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Keywords                                         ABSTRACT 
 
 

Optimizing the service card in multi-depot, multi-product and multi-level 
vehicle routing problem is one of the most important and at the same time, 
the most complex problems in the transportation problems contexts. 
Numerous exact heuristic and meta-heuristic algorithms have been 
developed for different vehicle routing problems. In this paper, a binary 
linear programming (BLP) based model for optimizing the service card in 
multi-depot, multi-product and multi-level vehicle routing problems with the 
aim of minimizing the total distribution costs has been proposed. In other 
words, the purpose of this paper is to determine the optimum transportation 
for each product in vehicle routing problems for every route, grape and level 
with minimum distribution costs. Then, an effective algorithm has been 
developed to solve the problem. The proposed algorithm using the limited 
resource leveling based on the Lagrange coefficients; transform the multi-
product problem into multiple single-product problems. When each 
mathematical model for single product vehicle routing problems is solved, 
the assigned capacity and the required capacity values for each product are 
compared and then the available and total capacity is calculated. Finally, 
resource leveling and service card optimization processes are applied to all 
single-product problems. Therefore, after several steps if no considerable 
improvement is observed in the solution, then the optimal solution is 
achieved for the original problem. Design of experiments and validation tests 
used in the paper indicate the optimal utilization of the limited resources and 
a considerable reduction in the total distribution costs. Validity of the 
proposed algorithm against the binary linear programming model has been 
verified at 95% and computational time has been reduced by 5 times. 
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êåêå���������ƸŝƸŝǀǀƶƴƶƴ��ƿƿŝŚŝŚƾƾƹźſ�ŶŞſ�ƹźſ�ŶŞſ�ƿƿŹŵ�žŹŵ�žƾŰƐſ�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ�ƾŰƐſ�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ���ŶƴģŶƴģƫƺƈŰƯƫƺƈŰƯƾƾƹ�ƹ�����������������������������������������������������������������ƽźĭŹŚƧ�ŵřŵźƸƯ�ƹ�ƽźƸĜſ�ƽŶƸƯ�ŶưŰƯƽźĭŹŚƧ�ŵřŵźƸƯ�ƹ�ƽźƸĜſ�ƽŶƸƯ�ŶưŰƯ  

ŶǀƬĩ�šŚưƬĩƽ� ������������������������������������ƵŶǀĪģ�����
Ƹŝ�ƕƺƋƺƯǀ�ƶƴƿŝŚƾƹźſ�ŶŞſ�ƿŚƀƯ�žƿƪƿŚſƹ�ƾŝŚƿźǀƀƯ��ƾƷŚĮŤƀƿř�Ŷƴģ�ƶǀƬƤƳ�ƪ��ƾƫƺƈŰƯ�Ŷƴģ�

�ƾŰƐſ�Ŷƴģ�ƹ�ƵŻƺů�Źŵ�ƽźǀĭ�Ʈǀưƈţ�ƪŗŚƀƯ�Ʋƿźţ�ƪĪƄƯ�ƩŚů�ƲǀƗ�Źŵ�ƹ�Ʋƿźţ�ƮƸƯ�Żř�ƾƨƿ
ŶƃŚŞǀƯ�ƪƤƳƹ�ƪưů�ƪŗŚƀƯ���ƽřźŝ�ƾƗƺƴŤƯ�ƽŹŚƨŤŝř�ơƺƟ�ƹ�ƽŹŚƨŤŝř���Ƣǀƣŵ�ƽŚƷ�ƮŤƿŹƺĮƫř�ƱƺƴĩŚţ
�ƪŗŚƀƯ�ƞƬŤŴƯ�ƽŚƸƫŶƯ�ƪů�Ţſř�ƵŶƃ�ƶŗřŹř�ƶǀƬƤƳ�ƪƿŚſƹ�ƾŝŚƿźǀƀƯ��ƿřŹŵ�ƶƯŚƳźŝ�ƩŶƯ�Ʀƿ�ƶƫŚƤƯ�Ʋ

�Ʀƿƹ�źƠƇ�ƾƐų�ƽżƿŹ(BLP)�ƽřźŝ�Ƹŝǀ�ƶƴƿŝŚƾƹźſ�ŶŞſ�ƿŚƀƯŹŵ�žƿ�ƪ��ƶǀƬƤƳ�ƪƿŚſƹ�ƾŝŚƿźǀƀƯ�
�ƾƷŚĮŤƀƿř�Ŷƴģó�ƶŗřŹř�ƖƿŻƺţ�ƽŚƷ�ƶƴƿżƷ�ƱŵƺưƳ�ƪƣřŶů�ƝŶƷ�Śŝ�ƾŰƐſ�Ŷƴģ�ƹ�ƾƫƺƈŰƯ�Ŷƴģ�

�Ţſř�ƵŶƃ��ř�ƝŶƷ�źŤƸŝ�šŹŚŞƘŝƿƘţ�ƶƫŚƤƯ�ƲǀǀƯ�ƲǀƸŝ�ŢŞƀƳ�Ʊřżǀřźŝ�ƪƤƳƹ�ƪưů�ƶƴƽ�źƷ�ƿ�Żř�Ĩ
Śſƹ� Źŵ�šǇƺƈŰƯƿƬƤƳ�ƪǀřźŝ� ƶƽźƷ�ƿƀƯ� Żř�ĨǀŚƷź� � �ůřƺƳƾżƷ�ƪƣřŶů� Śŝ�ŭƺƐſ� � ƹ�ƿŻƺţ� ƶƴƿ�Ɩ

Ưǀ�ŶƃŚŞ��Ŷƿŵźĭ�ƾůřźƏ�řŹŚƧ�ƮŤƿŹƺĮƫř�Ʀƿ�ƩŶƯ�Ʋƿř�ƪů�ƽřźŝ�žĜſ���Żř�ƵŵŚƠŤſř�Śŝ�ƮŤƿŹƺĮƫř�Ʋƿř�
�ƶƬŘƀƯ�Ŷƴģ�ƶŝ�řŹ�ƾƫƺƈŰƯ�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƶƬŘƀƯ��ĦƳřźĭǇ�ŜƿřźƋ�ƶƿŚě�źŝ�ŵƹŶŰƯ�ƖŝŚƴƯ�ƆǀƈŴţ

ƾƫƺƈŰƯ�Ʀţ �ŶƴĪǀƯ�ƪƿŶŞţ���ƾƫƺƈŰƯ�Ĩţ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ�Żř�ĨƿźƷ�ƾƋŚƿŹ�ƩŶƯ�ƪů�ŻřŶƘŝ���
ǀƯ���šǇƺƈŰƯ�Żř�Ʀƿ�źƷ�ŻŚǀƳ�ŵŹƺƯ�ƹ�ƵŶƃ�Ƶŵřŵ�ƆǀƈŴţ�ŢǀƟźƓ�ƶƀƿŚƤƯ�Śŝż�ƵŶƳŚưǀƣŚŝ�ŢǀƟźƓ�Ʊř

� ƖŝŚƴƯ� ŮǀƐƀţ� šŚǀƬưƗ�žĜſ� ƹ� ƶŞſŚŰƯ� řŹ� ƪƧ� ƹƸŝ� ƹǀƶƴ�ƿŝŚƾƹźſ� ŶŞſ�ƿ�ž�ƪŗŚƀƯ� ƲǀŝŹŵ
ƾƫƺƈŰƯ�Ʀţ�ƾŝŚƿźǀƀƯ� ŵƺƄǀƯ� ƭŚŬƳř�� ��ƽŚƷ�ŢǀƟźƓ�ŮǀƐƀţ� �ƶƬůźƯ� Ŷƴģ� ŻřŶƘŝ�ŽŚſř�Ʋƿřźŝ

�ƾƬƇř�ƶƬŘƀƯ�śřƺū��ŵƺƄƳ�ƪƇŚů�ƶƬŘƀƯ�śřƺū�Źŵ�ƾƸūƺţ�ƪŝŚƣ�ŵƺŞƸŝ�ƶƧ�ƾţŹƺƇ�Źŵ��ƵŶƳŚưǀƣŚŝ
Ţſř�ƵŶƃ�ƪƇŚů���ƶƴǀƸŝ�ƵŵŚƠŤſř�źĮƳŚǀŝ�ƶƫŚƤƯ�ƲƿřŹŵ�ƵŶƃ�ƭŚŬƳř�ƾŬƴſ�ŹŚŞŤƗřƹ�šŚƄƿŚƯŻō�ƾůřźƏ

ƣ�ƂƷŚƧ�ƹ�śŚǀưƧ�ƖŝŚƴƯ�Żř�ƁƹŹ�Ʋƿř�ƖƿŻƺţ�ƽŚƷ�ƶƴƿżƷ�ƶūƺţ�ƪŝŚŶƃŚŞǀƯ���ŹŚŞŤƗř�šŚƄƿŚƯŻō�Ʋƿř
�ŮƐſ�Źŵ�Ʀƿƹ�źƠƇ�ƾƐų�ƽżƿŹ�ƶƯŚƳźŝ�ƩŶƯ�ƶŝ�ŢŞƀƳ�řŹ�ƵŶƃ�ƾůřźƏ�ƮŤƿŹƺĮƫřîê��ŶǀŗŚţ�ŶƇŹŵ

�Ʊřżǀưŝ�řŹ�ƪŗŚƀƯ�ƪů�ƱŚƯŻ�ƹ�ƵŵƺưƳê�Ţſř�Ƶŵřŵ�ƂƷŚƧ�źŝřźŝ����
��

��

��

��

æ��ƶƯŶƤƯ��
����������ƴƧŚţ�ŻŚŝ�źƿŵ�Żř�Ʊō�ŢǀưƷř�ƹ�ƶǀƬƤƳ�ƪƿŚſƹ�ƾŝŚƿźǀƀƯ�ƕƺƋƺƯ���ŵŹƺºƯ�Ʊƺ

���Ţſř�Ƶŵƺŝ�ƱŚƷƹĦě�ƂƳřŵ�ƹ�ƲǀƤƤŰƯ�ƶūƺţ�����ŚºƷ�ƮŤƀºǀſ�Ʋƿźţ�ƩƺưƘƯ
�����������Ŷºƴģ�ƶºǀƬƤƳ�ƪƿŚºſƹ�ƾŝŚºƿ�źǀƀºƯ�ƶƬŘƀºƯ��ƖºƿŻƺţ�ƹ�ƂŴě�ƽŚǀƳŵ�Źŵ

��ƾƷŚĮŤƀƿřó������������ƱŵƺºưƳ�ƪƣřŶºů�ƝŶƷ�Śŝ�ƾŰƐſ�Ŷƴģ�ƹ�ƾƫƺƈŰƯ�Ŷƴģ�
ƾƯ�ƖƿŻƺţ�ƽŚƷ�ƶƴƿżƷ�ŶƃŚŝ@æ�> 

�����������ř�ƶºƴǀƸŝ�ƵŵŚƠŤſř�Ʊō�ƝŶƷ�ƶƧ�Ţſř�ƾŤǀƫŚƘƟ�ƶǀƬƤƳ�ƪƿŚſƹ�ƾŝŚƿźǀƀƯ�Ż
��������������ƶºŝ���ƲǀºƘƯ�ŶºƗƺƯ�Źŵ�ƱŚƿźŤƄƯ�ƽŚƋŚƤţ�ƲǀƯŚţ�ŹƺƔƴưŝ��ƖƿŻƺţ�ƖŝŚƴƯ

�������������ƾºƯ�ƶºƴƿżƷ�ƪƣřŶºů�Śºŝ�ƲǀƘƯ�ƱŚƨƯ�Źŵ�ƹ�ƲǀƘƯ�ƱřżǀƯ��ŶºƃŚŝ����ƲºƿřŹŵ
���������������ƽźºſ�Ʀºƿ�ƭŚºŬƳř�ƶŝ�ŻŚǀƳ�ƽźŤƄƯ�ƶŝ�ƩƺƈŰƯ�źƷ�ƪƿƺŰţ�ŚƷ�ƮŤƀǀſ

����Ţſř�ƞƬŤŴƯ�ƪůřźƯ�Źŵ�šŚǀƬưƗ�������ƪºưů�źĮƳŚºǀŝ�ƮŤƀǀſ�Żř�ƶƬůźƯ�źƷ
�����Ŷƴģ�Śƿ�Ʀƿ�Ǝſƺţ�ǇŚƧ�Ŷƴģ�Śƿ�Ʀƿ������ƶºƐƤƳ�ƶºŝ�ƶºƐƤƳ�Ʀºƿ�Żř�ƲǀºƃŚƯ�

�Ţſř�źĮƿŵ��Źŵ����������ƱŚƿźŤƄƯ�řŹ�ǇŚƧ�šŚǀƬưƗ�ƭŚŬƳř�ƶƬůźƯ�źƷ�ƮŤƀǀſ�Ʋƿř
ŶƴƨǀƯ�źŤƨƿŵżƳ�ƾƿŚƸƳ����

�������������������ƖºƿŻƺţ�ƽŚºƷ�ƶºƴƿżƷ�ƩźºŤƴƧ�ƽŚºƸƷřŹ�ƲƿźºŤƸŝ�ƹ�ƲƿźŤưƸƯ�Żř�ƾƨƿ
�������ƽřźºŝ�ŵƹŶºŰƯ�ƖŝŚƴƯ�ƆǀƈŴţ�šŚǀƬưƗ�ŵŹƺƯŹŵ�ŮǀŰƇ�ƽźǀĭ�Ʈǀưƈţ

��ǇƺƈŰƯ�Żř�Ʀƿ�źƷ�ƽřźŝ�ƖƿŻƺţ�ƶŤƃŚŞƳř�ƲǀǀƘţ��ŭƺƐºſ���ŚƷźǀƀƯ�Źŵ�š
���Ţſř�ƞƬŤŴƯ�ƾůřƺƳ�ƹ����������ƭŶºƗ�ƶǀƬƤƳ�ƪƿŚſƹ�ƾŝŚƿźǀƀƯ�ƽŚƸƫŶƯ�Źŵ�řźƿŻ

ŚƷŹŚŞƳř�Źŵ�ƽŵƺūƺƯ�ƂƿřżƟř���ƶǀƬƤƳ�ƪƿŚſƹ�ŢǀƟźƓ�Żř�ƪƯŚƧ�ƵŵŚƠŤſřƽ�
����������ƮŤƀǀſ�ƶŝ�řŹ�ƽŵŚƿŻ�ƶƴƿżƷ�ƾƳǇƺƏ�ƾŝŚƿźǀƀƯƹ�ƖƿŻƺţ�ƞƬŤŴƯ�ƪůřźƯ

ŶƴƨǀƯ�ƪǀưŰţ@ç��> 

�������ƬƤƳ�ƪƿŚſƹ�ƾŝŚƿ�źǀƀƯ�Źŵ�ƾŤƿźƿŶƯ��šŚưǀưƈţ�����ƱřƺŤǀƯ�ƾƬƧ�ŹƺƐŝ�řŹ�ƶǀ
���������������ƵŚºţƺƧ�ƹ��šŶƯ�ƱŚǀƯ���šŶƯ�ŶƴƬŝ�ƽźǀĭ�Ʈǀưƈţ�ƪŗŚƀƯ�ƶŤſŵ�ƶſ�Źŵ

�����ŵƺưƳ�ƽŶƴŝ�ƮǀƀƤţ�šŶƯ������ǇƺưƘƯ�šŶƯ�ŶƴƬŝ�ƪŗŚƀƯ�Źŵ����źŤƄǀŝ�ŶǀƧŚţ
��ƽŚººƸƿźǀĭ�Ʈǀưƈººţ�ƪƯŚººƃ�ƹ�Ƶŵƺººŝ�ƾººƬƧ�ƽŚººƷŻŚǀƳ�ƾººƴǀŝ�Ƃǀººě�źººŝ
���������šřżºǀƸŬţ�śŚŴŤƳř���ƖƿŻƺţ�ƽŚƷŹŚŞƳř�ƪŰƯ�śŚŴŤƳř�ƪǀŞƣ�Żř�ƦƿĦţřźŤſř

�ƿōźƟ�ƹ�������������ƹ�ŶºƿŶū�ƽŚƷźǀƀºƯ�ŵŚŬƿř���šǇƺƈŰƯ�ƕƺƳ�śŚŴŤƳř���ƖƿŻƺţ�Ŷƴ
�������Ţºſř�ƱŚƿźŤƄƯ�ƽŚƋŚƤţ�ƾƴǀŝ�Ƃǀě�����������šŶºƯ�ƱŚºǀƯ�ƽżºƿŹ�ƶºƯŚƳźŝ�Źŵ

�������ƖƿŻƺţ�ƽŚƷ�ƶŤƃŚŞƳř�ƲǀǀƘţ����ƱŚƿźŤƄƯ�ƽŶƴŝ�ƶŤſŵ�ƱƺĤưƷ�ƽŵŹřƺƯ
�����������ƕƺºưŬƯ�ƱŵƺºưƳ�ƪƣřŶºů�ƝŶºƷ�Śºŝ�ƶǀƬƤƳ�ƪƿŚſƹ�Żř�ƦƿźƷ�ƾŝŚƿźǀƀƯ

�����ŵźǀĮǀƯ�Źřźƣ�źƔƳŵŹƺƯ�ƖƿŻƺţ�ƽŚƷ�ƶƴƿżƷ��������šŶƯ�ƵŚţƺƧ�ƽżƿŹ�ƶƯŚƳźŝ�Źŵ
�������������ƾƫřƺºţ�ƲǀºǀƘţ���ƶºƳřŻƹŹ�ƪƤƳƹ�ƪưů�šŚǀƬưƗ�ƽŶƴŞƳŚƯŻ�Ʊƺģ�ƾƬƿŚƀƯ
�����������������ŵŹƺºƯ�ƖºƿŻƺţ��šŚºǀƬưƗ�ƶºŝ�ƪƿŚºſƹ�ƆǀƈŴţ�ƹ�ƪƤƳ�ƹ�ƪưů�šŚǀƬưƗ

ŶƃŚŞǀƯ�ƶūƺţ@è�> 

ƕƺƋƺƯ�ƶŝ�ƲŤųřŵźě�ƵŻƹźƯřƸŝ�ǀ�ƶƴƿŝŚƾƹźſ�ŶŞſ�ƿŚƀƯ�Źŵ�žƿƪ�źǀƀƯ�
řżƟř�ŢŴſ�ƶūƺŤƯ�ƶƨƳō�Żř�ƪŞƣ�ƶǀƬƤƳ�ƪƿŚſƹ�ƾŝŚƿ�ŹƺŰƯ�Ʃƺů�ŶƃŚŝ�Ź

� ŶƳżǀƯ� Źƹŵ� ŹřżƟř� ƭźƳ� �� ŶƿŶū�ƽŚƸƃƹŹ�ƾƴƘƿ��ƹ�ƽŹƹ� ƵźƸŝ�ƂƿřżƟř�
ŚƟźƇ�řŹ�ƶƴƿżƷ�ƂƷŚƧ���źƨƠŝ�ƶƨƳō�Żř�ƪŞƣ�ƹ�ŶƳřŵ�ƾưƳ�ƖŝŚƴƯ�ƂƿřżƟř�Źŵ

ƵĦƿƹ�ŢǀưƷř��ŶƴƃŚŝ�ŶƿŶū�ƖŝŚƴƯ�ƽřźŝ�ƾƟŚƋř�ƽŹřŸĭ�ƶƿŚƯźſ�ƹ�ƶƘſƺţ�
Ţſř� ƪŗŚƣ� ƾſźŤſŵ� Źŵ� ƖŝŚƴƯ� Żř� źŤƸŝ� ƶģźƷ� ƽźǀĭŹŚƨŝ� ƽřźŝ� ƽř��
�ƾŝŚƿźǀƀƯ� Źŵ� ƶƧ� ƾŤƿźƿŶƯ� šŚưǀưƈţ� Żř� ƂŴŝ� Ʊō� źŤƸŝ� šŹŚŞƘŝ
�ƶƧ� Ƶŵƺŝ�šŶƯ�ƱŚǀƯ�šŚưǀưƈţ�Ţſř�źƔƳ� ŵŹƺƯ� źŤƄǀŝ� ƶǀƬƤƳ�ƪƿŚſƹ

�ƾƷŚĮŤƀƿř�Ŷƴģ��ƶǀƬƤƳ�ƪƿŚſƹ�ƾŝŚƿźǀƀƯó�
�ƾŰƐſ�Ŷƴģ�ƹ�ƾƫƺƈŰƯ�Ŷƴģ����

���ƖƿŻƺţ�ƽŚƷ�ƶƴƿżƷ�ƱŵƺưƳ�ƪƣřŶů���
���ƽř�ƶƨŞƃ�ƽŚƸƫŶƯ��ĦƳřźĭǇ�ŜƿřźƋ�

�ƖŝŚƴƯ�ŮǀƐƀţ�ƹ�ƆǀƈŴţ����
ƹźſ�ŶŞſƿž 
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ƸŝƸŝǀǀƶƴƶƴ��ƿƿŝŚŝŚƾƾƹźſ�ŶŞſ�ƹźſ�ŶŞſ�ƿƿŹŵ�žŹŵ�žƾŰƐſ�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ�ƾŰƐſ�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ���ŶƴģŶƴģƫƺƈŰƯƫƺƈŰƯƾƾƹ�ƹ���������������������������������������������������������������ƽźĭŹŚƧ�ŵřŵźƸƯ�ƹ�ƽźƸĜſ�ƽŶƸƯ�ŶưŰƯƽźĭŹŚƧ�ŵřŵźƸƯ�ƹ�ƽźƸĜſ�ƽŶƸƯ�ŶưŰƯ������������������������êæ���

  
�ƾŝŚƿźǀƀƯ�ƹ�ƖƿŻƺţ�ƽŚƷ�ƶŤƃŚŞƳř�ƱřżǀƯ�ƲǀǀƘţ���ƱŚƿźŤƄƯ�ƽŶƴŝ�ƶŤſŵ

ƮŤƀǀſ� Źŵ� řźƿŻ� �Ţſř� Ʊō� ƮƸƯ� ƪŗŚƀƯ� ƶƬưū� Żř��Żř� ŶƘŝ� ƖƿŻƺţ� ƽŚƷ
řżǀƸŬţ� ƹ� ƱŚƿźŤƄƯ� ƽŚƋŚƤţ� ƲǀǀƘţƽƹŹźŝ� šŚǀƬưƗ� �ƪưů� š�

ƶŤſŵ�ƽŶƴŝƱŚƿźŤƄƯ��šŹƺƇ� ƾŝŚƿźǀƀƯ� ƹ� ƖƿŻƺţ� ƶŤƃŚŞƳř� ƱřżǀƯ� �
ŵźǀĮǀƯ� ��ƹ�ƩźŤƴƧ�ƽŚƸƷřŹ�ƲƿźŤƸŝ� ƹ�ƲƿźŤưƸƯ� Żř�ƾƨƿ�ŽŚſř�Ʋƿřźŝ

ƶƴƿżƷ� ƂƷŚƧ��ƽŶƴŝ� ƶŤſŵ� ƅƺƈųŹŵ� ƽźǀĭ� Ʈǀưƈţ� �ƖƿŻƺţ� ƽŚƷ
�Żř�Ʀƿ�źƷ�ƽřźŝ�ŮǀŰƇ�ƾŝŚƿźǀƀƯ�ƹ�ƖƿŻƺţ�ƶŤƃŚŞƳř�ƲǀǀƘţ� �ƱŚƿźŤƄƯ

Źŵ�ƶǀƬƤƳ�ƪƿŚſƹƾƯ�ŵƺƿźě�źƷ�ŶƃŚŝ����
�Śţ�ƽżƧźƯ� ŹŚŞƳř�Ʋǀŝ�źǀƀƯ�ŢǀưƷř�ƶǀƬƤƳ�ƪƿŚſƹ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯŹŵ
�ƹ� ŹŚƨƃō� ŹŚǀƀŝ� ƱŚƿźŤƄƯ� ŹŚŞƳř� Śţ� ƾƳŚǀƯ�ƽŚƷŹŚŞƳř� ƹ� ƾƳŚǀƯ�ƽŚƷŹŚŞƳř

ǇƺưƘƯƹ�Ţſř�źƿŸěŚƳ�ŹŚƨƳř���ŶƴƨǀƯ�ƪǀưŰţ�ƮŤƀǀſ�źŝ�ƽŵŚƿŻ�ƶƴƿżƷ��
ƹ�� Ţſř� ŹřŵŹƺųźŝ� ƽř� ƵĦƿƹ� ŢǀưƷř� Żř� ŚƷźǀƀƯ� Ʋƿř� ƩźŤƴƧ� řŸƫ��

�ƱŚƿźŤƄƯ�ŶƿŚŝ�ƾŝŚƿźǀƀƯ�šŚǀƬưƗ�Żř�ƪŞƣ�ƪƇř�Ʀƿ�ƱřƺƴƘŝ�ƲǀƴĤưƷ
�šŚǀƬưƗ� ƖƿŻƺţ� ƶŤƃŚŞƳř� ƱřżǀƯ� ƲǀǀƘţ� Żř� žě� ƹ� ƵŶƃ� ƽŶƴŝ� ƶƤŞƏ

ŵƺƃ�ƭŚŬƳř�ƾŝŚƿźǀƀƯ���Źŵ�Śŝ�ƶƧ�ƮǀŤƀƷ�ƾƿŚƷźǀƀƯ�ƩŚŞƳŶŝ�ŚƯ�ƲƿřźŝŚƴŝ
�ƽŚƋŚƤţ� ƶƴƿżƷ� ƪƣřŶů� Śŝ� �ƪưů� ƪƿŚſƹ� ŢƿŵƹŶŰƯ� ƲŤƟźĭ� źƔƳ

ƲǀƯŚţ� ŹźƤƯ�ŶƗƺƯ� Źŵ� řŹ�ƱŚƿźŤƄƯ�ŶƴƧ��ƹŹźŝ�ŶǀƧŚţ�ƢǀƤŰţ�ƲƿřŹŵƽ�
��ƱŚƿźŤƄƯ�ƽŶƴŝ� ƶƤŞƏ�ƽƹŹ�ƅŚų� ŹƺƐŝ� ƹ�šŶƯ�ƱŚǀƯ�ƽżƿŹ�ƶƯŚƳźŝ

� Ţſř� ƾŝŚƿźǀƀƯ� ƹ� ƖƿŻƺţ� ƶŤƃŚŞƳř� ƲǀǀƘţ� ��ƾŝŚƿźǀƀƯ� ƶƬŘƀƯ� ƪů
��ƱŚƿźŤƄƯ� ƽŶƴŝ� ƶƤŞƏ� �� ƱŚƿźŤƄƯ� ƽŚƋŚƤţ� ƾƴǀŝ� Ƃǀě� ƭżƬŤƀƯ

ƹ� ƪưů� ƪƿŚſƹ�ƆǀƈŴţ��ƾŝŚƿźǀƀƯ� ƹ� ƖƿŻƺţ� ƶŤƃŚŞƳř� ƲǀǀƘţ� �ƪƤƳ
ƾƯ�ŶƃŚŝ��ŵ�ƹ�ŮǀŰƇ�šŹƺƈŝ�ƪůřźƯ�ƶưƷ�Źŵ�šŚưǀưƈţ�ƶƧ�ƾţŹƺƇ�Ź

ƶƴƿżƷ�ƱŶƃ�ƪƣřŶů�ŦƗŚŝ�ŵƺƃ�ƭŚŬƳř�Ɩƣƺưŝ�Ţſř�ƖƿŻƺţ�ƹ�ƂŴě�ƽŚƷ����
�ƱŚĭƹŚƳ�ŢƿźƿŶƯ� ��ƪƤƳƹ�ƪưů�ŦŰŝŹŵ�ƽŶǀƬƧƹ�ƮƸƯ�ƪŗŚƀƯ� Żř�ƾƨƿ
�ƹ�ƽŹƹō�Ɩưū�šŚƯŶų�ƶŗřŹř�ƽřźŝ�ƵŵŚƠŤſř�ŵŹƺƯ�ƲĮưƷŚƳ�ƶǀƬƤƳ�ƪƿŚſƹ

ƿźŤƄƯ�ƹ�ƱŚĭŶƴƃƹźƟ�ƽř�ƶƗƺưŬƯ�Ʋǀŝ�ƖƿŻƺţ�ƽŚƋŚƤţ�ƹ�ƶƋźƗ� Śŝ�ƱŚ
�ŶƃŚŞǀƯ�ƶƟźƇ�ƶŝ�ƱƹźƤƯ�ƹ�ƽŵŚƈŤƣř�ƽř�ƶƳƺĮŝ�ƆŴƄƯ���ƮŤƀǀſźƿŶƯ

�ŵŹƺƯ�ƶǀƬƤƳ�ƪƿŚſƹ�ŵřŶƘţ�ƅƺƈų�Źŵ�ŶƿŚŝ�ŚƸƴţ�ƶƳ�ƖƿŻƺţƹ�ƽŹƹō�Ɩưū
�ƱŚƿźŤƄƯ�ƭřŶƧ�ƶƧ�ŶƴƧ�ƆŴƄƯ�ŶƿŚŝ�ƶƨƬŝ� �� ŵźǀĮŝ�Ʈǀưƈţ� ƵŵŚƠŤſř
�ƪƣřŶů� Śŝ�ƾƫřƺţ� ƹ�ŶƳźǀĮŝ�žƿƹźſ�ŶƿŚŝ�ƽř� ƶǀƬƤƳ�ƪƿŚſƹ�ƶģ�Ǝſƺţ

ƴƿżƷ�ŶƴƧ�ƆŴƄƯ�żǀƳ�řŹ�ƽŵƺūƺƯ�ƹ�ƪƤƳ�ƹ�ƪưů�ƶ���ƶƧ�ƾţǇƺƈŰƯ
�ƽŹƹō�Ɩưū�šǇƺƈŰƯ�ƹ�ƵŶƃ�ƽźǀĭŹŚŝ�ŹŚŞƳř�Źŵ�ŵƺƃ�ƖƿŻƺţ�ŢſřŹřźƣ

řŵŶŬƯ�żǀƳ�ƵŶƃ��ƾƯ�ƵŶƳřŵźĭŻŚŝ�ŹŚŞƳř�ƶŝ�ŶƳƺƃ���ƆǀƈŴţ�Śŝ�šŚǀƬưƗ�Ʋƿř
ŵƺƄǀƯ�ƕƹźƃ�źǀƀƯ�Ʀƿ�ƶŝ�ƶǀƬƤƳ�ƶƬǀſƹ�Ʀƿ���ŹŚŞƳř�Ʀƿ�Żř�źǀƀƯ�źƷ

řŵŶŬƯ� ƹ� ŵƺƄǀƯ� ƕƹźƃ� �Ʊō� ƶŝƾƯ� ƮŤų��ŵƺƃ� ��ŶƿŚŝ� źǀƀƯ� źƷ� ƽřźŝ
� ŵƺƃ� ƲǀƯŚţ� ƪưů� ƪƿŚſƹ�ŢǀƟźƓ� ƹ�ƽŹŚƧ� ƱŚƯŻ� ƽŚƷ�ŢƿŵƹŶŰƯ��
�Ǝſƺţ�ŶƿŚŝ�ƽźŤƄƯ�źƷ�ŶƃŚŞƳ� ŻŚŬƯ� ŚƋŚƤţ�ƮǀƀƤţ�źĭř�Ʋƿř� źŝ� ƵƹǈƗ

ŵźǀĮŝ�žƿƹźſ� ƶƬǀſƹ�Ʀƿ� ��ƾŝŚƿźǀƀƯ� ƶƬŘƀƯ� ƕƺƳ� ƲƿŶƴģ� ƱƺƴƧŚţ
Ƴř�ƶŤƟźĭŹřźƣ�ƾſŹźŝ�ƹ�ƶƘƫŚƐƯ�ŵŹƺƯ�ƕƺƋƺƯ�šŚǀŝŵř�Źŵ�ƶǀƬƤƳ�ƪƿŚſƹŶ��
ŶƳŹřŵ�ƵŹŚƃř�ƾţƹŚƠŤƯ�ƽŵźŝŹŚƧƹ�ƾƬưƗ�šǇŚů�ƶŝ�ƪŗŚƀƯ�Ʋƿř�ƶģ�źĭř��
�ƽřźŝ� ƶǀƬƤƳ� ƪƿŚſƹ� źŧƺƯ� ƹ� řŹŚƧ� ŢƿźƿŶƯ� ƶƬŘƀƯźŝ� ŚƸƳō� ƾĮưƷ� ƾƫƹ

ƶƗƺưŬƯ�ƶŝ�ƾƷŵ�žƿƹźſ�ŶƴŤƀƷ�żƧźưŤƯ�ƱŚƿźŤƄƯ�Żř�ƽř��ƶƴƿżƷ��ƽŚƷ

�ƮǀƀƤţ� źƿŻ� ƶŤſŵ� ƶſ� ƶŝ� ƾƬƧŹƺƐŝ� ƶǀƬƤƳ� ƪƿŚſƹ� ƾŝŚƿźǀƀƯ� ƶƬŘƀƯ
ŶƳƺƄǀƯ����
 �ŵřƺƯ�ƲǀƯŚţ�ƱŚĭŶƴƴƧ�ƲǀƯŚţ�Żř�ŻŚǀƳŵŹƺƯ�šŚƘƐƣ�ƹ�ƶǀƫƹř��
 �ƶƳŚųŹŚƧ�ƱƹŹŵ�Źŵ�ƶŤųŚſ�ƶưǀƳ�šŚƘƐƣ�ƹ�ŵřƺƯ�ƾƿŚŬŝŚū 

 �ƱŚƿźŤƄƯ�Ʋǀŝ�Źŵ�ƾƿŚƸƳ�šǇƺƈŰƯ�ƖƿŻƺţ�ƹ�ƂŴě 

ƶƴƿżƷ�� Ʋǀŝ� ƪƤƳƹ� ƪưů� ƽŚƷ�50�10� ��ƵŶƃ� ƭŚưţ� Ţưǀƣ� ŶƇŹŵ
�ƪưů� ƽŚƷ� ƶƴƿżƷ�ƂƷŚƧ� ƲƿřźŝŚƴŝ� �� ŶƷŶǀƯ� ƪǀƨƄţ� řŹ� šǇƺƈŰƯ

ƾƸūƺţ�ƪŝŚƣ�źǀŧŚţ�ƪƤƳƹ�ŶƷřƺų�šǇƺƈŰƯ�ƵŶƃ�ƭŚưţ�Ţưǀƣ�ƂƷŚƧźŝ�
Ţƃřŵ@é��ë�>��ŵŹřƺƯ� Żř�ƦƿźƷŹŵ�ŮǀŰƇ�šŚưǀưƈţ� Ÿųř� ƶƧ� ŚŬƳō� Żř

�Ʊō� ƽŹƹ� ƵźƸŝ� ƹ� ƪƤƳƹ� ƪưů� ƮŤƀǀſ� ŵźƨƬưƗ�ƂƿřżƟř� ƽƹŹźŝ� ơƺƟ
�ƖƿŻƺţ�ƹ�ƂŴě�ƽŚƸŤƧźƃ�ŢŝŚƣŹ�ŢǀƬŝŚƣ�ƹ�ƾƿŚƳřƺţŹŵƹ�Ƶŵƺŝ�ŹřŸĭźǀŧŚţ

ƵŶƴƴƧ�ƲǀǀƘţ�ƂƤƳ�ŚƀƫŶƯ�ƽŚƸƃƹŹ�ŵƺŞƸŝ�ƹ�ƶƘſƺţ��ŵŹřŵ�ƽř�ƪů�ƹ�ƽŻ
ŚƸƫŶƯƽƸŝ�ǀ�ƶƴƿŝŚƾſ�ǀƹźſ�Ŷƿ�Źŵ�ž��ƶǀƬƤƳ�ƪƿŚſƹ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ

�ƱŵƺưƳ�ƪƣřŶů�ƝŶƷ�Śŝ�ƾŰƐſ�Ŷƴģ�ƹ�ƾƫƺƈŰƯŶƴģ�ƾƷŚĮŤƀƿř�Ŷƴģ
ƶƴƿżƷ��ƾſŹźŝ� ŵŹƺƯ�ƶƫŚƤƯ�ƲƿřŹŵ� ƹ� ƶŤƃřŵ�ƽŵŚƿŻ�ŢǀưƷř�ƖƿŻƺţ�ƽŚƷ

ƾƯ� Źřźƣ�ŵźǀĭ���ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ� Źŵ�ƾŤƿźƿŶƯ�šŶƯ�ƱŚǀƯ�šŚưǀưƈţ
Ʒř� ƽřŹřŵ� ƶǀƬƤƳ� ƪƿŚſƹ� ŶƃŚŞǀƯ� ƽźŤƄǀŝ� Ţǀư� ��Źŵ� ƮƸƯ� šŚưǀưƈţ

�ƲǀǀƘţ� � �ƱŚƿźŤƄƯ�ƽŶƴŝ�ƶŤſŵ�ƪƯŚƃ�ƢǀƤŰţ�Ʋƿř�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ
� ƖƿŻƺţ� ƽŚƷ� ƶŤƃŚŞƳřƹ�ƝŶƷ� Śŝ� ƶǀƬƤƳ� ƪƿŚſƹ� Żř� ƦƿźƷ� ƾŝŚƿźǀƀƯ�

ƾƯ�ƖƿŻƺţ�ƽŚƷ�ƶƴƿżƷ�ƕƺưŬƯ�ƱŵƺưƳ�ƪƣřŶů�ŶƃŚŝ� ��ƽŚƸƫŶƯ� Źŵ� řźƿŻ
ƾƷŚĮŤƀƿř� Ŷƴģ� ƾŝŚƿźǀƀƯó�Żř� ŶƘŝ� ƾŰƐſŶƴģ� ƹ� ƾƫƺƈŰƯ� Ŷƴģ�

ƶƃƺų�šŚǀƬưƗ��ƖƿŻƺţ� ƶŤƃŚŞƳř� ƵŻřŶƳř�ƲǀǀƘţ� ƶŝ�ŢŝƺƳ�ƱŚƿźŤƄƯ�ƽŶƴŝ
ƹ� ŭƺƐſ� �ŚƷźǀƀƯ� Źŵ� šǇƺƈŰƯ� Żř� Ʀƿ� źƷ� ƽřźŝ��ƞƬŤŴƯ� ƾůřƺƳ

ŵƺƄǀƯ��ŵƺƄǀƯ�ƭŚŬƳř�ƾŝŚƿźǀƀƯ�šŚǀƬưƗ�žĜſ@ì��>�ƪƇř�Ʀƿ�ƱřƺƴƘŝ
ƾƯ� ƾƬƧ��ƱŚƯŻ� �ŶƃŚŝ� źŤĭŹżŝ� ƪƤƳƹ� ƪưů� ƪƿŚſƹ� ƶģźƷ� �ŢƠĭ� Ʊřƺţ

ƶŤƟŚƿ�ƂƿřżƟř�ƽŻřŶƳřŹŚŝ�ƹ�ƽźǀĭŹŚŝ�ŶŝŚŞǀƯ�ƂƷŚƧ�źǀƀƯ�ƾƏ�ƱŚƯŻ�ƹ�
@í�>�ǀſ�ƢǀƠƬţ�ŽŚſř�ƲƿřźŝŚŢſ��ƶŤƃŚŞƳř� ƲǀǀƘţ� �ƽŶƴŝ� ƶƃƺų�ƽŚƷ

�ƹ�ŭƺƐſ��ƪůřźƯ� Żř�ƦƿźƷŹŵ�ƶǀƬƤƳ�ƪƿŚſƹ�ƾŝŚƿźǀƀƯ�ƹ�ƖƿŻƺţ�ƽŚƷ
ƾƯ�ƪƣřŶů�řŹ�ƖƿŻƺţ�ƮŤƀǀſ�ƽŚƷ�ƶƴƿżƷ���ƞƬŤŴƯ�ƾůřƺƳ�ŶƴƧ@î�> 

 ����ƱřŹŚƨưƷ�ƹ�šŹƺěǇ@æå�>��������ƽřźºŝ�ŶºƿŶŰţ�ƹ�śŚƘƄƳř�ƮŤƿŹƺĮƫř�Ʀƿ
�Ư�ƪů��ƪŗŚƀMDVRP����������ŶºƳŵƺưƳ�ƽŹƹōŵŚºƿ�ƱŚƄƿř���ŶƳŵƺưƳ�ƶŗřŹř��

������������ŜºſŚƴƯ�ƦºģƺƧ�ƪŗŚƀºƯ�ƪºů�ƽřźºŝ�ƎºƤƟ�ŚƷ�ƮŤƿŹƺĮƫř�Ʋƿř�ƶƧ
ŶƴŤƀƷ����

 ����ƭŚųŹŚƯ�ƹ�ŢſřźĤǀƯŚſ@ææ>������������ƭŚºų�ŵřƺºƯ�ƪºƤƳ�ƹ�ƪºưů�ƶƬŘƀºƯ�
�ŜººƫŚƣ�Źŵ�řŹ�šŚƀººǀſŚţ�Żř�ƽř�ƶººƗƺưŬƯ�ƶººŝ�ƵŚĮŤƀººƿř��ƲƿŶººƴģŻř

MDVRPŶƳŵźƧ�ƶƫƺƯźƟ������
 ���ƱřŹŚƨưƷƹ�ƱƺŤſřƹ@æç�>��ſ�ƩŶƯ�Ʀƿ�������ƽřźºŝ�ƽŻŚºſ�ƶƴǀƸŝ�ƶƿǇ�ƶ

�ŶƳŵƺưƳ�ƶŗřŹř�ƽŶǀƫƺţ�šŚŬƳŚųŹŚƧ�šǇƺƈŰƯ�ƪƤƳƹ�ƪưů�ƮŤƀǀſ 

 ����ƱřŹŚƨưƷ�ƹ�ŹŚǀŞƯŚƳ@æè�>�������������ƝŸºů�Śºŝ���ƶºƿǇ�ƶºſ�ƩŶºƯ�ƪů�ƽřźŝ
����řŹ�Ʊō�žĜºſ�ƹ�ƪƿŶŞţ�ƶƿǇ�ƹŵ��ƩŶƯ�ƶŝ�řŹ�ƶƬŘƀƯ�ƾƳŚǀƯ�ƽŚƷŹŚŞƳř

����ŶƳŵƺưƳ��ƪů�����������ƶºƿǇ�Ŷƴģ�ƽŚƸƫŶƯ�ƶưƷ�ƶƧ�ŶƴŤƃřŵ�ƵŶǀƤƗ�ƱŚƄƿř
Ǉ�ƹŵ�ƽŚƸƫŶƯ�Śŝ�ŶƃŚŞǀƯ�ƪů�ƪŝŚƣ��ƶƿ� 
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êçêç���������ƸŝƸŝǀǀƶƴƶƴ��ƿƿŝŚŝŚƾƾƹźſ�ŶŞſ�ƹźſ�ŶŞſ�ƿƿŹŵ�žŹŵ�žƾŰƐſ�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ�ƾŰƐſ�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ���ŶƴģŶƴģƫƺƈŰƯƫƺƈŰƯƾƾƹ�ƹ�����������������������������������������������������������������ƽźĭŹŚƧ�ŵřŵźƸƯ�ƹ�ƽźƸĜſ�ƽŶƸƯ�ŶưŰƯƽźĭŹŚƧ�ŵřŵźƸƯ�ƹ�ƽźƸĜſ�ƽŶƸƯ�ŶưŰƯ  

 ����ƱřŹŚƨưƷ�ƹ�ŢſźƯ@æé�>��������ƮŤƀºǀſ�ƽřźŝ�řŹ�ƶƿǇ�ŹŚƸģ�ƩŶƯ�Ʋǀƫƹř
�������ŶºƳŵƺưƳ�ƶŗřŹř�šŚŬƳŚųŹŚƧ�šǇƺƈŰƯ�ƖƿŻƺţ������ƾŝŚƿźǀƀºƯ�ƶƬŘƀºƯ

������Ǝſƺţ�ƾƫƺƈŰƯ�Ŷƴģ�ƶǀƬƤƳ�ƪƿŚſƹ�����ƽŶºǀƫƺƷ�ƹ�ƱŹƹ@æê>���ŵŹƺºƯ�
���ŢƟźĭŹřźƣ�ƾſŹźŝ���ƶƫŚƤƯ�Ʋƿř���ƽřŹřŵ������ƽřźºŝ�ƶºƿǇ�ƶºſ��ƩŶƯ�Ʀƿ�

ŹŚƧ�šǇƺƈŰƯ�ƪƤƳƹ�ƪưů�Ţſř�ƵŵƺưƳ�ƶŗřŹř�šŚŬƳŚų����
 Ţƿƺƴŝ ƹ ƱřŹŚƨưƷ @æë> ƶƬŘƀƯ źǀƀƯ ƾŝŚƿ ƪƿŚſƹ �ƶºǀƬƤƳ �Ŷºƴģ 

����ŶºƳŵřŵ�Źřźºƣ�ƪºǀƬŰţ�ŵŹƺƯ�řŹ�ƾƷŚĮŤƀƿř� ����ƹ�ŵřŶºƘţ�ƩŶºƯ�ƲºƿřŹŵ
�Ţſř�ƵŶƃ�ƉźƟ�ŵƹŶŰƯ�ƶǀƬƤƳ�ƪƿŚſƹ�ŢǀƟźƓ�� 

 �ƺƠƫŵƹŹ ƹ ƮƿŚū @æì> Ʀƿ ƩŶƯ ƾŝŚƿźǀƀƯ ƪƿŚſƹ �Ŷƴģ� ƶǀƬƤƳ
ƪƯŚƃ�ƾƷŚĮŤƀƿř ƵŻŚŝ ƾƳŚƯŻ ƪƿƺŰţ ƧǇŚ ƶŝ ƽźŤƄƯ �ƾſŹźŝ� řŹ

ŶƳŵźƧ� �� ŵŹřŵ� ƶƬůźƯ� ƶſ� ƶƫŚƤƯ�Ʋƿř� �ƶƃƺų�Ʃƹř� � ƶƬůźƯ �ƽŶƴŝ
�ƽŚƷźǀƀƯ�ŵƺŞƸŝ�ƭƺſ�ƶƬůźƯ�ƹ�ƾŝŚƿźǀƀƯ�ƭƹŵ�ƶƬůźƯ��ƱŚƿźŤƄƯ

�ŶƃŚŞǀƯ�ƵŶƃ�Ŷǀƫƺţ� 

 �ƽŹŚſ�ƹ�ƾŰƫŚƇ@æí�>�ƽřźŝ�ƾŞǀƧźţ�ƦǀŤſŹƺǀƷ��ƮŤƿŹƺĮƫř�Ʀƿ
�ƶŗřŹř� ƾŰƐſ� Ŷƴģ� ƹ� ƾƷŚĮŤƀƿř� Ŷƴģ� ƾŝŚƿźǀƀƯ� ƪƿŚƀƯ� ƪů

�ŶƳŵƺưƳ���ƆǀƈŴţ�Ʃƹř�ƶƬůźƯ�Ţſř�ƶƬůźƯ�ƶſ�ƽřŹřŵ�ƩŶƯ�Ʋƿř
�ƦƿźƷ�Źŵ�źǀƀƯ�Ŷǀƫƺţ�ƭƹŵ�ƶƬůźƯ���ŹŚŞƳř�ƲƿźŤƨƿŵżƳ�ƶŝ�ƱŚƿźŤƄƯ
ŶƃŚŞǀƯ�ƵŶƃ�Ŷǀƫƺţ�ƽŚƷźǀƀƯ�ŵƺŞƸŝ�ƭƺſ�ƶƬůźƯ�ƹ�ŚƷ�ƶƃƺų�Żř� 

 �ƱřŹŚƨưƷ�ƹ�ƾůǈƟ@æî>�Ʀƿ�ƹ�ƕƺƴưƯ�ƽƺŬŤƀū�ƮŤƿŹƺĮƫř�Ʀƿ�
�Ŷƴģ�ƾŝŚƿ�źǀƀƯ�ƪŗŚƀƯ�ƽřźŝ�ƾŞǀƧźţ�ƦǀŤƳĥ�ƮŤƿŹƺĮƫř�ƾƫƺƈŰƯ

�ŶƳŵƺưƳ�ƶŗřŹř��Ţſř�ƩƺƈŰƯ�ƶſ�ƽřŹřŵ�ƱŚƄƿř�ƩŶƯ���ƶǀƬƤƳ�ƪƿŚſƹ
�ŵƺūƹ� ƖƿŻƺţ� ƵŚĮŤƀƿř�Ʀƿ�ƎƤƟ� ƹ� ƵŶƃ� ƶŤƟźĭ� źƔƳ� Źŵ� ƱŚƀƨƿ
�ƶǀƬƤƳ� ƪƿŚſƹ�ƾŝŚƿźǀƀƯ� ƶƬŘƀƯ�ƾƋŚƿŹ� ƩŶƯ� ƶƫŚƤƯ� ƲƿřŹŵ� ŵŹřŵ
�ƶŗřŹř�ŮǀŰƇ�ŵŶƗ�ƾƐų�ƽżƿŹ�ƶƯŚƳźŝ�šŹƺƈŝ�ƩƺƈŰƯ�Ŷƴģ�ƽřźŝ

�Ţſř�ƵŶƃ 

 � ƱřŹŚƨưƷ� ƹ� Śƴƿƺƫō@çå� >Ư� Ʀƿ�ƶƬŘƀƯ� ƽřźŝ� ƶƿǇ� Ŷƴģ� ƩŶ
ŵƺưƳ� ƶŗřŹř� ƶǀƬƤƳ�ƪƿŚſƹ�ƾŝŚƿźǀƀƯ� ��ƶƿǇ�ƶſ�ƽřŹřŵ�ƱŚƄƿř�ƩŶƯ

�Ţſř���ƹ�ŮǀŰƇ�ŵŶƗ�ƾƐų�ƽżƿŹ�ƶƯŚƳźŝ�ƩŶƯ�Ʀƿ�ƶƫŚƤƯ�ƲƿřŹŵ
�Ţſř� ƵŶƃ�ƶŗřŹř�ƽŹŚƨŤŝř�ƪů�ƁƹŹ�Ʀƿ� ��ŵƺų�ƩŶƯ� Źŵ�ƱŚƄƿř

Ţſř�ƶŤƟźĭ�źƔƳ�Źŵ�šƹŚƠŤƯ�ƶǀƬƤƳ�ƶƬǀſƹ�Ŷƴģ�źǀƀƯ�źƷ�ƽřźŝ��
�ƩŶƯ�ƲƿřŹŵMDVRP�Ĩƿ��ƾſŹźŝ�ŢŝŚŧ�ƽŚƋŚƤţ� Śŝ�ƾƫƺƈŰƯ
�Ţſř� ƵŶƃ� ��ŵřŶƘţ�ƾƬŞƣ� ŪƿŚŤƳ�ƲƿźŤƸŝ� Śŝ� ƶƀƿŚƤƯŹŵ�ƁƹŹ�Ʋƿř

�Ƶŵřŵ�ƂƷŚĩ� řŹ� ƵŶƃ�ƾƏ�ƽŚƷźǀƀƯ� ƹ� ŻŚǀƳ� ŵŹƺƯ� ƶǀƬƤƳ� ƪƿŚſƹ
Ţſř� 

 �ƱřŹŚƨưƷ� ƹ� Śſƺǀĭ@çæ� >�ƶƬŘƀƯ VRPTW�řŹ�ƾƷŚĮŤƀƿř�Ŷƴģ
ŶƳŵřŵ�Źřźƣ�ƾſŹźŝ�ŵŹƺƯ���ƦǀŤſŹƺǀƷ�ƮŤƿŹƺĮƫř�Ƃƃ�ƶƫŚƤƯ�Ʋƿř�Źŵ

�ƆǀƈŴţ�ƽřźŝ�Ţſř�ƵŶƃ�ƶƀƿŚƤƯ�ƹ�ƾůřźƏ�ŚƷŹŚŞƳř�ƶŝ�ƱŚƿźŤƄƯ�� 

 � ƱřŹŚĪưƷ� ƹ� ŶǀƟƺŤƀƿźģ@çç>� ƶƬŘƀƯ�MDVRP�ŢƫŚůŹŵ�
ŶƳŵřŵŹřźƣ� ƾſŹźŝ� ŵŹƺƯ� řŹ� Ʀƿŵƺƿźě� ��ƶƯŚƳźŝ� ƩŶƯ� Ʀƿ� ƱŚƄƿř

�ƽŻŚſŵřŻō�ƁƹŹ�ƶŝ�řźƳō�ƹ�ƵŵƺưƳ�ƶŗřŹř�ƩŶƯ�Ʋƿř�ƽřźŝ�ƾƐų�ƽżƿŹ
� ŶƳŵƺưƳ� ƪů� ĦƳřźĭǇ�ŜƿřźƋ��żǀƳ�ƦǀŤſŹƺǀƷ�ƁƹŹ�Ʀƿ� ƱŚƄƿř

ů�ƽřźŝŵƺưƳ�ƶŗřŹř�ƩŶƯ�Ʋƿř�ƪ����

 � ŢƿřŹ� ƹ� ƥŹǈƧ@çè� >�ƁƹŹ� ŽŚſřźŝ� ƦǀŤſŹƺǀƷ� ƁƹŹ� Ʀƿ
Ƶŵřŵ�ƶƘſƺţ�ƽŻŚſ�Ƶźǀųŷ�ŶƳř���ƶƀƿŚƤƯ�ƢƿźƏ�Żř�ƁƹŹ�Ʋƿř�ŵźƨƬưƗ

�Ţſř� ƶŤƟźĭŹřźƣ�ƾŝŚƿŻŹř� ŵŹƺƯŶƿŶŰţ� ƹ�śŚƘƄƳř�ƲǀŗŚě�ƱřźƧ� Śŝ��
źǀƀƯ� Ŷǀƫƺţ� ƁƹŹ� ƲƿźŤƸŝ� ƱřƺƴƘŝ� ƁƹŹ� Ʋƿř�ƱƺŤſ� ��ƶŤųŚƴƃ

ū��Ʀƿ�Śŝ�ƁƹŹ�Ʋƿř�Ţſř�ƵŶƃ��Śŝ�ƹ�ƵŶƃ�ƕƹźƃ�ƶūƺƯ�źǀƛ�śřƺ
�ŵŹřŵ�ƶƴƿżƷ�ƂƷŚƧ�Źŵ�ƾƘſ�ŚƷźǀƀƯ�Żř�Śţ�ƹŵ�źƷ�ŜǀƧźţ�� 

 �ŽřŶƫŚŝ�ƹ�žƨǀūŶƷ@çé>�ƶƬŘƀƯ�MDVRP��ŮƐſ�ŹŚƸģ�ƶŝ�řŹ
ŶƳŵƺưƳ�ƶƿżŬţ� ����Ţſř�ƱŚƿźŤƄƯ�ƶŝ� ŚƷŹŚŞƳř�ƆǀƈŴţ�Ʃƹř�ŮƐſ

�Ʀƿ� ƭƺſ� ŮƐſ� ��Ţſř� ŹŚŞƳř� źƷ�ƽřźŝ� ƪŗŚƀƯ� ƪů� ƭƹŵ� ŮƐſ
�ƶƬŘƀƯVRP�šŹƺƈŝ�Ţſř�Ʀƿŵƺƿźě���ƶƬŘƀƯ�Ʀƿ�źųō�ŮƐſ��ƹ
TSP�Ţſř�ƶƴǀƸŝ�ƽŚƷźǀƀƯ��Ŷǀƫƺţ�ƽřźŝ���� 

 źŞƬǀƯ�ƹ�ŢƬƿĥ@çê�>�ƪŗŚƀƯ�ƪů�ƽřźŝ�śƹŹŚū�ƮŤƿŹƺĮƫřVRP��ƶŝřŹ
�ƩŶƯMDVRP��ŶƳŵřŵ�ƶƘſƺţ��ƶƬůźƯ���ŵŹřŵ�ƶƬůźƯƹŵ�ƺĮƫř�Ʋƿř

�ƶƬŘƀƯ�Ŷƴģ�ƭƹŵ�ƶƬůźƯ�ƹ�ŚƷŹŚŞƳř�ƱŚƿźŤƄƯ�ƆǀƈŴţ�ƩƹřVRP�
�Ţſř��ƵŵŚſ���ƪŗŚƀƯ�Żř�ƭřŶƧ�źƷVRP�ſƺţƎ��śƹŹŚū�ƮŤƿŹƺĮƫř�
�ŶƳř�ƵŶƃ�ƪů� 

 � Ʋǀģ� ƹ� ƲưƬǀţ@çë� >� ƶƬŘƀƯMDVRP��ƮŤƿŹƺĮƫř� Ʀưƨŝ� � řŹ
saving �ŶƳŵźƧ�ƾſŹźŝ�� ��ƶŝ�ƱŚƿźŤƄƯ� �ƆǀƈŴţ� �Ʃƹř� ƶƬůźƯ

�ƪŗŚƀƯ�ƪů� ƭƹŵ� ƶƬůźƯ� ƹ� ŚƷŹŚŞƳřVRP��ƮŤƿŹƺĮƫř�Ǝſƺţ� ƵŵŚſ
saving �ŶƃŚŞǀƯ�ŹŚŞƳř�źƷ�ƽřźŝ���� 

 �ƱřŹŚĪưƷƹ�ƲǀƯ@çì� >ƬŘƀƯǀƬƤƳ�ƪƿŚſƹ�ƾŝŚƿźǀƀƯ�ƶ�ĨưĪŝ� řŹ� ƶ
�ŶƳŵřŵŹřźƣ�ƾſŹźŝ�ŵŹƺƯ�ƾŞǀĩźţ�ĨǀŤƳĥ�ƮŤƿŹƺĮƫř���

 ƾƟƺŝ�ƹ�ŚƀǀƯ@�çí�>�ƾŝŚƿźǀƀƯ�ƶƿǇ�Ŷƴģ�ƪŗŚƀƯ�ƕƺƳ�Ʋƿźţ�ƵŵŚſ
�ŶƳŵřŵ�Źřźƣ�ƾſŹźŝ�ŵŹƺƯ�řŹ���ŵƺŝ�ƶƿǇ�ƹŵ�ƽřŹřŵ�ƱŚƄƿř�ƶƬŘƀƯ��

 ��ƱřŹŚƨưƷ�ƹ�řŵŹƺƧ@çî>ƕƺƴưƯ�ƽƺŬŤƀū�ƁƹŹ�Ʀƿ�(TS)�ƽřźŝ�
� ƪŗŚƀƯ� ƪůMDVRP�� ŶƳŵƺưƳ� ƶŗřŹř� �Ư� ƲƿřŹŵ�ƽřźŝ� ƶƫŚƤ

�ƦǀŤſŹƺǀƷ��ƁƹŹ�Żř�ƽźŤƄƯ�ŵŶŬƯ�ƽŹřŸĮƿŚūGENI�ƵŵŚƠŤſř�
� Ţſř� ƵŶƃ� ��ƪŗŚƀƯ� ƪů� ƁƹŹ� Ʋƿźţ� ƝƹźƘƯ� ƁƹŹ� Ʋƿř

MDVRP��ŶƃŚŞǀƯ���
 ��ƱřŹŚƨưƷ�ƹ�ŵŚƳŹ@èå�>�ƪů�ƽřźŝ�ƕƺƴưƯ�ƽƺŬŤƀū��ƁƹŹ�Ʀƿ

� ƪŗŚƀƯMDVRP�� ŶƳŵƺưƳ� ƶŗřŹř� ��ƮŤƿŹƺĮƫř� Ʀƿ� ƶƫŚƤƯ� ƲƿřŹŵ
�ƭŚƴŝ�ƽŹŚƨŤŝřPetal řŹř�ƱŚĭŶƴƀƿƺƳ�Ǝſƺţ��Ţſř�ƵŶƃ�ƶŗ� 

 �ƱřŹŚƨưƷ�ƹ�ƭŚǀƬƿƹ@èæ>�ƪů�ƽřźŝ�ƾŞǀƧźţ�ƦǀŤƳĥ�ƮŤƿŹƺĮƫř�Ʀƿ�
ƪŗŚƀƯMDVRP��ŶƳŵƺưƳ�ƶŗřŹř���ƶƫŚƤƯ�ƲƿřŹŵ�ƵŶƃ�ƶŗřŹř�ƁƹŹ�ƹŵ
� Ţſř� �� Ʃƹř� ƁƹŹ� řŹ� ƶǀƫƹř� ŢǀƘưū�śŚŴŤƳř� ƾƟŵŚƈţ� šŹƺƈŝ

ƁƹŹ� ƹ� ŶƴƨǀƯ�ƾĮƿŚƀưƷ� ƽƺŬŤƀū� ŚŝřŹ� ƶǀƫƹř� ŢǀƘưū� ƭƹŵ�
(NS)� ŶƴƨǀƯ�ƲǀǀƘţ��ūƀƳ� ƭƹŵ�ƁƹŹ�ƽŚƸŝřƺ�Ʃƹř�ƁƹŹ� ƶŝ�ŢŞ

ƽźŤưƧ�ƱŚƯŻ�ƹźŤƸŝ�ƪů�ƽřźŝ��Ţſř�ƶŤƃřŵ�ŻŚǀƳ����
 � ƱřŹŚƨưƷ� ƹ�ƥŚſ@èç>ƬŘƀƯ�� ƶMDVRP�ƮŤƿŹƺĮƫř�Ʀưƨŝ� řŹ�

�ŶƳŵřŵ�Źřźƣ�ƾſŹźŝ�ŵŹƺƯ�ƦǀŤƳĥ� ��ƱŚƯŻ�ŢƿŵƹŶŰƯ��ƩŶƯ�ƲƿřŹŵ
�ŵŹřŵ�ŵƺūƹ�ƽźŤƄƯ�ƶŝ�ǇŚƧ�ƪƿƺŰţ� ��ƶƬŘƀƯTPS��ƵŵŚſ�ƱřƺƴƘŝ

�ƪŗŚƀƯ�ŢƫŚů�ƲƿźţVRP�ƹ�MDVRP�ƪŗŚƀƯ�Ōżū�NP-Hard��
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ƸŝƸŝǀǀƶƴƶƴ��ƿƿŝŚŝŚƾƾƹźſ�ŶŞſ�ƹźſ�ŶŞſ�ƿƿŹŵ�žŹŵ�žƾŰƐſ�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ�ƾŰƐſ�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ���ŶƴģŶƴģƫƺƈŰƯƫƺƈŰƯƾƾƹ�ƹ���������������������������������������������������������������ƽźĭŹŚƧ�ŵřŵźƸƯ�ƹ�ƽźƸĜſ�ƽŶƸƯ�ŶưŰƯƽźĭŹŚƧ�ŵřŵźƸƯ�ƹ�ƽźƸĜſ�ƽŶƸƯ�ŶưŰƯ������������������������êè���

  
�Ţſř@èè>�ƪŗŚƀƯ�ŽŚſř�Ʋƿřźŝ�VRP�ƹ�MDVRP���żǀƳNP-

Hard� �Ţſř� ��Żř�Ƃǀŝ85�ƽřźŝ�ƵŶƃ�ƶŗřŹř�ƪů�ƽŚƸƃƹŹ�ŶƇŹŵ�
� ƶƬŘƀƯMDVRP�ƦǀŤſŹƺǀƷŚŤƯ� Śƿ� ƦǀŤſŹƺǀƷ� šŹƺƈŝ�
ŶƃŚŞǀƯ�èì�� ��ƽżƿŹ� ƶƯŚƳźŝ� ƩŶƯ�Ʀƿ� ƶŗřŹř� ƲưƋ� ƶƫŚƤƯ� ƲƿřŹŵ

�Ŷƴģ� ƶǀƬƤƳ�ƪƿŚſƹ�ƾŝŚƿ� źǀƀƯ�ƪŗŚƀƯ�ƽřźŝ�ŮǀŰƇ� ŵŶƗ�ƾƐų
� � ƾƷŚĮŤƀƿř� ƾƫƺƈŰƯ� Ŷƴģó�ƪƣřŶů� ƝŶƷ� Śŝ� ƾŰƐſ� Ŷƴģ�

�Ʋƿř�ƪů�ƽřźŝ�ƦǀŤſŹƺǀƷ�ƁƹŹ�Ʀƿ�ƖƿŻƺţ�ƽŚƷ�ƶƴƿźƷ�ƱŵƺưƳ
�Ţſř�ƵŶƃ�ƶŗřŹř�ƩŶƯ�� 

 � ƱřŹŚĪưƷ� ƹ� ƭŚǀƬƿƹ@èé� >� ƩŚſ� Źŵçååí�ŚŤƯ� ƁƹŹ� Ĩƿ�
�ƪƿŚƀƯ�ƪů�ƽřźŝ�ĨǀŤƳĥ�ƮŤƿŹƺĮƫř�ƽŚƴŞƯ�źŝ�ƾŞǀĩźţ�ĨǀŤſŹƺǀƷ

�ŶƳŵƺưƳ�ƶŗřŹř�ƖƿŻƺţ�żĩźƯ�Ŷƴģ�Śŝ�ƾŝŚƿźǀƀƯ���
 �ƹ�ƺƠƫŵƹŹƱřŹŚĪưƷ@èê>�ƩŚſ�Źŵçååî�ƽřźŝ�ƾŞǀĩźţ�ƁƹŹ�Ĩƿ��

�ƶĩ� ƖƿŻƺţ� żĩźƯ� Ŷƴģ� Śŝ� ƶǀƬƤƳ� ƪƿŚſƹ� ƾŝŚƿźǀƀƯ� ƶƬŘƀƯ� ŵƺŞƸŝ
ŶƳŵƺưƳ�ƶŗřŹř�ŶƴŤƀƷ�īŹżŝ�ŵŚƘŝř�ƹ�ƾƳŚƯŻ�ƵźŬƴě�ƽřŹřŵ����

 �ƱřŹŚĪưƷ�ƹ�ƱřŹ@èë�>�ƩŚſ�ŹŵçåæåĨǀŤſŹƺǀƷ�ƁƹŹ�Ĩƿ���ƹŵ
ƶƬůźƯ��ŢǀƟźƓ�ƹ�ƖƿŻƺţ�żĩźƯ�Ŷƴģ�Śŝ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ�ƽřźŝ�ƽř
ŰƯŶƳŵƺưƳ�ƶŗřŹř�ŵƹŶ���

�Ţſř�źƿŻ�ŭźƄŝ�ƶƯřŵř�Źŵ�ƶƫŚƤƯ�Ʋƿř�ŹŚŤųŚſ����
�ƾƋŚƿŹ�ƩŶƯ� řŶŤŝřƸŝ�ǀ�ƶƴƿŝŚƾƹźſ�ŶŞſ�ƿŚƀƯ�Źŵ�žƿ�ƪ�ƾŝŚƿ�źǀƀƯ
�ƾƷŚĮŤƀƿř� Ŷƴģó�ƾƫƺƈŰƯ� Ŷƴģ�ó�ƪƣřŶů�ƝŶƷ� Śŝ�ƾŰƐſ�Ŷƴģ�

� Ţſř� ƵŶƃ� ƶŗřŹř� ƖƿŻƺţ� ƽŚƷ� ƶƴƿźƷ� ƱŵƺưƳ� � ��ƶƬŘƀƯ� Ʋƿř� žĜſ
ƶƿżŬţ� ƽŹŚƨŤŝř� ƮŤƿŹƺĮƫř�ŽŚſřźŝ� ƶŝ��ƴģ� Ŷ�ƾƫƺƈŰƯ�Ʀţ� ƶƬŘƀƯ�

�ƶŝ� ĦƳřźĭǇ�ŜƿřźƋ�ŽŚſřźŝ� śŚǀưƧ� ƖŝŚƴƯ�ƆǀƈŴţ� ŻřŶƘŝ� ƹ� ƪƿŶŞţ
�ƶŗřŹř�ƾƫƺƈŰƯ�Ʀţ�ƾŝŚƿźǀƀƯ�ƶƬŘƀƯ�ƾƋŚƿŹ�ƩŶƯ���ƪŗŚƀƯ�Żř�ƦƿźƷ
�ƪů�śřƺū�ƽŚƌƟ� ƶƘſƺţ� ƽŹŚƨŤŝř� ƮŤƿŹƺĮƫř� ƽŚƴŞƯźŝ� ƪŗŚƀƯ� Ʋƿ� řƹ

� ŶƳř� ƵŶƃ� �� ƖŝŚƴƯ� Ʋǀŝ� ƶƀƿŚƤƯ� Śŝ�ŢƿŚƸƳŹŵ�ƖŝŚƴƯ� � ƹ� ƵŵŚƠŤſř� ŵŹƺƯ�
ŵ�ƆǀƈŴţ� ƖŝŚƴƯ� ŮǀƐƀţ�šŚǀƬưƗ� ƵŶƃ� Ƶŵř�Ţſř� ƵŶƃ� ƭŚŬƳř� ��ŶƘŝ

�Żř� ƪƇŚů� śřƺū� Śŝ� ƪƇŚů� ƽŚƸŝřƺū� �� šŚǀƬưƗ� Źřźƨţ� ƶƬůźƯ� Ŷƴģ
�ƽŚƸƃƹŹILP�Ţſř�ƶŤƟźĭ�Źřźƣ�ŶǀŗŚţ�ŵŹƺƯ�Ʊō�ƽźţźŝ�ƹ�ƶƀƿŚƤƯ����

��

Ï��ƾƫƺƈŰƯ�Ŷƴģ�ƶƬŘƀƯ�ƾƋŚƿŹ�ƩŶƯ��
Źŵ��ƾƋŚƿŹ�ƩŶƯ�ŮƿźƄţ�ƶŝ�ƂŴŝ�ƲƿřƸŝǀ� ƶƴƿŝŚƾƹźſ�ŶŞſ�ƿ�Źŵ�ž
ŚƀƯƿƪŝŚƿźǀƀƯ��ƾƷŚĮŤƀƿř�Ŷƴģ�ƶǀƬƤƳ�ƪƿŚſƹ�ƾó�ƹ�ƾƫƺƈŰƯ�Ŷƴģ�

�ƮƿŻřŵźě�ƾƯ�ƖƿŻƺţ�ƽŚƷ�ƶƴƿżƷ�ƱŵƺưƳ�ƪƣřŶů�ƝŶƷ�Śŝ�ƾŰƐſ�Ŷƴģ��
�ŵƹŶŰƯ� ŢǀƟźƓ� Żř� ƵŵŚƠŤſř� Źŵ� ƞƬŤŴƯ� šǇƺƈŰƯ� ƶƬŘƀƯ� ƲƿřŹŵ
�ƶūƺţ� Śŝ� ŢƀƿŚŝ� ƾƯ� řŸƫ� �ŶƴƴƨǀƯ� ŢŝŚƣŹ� źĮƿŶƨƿ� Śŝ� ƶǀƬƤƳ� ƪƿŚſƹ

Źŵ�ƪƤƳ�ƹ�ƪưů�ƽŚƷ�ƶŤſŵ��ƶǀƬƤƳ�ƪƿŚſƹ�ŢǀƟźƓ�ŢƿŵƹŶŰƯ�Żř�ƦƿźƷ
�ƾƯŚưţ� ƽŚƋŚƤţ� ƶƧ� ŵŵźĭ� ƲǀǀƘţ� ƽř� ƶƳƺĮŝ� ŚƷźǀƀƯ� ƹ� ŭƺƐſ

�ŵƺƃ�ƲǀƯŚţ�ŭƺƐſ�ƶưƷ�Źŵ�ƱŚƿźŤƄƯ�ƶưƷ�ƽřźŝ�šǇƺƈŰƯ� ��ƲƿřŹŵ
�ŵŹřŵ�ŵƺūƹ�ƾƬƇř�ƖƿŻƺţ�żƧźƯ�Ʀƿ�ƩŶƯ��ŵŹƺƯ�ƭǈƣř�ƖƿŻƺţ�żƧźƯ�Ʋƿř

ƾƯ�ƖƿŻƺţ� ŚƸƳō�Ʋǀŝ� řŹ�ƽř� ƶƤƐƴƯ�ƽŚƷŹŚŞƳř� ŻŚǀƳ�ŶƴƧ� ��ŶƘŝ� ƶƬůźƯ� Źŵ
ǇŚƧ� ƽř� ƶƤƐƴƯ� ƽŚƷŹŚŞƳř�ƖƿŻƺţ� ŚƸƳō� ƲǀŝřŹ� ƱŚƿźŤƄƯ� ŻŚǀƳŵŹƺƯ� ƽŚƷ

ƾƯ�ŶƴƴƧ� �Źŵ�źƷ�� ƶƬůźƯ�ŮƐſ� ��ƪƿŚſƹ� ŢǀƟźƓ� ŢƿŵƹŶŰƯ� ƖƿŻƺţ

ŵŹřŵ� ŵƺūƹ� ƶǀƬƤƳ� �ŜƤƗ� šŚƃŹŚƠſ� Śƿ� ƽŵƺūƺƯ� ŵƺŞưƧ��ŻŚŬƯ� ƵŵŚŤƟř
ŢƀǀƳ���źǀƜŤƯ�ƹ�ƲǀƘƯ�ŮƐſ�źƷŹŵ�ƽźŤƄƯ�źƷ�ƽřźŝ�ŵƺƿźě�źƷ�ƽŚƋŚƤţ
Ţſř��ǀƯ�ƲǀƯŚţ�ƶǀƬƤƳ�ƶƬǀſƹ�Ʀƿ�Śŝ�ƽźŤƄƯźƷ�ƽŚƋŚƤţ�ƪƧŵƺƄ����

�Ʋƿř�ƽŚƷ�ŢƿŵƹŶŰƯ�ƹ�ƝŶƷ�ƖŝŚţ��ƽźǀĭ�Ʈǀưƈţ�ƽŚƷźǀƜŤƯ��ŚƷźŤƯřŹŚě
ŵŵźĮǀƯ�ŮƿźƄţ�źƿŻ�šŹƺƈŝ�ŵƹŶŰƯŚƳ�ƽżƿŹ�ƶƯŚƳźŝ�ƢƟř�Ʀƿ�Źŵ�ƩŶƯ����

��
æ�ç���ƽźǀĭ�Ʈǀưƈţ�ƽŚƷźǀƜŤƯ�ƹ�ŚƷźŤƯřŹŚě�ƞƿźƘţ��

I= 1,2,�,n���� �ŌřŶŞƯ�Ƶźĭ�ƵŹŚưƃ��
J= 1,2,�,m���� ��ŶƈƤƯ�Ƶźĭ�ƵŹŚưƃ��
k= 1,2,�,k��� �ƕƺƳƬƤƳ�ƶƬǀſƹ�ƶǀ 

r = 1,2,�,R źǀƀƯ�ƵŹŚưƃ��
L= 1,2,�,L��� �ŮƐſ�ƵŹŚưƃ���ƶƿǇ����
a= 1,2,�,A���� ��ƶǀůŚƳ��ƵŹŚưƃ���ƶƤƐƴƯ����

�e= 1,2,�,E� �ƩƺƈŰƯ�ƵŹŚưƃ��
= 1,2,�,D�d��� �ƖƿŻƺţ�żĩźƯ��ƵŹŚưƃ���ƖǀưŬţ�ƺěŵ���

Lan����ŵřŶƘţƱŚƿźŤƄƯ�ŮƐſ�Źŵ��L �ƶǀůŚƳ�ƹ� a��
kLam�ƶǀƬƤƳ�ƪƿŚſƹ�ŵřŶƘţ�� k �ŮƐſ�Źŵ��L �ƶǀůŚƳ�ƹ� a��
klaV���ƶƬǀſƹ��ƾưŬů�ŢǀƟźƓk�  �ŮƐſ�ŹŵL �ƶǀůŚƳ�ƹ� a��

ielad� �� � ��ƽŚƋŚƤţŚƿ� � Ƶźĭ�ƽźŤƄƯI�ƩƺƈŰƯŻř�e �ŮƐſ� Źŵ�L�ƹ�
�ƶǀůŚƳa 

eV���ƩƺƈŰƯ�Ŷůřƹ�Ʀƿ�ƮŬůe 

kLat� � ��ƾŤſřƺųŹŵ� ƽǇŚƧ� ƽŻŚſ� ƵŵŚƯō� ƹ� ƽŹƹō� Ɩưū� ƭŚưţř� ƱŚƯŻ
ſƹǀ�ƶƬK�ŮƐſ�Źŵ�L�ƶǀůŚƳ�ƹ�a��

iLat ����ƽźŤƄƯ�ŹŚŝ�ƶǀƬŴţ��ƱŚƯŻ�šŶƯI�ŮƐſ�Źŵ�L�ƶǀůŚƳ�ƹ�a��

ijLat� � ��ƽźŤƄƯ� Żř�šźƟŚƀƯ�ƱŚƯŻI�ƽźŤƄƯ� ƶŝ� �J� ŮƐſ� Źŵ�L�ƹ�
�ƶǀůŚƳa��

iLaM����ƁŹŚƠſ�ƪƿƺŰţ�ƱŚƯŻ�źŨƧřŶů�ŢƬƸƯ��ƽźŤƄƯ�ƶŝI�ŮƐſ�Źŵ�
L�ƶǀůŚƳ�ƹ�a 

eklaV� ��ƶƬǀſƹ� �ƾưŬů�ŢǀƟźƓKřźŝ� �ƽǇŚĩ�ƽ�e� ��ŮƐſ� ŹŵL �ƹ�
�ƶǀůŚƳ a��

eLaS����ƽǇŚƧ�ƶƋźƗ�ƱřżǀƯe�ŮƐſ�Źŵ�ŹŚŞƳř�Ǝſƺţ��L�ƶǀůŚƳ�ƹ�a��
ikLaW����Ź�ƱŚƯŻ��ƽźŤƄƯ�ƶŝ�ƱŶǀſIſƹ�Śŝǀ�ƶƬKŹŵ��ŮƐſ��L�ƶǀůŚƳ�ƹ�

a��
klaU����ƶƬǀſƹ�ŢƧźů�ƱŚƯŻƳ�ƶǀƬƤk ��ƽżƧźƯ�ŹŚŞƳř�Żř���Źŵ�ƶǀůŚƳ�ŹŚŞƳř

�ŮƐſL�ƶǀůŚƳ�ƹ�a��

ijklaC���żƷƿě�ƶƴǀ�ƱƺưźǀƀƯ�Żř��ƵźĭI�Ƶźĭ�ƶŝ�J�ŮƐſ�Źŵ�L�ƶǀůŚƳ�ƹ�a�
�ƶƬǀſƺŝk 

ijklaX������ƶƧ�ƾţŹƺƇŹŵƶƬǀſƹ�k�Ƶźĭ�Żř�� I�Ƶźĭ�ƶŝ�J�ŮƐſ�Źŵ�L�ƹ�
�ƶǀůŚƳa�ŚưƳ�Ţĩźůƿ�Ŷ�Ţſř�źƠƇ�šŹƺƈƴƿř�źǀƛŹ�ŵ�ƹ�Ţſř�Ʀƿ����

iklaY���ƽźŤƄƯ�źĭřI�ŮƐſ�Źŵ�L�ƶǀůŚƳ�ƹ�a�ſƺŝǀƶƬk ��Ƶŵřŵ�ƆǀƈŴţ
��Ţſř�źƠƇ�šŹƺƈƴƿř�źǀƛ�Źŵ�ƹ�Ţſř�Ʀƿ�źŝřźŝ�Ʊō�ŹřŶƤƯ�ŵƺƃ��

 [
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.iu
st

.a
c.

ir
 o

n 
20

24
-1

0-
17

 ]
 

                             5 / 13

https://www.iust.ac.ir/ijiefa/article-1-243-fa.html


êéêé���������ƸŝƸŝǀǀƶƴƶƴ��ƿƿŝŚŝŚƾƾƹźſ�ŶŞſ�ƹźſ�ŶŞſ�ƿƿŹŵ�žŹŵ�žƾŰƐſ�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ�ƾŰƐſ�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ���ŶƴģŶƴģƫƺƈŰƯƫƺƈŰƯƾƾƹ�ƹ�����������������������������������������������������������������ƽźĭŹŚƧ�ŵřŵźƸƯ�ƹ�ƽźƸĜſ�ƽŶƸƯ�ŶưŰƯƽźĭŹŚƧ�ŵřŵźƸƯ�ƹ�ƽźƸĜſ�ƽŶƸƯ�ŶưŰƯ  
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�ƶƐŝřŹ�ƾƬƇř�ƶƬŘƀƯ�ƾƋŚƿŹ�ƩŶƯ�Źŵ�æ���ŹƺƔƴƯ�ƶŝ�ƝŶƷ�ƖŝŚţ�źĮƳŚǀŝ

ŶƃŚŝ�ƾƯ�ƖƿŻƺţ�ƽŚƷ�ƶƴƿżƷ�ƱŵƺưƳ�ƪƣřŶů���ƶƐŝřŹ�ç���ŵƺƃ�ƾƯ�ŦƗŚŝ
�ŢſřƺųŹŵ�ƶƧ�ƁŹŚƠſ� ��ƭŚŬƳř�ƶǀƬƤƳ�ƶƬǀſƹ�Ʀƿ�Ǝſƺţ�ƽźŤƄƯ�źƷ

ŵƺƃ� �� ƶƐŝřŹ�è� ��ŶƿŚŝ� ƶǀƬƤƳ� ƶƬǀſƹ� źƷ� ƶƧ�Ţſř� ƕƺƋƺƯ�Ʋƿř� źĮƳŚǀŝ
żƧźƯ� ŹŚŞƳř� Żř� řŹ� ŵƺų� źǀƀƯ� ƽ� �ŶƴƧ� ƕƹźƃ� ƶǀůŚƳ� �� ƶƐŝřŹ� Źŵ�é��

�źƠƇ�žƿŶƳř�), (n+1å���ƽżƧźƯ�ŹŚŞƳř�ƽřźŝ�ƹŵƹźǀƯ�ŹŚƨŝ�ƶǀůŚƳ�ŹŚŞƳř��
�ƶƐŝřŹ�ê� ��ŹŚŞƳř�ƶŝ�ŶƿŚŝ� řŹ�ŵƺų�źǀƀƯ�ƶƬǀſƹ�źƷ�ƶƧ�ŵƺƃ�ƾƯ�ŦƗŚŝ

�ƽżƧźƯ� �ŶƴƧ� ƮŤų� ƶǀůŚƳ� �� ƶƐŝřŹ�ë� ��źƷ�Ǝſƺţ� ƶƤƬů� ŵŚŬƿř�ŦƗŚŝ
ŵƺƃ�ƾƯ�ƶǀƬƤƳ�ƶƬǀſƹ���ƶƐŝřŹ�ì���ŵƺƃ�ƾƯ�ŦƗŚŝ�ƶŝ�ƱŶǀſŹ�ƱŚƯŻ�ƶƧ

�ƱŚƯŻ�ƵƹǈƘŝ�ƾƬŞƣ�ƽźŤƄƯ�ƶŝ�ƱŶǀſŹ�ƱŚƯŻ�Żř�źţŵƹŻ�ŶƿŚŞƳ�ƽźŤƄƯ�źƷ
ŶƃŚŝ�ƾƬŞƣ�ƽźŤƄƯ�ƶŝ�ƱŶǀſŹ�Śţ�źǀƀƯ�ƾƏ�ƹ�ŹŚŝ�ƶǀƬŴţ� ��ƶƐŝřŹ�í��

�ƾƐų�źǀƛ�ƶƐŝřŹ�Ɩƣřƹ� Źŵ�ì� ��ƵŵƺưƳ�ƪƿŶŞţ�ƾƐų�ƶƐŝřŹ�Ʀƿ�ƶŝ� řŹ
�ƶƐŝřŹ�Żř�ƎƤƟ�ƩŶƯ�Źŵ�ƹ�Ţſř�í��ŵƺƃ�ƾƯ�ƵŵŚƠŤſř���ƶƐŝřŹ�î���ŦƗŚŝ

Ư�ƪƿƺŰţ�ƱŚƯŻ�źŨƧřŶů�Żř�ŶƿŚŞƳ�ƽźŤƄƯ�źƷ�ƶŝ�ƱŶǀſŹ�ƱŚƯŻ�ŵƺƃ�ƾ
ŶƴƧ�ŻƹŚŬţ�ƽźŤƄƯ�ƶŝ���ƶƐŝřŹ�æå���řŹ�ƶǀƬƤƳ�ƶƬǀſƹ�ŢǀƟźƓ�ŢƿŵƹŶŰƯ

ŶƴƧ�ƾƯ�ƞƿźƘţ���ƶŤƟŚƿ�ƆǀƈŴţ�ƽŚƷ�ŢſřƺųŹŵ�ƮŬů�ƶƧ�ƽř�ƶƳƺĭ�ƶŝ
ŶƴĪƳ�ŻƹŚŬţ�Ʊō�ŢǀƟźƓ�Żř�źǀƀƯ�źƷ�Źŵ�ƶǀƬƤƳ�ƶƬǀſƹ�ƶŝ���ƶƐŝřŹ�ææ��

ƺŰţ�ƱŚƯŻ�ƶĩ�ŵƺƃ�ƾƯ�ŦƗŚŝ�ƭŚŬƳř�ƱŚƯŻ�Żř�ŶƿŚŞƳ�ƽźŤƄƯ�ƶŝ�ǇŚĩ�ƪƿ
�ƽřźŝ� ƭŻǇ� ƱŚƯŻ� ƵƹǈƘŝ� Ʊō� ŢſřƺųŹŵ� ƽŻŚſ� ƵŵŚƯō� ƹ� ƽŹƹō� Ɩưū

�ƽżĩźƯ�ŹŚŞƳř�Żř�ƱŶǀſŹ��ŶƃŚŝ�ƽźŤƄƯ�ƶŝ�ƶǀůŚƳ� ��ŢƿŵƹŶŰƯ�Ʋƿř�Źŵ
M�źŝřźŝ�ƪƣřŶů�ƹ�īŹżŝ�ŢŞŨƯ�ŵŶƗ�Ĩƿjla + t ojla �tƾƯ�ŶƃŚŝ���ƶƐŝřŹ
�æç��ƾƯ�Źƺţ�źƿŻ�ƶƤƬů�ƪǀĪƄţ�Żř�ƽźǀĭƺƬū�ŦƗŚŝ�ŵƺƃ����ŢƿŵƹŶŰƯ
�æè���ƹ�æé���ƽźǀĭ�Ʈǀưƈţ�ƽŚƷźǀƜŤƯ�Źŵ�ŢƯǈƗ�ŢƿŵƹŶŰƯ�źĮƳŚǀŝ

ŶƃŚŝ�ƾƯ����
��
è�ç���ƶǀƬƤƳ�ƪƿŚſƹ�ŢƧźů�ƽŶƴŞƳŚƯŻŚŝ�ƎŞţźƯ�ƽŚƷ�ŢƿŵƹŶŰƯ 

�����������ƽżƧźƯ�ŹŚŞƳř�Żř�ŚƷ�šźƟŚƀƯ�ƕƹźƃ�ƽŶƴŞƳŚƯŻ�ƶƯŚƳźŝ�ƮǀƷřƺŴŝ�źĭř��ŹŚŞƳř
�����������ƶŤºƃřŵ�řŹ�ƾůřƺºƳ�ƹ�ŭƺƐºſ�ƶºưƷ�Źŵ�ƶºǀƬƤƳ�ƶƬǀºſƹ�źƷ�Ǝſƺţ�ƶǀůŚƳ

�ƶƐŝřŹ�ƾƬƇř�ƶƬŘƀƯ�ƾƋŚƿŹ�ƩŶƯ�Źŵ�æ���ŹƺƔƴƯ�ƶŝ�ƝŶƷ�ƖŝŚţ�źĮƳŚǀŝ
ŶƃŚŝ�ƾƯ�ƖƿŻƺţ�ƽŚƷ�ƶƴƿżƷ�ƱŵƺưƳ�ƪƣřŶů���ƶƐŝřŹ�ç��ƾƯ�ŦƗŚŝ��ŵƺƃ

�ŢſřƺųŹŵ�ƶƧ�ƁŹŚƠſ��Ƴř�ƶǀƬƤƳ�ƶƬǀſƹ�Ʀƿ�Ǝſƺţ�ƽźŤƄƯ�źƷ�ƭŚŬ
ŵƺƃ� �� ƶƐŝřŹ�è� ��ŶƿŚŝ� ƶǀƬƤƳ� ƶƬǀſƹ� źƷ� ƶƧ�Ţſř� ƕƺƋƺƯ�Ʋƿř� źĮƳŚǀŝ

� ƽżƧźƯ� ŹŚŞƳř� Żř� řŹ� ŵƺų� źǀƀƯ� �ŶƴƧ� ƕƹźƃ� ƶǀůŚƳ� �� ƶƐŝřŹ� Źŵ�é��
� źƠƇ� žƿŶƳř�), (n+1å� �� ƽżƧźƯ� ŹŚŞƳř� ƽřźŝ� ƹ�ŹŚƨŝ� ƶǀůŚƳ� ŹŚŞƳř

ŵƹźǀƯ���ƶƐŝřŹ�ê���ƶŝ�ŶƿŚŝ�řŹ�ŵƺų�źǀƀƯ�ƶƬǀſƹ�źƷ�ƶƧ�ŵƺƃ�ƾƯ�ŦƗŚŝ
�ƽżƧźƯ�ŹŚŞƳř� �ůŚƳŶƴƧ�ƮŤų�ƶǀ� ��ƶƐŝřŹ�ë���Ǝſƺţ�ƶƤƬů�ŵŚŬƿř�ŦƗŚŝ

ŵƺƃ�ƾƯ�ƶǀƬƤƳ�ƶƬǀſƹ�źƷ���ƶƐŝřŹ�ì��ƾƯ�ŦƗŚŝ��ƱŶǀſŹ�ƱŚƯŻ�ƶƧ�ŵƺƃ
�ƵƹǈƘŝ�ƾƬŞƣ�ƽźŤƄƯ�ƶŝ�ƱŶǀſŹ�ƱŚƯŻ�Żř�źţŵƹŻ�ŶƿŚŞƳ�ƽźŤƄƯ�źƷ�ƶŝ

ŶƃŚŝ�ƾƬŞƣ�ƽźŤƄƯ�ƶŝ�ƱŶǀſŹ�Śţ�źǀƀƯ�ƾƏ�ƹ�ŹŚŝ�ƶǀƬŴţ�ƱŚƯŻ���ƶƐŝřŹ
�í� �� ƾƐų� źǀƛ� ƶƐŝřŹ� Ɩƣřƹ� Źŵ�ì� �ƶŝ� řŹ�ƪƿŶŞţ� ƾƐų� ƶƐŝřŹ�Ʀƿ�

�ƶƐŝřŹ� Żř�ƎƤƟ�ƩŶƯ�Źŵ� ƹ�Ţſř� ƵŵƺưƳ�í� �ŵƺƃ�ƾƯ�ƵŵŚƠŤſř� ��ƶƐŝřŹ
�î� ��źŨƧřŶů� Żř� ŶƿŚŞƳ�ƽźŤƄƯ� źƷ� ƶŝ� ƱŶǀſŹ�ƱŚƯŻ� ŵƺƃ�ƾƯ�ŦƗŚŝ

ŶƴƧ�ŻƹŚŬţ�ƽźŤƄƯ�ƶŝ�ƪƿƺŰţ�ƱŚƯŻ���ƶƐŝřŹ�æå���ŢǀƟźƓ�ŢƿŵƹŶŰƯ
ƾƯ�ƞƿźƘţ�řŹ�ƶǀƬƤƳ�ƶƬǀſƹ�ŶƴƧ��ƶƳƺĭ�ƶŝ��ƽŚƷ�ŢſřƺųŹŵ�ƮŬů�ƶƧ�ƽř

Śƿ�ƆǀƈŴţ�ŻƹŚŬţ� Ʊō�ŢǀƟźƓ� Żř� źǀƀƯ� źƷ� Źŵ� ƶǀƬƤƳ� ƶƬǀſƹ� ƶŝ� ƶŤƟ
ŶƴĪƳ� ��ƶƐŝřŹ�ææ� ��ƽźŤƄƯ�ƶŝ�ǇŚĩ�ƪƿƺŰţ�ƱŚƯŻ�ƶĩ�ŵƺƃ�ƾƯ�ŦƗŚŝ

�ƵƹǈƘŝ�Ʊō�ŢſřƺųŹŵ�ƽŻŚſ�ƵŵŚƯō�ƹ�ƽŹƹō�Ɩưū�ƭŚŬƳř�ƱŚƯŻ�Żř�ŶƿŚŞƳ
�ƽżĩźƯ�ŹŚŞƳř�Żř�ƱŶǀſŹ�ƽřźŝ�ƭŻǇ�ƱŚƯŻ��ŶƃŚŝ�ƽźŤƄƯ�ƶŝ�ƶǀůŚƳ���Źŵ

�ŢƿŵƹŶŰƯ�ƲƿřMŹżŝ�ŢŞŨƯ�ŵŶƗ�Ĩƿ�źŝřźŝ�ƪƣřŶů�ƹ�ījla + t ojla �t�
ƾƯŶƃŚŝ� �� ƶƐŝřŹ�æç� ��Źƺţ� źƿŻ� ƶƤƬů� ƪǀĪƄţ� Żř� ƽźǀĭƺƬū� ŦƗŚŝ
ƾƯ�ŵƺƃ� �� ŢƿŵƹŶŰƯ�æè� �� ƹ�æé� ��Źŵ� ŢƯǈƗ� ŢƿŵƹŶŰƯ� źĮƳŚǀŝ

ŶƃŚŝ�ƾƯ�ƽźǀĭ�Ʈǀưƈţ�ƽŚƷźǀƜŤƯ���

��
è�ç���ƶǀƬƤƳ�ƪƿŚſƹ�ŢƧźů�ƽŶƴŞƳŚƯŻŚŝ�ƎŞţźƯ�ƽŚƷ�ŢƿŵƹŶŰƯ 

ŚƀƯ�ƕƹźƃ�ƽŶƴŞƳŚƯŻ�ƶƯŚƳźŝ�ƮǀƷřƺŴŝ�źĭř�ƽżƧźƯ�ŹŚŞƳř�Żř�ŚƷ�šźƟ��ŹŚŞƳř
ǀƬƤƳ�ƶƬǀſƹ�źƷ�Ǝſƺţ�ƶǀůŚƳºººƃřŵ�řŹ�ƾůřƺƳ�ƹ�ŭƺƐſ�ƶưƷ�Źŵ�ƶººƶŤ 
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ƸŝƸŝǀǀƶƴƶƴ��ƿƿŝŚŝŚƾƾƹźſ�ŶŞſ�ƹźſ�ŶŞſ�ƿƿŹŵ�žŹŵ�žƾŰƐſ�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ�ƾŰƐſ�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ���ŶƴģŶƴģƫƺƈŰƯƫƺƈŰƯƾƾƹ�ƹ���������������������������������������������������������������ƽźĭŹŚƧ�ŵřŵźƸƯ�ƹ�ƽźƸĜſ�ƽŶƸƯ�ŶưŰƯƽźĭŹŚƧ�ŵřŵźƸƯ�ƹ�ƽźƸĜſ�ƽŶƸƯ�ŶưŰƯ������������������������êê���

  
Śŝ����������������ƮǀºƴƧ�ƶƟŚºƋř�ƵŶºƃ�ƶŗřŹř�ƩŶƯ�ƶŝ�řŹ�źƿŻ�ƽŚƷ�ŢƿŵƹŶŰƯ�ŶƿŚŝ�Ʈǀƃ��

�ŵƺƄǀƯ�ƩŶƯ�ƾĭŶǀĤǀě�ƹ�ƾţŚŞſŚŰƯ�ŹŚŝ�ƂƿřżƟř�ŦƗŚŝ�ƪưƗ�Ʋƿř����
 

�æê��������������������������������������������� 




n

ij
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ijklaikla XY
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��

I= 1,2,�,n  k= 1,2,�,K  L=1,2,�,L a=1,2,�,A         
 

�æë��������������������������������������kla

m

J
jklakla tXU .

1
0



 

I= 1,2,�,n  k= 1,2,�,K L=1,2,�,L   a=1,2,�,A     
��
�æì����������������������������������������������������������1,0iklaY��

I=1,2,�,n k=1,2,�,K  
L=1,2,�,L a=1,2,...,A            

��
ŵƹŶŰƯƿŚƷ�ŢƽŞţźƯ�ŶƴŞƳŚƯŻ� Śŝ�ƎƽŚſƹ�Ţĩźů�ƿƬƤƳ�ƪǀ�šŹƺƇ�ƶŝ�ƶ

ŻƿźƘţ�źƿƯ�ƞƾŶƳƺƃ����ƶƐŝřŹ�æê��Ư�ŦƗŚŝƾ�ƎƤƟ�ƽźŤƄƯ�źƷ�ƶĩ�ŵƺƃ�
� ƶŝƿſƹ�ĨǀƬƤƳ� ƶƬǀƈŴţ� ƶǀ�Ɔƿ� ŶŝŚ� �� ƶƐŝřŹ�æë� ���ƶŝ� ƕƹźƃ� ƱŚƯŻ

ſƹ�ŢĩźůǀƬƤƳ�ƶƬǀŹƹō�Ɩưū�ƭŚưţř�ƱŚƯŻ�źŝřźŝ�ƪƣřŶů� řŹ�ƶƽ�ƵŵŚƯō�ƹ�
ŻŚſƽƯ�Źřźƣ�ƁŹŚƠſ�ƾ�ƶƐŝřŹ�ƹ�ŶƷŵ��æì��ŝǀ�źĮƳŚŵƹŶŰƯƿ�ŢƯǈƗ�Ţ

ƜƴƯ�ŹŵǀŚƷ�źƽưƈţ�ǀĭ�ƮǀźƽƯ�ƾŶƃŚŝ�����
��

è��ƾƫƺƈŰƯ�Ŷƴģ�ƾƋŚƿŹ�ƩŶƯ�ƶƿżŬţ��
�ƽŚƷŹŚŤųŚſ�ƽřŹřŵ�ƾƫƺƈŰƯŶƴģ�ƶƬŘƀƯ�ƾƋŚƿŹ�ƩŶƯ�ƽŚƷ�ŢƿŵƹŶŰƯ

�ŶƴŤƀƷ�šƹŚƠŤƯ���ŜŞſ�źƯř�ƲƿřNp-Hard��ŵŵźĮǀƯ�ŹƺŝżƯ�ƩŶƯ�ƱŶƃ
�ơƺƟ�Śƿ�ƹ�ƽŹŚƨŤŝř�ƽŚƸƃƹŹ�Żř�ŢƀƿŚŞǀƯ�ƶƬŘƀƯ�Ʋƿř�ƪů�ŢƸū�řŸƫ�ƹ

ř�ƽŹŚƨŤŝř� ŵƺưƳ� ƵŵŚƠŤſ@èè>� ���ƪů�ƽ� řźŝ�ƽŹŚƨŤŝř�ƽŚƸƃƹŹ� Żř�ƾƨƿ
ŶƃŚŞǀƯ�ƶƿżŬţ�ƁƹŹ�ƽŻŚſ�ƶƴǀƸŝ�ƵŶǀĤǀě�ƪŗŚƀƯ� ��Żř� ƵŵŚƠŤſř�ƽ� řźŝ

�Śŝ� ŢƿŵƹŶŰƯ� ƶŤſŵ� ƲƿŶƴģ� ƽřŹřŵ� ƶƧ� ƾƬŗŚƀƯ� Źŵ� ƶƿżŬţ� ƁƹŹ
ǇƺưƘƯ���ŶƴŤƀƷ�šƹŚƠŤƯ�ƽŚƷŹŚŤųŚſ���ƶƧ��ŵŵźĮǀƯ�ŭźƐƯ�Ʃřƺſ�Ʋƿř

ƯŚƗ�ƱřƺƴƘŝ�ŶƿŚŝŚƷ�ŢƿŵƹŶŰƯ�Żř�ƶŤſŵ�ƭřŶƧ�ƶŤƟźĭ�źƔƳ� Źŵ�ƶƿżŬţ�ƪ
�ŵƺƃ���źƿŻ�ƪƯřƺƗ�Ʋǀŝ�ƶƧ�ƽŵŚƌŤƯ�ƎŝřƹŹ�ŶƿŚŝ�Ʃřƺſ�Ʋƿř�ƶŝ�ŲſŚě�Źŵ

ŢƟźĭ�źƔƳ�Źŵ�řŹ�ŶƃŚŞǀƯ�Źřźƣźŝ@æ>����
�ƞƫř���ů�šŹŶƣŶƵŶƃ�ƶƿżŬţ�ƪŗŚƀƯ�śřƺū�ŜǀƧźţ�Żř�ƪƇŚů���
ś��� ��ƾƗźƟ�ƪŗŚƀƯ�ƶŝ�ƾƬƇř�ƶƬŘƀƯ�ƶƿżŬţ�ŢƫƺƸſ��
ũ���� ��ƾƗźƟ�ƪŗŚƀƯ�Żř�ƦƿźƷ�ƪů�ŢƫƺƸſ 

ŵ��� �Ɵ�ƪŗŚƀƯ�śřƺū�ŜǀƧźţ�ŢƫƺƸſ�ƶƬŘƀƯ�ƶŝ�ƾŝŚǀŤſŵ�ƽřźŝ�ƾƗź
�ƾƬƇř 

Ƶ��� ��ƽřźŝ� ƪůřźƯ� Źřźƨţ� � ƹ� ƵŶƳŚƯ� ƾƣŚŝ� ƖŝŚƴƯ� ŮǀƐƀţ� ŢƫƺƸſ
�śƺƬƐƯ�śřƺū�ƶŝ�ƾŝŚǀŤſŵ��

����������������ŚºƸƴţ�ƶºƧ�ŵƺƄºǀƯ�ƵŶƷŚƄºƯ�ƾƫƺƈºŰƯ�Ŷºƴģ�ƶƬŘƀƯ�ƾƋŚƿŹ�ƩŶƯ�Źŵ
�������ƶºǀƬƤƳ�ƪƿŚºſƹ�ŢǀƟźƓ�ŢƿŵƹŶŰƯ�����ƶºƐŝřŹ10���������ƶºưƷ�Śºŝ�ƍŚºŞţŹř�Źŵ

��Ţſř�šǇƺƈŰƯ�������ƹŶºŰƯ�ƶŤºſŵ�Ʋºƿř�Śºŝ�źƓŚºƴŤƯ�ƽŚƷźǀƜŤƯ�Źŵ��Ţƿŵ

������������ĦºƳřźĭǇ�ŜƿřźºƋ�Żř�ƶºƗƺưŬƯ�Ʀƿ�Śŝ�ƱŚĭƹŵ�ƶƬŘƀƯ ekla���ƶºūřƺƯ�
�������������Źŵ�źºĮƿŵ�ŢƿŵƹŶºŰƯ�Żř�ƭřŶƨĤǀƷ�ŢƿŵƹŶŰƯ�ƶŤſŵ�Ʋƿř�Żř�źǀƜŝ�Ţſř

������ŶƴƃŚŞǀưƳ�šǇƺƈŰƯ�ƶưƷ�Śŝ�ƍŚŞţŹř����������ŚºƷ�ŢƿŵƹŶºŰƯ�źƿŚºſ�ƲƿřźŝŚºƴŝ
����������������Źřźºƣ�ƪƤŤƀºƯ�ƪŗŚƀºƯ�ŵŚºŬƿř�ƽřźºŝ�ƶºƿżŬţ�ƪƯŚƗ�ƱřƺƴƘŝ�ŶƴƳřƺţ�ƾưƳ

ŶƳźǀĭ����������������ŢƿŵƹŶºŰƯ�Śºŝ�źƓŚºƴŤƯ�ĦºƳřźĭǇ�ŜƿřźƋ�Ʀưƨŝ��ŽŚſř�Ʋƿř�źŝ
ƾŝŚƿźǀƀƯ�ƶƬŘƀƯ�ƶǀƬƤƳ�ƪƿŚſƹ�ŢǀƟźƓn ��ƶŝ�ƾƫƺƈŰƯn��Ʀºƿ�ƶƬŘƀƯ�

ŵƺƄǀƯ�ƪƿŶŞţ�ƾƫƺƈŰƯ���
��ŹƺŝŚƧ�ƶƐŝřŹ�ƲƿřŹŵ���ƱřŹŚĪưƷ�ƹ@ç>���ƱŚƄƳ���ŶƳŵřŵ���Ǉƹř�ƶºƧ������ƵŵŚºſ�ƁƹŹ

���������������ƪºưƗ�źºţ�Ƣºǀƣŵ�ŚƸƿŻŚºſ�ƵŵŚſ�źƿŚſ�ƶŝ�ŢŞƀƳ�ĦƳřźĭǇ�ŜƿřźƋ�ƽŻŚſ
��ŶƴƨǀƯ��ŚŧŚǀƳ������ŢƿŵƹŶºŰƯ�ƽŚºƴŞƯźŝ�ĦƳřźĭǇ�ŜƿřźƋ�ƽŻŚſ�ƵŵŚſ�ƁƹŹ

����������������řŹ�ƲǀŗŚºě�Ŷºů�Ʋƿźºţ�ƽƺºƣ�ŚƷ�ŢƿŵƹŶŰƯ�źƿŚſ�Śŝ�ƶƀƿŚƤƯ�Źŵ�ŢǀƟźƓ
�ŶƷŶǀƯ�ƶŗřŹř�ƶƴǀƸŝ�śřƺū�ƶŝ�ŢŞƀƳ��ŚŨƫŚŧ���Żř�ƶƴǀƸŝ�ƵŵŚƠŤſřƹ�ƆǀƈŴţ

�������������ƪƿŶºŞţ�ŦºƗŚŝ�ƽř�ƶƬůźƯ�Ŷƴģ�ƽŻŚſ�ƶƴǀƸŝ�ƽŚƸƫŶƯ�Źŵ�śŚǀưƧ�ƖŝŚƴƯ
����ƶŝ�ƾƬƇř�ƩŶƯn���Ʒřƺų�ƪƤŤƀƯ�ƶƬŘƀƯ��Ŷƃ�Ŷ�������ƪºƯŚƗźƔƳ�Żř�ƩŶƯ�ƲƿřŹŵ

���ƞƫř��ŚƯƹżƫ�ƪƇŚů�śřƺū��řźƿŻ�ŢƀǀƳ�ƶƴǀƸŝ���
��
�æí�
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�ů�ƾƴƘƿƪ��������ºů�Żř�źºţ�ƽƺƣ�ƾƫƺƈŰƯ�Ʀƿ�ƶƬŘƀƯ�Żř�ƪƇŚů�ƪ��Żř�ƪºƇŚů�

������Ţſř�ƾƐų�ƽŻŚſ�ŵřŻō�ƁƹŹ�������ƝŶºƷ�ƖŝŚºţ�ƲǀŗŚě�Ŷů�źĮƿŵ�šŹŚŞƗ�ƶŝ
����������������ºů�Śºŝ�ƽƹŚƀºƯ�Śºƿ�źŤƨģƺºƧ�ƾƫƺƈŰƯ�Ʀţ�ƪŗŚƀƯ�Żř�Ʀƿ�źƷ�ŢƸū�Ŷ

���������Ţºſř�ƾƬºƇř�ƶƬŘƀƯ�ƝŶƷ�ƖŝŚţ�ƲǀŗŚě��������ƪºƯŚƗ�źºƔƳ�Żř����ś����ƶºƿżŬţ
���������ŵŚŬƿř�ŦƗŚŝ�ŵƹŶŰƯ�ƖŝŚƴƯ�ƆǀƈŴţ�ƹ�ƾƬƇř�ƶƬŘƀƯ(n)�����Ʀºƿ�ƶƬŘƀƯ��

������ŵƺƄºǀƯ�ƪƤŤƀºƯ�ƾƫƺƈŰƯ��������ƪºƯŚƗ�źºƔƳ�Żř�ũ���������ƪŗŚƀºƯ�Żř�Ʀºƿ�źºƷ
���ƽřŹřŵ�ƪƤŤƀƯm��������������ƶºƧ�ƪºŞƣ�ŢºƫŚů�ƶŝ�ŢŞƀƳ�Ʊō�ƪů�ƶƧ�Ţſř�źǀƜŤƯ�

řŹřŵƽ�m.e������ŵŹřŵ�ŵƺūƹ�ƽźǀĭ�Ʈǀưƈţ�źǀƜŤƯ��������Ţſř�źţ�ƱŚſō�Ŝţřźưŝ���
�����ƪůřźƯ�ƶŝ�ƍƺŝźƯ�šŚǀƬưƗ�ŵ����ƹ�Ƶ�����������Źŵ�ƵŶºƃ�ƶºŗřŹř�ƎŝřƹŹ�ƶŝ�ƶūƺţ�Śŝ

�ŢưƀƣźƿŻ�Ţſř�ƭŚŬƳř�ƪŝŚƣ�ƾŤůřźŝ�����

��
æ�è���ƾƫƺƈŰƯ�Ŷƴģ�ƩŶƯ�ƶƿżŬţ�ƪůřźƯ��
æ��ƎººſƺŤƯ�ƶŞººſŚŰƯ��ŹřŶººƤƯ���ƮººŬů���ƾŤººſřƺų�Źŵ�šǇƺƈººŰƯ�

�ƱŚƿźŤƄƯǇŚĩ�Żřƽ�e �ŮƐſ�ŹŵL�ƶǀůŚƳ�ƹ�a��
��

�æî��������������������������������������������
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e= 1,2,�,E         L=1,2,�,L       a=1,2,�,A 
 

è�� ��ƶƬǀſƹ�Źŵ�šǇƺƈŰƯ�Żř�Ʀƿ�źƷ�ŻŚǀƳ�ŵŹƺƯ�ŢǀƟźƓ�ƶŞſŚŰƯR�
�ŮƐſ�ƽřźŝL�ƶǀůŚƳ�ƹ�a 

�çæ�������������������������������������������klaelaekla VV .��
  e= 1,2,�,E         L=1,2,�,L       a=1,2,�,A 

é��ƾƫƺƈŰƯ�Ʀƿ�ƾƋŚƿŹ�ƩŶƯ��
ƈŴţ�Żř�žě�ƾƋŚƿŹ�ƩŶƯ�ƶƿżŬţ�ƹ�ŵƹŶŰƯ�ƖŝŚƴƯ�Ɔǀn�ƶŝ�ƾƫƺƈŰƯ�

n�ƪƿŚſƹ�ƾŝŚƿźǀƀƯ�ƶƬŘƀƯ�ƾƋŚƿŹ�ƩŶƯ��ƾƫƺƈŰƯ�Ʀţ�ƾƋŚƿŹ�ƩŶƯ�
�źƿŻ� šŹƺƈŝ� ƾƫƺƈŰƯ� Ʀƿ� ƹ� ƾŰƐſ� Ŷƴģ� �ƾƷŚĮŤƀƿř� Ŷƴģ� ƶǀƬƤƳ

ŵƺŝ� ŶƷřƺų� ��ŚƷźŤƯřŹŚě�Ʈǀưƈţ� ƽŚƷźǀƜŤƯ��ƹ� ƝŶƷ� ƖŝŚţ� �ƽźǀĭ
ƫƺƈŰƯ�Ŷƴģ�ƩŶƯ�Śŝ�ƶƀƿŚƤƯ�Źŵ�ƾƫƺƈŰƯ�Ʀţ�ƩŶƯ�ƽŚƷ�ŢƿŵƹŶŰƯ�ƾ

�šŹƺƈŝ�ƩƹŶū�æ��ƾƯ�źǀǀƜţ�ŶƴƧ���

��

�ƩƹŶūæ��ŚƤƯƿƫƺƈŰƯ�Ĩţ�ƩŶƯ�ƶƀƾƫƺƈŰƯ�Ŷƴū�ƹ�ƾ��

��
ê���Ʀţ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ�Żř�Ʀƿ�źƷ�ƪů�ƾƋŚƿŹ�ƁƹŹ

ƾƫƺƈŰƯ 
�ƩŶƯ�ƪů�ƽřźŝ�ŶƿŶŰţ�ƹ�śŚƘƄƳř�ƁƹŹ�Ʀƿ�ƶŗřŹř�ƝŶƷ�ƶƨƴƿř�ƶŝ�źƔƳ

ƳƺĮŝ�ŢƀƿŚŝ�ƾƯ���ŶƃŚŞǀƯ�ƾƫƺƈŰƯ�Ʀţ�ƾƋŚƿŹ�ƽř�ƶ�ƶƧ�ƮǀŗŚưƳ�ƪưƗ
�źƔƳ� Żř�Ʀƿ�ƹźƠƇ�ƽŚƷźǀƜŤƯ� Żř�ƾƨƿ�ŢǀƘƋƹ� �Źřźƨţ�ƶƬůźƯ�źƷ�Źŵ

ŵƺƃ�ƲƃƹŹ�Ʊŵƺŝ�Ʀƿ�ƹźƠƇ��ƲƿřŹŵ�řŹ�ƾƳŚǀƯ�ŢǀƘƋƹ�Ʀƿ�źĭř�ŢƫŚů�
�źĮƿŵ�ƽŵřŶƘţ��ƶŤƃřŵ�Ʀƿ�ŹřŶƤƯ�ŚƷźǀƜŤƯ�Żř�ƽŵřŶƘţ�ƮƿźǀĮŝ�źƔƳ�Źŵ

ŶƴŤƀƷ� ŵřŻō� ƾƤŝŚƯ� ƹ� ƶŤƟźĭ� ŵƺŴŝ� źƠƇ� ŹřŶƤƯ� ��ƽřźŝ� ŹƺƔƴƯ� ƲƿŶŝ
� ƩŶƯ� Ʀƿ� ƹźƠƇ� ƽŚƷźǀƜŤƯ iklaijklaikla YXZ ,,�šŹƺƈŝ� řŹ�

źƟ�Ʀƿƹ�źƠƇ�Ʋǀŝ�ƶŤſƺǀě�ƽŚƷźǀƜŤƯƉƮǀƴƧ�ƾƯ�����
��

�çç������������������������ 1),(0 ,  iklaijklaikla YXZ��
��

�ƶƘſƺţ� ƾƫƺƈŰƯ�Ʀţ� ƾƋŚƿŹ� ƩŶƯ� śřƺū� ƽŚƌƟ� ƪưƗ� Ʋƿř� źŧř� Źŵ
ƾƯ���ƽřźŝ�ƲǀŗŚě�Ŷů�Ʀƿ�ƱřƺƴƘŝ�ƶƬŘƀƯ�Ʋƿř�Żř�ƪƇŚů�śřƺū�řŸƫ�ƹ�ŶŝŚƿ

� ŵƹźǀƯ� ŹŚƨŝ�ƾƬƇř� ƶƬŘƀƯ� ��ƽŚƷźǀƜŤƯ� Żř�ƦƿźƷ�ƽřźŝ�šŹƺƇ�ƲƿřŹŵ
ŤƟźĭ� šŹƺƇ� ƽŻŚſŵřŻō� ƪưƗ�Ʀƿ� ƾƫƺƈŰƯ�Ʀţ� ƩŶƯ�Ʀƿƹ� źƠƇ�ƶ

�Ţſř���ƶƬŘƀƯ��Ʀƿ�ƹźƠƇ�ƽŚƷźǀƜŤƯ�ƽŻŚſ�ŵřŻō�šŚǀƬưƗ�ƭŚŬƳř�ŻřŶƘŝ
�ƪƿŶŞţ�ƾƐų�ƶƴƿżƷ� Śŝ� ƶƨŞƃ�ƩŶƯ�Ʀƿ�ƶŝ�ƾƫƺƈŰƯ�Ʀţ�ƾŝŚƿźǀƀƯ

ŵƺƄǀƯ� ��ƪŗŚƀƯ� ƪů� ƩƹřŶŤƯ� ƽŚƸƃƹŹ� Żř� ƾƨƿ� Śŝ� ƾƐų� ƩŶƯ� Ʋƿř

ƶƨŞƃ�ƱŚƿźū�źŨƧřŶů�ƁƹŹ�ƶƬưū�Żř�ƝƹźƔƯ�ƽŚƷŝ�ƹ�ƶƴƿżƷ�ƪƣřŶů�Ś
�Ţſř�ƪů�ƪŝŚƣ�ƞƸƃźƧ�šǇŵŚƘƯ@æ�>��

��

æ�ê��Ʀƿ�ƹźƠƇ�ƽŚƷźǀƜŤƯ�ŢǀƘƋƹ�ƲǀǀƘţ���
ŵŹƺƯ�ƩŶƯ� Źŵ� ƶƨƴƿř� ƶŝ� ƶūƺţ� Śŝ�ƽŵƺūƺƯ� ŵƺŞưƧ� ƶƘƫŚƐƯ��šŚƃŹŚƠſ

ƾƯ�źǀƀƯ�źƷ�Źŵ�ƶǀƬƤƳ�ƪƿŚſƹ�ƾƯŚưţ��ŢƀǀƳ�ŻŚŬƯ�ƵŵŚŤƟř�ŜƤƗ��ŢƀƿŚŝ
�śřƺū�Śţ�ŶƃŚŝ�ƶŤƃřŵ�ŢǀƟźƓ�Ʃƹř�ƽźŤƄƯ�ƽŚƋŚƤţ�ƱřżǀƯ�ƶŝ�ƪƣřŶů

ŵƺƃ�ƪƇŚů�ƲƨưƯ��ƾƴƘƿ����
��

�çè�������������������������������������
1( 



iklaoiklaikla

ilaekla

YXZ

dV
��

I= 1,2,�,n   k= 1,2,�,K  L=1,2,�,La=1,2,�,A   
��

źŝ�ƵƹǈƗ��ƱŚƿźŤƄƯ�ƽřźŝ� ŚƷźǀƀƯ�Żř�ƾƌƘŝ�Źŵ�Ʃƹř�ƽźŤƄƯźĮƿŵ�ƮƷ�
ŵŵźĭ�ƪƇŚů�ƲƨưƯ�śřƺū�Śţ�ƶŤƃřŵ�ŵƺūƹ�ŢǀƟźƓ�ŶƿŚŝ���ƶƨǀţŹƺƇ�Źŵ

ƃƹŹ� ƶŝ� ƾƳŚƿŚƃ�ƦưƧ� ŵƺƃ�ƆŴƄƯ� ƕƺƋƺƯ� ƲƿřƲŶƃ�Ʊ�ŢǀƘƋƹ�
Żř� ƾƌƘŝ� ƽŚƷźǀƜŤƯ�iklaZ�ƪŝŚƣ�ƂƷŚƧ� Ʊō� ƖŞţ� ƶŝ� ŵƺưƳ� ŶƷřƺų�

�ŶƿŶŰţ� ƹ� śŚƘƄƳř� ƮŤƿŹƺĮƫř� šŚŞſŚŰƯ� ƮŬů� Źŵ� ƽř� ƶƔůǈƯ
�ƕƺƋƺƯ�Ʋƿř�ƶŝ�ƾſźŤſŵ�ƽřźŝ�ŶƷŶǀƯ�űŹ�ƽŵŚƸƴƄǀě�řŶŤŝř�Ţſř�ƭŻǇ

�ƾƫŚſŹř�ŢǀƟźƓ�ƪƣřŶů(i)�eklaV�ƽźŤƄƯ�Żř�IƽźŤƄƯ�ƶŝ�(i+1)�řŹ��
Źƹō�ŢſŶŝŵ����

ƾƫƺƈŰƯ�Ʀţ�ƩŶƯ��ƾƫƺƈŰƯ�Ŷƴģ�ƩŶƯ��

ilad���ƽźŤƄƯ�ƽŚƋŚƤţ�iŮƐſŹŵL�ƶǀůŚƳ�ƹ�a ielad���ƽźŤƄƯ�ƽŚƋŚƤţi�ƽǇŚĩ�ƽřźŝ�e �řźŝƽ��ŮƐſL�ƶǀůŚƳ�ƹ�a 

iklaZ����ƽźŤƄƯ�ƶƧ�ƾţŹƺƇŹŵI�ŮƐſŹŵL�ƶǀůŚƳ�ƹ�aƹŹŵƺų�Żř��k��ǇŚƧ�
�Ţſř�źƠƇ�šŹƺƈƴƿř�źǀƛ�Źŵ�Ţſř�Ʀƿ�ŶƴƧ�ŢƟŚƿŹŵ���

ieklaZ����ƽźŤƄƯ�ƶƧ�ƾţŹƺƇŹŵiŮƐſŹŵL�ƶǀůŚƳ�ƹ�a�Żř�ƹŹŵƺų�k�ǇŚĩƽ�
e ��Ţſř�źƠƇ�šŹƺƈƴƿř�źǀƛ�Źŵ�ƹ�Ʀƿ�ŶƴƧ�ŢƟŚƿŹŵ���

� �
eklaV���źƓƶƬǀſƹ�ƾưŬů�ŢǀƟk  �řźŝƽ�ƽǇŚĩ�e �ŮƐſ�Źŵ�L ��ƹ
�ƶǀůŚƳa��

klaV����ƶƬǀſƹ�ƾưŬů�ŢǀƟźƓkŮƐſŹŵ�L�ƶǀůŚƳ�ƹ�a 
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ƸŝƸŝǀǀƶƴƶƴ��ƿƿŝŚŝŚƾƾƹźſ�ŶŞſ�ƹźſ�ŶŞſ�ƿƿŹŵ�žŹŵ�žƾŰƐſ�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ�ƾŰƐſ�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ���ŶƴģŶƴģƫƺƈŰƯƫƺƈŰƯƾƾƹ�ƹ���������������������������������������������������������������ƽźĭŹŚƧ�ŵřŵźƸƯ�ƹ�ƽźƸĜſ�ƽŶƸƯ�ŶưŰƯƽźĭŹŚƧ�ŵřŵźƸƯ�ƹ�ƽźƸĜſ�ƽŶƸƯ�ŶưŰƯ������������������������êì���

  
�çé���������������������������� klaelaelaeekla VVVMinq ....,,, 21��

 













niif

niifqiVvdMin
iV

keklaelai
ekla

L

0

),1(.
)(

,1

��
ƽźŤƄƯ�ƽřźŝ�ƶƧ�ƮǀƷŵ�ƆǀŴƄţ�ƶƨƳō�ƽřźŝæ��I�ŮƐſŹŵ�L�ƶǀůŚƳ�ƹ�

aźǀų� Śƿ� ŵƺƃ� ƶŤƟźĭ� źƔƳ� Źŵ� ŶƿŶū� ƶƬǀſƹ� ŶƿŚŝ��� ŶƿŚŝ� řŶŤŝř(i)��
ekla

AV� ŵƺƃ� ƶŞſŚŰƯ�ƱŚƿźŤƄƯ� ƶưƷ�ƽřźŝ���ō�ƾƴƘƿ�Źŵ�ƱƺǀƯŚƧ� Śƿ
�ƵźĭI �Ƶźĭ�ƶŝ�ƹ�ŶƷŵ�ƾƯ�ƶƯřŵř�źǀƀƯ�ƶŝ�ƶƨƴƿř�Śƿ�ŵŵźĭ�ƾƯ�źŝ�ƺěŵ�ƶŝ�
i+1�ƆǀƈŴţ�ŶƿŶū�ƲǀƃŚƯ�ƹ�ƮƿŹřŵ�Źřźƣ�ƺěŵ�Ʃƹř�Źŵ�ƶƳźĭƹ�ŵƹŹ�ƾƯ�

ŶŝŚŝ�ƾƯ����

�çê����
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��

źŨƧřŶů�žĜſƮŬů�ŶƳřƺţ�ƾƯ�ƶƧ�ƾƳŚƿźū�Żř��ƽźŤƄƯ�I�ŮƐſŹŵ�L�ƹ�
�ƶǀůŚƳaƶƬǀſƹ�Ǝſƺţ��K��ŞƗŶƴƧ�Źƺ�ƮǀƴƧ�ƶŞſŚŰƯ�řŹ����
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��
ç�ê��Źŵ�Ʀƿ�ƹ�źƠƇ�ƽŚƷźǀƜŤƯ�ƍŚŞţŹř��źǀƀƯ�źƷ��

Źŵ�Ʀƿƹ�źƠƇ�ƽŚƷźǀƜŤƯ�ƍŚŞţŹř�ƲǀǀƘţ�ƽřźŝ�Ɛſ�ƽřźŝ�źǀƀƯ�źƷŮ�L�
ƹ�� ƶǀůŚƳA�ƀƯ� ƹǀ� źk�Ţſř� ƵŶƃ� ƵŵŚƠŤſř� źƿŻ� ƶǀƌƣ� Żř� �ƶǀƌƣ��

�ƍźƃ�Śŝ�ƶƧ�ƾţŹƺƇŹŵ1iklaZ�ŮƐſŹŵ�L�ƶǀůŚƳ�ƹ�a�ſƹ�Śŝǀ�ƶƬk�
ŵƺƃ� ƪƇŚů� ƩƺŞƣ� ƪŝŚƣ� śřƺū� �� ƽŶƘŝ� ƱŚƿźŤƄƯ� ƽřźŝſƹǀƬƤƳ� ƶƬǀ�ƶ

ŶūƿƈŴţ�ŶǀƆŵƺƃ�����
IF 1.....(1 ,2,1   nklaklaiklaiikla ZZZZ ) �çì�����  

   OR    IF  �
0).....(0 ,2,1  nlalailaiila dddd    

��

šŚŞŧř����ƍźƃ�ŶǀƴƧ�ƉźƟ1iklaZ�ŶƃŚŝ�Źřźƣźŝ�ƶƬŘƀƯ�ƕƹźƃ�Źŵ�
ǀƷřƺų�šŹƺƇ�ƲƿřŹŵŢƃřŵ�Ʈ���

��

�çí��������������������)(. iVVdF eklaeilaikla ��
��

źǀƜŤƯ�ŢǀƘƋƹ�ƱŶƃ�ƲƃƹŹ�ƽřźŝŚƷƽ����
��
�çî������������������).....( ,2,1 nklaklaiklai ϭZϭZϭZ ��

��

�ŶƿŚŝ)1( iV ekla
AƲƿřźŝŚƴŝ�ƮǀƴƧ�ƶŞſŚŰƯřŹ������

��

�èå��������������� )(,.min)1( ,1 iVVdiV eklaelaiekla ��
��

�����źŝřźŝ�ơƺƟ�ƶƐŝřŹ�ƪƣřŶůelai Vd .,1�����Śºƿ��)(iV ekla
A�ų��ŶºƷřƺ

ŵƺŝ����ƶƐŝřŹ� ƵŹřƺưƷ�ƲǀƴĤưƷ)()1( iViV ekla
A

ekla
A ���Źřźºƣźŝ�

�����������������Śºţ�ƱŚƿźŤƄºƯ�ƽŚºƋŚƤţ�ƕƺºưŬƯ�ƶºƨƴƿř�ƶŝ�ƮƬƗ�Śŝ�źĮƿŵ�ƝźƏ�Żř�Ţſř
��ƽźŤƄƯ(i-1)����ƶƐŝřŹ�ƹ�ŶƃŚŞǀƯ�ƆŴƄƯ�����Ţºſř�Źřźºƣźŝ�����ƶǀƌºƣ��ŢºŝŚŧ�

��Ţºſř�ƵŶºƃ�����ƘººƋƹ�ƲǀºǀƘţ�ƽřźºŝ�ƶǀƌººƣ�Ʋºƿř���Ʊŵƺººŝ�Ʀºƿƹ�źƠºƇ�Ţǀ
�ƽŚƷźǀƜŤƯ

iklaZ�Ţſř�ƵŶƃ�ƵŵŚƠŤſř����
�èæ���� )(.,,1 iVVdFF eklaeilaklaiklai  ��
��
è�ê� �ŶƿŶŰţ�ƹ�śŚƘƄƳř�ƮŤƿŹƺĮƫř��

�ƭŶƣ�æ���ƶǀƫƹř�śřƺū�ŵƺūƹ��ƩƺŞƣ�ƪŝŚƣ����ƶŝ�ƶūƺţ�Śŝ�řŹ�ƎŝřƹŹ�èç���ƹ
�èè����ŶǀƴƧ�ƾſŹźŝ����
�èç����������������),.....,(max 21 eklaklaklakla VVVq ��
��

�èè�������������������������������������nqiV ekla

n

i

ekla
A


1

)(��

�ƶƐŝřŹ�źĭř�èè��ŵƺƃ�ŌŚƋŹř�řŹřŵ�ƶƬŘƀƯ��ƵŚĮƳōƽ�ƹ�Ţſř�ƪŝŚƣ�śřƺū�
�ƶƐŝřŹ�źĭř�èè���śřƺū�ƶƬŘƀƯ�ŵƺƄƳ�ŌŚƋŹřƣ�ƪŝŚƩƺŞƣ�ƞƣƺŤƯ�ƹ�ŵŹřŶƳ�

ƾƯ�Ŷƿƺƃ���ƂŴŝ� ƽƺĮƫř� Śŝ�æ��ê� ��řŹ�Ĩƿƹ� źƠƇ�ƽŚƷźǀƜŤƯ�ŢǀƘƋƹ
Ŷǀƴĩ�ƲǀǀƘţ���

ƭŶƣ��ç�� Ź�ƾƫƺƈŰƯ�Ʀţ�ƾŝŚƿźǀƀƯ� ƶƬŘƀƯ� ƶŤƟŚƿ� ƶƘſƺţ�ƩŶƯř��ƶŝ
ƁƹŹ(Out of Kilter) �ŶǀƴƧ�ƪů���ŵŹƺƯ�ŢǀƟźƓ�ƱřżǀƯ�šŹƺƈƴƿřŹŵ

� ƶǀƬƤƳ�ƪƿŚſƹ� Żř�ƦƿźƷ� ŻŚǀƳŹŵ�ƀƯ� źƷǀƹ� ź�ŮƐſŹŵ�L� ƶǀůŚƳ� ƹ�a��
ŵƺƄǀƯ�ƶŞſŚŰƯ���

�ƭŶƣ�è���ŢǀƘƋƹ��ŶǀƴƧ�ƲǀǀƘţ�řŹ�Ʀƿƹ�źƠƇ�ƽŚƷźǀƜŤƯ����
�ƭŶƣ�é�� ŤƯ�Ʋǀŝ�ƶƧ�ƾţŹƺƇŹŵ�ƽŚƷźǀƜijklaX�ƽŵřŻō�źǀƜŤƯ�ĢǀƷ��

ƃŚŝ� ƶŤƃřŶƳ� ŵƺūƹŶƾƯ� ƞƣƺŤƯ��Ŷƿƺƃ� ��Ʋǀŝ� Żř� šŹƺƈƴƿřźǀƛŹŵ
�ƲƿźŤƄǀŝ�ƶƧ�ƽźǀƜŤƯ�Ʊō�ŵřŻō�ƽŚƷźǀƜŤƯŵƺŞƸŝƶƴƿżƷ��ƝŶƷ�ƖŝŚţ�Źŵ��

ƮǀƷŶǀƯ�ƭŚŬƳř�řŹ�śŚƘƄƳř�šŚǀƬưƗ�ƹ�śŚŴŤƳř���ŵŹřŵ�řŹ���
��

�èé������������������� jiXC ijklaijklaklai  /.max,��

i= 1,2,�,n      j=1,2,�,m        
��

��ƭŶƣ�ê���������ƽźŤƄƯ�Żř�źǀƀƯ�ƦƿŹŵ�źĭř(i)�����ƽźŤƄºƯ�Śţ�(n)���ŢǀƘºƋƹ�
���������������Śºƿ�ƹ�ŶºƃŚŝ�Źřźƣźŝ�źƿŻ�ƍźƃ�ƹ�ƵŶƃ�ƲǀǀƘţ�Ʀƿƹ�źƠƇ�ƽŚƷźǀƜŤƯ�ƶưƷ

�����ŶǀƴƧ�ƞƣƺţ�ŵƺƄƳ�ƪƇŚů�śřƺūŹŵ�ƽŵƺŞƸŝ�����ƶŝ�šŹƺƈƴƿř�źǀƛ�Źŵ���ƭŶºƣ�
�ƭƺſŶƿŵźĭźŝ����

��

�èê��������������������eklaeiLa

m

J
ijkla VVdZ 
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K= 1,2,�,k      L=1,2,�,L       a=1,2,�,A   
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êíêí���������ƸŝƸŝǀǀƶƴƶƴ��ƿƿŝŚŝŚƾƾƹźſ�ŶŞſ�ƹźſ�ŶŞſ�ƿƿŹŵ�žŹŵ�žƾŰƐſ�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ�ƾŰƐſ�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ���ŶƴģŶƴģƫƺƈŰƯƫƺƈŰƯƾƾƹ�ƹ�����������������������������������������������������������������ƽźĭŹŚƧ�ŵřŵźƸƯ�ƹ�ƽźƸĜſ�ƽŶƸƯ�ŶưŰƯƽźĭŹŚƧ�ŵřŵźƸƯ�ƹ�ƽźƸĜſ�ƽŶƸƯ�ŶưŰƯ  

�ƾŰƐſ�Ŷƴģ�ƾƷŚĮŤƀƿř�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ�Żř�Ʀƿ�źƷ�ƪů�Żř�žě
�ƱřżǀƯ�ƶƀƿŚƤƯ�ƶŝ�ŢŝƺƳ� �ƵŶƃ�ƶŗřŹř�ƮŤƿŹƺĮƫř�Ǝſƺţ�ƾƫƺƈŰƯ�Ʀƿ� ƹ

ƾƯ� ƵŶƃ� ƵŵŚƠŤſř�ŢǀƟźƓ� ƹ� ƵŶƃ� Ƶŵřŵ�ƆǀƈŴţ�ŢǀƟźƓ�ŶſŹ� ��Ʋƿř
ŢǀƟźƓ�ŮǀƐƀţ�ŦƗŚŝ�ƶƧ�šŚǀƬưƗ�ǀƣŚŝ�ƽŚƷ�ƵŶƳŚưŶƃ�ŶƷřƺų���ĨưĪŝ

Ƌƺţ�ƹ�ƎŝřƹŹǀ�Ţưƀƣ�šŚŰ�é��ê��ƾƯ�ƭŚŬƳř��ŵƺƃ���
��
é�ê���ƵŶƳŚưǀƣŚŝ�ŢǀƟźƓ�ƹ�ƖŝŚƴƯ�ŮǀƐƀţ��
Źŵ���������������ŢºǀƟźƓ�ƱřżºǀƯ���ƖŝŚºƴƯ�ŮǀƐƀºţ�šŚǀƬưƗ�ƭŚŬƳř�ƽřźŝ�ƶƬůźƯ�Ʋƿř

��ƵŶƳŚưǀƣŚŝ��ŵřŻŚƯ�����������ƶºƐŝřŹ�Ʀưƨŝ�ƾƫƺƈŰƯ�Ʀţ�ƪŗŚƀƯ�Żř�ƦƿźƷ�ƽřźŝ
Ţſř�ƵŶƃ�ƶŞſŚŰƯ�źƿŻ���

��

�èë������������������������).(
1

eiLa

n

i
eklaekla VdVRC 



��

e= 1,2,�,E K= 1,2,�,K  L=1,2,�,L a=1,2,�,A 
��

ƶƐŝřŹ�Ǝſƺţ�ƵŶƳŚưǀƣŚŝ�ŢǀƟźƓ�ƪƧ��

�èì����������������������� ekLa

E

e
kla RCRCT 




1

��
��

ƾƯ� ƶŞſŚŰƯ��ƖŝŚƴƯ�ŢǀƟźƓ�ŢŞƀƳ� ƶŝ� řŹ� ƵŶƳŚưǀƣŚŝ�ŢǀƟźƓ�Ʋƿř� ŵƺƃ
� ƾƫƺƈŰƯ� Ʀţ� ƪŗŚƀƯ� Żř� ƦƿźƷ� Źŵ� ƵŶƃ� ƵŵŚƠŤſřŻƺţƖƿƾƯ��ƮǀƴƧ��

�ƶƧ�ƾƫƺƈŰƯ�Ʀţ�ƪŗŚƀƯ�ƶŝ�ƶƧ�Ţſř�šŹƺƈƴƿř�ƶŝ�ŹŚƧ�ƽřźūř�ƁƹŹ
�ƽźŤưƧ� ŢǀƟźƓ� ŹřŶƤƯ� ŶƴŤƀƷ� ƽźţŵŚƿŻ� ƵŶƳŚưǀƣŚŝ� ŢǀƟźƓ� ƽřŹřŵ

ƾƯ�ƆǀƈŴţ�ƹ� ŶŝŚƿ��ƵŶƳŚưǀƣŚŝ� ŢǀƟźƓ� ƶƧ� ƾƫƺƈŰƯ�Ʀţ� ƪŗŚƀƯ� ƶŝ
ƾƯ� ƆǀƈŴţ� ƽźŤƄǀŝ� ŢǀƟźƓ� ŹřŶƤƯ� ŶƳŹřŵ� ƽźŤưƧ�ŶŝŚƿ���šŚǀƬưƗ

ŬƳř� źƿŻ� ƶƐŝřŹ� ƢŞƏ� ƖŝŚƴƯ� ŮǀƐƀţƾƯ� ƭŚ�ŵƺƃ� ��šŚǀƬưƗ� ƽřźūř� Śŝ
�ŶƷřƺų�ƪƇŚů�ƽźŤƸŝ� ƶūƺƯ�ƽŚƸŝřƺū� ƶƬůźƯ� źƷ� Źŵ� ƖŝŚƴƯ� ŮǀƐƀţ

Ŷƃ���

�èí���1)
.
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��

ê�ê���ƾƫƺƈŰƯ�Ŷƴģ�ƶƬŘƀƯ�ƪů�ƮŤƿŹƺĮƫř��
� ƭŶƣæ��Źŵ� ĦƳřźĭǇ� ŜƿřźƋ� Żř� ƵŵŚƠŤſř� Śŝ� řŹ� ƾƬƇř� ƶƬŘƀƯ��ƖŝŚƴƯ

�ƶŝ�śŚǀưƧ(E)�ŶǀƴƧ�ƪƿŶŞţ�ƪƤŤƀƯ�ƾƫƺƈŰƯ�Ʀƿ�ƶƬŘƀƯ���
�ƭŶƣç���ƵŶƃ�ƶŗřŹř�ƽŹŚƨŤŝř�ƁƹŹ�Śŝ�řŹ�ƾƫƺƈŰƯ�Ʀţ�ƪŗŚƀƯ�Żř�ƦƿźƷ

�Ţưƀƣ�Źŵ�è��ê��ƹ��æ��ê��ŶǀƴƧ�ƪů����
�ƭŶƣè���ŢŞƀƳřŹ�ƾƫƺƈŰƯ�Ʀţ�ƪŗŚƀƯ�Żř�Ʀƿ�źƷ�ƵŶƳŚưǀƣŚŝ�ŢǀƟźƓ

�ƶŤƟŚƿ�ƆǀƈŴţ�ŢǀƟźƓ�ƶŝ�ƎŝřƹŹ�ĨưĪŝ�èìƹèë��ŶǀƴƧ�ƶŞſŚŰƯ����

� ƭŶƣé��� řŹ� ƖŝŚƴƯ� ŮǀƐƀţ� šŚǀƬưƗ� ƶƐŝřŹ� ĨưĪŝ�èí� ��ƪƧ� ƽřźŝ
ƟźƓ�ƵŶƳŚưǀƣŚŝ�Ţǀ(RCT)��ſƹ�ŹŵǀƶƬ�k�ŮƐſ���L�ƶǀůŚƳ�ƹ�a��ƭŚŬƳř
ƷŵǀŶ����

� ƭŶƣê���ƞƣƺţ� ƍźƃ� ƶŝ� ƱŶǀſŹ� ƱŚƯŻ� Śţƹ� Ŷƿŵźĭźŝ� ƭƹŵ� ƭŶƣ� ƶŝ
ŶǀƷŵ� ƶƯřŵř� řŹ� ƶƬŘƀƯ� ��ƮŤƿŹƺĮƫř� ƞƬŤŴƯ� ƪůřźƯ� Źŵ� ƞƣƺţ� Ǝƿřźƃ

��Ţưƀƣ�Źŵ�ŶƿŶŰţ�śŚƘƄƳř�è�ê��Ţſř�ƵŶƃ�ƱŚǀŝ����
��

ë��ƽŵŚƸƴƄǀě�ƮŤƿŹƺĮƫř�ŹŚŞŤƗř��
żǀƯ� ƾſŹźŝ� ŢƸū�ŵřŶƘţ� ƵŶƃ� ƶŗřŹř� ƽŵŚƸƴƄǀě� ƮŤƿŹƺĮƫř� ƾƿōŹŚƧ� Ʊř

èååŶƳř�ƵŶƃ�ŵŚŬƿř�źƿŻ�šŚƈŴƄƯ�Śŝ�ƾƟŵŚƈţ�ƶƬŘƀƯ�ŵŶƗ�����
æ��Źŵ� ƵŶƃ� ŵŚŬƿř� ƪƿŚƀƯ� ŵŚƘŝř�ŵƹŶŰƯ�����������������������
�æêçêí�(N.E.L.D.K) = (�ƾƫř�èçåêæêåå�(N.E.L.D.K) =(���

Ţſř���ƩƹŶū�Źŵ�ƪŗŚƀƯ�Ţƀǀƫ�ç���Ţſř�ƵŶƯō��
ç��ƯŻ�źƷ�Źŵ�ƾƳŚǀƯ�ƽŚƷŹŚŞƳř�Żř�ƦƿźƷ�ƽřźŝ�ƽźǀĭŹŚŝ�ƹ�ƽŻřŶƳřŹŚŝ�ƱŚ

�Ţųřƺƴƨƿ�ƖƿŻƺţŻř� ƶƳŚĭřŶū� ƹ�ƾƟŵŚƈţ�šŹƺƈŝ� ƶǀůŚƳƹ�ŮƐſ�íå��
èå��ŶƳř�ƵŶƃ�śŚŴŤƳř�ƶƤǀƣŵ���
è��ƹ�ŭƺƐſ�ƶưƷŹ�ŵ�ƽźŤƄƯ�Śƿ�ŹŚŞƳř�ƹŵ�źƷ�Ʋǀŝ�źƷ�źǀƀƯ�ƾƏ�ƱŚƯŻ

� Ţųřƺƴƨƿ� ƖƿŻƺţ� Żř� ƶƳŚĭřŶū� šŹƺƈŝ� ƾůřƺƳ�æååå�æåå� ��ƶƤǀƣŵ
ƃ�śŚŴŤƳřƵŶ�ŶƳř���

é���ƖƿŻƺţŻř�ƶƳŚĭřŶū�ƹ�ƾƟŵŚƈţ�šŹƺƈŝ�šǇƺƈŰƯ�Żř�ƦƿźƷ�ƮŬů
�Ţųřƺƴƨƿ�æååæååæåå�æåæåæå���źŤưǀŤƳŚſŜƘĪƯ�śŚŴŤƳř�
ŶƳř�ƵŶƃ���

ê��ƖƿŻƺţŻř�ƶƳŚĭřŶū�ƹ�ƾƟŵŚƈţ�šŹƺƈŝ�ƶǀƬƤƳ�ƪƿŚſƹ�Żř�ƦƿźƷ�ƮŬů
� Ţųřƺƴƨƿ�çååçååêåå�æååæååæêå� � �� źŤưǀŤƳŚſ�ŜƘĪƯ
ƵŶƃ�śŚŴŤƳř�ŶƳř���

ë�Ƴř� ƽŚƋŚƤţ�šŹƺƈŝ� � šǇƺƈŰƯ� Żř� ƦƿźƷ� ƽřźŝ� ƾƳŚǀƯ� ƽŚƷŹŚŞ
Żř�ƾƟŵŚƈţ��Ţųřƺƴƨƿ�ƖƿŻƺţ�æååå��çåå��ŶƳř�ƵŶƃ�śŚŴŤƳř���

ì��������������ƾƟŵŚƈºţ�šŹƺƈºŝ��šǇƺƈŰƯ�Żř�Ʀƿ�źƷ�ƽřźŝ��ƱŚƿźŤƄƯ�ƽŚƋŚƤţ
�Ţųřƺƴƨƿ�ƖƿŻƺţŻř�êå�æå��ƵŶƃ�śŚŴŤƳř�ŶƳř���

í�����������������ƶºǀůŚƳ�ƹ�ŮƐºſ�źƷ�Źŵ�ƱŚƿźŤƄƯ�Żř�Ʀƿ�źƷ�ƽřźŝ�ƽŻřŶƳřŹŚŝ�ƱŚƯŻ
�ƟŵŚƈţ�šŹƺƈŝ��������Ţºųřƺƴƨƿ�ƖºƿŻƺţŻř�ƶƳŚĭřŶū�ƹ�ƾ�èå�çå����ƶºƤǀƣŵ
ƵŶƃ�śŚŴŤƳř�ŶƳř���

�ƎǀŰƯ� Źŵ� ƶƯŚƳźŝ�Ʀƿ�ơƺƟ�ƪŗŚƀƯ�ƪů�ƽřźŝMatlab�ƵŶƃ� ƶŤƃƺƳ�
�ƵŶƃ�ƶŤƃƺƳ�ƽŵŚƸƴƄǀě�ƮŤƿŹƺĮƫř�Śŝ�ƪŗŚƀƯ�ƪů�ƽřźŝ�ƶƯŚƳźŝ�Ʋƿř�Ţſř

Ţſř��ƶƀƿŚƤƯ�ŪƿŚŤƳ�ƹŵ�Żř�ƽř�ƹ�ƪů�ƱŚƯŻ�ƶŞƴū��Źŵ�ƪƤƳƹ�ƪưů�ƶƴƿżƷ
ƩƹŶū��ç��Ţſř�ƵŶƯō���

��

ƩƹŶū�ç��ƹ�ƽŵŚƸƴƄǀě�ƮŤƿŹƺĮƫř�ƪƤƳƹ�ƪưů�ƶƴƿżƷ�ƪů�ƱŚƯŻ�ƶƀƿŚƤƯ�BLP��
ƪƤƳƹ�ƪưů�ƶƴƿżƷ���ƪů�ƱŚƯŻ�ƶƤǀƣŵ�� �Pr0blem  size� �

HDC� �BLP� �HDC BLP N.E.L.D.K� �
çíî�ææ çíê�æì å�èç å�êì æêçêí 

èåæ�íæ��çîì�æê��å�êë��å�íç��æêçêæå��
èçå�íê��èæê�ææ��å�ëé��å�îì��æêçêæç��
èêæ�æë��èéç�æì��å�íê��æ�çê��æêçêæê��
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ƸŝƸŝǀǀƶƴƶƴ��ƿƿŝŚŝŚƾƾƹźſ�ŶŞſ�ƹźſ�ŶŞſ�ƿƿŹŵ�žŹŵ�žƾŰƐſ�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ�ƾŰƐſ�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ���ŶƴģŶƴģƫƺƈŰƯƫƺƈŰƯƾƾƹ�ƹ���������������������������������������������������������������ƽźĭŹŚƧ�ŵřŵźƸƯ�ƹ�ƽźƸĜſ�ƽŶƸƯ�ŶưŰƯƽźĭŹŚƧ�ŵřŵźƸƯ�ƹ�ƽźƸĜſ�ƽŶƸƯ�ŶưŰƯ������������������������êî���

  
�ƶƯřŵř�ƩƹŶūç��ƹ�ƽŵŚƸƴƄǀě�ƮŤƿŹƺĮƫř�ƪƤƳƹ�ƪưů�ƶƴƿżƷ�ƪů�ƱŚƯŻ�ƶƀƿŚƤƯ�BLP��

ƪƤƳƹ�ƪưů�ƶƴƿżƷ���ƪů�ƱŚƯŻ�ƶƤǀƣŵ�� �Pr0blem  size� �
HDC� �BLP� �HDC BLP N.E.L.D.K� �
èîì�çé��èíæ�éæ��æ�çí��è�íé��æêçêçå��
éæå�ææ��èîé�íê��è�æç��ì�êæ��æêçêçê��
éçæ�ëí��éæê�ææ��é�æê��î�ìæ��æíçíèå��
éèí�ìî��éçê�æî��ê�æì��æé�éê��æíçíèê��
êæê�ææ��éìæ�éí��ì�çé��çê�íæ��æíçíéå��
êæì�æé��éîê�æí��æê�æì��èë�çê��çíèíéê��
êçå�æç��êæç�ææ��æí�ææ��éì�îç��çíèíêå��
êêæ�èí��êéå�çê��æî�çì��íç�éê��çíèíêê��
êëæ�æî��êêå�æç��çê�æç��îê�çì��çæåèæåëå��
êìç�êì��êëæ�æì��çì�éî��ææì�éç��çæåèæåëê��
êíæ�îí��êìê�éì��èç�æî��æçê�æí��çæåèæåìå��
ëåæ�çê��êîå�æí��èê�æí��çæì�ææ��çæåèæåìê��
ëåì�ìî��êîî�íî��èí�æç��èæê�çç��çæåèæåíå��
ëçí�éæ��ëæê�ææ��éê�æî��éæç�ææ��çæåèæåíê��
ëèì�ææ��ëçç�éê��êæ�æì��êæë�ìê��çæçéæçîå��
ëêé�æê��ëéæ�éç��êí�æê��êçê�ææ��çæçéæçîê��
ëëæ�æç��ëêì�ìî��ëê�æç��êíå�æê��çæçéæçæåå��
ìçé�æê��ìæê�éæ��ìé�æì��êîê�éç��èæçéæçææå��
ìéê�æì�����íæ�æê�����èæçéæçææê��
ìêæ�æî�����îê�ææ�����èæçéæçæçå��
ìëí�ìî�����ææê�æì�����èæêéæêæçê��
ììæ�çì�����ææí�éí�����èæêéæêæèå��
ìíê�êì�����æçå�ææ�����èæêéæêæèê��
ìîë�ææ�����æçê�ìê�����èæêêæêæéå��
íçæ�èç�����æèæ�æé�����èæêêæêæéê��
íèê�éì�����æéê�çê�����èæêêæêæêå��

��
ƶƀƿŚƤƯ�ŪƿŚŤƳ��ƩƹŶū�Źŵ�ƽř�ç���ƁƹŹ�ƶƧ�ŶƷŶǀƯ�ƱŚƄƳHDC��ƵƹǈƗ

�ƪů�żǀƳ�ƽźŤưƧ�ƱŚƯŻ�Źŵ�řŹ�ƪŗŚƀƯ���ƶƴǀƸŝ�ƦƿŵżƳ�ƽŚƸŝřƺū�ƶŗřŹř�źŝ
Ţſř� ƵŵƺưƳ�ř�Ǝſƺţ�ƪƇŚů�śřƺū� ŹřŶƤƯ��ƮŤƿŹƺĮƫHDC��ƶŝ�ŢŞƀƳ
�ƮŤƿŹƺĮƫřBLP�� źŨƧřŶůê�ƶŝ� řŹ�ƪů�ƱŚƯŻ� ƹ� ƶŤƃřŵ�ƝǈŤųř�ŶƇŹŵ�

�ƎſƺŤƯ�ŹƺƏìè�ŶƇŹŵ�Ţſř�Ƶŵřŵ�ƂƷŚƧ���
��

ì��ƾţō�šŚƤǀƤŰţ�ƹ�ƽźǀĭ�ƶŬǀŤƳ��
Źŵ�ƾƷŚĮŤƀƿř�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƶƬŘƀƯ�ƢǀƤŰţ�Ʋƿřó�ƹ�ƾƫƺƈŰƯ�Ŷƴģ�

ƶƴƿżƷ�ƱŵƺưƳ�ƪƣřŶů�ƝŶƷ�Śŝ�ƾŰƐſ�ŶƴģŵŹƺƯ�ƖƿŻƺţ�ƽŚƷ��ƾſŹźŝ
ŢƟźĭŹřźƣ���ƶƯŚƳźŝ�ƩŶƯ�Ʀƿ�ƶƬŘƀƯ�Ʋƿř�ƾſŹźŝ�ƽřźŝŹƿż�źƠƇ�ƾƐų�ƽ

�źŝ�ƪưŤƄƯ�Ʀƿ�ƹæê�ƹ�ŢƿŵƹŶŰƯ�ƽźſ�êźǀƜŤƯ�ƽźſ��ƹ�ƶŤſƺǀě�
Ţſř�ƵŶƃ�ƶŗřŹř�Ʀƿƹ�źƠƇ��śŚǀưƧ�ƖŝŚƴƯ�ĦƳřźĭǇ�ŜƿřźƋ�Żř�ƵŵŚƠŤſř�Śŝ�

�Ŷƴģ�ƹ�ƾƫƺƈŰƯ�Ŷƴģ�ƶƬŘƀƯ�ƶǀƬƤƳ�ƪƿŚſƹ�ŢǀƟźƓ�ŢƿŵƹŶŰƯ�ƽřźŝ
Ŷƃ�ƪƿŶŞţ�ƾƫƺƈŰƯ�Ʀƿ�ƶƬŘƀƯ��źƷ�ƪů�Żř�žě�Ʀƿ�ƪŗŚƀƯ�Żř��Ʀƿ

ŢǀƟźƓ��ƽŵŚƸƴƄǀě�ƮŤƿŹƺĮƫř�Śŝ�ƾƫƺƈŰƯ��Ʀƿ�źƷ�ƽřźŝ�ƵŶƳŚưǀƣŚŝ�ƽŚƷ

�ƖŝŚƴƯ� ŮǀƐƀţ�šŚǀƬưƗ�žĜſ� ƹ� ƵŶƃ� ƶŞſŚŰƯ�ƪƧ� Źŵ� ƹ� ƪŗŚƀƯ� Żř
Ţſř� ƵŶƃ�ƭŚŬƳř� �ƪůřźƯ�Ʋƿř Śţ�ƵŶƃ� Źřźƨţ�ƞƣƺţ�ƍźƃ�ƶŝ�ƱŶǀſŹ�

Ţſř���ƽŶƴŝ�ƶƃƺų�ƶƬůźƯ�ƶſ�ƾƫƺƈŰƯ�Ʀţ�ƪŗŚƀƯ�Żř�ƦƿźƷ�ƪů�Źŵ
�ƹ�ƾƳŚǀƯ�ƽŚƷŹŚŞƳř�ƵŶƃ�Ŷǀƫƺţ�ƽŚƷźǀƀƯ�ŵƺŞƸŝ�ƹ�ƾŝŚƿźǀƀƯ��ƱŚƿźŤƄƯ

�ŵŹřŵ�ŵƺūƹ���ŜƿřźƋ�Żř�ƵŵŚƠŤſř�ƶƧ�Ţſř�Ʊō�źĮƳŚǀŝ�ƾţŚŞſŚŰƯ�ŪƿŚŤƳ
��ƶŝ�ƾƫƺƈŰƯ�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ�ƶƿżŬţ�ƽřźŝ�śŚǀưƧ�ƖŝŚƴƯ�ĦƳřźĭǇ
� ŶƃŚŞǀƯ� řŹŚƧ� ƁƹŹ� Ʀƿ� ƾƫƺƈŰƯ� Ʀţ� ƾŝŚƿ� źǀƀƯ� ƶƬŘƀƯ� Ŷƴģ��

ƶƴǀƸŝ� śřƺū� ƶŝ� ŢŞƀƳ� ƮŤƿŹƺĮƫř� Ʋƿř� ƽŚƸŝřƺū� źŨƧřŶů�5�ŶƇŹŵ�
�ƁƹŹ�ƶŝ�ŢŞƀƳ� řŹ�ƪů�ƱŚƯŻ�šŶƯƹ�ƶŤƃřŵ�ƝǈŤųřBLP��Śţê�źŝřźŝ�

�Ţſř�Ƶŵřŵ�ƂƷŚƧ��ţ�ƲǀƴĤưƷƬ�ƾƷŚĮŤƀƿř�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƶƬŘƀƯ�ƢǀƠ
�šŚƤǀƤŰţ�ƱřƺƴƘŝ�ŶƳřƺŤǀƯ� Śƿƺě� ƹ�ƾƫŚưŤůř� ��ƽŻŚƟ�ƽŚƋŚƤţ�ƮǀƷŚƠƯ� Śŝ

ŵźǀĭ�Źřźƣ�ƾŝŚƿŻŹř�ƹ�ƾſŹźŝ�ŵŹƺƯ�ƾţō���
��

ƖŝŚƴƯ��
[1] Brian R., "Formulation and Exact Algorithm for the  

Vehicle Routing Problem with Time Windows",  

 [
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.iu
st

.a
c.

ir
 o

n 
20

24
-1

0-
17

 ]
 

                            11 / 13

https://www.iust.ac.ir/ijiefa/article-1-243-fa.html


ëåëå���������ƸŝƸŝǀǀƶƴƶƴ��ƿƿŝŚŝŚƾƾƹźſ�ŶŞſ�ƹźſ�ŶŞſ�ƿƿŹŵ�žŹŵ�žƾŰƐſ�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ�ƾŰƐſ�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ���ŶƴģŶƴģƫƺƈŰƯƫƺƈŰƯƾƾƹ�ƹ�����������������������������������������������������������������ƽźĭŹŚƧ�ŵřŵźƸƯ�ƹ�ƽźƸĜſ�ƽŶƸƯ�ŶưŰƯƽźĭŹŚƧ�ŵřŵźƸƯ�ƹ�ƽźƸĜſ�ƽŶƸƯ�ŶưŰƯ  

computer and operational Research, Vol .35, 
NO.7,2008, pp: 2307-2330. 

 
[2] Gabor, N., Salhi, S., "Location � Routing: Issues, 

Models, and Methods", European Journal of operational 
Research, Vol. 177, No. 2, 2007, pp:649-672. 

 
[3] Franrlin, L., Shen, S., "An  over view  of   a heuristic   

for Vehicle Routing Problem with Time Windows",  
computer  and  operations Research, Vol .37, NO.2, 
1998, pp: 331-334. 

 

[4] Feiyue, L., Bruce, G., Edward,W., "The  Open Vehicle  
Routing Problem: Algorithms, Large-Scale Test   
Problems. And Computational Resalts", computer  and  
operations Research, Vol .34, NO.10, 2007, pp: 2918-
2930. 

 

[5] Laporte, G,. "The Vehicle Routing Problem: An 
Overview of Exact and Approximated", algorithms, 
European journal of operatronal  Resarch, Vol.59,  NO. 
3 , 1992, PP:  345-385. 

 

[6] Milligan, B., "Transportation Holds up its and of Jit 
bargain" parchasing Boston. Vol. 129, NO.4, 2000, PP: 
75-82. 

 
[7] Nathalie, P., Ander, L .,  James, F., "A Survey of Models 

and Algorithms for Winter Road Maintenance, Part III : 
Vehicle  Routing   and Depot  Location  for Spreading" , 
computer  and  operation  Research , Vol .34,NO.1, 
2007, pp: 211-257. 

 
[8] Paolo, T., Daniele, V., "Models, Relaxations and exact 

Approches for the Capacitated Vehicle Routing 
Problem", Discrete Applied  mathematics, Vol.123, 
No.3, 2002, pp: 487-512. 

 
[9] Tolgo, B., "The Multiple �Traveling salesman Problem: 

an Over View of Formulation and Solutions  
Procedures", OMEGA, Vol .34 , NO.3, 2006, PP:209-
219. 

 

[10] Laporte, G ., Nobert, .y., Taillefer,s., "Taillefer, Solving  
a Family of Multiple�Depot Vehicle Routing and  
Location- Routing Problems", Transportation science, 
NO.22 , 1988,  pp: 161-172. 

 

[11] Sumichrast, R.T., Marrham, I.S., "A Heuristic and  
Lower Bound for a Multi � Depot Routing Problem ". 
computers ans Operations Research,No. 22, 1995, pp:  
1047-1056. 

 

[12] Waston, C.D., T,  Dohrn, D.J,. "Depot Location with   
Van Salesman -A Practical Approach ,  OMEGA," 
Vol.1, 1973, PP:  321-329. 

 

[13] Nambiar, J.M., Gelders, L.F., Van, W.L.N., "A Large  
Scale Location- Allocation, Problem in the Notional 
Rubber Induetry", European Journal of operational 
Research,  Vol .4, 1981,pp: 183-189. 

[14] Mercer, A,. "Strategic Planning of Physical Distribution 
Systems", International Journal physical Distribution, 
Vol.1, 1978, pp: 20-25. 

 

[15] Wren, A., Holliday, A., "Computer Scheduling of 
Vehicles From One or More Depots a Number of 
Delivery Points, operatronal  Resarch Quantity, Vol .23, 
No . 3, 1989, pp:333-344. 

 
[16]  Benoit, C., Francors, J., Gordeou, A., Gilbert, L., "the  

Multi�Depot Vehicle Routing Problem, with Inte � 
Depot Routes, European Journd of operational Research  
, No. 176 , 2005, pp. 756-773. 

 

[17] Rodolfo, D., Jaim, .C., "A  Cluster � Vased Optimization  
Approach for the Multi � Depot Heterogeneous Fleet  
Vehicle Wiating Problem with Time Windows", Eurpean  
journal of operational Research, NO, 176, 2007, pp: 
1478-1507. 

 

[18] Salhi, S., Sari.M., "A Multi-Level Composite Search 
Heuristic for the Multi � Depot Vehicle Fleet Mix 
Problem" . European journal of operational Resarch 
,No. 103, 1997, pp:  95-112. 

 

[19] Fallahi, A., Christian, P., Robert, C., "A Memertic 
Algorithm and a Taba Search for the Multi-
Compartment Vehicle Routing Problem", computer  and 
operations Research, vol. 35, NO. 4, 2008, pp: 1725-
1741. 

 
[20] Alvina G.H., Ret, R.L.C., & Qiang, M., "Distance � 

Constrained Capacitated Vehicle Routing Problems  
with Flexible Assignment of Start and End Depots", 
Mathematical and computer Modeling, Vol. 47, 2008, 
pp: 140-152. 

 
[21] Giosa, I.D, Tansini, I.L., Viera, I.C., "New  Sssignment 

Slgorithm for Multi- Depot Vehicle Routing Problem", 
journal of operational Research society, NO.53, 2002, 
pp:977-984. 

 
[22] Christofides N, Mngozzi .A., Toth.P., "Exaet Algorithm 

for the Vehicle Routing Problem, Based on  Spanning 
Tree and Shortest Path Relaxation",  mathematical 
programming, NO.20, 1981, pp: 255-282. 

 

[23] Clarre, G., wright, J.w., "Scheduling of Vehicles from a 
Central Depot to a Number of Delivery Points". 
Operations Research ,No. 12, 1964, pp: 568-581 . 

 

[24] Hadjiconstan �tionou, E., Baldacci, R., "A Multi � Depot 
Period Vehicle Routing Problem Arising in the Utlities  
Sector", Journal of the operational  Resarch society No. 
49, 1998, pp: 1239-1248. 

 
[25] Gillet, B. E.P., Miller, L.R., "A Heuristic Algorithms for 

Vehicle Dispatchinh Problem". Journal of operation 
Research, No. 22, 1974, pp:340-349. 

 [
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.iu
st

.a
c.

ir
 o

n 
20

24
-1

0-
17

 ]
 

                            12 / 13

https://www.iust.ac.ir/ijiefa/article-1-243-fa.html


ƸŝƸŝǀǀƶƴƶƴ��ƿƿŝŚŝŚƾƾƹźſ�ŶŞſ�ƹźſ�ŶŞſ�ƿƿŹŵ�žŹŵ�žƾŰƐſ�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ�ƾŰƐſ�Ŷƴģ�ƾŝŚƿźǀƀƯ�ƪŗŚƀƯ���ŶƴģŶƴģƫƺƈŰƯƫƺƈŰƯƾƾƹ�ƹ���������������������������������������������������������������ƽźĭŹŚƧ�ŵřŵźƸƯ�ƹ�ƽźƸĜſ�ƽŶƸƯ�ŶưŰƯƽźĭŹŚƧ�ŵřŵźƸƯ�ƹ�ƽźƸĜſ�ƽŶƸƯ�ŶưŰƯ������������������������ëæ���

  
[26] Tillman, FA., Cain, T.M., "An Upperbound  Algorithms 

for the Single and Multiple �Terminal Delivery  
Problem" , Management science, NO.18, 1972, pp: 662-
682. 

 
[27] Min, S.H., Lee., J, Han .I., "Hybrid Genetic Algorithms 

and Support Vector Machines for banrruptcy 
Prediction". Expert system with Applications, No. 31, 
2006, pp: 652-660. 

 
[28] Mesa, J.A., Boffey, T.B., "A Review of Extensive 

Fasility Location in Netwoers", European Journal of 
operational Research, Vol.95, 1996, pp. 592-603. 

 
[29] Gendreau, M., Laporte, G., povtin, J.Y., "Vehicle  

Routing Modern Heuristic", in: Local search in 
combinatorial Optimization. John wiley and sons, 1997, 
pp: 311-336. 

 

[30] Renaud, J., Laporte, G., Doctor, F.F., "A Ttabu Search  
Heuristic for the Multiple �Depot Vehicle Routing 
Problem". Computers and operations research, No. 23, 
1996, pp: 229-235. 

 
[31] Wiliam, H., George, T.S., ping, J., Henry, C., "A Hybrid 

Genetic Algorithm for the Multi�Depot Vehicle Routing  
Problem" Engineering Application of Artifical 
intelligence , 2007, pp.Article in press .  

 
[32] Sur, B., Heany, H., Gyu, C., Meny, G., "Integrated GA-

VRP Solver for Multi � Depot System", Computer and 
Indusrial engineering, NO. 53, 2007, pp: 233-240. 

 
[33] Coor, S.A., "An Approximation Algorithm for the  

Traveling Selesman Problem with Bacrhauls" , 
operation Research, NO. 45, 1971, pp : 639-431. 

 
[34] Wiliam, Ho, George. T.S, Ho, ping, j.I., Henry, C.W., 

Lau, "A Hybrid Genetic Algorithm for the Multi � Depot 
Vehicle Routing Problem" Engineering   Application  of  
Artifical  intelligence ,Vol. 21, No.4, 2008, pp: 548-557. 

 
[35] Rodolfo, G., Dondo, Jaime  Cerda, "Ahybrid Local 

Improvement  Algorithm for Large- Scale Multi � Depot 
Vehicle Routing Problems with Time Windows", 
Computers and chernreced engineering, Vol, 33, NO, 2, 
2009, pp: 513-530. 

 

[36] Ran, Liu, Zhibin jiang, Richard Y.K., Fang, Peny chen, 
Xido Liu "Two- Phase Heuristic Algorithms for Fall 
Trackliuds Multi � Depot Copacitated Vehicle Routing 
Problem in Ccarrier Collaboeation, Computers and 
operation Resarch, Vol. 37, No. 5, 2010, pp: 950-959. 

 

@èì>�Źŵ� ƦǀŤƀŬƫ� ƖƿŻƺţ� ƪƧ� ƶƴƿżƷ� ƶƴǀƸŝ� ƩŶƯ� ƶƘſƺţ �Ʀƿ� Ǝƿřźƃ
Ŷǀƫƺţ�ƲǀƯŐţ�ƵźǀŬƳŻ�ŢƿźƿŶƯ�Źŵ�ƖƿŻƺţ�ŹŚŞƳř�Ŷƴģ�ƹ�ƵŶƴƴƧ� (SCM)�ˬ

�ŶƬūæî���ƵŹŚưƃæ ƶƿźƄƳ��ŝ�ǀ�İſŶƴƸƯ�ƭƺƬƗ�İƬƬưƫř�Ʋæèíì���
 

 [
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.iu
st

.a
c.

ir
 o

n 
20

24
-1

0-
17

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            13 / 13

https://www.iust.ac.ir/ijiefa/article-1-243-fa.html
http://www.tcpdf.org

