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ABSTRACT 

This study develops an airport simulation model for analyzing the 
performance of airport operations. This model includes seven modules, i.e., Trip 
Generation, Gate Assignment, Push Back, Taxiway Maneuvering, Runways 
Utilization Management, Approaching, and Banking. This model simulates the 
aircraft ground operations in great detail. Thus, it can provide very detailed 
information about the performances of runways, taxiways, and gates. 

A very comprehensive validation test is conducted for this model. The 
validation criteria include arrival delay distribution, departure delay 
distribution, push back delay distribution, inter-arrival time distribution, and 
taxing time distribution. A thorough statistic test is conducted for both mean and 
probability distribution for each validation criteria. All results show this model 
works satisfactorily. 

This model is applied to analyze the capacity for CKS Airport and Sung 
Shan Airport respectively. The ultimate runway capacity of CKS Airport is 72 
operations per hour currently and could be improved to 80 operations per hour 
when its two parallel runways operate independently and in ideal conditions. 
Sung Shan Airport can have at most 40 operations per hour currently. 

 

Key Words: Airport simulation; Airport capacity; Delay 
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SIMMOD ºÆ�¿À!d����Í��¡-��Ð)®vw���4èVr 4

C¿���� ?!"ÜÆ#òg$%*&TV\�	���5��5¹4's3�tu

vw�xy�¿���rJ�(���H���v`T�)*�GH+� ANS (air network 

simulation) [3] º�ºÆ�vw* 
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AÖ�òóÒÓ�¢Bs��hiºA5Z�»ùºA5úû��ºA5C�úûºA5

��ºA5©�ºAKDE��ºA*u¨��õ�/0�12�ìíFÅ5�î��G5
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t����º�ºÆ�Nî�ÍV�	� t�OP¬�Q?�?��Céëè�?
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4. ¢£��úûST�_Î�1�����T����&* 

5. |�É`�`�ÏÐ*d���vw�º�ºÆ�® Visual C++ ÜÆ����ÜÆvw
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2.1 ������ 

@���s��-2±��¿=�����~ �î®tî½³����sI�12

����2¢s��7K��7�:� 43�6�7B_Î¹4�?@ 21�sÎ�t¹4�
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�7� 10����7K 7�D��7�V\��7F¢S¤�'^() 10����7*
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¡23LúûK 06¡24úû�?@ 05R¡23Lúûsg4úû* 

üªûËÌF¢:��KIúûJª ¢ Jªüªû (�g4úû)505L¡23Rú

ûè�= £rüªûä<506¡24 úûè�¢ £rüªûä<5úû0��ð ¤
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05L/23R 3,660*60 B-747 1-11(��) 11 �����(��	
��) 4 

05R/23L(	
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06/24 

2,752*45 

3,350*60 

MD-11 12-22(��) 

601-608(��) 

503-512(��) 

514-515(��) 
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� 3  �������	 [4] 

�� ��� ��� 

���	 
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(�) 
���� �� �� �� �� 

10�28 2,605*60 B767�757 
A321 
MD82�90 
ATR72 
FK50 
DH8 

1-15 
21-29 
31-39 
41-49 

15 
9 
9 
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2.2 �������� 

2.2.1 ���� 

��������	��
������������������������

 !�"#$���%& (air traffic control procedures, ATP) [5] '������()*+�

�,-.�/0���1*+��,2$�34��56��789:��;8�<*	

��=>0��?@�ABCDE�FGHI�ABCJK>0LMNOPQ 4� 
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!R�S$�JTU$�VW  (Aeronautic Information Publication Taipei Flight 

Information Region) [4] 'XY�'�������RZL� (outer marker) ([�	��


�final approach point) �������\�]��^_�[*+������,`0�
��1a*+0���,2$�bcd�������efg��� 

h<i�j)��kl�mn*	����op+qr=>0��s)tuve0�

���3w!+>0qxy z{op=>0|r�k*}~����n�������

>0�| 2���G�����n�������>0�| 3��� 
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2.2.2 ���� 

|�o���+��=0����*+�0�1����=�l>0�"# ATP '

��*+0���2$�34��561,����������*+����,/0�

��789:0�;8� 

h0�>0X� ����������������.O�����J���  

z¡¢�"#£¤:¥k*}~��=��¦�{��=vej§¨c|© 

1. *	n�0���2$	�$eª«¬[���na>0®¯ 1��� 

2. *	n�0���2$	�$eª«°���na>0®¯ 3��� 

��¦�[±#²³¨c�´µ��¶�J�·�¸N�¹4>0��¹:�){'

�=¨c�ºR�k*G���=��¦�{��lvej§¨c| 3����»�j§

ve*¼½�´µ��¶�J�·�¸N� 

2.2.3 �� 

AIP =LM0��%&� ATP =LM>0'��¾+LM'¿�|��¦���=

¨cÀ)ÁÂ��ÃÄ����¦�8HIÁÂÅ���!'¿|¨cÃÆÇ=È�� 

!§ÉÊ� AIP�ATP|jË�Ì´µ�£¤ÍÎ�ÏG��}~n��=0��JK�

eNO��Ã|ÐÑÒÃÓÔ=ÕH� 

������ 

§Ö×Y��ÐØÐÑ=ÙÚ%&�Û\ÜÝÐØÐÑ=ÙÚC%�FÞ×Y��ß

àáÙ���â�4%��	ÜÝãäå%Ñ�×Y¶æçèOÐØÐé� 

3.1 	
��� 

|Ú¬ÐØÐÑ�Û\�Ï{êÉÊ¿ëì��ÒÃÅ��eíî��ï�ßàðñ

�ÓÔ�§òmÚ¬§ÉÊ=ßàáÙ�FÞ"#��ÒÃJK�ÙÚóôÐØÐé�õ

+Ðéö4æç÷ø�ÍÎùúû=�lüý��e��ÒÃÐØ�þ��e��¶Ðé

{(lÍÎ���©���Q���	���.
Òe�����Ç��ÍÎ��Ú¬Ð

Ñ{(=ÍÎù� 

3.2 ���� 

ÐØÐÑ{(��=ÍÎ8�|�Q���ÇÍÎ�ßàÍÎ�ÒÃÍÎ����

���ôÍÎ��F��×YPQ 5{��+�<��ÐØÐÑ�ê�e���lÐØ� 
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°Ï²(¼�q��lÍÎ�%Ñ !�") SIMMOD8Ï#$�#%�e°���=
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*Ç (optional) ��=�+� !�,-ej§.��(�� 19 ô�+À�ê-e{i

.��c(�� 32 ô�+�<§ÉÊ{/0=ÐØÐÑå��1)��2��ì�lÒ

Ã�&{(ÍÎ3�q SIMMOD¯� 
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�Q���ÇÍÎG�4�QÍÎ�����ÇÍÎ�������ÍÎ��� 

1. �QÍÎ� 

ÐÑ56ÐØ�"!ÍÎ�÷ø��� !§ÍÎ�(�7�QG¶��=Ç8��

4��=9:�2;
�2;�����=<�=����`eß>�Í?� 

2. �ð��ÍÎ� 
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!ÍÎ�kl|m{i�#@�±FAÇ�e���FAA =�ð��LM¾m��

±1I�| A�B�C�DB��FG Að$�� Bð$�=CD2)*a|E+/ý��

§ÉÊHIq¯i A ð$�)FìÒÃ�»FÒÃAÇ°G� !§ÉÊm=H|�+

��&§ÉÊ=�ð������©�ð$��rð$��1ð$��PQ 6{��FG

G����1ð$�|å�<}~��c|rð$���ð$�Iµ��� 

� 6  ��	
� 

FAA 
�+!" 

}~�
�!"

3�"+ u��� �+�" 

A+3� �+�X��3� 5,700����  

B+3� 
-+�

�+�X��3� 5,700���� 
ATR�BN2A�D228�DH8�F50�
SAAB340 

C+3� ,+� ,+3� 
5,700��� 
136,000�� 

F100�A310�A320�A321�
B737�B757�MD80�MD83�
MD90 

D+3� u+� u+3� 136,000���V
A300�A330�A340�B747�
B767�B777�MD11 

 

3. ���ÇÍÎ� 

�ð��ÍÎ�=kl2)môDl�� (JP B737�A320K�) ±FAÇ(��

��<���ÇÍÎ�=kl2)3��ð��rð��1ð�=ÒÃAÇ���{(=

2$�L-����.M���|?@1N��� !§ÉÊm!OôÍÎ�DÚ�� 

(O) ßà°PÍÎ 

ßàÍÎ��Q³#$R3lðñ�ßàÚ¬l¨cS\ÚÙ#$��lÖ
�±Ö


=�l°üP¾�TÖU�ÌmÖUéµT|��ÒÃlß>�2xVWÃ²�8"#

��lR3�±XÑÚ¬#$ßàÍÎ���<�=ÍÎ��<#$ÖUÍÎ�cY#$

¶Ö
±F°PÇm¶Ö
��áTU�ZT#$ßàl�Ù� 

1. #$ßàÍÎ� 

§ÍÎ�å�kl2Ú¬ÐÑÐØ�{(=ßà� !§ÉÊmÉÊ¿ëì=Ö
±

¹�=[6��U%����Ú¬ÒÃ=ßà�ÍÎ�G�4=Ö
ðñ�4<�=Ö


���Ö
�`e�Ö
�� 

2. <�=ÍÎ� 

§ÍÎ�Ú¬¶��<�==ÍÎ� <�=23��[i\��ðlHI�»2Á

ÂÒÃ²��#]^iF_�=<�=� !§ÉÊ2<�=ÍÎ�ì`Ï¶��<�=

F_�=�#]^�<�==\��ð(�3��Ã|ÐØÐÑì)*��<�==±

#� 
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3. #$ÖUÍÎ� 

!ÍÎ�m¶��=���̀ e��<�=�Ö
�±F.O���a!�l°PÇ�

�D�á|ÖU���Qb��ÒÃ�JP©<�=®`e�Ö
°�lÖUcQ��	

âÀ`e�Ö
éT=ÖUQ���`eÀ`e�Ö
®��l�UQ�����2$À

`e�Ö
®d���
Q���Mef���À��®`e�Ö
l�UQ�L-��

05��À`e�Ö
®<�=l�UQ���gh<�=� 

!ÍÎ�3�¶ÖU=2;
����7iÇ�ðñ ([|²³��=+) ��jI

�Í?� 

(�) ÒÃ°PÍÎ 

ÒÃ°P=ÍÎ����.
`eß>ÍÎ����klÍÎ���#]^����

klmnÍÎ��#$ÒÃ��ÍÎ��	âopÍÎ��¶��0�%&ÍÎ��¶�

�0�%&��ÍÎ��>0LMÍÎ��*+qgv��óÍÎ����D����2

.
ÒÃ�{(=°PÍÎ�P`eß>�`e�����=0�%&�-.	��=�

�kl�� 

1. ��.
`eß>ÍÎ� 

2#$ßà��=	�þ�Ú¬��).
`e=ß>ÍÎ�!ÍÎ�Ú¬��2#

$��`e�8r3��=`eß>� 

2. ��klÍÎ� 

!ÍÎ�=kl2)¼���)-.�8)*¹�=��kl/0��� !§ÍÎ

�Ú¬¶��8��=��kl�!kll°PÍ?��4!kl�-.2
1��[6

ls0�!kl°t=Ö
�ÖU�Í?� 

3. �#]^����klmnÍÎ� 

 ¶�#]^8� _�<�=��l¹��<ui)��0<�=�vl��k

l����`es0w8�x �̄�#]^X8�|íxy z�<�y��y��/0�

|ÐØ!Å��§ÉÊÚ¬!ÍÎ��3�¶�#]^2¶��#$_�=��kl� 

4. #$ÒÃ��ÍÎ� 

Hz¶��2#$ÖU=ÒÃ��¹�� !2ÍÎ�{²�§ÉÊm¶��ð2¶

ÖU²lÒÃ��(�NO��y|¶��=/ø���2ÐØ4%8}�ï�¶��=

ÒÃ���!ÍÎ�[�7��2#$ÖU²ÒÃ���/ø���~ 3|}~��rð

���`e=���RJK� 

5. 	âopÍÎ� 

§ÍÎ�kl2�|��	â=op�|��µÁÂÒÃ�¼�¹�ÐØ7Ñ�§Í

Î�)3�sHz�¹�=�´7Ñ�|��	âop=����4wñ�´�Vó�

´����´����c (empirical distribution) �B�¹�7Ñ���a8"#(��
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)*\�l�´���Q���	âop�JPÁÂ	âop�Dwñ�´�c)�wñ

�´ÀX8u�ÁÂ��{:=	âop�R�![²³{�=���c� 
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� 3  �������������	� 

®)	â���0���=C��§ÉÊ)}~���G���ÁÂ�����¶�

ÞÁÂ	â���<	mÍÎ�2;�����ð(�����qÁÂ	â����Qr

�0���=C��§ÉÊm¶��=ÍÎ++�Ï=	�Ú¬¶�U¶�ð	âC��

��´ðñÍÎù�)ÐØ4%G�}�7Ñ÷ø��C��~ 4|�S��W�U=r

ð�)}~��	âop=�RJK�F��U��ð=ÍÎ�~ 4���&¹Ì�³�

!è{�=	â��C�|ÁÂ	â���r�0���� !�:|��Q�ÁÂ	â

��qr�0�����Q���2	â=*,/øof�<�:|��Q�ÁÂ	â�

�qr�0����� 
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6. ¶��0�%&ÍÎ� 

|��ÁÐØ�����2$	±¹�0�%&(�¹��ß=Å��§ÍÎ�Ú¬

¶��{��0�%&=��� �́ÐÑm±�������=¹��Hz0�%&=�
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7. ¶��0�%&�éÍÎ� 

§ÍÎ�Hz¹�0�%&���=>0¹�°�� !m¶����=0�%&±

2$	�e=7i��� 

8. >0LMÍÎ� 

 ¹�0�%&���=>0¹�°�� !2m¶0�%&��	Ú¬!ÍÎ��

kl2)�7*	�� ¹�0�%&1�ð��{(l>0LM� 

9. *+qgv��óÍÎ� 

!ÍÎ�3�*+q¶�#]^)¶��{gv=1ð��rð���ð�l��

ó�!ÍÎ�8Ã|��÷ø=±#� 

10. ����>0ÍÎ� 

!ÍÎ�3�*	����������1��¹���������¬ÒÃ{(=

>0s0� 

3.3 ��������	
� 

��2��ÒÃ{��l3��|#$3����)#${�el�ý�4����

"�	��
L-®���`e®<�=gh���0���"<�=	â�`e®��

�2$/0����{��l3������`e��<�=�g��� 

"#��)#${��l3���7#$àßÖ
���©�	��
���Ö
�

0���
�d�����
�`e�Ö
�<�=Ö
�<�=��
�g��Ö
��

 ×YP½�iPßàáÙ¡Õ¢~ 5� 

(+) �	��
©��#$l£+ôÖ
�dÖ
+Þ,j+��������2!56

¤���Í¥� 

(O) ��Ö
©�Ö
KÑcQÁÂ���FGÖ
�Ç�������kl���Ö


jI�dÖ
+Þ,j+������ 

(�) 0���
©¦�������2$lÖ
�3�2��Ö
*� 

(B) d�����
©¦���d���lÖ
�3�2��Ö
*� 

(§) `e�Ö
©�Ö
KÑcQ`e��`e�1F¨3�l©�
� 

(�) <�=Ö
©<�=|��÷ø	{gvl����Ö
KÑcQÁÂ<�=�FG

Ö
�Ç��{��#]^�8gv�ð�jI� 

(ª) <�=��
©����<�=8����)!
��� 

(«) g��Ö
©¬v�®�¹�=���|+¯ØlÖ
� 

ÖUc�þOô°tlÖ
�cQ���2�el�ý�<±���ýl¹��8�

|B�ÖU���`e�ÖU���ÖU�0�ÖU�$eÖU�`e�ÖU|g��Ö


®<�=Ö
�+`e�Ö
®º+ô`e�Ö
�1`e�Ö
®0���
�Q�
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��2.
=`eýÃÀ��ÖU�þ�	��
����Q����2L-À0�ÖU

�þ���0�©�
�cQ���22$À$eÖUc|#%Ö
®�	��
�lÖ

U�Q����2#G$e�ÖU=�Ç�������ÒÃ��°��jI���7i
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� 5  ��$�%&'()*� 

��)��=ÒÃ4%×YP½© 

��÷ø)��g���§ÉÊ"#�Q��r�0����.MÃÄ�����S

bi��8�±²�HI}�Çop��ï�F��÷ø� 

��÷ø	�ï�F��=<�=�<�=V±7Ñ8æ\V�1"#<�=�Ç�

���ð³ï���V�<�=�����8)*����¨V�<�=1´µF¨8�

<�=À�¶i��#®»\�=<�=�c��(�e��� 

2ï�F��=<�=	�s¤�<�=�e.MÃÄ�<.MÃÄ��·"#�ð

r�ï���ZT.MÃÄ	���	â=*��"#���ð��������8¸¹

�ð� z�)*2$��À2�QÍÎG8æ\V�2$`eß>���V�2$ß>�

c�2;
 (<�=º��) ��"#�»`eß>¨cï�F2$`eß>��ï��

�l<�=¼����Q¨V�l<�=¼��¹��cdV�2$`eß>m½9¾�

�¿V±l2$`eß>|M� 

���*Àkl.���FG�(d����c�Á��®�	Ìd���À���

`e®0���
���]��Sb®���*+�0���opÂÃ>0�»�)½+

����*/0������2$=��[9:����Ä�<â�®��Ö
����
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¤���Me0���"#{(=2$Åe���â|��/0���<��/0��	

}[®#%Ö
���2`e�1��ãäG�¶ÖU`e1Åe��¾�ÖU��_�

��`e1Åe��y:�<��`e1Åe��,HI}� z� 

��)��©�
Me����)*L-{��l���!��8æ\V�1"ÐÑ

ï��� Æ!�����*+����opÂÃ>0�»rÇ!����®�	��


���8È#��!����[8i�	��
â���9:��;8<É:����

Ä���������c�e#G��19¾�¹ÊË¨�������$e��¾±#

ÁÂÍÎ�{Fä��R�ÐØ4%G�}�7Ñ:�� 

������"#��Åe{(=s0�ï�����kl��|/0������

�V±<�=�<�=lV±�8æ\V�1"ÐÑ±#<�=jI�xVJK�eV

±�/0��	[Ìv��Í¥�!�Íþ��`e�ãä�1a��/0��	(d�

tv���c)/0��	�(�d�����
��Á��È#	Ìd�����`e

�ãä� 

Î	��±ÏV�=`eß>1)*+�»ß>�*Àkl.<�=�����<�

=¤��ZT.MÃÄ	�78�½+$e�¹=±²� 

3.4 ���� 

§ÐØÐÑ� Visual C++ %ÑÐ�ÑÒ�Fãäå%ÑC%P~ 6{��¶Ðé=.

�cPQ 7{��¶Ðé=��C%¡¢'�� 

���

�����	
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�����

������
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������

�����

����

����

 !"���

#$%&�'
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� 7  123456� 

�� � ������� 

	
���� 
 ( 11)  

1. ��	
�� 
� �	����� 
� �
����� 
� ����	
���� 
2. ��� �!"#$% 

&
'�� 
 ( 12)  

1. &
'(� 
� �)*(+,-�.�� 
� ����/01&
'23 
� �&
'4� 
2. 56	
��78)9 
� �:�	
;<=)9 
� �>�	
;?@�
)9 
3. &
'ABC� 

<=�� 
 ( 13-15)  

1. ��DE)9 
2. F+	
GHIJK 
� �)*(+,-�.�� (LMGHJKN$.O 14) 
� ����/01JK23 
3. F+DEPQ 
� �)*(+,-�.�� (RSDEPQN$.O 15) 
4. &
'ABIT(�,C� 

DEK�� 
 ( 16)  

1. U78VWXY56	
78)9 
� �&
'VW;&
')9 
� �DEKVW;DE)9 
� �JKZW;:�)9 
� �JK[\];^_)9 
2. DEKABIT(�,C� 

JK`a�� 
 ( 17-22) 

b�)9 
N$. ( 18c
15c19)  

1. F+JK[] 
� �)*(+,-�.�� 
2. F+&
' 
� �)*(+,-�.�� (RSDEPQN$.O 15) 
3. F+DEPQ 
� �)*(+,-�.�� (&
'(�N$.O 19) 
4. 56	
��78)9 
� �DE)9 
5. JKABdC� 

:�)9 
N$. ( 20)  

1. ���GHJK:� 
� �JKef�� 
� ��g8:�	
h:��ij 
� ����k78	
b�gl:JK 
2. JKABdC� 
3. JKm:�noVWABT(�,C� 
4. ��	
78)9 

JK`a�� 
 ( 17-22) 

^_)9 
N$. ( 21) 

1. ���^_JK 
� �JK��ef 
� ����k78	
b�gl:JK 
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� 7  123456� (7) 

�� � ������� 

 2. JKABdC� 
3. JK^_VWABT(�,C� 
4. ��	
78)9 

 

ef)9 
N$. ( 22)  

1. JKABI(� 
� �*>*pq 
� ����k78	
b�gl:JK 

>��� 
 ( 23)  

1. ras�tu>�v`WI>�	
 
� �JK���H 
� �	
��b\R<b�W 
2. ��b�)9,bE�wno 

?@�
�� 
 ( 24)  

1. ?@�
x��� 
�	
�H�� 
�Uy�z{
Ix����� 
2. ��&
')9 

������ 

§ÉÊÙÚZT=ÐØÐÑ�4ÐÑ�]����Ð��ÓÔ=Óf	�Ô��34

ÐÑ�Õ (validation)�{�ÐÑ�Õ�[2°�lÒÃ	ç½��qÁÂ��=ãäÒÃ

ÍÎ�ÐØÐÑ=áÖ��na=ó×°�µ�cQ�ÐÑØi\�Q³ÁÂDE=�

Ù�Ú��+Û�{¶�JÜ½=ÒÃJK��½×Y�eÐÑ�Õ���ÕVL=ï��

�ÕÍÎ³¥��Õ7Ñ��	�Õ=áÖ� 

4.1 ���� 

+�ÝÞ#%1#$ÒÃß��w�opÃ|àÇVLÀop��=�»�¡¢��

ÁÂ2L���áâ��ÒÃß��§ÉÊ�0�op���op�0���
����

�	âop�ãkÃ|�ÕVL�ºRä(åb`e�Ö
=���> (inter-arrival 

time)��àÇ��.
ÒÃJK� 

{�0�op��7|��ÁÂ0����r�0���=C�À��op��7|

��ÁÂ�����r�����=C�À2$��
������7|��åb���

���56Åe��=C�À	âop��7|��ÁÂ	â���r�	â��=C

�Àåb`e�Ö
=���>��7|*	��34æ`e�Ö
=���>�&§É

Ê���ÕVL�4©(+) 0�op�´À (O) ��op�´À (�) 2$��
���
��´À (B) 	âop�´À (§) åb`e�Ö
=���>�´� 
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4.2 ������ 

§ÉÊ¾�}~�G���|�ÕÏE�<�ÕÍÎ��7
�å�¾���	�D

.��:¥�0���op�´�Õ���ÍÎ³¥P½© 

(+) çF 89è 8é 24qG���� 8é 25q}~��yq=��	� 

(O) çF 89è 8éFÂ�U���êQ�Fìëµ���êQ� 

®)2$��
����� �́	âop�´�åb`e�Ö
=���>�´��

Õ���c�© 

(+) çF 89è 8é 24q (12©00ì18©00) G���=D.��ÍÎ� 

(O) çF 89è 8é 25q (12©00ì16©00) }~��=D.��ÍÎ� 

4.3 ���� 

§ÉÊ`Ï}~���G���=��ÒÃôD�e 30 ÞÐØ�mÐØ{:=íî

áÖ�ÁÂ��ÍÎ��íî×ï�ïðÐÑ=-eáÖSb�ÃáâñÁJ�� 

íî×ï�¾§ÉÊ`Ï¶ãopVL��Dy:ÐØáÖ�ÁÂ��=îó� Æ

naîóSb°�=ä�ï�� 

§ÉÊ)*=ò�óMô| 0.05�Fï�áÖNOPQ 8�Q 9�}~�G���n

a¶ã�ÕVL= P×õr)ò�óM�[¶ã�ÕVL=ÐØíî×�ÁÂíî×8ö

|°��&!��34�Õ� 

"Q 8�Q 9=áÖò��¶ã�ÕVL= P×õr)ò�óM� !2ä�²ÐØ

=íî×�ÁÂíî×8ö|°��h<��+ÛÝÊ¶VLíî×=C�÷���8/

D��VL=C�qr�PQ 10{�� 

� 8  ���89:;<'= 

:�|} >�|} 
:�noW
no�� 

<=|} 
DEKtu 
���h 

DE��
��

 

~�� ��� ~�� ���~�����~�����~����� ~�� ���

�! 25.12 11.64 25.91 22.26 5.43 2.97 13.76 11.22 4.21 4.01 6.41 1.91

�� 22.30 12.33 26.74 24.43 4.68 2.46 13.59 11.51 4.20 5.59 6.60 2.45

P� 0.21 0.86 0.11 0.94 0.99 0.65 

�� 
�� 

0.05 

� 1�-kA���I�O��	
k��DEKIDE��� 
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� 9  �������	
�� 

:�|} >�|} 
:�noW
no�� 

<=|} 
DEKtu 
���h 

DE��
��

 

~�� ��� ~�� ���~�����~�����~����� ~�� ���

�! 19.9 8.79 22.71 18.84 1.18 0.99 11.31 8.75 5.67 5.57 7.9 1.22

�� 20.06 11.81 19.21 17.48 1.03 0.98 11.05 9.48 6.45 5.16 7.37 2.35

P� 0.95 0.43 0.52 0.92 0.57 0.73 

�� 
�� 

0.05 

� 1�-kA���I�O��	
k��DEKIDE��� 

� 10  ����������������� 

 :�|} >�|} 
:�noW 
no�� 

<=|} 
DEK 
tu�� 
�h 

DE��

��I�� 

	
���
�c&
' 
��cDE 
K��cJ 
K`a�� 

	
���
�c&
'
��cDE
K��cJ
K`a��

	
���
�c&
' 
��cDE 
K��cJ 
K`a�� 

	
����
c&
'��

DEK 
�� 

DEK��

��
� 12.65� −3.10� 16.03� 1.25� 0.24� −2.88� 

w�
� −0.80� 18.22� 14.56� 2.35� −12.09� 7.19� 

� 1������ � (�!���)���� 

 

FGn��=	âop=C�÷��2 5� �½�Q���÷øÐé�<�=Ðé=
ÐØáÖ°�øùÀ<`e�åb���>�`e���}~��=C�÷��2 5� =
ì�<G���=C�qr�!·")G���=`e�ß>iq )*� !��ÁÂ

`eß>8��ÐØV±=ß>¹�� <úT`e��i{C��<}~��=`eß

>q|�E� !ÐØ×�ÁÂ×°�þvÀ®)0�op���op�0���
��

���c�DqrlC�� 

"²³=��8¥���÷øÐé�<�=Ðé=ÐØ.�°�øùÀ<`e�Ðé

2`eß>q )*��FÐØáÖq¹M��Q�2)*`eß>=ÓÔûiüý#

�À®)��0��op��=fC� ��÷øÐé�<�=Ðé{÷ølfCþ��

 !8â�FfCå�³�)���OÐé�&�³8Ï���OÐé�e�+Ûlü

ý� 
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§Öå�`ÏG���níe��¹�ÒÃ7Ñ��}~��D�ÒÃ7Ñ��e�

�jI�{�¶ã�{õ�JÜîÐØ 30Þ�ÐØ¾2 CPU| AMD 1.2G=ô¦��-

e�ÐØ+Þ�82 5��ìZT� 

5.1 ������ 

��jI���;  zl¡¢��4¶��ðIµ����Å��$���ÃÄ�

��ãä=R3���½Û\`ÏG����e��jI�{�FÞmÐØáÖ� FAA

{�l��jIQ�+�q��	Ì�}~����jI�e�q� 

(+) G��� 

��k*G���{��=�ð�1ð��rð�=�J� 70©30�<k*G��

���in	íe����D	
=��ÃÄû�ö�E+��=7Ñ�F0���=v

eÃÄ¨c¾����*	>0| 3���0���*	>0X| 3��� 

`ÏG���k*��ÒÃ7Ñ�e��jI�{�§ÉÊÛ\�3©�pk*�ð

Iµ��0�����| 50©50���	ç+�w�!R���3ó�ÒIJÜ��

4¨�QÒI���ä(¨�Q= 100��200��300� � 400� �B�JÜ����)¹
��QÒI½�G�����E���2L�Þó�opJK� 

2�Q3�7
�·"#k*�Q���
���RJK�����s (inter-arrival 

time) 7Ñ÷ø�Q����s,Hz}� z�[æ+��÷ø��|*+��÷ø�

�(²+���s��êä(�QÒI��s�»íî���s�<íîõE���=÷

ø�Þósä(�¶ä���=�QZT	�s�eÐØ��káÖ�õ 5��|+E�

�
ä�2L�Þó������ 12ôE��
 (1��) 2L�Þ�¼�")ÐØ=��

ãäÔ���� !��i+
���� (warmup period)��ãäiÂÃ��b��Å

ñ (steady-state)�{�ÍÎ��)ãä��=	78�� [6]�±#¶�¹��QÒI�2

L�Þó�opJK�NOPQ 11�~ 7�~ 8� 

�ÒIp�ä(�FE���2L�Þó}=ä(��ä(����x¯�<ÒIä

�) 300� =	�2LÞóT�56������ 72 �Þ���� !8âÇ!ó×|

[���jI�!R��ÒIä(�op��X}=ä(�<��jI=�7in��+

|²³=[���jI�[E���ì»��(y½���{�¸¹=�r2L�ÞóÀ

º+�¾V28��=op	ç½���)õE���ì{����2L=�róI�+

�<��8��op¨c� 4�� [7]���!¨c Æ�8â:F��jI|{ÏÈ=Ò

Iä�Ü) 100� ® 200��F8��op½��jI�| 60�Þ���� 
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������ ATP � 

!"#$�%	&'�(#)*�+,-(*�!.$���,./�0"��1 2�2#

3 �23(#)*�+,-)*�!.$���,./�0"41 1.5 �23"�/�1

5��678�,.�'9 2�2!0"� 

:;<=>?@ABC�DE&BC���FGH&BC! 100�#200�#300�

I 400� JKLMN�OP
�+�����Q:BC��R�����
�STUVW
XYZ[I\]M^�_` 9ab�c��	
�������U�STUVWXYZ[

d��GHeGH�c��Gfg+h 300� !.�WXZ[ijk+�lmn�o 80
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YZpqU�r1���
����` 10 st��GH�\]UVud!GH�v 4

�2��w\]&'R�xyz!��Gf+ 100�� � 200� {|�exa
���o 70

YZpqU�}r�~v������/	���GH�e��	
���������

���,
�������!��� 

� 12  �������	
�������� (������)  

��������	 0� 100� 200� 300� 400� 


�������� 20 45 70 77 80 
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