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Abstract: The robust operation problem of an uncertain dynamic supply chain network based on switched inventory is
studied. Firstly, a discrete T-S fuzzy model of the dynamic supply chain network with uncertainties of the system parameters
and the customers’ demands is established. Then, a new fuzzy robust control strategy is proposed, and this control strategy
can not only effective reduce the large fluctuation among subsystems in the switching processes, but also suppress the effect
on the supply chain network caused by uncertainties. Therefore, under this control strategy, the supply chain network can

operate robustly stable in the uncertain environment. Finally, a simulation example is given to show the effectiveness of the

proposed fuzzy robust control strategy.
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and z; (k) is M;, and ---,
and z,, (k) is M?; then
X(k+1)=(A; + AA;)X(k) + (B + AB;)U(k)+
(Bui + AB; )W(k),
z(k) = (Ci + AC;)X (k) + (D; + AD;)U(k)+
(Dwi + AD,,;)W(k),
X(k)=pk),i=1,2,---,r, k€ {0,1,--- ,N}. (2)
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KA HFAT I 2, JEA 5 SR A5 B AL 3 45 3 1, AR
Je T AR AR 20 B B P VT D 1) HLR B, AT A 434
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Controller Rule i : if 21 (k) is M}, and -,
and z; (k) is M;, and .-,
and z,, (k) is M!; then
Ulk)=-KX(k),i=1,2,---,r.
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by =1+ EiicHQiH2Ti7

Iy = LS;; + LSy,
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Iy =T8;; + TS,

Iy =D,; + Dy,

Ly =1+ ¢ HyHy, + EjicH2jH2Tj»

I'ss = I's6 = —cijed,

I'7; = I'sg = —¢jicd,
I. 4 G, *@@E@%ﬂﬂiﬁ?%%, Ge N e MR B
WA, c=1,2,---, H(mj — 1), m; A § ANRANAL
BB, AR R BRI, — ¥, X,
WA AR S B B AR (), A A5 AN 2 (16 10 B X 4%
ARG (3) 1E Hoo VERETRS v T EFRHTEAE.
3 iESHh

R T IR B 2 7 T AR ASOR  T SE I 6 AN

ped d P B RE KR v G Ry S A Rl TR Bt ]
HVRE A 734 T 2 1 ) % ) 2k I A 9 0% 4 A F 9
X5 2 G R 77 i BB R A AN o i A oK, O
L B PR AR e 0 AT B, i3 v A AR B B 1 AT K
S E A 7 SR JE A A AR S B I AN L2
JRAS. RIS, 38 s R 40 A8 R 1 A e A o s 5 oK
T E VT D SRS, T AL i3 5 22 PRI, Bt i ik
o 2% e, R R L R R 24 22 B LA RS R 2 10
JEAFIRAS T390 A

r1(k+1) = z1(k) +ui (k) — li1(k)uii (k) —
lia(k)uia(k),

ro(k 4+ 1) = z2(k) + ua (k) — l21 (k)u21 (k) —
laa (K)uz2a(k),

y1(k+1) = y1(k) + hi(k)uri (k) + o1 (k)ugi (k) —
w1 (k),

Y2(k + 1) = ya(k) + li2(k)uiz(k) + laa (k)uga (k) —
wa (k). (®)
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Flugo (k) A K 205385 15 2 BT I 55wy (k) Al wa (k)
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(m,p = 1,2), W XU S AR 23 R 1) 428, anl&l 19T
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M} = M} =F|, M} = M{' = F{,
My = M3 = F}, M = My = Fj.
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1 EFFRRHIRE B R
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Plant Rule i : if (k) is M{, and (k) is, Mi; then
Xk+1)=

4
ZNi[(Ai + AA;)X(k)+

(Bi + AB;)U(k) + (Buwi + AB.i ) W(E)],
z(k) =
Z,Ui[(ci + ACy)X(k) + (D; + AD;)U(k)],
i=1

i=1,2,34.



K

896 = #1 5 * £ 30 %
Horp Ci=Cy=C3=Cy=[cr1 Cr2 &3 Cpal,
X'(k) = [z1(k) w2(k) yi(k) ya(k)] D1 = [cms1 iz 0.5¢01 0560 0.5¢03 0.5¢0u],
N kIR A, RS A Dy = [cms1 Cma2 0.3¢o1 0.4co2 0.7¢o3 0.6¢04],
U" (k) = D3 = [cim1 cmy2 0.7¢o1 0.6¢o2 0.3¢o3 0.4¢04],
[ur (k) uz(k) wii(k) wiz(k) uai(k) usz(k)] Dy = [m1 ¢m2 0.5¢01 0.5¢02 0.5Co3 0.5¢04],

N ke IR 221 (R 47 i e

WE (k) =1[0 0 wy(k) wa(k)]

N ke I 200 1) B0 o SR AR R A AN TR KRR R

La (k) A3 AN TR R HAE:

1)Y= 18, 11 (k) = Lo(k) = loy (k) = loa(k) =

0.5;

2) i =20, l11(k) = 0.3, lio(k) = 0.4, lo1 (k) =

0.7, ZQQ(k) = 06,

3) M0 =3I, Iy (k) = 0.7, l1o(k) = 0.6, I (k) =

0.3, lgg(k) = 04,

420 = AW, 11 (k) = lig(k) = Iy (k) = loa (k) =

0.5.
JliEs)
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01 0 0 —05 —05
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01 0 0 —0.7 —06
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00 03 0 07 0
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(10 07 —06 0 0 |
01 0 0 -03 —04
B?): )
00 07 0 03 0
(00 0 06 0 04 |
(10 05 -05 0 0 |
01 0 0 —05—-05
B4: )
00 05 0 05 0
(00 0 05 0 05 |
000 O
00 0 0
Bwl—Bw2—Bw3—Bw4— )
00 -1 0
00 0 —1

0.01 0 0 0
0 0.02 0 0
E ;=
0 0 003 O
i 0 0 0 0.01
[ 0.03 0 0.01 0015 O 0
0 003 O 0 0.02 0.01
E 5 = )
0 0 0.01 0 002 O
i 0 0 0 0.015 0 0.01
[00 0 0
00 O 0
E3 = )
00001 O
(00 0 003

Es; = [0.015 0.01 0.02 0.01],

Es»; = [0.01 0.015 0.02 0.03 0.02 0.01],

Es;3;, =[0000], Hy; = [0.1], Hy; = [0.2],

F1;(k) = Fo;(k) = sin(k), 1 = 1,2,3,4.
Forprs ey IR 1 BAL AR AR, g N HHIE 7Y 2
0 BT AT AR, cg DA 235 T LR B AT A,
Cra HIYBIT 2 B FAALEAF A, H I R 1 AEIE
WA T B BALE P A, eyt N TIT S50 1 B
RLAE T BEAR, o A RIS B 2 78 TE 55 2 A1 R By A2
PRIAR, o J9 T AR B SR AE P AR, o1 293
B 1B R 1T WA, con A 70 BT 2 1) i3
BT VAT AR, o3 A 049 1 1 1) 1136 7S 2 1T 0 4 1
AR, Con OIBIT 2 1) HHIIE R 2 1T WA AR REAR.

MR LA T-S BOBIRE A, e v 4 ROR S 15
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Plant Rule i : if (k) is M{, and zo(k) is M3; then

= wiKiX(k), i =1,2,3,4.
i=
G55 AN R Y B 9 2% R eI BRSO, e
TR (K92 50 R (FAz: 103 T8/
cr1 =1, g = 1.2, ¢,3 = 0.8, ¢4 = 0.95,
Cm1 = 2.1, g1 = 2.8, Cima = 2, Cugo = 2.9,
Col = 3.5, Coo =4, Co3 = 3.8, Cos = 3.6.

T3 B 1R 2 A AR A S AT 5 ) Do =
10 F1 Dy = 30, i 7 2 1022 4 PEAT T A3 BE PE A7
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5394 Doy = 8 Fll Dy = 33 (AL 10% ). 3238 ANl
SENHIZE v = 0.65, F ] Matlab #44 LMI L HA
] feasp >R fift s, SKfiE X (6) F1 (7) 5 2

K, =

[ —0.1196 —0.6462 —2.9625 —2.9879 |
1.0121 15482  3.6554  3.6839
1.1902 0.9018 55672  4.5636
—3.4254 —2.1857 —11.3962 —10.4426 |
—~1.2790 —0.9788 —3.7598 —4.7538

| 33321 21052 112017 12.2511 |

K, =

[ —0.0476 —0.5549 —2.9179 —2.8088 |
1.0305 1.6080 4.0028  3.9111
1.7082 1.2838  7.3790  6.3959
—3.9902 —2.4845 —13.3116 —12.3239 |’
—0.7603 —0.5388 —1.7384 —2.7513

| 26325 1.6658 8.8609  9.8678

K; =

[ —0.2271 —0.8017 —3.2829 —3.4669 |
1.0825 1.5957 3.5429 3.7084
0.6541 0.4607 3.4724 24255
—2.8175 —1.8674 —9.5215 —8.6169
—~1.7002 —1.3037 —5.5514 —6.4977

| 40765 25941 13.5538 14.6624 |
K, =
[ —0.1232 —0.6753 —3.1015 —3.1468 |
1.0784 1.6286 3.7723  3.8227
11920 0.8720 54014  4.3743
—3.4054 —2.2005 —11.5639 —10.6330 |’
~1.2055 —0.8920 —3.6387 —4.6103
| 3.3937 211805 11.3137 12.3838 |
X, =
[ 51380 —0.0517 —0.0224 —0.0288

—0.0517 5.096 2
—0.0224 —0.0135 5.3844 —0.2008

| —0.0288 0.0088 —0.2008 5.4293

X I 5 SR IEZASBENL A (w1 (k) = wa(k) ~
N(6,12)) [FANf & fik R I 48 R GE-AT 17 L. EIORK
P S Bt At I, FCAR A i 22 A8 59 BR AR A 2 0. AT
FIUGAE (A2 10 W)

21(0) = 2.5, 229(0) = 2.0, y1(0) = 1.1, y2(0) = 1.5;

BRARAE N (FAz: 10* 1)

—0.0135 0.0088

T1(k) = 17.5, Zo(k) = 18.3,

y1(k) =16.5, ga(k) = 15.8.
A E B HLAB (k) (0 = 1,2,3,4) 3 L35 5
A U0.05 0.15], i E &5 R 2 ~ [ 4 Fros.
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£ —

s 100 '
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4344; 140
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0 10 20 30
k

B2 EEBSHERTHERKE
250
200
150
= 100
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0

IESAATR T
sl 5/ 107

0 10 20 30
k
E3 EXAHRERTHEHE

220
IR 21sf
ﬂggb
=S 210F
e 210
RE 2051
HE 2000
195 - '
0 10 20 30
k
B4 ESHHREKRTHESHE

HY B 2 A0 B 3 AT L, 8 2 JA IR A BE AL K T,
Wit N 1) & AR Ak, 38 73 R0 0 4 e AR G S B JE A7 1
R A 7 SR T T W . AR A SV (RO s 1 5
0N, EAE K AR R AT R A R S G|
BB BB TR B4 0 IEAD AT KT
(I A X 2 3R 0 5 BAS, FEAN TR K JZE A A 1, Al
TR A AR AN TR, R, H 20 AT I At
AT W R BN ), S BOLAT W A AN [R]. 72 AR SO
TIPSR T, S AT A AR B sl AL/ I AE
Vi Py, AT B H . BRI, AR SCHR H A ROR 5
A 7 v B AT L AN S 7 SRR 22 Bk AN R AR
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