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ABSTRACT 

The memory module industry is locates in the middle of the chain of memory industry, 

the processes of memory module is assemble several components with surface-mount 

technology on the print circuit board. This industry have long lead time to obtain the key 

material chip that produced from wafer fabrication factories with approximate 3 months and 

highly BOM alternative. Hence, the memory module industry must allocate the limit of 

supply to fulfill customer's demands effectively. 

Besides, the multi-site production environment has more challenges than single-site, this 

research proposed a linear program model with the constraints such as material, capacity, 

transportation, material support between production sites, and the objective of the model is 

minimize the integrated manufacturing costs and employed the model with the software 

ILOG CPLEX. Via experimentation to compare the effectiveness between the mathematical 

model and the plan method that enterprise does. And also, get the suitable range of the model. 

 

Keywords: Multi-site production plan, Mathematical Programming, Order Allocation, 

Memory Module. 
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�"¸���&�½¾¿ÀÁ¸Q 
2. ��@ 
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DRAM XN%��V�f_È��"
¿�Y��XN��Lv:
]·lµwä]·lµä�G.GµÂjsµ��Ãµ�]�:J�·l
µÄÅJÙ
Æ�_��XN��LÑ�µÇÈ�µqÓ�µ¸¼sJÙ

È�Y�Ç>XN��LÉÊ�µË�Ì~sµÞã�ô DVDÍÎsQ 
�ä�G%� XN@¥Ï"=�À=·lµ�T�µÉÊ�µ�Ç

>·â%�ôÑ�J"z^_Ð���õ+À=·l89Q¼T 2.2�Ï
Ë"üGä�G.GXNõY�·lñ£XN_�ÑQ 

 

 

T 2. 2 2006 DRAM.GXNfÒ �w¥C�IDC (2006/3Q) 
 

2.1.4 ��������� 

ä�G.G(Memory Module)Y �h��Ï¡�W�w ä�GÀ
»"�ã@äM(Surface-mount technology ;SMT)�%H� ä�GÀ»ç
è§Þß·¸i:"~H�LT 2.3��Qä�G.G%�H�('"l
ÓÁä�G¨ª�ô~`ñ£uGâ�"ue SMTþ�" ¨ª�~`u
GG¥�"�ue¹º��"K_*a+�@:�� �I_(× ä�
G.G"�unÞ�ôÔ¦�K�Ë�Q 



 

 12

 

T 2. 3ä�G.GH� 
 

2.2 �������
�  

¿yz{"�%12�á� ��=�U(��($í�wµ$íU
(µÕ¾�w)"%�¤[ �w"�%Ö�"`Ýuâµ�Ëýw ¸X
Û��"(<�� ×Ø�w"+H� �w"�C �wJJQI§w
)0 �%12�á���"Ù«ÚþL¸XY6@ �w"¸XÛ�«
=Û �wQ 

Sabriô Beamon�E¸XY12Y_á���µ`Ýôg� 6b
(methods)µ�COÛ(facilities)µ¸XÛ(supplies)µ$í(customers)µ%�
(products)Q 

���� !
"#$%�& 

'( 

SMTþ� 

)* 

+, 

-./0 
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_6fD¸XY"Erengus et al.(1999)��'¸XYÜ¸ô~÷?ø 
�%/g�12uef�G¢� 

l ¸XÛ(supplier stage) 
l �)(plant stage)  

n �vÜ¸(transformation network)  
n �v/fg�*(transformation/allocation decision)  
n ��  

l g�(distribution stage)  
n g�Ü¸(distribution network)  
n ×ö/fg�*(location/allocation decision)  
n �� 

Thierry et al.(1995) Ý_w)0 �%��""%� HI��Y�V
½N#©)0x �CQ~Þßa"(¿%� �%Yì<íî> "Ð
Lñ©#�} ÆÀ)0"IàÀ�%���cì<ñ©H�c�4Yì
<áâc�Q��w)0�%12 9B"Yb¼ãÛñ©#�}#©�
%(×/�%12�á� ¥�£gQ^ª",ñ 9B�VYV��#
©�%(×�V�% ��VW�?À�%(×/ �vVWQäì<�
} C��w�  

l ñ© #�}<#© �%(×ô~%cÕm 
l N§�%uâ ýw¶( 
l �%#©Gâ�U�wâ�V �CVW 
l �%(×/ �v./ 
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ô��Iâ�  
l %c�� 
l ����%ô�v AB/ 
l �%(×/�%��� �� 
l ����v �� 
Kerschxmer and Tournas (2003)�Ë¿Àw)0 #�" H@Ií�

�� U(��W"Ö?)0ùH<�å %c��"z��q��ô?
HI)0@/ �%��#Q³" �c;P#�x� ��Õ�"|?
#�^_CæN�KLw)0 �%12AçQ 

Sauer et al. (1998)Ý_w)0�%12"�Ë_#©)0/ �%��
fg9B"�V F><�  
1. #©�%)0@/"~�%��<è;< ñá|é>Q 

(1) A�)�HI %��c_ B�)��V Q 
(2) ñ© %��cì#©)0ìHIQ 
(3) #© �)@/uâ�v9BQ 

2. �9���V ���]Y�¿y>�w¥êîë×�w"�L� 
(1) ��sìG¥íî(¿�s %c�� 
(2) "/4U�%���  HI./ 

3. (¿)0 (<�����ü¥Q 
4. #�}�<�)"��f³ ��Ä��¥�D©ueQ 
5. (¿)0 ����@#×�>Q 
|w)0�%�� ^�K_;2f³>�� ;<\"�©.ãÛ?)
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0�%�� �-Q 
ª«"Sauerô Appelrath(2000) w)0�%�� ��9Bf_�9

(gloxl)��µ09(local)����v��(Lã 2.1) Q�9?ø �Ví£
Y%�÷À×ö(location)"�VìHI "/%�(intermediate product)@
��W(LT 2.4��)ô#OP~`)0 ©."·¸�¾ Ï>½�09
��(� Y(¿×ö)c¾îX09> ïðñâQä��b¼þ²òó.
/ æK/bcô.ôåæ¥Ur��sìG A�õöQ 
�IªW[}"·Ë09����9�� �Vue©U12"~©

U126/L}� 
1. �9ì���(Gloxl Predictive Scheduling)ûIw) !}�< U(
uefg"��À¨)0 Áw./µVWôÕ�%Ë./Q09ì�
��(Local Predictive Scheduling)c�}�9/���� ¤Â"ûI(
¿)0x�ue��Q 

2. �+09xK�6+�"cH +� ��îX§09��/��
(Local Reactive Scheduling)Q 

3. 09����HûI+� ��uex÷��"��#OP�9�� 
��c#�Vuex�QðLÂHOP§�9��¤Â"cH ¤Âî
Xø�9����Q 

4. �9����cûI+� �fuex�"�YOP§~`)0c��
?09����uex�Q 

5. �õùeb��"cx;UV 2§UV 4 

ã 2. 1�9µ09��v�� Ø.xýú31û 
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 09/�� �v�� �9/�� 

� C
(Resource) 

�ç �vüý �sìG 

%� 
(Product) 

%�Y¼vw�
�GJ 

½NF��vü
ý "/%� 

%�Y¼vw1
J��GJ  

U( 
(Order) 

x�U("Iþ
_)x%ý 

"/%� x�
U( 

«�U("Iþ
_U�%ý 

oV�� 
(Hard 

Constraint) 

1. ����< 
U( 
2. ��=�%Ö
�ô%��� 

�}åæ�� 
(üýh�µ�v
%c)"���<
U( 

1. ����<«
�U( 
2. ��=�%Ö
�ô%��� 

�>�� 
(Soft 

Constraint) 

1. ë7 �s½
N� 
2. ���T 
3. ë�+H� 
�Ç 

l.��(meet  
due dates) "Ur
�üý½N�"
U��J� 

1. ���T 
2. U���r.
/ôJ� 
3. AB�%õö 
4. ;2��J� 

 

T 2. 4�9�09 ��ú31û 
�9���}12F>���Øf_Õ�/(proactive)�îX/

(reactive) "~,Ë�ü¡Lã 2.2� 
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ã 2. 2Õ�/�îX/�� ,Ë�Ðëãú31û 

 �9 Õ�/�� �9 îX/�� 

,� 

•üGUr�"Çw^
��*fDQ 
• 09>���K
� ïðË_��I
â"¿øÇÁ$T1
2Q 

•<Õ��N09>��"Çëë×
 ^�12Q 
•T09>��K�ïð"��Ç�
�12"<S§K.øX��Q 

Ë� 

•ebÔ×îX09
>���K� ï
ð"�cæ�w¢ 
%c4��Q 
•T09>��K�
ïð"�Vx÷Çü
GUr�Q 

•¿�wÀ09>��K�+�z
~ñ|>�7."12�e./ 
Hè$"4�Vè;< *4b¥
12Q 

 

_6��)0/ �v"w)0�%12�Ï¡¿À�DE �
�Q^ª"#�b¼VÀì<áâ4íî�%c� )0"~12÷À)
0/ á�¥�Q	¥:�"+w)0�%��  !""%� �%�
�Y�V½N,)0/ �C"yK%� �%��Y�+íî>Q��
w)0�% 9B"YVãÛ#©)0@/+�%12�á�?@ ¥�
9BQ ^ª"�¢�Õ�V��w)0�%12 9B��O�_��1
2ZT""(¿)0x�V�%ô#©)0/�V�v ��VWQ 
 

2.3 �������
!" 
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Sauer, J., G. Suelmann (1998)� w)0�%�� 129B
_ 
MUST (MUlti-SiTe) 9B"�·Ë��ª�9B ¿yW[LT 2.5��Q 

 

T 2. 5w)012��W[ú30û 
Thierry et al.(1995)%·Ë"�12á���(Centralized multi-site 

planning and control)"SN>?/126/�3#�üG12���w)0
 �%129BQ¹"/ 12��_��¹f³ ?)0 �w�
u�ü�Q��¼¿À¹"/ w)0�%12�d12Ë¤Â"U��
�12¤Âqr�?)0�%(×"?)0��~¤Â�e"LT 2.6�
�Q 
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T 2. 6 w)0"�12á�W[ú34û 
���C§ABõö ¡`"�£¤�C_�áx�"·Ë¨©HI

)w)/ U(�~��"�Vf_ÈÀ.G�  
1. %c��.G� 
,À.G""��Qu?)&� �%12��ô$í~(��"½

¿Ô¾n²U(§?) Q��e>QjMC§AB£¤�C%c¸�@
 ¡`"ûI����n�~(�T@?)"��µÐë&12�(�n
²�(I��£¤�C %c¸���"���Ë�U {��(Q  
2. U(f�.G� 
Rê�U{��(�"+U(f�.G¬""��Qu��>-"f

D{��(�n²�(+��*+@ô%c@ �©"�ue{��( 
��"·t�~Õ�Q~ø�¼��>-"|}�u���� {��(
�c·¸@� �C%cWµÁw.���Jlc"ue¿¥¡ {��
(�~,�!��"��ú·�ËUø�~6�"�f�n²�(��%
��Q  
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3. �~��.G� 
®¶U(f�.G��ËUø�~6�"��^X?)U(�� ¤

Âuex��Q~øÐëU(�~_�"��?��Õ�� +���"
L£¤�hSN�µ��Ï>µ�(d"��J"�×.��+���_
¿�j0 þ�Q�«"y�Quªñ£�� ·¸"�új(=��*
Y#$%$í ~(V�4Ç_~&ï |}Q  
^ª""�12 w)0�%12��@W["¿y�q'aU(�

�d 6/Ç_()0�%���� (�����Q�	z{"aU(�
�d56=>C� a$í�wdôa%��wd«"UxV ��Yw
)0�%����q ��"�¼12��fg�?À)0 U(aVWd
ô~a�Td��Q~Þßa"w)0�%12�� éc.G�V�W
?h�%^âô��"���U(VWô~�T"uzQJw)0�%�
� �%^�ú8ûQ 
 

2.4 ��������# 

Timpe and Kallrath (2000)�?��%^â(L��VWµ?)0%cµ
ýw�Wµ��J)_��Iâ"·Ë¿�¥üV�>12(Mixed-Integer 
Linear Programming, MILP)"T)+#� üG��^�}"�?)0 �
%VWQô��SN�¥üV�>12[Ø��./"�cK���Ç.
 (þ"z÷À120/�cue¿ø�%Ì~"ª_ë� ��Q 
*�+(2000)%�����" �¥üV�>12_C,"¥��w)

�%} �Cfg��%12"�QuV�@�4"���J�N��_
^�-/ Ur�ÇÙô./�VYXN+�%�38¡" a���1
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2d (Master PlanningÙMP)�a�)12d (Factory PlanningÙFP),�À
?ø"+./ O :"�·âG�)Û �%��µô~+�%��:
�.��@9B"Ç_./12 C,Q+./""©U�W�%J�µ
ýw`ÝJ�µýw��J���)Ù�J�JqJ�U��"ô^X�
�� ��Iâ"L}�  

1. ��W��/ 
2. %c��/ 
3. ýwAB��/ 
4. ýw����/ 

��¸Ï>�/ ��Iâ"L}�  
1. ýw`Ý��/ 
2. �%�Ù���/ 
X�0(2001)©ñ�Ëu~��¸XY9B"UN 6b_�¥üV

�>12./"�½N�>12.]"^+VñT;<µ��/uw"
<e� ��Qô��·Ë�¿h��9B./"�Ü¸�W8¡ æK
/(Heuristic)*4b"��¸XY )Û���U(12��9BQ ô�
� 6b�Vf_Ã�UV"�� ì<#©�%��@f�f°"�e
%c�Ú�"
ÆUVcY �<%cÌ~_�U�%�_%c(×Q

ÈUV"�}½Nó���/ø¥U(��6/�AV"U(���1�
�eô*4b�dUV"÷wU(|�12��Q 
+I÷¿2U(12��."�ËU�J�@)ÛG¥"ù����

3�øT�%W"Tª)ÛG¥eb����."�ü¸XYÜ¸T��
��ør@)ÛG¥"#�x;:�UV4§U(����4¸XY&e
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íM%cùú�%_5QT��.6��}��õc��"d7¿À��
.6"x;:�@6b"4§U(������_5Q 

Sauerô Appelrath(1998)`N>?/ 126/«"©. .ô¡¢ 
_`(fuzzy concept)ôæK/*4bXN§��9BT""T)b¼þ².
ô¡¢ _`"½�%8¡=�+SN#³× �wueüG��12
(gloxl level scheduling)."©.c8$§?À�)/(local level scheduling)
�� 9 ð:>���>Q 
ô��Ï¡./Y¤¥æK/ ��*+µ9B f�ô.ô�wµ

bc Ï¡QU(_� 9Bf�u�L}���;+���� U(Ù
ÏÜ¥“ë34�J” U(,�ìHI"�½�^��ìQJQ^ª"U
(HìF� �� 2�f�Q,½�"/%� U(cø.�ìf��
øT �sìGQ,úbc�VXN§Ur�AB��õö(load 
xlancing) "489� �C(avoid bottleneck resources) Q~��^�_�
Ur��s½N�(optimizing machine utilization.)��<U(l.Q�
(meeting all due dates.) Q 
z.ô�wµbc Ï¡�f_�}È�UV�  

1. ��(sequence)��}bc¥0fU( xV> 
2. ��(schedule)��}¼bc(�W�µÄ>��Iâ)���U(ø�"
 ×ö"z÷ÀU(H�ï�<�cìf� �sìGQ×ö�ï<�
ã�<ø¥ �sìG ì�� 

3.  4ýw��(material demand)��q�<%� �w¥ 4ýw��Q 
Arntzen et al. (1995)J�ó·Ë���¸XY./(Gloxl Supply Chain 

Management, GSCM)"�Ww)0µwh%�ôwgr"d �%�gr"
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�HIJ�µ��J�ô�rJ�U�_^�"��gr"d ÀVôñ
I×öµ?gr"dõ= $íô%��gr"d 

Jayaraman and Pirkul (2001)SNw>?�%./6/ü¥��w)/
�%12" HI�)%c�u�Û %c��¿5�="Ø�¥/ü
V�>12./"�W>�J��+�J� qJ�U�"ê��¥/f
g�%@w>�%12./"<ÕãÛu~eb<Õ��w)ü¥���
% 9B"~.]LT 2.7 ��Q 

 

T 2. 7w)�wñ�%�fg./ú23û 
Samxsivan(2002)·Ëw)0129B�12 �Vxý�%Ë_(1)÷

À)0�V�% %�h?�KH"(2)÷À)0+?À12T@��m<
 ��KH"(3))0�)0@/ Ì~KHQ 

Shen et al. (2003)���Ü�Ü¸_C,ØO Ü¸¥�î¡=��
(Internet-enabled collaborative agent systems)"~"=>C�����©j
£µGâµ�]��A�öJW[ùYN¥KLÜ¸¥�î¡=��Q
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ªÜ¸¥�î¡=���V�N§¸XY8¡���Ü¸#�"� ªÜ
¸¥�î¡=���N§w)0 �%12Q 

Vercellis(1999)ûI�>?(÷À�)<�Àm¶ HI>-) ¸XY
·Ëw) �%12�%cfg./" ��Wfg�#©09�%"�
��U(��Ö÷¿)0ì<ñ© �%��"yKì<ñ©�%F>@
�)�JU(��@�%Q�óûIªw)0129B"Ø�>12.
/"+�W:}Ø HIJ�µ��J�µ&ËJ�µ�vJ�µôþB
J�JJ�U� ��}"��UPJ� U(��fgW"��U(�
�Q 

Timpe et al.(2000)�¿Àì<V��%�)ô��}�_��Iþ"�
U(VWµ�)%cµýw�Wµ��ô�r_��Iâ"+��RSU
�^�}"SN�¥üV�>12Ø./"FG+¸XYG�"=>ý
w ê�µ�rµ�%µ���fg@��@C4w)/@�%12./"
����)UøT �%VW"�VMx+fgô��?�)/@�%V
W"ðª./�c�=§U(�T_ª./@Ë�Q 

Moon et al.(2002)ûIw)0¸XY(Multi-site supply chain, MSC) G
�·Ë¿Àü¥H�12ô��./QSNC^*4b�U�d7J�_
^�"�Wíî�ç��µ�çþ�./µ��þ�D�ô�T�UJ�
w"���Ur E��çôþ�)0�/Q 

Gnoni et al.(2003)��"·Ëw)0�% !FW��9B(lot sizing 
and scheduling problem)"��¥(hybrid)./ ¤¥�üV�>12�.�
��"�W%c��(�L:�ç |Gµñ|D� Oö./)�÷À.-
}wh%� ��VW#×�>�ËU�� Oö./µ���>�J
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�Q�ÖøN§�h#© �%*+:09 A �%�ÐëÓ��% 2 
��"~¤Â+�9 �%*+ërQ 

Giglio et al.(2003)·Ëw)0ýw��12./(MRP multi-site 
model)"�W?) %c��µ?)@/ýw�?�� ./��v®H
:�µ¸XÛ¸���"�SNV�./Ø./��üV12�Ë��
�J�U�=����J�µOöJ�µýwJ�µ�%J�µm<J�µ
þBÇNµ%cIöJ"�ùú+(�;< �% !�@$§ª�*9
B"ðª���eûIU���<wh��¥C�í�V� %��-J
�_��Iâ" ~Î²ª12./xQ 
��J(2002)cYFG TFT-LCD%�"w>�w) �%F>��

�"�Ö�=w)0U(fg 9B"½NC^*4bKLw)0U(f
g./QüK¢��E TFT-LCD%�_¿xË%c12�Õ¾�%@%
�"�óûI¼U(L9§ÙHM�¿w)0@12"~"�W÷>-
 f��µq�µýw fgµ�%J�µ��J�µ¸N��µô�v
��Ù��Q�gö�� (Available to Promise; ATP)µ~(��ô%cg
ö (Capacity to Promise; CTP) 12��¥Q§+%c��}@Ur��
%Q�"Ó·Ë�bcOZµ��/fgb½?()���êHM¥QJ
kAáâô�ÕUr� ^�Qð~.GH�PO_��/�%(MTS)"½
�`N~./.�cHK��WÖQR ~(��"������b+<
Ë²Q 
SC�(2003)·Ë" w?:}Ø�% !}w)ü¥�%129B.

/�JüV�>129BQ¼§ªüV�>129Bu§;<"����
 ~x÷ü¡�"��NTUV�b(Lagrangian Relaxation)" ªüV�
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>129B0f_U�G�)ô1J�HI)�� â9BQ�+��T
UWV(Lagrangian multiplier)@B�"ª�� â9B��|}?¦^�-
V""�*+V@gV"�¼�z� D�"|�XÒ�%VWz2Î�
��ÇQ�KL¿@æK/*4b¥���e�QôæK/*4b12U
(@�%VW+./�Y:"Y¼T)�Já(expected finish date)TTµz
�Z_µz�Z�@6/"�©.�=:Ø�<ñ£�)@��%WQ+
./�Y:"¼T)�JáTTµz�Z_µz�Z��12U(@� %
VW@6/"��½U(d7J�<Õ�OPÙz�=:Ø�<ñ£�)
@��%W�12U(@�%VW@6/"c��<ÕOP+H���J
�Q 
[Ø"(2003)ûI\N.�6b"KL���_C, .�6b

(Constraint-Xsed Simulation)"XN§ TFT-LCD w) 12���9B"
�Ë÷À)0 Á% 2µ�$]H(Available to promise, ATP)µ£¤>ý
ò`Ý 2�ô�v 2J12¤ÂQ 
^+_(2003)FGw)0HI ! üGýw129B"ûIw)U(

fgµ?)0ýò�� LÙµ,) ýò12ô?)0ýò3��H 
O�Jýòñ£9B"��>12(Linear Programming"LP)6b�Hýò
J�(?)U(��ýòË2 KHW�?)0Ý�ýò (×J�)UP
@}"fgU(§?)QëF¨ Y�ýòt`��_12 x�Q./
@"=>ÃÀ.GQ� 
1. w)U(fg./��?)ýw��_C,fgU(Ù 
2. w)ýw��LÙ./��}?)0U(%���" U(�� ýw
�^�VWLÙÙ 
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3. ,)ýw12./�SN���·Ë,)12ýwf�6b"f�øN
§,)ýw12./ ýw"�ûI,úýwue,)ýw12"�§
Ur ýw`Ý�*� ?)0/�ªýwlÐ�*Ù 

4. ,)3��WO�./�`Nw)����Da*+} ?)3��W
O�Q 
Guinet(2001)�ËVÀ�%(×
_w)0Q+UP J�}"�¸�

¥��#×���Q,úJ�^b=�)0x�C(Ï¡J�µm<J�µ
üöJ�)"$í6@(�vJ�µd7J�)"á��%���c¥ 8¡
J�(H�c�"de>"Ï>JJ)Qô��·ËÆ>- �%8¡6b¥
á�w)0�%��Qä56Ur�:�J�«"Ó�=�C%c ��
IâQw)0�%�� ^�YøÇÆÀñ£ 9B�afV�%?d�aM
.�%ô�%Ì¿Àuâ?d ~�W ��Iâ=>� 

1. ÷À��(F�ZTxF�%�)ùì��Ù 
2. ÷ÀZT"÷À)0x <�Ï¡ôh�%cÙ 
3. ÷À���2ìfg�¿À(F�ZTxF�)0 )�CQ 
4. ÷À)0+àZTx�w�� NÀ��WÙ 
5. �v: fg9BÙ 
6. �Wüö./Ù 
7. ýw¶((Bill of MaterialÙBOM): %�¤[£gQ  
ô�� w)0�%12@æK/bcY|}÷ÀZTô÷À)0¥

12%� Ï¡Q��"¼?)0�e�%12Q
ÆU" ÷À&T1
29B?¨��w��Ã æK/��b¥�e"�1U��U(U�d
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7./Q_6©U�)0/ ��"�/�·t� ��(shifting bottleneck)
 6b¥12Q
ÈU"|�?)0 �%���"�a¸XÛ-$íd 
£g¥m¤üÀ��9BQ%RY�U(�T�Ù./¥'���Q 

Watson and Polito (2003)·Ëfg�C12(Distribution Resource 
Planning, DRP)���¡¢_C, æK/�b"ûIw%��¨µw>?
�G U(fgÇËJ� ��"I§¸XYG�" fgbc"���
�Ë���¡¢_C, ��6b �_�%��c¥ë7 �ÕQ 

Lanshun Nie et al.(2006)SN Lagrangian Relaxation ô Genetic 

Algorithm"§w>? ¸XYÜg""uew)0 �%12"^�+§
½üG¸XYÜgqJ�Q§U�Q 

C.-C. Chern et al.(2007)·Ë¿æK/*4b(Multi-objective master 
planning algorithm, MOMPA)"��ì<wh%� w)0���129
B"�V<ÈÀU��^�"1. d7ÏhU� 2. ½N«=%cU� 3. �
%µÏ¡µ�v�ôJ���m<J�U�"�W§%c���ôU(�
TQ 
ijk(2002)ûIw)U(fg9B"���üK12./Ø./"�

KL?�v9B(Quasi-Transportation Problem"QTP)./�w)U(fg9
B"�\Nlq*4b(Genetic Algorithm)��"z÷À�)m<ê© �
%%c��%HIJ�Q~^��U(�T�J�_�"=�qHIJ�µ
gr(Ë�)J�µqüÓJ�µqU(�Td7J�"+%c��T��@
}�fgU("ðê�=ýò��"POýòn�¾Q 
Sop(2004) ·Ë¿�=%�gr}@w)0U(fg./"�«µ

x�ÀqrBj0b"��>-�� 6/��
¿>-@w)0U(f



 

 29

g�*"� U(fg�*��
Æ>-��%�gr¸N"�W�>-
�*áñOP}"��w)U(fg" �)�%J�"ô=>�%J�µ
%�grJ�ôgr6°J�@qJ�"� 
Æ> -@¤Âøs§
¿
>-ue�*"�îtOP 6/©.OP�%J�ôgrJ�"�§q
J�U�@w)0U(fg�*Q 
2�u(2004)ûI¿y#�+w)U(fg �b"·Ë�#�üG�

C�W}�Ç w)U(fg./��"½üG +�J�U�_^�"
�?HI)+üÀ#�"�v* �V^ (�L�%µW%)_|}"�
g¥#�üGc¥126�¥U�U(fg./Q�í�xV\ô�T�
W¥�_U(fg@�V|}"í�xV\c=�c¥��<w� ÷%
�ÙKµxVí�JQ 
x�y(2005)" w)0U(fg9B0f_a(%�w)0U(fg

9Bdµaw%�w)0U(fg9Bd"+%c�C��}"f¨Ø[�
¥üV12V�./"�U(fg� ��qJ�(=�üÓJ�µHIJ
�µ�öJ�ô�vJ�)U��_^�"��?)+?.T �% 9Q 

Timpe and Kallrath (2000)�¿Àì<wÀHI�)ô��}� ��
#�_��Iþ"�U(VWµ�)%cµýw�Wµ��ô�r_��
Iâ"Ø[��¥üV�>12 9B./"����+RSU�^�}"
?�)UøT �%VWQ 
!±z(2001)I¸XYw)�%129BueFG"SN�¥�üV�

>12 fYØ�h�J�_^�/ ./� a(>�*./d�aÆ
>�*./dQ~"Æ>�*./ U(fg./"�=+��%J�µ>
�Ù�J�µ�vJ�µd7J��ô%c��"+U�J� ^�}"
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�Ë?2U(ø¥ �%�)Q  
2��(2002)��w)0,)%c12"FGc¥ÈÀÉU(fg"�

W?)0u~1� ��%cõö"+üG�% HIJ��d"J�U
� ��}"���?)0�X�% U(VW�%��¨Q 

Watson and Polito (2003)·Ë¿À���¡¢_C, æK/./"�
N§q�¸XYI§wñ%�µw>? �Gfg !"ãÛ��+J�
: ã(Qª���¿HIÛ_�"f¨Nfg�C12(Distribution 
Resource Planning, DRP)���¡¢_C, æK/./�h6b"f¨Ð
ëªHIÛI§wñ%�µw>?�G U(fg+J�: �Õ"~¤
Ân���¡¢_C, æK/./fg@U(+J�: �ÕUrQ 
	¥�:��" <£�%12@Ø.6bµ�=Iâµ^�ô��

6bü¡Lã 2.3"+ä�G.G%�""ýwY��üÀ�%12 C
�"Ö�©.�=§w)0�%µw>ôwíî %�¤[F>µHI)
/ ýw�?lÐµ%c���ô�%��v_ö./"½ 12=�&
eb<Õ� ½N=�6/ 4ì<Õm 12¤Â"'u~��""<
£w)0 U(fg"�?)0%cõöAB�HIJ�_�Wlc"{
2©.�=:�·ô ?�F>ô��"ô�?)0 ýw���_U(
fg |}Q^ª��� ûIw)0U(fg 9B"'#��¿®j
U(�"�g�"d�ô?)0(<�%ýw�uGâ��VW_C,"
·Ë��>126bØ w)U(fg./"~^ +����¾·¸
U(�%ýw@)0"�§U(Xfg�MÏHI�)�%"U(@ýw
J�_U�"·¸�*óIU(fg A�Q 
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��
� ��������� 

3.1�������$%&'" 

ä�G.G%��*�� C�"+§:Ø�w ¸���Q���
f¨'¸XYÜgW[µ¸XYÜg?>@£g�ô%�¤["¥�E�
./��� ¸XY@¤[Q 
1. ¸XYÜgW[� 

LT 3.1��"ä�G.G%� ¸XYÜg��fJÈÀ>?"

¿>? ¸XÛ Si (i=1, 2, ..., I)"�V·¸?À�%)0����w"z
,ú¸�¥C ��"I§�¶ �%�*��"ì<ñT� OPc�Q 


Æ>? HI)Mj (j=1, 2, ..., J)"Y �w¥wÌ~J_ä�G.G
 �6"+���% 1J��ôJ��^�VW."Y��w¸���
�ô?�0g�"d ��äÈÇ_�%|}Ùª¿>?_#�+fg¸
�"N�����. ¥CQ 


È>?cYg�"d Dk (k=1, 2, ..., K)"õ= J�fg�í�"z
ª¿>?g�"dH|}1����wµ^_?)0¸����ôí��
�"%�
Æ> ��¥CQ 
2. HIp�~`>?@/ £g� 

¸XÛ·¸?h �ýw/uGâ�HI)"HI) £¤ýwä�G
¨ª�~`?h°âG¥�"�r§g�"d"zg�"d�|I#© 
���0"=�JU�J�����$íQ+Lª ¸XY£g}"Y¼
HIp�ê� �ýw/uGâVW_�%12C�"HIp�}�¸XÛ
ê� �ýw/uGâVWwÁ"¥��|G�_�úJ��^"�ô��
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fg�?Àg�"dw2VW J��^Ùzg�"d��}�fg§ 
VW}W��$í��Q 
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3. %�¤[� 
+ä�G.G%�""HI)�}?)(< �ýw¸�(=>�N�

�µ+ÖWôÕ ¸�)��"��V½N�ú�ýw"GJñIX 1J
�ôJ�."op�W§%�¤["�LT 3.2��"�� AµBµC_U
�J�"rîã1J��"mîã�ýw/uGâQ ( )

1

A

r îã1J� r1�G�
_J�� A" ( , )

2

A B

r îã1J�� r2�G�_J�� A4J�� B"�� A

���/¼ ( )
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A

r 4Y ( , )
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A B

r �h1J��~"@¿G�JÙz1J�� ( )
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A

r �
¼

( )
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A
r

m �ô
( ) ( )

( , )
1 2
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A AB
r r

m �h�ýwGJ"©.
( ) ( )

( , )
1 2
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A AB
r r

m %�GJ ( , )
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A B
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��G�J#© J��Q 

A B

r2
(A,B) r3

(B,C) r4
(C)

r1
(A)

oror or

oror or

C

or oror

( )(A)
1r

1m
( )(A) (A,B)
1 2r ,r

2m
( )(A,B)
2r

3m
( )(B,C)
3r

4m
( )(B,C) (C)
3 4r ,r

5m

or Or

 

T 3. 2ä�G.G%�¤[þ� 
 

3.2 ��������	
��������� 

�}ä�G.G%�¸XY"?>?@/ £gô?t~�õ= �
^"�Vf_Æ��9B"z÷¿� 9B�M�åF>#©"��0f
_V�â9B"f¨a³L}� 
1. ����� 

(1) ����� 

+ä�G.G%�""�ýwJ��¸�%qJ�ñT� Ð
�"Ö¼§£¤ýwä�G¨ª'«¬¨©Áª§½�¾�"Â�
�1ÃÄwÅHIÑ¶"~/�ÆÇ@�%./Â�ÈÀÉ"^ªä
�G¨ª@¸�<ÈÀÉ@./Ê"��ä�G.G �%12Y�
¸���Ç_�V��C�"+ue�%12.op�ýw��J�
UP_�%. �*|}Q 
(2) ��	
��� 
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¼§ä�G.G%���+ %�¤[£g"(< �ýw��
G�J#© 1J�"z,ú1J����=�J#© J�"L©
ã 3.1��"¿hJ���SNwh NwG¥¥��"zÖ÷hNw
 íî>7"_6������"©.89��J��7"��J�
 NwG¥%Y�%12.�op�W ^bQ 

 

 

ã 3. 1%�NwG¥þ� 
J� BOM ä�G.G ä�GÀ» 

DDR-II667 1G 

BOM1 DRAM1 CHIP1 

BOM2 DRAM1 CHIP2 

BOM3 DRAM2 CHIP2 

BOM4 DRAM2 CHIP3 

BOM5 DRAM3 CHIP1 

BOM6 DRAM3 CHIP3 

 

(3) ������ 

+w)0 �% !""¼§?HI)�fg ��#ð�"�
ô%c ��"IJHI)/ýw��#AB � "þ:ä�G.
G%� £¤ýw`Ý_ö./ñT$"½�HI)0ýw�� æ
�4#�"		��J�4YË�VW�þ ��"^ªT#�ue
w)0�%12."X ?HI)@/ ýw��DE"HI)/c
�ªlÐ�OPA���klôJ�Q 

2. ����� 

(1) ��������� 

+ä�G.G%�¸XYÜg""�%12��W ?�#Y�
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<=>�%HI"��W#©)0@/ ñ|>"HI)�G�Ë¥
 ä�G.G���r§#© g�"d�ueU�=�����
�Ù^ª"T��¥¦§wÀ#© 09g�"d."cop�W'
HI)§g�"d �v_ö./"���?HI) ,�D�¥�
�g�"d ��Q 
(2) ����� 

ñ© ���+#© )0HI�Öm<#© HIJ�"zu
ew)0�%12."op�W?�#© J�"�L?)0 �v
J�"?)0/ ýw�?J�"?h�� (×��J�"�ôH
IJ�Q���uew)�%12."Y�U��qJ�_�V^�Q 
(3) �� !"#$%&��� 

T�ýw/1J�'àÀ)þ����"�VÌ�§~`�)4g
�"d."op�W�vVW�.�: ��Q�«"_6©.��
$í��Ö89���7"�H�eýw���?" �f��'
HI)Ì�§~`)0"zÌ�u�"%op�W�v./��Q 
(4) �'��� 

56ýw¸���«"?)0C<�Cô%c��Q#©)0 
�%%c¸���}"Týw�¾z%c#�."%eb+ª)0u
e�%Q 

 

3.3 	�	
������ 

�fûI9B�E"FG ä�G.G%�@w)�%12F>"·
Ëw>w)�%126bQ�}xýI�./12W["�ôV�./�
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þ�uea³Q 
3.3.1 ���()��*+,- 

�¼:¿f 9B�EfD�ôw>w)0129BF>@L³��
�"¿Àw>w)0129B�V+FGU(µýò�)0Èó@/ £
�>Q 

U(�)0@/ £g+w)�% !""H^§U(fg 9B"
%RYLMfgU(§?)0u[�%"�Q§�%12��� ^�"
TU(fg9B���"��§?)0+�%12T/x��V�% U
(H�ô�v�^ôVWQ  

?)0�e�%12 u�""�V�Å?2U(ÆN ýò�ô¸
X ./�"��U(�ýò@/ £g+§u[ýòfg"��÷2U
(½N ýòÆN./�Q��U(�)0@/ £g�ôU(�ýò@
/ £g�"^_U(&�+ÌÀ)0�%"©.%��½N ýò"�
���Ë)0�ýò@/ £gQ 

w)012�Ï� U(fgµýò12�?)��ÈÀ>-H^_
XN %�@�%F>zIJ�Mx >-<�ê©QTaal(1997)·§�%
12����V�0f_�h./"¿hYýò	�12./
(Material-Oriented Planning)"�¿À_%c	�12./(Capacity-Oriented 
Planning)"���FG w)12@�%./"�j(/�%_�"��
ýw	�12./_C,·Ëw>w)0�%12./"�WC��vµ
�?_ö./�%c��"�ôýwwíîF>"z12 ¤Â�VY?
HI)�ôg�"d áÁ% 2"�ô?HI) á�v��? 2Q 

T 3.3_���@w>w)�%126b"U(��¥¦?g�"d
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��09@$í�ô��Õ¾"
¿>-|}?g�"d�m<@1J�
��VW�ô��J�"%�g�"d1J�ÆN 2"���?g�"
d��Ù«�?HI)V� 1J�VW"¼§g�"d 1J�=�_
J� Î\ñTÍ"|�>-#�=?g�"d@%c��Ù
Æ>-�
=?HI)�ýwµ%cµHI_ö./µ�?g�"d�ôHI)@/
�v_ö./µHI)@/ ýw�?_ö./�ô?�J�J^b"U
���?g�"dË�VWµ?g�"d�ô?HI)0Á²�% J�
�1J�VWµ÷áÁ% 2"HI)÷á�v 2�ô�ýw�? 2"
·¸12=��_A�|}Q 
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3.4 	�	
������� 

3.4.1./01 

1. ���¼?g�"d�qu"Y_��� 
2. ÷¿HI)�v�g�"d./µ?HI)�ýw�?�v./µ%�
HI./�ô�<J�C_&�Q 

3. ?g�"d1J�Õ�¸�W_&� 

4. ?HI)£¤ýwÕ�¸�W_&� 

5. g�"de%c:� 

6. g�"d#ue1J��? 2 

7. 12ZTx"�ýw(×m<J�#Hã+ 

8. #�=�%q�4�ç|G� 

9. £¤ýw Õ ¸� 2&�Öoc$% 

 

3.4.22301 

1. ���� 
(1) ?12ZTJ���VW 

2. ¸��� 
(1) HI)�v�g�"d_ö./ 
(2) g�"d 1J�=��J�_ö./ 
(3) HI)¼�ýw�%�1J�_ö./ 
(4) ?HI)%c:� 
(5) ?HI)/ýw�?_ö./ 
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(6) ?HI)�ýwÕ ¸� 2 
(7) J�µ1J�µ�ýw� BOMIXã 

3. J��� 
(1) ��ËW�hJ� 
(2) J��HIJ� 
(3) 1J��HIJ� 
(4) 1J���J� 
(5) ýw��J� 
(6) ýw�?J� 

 

3.4.34567 

1. }�a³ 
t��%ZT      1,  2,  ...,  t T=  

p�J��O�      1,  2,  ...,  p P=  

s�1J�O�      1,  2,  ...,  s S=  

m��ýwO�      1,  2,  ...,  m M=  

d�g�"dO�     1,  2,  ...,  d D=  

f ’: �?vË)      ' 1,  2,  ...,  f F=  

f�HI)O�      1,  2,  ...,  f F=  

x�gr"dA� BOMO�  1,  2,  ...,  x X=  

y�HI)A� BOMO�  1,  2,  ...,  y Y=  
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2. ���E� 
, ,t d pD �
 tTgr"d dIJ� p ��W 

,d pPNC �g�"d dIJ� p ËWÏhB 
,f dTLT �HI) f�v�gr"d d _ö./ 
',f fFTLT �HI) f ’�v� f _ö./ 

,d pFMLT �gr"d d�%J� p _ö./ 

,f sMLT �HI) f�%1J� s _ö./ 
,p xPB �J� p� BOM(x) IX£g 
,s xSFB �1J� s� BOM(x) IX£g 
,m yMB ��w m� BOM(y) IX£g 

, ,t d sDCSFE �
 tTgr"d d 1J� sÕ ¸�VW 
, ,t f mFME �
 tTHI) f �w mÕ ¸�VW 
,f dTRC �HI) f�v�gr"d d J� 
',f fSPC �HI) f ’�?�HI) f J� 
,d pFPC �gr"d d�%J� p (×J� 
,f sSFPC �HI) f�%1J� s (×J� 
,f mMSC �HI) fI�w m (×��J� 
,d sSFSC �gr"d dI1J� s (×��J� 

,t fCL �
 tTHI) f q%c:� 
 

3. �*+V� 
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, ,t d pLQ �
 tTgr"d dIJ� p Ë�VW 
, ,t d pDCMQ �
 tTgr"d dIJ� p ¸�W 
, ,t d xDCBQ �
 tTgr"d dI BOM(x) ��W 

, ,t d sDCSFAQ �
 tTgr"d dI1J� s T@�NW 
, , ,t f d sSQ �
 tTHI) f�r�gr"d d 1J� s�vVW 

, ,t f sFMQ �
 tTHI) fI1J� s %ËW 
, ,t f yFBQ �
 tTHI) fI BOM(y) ÆNVW 
, ,t f mMAQ �
 tTHI) fI�w m T@�NW 

, ',t f mOQ �
 tTHI) f ’I�w m �?vËW 
, ', ,t f f mIQ �
 tTHI) fIj� f ’�w m VW 

 

 

4. ^�/� 
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, , ,

1 1 1

, , ,

1 1 1

, , ,

1 1 1

, , , ,

1 1 1 1

, , ,

1 1 1

, ,

1 1 1

   

T D P

t d p d p

t d p

T D S

t d s d s

t d s

T F D

t f m f m

t f d

T F D S

t f d s f d

t f d s

T D P

t d p d p

t d p

T F S

t f s

t f s

Min Z

LQ PNC

DCSFAQ SFSC

MAQ MSC

SQ TRC

DCMQ FPC

FMQ SFP

= = =

= = =

= = =

= = = =

= = =

= = =

=

× +

× +

× +

× +

× +

×

∑∑∑

∑∑∑

∑∑∑

∑∑∑∑

∑∑∑

∑∑∑ ,

, ', , ',

1 ' 1 1 1

f s

T F F M

t f f m f f

t f f m

C

IQ SPC
= = = =

+

×∑∑∑∑
 

 

5. ��/ 
(1) , , , , , ,t d p t d p t d pD LQ DCMQ= +  

(2) ,

,

( ), , , ,

1, 1

 
d p

p x

X

t FMLT d p t d x

x PB

DCMQ DCBQ+

= ∀ =

= ∑  

(3) , , ( 1), , , ,t d s t d s t d sDCSFAQ DCSFAQ DCSFE−= +  

,

, , , , ,

1 1, 1

 
s x

F X

t f d s t d x

f x SFB

SQ DCBQ
= = ∀ =

+ −∑ ∑  

(4) ,, , ( ), , ,

1

 
f d

D

t f s t TLT f d s

d

FMQ SQ +

=

=∑  

(5) ,

,

( ), , , ,

1, 1

 
f s

s y

Y

t MLT f s t f y

y SFB

FMQ FBQ+

= ∀ =

= ∑  
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(6) , , ( 1), , , , , ', ,

' 1, '

F

t f m t f m t f m t f f m

f f f

MAQ MAQ FME IQ−

= ∀ ≠

= + + ∑  

,

, , , ,

1, 1m y

Y

t f m t f y

y MB

OQ FBQ
= ∀ =

− − ∑  

(7) , , ,

1

S

t f s t f

s

FMQ CL
=

≤∑  

(8) ',, ', ( ), ', ,

1

  
f f

F

t f m t FTLT f f m

f

OQ IQ +

=

= ∑  

 

3.4.4���� 

1. ����	
�� 

��������	
�����������������
�
���� 	!�"�#��$%��&'������()*�+,
-./0123�45�������6789)*�(

, ,t d pLQ ):#;<�
&(

,d pPNC )= 

, , ,

1 1 1

T D P

t d p d p

t d p

LQ PNC
= = =

×∑∑∑ … (
�6>) 

2. ����������� 

������45?@�A67BC6> (
,d sSFSC )�:#����0

�DE�A67	�F�(
, ,t d sDCSFAQ )�GHA67BC6>�I$%�

�JBC6>�#'�$%�A67KF+,-.= 

, , ,

1 1 1

T D S

t d s d s

t d s

DCSFAQ SFSC
= = =

×∑∑∑ …(A67BC6>) 

3. ����������� 

�LMNO f�PQRST m45?@�RSTBC6> (
,f mMSC )�
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:#LMNO f0�DE�RST m	�F�(
, ,t f mMAQ )�GHRTBC6

>�I�LMN m�#45$%ST$%�RTBC6>�U�JVW6
>XY	RST�Z�XY�BC6>��[\]6>XY	RT+,K
F= 

, , ,

1 1 1

T F D

t f m f m

t f d

MAQ MSC
= = =

×∑∑∑ …(RTBC6>) 

4. ���������������� �� 

@���� d�A678 s^�$*#)*_`D�abc�LMN f

d`efA678 s/gh�`i��j'��LMN fklA678 sm
����� d�^�nA678op�I123q_Ukl6>r]s
��U�LMN fktm���� d�78^�(

, , ,t f d sSQ ):#�Jkl6>
(

,f dTRC )= 

, , , ,

1 1 1 1

T F D S

t f d s f d

t f d s

SQ TRC
= = = =

×∑∑∑∑ …(A67kl6>) 

5. ��������!����� 

����� dLM678 pD�LM6>(
,d pFPC )�:#����� d

�uv]�67^�(
, ,t d pDCMQ )�hGHLM678 pD�LM6>= 

, , ,

1 1 1

T D P

t d p d p

t d p

DCMQ FPC
= = =

×∑∑∑ …(67LM6>) 

6. ���������!����� 

�LMN mLMA678 sD�LM6>(
,f sSFPC )�:#�LMN f

�uv]�A67^�(
, ,t f sFMQ )�hGHLMA678 sD�LM6>= 

, , ,

1 1 1

T F S

t f s f s

t f s

FMQ SFPC
= = =

×∑∑∑ …(A67LM6>) 

7. �������"#�� 
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�LMNO fwhx�#yz{|PQST m�}{|�6>H
(

2 ,f fSPC )�:#�LMNO fwhx{|�^�(
2, , ,t f f mIQ )�GH{|�6>= 

, ', , ',

1 ' 1 1 1

T F F M

t f f m f f

t f f m

IQ SPC
= = = =

×∑∑∑∑ …(RST{|6>) 

 

3.4.5$%&'() 

1. $%*+,-�./ 

>~����H�`���6>����_`W����()*��
#jW9)*�(

, ,t d pLQ )�@_`��)*D�ab45?@�9)*��
&(

,d pPNC )=gh0��Dj,���h_`����� def��^�
(

, ,t d pDCMQ )�#n9)*�(
, ,t d pLQ )}��3H�= 

, , , , , ,t d p t d p t d pD LQ DCMQ= +  

2. $%*0,BOM123
456������ 

�t�� d� tE_ef�67^�(
, ,t d pDCMQ )���abKF� BOM

�� x^��G�7���u� BOM�� xF�(
, ,t d xDCBQ )	����s

�LM��Dx(
,d pFMLT )��d�H���U67 p A67 s��7�

¡P¢£;¤�=¥¦ 3.2�LM678 0	�u BOM�� x§¨H 0©1�
gh�@�t�� 1�ª 4E_ef67 0^� 500D(

4,1,0 500DCMQ = )�«
BOM0  BOM1��F^��¬d�� 500(

,

3,1,

1, 1

500
p x

X

x

x PB

DCBQ
= ∀ =

=∑ )���¥

¦ 3.3��}��3H� 

,

,

( ), , , ,

1, 1

 
d p

p x

X

t FMLT d p t d x

x PB

DCMQ DCBQ+

= ∀ =

= ∑  

¦ 3. 2678  BOM�u¦ 
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678 
(p) 

BOM�� 
(x) 

�uP¢ 
(PBp,x) 

0 0 1 

0 1 1 

0 2 0 

0 3 0 

0 4 0 

0 5 0 

0 6 0 

 

¦ 3. 3 BOM��F^� 
�t�� 

(d) 
678(p)/®E(t) 2 3 4 

1 0   500 

LM��Dx=1 
�t�� 

(d) 
BOM(x)�F�/®E(t) 2 3 4 

1 0  400  

1 1  100  

3. ��������	
�� 

��A67 s>¯�°±²³� ���#0���� dA67�²
�f4´µ(

, ,t d sDCSFE )H¶·¸T�0A67�>E�F�(
, ,t d sDCSFAQ )´

¹���EEº»B(
( 1), ,t d sDCSFAQ −

)�¼²´f4^�(
, ,t d sDCSFE )�¼�L

MNef	kl�( , , ,

1

F

t f d s

f

SQ
=

∑ )½�>EA67KF�(
,

, ,

1, 1s x

X

t d x

x SFB

DCBQ
= ∀ =

∑ )�}

��3H� 

,

, , ( 1), , , ,

, , , , ,

1 1, 1

                       
s x

t d s t d s t d s

F X

t f d s t d x

f x SFB

DCSFAQ DCSFAQ DCSFE

SQ DCBQ

−

= = ∀ =

= +

+ −∑ ∑  

4. ��������	 

LMN fH�0�E�ktA67 sm����� d�ab0¾¬kl
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Dx	¿�ef�)*����� d��A67 s�_`^��GLMN
ef4����� d�kl�(

,( ), , ,

=1
f d

D

t TLT f d s

d

SQ +∑ )��LMN0¾¬kl��

Dx¿��A67 s��À�(
, ,t f sFMQ )
}��3H� 

,, , ( ), , ,

=1

 
f d

D

t f s t TLT f d s

d

FMQ SQ +=∑  

5. ����� BOM ������������ 
Á;< BOM�� yj�u$%�A67 s�Â¥@

, 1s ySFB = ¦ BOM

�� y�#F� �A67 s=>��3�d�Ã��F y^�(
, ,t f yFBQ )�

ÄÅ�_RST m�KF���¾¬STKF���}ÆÇHª tELM
N f_efA67 s�^���ÈA67 s�u BOM�� y��F�=¥
¦ 3.4��A67 0��F BOM�� yH 0  1ÉÊ �/Â¥�ËL
MN 0�ª 5E_efA67 1^� 500�J(

5,0,1FMQ )�«0s� 1Ì�L
M��Dx	¿�y�� 0  1�F���_�� 400�J
(

4,0,0 4,0,1 400FBQ FBQ+ = )= 
 

 

 

¦ 3. 4A678  BOM�u¦ 
A67 
(s) 

BOM�� 
(y) 

�uP¢ 
(SFBs,y) 

0 0 1 

0 1 1 

0 2 0 

0 3 0 

}��3H� 
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,

,

( ), , , ,

1, 1
f s

s y

Y

t MLT f s t f y

y SFB

FMQ FBQ+

= ∀ =

= ∑  

6. �����������	 

ST�>E�F�(
, ,t f mMAQ )´¹��»B(

( 1), ,t f mMAQ −
)�¼²´f4^

�(
, ,t f mFME )�¼c}ÍLMN(f)d`{|^�( , ', ,

' 1, '

F

t f f m

f f f

IQ
= ∀ ≠

∑ )½�>E{

|lÀ�(
, ,t f mOQ )Î½STKF�(

,

, ,

1, 1m y

Y

t f y

y MB

FBQ
= ∀ =

∑ )�}��3H� 

,

, , ( 1), , , , , ', , , ,

' 1, '

, ,

1, 1

                  
m y

F

t f m t f m t f m t f f m t f m

f f f

Y

t f y

y MB

MAQ MAQ FME IQ OQ

FBQ

−

= ∀ ≠

= ∀ =

= + + −

−

∑

∑
 

7. ��������� 

�LMN f�v] ��A67^�(
, ,

1

S

t f s

s

FMQ
=

∑ )��ab����È

N����¼�(
,t fCL )���>~�	�Ï�����X$ÐÑ�ghÒ4

5;<ÓÔ������}��3H� 

, , ,

1

S

t f s t f

s

FMQ CL
=

≤∑  

8. �����	
��� 

Õ�LM�ÏÖWST{|�×Ø�LMNO f ’(lÀN){|lÀ�^
�(

, ',t f mOQ )j���LMNO f(l]N)ÙÚÛÜ�LMN f ’{|^��¬
(

',( ), ', ,

1
f f

F

t FTLT f f m

f

IQ +

=

∑ )�}��3H� 

',, ', ( ), ', ,
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f f

F

t f m t FTLT f f m

f

OQ IQ +

=

= ∑  
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3.5 ���������	
� 

>~�#ÝÞ�ßà�Ï� ���ÉÊáâ�_`¸TãäÈ��
��7p�©_`Ûå©��æE��çÂ�	fuèéãä� 2<��
���3<LMN�I�7opê�H 2o��7�JHÙ�3 �(Make 
To Order)èé�����jWÛÜ�LMN�A67²´f4^��LM
NjWPQRST	²´f4^��}fuÛåH¼ëìíN=`i��
	�WlÀÖ���î�ïð�= 
 

3.5.1 ���� 

>�ñ,#ò��çÂÛió�ôê67pWõop���döß�P
QST#ìí÷øH��}ÍPQùàúÎ°±>ß3ûüý^G�=þ
,��>çÂ�é	�7�¡P¢��¦�3.5Å·678 A678��
uP¢��W3oBOM��Xi (i=0,1,2)�2o678Pj(j=0,1)#n3oA67
8Sk(k=0,1)=¦3.6��A678 RSTm8��uP¢��W4oBOM�
�Yl(l=0,1,2,3)��u�A67Sk(k=0,1)#nSTMn(n=0,1,2,3)�Â¥67o
pp=0�#�FBOM��x=0,1���F�A67s=0�RSTm=0,1���
�é�����d LMNf��À	�7�¡�Y�	81$%��#a
b§H�o$%�BOM¦45$%	Ø�
��s�F�}���7�
¡�uP¢���V};�Ø= 

¦ 3. 5 BOM(x)�� 678©A678�uP¢ 
BOM�� 

(x)  

678 
(p) 

A678 
(s) 

0 
0 

0 

1 1 

2 1 0 
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¦ 3. 6  BOM(y)�� A678©RST�uP¢ 
BOM�� 

(y) 

A678 
(s) 

RST 
(m) 

0 
0 

0 

1 1 

2 
1 

2 

3 3 

 

3.5.2 ������ 

¦3.7H>çÂ��8zP�Ï6>n¶·ý^ê�= 
¦ 3. 7�8zP�Ï6>nê� 

���� ���� �� 


��6> ,d pPNC  ������o�7ÖH 1000 

A67BC6> ,d sSFSC  30�/�����/�A67 
RSTBC6> ,f mMSC  10�/�LMN/�RST 

kl6> ,f dTRC  

100�/LMN 0m���� 0 

110�/LMN 0m���� 1 

100�/LMN 1m���� 0 

100�/LMN 1m���� 1 

110�/LMN 2m���� 0 

100�/LMN 2m���� 1 

67LM6> ,d pFPC  100�/�����/�678 
A67LM6> ,f sSFPC  50�/�LMN/�A678 
{|6> 2 ,f fSPC  25�/LMN f{|m f2 

LMNm����k
l��Dx 1,f d

TLT  
1Ì/LMN 0m���� 0 

2Ì/LMN 0m���� 1 
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1Ì/LMN 1m���� 0 

1Ì/LMN 1m���� 1 

2Ì/LMN 2m���� 0 

1Ì/LMN 2m���� 1 

{|��Dx 2 ,f fFTLT  ÖH 1Ì 
67LM��Dx ,d pFMLT  ÖH 1Ì 
A67LM��Dx ,f sMLT  ÖH 1Ì 

��¼� ,t fCL  

LMN 0H 1000�J/Ì 
LMN 1H 700�J/Ì 
LMN 2H 400�J/Ì 

  

çÂ�ôê;<�E�_`�¥¦3.8��I�����d LMNf
�ef�A67s RTm²´f4�¥¦3.9n3.10�= 

¦ 3. 8������7_`^� 
���� 

(d) 
��(p)/��(t) 4 5 6 7 8 9 10 

0 0 588 603 581 573 578 581 606 

0 1 536 556 536 547 539 536 551 

1 0 611 576 607 630 621 646 635 

1 1 667 666 655 645 679 658 656 

¦ 3. 9�����A67²´f4� 
���� 

(d) 
	
�(s)/��(t) 1 2 3 4 5 6 7 8 9 

0 0 100 100 100 100 100 100 100 100 100 

0 1 100 100 100 100 100 100 100 100 100 

1 0 100 100 100 100 100 100 100 100 100 

1 1 100 100 100 100 100 100 100 100 100 

¦ 3. 10�LMNRST²´f4� 
��(f) ���(m)/��(t) 1 2 3 4 5 6 7 8 

0 0 200 200 200 200 200 200 200 200 

0 1 200 200 200 200 200 200 200 200 
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0 2 200 200 200 200 200 200 200 200 

0 3 200 200 200 200 200 200 200 200 

1 0 200 200 200 200 200 200 200 200 

1 1 200 200 200 200 200 200 200 200 

1 2 200 200 200 200 200 200 200 200 

1 3 200 200 200 200 200 200 200 200 

2 0 200 200 200 200 200 200 200 200 

2 1 200 200 200 200 200 200 200 200 

2 2 200 200 200 200 200 200 200 200 

2 3 200 200 200 200 200 200 200 200 

 

3.5.3��������	
��
 

>çÂ�#ILOG Cplex 11.0��ÉÊ`ik¹�}��H�6>
16,747,725�=#¿U��3��`i��ÉÊ��= 
1. ��
����� 

�¦3.8ª6�ª4�HÂ�
7,1,0D �¦����1��6700ª7®E�_

`�H630�J=
7,1,0DCMQ H'�ý^��¦3.11ª6�ª4�Å·����1

0ª7®E�ef670�^�H630�J��#È_`���()*��

���� = 
gh��3;GH� 

7,1,0 7,1,0 7,1,0(630) (0) (630)D LQ DCMQ= +  

¦ 3. 11ª 7E�t�� 1�67 0��À� 
����

(d) 

��(p)/��(t) 4 5 6 7 8 9 10 

0 0 588 603 581 573 578 581 606 

0 1 536 556 536 547 539 536 551 

1 0 611 576 607 630 621 646 635 

1 1 667 666 655 645 679 658 656 

2. ��
��BOM������������� 

¦�3.12ª1��¦678��p�ª2��¦BOM(x)���@ª3��
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uP¢(
,p xPB )�&H1D��¦È678p��FBOM(x)ÉÊ ��Â¥6

780 BOM(x)��0©1��uP¢��1�G
0,0 1PB = © 0,1 1PB = �¦67

80��F��0 1	BOM(x)¦= 
I ���3;´¹î�����10®E7��670��À^�H

630��#¦3.13ª6�ª5©6�Å·�����1�ª7E_ef67�^
�!ÄA67LMH67���Dx(1Ì)�GHÈ����1670�u	
BOM(x)¦§��F^��§¨HBOM(x)��0(DCBQ6,1,0=0)�#nBOM�
�1 (DCBQ6,1,1=630)�h'�ý^(DCBQt,d,x)�H�U67 A67	�7
�¡P¢£;¤�P¢�#n)*��3"	A67BC#$���ê%= 
gh��3�GH� 

7,1,1 6,1,0 6,1,1(630) (0) (630)DCMQ DCBQ DCBQ= +  

¦ 3. 12678  BOM(x)���u¦ 
678 
(p) 

BOM�� 
(x) 

�uP¢ 
(PBp,x) 

0 0 1 

0 1 1 

0 2 0 

 

 

¦ 3. 13  BOM(x)���F^� 
���� 

(d) 
BOM��(x)/��(t) 3 4 5 6 7 8 9 

0 0 49 72 0 58 0 0 0 

0 1 539 531 581 515 578 581 606 

0 2 536 556 536 547 539 536 551 

1 0 0 0 0 0 0 0 82 

1 1 611 576 607 630 621 646 553 

1 2 667 666 655 645 679 658 656 

3. ��
 �!��"#�� 
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h��3��´¹Á;®EB&�����d	A67BC^��%D
qÄ¹ÀH�)*_`�È������c}ÍLMNd`��A67^
�=�¦�3.14ª7�ª5©9©13�LMN1�ª6Eef530�J�A671
m����1�LMN0 2«�ef'(^�4����1=h!�)¦�
3.15��u¦�Å·�A67(s)1 BOM(y)��1	�uP¢H
1(

1,1 1SFB = )�¦A671�#�FBOM(x)��1ÉÊ ��I¦3.13ª6�
ª6�Å·�·����1�ª6E�F630�J��xH1�BOM= 
gh��3"GH� 

6,1,1 5,1,1 6,1,1 6,0,1,1 6,1,1,1(0) (0) (100) (0) (530)DCSFAQ DCSFAQ DCSFE SQ SQ= + + +  

6,2,1,1 6,1,1(0) (630)SQ DCBQ+ −  

¦ 3. 14�LMNklm���� 1�A67^� 
�� 
(f) 

���� 
(d) 

	
��(s)/��(t) 3 4 5 6 7 8 9 

0 0 0 7 528 82 505 108 0 86 

0 0 1 95 157 473 0 0 362 200 

0 1 0 0 265 0 445 0 492 638 

0 1 1 0 305 315 0 410 400 0 

1 0 0 278 0 0 0 131 436 337 

1 0 1 144 274 8 70 278 118 0 

1 1 0 122 300 500 100 180 0 0 

1 1 1 156 126 192 530 111 146 363 

2 0 0 0 0 354 0 200 0 28 

2 0 1 0 0 0 345 200 1 306 

2 1 0 245 1 55 0 399 66 0 

2 1 1 155 45 0 0 0 0 90 

 

 

¦ 3. 15A67  BOM(x)�u¦ 
A678 

(s) 

BOM�� 
(x) 

�uP¢ 
(SFBs,x) 
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0 

0 1 

1 0 

2 1 

1 

0 0 

1 1 

2 0 

4. ��
$�%&�� 

H���)*��3"�kl��0ª6®E_dkl530�J�A6
71m����1�LMN1ab0¾¬��Dx	¿�efm�530�J�
�À(��"Wefm}Í�����A671)�)¦�3.16ª6�ª5�Å
·�LMN�ª5®Eef600�J�A671�}�70�Jklm����
0�530�Jktm����1(G>çÂ��*áâ	_`)= 
gh��3+GH� 

5,1,1 6,1,0,1 6,1,1,1(600) (70) (530)FMQ SQ SQ= +
 

¦ 3. 16�LMN�ef�A67^� 
�� 
(f) 

	
��(s)/��(t) 2 3 4 5 6 7 8 

0 0 272 528 527 505 600 638 379 

0 1 400 472 473 410 400 362 200 

1 0 400 300 500 100 311 436 337 

1 1 300 400 200 600 389 264 363 

2 0 245 355 55 200 399 94 310 

2 1 155 45 345 200 1 306 90 

5. ��
'�BOM������!������ 

Ëd)*��3+��À��«ab0¾¬A67LM��Dx	
¿�,'��d�F�BOM(y)¦�e�vTÉÊ ��¦�3.17�Å·A
671��F	BOM(y)��H2 3�I�¦�3.18ª3�ª8©9���uP
¢�·�A671��FBOM(y)��2©3�ghLMN1�®E4�F�400
�JYH2�BOM��#n200�JYH3�BOM��= 
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gh��3,GH� 
5,1,1 4,1,2 4,1,3(600) (400) (200)FMQ FBQ FBQ= +  

¦ 3. 17A67  BOM(y)��	�uP¢ 
A67 
(s) 

BOM�� 
(y) 

�uP¢ 
(SFBs,y) 

0 

0 1 

1 1 

2 0 

3 0 

1 

0 0 

1 0 

2 1 

3 1 

¦ 3. 18LMN��®E� BOM(y)����F^� 
�� 
(f) 

BOM��(y)/��(t) 1 2 3 4 5 6 7 

0 0 72 328 200 32 100 616 0 

0 1 200 200 327 473 500 22 379 

0 2 200 245 200 210 200 162 0 

0 3 200 227 273 200 200 200 200 

1 0 200 200 200 0 111 236 253 

1 1 200 100 300 100 200 200 84 

1 2 200 200 0 400 189 64 163 

1 3 100 200 200 200 200 200 200 

2 0 45 355 55 200 200 94 306 

2 1 200 0 0 0 199 0 4 

2 2 155 45 345 200 1 306 90 

2 3 0 0 0 0 0 0 0 

6. ��
(�)*+"#�� 

h��3�d0�´¹�®Et�RSTmEºBC^���h	!�
@>¯�RSTmBC$*D�0�6>���12	¿�"�Ä¹Àc}
ÍLMNd`�{|^�(

, ', ,t f f mIQ )�#nRST�KF^�(
, ,t f mFBQ )=¦3.19

HRST BOM(y)��uP¢�Ë
, 1m yMB = ¦ÈRSTm��FBOM�

�yÉÊ �/�¦3.20ª6�ª8©9��Å·LMN1�®E4v]400�J
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�RST2 200�J�RST3/I¦3.21ª6�ª8©9��·LMN1�®
E4�RST2 3�{|lÀ�(

, ,t f mOQ )ÖH0/¦�3.22ª6�ª2©3©4©5
�#n22©23©24©25��Å·�l]N f �®E4-WÙÚÛÜ}ÍLM
N�RST{|^�= 
gh��3.GH� 

4,1,2 3,1,2 4,1,2 4,0,1,2 4,2,1,2 4,1,2(0) (200) (200) (0) (0) (0)MAQ MAQ FME IQ IQ OQ= + + + −  

   
4,1,2 (400)FBQ−  

4,1,3 3,1,3 4,1,3 4,0,1,3 4,2,1,3 4,1,3(0) (0) (200) (0) (0) (0)MAQ MAQ FME IQ IQ OQ= + + + −  

4,1,3(200)FBQ−  

¦ 3. 19RST  BOM(y)����uP¢ 
RST 
(m) 

BOM�� 
(y) 

�uP¢ 
(MBm,y) 

0 

0 1 

1 0 

2 0 

3 0 

1 

0 0 

1 1 

2 0 

3 0 

2 

0 0 

1 0 

2 1 

3 0 

3 

0 0 

1 0 

2 0 

3 1 

¦ 3. 20�LMNRSTKF�� 
��� 
(f) 

BOM��(y)/��(t) 1 2 3 4 5 6 7 

0 0 72 328 200 32 100 616 0 

0 1 200 200 327 473 500 22 379 
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0 2 200 245 200 210 200 162 0 

0 3 200 227 273 200 200 200 200 

1 0 200 200 200 0 111 236 253 

1 1 200 100 300 100 200 200 84 

1 2 200 200 0 400 189 64 163 

1 3 100 200 200 200 200 200 200 

2 0 45 355 55 200 200 94 306 

2 1 200 0 0 0 199 0 4 

2 2 155 45 345 200 1 306 90 

2 3 0 0 0 0 0 0 0 

¦ 3. 21�LMNRST{|lÀ� 
��� 
(f) 

�	
(m)/��(t) 1 2 3 4 5 6 7 

0 0 0 0 0 0 0 0 0 

0 1 0 0 0 0 0 0 0 

0 2 0 0 0 0 0 0 0 

0 3 0 0 0 0 0 0 0 

1 0 0 0 0 200 0 0 0 

1 1 0 0 0 100 0 0 116 

1 2 0 0 0 0 0 0 0 

1 3 100 0 0 0 0 0 0 

2 0 0 0 145 0 0 0 0 

2 1 0 200 200 200 1 0 0 

2 2 45 0 10 0 93 0 110 

2 3 0 0 0 0 0 0 0 

¦ 3. 22�LMN�{|l]� 
��� 
(f2) 

�� 
(f) 

�	
(m)/��(t) 2 3 4 5 6 7 

0 1 0 0 0 0 0 0 0 

0 1 1 0 0 0 0 0 0 

0 1 2 0 0 0 0 0 0 

0 1 3 0 0 0 0 0 0 

0 2 0 0 0 0 0 0 0 

0 2 1 0 0 0 0 0 0 

0 2 2 0 0 0 0 0 0 

0 2 3 0 0 0 0 0 0 

1 0 0 0 0 0 200 0 0 

1 0 1 0 0 0 100 0 0 

1 0 2 0 0 0 0 0 0 

1 0 3 100 0 0 0 0 0 

1 2 0 0 0 0 0 0 0 

1 2 1 0 0 0 0 0 0 

1 2 2 0 0 0 0 0 0 

1 2 3 0 0 0 0 0 0 
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2 0 0 0 0 145 0 0 0 

2 0 1 0 200 200 200 1 0 

2 0 2 45 0 10 0 93 0 

2 0 3 0 0 0 0 0 0 

2 1 0 0 0 0 0 0 0 

2 1 1 0 0 0 0 0 0 

2 1 2 0 0 0 0 0 0 

2 1 3 0 0 0 0 0 0 

 

 

7. ��������� 

 �¦�3.16ª3~9�ª4©5����/0À�LMN1Á1��À�
78^��¬�¾¬ÁE700�J����¼�= 
gh��32GH� 

4,1,0 4,1,1 4,1(500) (200) (700)FMQ FMQ CL+ ≤  

8. �����	
��� 

��>çÂ�*	LMN1��'({|^��gh�FLMN0£�
���¦�3.22ª6�ª18©19©20�·�LMN0�ª4EÙ3ÛÜ�LM
N2�RST0©1©2�{|^�§¨H145©200©10�J�Î�¦�3.23
ª6�ª10©11©12�ª�Å·�LMN2�ª3E�RST0©1©2�{|
lÀ� LMN0�ª4E�{|l]�z¾¬= 
gh��34GH� 

3,2,0 4,2,0,0 4,2,1,0(145)  (145) (0)OQ IQ IQ= +  

3,2,1 4,2,0,1 4,2,1,1(200)  (200) (0)OQ IQ IQ= +  

3,2,2 4,2,0,2 4,2,1,2(10)  (10) (0)OQ IQ IQ= +  

¦ 3. 23�LMN{|lÀ� 
��� 
(f) 

�	
(m)/��(t) 0 1 2 3 4 

0 0 0 0 0 0 0 
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0 1 0 0 0 0 0 

0 2 0 0 0 0 0 

0 3 0 0 0 0 0 

1 0 0 0 0 0 200 

1 1 0 0 0 0 100 

1 2 0 0 0 0 0 

1 3 0 100 0 0 0 

2 0 0 0 0 145 0 

2 1 0 0 200 200 200 

2 2 0 45 0 10 0 

2 3 0 0 0 0 0 
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���� ����	
�� 

>56F78ê´�93�#$%78g:ê´À�o$%à¬��
NO;<�=>78ê´�?X>~��eÀ�^���ß3 Ï@ �
��9�ÉÊ?X�H�?X>~���A	ß3 Ï@��ß3	B
C�>~�#JAVADE7�1�AFG	 ���93���78ª;H
I#;<z%JÂ£Hl]¸T��F>~��A	^�ß3 Ï@ �
��93ÉÊ`i�?X}����/ª�HI«#$%�g: KL	
à¬�ÉÊ>ß3M]�78#n§N=>5§H3ñ�ª4.1ñO���
78èéö¡�ª4.2ñPQ78�� §N= 

 

4.1 ��������	 

4.1.1 ���� 

1. ��¸R�  
$%��7jW$%�#S¿�^��Â¥671(DDR4000-1G)TU

#S¿�^�H1000V�¾¬WX§��I��^��ýCYZH0.3�«
��	78¸T_¾¬N( 1000 , 1000*0.3 )/%��@ýCYZH0.6D�«
��	78¸T_¾¬N( 1000 , 1000*0.6 )= 
2. ��Dx� 
���DxH;<[�ÁE ���Dx\ZH1Ì�] ���E^

H30E= 
3. ���N �èé �¡� 
>~�áâ	 ��¡¥^4.1�=���N�¡ãä�3<#¼L

MN#n2<#¼����(_î�`�ñab�Çg:KL)���ÝÞ�
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ßà�Ï�Ðd	RSTHìí÷ø�gh>78Òs�h;PQST�
I¼ëìí÷øfucd±²³45effu´��]ÁEjW²´RS
Tf4�LMN/ILMNd±gÏ12�ÉÊÝÞ�ßà(DRAM Module)
�´�Ø ���ktm������gh����ÁEjW²´ÝÞ�
ßàfu´�/I����h���®Ei	7j��_`�U	ãkm
�l678= 
4. �7STm�� 
LMN�PQSTHÝÞ�ìn�UÝÞ�ìn©opqrs(PCB)

n}Í}Íùú,Â¥qt#nquÉÊàkî�GH�����fuÛå
(DRAM Module)�����Îdv$%���_`�UDRAMãkH�l
�67î�ÀC4Uw= ���

1���
2���
3

����
1����
2

��� �������� DRAM�� !"� 
 

^ 4. 1 �èé �¡ 
5. ÉÊ78	�Ïxyèé� 
>78	�ÏxyHWindows XP Professional SP2�CPUHIntel Celeron 
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2.8GHz�504MB RAM�`i��HILOG CPLEX 11= 
 

4.1.2 ��������� 

0'�;<Õ�D�z{s�¿�+o78g:� 
1. Ag:�fu|�ß 
Õfu|�ß�W6<LMN#n5<����/�fu|�ß�W3

<LMN#n2<����= 
2. Bg:��7op 
;}IE�gÏ0ÉÊ ���D�~Wj��"<[��_`��

��^m�1000�#¼�gh@�7op��30o#¼��H�fu|�
ßD����^¶�>1000��gh��2©6©10©14©18©22©26©30
��30o�7�8<KL= 
3. Cg:�_`KL(_`�f4�?Â) 
_`KL§H60%©90% 120%�´¹93�#�f4^�:#$%

��KLÅ�_`^��U�_`^��#�7op^Å��o�70�
�®E���_`^�(d )�Î#¾)uniform(d r d− ×  , d r d+ × )§�4$
%�7�GH�<$%�70��®E���_`^�= 
4. Dg:�_`ýC 
��TU¿�����j��#S��������Õ� ����

�WP¢��#g:KLê�0_`èé����ý�0.3 _`èé��
�Yý�0.6õoKL/��_`ý�0.3�Z#��7_`��#S&( pµ )

:#0.3�ý�Y�H0.3 pµ �gh0hKL	¿����_`��¾¬
Normal( pµ  , 0.3 pµ )���/%���KL2HNormal( pµ  , 0.6 pµ )���= 
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4.1.3 ���� 

1. �é;�>~���ß3 Ï@ ���9�ÉÊ?X 
�é;��60%©90% 120%£H_`KL�#n0.3 0.6�_`ý

C�?X0$%fu|�ß#n$%_`KL#n_`ýC	¿��o�
�ß3����#18o�7opÉÊ�oKLà¬�?X���¥¦4.1�
78�¡¥^4.2= 

¦ 4. 1�é;78g:KLà¬ 
fu|�ß _`KL _`ýC ��Z2 

� 

60% 0.3 

1.�6> 
2.
C^� 

90% 0.3 

120% 0.3 

60% 0.6 

90% 0.6 

120% 0.6 

Õ 

60% 0.3 

90% 0.3 

120% 0.3 

60% 0.6 

90% 0.6 

120% 0.6 
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������ 1.���
2.����

����

1.�	
�
2.�	���

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

	
��

�����

��

	
��

� !"

1.���(LP)

2.������(Huristic)
 

^ 4. 2�é;78�¡ 
2. �é��8�ß3�?Fç� 
��LP�	�NP-hard(Non-deterministic Polynomial Hard);<�̀ iD

x�;<�ßPZ^���gh>�é1�0��i>ß3�`iç�=
�é��78�¡¥^4.3��#fu|�ßn�7op£H��g:�
��Z2H`iDx(�H�J)�g:KLà¬��¥¦4.2��W2o�
7opg:KL�2ofu|�ßg:KL= 

¦ 4. 2�é�78g:KLà¬ 

fu|�ß �7op ��Z2 

� 

2 

`iDx(�) 
6 

10 

14 

18 

26 
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30 

Õ 2 

6 

fu|�ß �7op ��Z2 

Õ 

10 

`iDx(�) 
14 

18 

26 

30 

 

����

����

�����	
����

2#6#10#14#18#22#24#
26#30$%&'( 
��

����

�����

	
�

��

1.�����
2.��������
3.��������

����

 

^ 4. 3�é�78�¡ 
3. �é"��^§N 
H��i6>g:�>ß3������ ��d¡�LMNx{|

6>(X1)©A67BC6>(X2)©STBC6>(X3)#nLMNklm��
���kl6>(X4)�0_`KL90%#n_`ýC0.6	¿�èé�F18
o$%�7op#n�fu|�ßÉÊ`i�Î6FSPSS��ÉÊANOVA
§N�áâ�o6>��ST{|^�(Y1)©STBC^�(Y2)#nA67
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BC^�(Y3)�� ¦Q�Áo6>g:¢20©70#n120"oKL��81
oà¬���¥¦4.3�#n�é"	78�¡¥¿^4.4�= 

 

 

 

¦ 4. 3�é"78g:KLà¬ 

�� ���� 
(X1) 

���	
 
��(X2) 

��	
 
��(X3) 

��� 
(X4) 

���� 
1 20 20 20 20 

1.��� 
2.���	
� 
3.��	
� 
4.��� 

2 20 20 20 70 

3 20 20 70 20 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

79 120� 120� 120� 20�
80 120� 120� 120� 70�
81 120� 120� 120� 120� )*+,

������ 1. -./
2. 012
3. 3.4562
4. 78562

9:;<
1.=>?@90%
2.=>ABCD0.6EF;<

1.01./
2.3.456./
3.7856./
4.GH./

 

^ 4. 4�é"78�¡ 

 

4.2 ������� 

4.2.1 �������� !�"#$%�� &'()*+,- 

�é;?X0$%fu|�ß	¿�>~�#n£��������
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�W.o$%KLà¬�}��¦ÆÇH� 
A. _`KL 60%�_`ýC 0.3/ 
B. _`KL 90%�_`ýC 0.3/ 
C. _`KL 120%�_`ýC 0.3/ 
D. _`KL 60%�_`ýC 0.6/ 
E. _`KL 90%�_`ýC 0.6/ 
F. _`KL 120%�_`ýC 0.6= 

 

1. 6>��	?X 
^ 4.5Hfu|�ß��_`ýC 0.3	¿��o_`KL	6>?

X�̂ 4.6Hfu|�ß��_`ýC 0.6	¿��o_`KL	6>?X/
>ß30�fu|�ß¿��KLà¬�`i����6>�¦QÖ+�
£�3�«������= 

A B C

LP 208,472,290 280,838,820 481,455,290

Huristic 913,579,600 417,572,220 674,666,450

0

100,000,000

200,000,000

300,000,000

400,000,000

500,000,000

600,000,000

700,000,000

800,000,000

900,000,000

1,000,000,000IJK ��������	(
�0.3)

 

^ 4. 5�fu|�ß6>?X(_`ýC 0.3) 
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D E F

LP 229,662,530 310,657,730 393,323,230

Huristic 774,893,160 474,666,450 492,594,190

0

100,000,000

200,000,000

300,000,000

400,000,000

500,000,000

600,000,000

700,000,000

800,000,000

900,000,000IJK ��������	(
�0.6)

 

^ 4. 6�fu|�ß6>?X(_`ýC 0.6) 

^ 4.7Hfu|�ßÕ�_`ýC 0.3	¿��o_`KL	6>?
X�̂ 4.8Hfu|�ßÕ�_`ýC 0.6	¿��o_`KL	6>?X/
Õfu|�ß¿�>ß30�KLà¬�`i����6>�¦QÖ+�
£�3�«������= 

 

 

A B C

LP 402,550,050 498,385,910 848,273,970

Huristic 2,133,857,780 1,049,908,730 1,005,349,140

0

500,000,000

1,000,000,000

1,500,000,000

2,000,000,000

2,500,000,000LMN ��������	(
�0.3)

 

^ 4. 7Õfu|�ß6>?X(_`ýC 0.3) 
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D E F

LP 401,419,460 480,447,360 909,066,780

Huristic 1,927,115,410 585,298,910 1,064,323,070

0

500,000,000

1,000,000,000

1,500,000,000

2,000,000,000

2,500,000,000LMN ��������	(
�0.6)

 

^ 4. 8Õfu|�ß6>?X(_`ýC 0.6) 

2. 
C��	?X 
^ 4.9Hfu|�ß��_`ýC 0.3	¿��o_`KL	
�?

X�^ 4.10Hfu|�ß��_`ýC 0.6	¿��o_`KL	
�?
X/>ß30�fu|�ß¿��KLà¬�`i���
����¦Q
Ö+�£�3�«������= 

A B C

LP 7,798 78,944 277,264

Huristic 26,484 141,785 287,843

0

50,000

100,000

150,000

200,000

250,000

300,000

350,000OPQ ��������(
�0.3)

 

^ 4. 9�fu|�ß
�?X(_`ýC 0.3) 
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^ 4. 10�fu|�ß
�?X(_`ýC 0.6) 

^ 4.11Hfu|�ßÕ�_`ýC 0.3	¿��o_`KL	
�?
X�^ 4.12Hfu|�ßÕ�_`ýC 0.6	¿��o_`KL	
�?
X/>ß30Õfu|�ß¿��KLà¬�`i���
����¦Q
Ö+�£�3�«������= 

A B C

LP 995 92,375 437,598

Huristic 26,372 164,721 573,265

0

100,000

200,000

300,000

400,000

500,000

600,000

700,000OPQ ��������(
�0.3)

 

^ 4. 11Õfu|�ß
�?X(_`ýC 0.3) 
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^ 4. 12Õfu|�ß
�?X(_`ýC 0.6) 

3. �� 
>~��d0eÀ;<���NO ���	��§�9��¤1�

Ï@��9�?X�#n}8�}?FØ� �78ê´��Å·�0.
o$%�èé_`KLà¬	¿�#n 2o$%�fu|�ßÕ����
�>~��e�9�	�����Ö+�1�Ï@��F�£�3��9
�= 
 

4.2.2 ��.�!�/012��,- 

`i��¥¦4.4#n^4.13���fu|�ß�¥ �¦`iDx
#SH2�n189��Õfu|�ß�¥ �¦`iDx#SH7�n597
���h���0À�0�<g:KL§¿�>ß3¨Wz@+C�`i
Dx= 

¦ 4. 4�g:KL¿	`iDx(�JH�) 
fu|�ß/�7op 2 6 10 14 18 22 26 30 

� 2 5 8 25 40 90 132 189 
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Õ 7 21 68 140 203 327 432 597 

 

0

100

200

300

400

500

600

700

2 6 10 14 18 22 26 30

RS TUVW XYZ[\]XYZ[\^
 

^ 4. 13�g:KL¿	`i�© 
 �78��PQ���fu|�ß(3<LMN2<����)	¿�30

o$%�7op�`iªZ#SH189�(«3§¬)���^���1,620�
®ùý^�72,428</Õ�fu|�ß(6<LMN5<����)	¿�30o
$%�7op�`iªZ#SH596�(«10§¬)���^���4,050�
®ùý^�251,419<�gh0`i�©¼�>ß3W+C�¦Q= 
 

4.2.3 ��3�4567��,- 

���é"	78^±�W 81à�ghU78��#¦�¯s��î
ïð°`����Fy´�� SPSSU78��ÉÊ ANOVA§N=#¿U
¡�{|^�©STBC^�#nA67BC^�ÉÊ��= 

 

1. �o6>�{|^�(Y1)� �� 
¥^ 4.14�0 0.05α = ¿�kl6>(X4)��{|^��� �$/±�

I�^ 4.15Å·���kl6>îÎÉÊæy�F§N���Û0�{|
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^��d3�{|6>(X1)©A67BC6>(X2)#nSTBC6>(X3)�
� �}�²#{|6>(X1)� �³(F&�Y)�I X1©X2©X3"´�
æy�FP¢�{|^��� /±=)ïð4�78���µ¶�@{
|6>��ST�J»BVW6>D�u·� ¸�$ad�{|ÊH/
@{|6>Õ�ST�J»BVW6>D�LMNxÒÉÊad¹���
$ÉÊ{|ÊH= 

 

^ 4. 14�o6>�{|^�� �� 

 

^ 4. 15 X1©X2©X3"o6>�{|^��æy�F�  
2. �o6>�STBC^�(Y2)� �� 
¥^ 4.16�0 0.05α = ¿�+o6>��STBC6>ÖW/±� �

�)ïðº� SPSS§N���Q�kl6>(X4) »!"o6>�æy
�F��STBC^���/±� �GSTBC�3�{|6>(X1)©
A67�JBCVW6>(X2)#nST�JBCVW6>� XÕ�}�
²#ST�JBCVW6>(X3)� �³(F&�Y)�gH@ST�JBC
VW6>¼YD�LMNxjÉÊ{|ÊH�¹�½�USTàk6A6



 

 76

7= 

 

^ 4. 16�o6>�STBC^�� �� 
3. �o6>�A67BC^�(Y3)� �� 
¥^ 4.17�0 0.05α = ¿�+o6>��STBC6>ÖW/±� �

�)ïð¾� SPSS§N���Q�kl6>(X4) »!"o6>�æy
�F��A67BC^���/±� �ÆGA67BC^�3�{|6
>(X1)©A67�JBCVW6>(X2)#nST�JBCVW6>� X
Õ�}�²#ST�JBCVW6>(X3)� �³(F&�Y)�gH@ST
�JBCVW6>¼YD�j½�USTàk6A67= 

 

^ 4. 17�o6>�A67BC^�� �� 
 

4. �� 
��é"�78���¿rÀ�{|6>©ST�JBCVW6>#

nA67�JBCVW6>æy�F��{|^�©STBC^�#nA
67BC^�WX/±	� �@{|6>��ST�JBCVW6>



 

 77

D�u·� $ad�{|ÀÁÊH�@{|6>Y�ST�JBCVW
6>D�«LMNÒÉÊad¹��$ÉÊ{|ÊH=I@A67�JB
CVW6>��ST�JBCVW6>D�LMNjUÂÃ�ST½� 
�HA67��A67BC^�¼Ä/I)�878��Û0�LMNm
�����kl6>��{|#nBC^�	� X$/±= 
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���� ����	
���
5.1 �� 

>~�¡��NO ���Å<eÀ;Æ�^��ß3�ÉÊ`i�
NO�v�©STÀÁ#nkl´��78��/�uF>~�eÀ�
��ß3�0_`KL 60%©90%#n 120%èé	¿�#n$%�fu|
�ßÕ�����6>��©
C#nBCKL�¦QÖ+�1�Ï@�
�F���ß3= 
>ß3$0ÇÉ6>��9È���ÉÊ�0`i�©�¦Q¼�

qW¥ª`i�+Ë� �78��PQ���fu|�ß(3<LMN 2

<����)	¿�30o$%�7op�̀ iªZ#SH 189�(« 3§¬)�
��^��� 1,620�®ùý^� 72,428</Õ�fu|�ß(6<LM
N 5<����)	¿�30o$%�7op�`iªZ#SH 596�(« 10

§¬)���^��� 4,050�®ùý^� 251,419<�gh$Ì0`i
�©¹��Í¼�>ß3ÖW+C�¦Q= 

 

5.2 	
��� 

>~��eÀ�ß3�0�©#n�Í�¦QÉÊ�>ß3�#;
Î
>ôêH�e¿�ö%�ghöÅ9Û�ÇÉ�~�9c¥¿� 
1. ��RT�Ï���¥ª�0��®Ei��j$Ðý��gh9Û�
�FßÑ9��¡�RTÏ����Å<�ÉÊ��`i= 

2. ¡��Ò�fu|�klÓ�9È�s�kl�ÔÕ©��#n�Ö�
P×��kl6>�0¾¬��6>�12	¿�¥ªt�1���q
�;<&Å�A�Å<= 
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3. VWX��(YZ[\]^_`�ab%&cd����#$ab2�ef567
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4. ghi�����jk��lm2�QR567/789ST>?@ABUD�2003

EF 
5. nDo��pq/<rjst�Muv����#$%&">?2�QR567/7

89ST>?@ABUD�2004EF 
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D�2002EF 
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>?@ABUD�2003EF 
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 ABCD�2001EF 
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2001EF 
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BCD�2003EF 
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 X1 X2 X3 X4 Y1 Y2 Y3 _`
 abcd ecfghcd ijghcd klcd abmn ijgh ecfgh 

1 20 20 20 20 2,286,300 437,447 4,000

2 20 20 20 70 2,337,639 437,446 4,000

3 20 20 20 120 2,416,677 437,446 4,000

4 20 20 70 20 881,100 142,650 298,796

5 20 20 70 70 4,394,766 437,446 4,000

6 20 20 70 120 4,629,702 437,447 4,000

7 20 20 120 20 881,100 142,650 298,796

8 20 20 120 70 881,100 142,650 298,796

9 20 20 120 120 4,352,493 437,446 4,000

10 20 70 20 20 2,752,339 437,446 4,000

11 20 70 20 70 2,549,135 437,446 4,000

12 20 70 20 120 2,382,203 437,446 4,000

13 20 70 70 20 5,089,500 437,446 4,000

14 20 70 70 70 5,089,500 437,446 4,000

15 20 70 70 120 5,089,500 437,446 4,000

16 20 70 120 20 5,003,500 394,446 47,000

17 20 70 120 70 5,089,500 437,446 4,000

18 20 70 120 120 5,089,500 437,446 4,000

19 20 120 20 20 2,955,401 437,446 4,000

20 20 120 20 70 2,699,984 437,446 4,000

21 20 120 20 120 2,532,024 437,446 4,000

22 20 120 70 20 5,089,500 437,446 4,000

23 20 120 70 70 5,089,500 437,446 4,000

24 20 120 70 120 5,089,500 437,446 4,000

25 20 120 120 20 5,089,500 437,446 4,000

26 20 120 120 70 5,089,500 437,446 4,000

27 20 120 120 120 5,089,487 437,447 4,000

28 70 20 20 20 0 437,446 4,000

29 70 20 20 70 0 437,446 4,000

30 70 20 20 120 0 437,446 4,000

31 70 20 70 20 616,549 142,650 298,796

32 70 20 70 70 603,676 142,650 298,796

33 70 20 70 120 53,135 142,650 298,796

34 70 20 120 20 881,212 142,657 298,794

35 70 20 120 70 881,100 142,650 298,796

36 70 20 120 120 881,096 142,650 298,797

37 70 70 20 20 0 437,446 4,000

38 70 70 20 70 0 437,446 4,000

39 70 70 20 120 0 437,446 4,000

40 70 70 70 20 453,925 142,651 298,797

41 70 70 70 70 444,310 142,657 298,794

42 70 70 70 120 2,798,270 437,446 4,000

43 70 70 120 20 881,106 142,651 298,796
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 X1 X2 X3 X4 Y1 Y2 Y3 _`
 abcd ecfghcd ijghcd klcd abmn ijgh ecfgh 

44 70 70 120 70 881,100 142,650 298,796

45 70 70 120 120 881,100 142,650 298,797

46 70 120 20 20 0 437,446 4,000

47 70 120 20 70 0 437,446 4,000

48 70 120 20 120 0 437,446 4,000

49 70 120 70 20 3,098,599 394,446 47,000

50 70 120 70 70 2,520,588 437,446 4,000

51 70 120 70 120 2,472,261 437,446 4,000

52 70 120 120 20 4,976,044 385,294 56,152

53 70 120 120 70 5,003,500 394,446 47,000

54 70 120 120 120 5,089,500 437,446 4,000

55 120 20 20 20 0 437,446 4,000

56 120 20 20 70 0 437,446 4,000

57 120 20 20 120 0 437,446 4,000

58 120 20 70 20 31,050 142,650 298,796

59 120 20 70 70 31,050 142,650 298,796

60 120 20 70 120 29,900 143,800 297,646

61 120 20 120 20 601,859 142,650 298,796

62 120 20 120 70 589,454 142,650 298,796

63 120 20 120 120 536,569 142,650 298,796

64 120 70 20 20 0 437,446 4,000

65 120 70 20 70 0 437,446 4,000

66 120 70 20 120 0 437,446 4,000

67 120 70 70 20 0 437,446 4,000

68 120 70 70 70 0 173,700 267,746

69 120 70 70 120 0 437,446 4,000

70 120 70 120 20 52,082 142,658 298,797

71 120 70 120 70 463,242 142,650 298,796

72 120 70 120 120 469,709 142,650 298,796

73 120 120 20 20 0 437,447 4,000

74 120 120 20 70 0 437,446 4,000

75 120 120 20 120 0 437,447 4,000

76 120 120 70 20 0 394,446 4,700

77 120 120 70 70 0 437,446 4,000

78 120 120 70 120 0 437,446 4,000

79 120 120 120 20 504,766 142,650 298,796

80 120 120 120 70 453,703 142,650 298,796

81 120 120 120 120 473,628 142,650 298,796
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