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ABSTRACT

In this work, new conditions for stability of time-varying delay with neutral systems is studied,

anew inequality which is the modified version of free-matrix-based integral inequality is considered,

and then by using of this new inequality, two novel lemmas which are relaxed conditions for some

matrices in a Lyapunov function are proposed. Based on the lemmas, improved delay-dependent

stability criteria which guarantee the asymptotic stability of the system are show in the form of linear

matrix in equalities (LMIs).
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CHAPTER 1

Introduction and Preliminaries

Introduction

Time delay is a natural phenomenon in real world. It is ell known that the existence of
time delay often causes the oscillation, deterioration of system performance, and even
instability, so the stability analysis of time-delay systems strongly requires before
experimental stage. As these reason, the stability analysis of time -delay system has formed
a sturdy research field during the past years (Gu, Kharitonov, & Chen, 2003)

This work focuses on to develop relaxed conditions for time-varying delay systems
because above commented works on relaxed conditions can be applied only integral terms
with constant time-delay interva, i, e, | tt_ N f(d)ds.

To this end, a new inequality is derived based on free-matrix-based integral inequality, and
then by utilizing this new inequality two new relaxed conditions are studied. More over are
show a numerical example to show the effectiveness of the obtained result.

Throughout of this paper, the superscripts -1 and T stand for the inverse and transpose

R™ ™ is the set of

of a matrix, respectively; R™ denotes n-dimensional Euclidean space;
all n X m real matrices; p > 0 means that the matrix P is symmetric and positive definite;
* denotes symmetric terms in a symmetric matrix; Sym X = X + X7; Iis the identity

matrix; and 0 is a zero matrix. If the dimensions of a matrix are not explicitly stated, the

matrix is assumed to have compatible dimensions.



2.Preliminaries
Consider the following time-varying delay systems.
x(t) — Cx(t — () = Ax(t) + Bx(t — h(t)),
0]
x(t) = @(t),t € [—h,0]
Where x(t) € R"is the state vector , h(t) is the time-varying delay satisfying

0 <h(®t) Shami—u <h(@) <pu<1,0<57(t) <1, 0(t)

is initial function, and 4, B and C are know real constant matrices whit appropriate dimensions.

Problem formulation

The following lemmas will play a key role to derive main results.
Lemma 1 Zeng et and Z;, Z3 € R3*3" and any matrices Z, € R3"*3"

and Ny, N, € R3™3" gatisfying

Zy Z; N
x Zs N,| =0,
* * R

Let x be a differentiable function : [a, 8] » R™ .
For R € symmetric R™*"

The following inequality holds:

— P57 (5)Rx(s)ds < ] (@, B)pr 1 (e, B),
where

w1(@ ) = [x" (), x" (@), 7 [ x"(s)ds]".

1= (B — @) (Z +323) + Sym{Ny[1,=1,0] + Ny[—1,1,21]}.



Lemma 2 Let x € R™ be a continuous function and admits a continuous derivative differentiable

function in [, B]. For symmetric matrices R € R™*"

and Z; € R?™?" and any matrix Z, € R?™*" satisfying

[ %]

The following inequality hold:
— ff xT(s)Rx(s)ds < w} (x, a, B)p,w,(x, a, B).
Where

wa(x,@,B) = [} 7 (5)ds, 7= [ [ %7 (s)dsdv]"

(B-a)
3

©2 Z1 + Sym{Z,[-1, 2I]}.

Lemma 3 For the system (1) with given a positive constant h, if there exist positive definite

matrices Q; € R33" (i=12), symmetric matrices

P € R5™51, G; € RO™ 6" (i=1,2), and any matrices H; € R®™*3" (i =1,2) satisfying the

following LMIs:

vh(t) € {0, h}, Vh2(t) € {0, h?},Vh3(t) € {0,h3}

Y > 0.

Gy Hl] [Gz Hz]
>0, >0,
[* Q1 * Qs



Lemma 4. For the system (1) with given a positive constant h, if there exist positive definite

matrices Q; € RZ2"(i = 1,2), sysmmetric matrices P € R>**" G; € R¥"4"(j = 1,2),
and any matrices H; € R*>?"(j = 1,2)

Satisfying the following LMIs: Vh(t) € {0,h}, Yh2(t)€ {0, h?},

Vh3(t) € {0, h3}

2pg) > 0, @®)
]S G

>0, >0, )
[ * Qq * Qy

Basic Concepts

1. Types of Matrix

Let M € R™™ | then we have the following definition.

Definition 1.1 Matrix M is semi-positive definite if x”Mx > 0 for all x € R™.
Definition 1.2 Matrix M is positive definite xTMx > 0 if for all x € R", x # 0.
Definition 1.3 Matrix M is semi-negative definite x” Mx < 0 if for all x € R",

Definition 1.4 Matrix M is negative definite xTMx < 0 ifforall x € R, x # 0.

2.Notations

We give some important notations will be used throughout this thesis:
R*denotes the set of all non-negative real number;

R™denotes the n-dimensional Euclidean space;

M > 0 (M = 0) denotes the square symmetric, M is positive (semi-) definite matrix;



M < 0 (M < 0) denotes the square symmetric, M is negative (semi-) definite matrix;

M > N (M = N) denotes the M - N matrix is square symmetric positive (semi-) definite matrix;
M < N (M < N) denotes the M - N matrix is square symmetric negative (semi-) definite matrix;
R™™Mdenotes the space of all (n X m) real matrices;

AT genotes the transpose of the vector/matrix A4,

A~1 denotes the inverse of a non-singular matrix 4;

I denotes the identity matrix;

3. Stability of Ordinary Differential Equation

Consider a dynamical system described by
x(t) = f(t, x(t))

where x € R™ and f is a vector having components f;(t, Xy, ..., Xy),

i =1,2,..., n. We shall assume that the f; are continuous and satisfy standard conditions, such as
having continuous first partial derivatives so that the solution of (1) exists and is unique for the
given initial conditions. If f; do not depend explicitly on ¢, (1) is called autonomous (otherwise,

nonautonomous).
If f(t,c) = 0forallt,
where c¢ is some constant vector, then it follows at once from (1) that if

x(ty) = cthen x(t) = c forall t > t,.



Definition The equilibrium point x = 0 of the system (2) is

(i) Stable if, foreach e > 0, § =6 (g,ty) > 0 such that
| x(t)ll < o= llx(MIl <& VEt=ty =0,

(i1) Unstable if not stable,
(iii) asymptotically stable if it is stable and there is c=c(ty> 0 such that

x(t) » 0ast — oo, forall |[|x(ty)] <c,

Theorem Letx = 0be an equilibrium point for (2.2) and D € R™ be a domain containing x = 0.
Let V(x): D — Rbe continuously differentiable function, such that
V(x) =0and V(x) > 0 in D — {0},
V(x) <0inD.
Then, x = 0 is stable. Moreover, if
V(x) < 0inD — {0}.

Then, x = 0 is asymptotically stable.



CHAPTER 2

Main Results

Theorem 1. For given a positive constant h, the system (1) is asymptotically stable, if there exist

positive definite matrices Q; € R3™3"(i = 1,2),
R € R™" symmetric matrices P € R5*5", Z; € R33"(j = 1, ...,4),
G; € R®™*"(i = 1,2), and any matrices ¥; € R3™3"(i = 1,2),

N; € R3™"(i = 1,...,4), H; € R®™*%"(i = 1,2) satisfying LMIs (2) and (3) and the following

LMIs: for Vh(t) € {0, h}, h(t) € {—u, u}

(B Qo ne)(B) <0, (5)
Z; 1 Ny Zzy Y, Nj
* Z2 N2 2 0, * Z4_ N4_ 2 0, (6)
* * R * * R

where

B =[A, B, 0,1, 0, 0, 0, 0],
eo = Ognsxny  ha(t) =1—h(),74(t) =1 —7(¢)

L@ hwy) = Sym {El[hanpf z[h(t)]} + Dinne) + Lenene) ThesRies + Dipney) +
Borneey) + €aRzes — 14()erzRyel, + 12[esZ1ef] + Bapney

Qo nw) = E3Q155 — he(t) 5,051 + Sym{gs[h(t)]ngeT}'

=)

2imon®] = ha(©E,Q,57 — EgQ 28 + Sym {59[h(t)]Q2E1T0[h(t)]}'

1

1w = len, ez es h(t)e;, (h—h(t)eg],

2wt = [en, ha(t)ey, eq, e — hg(t)ez, hg(t)e, —ez],

[x

[x)

E3 =ley, 4, &),  Ey= ey €561 — €],

E5[h()] = [h(t)e;, e; — ey, h(t)(e; —e7)],

Z =leg, €o, e4], 7 =ley, es, e,

Zg =les, €g € — €3], Zomey) = [(R—h(t))es, e, —es, (h—h(t))(e; — eg)],

[$3]

10[A ()] =[eo, €0 ha(Des], Zi1 =ley, ey e7],



E12 = ez, e3, eg], Z13 =ley, ey, €3],
- 1 ~T
Pime) = h(OZ1; (Zl + §Z2) Z11
- T T
+Sym{c11(N1(e1 —e) +N, (2e7 —e; —ey) )},
- 1 ~T
Bamw] = (h—h(®)E;; (Z3 + §Z4) 212
- T T
+Sym{c12(N3(e2 —e3) + N4(2e8 —e; —e3) )}:
— 1 ~T
D3[n()] ='—Tﬁlﬂhan(zs*'gze)ﬂlqhan

+Sym{513(N5(e1 —eg) + N6(2913 —€; — €g) T)}'

T = [x"(®). xT(t—h(®).x"(t—h). xT(1). X" (t—h(D).

. 1t 1 t-h(d 1t
T (t—h), 0 Jeonc xT(s)ds, — Joy X (9)ds xT(t = 1), —;ft_T xT(s)ds],

Proof. Consider the following Lyapunov functional:

t

V(t) =V, (t) + ft ftch(s)Rfc(s)dsdv +f ( )a'cT(s)szc(s)ds
t-h v t-t(h

0 ot
+ Tf f xT(s)Z,%(s)dOds
-7/t+60

Where V,(t) is defined in Lemma 3. The time derivative of V() can be computed as follows:

t

t ot
V(t) =V, (t) + j J xT(s)Rx(s)dsdv +J ( )XT(S)RZJ'C(S)ds
t—hJv t-t(h

0t
+Tf f xT(s)Z,x(s)dOds
-tJ/t+0

t t=h(t)

IV QM (Vv + f T ()Qans W)dv

t-h

=nHOM&O+]

t=h(t)

t

+.Lih~[;XT(S)RX(S)deV-+‘L XT(S)RZX(S)dS

—1(h)

0t
+TJ j xT(s)Z,x(s)dOds
—-TJt+0
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= 20T P, (8) + (0 Qum2(t) — (1= A®)nE(t — h(©))Qun,(t — h(®)) + (1= A®) ) ni (¢ -
h(£)) Qs (t — R(D)) — k(¢ — h)Qas(t — h) + [, [XT(OR%(E) — %" (W)RAT(v)]dv +

ff_r(h) ZT($)Ry%(s)ds + T [° [ %7 (5)Z1%(s)d6ds

= 20T Py (6) + 5 (©Qn2(6) — (1 =A@ nf (£ = h(£))Qun2(t — h(D))
+ (1= h(e)) 5 (e - A(©)Qans(t ~ (D) ~ 3 ~R)Qans(t —h)

+ f xT(ORx(t) dv — f xT(W)RxT (w)dv + xT (t)R,%(t)
t—h t—h

—(1-@®)xT(t — t(@®))Rx(t — ()

+1 [0 2T($)Zy () = 57 (¢ + 0)Z,X(t + 8)ds

= 201 Py (8) + 13 () Q12 (t) — (1 - h(t)) g(t - h(t))Qﬂh(t - h(t))
(1 - h(t)) 13 (t - h(t))Qz% (t - h(t)) —n5(t —h)Q,n3(t — h)

+ xT(£)Rx(¢) <ft dv) - ft xT(W)RxT (v)dv
t—h t—h
+xT(ORx() — (1 — 7(0)xT (t — T(®))R.%(t — 7(t))

+ [ x(OZ,x()ds — [ x(t — 0)Zyx(t — 6)ds

= 20T P, () + L (0 Qum2(8) — (1 = A(®))nE (¢ — h(£))Qun2(t — h(D))
+ (1= h@) k(£ = h(®)Q2n3(t — h(®)

t
—n¥(t—h)Quns(t—h) + xT(O)Rx(t)(t—t+ h) — f xT(W)RxT (v)dv
t—h

+ xT(ORx() — (1 — T(0)xT (t — T(®))R,%(t — 7(¢))

+e[ZT(OZ, %] [ ds — [T (s)Zyx(s)ds

= 207 Py () + 13 () Q12 () — (1 - h(t)) g(t - h(t))Qﬂlz(t - h(t))
(1 - h(t)) 13 (t - h(t))ans (t - h(t)) —n%(t —h)Qnz(t — h)

+ hxT(6)Rx(t) — xT(W)RxT (v)dv
t—h

+xT()R,x(t) — (1 — 7(£)xT (t — () Ryx(t — 7(t))



2T Z (O] — [, %T()Z,x(s)ds

= 201 Py () + 13 () Q12 () — (1 h(t)) g(t - h(t))anz(t - h(t))
(1 - h(t)) 13 (t - h(t))Q2773 (t - h(t)) —n5(t — h)Qyns(t — h)

) —h(t)
+ hxT()Rx(t) — f xT(w—t)RxT(v —t)d(v — t)
—-h

0
- f xT(w—t)RxT(v—t)d(v — t)
h(t)

+ 2T (ORx(t) — (1 — 1(£))xT (t — T(£))Rx(t — (1))
+ 2[xT () Z1x(®)] + oI (t — 1, ) p 0. (t — 7T, 1)

= 201 Py (8) + 13 () Q12 (t) — (1 - h(t)) g(t - h(t))Qﬂh(t - h(t))
+ (1= h®) nE(t = h(©)Qans(t — h(£)) —nE(t = h)Qans(t — h)
+ 1T ()Ryx(t) + wl (=h, —h(t))p1w1(—h,—h(t))
+ w] (—h(t), 0)g01a)1( h(t),0)
+xT(ORx() — (1 — () %7 (t — 1(®))Rx(t — 7(D))

+72[xT()Zx(®)] + 0l (t — 1, ) 0, (t — 7, 1)

= 201 Py () + 13 () Q112 (t) — (1 - h(t)) g(t - h(t))QﬂYz(t - h(t))

(1 - h(t)) 13 (t - h(t))Qz% (t - h(t)) —n3(t — h)Qyn3(t — h)
Wi Wi, Wis
Wi, Wy Wi,
Wi Wi Wi

t—h(t)

RO )., xT (s)ds]

[xT(t — h(®)), xT(t —h),——=

Gll GlZ Gl3

+ = |G, Gy Gsp
Giz Gi3 Gs3
Ny O O0][-N, O o
+{ 0 -N, Of,] O —-N, O } X [xT(t—h(@®),xT(¢
0 0 0 0 0 2N,
1 t—h(t) . .
_h)'h—h(t) - x" (s)ds]
t Z11 Zyp Zy3
[xT (1), xT(t—h(t)) h(t) T(s)ds](h(t)) Z{, Zy; Zs
t=h(®) 713 733 Zss
Q11 Q12 0s3 N, 0 01 [—N, 0 0

Qz Q22 Qa2
Qz Q73 Qs

0 -N, O
0 0 2N,

|

0 _N3 0 )
0 0 0

+ —
3

10
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1 t
h(®) Je-nee)

+xT(ORx(t) — (1 — 1(£))xT (t — T(£))Rx(t — (1))

x [xT(t), xT(t — h(t)), xT(s)ds]”

2[5 () Qsx(D)] + [xT (6, xT (¢ — 1), —% f 2T (s)ds] x

1 N 0 0][-Ne O 01/
(_T)(ZS + §Z6) + O _NS 0 ) 0 _N6 0 }
o o ollo o 2n

t

x [xT (), xT(t — 1), —%f xT(s)ds]”

t—t
It should be mentioned that from Lemma3. With LMIs (2) , (3) and the fact , R >0,

V(t) is a positive definite function.

By applying Lemma2. With LMISs (6), the upper bound of the derivative of V(t) can be estimated

as: V(t) < T T4

Where Qi) and ¢(t) and defined in Theoreml. And the beginning of this section ,

respectively.
Thus , by Finsler’s Lemma (Skelton, Iwaki, and Grigoradis,1997)

It is clear that if LMIs (5) holds, then system (1) is asymptotically stable, which completes the proof.
O
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CHAPTER 3

Numerical Example
3.1 Numerical example

Example 3.1 Consider the system (1) with
x(t) — Cx(t — () = Ax(t) + Bx(t — h(t)),

w0 s e[ 0

Solution: Theorem 1 by using Matlab LMI toolbox. From the condition (1) are feasible with

solutions given by,

11 = Q22 = 911 = 922 = 33 = Ry = 211 = Z33 = Z33 = Wyq = Wy = W33 = S11 = Spp =

1.5462 0
U11:U22:v33:1><108[ O 15462]

and the rest of metrices are equal to [8 8]



CHAPTER 4

Conclusion

4.1 Conclusion

Theorem 1. For given a positive constant h, the system(1) is asymptotically stable, if there exist

13

positive definite matrices Q; € R33"(i = 1,2), R € R™™ ,symmetric matrices P € R>™5" 7, €
R33N (i =1, ..,4),

G; € RO™"(j = 1,2), and any matrices Y; € R3™3"(i = 1,2),

N; € R3™"(i = 1,...,4), H; € R®™*%"(i = 1,2) satisfying LMIs (2) and (3) and the following

LMIs: for Vh(t) € {0,h}, h(t) € {—u, u}

Z; Y

4 5

E3 *
where

(B Qa1 (B) <0,

N, Zz Y, N3
N2 2 0, * Z4_ N4_ 2 O,
R * * R

B =[A, B,0,-1,0,0,0, 0],
eo = Ognsny  hag(t) =1 —=h(t),74(t) =1 —17(¢t)

L@ hwy) = Sym {El[hanpf z[h(t)]} + Dinne) + Lenene) ThesRies + Dipney) +

Boneey + €aRzes — ta(V)erzRyef, + 1%[esZief] + Ban

Qinonwo) = Z30155 — ha() 240157 + Sym{Esp(0) Q158 },

Q21n(t) h(0)]

[x)

1[n(8)]

1

[x

2[n@IN

[x]

3 =/é,

[$3]

5[n(8)]

[1]

6

(3]

8

Eoln(b)]

= hq(£)57Q,57 — E5Q255 + Sym {59[h(t)]Q251TO[h(t)]}’
=[e;, e e3  h(t)e;, (h—h(t)eg],

= [e1, ha(t)ez, €6, €1 — hy()eas, ha(t)e, — €3],

ey ), E4= (e es, e;— ey,

= [h(D)e;, e, — ey h(D)(er—e7)],

=/ey, €0, €], E7 =/€;, €5, €],

=[es, e €;—ez]

=[(h—h(t))es, e, —es, (h—h(D)(e; — eg)],



(1]

10[A(1)] =[eo, eo, ha(Des], Z11 =re, ey €],

E1p =€y, es, egl,], Zi3 =re;, eq, eq3)],
— 1 =T

Ditney = h(t)E11 (Zl + §Zz) 211

+Sym{511(N1(el —e)  + N, (297 —e; —e;) T)}:

1

Darney) = (h—h()E;; (Zs + §Z4) A

+Sym{512(N3(92 —e3) T+ N4(298 —ey; —e3) T)}

— 1 ~T

D3[nce) = —TE13[0(t)] (Zs + §Ze) Z13[h(8)]

+Sym{513(N5(e1 — €9) T+ N6(2913 —e; — €9) T)},

') = [x"@®). x"(t —h@®). x"(t — h), X" (t), X"(t — h(1)).

14

K(t—h), — [, xT()ds, —— [T OxT($)ds 2Tt - 1), -2 [ x"(s)ds],

h(t) Jt-h(t) h—h(t) Jt—h
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MATHLAB CODE
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MATHLAB CODE

A=[0 1;-1 -2];
B=[0 0;-1 1];
C=[0.05 0;0 0.05];

setlmis([]);

ql1=lmivar(1,[2,1]);
ql12=lmivar(1,[2,1]);
q13=lmivar(1,[2,1]);
q22=lmivar(1,[2,1]);
q23=Imivar(1,[2,1]);
q33=lmivar(1,[2,1]);
gl 1=lmivar(1,[2,1]);
gl2=Imivar(1,[2,1]);
g13=lmivar(1,[2,1]);
g22=Imivar(1,[2,1]);
g23=Imivar(1,[2,1]);
g33=Imivar(1,[2,1]);
R1=lmivar(1,[2,1]);
R2=Imivar(1,[2,1]);
pl1=lmivar(1,[2,1]);
p12=Imivar(1,[2,1]);
pl13=lmivar(1,[2,1]);
pl4=Imivar(1,[2,1]);
pl5=Imivar(1,[2,1]);
p22=Imivar(1,[2,1]);
p23=Imivar(1,[2,1]);

p24=Imivar(1,[2,1]);
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p25=lmivar(1,[2,1]);
p33=lmivar(1,[2,1]);
p34=lmivar(1,[2,1]);
p35=lmivar(1,[2,1]);
p44=Imivar(1,[2,1]);
p45=lmivar(1,[2,1]);
p55=lmivar(1,[2,1]);
z11=Imivar(1,[2,1]);
z12=lmivar(1,[2,1]);
z13=lmivar(1,[2,1]);
z22=Imivar(1,[2,1]);
z23=Imivar(1,[2,1]);
z33=Imivar(1,[2,1]);
w1 1=Imivar(1,[2,1]);
w12=Imivar(1,[2,1]);
w13=Imivar(1,[2,1]);
w22=Imivar(1,[2,1]);
w23=Imivar(1,[2,1]);
w33=Imivar(1,[2,1]);
sl 1=Imivar(1,[2,1]);
s12=Imivar(1,[2,1]);
s13=Imivar(1,[2,1]);
s22=Imivar(1,[2,1]);
s23=Imivar(1,[2,1]);
s33=Imivar(1,[2,1]);
v11=lmivar(1,[2,1]);
v12=Imivar(1,[2,1]);

v13=Imivar(1,[2,1]);
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v22=lmivar(1,[2,1]);
v23=Imivar(1,[2,1]);
v33=lmivar(1,[2,1]);
rl1=Imivar(1,[2,1]);
r12=lmivar(1,[2,1]);
r13=Imivar(1,[2,1]);
rl4=Imivar(1,[2,1]);
r15=lmivar(1,[2,1]);
r16=Imivar(1,[2,1]);
r22=Imivar(1,[2,1]);
r23=Imivar(1,[2,1]);
r24=Imivar(1,[2,1]);
r25=Imivar(1,[2,1]);
r26=Imivar(1,[2,1]);
r33=Imivar(1,[2,1]);
r34=lmivar(1,[2,1]);
r35=Imivar(1,[2,1]);
r36=Imivar(1,[2,1]);
r44=Imivar(1,[2,1]);
r45=Imivar(1,[2,1]);
r46=Imivar(1,[2,1]);
r55=lmivar(1,[2,1]);
r56=Imivar(1,[2,1]);
r66=Imivar(1,[2,1]);
11 1=lmivar(1,[2,1]);
112=Imivar(1,[2,1]);
113=Imivar(1,[2,1]);
114=Imivar(1,[2,1]);
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115=Imivar(1,[2,1]);
116=Imivar(1,[2,1]);
122=Imivar(1,[2,1]);
123=Imivar(1,[2,1]);
124=Imivar(1,[2,1]);
125=Imivar(1,[2,1]);
126=Imivar(1,[2,1]);
133=Imivar(1,[2,1]);
134=Imivar(1,[2,1]);
135=Imivar(1,[2,1]);
136=Imivar(1,[2,1]);
144=lmivar(1,[2,1]);
145=Imivar(1,[2,1]);
146=lmivar(1,[2,1]);
155=Imivar(1,[2,1]);
156=Imivar(1,[2,1]);
166=Imivar(1,[2,1]);
yl1=Imivar(2,[2,2]);
y12=Imivar(2,[2,2]);
y13=lmivar(2,[2,2]);
y21=Imivar(2,[2,2]);
y22=lmivar(2,[2,2]);
y23=Imivar(2,[2,2]);
y31=Imivar(2,[2,2]);
y32=Imivar(2,[2,2]);
y33=Imivar(2,[2,2]);
k11=lmivar(2,[2,2]);

k12=lmivar(2,[2,2]);
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k13=lmivar(2,[2,2]);
k21=Imivar(2,[2,2]);
k22=Imivar(2,[2,2]);
k23=Imivar(2,[2,2]);
k31=Imivar(2,[2,2]);
k32=Imivar(2,[2,2]);
k33=Imivar(2,[2,2]);
nl=Imivar(2,[2,2]);
n2=lmivar(2,[2,2]);
n3=lmivar(2,[2,2]);
n4=Imivar(2,[2,2]);
n5=Imivar(2,[2,2]);
n6=Imivar(2,[2,2]);
n7=Imivar(2,[2,2]);
n8=Imivar(2,[2,2]);
n9=lmivar(2,[2,2]);
nl10=Imivar(2,[2,2]);
nl1=lmivar(2,[2,2]);
nl12=Imivar(2,[2,2]);
nl13=Imivar(2,[2,2]);
nl4=lmivar(2,[2,2]);
nl5=Imivar(2,[2,2]);
nl6=Imivar(2,[2,2]);
nl7=lmivar(2,[2,2]);
nl8=Imivar(2,[2,2]);
h11=Imivar(2,[2,2]);
h12=Imivar(2,[2,2]);
h13=Imivar(2,[2,2]);
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h21=Imivar(2,[2,2]);
h22=Imivar(2,[2,2]);
h23=Imivar(2,[2,2]);
h31=Imivar(2,[2,2]);
h32=Imivar(2,[2,2]);
h33=Imivar(2,[2,2]);
h41=lmivar(2,[2,2]);
h42=lmivar(2,[2,2]);
h43=Imivar(2,[2,2]);
h51=Imivar(2,[2,2]);
h52=Imivar(2,[2,2]);
h53=Imivar(2,[2,2]);
h61=Imivar(2,[2,2]);
h62=Imivar(2,[2,2]);
h63=Imivar(2,[2,2]);
ml 1=Imivar(2,[2,2]);
m12=Imivar(2,[2,2]);
m13=Imivar(2,[2,2]);
m21=Imivar(2,[2,2]);
m22=Imivar(2,[2,2]);
m23=Imivar(2,[2,2]);
m31=Imivar(2,[2,2]);
m32=Imivar(2,[2,2]);
m33=lmivar(2,[2,2]);
m41=Imivar(2,[2,2]);
m42=Imivar(2,[2,2]);
m43=Imivar(2,[2,2]);

mS5 1=Imivar(2,[2,2]);
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m52=Imivar(2,[2,2]);
m53=Imivar(2,[2,2]);
m61=Imivar(2,[2,2]);
m62=Imivar(2,[2,2]);

m63=Imivar(2,[2,2]);

Imiterm([-2 1 1 z11],1,1); % LMI #2: z11
Imiterm([-2 2 1 -z12],1,1); % LMI #2: 212"
Imiterm([-2 2 2 z22],1,1); % LMI #2: 722
Imiterm([-2 3 1 -z13],1,1); % LMI #2: z13'
Imiterm([-2 3 2 -z23],1,1); % LMI #2: z23'
Imiterm([-2 3 3 z33],1,1); % LMI #2: z33
Imiterm([-2 4 1 y11],1,1); % LMI #2: y11
Imiterm([-2 4 2 y211,1,1); % LMI #2: y21
Imiterm([-2 4 3 y311,1,1); % LMI #2: y31
Imiterm([-2 4 4 w11],1,1); % LMI #2: w1l
Imiterm([-2 5 1 y12],1,1); % LMI #2: y12
Imiterm([-2 5 2 y221,1,1); % LMI #2: y22
Imiterm([-2 5 3 y32],1,1); % LMI #2: y32
Imiterm([-2 5 4 -w12],1,1); % LMI #2: w12'
Imiterm([-2 5 5 w22],1,1); % LMI #2: w22
Imiterm([-2 6 1 y13],1,1); % LMI #2: y13
Imiterm([-2 6 2 y23],1,1); % LMI #2: y23
Imiterm([-2 6 3 y331,1,1); % LMI #2: y33

Imiterm([-2 6 4 -w13],1,1); % LMI #2: w13'



Imiterm([-2 6 5 -w23],1,1); % LMI #2: w23'

Imiterm([-2 6 6 w33],1,1); % LMI #2: w33
Imiterm([-2 7 1 n1],1,1); % LMI #2: nl
Imiterm([-2 7 2 n2],1,1); % LMI #2: n2
Imiterm([-2 7 3 n3],1,1); % LMI #2: n3
Imiterm([-2 7 4 n4],1,1); % LMI #2: n4
Imiterm([-2 7 5 n5],1,1); % LMI #2: n5
Imiterm([-2 7 6 n6],1,1); % LMI #2: n6
Imiterm([-2 7 7 R1],1,1); % LMI #2: R1
Imiterm([-3 1 1s11],1,1); % LMI #3: s11
Imiterm([-3 2 1 -s12],1,1); % LMI #3:s12'
Imiterm([-3 2 2 s22],1,1); % LMI #3: s22
Imiterm([-3 3 1 -s13],1,1); % LMI #3: s13'
Imiterm([-3 3 2 -s23],1,1); % LMI #3: s23'
Imiterm([-3 3 3 s33],1,1); % LMI #3: s33
Imiterm([-3 4 1 k11],1,1); % LMI #3: k11
Imiterm([-3 4 2 k21],1,1); % LMI #3: k21
Imiterm([-3 4 3 k31],1,1); % LMI #3: k31
Imiterm([-3 4 4 v11],1,1); % LMI #3: v11
Imiterm([-3 5 1 k12],1,1); % LMI #3: k12
Imiterm([-3 5 2 k22],1,1); % LMI #3: k22
Imiterm([-3 5 3 k32],1,1); % LMI #3: k32
Imiterm([-3 5 4 -v12],1,1); % LMI #3: v12'
Imiterm([-3 5 5 v22].,1,1); % LMI #3: v22
Imiterm([-3 6 1 k13],1,1); % LMI #3: k13

Imiterm([-3 6 2 k23],1,1); % LMI #3: k23



Imiterm([-3 6 3 k33],1,1);
Imiterm([-3 6 4 -v13],1,1);
Imiterm([-3 6 5 -v23],1,1);
Imiterm([-3 6 6 v33],1,1);
Imiterm([-3 7 1 n7],1,1);
Imiterm([-3 7 2 n8],1,1);
Imiterm([-3 7 3 n9],1,1);
Imiterm([-3 7 4 n10],1,1);
Imiterm([-3 7 5nl1],1,1);
Imiterm([-3 7 6 n12],1,1);

Imiterm([-3 7 7 R2],1,1);

Imiterm([-4 1 1 q11],1,1);
Imiterm([-4 2 1 -q12],1,1);
Imiterm([-4 2 2 q22],1,1);
Imiterm([-4 3 1 -q13],1,1);
Imiterm([-4 3 2 -q23],1,1);

Imiterm([-4 3 3 q33].1,1);

Imiterm([-5 1 1 gl1],1,1);
Imiterm([-5 2 1 -g12],1,1);
Imiterm([-5 2 2 g22],1,1);
Imiterm([-5 3 1 -g13],1,1);
Imiterm([-5 3 2 -g23],1,1);
Imiterm([-5 3 3 g33],1,1);

% LMI #3:
% LMI #3:
% LMI #3:

% LMI #3:

k33
v13'
v23'
v33

% LMI #3: n7

% LMI #3: n8

% LMI #3: n9

% LMI #3:
% LMI #3:
% LMI #3:

% LMI #3:

% LMI #4:

% LMI #4:

% LMI #4:
% LMI #4:
% LMI #4:

% LMI #4:

% LMI #5:
% LMI #5:
% LMI #5:
% LMI #5:
% LMI #5:

% LMI #5:

nl0
nll
nl2

R2

qll
ql2'
q22
ql3'’
q23'

q33

gll
gl2
g22
gl3

g23'
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Imiterm([-6 1 1 R1],1,1);

Imiterm([-7 1 1 R2],1,1);

Apisara=getlmis;

[tmin,xfeas]=feasp(Apisara)
ql1=dec2mat(Apisara,xfeas,gl1)
ql2=dec2mat(Apisara,xfeas,g12)
ql3=dec2mat(Apisara,xfeas,g13)
q22=dec2mat(Apisara,xfeas,g22)
g23=dec2mat(Apisara,xfeas,g23)
q33=dec2mat(Apisara,xfeas,g33)
gl 1=dec2mat(Apisara,xfeas,gl1)
gl2=dec2mat(Apisara,xfeas,g12)
gl3=dec2mat(Apisara,xfeas,g13)
g22=dec2mat(Apisara,xfeas,g22)
g23=dec2mat(Apisara,xfeas,g23)
g33=dec2mat(Apisara,xfeas,g33)
R1=dec2mat(Apisara,xfeas,R1)
R2=dec2mat(Apisara,xfeas,R2)
pl1=dec2mat(Apisara,xfeas,pl1)
pl2=dec2mat(Apisara,xfeas,p12)
pl3=dec2mat(Apisara,xfeas,p13)
pld4=dec2mat(Apisara,xfeas,pl4)
pl5=dec2mat(Apisara,xfeas,p15)

p22=dec2mat(Apisara,xfeas,p22)

% LMI #6: R1

% LMI #7: R2
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p23=dec2mat(Apisara,xfeas,p23)
p24=dec2mat(Apisara,xfeas,p24)
p25=dec2mat(Apisara,xfeas,p25)
p33=dec2mat(Apisara,xfeas,p33)
p34=dec2mat(Apisara,xfeas,p34)
p35=dec2mat(Apisara,xfeas,p35)
p44=dec2mat(Apisara,xfeas,p44)
p45=dec2mat(Apisara,xfeas,p45)
p55=dec2mat(Apisara,xfeas,p55)
z11=dec2mat(Apisara,xfeas,z11)
z12=dec2mat(Apisara,xfeas,z12)
z13=dec2mat(Apisara,xfeas,z13)
z22=dec2mat(Apisara,xfeas,z22)
723=dec2mat(Apisara,xfeas,z23)
733=dec2mat(Apisara,xfeas,z33)
w1 1=dec2mat(Apisara,xfeas,wll)
w12=dec2mat(Apisara,xfeas,w12)
w13=dec2mat(Apisara,xfeas,w13)
w22=dec2mat(Apisara,xfeas,w22)
w23=dec2mat(Apisara,xfeas,w23)
w33=dec2mat(Apisara,xfeas,w33)
sl 1=dec2mat(Apisara,xfeas,s11)
s12=dec2mat(Apisara,xfeas,s12)
s13=dec2mat(Apisara,xfeas,s13)
s22=dec2mat(Apisara,xfeas,s22)
s23=dec2mat(Apisara,xfeas,s23)
v11=dec2mat(Apisara,xfeas,v11)

v12=dec2mat(Apisara,xfeas,v12)
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v13=dec2mat(Apisara,xfeas,v13)
v22=dec2mat(Apisara,xfeas,v22)
v23=dec2mat(Apisara,xfeas,v23)
v33=dec2mat(Apisara,xfeas,v33)
rl1=dec2mat(Apisara,xfeas,r11)
r12=dec2mat(Apisara,xfeas,r12)
r13=dec2mat(Apisara,xfeas,r13)
rl4=dec2mat(Apisara,xfeas,r14)
r15=dec2mat(Apisara,xfeas,r15)
r16=dec2mat(Apisara,xfeas,r16)
r22=dec2mat(Apisara,xfeas,r22)
r23=dec2mat(Apisara,xfeas,r23)
r24=dec2mat(Apisara,xfeas,r24)
r25=dec2mat(Apisara,xfeas,r25)
r26=dec2mat(Apisara,xfeas,r26)
r33=dec2mat(Apisara,xfeas,r33)
r34=dec2mat(Apisara,xfeas,r34)
r35=dec2mat(Apisara,xfeas,r35)
r36=dec2mat(Apisara,xfeas,r36)
rd4=dec2mat(Apisara,xfeas,r44)
rd5=dec2mat(Apisara,xfeas,r45)
rd6=dec2mat(Apisara,xfeas,r46)
r55=dec2mat(Apisara,xfeas,r55)
11 1=dec2mat(Apisara,xfeas,111)
112=dec2mat(Apisara,xfeas,112)
113=dec2mat(Apisara,xfeas,|13)
114=dec2mat(Apisara,xfeas,114)

115=dec2mat(Apisara,xfeas,115)
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116=dec2mat(Apisara,xfeas,|16)
122=dec2mat(Apisara,xfeas,122)
123=dec2mat(Apisara,xfeas,123)
124=dec2mat(Apisara,xfeas,124)
125=dec2mat(Apisara,xfeas,125)
126=dec2mat(Apisara,xfeas,126)
133=dec2mat(Apisara,xfeas,133)
134=dec2mat(Apisara,xfeas,134)
135=dec2mat(Apisara,xfeas,135)
136=dec2mat(Apisara,xfeas,136)
144=dec2mat(Apisara,xfeas,144)
145=dec2mat(Apisara,xfeas,145)
146=dec2mat(Apisara,xfeas,146)
155=dec2mat(Apisara,xfeas,155)
156=dec2mat(Apisara,xfeas,156)
166=dec2mat(Apisara,xfeas,|66)
y11=dec2mat(Apisara,xfeas,y11)
y12=dec2mat(Apisara,xfeas,y12)
y13=dec2mat(Apisara,xfeas,y13)
y21=dec2mat(Apisara,xfeas,y21)
y22=dec2mat(Apisara,xfeas,y22)
y23=dec2mat(Apisara,xfeas,y23)
y31=dec2mat(Apisara,xfeas,y31)
y32=dec2mat(Apisara,xfeas,y32)
y33=dec2mat(Apisara,xfeas,y33)
k11=dec2mat(Apisara,xfeas,k11)
k12=dec2mat(Apisara,xfeas,k12)

k13=dec2mat(Apisara,xfeas,k13)
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k2 1=dec2mat(Apisara,xfeas,k21)
k22=dec2mat(Apisara,xfeas,k22)
k23=dec2mat(Apisara,xfeas,k23)
k31=dec2mat(Apisara,xfeas,k31)
k32=dec2mat(Apisara,xfeas,k32)
k33=dec2mat(Apisara,xfeas,k33)
nl=dec2mat(Apisara,xfeas,nl)
n2=dec2mat(Apisara,xfeas,n2)
n3=dec2mat(Apisara,xfeas,n3)
nd4=dec2mat(Apisara,xfeas,n4)
n5=dec2mat(Apisara,xfeas,n5)
n6=dec2mat(Apisara,xfeas,n6)
n7=dec2mat(Apisara,xfeas,n7)
n8=dec2mat(Apisara,xfeas,n8)
n9=dec2mat(Apisara,xfeas,n9)
nl0=dec2mat(Apisara,xfeas,n10)
nl1=dec2mat(Apisara,xfeas,nl1)
nl2=dec2mat(Apisara,xfeas,n12)
nl3=dec2mat(Apisara,xfeas,n13)
nl4=dec2mat(Apisara,xfeas,n14)
nl5=dec2mat(Apisara,xfeas,n15)
nl6=dec2mat(Apisara,xfeas,n16)
nl7=dec2mat(Apisara,xfeas,n17)
nl8=dec2mat(Apisara,xfeas,n18)
h11=dec2mat(Apisara,xfeas,h11)
h12=dec2mat(Apisara,xfeas,h12)
h13=dec2mat(Apisara,xfeas,h13)

h21=dec2mat(Apisara,xfeas,h21)
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h22=dec2mat(Apisara,xfeas,h22)
h23=dec2mat(Apisara,xfeas,h23)
h31=dec2mat(Apisara,xfeas,h31)
h32=dec2mat(Apisara,xfeas,h32)
h33=dec2mat(Apisara,xfeas,h33)
h41=dec2mat(Apisara,xfeas,h41)
h42=dec2mat(Apisara,xfeas,h42)
h43=dec2mat(Apisara,xfeas,h43)
h51=dec2mat(Apisara,xfeas,h51)
h52=dec2mat(Apisara,xfeas,h52)
h53=dec2mat(Apisara,xfeas,h53)
h61=dec2mat(Apisara,xfeas,h61)
h62=dec2mat(Apisara,xfeas,h62)
h63=dec2mat(Apisara,xfeas,h63)
ml1=dec2mat(Apisara,xfeas,ml1)
ml2=dec2mat(Apisara,xfeas,m12)
m13=dec2mat(Apisara,xfeas,m13)
m21=dec2mat(Apisara,xfeas,m21)
m22=dec2mat(Apisara,xfeas,m22)
m23=dec2mat(Apisara,xfeas,m23)
m31=dec2mat(Apisara,xfeas,m31)
m32=dec2mat(Apisara,xfeas,m32)
m33=dec2mat(Apisara,xfeas,m33)
m41=dec2mat(Apisara,xfeas,m41)
m42=dec2mat(Apisara,xfeas,m42)
m43=dec2mat(Apisara,xfeas,m43)
mb51=dec2mat(Apisara,xfeas,m51)

m52=dec2mat(Apisara,xfeas,m52)
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mb53=dec2mat(Apisara,xfeas,m53)
m61=dec2mat(Apisara,xfeas,m61)
m62=dec2mat(Apisara,xfeas,m62)

m63=dec2mat(Apisara,xfeas,m63)
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