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ABSTRACT 
 

The display industry, particularly TFT-LCD, is one of the most important industries in 
Taiwan. The backlight unit (BLU) of TFT-LCD has long been considered the technical 
bottleneck in the development of large size displays. In order to overcome the limitation on 
size, Carbon Nano-tube (CNT) has been used for the production of the backlight unit (BLU) 
of the display. However, the present stage of CNT-BLU production is still under 
development, so the manufacturing of CNT-BLU is in the batch type job-shop manner. The 
objective of this research is to propose a method for job scheduling for the production of 
CNT-BLU under the current job-shop circumstance.  

This study suggests a method considering multiple performance criteria. This method 
employs analytical hierarchy process (AHP) to identify and weigh the key performance 
criteria. Then, simulation is applied to generate production results using the weighted 
performance criteria. Finally, AHP is again used to choose the highest scoring dispatching 
rule after the simulation. 

The experiment results show that the proposed method gives a feasible selection of 
dispatching rules with weighted performance criterion for the CNT-BLU job-shop 
production.    
 
 
Keywords����CNT-BLU, Job-Shop Scheduling, Dispatching Rules, Analytical Hierarchy 

Process, System Simulation 
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第一章 緒 論

研究背景、研究動 機 、研究目 的

第二 章 文 獻 探 討

�������製 程 介 紹 、派 工 法 則 、層

級 程 序 分 析 法 、模 擬

第四 章 實 例 驗 證

對 實 驗 案 例 做 研究方 法 的 驗 證

第三 章 研 究 方 法

以 訪 談 找 出 衡 量 的 績 效 指 標

模 擬 進 行 派 工 法 則 實 驗 以 收 集 資 料

使 用 層級 程 序 分 析 法 做 出 決 策 建 議

第五 章 結 論 與 建 議

做 出 結 論 與 未 來 的 建 議
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� �° Ç � � bø oèA&EV`9" �� w l¬)� N 3�© � ¢ £

� ¤ H ¥ a	 n �� � 3,l� ¦�ö v # º ) � � V 

 

2.1 ( ) * + � , �-( ) * + � , �-( ) * + � , �-( ) * + � , �-  

2.1.1 - . / 0 1 2 3- . / 0 1 2 3- . / 0 1 2 3- . / 0 1 2 3  

6 � Ôñ � � ? �" ¬ � ? �3� ' LCD � Z Í ¨ ¹ 2 34 6� Ý

� ) " ¬� ? =� � � Ô � � 3b �Fè&)v w yj�* LCD � ? �

� Ø ��(Back Light Unit, BLU)) � � V M t:� LCD � Ø �� �  � Ø

� ) ã ä3 B C l¬�ñ Ø � � 	 ,� | � � )Ø �e3 ¼ � :� � 3e

LCD Ø � � 	 )� ! � Ô � � 6 } " � � � =3�� � � [ �*� ! �

�3,Ø � � 	 �¬¼ # s � � � ? �Å � � � )jñ�   	 3@ 9*=

Å � 	  ³ 3�. � !j ) , ¼ L * } " ¡ � ¢ % � � 3@ å� Ã Z

ó ô LCD � Ø ��Z " ­ £ V� i� �� � � �� ITISä ¤ � � � ? 3

, � z � ? Í ¨ 30É LCD � Ì ³ 3  BLU ¥ � Z " í ¦   à Z" � È

Z3�jg³ ×Þ � Ì� § ¨ Ô e© ¨ 3 � Z LCD TV J � Ä Å õ À 


Åj� ª « V 

7 � zLCD � Ø �� � ? Í & M Cold Cathode Fluorescent tube (CCFL)

 Í ¬ 3Ã ·­ LCD � ? � � ½ � Ý � E )3e #  ) l�]3�& {

| ® ¯ '° +��· ± 3¾� ² '­+ ³ 
 1 � � ´ p è&)* CCFL)

E Ø · � ��� ¬� µ ¶ h  · 
 � 33M t � & L: ü ¹ � ¸ ¹ 3� z

� º � � � ¿ �¹ » 3 � � � ¼�)½ ¬ » 332006 P � � � ) CCFL×

f a6 � � ô Ñ � � V 

 # s :� � Ø � � !¬t� Ý � � ? �) ¾ A3e ® ¯ � � � !�

? E � ñ � � ? � !3 � ¬ ° Z " y ± 	 ÒÓ �% ¿ �À � !3 � h Q �

j N �­ Á '+ ° ³ 
 + f � µ ¶ ) Â Ã � !� ° ¾ � ² ' 1 � e)� Î

ñ � � Ø Ì3×*� Ý � � Ø ��)�º × V�j� � � � ? E � � Ø Ì3



 7 

,ñ � 
 ?  � Ø E � � Ä3Ø � þ 'H Å ñ ® 3 Æ   « ¬t� � § � ?

�[21]V 

 

2.1.2 ( ) * + � , �-( ) * + � , �-( ) * + � , �-( ) * + � , �- . /. /. /. /  

Lt ó ô � ? �¹ � ed 3� z F �� �� 6 CNT-BLU Ç �r J )

� Í � !3  È � C � � x 8)
 l 3»¼ l � É ×*Z " )j� Ê Ë V

l¬ CNT-BLU Ã 4 � Ì % x ï :� LCD � ? � ¹ � yÍ Î �Ï 3»¼ p

� Ð $ lj Å � ? � CNT-FED ) E )3ev t CNT-BLU � � f¾ 2. 1 

CNT-BLU � �  ? V 

 

 

¾ 2. 1 CNT-BLU � �  

Ñ � � ¼ � �� �� 
 ð Ò 
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� i � �� 
 ð ÑITRI-ERSOÒP * )� � 3� z CNT-BLU � Ì)

� " � � ÓÔ z oÍ &[§� u j* CNT Õ � )n Ö 3� K HÓÔ CNT

) × Ø +� Ù �Ú Z CNT Û Ü 6 Ý ¯ Z Õ � ú ¢*Ê Ë Ì) � h 3�

K HÓÔ × CNT Õ � ,�ÌÞ Ó 6ß à � Ì=¹× CNT ) � á Ð 2E

� â ã �ä Ë Ú ZU º ´u £[*å Ë Ì) � h 3�K H*× æ n ç Ø Û

� ¬ÒÓ � ! è é 6 ITO�ê ë ß à � Ì=3¹6 ç Ø Ì= ì í 	 , Ú Z

� ÌV u È[*î ï � h 36 å Ë Ì� Ê Ë Ìy¬ Ô V ¿ ¬¯ ð �3,ß

à ñ î ¯ ¹ ò ° �j¬ ó )% ¿ ' ú z [*î ï 2 3�e" )ô \ ´6

� Á Â & A L Á '® õ � � 	 ö ô V 

  e6bc [§�) * + ', u ¢[) Ê Ë Ì� �  F­3 ,F & �

� Ê Ë Ì) � Ã �¹ � � L CNT-BLU) � Ã �ë ÷ )� ø V6� · # º

�© 8 µ ¶ m Q:Á Â ) CNT-BLU Ê Ë Ì� Ã � �*ù t� � �)�¹

��3 ,6� � �) Ê Ë Ì�¹ 	# s ×L CNT-BLU) � Ã � ² D V 

ev t CNT-BLU) � j[yy z � � 3 ú I ï û ü £V 

 

2.2 0 
1 ��2 /0 
1 ��2 /0 
1 ��2 /0 
1 ��2 /  

    � i Jones[40] L� � )¿ ª *é ý Ã þ Ú 6 ¯ �)]¬ ï r Z3e

H � � � ­bc þ Ú )� !ëVStevenson[51]�$ �� ^ �6��l¬ 

� ¿ � � )]� +ã Ö � ã � ,-: K Ï � )]� ö v V  � )6t��

� � � y¬ � m l Æ Ä W 3 Ó� 5: � + ã Ö 3�ã � )��� ¬´,

- � � 1 
 ]¬+� 	 3�Ô � ]¬F2ÐV 

v t� � � � )E �3Conway[34]P Q 5¡ )̀ a3é­j � � À y <

¦ 
 ¤ �& �   ¿ ]39 Q :5 � )� � � � ëVe� i 
 � � [7]×� �

� � � ï � �p � - � � Î & H z ��1.:j � �(Single-Machine)+2.

ñ ¦� �(Parallel-Machine)+3.̈ � Î � � (Flow-Shop)+4.� � Î � �

(Job-Shop)+5.> · � � � (Open-Shop)V 

 �,�� ��¹ *2 � �) h � 3­�&ñ�Ô+p Ç � )¹ 2 �

Ù Ú ]39� ¬bñ� ��¹ V�� ��¹ ù t¬ � e(intermittent)� � ´

e� h  2 � À �j� ljo]3� jo L �Ã /)� � &î[51]V� � �

� � ) Ô � � �Q )� � _ � Stevenson[51]$ �¢�1.f ` ×� h Ê �

H | ­� h �� ´2.� h & � ¬ ` ñÔ � 
 ¤ V 
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� � ��� � � *� � � � Fjk Ð)��3� * ù t NP-Completebj

� Î ) � � [48][54]3F�) O P l3î m F 0 x )]¬* + ' � � p * +

'3 � Uî x �� �� � � � y M ¸ 'Vî x � � ��� � � )� !Í &

Ó� ,l£�[38]�  

1.� � a�(dispatching rule) 

2.F 0 x � a(optimization method)  

3.� / x � a(approximation methods)  

 � � ' F 0 x a� � / x a)îx �³æ 0 3 4 *X � Ø * + { 5

]3¹ Ã !� % � � a�)l¬´ �+ ; t©¦t\ f � � Vå� ^ Z 

" # � M � % � � a�) � )V  

 

2.2.1 4 5 � 64 5 � 64 5 � 64 5 � 6  

     � ) � � a�9*� H � � % l ­ �� � �¤ ) h � 3 ' �` 

bc h � � º Q � % l F­¼ � ¦ h � )� ![39]V 
 � � [7] 7 p � j[

) ¸ � � � � a�*×� � ) � � Ð´  : � y�¤ � � 3 � � )   ¡

* M � o � �o� < ¦3�o� À yo h � & 6 ` ] � Ô � ¹ Ã < % �

�3e F  ® �! " � � �« ­y� � a�¼ o�   ¿ yV 

    � � a�)�A* ; t # x �©¦ { ä 6 Ê Ë 23åeî x � � ��

�  �³ 5 )]¬ö ­23 , � � a� � � � = > � ¬t� � ��¹ )

� � � � =[6][20][39]V 

v t � � a�)��# º 3æ = � )* Panwalkar and Iskander[34]n �Q

·i ¢G P ¼ ) 100 È ñ� � a�¹Ô ,H�V 

    � � a� � ' G H 9 Ô3 4 * Ø � �� � � ) � � a�X � $ % ¿

(ñ3
 � � [7]L 16ñ� � a�6Ã /� � � 2+� �l¬ & - ê « ' (

åð�¯ l3 " l¬ ` ñ� � a�P Q N ü ^ _ 3 ) * ñ [2]¬ 7ñ° Ç �

�gæ 13ñØ ¬)� � a�6Ã /+ P l)¾:V� · , x -[5]n � � �

.+Stevenson 1 �Û)# º 3× Ø U) � � a� º Q f¾ 2. 1) 12ñV 
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¾ 2. 1 Ø U � � a� 

a� ] /  T ª  Î � 

1.% � % Ù Ú  FCFS F 0 � )� h % ; � 1 &  

2.F 2 ; �]¬ SPT ; �]¬F 2 )% ; � 1 &  

3.Fë; �]¬ LPT ; �]¬à CFë)% ; � 1 &  

4.F 0 � « }  EDD � h � « } F 0 )% ; � 1 &  

5.F2 3 È � h ]¬ LWR 
� j� h 3 ly»r Z � h ]¬

à CF2)� % ; � 
1 &  

6.F2 h � p  FOR 
 � ; �h � . � ) à CF� )

% 	 
1 &  

7.4 ](5 · ]¬) ST 
6 � « }  3 ]¬7  � ; �]

¬F2)% ; � 
� &  

8.4 ]/ 3 » r Z]¬ S/RW 
4 ]4 , 3 yh � p � )g &

F2)% ; � 
� &  

9.v w g &  CR 
6 � « }  3 ]¬4 ,r Z� h

 �]¬3F2)� % ; � 
� &  

10.� 8 v 9 PCO v 9F 0 ) � 8 % ; � 1 &  

11.Þ � º ×  RS Þ � º × 3 º �)� % ; � � &  

12.Ý ¯ �  " ¬ø ñ,=)� � a�  

� � ¼ � � , x -[5] 

 

bc Ø ¬) � � a�6© 8 l¬=3& º × l¬ : jñ3��Å &¿ �

) � ��îe ¿ 3eHaupt[36]9× � � a�)l¬� � =� $H È � �� 

(1) � Ô � ]¬(process time)�v ) � � a��f SPT(Shortest Process 

Time)F 2 ; �]¬a�V 

(2) � ê « (due date)�v ) � � a��f EDD(Earliest Due Date)F 0 � «

} a�V 
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(3) � Ô � ]¬- ê « f v ) � � a��f FCFS(First Come First Served)

% � % Ù Ú a�V 

(4) ø o� ø o,==� � � a�y�̄ V 

 

6�" �� º Ä Ø U { ; t: ? l¬) � � a�¼ 	©f 3� # º �

Q FCFS+EDD+SPT+LPT+PCOb z ñ� � a�3l¬F = æ ; tjk

: ?  l¬3 ," �� º bc a�¼ 	 CNT-BLUy: ? � � a�)©

f ô \ V 

e6 � � a�)�� ° ¿ =3�&�Æ Ç ) � � � � a� � ¦ T \ )

� h 3lj2s�9 Æ Ç �¹ � �)� � 	jo � � V 

 

2.2.2 7 8 9 :7 8 9 :7 8 9 :7 8 9 :    

    � � � � *; ¼ Æ Ç �� � a36 &î� � )¾: " Ê)jñ° Ü

� � V6·i )jc ���3��Û9× Ø ¬) � �� � h 5n �3

Stevenson[51]$ Ø ¬) � �Æ Ç � � �l º (ñ� 

(1)ñ ® ¨ � ]¬ÑMean Flow TimeÒ�̈ � ]¬*� jo� h 6�¹ /À

ï � < )]¬ÑÓÔ 1 9 Ô � ]¬Ò3e �� À ¨ � ]¬)ñ ® �3

� =  ñ ® ¨ � ]¬V� � � )6t7 � 6 � 2 6�¹ � =) � < ]

¬V 

(2)ñ ® Ì > ]¬ÑMean TardinessÒ�� jo� h )r Z]¬ ? Q  � «

} )]¬Ve �� À Ì > ]¬)ñ ® �3�=  ñ ® Ì > ]¬V�

� ) � � *« @  �� h )ñ ® Ì > ]¬ A 2A � V·Ô) Ì > ]¬

 Ã Z)B 5 Ë � 3 C D � $ � E �h F G H 3I:)̈ c V 

(3)à r � ]¬ÑTotal Completion Time�MakespanÒ�� ; �r  �� h

�]¬)à C3 � � � � * J @ à r � ]¬A 2 A � V 

(4)ñ ® � h p (ñ ® 6 � 2 p Ç 3Average work in process):6 � ï D H )

� h  6� 2 � 	 V 

ñ ® 6 � � h p =à ¨ � ]¬/à r � ]¬V 

e � ^ � [11]p ×, K Ø U)� � � � 	 n �¹Ô ,H�L à Z¾ 2. 2V 
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¾ 2. 2 Ø Uy� � � � � �  

H� Æ Ç � � 

r � ]¬ö v  

ñ ® ¨ � ]¬(Mean flowtime)  

F � ¨ � ]¬(Maximum flowtime)  

¨ � ]¬) M N p (Variance of flowtime)  

à r � ]¬(Total completion time)  

à Ô l r � ]¬(Total weighted completion time)  

à ]� (Makespan)  

�¹ O « (Cycle time)  

:o]¬¹ Ç (Throughput) 

ê « ö v  

ñ ® �N ]¬(Mean lateness)  

ñ ® 0 ê ]¬(Mean earliness)  

ñ ® Ì > ]¬(Mean tardiness)  

F � Ì > ]¬(Maximum tardiness)  

à Ì > ]¬(Total tardiness)  

à Ô l Ì > ]¬(Total weighted tardiness)  

Ì > � À p (Number of tardy jobs)  

Ì > � À g & (Proportion of tardy jobs) 

� �- � � Ñ ö v  

ñ ® � �l¬ & (Average utilization)  

ñ ® � Ö ]¬(Average setup time)  

ñ ® 6 � 2 p Ç (Average work in process)  

ñ ® 1 
 ]¬(Average wait time)  

F � 1 
 ]¬(Maximum wait time) 

» � � � ö v  
ñ ® » � � � /Àl¬ &   

» � � � /À ¿ P ]¬ 

� � ¼ � � � ^ � [11] 
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    v t�� � � a�� � � � � Q �v 93¹� �  � R ¾:)# º f

lj2s � V 

 

2.2.3 � �� �� �� � 4 5 � 64 5 � 64 5 � 64 5 � 6 � ; <� ; <� ; <� ; < = > 
 �= > 
 �= > 
 �= > 
 �  

Chang+Toshiyuki,- Robert[33]�¹ � 3750o ô \ � � 3� io�

)r Z�" ,-m Q F 0 x ) p � × 42o � � a�� ¦H1 V�" g & A

L 7o � � � SIPT(Shortest Imminent Process Time) h gæVf³ S oa�

�F� )1 £ +��FÔF0 x +�6 S � � C  � a�gæ¼ T �F0

)� " g3��a�× & � º ¬¼ » � � ¿ � � V  

6 Holthaus- Rajendran[37]�3 ô \ 5p Ô)� À 6Ã /) ê « ' (

� '+ � �l¬& � ¨ � ]¬� 2)åðl3×��̄ eZ) z o � � a

�� ¦ ô \ gæ´� z ñ� � a�fl�  

(1)PT+WINQ(Process Time + Work In Next Queue)  
(2)PT+WINQ+AT(Process Time + Work In Next Queue + Arrival Time)  
(3)PT+WINQ+SL(Process Time + Work In Next Queue + Negative Slack)  
(4)PT+WINQ+AT+SL  
(5)MCOVERT(modified COVERT) 
6� SPT+FCFS+COVERT+RR+WINQgæ�E :�z ñ� � � a

�3¹ ´ �6 7ñ� � � � � � Ä m �Ï ¾? 3Ã ·6� ¿ � �� � l�

� m � æ0 )x V 

Rajendran & Holthaus[46]ø o�Û� � ¨ � Î � � -�� � � � )�

& � Ã /À�36Ã /)�¹ Î & -� À U � 3	� � a�)gæ��3

® ³ E :�ñ� � a�36� ¿ � �� � l " �Ã V )¾:Vf� 

PT+WINQ a� " ��ô 7 Ð ñ ® ¨ � ]¬+AT-RPT a�Lt 7 � F � ¨

� ]¬-̈ � ]¬M N )� À V 


 � � [7]��> · Î � � m ·�© ©f ® ³)gæ�H¥ 3gæ 16

ñ� � a�6 7ñ� � � � l)¾:3 ® ³ E :6ñ ® ¨ � - Ì > � À g

& ) � �� � = SPT F 0 ) � � a�3F � ¨ � ]¬� ¨ � M N )� �

=, AT-RPT F� 3eMST6ñ ® Ì > ]¬�Ì > M N ]¬=¾:æ� V 

) * ñ [2], � �l¬ & +ê « ã ¿ CW h ]¬M N 3�© ¹ � 12ñ Ã

/) + P V' �, 7ñ° Ç � �gæ 16o Ø ¬)� � a�6Ã / + P l)
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¾:V6� h Ì > g & � � l3SPT¾:� � V6ñ ® Ì > ]¬=3�,

RRaF� V 

­ O á [8],P ­ê « &  � � 3,¾:æ 0 )v w g& a CRa �

Ä3Ô V £ñ�S Â E ) Q > ê g³ Ô l a(DCR)3` � �© �õ À� � a

�gL3E : ¿ ê & ¾: �  # � V 

� Ï U[26], � X �N � 	Èñ� � a�(FCFS+RS+EDD+SPT)6O

ñ° Ü � � l)�© gæ3® ³ E : RS ñ ® 0 ê ]¬=¾: 0 3SPT6 Ì

> I:p �¿ ê & �æ 0 )® ³3e EDDå 6Oñ� �� � l ¿ � ö L

Ô . )æ0 Z� 3 , EDD6n ü¾:=�æ0 ) � �¾:V 

M ,=)# º � � � E : � 3Lt� � a�)�� T \ � ¬) � a3

� � m æÔF 0 ¾:) � � a� F� ´� � � S ñ� � a�6S c � �

� � )�� ¾:O Ú ´�* A L:j�� p � �� � 3	� � a�)# � V 

bc # º �66L m Y Q 3- ¸ �� � a� " t � o� � � � lL �

r Z )¾:3 ,[ " 6� ¿ � �� � �� S c � � a�)¾:�*	�

� � a�)> E �# � V6�¢a�3zÛ9� ¿ � �� � 	� � a��

\¾:)� � 3Lt º Q ] ¯ n ü�î) � � a�)± ² � � ´�Û	�

� � a�) # s 3��6©8 � ¬z9 m ] V � � �]¬ i 	 > E V 

� z � � m Q3& ¯ R ´ �{ " ^ _ " ¬t: ? )� �39*M :

Z+ ; < ) � � a�¼ 	º × Veõ À¬¼ ° \ � � a�� R )� a39

*¾:æÔF 0 x  �Vbñ� à / ¯ �34 X �ø Aæ � )
 � � 

1. T \ � �̧ , ` " � � � è3, � m Ô p F 0 Û �)º × � a3»

B " 6Fè&)� � � � ¦ ��Ï V 

2.   ¡ = ; U Ä W M Y 3­�p o � � a� � Ä m / p Ç )� � � � �

Ï ]3 × ` Û ��¼ : f  «  V 

 ,B K � # x � å < �� è a Ý 3!× �) � �� � Å / 1 è

&3� ¸ , ` " Q % O )�îV A Lbo � � 3!" ×l èH | tÔo�

� � � 3� � ï " � õ À T � a)Ã � V�83   ¡ )Ä W M Y . � � ¬

l è) b Â 3��ô 7 �   ¡ ø ¸ )c ó V 
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2.3 3 4 5 6 7 �8 9 : ; < =3 4 5 6 7 �8 9 : ; < =3 4 5 6 7 �8 9 : ; < =3 4 5 6 7 �8 9 : ; < =  

e� / bñ�&D H Ôoåð¹	Q � ¯ eT \ )·� 39ù tÔ �

�  ¡ (Multiple Criteria Decision Making, MCDM))�� 3� i # º

[10][16][53]MCDM Í &H�£ñ: 

1.l èÔ l ��(Weighted Sum Model, WSM) 

6� � a�3 � jo � � L ����d ) l è3* M p y9 p 3e  

¡ Û e � jo � �. � l)�� f ,p g ¾:3×�� ²) � o� �.

� y p �h , � �) l è p 3` ® ,�� ö Ô i � m � jo � ²) à m

H3 ' �� � 6 Q � o � ²à m H3m H p F­) � ²9* u j� % D

Ç ) � ²V 

2.l è h § ��(Weighted Product Model, WPM) 

jWSM� / 3 F *  Ô à ) � a# Z¬ h � ) � �Ä m V 

3.¢ £ � ¤ H ¥ a(Analytic Hierarchy Process, AHP) 

Í & " ¬6Ã ý ¿ ) O P l-�Ôo° Ü � �)   ¡ � a3� L n ¤ ¥ )

T U3� ¦Á ¢ åð l è)Ä m 3F�`×� ¢ £ )åð l èÔ ,n ¯ 3

m � ) à l è�æ­) � ²� F« � ²V 

b£ñ� a�3M t AHP � ,n ¯ ¿ e� ¿ Ç )åð+e { l¬Á ¢ �

�3� l  ¡ Û�J � )/À S 3åe =  � k  l¬V � tbc åE"

�� � ¬ AHPa	 n ¯ Ôo � �� � )� N Ve { × AHPl¬t­ �

� ¹ � )# º .*p UÃ l V 

m 4 o [15]̂ �� !" Ê+� !� �+û � üð¹ � 1 ¢ £ åE3¹,

AHP � a ° Ü � ¢ £ åE3h  û � ü ¹ � n � -¹ � E )� % 
 ¤ =y

D Ç V 

Alomoush[30]� ¬ AHP6 " � � ? )j '=3l¬bñ° º a� ,A

  ¡ M m p N üÐ3 " t/À W h +j ')Ôo � ²=	 o � ')gæV

6�&�� % 
 ¤ +  ¡ o � )O P l3l¬ AHP � ,6 * + )  ¡ ·Z

�×   ¡ Û) T \ p �ÐV 

    p q r [18]A L� Ã � s ¯ x t 6­ � � � u � ¦� � H ¥ 3¹v M �

â j k -¤ ¥ µ ¶ P Q ö v v w Z� åE3 Ä m � Ã � ° º . � è&eg
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æ3¹" ¬¢ £ � ¤ H ¥ a AHP n � r w 3m � � � ° º . � -  l è¹

Lv w Z� ¡ x åð�¤ V 

e Subramaniam et al.[41][52]. P Q v t AHP6 � � a�=)��V

M bc # º � ,Qy AHP � a¬t­� � ¹ � �¬t� � a� �  � ¦

) � a3 ," ��l¬ AHP ��� N yjV 

 

2.3.1????@ A B@ A B@ A B@ A B C D �C D �C D �C D �  

    ¢ £ � ¤ H¥ aÑAnalytic Hierarchy Process3́ =  AHPÒ*jñ× ¿

eH ¥ C¿ Ç H¥ ö ® ¯ )Ô � �   ¡ H ¥ � aV 1971 P Z x h � ��

�¥ 3Thomas L. Saaty E ) Q ¼ )VAHPH ¥ a) � " æ ��� i� �

)e3C�&¿ � ) à � � 3× � � Hx z Ã /)�ZåE3 { ï åE¬

)ö | v s � ø ,- } ù v /3 { Ã / ¢ ~� ~ �¯ 3Ú ZjoÔ ¢ ~)

H ¥ ® ��Î 3F� e /ÀH ¥ r ® z ý ¿ F° ¢ Ñ � ²+d � +åE1 Ò

ö LtF­¢ Ñà � � Ò)è&el ���� ~ ¤ )�¤ � � V 

� i Saaty (1980))��3AHP « ¬tx   12ñ� Î ) � � � º × F

0 � ²+� �+  ¿ � % 
 ¤ +¹ �ò Å � ²+   ¿ �î+� � H | +þ

ô ß Q �ß � ° Ü + Æ Ç � �+/Àã ä+ ý Ã /À� ¿ +F 0 Ð+x  

� � V6�A� � 3� i � � � +� x � [22][23])��3�,lÈA�1. �

M ´ :+W h ð ; 3�� � Ä Ô p ¤ ¥ �   ¡ Û�. � )T U´2.Lt�

ø �� � � )ö v åE3 � " w V �Î �3 | ¯ ��� )3 D H �ñ Ã /

¢ � ´3. ö v � ø åE3� ·¤ ¥ �Û° Ü -p � � a� 6 �3" , N ü

) p � � ? �oåE)� % 
 ¤ ´4.× * + ) ° Ü åE3, ´ :)¢ £ �

� � :3;    ¡ Û $ C V 

 

2.3.2?@ A B C D � E F G H � I J K A?@ A B C D � E F G H � I J K A?@ A B C D � E F G H � I J K A?@ A B C D � E F G H � I J K A  

� ¬ AHP � ¦  ¡ � � ]3� i � � � + � x � [22][23]�� Í &Ó

Ô ,l£o Á Â � 

1.u j Á Â � ^ � ¢ £ � �� 

; � * + )   ¡ � � ]3� ¬¢ £ ® �Ô ,Hx 3× � � M F=¢ )   ¡

� � Hx Z  ¡ � �+   ¡ ð � �-Fl¢ )� ¦� ²3 Ú Zj¢ £ �
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�Ve� i�� E :3: �L 7ñ,=< » � ¦gæ]& E �' q V � :

g3å�� j ¢ £ ) � � Ã � ? · 7oV 

2.u ¢ Á Â ��¢ £ &E¬ l è)ä6 � 

�j Á Â � Ñ H £o[§� 

(1)̂ �ZLgæçU � S j¢ £ )&E3,=j ¢ £ S j&Eh  � �

l3 � ¦&E¬è&e)ZLgæ3gæ � ø o&E¬ö Lè&�

'3 ã ¿ -ö Lè&e)g�V 

(2)ä 6 � � ��� � ½ Ç �ZLgæçU m � �3 i � îÄ � ¢ £ &E

) l èVl¬ p �H ¥ � Ø ¬)� � � x a3+ Q � � ½ Ç

(Eigenvalue)� = �Ï ½ Ç (Priority Vector)V 

(3)j$e)ö ¿ �j$eH¥ ) � )* ö ¿ ° Ü Û6n o ° Ü ·� �3

 	 T \ ) ¯ �� 'Vi ö ¿ ° Ü Û6 � ¦ZLgæ]3L�&E¬

l è T \ )j$eO Ú 3,ý ¿  T \ ® ³*� � h V 

3.u £ Á Â � n ü¢ £ l è)ä 6 � 

� ¢ £ &E¬)l èä 6 �3`� ¦n ü¢ £ l è)ä6 VF�� � ò

Å � ²)l è3,  ¿ F � � � )F« ò Å � ²V 

6 " ¬¢ £ � ¤ H¥ a; �* + � � ]3= � £o Á Â L � ­® l¬Û

	 I D y¬36lj � � & y z ôL¢ £ � ¤ H ¥ a)[§	jo ê Å V 

" ��l¬5 AHP � � � �� � yl è� � ²   ¡ T ¿ 34 6 � � a

�) ® ³gæ=3å © 8 i \ f �� � a�3 B C x Ë h � =)ß � �

< ¦=)Z " 36%©/À� ¦©	ý �  M ¸ y; 3 ,< z)�© ©

f * B &)V 

 

2.4�������� 

2.4.1 / L < M N/ L < M N/ L < M N/ L < M N  

  Shannon[49]P Q 3�© (Simulation)9* ã ä%©� k /À)�Î �̂

��Î ©f  	)� ¤ 3*¬¼ 5x /À¦ �° Ü Ã //À) W h ¡ x V 

� � 
 [24]$ �© ��) ¿ ª *é�© ��ÓÔ 5 ø [§3j*��

^ �3j*�© VzÛ* � %©/À ^ j��3¹ f � ���)O ý e3

�Û* � h j�© �3L ^ ��� ¦© f V� Á Â �f � � �© �yO
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ý eVë¾ 2. 2   ¸ � � 

 

 

 

 

 

¾ 2. 2 �© ��)¿ ª  

� � ¼ � �� � 
 [24] 

 

    Harrell et al.[28]$ 3�© * � ï %©/Ày y z ��� ¦\ f )�

!3, ý ¿ Lt/À " � y ® ��Â Y # M ]3 & ¹ � ` ñ M Ð,-/À

f ` ` " V. i 3^ �j � �%©/À ö � / ) � � �Î 3 m · 
 � � h

)· � 35x /À) h  3 � e � m Ã /   ¡ I p l/À � h  � m ) �

�3`M � �Ûj n   ¡ I p 3,# s /À� �V 

  � � � � 1 : [14]¾? 3�© ) ¿ ª �¢�(1)�© *L%© � k �y

� ¿ ü/Ô , S � H ¥ �3× � e- | � åE v 93^ �Z � g��3

v, Å ¾%©ü/) � & :g l¬)� !V(2)�© v M � gÐ * � %©

ü/) � �3  e } ~ �v )Àä � � 3,5x � /Ày� 33` m · ^

���,� � ©8 ü/) � h V 

  ´ ed y3�© 9*^ ��%©/À� / )�Î 3� ¬ 
 � )� � �

d � ï ß V )�. � À 3 < ¦ ¹ �® ³3¬® ³ i 	/ÀH ¥ V 

 

2.4.2 / L O P Q R � S T/ L O P Q R � S T/ L O P Q R � S T/ L O P Q R � S T  

    F 0 6 1950 P ]3Z x > @ l¬
 � tË Î )�© 3 ,� % �© *

¬6 � < ¬ U =3 �å 
 � á ü)Ã \ � [��© n ü) � � Q �3

lm �© = > )� ¬6 � Ã CÙ Ú � 3  " ¬�� r w  ¾ 2. 3�  

 

¾ 2. 3 � Ã � � Ù Ú � �l¬�© Û 

U V WU V WU V WU V W  X Y WX Y WX Y WX Y W  

%!©!

/!À!

I Á ç

¸ ß Ø

�&Qè

 
© f !

&Q� é è

&Q¹ ê è

&èè·è

&·�¹ ê è
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� N � �  
� P �  


 ð¹ �  

� ¿ �  

Z   � Ã �  
¡ Ð � �  

¥ N �  

¢ £ ß à �  

¤ Ì� Ã �  
¥ Ã �  

èÎ � ¦ �  

§ ñ � ¨ ñ �  

� ß �  
É d �  

© ª �  

| � ��  

« � � � 
¸ � ¤ ²ä ¤  

å ¬ � v  

` ­ ��  

� 	 �  
® ¯ » � ���  

° ± ]  

² 9 Ù Ú �  

� ¿ � <  

� � ¼ � � ´ Y � + ³ ´ µ [28] 

 

�© Lt� Ã /À)� � � �� ¶ � �j ¿ )Z�36� � � � [14]+, x

-[5])# º �� Q3�© � Ã /À" ¬)�� Ã 8*� h �¤ +�¹ � � +

� � � ¬�H ¥ +/À # s b(o� � V 4 ¹Ã * �) � � L *� ,l

¬�© ¼ x   3 , Harrell[28]P Q z Al¬�© ) « ­] � 3fl� 

1. f³ | ^ �Zp ��Î ¾? · ·M ¸ �* f a¿ ZV 

2. /À)ö � M p Ã : ¸ 3 � �jo�jo,=V 

3. /À&l¬ � ö ­* + ) � & � �V 

4. � h ) � � � ¹ ¿ ��/ÀÏ � + P ) S � ¿ ] Â V 

5. ­l¬� ¤ ) ? � Å *è&) � Â ]V 

    M �� U�© ºët�� * + )/À3 �¾ A)� � 3Shannon[50]

r w Q lº �AV  

1.�© )�AflÈA� 

(1)� ,¬¼ ô \ �) ã ä+ã � » ¼ 1 3eÃ ¬ ] V � � l %O )©

¦V 

(2)A B K ý $ } ~ )� � +» � �¹ 2 ) ¨ � 3,-ô \ ¨ Ô ¨ Ç ) º
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× � ²V 

(3)½ � � �© )/À% O )� h -# x M p 6¾:])è&eV 

(4)�© F�Ê)jA6t3 � 6�)� Ã ö ¾ ) Â Y �3© f Q  �

&) ¿ ²V 

2.�© ) ¾ Afl£A� 

(1)�© )^ ��&¤ À ) Á Â 3å��© : � )E3� Ã Ã ¯ V 

(2)} ~ ­ � � e)� � - ³ ] { �© Q ¼ ) ® ³�]@ * - � � � )V

�© f aÄ � Ã « ­)� � � Å Æ )� �   ¡ V 

(3)�© éÇë Q ¼ )*� " ) ® ³3e � F 0 x V 

È � �© �bc ¾ A3Ã ·6� � � � ) � Ã + � �+h � ¢ £ =)

; �3�© � Ã c  jo� S )� N V6bc � � 3�© � ,P *   ¡ )

� � +�*© 8 P * jox ¼ [45]V 

 

2.4.3 / L < G H/ L < G H/ L < G H/ L < G H  

    6�© ) < ¦[§� � 3, K ¹́ �Í É) � � 3Harrell[28]×

Shannon(1975), Gordon(1978), Law and Kelton(1991)�Û)# º �3 r w Q

l º � x =) z [� 

1. ̂ ��© � � �� � �� V 

2. /À � � y } ~ +H ¥ �l¬V 

3. ̂ �O ý �¬)�Î V 

4. n � �© © f V 

5. � � # À Ð��© ® ³y Ê Ë V 

bc [§Ì Í Q �© � ¦)� " � ¤ �< . 3' �© [§.�	æ z K

)� n 3� ð �j� sN # ¸ � V 

 

2.4.4 Z P / L [ \ ] ^ AZ P / L [ \ ] ^ AZ P / L [ \ ] ^ AZ P / L [ \ ] ^ A � _ ` [ a W� _ ` [ a W� _ ` [ a W� _ ` [ a W 1 
 �1 
 �1 
 �1 
 �  

Brun & Portioli[31] 5L�À r � )� � ��À ¬)v 9�æ Ñ ý )

Ü ä3eP Q Ô Å �: /À(Multi-Agent System)3` � ¬�© n ü® ¯ C++

� d 3 ¼ �© �� ��¹ )� � V  
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� Î Ï [12]l¬�© � a A L�2�)7 Ð Ñ � Ã � 3	�¹ ¨ � )�

�3l� � )¹ Ç P Ò +Z" Ó ° V  


 � � [7]A L ¨ � Î +� � �+> · � � � � ¦� � a�)gæ�©

��3 l¬5 Arena�© n ü¼ 	�© f �3E : Ã /h � Î & +� À

� ¿ ]¬+ ê « � ²L � � a�)¾: & ¹ �� ø V  

Padberg[42]l¬�© n üMod1 ^ �Q � ,P * � ý �� ¡ x )̂ Ô

�Î ¼ 3  � ¬6t^ �jo � & �� �Î 3, � �  ¡ ÛM Ã /) ¡ x

�3 º × F 0 )� ²V  

Chan & H.K. Chan[32]l¬�© n ü SIMAN IVL£ñ� � a� SPT+

EDD+SPT*TOT(Total Process Time) � ¦�© ��3® ³H� Lñ ® ¨ � ]

¬+ñ ® Ì > � �+ñ ® P 0 r � ]¬�� � )¾:V 

Õ Ö ú [29] f �  P Q )� � � a�3�, � × �  Lgl¬�©

n ü SiMPLE++^ ��© �Î 3H� A L% � % Ù Ú FCFS-F 2 Ô � ]¬

SPT3F 0 � « } EDD-F2 5 Ø ]¬aMSTÈñ� � a�3	gæ�

�3 ® ³�© P Q y� � � a�" 6 ê « )zP l3/]x   Ô . D H

åðV 

� Ï U[26]� ¬�© n ü SimProcess Release 4.2L X � N �¹ 	Èñ

� � a�(FCFS+RS+EDD+SPT))�© ��3® ³E : EDD6n ü=�

F 0 )¾:V 

Gupta et al. [35]�� û � ü� Ã 3P Q A L� � � � � � � � ) ^ Ô »

À �© � !,^ ��Î 3 ® ³ E :� �© � !� ,��)x   Ô� � )�

� � � V 

, x -[5]� ¬�© n ü eM-plant ^ �Ó Ù 
 � Ì PCB) � � �© /

À3 A LÃ /)� � a�+} ~ Ú Û � :g+h � 8Ó� '+ ( Ý I:*

� % ; �+Ü Ç HÝ � 23S � L�© �Î )� ø Vm � EDD © Ú =�

¦ { æ 0 ) � a3� ¬6 � 2 ¼ E :} ~ Ú ,- � ¬8Ó � a } ~ Ú Þ

Ê+ ¨ Ô à ¹ Ç 3( Ý I:Þ ÔL} ~ � � Þ � Ê � )� ø 3I:Ü Ç Þ

2 1 9 ]¬ Þ 2 1 ® ³V  
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    p � ß [17],/À�© )� a^ �; t¹ " » à )� × � ¦ �Î 3H

¥ � × � �6 � 2 ) ¨ � ¦ 3¹,¹ 2 ¨ � ]¬)ñ ® á p �� � �á

p ¼ � � � � )¦ V 

    â ã ¸ [9] Ä � :j � � a�F " l S � ¿ � � � � $ � F0 y ¾

A3 � ¬5Ô ù e� � ) � aV A L:©� D Ç yÔ. � � 3×Ô . �

�� n ¯  :j� ��´,I p Ð� � y � � � Ä3v, ã ¿ �ù ey

l è3¬,¾? �ù eyè&� 'V` � ¬ eM-Plant�© n ü ^ ��© �

�3gæä � � � � a�  P � � a�y � �¾:V 

 

M ,=# º � � � Q3�© 6� � ,-­ � � ¹ � A L� � � � � a

�= � ¬) = > eV t�/À�� �y© f )< z° Ü =3� ¸ * E å

5�© )ä �� ë3b.*" ��º × �© � a h  ©f ô \ � N ) Í &

æ åV 

 

2.5 > ? @ A> ? @ A> ? @ A> ? @ A  

    r ® yz � )# º � � 3� ,# x � jk Ø ¬¼ º × � � a�)�

a æ ½ t) q �)T \ 3�� � a� ´ :4 !6 � � a��� ¸ H) O Ú

l3�� m ç è  ̧ +é eÃ   V" ��× l è) b Â m · AHPa � Ô t

� � � � � =3 �̀ ·�© © f �� � a�,m �  ¾:® ³3F�l¬

AHP) � ²º × � a A L�© ® ³º × F« � � a3¼ � ² CNT-BLU:

Á Â )   ¡ ,êë õ À ) q T \ � �)Ã � V 
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� � 	� � 	� � 	� � 	  � � � �� � � �� � � �� � � �  
" � sx $ # º � �  r w ) ® M 3� ¬ AHP x   :Á Â CNT-BLU

� � ��� ÔoÆ Ç � � � � ) � � ¹ � v�n ¯ �� � ) l è3e�©

�*¬¼ Ä � CNT-BLU%©/Àf a� ¦© f ) ¾ ì 3 , AHP��©

� a×*" ��� a)è � V M t6zj � ¹»	 y z { í V )� � 3å

�" � & % × AHP-�© »4 î x ¸ ) K H	̧ � 3¹{ t � " �� P

Q yn ¯ ° Ü � �� � ��© � a)̈ � [§V,l % 9 AHP��© ) �

¦ � ¤ 	x ¸ 3`t u £2s×" �� ^ �) ¨ � [§ ï [¸ � V 

 

3.1 B CB CB CB C / D/ D/ D/ D E F G H I J KE F G H I J KE F G H I J KE F G H I J K  

    ; � * + )� � �&¬�/À)� a Ô ,x   3eAHP6Ô � � +Ô

� �)   ¡ � � =* ä ´ ð 7 ©¬)� aVeAHP� ¦] � " =�l º y

o[§3¾3. 1 n o ¨ � ¾� 

1.ý ¿ ° Ü � �  

ñ ~ ö v � � �3v M � � )P Q +H ¥ k ¿ 3� e ý $F � )� � 3¹

= � åE) ¿ ª �H�V" �� Í &� �  + Q Ò Ú ° Ü . � )ö L l

è3,P *   ¡ Û° H I D y� � V 

2.� ø &EH ¥  

× x ï 8# º 	� � ` | ¯ �Û-  ¡ Û)T U3L � ò ) � � ° Ü &

E3 � ¦ó ô a�� Ê õ ö ,n �Q & � ø � �   ¡ )° Ü � �V 

3.̂ � ¢ £ � � 

n o ¢ £ * M � � +� �+~� �-� ² �ZVe ¢ £ )Ô � �Å ¿

ª � � )* + 'e¿ ´e � ¢ &E). � 3� i Saaty(1980)y��36

/jo ¢ £ y ï )ZLgæ° Ü &E3,Ã ? ·Oo æ �3f�� æ�

�) � ¦ZLgæ- � m æ� )j$eV { /j ¢ £ )�o ~ ¯ B C |

÷3~ ¯ ï )&E& | ö ; �3e=l¢ £ & Ú Z } ù ) ¢ £ v 9V¢ £

yñ� 7 � H r n ¢ £ �Ã r n ¢ £ 3r n ¢ £ )=l¢ £ )&EL �

ö ø )v 9´eÃ r n ¢ £ � )9�r n ¢ £ )T ù ö ` V  
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¾ 3. 1 AHP � ¦[§¨ � ¾ 

� � ¼ � � � � � + � x � [23] 

ë ì í �  t u î ï  

ð ñ � § £ ¤  

r É í �  t ò ó ô  

t ò õ ö  

� �   ¡ Å �  

÷ I v Ç ø ¯ ù ú  

� é ä _ û ü ý þ  

ö �E ��� E �

� H � � 2 � �  

� H »   ¡ C.I. � � � 

� H H.C.R.� 

C.R.�0.1 

÷ I v Ç �Ã È  r É í �  

H.C.R.�0.1 
� 

� 
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4.� âã ä� ú ¢  

6 S jo¢ £ y&E3,=j¢ £ S jo&E ° Ü � �l3� ¦&E¬

)ZLgæV� iAHP� ¬g & Ý '	 Æ Ç ZLgæçU ) Æ Ç Ý '3

L � joZLgæ� � ã ä� â3eAHP) ° Ü Ý 'T ª - ¸ � f¾3. 1 

AHP° Ü Ý ' T ª - ¸ �  ? V6 � h � â]�×ZLgæ� � 	� � 3

e { & û = y z )ú ¢ ¸ � V 

¾ 3. 1 AHP ° Ü Ý ' T ª -̧ �  

° Ü Ý ' ¿ ª  ¸ �  

1 
/ 1 è& 

(Equal Importance) 

ø gæ� ²) û º � ' N /1 è

&e 

3 
ü è& 

(Weak Importance) 

� f � T \ þ ý ü þ � � S j �

² 

5 
� è& 

(Essential Importance) 

� f � T \ þ ý æ ½ � � S j �

² 

7 

Ë è& 

(Very Strong 
Importance) 

© 8 � ? � Ø þ ý æ ½ � � S j

� ² 

9 
� Lè& 

(Absolute Importance) 

� � � �i � ¿ � L� � S j �

² 

2,4,6,,8 
ö ò Ý 'y�¬� 

(Intermediate values) 

�& � N �]V 

� � ¼ � � � � � + � x � [22] 

 

5.̂ �ZLgæçU 3 ) � � [3]  

S j ¢ £ )&E3,=j ¢ £ S j&E ° Ü � � l3� ¦&E¬)ZL

gæV!� no&E]3�� � ¦ n(n-1)/2oZLgæVZLgæ� ¤ 3

jk * � ~ �Û¤ ¥ � ¦� ü° Ü 3!" Ä m ö / ° Ü S A�' F� 3.
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Saaty6jc ¯ �y
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6.ä 6 F � � � �(eigenvalue) & � � ½ Ç (eigenvector) 

 5 # x  ^ ��Î )j$e3-�&E¬yö L l è3ZLgæçU ^

��3 i � � ¬ p �H ¥ i î m � � ½ Ç (Eigenvector) -F � � � �
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`×W ′�) � jo½ Ç �H� L " 4 ,W) � jo ½ Ç �3F�Ä  �

p �) 6 p ñ ® p 39 m � F � � � � maxλ V 
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1 2
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1 2

1
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W W W
n W W W

λ = + + +�  

 

7.j$e) ö ¿  

 5 ý $° Ü Û6ZLgæ]3" 
 Ç ¿ � z�j$e3 , B C � ¦j

$e) ö ¿ 3,�" LÃ ¯ �) ° Ü �	 � O 3êë Ã Z Ã � )  ¡ V

AHPa � ¬C.R.� ¼ Æ Ç ZLgæçU )j$e3Í &*� ¬j$e � �

(Consistency Index, C.I.)-j$eg & (Consistency Ratio, C.R.) � r V

Saaty(1980)̂ _ j$eg & (C.R.)" � &2t 1 t0.13�j$e)� 'a

*� , $ C )Vj$e � � ¿ ª fl� 

max. .
1

n
C I

n
λ −=

−
   ( maxλ  F � � � �V!C.I.� 0.1,l]3¾? z� �

Ã r J j$3 4 o � � , $ C ) 

� iDak Ridge National Laboratory�Wharton School� ¦)��3  ° Ü

Ý ' ¹ �)O � �çU 36Ã /Á p l3¹ �Ã /)C.I.�3 =  Þ �

� � (Random Index, R.I.)3 � Þ çU Á p y ¨ Ô e ¨ Ô VÁ p n- ö L

" ) Þ � � � R.I.�f¾3. 231D11Á )R.I.�9, � " 500o î m )ñ

® �312D15Á )R.I.�9, � " 100o î m )ñ ® �V 

 

¾ 3. 2 Þ � � � ¾ 

N 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

R.I. 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.48 1.56 1.57 1.59 

� � ¼ � �Saaty (1980) 

 

6ö / Á p )çU l3C.I.��R.I.�)g & 3Z j$eg & (C.R.)3

C.I.
C.R.=

R.I
3!C.R. 0.1≤ 3�j$e� 'Å » T V 4 ÅO P !C.R.2t

0.15. � $ C y�� [1][13]V 

å ¢ £ ¬)è&e¹ Ã j� 3 ,�& ö f n � ¢ £ � �* � ] ¯ j$
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e3� � ë ·j$eö ¿ a� , $ C Ü ä�Ve�h ¢ )¢ £ � �3 n
o Á ¢ )j$eö ¿  ( Consistency Ratio of the Hierarchy; C.R.H. ) ² �f

l ? � 
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h
l

l
h l

l

M
M
M M

=

=

= =





 

 � C.R.H.�n o¢ £ ® �)j$eg &  

     M �n o¢ £ )j$e � � ) à C 

     M �n o¢ £ Þ � e � � ) à CV 

! . . . 0.1C R H ≤ 3¾? n o ¢ £ � �)j$e � '� Å » T V 

9.ä 6 � ²� % � 

×� ¢ £ L " =j¢ Ã / � �)� � ½ Ç ¯ � Zj�% çU 3̀ × � j ¢

-� % çU ö h 3î m � ¯ � � ½ Ç 3i  Fl¢ � � ²LF­¢ £ � �

)� % �V 

 

6 � � r AHP) � ¦[§�3Lt AHP) ï ù �� ¤ 9� �n ü)

# x 3v t" 2s t � � )[§6u £s)�� � aL & ¬ � 3AHP*

" �� � a) Í � 3  � � � l è)+ , � ò Å � ²)º × � a= L Dv

è&+ ¾ jÃ � Ve ��© � � )� n 36t Ð $ u £sy Á Â I)�

� l è�Á Â III)   ¿ ò Å � ²�¬© 8 � � Ä m y¿ ¾ K � 3lj2s

× e �© � ¦)[§	� � V 

 

3.2 �������������������� 

< ¦�© )� ¤ � ' ´ �Í É) � ¿ 3f³ � &l�© ® ³ ] ¯ &î3

9B C Î Q ô � ��© ) � ¦[§3A LbA , x -[5]× Law and Kelton+

â � +� � � 1 Ôo�Û)# º �© y��[§ n �f¾ 3. 23 L�[

§) ¿ ª fl�  

1.$� /ÀÑSystem RealizationÒ  

$ % B C I ¿ 4 î )�� � )3 # x & � � ) � � �/À)�� 3 ¿ ª
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ã ¿ y I p �ö v M p V  

2.� � } ~ ÑData CollectionÒ  

A L w �© y/À } ~ ö v )� � 3å � � ) Ú �� � " p ×� ø �

Î ) < ¦� f �3!» � · � z ) ° Ü � ý $3� ^ �)�Î × � �

� Ô) V � 3 & � $�© �Î ß Q f �) ® ³3å�3� � } ~ )O ý

e � m G Hè&V  

3.̂ ��Î ÑModel ConstructionÒ  

� &^ �jor n )�© �Î 3 B C # x w �© /Ày� e+�Î ) ®

�+/Àï � . I p v 9) ý ¿ + � �Æ Ç y � a� 
 � �© � �) �

¢ 1 3å�^ �jo ¯ « )�Î � Ø )Ã ; V  

4.ý $�Î ÑModel ValidationÒ  

�[§) � )* ý $�Î )��e3¹ ý ¿ 
 � � �)O ý e3l�Î

" � %©) ` � Q /À) + P V�Î � ·� � )[§� ý ¿  * � � ,

Å ¾%©/À3`ã ä Ã /)\ f � ²3×  m y ® ³�%©/À 

ñ ~ )� � � ¦gæ3 T \  ^ ��Î * � �%©/Àö ] V  

5.© f ã äÑExperiments DesignÒ  

f³�© �Î �)� . I p * % ¿ { � Q)3� F � < ¦j~�" � m

x ¿ V 4 !*�Î �) I p L �Ã /) � & H | � Þ � M p 3� A L�

. I p � ¦ \ f 3¬ � · f �)�© �Î � ¦ p ñ Ã /)© f �¯ 3,

� m � S O ý )® ³V  

6.® ³H ¥ ÑOutput Data AnalysisÒ  

� ¬Àä� aL�© y ® ³ � ¦H ¥ �x � 3, ° Ü � . � ² m y �

�3¹ � i ¿ ª )� � º Q joæ� ) � ²V  

7.# À � à ÑDocumentationÒ  

×�© �Î ) 
 ã � � +�© ) ¨ � +�© � �� ¡ ö v )� � � ¦

� ü �^  3,� � ¡ l¬ÛH¥ � � # �Î V  

8.! ¦® ³ÑImplementationÒ  

� i�© �Î )< ¦® ³3M � Ô� · \ f )� ²�º Q < ¦� �æ 0

) � ²3,� ® ³" ² � �Û� ¿   ¡ V 
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�© )[§ � fz�  d ¹f á e� ¿ )� ¤ 3 îO ý ) � 	�©

� ! B C × � 	)[§ L jj	·̧ � 3 ' # f Ø Ï + $ f Ø Ú 3!j

% & ' t% ¿ [§Ã Q M ë ×l�© � h ( « ¸ ¦3Lt�" ��6 u £

2s��� a ¬)�© [§× & � �© Lgy� eex 	 # M 3 4 �©

6" 3=X *j� )V 

�© 6 u £2s)Á Â II�y þ Ú b * Ä m :©/Àf am � )© f

p i3! f �© � !)  �" ² 3�Á Â I� Á Â III) � 6Ltn o � �

a�) º Ä =*f T ª )3 ,�© � !6" �� � a) ¦ �=� ¨ * +

)ôoV 

lj2s9× AHP��© d ¯ r w Q j � [§3  P Q )� ¤ -�

a b " ��y Í &Ñ Ú  6V 

 

3.3 � � � 	� � � 	� � � 	� � � 	 
 �
 �
 �
 � � 
 � � � � �� � �� 
 � � � � �� � �� 
 � � � � �� � �� 
 � � � � �� � �  

" �� ̂ _ n ¯ CNT-BLU � � � � Æ Ç � � a�)� a3 ^ �

) � Ä ¬ AHPa× ¿ e�¿ Ç )� �åEj� 	 D H 3� M AHPa�

)[§×��Lgyv w � � ) l è­ + Q ¼ V $ =} ~ ��Lg: ? �

� � ¦�© ^ �3  � )6t,�© Å ò © 8 /À)� h 3 ¼ 	�ñ� �

a�)�¹ z ° Ü 3` | ¯ v w � �� � } ~ �&)�© © f p iVF�

`, AHPaL � � a�6v w � �� � )© f ¾:,� º Q F 0 ) � �

a�V 

    " ��� ¤ � H £� Á Â f¾ 3. 33l¬5 AHPa��© � ! ^

� � ¡ � 

 

Á Â I� � � � � yl èÄ m V� " =, � t AHPa3 � � 6tîm v w

� � � � l è3ä�v w � � � � + , + � âã ä+  ¿ � � l è

b£o[§V 

 

Á Â II��© ^ ��© f V� Á Â � ¬�© � !	� � a�© 8 �¹ z)

° Ü 3,} ~ �© © f p i Í &� )3� � � ¿ ª +�Î ^ �+

�© © f +�© p i} ~ 3. Èo[§V 
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Á Â III�F« � ²) º Ä V® - ) Á Â 7 . � AHPa3� Á Â I Ã /)*3

� Á Â m � Á Â II)© f p i3 � � ) � n b � f � � a�)

¾: + P  ö Ll è�3  em � F« � � a�V [§�£3

p iº ¾+H ¥ � â,î m o � ²y¾: l è+è&') ¯ ZV 

" 2s ¸ � ×,HÁ Â ) � �� ¦3� o Á Â 7 lHjo[§ $ % =

jo[§)x ¸ 3y z ú Ul # �Á Â  � V 

 

 

Á Â I.� �åðyl èÄ m  

 

� Á Â )� )* 5î m ��Lg3  D Ç ö v t�¹ � � y° Ç

� �åðV" Á Â y� ¤ � " =*� / AHP)[§� ¦3l¬� â j k ¹

ä 6 Q 3� �åð ¦ ) l è � 2V[§fl� 

[§j�� ¦� �åð) + , V � �� � ��� Ø ¬)� � � � 3¹L�

�Lg)Í � : � � ¦µ ¶ 3,în � r w Q v w )� �åðV 
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2. îçU y� � ½ Ç �F � � � � 

(1)Ä m � � ½ Ç (W)�º ½ Ç y�E ö h �3Ä  (` ñ ® p 3

` ® , � � Ð��m yV 
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(3)îF � � � �( maxλ )� 
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λ = + + +�  

3. j$eö ¿  

 5 ý $° Ü Û6ZLgæ]3 " 
 Ç ¿ � z�j$e3 

, B C � ¦j$e) ö ¿ 3,�" LÃ ¯ �)° Ü �	� O 3ê

ë Ã Z Ã � )   ¡ VAHPa � ¬ C.R.� ¼ Æ Ç ZLgæçU )j
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n
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�) ¨ � ��3� ,m � æ N ü)̧ � � f �V 

 

4.1 ���������������� 

4.1.1 ������������������������ 

    ��²³ A�� � � �� � � � � !(Carbon Nanotube, CNT)ö v )�

? � ÌV� z Í &� h )� ? � Ì�ø ñ�1.� � � � � Ø ��(Carbon 

Nanotube-Backlight Unit, CNT-BLU)+2.� � � � ? E � � ? �(Carbon 

Nanotube-Field Emission Display, CNT-FED)V � � � � � Ø ��(,l x =

 CNT-BLU)* 5 Ä Å ¼ t � � � ? �(Liquid Cyrstal Display, LCD)��

) � Ê Ë � � 3Z �) E Ø ¥ � Ve � � � � ? E � � ? �(,l x =  

CNT-FED) æ �� / � Î ) Ê Ë � � � (Cathode Ray Tube, CRT)3*»¼ �

" Ä Å LCD)� !3U¾ 4. 1V 

 

¾ 4. 1 CNT-BLU�Ã ¾- LCD � Ø ��Ä Å ¾ 

( � � ¼ � �� �� 
 ð ) 
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    CNT-BLU�CNT-FED)�Ã L *M å Ë Ì(Anode)� Ê Ë Ì(Cathode)

�¯ eZ3U¾ 4. 2V6 Ê Ë Ì=)*� � � � 3  � "  � Q 
 ð 9 :

å Ë Ì=) ; Ø Û 3l ; Ø Û õ E Q Á Ø ¼ VE Ø )< n Þ = Ã / ; Ø Û

) è é e� Ã /3f�CNT-BLU) å Ë Ì ; Ø Û E )Ø  æ Ø 3e

CNT-FED=) ; Ø Û � E Q £æ n Vn ü¼ ¸ 3CNT-BLU� CNT-FED)

Í &�Ã  å Ë ÌÔ = Ê Ë ÌV �, Ê Ë Ì� � æ M ¸ 3*�¹ �#

� )èAV 

 
¾ 4. 2 CNT-FED�Ã ¾ 

( � � ¼ � �� �� 
 ð ) 

 

    e CNT-BLU� CNT-FED ø ñÊ Ë Ì�¹ )��3� " =�j+� i

� ¯ h � � = I)̄ í � ¿ 3 � ¦̄ h � �  �) Ê Ë Ì) � h V¢+�

� ï K  5 # � ¹ 2 � e3 	)\ >Ç	 3b*ù t ³ ¦e)© f �¹ V

6�¹ /À� � 3� Ô � Ú � Ô �é 3 � > � À � ï �� ù )Ô � � �

� ¦Ô � ; �Ve	 2 ) � � a�*� ¬ % � % ; �(FCFS)) � � 3& ê

Q ) 	 2 �]¬=) � � 3`Ô =� o� h Ú ) Ô � � ó p Ç �� V 

å�& ? [ º × � æ @ # x 7 ; t©¦) � � a�3�*� m � j[

Á D ) � � V ' e, K ) � � a�)° º � �3 b 6Ôo � � � � =�Ô

p ¾:F0 Û�º 3&*m � ) � �� � F 0 p j � ]3�; U V   ¡ )

Ä W M ¸ Ve { ©8 =�o� � )è&' Ã j3!&º × N � Ø ¯ n ü�

�) � � a�3�� l¬ " ��) � a3�" 6 f   ¡ Ä W M Y ) O Ú l3
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m � N n ¯ e � �D Ç ) � � a�V 

 

4.1.2 � � 	 
 � � 
 �� � 	 
 � � 
 �� � 	 
 � � 
 �� � 	 
 � � 
 �  

" ��. � ¦£~) µ � 3j~¤ ¥ µ ¶ +ø ~ ¤ ¥ AHP í V µ ¶ y

� â ú ¢ Ve µ ¶ Lg � � CNT-BLU � ? � � Ì) A�� 3L� ��

£o # x �¹ + P { © 8 e ! Ç	 )� � J 	µ ¶ -� â) ú ¢ 3ä� 1.

¤ ¥ µ ¶ +2.u j~ AHP � â ú ¢ +3.u ¢~ AHP � â ú ¢ VT H� ¸ �

fl� 

1. ¤ ¥ µ ¶  

    � iyz � ^ � [11] n �)�¹ Æ Ç � �� � 3�:? )£oe 	 �

� J H� 	� M �T U) ê f 3� ·Ô � Á D £o � � J 4 5 º Ä 5 à ¨

� ]¬+ñ ® � �l & +ñ ® Ì > � À p +ñ ® Ì > ]¬bÈ. � � � �

83 7 `̂ _ Ô V jìí ö v )£. � � � � � è&'+Ü Ç � 2+I:

M ¸ 'V 

     ,� ·�~¤ ¥ ) µ ¶ . m � 5O. � � � � �1.à ¨ � ]¬+2.

ñ ® � �l & +3.ñ ® Ì > � À p +4.ñ ® Ì > ]¬+5.� � è&'+6.Ü

Ç � 2+7.I:M ¸ 'V 

2. u j~ AHP í V µ ¶ y � â ú ¢  

    x $ ¤ ¥ µ ¶  Ä m )� � � � 3 ã ä � � ¬ ø ø ZLgæ° Ü �

â3r Z� â)ã ä�3 A ê ­z� y£o � � J 	ú ¢ ) � h Vb£o

� � J 6ú ¢ )]
 3L � â � y¤ �� B ��x =) M ¸ E �Vå�

9t  ú ¢ ]9 6C D x ¸ 3, � ú ¢ y � ¦V 

    6£o � � J ú ¢ r ø �3. } � â� ¦ AHPa)H ¥ 3 m � ) ®

³ i Å ¾£o ¤ ¥ T U6�� � � � ) l è�V  

3. u ¢~ AHP í V µ ¶ y � â ú ¢  

    6 � ¦�j� â ú ¢ z3 � m � 5�© ©f ) ® ³3×bc �© m �

) z ñ� � a�(ð �� -))¾: p i� Z¾É3' �ã ä6O. � � ly

z ñ� � a�ø ø ZLgæy ° Ü � â3r Z� âã ä�3`ê ­yzú

¢ � ây£o � � J ú ¢ u ¢~)� â j k VM � � J I ï �© ß Q ¾

É3L z ñ� � a�ø ø gæ��)�¾ 3ebj~)ú ¢ � � J ¹ ´ �
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ú ¢ =)M ¸ 3- 
 � )r Z5 � â) ú ¢ V 

. } ú ¢ r Z)� â� ¦ AHPH ¥ 3| ¯   ò Å � ²º × a3� u j

~ � â)l è�	n ¯ 39r Z5� â) � h V 

 

4.2 � � � � 	 
 � � �
 � � � �� � � � 	 
 � � �
 � � � �� � � � 	 
 � � �
 � � � �� � � � 	 
 � � �
 � � � �  

Á Â I � �åðyl èÄ m  

 

[§j�� ¦� �åð) + , V 

    m · # º � �  n �ö v ) � �åð3 | ¯ h � :+ �� e3L:?

e ! Ç	 )� � J 	 E � µ ¶ 3 r w Q Æ Ç �¹ ) � �åð3È. Í &å

ð�O. ~åð3f¾ 4. 3 ? 3� i � ^ � [11]�åð) ¿ ª fl� 

 

 

¾ 4. 3 �¹ Æ Ç � � � �¾ 

 

1.r Z]¬ö v � 

> � �v t h � ¨ �  D Ç � )]¬åð3" ²³  D Ç )~åð� à

¨ � ]¬V 

� à ¨ � ]¬� 
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     jo� À  � V �¹ /À � ^ > /À36�¹ /À F 5 )� < ]

¬V Æ Ç ) � �*« @ à ]¬ Þ 2 Þ � V   

2.� � ö v � 

  F &�v t � �)l¬]¬+l¬& 1 3 L & } ù t� � ö v bo Í å

ð3" Í åðl)~åð [ � �l¬& V 

� � �l¬& � 

      � Ô � Ú � ó )l¬& yñ ® �V� �l¬ & Þ ­Þ ¯ R � �Æ Ç

)« @ V 

3.ê « ö v � 

  �I: � � )ê 	 } « 39& �Ì > - 0 ê )ö v � � V" ²³  v �

)~åð�ñ ® Ì > ]¬+Ì > � À g & V 

  (1)ñ ® Ì > ]¬� 

      �� À ) à Ì > ]¬4 , Ì > )� À p 3 m � )� ñ ® Ì > ]

¬Vñ ® Ì > ]¬Þ 2 L � �Æ Ç Þ �O � )� ø V 

  (2)Ì > � À g & � 

      Ì > )� À p ¦  �� À p )g & 3 Ì > � À )g & Þ 2Þ � V 

4.ìí &î� 

  ìí ) = I)� ¿ .L" ²³ )�¹ � �Æ Ç Ã Z� ø 3 } ù t l)

~åð�� � è&'+I:� 2+I:M ¸ 'V 

  (1)� � è&'� 

     ¯ h ä ¤ �¹ ) � � �ö Lè&)3" % ® ,; �V! � � Þ è&)

	 » % ; �r 3�L � �)Æ Ç Ã ZO � )� ø V 

  (2)I: � 2� 

     I: � Û" �% ® ,; �VLI: � Û % r Z3��² t � �Æ Ç )

D ± V 

  (3)I:)¸ ; '� 

     M ¸ )I: " � % ; �Vf³ M ¸ )I:% r Z3� ] ¯ � �Æ Ç )

« @ V 
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[§¢�AHP l è� â) ã äV 

ý ¿ Æ Ç �¹ � �)åð � ��3×�åð º  ° Ü � � V A Lm �

) Í ~åð � �ã ä� â3P * :? ) e ! � � J ú ¢ V ã ä)� âï ð

f¾ 4. 13 Í åð)Ç	 ° Ü � � yZLgæ° Ü ¾3Dt ¡ ~åðy

ZLgæ° Ü ¾./� ã ä36��Ã G � 3y z ú Uû ü jV 

 

¾ 4. 1 � âã äyÍ åðZLgæ° Ü ¾ 

	
� �  




�

	


 

� 

�

	


 

� 

�

	


 

� 

�

	


 

� 

�

�

	


 

	 

�

	


 

	 

�

	


 

	 

�

	


 

	 




�

	


 

� 

� 

� 

� 

9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 

� 

� 

� 

� 

� � � �                    ! " #  

� � � �                   $ %  

� � � �                   & '  

 ! " #                   $ %  

 ! " #                   & '  

$ %                   & '  

 

" � â ú : ? Ë þ e ! Ç	 )£o� � J Ì º 3Ì º ® ³� L n �t u

£[§� ¦åðl è)ä 6 V 

 

[§£�  ¿ �åð l èV 

" [§ AHPa)H ¥ 3lHÈo2[§3" # % L Í åð ° Ü � �

� ¦ � 6 VDt �)é r Z]¬ö v ë+é� � ö v ë+éê « ö v ë+éì

í &îë) ° Ü � � ZLgæçU 3åä 6 � afQ jH 3 ,I i  ä
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6 · � 3[ 6" [§ Ü ×bc ® ³º Q V 

1.̂ �LgçU  

  } ~ ú ¢ �)� â3×y� f ZLgæçU f¾ 4. 2V 

 

¾ 4. 2 Í åð ° Ü � � ZLgæçU  

 r Z]¬ � � ö v  ê « ö v  ìí &î 

r Z]¬ 1.000 1.738 0.441 0.394 

� � ö v  0.575 1.000 0.763 0.563 

ê « ö v  2.268 1.311 1.000 0.212 

ìí &î 2.538 1.776 4.718 1.000 

max 4.309λ =    C.I.=0.064   C.R.=0.071 

 

2.îçU y� � ½ Ç �F � � � � 

  (1)Ä m � � ½ Ç (W) 

     % � ¦ º ½ Ç y�E ö h �3Ä  (` ñ ® p V 

4

4

4

4

1 1.738 0.441 0.394 0.741

0.575 1 0.763 0.563 0.705

2.268 1.311 1 0.211 0.890

2.538 1.776 4.718 1 2.147

× × × =

× × × =

× × × =

× × × =

 

$ = ® ,� � Ð3m � � � ½ Ç 3fl J �  
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0.741
4.483

0.1620.705
0.1544.483

0.890 0.200
4.483 0.484
2.147
4.483

W

� �
� �
� � � �
� � � �
� � � �= =� � � �
� � � �
� � � �
� �
� �
� �

 

(2)6 Q W ′� 

1 1.738 0.441 0.394 0.162 0.709
0.575 1 0.763 0.563 0.154 0.672
2.268 1.311 1 0.211 0.200 0.871
2.538 1.776 4.718 1 0.484 2.004

W

� � � � � �
� �� � � �
� �� � � �′ = =
� �� � � �
� �� � � �
� �� � � �

 

(3)îF � � � �( maxλ )� 

max

1 0.709 0.672 0.871 2.004
( ) 4.309

4 0.162 0.154 0.200 0.484
λ = + + + =  

 

3.j$eö ¿  

(1)îj$e� � (C.I.)� 

      max 4.309 4
. . 0.103

1 4 1
n

C I
n

λ − −= = =
− −

 

(2)îj$eg & (C.R.)� 

   
C.I. 0.103

C.R.= 0.11 
R.I 0.9

= =  

� t 0.1� 0.15y¬�� ë ·j$eö ¿  

 

4.m � åð l è 

   m � Í åð¬ö Lè&ef¾ 4. 3� 
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¾ 4. 3 Æ Ç �¹ � �Í åð¬ö Lè&' 

Í åð r Z]¬ö v  � � ö v  ê « ö v  ìí &î 

ö Lè&' 0.162 0.154 0.200 0.484 

� �  3 4 2 1 

 

" [§ K �é r Z]¬ö v ë+é� �ö v ë+éê « ö v ë+éìí &îë~

åð¬)° Ü � � ZLgæçU 3 j$eö ¿ �~åð¬)ö Lè&e

� ´ � L º Q ¼ 3® ³f¾ 4. 4 �¾ 4. 5 ? V 

 

¾ 4. 4éê « ö v ë° Ü � � ZLgæçU  

 ñ ® Ì > ]¬ Ì > � À g &  

ñ ® Ì > ]¬ 1.000 5.24 

Ì > � À g &  0.191 1.000 

max 2.0003λ =    C.I.=0.000   C.R.=0.000 

 

¾ 4. 5 éìí &îë° Ü � � ZLgæçU  

 � � è&' Ü Ç � 2 I:M ¸ ' 

� � è&' 1.000 6.481 4.243 

Ü Ç � 2 0.154 1.000 0.189 

I:M ¸ ' 0.236 5.292 1.000 

max 3.161λ =    C.I.=0.081   C.R.=0.139 ( < 0.15) 

 

6 L n  �) ° Ü � � l è�3× Í åð ° Ü � � �~åð ° Ü � � l è

L " ö h 3 m y h § 9* � j ° Ü � � 6n o � ��) l è3 ® ³f¾

4. 6~åð à l è M  ? V 
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¾ 4. 6 �¹ � �Æ Ç åðè&'���  

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

r Z]¬ö v  0.162 à ¨ � ]¬ 0.162 3 

� �� ¬ö v  0.154 � �� ¬&  0.154 4 

ê « ö v  0.200 
ñ ® Ì > ]¬ 

Ì > � À g &  

0.168 

0.032 

2 

6 

ìí &î 0.484 

� � è&' 

I: ¸ ; ' 

Ü Ç � 2 

0.343 

0.110 

0.031 

1 

5 

7 

 

 

Á Â II �© ^ ��© f  

 

[§j���²³ )ö v � � V 

1.� � � �  

    ��²³ ) CNT-BLU� CNT-FED Ê Ë Ì� Ã Î & *ù t { ¯ h ä ¤

�¹ ) � �36� ¯ h � � ¶ N �3� = Ië« ) ¯ h ä ¤ 3 � o | & &

î�j ¿ p Ç )Z 2 ¹ Q V�83 K �å" ï K � � &î3� m 	 ô \ >

) # � � � V M t�¹ � '�]¬) � � 3`Ô = � o� h Ú ) � �p Ç

� � 3 ,f ` 6 w Ô � )Ôñ ß à 	 2 �3�¿ º × Ô � � % 
 ¤ )

� � a�3A Ç	 ] " �� � ¬�¹ � � � e�² t/À�¹ � �3�Z

 " ��²³ )� � 7 � V 

2.�© ö v � �  

(1)�¹ /À� �  

" ��²³ )�o Ô � Ú ¹ ´ � ø % e3ö v ) Ô � � ó & » ·

6 | ö � � )ô� Vh � � � � Ú ; �r �) 	 2 39 A Dljo �

� ) Ô � � ó 3� ñ 	 2 � � ��) � � 3ù t�� �)�¹ V 
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(2)Ê Ë Ì � �  

M yz)Ê Ë Ì, O �¹ � � ) 3� 4 ñÊ Ë Ì ¦ Í &)�¹ ô

o3H� * 20É CNT-BLU+20É CNT-BLU(P ß à )+4É CNT-BLU

\ >+20É CNT-FEDV �P ß à � )* ß à � Ì � ·� Q ; �3l

ß à PÐe¿ � ® õ E Ø )�³Ve\ > � )9* ï K � �  &î�	

) 	 2 V 

(3)Ô � � � )� �  

20É CNT-BLU� 20É) CNT-BLU(P ß à )) � � j � 3Ã /A

F 6 ß à � Ì*� �� · � Q ; �320É CNT-FED � � æëe { * +

' @ ö L)­V� 4ñÊ Ë Ì� Ã ¨ � H� R � flV 

 

4É CNT-BLU Ê Ë Ì� �  

�ñÊ Ë Ì ß à ¼ � �3�¬ÒÓ � × Ê Ë � 
 ¥ � Ó = i 3� ·S

T % ¿ 
 Ë Ú + 3` e CNT¬ÒÓ � Ó =3 $ =� ¦­² U ® e Ê Ë �


 ¥ � � CNT V W % Ú 3F�� ¦Ï Ð× + 3i 4 i r Z 4ÉÊ Ë Ì \

> ¨ � V 

 

 

¾ 4. 4 ÈÉ CNT-BLU Ê Ë Ì� �  

( � � ¼ � �� �� � � � ? � � �� ) 

 

20É CNT-BLU Ê Ë Ì� �  

­ 20É) ß à ¼ � 3% 4 X ß à 3$ = » ÌÓ = Ê Ë � 
 ¥ � 3×

Ö )� 
 ¥ � T Y V` Z Ø +� � Q 
 Ë ¾²3T á �ÒÌL � Ê Ë o ¼

Ó = CNT3y�×Ê Ë � 
 ¥ � � CNT U ® 6j � 3F�Ï Ð,4 4 +

3320É CNT-BLU Ê Ë Ì� Ë r ZV 
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¾ 4. 5 ¢G É CNT-BLU Ê Ë Ì� � ¾ 

( � � ¼ � �� �� � � � ? � � �� ) 

 

20É CNT-FED Ê Ë Ì� �  

20 É) CNT-FED Ê Ë Ì � � 6 u j~ Ï Ðz) � � � 20 É

CNT-BLU � � ö /3 Ã /A b 6tÒÌ¾²)Ã /Vu j~ Ï Ð�)

� � 9*ÒÓ � 
 ¢ 3  � ¬ ª � ä Ë ( ë O 
 )� Ê Ë ( ë Ê 
 ) E � [


 ):gV $ =`=Ø ª � ¦ Z Ø +� � Q ¾²3¬ \ È ] Q ½ × CNT

^ Y Q ¼ 3F� _ 4 Ø ª � ¦ U ® % Ú 3 ' �Ï Ð4 ` + 3320 É

CNT-FED Ê Ë Ìa m ,r ZV 

 

 

¾ 4. 6 ¢G É CNT-FED Ê Ë Ì� � ¾ 

( � � ¼ � �� �� � � � ? � � �� ) 
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3.�¹ &îï ð  

    H ¯ h ä ¤ ¹ Q � ï K © f � � ø ñ3 ¯ h ä ¤ �v ) 	 2  20

É CNT-BLU� 20ÉP ß à CNT-BLU3e ï K &î�� � 4É CNT-BLU

� 20É CNT-FEDVi # x 3b 4ñ 	 2 ��)�¹ &îfl¾ 4. 7 ? V

 �3jo | � 20o� h á3já� h 82]V 

 

¾ 4. 7 �¹ &îï ð  

 &î p Ç  � � ê Q ]¬ Ö a  

20É CNT-BLU(P) 30> 24á ¯ h ä ¤  

20É CNT-BLU 20> 20á ¯ h ä ¤  

20É CNT-FED 20> 20á ï K � �  

4É CNT-BLU 10> 4á ï K � �  

 

4.� Ú Ô � ]¬ 

   6� Ô � ]¬ � � 3M t: ? } ~ )� � ¹Ã b � 3e, K # º �[44]

� à £ � � & H | t´ � � � � � ] « ¬3 , º ¬æ« ¯ t: ? h � ]

¬ O Ú )£ � � & H | (Triangular Distribution)3¹ ú : ? : � � � yz p

i� h � � f 3L Ô � Ú  �)]¬ I p 	° Ü �)   ¿ V�83" ��

¹ Ã D H :  åE Ã Z) � h c c & 3e � � ã ¼ ]¬�� Ô � ]¬ ¯ �

D H V 

5.© f � À ¸ �  

   " �� l¬)�© n ü eM-plant v.4.63 5 Ó ° �© ]¹ �) �

�3 ,×�© è* (Replications)Ç 10~3¹e 10~ Replications) p i

ñ ® 	 �© )ß Q ® ³V� ~�© à . ¹ � 80> ß à (Entity)3f�è*

10 ~Ve�© � � p )¹ ��� i eM-plant ï ^ ) � p ñð(Seed)¼ ¹ �

� p V 

6.�© ) � ²�& ñ ~ )� �  

    " �� &gæ)�© � ² z ñ� � a�H� *� 

   (1) % � % ; �(FCFS)�� À ß à � ¿ ) 0 d   ¿ &Ô � ) 
 ¤ 3% � )
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� % ; �V 

   (2)F 0 � « } (EDD)�, ê « ]¬F0 � ) � % ; �3!� % 
 ¤ ö

/� % � )% ; �V 

   (3)F 2 h � ]¬(SPT)�, Ô � ]¬F 2 )� % ; �3f³� % 
 ¤ ö

/3� % � )% ; �V 

   (4)Fë h � ]¬(LPT)�, Ô � ]¬Fë)� % ; �3f³� % 
 ¤ ö

/3� % � )% ; �V 

   (5) � � � è&'(PCO)�� � v 9Þ è&) 	 2 Þ �% ; �3!/ 1 è

&� % � )% ; �V 

    & � m )�© p i�ñ ® 1 9 ]¬+à ¨ � ]¬+O « ]¬+ñ ® Ì

> ]¬+� �� ¬& +ñ ® Ì > ]¬+Ì > � À g & 3� �è&� � )

I:+I: ¸ ; -I: � 2); �+ P V 

 

 

[§¢��� ^ �V 

     ^ )�© �Î � I p ) ß V 3 B C � ·�� f ���� ý $b ø o

[§3a� ý ¿ �©  ^ )�Î �©8 /À ö � Ã & · � V 

1.�� ý $ 

  � K � Í &=èt�© �Î 3*� f© 8 /À) � h ¦ ö ] ¯ V 

: ? Ç	 ] 	 2 6� ¿ Ô � Ú ]3!z � � 	 2 $ C ; �3� & j C 1 9

Ô � ; �3 � / ) 	 2 º Ä Ô � )a� FCFSVå�" ��l¬�© n

ü eM-plant ^ ��© �Î 3.*¬ FCFS a�¼ 	�© f �3e ̂ )�

© �Î f¾ 4. 7 ? V 
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¾ 4. 7 � � �© Í &�Î ¾ 

 

­ 	 2 (Entity) ¼ � �& | A � ��)Ô � Ú i 3¾ 4. 7�) e f 1 Å ¾

ð Á ¢ b Ï Ð ; �Ñ f¾ 4. 8 ? Ve ¡ ð Á ¢ e f 2,3,4�H� Å ¾Ò

Ó ; � Ñ (¾ 4. 9)+ Ô Õ ; �Ñ (¾ 4. 10)+ Ö � ; �; �Ñ (¾ 4. 11)V 

 

1 2 

3 4 



 53

 
¾ 4. 8 Ï Ð ; � Ñ � � �Î ¾ 

 

 

¾ 4. 9 ÒÓ Ñ � � �Î ¾ 
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¾ 4. 10 Ô Õ ; � Ñ � � �Î ¾ 

 

 

¾ 4. 11 Ö � ; � Ñ � � �Î ¾ 
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� · eM-plant) EventController�) STEP � " 3j[[k ` � ñ	

2  Q : > @ � r Z® g )· � 3 ® ³ E :�© 8 � � h ¯ 3 ,6�©

�Î )¦ =*ý ¿ �© 8 /À ö ] )V 

2.�Î gæ 

" K � ×L�© ß Q ) p i�%©/À	g ï 3f³gLQ ¼ ) ® ³

�N Ã � 3a � ,� � �© �Î � Å ¾© 8 /À) " ÊV" �� � ¬: ?

� � J � i·i )�¹ � � 3 P * /]Ç= � 4ñ 	 2 80>) à ¹ Q ]

¬) p iV`��© Ç Q ) 4 i p i	gæ�ö ¿ 3f¾ 4. 8V 

 

¾ 4. 8 à ¹ Q ]¬Lï ¾ 

 © 8 p i(2]) �© p i(2]) 

1 152 154.10 

2 155 155.12 

3 151 154.00 

4 150 153.26 

 

� ¦Àä ö ¿ �% 	© 8 ¹ Q à ]¬��© p i à ]¬) M N p ö ¿ V

0 1 2 1 1 2H :    H :σ σ σ σ= ≠ 3� = $ �  0.05α =  

2
1
2
2

S
F

S
=   j � k � { }

1 2 1 2/ 2, 1, 1 / 2, 1, 1n n n nC F F F Fα α− − − −= > <�  

3,3 0.025,3,3

4.667
7.937 15.439

0.588
F F= = ≤ =� C∉  

�f a � ¿ 0H  

∴Ã " ¸ 1 2σ σ= * V )V  

$ l¼ 	à ]¬)ñ ® p ö ¿ � 0 1 2 1 1 2H :    H :µ µ µ µ= ≠  

� = $ �  0.05α = 3
1 2( 1)

1 2

1 1n n

p

x y
t

S
n n

+ −
−=

+
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j � k � { }
1 2 1 2 1 2 1 2( 1) / 2,( 1) ( 1) / 2,( 1)n n n n n n n nC t t t tα α+ − + − + − + −= > < −�  

2 2
1 1 2 2

1 2

( 1) ( 1)
1.621

2p

n S n S
S

n n
− + −= =

+ −
 

1 2( 2) 0.025,6

154.12 151.9
1.937 2.447

1
1.621

2

n nt t+ −
−= = < =  C∉  

® ³ f a� ¿ 0H 3 ,Ã " ¸ 1 2µ µ= * V )V 

�¾? 6� = $ � 0.05α = l3 f a�©�© �Î �© 8 /À¬)�N

*� =)V ,�© �Î �© 8 /À)�N ¹́ � - � V 

 

[§£��© ©f V 

�© z ñ� � a��1. % � % ; �(FCFS)�2.F 0 � « } (EDD)+3.F

2 h � ]¬(SPT)+4.Fë h � ]¬(LPT)+5.� � � è&'(PCO)36�©

�Î )¾: O Ú V 

H� LOñ� � � � � ¦ ñ ~ �H ¥ �1. à ¨ � ]¬+2. ñ ® Ì > ]

¬+3.� �� ¬ & +4.Ì > � À g & 3� � 5.è& � � )I:+6.I: ¸ ;

- 7.I: � 2y; � + P V 

�© Èñ	 2 �(1) 20 ÉP ß à CNT-BLU Ê Ë Ì330 >V(2) 20 É

CNT-BLU Ê Ë Ì320>V(3) 4É CNT-BLU \ >310>V(4) 20É CNT-FED

Ê Ë Ì320>V ñ ~ ) p i Èñ	 2 /]6�ñ� � a�) < ¦ + P 3

� ñ� � a��è* 10~3� � � � �) 1~4 . )� � ñ ~ 3H� Ä è*

10~�© )ñ ® �3e 5~7 . �H ¥  �© ¹ Q )I:® ³V ¡ ö v �

� y U¾ 4. 9V 

    �© ® ³yp i-I:+ P l ~ f¾3jo� h á 8 2]3jÕ « 5

o� h á� 
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� 4. 9 � � � � � � � 	 
 � � 
 � 

� � � �  
� � � �

�(hr) 

� � � �

�(%) 

� � � �  

� �(�) 

� � � �

� �(%) 
�  ! " #  $ % & ' #  $ % ( )  

FCFS 79.51 9.152 1.1 0.75 3*
�2�1 4�1�3�2 3�2�1 

EDD 78.09 9.145 0.1 0.125 3*
�2�1 4�3�1�2 3�2�1 

SPT 85.08 6.115 4.7 18.75 3�1�2* 4�2�3�1 3�2�1 

LPT 92.62 9.161 15.1 8.75 1����2����1����3* 1����3����2����4 2�3�1 

PCO 97.35 6.602 9.2 23.25 1�3*
�2* 2�3�4�1 1����2����3����2 

 

*+1.�  ! " # , - . / 0 1 ) 2�3 �  ! " # 1 4 5*6 �7 $ % 8 � � . 9 : ; <  

    2.$ % & ' # , - 2/ 0 1 ) 6 �$ % = > # 4 5$ % ( ) , - 2/ 0 1 ) ? �3 $ % @ A ( 5 

3.B C D E 6 �$ % F G . H I J K 5 

    4.I L , . � � M A N O 2P Q R p.41~42 S T " U V W . X O 5 

    5.	 3 Y Z ? 2�3 [ \ ] � � � � ^ � � �_ V ` a b 5 
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�� III.� � � � � � 	  


 ��� � � 
 �� � �� I � � � � � � �� II � � � � � � � �

� � �� �  ! " # � $ % & ' � � � � � � � � 	 () �* + , -

. * �/0 4. 12 � 1 � � � � � � � �* + , 02 3 4 

 

�P�P�5�2���

�A�H��� �H���H� �A� ���H���

��
��
��
� �

� �
 ¡ ¢
£

� �
� �
� �

¤ ¥
¦ �§

¨©
ª«

�
¬­ � ®
¯§

� �
� �° �£


�
� ��
���������

±�²´³¶µ·¹¸Nº�»½¼

¾5¿2À ³·¹¸�ÁN»½¼

¾5¿2À ³·¹¸�ÂN»½¼

ÃNÄ�Å2Æ·¹¸�Ç
»½¼
 

0 4. 12 � 1 � � � � � � � �* + , 0 

 

5 6 7 48 9: AHP ; < = >  

? �� I @ A �; < B C � = > /D 4. 10 E F G H I J 9�K L M

N O � � P Q R S �� II � � T U � V S �W X � � � Y Z [ \ ] ^

_ � � � D` �� a a b X c � d � e � # f �- g � h_ � � Y Z

� i X f j 4 
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D 4. 10 ^ k � � l mn o P p q r� � s t u � i X f j # v D 

���� 

�

�

�

� 

� 

�

�

� 

� 

�

�

� 

� 

	

�

� 

� 




�

�

� 

	 

	

�

� 

	 

�

�

� 

	 

�

�

� 

	 

�

�

�

� 

� 


 

(I) 

9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 

� 


 

(II) 

FCFS                  EDD 

FCFS                  SPT 

FCFS                  LPT 

FCFS                  PCO 

EDD                  SPT 

EDD                  LPT 

EDD                  PCO 

SPT                  LPT 

SPT                  PCO 

LPT                  PCO 

 

5 6 94w x i X f j ? 7 y d z {  


 5 6 > | � � ? �� I } 8 ~ 5 6 7 � �b � � | � P � � c � �

��l � � � � � D� � ' �/D 4. 11 2 3 4 
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D 4. 11h_ # v � � u � � � � � i X f j (a)~(g) 

      (a) n o P p q  

 FCFS EDD SPT LPT PCO 

FCFS 1.000 0.316 2.000 1.000 1.414 

EDD 3.162 1.000 4.000 3.873 4.899 

SPT 0.500 0.250 1.000 0.894 1.291 

LPT 1.000 0.258 1.118 1.000 4.000 

PCO 0.707 0.204 0.775 0.250 1.000 

   C.I.= 0.04  C.R.= 0.036 
 

(b) � � � � �  

 FCFS EDD SPT LPT PCO 

FCFS 1.000 1.225 3.464 0.408 3.873 

EDD 0.816 1.000 2.828 0.354 3.873 

SPT 0.289 0.354 1.000 0.224 1.225 

LPT 2.449 2.828 4.472 1.000 4.472 

PCO 0.258 0.258 0.816 0.224 1.000 

   C.I.= 0.06  C.R.= 0.054 
 

      (c) � � � � p q  

 FCFS EDD SPT LPT PCO 

FCFS 1.000 0.408 3.000 3.464 3.873 

EDD 2.449 1.000 2.449 4.583 3.464 

SPT 0.333 0.408 1.000 4.472 3.000 

LPT 0.289 0.218 0.224 1.000 0.224 

PCO 0.258 0.289 0.333 4.472 1.000 

   C.I.= 0.11  C.R.= 0.098 
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      (d) � � � � f �  

 FCFS EDD SPT LPT PCO 

FCFS 1.000 0.289 5.916 3.873 6.708 

EDD 3.464 1.000 4.472 4.899 6.708 

SPT 0.169 0.224 1.000 0.289 2.449 

LPT 0.258 0.205 3.464 1.000 5.477 

PCO 0.149 0.149 0.408 0.183 1.000 

   C.I.= 0.11  C.R.= 0.098 

 

      (e) � � c � �  

 FCFS EDD SPT LPT PCO 

FCFS 1.000 1.000 1.000 0.250 0.866 

EDD 1.000 1.000 0.333 0.250 1.000 

SPT 1.000 3.000 1.000 0.258 1.732 

LPT 4.000 4.000 3.873 1.000 4.472 

PCO 1.155 1.000 0.577 0.224 1.000 

   C.I.= 0.03  C.R.= 0.027 
 

      (f) � � �    

 FCFS EDD SPT LPT PCO 

FCFS 1.000 0.866 0.816 0.289 1.732 

EDD 1.155 1.000 1.225 0.707 1.000 

SPT 1.225 0.816 1.000 0.408 1.225 

LPT 3.464 1.414 2.449 1.000 3.464 

PCO 0.577 1.000 0.816 0.289 1.000 

   C.I.= 0.03  C.R.= 0.027 
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      (g) � � ¡ ¢  

 FCFS EDD SPT LPT PCO 

FCFS 1.000 0.500 1.414 0.333 0.258 

EDD 2.000 1.000 2.000 1.000 0.200 

SPT 0.707 0.500 1.000 0.289 0.258 

LPT 3.000 1.000 3.464 1.000 0.258 

PCO 3.873 5.000 3.873 3.873 1.000 

   C.I.= 0.05  C.R.= 0.045 

 

 

5 6 ~ 4w x * £ � + 7 y d � z { ( 

 

[ ](3)

0

0
0.162 0.154 0.200 0.484 0.0392

0
0.081

M

� �
� �
� �= =
� �
� �
� �

 

 

[ ](3)

0

0
0.162 0.154 0.200 0.484 0.2807

0
0.58

M

� �
� �
� �= =
� �
� �
� �

 

[ ](4)

0.11
0.06
0.11

0.162 0.154 0.168 0.032 0.343 0.110 0.031 0.11
0.03
0.03
0.05

       0.07815

M

� �
� �
� �
� �
� �= � �
� �
� �
� �
� �� �

=
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[ ](4)

1.12
1.12
1.12

0.162 0.154 0.168 0.032 0.343 0.110 0.031 1.12
1.12
1.12
1.12

       1.12

M

� �
� �
� �
� �
� �= � �
� �
� �
� �
� �� �

=

 

 

0.064 0.0392 0.07815 0.18135

   0.90 0.2807 1.12 2.3007

M

M

∴ = + + =

= + + =
4

( )

2
4 ( )

2

0.18135
. . . 0.079 0.1

2.3007

l

l

l

l

M
M

C R H
M M

=

=

= = = = <





 

K ¤ . . . 0.1C R H < �¥ 3 ¦ _ * £ + , � # v § $ ¨ © ( 

 

 

5 6 . 4ª ¤ �* w x c � � � � i ( 

W « ¬ ] � � � � � � ­ c « ¬  

iv « ¬ ] � � � l � � � � i � D` ­ c �i=1,2,…,9 

 

K �� III ® ' � iv « ¬ /u 2 3 4  

1 2 3 4

0.157 0.229 0.283 0.284
0.479 0.198 0.384 0.483

  0.109      0.077    0.177    0.063  
0.174 0.430 0.051 0.132
0.081 0.066 0.105 0.037

v v v v

� � � � � � � �
� � � � � � � �
� � � � � � � �
� � � � � � � �= = = =
� � � � � � � �
� � � � � � � �
� � � � � � � �� � � � � � � �
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5 6 7

0.120 0.149 0.088
0.099 0.185 0.147

  0.177    0.156    0.076  
0.495 0.386 0.190
0.109 0.124 0.499

v v v

� � � � � �
� � � � � �
� � � � � �
� � � � � �= = =
� � � � � �
� � � � � �
� � � � � �� � � � � �

 

 

K �� I 2 ® } � � � � � � ­ c « ¬ /u 4 

[ ]0.162 0.154 0.168 0.032 0.343 0.110 0.031TW =  

X « ¬ ] � � ) n � d � c � � 4 

[ ]1 2 9, ,...,X v v v W=  

0.162
0.157 0.229 0.283 0.284 0.120 0.149 0.088 0.1
0.479 0.198 0.384 0.483 0.099 0.185 0.147
0.109 0.077 0.177 0.063 0.177 0.156 0.076
0.174 0.430 0.051 0.132 0.495 0.386 0.190
0.081 0.066 0.105 0.037 0.109 0.124 0.499

� �
� �
� �
� �=
� �
� �
� �� �

54
0.168
0.032
0.343
0.110
0.031

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

0.1852
0.2581
0.1401
0.3001
0.1056

� �
� �
� �
� �=
� �
� �
� �� �

 

 

$¯>|°
]±²'����c��³��«¬´|�l � � 
 �

� 2 ® µ �� � ¦ ¶ / D 4. 12( 
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� 4. 12 � � � � � 

������������ 

� �� �� �� �  

� �� �� �� �  

� 	 
� 	 
� 	 
� 	 
  

� � 
 �� � 
 �� � 
 �� � 
 �  

� �� �� �� �  


 � � �
 � � �
 � � �
 � � �  

� 
� 
� 
� 
  

� �� �� �� �  

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

 

0.162 0.154 0.168 0.032 0.343 0.110 0.031 

� � �� � �� � �� � �  

FCFS 0.157 0.229 0.283 0.284 0.120 0.149 0.088 0.1852 

EDD 0.479 0.198 0.384 0.483 0.099 0.185 0.147 0.2581 

SPT 0.109 0.077 0.177 0.063 0.177 0.156 0.076 0.1410 

LPT 0.174 0.430 0.051 0.132 0.495 0.386 0.190 0.3001 

PCO 0.081 0.066 0.105 0.037 0.109 0.124 0.499 0.1056 

 

 

 

 



 66

4.3 ���������������� 

�� 4. 9�� � � � �	
 ��
 �� ��� � � ���� � � 

FCFS�� ��� � ��� �  ! " #$ % & ' � (�� ) � *+ ,

- . / 0 ��� 1 2* 

EDD�3 4 5 6 7#1 28 9 6 7#8 9 : ; <= 0 �� >?@ A

B C � �*�� �  ! " #$ % & ' � (�� ) � * 

SPT�� �	DE ? FCFS��$ % & ' � (�� ) � * 

LPT�F G 6 7� H #I J K L = � M � (�N O ?�� P � � FCFS

QR ST ) UV �>W*Q�� �  ! X Y $ % O Z X [ \ ] ^ �

(�_` �� O a b ! c �d� e ST fg X >W*+ �1 28 9 h

i �� j� k �* 

Q PCO l m �$ % n o & �[ \ ] p � (q� � ��� r �@ A �

(�3 4 5 6 7#I J K L = #8 9 : ; <= p s . / t u ��� 0

j� k �* 

 

v a � 0 dw �T x �y �	� 

� EDD�z{t u ST � � . / �| qg {�� ) � * 

� LPT } �z{. / t u ~ T >W�@ � �{>WO ) V � �| q

�{�� � k * 

� FCFS�� � (�� 1 2�qg {�� ) � * 

� SPT2� ST >W�@ � q�{) � * 

� PCO � q�{�� � � �qz{j� k �* 

 

� p s � � � ! � � � C � : �� O >�� �
 �� �_̀ g X

� ST � i � �� � . / �d� EDD� LPT g X �, - . / 0 � �

� O � *� ?f�X � � � � X ` � � � � 6 ! 
 � �� : �� ��

� � Z �� � *�! � � �� ���? EDD�z{t u >W2�  

¡ ¢ £ ¤ ¥ ¦ LPT�Q LPTST �z{t u >WN O ? EDD � � q
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�{O � (� �  ! " #$ % Z § " )��| �{t u (I J K L = )S

T �>Ẅ © ) UV *d� ª « ¬­ b EDD�� T < LPT ® ! � T

D* 

¯?f6 
 �° ± ² d³ ´ �� �¬� µ � �© ¶ �̈ �� ��

4. 12 � · x ¸ ¹ *º ��¦ »  �t u �: 5 ¼ �� . / t u �½

� �»  ¾ �dT x � � ¹ � ! " *© UV ���� ¿ � LPT�

 ! " ` 0.3001�Q EDD� ! " À T 0.2581�d� LPT ` � Á £

� : �� *º ¦ g N <Â��ª � �° ± ² ³ ´ �� �ÃÄ Å Æ UÇ

ÈÉ Ê CNT-BLU � Ë Ì �� S� : �� 6 �Í L Î Ï Ð � � � �Ñ

Ò�µ Ó Ô Z Õ Ö × µ Ó 6 �Ø Ù � � * 
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������������  � � � � �� � � � �� � � � �� � � � �  
 

5.1 � � ��� � ��� � ��� � ��  

    ° ± ² Ú Â CNT-BLU�½ � � : �� 6 Û ! Ü o x »  Ý Þ ?

Dß . / t u �à á �â ¦ AHP¬ST . / »  �� � ¹ �½ � �

@ � L � � ¬É Ê � � ã ä � : �� d! å æ �ç è �Ò° �Õ � ±

² ¹ é ` � ê Âë �T x � ��� � 

ì í  ° ± ² �a m AHP�� � �± ² î ï ��ð ` CNT-BLU ñ ò �

³ ó Á ô � : �� 6 �õ Ü î ï *ö

÷ í  Í L ° ± ² î ï �� UÇ �ø � CNT-BLU ù úû ü 5 £ � Á �

: �� *öö

 
 
 

 

5.2 � 	 
 � � 
 �� 	 
 � � 
 �� 	 
 � � 
 �� 	 
 � � 
 �  

    ° ± ² ý ?6 7�� � ST �þ ��À Ú Â± ü CNT-BLU�±

² ¹ é �� � : Ð � � �� ä *�� � � �Ò� � CNT-BLU ü 5 �

��@ 	 
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