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Keywords                                         ABSTRACT 
 
 

According to researches, one of the productivity barriers among many 
organizations is assembly line balancing problem, which needs scientific 
models to be solved. This paper examines the effect of line balancing on 
the functioning of assembly line in two sections. In the first section, after 
studying the theoretic bases and reviewing the literature, we have 
discussed the assembly concepts, different types of assembly line 
balancing problems, assumptions, optimizing criteria and methods of 
solving the problems. In the second section, two heuristic algorithms, 
ranked positional weight and longest candidate rules (LCR), have been 
used to balance the assembly line of Urmia Tractor Manufacturing 
Company. By comparing the criteria of cycle time, line balancing 
efficiency, smoothness index, balance delay, cost saving, portion of fixed 
cost for each product, margin of safety and unused capacity for the two 
states before and after balancing, the effect of line balancing on the 
function of assembly line has been defined. 
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ŶƳŵźĩ�İſŹźŝ�ŵƺſ�Ʊŵźĩ�źŨĩřŶů�ƝŶƷ�Śŝ� �źǀĪŝŻř�ƹ�ƺƬƛƹř�ŽŚĪƿŚŝÎÑ�
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4 . Bowman 
5 . Held 
6 . Patterson 
7 . Fibonacci Search 
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�šŚǀƬưƗ�ƱŚƯŻ�Ʋƿźţ�ƾƳǇƺƏ�ƹ�ƾƳŻƹ�Ţƿƺƫƹř�ƦǀŤſŹƺǀƷ�ƽŚƸƃƹŹ�ŵźŝŹŚƧ�šŚǀƬưƗ�ƱŚƯŻ�Ʋƿźţ�ƾƳǇƺƏ�ƹ�ƾƳŻƹ�Ţƿƺƫƹř�ƦǀŤſŹƺǀƷ�ƽŚƸƃƹŹ�ŵźŝŹŚƧ((LLCCRR))����������������������������������������������������ƩŚƴƿŻ�ƲǀƯř�ƹ�ƵŵřŻ�ƾƤţ�ĬƴƃƺƷƵŵřŻ�������������������������������êì���

  
�çååë� �� ĥŚŤƳƺƯ� Ǝų�įŻŚſ� ƩŵŚƘŤƯU�ƲŤƟźĭ� źƔƳ� Źŵ� Śŝ� řŹ� ƪĪƃ�

ƫŚƘƟ�İƟŵŚƈţ�ƱŚƯŻ�ƩŚưŤůř�Ŝƀů�źŝ�ƪĪǀſ�ƱŚƯŻ�ŢƿŵƹŶŰƯ�ƹ�ŚƷ�Ţǀ
ŶƳŵźĩ�ƶƘƫŚƐƯ� ŚƸƷŚĮŤƀƿř�ŵřŶƘţ�Ʊŵźĩ�ƪƣřŶů�ƝŶƷ� Śŝ� řŹ� �źǀěǇÎÒ�ƹ�

� ƱřŹŚĪưƷ�çååë� ��ŢƿŵƹŶŰƯ� ƲŤƟźĭ� źƔƳ� Źŵ� Śŝ� řŹ� įŻŚſ� ƩŚƘŤƯ
�Ĩƿ�Ʊŵźĩ� ƶƴǀƸŝ�ƝŶƷ� Śŝ� řŹ� ƱŚƯżưƷ� ŹŚĩ� ƱŚĪƯř� ƹ� ƖŝŚƴƯ�ƆǀƈŴţ

ŶƳŵźĩ� İſŹźŝ� ŜĩźƯ� ƵźưƳ� �ƲǀŤƿƺƫÎÓ� ƱřŹŚĪưƷ� ƹ��çååë� ��ƶƫŚƀƯ
�ƞƬŤŴƯ�įŚƷ�ƶƴƿżĭ�ƲŤƟźĭ� źƔƳ� Źŵ� Śŝ� řŹ� ĥŚŤƳƺƯ�Ǝų�įŻŚſ�ƩŵŚƘŤƯ
�ƶƘƫŚƐƯ�ƪĪǀſ�ƱŚƯŻ�Ʊŵźĩ�ƪƣřŶů�ƝŶƷ�Śŝ�řŹ�ƖŝŚƴƯ�ƆǀƈŴţ�ƹ�Ŷǀƫƺţ

ŶƳŵźĩ��ƹ�ƲƬƫƺưĪƯ�ĢƿƺſřŹŚţÎÔ��çååë���Śŝ�Ǝų�įŻŚſ�ƩŵŚƘŤƯ�ƶƫŚƀƯ
�Śŝ� řŹ� įŻřƺƯ� įŚƸƷŚĮŤƀƿř� �ŚƷ� ŢǀƫŚƘƟ� İƟŵŚƈţ� ƱŚƯŻ� �ŜĩźƯ� Ŷǀƫƺţ

ƴƿżƷ�Ʊŵźĩ�ƪƣřŶů�ƝŶƷ�ƹ�ƞƬŤŴƯ�įŚƸƷŚĮŤƀƿř�ƱŚƯŻ�Ʊŵźĩ�ŹřƺưƷ��ƶ
ŶƳŵźĩ�ƶƘƫŚƐƯ�ŜĩźƯ�ƵźưƳ�Ĩƿ�İĮƴǀƸŝ��ƱřŹŚĪưƷ�ƹ�ƪĪſřÎÕ��çååë��

�ƮǀƤŤƀƯ� źǀƛ� ƱŚƯŻ�ƂƿřżƟř� ƶĩ� İŤƫŚů� Źŵ� řŹ� įŻŚſ� ƩŵŚƘŤƯ� ƶƫŚƀƯ
�ŵŚŬƿř�İƐƿřźƃ�ŢǀƫŚƘƟ�Ĩƿ�ƭŚŬƳř�İƴƘƿ�ŵŹřŵ�ŵƺūƹ�Ŝǀţźţ�źŝ�İƴŤŞƯ

źǀŧŚţ�ŢŰţ�řŹ�ŵƺų�įŶƘŝ�ŚƯ�ŢǀƫŚƘƟ�ƱŚƯŻ�ƶĩ�Ŷƴĩ�İƯ�Śŝ�ŶƷŵ�İƯ�Źřźƣ�
ŶƳŵźĩ�ƶƘƫŚƐƯ�ŚƸƷŚĮŤƀƿř�ŵřŶƘţ�Ʊŵźĩ�ƪƣřŶů�ƝŶƷ��ĬƳŚǀģ�ƹ�ƱŚŝŹřÎÖ�

�çååë� ��İƟŵŚƈţ� ƱŚƯŻ� ƲŤƟźĭ� źƔƳ� Źŵ� Śŝ� řŹ� įŻŚſ� ƩŵŚƘŤƯ� ƶƫŚƀƯ
�Ǝų��ƪĪǀſ�İƫŚưŤůř�ƱŚƯŻ��ŚƸŤǀƫŚƘƟU�İƴŤŞƯ�ƱŚƯŻ�ƂƿřżƟř�ƹ�ƪĪƃ�

�ƶŝ�Źƺţřźěř�ŢƄĭŻŚŝ�ŶƴƳŚƯ�ƵŚĮŤƀƿř�ƱŚƯŻ�įŶǀƫƺţ�źǀƛ�įŚƷ�ŢǀƫŚƘƟ�źŝ
ŶŤŝř�Ʊŵźĩ� ƪƣřŶů�ƝŶƷ� Śŝ� řŹ� įŹŚū�ƪĪǀſ�įŚƸŤƳř� Źŵ� ƵŚĮŤƀƿř� įř

ŶƳŵźĩ�ƶƘƫŚƐƯ� ŚƸƷŚĮŤƀƿř� ŵřŶƘţ� �ĚƷ�ƱřƹÏÍ��çååë� ��ƩŵŚƘŤƯ�ƶƫŚƀƯ
�řŹ�šƹŚƠŤƯ�ƪĪǀſ�ƱŚƯŻ�ƹ�ŢǀƫŚƘƟ�İƟŵŚƈţ�ƱŚƯŻ�Śŝ�ŜĩźƯ�Ŷǀƫƺţ�įŻŚſ

ŵźĩ� ƶƘƫŚƐƯ� ƵŚĮŤƀƿř� ŵřŶƘţ� Ʊŵźĩ� ƪƣřŶů� ƝŶƷ� Śŝ� ��ƹ� ƺƸƴƿŹǈƿƹ
ŚƿŹŚưǀſÏÎ��çååë��ţ�ĥŚŤƳƺƯ�ƶƫŚƀƯ�źƿŻ�ƶĩ�İŤƿŵƹŶŰƯ�Śŝ�ŜĩźƯ�Ŷǀƫƺ

�ƶŝ�ŶƿŚŝ�ƶĩ�ŶƴŤƀƷ�ƶŤƀŝřƹ�ƮƷ�ƶŝ�įƺŰƳ�ƶŝ�ŚƷ�ŢǀƫŚƘƟ�Żř�įř�ƶƗƺưŬƯ
�įŻřƺƯ�ƵŚĮŤƀƿř�ƲŤƟźĭ�źƔƳ�Źŵ�ƹ�ŶƴŝŚƿ�ƆǀƈŴţ�ħźŤƄƯ�ƵŚĮŤƀƿř�Ĩƿ
�ƱŚƯŻ� įŻŚſŹřƺưƷ� ƹ� ŚƸƷŚĮŤƀƿř� ŵřŶƘţ� Ʊŵźĩ� ƪƣřŶů� ƝŶƷ� Śŝ� řŹ

�ŶƳŵźĩ�ƶƘƫŚƐƯ�ŚƸƷŚĮŤƀƿř]ç[���
Ź� ƪŗŚƀƯ� ƪů� ƽŚƸƃƹŹ� İƬĩ� ŹƺƐŝƾƯ� ř���İƬĩ� ƶŤſŵ� ƶſ� ƶŝ� Ʊřƺţ

�Ƣǀƣŵ�ƽŚƸƃƹŹ]é[� ĨǀŤſŹƺǀƷ�ƽŚƸƃƹŹ�]ê[ƽŹŚĪŤŝřřźƟ�ƽŚƸƃƹŹ�ƹ��
]ë [ŵźĩ�ƮǀƀƤţ.��
��

è�ƮŤƀǀſ� ĥŚŤƳƺƯ�ƽŚƷ��
�ƪǀĪƄţ�ŹƺƔƴƯ�ƶŝ�ƶƘƐƣ�Ŷƴģ�Śƿ�ƹŵ�ƭŚƛŵř�ƭƺƸƠƯ�ƶŝ�Ʊŵźĩ�ĥŚŤƳƺƯ
�ĥŚŤƳƺƯ��ƾƗźƟ�ĥŚŤƳƺƯ�ŶƿŶū�ŵŚƸƳ�Ʋƿř�ƶŝ�ƶĩ�ŶƃŚŝ�ƾƯ�ŶƿŶū�ŵŚƸƳ�Ĩƿ

ƶŝ�ƶŝŚƄƯ�šŚůǈƐƇř�Śƿ�ŶƳźŝ�ƾƯ�ŹŚĩ�]ì[���ƶſ�ƶŝ�ĥŚŤƳƺƯ�ƽŚƸưŤƀǀſ
�ƽŚƷ�ƮŤƀǀſ�ƹ�ƾŤſŵ�ĥŚŤƳƺƯ�Ǝų��ƵŚĮŤƀƿř�Ĩƿ�ƾŤſŵ�ĥŚŤƳƺƯ��ƶŤſŵ

                                                 
15 . Lapierre et al 
16 . Levitin et al 
17 . McMullen and Tarasewich 
18 . Scholl et al� 
19 . Urban and Chiang 
20 . Van hop  
21 . Vilarinho and Simaria 

�ĨǀţŚƯƺţř�ĥŚŤƳƺƯƮǀƀƤţ�ŶƳƺƃ�İƯ�]í�ƹ�î[���ŽŚſř�źŝ�ĥŚŤƳƺƯ�ƍƺƐų
�ƕƺƳ�Ĩƿ�ƽřźŝ�Ŷǀƫƺţ�ƍƺƐų�ƶŤſŵ�ƶſ�ƶŝ��ľǇƺưƘƯ�żǀƳ�šǇƺƈŰƯ�ƕƺƴţ

ƩƺƈŰƯ�ŰƯ�ƽř�ƶŤſŵ�Ŷǀƫƺţ�ƽřźŝ�Ŷǀƫƺţ�ƍƺƐų� ��ƍƺƐų� ƹ�šǇƺƈ
ŜĩźƯ�Ŷǀƫƺţ ƮǀƀƤţ�ŶƳƺƃ�İƯ�]æåƹ�ææ[���

 
è�æ� ��ƖŝŚţ� ŽŚſř� źŝ� ƵŵŚſ� ĥŚŤƳƺƯ� Ǝų� žƳǇŚŝ� ƪŗŚƀƯ� ƕřƺƳř

�ƝŶƷ]æé[���
�ƶŝ� ƩƺƇƹ� Źŵ� Ţſř� ƾƄƿřźĭ� ĥŚŤƳƺƯ� Ǝų� ƽŻŚſ� ƩŵŚƘŤƯ

ŜſŚƴƯ��šřżǀƸŬţ� ƹ�šǇō�ƲǀƃŚƯ� �ƾƳŚƀƳř�ƽƹźǀƳ�ƲǀŝŚƯ�ƩŵŚƘţ�Ʋƿźţ
ĪƯř� Ŷǀƫƺţ� Żř� ƾƈŴƄƯ� ƮŬů� ƶŝ� ƾſźŤſŵ� ƶĩ� ƽƺŰƳ� ƶŝ�źƿŸě� ƱŚ

ŵŵźĭ]é[� �ƩŵŚƘŤƯ� Śƿ� ĥŚŤƳƺƯ� Ǝų� žƳǇŚŝ� ƶƫŚƀƯ�ƆǀƈŴţ� �įŻŚſ
ŢǀƫŚƘƟ�ŢƿŵƹŶŰƯ�ƲŤƟźĭ�źƔƳ�Źŵ�Śŝ�ƞƬŤŴƯ�ƽŹŚĩ�ƽŚƸƷŚĮŤƀƿř�ƶŝ�ŚƷ

�ŹŚǀƘƯ� Ŷƴģ� Śƿ�Ĩƿ� ƶŝ� ƱŶǀſŹ�ƽřźŝ�Ɓǈţ� ƹ� ŵƺūƺƯ�šŚǀƋźƟ� ƹ� ŚƷ
ŶƃŚŝ� ƾƯ� ƾĮƴǀƸŝ� ���ƵŶƃ� ƶŤƟźĭ� źƔƳ� Źŵ� ƾĮƴǀƸŝ� ŹŚǀƘƯ� ƶŝ� ƶūƺţ� Śŝ

ĥŚŤƳƺƯ�Ǝų�žƳǇŚŝ�ƪŗŚƀƯ�ŵƺƃ�ƾƯ�ƮǀƀƤţ�ƕƺƳ�ŹŚƸģ�ƶŝ�ƵŵŚſ�]ç[����
ƞƫř� ��ŵřŶƘţ�Ʊŵźĩ�ƪƣřŶů�ƝŶƷ� �ƵŶƃ�Ƶŵřŵ�ƪĪǀſ�ƱŚƯŻ�ƶŝ�ƶūƺţ� Śŝ

ƵŚĮŤƀƿř�Ţſř� ŵƺūƺƯ� ƽŹŚĩ� ƽŚƷ� ��ƶƫŚƀƯ� �ƝŶƷ� ƖŝŚţ� Ʋƿř� Śŝ� ƶƫŚƀƯ
�Ĩƿ�ƕƺƳ�ĥŚŤƳƺƯ�Ǝų�žƳǇŚŝ�SALBP-1��ƾƯ�ƵŶǀƯŚƳ��ŵƺƃ����

ś� �ƪƣřŶů�ƝŶƷ� �ƵŶƃ� Ƶŵřŵ� ŢŝŚŧ� ƽŚƸƷŚĮŤƀƿř� ŵřŶƘţ� ƶŝ� ƶūƺţ� Śŝ�
Ţſř� Ŷǀƫƺţ� ƪĪǀſ� ƱŚƯŻ� Ʊŵźĩ� ��ƶƫŚƀƯ� �ƝŶƷ� ƖŝŚţ� Ʋƿř� Śŝ� ƶƫŚƀƯ

ƭƹŵ�ƕƺƳ�ĥŚŤƳƺƯ�Ǝų�žƳǇŚŝ�SALBP-2)��ŵƺƃ�ƾƯ�ƵŶǀƯŚƳ���
ũ���ŶƴƃŚŝ�źǀǀƜţ�ƪŝŚƣ�ƮƷ�Śŝ�ƹŵ�źƷ�ŚƸƷŚĮŤƀƿř�ŵřŶƘţ�ƹ�ƪĪǀſ�ƱŚƯŻ�źĭř

ŶƃŚŝ�ƾƯ�žƳǇŚŝ�ŢǀƠǀĩ�ŹŚǀƘƯ�Ǝų�ƾƿřŹŚĩ�šŹƺƇ�Ʊō�Źŵ� ��Śŝ�ƶƫŚƀƯ
ų� žƳǇŚŝ� ƶƫŚƀƯ� �ƝŶƷ� ƖŝŚţ� ƲƿřƾƿřŹŚĩ� ŹŚǀƘƯ� Śŝ� ĥŚŤƳƺƯ� Ǝ����

�SALBP-E�ŵƺƃ�ƾƯ�ƵŶǀƯŚƳ����
ŵ� ��ƝŶƷ� �ŶƴƃŚŝ� ŢŝŚŧ� ƹŵ� źƷ� ŚƸƷŚĮŤƀƿř� ŵřŶƘţ� ƹ� ƪĪǀſ� ƱŚƯŻ� źĭř

Ţſř� ƶƫŚƀƯ�ƽřźŝ� źƿŸě� ƱŚĪƯř�śřƺū�Ĩƿ�ƽƺŬŤƀū� ��Ʋƿř� Śŝ� ƶƫŚƀƯ
�źƿŸě�ƱŚĪƯř�žƳǇŚŝ�ƶƫŚƀƯ���ŹŚǀƘƯ(SALBP-F)�ŵƺƃ�ƾƯ�ƵŶǀƯŚƳ����

��
è�ç��Ǝų�ƾƯƺưƗ�šŚůǈƐƇř�ƹ�ŚƷ�ƵĥřƹĥŚŤƳƺƯ���

�įŚƸƃƹŹ�źǀŧŚţ�İſŹźŝ� ƹ� ĥŚŤƳƺƯ�Ǝų�ŢǀƘƋƹ�İŝŚƿŻŹř� ŹƺƔƴƯ�ƶŝ
ŵƺƃ�İƯ�ƵŵŚƠŤſř�İƿŚƷ�ƆųŚƃ�Żř�Ǝų�ŵźĪƬưƗ�źŝ�įŻŚſ�ƩŵŚƘŤƯ���ƶŝ
ŵƺƃ�ƾƯ�ƞƿźƘţ�ŚƷ�ƆųŚƃ�Ʋƿř�Żř�ƽŵřŶƘţ�ƶƯřŵř�Źŵ�ŹƺƔƴƯ�ƲǀưƷ��  

 Ŷǀƫƺţ�ƪĪǀſ��~�ƽŚƸŤƳř�Żř�ƾƫřƺŤƯ�ƩƺƈŰƯ�ƹŵ�ũƹźų�ƾƳŚƯŻ�ƶƬƇŚƟ�
ǀƫƺţ�ƪĪǀſ� řŹ�ĥŚŤƳƺƯ�ƎųƾƯ�Ŷ��Ŷƴƿƺĭn�]æç [� ��řŹ�Ŷǀƫƺţ�ƪĪǀſ

ƾƯ��ƶƐŝřŹ�Żř�Ʊřƺţ�æ��ŵźĩ�ƶŞſŚŰƯ�� 

 

�æ��������������������������������������������������������������
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 ĥŚŤƳƺƯ�Ǝų�ƾƿřŹŚĩ��~�Ǝų�ƽŹƹ�ƵźƸŝ�ƹ�ƽŹŚĩ�ŶƇŹŵ�ƵŶƴƴĩ�ƱŚǀŝ�

�Ţſř�ƽŹŚĩ�ƪĪǀſ�źƷ�Źŵ�ĥŚŤƳƺƯn���ƶŞſŚŰƯ�ƽřźŝ�ƶƐŝřŹ�Żř�Ʊō�ç��
ƾƯ��ŵźĩ�ƵŵŚƠŤſř�Ʊřƺţ]æç [� 
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ƾƯ��ŵźĩ�ƵŵŚƠŤſř�Ʊřƺţ]æç[� 
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 ƩŵŚƘţ�ƶƬƇŚƟ����ĥŚŤƳƺƯ�Ǝų�ƽŚƷ�ƽŹŚĪǀŝ�ŶƇŹŵ�ƆųŚƃ�Ʋƿř�ŹřŶƤƯ
ŶƷŵ� ƾƯ� ƱŚƄƳ� řŹ� ƽŹŚĩ� ƪĪǀſ� źƷ� Źŵ� ��Żř� Ʊō� ƶŞſŚŰƯ� ƽřźŝ

ƶƐŝřŹ��é��ƺţ�ƾƯ�ŵźĩ�ƵŵŚƠŤſř�Ʊř]æè[� 

�é��������������������������������������100. 1 









cn

tcn

DB

m

i
i

���
��

 Ŷǀƫƺţ�ŵřŶƘţ� ���ĥŚŤƳƺƯ�Ǝų�ŹŚƔŤƳř�ŵŹƺƯ�Ŷǀƫƺţ�ŵřŶƘţ�ƶŞſŚŰƯ�ƽřźŝ
�ƆƫŚų�ƽŹŚĩ�ƱŚƯŻ�ŻŚŬƯ�šŚƟŚƋř�ƽŚƸƴƯ�ŢƠǀƃ�ƱŚƯŻ���ŵřŶƘţ�Źŵ

�ƮǀƀƤţ� ƪĪǀſ� ƱŚƯŻ� ƶŝ� ƪƇŚů� ƹ� ƵŶƃ� śźƋ� ƽŹŚĩ� ƽŚƷŻƹŹ
ƾƯ�ŵƺƃ��Ư�ƶƐŝřŹ�Żř�ƆųŚƃ�Ʋƿř�ŹřŶƤ�ê��Ŷƿō�ƾƯ�Ţſŵ�ƶŝ�� 
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é��ƢǀƤŰţ�ƁƹŹ��
�ƁƹŹ�ƑŚŰƫ�Żř�ŚƯř��Ţſř�ƽŵźŝŹŚĩ�ƕƺƳ�Żř�ƝŶƷ�ƑŚŰƫ�Żř�ƢǀƤŰţ�Ʋƿř

ŶƃŚŝ� ƾƯ� ƾƠǀƇƺţ� ƢǀƤŰţ� ƕƺƳ� Żř� ƭŚŬƳř� �ƁƹŹ� Żř� ƶƫŚƤƯ� Ʋƿř� Źŵ�
ƩŵŚƘŤƯŢſř�ƵŶƃ�ƵŵŚƠŤſř�ƭƹŵ�ƕƺƳ�ƪŗŚƀƯ�ƽŻŚſ���ŶƘŝ�ƢǀƤŰţ�Ʋƿř�Źŵ

ƶƯŚƳźŝ�Ŷůřƹ�ƽŹŚĪưƷ�Śŝ��ƶƫŚƀƯ�ƱŚǀŝ�ƹ�śŚŴŤƳř�Żř�ƽżƿŹ��ĥŚŤƳƺƯ�ƹ�Ŷǀƫƺţ
Ţſř�ƵŶƃ�ƭŚŬƳř�źƿŻ�ƽŚƸŤǀƫŚƘƟ��Ţĩźƃ���

 �ƾƿŚſŚƴƃ�ƪƯŚƃ�ƶĩ�ƽŻŚſ�ƩŵŚƘŤƯ�ƽřźŝ�ƭŻǇ�šŚƗǈƏř�ƽŹƹō�Ɩưū
ŶƳŚŤſř�ƱŚƯŻ�ƹ�ƽŹŚĩ�źƇŚƴƗ��ĥŚŤƳƺƯ�ŶƴƿřźƟ�ƽŻŚǀƴƄǀě�ƎŝřƹŹ�ƹ�ŵŹř

�ŶƃŚŝ�ƾƯ�ŚƸƳō 

 �ƝřŶƷř� ƶŝ� ƶūƺţ� Śŝ� ƽŻŚſ� ƩŵŚƘŤƯ� ƽřźŝ� ŜſŚƴƯ� ƁƹŹ� śŚŴŤƳř
��ŚƷ�ŢƿŵƹŶŰƯ�ƹ�ƢǀƤŰţ 

 �ŵƺūƺƯ�ŢǀƘƋƹ�Śŝ�ƪƇŚů�ŪƿŚŤƳ�ƶƀƿŚƤƯ 

 ŚƷŵŚƸƴƄǀě�ƹ�ƽźǀĭ�ƶŬǀŤƳ� 
 

é�æ��ŵƺūƺƯ�ŢǀƘƋƹ�ƪǀƬŰţ��
�ƽřŹřŵ�ƽŻŚſŹƺŤĩřźţ�ĥŚŤƳƺƯ�Ǝųæîî�ƹ�ƽŹŚĩ�źƈƴƗ�ææ�ƵŚĮŤƀƿř�

ŶƃŚŝ�İƯ�ƽŹŚĩ� ���Ŷĩ�Ĩƿ�źƈƴƗ� źƷ�ƽřźŝ�ƪƀĩř�ƾţŚƗǈƏř�ĨƳŚŝ� Źŵ
Ŷĩ� �ƶƤǀƣŵ�Ŝƀů� źŝ� ŵŹřŶƳŚŤſř� ƱŚƯŻ� �ŢǀƫŚƘƟ� ŭźƃ�ƽŻŚǀƴƄǀě� ƽŚƷ

Ţſř� ƵŶƃ� ƞƿźƘţ� �� ƩƹŶū�ç� ��ƱŚƄƳ� řŹ� ŵƺūƺƯ� ŢǀƘƋƹ� ƶƇǈų
ƾƯ�ŶƷŵ� �� Ŷǀƫƺţ� ƪĪǀſ� ƱŚƯŻ� ƶĩ� ŵƺƃ� ƾƯ� ƵŶƷŚƄƯíî�êì�ƹ� Ƶŵƺŝ�

�ƵŚĮŤƀƿř�ƶŝ�ƍƺŝźƯëƲƿř�ŶƃŚŝ�ƾƯ�ƽŹŚĩ�ƱŚƯŻ�ƲƿźŤƄǀŝ�Śŝ��ƶŝ�ƵŚĮŤƀƿř�
� Ţſř� ĥŚŤƳƺƯ� Ǝų� ƵŚĭƺƬĭ� ƱřƺƴƗ�íî�êì c�,�ææ n� ���ŹƺƔƴƯ� ƶŝ

�Śŝ� ƾŝŚƿŻŹř� ƽŚƷŹŚǀƘƯ� ĥŚŤƳƺƯ�Ǝų� ŵźĪƬưƗ� źŝ� ƽŻŚſ� ƩŵŚƘŤƯ� ƾŝŚƿŻŹř
�ƽŚƷ�žƿŶƳřæƹç�Śŝ�ƽŵŚƸƴƄǀě�ƹ�ŵƺūƺƯ�ŢǀƘƋƹ�ƹŵ�ƽřźŝ�Ŝǀţźţ�ƶŝ�

�Ţưƀƣ�ƎŝřƹŹ�Żř�ƵŵŚƠŤſřèºçŵƺƃ�ƾƯ�ƶŞſŚŰƯ�����
E��Ŷǀƫƺţ�Ǝų�ƾƿřŹŚĩ���ƵŵŚƠŤſř�Śŝ�ƶƐŝřŹ�Żř�ç��Śŝ�Ţſř�źŝřźŝ���
��
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�ƽŹŚĩ� ƽŚƸƷŚĮŤƀƿř� Ʋǀŝ� ŹŚĩ� ƖƿŻƺţ� ŜƿźƋ� Ʋƿř� ŹřŶƤƯ� ƂƷŚĩ� Śŝ
ŵƺŝ�ŶƷřƺų�źţ�ŢųřƺƴĪƿ����ŵƺūƺƯ�ŢǀƘƋƹ�ƽřźŝ�ƵŶƯō�Ţſŵ�ƶŝ�ƱřżǀƯ

�Żř�ƾĩŚůƾƯ�ŚƸƷŚĮŤƀƿř�Ʋǀŝ�ŹŚĩ�ƖƿŻƺţ�śƺƬƐƯ�źǀƛ�Ǝƿřźƃ���ƶŝ�ŶƃŚŝ
�Żř�ƾƌƘŝ�Źŵ�ƹ�ŵŚƿŻ�ŹŚǀƀŝ�ŚƸƷŚĮŤƀƿř�Żř�ƾƌƘŝ�Źŵ�ŹŚĩ�ƮŬů�ƶĩ�ƽŹƺƏ

ŶƃŚŝ�ƾƯ�Ʈĩ�ŹŚǀƀŝ�ŚƸƷŚĮŤƀƿř���
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�šŚǀƬưƗ�ƱŚƯŻ�Ʋƿźţ�ƾƳǇƺƏ�ƹ�ƾƳŻƹ�Ţƿƺƫƹř�ƦǀŤſŹƺǀƷ�ƽŚƸƃƹŹ�ŵźŝŹŚƧ�šŚǀƬưƗ�ƱŚƯŻ�Ʋƿźţ�ƾƳǇƺƏ�ƹ�ƾƳŻƹ�Ţƿƺƫƹř�ƦǀŤſŹƺǀƷ�ƽŚƸƃƹŹ�ŵźŝŹŚƧ((LLCCRR))����������������������������������������������������ƩŚƴƿŻ�ƲǀƯř�ƹ�ƵŵřŻ�ƾƤţ�ĬƴƃƺƷƵŵřŻ�������������������������������êî���

  
é�ç���ĥŚŤƳƺƯ�Ǝų�ƽŻŚſ�ƩŵŚƘŤƯ��

�ƽŹŚĪŤŝř�ƽŚƷ�ƁƹŹ��ƽŹŚĩ�źƇŚƴƗ�ŵŚƿŻ�ŵřŶƘţ�ƶŝ�ƶūƺţ�ŚŝLCR�ƹ�
Ţſř�ƵŶƃ�śŚŴŤƳř�ƶƫŚƀƯ�ƪů�ƽřźŝ�ƾƳŻƹ�Ţƿƺƫƹř���ƽřŹřŵ�ŚƷ�ƁƹŹ�Ʋƿř
ƾƯ� ƲǀƘƯ� ƾĮƴǀƸŝ� ƽŚƷŹŚǀƘƯ� ƹ� ŚƷ� ŢƿŵƹŶŰƯ���ƆǀƈŴţ� ƶĩ� ŶƴƃŚŝ

ŵƺƃ�ƾƯ�ƭŚŬƳř�Ǝƿřźƃ�Ʋƿř�ŽŚſř�źŝ�źƇŚƴƗ� ��ŮǀƋƺţ� ľǈƿŷ�ŵŹřƺƯ�Ʋƿř
�Ţſř�ƵŶƃ�Ƶŵřŵ]æê[���

ƞƫř��ŚƷ�ŢƿŵƹŶŰƯ���
�º�ƞƫřæ���Ĩƿ�ƶĩ�ŶƷŵ�ƾƯ�ƱŚƄƳ�źƇŚƴƗ�ƾƯŶƤţ�ƹ�Ŝǀţźţ�ŢƿŵƹŶŰƯ

ƾƯ�ƾƳŚƯŻ�ŢǀƫŚƘƟ��ƵŚĮŤƀƿř�Ĩƿ�ƶŝ�ŶƳřƺţ�ƽŚƸŤǀƫŚƘƟ�ƶĩ�ŶŝŚƿ�ƆǀƈŴţ
ŶƃŚŝ�ƶŤƟŚƿ�ƆǀƈŴţ�ľǈŞƣ�Ʊō�ŻŚǀƴƄǀě� 

� º�ƞƫřç� �Ŷǀƫƺţ�ƪĪǀſ�ŢƿŵƹŶŰƯ�ƾƯ�Ʋǀưƌţ���źƷ�ƽŹŚĩ�ƮŬů�Ŷƴĩ
ŶƴĪƳ�ŻƹŚŬţ�ŹŚƔŤƳř�ŵŹƺƯ�ƽŹŚĩ�ƪĪǀſ�ƱŚƯŻ�Żř�ƵŚĮŤƀƿř���

ś�ƾĮƴǀƸŝ�ƽŚƷŹŚǀƘƯ���
�º�śæ���ŵřŶƘţ�Ʊŵźĩ�ƪƣřŶů�ƝŶƷ��ƵŶƃ�Ƶŵřŵ�ƪĪǀſ�ƱŚƯŻ�ƶŝ�ƶūƺţ�Śŝ

�įŹŚĩ�įŚƸƷŚĮŤƀƿřŢſř�ŵƺūƺƯ���
� º� ś�ç� ��ƪƣřŶů� ƝŶƷ� �ƵŶƃ� Ƶŵřŵ� ƽŚƸƷŚĮŤƀƿř� ŵřŶƘţ� ƶŝ� ƶūƺţ� Śŝ

�Ţſř�ƽŹŚĩ�ƪĪǀſ�ƱŚƯŻ�Ʊŵźĩ�ŵƺƃ�ƾƯ�śŚŴŤƳř�ŹŚǀƘƯ�ƹŵ�Żř�ƾĪƿ����
ƮŤƿŹƺĮƫř� Żř� ƵŵŚƠŤſř�ƽřźŝ�śƺƬƐƯ�Ǝƿřźƃ�ƽŻŚſŹƺŤĩřźţ�Ţĩźƃ� Źŵ��

Ţſř�ƵŶƃ�Ɩƣřƹ�ŦŰŝ�ŵŹƺƯ�Åľǈƿŷ�Ʊō�ƪǀƫŵ�ƶĩ�ŵŹřŵ�ŵƺūƹ�ơƺƟ�ƽŚƷ���
æƿřźƟ�ŽŚſř�źŝ��º�źƷ�ƭŚŬƳř�ƖƣƺƯ�Źŵ�ƶĩ�Ţſř�ƭŻǇ�ŹƺŤĩřźţ�ĥŚŤƳƺƯ�Ŷƴ

�ŶƃŚŝ�ƶŤƟźĭ�ƭŚŬƳř�ľǈŞƣ�Ʊō�ƽŻŚǀƴƄǀě�źƇŚƴƗ��ƽŹŚĩ�źƈƴƗ�º�ƞƫřæ����
ç�ƪĪǀſ�ƱŚƯŻ�šŶƯ�Źŵ�řŹ�ŵƺų�ƽŚƷ�ŢǀƫŚƘƟ�ŶƿŚŝ�ƽŹŚĩ�ƽŚƸƷŚĮŤƀƿř�º

�Ŷƴƴĩ�ƪǀưĪţ�ƽŹŚĩ��º�ƞƫřç����
è�Ǝų� ƽŻŚſ� ƩŵŚƘŤƯ� ŹŚŤſřƺų� ƱřźƿŶƯ� ƽŻŚſŹƺŤĩřźţ� Ţĩźƃ� Źŵ� º

ŝ� ĥŚŤƳƺƯ�ƹ�ƽŹŚĩ�ƽŚƸƷŚĮŤƀƿř� ŵřŶƘţ� źƔƳ� Żř� ŵƺūƺƯ�ŢǀƘƋƹ�ƒƠů� Ś
�ŶƳŵƺŝ�ƽŹŚĩ�ƪĪǀſ�ƱŚƯŻ�ƂƷŚĩ��º�śç����

�ƹ�ƾƳŻƹ�Ţƿƺƫƹř�ƁƹŹ�ƪůřźƯLCR�ŢŝŚŧ�ƝŶƷ�Śŝ�ƪŗŚƀƯ�ƪů�ƽřźŝ�
ŶƃŚŝ�ƾƯ�źƿŻ�ŭźƃ�ƶŝ�ƵŚĮŤƀƿř�ŵřŶƘţ�Ʊŵƺŝ]æçƹæë[���

Ʃƹř�ƭŶƣ���Ǝų�ĨƿŹƺŘţ�Ŷǀƫƺţ�ƪĪǀſ�ƲǀǀƘţ�c1������
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ƾƯ�ƵŶƃ�ƲǀǀƘţ�Ƃǀě�Żř�ƹ�ŢŝŚŧ�ŚƸƷŚĮŤƀƿř�ŵřŶƘţ�ŶƃŚŝ���
��

ƭƹŵ�ƭŶƣ��Ǝų�ƶǀƫƹř�Ŷǀƫƺţ�ƪĪǀſ�ƲǀǀƘţ��c2������
�ì���������������������������

35/0533/46),35/05 



max(

),max(

2

1max2

c

cTc��
��

Tmax��źƈƴƗ�ƶŝ�ƍƺŝźƯ�ƹ�Ţſř�ƽŹŚĩ�źƈƴƗ�ƱŚƯŻ�ƲƿźŤƄǀŝæåéŢſř�����
ƭƺſ�ƭŶƣ��Īǀſ�ƲǀǀƘţƾƿŚƸƳ�Ŷǀƫƺţ�ƪ���Śŝ��ƽŻŚſŹƺŤĩřźţ�Ţĩźƃ�ƽřźŝ

�ƾƿŚƸƳ�ƪĪǀſ�ƱŚƯŻ�ƶƳŚǀƫŚſ�Ŷǀƫƺţ�ƶƯŚƳźŝ�ƶŝ�ƶūƺţ�æ�èêC=���źƔƳ�Źŵ
Ţſř�ƵŶƃ�ƶŤƟźĭ���

ƭŹŚƸģ�ƭŶƣ�źƈƴƗ�źƷ�ƱŻƹ�ƲǀǀƘţ����ƎŝřƹŹ�Żř�ƵŵŚƠŤſř�Śŝ�źƇŚƴƗ�ƱŻƹ
�í���ƹ�î���ƁƹŹ�ƽřźŝ�Ŝǀţźţ�ƶŝLCR�ƾƯ�ƶŞſŚŰƯ�ƾƳŻƹ�Ţƿƺƫƹř�ƹ�

�ŵƺƃ]æì[���
�í�����������źƈƴƗ�ƱŚƯŻ����������������������������������������� �����������������������������������������������������������������������������������������������������������������������������������������������������źƈƴƗ�ƱŻƹ
�î������������������ŶƘŝŚƯ�źƇŚƴƗ�ƱŚƯŻ�ƕƺưŬƯ�ƱŚƯŻźƈƴƗ�� �źƈƴƗ�ƱŻƹ��

ƮŬƴě�ƭŶƣ�źƇŚƴƗ�ƽŶƴŝ� ƶŞţŹ�� ��ƽŶƴŝ� ƶŞţŹ� �ƱŻƹ�Ŝǀţźţ� ƶŝ� źƇŚƴƗ
ŵƺƃ�ƾƯ���Śţ�ƪưƗ�Ʋƿř�ƹ�ŶŝŚƿ�ƾƯ�ƆǀƈŴţ�ƱŻƹ�ƲƿźŤƄǀŝ�ƶŝ�Ʃƹř�ƶŞţŹ

ŵƺƃ�ƾƯ�ŹřźĪţ�źųō���
ƮƄƃ�ƭŶƣ�źƇŚƴƗ�ƆǀƈŴţ����ƪĪƃ�ŽŚſř�źŝ�æ��Ţſř���

�ƩƹřŶū�Źŵ�ƆǀƈŴţ�ŪƿŚŤƳ�ƶƇǈų�è���ƹ�é��Ţſř�ƵŶƃ�ƶŗřŹř���

��

ūƩƹŶ�è���ƁƹŹ�ƆǀƈŴţ�ŪƿŚŤƳ�LCR��

ƵŚĮŤƀƿř� �ƶŤƟŚƿ�ƆǀƈŴţ�ƽŚƸŤǀƫŚƘƟ�Ŷĩ� ��ƱŚƯŻ
ƵŚĮŤƀƿř� �

�ƱŚƯŻ
ƽŹŚĪǀŝ� �

æ��æåé��åê�èê��åê�å��
ç��ææå��æåê��æåë��æ��æëç��åî�èê��åæ�å��
è��ìí��ìé��æç��éî��êå��î��æçî��ææí��åê�èê��åê�å��
é��ìë��æêç��éì��éí��æëî��æè��èé��æêê��èê��æèå��ìì��æéê��æéë��çî��ææì��åê�èê��åê�å��
ê��èå��èæ��æèì��æéì��æéí��ææî��æçå��ææ��æê��æì��ææê��ë��æèæ��æèç��èç��çæ��êê��åæ�èê��åî�å��
ë��æå��ìå��íí��íî��çê��èî��çè��çé��íç��íè��íé��îå��æî��èë��èì��èí��æèí��æîæ��éå��çë��ææë��éæ��íê��íë��æé��êî��ëå��îì��åî�èê��åæ�å��
ì��æí��ç��è��æë��íæ��ê��íì��é��ëæ��ëç��ëè��ëé��ìê��ìè��æåå��åè�èê��åì�å��
í��ëê��æêæ��ëë��ìæ��ëì��ìç��ëí��ëî��æéæ��æéç��ì��í��çç��çí��èè��êë��éê��éë��êæ��êç��æèî��åí�èê��åç�å��

î��êè��êé��æíî��êì��çì��æîî��æéå��æéè��æéé��îè��æéî��æêå��éç��éè��éé��îê��æåì��æåí��êí��æçæ��æëè��æëé��æëê��æêë��
çå��æìå��æìæ��æìè��æìç��æçç��æçè��æêè��æêé��æîå��æíë��

åí�èê��åç�å��

æå��
æîç��æîè��æîé��æîê��æîë��æîì��æîí��æêë��æêì��æêí�æêî��æëå��æëæ��æèè��æèé��æèê��æèë��æìé��æìê��æìë��æìì��æìí��
îæ��îç��îí��æåî��æåæ��æìî��æíå��æíæ��æíç��æíè��æíé��æíê��æíì��æíí��æëì��æëí��æææ��îé��îî��æåç��æåè��ìî��æçé��

æçê��
åê�èê��åê�å��

ææ��æçë��æçì��íå��æçí��ææç��ææè��ææé��îë��êé�æì��êë�æì��
ƕƺưŬƯ��æç�èëí��îí�æì��
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ëåëå��������������šŚǀƬưƗ�ƱŚƯŻ�Ʋƿźţ�ƾƳǇƺƏ�ƹ�ƾƳŻƹ�Ţƿƺƫƹř�ƦǀŤſŹƺǀƷ�ƽŚƸƃƹŹ�ŵźŝŹŚƧ�šŚǀƬưƗ�ƱŚƯŻ�Ʋƿźţ�ƾƳǇƺƏ�ƹ�ƾƳŻƹ�Ţƿƺƫƹř�ƦǀŤſŹƺǀƷ�ƽŚƸƃƹŹ�ŵźŝŹŚƧ((LLCCRR))����������������������������������������������ƵŵřŻ�ƩŚƴƿŻ�ƲǀƯř�ƹ�ƵŵřŻ�ƾƤţ�ĬƴƃƺƷ 

�ƩƹŶūé���ƾƳŻƹ�Ţƿƺƫƹř�ƁƹŹ�ƆǀƈŴţ�ŪƿŚŤƳ��
ƵŚĮŤƀƿř� �ƶŤƟŚƿ�ƆǀƈŴţ�ƽŚƸŤǀƫŚƘƟ�Ŷĩ� ��ƱŚƯŻ

ƵŚĮŤƀƿř� �
�ƱŚƯŻ
ƽŹŚĪǀŝ� �

æ��æåé��åê�èê��åê�å��
ç��êî��ëå��ëæ��ëç��æåê��ëè��ëé��æåë��éê��æêè��æêé��æçç��æìé��åè�èê��åì�å��
è��î��éë��çî��êæ��èå��æ��êç��æçè��æîæ��æçé��èé��æîç��æçê��æçë��èæ��ç��æìê��æëç��åî�èê��åæ�å��
é��êè��ææå��æîè��ææ��è��æîé��éî��ëê��æìë��ìæ��èê��ìî��åé�èê��åë�å��
ê��æë��æîê��æìì��íç��êé��æìí��íí��ìç��èë��æìî��ìê��æèæ��æíå��íè��æêê��èé�îì��æè�å��
ë��æëî��æíæ��êå��íî��ìí��èì��æîë��æéæ��æéì��éì��æèç��åè�èê��åì�å��
ì��æçì��æçî��æéç��æéê��ìë��æîî��ì��í��íé��ìè��ìé��çç��æç��æêë��çé��æêì��îæ��åî�èê��åæ�å��
í��æêæ��æèì��ææî��æéí��æëè��æìå��æíç��æêí��æíè��æìæ��æëé��æèè��æéè��æîì��æèé��æéë��çí��æåì��éí��æèê��æíé��æåí��åè�èê��åì�å��
î��æêç��îå��íê��æéé��ëë��æìè��æíê��æçå��æêî��ëì��íæ��æè��æææ��èí��íë��íå��æçí��ææç��éç��ææí��æíì��æåç��æåî��åî�èê��åæ�å��

æå��æèå��æëå��ìì��èè��æíî��æëê��éè��æê��æì��ê��æå��æéî��ë��ææê��æîå��æíí��æèí��èç��çæ��æëë��æêå��éé��æéå��ìå��ëí��ëî��çè��çê��êë��
æëì��çå��

åé�èê��åë�å��

ææ��èî��æîí��æî��éå��æèë��êê��çë��æíë��ææë��éæ��æé��æí��ææè��æëí��íì��é��êì��çì��æìç��îè��îì��îç��æèî��îê��æçæ��êí��æëæ��æåè��îí��
ææì��æåå��æåæ��îé��ææé��îî��îë��ëë�æì��éé�æì��

ƕƺưŬƯ��æç�èëí��îí�æì��

��
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��
��

İƬŝ 

İƬŝ 

İƬŝ 

źǀų
Ź 

İƬŝ 

źǀų
ŹŹŹŹ 

źǀų
Ź 

�(I=1�  I ƵŚĮŤƀƿř�śŚŴŤƳř � 
I = 1 

�śŚŴŤƳř�źƈƴƗ�ƽŚƷŻŚǀƳ�Ƃǀě�Śƿō
�ŶƳř�ƶŤƟŚƿ�ƆǀƈŴţ�ƵŶƃ��

�ƽŚƸƳŚƯŻ�ƹ�źƈƴƗ�Ʋƿř�ƱŚƯŻ�ƕƺưŬƯ�Śƿō
�Żř�ƵŚĮŤƀƿř�ƶŝ�ƶŤƟŚƿ�ƆǀƈŴţ�źƇŚƴƗ

�Ţſř�źŤưĩ�ƪĪǀſ�ƱŚƯŻ��

�źŤưĩ�ƶŞţŹ��Ĩƿ�Śŝ�źƈƴƗ�śŚŴŤƳř źŤưĩ��

I = I + 1��

�ƶŞţŹ�Śŝ�źƈƴƗ
�ŵƺūƹ�źŤưĩ

�ŵŹřŵ��

ŶŝŚƿ�İƯ�ƆǀƈŴţ��� I�ƵŚĮŤƀƿř�ƶŝ�źƔƳ�ŵŹƺƯ�źƈƴƗ�� 

źǀų 

�Śƿō�ŚƸƷŚĮŤƀƿř�ƶŝ�źƇŚƴƗ�ƶưƷ
�ŶƳř�ƶŤƟŚƿ�ƆǀƈŴţ��

ƞƣƺţ��

ƶŤƟŚǀƳ�ƆǀƈŴţ�źƇŚƴƗ�Ʋǀŝ�Żř�ƶŞţŹ�ƲƿźţǇŚŝ�ƽřŹřŵ�źƈƴƗ�śŚŴŤƳř��

�ƪĪƃæ��įŹŚĩ�įŚƸƷŚĮŤƀƿř�ƶŝ�źƇŚƴƗ�ƆǀƈŴţ�šŹŚģƺƬƟ��
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�šŚǀƬưƗ�ƱŚƯŻ�Ʋƿźţ�ƾƳǇƺƏ�ƹ�ƾƳŻƹ�Ţƿƺƫƹř�ƦǀŤſŹƺǀƷ�ƽŚƸƃƹŹ�ŵźŝŹŚƧ�šŚǀƬưƗ�ƱŚƯŻ�Ʋƿźţ�ƾƳǇƺƏ�ƹ�ƾƳŻƹ�Ţƿƺƫƹř�ƦǀŤſŹƺǀƷ�ƽŚƸƃƹŹ�ŵźŝŹŚƧ((LLCCRR))����������������������������������������������������ƩŚƴƿŻ�ƲǀƯř�ƹ�ƵŵřŻ�ƾƤţ�ĬƴƃƺƷƵŵřŻ�������������������������������ëæ���

  
��

é�ç�æ� ��ƾųźŝ�ƶŞſŚŰƯŚƷŹŚǀƘƯ�Żř�ƹ�ƾƳŻƹ�Ţƿƺƫƹř�ƁƹŹ�ƽřźŝ�
LCR�]æíƹæî [��

ĥŚŤƳƺƯ�Ǝų�ƾƿřŹŚĩ��ƹ�ƽŹŚĩ�ƵŚĮŤƀƿř�ŵřŶƘţ�ƶŝ�ƶūƺţ�Śŝ�Ǝų�ƾƿřŹŚĩ�
ŶƃŚŝ� ƾƯ� źŝřźŝ� ƁƹŹ� ƹŵ� ƽřźŝ� �ƱŚƀĪƿ� ƪĪǀſ� ƱŚƯŻ� ��Śŝ� Ʊō� ŹřŶƤƯ

ŚƠŤſř�ƶƐŝřŹ�Żř�Ƶŵ�ç��Śŝ�Ţſř�źŝřźŝ����

95/3410035/111
368/12




2E  
��

ƩŵŚƘţ�ƶƬƇŚƟ��Ʊō�ŹřŶƤƯ��ŶƃŚŝ�ƾƯ�źŝřźŝ�ƁƹŹ�ƹŵ�ƽřźŝ�ƩŵŚƘţ�ƶƬƇŚƟ�
�ƶƐŝřŹ�Żř�ƵŵŚƠŤſř�Śŝ�é��Śŝ�Ţſř�źŝřźŝ���

4/610035/111
368/1235/111





2BD  

��

ƽŻŚſŹřƺưƷ� ŜƿźƋ��ƽřźŝ� ƁƹŹ� ƹŵ� ƞƬŤŴƯ� Ţƿƺƫƹř� ƶŝ� ƶūƺţ� Śŝ�
Śĩ� ƖƿŻƺţ� �ŚƸŤǀƫŚƘƟ�ƆǀƈŴţ�ƁƹŹ� ƹŵ� Źŵ�ƽŹŚĩ�ƽŚƸƷŚĮŤƀƿř� Ʋǀŝ� Ź

� ƶƐŝřŹ� Żř� ƵŵŚƠŤſř� Śŝ�Ʊō� ŹřŶƤƯ� �ŶƃŚŝ�ƾƯ�šƹŚƠŤƯ�è� ��ƶŞſŚŰƯ�ƪŝŚƣ
Ţſř���

�ƁƹŹ�Źŵ�ƽŻŚſŹřƺưƷ�ŜƿźƋLCR�Śŝ�Ţſř�źŝřźŝ���

17/56]17/54)(35/1...
...35/09)(35/135/05)[(35/1

2

22



2.IS  

Śŝ�Ţſř�źŝřźŝ�żǀƳ�ƾƳŻƹ�Ţƿƺƫƹř�ƁƹŹ�Źŵ�ƽŻŚſŹřƺưƷ�ŜƿźƋ���

17/44]17/66)(35/1...
...35/03)(35/135/05)[(35/1

2

22



2.IS  

��
Q�Ŷǀƫƺţ� ŵřŶƘţ��ţ��Żř� ƵŵŚƠŤſř� Śŝ� ƶƳǇŚſ� ŹŚƔŤƳř� ŵŹƺƯ� Ŷǀƫƺţ� ŵřŶƘ

�ƶƐŝřŹ�ê��Śŝ�Ţſř�źŝřźŝ�ƽŻŚſ�ƩŵŚƘŤƯ�Żř�ŶƘŝ�ŢǀƘƋƹ�ƽřźŝ���
�ƩŚſ�Źŵ�ƵŚĮŤſŵ��������28912890/5935/1

380267



2Q��

��
é��ç��ç��ƽŵŚƸƴƄǀě�ŢǀƘƋƹ�ƹ�ŵƺūƺƯ�ŢǀƘƋƹ�ƶƀƿŚƤƯ��

�ƽŚƷ�ƁƹŹ�ƽřźūř�Żř�ƵŶƯō�Ţſŵ�ƶŝ�ŪƿŚŤƳLCR�ƾƳŻƹ�Ţƿƺƫƹř�ƹ�
ŤƟŚƿ�źŝ�ƾƴŤŞƯŶƃŚŝ�ƾƯ�źƿŻ�ŭźƃ�ƶŝ�ƢǀƤŰţ�Ʋƿř�ƽŚƷ�ƶ���

ƽŹŚĩ�ƪĪǀſ�ƱŚƯŻ�ƂƷŚĩ���Żř�ƽŹŚĩ�ƪĪǀſ�ƱŚƯŻíî�êì�ƶŝ�æ�èê�
Ţſř�ƶŤƟŚƿ�ƂƷŚĩ��Śŝ�Ţſř�źŝřźŝ�ŵƺŞƸŝ�Ʋƿř�ƱřżǀƯ���

%39/3610057/89
57/8935/1




C��

�ƱřżǀƯ�ƹ�Ţſř�ƽŹŚĩ�ƪĪǀſ�ƱŚƯŻ�ƂƷŚĩ�ƵŶƴƷŵ�ƱŚƄƳ�ƾƠƴƯ�ŢƯǈƗ
�ƂƷŚĩ�Ʋƿřèë�èî���ƾƯ�ŶƃŚŝ�� ��źƷ�Źŵ�ŵƺŞƸŝ�Ʋƿř�ƱŚƀĪƿ�ƁƹŹ�ƹŵ

Ţſř���
��

ĥŚŤƳƺƯ� Ǝų� ƾƿřŹŚĩ� ƂƿřżƟř� �� Żř� ĥŚŤƳƺƯ� Ǝų� ƾƿřŹŚĩíå�êì� ��ƶŝ
èé�îê��Ţſř�ƶŤƟŚƿ�ƂƿřżƟř����

%64/9410057/80
57/8095/34




E��

�ƂƿřżƟř�Ʋƿř�ƱřżǀƯ�ƹ�Ţſř�ƾƿřŹŚĩ�ƂƿřżƟř�ƵŶƴƷŵ�ƱŚƄƳ�ŢŞŨƯ�ŢƯǈƗ
�îé�ëéŶƃŚŝ�ƾƯ�����
��

ƽŹŚĪǀŝ�ƽŚƸƳŚƯŻ�ƂƷŚĩ� ��ƂƷŚĩ�ƁƹŹ�ƹŵ�źƷ�Źŵ�ƽŹŚĪǀŝ�ƽŚƸƳŚƯŻ
ƿŚŝ�Ţſř�źŝřźŝ�ŵƺŞƸŝ�Ʋƿř�ƱřżǀƯ��Ţſř�ƶŤƟŚ���

 93/3-100268/67
268/6717/98

% 
��

�ƶŝ�ƆųŚƃ�Ʋƿř�ƾĪƿŵżƳ�Śŝæåå���ƽŹŚĪǀŝ�ƽŚƸƳŚƯŻ�ĨƿŹƺŘţ�źƔƳ�Żř���
Ŷƴĩ�ƾƯ�ƪǀƯ�źƠƇ�ƶŝ���

��

ƽŻŚſŹřƺưƷ�ŜƿźƋ�ƂƷŚĩ���ƽŹřƺưƷ�ŜƿźƋ�Źŵ�ƽŶƘŝ�ƵŶưƗ�ŵƺŞƸŝ
Ţſř�ƽŻŚſ���ƁƹŹ�Źŵ�ŵƺŞƸŝ�Ʋƿř�ƱřżǀƯLCR�Śŝ�Ţſř�źŝřźŝ���

%82/0610097/90
97/9017/56




 %.IS���

Śŝ�Ţſř�źŝřźŝ�ƾƳŻƹ�Ţƿƺƫƹř�ƁƹŹ�Źŵ�ŵƺŞƸŝ�Ʋƿř�ƱřżǀƯ����
%82/1810097/90

97/9017/44



 %.IS��

��

ƾƫŵŚƘţ� ƶƬƇŚƟ�ƂƷŚĩ� ��Ʋƿř� ƽŹŚĩ� ƪĪǀſ� ƱŚƯŻ� ŵƺŞƸŝ� ƶŝ� ƶūƺţ� Śŝ
Śŝ�Ţſř�źŝřźŝ�ŵƺŞƸŝ�Ʋƿř�ƱřżǀƯ��Ţſř�ƶŤƟŚƿ�ŵƺŞƸŝ�żǀƳ�ƆųŚƃ���

%88/9310042/11
42/114/66




 %.DB���
��

ƂƿřżƟřŶǀƫƺţ� ŵřŶƘţ�� ��ŵřŶƘţ� �Ŷǀƫƺţ� ƽŹŚĩ� ƪĪǀſ� ƱŚƯŻ�ƂƷŚĩ� Śŝ
�Ţſř�źŝřźŝ�ŵƺŞƸŝ�ƹ�Ŷǀƫƺţ�ƂƿřżƟř�ƱřżǀƯ��ŶŝŚƿ�ƾƯ�ƂƿřżƟř�ƶƳǇŚſ�Ŷǀƫƺţ
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ƾƯ�řŶǀě�ƂƷŚĩ�ƩƺƈŰƯ�Ŷůřƹ�źƷŶƴĩ���ƶǀƃŚů�ƂƿřżƟř�ŦƗŚŝ�źƯř�Ʋƿř

Ŷƃ�ŶƷřƺų�Ţĩźƃ�ŵƺſ��ƆųŚƃ�ƶǀƤŝ�ƶƀƿŚƤƯ�ŶƘŝ�ƹ�ƪŞƣ�ƽŶǀƫƺţ�ƽŚƷ
ƱŚƯŻ�ƶĩ�ŶƷŵ�ƾƯ�ƱŚƄƳ�ƽŻŚſ�ƩŵŚƘŤƯ�ƭŚŬƳř�Żř�ŜƿźƋ��ƽŹŚĪǀŝ�ƽŚƷ

ƱŚƯŻ� ƹ� ƩŵŚƘţ� ƶƬƇŚƟ� �ƽŻŚſŹřƺưƷ�ŵƺŞƸŝ� ƾĮưƷ� ƵŶƃ� ƞƬţ� ƽŚƷ
ƶŤƟŚƿ�ŶƳř���ƽřźŝ�ƶŤƟŹ�ŹŚĩ�ƶŝ�ĨǀŤſŹƺǀƷ�ƁƹŹ�ƹŵ�ŪƿŚŤƳ�ƶƀƿŚƤƯ�ľŚƴưƋ

�ƾƯ� ƶŗřŹř�ƽŻŚſŹřƺưƷ�ƆųŚƃ� żū� ƶŝ� �ƾƳŚƀĪƿ�ŪƿŚŤƳ�ƽŻŚſ�ƩŵŚƘŤƯ
�Żř�źŤƸŝ�ƾưĩ�ƾƳŻƹ�Ţƿƺƫƹř�ƁƹŹ�Źŵ�ŹŚĩ�ƖƿŻƺţ�źĮƿŵ�šŹŚŞƗ�ƶŝ��Ŷƴƴĩ

�ƁƹŹLCR�ŶƃŚŝ�ƾƯ��ĩ�ŹƺƐŝ�ƩƹŶū��ƾƬ�ë��Ţſŵ�ƶŝ�ŪƿŚŤƳ�ƶƇǈų��
ŶƷŵ�ƾƯ�ƱŚƄƳ�řŹ�ƽŵŚƸƴƄǀě�ƹ�ŵƺūƺƯ�ŢǀƘƋƹ�ƽřźŝ�ƵŶƯō���

ƩƹŶū�ë��śƺƬƐƯ�ŢǀƘƋƹ�ƹ�ŵƺūƺƯ�ŢǀƘƋƹ�ƶƀƿŚƤƯ��
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ŚƯŻ�ƪĪǀſ�Ʊ�ƶƤǀƣŵ���íî�êì��æ�èê��æ�èê��èë�èî���èë�èî���
ƾƿřŹŚĩ��íå�êì��èé�îê��èé�îê��îé�ëé��îé�ëé��

ƽŹŚĪǀŝ�ƽŚƸƳŚƯŻ��ëì�çëí��îí�æì��îí�æì��è�îè���è�îè���
ƽŻŚſŹřƺưƷ�ŜƿźƋ��îå�îì��êë�æì��éé�æì��åë�íç���æí�íç���

�ƩŵŚƘţ�ƶƬƇŚƟ��ææ�éç��ëë�é��ëë�é��îè�íí���îè�íí���
Ŷǀƫƺţ�ŵřŶƘţ��æìêè��çíîæ��çíîæ��îç�ëé��îç�ëé��

ƩƺƈŰƯ�Ŷůřƹ�źƷ�ŢŝŚŧ�ƶƴƿżƷ�ƮƸſ��ëåæéææí��êèåéååê��êèåéååê��æç���æç���
ƪųřŵ�ŹřŻŚŝ�ƩƺƈŰƯ�ƾƴưƿř�ƶǀƃŚů��îê�å��îë�å��îë�å��æ�æ��æ�æ��
ũŹŚų�ŹřŻŚŝ�ƩƺƈŰƯ�ƾƴưƿř�ƶǀƃŚů��íê�å��íì�å��íì�å��é�ç��é�ç��

ƵŵŚƠŤſřǈŝ�ŢǀƟźƓ��ëëåèå��æéê��æéê��ìí�îî���ìí�îî���
�ƽŻŚſ�ƩŵŚƘŤƯ�Żř�ƾƃŚƳ�ŵƺſ�ƂƿřżƟř�ŚƿŹƩ���èëîwèæîwåìêwê������
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ëéëé��������������šŚǀƬưƗ�ƱŚƯŻ�Ʋƿźţ�ƾƳǇƺƏ�ƹ�ƾƳŻƹ�Ţƿƺƫƹř�ƦǀŤſŹƺǀƷ�ƽŚƸƃƹŹ�ŵźŝŹŚƧ�šŚǀƬưƗ�ƱŚƯŻ�Ʋƿźţ�ƾƳǇƺƏ�ƹ�ƾƳŻƹ�Ţƿƺƫƹř�ƦǀŤſŹƺǀƷ�ƽŚƸƃƹŹ�ŵźŝŹŚƧ((LLCCRR))����������������������������������������������ƵŵřŻ�ƩŚƴƿŻ�ƲǀƯř�ƹ�ƵŵřŻ�ƾƤţ�ĬƴƃƺƷ 

��
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ƖŝŚƴƯ��
]æ[ŽŚŞƗ��źƠƔƯ���ŚƋŹ�ŶưŰƯ��ŹŚƧƺū�ƽźŞƧř���~��ƽŻŚſ�ƩŵŚƘŤƯ�ƪŗŚƀƯ�ƕřƺƳř

�ĥŚŤƳƺƯ�ƍƺƐų�n�ƵŹŚưƃ��ƖƿŚƴƇ�ƶƬŬƯç�ƶŰƠƇ��çè�ƱŚŤƀƯŻ�æèìæ���
��
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ƘƴƇ� ƵŚĮƄƳřŵ�ƖƿŚƴƇ�ƾſŶƴƸƯ� ƵŶĪƄƳřŵ� �ƖƿŚƴƇ� ƵŹŚưƃ� �ƞƿźƃ�ƾŤé��
ƶŰƠƇ���î��í��æèìè���

��
]è[ƲƀŰƯ� Ŷǀſ� �ƽƺƠƇ��� �~� ƾĪǀƳŚĪƯ� ĥŚŤƳƺƯ� ŽŹŵ� n@Ƶƹżū>�ƵŚĮƄƳřŵ� �
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ƹŹŵƺų�Ʊřźƿř�ƶƳŚųŹŚĩ�ƱŚĪǀě�ŹƺţƺƯn�ęŚģ�ŶƃŹř�ƾſŚƴƃŹŚĩ�ƶƯŚƳ�ƱŚƿŚě��

��ŽŹŶƯ�Ţǀŝźţ�ƵŚĮƄƳřŵ��ƵŶƃæèìè����
��
]ê[ŶưŰƯŶǀſ��ƾƴǀƀůŶǀſ����~�ƶƳŚųŹŚĩ�ŢƿźƿŶƯnƱřźƸţ�����ƶƘƫŚƐƯ�ƱŚƯŻŚſ

�ŚƸƷŚĮƄƳřŵ�ƾƳŚƀƳř�ƭƺƬƗ�ŜŤĩ�ƲƿƹŶţ�ƹ���Ţưſ������ƮƄƃ�ġæèíå���
��
]ë[ĬƴƃƺƷ��ƵŵřŻ�ƾƤţ��� �ƺƳř�ƾƤţŹƺěŵřƺū��ƱŚƿŹ���~�Ʊō�ŵźŝŹŚĩ�ƹ�ƁŻŹř�żǀƫŚƳō
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��
]ì[Ʈǀƃ��ƪĮǀſ��� ��~�ŢƿźƿŶƯ�ƽŹřŶŝŚƀůnƱřźƸţ��ƽŹŚǀŤŴŝ�żƿƹźě�ƶưūźţ����

��ƭƹŵ�ġ��ƾŤƘƴƇ�ŢƿźƿŶƯ�ƱŚƯŻŚſæèíè���
��
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��
]î[ƵŶƿŚƷ� �ƾƤŤƯ��� �� ~�šŚǀƬưƗ� ƹ� Ŷǀƫƺţ�ŢƿźƿŶƯnƱřźƸţ� �� ��ƽřƹō� šřŹŚƄŤƳř

��ƭƹŵ�ġ��žƿźţŚěæèíé���
��

[10] Boysen, N., Fliedner, M., Scholl, A., �A Classification 
of Assembly Line Balancing Problems�, European 
Journal of Operational Research, Vol. 183, Issue 2, 1 
December 2007, pp. 674-693. 

 
[11] Ketmateekaroon, N., Hassamontr, J., �Heuristic-Based 

Optimization Models for Assembly Line Balancing in 
Garment Industry�, Department of Production 
Engineering, King Mongkut Institute of Technology 
North Bangkok, 2004. 

 
[12] Scholl, A., Becker, C., �State-of-the-Art Exact and 

Heuristic Solution Procedures for Simple Assembly line 
Balancing�, European Journal of Operational Research, 
Vol. 168, Issue 3, 1 February 2006, pp. 666-693. 

 
[13] Lapierre Sophie, D., Ruiz, A., Soriano, P., �Balancing 

Assembly Lines with Tabu Search�, European Journal of 

Operational Research, Vol. 168, Issue 3, 1 February 
2006, pp. 826-837. 

 
[14] Ghosh, S., Gagnon Roger, J., �A Comprehensive 

Literature Review and Analysis of the Design, 
Balancing and Scheduling of Assembly Systems�, 
International Journal of Production Research, Vol. 27, 
Issue 4, April 1989, pp. 637-670.  

 
[15] Liu a, C.M., Chiou, J.M., �Design and Performance 

Evaluation of Closed Automatic Assembly Systems�, 
International Journal of Production Research, Vol. 28, 
Issue 9, September 1990 , pp. 1577-1593. 

 
[16] Kabir, M.A., Tabucanon, M.T., �Batch-Model Assembly 

Line Balancing: A Multiattribute Decision Making 
Approach�, International Journal of Production 
Economics, Vol. 41, Issues 1-3, October 1995, pp. 193-
201. 

 
[17] Merengo, C., Nava, F., Pozzetti, A., �Balancing and 

Sequencing Manual Mixed-Model Assembly Lines�, 
International Journal of Production Research, Vol. 37, 
No 12, 15 August 1999, pp. 2835-2860. 

 
[18] Kilbridge, M., Wester, L., �The Balance Delay 

Problem�, Management Science, Vol. 8, No. 1, October 
1961, pp. 69-84. 

 
[19] Becker, C., Scholl, A., �A Survey on Problems and 

Methods in Generalized Assembly Line Balancing�, 
European Journal of Operational Research, Vol. 168, 
Issue 3, 1 February 2006, pp. 694-715. 

 
[20] Boysen, N., Fliedner, M., Scholl, A., �Which Model to 

Use When?�, International Journal of Production 

Economics Vol. 111, Issue 2, February 2008, pp. 509-
528.  

 
[21] Kilbridge, M.D., Wester, L., �A Heuristic Method of 

Assembly Line Balancing�, Industrial Engineering, 
Vol.12, 1961, pp. 292-298. 

 
[22] Driscoll,� J.,� Thilakawardana, D., �The Definition of 

Assembly Line Balancing Difficulty and Evaluation of 
Balance Solution Quality�, Robotics and Computer-
Integrated Manufacturing, Vol. 17, Issues 1-2, February 
2001, pp. 81-86.  

��

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

24
-0

7-
27

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

http://ijiepm.iust.ac.ir/article-1-154-en.html
http://www.tcpdf.org

