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Vehicle Routing Problem with Time Windows (VRPTW) is an NP-Complete 
Optimization Problem. Even finding an optimal solution for small size 
problems is too hard and time-consuming. The objective of VRPTW is to use 
a fleet of vehicles with specific capacity to serve a number of customers with 
dissimilar demands and time window constraints at minimum cost, without 
violating the capacity and time window constraints. This problem has been 
solved with a number of heuristic and meta-heuristic solution algorithms and 
optimal or near optimal solutions gained. In this paper, a modified Ant 
Colony algorithm is proposed. In this algorithm we tried to simplify the 
solution procedure and computational complexities of ant colony meta-
heuristic. To gain this capability, we sacrificed some computational 
accuracy. Testing the solution procedure on the Solomon test-problems 
showed that this algorithm is capable of generating relatively good solutions. 
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ƶģŹƺƯ� ƶĪƳō� Żř�žě�ƾƳŚſŹŻƹźŝ� �ŶƳŵƺưƳ� Ŷǀƫƺţ� řŹ� ŵƺų�ƽŚƷźǀƀƯ� ŚƷ
ƱƺƯźƟ� źŧř�ƾƬĩÎƾƯ� ƭŚŬƳř�ŵźǀĭ� �� ƶƫŵŚƘƯ�ŽŚſřźŝ� ŹŚĪƴƿřæç�šŹƺƇ�
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Ţſř�ƪů�ƽřŶŤŝř�Żř�źǀƀƯ�ƲƿźŤƸŝ���
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1
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é��ƵŶƃ�ŭǈƇř�ƱŚĮģŹƺƯ�ƾƳƺƬĩ�ƮŤƿŹƺĮƫř 
�ƱŚĮģŹƺƯ�ƾƳƺƬĩ�ƽŻŚſ�ƶƴǀƸŝ�Żř�ƶŤƟźĭźŝ�ƮŤƿŹƺĮƫř�Ʋƿř�Źŵ�ƾţŚŞſŚŰƯ

ƾƯŶƃŚŝ�ƾƳƺƬĩ� ƽŻŚſ� ƶƴǀƸŝ� ƮŤƿŹƺĮƫř� ƵŶƃ� ŭǈƇř� ƕƺƳ� ƖƣřƹŹŵ� �
ƾƯ� ŭźƐƯ� ƱŚĮģŹƺƯŵƺƃ� ��šŹƺƈŝ� ƱŚĭƹŚƳ� ƕƺƳ� ƮŤƿŹƺĮƫř� Ʋƿř� Źŵ

ƲĮưƷŚƳÏŢſř� ƵŶƃ� ƶŤƟźĭ� źƔƳŹŵ�@ë�ì>� ��Ʊƺģ� ŵźĪƿƹŹ� Ʋƿř� Źŵ
ƶģŹƺƯƵŶƃ� Ƶŵřŵ� Źřźƣ� ƶǀƬƤƳ� ƪŗŚſƹ� ƽřźŝ� ƾƳŚĭŶƴƿŚưƳ� ƱřƺƴƘŝ� ŚƷ��ŶƳř

ƲŤƃřŵ� Śŝ�žěkƕƺƳ�� �ƶǀƬƤƳ�ƶƬǀſƹ�kŢƃřŵ�ƮǀƷřƺų�ƶģŹƺƯ�ƕƺƳ���
� ƪĩ� Źŵ�ƾƴƘƿn� ƶƬǀſƹ��nƶģŹƺƯ� �ŻřkŢƃřŵ�ƮǀƷřƺų�ƕƺƳ�� ��źƷ

Ʋƿř�Żř�Ĩƿk�ƶģŹƺƯ�ƕƺƳ��ƶƬǀſƹ��ƾƯ�ƲǀƘƯ�ŢǀƟźƓ�Ĩƿ�ƽřŹřŵƃŚŝ�Ŷƴ
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Ţſř�ƵŶƃ�ƶŗřŹř�śřƺū�Ŷǀƫƺţ�ƮŤƿŹƺĮƫř����
��ŵƺƃ�ƪǀĪƄţ� ƶƬƇŚƟ�žƿźţŚƯ� �ƶƬŘƀƯ�šŹƺƇ�ŽŚſřźŝ� ŶƿŚŝ� řŶŤŝř� Źŵ

ƮǀƤŤƀƯ�ƶƬƇŚƟ�Żř�žƿźţŚƯ�ƲƿřƾƯ�ƵŵŚƤŤſř�ƾſŶǀƬƣř�ƎŴƫř�ƾƴƘƿ��Ŷƴĩ
�Ƶźĭ�ƹŵ�Ʋǀŝ�ƶƬƇŚƟi�ƹjšŚƈŤŴƯ�ƽřŹřŵ�ƶĩ��ŜǀţźŤŝ�ƽŚƷ ii yx ,�

�ƹ jj yx ,ƾƯ��Żř�Ţſř�šŹŚŞƗ��ŶƴƃŚŝ   22
jijiij yyxxd �ƹ�
�ƱŚƿźŤƄƯ�ŵřŶƘţ�źŝřźŝ�ƽŶƘŝ�Śŝ�ƾƘŝźƯ�žƿźţŚƯ��æƾƯ�ƪƇŚů�ŶƿŚưƳ���

ƪů� Ĩƿ� ƲŤƟŚƿ� ƶŝ� ŢŝƺƳ� �ƶƬƇŚƟ� žƿźţŚƯ� ƪǀĪƄţ� Żř� žěƶǀƫƹř��������
ƾƯŶƃŚŝ� ��ƾƏ�ŢƟŚƀƯ�ƩƺƏ� Żř� ƶĩ�Ţſř�Ʋƿř� ƶǀƫƹř� ƪů�ƲŤƟŚƿ�ŢƬƗ

�ŚƷźǀƀƯ� ƽƹŹ� źŝ� ƶǀƫƹř� ƱƺƯźƟ� ŹřŶƤƯ� ƶŞſŚŰƯ� ŢƸū� �Ʊō� Źŵ� ƵŶƃ
ƾƯ� ƵŵŚƠŤſřŵƺƃ� ��ƽŹŚĪŤŝř� ƁƹŹ� Żř� ƵŵŚƠŤſř� Śŝ� ŚŬƴƿř� Źŵ� ƶǀƫƹř� ƪů

ƶƿŚƀưƷ� ƲƿźŤĪƿŵżƳÐƾƯ� ƪƇŚů�ŵƺƃ� ��Ţſř� ƲĪưƯ� ƪů� Ʋƿř� ƶŤŞƫř
ŶƃŚŝ�ƶūƺƯ�źǀƛ�Śƿ�ƶūƺƯ�� �ƾƯ�ƶŤƠĭ�ƾƬů�ƶŝ�ƶūƺƯ�ƪů�Źŵ�ƶĩ�ŵƺƃ

Ƶźĭ�ƾƯŚưţ�Ʊō�Żř�źǀƀƯ�ƪĩ�Źŵ�ŹŚŝ�ŹřŶƤƯ�ƹ�ƵŶƃ�Ţƿżƿƹ�ŹŚŞĪƿ�ŚƸƴţ�ŚƷ
ƵźŬƴě� ƹ� ƶŤƟźƳ� źţřźƟ� ƶǀƬƤƳ� ƶƬǀſƹ� ŢǀƟźƓ�ƵŶƄƳ� ƊƤƳ� ƾƳŚƯŻ� ƽŚƷ

ŶƴƃŚŝ����
ƭŚĭƶƿŚƀưƷ�ƲƿźŤĪƿŵżƳ�ƽŹŚĪŤŝř�ƮŤƿŹƺĮƫř�ƽŚƷ: 

                                                 
1�Global Pheromone Trail Update 
2�Heterogeneous 
3�Nearest Neighbor Heuristic 

� ƱŚƿźŤƄƯ�ƵźĭŚƷ� �šŚƈŤŴƯ� ƹ yx,ō�ŢƃřŵŵŚƿ� ƾƳƺŤſ�šŹƺƈŝ� ŚƸƳ
ŶǀƴƧ� �Ŷǀƴĩ� ŻŚƛō� ƺěŵ� Ƶźĭ� Żř� �Ƶźĭ� ƾƯŚưţ� ƶƬƇŚƟ�Ƶźĭ� Ʋƿř� Żř� řŹ� ŚƷ

ŶǀŗŚưƳ�ƶŞſŚŰƯ���Ĩƿ�Źŵ�řŹ�Ƶźĭ�ƭŚƳ�ƹ�ŶƿźǀĮŝ�źƔƳ�Źŵ�řŹ�ƶƬƇŚƟ�ƲƿźŤưĩ
Ŷǀƀƿƺƴŝ�Ţƀǀƫ��Ƶźĭ�ƾƯŚưţ�ƶƬƇŚƟŶǀƴĩ�řŶǀě�ƪŞƣ�ƶƬůźƯ�Ƶźĭ�Żř�řŹ�ŚƷ��

ƟŚƋř�Ţƀǀƫ�ƶŝ�ƹ�ƶŤƟŚƿ�řŹ�ƶƬƇŚƟ�ƲƿźŤưĩ�ľřŵŶŬƯŶǀƴĩ�ƶ���ƶƯřŵř�řŹ�ŹŚĪƴƿř
Ƶźĭ�ƾƯŚưţ�Śţ�ƵŵřŵƵźĭ�źĮƿŵ�ƹ�ŶƳƺƃ�ŵŹřƹ�Ţƀǀƫ�Źŵ��ŵƺūƺƯ�ƽŚƷ�ƽř

ŶƳŚưƳ�ƾƣŚŝ� �Ƶźĭ�Żř�Ŝǀţźţ�ƶŝƵŵƺưƳ�ƕƹźƃ�Ʊō�Żř�ƶĩ�ƽř�Ʋƿźųō� Śţ�Ŷƿř
ƶƬƇŚƟ� ƲƿźŤưĩ� �ƵźĭŶǀŗŚưƳ� Ɩưū� ƮƷ� Śŝ� řŹ� ŚƷ��ƱŚưƷ� ŹřŶƤƯ� Ʋƿř

�źǀƀƯ�ƲƿźŤƷŚţƺĩ�ƶūƺƯ�źǀƛ�Śƿ�ƶūƺƯ��ƾƯ�ƶǀƫƹřŶƃŚŝ� �žě�ƲŤƟŚƿ�Żř�
�ƶǀƫƹř�ƱƺƯźƟ�ŹřŶƤƯ�ƹ�ƶŤƟźĭ�źƔƳ�Źŵ�řźƳō�ƩƺƏ��ƶǀƫƹř�źǀƀƯ�ƲƿźŤƷŚţƺĩ

ƾƯ�Źřźƣ�źƿŻ�ƶƐŝřŹ�Śŝ�źŝřźŝ�ƶƬŘƀƯ�ƽŚƷźǀƀƯ�ƾƯŚưţ�ƽřźŝ�Źŵ�ƶĩ��ŵźǀĭ
� ƱōL� ƹ� źǀƀƯ� ƲƿźŤƷŚţƺĩ� ƩƺƏ�n� ƱŚƿźŤƄƯ� ŵřŶƘţ��ƵźĭƽŚƷ��

ƾƯ�ƪů�Źŵ�ŵƺūƺƯŶƃŚŝ��0Ţſř�źǀƀƯ�ƽƹŹ�ƶǀƫƹř�ƱƺƯźƟ�ŹřŶƤƯ�żǀƳ����
��

nL

1
0 

 
��

ƾƯ� ŹřźĪţ� šŚƘƟŵ� ƶŝ� ƮŤƿŹƺĮƫř� Ʋƿřŵƺƃ� ��ƮŤƿŹƺĮƫř� ŹřźĪţ� źƷ� Źŵ
ƾƯŚưţk� ƶģŹƺƯ� ƕƺƳ��ƶƬǀſƹ� �ƾƯ� ƪů� řŹ� źƔƳ� ŵŹƺƯ� ƶƬŘƀƯŶƴƴĩ��

ľǈŨƯ�ƶĩ�Ţſř�Ʋƿř�ƶƬŘƀƯ�Ʊŵźĩ�ƪů�Żř�ŹƺƔƴƯ�Źřźƣ�Żř�žě�Ʃƹř�ƶģŹƺƯ�
Ƶźĭ�ƶŝ�ƲŤƟŹ�ŢǀŝƺƬƐƯ�ƶŞſŚŰƯ�Śŝ��ƺěŵ�Źŵ�ƲŤƟźĭ�ƲƿźŤƸŝ��ŹƹŚŬƯ�ƽŚƷ

Ƶźĭ�Ŝǀţźţ�ƲƿŶŝ�ƹ�ƶŤƟŚƿ�ƽŶƘŝ�Ţĩźů�ƽřźŝ�řŹ�Ƶźĭ�Żř�žě�ƾĪƿ�řŹ�ŚƷ
ƾƯ�źſ�ŢƄě�ƽźĮƿŵƵźĭ�źĮƿŵ�ƶĩ�ƾƳŚƯŻ� Śţ� �ŵŹřŸĭ�ƹ�ŶƳŚưƳ�ƾƣŚŝ�ƽř

� ŵŵźĭ� ŻŚŝ� ƺěŵ�ƶŝ� ƶģŹƺƯ�źƏŚŴŝ� ƶģŹƺƯ�Ţſř�ƲĪưƯ�ƶŤŞƫř�ƱŶƃ�źě�
ƵźŬƴě�ƊƤƳ�Śƿ�ŢǀƟźƓŵŵźĭŻŚŝ�ƺěŵ�Ƶźĭ�ƶŝ�ŚƷŹŚŝƹ�ŚƷŹŚŝ��ƾƳŚƯŻ�ƽŚƷ���

ƾƯŚưţ�ƶĪƳō�Żř�žěk�ƶģŹƺƯ�ƕƺƳ��ƶƬǀſƹ���ƪǀĪƄţ�řŹ�ŵƺų�ƽŚƷźǀƀƯ
ƾƯ�Źřźƣ�ƾŝŚƿŻŹř�ŵŹƺƯ�ƾƿŚƷŹŚǀƘƯ�ŽŚſřźŝ�ŚƷźǀƀƯ�Ʋƿř��ŶƳŵřŵ�ƹ�ŶƳźǀĭ

ƀƯ�ƱƺƯźƟ�ŹřŶƤƯ�ƾƳŚſŹŻƹźŝ�ƽřźŝ�źǀƀƯ�ƲƿźŤƸŝ�ŵŹƺƯ�ƶƬŘƀƯ�ƽŚƷźǀ
ƾƯ� Źřźƣ� ƵŵŚƠŤſřŵźǀĭ� ��ŹŚŞĪƿ� ŚƸƴţ� ƮŤƿŹƺĮƫř� Ʋƿř� Źŵ� Ɩƣřƹ� Źŵ� ƾƴƘƿ

�ƮŤƿŹƺĮƫř� Żř� ŹřźĪţ�źƷ�ƱŚƿŚě�Źŵ�ƮƷ�Ʊō�ƹ�ŵźǀĭ�ƾƯ�ƭŚŬƳř�ƾƳŚſŹŻƹźŝ
Ţſř����

ŵƺưƳ� ƞƿźƘţ� Ʊō� ƞƣƺţ� ƽřźŝ� ƽŹŚǀƘƯ� ŶƿŚŝ� ƮŤƿŹƺĮƫř� ƭŚưţř� ŹƺƔƴưŝ��
ƶƳƺưƳƵŶƃ�ƶŗřŹř�źƿŻ�Źŵ�ƞƿźƘţ�ƪŝŚƣ�ƽŚƷŹŚǀƘƯ�Żř�ƾƿŚƷŶƳř����
æ� � ŵƺƃ� ƽźĜſ� ƲǀƘƯ� ƽŚƷŹřźĪţ� ŵřŶƘţ�� ƩŚŨƯ� ŹƺƐŝæååå�ŹřźĪţ�

ƮŤƿŹƺĮƫř� 

ç� �ŵƺƃ�ƽźĜſ�ƾƴǀƘƯ�ƾţŚŞſŚŰƯ�ƱŚƯŻ��ƩŚŨƯ�ŹƺƐŝç�ƽřźūř�ŢƗŚſ�
ƮŤƿŹƺĮƫř� 

è� �ƪů� Źŵ�ƽŵƺŞƸŝ�ĢǀƷ� �ŚƷŹřźĪţ� Żř�ƾƴǀƘƯ� ŵřŶƘţ�ŢƃŸĭ� Żř�žě
ŵƺƄƳ�ƪƇŚů� 

Żř�Ĩƿ�źƷkĭ�Źŵ�ƲŤƟźĭ�Źřźƣ�Żř�žě�ƶģŹƺƯ�ƕƺƳ��ƲŤƟŚƿ�ƽřźŝ��ƺěŵ�Ƶź
ƵźĭƾƯ�ƶĩ�ƾƸūƺƯ�ƽŚƷ�ƮŤƿŹƺĮƫř�Żř�ŶƳƹźŝ�ŚƸƳō�ƶŝ�ŶƘŝ�ƶƬůźƯ�Źŵ�ŶƴƳřƺţ

ƾƯ� ƵŵŚƠŤſř� ĬƴƿźŤƬǀƟŶƴƴĩ� ��ƵŶƃ� ƶŗřŹř� ľǈƿŷ� ƮŤƿŹƺĮƫř� Ʋƿř� ƪůřźƯ
Ţſř���

�ĬƴƿźŤƬǀƟ�ƮŤƿŹƺĮƫř�ƽŚƷ�ƭŚĭ�ƽŶƘŝ�ƽźŤƄƯ�śŚŴŤƳř�ŢƸū�� 
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�ƪƿŚſƹ�ƾŝŚƿźǀƀƯ�ƶƬŘƀƯ�ƪů�ŢƸū�ƱŚĮģŹƺƯ�ƾƳƺƬĩ�ƵŶƃ�ŭǈƇř�ƁƹŹ�ƶŗřŹř�ƪƿŚſƹ�ƾŝŚƿźǀƀƯ�ƶƬŘƀƯ�ƪů�ŢƸū�ƱŚĮģŹƺƯ�ƾƳƺƬĩ�ƵŶƃ�ŭǈƇř�ƁƹŹ�ƶŗřŹř��������������������ƽƺƤţ�ƾƤţŶưŰƯ�����ƽƺƤţ�ƾƤţŶưŰƯ�����ŵźƟŵźƟ����ƽŹřƺƀƸƃ�ƲƿŹō�ƹ�Ųǀƃ�ƱřƺǀĩƽŹřƺƀƸƃ�ƲƿŹō�ƹ�Ųǀƃ�Ʊřƺǀĩ��������������������çì��

  
æ� ƵŶƄƳ� šŚƣǈƯ� ŻƺƴƷ� ƶĩ� ƾƳŚƿźŤƄƯ� ƾƯŚưţ� ŢƀǀƫŶƳř�ƶǀƸţ� řŹ�

Ŷǀƴĩ� iTkƵŶƄƳ�šŚƣǈƯ�ƱŚƿźŤƄƯ�ƾƯŚưţ�Ţƀǀƫ�� 

ç� ŶǀƷŵ�ƭŚŬƳř�řŹ�źƿŻ�šŚŞſŚŰƯ��Ţƀǀƫ�ƱŚƿźŤƄƯ�ƾƯŚưţ�ƽřźŝ� 

ç�æ�Load := Load ƭř�kƶģŹƺƯ) + ƾƬƘƟ�ƽźŤƄƯ�ƽŚƋŚƤţ 

�� ƶģŹƺƯ� źƷ�ƾƘǀưŬţ� ŹŚŝ� �Ŷƴŝ�Ʋƿř� Źŵ�ƶƬǀſƹ� ��ƱŵƺưƳ� ƶƟŚƋř� Śŝ
Ư�ƽŚƋŚƤţƽźŤƄnŵƺƃ�ƾƯ�ƶŞſŚŰƯ�ƭř���

ç�ç�Arrival time ƭřkƶģŹƺƯ� ƱŚƯŻ)� + (�Żř� źƠſ� ƱŚƯŻ
ŶƿŶū�ƽźŤƄƯ�ƶŝ�ƾƬƘƟ�ƽźŤƄƯ 

��ƶģŹƺƯ�ƶĩ�ƾƳŚƯŻ��Ŷƴŝ�Ʋƿř�Źŵ�ƶƬǀſƹ�kƽźŤƄƯ�ƶŝ�ƭřnƾƯ�ƭř���ŶſŹ
ƾƯ�ƶŞſŚŰƯƺƃŵ���

è� � ŹřŶƤƯ� źĭřLoad�ƶƬǀſƹk�Ʊō� ŢǀƟźƓ� ƽƹŚƀƯ� Śƿ� źŤĪģƺĩ� ƭř
�ŹřŶƤƯ�ƹ�ŶƃŚŝArrival time�Ʋƿźţźƿŵ�Śŝ�ƽƹŚƀƯ�Śƿ�ƹ�źŤĪģƺĩ�żǀƳ�

� �ŶƃŚŝ� ŶƿŶū�ƽźŤƄƯ� ƶŝ� ŵƹŹƹ� ƱŚƯŻ�ŢƿŵƹŶŰƯ� Ŷƴŝ� Ʋƿř� Źŵ�ƽŚƷ
� ƶģŹƺƯ� ŢǀƟźƓ� ƶŝ� ƍƺŝźƯ�ƶƬǀſƹ� k�ƾƳŚƯŻ� ƵźŬƴě� ƹ� ƭř

ƽźŤƄƯnƾƯ�ƾſŹźŝ�ƭřŵƺƃ� 

é� �ŹřŶƤƯ�ŹŚƸģ�ƕƺưŬƯ�źĭřArrival time� �ƪŰƯ�Źŵ�ŹŚƔŤƳř�ƱŚƯŻ
�Żř� źƠſ� ƱŚƯŻ� ƹ� ŶƿŶū�ƽźŤƄƯ� ƶŝ�žƿƹźſ� ƱŚƯŻ� �ŶƿŶū�ƽźŤƄƯ
�ŵƹŹƹ�ƱŚƯŻ�Ʋƿźţźƿŵ�Śŝ�ƽƹŚƀƯ�Śƿ�ƹ�źŤĪģƺĩ��ƺěŵ�ƶŝ�ŶƿŶū�ƽźŤƄƯ

� �ŶƃŚŝ� ƺěŵ� ƶŝ�ƾƯ� ƾſŹźŝ� Ŷƴŝ� Ʋƿř� ŹŵŹƺƯ� Śƿō� ƶĩ� ŵƺƃ�ƶģ
�ƶƬǀſƹ�kƾƯ�ƭř�ƶƟŚƋř�Żř�žě�řŹ�ƺěŵ�ƶŝ�ŵƹŹƹ�ƱŚƯŻ�Ʋƿźţźƿŵ�ŶƳřƺţ

ƽźŤƄƯ�ƱŵƺưƳnŶƿŚưƳ�ŌŚƋŹř��ƭř��ƵŚĮƳō� 

ê� Ţƀǀƫ� ƶŝ� ŶƿŶū� ƽźŤƄƯ� iRkƶģŹƺƯkƾƯ� ƶƟŚƋř� ƭřŵƺƃ��
��ƹŵ�ƶĩ�ƾƸūƺƯ�ƱŚƿźŤƄƯ�ŢƀǀƫƾƯ�ŌŚƋŹř�řŹ�ơƺƟ�ŢƿŵƹŶŰƯ��Ŷƴƴĩ

ƶģŹƺƯ�ƶŝ�ƍƺŝźƯkƭř� 

ë� �Ʋĩ�ƶƟŚƋř�Ʊō�ƶŝ�řŹ�ƺěŵ�Ƶźĭ��ŵƺŝ�ƾƫŚų�Ţƀǀƫ�źĭř��ƾƴƘƯ�ƲƿŶŝ
�Ţƀǀƫ�ƶŝ�ƱŵƺưƳ�ƶƟŚƋř�ƽřźŝ�ƽźĮƿŵ�ƽźŤƄƯ�źĭř�ƶĩ iRk�ŵƺūƹ

�ƺěŵ�Ƶźĭ�ƵŚĮƳō��ŵŹřŶƳ�0C��Ţƀǀƫ�ƶŝ�řŹ� iRkŶƿŚưƳ�ƶƟŚƋř�� 

ŢƿŵƹŶŰƯ�ƶĩ�ƾƳŚƿźŤƄƯ�ƾƯŚưţ�Ţƀǀƫ� �ƮŤƿŹƺĮƫř�Ʋƿř�ƶŬǀŤƳ�Źŵ�řŹ�ŚƷ
ƾƯ� ŌŚƋŹřƾƯ� ƪƇŚů� Ŷƴƴĩŵƺƃ� ��ƹ� Ţƀǀƫ� Ʋƿř� ƽƹŹ� Żř� ŶƿŚŝ� ƩŚů

�ƽřźŝ� řŹ� źţǇŚŝ�ƩŚưŤůř�ƽřŹřŵ�ƽźŤƄƯ� �źƿŻ�ƎŝřƹŹ�ƪǀƬŰţ� ƹ� ƶŞſŚŰƯ
ŵƺưƳ�śŚŴŤƳř�ƽŶƘŝ�Ţĩźů���
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ŹřŶƤƯ�Ĩƿ�ƞƿźƘţ� Śŝ 10 00
 qqƾƟŵŚƈţ� ŹřŶƤƯ�Ĩƿ�Ŷǀƫƺţ� ƹ�q��

ƾƯ�ƾſŹźŝŚƿō�ƶĩ�Ʈǀƴĩ0qq ƾƯ�źĭř��źǀų�Śƿ�ŶƃŚŝ0qq �ŶƃŚŝ�
�ƶƫŵŚƘƯ�Żřæè�Źƺƈƴƿř�źǀƛ�Źŵ�ƹ�ƶƫŵŚƘƯ�Źŵ�ŵƺūƺƯ�ƩŚưŤůř�ƖŝŚţ�Żř�š

æé�ƾƯ�ƵŵŚƠŤſř�ƽŶƘŝ� Ƶźĭ�ƲŤƟŚƿ�ƽřźŝƮǀƴĩ� ��źƷ� Źŵ�Ɩƣřƹ� Źŵ�ƾƴƘƿ
ƶģŹƺƯ� Żř� ƕƺƳ� źƷ� ƽřźŝ� ŹřźĪţ� ŚƷ�ƶƬǀſƹŚƷ� ��ŹřŶƤƯ� řżŬƯ� ŹƺƐŝ

ƾƟŵŚƈţqŹřŶƤƯ� Śŝ� ƹ� ƵŶƃ� Ŷǀƫƺţ�0qƾƯ� ƶƀƿŚƤƯ��ŶƿŚŝ� ƶŤŞƫř� �ŵŵźĭ
ŵ�ƶūƺţ�ƶģŹƺƯ�ƕƺƳ�źƷ�ƽřźŝ�ƶĩ�Ţƃř�ƶƬǀſƹ���ƶĩ�ƾƿŚƷ�ƭŚĭ�ŵřŶƘţ�ƶŝ

ƾƯ�ƾƏ�ŹřźĪţ�źƷ�Źŵ�ƾƟŵŚƈţ�ŹřŶƤƯ��ŵƺƃ�ƪƇŚů�ƪƯŚĩ�ƪů�Śţ�ŶƿŚưƳ
qƾƯ�Ŷǀƫƺţ�ŵŵźĭ���ŹƺĩŸƯ�šǇŵŚƘƯ�Źŵ ri,�ƱƺƯźƟ�ŹřŶƤƯ�źĮƳŚƄƳ

� ƱŚưĩ� ƽƹŹ� źŝ� ŵƺūƺƯ ri,ƾƯ�ŝŶƃŚ� riv ,�ƽŹŚĪŤŝř� ƖŝŚţ� Ĩƿ�
Ƶźĭ�ƹŵ�Ʋǀŝ�ƶƬƇŚƟ�ŽƺĪƘƯ�Śŝ�źŝřźŝ�ƹ�Ţſřiƹ�r�ŢŰţ�Ʊō�Żř�ƹ�Ƶŵƺŝ�

�ƾĪƿŵżƳ�ƱřƺƴƗ(Closeness)�ƾƯ� ŵŚƿ� żǀƳ�ƶŝ�ƽźţǇŚŝ�Ţƿƺƫƹř� ƹ� ŵƺƃ
ƾƯ�ƅŚƈŤųř�ŶƴŤƀƷ�źŤĪƿŵżƳ�ƶĩ�ƾƳŚƿźŤƄƯŶƷŵ�WC�ƖŝŚţ�Ĩƿ�żǀƳ�

�ƪŰƯ� Źŵ� ŵƺūƺƯ� ƾƳŚƯŻ� ƵźŬƴě� ƩƺƏ� ŽƺĪƘƯ� Żř� ƹ� Ţſř� ƽŹŚĪŤŝř
�ƽźŤƄƯ�Ƶźĭ�rƾƯ�ƪƇŚů�ƾƯ�ŜŞſ�ƹ�ŵƺƃ�ƶŝ�ƽźţǇŚŝ�Ţƿƺƫƹř�ŵŵźĭ

ŵƺƃ� Ƶŵřŵ� �ŶƳŹřŵ� ƽźŤƷŚţƺĩ� ƾƳŚƯŻ� ƵźŬƴě� ƩƺƏ� ƶĩ� ƾƳŚƿźŤƄƯ��
ř�ŮƐſ�ƶĩ�Ţſř�ƽźŤƯřŹŚěƾŞƀƳ�ŢǀưƷWCƹ��ŢǀưƷř�ŮƐſ�żǀƳ�

ƾŞƀƳ riv ,ƾƯ�ƱŚƄƳ� řŹ�ŶƷŵ���ƾƯŚưţ�ƶĪƳō�Żř�žěk�ƶģŹƺƯ�ƕƺƳ�
�ƱƺƯźƟ�ŹřŶƤƯ�ƾƳŚſŹŻƹźŝ�ŢŝƺƳ�ƩŚů��ŶƳŵƺưƳ�Ŷǀƫƺţ�řŹ�ŵƺų�ƽŚƷźǀƀƯ

ƾƯ� ŚƷźǀƀƯŶƃŚŝ� �ſŹŻƹźŝ� ŹƺƔƴưŝ�ŵƺūƹ� ŵźĪƿƹŹ� ƹŵ� ƱƺƯźƟ� źŧř� ƾƳŚ
ŵŹřŵ� ��Ǝſƺţ� ƵŶƃ� Ŷǀƫƺţ� ƽŚƷźǀƀƯ� ƾƯŚưţ� ŽŚſřźŝ� ƶĪƴƿř� ƾĪƿ

ƾƯŚưţk�ŽŚſřźŝ� ƶĪƴƿř� źĮƿŵ� ƹ� ŵƺƃ�ƭŚŬƳř�ƾƳŚſŹŻƹźŝ� ƶģŹƺƯ� ƕƺƳ�
ƾƯŚưţ�Ǝſƺţ� ƵŶƃ� Ŷǀƫƺţ� źǀƀƯ�ƲƿźŤƸŝk�ƾƳŚſŹŻƹźŝ� �ƶģŹƺƯ� ƕƺƳ�

ŵźǀĭ�ƭŚŬƳř��ƽŵźĪƿƹŹ�ŵźĪƿƹŹ�ƶŤƟźĭ�Źřźƣ�ƵŵŚƠŤſř�ŵŹƺƯ�ŚŬƴƿř�Źŵ�ƶĩ�
Ţſř� ƭƹŵ� ��Źŵ� �ŚƷźǀƀƯ� ƽƹŹ� źŝ� ƱƺƯźƟ� źŧř� ƾƳŚſŹŻƹźŝ� ƽřźŝ� ƾƴƘƿ

ŵƺƃ�ƵŵŚƠŤſř�ŹřźĪţ�Ʊō�Źŵ�ƵŶƃ�Ŷǀƫƺţ�ƪů�ƲƿźŤƸŝ�Żř�ŹřźĪţ�źƷ�ƽŚƸŤƳř��
ƾƯŚưţ�ƶĩ�ƵŶƃ�ƉźƟ�ƶŤŞƫřk�źǀƀƯ�ƱƺƯźƟ�ƱřżǀƯ�Ĩƿ�ƶŝ�ƶģŹƺƯ�ƕƺƳ�

�ƾƯ�źǀǀƜţ�řŹŶƴƷŵ���Ţĩźů�źŧř�Źŵ�ƱƺƯźƟ�źŧř�źǀǀƜţ�ŹřŶƤƯ�ľǈŨƯ�ƾƴƘƿ
�ƕƺƳ�ƶģŹƺƯæ�ƕƺƳ�ƶģŹƺƯ�ƱƺƯźƟ�źŧř� Śŝ� źĮƿŵ� Ƶźĭ�ƶŝ� Ƶźĭ�Ĩƿ�Żř�ç�
Ţſř� źŝřźŝ� �ƾƯ� ƉźƟ� ƩŚŨƯ� ƱřƺƴƘŝ� ƶƬǀſƹ� ƕƺƳ� ƶſ� Ʈǀƴĩ�ƶģŹƺƯ��

ƮǀƃŚŝ�ƶŤƃřŵ��Žƺŝƺţř�ƹ�Žƺŝ�ƾƴǀƯ��ƽŹřƺſ���źƷ��Ʃƹř�ŹřźĪţ�ƽŚƸŤƳř�Źŵ
ƤƳ�ƶƬǀſƹ�ƕƺƳ�ƶſ�Ʋƿř�Żř�ƭřŶĩƾƯ�Ŷǀƫƺţ�řŹ�ƽźǀƀƯ�ƶǀƬŶƴƴĩ���ŶƿŚŝ�ƩŚů

ŵƺưƳ�ƶƀƿŚƤƯ�ƮƷ�Śŝ� řŹ�ƵŶƃ�Ŷǀƫƺţ�ƽŚƷźǀƀƯ�Ʋƿř� �ƶƀƿŚƤƯ�ƽřźŝ�ƾƯ��
ŵƺưƳ� ƵŵŚƠŤſř� ŹŚǀƘƯ� ƽźƀĪƿ� Żř� Ʊřƺţ� ��ŵŹƺƯ� ŚŬƴƿř� Źŵ� ƶĩ� ƽŹŚǀƘƯ

Ţſř�ƵŶƃ�ƾƏ�ŢƟŚƀƯ�ƩƺƏ�ƪĩ�ƶŤƟźĭ�Źřźƣ�ƵŵŚƠŤſř� ��ƲŤƟŚƿ�Żř�žě
ŧř�ƾƳŚſŹŻƹźŝ�ƽřźŝ�Ʊō�Żř��ƵŶƃ�Ŷǀƫƺţ�źǀƀƯ�ƲƿźŤƸŝ�ƵŵŚƠŤſř�ƱƺƯźƟ�ź

ƾƯƾƯ�Żƹźŝ�ƱƺƯźƟ�źŧř�ŹřŶƤƯ�źƿŻ�ƶƐŝřŹ�ƢŞƏ�ƹ�Ʈǀƴĩŵŵźĭ���
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ƪƨƃ�æ�įŵŚƸƴƄǀě�ƮŤƿŹƺĮƫř�šŹŚģƺƬƟ���

��

ê��ƾţŚŞſŚŰƯ�ŪƿŚŤƳ��
�ŹřżƟř�ƭźƳ�Źŵ�ƾƀƿƺƳŶĩVisual Basic 6.0Ţſř�ƵŶƃ�ƭŚŬƳř�� ��Ʋƿř�Źŵ

ƾƯ� ŶĩƶƬưū� Żř� ƶƬŘƀƯ� ƾƿřŶŤŝř� ƽŚƸƿŵƹŹƹ� Ʊřƺţ��ƱřżǀƯ� �šŚƈŤŴƯ�
ƵźŬƴě��ŚƋŚƤţ�řŹ� �ƽźŤƄƯ�źƷ�ƽřźŝ�žƿƹźſ�ƱŚƯŻ�šŶƯ�ƹ�ƾƳŚƯŻ�ƽŚƷ

�ƹ�ŢƟŚƀƯ� ƲƿźŤƸŝ� �ƶǀƬƤƳ� ƪŗŚſƹ� ŵřŶƘţ� ƪƯŚƃ� ŚƸŝřƺū� ƹ� ƵŵƺưƳ� ŵŹřƹ
ƶģŹƺƯƾƯ�ƪƇŚů�ƵŵƺưƳ�Ŷǀƫƺţ� řŹ�ŢƟŚƀƯ�ƲƿźŤƸŝ�ƶƧ�ƽřŵƺƃ���ƶƯŚƳźŝ

�šŹŶƣ�Śŝ�ƪŤƴƿř�ƾƈŴƃ�ƶƳŚƿřŹ�ƵŚĮŤſŵ�Ĩƿ�ƽƹŹ�źŝ�ƵŶƃ�ƶǀƸţCPU�
íååƷŚĮƯ��ƹ�żţźçêëŶƿŵźĭ�řźūř�ƭŹ�ƶƔƟŚů�ŢƿŚŝŚĮƯ����ƮŤƀǀſ�ƶŤŞƫř

İƯ�ƶƯŚƳźŝ�ƽřźūř�ƽřźŝ�ŻŚǀƳ�ŵŹƺƯ�ƮŤƀǀſ�ƪƣřŶů�ŹƺĩŸƯ�ŢƬƗ�ƹ�ŶƃŚŝ

�Ţſř�İƐƿřźƃ�Śŝ�ƢŝŚƐƯ�İţŚŞſŚŰƯ�įŚƌƟ�įŻŚſ�ƶǀŞƃ��Ʊō�Żř�ƵŵŚƠŤſř
Ţſř�ƵŶƃ�ƵŹŚƃř�Ʊō�ƶŝ�źĮƿŵ�šǇŚƤƯ�Źŵ�ƶĩ���ŹřżƟř�ƭźƳ�Ʋƿř�Ţƀţ�ŢƸū

�ƝƹźƘƯ�ƪŗŚƀƯ�ƶƳƺưƳ�ŻřSolomon���Ǝſƺţ�ƶĩMarius Solomon�
Ţſř�ƵŶƃ�ƵŵŚƠŤſř� �ƵŶƃ�Ŷǀƫƺţ@í>� �İĭĦƿƹ�ŽŚſřźŝ�ƪŗŚƀƯ�Ʋƿř�ƹ� ŚƷ

İƯ� řŹřŵ� ƶĩ� İţŚǀƇƺƈųƵŶƃ� įŶƴŝ� ƶŤſŵ� ŶƴƃŚŝŶƳř� ��Ʋƿř� İƬĩŹƺƐŝ
ŶƳř� ƶŤƟźĭ� Źřźƣ�İƬĩ� Ƶƹźĭ� ƶſ� Źŵ�ƪŗŚƀƯ� ��ƪƯŚƃ� Ƶƹźĭ� źƷí� Śţ�æç�

�źŨĩřŶů�ƪƯŚƃ�ƹ�ƶƬŘƀƯæååįźŤƄƯ��İƯŶƃŚŝ���Ʋƿří�Śţ�æçŘƀƯ��ƶƬ
Źŵ� İŗżū� šŚƟǈŤųř� įřŹřŵé��ŚƋŚƤţ� ƱřżǀƯ� �šŚƈŤŴƯ� ŢǀƇƺƈų�

İƯ�žƿƹźſ�ƱŚƯŻ�ƹ�İƳŚƯŻ�įŚƷ�ƵźŬƴěŶƴƃŚŝ���
��

ƩƹŶū æ��ƶƀƿŚƤƯ�ƩƹŶūƶƴǀƸŝ�ƽŚƸŝřƺū�ƹ�ƽŵŚƸƴƄǀě�ƮŤƿŹƺĮƫř�ƽŚƸŝřƺū�ƽř��
ƶƴǀƸŝ�ƽŚƷ�śřƺū ŶƿŶū�ƮŤƿŹƺĮƫř�ƽŚƸŝřƺū 

ƶƬŘƀƯ ƱŚƿźŤƄƯ�ŵřŶƘţ 

�ƪƿŚſƹ�ƕřƺƳř�ŵřŶƘţ
ƶǀƬƤƳ ƶƴǀƸŝ�ŢƟŚƀƯ 

ţ�ƪƿŚſƹ�ƕřƺƳř�ŵřŶƘ
ƶǀƬƤƳ ŢƟŚƀƯ�ƲƿźŤƸŝ�� ��ŚƐų 

C101 25 3 191/3 3 191/81 0/27% 

C101 50 5 362/4 5 387/25 6/42% 

C101 100 10 827/3 10 852/94 3/01% 

R101 25 8 617/1 8 656/11 5/95% 

R101 50 12 1044 13 1176/67 11/28% 

RC101 25 4 461/1 4 494/14 6/69% 

RC101 50 8 944 9 1054/44 10/47% 

�šŹƺƇ�İſŹźŝ
ƶƬŘƀƯ 

�źƿŵŚƤƯ�ƲǀǀƘţ
ŚƷźŤƯřŹŚě 

�žƿźţŚƯ�ƲǀǀƘţ
ƶƬƇŚƟ 

�ƶǀƫƹř�źǀƀƯ�ƲƿźŤƷŚţƺĩ�ƲǀǀƘţ���Śŝ
ƶƿŚƀưƷ�ƲƿźŤĪƿŵżƳ�ƮŤƿŹƺĮƫř�Żř�ƵŵŚƠŤſř� 

�ƶǀƫƹř�ƱƺƯźƟ�ƶŞſŚŰƯ
ŚƷźǀƀƯ�įƹŹ 

ƕƹźƃ 

ƶǀƬƤƳ�ƪŗŚſƹ�ƕřƺƳř�ƲǀǀƘţ��
��ľǈŨƯKƕƺƳ�( 

�ƶǀƬƤƳ�ƪƿŚſƹ�Ǝſƺţ�ƶƬŘƀƯ�ƪů
�ƕƺƳæ�İƫř�K� 

�ĬƴƿźŤƬǀƟ�Ţƀǀƫ�ƶǀƸţ
 iRk� 

ŶǀƫƺţİƟŵŚƈţ�ŹřŶƤƯ��q����
 

Żř�ƵŵŚƠŤſř�Śŝ�įŶƘŝ�Ƶźĭ�śŚŴŤƳř�
�ƶƫŵŚƘƯæ�� 

Żř�ƵŵŚƠŤſř�Śŝ�įŶƘŝ�Ƶźĭ�śŚŴŤƳř�
�ƶƫŵŚƘƯç 

�įŶƘŝ�Ƶźĭ�śŚŴŤƳř��

İƬŝ��
��

źǀų 

İƬŝ 

�Śƿō0qq 
 

�įř�Ƶźĭ�Śƿō
�ƵŶƳŚƯ�İƣŚŝ 

�ƪƇŚů�ƞƣƺţ�ƍźƃ�Śƿō 

�Ţſř�ƵŶƃ 

źǀų 

İƬŝ��
�� ƶƿřŹřśřƺū��� ƶưţŚų��

�ŽŚſřźŝ�ƶƬŘƀƯ�ƱƺƯźƟ�źŧř�İƳŚſŹŻƹźŝ
ƵŶƃ�Ŷǀƫƺţ�ƪů�ƲƿźŤƸŝ 

�ƹ�ŚƷŹŚǀƘƯ�ƶƀƿŚƤƯ
ƪů�ƲƿźŤƸŝ�śŚŴŤƳř��

�ƱŚƯŻ�ƹ�ƵŶƃ�İƏ�ŢƟŚƀƯ�ƩƺƏ�ƶŞſŚŰƯ
ŝ�ƵŶƃ�įźĜſ�Ǝſƺţ�ƵŶƃ�Ŷǀƫƺţ�įŚƸƬů�įřź

�ƶǀƬƤƳ�ƪŗŚſƹæİƫř��K 

źǀų 
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�ƪƿŚſƹ�ƾŝŚƿźǀƀƯ�ƶƬŘƀƯ�ƪů�ŢƸū�ƱŚĮģŹƺƯ�ƾƳƺƬĩ�ƵŶƃ�ŭǈƇř�ƁƹŹ�ƶŗřŹř�ƪƿŚſƹ�ƾŝŚƿźǀƀƯ�ƶƬŘƀƯ�ƪů�ŢƸū�ƱŚĮģŹƺƯ�ƾƳƺƬĩ�ƵŶƃ�ŭǈƇř�ƁƹŹ�ƶŗřŹř��������������������ƽƺƤţ�ƾƤţŶưŰƯ�����ƽƺƤţ�ƾƤţŶưŰƯ�����ŵźƟŵźƟ����ƽŹřƺƀƸƃ�ƲƿŹō�ƹ�Ųǀƃ�ƱřƺǀĩƽŹřƺƀƸƃ�ƲƿŹō�ƹ�Ųǀƃ�Ʊřƺǀĩ��������������������çî��

  
��

�Ʋƿř�İƯŚſř�įŚƴƘƯèŢſř�źƿŻ�šŹƺƈŝ�ƶŤſŵ�����
 � ƶƗƺưŬƯC��ŢǀƘƣƺƯ� ŽŚſřźŝ� ƶĩ� Ţſř� İƳŚƿźŤƄƯ� ƪƯŚƃ

ŶƳř�ƵŶƃ�įŶƴŝ�ƶŤſŵ�ƱŚƄǀƳŚƯŻ�ƵźŬƴě�Śƿ�ƹ�İƿŚǀƟřźƜū��
 �ƶƗƺưŬƯR��ŹƺƐŝ� Śƿ�ƹ�İƟŵŚƈţ�ŹƺƐŝ�ƶĩ�Ţſř�İƳŚƿźŤƄƯ�ƪƯŚƃ

ŶƳř�ƵŶƃ�ƖƿŻƺţ�ŢųřƺƴĪƿ 

 � ƶƗƺưŬƯRC�ƿźŤƄƯ� Żř�İŞǀĩźţ�ƪƯŚƃ�ƶƗƺưŬƯ� ƹŵ�ƱŚR�� ƹC�
ŶƴƃŚŝ�İƯ 

�İƗźƟ�ƶŤſŵ�ƹŵ�ƶŝ�ŵƺų�ƶŝƺƳ�ƶŝ�ƪŗŚƀƯ�Żř�İƬĩ�ƕƺƳ�ƶſ�Ʋƿř�Żř�Ĩƿ�źƷ
İƯ� ƮǀƀƤţ� żǀƳŶƳƺƃ� �� ƕƺƳ�ƪŗŚƀƯæ� ƕƺƳ� ƹ�ç� �� ƕƺƳ�ƪŗŚƀƯæ�įřŹřŵ�

ƵźŬƴěİƯ�Ĩģƺĩ�İƳŚƯŻ�įŚƷ�ŚƸƳō� Źŵ� ƶǀƬƤƳ�ƪŗŚſƹ�ŢǀƟźƓ� ƹ� ŶƴƃŚŝ
� ƕƺƳ� ƪŗŚƀƯ� Źŵ� ŚƯř�Ţſř� ƮĩçƵźŬƴě� �Ɠ� ƹ�īŹżŝ� İƳŚƯŻ�įŚƷ�ŢǀƟź
ŶƃŚŝ�İƯ�ŵŚƿŻ�żǀƳ�ƶǀƬƤƳ�ƪŗŚſƹ��Ŝǀĩźţ�İƬĩ�ƶŤſŵ�ƶſ�Ʋƿř�Żř�ƶĩ�İƿŚƷ
İƯ�ƪƇŚů�İƗźƟ�ƶŤſŵ�ƹŵ�ƹŻř�ŶƴţŹŚŞƗ�ŶƳƺƃ���

��

 212121 ,,,,, RCRCCCRR��
 

�ƶŤſŵ�ŻřC�ƕƺƳ�ƹ�æ�ŵŚƘŝř�Śŝ�ƶƬŘƀƯ�ƶſ��çê��êå�ƹ�æåå�ƶŤſŵ�Żř��R�
�ƕƺƳ�ƹæ�ŵŚƘŝř� Śŝ�ƶƬŘƀƯ�ƹŵ� �çê�ƹ�êå�ƶŤſŵ�Żř�ƹ�RC��ƕƺƳ�ƹæ�ƹŵ� �

Ư� ŵŚƘŝř� Śŝ� ƶƬŘƀçê� ƹ�êåŶƃ�śŚŴŤƳř�� ��ƆǀƈŴţ� ƹ� ƾſŹźŝ� Żř�žě
�ƽŚƸŝřƺū� ƲƿźŤƸŝ� �ƶƬŘƀƯ� źŝ� źŧƺƯ� ƽŚƷźŤƯřŹŚě� ƶŝ� ƱƺĭŚƳƺĭ� źƿŵŚƤƯ

�ƩƹŶū�Źŵ�ƵŶƃ�ƪƇŚůæƵŶƃ�ƶŗřŹř�ŶƳř���ƾƿŚƸŝřƺū�įŵŚƸƴƄǀě�ƮŤƿŹƺĮƫř
ŶƿŚưƳ�İƯ�Ŷǀƫƺţ�İƷŚţƺĩ�ľŚŤŞƀƳ�ƱŚƯŻ�Źŵ�řŹ�ƶƴǀƸŝ�ƶŝ�ĨƿŵżƳ���ƶƳƺĮƳŚưƷ

�ƶƔůǈƯ�ƩƹŶū�Źŵ�ƶĩ�ƪƇŚů�ŢƟŚƀƯ�ƲƿźŤƸŝ�ƅƺƈų�Źŵ��ŵƺƃ�İƯ
� ƱřżǀƯ� ƶŝ� źŨĩřŶů� İţŚŞſŚŰƯ� įŚƐų� ƱřżǀƯ� ƵŶƃ10%ŶƃŚŝ� İƯ���

�İŝŚƿŻŹř�įŚƷŹŚǀƘƯ�Żř�źĮƿŵ�İĪƿ�ƶĩ�żǀƳ�ƶǀƬƤƳ�ƪŗŚſƹ�ŵřŶƘţ�ƅƺƈųŹŵ
śřƺūİƯ�ŚƷ�ƶƬŘƀƯ�żŬŝ��ŶƃŚŝR101��ƹRC101��Śŝêå�ƶĩ��įźŤƄƯ�

Ư�źƿŚſ�Źŵ��Ţſř�šƹŚƠŤƯ�Ŷůřƹ�Ĩƿ�ŚƸƴţ�ƶǀƬƤƳ�ƪŗŚſƹ�ŵřŶƘţ�ŵřŶƘţ�ŵŹřƺ
�ƶƴǀƸŝ� ƪů� ƶǀƬƤƳ� ƪŗŚſƹ� ŵřŶƘţ� Śŝ� įŵŚƸƴƄǀě� ƮŤƿŹƺĮƫř� ƶǀƬƤƳ� ƪŗŚſƹ

Ţſř�źŝřźŝ���
��

ë��ƽźǀĭ�ƶŬǀŤƳ��
�ƹ� ƾƟźƘƯ� ƱŚĮģŹƺƯ�ƾƳƺƬĩ� ƮŤƿŹƺĮƫř� ƵŶƃ�ŭǈƇř� ƕƺƳ� ƶƫŚƤƯ� Ʋƿř� Źŵ
�ŹŚĪŝ�ƾƳŚƯŻ�ƽŚƷ�ƵźŬƴě�ƵřźưƷ�ƶŝ�ƶǀƬƤƳ�ƪŗŚſƹ�ƾŝŚƿźǀƀƯ�ƶƬŘƀƯ�ƽřźŝ

Ŷƃ� ƶŤƟźĭ� �ŗŚƀƯ� ƽřźŝ� ŢƀƳřƺţ� ƮŤƿŹƺĮƫř� ƲƿřƶƳƺưƳ� ƪ�ŵŚƘŝř� Śŝ� ƽř
�źŨĩřŶůæåå�Ŷǀƫƺţ�ƶƴǀƸŝ�ƶŝ�ĨƿŵżƳ�ƹ�ƩƺŞƣ�ƪŝŚƣ�ƽŚƸŝřƺū��ƽźŤƄƯ�
ŶƿŚưƳ� �� ŵƹŶů� ƶŝ� ŚƐų� ŶƇŹŵ� �ƪŗŚƀƯ�Ʋƿř� Żř� İųźŝ� ŵŹƺƯ� Źŵ10%�

�ƽŚƌƟ�Ʊŵƺŝ�īŹżŝ�ŢƬƗ�ƶŝ�źƯř�Ʋƿř�ƶĩ�ŶſŹ�İƯ�ƶƴǀƸŝ�ƪů�ƶŝ�ŢŞƀƳ
�Źŵ� ƮŤƿŹƺĮƫř� ƱŵŚŤƟř� źǀĭ� ƹ� ŵŚƿŻ� šŚŞſŚŰƯ� ƮŬů� �ƶƬŘƀƯ� ƪů����

ƶƴǀƸŝƽŚƷİƯ�ƾƬŰƯ�ŶƃŚŝ� �İƯ� �źĮƿŵ�šŚƔůǈƯ�ƱŵƹżƟř� Śŝ�ƶŤŞƫř�Ʊřƺţ
ĨƿŵżƳ� ƾƿŚƸŝřƺū� ƹ� Ƶŵřŵ�ƂƷŚĩ� řŹ� ŚƐų� ƱřżǀƯ� Ʋƿř�įŚƸŝřƺū� ƶŝ� źţ

ŵƺƃ�İƯ�ŹřŸĭřƹ�ƾţō�ƲǀƤƤŰƯ�ƶŝ�ƕƺƋƺƯ�Ʋƿř�ƶĩ�ŵƺưƳ�ŵŚŬƿř�ƶƴǀƸŝ���
�İƳŚĭƹŚƳ� ƲŤƟźĭ� źƔƳ� Źŵ� �ƶŤƟźĭ� šŹƺƇ� ƶƫŚƤƯ� Ʋƿř� Źŵ� ƶĩ� įŹƹōƺƳ

İƯ� ƶǀƬƤƳ� ƪŗŚſƹ� Żř� ƲĮưƷŚƳ�ŶƃŚŝ�ƕřƺƳř� Żř� ƪĪƄŤƯ� İƳŚĭƹŚƳ� İƴƘƿ�

ŢǀƟźƓ� Śŝ� ƶǀƬƤƳ� ƪŗŚſƹ� Żř� İţƹŚƠŤƯ�źŝ� ŵƺų� Ʋƿř� ƶĩ� �šƹŚƠŤƯ� įŚƷ
�İţŚŞſŚŰƯ� ƱŚƯŻ� ƂƿřżƟř� ŜŞſ� żǀƳ� ƹ� ƵŵƹżƟř� šŚŞſŚŰƯ� İĭŶǀĤǀě�

İƯŵŵźĭ���ŵƺūƺƯ�ƶǀƬƤƳ�ƪŗŚſƹ�ƕřƺƳř�Żř�Ĩƿ�źƷ��ŶƿŶū�ƮŤƿŹƺĮƫř�Ʋƿř�Źŵ
ƵŵƺưƳ�ƪů�řżŬƯ�ŹƺƐŝ�řŹ�ƶƬŘƀƯ��ƶǀƬƤƳ�ƪŗŚſƹ�ƱŚĭƹŚƳ�Źŵ�ƲƿźŤƸŝ�Żř�ƹ�

�įřźŝ� �ƪƿŚſƹ� Żř� ƕƺƳ�ƲƿźŤƸŝ�Ǝſƺţ� ƵŶƃ�ƪƇŚů�ƪů�ƲƿźŤƷŚţƺĩ� ƹ
İƯ� ƵŵŚƠŤſř�ƱƺƯźƟ� źŧř�İƳŚſŹŻƹźŝ�İƳŚſŹŻƹźŝ� ŹŚŞĪƿ� ŚƸƴţ�İƴƘƿ� �ŵƺƃ

šŹƺƇ�ƱƺƯźƟ�źŧřİƯİƯ�ƶŤŞƫř��ŵźǀĭ�įř�ƶŤŴǀƯō�ƲŤƟźĭ�źƔƳ�Źŵ�Śŝ�Ʊřƺţ
İƯŚưţ�Żř�ƱŚƯżưƷ�ŹƺƐŝ��ƶǀƬƤƳ�ƪŗŚſƹ�ƱŚĭƹŚƳ�ƱřƺƴƘŝ�ƶǀƬƤƳ�ƪŗŚſƹ�Żř�

ŵƺưƳ�ƵŵŚƠŤſř�śřƺū�Ŷǀƫƺţ�įřźŝ�ŚƸƳō���
�ƾƿŚƿŚě� ƹ� ƾƿřƹŹ� Żř� ƵŶƃ� ƶŗřŹř� ƮŤƿŹƺĮƫř� ƶĩ� ŵřŵ� ƱŚƄƳ� ƶƬƇŚů� ŪƿŚŤƳ

ŶƃŚŝ�İƯ�ŹřŵŹƺųźŝ�ƾŞſŚƴƯ����ƪů�ƮŤƿŹƺĮƫř�Ʋƿř�ƪǀưĪţ�Źŵ�ƽŶƘŝ�ƭŚĭ
ƾƯƮŤƿŹƺĮƫř� ƽźǀĭŹŚĪŝ� ŶƳřƺţ�ŵƺŞƸŝ� ŢƸū� ƾƬŰƯ� ƽƺŬŤƀū� ƽŚƷ
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