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o MATLAB: linprog:f#k
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o Python: SciPy.optimize.linprog
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PR R xq1 + x12 + x13 = 78

x21 + X22 + X203 = 45
IR x1 + X1 = 43

x12 + x220 = 35

Xx13 + Xxo3 = 45
TEHR: x;>0, i=12 ;=123
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X21 + X22 4+ x03 = 45 )
x11 + x01 = 43
X12 + X220 = 35
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Table: #F R B AELTE

4 | ABA | WEB|FHAC| HAD

F—F | xa Xp1
5—F | xa XC2 XD2
H=F | xa3 XB3 Xp3
FUWF | xag Xp4
CEA XD5
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° /}Uﬁi’;i
Xar: FFHRFTANEH (t=1,2,3,4)
Xg3: H=FHRFBELH
Xco: I HFHEACH AL
Xpr: HtFHRFADWEH (t=1,2,3,4,5)

44 |MEAA|MEAB|AAC|AED

F—F | xa Xp1
5 —F XA2 XC2 XD2
%= XA3 XB3 Xp3
FWF | xaa XD4
g?k# -ﬂ# XD5
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512 BT ALSHKA

F—F: xa1+xp1 =10
% —F: 1.06xp1 = xa2 + X2 + XD2
% =F: 1.06xpo> + 1.15x41 = Xa3 + XB3 + Xp3
HvF: 1.06xp3 + 1.15x40 = Xas + Xpa
% AF: 1.06xps + 1.15x43 = Xps
MRai: xp3 <4,xc2<3
MAEZZ >0

v

% EFRAFEHRK

max z = 1.15xa4 + 1.25xg3 + 1.40x¢c5 + 1.06xps5
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2x1+x >80 (8mEEHK)
2xp +3x3 > 100 (6m*& % K)
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(B, A8 Ak ie k30
o HArdH: R IMLEMAAE

minz =x1 +xo + X3+ x4 + X5 + X6 + X7 + X3
o AHRFAM:

2x1 + x2 + x3 + x4 > 10000 (2.9mF K)

2xp + x3 + 3x5 + 2x6 + x7 > 10000 (2.1m%F k)

x1 + x3 + 3xq + 2x6 + 3x7 + 4xg > 10000 (1.5m%F K)
x>0 #H
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B 1] B B Ja] B A3
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
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o BirnF#k: R ILEAK

6
minz = E Xj
i=1

o HRFAM:

x1+x6 > 60 (F£&1)
x1+ x> 70 (H'J"FiZ)
X2 +x3 > 60 (BFFL3)
x3+ xq > 50 (Bf£4)
x4+ x5 > 20 (BFHL5)
x5 + x6 > 30 (BFK6)
x>0 #H
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i | 2 (kg/ ) | BE(T/H)
1 5 10
2 8 18
3 12 25

Y EAR, KRXIMEEXET .

0 RXRTEE: ATHRiNKE
o HirHKH : mKLEMA

max z = 10x; + 18xp + 25x3
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o HRFM:

5x1 + 8x2 + 12x3 < 50 (&= [R#])
x>0 #HH

o RHEM: x =1, =0,x3=3,z=285
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1 320 25 20
2 280 18 35
3 240 20 45
4 210 15 30
5 180 12 25
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o RERETE: x = {;

max z = 40x7 + 35xp + 45x3 + 30x4 + 25x5
o AREM:

320x; + 280x + 240x3 + 210xs + 180x5 < 800 (3%%)
25x1 + 18x5 + 20x3 + 15x4 + 12x5 < 60 (K H)
X1+Xx2+x3+x4+x5 =3 (ELh$)
x; € {0,1}
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F #4547 (Sensitivity Analysis) & 72 #4542 B 4y th 3 Hr N A 2K 3h 69 R
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R A5 HT 0 R & L
o Mekd: AR RAAT, BREAAKMAL
o FRMA: RAXEY WA X, RAFTREEKE
o A X RUEAFIRIE, HRBKH < AN
o AR HAHE NS ITEFR

i&&%ﬁEWW%Wﬂ¢ Y 2T AR B S R AR M AT R AE
A, BB RXERE K.

o Hoik HomhH R AHT

o ik FA T X ahd

o Hit A T AIHKA
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I & 09 &4 5T IR 69 42 AR A i -

¥ L WREE
# /A 1 2 8kg
T RB 4 0 16kg
#’C 0 4 12kg
A (T/kg) 2 3

Q lofTZH A ZHRIRARS?
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CEACVIE TR E

2 M AL R AL A

HAEF T FSx kg, 75 sbxo kg:

"RAK z=2x1+3x

X1+ 2xp < 8 (/'f'/:\d‘ij’A)
4x; < 16 (3 RB)
dxy < 12 (FTRC)
x1,x2 > 0

YR EM

A,

KELER
o mIEM: x; =4kg x5 =2kg
@ MAAIE: zx=2x44+3x2=14 1T
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R AE R
o TRA: 4+2x2=8kg (Z&1H)
o TRB: 4x4=16 kg (Z21EH)
o TIRC: 4 x2=28 kg (%l &4kg)
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R (2): T RANE A E12kg

BEEHY R
TRAART A : x1+2x0 < 12

K3 1] AL

wmAL z= 2x1 + 3xo
X1+ 2x < 12
4X1 < 16

4xr, < 12
x1,x2 > 0

AR

o MHEMM: xf =4 kg, x5 =3 kg
o MimAAMHE: zx=2%x44+3x3=17 1L
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FIAE(2): #RAM A E12kg

AR
o LEsuFw¥m: 2kg — 3kg
o FliEMEA: 14— 17T
o TRCEAMEM: 4x3=12kg
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B (3): % A % A

RBEDHT
o MATHAR: TFmAH MM E N RKEM4, 2T
o HARHE : maxz =2x1 + oxo

AHRARE: A0,4), B(4,2), C(3,0)
B.A& &K 54

zg > zp=>84+200 >4 =>8>200=> <4
zg > 2c =>8+200>26=>c > —1

%l oc[0,4HREMAET
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TR RTHE AKER

T RA 1.0 [6, 12]
#RB 0.5 8, 16]
W RC 0.0 [8, 00)

o WRAZIEAmlkg, #1IETHEm1.0T
o HRBAIMEAlkg, #)iETIEA0.5L
o FRCHE AR wA)E (LATAH R 4)

\

AT RAGEE, TRBRZ, WRCAE WG

. AEA (ANk#) B AR B HAR) Tk July 29, 2025 56 / 79



[o] AR 4 A

V- ACk

XITARAAL B, CEMTRES T, TAM &, Lot >R %
P 09 &A% TR 9 BB AR A«

¥ L FREE
FRA 1 2 8kg
#*®/B 4 0 16kg
##’C 0 4 12kg
2 3

Fi (L keg)

AEST. &L 2HE

4 7 1kg% 7 i A:2kg, B:bkg, C:3kg,

Q 7%

EY
Q@ ¥ T mit: i?lkg#, TR A:2kg, B:bkg, C:2kg, #iEH4T.
AR R A X 8 %%
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FIA(4): RE & FTEER?

P i &
o WiRIHA: A:2kg, B:6kg, C:3kg
o Alid: 57T/kg

7 &M ALR AR AL

max z = 2x1 + 3x» + 5x3
X1+ 2x +2x3 < 8

4x; + 6x3 < 16

4xr + 3x3 < 12

X1, Xx2,x3 > 0

®%. AAA (ANKF) S LR B R HAR ik July 29, 2025



FIA(4): RE & FTEER?

o FEBARIEFX:

X1 +2x+2x3 =28
2x; +3x3 =8
4xy, + 3x3 = 12

o fBfF: x3=2,x3=1,x=15

o AlIF: 2x1+3x15+5x2=16.5
IS E AT &

e (0,1,8/3): #1793 x 145 x 2.67 = 16.35

e (1,1.52): #ig16.5 (&£4k)
"B xq =1, =15,x3 =2, mAAH=16.5 T
it £FRFSTREARE25 T (16.5 - 14 = 2.5)

®&. AAA (ANKF) S LR B 3 HAR ik July 29, 2025



A& (5): ¥ LLRHE

LR oY & =
o WiRHA: A:2kg, B:5kg, C:2kg
o AME: 47t/kg

B A7k 24 z=4x1 +3x P &S ) xf =32 kg
#: ° x5 =0.8 kg
Ox1 + 2% < 8 @ z7*=4x32+3x08=152 1T
5x1 <16
4xy < 12
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A (5): ¥ L&

o AlIAZE: 14— 1527 (3%428.6%)
o A bR Tl
o TiRA A ERA
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B S R E N

B 538 Ao 3 ﬁA@if( T A 1.0 7/ kg)
HTEFC = BMIEE (3-47T)

KT F R L (A1 18.6%)
FIANA 5 (Bl E=257T)

00190

o T RSB AR
o FAFIHH T v
o I HHSAFIAK
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AT T A

o ¥RMRT: HHAYTMA
o RAAREEM: AMTHLEAL
o BEMK: RAMH/IAKTIL

° LINGO HiEmb RO E
@ MATLAB: linprogi& & +i#& Bl H KT
@ Python: SciPy#:&PulPy#1

wE. AEA (ANXZFE) F AR B HAR) Tk July 29, 2025 63 /79



O KREM: Ui AR
@ 4 E: Wik A

@ REAK: WAL LA B M
O ABFR: £H%hLAMi

®%. AAA (ANKZ)

EX 2 RICE 2 E RIb A
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£ RE4 L

H
< IZ

RGHEREAENANRANREG 22, @IEATAHER:

o XA IRIEH: AR NERE, ALY, TLARITH
0 L& F4 T vs HHIAMRNALE

° s RAFM AR, REREE, BRER

IEER AR REE R ﬁﬁgﬁ% %lAmlH
(755' /:}tt (%) (h)

1% T2 50 14 120 80

mRNALZ 80 10 180 120

o THKR: AR LSS
o Hir: mAMKOANAE %

®&. AAF (ANKF)

. ¥4 3000L/ A %L A 520000/ A

y
EX2RICE 2 E Rib A July 29, 2025 65 / 79




Eeh i FAER

@ X1:

@ Xo:

% T4 7 Mo
mRNAL & &4 = dok #

WA E FE: maxz = 50x; + 80xo

\!
|

2 R 54

(AREEE)

h.

(F5K)
(L)
(BR)

14

30 30
120x; + 180x2 < 3000 x 6

80x7 + 120x> < 2000 x 6
xp <20 (FEAKEMR)
x1,x0 >0, H¥

10
—x1+—=x<5x6 = 14x3 + 10x» <900

= 2x1 + 3x2 < 300
= 2x1 + 3x2 < 300

July 29, 2025
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RAEA (BNX%)
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R KRG wdh x K F

o RMLM: xi =308, x3 =204
@ & /=%: z* =50 x 30 + 80 x 20 = 31007 7|

K RAERHR

# R e A& | TRE | AIAE
BB & RH | 14X30 + 10X 20 = 620 900 68.9%
¥4HE(L) | 120X30 4 180X20 = 7200 | 18000 | 40.0%
I af(h) 80X 30 + 120X20 = 4800 | 12000 | 40.0%

v

BRAR <20AHFAR CGAELMR) ; REBANERL, ARFTRARE
Fla mRNALZZ = 2 Tak b rb: 3500 = 51.6%

July 29, 2025 67 / 79
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F 19 R R A

Q TWIRFM: RARSEIE A AR AE R ?

Q@ U AAFEmRNAL ZIRF 697 em ?

Q@ L 77%#t: mRNA 1% =232 410%49 48 ?
Q A& at: ¥R AR 20% 894 % ?

o WikAFEIML o RUMALILE o HhE PUf
() ’}a—s“ﬁl K o H R B E o ATk
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BT OB

TR A RME
R | BT AB(T A/ #4) | BATRE | ARER
B 3 R H 0 280 % T P
AR KE 0 10800L TR
+ b AR At 0 7200h o PR
mRNAL % LR 80 0t [15, 25]4k

|

% i iR
© MRNATL Z[R%E: H¥ilit, ¥ > E3HEm80% H
o HAFR: TMAA0 (FEELHR)
o BURARAYME—HA )

A F BT B IR &, RE R AT, THAIRNER L E

EX2RIEE 2 S Rib A S July 29, 2025 69 / 79
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SR EATEE

HAr b £ HOLR
£ ¢ | LA | REMAERE
HARITLFE(c1) | 507 #l/# [40, o)
mRNALZ =& (cp) | 807 7 /4t [0, 100]

3R EAAE R
o mMRNAT Z LIk (by): HAT204k, A HEE[15, 254k
o REEEZ(b): HATI00KR, # L HE[620, o)
o mRNAL Z & £ 510% (887 7| /4k) , HN88<100, HALMFE

o BURA T E2MT AT, 1BFHI TR L
o BHAILLHEL0T F /A BT M5

wE. AEA (ANXZFE) BB AR B % HAR & July 29, 2025 70/ 79



&Ll BAREMER R 20%
o AR 2x1 + 3x < 240

¥: 50x30+80x15 = 27007

il

o FE M

% : 3100 — 2700 = 4007 7
o AT E & MK EKEMRNAL

(&

MM xg =30,x =15

o FE¥m: 1507
o FIMmIIR: B

B2 BURR T 2254

@ HAR: x <25
(*] %ﬁ'f‘&ﬁtﬁ? X1 = 25,X2 S
@ &S
2: 50x25+80x25 = 32507

7

2514 x 25+ 10 x 25 = 600 <
900K

®%. AAA (ANKF)
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FeRENE FKARR

Q B EWMH: #RIEMRNALE LRz S £254
o : BAREEA AT IEHFHAKR
Q@ H AT : BAMRNALZE =% (B 47+10%)
QO NbeiE: #sBAL2rEsh

A 3R

W

LIS | BAE | AT E | TR
EEE(T ) 3100 3575 +15.3%
TR A R &
-BRE B 68.9% | 90.0% | +21.1pp
SEARAE 40.0% | 52.8% | +12.8pp
mRNALZZ 5t | 51.6% | 62.9% | +11.3pp
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LP 5IP# 4L % A3t 1k

i3 LPEARI(LP)  EHKAXI(IP)
R EA i 4 &
EEE-Y MU RN BIEE
wAfFAEE TR & HEEE
KRBT E  ZRXE NP-Hard
BB T A5 b
AR BN 1% &

A R R R4 B A

o HRAEFELP: % oM A %L IMAL KM
o LUERIP: LB 1B H L R R BBk R
o RAEM: MILP(RA %3 & M ALK
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E XA R

LPREAL & %

o RAELARER

o MM B IR K

o RAFRHRNKMTE X
o I AT i AT B At

IPHAEE &
o RN LKk REE
o A AMEAIEFIEL R
o AL L RIH IR LA
o it EH A S IR A%

"W FAE X+ SRR E= A BT R
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O #x

%E. A&A
(A X%)
F AR B 2 HAR) Tk
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1. FH 8 7 HAL B &

XRrghasnmb g, ZE5LkNMERE Y FT00g& M. 30g5 4
. 100mg A& . A BAEHTHLR, S EkgE A2
FREMN AT :

WA | ®RaMjg TWR[g #AFE[mg HAE/(T/kg)

1 3 1 05 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

ZRABZRARANMERGETRE R, XET A RAGERAFHG S J
%,
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2. LAEHR] P AR
& & & ALK [P AL

max z = CX, AX =D,

BX* RIZF AR, N >0 AX—F K,
fig oy TAL:

(1) BAReH T Hmax z = (AC)X

(2) B AR E Hmax z = (C+ A)X

X>0

A8 T 7 SUE R AR

®%. AAA (ANKF) S AR B 3 HAR ik
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3. WREHEHERAL 1B AL
IR AR B A — B B B A R E M IR AR T AR BRR A%
HERAX—RI4 Lo, HELTHS X, HhE2X.

IR
W A% | 17 | 13

Q ZMEEVERES VIR, FTRHEMAET R

Q MATIEH F45:5 4 FS R AT, dofTHBH I, 2 —A
I HA A B % B T3 ¢ 3] B 5 69 3K B A9 RR R &

Q F LA FH — LAY, —LaMIE, AR TAF, HTAIE
FHEE—. =. W, &, ~ ¥, FLMHEF—, =, =, A, H
E5X b g, B E A A B B K (1) 5 (2) AL A K AL
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4. BARHH R H 0 RHE T
F B AT ALK 2 AL
max S=(@A4+M)xa+ B+ N)x+ 3+ A3)x3
4x7 + 3x0 + 6x3 < 120

s.t. 2x1 +4x2 4+ 5x3 < 100
x12>0,x2>0,x3 >0

AR SR, Ao, A3 I RATER, 7P RABRIFLE
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