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Abstract

Financial chaotic systems bring great challenges to market analysis and risk management because
of its nonlinear characteristics and unpredictability. In order to solve this problem, a fractional
complex financial chaos system with external interference and unknown parameters is proposed.
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Firstly, the basic characteristics of the fractional complex financial chaotic system are analyzed.
Secondly, based on the adaptive sliding mode control theory, a controller with strong robustness
is designed to make the system stable. In order to reduce the jitter, the fuzzy control strategy is
used to further optimize the traditional controller, aiming to achieve efficient synchronous control
of such systems, and then provide a new way of thinking for financial risk assessment and man-
agement.
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LTI R R NBAT AN G R 5 R BRA R . RETEIREY T &M RGHEA, FH
LM IR ) SRS A R G4 Rl AR g (1] FMB ST T —Fh BE A SRS 2], SEIL TR FIATUG 2 A
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€ XAE TR N BT 2 2]
5E X 1 Caputo 73 EUN o & s

1 J~t f(m)(r)dr

dr m-l<g<m

athf(t): T(m—Q) O(t—T)quLm (1)
dm
g | () g=m
dq
aD{*:F q>0
Hrer, {,Df=1 q=0 .
=L:(dz')_q q<0
PERT 1 50 KR il i A«
D[« f (t)+Bg(t)]=aDf (t)+BDg(t) )
DD =Df(t)=f(t) ®3)

5IFE L [4] W3V (1) ATEE HiEs:, FRLV(H)=-pV"(t), vtxt, WVt, V(O)HLLTFAR

W

VI () <V (1) - pL-m)(t-t,) @

t,<t<T, HV(t)=0, t2T, T=t +

513 2 [13] AHxAEA.

Z_lal —Zinzl(aiz)igz:ﬂ'ai'z (5)
Hrpa Aetr, 0<r<2.
2.2. Rk

SCHR[AD [2]7h HEan 2 i RSB AN 20 BB Rt R T BB A RHIE . JRAE BRI R A2
D2, (1) =2, (1)2,(1)~(a 1), (1)

D%z, (t)=2(t)z(t) - (b+1)z, (1) ©)
D*2,(t)=(c-1)2,(0) 5 2021+ (1) 21
Heft, 7, () RGBT MR, 2, (1) RREVEFER, 2,(1) REMKIELL Hz (H)eC, i=12,3. z(t)
PRz () B3R, AW, Sz () =x(t)+ix (1), z,()=x(t)+ix, (1), z,(t)=x(t), z(t) RRGM
SR, X () RRRGMNLRELRE. Hh 24 a RpRHREE, b R AARERA, ¢ NEERE,
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DX, (1) =X, (t)%s (t)—(a+1)x,(t)
D%x, (1) =% (t)x;(t)—(b+1)x,(t) (7
DX, (t) =%, (t)%s (t)—(b+1)x,(t)
D%x, (t)=(c—1)x;(t)—(b+1)x,(t)

HATE X RGN WEN R G

LEIVERE ¥
D, (1) = ¥5 (1) ¥s () = (a+1) (1) + Afy (y) + dy (t) + uy ()
DY, (t) = ¥4 (1) ¥s (1) = (2 +1) v, (1) + Af, (y) +d, (1) +u, (t)
DY, (t)=y.(t) Y5 ()= (b+1) y5 (t)+ Afy (y)+dy(t)+uy(t) (8)
DTy, (t) = ¥, (1) Y5 (1) = (b+1) y, (t) + Af, (y) + o (t) +u, (1)
Dfys (t) = (c=1)¥s (t) = (b+1) y, (t) + Af () + dg (t) + us (t)

Hor, Af(y) AABERE, d (1) AT, AT et e B ko, R

(t-m)
EKUzZ&kﬂ{——?Hi—}ny=50Jh=050
i

GHHIRZERGE XL ¢ ()=y, (1)-x(1),i=1273,4,5. H@)H(7)XH], &

Dfe, = Y,Ys — X% —(a+1)e +Af (y)+d, (t)+u,(t)

Dle, =—(a+1)e, + Y, Ys — XX + Af, (y)+d, (t)+u,(t)

De, =—(b+1)e; +y,Ys — XX + Afy (y) +d; (1) +uy(t) 9)
De, =—(b+1)e, +Y,¥s — XX + Af, (y)+d, (t)+u,(t)

De; =(c—1)e; —(b+1)e, + Afy (y)+ds (t)+us(t)

¥ q=0.96,a=3,b=0.1,c=0.6 I EIIRIRZ.
o, (8% DA, (y)| <@ [DFAd, (1) < (@7 >0) » TEEERAL.

3. HEHlRRIRIT
RIS, Rit e I [14]:

s, (t)=¢&(t)+ 4D (& (1)) sgn(e (1)) (10)
EH 1 RZERGOQ)FEARTT S B b, FEA BRIV A] t; Ik 247 fl o
18, 2
13e0)

<2 2 soming,i=123.
(1-r)e27
UEW: Hi T s (t)=0, FTLLS (t)=0, 573 Ds (t)=0, ki Dle (t)=-4D"|e () son(e (1))
HEHL Lyapunov g %L
Vm=%i¥ 11)
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%} Lyapunov 5% 3R S

5
V(t)=>eD; "Die, =€ +6,6, +e,6 +€,6, +e6
i=1

5 5
=-> 4D D e sgn (e ) =Y A el
I:15 r+l L+r 1+r -

< —521:|ei|7 <22 ¢V 2
AR (L0) 151 H AR LIk B % 1 42 ] 25
U =(a+1)e, —y,Ys + XX — 4 || san(e,) - DI [ (@ +7,)sgn(s,) +k; san(s,) |
=(a+1)e, — Y, Vs + XX — A [e;| san(e,)— DI [ (i, +7,)sgn (s, ) +k,san (s, ) |
(b +1)€; = YyYs + XX — A [es| san (e;) — DI [ (@, +75)s9n (s;) + ks sgn (s, ) | (12)
=(b+1)e, = Y, Ys + XX — 4, [e,| san (e, )~ D[ (, +7,)san (s, ) +k, san(s,) |
U = —((:—1)e5 +(b+1)e, - As|es| sgn (e; ) — D[ (@ + 75 ) sgn (S5 ) + ks sgn (s5) |

Au(t)=(u (t),u, (t),us (t),u, (t),us (1)) s Feedv, K (t) HEHedzs, K (t)=max|E (t)+7. @7 N
HIER%E, Ff 2

aA)iZSngn( ) (O)ZGIIO’?;i(O):yiO’);i:|Si|l77:1'0 (13)

Bk, 1RZE R G()TE LIk B IE R 2 m i BAEH # u, (1) T, SRS .
WERH: JEHL Lyapunov pR%Y .

+33[(@-a) (1] 14)

I\JlH

V()= +

5

Vv (t)=25“si [Dj*q (thei + 4 e san(e, ))}+Z[(é), —o,)s]+(7 - 7)Is:]]

i=1 =1

V'(t):letl’q[ygy5—x3x5—(a+1)e1+Af1(y)+d1(t)+ul(t)+ﬂi|e1|rsgn(el)J
+s,D} [—(a+1)e2+y4y5—x4x5+Af2(y)+d2(t)+u2(t)+/12|ez|rsgn(ezﬂ
+s3Dt1q[ (b+1)e;+Y,ys — xixs+Af3(y)+d3(t)+u3(t)+/13|e3|rsgn(e3)J

+s4Dt1q[ b+1)e, +Y,Ys — xzxs+Af4(y)+d4(t)+u4(t)+/14|e4|rsgn(e4)}
I

+5,D | (c—1)e, —(b+1)e, +Af; (y)+d5(t)+u5(t)+/15|e5|rsgn(e5)J
+Z[w @ )ls|[+ (7 =7)lsi]

<[(w1+71)|51|_|31|(6?’1+?1+k1)]+[(w2 +72)|Sz|_|52|((:’2 +7’A2 +kz)]

+[(a)3 +;/3)|S3|—|S3|((?)3 +73 +k3)]+[(a)4 +74)|s4|_|54|(034 +7, +k4)]
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+[(a)5 +75)|8s|

+[ (@, -

@, )[s,|+

(@5~ )5+

3k (O (1)<

|55|(035+775+k5)}+[ o~ |31| N |31|]
72 72 |Sz|] [ — |S3 73 73 |S3”
(7;4_74)|54|]+[( — s |55| Vs = 75 |55|]
Z’?i (t)|si (t)|

A% Lyapunov bR 4 R fa e .

oy, a3

K; (t) BB TAMEATE I d, (t) » SRERUIESE B RGUH 2 IE B AF(ss <0) . HUIHE 25 K

Ki(t)

PAL. sgn BRBOE AL T BHRILR . O 1 SRS RGN R G S -P AR R, R 158 1 2 g e A4 ) 5 468

WEE RIS &
(1) BRIt

WRIEL R KR RIBRIELRL, AT BRI 5

fEmg ¥t [23]. M5E SS M Input,
WA s$ <0, WA K (t) By
I ss<0, A4 K, (t) Rk

K (t) ¥ Output.

(15)

WRIEAB) Beit ss 5 K, (t) Z MBI R 4, AR, HoE L hlin T [25]:

NB Mk,

NM Rfidr, NS Ak,

ss={NB NM NS ZO PS PM PB!
Ak (t)={NB NM NS ZO PS PM PB}.

Z0O %, PS Nfi/h, PM NIEH, PB NIEX.

ol R AR e R B an 1 1

B NM NS Z
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£ £
7 08 2 08f 1
o Q
=] =]
g 0.6} g 0.6} i
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0.4 & 04] 4
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£ 02t 502t _
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Figure 1. (a) Membership function diagram of the fuzzy input s; (b) Membership function diagram of the fuzzy input ds; (c)
Membership function diagram of the fuzzy input dk

El 1 (a) RN s RERHE; (b) M@ ds REE

AEE; (o) HEmL dk RBRHE

DOI: 10.12677/mo0s.2024.134416

4596 e RSE TR


https://doi.org/10.12677/mos.2024.134416

BEBRH, b

(2) BRI ST
Ry If s$ isPBThen Ak (t) isPB.

Rp: If s$ isPM Then Ak (t) is PM.
Ra: If S isPSThen Ak (t) isPS.

Ry If s$ isZO Then Ak, (t) is ZO.

Rs: If s isNSThen Ak (t) isNS.

Rg: If s$ isNM Then Ak, (t) is NM.

Ry If s$ isNB Then Ak (t) isNB.

FIFRL S R A T DI 4008 25 10 K (t) HEAT B ST, B K (1) = Gf; Ak, (t)dt o e, G L R %L
T LA H BRI AL 22 5 R 1 T N 4 i T A o 4«

U, =(a+1)e - Y;¥s + X% — A [e] sgn(e,) - Dt“’l[(é)l +7,)s9n(s, )+ Izlsgn(sl)J

u, =(a+1)e, = y,Ys + X, X — A, |e,| sgn(e,) - D
uy =(b+1)e; = V,Ys + XX — A [es| san(e;) - DI (@, +7;)sgn(s; ) + K, sgn (sg)] (16)
u, =(

b+1)e, = V,Ys + X% — 4, |e,| sgn(e, ) — D

U =—(c—1)e; +(b+1)e, — & Jos| sgn (e )~ DI (@, + 75 )san (s ) + ks sn (5 |

4. BEHE
N TS  Tgs D7 iR Rt i Matlab #25 BLK Simulink TR 75 BT R 5 [26] [27].
424 (a,b,c)=(09 02 12): (4,44 A A)=(2 3 5 1 2): REVIMHMEN
% (0)=2,%,(0)=1,%(0)=3;x,(0)=1x,(0)=3,
%:(0)=1Y,(0)=2,:(0) =2y, (0) =15 (0) =3

Af (y)=[0.02sin(ny) 0.02sin(2my) 0.02sin(3my) 0.02sin(4ny) 0.02sin(5my)]"

FEBA IMANBR RIS B a5 LA 25w UR BIR A B & B 2 s i AR il 4, OKEh 28 85 i L &
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MBI o S IR, R R (16) 2CAR 2 Ml &, 75 21 Sk 42 1l 4% LA S 4596 2 bR B30t (R DA 1, AL
Kl 3 WXz RS SN RS R, W 4~8; W LAE HUE R AT E R, BN, AR A
ST R G AT E MR RO TEOLT , BOBIE B H] (RIE R 2 R G RERE, SCHLINEh RS 5N R 5
HD]EipiZ

20
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Figure 2. Time history diagram of traditional controller and switching gain function
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Figure 3. Time history diagram of improved controller and switching gain function
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Figure 4. The synchronous time history diagram of state variables x, Y,
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Figure 5. The synchronous time history diagram of state variables x,,y,
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Figure 6. The synchronous time history diagram of state variables x,,y,
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