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Abstract; This paper studied a Markov jump system with a mean-field and indefinite weighted matrices of the per-
formance index. Firstly, a set of differential Riccati equations were introduced. Secondly, by means of the solution
of the Riccati equation, the general form of the optimal control set and optimal performance index were given, and
the special optimal control form without considering the mean-field was given in the deduction. Finally, a numerical
example was used to validate the correctness of results.
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x(F+1)=[A(k)x (b)+ B(k)u (k) Jw, + [C(k)x (F)+D(ku k)],
x(0)=mn, ke I'={0,1,,N—1}
Hr: A, CER"™HMB ,De R ERZEX R, x (&) Flu (k) 43l 2 REAE B FEHA &, BRitsh 2
o= {w ) PIREVIGE n ¥@ LA/ MEE N (Q.F.P) 1. WREWIRME g 0 B 2R A, R/
n=x0), BMERNSH o Z2—NARBHEHB2ZESTFH .0 Elow | Fo =0, % F 2HES
{xC0) say+0,50 = 0,1, sk} I o 0K I HH L .
E[ (o) | B =1, (2)

@)

8T T A RE B oA
J(x(0),u(k),0,)

N-1

= DJE [x (W)Ry (B)x (k)+ (Ex (£))'Ry (k)Ex (k)+u' (£)S, (kou (k)

k=0

+ (Eu(k))'S, (k)Eu (k) ]+ E(x" (N)T, (N)x (N))+ (Ex (N))'T, (N)Ex (N) , (3)
JErts Ry Ry Sy Sy ok € DTy T AR GBI 5 6 B AL B8 2 0= (0, ) REIUI T — AT B4
M= {1,2,,m} FHESIDIRBLREE . S8 0 F10 JEH BB H— P BRI @ = (p,)
FEREE (ivj) J0E
pi =P =jl0=10.i.j € Mok T, (4)
ERWHEA T T £ =0.1,,N.ic:
R(E)= (R, (B) Ry (k). Ry(k)). R(k)= (R, (k).Ry (k). .Ry(k)).
S(k)= (8 (k)sS, (k) »=Sx(k))s  S(k)= (8, (k):S; (k) s+ ,Sy (k).
EX 1.1 (MF-LQ) X FALE MBI E n - WRAFAE u’ (k) € U flif5
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J(x(0).u" (k) ,0,)= (iﬁrlfevl (2 (0)sulk),0))<Foo, (5
oo, U AT YRR 4 WUBK o () S MF-LQ 141 iy S s
ARTIRE 7% 5 P B B80T (0 IS 6 T LS R S 0 8 U 5 P B0 A S 0 5 X
EX 127 QR Q € R L IAE(E— MW — MREHE Q€ R Bkl Q Ay SLAR B, 7%
0 0=0 00 =0.

(6)
QH'=0". Q@ O"=0 0.
SIEE 13" By X RRAERE LML N U R 5 B2 LXM = N A fife X [ 78B4
IL" NMM = N,
I B — MRk X = LT NM'+Y — L' LYMM ™ R Y J2 808 4RO AT R
2 FEHFR
NEXRGE (DR LRREE ST I APAEX
E[x'"(N)P, (N)x (N)]—E[x (0)P, (0)x(0)]
N—1
= DUE (k+1DP,  (k+1x(k+1)]—E[x (AP, (k)x (k) ]}, (D
k=0
A K
E[(Ex(N))' P, (N) (Ex(N))J—E[(Ex (0))" P, (0) (Ex (0))]
N—1
{EL(Ex(k+1)) Py (k+1)(Ex(k+1))]—E[(Ex (k) Py (k) (Ex(£)) ]},
k=0
(8)
of W 7 A 2l 2 B0 T L B S A
E[x"(k+1)P, (k+1)x(k+1)[F,]
= x" (k) [A"(RE (Py, (k+1)A )+ C (WE (P (k+1))C(k) Jx (k)
+2x" (k) [A"(WE (P, (k+1))B (k) +C (FE (P; (k+1))C (k) Ju (k)
+u’ (k) [B (RE (Py (k+1)B (h)+D (E (P (k+1))D" (k) Jx (k) (9
WA -
E[x" (NP, (N)x (N)]—E[x (0)P; (0)x(0)]
N—1
= DX (W [A OE P, (k+1))A (h)+C (WE P, (k+1))Ck)— P, (k) Jx (k)
k=0
+2x (W) [A"(WE (P (k+1)BUk)+C (RE Py (k+1))D k) Ju (k)
+u' (&) [B <le>E<P9,+ (k+1))BU)+D (BE P, (k+1))D k) Juk)} (10)

K, By (k1)) = Zp,Pa‘ (k+1),0, = i o X (1) 2 of i 45 — X% 5 70 47 97 300 OB 27 09 2

{(Ex(k+1)}= {C(ﬁ)Ex<k>+D<k>Eu<k> [
E[(Ex(N)) Py, (N)(Ex(N))]J—E[(Ex(0))" P, (0)(Ex((N)))]

N—1
= D {(Ex (k) [C'()E (P, (k+1))C(k)— Py (k) JEx (k) +2(Ex (b))’
k=0

X [C'(RE (P, (k+1))D k) JEu (k)+ (Eu(k))'[D (WE Py, (k+1))Dk) JEu(k)}., (1D
O A7) (&) . (10) . (1), .
J(x(C0)u(k),0,)

N—1

= > {x' (k) [Ry, (k)+ A (BE (P (k+1))Ak) +C (R)E (P, (k+1))C(k)

k=0

— P, (&) Jx (k)+2x" (k) [A"(WE (P, (k+1)BU)+C (WYEWP,  (k+1))D k) Ju (k)
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+u' (k) [Sy, (b)+B (R)E (P, (k+1))B(k) +D (RE P, (k+1))Dk) Ju(k)
+ (Ex (k) [Ry, (k) +C (R)E (P (k+1))C(k)— Py (k) JEx (k) +2(Ex (k))’
X [C(RE (P, (k+1))D k) JEu (k)+ (Eu(k))" [S, (k) + D" (WE P, (k+1))D (k)]
X Eu (k) )+ (Ex (0))" Py (0) (Ex (0))+ E[x" ()P, (0)x(0) 7], (12)
X 2.1 Z5H Nl AR50 T e
P, (k) =Ry (k) + A" (WE[P,  (k+1)]JAR)+ C (WHE[P,  (k+1)]C(k),
H; (kH)W, " (R)H; (k)

(13)
P, (N) =T, (N),
Wi, (kOW; " (kOH; (B)— Hy (k) = 0, W, (k) = 0.k €T,
Hor
Jwg,k (k)y=8, (k)+B (WE[P; (k+1)]B(k)+D (WHE[P, (k+1)ID(k), (0
L}, (k)= B (WOE[P, (k+1)JAGO+D GOE[P,  (k+1)]C(k). kET.
i

P, (k) =R, (k) + R, (k)—E[P,  (k+ 1)]+ A (WE[P,  (k+ 1)]JAk)
+ C(WE[P,  (k+ 1)]C(k) + C(RE[P,  (k+ 1)]C(k)—Hg (H)W;+ (k)Hg (k). (

_ _ 15)
IPQ\, (N) = TQ\, (N,

Wi ()W~ (h)H* (k) —H} (k) = 0, Wi (k)=0,kE€T ,
Hrp

Wi (k)= S, (k)+ S, (k)+B (L)E[P,  (k+1)]B(k)
+D' (WE[P,  (k+1)IDk)+D (WE[P,  (k+1)1Dk),

H; (k)= B (W)E[P,  (k+1)JAk)+D (R)E[P,  (k+1)]C(k) Y
+D (RE[P,, (k+1)]C(k), k€T,
PR FNENE A RGN L2 BRI T e
IR 2.2 XA IR AL (D) L (3) . (5) » e Al il -
u’ (k)= Ly, (k)x (k)+ Ly (K)Ex (k)
=— W) ()H), (k)x (k)
+ (W, (OH; (R)— Wi (kOHG (k) JEx (k) (an
Hrb . Wi (B) JHy (R) W (R) L HG (R WEEE XL 2.1, X uCk)=u’ (k) B LRI TERETE AR :
inf J (x(0),u(k).0,)= E[x"(0)P; (0)x(0) ]+ E[ (Ex(0))P, (0)Ex(0) ], (18)

u(k) €U

Hrf, Py (0) HI P, (0) W RE X 2.1,
E B <38 5 A7 B0 58 4P O i DA o 2.1, (A2 AT DU Ak
J(x(0),ulk),0,)

N—1

= D {((x()— Ex (k)[R (k) + A (ME (P, (k+1)A%) +C (k)

k=0

X E(P, (k4 1))C(k) ] (x(k)— Ex (k))+ 2(x(k)— Ex (k))[A" (k)

X E(P,  (k+1))B(k) + C (R)E P,  (k+1))Dk)](uCk)— Eu(k))
+ u(k)— Eu(k))[S, (k) + B (R)E (P, (k+ 1))B(k) + D' (k)
XEP,  (k+1))Dk) J(uk)—Eu(k)) + (Ex (k)[R (k) + R, (k)
—P (k) +C (W) (EWP,  (k+ 1))+ EM®,  (k+1)))Ck)

+ A (WOE P, (k+ 1)AU) JEx (k) + (Ex (B))[C' (k) (E(P,  (k+ 1))
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+EWPy,  (k+ 1D+ A" (ROE P, (k+ 1))Bk) JEu, + (Eu(k))
X [8), (k) + 8y (k) + D (k) (EP, (k4 1)) +EWP,  (k+1))Dk)
+ B (R)E (P, (k+1))B(k)]Eu (k) + E[ (Ex (0))P,; (0)Ex (0)]

+ ExX' (0)P; (0)x(0))

N—1

= DV {(xU)—Ex (k) H}, GOW) (OH), (k) (x (k) — Ex (k)

k=0

+2(x (k)= Ex (k) H; (k) (u(k)— Eu (k) + (u(k)— Eu (k))
X W, (k) (u(k)—Eu(k)) + (Ex (R)YHG (OW] " (R)H} (k)Ex (k)
+ 2(Ex (k))Hj, (R)Eu (k)+ (Eu (k))Wj (F)Eu (k) |

+ E[(Ex (0))P; (0)Ex (0)] + E(x"(0)P, (0)x(0))

N—1
= DE{[ )~ Eu(k)) + W, (OHj (k) (x(k)— Ex (k)) IW) (&) [(u(k)— Eu (k)]

k=0

+ Wit (fOH; (k) (x(k)— Ex (k)] + (Eu(k) +W; " (k)H; (h)Ex (k))W; (k) (Eu (k)
+ W (k)Hg (WEx (k)) ) + E[(Ex (0))"P, (0)Ex(0)] + E(x"(0)P; (0)x(0)), (19

A
~
Ju(/z)—Eu(k):—Wéj(/e)Hék (k) (x(k)—Ex(k))=u"(k)— Eu’ (k),
* (20)
B (&) =— W3 GoH), ()Ex (k)= Eu’ (k).
SR A5 AL (20) AF R AR A i 3R ik 20N
up = — W, (b)H), (k)x (k)
+ [W,, (ROH), (k)—W;  (k)Hj (k) JEx (k). 2D
R 4 1 e 8 % 114 fie /IME -
(1/r§fe[J<x<o>,u</e> :0,) = E[x" (0)P; (0)x(0) 4+ E[(Ex (0))'P, (0)Ex (0], (22)
T 4

T8 2.3 %%‘Uf@ MRS (DD ) FIMSUE R IEER I HRE T AFHZ BB A S H, 284 2.2

AR NSRRI 23 JE B 3. 1,
HEIR 2.4 UPERESR AR A E R 2 0 B ) S A A
u' (k) =—Wy" (k)Hj (k)x (k) , (23)
R L P R4 s i /DM
inf J (x(0),uCk).0,)= E[x"(OP; (OHx(0)], (24)

Ck>eU

IEBA - E X 2. 1%[];51%13’]75%%771#% (12) AT LAGE ey
J(x(0),uCk),0,)

N—1
= >{x" (k) [Ry, (W)+A (WE[P,  (k+1)]JAG)+C (RE[P,  (k+1)]C(k)

k=0

— Py, (k) Jx (k)+2x" (k) [A"(OE[P,  (k+ 1) IBk)+ C (HE[P,  (k+1)]D k) Ju (k)
+u' (k) [Sy, (b)+B (WOE[P;  (k+1)IB(k)+D (WE[P,  (k+1)]D (k) Ju(k))
+E[x"(0)P; (0)x(0)]

N—1
= D) =W, GOH) (k)x (k)W) (k) (u(k)— W, (hH), (k)x (k) )

k=0

+E[X (0P, (0)x(0) ], (25)
) f5 PR 42 1
u' (k) =—W," (kO)H; (k)x (k) (26)

AH N PE BE $8 A5 B /IME. -
mff<x(0>,u</e> 0,)=E[x'(0)P, (0)x(0) ], 27

ulk) €U
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X — R — BB . N TRENRS
[x kD= [AGOx O+ B ) Jo, + [CCOX )+ D kou (k) ],
lx(0)E R, k=0.1.
22 T8 TH B M RE TS A
min/ (x(0) .u(k).0,)

wy suy

1
= min X E [x (F)R, (k)x =)+ (Ex (k))'R, (k)Ex (k)+u' (k)S, (eu (k)
“o M k=0

+ (Eu(k))'S, (WEu (k) ]+ E[x" (2)T,, (2)x(2) 1+ (Ex (2))'T, (2)Ex (2).
Horp, BB IHE 0 M IRE D 1,2, R R RS 10 -
1/4 3/4)

b = ij ) 2x :(
SERES 1/2 1/2

Lrp

\

pi = 0Oy =510, =10, i,j=1,2,k=0,1,2,
IELx(0) WAEBBER (-5 ) - 0BT Y ()
u} 2’2 ’ ) } 474 °
ST EENE=0,1,2,2%64, =10,

4 2 6\ _ 2 5
y mm:( %mm:( %
6 4 5

1 2y _ 3
A(k):< ),A(/z):(
2 1 4 2 4

1 2\ _ 3 4 4 2\ _ 5 2
CXk)::< ),c<k>: ( ), D<k>::( ),D<k>: ( )
0 1 0 2 2 4 2 5

o)
R, = diag(0,2),R, = diag(1,1), S, = diag(1,1).S, = diag(2,1).
T, = diag(0,1).T, = diag(2,1).

4 4N\ 1 3 2 3\ _ 2 1
A<k>::( ),A<k>::( ), B(k)zz( ),B<k>: ( y
0 1 2 2 1 4 2 4
3 1\ _ 1 2 1 1\ _ 3 1
am=( )@@F{ % D@F{ ymm=( ),
0 2 2 0 0 2 0 2

R, = diag(1,3),R, = diag(0,1) . S, = diag(1,2),S, = diag(2.3),
T, = diag(3,1).T, = diag(4,1),
W (13)~ (16) X FAEREM b = 0.1.2 .24 6, = 1 B A

] 7.6235 —7.1511 - 1.450 2 —12.203 3
Pmm=( )mwm=( y
0 — 15.265 5 6.054 4 0 — 14.180 3 1.116 4
1 0.7532 —0.120 1\ 1.5853 0.253 1
Po1 (1): ( )a 0 - ( )5

—0.120 1 4.789 6 ! 0.2531 2.4030

0 0\ _ 2 0
PMm:( )mﬂm:( %
: 0 1 : 0 1

e LA (17D S A X R B R
—0.2385 —0.179 6) _ (—0.0294 —0.0872)

L; (0)= ( Ly (0)=
’ —0.0600 —0.2175/ " 0.060 4  0.066 0



5 43 TR TR SRR R AL R GO RE - 3 4 BRI 2R At U AR R A ) ) < 75 -

—0.2440 —0.197 2 0.009 2 —0.1025
o | - | ]

—0.0586 —o0.2342)7" " \o.0167  0.0516

, 105.196 35 9.358 2 =, 7.904 5 —48.374 9
P; <0>:( ),Pa <0>:( )
0 227.7875 6.054 4 0 —5.7745 —19.6159
Z 18.572 1 8.995 0\ 6.793 6 —9.195 3
P Jpi = J-

13.065 51 4.541 3 —3.7089 —7.370 4

30y - 4 0
P§7(2)=( ),P§ (2>=( )
’ o 1/ > 0 1

B AP (L7 3 H A B 2R BT

) —6.4324 —5.3877 =, 5.157 2 5.016 3
L; 0= | Jo1i 0= ( )

3.242 7 2.508 8 —3.424 6 —3.1431

) —1.8205 —1.2566 ) 0.718 5 0.9191
L (= J o o= ).

] 0.561 7 0.068 3 ! —0.5105 —0.505 2

DO 5 P42 ) A BE 38 A 1 R L F

—0.2385 —0.1796 —0.0294 —0.087 2
o= oo |

—0.0600 —0.2175 0.060 4 0.066 0

—6.4324 —5.3877 5.157 2 5.016 3
+1,,:{( )x(o>+( )Ex(O)}
“ 5.2427  2.508 8 34246 —3.143 1

)Ex(O)}

L K
—0.244 0 —0.197 2 0.0092 —0.1025
u°(1)215:][< )x ( )Ex(l)}
’ —0.058 6 —0.2342 0.016 7 0.051 6
—1.8205 —1.2566 0.718 5 0.919 1
| Jecrs ( e ]
0 0.561 7 0.068 3 —0.5105 —0.505 2
N

inf ](x(O),u(k),ﬁo)

ulk) €U

, 7.6235 —7.1511 , 1.4502 —12.203 3
— 1, |E x(O)( )x<o> +E| (Ex(0)) ( )x 0)
0 —15.2655 6.054 4 — 14.180 3 1.116 4
, 105.196 35 9.358 2 , 7.904 5 —48.374 9
1, |E x<o>( )x<o> T E| (Ex(0)) ( )Ex<o>
227.787 5 6.054 4 —5.7745 —19.6159

A x(0)= (0,1)" I
inf J (x(0),u(k),0,)= 2.446 193 75,

u(k)eU

=
CIk

¥

1

WF5E T etk M 75 2R 58 0 A 5 1 34 37 BE AL R M — W i DG 42 i 1P) R, 28 8 AV BE 46 A b 19 2 B0 I Fe i 2
ATE S TS TP L0y BR AR 2203 5 A L R B G AT A v R B AL A R A R ) ST 00 2o L 4 i
IR 0 — MRk . R L 4 AT P B I e 0 A ) ) R R E 5
S 23K
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