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Keywords                                         ABSTRACT 
 
 

When a control chart shows an out-of-control condition, a search begins 
to identify and eliminate the root cause(s) of the process disturbance. The 
time when the disturbance has manifested itself to the process is referred 
to as change point. Identification of the change point is considered as an 
essential step in analyzing and eliminating the disturbance source(s) 
effectively.  When a process control is based on a quality characteristic 
vector, identification of the change point alone would not help 
practitioners to an effective elimination of the source(s) contributing to 
the out-of-control condition. This paper provides a control scheme based 
on artificial neural networks to identify the change point in a mean 
vector when the change type is monotonic and at the same time allows 
one to perform effective diagnostic analysis to identify the variable(s) 
responsible for the change in a bivariate process. To the best of our 
knowledge, this the first time that an artificial neural networks scheme is 
presented to identify the change point and simultaneously perform 
diagnostic analysis in a multivariate environment when a monotonic 
change appears in the mean vector. Average run length criterion is used 
as a vehicle to investigate the performance of the proposed scheme 
numerically under different correlation structure. Simulation results 
indicate effective performance for the proposed scheme. 
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çç�����������źǀǀƜţ�ƶƐƤƳ�ƾƿŚſŚƴƃ�źǀǀƜţ�ƶƐƤƳ�ƾƿŚſŚƴƃŹŵŹŵ�ƲǀĮƳŚǀƯ�Źřŵźŝ��ƲǀĮƳŚǀƯ�Źřŵźŝ�źƳ�ŶƴƿōźƟźƳ�ŶƴƿōźƟ�Śŝ�ƵźǀƜŤƯƹŵ�ƩŚƯ�Śŝ�ƵźǀƜŤƯƹŵ�ƩŚƯ����������������������������������������������������������������������������������������������������������������������ŌŚƴƀƫřŹƺƳ�ƩƺſŹ�ƹ�źĮƄţō�ƮƿźƧŌŚƴƀƫřŹƺƳ�ƩƺſŹ�ƹ�źĮƄţō�ƮƿźƧ 

ƝřźŰƳřōźƟ�ƦƿŹŵ�ƿŵƺƃ�śƺƀŰƯ�Ŷƴ� �ƳŚƯŻƾ �Żř�ƶĩƿƶƈŴƄƯ�Źřŵźŝ�ĨŚƷƽĩ�ǀƠƾ�ƩźŤƴĩ�ŢƸū�ƿ�Ĩ
ōźƟƿƯ� ƵŵŚƠŤſř� ŶƴƾŚƸƴţ� ƶŝ� źǀǀƜţ� ƶƐƤƳ�ƾƿŚſŚƴƃ� ƵŚĮƳō� ŵƺƃ�ƾƿƳřƺţ�ƾưƳ�ŶŚſŚƴƃ� Źŵ�ƾƿ�ƝŸů� ƹ�
ŢƬƗ�ř�ƪƬƗƿřźƃ�ŵŚŬƿŵƺƃ�Ɩƣřƹ�źŧƺƯ�ƩźŤƴĩ�Żř�ũŹŚų�Ǝ��ōźƟ�Źŵ��źĮƿŵ�šŹŚŞƘŝƿŚƷ�ŶƴƽƜŤƯ�Ŷƴģ�ǀ�Ƶź

ǈƗ�Ţſř�ƭŻǇŚſŚƴƃ�źŝ�ƵƹƾƿƜŤƯ��źǀǀƜţ�ŠƐƤƳ�ǀź�ŚƷƾƿ��ř�ŜūƺƯ�ƶĩƿ�ƵŶƃ�ƩźŤƴĩ�Żř�ũŹŚų�ŢƫŚů�ŵŚŬ
Ƴ�ŶƳřǀŚſŚƴƃ�żƾƿŵřŵ�ƭŚŬƳř�řŹ�ŵƺŞƸŝ�šŚƯřŶƣř�ƂŴŝźŧř�ŹƺƏ�ƶŝ�ƱřƺŤŝ�Śţ�ŶƳƺƃ���ř�Źŵƿřźŝ�ƶƫŚƤƯ�Ʋƽƫƹř�ǀ�Ʋ

ŞƈƗ�ƶĪŞƃ�Żř�ƵŵŚƠŤſř�Śŝ�ŹŚŝƾƫŶƯ�ƾƯ�ƶŗřŹř�ƾƜţ�ƕƺƳ�ƶĪƳō�ƱƹŶŝ�ƶĩ�ŵƺƃ�ǀǀƯ�Źřŵźŝ�šřźǀĮƳŚǀ�Ʋƿ�Ĩ
ōźƟƿƜţ�ƶƨƳō�ƉźƟ�Śŝ��ŵƺƃ�ƶŤƃŚĮƳř�ƶŤƀƳřŵ�ŶƴǀǀƜţ�ƶŝ�ƶŤƀŝřƹ�ơƺƟ�šřźǀǀƳƺţƺƳƺƯ�šřźǀ�Śƿ�ƹ�ŶƴƃŚŝ�Ĩ

ƾƄƿřżƟř�ƮƔƴƯŚƳ�šŹƺƈŝ�šřźǀǀƜţ�Ư��ŶƳƺƃźƷŚƓ�ŶƴƿōźƟ�Źŵ�ƾƄƷŚƧƾŴƄţ�źŝ�ƵƹǈƗ�ŶƳřƺţ�ǀƜŤƯ�Ɔǀźƽ�
ōźƟ�ƱŶƃ�ƩźŤƴĩ�Żř�ũŹŚų�ŜūƺƯ�ƶĩƿƜţ�ƶƐƤƳ� �Ţſř�ƵŶƃ�ŶƴǀǀƳ� řŹ�źǀřźŝ�żƽ�ƿōźƟ�ĨƿźƳ�Ŷƴ�ƹŵ�ƩŚƯ

ƜŤƯǀŚſŚƴƃ� ƵźƾƿŚưƳ�ƿŶ� �Ɯţ� ƞƬŤŴƯ� šŚŞǀƧźţ� ƽřźŝ� ơƺƟ� ƩŶƯǀǀƜŤƯ� ƲǀĮƳŚǀƯ� Źŵ� źǀ�ŜƿřźƋ� Śŝ� ŚƷź
�ƆųŚƃ�ƹŵ�Śŝ��ŵŶƘŤƯ�ƾĮŤƀŞưƷ�ŚƐų�űźƳ���ƹ���ƶƫŚŞƳŵ�ƩƺƏ�ƎſƺŤƯ�ŻŹř�ŵŹƺƯƿŝŚƾŢſř�ƶŤƟźĭ�Źřźƣ����

��
��

æ��ƶƯŶƤƯ��
ŚƷŹřŵƺưƳƽ� �ƩźŤƴĩ�ƿĪƾźţ� ƩƹřŶŤƯ� Żř�ƿŚƷŹřżŝř� ƲƽŚě�ƿŻŹř� ƹ�ƂƿŝŚƾ�
ŵźĪƬưƗōźƟ�ƿŚƷŶƴƽƫƺţ�ǀŶƽţŚƯŶų�ƹ�ƾƯ�śƺƀŰƯ�ƾŵƺƃ��ƯŚĮƴƷƾ�ƶĩ�

ƿřźƃ�ƩźŤƴĩ�ŹřŵƺưƳ�Ĩƿ�Źŵ�řŹ�ƩźŤƴĩ�Żř�ũŹŚų�ƎƿōźƟ�ĨƿƯ�ƱŚƄƳ�Ŷƴƾ�
ĩ� ƱŚſŚƴƃŹŚĩ� �ŶƷŵǀƠǀŚſŚƴƃ� ŢƸū� ƭŻǇ� šŚƯřŶƣř� Ţƾƿ�ƝŸů� ƹ�

ŢƬƗ�Ư� ŻŚƛō� řŹ�ƩźŤƴĩ� Żř�ũŹŚų�ƪƬƗƾŶƴƴĩ�� �ŚſŚƴƃ� ŚƯřƾƿŢƬƗ���ƪƬƗ
ŧŚţǀōźƟ�ƝřźŰƳř� Źŵ� ŹřŸĭ�źƿƯŚĮƴƷ�ŶƴƾƯ�ƾ�ƂŴŝźŧř�šŹƺƇ�ƶŝ�ŶƳřƺţ�

ř�ƱŚƯŻ�ƶĩ�ŵƺƃ�ƭŚŬƳřƿƜţ�ŵŚŬǀǀŤſŹŵ�ƶŝ�źƾŚſŚƴƃ�ƾƿŵƺƃ���ƳŚƯŻƾ�ƶĩ�
ōźƟ� Źŵ� ƝřźŰƳřƿƯ� ŻŚƛō� Ŷƴƾ� řŹ� ŵƺƃ��Ɯţ� ƶƐƤƳǀǀ� ź� �ƯƾŶƴƯŚƳ�� ��Źŵ

ŝŵřǀŚſŚƴƃ���ƕƺƋƺƯ�šŚƾƿƜţ�ƶƐƤƳ�ǀǀōźƟ�Źŵ�źƿŶƴŚƷƽƜŤƯ�Ĩţ�ǀ�ƶŝ�Ƶź
źŤưƸƯ�ƱřƺƴƗƿŴƄţ�Źŵ�ƭŚĭ�ƲǀŧŚţ�ƪƯřƺƗ�ƆǀŰƳř�Źŵ�ŹřŸĭ�źōźƟ�Ɲřźƿ�Ŷƴ

Ţſř� ƵŶƃ� źĩŷ� �ƳŚƤƤŰƯƾŶƴƳŚƯ��� ƱřŹŚƨưƷ� ƹ� ƩƺŗƺƯŚſ]æ[�źÊě�ƽ�ƹ�
ƱřŹŚĪưƷ]ç[�]è[ƱřŹŚĪưƷ� ƹ� ŌŚƴƀƫřŹƺƳ� ƹ�]é[�]ê[ř�Ɯţ� ŠƐƤƳ�ƕřƺƳǀǀ�ź

�Ɯţ�ŶƴƳŚƯǀǀř�ƶƬě�źƾƿƜţ��ǀǀƐų�źƾƜţ�ƹ�ǀǀƳƺţƺƳƺƯ�šřźǀĨ���Źŵ�řŹƿ�Ĩ
ōźƟƿƜŤƯ�Ĩţ�ŶƴǀſŹźŝ� ƹ� ƶūƺţ� ŵŹƺƯ� ƵźƾƵŵřŵ� Źřźƣ�ŶƳř� ��Źŵ� źĭř�ƩŚů
ōźƟƿŶƴƽĩ� ƶƈŴƄƯ� Ŷƴģ�ǀƠƾŚě� ƱŚƯżưƷ� ŹƺƐŝ�ƿ��ŵƺƃ� ƩźŤƴĩƹ�Ƃ

ŹƺƐŝƿŚƷ�ƶƈŴƄƯ�ƶĪƽĩ�ǀƠƾ� Żř�ƿŶĪƿŚſŚƴƃ� �ŶƴƃŚŞƳ�ƪƤŤƀƯ�źĮƾƿ�
ŢƬƗ�ōźƟ�ƝřźŰƳř�Źŵ�źŧƺƯ�ƪƬƗƿ�źǀǀƜţ�ƶƐƤƳ�ƾƿŚſŚƴƃ�Śŝ�ľŚƟźƇ�ơƺƟ�Ŷƴ

ŢƀǀƳ�źƿŸě�ƱŚƨƯř� �ƜŤƯ�Ŷƴģ�ŶƴƿōźƟ�Ʀƿ�Źŵ��źĮƿŵ�šŹŚŞƗ�ƶŝǀ�ƶĩ�Ƶź
Ư�źƀŝ�ƩźŤƴĩ�Żř�ũŹŚų�ŢƫŚů�Źŵƾŵźŝ�ŚſŚƴƃ��ƾƿŢƬƗ�ƝŸů�ƹ���ƪƬƗ

ř�źŝ�źŧŒƯƿōźƟ�Źŵ�ƝřźŰƳř�ŵŚŬƿřźŝ�Ŷƴƽĩ�ƱŚſŚƴƃŹŚĩ�ǀƠǀƯŚĮƴƷ�Ţƾ�ƶŝ�
ƬĪƃƾŸě�ƱŚĪƯř�ƂŴŝźŧř�ƿŚſŚƴƃ�źŝ�ƵƹǈƗ�ƶĩ�Ţſř�źƾƿƜţ�ƶƐƤƳ�ǀǀ��ź
ƜŤƯǀź�ŚƷƾƿ� �ōźƟ� Źŵ� ƝřźŰƳř� ŦƗŚŝ� ƶĩƿƳ� ŶƳř� ƵŶƃ� ŶƴǀŚſŚƴƃ� żƾƿ�

ŶƳƺƃ���
Śě� ƁƹŹƿōźƟ� ƩźŤƴĩ� ƹ�ƂƿŚƷŶƴƾƿřŹřŵ� ƶĩ�ƽĩ� ƶƈŴƄƯ� Ŷƴģ�ǀƠƾ�

ƫƹř��ŶƴŤƀƷ�ƶŤƀŝřƹǀƎſƺţ�ŹŚŝ�Ʋ�ƬŤƷǀĬƴ�]ë[řŹř�Ŷƃ�ƶŗ���ƩźŤƴĩ�ŹřŵƺưƳ
ƜŤƯ� Ŷƴģǀ� ƵźT2�ƬŤƷ�Ǝſƺţ� ƶĩǀ�ƾƿŚſŚƴƃ�ƽřźŝ�ƎƤƟ� Ŷƃ� ƶŗřŹř�Ĭƴ

�ƩźŤƴĩ�Żř�ũŹŚų�ƎƿřźƃƿōźƟ�ĨƿƜŤƯ�Ŷƴģ�Ŷƴǀ�ƹ�Ţſř�ƵŵŚƠŤſř�ƪŝŚƣ�Ƶź
ŚƳřƺţƾƿŚſŚƴƃ�ƾƿƜţ� ƶƐƤƳ�ǀǀŵŹřŶƳ� řŹ� ź� �řƿ�ƶĩ� Ŷƃ� ŦƗŚŝ� ƮƸƯ� Ʋ

ĭŹŚĪŝǀźƽ�ŚƸƃƹŹƽưū�ƾƘưŬţ�ƖÎƾƿŚưƳ�ƱƹŻƺƯ�ƥźŰŤƯ�ƲǀĮƳŚǀƯ�ƹ�Ï�
ōźƟ�ŹŵƿŚƷ�ŶƴƽƜŤƯ�Ŷƴģ�ǀĭ�Źřźƣ�ƱŚƤƤŰƯ�ƶūƺţ�ŵŹƺƯ�Ƶźǀŵź��ƳŚƤƤŰƯƾ�
�ŶƴƳŚƯ��ƹ�ƩřŵƹƹƾŝƺǀƧ�Ʊř�]ì[ƹ��ſƹźĩǀź�]í[ĭŹŚĪŝ�ǀźƽ�Ɩưū�ƁƹŹ�

ōźƟ�Źŵ�řŹ�ƾƘưŬţƿŚƷ�ŶƴƽƜŤƯ�Ŷƴģ�ǀŶƳŵřŵ�ƶŗřŹř�Ƶź��ƳŚƤƤŰƯƾŵ�ƿƳ�źĮǀ�ż
� ŶƴƳŚƯ�Źƺƫƽ� �ƱřŹŚĪưƷ� ƹ]î[� ƹ��Ʋě�]æå[ĭŹŚĪŝ�ǀźƽ�ƲǀĮƳŚǀƯ�ƁƹŹ�

ōźƟ�Źŵ�řŹ�ƾƿŚưƳ�ƱƹŻƺƯƿŚƷ�Ŷƴƽě�ƵźǀƜŤƯ�Ŷƴģ�ǀŶƳŵřŵ�ŵŚƸƴƄ���ƁƹŹ�ƹŵ
ŚƸƃƹŹ�ƱřƺƴƘŝ�ơƺƟƾƿŚſŚƴƃ�ƶĩ�ƾƿƜţ�ƶƐƤƳ�ǀǀ��ŶƳŹřŵ�ŵƺų�šřŷ�Źŵ�řŹ�ź
ŶƳƺƃ�ƾƯ�ƶŤųŚƴƃ��ŚſŚƴƃ�ŹƺƔƴưŝƾƿƣŵ�ǀƜţ�ƶƐƤƳ�źţ�ƢǀǀōźƟ�Źŵ�źƿ�Ŷƴ

ŚƷƽƜŤƯ� Ŷƴģ�ǀ� �Ƶź�ƫƺſǀƱřƺ� �� ƹ� �� Ʃřŵƹƹ�]ææ[ƃƹŹ�ƾřŹ�řźŝ�ƽ�
ŚſŚƴƃƾƿƜţ�ǀǀř� ƶƬě� źƽƯ� Źŵ� ƶƧ�ǀĮƳŚǀōźƟ� Ʋƿ� ƹ� ŶƴƿźţŚƯ� Źŵ� Śƿ�ž
Źřƹƺĩƿ�ƹ�žƳŚƿŶě�ŚƸƳō�ƹŵ�źƷ�Źŵ�ŚƿƯ�Ŷƾō�ƿŶƳŵźĩ�ƶŗřŹř�řŹ�Ŷ���ơƺƟ�ƩŶƯ

ƿƯƺưƗ� ƕƺƳ� ĨǀƄŴŝ� Ţǀ� Ţƀţ� ƁƹŹ� ƶŝ� ƱŶ�źſřƿřƹŚŤſřƺ� ��ƹ
�ƬſŹƹƾ�]æç[ŵƺŝ�� �Ư� ƱŚƄƳ� ƵŶƃ� ƶŗřŹř� ƁŹřżĭƾ�ƩŶƯ� ƶĩ� ŶƷŵ�
ěǀŵŚƸƴƄƽŚſŚƴƃ� Źŵ�ƾƿƜţ�ǀǀ� šřźźţŚƯƿŹřƹƺĩ� žƿ�Żř� źŤƸŝ� žƳŚ

ŚſŚƴƃƾƿƜţ�ǀǀƯ�šřźǀĮƳŚǀƯ�ƪưƗ�ƲƾŶƴĩ�� ��Źŵ�Ţƣŵ�ƂƿřżƟřŹƺƔƴưŝ
� �ƵźǀƜŤƯŶƴģ�ƽŚƷŶƴƿōźƟźǀǀƜţ� ƶƐƤƳ�ƾƿŚſŚƴƃ�ƱřŹŚƯƹŶƳ� ��ƱřŹŚƨưƷ� ƹ

]æè[�ƿưŴţ�ĨǀƵŶƴƳŻ�Ʋ ƾƿŚưƳ�ŢſŹŵ�ƮưƿżƧŚƯÐƯ�ƶĩ�ŶƳŵřŵ�ƶŗřŹř�ƾ�
ř� ƶƬě� ĨţźǀǀƜţ� ƶƐƤƳ� ŶƳřƺţƾƿÑřźŝ� řŹ�ƽƯ�ǀĮƳŚǀ� ƲƿōźƟ� ĨƿŶƴģ� Ŷƴ�

ƜŤƯǀŻƺţ�Śŝ�ƵźƿŚſŚƴƃ�ƩŚƯźƳ�ƖƾƿŚưƳ�ƿŶ��Ƌƺţ�ŵƺų�ƶƫŚƤƯ�ŹŵŚƸƳōǀƯ�Ůƾ�
ƯŚĮƴƷ� ŶƴƷŵƾƩźŤƴĩ� ŹřŵƺưƳ� ƶĩ�2řźƃ�ƿ�řŹ� ƩźŤƴĩ� Żř� ũŹŚų� Ǝ

Ư�ŹřŶƄƷƾưŴţ��ŶƷŵ�ǀě�ƵŶƴƳŻ�ƲǀŵŚƸƴƄƽƯ�ƶƳƺĮģ�ƾřźŝ�ŶƳřƺţ�ƽ�źŝ�
Ɯţ�ƶƐƤƳ�ŵŹƹōǀǀŵƺƃ�ƶŤƟźĭ�ŹŚĪŝ�ź���

Ɯţǀǀř� ƶƬě� Ĩţ� źƾƿǇŚƤƯ� Źŵ� ƶĩ�� ƱřƺƴƘŝ� ơƺƟ� šƿĪƾƳŚŞƯ� Żř�ƾ�
ŵźĪƬưƗƽ�ƎƤƟ��Ţſř�ƵŶƃ�ƶŤƟźĭ�źƔƳ�Źŵ�ƩŶƯ�ƿĪƾƜţ�ƕřƺƳř�Żř�ǀǀţřźƾ�

Ư� ƶĩ�ŢſřƾōźƟ� Źŵ�ŶƳřƺţ�ƿŵƺƃ� źƷŚƓ�Ŷƴ� ��ƶƧ� źǀǀƜţ� Żř�ƽźĮƿŵ� ƕƺƳ
� �ŵƺƃ�ƶūřƺƯ�Ʊō� Śŝ�ŶƳřƺţ�ƾƯ�ŶƴƿōźƟƜţǀǀƐų�źƾƳŚƯŻ�ŶƴƳŚƯ� �Ţſř�ƾ�

ƃŚƯ�Źřżŝř�ƶĩǀŹŶŤŝ�ƲƿŗŚſ�ŪǀƯ�ƵŶƾŵƺƃ�� �ŚƨưƷƹ�ŌŚƴƀƫřŹƺƳ�ƱřŹ]æé[�

                                                 
1 Cumulative Sum (CUSUM) 
2 Exponentially Weighted Moving Average (EWMA) 
3 Maximum Likelihood Estimator (MLE) 
4 Step change� Point 
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�źǀǀƜţ�ƶƐƤƳ�ƾƿŚſŚƴƃ�źǀǀƜţ�ƶƐƤƳ�ƾƿŚſŚƴƃŹŵŹŵ�ƲǀĮƳŚǀƯ�Źřŵźŝ��ƲǀĮƳŚǀƯ�Źřŵźŝ��Śŝ�ƵźǀƜŤƯƹŵ�ƩŚƯźƳ�ŶƴƿōźƟ�Śŝ�ƵźǀƜŤƯƹŵ�ƩŚƯźƳ�ŶƴƿōźƟ��������������������������������������������������������������������������������������������������������������������ŌŚƴƀƫřŹƺƳ�ƩƺſŹ�ƹ�źĮƄţō�ƮƿźƧŌŚƴƀƫřŹƺƳ�ƩƺſŹ�ƹ�źĮƄţō�ƮƿźƧ����������������������������è���

  
�ƲǀĮƳŚǀƯ�ƽřźŝ�ƾƐų�źǀǀƜţ�ƶƐƤƳ�ƾƿŚſŚƴƃ�ƽřźŝ�řŹ�ƾƿř�ƵŶƴƳŻ�ƲǀưŴţ
�ƶŗřŹř� ƶƴǀƄǀŝ� ƾƿŚưƴŤſŹŵ� ƁƹŹ� Żř� ƵŵŚƠŤſř� Śŝ� �ƵźǀƜŤƯŶƴģ� ŶƴƿōźƟ

ŶƳŵźƧ� ��Ţƣŵƹ�ŢŰƇ�Żř�ŢƿŚƨů�ơƺƟ�ƵŶƴƳŻ�ƲǀưŴţ�ŵźƨƬưƗ�ƁŹřżĭ
ŵŹřŵ�ƾƐų�ŶƳƹŹ�ƽŚƷ�ƵŻřŶƳř�ƶǀƬƧ�ƽřźŝ�Ʊō�ŜſŚƴƯ�ŹŚǀƀŝ���

Ɯţ�źŝ� ƵƹǈƗǀǀř�ƶƬě�Ĩţ�źƾƿƜţƹ�ǀǀƐų�źƾōźƟ� �ƿƯ�Ŷƴƾ�ƕřƺƳř� Śŝ�ŶƳřƺţ�
ŵƺƃ�ƶūřƺƯ�żǀƳ�ƦǀƳƺţƺƳƺƯ�šřźǀǀƜţ�Żř�ƽźĮƿŵ���Źŵ�šřźǀǀƜţ��ƵŶƷŚƄƯ

ƾƿř�ƶƬě�Ŷƴģ�šŹƺƈŝ�ŶƴƿōźƟÎ�źĮƿŵ�ƾƿř�ƶƳƺưƳ��ƮƔƴƯŚƳ�ƩŚů�ƲǀƗŹŵ�ƹ�
Ţſř� ƦǀƳƺţƺƳƺƯ� šřźǀǀƜţ� Żř� ��ƵŚĮŤſŵ� źĜƯō� śƹŚƴŤƯ� šřźǀǀƜţ� ǈŨƯ

Ư��ƾƿř�ƶƬě�Ŷƴģ�šŹƺƇ�ƶŝ�ŶƳřƺţ�ƾƯ��Ɓƺū�Ɓƺū�Ʈǀſ�ƕƺƳ�Śŝ�ŜſŚƴŤ
ŵŹřŸĭ�źŧř�Ɓƺū�šƹŚƤƯ�ƱřżǀƯ�źŝ��ƵŶƃ�ƵŵŚƠŤſř���

ţǇŚƤƯ� Źŵ�ƾƜţ� ƕƺƳ� ƶĩ�ŢƀƳō� źŝ�ƉźƟ� �Ŷƃ� ƵŹŚƃř� ƱřŶŝ� ƶĩ�ǀǀ�šřź
ōźƟƿƣŵ�Ŷƴǀ�ƲĪưƯ�šŹŶƴŝ�řźūř�ƶƇźƗ�Źŵ�ƶĪƳō�ƩŚů��Ţſř�ƆŴƄƯ�ŚƤ

Ɯţ�ƕƺƳ�Ţſřǀǀ�ƂƷŚƧ�Śŝ�Ţſř�ƭŻǇ� řŸƫ�ƹ� �ŶƃŚŝ�ƆŴƄƯ�ƪŞƣ�Żř�šřź
ŢǀƘƣřƹ� ƶŝ� ƹ� ŚƷ�ƉźƟ�ƂǀěƫŶƯ� �ŚƸƳō� ƱŵźƧ�ƦƿŵżƳ�ƾ�ƹ� ƾůřźƏ�

�ƶƐƤƳ�ƾƿŚſŚƴƃ�ƽřźŝ�ƽźŤƄǀŝ�ŵźŝŹŚƧ�ŢǀƬŝŚƣ� řźūř�Źŵ�ƶƧ�ŶŝŚƿ�ƶƘſƺţ
Ɯţǀǀ�Źŵ�źƿōźƟ�ĨƿƜŤƯ�Ŷƴģ�ŶƴǀŶƃŚŝ�ƶŤƃřŵ�Ƶź��ŚſŚƴƃ�źĮƿŵ�ƽƺſŻřƾƿ�

Ɯţ� ƶƐƤƳǀǀŚƸƴţ� ƶŝ� źƾƿřźŝ�ƽƬƯřƺƗ� ƝŸů� ƹ�ƆǀŴƄţ�ƾ�ŜūƺƯ� ƶĩ�
ōźƟ�ƝřźŰƳřƿƜŤƯ�Ŷƴģ�ŶƴǀŚƠĩ��ŶƳř�ƵŶƃ�ƵźƿưƳ�ŢƾŶƴĩ���ƫřźŝ�řŸƽ�ƭŚŬƳř�

ůǈƇř� šŚƯřŶƣřƾ� Źŵ�ƿōźƟ� ĨƿƜŤƯ� Ŷƴģ� ŶƴǀƟřźŰƳř� Ʊō� Źŵ� ƶĩ� Ƶźƾ�
ŶěƿƜŤƯ� �Ţſř� ƭŻǇ� �� Ţſř� ƶŤƄĭ� ŹřŶǀƿŚƷźǀƜŤƯ� Śƿ� źƾ�ŜūƺƯ� ƶĩ�

ōźƟ�ƝřźŰƳřƿƳ�ŶƳř�ƵŶƃ�ŶƴǀŚſŚƴƃ�żƾƿŵƺƃ����
ưƷřǀŚƸƫŚſŹŵ� ƶĩ� ƵŶƃ� ŜūƺƯ� ơƺƟ� ƕƺƋƺƯ� Ţƽųř�ǀ�Źŵ� ƢǀƤŰţ� ź

ŚſŚƴƃ� Śŝ� ƶƐŝřŹƾƿƜŤƯ�ǀźƽźƟ�ƝřźŰƳř�ŜūƺƯ� ƶĩ�ōƿƜŤƯ� Ŷƴģ� Ŷƴǀ�Ƶź
ĭ� Źřźƣ� ƱŚƤƤŰƯ� ƶūƺţ� ŵŹƺƯ� �Ţſř� ƵŶƃǀŵź� �ƳŚƤƤŰƯƾ� ŶƴƳŚƯ��řƺģ��

ƹ�źƯƺĮŤƳƺƯƽ�]ÎÒ[����ƹƿŶ���ƹ�Ʃřŵƹƹ�]æë[����ĩƹŚƷǀżƴ�]æì[���ŚƷƿźŤ��
� ƹ�ſƺţƾ�]æí[���ƱƺſŚƯ� �ƱřŹŚĪưƷ� ƹ]æî[� ��ţŹƺĩƾ� �� ƹ� �źĭ�ĨƯƽ�
Źƺĭ�]çå[� ���ƺƳƿŤǀ� ƭŚƷ� Ĭƴ�ƱřŹŚĪưƷƹ]çæ[� ��ĩǇƹřŹŚƯǀž� ��ƹ

ƱřŹŚĪưƷ]çç[�Ƴ�ǀĩŚƾſŚŞƗ� ƹ�ƾ]çè[��ƵŚĭ� �]çé[�ƹ� �ĬƳřƺƷ�]çê[�
�ƹ�źǀƀƠţŴƄţǀōźƟ�Źŵ�ƝřźŰƳř�ƪƯŚƗ�ƆƿƜŤƯ�Ŷƴģ�Ŷƴǀ�ƶūƺţ�ŵŹƺƯ�řŹ�Ƶź

ŶƳř�Ƶŵřŵ�Źřźƣ��ſźŝƾƯ�ǀž��ƱřŹŚƨưƷ�ƹ]çë[�šŚǀŝŵř�ŹƹźƯ�Ʀƿ�ƭŚŬƳř�Śŝ�
ƤŰţ� �ƖƯŚūǀŴƄţ� Śŝ� ƎŞţźƯ� šŚƤǀƜţ� ƪƯŚƗ�ƆǀǀōźƟ� Źŵ� źƿ�Ŷƴģ� � Ŷƴ

ƜŤƯǀſŹźŝ�ŵŹƺƯ�řŹ�ƵźƾŶƳŵřŵ�Źřźƣ���ř�ŹŵƿſŹźŝ�ƲƾŤƳ�ǀĭ�ƶŬǀźƽ�ƵŶƃ�
żŬţ�ƁƹŹ�Ŷƴģ�źƷ�ƶĩ��Ţſřƿƶ T2Ưř�ǀźţ�ƂŴŝ�ŶƿƯ�Źŵ�ƁƹŹ�Ʋǀ�ƱŚ

ŚƸƃƹŹƽƫƹ��Ţſř�ŵƺūƺƯ�ƾƤŰţ�ƭŚŬƳř�ǀŚſŚƴƃ�Śŝ�ƶƐŝřŹ�Źŵ�Ƣƾƿ�ƪƯŚƗ�
Ɯţǀǀ�Źŵ�źƿōźƟ�ĨƿƜŤƯ�Ŷƴģ�Ŷƴǀ�ƵźƿƳ�Ĩǀř�Źŵ�ŻŚƿƯ�ƵŻƺů�ƲƾŶƃŚŝ����Źŵ

ſŹźŝƾŚƸƃƹŹ� ơƺƟ�ƽţŚŞſŚŰƯ�ƾƭźƳ�ÏŚƷ� ƶĪŞƃ� ŶƴƳŚƯ�ƽŞƈƗ�ƾ��ƹ
ưƈţ�ŢųŹŵǀŢſř�ƶŤƟźĮƳ�Źřźƣ�ƶūƺţ�ŵŹƺƯ�Ʈ� �ƫŚů�ŹŵƾŚƸƃƹŹ�ƶĩ�ƽ�

ţŚŞſŚŰƯƾ� ƭźƳ�ƿĪƾŚƸƃƹŹ� Żř�ƾƿųř� ƶĩ� Ţſř�ǀřźŝ� ƱŚƤƤŰƯ� řźƽ�
ŴƄţǀƜţ�ƪƯŚƗ�ƆǀǀōźƟ�źƿŚƷ�ŶƴƽƜŤƯ�Ŷƴģ�ǀƵź�ƹŹ�Ʊō�ƶŝƽŶƳř�ƵŵŹƹō���
��ƵŚĭ��]çé[�ƤŰţ�Źŵǀ�ŵƺų�ƢƿŞƈƗ�ƶĪŞƃ�ĨƾŚƳřƺţ�ƶĩ�ŵřŵ�ƶŗřŹř�řŹ�ƾƿ�

                                                 
1 Multi-Step change 
2 Soft Computing 

ŚſŚƴƃƾƿƜţ�ƪƯŚƗ�ǀǀƤƯ�ƹ�źƜţ�ŹřŶǀǀřźŝ�źƽƯ�ǀĮƳŚǀ�Źŵ�řŹ�ƲƿōźƟ�Ĩƿ�Ŷƴ
ƜŤƯ�ƹŵǀŵŹřŵ�Ƶź��ƉźƟ�ƹř�ōźƟ�ƶĩ�Ţſř�ƵŵźĩƿŻƺţ�Żř�ơƺƟ�Ŷƴƿ�ƩŚƯźƳ�Ɩ

ěǀƹźƽƯ�ƾƜţ�ƕƺƳ� ƹ�Ŷƴĩ�ǀǀƯ� Źřŵźŝ�źǀĮƳŚǀř�ƶƬě�Ĩţ�ƲƾƿźţŚƯ� ƹ�ƿ�ž
ŹřƹƺĩƿŢſř� ƆŴƄƯ� ŹřŶƤƯŚŝ� ƹ� ŢŝŚŧ� žƳŚ��� ĬƳřƺƷ�]çê[�Ƴǀ� żƿ�Ĩ

ŞƈƗ�ƶĪŞƃƾřźƃ�ƶĩ� ŵźƧ�ƶŗřŹř�ƿ�ƩźŤƴĩ� Żř�ũŹŚų�ƎƜŤƯ� ƹǀźƽ�ƶĩřŹ�
řźƃ�ŜūƺƯƿ�Źŵ�řŹ�Ţſř�ƵŶƃ�ơƺƟ�ƎƿōźƟ�ĨƿƜŤƯ�ƹŵ�Ŷƴǀ�ƹ��ƩŚƯźƳ�Ƶź

Ɯţ� Śŝǀǀř� ƶƬě� Ĩţ� šřźƽŚſŚƴƃ�ƾƿƯ�ƾŶƴĩ�� �ƯŚưţ� ƹřƾĩźţ�ǀ�šŚŞ
Ɯţǀǀţřźƾřźŝ�ƶĩ�ƽƜŤƯ�ǀ�Ţſř�ƵŵźĪƳ�ƁŹřżĭ�řŹ�Ţſř�ŹƺƈŤƯ�ŚƷź��ŶƴƳŚƯ
ƜţǀǀƾƄƷŚƧ� šřź�řźƋ� ƶĪƳō� ŚƟŚƌƯ� �ƿĮŤƀŞưƷ� Ŝƾ�Żř� ƵŶƃ�ƁŹřżĭ�

ƘƯŚūǀ�źŝ�ƭŻǇ�ŢƳ�ŹřŵŹƺųǀŢƀ���ƵŻƺů�Źŵ�ưƈţ�ŢųŹŵǀƮ��Ƴǀ�ż�ƵŚĭ��ƹ�
�ƺǀƃ�]çì[�ƫŶƯƾ�Źŵ�ƶĩ�ŶƳř�Ƶŵźĩ�ƶŗřŹř� řŹ�ƿōźƟ�ĨƿƜŤƯ�Ŷƴģ��Ŷƴǀ�Ƶź
ƯƾŧŚţ�ƪƯŚƗ�ŶƳřƺţ�ǀōźƟ�ƝřźŰƳř�Źŵ�ŹřŸĭ�źƿŚſŚƴƃ�řŹ�ŶƴƾƿŶƴĩ����

ř� Źŵƿřźŝ� �ƶƫŚƤƯ�Ʋƽƫƹř�ǀ�ƶƗƺưŬƯ�Ʀƿ�źŝ�ƪưŤƄƯ�ƖƯŚū�ƾƫŶƯ� ŹŚŝ�Ʋ
ŞƈƗ�ƶĪŞƃƾƟźƘƯ��ƾƯ�ƾ�Źŵ�ƶĩ�ŵƺƃ�ƿ�ĨōźƟƿƯ�ƾƤƐƴƯ�Ŷƴƾ�ŶƳřƺţ�

Ɯţ�ƶƐƤƳ�źŝ�ƵƹǈƗǀǀōźƟ�ƝřźŰƳř�ŜūƺƯ�ƶĩ�řŹ�ƾƬƯřƺƗ��źƿ�řŹ�ŶƳř�ƵŶƃ�Ŷƴ
ƳǀŚſŚƴƃ�żƾƿŚưƳ�ƿŶ��řƿƜţ�ƕƺƳ�Ʊŵƺŝ�ƦǀƳƺţƺƳƺƯ�ƉźƟ�Śŝ�ƩŶƯ�Ʋǀǀ��šřź

� Żř� ƮƗřƾƄƷŚƧźǀƛÐƾƄƿřżƟřźǀƛ� Śƿ� ƹ�Ñ�ƮƔƴƯŚƳ� ŜǀƧźţ� ƾŤů� Śƿ� ƹ�
ƾƐų��ƾƄƿřżƟř�ƹ�ƾƿř�ƶƬě��ƾƄƷŚƧ��šřźǀǀƜţŤƯ�Żř�Ʀƿ�źƷ�Źŵ���ŚƷźǀƜ
ŚƳřƺţƾƿƜţ� ƕřƺƳř� ŵŹřŵ�ǀǀƯ� Źřŵźŝ�šřźǀĮƳŚǀōźƟ� ƲƿƜŤƯ� ƹŵ� Ŷƴǀ�Źŵ� řŹ� Ƶź
řźƃƿƐƾŻƺţ�Żř�ƶĩ�ƿě�ƩŚƯźƳ�ƖǀƹźƽŴƄţ�řŹ�Ŷƴĩ�ǀŶƷŵ�Ɔ���

�ƩŶƯ� ƾůřźƏ� Źŵ� ŹřŸĭźǀŧŚţ� ƾƳŚŞƯ� �ƶƫŚƤƯ� Ʋƿř� ƽŶƘŝ� ƂŴŝ� Źŵ
�ƾƯ�ƶŗřŹř� �ŵŹřŵ�ŚƷ�ƶƨŞƃ�ŵźƨƬưƗ�Śŝ�ƾưǀƤŤƀƯ�ƶƐŝřŹ�ƶƧ��ƽŵŚƸƴƄǀě

ŵƺƃ���ŹŚŤųŚſ��ƭƺſ�ƂŴŝŹŵŵźǀĭ�ƾƯ�Źřźƣ�ƾſŹźŝ�ŵŹƺƯ�ƩŶƯ���ƂŴŝ
�ƾƯ�ŦŰŝřŹ� ƵŶƃ�ƾůřźƏ�ƽŚƷ� ƶƨŞƃ�ƁŻƺƯō� ŶƴƿōźƟ� �ƶƫŚƤƯ� ƭŹŚƸģ
�ŵźƨƬưƗ� Żř�ƾŝŚƿŻŹř� ƭŚŬƳř�ƾĮƳƺĮģ�ƮŬƴě�ƂŴŝ� Źŵ�žĜſ� ƹ� �ŶƿŚưƳ

ŵƺƃ� ƾƯ� ƶŗřŹř� Ʊō� ŪƿŚŤƳƹ� ƩŶƯ� ��Ʋƿř� Ţưƀƣ� Ʋƿźųō� ƽźǀĭ� ƶŬǀŤƳ
ŶƷŵ�ƾƯ�ƪǀƨƄţ�řŹ�ƾƤǀƤŰţ�ƁŹřżĭ���

��
ç�ƽŵŚƸƴƄǀě�ƩŶƯ�ƾƳŚŞƯ���

ƴƧ� ƉźƟ� Ŷǀ
TXXXXX ,...,,,...,, 121 

�šřŶƷŚƄƯ� ƽźſ� Ʀƿ�
�ƵŶƃ� ƶŤųŚƴƃ� ƖƿŻƺţ� ƖŝŚţ� ƽřŹřŵ� ƶƧŶƃŚŝ� ƽŶƴƿōźƟ� ƽřźŝ� ƪƤŤƀƯ

 11 ,xfŢſř�� �� ƱŚƯŻ� Źŵ� źĭř� ƩŚưŤůř� ƖƿŻƺţ�
X�Żř�

 11 ,xf�ƶŝ� 22 ,xfǀǀƜţ��ƾƯ�źƿŻ�ŢƫŚů�ƹŵ�Żř�ƾƨƿ��ŶƿŚưƳ�ź
ŶŤƟř�ơŚƠţř�ŶƳřƺţ���

I���21 ff ���ƱŚƯŻ�Żř�ŶƘŝ�ƹ�ƪŞƣ�ƖƿŻƺţ�ƖŝŚţ�ŢƫŚů�ƲƿřŹŵ�ƱŚƀƨƿ�
ƳǀŶƴŤƀƷ�ƵŶƃ�ƶŤųŚƴƃ�ƖŝŚţ�ƹŵ�źƷ�ƽŚƷźŤƯřŹŚě�ƾƫƹ�Ţƀ���

II��� �21 ff �ƹ�21 � ���Źŵ�ƱŚƯŻ�ŻřŶƘŝ�ŢƫŚů�Ʋƿř�ƖŝŚţ�
ŶƴƧ�ƾƯ�źǀǀƜţ�ƖƿŻƺţ�ƽŚƷźŤƯřŹŚě�ƾƫƹ��ŶƴƧ�ƾưƳ�źǀǀƜţ�ƖƿŻƺţ���

��ơƺƟ�ŢƫŚů�ƹŵźƷ�Źŵŵƺƃ�ƾƯ�ƶŤųŚƴƃ�ŶƴƿōźƟ�źǀǀƜţ�ƶƐƤƳ�ƱřƺƴƘŝ���
�ƱŚƯŻ�Żř�ƪŞƣ��źĮƿŵ�šŹŚŞƘŝ�ƾƯ�ƩźŤƴƧ�ŢŰţ�ŶƴƿōźƟ��ŶƘŝ�ƾƫƹ�ŶƃŚŝ

                                                 
3 Isotonic 
4 Antitonic 
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éé�����������źǀǀƜţ�ƶƐƤƳ�ƾƿŚſŚƴƃ�źǀǀƜţ�ƶƐƤƳ�ƾƿŚſŚƴƃŹŵŹŵ�ƲǀĮƳŚǀƯ�Źřŵźŝ��ƲǀĮƳŚǀƯ�Źřŵźŝ�źƳ�ŶƴƿōźƟźƳ�ŶƴƿōźƟ�Śŝ�ƵźǀƜŤƯƹŵ�ƩŚƯ�Śŝ�ƵźǀƜŤƯƹŵ�ƩŚƯ����������������������������������������������������������������������������������������������������������������������ŌŚƴƀƫřŹƺƳ�ƩƺſŹ�ƹ�źĮƄţō�ƮƿźƧŌŚƴƀƫřŹƺƳ�ƩƺſŹ�ƹ�źĮƄţō�ƮƿźƧ 

�ƱŚƯŻ�Żř�ƱŚƯŻ�Śţ�Ǝƿřźƃ�Ʋƿř�ƹ�ƵŶƃ�ũŹŚų�ƩźŤƴƧŻř�ŶƴƿōźƟ��T�ƶƧ�
�ƮƧŚů� ŶƴƿōźƟ� ŹŚŤƟŹ� źŝ� �ŵƺƃ�ƾƯ�ƾƿŚſŚƴƃ� ƩźŤƴƧ� Żř� ũŹŚų�Ǝƿřźƃ

ƾƯ�ŶƃŚŝ� ��
�ŵřŶƘţ�ƶƧ�ŵƺƃ�ƉźƟ�źĭř�ƩŚůP�Źŵ�ƮƷźŝ�ŹřŸĭ�źǀŧŚţ�ƾƠǀƧ�ƶƈŴƄƯ�

��ŶƳƺƃ�ƩźŤƴƧ�ŶƿŚŝ�ƶƧ�ŵŹřŵ�ŵƺūƹ�ŶƴƿōźƟƵŚĮƳō: �                  �����
X = (X1 , X2 , � , Xp)

′ �ƾƟŵŚƈţ�Źřŵźŝ�Ʀƿ�æP ƾƯ���ŶƃŚŝ
�ƶƧj�źĮƳŚǀŝ�źƈƴƗ�ƲǀƯř�jŢſř�ƾƠǀƧ�ƶƈŴƄƯ�ƲǀƯř������ƉźƟ��ŚŬƴƿř�Źŵ

��ƶƧ�ŢƀƳōźŝX���ƩŚƯźƳ��ƖƿŻƺţ��Ʀƿ��ŻřP�ƹ�ŶƴƧ�ƾƯ�ƽƹźǀě��ƵźǀƜŤƯ��
� ƲǀĮƳŚǀƯ� Źřŵźŝ� ƽřŹřŵ ì = (ì1 , ì2 , � , ìp)

′ �žƿźţŚƯ� ƹ�
�žƳŚƿŹřƹƺƧŶƃŚŝ�ƾƯ����šŹƺƈƴƿř�ŹŵX1, X2, � , Xn��ƶƳƺưƳ n�

Ţſř� ƾƠǀƧ� ƽŚƷ� ƶƈŴƄƯ�ƽŚƷŹřŵźŝ� Żř� ƾƟŵŚƈţ� ƾƿŚţ� ��ƶƨǀƿŚŬƳō� Żř
�Źŵ�ƲǀĮƳŚǀƯ�Źřŵźŝ�źǀǀƜţ�ƪǀƬŰţ�ƹ�ƶƿżŬţ�ƭŚŬƳř�ƢǀƤŰţ�Ʋƿř�ƉźƟ�Ƃǀě

� ƶƧ� ƾƳŚƯŻ� ƽřźŝ� řŸƫ� �ŶƃŚŝ� ƾƯ� ƹŵ� ŻŚƟ�ŹřŶƤƯ� ƽřŹřŵ� ƲǀĮƳŚǀƯ� Źřŵźŝ
�ƆŴƄƯì0� ƶƳƺưƳ� ƵŻřŶƳř� ƹ�n� ƵŹŚƯō� �ŶƃŚŝ�÷

2�ŢŰţ�ƂƿŚě� ƽřźŝ� �
ŵƺƃ�ƾƯ�ƶŞſŚŰƯ�źƿŻ�ƩƺƯźƟ�Żř�ŶƴƿōźƟ�Ʊŵƺŝ�ƩźŤƴƧ������               ��

��
�æ������������������� ��     ���)X()X( 0

1
0  

 ÷2 = n ��
��

�Śŝ�řŹ�ƽŶƴƿōźƟ��ŹŚƧ�ŢƫƺƸſ�ƽřźŝ�ƢǀƤŰţ�Ʋƿř�Źŵ�ƶƧ�ƾƠǀƧ�ƶƈŴƄƯ�ƹŵ
ƾƯ� źƔƳŹŵ� řŹ� Ţſř� ƵźǀƜŤƯ� ƹŵ� ƩŚƯźƳ� ƖƿŻƺţ� ƽřŹřŵ ��Ʈƿźǀĭ

ƶƨƿŹƺƐŝ 002 ,N� �� ƶƨƳō� ƉźƟ� Śŝ� ŶƴƿōźƟ� Ʋƿř� Źŵì0ƹ�0�
�ŢŝŚŧ�ƉźƟ�Śŝ��ƽŵŚƸƴƄǀě�ƾŞƈƗ�ƶƨŞƃ��Ţſř�ƵŶƯō�ŢſŶŝ�Ʀƿ�ŻŚƟŹŵ

� Ʊŵƺŝ0�ƐƤƳ� ƾƿŚſŚƴƃ� ƽřźŝ��ƾůřźƏ� ƲǀĮƳŚǀƯ� Źřŵźŝ� Źŵ� źǀǀƜţ� ƶ
Ţſř�ƵŶƃ���ƢǀƤŰţ�Ʋƿř�Źŵ�ƵŶƃ�ƶŤƟźĭ�źƔƳ�Źŵ�šŚǀƋźƟ�ƹ�ƾƳŚŞƯ�źĮƿŵ
Żř�ŢƀţŹŚŞƗ���

ƞƫř�ƾŤƿŹǇƹĥŚƯ�Î� ���ƽŚƷ� ƾūƹźųƹ� ŚƸƿŵƹŹƹ� �ƾŤƿŹǇƹĥŚƯ� ŵźƨƿƹŹŹŵ
�źƷ�ŵźƨƬưƗ�Żř�ƪƇŚů�ŪƿŚŤƳ�ƹ�ŵƺưƳ�ŢƿźƿŶƯ�Ʊřƺţ�ƾƯ�źŤƸŝ�řŹ�ƶƨŞƃźƷ

ŶƃŚŝ�ƾƯ�ƾŝŚƿŵŹ�ƪŝŚƣ�ƶƨŞƃ���źĭř�ƩŚů�Źŵ�źƔƳ�ŵŹƺƯ�ƩŶƯ�ƾůřźƏŹŵ
�ƵŶǀĤǀěƹ�īŹżŝ�ƶƨŞƃ� �ŵƺƃ�ƵŵŚƠŤſř�ƶƨŞƃ�Ʀƿ�Żř�ƎƤƟ�ƢǀƤŰţ�Ʋƿř

ŵƺƃ�ƾƯ���ƩŶƯ�ƶƴǀƸŝ�ŵźƨƬưƗ�ƽřźŝ�ƾƬƇř�ƩƹĥŚƯ�ƶſ�ƢǀƤŰţ�Ʋƿř�Źŵ
Ţſř�ƵŶƃ�ƶŤƟźĭźƔƳ�Źŵ���

ś�ƵźŬƴě� ƵŻřŶƳř�Ï��Ʀƿ� ŵźƨƬưƗ�ƾŝŚƿŻŹř�ƽřźŝ� ƶƧ�ƾţřŶƷŚƄƯ� ŵřŶƘţ�
ƯŚƳ�ƵźŬƴě�ƵŻřŶƳř��ŵƺƃ�ƾƯ�ƵŵŚƠŤſř�ŶƴƿōźƟŵƺƃ�ƾƯ�ƵŶǀ���ƵźŬƴě�ƵŻřŶƳř

ŶƃŚŝ�ƾƯ�ƺĮƫř�Ʀƿ�ƾƿŚſŚƴƃ�ŶƳƹŹ� Źŵ�ƮƸƯ�ƶƠƫŒƯ�Ʀƿ� ��ƵźŬƴě� ƵŻřŶƳř
ŵƺƃ�ƾƯ�ƲǀǀƘţźƿŻ�ƪƯŚƗ�ƹŵ�ƽŚƴŞƯźŝ���

I���źƔƳŹŵ� ƺĮƫř� ƾƿŚſŚƴƃ� ƽřźŝ� ƶƧ� ƾƳŚƯŻ� Śƿ� �ƺĮƫř�ƆǀŴƄţ�ŢǀƬŝŚƣ�
ĭźŵƺƃ�ƾƯ�ƶŤƟ���

II���řŹ� ŢſŹŵ� ƽƺĮƫř� ŶƳřƺŤŝ� ƶƨŞƃ� Śţ� �ƱŶƃ� ƪŗŚƣ� żƿŚưţ� ŢǀƬŝŚƣ�
ŶƷŵ�ƆǀŴƄţ���

                                                 
1 Modularity 
2 Window size 

�Ţſř� ƲƨưƯ� �ŶƃŚŝ� ƦģƺƧ� ƵźŬƴě� ƵŻřŶƳř� ƾŞƈƗ� ƶƨŞƃ� ƦƿŹŵ� źĭř
�ǇŚŝ�Ʊō�ƽŚƐų�ƶŬǀŤƳ�Źŵ�ƹ�ŶƷŵ�ŹřŶƄƷ�ƾƘƣřƹ�ƱŚƯŻ�Żř�źţŵƹŻ�ƶƨŞƃ

ŶŝŚƿ�ƾƯ�ƂƷŚƧ�ƩźŤƴƧ�ŢŰţ�ƶƫŚŞƳŵ�ƩƺƏ�ƎſƺŤƯ�ƹ�ŵƹŹ�ƾƯ���źĭř�ƩŚů
�ƾƫƹ� �ŵƹŹ� ƾƯ� ǇŚŝ� ƶƨŞƃ� żƿŚưţ� ŢǀƬŝŚƣ� �ŶŝŚƿ� ƂƿřżƟř� ƵźŬƴě� ƵŻřŶƳř

Ư� ƹ� ŶƴƧ� řŹ� ƶƨŞƃ� ƪưƘƫř�žƨƗ�ƩƺƏ�ƎſƺŤƯ� ŹřŶƤƯ�ƂƿřżƟř� Ŝūƺ
ŵƺƃ�ƾƯ� ƩźŤƴƧ� Żř� ũŹŚų� ƶƫŚŞƳŵ� �� ƵźŬƴě� ƵŻřŶƳř� ƢǀƤŰţ� Ʋƿř� Źŵæç�

Ţſř� ƵŶƃ� ƶŤƟźĭ� źƔƳŹŵ�� ��Śŝ� ƶƐŝřŹ� Źŵ� źŤƄǀŝ� šŚǀŗżū� ƶƫŚƐƯ� ƽřźŝ
�ƖūźƯ�ƶŝ�ƵźŬƴě�ƵŻřŶƳř�ƲǀŤſŚƿźƫřƹŻ�]çí[ŶǀƿŚưƳ�ƶƘūřźƯ����

ũ��ƽŶƴŝ� ƶƤƐƴƯ�Ð��ƽŶƴŝ� ƥƺƬŝ� řŹ� ƮƷ� ŹƹŚŬƯ� ŵřŶƗř� ƽźſ�Ʀƿźĭř�
�ƵŵźƧ�ƆŴƄƯ�ŹřŶƤƯ�Ʀƿ�ƥƺƬŝ�źƷ�ƶŝ�ƹ�ŶƧ���ŵřŶƗř�ƾƿŚſŚƴƃ�ƽřźŝ

�ƾƯ� ƽŶƴŝ� ƶƤƐƴƯ� ƪưƗ� Ʋƿř� ƶŝ� �ƮǀƷŵ� ƆǀƈŴţ� ƥƺƬŝ� Ʊō� ƪųřŵ
Ŷƴƿƺĭ� �ƁŚƄŤƛř�ƂƷŚƧ�ŜūƺƯ�ƽŶƴŝ� ƶƤƐƴƯÑ�ƾƯ�ƾŞƈƗ� ƶƨŞƃŹŵ�
ŵƺƃ� �� ŵŶƗƹŵ� Ʋǀŝ� ƶƬƇŚƟ� ƢǀƤŰţ� ƲƿřŹŵçê�è��� Śţ�çê�è�Źŵ� ƶƧ� řŹ�

� řŶŤŝř� �Ţſř� ƵŶƃ� ƵŵŚƠŤſř� ƽŵŚƸƴƄǀě� ƾŞƈƗ� ƶƨŞƃ�ƁŻƺƯō� ƶŝæè�
�ƶƤƐƴƯ� źƿŻ�ƮŤƿŹƺĮƫř�ŽŚſř� źŝ�žĜſ� ƹ� ƵŵźƧ�ƮǀƀƤţ�ƽƹŚƀƯ�ƥƺƬŝ

Ţſř�ƵŶƃ�ƭŚŬƳř�ƽŶƴŝ���
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��ƮŤƿŹƺĮƫř�Ʋƿř�Źŵt��ƽźǀĭ�ƶƳƺưƳ�ƱŚƯŻ�tX�ƱŚƯŻ�Źŵ�źǀƜŤƯ�ŹřŶƤƯ�t��

tZƽřźŝ�ƵŶƃ�ŶƧŹřŶƤƯ�tX�ƹ� � k�ƽŶƴŝ�ƶƤƐƴƯ�ƽřźŝ�ƥƺƬŝ�ƵŹŚưƃ�
Ţſř���
��

è��ƽŵŚƸƴƄǀě�ƩŶƯ�ŹŚŤųŚſ��
�Żř�ƦƿźƷ�ƶƧ�řŹ�ƾƄƤƳ�ƹ�ŻŚǀƳ�ŵŹƺƯ�ƾŞƈƗ�ƽŚƷ�ƶƨŞƃ�ŵřŶƘţ��ŹŚŤųŚſ

ŶƴƧ�ƾƯ�ƆŴƄƯ�řŹ�ŶƿŚưƳ�ƾƯ�ŚƠƿř�ƩŶƯ�ŶƴƿōźƟ�Źŵ�ŚƸƳō���źĮƿŵ�šŹŚŞƘŝ
ƩŶƯ�ŵźƨƬưƗ�źŝ�ŹŚŤųŚſŵŹřŵ�ƮǀƤŤƀƯ�źǀŧŚţ����ƽŵŚƸƴƄǀě�ƩŶƯ�ŹŚŤųŚſ

� ƪƨƃ�ŽŚſř� źŝæŶƃŚŝ� ƾƯ� ƾƬƇř� ƩƹĥŚƯ� ƶſ�ƽřŹřŵ�� �� ƶƨŞƃæ�Źŵ�
�ƾƬƇř�ƩƹĥŚƯæ�ƲǀĮƳŚǀƯ�Źŵ�ƶƧ�ƾţŹƺƇ�Źŵ�Ţſř�ŹŵŚƣ�ƁŻƺƯō�Żř�ŶƘŝ�

�ŶƴƿōźƟ�ƶƧ�ƾƿř�ƶƳƺĭ�ƶŝ��ŵƺƃ�ťŵŚů�ƽźǀǀƜţ�ƵźǀƜŤƯ��ƹŵ�ŶƴƿōźƟ�Ʀƿ
�ŹřŶƄƷ�řźƳō��ŵźǀĭ�Źřźƣ�ƩźŤƴƧ�Żř�ũŹŚų�Ǝƿřźƃ�ŹŵŶƷŵ���Śŝ�ƶƨŞƃ�Ʋƿř

�ŜūƺƯ� ƾƠǀƧ� ƶƈŴƄƯ� ƹŵ� źƷ� ƶƧ� Ŷƴĩ� ƾƯ�ƆŴƄƯ� ŵƺų� ŹřŶƄƷ
�řŹ� ơƺƟ� Ǝƿřźƃ� ŚƷ� ƶƈŴƄƯ� Żř� ƾƨƿ� Śƿ� Ţſř� ƵŶƃ� ŶƴƿōźƟ� ƝřźŰƳř

Ţſř� ƵŵŹƹōŶƿŶě� ��ƾƬƇř�ƩƹĥŚƯ� �ƽŵŚƸƴƄǀě�ƩŶƯŹŵç�ƹŵ� źŝ�ƪưŤƄƯ�
ƾŞƈƗ�ƶƨŞƃçƹ�è�Źřŵźŝ�ƝřźŰƳř�ŜūƺƯ�ƶƧ�ƽźǀƜŤƯ�ƆǀŴƄţ�ƶƠǀƓƹ�

Ƹŝ� řŹ� Ţſř� ƵŶƃ� ŶƴƿōźƟ� ƲǀĮƳŚǀƯ�ƵŶƸƗźŝ� �źǀǀƜţ� ŢƸū� ƲǀǀƘţ� Ƶřźư
ŵŹřŵ� ��ƾƬƇř�ƩƹĥŚƯ�ƾūƹźų�ŽŚſřźŝ� źĭř� �ƶƧ�ƾƿř� ƶƳƺĭ�ƶŝæ�ƹŵ� źƷ�

�ƶƨŞƃ��ŶƴƃŚŝ�ƲǀĮƳŚǀƯ�ƝřźŰƳř�ƪƯŚƗ�źǀƜŤƯç�ƾƠƴƯ�Śƿ�ŢŞŨƯ�ŢƸū�

                                                 
3. Zoning 
4 Noise 
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�źǀǀƜţ�ƶƐƤƳ�ƾƿŚſŚƴƃ�źǀǀƜţ�ƶƐƤƳ�ƾƿŚſŚƴƃŹŵŹŵ�ƲǀĮƳŚǀƯ�Źřŵźŝ��ƲǀĮƳŚǀƯ�Źřŵźŝ��Śŝ�ƵźǀƜŤƯƹŵ�ƩŚƯźƳ�ŶƴƿōźƟ�Śŝ�ƵźǀƜŤƯƹŵ�ƩŚƯźƳ�ŶƴƿōźƟ��������������������������������������������������������������������������������������������������������������������ŌŚƴƀƫřŹƺƳ�ƩƺſŹ�ƹ�źĮƄţō�ƮƿźƧŌŚƴƀƫřŹƺƳ�ƩƺſŹ�ƹ�źĮƄţō�ƮƿźƧ����������������������������ê���

  
�ƾƿŚſŚƴƃ� řŹ� ŶƴƿōźƟ� ƾƠǀƧ� ƽŚƷ� ƶƈŴƄƯŻř� ƦƿźƷ� ƲǀĮƳŚǀƯ� źǀǀƜţ

ƾƯ�ŶƴƧ� �� ƾƬƇř� ƩƹĥŚƯ� ƾūƹźų�ŽŚſř� źŝ� źĭř� ƾƫƹæ�Żř� ƾƨƿ� ƎƤƟ� �
ŴƄƯ��ŶƃŚŝ�ƵŶƃ�ŶƴƿōźƟ�ƱŶƃ�ƩźŤƴƧ�Żř�ũŹŚų�ŜūƺƯ�ƾƠǀƧ�ƽŚƷ�ƶƈ

� ƶƨŞƃè�Ʊŵƺŝ� ƾƠƴƯ� Śƿ� ŢŞŨƯ�ŢƸū� ƹ�ƆǀŴƄţ� řŹ� ƝřźŰƳř� ƪƯŚƗ�
Ŷƴĩ�ƾƯ�ƲǀƘƯ�żǀƳ�řŹ�źǀǀƜţ����
�ƾƬƇř�ƩƹĥŚƯ� �ƩŶƯ�Ʋƿř�Źŵè�ƆŴƄƯ�Żř�ŶƘŝ�ƾŞƈƗ�ƶƨŞƃ�ŹŚƸģ�Śŝ�
�ƾƬƇř�ƩƹĥŚƯ�ƾūƹźų�ƱŶƃçŶƴĩ�ƾƿŚſŚƴƃ�řŹ�źǀǀƜţ�ƶƐƤƳ�ŶƳřƺţ�ƾƯ���

źĭř� ƶƨƿŹƺƐŝ��ŶƃŚŝ�ŢŞŨƯ� źǀǀƜţ�ŢƸū� Śŝ�Ʃƹř� źǀƜŤƯ� �ƝřźŰƳř�ƪƯŚƗ�
� ƶƨŞƃé�ƶƨŞƃ�ŶƃŚŝ�ƾƠƴƯ� źǀǀƜţ�ŢƸū�źĭř�ƾƫƹ� ŵƺƃ�ƾƯ�ƩŚƘƟ�ê�

ŵƺƃ� ƾƯ� ƩŚƘƟ� �ŵ� ƝźƏ� Żřƿ��ŶƴƿōźƟ� ƲǀĮƳŚǀƯ� ƝřźŰƳř� ƪƯŚƗ� źĭř� �źĮ
�ƶƨŞƃ�ŶƃŚŝ�ŢŞŨƯ�źǀǀƜţ�ŢƸū�Śŝ�ƭƹŵ�źǀƜŤƯë�źǀǀƜţ�ŢƸū�Śŝ�źĭř�ƹ�

�ƶƨŞƃ�ŶƃŚŝ�ƾƠƴƯìŵƺƃ�ƾƯ�ƩŚƘƟ���ţŹƺƇ�Źŵ�ŜūƺƯ�źǀƜŤƯ�ƹŵ�źƷ�ƶƨǀ
�ƹ�ŢŞŨƯ�ŢƸū�Śŝ�ŜſŚƴŤƯ��ŶƴƃŚŝ�ŶƴƿōźƟ�Ʊŵƺŝ�ƩźŤƴƧ�Żř�ũŹŚų�Ǝƿřźƃ

�ƾƬƇř�ƩƹĥŚƯ�ƶƨŞƃ�ŹŚƸģ�Żř�Śţ�ƹŵ�ŚƷźǀƜŤƯ�Żř�Ʀƿ�źƷ�ƾƠƴƯè�ƹ�ƩŚƘƟ�

�ƉźƟ�ŶƴƿōźƟ�źǀǀƜţ�ƶƐƤƳ�ƱřƺƴƘŝ�ƵŶƃ�ƾƿŚſŚƴƃ�źǀǀƜţ�ƶƐƤƳ�ƹŵ�ƶƴǀưƧ
ŵƺƃ�ƾƯ.��

��
��
��
��
��
��
��
��
��� 
��
��
��

�ƪƨƃæ�ƽŵŚƸƴƄǀě�ƩŶƯ�ŹŚŤųŚſ� 
��

�ƩƹŶūæ�ƾŞƈƗ�ƽŚƷ�ƶƨŞƃ�šŚƈŴƄƯ���
�ƭŚƳ
ƶƨŞƃ��

�ƱƹźƳ�ŵřŶƘţ
ƾūƹźų�ƶƿǇ��

�ƱƹźƳ�ŵřŶƘţ
ƱŚƸƴě�ƶƿǇ��

�ƶƿǇ�ŵřŶƘţ
ƱŚƸƴě� �

�ƶƿǇ�ƩŚƤŤƳř�ƖŝŚţ
ƱŚƸƴě� �

�ƶƿǇ�ƩŚƤŤƳř�ƖŝŚţ
ƾūƹźų��

ƾƃŻƺƯō�ƮŤƿŹƺĮƫř� ��ŢǀƯƺưƗ�ƁƹŹ
ƱŵřŵÎ� �

æ� �ç��æé��ç��ƪƨƃ�Žř�ŢƳřĦƳŚƳÏ��ƪƨƃ�Žř�ƦǀŤƀŬƫÐ��īźŞƳƺƫ�šŹřƺƧŹŚƯÑ��ƶǀƫƹř�ƞƣƺţÒ��

ç��é��èå��ç��ƪƨƃ�Žř�ŢƳřĦƳŚƳ ƪƨƃ�Žř�ƦǀŤƀŬƫ ƲţƺǀƳ�ƶŞƃ�Žř�ƾū�Ɲř�ƾŝ��ƶǀƫƹř�ƞƣƺţ 

è��é��èå��ç��ƪƨƃ�Žř�ŢƳřĦƳŚƳ ƪƨƃ�Žř�ƦǀŤƀŬƫ īźŞƳƺƫ�šŹřƺƧŹŚƯ��ƶǀƫƹř�ƞƣƺţ 

é��æ��çî��è��ƪƨƃ�Žř�ŢƳřĦƳŚƳ ƪƨƃ�Žř�ƦǀŤƀŬƫ ƲţƺǀƳ�ƶŞƃ�Žř�ƾū�Ɲř�ƾŝ ƶǀƫƹř�ƞƣƺţ 

ê��æ��çî��è��ƪƨƃ�Žř�ŢƳřĦƳŚƳ ƪƨƃ�Žř�ƦǀŤƀŬƫ ƶŞƃ�Žř�ƾū�Ɲř�ƾŝƲţƺǀƳ� ƶǀƫƹř�ƞƣƺţ 

ë��æ��çî��è��ƪƨƃ�Žř�ŢƳřĦƳŚƳ ƪƨƃ�Žř�ƦǀŤƀŬƫ ƲţƺǀƳ�ƶŞƃ�Žř�ƾū�Ɲř�ƾŝ ƶǀƫƹř�ƞƣƺţ 

ì��æ��çî��è��ƪƨƃ�Žř�ŢƳřĦƳŚƳ ƪƨƃ�Žř�ƦǀŤƀŬƫ ƲţƺǀƳ�ƶŞƃ�Žř�ƾū�Ɲř�ƾŝ ƶǀƫƹř�ƞƣƺţ 

��
��
��
��
��
��
��
��

��

                                                 
1�Generalization Feature 
2�Hyperbolic tangent sigmoid�� (tan-Sigmoid) 
3�Logistic sigmoid (Log-Sigmoid) 
4�Levenberg -Marquardt (trainlm) 
5�Early Stopping 
6 Multilayer Perceptron (MLP) 
7 Radial Basis Function (RBF)  
8 Learning Vector Quantization (LVQ) 
9 Hopfield Network 
10 Modular Network 
11 Multilayer Feed-Forward Network 
12 Back Propagation Algorithm 
13 Supervised Training 
14 Back Propagation Network (BPN) 
15 Statistical Process Control (SPC) 

����ƶƨŞƃ�æ��
�ƩƹĥŚƯ
ƾƬƇřæ��

�ƶƨŞƃç���� �ƶƨŞƃè���
�ƩƹĥŚƯ
ƾƬƇřç��

�ƩƹĥŚƯ
ƾƬƇřè��

����ƶƨŞƃ
é��
��

���ƶƨŞƃ
ê��

���ƶƨŞƃ
ë��

ƶƨŞƃ��
ì��

Żř� ƾƨƿ�ƾůřźƏ� Źŵ� ƮƸƯ� ƪŗŚƀƯ�ƶƨŞƃ� ƕƺƳ� śŚŴŤƳř� ƾŞƈƗ� ƶƨŞƃ�
ƾƯ�ŶƃŚŝ��ƶƨŞƃ�ƶƿǇ�Ŷƴģ�ƱƹźŤĜſźě�ƾŞƈƗ�ƽŚƷë��ƶƿŚě�ƩŚƿŵřŹ�Ɩŝřƺţì��

ƵżǀŤƳřƺƧ� ƽźǀĭŵŚƿ� ŹřŵźŝíŶƬǀƠěŚƷ� ƶƨŞƃ� �îƶƨŞƃ� ƹ��ŹǇƹĥŚƯ� ƽŚƷæå�
ƶƳƺưƳ�ƾƯ�ƵŶƃ�ƶŤųŚƴƃ�ƽŚƷ�ƶƨŞƃ�Żř�ƾƿř�ŶƴƃŚŝ���

ƶƿǇ�Ŷƴģ�ŹƺŴƄǀě�ƶƨŞƃ�ææ�ƶƨŞƃ�ƲƿźŤƫƹřŶŤƯ� Żř�ƾƨƿ��ƾůřźƏ�Źŵ� ŚƷ
ƶƨŞƃƾƯ�ƾŞƈƗ�ƽŚƷ��ŶƃŚŝ� ��žě� ƮŤƿŹƺĮƫř� Żř� ƵŵŚƠŤſř� Śŝ� ƶƨŞƃ�Ʋƿř
ŹŚƄŤƳřæçŢſř�ƵŶƃ�ƶŤƟźĭŹŚƨŝ� ƵŶǀĤǀě�ƪŗŚƀƯ�ƪů�ƽřźŝ�� �Įƫřºº�ƮŤƿŹƺ

ƄŤƳř�žěººŤſř�ƽřźŝ�ŹŚºŹŵ�ƵŵŚƠ�ƶƨŞƃ�Ʒºƴģ�ƽŚººŤƳř�Ɩŝřƺţ�ƹ�ƶƿǇŶº�ƩŚƤ 

�ƾƐųźǀƛŢſř� ƵŶƃ� ŵŚŬƿř� ��Żř�ƽźǀĭŵŚƿ� ƱŚƯŻ�Ʊŵƺŝ�ƾƳǇƺƏ� ƶƧ�Ŷƴģ� źƷ
ĭř�Ʋƿř�ƞƘƋ�ƍŚƤƳƾƯ�ƮŤƿŹƺ�ƾƯƺưƗ�ƱřƺƴƘŝ�ƮŤƿŹƺĮƫř�Ʋƿř� ŚƯř� �ŶƃŚŝ��ƹ�Ʋƿźţ

ƩƹřŶŤƯ�źƓŚƳ�Śŝ�ƁŻƺƯō�Źŵ�ƮŤƿŹƺĮƫř�ƲƿźţæèƶƨŞƃ�Źŵ���ƱƹźŤĜſźě�ƾŞƈƗ�ƽŚƷ
źƷŚƓ�ƶƿǇŶƴģ Ţſř�ƵŶƃ����

�ŢǀƤƟƺƯ�źŝ�ŢƫǇŵ�żǀƳ�ƩźŤƴƧ�ƽŚƷŹřŵƺưƳ�ƽƺĮƫř�ƆǀŴƄţŚŝ�ƎŞţźƯ�šǇŚƤƯ
Ɛŝ� �ŵŹřŵ�ơƺƟ�ƾţŚƤǀƤŰţ�ƽŚƸůźƏŹŵ�ƮŤƿŹƺĮƫř�Ʋƿř�ƽźǀĭŹŚƨŝ�ƶƨŞƃ�ƶƨƿŹƺ

ŹŚƄŤƳř�žěæéƽŹŚƯō�ŶƴƿōźƟ�ƩźŤƴƧ� Śŝ�ƎŞţźƯ�šǇŚƤƯ�źŤƄǀŝ�Źŵ�æê�ƵŵŚƠŤſř�
Ţſř�ƵŶƃ� 
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ëë�����������źǀǀƜţ�ƶƐƤƳ�ƾƿŚſŚƴƃ�źǀǀƜţ�ƶƐƤƳ�ƾƿŚſŚƴƃŹŵŹŵ�ƲǀĮƳŚǀƯ�Źřŵźŝ��ƲǀĮƳŚǀƯ�Źřŵźŝ�źƳ�ŶƴƿōźƟźƳ�ŶƴƿōźƟ�Śŝ�ƵźǀƜŤƯƹŵ�ƩŚƯ�Śŝ�ƵźǀƜŤƯƹŵ�ƩŚƯ����������������������������������������������������������������������������������������������������������������������ŌŚƴƀƫřŹƺƳ�ƩƺſŹ�ƹ�źĮƄţō�ƮƿźƧŌŚƴƀƫřŹƺƳ�ƩƺſŹ�ƹ�źĮƄţō�ƮƿźƧ 

��

� ŶƴƳŚƯ� ƱŚƤƤŰƯ� Żř� ƽŹŚǀƀŝ�ƲǀŤſŚƿźƫřƹŻ�]çí[��ĬƳřƺƷ�]çê[�]çî[�
]èå[�ƹ��ƵŚĭ�]çé[ŝřŹ�Źŵ��ƽřźŝ�ŹŚƄŤƳř�žě�ƶƨŞƃ�ƂŴŝźŧř�ŹŚŤƟŹ�Śŝ�ƶƐ

ƵŵźƧ�ŦŰŝ�ŶƴƿōźƟ�ƝřźŰƳř�ƱŵƺưƳ�ŹŚƨƃō�ŶƳř� ��ƶƨŞƃ�żǀƳ�ƶƫŚƤƯ�Ʋƿř�Źŵ
ƶƨŞƃ�ƾůřźƏ�ƽřźŝ� ŹŚƄŤƳř�žě��ƵŶƃ�ƵŵŚƠŤſř� ŻŚǀƳ� ŵŹƺƯ�ƾŞƈƗ�ƽŚƷ

Ţſř� �ƽřŹřŵ�ŚƷ�ƶƨŞƃŻř�ƭřŶƧźƷ�ƽŵƹŹƹ�ƶƿǇ�ƶƨƿŹƺƐŝçé�Ţſř�ƱƹźƳ�
� Żř� ƶƧæçźƯ�ƽŚƷ� Ƶŵřŵ� ƶƗƺưŬƯ�ƾƫřƺŤƯ� ƶƳƺưƳ��ƶƈŴƄƯ� ƹŵ� ƶŝ�ƍƺŝ

Ŷƿō�ƾƯ�ŢſŶŝ�ƾƠǀƧ),( 2,1, ii xx����
Ţſř� ƵŶƃ� ƶŗřŹř�Ʀƿ� ƵŹŚưƃ�ƩƹŶū� Źŵ�ơƺƟ�ƽŚƷ� ƶƨŞƃ�šŚƈŴƄƯ��

�ƩƹřŶūç�ƾƫř�ë�Żř�ƦƿźƷ�ƾūƹźų�ƶƿǇ�ƱƹźƳ�ƽŶƴŝ�ƶƤŞƏ�ƵƺŰƳ�żǀƳ�
ƾƯ� ƱŚƄƳ� ŭƺƋƺŝ� řŹ� ŚƷ� ƶƨŞƃ�ŶƷŵ� ���ŵƺƃ� ƾƯ� ƶƔůǈƯ� ƶƧŹƺƐƳŚưƷ

�Ʋǀŝ�ŚƷ�ƶƨŞƃ�ƾūƹźų]æ,å[�ƵŶƃ�ƮǀƔƴţ�Ţſř� �ƶƤŞƏ�ƕƺƳ�ƆǀŴƄţ
�ƶƨŞƃ�ƾūƹźų�ƽŶƴŝ � Żř� ƵŵŚƠŤſř� Śŝ�ƶƳŚŤſō�ŶůÎ� �ŵźƿŸě�ƾƯ�ƭŚŬƳř��

�ƽƹŚƀƯ�Śƿ�źŤĭŹżŝ�Ʊō�ŹřŶƤƯ�ƹ�ŵƺƃ�ŹŵŚƇ�ƶƨŞƃ�Ǝſƺţ�ƶƧ�ƾƫŚƴĮǀſźƷ
�Żř�źŤưƧ�ƶƧ�ƾƫŚƴĮǀſźƷ�ƹ�ŵƺƃ�ƾƯ�ƉźƟ�Ʀƿ�ŵŶƗ��ŶƃŚŝ�ƶƳŚŤſō�Ŷů

ŵƺƃ�ƾƯ�ƶŤƟźĭ�źƔƳ�Źŵ�źƠƇ�ŵŶƗ�ŶƃŚŝ�ƶƳŚŤſō�Ŷů�ŹřŶƤƯ��Ŷů�ŵŶƗ 

Ťſō�ŹřŶƤƯ�ŽŚſřźŝ�ƢǀƤŰţ�Ʋƿř�Źŵ�ƶƳŚçåå�ƶƫŚŞƳŵ�ƩƺƏ�ƎſƺŤƯ�ƽřźŝ�
ƹ�ƩźŤƴƧ�ŢŰţæååååŢſř�ƵŶƯō�ŢſŶŝ�Źřźƨţ�ŹŚŝ�� ��ƵŹŚưƃ�ƩƹŶūì�

�řŹ�ŚƷ�ƶƨŞƃ�Żř�ƦƿźƷ�ƾƘƣřƹ�ƶƫŚŞƳŵ�ƩƺƏ�ƎſƺŤƯ�ƹ�ƶƳŚŤſō�Ŷů�ŹřŶƤƯ
ŶƷŵ�ƾƯ�ƱŚƄƳ� 

��
�ƩƹŶūÏ���ƶƨŞƃ�ƾūƹźų�ƽŶƴŝ�ƶƤŞƏÎ��

ƾūƹźų�ƱƹźƳ 
1,ix      2,ix 

˺  
 S           S Î  S           S 

S/N      N/S ˹ S/N      N/S 
 N          N ˹  N          N 
��źǀǀƜţ�ƱƹŶŝ=N ����ƲǀĮƳŚǀƯ�Źŵ�źǀǀƜţ =S 

 
�ƩƹŶūÐ���ƶƨŞƃ�ƾūƹźų�ƽŶƴŝ�ƶƤŞƏÏ��

ƱƹźƳƾūƹźų� 
1,ix     2,ix 

˺ ˻ ˼ ˽ 
 P           P ˺ ˹ ˹ ˹ 
 P           N ˹ ˺ ˹ ˹ 
 N          P ˹ ˹ ˺ ˹ 
 N          N ˹ ˹ ˹ ˺ 

NC        NC ˹ ˹ ˹ ˹ 
 �źǀǀƠţ�ƱƹŶŝ� NC�ƾƠƴƯ�źǀǀƜţ�=�N�ŢŞŨƯ�źǀǀƜţ�=�P 

 
�ƩƹŶūÑ���ƶƨŞƃ�ƾūƹźų�ƽŶƴŝ�ƶƤŞƏÐ��

źų�ƱƹźƳ�ƾū 
1,ix     2,ix 

˺ ˻ ˼ ˽ 
 P           NC ˺ ˹ ˹ ˹ 

 NC        P ˹ ˺ ˹ ˹ 
 NC        N ˹ ˹ ˺ ˹ 

 N           NC ˹ ˹ ˹ ˺ 
NC         NC ˹ ˹ ˹ ˹ 

 �źǀǀƠţ�ƱƹŶŝ� NC�ƾƠƴƯ�źǀǀƜţ�=�N�ŢŞŨƯ�źǀǀƜţ�=�P 

                                                 
1
 Threshold or Cut-off 

�ƩƹŶūÒ���ƶƨŞƃ�ƾūƹźų�ƽŶƴŝ�ƶƤŞƏÑ�ƹ�Ò 

1,ix ƾūƹźų 

P/N ˺ 
NC ˹ 

 �źǀǀƠţ�ƱƹŶŝ� NC�ƾƠƴƯ�źǀǀƜţ�=�N�ŢŞŨƯ�źǀǀƜţ�=�P 

 
�ƩƹŶūÓ���ƶƨŞƃ�ƾūƹźų�ƽŶƴŝ�ƶƤŞƏÓ�ƹ�Ô 

2,ix ƾūƹźų 

P/N ˺ 
NC ˹ 

 �źǀǀƠţ�ƱƹŶŝ� NC�ƾƠƴƯ�źǀǀƜţ�=�N�ŢŞŨƯ�źǀǀƜţ�=�P 

 
�ƩƹŶūì�ŚƷ�ƶƨŞƃ�ƶƳŚŤſō�Ŷů�ƹ�ƶƫŚŞƳŵ�ƎſƺŤƯ�ƩƺƏ���

ƶƫŚŞƳŵ�ƩƺƏ�ƎſƺŤƯ ƶƳŚŤſōŶů �ƭŚƳƶƨŞƃ��
çéîæ�æîì îêëèåå�å  æ 

çåçæ�æîí îîîëêè�å ç 

íæåé�æîí îîêèêå�å è 

çêêí�çåå îíèèåå�å é 

îååå�æîí îíêèåå�å ê 

êêèé�æîî îíåíåå�å ë 

æîîê�çåæ îíåèåå�å ì 

��
é�ƶƨŞƃ�ƁŻƺƯō��ŚƷ��

Źŵ�Ƶŵřŵ�Ŷǀƫƺţ�ƽřźŝ�ƺƫŹŚƧ�ŢƳƺƯ�ƽŻŚſ�ƶǀŞƃ�ƁƹŹ�Żř�ƢǀƤŰţ�Ʋƿř��ƽŚƷ
��Ţƀţ�ƽŚƷ�Ƶŵřŵ�ƹ�ƾƃŻƺƯōŢſř�ƵŶƃ�ƵŵŚƠŤſř���ƩƺƯźƟ�è���Ǝſƺţ�ƶƧ

�ƵŚĭ�]çé[Ƶŵřŵ� Ŷǀƫƺţ�ƽřźŝ� �ƵŶƃ� ƶŤƟźĭŹŚƨŝ���ƵŵŚƠŤſř� ŻŚǀƳ� ŵŹƺƯ�ƽŚƷ
ŵƺƃ�ƾƯ����

��
�è�           ����                            � knX tt ���
��
Źŵ��ŚŬƴƿřt��ƹ�ƽźǀĭ�ƶƳƺưƳ�ƱŚƯŻtXźƯ�ƹ�ƪƤŤƀƯ�ƾƟŵŚƈţ�Źřŵźŝ��ƍƺŝ

�ƱŚƯŻ�Źŵ�ƶƧ�Ţſř�ƾƠǀƧ�ƶƈŴƄƯ�ƹŵ�ƶŝt�ŵƺƃ�ƾƯ�ƪƇŚů���ƶƨǀƳŚƯŻ
ŶƃŚŝ�ƾƯ�ƩźŤƴƧ�ŢŰţ�ŶƴƿōźƟtX�Żř�),( NŶƴƧ�ƾƯ�ƽƹźǀě����Źŵ

�ƩƺƯźƟÐ�ŹřŶƤƯ�nt�Żř�ƶƧ�ŶƃŚŝ�ƾƯ�ŶƴƿōźƟ�ƾţřŷ�šřźǀǀƜţ�),0( N�
ŶƿŚưƳ�ƾƯ�ƽƹźǀě���Źřŵźŝk�šŹƺƈŝ�(k1, k2)ƾƯ�ƞƿźƘţ���ŹřŶƤƯ�ƹ�ŵƺƃ

ŶƷŵ�ƾƯ�ƱŚƄƳ� ŶƴƿōźƟ�ƲǀĮƳŚǀƯ� Źŵ� řŹ� źǀǀƜţ� ��ƶƨǀƳŚƯŻ� Źŵ� �Ʋƿř� źŝŚƴŝ
Ţſř�ƩźŤƴƧ�ŢŰţ�ŶƴƿōźƟ�ƶƧ�ŢƀƳō�źĮƳŚǀŝ�ŶƃŚŝ�źƠƇ�ơƺƟ�Źřŵźŝ���ƪŞƣ
Ƶŵřŵ�Śŝ�ƶƐŝřŹ�Źŵ�źƿŻ�šŚƯřŶƣř�ŵƺƃ�ƶƨŞƃ�ŵŹřƹ�ŚƷ�Ƶŵřŵ�ƶƨƳō�Żř��ƭŚŬƳř�ŚƷ

ŵźƿŸě�ƾƯ���
ƞƫř�ƽŻŚſŵŹřŶƳŚŤſř���ţ�ƲƿŶŝ�Śŝ��ŵŹřŶƳŚŤſř�ƩŚƯźƳ�šŹƺƈŝ�ŚƷŵřŵ�Ŝǀţź

ŶƳƺƃ�ƾƯ�ƪƿŶŞţ� �Ʀƿ�žƳŚƿŹřƹ�ƹ�źƠƇ�ƲǀĮƳŚǀƯ� ��Żř�ŹƺƔƴƯ�Ʋƿř�ƽřźŝ
Ţſř�ƵŶƃ�ƵŵŚƠŤſř�źƿŻ�ƩƺƯźƟ���

 [
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�źǀǀƜţ�ƶƐƤƳ�ƾƿŚſŚƴƃ�źǀǀƜţ�ƶƐƤƳ�ƾƿŚſŚƴƃŹŵŹŵ�ƲǀĮƳŚǀƯ�Źřŵźŝ��ƲǀĮƳŚǀƯ�Źřŵźŝ��Śŝ�ƵźǀƜŤƯƹŵ�ƩŚƯźƳ�ŶƴƿōźƟ�Śŝ�ƵźǀƜŤƯƹŵ�ƩŚƯźƳ�ŶƴƿōźƟ��������������������������������������������������������������������������������������������������������������������ŌŚƴƀƫřŹƺƳ�ƩƺſŹ�ƹ�źĮƄţō�ƮƿźƧŌŚƴƀƫřŹƺƳ�ƩƺſŹ�ƹ�źĮƄţō�ƮƿźƧ����������������������������ì���

  
�Ñ���                                    ���)( ,

1
ppipsp XX  

�������������������������������������������������������������������������������������������������������������������������
��

� Źřŵźŝ� ƶƨƿŹƺƐŝsX� ƪƯŚƃ� ƶƧ�p� Żř� ŶƃŚŝ� ƾƯźƈƴƗ�),( R0 N�ƹ�
ŚƯźƇŚƴƗ�ƪƯŚƃ�žƿźţ�p,iX�Żř�),(  Nƽƹźǀě��ƹ�Ŷƴĩ�ƾƯ�R�

Ƨ�Ţſř�ƾĮŤƀŞưƷ�žƿźţŚƯŶƃŚŝ�ƾƯ�źƿŻ�šŹƺƈŝ�ƶ���
��

�Ò�             ���                                 ���     �










1

1




R���

��

Źŵ�� ŚŬƴƿř�Źŵ�ƶƧ�Ţſř�ƾƠǀƧ�ƽŚƷźǀƜŤƯ�Ʋǀŝ�ƾĮŤƀŞưƷ�ŜƿźƋ�
�ŵřŶƗř�ƩŶƯ�ƾŝŚƿŻŹř�ƭŚĮƴƸŝ�ƾƫƹ�ŵƺƃ�ƾƯ�ƉźƟ�źƠƇ�ƁŻƺƯō�ƭŚĮƴƷ

�Ʋǀŝ]î�åƹå[Ɵ�Śŝ���ƶƬƇŚæ�åŶŝŚƿ�ƾƯ�ƅŚƈŤųř�Ʊō�ƶŝ����
ś�ƽŶƴŝ�ƶƤƐƴƯ���
ũ��ŵřŶƗř�Ŝǀţźţ�ƲŤŴƿŹ�ƮƸŝ�Î���ƶƨŞƃ�ƾƄŴŝźŧř�ŵƺŞƸŝ�ƽřźŝ�ƪưƗ�Ʋƿř

ŵƺƃ�ƾƯ�ƭŚŬƳř���
ŵ�ƽŻŚſ�ŽŚǀƤƯ�Ï���ƆŴƄƯ�ƵŵƹŶŰƯ�Ʀƿ�Źŵ�ŚƷ�ƽŵƹŹƹ�ƪưƗ�Ʋƿř�Śŝ

ŶƳźǀĭ�ƾƯŹřźƣ���Źŵ�ŚƸƿŵƹŹƹ�ŵƺƃ�ƾƯ�ŜūƺƯ�żǀƳ�ƽŻŚſŵŹřŶƳŚŤſř�ƶģźĭř
źǀĭ� Źřźƣ�ƆŴƄƯ� ƵŵƹŶŰƯ�ƦƿƪƣřŶů�ƁƹŹ� Żř� ƵŵŚƠŤſř� Śŝ�ƾƫƹ�ŶƳ���

źŨƧřŶůÐ�ƩƺƯźƟ�Żř�ƵŵŚƠŤſř�źŝ�ƵƹǈƗ���éźţǇŚŝ�ƁŻƺƯō�ƾƿřŹŚƧ��� �ƶŤƟŹ
Ţſř� �ƶƨŞƃ�ƽŚƴŨŤſř�ƶŝ�ƢǀƤŰţ�Ʋƿř�ŹŵèƶƨŞƃ�ƶǀƤŝ� ��ƶƬƇŚƟ�Ʋǀŝ� ŚƷ����

] í�å�ƹ�í�å�[ŶƳř�ƵŶƃ�ƽŻŚſ�ŽŚǀƤƯ����
�ƖƿŻƺţ� Żř� ƶƨŞƃ�ƁŻƺƯō�ƽřźŝ� ƵŶƃ� Ŷǀƫƺţ�ƽŚƷ� Ƶŵřŵ� �ƢǀƤŰţ�ƲƿřŹŵ

ƹŵ� ƩŚƯźƳ�ƹ�Ʀƿ�žƳŚƿŹřƹ� ƽřŹřŵ� ƩźŤƴƧ�ŢŰţ�ŢƫŚůŹŵ� ƶƧ� �ƵźǀƜŤƯ�
�ƲǀĮƳŚǀƯŹřŵźŝ)'0,0(ŶƿŚưƳ�ƾƯ�ƽƹźǀě� �ŶƃŚŝ�ƾƯ�� ��ƽŚƷ� Ƶŵřŵ

� ƵŹŚưƃ� ƩƺƯźƟ� Żř� ƵŵŚƠŤſř� Śŝ� ƾƃŻƺƯōÐ�Śŝ� ƽźǀĭŵŚƿ� ƮŤƿŹƺĮƫř� ƽřźŝ�
ŶƳƺƃ�ƾƯ�ƽŻŚſ�ƶǀŞƃ��źƓŚƳ���Źŵ�ƶƧ�ƾƬůřźƯ�Żř�žě�ƶƧ�ƾƿř�ƶƳƺĭ�ƶŝ

ŵƺƃ� ƾƯ� ŮƿźƄţ� ƶƯřŵř�ƶƐƤƳ� �ƝřźŰƳř� ƪƯŚƗ� ŶŝŚƿ� ƾƯ� ƾƿŚƳřƺţ� ƩŶƯ� �
�ƶƬě�Ŷƴģ� �ƾƿř� ƶƬě�Ʀţ� �ƾƐų�šřźǀǀƜţ�ƽřźŝ� řŹ� źǀǀƜţ�ŢƸūƹ�źǀǀƜţ

ƾƄƿřżƟř�ƾƿř�ƶƬě�Ŷƴģ�ŜǀƧźţ��ƾƿř�ƶƬěƹ�ƾƐų�ŜǀƧźţ��ƾƿř����ƾƄƷŚƧ
�řŹ�ŚƷźǀƜŤƯ�ƽřźŝ�źĮƿŵ�ƾƿř�ƶƬě�ƹ�ƾƐų�Źƺƈţ�ƪŝŚƣ�ŜǀƧźţ�ƕƺƳ�źƷ�Śƿ�ƹ

ŶƿŚưƳ�ƾƿŚſŚƴƃ���
�ƽřźŝ��ƁŻƺƯō�ƶƬůźƯ�Źŵ�ƲǀĮƳŚǀƯ�Źřŵźŝ�Źŵ�źǀǀƜţ�ŹřŶƤƯ�ŚƷ�Ƶŵřŵ�Ŷǀƫƺţ

� ƲǀŝÏÒ�Ð��� Śţ�ÏÒ�Ð�ƽŚƷ� ƶƬƇŚƟ� Śŝ�ÏÒ�Íŵƺƃ�ƾƯ� ƶŤƟźĭ� źƔƳŹŵ���
�Ŝǀţźţ�ƲƿŶŝÔÏÖ�ŶƃŚŝ�ƾƯ�ƾƴǀŝ�Ƃǀě�ƪŝŚƣ� ŚƷźǀƜŤƯ�ƽřźŝ�ŜǀƧźţ�

Ţſř�ƵŵŚƠŤſř�ƪŝŚƣ� ŚƷ�ƶƨŞƃ�ƁŻƺƯō�ƽřźŝ�ŜſŚƴţ�ƶŝ�ƶƧ� �ŵřŵ�Ƶ�ƽŚƷ
� šŹƺƈŝ� ƾƃŻƺƯōÎÏ� ƵŶƷŚƄƯ��Ŭƴě� ƵŻřŶƳř� ŵřŶƘţ� ƶŝƵź� ��ƵźǀƜŤƯ� ƹŵ

ŶƳƺƃ�ƾƯ�Ŷǀƫƺţ�ŚƷ�ƶƨŞƃ�ƁŻƺƯō�ƽřźŝ���Śŝ�ƽźǀĭŵŚƿ�ƽźǀĭ�ƪƨƃ�ƽřźŝ
� ƽŚƷ� Ƶŵřŵ� ƽřźŝ� źƓŚƳÎÏ�žƿźţŚƯ� Źŵ� źƿŻ� šŹƺƈŝ� ƾţřźǀǀƜţ� ƾƿŚţ�

ŵƺƃ�ƾƯ�ƩŚưƗř�šřŶƷŚƄƯ���
ƞƫř��Źŵ� źǀǀƜţ� �ŵŹřŶƳ� ŵƺūƹ� ƲǀĮƳŚǀƯ� Źŵ� źǀǀƜţ� ƶƧ� ƾŤƫŚů� ƽřźŝ�

ŵƺƃ�ƾƯ�ƉźƟ�ŢƿŚƸƴǀŝ���

                                                 
1 Permutation 
2 Scaling 
3 Min-Max 

ś��Ʋǀŝ�źǀǀƜţ�ŹřŶƤƯ�źĭř�ÔÒ�Í�Śţ�ÏÒ�Í�ƲǀưŬƴě�ŻřźǀǀƜţ��ŶƃŚŝ
�ƵŶƷŚƄƯÎÏŵƺƃ�ƾƯ��ŻŚƛō�ŶƴƿōźƟ�ƾƿŚţ����

ũ��� Ʋǀŝ� źǀǀƜţ� ŹřŶƤƯ� źĭř�Î� ŚţÒ�Î�ƲǀưŤƠƷ� Żř� źǀǀƜţ� �ŶƃŚŝ�
ŵƺƃ�ƾƯ�ƩŚưƗř�ŶƴƿōźƟ�šřŶƷŚƄƯ���

ŵ�źǀǀƜţ�ŹřŶƤƯ�źĭř��Ʋǀŝ�ÔÒ�Î�Śţ�ÏÒ�Ï�ƵŶƷŚƄƯ�ƲǀưƸƳ��ŶƃŚŝ�
ŶƃŚŝ�ƾƯ�źǀǀƜţ�ŻŚƛō���

Ƶ��Ʋǀŝ�źǀǀƜţŹřŶƤƯ�źĭř�Ò�Ï�Śţ�ÏÒ�Ð�ƲǀưƷŵŻŚƿ�Żř�źǀǀƜţ��ŶƃŚŝ�
ŵƺƃ�ƾƯ�ƩŚưƗř�ƵŶƷŚƄƯ���

ƽŚƷ�ƾūƹźų�ŽŚſř�źŝ�Ŝǀţźţ�ƲƿŶŝ�ƩƹřŶū�Ï�ƾƫř�Ñ�Ūƴě�ŢƿŚƗŹ�Śŝ�ƹ�
�ƶŝ� �źƓŚƳ� Śŝ�ƽźǀĭŵŚƿ�ƱŚƨƯř� �ơƺƟ� ƵŶƃ�ƆŴƄƯ� źǀǀƜţ�ƖƐƤƯ� ƶŤſŵ

�ƽŚƷ�ƶƨŞƃ�Żř�Ʀƿ�źƷ�ƽřźŝ�ŜſŚƴţÎ�ƾƫř�Ðŵƺƃ�ƾƯ�ƮƷřźƟ����
� ƶƨŞƃ�ƁŻƺƯō�ƽřźŝÎ� ƭŚưţ�ÔÏÖ�Ƶƹźĭ�ŽŚſř� źŝ�šřźǀǀƜţ�ŜǀƧźţ�

� ƵŹŚưƃ�ƩƹŶū� Źŵ� ƵŶƃ�źƧŷ�ƽŶƴŝÕŶƃŚŝ�ƾƯ� ƵŵŚƠŤſř�ƪŝŚƣ�� ��ƲƿŶŝ
� ŜǀţźţÑÔÑÐÓ�ƽřźŝ� ƵŶƃ� ƽŻŚſ� ƶǀŞƃ� šřźǀǀƜţ� ƞƬŤŴƯ� ŜǀƧźţ�

� ƶƨŞƃ� ƁŻƺƯōÎŢſř� ƵŶƃ� ƵŵŚƠŤſř�� �� ƶƨŞƃ� ƁŻƺƯō� ƽřźŝç�
ŵřŶƘţëìì� Żř�ŜǀƧźţ�ìçîŶƃŚŝ�ƾƯ� ƵŵŚƠŤſř�ƪŝŚƣ�ŜǀƧźţ�� ��šŚǀƿżū

�ƵŹŚưƃ�ƩƹŶū�Źŵ� ŚƸƳō�Źřźƨţ�ŵřŶƘţ�ƹ�ƽŶƴŝ�ƵƹźĭîŢſř�ƵŶƃ�ƶŗřŹř���
� ƶƨŞƃ�ƁŻƺƯōè� Śŝ�êèŢſř� źƿŸě� ƱŚƨƯř�šřźǀǀƜţ�ŜǀƧźţ�� ��ƩƹŶū

�ƵŹŚưƃæåŶƷŵ�ƾƯ�ƶŗřŹř�řŹ�ƭŻǇ�šŚǀŗżū����ƽŚƷ�ƶƨŞƃ�ƽřźŝé�ƾƫř�ì�
�ŵřŶƘţ�Î��ÎÐÏ�ÎÐ�ÎÐÏ��èêç�Żř�ŜǀƧźţ�ìçî�ƁŻƺƯō�ƽřźŝ�ŜǀƧźţ�

ŶƃŚŝ� ƾƯ� ƵŵŚƠŤſř� ƪŝŚƣ� �ƦƿźƷ�ŜſŚƴţ� ƶŝ� �ŚƸƳō� ��ƂŴŝ� źŧř� ŹƺƔƴưŝ
�ƵŹŚưƃ�ƩƹŶū�šŹƺƈŝ�ƾƠƴƯ�ƹ�ŢŞŨƯ�šřźǀǀƜţ�ŜǀƧźţ��ƁŻƺƯō�ƱŵƺưƳ

ææŵƺƃ�ƾƯ�ƽŶƴŝ�ƶŤſŵ�� ��ƩƹřŶū��ƵŶƃ�ƭŚŬƳř�ƽŶƴŝ�Ƶƹźĭ�ŽŚſř�źŝ
æç�ƾƫř�æê�ƽŚƷ�ƶƨŞƃ�Żř�Ʀƿ�źƷ�ƽřźŝ�řŹ�ƾƃŻƺƯō�Źřźƨţ�ŵřŶƘţ�é�ƾƫř�
ìŶƷŵ�ƾƯ�ƱŚƄƳ���ƶƨŞƃ�ƽřźŝ�źƓŚƳ�Śŝ�ƁŻƺƯō�ƱŶƃ�ƮƷřźƟ�ƽřźŝ��ƽŚƷ
é�ƾƫř�ì�ƆŴƄƯ�ƾƃŻƺƯō�ƽŚƷ� Ƶŵřŵ�ƽřźŝ� źǀǀƜţ� ƶƐƤƳ�Ţſř� ƭŻǇ� �

ŵƺƃ��ƾƯ�ƶŗřŹř�ƶƫŚƤƯ�ƮŬƴě�Ţưƀƣ�Źŵ�ƶƧ�ƶĤƳō�ŽŚſřźŝ�ƶƨǀƳŚƯŻ��ŵƺƃ�
�ŶƳƺƃ�ƾƯ�ƵźŬƴě�ŵŹřƹ�ŢſřŹ�Ţưſ�Żř�ŚƷ�Ƶŵřŵ��ŶƴƧ�ƾƯ�ŢƧźů�ƵźŬƴě
�ƵŻřŶƳř�źŝřźŝ�ƶƧ�ƾƘƐƤƯ�Źŵ�ŶƿŚŝ�ŶƴƿōźƟ�Źŵ�ƽźǀǀƜţ�ƕƺƳ�źƷ�Ʋƿř�źŝŚƴŝ�ƹ

� ƾƴƘƿ� �Ţſř� ƵźŬƴěæçŵƺƃ� ŹŚƨƃō� �� ��ŲſŚě�ƞƿźƘţ� Źŵ� ơƺƟ� ƢƐƴƯ
Ţſř� ƵŶƃ� ƶŤƟźĭŹŚƨŝ�ƾƃŻƺƯō�ƽŚƷ� Ƶŵřŵ�ƽřźŝ�śƺƬƐƯ���ƾůřźƏ� Źŵ

żŬţ� ƶǀƬƧƹ� ŹřżƟř� ƭźƳ� Żř�ƽŵŚƸƴƄǀě� ƩŶƯ�ƽŚƷ�ƪǀƬŰţƹ� ƶƿ�ŜƬƐƯÑ���
Ţſř�ƵŶƃ�ƵŵŚƠŤſř���

��
�ƩƹŶūÕ�Źŵ�šřźǀǀƜţ�ŜǀƧźţ� Źřŵźŝ ƲǀĮƳŚǀƯ ƹ� ŵřŶƘţ Źřźƨţ 

Źŵ �ƶƨŞƃÎ��
Ɩưū ƁŻƺƯōŹřźƨţŵřŶƘţ 

�ŵřŶƘţ
šŚŞǀƧźţ 

šřźǀǀƜţ�ŜǀƧźţ�Ƶƹźĭ ƞŝŵŹ 

ÎÍÕÎÓ ÎÓ ÓÔÓ |)k()k( 00 21  Î 

ÐÒÓÏÍ ÓÕÒ ÒÏ )0()0( 21  kk Ï 

ÎÍÍÍ ÎÍÍÍ Î )0()0( 21  kk Ð 

ÑÔÑÐÓ  ÔÏÖ  Ɩưū 
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íí�����������źǀǀƜţ�ƶƐƤƳ�ƾƿŚſŚƴƃ�źǀǀƜţ�ƶƐƤƳ�ƾƿŚſŚƴƃŹŵŹŵ�ƲǀĮƳŚǀƯ�Źřŵźŝ��ƲǀĮƳŚǀƯ�Źřŵźŝ�źƳ�ŶƴƿōźƟźƳ�ŶƴƿōźƟ�Śŝ�ƵźǀƜŤƯƹŵ�ƩŚƯ�Śŝ�ƵźǀƜŤƯƹŵ�ƩŚƯ����������������������������������������������������������������������������������������������������������������������ŌŚƴƀƫřŹƺƳ�ƩƺſŹ�ƹ�źĮƄţō�ƮƿźƧŌŚƴƀƫřŹƺƳ�ƩƺſŹ�ƹ�źĮƄţō�ƮƿźƧ 

�ƩƹŶūÖ��Źŵ�šřźǀǀƜţ�ŜǀƧźţ Źřŵźŝ ƹ�ƲǀĮƳŚǀƯ ŵřŶƘţ Źřźƨţ 

ƶƨŞƃŹŵ�Ï��
Ɩưū ƁŻƺƯōŹřźƨţŵřŶƘţ 

�ŵřŶƘţ
šŚŞǀƧźţ 

šřźǀǀƜţ�ŜǀƧźţ�Ƶƹźĭ ƞŝŵŹ 

ÓÔÓÍÍ ÎÍÍ ÓÔÓ |)k()k( 00 21  Î 

ÏÍÍÍ ÏÍÍÍ Î )0()0( 21  kk Ï 

ÓÖÓÍÍ  ÓÔÔ  Ɩưū 
��

�ƩƹŶūÎÍ��Źŵ�šřźǀǀƜţ�ŜǀƧźţ Źřŵźŝ ƹ�ƲǀĮƳŚǀƯ ŵřŶƘţ Źřźƨţ Źŵ 

�ƶƨŞƃÐ��
Ɩưū ƁŻƺƯōŹřźƨţŵřŶƘţ 

�ŵřŶƘţ
šŚŞǀƧźţ 

šřźǀǀƜţ�ŜǀƧźţ�Ƶƹźĭ ƞŝŵŹ 

ÒÏÍÍ ÎÍÍ ÒÏ )0()0( 21  kk Î 

ÏÍÍÍ ÏÍÍÍ Î )0()0( 21  kk Ï 

ÔÏÍÍ  ÔÏÖ  Ɩưū 

��
�ƩƹŶūÎÎ��ƽŚƷ�ƶƨŞƃ�šřźǀǀƜţ�ƽŶƴŝ�Ƶƹźĭ�Ô�Ñ��

šřźǀǀƜţ�ŜǀƧźţ�Ƶƹźĭ źǀǀƜţ�ŢƸū ƞƿŵŹ 

51.ki 
 

5.1ik ƲǀĮƳŚǀƯ�ŢŞŨƯ�šřźǀǀƜţ Î 

51.ki  

5.1ik ƲǀĮƳŚǀƯ�ƾƠƴƯ�šřźǀǀƜţ Ï 

0ik ƩźŤƴƧ�ŢŰţ Ð 
��

�ƩƹŶūÎÏ�Źŵ�šřźǀǀƜţ�ŜǀƧźţ� Źřŵźŝ ƹ�ƲǀĮƳŚǀƯ ŵřŶƘţ Źřźƨţ Źŵ 

�ƶƨŞƃÑ��
Ɩưū ƁŻƺƯōŹřźƨţŵřŶƘţ 

�ŵřŶƘţ
šŚŞǀƧźţ 

šřźǀǀƜţ�ŜǀƧźţ�Ƶƹźĭ ƞŝŵŹ 

ÓÍÑÕÍ ÐÏÍ ÎÕÖ 511 .k  Î 

ÔÎÏÕÍ ÑÑÍ ÎÓÏ 5.11 k Ï 

ÐÍÍÍÍ ÐÍÍÍÍ Î 00 21  kk Ð 

ÎÓÎÔÓÍ  ÐÒÏ Ɩưū  
��

�ƩƹŶūÎÐ��Źŵ�šřźǀǀƜţ�ŜǀƧźţ Źřŵźŝ ƹ�ƲǀĮƳŚǀƯ ŵřŶƘţ Źřźƨţ Źŵ 

�ƶƨŞƃÒ��
Ɩưū ƁŻƺƯōŹřźƨţŵřŶƘţ 

�ŵřŶƘţ
šŚŞǀƧźţ 

šřźǀǀƜţ�ŜǀƧźţ�Ƶƹźĭ ƞŝŵŹ 

ÓÍÑÕÍ ÐÏÍ ÎÕÖ 511 .k  Î 

ÓÑÕÍÍ ÑÍÍ ÎÓÏ 5.11 k Ï 

ÐÍÍÍÍ ÐÍÍÍÍ Î 00 21  kk Ð 

ÎÒÒÏÕÍ  ÐÒÏ Ɩưū  
��

�ƩƹŶūÎÑ�Źŵ�šřźǀǀƜţ�ŜǀƧźţ Źřŵźŝ ƹ�ƲǀĮƳŚǀƯ ŵřŶƘţ Źřźƨţ 

�ƶƨŞƃŹŵÓ��
Ɩưū ƁŻƺƯōŹřźƨţŵřŶƘţ 

�ŵřŶƘţ
šŚŞǀƧźţ 

�ŜǀƧźţ�Ƶƹźĭ
šřźǀǀƜţ 

ƞŝŵŹ 

ÓÍÑÕÍ ÐÏÍ ÎÕÖ 512 .k  Î 

ÓÑÕÍÍ ÑÍÍ ÎÓÏ 5.12 k Ï 

ÐÍÍÍÍ ÐÍÍÍÍ Î 00 21  kk Ð 

ÎÒÒÏÕÍ  ÐÒÏ Ɩưū  

�ƩƹŶūÎÒ�Źŵ�šřźǀǀƜţ�ŜǀƧźţ� Źřŵźŝ ƹ�ƲǀĮƳŚǀƯ ŵřŶƘţ Źřźƨţ 

�ƶƨŞƃŹŵÔ��

Ɩưū ƁŻƺƯōŹřźƨţŵřŶƘţ 
�ŵřŶƘţ
šŚŞǀƧźţ 

šřźǀǀƜţ�ŜǀƧźţ�Ƶƹźĭ ƞŝŵŹ 

ÓÍÑÕÍ ÐÏÍ ÎÕÖ 512 .k  Î 

ÓÕÍÑÍ ÑÏÍ ÎÓÏ 5.12 k Ï 

ÐÍÍÍÍ ÐÍÍÍÍ Î 00 21  kk Ð 

ÎÒÕÒÏÍ  ÐÒÏ Ɩưū  

��
ê�ƩŶƯ�ŵźƨƬưƗ�ƾŝŚƿŻŹř���

ƥźŰŤƯ� ƵźŬƴě� ŵźƨƿƹŹ� Żř� ƽŵŚƸƴƄǀě� ƩŶƯ� ŵźƨƬưƗ� ƾŝŚƿŻŹř� ƽřźŝÎ�
Ţſř� ƵŶƃ� ƵŵŚƠŤſř� �� �ŶƴƳŚƯ� ƾƳŚƤƤŰƯ�ĬƳřƺƷ�]çê[�]çî[�]èæ[���

�Ĭƴģ�]èç[�]èè[� ƹ��ƵŚĭ� �]çé[�ƩŶƯ� ŵźƨƬưƗ� ƾŝŚƿŻŹř� ƽřźŝ�
ř�ƥźŰŤƯ�ƵźŬƴě�ŵźƨƿƹŹ�Żř�ŵƺų�ƽŵŚƸƴƄǀěŶƳř�ƵŵźƧ�ƵŵŚƠŤſ���ŢƧźů

�ŻŚƛō� �ŶƃŚŝ� ƾƯ� ƩźŤƴƧ� ŢŰţ� ŶƴƿōźƟ� ƶƧ� ƾƳŚƯŻ� Żř� ƥźŰŤƯ� ƵźŬƴě
ƾƯ�ŵƺƃ� ��ƶƧ� ŵŹřŵ� ŵƺūƹ� šřŶƷŚƄƯ� Żř� ƽŹřŵźŝ� řŶŤŝř� Źŵ� �ƲƿřźŝŚƴŝ

ŶƷŵ�ƾưƳ� ƱŚƄƳ� ŶƴƿōźƟ� Źŵ� řŹ�ƾƟřźŰƳř� ƶƳƺĮĤǀƷ� ��źǀǀƜţ�Ʀƿ�žĜſ
ƾƯ�Ŷǀƫƺţ�ŶƴƿōźƟ�ƽřźŝ�ƶƧ�ƾţřŶƷŚƄƯ�Źŵ�ŹŚĭŶƳŚƯ�ƾƯ�ƩŚưƗř��ŵƺƃ�ŵƺƃ��

ƴŝ�ƝřźŰƳř�źĮƳŚǀŝ�ƶƧ�ƾţřŶƷŚƄƯ��ƺƬū�Ţưƀŝ�ƵźŬƴě�ŢƧźů�Śŝ� �ƲƿřźŝŚ
ŶƳƺƃ�ƾƯ�ƵźŬƴě�ŵŹřƹ�ŢſřŹ�Ţưſ�Żř�ŶƴƃŚŝ�ƾƯ�ŶƴƿōźƟ�Źŵ���

�Żř� �ŶƴƿōźƟ� ƵŶƃ� Ŷǀƫƺţ�ƽŚƷ� Ƶŵřŵ� Źŵ� ŹŚĭŶƳŚƯ� źǀǀƜţ� �ƢǀƤŰţ�Ʋƿř� Źŵ
� ƾƳŚƯŻ� ƖƐƤƯæåæŢſř� ƵŶƃ� ƩŚưƗř�� �� řŶŤŝř� �ƶƧ�Ŝǀţźţ� ƲƿŶŝæåå�

ƖƿŻƺţ�Śŝ�Ƶŵřŵ�ƽźſ ǀƜŤƯ�ƹŵ�ƩŚƯźƳ�Śŝ�ƩźŤƴƧ�ŢŰţ�ŶƴƿōźƟ�Ʀƿ�ƽřźŝ�Ƶź
� ƲǀĮƳŚǀƯ� Źřŵźŝ)'0,0( žƿźţŚƯ� ƹžƳŚƿŹřƹƺƧ��











1

1



�Źŵ�

Ǝƿřźƃ�)9.0,8.0,...,2.0,1.0,0(�ƾƯ�Ŷǀƫƺţ�ŵƺƃ�ř��ƶƧ�ƾƿŚŬƳō�Ż
��Ţſř�ƩźŤƴƧ�ŢŰţ�ŶƴƿōźƟ�ƶƧ�ŵƺƃ�ƾƯ�Ŷǀƫƺţ�ƾƐƿřźƃ�ƽřźŝ�ŚƷ�Ƶŵřŵ

� ƵŹŚƯō� ƶƧ� ƵŶƃ� Ŷǀƫƺţ� Źřŵźŝ� źƷ� řŸƫ ÷2� Żř� Ʊō�UCL���ŶƿŚưƳ� ŻƹŚŬţ
ŵƺƃ�ƾƯ�Ŷǀƫƺţ�ŶƿŶū�Ƶŵřŵ�Ʊō�ƽŚŬŝ�ƹ�ƝŸů�����������������

�ƶƨŞƃ�ŵźƨƬưƗ�ƾŝŚƿŻŹř�ƽřźŝæ��ĥŚƯƹ�ƾƬƇř�Ʃæ���Żřæçå�ŜǀƧźţ�ƕƺƳ�
Źŵ�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ�ƵŹŚưƃ�ƩƹŶū�æëŢſř�ƵŶƃ�ƵŵŚƠŤſř����Żř�Ʀƿ�źƷ

�Ŷǀƫƺţ�ƽřźŝ�šŚŞǀƧźţ�Ʋƿřæåååå�Żř�ũŹŚų�Ǝƿřźƃ�Źŵ�ƵŶƷŚƄƯ�ƽźſ�
Ţſř�ƵŶƃ�ƶŤƟźĭŹŚƨŝ���ƩźŤƴƧ�����

�ƵŹŚưƃ�ƩƹŶūæë�ŶƴƿōźƟ�šřźǀǀƜţ�ƕƺƳ�ƶƨǀŤƫŚů�Źŵ� řŹ�ŵźƨƬưƗ�ŪƿŚŤƳ�
ƹ�ƾƐų0ŶƷŵ�ƾƯ�ƱŚƄƳ�řŹ�ŶƃŚŝ�ƾƯ��ŹƺƔƴƯ�ƩƹŶū�Ʋƿř�Źŵ�Żř�

�ŚƐų�űźƳ���ƩźŤƴƧŻř�ũŹŚų�Ǝƿřźƃ�ƾƿŚſŚƴƃ�Żř�žě�ƶƨŞƃ��ƶƧ�ŢƀƳō
�Żř�ƾƨƿ�Śƿ�ŶƴŤƀƷ�ŶƴƿōźƟ�ƝřźŰƳř�ƪƯŚƗ�źǀƜŤƯ�ƹŵ�ƶƨƴƿř�ƆǀŴƄţ�Źŵ

ŵŹřŵ�ŚƐų�ƱřżǀƯ�ƶģ��ŚƷźǀƜŤƯ����
�ƕƺƳ� ŜſŚƴţ� ƶŝ� ƾƬƇř� ƽŚƷ� ƩƹĥŚƯ� źĮƿŵ� ƽřźŝ� ƵŶƃ� źƧŷ� ƽƺƿŹŚƴſ

�ƵŶƃ�ƩŚưƗř�šřŶƷŚƄƯ�Źŵ��ŶƳŹřŵ�ŻŚǀƳ�ƶƧ�ƾƐųźǀǀƜţ�šŚŞǀƧźţ�ŪƿŚŤƳ�ƹ
ƵŹŚưƃ�ƩƹřŶū�Źŵæì�ƹ�æíŢſř�ƵŶƃ�ƶŗřŹř�� ��Żř�ƪƇŚů�ŪƿŚŤƳ�ƎſƺŤƯ

ŚƷ�ƶƨŞƃ�Żř�ƦƿźƷ�ƽřźŝ�ƾƐų�šřźǀǀƜƳ�ƽřźŝ�ƾĮŤƀŞưƷ�ŜƿřźƋ�źĮƿŵ�
                                                 

1 Moving Window 
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�źǀǀƜţ�ƶƐƤƳ�ƾƿŚſŚƴƃ�źǀǀƜţ�ƶƐƤƳ�ƾƿŚſŚƴƃŹŵŹŵ�ƲǀĮƳŚǀƯ�Źřŵźŝ��ƲǀĮƳŚǀƯ�Źřŵźŝ��Śŝ�ƵźǀƜŤƯƹŵ�ƩŚƯźƳ�ŶƴƿōźƟ�Śŝ�ƵźǀƜŤƯƹŵ�ƩŚƯźƳ�ŶƴƿōźƟ��������������������������������������������������������������������������������������������������������������������ŌŚƴƀƫřŹƺƳ�ƩƺſŹ�ƹ�źĮƄţō�ƮƿźƧŌŚƴƀƫřŹƺƳ�ƩƺſŹ�ƹ�źĮƄţō�ƮƿźƧ����������������������������î���

  
�ƽŚƸƬƨƃ� Źŵç�ƾƫř�îŢſř� ƵŶƃ� Ƶŵřŵ�ƱŚƄƳ�� ��ƽŚƸƬƨƃ� Źŵç�ƾƫř�î�

�żǀƳ�ƾƿř�ƶƬě�Ŷƴģ�šřźǀǀƜţ�ƹ�ƾƿř�ƶƬě�Ʀţ�šřźǀǀƜţ�ƽřźŝ�ŪƿŚŤƳ�ƎſƺŤƯ
Ţſř�ƵŶƃ�ƶŗřŹř��źŝ�Ţſř�ƵŶƃ�ƉźƟ�ƾƿř�ƶƬě�Ŷƴģ�šřźǀǀƜţ�ƁŹřżĭ�ƽř

� �ƩƹřŶū�šřźǀǀƜţ�ŜǀƧźţ�ƶƧ�ƾƳŚƯŻ�ƖƐƤƯ�Ʋǀƫƹř� Żř�ŶƘŝ�ƶƧæë�ƾƫř�

çæ�Ŝǀţźţ� ƶŝ� ƽŶƘŝ� ƾƳŚƯŻ� ƖƏŚƤƯ� Źŵ� �ŵƺƃ�ƾƯ� ƩŚưƗř� ŶƴƿōźƟ� Źŵ�
çê�å� ��ê�å� ��ìê�å�ƹ�çê�æ�ŜſŚƴţ�ƶŝ� �ơƺƟ�ƾƿř�ƶƬě�šřźǀǀƜţ�ƶŝ� �

Ư�ƮƧ�Śƿ�ƹ�ƶƟŚƋř��ŚƸƳō�ƾƄƷŚƧ�Śƿ�ƾƄƿřżƟř�ŢƸūŵƺƃ�ƾ���
��

��

�ƩƹŶūÎÓ��ƾƬƇř�ƩƹĥŚƯ�ŵźƨƬưƗ�ƁŹřżĭ�ÎƾƐų�šřźǀǀƜţ�Źŵ����
šřźǀǀƜţ�ŜǀƧźţ -3,-3 -3,-2.5 -3,-2 -3,-1.5 -3,-1 -3,0 -3,1 -3,1.5 -3,2 -3,2.5 -3,3 -2.5,-3 -2.5,-2.5 -2.5,-2 

ARL 2.4778 2.5695 2.6848 2.8719 3.2751 10.0073 3.3440 2.7948 2.4864 2.3206 2.2399 2.6277 2.6966 2.7877 

ŚƐų�űźƳ 0.0297 0.0222 0.0227 0.0179 0.0147 0.0723 0.0106 0.0124 0.0117 0.0150 0.0144 0.0305 0.0263 0.0233 

šřźǀǀƜţ�ŜǀƧźţ -2.5,-1.5 -2.5,-1 -2.5,0 -2.5,1 -2.5,1.5 -2.5,2 -2.5,2.5 -2.5,3 -2,-3 -2,-2.5 -2,-2 -2,-1.5 -2,-1 -2,0 

ARL 2.9331 3.3306 10.1126 3.3800 2.8412 2.5748 2.4128 2.3428 2.8304 2.8722 2.9203 3.0445 3.412 10.3105 

ŚƐų�űźƳ 0.0182 0.0170 0.0726 0.0100 0.0127 0.0142 0.0180 0.0169 0.0350 0.0322 0.0268 0.0173 0.0154 0.0690 

šřźǀǀƜţ�ŜǀƧźţ -2,1 -2,1.5 -2,2 -2,2.5 -2,3 -1.5,-3 -1.5,-2.5 -1.5,-2 -1.5,-1.5 -1.5,-1 -1.5,0 -1.5,1 -1.5,1.5 -1.5,2 

ARL 3.4224 2.9141 2.7156 2.6007 2.5234 3.2075 3.2073 3.2196 3.2989 3.5876 10.5792 3.5015 3.0751 2.9597 

ŚƐų�űźƳ 0.0110 0.0178 0.0167 0.0192 0.0248 0.0434 0.0382 0.0329 0.0242 0.0197 0.0758 0.0144 0.0182 0.0204 

šřźǀǀƜţ�ŜǀƧźţ -1.5,2.5 -1.5,3 -1,-3 -1,-2.5 -1,-2 -1,-1.5 -1,-1 -1,0 -1,1 -1,1.5 -1,2 -1,2.5 -1,3 0,-3 

ARL 2.8926 2.8461 3.8862 3.8859 3.9041 3.9368 4.0521 11.1576 3.8233 3.5396 3.4708 3.4534 3.4540 5.4891 

ŚƐų�űźƳ 0.0219 0.0299 0.0681 0.0587 0.0481 0.0356 0.0262 0.0648 0.0202 0.0277 0.0343 0.0385 0.0461 0.0072 

šřźǀǀƜţ�ŜǀƧźţ 0,-2.5 0,-2 0,-1.5 0,-1 0,1 0,1.5 0,2 0,2.5 0,3 1,-3 1,-2.5 1,-2 1,-1.5 1,-1 

ARL 5.6406 5.8959 6.1547 6.673 11.0771 10.7145 10.6772 10.4085 10.2565 4.2015 4.1239 4.0547 3.9451 3.9873 

ŚƐų�űźƳ 0.0091 0.0076 0.0073 0.0076 0.0176 0.0194 0.0188 0.0199 0.0169 0.0745 0.0651 0.04880 0.0388 0.0222 

šřźǀǀƜţ�ŜǀƧźţ 1,0 1,1 1,1.5 1,2 1,2.5 1,3 1.5,-3 1.5,-2.5 1.5,-2 1.5,-1.5 1.5,-1 1.5,0 1.5,1 1.5,1.5 

ARL 10.2013 3.7725 3.4706 3.3918 3.3404 3.3379 3.0613 3.1047 3.0846 3.1689 3.5327 9.7174 3.4691 3.0288 

ŚƐų�űźƳ 0.0210 0.0187 0.0268 0.0351 0.0489 0.0544 0.0448 0.0373 0.0294 0.0216 0.0144 0.0232 0.0109 0.0135 

šřźǀǀƜţ�ŜǀƧźţ 1.5,2 1.5,2.5 1.5,3 2,-3 2,-2.5 2,-2 2,-1.5 2,-1 2,0 2,1 2,1.5 2,2 2,2.5 2,3 

ARL 2.8755 2.7780 2.7370 2.6095 2.673 2.7565 2.9362 3.4428 9.3561 3.3947 2.8662 2.6655 2.5414 2.4494 

ŚƐų�űźƳ 0.0176 0.0244 0.0253 0.0334 0.0246 0.0202 0.0146 0.0123 0.0274 0.0089 0.0107 0.0123 0.0138 0.0163 

šřźǀǀƜţ�ŜǀƧźţ 2.5,-3 
2.5,-
2.5 2.5,-2 2.5,-1.5 2.5,-1 2.5,0 2.5,1 2.5,1.5 2.5,2 2.5,2.5 2.5,3 3,-3 3,-2.5 3,-2 

ARL 2.3855 2.4671 2.5829 2.8152 3.4045 9.2939 3.3697 2.793 2.5274 2.3658 2.2705 2.2643 2.3498 2.4952 

ŚƐų�űźƳ 0.0276 0.0213 0.0178 0.0138 0.0119 0.0279 0.0067 0.0090 0.0096 0.0117 0.0145 0.0193 0.0168 0.0133 

šřźǀǀƜţ�ŜǀƧźţ 3,-1.5 3,-1 3,0 3,1 3,1.5 3,2 3,2.5 3,3 

ARL 2.7742 3.4303 9.1766 3.3554 2.7400 2.4492 2.2733 2.1857 

ŚƐų�űźƳ 0.0128 0.0109 0.0250 0.0072 0.0068 0.0073 0.0097 0.0114 

��

�ƩƹŶūÎì��ŵźƨƬưƗ�ƁŹřżĭ�ƾƬƇř�ƩƹĥŚƯ�Ïţ�Źŵ�ƾƐų�šřźǀǀƜ 
šřźǀǀƜţ�ŜǀƧźţ -3,-3 -3,-2.5 -3,-2 -3,-1.5 -3,-1 -3,0 -3,1 -3,1.5 -3,2 -3,2.5 -3,3 -2.5,-3 -2.5,-2.5 -2.5,-2 

ŚƐų�űźƳ 0.0039 0.0043 0.0040 0.0044 0.006 0.0054 0.0076 0.0066 0.0052 0.0068 0.0057 0.0049 0.0043 0.0049 

šřźǀǀƜţ�ŜǀƧźţ -2.5,-1.5 -2.5,-1 -2.5,0 -2.5,1 -2.5,1.5 -2.5,2 -2.5,2.5 -2.5,3 -2,-3 -2,-2.5 -2,-2 -2,-1.5 -2,-1 -2,0 

ŚƐų�űźƳ 0.0037 0.0059 0.0060 0.0068 0.0074 0.0058 0.0070 0.0065 0.0050 0.0051 0.0053 0.0056 0.0050 0.0057 

šřźǀǀƜţ�ŜǀƧźţ -2,1 -2,1.5 -2,2 -2,2.5 -2,3 -1.5,-3 -1.5,-2.5 -1.5,-2 -1.5,-1.5 -1.5,-1 -1.5,0 -1.5,1 -1.5,1.5 -1.5,2 

ŚƐų�űźƳ 0.0055 0.0064 0.0074 0.0082 0.0082 0.0070 0.0077 0.0068 0.0071 0.0046 0.0097 0.0089 0.0087 0.0099 
šřźǀǀƜţ�ŜǀƧźţ -1.5,2.5 -1.5,3 -1,-3 -1,-2.5 -1,-2 -1,-1.5 -1,-1 -1,0 -1,1 -1,1.5 -1,2 -1,2.5 -1,3 0,-3 

ŚƐų�űźƳ 0.0091 0.0140 0.0150 0.0116 0.0108 0.0088 0.0074 0.0091 0.0087 0.0101 0.0144 0.0153 0.0157 0.0072 

šřźǀǀƜţ�ŜǀƧźţ 0,-2.5 0,-2 0,-1.5 0,-1 0,1 0,1.5 0,2 0,2.5 0,3 1,-3 1,-2.5 1,-2 1,-1.5 1,-1 

ŚƐų�űźƳ 0.0072 0.009 0.0077 0.0085 0.0121 0.0095 0.0069 0.0062 0.0054 0.0240 0.0194 0.0185 0.0138 0.0104 

šřźǀǀƜţ�ŜǀƧźţ 1,0 1,1 1,1.5 1,2 1,2.5 1,3 1.5,-3 1.5,-2.5 1.5,-2 1.5,-1.5 1.5,-1 1.5,0 1.5,1 1.5,1.5 

ŚƐų�űźƳ 0.0091 0.0103 0.0110 0.0147 0.0192 0.0231 0.0158 0.0118 0.0115 0.0085 0.0074 0.0063 0.0094 0.0078 

šřźǀǀƜţ�ŜǀƧźţ 1.5,2 1.5,2.5 1.5,3 2,-3 2,-2.5 2,-2 2,-1.5 2,-1 2,0 2,1 2,1.5 2,2 2,2.5 2,3 

ŚƐų�űźƳ 0.0090 0.0093 0.0090 0.0116 0.0115 0.0090 0.0066 0.0057 0.0064 0.0124 0.0075 0.0077 0.0072 0.0081 
šřźǀǀƜţ�ŜǀƧźţ 2.5,-3 2.5,-2.5 2.5,-2 2.5,-1.5 2.5,-1 2.5,0 2.5,1 2.5,1.5 2.5,2 2.5,2.5 2.5,3 3,-3 3,-2.5 3,-2 

ŚƐų�űźƳ 0.0090 0.0100 0.0071 0.0060 0.0058 0.0052 0.0134 0.0075 0.0074 0.0054 0.0068 0.0074 0.0073 0.0063 

šřźǀǀƜţ�ŜǀƧźţ 3,-1.5 3,-1 3,0 3,1 3,1.5 3,2 3,2.5 3,3 

ŚƐų�űźƳ 0.0063 0.0054 0.0057 0.0152 0.0091 0.0070 0.0066 0.0042 
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æåæå�����������źǀǀƜţ�ƶƐƤƳ�ƾƿŚſŚƴƃ�źǀǀƜţ�ƶƐƤƳ�ƾƿŚſŚƴƃŹŵŹŵ�ƲǀĮƳŚǀƯ�Źřŵźŝ��ƲǀĮƳŚǀƯ�Źřŵźŝ�źƳ�ŶƴƿōźƟźƳ�ŶƴƿōźƟ�Śŝ�ƵźǀƜŤƯƹŵ�ƩŚƯ�Śŝ�ƵźǀƜŤƯƹŵ�ƩŚƯ����������������������������������������������������������������������������������������������������������������������ŌŚƴƀƫřŹƺƳ�ƩƺſŹ�ƹ�źĮƄţō�ƮƿźƧŌŚƴƀƫřŹƺƳ�ƩƺſŹ�ƹ�źĮƄţō�ƮƿźƧ 

�ƩƹŶūÎÕ���ƾƬƇř�ƩƹĥŚƯ�ŵźƨƬưƗ�ƁŹřżĭÐƾƐų�šřźǀǀƜţ�Źŵ�źǀǀƜţ�ƶƐƤƳ�ƾƿŚſŚƴƃ�ƽřźŝ���
šřźǀǀƜţ�ŜǀƧźţ -3,-3 -3,-2.5 -3,-2 -3,-1.5 -3,-1 -3,0 -3,1 -3,1.5 -3,2 -3,2.5 -3,3 -2.5,-3 -2.5,-2.5 -2.5,-2 

źǀǀƜţ�ƶƐƤƳ�ƎſƺŤƯ 100.0878 100.1501 100.2316 100.3156 100.3945 100.4712 100.4162 100.3443 100.2713 100.1876 100.0969 100.1705 100.2598 100.3592 

ŵŹřŶƳŚŤſř�ƽŚƐų 0.0029 0.0037 0.0043 0.0047 0.0050 0.0053 0.0050 0.0048 0.0045 0.0039 0.0030 0.0038 0.0044 0.0048 

)�(�  p 0.8977 0.8419 0.7627 0.6790 0.6062 0.5248 0.5886 0.6510 0.7171 0.8076 0.8961 0.8123 0.7257 0.6254 

)1|�(|�  p 0.9999 0.9999 0.9999 0.9996 0.9973 0.9871 0.9989 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9998 

)2|�(|�  p     0.9999 0.9996 0.9999        

šřźǀǀƜţ�ŜǀƧźţ -2.5,-1.5 -2.5,-1 -2.5,0 -2.5,1 -2.5,1.5 -2.5,2 -2.5,2.5 -2.5,3 -2,-3 -2,-2.5 -2,-2 -2,-1.5 -2,-1 -2,0 

źǀǀƜţ�ƶƐƤƳ�ƎſƺŤƯ 100.4702 100.5651 100.6701 100.5816 100.5057 100.405 100.2608 100.1519 100.2334 100.3854 100.5118 100.6451 100.7552 100.9134 

ŵŹřŶƳŚŤſř�ƽŚƐų 0.0050 0.0051 0.0054 0.0050 0.0050 0.0049 0.0044 0.0037 0.0024 0.0039 0.0051 0.0051 0.0053 0.0059 

)�(�  p 0.5369 0.4470 0.3513 0.4108 0.4727 0.5905 0.7302 0.8389 0.7592 0.6089 0.4714 0.3798 0.2950 0.2104 

)1|�(|�  p 0.9983 0.9925 0.9664 0.9932 0.9985 0.9997 0.9999 0.9999 0.9999 0.9999 0.9984 0.9848 0.9566 0.8751 

)2|�(|�  p 0.9999 0.9999 0.9985 0.9999 0.9999      0.9999 0.9999 0.9999 0.9957 

)3|�(|�  p   0.9999           0.9998 

šřźǀǀƜţ�ŜǀƧźţ -2,1 -2,1.5 -2,2 -2,2.5 -2,3 -1.5,-3 -1.5,-2.5 -1.5,-2 -1.5,-1.5 -1.5,-1 -1.5,0 -1.5,1 -1.5,1.5 -1.5,2 

źǀǀƜţ�ƶƐƤƳ�ƎſƺŤƯ 100.786å 100.6809 100.5205 100.3634 100.229 100.2921 100.4623 100.6486 100.8302 101.1623 101.3449 101.054å 100.8212 100.6253 

ŵŹřŶƳŚŤſř�ƽŚƐų 0.0051 0.0050 0.0051 0.0048 0.0042 0.0029 0.0046 0.0067 0.0055 0.0175 0.0072 0.0061 0.0054 0.0051 

)�(�  p 0.2478 0.3303 0.4738 0.6285 0.7630 0.7003 0.5324 0.3544 0.2276 0.1158 0.1012 0.1451 0.2482 0.3808 

)1|�(|�  p 0.9529 0.9824 0.9977 0.9999 0.9999 0.9999 0.9993 0.9898 0.9219 0.7209 0.5836 0.8010 0.9250 0.9873 

)2|�(|�  p 0.9999 0.9999      0.9999 0.9999 0.9934 0.9614 0.9989 0.9999 0.9999 

)3|�(|�  p          0.9999 0.9991 0.9999   

šřźǀǀƜţ�ŜǀƧźţ -1.5,2.5 -1.5,3 -1,-3 -1,-2.5 -1,-2 -1,-1.5 -1,-1 -1,0 -1,1 -1,1.5 -1,2 -1,2.5 -1,3 0,-3 

źǀǀƜţ�ƶƐƤƳ�ƎſƺŤƯ 100.4499 100.3067 100.3663 100.5321 100.7284 101.0303 101.427 102.1134 101.4188 101.0427 100.7504 100.5499 100.3694 100.4081 

�ƽŚƐųŵŹřŶƳŚŤſř 0.0050 0.0046 0.0037 0.0054 0.0079 0.0141 0.0072 0.0094 0.0072 0.0061 0.0053 0.0051 0.0049 0.0042 
)�(�  p 0.5431 0.6871 0.6295 0.4639 0.2972 0.1531 0.0813 0.0466 0.0903 0.1597 0.2886 0.4520 0.6263 0.5853 

)1|�(|�  p 0.9990 0.9996 0.9994 0.9970 0.9680 0.8121 0.5230 0.2404 0.5261 0.7921 0.9548 0.9923 0.9985 0.9978 
)2|�(|�  p    0.9999 0.9999 0.9993 0.9557 0.6532 0.9590 0.9991 0.9999   0.9999 
)3|�(|�  p       09999 0.9473 0.9999      

)4|�(|�  p        0.9982       

)5|�(|�  p        0.9999       

šřźǀǀƜţ�ŜǀƧźţ 0,-2.5 0,-2 0,-1.5 0,-1 0,1 0,1.5 0,2 0,2.5 0,3 1,-3 1,-2.5 1,-2 1,-1.5 1,-1 

źǀǀƜţ�ƶƐƤƳ�ƎſƺŤƯ 100.5988 100.8286 101.2263 101.9533 102.0742 101.3094 100.8868 100.6333 100.4316 100.3696 100.5554 100.7525 101.0407 101.4246 

ŵŹřŶƳŚŤſř�ƽŚƐų 0.0062 0.0099 0.0196 0.0463 0.0093 0.0070 0.0058 0.0052 0.0051 0.0037 0.0057 0.0084 0.0145 0.0071 

)�(�  p 0.4003 0.2415 0.1204 0.0506 0.0459 0.1088 0.2201 0.3783 0.5658 0.6250 0.4422 0.2833 0.1513 0.0811 

)1|�(|�  p 0.9914 0.9221 0.6596 0.2887 0.2487 0.5959 0.8846 0.9812 0.9955 0.9990 0.9956 0.9564 0.8014 0.5277 

)2|�(|�  p 0.9999 0.9999 0.9873 0.7289 0.6673 0.9788 0.9997 0.9999  0.9999 0.9999 0.9999 0.9982 0.9590 

)3|�(|�  p   0.9999 0.9727 0.9573 0.9999       0.9999 0.9999 

)4|�(|�  p    0.9996 0.9992          

šřźǀǀƜţ�ŜǀƧźţ 1,0 1,1 1,1.5 1,2 1,2.5 1,3 1.5,-3 1.5,-2.5 1.5,-2 1.5,-1.5 1.5,-1 1.5,0 1.5,1 1.5,1.5 

Ƴ�ƎſƺŤƯźǀǀƜţ�ƶƐƤ 102.0015 101.4971 101.0731 100.7582 100.5637 100.3789 100.3155 100.4824 100.6647 100.8454 101.0274 101.273 101.0533 100.8862 

ŵŹřŶƳŚŤſř�ƽŚƐų 0.0090 0.0075 0.0062 0.0052 0.0051 0.0049 0.0032 0.0049 0.0070 0.0053 0.0059 0.0068 0.0059 0.0053 

)�(�  p 0.0461 0.0769 0.1464 0.2787 0.4353 0.6113 0.6778 0.5118 0.3429 0.2248 0.1566 0.1061 0.1439 0.1973 

)1|�(|�  p 0.2717 0.4900 0.7750 0.9567 0.9950 0.9994 0.9997 0.9986 0.9840 0.9242 0.8113 0.6312 0.7989 0.9115 

)2|�(|�  p 0.7095 0.9311 0.9985 0.9999    0.9999 0.9999 0.9999 0.9989 0.9833 0.9985 0.9999 

)3|�(|�  p 0.9674 0.9991         0.9999 0.9999 0.9999  

)4|�(|�  p 0.9992              

šřźǀǀƜţ�ŜǀƧźţ 1.5,2 1.5,2.5 1.5,3 2,-3 2,-2.5 2,-2 2,-1.5 2,-1 2,0 2,1 2,1.5 2,2 2,2.5 2,3 

źǀǀƜţ�ƶƐƤƳ�ƎſƺŤƯ 100.6715 100.4934 100.3259 100.2572 100.4066 100.534 100.6367 100.7425 100.8704 100.7612 100.6578 100.5615 100.4082 100.2539 

ŵŹřŶƳŚŤſř�ƽŚƐų 0.0051 0.0050 0.0047 0.0026 0.0041 0.0050 0.0051 0.0052 0.0055 0.0051 0.0050 0.0050 0.0049 0.0044 

)�(�  p 0.3395 0.5007 0.6661 0.7360 0.5871 0.4621 0.3671 0.2895 0.2187 0.2708 0.3497 0.4385 0.5861 0.7397 

)1|�(|�  p 0.9822 0.9989 0.9999 0.9999 0.9997 0.9981 0.9872 0.9616 0.9056 0.9624 0.9863 0.9956 0.9999 0.9999 

)2|�(|�  p 0.9999     0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999   

šřźǀǀƜţ�ŜǀƧźţ 2.5,-3 2.5,-2.5 2.5,-2 2.5,-1.5 2.5,-1 2.5,0 2.5,1 2.5,1.5 2.5,2 2.5,2.5 2.5,3 3,-3 3,-2.5 3,-2 

źǀǀƜţ�ƶƐƤƳ�ƎſƺŤƯ 100.184å 100.2738 100.3677 100.4619 100.5476 100.6301 100.5679 100.4965 100.3996 100.3038 100.1933 100.1039 100.1537 100.2235 

ŵŹřŶƳŚŤſř�ƽŚƐų 0.0039 0.0045 0.0048 0.0050 0.0051 0.0050 0.0050 0.0050 0.0049 0.0046 0.0039 0.0031 0.0036 0.0042 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

25
-0

7-
18

 ]
 

                            10 / 13

https://ijiepm.iust.ac.ir/article-1-238-fa.html


�źǀǀƜţ�ƶƐƤƳ�ƾƿŚſŚƴƃ�źǀǀƜţ�ƶƐƤƳ�ƾƿŚſŚƴƃŹŵŹŵ�ƲǀĮƳŚǀƯ�Źřŵźŝ��ƲǀĮƳŚǀƯ�Źřŵźŝ��Śŝ�ƵźǀƜŤƯƹŵ�ƩŚƯźƳ�ŶƴƿōźƟ�Śŝ�ƵźǀƜŤƯƹŵ�ƩŚƯźƳ�ŶƴƿōźƟ��������������������������������������������������������������������������������������������������������������������ŌŚƴƀƫřŹƺƳ�ƩƺſŹ�ƹ�źĮƄţō�ƮƿźƧŌŚƴƀƫřŹƺƳ�ƩƺſŹ�ƹ�źĮƄţō�ƮƿźƧ����������������������������ææ���

  
�ƶƯřŵř�ƩƹŶūÎÕ��źƨƬưƗ�ƁŹřżĭ�ƾƬƇř�ƩƹĥŚƯ�ŵÐƾƐų�šřźǀǀƜţ�Źŵ�źǀǀƜţ�ƶƐƤƳ�ƾƿŚſŚƴƃ�ƽřźŝ� 

)�(�  p 0.8084 0.7211 0.6257 0.5320 0.4516 0.3756 0.4293 0.4991 0.5930 0.6908 0.8033 0.8905 0.8407 0.7699 

)1|�(|�  p 0.9999 0.9999 0.9999 0.9991 0.9960 0.9899 0.9970 0.9990 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 

)2|�(|�  p     0.9999 0.9999 0.9999        

šřźǀǀƜţ�ŜǀƧźţ 3,-1.5 3,-1 3,0 3,1 3,1.5 3,2 3,2.5 3,3 

źǀǀƜţ�ƶƐƤƳ�ƎſƺŤƯ 100.3007 100.3658 100.4314 100.3846 100.3361 100.2632 100.177å 100.1161 

ƳŚŤſř�ƽŚƐųŵŹřŶ 0.0046 0.0048 0.0050 0.0049 0.0047 0.0044 0.0038 0.0032 

)�(�  p 0.6923 0.6282 0.5639 0.6093 0.6579 0.7304 0.8176 0.8781 
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