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B1 B2 B3 �þ
A1 13 15 12 78
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min z = 13x11 + 15x12 + 12x13 + 11x21 + 29x22 + 22x23
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ccc°°° ���888A ���888B ���888C ���888D

1�c xA1 xD1
1�c xA2 xC2 xD2
1nc xA3 xB3 xD3
1oc xA4 xD4
1Êc xD5
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1�cµxA1 + xD1 = 10
1�cµ1.06xD1 = xA2 + xC2 + xD2

1ncµ1.06xD2 + 1.15xA1 = xA3 + xB3 + xD3

1ocµ1.06xD3 + 1.15xA2 = xA4 + xD4

1Êcµ1.06xD4 + 1.15xA3 = xD5

��µxB3 ≤ 4, xC2 ≤ 3
¤kCþ ≥ 0
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max z = 1.15xA4 + 1.25xB3 + 1.40xC2 + 1.06xD5
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��20mg+º

êêêÆÆÆ���...

���{{{���YYYµ

�{ 8m+ 6m+ {�
1 2 0 4m
2 1 2 0m
3 0 3 2m

ûûûüüüCCCþþþµxiL«¦^à{i�gê
888III¼¼¼êêêµ��zg+¦^þ

min z = x1 + x2 + x3
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YYY~~~3µµµggg+++eee���¯̄̄KKK

���ååå^̂̂���

2x1 + x2 ≥ 80 (8m+I¦)
2x2 + 3x3 ≥ 100 (6m+I¦)
x1, x2, x3 ≥ 0 �ê
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YYY~~~4µµµggg555@@@���¯̄̄KKK

¯̄̄KKK���µµµ

3,ïÓó§�ó¥I10,000@g5£z@¹2.9m,2.1m,1.5m��
�¤§�á�z��Ý�7.4m§¯A	?õ��ù���g5âU÷v
ó§�I�?XÛe���º

¯̄̄KKK©©©ÛÛÛ

���������YYYµ

�Y
e��Ý/m 1 2 3 4 5 6 7 8

2.9 2 1 1 1 0 0 0 0
2.1 0 2 1 0 3 2 1 0
1.5 1 0 1 3 0 2 3 4

{�/m 0.1 0.3 0.9 0 1.1 0.2 0.8 1.4
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YYY~~~4µµµggg555@@@���¯̄̄KKK

¯̄̄KKK©©©ÛÛÛ

ûûûüüüCCCþþþµxiL«U1i«���Ye�¤I7.4m ���á��ê
£=§¦^�{i�gê¤
888III¼¼¼êêêµ��z�á�^þ

min z = x1 + x2 + x3 + x4 + x5 + x6 + x7 + x8

���ååå^̂̂���µ

2x1 + x2 + x3 + x4 ≥ 10000 (2.9mI¦)
2x2 + x3 + 3x5 + 2x6 + x7 ≥ 10000 (2.1mI¦)

x1 + x3 + 3x4 + 2x6 + 3x7 + 4x8 ≥ 10000 (1.5mI¦)
xi ≥ 0 �ê
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YYY~~~5µµµúúú���üüü���¯̄̄KKK

¯̄̄KKK���µµµ

¼�ÑÖú�XÚ��ã¤I<êµ

�mã �m ¤I<ê
1 0:00-4:00 60
2 4:00-8:00 70
3 8:00-12:00 60
4 12:00-16:00 50
5 16:00-20:00 20
6 20:00-24:00 30

z<ëYó�8��§¦��ó�<
ê"
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êêêÆÆÆ���...

ûûûüüüCCCþþþµxiL«1i�ãm©þ�<ê
888III¼¼¼êêêµ��zo<ê

min z =
6∑

i=1

xi

���ååå^̂̂���µ

x1 + x6 ≥ 60 (�ã1)
x1 + x2 ≥ 70 (�ã2)
x2 + x3 ≥ 60 (�ã3)
x3 + x4 ≥ 50 (�ã4)
x4 + x5 ≥ 20 (�ã5)
x5 + x6 ≥ 30 (�ã6)

xi ≥ 0 �ê
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YYY~~~6µµµ���ÈÈÈ������¯̄̄KKK

¯̄̄KKK���µµµ

o<�Èo«�ó`²Ö¤I�m£��¤µ

E J G R
` 2 10 9 7
¯ 15 4 14 8
Z 13 14 16 11
¶ 4 15 13 9

z<�KI�«�ó§¦��o�m�Y"
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YYY~~~6µµµ���ÈÈÈ������¯̄̄KKK

êêêÆÆÆ���...

ûûûüüüCCCþþþµxij =

{
1 ��i�j
0 ÄK

888III¼¼¼êêêµ��zo�m min z =
∑4

i=1
∑4

j=1 cijxij

���ååå^̂̂���µ

4∑
j=1

xij = 1 ∀i (z<��ó�)

4∑
i=1

xij = 1 ∀j (z�ó��<)

xij ∈ {0, 1}
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YYY~~~7µµµ������¯̄̄KKK

¯̄̄KKK���µµµ

��Nþ50kg§n«Ô¬ëêµ

Ô¬ ­þ(kg/�) d�(�/�)
1 5 10
2 8 18
3 12 25

Ô¬êþÃ�§¦��d�C��Y"

êêêÆÆÆ���...

ûûûüüüCCCþþþµxiL«Ô¬i�êþ
888III¼¼¼êêêµ��zod�

max z = 10x1 + 18x2 + 25x3
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YYY~~~7µµµ������¯̄̄KKK

êêêÆÆÆ���...

���ååå^̂̂���µ

5x1 + 8x2 + 12x3 ≤ 50 (Nþ��)
xi ≥ 0 �ê

���`̀̀)))µx1 = 1, x2 = 0, x3 = 3, z = 85
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YYY~~~8µµµ������ÀÀÀJJJ¯̄̄KKK

¯̄̄KKK���µµµ

5�/:À3?ï�§ëêXeµ

/: Ý](�) àX(/) �U(�ë)
1 320 25 40
2 280 18 35
3 240 20 45
4 210 15 30
5 180 12 25

oÝ][800�§àX[60/§¦��o�U"
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YYY~~~8µµµ������ÀÀÀJJJ¯̄̄KKK

êêêÆÆÆ���...

ûûûüüüCCCþþþµxi =

{
1 À�i
0 ØÀ

888III¼¼¼êêêµ��zo�U

max z = 40x1 + 35x2 + 45x3 + 30x4 + 25x5

���ååå^̂̂���µ

320x1 + 280x2 + 240x3 + 210x4 + 180x5 ≤ 800 (Ý])
25x1 + 18x2 + 20x3 + 15x4 + 12x5 ≤ 60 (àX)

x1 + x2 + x3 + x4 + x5 = 3 (À�ê)
xi ∈ {0, 1}

���`̀̀)))µÀ�1,3,4§o�U115�ë
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888¹¹¹

1 {{{¤¤¤


ÞÞÞ¯̄̄KKK

2 ���888AAA^̂̂|||µµµ

3 ���555555yyy������êêê555yyyggg���

4 YYY~~~©©©ÛÛÛ

5 (((¯̄̄ÝÝÝ©©©ÛÛÛ

6 ������
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(((¯̄̄ÝÝÝ©©©ÛÛÛ���


ÞÞÞ¯̄̄KKK

ØØØ%%%¯̄̄KKK

1 �XêCz�§�`)XÛCzº

2 Xê3�o��SCz�§�`)�±ØCº

3 �Ñ���XÛp�¦�#�`)º

4 ]
�þ�°�5õ��	�Ãº




ÞÞÞ¯̄̄KKK������

3y¢A^¥§�.ëêo�3Ø(½5µ

ÿþØ�

½|ÅÄ

�¸Cz

ýÿ �

(¯Ý©Û´�.l"nØ)"�"¢SA^"�7²xù
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(((¯̄̄ÝÝÝ©©©ÛÛÛ

ØØØ%%%½½½ÂÂÂ

(¯Ý©Û(Sensitivity Analysis)�3µµµ������...ÑÑÑÑÑÑéééÑÑÑ\\\ëëëêêê666ÄÄÄ������
AAA§§§ÝÝÝ§)ûüa'�¯Kµ

1 �.��5�yµëêØ(½5e§�`)´Ä­½º

2 ûü>.£OµëêCz3Û«��SØK��c�`üÑº

ëëëêêêaaa...

ddd���XXXêêê cjµ8I¼êXê£´É½|ÅÄK�¤

EEEâââXXXêêê aijµ�å^�Xê£)�ó²û½¤

mmmààà~~~êêê biµ]
�þ£~�ýÿ½���¤
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///ooo���¡¡¡���000ÔÔÔÑÑÑ���(((¯̄̄ÝÝÝ©©©ÛÛÛ

SSSCCC²²²oooÖÖÖPPPrrrNNN���ÔÔÔÑÑÑ������

1 ¡�­.�Ec÷

2 ¡�²LÌÔ|

3 ¡�I[­�I¦

4 ¡�<¬)·èx

(((¯̄̄ÝÝÝ©©©ÛÛÛ���ØØØ%%%���^̂̂

(¯Ý©Û(Sensitivity Analysis)ÏLþþþzzz���...ÑÑÑÑÑÑéééÑÑÑ\\\ëëëêêê���¯̄̄aaa§§§
ÝÝÝ§3"o�¡�"¥u�'��^µ

µ��Ec÷�.���5

J,²Lûü�­è5

�æI[­�ó§�S�5

`z)·èx+��°O5
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¡¡¡���­­­...���EEEccc÷÷÷

ccc÷÷÷���EEE¥¥¥���(((¯̄̄ÝÝÝ©©©ÛÛÛ

þþþfffXXXÚÚÚ`̀̀zzzµ
©Ûþf'A�Z�méD
(ëê�¯aÝ
���§{O�ëê �
J,þf�{­½5

pppUUUÔÔÔnnn¢¢¢������OOOµ
��p´{O�>^|é>
�Ç�(¯Ý
£O°.p{;� �

ÊÊÊ���ÊÊÊUUU(((������OOOµ
ÄuABAQUS����O(
¯Ý©Û
O�Aå/ªÇéá�þÝ�
�ê

���EEEâââ»»»ddd���

�é�Ñ��1ì�O
¥�íÄ`z]Ô§Ê
.`z�m á

¡é�°hít&¥�
;�£OJK§p{;
�£O°ÝJ,

éuþf'Aò�Z�
��O��Ø§þfO
��ØÇü$
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¡¡¡���²²²LLLÌÌÌÔÔÔ|||

²²²LLLXXXÚÚÚ¥¥¥���(((¯̄̄ÝÝÝAAA^̂̂

øøøAAAóóó���555+++nnnµ
Kfd�©Û��øAÅÄ
O�|dCz«m
��æ	d�K��½

777KKKºººxxx������µ
8I¼êXê��©Û
(½]�ÂÃÇ#NÅÄ«
m
½|ÅÄý´Å�

)))���NNNÝÝÝ`̀̀zzzµ
�Akâ�[I¦ÅÄK�
ëê(¯ÝüS£O'�ë
ê

²²²LLLuuuÐÐÐddd���

,>ûÔ6�äü$ó
;¤�

Ý]|Üºxý´Jc
ÇJ,

zó�1g����~
�
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¡¡¡���III[[[­­­���III¦¦¦

III[[[ÔÔÔÑÑÑóóó§§§¥¥¥���(((¯̄̄ÝÝÝ���æææ

>>>åååXXXÚÚÚ���æææ���äääµ
·�(¯Ý©Û{½ �æ
:
>Ø/>6é�´ëê� �
£Oé�$K����|´

YYYÀÀÀ///£££nnnûûûüüüµ
ÛÜ(¯Ý©ÛY©ëê
þzYâ�ü�ÇéY�K
�

ØØØ���AAAæææSSS������ýýýµ
Sobol�Û(¯Ý�ê
¥fÏþée%J§Ý¯a
Ý©Û

III[[[ÔÔÔÑÑÑddd���

ApØ>��æüØ�
ÇJ,

��6�ëê�Ø�m
 á

"u9�Ò"S�iÿ�
ÇJ,
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¡¡¡���<<<¬¬¬)))···èèèxxx

èèèxxx+++������(((¯̄̄ÝÝÝAAA^̂̂

666111¾¾¾������üüüÑÑÑµ
SIR�.;,(¯Ý©Û
O�∂I/∂R0 £\Oa/<
ê¤
þzR0Ø�é¸��mK�

������]]]


úúú²²²©©©���µ
�55yKfd�©Û
CT����éCXÇ�(¯
Ý
(½��O	`k?

���555zzz^̂̂������OOOµ
��ÄåÆ���§{
É�ßÝé���Ç�(¯
Ý

¬¬¬)))èèèxxxddd���

COVID-19��]
N�
°ÝJ,

Ä���K���CX
ÇJ,

¬5�öÓ5�AÇü
$
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ooo(((���ÐÐÐ"""

(((¯̄̄ÝÝÝ©©©ÛÛÛ���ÔÔÔÑÑÑ¿¿¿ÂÂÂ

ºººxxx������µþzëêS�>.§��XÚ5ºx

]]]


`̀̀zzzµ£O'�K�Ï�§J,]
���Ç

ûûûüüü|||   µJø�Æ�â§Or�ü�½�°O5

EEEâââMMM###µíÄI�z©Ûóämu

ÑÑÑÖÖÖIII[[[ÔÔÔÑÑÑ

(¯Ý©Û3"o�¡�"¥Úw
lllëëëêêê666ÄÄÄ���ûûûüüü­­­èèè555�xù�
^§I;�I[ÔÑI¦µ

\rÄ:�{M#

r?Æ���KÜ

ï�gÌM#NX

rz�.­è5§�æI[uÐS�5
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¯̄̄KKK£££ããã

]]]


©©©���¯̄̄KKK

,ó�|^A!B!Cn«]
)�`!¯ü«�¬§®�)�ü �¬
¤I��«]
�êþ±9|dµ

`̀̀ ¯̄̄ ]]]


oooþþþ

]]]


A 1 2 8kg
]]]


B 4 0 16kg
]]]


C 0 4 12kg
|||ddd£££���/kg¤¤¤ 2 3

¯̄̄KKK

1 XÛSü)�Oy¼|�õº

2 ]
A�êþd8C�12§é��`Oy�K�º
3 ¯�¬�|d3�o��SCz�§�`�YØCº
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¯̄̄KKK(1): ���`̀̀)))���OOOyyy

���555555yyy���...

�)�`�¬x1 kg§¯�¬x2 kgµ

��z z = 2x1 + 3x2

�å^�


x1 + 2x2 ≤ 8 (]
A)
4x1 ≤ 16 (]
B)
4x2 ≤ 12 (]
C)
x1, x2 ≥ 0

¦¦¦)))(((JJJ

�`)µx∗
1 = 4 kg, x∗

2 = 2 kg
��|dµz∗ = 2× 4 + 3× 2 = 14 �
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¯̄̄KKK(1): ���`̀̀)))���OOOyyy

]]]


¦¦¦^̂̂���¹¹¹

]
A: 4 + 2× 2 = 8 kg (��¦^)
]
B: 4× 4 = 16 kg (��¦^)
]
C: 4× 2 = 8 kg (�{4kg)
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¯̄̄KKK(2): ]]]


AOOO\\\���12kg

???UUU���������ååå

]
A�åC�µx1 + 2x2 ≤ 12

¦¦¦)))###¯̄̄KKK

��z z = 2x1 + 3x2

�å^�


x1 + 2x2 ≤ 12
4x1 ≤ 16
4x2 ≤ 12
x1, x2 ≥ 0

#�`)µx∗
1 = 4 kg, x∗

2 = 3 kg
#��|dµz∗ = 2× 4 + 3× 3 = 17 �
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¯̄̄KKK(2): ]]]


AOOO\\\���12kg

KKK���©©©ÛÛÛ

¯�¬�þO\µ2kg → 3kg
|dO\µ14�→ 17�
]
C��¦^µ4× 3 = 12 kg
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¯̄̄KKK(3): ¯̄̄���¬¬¬|||dddCCCzzz������

(((¯̄̄ÝÝÝ©©©ÛÛÛ

©©©ÛÛÛ888IIIµ¯�¬|dc23Û��S�`)(4, 2)ØC
888III¼¼¼êêêµmax z = 2x1 + c2x2

êêêÆÆÆííí���

���ååå>>>...���:::µA(0,4), B(4,2), C(3,0)
B:::���`̀̀^̂̂���µ

zB ≥ zA ⇒ 8 + 2c2 ≥ 4c2 ⇒ 8 ≥ 2c2 ⇒ c2 ≤ 4
zB ≥ zC ⇒ 8 + 2c2 ≥ 6⇒ c2 ≥ −1

(((ØØØ

nþµc2 ∈ [0, 4]��`)ØC
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(((¯̄̄ÝÝÝ©©©ÛÛÛooo(((

KKKfffddd���©©©ÛÛÛ

]]]


 KKKfffddd��� kkk���������

]
A 1.0 [6, 12]
]
B 0.5 [8, 16]
]
C 0.0 [8, ∞)

²²²LLL)))ººº

]
AzO\1kg§|d�O\1.0�
]
BzO\1kg§|d�O\0.5�
]
CO\ØK�|d£�ck�{¤

+++nnnééé«««

`kO\]
A�øA§]
Bg�§]
CÃIO\
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¯̄̄KKK£££ããã

]]]


©©©���¯̄̄KKK

,ó�|^A!B!Cn«]
)�`!¯ü«�¬§®�)�ü �¬
¤I��«]
�êþ±9|dµ

`̀̀ ¯̄̄ ]]]


oooþþþ

]]]


A 1 2 8kg
]]]


B 4 0 16kg
]]]


C 0 4 12kg
|||ddd£££���/kg¤¤¤ 2 3

¯̄̄KKK

4 Z�¬µ)�1kgI]
A:2kg, B:6kg, C:3kg§|d5�"´ÄSü
)�º

5 `�¬ó²U?µ)�1kgI]
A:2kg, B:5kg, C:2kg§|d4�"
©Ûé��`Oy�K�"
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¯̄̄KKK(4): ´́́ÄÄÄ)))���ZZZ���¬¬¬ººº

###���¬¬¬ëëëêêê

Z�¬ëêµ

]
�ÑµA:2kg, B:6kg, C:3kg
|dµ5�/kg

#�55y�.µ

max z = 2x1 + 3x2 + 5x3

s.t.

x1 + 2x2 + 2x3 ≤ 8
4x1 + 6x3 ≤ 16
4x2 + 3x3 ≤ 12
x1, x2, x3 ≥ 0
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¯̄̄KKK(4): ´́́ÄÄÄ)))���ZZZ���¬¬¬ººº

�Ä�å��ªµ 
x1 + 2x2 + 2x3 = 8
2x1 + 3x3 = 8
4x2 + 3x3 = 12

)�µx3 = 2, x1 = 1, x2 = 1.5
|dµ2× 1 + 3× 1.5 + 5× 2 = 16.5

�yÙ¦º:µ

(0,1,8/3)µ|d3× 1 + 5× 2.67 = 16.35
(1,1.5,2)µ|d16.5£�`¤

�`)µx1 = 1, x2 = 1.5, x3 = 2§��|d= 16.5 �
(((ØØØµµµ)�Z�¬�¦|dO\2.5 �£16.5 - 14 = 2.5¤
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¯̄̄KKK(5): `̀̀���¬¬¬óóó²²²UUU???

###óóó²²²ëëëêêê

`�¬U?�µ

]
�ÑµA:2kg, B:5kg, C:2kg
|dµ4�/kg

###���...

8I¼êµz = 4x1 + 3x2 �å^
�µ

2x1 + 2x2 ≤ 8
5x1 ≤ 16
4x2 ≤ 12

###���`̀̀)))

x∗
1 = 3.2 kg

x∗
2 = 0.8 kg

z∗ = 4× 3.2+ 3× 0.8 = 15.2 �
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¯̄̄KKK(5): `̀̀���¬¬¬óóó²²²UUU???

KKK���©©©ÛÛÛ

|dCzµ14�→ 15.2�£O\8.6%¤
)�'~N�µ`{¯|

]
|^ÇJ,
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nnnÜÜÜ©©©ÛÛÛ���ûûûüüüïïïÆÆÆ

+++nnnûûûüüüïïïÆÆÆ

1 `kO\]
AøA£Kfd�1.0�/kg¤
2 �±¯�¬d�«m£3-4�¤
3 æB`�¬#ó²£|d{8.6%¤
4 Ú\Z�¬£ÀÂÃ=2.5�¤

���555555yyyddd���

þz]
©�ûü

ý�ëêCzK�

|±Ä�)�N�
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(((¯̄̄ÝÝÝ©©©ÛÛÛ���{{{ooo(((

©©©ÛÛÛóóóäää

üüüXXX///¦¦¦fffµO�Kfd�

���`̀̀ÄÄÄØØØCCC������µëêCz��O�

ëëëêêê555yyyµXÚz©ÛëêCz

^̂̂���¢¢¢yyy

LINGOµ��ÑÑ(¯Ý�w
MATLABµlinprog�£.�KF¦f

PythonµSciPy(ÜPuLP©Û
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(((¯̄̄ÝÝÝ©©©ÛÛÛ���{{{ooo(((

+++nnnAAA^̂̂

1 ]]]


½½½dddµKfd���SÜ=£½d

2 )))���OOOyyyµ¯��A½|d�ÅÄ

3 ÝÝÝ]]]ûûûüüüµµ�ó²U?Ú�¬M#

4 ºººxxx+++nnnµëêS���©Û
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YYY~~~µµµ¼¼¼¢¢¢)))���`̀̀zzz

¼¼¼���AAAéééIII¦¦¦

,¼¢�EûI36��S��z¼¢�þ§¡�±e�åµ
'�]
��µ)Ô�AìNþ!��ÄøA!;�<
ó�

ó²ÀJµDÚó²vs #.mRNAó²
Ø(½5µ�á�d�ÅÄ!���æÇ!�üCz

)))���ëëëêêê

óóó²²²aaa... ���þþþ )))ÔÔÔ���AAAìììÓÓÓ^̂̂ ������ÄÄÄ���ÑÑÑ ;;;���<<<


óóó���
(�J/1) (U) (L) (h)

DÚó² 50 14 120 80
mRNAó² 80 10 180 120

�^]
µ)Ô�Aì5�!��Ä3000L/�!;�<
2000h/�
8Iµ��z6��o�þ
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ÄÄÄ:::êêêÆÆÆ���...

ûûûüüüCCCþþþ

x1µDÚó²)�1gê

x2µmRNAó²)�1gê

888III¼¼¼êêê

��zo�þµmax z = 50x1 + 80x2

���ååå^̂̂���

(�AìNþ)
14
30

x1 +
10
30

x2 ≤ 5× 6 ⇒ 14x1 + 10x2 ≤ 900

(��Ä) 120x1 + 180x2 ≤ 3000× 6 ⇒ 2x1 + 3x2 ≤ 300
(ó�) 80x1 + 120x2 ≤ 2000× 6 ⇒ 2x1 + 3x2 ≤ 300
(�ü) x2 ≤ 20 (#Eâþ�)

x1, x2 ≥ 0, �ê
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���...¦¦¦)))���ÐÐÐ©©©���`̀̀)))

¦¦¦)))(((JJJ

�`)µx∗
1 = 301§x∗

2 = 201

o�þµz∗ = 50× 30 + 80× 20 = 3100�J

]]]


¦¦¦^̂̂���¹¹¹

]]]


 ®®®^̂̂þþþ ���^̂̂þþþ |||^̂̂ÇÇÇ

�AìUê 14@30 + 10@20 = 620 900 68.9%
��Ä(L) 120@30 + 180@20 = 7200 18000 40.0%
ó�(h) 80@30 + 120@20 = 4800 12000 40.0%

'''���***			

�ü�åx2 ≤ 20�;�å£��þ�¤; �Aì|^ÇØv§Ù¦]
k�þ
�{; mRNAó²�þ�zÓ'µ 1600

3100 = 51.6%
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(((¯̄̄ÝÝÝ©©©ÛÛÛµµµ'''���¯̄̄KKK

+++nnnûûûüüü¯̄̄KKK

1 ]
æ	µA`kO\=«]
º

2 �üK�µ�°mRNAó²���K�º
3 ó²U?µmRNA ó²�þJ,10%�d�º
4 ºxAéµ��ÄøA~�20%���º

©©©ÛÛÛ���{{{
KKKfffddd���

]
>Sd�

��]
æ	

ëëëêêê������

�`)ØC��

�üN��m

���µµµ©©©ÛÛÛ

øA¥ä

Eââ»
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KKKfffddd���©©©ÛÛÛ

]]]


>>>SSSddd���

]]]


 KKKfffddd���(���JJJ/üüü   ) ���ccc{{{þþþ kkk���������

�AìUê 0 280U Ã��
��Ä 0 10800L Ã��
;�<
ó� 0 7200h Ã��
mRNAó²þ� 80 01 [15, 25]1

²²²LLL)))ººº

mRNAó²��µzO\11§o�þO\80�J

Ù¦]
µKfd��0£�;�å¤

�ü�å´�c��´¶

æææ			ïïïÆÆÆ

`k���°�ü��§ÃIO\Ô�Ú<å, �Ñus��Aì
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ëëëêêêCCCzzz������©©©ÛÛÛ

888III¼¼¼êêêXXXêêê������

ëëëêêê ���ccc��� ���`̀̀)))ØØØCCC������

DÚó²�þ(c1) 50�J/1 [40, ∞)
mRNAó²�þ(c2) 80�J/1 [0, 100]

mmmààà���CCCzzz������

mRNAó²þ�(b4)µ�c201§k���[15, 25]1
�AìNþ(b1)µ�c900U§k���[620, ∞)

+++nnnééé«««

mRNAó²�ÇJ,10%£88�J/1¤§Ï88<100§�`)ØC
�ü�°�251�1§�I�	]
|±
DÚó²�Ç40�J/1´Jº²ï:
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���µµµ©©©ÛÛÛ

���µµµ1µµµ������ÄÄÄøøøAAA~~~���20%
#�åµ2x1 + 3x2 ≤ 240
#�`)µx1 = 30, x2 = 15
o�
þµ50×30+80×15 = 2700�
J

�þ�
�µ3100− 2700 = 400�J
AéüÑµ`k�æmRNAó
²

���µµµ2µµµ���üüü���°°°���25111
#�åµx2 ≤ 25
#�`)µx1 = 25, x2 = 25
o�
þµ50×25+80×25 = 3250�
J

�þO\µ150�J
IO\]
µ�A
ì14× 25 + 10× 25 = 600 <
900U
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ûûûüüüïïïÆÆÆ���¢¢¢������JJJ

`̀̀zzz���YYY

1 �ü�ûµ��òmRNAó²þ�Jp�251
2 ]
N�µ=£s���ÄÚó�|±#Eâ

3 EâÝ]µJ,mRNAó²�Ç£8I+10%¤
4 ºxýYµïá��ÄS�¥�

ýýýÏÏÏ���JJJ

���III ������YYY `̀̀zzz���YYY CCCzzz

o�þ(�J) 3100 3575 +15.3%
]
|^Ç

-�Aì 68.9% 90.0% +21.1pp
-��Ä 40.0% 52.8% +12.8pp

mRNAó²Ó' 51.6% 62.9% +11.3pp

¢¢¢SSSAAA^̂̂

T�Y�,¼¢�ûæB§36��)�±Ï¥¢SO�16.2%§!�]

¤�2300��
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LP���IPïïï���ggg���ééé'''

AAA555 ���555555yyy(LP) ���êêê555yyy(IP)

ûüa. ëY lÑ
�1� àõ¡N lÑ:8
�`) � >.º: ?¿ �
¦)E,Ý õ�ª�m NP-Hard
¯a5©Û °( E,
ï�(¹5 $ p
;.A^ ]
©� |ÜÀJ

ÀÀÀJJJ���KKK

`k�ÄLPµ�¯K��ëY½5���
7L¦^IPµ��3Ü6�å½lÑûü�
·Ü¦^µMILP(·Ü�ê�55y)
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YYY~~~©©©ÛÛÛ���{{{ooo(((

LPïïï������:::
£OëYûüCþ

�ï�58I¼ê

L�]
�å��5Ø�ª

|^éónØ©Û¯a5

IPïïï������:::
½Â��ûüCþ

¦^�M{?nÜ6�å
V\|Ü�å�ØÃ�)

�Op��©|½.üÑ

¤¤¤õõõ'''���

"°°°(((���¯̄̄KKK½½½ÂÂÂ+ ÜÜÜnnn������...ÄÄÄ���= kkk������`̀̀zzz���YYY"
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888¹¹¹

1 {{{¤¤¤


ÞÞÞ¯̄̄KKK

2 ���888AAA^̂̂|||µµµ

3 ���555555yyy������êêê555yyyggg���

4 YYY~~~©©©ÛÛÛ

5 (((¯̄̄ÝÝÝ©©©ÛÛÛ

6 ������
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1!!!rrr���������`̀̀zzz¯̄̄KKK

,r�|r�ÄÔÑÈ§�zÞÄÔzU��I700g�x�!30g¶Ô
�!100mg�)�"ykÊ«r��øÀ^§�«r�zkgE�¤©¹
þ9üdXeµ

r� �x�/g ¶Ô�/g �)�/mg d�/(�/kg)

1 3 1 0.5 0.2
2 2 0.5 1.0 0.7
3 1 0.2 0.2 0.4
4 6 2 2 0.3
5 18 0.5 0.8 0.8

�¦(½Q÷vÄÔ)��E�I�§q¦¤^���À^r���
Y"
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2!!!���555555yyy¯̄̄KKK
�Ä�55y¯Kµ

max z = CX, AX = b, X ≥ 0

�X∗ ´T¯K��`)§λ > 0 �,�~ê§©O?Øe��¹��`
)�Czµ

(1)8I¼êC�max z = (λC)X
(2)8I¼êC�max z = (C + λ)X
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3!!!eeeÛÛÛüüü���`̀̀zzz¯̄̄KKK
�
�eÛl±��±FzU¤I��
<êXeL¤«"�
©OS
ü3±S,�Um©þ�§¿ëYó�5 U§>E2U"

± � � n o Ê 8 F

¤I<ê 17 13 15 19 14 16 11

���¦¦¦(((½½½µµµ

1 TeÛ��A��õ��
§âU÷v��I�

2 lå©Fm©ëYþ5U��5½ØC§XÛSüÓ�§¦3��
±ÏSz¶�ó�É�Ó��V>F�>bUê

3 �TeÛ�
¥k�¶+�§�¶B+�"�Bu+�§5½+�
uz±�!n!o!Ê!8þ�§B+�u�!�!n!Ê!F
ù5Uþ�"âdÁ­#éþã�¦(1)Ú(2)ï�Ú¦)
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4!!!888III¼¼¼êêêXXXêêê���(((¯̄̄ÝÝÝ©©©ÛÛÛ
�Ä±e�55y¯Kµ

max S = (4 + λ1)x1 + (5 + λ2)x2 + (3 + λ3)x3

s.t.


4x1 + 3x2 + 6x3 ≤ 120
2x1 + 4x2 + 5x3 ≤ 100
x1 ≥ 0, x2 ≥ 0, x3 ≥ 0

©©©ÛÛÛ���¦¦¦

(½ëêλ1, λ2, λ3 �Cz��§¦�¯K��`)�±ØC
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