�S�¥�Ô�¹�•�¸�•�_��$×�^�ö�A�[�c�^�80����[�c�
�j)%�_�|�W�Z�D7H�I
�€�S�~�
�Ã�¸�å�º�^�]�[�’�<�@�ò�}�€�Z�8�•�b�[�
�Ü�§�–�¡�Ý0����†0�4��[�A�^�8�\�?�

�È�Û�å�»�†�ò�•�S�u�b�Ó�î�•�î�b�–�¥�[&—�F�I�€�Z�8�•�v�b�v�6�~�r�M��  

 
�W13-9>8�Ü�§�–�¡�Ý0����w���†�•�<�S�Ô�¹�Ý  

 
/² 13-2>8�Ü�§�–�¡�Ý0����\�o�A  

 
 

�G�G�[�c�
�o�A�@ 100�[�6�€�d�
 40%�b0����@�Ü�§�–�¡�Ý�I�€�

Ì#Õ���\�^�W�Z�w���v3û
�M�•�\�K�r�M��/² 13-2 �_&g�K�S�|�:�^8�)z�º�[�
�w���o�A�_�|�W�Z�ž
°"á�@�ô�r�•�\�K�r
�M���M�Ø�Q�ƒ�€�S0����†7Ÿ�u�Z�
�«�¡�Û�µ�É�?�}0����†
Ì#Õ�M�•�b�[�
�Ü�§�–�¡�Ý0����?
�}�b0���
Ì#Õ�_�c4��€�@ 20 �º�6�•�\�K�r�M��  
�� �©�Ñ�×�Þ�î�©�Ù�å�K�Z�s�•�\�
�Ü�§�–�¡�Ý0����b$Ï���[�
�:�b�~�Ü�@�Q�<�
�o�A�@�W�@

�:PÔ�~�Ü

0�4�+��Š
0¿
��ž2(

2
�Ž"á#Õ#ØQ_
°�Ü

0�4�PÍPÔ4���

0¿
��ž2(PÔ4�Pò

�o�A

�‡�…�o�A

�ƒPäP½Pª0�4�+��Š

2N2�*…�Ç�•

�M�Ç�\PÅPð2N2�5�

0�4�

�o�A/²

0�4�+��Š/²

�o�A�š�f4�Pò

2N2�5�/²

2N2��š�·

QNQ�Q�Q�QO���~�Ü

Ì#Õ


Ì#Õ��
°�Ü


Ì#Õ"á

�G�p�ë��


Ì#Õ���ž
°/²

�o�A< >


Ì#ÕPÔ4���

�o�AFøGxGCG2G=Gy0���Fþ�w���ž
°"á
�o�A 0 25 50 75 100
GxGCG2G=Gy0����ž
°"á 0 0 0.1 0.2 0.4



����
�

�~�
0�4�+��Š�b�Q�•�@�ö�W�Z�8�C�G�\�@�(�?�~�r�M���N�Ø�
�Ü�§�–�¡�Ý0����b�Q�•�(�T�E�

0�4�+��Š�@�W�@�W�Z�8�C�|�:�_0b�<�r�M��  
 

 
�W13-10>8�Ü�§�–�¡�Ý0����w���†�•�<�S�Ô�¹�Ý�[�b�©�Ñ�×�Þ�î�©�Ù�å)��Ý  

 

 
�W13-11>8�Ü�§�–�¡�Ý0����w���†�•�<�S�Ô�¹�Ý�[�b�©�Ñ�×�Þ�î�©�Ù�å)��Ý  

 
�� 2 $�% �b2N2��š�·�†�•�<�S�Ô�¹�Ý�b'¼�'�c�
�è�W�b�\�>�~�[�M���q�6�b2N2��š�·�@!“�8�Ô
�¹�Ý�c�
�' (21)�@!“�C�
 (05)�'�@>8  
�M�Ç�\�S�~2N2�5� =2N2�5�/² (�o�A ) 
�\�^�~�r�M��  
 
(01) FINAL TIME  = 240 
(02) INITIAL TIME  = 0 
(03) SAVEPER  =TIME STEP 
(04) TIME STEP  = 0.5 
(05) �M�Ç�\�S�~2N2�5� =2N2�5�/² (�o�A )*(1+2N2��š�· ) 
(06) �o�A =�o�A/² (�:�b�~�Ü ) 

�:PÔ�~�Ü
7000

6500

6000

5500

5000
0 60 120 180 240 300 360 420 480 540 600

Time (Month)

�:PÔ�~�Ü : Current

0�4�+��Š
800

700

600

500

400
0 60 120 180 240 300 360 420 480 540 600

Time (Month)

0�4�+��Š  : Current

Ì#Õ

400

350

300
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200
0 60 120 180 240 300 360 420 480 540 600

Time (Month)


Ì#Õ  : Current


Ì#Õ��
°�Ü
400

300

200

100

0
0 60 120 180 240 300 360 420 480 540 600

Time (Month)


Ì#Õ��
°�Ü  : Current

#Õ#ØQ_
°�Ü
800

700

600

500

400
0 60 120 180 240 300 360 420 480 540 600

Time (Month)

#Õ#ØQ_
°�Ü : Current


Ì#Õ��
°�Ü
400

300

200

100

0
0 60 120 180 240 300 360 420 480 540 600

Time (Month)


Ì#Õ��
°�Ü  : Current



����
�

(07) �o�A�š�f4��€ =5 
(08) �o�A/² ([(0,0)-(10000,100)],(0,100),(2000,94),(4000,80),(6000,50),(8000,20),(10000,10)) 
(09) �:�b�~�Ü = INTEG (#Õ#Ø�í
°�Ü -2
�Ž"á ,6000) 
(10) �ƒ�r�K�80�4�+��Š =0�4�+��Š/² (�‡�…�o�A ) 
(11) �‡�…�o�A =SMOOTH(�o�A ,�o�A�š�f4��€ ) 
(12) #Õ#Ø�í
°�Ü =DELAY3(0�4� ,0�4��[�b4��� ) 
(13) 0�4� =0�4�+��Š  
(14) 0�4��[�b4��� =12 
(15) 0�4�+��Š = INTEG (0¿
��ž2( ,600) 
(16) 0�4�+��Š/² ([(0,0)-(100,2000)],(0,0),(20,40),(40,200),(60,1000),(80,1200),(100,1280)) 
(17) 0¿
��ž2( =(�ƒ�r�K�80�4�+��Š -0�4�+��Š )/0¿
��ž2(�b4��€  
(18) 0¿
��ž2(�b4��€ =4 
(19) 2
�Ž"á =�M�Ç�\�S�~2N2�5� *2N2��Ç�•  
(20) 2N2��Ç�• =200 
(21) 2N2��š�· =RANDOM UNIFORM(-0.5,0.5,2374)+STEP(0.5,10) 
(22) 2N2�5�/² ([(0,0)-(100,10)],(0,7),(20,6),(40,4),(60,2),(80,1),(100,0)) 
 
�� 3 $�% �b2N2�*…�Ç�•�Q�b�Ô�¹�Ý�c�
�è�W�b�|�:�_�^�~�r�M���G�b�Ô�¹�Ý�c�
�I�}�_$Î4)�I
�O�Z�
2N2�*…�Ç�•�@�
�È�Ì�^�]�_�|�W�Z�Q�•�K�S�~�ö�a�K�S�~�M�•�|�:�_�5,��K�Z�s�•�\
8�$Ñ�8�\�î�8�r�M���Q�b�S�u�
�•�¶�c�Y0[�[�6�•�
��2N2�*…�Ç�•�ö���\�8�:�Ç�ß�î�v�•�<�Z
�6�~�r�M��  
 
(01) FINAL TIME  = 240 
(02) INITIAL TIME  = 0 
(03) SAVEPER  = TIME STEP 
(04) TIME STEP  = 0.5 
(05) �M�Ç�\�S�~2N2�5� =2N2�5�/² (�o�A )*(1+2N2��š�· ) 
(06) �o�A =�o�A/² (�:�b�~�Ü ) 
(07) �o�A�š�f4��€ =5 
(08) �o�A/² ([(0,0)-(10000,100)],(0,100),(2000,94),(4000,80),(6000,50),(8000,20),(10000,10)) 
(09) �:�b�~�Ü = INTEG (#Õ#Ø�í
°�Ü -2
�Ž"á ,6000) 
(10) �ƒ�r�K�80�4�+��Š =0�4�+��Š/² (�‡�…�o�A ) 
(11) �‡�…�o�A =SMOOTH(�o�A ,�o�A�š�f4��€ ) 
(12) #Õ#Ø�í
°�Ü =DELAY3(0�4� ,0�4��[�b4��� ) 
(13) 0�4� =0�4�+��Š  
(14) 0�4��[�b4��� =12 
(15) 0�4�+��Š = INTEG (0¿
��ž2( ,600) 
(16) 0�4�+��Š/² ([(0,0)-(100,2000)],(0,0),(20,40),(40,200),(60,1000),(80,1200),(100,1280)) 
(17) 0¿
��ž2( =(�ƒ�r�K�80�4�+��Š -0�4�+��Š )/0¿
��ž2(�b4��€  
(18) 0¿
��ž2(�b4��€ =4 
(19) 2
�Ž"á =�M�Ç�\�S�~2N2�5� *2N2��Ç�•  
(20) 2N2��Ç�• =200 
(21) 2N2��š�· =RANDOM UNIFORM(-0.5,0.5,2374)+STEP(0.5,10) 
(22) 2N2�5�/² ([(0,0)-(100,10)],(0,7),(20,6),(40,4),(60,2),(80,1),(100,0)) 
(23) 2N2�*…�Ç�•�Q�•"á =0.005 
(24) 2N2�*…�Ç�•�ö =0 
(25) 2N2�5�/² ([(0,0)-(100,10)],(0,7),(20,6),(40,4),(60,2),(80,1),(100,0)) 
 



����
�

�� 4 $�% �b0�4�+��Š�ö*–�†�•�<�S�Ô�¹�Ý�c�

›�b 2 $�% �b�Ô�¹�Ý�_  
�ö*– =0�4�+��Š /�ö*–"á  
�ö*–"á =120 
�� �†�•�<�S�T�E�[�M���S�T�K�
�«�º�µ�¡�[�6�•�
��0�4�+��Š���c�
���ö*–���(�@�«�º�µ�¡�?
�}���Z�8�C�b�[�
�'�@�W�b�|�:�_�š�ƒ�~�r�M��  
0�4�+��Š = INTEG (0¿
��ž2( -�ö*– ,600) 
�� Vensim PLE�[�c�
 2 $�% �b�Ô�¹�Ý�†�Q�W�Z�

›�b�Ç�ß�î�\�š�X�†3ã�•�K�r�M���Q�b�‹�
��0�
4�+��Š���\�8�:�«�º�µ�¡�b��*O#ì8��†6ä�C�\�
�¯�Ç�º�@�G�b�|�:�_+¬�·��*O�K�Z�C�€�Z�8
�•�b�[�
�Q�b�r�r�Ž1��b�–�á�[ OK �Î�±�å�†�²�O�d�8�8�[�K�{�:��  
 
�� �q�‹�b�Ü�§�–�¡�Ý0����w���†�•�<�S�Ô�¹�Ý�b'¼�'�c�è�W�b�|�:�_�^�~�r�M���ö�•$×�_�c�

2 $�% �b�Ô�¹�Ý�_�Ü�§�–�¡�Ý�_���­�¡�±�î�†�•�<�S�T�E�[�b�v�b�[�M�� (05)�
 (10)�?�} (14)�

(16)�'�@�‚�K�C�•�ƒ�W�S�v�b�[�M�� (15)�'�c�

Ì#Õ���@�•�ƒ�~�a�K�š�ƒ�~�r�M���^�>�

Ì#Õ
���†*ƒ�Ö�K�
�:�b�~�Ü�@ 6,000�¶�?�} 6,307 �¶�_�š�ƒ�~�r�M���r�S�
0¿
��ž2(�b�6�‡�Í�v�

600�?�} 415.39�_�W�@�~�r�M��  
 
(01) FINAL TIME  = 1200 
(02) INITIAL TIME  = 0 
(03) SAVEPER  = TIME STEP 
(04) TIME STEP  = 0.125 
(05) �Ü�§�–�¡�Ý���~�Ü = INTEG (
Ì#Õ-
Ì#Õ��
°�Ü , 3396) 
(06) �M�Ç�\�S�~2N2�5� =2N2�5�/² (�o�A )*(1+2N2��š�· ) 
(07) �o�A =�o�A/² (�:�b�~�Ü ) 
(08) �o�A�š�f4��€ =5 
(09) �o�A/² ([(0,0)-(10000,100)],(0,100),(2000,94),(4000,80),(6000,50),(8000,20),(10000,10)) 
(10) 
Ì#Õ=DELAY3(�G�p�ë�� ,
Ì#Õ�b4��� ) 
(11) 
Ì#Õ�b4��� =240 
(12) 
Ì#Õ��
°�Ü =
Ì#Õ���ž
°/² (�o�A )*�Ü�§�–�¡�Ý���~�Ü  
(13) 
Ì#Õ���ž
°/² ([(0,0)-(100,0.5)],(0,0),(25,0),(50,0.1),(75,0.2),(100,0.4)) 
(14) 
Ì#Õ"á =0.4 
(15) �:�b�~�Ü = INTEG (
Ì#Õ��
°�Ü +#Õ#Ø�í
°�Ü -2
�Ž"á ,6307) 
(16) �G�p�ë�� =2
�Ž"á *
Ì#Õ"á  
(17) �ƒ�r�K�80�4�+��Š =0�4�+��Š/² (�‡�…�o�A ) 
(18) �‡�…�o�A =SMOOTH(�o�A ,�o�A�š�f4��€ ) 
(19) #Õ#Ø�í
°�Ü =DELAY3(0�4� ,0�4��[�b4��� ) 
(20) 0�4� =0�4�+��Š  
(21) 0�4��[�b4��� =12 
(22) 0�4�+��Š = INTEG (0¿
��ž2( ,415.39) 
(23) 0�4�+��Š/² ([(0,0)-(100,2000)],(0,0),(20,40),(40,200),(60,1000),(80,1200),(100,1280)) 
(24) 0¿
��ž2( =(�ƒ�r�K�80�4�+��Š -0�4�+��Š )/0¿
��ž2(�b4��€  
(25) 0¿
��ž2(�b4��€ =4 
(26) 2
�Ž"á =�M�Ç�\�S�~2N2�5� *2N2�*…�Ç�• 
(27) 2N2��š�· =RANDOM UNIFORM(-0.5,0.5,2374)+STEP(0.5,10) 
(28) 2N2�*…�Ç�•=200 
(29) 2N2�5�/² ([(0,0)-(100,10)],(0,7),(20,6),(40,4),(60,2),(80,1),(100,0)) 
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14. �Å�î�Ý�í�¤�î�Ò�Å�î�Ý�í�¤�î�Ò�Å�î�Ý�í�¤�î�Ò�Å�î�Ý�í�¤�î�Ò  
 
�� �Å�î�Ý�í�¤�î�Ò�c�
�`�Ž�Ñ�
�§���:�
�M���:�
�d���†�¸�\�M�• 4 �Ç�@�³�î�Ò�†)��s�
)�
� �¥�«�º�†�q�`7H�_�M�•�G�\�†'‡�:�v�b�[�M���6�‡�²�ó�[�c�
�`�Ž�Ñ�
�§���:�
�M���:�

�d���@ 12 �¶�b�«�º�µ�¡�†�â�U�r�M���r�S�
�Q�€�R�€�b6ë�_�
 4 �¶�b4Ä3æ�p�b�«�º�µ�¡�@ 2
�¶�Y�X�ó�r�€�
�_���c 2 4�6ë�b4��€�[�d���
�M���:�
�§���:�
�`�Ž�Ñ�_4Ä3æ�I�€�r�M��  

�Q�€�R�€�_�
 2 �£�d�b�@�e4��€�@�ó�r�€�
�`�Ž�Ñ�
�§���:�
�M���:�
�d���_ 2 4�6ë4��€�[
�@�e�@4Ä4)�I�€�
�I�}�_�
�d���?�}�b0�4��æ&g�\�d���´�Ü�r�[�b0����™
°�_ 2 4�6ë�b0�4�
4��€�@�Ñ�~�K�r�M��  

�~�Ü�X�_�P�K�
 0.5$�b2�#Ý�
�w�@�g�_�P�K $1.0�b2�#Ý�@$Î#Õ�K�r�M���G�b2�#Ý$Î#Õ�†�q�a
�_�M�•�|�:�_$Î�@�K�r�M��  
 

 
�W14-1>8�Å�î�Ý�í�¤�î�Ò�b4Ä%�  

 
�W14-2>8�Å�î�Ý�í�¤�î�Ò�b4Ä%�  

8³��
�w�@

�`�Ž�Ñ �d���M���:�§���:

4Ä3æ�u4Ä3æ�v 4Ä3æ�q4Ä3æ�r4Ä3æ�s4Ä3æ�t

#Õ#Ø�p�q

#Õ#Ø�p�r

$Î�@�q $Î�@�u

�N�¦�q

0�4�
�æ&g

$Î�@�t$Î�@�s$Î�@�r $Î�@�v

�Å�î�Ý�í�¤�î�Ò�b4Ä*(

4
/œ/²
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�W14-3>8�Å�î�Ý�í�¤�î�Ò�b�Ô�¹�Ý  

 
�M�[�_ ‡*f�[1��Â�K�Z�8�r�M�@�
�S�_�Ô�¹�Ý�Ý�ì�[�v�~�V�F�S�
�`�Ž�Ñ�\�d���b�Ô�¹�Ý

�[�
�`�Ž�Ñ�\�d���b6ë�_�
�§���:�
�M���:�†��
°�K�S�T�E�[�
�G�b�Å�î�Ý�í�¤�î�Ò�b�Ô�¹
�Ý�_�^�~�r�M��  
 

 
�W14-4>8�`�Ž�Ñ�b�Ô�ª�×�î�Ý  

 
�� �`�Ž�Ñ�
�§���:�
�M���:�
�d��
¹�_�
�ö�•$×�_�c� �L�S4��
� �L�'�[�M�b�[�
�`�Ž�Ñ�b
�Ô�ª�×�î�Ý�†�Q�W�Z1��Â�K�r�M��  
�� �S�b�Ô�¹�Ý�Ý�ì�[�v�~�V�F�S�`�Ž�Ñ�b�Ô�ª�×�î�Ý�c�
8³���b�p�v�
�~�Ü�\$Î�@�
�d���?
�}�b(á���T�E�[�K�S���G�G�[�c�
�~�Ü�†�~�Ü�\�w�@�g�_�(�E�Z�8�r�M���r�S�
�d���?�}�b
(á���c�
�`�Ž�Ñ�~�Ü�_
°�•�b�[�M�@�
���–$Î�@�(�†0£'ì�M�•�S�u�_�
���§���:�?�}�b(á��"g
�#���\�8�:�«�º�µ�¡�†#Ý�–�K�Z�8�r�M��  
�� �`�Ž�Ñ�b$Î�@�c�
  
1) 8³���_2
�Ž�K�S�(�b/õ
˜�(>8�¹ e�ì�M�•  
2) �~�Ü1*�Z>8�† =�~�Ü�c 12 �^�b�[�
�Q�€�†�–�â�M�•�|�:�_$Î�@�M�•  
3) ���–$Î�@>8�Ã�–�É�Û�–�å$Î�@�(�[�
���–"g�Â�
�6�•�8�c�’/®"g�Â�†�–�X�S�u�b$Î�@���G

�G�c�
  ���§���:�?�}�b(á��"g�#���\�8�:�«�º�µ�¡�†�Q�W�Z�¹ e�ì  

�`�Ž�Ñ�~�Ü

�`�Ž�Ñ�w�@
�g

�§���:P±Pï
PÔ(á��"g�#

�`�Ž�Ñ�w�@
�gPÔ�Q�•

�`�Ž�ÑPÞPÔ
�_��$Î3æ

�§���:P±PïPÔ(á��

8³��PÞPÔ2
�Ž

8³��PÔ�@�e

�§���:PÞPÔ$Î�@ �`�Ž�ÑP±PïPÔ�w�@

�¹ e�ì�€�X A �¹ e�ì�€�X B �¹ e�ì�‡6ë

�`�Ž�ÑPÔQFQ�QIQ`QO

�§���:�~�Ü

�§���:�w�@
�g

�M���:P±Pï
PÔ(á��"g�#

�§���:�w�@
�gPÔ�Q�•

�§���:PÞPÔ
�_��$Î3æ

�M���:P±PïPÔ(á��

�`�Ž�ÑPÞPÔ2
�Ž

�M���:PÞPÔ$Î�@ �§���:P±PïPÔ�w�@

�§���:PÔQFQ�QIQ`QO

�¹ e�ì�€�X< A>�¹ e�ì�€�X< B> �¹ e�ì�‡6ë< >

�M���:�~�Ü

�M���:�w�@
�g

�d��P±PïPÔ
(á��"g�#

�M���:�w�@
�gPÔ�Q�•

�M���:PÞPÔ
�_��$Î3æ

�d��P±PïPÔ(á��

�§���:PÞPÔ2
�Ž

�d��PÞPÔ$Î�@
�M���:P±PïPÔ�w�@

�M���:PÔQFQ�QIQ`QO

�¹ e�ì�€�X< A>�¹ e�ì�€�X< B> �¹ e�ì�‡6ë< >

�d���~�Ü

�d���w�@�g

0�4��d&ìP±
PïPÔ(á��"g

�#

�d���w�@�g
PÔ�Q�•

�d���´�ÜPÞPÔ�™
°

0�4��d&ìP±
PïPÔ(á��

�M���:PÞPÔ2
�Ž

0�4��æ&g 0�4��d&ì

�d��PÔQFQ�QIQ`QO

�¹ e�ì�€�X< A>�¹ e�ì�€�X< B> �¹ e�ì�‡6ë< >

� �̀Ž�Ñ�~�Ü

� �̀Ž�Ñ�w�@
�g

�§���:P±Pï
PÔ(á��"g�#

� �̀Ž�Ñ�w�@
�gPÔ�Q�•

� �̀Ž�ÑPÞPÔ
�_��$Î3æ

�§���:P±PïPÔ(á��

8³��PÞPÔ2
�Ž

8³��PÔ�@�e

�§���:PÞPÔ$Î�@ � �̀Ž�ÑP±PïPÔ�w�@

�¹ e�ì�€�X A �¹ e�ì�€�X B �¹ e�ì�‡6ë

� �̀Ž�ÑPÔQFQ�QIQ`QO

� �̀Ž�Ñ
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�b 3 '�8®�b$Î�@0[(ò�@�6�•�G�\�†1��Â�K�r�K�S��  
�V�b 1)�
 2)�
 3)�†�Q�b�r�r1*�Z�K�^�8�[$Î�@�M�•�\4#�k$Î�@�_�^�•�b�[�
�€�X A�
�€�X B

�†�Q�W�Z1*�Z�K�r�M��  

 
�W14-5>8�d���b�Ô�ª�×�î�Ý  

 
�� �S�T�
�d���b�Ô�ª�×�î�Ý�T�E�c�
0�4��d&ì�?�}�d���~�Ü�_
°,´�M�•�|�:�_�^�W�Z�8�r�M��  

 
�W14-6>8�©�Ñ�×�Þ�î�©�Ù�å)��Ý>8�~�Ü�\�w�@�g  

�M���: P±PïPÔ�w�@

�¹ e�ì�‡6ë >

�d���~�Ü

�d���w�@�g

0�4��d&ìP±
PïPÔ(á��"g

�#

�d���w�@�g
PÔ�Q�•

�d��� �́ÜPÞPÔ�™
°

0�4��d&ìP±
PïPÔ(á��

�M���:PÞPÔ2
�Ž

0�4��æ&g 0�4��d&ì

�d��PÔQFQ�QIQ`QO

�¹ e�ì�€�X< A>�¹ e�ì�€�X< B> �¹ e�ì�‡6ë< >

Selected Variables
10
30

5
15

0
0

0 5 10 15 20 25 30 35 40 45 50
Time (Week)

�`�Ž�Ñ�w�@�g  : Current
�`�Ž�Ñ�~�Ü  : Current

Selected Variables
30
50

15
25

0
0

0 5 10 15 20 25 30 35 40 45 50
Time (Week)

�§���:�w�@�g  : Current
�§���:�~�Ü  : Current

Selected Variables
50
60

25
30

0
0

0 5 10 15 20 25 30 35 40 45 50
Time (Week)

�M���:�w�@�g  : Current
�M���:�~�Ü  : Current

Selected Variables
40
70

20
35

0
0

0 5 10 15 20 25 30 35 40 45 50
Time (Week)

�d���w�@�g  : Current
�d���~�Ü  : Current
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�W14-7>8�©�Ñ�×�Þ�î�©�Ù�å)��Ý>8$Î�@  

 
�W14-8>8)r2�#Ý0£'ì�Ô�ª�×�î�Ý  

 
�W14-8>8)r2�#Ý  

�§���:PÞPÔ$Î�@
20

15

10

5

0
0 5 10 15 20 25 30 35 40 45 50

Time (Week)

�§���:PÞPÔ$Î�@ : Current

�M���:PÞPÔ$Î�@
20

15

10

5

0
0 5 10 15 20 25 30 35 40 45 50

Time (Week)

�M���:PÞPÔ$Î�@ : Current

�d��PÞPÔ$Î�@
30

22.5

15

7.5

0
0 5 10 15 20 25 30 35 40 45 50

Time (Week)

�d��PÞPÔ$Î�@ : Current

0�4��æ&g
30

22.5

15

7.5

0
0 5 10 15 20 25 30 35 40 45 50

Time (Week)

0�4��æ&g : Current

)r2�#Ý

)r2�#Ý�Q�•

� �̀Ž�Ñ�~�Ü< >

�M���:�~�Ü< >

�§���:�~�Ü< >

�d���~�Ü< >

� �̀Ž�Ñ�w�@�g< >

�§���:�w�@�g< >

�M���:�w�@�g< >

�d���w�@�g< >

)r2�#Ý
3000

2250

1500

750

0

0 5 10 15 20 25 30 35 40 45 50
Time (Week)

)r2�#Ý  : Current
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�G�b�Ô�¹�Ý�[�b�©�Ñ�×�Þ�î�©�Ù�å�b)r2�#Ý�c $2,250 �D�}�8�[�
�G�€�c��7•�b�Å�î�Ý�í�¤

�î�Ò�[�b�¹�’!l�_3Æ�8�Q�:�[�M���S�T�
 Sterman�_�|�€�d�
0�4��Ô�ª�×�î�Ý�c�v�:�a�K�5�•
�M�•�²0[�@�6�•�\�b�G�\�[�K�S��  
 
�� ��7•�b�Å�î�Ý�í�¤�î�Ò�[�v�
8³���c�`�Ž�Ñ�_�–4� 4 �£�î�«�b�Å�î�Ý�†�@�e�K�Z�8�Z�
 8 4�
% �?�} 2 �¸�b 8 �£�î�«�_$Î�@5��†�š�<�r�M���Q�b�Ú�_�c8³���c�@�e�†�š�<�Z�8�^�8�b�[�M
�@�
�`�Ž�Ñ�b�î�h�[$Î�@�K�S5��_�M���:�b�î�h�
�§���:�b�î�h�@
°�W�Z�
�d���_�†�C�G�•
�_�c�@�e�X�@ 8 �£�î�«�[�c�^�C�
�\�‡�[�v�^�8�X5��_2´�a�V�@�W�Z�8�r�M��  
�� $Î�@�K�Z�v�_���_�c�
�d���[�b0�4��[ 2 4�6ë�
�d���?�}�M���:�b6ë�[ 2 4�6ë�
�M���:�?
�}�§���:�b6ë�[ 2 4�6ë�
�Q�K�Z�§���:�?�}�`�Ž�Ñ�r�[�b6ë�[ 2 4�6ë�b4Ä3æ4��€�@�6�•�b�[�

�Q�€�R�€�
�@�e�K�Z�v�^�?�^�?(á���I�€�^�C�
�Q�b6ë�
8³���b�@�e�@)F�C�b�[�
�~�Ü�@�]
�‡�]�‡�ö�W�Z�8�A�r�M���I�}�_�c�~�Ü�@�®�ß�_�^�~�
�w�@�g�_�^�W�Z�K�r�8�r�M���G�:�^
�•�\!”�W�Z�
$Î�@�X�†�¨�C�K�
�r�M�r�M$Î�@�X�š�·�@�±�A�C�^�W�Z�8�A�r�M��  
�� �e8Ÿ�c�
4��€�Z�]�‡�]�‡�_���@
°,´�M�•�|�:�_�^�W�Z�?�}�[�M��
°,´�M�•�X5��b�‰�@8³
���b$Î�@�|�~�v�¨�8�b�[�
�Ò�Ø�c�]�‡�]�‡�~�Ü�@ @�r�W�Z�8�A�r�M���6�ƒ�Z�Z�@�e�X�†�®
�ß�_�K�Z�v�
�Q�€�[�v�_���b(á
°�@)F�A�r�M��  
�� �G�b�]�Ê�@�W 14-6�
 14-7 �_&g�I�€�Z�8�r�M���^�>�
�`�Ž�Ñ�b$Î�@�š�·�@�
�§���:�
�M��
�:�
�d���_���ƒ�W�Z�8�C7•�_�Q�œ�I�€�Z�8�C�]�Ê�@0b�}�€�r�M���r�S�
�~�Ü�x�w�@�g�[�c�

�`�Ž�Ñ�b�~�Ü�š�·�@�
�§���:�
�M���:�
�d���[�c e�}�?�_�^�W�Z�8�•�G�\�@�(�?�~�r�M��  
 
�� �G�:�8�W�S"g�#�†�5�•�M�•�_�c�]�:�M�€�d�8�8�b�[�K�{�:�?>=�� �`�Ž�Ñ�
�§���:�
�M��
�:�b$Î�@�X�x�d���b0�4��æ&g�[�b�ô���b�Ý�î�Ý�†�š�<�•�\�8�:�m�v�6�•�[�K�{�:�@�
�©�«
�¸�Ò�_�^�W�Z�8�•�b�[�
�Q�:(F�"�[�c�6�~�r�O�‡���©�«�¸�Ò�†�š�<�•�\�8�:0b�…�?�}�c�

�§���:�†�¤�8�Z�
�`�Ž�Ñ�c�M���:�_$Î�@�M�•�
�I�}�_�c�
�d���_%$�K$Î�@�M�•�\�8�:�x�~
�‰�@�6�•�[�K�{�:���Q�b)��Ý�†&��?�u�Z�s�r�K�{�:��  

 
�W14-9>8�§���:�\�M���:�†�v�~7V�8�S�Ô�¹�Ý  

�`�Ž�Ñ�~�Ü
0

�`�Ž�Ñ�w�@
�g  0

�§���:P±Pï
PÔ(á��"g�#

0

�`�Ž�Ñ�w�@�gPÔ�Q�•  0

�`�Ž�ÑPÞPÔ�_��$Î3æ 0

�§���:P±PïPÔ(á��  0

8³��PÞPÔ2
�Ž 0

8³��PÔ�@�e 0

�M���:PÞPÔ$Î�@ 0 �`�Ž�ÑP±PïPÔ�w�@ 0

�¹ e�ì�€�X A 0 �¹ e�ì�€�X B 0 �¹ e�ì�‡6ë  0

�`�Ž�ÑPÔQFQ�QIQ`QO

�¹ e�ì�€�X< A 0>�¹ e�ì�€�X< B 0> �¹ e�ì�‡6ë<  0>

�M���:�~�Ü
0

�M���:�w�@
�g  0

�d��P±PïPÔ
(á��"g�#  0

�M���:�w�@�gPÔ�Q�•  0

�M���:PÞPÔ�_��$Î3æ  0

�d��P±PïPÔ(á�� 0

�`�Ž�ÑPÞPÔ2
�Ž 0

�d��PÞPÔ$Î�@ 0
�M���:P±PïPÔ�w�@ 0

�M���:PÔQFQ�QIQ`QO

�¹ e�ì�€�X< A 0>�¹ e�ì�€�X< B 0> �¹ e�ì�‡6ë<  0>

�d���~�Ü  0

�d���w�@�g
0

0�4��d&ìP±
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�� �W14-10�_�
�Q�b�š3Q�†/œ�W�Z�8�r�M�@�
&��?�_�
�d���_%$�K$Î�@�M�•�\�8�:�x�~�‰�@�M
$��œ#.$×�[�6�•�G�\�@�(�?�~�r�M��  
 
�� �^�>�
�G�b�q�6�b�Å�î�Ý�í�¤�î�Ò�b�Ô�¹�Ý�b'¼�'�c�è�W�b3û�~�[�M��  
 
(01) FINAL TIME  = 50 
(02) INITIAL TIME  = 0 
(03) SAVEPER  = TIME STEP 
(04) TIME STEP  = 0.25 
(05) �M���:�?�}�b�w�@ =DELAY FIXED(�d���l�b$Î�@ ,1,4) 
(06) �M���:�?�}�b(á�� =�§���:�l�b�_��$Î3æ -�M���:�l�b$Î�@  
(07) �M���:�?�}�b(á��"g�# = INTEG (�M���:�?�}�b(á�� ,0) 
(08) �M���:�l�b�_��$Î3æ =DELAY FIXED(�M���:�l�b2
�Ž ,2,4) 
(09) �M���:�l�b$Î�@ =MAX(0,SMOOTH(�`�Ž�Ñ�?�}�b�w�@ ,�¹ e�ì�‡6ë )+�¹ e�ì�€�X

A*(12-(�§���:�~�Ü -�§���:�w�@�g )+�¹ e�ì�€�X B*�M���:�?�}�b(á��"g�# )) 
(10) �M���:�l�b2
�Ž =MIN( �d���~�Ü +�d���´�Ü�l�b�™
° ,�M���:�?�}�b�w�@ +�d���w�@

�g ) 
(11) �M���:�w�@�g = INTEG (�M���:�w�@�g�b�Q�• ,0) 
(12) �M���:�w�@�g�b�Q�• =�§���:�?�}�b�w�@ -�§���:�l�b2
�Ž  
(13) �M���:�~�Ü = INTEG (�M���:�l�b�_��$Î3æ -�§���:�l�b2
�Ž ,12) 
(14) �§���:�?�}�b�w�@ =DELAY FIXED(�M���:�l�b$Î�@ ,1,4) 
(15) �§���:�?�}�b(á�� =�`�Ž�Ñ�l�b�_��$Î3æ -�§���:�l�b$Î�@  
(16) �§���:�?�}�b(á��"g�# = INTEG (�§���:�?�}�b(á�� ,0) 
(17) �§���:�l�b�_��$Î3æ =DELAY FIXED(�§���:�l�b2
�Ž ,2, 4) 
(18) �§���:�l�b$Î�@ =MAX(0,SMOOTH(8³���b�@�e ,�¹ e�ì�‡6ë )+�¹ e�ì�€�X A*(12-(�`

�Ž�Ñ�~�Ü -�`�Ž�Ñ�w�@�g )+�¹ e�ì�€�X B*�§���:�?�}�b(á��"g�# )) 
(19) �§���:�l�b2
�Ž =MIN(�M���:�~�Ü +�M���:�l�b�_��$Î3æ ,�§���:�?�}�b�w�@ +�M���:

�w�@�g) 
(20) �§���:�w�@�g = INTEG (�§���:�w�@�g�b�Q�• ,0) 
(21) �§���:�w�@�g�b�Q�• =�`�Ž�Ñ�?�}�b�w�@ -�`�Ž�Ñ�l�b2
�Ž  
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(22) �§���:�~�Ü = INTEG (�§���:�l�b�_��$Î3æ -�`�Ž�Ñ�l�b2
�Ž ,12) 
(23) �`�Ž�Ñ�?�}�b�w�@ =DELAY FIXED(�§���:�l�b$Î�@ ,1,4) 
(24) �`�Ž�Ñ�l�b�_��$Î3æ =DELAY FIXED(�`�Ž�Ñ�l�b2
�Ž ,2,4) 
(25) �`�Ž�Ñ�l�b2
�Ž =MIN(�§���:�~�Ü +�§���:�l�b�_��$Î3æ ,�`�Ž�Ñ�?�}�b�w�@ +�§���:

�w�@�g) 
(26) �`�Ž�Ñ�w�@�g = INTEG (�`�Ž�Ñ�w�@�g�b�Q�• ,0) 
(27) �`�Ž�Ñ�w�@�g�b�Q�• =8³���b�@�e -8³���l�b2
�Ž  
(28) �`�Ž�Ñ�~�Ü = INTEG (�`�Ž�Ñ�l�b�_��$Î3æ -8³���l�b2
�Ž ,12) 
(29) �d���?�}�b(á�� =�M���:�l�b�_��$Î3æ -�d���l�b$Î�@  
(30) �d���?�}�b(á��"g�# = INTEG (�d���?�}�b(á�� ,0) 
(31) �d�� �l �b$Î�@ =MAX(0,SMOOTH(�§�� �: �? �} �b�w�@ ,�¹  e�ì �‡6ë )+�¹ e�ì �€ �X

A*(12-(�M���:�~�Ü -�M���:�w�@�g )+�¹ e�ì�€�X B*�d���?�}�b(á��"g�# )) 
(32) �d���´�Ü�l�b�™
° =DELAY FIXED(0�4��d&ì ,2,4) 
(33) �d���w�@�g = INTEG (�d���w�@�g�b�Q�• ,0) 
(34) �d���w�@�g�b�Q�• =�M���:�?�}�b�w�@ -�M���:�l�b2
�Ž  
(35) �d���~�Ü = INTEG (�d���´�Ü�l�b�™
° -�M���:�l�b2
�Ž ,12) 
(36) �¹ e�ì�€�X A=0.25 
(37) �¹ e�ì�€�X B=0.33 
(38) �¹ e�ì�‡6ë =1 
(39) )r2�#Ý = INTEG ()r2�#Ý�Q�• ,0) 
(40) )r2�#Ý�Q�• =(�`�Ž�Ñ�~�Ü +�§���:�~�Ü +�M���:�~�Ü +�d���~�Ü )*0.5+(�`�Ž�Ñ�w�@�g +

�§���:�w�@�g +�M���:�w�@�g +�d���w�@�g ) 
(41) 0�4��d&ì =DELAY FIXED(0�4��æ&g,1,4) 
(42) 0�4��d&ì�?�}�b(á�� =�d���´�Ü�l�b�™
° -0�4��æ&g 
(43) 0�4��d&ì�?�}�b(á��"g�# = INTEG (0�4��d&ì�?�}�b(á�� ,0) 
(44) 0�4��æ&g=MAX(0,SMOOTH(�M���:�?�}�b�w�@ ,�¹ e�ì�‡6ë )+�¹ e�ì�€�X A*(12-(�d

���~�Ü -�d���w�@�g )+�¹ e�ì�€�X B*0�4��d&ì�?�}�b(á��"g�# )) 
(45) 8³���b�@�e =4+STEP(4,5) 
(46) 8³���l�b2
�Ž =MIN(�`�Ž�Ñ�~�Ü +�`�Ž�Ñ�l�b�_��$Î3æ ,8³���b�@�e +�`�Ž�Ñ�w�@�g ) 
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