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Abstract

The vertical complementarity problem is an important part of the nonlinear complementarity prob-
lem, and the differential equation method is used to solve the problem of vertical complementarity.
Firstly, the vertical complementarity problem is transformed into variational inequality, and then
the differential equation system is directly established by using the projection operator, and the
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convergence point of the solution trajectory of the square system is obtained, so as to solve the orig-
inal problem and the existence and stability of its solution. The main contents of this paper are as
follows: the introduction of the first part introduces the background and research status of the ver-
tical complementarity problem and the variational inequality problem; the second part introduces
the basics of the vertical complementarity problem and the variational inequality problem; in the
third part, the vertical complementarity problem is transformed into a cyclic monotonic mapping
variational inequality, and then the first-order and second-order differential equation systems are
established by using the projection operator equation to prove the convergence of the solution tra-
jectory of the original problem, and the existence and stability of the solution are verified in the
ternary minimization optimization problem. In the fourth part, the method is verified through spe-
cific experiments, and the parameters are continuously adjusted to visually compare the influence
of different experimental conditions on the final results of the experiment.
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T H 4M ) i (Vertical Complementarity Problem, VCP)J& - H. b 1] ) —ANEFFR 2> 32 o HAM ) 2 A A
SRR T Al i, SZRPERURIFARAL A OCER, B FU & B L. Kantorovich A1 T.C. Koopmans 2%
T B U5 2 BC AN 242 55 Yk 9 b 4R B HL AN e) 25 (Complementarity Problem, CP) 3 AHE &, 15 X H G. Dan-
tzig JET PRI I — o R T HAMA RN, RS RLRI B I N T AR . 1960
SEARFEEAI]-[3]1E 20 Y T 28 H kb i) f% (Linear Complementarity Problem, LCP), JFHFF0 1 HIE A i
MIGEVE, Btk BN A ) I8 A bR 3536 BLAR ] U 70 1) B 2 AR . 1970 SPARBEE ARtk R G AR AR
AR AN T W = (WP a () P2 e S N LETF 2 P e e = M N T P A = 2 1 I | 2 R
i) @1 (Nonlinear Complementarity Problem, NCP) [4]. 1 FL B % ) &t 3l 2 M 5 vl 8t ) — ANREIR AR O
SRR A i BR BRI AR B A T KM . Stampacchia 25 ATE AR 73 AN R ATUR I FT , e I AR oy AN
0] S FH T T ) 8 ) SR AR R B HE S T T E B AN R R R . R AN AU S A B T B AR
] AR T T TR AN R . ARy NS S n] i (Variational Inequality, V)& —2RAE2R 1 inl i, & HL /R
FLII 5 A e 5] [6] H AR H , FFAETE AL IS 20U O o ANEE 7] [8]. bt 28 S A S Tampacchia
[9]MF Lax-Milgram 52 #EAE AR 73 AN 50 i Hilbert 23 (4 2IHEZS M 148, 13 81748 0 AN 20 n) i (1) 25—
AMEIAEE HME— 458

A, 3 H AN A ER AT 7T AR AR AR AR AENE L ME— AR E R b AR AR
DAL A AT IR N RS R TR NER T T 3 B B AN ) 8 1) FE A M 5T . Agdeppa [10] 58 72
THE— 8 SR T RS I INAT 0 R . R AR oy AN 2 BB VR RN SR A P L H A R R, AN AR T
I E AN R, IEERT T ORI ACR AR M, K AR S ARSI T T R R G T A
R PR B R ) R AR SO SN T T AR R G s AR M . (ESEE AT T F Y R
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RR o TR, TR T SRONLSR I R N o, e g AR S S B oA T4 J o LA )

HIA = 7 7 W
2. BEEEHOE, EoAFASHEEFEREM
T B H AN A) @
LF—H xe R #1715
f(x)=0
x>0 1)
f (x)T x=0

Hor £ R" > RO 2w AR SEEUIE 1) S AE R 2.

Fichera-Karamardian [11] [12] & 42 & B B AM A 5 48 73 AN S5 2 ] S e (R B il 2 —, FEIE 9264 F
e BB AN ) 0] DA — AN AR o A SR .l an R PR

B B WU Fe 4% VCP IR | (X) BHEEMEA VIP B F (), BIF(x)=f(x).

HR: U5 C: K HEFIERSHE K ={Xe€R” | X 20} ER VIR .

B ARV (F,C): % C MR ERMAEFMN T4, F:C o> RAFLIERET, HI—S
X eC i/

<F(x*),y—x*>20,VyeC. )

Stampacchia [13]uF B T 7E 75 (8] R" _F 19738 79 A 5 2 80 2 1] (2) (R A A7 A 1 o
EH 1 W CNR"ZERFH—ANESH RN T, HT F:C—>RVZELM, NFTEX eCil

RBDAER(2).
AR X" e C 2 iR FR (2) AR 24 HAX 247 AUsiar
]

X =TI, (x* — F(x*)) :

Hrr, N #nfEs C LS HE T

AR A BRI TR I B AN R 9 AR AR SR S S e B AR

B CR-AMMES, MERM xeR", FEEReCH |x-K|=min{|x-y|lyeC}, WA KFN M X
FEA C B, HI(X)Ean, BOEHE T (X):R" - C &g XAER" LR skbt.

5I1EE 1: B H Oy Hilbert 2[5, H.C < H &AM S X THE R e H,u e C i (U-2,v-u) >0,
weC, HHMHu-T(z)=0.

W TR S

dv(t)
dt

Zabczyk [14]45 5 T 103 75 1 2R G O A7AE DA S ME— 1R e 3

SIFE 2: ¥ F:R" — R ZEIEFF LT H. Lipschitz 345, 2L Lipschitz % 08 L, xHEZE I v,,V,, Vv, € R
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AL (F (v;) = F (v;), v, =V, ) < 2L v v, |-
EH 2 [15]: BV (V)| RTE R A A WRIELEH e >0l o > OB BRI TR AR KM,

dv o d>v _dv o [ e b .
ya:%@)oﬂz&@ﬁﬂaﬁﬁa:%@)oﬂz&®%$@ﬁmé%hﬁﬁimo

SEFL3[16][17]: W f R > R BIELEM . XV, 20 Flv, e R", REQFELE—ANRFBMEV(L), H
Fitelt,r) Hrxty: # f7Ev, A/mHES Lipschitz 343, W Bk 2mE—; 4 f /£ R" LJ2 Lipschitz i%
e, W LEidfEE—, Ho T o,

3. ARG KRR
31 —MRSBERETAE
AT mind (v) =min{F (v),G(v),H (v)} #H AR A E R B VI (Q, F) RiE v e Q11
<F(v*),w—v*>20, vwe Q. 4

Hrp PR - RO RIS, QR 2N,
HI 5B 1 AT DA R = S bl MU 3 B E A A B 4O 38 7 AN A AU D ()55 T v e Qi e A X

cDﬂ(v)::HQ(v—aF(v))—v=O, (5)
Hrha>0HII, (o) MES Q LB T.
min{fl(v),gl(v),hl(v)}
3t = ER MR E R min {F (v),G (v),H (v))} = mi”{fz(v)’f?z(v)'hz(v)} HF IR (E) AT L
min{fn(v),gn(v),hn(v)}

HiE—Bri TR G T

d_V HR+{hz(v)—min{fz(V),gz(V)}}—hz(V) , (6)

I, {hn (v)—min{fn (v) g, (v)}}—hn (v)

NI B — By J7 FE R G L I S5 e 3 DA B A

ST A: YL BT AN S O 4 AR 5 R <(,/i (v*),w_v*> > 0 [AIARSE 2 AE4 1. v, 2 Lipschitz
B, Hify, (v*):H& {h(v)=min{f,(v), g, (V)}} =1 (v) - HEH L. SERMIV, R, H0<a <i
I, BB s 5 R R G (6) HAAE K A28 v () 11 R R 3 T b ) R ) A

UERL: ACE DL KA A R R 2 B8] B 2.1 Ja ke, AABAR

BRI BRI, B o=V +v, KTE <\'/i +ay;(v),0 -V, —vi>20 H 4 o=y, A% 5H1E 3
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WA, FHERRIITEFERE.
B SRR R v, (0= (0 -] W

. (6) = (v (6) =V, (8) = (v (1) =V} =TT (v, (6) = @ F (v (1)),
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[P (x) =114 (y)] < -]
BRI v, (1) < e[ (v, (1)) 20 v, (1) BB Talionk, AT v, (1) o8k (i =1,2,3,4).
mEEZTﬂEﬁm%%ﬁﬁwo
32. ZM A HETARE
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dv dv | Mg {hy(v)=min{f,(v),g,(v){t—h,(v)
. g2t | 1) 0 )0, o

T, {hn (v)—min{fn (v) g, (v)}}—hn (v)
Hoeb u>0,p>022%. 0T 24 F & Lipschitz #4201, B4R 11, /& Lipschitz E4LH . j]lm@,lav—
o MRAESIHL 1 1o R R Ge T DL 978 o AN S5 U 20

(129, + BV, + ayr; (V), 0, = ¥, = BV, =V, ) 20, Vg, € Q.
IR B B g3 05 B AR GE(T) R S S E PR L R A E 1
SEFE 5. BCHE B EAM A U YR o AR UG AR 2 AE S 1. w, & Lipschitz 2L, HEHCN L

ﬁ&%%wemﬂéﬁka<£tﬁiquy<Kﬁﬁh,JPK(Limjyﬁ%ﬁﬁ%%%ﬁﬁwﬁ)
EJCSE SRTEIN L

IE R A7 A AR DR BR8] 0 2.2 ], IS A

T v, AR T S R BRI, 2 o, =v, + 100, + v oo =V, , BibiE Ll R
5158 2 T AR R R R % R

*

2

+2ﬂdt|| vi*||2+(1—2aeL)yﬁit||\'/i||2 +((1-2aL) g2 = )| + (1-2aL) ] <0

Lo(v)= —||v
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By, 5.\ £
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iy, -vi | 5
TP AR 5 e (4) + o () + (- 20L) pi [ <€, 7748

(Vv =V )+ 'B"v V[ +(1-2aL) upv|f <C.,

1 .
(-2e0) 0 |l <€+ 5 (- A i
PN %(J< Ny ;) LA G . FELE C, B8 T ST
(1-2aL)u* [, [V de +((1-2aL) B~ ) [, [0 d7 <C,.

Gtao, WA [ dr<oo, [{[X de<oo . FIEBU ST LAGER] . ARABSLRFPEERR, 272 )
17 {t, } e (1, ) > Xt koo WA u(t, )| >0 ot )| >0 TE B IR RS R =,
k>0 fy(v)=0. BHEUIELE.

R T RE AR AR SE

5E 3 Lyapunov H¥CA E, (t) =%||\'/i Qi +%||vi (t)—vi*”2

HIL SIS

E, (1) = (% (1) 9, (1) + (v, (t) -} v, (1)).

R I TR, () + B, () + Tl (v, (1) = F (v (1)) =0 1351

E(U=<mﬁ)—ﬁm@)—aﬂﬂ(wﬁ)—F(w(0»>+a<wﬁ)—ﬁﬂhﬂ».
BT T, (v, (t) = F (v, (1)) R AR50, 4 E, (1) <[V (V)] %93 Lyapunov B Skt )i, AT
v (t) BesaE v (1=12,3,4) .
Fh 52 8 2 (e 0] 107 R AR R 1
4. BEKBREE

AT TR R G0 (6) FH(7) 53 AR AR A = oAk /IME TE B AN AL I . SRR AN TR R
TEAN R GE 5 A6 NP e S A s M. A Matlab2019b BT T 6, 7ESEI0 K g #2 b
K T FERI SR A R 2L oded5, FHAXt T =4 —B s 2 R4 6) S8 =151, —MHs it
RA(NFHISH p=151, =152, HAxI T WL —N IS HTERFAG)HSH n=1.02, —NiHsn
HRERG(T)FHSH =102, p=1.01.

i 1

min{vf(1+v )V v+ V3 (14VE ) v, — (145 ) + v}
min{F (v),G(v),H(v)} = min{vf(1+v2)+v3,vl(1+v2)+v3,vl+(1+v2)+v3} , (8)

min{vl (14V,) V5,V +V, (14V,),V, +V, +v3}
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Figure 1. The trajectory convergence of the differential equation system (6) and (7)
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Figure 2. The trajectory convergence of the differential equation system (6) and (7)
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Figure 3. Example 1 of the differential equation system (6) and (7) where x=1.5
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Figure 4. Example 1 of the differential equation system (6) and (7) where u=2
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Figure 5. Example 1 of the differential equation system (6) and (7) where u=4
5.l 1 RS FREARGEO)F(NES 1=4
4 . = Wﬁ%ﬁjfﬁ a"fin — 4 f@fﬁﬁ%ﬁfﬁ%?ﬁ
— vl —— v
3 ALY ol
| [~
o 2l o 2 i
S ,*M" = ‘“‘
S 0
= | = \
£ || |\
Eof | B oor |\
o | ° \
z L z ~—
AT At
27 25
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
I} ] (74 ] ()
Figure 6. Example 1 of the differential equation system (7) where g=2, =25
E6 fl1HMMIFRERGMHES =2, B=25
4 = Eﬁiﬁflﬁ'ﬁﬁ %Tiffn 4 fl‘ﬁﬂ‘ﬂ%ﬁfﬁﬁ}?fﬁ
- — vl | I v
v2 — v2
3r ) v3| ] 3r / v3| 7]
2 L L 2f i
2 Sl
G \ il AN
E \ = ~
2o0r N 2 oor
= AN 2
= Al T = a4l T
2 2
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
B 7] (£5) B R) (F0)
Figure 7. Example 1 of the differential equation system (7) where =3, B=5
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Figure 8. Example 2 of the differential equation system (6) and (7) where =1
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Figure 9. Example 2 of the differential equation system (6) and (7) where x=1.5
9. il 2 IR HIERG(O)F(T)EF =15

DOI: 10.12677/aam.2024.139420 4411


https://doi.org/10.12677/aam.2024.139420

KR %

; TR RS 5 B
— o W — vl
/ _*77 v2 v2
6 v3 | a4t v3| |
/ v4 - v4
51 -
Sat S
= = 2r
= &
= i
2t
TR ~
\\\\ \\\\
) -~ T~ . ‘
0 5 10 15 0 10 15
FiHTE] (B5) fi ] ()
Figure 10. Example 2 of the differential equation system (6) and (7) where u=2
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Figure 11. Example 2 of the differential equation system (6) and (7) where =3
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Figure 12. Example 2 of the differential equation system (7) where g=0.5, g=15
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Figure 14. Examples 1 and 2 of the first- and second-order differential equation systems
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Figure 15. Examples 1 and 2 of the first- and second-order differential equation systems
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Figure 17. Examples 1 and 2 of the first- and second-order differential equation systems
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