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Abstract

Min-max problem model is a classical optimization model, as well as a way to solve multi objective
programming, so it plays an important role in optimization method. By a simple example,
min-max problem can be combined with multi objective programming and single objective pro-
gramming, which would be useful for students to get an in-depth understanding of the content.
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AT FAHU Y R B 5 N B RS B SRR — T2k iRk, XTTEREFEL
PERER . AELMERRI . 2 B AR IR BERVE SR N R[] [2]. FEAELRMERIRI R, AR MBI K ) 2 — 28
RACRETL[3] [4], ') B AR BB — A

rnxin mlaxfl. (x).

BNz sy Sylvester WS 4 BT, [1]), ZREH T E m D AIRKES. BATE m A A
pi(i=12,m), Pl FAT— 8 x B AR HA |x - p (i =12,-,m) o LA f(x) T x B m
ARG ECRERES, B £ (x) = max o ML x AR, LA S (x) AR RS E R m . T

Fe [ FUR AL SR A

X—=Pp;

min /' (x) = min max|jx— p,,

XA AT AR ANBK ]
¥ 2 BARERI[S], 75PN SRIUR 2 1 fR < g, ENFERIRIOEOL R, SRR MR, felfit
b, LR o (2) = max =, AFRE
mingo[f(x)] = minmax f; (x)

xeD xeD 1<i<p

AR ANKROK T R T AR R A R 22 H AR LRI 2y S, X T2 Ak, BB In A B A
. WA SN S, EEEH Matlab 4L TEFH1 fminimax &2 HAEE A H AR, Frol
XER WA R G B HE, AR TE. RIS, EWA L ES NS5 A
EVGRIRZI AR IR R TR, T AT TE T 2R FRARLARS 1)

M YA B F Y 30 N, & 20 N, BEIIRAESLEN. RIEEK, —Kd, BR%PE
BIRE ANAZHT 20 A, BRI 30 R, BRgs 25 BRABEK, ZRIZPRAIZET 10 A, BORR 20 #R, Bigs
15 BBEK. I REREZHE, A REEREN (B2, B, BaK)RZ?

2. IRRIEST
2.1. ZEFEHARER

TEAZMER W, BB R E x A2ht, x, AR, x ANk, LF%Ha x, Nsh, x5 A
M, xg NBK. HRIRRUN, 250, B A1 DK = AP IR e A Fom I 1 AR, B LAFRATAT LA
AP BREAE B — A Hhr, BRI ) A — AN = BARIZ BAR A, H iR 802
F(x)=(£(x). £ (x), £ (x))» FHrAss—AH b bt

fi(x)=20x, +10x,,
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f>(x)=30x, +20x;,
F=AHEsRBEK
f5(x)=25x, +15x,

BB AL A R LR, BAE 5 A2 M AR

X, +x, +x;, <30,

EACESPN (AP

Xy + x5 +x, <20,

b x,x,, %5, x,, x5, X HEONEEEL
B B =A HARMEE— DR RBOGBLT , XA W DN %, 75 R BIFZHUMIA R #02E bt
IKZ, AIGUH AR
PR — (% H AR AY)
max 20x, +10x,
max 30x, +20x;

max 25x; +15x,

s.t. 25x; +15x, <20x, +10x,,
25x; +15x, <30x, +20x,,
x, +x, +x; <30,
X, + x5 + x4 <20,
Here, oy, 3,30, 3, X HRONEEEK

2.2. B MRKIEEER

FERSEIY —r, Ji i RBURR) 5 3 (B 2 ALY RO B T ) S B B35 T 38 =S BEAR DK B0 B R, R R oK
YL BT 2 HTARA N PR O A58 7, IBAR WL | o R — 2 g% h g, FRA1EIEIZ 5
WAL RK L, XK= BHFrZ BRA R, X A8 2] K23 3] = B b5 0 R B,
TR E AR R AZHT R AR = AN YRAR e i i, AT B i e A Ay SRR B R R /AR i) L
R = (R INARK ] LA 2
min max f; (x)
st. x +x,+x; <30,
X, + x5 + x4 < 20,
o, x,, x5, X, , X5, X B A EEET

3. {RBHR AR

/N K [ 36 & AT LA Matlab A4k T A (1) fminimax fy 23 TR, (H2Z1Ed 2 Matlab
HFENSCRY, fminimax iy 4 G808 A DR/ INR R 10 A2 A BR AT, DL 1o

PR = (R R S5 A B L, AN R T fminimax A8 % SR AR RN K 1] B Y, i AR fminimax
AT . R B R B ABK =B, NS ETE MR TR s, HEiks
REHUTG f KB L REAR LR A R . | T2 08T, BRI R B K AR LL s 2, FRATS 240 5 H ARtk .
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H imi Toolbox i i Optimization

fminimax
Solve minimax constraint problem

Equation
Finds the minimum of a problem specified by

clx) €0
ceqlx)=0
minmax F(x) such that Axsh
x i
Aeq x =beq
hex<ub

where b and beq are vectors, A and Aeq are matrices, and c(x), ceg(x), and F(x) are functions that retum vectors. A(x), c(x), and ceqg(x) can be nonlinear functions.

Figure 1. The type of min-max problem which can be solved by fminimax

&l 1. GEMBMER fminimax K AZRYAR /MR A G RS R

AL = (. H b dpe K ) AR A
max s
st. 20x, +10x, > s,
30x, +20x; > s,
25x, +15x¢ = s,
X, +x, +x; <30,
Xy + x5 + x4 <20,

o, x,, %5, X, X, X, BN EEKL
BAMEH Lingo BAFHAE I 2.

Lingo 12.0 - Lingo Model - LINGO1
Fle Edit LINGO Window Help

Dlesld|S| & |=|a@] e o] BFER HS= 2

Lingo Model - LINGO1
max =s;
20#%x1+10%x4>=s;
30*x2+20%x5>=s;
25%x3+15%x6>=s5;
x1+x2+x3<=30;
X4+X5+x6<=20;
Bgin(x1) ;@gin(x2);€gin (x3) ;Bgin (x4) ;@gin (x5) ;@gin(x6) ;

Figure 2. The code of the model 3
& 2. EE =i

RENER LA 3,

Lingo 12.0 - [Solution Report - LINGO1] _

L O - . - -
Fle Edit LINGO Window Help
DelElS| o c|m vler|o| DlE|mE| o 2w

Global optimal solution found.

Objective value: 346.0000

Objective bound: 345.0000

Infeasibilities: 0.000000

Extended solver steps: i

Total solver iterations: 138

Model Class: MILP

Total variables: 7

Nonlinear wariables: a

Integer variables: 6

Total constraints: 8

Nonlinear constraints: a

Total nonzeros: 16

Nonlinear nonzeros: 0

Variable Valus Reduced Cost

3 346.0000 0.000000
X1 17.00000 0. 000000
4 1.000000 0. 000000
X2 1.000000 0.000000
X6 16.00000 0.000000
X3 12.00000 —25.00000
h-4) 3.000000 —16.00000

Figure 3. The result of the model 3
3. REZ R
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PAEF B 045 R i 2 PR 345 BRM, DR B IEZEr 17 A$25T, 1 A0, 12 AFK, ZHEZEH 1
AN¥25T, 16 NEER, 3 ABeK.

4. GERBEEFN D
4.1. LERpYIEE
R /NI R i) BRI T R AR /) I 82 m] DA R A EL AR A I

min max £, (x) = ~max min(~/, (x)).,

FRATRAT I — 0505 B S5 A AR R AR /S ]
TR Y (BB R AR ) [ e A 7R

—maxglgr;(—fl_ (x))
st. x +x,+x, <30
Xy + x5 +x, <20

Xys Xy 5 Xy, Xy, X5, Xg T A REHL

{EA[AIFE B T 2000 A A B 200, Matlab DUAL T BAH H 9 fminimax #y & JCE(EH], X R BA Y
SR LA HE A AR AR R0 0 LR R, B —s =, (x) 0 =/, (x) B =1, () BOE b
Fo AAGN T B H b ME DA R

R T (B0 H b/ ML R LR 7Y

—min —s
st. —20x, —10x, <-s,
—30x, —20x; <-s,
—25x, —15x, < -,
X, +x, +x, <30,
X, + x5 +x, <20,

o, x,, %5, X, X, X, EF A EEKL
FRAIAE SZBR g AR P 8 B AR R B min —s , {8 Lingo # - mF2 14 4.

B3] Lingo 12.0 - Solution Repart - LINGO2

Fle Edit LINGO Window Help
DilE|S] (@] 2= vE]ol OfkmEl BeE 2

Lingo Model - LINGO2

min =-s;

—20*x1-10%x4<=—5;

—30%x2-20%x5<=-5;

—25*x3-15%*x6<=—5;

®14+x2+x3<=30;

K4+X5+K6<=20;
@gin(xl);@gin(x2);Egin(x3);@gin(x4);Bgin(x5);Bgin (x6);

Figure 4. The code of model 5
4. ERRRIERF

EEICS W)

RAVEFI L FAR-345, TIMREUL 345, IR LA 345 BRE. Mt BS5E, BRSts
17 NBB, 1R, 12 B, RS | A, A 16 AR, 3 ABK, iLLREs
AR, R A T L
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Lingo 12.0 - [Solution Report - LINGOZIR R RIS
File Edit LINGO Window Help
DizElg &[=l@f =] elol O mr| ZsE 2/
zlobal optimal golution found.
Objective waluse: —345. 0000
Objective bound: —345. 0000
Infeasibilities: 0. 0nooao
Eztended zolver steps: 1]
Total solwer iterations: 138
Model Class: MILF
Total wariables: 7
Nonlinear wariables: 0
Integer variables: ]
Total constraints: [
Nonlinear constraints: 0
Total nonzeros: 1

Nonlinear nonzeros:

Variable Talue REeduced Cost
S 346, 0000 0. 000000

Il 17. 00000 0. 000000

4 1. 0o0ano 0. 000000

iz 1. 000ano 0. 00ooo0o

43} 16. 00000 0.000000

X3 12. 00000 -25. 00000

16 3. 000000 —158. 00000

Figure 5. The result of model 5
& 5. HERER

4.2. RS HT
AT L HT AR = A R s RAHE ) R R . — 5, MBWERECRE, A

maxs=-min—s,
MR = AR TR bR RO SE . 55—, NZIRR ARG, B = A A = A
ARMAEIE A ERA R, FRATTHEAR R = (AT =2 %A

20x, +10x, =5, 30x, +20x; =25, 25x,+15x, =5,
PHIATRUAS 2 J5, BRAZ R T AR AL o (T = AN AR
=20x, —10x, <—s, —30x, —20x; <—-s5, —25x;—15x;, <-s,
Fir AR = RIS A T A AR R 2 — FE
H B MRk, DO HARRREREAT, LR AR, B = AR T 4 R 1 R 2 MR o

5. B4

ICN=A

ARSI I ST 25 AR SE R 2 B R il RS R RTIRRE /N K il RS AR, bl /N K Tl 2 A RO
Toikfa N ] MATLAB ik TR A& BEAT R AE . AT RRE s i, R AL R — 5 H A
KA, AEH] Lingo BPF4MAER A5 IR . FRATZE -5 I el AU A RO AR KA /s I R, e SR g L 4k
B bt/ IMEL TR, B 1 REER, Rt TR SR e RN T, SRR S R AL
B, RESRRISEA I S . RO R RE R, BATR ORI 2 B AR AL B H AR AL =
HRON AL S, BELR ARG R I, AT DA R 2R o SRR OK TR G i i 2 B Y 1)

E&mE
ASSCTARAS B S A RORG i VAR e300 H AN e i PR 1000 H (2018) B B o
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