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�c�L�u�_�c�L�u�_�c�L�u�_�c�L�u�_  
 
�� �•'��c�
 Vensim PLE (Vensim Personal Learning Edition)�†�Q�8�
�Ô�¹�Ý�8�B�\�©�Ñ�×�Þ�î�©
�Ù�å��/œ�†/œ�:�S�u�b°6Û�i�\�K�Z�i�?�€�S�v�b�[�M���‘�W�Z�
 Vensim PLE�b²�Z�b�µ+�
�x�Ô�¹�Ý�S(��_6õ�M�•�_���†)Y*6�K�S�v�b�[�c�6�~�r�O�‡���ï�8�Ð�½�×�”�Ý�c Vensim PLE
�b�·�8#ì8��?�}�g!·�[�A�r�M�K�
�r�S�
�”�¡�ß�Â�µ�º�í�Ç�“�–�Ý�[�v Ventana&k�b�Í�î�Ò�Ì
�î�ª�?�}�f�j�I�€�Z�8�r�M���Ô�¹�Ý�S(��_6õ�M�•�ž�–�»�È�µ�¡�_�X�8�Z�v�
� �L�C Vensim 
PLE �b�·�8#ì8��?�}�g!·�[�A�r�M�K�
�r�S�
� &k�?�}�”�¡�ß�Â�µ�º�í�Ç�“�–�Ý�[�v�f�j�I
�€�Z�8�r�M�� Vensim PLE�b�š�f�x0ò�K�80Ž1��^�]�v�µ�u�
�Q�U�}�†�H�g!·�W�I�8��  

'¹*…�b1�0Ž�x1��Â�Y2Š�
�6�•�8�c0°3U�Ñ�«�^�]�_�|�~�
 �G�b°6Û�i�_�8�• �8�•�Y��x1�
�~�@�6�•�?�v%±�€�r�O�‡���£�u�H��2g8ª�8�r�M�� �v�K�
0°3Ù�_$2�e�†�¤�L�S���œ�
�Ý8��

�ï�8�Ð�½�×�”�Ý�x�Ô�¹�Ü�å�¢�í�ž�–�»�†�g!·�K�Z�W�I�8�� �r�S�
�q�‹�_'¹*…�b�Ó�î�Ý�í�”
�»�Þ�«�v0°3U�K�Z�8�r�M�b�[�
42�Ö�^�C�Ó�î�Ý�†�W�I�8��3É'Å�@4��C�^�•�?�v%±�€�r�O�‡
�@�
�^�•�m�C3É�¦�†�j�K�V�F�•�|�:�_�K�S�8�\�î�8�r�M��  
 
�� �•'��c�©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«�b�¯�Ç�º�[�6�• Vensim PLE�b�ï�8�_7H���K�Z0°3U�I�€
�Z�8�r�M���‘�W�Z�
�©�«�¸�Ò�í�²�–�¼�µ�Ñ�µ�¡�«�_�X�8�Z�c(F�"�_�K�?0•�€�}�€�Z�8�r�O
�‡���©�«�¸�Ò�î*ƒ�x�©�«�¸�Ò�í�²�–�¼�µ�Ñ�µ�¡�«�_6õ�M�•�_�� ;�x�i(`�†�g*ƒ�e"©�_�ò�F
�Z�6�~�r�M�b�[�
�©�«�¸�Ò�î*ƒ�x�©�«�¸�Ò�í�²�–�¼�µ�Ñ�µ�¡�«�_�X�8�Z�c�Q�U�}�†�g!·�K
�Z�W�I�8��  
 
�� �©�«�¸�Ò�í�²�–�¼�µ�Ñ�µ�¡�«�c�
 1950 �º�æ�_�Ð�§�³�×�î��µ�¶�d&É�±�Û�«�ß�î�å)�� �±
�Û7T�b�M�5�[�6�W�S�
�ª�™�–�í W�í�Ç�›�Þ�«�±�î�_�|�W�Z6ä$Î�I�€�S�
&k�6ä$Î�x)��í�
)�
� �
#”�C�
 IT �Z��x�_����Ÿ�×�Ü�¸�•�
�M*ñ�^�]�_�>�E�•1"8Ÿ�†�©�Ñ�×�Þ �î�©�Ù�å�_�|�~
0Ž�Ò�K�
�q4:�^�¯�Ü�×�î�©�Ù�å�†�f&g�M�•�‰�2�[�
�Q�b�P1ß�\�^�•›�b�(5��b1"8Ÿ�_�P�M
�•*ƒ�<�‰�x���ö�(�Ò�b�‰�21=�@�©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«�†4�ì�I�O�S�g�[ 1980 �º�æ�_�

�Â�Ü�î�í�Ü�µ�³�Ô�å�»�x�Æ�î�±�î�í��å�¤�^�]�_�|�~ ���©�«�¸�Ò�î*ƒ ���\�K�Z6ä$Î�I�€�r
�K�S��  
 
�� Vensim PLE�c�
 Ventana Systems&k�_�|�~6ä$Î�I�€�S�©�«�¸�Ò�î*ƒ�l�g�©�«�¸�Ò�í�²�–�¼
�µ�Ñ�¡�«�í�Ô�¹�Ü�å�¢�-�|�¯�Ç�º�[�6�~�
!“�q�6�•�8�c�*8 �[4Ä�x�I�€�Z�8�•�v�b�[�M��
�V�)�¯�Ç�º�[�6�• Vensim Professional�x Vensim DSS�^�]�_�š�m�µ+��c7H�}�€�Z�8�r�M�@�

�©�«�¸�Ò�î*ƒ �l�g �©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«�b�Û*f�_�²0[�^�µ+��c���(��<�Z�8�r�M���Ç
�Ü�î�í�¯�Ç�º�^�b�[�
 MIT �«�ß�î�å)�� �±�Û7T�^�](•�\�[�c�©�«�¸�Ò�î*ƒ�
�©�«�¸�Ò�í�²
�–�¼�µ�Ñ�¡�«�b�M*ñ�x%Ê�Ÿ�[�È�C�Q�ƒ�€�Z�8�r�M���C�@�\�[�c�
� �¿&k�Å�ª�¿�« �í�«�¡�î
�Ý�_�Š�E�•�Å�ª�¿�« �í�Ô�¹�Ü�å�¢�M*ñ'¼�_�Q#Ý�I�€�Z�8�r�M��  
�� Vensim PLE�c�
�©�«�¸�Ò�î*ƒ�\�©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«�†� �L�¯�Ç�º�[�v�~�…�<�•!l
�v�±�A�^"I�©�_�^�W�Z�8�r�M�����»�[%$8��M�•�I�r�J�r�^�e8Ÿ�x1"8Ÿ�c�
�¨�C �b���œ�
��
�ö�(�Ò�T�E�[�v���(�^�]�9�†�“�•�G�\�@�[�A�r�M���r�S�
��5��(�Ò�†���‹�M�•�S�_�
���(
�^���ö�(�Ò�†���‹�M�•�G�\�c�\�Z�v5�0[�^�G�\�[�M�� Vensim PLE�_�c���(�^���ö�Ô�¹�Ü�å
�¢�µ+��@�6�~�r�M�b�[�
�©�«�¸�Ò�î*ƒ�[�v�~�…�:���ö�Ô�¹�Ý�b�S(��_�c Vensim PLE�b�µ+�
�[���(�[�K�{�:���S�T�K�
0£#ì'Ç���^�]�[�]�&�?�X0ò(ý�^0£#ì�†'Ç���M�•�²0[�@�6�~�
�•
�A$×�^��5��Ô�¹�Ý�†�S(��M�•�²0[�@�6�•���œ�_�c�
 Vensim PLE�[�c�µ+��@7H�}�€�Z�8�r�M
�b�[�
 Vensim Professional�l�g Vensim DSS�b�< #Ý�†�>.��u�K�r�M��  
 

�G�b8��–�_(F�"�^°6Û�_�|�W�Z�
 Vensim PLE�_�Ð�€�
 �Ç�“�å �_�^�W�Z�8�S�T�C�G�\�†8ª
�W�Z�8�r�M��  
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�•°6Û�†�Ë�î�«�_�
�Å�¹�œ�M�¦ 6ä$Î�M�•�£���[�M�� �M�[�_ +¬*f#Ý�Ã�á�î�Ï�–�å�º �c6ä$Î
�I�€�Z�8�r�M�� �r�S�
�•�i�[�c�
�©�«�¸�Ò�î*ƒ�x�©�«�¸�Ò�î*ƒ�[�|�C#Ý�8�}�€�•�©�«�¸�Ò
�N�º�
�I�}�_�c�
��5��Ô�¹�Ý�b�ö�•$×�^�S4��Ã�±�î�å�^�]�_�X�8�Z�c�o�\�‡�]0•�€�Z�8�r
�O�‡�b�[�
�G�€�}�b0ð8Ÿ�†0Ž1��M�•�v�b�\�K�Z�
�•�i�b����)…�[�6�•�� Vensim PLE�_�|�•
SD °6Û���@$Î/²�I�€�Z �8�r�M��  

�� Vensim PLE�_�|�• SD °6Û���T�E�[�c�^�C�
�Ú�b�©�«�¸�Ò�î*ƒ�x�©�«�¸�Ò�í�²�–�¼�µ
�Ñ�¡�«�b�M&É�i�†�Q�W�Z�b�
 �©�«�¸�Ò�î*ƒ �x�©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«�†)��Ó�M�•��Ñ�¼
�î�v���‹�K �Z�8�r�M ���©�«�¸�Ò�î*ƒ�x�©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«�_�X�8�Z0ò�K�8�G�\�†�>
%±�~�_�^�~�S�8�‰�c�
'¹*…�r�[�H�M���W�I�8��  

 
�q�‹�_�
 �•°6Û�c�
� �¿&k�±�Û�£�•.��M�5�b$Î�L�['¹*…�@6ä$Î�K�S�v�b�[�
6ä$Î�_7•�K

�Z�c �
�£�•.��M�5�b�s�^�}�N�
 � �¿&k�Å�ª�¿�« �í�«�¡�î�Ý6Û�W#Õ�[�6�• �©�î4(�Ç �¶�
 �p0Y
���… �¶�
-¶�•(��¶�^�] �I�r�J�r�^6õ�€*…�b�-�|�†8l�A�r�K�S�� �H�-�|�8�S�T�8�S 6õ�€*…�_
�P�K �Ý�C�¤1p�K�r�M��  

�r�S�
0°3U�b1��~�^�]�c'¹*…�@²�Z2��õ�†2��:�v�b�[ �6�~�
 �e�p�b0b0Ž�^�]�c�
'¹*…�b
�¶�Ç$×�–0b�x0b0Ž �[�6�~�
 Ventana&k�x�¥�•�•�¶%Ê'2��å�±�î�b0b0Ž �x�–0b�†/²�K�S�v�b �[
�c�6�~�r�O�‡��  

>&2007�º 3 �v 31 �¥0°>'  
 
�Q�b�‹�
 Vensim PLE�c 6.3 �_�5���I�€�
/²&g#ì8��@�±�œ�_�š�ƒ�W�S�b�[�
�Q�€�_�œ�ƒ�O

�Z�
0°3U�p�b#ì8�/²&g�x�¥�•1�/²0°�‰�2�b0°3Ù�†�š�<�r�K�S�� MS-Window 7�l�g 8.1 �_�P�Â
�K�Z�8�r�M��  

>&2015�º 4 �v 1 �¥0°>'  
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'¨'¨' '̈¨ 1 'v>8'v>8'v>8'v>8 Vensim PLE �b�ï�8�b�ï�8�b�ï�8�b�ï�8 #ì8�#ì8�#ì8�#ì8�  
 

�G�b 'v�[�c Vensim PLE�b�µ+��l�g �Q#Ý�[�A�•6õ�X�_�X�8�Z1��Â�K�Z�8�r�M��  
 
�� 1. �¥�•1�"'#”�C�b0¿�� ���[ �c�
�¥�•1�#”�C�_�š�f�M�•�x�~�‰�†1��Â�K�Z�8�r�M��  

�� �� 2. Vensim PLE�b#ì8����[�c�
 Vensim PLE�b#ì8��_/²&g�I�€�•�Ó�½�×�î�x�¶�î�Ý�_�X�8
�Z�b�+0[�†0Ž1��K�
�Q�b�‹�
�Ô�¹�Ý0°3Ù�x�(�Ò�^�]�[�|�C�Q�ƒ�€�•�¶�î�Ý�x�µ+��_�X�8�Z�

(��†�5�u�Z0°3U�K�Z�8�r�M���G�b(��c�
�Q�‡�^�v�b�?�\�8�:#.0Ž�[�8�8�[�K�{�:��  

�� 3.�Ó�–�å�í�¶�î�Ý�í�Â�î���[�c�Ô�¹�Ý�†�–�Ñ�K�S�~�©�Ñ�×�Þ�î�©�Ù�å�†���‹�M�•7•�_�Q
�:�¶�î�Ý�_�X�8�Z�
�� 4. �Ô�¹�Ý0°3Ù�¶�î�Ý���\�
�� 5. �«�¸�î�±�«�í �Â�î ���[�c�
�Ô�¹�Ý�†0°
3Ù�M�•7•�_�Q�:0°3Ù�¶�î�Ý�_�X�8�Z0Ž1��K�Z�8�r�M��  

�� 6. �(�Ò�¶�î�Ý���c�
�¢�Û�Ç�x/²�[�©�Ñ�×�Þ�î�©�Ù�å)��Ý�†/²#'�K�S�~�
�6�•�8�c�
�Ô
�¹�Ý�[�b0[(ò6ë�b�Ü�å�£�î�ª�†�(�Ò�M�•7•�_�Q�:�¶�î�Ý�_�X�8�Z0Ž1��K�Z�8�r�M��  

�Q�K�Z�
 �� 7. ���Š�\�3�E���[�c�
�©�Ñ�×�Þ�î�©�Ù�å)��Ý�b�¢�Û�Ç�x/²�†�3�E�K�S�~�
�Ç�“
�–�Ý�_���Š�
�6�•�8�c�Ã�á�î�Ï�–�å�º�x�á�î�» �e�i �^�]�_�¥�Æ�î�M�•�‰�2�†1��Â�K�Z�8�r
�M��  

'v�b�q�‹�b(��[�6�• �� 8. 6õ�X���[�c�
 �Ô�¹�Ý�†�S(��M�•7•�_ �|�C�Q�ƒ�€�•6õ�X�_�X�8�Z
0Ž1��K�Z�8�r�M��  
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1. �¥�•1�"'#”�C�b0¿���¥�•1�"'#”�C�b0¿���¥�•1�"'#”�C�b0¿���¥�•1�"'#”�C�b0¿��  
 
�� Vensim PLE�Q�b�v�b�c�
 http://vensim.com/free-download/ (2015�º 4 �v 1 �¥�ì!l )�b#æ�K3¸
�s#ì8��_0°3U�M�•�\�
 Ventana&k�?�}�
 �²�˜�å�ß�î�» �l�b�Ü�å�¡�@7Á�Ê�Ó�î�Ý�[�LÆ�I�€�Z
�A�r�M ���S�T�K�
�²�˜�å�ß�î�»�K�
�–�å�«�º�î�Ý�K�Z�v�
�Q�b�r�r�[�c�Ó�½�×�î�c,e1�#”
�C�^�b�[�
�Ó�½�×�î�†�¥�•1��_�š�<�S�8���œ�c�è�W�b�ï�8�†���‹�K�Z�W�I�8���Ó�½�×�î�@
,e1�#”�C�[�v�8�8�\�8�:�Ø�î�¨�î�c�
�G�b�8���†���‹�M�•�²0[�c�6�~�r�O�‡���Ó�½�×�î�@
,e1�#”�C�b�r�r�[�v�
 Vensim PLE Version 6.3�[�c�
�Ô�¹�Ý�b�š�X�¡�x�¥�Ó�å�º�_�¥�•1��x
²0…�e�Ð�†�Q#Ý�M�•�G�\�@�[�A�r�M��  
 
�� �è�W�
�¥�•1�"'#”�C�b0¿���m8p�[�M��  
 

�²�˜�å�ß�î�»�K�S Vensim PLE�†�–�å�«�º�î�Ý�b7•�_�
+¬�·$×�_ �”�–�¥�å�@�¹�•�«�¡�º�µ
�É�_�8�B �I�€�r�M���6�•�8�c�
�ö�Ï�Ó�½�×�î�_)��s3¸�t�
�«�±�î�º�í�Ó�½�×�î�_)��s3¸�t
�^�]�@�•+��[�M���è�W�b�m8p�[�¥�•1�#”�C�_�š�<�r�M���S�T�K�
�¥�•1�#”�C�_�š�<�•�\�

,e1�"'�[�c/²&g�I�€�Z�8�•�Ô�¹�Ý0°3Ù�Â�î�_�6�•�Î�±�å�b�ç�<�Ð�@�˜�<�
�–�Ó�î�ª�T�E�_
�^�W�Z�K�r�8�r�M��,e1�#”�C�[�v�
�š�X�¡�_�¥�•1��c�Q�<�r�M�b�[�
,e1��@²�C�(�?�}�^
�8�Ç�c�9�\�K�Z�
"I�_,e1�#”�C�[�v �Y�} �c�^�8�\�î�8�r�M��  
 
�«�¸�µ�É 1>8Vensim PLE�†'g�U�V�F�•  
 

 
 
�«�¸�µ�É 2>8�Ó�½�×�î�í�Â�î�b�� Option���?�}�� Language���†4E�j  
�«�¸�µ�É 3>8�� Japanese���†4E�¥�M�•  
�«�¸�µ�É 4>8�� You must exit vensim and start it again to update all menus���_�P�K�Z�� OK���†4E

�¥�M�•  
�«�¸�µ�É 5>8�M�¦ Vensim PLE�†)
�¢�M�•  
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�«�¸�µ�É 6: Ì�Ø Vensim PLE�†2s�·�K �r�M�� �Ó�½�×�î�c�¥�•1��_�š�ƒ�W�Z�8�r�M�@�
�Ô�¹

�Ý�8�B�¶�î�Ý �í�Â�î�x�(�Ò�¶�î�Ý �í�Â�î�b�Î�±�å�”�–�¥�å�b�ç�<�Ð�@�e�Ð�ì�E
�K�Z�8�r�M��  
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�«�¸�µ�É 7>8�Ó�½�×�î�í�Â�î�b���œ�É�©�Ù�å���?�}���œ�É�©�Ù�å (O)���†4E�g�
/²&g�I�€�S
��²�æ�œ�É�©�Ù�å0¿����#ì8��b�W�_�6�•�
���”�–�¥�å�Û�Ë�Ý���b�³�™�µ�¡�†�¥�K�
�� OK���†
4E�g�r�M���� You will need to exit and reopen Vensim for all changes to take effect���_�P�K�� OK��
�†4E�g�
 Vensim PLE�†)
�¢�I�O�r�M��  
 

 
 
�«�¸�µ�É 8>8Ì�Ø Vensim PLE�†'g�U�V�F�•  
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2. Vensim PLE�b#ì8��b#ì8��b#ì8��b#ì8�  
 

 
�W2-1>8Vensim PLE�6�‡#ì8�  

 
Vensim PLE�†6ä�C�\�
�W 2-1 �b�|�:�^#ì8��@�q�6�_#'�€�r�M���¤�_�Ô�¹�Ý�†�S�_ �8�B �K

�Z�8�€�d�
�q3Æ�8�B�K�S�Ô�¹�Ý�@/²&g�I�€�r�M���‚0d�Ô�¹�Ý�8�B�Î�±�å�†4E�¥�M�•�\�
�W
2-X �b�|�:�^�
�©�Ñ�×�Þ�î�©�Ù�å�²�ó0¿��#ì8��@/²&g�I�€�r�M���G�b#ì8��[ OK �_�M�•�\�

�W2-2 �_&g�K�S�|�:�^�
�Ô�¹�Ý�S(��•+�#ì8��_�)�~�p�ƒ�~�r�M��4*�8�c�
�W 2-1 �_�c/²&g�I
�€�Z�8�^�?�W�S�
�t�Ô�¹�Ý0°3Ù�¶�î�Ý�í�Â�î�\�
�u�«�¸�î�±�«�í�Â�î�@�‚�S�_/²&g�I�€�•
!l�[�M��  
 

 
�W2-2>8Vensim PLE�b#ì8� �b�¶�î�Ý�í�Â�î  

 
�� �G�b#ì8��_�^�W�Z�6�u�Z�
 �w�á�î�¡�Ë�å�³�V�[�Ô�¹�Ý�†�8�B�M�• �G�\�@�•+��_�^�~�r�M��  
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�q�±�–�º�Ý�í�Â�î>8�q�±�–�º�Ý�í�Â�î>8�q�±�–�º�Ý�í�Â�î>8�q�±�–�º�Ý�í�Â�î>8  

�M$��V�b�È�Ý�î�b�•�c�±�–�º�Ý�í�Â�î�[�
�r�T�Ô�¹�Ý�@�8�}�€�Z�8�^�8���œ�c�
�� Vensim: 
Unnamed Var: FINAL TIME���\0°3U�I�€�Z�8�r�M���Ô�¹�Ý�@�8�B�I�€�S���œ�
�6�•�8�c�¤�Ñ
�b�Ô�¹�Ý�†6ä�8�Z�8�•���œ�c�
�G�G�_�œ�î�É�å�I�€�S�Ô�¹�Ý�b�Ç�“�–�Ý�¡ �\�
�Ï�–�å�±�î
�[�æ&g�K�S�Ã�Û�Ó�î�±�î�¡ �@/²&g�I�€�r�M��  
 

 

 
 

�W2-3>8�±�–�º�Ý�í�Â�î  
 
�r�Ó�½�×�î>8�r�Ó�½�×�î>8�r�Ó�½�×�î>8�r�Ó�½�×�î>8  

�§�•% �c MS �˜�–�å�»�î�µ+��_�|�•�Ó�½�×�î�[�
�Ç�“�–�Ý�†6ä�8�S�~6â�L�S�~�
�3�E�
�6
�•�8�c/²&g�‰�2�^ �]�b4E�¥�@�[�A�r�M�����Ç�“�–�Ý (F)���
��)…7Ÿ (E)���
���Å�×�î (V)���
���Þ�–�”
�˜�º (L)���_6õ�K�Z�c"I�_% �‚�K�8�v�b�[�c�^�8�[�K�{�:�����Ô�¹�Ý (M)���[�c�©�Ñ�×�Þ�î�©
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�Ù�å�b���‹�²�ó�x�"�)�b�³�™�µ�¡�
�Q�K�Z�©�Ñ�×�Þ�î�©�Ù�å���‹�@�[�A�r�M�����‹�²�ó�b
0¿���[�c�
�ì6ë�"�)�\�©�Ñ�×�Þ�î�©�Ù�å�‡6ë�†0¿���[�A�r�M��� �L�G�\�c�
�‚0d�_�Ô�¹�Ý
�†�S(��M�•7•�_�
���s�Ó�–�å�í�¶�î�Ý�í�Â�î���[�
���‚0d�Ç�“�–�Ý���b�¶�î�Ý�†4E�¥�K�S��
�œ�_�v�•+��[�M���I�}�_�c�
�v�K0¿���K�Z�8�^�E�€�d�
�Ô�¹�Ý�S(��@)
�¢�K�
�6�u�Z�©�Ñ
�×�Þ�î�©�Ù�å�†���‹�K �|�:�\�M�•7•�_�v� �L#ì8��@#'�€�
���‹�²�ó�b0¿���†0[�Ó�K�Z�A�r
�M��  

���Ê�Ý�É (H)���b���Ë�å�©�Ò�Ð�½�×�”�Ý (V)���?�}�Ë�å�©�Ò�b�ï�8�Ð�½�×�”�Ý�†�ç�g���M�G
�\�@�[�A�r�M�� Vensim PLE�_6õ�M�•0ò�K�8�_���c�G�U�}�?�}�g!·�K�Z�W�I�8��  

 
 

 
�W2-3:�Ó�½�×�î�í�Â�î�M0t>&���Þ�–�”�˜�º (L)���†7V�C>'  
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3. �Ó�–�å�í�¶�î�Ý�í�Â�î�Ó�–�å�í�¶�î�Ý�í�Â�î�Ó�–�å�í�¶�î�Ý�í�Â�î�Ó�–�å�í�¶�î�Ý�í�Â�î  
 
�U�•% �_�6�•�Â�î�[�
�e���(�c�˜�å�»�î�µ+��_�|�•�v�b�[�
 Vensim PLE�_"I$��^�v�b�[

�c�6�~�r�O�‡�� 7 �X�b�¶�î�Ý�í�Â�î�@�j�‡�[�8�r�M���e�?�}�
���‚0d�Ç�“�–�Ý���
���Ç�“�–�Ý
�†6ä�C���
���–�Ñ���
���3�E���
���P7V���
���¥�Æ�î���
�Q�K�Z��2��Ü���[�M��� �L�G�\�c�
�r�b�Ó
�½�×�î�?�}�v���‹�[�A�r�M��  

�‘���(�c�©�Ñ�×�Þ�î�©�Ù�å��/œ�_7•�K�Z�Q�ƒ�€�•�¶�î�Ý�\��/œ�M�•�Ç�“�–�Ý�¡�†/²&g�M
�•�˜�–�å�»�î�[�
 �¶�î�Ý�b�Q�8�‰�c'¨ 2 'v�[ �v0Ž1��I�€�Z�8�r�M��  
 

 
�W3-1>8�Ó�–�å�í�¶�î�Ý�í�Â�î  

 

�‚0d�Ç�“�–�Ý>8�‚�K�C�Ô�¹�Ý�í�Ç�“�–�Ý�†�8�B�M�•7•�_�Q#Ý�K�r�M���G�b�¶�î�Ý�†�¡
�Ü�µ�¡�M�•�\�
�W 3-2 �b�©�Ñ�×�Þ�î�©�Ù�å��/œ�²�ó0¿��#ì8��@/²&g�I�€�r�M��� �L�G�\�c�

�Ô�¹�Ý�í�Â�î�[��0¿�����†4E�¥�K�Z�v�•+��[�M���I�}�_�
�v�K0¿���K�Z�8�^�E�€�d�
�Ô�¹
�Ý�S(��@)
�¢�K�
�6�u�Z�©�Ñ�×�Þ�î�©�Ù�å�†���‹�K�|�:�\�M�•7•�_�v� �L#ì8��@#'�€�
��
�‹�²�ó�b0¿���†0[�Ó�K�Z�A�r�M��3û�–�¤�Ñ�Í�@�M�[�_0¿���I�€�Z�8�Z�
�ì6ë�"�)�c�� month���

�©�Ñ�×�Þ�î�©�Ù�å�‡6ë�c 100�_�^�W�Z�8�r�M���š�f�K�S�8���œ�c�G�G�[�š�f�K�r�M��  
 
�� �W3-2 �b�©�Ñ�×�Þ�î�©�Ù�å��/œ�²�ó0¿��#ì8��[�c�
 �©�Ñ�×�Þ�î�©�Ù�å6ä���ì6ë�
)
�¢�ì6ë�

�ì6ë�I�s�
�ì6ë�"�)�
0£'ì�‰�2�@�æ ���[�A�r�M�� �©�Ñ�×�Þ�î�©�Ù�å0£'ì�b�ì6ë�I�s �[�c�
 1�

0.5>,0.25�
 0.125�
 0.0625�
 0.03125�
 0.015625�
 0.078125�@�æ���[�A�r�M���S�T�
�G�b�ì6ë
�I�s�_6õ�K�
 (ý�?�C�M�€�d�M�•�o�]�
0£'ì�b1��j�c�`�I�C�^�~�r�M�@�
�Ô�¹�Ý�@�±�A�8��
�œ�c0£'ì�ì6ë�@�?�?�~�r�M��  

�ì6ë�"�) �[�c�
 �º�
�Ø�
�v�
4��
�ì�
�(�
&Ê�^�]�@4E�¥�[�A�r�M���ì6ë�[�©�Ñ�×�Þ�î�©
�Ù�å�K�^�8���œ�
�‚�K�8�"�)�†�8�B�M�•�G�\�v�[�A�r�M��  
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0£'ì�‰�2 �[�c�
 �œ�–�Û�î�2�\�Ý�å�¤�í�¡�µ�±�î 4 7u�2�@4E�¥�[�A�r�M���œ�–�Û�î�2�c�ì6ë
�I�s�†(ý�?�C�M�• �\�
�Ô�¹�Ý�@�±�A�8���œ�
�\�S�‡�_0£'ì�ì6ë�@�?�?�•�|�:�_�^�~�r�M��
�S�T�K�
7³�S(Ô�\�ç�d�€�•�
�X�Í�@�Z�X�Í�K�?�\�}�^�8�|�:�^���œ�c�
�œ�–�Û�î�2�b�‰�@
4:�K�Z�8�Z�
�Ý�å�¤�í�¡�µ�±�î�2�b�‰�@ �
0£'ì1��j�@�±�A�C�^�~�r�M��3û�–�c�œ�–�Û�î�2
�†4E�¥�K�Z�W�I�8��  
 

 
�W3-2>8�©�Ñ�×�Þ�î�©�Ù�å�²�ó�b0¿��  

 

�¤�Ñ�Ô�¹�Ý�b�ç�g���K (Open Model) 
�¤�Ñ�b�Ô�¹�Ý�†�ç�g���M7•�_�Q�:�µ+��[�M��  
 

�Ô�¹�Ý�†�–�Ñ�K�r�M���‚0d�b���œ�c�
�Ô�¹�Ý�¡�æ��#ì8��@/²&g�I�€�
�M�[�_�8�B�I
�€�Z�8�•���œ�c�
�V�i�A�–�Ñ�I�€�r�M��  
 

�Ô�¹�Ý�†�3�E�K�r�M���Ô�¹�Ý�@�±�A�8���œ�c�
)°�`�†�M�•�G�\�[²�/�†�3�E�[�A�r
�M��  
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�Ô�¹�Ý�V�b�Ã�Û�Ó�î�±�î�†7V�d�K�r�M���˜�d�M�•�?�
�Q�€�\�v�˜�d�†�«�º�µ�É�M�•
�?�†�\�a�Z�A�r�M���˜�d�P1ß�b�Ã�Û�Ó�î�±�î�c;î�o3?�K�r�M���r�S�
�±�–�º�Ý �í�Â�î�_�v�

4E�¥�K�S�Ã�Û�Ó�î�±�î�¡�@/²&g�I�€�r�M���Ã�Û�Ó�î�±�î�b;î�o3?�c�
�Ú�_�Ï�–�å�±�î�†&ã
�·�K�S7•�_�c�˜�<�r�M�b�[�
�]�b�Ã�Û�Ó�î�±�î�†4E�‡�[�8�•�b�?�c�
�±�–�º�Ý �í�Â�î�b/²
&g�[&�1��K�Z�W�I�8��  
 

 
�W3-3>8�˜�d&�1�#ì8�  

�¥�Æ�î>& Copy>'�c2��Ü>& Paste>'�\�P�[�Q�8�r�M���Ô�¹�Ý �V�b�Ã�Û�Ó�î�±�î�†0
0��K�r�M�� Copy�†4E�g�
�Ã�Û�Ó�î�±�î�†4E�¥�K�
 Paste�†4E�j�\�
�Ã�Û�Ó�î�±�î�¡�_ 0 �@�Ü
�8�S�¡&à�[00��I�€�r�M���¥�Æ�î�†�X�G/œ�:���œ�c�
 00�
000�\�®�ß�b�X�@�Q�<�Z�8�A�r�M��
�©�Ç�º�Ÿ�î�†�²�M�G�\�[�
�Ã�Û�Ó�î�±�î�†0�X4E�¥�[�A�r�M�� �¥�Æ�î�@�
�œ�Ü�ª�¼�Ý�b�V
�_5��^�W�Z�[�A�r�M�b�[�
&ã�·�K�r�M��  

 
�W3-4>8�¥�Æ�î�\2��Ü  
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�¤�Ø�(�Ò�b��µ�º>8 Sim Setup�c�
�¤�Ø�(�Ò�†/œ�:�µ+��[�M�� SyntheSim�\��µ�º�[
�Q�8�r�M���G�b�µ+��†�Q�8�
(F�Æ$×�^�Ü�”�Ý�±�–�Ò�í�©�Ñ�×�Þ�î�©�Ù�å�†��/œ�[ �A�r�M��
�Ô�¹�Ý�b�M�m�Z�b�Ã�Û�Ó�î�± �î�b�Í�† �
�©�Ñ�×�Þ�î�©�Ù�å�†�p�•�I�O�•�G�\�^�C�š�ì�I�O �

�Ü�”�Ý�±�–�Ò�[�¤�Ø�(�Ò�†/œ�:7•�_�Q�8�r�M�� )+�œ�©�Ñ�×�Þ�î�©�Ù�å �†��/œ�M �•�\ �Ô�¹�Ý
�b�š�X�V�_�¢�Û�Ç�b�+$��@/²&g�I�€�r�M�� �I�}�_�
�¢�Û�Ç�_�Ï�–�å�±�î�†�\�Z�•�\�
�a�K
�Ñ�±�K�S�¢�Û�Ç�@/²&g�I�€�r�M�� �G�b)+�œ�©�Ñ�×�Þ�î�©�Ù�å  (SyntheSim) �µ+��c�
 Vensim 
�¯�Ç�º�_�[�w�b�•/¡�[�M ��  
 

 
�� �W3-5>8�¤�Ø�(�Ò  

 
Sim Setup�†�²�M�\�
 �Ó�½�×�î�í�Â�î�b/²&g�@ Stop Setup�_�š�ƒ�~�
�Q�K�Z�
���X�x�¸�î�È
�Ý6õ�X�@�È,�o3?�K�r�M���õ�F>& Stop Setup)�Î�±�å�†4E�m�d�
–�b�Ô�¹�Ý0°3U#ì8��_�`�~�r
�M��  
SyntheSim �†�²�M�\�
�š�f�•+��^°�Š�Ã�Û�Ó�î�±�î�@�«�Û�–�»�Â�î�_�š�ƒ�~�r�M���Ï�å�±�î
�†�Q�W�Z�«�Û�–�«�M�•�G�\�[�Í�†+¬#ä�_�š�<�}�€�r�M���©�Ñ�×�Þ�î�©�Ù�å)��Ý�c�
�Ü�”�Ý
�±�–�Ò�[���Š�Ã�Û�Ó�î�±�î�b�V�_�`�I�^�¢�Û�Ç�[/²&g�I�€�r�M���G�:�K�Z�
°�Š�Í�b4*�8
�[�©�Ñ�×�Þ�î�©�Ù�å)��Ý�@�]�:4*�W�Z�C�•�?�†�³�™�µ�¡�[�A�r�M���¢�Û�Ç�b�V�_�Ï�–�å�±
�î�†�\�Z�•�\�a�K�Ñ�±�K�S�¢�Û�Ç�@/²&g�I�€�r�M�� �r�S�
 �(�Ò�¶�î�Ý�b%$�K6õ4��¢�Û�Ç�x
�¢�Û�Ç�† �Q�W�Z�
0�X�b�I�Ê�†/²&g�M�•�G�\�x�¢�Û�Ç�†�±�A�C/²&g�I�O�•�G�\�v �[�A�r�M��  
�š�f�K�S �Í�†–�_�`�K�S�8���œ�c�
 Reset Current�
  Reset All Tant/loc�†�Q�W�Z�6�‡�Í�_�`�O
�r�M��  
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�� �W3-6>8�¤�Ø�(�Ò  

 

 
�� �W3-7>8�¤�Ø�(�Ò  

 

�©�Ñ�×�Þ�î�©�Ù�å�b ��/œ >8 �G�b�”�–�¥�å�†�¡�Ü�µ�¡�M�•�\�
�Ô�¹�Ý�@�©�Ñ�×�Þ�î�©
�Ù�å�†6ä���K�
�©�Ñ�×�Þ�î�©�Ù�å�í�Ç�“�–�Ý�†�8�B�K�r�M���M�[�_�¤�Ñ�b�©�Ñ�×�Þ�î�©�Ù
�å�í�Ç�“�–�Ý�@�Ñ�~�M�•���œ�c�
�� dataset Current already exist. Do you want to overwrite it?���\�

�¤�Ñ�b�©�Ñ�×�Þ�î�©�Ù�å�í�Ç�“�–�Ý �bÆ���†�‚�K�8��/œ)��Ý�[ *(�n�<�•�?�]�:�?*º�8�Z�A
�r�M���v�K�
�Ã�Û�Ó�î�±�î�b0¿���†�š�<�•�^�]�b�Ô�¹�Ý�b�š�f�†/œ�8�
�K�?�K�S�b�©�Ñ�×
�Þ�î�©�Ù�å)��Ý�†�–�Ñ�K�S�Ç�“�–�Ý�†�g�K�S�8�b�[�6�€�d�
�‚�K�8�Ç�“�–�Ý�¡�[�©�Ñ�×�Þ
�î�©�Ù�å)��Ý�†�–�Ñ�[�A�r�M ���S�T�
�G�b�‰�'�[�c�
�Â�µ�³�‰�'�[�©�Ñ�×�Þ�î�©�Ù�å�@��
�‹�I�€�•�b�[�
)��Ý�†/²&g�I�O�•�S�u�_�c�
�©�Ñ�×�Þ�î�©�Ù�å)
�¢�‹�
�(�Ò�¶�î�Ý�†�Q�W
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�Z�
 �¢�Û�Ç�x/²�\�K�Z/²&g �M�•�²0[�@�6�~�r�M��  
 

�©�Ñ�×�Þ�î�©�Ù�å�í�Ç�“�–�Ý >8�©�Ñ
�×�Þ�î�©�Ù�å�í�Ç�“�–�Ý�b�˜�–�å�»�î�_�
�©�Ñ�×�Þ�î�©�Ù�å��/œ�Ç�“�–�Ý�¡�@/²&g�I�€�r
�M���˜�–�å�»�î�b�“�b Browse�†4E�m�d�
�)�~�p�<�S�8�©�Ñ�×�Þ�î�©�Ù�å�í�Ç�“�–�Ý�¡�†4E
�¥�[�A�r�M�� �r�S�
�‚�K�8�Ç�“�–�Ý�¡�†�G�G�_0°3U�M�•�G�\�[�
�©�Ñ�×�Þ�î�©�Ù�å)��Ý�†
�Q�b�Ç�“�–�Ý�¡�[0°6��[�A�r�M��� �L�Ô�¹�Ý�[�
�S�T�Ã�Û�Ó�î�±�î�_0¿���K�S�Í�T�E�†4*
�<�Z�
�Q�b)��Ý�†�–�Ñ�K�S�8���œ�^�]�[�c�
�Ô�¹�Ý�b�¡&à�†�š�<�•�G�\�^�C�
�©�Ñ�×�Þ�î
�©�Ù�å)��Ý�T�E�†�Ç�“�–�Ý�\�K �Z�–�Ñ�[�A�r�M��  
 

��#'�•+��ö�³�™�µ�¡>8 �Ô�¹�Ý�@��#'�ö�b�6�•�w#Ý�^�v�b�\�^�•�|�:�^�²�ó�'�†*ƒ�<�

�Q�€�}�b��#'�•+��ö�†+¬�·$×�_�¸�«�º�K�r�M���G�b�³�™�µ�¡�^�K�[�·�8�M�•�Ô�¹�Ý�[�6�W
�Z�v�
3õ�p�[�š�X�Í�@�Ð�–�¼�«�\�^ �W�S�~�–�á�b!“�8���±�Í�x���`�Í�_�^�~�
 #'��$×�_�c
��#'�Y�•+��\�^�•���œ�@�6�~�r�M���G�€�}�†�<7V�M�•�²�ó�'�†��*O�K�Z�
�Q�b��#'�•+��ö
�†&�1��M�•7•�_#Ý�8�r�M��  
 

�Ô�¹�Ý�S(��˜�å�»�î �l�b�)�p�<>8 Vensim PLE�[�c�
�Ô�¹�Ý�†0°3Ù�M�•#ì8��\�(�Ò�¶
�î�Ý>&�‹3Ù>'�†#Ý�8�Z�¢�Û�Ç'¼�†���Š�M�•#ì8��@+¬#ä�_�)�~�p�<�} �€�r�M�� #ì8��@�����Š
�˜�–�å�» �î��/²&g�_�^�W�Z�8�Z�
�Ô�¹�Ý0°3Ù#ì8��_�`�~�S�8���œ�_ #Ý�8�r�M��  
 

���Š�˜�–�å�» �î�l�b�)�n�<>8 Vensim PLE�[�c�
�Ô�¹�Ý�S(��˜�–�å�»�î�†4E�¥�M �•�\ �¢
�Û�Ç'¼�b ���Š #ì8��@*ü�‹�_7ƒ�I�€ �Z�K�r�8�r�M�� �G�b�Î�±�å�†�¡�Ü�µ�¡�K�Z�
���Š�˜�–�å
�»�î�†/²&g �I�O�•�G�\�@�[�A �r�M��  
 

�¥�å�º�ß�î�Ý�í�Ã�¿�Ý>8 Vensim PLE�[�c�
�¥�å�º�ß�î�Ý�í�Ã�¿�Ý�†�Q�W�Z �¢�Û�Ç�†
�‚0d�8�B�K�S�~�
 /²&g�I�O�•�š�X�\ �¹�î�± �í�Ç�“�–�Ý�†4E�¥ �M�• �G�\�@���¶�r�M��  

 
�� �W3-8>8�¥�å�º�ß�î�Ý�í�Ã�¿�Ý�†�Q�W�S/²&g�b�Z#.  

8³��PÔ$Î�@
200

172.5

145

117.5

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

Time (Week)

�¶

8³��PÔ$Î�@ : Current

 
130

120

110

100

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

Time (Week)

�¶

8³��PÔ$Î�@ : Current
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�� �W3-9>8�¥�å�º�ß�î�Ý�í�Ã�¿�Ý�†�Q�W�S/²&g�b�Z#.  

 

  
�� �W3-10>8�¥�å�º�ß�î�Ý�í�Ã�¿�Ý�†�Q�W�S/²&g�b�Z#.  

 

  
�� �W3-11>8�¥�å�º�ß�î�Ý�í�Ã�¿�Ý�†�Q�W�S/²&g�b�Z#.  

 
Vensim PLE�b�¢�Û�Ç�b+¬�·/²&g�[�c�
�ì�\�K�Z�
�6�r�~0b�x�M�C�^�8�G�\�@2s�A�r�M��

�W3-8 �c 2 �X�\�v�_� �L�v�b�†/²&g�K�Z�8�r�M���G�b 2 �X�b�¢�Û�Ç�[�
�]�U�}�@0b�x�M�8�\
�î�8�r�M�?>=&¾�\�K�Z�c�
�‘�b�‰�@0b�x�M�8�\�î�8�r�M���G�:�8�W�S�
/²&g�‰�2�
�G�G�[
�c Y 3H�b�q�a�Í�\�q�±�Í�†�æ���K�Z�
�¢�Û�Ç�†0b�x�M�C�M�•�G�\�@�G�b�µ+��[�•+��[�M��  
�� Vensim PLE�[�c�
6õ�X��*O�[�
�"�)�†��*O�K�
�v�K�"�)�@� �L�[�6�€�d�
0�X�b�Ã�Û�Ó
�î�±�î�†/²&g�I�O�S7•�_�
)/ �P/²&g�_�^�~�
�•��*O�_�K�Z�>�C�\%&�P/²&g�_�^�~�r�M��)/
�P/²&g �[�c�
�š�ì�@�`�I�8�v�b�x�Í�@�`�I�8�v�b�\�
�š�ì�@�±�A�8�v�b�
�Í�@�±�A�8�v�b
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�\�†)/�P/²&g�I�O�•�\�
�š�ì�†�š3Q�K�S�8���œ�_�c0b�_�C�C�^�~�r�M���G�€�†75�B�
%&�P
/²&g�I�O�S�8���œ�c�
�"�)�†�•��*O�_�M�•�‰�2�v�6�~�r�M�@�
�G�b �¥�å�º�ß�î�Ý�í�Ã�¿�Ý
�µ+��†�Q�W�Z�
%&�P/²&g�I �O�•�G�\�[�v�•+��[�M��  
 

 
�� �W3-12>8�¥�å�º�ß�î�Ý�í�Ã�¿�Ý�†�Q�W�S/²&g�b�Z#.  

 
�� �W3-9 �[�c�
�‹�b'¨ 2 4Š�[1��Â�M�•5�<!�b�Ô�¹�Ý�[�
5�<!�B�/�\�Ð�Ò�©�B�/�†/²&g�I�O�Z
�8�r�M��6õ�X��*O�[�"�)�†�æ���K�Z�8�Z�
¹�_�"�)�c���	���^�b�[�
)/�P/²&g�I�€�Z�8�r
�M���Ð�Ò�©�B�/�c5�<!�B�/�_�š�m�X�@�a�^�8�b�[�
�š�ì�@�a�K0b�_�C�C�^�W�Z�8�r�M���G
�€�†�
%&�P/²&g�[�š�ì�b�œ�†�œ�ƒ�O�Z/²&g�M�•�G�\�†*ƒ�<�r�M�� °���Š�Ã�¿�Ý�†4E�g�r�M��
Graph�†4E�g �
 New �†4E�j�\�
 /²&g�M�•�Ã�Û�Ó�î�±�î4E�¥�b#ì8��@/²&g�I�€�r�M�� Sel �†4E
�j�\�
 �Ã�Û�Ó�î�±�î�M0t�b#ì8��@/²&g�I�€�r�M��/²&g�K�S�8�Ã�Û�Ó�î�±�î�†4E�¥�K �
�Q�€
�R�€�b/²&g�K�S�8 Y 3H�b�V7H�Í�
�W7H�Í�†°�Š�K�r�M���¥�å�º�ß�î�Ý�í�Ã�¿�Ý�_ GRAPH
�\�8�:�¢�Û�Ç/²&g�b�Ç�“�–�Ý�@�8�B�I�€�r�M�� Display�[/²&g�[�A�r�M��  
 

 
�� �W3-13>8�¥�å�º�ß�î�Ý�í�Ã�¿�Ý�†�Q�W�S/²&g�b�Z#.  

 
�� �W3-13 �[�c�
 �8�C�X�v�²�ó�†�š�<�Z�©�Ñ�×�Þ�î�©�Ù�å�K�S"g�#�†*ƒ�<�r�M���1�v�K�^�8
�\�
�²�ó�†�š�<�Z/œ�W�S�©�Ñ�×�Þ�î�©�Ù�å)��Ý�@²�Z/²&g�I�€�Z�K�r�8�r�M�� �G�€�[�c!¹
7§�[�
�©�Ñ�×�Þ�î�©�Ù�å)��Ý�@�|�C�(�?�~�r�O�‡���Q�G�[�
�a �K/²&g�I�O�•�v�b�†�Z#.�K
�r�M�� �W3-13 �[�c�
�M�X�b�Ã�Û�Ó�î�±�î�K�?4E�¥�K�Z�8�r�O�‡�@�
�Ò�r�[�8�•�8�•�²�ó�†
/œ�W�Z�©�Ñ�×�Þ�î�©�Ù�å�K�S 4 �X�v�²�ó�@4*�:�©�Ñ�×�Þ�î�©�Ù�å)��Ý�@/²&g�I�€�Z�8�r�M��  
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�� �Q�G�[�
�G�€�†�Z#.�K�r�M�� �¥�å�º�ß>+�Ý�í�Ã�¿�Ý (Control Panel)�†4E�j�\�
�8��#ì8��@
#'�€�r�M���G�G�[ Datasets�†4E�g�r�M ���Q�K�Z�
 >:>:�[ /²&g�I�O�S�8�v�b�
�[�<�d�
�G�b�[
�[�c�
 6 �	�† Available Info�_&ã�·�K�r�M�� 6ë4*�W�S���œ�c�
 ><><�[ Loaded Info�_�`�O�r�M��  

���_�
 Graph �†4E�g�
 New �†4E�g�r�M���M�[�_���‹�K�Z�8�Z�
�¤�Ñ�b�v�b�@�6�•���œ�c
Modify �†4E�g�r�M�� DataSet�b#ì8��@/²&g�I�€�•�b�[�
 Sel�[/²&g�K�S�8�š�X�†4E�g�r�M��  

Display�†4E�j�\�¢�Û�Ç�@/²&g�I�€�r�M��  
 

 
�� �W3-14>8�¥�å�º�ß�î�Ý�í�Ã�¿�Ý�†�Q�W�S/²&g�b�Z#.  

 
/²&g�K�S�8�v�b�T�E�†4E�¥�M�•>&�e>'���I�}�_�
/²&g�K�S�8�Ã�Û�Ó�î�±�î�†4E�¥�M�•>&�‘>'  
 

 
�� �W3-15>8�¥�å�º�ß�î�Ý�í�Ã�¿�Ý�†�Q�W�S/²&g�b�Z#.  

 
/²&g�K�S�8�Ã�Û�Ó�î�±�î�b4E�¥>&�e>' �
�\/²&g�‰�2�b�æ���[�
�G�b���œ�c�¢�Û�Ç>&�‘>'  
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�� �W3-11>8�¥�å�º�ß�î�Ý�í�Ã�¿�Ý�†�Q�W�S/²&g�b�Z#.  

 
)��Ý�c�G�b�|�:�_�^ �~���S�\�š�m�M�W�A�~�K�Z�8 �r�M ��  
 

�Ú�_�v�
°�Š�†�Ã�¿�Ý�_�š�f�K�S�~�
(
�V�†�š�<�S�~�M�•�G�\�@�[�A�r�M��  
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4. �Ô�¹�Ý0°3Ù�¶�î�Ý�Ô�¹�Ý0°3Ù�¶�î�Ý�Ô�¹�Ý0°3Ù�¶�î�Ý�Ô�¹�Ý0°3Ù�¶�î�Ý  
 

�G�b(��[�c�
�W 2 �b�p�b 4 �•% �_�6�•���t�Ô�¹�Ý0°3Ù�¶�î�Ý�í�Â�î���\�K�Z&g�I�€�S�Â
�î�_�6�•�¶�î�Ý�†1��Â�K�Z�8�r�M���G�G�_�c�
�Ô�¹�Ý�†0°3Ù�M�•7•�_�Q�:�¶�î�Ý�@�j�‡�[
�8�r�M��  
 

 
�W4-1>8�Ô�¹�Ý0°3Ù�¶�î�Ý�í�Â�î  

#ì8��[��>8�Ô�¹�Ý0°3Ù#ì8��†�[���K�r�M���G�b�Ô�î�»�[�c�
�š�X�x%®�3�b�)*(�†�š
�f�M�•�G�\�x�
�š�X�_��µ�º�K�S�X�'�^�]�b�š�f�c�[�A�r�O�‡���Y�@�–�^�ï�8�^�]�_�|�~
�Ô�¹�Ý�b�g�@�š�ƒ�•�G�\�†75�F�M�•�S�u�_�Q�ƒ�€�r�M���É�Þ�®�å�¸�î�©�Ù�å�^�]�[�
�Ô�¹
�Ý�†1��Â�b�S�u�_�•�î�¯�Ý�[�^�R�•�^�]�b�8���@�6�•���œ�_�c�
�G�b�[���Ô�î�»�_�K�Z�>
�C�\�}�<�[�M���r�S�
�8���@�M�•- �K�S�‹�[�v�
�Ô�¹�Ý�†�Y�@�–�_0•�}�^�8�S�u�_�
�G�b
�Ô�î�»�_�K�Z�>�C�G�\�@�w� �[�M�� �G�b �[�� �Ô�î�»�[�v�
�Ç�“�–�Ý�b�–�Ñ�x�3�E�
 MS-Office
�b�á�î�»�
�Ã�á�î�Ï�–�å�º�^ �]�l�b�¥�Æ�î�\2��~�Ü�E�c�•+��[�M��  
 

#ì8��•�š>8#ì8��†+¬#ä�_�š�f�[�A�r�M���Ô�¹�Ý�†0b�x�M�8�g�_�š�<�•�S�u�_�
%®�3
�b�g�x�)*(�†�š�<�S�8�
�š�X�b�)*(�†�š�<�S�8�
�6�•�8�c�¥�Ó�å�º�b�)*(�†�š�<�S�8�^�]
�b���œ�_�Q�8�r�M�� %®�3�b�p�¸�x�š�X�b�‘�W�_�`�I�^�x�@�6�~�r�M�@�
�G�€�@�Á�å�»�Ý�[�

�G�€�†�Ï�–�å�±�î�[�ï�8�M�•�G�\�[�d"á�x�š�X�b�Ð6ë�^�]�†1*�Z�[�A�r�M��  
 

�š�X>8�š�X�†0¿���M�•�S�u�b�¶�î�Ý�[�M���G�b�¶�î�Ý�T�E�[�c�
�š�X�¡�b0°3Ù�x�š
�f�T�E�K�?�[�A�r�O�‡��0ò(ý�_�š�X�¡�†/²&g�M�•�Ð�/�x�§�–�¬�
,�
�ß�^�]�†�ô�u�S�8��
�œ�c�
�‘ �¡�Ü�µ�¡�[ �W4-2 �b�š�f�¶�î�Ý�†�ç�g���K�
�š�f�K�Z�W�I�8���r�S�
�š�X�_�X�'�x
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�²�ó�
�6�•�8�c�¥�Ó�å�º�^�]�†°�€�S�8���œ�c�
���‰&ì�'���¶�î�Ý�[�‰&ì�'0¿��#ì8��_�n�<
�Z0¿���K�r�M���G�G�[���š�X���\�ç�‡�[�8�•�v�b�_�c���X>&�[���Í>'�\�š�X>&6õ�X>'�b�g
�‰�@�6�~�r�M�@�
�Ô�¹�Ý0°3Ù�V�[�c"I�_�g*…�†�
�9�c�K�Z�8�r�O�‡���r�S�
�š�X�v�X�'�[
��*O�I�€�•6õ�X�\�¸�î�È�Ý�[�æ���I�€�•�¸�î�È�Ý6õ�X�@�6�~�r�M�@�
�G�€�v"I�_�c�g*…�†
�
�9�K�Z�8�r�O�‡�����‰&ì�'���¶�î�Ý�[��*O�I�€�Z�c�L�u�Z�š�X�b�ö2A�x�Í�@�ô�r�~�r�M��
�š�X�¡�6�•�8�c�Î�µ�¡�«�b�W�_�`�I �^�x�[/²�I�€�•�Á�å�»�Ý�@/²&g�I�€�r�M�b�[�
�G�€�[
�š�X�b/²&g�Î�µ�¡�«�b�±�A�I�^�]�†�š�f�[�A�r�M��  
 

 
�W4-2>8�š�X0¿���¶�î�Ý#ì8�  

 

�«�º�µ�¡ �š�X >8�«�º�µ�¡�š�X�†�æ���K�r�M�����š�X���[�b0Ž1��[0•�€�S�|�:�_�
�G
�b�¶�î�Ý�T�E�[�c�«�º�µ�¡�š�X�¡�b0°3Ù�x�š�f�K�?�[�A�r�O�‡���‘�¡�Ü�µ�¡�†�M�•�\�W 7
�b�š�f�¶�î�Ý�@#'�€�r�M�b�[�
�«�º�µ�¡�š�X�¡�†/²&g�M�•�Ð�/�x�§�–�¬�
,�
�ß�^�]�†�ô
�u�S�8���œ�c�
�G�b�š�f�¶�î�Ý�†�ç�g���K�
�š�f�K�Z�W�I�8���r�S�
�š�X�_�X�'�x�²�ó�

�6�•�8�c�¥�Ó�å�º�^�]�†°�€�S�8���œ�c�
���‰&ì�'���¶�î�Ý�[�‰&ì�' 0¿��#ì8��_�n�<�Z0¿��
�K�r�M��"I�_�«�º�µ�¡�š�X�[�À�€�Z�c�^�}�^�8�b�c�
 ���‰&ì�'���¶�î�Ý�[�6�‡�Í�†0¿���M�•
�G�\�[�M��"I�_�X�'�†�š�<�^�87H�~�
 Vensim PLE�[�c�
+¬�·$×�_�«�º�µ�¡�_�v°�K�S�Ç�ß
�î�\�«�º�µ�¡�?�}�v���K�S�Ç�ß�î�b�j�@0£'ì�'�\�K�Z�8�B�I�€�
�©�Ñ�×�Þ�î�©�Ù�å�b7•�_
�c�
�Q�b�j�b'��(�Í�†0£'ì�K�r�M���š�X�¡�6�•�8�c�Î�µ�¡�«�b�W�_�`�I�^�x�[/²�I�€�•�Á
�å�»�Ý�@/²&g�I�€�r�M�b�[�
�G�€�[�š�X�b/²&g�Î�µ�¡�«�b�±�A�I�^�]�†�š�f�[�A�r�M��  
 

�”�ß�î>&%®�3>'>8�š�X6ë�b6õ�€�†&g�K�r�M���G�b�r�r�[�c(ý)z�@�š�X6ë�_�,�?�€�•�T
�E�[�M�b�[�
%®�3�b�´�I�x'�8®�
,�
�6�•�8�c4���/²&g�^�]�†/œ�:7•�_�c�
�‘�¡�Ü�µ�¡�†
/œ�8�
�W 8 �b%®�30¿���¶�î�Ý#ì8��†�ç�g���K�
�š�f�K�Z�W�I�8���G�b#ì8��[�
%®�3�b›8Œ
�_���ö0°�•�†�X�E�•�G�\�@�[�A�r�M�� �š�X6ë�b6õ�€�@�G�[�6�€�d�� +���6�•�8�c�� S��>& Same 
�b$�>'�†4E�g�r�M��2��[�6�€�d�
��>+���6�•�8�c�� O��>& Opposite �b$�>' �†4E�g�r�M�����ö�†
%®�3�b›8Œ�_�æ���M�•�8���c�
���u�«�¸�î�±�«�í�Â�î���?�}�����ö���¶�î�Ý�†4E�¥�M�•�G�\
�_�|�W�Z�v �•+��[�M��%®�3�b�p�¸4Š�_�`�I�^�x�[/²�I�€�S�Á�å�»�Ý�@/²&g�I�€�r�M�b�[�

%®�3�b�d"á�†�
�Á�å�»�Ý�†�Q�W�Z�š�f�[�A�r�M��  
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�W4-3>8%®�30¿���¶�î�Ý#ì8�  

 

�Ç�ß�î>8�Ç�ß�î�š�X�†0°3Ù�K�r�M���Ç�ß�î�š�X�c�²�N�
�«�º�µ�¡�š�X�_�P�K�Z�v°
�M�•�
�6�•�8�c�v���M�•�|�:�_0°3U�K�r�M��0�X�b�Ç�ß�î�š�X�@ 1 �X�b�«�º�µ�¡�š�X�_�v
°�M�•�6�•�8�c�v���M�•�G�\�v�•+��[�M�����š�X���[�v0•�€�S�|�:�_�
�G�b�¶�î�Ý�T�E�[�c
�Ç�ß�î�š�X�¡�b0°3Ù�x�š�f�K�?�[�A�r�O�‡���‘�¡�Ü�µ�¡�†�M�•�\�W 7 �b�š�f�¶�î�Ý�@#'�€
�r�M�b�[�
�Ç�ß�î�š�X�¡�†/²&g�M�•�Ð�/�x�§ �–�¬�
,�
�ß�^�]�†�ô�u�S�8���œ�c�
�G�b�š
�f�¶�î�Ý�†�ç�g���K�
�š�f�K�Z�W�I�8���r�S�
�š�X�_�X�'�x�²�ó�
�6�•�8�c�¥�Ó�å�º�^�]
�†°�€�S�8���œ�c�
���‰&ì�'���¶�î�Ý�[�‰&ì�'0¿��#ì8��_�n�<�Z0¿���K�r�M���Ç�ß�î�š�X�c�

���X>&�[���Í>'�[�v�6�•�8�c6õ�X�[��*O�I�€�•�š�X�[�v�S�8�r�O�‡���š�X�¡�6�•�8�c�Î�µ
�¡�«�b�W�_�`�I�^�x�[/²�I�€�•�Á�å�»�Ý�@/²&g�I�€�r�M�b�[�
�G�€�[�š�X�b/²&g/œ6ë�^�]
�†�š�f�[�A�r�M��  
 

�æ/œ�š�X>8�æ/œ�š�X�c�
 �±�A�^ �Ô�¹�Ý �[/²&g �@07§�M�B�•�G�\�† 4J�E�•���œ�x�

�Ô�ª�×�î�Ý�_�)�~�(�E�Z�Ô�¹�Ý�†�S(��M�•7•�_� �L�š�X�† 2 �Ø��*O �K�^�8�|�:�_ �
�œ�Ü�ª
�¼�Ý�š�X�b�æ/œ�\�K�Z�Q�ƒ�€�•�š�X�[�M�� �±�A�^�Ô�¹�Ý�[�c�
�Ô�ª�×�î�Ý�[�Ô�¹�Ý�@�8�B
�I�€�r�M���Q�K�Z�
 View �†4*�<�Z�S(��I�€�r�M���G�b�|�:�^���œ�
 View �@4*�:���d�_�6�•
�Ô�ª�×�î�Ý�b6ë�†�G�b�æ/œ�š�X�[)Å�F�r�M��  
 

°���Š�œ�È�ª�™ �¡�º>8�Ã�Û�Ó�î�± �î�Í�b°�Š#Ý�«�Û�–�²�î�x���Š#Ý�b�¢�Û�Ç�^�]�†
�Ô�¹�Ý�S(��˜�–�å�»�î�V�[ 0¿���M�•�S�u�_�Q�8�r�M�� �G�b�µ+��†�Q�W�Z�
)�� �Ç�Û�–�º�í
�©�Ñ�×�Þ�î�±�î�†�8�B�M�•�G�\�@�[�A�r�M��  
�� �è�W�_�Q�b�x�~�‰�†&g�K�Z�8�r�M��  
 
 
 



��������	
 °6Û �� "' �

� 24

 
�W4-4>8°���Š�œ�È�ª�™ �¡�º  

 
 

 
�W4-5>8°���Š�œ�È�ª�™ �¡�º  
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�W4-6>8°���Š�œ�È�ª�™ �¡�º  

 

 
�W4-7>8°���Š�œ�È�ª�™ �¡�º  
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�W4-8>8°���Š�œ�È�ª�™ �¡�º  

 
�W4-9>8°���Š�œ�È�ª�™ �¡�º  
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�W4-10>8°���Š�œ�È�ª�™ �¡�º  

 

 
�W4-11>8°���Š�œ�È�ª�™ �¡�º  
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�W4-12>8°���Š�œ�È�ª�™ �¡�º  

 

 
�W4-13>8°���Š�œ�È�ª�™ �¡�º  
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�W4-14>8°���Š�œ�È�ª�™ �¡�º  

 

 
�W4-15>8°���Š�œ�È�ª�™ �¡�º  
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�¥�Ó�å�º>8�¥�Ó�å�º�†0°3U�M�•�S�u�b�¶�î�Ý�[�
�W 9 �b�|�:�^�¥�Ó�å�º0°3U�¶�î�Ý
�@#'�€�r�M���Ô�¹�Ý�b�p�_ �¥�Ó�å�º�x1��Â�e�†0°3U�K�S�~�
�6�•�8�c�Ç�•�î�»�Â�µ�¡�í�Ý
�î�É0°3U�[�
�Ý�î�É�@�G>& �Q�I �Ý�î�É>'�^�b�?2�>&�’/®�Ý�î�É>'�^�b�?�†�–�Ó�î�ª/²&g�M
�•7•�_�Q#Ý�K�r�M���Ý�î�É�c���ì0£���~���?�
���o�ì0£���~���?�@�æ���[�A�r�M�����¥�Ó�å
�º����_�c+¬#ä�_�¥�Ó�å�º�†0°3U�[�A�r�M���r�S�
�� �Q�I �Ý�î�É���
�� �’/®�Ý�î�É���b0°3Ù�_
�c�
�� Graphics���[���–�Ó�î�ª���†4E�m�d�
��>+���
��>)���
�©�î�¯�î>&�’/®>'�
7·��>& �Q�I >'�^
�]�b0°�•�[0°3U�M�•�G�\�v�•+��[�M��  
 

 
 

 
�W4-16>8�¥�Ó�å�º0°3U�¶�î�Ý  
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�˜�d>8 �Y0[�^�š�X�x%®�3�^�]�†�˜�d�M�•7•�_�Q#Ý�K�r�M�� Vensim�b"I�©�[�M�@�
�9
�b�¶�î�Ý�b�”�–�¥�å�†4E�j�r�[�c� �L�¶�î�Ý�b�Ô�î�»�@)E)F�K�r�M�b�[�
�Y�@�–�[�²0[�^
�š�X�x6õ�€�r�[�v�˜�d�K�^�8�|�:�_�@�–�K�Z�W�I�8���Y�@�–�†4J�E�•�_�c�
�`�r�u�_�–�Ñ
�M�•�G�\�\�
�˜�d�@)
�ƒ�W�S�}�
�\�~�6�<�N�M�D�_#ì8��•�š�¶�î�Ý�_�)�p�<�•�G�\�[�M��
�S�M4#�W�Z�˜�d�K�S���œ�[�v��)…7Ÿ���Ó�½�×�î�?�}��–�_�`�M���†4E�¥�M�€�d�
�Ÿ–�[�A
�r�M��  
 

�‰&ì�'>8�š�X�†�X�'�x�¸�î�È�Ý 6õ�X�[��*O �M�•7•�_�Q�8�r�M���G�b�¶�î�Ý�†4E�g�

��*O�K�S�8�š�X�†4E�¥�M�•�\ �‰&ì�' ��*O�¶�î�Ý#ì8��@#'�€�r�M���G�G�_�c 4 '�8®�b��*O#ì
8��†/²&g�K�r�K�S��  
 
�í�«�º�µ�¡�š�X>8�í�«�º�µ�¡�š�X>8�í�«�º�µ�¡�š�X>8�í�«�º�µ�¡�š�X>8 �í Equation�_�c�
 3û�–�
+¬�·$×�_ �
'��(�M�•0£'ì�'>&°�Š�Ç�ß�î�š�X�\��

�Š�Ç�ß>+�š�X�b�j>'�@�8�B�I�€�r�M�� �²0[�[�6�€�d�
�G�b��*O�'�c�š�f�[�A�r�M�� 2 �•% 
�b���6�‡�Í���b�Î�µ�¡�«�[�6�‡�Í�@0¿���I�€�•�|�:�_�^�W�Z�8�r�M�� �±�)�^!l�c�
 �G�G�[�

�6�‡�Í�†�²�N0¿���M�•�G�\�[�M��  

 

 
�W4-17>8�«�º�µ�¡�š�X ��*O#ì8�  

 
�í���X>8�í���X>8�í���X>8�í���X>8 �š�X�x���X�
�Ç�ß�î�š�X�†��*O�M�• #ì8��\� �L�[�M�@�
 �q�6�b��>;���[&g�I�€�S

�Î�µ�¡�«�_�X�Í�†°�€�•�\���X�_�^�~�r�M��  
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�W4-18>8���X ��*O#ì8�  

 
�í�í�í�í�š�X�š�X�š�X�š�X �l�g�Ç�ß�î�l�g�Ç�ß�î�l�g�Ç�ß�î�l�g�Ç�ß�î >8>8>8>8�Ç�ß�î�š�X�b��*O�\�
3û�–�b�š�X�b��*O�b�x�~�‰�c²�C� �L�[�M��3û

�–+¬�·$×�_�Q#Ý�K�^�E�€�d�^�}�^�8�€�X�¡�@ Variable��_ /²&g�I�€�r�M�b�[�
�D�N ‡'ì�x
1=#. ‡'ì�Ê�
�6�•�8�c6õ�X�†�Q�W�Z��*O�K�r�M���Q#Ý�K�^�E�€�d�^�}�^�8�š�X>&�I�Ê>'�b
�M0t�_/²&g�I�€�S�Ã�Û�Ó�î�±�î�¡�c�
 ²4Š�Q#Ý�K�^�8�\�
�š�Û�î�_�^�~�r�M����*O�š�Û�î
�@�6�•�\�
 OK �Î�±�å�†�²�K�Z)
�¢�M�•�G�\�@�[�A�r�O�‡�� � �L�C�e�V�b#ì8��[�
 �� variables��
�b��_/²&g�I�€�S�š�X�¡�†�Q�W�Z �X�'�[��*O�K�r�M�� �š�X�† 6õ�X�[��*O�K�S�8���œ�c�
�p
�¸�_�6�•�� Functions���†4E�m�d6õ�X�†4E�¥�M�•�G�\�@�[�A�r�M���� More���†4E�m�d�
 and�

or �^�]�b1=#.6õ�X�†4E�¥�[�A�r�M�� Vensim PLE�[�Q�:�G�\�@�[�A�•6õ�X�_�X�8�Z�c(��†
�5�u�Z0Ž1��K�Z�8�r�M�b�[�
�Q�U�}�†�g!·�K�Z�W�I�8��  

 
�W4-19>8�š�X�l�g�Ç�ß�î ��*O#ì8�  
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�í�¸�î�È�Ý6õ�X>8�í�¸�î�È�Ý6õ�X>8�í�¸�î�È�Ý6õ�X>8�í�¸�î�È�Ý6õ�X>8 �±�–�É�†��/õ�“�š�X���l�g�� with Lookup���_�K�
���¢�Û�Ç°�Š���†4E�j�\�


�e�W�b°�Š#ì8��@#'�€�r�M���¸�î�È�Ý6õ�X�@�ö�B�M�•�\�
+¬�·$×�_�‘�W�b�� Lookup���b�
�_&g�I�€�S�¸�î�È�Ý�@�8�B�I�€�r�M���� = WITH LOOKUP���_�,�X�\�^�•�š�X�¡�†�æ���K
�r�M��  

 
�W4-20>8�¸�î�È�Ý6õ�X ��*O#ì8�  

 

 
�W4-21>8�¸�î�È�Ý6õ�X ��*O#ì8�  

 



��������	
 °6Û �� "' �

� 34

 
�G�G�[���‰&ì�'���¶�î�Ý�†#Ý�8�Z�
���X�x�š�X�†��*O�M�•7•�b�@�–�¦8o�†3Ù�m�Z�>�A�r

�M�� Vensim PLE�[�c�G�:�K�S��*O�b°�Š�c�
 #ì8��V �_/²&g�I�€�S �š�X�x�X�Í'¼�† �¡�Ü�µ�¡
�M�•�G�\�_�|�W�Z 4E�¥�[�A �r�M ��%$�K°�Š�_�|�•�±�–�É�š�Û�î�c ��*O�[�b �Â�¢�b�N�I�\�^
�~�x�M�8 �b�[�
 �Ÿ�î�Î�î�»�?�} �š�X�¡ �x6õ�X�¡ �†%$�K°�Š�K�^�8�|�:�_�°�@�E�Z�W�I�8��
�š�X�\�Q�b6õ�€�'�†�”�ß�î �_�|�• �Ç�ß�î�[�W&g�M�€�d�
�6�\�c�Ð�˜�«�\�”�–�¥�å�ï�8�b�s
�[�É�ß�¢�Û�Ò>&�‰&ì�'>'�@�o�\�‡�]0°3Ù�[�A �r�M ��  
�� �r�S�
�X�'>&>)�
>+�
6õ�X�^�]>'�c�²�N��0…,e�e�Ð�[�M��²0…�[�c�š�Û�î�_�^�~�r�M��  
 

�g!·�Ô�î�»>8 �g!·�Ô�î�»�c�
�Ô�¹�Ý�_�¥4Š�¹�î�±�†°�Š�K�
�Ô�¹�Ý�š�X�b�¹�î�±�\
�K�Z�<#Ý�K�S�~�
�6�•�8�c�Ô�¹�Ý�b���Š)��Ý�\��7•�b�¹�î�±�†�g!·�M�•���œ�_�<#Ý�[�A�r
�M���G�b�Ô�î�» �†4E�‡�[�Ã�Û�Ó�î�± �î�š�X�¡�†�¡�Ü�µ�¡�M�€�d�M�•�\�� Do you want to convert 
�Ã�Û�Ó�î�± �î�š�X�¡  to a data variable?���\*º�8�Z�A�r�M�����c�8 (Y)���†4E�j�\�
�W0°�b#ì8�
�_°�Š�K�S�¹�î�±�@�Ã�Û�Ó�î�± �î�š�X�b�Í�\�K�Z�
�©�Ñ�×�Þ�î�©�Ù�å�[#Ý�8�}�€�r�M���M
+á�š�X�¡�†�¡�Ü�µ�¡�M�€�d�
°�Š�K�S�¹�î�±�@�Q�b�š�X�¡�b�g!·�¹�î�±�\�K�Z�
�¹�Ç�›�Ý
�º�[�c Preference Mode �b�Ç�“�–�Ý�¡>&�Ç�“�–�Ý�¡�c+¬#ä�_4E�¥�•+�>'�[�–�Ñ�I�€�r�M���G
�:�K�Z�8�B�K�S�g!·�¹�î�±�c�
�Ô�¹�Ý�b���Š)��Ý�\�š 3Q�K�Z�Ô�¹�Ý�b�w� �ö�†�8�•�K�S�~�

�r�S�Ã�Û�Ó�î�± �î�b�q4:�Í�†�ô�u�•���œ�_�<#Ý�[�A�r�M>& �S�T�K�
 �g�Õ�^�@�} Vensim PLE
�[�c�G�b �£$Ï�~�2�_�|�•�q4:�Í'ì�� �µ+��c�<#Ý�[�A�r�O�‡>'��  
 

 
�W4-22>8�g!·�Ô�î�»  
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5. �«�¸�î�±�«�í�Â�î�«�¸�î�±�«�í�Â�î�«�¸�î�±�«�í�Â�î�«�¸�î�±�«�í�Â�î  
 
�G�b(��[�c�
�W 2-2 �b�p�b���u�«�¸�î�±�«�í�Â�î���\�K�Z&g�I�€�S�Â�î�_�6�•�
/²&g(
�V

�x�Ô�¹�Ý�[�b�I�Ê�b6õ�€�†&g�M�
�6�•�8�c/²&g�M�•�š�X�¡�b�Ç�›�å�º�†�š�f�M�•�^�]�_�Q
�ƒ�€�•�¶�î�Ý�†1��Â�K�Z�8�r�M���S�T�
�G�€�}�b�¶�î�Ý�b�o�\�‡�]�c�
�š�X�x%®�3�†�e×
�M�•7•�_�
�š�X�x%®�3�_�Ï�–�å�±�î�†�\�Z�
 �e�¡�Ü�µ�¡�K�
�š�X�x%®�3�b��*O#ì8��†�ç�g
���K�
�Q�G�?�}�æ���x�š�f�†/œ�:�G�\�[�v�•+��[�M��  

 
�W5-1>8�«�¸�î�±�«�í�Â�î  

 
 

�Ô�¹�Ý�S(��˜�–�å�»�î>8�Ô�¹�Ý�S(��˜�–�å�»�î>8�Ô�¹�Ý�S(��˜�–�å�»�î>8�Ô�¹�Ý�S(��˜�–�å�»�î>8 Vensim PLE�[�c�Ô�¹�Ý�†�Ô
�ª�×�î�Ý�_�)�~�(�E�S�~�
�Ô�¹�Ý0°3Ù4Š�\�¢�Û�Ç�x/²�^�]�_�|�•/²&g4Š�_�(�E�Z/²&g�[�A
�r�M���r�S�
�Ô�¹�Ý�@�±�A�M�B�Z�M�Ø�_²4Š�†/²&g�[�A�^�8���œ�
�1#ì8�% �†/²&g�K�Z�8
�•�b�?�\�8�:�
/²&g�I�€�Z�8�•#ì8��b�1�•�†�G�b�˜�–�å�»�î�_&g�K�Z�8�r�M���G�G�b�˜�–
�å�»�î�b�e�‘�_�6�•%®�3�[�
/²&g4Š�(�†�)�n�<�•�G�\�@�[�A�r�M�� View �_�(�E�}�€�S�Ô�ª
�×�î�Ý6ë�c�æ/œ�š�X>&�©�Õ�»�î�š�X>'�[)Å�B�r�M��  
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�W5-2>8View 

 

 
�W5-3>8View �b�)�~�p�<  

 

�Ç�›�å�º>8�Ç�›�å�º>8�Ç�›�å�º>8�Ç�›�å�º>8 �Ç�›�å�º�†�š�<�•�G�\�@�[�A�r�M��'¹*…�c�±�–�Ò�í�½�×�î�í
�ß�î�Ð�å�†3û�–�Q �W�Z�8�•6õ�€�[�
�G�G�_�c�� Times New Roman���@/²&g�I�€�Z�8�r�M�@�

�� MS �Â�…���^�]�Ú�b �Ç�›�å�º �_�š�f�•+��[�M���š�f�¶�î�Ý�[�c�
�š�f�K�S�8�œ�È�ª�™�¡�º
�†›�_ �e�¡�Ü�µ�¡�[4E�¥�K�
�Q�€�?�}�G�€�}�b�š�f�¶�î�Ý�†4E�g�
4E�¥*å�b�p�?�}4E�g�S
�8�v�b�†4E�¥�K�r�M��  
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�W5-4>8�Ç�›�å�º>&�Ð�/>'  

 
�e�Ð�§�–�¬>8�e�Ð�§�–�¬>8�e�Ð�§�–�¬>8�e�Ð�§�–�¬>8 �e�Ð�§�–�¬�†�š�<�•�G�\�@�[�A�r�M���6�‡�Í�c 12 �Ï�–�å�º�[�M��  
 
�e�Ð�b�I1*>8�e�Ð�b�I1*>8�e�Ð�b�I1*>8�e�Ð�b�I1*>8 �e�Ð�†�Î�Ý�»�î>&�´�Ð>'�^�]�_�š�<�•�G�\�@�[�A�r�M��  
 
�s�/>8�s�/>8�s�/>8�s�/>8 �e�Ð�†�s�/�_�š�<�•�G�\�@�[�A�r�M��  
 
�W)z>8�W)z>8�W)z>8�W)z>8�W)z�†�,�C�G�\�@�[�A�r�M��  
 
�v�˜)z>8�v�˜)z>8�v�˜)z>8�v�˜)z>8 �v�˜)z/²&g�†/œ�:�G�\�@�[�A�r�M��  
 
�e�Ð�b,>8�e�Ð�b,>8�e�Ð�b,>8�e�Ð�b,>8 �e�Ð�b,�†�š�f�[�A�r�M��0�X�b�Ç�•�î�»�Â�µ�¡�í�Ý�î�É�@�ã�~�M�•���œ�^�]�

"I�_�I1*�K�S�8�Ý�î�É�†�S�B�M�•�š�X�b,�†�š�<�•�^�]�b/²#'�‰�2�@�w� �[�M��  
 
�Î�µ�¡�«�b,>8�Î�µ�¡�«�b,>8�Î�µ�¡�«�b,>8�Î�µ�¡�«�b,>8 �Î�µ�¡�«�b,�†�š�<�•�G�\�@�[�A�r�M��  
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�W5-5>8,  

 
�Î�µ�¡�«�b�g>8�Î�µ�¡�«�b�g>8�Î�µ�¡�«�b�g>8�Î�µ�¡�«�b�g>8 �Î�µ�¡�«�b�g�†�š�f�[�A�r�M��  
 

 
�W5-6>8�Î�µ�¡�«�b�g  

 
�¸�Ÿ�«�º�b�)*(>8�¸�Ÿ�«�º�b�)*(>8�¸�Ÿ�«�º�b�)*(>8�¸�Ÿ�«�º�b�)*(>8 �š�X�¡�b�¸�Ÿ�«�º�b�)*(�†�š�f�[�A�r�M���Î�µ�¡�«�b�p�
�e�‘�
�V�W�@
�æ���[�A�r�M��  
 



��������	
 °6Û �� "' �

� 39

%®�3�b,>8%®�3�b,>8%®�3�b,>8%®�3�b,>8%®�3�b,�†�š�<�}�€�r�M��3û�–�c7÷�[�M�@�
�Q�I�Ý�î�É�†7÷�
�’/®�Ý�î�É�†2e
�^�]�_,�(�E�M�•�G�\�[/²&g�†�(�?�~�x�M�C�M�•�G�\�@�[�A�r�M��  
 
%®�3�b�œ>8%®�3�b�œ>8%®�3�b�œ>8%®�3�b�œ>8%®�3�b�´�I�^�]�†�š�f�[�A�r�M���I1*�K�S�86õ�€�x�I1*�K�S�8�Ç�•�î�»�Â�µ�¡�í
�Ý�î�É�†0°3U�M�•7•�_�w� �[�M��  

 
�W5-7>8%®�3�b�œ 

 
���ö>8���ö>8���ö>8���ö>8 %®�3�b���ö�†��*O�[�A�r�M��4E�¥�[�A�•�b�c�
��>)���
��>+���
�� S���
�� O���
�� Y���
�� N��
�[�M��%®�3�b›'ƒ�†�‘�¡�Ü�µ�¡�M�•�\!l)z�b�Î�µ�¡�«�@/² &g�I�€�r�M�����_�
�G�b�¶�î�Ý
�†4E�g�
›�b0°�•�b 1 �X�†4E�¥�K�r�M���U�^�s�_�
��%®�3�b���ö���\�c�
�š�X�\�š�X�†)��j
7•�_�
6õ�€�†&g�M�v�b�[�
�M�‰�b�I�Ê�@�Q�•�M�€�d�Ú�‰�b�I�Ê�v�s8j�†�w�E�Z�Q�•�M�•��
�œ�†�G�
3ë�_�
�M�‰�b�š�X�@�Q�•�M�•�\�
�Ú�‰�b�š�X�@�s8j�†�w�E�Z�ö�a�M�•���œ�†2��\
�K�Z�8�r�M��  
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�W5-8>8%®�3�b���ö  

 
8p�Î>88p�Î>88p�Î>88p�Î>8 #ì8��b/²&g8p�Î�†�S�‹�_°�€�p�<�•�G�\�@���¶�r�M���[�<�d�
�¥�Ó�å�º�Î�µ�¡�«�†
�8�B�K�Z�Ô�¹�Ý�_0°3Ù�K�S���œ�_�
�Ô�¹�Ý�š�X�@7ƒ�I�€�•�|�:�^���œ�_�c�
�G�b�¶�î�Ý�†
#Ý�8�Z�Ô�¹�Ý�š�X�†�S8��_�v�W�Z�C�•�G�\ �@���¶�r�M��  
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6. �(�Ò�¶�î�Ý�(�Ò�¶�î�Ý�(�Ò�¶�î�Ý�(�Ò�¶�î�Ý  
 

�G�b(��[�c�
�W 2-2 �b�p�b���v�(�Ò�¶�î�Ý���\�K�Z&g�I�€�S�Â�î�_�6�•�
�Ô�¹�Ý�†�(�Ò�M
�•�
�6�•�8�c/²�x�¢�Û�Ç�[�©�Ñ�×�Þ�î�©�Ù�å)��Ý�†/²&g�M�•7•�_�^�]�_�Q�ƒ�€�•�¶�î�Ý�†
1��Â�K�Z�8�r�M��  

 
�W6-1>8�(�Ò�¶�î�Ý�í�Â�î  
 

�I�Ý�¶�Ü�î>8�6�•�I�Ê�_6õ�€�K�Z�8�•�I�Ê�b6õ4��W�† �¶�Ü�î�[/²&g�K �r�M���Ô�¹�Ý
�V�[�
�I�Ê�†4E�g�
�G�b�¶�î�Ý�†4E�¥�M�•�\�
�W 6-2 �b�|�:�^�
�I�Ê�_�P�K�Z�s8j�†�Z�<�Z
�8�•�Ú�b�I�Ê�@�P1ß�\�K�Z�8�•�I�Ê�_�p�°�M�•�¶�Ü�î�@/²&g�I�€�r�M���G�b�I�Ý�¶�Ü�î�†
�Q�W�Z�
�I�Ê�_�]�b�|�:�^�Ú�b�I�Ê�@�s8j�†�l�p�K�Z�8�•�?�†�(�Ò�M�•�G�\�@�[�A�r�M��
�v�K�
�Ô�¹�Ý�@�
+¬�(�@�î�:�|�:�_�·�?�^�8���œ�
�G�:�K�Z�
�I�Ê6ë�b6õ�€�†�º�Þ�î�«�M
�•�G�\�[�
�Ô�¹�Ý0°3U�b1��~�x�Y��^�]�†$Î0b�M�•�G�\�@�[�A�r�M��  
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�W6-2>8�I�Ý�¶�Ü�î�_�|�•�(�Ò�[  

�<�l�¶�Ü�î>8�G�€�c�I�Ý�¶�Ü�î�\3ë�_�
�6�•�š�X�@�]�:�Ú�b�š�X�_�s8j�†�Z�<�Z�8
�•�?�†�(�Ò�M�•�v�b�[�M���Ô�¹�Ý�V�[�
�š�X�†4E�g�
�G�b�¶�î�Ý�†4E�¥�M�•�\�
�W 6-3 �b�|
�:�^�
4E�¥�K�S�š�X�?�}�t#Õ�M�•�Ú�b�š�X�l�b6õ�€�†�Ž6ä�K�S�¶�Ü�î�@/²&g�I�€�r�M���G
�b�I�Ý�¶�Ü�î�†�Q�W�Z�
�6�•�š�X�@�]�b�|�:�^�Ú�b�š�X�_�s8j�†�l�p�K�Z�8�•�?�†�(�Ò�M
�•�G�\�@�[�A�r�M���v�K�
�Ô�¹�Ý�@�
+¬�(�@�î�:�|�:�_�·�?�^�8���œ�
�G�:�K�Z�
�š�X6ë
�b6õ�€�†�º�Þ�î�«�M�•�G�\�[�
�Ô�¹�Ý0°3U�b1��~�x�Y��^�]�†$Î0b�M�•�G�\�@�[�A�r�M��  

 
�W6-3>8�<�l�¶�Ü�î�_�|�•�( �Ò�[  
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�Ç�•�î�»�Â�µ�¡�í�Ý�î�É>8�G�€�c�
�6�•�š�X�†�µ�t�Ç�•�î�»�Â�µ�¡�í�Ý�î�É�†�º�Þ�î
�«�M�•�v�b�[�
�Q�b�š�X�@6õ�€�K�Z�8�•�Ç�•�î�»�Â�µ�¡�í�Ý�î�É�@/²&g�I�€�r�M���Ô�¹�Ý
�V�[�
�š�X�†4E�g�
�G�b�¶�î�Ý�†4E�¥�M�•�\�
�W 6-4 �b�|�:�^�Ç�•�î�»�Â�µ�¡�í�Ý�î�É�\�Q
�€�_6õ�€�K�Z�8�•�š�X�¡�@/²&g�I�€�r�M���G�b�Ç�•�î�»�Â�µ�¡�í�Ý�î�É�b�(�Ò�†�Q�W�Z�

�6�•�š�X�@�Ç�•�î�»�Â�µ�¡�í�Ý�î�É�V�
�]�b�|�:�_�Ú�b�š�X�_�s8j�†�l�p�K�Z�8�•�?�†�(
�Ò�M�•�G�\�@�[�A�r�M���v�K�
�Ô�¹�Ý�@�
+¬�(�@�î�:�|�:�_�·�?�^�8���œ�
�G�:�K�Z�
�š
�X6ë�b6õ�€�†�º�Þ�î�«�M �•�G�\�[�
�Ô�¹�Ý0°3U�b1��~�x�Y��^�]�†$Î0b�M�•�G�\�@�[�A�r
�M��  

 
�W6-4:�Ç�•�î�»�Â�µ�¡�í�Ý�î�É�b�(�Ò�[  

 

�»�Ÿ�×�Ó�å�º>8 �Ô�¹�Ý�[��*O�K�S�M�m�Z�b�š�X�
�>�|�g �©�Ñ�×�Þ�î�©�Ù�å�[�Q�: �ì
6ë�š�X'¼�†�M�m�Z /²&g �I�O�•�G�\�@�[�A�r�M�� �Ô�¹�Ý�S(��[�c�
8–)¾�_�š�X�†3ã�•�K�S�~�

�”�ß�î�†�š�f�K�S�~�
��*O�†�š�f�M�•�G�\�@�6�~�r�M���G�:�K�S�š�f�[ "b�K�x�M�8�:�W�?
�~��*O �Ñ�«�\�K�Z �
'¢�•�x ‡'ì�Ê�b0¿���b 6ë4*�8�
�²�ó0¿���†3ë�_�K�Z�K�r�W�S �^�]�b ��
*O�b1��~�x�
 �Ó�<�b°�€4*�8�_�|�•0£'ì�bƒ›8p�Î�b��*O6ë4*�8�
 6õ4��M�•�š�X�[ %©%*�M
�•��*O �†�K�Z�K�r�W�S �^�] �@�6�~�r�M�� 4�'g�'�[�c6ë4*�W�Z�8�r�M�@�""‚ �'�\�K�Z�c1=#.
$×�_6ë4*�W�Z�8�•�ƒ�E�[�c�^�8�b�[�
0£'ì�I�€�r�M�@�
 �\!›�
 )��Ý�c�>�?�K�^�G�\�_�^�W
�Z�K�r�8�r�M���M0t�_�K�Z��*O�† �º�Þ�î�«�M�•�G�\�[�
 �G�:�8�W�S �š�X�_0¿���K�S��*O�b
1��~ �^�] �†$Î0b�M�•�G�\ �v�[�A�r�M��  
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�W6-5>8�»�Ÿ�×�Ó�å�º�µ+��_�|�•/²&g�[  

 
�W6-6>8�»�Ÿ�×�Ó�å�º�µ+��_�|�•/²&g�[  
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%$�K�N�I�¢�Û�Ç>8�6�•�š�X�\�Q�b�š�X�b%$�K�N�I�\�^�W�Z�8�•�š�X�†�G�O�Z�¢�Û�Ç
/²&g�[�A�r�M���v�K�
 2 �X�b�š�X�b6õ�€�@�G�[�6�€�d�
�M�‰�b�Q�•�c�Ú�‰�b�Q�• �_�^�•�c�N
�[�M���r�S�
�v�K6õ�€�@2��[�6�€�d�
�M�‰�b�Q�•�c�Ú�‰�b�ö�a�_�^�•�c�N�[�M��  
 

 
�W6-7>8%$�K�N�I�¢�Û�Ç �[  

 

 
�W6-8>8%$�K�N�I�¢�Û�Ç �[  
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�¢�Û�Ç>8�š�X�b�š�ì�†�¢�Û�Ç/²&g�K�r�M���@% �K�Z�8�•�š�X�†4E�¥�K�
�Q�b�·�A�†�"
"‚�[�¢�Û�Ç/²&g�I�O�
�Q�b�·�A�@�
���\�[�6�•�?�]�:�?�†�³�™�µ�¡�M�•7•�_�Q#Ý�K�r�M��  
 

 
�W6-9>8�""‚ �¢�Û�Ç �[  

 

 
�W6-10>8�""‚ �¢�Û�Ç �[  



��������	
 °6Û �� "' �

� 47

�“/²&g�¸�î�È�Ý>8 4E�¥�K�S �š�X�b �©�Ñ�×�Þ�î�©�Ù�å)��Ý �†�“/²&g�b�¸�î�È�Ý�[/²&g �K
�r�M��  

 
�W6-11>8�“/²&g�¸�î�È�Ý �[  

)ª/²&g�¸�î�È�Ý>8�G�€�c›�b/²�†)ª�_�K�S�v�b�[�M��  

 
�W6-12>8)ª/²&g�¸�î�È�Ý�[  



��������	
 °6Û �� "' �

� 48

��/œ�Í�\�b�š3Q>84#�d�b �Ã�Û�Ó�î�± �î�š�X�_�P�M�•0¿���š�f�š�T�†/²&g�K�r�M���Ô�¹
�Ý0°3Ù�p�_�c�8�•�8�•�š�X�b0¿���†�š�<�©�Ñ�×�Þ�î�©�Ù�å�K�Z���\�ö�†&��?�u�^�@�}�r�S
�š�f�M�•�\�8�W�S�8���†)Þ�~3É�K�r�M�b�[�
�]�:�š�f�K�S�?�K�d�K�d�À�€�Z�K�r�:�G�\�@
�6�~�r�M���]�:�š�f�K�S�?�†�º�Þ�î�«�M�•�S�u�_�Q�8�r�M��  

 
�W6-13>8��/œ�Í�\�b�š3Q�[  
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7. ���Š�\�3�E���Š�\�3�E���Š�\�3�E���Š�\�3�E  
 
�� �(�Ò�¶�î�Ý�x�¥�å�º�ß�î�Ý�í�Ã�¿�Ý�†�Q�W�Z �
�©�Ñ�×�Þ�î�©�Ù�å)��Ý�† /²&g �K�S �¢�Û�Ç
�x/²�†�¥4Š���Š�I�O�•�G�\�@�[�A�r�M�� �¢�Û�Ç�x/²�b�V�_�W 7-1 �_&g�K�S�|�:�^�Â�î�@/²&g
�I�€�Z�8�r�M���G�b�Â�î�_�6�•�”�–�¥�å �†�Q�W�Z�
�©�Ñ�×�Þ�î�©�Ù�å)��Ý�†�š�¡��Ý�_�v
�~3¸�t�G�\�x�
�Ã�á�î�Ï�–�å�º�x�á�î�»�b�e'v�_2��~�Ü�E�•�G�\�@�[�A�r�M��  
 

 
�W7-1>8���Š�\�3�E  

 
�ß�µ�¡�ß�µ�¡�ß�µ�¡�ß�µ�¡ >8�¢�Û�Ç�x/²�b#ì8��†�[���K�r�M���G�b�¥�Ð�å�»�[�ß�µ�¡>&�[��>'�_�M�•�\�
��#ì8�
�?�}�b�˜�d���”�–�¥�å�@�˜�<�r�M��/²&g#ì8��)�~�p�<�¥�Ð�å�»�_�c�Ò�r�[�(�Ò�¶�î�Ý�^�]
�[4E�‡�T�¢�Û�Ç�x/²�^�]�b���Š#ì8��@²�Z/²&g�I�€�r�M�@�
�ß�µ�¡"g�Â�_�M�•�G�\�[�˜�d
�[�A�^�C�K�
3ë�_�5�(�^�v�b�c�˜�d�K�
0b�x�M�8�É�Þ�®�å�¸�î�©�Ù�å#Ý�b/²&g#ì8��†�8�B
�[�A�r�M��  

 
�W7-2>8�ß�µ�¡  
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�3�E>8�3�E>8�3�E>8�3�E>8 �©�Ñ�×�Þ�î�©�Ù�å)��Ý�†/²&g�K�S�¢�Û�Ç�x/²�†�3�E�I�O�•�G�\�@�[�A�r�M��  

 
�W7-3>8�3�E  

 
���Š>8���Š>8���Š>8���Š>8 �©�Ñ�×�Þ�î�©�Ù�å)��Ý�†/²&g�K�S�¢�Û�Ç�x/²�† �˜�•�å�»�î�í�¥�å�¸�å�¶�\�K�Z���Š
�I�O�
 �Ã�á�î�Ï�–�å�º�x�á�î�»�b�e'v�_2��~�Ü�E�•�G�\�@�[�A�r�M���Ã�á�î�Ï�–�å�º�x�á
�î�»�b�e'v�_ 2��Ü�E�•7•�_�c�
 �Ã�á�î�Ï�–�å�º�x�á�î�» ��[��)…7Ÿ (E)���?�}�
���g�'�†4E�‡
�[4E�¥ (S)���†4E�g�
���W>&�Ñ�G�Ó�±�Ç�“�–�Ý>'�� �†4E�¥�K�Z2��Ü�E�Z�W�I�8��  
 

 
�W7-4>8���Š  



��������	
 °6Û �� "' �

� 51

 
�–�Ñ>8�–�Ñ>8�–�Ñ>8�–�Ñ>8�(�Ò�¶�î�Ý�_�|�•�å�(�Ò)��Ý�
�©�Ñ�×�Þ�î�©�Ù�å)��Ý�†/²&g�K�S�¢�Û�Ç�x/²�†�˜�•
�å�»�î�í�¥�å�¸�å�¶�\�K�Z �Ç�“�–�Ý�–�Ñ�K�r�M���Ç�•�î�»�Â�µ�¡�í�Ý�î�É�
�»�Ÿ�×�Ó�å�º�

�š�Û�î�í�Ó�µ��î�ª�x�á�î�½�å�¢�í�Ó�µ��î�ª�
 �¸�î�È�Ý �c txt �Ç�“�–�Ý�\�K�Z �
�I�Ý6õ�€
�W�l�g �¢�Û�Ç�c wmf �Ç�“�–�Ý�\�K�Z���Š�I�€�r�M�� "I�_�
�©�Ñ�×�Þ�î�©�Ù�å)��Ý�†�¸�î�È
�Ý�g�'�[���Š�I�O�S�–�Ñ�Ç�“�–�Ý�c�
�š�¡��Ý�^�]�_�v�~3¸�‡�[Ì�•�d�K�S�~�
�¢�Û�Ç�í
�¶�î�Ý�[/²&g�†�š�<�•�G�\�@�[�A�r�M�b�[�
�É�Þ�®�å�¸�î�©�Ù�å2(�q�†�8�B�M�•7•�_�\�Z
�v�}�<�[�M��  
 

 
�W7-5>8�–�Ñ 
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8. 6õ�X6õ�X6õ�X6õ�X 
 
�� �G�b(��[�c�
�Ô�¹�Ý�†0°3Ù�M�•7•�_�š�X�_0¿���M�•6õ�X�_�X�8�Z0°3U�K�Z�8�r�M�� Vensim 
PLE �[�c�è�W�b'ì/¡6õ�X�\1=#.6õ�X�†�Q#Ý�M�•�G�\�@�[�A�r�M���^�>�
 Vensim PLE�[�c�Q
#Ý�[�A�•'ì/¡6õ�X�b'�8®�@7H�}�€�Z�8�r�M�b�[�
�G�€�è�¥�b6õ�X�†�Q�8�S�8���œ�_�c�d�µ
�@�²0[�[�M���[�<�d�
�U0…6õ�X�[�Q#Ý�[�A�•�b�c SIN>&�G�;>'�T�E�[�M�b�[�
 COS>&�5�;>'
�^�]�†�Q�:���œ�c SIN �?�}�Ø�‡�†�N�}�M�
�6�•�8�c SIN �?�}'ì�'�[�Ó�u�•�^�]�b�d�µ�@�²
0[�[�M��  
 
�q)/�P�Í>8)/�P�Í (x)�†)��Ý�\�K�Z���Š�K�r�M���Í�†�Ð�–�¼�«�_�K�S�C�^�8���œ�_�Q�8�r�M��  
ABS( {x} ) 
 
�r4���>84����K�S)��Ý�†���Š�K�r�M�� 4 '�8®�b4���6õ�X�@�6�~�r�M���6�‡�Í>& in>'�†>& dtime>'
�ì6ë�T�E4����I�O�Z���Š�K�r�M��  
�"(ç�^4� �€>8 
DELAY FIXED( {in} , {dtime} , {init} ) 
�æ�X 1 ��4��€>8  
DELAY1I( {in} , {dtime} , {init} ) 
�"(ç�^ 3 ��4��€>8  
DELAY3( {in} , {dtime} ) 
�æ�X 3 ��4��€>8  
DELAY3I( {in} , {dtime} , {init} ) 
 

4����b�¤0l�@7´�K�8�?�v%±�€ �r�O�‡�@ �
0�4��^�]�[�
0�4�0£#ì�[�ô�u�S�X5��@�
0�4��d
&ì�_�?�?�~�
0�4��‡6ë�†)��Z�ö�B�K�Z�8�C�\�8�W�S4����[�c�
°�Š�\���Š�_�œ�8�Í�b4*�8
�c�^�C�
�"(ç�_°�Š�\���Š�b�ì6ë�@4*�:�T�E�[ �M���G�:�8�W�S4��€�†�Ã�–�É�Û�–�å4��€�\
&à�K�
 DELAY FIXED 6õ�X�†�Q�W�Z��*O �K�r�M ��  
 

 
�W8-1>84���>8 Current�†�æ�X4��€�_�K�S)��Ý  
 

�G�€�_�P�K�
�Ð�«�Ó�¹�•�”�_�È�Ì�†3U�O�S���œ�^�]�[�c�
�È�Ì�@�V3U�I�€�S%$�‹�_�c�]
�W�\�o�Â�@�6�•�@�
�ì6ë)�4#�\¹�_�o�Â�@�a�^�C�^ �~�r�M ���G�b�š�ì�c�
�Ð�–�¼�Ý�b�æ�X
�š�ì�\*ƒ�<�}�€ �r�M ���6�•�8�c�
�‚0��� �†$Î�Ž�M�•�\�
$Î�Ž%$�‹�c�6�r�~�Ž�€�^�8�@�
�x

�¤�Ñ8³��
80

60

40

20

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

Time (Month)

 �¤�Ñ8³��  : Current
 �¤�Ñ8³�� 4��� : 2

 �¤�Ñ8³�� 4��� : 4

DELAY FIXED(�È�Ì5�F¸4����‡6ëF¸ 0H�
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�@�Z�Ž�€�T�K�
�6�•�‡6ë�†)�4#�M�•�\�
�M���b�X�@�Ž�€�•�|�:�_�^ �~�r�M ���G�b�š�ì�c�B
6×�d)z�\ *ƒ�<�}�€�r�M ���G�b�|�:�^���œ�c�æ�X4��€�b4���6õ�X�[�6�• DELAY1I �^�]�†�Q �8
�r�M ���W 8-2 �_�æ�X4��€�b)��Ý�†&g�K�Z�8�r�M�@�
�e�c�
°�Š�† 0 �?�} 10 �_�M�¼�_�š�ì�I
�O�S�b�[�M�@�
�æ�X4��€�b�O�8�[ 100 �?�?�W�Z�z�W�C�~�
�B6×�d)z�[ 10 �_�^�W�Z�8�r�M��
�‘�c�ì6ë 50 �b�ì�_°�Š�† 2 �T�E�V�F�
�Q�b�‹ 0 �_�`�K�S�b�[�M�@�
�æ�X4��€�[�
�Q�b�‹ 50
�?�} 100�r�[�ì6ë�†�?�E�Z 2 �?�} 0 �_�
2��b�æ�X�d)z $×�_�ö�a�K�Z�8�r�M��  

 
�W8-2>84���>8�æ�X4��€  

 
�s�æ�X6õ�X�
�P�X6õ�X>8 (x)�b�æ�X6õ�X�l�g�P�X6õ�X�†���Š�K�r�M��  
�æ�X6õ�X>8 
EXP( {x} ) 
�P�X6õ�X>8 
LN( {x} ) 
 
�t�q�`�Í�
�q�±�Í>8�q�±�Í�6�•�8�c�q�`�Í�†���Š�K�r�M��  
�q�±�Í>8  
MAX( {x1} , {x2} ) 
�q�`�Í>8  
MIN( {x1} , {x2} ) 
 
�u7V'ì0£'ì  
�5�~>87V'ì�[�5�~�†���Š�K�r�M�� (x)�†>&base)�[�m�W�S�5�~>&�Z�X>'�@���Š�I�€�r�M��  
MODULO( {x} , {base} ) 
 
MODULO �c�
�•�Þ�å�²�î�b'ö#.�^�]�_�Q �8�r�M ���[�<�d�
�ì6ë�b�"�)�@�¥�[�6�€�d�
�¥�X
�†�•�˜�å�º�K�
 7 �[�m�~�
�5�~�@ 5 �è�V�?�
 0 �[�6�€�d�u�¥�_�^ �~�r�M ���ì6ë�b�"�)�@�v�[
�6�€�d�
 12 �[�m�W�Z�
�5�~�@ 3 �è�W�
 11 �è�V�[�6�€�dä�
 3 �è�V 6 �è�W�[�Ó�
 6 �è�V 9 �è�W
�[�Ÿ�
 9 �è�V 12 �è�W�[&Å�_�^ �~�r�M ��  
 
�Z�X���Š>8�`�X!l�è�W�†�)�~���Z�
�Z�X���Š�K�r�M��  
INTEGER( {x} ) 
 
�®�ß7V'ì75�F6õ�X>8  
XIDZ, ZIDZ 
�G�€�c7V'ì�_7•�K�
�®�ß�[�(�Ê�†�m�W�S���œ�
!“7H�±�_�6�•�G�\�†4J�E�•�S�u�_�
�Q#Ý�M
�•6õ�X�[�M�� XIDZ �[�c�
�® �ß�[7V'ì�K�S���œ�
�æ���K�S�Í�†3É�M�
 ZIDZ �c�®�ß�[7V'ì�K
�S���œ�c)��Ý�†�®�ß�_�K�r�M��  
XIDZ>&�(�Ê�
�(�•�
�®�ß7V'ì�ì�b�Í>'  
ZIDZ>&�(�Ê�
�(�•>'  

�‚0���PÔ2�Ž�X
10

7.5

5

2.5

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

Time (Week)

�‚0���PÔ2�Ž�X  : Current

�	��� �Ý
.2

.15

.1

.05

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

Time (Week)

�	��� �Ý  : Current
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�v�Ã�Ý�«6õ�X�
�«�¸�µ�É6õ�X>8�6�•�‡6ë�_�Ã�Ý�«�b�|�:�_�6�•�Í�†���Š�M�•�b�@ PULSE6õ
�X�[�
�6�•�‡6ë�?�}���Š�†�š�f�M�•�b�@ STEP6õ�X�[�M���Û�å�É6õ�X�c�
�6�•�‡6ë�?�}�6�•
�‡6ë�r�[�
�æ���K�S4�A>& slope)�[�Ž���_�Q�•�I�O�•6õ�X�[�M��  
PULSE( {start} , {duration} ) 
PULSE TRAIN( {start} , {duration} , {repeattime} , {end} ) 
STEP( {height} , {stime} ) 
RAMP( {slope} , {start} , {finish} ) 
 
 
 
 
 
 
 
 
 
 
 
 

�W8-3>8�«�¸�µ�É�š�ì�
�Ã�Ý�«�š�ì�
�Û�å�É�š�ì  
 
�w�˜�X>8�˜�X�†$Î#Õ�I�O�r�M��  
RANDOM UNIFORM �c�q�`�Í�?�}�q�±�Í�r�[�b6ë�[�’�M�^�˜�X�†$Î#Õ�I�O�r�M���G�€�_�P
�K�Z�
 RANDOM NORMAL �c�q�`�Í�?�}�q�±�Í�r�[�
�æ���K�S�¹�’�Í�x�† =�ë�j�_�‘�W�Z
�ë�}�O�S�˜�X�†$Î#Õ�I�O�r�M��  
RANDOM NORMAL( {min} , {max} , {mean} , {stdev} , {seed} ) 
RANDOM UNIFORM( {min} , {max} , {seed} ) 
 
�x�U0…6õ�X>8�G�;6õ�X�b�s�@�Q�<�r�M��  
SIN( {x} ) 
�U0…6õ�X�v�
�Ø(��š�ì�^�]�†2s�G�K�S�8�ì�_,��C�Q �8�r�M ���[�<�d�
�Ÿ�c�:�‡�\�_���@�Ž
�€�•�@ä�c²�C�ú�•�ƒ�^�8�^�]�\�8�:���œ�_�Q �8�r�M ��  
 
�y�¹ e�ì6õ�X >8 
�"(ç�^�¹ e�ì >8 
SMOOTH( {in} , {stime} ) 
3 ���b�¹ e�ì  
SMOOTH3I( {in} , {stime} , {inival} ) 
 
SMOOTHI( {in} , {stime} , {inival} ) 
 
�z�¹�‰�? >8 
SQRT( {x} ) 
 
�{1=#.6õ�X >8 
=, >, >=, <, <=, <>, :AND:, :OR:, :NOT:, :IGNOR:, :AT LAST ONCE:, :CROSSING:, :NA:, IF 
THEN ELSE�^�]�@�6�~�r�M���G�G�[�c IF THEN ELSE�b�s�†&g�K�r�M��  
IF THEN ELSE(�²�ó , �²�ó�@%?�[�6�•�ì�b�Í , �²�ó�@��[�6�•�ì�b�Í ) 
 

�^�>�
�ì6ë�_6õ�M�•�š�X�\�K�Z�
 Time>&)�4#�ì6ë>'�
 INITIAL TIME >&�©�Ñ�×�Þ�î�©�Ù�å6ä
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���ì>'�
 FINALTIME >&�©�Ñ�×�Þ�î�©�Ù�å)
�¢�ì>'�@�Q�<�r�M���æ/œ�š�X�b�Î�±�å�†�²�M�\�

�<#Ý�[�A�•�š�X�b�M0t�_�µ�u�Z�
�G�€�}�b�ì6ë�š�X�@�Q�<�r�M��  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0b�x�M�I�c�(�?�~�x�M�I>80b�x�M�I�c�(�?�~�x�M�I>80b�x�M�I�c�(�?�~�x�M�I>80b�x�M�I�c�(�?�~�x�M�I>8  

Vensim PLE�_�c�š�X�b�e�Ð�b�±�A�I�
�Ð�/�
�Q�K�Z%®�3�b,�x�´�I�^�]�8�•�8�•�š�<�}
�€�•�|�:�_�^�W�Z�8�r�M���G�€�}�b�µ+��†�:�r�C�Q�W�Z�
�Ô�¹�Ý�†0b�x�M�8/²&g�_�M�•�G
�\�@�[�A�r�M��0b�x�M�I�c�(�?�~�x�M�I�_)Å�@�~�r�M��  

�Ç6ë�@1�%±�[�A�•�Ô�¹�Ý�b0[(ò�X�c�O�8�P�8 20 �¶�F�~�[�Q�€�†2x�<�•�\�
07§�M�B�Z#.
0Ž�I�O�•�G�\�@�T7´�_�^�~�r�M���Q�G�[�
'¹*…�b�É�Þ�®�å�[�c�
�z0[�^0[(ò�T�E�_) �~3¸
�‡�[0[(ò�X�†(Ù 20 �¶�è�W�_�p�u�S�+0[�Ô�¹�Ý�\�
0ò(ý�_�8�B�K�S�Ô�¹�Ý�b 2 '�8®�†�8�W�Z�

1��Â#Ý�_�c�v�W�e�}�+0[�Ô�¹�Ý�†�Q�:�\¹�_�
�I1*�K�S�8�Ý�î�É�x�I1*�K�S�8�I�Ê�†,4*
�8�b�´+b�x�´)z�e�Ð�[/²�K�
�Ú�b�š�X�\�
�9�M�•�G�\�[�
�Ô�¹�Ý�¹�Ý�†0b�x�M�C�
�?�X�(
�?�~�x�M�C�M�•�|�:�_�d�µ�K�Z�8�r�M���I�}�_�
���ö�v�
�G�b�p�°�\�^�•4Š�(�x%®�3�T�E
�_�Ü�E�
�g�~�b%®�3�c%,�C�G�\�[�Ô�¹�Ý/²&g�@(F$��ì�I�€�
0b�x�M�C�^�~�r�M���Ô�¹�Ý�c
0ò(ý�_0°3U�M�€�d�M�•�o�]�8�8�\�8�:�b�v�¦���[�M�@�
1��Â#Ý�^�]�[�c3ë�_�"(ç�ì�K�S�‰
�@�8�8�\�8�:�G�\�v�Õ8Œ�_*(�8�Z�
"g�#�_�œ�ƒ�O�Z�Ô�¹�Ý�b/²&g�‰�2�†�d�µ�M�•�G�\�†�>
�È�u�K�r�M��  
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'¨'¨' '̈¨ 2 'v>8�Ô�¹�Ý�S(��\�©�Ñ�×�Þ�î�©�Ù�å'v>8�Ô�¹�Ý�S(��\�©�Ñ�×�Þ�î�©�Ù�å'v>8�Ô�¹�Ý�S(��\�©�Ñ�×�Þ�î�©�Ù�å'v>8�Ô�¹�Ý�S(��\�©�Ñ�×�Þ�î�©�Ù�å  
 
�� �G�b'v �[�c�
 ½�/$×�_�Ô�¹�Ý�†�8�B�K�
�©�Ñ�×�Þ�î�©�Ù�å�M�•�G�\�[�
 Vensim PLE�b�µ
+��†#.0Ž�K�
�ï�8�_�Ð�€�•% $×�b�S�u�_�
 (F�"�^�Ô�¹�Ý�† �v�~�V�F �
 Vensim PLE�†�Q�8�

�G�b�Ô�¹�Ý�†�]�:�8�B�M�•�b�?�
�Q�K�Z�]�:�©�Ñ�×�Þ�î�©�Ù�å�M�•�b�?�b�m8p�†&g�K�Z�8
�r�M�� �r�S�
�G�O�Z�
�©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«�b*ƒ�<�‰�_�X�8�Z�v0Ž1��K�Z�8�r�M��  
 

�©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«�[�c�
�S�T!“5r%Ù�_�P1ß�_�v�~)��s�
��5��Ô�¹�Ý�†�S(��K�

�8�A�^�~�©�Ñ�×�Þ�î�©�Ù�å�†/œ�8�
���S)��Ý�† ;<8ç�s �M�• �\�8�:�x�~�‰�c /œ�8�r�O�‡���q
�6�_�e8Ÿ�\*ƒ�<�Z�8�S�G�\�@���c�•2A$×�^�e8Ÿ�[�c�^�?�W�S�\�8�:�G�\�@�|�C�6�•�?�}�[
�M���r�N�c6õ4��M�•�_���†7Ÿ�u�
 �P1ß�†#.0Ž�M�•�G�\�@�q�6�b�«�¸�µ�É�[�M��  

6õ4��M�•�_���†7Ÿ�u�Z�
�P1ß�†#.0Ž�K�Z�v�
�r�T�8�A�^�~�c��5��Ô�¹�Ý�†�S(��K�
�©�Ñ
�×�Þ�î�©�Ù�å�†��/œ�K�
��5��(�Ò�†/œ�:�ƒ�E�[�c�6�~�r�O�‡���r�N�c ���ö�Ô�¹�Ý�†�S(��K�

���ö�(�Ò�†/œ�8�r�M�� ���ö�(�Ò�[�v�?�^�~�b�]�9�†�“�•�G�\�@�[�A�r�M�� �G�b ���ö�(�Ò �b
�‰�21=�c�K�d�K�d ���©�«�¸�Ò�î*ƒ ���\�ç�d�€�Z�8�r�M��  

�g�Õ�^�@�}�
 ���ö�Ô�¹�Ý �@�Q�b�r�r��5��Ô�¹�Ý�_�^�~�
��5��(�Ò�†���‹�[�A�•�ƒ�E�[�c
�6�~�r�O�‡���p7Ÿ�[�A�•�¹�î�±�^�]�_�c7H#ú�@�6�~�
��5��ì�[�A�•4Š�(�@3û�–�c7H�}�€�Z
�A�r�M���r�S�
���ö�Ô�¹�Ý�@�•�Â�î�K�Z�8�•(
�V�†��5��Ô�¹�Ý�[0°3Ù�M�•�\�
�Ô�¹�Ý+¬�/
�@07§�[�g�±�^�v�b�\�^�~�
7H�}�€�S�ì6ë�x+��Š�[�c�\�Z�v6ä$Î�[�A�^�8�\�8�W�S �G�\ �v
$Î#Õ�K�r�M��²�Z�†��5�$×�_%±�•�²0[�@�^�8 ���œ�v�6�~�r�M���Q�G�[�
��5��Ô�¹�Ý�†�S(�
�M�•7•�_�c�
���ö �(�Ò �b)��Ý�x�M�[�_�S(��I�€�S���ö�Ô�¹�Ý �†�ö�_ �
��5��Ô�¹�Ý �[/²#'�M
�•(
�V�†�ô�u�r�M�� �r�S�
 ��5��Ô�¹�Ý�†�S(��M�•�_�c�¨�C�b�ì ���@�²0[�[�M���ì���† �Â&�
�ì�K �
�Q�b�V�[ ��5��Ô�¹�Ý�†�S(��K�r�M��  
�� ���_�
 �S(��I�€�S��5��Ô�¹�Ý�_4#�d�b�¹�î�±�†�\�Z�c�u�S�~�
���X�b�Í�†�8�•�8�•�š�<
�S)��Ý�†0b�Z�
���\�ö�†�è0É�K�r�M�� �G�€ �@�¤�Ø�(�Ò�\�ç �d�€�•�8���[�M ���G�:�K�Z�
��
5��Ô�¹�Ý�b ���\�ö�@�è0É�I�€ �S�‹�[ �
�8�•�8�• �©�Ñ�×�Þ�î�©�Ù�å�†���‹�K�
��5��(�Ò�†�K
�r�M��  
�� �G�G�[�c�
�G�b�v�€�_�"�W�Z�
 Vensim PLE�†�Q�W�Z�
���ö�Ô�¹�Ý�b�S(��\���ö�(�Ò�
�Q
�K�Z��5��Ô�¹�Ý�b�S(��\��5��(�Ò�b�x�~�‰�b�[�†1��Â�K�Z�8�r�M��  
 

 
 
�� �G�:�8�W�S �M4��b�©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«�b�x�~�‰�†�m8p�[&g�K�S�b�@�
�V�b�W�[�M��
�G�b'v�[�c�
�G�b�x�~�‰�
�m8p�_�"�W�Z�
�P1ß�†�Â&��ì�K�
���ö�(�Ò�†/œ�8�
���8�[��5�
�(�Ò�†/œ�:�x�~�‰�†�
�[�_�Q�W�Z0Ž1��K�Z�8�r�M��  

D��P1ßFþ�Â&��ì

D"��5�GpGUGy�ì
Fþ(
�VFþ�Â&��ì

D ���öGpGUGy�S(� D!���ö�(�Ò

D$��5�GpGUGy�S
(�

D#�ì��Fþ0¿��

D&��5��(�ÒD%�¤�Ø�(�Ò

���ö�(�Ò

��5��(�Ò
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9. ���ö�Ô�¹�Ý�S(��\���ö�(�Ò���ö�Ô�¹�Ý�S(��\���ö�(�Ò���ö�Ô�¹�Ý�S(��\���ö�(�Ò���ö�Ô�¹�Ý�S(��\���ö�(�Ò  
 

 
 

���ö�Ô�¹�Ý�S(��\���ö�(�Ò �†/œ�8�r�M�� �G�b4Š�(�c�©�«�¸�Ò�î*ƒ�\�v�ç�d�€�r�M��  
 
9-1. �P1ß�b�Â&��ì>&�P1ß�b�Â&��ì>&�P1ß�b�Â&��ì>&�P1ß�b�Â&��ì>& �Ô�¹�Ý�b�P1ß�Ô�¹�Ý�b�P1ß�Ô�¹�Ý�b�P1ß�Ô�¹�Ý�b�P1ß >'>'>'>'  
�� .¬�@�˜�8�^�Ç�_�c#æ�K0Â�^�8�b�[�M�@�
�½�Í�å�Ð�Ò�©�\�8�:�˜.¬�b�G�\�†�v�~�V�F�Z�s
�r�K�{�:�� �G�G�[ �c�
�½�Í�å�Ð�Ò�©�b#Õ�%�b6õ�€�†1*�m�•�v�b�\�K�r�M�� �£�Ø�…�æ�_#Õ�%
�K�
5�<!�^�]�b�`�·"@�†8õ�_�K�Z�8�r�M���G�b�½�Í�å�Ð�Ò�©�\8õ�\�K�Z�Ð�Ò�©�@��8×�K�Z
�8�•5�<!�\�b6õ�€�†�(�Ò�M�•�G�\�†*ƒ�<�Z�s�r�K�{�:�� �½�Í�å�Ð�Ò�©�c5�<!�T�E�[�c�^�C�

�Q�b�Ú�b�`�·"@�v8õ�_�K�Z�8�r�M�@�
�G�G�[�c5�<!�\�Ð�Ò�©�b6õ�€�T�E�_) �W�Z�(�Ò�M�•
�G�\�\�K�r�M��  
�� �G�b�|�:�_�
�Ô�¹�Ý�_�M�•�P1ß�†�Â&��ì�M�•�8���†�q�6�_/œ�8�r�M���Q�:�[�^�8�\�
�Ð
�Ò�©�b#Õ�Â�_�c�
�Ç6ë�
 "t�^�]�b�±�º�·"@�
 5�<! �^�]�b�`�º�·"@ �
�•�š�Ý �^�]�b�g#Õ8® �

�•�š�Ý�^�]�@�
�<�• �».x�
 �».x�@8õ�_�K�Z�8�• ,¡�\�8�W�S �v�b�@�
%$�K$×�
6ë�K$×�_6õ�€
�K�Z�8�r�M�b�[�
 �Ç6ë�\5�<!�b6õ�€�^�b�?�
5�<!�\�».x�b6õ�€�^�b�?�
�M�/�1�†% $×�\�K
�Z�8�•�b�?�(�?�}�^�C�^�~�r�M��  

�v�~�V�F�Z�8�•�Ô�¹�Ý�@�P1ß�\�K�Z�8�•�˜.¬�b 1 '��[�6�•�½�Í�å�Ð�Ò�©�b#Õ�Â�_6õ�M�•
�e8Ÿ�†�q�6�_1��Â�K�r�M���½�Í�å�Ð�Ò�©�c�I�Š�^�˜�†�v�X.¬�b�M'��[�
8×"@4�6P�b8l�V�_
�Ñ�~�M�•�·"@�[�M��*þ#Õ�[�
�B.¬�b7¤�c�º�_ 1 �Ø�
(Ù 4>|5 �	�b�Â.¬�†#Ø�s���B.¬�b�Ð�Ò�©
�c�
.¶�^�]�b�g#Õ8®�
�”�•�¿�¬�Ñ�
�Á�±�¿�¬�Ñ�^�]�b5�<!�x�`�·"@�†8õ�_�K�Z�8�r�M��)/
8×"g�Â�[(Ù 2 �£�v#Õ�A �•�Q�:�[�M ���Ð�Ò�©�c8×�q�¦�_�@,� �ò�[�6�€�d(Ù 10 �º6ë#Õ�Ñ�M�•�Q
�:�[�M ���S�T�
3Æ�º�b�Ç�•�Q�•�\6ä$Î�_�|�•#”�C�š�ì�_�|�~�
8õ�\�^�•.¶�
5�<!�^�]�b8×
�q�b�ö�a�
3°.��b-s'��
�Q�K�Z�Ç6ë�@�·�s�˜�W�Z�8�•�S�u�_�
�I�}�_�c�Ð�Ò�©4Ç�b�N�q�\
�K�Z�
$Î0b�I�€�•�\�M�D�_�…�I�€�S�~ �
��"Ó�I�€�•�G�\�^�]�?�}#Õ�%�X �b�ö�a �@�°4Ä�I�€
�Z�8�r�M ���G�G�[�c�
�G�b�½�Í�å�Ð�Ò�©�b#Õ�%�X�b�Q�•�x�š�·0[�I�†�(�Ò�M�•�G�\�\�K�r
�M��  

�Ô�¹�Ý�†�8�•�S�_�
�½�Í�å�Ð�Ò�©�b#Õ�Â�_6õ�M�•�_���†�8�•�8�•1*�� �K�r�M�� #Õ�Â�
"I
�_#Õ�%�X�_6õ�M�•�_���\�K�Z�
�[�<�d�
8õ�c�1�?�
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�«�¸�µ�É�«�¸�µ�É�«�¸�µ�É�«�¸�µ�É 02>8�«�º�µ�¡�š�X�
�Ç�ß�î�š�X�
���X�
�š�X�b�
�9>8�«�º�µ�¡�š�X�
�Ç�ß�î�š�X�
���X�
�š�X�b�
�9>8�«�º�µ�¡�š�X�
�Ç�ß�î�š�X�
���X�
�š�X�b�
�9>8�«�º�µ�¡�š�X�
�Ç�ß�î�š�X�
���X�
�š�X�b�
�9  
�� �«�º�µ�¡�š�X�
�Ç�ß�î�š�X�
���X�
�š�X�b�
�(�†�K�r�M���«�º�µ�¡�š�X�\�c�
-s'��I�€
�•5��†�â�X�š�X�b�G�\�[�
�G�€�_�P�K�Z�
�Ç�ß�î�š�X�c�
�«�º�µ�¡�š�X�†�š�ì�I�O�•�v�b
�[�M���Ÿ�î�á�î�»�\�K�Z�«�¸�µ�É 01 �[�Ü�«�º�”�µ�É�K�S�š�X�b�ö�A�†�
�ì���†*ƒ�Ö�K�^�@
�}*ƒ�<�€�d�
�«�º�µ�¡�_�^�•�š�X�@�(�?�~�r�M���M+á$×�_�
��[�Ú�b�š�X�_�v�€3¸�r�€�

�I�}�_��[�Ú�b�š�X�@�v�€���M�š�X�[�
�K�?�v-s'��I�€�Z�8�C�v�b�[�M�����_�Q�b�«�º�µ
�¡�_%$�K�s8j�†�l�p�K�
�¥�å�º�ß�î�Ý�M�•�š�X�@�Ç�ß�î�_�^�~�r�M���g �~�c�š�X�[�M���G
�G�?�}�I�}�_�
���X�\�¸�î�È�Ý6õ�X�†�¤�A���K�r�M���g�~�@�š�X�[�M���G�G�[�c�è�W�b�|
�:�_�
�(�K�r�K�S�����X�
�¸�î�È�Ý6õ�X�^�]�b�
�9�c�q�6�b�•7u�[�c�6�r�~�]�&�_*ƒ�<�•
�²0[�c�6�~�r�O�‡���Ô�¹�Ý�S(��p�_�š�X�†���X�\�K�Z�ô�u�Z�K�r�8�S�8�\�î�<�d���X�_�^
�~�
�š�X�†6õ�X�[�:�r�C0¿���[�A�^�8���œ�c�¸�î�È�Ý6õ�X�†�Q�W�Z��*O�M�€�d�8�8�T�E�b
�G�\�[�M��  

/² 10-1>8�š�X  
 �
�(  �š�X�¡  
1 �«�º�µ�¡  �Ð�Ò�©�b#Õ�%�X�
5�<!�b#Õ�%�X  
2 �Ç�ß�î  �Ð�Ò�©�b�Â.¬�X�
�Ð�Ò�©�b�Z�¸�
  

5�<!�Â#Õ�/�b#Õ�Ñ�
5�<!�b�Z�¸  
3 �š�X  5�<!�P�Ð�Ò�©�š�
�Ð�Ò�©�_�|�•��8×�
*•/¶  
4 ���X  5�<!�b#Õ1��X�
�Ð�Ò�©�Â.¬�b#Õ1��X�
5�<!�Â#Õ�/�b#Õ�Ñ"á  
5 �¸�î�È�Ý6õ�X  �Ð�Ò�©�\�b4<4�&�"á  
 
�«�¸�µ�É�«�¸�µ�É�«�¸�µ�É�«�¸�µ�É 03>8>8>8>8Vensim PLE �†�†�†�†'g�U�V�F�•'g�U�V�F�•'g�U�V�F�•'g�U�V�F�• ��������  

Vensim PLE�b#ì8� �†'g�U�V�F ���S�b 9 'v�[�8�B�K�S���ö�Ô�¹�Ý�@/²&g�I�€�•�\�î�8�r�M��  
�¥�•1�°�Š�Â�î�[���f�}�@�^ (H)���†4E�g�
�¥�•1�°�Š�[�A�•�|�:�_��µ�º�K�Z�>�A�r�K

�{�:��  
 
�«�¸�µ�É�«�¸�µ�É�«�¸�µ�É�«�¸�µ�É 04>8�©�Ñ�×�Þ�î�©�Ù�å�²�ó�b0¿��>8�©�Ñ�×�Þ�î�©�Ù�å�²�ó�b0¿��>8�©�Ñ�×�Þ�î�©�Ù�å�²�ó�b0¿��>8�©�Ñ�×�Þ�î�©�Ù�å�²�ó�b0¿��  

�s�b�Ó�–�å�í�¶�î�Ý�í�Â�î�?�}���‚0d�Ç�“�–�Ý>ƒ�”�–�¥�å���†4E�¥�K�r�M�����©�Ñ�×�Þ�î
�©�Ù�å�²�ó�b0¿��#ì8����@/²&g�I�€�r�M�b�[�
�� OK���†4E�¥�K�r�M��  
 
�«�¸�µ�É�«�¸�µ�É�«�¸�µ�É�«�¸�µ�É 05>8�«�º�µ�¡�š�X�b0°3U>8�«�º�µ�¡�š�X�b0°3U>8�«�º�µ�¡�š�X�b0°3U>8�«�º�µ�¡�š�X�b0°3U  

�«�º�µ�¡�š�X�†0°3U�K�r�M�� �t�b���Ô�¹�Ý0°3Ù�¶�î�Ý�í�Â�î���?�}�
���«�º�µ�¡���”�–�¥
�å�†4E�g�r�M���M�•�\#ì8��_�Î�µ�¡�«�@/²&g�I�€�r�M�b�[�
�Î�µ�¡�«Æ�_�«�º�µ�¡�š�X�¡
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�†0°°�K�r�M�� �e�¡�Ü�µ�¡�[�]�‡�]�‡�š�X�¡�†0°°�M�•�Î�µ�¡�«�@#'�€�r�M��²�Z�b�š�X
�¡�†0°°�K)
�ƒ�W�S�}�
�u�b�«�¸�î�±�«�í�Â�î�?�}���e�Ð�§�–�¬���†4E�¥�K�
 12 �Ï�–�å�º
�?�} 10 �Ï�–�å�º�_�š�<�Z�s�r�K�{�:���š�X�_�Ï�–�å�±�î�†�\�Z�‘�¡�Ü�µ�¡�M�•�\�š�X�¡�@
�o3?�K�r�M�����e�Ð�§�–�¬���b�¶�î�Ý�í�”�–�¥�å�_�Ï�–�å�±�î�†�\�Z�
�‘�¡�Ü�µ�¡�M�•�\�

4E�¥�[�A�•�e�Ð�§�–�¬�b�M0t/²�@/²&g�I�€�r�M�b�[�
 10 �Ï�–�å�º�†4E�¥�K�
�‘�¡�Ü�µ�¡�M
�•�\�
�š�X�¡�b/²&g�@ 12 �Ï�–�å�º�?�} 10 �Ï�–�å�º�_�š�ƒ�~�r�M���^�>�
� �L�ï�8�c�
�š
�X�¡�_�Ï�–�å�±�î�†�\�Z�
�‘�¡�Ü�µ�¡�K�
���š�X0¿���¶�î�Ý#ì8����†�ç�g���K�Z�
�G�b#ì8�
�b�Ó�½�×�î�_&g�I�€�S���§�–�¬>&�Ï�–�å�º>'���†4E�¥�M�•�G�\�[�v�[�A�r�M�����b�8���[�

�Ç�ß�î�š�X�†�«�º�µ�¡�š�X�_�K )F�K�r�M�b�[�
�«�º�µ�¡�š�X�c6ë7x�†���('5�E�Z4Ä*(�K�r
�K�{�:��  
 

 
�W10-1>8�«�º�µ�¡�b0°3U  

 
�«�¸�µ�É�«�¸�µ�É�«�¸�µ�É�«�¸�µ�É 06>8>8>8>8�Ç�ß�î�Ç�ß�î�Ç�ß�î�Ç�ß�î �b0°3U�b0°3U�b0°3U�b0°3U 

���Ç�ß�î���”�–�¥�å �†�Q�8�
 �Ç�ß�î�š�X�†0°3U�K�
�«�º�µ�¡�š�X�\)��g�Ü�E�r�M��
�t�b���Ô�¹�Ý0°3Ù�¶�î�Ý�í�Â�î���?�}�
 ���Ç�ß�î���”�–�¥�å �†4E�g�r�M���«�º�µ�¡�_�v°�M
�•�Ç�ß�î�†0°3U�M�•���œ�c�
�Ï�–�å�±�î�†�«�º�µ�¡�š�X�?�}7³�€�S�)*(�_*(�A�
 �e�¡�Ü�µ
�¡�†�K�S�}�M�¦�Ð�˜�«�b�¡�Ü�µ�¡�Î�±�å�?�}�æ�†�¥�K�
���_�«�º�µ�¡�š�X�b�Î�µ�¡�«�b�p
�_�Ï�–�å�±�î�†&ã�·�I�O�
 �e�¡�Ü�µ�¡�†/œ�:�\�Ç�ß�î�š�X�@�«�º�µ�¡�_�K)F�K�
���8�[�

�Ç�ß�î�š�X�¡�†0°°�M�•�Î�µ�¡�«�@#'�€�r�M���Î�µ�¡�«Æ�_�Ç�ß�î�š�X�¡�†0°3U�K�r�M��  
�� �«�º�µ�¡�š�X�?�}�v���M�•�Ç�ß�î�†0°3U�M�•���œ�c�
›�o�]�\�c3ë�_�
›�_�Ï�–�å�±�î
�†�«�º�µ�¡�š�X�b�Î�µ�¡�«�b�p�_�\�Z�
 �e�¡�Ü�µ�¡�†�K�S�}�M�¦�Ð�˜�«�b�¡�Ü�µ�¡�Î�±�å
�?�}�æ�†�¥�K�
���_�«�º�µ�¡�š�X�b�Î�µ�¡�«�b�¥�b4:�\�^�)*(�r�[�Ï�–�å�±�î�†&ã�·�I�O�

�e�¡�Ü�µ�¡�†/œ�:�\�Ç�ß�î�š�X�@�«�º�µ�¡�_�K)F�K�
���8�[�
�Ç�ß�î�š�X�¡�†0°°�M�•�Î
�µ�¡�«�@#'�€�r�M���Î�µ�¡�«Æ�_�Ç�ß�î�š�X�¡�†0°3U�K�r�M ��  
 

QBQDQ�PÔ#Õ�%�X

5�<!PÔ#Õ�%�X
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�W10-2>8�Ç�ß�î�b0°3U  

 
�«�¸�µ�É�«�¸�µ�É�«�¸�µ�É�«�¸�µ�É 07>8�š�X�b0°3U>8�š�X�b0°3U>8�š�X�b0°3U>8�š�X�b0°3U  

�� ���š�X�”�–�¥�å�� �†�Q�W�Z�
 �g�~�b�š�X�†0°3U�K�r�M���G�b�•7u�[�c���X�x�¸�î
�È�Ý6õ�X�b�
�9�†�M�•�²0[�c�6�~�r�O�‡���t�b���Ô�¹�Ý0°3Ù�¶�î�Ý�í�Â�î���?�}�
���š�X�”
�–�¥�å���†4E�¥�K�r�M�� �á�î�¡�Ë�å�³�_&ã�·�‹�
�¡�Ü�µ�¡�M �•�\#ì8��_ �š�X�æ�� �Î�µ�¡�«
�@/²&g�I�€�r�M�b�[�
�Î�µ�¡�«Æ�_�š�X�¡�†0°°�K�r�M�� �e�¡�Ü�µ�¡�[�]�‡�]�‡�š�X�¡�†
0°°�M�•�Î�µ�¡�«�@#'�€�r�M��  

 
�W10-3>8�š�X�b0°3U  

 
�«�¸�µ�É�«�¸�µ�É�«�¸�µ�É�«�¸�µ�É 08>8>8>8>8�”�ß�î>&�”�ß�î>&�”�ß�î>&�”�ß�î>& %®�3%®�3%®�3%®�3>'>'>'>'  

�� �”�ß�î>&%®�3>' �†�Q�W�Z�
�š�X�b6ë�†�”�ß�î>&%®�3>' �[)��g�Ü�E�r�K�{�:���t�b
���Ô�¹�Ý0°3Ù�¶�î�Ý�í�Â�î���?�}�
�� �”�ß�î�í �”�–�¥�å���†4E�¥�K�r�M�� �á�î�¡�Ë�å�³�_&ã
�·�‹�
 �Ï�–�å�±�î�†��!l�b�š�X�_�\�Z�
 �e�¡�Ü�µ�¡�†�K�Z�
�M�¦�
�Ð�˜�«�b�¡�Ü�µ�¡�Î�±
�å�?�}�æ�†7³�K�r�M���Q�b�r�r�Ð�˜�«�†)
!l�b�š�X�_&ã�·�I�O�
Ì�Ø �e�¡�Ü�µ�¡�†/œ�8�r
�M���G�:�K�Z%®�3�[�š�X�b6ë�†)��g�X�E�•�G�\�@�[�A�r�M��%®�3�b�p�¸�_�Á�å�»�Ü�å�¢�b

QBQDQ�PÔ#Õ�%�X

5�<!PÔ#Õ�%�X
5�<!�Â#Õ�/PÔ#Õ�Ñ 5�<!PÔ�Z�¸

QBQDQ��Â.¬�X QBQDQ�PÔ�Z�¸

QBQDQ�PÔ#Õ�%�X

5�<!PÔ#Õ�%�X
5�<!�Â#Õ�/PÔ#Õ�Ñ 5�<!PÔ�Z�¸

5�<!PÔ#Õ1��X

5�<!�PQBQDQ��š

*•/¶

QBQDQ�PÑPîPñ��"Ó

QBQDQ�PÎPÔ4<4�&�"á

QBQDQ��Â.¬�X

QBQDQ��Â.¬PÔ#Õ1��X

5�<!�Â#Õ�/PÔ#Õ�Ñ"á

QBQDQ�PÔ�Z�¸
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�S�u�b�`�I�^Ç�@/²&g�I�€�r�M�b�[�
�G�G�_�Ï�–�å�±�î�†�\�Z�»�Û�µ�¢�M�•�G�\�[+¬#ä�_
%®�3�b�d"á�†�š�f�[�A�r�M��  
�

 
�W10-4>8%®�3�[�Ã�Û�Ó�î�±�î�†)��œ�M�•  

 
�� �G�G�r�[�b�8���@�ö�¢�M�•�\ �W10-4 �b�|�:�^ �Ô�¹�Ý �W�@�ö�B�K�r�M���Ð�Ò�©�b#Õ�%�X�
�Ð�Ò�©�Â.¬�X��Ð�Ò�©�b#Õ�%�X�b�Ç�•�î�»�Â�µ�¡�í�Ý�î�É�x5�<!�b#Õ�%�X�5�<!�Â#Õ�/�b
#Õ�Ñ�5�<!�b#Õ�%�X�b�Ç�•�î�»�Â�µ�¡�í�Ý�î�É�@0b�}�€�r�M��  
 
�«�¸�µ�É�«�¸�µ�É�«�¸�µ�É�«�¸�µ�É 09>8�š�X�b��*O>8�š�X�b��*O>8�š�X�b��*O>8�š�X�b��*O  

�� �‰&ì�'���”�–�¥�å �†�Q�8�
�š�X�†��*O�K�r�M�� �t�b���Ô�¹�Ý0°3Ù�¶�î�Ý�í�Â�î��
�?�}�
���‰&ì�'���”�–�¥�å�†4E�j�\�
�•��*O�b�š�X�@�o3?/²&g�I�€�r�M����*O�K�S�8�š�X�†
4E�¥�M�•�\�
�‰&ì�'��*O�¶�î�Ý#ì8��@#'�€�r�M�� �Ã�Û�Ó�î�±�î�l�b'¼�'�x���X��*O�_�c�

�«�º�µ�¡�
�Ç�ß�î�l�g�š�X�
���X�
�Q�K�Z�¸�î�È�Ý6õ�X�b 3 '�8®�6�~�r�M��  
 
�G�G�[�c�
�è�W�b�|�:�_�Q�€�R�€�b�š�X�_'¼�'�†0°3U�K�r�K�S��  
�í�«�º�µ�¡6õ�X>8�í�«�º�µ�¡6õ�X>8�í�«�º�µ�¡6õ�X>8�í�«�º�µ�¡6õ�X>8  
�Ð�Ò�©�b #Õ�%�X=�Ð�Ò�©�Â.¬�X>+�Ð�Ò�©�b�Z�¸�
�6�‡�Í 10 
5�<!�b#Õ�%�X= 5�<! �Â�/ �b#Õ�Ñ>+5�<!�b�Z�¸ �
�6�‡�Í 500 

 
INTEG �[&g�I�€�S� �_�c�
3û�–�c+¬�·$×�_�� �Ð�Ò�©�Â.¬�X>+�Ð�Ò�©�b�Z�¸ ���\�8�W�S�X

�'�† Vensim PLE�[�8�B�K�Z�C�€�r�M��5�0[�^!l�c�
�²�N�6�‡�Í�†0¿���M�•�G�\�[�M���Ð�Ò
�©�b#Õ�%�X�b�6�‡�Í�c 10 �	�_�
5�<!�c 500�	�_0¿���K�r�M��  
 
�� �W10-5�_�«�º�µ�¡�š�X�
���Ð�Ò�©�b#Õ�%�X�� �b��*O #ì8��@&g�I�€�Z�8�r�M ���«�º�µ�¡�š�X
�[�c�
 Vensim PLE�@+¬�·$×�_0£'ì�'�†0¿���K�Z�C�€�•�b�[�
 �ö�•$×�_�6�‡�Í �_�� 10���†0¿
���M�•�T�E�[�M��0¿���I�€�S0£'ì�'�c INTEG �b��_/²&g�I�€�Z�8�r�M��  
 

QBQDQ�PÔ#Õ�%�X

5�<!PÔ#Õ�%�X
5�<!�Â#Õ�/PÔ#Õ�Ñ 5�<!PÔ�Z�¸

5�<!PÔ#Õ1��X

5�<!�PQBQDQ��š

*•/¶

QBQDQ�PÑPîPñ��"Ó

QBQDQ�PÎPÔ4<4�&�"á

QBQDQ��Â.¬�X

QBQDQ��Â.¬PÔ#Õ1��X

5�<!�Â#Õ�/PÔ#Õ�Ñ"á

QBQDQ�PÔ�Z�¸
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�� � �L�|�:�_�
�W 1-6 �_�«�º�µ�¡�š�X�
�� 5�<! �b#Õ�%�X�� �b��*O #ì8��@&g�I�€�Z�8�r�M ���6
�‡�Í�_�� 500���†0¿�� �K�r�M ��  

 
�W10-5>8�«�º�µ�¡ �
���Ð�Ò�©�b#Õ�%�X�� �b��*O #ì8�  

 

 
�W10-6>8�«�º�µ�¡�
��5�<!�b#Õ�%�X���b��*O#ì8�  
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�í�Ç�ß�î�š�X�í�Ç�ß�î�š�X�í�Ç�ß�î�š�X�í�Ç�ß�î�š�X  
�Ð�Ò�©�Â.¬�X =DELAY FIXED(IF THEN ELSE(5�<!�P�Ð�Ò�©�š >10, INTEGER((�Ð�Ò�©�b#Õ�%

�X/2)*�Ð�Ò�©�Â.¬�b#Õ1��X ), 0), 3, 0) 
�Ð�Ò�©�b �Z�¸ =� IF THEN ELSE(�Ð�Ò�©�b#Õ�%�X<1, 0, IF THEN ELSE(5�<!�P�Ð�Ò�©�š >6, 

INTEGER(�Ð�Ò�©�b#Õ�%�X/10), INTEGER(�Ð�Ò�©�b#Õ�%�X/2))) 
5�<!�Â#Õ�/�b#Õ�Ñ =�DELAY FIXED((IF THEN ELSE(5�<!�b#Õ�%�X>2000, 0, INTEGER(5�<!�b

#Õ�%�X/2)*5�<!�b#Õ1��X *5�<!�Â#Õ�/�b#Õ�Ñ"á )), 2, 0) 
5�<!�b�Z�¸ =� IF THEN ELSE(�Ð�Ò�©�_�|�•��"Ó +*•/¶ <5�<!�b#Õ�%�X , �Ð�Ò�©�_�|�•��"Ó +*•

/¶ , IF THEN ELSE(5�<!�b#Õ�%�X>�Ð�Ò�©�_�|�•��"Ó , �Ð�Ò�©�_�|�•��"Ó , 0)) 
 
�� #Õ1��x�Z�¸�c�
�]�&�_�c�¥�Í�î�º�_�M�m�A�^�b�[�M�@�
�G�G�[�c(F�Æ$×�_�
#Õ1��c4���
6õ�X�[�
�Z�¸�[ �b 10 �º6ë�b�Q�è�c�
�B�/�X�@���(�b�M�Y�X�
 5 �º�b�Q�è�c 5 �(�b 1 �Y�X�ö
�a�M�•�G�\�\�K�Z�8�r�M��(F�Æ$×�_�c�G�€�[�v���(�[�M��  
 
�� Variables�b��_ +¬�·$×�_6õ�€�M�•�š�X�@#'�€�r�M�b�[�
 Functions�[&g�I�€�Z�8�•6õ�X�

�6�•�8�c�D�N0°�•�
1=#.0°�•�^�]�†�Q�W�Z��>;���b��_'¼�'�†0°°�K�r�M�� Variables�b��_
&g�I�€�Z�8�^�8�š�X�¡�†�Q�W�S�~�
�6�•�8�c 1 �¶�[�v�G�G�_&g�I�€�S�š�X�†�•�Q#Ý�_�M�•
�\�
�� OK���Î�±�å�†�²�K�Z�v�
�Î�µ�¡�«�c�M�D�_�c6â�L�r�O�‡���X�'�Î�µ�¡�«�†6â�L�S�8��
�œ�c�
�� OK���Î�±�å�@��6â�L�•���_�š�ƒ�~�r�M�b�[�
�Q�€�†�¡�Ü�µ�¡�M�•�?���Ÿ�Õ�å��Ý��
�Î�±�å�†4E�g�r�M���S�T�K�
�š�X�b��*O�c�•��*O�b�r�r�g�I�€�r�M���Ó�<�b�X�b6ë4*�8�^
�]�
'¼�'�_�š�Û�î�@ �6�W�S���œ�v� �]�[�M��"I�_�š�X�†�Q#Ý�K�^�C�
�D�N ‡'ì�Ê�T�E�[�|
�E�€�d�
 Variable�?�}�š�X�†4E�g�
>)�
>+�
>(�
>-�^�]�b�D�N ‡'ì�Ê�[6õ�€�†0°3Ù�K�r�M��  
 

 
�W10-7>8�Ç�ß�î�
���Ð�Ò�©�b�Â.¬�X���b��*O#ì8�  
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�W10-8>8�Ç�ß�î�
���Ð�Ò�©�b�Z�¸���b��*O#ì8�  

 

 
�W10-9>8�Ç�ß�î�
��5�<! �Â#Õ�/ �b#Õ�Ñ���b��*O#ì8�  
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�W10-10>8�Ç�ß�î�
��5�<!�b�Z�¸���b��*O#ì8�  

�í���X>8�í���X>8�í���X>8�í���X>8  
�� ���X�b�æ���c(F�"�[�M���S�T�[���Í�†�æ���M�•�T�E�[�M���G�G�[�c�
  
5�<!�b#Õ1��X =6 
�Ð�Ò�©�Â.¬�b#Õ1��X =6 
5�<!�Â#Õ�/�b#Õ�Ñ"á =0.2 
�� �\�K�Z�8�r�M��  

 
�W10-11>8���X�
��5�<!�Â#Õ�/�b#Õ�Ñ"á���b��*O#ì8�  
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�í�¸�î�È�Ý6õ�X>8�í�¸�î�È�Ý6õ�X>8�í�¸�î�È�Ý6õ�X>8�í�¸�î�È�Ý6õ�X>8  
�Ð�Ò�©�\�b4<4�&�"á

[(0,0)-(24,40)],(0,0),(1,0.1),(2,0.4),(3,0.8),(4,1),(5,1.5),(6,2),(7,3),(8,5),(9,6),(24,23) 
 

 
�W10-12>8�¸�î�È�Ý6õ�X �
�� �Ð�Ò�©�\�b4<4�&�"á ���b��*O#ì8�  

 
�� �š�X��*O#ì8��[���±�–�É���b��† ��/õ�“�š�X���l�g �� with Lookup���_�K�
���¢�Û�Ç°�Š��
�†�¡�Ü�µ�¡�M�•�\�
�‘�_�K�u�K�S�|�:�^�¢�Û�Ç/²&g#ì8��@/²&g�I�€�r�M�b�[�
�X�Í�†°�Š
�M�•�
�6�•�8�c�Ï�–�å�±�î�[�æ���K�r�M�� �M�•�\ �e�b#ì8��[��*O�K�S�|�:�^�)*(6õ�X�@+¬
�·$×�_�8�B�I�€�r�M���Ï�–�å�±�î�æ���[�c�
�Ï�–�å�±�î�†��!l�_�\�Z �e�¡�Ü�µ�¡�K�
�M�¦
�æ�†7³�K�r�M�����_)
!l�r�[�Ï�–�å�±�î�†&ã�·�I�O�
Ì�Ø �e�¡�Ü�µ�¡�†/œ�:�\�
��!l�\)

!l�†)��j)z�@�…�?�€�r�M���v�U�•�‡�
�–�å�É�µ�º�Í�\ Output �Í�†�æ���M�•�G�\�[�v�¸�î�È
�Ý6õ�X�c�æ���[�A�r�M��  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

�� �W10-13>8�¸�î�È�Ý6õ�X �
�� �Ð�Ò�©�\�b4<4�&�"á ���b��*O#ì8�  
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�G�G�[�c�
 0 �?�} 10 �r�[�c�r�L�u�_ �¸�î�È�Ý°�Š�K�
�Q�b�‹ Y-max �\ X-max �† 40 �_�š
�f�K�
 (10, 9)�?�}�Ï�–�å�±�î�† (24,20)�_3Æ�8�)*(�r�[�»�Û�µ�¢�K�
 OK �[�M�¦�¸�î�È�Ý°�Š
#ì8��†6â�L�
Ì�Ø�¢�Û�Ç°�Š�†/œ�8�
�e�b�¸�î�È�Ý°�Š�¥�Û�Ò�[)
!l�@ (24,20)�_�^�•�|�:�_
�•�d�K�Z�8�r�M��  
 

 
�� �W10-14>8�¸�î�È�Ý6õ�X �
�� �Ð�Ò�©�\�b4<4�&�"á ���b��*O#ì8�  

 
�í�Q�b�Ú�b�š�X�í�Q�b�Ú�b�š�X�í�Q�b�Ú�b�š�X�í�Q�b�Ú�b�š�X  
5�<!�P�Ð�Ò�© �š =INTEGER(ZIDZ(5�<!�b#Õ�%�X, �Ð�Ò�©�b#Õ�%�X)) 
�Ð�Ò�©�_�|�•��"Ó =IF THEN ELSE(5�<!�P�Ð�Ò�©�š >24, INTEGER(24*�Ð�Ò�©�b#Õ�%�X), 

INTEGER(�Ð�Ò�©�\�b4<4�&�"á *�Ð�Ò�©�b#Õ�%�X)) 
*•/¶ =IF THEN ELSE(5�<!�b#Õ�%�X<0, 0, INTEGER(5�<!�b#Õ�%�X /5)) 
 
�� �G�b�Ô�¹�Ý�c�§�å�É�Ý�^�b�[�
 6õ�X�b�Q�8�‰�†&g�M�S�u�x�
 �®�ß7V'ì �x�`�X���Š�^�] �†
�˜�W�Z�
 INTEGER�x IF THEN ELSE�
 ZIDZ �^�]�†�Q�W�Z�8�r�M�@�
�6�°*…�c�6�r�~�Ê�•�²
0[�c�6�~�r�O�‡��  
 
�«�¸�µ�É�«�¸�µ�É�«�¸�µ�É�«�¸�µ�É 10>8�©�Ñ�×�Þ�î�©�Ù�å>8�©�Ñ�×�Þ�î�©�Ù�å>8�©�Ñ�×�Þ�î�©�Ù�å>8�©�Ñ�×�Þ�î�©�Ù�å �í�Ç�“�–�Ý�b�8�B�í�Ç�“�–�Ý�b�8�B�í�Ç�“�–�Ý�b�8�B�í�Ç�“�–�Ý�b�8�B  

�� �s�b���Ó�–�å�í�¶�î�Ý�í�Â�î���?�}�©�Ñ�×�Þ�î�©�Ù�å��/œ�Î�±�å �†4E�¥ �M�•�\ �
+¬
�·$×�_�©�Ñ�×�Þ�î�©�Ù�å���‹�•+��ö�b�³�™�µ�¡�@/œ�ƒ�€�r�M���š�Û�î�@�6�€�d�š�Û�î�í�Ó
�µ��î�ª�_�
�•��*O�x��*O�b1��~�_6õ�M�•�_���@/²&g�I�€�r�M�b�[�
�š�Û�î�í�Ó�µ��î�ª
�†�g*ƒ�_�•��*O�x��*O�b1��~�†�Ÿ�G�K�r�M���š�Û�î�@�^�E�€�d�
 current �\�8�:�©�Ñ�×�Þ�î
�©�Ù�å�†���‹�K�S )��Ý�@0°6��I�€�S �Ç�“�–�Ý�@�8�B�I�€�r�M��  
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�� �W10-15>8/²&g�I�€�S�á�î�½�å�¢�í�Ó�µ��î�ª  

 
�� �G�b�Ô�¹�Ý�[�c�
 �V�b�|�:�^�á�î�½�å�¢�í�Ó�µ��î�ª�@/²&g�I�€�r�M���š�Û�î�[�c�^�C�

�á�î�½�å�¢�^�b�[�
�©�Ñ�×�Þ�î�©�Ù�å �†��/œ �[�A�r�M �@�
�N�I�†�H�~�r �K�{�: ���á�î�½�å
�¢�b�–�á�c�ì6ë 0�
 3 �[�
���Ð�Ò�©�\�b4<4�&�"á���_�æ���I�€�S�Í�è�V�b$��–�Í�@°�Š�I�€
�S�S�u�
���Š�ì 1>‚4 �[�¸�î�È�Ý���Š�Í�@�>�?�K�C�^�W�Z�8�r�M �\�8�:�–�á�[�M ��  
 

 
�� �W10-16>8�á�î�½�å�¢�b�N�I�b'2�Â  

 
�(�Ò�¶�î�Ý�b)ª/²�[��5�<!�P�Ð�Ò�©�š���b�Í�†/²&g�I�O�S�v�b�@�W 10-16 �[�M�� �ì6ë 0�


3 �[�c�
 50�
 74 �\�^�W�Z�8�r�M�� �\�G�•�@�
�� �Ð�Ò�©�\�b4<4�&�"á ���b��*O�[�c>v3H �[ 24
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�r�[�K�?��*O�K�Z�8�r�O�‡�� 0 �ì6ë�[ 50�
 3 �ì6ë�[ 74 �c�Â�}�?�_ 24 �|�~�±�A�^�X�Ð�[�M��
�Ð�Ò�©�\5�<!�b�6�‡�Í�†�š�<�Z�
�š�@ 24 �è�W�_�^�•�|�:�_�M�•�?�
�Q�€�\�v�
�� �Ð�Ò�©�\
�b4<4�&�"á ���b��*O�†�š�<�Z�
 74 �r�[*•�<�}�€�•�|�:�_�M�•�?�b�š�f�[�
�G�b�š�Û�î�_�P
�Â�[�A�•�c�N�[�M��  
 
�� �‰&ì�'�b��*O�_�`�~�
�� �Ð�Ò�©�\�b4<4�&�"á�� �[�
�¢�Û�Ç°�Š#ì8��†6ä�A�
 Y-max�
 X-max
¹�_ 100�r�[(
�V�†�È�F�
�Ï�–�å�±�î�†�Q�W�Z (24, 23)�† (100, 98)�r�[�Ñ�G��*O�K�r�M��Ì�Ø�

�©�Ñ�×�Þ�î�©�Ù�å��/œ�†/œ�W�Z�s�Z�W�I�8���Ò�Ø�c �
�á�î�½�å�¢�í�Ó�µ��î�ª�c���^�8�c
�N�[�M��  
 

 
�� �W10-17>8�¸�î�È�Ý6õ�X�b�Ÿ�G  

 
�\�v�?�C�v�
�G�€�[�M�Â�
�Ô�¹�Ý�c�S(��[�A�r�K�S�� ����5��Ô�¹�Ý�[ 01���\�8�: �¡&à�†�Ü

�E�Z �¹�•�«�¡�º�µ�É�_ �–�Ñ�K�Z�>�A�r�K�{�:�����c�(�Ò�_&ã�~�r�M��  
 
10-4. �¤�Ø�¤�Ø�¤�Ø�¤�Ø �(�Ò�(�Ò�(�Ò�(�Ò  
�� �S(��K�S�Ô�¹�Ý�b ���\�ö�†�©�Ñ�×�Þ�î�©�Ù�å)��Ý�b�¢�Û�Ç�?�}�è0É�K�
���_°�Š�Í�†�8
�•�8�•�š�<�Z�¤�Ø �(�Ò�†/œ�8�r�M��  
 
�«�¸�µ�É�«�¸�µ�É�«�¸�µ�É�«�¸�µ�É 01>8���\�ö�³�™�µ�¡>8���\�ö�³�™�µ�¡>8���\�ö�³�™�µ�¡>8���\�ö�³�™�µ�¡  
�� �Ô�¹�Ý�S4��b���\�ö�
"I�_�Ç�•�î�»�Â�µ�¡�í�Ý�î�É�@�\�6�b% 1=0b3û�~�_0°3U�I�€�Z�8
�•�?�b�³�™�µ�¡�†���‹�K�r�M��  
�� �W9-1 �b���ö�Ô�¹�Ý�[�c�
���Ð�Ò�©�b#Õ1�������Ð�Ò�©�b#Õ�%�X���b �Q�I �Ý�î�É�@�6�~�r
�M�����Ð�Ò�©�b#Õ�%�X���_�Ï�–�å�±�î�†�\�Z �e�¡�Ü�µ�¡�K�Z�o3?�I�O�
���v�(�Ò�¶�î�Ý���b
�p�b %$�K�N�I�¢�Û�Ç �†4E�g�
�G�b�Ý�î�É�b0°3U�@���\�[�6�•�?�]�:�?�†&�1��K�r�M���� �Ð�Ò
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�©�b�Â.¬�X ������Ð�Ò�©�b#Õ�Â�X���b6õ�€ �c��>)�� �^�b�[ �
�G�b 2 �X�b�š�X�@ � �L�|�:�^
�Q�ö �Ã�±�î�å�[ �6�€�d���\�[�6�•�G�\�@�(�?�~�r�M ��  

 

 
�W10-18>8%$�K�N�I�¢�Û�Ç�_�|�•�š�·�Ã�±�î�å�b�³�™�µ�¡  
 

0�X�b�š�X�†� �M �¢�Û�Ç�V�_5��a �Z/²&g �[�A�r�M�����Ð�Ò�©�b#Õ�%�X�����5�<!�b#Õ�%�X��
�c2��b6õ�€�[�M�����Ð�Ò�©�b#Õ�%�X���_�Ï�–�å�±�î�†�\�Z�
�e�¡�Ü�µ�¡�K�
�©�Ç�º�Ÿ�î�†�²
�K�S�r�r�Ï�–�å�±�î�†��5�<!�b#Õ�%�X���_&ã�·�K�
�e�¡�Ü�µ�¡�K�r�M�� 2 �X�b�š�X�@4E�d�€
�o3?/²&g�K�r�M�� ���v�(�Ò�¶�î�Ý���b�p�b���Ç�“�–�Ý���b�”�–�¥�å�†4E�j�G�\�[ 2 �X�b�š�X
�†5��a�Z /²&g�[�A�r�M�� ���Ð�Ò�©�b#Õ�%�X���\��5�<!�b#Õ�%�X���b �Q�ö �Ã�±�î�å�@3ë�_�^�W
�Z�8 �€�d���\�[�6�•�G�\�@ &�1� �[�A�r�M ��  

 
�W10-19>8�""‚�¢�Û�Ç�_�|�•�š�·�Ã�±�î�å�b�³�™�µ�¡  

 

Current

 QBQDQ�PÔ#Õ�%�X
60
45

30
15

0
 QBQDQ�PÔ�Â.¬�X

40
30

20
10

0
 QBQDQ�PÔ�Z�¸

40
30

20
10

0
0 50 100

Time (Month)

Selected Variables
200
600

100
300

0
0

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

 QBQDQ�PÔ#Õ�%�X : Current
 5�<!PÔ#Õ�%�X : Current
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�«�¸�µ�É�«�¸�µ�É�«�¸�µ�É�«�¸�µ�É 02>8>8>8>8�¤�Ø�(�Ò�¤�Ø�(�Ò�¤�Ø�(�Ò�¤�Ø�(�Ò �b��/œ�b��/œ�b��/œ�b��/œ  

�s�b���Ó�–�å�í�¶�î�Ý�í�Â�î���?�} ��)+�œ �©�Ñ�×�Þ�î�©�Ù�å ��/œ ���\ �b�”�–
�¥�å�†4E�¥�K�r�M���M�•�\�
�W 10-20�b�|�:�^)+�œ �©�Ñ�×�Þ�î�©�Ù�å �b#ì8��@/²&g�I�€�r�M��  
 

 
�W10-20>8)+�œ�©�Ñ�×�Þ�î�©�Ù�å  

 
�� #ì8� 3 �•% �_ )+�œ�©�Ñ�×�Þ�î�©�Ù�å �b�¶�î�Ý �í�Â�î�@/²&g�I�€�r�M��  
 

 
�W10-21>8)+�œ�©�Ñ�×�Þ�î�©�Ù�å�b�¶�î�Ý�í�Â�î  

 
�� �š�X�b�V�_(F$��ì�K�S�¢�Û�Ç�@/²&g�I�€�
�r�S�
 ���X �_�š�f#Ý�b�«�Û�–�²�î�@/²&g�I�€ �

�¸�î�È�Ý6õ�X�@�o3?/²&g�I�€ �r�M�� �«�Û�–�²�î�c�Ï�–�å�±�î�†�Q�W�Z�š�f�[�A�r�M��5�<!
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�b#Õ1��X�_&g�I�€�S �«�Û�–�²�î�†�e�‘�_&ã�·�I�O�
5�<!�b#Õ1�"á�[�6�•�º6ë 6 �	�†�Q�ö�I
�O�•�\�
�Ð�Ò�©�b�B�/�X�^�]�@�Q�€�_���W�Z�š�ì�M�•�G�\�@�(�?�~�r�M���G�b�š�ì�†0b�Z�

�š�X�b�š�ì�@���\�?�]�:�?�†�è0¦�K�r�M���r�S�
�Ï�–�å�±�î�†�¢�Û�Ç�b�V�_�\�Z�•�\�
�a
�K�Ñ�±�K �S�¢�Û�Ç�@/²&g�I�€�r�M��  

�[&g�I�€�•�õ�F�Î�±�å�†4E�¥�M�•�G�\�[�
–�b#ì8��_�`�M�G�\�@�[�A�r�M��  
 

)+�œ�©�Ñ�×�Þ�î�©�Ù�å �b�¶�î�Ý�í�Â�î�b�µ+��c�è�W�b3û�~�[�M ��  
 

�õ�F>8–�b�Ô�¹�Ý0°3Ù#ì8��_�`�M�G�\�@�[�A�r�M��  
 

�©�Ñ�×�Þ�î�©�Ù�å�b�–�Ñ>8 �«�Û�–�²�î�†�Q�W�Z�š�f�K�S �©�Ñ�×�Þ�î�©�Ù�å �b)��Ý�†
���Š�K�r�M�����Š�I�€�•�Ç�“�–�Ý�¡�†�š�<�•�G�\�[�
0¿���†�š�<�©�Ñ�×�Þ�î�©�Ù�å�K�S)�
�Ý�†�Q�€�R�€�Ç�“�–�Ý�_ �–�Ñ�[�A�r�M��  
 

4E�¥�K�S�«�Û�–�²�î�†�`�M>8�¤�Ø�(�Ò�[�8�•�8�•�«�Û�–�²�î�†�Q�W�Z�Í�†�š�<�r�M�@�

�G�b�¶�î�Ý�[�
4E�¥�K�S�š�X�_0¿���I�€�Z�8�•�«�Û�–�²�î�†�6�‡�Í�_�`�K�r�M�� �v�]�I�^
�8�\�
 current �c�q�‹�_�š�f�K�S�š�X�Í�b�r�r�^�b�[�
�6�‡�Í�[�©�Ñ�×�Þ�î�©�Ù�å�K�S)��Ý
�@�¢�Û�Ç�_/²&g�I�€ �^�8"g�Â�_�^�W�Z�K�r�8�r�M��  
 

²�Z�b�«�Û�–�²�î�†�`�M>8�¤�Ø�(�Ò�[�8�•�8�•�«�Û�–�²�î�†�Q�W�Z�Í�†�š�<�r�M�@�

�G�b�¶�î�Ý�[�
²�Z�b�«�Û�–�²�î�†�6�‡�Í�_�`�K�r�M��  
 
�«�¸�µ�É�«�¸�µ�É�«�¸�µ�É�«�¸�µ�É 03>8�¤�Ø�(�Ò>8�¤�Ø�(�Ò>8�¤�Ø�(�Ò>8�¤�Ø�(�Ò  
�� �G�G�[�c�8�•�8�•�²�ó�†�š�<�Z �¤�Ø�(�Ò�†/œ�8�r�M ���W 10-20�b#ì8��[�
��5�<!�b#Õ1��X��
�b�«�Û�–�²�î�†&ã�·�I�O�
�Q�€�R�€�
 �� 3���
�� 6���
 �� 7���
 �� 8���
 �� 12���\�8�W�S�X�Ð �_�š�<�Z �s
�Z�
�©�Ñ�×�Þ�î�©�Ù�å)��Ý�@�]�:�^�•�?�†&��?�u�Z�s�Z�W�I�8��  
 

5�<!�b#Õ1��X�† �6�‡�Í�b 6 �	�_�`�K�
 Ì�Ø�
�(�Ò�¶�î�Ý�?�}�¢�Û�Ç�†4E�g�
���Ð�Ò�©�b#Õ
�%�X���†�¢�Û�Ç/²&g�I�O�Z�s�r�K�{�:�� �r�Ó�½�×�î�í�¶�î�Ý�?�}���Ô�¹�Ý���†4E�g�
�©�Ñ
�×�Þ�î�©�Ù�å��/œ�²�ó#ì8��[�
�ì6ë�"�)�†���º���_�š�<�Z�>�8�Z�
Ì�Ø�©�Ñ�×�Þ�î�©�Ù�å
�K�Z�W�I�8��  
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�W10-22>8�¤�Ø�(�Ò  

 
5�<!�b#Õ1��X �@6 �	�[�c�ö/¶�K�
 7 �	�[�â)F�K�
 8 �	�[�c$Î�S�M�•4�¥�@0b�}�€�r�M�@�


�ö�•$×�^�Ã�±�î�å�c�o�p� �L�[�
"I�_$��–�^�ú�•+Ù�8�c0b�}�€�r�O�‡�b�[�
�Ô�¹�Ý�c�M�Â
���\�[�6�•�\*ƒ�<�}�€�r�M���Ð�Ò�©�b#Õ�%�X�_�c�V7H�Í�†0¿�E�Z�8�r�O�‡�?�}�
�v�K�
�[
�<�d�
�Ð�Ò�©�b#Õ�%�X�@�6�•�ì!l�?�} 600 �	�b�r�r�š�ì�K�^�8�\�8�W�S�š�ì�†&g�O�d$��–
�[�6�~�
 �]�G�?�[��*O�Ñ�«�†"b�K�Z�8�•�•+��ö�@�6�~�r�M��  
�� �¤�Ø�(�Ò�[�c�
�Ú�_�v�6�‡�Í�†�š�<�Z�s�•�^�]�[�
 �©�Ñ�×�Þ�î�©�Ù�å)��Ý�†&��?�u�^�@
�}�ì�� �\�K�Z���u�S�¦8o�^�]�b ���\�ö�†�è0É�K�r�M��  
 
10-5. ��5��(�Ò��5��(�Ò��5��(�Ò��5��(�Ò  
�� ��5��Ô�¹�Ý �x�©�Ñ�×�Þ�î�©�Ù�å)��Ý �c�M�Â���\�[�6�•�\1��u�}�€�r�M�b�[�
��5��(�Ò�†
/œ�W�Z�s�r�K�{�:��  
�� �r�N�
 �W 10-8��%$�K�N�I�¢�Û�Ç�_�|�•�š�·�Ã�±�î�å�b�³�™�µ�¡ ���?�}�
�Ð�Ò�©�b�Q�I�Ý
�î�É�@&��?�u�}�€�Z�8�r�M���r�S�
 �W 10-22���""‚�¢�Û�Ç�_�|�•�š�·�Ã�±�î�å�b�³�™�µ�¡ ��
�?�}�
��8×*…�[�6�•�Ð�Ò�©�\/Õ��8×*…�[�6�•5�<!�b�’/®�Ý�î�É�b6õ�€�@&��?�u�}�€�Z�8�r
�M��  
�� �G�G�r�[�c���ö�(�Ò�b)��Ý�† Ì&�1��K�S�T�E�[�M�@�
�W 10-22�b�Ð�Ò�©�b#Õ�%�X�b�š�ì�†
0b�•�\�
(Ù 10 �º�b�Ø�‡�[�š�·�K�Z�8�•�G�\�@0b�}�€�r�M�� �r�S�
#Õ�%�X�b�V7H�Í�b�|�:�^
�v�b�v�1�\�^�C�6�~�Q�:�T�\�8�:�G�\�@�(�?�~�r�M�� �G�:�8�W�S�G�\�c ��5��(�Ò�†/œ�W�Z
�s�Z�6�u�Z�ƒ�?�•�¦���[�M��  
�� �G�G�[�c0•�€�}�€�Z�8�r�O�‡�@�
�Ú�_�v �8�•�8�•�²�ó�†�š�<�Z�©�Ñ�×�Þ�î�©�Ù�å�K�Z�s
�Z�W�I�8 ���G�G�[�c 5�<!�b#Õ1�"á�K�?�š�ì�I�O�r�O�‡�[�K�S�@�
�Ð�Ò�©�Â.¬�b#Õ1��X�†�š
�ì�I�O�Z�s�S�~�
�Z�¸"á�†�š�ì�I�O�Z�s�•�G�\�v�[�A�r�M���6�•�8�c�
5�<!�Â#Õ�/�b#Õ�Ñ
"á�†�š�<�Z�s�•�G�\�v�[�A�r�M���G�b�|�:�_/%3û!“&��[�6�•!l�@�©�«�¸�Ò�í�²�–�¼�µ�Ñ�µ
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�¡�_�|�•��5��©�Ñ�×�Þ�î�©�Ù�å�b4ì4î�á�[�M��  
 
�� �G�b(��b�q�6�_�v�a�K0•�€�r�K�S�@�
�Ô�¹�Ý�c0Ž5��[�6�~�
��5��Ô�¹�Ý�_�X�8�Z �v�ì��
�b�V�[�8�W�S�8�ƒ�d�ë'5�a#ú�[�M���[�_�ò�F�S�Ð�Ò�©�b#Õ�Â�Ô�¹�Ý�[�v�
5�<!�_6õ�K�Z�c
�z�P1ß�\�K�Z�8�^�C�
�Ð�Ò�©�b#Õ�%�X�†�©�Ñ�×�Þ�î�©�Ù�å�M�•�V�[�²0[�^�b�[�v�~�V�F�Z
�8�•�T�E�^�b�[ �
5�<! �b8×�q�¦�_ �b�š�ì�
#Õ�%#”�C �b�š�ì�^�]�c�Ô�¹�Ý�_�v�~°�€�Z�8�r
�O�‡�� �Q�b�V�[�
�Ð�Ò�©�b#Õ�%�X�†�©�Ñ�×�Þ�î�©�Ù�å�K�Z�8�•�b�[�M�?�}�
�N�8�j�‡�˜�@
�^1Ÿ1=�^�ƒ�E�[�M���˜�@�†�Ž%±�[�
�G�b�|�:�^�Ô�¹�Ý�†�8�~�
�©�Ñ�×�Þ�î�©�Ù�å�K�Z�s�•
�\�
�G�b�|�:�^(F$��ì�K�S�Ô�¹�Ý�[ �v�
5�<!�b��#Õ"á�_�Ð�Ò�©�b#Õ�%�X�@�s8j�I�€�•"g�#
�x�
�š�ì�_ �1�x�} �Ã�±�î�å�@�6�•�G�\ �@�(�?�~�r�M�� �G�b�|�:�_��5��(�Ò�†/œ�:�\�
�P1ß
�†�X5�$×�_�•�q�[�A�• �T�E�[�c�^�C�
�Q�€�è�¥�_�v�8�•�8�•�‚�K�8%±0b�@�6�~�r�M���G�€
�@�©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«�_�|�•�(�Ò�b4ì4î�á�[�M��  
 
�� .¬�@�˜�8�\�8�:�Ç�_�\�W�Z�
�§�å�É�Ý�\�K�Z�v�~�V�F�S�Ð�Ò�©�b#Õ�%�X�Ô�¹�Ý�c�Y�‘�Ì
�?�v%±�€�r�O�‡���>0ë�g#æ�K�V�F�r�M�� 4:�)�^�[�\�8�:�G�\�[�v�~�V�F�•�Ô�¹�Ý�_�X�8�Z
�8�•�8�•�N�‡�T�b�[�M�@�
�S�r�S�r�
�6�•�¥�Ñ�×�½�¸�•�b�§�>�G�K�b�S�u�b�Ñ�î�¸�•�å�¢
�_�g�•�M�• �µ��@�6�~�
�Ð�Ò�©���~�b�¡�Ç�@�8�Z�
�8�•�8�•0ð�K�†�M�•�:�U�_�
�M�/�Ð�Ò
�©�b#Õ�%�X�c�]�:�^�W�Z�8�•�b�T�•�:�\�8�:0ð�_�^�~�
 �G�b�Ñ�î�¸�•�å�¢ �[#Ý�8�S�Ô�¹�Ý
�†�Ë�î�«�_�K�S�v�b�[�M��  
 
�� �q�‹�_�
�G�G�[�v�~�V�F�S��5��Ô�¹�Ý�b��*O�'�c�è�W�b3û�~�[�M>8  
(01) FINAL TIME  = 100 
 Units: Year 
 The final time for the simulation. 
(02) INITIAL TIME  = 0 
 Units: Year 
 The initial time for the simulation. 
(03) SAVEPER  = TIME STEP 
 Units: Year [0,?] 
 The frequency with which output is stored. 
(04) TIME STEP  = 0.125 
 Units: Year [0,?] 
 The time step for the simulation. 
(05) �Ð�Ò�©�\�b4<4�&�"á  = WITH LOOKUP (5�<!�P�Ð�Ò�©�š ,([(0,0)-(100,100)],(0,0), 

(1,0.1),(2,0.4),(3,0.8),(4,1),(5,1.5),(6,2),(7,3),(8,5),(9,6),(24,20),(100,98) )) 
 Units: **undefined** 
(06) �Ð�Ò�©�_�|�•��"Ó =IF THEN ELSE(5�<!�P�Ð�Ò�©�š >24, INTEGER(24*�Ð�Ò�©�b#Õ 

�%�X), INTEGER(�Ð�Ò�©�\�b4<4�&�"á * �Ð�Ò�©�b#Õ�%�X)) 
 Units: �	  
(07) �Ð�Ò�©�b�Â.¬�X =DELAY FIXED(IF THEN ELSE(5�<!�P�Ð�Ò�©�š >10, ((�Ð�Ò�©�b#Õ 

�%�X/2)* �Ð�Ò�©�Â.¬�b#Õ1��X ), 0), 3, 0) 
 Units: �	  
(08) �Ð�Ò�©�b�Z�¸ =IF THEN ELSE(�Ð�Ò�©�b#Õ�%�X<1, 0, IF THEN ELSE(5�<!�P�Ð�Ò�©  

�š >6, �Ð�Ò�©�b#Õ�%�X/10, �Ð�Ò�©�b#Õ�%�X/2)) 
 Units: �	  
(09) �Ð�Ò�©�b#Õ�%�X= INTEG (�Ð�Ò�©�b�Â.¬�X -�Ð�Ò�©�b�Z�¸ ,10) 
 Units: �	  
(10) �Ð�Ò�©�Â.¬�b#Õ1��X =6 
 Units: �	  
(11) *•/¶ =IF THEN ELSE(5�<!�b#Õ�%�X<0, 0, INTEGER(5�<!�b#Õ�%�X /5)) 
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 Units: �	  
(12) 5�<!�b�Z�¸ =IF THEN ELSE(�Ð�Ò�©�_�|�•��"Ó +*•/¶ <5�<!�b#Õ�%�X , �Ð�Ò�©�_�|�•  

��"Ó +*•/¶ , IF THEN ELSE(5�<!�b#Õ�%�X>�Ð�Ò�©�_�|�•��"Ó , �Ð�Ò�©�_�|�•��"Ó ,  
0)) 

 Units: �	  
(13) 5�<!�b#Õ�%�X= INTEG (5�<!�Â#Õ�/�b#Õ�Ñ -5�<!�b�Z�¸ , 500) 
 Units: �	  
(14) 5�<!�b#Õ1��X =7 
 Units: �	  
(15) 5�<!�P�Ð�Ò�©�š =INTEGER(ZIDZ(5�<!�b#Õ�%�X, �Ð�Ò�©�b#Õ�%�X)) 
 Units: **undefined** 
(16) 5�<!�Â�º�/�b#Õ�Ñ"á =0.2 
 Units: **undefined** 
(17) 5�<!�Â#Õ�/�b#Õ�Ñ =DELAY FIXED((IF THEN ELSE(5�<!�b#Õ�%�X>2000, 0, (5�<!�b  

#Õ�%�X/2)*5�<!�b#Õ1��X *5�<!�Â�º�/�b#Õ�Ñ"á )), 2, 0) 
 Units: �	  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
)�� �Ç�Û�–�º�í�©�Ñ�×�Þ�î�±�î>8)�� �Ç�Û�–�º�í�©�Ñ�×�Þ�î�±�î>8)�� �Ç�Û�–�º�í�©�Ñ�×�Þ�î�±�î>8)�� �Ç�Û�–�º�í�©�Ñ�×�Þ�î�±�î>8  
�� )�� �Ç�Û�–�º�í�©�Ñ�×�Þ�î�±�î�\�8�:�\�±�F�I�[�M�@�
��5��Ô�¹�Ý�†�S(��K�S�‹�
�Ú�b
�Ç�@�8�•�8�•�Ô�¹�Ý�V�b�Ã�Û�Ó�î�±�î�Í�†�š�<�Z�
�©�Ñ�×�Þ�î�©�Ù�å�K�Z�s�€�•�|�:�_�K
�|�:�\�8�:�v�b�[�M�� °���Š�œ�È�ª�™�†�Q�W�Z�8�~�
�Q�b�x�~�‰�c 21-27�Ì�î�ª�_0°3U�K�Z
�6�~�r�M�@�
&��?�_�
�G�:�K�S�‰�2�[�
�È�C�Ú�Ç�_��5��Ô�¹�Ý�†0Ž�2�K�
�8�•�‡�^�G�\�†
&��?�u�}�€�•�|�:�_�K�S�‰�@�8�8�\�8�:�G�\�c���¤�K�r�M��  
�� &¾�b���œ�
���ö�Ô�¹�Ý�†�
�g�•�º�[�S(��K�Z�8�•�\�8�:�G�\�v�6�~�
���ö�Ô�¹�Ý�†�`�W
�Z�
6õ�€*…�[�8�•�8�•1Ÿ1=�M�•�G�\�c�6�•�b�[�M�@�
�g �•�º�[��5��Ô�¹�Ý�r�[�c�8�•�G�\
�@�[�A�^�C�
��5��Ô�¹�Ý�†�v�\�_6õ�€*…�[�8�•�8�•1Ÿ1=�M�•�G�\�@�^�?�^�?�[�A�^�8�G�\
�@�N�s�b'��[�M���+�a�
&¾�?�}�b�©�Ñ�×�Þ�î�©�Ù�å)��Ý�†0b�O�Z�b�M�‰$×�^1��Â�_)
�ƒ�~�

(ý�?�82A�e�c�6�•�b�[ �M�@�
�?�•$×�^�G�\�_�€�•�o1=�\$�1=�@�Q�b���[�c�M�)�^�C�
�6�\
�[�8�•�8�•0•�ƒ�€�Z�8�Z�
 &¾�b)�1=�@�G�¥�I�€�Z�8�^�?�W�S�^�]�\�8�:)��Ý�?�}�Q�b�G�\
�†%±�W�Z�8�x �^�¼�(�_�^�•�G�\�@�K�d�K�d�6�~�r�M���G�:�8�W�S�G�\�†�G4J�M�•�S�u�_�c�

��5��Ô�¹�Ý�b1��Â�†/œ�8�
6õ�€*…�_�I�ƒ�}�O�•�
�•�Ç�_ (á�“ �C�I�O�•�G�\�@5�0[�\�c#. 0Ž
�K�Z�8�r�M�@�
�^�?�^�?7´�K�8�b�@#'"g�[�M��  
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11. �g*ƒ2(�q�g*ƒ2(�q�g*ƒ2(�q�g*ƒ2(�q  
 
(1) Vensim�_6õ�M�•�_���x�Ô�¹�Ý�[�_6õ�M�•�_���x�Ô�¹�Ý�[�_6õ�M�•�_���x�Ô�¹�Ý�[�_6õ�M�•�_���x�Ô�¹�Ý�[  
1) Vensim PLE�¯�Ç�ß�l�g�Ð�½�×�”�Ý�b �²�˜�å�ß�î�»› http://www.vensim.com/download.html 
�� �G�G�?�}�
 Vensim PLE�x Vensim�
 Vensim DSS�^�]�b�¯�Ç�º�b�²�˜�å�ß�î�»�†/œ�:�G�\�@

�[�A�r�M�� Vensim PLE�c!“�q�[�M�@�
�Q�b�Ú�c�w�q�[�M��  
2) Vensim PLE�†�Q�W�S�Ô�¹�Ý�^�]�b�_�� ; http://www.vensim.com/resource.html 
�� Vensim �_6õ�M�•0����_���^�]�@0°3U�I�€�Z�8�r�M���G�G�_�c�Q�b�Ú�b�_�� ;�_6õ�M�•�Ü

�å�¡�v�6�~�r�M���‹3Ù�b MIT �b Road Map�^�]�l�b�Ü�å�¡�v�G�G�_�G�}�€�Z�8�r�M��  
3) �”�Ü�°�¼�^'g�±�Û�b�•�î�¡�˜�µ�»�M�5�@�i�8�S�
 Vensim PLE�b�³�×�î�º�Ü�”�Ý>&,e�e>'

http://www.public.asu.edu/~kirkwood/sysdyn/SDRes.htm 
�� �”�Ü�°�¼�^'g�±�Û�b�•�î�¡�˜�µ�»�M�5�@�
�Û#Õ�b�S�u�_�ó'¹�K�S8��–�_(F �"�^°6Û�i�[

�M�� �S�T�
�”�–�¥�å�^�]�c�‚�8 Vensim PLE�b�Â�î�ª�Ù�å�b�r�r�[�M��  
4)�º�Ò�í�Ç�•�î�»�Ð�å�b�Ô�¹�Ý�í�Û�–�È�Û�Ü�î�� http://www.metasd.com/models/index.html 
�� �Ç�•�î�»�Ð�å�@�
+¬�(�@7Ÿ�u�S�Ô�¹�Ý�b�Û�–�È�Û�Ü�î�†¶6ä�K�Z�8�r�M��  
5) �¥�•�•�¶%Ê'2��å�±�î  

�”�¡�ß�Â�µ�º�í�Ç�“�–�Ý�g�'�b�¥�•1�"'�ï�8�Ð�½�×�”�Ý�x�Ô�¹�Ü�å�¢�í�ž�–�»�†�f�j�K�Z
�8�r�M��"I�_�Ô�¹�Ü�å�¢�í�ž�–�»�Û�–�å�_�c�Ô�¹�Ý�[�@1Ï�)�_)��Ó�I�€�Z�8�r�M�b�[�Ý8�
�g*ƒ�_�K�Z�W�I�8��  

 
(2) �©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«�b°6Û�i�x°6Û�¥�î�«�©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«�b°6Û�i�x°6Û�¥�î�«�©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«�b°6Û�i�x°6Û�¥�î�«�©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«�b°6Û�i�x°6Û�¥�î�«  
6) Radzicki, Michael, Introduction to System Dynamics, Department of Energy, 

(http://www.systemdynamics.org/DL-IntroSysDyn/index.html) 
�� �Ô�¹�Ý�c�g�Õ�^�@�} Vensim PLE�[0°3U�I�€�Z�8�•�ƒ�E�[�c�6�~�r�O�‡�@�
�©�«�¸�Ò�í�²

�–�¼�µ�Ñ�¡�«�b�T�•�x�š�¿�Ý� �î�í�Ô�¹�Ý �b)��Ó �^�]�\�Z�v�(�?�~�x�M�8°6Û�i�_�^�W�Z
�8�r�M�� 2014�º�_�
�¥�• �©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«�Û��\�b¹&�[�
�•�i�†�¸�Ÿ�«�º�_
�Q�W�SSD °6Û��Ñ�¼�î�†���‹�K�Z�8�Z�
�Q�b��Ñ�¼�î�bÆ���†�¥�•1��[�r�\�u�S�v�b�@
�6�~�r�M��  

7) MIT, Road Maps: A guide to System Dynamics, MIT, 
(http://sysdyn.clexchange.org/road-maps/rm-toc.html) 

�� �‚¾�\�[�v0•�:�m�A�©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«�b°6Û�M�¦7Ÿ�[�
 MIT �[�b�©�«�¸�Ò�í�²
�–�¼�µ�Ñ�¡�«�b�5���b�©�Û�Â�«�†�ö�_�/(Ô$×�_0°3U�I�€�S�v�b�[�M��°6Û�M�¦�\ �c0•�<�

²4Š�†�Ð�«�±�î�M�•�\�V(í�Þ�Ë�Ý�_�^�~�r�M��  

8) Starman, John, “Busyness Dynamics”, Irwin, 2000 
�� �©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«�[�c�M$��w�¡�^�M&É�i�[�M��  
9) SD°6Û��Ñ�¼�î  
�� '¹*…�@���‹�K�Z�8�•�v�b�[�M���M�[�_�X�G���‹�K�Z�8�r�M���>#æ3¸�s�8�S�T�E�€�d�
4#

�d�b��Ñ�¼�î�bÆ���†�r�\�u�S�v�b�\��Ñ�¼�î�[�Q�W�S�Ô�¹�Ý�†�f�j�K�r�M��  
 
(3) �©�«�¸�Ò�î*ƒ�b°6Û�i�^�]�©�«�¸�Ò�î*ƒ�b°6Û�i�^�]�©�«�¸�Ò�î*ƒ�b°6Û�i�^�]�©�«�¸�Ò�î*ƒ�b°6Û�i�^�]  
10) Senge, Peter, The Fifth Discipline: The art and practice of the learning organization, Doubleday, 

New York, 1990  
�� ���q�I)�)Ê�b�2�N>+�‚�ì�æ�b�³�î�Ò�á�î�¡�\�c�1�?���ò4Š�™/œ0Â�
�¨6ë�i�Ñ�
 1995�b4e

0Â�@�6�~�r�M��  
11) Peter Senge et al, The Fifth Discipline Fieldbook, Doubleday, 1994 
�� �©�«�¸�Ò�î*ƒ�x)�)Ê�Û*f�_�X�8�Z0•�€�}�€�Z�8�•�i"@�[�
�©�«�¸�Ò�N�º�_�X�8�Z�v�(�?

�~�x�M�80Ž1��@0°3U�I�€�Z�8�r�M��  
 
 



��������	
 °6Û �� "' �

� 84

(4) �¥�•�•�¶%Ê'2��å�±�î�b4�)!›�¥�•�•�¶%Ê'2��å�±�î�b4�)!›�¥�•�•�¶%Ê'2��å�±�î�b4�)!›�¥�•�•�¶%Ê'2��å�±�î�b4�)!›  
sd-info@muratopia.org 
�H4�)!�8�S�T�E�€�d�
 �•°6Û�†�Ë�î�«�_�K�S+¬*f#Ý�Ã�á�î�Ï�–�å�º�
 �•°6Û�[ �v�~�V�F

�S��5��Ô�¹�Ý �
����5��Ô�¹�Ý�[ 01���x�
�¥�•�©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«�Û��\¹&�[���‹�K
�S SD °6Û��Ñ�¼�î �bÆ���†�r�\�u�S�v�b�x�
�Q�G �[�Q�W�S �Ô�¹�Ý �†�j�K�V�F�r�M ���Ô�¹�Ý
�c�
 �²�˜�å�ß�î�»�b�‹�
��/œ�Ç�“�–�Ý�†�8�B�M�€�d�
��7•�_�©�Ñ�×�Þ�î�©�Ù�å�M�•�G�\�@
�[�A�r�M��  
 
�^�>�
 ULR �x�Ó�î�Ý �í�”�»�Þ�«�c�
 2014�º 4 �v 1 �¥�Ü�E�b�v�b�[�M��  
 
 
 
 
 
 
NGO �2�Ç�¥�•�•�¶%Ê'2��å�±�î�_�X�8�Z>8�2�Ç�¥�•�•�¶%Ê'2��å�±�î�_�X�8�Z>8�2�Ç�¥�•�•�¶%Ê'2��å�±�î�_�X�8�Z>8�2�Ç�¥�•�•�¶%Ê'2��å�±�î�_�X�8�Z>8  
�� NGO�2�Ç�¥�•�•�¶%Ê'2��å�±�î�c�¥�•�b�•�¶�_�X�8�Z%Ê'2�M�•�S�u�_�p0¿�I�€�S%Ê'2�l
�g%Ê'2�B�Ý�b���l�†% $×�\�M�•�µ6õ�[�M��  
�� #'�~�c 2 �X�b%Ê'2�í���l�¦���b���@�6�~�
 1 �X�c�¥�•�b�•�¶�_�X�8�Z%Ê'2�M�•�•�¶�Û%Ê'2
�¢�Ý�î�É�[�M���v�:�M�X�c�©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«�í�¢�Ý�î�É�[�
�G�G�[�c�©�«�¸�Ò�í
�²�–�¼�µ�Ñ�¡�«�†�q#Ý�K�S�…�æ6ä$Î�^�]�b%Ê'2�x�…�æ6ä$Î�^�]�l�b�g#ì�
�©�«�¸�Ò�í�²�–
�¼�Ñ�µ�¡�«�x�©�«�¸�Ò�î*ƒ�b���l�h-Z�_�v�”�u�Z�8�Z�
#'�~�
�è�W�b�|�:�^�¦���†0£#ì�K
�Z�8�r�M��  
 
1) �©�«�¸�Ò�î*ƒ�
�©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«�b���l�h-Z��Ñ�¼�î�b���‹  
�í�6'¼�í�p'¼�M*ñ6õ�€*…�¥�E�b�©�«�¸�Ò�î*ƒ�
�©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«°6Û��Ñ�¼�î  
�í&k��Ç�¥�E�b�©�«�¸�Ò�î*ƒ�
�©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«)��Ó��Ñ�¼�î  
�í�û���¥�E�©�«�¸�Ò�î*ƒ�
�©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«)��Ó��Ñ�¼�î  
 
2) �©�«�¸�Ò�î*ƒ�
�©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«�b4:#Ý�_6õ�M�•�¥�å�§�Ý�¸�î�©�Ù�å  
�í�û���¥�E�¥�å�§�Ý�¸�î�©�Ù�å  
�í8�� �<)�)Ê�¥�E�¥�å�§�Ý�¸�î�©�Ù�å  
 
3) �©�«�¸�Ò�î*ƒ�
�©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«�_6õ�M�•%Ê'2�í6ä$Î  
�í�6'¼�í�p'¼�M*ñ#Ý�©�«�¸�Ò�î*ƒ�í�©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«�M�¦�b6ä$Î  
�í�…�æ6ä$Î  
�í)�)Ê6ä$Î  
 
4) ��"'  
�í�6'¼�í�p'¼�M*ñ�¥�E�M�¦  
�í�©�«�¸�Ò�î*ƒ�
�©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«�_6õ�M�• ���l �i  
�í%Ê'2�B�Ý  
 
5) Vensim�b2�Ž�x0���)��Ó�
�_°�-�|  
 
6) �Q�b�Ú�©�«�¸�Ò�î*ƒ�
�©�«�¸�Ò�í�²�–�¼�µ�Ñ�¡�«�_6õ4��M�•%Ê'2�q�·�l�b�-�|�
� �Š  
 


